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Direct loss of salmon streams, tributaries, and wetlands under the proposed Pebble Mine
compared with thresholds of unacceptable adverse effects in the EPA Proposed
Determination pursuant to Section 404(c) of the Clean Water Act
David M. Albert, The Nature Conservancy, Juneau AK
SUMMARY: This study compares the loss of salmon streams, tributaries and wetlands under the 2018
proposed Pebble Mine to thresholds GHWHUPLQHGWRUHSUHVHQW³XQDFFHSWDEOHDGYHUVHHIIHFWV´E\WKH86
Environmental Protection Agency (EPA) in its Proposed Determination Pursuant to Section 404(c) of the
Clean Water Act (EPA 2014a). Pebble Limited Partnership (PLP) is seeking authorization from U.S.
Army Corps of Engineers (USACE) under Section 404 of the CWA, and the Corps has prepared a Draft
Environmental Impact Statement describing the project and its impacts (USACE 2019).
Following criteria outlined by EPA, we considered direct and indirect effects that result in the loss of
salmon streams, tributaries and wetlands from the discharge of dredged or fill material, inundation within
a tailings impoundment, dewatering, or the fragmentation of previously contiguous streams or
wetlands. Using data submitted by PLP to USACE on the size and proposed placement of the open pit,
tailings storage, and associated facilities, the proposed mine (20-year mine scenario) would result in the
loss of 7.5 miles of salmon streams, up to 56.4 miles of tributaries, and up to 4,350 acres of wetlands
contiguous with salmon streams or tributaries. These values exceed the EPA thresholds for unacceptable
adverse effects by more than half for the loss of documented salmon streams, up to fourfold for loss of
tributaries and up to threefold for loss of wetlands.
We estimated that the 78-year mine scenario would result in the loss of 34 miles of salmon streams, 218.8
± 407.2 miles of tributaries, and 7,208 ± 14,994 acres of wetlands. These values also exceed EPA criteria
by substantial margins. The ranges reported herein can be attributed to variation between available
datasets that estimate the distribution of streams and wetlands in the Pebble area. The most detailed data
are only available for a limited area, but they suggest that data available for the wider area underestimate
the extent of streams and wetlands, and therefore impacts to these resources, by around half.
Inasmuch as the 78-year mine scenario extends beyond this PJD study area, the actual extent of potential
impacts to streams and jurisdictional wetlands remains unknown. Nonetheless, the ratios of mapped-tounmapped streams and wetlands within the PJD study area can serve as a coarse-scale estimate of
potential impacts within the larger 78-year mine scenario. The USACE Draft EIS did not evaluate the
adequacy of available data to estimate effects of the 78-year mine scenario, or directly compare potential
impacts to the criteria developed by EPA in the Proposed Determination. Data inadequacies, such as
jurisdictional mapping of streams and wetlands within the 78-year mine scenario, should be overcome in
order for USACE to thoroughly evaluate the environmental impact of the current permit application by
PLP, because this reasonably foreseeable scenario is sufficiently likely that it will be needed for an
accurate assessment of cumulative effects.
INTRODUCTION:
The Pebble deposit in the headwaters of Bristol Bay, lies within the north and south forks of the Koktuli
River and Upper Talarik Creek watersheds (Fig. 1). In 2006, Northern Dynasty Minerals Ltd. (NDM; a
founding member of the PLP) submitted water rights applications to Alaska Dept. of Natural Resources
(ADNR) for rights to approximately 35 billion gallons of groundwater and surface water per year (ADNR
2014). In 2011, NDM submitted preliminary plans for open pit mining of the Pebble deposit to the U.S.
Security & Exchange Commission (SEC 2011). These plans described the potential for 3-phases of mine
1

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

The Nature Conservancy

Appendix E, Page 9 of 2339

6/21/19

development: an initial 2-billion-ton open pit mine that would operate over a period of 25-years; a larger
open pit mine of 3.8 billion tons to be mined over 45 years; and a 6.5-billion-ton open pit mine over 78
years (Ghaffari et al 2011). This report further estimated the total size of the Pebble deposit at 12 billion
tons, which ranks among the largest porphyry copper deposits on earth (Singer et al. 2008).
Bristol Bay also UDQNVDPRQJWKHZRUOG¶VPRVWLPSRUWDQWZLOGVDOPRQILVKHULHVUHSUHVHQWLQJDQHVWLPDWHG
50% of all sockeye salmon on earth, as well as diverse and globally significant populations of Chinook,
coho, chum and pink salmon (Ruggerone et al. 2010). Salmon rely on the freshwater habitat of Bristol
Bay rivers, streams and wetlands for critical parts of their lifecycle. In 2010, the economic value of
commercial salmon alone, including the harvest and processing of salmon and multiplier effects of these
activities, created an estimated $1.5 billion per year in output sales value nationwide (ISER 2014).
Because of these potentially conflicting land uses, proposed mineral development of the Pebble deposit
has been a source of controversy for decades (EPA 2014b). As a result, in 2010 six federally recognized
tribal governments in Bristol Bay petitioned the EPA to initiate a process under Section 404(c) of the
Clean Water Act (CWA) to protect fisheries, wildlife, subsistence and other values from metallic sulfide
mining, including a potential Pebble Mine. Under the CWA, Section 404(c) authorizes the EPA to
restrict the use of any defined area in waters of the United States as a disposal site for discharge of dredge
or fill material, whenever it determines that such discharge will have an unacceptable adverse effect on
fishery areas (EPA 2014a).
In response to this petition, EPA conducted a comprehensive Assessment of Potential Mining Impacts on
Salmon Ecosystems of Bristol Bay, Alaska (Bristol Bay Assessment, BBA) of the ecological, social and
economic values of Bristol Bay region, and assessed specific risk factors associated with potential mining
of the Pebble deposit (EPA 2014b). This BBA process included an extensive literature and data review,
public meetings with opportunity for testimony by stakeholders in Bristol Bay and in Anchorage,
consultation with mine proponents to provide specific information and analysis, consultation with State of
Alaska and federal management agencies, and an independent peer-review of the draft BBA, including a
public meeting on this peer-review with public and scientific testimony.

Figure 1. The Pebble Study Area is located at the headwaters of the Nushagak and Kvichak Rivers in
Bristol Bay, Alaska.

2
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Based on the BBA, as well as on public comment and consultation with mine proponents and regulatory
agencies, the EPA issued a Proposed Determination Pursuant to Section 404(c) of the CWA (PD), citing
unacceptable adverse effects on fisheries and other resources could result from the discharge of dredge or
fill material associated with construction and routine operation of Pebble Mine, even under the smallest
reasonable mining scenarios (EPA 2014a). This smallest scenario EPA analyzed was a 0.25-billion-ton
open-pit mine operated over a 20-year period, which was based on the median size of all known porphyry
copper deposits world-wide. Based on their analysis of direct effects on streams and wetlands from this
hypothetical 0.25 billion-ton mine scenario, EPA proposed that discharge of dredge or fill material not be
allowed that would result in any of the following conditions:
1) Loss of streams:
x The loss of 5 or more linear miles of streams with documented anadromous fish
occurrence; or
x The loss of 19 or more linear miles of streams where anadromous fish are not currently
documented, but that are tributaries of streams with documented anadromous fish
occurrence;
or:
2) Loss of wetlands, lakes and ponds:
x The loss of 1,100 or more acres of wetlands, lakes, and ponds contiguous with either
streams with documented anadromous fish or tributaries of those streams;
or:
3) Streamflow alterations:
x Streamflow alterations greater than 20% or more of daily flow in 9 or more linear miles
of streams with documented anadromous fish occurrence.
The purpose of this study was to analyze direct effects of the 2018 Pebble Mine proposal to the USACE,
including the 78-year scenario for reasonably foreseeable future development, based on the size and
location of the open pit, tailings storage and other mining facilities, on documented anadromous streams,
tributaries to anadromous streams and on wetlands, lakes and ponds.
METHODS:
Definitions
We followed definitions of EPA (2014; p.5- IRU³ORVV´LQVWUHDPVZHWODQGVODNHVDQGSRQGVDV
x
x

Elimination, either as a direct result of the discharge of dredged or fill material or as a secondary
(indirect) effect of such disposal; or
Fragmentation, meaning creation of discontinuities that separate a previously contiguous (see
definition below) aquatic habitat (stream, wetland, lake, pond) or complex of aquatic habitats
from the tributary network in such a way that interferes with the efficient passage of fish species
and life stages documented to occur in the habitat or reduces the downstream movement of water
or dissolved or suspended material.

We further followed (3$GHILQLWLRQRI³FRQWLJXRXV´DVSK\VLFDOO\FRQQHFWHGE\DTXDWLFKDELWDWDVLQ
x

Streams with no human-made breaks in open channels; or

3

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 11 of 2339

The Nature Conservancy

x

6/21/19

Wetlands that abut streams, ponds, or lakes without upland separation, except for micro-scale
separation that occur naturally as part of wetland mosaics that are too closely associated to be
delineated easily or mapped separately (USACE 2007).

In the Pebble Draft EIS (USACE 2019, p. 4.22-11), the USACE defined Indirect Effects on wetlands to
LQFOXGHIUDJPHQWDWLRQGHZDWHULQJDQGD¶EXIIHUDURXQGPLQHLQIUDVWUXFWXUHWRDFFRXQWIRUIXJLWLYH
dust. Of these, only fragmentation and dewateriQJPHHWWKH(3$FULWHULDIRUµORVV¶DQGZHUHFRXQWHG
toward that comparison.
Data Sources
Mine Features: Data on the size and location of mine site features and estimates of indirect effects were
obtained from the USACE (PLP 2018-RFI 082, PLP 2018-RFI 062). In the 20-year mine scenario, we
considered direct loss of streams and wetlands due to placement of mine facilities, dewatering of wetlands
post closure, fragmentation of streams and wetlands above embankments and major mine features. In the
78-year scenario, data on dewatering impacts to wetlands were not available so we considered only losses
by elimination, and fragmentation behind embankments and major mine features (USACE, p. 4.22-39).
Salmon Streams: The distribution of anadromous fish in Alaska are documented in the ADF&G
Anadromous Waters Catalog (AWC) (Johnson & Blossom 2017). Because the AWC requires a physical
VXUYH\RIVWUHDPVZLWK³ILVK-in-KDQG´FULWHULDIRUVWUHDPVWREHDGGHGWRWKHFDWDORJLWPD\UHSUHVHQWOHVV
than 50% of the waters used by anadromous fish in Alaska (Johnson 2015). As another point of
reference, a landscape model of stream characteristics known to support anadromous fish provides a
coarse-scale estimate of the potential distribution of waters that support anadromous fish in the Nushagak
and Kvichak watersheds (Woll et al. 2014). These data are provided for comparative purposes only and
were not used to evaluate potential impacts to salmon.
Tributaries: While the mapping of streams and rivers in Alaska has advanced in recent years (Maune
2008), hydrographic data in Bristol Bay have not been updated at a regional scale. In the Pebble Area,
hydrography was updated as part of the Pebble Environmental Baseline Studies using aerial photographs
and field surveys (PLP 2011, Appendix E). Hydrography from the Pebble Environmental Baseline Data
(EBD) were used to estimate effects on streams in the Pebble Draft EIS (USACE 2019, Table 4.22-1).
Another source of data on the distribution of tributary streams is available in the form of the delineation
of riverine channel wetlands as part of the Preliminary Jurisdictional Determination (PJD) report (Figure
2 panel b2; HDR 2018). Riverine channels include wetlands and waters contained in the active channel
of intermittent or perennial streams or rivers (USACE 2019, p. 3.22-6). These riverine channels were
originally delineated from aerial photographs and mapped as part of polygonal wetland features. We
mapped the centerlines of these riverine wetlands using DVSHFLDOL]HGµFHQWHUOLQH¶WRROLQ;7RROV Pro (Ver.
19.0; Data East, LLC) and ArcGIS (Ver. 10.4.1; Environmental Systems Research Institute). We
reviewed PJD Wetland field plot data and photographs to verify the accuracy of these riverine channel
designations, as well visual inspection of predicted suitability to support anadromous fish (Woll et al.
2014; Figure 2).
Because these three hydrography datasets (AWC, EBD and PJD riverine channels) were derived from
different sources, they were not spatially identical, and we were unable to synthesize them into a single
hydrographic network. We excluded the salmon streams from calculations of tributaries by subtracting
the length as measured the AWC database from the lengths as measured in the EBD and PJD riverine
channels (Table 1).
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Figure 2. A comparison of available data sources on documented and potentially suitable salmon streams
(a), tributaries (b) and wetlands that are contiguous with salmon streams or tributaries (c) in the Mine Site
Preliminary Jurisdictional Wetlands Determination (PJD) Study Area. Photo points show riverine stream
channels not represented in the PLP EBD Hydrography (See Fig. 3).
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A. NFK Wetland Study Plot: 3PP6421

B. NFK Wetland Study Plot: 3PP2363a

C. SFK Wetland Study Site: 3PP1173

D. SFK Wetland Study Plot: 3PP2559

E. SFK Wetland Study Site: 3PP1711

F. SKF Wetland Study Plot: 3PP6382

G. UT Wetland Study Site: 3PP1157

H. UT Wetland Study Site: 3PP1099

Figure 3. Photo points from Preliminary Jurisdictional Wetland Determination (PJD) of riverine channel
wetlands that were not represented in the Pebble Environmental Baseline Data hydrography or sampled
for fish or aquatic habitats in the Draft Environmental Impact Statement (Source: HDR 2018).
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Wetlands: Two sources of data for mapping of wetlands are available in the Pebble Area. These include
the National Wetlands Inventory (NWI; USF&WS 2018; Fig. 2 panel c1) and the PJD wetlands database
(Fig. 2 panel c2; HDR 2017). The source imagery for the NWI in the Pebble area was current in 1978.
NWI are intended only for region- and watershed-scale display and analysis, and not designed to
represent legal delineations for jurisdictional purposes at a project scale. The source imagery used for
wetlands PJD study was acquired in 2004-2005. Wetland polygons were delineated at a scale of
approximately 1:1,200 - 1:1,500, and open water polygons such as those of riverine channel wetlands
were delineated at a scale of 1:400, with a minimum polygon size of 0.05 acres (HDR 2017). To evaluate
contiguity of wetlands with salmon streams and tributaries, we dissolved the boundaries of contiguous
wetlands to identify the full extent of connected wetland systems. We then performed a spatial overlay to
identify those contiguous wetland systems with a direct surface connection to salmon streams or
tributaries. All analyses were conducted using ArcGIS software.
Wetland and Stream Correction Factors: The full extent of streams and wetlands outside of the
Preliminary Jurisdictional Determination (PJD) Study Area is not known. We wanted to use the best
estimate of the wetlands and tributary streams potentially lost under the 78-year mine scenario, so we
applied a correction factor to coarser estimates based on the best available information. PJD wetlands
were mapped more recently and at greater accuracy than NWI, but not over the entire area of the analysis
(HDR 2018). In the area where both sets of data were available, the PJD mapped 2.08 times more area of
wetlands that were contiguous with salmon streams or tributaries than the NWI (Fig. 2, panels c1 & c2).
To estimate the extent of wetland lost in areas lacking PJD mapping, we multiplied NWI acres by
correction factor by 2.08. Similarly, in the area where both EBD and PJD hydrography were available,
the PJD mapped 1.74 times more miles of riverine channels than were contained within the EBD
hydrography (Fig. 2, panels b1 & b2). To estimate the extent of tributary streams that could be lost under
the 78-year mine scenario, we multiplied the miles of streams in the EBD hydrography dataset by a factor
of 1.74.
RESULTS:
Mine Impacts: The footprint of mine site development in the 20-year mine scenario is approximately
8,086 acres (12.6 miles2) (USACE 2019, Table 4.22-12). In this scenario, the fragmentation of surface
waters behind embankments covers an additional 4,880 acres. Other indirect effects (outside zone of
fragmentation) cover 762 acres, and dewatering covers 264 acres (PLP 2018-RFI 082). Combined, the
zone of direct and indirect effects in the 20-year mine scenario covers an estimated 13,997 acres
(21.9 miles2, Fig. 4). In the 78-year mine future mine scenario, the footprint of mine facilities is
approximately 29,632 acres (USACE 2019, Table 4.22-12), the zone of fragmentation above
embankments and major mine features is approximately 44,267 acres, and other indirect effects beyond
the zone of fragmentation include an additional 621 acres, for an estimated total footprint of direct and
indirect effects of 44,888 acres (70.1 miles2, Fig. 5). Less than half of this 78-year impact zone (19,046
acres, 43.6%) was evaluated in the PJD wetlands study.
Salmon Streams: Within the PJD wetland study area, the AWC contains 13.4 miles of documented
salmon stream (Fig 2, panel a.1). In that same area, the coarse-scale model of salmon habitat identified
62.7 miles of streams with characteristics potentially suitable for anadromous fish (Fig. 2, panel a.2). We
estimated that 7.5 miles of salmon streams would be lost under the 20-year mine scenario, including
approximately 5.8 miles of AWC streams directly eliminated, and an additional 1.7 miles that would be
subject to indirect effects or fragmentation (Table 1, Fig. 4). We further estimated that this scenario
would result in the loss of 38.2 miles of streams potentially suitable for anadromous fish.
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This hydrographic dataset included stream reaches that were also mapped in the AWC. To estimate miles of tributary streams, we subtracted the
miles of AWC streams from the total miles of streams represented in this data set to avoid double counting of documented salmon streams.
9
The full extent of streams and wetlands outside of the Preliminary Jurisdictional Determination (PJD) Study Area is not known, so we multiplied
NWI acres by correction factor by 2.08, and Pebble EBD hydrography by a factor of 1.74 as the best estimate the actual acres of wetland and miles
of tributaries lost under the 78-year mine scenario (see Methods).
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Table 1. Estimated loss of salmon streams, tributaries and wetlands that are contiguous with salmon streams or tributaries from the 2018 proposed
Pebble Mine (20-year scenario) and reasonably foreseeable future development (78-year scenario) in comparison with EPA Proposed
Determination criteria for unacceptable adverse effects pursuant to Section 404(c) of the Clean Water Act.
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Figure 4. Estimated loss of salmon streams, tributaries and contiguous wetlands under 2018 proposed Pebble Mine, 20-year scenario
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Figure 5. Estimated loss of salmon streams, tributaries and contiguous wetlands under the reasonably foreseeable future
development of the 2018 proposed Pebble Mine.
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We estimated that the 78-year mine scenario would result in loss of approximately 35.2 miles of AWC
streams, including elimination of 29.5 miles and fragmentation of 4.5 miles documented in the
Anadromous Waters Catalog (Fig. 5). These estimates exceed EPA proposed determination criteria for
unacceptable adverse effects by 51% in the 20-year scenario and 581% in the 78-year scenario. We
further estimated that this scenario would result in the loss of 145.1 miles of streams potentially suitable
for anadromous fish.
Tributaries: The EBD hydrography dataset contains 103.2 miles of stream within the PJD Mine Site
Study Area (Fig. 2, panel b.1). In this same area, the PJD wetlands database contains an estimated 180
miles of riverine channel wetlands. Our review of field study plots indicates that at least some have bank,
substrate and flow characteristics consistent with perennial streams (Fig. 4). If we assume that this PJD
estimate is a more complete representation, then the EBD hydrography represents only 57.3% of all
perennial and intermittent streams in the study area.
The combined direct and indirect effects of the 20-year mine scenario would result in loss of
approximately 56.4 miles of tributaries to salmon streams according to the EBD hydrography dataset, and
99.8 miles according to the database of PJD riverine channels. Within the 78-year mine scenario, the
combined direct and indirect effects would result in loss of approximately 218.8 miles of streams
according to the EBD hydrography dataset (Table 1, Fig. 5).
Under the assumption that the ratio of mapped to unmapped streams within this 78-year footprint is
similar to that of the PJD study, we estimated that the loss of tributaries to salmon streams would be
approximately 407 miles. These estimates exceed the EPA criteria for unacceptable adverse effects by
197% - 425% for the 20-year scenario, and approximately 1,052% - 2,043% in the 78-year mine scenario
(Table 1).
Wetlands: Within the PJD study area, the NWI database contains 3,664 acres of wetlands, 95% of which
(3,486 ac.) were contiguous with salmon streams or tributaries (Fig. 2, panel c1). In this same area, the
PJD wetlands study documented 7,571 acres of wetlands and wetland mosaic, 96% of which (7,251 ac.)
were contiguous with salmon streams or tributaries (Fig. 2, panel c2). According to the NWI data, the
loss of wetlands that are contiguous with salmon streams or tributaries in the 20-year mine scenario is
estimated at 1,866 acres. Using the PJD dataset, the loss of wetlands is estimated at 4,351 acres (Table 1).
Within the 78-year mine scenario, the loss of contiguous wetlands is estimated at 7,208 acres under the
NWI. Under the assumption that the relative accuracy of NWI mapping of contiguous wetlands within
this larger 78-year footprint is similar to that of the PJD study area (48.1%), we estimate that the loss of
wetlands contiguous with salmon streams or tributaries within the 78-year mine scenario would be
approximately 14,994 acres.
DISCUSSION:
After several years of study, extensive consultation with stakeholders, scientists, state and federal
agencies and mine proponents, the US EPA issued a Proposed Determination pursuant to their authority
under the CWA Section 404(c). This determination identified a set of specific thresholds for the loss of
documented salmon streams, tributaries and wetlands that would constitute an unacceptable adverse effect
to fisheries and other resources of Bristol Bay, Alaska (EPA 2014a). These findings were based on
analysis of a range of plausible mining scenarios (2.0 ± 6.5 billion-tons) submitted to the SEC by NDM in
2011, as well as a hypothetical 0.25 billion-ton mine scenario calibrated from the median size of all
known porphyry copper deposits worldwide (Singer et al. 2008). Based on this consultation and analysis,
EPA concluded that development of an open pit mine at any of these scales at the specific location of the
11
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Pebble deposit, would result in unacceptable adverse effects. Using the 0.25 billion-ton scenario as a
benchmark, they developed a series of specific metrics related to the loss of salmon streams, tributaries,
and associated wetlands which, in this Proposed Determination, would trigger implementation of EPA
authority to safeguard waters of the U.S. under Section 404(c) of the CWA. Our analysis demonstrates
that the 2018 proposal by PLP to the USACE exceeds these thresholds (Table 1).
However, substantial uncertainties exist about the extent of salmon streams, tributaries and wetlands
potentially affected by the proposed Pebble Mine and reasonably foreseeable development scenarios. In
the most intensively surveyed PJD wetlands study area, anadromous fish have been documented in 13.4
miles of streams, yet 62.7 miles exhibit stream characteristics known to support anadromous fish (Fig. 2).
Visual inspection of stream habitat characteristics in wetland field study plots provides some support for
the conclusion that other streams in the area are also suitable for anadromous fish (Fig. 3). In the Pebble
Draft EIS, studies of fish distribution are only reported for a subset of all tributary streams within the
mine site study area (USACE 2019, Fig. 4.24-1), so the full extent of anadromous fish remains unknown.
Further uncertainty exists in the range of data sets available to evaluate the loss of tributary streams.
Estimates of streams potentially at risk range from a low of 27.5 miles in the National Hydrographic
Dataset, a mid-range estimate of 56.4 miles in the Pebble EBD hydrography, to a high of 99.8 miles in the
distribution of riverine channel wetlands identified in the wetlands PJD study for the 20-year mine
scenario (Table 1). This uncertainty becomes most problematic to estimate loss of streams within the 78year mine scenario, the majority of which was not included in the PJD wetlands study. The low estimate
of streams lost under the 78-year mine scenario is 98.1 miles from the National Hydrography Dataset and
an upper estimate of 282.8 miles in the Pebble EBD hydrography. An extrapolation based on the ratio of
mapped to unmapped streams in the Pebble EBD hydrography relative to the wetland riverine channels
within the PJD study area suggests that over 400 miles of tributaries to salmon streams may be lost under
the larger 78-year future mine scenario. All of these estimates, however, are still well above the criteria
of 5 miles of salmon streams or 19 miles of tributaries connected to salmon streams that was established
by the EPA in the proposed determination under 404(c).
A similar problem exists in evaluating potential loss of wetlands within the footprint of the 78-year future
mine scenario. A comparison of available data within the PJD study area suggests that the NWI only
represents 48.8% of wetland and wetland mosaics compared with the more intensive PJD wetland study.
A simple extrapolation of this mapped-to-unmapped ratio within the larger 78-year mine scenario
suggests that loss of wetlands contiguous with salmon streams or tributaries could be approximately
14,993 acres (Table 1). This method of extrapolation based on the relative distribution of wetlands in the
NWI is different than that of the Pebble Draft EIS, which assumed a constant proportion of 42% in
wetlands (USACE 2019, p. 4.22-39). The estimated loss of wetlands reported here also differs from those
presented in the Draft EIS in that (a) we evaluated only wetlands that were contiguous with salmon
streams or tributaries; and (b) we considered only indirect effects that would result in the loss of wetlands
as outlined in the EPA Proposed Determination. However, the lowest estimates are still well above the
criteria of 1,100 acres of wetlands contiguous with salmon streams or tributaries that was established by
the EPA in the proposed determination under 404(c).
To protect important fishery areas in the North and South Forks of the Koktuli River and Upper Talarik
Creek, the EPA Region 10 recognized that losses of salmon streams, tributaries and wetlands each
provide a basis to issue the Section 404(c) Proposed Determination. Our analysis of the 2018 proposed
design for Pebble Mine and reasonably foreseeable future development scenarios demonstrate that these
criteria are exceeded in all cases. Further, we have identified significant uncertainties in available data to
inform this evaluation, specifically within the footprint of the 78-year mine scenario. We recommend that
12
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these uncertainties be resolved to better estimate the potential impact of the proposed mine on salmon
habitat in this area prior to judication of the current permit application for the development of Pebble
Mine.
LITERATURE CITED:
EPA (U.S. Environmental Protection Agency). 2014a. Proposed Determination of the U.S. Environmental
Protection Agency Region 10 Pursuant to Section 404(c) of the Clean Water Act Pebble Deposit,
Southwest Alaska. Region 10. Seattle, WA.
EPA (U.S. Environmental Protection Agency). 2014b. An Assessment of Potential Mining Impacts on
Salmon Ecosystems of Bristol Bay, Alaska. Final Report. EPA 910-R-14-001A-C. Washington,
DC.
*KDIIDUL+560RUULVRQ0$GH5XLMHWHU$äLYNRYLü7+DQWHOPDQQ'5DPVH\DQG6&RZLH
2011. Preliminary Assessment of the Pebble Project, Southwest Alaska. Document 1056140100REP-R0001-00. February 15. Prepared for NDML by WARDROP (a Tetra Tech Company),
Vancouver, BC.
HDR 2017. Wetlands and Waterbody mapping within the Preliminary Jurisdictional Determination study
area for the Pebble Project. GIS Database: Wetlands_2017_Rev1.
HDR. 2018. Pebble Project Preliminary Jurisdictional Determination Report, Revision 1. Prepared for
U.S. Army Corp of Engineers, Alaska District Regulatory Division. January 2018.
Johnson, J. and B. Blossom. 2017. Catalog of waters important for spawning, rearing, or migration of
anadromous fishes ± Southwestern Region, Effective June 1, 2017, Alaska Dept. of Fish and
Game, Special Publication No. 17-05, Anchorage AK.
Maune, D.F. 2009. Alaska Statewide Digital Mapping Initiative: Mapping Alaska for the first time.
American Society for Photogrammetry and Remote Sensing. Conference Proceedings, Nov. 1619, 2009. San Antonio, TX. Downloaded from: https://www.asprs.org/wpcontent/uploads/2010/12/Maune.pdf on 5/12/19.
Petticrew, E.L., S.J. Albers, S.A. Baldwin, E.C. Carmack, S.J. Dery, N. Gantner, K.E. Graves, B. Laval,
J. Morrison, P.N. Owens, D.T. Selbie, and S. Vagle. 2015. The impact of a catastrophic mine
tailings impoundment spilOLQWRRQHRI1RUWK$PHULFD¶VODUJHVWIMRUGODNHV4XHVQHO/DNH%ULWLVK
Columbia, Canada. Geophysical Research Letters. 42,3347-3355, doi:10.1002/2015GL063345.
PLP (Pebble Limited Partnership). 2017. Pebble Project Department of the Army Application for Permit.
POA-2017-271. Anchorage, AK.
PLP 2011. Pebble Project Environmental Baseline Studies 2004 ± 2008. Appendix E Consolidated Study
Program.
PLP 2018-RFI 062. Scenario for expanded development of Pebble. AECOM Request for additional
information, Pebble Limited Partnership, October 8, 2018.
PLP 2018-RFI 082. Wetlands Temporary and Indirect Impacts. AECOM Request for Information, Pebble
Limited Partnership, October 16, 2018.
Ruggerone, G.T., R.M. Peterman, B. Dorner, K.W. Myers. 2010. Magnitude and trends in abundance of
hatchery and wild pink, chum, and sockeye salmon in the North Pacific Ocean. Marine and
Coastal Fisheries: Dynamics, Management, and Ecosystem Science. 2:306-328.

13

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 21 of 2339

The Nature Conservancy

6/21/19

Rico, M.G., G. Benito, A.R. Salguerio, A. Diez-Herrero and H.G. Pereira. 2008. Reported tailings dam
failures ± a review of the European incidents in the worldwide context. J. Hazard. Materials
152:846-852.
Singer, D.A., V.I. Berger and B.C. Moring. 2008. Porphyry copper deposits of the world: database and
grade and tonnage models, 2008. U.S. Geological Survey, Menlo Park, CA.
USACE (U.S. Army Corps of Engineers). 2007. Regional Supplement to the Corps of Engineers Wetland
Delineation Manual: Alaska Region (Version 2.0). ERDC/EL TR-07-24. Available:
USF&WS (U.S. Fish and Wildlife Service). 2018. Vector Digital Data; Classification of Wetlands and
Deepwater Habitats of the United States. U.S. Department of the Interior, Fish and Wildlife
Service, Washington, DC. FWS/OBS-79/31
USFS (U.S. Forest Service). 2003. Greens Creek Tailings Disposal, Final Environmental Impact
Statement, Vol. 1. USDA Forest Service Tongass National Forest R10-MB-482a.
USGS (U.S. Geological Survey). 2013, National Hydrography Geodatabase: The National Map viewer
available on the World Wide Web (https://viewer.nationalmap.gov/viewer/nhd.html?p=nhd),
accessed 3/31/2018
Woll, C., D. Albert and D. Whited. 2014. A preliminary classification and mapping of salmon ecological
systems in the Nushagak and Kvichak watersheds, Alaska. The Nature Conservancy, Anchorage
AK.

14

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 22 of 2339

4DIXFJTCFSH .BUUIFX 1FCCMF.JOF"OUJDJQBUFE
"EWFSTF*NQBDUTUP8FUMBOET .BZ 

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 23 of 2339

May 14, 2019
A Report for Trustees for Alaska
Pebble Mine: Anticipated Adverse Impacts to Wetlands
By Matthew Schweisberg, PWS, Principal
Wetland Strategies and Solutions, LLC1
This report describes the direct, secondary (indirect), and cumulative adverse environmental
impacts to wetlands that would occur from the proposed Pebble Mine project, including the mine
and its associated components: tailings storage facility (TSF); pyritic tailings storage facility
(PTF); transportation corridor (TC); gas pipeline (GP); and the port (PT).2
Overall, PLP¶s preferred alternative would cause devastating adverse impacts to the wetland and
other water resources at the mine site and its associated components. Direct and secondary
adverse impacts would affect at least 6,877 acres. Were this project to receive a Clean Water Act
section 404 permit from the Army Corps of Engineers, it would be the largest and most
damaging project ever authorized under the Clean Water Act.
1. Site Setting and Ecology3
The Bristol Bay watershed is a largely undisturbed region with outstanding natural, cultural, and
mineral resources. The Pebble deposit is in the headwaters of tributaries to the Nushagak and
Kvichak Rivers. The Nushagak and Kvichak Rivers are the largest of the Bristol Bay
watershed¶s six major river basins, containing about 50% of the total watershed area. The
watersheds of three tributaries to these rivers originate within the potential footprint of the
proposed mine on the Pebble deposit: the South Fork Koktuli (SFK) River, which drains the
Pebble deposit area and converges with the North Fork west of the Pebble deposit; the North
Fork Koktuli (NFK) River, located to the northwest of the Pebble deposit, which flows into the
Nushagak River via the Koktuli and Mulchatna Rivers; and Upper Talarik Creek (UTC), which
drains the eastern portion of the Pebble deposit and flows into the Kvichak River via Iliamna
Lake, the largest undeveloped lake in the United States. The watershed is pristine, a fact that
cannot be over-emphasized.
The Nushagak and Kvichak River watersheds comprise five distinct physiographic divisions
(PD, July 2014, Section 3): the Ahklun Mountains, the Southern Alaska Range, the Aleutian
Range, the Nushagak±Big River Hills, and the Nushagak±Bristol Bay Lowland. Precipitation is
1

Matthew Schweisberg served as Chief of the Wetlands Protection Program and Senior Wetlands Ecologist for
EPA New England before retiring in 2012. He actively worked on permitting and related regulatory issues since
1979. Since 2012, he has represented private sector and public agency clients on projects involving Clean Water Act
compliance with Sections 402 and 404 of the Clean Water Act.
2
Adverse impacts to other aquatic resources²fisheries and aquatic ecology, streams and rivers, lakes and ponds,
and water quality²are more completely addressed by other expert teams.
3
For a more complete description of the environmental setting and aquatic resources within the Bristol Bay
watershed, see Section 3, Proposed Determination (³the PD´) of the U.S. Environmental Protection Agency Region
10 Pursuant to Section 404(c) of the Clean Water Act Pebble Deposit Area, Southwest Alaska, EPA, July 2014; and
Chapter 3, An Assessment of Potential Mining Impacts on Salmon Ecosystems of Bristol Bay, Alaska, Volume 1,
EPA, January 2014 (³the Bristol Bay Assessment´ or ³BBA´).
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greatest in the Southern Alaska Range, the Aleutian Range, and the Ahklun Mountains, and these
physiographic divisions serve as major water source areas for lower portions of the watersheds.
Annual water balance, especially in the mountains and hills, is dominated by snowpack
accumulation and subsequent melt, although late summer and fall rains are also important
contributors to the hydrologic cycle, particularly in the Nushagak±Bristol Bay Lowland division.
The Bristol Bay watershed in general, and the SFK, NFK, and UTC watersheds specifically,
provide diverse, high-quality habitat for salmon and other fishes. Suitable substrates for salmon
spawning, egg incubation, and rearing are abundant. Extensive connectivity between
groundwater and surface waters creates and maintains diverse streamflow and thermal regimes
across the region, resulting in favorable spawning and rearing habitats for salmonids and helping
to support diverse fish assemblages (PD, July 2014, Section 3).
Within the Bristol Bay watershed, freshwater habitats range from headwater streams to braided
rivers, small ponds to large lakes, side channels to off-channel alcoves. These watersheds contain
over 54,000 km of streams, 14% of which have been documented as anadromous fish streams
(Johnson and Blanche 2012). This percentage is likely a significant underestimate of the actual
extent of anadromous waters across the watersheds (BBA, Appendix A, Box 7-1).
Within the South Fork Koktuli River, North Fork Koktuli River, and Upper Talarik Creek
watersheds, there are at least 40,130 acres of wetlands (PD, Table 3-2, July 2014).4 Notably, a
thorough inventory of wetland, lake, and pond habitats within the Bristol Bay watershed, or even
the Nushagak and Kvichak River watersheds, has not been performed. However, the National
Wetlands Inventory (NWI) (USFWS 2012) has data for approximately 83% of the area
encompassed by the SFK, NFK, and UTC watersheds. By extrapolating these data to the entire
area of the three watersheds, a rough estimate of total wetland acreage, as well as the acreage of
different wetland types, can be estimated (BBA, January 2014, Table 3-2).
Small headwater streams make up 65% of assessed stream length in the SFK, NFK, and UTC
watersheds (BBA January 2014). These headwater streams²and their associated headwater
wetlands²are key habitat features in this region. These headwater systems provide high-quality
habitat for numerous fish species and supply water, invertebrates, organic matter, and other
resources to larger downstream waters. Because of their crucial influence on downstream water
flow, chemistry, and biota, the importance of headwater systems reverberates throughout entire
watersheds downstream (Freeman et al. 2007, Meyer et al. 2007).
Headwater streams and spring (headwater) wetland habitats are particularly important in
establishing and maintaining fish and wildlife diversity. These habitats support assemblages that
include both resident and migrant fish, and provide spawning and nursery areas for fish species
that use larger streams, rivers, and lakes for most of their freshwater life cycles (e.g., Pacific
salmon and rainbow trout) (Quinn 2005). The use of headwater streams and wetlands by a

4

Field verification of aquatic habitats was performed for a portion of the Pebble Mine site and adjacent areas.
Remaining aquatic habitat, e.g., wetlands, was identified based on National Wetland Inventory maps. It is important
to note that the characterization and extent of aquatic habitats is limited by resolution of the available NWI data,
which tend to underestimate their extents.
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variety of fish and wildlife species has been observed in many aquatic ecosystems (see Meyer et
al. 2007 for a thorough review).
Headwater streams and wetlands play a vital role in maintaining diverse, abundant fish
populations²both by providing high-quality fish habitat themselves and by supplying energy
and other resources needed to support fish in connected downstream habitats. Headwater streams
and wetlands are abundant in the Pebble deposit area and likely play a crucial role in supporting
local and downstream fish populations (PD, July 2014).
2. Wetland Identification
The DEIS at page 3.22-4 explains that,
[f]or Alternative 1, PLP¶s preferred alternative, field-verified wetland mapping through
2018 covers the entire project footprint except for the pipeline crossing of Cook Inlet,
and the 0.5-mile pipeline corridor and compressor station near Anchor Point on the
Kenai Peninsula.5 For these areas, the Cook Inlet Lowlands wetland project prepared by
the Kenai Watershed Forum (Gracz 2013) was applied. Wetland and waterbody data, not
including the Kenai Peninsula, was confirmed in the Preliminary Jurisdictional
Determination (Appendix J).
The area for the Kokhanok East Ferry Terminal Variant of Alternative 1 also lacks field
verified mapping, and NWI data is not available for this area; this area is approximately
1,300 acres. Wetland mapping for this area was obtained from publicly available
synthetic aperture radar satellite data (the Advanced Land Observing Satellite Phased
Array type L-band Synthetic Aperture Radar, also referred to as ALOS PALSAR)
(Clewley et al. 2015). Wetlands were mapped at 100-meter resolution. This data
provides a coarse estimate of wetland boundaries compared to either field-verified
mapping or NWI mapping «
For portions of the EIS analysis areas lacking field-verified mapping, NWI data was
analyzed (NWI 2018). The NWI maps provide a reconnaissance-level depiction of the
location, type, and size of wetlands; NWI data do not provide the level of detail of fieldverified mapping. For purposes of this analysis, NWI wetland types have been grouped
to match the project units used for the environmental baseline study program. Remaining
wetland data gaps would be addressed during the 2019 field season for reporting in the
Final EIS (FEIS). See Section 3.1, Introduction to Affected Environment, for discussion
on data gaps analysis for the Draft EIS (DEIS).
In essence, the DEIS explains that the extent of wetlands and wetlands affected adversely by the
mine project are likely under-estimated, perhaps significantly. If these data gaps will not be
5

It is also noteworthy that PLP¶s field data for the mine site are considered out-of-date by Corps of Engineers
national policy (see Corps Regulatory Guidance Letter 16-01, October 2016), given that those data were collected in
2004, 2007, and 2008. Only the transportation corridor between the mine site and Cook Inlet, via Iliamna Lake was
evaluated recently enough to be considered current under Corps national policy. See also Yocom, Questioning the
Corps’ Preliminary Jurisdictional Determination for POA-2017-271, June 17, 2018.
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addressed till this year¶s field season, the DEIS contains inaccurate and unreliable information.
The DEIS should not have been issued absent this key information.
3. Fish and Wildlife Resources
Section 3.23 (Wildlife Values) provides a description of the birds, and the terrestrial and marine
mammals, that are known, and have a potential to occur, in the project area. The Bristol Bay
watershed provides habitat for numerous animal species, including at least 29 fish species6, more
than 40 terrestrial mammal species, and more than 190 bird species. Many of these species are
essential to the structure and function of the region¶s ecosystems and current economies. The
Bristol Bay watershed supports several wilderness compatible and sustainable economic sectors,
such as commercial, sport, and subsistence fishing; sport and subsistence hunting; and nonconsumptive recreation (BBA, January 2014, Chapter 5).
One component of the watershed¶s physical setting, however, is particularly important to note:
the watersheds draining to Bristol Bay provide intact, connected habitats from headwaters to
ocean. Unlike most other areas supporting Pacific salmon populations, the Bristol Bay watershed
is undisturbed by significant human development and impacts. It is located in one of the last
remaining virtually roadless areas in the United States (BBA, January 2014, Chapter 6). Largescale, human-caused modification of the landscape is absent, and development in the watershed
consists of only a small number of towns, villages, and roads. The Bristol Bay watershed also
encompasses Iliamna Lake, the largest undeveloped lake in the United States.
For a more complete description of fish and wildlife resources in the Bristol Bay watershed and
project components areas, see the BBA, January 2014, pages ES-5 through ES-8; the PD, Table
3-3, July 2014 and Chapter 5; and the DEIS Chapters 3.23, 3.24, and 3.25.
4. Wetland Classification and Specific Ecological Functions
Sections 3.22.3 thru 3.22.6 discuss wetland functions and values. Sections 3.22.3.1 and 3.22.3.2
address functions and values by National Wetland Inventory (NWI) class and Hydrogeomorphic
(HGM) classes. Relative to providing helpful information about the ecological functions of the
wetlands in the study area, these discussions are of limited use. The discussions are ³text book´
general, mostly straight out of Brinson (1993), and do not provide the reader with specific
information about the actual ecological functions of the wetlands in the study area that would be
adversely affected by the mine and its associated components.
The sections that follow address the mine site and its associated components specifically, but
only offer information about vegetation, soils/geomorphology, topography, and hydrology. The
DEIS appears to impute the generic ecological functions described in the earlier sections to the
various classes of wetlands in the study area. Attributing specific ecological functions by generic
NWI or HGM class is both indefensible and a substantial misuse of both schemes.

6

BBA, January 2014, page ES-5
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NWI is strictly a classification scheme. As originally developed, it is based on dominant plant
community type (e.g., trees) and major land feature (lake or river). In the last decade, NWI has
been modified to include some aspects of surficial hydrology and landscape position, but it was
not designed, and should not be used, for attributing specific ecological functions to specific
wetlands.
HGM is a two-part scheme: classification and functional assessment methodology. Wetlands are
first classified by geohydrology and landscape position, then, depending upon class and subclass
and modifiers, metrics and formulas are developed to assess specific functions. When properly
developed and applied, the functional assessment part of HGM yields numeric results. The
classification part of HGM can be useful for describing and differentiating between major
wetland types across a landscape. In a generic sense, HGM classification can inform about
broad-based ecological functions, but without developing the associated functional assessment
methods, including metrics and formulas, it does not and should not be used to prescribe specific
ecological functions to specific wetlands.
The DEIS is devoid of any discussion about an assessment of the specific wetland ecological
functions for the wetlands that would be adversely affected by the mine and its associated
components. The DEIS only provides a description of wetlands by general class and the
percentage of that class that would be affected as compared to the total amount of wetlands,
which is of little use in understanding the actual adverse impacts that accrue from development
and operation of the Pebble Mine project. Field assessment of ecological functions for the
wetlands (or a representative sample) that would be adversely affected should have been
performed.
5. Direct and Indirect Adverse Impacts
As described above and in the cited references, the Bristol Bay watershed, including the SFK,
NFK, and UTC watersheds, is an outstanding global resource, providing pristine, intact,
connected habitats from headwaters to ocean that provide extensive spawning and rearing areas
for and support genetically diverse populations of wild salmon. The watershed also provides
exceptional habitat for a diverse assemblage of terrestrial, aquatic, and marine mammals; and
terrestrial and wading birds, waterfowl, and raptors.
Three broad categories of adverse impacts are considered when reviewing proposed development
projects: direct, indirect (or secondary), and cumulative.
Viewing Impacts to Affected Resources as a Percentage of the Overall Resource
,QWKH'(,63/3UHVRUWVWRDQDUJXPHQWEDVHGRQSHUFHQWDJHVWKDWLVWKDWLPSDFWVIURPWKH
\HDUPLQHSURMHFWUHSUHVHQWRQO\RIWKHVWUHDPVDQGZHWODQGVLQWKH%ULVWRO%D\
ZDWHUVKHG7KLVDSSURDFKFRPSOHWHO\PLVXVHVWKHFRQFHSWRISHUFHQWDJHVDQGWKUHVKROGVZKLFK
SULPDULO\ZHUHGHYHORSHGWREHWWHUXQGHUVWDQGWKHDGYHUVHHIIHFWVRQZDWHUTXDOLW\LQVWUHDPV
SRQGVDQGODNHVORFDWHGLQXUEDQDQGVXEXUEDQVHWWLQJ7KHDSSURDFKVRXJKWWRGHDOZLWK
LPSHUYLRXVVXUIDFHVLQWKRVHVHWWLQJVDQGWREHDZDUHRI³WLSSLQJSRLQWV´ZKHUHRQFHLPSHUYLRXV
VXUIDFHVUHDFKHGDFHUWDLQSHUFHQWDJHRIDZDWHUVKHGRUVXEEDVLQXQDFFHSWDEOHZDWHUTXDOLW\
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GHJUDGDWLRQZRXOGRFFXU0DQ\VWXGLHVDQGUHDOOLIHDSSOLFDWLRQVKDYHEHHQSHUIRUPHG
HVSHFLDOO\LQWKHQRUWKHDVWDQGPLG$WODQWLF867KHFRQFHSWRIWKUHVKROGVLQWKLVVHQVHZDVQRW
LQWHQGHGDQGLVQRWDSSOLFDEOHWRVLWXDWLRQVVXFKDVWKH%ULVWRO%D\:DWHUVKHGZKHUHYLUWXDOO\
QRGHJUDGDWLRQWRVWUHDPDQGULYHUZDWHUTXDOLW\KDVRFFXUUHGEHFDXVHRILWVQHDUSULVWLQHVWDWXV

,QDGGLWLRQLQLWV3URSRVHG'HWHUPLQDWLRQRI-XO\(3$SRLQWHGRXWWKDW

WKLVSHUVSHFWLYHLVIODZHGEHFDXVHLWDVVXPHVWKDWWKHVHKDELWDWVDUHOHVVHFRORJLFDOO\
YDOXDEOHWKDQVWUHDPVZHWODQGVDQGRWKHUDTXDWLFKDELWDWVHOVHZKHUHLQWKHZDWHUVKHG
DQGLJQRUHVWKHLPSRUWDQWUROHWKDWLQGLYLGXDOVWUHDPVRUVWUHDPUHDFKHVZHWODQGVODNHV
SRQGVDQGRWKHUDTXDWLFKDELWDWVFDQSOD\LQSURWHFWLQJWKHJHQHWLFGLYHUVLW\RI%ULVWRO
%D\¶VVDOPRQSRSXODWLRQV>DQGRWKHUILVKDQGZLOGOLIH@,QWKH%ULVWRO%D\UHJLRQ
K\GURORJLFDOO\GLYHUVHULYHULQHDQGZHWODQGODQGVFDSHVSURYLGHDYDULHW\RIVDOPRQ
VSDZQLQJDQGUHDULQJKDELWDWV(QYLURQPHQWDOFRQGLWLRQVFDQGLIIHUDPRQJKDELWDWVLQ
FORVHSUR[LPLW\DQGUHFHQWUHVHDUFKKDVKLJKOLJKWHGWKHSRWHQWLDOIRUORFDODGDSWDWLRQV
DQGILQHVFDOHSRSXODWLRQVWUXFWXULQJLQWKH%ULVWRO%D\DQGQHLJKERULQJZDWHUVKHGV
4XLQQet al2OVHQet al5DPVWDGet al4XLQQet al /RVVHV
WKDWHOLPLQDWHORFDOXQLTXHSRSXODWLRQVZRXOGHURGHWKHJHQHWLFGLYHUVLW\WKDWLVFUXFLDO
WRWKHVWDELOLW\RIWKHRYHUDOO%ULVWRO%D\VDOPRQILVKHULHV +LOERUQet al6FKLQGOHU
et al(3$D$SSHQGL[$(3$E 

0RUHRYHUWKH3URSRVHG'HWHUPLQDWLRQSRLQWHGRXWWKDW

3/3¶VDSSURDFKLVDOVRSUREOHPDWLFEHFDXVHLWLVLQFRQVLVWHQWZLWK86$&(JXLGDQFHLQ
HIIHFWVLQFH,QWKLVJXLGDQFH86$&(+HDGTXDUWHUVVSHFLILFDOO\FULWLFL]HV
1HZ2UOHDQV'LVWULFW86$&(¶VDVVHUWLRQWKDWZHWODQGORVVHVDVVRFLDWHGZLWKDSURMHFW
XQGHUUHYLHZZHUH³LQFRQVHTXHQWLDO´EHFDXVH³«SURMHFWDOWHUDWLRQVRIZHWODQGV
UHSUHVHQWVDYHU\VPDOOSRUWLRQRIVLPLODUKDELWDWZLWKLQWKHSURMHFWYLFLQLW\DQGFRDVWDO
/RXLVLDQD«RQO\RIWKHVDOLQHPDUVKRQ*UDQG,VOHDQGRQO\RIWKHVDOLQH
PDUVKLQFRDVWDO/RXLVLDQD«´7KHJXLGDQFHILQGVWKDWWKLVDSSURDFKLJQRUHVWKH
IDFWWKDWWKHFXPXODWLYHHIIHFWVRIPDQ\SURMHFWVFRXOGDGGXSWRYHU\VLJQLILFDQW
ZHWODQGVORVVDQGQRWHVWKDWWKHSURSRVHGGHVWUXFWLRQRIDFUHVRIVSHFLDODTXDWLFVLWHV
LQWKHFDVHXQGHUUHYLHZE\1HZ2UOHDQV'LVWULFWFRXOGQRWVLPSO\EH³GLVPLVVHGDV
XQLPSRUWDQW´ 86$&( 
In the case of the Pebble Mine site, the proposed destruction of over 4,976 acres of wetlands and
other waters, not to mention 112 miles of cold water salmon streams7, all in nearly pristine
condition, cannot be dismissed under any scheme using the argument of percentages put forth in
the DEIS.
A. The 20-Year Mine Site (including the TSF and PTF)
i. Direct Impacts
7

D. Albert, Direct loss of salmon streams, tributaries, and wetlands under the proposed Pebble Mine compared with
thresholds of unacceptable adverse effects in the EPA Proposed Determination pursuant to Section 404(c) of the
Clean Water Act, The Nature Conservancy, June 1, 2019.
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For this project, direct adverse impacts would result from (DEIS, 4.22.3, page 4.22-3):






Placement of fill materials;
Clearing and removal of wetland vegetation;
Excavation or removal of soil and vegetation
Dredging and discharges of dredged materials; and,
Alteration, filling, and/or removal of stream channels.

For PLP¶s preferred alternative, direct adverse impacts for the mine site alone would cause the
outright loss of 4,976 acres of wetlands, including, over 2,665 acres of shrub and 690 acres of
herbaceous wetlands. A majority of these wetland impacts (3,355 acres) would be in the
headwaters of the three principal watersheds. The mine would completely destroy these wetlands
and the ecological functions that they provide.
Many wildlife species8, particularly several wetland-dependent small mammals (e.g., shrew
(Sorex spp.)) and medium size mammals (mink (Neovison vison), river otter (Lontra
canadensis), beaver (Castor canadensis) muskrat (Ondatra zibethicus) would suffer the greatest
harm from the loss of breeding, rearing, feeding, denning, escape and resting habitat. Brown bear
(Ursus arctos), which depend heavily on salmon as a food source, also would suffer significant
impacts from the direct loss of miles of salmon-rich streams and rivers.
Wetland-dependent raptors and waterfowl, especially bald eagle (Haliaeetus leucocephalus),
Tundra swan (Cygnus columbianus), harlequin duck (Histrionicus histrionicus), American
wigeon (Anas americana), northern pintail (Anas acuta), and scaup (Aythya sp.), red-breasted
merganser (Mergus serrator), green-winged teal (Anas carolinensis) would lose extensive and
valuable nesting, rearing, feeding, cover, and perching habitat. In addition, shorebirds such as
sandpiper (Calidris minutilla), black-bellied plover (Pluvialis squatarola), whimbrel (Numenius
phaeopus), and American golden-plover (Pluvialis dominica), Hudsonian godwit (Limosa
haemastica), lesser yellowlegs (Tringa flavipes), and short-billed dowitcher (Limnodromus
griseus), also would lose thousands of acres of key habitat.
In addition to the loss of significant wildlife habitat, the vast acreage of wetlands that would be
lost
Other principal wetland ecological functions lost to the mine, the TSF, and PTF include:
 Nutrient Production and Export ² By the process of decomposition and chemical
transformation, the extensive acreage of wetland vegetation and soils are critical producers of
fine organic matter that forms the basis for the food chain for aquatic macroinvertebrates, that
in turn form the basis of the food chain for fish (e.g., salmon), amphibians (e.g., frog), and
many water birds (e.g., green-winged teal).

8

Most, though not all, surveys for wildlife were conducted 7 to 15+ years ago; the results are out-dated and should
have been updated for the DEIS.
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 Carbon Storage and Sequestering ² Peatlands have significant global value to human society
for their function in sequestering carbon. An extensive occurrence of peatlands is expected in
the climatic and hydrogeological setting of the area of the Pebble Deposit. In this setting, the
reported 375 acres of impacted bogs and fens (4.22-9) seems too low. The extent of impacted
peatlands need to be mapped at a more detailed scale due to their value to society and their
irreplaceability through restoration once less than 50 cm of peat remains following impacts
(Quinty & Rochefort 2003). Based on other areas with a similar hydrogeologic setting,
approximately 40% of all wetlands at the site may be peatlands that are actively sequestering
carbon. Multiplying this percentage by the total acreage of impacted wetlands (4,976) gives an
estimated total of 1,990 acres of permanently impacted peatlands. (Gracz, May 2019, Albert,
May 2019).
 Groundwater Discharge ² Most of the acres of wetlands at the mine site are located on slopes
that discharge ground water seasonally (late winter and spring) and various other times of the
year (after heavy storms in summer and early fall). These discharges help maintain flows in
streams and water levels in ponds, supporting fisheries and all wetland-dependent wildlife.
In summary, headwater streams and wetlands, all of which are abundant at the mine site, play a
vital role in maintaining diverse, abundant fish and wildlife populations²both by providing
high-quality habitat themselves and by supplying energy and other resources needed to support
fish and wildlife in connected downstream habitats.
ii. Indirect (Secondary) Impacts
Indirect (or secondary) impacts would result from (DEIS 4.22.3, page 4.22-4):










Disruption of wetland hydrology, both surface and ground;
Conversion of one wetland type to another, or to non-wetland;
Habitat degradation downstream of the mine site;
Fragmentation of habitats;
Water quality and quantity changes;
Erosion and sedimentation;
Increased temperatures and noise levels in adjoining wetlands and upland habitat;
Increased damage from winds/storms along the edges of cleared areas; and,
Fugitive dust deposition.

The direct adverse impacts to wetlands and other waters described above would lead to
substantial indirect adverse impacts to those aquatic resources. The outright permanent and
temporary direct destruction of 4,976 acres of wetlands and miles of streams would irreparably
alter both surface and ground water regimes in adjoining and nearby wetlands and streams. Table
4.22-10 in the DEIS summarizes indirect adverse impacts to wetlands and other waters. That
table lists the following for indirect impacts to wetlands and other waters:
 957 acres from fugitive dust;
 449 acres from dewatering;
 462 acres from fragmentation;
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for a total of 1,868 acres.9
Alterations in streamflow and groundwater would likely cause flows in some streams to increase,
while flows in others would greatly decrease and likely dewater reaches of those streams. The
adverse effects to wetlands that are hydrologically connected to affected streams would depend
upon the duration and timing of surface water connectivity with stream habitats, distance from
the main channel, and/or physical and chemical conditions.
The losses of streams under the mine footprint also would result in an unquantified area of
riparian floodplain wetland habitat that would either be lost or suffer substantial changes in
hydrologic connectivity with streams because of reduced streamflow from the mine footprint.
Surface water quantity and distribution in the North Fork Koktuli (NFK) River, South Fork
Koktuli (SFK) River, and possibly Upper Talarik Creek (UTC) watersheds would be
significantly affected during construction through diversion and collection of surface water,
initial drawdown of groundwater in preparation for mining activities, and water treatment plant
discharge (DEIS, 4.16-3).
Reduced streamflow resulting from water consumption in mine operations, ore processing,
transport, and other processes, would further reduce the amount and quality of fish habitat
downstream of the mine site. Changes in streamflow exceeding 20% would adversely affect
habitat in an additional 15 km of streams, reducing production of coho salmon, sockeye salmon,
Chinook salmon, rainbow trout, and Dolly Varden. Losses of stream habitat leading to lossesRI
ORFDOXQLTXHSRSXODWLRQVZRXOGHURGHWKHSRSXODWLRQGLYHUVLW\WKDWLVHVVHQWLDOWRWKHVWDELOLW\RI
WKHRYHUDOO%ULVWRO%D\VDOPRQILVKHU\ 6FKLQGOHUHWDO 

In addition to the direct loss of stream habitat, loss of wetlands, lakes, and ponds also would
result in a total loss of their fish habitat support functions, such as supplying nutrient and detrital
inputs and maintaining base flows, for both abutting and downstream waters (PD, July 2014,
Section 3.2.3). As described in Section 4.2.1 of the PD, the loss of food resources and
overwintering habitat could reduce overall salmonid rearing capacity in the SFK, NFK, and UTC
watersheds and adversely affect the valuable commercial, subsistence, and recreational fisheries
downstream of the PLP¶s proposed mine.
The extent of wetland, lake, and pond losses under the 20-year Pebble mine could be at a level
that the SFK, NFK, and UTC watersheds may not be able to afford. The significance of these
losses results from the importance of contiguous wetlands, lakes, and ponds to salmon
populations, both as habitat and as sources of groundwater inputs, nutrients, and other subsidies
crucial to salmon productivity (PD, July 2014, Section 3.2.3); the vulnerability of localized
populations of coho, Chinook, and sockeye salmon (PD, July 2014, Section 4.2.1) in streams
flowing through the lost wetlands or downstream of them; and the importance of such localized
populations to the resilience of the Bristol Bay salmon fisheries. Thus, loss of wetlands, lakes,
and ponds due to the discharge of dredged or fill material associated with Pebble¶s proposed

9

For the reasons mentioned above regarding the identification of wetlands, these acreages are likely much larger.
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mine would likely have unacceptable adverse effects on fishery areas both within and
downstream of the SFK, NFK, and UTC watersheds.

Diminished stream flows also likely would reduce the frequency and duration of connectivity to
off-channel habitats such as side channels, riparian wetlands, and beaver ponds, reducing the
spatial extent of such habitats or eliminating them altogether. Reduced stream flows would
dewater an unquantifiable but extensive area of riparian wetlands along affected streams. A
proportion of these dewatered wetlands would be converted to ³drier´ type wetlands (e.g., shrub
to forested or meadow to shrub). Other wetlands would likely be dewatered to the point where
they no longer possessed a hydrologic regime sufficient to support wetland habitat. Dewatered
streams and wetlands would fragment wildlife habitat and would pose a barrier to movement for
fish, amphibians, some water birds, and some small and medium size mammals.

&RQVWUXFWLRQ YHJHWDWLRQFOHDULQJVRLOH[FDYDWLRQ DQGRSHUDWLRQRIWKHPLQHZRXOGDOPRVW
FHUWDLQO\FDXVHHURVLRQDQGVHGLPHQWDWLRQRIVWUHDPVDVZHOODVZHWODQGVDGMDFHQWWRWKRVH
DIIHFWHGVWUHDPV6HGLPHQWDWLRQRIWKHKLJKTXDOLW\DQGVHQVLWLYHFROGZDWHUVWUHDPVEHORZWKH
PLQHZRXOGOLNHO\VPRWKHUDTXDWLFPDFURLQYHUWHEUDWHVDQGILVKHJJVDQGFORJWKHJLOOVRIILVK
HVSHFLDOO\VDOPRQDOHYLQVDQGIU\

)LQDOO\FOHDULQJRIYHJHWDWLRQZRXOGRSHQH[WHQVLYHDUHDVWRJUHDWHUH[SRVXUHWRVXQOLJKWDQGWKH
UHVXOWLQJLQFUHDVHLQVXUIDFHWHPSHUDWXUHV,QFUHDVHGVXUIDFHWHPSHUDWXUHVZRXOGUDLVHZDWHU
WHPSHUDWXUHLQDIIHFWHGFROGZDWHUVWUHDPVWKDWLQWXUQZRXOGFDXVHGHFUHDVHGR[\JHQOHYHOVDQG
DFRQFRPLWDQWUHGXFWLRQLQVXLWDEOHVWUHDPKDELWDWIRUVHYHUDOILVKVSHFLHVHVSHFLDOO\VDOPRQ
B. The 78-Year Mine Site
Referring to the table below and the percentage of ore that would be recovered, it is difficult to
accept that the 20-year mine option would be economically feasible and that the mine operator
would cease operations after recovering just 11.9% of the delineated ore resource. It is far more
believable that mine operator would pursue the 78-year mine option (or longer) once permits
were obtained.
In its Proposed Determination (July 2014), EPA concluded, based on PLP predecessor NDM¶s
submissions to the SEC and more recent statements, that the development of a mine at the Pebble
deposit will be much larger than the 20-year stage mine.
Under the 78-year mine, wetland losses would increase from 4,976 acres to in excess of 17,400
acres. An expansion of this nature would cause a concomitant or greater increase in the adverse
impacts described above. Such colossal adverse impacts to wetlands and other waters would be
catastrophic for this mostly roadless, undisturbed, and nearly pristine area of the Bristol Bay
watershed.

Direct Impacts To Wetlands and Other Waters For Two Pebble Mine Project Periods
DEIS 20-Year Mine
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Ore Mined (% of delineated
12.125 bil ton deposit)[1]

1.44 billion tons
(11.9% of delineated
resource)[2]

6.67 billion tons (55% of
delineated resource)[3]

Wetlands, Lakes, Ponds
Directly and Permanently, and
Directly and Temporarily Lost

4,976 acres[4]

17,400 acres +/-[5]

Total Mine Site Footprint

8,086 acres[6]

29,632 acres[7]

This table compares only mine-site impacts, including the TSF and PTF. The acreage for wetlands is based on the
data in the DEIS, except for wetlands (see footnote 4). As explained in Section 2, above, wetland acreage is likely
higher and, consequently, impacts are likely greater.
[1]
See https://www.northerndynastyminerals.com/pebble-project/project-overview/ (identifying the current resource
estimate at 11 billion metric tonnes, converted to 12.125 billion US tons). The tons figures in this chart all refer to
US tons.
[2]
Draft EIS, p. 4.13-2 and Appendix N, p. 1.
[3]
Draft EIS, p. 4.1-8.
[4] [5]
D. Albert, Pers Comm, May 8, 2019
[6]
Draft EIS, p. 2-210 (impacts for mine site only). Note that elsewhere in the Draft EIS, the Army Corps says the
total mine site footprint is 12,371 acres.
[7]
Draft EIS, p. 4.22-39. Note that elsewhere in the Draft EIS, the Army Corps says the expanded mine site
footprint is 34,790 acres.

C. Transportation Corridor

The transportation corridor would consist of the following components:
 A road system (total acres of land), including 1) the mine access road (346 acres), 2) the port
access road (408 acres) and 3) spur roads (approximately 134 acres and 11 miles in total
length would be constructed. This system would include a private, unpaved, two-lane road
extending approximately 29 miles south from the mine site to a ferry terminal on the
northern shore of Iliamna Lake (includes a short spur near the mine site near UTC).
According to Section 2.2.2.2 of the DEIS, the main access roads would be designed as
private gravel roads with a 30-foot-wide driving surface to enable two-way traffic and would
be capable of supporting anticipated development and operational activities during
construction and truck haulage of concentrate from the mine to the port. The maximum width
of the permanent road from toe-to-toe would be 300 feet. Temporary construction-related
activities would occur within a 30-foot zone on either side of the permanent road footprint.
The road system would include nine bridges, six of which would be single-span, two-lane
bridges that range in length from approximately 30 to 125 feet. There would be three multispan, two-lane bridges at Newhalen River (575 feet), Gibraltar River (470 feet), and Sid
Larsen Creek (160 feet). Road culverts at stream crossings would be divided into categories
based on whether the streams are fish-bearing. Culverts at streams without fish would be
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designed and sized for drainage only, and culverts at streams with fish would be designed
and sized for fish passage in accordance with regulatory standards. The design currently
estimates 86 culverts; of these, 41 would be designed as fish passage culverts. The exact
number and design of waterbody crossings would be determined during final design and
permitting. Inlet/outlet protection may be installed at some streams, as necessary, to protect
the soil surface from erosive forces; this would expand beyond the toe of the fill. Blasting to
remove rock material would be necessary at locations along the transportation corridor to
prepare the road bed and pipeline trench.
 A ferry crossing: An ice-breaking ferry to transport materials, equipment, and concentrate
18 miles across Iliamna Lake to a ferry terminal on the southern shore near the village of
Kokhanok. The location of the mine site is physically separated from the marine terminal
location (Amakdedori port) by Iliamna Lake, which is roughly 75 miles long and up to 20
miles across. Existing roads are limited to nearby communities, but do not encircle the lake.
The Applicant¶s proposed alternative (Action Alternative 1) includes use of an all-season icebreaking ferry to cross the lake, which would reduce the miles of roadbed that would be
required for construction of a new road around the lake. Two ferry terminals are proposed:
one on the north shore (north ferry terminal [4 acres]), and one on the south shore (south
ferry terminal [23 acres]).
 A port access road (408 acres): A private, unpaved, two-lane road extending approximately
37 miles southeast from the south ferry terminal to Amakdedori port on Cook Inlet.
 Separate spur roads, approximately 134 acres and 11 miles in total length, would connect the
transportation corridor to the communities of Iliamna, Newhalen, and Kokhanok.
i. Direct Impacts
Construction of the transportation corridor would result in permanent loss of 75 acres of
wetlands and 11 acres of other waters, and 7.9 miles of streams. Temporary impacts would occur
to 60 acres of wetlands and other waters. DEIS Table 4.22-10, page 4.22-33.
ii. Indirect Impacts
Construction of the transportation corridor would adversely affect 892 acres of wetlands and
other waters that are adjacent to the transportation corridor from fugitive dust deposition during
construction and operation for the life of the mine.
Direct and indirect impacts would fall under the same categories as listed above for the mine site.
The discussion below describes both direct and indirect adverse impacts.
Constructing a road in an expansive and mostly pristine roadless area can be likened to the
impact of a small stone on the windshield of an automobile. The first road is like the small
dimple or dent caused by the small stone. A small crack first appears, growing out from the dent.
Over time, the one small crack begins to extend and branch out. With more time, the branched
cracks extend and branch out too. Days or weeks later, much of the windshield has suffered this
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fate to the point where, when viewed from several feet back, the original dent and the myriad
branching cracks resemble a large spider web. The entire windshield has become compromised
and at risk of shattering. The pristine roadless expanse would likely undergo a similar
progression of insults to a point where its exceptional ecological value is considerably degraded.
The first major road incursion (the transportation corridor) into a roadless region inexorably
delivers more roads and increases the likelihood of more development, e.g., further industrial,
and commercial development that is now more accessible and economically feasible over a much
larger area. Additional mine development is the most obvious result, but other facilitated actions
could include additional road system expansion in accordance with Alaska DOT planning, and a
host of potentially resource-damaging activities such as uncontrolled fishing, poaching,
recreational gold mining, off-road vehicle use, etc. The DEIS mostly fails to account for many of
these reasonably foreseeable actions that would likely result from the proposed transportation
corridor road into a large roadless region that is rich in natural resources. The risk is increased
because the area is replete with associated resource-dependent nations and communities. The
DEIS suggests that existing state and federal regulations would prevent or control additional road
construction in this region. Such regulations do not obviate the requirement to address this
reasonably foreseeable action in the DEIS.
Road construction causes mortality and injury of stationary and slow-moving organisms both
within and adjacent to the construction footprint and alters the physical conditions in the area, as
well (Trombulak and Frissell 2000), often including direct conversion of habitat to non-habitat
within and adjacent to the footprint (Forman 2004). Behavior modification depends on species
and road size/type. Voluntary modification ranges from use of the road corridor to avoidance;
involuntary modification may result when a road completely blocks the movement of organisms,
resulting in fragmentation or isolation of populations, often with negative demographic and
genetic effects and with potential consequences as grave as local population or species extinction
and loss of biodiversity (Forman 2004, Gucinski et al. 2001, Trombulak and Frissell 2000).
Truncation of fish migrations due to passage barriers created by roads is one example of
involuntary behavioral alterations that compromise survival and productivity. Other behavior
modifications include changes in home range, reproductive success, escape response, and/or
physiological state (Forman and Alexander 1998, Trombulak and Frissell 2000).
Roads can create long-term, local changes in soil density, temperature, and water content, light,
dust, and/or surface water levels, and flow, runoff, erosion, and/or sedimentation patterns, as
well as adding heavy metals, deicing salts, organic molecules, ozone, and nutrients to roadside
environments (Forman 2004, Gucinski et al. 2001, Trombulak and Frissell 2000, Forman and
Deblinger 2000). When delivered to streams, road-derived pollutants directly and indirectly
impact water quality. The extension of natural stream networks to integrate eroding road surfaces
can cause sustained delivery of fine sediments that alter bed texture and reduce the permeability
of streambed gravels (Furniss et al. 1995, Wemple et al. 1996, Jones et al. 2000, Angermier et al.
2004). Increased loading of fine sediments has been linked to adverse impacts on fish though
several, often co-occurring biological mechanisms, including decreased fry emergence,
decreased juvenile densities, loss of winter carrying capacity, increased predation on fish, and
reduced benthic organism populations and algal production (Newcombe and MacDonald 1991,
Newcombe and Jensen 1996, Gucinski et al. 2001, Angermier et al. 2004, Suttle et al. 2004, and
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many others). In steeper terrain, roads greatly increase the frequency of slope failure and debris
flow, with the resulting episodic sediment delivery to streams and rivers (Montgomery 1994,
Jones et al. 2000, Gucinski et al. 2001). Roads often promote the dispersal of exotic species and
pathogens by altering habitats, stressing native species, and providing corridors and vehicle
transport for seed/organism dispersal (Forman 2004, Trombulak and Frissell 2000, Gucinski et
al. 2001). So long as they remain accessible and passable enough to facilitate human use, roads
also lead to increased hunting, fishing, poaching, fish and wildlife harassment, use conflicts, lost
soil productivity, fires, landscape modifications, and decreased opportunities for solitude
(Forman 2004, Gucinski et al. 2001, Trombulak and Frissell 2000, Angermeier et al. 2004).
Although impacts to water and fish are the primary focus of this report, the direct and indirect
impacts of roads on other resources and their use should also be recognized.
The effects of roads are distributed across scales of space and time in three discernible periods
(Angermeier et al., 2004). The first is the immediate and site-specific effect from the
construction of a new road. Many of these impacts are either transient or are acute only during
and shortly after initial construction. An example is the delivery of large pulses of sediment to
streams during runoff events after placement of fill or major ground disturbance by heavy
equipment. The second is the suite of effects caused by sustained operation, maintenance, and/or
mere existence of the roadway. Examples include seasonal runoff of pollutants such as deicing
salts into nearby streams, transport of wind-eroded dust from road surfaces to adjacent areas,
chronic delivery of sediment from erosion of road surfaces, ditches, and cut slopes, and the
alteration or sustained displacement of natural vegetation in the footprint and influence zone of
the road. Finally, often the greatest impact of road development is the ancillary development of
the landscape, or change in the pattern of human habitation, resource extraction, and land and
water use of a region, that the road in some way facilitates.
The hydrologic and biological effects of roads are generally similar in nature for wetlands,
streams, rivers, and lakes. Darnell et al. (1976, see especially pp. 129-136) identified basic
construction activities typically associated with industrial projects, including roads and pipelines:
1) Clearing and grubbing;
2) Disposition of materials;
3) Excavation;
4) Sub-grade and slope/cut stabilization, including riprap;
5) Placement of fill;
6) Aggregate production;
7) Paving;
8) Equipment staging;
9) Borrow pits;
10) Landfills (disposal sites of excess excavated material).
For the Pebble transportation corridor, the principal categories of likely impact from such
projects and activities upon adjoining aquatic areas are:
1) Loss of natural vegetation;
2) Change of water table elevation;
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3) Increased erosion;
4) Fluctuations in streamflow;
5) Increased downstream and upstream flooding;
6) Increased sediment load;
7) Increased sedimentation;
8) Increased turbidity;
9) Changes in water temperature;
10) Changes in pH;
11) Changes in chemical composition of soils and waters;
12) Introduction of hydrocarbons to soils and waters; and,
13) Addition of heavy metals.
These various alterations interact in complex cause-and-effect chains. Darnell et al. (1976)
identified common, general long-term outcomes that include 1) permanent loss of natural habitat;
2) increased surface runoff and altered groundwater flow; 3) channelization or structural
simplification of streams and hydrologic connectivity; and 4) persistent changes in the chemical
composition of water and soil.
Three other categories of impact common to roads have been identified in more recent literature
(Trombulak and Frissell 2000, Forman 2004): 1) disruption of movements of animals, including
fishes and other freshwater species; 2) aerial transport of pollutants via road dust; and 3)
disruption of near-surface groundwater processes, including interception or re-routing of
hyporheic flows, and conversion of subsurface slope groundwater to surface flows. Of most
significance here, because roads alter surface drainage, and their stream crossing structures can
either by design or by subsequent alteration by erosion or plugging with debris, roads can form
barriers to the movement of freshwater organisms (Roeloffs et al. 1991, Trombulak and Frissell
2000, Gucinski et al. 2001.) Barriers to upstream passage into headwater streams are most
common. Pipelines may or may not have similar effects, depending on their crossing design and
association with access and maintenance roads.
Here, where small headwater streams are the lifeblood of rivers and lakes, they sustain processes
and natural communities that are critically and inextricably linked to water quality, habitat and
ecosystem processes that sustain downstream resources (Lowe and Likens 2005). The direct
dependence of salmon on headwater streams for habitat is just one example of these linkages.
When road crossings block fish passage²as they often do (Harper and Quigley 2000, Gucinski
et al. 2001, FSSSWP 2008), the isolated population(s) immediately lose migratory (anadromous
or freshwater migrant) species and life history types. Resident species that remain are also at risk
of permanent extirpation because barriers can hinder their dispersal and natural recolonization
after floods, drought, or other disturbances.

For the potential expansion of the Pebble project to recover 55% of delineated resources, Table
4.1-1 (Potential Reasonably Foreseeable Future Actions Evaluated for Cumulative Effects) in the
DEIS states that such Pebble expansion could use and expand on the project mine site and
transportation infrastructure that would be in place, similar to what has happened with other
Alaskan mines where adjacent reserves are commonly owned. Table 4.1-1 lists several other
mines for which it is possible that construction and operations could access and use the Pebble
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Project transportation system if an arrangement could be reached with PLP. However, additional
access would need to be constructed to connect to the Project transportation infrastructure.
6. Cumulative Effects of Loss of Wetlands, Lakes, and Ponds
Table 4.1-1, Potential Reasonably Foreseeable Future Actions (RFFAs) Evaluated for
Cumulative Effects, lists a variety of mines that are targeted for exploration (especially if the
Pebble Mine is authorized and constructed) within the Bristol Bay and Cook Inlet watersheds.
Among those RFFAs are:
 Pebble South, a 54-mile2 porphyry copper deposit/claim ~9 miles southwest of Pebble deposit.
Prospect is part of the PLP/Northern Dynasty Minerals (NDM) Limited (Ltd.) claim block.
 Big Chunk South, a 73-mile2 porphyry copper deposit/claim ~12 miles north of the Pebble
project area. The claim block is entirely in the Chulitna River drainage, which flows into Lake
Clark National Park and Preserve.
 Big Chunk North, a porphyry copper deposit ~21 miles northwest of the Pebble project area.
The claim block straddles the drainage divide between the Nushagak and Kvichak River
watersheds.
 Fog Lake Gold, copper in volcanic rocks located ~46 miles southeast of the Pebble Project and
south of Iliamna Lake, and roughly 10 miles north of the transportation corridor to
Amakdedori port.
 Groundhog, a 196 mile2 porphyry copper claim ~3 miles east from the Pebble project area.
 Shotgun, Quartz-feldspar porphyry deposit with gold as the primary interest, located roughly
99 miles northwest of the Pebble Project, 90% owned by TNR Gold Corporation. If developed,
Shotgun could access tide water via barge transport from Dillingham (93 miles away) up the
Nushagak River to Koliganek, New Stuyahok, or Ekwok (49, 68, and 74 miles away,
respectively).
 Johnson Tract, a gold-rich poly-metallic deposit located roughly 80 miles east of the Pebble
Project, owned by Cook Inlet Region, Incorporation (CIRI) and subject to an exploration
agreement with Constantine Metals Resources Ltd. CIRI has access rights through Lake Clark
National Park and Preserve to a port site at Tuxedni Bay on Cook Inlet.
In addition to those mines, listed as RFFAs are several other major projects involving oil and gas
exploration, transportation and infrastructure, and energy and utilities. Figure 4.1-1 in the DEIS
shows the locations of these RFFAs in relation to the Pebble Mine.
Figure 13-2 in the BBA illustrates how cumulative and induced effects could follow the initiation
of large-scale mining in the Nushagak and Kvichak River watersheds. The original mine²with
its associated transportation corridor, port, power generation facilities, and other infrastructure²
likely would initiate the accumulation of impacts across the watersheds. Mineralized areas in the
region as listed above are currently without development infrastructure (e.g., roads, utilities, and
airports), which creates an expensive barrier to development. Thus, it is reasonably foreseeable
that infrastructure development for an initial mine could make mining cost-effective for other,
smaller mineral deposits, facilitating further accumulation of adverse impacts to wetlands and
other waters. In addition, the initial and subsequent mines would increase accessibility of the
region, causing other induced development and associated impacts.
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7. Conclusions
To date, the Bristol Bay watershed has experienced minimal cumulative stresses associated with
human activity, and their ecosystems are relatively undisturbed by human development. If the
78-year mine were authorized, the combined adverse impacts over time to wetlands and other
waters from the Pebble Mine and the RFFAs listed above would likely result in tens of thousands
of acres of additional adverse impacts to wetlands and other waters. Unprecedented and
uncompensable, adverse impacts of this scope, scale, and degree would significantly and
irreversibly damage the exceptional ecological value of the fisheries and wildlife resources in the
Bristol Bay watershed.
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A Report for Trustees for Alaska
Compliance with Section 230.10(c) of the 404(b)(1) Guidelines
Matthew Schweisberg, PWS
Wetland Strategies and Solutions, LLC1
Introduction. In the 20-year mine scenario, the footprint of mine site development is approximately 8,086 acres (USACE 2019, Table 4.22-12). Using data submitted by PLP to USACE on
the size and proposed placement of the open pit, tailings storage, and associated facilities, the
proposed mine would result in the loss of 7.5 miles of salmon streams, approximately 56.4 miles
of tributaries, and approximately 4,350 acres of wetlands contiguous with salmon streams or tributaries. Fragmentation of surface waters behind embankments would affect an additional 4,880
acres. Other indirect (secondary) effects (outside zone of fragmentation) cover 762 acres, and dewatering covers 264 acres (PLP 2018-RFI 082). Combined, the zone of direct and indirect (secondary) adverse effects in the 20-year mine scenario covers an estimated 13,997 acres.2
In the 78-year mine scenario, the footprint of mine facilities is approximately 29,632 acres
(USACE 2019, Table 4.22-12). The 78-year mine scenario would result in the loss of 34 miles of
salmon streams, approximately 407.2 miles of tributaries, and approximately 14,893 acres of
wetlands. The zone of fragmentation of surface waters above embankments and major mine features is approximately 44,267 acres, and other indirect (secondary) effects beyond the zone of
fragmentation include an additional 621 acres, for an estimated total footprint of direct and indirect (secondary) adverse effects of 44,888 acres.2, 3
Under both scenarios, construction of the transportation corridor would result in permanent loss
of 75 acres of wetlands and 11 acres of other waters, and 7.9 miles of streams. Temporary impacts would occur to 60 acres of wetlands and other waters (DEIS Table 4.22-10, page 4.22-33).4
In the history of the CWA Section 404 Program, whether the 20- or 78-year mine scenario, this
proposed mine project would be among the most, if not the most, destructive to the aquatic ecosystem were it to receive a Department of the Army permit.
The 404(b)(1) Guidelines. The Section 404(b)(1) Guidelines are applicable to the specification of
disposal sites for discharges of dredged or fill material into waters of the United States. These
1

Matthew Schweisberg served as Chief of the Wetlands Protection Program and Senior Wetlands Ecologist for
EPA New England before retiring in 2012. He actively worked on permitting and related regulatory issues since
1979. Since 2012, he has represented private sector and public agency clients on projects involving Clean Water Act
compliance with Sections 402 and 404 of the Clean Water Act.
2
Albert, 2019. Direct loss of salmon streams, tributaries, and wetlands under the proposed Pebble Mine compared
with thresholds of unacceptable adverse effects in the EPA Proposed Determination pursuant to Section 404(c) of
the Clean Water Act.
3
Of note, less than half of this 78-year impact zone (19,046 acres, 43.6%) was evaluated in the Preliminary Jurisdictional Determination (PJD) wetlands study.
4
Here, I use the data from the DEIS for analysis purposes only. As noted elsewhere in reports from the expert reviewers, there remains disagreement regarding the accuracy of these data.
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federal regulations are to be applied by the Army Corps of Engineers (Corps), with recommendations from the Environmental Protection Agency (EPA), to determine whether a proposed discharge would comply with the requirements listed in Sections 230.10(a)-(d). In looking to the
relevant portions of the Guidelines, 40 CFR 230.11 - 230.77, to evaluate the significance of the
discharges to the aquatic ecosystem, including wetlands and other waters, it is abundantly clear
that the discharges from the proposed Pebble Mine project would not comply with Section
230.10 (c) because those discharges would cause or contribute to significant degradation of waters of the Unite States.
Section 230.10(c) states that,
(c) Except as provided under section 404(b)(2), no discharge of dredged or fill material
shall be permitted which will cause or contribute to significant degradation of the waters
of the United States. Findings of significant degradation related to the proposed discharge shall be based upon appropriate factual determinations, evaluations, and tests required by subparts B and G, after consideration of subparts C through F, with special
emphasis on the persistence and permanence of the effects outlined in those subparts.
Under these Guidelines, effects contributing to significant degradation considered individually or collectively, include:
(1) Significantly adverse effects of the discharge of pollutants on human health
or welfare, including but not limited to effects on municipal water supplies,
plankton, fish, shellfish, wildlife, and special aquatic sites.
(2) Significantly adverse effects of the discharge of pollutants on life stages of
aquatic life and other wildlife dependent on aquatic ecosystems, including the
transfer, concentration, and spread of pollutants or their byproducts outside of
the disposal site through biological, physical, and chemical processes;
(3) Significantly adverse effects of the discharge of pollutants on aquatic ecosystem diversity, productivity, and stability. Such effects may include, but are not
limited to, loss of fish and wildlife habitat or loss of the capacity of a wetland to
assimilate nutrients, purify water, or reduce wave energy; or
(4) Significantly adverse effects of discharge of pollutants on recreational, aesthetic, and economic values.
The referenced subparts address the following impacts when evaluating a proposed discharge(s)
for a project:
 Subpart C:
Ecosystem
 Subpart D:
 Subpart E:
 Subpart F:

Potential Impacts on Physical and Chemical Characteristics of the Aquatic
Potential Impacts on Biological Characteristics of the Aquatic Ecosystem
Potential Impacts on Special Aquatic Sites
Potential Effects on Human Use Characteristics

Under § 230.11, Factual Determinations, the Guidelines direct the permitting authority to determine in writing the potential short-term or long-term effects of a proposed discharge of dredged
or fill material on the physical, chemical, and biological components of the aquatic environment
in light of subparts C through F. These factual determinations then are used in making findings
of compliance or non-compliance with the restrictions on discharge in §230.10. The following

2

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 43 of 2339

June 11, 2019

paragraphs begin with a description of the considerations for each of the factual determinations,
then a description of the anticipated effects of the proposed mine and related facilities.
(a) Physical substrate determinations. Determine the nature and degree of effect that the proposed discharge will have, individually and cumulatively, on the characteristics of the substrate at the proposed disposal site. Consideration shall be given to the similarity in particle
size, shape, and degree of compaction of the material proposed for discharge and the material constituting the substrate at the disposal site, and any potential changes in substrate elevation and bottom contours, including changes outside of the disposal site which may occur
as a result of erosion, slumpage, or other movement of the discharged material. The duration
and physical extent of substrate changes shall also be considered. The possible loss of environmental values (§230.20) and actions to minimize impact (subpart H) shall also be considered in making these determinations. Potential changes in substrate elevation and bottom
contours shall be predicted on the basis of the proposed method, volume, location, and rate of
discharge, as well as on the individual and combined effects of current patterns, water circulation, wind and wave action, and other physical factors that may affect the movement of the
discharged material.
As mentioned above, the 20-year mine scenario would result in the loss of 7.5 miles of salmon
streams, approximately 56.4 miles of tributaries, 7.9 miles of additional streams, and approximately 4,350 acres of wetlands contiguous with salmon streams or tributaries; dewatering would
affect about 264 acres. The 78-year mine scenario would result in the loss of 34 miles of salmon
streams, approximately 407.2 miles of tributaries, 7.9 miles of additional streams, and approximately 14,893 acres of wetlands. Under either the 20-year or 78-year scenario, construction of
the mine would involve massive excavation and filling and would permanently destroy the substrate in the affected rivers and streams and wetlands. The filled rivers and streams and wetlands
would lose all ecological functions, and the duration would essentially be permanent. No actual
measures that could be implemented to minimize or reduce those adverse impacts to the aquatic
ecosystem are proposed by the applicant.
(b) Water circulation, fluctuation, and salinity determinations. Determine the nature and degree
of effect that the proposed discharge will have individually and cumulatively on water, current patterns, circulation including downstream flows, and normal water fluctuation. Consideration shall be given to water chemistry, salinity, clarity, color, odor, taste, dissolved gas
levels, temperature, nutrients, and eutrophication plus other appropriate characteristics.
Consideration shall also be given to the potential diversion or obstruction of flow, alterations
of bottom contours, or other significant changes in the hydrologic regime. Additional consideration of the possible loss of environmental values (§§230.23 through 230.25) and actions to
minimize impacts (subpart H), shall be used in making these determinations. Potential significant effects on the current patterns, water circulation, normal water fluctuation and salinity
shall be evaluated on the basis of the proposed method, volume, location, and rate of discharge.
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As pointed out by Wobus5, a water balance is the most basic accounting of water inputs, outputs,
and changes in storage within a system, and is the foundation on which all hydrologic impact
analyses must be based. In the DEIS, the water balance relies on a spreadsheet-based model developed approximately a decade ago (Schlumberger, 2011), the details of which have not been
provided despite multiple requests from cooperating agencies (e.g., AECOM, 2018b; US EPA,
2018). Wobus highlights some of the inconsistencies in the DSSOLFDQW¶V water balance results,
which raise significant questions regarding the accuracy of their subsequent hydrologic modeling
and impact evaluation. Based on the hydrologic data reported in the DEIS and application, the
watershed spreadsheet module used by the applicant must have a substantial, unexplained flaw,
since water inputs and outputs are not balanced at any spatial scale. Based on these inconsistencies, there is insufficient information in the DEIS and permit application to fully understand,
consider and assess the downstream impacts of the project.
As with the baseline water balance, Wobus describes a substantial discrepancy in the post-closure water balance that exposes a significant, but unexplained, flaw in 3/3¶V water accounting.
Again, because of the importance of water management to the long-term environmental impacts
of the mine, the USACE should request additional information from the applicant to gain a much
better understanding of the water balance discrepancy in order to determine the flaw and whether
the discrepancy can be adequately addressed and corrected.
Given the ecological and economic significance of the Bristol Bay salmon fishery, as acknowledged in the DEIS and by USEPA (Proposed Determination, 2014), the summary of expected
hydrologic alterations requires the use of more sophisticated modeling tools than the set of
loosely coupled models currently employed, to ensure that the water inputs and outputs are balanced. Using such tools, the DEIS would have been able to appropriately acknowledge the impacts of flow reductions at a sub-monthly timescale, which in turn would allow for an evaluation
of whether the DSSOLFDQW¶V water management strategy will be flexible enough to minimize impacts at a daily timescale, both during operations and post-closure. Such an analysis is missing
and renders the overall assessment of downstream impacts flawed.3
The Tailings Storage Facility (TSF) dam designs are incomplete, which affects fundamental aspects of the stability/failure analysis that are not acknowledged in the DEIS as required by
NEPA.3 As noted in the FME workshop report, ³The current Pebble Project embankment designs are at an early-phase conceptual level, with geotechnical investigations still under way at
the major embankment sites. This current conceptual design level inherently results in uncertainties.´ (AECOM, 2018c, p. 1). As further noted in the DEIS, ³Locations, alignments, configurations, sizes, capacities, and other details of the under-drains would be developed following more
detailed site-specific geotechnical and geological investigations and observations made during
the preliminary and detailed designs, in accordance with the ADSP guidelines.´ (DEIS, p. 2-22).
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Given this enormous level of uncertainty in the dam designs, which fundamentally affect the stability of the tailings impoundments, the USACE does not have enough information to evaluate
the risk of a full TSF dam failure, yet this is not acknowledged in the DEIS or permit application.
The TSF dam-failure model results from Lynker (2019) show that a full TSF failure is projected
to transport tailings more than 140 km downstream from the bulk TSF, spreading those finegrained materials across much of the floodplain of the Koktuli, Mulchatna and Nushagak rivers
and the abundant off-channel habitat currently available to salmonids throughout those catchments.
Although the DEIS asserts that water discharges from the mining operations would be controlled
and that virtually few downstream effects would occur, such a claim strains credulity. It is far
more likely that mine construction and operation activities would greatly increase suspended particulates (fine to medium textured soils) and turbidity in downstream reaches of streams and rivers, and this increase would continue during mining operations (particularly if there were a dam
failure), which would further adversely affect aquatic life by sedimentation of spawning, breeding and feeding habitat, smothering of benthic macroinvertebrates, and clogging of fish gills.
During construction and operation of the mine, especially where dams would be constructed and
streams blocked or interrupted, current patterns and circulation would be drastically altered, permanently in many cases. Such changes would adversely affect the ability of fish, especially
salmon, and other aquatic organisms to reach feeding habitat, spawning, and nursery/juvenile
habitat. These effects would likely result in the death of many of these individuals.
There exists substantial documentation that for the mine to be economically viable, the applicant
will need to mine the full deposit (i.e., the 78-year mine). Mining the full deposit would require
substantially more pumping and water management in order to keep the pit and/or underground
workings dry, and will require perpetual treatment averaging about 100 cubic-feet per second
(approximately 50,000 gallons per minute, or approximately 28 billion gallons per year) to prevent the pit from overflowing after mine operations have ceased. The post-closure water treatment from the smaller mine described in the EIS (50 cubic-feet per second, or approximately
11.8 billion gallons per year; Knight Piesold, 2018a) is already more than three times larger than
the largest mining water treatment facility in the United States (Climax Molybdenum, 2.86 billion gallons/yr; Climax 2012); the full buildout would require a water treatment plant that is approximately an order of magnitude larger than that facility, which is likely to be more water than
can be reasonably managed in perpetuity. This calls into question the practicability of the entire
project.
(c) Suspended particulate/turbidity determinations. Determine the nature and degree of effect
that the proposed discharge will have, individually and cumulatively, in terms of potential
changes in the kinds and concentrations of suspended particulate/turbidity in the vicinity of
the disposal site. Consideration shall be given to the grain size of the material proposed for
discharge, the shape and size of the plume of suspended particulates, the duration of the discharge and resulting plume and whether or not the potential changes will cause violations of
applicable water quality standards. Consideration should also be given to the possible loss of
5
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environmental values (§230.21) and to actions for minimizing impacts (subpart H). Consideration shall include the proposed method, volume, location, and rate of discharge, as well as
the individual and combined effects of current patterns, water circulation and fluctuations,
wind and wave action, and other physical factors on the movement of suspended particulates.
The TSF dam failure model results from Lynker (2019) show that a full TSF failure is projected
to transport tailings more than 140 km downstream from the bulk TSF, spreading those finegrained materials across much of the floodplain of the Koktuli, Mulchatna and Nushagak rivers
and the abundant off-channel habitat currently available to salmonids throughout those catchments. A TSF dam failure would severely degrade the affected habitat, smothering macroinvertebrates, spawning and feeding areas, resulting in substantial adverse effects upon the fish and
wildlife species that depend upon the affected habitat.
(d) Contaminant determinations. Determine the degree to which the material proposed for discharge will introduce, relocate, or increase contaminants. This determination shall consider
the material to be discharged, the aquatic environment at the proposed disposal site, and the
availability of contaminants.
The Pebble Project DEIS and the CWA section 404 permit application fail to address the environmental effects of bioaccumulation, biomagnification, and biotransport of several persistent
pollutants that are highly likely, in fact virtually certain to enter the aquatic ecosystems of Bristol
Bay as a consequence of the project. These processes operate to cause persistent pollutants released over long periods of time, resulting in potentially large biological and toxicological effects. Moreover, biotransport of bioaccumulated toxins will predictably cause any such effects to
extend over large areas of the region, far beyond the localized source of the pollutants. Such impacts may be far more extreme in their ecological effect in relatively pristine ecosystems that
have been little exposed to these classes of pollutants in their ecological and evolutionary history, compared to the same level of exposure in ecosystems with previous and industrial influence, where biota have already been shaped by exposure to such toxins and by the ecological
consequences of longstanding bioaccumulation and biomagnification of more persistent pollutants.6
It is well documented that metals like mercury, cadmium and selenium, and certain persistent hydrocarbons such as polycyclic aromatic hydrocarbons (PAHs) (Albers 1996, Grung et al. 2016),
are acquired and stored within tissues by plants and other organisms to concentrations well beyond the ambient environmental concentration, then can be passed to herbivores '¶$GDPR et al.
1997, Henley et al. 2000) and subsequently to carnivores (Tillit et al. 1992) in food webs via dietary intake (Fisher 1995). Despite widespread recognition of these concerns in the scientific literature, they are virtually ignored in the key portions of the DEIS and the application concerning
impacts on fish and wildlife, and cumulative effects of the project.4
6

Frissell, 2019. Failure to Address Cumulative and Long-Term Effects of Bioaccumulation and Biomagnification of
Contaminants, including Trace Metals and Hydrocarbons, in the Pebble Project DEIS
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Farag, A. M., et al. (2003)7 studied abandoned tailings and mine adits located throughout the
Boulder River watershed in Montana. In this watershed, all species of fish are absent from some
tributary reaches near mine sources; however, populations of brook trout (Salvelinus fontitalis),
rainbow trout (Oncorhynchus mykiss), and cutthroat trout (O. clarki) are found further downstream. Elevated concentrations of Cd, Cu, and Zn in the water column were associated with increased mortality of trout at sites located near mine waste sources. The hypertrophy (swelling),
degeneration (dying), and necrosis of epithelial cells observed in the gills support the DXWKRUV¶
conclusion that the cause of death was related to metals in the water column. At a site further
downstream (lower Cataract Creek), the authors observed impaired health of resident trout, as
well as effects on biomass and density (measured as decreases in the kilograms of trout per hectare and the number per 300 m) and effects at the individual level, including increases in metallothionein, products of lipid peroxidation, and tissue concentrations of metals.
The Pebble Project DEIS acknowledges that toxicity from selenium in mine discharges poses a
potential risk. The applicant proposes to mitigate this risk through a treatment system that includes specific components to remove selenium from mine-influenced waters. The DEIS predicts
that treated water will meet state water quality criteria for selenium, and therefore will not cause
any environmental impacts. An analysis by Zamzow et al. indicates that the proposed Pebble
project will release selenium at concentrations that exceed state water quality criteria and may
exert ecotoxic effects during mine operation and have a high probability of exerting ecotoxic effects after closure.8 The authors predict selenium concentrations in treated effluent based on data
from actual operating treatment systems, rather than vendor claims and pilot studies that the
DEIS relies upon. The analysis found that the DEIS does not fully evaluate the risk associated
with uncaptured releases from mine water ponds and mine waste facilities. Additionally, data
from the DEIS indicate that selenium concentrations in the pit lake at closure have been underestimated, resulting in higher selenium concentrations in the influent to the water treatment plant
and probably higher selenium concentrations discharged to the environment. The DEIS uses 5
ȝJ/ as the water quality criterion to be met, but this may be unprotective and result in adverse
impacts from the Pebble project. The DXWKRUV¶ analysis demonstrates that the framework for determining a protective criterion for assessing potential impacts from selenium needs to incorporate an understanding of its movement through the food-chain and bioaccumulation into tissues
of predators, where it is most likely to cause ecotoxic effects. Finally, the analysis highlights the
need to heat water for effective selenium removal and will cause mine effluents to be warmer
than natural waters. Discharging effluent at higher than ambient temperatures has not been
properly evaluated in the DEIS and has the potential adverse impacts to fisheries downstream.
(e) Aquatic ecosystem and organism determinations. Determine the nature and degree of effect
that the proposed discharge will have, both individually and cumulatively, on the structure
7

Farag, A. M., et al. 2003. Characterizing aquatic health using salmonid mortality, physiology, and biomass estimates in streams with elevated concentrations of arsenic, cadmium, copper, lead, and zinc in the Boulder River watershed, Montana. Transactions of the American Fisheries Society 132(3): 450-467.
8
Zamzow, Kendra et al. 2019. Selenium issues in the Pebble Project draft EIS Position Paper.
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and function of the aquatic ecosystem and organisms. Consideration shall be given to the effect at the proposed disposal site of potential changes in substrate characteristics and elevation, water or substrate chemistry, nutrients, currents, circulation, fluctuation, and salinity,
on the recolonization and existence of indigenous aquatic organisms or communities. Possible loss of environmental values (§230.31), and actions to minimize impacts (subpart H) shall
be examined. Tests as described in §230.61 (Evaluation and Testing), may be required to
provide information on the effect of the discharge material on communities or populations of
organisms expected to be exposed to it.
Most, if not all, benthic organisms in the substrate of the filled rivers and streams and wetlands
would be lost. Wildlife, especially fish that rely on these wetlands and streams and rivers for several species of aquatic macroinvertebrates (e.g., midges) as a principal food source, would suffer
significant adverse effects. The lost miles of streams and rivers would no longer be contributing
the fine particulate organic matter that forms the base of the aquatic food chain and supports the
aquatic macroinvertebrates that salmon and other fish species depend upon to downstream
reaches. In addition, wetland dependent wildlife species (e.g., mink (Mustela vison), river otter
(Lutra canadensis)) and terrestrial wildlife species (e.g., brown bear (Ursus arctos) that depend
upon fish and other aquatic life as their primary food source, would suffer substantial adverse
impacts.
Figure 3.25-1 in the DEIS depicts Critical Habitat for several species, particularly the federally
listed threatened northern sea otter (Enhydra lutris) and federally listed endangered beluga whale
(Delphinapterus leucas). Only the Southwest stock of northern sea otter occurs around Amakdedori port. It is classified as a strategic stock under the Marine Mammal Protection Act. These
species occur along the coast around the location of Amakdedori Port where the Alternative 1
natural gas pipeline would be located, and Diamond Point Port where the Alternative 2 natural
gas pipeline would be located. The federally threatened 6WHOOHU¶s eider (Polysticta stelleri) has
numerous observations in and around the Diamond Point Port area. 6WHOOHU¶V eider is believed to
use this area during molting and for overwintering. The adverse impacts upon fish, crustaceans,
mollusks, and marine/aquatic mammals in the food web throughout the mine site, the ports, and
the transportation corridor would be substantial.
Several anticipated adverse impacts in Iliamna Lake are documented in a report by Dr. Rachel A.
Hovel.9 Dr. Hovel found that, among others,:
 The DEIS does not adequately address how proposed activities would impact life history
diversity and uniquely differentiated populations of sockeye salmon in the Kvichak and
Nushagak watersheds.
The DEIS does acknowledge that distinct populations exist in the Kvichak watershed,
and states on p. 3.24-24 that: “The Kvichak Basin supports a genetically diverse assemblage of sockeye salmon, including 4 sub-stocks and 22 genetically distinct populations
(T. Dann, Fisheries Geneticist, ADF&G, Anchorage, personal communication). Iliamna
9

Hovel, Rachel A., PhD. 2019. Assessment of Pebble Mine Draft EIS: Salmonid life history diversity and impacts
to Iliamna Lake.
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Lake is noted for supporting still-water spawning by large numbers of sockeye salmon.”
However, Ch 4.24 of the DEIS (Environmental Consequences, Fish Values) entirely
lacks any assessment of impacts on different stocks or different life history strategies
within the watershed. Indeed, the proposed ferry terminal would intersect migration
pathways for the great majority of the 22 populations. This includes the entirety of the
spawning areas for the Lake Clark, Northeast Iliamna, and Island Beach spawning substocks, and more than half of the documented spawning locations for the Tributaries
sub-stock (Link and Dann 2018). Failure to differentiate these genetically distinct units
and to account for genetic and life history diversity among Kvichak sockeye salmon renders the DEIS inadequate to make conclusions on the implications of proposed development for sockeye salmon populations and the commercial fishery.
 The DEIS fails to consider cumulative impacts of proposed activities.
Sockeye salmon rely on lacustrine habitats during both juvenile and adult life stages, and
thus may encounter disturbances multiple times and with different susceptibility to risk.
As noted earlier in this memo, the vast majority of sockeye salmon spawning and lakerearing occurs upstream of the proposed ferry corridor: most Iliamna lake spawning
tributaries are located east of the proposed ferry corridor, documented beach-spawning
locations are in the east region of the lake, and all Lake Clark populations are also upstream of the ferry corridor (Morstad 2003, Rich 2006, Dann et al. 2012). Salmon would
encounter impacts of the ferry corridor at multiple life stages: during juvenile rearing for
Iliamna tributary or beach spawners (1-2 years), during juvenile outmigration (all),and
during adult spawning migrations (all). Therefore, fish incur the possibility of cumulative
impacts of the ferry terminal across life stages, and the DEIS fails to acknowledge cumulative exposure or assess associated risks. Additionally, the DEIS fails to account for any
interactions among stressors that juveniles and adults may experience, such as disturbances to shoreline habitat, noise or turbulence, or encounters with contaminants (e.g.,
copper and other heavy metals, fine sediments). To thoroughly evaluate population-level
impacts, the USACE must include an analysis of impacts across life stages and the ways
in which stressors can interact (Power 1997, Hodgson and Halpern 2019).
 The DEIS does not acknowledge or address any impacts on Iliamna Lake zooplankton,
an essential component of sockeye salmon production.
Failing to include an analysis on the lacustrine food web neglects any consequences that
may arise from acute spills, non-point contamination from routine activities, and other
implications of proposed disturbances. This is a significant gap in the analysis, as proposed activities are likely to impact fish through indirect interactions such as trophic relationships. These impacts would likely be inflicted across trophic positions and life
stages, and may scale up to significant cumulative impacts on the production of sockeye
salmon and other fishes. Therefore, the DEIS must include an analysis of impacts on zooplankton and aspects of the food web that support sockeye salmon rearing.
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 The DEIS fails to assess the impacts of proposed activities on seal habitat and disturbance.
Iliamna Lake harbor seals are resident in the lake (Hauser et al. 2008), and these seals
rely primarily on resident fishes as prey, rather than on anadromous salmonids that enter the lake after rearing in the ocean (Brennan et al. 2019a). For these reasons, resident seals are particularly susceptible to possible trophic concentration of contaminants
(heavy metals and/or organic pollutants) that enter the lake food web. The DEIS fails to
consider any impacts to seal foraging or exposure to contaminants.
Predacious fish (e.g., salmonids) accumulate higher body burdens of mercury and other bioaccumulated contaminants than do herbivorous fish of the same size or age (Simeneau et al. 2005).
The growth rate of predaceous fishes can influence their body burden of bioaccumulated contaminants, with slower-growing fishes acquiring higher metal concentrations (Simeneau et al. 2005).
In larger rivers and lakes, large-bodied long-lived, and slow-growing fish species such as lake
trout and northern pike prey heavily on other fishes, hence are prone to accumulating the highest
levels of contamination (Bentzen et al. 1996, Power et al. 2002, Stafford et al. 2004). These
large-bodied fishes in turn are frequently targeted for consumption by predacious birds and
mammals, including bears, lake seals, marine mammals, and humans.
Fish and birds that acquire contaminants²particularly by feeding on fish in polluted source areas²can and often do transport bioaccumulated contaminants widely to other regions and ecosystems when they migrate. Salmon and migratory birds are obvious vectors of long-distance
transport of selenium from food webs in the immediate area the proposed Pebble mine site to
other water bodies in the region, thus likely secondarily contaminating the food web in lake, rivers, and marine waters (Bard 1999, Baker et al., 2009). Salmon that take their accumulated body
burdens to sea will contribute to the contamination of estuarine and marine food webs.7
Most research on ecotoxic effects and bioaccumulation of contaminants has been conducted in
highly altered ecosystems subject to relatively high concentrations of pollutants. Extensive impact to such ecosystems from multiple sources commonly leads to simplified food web, commonly with loss or depletion of long-lived species, top carnivores, and migratory species²i.e.,
those that play the largest roles in bioaccumulation and biotransport of contaminants. In the case
of the Bristol Bay ecosystems potentially affected by the Pebble Project, concentrations of pollutants considered at a regional scale might be low, but they will extend over a significantly large
area (particularly in the Kvichak River-Iliamna Lake system).
The ecosystems affected are relatively pristine, with large natural populations of diverse, longlived top carnivores (aquatic, terrestrial, and avian), and a host of species that are highly mobile
or migratory (including Pacific salmon). This biotic richness embodies complex food webs comprised of many levels of animal predation; the range of fish species and sizes alone in Iliamna
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Lake supports a food web of up to four trophic levels: small fish feeding on larval or post-emergent fish (themselves feeding on zooplankton), medium-sized fish feeding on small fish, and
large fish (e.g., lake trout and northern pike) feeding on medium and small±sized fish. Beyond
that, Iliamna seals feed especially heavily on large fish, and large and medium fish are also the
principle prey of larger avian and terrestrial predators, such as eagles, ospreys, and bears.
As with trace metals, the number of functional trophic levels in a food web is a consistent predictor of the concentration of persistent hydrocarbons and other contaminants prone to bioaccumulation (Bentzen et al. 1996, Watras and Bloom1998, Gantner et al. 2009). In other words, food
webs with a large biomass of top carnivores are more prone to biomagnification, because accumulation of persistent contaminants acquired primary through ingestion is compounded at each
trophic level. Iliamna Lake is therefore of particular concern, as trace pollutants entering the
Kvichak River and its tributaries from the Pebble Project mine site and transportation corridor
will reach the lake, whether by physical or biological transport.7
Findings of Compliance or non-Compliance with the Restrictions on Discharge
Under either the 20-year or 78-year scenario, the loss of between 7.5 to 34 miles of salmon
streams, approximately 56.4 to 407.2 miles of tributaries, and approximately 4,350 to 14,893
acres of wetlands contiguous with salmon streams or tributaries would cause catastrophic harm
to a world-class salmon fishery and to the ecological values of the Bristol Bay ecosystem. Adding to those adverse impacts the fragmentation of surface waters behind embankments of between an additional 4,880 to 44,267 acres and other indirect (secondary) effects (outside zone of
fragmentation) further magnifies the colossal harm.10
Having reviewed the permit application, the relevant chapters of the DEIS, a variety of related
information submitted by the applicant in response to RFIs, and the reports from the several experts cited here, it is abundantly clear that the proposed discharges for the mine and associated
facilities, and for the transportation corridor do not comply with Section 230.10(c)(1-4) of the
404(b)(1) Guidelines. Specifically, the proposed mine would cause or contribute to:
寧季Significant adverse effects to human health and welfare from damage to fisheries, in violation
of 40 CFR 230.10(c)(1). As documented above, fishery resources, especially salmon, would
suffer ²
ವ季direct loss of valuable habitat from the filling of miles of streams and thousands of acres
of contiguous wetlands;

10

The wetland acreages and stream miles data used here differ from those in the DEIS. Even if one uses the data in
the DEIS, the wetland acreages and stream miles that would be lost and degraded remain enormous, would result in
severe environmental harm to the aquatic ecosystem, and would not alter the compliance determination made here.
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ವ季compound stresses from multiple factors associated with this mining facilities under normal operations, including, but are not necessarily limited to, habitat fragmentation, increased exposure to and uptake of heavy metals and other contaminants in water and
food sources, and sedimentation of breeding and rearing habitat; and,
ವ季direct loss of food resources.

寧季Significant adverse effects on life stages of aquatic life and other wildlife dependent on aquatic
life, in violation of 40 CFR 230.10(c)(2). As explained above, these adverse effects would result from the ²
寧季loss and degradation of breeding, rearing/nursery, feeding, and refuge habitat from construction and operation of the mine, and of the transportation corridor; and,
寧季exposure to and uptake of heavy metals and other contaminants directly and indirectly
via food resources.
ವ季Significant adverse effects on aquatic ecosystem diversity, productivity and stability, in violation of 40 CFR 230.10(c)(3). As explained above, these adverse impacts would result from the
loss, degradation, and fragmentation of breeding, rearing/nursery, feeding, and refuge habitat
for salmon and other fishery resources, and for wetland dependent wildlife (mammals and
birds) from construction and operation of the mine and related facilities, and of the transportation corridor. As explained above, these adverse impacts would affect genetically distinct
salmon populations in the Bristol Bay watershed.
ವ季Significant adverse effects on economic values, in violation of 40 CFR 230.10(c)(4). These adverse impacts would result from all of the impacts detailed above to salmon populations and
habitat, likely causing substantial long-term harm to a salmon fishery vital to the economic vitality of the local communities.
For all of these already significant adverse impacts, even the partial failure of mine waste control
facilities would greatly magnify these impacts.

As noted above and in the reports of the other experts cited here, the proposed Pebble Mine project fails to comply with Section 230.10(c) of the 404(b)(1) Guidelines because it would cause or
contribute to significant degradation of waters of the United States.
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Is a Finding of Significant Degradation in a 404(b)1 Analysis of the
Pebble Project Scientifically Supportable?
Michael Gracz, Ph.D.
An analysis prepared for
Wild Salmon Center

.BZ 
Background
In July 2014, an internal guidance memo regarding compensatory mitigation decisions was
circulated within the Alaska District of the Army Corps of Engineers. The memo contained
an analysis of impervious surface by the Hydrologic Unit Codes (HUCs) established by the
United States Geological Survey (USGS) across the state of Alaska. The analysis tabulated
all of the 12-digit HUCs, and a few eight- and 10-digit HUCs in Alaska that contained more
than a one-percent cover of developed lands. Developed land was conservatively
interpreted to be equivalent to impervious surface. For each of the HUCs with greater than
one percent developed land, the additional developed land was tabulated in one-percent
categories from one to five percent, if present. Footnote number 4 of the table stated:
“Greater than 5% impervious surface within the watershed is one method of identifying
degradation in watersheds that do not have an approved [watershed] plan.” (USACE 2014).
In 2018, in response to an application by the State of Alaska for the Alaska Stand-Alone
Pipeline (ASAP), the EPA prepared a “white paper” criticizing the use of thresholds of
impervious surface or developed land for the purposes of determining significant
degradation (EPA 2018). The ASAP application suggested that 10-digit HUCs that had less
than 7.5% cover of developed lands (including the unavoidable impacts of the proposed
pipeline) would not be significantly degraded and therefore not require compensatory
mitigation. The EPA response, the white paper, was reviewed and approved by the
researchers that developed the Impervious Cover Model (ICM), the basis for the thresholds
of impervious cover that may cause degradation. Those researchers and the EPA concur
that thresholds have substantial limitations because they vary with specific locations and
circumstances, and therefore significant degradation could occur before lower thresholds
are reached. The white paper concludes that the use of thresholds of impervious cover
alone is not sufficient to determine significant degradation.
The EPA response was primarily concerned with the failure to identify significant
degradation solely using a threshold of impervious cover, especially if that threshold was set
too high, or if the ICM was used without the appropriate consideration of its limitations,
which are numerous. The response did not consider the possibility of using an appropriate
model as one argument supporting a finding of significant degradation when proposed
unavoidable impacts were clearly well-above any thresholds that had been found to cause
degradation. Making a finding of significant degradation at lower ranges of thresholds may
be contentious, but when proposed impacts are firmly above the high end of the range, the
argument that no significant degradation will occur becomes more difficult to support.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 55 of 2339

In preliminary comments on the Pebble Deposit draft DEIS, the EPA requested that an
analysis of the percentages of various aquatic resources that will be unavoidably impacted
be conducted on a more localized scale rather than a large-scale watershed [sic]. The
response from the Corps of Engineers was that an analysis at a scale of 12-digit HUCs
would greatly multiply the amount of data to convey, without providing benefit to the reader.
Here I analyze the amount of developed land that would be created by the proposed mine in
the single 12-digit HUC that would contain the majority of the unavoidable impacts to
aquatic resources. The analysis avoids defining a specific threshold, and it uses a scale
more appropriate for the ICM to show that it is straightforward to convey data at the scale of
a 12-digit HUC that benefits the reader.
Unavoidable impacts to the aquatic resources in the Groundhog Mountain 12-digit HUC
The Pebble Deposit DEIS references percentages of wetlands by type in different sizes of
watersheds that will be unavoidably and permanently impacted by Alternative 1 and variants
of the proposed project. Given the guidance in the 2014 memo and the history of using
percentages of developed land as one method to determine degradation, this reporting
suggests that the percentages will be used to inform a 404(b)1 analysis regarding the
significance of the degradation of aquatic resources of the US.

The analysis of developed land or impervious cover as a method that could be used to
inform a finding of significant degradation is supported by a body of scientific literature. That
literature describes a range of between 2-15% cover of impervious surface in a watershed
before declines in stream quality become measurable (Schueler 1994; Booth & Jackson
1997; Schueler et al. 2009; Loperfido et al. 2014). Stream quality includes physical,
chemical, and biological characteristics. According to this literature, if measurable declines
in stream quality are to be prevented, impervious cover somewhere between 2-15% should
not be permitted in a watershed.
Thresholds for measurable declines in stream quality have been identified in many studies,
although there is only one study that has been conducted in Alaska, by Ourso and Frenzel
(2003). Ourso and Frenzel report that impervious cover at the lower end of the range,
between 4-5%, produces measurable declines in water quality in Anchorage watersheds.
This lower percentage suggests that stream quality in boreal watersheds may be more
sensitive to impervious cover.
There is no parallel literature concerning specific to impacts to wetlands. However, the
literature on the effects of impervious cover can reasonably be applied to wetland impacts.
Since wetlands are to be avoided to the extent practicable, it is reasonable to assume that
once a certain percentage of wetlands within a watershed are filled, the impervious cover in
the watershed will exceed that percentage, because wetland fill is typically impervious. The
USACE implicitly adopts this rationale in footnote 4 of the table in the 2014 memo cited
above by tabulating developed land and not impervious cover by 12-digit HUC. Wetland fill
is one type of developed land.
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The studies on impervious cover have been used to develop an Impervious Cover Model
(ICM) (Schueler 1994; CWP 2003; Schueler et al. 2009). A meta-analysis of 35 recent peerreviewed and published studies concludes that the Impervious Cover Model is generally
sound in predicting categories of decline in stream quality once certain percentages of
impervious cover are exceeded in a watershed (Schueler et al. 2009). Among other
limitations, the model is valid only over a specific range in watershed sizes (the model
domain). For the ICM, this model domain is first- through third-order streams in watersheds
with an area of between ~1250 and 12,500 acres (CWP 2003; Schueler et al. 2009). A large
proportion of the few studies that contradicted the reliability of the ICM in the meta-analysis
were conducted in watersheds too large for the model domain (Schueler et al. 2009 p 312).
Therefore, to be supported by scientific findings, an analysis of impervious cover needs to
be appropriately scaled to the model domain of the ICM.
The upper range of that domain is approximately equivalent to the sizes of 14-digit HUCs,
which are approximately one-third smaller than the sizes of 12-digit HUCs, the size used in
the internal guidance memo concerning compensatory mitigation decisions (USACE 2014).
Unfortunately, in Alaska, 14-digit HUCs have not be delineated. However, an analysis can
be easily performed using the scale of the 12-digit HUC even as this size of watershed lies
well beyond the upper range of the model domain. However, at the site of the proposed
mine, the ~35,000-acre size of the 12-digit HUC is much closer to the model domain than
the ~170,000-acre 10-digit HUC watershed size, or the sizes of the much larger Mulchatna,
Nushagak, or Bristol Bay basins. Use of the ICM or similar analyses at those watershed
sizes is well outside the predictive capacity of the ICM.
It is straightforward to conduct the analysis at the scale of the 12-digit HUC because that is
how the Watershed Boundary Data (WBD) are organized and downloaded by default from
the USGS. Using the size of the 12-digit HUC produces a conservative analysis, because,
unless impacts are distributed uniformly across the 10-digit HUC, higher percentages of
developed land will occur within some of the smaller watersheds nested within the 12-digit
HUC, at the sizes more appropriate for the model domain. Moreover, other characteristics
at the site of the proposed mine, such as impoundments, groundwater draw-down, and
point sources of pollution, limit the applicability of the model because factors other than
impervious cover will possibly mitigate and contribute to some types of degradation. For
example, impoundments could limit the physical degradation of stream channels by
moderating the flashy flow regimes produced by impervious cover, while point sources of
pollution and draw-down of groundwater levels can cause more degradation than predicted
by the extent of impervious cover alone.
The analysis presented here focuses on the 34,693-acre Groundhog Mountain 12-digit
HUC, where most of the unavoidable impacts due to the mine footprint are proposed be
located. The wetland mapping of the National Wetland Inventory (NWI) was used to assess
the extent of wetlands, and the mine footprint shapefile was provided by The Nature
Conservancy (Figure 1).
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Figure 1. The 10-digit Headwaters Koktuli HUC (brown outline), the 12-digit Groundhog Mountain HUC
(blue outline), NWI wetlands by type (yellow, brown, and blue), and the footprint of the proposed mine site
(red hatching).

The null hypothesis of no significant degradation is examined by using the categories in the
ICM. The revised ICM classifies streams within watersheds that have impervious cover
between a low range of 5-10% and a high range of 20-25% as “impacted”, and in
watersheds that have impervious cover between approximately 20-25% and 60-70% as
“non-supporting”. Impacted streams show clear signs of declining stream health, and nonsupporting streams become so degraded that it may be impossible to recover function and
diversity (Scheuler et al. 2009; p 310). Above 70% streams are “Urban”.
The NWI data are assumed to be incomplete, because the DEIS shows that wetlands in the
area of the proposed mine are more extensive than those mapped by the NWI. The
incompleteness of the NWI mapping means that this analysis is using a subsample of the
true population of wetlands. However, that subsample is assumed to represent a large
portion of the total population of wetlands actually present at the site (approximately 50%).
The sample is therefore sufficiently large to minimize the possibility of a type I error, the
chance that the null hypothesis is rejected when it is true (in our case, concluding that there
will be no significant degradation when there will be). It is also of sufficiently high power to
minimize the possibility of a type II error, the chance of failing to reject the null hypothesis
when it is not true (concluding that no significant degradation will occur when it will). The
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probability of making these errors is not quantified, nor is any dichotomous alpha-level set,
below which the null will be rejected. These types of errors are only described to portray the
robustness and power of the analysis relative to the hypothesis.
The analysis is conservative because it is performed in a pristine watershed at an extent
nearly three times larger than the upper range of the model domain (~35,000 vs. 12,500
acres). Therefore, percentages of impacted wetlands at the scale of the 12-digit HUC
should be interpreted as minimums. Some watersheds at sizes within the model domain of
the ICM will exhibit larger percentages of impacted wetlands because the impacts are not
uniformly distributed in the 12-digit HUC (Figure 1).
The analysis may be biased, because NWI may have failed to map some types of wetlands
at a higher rate than others. The bias is presumed small because the wetland types
examined are limited to just three NWI Classes (shrub/forested, emergent, and riverine), the
sample size is relatively large, and the NWI map appears to show that the three wetland
types are distributed more or less equally across the Groundhog Mountain watershed
(Figure 1).
Results
Under alternative 1 and variants,18% of the wetlands mapped by NWI in the Groundhog
Mountain HUC will be unavoidably and permanently impacted. By wetland type,
unavoidable impacts will occur on 27% of the emergent (herbaceous) wetlands; 21% of the
shrub-scrub wetlands; and 20% of the riverine wetlands in the HUC (the remainder of
wetlands and waterbodies are classified by the NWI as ponds and lakes). All of these
percentages lie well above the upper limit defining the lower range of the “Impacted”
category of the ICM (10%), and most are within the lower range defining the
“Nonsupporting” category (20-25%). These results from the Groundhog Mountain HUC are
straightforward to convey, and they benefit the reader by showing a prediction of the
significance of the degradation that will be caused by unavoidable impacts of the proposed
project to the aquatic resources of the United States in the Groundhog Mountain HUC.
If watersheds were sized to match the model domain, unavoidable impacts would almost
certainly exceed 50% in at least one of them, especially around the north-flowing tributary
where the majority of the impacts at the mine site are proposed within the Groundhog
Mountain HUC (Figure 1). Therefore, the extent of these impacts will place that watershed
surrounding the tributary firmly within or above the limit of the “Nonsupporting” category of
the ICM. Additionally, because 27% of emergent wetlands in the 12-digit HUC will be filled
by the proposed mine, at least some functions of these aquatic resources will lie firmly in
the “Nonsupporting” zone of the ICM. Moreover, this level of impact is substantially above
the 5% value for a 12-digit HUC cited in the 2014 guidance memo as “one method to
determine degradation” (USACE 2014). Together, these findings strongly support the
rejection of the null hypothesis of no significant degradation.
Moreover, degradation of aquatic resources in the Groundhog Mountain HUC would be
regionally and globally significant. Groundhog Mountain is one of only eight 12-digit
headwater HUCs that support four or more species of Pacific salmon in the Nushagak River
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Basin, one of the most productive basins for sockeye salmon in the world (DEIS page 3.6 1
& 2). Here the term headwater is used in its original, geologic sense (e.g. in Neuendorf et al.
2005) and not the more recent coinage of fisheries biologists (e.g. in Colvin et al. 2018).
Coho, chinook, sockeye, and chum salmon were all reported in the Groundhog Mountain
HUC in the Anadromous Waters Catalog, compiled by the Alaska Department of Fish and
Game. These four species of Pacific salmon are supported in only seven other 12-digit
headwater HUCs of the 8 million-acre Nushagak River basin; and one of those others will
also be impacted by the proposed mine (Fig. 2). Moreover, the Groundhog Mountain HUC
contains a disproportionately large amount of those headwater streams supporting four
species of Pacific salmon. Groundhog Mountain HUC contains nearly one-third (31%) of the
length of headwater streams mapped by the Anadromous Waters Catalogue in the
Nushagak Basin that support four species of Pacific salmon.
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Figure 2. The Groundhog Mountain HUC-12 watershed (light blue outline), other HUC-12 headwater
watersheds of the Nushagak River Basin that support four species of Pacific salmon (brown), other HUC12 watersheds that support four species (green), HUC-12 watersheds (grey outline), and anadromous
streams mapped by Alaska Department of Fish and Game (blue lines).
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Conclusion
The Impervious Cover Model could be used in a 404(b)1 analysis of significant degradation
at the site of the proposed Pebble Deposit mine. The ICM predicts that the impacts will
cause streams in the 34,693-acre Groundhog Mountain HUC, a regionally and globally
important fishery area, to become classified as “non-supporting”. This prediction could be
used as support for a finding of significant degradation, denial of a Clean Water Act section
404 permit, and for the No Action alternative of the Pebble Project DEIS. Given the high
level of unavoidable impacts to this important fishery area that were found using a
conservative analysis any other decision concerning significant degradation appears to be
unsupportable.
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June 6, 2019
Determining the least damaging practicable alternative for the proposed Pebble Project:
Potentially less damaging practicable alternatives are improperly dismissed in the DEIS
A Report Prepared for Earthworks
by
Thomas G. Yocom1
Senior Wetlands Regulatory Scientist
Huffman-Broadway Group, Inc.
Summary
The Draft Environmental Impact Statement (DEIS) for the proposed Pebble mine project fails to
adequately consider or disclose to the public a range of alternatives that may be capable of
achieving the project purpose of mining copper and associated minerals practicably, and with far
fewer impacts to wetland and aquatic areas than would result from the applicant’s proposed
project, or its inevitable expansion.
The DEIS improperly dismisses alternative ore deposits by setting an artificial geographic limit
on alternatives far narrower than that used by the applicant in its own search for alternatives, and
considers none of the many that the applicant considered before acquiring and focusing on the
Pebble deposit. The DEIS also dismisses alternative copper porphyry deposits that have
different secondary mineralization than the Pebble deposit, ignoring the fact that copper is the
primary target that drove the applicant’s own search for alternatives.
The DEIS dismisses alternative ore deposits that are insufficiently delineated in 2019, even
though the applicant chose to spend nearly two decades delineating a deposit that, if constructed,
would likely result in the greatest net losses of wetland and aquatic areas of any copper mine
ever proposed in the United States. The DEIS should also have considered alternative copper
deposits that have been available to the applicant when and since the time that it acquired rights
to the Pebble deposit. The fact that the applicant chose not to apply for a permit until 2018
should not limit the search for alternatives to only those that are available now.
The DEIS makes no real assessment of on-site alternatives, and does not describe why the
applicant’s preferred alternative is the least environmentally damaging practicable alternative.
The DEIS has no substantive discussion of the practicability of reconfiguring or relocating
project components to reduce impacts to the aquatic ecosystem. As proposed, the direct,
indirect, secondary, and temporary impacts of the project to wetland and aquatic areas are
massive, and unprecedented for a copper mine in the United States.
Finally, the DEIS describes a project that appears unlikely to be ever constructed and
subsequently closed as proposed. Rather, the impacts of the proposed project appear to be the
1

Thomas G. Yocom formerly served as National Wetlands Expert for the U.S. Environmental Protection Agency
before retiring in 2005, and has actively worked on wetland permitting issues since 1978. Since 2006, he has
represented private sector and public agency clients on projects and agency actions involving Clean Water Act
compliance, pursuant to Section 404 of the Clean Water Act.
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first phase of a much larger project that would extend into additional watersheds with a project
footprint that would dwarf the 20-year project that is described in the DEIS. Because the Corps
cannot assure the public that the mine will, in fact, be closed and reclaimed as described in the
DEIS, the DEIS remains woefully inadequate in describing the project’s true long-term impacts
and risks. Any proposed authorization of this project, as disclosed in the DEIS, should be found
to be contrary to the National Environmental Policy Act and the Clean Water Act.
Background:
The DEIS for the Pebble Project describes an alternatives development process2 that sought
public input on alternatives. The DEIS states that “specific suggestions for alternatives that were
provided by the public, stakeholders, and agencies during the scoping have been fully considered
in the alternatives development process.”3 As with other areas in the DEIS for which scoping
comments were submitted, there is no description of the content of such comments, no
accounting of the number received, nor any discussion of how these comments were considered,
accepted, or dismissed. As such, some of the comments herein repeat those that the author
submitted in response to the Corps scoping requests,4 inasmuch as there is no apparent evidence
that these earlier comments were given any real consideration.
Also, as assessed in a separate report by this author,5 the Corps has adopted an overly narrow
definition of this project’s basic and overall project purposes, effectively eliminating alternatives
that should have been analyzed in the DEIS. These include copper porphyry deposits outside of
the State of Alaska, as well as copper porphyry deposits within and outside of Alaska that are not
presently known to contain economically recoverable concentrations of molybdenum. Properly,
the Corps should have determined the basic project purpose to be hardrock mining, and the
overall project purposes to be mining copper and associated minerals practicably. Instead, by
choosing to artificially define the project as being limited to Alaska and to ore deposits with the
same mineralization as the Pebble deposit, the Corps has more-or-less removed the applicant’s
burden of proof under the regulations to clearly demonstrate that there are no less
environmentally damaging practicable alternatives than its proposed copper mine.
PLP has been proposing to mine for copper and other metals since at least 2004, and its parent
company, Hunter Dickenson, for far longer. The regulations requiring the least-damaging
practicable alternative have been required under Corps regulations since 1986, and the Corps is
required to deny a permit application not only if PLP fails to clearly demonstrate the lack of a
less-damaging option, but also if there is insufficient information for the Corps to formally
determine that a project complies with the regulations.6
2

DEIS, Section 2.1 Alternatives Development Process, page 2-1
DEIS, Section 2.1 Alternatives Development Process, page 2-2
4
Yocom, T.G. 2018. U.S. Army Corps of Engineers, Alaska District, Public Notice POA-2017-271:
Recommendations on the scope of analysis pursuant to the National Environmental Policy Act and Section 404 of
the Clean Water Act. Report prepared for the Bristol Bay Native Corporation. June 17, 2018. 32 pages.
5
Yocom, T.G. 2019. The Corps Determination of Basic and Overall Project Purposes Improperly Eliminates
Consideration of Potentially Less Environmentally Damaging Practicable Alternatives. Report prepared for
Earthworks. 12 pages.
6
See Corps regulations at 33 CFR 323.6(a): “The district engineer will review applications for permits for the
discharge of dredged or fill material into waters of the United States in accordance with guidelines promulgated by
3
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Alternatives that were available to a permit applicant when it entered the market for its proposed
project purpose(s) can be considered less-damaging practicable alternatives under the 404(b)(1)
regulations, even if those alternatives are no longer available when PLP chooses to apply for a
permit.7 The court in Bersani explains the rationale for this requirement in detail:
“the preamble to the 404(b)(1) guidelines states that the purpose of the "practicable
alternatives" analysis is "to recognize the special value of wetlands and to avoid their
unnecessary destruction, particularly where practicable alternatives were available in
non-aquatic areas to achieve the basic purpose of the proposal." 45 Fed.Reg. 85,338
(1980) (emphasis added). In other words, the purpose is to create an incentive for
developers to avoid choosing wetlands when they could choose an alternative upland
site. Pyramid's reading of the regulations would thwart this purpose because it would
remove the incentive for a developer to search for an alternative site at the time such an
incentive is needed, i.e., at the time it is making the decision to select a particular site. If
the practicable alternatives analysis were applied to the time of the application for a
permit, the developer would have little incentive to search for alternatives, especially if it
were confident that alternatives soon would disappear.”8
PLP and/or its parent company have been fully aware of the 404 requirements well before it
acquired the mineral rights to the Pebble deposit in 2001. And prior to that acquisition, as well
as in the subsequent 17 or more years since the mineral rights were acquired, PLP has had ample
opportunity to seek sites which it could mine for copper and other metals without the massive
impacts to wetland and aquatic areas that it is proposing at the Pebble deposit. Indeed, even
within the larger block of lands within which PLP holds the Pebble mineral rights, there are
“several porphyry copper as well as gold and polymetallic vein prospects.”9
PLP has also known for well over a decade that its project would result in unprecedented losses
of wetland and aquatic habitats, particularly those for which the Clean Water Act has established
a special level of protection as special aquatic sites under the 404(b)(1) Guidelines. PLP should
be required to clearly demonstrate that no other ore deposits for which copper and other metals
could be extracted practicably have been available since PLP and its parent company, Hunter
Dickenson sought to acquire the mineral rights to the Pebble deposit and surrounding block of
lands. PLP should also be required to clearly demonstrate that there are no deposits within that
block of lands where copper and other metals could be extracted with less adverse impacts to
“waters of the United States,” including wetlands.
the Administrator, EPA, under authority of section 404(b)(1) of the CWA. (see 40 CFR Part 230.) Subject to
consideration of any economic impact on navigation and anchorage pursuant to section 404(b)(2), a permit will be
denied if the discharge that would be authorized by such a permit would not comply with the 404(b)(1) guidelines. If
the district engineer determines that the proposed discharge would comply with the 404(b)(1) guidelines, he will
grant the permit unless issuance would be contrary to the public interest.” (emphasis added) See also 40
CFR§230.12(a)(3)(i) and (iv): Discharges “(3) Specified as failing to comply with the requirements of these
Guidelines where: (i) There is a practicable alternative to the proposed discharge that would have less adverse
effect on the aquatic ecosystem, so long as such alternative does not have other significant adverse environmental
consequences; or (iv) There does not exist sufficient information to make a reasonable judgment as to whether the
proposed discharge will comply with these Guidelines.”
7
See Bersani v. Robichaud, 850 F.2d 36 (2d Cir. 1988)
8
Bersani v. Robichaud, 850 F.2d 36, 43-44 (2d Cir. 1988)
9
https://www.northerndynastyminerals.com/pebble-project/geology-and-exploration/
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PLP’s parent company is also a Canadian firm, and it has shown that its search for such alternate
deposits have not been limited to the Bristol Bay watershed, the State of Alaska, the lower 48
contiguous States of the United States, nor to its own home country, Canada. Hunter Dickenson
operates worldwide, and there is nothing in the 404(b)(1) Guidelines that limit the search for
alternatives to a single ore body, nor a single drainage or State. Clearly, PLP is part of a
corporation that seeks to acquire rights to ore deposits worldwide and, as such, PLP should not
be limited from considering less environmentally-damaging practicable alternatives well beyond
the boundaries of the Pebble ore deposit or its surrounding block of claims.
The DEIS should consider other deposits where copper and other metals could be mined to be
potentially less damaging alternatives, regardless of location, if they were available to PLP since
it entered the market. This should include any deposits that have been, or could have been
acquired, leased, or managed by PLP or its parent company, Hunter Dickenson. It may be
noteworthy that PLP’s previous partner, Anglo-American, after abandoning its shared ownership
of the Pebble Deposit in 2013 (and over $500 million in investment), has pursued other copper
deposits successfully outside of Alaska and the United States.10
The applicant has made it clear that its proposed 20-year mine is only the first phase of future
expansion, and its proposal to close the mine and fill the pit after only extracting about 10% of
the known copper deposit seems unlikely at best. 11 If the Corps intends to continue to accept the
applicant’s artificially small 20-year mine to be genuine, then the range of practicable
alternatives must be expanded to consider deposits that may have a similar lifespan or less, if
otherwise practicable. In determining that practicability, the Corps must do a better job than it
has in the DEIS of assessing the practicability of the applicant’s proposal, including the costs of
closure, compensatory mitigation, and long-term water quality maintenance.
Moreover, the Corps has chosen to define the basic and overall project purposes for this project
so narrowly, and contrary to the applicant’s own search for alternatives, that mining the Pebble
deposit is the only site carried forward in the DEIS for analysis, other than the no action
alternative. The Corps decision essentially removes the applicant’s burden of proof to show that
there is no less environmentally damaging way to mine copper than to destroy thousands of acres
of wetland and aquatic areas.
The Corps’ approach here conflicts own operating procedures. The Corps’ 2009 Operating
Procedures provide that “[t]he overall project purpose should be specific enough to define the
applicant’s needs, but not so restrictive as to constrain the range of alternatives that must be
10

https://www.angloamerican.com/media/press-releases/2018/26-07-2018aa
Northern Dynasty Mines President Ron Thiessen’s presentation on Jan 22, 2018 at the Vancouver Resource
Investment Conference: “Well, I don’t know too many mines that start off at a scale and don’t change over time. I
mean, one of the things is, you know, today I can’t stand up here and tell you after 20 years what will be the next
mining method. Will it be open pit, will it be underground, will we want to expand the concentrator, will we want to
put a gold circuit in. So, why would we attempt to permit something like that today when we couldn’t answer the
questions that the Army Corps of Engineers would be asking us about that. If we want to do those things, then we
will have to permit those as and when we decide how we’re going to go about it. So, it’s only natural we permit
what we see in the foreseeable future as an operation. At 160,000 tons a day, the resource that we have actually
could last for 200 years. (emphases added. See: https://www.youtube.com/watch?v=pBs1dnP_9eo)
11
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considered under the 404(b)(1) Guidelines.”12 Limiting the range of alternatives to the State of
Alaska is not based on the applicant’s needs. The DEIS makes this point clear, stating that
limiting the range of alternatives to the State of Alaska was based on the public “interest in
improving the economy of the state, in the creation of jobs in the state, and in extraction of
natural resources for the benefit of the state.”13 Whatever the merit of these propositions as a
matter of public policy, they are not based on the applicant’s needs and only function to
constrain the range of alternatives that must be considered under the 404(b)(1) Guidelines.
Hence, this constraint directly conflicts with the Corps’ own operating procedures.
In addition, limiting the range of alternatives to orebodies that contain copper, molybdenum and
gold is not based on the applicant’s needs. The applicant initially elected to lease this mining
property with no information regarding the presence of commercially viable molybdenum
deposits. Moreover, copper deposits are successfully mined worldwide regardless of the presence
of commercially viable molybdenum or gold deposits. Requiring the presence of commercially
viable molybdenum and gold deposits is not based on the applicant’s needs and materially
restricts the range of alternatives considered under the 404(b)(1) Guidelines; including this
constraint in the overall project purpose conflicts with the pertinent Corps operating procedures.
Similarly, the DEIS does not consider that the applicant chose to expend nearly two decades and
many millions of dollars on a single copper porphyry deposit with such immense potential
adverse environmental impacts, when it could have chosen to expend those resources on
alternative deposits with less well-defined minerology but far less potential impacts to wetland
and aquatic resources. As such, the DEIS dismisses alternative ore deposits that are
insufficiently delineated in 2019, without considering whether they might actually be practicable
alternatives, had the applicant expended its resources in developing other promising deposits.
Clearly, PLP’s numerous previous partners found alternatives to pursue, and the applicant should
be required to clearly demonstrate why it could not have, as well.
Alternatives described and dismissed inappropriately in the DEIS
1. Whistler Project (LOC-002; DEIS B-6)
This alternative ore deposit was eliminated from further analysis “because Whistler does not
contain molybdenum.”14 This alternative should be evaluated further to determine if it is a lessdamaging practicable alternative for mining copper and associated minerals.
2. Pyramid Project (LOC-003; DEIS B-6 – B-7)
This alternative ore deposit was eliminated because the deposit is not fully characterized. The
DEIS states that it would be “extremely expensive to conduct additional exploration” to
determine if mining the copper and associated minerals in the Pyramid deposit is practicable,

12
Department of the Army, Updated Standard Operating Procedures for the U.S. Army Corps of Engineers, July 1,
2009, p. 15.
13
DEIS p. 1-4.
14
DEIS, Appendix B, page B-6.
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citing that the applicant has “spent approximately $700 million to date on exploration.”15
Whereas it is a bit misleading to state that the applicant has spent that much money (given that its
previous partner, Anglo American spent the lion’s share of this total), these “sunk costs” are not
relevant to whether another alternative is practicable to a typical applicant in the mining
industry.16 The question is whether the Pyramid Project would be a practicable alternative if the
applicant had pursued it instead of the Pebble deposit, and spent a similar amount of time
delineating the ore deposit before applying for a permit. It is inappropriate for the Corps to
dismiss alternatives on the basis of either their availability or mineral characterization only after
the applicant chooses to apply for a permit, rather than on the basis of when the applicant entered
the market.
The location of the Pyramid deposit appears to be very close to navigable waters from which its
ore could be transported to smelters overseas, eliminating the need for a long transportation
corridor. It also appears to be in an area with far less extensive wetland and aquatic areas that
would need to be permanently destroyed.
3. Outside of Alaska (LOC-004; DEIS B-7 – B-8)
Any alternative ore deposits outside of Alaska were dismissed as not meeting “the USACE’s
overall project purpose to develop and operate a mine in Alaska.”17 The applicant’s own search
for alternatives extended to “the Americas,” and the Corps’ has improperly defined the project
purpose and need far more narrowly than the industry that it is regulating.
Ore deposits outside of Alaska should be analyzed in the DEIS if the applicant could have
acquired, leased, or managed them for extracting copper and associated minerals practicably.
This should include deposits that were or have been available since the applicant entered the
market in the late 1990’s, as well as those that have been practicable since the applicant acquired
rights to the Pebble deposit and surrounding claims. Essentially any copper mining operation or
copper porphyry deposit that has changed hands or added partners in the past 20 years, where
copper is or could be mined practicably should be assessed.18 To be practicable, an alternative
that could be acquired, leased, or managed can be considered under the regulations.
4. Massive sulfide deposits in Alaska (LOC-005; DEIS B-8)
This alternative was eliminated from further analysis “because these deposits do not contain
molybdenum and do not meet the overall project purpose.”19 This alternative should be
15

DEIS, Appendix B, page B-6 – B-7.
A project proponent assumes a certain risk in moving forward financially for a project that requires, but has not
received, 404 authorization. This risk cannot be transferred to the costs of another site, nor can these "sunk costs" be
used to justify a finding that another site is not practicable on the basis of costs. See page 294 in Yocom, T.G., R.L.
Leidy, and C. Morris. 1989. Wetlands protection through impact avoidance: a discussion of the 404(b)(1)
Alternatives Analysis. Wetlands. Volume 9, No. 2. Pages 283-296.
17
DEIS, Appendix B, page B-7.
18
Similar to PLP’s own search for partners for its Pebble Project, PLP has not been limited from seeking to become
a partner on other copper mining projects with less adverse environmental impacts than its own proposal. This
includes sites outside of the State of Alaska and outside of the United States.
19
DEIS, Appendix B, page B-8.
16
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evaluated further to determine if any of these deposits would constitute a less-damaging
practicable alternative for mining copper and associated minerals. The applicant describes its
project as “a copper mine,” 20 but the Corps is inappropriately dismissing alternatives on the
basis of secondary mineralization of molybdenum.
5. Pebble East (LOC-006; DEIS B-8 to B-9)
This alternative is dismissed because of potential environmental impacts that the DEIS considers
to be more damaging environmentally than that applicant’s proposal. However, there is little
question that the applicant, or its successor(s) in interest would expand the proposed mine to
extract the copper and associated metals in the Pebble East formation. As such, the impacts of
mining Pebble East will likely occur, and be additive to those predicted to occur with the
proposed 20-year first phase. The DEIS should include analyses of the impacts of expansion in
order to determine if the proposed project, when viewed as the first phase of a larger mine, is the
least environmentally damaging alternative, or whether its redesign might result making the
larger future mine less damaging overall.
The applicant has suggested that underground mining might be utilized in future expansion (see
footnote 9, above). Accordingly, it seems inappropriate for the Corps to dismiss this alternative
from further analysis and public disclosure in the DEIS.
6. Single TSF with two cells (LAY-002; DEIS B-10 to B-11)
This was the original proposal in applicant’s December 2017 permit application, and should be
carried forward for analysis in the DEIS. The DEIS finds that this alternative would have lower
impacts to wetland and aquatic sites, but is eliminated from further consideration due to the
needs for long-term maintenance and risks associated with a tailings dam failure. The wetlands
acreages are not provided, but should be, given that the layout schematic (Figure B-2) appears to
have considerably less impacts to wetland and aquatic areas.
This alternative should be evaluated further, particularly given the likelihood that the project (20year mine with the mine pit being filled with waste rock and tailings at closure) will never be
built and closed as proposed, given how little of the deposit will have been exploited.
Accordingly, if the mine is, in fact, expected to expand well beyond its proposed boundaries, any
less-damaging first phases should be carried forward in the DEIS for further analyses to
determine how to minimize the overall impacts of the full-scale project.
7. Single TSF with single cell (LAY-003; DEIS B-7 – B-7)
As with LAY-002, this alternative appears to have substantially fewer direct impacts to wetland
and aquatic areas, although the relative acreages, again, are not provided in the DEIS. Potential
water quality degradation and needs for long-term treatment are given as the rationale for

20

As recently as May 25, 2019, PLP made a presentation to the Alaska House Resources Committee, focusing on
the importance of copper, and bolding stating as the first of its “Pebble Facts” that “Pebble is a copper mine.” See:
http://www.akleg.gov/basis/get_documents.asp?session=31&docid=23397
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dismissing this alternative as being more damaging environmentally, but this, too, presumes that
the proposed project and immediate closure plan are genuine.
If, as repeatedly stated by representatives of the applicant, the mine is, in fact, expected to
expand well beyond its proposed boundaries, less-damaging first phases should be carried
forward in the DEIS for further analyses, given that such factors as water quality controls and
leakage risks would most certainly extend decades longer as the mine expanded.
8. EPA restricted mine sizes (LAY-004; DEIS B-12 – B-13 and LAY-005; DEIS B-13)
The DEIS dismisses alternatives within the range that EPA’s Bristol Bay Watershed Assessment
considered that might fall within the thresholds of impacts that EPA considered to constitute
significant degradation. LAY-004 is dismissed because EPA did not determine a particular
layout to be “appropriate.” It would have been inappropriate for EPA to have done so, but it
should not have prevented the Corps from considering if a practicable alternative could be
constructed that would fall within EPA’s established thresholds.
In dismissing LAY-005, the Corps describes a project that is based upon the smallest mine size
considered by EPA in its watershed assessment. No acreage figures are given with regard to the
footprint, or the direct and indirect impacts to wetland and aquatic areas. Such figures should
have been included. The Corps goes on to determine that the smaller mine would not have
sufficient throughput to make the project economically feasible, stating that it would have a
negative present value; however, the basis for this determination is not provided, nor is an
economic assessment of the applicant’s proposed project, which may also be negative.21
9. Larger mine (LAY-006; DEIS B-13 – B-14)
The DEIS recognizes that the project, as proposed, is likely to be expanded substantially in the
future, but concludes that doing a thorough analysis of this expansion exceeds the scope of the
proposed project. The Corps reaches this conclusion, even though representatives of the
applicant have stated to investors that the mine will, in fact, expand over several additional
decades (see footnote 11, above).
Rather than fully assessing and disclosing the near certainty that its authorization of the proposed
project would enable a much larger and decades-longer project (with impacts far greater than the
applicant’s proposal), the DEIS generally describes the areal extent of the project, provides a
drawing of the potential layout, and includes a table comparing acreages of impacts between an
expanded 78-year mine and the proposed 20-year mine.
The DEIS describes the direct impacts of the 20-year mine as including 3560 acres of direct
impacts to wetland and aquatic areas, 1896 additional acres of indirect impacts that are
considered permanent losses of habitat functions, and an additional 510 acres of impacts that
would last for as long as one year (temporary impacts) – a total of 5966 acres. This does not

21

Borden, R.K. 2019. Pebble Mine Project Economics. Letter from Richard K. Borden to Shane McCoy, USACE,
Alaska District. May 28, 2019. 7 pages.
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include secondary impacts to wetland and aquatic areas on-site, downstream, or upstream of the
project, and these could be significant.
The direct impacts for the 78-year project are not similarly broken down, but the sizes of the
overall footprint of the various alternatives are given (DEIS Table 4.22-12, page 4.22-39). The
DEIS Executive Summary states that “the expanded footprint would increase the acres of
wetlands and waters impacted by an estimated 12,445 acres,”22 but this is not discussed
elsewhere in the document, and the author assumes herein that these impacts do not include
indirect, secondary, or temporary impacts.
The applicant’s preferred alternative has a project footprint of 8,086 acres, not including the
transportation corridor, and the 78-year project footprint is shown as 29,632 acres23 (3.66 times
greater than the applicant’s alternative). Using simple ratios to estimate the direct, indirect, and
temporary impacts to wetland and aquatic areas, the applicant’s preferred project’s impacts of
5966 acres translates to potential impacts of over 21,000 acres of wetland and aquatic areas (34
square miles).
The Corps cannot treat this future expansion with such little regard, when there seems no real
possibility that the Pebble Project would close down after extracting a small fraction of the
recoverable ore in the Pebble deposit. The 78-year alternative should be carried forward and
analyzed fully in the DEIS.
10. Alternative transportation corridors (ACC-01 to ACC-26; DEIS B-35 to B-57)
The author has not evaluated the alternative transportation corridors, because they do not have
comparable measures of wetland and aquatic impacts. The DEIS was hurried into development
and release, rather than requiring the applicant to complete field studies to verify the reach and
extent of the “waters of the United States,” including wetlands on all of the alternative routes.
The Corps should also have required the applicant to update and reaffirm its outdated
delineations of the mine site that were done in 2004 and 2007-2008. Furthermore, some
commenters have raised questions about the availability of transportation corridors in
Alternatives 2 and 3, which would pass through property owned by the Pedro Bay Corporation,
which has not granted access.24 If this is, in fact, the case, the Corps should revise the DEIS to
reflect whether or not these alternative routes are available and practicable under the regulations.
The DEIS needs to assess whether a single transportation corridor would be sufficient to
transport ore when the mine inevitably would expand. If so, the DEIS should fully evaluate the
impacts of a 78-year (or longer) mine and determine if long-term impacts would be lessened by
properly disclosing and planning for that larger alternative and its ore transportation needs.
As written, the DEIS does not provide the public with reliable and directly comparable
quantification of impacts, and the DEIS should be revised with appropriate current data so the
22

See DEIS, Executive Summary, page 65.
See DEIS, page 4.22-39.
24
See testimony of Barry Santana, P.E., PhD, DEIS, Public Hearing on Pebble Project DEIS, Anchorage, AK, April
16, 2019. 3 pages.
23
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public and review and comment on the actual project impacts before the Corps moves to
preparing a final EIS.
11. On-site reconfiguration
Table K2-1 gives acreage figures for each component of the overall project, but the wetland and
aquatic impacts of each are not given, but should be.25 The DEIS should describe why these
project features cannot be resized, relocated, or reconfigured to reduce impacts to wetland and
aquatic areas. The applicant has made numerous changes to its proposed project footprints over
the past several years, as well as since submitting its permit application in December 2017. The
applicant should clearly demonstrate that it cannot further reduce its impacts practicably.
In doing so, the DEIS should include expanded maps of wetland and aquatic areas that reflect the
far more extensive delineations completed by the applicant beginning in 2004. The mapping
included in the Corps’ Preliminary Jurisdictional Determination (PJD) uses a “study boundary”
that is far smaller than the areas that were mapped by PLP in its Environmental Baseline
Documents (see figure below from a presentation made by one of PLP’s consultants in 2007:
https://foiaonline.gov/foiaonline/api/request/downloadFile/EPA-9498-0000258-EPA-94980000296.pdf/2146f53e-4838-4b9e-97c0-b35fe6c7a408).
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DEIS, Appendix K, Chapter 2, page K2-1.
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Those wetland and aquatic site maps should be included in the DEIS in order to assess whether
nearby areas that are outside of the PJD may include sites for project components that may be
practicable alternatives that are less damaging environmentally.
Conclusions
The DEIS dismisses alternatives that may in fact be practicable under the regulations and which
would almost certainly be less environmentally damaging than the applicant’s proposal.
Inasmuch as there has likely never been a copper mine proposed in the United States with greater
direct, indirect, and secondary impacts to wetland and aquatic areas, a determination that the
Pebble Project is the least environmentally damaging alternative to achieve the basic project
purpose should be an impossibility, but for the Corps’ defining away alternatives that seem
practicable to the industry it is regulating.
The DEIS is inadequate in disclosing the true range of alternatives that have been available to the
applicant since it entered the market. The Corps should revise and reissue its DEIS to include
copper porphyry deposits within and outside of the United States that could achieve the purpose
mining copper and associated minerals practicably.
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June 6, 2019
The Pebble Project DEIS provides no substantive proposals of
compensatory mitigation for losses of wetlands and aquatic areas
A Report Prepared for Earthworks
by
Thomas G. Yocom1
Senior Wetlands Regulatory Scientist
Huffman-Broadway Group, Inc.
Summary:
Despite being fully aware for more than a decade2 of its responsibilities to offset unavoidable
impacts to wetland and aquatic areas that would be lost or degraded as a result of its proposed
mining of the Pebble deposit, the DEIS discloses that the applicant has no specific actions
proposed to offset its project impacts.3 This lack of specifics comes in spite of years of
assurances from the applicant that it not only expected to offset its impacts fully, but that it had
identified compensatory mitigation projects at or near the project site that would actually
increase and improve habitat for salmon.4
Rather than offer specific proposals, the applicant’s conceptual compensatory mitigation plan, as
well as the DEIS, appear to be fashioning arguments to not only allow consideration of
compensatory mitigation measures that are in different watersheds, potentially hundreds of miles
from the proposed mine site, but which would not, in fact, replace any of the thousands of acres
of wetlands and aquatic areas that would be permanently destroyed by the 20-year mine being
proposed. Of even greater concern is that the DEIS appears to be placing an overreliance on the
mitigation flexibility provided in an interagency agreement between the Corps and EPA to build
a case for not requiring the applicant to replace the immense losses of wetland and aquatic
acreage its project would cause, reasoning that there is an overabundance of habitat in Alaska.
Finally, there seems little reason to expect that the applicant’s proposed project is a single-andcomplete project as proposed, as it appears to be far too small to practicably exploit the mineral
resources of the Pebble deposit. And there seems even less reason to believe that the applicant
would fill the mine pit with pyritic tailings and close it after 20 years of active mining, leaving
the vast majority of the ore – ore that it has spent years delineating – unmined. Instead, it seems
far more than “reasonably foreseeable” that larger additional phases of development are
1

Thomas G. Yocom formerly served as National Wetlands Expert for the U.S. Environmental Protection Agency
before retiring in 2005, and has actively worked on wetland permitting issues since 1978. Since 2006, he has
represented private sector and public agency clients on projects and agency actions involving Clean Water Act
compliance pursuant to Section 404 of the Clean Water Act.
2
Consultants to PLP (then NDM) were hired in 2004 to delineate wetland and aquatic areas, assess wetland
functions and values, and to identify compensatory mitigation opportunities for a considerably larger Pebble Project
(https://foiaonline.gov/foiaonline/api/request/downloadFile/EPA-9498-0000258-EPA-9498-0000296.pdf/2146f53e4838-4b9e-97c0-b35fe6c7a408). Subsequently, the applicant began meeting with the Corps and other Federal and
State agencies from 2007 to 2019 in pre-application meetings to discuss its project and the regulatory requirements
that it would be facing (see: http://dnr.alaska.gov/mlw/mining/largemine/pebble/twg/index.cfm)
3
DEIS, Chapter 5, pages 5-23 to 5-25; also Appendix M, Section M2.0, pages 26-30.
4
See footnotes 25, 26, 27, and 29 in the main text of this report.
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inevitable,5 and are, in fact, contemplated by the applicant, including utilizing methods such as
underground mining that the DEIS excludes as being impracticable.6 As such, the realistically
anticipated project impacts (12,445 additional acres of impacts to wetland and aquatic areas,
according to the DEIS7) are likely to dwarf those described in the DEIS.
Even if the size of the proposed project and its planned closure is legitimate, a failure by the
Corps to require that the applicant fully offset its 20-year proposed project impacts would result
in unprecedented net losses of wetland and aquatic habitats beyond those of any copper mine
ever proposed in the United States, and perhaps any individual permit ever issued by the
Department of the Army pursuant to Section 404 of the Clean Water Act (CWA). And
obviously, these net losses would be several times more severe should this mine expand in the
future, without any identifiable means to offset the degradation to the aquatic ecosystem that
even this smaller project would cause.
As presently proposed, the author believes that the project fails to comply with CWA regulations
with regard to compensatory mitigation [40 CFR 230.10(d)], and the lack of appropriate
mitigation measures should also lead to a determination that the project would cause or
contribute to significant degradation of the aquatic ecosystem and thereby fail to comply with the
regulations at 40 CFR 230.10(c), as well.
The Corps should consider preparing a revised DEIS to fully assess the impacts of the larger
mine project that seems inevitable, and that includes a detailed compensatory mitigation plan that
provides the public with an opportunity to actually assess the net impacts of the contemplated
75-year Pebble Project to wetland and aquatic habitats.
Author’s Disclaimer:
The analyses herein accept the applicant’s acreage figures and characterizations of wetland
types. In assessing the adequacy of mitigation measures proposed, the analysis also presumes
5

Borden, R.K. 2019. Pebble Mine Project Economics. Letter from Richard K. Borden to Shane McCoy, USACE,
Alaska District. May 28, 2019. 7 pages.
6
Northern Dynasty Mines President Ron Thiessen’s presentation on Jan 22, 2018 at the Vancouver Resource
Investment Conference: “Well, I don’t know too many mines that start off at a scale and don’t change over time. I
mean, one of the things is, you know, today I can’t stand up here and tell you after 20 years what will be the next
mining method. Will it be open pit, will it be underground, will we want to expand the concentrator, will we want to
put a gold circuit in. So, why would we attempt to permit something like that today when we couldn’t answer the
questions that the Army Corps of Engineers would be asking us about that. If we want to do those things, then we
will have to permit those as and when we decide how we’re going to go about it. So, it’s only natural we permit
what we see in the foreseeable future as an operation. At 160,000 tons a day, the resource that we have actually
could last for 200 years. (emphases added. See: https://www.youtube.com/watch?v=pBs1dnP_9eo)

In comparing the estimated 3560-acres of direct wetland impacts of the applicant’s 20-year proposal to those of
an expanded 78-year mine, the DEIS states that “the expanded footprint would increase the acres of wetlands and
waters impacted by an estimated 12,445 acres” (DEIS, Executive Summary, page 65). The 3560-acre figure does
not include the additional 2345 acres of indirect impacts nor 510 acres of “temporary” impacts reported in the
DEIS for the applicant’s preferred alternative (DEIS, Executive Summary pages 60 and 65); this is a total of 10
square miles of wetland and aquatic habitats. If the indirect and temporary impacts are proportional to what
would result from the 78-year mine expansion, the additional impacts to waters could be well over 20,000 acres
(35 square miles).
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that there are no less environmentally damaging alternatives that are practicable to achieve the
basic project purpose, either off-site or on-site, other than what is described in the DEIS as the
applicant’s preferred alternative.
However, there are serious unresolved questions about alternatives that should have been
evaluated fully, but were dismissed inappropriately.8 In addition, the Corps preliminary
determination of the reach and extent of waters of the United States is flawed and based upon
data that are long out-of-date and/or utilized methods that are ill-suited for determining federal
Clean Water Act jurisdiction.9 And, finally, the proposed project may not be financially viable,10
and more likely is the first phase of a much larger mine, the impacts of which would dwarf those
for which compensatory mitigation is discussed herein.
Regulatory background:
Compensatory mitigation measures are commonly used during the Clean Water Act Section 404
permitting process to reduce or offset losses of aquatic resources and functions resulting from the
permitted discharges. Offsetting large-scale impacts in pristine environments, however, may be
neither feasible nor effective in replacing lost functions, due to the lack of opportunities for
aquatic resource restoration, enhancement, or preservation of similar resources.
The federal Clean Water Act (CWA), among other measures, prohibits the discharge of
pollutants into the “waters of the United States” except as specifically permitted by the Act in
order to achieve its declared goal of eliminating the discharge of pollutants into the navigable
waters by 1985.11 Section 404 of the CWA authorizes the U.S. Army Corps of Engineers
(Corps) to issue permits for the discharge of dredged or fill material,12 which is defined as a
pollutant under the CWA regulations.13
In determining whether to issue such permits, the Corps applies CWA regulations promulgated
jointly by the Corps and the EPA (referred to as the 404(b)(1) Guidelines).14 The 404(b)(1)
Guidelines seek to “restore and maintain the chemical, physical, and biological integrity of the
Nation's waters” through the control of discharges of dredged or fill material.15 The primary

8

Yocom, T.G. 2019. The Corps determination of basic and overall project purposes improperly eliminates
consideration of less environmentally damaging practicable alternatives. Report prepared for Earthworks. May 5,
2019. 12pages.
9
Yocom, T.G. 2018. Questioning the Corps’ preliminary jurisdictional determination for POA-2017-271. Report
prepared for Earthworks. June 17, 2018, 39 pages. Report previously submitted to the Corps, Alaska District.
10
Borden, R.K. 2019. Pebble Mine Project Economics. Letter from Richard K. Borden to Shane McCoy, USACE,
Alaska District. May 28, 2019. 7 pages.
11
See 33 U.S.C. § 1311(a); see 33 U.S.C. § 1251(a)(1).
12
See 33 U.S.C. § 1344(a).
13
See 40 C.F.R. § 122.2 (for purposes of the Clean Water Act, “pollutant” means “dredged spoil, solid waste,
incinerator residue, filter backwash, sewage, garbage, sewage sludge, munitions, chemical wastes, biological
materials, radioactive materials (except those regulated under the Atomic Energy Act of 1954, as amended . . ., heat,
wrecked or discarded equipment, rock, sand, cellar dirt and industrial, municipal, and agricultural waste
discharged into water.”).
14
40 C.F.R. part 230 (404(b)(1) Guidelines).
15
40 C.F.R. § 230.1(a). This is also a goal of the CWA, as stated at33 U.S.C. § 1251(a).
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mechanism of the Guidelines for achieving this purpose is avoidance of impact to waters of the
U.S., including wetlands:
Fundamental to these Guidelines is the precept that dredged or fill material should not
be discharged into the aquatic ecosystem, unless it can be demonstrated that such a
discharge will not have an unacceptable adverse impact either individually or in
combination with known and/or probable impacts of other activities affecting the
ecosystems of concern.16
Where a discharge of dredged or fill material into “waters of the U.S.” is unavoidable, the
impacts of the discharge to the physical, chemical, and biological integrity of those waters must
be minimized and offset.
The regulations that govern discharges of dredged or fill material follow this hierarchy in
determining if the discharges can be authorized. The 404(b)(1) Guidelines prohibit the
authorization of discharges where:
1. There is a practicable alternative that would have less adverse impact on the aquatic
environment (LEDPA);
2. The discharges would violate an applicable State water quality standard or toxic effluent
standard, would jeopardize the continued existence of an endangered or threatened species
or destroy or adversely modify its designated critical habitat, or would violate any
requirement imposed to protect a marine sanctuary;
3. The discharges would cause or contribute to significant degradation of waters of the U.S.;
or
4. Appropriate and practicable measures have not been taken to minimize potential adverse
impacts of the discharge on the aquatic ecosystem.17
The Corps must deny authorization of any proposed discharge that does not comply with all of
these restrictions.18 For example, even where appropriate and practicable measures have been
taken to minimize potential adverse impacts of the discharge, the Corps must deny the permit if
the discharge still would cause or contribute to significant degradation of waters of the U.S.19
In assessing those impacts to wetland and aquatic areas, the Corps must consider 1) the direct
impacts that result from the discharges of dredged or fill material into regulated “waters of the
United States,” including wetlands, but also 2) the indirect effects that would result from the
project that those discharges enable (such as dewatering of wetland and stream areas caused by

16

40 C.F.R. § 230.1(c).
40 C.F.R. § 230.10(a)-(d).
18
See 33 C.F.R. § 323.6(a) (“Subject to consideration of any economic impact on navigation and anchorage
pursuant to section 404(b)(2), a permit will be denied if the discharge that would be authorized by such a permit
would not comply with the 404(b)(1) guidelines. If the district engineer determines that the proposed discharge
would comply with the 404(b)(1) guidelines, he will grant the permit unless issuance would be contrary to the public
interest.”) (Corps Section 404 regulations) (emphasis added).
19
Also, the Corps may deny a permit as contrary to the public interest due to inadequate mitigation, even if all
appropriate and practicable mitigation measures have been taken. 33 CFR 302.4(r).
17
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the construction and operation of the Pebble Mine), and 3) secondary impacts that the project
would cause or contribute to downstream of the project.20
In addition, the Corps must deny a permit where “there does not exist sufficient information to
make a reasonable judgment as to whether the proposed discharge will comply with these
Guidelines.”21 In other words, if a District Engineer cannot determine if a large mining project
represents the LEDPA or, after considering proposed compensatory mitigation measures,
whether it would or would not cause or contribute to significant degradation of the waters of the
United States, the regulations direct the Corps to deny the permit application.
In subsequent guidance specifically applicable to Alaska, the Corps Alaska District clarified
what project impacts will require compensatory mitigation pursuant to Section 404 of the CWA
under the 2008 Mitigation Rule. Although the Alaska District subsequently rescinded this
guidance, its 2009 Regulatory Guidance Letter (RGL ID No. 09-01) lists types of projects that
always require compensatory mitigation including those requiring “fill placed in anadromous
fish streams and wetlands adjacent to anadromous fish streams,”22 clearly recognizing the
importance of these habitats.
The RGL also identified compensatory mitigation ratios that apply in Alaska. For waters in the
“high” or “moderate” compensation category, as those in the Koktuli River and Upper Talarik
Creek headwaters region would likely be, the required ratio is 1:1 or 2:1 for restoration and/or
enhancement and 2:1 or 3:1 for preservation.23 Under that guidance, the proper compensation
ratio for the headwaters streams and wetlands destroyed by discharges of dredged or fill material
from mining the Pebble Deposit would be 2:1 if the mitigation method is restoration or
enhancement or 3:1 if the compensatory mitigation method is preservation.24 This would
translate to roughly 12,000 acres of compensatory mitigation for restoration or enhancement (to

20

See 40 C.F.R. § 230.11(h): Determination of secondary effects on the aquatic ecosystem.
(1) Secondary effects are the effects on an aquatic ecosystem that are associated with a discharge of dredged or fill
materials, but do not result from the actual placement of the dredged or fill material. Information about secondary
effects on aquatic ecosystems shall be considered prior to the time final section 404 action is taken by permitting
authorities.
(2) Some examples of secondary effects on an aquatic ecosystem are fluctuating water levels in an impoundment and
downstream associated with the operation of a dam, septic tank leaching and surface runoff from residential or
commercial developments on fill, and leachate and runoff from a sanitary landfill located in waters of the U.S.
Activities to be conducted on fast land created by the discharge of dredged or fill material in waters of the United
States may have secondary impacts within those waters which should be considered in evaluating the impact of
creating those fast lands.
(emphases added).
21
40 C.F.R. § 230.12(a)(3)(iv) (emphasis added).
22
Alaska District Regulatory Guidance Letter, RGL ID No. 09-01, Table 2, page 8 (U.S. Army Corps of Engineers
Alaska District, 2009).
23
Id. at Appendix B. “High functioning wetlands” include those that “are undisturbed and contain ecological
attributes that are difficult or impossible to replace within a human lifetime, if at all. . . . The position of the wetland
in the landscape plays an integral role in overall watershed health.” Id. at Appendix A, p. 3. They also include those
where “[s]pawning areas are present (aquatic vegetation and/or gravel beds).” Id. at Appendix A, p. 6. The
headwaters wetlands in the Koktuli and Upper Talarik watersheds fit these descriptions, as the subsequent section
indicates.
24
Alaska District Regulatory Guidance Letter, RGL ID No. 09-01, Appendix B.
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offset 5906 acres of Pebble Project direct and indirect impacts), or roughly 18,000 acres of
compensatory mitigation for preservation.
Background on compensatory mitigation for the Pebble Project
The applicant has long acknowledged compensatory mitigation as “one of the most basic
requirements of the permitting process: full, functional mitigation for all unavoidable, residual
project impacts,” stating further that “PLP has consistently acknowledged its mitigation
responsibility and has assumed that permit requirements would stipulate mitigation obligations
amounting to a significant multiple of actual impacts, resulting in a net gain in anadromous and
resident fish productive capacity” (emphasis added).25 Echoing the conclusions drawn by its
fishery consultants, representatives of PLP have also stated that PLP “has identified numerous
opportunities for increasing anadromous fish habitat, as well as the productive capacity of that
habitat for anadromous fish, greatly in excess of reasonably anticipated losses.”26 (emphasis
added). It is noteworthy that these statements were made in relation to much larger proposals to
mine the Pebble deposit, including 25-, 45-, and 78-year mines.
Furthermore, in a white paper prepared in 2011 for NDM, HDR Inc. listed types of
compensatory mitigation that might be available to offset impacts from one or more large-scale
hardrock mines in the Bristol Bay watershed:
Compensatory mitigation for wetlands impacts could, for example, take the form of
anadromous fish habitat restoration, property acquisition for conservation easements,
water quality improvements, remediation of contaminated sites, biodiversity offsets,
funding for research and education, or other options. There may be opportunities for
development organizations to join with local tribal governments and non-governmental
organizations to create wetland mitigation banks or endowment funds to manage fish
and wildlife, water quality, and preservation of undeveloped natural resources for
generations to come. 27
In acknowledging the requirements of the mitigation rule, PLP has stated that it understands that
compensatory mitigation will be required for “unavoidable” impacts. And, in applying for a
25

July 23, 2012 letter from Thomas C. Collier, Esq., Steptoe & Johnson, LLC (before Mr. Collier became CEO of
PLP), to Office of Environmental Information Docket, Docket Number # EPA-HQ-ORD-2012-0276. Collier
specifically identifies measures such as “judicious water management, including storage, and strategic delivery of
excess water to streams and aquifers without adverse impacts such as seasonally incompatible temperatures;
providing access to existing but inaccessible aquatic habitats and creation of extensive new habitats such as
groundwater-fed secondary channels for anadromous and resident fish spawning, rearing and overwintering in
local floodplains; concentrating mitigation efforts in more heavily utilized lower portions of local watersheds (North
Fork Koktuli, South Fork Koktuli, Upper Talarik Creek) in order to maximize actual use of new habitat by the fish
for which it is intended. Offsite but in-watershed (Kvichak/Nushagak) opportunities include such things as fish
passage at significant anadromous fish barriers, opening up very large areas to anadromous access, significantly
increasing salmon runs in associated systems. More remote opportunities include facilitation of reclamation and
rehabilitation activities in existing disturbed areas.” None of these measures are proposed in PLP’s permit
application.
26
Letter from Richard E. Schwartz (Crowell & Moring, LLC, Washington, DC on behalf of PLP) to Arthur A.
Elkins, EPA Inspector General, January 9, 2014. 26 pages.
27
Wrobel, C., J. Morton, M. Witter, and J. Anderson. Undated. White Paper No. 5: Wetlands Mitigation. 2011.
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permit, PLP understands that it must clearly demonstrate that any proposed discharges of
dredged or fill material into wetlands or other special aquatic sites are unavoidable in order to
achieve the basic purpose of its proposal, in this case mining. In fact, beginning with field
studies beginning in 2004 and pre-application meeting with the Corps and other federal and state
agencies that began in 2007, PLP (Northern Dynasty Minerals) was fully aware of its needs to
develop a comprehensive compensatory mitigation plan (see footnote 2 on page 1).
In 2014, consultants to PLP claimed that “the track record for successful mitigation of potential
impacts to salmon and resident fish species in settings like that surrounding the Pebble deposit is
very long, very comprehensive and very clear” and that “there are myriad opportunities for
implementation of these methods in streams in and around the general Pebble Project area.”28
Whereas some other PLP consultants were less willing to make such claims, they cited similar
types of compensatory mitigation measures, such as providing access to side-channel habitat and
placement of instream structures, among other options.29
One well-documented review by Canadian government scientists that PLP’s consultants cited
found that compensatory mitigation was generally not successful unless mitigation ratios were
higher than 1:1 and closer to 2:1 (i.e., a greater acreage or length of stream miles restored than
were lost as a result of a project).30 The senior author of that study subsequently became an
official at PLP’s parent company, Hunter Dickenson, and has maintained the view that in order
to ensure that compensatory mitigation will adequately offset the losses of acreage and function,
mitigation ratios should be greater than 1:1 and closer to 2:1.31
It is especially noteworthy that the proposed mining operations for which PLP has made such
claims were considerably larger than the 20-year mining project it now proposes in the DEIS.
Accordingly, one would presume that PLP would find compensating for impacts from its
proposed project to be far less challenging, and expect its compensatory mitigation plan to be
detailed and specific at this juncture.32
However, rather than propose a comprehensive compensatory mitigation plan in its 2018 Permit
application, based on its own studies and assurances to implement the measures it had previously
stated were available, PLP’s permit application simply stated that “mitigation will be considered
28

See Buell, J.W. and R.E. Bailey. Mitigation and EPA’s Bristol Bay Watershed Assessment Final Assessment. (a
report submitted on behalf of PLP to EPA), April 23, 2014. 16 pages.
29
Hocking, M. and A. Lewis. 2014. Memorandum to Northern Dynasty Minerals (attention Bruce Jenkins). Re:
Literature review of the successes and efficacy of fish habitat restoration and compensation project in British
Columbia. Ecofish Research, Ltd., Vancouver, B.C., April 24, 2018. 22 pages.
30
See Quigley, J.T., and D.J. Harper. 2006. Effectiveness of fish habit.at compensation in Canada in
achieving no net loss. Environmental Management 37: 351-366.
31
“…our research demonstrated that many compensation projects that were deemed failures would have been
successful had they simply employed larger compensation ratios…..Ultimately, regulators should require more than
1:1 replacement for aquatic habitat displaced by development activity - perhaps as high as 2:1.” Jason Quigley,
Hunter Dickenson Inc. April 28, 2014 letter to EPA Region 10, Dennis J. McLerran, Regional Administrator.
32
As recently as 2018, PLP’s CEO complained to EPA that its Bristol Bay Watershed Assessment had shown bias
against the Pebble Project, noting that “any mine of Pebble’s size would necessarily involve compensatory
mitigation, which EPA’s hypothetical mines conspicuously omitted.” (see letter from Tom Collier to EPA
Administrator Scott Pruitt, April 25, 2018, 4 pages). Nevertheless, PLP offered no substantive proposals in its
permit application or the DEIS that would offset the wetland and aquatic impacts of its artificially small project.
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in detail throughout the permitting and NEPA processes”33 (emphasis added). And, the
applicant stated further that “PLP will work with the USACE (Corps) throughout the process to
identify and implement a compensatory mitigation plan that is appropriate for the final
Project”34 (emphases added).
These statements suggest the PLP had no detailed compensatory mitigation plan at the time it
finally applied for a permit. It also suggests that the applicant may not have considered its
proposed project to be the least environmentally damaging practicable alternative (the LEDPA),
particularly if it was anticipating that a “final” project might be so significantly different as to
obviate the need for a detailed compensatory mitigation plan for its project as proposed.
Under the regulations, it is PLP’s responsibility to clearly demonstrate that its proposed project is
the least environmentally damaging practicable alternative (the LEDPA) to achieve the basic
project purpose, and that its project otherwise complies Federal and State regulations. It is not
the job of the United States agencies to design projects for applicants or the compensatory
measures needed to offset unavoidable impacts. Rather, it is the job of the Corps and EPA to
determine if projects proffered by applicants, including the applicant’s proposals for
compensatory mitigation, can be authorized under the regulations.
The applicant’s conceptual plan for compensatory mitigation for impacts of the Pebble
Project to wetland and aquatic areas
The DEIS for the Pebble Project identifies 3560 acres of direct impacts, 2345 acres of indirect
impacts (dewatering and dust), and 510 acres of temporary impacts (construction access) to
jurisdictional wetlands and aquatic areas;35 the DEIS describes temporary impacts as
jurisdictional waters that would be filled for as long as a year, but for which the fill would be
subsequently removed, under a presumption that the wetland or aquatic area functions would
fully recover thereafter.36 Indirect impacts, such a dewatering, are described as permanent
“because they would last at least until the post-closure phase.”37 Secondary impacts to wetland
and aquatic functions that may occur upstream or downstream as a result of the proposed project
are not discussed or quantified, insofar as the compensatory mitigation responsibilities of the
applicant are concerned.
Simply accounting for the direct and indirect impacts of the applicant’s preferred alternative, the
project could eliminate wetland and aquatic functions for 5906 acres of pristine habitat at the
mine site and in the transportation corridor. This areal extent of impacts to the “waters of the
United States” represents what the Corps should consider to be the applicant’s minimum
33

Pebble Project Department of the Army Application for Permit (POA-2017-271), December 2017, page 31.
Pebble Project Department of the Army Application for Permit (POA-2017-271), December 2017, page 32.
35
DEIS, Executive Summary, page 60.
36
Whereas the DEIS considers the impacts to an additional 510 acres of wetland and aquatic sites to be
“temporary,” these impacts could degrade or eliminate the habitat functions for up to a full year, and those combined
impacts (functional loss multiplied by acres, factoring in the time lag for full restoration) should be evaluated further
to determine if the applicant should be required to offset these impacts to some degree. The Corps should also
provide evidence that such areas, temporarily filled for construction projects, actually recover naturally after the fill
is removed, as well as over what period of time. These impacts should not be dismissed as inconsequential.
37
DEIS, Executive Summary, page 62.
34
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compensatory mitigation burden, and for which the applicant should have developed and
submitted a comprehensive plan to offset its project impacts. Given the applicant’s long history
of coordination with the Corps and other agencies, as well as its repeated statements regarding its
readiness and willingness to fully offset the impacts of even larger versions of its present
proposed copper mine, one might have expected to see a detailed plan included in the DEIS.
Instead, the DEIS includes a “conceptual” compensatory mitigation plan (CMP) prepared
subsequent to its permit application by the applicant (January 2019). The CMP only discusses
the direct permanent (3560 acres) and temporary project impacts (510 acres); the 2345 acres of
indirect impacts discussed above are not included in the CMP, even though some of these
impacts are extensive and considered permanent.38 The CMP breaks the acreages of direct and
temporary impacts into different classes of wetlands and deepwater habitats,39 and compares
only their acreages to the reach and extent of the same types of habitats in the surrounding
watersheds.
The conceptual mitigation plan also describes the types of mitigation measures called for in the
2008 mitigation rule and evaluates opportunities to utilize such measures to offset impacts of the
Pebble Project, including mitigation banks and in-lieu fee providers. The applicant concludes
that there are no mitigation banks or in-lieu fee providers that could provide any compensatory
mitigation for the project as proposed, concluding further that permittee-sponsored mitigation is
its only available choice. This author reached similar conclusions in a law review article
published 8 years ago.40
The CMP proposes no compensatory mitigation for the lost functions for the 510 acres of
temporary impacts, stating, rather, that PLP is proposing compensatory mitigation to offset
environmental losses from unavoidable impacts to 3524 acres of WOUS (waters of the United
States, including wetlands).41 In other words, the applicant is not planning to propose mitigation
for its 2345 acres of indirect impacts or 510 acres of temporary impacts. On its face, the Corps
should not have accepted this conceptual plan as being adequate for failing to consider thousands
of acres of indirect impacts (including permanent losses) of wetland and aquatic habitats.
However, for the sake of this analysis, even if the project impacts were, in fact, limited to the
direct permanent losses of wetland and aquatic areas (3560 acres), the applicant has previously
professed that it would be prepared to compensate some significant multiple of its impacts when
it was contemplating a much larger mine (see footnote 25, above, and associated text). At a 1:1
or 2:1 compensatory mitigation ratio, the CMP would have been expected to provide plans to
provide the equivalent of up to 7120 acres for offsite, unless it was proposing to offset impacts
with habitat preservation, which would yield a 2:1 to 3:1 ratio (7120 to 10,680 acres).
38
DEIS, Appendix M, Section M2.0 (Conceptual Compensatory Mitigation Plan), pages 3-5. The acreage figures in
the mitigation plan are similar but different from those reported in the DEIS, showing 3524.27 acres of direct
impacts and 513.31 acres of temporary impacts.
39
Cowardin, L.M. et al. 1979. Classification of Wetlands and Deepwater Habitats of the United States. Publication
FWS/OBS-79/31. Washington, DC: US Fish and Wildlife Service, Office of Biological Services.
40
Yocom, Thomas G. and Rebecca L. Bernard. 2013. Mitigation of Impacts from Large-Scale Hardrock Mining in
the Bristol Bay Watershed. Seattle Journal of Environmental Law, Volume 3, pages 71-100.
41
DEIS, Appendix M, Section M2.0 (Conceptual Compensatory Mitigation Plan), page 30. Note: This 3524-acre
figure is 36 acres smaller than the direct impacts identified in the DEIS.
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The CMP states that the applicant may perform “restoration, enhancement, establishment, and in
certain circumstances, preservation of wetlands and other waters” as compensatory mitigation,
but that “such options are effectively non-existent in the Analysis Area.”42 Furthermore, the
CMP states that “the watershed approach, and on-site and in-kind compensatory mitigation are
not practicable to meet the Project’s compensatory mitigation needs,” and that “off-site, in-kind,
or out-of-kind mitigation opportunities must be considered.”43
The CMP then describes types of projects it believes will be feasible, including water quality
improvement projects, invasive species identification and eradication, and similar activities. For
water quality improvement projects, the CMP lists contaminated sites, solid waste sites, and
areas where erosion near landfills, contaminated sites, tank farms, and other sites of
environmental concern may pose risks of releasing hazardous substances into Alaska state
waters. Fifteen specific sites are described (Table 5-9) near villages in the vicinity of the Pebble
Project, most of which are listed as involving less than an acre of land, and most would involve
bank stabilization at the nearest river or water body.44
The CMP also describes environmental risks associated with invasive plant species, suggesting
that it might help fund efforts to identify areas at highest risk and/or efforts to eradicate invasive
vegetation, including the early detection and eradication of reed canary grass.45 The applicant
proposes no specific measures to address these problems, or provide any reliable measures of
short- or long-term success for any such eradication program.46
The applicant also believes there are opportunities for fish habitat restoration in the directly
affected and neighboring watersheds, naming the Upper and Lower Kenai Peninsula, Lower
Susitna River, and Matanuska, and proposing conceptual culvert rehabilitation and other fish
passage improvements to benefit the greater Bristol Bay and Cook Inlet watershed areas.47 The
number and location culverts in need of rehabilitation is not specified, nor is it clear whether the
responsibility for maintaining or rehabilitating these culverts already rests with other entities.
The CMP appears to assume that if a culvert improves fish passage to a large area, the acreage or
stream miles associated with that improvement would count fully against the project impacts.48
42

DEIS, Appendix M, Section M2.0 (Conceptual Compensatory Mitigation Plan), page 26.
DEIS, Appendix M, Section M2.0 (Conceptual Compensatory Mitigation Plan), page 26.
44
DEIS, Appendix M, Section M2.0 (Conceptual Compensatory Mitigation Plan), pages 17-19.
45
DEIS, Appendix M, Section M2.0 (Conceptual Compensatory Mitigation Plan), pages 19-20.
46
The Conceptual Mitigation Plan states that “While most invasive plants have been recorded along Alaska’s road
network, remote communities off the road system may be increasingly and disproportionately vulnerable to harm
from exposure to invasive species.” (DEIS, Appendix M, Section M2.0, page 19). The DEIS should assess the
potential impacts of the proposed Pebble Project on the spread of invasive species along the transportation corridors.
47
DEIS, Appendix M, Section M2.0 (Conceptual Compensatory Mitigation Plan), page 26. See also Bailey, R.M.
and J.W. Buell. 2013. An evaluation of EPA’s Bristol Bay Watershed Assessment 2013 2nd draft assertions
regarding fish habitat mitigation measures efficacy and applicability. Report prepared for Northern Dynasty
Minerals. May 22, 2013. 92 pages.
48
“For out-of-kind mitigation, PLP would, to the extent practicable, replace and equivalent amount of aquatic
resources to those lost. For example, fish passage improvements would open, or improve, access to an equivalent
number of stream miles suitable for anadromous fish.” DEIS, Appendix M, Section M2.0 (Conceptual
Compensatory Mitigation Plan), page 27.
43
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That rationale presumes that the upstream area performs no wetland or aquatic functions other
than the added support of anadromous fishes from culvert improvement. This narrow view of
wetland and aquatic functions should not be accepted as fully offsetting project impacts. The
CMP does state that PLP may propose preservation as compensatory mitigation,49 but that ratio
should be at least 2:1, and more likely 3:1 under the Alaska District’s Regulatory Guidance.50
The CMP appears to be trying to build that very case by concluding that:
1) wetlands and other waters in the area are abundant and in a natural state,
2) discharges of fill from the Project will impact a small percentage of aquatic resources,
3) Pacific salmon and other fish are an important component of the Analysis Area
aquatic environment and of local economies, and
4) the primary threats to these aquatic resources arise from impacts associated with
contaminated sites and community sanitary systems.51
In other words, the CMP is asserting that:
1) there is an overabundance of wetland and aquatic habitat in the watershed;
2) because the proposed project’s impacts will be small, only when compared to a much
larger watershed area, the applicant should not be required to fully offset the losses of
wetland and aquatic areas that its project will destroy;
3) that salmon should be the entire focus of the compensatory mitigation plan (even
though the applicant and, to some extent the DEIS, claim that the project will have no
measurable impact on salmon populations); and
4) that somehow potential leakage from small landfills and tank farms is, therefore, a
bigger risk to salmon that the permanent destruction of thousands of acres of wetland and
destruction of 31% of the headwater stream length mapped as supporting at least four
species of salmon in the Nushagak River basin.52
Perhaps of even greater concern is the applicant’s assertion that because it may be unable to
identify practicable measures to offset its impacts in the immediate project area,53 it may
consider proposing measures in more broadly defined watershed areas, including HUC 8 (Figure
1 below), HUC 6, and HUC 4 watersheds54 (Figure 2 below). This would conceivably include
sites that are hundreds of miles from the Pebble Project site.
49

DEIS, Appendix M, Section M2.0 (Conceptual Compensatory Mitigation Plan), page 27.
Alaska District Regulatory Guidance Letter, RGL ID No. 09-01, Appendix B.
51
DEIS, Appendix M, Section M2.0 (Conceptual Compensatory Mitigation Plan), page 26.
52
M. Gracz, Michael. PhD. 2019. Is a finding of significant degradation in a 404(b)(1) analysis of the Pebble
Project scientifically supportable? An analysis prepared for Wild Salmon Center. May 24, 2019. 7 pages.
52
Appendix M, Section M2.0, page 22.
53
According to the CMP: “Off-site wetlands mitigation would necessitate the evaluation of mitigation opportunities
beyond the HUC 10 watersheds directly impacted by the Project. Given the limited amount of development and land
status in the larger directly impacted (Nushagak, Kvichak, Tuxedni/Kamishak Bay HUC 8s) watersheds it is further
likely that mitigation would be predominantly limited to wetlands preservation in the surrounding HUC 8
watersheds or even further afield.” (emphasis added) DEIS, Appendix M, Section M2.0 (Conceptual Compensatory
Mitigation Plan), page 26.
54
DEIS, Appendix M, Section M2.0 (Conceptual Compensatory Mitigation Plan), page 27.
50
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Figure 1. HUC 8 watersheds that drain into Bristol Bay.

Figure 2. HUC 4 Watersheds in Alaska. HUC 1903
includes every river system that flows into Bristol Bay.
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Defining the watershed scale this broadly would fail to meet the fundamental requirement of the
Mitigation Rule that the aquatic resources provided through compensation effectively offset the
adverse environmental impacts of the permitted discharge. The genetic differences between
individual salmon stocks in various drainages, and the importance of this genetic diversity to the
overall stability of the Bristol Bay salmon fishery, undermine the value of mitigation measures
designed to protect aquatic resources in a drainage other than the site of impact.
Lower-order streams vary widely in physical, chemical, and biological characteristics, providing
varied and abundant habitats crucial to maintenance of diverse aquatic ecosystem function
downstream.55 Headwaters may be influenced by groundwater or subsurface (hyporheic) flow
and/or variable shade conditions, producing variable water temperatures often providing warm
refuges during winter and cool refuges during summer.56 Due to inputs of organic matter, lowerorder streams determine downstream nutrient dynamics.57 Many primary and secondary
producers (e.g., algae and aquatic macroinvertebrates) are unique to headwater ecosystems,58 and
may be adapted to freezing and intermittent flow conditions.59 The diversity and abundance of
headwater species additionally provide source populations for colonization of downstream
habitat as well as prey for downstream invertebrates and fish species.60
Because they provide refuge from predators and competitors, rich feeding grounds, and thermal
refuge, fish species often exploit low-order and ephemeral streams as either residents (e.g.,
sculpin) or migrants (e.g., salmonids).61 Salmonids may use headwater streams as rearing (e.g.,
coho, Chinook),62 and spawning (e.g., chum) habitat.63 In a survey of 105 low-gradient,
headwater streams in the Nushagak and Kvichak drainages, 96% of streams supported resident
fish, and 75% of streams supported anadromous salmon species.64 Headwater streams can also
55

J.L. Meyer, J.L., D.L. Strayer, J.B. Wallace, S.L. Eggert, G.S. Helfman, and N.E. Leonard. 2007. The
contribution of headwater streams to biodiversity in river networks, 43 J. American Water Resources Association
86.
56
Power, G., R.S. Brown, and J.G. Imhof. 1999. Groundwater and fish – insights from North America.
Hydrological Processes 13: 401-422.
57
Richardson, J.S., R.E. Bilby, and C.A. Bondar. 2005. Organic matter dynamics in small streams of the Pacific
Northwest. Journal of the American Water Resources Association 41: 921-934.
58
Progar, R.A. and A.R. Moldenke. 2002. Insect production from temporary and perennially flowing headwater:
streams in western Oregon. Journal of Freshwater Ecology 17: 391-407.
59
Irons, J.G., L.K. Miller, and M.W. Oswood. 1993. Ecological adaptations of aquatic macroinvertebrates to
overwintering in interior Alaska (U.S.) subarctic streams. Canadian Journal of Zoology 71: 98-108.
60
Wipfli, M.S. and D.P. Gregovich. 2002. Export of invertebrates and detritus from fishless headwater streams in
southeastern Alaska: Implications for downstream salmonid production. Freshwater Biology 47: 957-969.
61
Yocom, Thomas G. and Rebecca L. Bernard. 2013. Mitigation of Impacts from Large-Scale Hardrock Mining in
the Bristol Bay Watershed. Seattle Journal of Environmental Law, Volume 3, pages 71-100.
62
Brown, T.G. and G.F. Hartman. 1988. Contribution of seasonally flooded lands and minor tributaries to the
production of coho salmon in Carnation Creek, British Columbia. Transactions of the American Fisheries Society
117: 546-551; Wigington, P.J., J.L. Ebersole, M.E. Colvin, S.G. Leibowitz, B. Miller, B. Hansen, H. Lavigne, D.
White, J.P. Baker, M.R. Church, J.R. Brooks, M.A. Cairns, and J.E. Compton. 2006. Coho salmon dependence on
intermittent streams. Frontiers in Ecology and the Environment 4: 513-518.
63
J.L. Meyer, J.L., D.L. Strayer, J.B. Wallace, S.L. Eggert, G.S. Helfman, and N.E. Leonard. 2007. The
contribution of headwater streams to biodiversity in river networks, 43 J. American Water Resources Association
86.
64
Woody, C.A. and S.L. O’Neal. 2010. Fish surveys in headwater streams of the Nushagak and Kvichak river
drainages, Bristol Bay, Alaska 2008-2010. Prepared for The Nature Conservancy. 48 pp.
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be important habitat for amphibians, birds, mammals, and other biota.65 Headwater and
intermittent streams are sites of enormous biological diversity, hosting hundreds to thousands of
species.66 The Groundhog Mountain headwater watershed (12-digit HUC) contains 31% of the
headwater stream miles of the 8 million-acre Nushagak River Basin that have been mapped as
supporting at least four species of anadromous salmon by the Alaska Department of Fish and
Game.67
PLP estimates that its 20-year mine project would result in direct permanent losses of 5.74% of
the currently existing aquatic resources in the Headwaters Koktuli River,68 based upon an
estimated 3,421.45-acre loss of habitat, although the full reach and extent of tributary streams are
not provided in the DEIS. The reach of such streams is likely very substantial.69 As noted
earlier, PLP does not appear to be considering compensatory mitigation for indirect losses or
temporary impacts (one year of lost functions or less, with no time line for recovery thereafter).
If the indirect and temporary impacts are included, the lost headwater resources exceed 10%.
The actual stream miles that would be destroyed, dewatered, or fragmented are not yet known,
and are likely far greater than what is disclosed in the DEIS.70
Conclusion
The applicant has been fully aware for many years that the impacts of mining the Pebble deposit
would be immense with regard to wetland and aquatic areas regulated pursuant to Section 404 of
the Clean Water Act. The applicant has also been fully aware of the 2008 Mitigation Rule, and
the likelihood that its proposed project might fail to qualify for authorization, or be vetoed should
the Department of the Army determine that a permit could be issued.
The applicant has repeatedly assured the public that it would fully offset its project impacts to
wetland and aquatic areas, and did so on the basis of mining projects considerably larger than is
proposed in the DEIS. In fact, the applicant complained bitterly that EPA’s Bristol Bay
Watershed Assessment unfairly characterized its project impacts because it did not consider the
compensatory mitigation measures that the applicant claimed were readily available.
The Conceptual Compensatory Mitigation Plan that is appended to the DEIS offers no
quantifiable measures and no specific actions that would allow the public to reach any
conclusions about whether the impacts of the proposed Pebble Project would be offset in any
substantive way. Not only are there no specific actions proposed that would offset the areal
65
Yocom, Thomas G. and Rebecca L. Bernard. 2013. Mitigation of Impacts from Large-Scale Hardrock Mining in
the Bristol Bay Watershed. Seattle Journal of Environmental Law, Volume 3, pages 71-100.
66
J.L. Meyer, J.L., D.L. Strayer, J.B. Wallace, S.L. Eggert, G.S. Helfman, and N.E. Leonard. 2007. The contribution
of headwater streams to biodiversity in river networks, 43 J. American Water Resources Association 86.
67
M. Gracz, Michael. PhD. 2019. Is a finding of significant degradation in a 404(b)(1) analysis of the Pebble
Project scientifically supportable? An analysis prepared for Wild Salmon Center. May 24, 2019. 7 pages.
68
Appendix M, Section M2.0, page 22.
69
Albert, D.M. 2019. Direct loss of salmon streams, tributaries, and wetlands under the proposed Pebble Mine
compared with thresholds of unacceptable adverse effects in the EPA Proposed Determination pursuant to Section
404(c) of the Clean Water Act. The Nature Conservancy, Juneau, AK. 14 pages.
70
Albert, D.M. 2019. Direct loss of salmon streams, tributaries, and wetlands under the proposed Pebble Mine
compared with thresholds of unacceptable adverse effects in the EPA Proposed Determination pursuant to Section
404(c) of the Clean Water Act. The Nature Conservancy, Juneau, AK. 14 pages.
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losses of wetland and aquatic areas, what actions are described conceptually fail completely to
address indirect and secondary impacts that involve thousands of acres.
Moreover, the actions that are described conceptually could be hundreds of miles from the actual
project site and well out of the immediate watershed, thwarting the spirit and intent of the 2008
Mitigation Rule. In the place of specific proposals, the DEIS appears to be fashioning arguments
to not only allow compensatory mitigation measures that are in different watersheds, but which
also appears to be placing an overreliance on the mitigation flexibility provided in an interagency
agreement between the Corps and EPA in order to actually offset physical losses of acreage,
reasoning that there is an overabundance of habitat in Alaska.
In this, the Corps appears to be rewarding the applicant for its inaction and years of delays by
accepting its conceptual plan as sufficient for the purposes of disclosing project impacts and
mitigation measures in the DEIS. The DEIS is woefully inadequate in this regard.
As stated in the author’s disclaimer, there seems little reason to expect that the applicant’s
proposed project is a single-and-complete project as proposed, and the Corps should not treat it
as same. The project as proposed is artificially small, and there seems little reason to believe that
the applicant will actually fill the mine pit with pyritic tailings and close it after 20 years of
active mining, leaving the vast majority and richest concentrations of that ore body unmined.
Instead, the DEIS should be evaluating a much larger mine than is being proposed, because the
impacts of the expansion that seems inevitable, will dwarf those described in the DEIS. And, if
the compensatory mitigation outlined in the applicant’s CMP is a measure of the net impacts to
wetland and aquatic areas from a 20-year mine, those of a 78-year mine (or 200 years according
to NDM) could be catastrophic.
But, even if the size of the proposed project and its planned closure are legitimate, a failure by
the Corps to require that the applicant fully offset its 20-year proposed project impacts will result
in unprecedented net losses of wetland and aquatic habitats beyond those of any copper mine
ever proposed in the United States.
The bottom line is that the CMP proposes no specific compensatory mitigation measures that
could even begin to offset the lost acreage or stream miles that its project would cause directly or
indirectly. To conclude that a project of this magnitude – likely the greatest acreage of impacts
to the “waters of the United States” that have ever been proposed for any copper mine – qualifies
for authorization under Section 404 of the Clean Water Act, would require the District Engineer
to find that 1) the physical and functional losses and/or degradation of over 5000 acres of
predominantly pristine special aquatic sites would not cause or contribute to significant
degradation of the aquatic ecosystem, and 2) replacing existing culverts, performing small bank
stabilization projects, helping fund invasive species eradication, and, perhaps funding some
preservation areas in distant watersheds would be sufficient to offset project impacts.
As presently proposed, the author believes that the project fails to comply with Federal Clean
Water Act regulations with regard to compensatory mitigation [40 CFR 230.10(d)], and the lack
of appropriate mitigation measures should also lead to a determination that the project would
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cause or contribute to significant degradation of the aquatic ecosystem and thereby fail to comply
with the regulations at 40 CFR 230.10(c), as well. The Corps should prepare a revised DEIS that
includes a detailed compensatory mitigation plan, and that expands the scope of that plan to
include mine expansion to at least the 78-year scenario.
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June 6, 2019
The Corps Determination of Basic and Overall Project Purposes Improperly Eliminates
Consideration of Potentially Less Environmentally Damaging Practicable Alternatives
A Report Prepared for Earthworks
by
Thomas G. Yocom1
Senior Wetlands Regulatory Scientist
Huffman-Broadway Group, Inc.
Summary:
Where a permit applicant’s project is not water-dependent and would result in the discharge of
fill material into wetlands or other “special aquatic sites,” Federal Clean Water Act regulations
place a burden of proof on the applicant to clearly demonstrate that there are no practicable
alternatives to the applicant’s proposal that could achieve its basic project purpose with less
environmental harm.2 The regulations presume that such alternatives do exist,3 and in the
absence of such a clear demonstration, the Corps is required to deny the permit application.4
In the case of the DEIS for the Pebble Mine project, the Corps has improperly lifted the
applicant’s regulatory burden of proof by defining the basic and overall purposes of the project
as the development and operation of “a copper, gold, and molybdenum mine in Alaska in order
to meet current and future demand.”5 This determination defines the basic and overall project
purposes so narrowly as to effectively limit consideration of alternatives to the applicant’s
preferred site.
Moreover, the Corps’ definition is far narrower than the applicant’s own search for alternatives
that considered copper porphyry deposits throughout the Americas, and was not limited by the
presence or lack of a particular associated metal, such as molybdenum. In fact, the applicant did
not discover significant molybdenum mineralization in the Pebble deposit until after acquiring
mining rights there.
By so narrowly defining the project purposes, the analyses in the DEIS thwart the intents of the
Clean Water Act’s 404(b)(1) alternatives analysis 1) to limit discharges into the nation’s waters
to those with the least negative environmental consequences (the least environmentally
1

Thomas G. Yocom formerly served as National Wetlands Expert for the U.S. Environmental Protection Agency
before retiring in 2005, and has actively worked on wetland permitting issues since 1978. Since 2006, he has
represented private sector and public agency clients on projects and agency actions involving Clean Water Act
compliance pursuant to Section 404 of the Clean Water Act.
2
40 CFR§230.10(a)(2)
3
40 CFR§230.10(a)(3)
4
See Corps regulations at 33 CFR 323.6(a): “The district engineer will review applications for permits for the
discharge of dredged or fill material into waters of the United States in accordance with guidelines promulgated by
the Administrator, EPA, under authority of section 404(b)(1) of the CWA. (see 40 CFR Part 230.) Subject to
consideration of any economic impact on navigation and anchorage pursuant to section 404(b)(2), a permit will be
denied if the discharge that would be authorized by such a permit would not comply with the 404(b)(1) guidelines. If
the district engineer determines that the proposed discharge would comply with the 404(b)(1) guidelines, he will
grant the permit unless issuance would be contrary to the public interest.” (emphasis added)
5
DEIS, Chapter 1, page 1-4.
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damaging practicable alternative or LEDPA), and 2) to firmly place the burden of proof on the
applicant to clearly demonstrate that less-damaging alternatives do not, in fact, exist. The Corps
has not compelled the applicant to make such clear demonstrations, including consideration of
copper porphyry deposits that the applicant had, in fact, assessed prior to acquiring rights to the
Pebble deposit.
As written, the DEIS will not provide the District Engineer with the clear evidence he or she
would need to support a formal finding that the project, as proposed, complies with the 404(b)(1)
regulations.6 And because of how the Corps has chosen to pre-emptively eliminate alternatives
in the DEIS, a proposed copper mine that would destroy more wetland and aquatic areas than
any other copper mine in the United States may be what the Corps is limiting itself to conclude is
the LEDPA.
The DEIS should be revised to properly assess and disclose to the public the full range of
alternatives that may be practicable and less environmentally damaging in achieving the basic
purpose of the proposed project.
Analysis:
Federal Clean Water Act (CWA) regulations prohibit the discharge of dredged or fill material
into any regulated “waters of the United States,” including wetlands if there is a less
environmentally damaging practicable alternative to the proposed discharge (the LEDPA).
Specifically, “an alternative is practicable if it is available and capable of being done after
taking into consideration cost, existing technology, and logistics in light of overall project
purposes. If it is otherwise a practicable alternative, an area not presently owned by the
applicant which could reasonably be obtained, utilized, expanded or managed in order to fulfill
the basic purpose of the proposed activity may be considered.”7 (emphasis added)
The 404(b)(1) regulations place the burden of proof squarely on the applicant to prove that its
proposal is the least damaging alternative if the applicant’s project would discharge dredged or
fill material are proposed in “special aquatic sites” for purposes that are not water-dependent.8
Here, the Corps properly finds that the basic purpose of mining is not water-dependent, and the
DEIS discloses that the Pebble project would discharge fill material into a) wetlands, b) riffle and
pool complexes, c) vegetated shallows, and d) mudflats, all of which are “special aquatic sites”
under the regulations.9

6

Corps regulatory policies stress the importance of wetlands protection in permit evaluations, stating that “No
permit will be granted which involves the alteration of wetlands identified as important by paragraph (b)(2) of this
section or because of provisions of paragraph (b)(3), of this section unless the district engineer concludes, on the
basis of the analysis required in paragraph (a) of this section, that the benefits of the proposed alteration outweigh
the damage to the wetlands resource. In evaluating whether a particular discharge activity should be permitted, the
district engineer shall apply the section 404(b)(1) guidelines (40 CFR part 230.10(a) (1), (2), (3)).” See 33
CFR§320.4(b)(4).
7
40 CFR§230.10(a)(2).
8
See 40 CFR§230.10(a).
9
See 40 CFR§230.3(q–1).
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Accordingly, the regulations presume that less-environmentally damaging alternatives are
available to the applicant and practicable, unless the applicant clearly demonstrates otherwise. In
the absence of such a clear showing, the Corps is required to deny the application for a permit.10
For the purposes of determining compliance with federal Clean Water Act regulations, the Corps
bears the responsibility of determining the basic and overall project purposes of any projects that
propose to discharge dredged or fill material. The basic project purpose is typically generic, and
the overall project purposes adds the consideration of project costs, logistical constraints, and
technical concerns.11
Generically, the Corps determined the basic purpose of the Pebble project to be mining;12 this is
appropriate, although hardrock mining would also have been a legitimate determination. The
Corps also stated appropriately that “the applicant's stated purpose is made too narrow by
limiting the proposed development to the Pebble deposit. The public's interest in commodities
such as copper, gold, and molybdenum does not dictate a particular source of these
commodities”13 (emphasis added). In other words, if mining a different ore deposit is practicable
and less damaging environmentally, it must be considered.
Under the regulations, an appropriately generic determination of overall project purposes would
have been mining a copper porphyry deposit for copper and associated minerals. CWA case law
would suggest that it would be inappropriate for the Corps to substitute an entirely different
target metal than that targeted by the applicant (i.e., porphyry copper deposits),14 but the project
purpose statements should not be so specific as to eliminate otherwise practicable alternatives
that do not have the same secondary mineralization as the applicant’s preferred site.
Under the regulations, any “practicable” alternative to achieve the basic and overall project
purposes must be determined to be cost-effective, when viewed from the perspective of the
industry as a whole.15 But the LEDPA need not be the least-costly, nor the most profitable.16
10

See 40 CFR§230.12(a)(3)(i) and (iv).
The preamble to the 404(b)(1) regulations provides the following guidance on the meaning of "basic purpose":
"Non-water-dependent" discharges are those associated with activities which do not require access or proximity to
or siting within the special aquatic site to fulfill their basic purpose. An example is a fill to create a restaurant site,
since restaurants do not need to be in wetlands to fulfill their basic purpose of feeding people. (45 Fed. Reg. 85339,
Dec. 24, 1980: emphases added)
12
https://www.pebbleprojecteis.com/files/02e12d01-4609-4bb9-bb78-ffe02e41ccb6 (How Alternatives will be
Developed, page 2)
13
DEIS, Appendix B, page B-3.
14
See Louisiana Wildlife Federation, Inc. v. York. 761 F.2d 1044 (5th Cir.).
15
The financial circumstances of a particular applicant are not considered relevant if an alternative could be
achieved practicably by a “typical” applicant pursuing purpose. The preamble to the 404(b)(1) regulations states:
“Our intent is to consider those alternatives which are reasonable in terms of the overall scope/cost of the proposed
project. The term economic might be construed to include consideration of the applicant’s financial standing, or
investment, or market share, a cumbersome inquiry which is not necessarily material to the objectives of the
Guidelines. We consider it implicit that, to be practicable, an alternative must be capable of achieving the basic
purpose of the proposed activity.” (45 Fed. Reg. 85339, Dec. 24, 1980)
16
Louisiana Wildlife Federation, Inc. v. York. 761 F.2d 1044 (5th Cir.). The Court noted that, in assessing
practicable alternatives, the Corps had properly chosen “alternatives that reduced both the applicants' profit and the
economic efficiency of their proposed operations in order to preserve other environmental values.”
11
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The determination of basic and overall project purposes should never be so narrowly defined as
to eliminate the consideration of legitimate alternatives that could achieve the basic project
purpose with the least environmental harm that is practicable under the regulations. This
specifically includes alternatives that may be “obtained, utilized, expanded, or managed,”17
including existing or previously closed mining operations, or alternative ore deposits that were
available to the applicant when and since it entered the market.18
Unfortunately, in the case of the Pebble project, the Corps has inappropriately defined the overall
project “purpose”19 in ways that preclude consideration of whole categories of alternatives that
might otherwise be practicable and less damaging environmentally than the applicant’s preferred
alternative. Whereas the Corps has defined the basic project purpose as “mining,” it has adopted
an overly expansive interpretation of the regulatory term “overall project purposes.”
The Corps accepts the applicant’s statement that there is an “increasing global demand for
commodities such as copper, gold, and molybdenum.”20 It is noteworthy that PLP uses the term
“such as,” suggesting that the overall project purposes do not require that all three of these
metals be present, and that a copper porphyry deposit rich in other combinations of metals might
also achieve the applicant’s basic purpose of mining. That purpose and need is reflected in the
applicant’s own search for alternatives, but is conspicuously absent in the DEIS.
In an interim report,21 the Corps’ EIS contractor, AECOM, references a 2015 technical report by
the applicant stating that it was not until after the applicant’s 2001 leasing of the mineral rights to
the Pebble deposit that the applicant discovered additional mineralization of recoverable
quantities of molybdenum.22 Obviously, the apparent absence of economically recoverable

17

See 40 CFR§230.10(a)(2).
See Bersani v. United States Environmental Protection Agency, 850 F. 2d 36 and Bersani v. Robichaud, 850 F.2d
36, 43-44 (2d Cir. 1988). In the latter case, discussing a shopping mall proposed by applicant Pyramid
Development, the court states that “the preamble to the 404(b)(1) guidelines states that the purpose of the
"practicable alternatives" analysis is ‘to recognize the special value of wetlands and to avoid their unnecessary
destruction, particularly where practicable alternatives were available in non-aquatic areas to achieve the basic
purpose of the proposal.’ 45 Fed.Reg. 85,338 (1980). In other words, the purpose is to create an incentive for
developers to avoid choosing wetlands when they could choose an alternative upland site. Pyramid's reading of the
regulations would thwart this purpose because it would remove the incentive for a developer to search for an
alternative site at the time such an incentive is needed, i.e., at the time it is making the decision to select a particular
site. If the practicable alternatives analysis were applied to the time of the application for a permit, the developer
would have little incentive to search for alternatives, especially if it were confident that alternatives soon would
disappear.”
19
It may be noteworthy that the singular term “overall project purpose” does not appear in the regulations. It is a
term that has been coined by the Corps as its interpretation of EPA’s regulations, without benefit of rulemaking. The
author contends that the intent of the regulations was to apply considerations of costs, and logistical and technical
constraints to the achieving the basic project purpose at any alternative sites. The restrictions to discharges were not
intended to be used to artificially limit the range of alternatives, as the Corps has done in the DEIS.
20
DEIS, Chapter 1, page 1-3.
21
Report from Bill Killam and Bill Craig of AECOM to Shane McCoy of the U.S. Army Corps of Engineers,
Alaska District (https://pebbleprojecteis.com/files/fb44bd22-9afc-4fc3-b4b8-3fb7d79df1c9).
22
See Rebagliati, M. and J.R. Lang. 2015. Discovery of the Pebble porphyry Cu-Au-Mo deposit, southwest Alaska:
History and exploration methods. Conference Abstract. Hunter Dickinson Inc., Vancouver, BC, Canada.
18
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quantities of molybdenum in 2001 did not dissuade PLP from acquiring rights to the Pebble
deposit.
Similarly, in a 2004 study titled “Pebble Gold Copper Project,” prepared for the State of Alaska
Large Mine Permitting Team, the applicant described its project as “a proposed open pit mining
operation of the gold, copper, molybdenum, and silver deposit.” 23 The Corps has not defined
the overall project purposes to require silver in all alternatives, nor should it have. It should not
have for molybdenum either.
It may also be worth noting that as recently as May 25, 2019, PLP made a slide presentation to
the Alaska House Resources Committee, focusing on the importance of copper. The first of its
“Pebble Facts” slides boldly stated that “Pebble is a copper mine.”24
Accordingly, the lack of molybdenum, or a specific mineralization of gold or other associated
metals, should not have eliminated other porphyry copper deposits from being considered as
potentially less environmentally damaging practicable alternatives under the regulations. Had
the applicant not discovered additional mineralization prior to applying for a permit, would the
Corps have included molybdenum as a requirement in screening alternatives? The answer is
clearly no, and it should not be a screening requirement now.
The Corps substantiates that there is a “worldwide demand” for copper, gold, and
molybdenum.25 And, as stated earlier, the Corps correctly determined that “the public’s interest
in commodities such as copper, gold, and molybdenum does not dictate a particular source of
these commodities”26 (i.e., other ore deposits should be considered in determining the least
environmentally damaging practicable alternative).
This is entirely appropriate, particularly because PLP (previously known as Northern Dynasty
Minerals, LLC) and its parent corporation, Hunter Dickenson, considered several hundred
porphyry copper deposits within “the Americas” before focusing on the Pebble deposit in the
1990’s.27 There appears no indication that specific quantities of secondary metals drove that
search.
And, the applicant’s search was certainly not limited to Alaska, much less to the North American
continent. That is likely because of where copper porphyry deposits are distributed worldwide
(see figure below). 28

23
Northern Dynasty Mines, Inc. 2004. Pebble Gold Copper Project. Draft Environmental Baseline Studies.
Proposed 2004 Study Plan. Prepared for the State of Alaska Large Mine Permitting Team, Department of Natural
Resources. June 2, 2004. 132 pages.
24
See http://www.akleg.gov/basis/get_documents.asp?session=31&docid=23397
25
DEIS, Chapter 1, pages 1-3 and 1-4.
26
DEIS, Chapter 1, page 1-4.
27
https://pebbleprojecteis.com/files/fb44bd22-9afc-4fc3-b4b8-3fb7d79df1c9 (page 1 of 8).
28
EPA’s 2014 Bristol Bay Watershed Assessment, Volume 3, Appendix H, page 5. References cited in original.
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It is also important to note that in searching the Americas for copper porphyry deposits, the
applicant (and/or its parent corporation) did not appear to consider CWA compliance and
impacts to the “waters of the United States” as an important screening factor in assessing
practicable alternatives. Citing a response from Northern Dynasty Minerals (NDM) for
information (RFI-042), the Corps’ EIS contractor, AECOM, lists NDM’s screening factors as
including:
“1) the geological pedigree of a region and the potential for and/or known existence of
large porphyry copper deposits;
2) regional familiarity with mining and resource development with an established
regulatory framework;
3) the ability to explore and develop a project in a jurisdiction with a stable government;
4) the presence of available land that was open to exploration and mineral development;
5) reasonable proximity to tidewater for the transportation of concentrate to world
markets;29 and
6) opportunities outside established mining districts where there was reduced
competition from established large mine operators.”30
Inasmuch as impacts to the “waters of the United States” do not appear to have been considered
in NDM’s screening of potentially practicable ore deposits, any of those deposits, if otherwise
practicable, could be potentially less damaging environmentally.

29
From the outset, it is clear that NDM and its parent corporation, Hunter Dickenson, were intending to sell the
extracted copper and associated minerals to world markets and not the countries of origin. The ore from the Pebble
deposit is likely to be sold to smelters in Asia.
30
AECOM report, page 1 of 8.
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This alternatives analysis is further complicated by the applicant’s present proposal that
professes to only extract a small portion of the Pebble deposit before closing the mine and
reclaiming the site. This proposal flies in the face of the applicant’s history and its past and
recent statements. Mineral rights to the deposit were acquired because of its size and potential to
supply very large quantities of copper by exploiting the entire deposit. The applicant has
publicly touted the extent of these mineral reserves for well over a decade.
Accordingly, it would seem entirely inappropriate for the Corps to define overall project
purposes in ways that exclude:
1) consideration of any alternative ore deposits that do not contain economically
recoverable quantities all three of the specific metals that PLP has identified in the Pebble
deposit;
2) consideration of any alternative deposits that exist outside the State of Alaska that are,
or may have been, available to PLP and its parent corporation when they began searching
the Americas for alternative copper porphyry deposits; and/or
3) smaller deposits that might be capable of producing yields equivalent to what PLP
purports it will mine in 20 years before initiating closure proceedings.
But, that is essentially what the Corps has done.
The Corps has defined the basic and overall purposes of the project as the development and
operation of “a copper, gold, and molybdenum mine in Alaska in order to meet current and
future demand”31 (emphases added). In defining the project as “developing” and operating a
mine, the Corps may also have inappropriately eliminated consideration of existing operations
that the applicant might practicably have obtained, utilized, expanded, or managed to achieve the
basic project purpose.
The Corps has also limited the geographic scope of environmental analysis to a tiny fraction of
the applicant’s own geographic scope of analysis wherein the applicant searched for sites to mine
commodities “such as” copper, gold, and molybdenum, practicably. And, as discussed
previously, the Corps has limited consideration of any alternatives to the specific 3-metal
mineralization of the Pebble deposit.
Moreover, the Corps has inexplicably determined that the public need and interest for this project
can somehow only be met in Alaska, even though the mine would produce commodities for
which the Corps recognizes a worldwide need.32 That geographic limitation is simply wrong,
suggesting that if the project was outside of Alaska it would be contrary to the public interest,
while at the same time seeming to presuppose that the project, if built in Alaska, would not be
contrary to the public interest. The whole issue of the Corps’ public interest determination
remains an open question that the DEIS is presumably intended, in part, to help disclose.
31

DEIS, Chapter 1, page 1-4.
The Corps states that whereas the public interest does not dictate a particular source for the commodities that
would be produced from the Pebble mine project, “the public also has an interest in improving the economy of the
state, in the creation of jobs in the state, and in the extraction of natural resources for the benefit of the state.”
(DEIS, Chapter 1, Purpose and Need, page 1-4)
32

7

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 98 of 2339

Whereas the localized public interest in Alaska may or may not benefit overall from the
proposed mining project, the public interest in any other area where such a mine might be
developed and operated would be similarly served, including outside of U.S. boundaries, and
would undoubtedly result in less impacts to wetland and aquatic areas. Moreover, under the
CWA regulations, the Corps’ public interest review is only relevant if the District Engineer has
first determined that a proposed permit authorization complies fully with the 404(b)(1)
regulations, but then finds that the project would be contrary to the public interest.33
Nothing in the Corps’ regulations define the “public interest” so narrowly as to be limited to a
single state or single District of the Corps,34 and nothing in the CWA regulations provide the
Corps with authority to target a particular public boundary (city, county, state, etc.) as limiting
where an applicant can consider practicable alternatives, including outside of the United States.
The fact that the Alaska District of the Corps only regulates discharges of dredged or fill material
within the State of Alaska does not, and should not, limit its application of NEPA and the CWA
in ways that would fail to consider areas outside of its limited geographic authority, insofar as 1)
meeting the goals of the CWA, or 2) how the public interest might be better served.
Here, the applicant is a Canadian firm, and the ore that it would extract from public lands at the
Pebble deposit would likely be sold to smelters in Asia. For the Corps to somehow conclude that
the public interest for achieving the basic and overall purposes of this proposed copper mining
project can only be met in Alaska makes no sense.
The Ninth Circuit has repeatedly counseled against improperly limiting the range of alternatives
considered under the 404(b)(1) Guidelines. Specifically, it warns that “an applicant cannot
define a project so as to preclude the existence of any alternative sites and thus make what is
practicable appear impracticable.”35 The court notes that in “evaluating whether a given
alternative site is practicable, the Corps may legitimately consider such facts as cost to the
applicant and logistics.”36 In addition, the Corps has a duty to consider the applicant’s purpose.
But “the applicant’s purpose must be ‘legitimate’”37

33

See Corps regulations at 33 CFR 323.6(a): “The district engineer will review applications for permits for the
discharge of dredged or fill material into waters of the United States in accordance with guidelines promulgated by
the Administrator, EPA, under authority of section 404(b)(1) of the CWA. (see 40 CFR Part 230.) Subject to
consideration of any economic impact on navigation and anchorage pursuant to section 404(b)(2), a permit will be
denied if the discharge that would be authorized by such a permit would not comply with the 404(b)(1) guidelines. If
the district engineer determines that the proposed discharge would comply with the 404(b)(1) guidelines, he will
grant the permit unless issuance would be contrary to the public interest.” (emphasis added)
34
See Corps regulations regarding its public interest review at 33 CFR 320.4(a)(1): “All factors which may be
relevant to the proposal must be considered including the cumulative effects thereof: among those are conservation,
economics, aesthetics, general environmental concerns, wetlands, historic properties, fish and wildlife values, flood
hazards, floodplain values, land use, navigation, shore erosion and accretion, recreation, water supply and
conservation, water quality, energy needs, safety, food and fiber production, mineral needs, considerations of
property ownership and, in general, the needs and welfare of the people.”
35
See Sylvester v. USACOE, 882 F.2d. 407, 409.
36
See Friends of the Earth v. Hintz, 800 F.2d 822, 833-834.
37
See Sylvester v. USACOE at p. 409 (citing Friends of the Earth v. Hintz at p. 833).
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The record in this case documents that the applicant’s purpose is to mine copper. Consistent
with the Ninth Circuit, the range of copper mining alternatives (both onsite and offsite) should be
evaluated based on costs and logistics. Here, however, the Corps has done what the Ninth
Circuit has specifically stated is impermissible. It has included criteria (i.e., 1. location in the
State of Alaska and 2. presence of commercially viable deposits of gold and molybdenum) that
“preclude the existence of any alternative sites and thus make what is practicable appear
impracticable.”38 Using the language of the Ninth Circuit, these elements of the project purpose
are not legitimate. The Corps’ definition of project purpose must be modified consistent with
relevant case law.
The Corps’ approach here conflicts own operating procedures. The Corps’ 2009 Operating
Procedures provide that “[t]he overall project purpose should be specific enough to define the
applicant’s needs, but not so restrictive as to constrain the range of alternatives that must be
considered under the 404(b)(1) Guidelines.”39
An additional factor that the Corps’ EIS contractor appears to have considered inappropriately
are the costs that the applicant has expended prior to applying for a permit. Whereas AECOM
correctly cites the President’s Council on Environmental Quality’s guidance regarding
alternatives,40 it improperly cites the expenses that PLP has expended to date as a rationale for
why other ore deposits may not be practicable alternatives.41
The CWA regulations have been in full force since 1986, and in evaluating alternatives under the
Guidelines, an applicant’s “sunk costs” cannot be added to the costs of developing a lessdamaging design or site. The project proponent assumes a certain risk in moving forward
financially for a project that requires, but has not received, 404 authorization. This risk cannot
be transferred to the costs of another site, nor can these “sunk costs” be used to justify a finding
that another site is not practicable on the basis of costs.42
Given that the applicant acquired the rights to the Pebble deposit in 2001 after a search that
began in the 1990’s, the costs that it has expended, despite the knowledge that its project would
discharge fill material into unprecedented acreages of special aquatic sites, are not relevant with
38

See Sylvester v. USACOE at p. 409
Department of the Army, Updated Standard Operating Procedures for the U.S. Army Corps of Engineers, July 1,
2009, p. 15.
40
In determining the scope of alternatives to be considered, the emphasis is on what is ‘reasonable’ rather than on
whether the proponent or applicant likes or is itself capable of carrying out a particular alternative. Reasonable
alternatives include those that are practical or feasible from the technical and economic standpoint and using
common sense, rather than simply desirable from the standpoint of the applicant. See: Council on Environmental
Quality, Executive Office of the President, Memorandum to Agencies: Forty Most Asked Questions Concerning
CEQ’s National Environmental Policy Act Regulations. 46 Fed. Reg. 18026 (March 23, 1981) As Amended (1986).
Cited in Bill Killam and Bill Craig of AECOM to Shane McCoy of the U.S. Army Corps of Engineers, Alaska
District (https://pebbleprojecteis.com/files/fb44bd22-9afc-4fc3-b4b8-3fb7d79df1c9), page 2.
41
“Since 2001 when PLP (then Northern Dynasty) acquired the rights to the Pebble property, over $850 million has
been spent (PLP 2018-RFI 070), including $150 million on environmental baseline studies.” See: Bill Killam and
Bill Craig of AECOM to Shane McCoy of the U.S. Army Corps of Engineers, Alaska District
(https://pebbleprojecteis.com/files/fb44bd22-9afc-4fc3-b4b8-3fb7d79df1c9), page 3.
42
See page 294 in Yocom, T.G., R.L. Leidy, and C. Morris. 1989. Wetlands protection through impact avoidance: a
discussion of the 404(b)(1) Alternatives Analysis. Wetlands. Volume 9, No. 2. Pages 283-296.
39
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regard to less damaging practicable alternatives that the applicant could have considered and
pursued. That the applicant delayed applying for a permit until 2018 should also not legitimize
the costs it has expended during that time as a rationale for dismissing otherwise practicable
alternatives. Nevertheless, it appears that these costs were improperly considered in dismissing
alternatives in the DEIS.43
Rather, the Corps should have required a showing from the applicant that it could not have
expended similar resources at a different copper porphyry deposit to delineate and develop a
viable copper mine. This should also include other areas around the Pebble deposit that the
applicant controls and has identified “high priority targets” (see figure below from a Northern
Dynasty Minerals presentation in September 2012).
Pebble Property Captures the World’s Most Extensive Mineral System



According to PLP in 2011: “Numerous compelling exploration targets exist within the 186
square mile Pebble property claim boundary. Immediately adjacent to the Pebble deposit and
east of the resource-bounding ZG1 fault is the high-grade intersection in drill hole 6348 (949
feet at 1.92% CuEq3)…Outside the Pebble deposit, two seasons of exploration drilling have
identified numerous zones of copper, gold, molybdenum and silver mineralization..... These
43

Regarding the Pyramid deposit, AECOM advised the Corps that: “It would be extremely expensive to conduct an
exploration and environmental baseline study program to match what has been done at Pebble (over $850 million to
date) and it is unknown at this time if such a program would identify adequate resources to plan mine development.
AECOM recommends dismissing Pyramid as a reasonable alternative under CEQ guidelines.” [See: Bill Killam
and Bill Craig of AECOM to Shane McCoy of the U.S. Army Corps of Engineers, Alaska District
(https://pebbleprojecteis.com/files/fb44bd22-9afc-4fc3-b4b8-3fb7d79df1c9), page 8]
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deposits and high-priority targets present near-term opportunities to expand and enhance known
mineral resources on the Pebble property.”44
Whereas these and other nearby deposits are described in a table in the DEIS (Table 4.1-1:
Potential Reasonably Foreseeable Future Actions Evaluated for Cumulative Effects), they are
only evaluated as potential future actions and not as potential alternatives to the proposed mine
project. Most are being dismissed as sources of potentially cumulative impacts because
“[r]esource delineation has not progressed sufficiently to forecast development with regard to
identifying measured or indicated resources; and a project is not subject to development
permitting or in a planning document.”45 The applicant should bear the burden of proof in
showing that such alternative deposits are not practicable alternatives had the applicant focused
its resources in developing them instead of the Pebble deposit.
Here, the Corps has essentially erased the applicant’s burden of proof, by limiting any in-depth
environmental assessments in the DEIS to the single ore body that the applicant is seeking to
exploit. Any ore deposits outside of the State of Alaska or any that were not found have the
same mineralization with regard to copper, gold, and particularly molybdenum were specifically
defined out of consideration by the Corps, as described in Appendix B of the DEIS.46
Ironically, had NDM not subsequently discovered recoverable quantities of molybdenum after
acquiring rights to the Pebble deposit, the Pebble mine project would be eliminated from
consideration as a practicable alternative in the DEIS under the Corps’ own flawed interpretation
of the regulations.
Conclusion
In so narrowly defining the project purposes, the Corps has created an artificial geographic limit
to the search for less damaging alternatives – a limit that is certainly not recognized by the
industry it is regulating. This inappropriate determination of basic and overall project purposes
removes the applicant’s burden of proof to clearly demonstrate that there are no less
environmentally damaging alternatives to practicably mine copper and associated minerals than
its proposal to destroy thousands of acres of wetland and aquatic areas in mining the Pebble
deposit. In other words, the Corps’ own determination of “overall project purpose” seems likely
to be self-directing towards a finding that a proposed copper mine with the greatest impacts to
wetland and aquatic areas ever proposed in the United States is nevertheless the Corps’ choice as
the LEDPA under the regulations.47
44

https://www.northerndynastyminerals.com/news/news-releases/2011/northern-dynasty-receives-positivepreliminary-assessment-technical-report-for-globally-significant-pebble-copper-gold-molybdenu/
45
See DEIS Table 4.1-1, pages 4.1-8 to 4.1-21. Alternative ore deposits include Pebble South, Big Chunk South,
and Big Chunk North, which have been under the applicant’s control for years, and may potentially be less
damaging alternatives, had the applicant focused efforts to delineate their resources, rather than the Pebble deposit.
46
DEIS Appendix B, pages B-6 and B-8.
47
See 40 CFR§230.10(a). No permit may be issued if there is a ‘less environmentally damaging practicable
alternative’ (the LEDPA) to achieve the basic project purpose. As written, DEIS would have the public believe that
the Pebble Project, likely the most-damaging alternative for the purpose of copper mining, is somehow the leastdamaging practicable alternative, simply because of how narrowly the Corps has chosen to define its overall
purpose.
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The Corps should:
1. Re-define the basic and overall project purposes of the Pebble Project in ways that are
consistent with the industry it is regulating, and that are consistent with Corps Standard
Operating Procedures and associated case law;
2. Prepare a revised DEIS that fully and fairly assesses alternatives to the proposed
project; and
3. Require that the applicant prepare an alternatives analysis pursuant to Section
404(b)(1) of the Clean Water Act that evaluates the copper porphyry deposits within and
outside of the state of Alaska that are or were available to the applicant where copper and
associated minerals could be mined practicably with less environmental harm than what
is being proposed at the Pebble deposit.
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6U[ 3ZBO .JTBQQMJDBUJPOPGBOFOWJSPONFOUBMUISFTIPME
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ϭ

DŝƐĂƉƉůŝĐĂƚŝŽŶŽĨĂŶĞŶǀŝƌŽŶŵĞŶƚĂůƚŚƌĞƐŚŽůĚŝŶĂŶĞĐŽƐǇƐƚĞŵǁŝƚŚĞǆĐĞƉƚŝŽŶĂůůǇƌŝĐŚĨŝƐŚĞƌŝĞƐ

Ϯ

ƌĞƐŽƵƌĐĞƐ

ϯ

ZǇĂŶD͘hƚǌ͕WŚ͘͘

ϰ

:ƵŶĞϭϵ͕ϮϬϭϵ













ϱ

&ĂůŬ^ĐŚŽŽůŽĨ^ƵƐƚĂŝŶĂďŝůŝƚǇ͕ŚĂƚŚĂŵhŶŝǀĞƌƐŝƚǇ͘ϲϬϯϱZŝĚŐĞZŽĂĚ͕'ŝďƐŽŶŝĂ͕WϭϱϬϰϰh^͘

ϲ

ƌƵƚǌΛĐŚĂƚŚĂŵ͘ĞĚƵ
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ϳ

/ĚĞŶƚŝĨǇŝŶŐƚŚƌĞƐŚŽůĚƐŽĨĞŶǀŝƌŽŶŵĞŶƚĂůĚĞŐƌĂĚĂƚŝŽŶƚŚĂƚƚƌŝŐŐĞƌŶŽŶůŝŶĞĂƌƉƌŽŐƌĞƐƐŝŽŶŽĨƵŶĚĞƐŝƌĞĚ

ϴ

ĞĐŽůŽŐŝĐĂůĐŽŶƐĞƋƵĞŶĐĞƐƌĞƉƌĞƐĞŶƚƐĂŵĂũŽƌŐŽĂůŝŶĐŽŶƚĞŵƉŽƌĂƌǇĂƉƉůŝĞĚĞĐŽůŽŐǇ͕ĞƐƉĞĐŝĂůůǇĨŽƌĂƋƵĂƚŝĐ

ϵ

ĞĐŽƐǇƐƚĞŵƐ͘dŚĞĞĐŽůŽŐŝĐĂůƚŚƌĞƐŚŽůĚĐŽŶĐĞƉƚƉŽƐŝƚƐƚŚĂƚůŝŶĞĂƌůǇŝŶĐƌĞĂƐŝŶŐĂŐƌĂĚŝĞŶƚŽĨĂŶ

ϭϬ

ĞŶǀŝƌŽŶŵĞŶƚĂůƐƚƌĞƐƐŽƌ͕ƐƵĐŚĂƐŚƵŵĂŶͲĐĞŶƚĞƌĞĚůĂŶĚƵƐĞĐŽǀĞƌŝŶĂǁĂƚĞƌƐŚĞĚŽƌƉĞƐƚŝĐŝĚĞ

ϭϭ

ĐŽŶĐĞŶƚƌĂƚŝŽŶŝŶƐƵƌĨĂĐĞǁĂƚĞƌƐ͕ŝŶĐƵƌƐŶĞŐůŝŐŝďůĞĐŽŶƐĞƋƵĞŶĐĞƐƵŶƚŝůĂĐƌŝƚŝĐĂůůĞǀĞůĂůŽŶŐƚŚĞŐƌĂĚŝĞŶƚŝƐ

ϭϮ

ĞǆĐĞĞĚĞĚƚŚĂƚŝŶĚƵĐĞƐĂĐĂƐĐĂĚĞŽĨĞĐŽůŽŐŝĐĂůĐŚĂŶŐĞ;'ƌŽĨĨŵĂŶĞƚĂů͘ϮϬϬϲ͕ŶĚĞƌƐĞŶĞƚĂů͘ϮϬϬϵͿ͘dŚĞ

ϭϯ

ĨƌĂŵĞǁŽƌŬŝƐĂƚƚƌĂĐƚŝǀĞĨŽƌĞŶǀŝƌŽŶŵĞŶƚĂůŵĂŶĂŐĞŵĞŶƚďĞĐĂƵƐĞŝĨƐƵĐŚƚŚƌĞƐŚŽůĚƐƚƌƵůǇĞǆŝƐƚƚŚĞǇĐĂŶ

ϭϰ

ďĞŝŶƚĞŐƌĂƚĞĚŝŶƚŽƌĞŐƵůĂƚŝŽŶƐƚŽƉĞƌŵŝƚĂĚĞŐƌĞĞŽĨĞŶǀŝƌŽŶŵĞŶƚĂůĚĞŐƌĂĚĂƚŝŽŶƚŚĂƚǁŝůůƚŚĞŽƌĞƚŝĐĂůůǇ

ϭϱ

ĐĂƵƐĞůŝƚƚůĞƚŽŶŽĞĐŽůŽŐŝĐĂůŚĂƌŵ͘EĞĂƌůǇƚŚƌĞĞĚĞĐĂĚĞƐŽĨƌĞƐĞĂƌĐŚŽŶĞĐŽůŽŐŝĐĂůƚŚƌĞƐŚŽůĚƐŚĂƐ

ϭϲ

ƌĞƐƵůƚĞĚŝŶŝŶƐƚĂŶĐĞƐŽĨƐƵĐĐĞƐƐǁŝƚŚŝŶƚĞŐƌĂƚŝŶŐƚŚƌĞƐŚŽůĚƐŝŶƚŽŵĂŶĂŐĞŵĞŶƚĚĞĐŝƐŝŽŶƐ;<ĞůůǇĞƚĂů͘

ϭϳ

ϮϬϭϱͿ͘tŝƚŚŽƵƚĞǆĐĞƉƚŝŽŶ͕ĞĐŽůŽŐŝĐĂůƚŚƌĞƐŚŽůĚƐƚŚĂƚŚĂǀĞďĞĞŶĂƉƉůŝĞĚŝŶŵĂŶĂŐĞŵĞŶƚƌĞĨůĞĐƚ

ϭϴ

ƐƵƐƚĂŝŶĞĚƐĐŝĞŶƚŝĨŝĐĞĨĨŽƌƚƐƵƐŝŶŐĂďƵŶĚĂŶƚĚĂƚĂƌĞƐŽƵƌĐĞƐĂŶĚŝŵƉůĞŵĞŶƚĂƚŝŽŶǁŝƚŚŝŶĞǆƉůŝĐŝƚůǇ

ϭϵ

ƉƌĞĚĞĨŝŶĞĚƐƉĂƚŝŽƚĞŵƉŽƌĂůƐĐĂůĞƐ;<ĞůůǇĞƚĂů͘ϮϬϭϱͿ͘,ŽǁĞǀĞƌ͕ĂƉƉůǇŝŶŐĂŶĞĐŽůŽŐŝĐĂůƚŚƌĞƐŚŽůĚŝŶĂŶĞǁ

ϮϬ

ŵĂŶĂŐĞŵĞŶƚƉůĂŶďĞǇŽŶĚŽƵƚƐŝĚĞƚŚĞƐĐŽƉĞĂŶĚĐŽŶĚŝƚŝŽŶƐŝŶǁŚŝĐŚŝƚƚŚĂƚƚŚƌĞƐŚŽůĚǁĂƐĚĞǀĞůŽƉĞĚ͕ĂƐ

Ϯϭ

ŝƐƚŚĞĐĂƐĞŝŶĂƐƐĞƐƐŝŶŐƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐŽĨƚŚĞƉƌŽƉŽƐĞĚWĞďďůĞŵŝŶŝŶŐƉƌŽũĞĐƚ;WDWͿ͕

ϮϮ

ƌĞƉƌĞƐĞŶƚƐĂƌŝƐŬƚŚĂƚŝƐŶŽƚĂŶĂƉƉƌŽƉƌŝĂƚĞƵƐĞŽĨƚŚĞƚŚƌĞƐŚŽůĚĂƉƉƌŽĂĐŚĂŶĚŵĂǇƌĞƐƵůƚŝŶƐƵďƐƚĂŶƚŝĂů

Ϯϯ

ƵŶĂŶƚŝĐŝƉĂƚĞĚĚĞŐƌĂĚĂƚŝŽŶ͘

Ϯϰ

/ĨĚĞǀĞůŽƉĞĚ͕ƚŚĞƉƌŽƉŽƐĞĚWDWŝŶƐŽƵƚŚǁĞƐƚĞƌŶůĂƐŬĂǁŽƵůĚƌĂŶŬĂŵŽŶŐƚŚĞůĂƌŐĞƐƚĐŽƉƉĞƌ͕

Ϯϱ

ŵŽůǇďĚĞŶƵŵĂŶĚŐŽůĚŵŝŶĞƐŐůŽďĂůůǇďƵƚǁŽƵůĚĂůƐŽůŝŬĞůǇƚŚƌĞĂƚĞŶŽŶĞŽĨƚŚĞŵŽƐƚƉƌŽĚƵĐƚŝǀĞƐĂůŵŽŶ

Ϯϲ

ĨŝƐŚĞƌŝĞƐƌĞŵĂŝŶŝŶŐŝŶƚŚĞhŶŝƚĞĚ^ƚĂƚĞƐ;WϮϬϭϰͿ͘dŚĞŵŝŶĞƌĂůƌĞƐŽƵƌĐĞͲƌŝĐŚWĞďďůĞĚĞƉŽƐŝƚůŝĞƐ

Ϯϳ

ďĞŶĞĂƚŚƚŚĞŚĞĂĚǁĂƚĞƌƐŽĨƚŚĞEƵƐŚĂŐĂŬZŝǀĞƌǁĂƚĞƌƐŚĞĚ͕ǁŚŝĐŚƚĞƌŵŝŶĂƚĞƐŝŶƌŝƐƚŽůĂǇ͘ZŝǀĞƌƐƚŚĂƚ

Ϯϴ

ĚƌĂŝŶƚŽƌŝƐƚŽůĂǇƐƵƉƉŽƌƚƚŚĞůĂƌŐĞƐƚĨŝƐŚĞƌǇĨŽƌ^ŽĐŬĞǇĞ^ĂůŵŽŶ;KŶĐŽƌŚǇŶĐŚƵƐŶĞƌŬĂͿŝŶƚŚĞǁŽƌůĚ

Ϯϵ

;^ĂůŽŵŽŶĞĞƚĂů͘ϮϬϬϲͿĂŶĚƐƵƉƉŽƌƚƌĞŐŝŽŶĂůůǇůĂƌŐĞƉŽƉƵůĂƚŝŽŶƐŽĨŚŝŶŽŽŬ;K͘ƚƐŚĂǁǇƚƐŚĂͿ͕ŚƵŵ;K͘

ϯϬ

ŬĞƚĂͿ͕WŝŶŬ;K͘ŐŽƌďƵƐĐŚĂͿ͕ĂŶĚŽŚŽ;K͘ŬŝƐƵƚĐŚͿƐĂůŵŽŶƉůƵƐŵĂŶǇƌĞĐƌĞĂƚŝŽŶĂůůǇŝŵƉŽƌƚĂŶƚŶŽŶͲ
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ϯϭ

ĂŶĂĚƌŽŵŽƵƐƐĂůŵŽŶŝĚĨŝƐŚĞƌŝĞƐ͕ƐƵĐŚĂƐŽůůǇsĂƌĚĞŶ;^ĂůǀĞůŝŶƵƐŵĂůŵĂͿ͘KǀĞƌŚĂůĨŽĨĂĐĞŶƚƵƌǇŽĨ

ϯϮ

ƐĐŝĞŶƚŝĨŝĐƌĞƐĞĂƌĐŚŽŶƐĂůŵŽŶŝĚƐƐƚƌŽŶŐůǇƐƵŐŐĞƐƚƐƚŚĂƚŵƵůƚŝƉůĞŚĞƚĞƌŽŐĞŶĞŽƵƐŝŵƉĂĐƚƐƚŽƌŝƐƚŽůĂǇ

ϯϯ

ĨŝƐŚĞƌǇƌĞƐŽƵƌĐĞƐǁŽƵůĚĞŶƐƵĞƐŚŽƵůĚƚŚĞWDWĐŽŵŵĞŶĐĞŽƉĞƌĂƚŝŽŶƐ͘<ŶŽǁŶŝŵƉĂĐƚƐŽĨŵĞƚĂůŵŝŶŝŶŐ

ϯϰ

ĂĐƚŝǀŝƚǇŽŶƐĂůŵŽŶŝĚƐŝŶĐůƵĚĞĞůĞǀĂƚĞĚĐŽŶĐĞŶƚƌĂƚŝŽŶƐŽĨƚŽǆŝĐĚŝƐƐŽůǀĞĚŵĞƚĂůƐ;^ĂƵŶĚĞƌƐĂŶĚ^ƉƌĂŐƵĞ

ϯϱ

ϭϵϲϳ͕KůƐǀŝŬĞƚĂů͘ϮϬϭϲͿ͕ĨŝŶĞƐĞĚŝŵĞŶƚĚĞƉŽƐŝƚŝŽŶŝŶƐƉĂǁŶŝŶŐƌĞĂĐŚĞƐ;^ŚĂƉůĞǇĂŶĚŝƐŚŽƉϭϵϲϱ͕

ϯϲ

ĨĨĂŶĚŝĂŶĚ/ƐŚĂŬϮϬϭϵͿ͕ĂŶĚŚĂďŝƚĂƚĨƌĂŐŵĞŶƚĂƚŝŽŶĞĨĨĞĐƚƐǁŚĞŶƌŽĂĚŽƌƉŝƉĞůŝŶĞĐŽŶƐƚƌƵĐƚŝŽŶƉƌŽŚŝďŝƚƐ

ϯϳ

ĂĐĐĞƐƐƚŽŬĞǇŚĂďŝƚĂƚ;ƵƌŶƐϭϵϳϮ͕dƌŽŵďƵůĂŬĂŶĚ&ƌŝƐƐĞůůϮϬϬϬͿ͘^ƵĐŚĞŶǀŝƌŽŶŵĞŶƚĂůƐƚƌĞƐƐŽƌƐŵĂǇĂůƐŽ

ϯϴ

ŝŶƚĞƌĂĐƚĂƚĐŽŵƉůĞǆƐƉĂƚŝŽƚĞŵƉŽƌĂůƐĐĂůĞƐƚŚĂƚĐŽƵůĚƉƌŽǀĞĚŝĨĨŝĐƵůƚƚŽƉƌĞĚŝĐƚ͘ĞƐƉŝƚĞƚŚĞƐĞĐŚĂůůĞŶŐĞƐ͕

ϯϵ

ĐŽŶƐŝĚĞƌĂƚŝŽŶƐƉĞƌƚĂŝŶŝŶŐƚŽŵŝƚŝŐĂƚŝŶŐǁĞƚůĂŶĚĂŶĚƐƚƌĞĂŵůŽƐƐŝŶƚŚĞWDWƌĂĨƚ/^ŚĂǀĞůĂƌŐĞůǇ

ϰϬ

ƌĞĨĞƌĞŶĐĞĚƚŚĞĚŝƐƉƵƚĞĚĞŶǀŝƌŽŶŵĞŶƚĂůƚŚƌĞƐŚŽůĚŽĨϭϬйǁĂƚĞƌƐŚĞĚŝŵƉĞƌǀŝŽƵƐĐŽǀĞƌ;/ͿĂƐĂŵĞƚƌŝĐƚŽ

ϰϭ

ƉƌŽũĞĐƚWDWŝŵƉĂĐƚƐ͘ƉƉůǇŝŶŐƚŚĞϭϬй/ƚŚƌĞƐŚŽůĚŝŶĂŶǇƐƵďƐƚĂŶƚŝǀĞĂŶĂůǇƐŝƐŽĨŝŵƉĂĐƚŵŝƚŝŐĂƚŝŽŶ

ϰϮ

ŝŶǀŝƚĞƐƐŝŐŶŝĨŝĐĂŶƚƌŝƐŬƐĚƵĞƚŽƚŚĞĨůĂǁĞĚŶĂƚƵƌĞŽĨƚŚŝƐŽĨƚĞŶͲĐŝƚĞĚĐŽŶĐĞƉƚ͘ŽŝŶŐƐŽĨŽƌƚŚĞWDW͕

ϰϯ

ǁŚĞƌĞƚŚĞĞĐŽƐǇƐƚĞŵƌĞƉƌĞƐĞŶƚƐĂǀĂƐƚůǇĚŝĨĨĞƌĞŶƚƐĞƚƚŝŶŐĨƌŽŵǁŚĞƌĞƚŚĞϭϬй/ƚŚƌĞƐŚŽůĚǁĂƐ

ϰϰ

ĚĞǀĞůŽƉĞĚĂŶĚǁŚĞƌĞůŝŬĞůǇĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐƐƉĂŶŵĂŶǇĚŝƐƉĂƌĂƚĞƐƚƌĞƐƐŽƌƐďĞǇŽŶĚŚǇĚƌŽůŽŐŝĐ

ϰϱ

ĂůƚĞƌĂƚŝŽŶ͕ŝƐĨůĂƚůǇŝŶĂƉƉƌŽƉƌŝĂƚĞ͘

ϰϲ

,ŝƐƚŽƌǇŽĨƚŚĞϭϬйǁĂƚĞƌƐŚĞĚ/^ƚŚƌĞƐŚŽůĚ

ϰϳ

ĚǀĂŶĐĞƐŝŶǁĂƚĞƌƐŚĞĚƐĐŝĞŶĐĞĚƵƌŝŶŐƚŚĞůĂƚƚĞƌŚĂůĨŽĨƚŚĞϮϬƚŚĐĞŶƚƵƌǇŝŶĐůƵĚĞĚŵĂŶǇĞĨĨŽƌƚƐƚŽ

ϰϴ

ƵŶĚĞƌƐƚĂŶĚŚŽǁƵƌďĂŶĞǆƉĂŶƐŝŽŶŝŵƉĂĐƚƐƐƚƌĞĂŵĞĐŽƐǇƐƚĞŵƐ͘ǁĞĂůƚŚŽĨƌĞƐĞĂƌĐŚŚŝŐŚůŝŐŚƚĞĚƚŚĞ

ϰϵ

ŝŵƉŽƌƚĂŶĐĞŽĨƐƵƌĨĂĐĞƐƚŚĂƚƉƌĞǀĞŶƚǁĂƚĞƌƚŽŝŶĨŝůƚƌĂƚĞƐŽŝů͕ƐƵĐŚĂƐƉĂǀĞŵĞŶƚ͕ƌŽŽĨƚŽƉƐ͕ĂŶĚĐŽŵƉĂĐƚĞĚ

ϱϬ

ůĂŶĚ͕ĂƐĂǀĞƌǇŝŵƉŽƌƚĂŶƚŵĞƚƌŝĐƚŽŐĂŐĞǁĂƚĞƌƐŚĞĚĚĞŐƌĂĚĂƚŝŽŶ;ƌŶŽůĚĂŶĚ'ŝďďŽŶƐϭϵϵϲ͕^ŚƵƐƚĞƌĞƚ

ϱϭ

Ăů͘ϮϬϬϱͿ͘/^ƚŚƵƐƐƚƌŽŶŐůǇŝŶĨůƵĞŶĐĞƐƚŚĞƌŽƵƚŝŶŐŽĨǁĂƚĞƌƚŽƐƚƌĞĂŵĐŚĂŶŶĞůƐĚƵƌŝŶŐƉƌĞĐŝƉŝƚĂƚŝŽŶ

ϱϮ

ĞǀĞŶƚƐ͕ƚŚĞƌĞďǇŝŵƉĂĐƚŝŶŐǁŚĂƚŝƐĐŽŶƐŝĚĞƌĞĚƚŚĞŵŽƐƚŝŵƉŽƌƚĂŶƚǀĂƌŝĂďůĞŝŶƐƚƌĞĂŵĞĐŽƐǇƐƚĞŵƐ͗Ă

ϱϯ

ŶĂƚƵƌĂůůǇĨƵŶĐƚŝŽŶŝŶŐŚǇĚƌŽůŽŐŝĐƌĞŐŝŵĞ;WŽĨĨĞƚĂů͘ϭϵϵϳͿ͕ŽƌƚŚĞĐŚĂƌĂĐƚĞƌŝƐƚŝĐƚĞŵƉŽƌĂůƉĂƚƚĞƌŶƐŝŶ

ϱϰ

ĚŝƐĐŚĂƌŐĞŽǀĞƌŵƵůƚŝƉůĞƚĞŵƉŽƌĂůƐĐĂůĞƐ͘'ƌĞĂƚĞƌ/^ŝŶĐƌĞĂƐĞƐƚŚĞĨƌĞƋƵĞŶĐǇĂŶĚŵĂŐŶŝƚƵĚĞ͕ďƵƚ
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ϱϱ

ƐŚŽƌƚĞŶƐƚŚĞĚƵƌĂƚŝŽŶ͕ŽĨĨůŽŽĚĞǀĞŶƚƐ;<ŽŶƌĂĚĂŶĚŽŽƚŚϮϬϬϱ͕:ĂĐŽďƐŽŶĞƚĂů͘ϮϬϭϭͿ͘^ƵĐŚŚǇĚƌŽůŽŐŝĐ

ϱϲ

ĐŚĂŶŐĞƐƚǇƉŝĐĂůůǇƌĞƐŚĂƉĞƐƚƌĞĂŵĐŚĂŶŶĞůƐďǇĐŚĂŶŶĞůǁŝĚĞŶŝŶŐĂŶĚͬŽƌŝŶĐŝƐŝŽŶ;,ĂŵŵĞƌϭϵϳϮͿĂŶĚƚŚĞ

ϱϳ

ĞǀŽůƵƚŝŽŶŽĨĂĐŽĂƌƐĞƐĞĚŝŵĞŶƚůĂǇĞƌĂƚƚŚĞďĞŶƚŚŝĐǌŽŶĞƐƵƌĨĂĐĞŬŶŽǁŶĂƐĂƌŵŽƌŝŶŐ;<ŽŶƌĂĚĞƚĂů͘

ϱϴ

ϮϬϬϱͿ͕ƚŚĞƌĞďǇŐƌĞĂƚůǇĂĨĨĞĐƚŝŶŐŚĂďŝƚĂƚĨŽƌĂƋƵĂƚŝĐŽƌŐĂŶŝƐŵƐ͘WƵůƐĞƐŽĨĐŚĞŵŝĐĂůƐŽƌǁĂƚĞƌǁŝƚŚ

ϱϵ

ĂďŶŽƌŵĂůůǇŚŝŐŚƚĞŵƉĞƌĂƚƵƌĞƐĂůƐŽƚǇƉŝĐĂůůǇĞŶƐƵĞĚƵƌŝŶŐƉƌĞĐŝƉŝƚĂƚŝŽŶĞǀĞŶƚƐŝŶǁĂƚĞƌƐŚĞĚƐǁŝƚŚ/^͕ĂƐ

ϲϬ

ǁĂƚĞƌƚƌĂǀĞůŝŶŐŽǀĞƌƉĂǀĞŵĞŶƚĐŽůůĞĐƚƐƉŽůůƵƚĂŶƚƐĂŶĚĐĂŶďĞĐŽŵĞƚŚĞƌŵĂůůǇĞůĞǀĂƚĞĚ;EĞůƐŽŶĂŶĚ

ϲϭ

WĂůŵĞƌϮϬϬϳ͕,ĞƌďĞƚĂů͘ϮϬϬϴͿ͘ŽůůĞĐƚŝǀĞůǇ͕ƐƵĐŚŚĞƚĞƌŽŐĞŶĞŽƵƐŝŵƉĂĐƚƐŬŶŽǁŶĂƐƚŚĞhƌďĂŶ^ƚƌĞĂŵ

ϲϮ

^ǇŶĚƌŽŵĞ;tĂůƐŚĞƚĂů͘ϮϬϬϱͿƐƵďƐƚĂŶƚŝĂůůǇĂůƚĞƌĂůůĂƐƉĞĐƚƐŽĨůŽƚŝĐĞĐŽƐǇƐƚĞŵƐ͕ǁŝƚŚŵƵůƚŝƉůĞ

ϲϯ

ĐŽŶƐĞƋƵĞŶĐĞƐƚŽĂƋƵĂƚŝĐďŝŽƚĂ͘

ϲϰ

dŚĞƐĞǀĞƌŝƚǇŽĨĞĐŽůŽŐŝĐĂůĐŚĂŶŐĞƐŝŶĚƵĐĞĚďǇ/^ƉƌŽŵƉƚĞĚƌĞƐĞĂƌĐŚƐĞĞŬŝŶŐĂƚŚƌĞƐŚŽůĚƚŚĂƚ

ϲϱ

ǁĂƚĞƌƐŚĞĚƐĐĂŶĂĐĐŽŵŵŽĚĂƚĞǁŚŝůĞƐƵƐƚĂŝŶŝŶŐŵŝŶŝŵĂůĞĐŽůŽŐŝĐĂůŝŵƉĂĐƚ͘^ƵĐŚĂŐŽĂů͕ŚŽǁĞǀĞƌ͕ŝƐ

ϲϲ

ŝŶŚĞƌĞŶƚůǇƵŶƌĞĂƐŽŶĂďůĞŐŝǀĞŶƚŚĞĐŽŵƉůĞǆŝƚǇŽĨƚŚĞƐǇƐƚĞŵƐŝŶǀŽůǀĞĚ͘ZĞǀŝĞǁƐŽĨǁŽƌŬŝŶǀĞƐƚŝŐĂƚŝŶŐƚŚĞ

ϲϳ

ĞĨĨĞĐƚƐŽĨ/^ŽŶďŝŽƚŝĐ͕ĐŚĞŵŝĐĂů͕ĂŶĚŐĞŽŵŽƌƉŚŝĐŝŵƉĂĐƚƐƚŽƐƚƌĞĂŵƐŚŝŐŚůŝŐŚƚĞĚƚŚĞƚĞŶĚĞŶĐǇƚŽ

ϲϴ

ĚĞĐůĂƌĞϭϬͲϭϱйǁĂƚĞƌƐŚĞĚ/^ĂƐĂĐƌŝƚĞƌŝŽŶĨŽƌĚĞĨŝŶŝŶŐŵŝŶŝŵĂůŝŵƉĂĐƚ;sŝĞƚǌĞƚĂů͘ϮϬϭϰ͕^ĐŚƵĞůĞƌĞƚĂů͘

ϲϵ

ϮϬϬϵͿ͘ĞƐƉŝƚĞƐƚƌŽŶŐǁŽƌĚƐŽĨĐĂƵƚŝŽŶĂŐĂŝŶƐƚĂƉƉůǇŝŶŐƐƵĐŚĂƚŚƌĞƐŚŽůĚďǇƚŚĞƐĞƌĞǀŝĞǁƐ͕ϭϬй/^ŚĂƐ

ϳϬ

ďĞĐŽŵĞƚŚĞĚĞĨĂĐƚŽŵĞƚƌŝĐƚŽĚĞĨŝŶĞŵŝŶŝŵĂůŝŵƉĂĐƚĂŶĚŝƐŶŽǁŵĞŶƚŝŽŶĞĚŝŶŵĂŶǇǁĂƚĞƌƐŚĞĚ

ϳϭ

ŵĂŶĂŐĞŵĞŶƚƉůĂŶƐ;ĨŽƌĞǆĂŵƉůĞƐ͕ƐĞĞŚĂŐƌŝŶZŝǀĞƌtĂƚĞƌƐŚĞĚWĂƌƚŶĞƌƐϮϬϭϳ͕dĞƚƌĂdĞĐŚϮϬϬϴ͕

ϳϮ

ĞůĂǁĂƌĞ^ĞĂ'ƌĂŶƚϮϬϬϱͿ͘ŽŶƚƌĂƌǇƚŽƐƵĐŚĂƐƐĞƌƚŝŽŶƐ͕ĂǁĞĂůƚŚŽĨǁŽƌŬŚĂƐŝĚĞŶƚŝĨŝĞĚƐƵďƐƚĂŶƚŝĂů

ϳϯ

ďŝŽĚŝǀĞƌƐŝƚǇůŽƐƐ;<ŝŶŐĞƚĂů͘ϮϬϭϭͿ͕ŐĞŽŵŽƌƉŚŝĐŝŵƉĂĐƚ;sŝĞƚǌĞƚĂů͘ϮϬϭϰͿ͕ĂŶĚƐƵƌĨĂĐĞǁĂƚĞƌĐŚĞŵŝƐƚƌǇ

ϳϰ

ĐŚĂŶŐĞƐ;EĂŐǇĞƚĂů͘ϮϬϭϭͿĚƌŝǀĞŶďǇ/^ĂƚĨĂƌůŽǁĞƌůĞǀĞůƐƚŚĂŶϭϬй͘DĂŶǇĨĂĐƚŽƌƐĐŽŵƉůŝĐĂƚĞƚŚĞ

ϳϱ

ƌĞůĂƚŝŽŶƐŚŝƉďĞƚǁĞĞŶ/^ĂŶĚĞĐŽůŽŐŝĐĂůĐŽŶĚŝƚŝŽŶ͘dŚĞƐƉĂƚŝĂůĐŽŶĨŝŐƵƌĂƚŝŽŶŽĨ/^ǁŝƚŚŝŶĂǁĂƚĞƌƐŚĞĚ

ϳϲ

ŝŶĨůƵĞŶĐĞƐŝŵƉĂĐƚŵĂŐŶŝƚƵĚĞ͕ĂƐĚŝƌĞĐƚƉŚǇƐŝĐĂůĐŽŶŶĞĐƚŝŽŶƐƚŽƐƚƌĞĂŵĐŚĂŶŶĞůƐĚŝƐƉƌŽƉŽƌƚŝŽŶĂƚĞůǇ

ϳϳ

ĞůĞǀĂƚĞŚǇĚƌŽůŽŐŝĐĐŽŶŶĞĐƚŝǀŝƚǇ;ZŽǇĂŶĚ^ŚƵƐƚĞƌϮϬϬϵ͕tĂůƐŚĞƚĂů͘ϮϬϭϲ͕ĂƌƵĐŚĞƚĂů͘ϮϬϭϴͿ͘^ƚƌƵĐƚƵƌĞƐ

ϳϴ

ƚŽŵŝƚŝŐĂƚĞƚŚĞĞĨĨĞĐƚƐŽĨ/^͕ƐƵĐŚĂƐƐƚŽƌŵĨůŽǁƌĞƚĞŶƚŝŽŶƐƚƌƵĐƚƵƌĞƐ͕ĐĂŶƐŝŐŶŝĨŝĐĂŶƚůǇŝŶĨůƵĞŶĐĞƚŚĞ
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ϳϵ

ŵĂŐŶŝƚƵĚĞŽĨŝŵƉĂĐƚ;tĂůƐŚĞƚĂů͘ϮϬϭϲͿĂŶĚ͕ďǇĞǆƚĞŶƐŝŽŶ͕ĂŶǇƚŚƌĞƐŚŽůĚĂƐƐŽĐŝĂƚĞĚǁŝƚŚǁĂƚĞƌƐŚĞĚ

ϴϬ

/^͘dŚĞĂŐĞŽĨƵƌďĂŶĚĞǀĞůŽƉŵĞŶƚĐĂŶĂůƐŽĂĨĨĞĐƚŐĞŽŵŽƌƉŚŝĐƌĞƐƉŽŶƐĞƐƚŽ/^ďĞĐĂƵƐĞĐŚĂŶŶĞůƐĂĚũƵƐƚ

ϴϭ

ƚŽŵŽĚŝĨŝĞĚĨůŽǁƌĞŐŝŵĞƐŽǀĞƌĚĞĐĂĚĂůƐĐĂůĞƐ;:ŽŚŶƐŽŶĂŶĚZŽǇĂůϮϬϭϵͿ͘ǀĞŶƌĞŵŽƚĞƐĞŶƐŝŶŐ

ϴϮ

ŵĞƚŚŽĚŽůŽŐǇĐĂŶŝŶƚƌŽĚƵĐĞƵŶĐĞƌƚĂŝŶƚǇ͕ĂƐĂƉƉƌŽĂĐŚĞƐƚŽƋƵĂŶƚŝĨǇŝŶŐ/^ĐĂŶƌĞƐƵůƚŝŶǀĂƌŝĂďůĞ

ϴϯ

ĞƐƚŝŵĂƚĞƐ;ĞŝŐŚůĞǇϮϬϬϵ͕tĞŶŐϮϬϭϮͿ͘&ŝŶĂůůǇ͕ƚŚĞůĂŶĚƵƐĞŚŝƐƚŽƌǇŽĨĂǁĂƚĞƌƐŚĞĚĐĂŶŵŽĚƵůĂƚĞŚŽǁ

ϴϰ

ƐƚƌĞĂŵĞĐŽƐǇƐƚĞŵƐƌĞƐƉŽŶĚƚŽ/^͘ůĞŐĂĐǇŽĨĂŐƌŝĐƵůƚƵƌĂůƉƌŽĚƵĐƚŝŽŶ͕ǁŚŝĐŚŝƐĐŽŵŵŽŶŝŶŵĂŶǇ

ϴϱ

ƌĞŐŝŽŶƐǁŚĞƌĞƵƌďĂŶƐƚƌĞĂŵĞĐŽůŽŐǇŚĂƐďĞĞŶŵŽƐƚŝŶƚĞŶƐŝǀĞůǇƐƚƵĚŝĞĚ͕ĚŝƐƚŽƌƚƐƚŚĞƐĞǀĞƌŝƚǇŽĨŝŵƉĂĐƚ

ϴϲ

ĚƌŝǀĞŶďǇ/^;,ĂƌĚŝŶŐĞƚĂů͘ϭϵϵϴ͕^ƵƌĂƐŝŶŐŚĞĂŶĚĂůĚǁŝŶϮϬϭϰͿ͘

ϴϳ

,ŽǁƐƚƌĞĂŵĞĐŽƐǇƐƚĞŵƐƌĞƐƉŽŶĚƚŽ/^ŚĂƐĂůƐŽƉƌŽǀĞŶƚŽďĞƌĞŐŝŽŶĂůůǇǀĂƌŝĂďůĞ͕ƚŚĞƌĞďǇĐŽŵƉůŝĐĂƚŝŶŐ

ϴϴ

ƚŚĞĂƉƉůŝĐĂƚŝŽŶŽĨĂƉƉĂƌĞŶƚƚŚƌĞƐŚŽůĚƐ͘,ǇĚƌŽůŽŐŝĐƌĞŐŝŵĞƐǀĂƌǇƐƵďƐƚĂŶƚŝĂůůǇĚƵĞƚŽƌĞŐŝŽŶĂůĚŝĨĨĞƌĞŶĐĞƐ

ϴϵ

ŝŶŐĞŽůŽŐŝĐ͕ƚŽƉŽŐƌĂƉŚŝĐ͕ĂŶĚĐůŝŵĂƚŝĐĂƚƚƌŝďƵƚĞƐ;WŽĨĨĞƚĂů͘ϭϵϵϳͿĂŶĚƐƵĐŚŚĞƚĞƌŽŐĞŶĞŝƚǇĐĂŶŵĞĂŶƚŚĂƚ

ϵϬ

ǁĂƚĞƌƐŚĞĚƐǁŝƚŚŝĚĞŶƚŝĐĂůĚĞŐƌĞĞƐŽĨ/^ŝŶĚŝĨĨĞƌĞŶƚƌĞŐŝŽŶƐŵĂǇĐŚĂŶŐĞƚŽǀĂƌǇŝŶŐĚĞŐƌĞĞƐ;hƚǌĞƚĂů͘

ϵϭ

ϮϬϭϭ͕hƚǌĞƚĂů͘ϮϬϭϲͿ͘&ŽƌĞǆĂŵƉůĞ͕ŚǇĚƌŽůŽŐŝĐĐŚĂŶŐĞƐĐĂƵƐĞĚďǇ/^ŝŶǁĂƚĞƌƐŚĞĚƐůŽĐĂƚĞĚŝŶƉŽƐƚͲ

ϵϮ

ŐůĂĐŝĂůůĂŶĚƐĐĂƉĞƐŵĂǇďĞŵŝƚŝŐĂƚĞĚďǇĂŚŝŐŚĐĂƉĂĐŝƚǇĨŽƌĂďƐŽƌďŝŶŐŽǀĞƌůĂŶĚĨůŽǁǁĂƚĞƌďǇƐĞĚŝŵĞŶƚƐ

ϵϯ

ĚƵƌŝŶŐƉƌĞĐŝƉŝƚĂƚŝŽŶ;,ŽƉŬŝŶƐĞƚĂů͘ϮϬϭϱͿ͘WŽƐƐŝďůǇĂƐĂĐŽŶƐĞƋƵĞŶĐĞŽĨŝŶƚĞƌƌĞŐŝŽŶĂůǀĂƌŝĂďŝůŝƚǇŝŶ

ϵϰ

ŚǇĚƌŽůŽŐŝĐŝŵƉĂĐƚ͕ĨŝƐŚĂŶĚŵĂĐƌŽŝŶǀĞƌƚĞďƌĂƚĞƚĂǆĂŵĂǇǀĂƌǇŝŶƐĞŶƐŝƚŝǀŝƚǇƚŽǁĂƚĞƌƐŚĞĚ/^͕ĞǀĞŶĨŽƌƚŚĞ

ϵϱ

ƐĂŵĞƚĂǆĂĨŽƵŶĚŝŶĐŽŶƚŝŐƵŽƵƐĞĐŽƌĞŐŝŽŶƐ;hƚǌĞƚĂů͘ϮϬϬϵ͕hƚǌĞƚĂů͘ϮϬϭϬͿ͘ĚĚŝƚŝŽŶĂůůǇ͕ƐŽŵĞƚĂǆĂŽĨ

ϵϲ

ĂƋƵĂƚŝĐďŝŽƚĂŵĂǇďĞƉĂƌƚŝĐƵůĂƌůǇǁĞůůͲĂĚĂƉƚĞĚĨŽƌĨůŽǁƌĞŐŝŵĞƐŵŽĚŝĨŝĞĚďǇƵƌďĂŶŝǌĂƚŝŽŶ͘^ŽŵĞĨŝƐŚĂŶĚ

ϵϳ

ƐŚƌŝŵƉƚĂǆĂŝŶĂƌŝďďĞĂŶŝƐůĂŶĚĨƌĞƐŚǁĂƚĞƌƐƚƌĞĂŵƐĂƌĞĚŝĂĚƌŽŵŽƵƐĂŶĚĞǀŽůǀĞĚŝŶĐůŝŵĞƐǁŝƚŚƌĞŐƵůĂƌůǇ

ϵϴ

ŽĐĐƵƌƌŝŶŐƚƌŽƉŝĐĂůƐƚŽƌŵƐ͕ǁŚŝĐŚŵĂǇĂůůŽǁƚŚĞŵƚŽĞĨĨĞĐƚŝǀĞůǇƌĞĐŽůŽŶŝǌĞƵƌďĂŶƐƚƌĞĂŵƐǁŝƚŚŵŽĚŝĨŝĞĚ

ϵϵ

ĨůŽŽĚƌĞĐƵƌƌĞŶĐĞŝŶƚĞƌǀĂůƐ;ZĂŵşƌĞǌĞƚĂů͘ϮϬϬϵͿ͘ŽŶƐĞƋƵĞŶƚůǇ͕ĂĐĐƵƌĂƚĞůǇƉƌĞĚŝĐƚŝŶŐƚŚĞŝŵƉĂĐƚŽĨŶĞǁ

ϭϬϬ

/^ǁŝƚŚŝŶĂǁĂƚĞƌƐŚĞĚƌĞƋƵŝƌĞƐĂďƵŶĚĂŶƚĂƉƌŝŽƌŝŬŶŽǁůĞĚŐĞ͕ŝŶĐůƵĚŝŶŐĂŶĂĚĞƋƵĂƚĞƵŶĚĞƌƐƚĂŶĚŝŶŐŽĨ

ϭϬϭ

ƚŚĞƉŚǇƐŝŽŐƌĂƉŚŝĐƐĞƚƚŝŶŐ͕ĂĚĂƉƚŝǀĞĐĂƉĂĐŝƚǇŽĨďŝŽƚĂŝŶƌĞĐĞŝǀŝŶŐƐƚƌĞĂŵƐ͕ŝŶĨŽƌŵĂƚŝŽŶƉĞƌƚĂŝŶŝŶŐƚŽƚŚĞ

ϭϬϮ

ƐƉĂƚŝĂůĐŽŶĨŝŐƵƌĂƚŝŽŶŽĨ/^ĂŶĚĞĨĨŝĐĂĐǇŽĨĨůŽǁͲŵŝƚŝŐĂƚŝŶŐƐƚƌƵĐƚƵƌĞƐ͕ĂŶĚĞǀĞŶƚŚĞůĂŶĚƵƐĞŚŝƐƚŽƌǇŽĨ
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ϭϬϯ

ƚŚĞǁĂƚĞƌƐŚĞĚ͘/ŶůŝŐŚƚŽĨƐƵĐŚĐŽŵƉůĞǆŝƚǇ͕ƚŚĞĂƐƐƵŵƉƚŝŽŶƚŚĂƚĞĐŽůŽŐŝĐĂůĐŚĂŶŐĞƐǁŽƵůĚŶŽƚďĞ

ϭϬϰ

ĞǆƉĞĐƚĞĚƵŶƚŝůǁĂƚĞƌƐŚĞĚ/^ƌĞĂĐŚĞƐϭϬйŐƌĞĂƚůǇŽǀĞƌƐŝŵƉůŝĨŝĞƐƚŚĞĐŚĂůůĞŶŐĞĂŶĚŝŵƉůĞŵĞŶƚŝŶŐƐƵĐŚĂ

ϭϬϱ

ĐŽŶĐĞƉƚĐŽƵůĚŝŶǀŝƚĞƚŚĞƐƵďƐƚĂŶƚŝĂůůŽƐƐŽĨĞĐŽƐǇƐƚĞŵĨƵŶĐƚŝŽŶ͘ǀĞŶŝŶƚŚĞĐŽŶƚĞǆƚǁŚĞƌĞƚŚĞƚŚƌĞƐŚŽůĚ

ϭϬϲ

ĂƉƉƌŽĂĐŚŝƐŵŽƐƚĐŽŵŵŽŶůǇĂƉƉůŝĞĚ͕ƐƚƵĚŝĞƐŝŶǀĞƐƚŝŐĂƚŝŶŐ/^ŝŵƉĂĐƚƐŚĂǀĞŚŝŐŚůŝŐŚƚĞĚƚŚĞĚĞĨŝĐŝĞŶĐŝĞƐ

ϭϬϳ

ŝŶƚŚĞĂƉƉƌŽĂĐŚĂŶĚƚŚĞƐŝŐŶŝĨŝĐĂŶƚƉŽƚĞŶƚŝĂůĨŽƌƵŶĚĞƌĞƐƚŝŵĂƚŝŶŐŝŵƉĂĐƚƐ͘

ϭϬϴ

/^ƚŚƌĞƐŚŽůĚƐĂŶĚƚŚĞWDW

ϭϬϵ

ƉƉůǇŝŶŐƚŚƌĞƐŚŽůĚďĂƐĞĚ/^ŵĞƚƌŝĐƐƚŽǁĂƌĚƐŝŵƉĂĐƚĂƐƐĞƐƐŵĞŶƚƐĨŽƌƚŚĞWDWƉƌŽũĞĐƚǁŽƵůĚůŝŬĞůǇ

ϭϭϬ

ƉƌŽǀĞƉƌŽďůĞŵĂƚŝĐĨŽƌƌĞĂƐŽŶƐďĞǇŽŶĚƚŚŽƐĞĚŝƐĐƵƐƐĞĚĂďŽǀĞ͘dŚĞWDWƉƌŽũĞĐƚǁŽƵůĚĂĨĨĞĐƚĂďŽƌĞĂů

ϭϭϭ

ĨŽƌĞƐƚĞĐŽƐǇƐƚĞŵǁŝƚŚŶŽƉƌŝŽƌŚŝƐƚŽƌǇŽĨŵĂũŽƌĂŶƚŚƌŽƉŽŐĞŶŝĐĞĐŽůŽŐŝĐĂůĚƌŝǀĞƌƐ͘/ŶĐŽŶƚƌĂƐƚ͕ŵŽƐƚ

ϭϭϮ

ƌĞƐĞĂƌĐŚƉĞƌƚĂŝŶŝŶŐƚŽƚŚĞĞĨĨĞĐƚƐŽĨ/^ŽŶƐƚƌĞĂŵĞĐŽƐǇƐƚĞŵƐǁĂƐĐŽŶĚƵĐƚĞĚŝŶƚĞŵƉĞƌĂƚĞĞĐŽƐǇƐƚĞŵƐ

ϭϭϯ

ǁŝƚŚůĞŐĂĐŝĞƐŽĨŚĞƚĞƌŽŐĞŶĞŽƵƐĞŶǀŝƌŽŶŵĞŶƚĂůĚŝƐƚƵƌďĂŶĐĞ;,ĂůĞĞƚĂů͘ϮϬϭϲͿ͘ŽŶƐĞƋƵĞŶƚůǇ͕ĂŶĂůŽŐƐŽĨ

ϭϭϰ

ŵĂŶǇŝŵƉŽƌƚĂŶƚĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐƉƌŽǀŝĚĞĚďǇƌŝƐƚŽůĂǇƌŝǀĞƌƐƚŚĂƚĐƵƌƌĞŶƚůǇĞǆŝƐƚŝŶĂƵŶŝƋƵĞůǇ

ϭϭϱ

ŝŶƚĂĐƚƐƚĂƚĞ͕ƉĂƌƚŝĐƵůĂƌůǇƚŚĞƐĂůŵŽŶĨŝƐŚĞƌŝĞƐ͕ŵĂǇŶŽƚĞǀĞŶĞǆŝƐƚŝŶŵŽƐƚǁĂƚĞƌƐŚĞĚƐĐŝĞŶĐĞĐŽŶĐĞƌŶŝŶŐ

ϭϭϲ

/^͘tŚĞƌĞƌĞůĂƚŝǀĞůǇƉƌŝƐƚŝŶĞĞĐŽƐǇƐƚĞŵƐŚĂǀĞďĞĞŶƐƚƵĚŝĞĚ͕ĨŝŶĚŝŶŐƐŽĨƚĞŶƐƵŐŐĞƐƚƚŚĂƚůŽǁůĞǀĞůƐŽĨ

ϭϭϳ

ĞŶǀŝƌŽŶŵĞŶƚĂůƐƚƌĞƐƐĐĂŶƌĞƐƵůƚŝŶŝƌƌĞǀĞƌƐŝďůĞƌĞƐŽƵƌĐĞůŽƐƐ;^ƚĂŶĨŽƌĚĞƚĂů͘ϮϬϭϵͿ͘ĂƐŝĐĞƐƚŝŵĂƚĞƐŽĨ

ϭϭϴ

ƚŽƚĂůǁĂƚĞƌƐŚĞĚ/^ŵĂǇĨĂŝůƚŽĐĂƉƚƵƌĞƚŚĞƚƌƵĞĞĨĨĞĐƚƐŽŶƐƚƌĞĂŵĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐďĞĐĂƵƐĞƚŚĞ

ϭϭϵ

ƐƉĂƚŝĂůĐŽŶĨŝŐƵƌĂƚŝŽŶĂŶĚĚĞŐƌĞĞŽĨĐŽŶŶĞĐƚŝǀŝƚǇŽĨ/^ǁŝƚŚƐƚƌĞĂŵĐŚĂŶŶĞůƐǁŝůůůŝŬĞůǇƉƌŽǀĞǀĞƌǇ

ϭϮϬ

ŝŵƉŽƌƚĂŶƚ;tĂůƐŚĞƚĂů͘ϮϬϭϲͿ͕ƉĂƌƚŝĐƵůĂƌůǇŝĨƌŽĂĚƐŝŶĐůƵĚĞƐƚƌƵĐƚƵƌĞƐƚŚĂƚĚŝƐƌƵƉƚƐĂůŵŽŶŵŝŐƌĂƚŝŽŶŝŶ

ϭϮϭ

ŶĂƚĂůƐƚƌĞĂŵƐ͘dŚĞƵŶƉĂǀĞĚƌŽĂĚƐďƵŝůƚƚŽƐĞƌǀŝĐĞƚŚĞWDWĐŽƵůĚƌĞƐƵůƚŝŶĨŝŶĞƐĞĚŝŵĞŶƚĂĐĐƵŵƵůĂƚŝŽŶŝŶ

ϭϮϮ

ŶĞĂƌďǇƐƚƌĞĂŵƐƚŚĂƚĐŽƵůĚƉŽƚĞŶƚŝĂůůǇĚŝƐƌƵƉƚŝŶĐƵďĂƚŝŶŐƐĂůŵŽŶĞŵďƌǇŽƐ;dƌŽŵďƵůĂŬĂŶĚ&ƌŝƐƐĞůůϮϬϬϬ͕

ϭϮϯ

ĚǁĂƌĚƐĞƚĂů͘ϮϬϭϲ͕<ƌĂǀŝƚǌĂŶĚůĂŝƌϮϬϭϵͿ͘

ϭϮϰ

DŽƌĞŝŵƉŽƌƚĂŶƚůǇ͕ƉĞƌĐĞŶƚ/^ƌĞƉƌĞƐĞŶƚƐŽŶůǇĂƐŵĂůůƉŽƌƚŝŽŶŽĨƚŚĞƚŽƚĂůĚƌŝǀĞƌƐŽĨƉŽƚĞŶƚŝĂů

ϭϮϱ

ĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐĨƌŽŵƚŚĞWDW͕ĂŶĚƚŚĞƌĞĨŽƌĞĂƚŚƌĞƐŚŽůĚĂƉƉƌŽĂĐŚůŝĨƚĞĚĨƌŽŵƚŚĞ/^ĐŽŶƚĞǆƚŝƐ
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ϭϮϲ

ǁŚŽůůǇŝŶĂƉƉƌŽƉƌŝĂƚĞ͘ĞǀĞůŽƉŵĞŶƚŽĨƚŚĞWDWǁŽƵůĚůŝŬĞůǇŝŶǀŽůǀĞĞŶǀŝƌŽŶŵĞŶƚĂůƌŝƐŬƐƚŚĂƚǁŽƵůĚ

ϭϮϳ

ƉƌŽǀĞĨĂƌŵŽƌĞĐŽŶƐĞƋƵĞŶƚŝĂůƚŚĂŶĂŶǇŚǇĚƌŽůŽŐŝĐŽƌƐĞĚŝŵĞŶƚƌĞŐŝŵĞĐŚĂŶŐĞƐŝŶĚƵĐĞĚďǇ/^͘/Ĩ

ϭϮϴ

ŝŵƉůĞŵĞŶƚĞĚ͕ƚŚĞWDWǁŽƵůĚŝŶƚƌŽĚƵĐĞŵǇƌŝĂĚŝŵƉĂĐƚƐĂŶĚŝŵƉĂĐƚƌŝƐŬƐƚŽǁĂƚĞƌƐŚĞĚƐŽĨƚŚĞƌŝƐƚŽů

ϭϮϵ

ĂǇ͕ŝŶĐůƵĚŝŶŐ;ďƵƚŶŽƚůŝŵŝƚĞĚƚŽͿƚŚĞĞůŝŵŝŶĂƚŝŽŶ͕ďůŽĐŬŝŶŐ͕ŽƌĚĞǁĂƚĞƌŝŶŐŽĨŚƵŶĚƌĞĚƐŽĨƐƚƌĞĂŵ

ϭϯϬ

ŬŝůŽŵĞƚĞƌƐ͖ĐŽŶƚĂŵŝŶĂƚŝŽŶŽĨƐƵƌĨĂĐĞĂŶĚŐƌŽƵŶĚǁĂƚĞƌĨƌŽŵƚĂŝůŝŶŐĂŶĚǁĂƐƚĞƌŽĐŬůĞĂĐŚĂƚĞƐ͕ŝŶĐůƵĚŝŶŐ

ϭϯϭ

ŚĞĂǀǇŵĞƚĂůƐ͖ƉŽƐƐŝďůĞĚŝĞƐĞůĨƵĞůƐƉŝůůƐ͖ĂŶĚƉŽƚĞŶƚŝĂůƚƌĂŶƐƉŽƌƚĂƚŝŽŶĂĐĐŝĚĞŶƚƐƚŚĂƚĐŽƵůĚƌĞůĞĂƐĞŚŝŐŚůǇ

ϭϯϮ

ƚŽǆŝĐƉƌŽĐĞƐƐŝŶŐĐŚĞŵŝĐĂůƐŝŶƚŽƐƚƌĞĂŵƐĂŶĚŐƌŽƵŶĚǁĂƚĞƌ;WϮϬϭϰ͕^ĐŚǁĞŝƐďĞƌŐϮϬϭϵͿ͘dŚĞƉŝƉĞůŝŶĞ

ϭϯϯ

ƚƌĂŶƐƉŽƌƚŝŶŐĐŽƉƉĞƌĐŽŶĐĞŶƚƌĂƚĞƚŽǁĂƌĚƐƚŚĞŽŽŬ/ŶůĞƚŵĂǇƉůĂƵƐŝďůǇŽĐĐĂƐŝŽŶĂůůǇĨĂŝůŽǀĞƌƚŚĞĐŽƵƌƐĞ

ϭϯϰ

ŽĨŽƉĞƌĂƚŝŽŶƐ͕ǁŚŝĐŚǁŽƵůĚƌĞƐƵůƚŝŶƚŚĞƌĞůĞĂƐĞŽĨĚŝƐƐŽůǀĞĚĐŽƉƉĞƌůŝŬĞůǇƚŽŐƌĞĂƚůǇŝŵƉĂĐƚ

ϭϯϱ

ŵĂĐƌŽŝŶǀĞƌƚĞďƌĂƚĞƉŽƉƵůĂƚŝŽŶƐƚŚĂƚũƵǀĞŶŝůĞƐĂůŵŽŶĚĞƉĞŶĚƵƉŽŶ͘ZŽĂĚƐƚŽƐĞƌǀŝĐĞƚŚĞŵŝŶĞǁŽƵůĚ

ϭϯϲ

ůŝŬĞůǇƐƵďƐƚĂŶƚŝĂůůǇƌĞĚƵĐĞĂĐĐĞƐƐƚŽƐƉĂǁŶŝŶŐŚĂďŝƚĂƚďǇĐƌĞĂƚŝŶŐŝŵƉĞĚŝŵĞŶƚƐƚŽŵŝŐƌĂƚŝŽŶ;<ƌĂǀŝƚǌĂŶĚ

ϭϯϳ

ůĂŝƌϮϬϭϵͿ͘ůůƐƵĐŚƌŝƐŬƐ͕ĐŽŵƉƌĞŚĞŶƐŝǀĞůǇƐƵŵŵĂƌŝǌĞĚďǇW;ϮϬϭϰͿ͕ĐŽŵƉůĞƚĞůǇůĂĐŬƌĞƉƌĞƐĞŶƚĂƚŝŽŶ

ϭϯϴ

ŝŶƚŚĞĞƐƚŝŵĂƚĞŽĨ/^ƚŚĂƚǁŝůůƌĞƐƵůƚĨƌŽŵƚŚĞWDW͘ŽŶƐĞƋƵĞŶƚůǇ͕ĞŵƉŚĂƐŝǌŝŶŐŵĞƚƌŝĐƐŽĨ/^ĨŽƌ

ϭϯϵ

ǁĂƚĞƌƐŚĞĚƐŝŵƉĂĐƚĞĚďǇƚŚĞWDWŐƌĞĂƚůǇŵŝƐƌĞƉƌĞƐĞŶƚƐƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂůĐŚĂůůĞŶŐĞƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚ

ϭϰϬ

ƉƌĞƐĞƌǀŝŶŐƚŚĞŐůŽďĂůůǇƵŶŝƋƵĞĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐŽĨǁĂƚĞƌƐŚĞĚƐĚƌĂŝŶŝŶŐŝŶƚŽƌŝƐƚŽůĂǇ͘

ϭϰϭ

ƉƉƌŽƉƌŝĂƚĞůǇĂƉƉůǇŝŶŐƚŚƌĞƐŚŽůĚƐĨŽƌŵĂŶĂŐĞŵĞŶƚ

ϭϰϮ

tŚĞŶĂĚĞƋƵĂƚĞůǇĚĞǀĞůŽƉĞĚĂŶĚƚĞƐƚĞĚ͕ƚŚƌĞƐŚŽůĚŵĞƚƌŝĐƐĐĂŶƐĞƌǀĞĂƐƵƐĞĨƵůƚŽŽůƐĨŽƌŵĂŶĂŐŝŶŐůĂŶĚƐ

ϭϰϯ

ƚŽƌĞƚĂŝŶĞĐŽƐǇƐƚĞŵƐĞƌǀŝĐĞƐ͘dŚƌĞƐŚŽůĚͲďĂƐĞĚŵĂŶĂŐĞŵĞŶƚĚĞĐŝƐŝŽŶƐĐĂŶďĞƉĂƌƚŝĐƵůĂƌůǇĞĨĨĞĐƚŝǀĞǁŚĞŶ

ϭϰϰ

ĐĞƌƚĂŝŶĐƌŝƚĞƌŝĂĂƌĞŵĞƚ͕ŝŶĐůƵĚŝŶŐ͗ϭͿŝĨƚŚĞŵĂŶĂŐĞĚƐǇƐƚĞŵƐĂƌĞďŽƵŶĚďǇůŝŵŝƚĞĚƐƉĂƚŝŽƚĞŵƉŽƌĂů

ϭϰϱ

ƐĐĂůĞƐ͕ϮͿǁŚĞŶĂďƵŶĚĂŶƚƉƌĞĐĞĚĞŶƚƐĐŝĞŶƚŝĨŝĐǁŽƌŬǁŝƚŚŝŶƚŚĞŵĂŶĂŐĞĚƐǇƐƚĞŵŽƌĞĐŽůŽŐŝĐĂůůǇƐŝŵŝůĂƌ

ϭϰϲ

ƐǇƐƚĞŵƐŚĂƐďĞĞŶĐŽŶĚƵĐƚĞĚƚŽĚĞǀĞůŽƉƚŚĞƚŚƌĞƐŚŽůĚ͕ĂŶĚϯͿǁŚĞŶĂďƵŶĚĂŶƚƉƌĞͲĂŶĚƉŽƐƚͲŝŵƉĂĐƚ

ϭϰϳ

ŵŽŶŝƚŽƌŝŶŐĚĂƚĂĂƌĞĂǀĂŝůĂďůĞ;<ĞůůǇĞƚĂů͘ϮϬϭϱͿ͘ƉƉůǇŝŶŐƚŚĞϭϬйǁĂƚĞƌƐŚĞĚ/^ƚŚƌĞƐŚŽůĚ͕ǁŚŝĐŚŚĂƐ

ϭϰϴ

ƉƌŽǀĞŶŝŶĂĚĞƋƵĂƚĞĞǀĞŶĨŽƌƌĞŐŝŽŶƐǁŚĞƌĞƵƌďĂŶƐƚƌĞĂŵĞĐŽůŽŐǇŚĂƐďĞĞŶŵŽƐƚƌŝŐŽƌŽƵƐůǇƐƚƵĚŝĞĚ͕

ϭϰϵ

ĞŶƚŝƌĞůǇĨĂŝůƐƚŚĞĨŝƌƐƚƚǁŽůŝƐƚĞĚĐƌŝƚĞƌŝĂǁŝƚŚƌĞƐƉĞĐƚƚŽĂƐƐĞƐƐŝŶŐŝŵƉĂĐƚƐĂŶĚƉůĂŶŶŝŶŐŵŝƚŝŐĂƚŝŽŶĨŽƌƚŚĞ
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ϭϱϬ

WDW͘DŽƌĞŝŵƉŽƌƚĂŶƚůǇ͕ƚŚĞŵǇƌŝĂĚĞŶǀŝƌŽŶŵĞŶƚĂůƌŝƐŬƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞWDW͕ƉĂƌƚŝĐƵůĂƌůǇƚŚŽƐĞ

ϭϱϭ

ƌĞůĂƚĞĚƚŽƚŚĞƵŶŝŶƚĞŶƚŝŽŶĂůƌĞůĞĂƐĞŽĨƚŽǆŝĐĐŚĞŵŝĐĂůƐ͕ĐŽŵƉůĞƚĞůǇůĂĐŬƌĞƉƌĞƐĞŶƚĂƚŝŽŶŝŶĂŶǇŵĞƚƌŝĐƐ

ϭϱϮ

ƚŚĂƚƐƵŵŵĂƌŝǌĞ/^͘ĚĞƋƵĂƚĞůǇĚĞǀĞůŽƉŝŶŐƚŚƌĞƐŚŽůĚƐĨŽƌĞŶǀŝƌŽŶŵĞŶƚĂůĚĞĐŝƐŝŽŶŵĂŬŝŶŐĨŽƌƚŚĞWDW

ϭϱϯ

ǁŽƵůĚƌĞƋƵŝƌĞĂŵƉůĞƐĐŝĞŶƚŝĨŝĐĂƐƐĞƐƐŵĞŶƚƐŽĨĂůůƉŽƚĞŶƚŝĂůŝŵƉĂĐƚƐĐŽŶĚƵĐƚĞĚǁŝƚŚĞǆƉĞƌŝŵĞŶƚĂů

ϭϱϰ

ĚĞƐŝŐŶƐƌĞƉƌĞƐĞŶƚĂƚŝǀĞŽĨƌŝƐƚŽůĂǇǁĂƚĞƌƐŚĞĚƐ͘ǀĞŶŝĨƐƵĐŚĐƌŝƚĞƌŝĂǁĞƌĞŵĞƚ͕ĂĚĞƋƵĂƚĞůǇŝĚĞŶƚŝĨŝĞĚ

ϭϱϱ

ƚŚƌĞƐŚŽůĚƐŵĂǇĨĂŝůƚŽƐĞƌǀĞĂƐƵƐĞĨƵůŵĂŶĂŐĞŵĞŶƚƚŽŽůƐ͘/ŶƚĞƌĂĐƚŝŽŶƐĂŵŽŶŐŵƵůƚŝƉůĞƐƚƌĞƐƐŽƌƐĐĂŶ

ϭϱϲ

ƌĞŶĚĞƌƚŚƌĞƐŚŽůĚͲďĂƐĞĚŵĂŶĂŐĞŵĞŶƚŝŶĂĚĞƋƵĂƚĞ;,ƵŶƐƵĐŬĞƌĞƚĂů͘ϮϬϭϱ͕DĂǆǁĞůůĞƚĂů͘ϮϬϭϲͿĂŶĚƐƵĐŚ

ϭϱϳ

ĐŽŵƉůŝĐĂƚŝŽŶƐĂƌĞůŝŬĞůǇƚŽďĞŝŵƉŽƌƚĂŶƚŝŶƚŚĞƌŝƐƚŽůĂǇƌĞŐŝŽŶ͕ǁŚĞƌĞĐůŝŵĂƚĞĐŚĂŶŐĞŝƐƉƌŽũĞĐƚĞĚƚŽ

ϭϱϴ

ƐŝŐŶŝĨŝĐĂŶƚůǇŝŵƉĂĐƚĨůŽǁƌĞŐŝŵĞƐ;tŽďƵƐĞƚĂů͘ϮϬϭϱͿ͘dŚĞĂƉƉĞĂůŽĨĂƐŝŶŐůĞŶƵŵďĞƌƚŽŐƵŝĚĞ

ϭϱϵ

ŵĂŶĂŐĞŵĞŶƚŝƐƵŶĚĞƌƐƚĂŶĚĂďůĞŐŝǀĞŶƚŚĞĐŽŶĐĞƉƚƵĂůƐŝŵƉůŝĐŝƚǇĂŶĚĞĂƐĞŽĨŵĞĞƚŝŶŐƐƵĐŚĂŐŽĂů͘

ϭϲϬ

,ŽǁĞǀĞƌ͕ĂƉƉůǇŝŶŐƚŚĞƚŚƌĞƐŚŽůĚĂƉƉƌŽĂĐŚĨĂƌďĞǇŽŶĚƚŚĞďŽƵŶĚƐŝŶǁŚŝĐŚŝƚǁĂƐĚĞǀĞůŽƉĞĚǁŝůůĂůŵŽƐƚ

ϭϲϭ

ĐĞƌƚĂŝŶůǇůĞĂĚƚŽƵŶŝŶƚĞŶĚĞĚĐŽŶƐĞƋƵĞŶĐĞƐ͘/ŶƚŚĞĐĂƐĞŽĨƚŚĞWDW͕ƚŚĞƉƌŽĨŽƵŶĚĞĐŽůŽŐŝĐĂůƐĞƌǀŝĐĞƐĂƚ

ϭϲϮ

ƐƚĂŬĞƐŚŽƵůĚǁĂƌƌĂŶƚŶŽƚŚŝŶŐƐŚŽƌƚŽĨĂƉƉůǇŝŶŐƚŚĞŵŽƐƚƌŝŐŽƌŽƵƐƐĐŝĞŶĐĞĂǀĂŝůĂďůĞĚĞǀĞůŽƉĞĚĨŽƌƚŚĞ

ϭϲϯ

ƐƉĞĐŝĨŝĐĞĐŽƐǇƐƚĞŵĂŶĚĞŶǀŝƌŽŶŵĞŶƚĂůƐƚƌĞƐƐŽƌƐƉĞƌƚŝŶĞŶƚƚŽƚŚĞĐŚĂůůĞŶŐĞ͘

ϭϲϰ

ďŽƵƚƚŚĞĂƵƚŚŽƌ

ϭϲϱ

ƌ͘ZǇĂŶhƚǌŝƐĂŶĂƋƵĂƚŝĐĞĐŽůŽŐŝƐƚĂƚŚĂƚŚĂŵhŶŝǀĞƌƐŝƚǇŝŶWŝƚƚƐďƵƌŐŚ͕WĞŶŶƐǇůǀĂŶŝĂ͕ǁŚŽĨŽĐƵƐĞƐŽŶ

ϭϲϲ

ƵƌďĂŶƐƚƌĞĂŵƐ͕ƐĂůŵŽŶŝĚƐ͕ĞĐŽůŽŐŝĐĂůƌĞƐƚŽƌĂƚŝŽŶ͕ĂŶĚĚĞƚĞĐƚŝŶŐĞŶǀŝƌŽŶŵĞŶƚĂůƚƌĞŶĚƐĂƚďƌŽĂĚƐƉĂƚŝŽͲ

ϭϲϳ

ƚĞŵƉŽƌĂůƐĐĂůĞƐ͘WƌŝŽƌƚŽũŽŝŶŝŶŐŚĂƚŚĂŵ͕ƌ͘hƚǌƐĞƌǀĞĚĨŽƌĨŽƵƌǇĞĂƌƐĂƐĂŶĂƋƵĂƚŝĐĞĐŽůŽŐŝƐƚĂƚƚŚĞ

ϭϲϴ

EĂƚŝŽŶĂůĐŽůŽŐŝĐĂůKďƐĞƌǀĂƚŽƌǇEĞƚǁŽƌŬ;EKEͿ͘WĂƐƚƌĞƐĞĂƌĐŚƉƌŽũĞĐƚƐŚĂǀĞŝŶĐůƵĚĞĚĂŶĂƐƐĞƐƐŵĞŶƚŽĨ

ϭϲϵ

ƌŝǀĞƌĞŶŚĂŶĐĞŵĞŶƚƚŽŝŵƉƌŽǀĞŚĂďŝƚĂƚĨŽƌŚŝŶŽŽŬƐĂůŵŽŶŝŶĂůŝĨŽƌŶŝĂΖƐĞŶƚƌĂůsĂůůĞǇ͕ĐŽŵƉĂƌŝŶŐŚŽǁ

ϭϳϬ

ĞĨĨĞĐƚƐŽĨƵƌďĂŶŝǌĂƚŝŽŶŽŶƐƚƌĞĂŵƐĚŝĨĨĞƌďĞƚǁĞĞŶĞĐŽƌĞŐŝŽŶƐŽĨƚŚĞDŝĚͲƚůĂŶƚŝĐhŶŝƚĞĚ^ƚĂƚĞƐ͕ĂŶĚ

ϭϳϭ

ĞǆƉůŽƌŝŶŐďŝŽĞŶĞƌŐĞƚŝĐƉĂƚƚĞƌŶƐŽĨďƌŽŽŬƚƌŽƵƚŝŶtĞƐƚsŝƌŐŝŶŝĂ͘ƌ͘hƚǌĞĂƌŶĞĚĂWŚ͘͘ŝŶĞŶǀŝƌŽŶŵĞŶƚĂů

ϭϳϮ

ƐĐŝĞŶĐĞĨƌŽŵƚŚĞhŶŝǀĞƌƐŝƚǇŽĨDĂƌǇůĂŶĚŝŶϮϬϭϬ͕ĂD͘^Đ͘ŝŶǁŝůĚůŝĨĞĂŶĚĨŝƐŚĞƌŝĞƐŵĂŶĂŐĞŵĞŶƚĨƌŽŵ
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ϭϳϯ

tĞƐƚsŝƌŐŝŶŝĂhŶŝǀĞƌƐŝƚǇŝŶϮϬϬϱ͕ĂŶĚĂ͘^Đ͘ŝŶďŝŽůŽŐǇĨƌŽŵƚŚĞhŶŝǀĞƌƐŝƚǇŽĨDŝĂŵŝŝŶϮϬϬϯ͘,ĞŚĂƐ

ϭϳϰ

ĂƵƚŚŽƌĞĚŽƌĐŽĂƵƚŚŽƌĞĚŽǀĞƌƚŚŝƌƚǇƉĞĞƌͲƌĞǀŝĞǁĞĚƉƵďůŝĐĂƚŝŽŶƐŝŶĞŶǀŝƌŽŶŵĞŶƚĂůĂŶĚĨŝƐŚĞƌŝĞƐƐĐŝĞŶĐĞ͘

ϭϳϱ

>ŝƚĞƌĂƚƵƌĞĐŝƚĞĚ

ϭϳϲ

ĨĨĂŶĚŝ͕&͕͘͘ĂŶĚD͘z͘/ƐŚĂŬ͘ϮϬϭϵ͘/ŵƉĂĐƚƐŽĨƐƵƐƉĞŶĚĞĚƐĞĚŝŵĞŶƚĂŶĚŵĞƚĂůƉŽůůƵƚŝŽŶĨƌŽŵŵŝŶŝŶŐ

ϭϳϳ

ĂĐƚŝǀŝƚŝĞƐŽŶƌŝǀĞƌŝŶĞĨŝƐŚƉŽƉƵůĂƚŝŽŶͶĂƌĞǀŝĞǁ͘ŶǀŝƌŽŶŵĞŶƚĂů^ĐŝĞŶĐĞĂŶĚWŽůůƵƚŝŽŶZĞƐĞĂƌĐŚ

ϭϳϴ

Ϯϲ͗ϭϲϵϯϵʹϭϲϵϱϭ͘

ϭϳϵ

ŶĚĞƌƐĞŶ͕d͕͘:͘ĂƌƐƚĞŶƐĞŶ͕͘,ĞƌŶĄŶĚĞǌͲ'ĂƌĐşĂ͕ĂŶĚ͘D͘ƵĂƌƚĞ͘ϮϬϬϵ͘ĐŽůŽŐŝĐĂůƚŚƌĞƐŚŽůĚƐĂŶĚ

ϭϴϬ

ƌĞŐŝŵĞƐŚŝĨƚƐ͗ĂƉƉƌŽĂĐŚĞƐƚŽŝĚĞŶƚŝĨŝĐĂƚŝŽŶ͘dƌĞŶĚƐŝŶĐŽůŽŐǇΘǀŽůƵƚŝŽŶϮϰ͗ϰϵʹϱϳ͘

ϭϴϭ

ƌŶŽůĚ͕͘>͘͘:ƌ͕͘ĂŶĚ͘:͘'ŝďďŽŶƐ͘ϭϵϵϲ͘/ŵƉĞƌǀŝŽƵƐƐƵƌĨĂĐĞĐŽǀĞƌĂŐĞ͗ƚŚĞĞŵĞƌŐĞŶĐĞŽĨĂŬĞǇ

ϭϴϮ

ĞŶǀŝƌŽŶŵĞŶƚĂůŝŶĚŝĐĂƚŽƌ͘:ŽƵƌŶĂůŽĨƚŚĞŵĞƌŝĐĂŶWůĂŶŶŝŶŐƐƐŽĐŝĂƚŝŽŶϲϮ͗ϮϰϯʹϮϱϴ͘

ϭϴϯ

ĂƌƵĐŚ͕͘D͕͘<͘͘sŽƐƐ͕:͘Z͘ůĂƐǌĐǌĂŬ͕:͘ĞůĞƐĂŶƚƌŽ͕͘>͘hƌďĂŶ͕ĂŶĚ͘^͘ĞƌŶŚĂƌĚƚ͘ϮϬϭϴ͘EŽƚĂůů

ϭϴϰ

ƉĂǀĞŵĞŶƚƐůĞĂĚƚŽƐƚƌĞĂŵƐ͗ǀĂƌŝĂƚŝŽŶŝŶŝŵƉĞƌǀŝŽƵƐƐƵƌĨĂĐĞĐŽŶŶĞĐƚŝǀŝƚǇĂĨĨĞĐƚƐƵƌďĂŶƐƚƌĞĂŵ

ϭϴϱ

ĞĐŽƐǇƐƚĞŵƐ͘&ƌĞƐŚǁĂƚĞƌ^ĐŝĞŶĐĞϯϳ͗ϲϳϯʹϲϴϰ͘

ϭϴϲ

ĞŝŐŚůĞǇZ͘ĚǁĂƌĚ͕<ĂƌŐĂƌDĂƌǇĂŵ͕ĂŶĚ,ĞzŝƉŝŶŐ͘ϮϬϬϵ͘ĨĨĞĐƚƐŽĨŝŵƉĞƌǀŝŽƵƐĂƌĞĂĞƐƚŝŵĂƚŝŽŶ

ϭϴϳ

ŵĞƚŚŽĚƐŽŶƐŝŵƵůĂƚĞĚƉĞĂŬĚŝƐĐŚĂƌŐĞƐ͘:ŽƵƌŶĂůŽĨ,ǇĚƌŽůŽŐŝĐŶŐŝŶĞĞƌŝŶŐϭϰ͗ϯϴϴʹϯϵϴ͘

ϭϴϴ

ƵƌŶƐ͕:͘t͘ϭϵϳϮ͘^ŽŵĞĨĨĞĐƚƐŽĨ>ŽŐŐŝŶŐĂŶĚƐƐŽĐŝĂƚĞĚZŽĂĚŽŶƐƚƌƵĐƚŝŽŶŽŶEŽƌƚŚĞƌŶĂůŝĨŽƌŶŝĂ

ϭϴϵ

^ƚƌĞĂŵƐ͘dƌĂŶƐĂĐƚŝŽŶƐŽĨƚŚĞŵĞƌŝĐĂŶ&ŝƐŚĞƌŝĞƐ^ŽĐŝĞƚǇϭϬϭ͗ϭʹϭϳ͘

ϭϵϬ

ŚĂŐƌŝŶZŝǀĞƌtĂƚĞƌƐŚĞĚWĂƌƚŶĞƌƐ͕/ŶĐ͘ϮϬϭϳ͘EŝŶĞͲĞůĞŵĞŶƚŶŽŶƉŽŝŶƚƐŽƵƌĐĞŝŵƉůĞŵĞŶƚĂƚŝŽŶƐƚƌĂƚĞŐŝĐ

ϭϵϭ

ƉůĂŶ͘sĞƌƐŝŽŶϭ͘Ϭ͘tŝůŽƵŐŚďǇ͕K,͘ǀĂŝůĂďůĞ͗

ϭϵϮ

ŚƚƚƉƐ͗ͬͬĞƉĂ͘ŽŚŝŽ͘ŐŽǀͬWŽƌƚĂůƐͬϯϱͬŶƉƐͬϯϭϵĚŽĐƐͬƵƌŽƌĂƌĂŶĐŚ,ĞĂĚǁĂƚĞƌƐsϭͺϬ͘ƉĚĨ
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ϭϵϯ

ĞůĂǁĂƌĞ^ĞĂ'ƌĂŶƚ͘ϮϬϬϱ͘'ƵŝĚĞƚŽŶĂƚƵƌĂůƌĞƐŽƵƌĐĞͲďĂƐĞĚƉůĂŶŶŝŶŐ͘WƵďůŝĐĂƚŝŽŶEŽ͘>Ͳ^'ͲϭϬͲϬϱ͘

ϭϵϰ

EĞǁĂƌŬ͕͘ǀĂŝůĂďůĞ͗ŚƚƚƉ͗ͬͬŶĞŵŽ͘ƵĚĞů͘ĞĚƵͬŵĂŶƵĂůͬĞůĂǁĂƌĞEDK'ƵŝĚĞ͘ƉĚĨ

ϭϵϱ

ĚǁĂƌĚƐ͕W͘:͕͘&͘tŽŽĚ͕ĂŶĚZ͘>͘YƵŝŶůŝǀĂŶ͘ϮϬϭϲ͘ĨĨĞĐƚŝǀĞŶĞƐƐŽĨďĞƐƚŵĂŶĂŐĞŵĞŶƚƉƌĂĐƚŝĐĞƐƚŚĂƚŚĂǀĞ

ϭϵϲ

ĂƉƉůŝĐĂƚŝŽŶƚŽĨŽƌĞƐƚƌŽĂĚƐ͗ĂůŝƚĞƌĂƚƵƌĞƐǇŶƚŚĞƐŝƐ͘'ĞŶ͘dĞĐŚ͘ZĞƉ͘EZ^Ͳϭϲϯ͘EĞǁƚŽǁŶ^ƋƵĂƌĞ͕W͗h͘^͘

ϭϵϳ

ĞƉĂƌƚŵĞŶƚŽĨŐƌŝĐƵůƚƵƌĞ͕&ŽƌĞƐƚ^ĞƌǀŝĐĞ͕EŽƌƚŚĞƌŶZĞƐĞĂƌĐŚ^ƚĂƚŝŽŶ͘ϭϳϭƉ͘ϭϲϯ͗ϭʹϭϳϭ͘

ϭϵϴ

W;ŶǀŝƌŽŶŵĞŶƚĂůWƌŽƚĞĐƚŝŽŶŐĞŶĐǇͿ͘ϮϬϭϰ͘ŶĂƐƐĞƐƐŵĞŶƚŽĨƉŽƚĞŶƚŝĂůŵŝŶŝŶŐŝŵƉĂĐƚƐŽŶƐĂůŵŽŶ

ϭϵϵ

ĞĐŽƐǇƐƚĞŵƐŽĨƌŝƐƚŽůĂǇ͕ůĂƐŬĂ͘WϵϭϬͲZͲϭϰͲϬϬϭ^͕ZĞŐŝŽŶϭϬŽĨĨŝĐĞ͕^ĞĂƚƚůĞ͕t͘ǀĂŝůĂďůĞ͗

ϮϬϬ

ŚƚƚƉƐ͗ͬͬǁǁǁ͘ĞƉĂ͘ŐŽǀͬďƌŝƐƚŽůďĂǇͬďƌŝƐƚŽůͲďĂǇͲĂƐƐĞƐƐŵĞŶƚͲĨŝŶĂůͲƌĞƉŽƌƚͲϮϬϭϰ

ϮϬϭ

'ƌŽĨĨŵĂŶ͕W͘D͕͘:͘^͘ĂƌŽŶ͕d͘ůĞƚƚ͕͘:͘'ŽůĚ͕/͘'ŽŽĚŵĂŶ͕>͘,͘'ƵŶĚĞƌƐŽŶ͕͘D͘>ĞǀŝŶƐŽŶ͕D͘͘

ϮϬϮ

WĂůŵĞƌ͕,͘t͘WĂĞƌů͕'͘͘WĞƚĞƌƐŽŶ͕E͘>͘WŽĨĨ͕͘t͘ZĞũĞƐŬŝ͕:͘&͘ZĞǇŶŽůĚƐ͕D͘'͘dƵƌŶĞƌ͕<͘͘tĞĂƚŚĞƌƐ͕

ϮϬϯ

ĂŶĚ:͘tŝĞŶƐ͘ϮϬϬϲ͘ĐŽůŽŐŝĐĂůƚŚƌĞƐŚŽůĚƐ͗ƚŚĞŬĞǇƚŽƐƵĐĐĞƐƐĨƵůĞŶǀŝƌŽŶŵĞŶƚĂůŵĂŶĂŐĞŵĞŶƚŽƌĂŶ

ϮϬϰ

ŝŵƉŽƌƚĂŶƚĐŽŶĐĞƉƚǁŝƚŚŶŽƉƌĂĐƚŝĐĂůĂƉƉůŝĐĂƚŝŽŶ͍ĐŽƐǇƐƚĞŵƐϵ͗ϭʹϭϯ͘

ϮϬϱ

,ĂůĞ͕Z͘>͕͘D͘^ĐŽŐŐŝŶƐ͕E͘:͘^ŵƵĐŬĞƌ͕ĂŶĚ͘^ƵĐŚǇ͘ϮϬϭϱ͘ĨĨĞĐƚƐŽĨĐůŝŵĂƚĞŽŶƚŚĞĞǆƉƌĞƐƐŝŽŶŽĨƚŚĞ

ϮϬϲ

ƵƌďĂŶƐƚƌĞĂŵƐǇŶĚƌŽŵĞ͘&ƌĞƐŚǁĂƚĞƌ^ĐŝĞŶĐĞϯϱ͗ϰϮϭʹϰϮϴ͘

ϮϬϳ

,ĂƌĚŝŶŐ͕:͘^͕͘͘&͘ĞŶĨŝĞůĚ͕W͘s͘ŽůƐƚĂĚ͕'͘^͘,ĞůĨŵĂŶ͕ĂŶĚ͘͘͘:ŽŶĞƐ͘ϭϵϵϴ͘^ƚƌĞĂŵďŝŽĚŝǀĞƌƐŝƚǇ͗

ϮϬϴ

dŚĞŐŚŽƐƚŽĨůĂŶĚƵƐĞƉĂƐƚ͘WƌŽĐĞĞĚŝŶŐƐŽĨƚŚĞEĂƚŝŽŶĂůĐĂĚĞŵǇŽĨ^ĐŝĞŶĐĞƐϵϱ͗ϭϰϴϰϯʹϭϰϴϰϳ͘

ϮϬϵ

,Ğƌď͕t͘Z͕͘͘:ĂŶŬĞ͕K͘DŽŚƐĞŶŝ͕ĂŶĚ,͘'͘^ƚĞĨĂŶ͘ϮϬϬϴ͘dŚĞƌŵĂůƉŽůůƵƚŝŽŶŽĨƐƚƌĞĂŵƐďǇƌƵŶŽĨĨĨƌŽŵ

ϮϭϬ

ƉĂǀĞĚƐƵƌĨĂĐĞƐ͘,ǇĚƌŽůŽŐŝĐĂůWƌŽĐĞƐƐĞƐϮϮ͗ϵϴϳʹϵϵϵ͘

Ϯϭϭ

,ŽƉŬŝŶƐ͕<͘'͕͘E͘͘DŽƌƐĞ͕͘:͘ĂŝŶ͕E͘͘ĞƚƚĞǌ͕E͘͘'ƌŝŵŵ͕:͘>͘DŽƌƐĞ͕D͘D͘WĂůƚĂ͕t͘͘^ŚƵƐƚĞƌ͕

ϮϭϮ

͘Z͘ƌĂƚƚ͕ĂŶĚ͘<͘^ƵĐŚǇ͘ϮϬϭϱ͘ƐƐĞƐƐŵĞŶƚŽĨƌĞŐŝŽŶĂůǀĂƌŝĂƚŝŽŶŝŶƐƚƌĞĂŵĨůŽǁƌĞƐƉŽŶƐĞƐƚŽ

Ϯϭϯ

ƵƌďĂŶŝǌĂƚŝŽŶĂŶĚƚŚĞƉĞƌƐŝƐƚĞŶĐĞŽĨƉŚǇƐŝŽŐƌĂƉŚǇ͘ŶǀŝƌŽŶŵĞŶƚĂů^ĐŝĞŶĐĞΘdĞĐŚŶŽůŽŐǇϰϵ͗ϮϳϮϰʹϮϳϯϮ͘
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Ϯϭϰ

,ƵŶƐŝĐŬĞƌ͕D͕͘͘͘s͘<ĂƉƉĞů͕<͘͘^ĞůŬŽĞ͕͘^͘,ĂůƉĞƌŶ͕͘^ĐĂƌďŽƌŽƵŐŚ͕>͘DĞĂƐĞ͕ĂŶĚ͘ŵƌŚĞŝŶ͘

Ϯϭϱ

ϮϬϭϲ͘ŚĂƌĂĐƚĞƌŝǌŝŶŐĚƌŝǀĞƌʹƌĞƐƉŽŶƐĞƌĞůĂƚŝŽŶƐŚŝƉƐŝŶŵĂƌŝŶĞƉĞůĂŐŝĐĞĐŽƐǇƐƚĞŵƐĨŽƌŝŵƉƌŽǀĞĚŽĐĞĂŶ

Ϯϭϲ

ŵĂŶĂŐĞŵĞŶƚ͘ĐŽůŽŐŝĐĂůƉƉůŝĐĂƚŝŽŶƐϮϲ͗ϲϱϭʹϲϲϯ͘

Ϯϭϳ

:ĂĐŽďƐŽŶ͕͘Z͘ϮϬϭϭ͘/ĚĞŶƚŝĨŝĐĂƚŝŽŶĂŶĚƋƵĂŶƚŝĨŝĐĂƚŝŽŶŽĨƚŚĞŚǇĚƌŽůŽŐŝĐĂůŝŵƉĂĐƚƐŽĨŝŵƉĞƌǀŝŽƵƐŶĞƐƐŝŶ

Ϯϭϴ

ƵƌďĂŶĐĂƚĐŚŵĞŶƚƐ͗ƌĞǀŝĞǁ͘:ŽƵƌŶĂůŽĨŶǀŝƌŽŶŵĞŶƚĂůDĂŶĂŐĞŵĞŶƚϵϮ͗ϭϰϯϴʹϭϰϰϴ͘

Ϯϭϵ

<ĞůůǇZǇĂŶW͕͘ƌŝĐŬƐŽŶƐŚůĞǇ>͕͘DĞĂƐĞ>ŝŶĚůĞǇ͕͘ĂƚƚŝƐƚĂtŝůůŽǁ͕<ŝƚƚŝŶŐĞƌ:ŽŚŶE͕͘ĂŶĚ&ƵũŝƚĂZŽĚ͘

ϮϮϬ

ϮϬϭϱ͘ŵďƌĂĐŝŶŐƚŚƌĞƐŚŽůĚƐĨŽƌďĞƚƚĞƌĞŶǀŝƌŽŶŵĞŶƚĂůŵĂŶĂŐĞŵĞŶƚ͘WŚŝůŽƐŽƉŚŝĐĂůdƌĂŶƐĂĐƚŝŽŶƐŽĨƚŚĞ

ϮϮϭ

ZŽǇĂů^ŽĐŝĞƚǇ͗ŝŽůŽŐŝĐĂů^ĐŝĞŶĐĞƐϯϳϬ͗ϮϬϭϯϬϮϳϲ͘

ϮϮϮ

<ŝŶŐ͕Z͘^͕͘D͘͘ĂŬĞƌ͕W͘&͘<ĂǌǇĂŬ͕ĂŶĚ͘͘tĞůůĞƌ͘ϮϬϭϭ͘,ŽǁŶŽǀĞůŝƐƚŽŽŶŽǀĞů͍^ƚƌĞĂŵĐŽŵŵƵŶŝƚǇ

ϮϮϯ

ƚŚƌĞƐŚŽůĚƐĂƚĞǆĐĞƉƚŝŽŶĂůůǇůŽǁůĞǀĞůƐŽĨĐĂƚĐŚŵĞŶƚƵƌďĂŶŝǌĂƚŝŽŶ͘ĐŽůŽŐŝĐĂůƉƉůŝĐĂƚŝŽŶƐϮϭ͗ϭϲϱϵʹϭϲϳϴ͘

ϮϮϰ

<ŽŶƌĂĚ͕͘W͕͘ĂŶĚ͘͘ŽŽƚŚ͘ϮϬϬϱ͘,ǇĚƌŽůŽŐŝĐĐŚĂŶŐĞƐŝŶƵƌďĂŶƐƚƌĞĂŵƐĂŶĚƚŚĞŝƌĞĐŽůŽŐŝĐĂů

ϮϮϱ

ƐŝŐŶŝĨŝĐĂŶĐĞ͘ŵĞƌŝĐĂŶ&ŝƐŚĞƌŝĞƐ^ŽĐŝĞƚǇ^ǇŵƉŽƐŝƵŵϮϬϬϱ͗Ϯϭ͘

ϮϮϲ

<ŽŶƌĂĚ͕͘W͕͘͘͘ŽŽƚŚ͕ĂŶĚ^͘:͘ƵƌŐĞƐ͘ϮϬϬϱ͘ĨĨĞĐƚƐŽĨƵƌďĂŶĚĞǀĞůŽƉŵĞŶƚŝŶƚŚĞWƵŐĞƚ>ŽǁůĂŶĚ͕

ϮϮϳ

tĂƐŚŝŶŐƚŽŶ͕ŽŶŝŶƚĞƌĂŶŶƵĂůƐƚƌĞĂŵĨůŽǁƉĂƚƚĞƌŶƐ͗ŽŶƐĞƋƵĞŶĐĞƐĨŽƌĐŚĂŶŶĞůĨŽƌŵĂŶĚƐƚƌĞĂŵďĞĚ

ϮϮϴ

ĚŝƐƚƵƌďĂŶĐĞ͗ƵƌďĂŶƐƚƌĞĂŵĨůŽǁƉĂƚƚĞƌŶƐ͘tĂƚĞƌZĞƐŽƵƌĐĞƐZĞƐĞĂƌĐŚϰϭ͘

ϮϮϵ

<ƌĂǀŝƚǌ͕D͕͘ĂŶĚ'͘ůĂŝƌ͘ϮϬϭϵ͘KŶƐƐĞƐƐŝŶŐƌŝƐŬƐƚŽĨŝƐŚŚĂďŝƚĂƚƐĂŶĚƉŽƉƵůĂƚŝŽŶƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚĂ

ϮϯϬ

ƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌĨŽƌƉƌŽƉŽƐĞĚŵŝŶĞŽƉĞƌĂƚŝŽŶƐŝŶĂƐĂůŵŽŶͲƌŝĐŚǁĂƚĞƌƐŚĞĚ͘ŶǀŝƌŽŶŵĞŶƚĂů

Ϯϯϭ

DĂŶĂŐĞŵĞŶƚ͘

ϮϯϮ

DĂǆǁĞůů͕W͘^͕͘:͘^͘ŬůƂĨ͕D͘D͘ǀĂŶ<ĂƚǁŝũŬ͕<͘Z͘K͛ƌŝĞŶ͕D͘ĚĞůĂdŽƌƌĞͲĂƐƚƌŽ͕͘ŽƐƚƌƂŵ͕d͘:͘

Ϯϯϯ

ŽƵŵĂ͕͘<ƌĂƵƐĞͲ:ĞŶƐĞŶ͕Z͘<͘&͘hŶƐǁŽƌƚŚ͕͘/͘ǀĂŶdƵƐƐĞŶďƌŽĞŬ͕ĂŶĚd͘ǀĂŶĚĞƌ,ĞŝĚĞ͘ϮϬϭϳ͘dŚĞ

Ϯϯϰ

ĨƵŶĚĂŵĞŶƚĂůƌŽůĞŽĨĞĐŽůŽŐŝĐĂůĨĞĞĚďĂĐŬŵĞĐŚĂŶŝƐŵƐĨŽƌƚŚĞĂĚĂƉƚŝǀĞŵĂŶĂŐĞŵĞŶƚŽĨƐĞĂŐƌĂƐƐ

Ϯϯϱ

ĞĐŽƐǇƐƚĞŵƐʹĂƌĞǀŝĞǁ͘ŝŽůŽŐŝĐĂůZĞǀŝĞǁƐϵϮ͗ϭϱϮϭʹϭϱϯϴ͘
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Ϯϯϲ

EĂŐǇ͕Z͕͘͘͘'͘>ŽĐŬĂďǇ͕>͘<ĂůŝŶ͕ĂŶĚ͘ŶĚĞƌƐŽŶ͘ϮϬϭϮ͘ĨĨĞĐƚƐŽĨƵƌďĂŶŝǌĂƚŝŽŶŽŶƐƚƌĞĂŵŚǇĚƌŽůŽŐǇ

Ϯϯϳ

ĂŶĚǁĂƚĞƌƋƵĂůŝƚǇ͗ƚŚĞ&ůŽƌŝĚĂ'ƵůĨŽĂƐƚ͘,ǇĚƌŽůŽŐŝĐĂůWƌŽĐĞƐƐĞƐϮϲ͗ϮϬϭϵʹϮϬϯϬ͘

Ϯϯϴ

EĞůƐŽŶ͕<͕͘͘ĂŶĚD͘͘WĂůŵĞƌ͘ϮϬϬϳ͘^ƚƌĞĂŵƚĞŵƉĞƌĂƚƵƌĞƐƵƌŐĞƐƵŶĚĞƌƵƌďĂŶŝǌĂƚŝŽŶĂŶĚĐůŝŵĂƚĞ

Ϯϯϵ

ĐŚĂŶŐĞ͗ĚĂƚĂ͕ŵŽĚĞůƐ͕ĂŶĚƌĞƐƉŽŶƐĞƐ͘:tZ:ŽƵƌŶĂůŽĨƚŚĞŵĞƌŝĐĂŶtĂƚĞƌZĞƐŽƵƌĐĞƐƐƐŽĐŝĂƚŝŽŶ

ϮϰϬ

ϰϯ͗ϰϰϬʹϰϱϮ͘

Ϯϰϭ

KůƐǀŝŬ͕W͕͘͘:͘͘hůǀƵŶĚ͕,͘͘dĞŝĞŶ͕,͘͘hƌŬĞ͕<͘<͘>ŝĞ͕ĂŶĚd͘<ƌŝƐƚĞŶƐĞŶ͘ϮϬϭϲ͘dƌĂŶƐĐƌŝƉƚŝŽŶĂůĞĨĨĞĐƚƐ

ϮϰϮ

ŽĨŵĞƚĂůͲƌŝĐŚĂĐŝĚĚƌĂŝŶĂŐĞǁĂƚĞƌĨƌŽŵƚŚĞĂďĂŶĚŽŶĞĚ>ƆŬŬĞŶDŝŶĞŽŶƚůĂŶƚŝĐƐĂůŵŽŶ;^ĂůŵŽƐĂůĂƌͿ

Ϯϰϯ

ƐŵŽůƚ͘:ŽƵƌŶĂůŽĨdŽǆŝĐŽůŽŐǇĂŶĚŶǀŝƌŽŶŵĞŶƚĂů,ĞĂůƚŚ͕WĂƌƚϳϵ͗ϲϭϮʹϲϯϮ͘

Ϯϰϰ

WŽĨĨ͕E͘>͕͘:͘͘ůůĂŶ͕D͘͘ĂŝŶ͕:͘Z͘<Ăƌƌ͕<͘>͘WƌĞƐƚĞŐĂĂƌĚ͕͘͘ZŝĐŚƚĞƌ͕Z͘͘^ƉĂƌŬƐ͕ĂŶĚ:͘͘

Ϯϰϱ

^ƚƌŽŵďĞƌŐ͘ϭϵϵϳ͘dŚĞEĂƚƵƌĂů&ůŽǁZĞŐŝŵĞ͘ŝŽ^ĐŝĞŶĐĞϰϳ͗ϳϲϵʹϳϴϰ͘

Ϯϰϲ

ZŽǇ͕͘,͕͘ĂŶĚt͘͘^ŚƵƐƚĞƌ͘ϮϬϬϵ͘ƐƐĞƐƐŝŶŐŝŵƉĞƌǀŝŽƵƐƐƵƌĨĂĐĞĐŽŶŶĞĐƚŝǀŝƚǇĂŶĚĂƉƉůŝĐĂƚŝŽŶƐĨŽƌ

Ϯϰϳ

ǁĂƚĞƌƐŚĞĚŵĂŶĂŐĞŵĞŶƚ͘:tZ:ŽƵƌŶĂůŽĨƚŚĞŵĞƌŝĐĂŶtĂƚĞƌZĞƐŽƵƌĐĞƐƐƐŽĐŝĂƚŝŽŶϰϱ͗ϭϵϴʹϮϬϵ͘

Ϯϰϴ

^ĂƵŶĚĞƌƐ͕Z͘>͕͘ĂŶĚ:͘͘^ƉƌĂŐƵĞ͘ϭϵϲϳ͘ĨĨĞĐƚƐŽĨĐŽƉƉĞƌͲǌŝŶĐŵŝŶŝŶŐƉŽůůƵƚŝŽŶŽŶĂƐƉĂǁŶŝŶŐŵŝŐƌĂƚŝŽŶ

Ϯϰϵ

ŽĨƚůĂŶƚŝĐƐĂůŵŽŶ͘tĂƚĞƌZĞƐĞĂƌĐŚϭ͗ϰϭϵʹϰϯϮ͘

ϮϱϬ

^ĐŚƵĞůĞƌdŚŽŵĂƐZ͕͘&ƌĂůĞǇͲDĐEĞĂů>ŝƐĂ͕ĂŶĚĂƉƉŝĞůůĂ<ĂƌĞŶ͘ϮϬϬϵ͘/ƐŝŵƉĞƌǀŝŽƵƐĐŽǀĞƌƐƚŝůůŝŵƉŽƌƚĂŶƚ͍

Ϯϱϭ

ZĞǀŝĞǁŽĨƌĞĐĞŶƚƌĞƐĞĂƌĐŚ͘:ŽƵƌŶĂůŽĨ,ǇĚƌŽůŽŐŝĐŶŐŝŶĞĞƌŝŶŐϭϰ͗ϯϬϵʹϯϭϱ͘

ϮϱϮ

^ŚĂƉůĞǇ͕^͘W͕͘ĂŶĚ͘D͘ŝƐŚŽƉ͘ϭϵϲϱ͘^ĞĚŝŵĞŶƚĂƚŝŽŶŝŶĂƐĂůŵŽŶƐƚƌĞĂŵ͘:ŽƵƌŶĂůŽĨƚŚĞ&ŝƐŚĞƌŝĞƐ

Ϯϱϯ

ZĞƐĞĂƌĐŚŽĂƌĚŽĨĂŶĂĚĂϮϮ͗ϵϭϵʹϵϮϴ͘

Ϯϱϰ

^ƚĂŶĨŽƌĚ͕͕͘,͘:ŽŶĞƐ͕ĂŶĚ͘ĂǀĂůĞƚĂ͘ϮϬϭϵ͘DĞƚĂͲĂŶĂůǇƐŝƐŽĨƚŚĞĞĨĨĞĐƚƐŽĨƵƉƐƚƌĞĂŵůĂŶĚĐŽǀĞƌŽŶ

Ϯϱϱ

ƐƚƌĞĂŵƌĞĐŽǀĞƌǇ͘ŽŶƐĞƌǀĂƚŝŽŶŝŽůŽŐǇϯϯ͗ϯϱϭʹϯϲϬ͘
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Ϯϱϲ

^ŚƵƐƚĞƌ͕t͕͘͘:͘ŽŶƚĂ͕,͘dŚƵƌƐƚŽŶ͕͘tĂƌŶĞŵƵĞŶĚĞ͕ĂŶĚ͘Z͘^ŵŝƚŚ͘ϮϬϬϱ͘/ŵƉĂĐƚƐŽĨŝŵƉĞƌǀŝŽƵƐ

Ϯϱϳ

ƐƵƌĨĂĐĞŽŶǁĂƚĞƌƐŚĞĚŚǇĚƌŽůŽŐǇ͗ƌĞǀŝĞǁ͘hƌďĂŶtĂƚĞƌ:ŽƵƌŶĂůϮ͗ϮϲϯʹϮϳϱ͘

Ϯϱϴ

dĞƚƌĂdĞĐŚ͘ϮϬϬϴ͘ŐƵĂ,ĞĚŝŽŶĚĂǁĂƚĞƌƐŚĞĚŵĂŶĂŐĞŵĞŶƚƉůĂŶͲĨŝŶĂů͘^ĂŶŝĞŐŽ͕͘ǀĂŝůĂďůĞ͗

Ϯϱϵ

ŚƚƚƉƐ͗ͬͬŶƌƐ͘ƵĐƐĚ͘ĞĚƵͬͺĨŝůĞƐͬĂŐƵĂͲŚĞĚŝŽŶĚĂͲǁĂƚĞƌƐŚĞĚͲŵĂŶĂŐĞŵĞŶƚͲƉůĂŶ͘ƉĚĨ

ϮϲϬ

dƌŽŵďƵůĂŬ͕^͕͘͘ĂŶĚ͘͘&ƌŝƐƐĞůů͘ϮϬϬϬ͘ZĞǀŝĞǁŽĨĞĐŽůŽŐŝĐĂůĞĨĨĞĐƚƐŽĨƌŽĂĚƐŽŶƚĞƌƌĞƐƚƌŝĂůĂŶĚĂƋƵĂƚŝĐ

Ϯϲϭ

ĐŽŵŵƵŶŝƚŝĞƐ͘ŽŶƐĞƌǀĂƚŝŽŶŝŽůŽŐǇϭϰ͗ϭϴʹϯϬ͘

ϮϲϮ

^ƵƌĂƐŝŶŐŚĞ͕d͕͘ĂŶĚZ͘&͘ĂůĚǁŝŶ͘ϮϬϭϰ͘'ŚŽƐƚŽĨůĂŶĚͲƵƐĞƉĂƐƚŝŶƚŚĞĐŽŶƚĞǆƚŽĨĐƵƌƌĞŶƚůĂŶĚĐŽǀĞƌ͗

Ϯϲϯ

ĞǀŝĚĞŶĐĞĨƌŽŵƐĂůĂŵĂŶĚĞƌĐŽŵŵƵŶŝƚŝĞƐŝŶƐƚƌĞĂŵƐŽĨůƵĞZŝĚŐĞĂŶĚWŝĞĚŵŽŶƚĞĐŽƌĞŐŝŽŶƐ͘ĂŶĂĚŝĂŶ

Ϯϲϰ

:ŽƵƌŶĂůŽĨŽŽůŽŐǇϵϮ͗ϱϮϳʹϱϯϲ͘

Ϯϲϱ

h^;hŶŝƚĞĚ^ƚĂƚĞƐƌŵǇŽƌƉƐŽĨŶŐŝŶĞĞƌƐͿ͘ϮϬϭϵ͘:ŽŝŶƚƌĞĐŽƌĚŽĨĚĞĐŝƐŝŽŶĂŶĚƉĞƌŵŝƚĞǀĂůƵĂƚŝŽŶĨŽƌ

Ϯϲϲ

ƚŚĞ^WƉƌŽũĞĐƚ͘ƉƉůŝĐĂƚŝŽŶƌĞĨĞƌĞŶĐĞŶƵŵďĞƌWKͲϮϬϬϵͲϬϬϲϱϭ͕tĂƐŚŝŶŐƚŽŶ͕͘͘ǀĂŝůĂďůĞ͗

Ϯϲϳ

ŚƚƚƉ͗ͬͬǁǁǁ͘ĂƐĂƉĞŝƐ͘ĐŽŵͬĚŽĐƵŵĞŶƚƐͬ^W:ŽŝŶƚZĞĐŽƌĚŽĨĞĐŝƐŝŽŶ͘ƉĚĨ

Ϯϲϴ

hƚǌ͕Z͘D͕͘<͘E͘ƐŚůĞŵĂŶ͕ĂŶĚZ͘,͘,ŝůĚĞƌďƌĂŶĚ͘ϮϬϭϭ͘sĂƌŝĂƚŝŽŶŝŶƉŚǇƐŝĐŽĐŚĞŵŝĐĂůƌĞƐƉŽŶƐĞƐƚŽ

Ϯϲϵ

ƵƌďĂŶŝǌĂƚŝŽŶŝŶƐƚƌĞĂŵƐďĞƚǁĞĞŶƚǁŽDŝĚͲƚůĂŶƚŝĐƉŚǇƐŝŽŐƌĂƉŚŝĐƌĞŐŝŽŶƐ͘ĐŽůŽŐŝĐĂůƉƉůŝĐĂƚŝŽŶƐ

ϮϳϬ

Ϯϭ͗ϰϬϮʹϰϭϱ͘

Ϯϳϭ

hƚǌ͕Z͘D͕͘Z͘,͘,ŝůĚĞƌďƌĂŶĚ͕ĂŶĚ͘D͘ŽǁĂƌĚ͘ϮϬϬϵ͘/ĚĞŶƚŝĨǇŝŶŐƌĞŐŝŽŶĂůĚŝĨĨĞƌĞŶĐĞƐŝŶƚŚƌĞƐŚŽůĚ

ϮϳϮ

ƌĞƐƉŽŶƐĞƐŽĨĂƋƵĂƚŝĐŝŶǀĞƌƚĞďƌĂƚĞƐƚŽůĂŶĚĐŽǀĞƌŐƌĂĚŝĞŶƚƐ͘ĐŽůŽŐŝĐĂů/ŶĚŝĐĂƚŽƌƐϵ͗ϱϱϲʹϱϲϳ͘

Ϯϳϯ

hƚǌ͕Z͘D͕͘Z͘,͘,ŝůĚĞƌďƌĂŶĚ͕ĂŶĚZ͘>͘ZĂĞƐůǇ͘ϮϬϭϬ͘ZĞŐŝŽŶĂůĚŝĨĨĞƌĞŶĐĞƐŝŶƉĂƚƚĞƌŶƐŽĨĨŝƐŚƐƉĞĐŝĞƐůŽƐƐ

Ϯϳϰ

ǁŝƚŚĐŚĂŶŐŝŶŐůĂŶĚƵƐĞ͘ŝŽůŽŐŝĐĂůŽŶƐĞƌǀĂƚŝŽŶϭϰϯ͗ϲϴϴʹϲϵϵ͘

Ϯϳϱ

hƚǌ͕Z͘D͕͘<͘'͘,ŽƉŬŝŶƐ͕>͘ĞĞƐůĞǇ͕͘͘ŽŽƚŚ͕Z͘:͘,ĂǁůĞǇ͕D͘͘ĂŬĞƌ͕D͘͘&ƌĞĞŵĂŶ͕ĂŶĚ<͘>͘

Ϯϳϲ

:ŽŶĞƐ͘ϮϬϭϱ͘ĐŽůŽŐŝĐĂůƌĞƐŝƐƚĂŶĐĞŝŶƵƌďĂŶƐƚƌĞĂŵƐ͗ƚŚĞƌŽůĞŽĨŶĂƚƵƌĂůĂŶĚůĞŐĂĐǇĂƚƚƌŝďƵƚĞƐ͘&ƌĞƐŚǁĂƚĞƌ

Ϯϳϳ

^ĐŝĞŶĐĞϯϱ͗ϯϴϬʹϯϵϳ͘
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Ϯϳϴ

sŝĞƚǌ͕'͘:͕͘D͘:͘^ĂŵŵŽŶĚƐ͕͘:͘tĂůƐŚ͕d͘͘&ůĞƚĐŚĞƌ͕/͘͘ZƵƚŚĞƌĨƵƌĚ͕ĂŶĚD͘:͘^ƚĞǁĂƌĚƐŽŶ͘ϮϬϭϰ͘

Ϯϳϵ

ĐŽůŽŐŝĐĂůůǇƌĞůĞǀĂŶƚŐĞŽŵŽƌƉŚŝĐĂƚƚƌŝďƵƚĞƐŽĨƐƚƌĞĂŵƐĂƌĞŝŵƉĂŝƌĞĚďǇĞǀĞŶůŽǁůĞǀĞůƐŽĨǁĂƚĞƌƐŚĞĚ

ϮϴϬ

ĞĨĨĞĐƚŝǀĞŝŵƉĞƌǀŝŽƵƐŶĞƐƐ͘'ĞŽŵŽƌƉŚŽůŽŐǇϮϬϲ͗ϲϳʹϳϴ͘

Ϯϴϭ

tĂůƐŚ͕͘:͕͘d͘͘&ůĞƚĐŚĞƌ͕ĂŶĚ'͘:͘sŝĞƚǌ͘ϮϬϭϲ͘sĂƌŝĂďŝůŝƚǇŝŶƐƚƌĞĂŵĞĐŽƐǇƐƚĞŵƌĞƐƉŽŶƐĞƚŽ

ϮϴϮ

ƵƌďĂŶŝǌĂƚŝŽŶ͗hŶƌĂǀĞůŝŶŐƚŚĞŝŶĨůƵĞŶĐĞƐŽĨƉŚǇƐŝŽŐƌĂƉŚǇĂŶĚƵƌďĂŶůĂŶĚĂŶĚǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚ͘

Ϯϴϯ

WƌŽŐƌĞƐƐŝŶWŚǇƐŝĐĂů'ĞŽŐƌĂƉŚǇ͗ĂƌƚŚĂŶĚŶǀŝƌŽŶŵĞŶƚϰϬ͗ϳϭϰʹϳϯϭ͘

Ϯϴϰ

tĂůƐŚ͕͘:͕͘͘,͘ZŽǇ͕:͘t͘&ĞŵŝŶĞůůĂ͕W͘͘ŽƚƚŝŶŐŚĂŵ͕W͘D͘'ƌŽĨĨŵĂŶ͕ĂŶĚZ͘W͘DŽƌŐĂŶ͘ϮϬϬϱ͘dŚĞ

Ϯϴϱ

ƵƌďĂŶƐƚƌĞĂŵƐǇŶĚƌŽŵĞ͗ĐƵƌƌĞŶƚŬŶŽǁůĞĚŐĞĂŶĚƚŚĞƐĞĂƌĐŚĨŽƌĂĐƵƌĞ͘:ŽƵƌŶĂůŽĨƚŚĞEŽƌƚŚŵĞƌŝĐĂŶ

Ϯϴϲ

ĞŶƚŚŽůŽŐŝĐĂů^ŽĐŝĞƚǇϮϰ͗ϳϬϲʹϳϮϯ͘

Ϯϴϳ

tĞŶŐ͕Y͘ϮϬϭϮ͘ZĞŵŽƚĞƐĞŶƐŝŶŐŽĨŝŵƉĞƌǀŝŽƵƐƐƵƌĨĂĐĞƐŝŶƚŚĞƵƌďĂŶĂƌĞĂƐ͗ZĞƋƵŝƌĞŵĞŶƚƐ͕ŵĞƚŚŽĚƐ͕ĂŶĚ

Ϯϴϴ

ƚƌĞŶĚƐ͘ZĞŵŽƚĞ^ĞŶƐŝŶŐŽĨŶǀŝƌŽŶŵĞŶƚϭϭϳ͗ϯϰʹϰϵ͘

Ϯϴϵ

tŽďƵƐ͕͕͘Z͘WƌƵĐŚĂ͕͘ůďĞƌƚ͕͘tŽůů͕D͘>ŽŝŶĂǌ͕ĂŶĚZ͘:ŽŶĞƐ͘ϮϬϭϱ͘,ǇĚƌŽůŽŐŝĐĂůƚĞƌĂƚŝŽŶƐĨƌŽŵ

ϮϵϬ

ĐůŝŵĂƚĞĐŚĂŶŐĞŝŶĨŽƌŵĂƐƐĞƐƐŵĞŶƚŽĨĞĐŽůŽŐŝĐĂůƌŝƐŬƚŽWĂĐŝĨŝĐƐĂůŵŽŶŝŶƌŝƐƚŽůĂǇ͕ůĂƐŬĂ͘W>K^KE

Ϯϵϭ

ϭϬ͗ĞϬϭϰϯϵϬϱ͘
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June 17, 2018
Questioning the Corps’ Preliminary Jurisdictional Determination for POA-2017-271
A report prepared for Earthworks
by
Thomas G. Yocom1
Wetlands Regulatory Scientist
Huffman-Broadway Group, Inc.
Executive Summary
The U.S. Army Corps of Engineers, Alaska District (Corps), has made a preliminary
jurisdictional determination (PJD) on the reach and extent of regulated “waters of the United
States,” including wetlands, within a 44,969.37-acre study area within which the Pebble Limited
Partnership (PLP) is proposing to construct an open-pit mine, transportation corridor, port site,
and power corridor. Under a PJD, all areas that “may be” jurisdictional “waters of the United
States,” including wetlands are considered to be jurisdictional for the purposes of permit
processing. Relying on an office review of PLP’s jurisdictional delineations, the Corps has
determined that 15,591.11 acres within this study area boundary are “waters of the United
States,” subject to regulation pursuant to Section 404 of the Clean Water Act.
This paper reviews some of the thousands of pages of data that PLP provided to the Corps in
support of its delineation of wetlands and waters, and concludes that the Corps should not have
accepted PLP’s delineations as valid. The majority of PLP’s wetland delineation data are too old
to be considered reliable under the Corps national policies for jurisdictional determinations, and
none of its more current data are from the proposed mine site. Furthermore, delineation
methodologies have changed substantively since those data were collected, including changes to
field indicators for hydrophytic vegetation, hydric soils, and wetlands hydrology, and these
changes would alter many of the conclusions reached in 2004-2008 regarding the presence or
absence of one or more of these mandatory criteria; the majority of PLP’s wetland delineation
data were collected in 2004-2008.
PLP extrapolated its outdated observations in mapping vast acreages that it did not physically
sample or field verify the wetland/upland boundaries it mapped, particularly within the past 5
years. PLP’s reliance on aerial photointerpretation of “vegetation photographic signatures”
raises additional questions as to whether all wetland areas have been identified; several potential
errors are described herein. In addition, some of the mapped areas of vegetation were
inappropriately delineated on the basis of data collected entirely from outside of the study area
boundaries.
This paper recommends that the Corps withdraw its PJD and require PLP to revisit and reaffirm
its delineation with present-day data and far less extrapolation.
1

Thomas G. Yocom formerly served as National Wetlands Expert for the U.S. Environmental Protection Agency
before retiring in 2005, and has actively worked on wetland permitting issues since 1978. At EPA, he was a
certified instructor in wetland delineation, and continues to teach classes in wetland identification and delineation to
private- and public-sector employees.
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Background
The U.S. Army Corps of Engineers (Corps), Alaska District, has begun processing a permit
application submitted by the Pebble Limited Partnership (PLP) to mine the Pebble copper-goldmolybdenum porphyry deposit in southwest Alaska near Iliamna Lake. As part of its
application, PLP submitted maps and supporting data depicting the reach and extent of the
“waters of the United States,” including wetlands, in a 44,969.37-acre study area within which it
proposes to construct its mining project, transportation corridor, and associated infrastructure.
In order for its maps conform to the Corps’ requirements for a preliminary jurisdictional
determination (PJD), PLP was directed to modify the maps it provided with its December 2017
permit application.2 PLP did revise its initial PJD report (December 2017) to comply with Corps
policies that any area that “may be” subject to Clean Water Act jurisdiction pursuant to Section
404 “will be” considered jurisdictional for the purposes of processing PLP’s permit application.3
In revising its PJD report and maps, PLP was directed to consider any areas it had initially
mapped as “mosaics” of wetlands and uplands as 100% wetlands in its revised PJD maps. These
modified maps were submitted in February 2018, after which the Corps issued a signed PJD4 for
the project, determining that there are 15,591.99 acres of “waters of the United States,” including
wetlands within PLP’s study boundary. The Corps assertion of jurisdiction is 406.69 acres more
than the 15,185.3 acres that PLP estimated in its revised PJD, and 3083.29 acres more than what
PLP estimated in its December 2017 PJD report.
The PJD report was based primarily on data collected a decade or more ago. The complexity of
the vegetation communities within PLP’s 44,969.37-acre study area and age of its wetland
delineation observations raise several questions about the reliability of the mapping effort, and
whether all areas that may be jurisdictional waters and wetlands are identified in the Corps’
signed PJD.
The PJD report also includes mapped areas based on data that are entirely from outside of PLP’s
study boundary.5 The Corps should have rejected those findings.
This report addresses problems associated with the outdated nature of the data and changes to
wetland delineation methods in Alaska that have occurred since those data were collected. It
attempts to assess the adequacy of wetland delineation sampling for correctly characterizing the
2

In its December 2017 Preliminary Jurisdictional Determination Report (page 27), HDR concluded that there were
12,508.7 acres of “waters of the United States,” including wetlands within the project study boundary.
3
The Corps’ written form accompanying its preliminary jurisdictional determinations states: This preliminary JD
finds that there “may be” waters of the United States on the subject project site, and identifies all aquatic features on
the site that could be affected by the proposed activity, based on the following information:” (underline added for
emphasis) (see http://www.spl.usace.army.mil/Portals/17/docs/regulatory/JD/AJD/JD_PJD form.pdf)
4
https://www.pebbleprojecteis.com/files/POA-2017-271 Pebble_PJD signed.pdf
5
PLPs revised PJD Report states that no field data points for 1) Black Spruce Woodland (BSW), 2) Closed Mixed
Forest (CMF), 3) Dwarf White Spruce Scrub (DWSS), 4) Mixed Forest Woodland (MFW), 5) Closed White Spruce
Forest (CWSF), or 6) Halophytic Dry Graminoid (HDG) come from within its project study boundary. It seems
entirely inappropriate for the Corps to accept any maps of these communities for this permit application.

2
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reach and extent of wetlands in the majority of the study area that was not physically inspected
or field verified by either PLP or the Corps.
This report reviews portions of PLP’s data that support its delineations of areas that may be
subject to regulations pursuant to Section 404 of the Clean Water Act (CWA), and concludes that
the Corps should not rely upon those data and should consider the permit application incomplete.
PLP’s data are too old to be relied upon for determinations of CWA jurisdiction
From the outset, the Corps should not have accepted PLP’s wetland maps for the purposes of
making a preliminary jurisdictional determination (PJD) because the majority of the supporting
data were collected over a decade ago. National Corps policy considers jurisdictional
delineations more than 5 years old to be expired because of the changes that can occur to wetland
boundaries over time.6
PLP’s jurisdictional delineation efforts began in 2004, more than 13 years before PLP chose to
submit its permit application.7 Had PLP applied for a permit when these data were collected, its
jurisdictional determination from the Corps would have long since expired. The Corps should
not make an exception for PLP simply because it chose to delay applying for a permit until long
after its data would have been considered current.
Not only are these data too old to be considered reliable for characterizing present-day
conditions, but several important changes have been implemented in subsequent years that affect
how wetland boundaries in Alaska are to be delineated. These include changes to a) the
indicator status of plant species on the Alaska 2014 Regional Wetland Plant List,8 b) field
indicators of hydric soils, as well as guidance on how soils should be sampled and characterized,
and c) changes to primary and secondary field indicators of wetlands hydrology. Furthermore, in
2007, the Corps’ adopted an Alaska-specific regional supplement9 to its 1987 Wetland
Delineation Manual10 that provides Alaska-specific guidance on how to delineate wetlands in
Alaska and sub-regions within the State.
This is not a criticism of how these older data were collected, inasmuch as the delineation teams
were following the official guidance that was appropriate at the time of their data collection.
However, that does not change the fact that their observations are outdated, or that some of their
conclusions would have been different if they had been following present-day guidance.
6

In supporting its policy that jurisdictional determinations expire after 5 years, the Corps Regulatory Guidance
Letter 05-02 states: “Since wetlands and other waters of the United States are affected over time by both natural and
man-made activities, local changes in jurisdictional boundaries can be expected to occur. As such, jurisdictional
determinations cannot remain valid for an indefinite period of time.” (see
http://www.usace.army.mil/Portals/2/docs/civilworks/RGLS/rgl05-02.pdf)
7
A third of PLP’s wetland delineation field data were collected in 2004, and more than 72% of its samples are at
least 10 years old. Only the data from 116 of PLP’s 685 field sites might arguably fall within the 5-year expiration
limit, as these were collected in 2013 (13 field sites) and 2017 (103 samples).
8
http://www.poa.usace.army.mil/Portals/34/docs/regulatory/2014AKWetlandPlantList.pdf
9
http://www.usace.army.mil/Portals/2/docs/civilworks/regulatory/reg_supp/erdc-el_tr-07-24.pdf
10
See: http://www.usace.army.mil/Portals/2/docs/civilworks/regulatory/reg_supp/erdc-el_tr-07-24.pdf
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Whereas it may have been possible for PLP to revisit its field data sheets and update some of its
observations and conclusions, particularly with regard to any changes in the wetland indicator
status of the vegetation it sampled a decade or more ago, its observations of hydrology
conditions cannot be updated without revisiting its field sites. And, after reviewing some of the
thousands of pages of wetland field data sheets and photographic reference points, it is clear that
PLP did not update its observations, particularly as regards the wetland indicator status of the
vegetation it observed previously.
Had it done so, it would have changed the conclusions on some of the field sites with regard to
the presence or absence of hydrophytic vegetation. Nevertheless, without updated information,
the Corps cannot conclude that the vegetation dominating all strata at field sites, or the hydrology
field indicators are unchanged from what was observed a decade or more earlier.
The Corps should not have accepted PLP’s observations recorded in 2004-2008 as reliable under
the Corps’ own policies, and in this regard, even the data from 2013 may be outdated. Data from
2017 should be considered current, although these data appear to be within the proposed
transportation corridor between Iliamna Lake and Cook Inlet, and do not serve to update or
reaffirm observations made years earlier in the mine site area.
The Corps should consider PLP’s permit application to be incomplete unless these data are
revisited and subsequently reaffirmed or modified, as appropriate.
PLP’s mapping protocols are based on insufficient wetland delineation field samples
The PJD reports, the mapping protocols, and the Corps’ acceptance of PLP’s estimates raise
questions that should be addressed and resolved prior to the preparation and release of the DEIS.
The mapping effort relied on aerial photointerpretation, wherein PLP identified and drew
boundaries (polygons) around vegetation communities for which it had created “vegetation
classification photographic signatures.”11 In its revised maps, polygons were compiled as
wetlands or uplands (except for open-water areas), based upon field data that PLP had collected
within those same vegetation communities in 2004-2008, 2013, and 2017.
In doing so, it was necessary for PLP to extrapolate the data collected as long ago as 2004 from
areas where it had made direct field measurements to vast areas that were not sampled or fieldverified within the past 5 years. Actual boundaries between wetland and non-wetland areas were
not field verified for the vast majority of the mapped area and were not independently confirmed
by the Corps before it signed its PJD, other than by an office review.
This in itself is not a criticism, in that it would not be practicable to do a detailed field
verification of all of the wetland/upland boundaries in a study area as large and diverse as that
within PLP’s study boundary. Here, however, the extrapolation involves 48 separate vegetation
classifications12 for which photographic signatures from aerial photographs were identified by
11

See PLP’s Preliminary Jurisdictional Determination Report, Revision 1, Appendix C: Vegetation Classification
Photographic Signatures. January 2018.
12
Some of these signatures are not “vegetation,” as they included snow, open water, and bare ground.
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PLP. It concluded that some of these communities are always uplands, some always wetlands,
but most were estimated to be wetlands at some field sites, uplands at some others, and mosaics
of wetlands and uplands at still others. These estimates are presented as very specific
percentages.13
These percentages are further described in PLP’s Wetlands Mapping Acreage Summary Table,14
where its 48 photographic signatures are further divided into 223 upland, wetland, or mosaic
wetland mapping categories (JDWet), 37 of which are upland and 186 were wetland or
mosaics.15
Given that the data are too old to be considered reliable and because of the breadth to which
these observations are extrapolated to areas that were not sampled, the Corps should require PLP
to revisit and verify the boundaries and acreages that it extrapolated from its wetland delineation
field sampling in order to update its observations. The Corps should independently verify these
updated delineation maps before making a preliminary jurisdictional determination.
Potentially jurisdictional areas that were not identified in the Revised PJD Report
For the Corps, it is important that the benefit of the doubt go to the wetlands in a PJD; all areas
that “may be” subject to jurisdiction pursuant to Section 404 of the Clean Water Act must be
included as jurisdictional in a signed PJD. From a review of some of PLP’s supporting data
sheets, it appears that all not “waters” have been included.
PLP provides wetlands data sheets from 685 wetland delineation field sites. The total of area of
actual on-the-ground measurements from these is therefore likely to be less than 70 acres, if the
investigators recorded a standard 0.1-acre vegetation sample for each data sheet as stated in their
methods.16 Within that vegetation sampling area, they characterized the soil and hydrology
indicators within and surrounding a single soil pit.
PLP also made many more additional observations of vegetation communities, but generally
without recording dominant species, soil characteristics, or hydrology information (other than
what can be inferred from site photographs). Of the 685 wetland delineation sites, PLP
13

For example, PLP describes the Open Willow Low Shrub (OWLS) community as having a wetland “probability”
of 42.4% wetland, 28.4% wetland mosaic, 19.4% upland, and 9.8% upland mosaic (Preliminary Jurisdictional
Determination Report, Revision 1, Appendix C: Vegetation Classification Photographic Signatures. January 2018).
14
See applicant’s Preliminary Jurisdictional Determination Report, Revision 1, Appendix I. February 2018.
15
It is worth noting that PLP further divided these 223 categories into a total of 843 Cowardin classification
categories for which PLP identified specific acreages. The Cowardin classification information is not relevant to the
Corps determination of the reach and extent of the “waters of the United States,” including wetlands, and is not
discussed further, other than to note that PLP’s extrapolation of its field data on the basis of aerial
photointerpretation seems fairly extraordinary in order to map each of 843 classification categories to within a
fraction of an acre over a very complex 45,000-acre study area.
16
“Consistent with the 1987 Manual (USACE, 1987), 2006 Interim Alaska Regional Supplement (USACE, 2006),
and 2007 Alaska Regional Supplement (USACE, 2007), investigators collected vegetation data to determine
whether the surrounding plant community was dominated by hydrophytes. Detailed species and cover estimates on
1/10th-acre plots were recorded within representative stands of vegetation.” (PLP’s Preliminary Jurisdictional
Determination Report, Revision 1, page 8.)
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concluded that 326 were upland and 359 were wetland or mosaics. Based simply on the number
of 3-parameter field sites (685) that must support any wetland delineation effort, PLP’s mapping
of wetlands and mosaics averages less than 2 wetland data sheets for each of the 186 wetland and
mosaic categories it mapped in its roughly 45,000-acre study area, or one 0.1-acre sample for
every 28 acres of wetlands or mosaics that PLP mapped (10,039 acres total).
Whereas this level of effort might be sufficient to characterize homogeneous plant communities
in simple landscape positions with distinct topographic boundaries, it seems inadequate for the
Corps and the public to be able to assess project impacts, or to determine the least
environmentally damaging practicable alternative under the 404(b)(1) Guidelines. Here, the
vegetation communities, topography, soil characteristic, and sources of hydrology are complex,
the data are too old, and the delineation needs to be updated. For the purposes of this report,
however, the data were reviewed for inconsistencies and errors that may have resulted in
jurisdictional “waters,” including wetlands, being omitted from the Corps’ signed PJD.
There was insufficient time to carefully review the thousands of pages of field data sheets and
photographs included in PLP’s revised PJD Report. Instead, the effort herein focused on sites
where PLP had recorded field indicators of two of the three required criteria for 1) hydrophytic
vegetation, 2) hydric soils, and 3) wetland hydrology. True 2-parameter sites are generally
rare,17 except at boundaries between wetlands and non-wetlands.
The likelihood that the third criteria will be met at 2-parameter sites is because the three
parameters are interrelated. For example, if a site is wet enough, long enough during the
growing season in most years, the soils are hydric by definition, regardless of observable soil
properties such as color or texture. Similarly, if the vegetation community is strongly
hydrophytic and the soils meet the hydric soil criterion, then if contemporary wetlands hydrology
indicators are missing, it is important to look more closely for evidence that wetlands hydrology
may, in fact, be present at some other time during the growing season in most years (51 out of
100). Otherwise, the hydrophytic vegetation community might be expected to shift towards
more upland species if the underlying soils are no longer inundated or saturated for long- or
very-long duration in most years.18
One reason Corps jurisdictional determinations expire after 5 years is that wetland and nonwetland conditions can change over time.
Examples of sites where vegetation indicator status changed
For example, at its 2007 field sites HDR5185 and HDR5188, PLP appears to have incorrectly
concluded the sites to be uplands, in spite of very strong primary field indicators of hydric soils
17

Note: Although the author of this paper was a certified federal instructor in wetland delineation, he has no
experience delineating wetlands in Alaska. He, as well as the senior authors of the Corps 1987 Wetland Delineation
Manual with whom he trained, caution students that sites with field indicators of 2 of the 3 required parameters are
rare, and that often the third parameter is present, unless the site has been recently manipulated or disturbed.
18
Huffman, R.T. and T.G. Yocom. 1986. The multiple-parameter approach for technical delineations of aquatic
and wetland boundaries under federal regulatory jurisdiction. Pgs. 166-172, In: J.A. Kusler and P. Riexinger (eds.).
Proc. National Wetland Assessment Symposium. ASWM Technical Report 1.
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and wetlands hydrology, including the presence of a histic epipedon, reducing conditions,
hydrogen sulfide, and water tables within 5 inches of the surface (data sheets included in
Appendix A to this report).
Site HDR5185 is mapped as an Open Broadleaf Forest (OBF) site and was mapped as strictly
upland (Figure 1), in spite of notes on the data form that the site meets the requirements for a
problem area and that the vegetation should be considered hydrophytic. Furthermore, the
vegetation is considered hydrophytic as a result of changes to the indicator status of one of the
dominant species; that could have been updated by PLP, but was not.
Similarly, site HDR5188 was recorded as lacking hydrophytic vegetation, in spite of being on a
hydric soil with histic epipedon and a water table within 5 inches of the surface and was also
mapped as upland (also shown in Figure 1). This site was recorded as being within the Closed
Broadleaf Forest (CBF) mapping unit which PLP mapped as 100% uplands. This site should
have been mapped as a wetland in 2007 under the Alaska Regional Supplement, inasmuch as the
data sheet describes the vegetation community as a closed paper birch forest.
The Alaska Regional Supplement cautions that certain plant species that are more often
associated with uplands can dominate jurisdictional wetlands in Alaska, providing examples of
FACU species such as paper birch, white spruce,19 Sitka spruce, devil’s club (Oplopanax
horridus), and field horsetail.20 These polygons should have been mapped as wetlands under the
protocols of a formal PJD. These and any other mapped polygons that may have been based
upon incorrect upland designations should be revisited and revised.
The photo signature example of the CBF in Appendix C (page 8) of PLP’s Revised Preliminary
Jurisdictional Determination Report show polygons drawn around areas of this community that
appear to be riparian and potentially wetland, but the data from the field site (HDR5073) shown
within the yellow boundaries on that photographic signature appears to be redacted from the data
provided in the revised PJD report, raising questions about whether the site would have been
considered wetland under the Alaska Regional Supplement guidance (see Figure 2).
Other field sites where PLP recorded photographs and notes about vegetation communities and
landscape position include sites that were recorded and mapped as upland but which appear from
the photographs to be wetland, including field site HDR2608, an open white spruce forest
(OWSF) that PLP reported it mapped as 100% upland (Figure 3); as stated earlier, white spruce
is a FACU species that can dominate jurisdictional wetlands in Alaska.
Similar questions can be raised regarding the Open Willow Low Shrub community (OWLS),
which makes up 2091.81 acres of the areas mapped within PLP’s study area. Field site
19

PLP considered white spruce-dominated communities to be entirely or overwhelmingly upland in their aerial
photointerpretation of vegetation communities (Closed White Spruce Forest – 100% upland; Open White Spruce
Forest – 100% upland; White Spruce Woodland – 99.6% upland). This may be contrary to guidance in the 2007
Alaska Regional Supplement, but the data sheets for these field sites are not reviewed in this report.
20
The wetland indicator status of field horsetail (Equisetum arvense) has subsequently been changed from FACU to
FAC, which affects some of the conclusions reached in the data sheets regarding the presence or absence of
hydrophytic vegetation.
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Figure 1. Wetland delineation field sites HDR5185 and HDR5188 that are mapped as uplands but should have been recorded as wetlands,
based upon the field data sheets recorded at these sites (see Appendix A of this report). HDR5185 is recorded as Open Broadleaf Forest and
HDR5188 is recorded as Closed Broadleaf Forest. It may be worth noting that HDR9145 should have been recorded as meeting the criterion
for wetland hydrology under the 2007 Alaska supplement (high dry season water table).
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Figure 2. PLP’s Vegetation Photographic Signature for Closed Broadleaf Forest (CBF), classified as 100% upland. Signature
boundaries in the top photograph appear to be in a riparian (streamside) landscape position, and therefore potentially wet. Field
plot HDR5073 is shown within the boundary, but its data are redacted in the data sheets accompanying PLP’s Preliminary
Jurisdictional Determination Report – Revised, January 2018.
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Shallow water table and
evidence of soil saturation to
the surface

Figure 3. Field site HDR2608, a white spruce forest site with a water table that appears to be within 10 inches of the surface, suggesting the
site may have primary indicators of hydric soils and wetland hydrology. Under the 2007 Alaska Regional Supplement to the Corps’ 1987
Wetland Delineation Manual, white spruce dominated sites can be considered jurisdictional wetlands where such indicators of soils and
hydrology are present. Field site HDR2606 (also shown on the map above) recorded saturated soil within 8 inches of the surface. PLP mapped
these sites as upland on Mapset Tile U31 (PLP Revised PJD Report, Appendix A, page 195), a portion of which is inset, above.

Area recorded and
mapped as upland
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HDR5168_17 is shown as being within PLP’s example vegetation photographic signature for the
Open Willow Low Shrub (OWLS) community on page 18 of Appendix C (Figure 4). The field
notes for that site, found in Appendix M, indicates the site is a wetland with strong indicators of
hydrology (hydrogen sulfide, saturation near the surface), hydric soil (organic), and hydrophytic
vegetation, although species dominance is not calculated. Although PLP’s example of the
vegetation photographic signature for OWLS is, in fact, a wetland, it is unclear how the same
photographic signature was distinguished as upland or mosaic at other locations, and whether
there was sufficient field verification to confirm the accuracy of the associated polygons.21
At field sites within the OWLS community, 2 of the 3 criteria were met at 15 of the 42 sampling
locations (roughly 35% of the sites). In all of these cases, the sites were found to meet the
criteria for hydrophytic vegetation and wetlands hydrology, but field investigators concluded that
hydric soil field indicators were absent. This included sites that had shallow groundwater within
12 inches of the surface. This was true for sites in several other mapped vegetation communities.
“Upland” sites with primary indicators of wetland hydrology and hydrophytic vegetation
In its field investigations from 2004-2008 and 2013-2017, PLP recorded 2 of the 3 mandatory
wetland criteria at roughly one-fifth (140) of the total 685 field sites. In almost all cases, the
missing parameter was a lack of field indicators of hydric soil. In other words, most of the 2parameter sites were dominated by species of hydrophytic vegetation and had field indicators of
wetlands hydrology.
The data sheets from some of these sites reflected weak secondary indicators of hydrology (such
as the FAC-neutral test) and weak indicators of hydrophytic vegetation (FAC-dominated
communities), and the conclusions that such sites were upland in 2004-2008 seem reasonable.
However, there are many 2-parameter sites where the field indicators of vegetation and
hydrology were strong in 2004-2008, and PLP’s conclusions that these were upland sites then, as
well as now in 2018 are questionable.
The 2007 Alaska Regional Supplement to the Corps’ 1987 Wetland Delineation Manual
specifically identifies 2-parameter sites lacking hydric soil indicators as “Difficult Wetland
Situations in Alaska.”22 It cautions that sites which have the presence of hydrophytic vegetation
and at least one primary indicator of wetlands hydrology may, in fact, be wetlands with hydric
soils, even if field indicators of hydric soils are absent. One of the ways that the soil at such sites
may be hydric is if “the soil is ponded or flooded, or the water table is 12 in. (30 cm) or less from

21

In its field sampling efforts from 2004-2008 and 2013-2017, PLP made direct field measurements at 42 sites
within the OWLS vegetation community. Of these, 23 sites were found to be wetlands, having positive field
indicators for hydrophytic vegetation, hydric soils, and wetlands hydrology. At the 19 remaining field sites,12 sites
were determined to be uplands, and 7 were determined to be mosaics of wetlands and uplands. In some cases, the
landscape position of the field sampling site was a factor in concluding how the site was classified with regard to its
potential jurisdictional status, and in some cases, microtopography was cited as a rationale. In extrapolating the
observed field conditions in OWLS communities identified in an aerial photograph, it may be possible to assess the
landscape position using associated topographic data, but likely microtopography.
22
Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Alaska Region (Version 2.0),
ERDC/EL TR-07-24, September 2007, page 83.
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Figure 4. PLP’s Vegetation Photographic Signature for the Open Willow Low Shrub community.
Within its boundary in the upper photograph is field site HDR5168_17. Field notes for that site
show hydrophytic vegetation, wetlands hydrology, and hydric soils. This site is a wetland, but
according to the listed probabilities above, OWLS communities can be wetland, upland, or mosaic.
It is unclear how these differences are distinguished and confirmed in PLP’s final maps.
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the surface, for 14 or more consecutive days during the growing season in most years (50 percent
or higher probability) (U. S. Army Corps of Engineers 2005). If so, then the soil is hydric.”23
Primary field indicators of wetland hydrology are evidence that a site is inundated or saturated in
the upper part for 14 or more consecutive days, and therefore, it seems contrary to the Alaska
Regional Supplement to conclude that an area with such indicators and hydrophytic vegetation is
upland unless there is additional hydrologic data to explain why the site fails to meet the 14-day
requirement. None of the data sheets reviewed herein provided evidence that efforts were made
to determine the longer-term frequency and duration of inundation or saturation at “upland” sites
with multiple primary and secondary field indicators of wetlands hydrology. The 2007 Alaska
Regional Supplement recommends assessing hydrology further in such cases.24
For example, at its site 3PP6332 (data sheets included in Appendix A to this report), PLP
recorded a vegetation community with 100% of the dominant species classified as hydrophytic, a
water table within 12 inches of the surface, and 4 secondary indicators of hydrology including
oxidized root channels and water-stained leaves. PLP’s consultants concluded that the site was
upland,25 although for mapping purposes, it was further classified as a U_40 mosaic. It is
unclear how such observations such may have been extrapolated to OWLS polygons that PLP
mapped but did not actually visit.
Similarly, at site 3PP3289 (data sheets including in Appendix A to this report), strong indicators
of hydrophytic vegetation and wetland hydrology were present, but investigators concluded that
the hydric soil parameter was missing. The data sheet, originally prepared in 2006, was revised
in 2010, after which the consultant’s JDWet code of U_20 mosaic was added, according to notes
on the data sheet. And the notes on the data sheet regarding hydric soils appear to report
flooding or ponding for 14 or more continuous days. If so, this site should have been mapped as
a wetland and perhaps associated mapping and extrapolation based on aerial photointerpretation
modified accordingly.
Some of the 2-parameter sites were mapped near the boundary of polygons that PLP mapped as
mosaics, suggesting that these boundaries should be expanded to incorporate areas where
wetland hydrology indicators may indicate the presence of hydric soils (Figure 5). In other
areas, the sites appear to be within drainage features, including with mapped streams (Figure 6).
The Corps should reconsider if such sites “may” include jurisdictional “waters of the United
States,” including wetlands, and if so, they should be included in the Corps’ PJD as
jurisdictional.
23

Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Alaska Region (Version 2.0),
ERDC/EL TR-07-24, September 2007, page 92.
24
The Alaska Regional Supplement recommends “Using gauge data, water-table monitoring data, or repeated direct
hydrologic observations, determine whether the soil is ponded or flooded, or the water table is 12 in. (30 cm) or less
from the surface, for 14 or more consecutive days during the growing season in most years (50 percent or higher
probability) (U. S. Army Corps of Engineers 2005). If so, then the soil is hydric. Furthermore, any soil that meets
the NTCHS hydric soil technical standard (NRCS Hydric Soils Technical Note 11,
(http://soils.usda.gov/use/hydric/ntchs/tech_notes/index.html) is hydric.” (Alaska Regional Supplement, page 92)
25
In describing the soils at site 3PP6332, the field investigators indicated that the soil was very poorly drained, that
“this is a wet site,” and suggested the site warranted a revisit. There is no evidence provided that the site was
revisited.
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3PP0038
3PP0264

3PP0348

3PP0576

Figure 5. Field sites mapped by PLP as uplands that had strong primary indicators of wetlands
hydrology and hydrophytic vegetation when those data were collected in 2004. In these four examples,
the field sites are adjacent to areas that PLP mapped as mosaics of wetlands and uplands, including areas
along mapped stream channels. It is unclear how much further the boundaries would have moved beyond
these field sites had PLP delineated them as wetlands.
For the purposes of a Corps of Engineers Preliminary Jurisdictional Determination (PJD), these are areas
that “may be” subject to Clean Water Act jurisdiction, and should have been found jurisdictional under
the Corps’ PJD. The Corps should also revisit areas where stream channels are mapped and reaffirm that
those areas immediately adjacent to these waters that PLP delineated as uplands are not wetlands.
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3PP3183

3PP20141

3PP10068a

Figure 6. Field sites PLP mapped as uplands that had strong primary indicators of wetlands hydrology and
hydrophytic vegetation in 2005 and 2008. Sites 3PP3183 and 3PP20141 are within drainage features
mapped as uplands. Site 3PP10068a is near an area mapped as wetland and another area mapped as mosaic
in the same drainage feature. For a Corps PJD, these field sites appear to be within areas that “may be”
subject to Clean Water Act jurisdiction. The Corps should also reaffirm that such areas, as well as areas
mapped as uplands along mapped stream channels (lower left photo above), are not potential wetlands.
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Dwarf Ericaceous Shrub Tundra (DEST) makes up approximately 11,650 acres of the mine
mapping area. PLP determined that approximately 10,900 acres of this mapped vegetation
community is uplands, with the remainder being wetlands or wetland-upland mosaics that
presumably were mapped as wetlands pursuant to the Corps’ policies for preliminary
jurisdictional determinations.
PLP characterized the reach and extent of wetlands within the DEST community on the basis of
105 field sites (10.5 acres of vegetation sampling) or a 0.1-acre sample for every 111 acres
mapped. Of the 105 field sites, PLP recorded 26 sites where 2 of the 3 required criteria for
wetlands were present. In most, if not all of these cases, the missing parameter again was hydric
soil field indicators. None of the 26 sites with 2 parameters were identified as “Difficult
Wetland Situations in Alaska,” even though some may have qualified as such under the 2007
Alaska Regional Supplement.26
For example, at site 3PP0345, PLP recorded vegetation with 100% of the dominant species being
hydrophytic in 2018 (although 67% were considered hydrophytic in 2004), and four primary
indicators of wetland hydrology, including a water table within 5 inches of the surface (data
sheets included in Appendix A of this report). PLP mapped the site as upland, but it appears that
the nearby mosaic in PLP map tile F10 (Figure 7) should be extended to include this site as well
as any other areas nearby with hydrophytic vegetation and strong primary indicators of
hydrology.
At none of the 2-parameter sites was the presence of wetland hydrology used to assess whether
the soils were hydric by definition (i.e., any soil that is inundated or saturated during the growing
season at a frequency and duration to develop anaerobic conditions in the upper part is hydric).
At sites that appear to be similar with regard to the presence of hydrophytic vegetation and
primary field indicators of wetland hydrology, some were classified as upland/wetland mosaics
and others as strictly uplands. And, it is unclear how PLP chose to distinguish the thousands of
acres of DEST photographic signatures in its final maps with regard to which are mapped as
uplands, wetlands, or mosaics, or whether any of the boundaries of same were field verified.
The overall percentage (20%) of 2-parameter sites in PLP’s wetlands report raises additional
questions about whether the soil pits at these sites are representative of conditions within a
distinct plant community or, instead, are in a transitional area between wetland and non-wetland
communities.27 Wetland delineation methodologies laid out in the Corps 1987 Wetland
Delineation Manual28 essentially direct field investigators to characterize observably distinct
plant communities by choosing representative sampling locations somewhere in the middle of
26

Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Alaska Region (Version 2.0),
ERDC/EL TR-07-24, September 2007, page 83.
27
In its revised Preliminary Jurisdictional Report, PLP states: “At individual sites, the data collected in the field
may not always match the final vegetation type assigned to that area. This is the result of heterogeneity of vegetation
that cannot always be reliably detected or practically mapped on aerial photography, or because the field plot was
placed in a small inclusion of another type of vegetation within a larger vegetation mapping unit.” PLP’s Pebble
Project Preliminary Jurisdictional Determination Report – Revision 1. January 2018. page 10. (emphasis added)
28
http://www.poa.usace.army.mil/Portals/34/docs/regulatory/wlman87.pdf
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Figure 7. Field site 3PP0345 that PLP mapped as uplands that had four primary indicators of wetlands hydrology in 2004, as well as
positive field indicators of hydrophytic vegetation. This field site is near an area mapped as wetland mosaic and may have a similar
vegetation photographic signature. For a Corps PJD, this field site appears to be within areas that “may be” subject to Clean Water Act
jurisdiction.
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that community and not at its edge. Then, where field-verified wetland communities and upland
communities are adjacent to each other, the 1987 Manual directs field investigators to do
additional sampling to define a linear boundary between these wetland and upland communities,
often associated with a topographic change/contour. Typically, it is at such boundaries where
one or more of the field indicators disappears, with the disappearance of hydric soil indicators
most often defining that boundary.
Also, it is unclear if the field determinations made on the data sheets were limited to the area
immediately around the soil pit, as they should be, or whether surrounding areas were considered
for which the soil pit and associated field indicators of hydrology may or may not be
representative. For example, at site 3PP3955 (data sheets included in Appendix A to this report),
a) hydrophytic vegetation (100% of dominant species), b) inundated and saturated conditions
were recorded as well as secondary indicators of hydrology, and c) three primary indicators of
hydric soils were recorded. Clearly this is a wetland site and should simply have been marked as
such. However, for mapping purposes, PLP’s consultants recorded the site as a mosaic (W_10,
or 10% upland). Similarly, for some sites in other vegetation communities with strong field
indicators for two of the three parameters, some were put into a mapping category that was
mosaic and others were mapped as strictly upland, in spite of examples in both categories where
the site was also checked as being “transitional.”
Conclusion
The Corps should not have accepted data from 10 years ago or more as valid for a jurisdictional
determination in 2018. The fact that PLP chose not to apply for a permit when its data was
contemporary enough to be considered valid should not influence the Corps to accept outdated
information for a project of this magnitude or potential controversy.
Even if it were appropriate for the Corps to consider such data, it should have been updated to
the extent practicable by revising the data sheets to reflect changes in vegetation, soils, and
hydrology field indicators, as well as the guidance in the 2007 Alaska Regional Supplement,
particularly in the areas of the proposed mine and tailings storage facility.
At a minimum, the Corps should perform its own careful review the data that support its signed
PJD and consider directing PLP to make additional corrections that would partially update its
data and better ensure that all areas that may be subject to Clean Water Act jurisdiction are
identified in the Corps’ PJD before moving forward with the DEIS and permit processing.
Given the shortcomings of PLP’s PJD Report, the Corps should determine that the permit
application is incomplete and not proceed with the DEIS at this time.
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APPENDIX A

SELECTED DATA SHEETS FROM
PLP’S REVISED
PRELIMINARY JURISDICTIONAL
DETERMINATION REPORT
FOR FIELD SITES:
HDR5185
HDR5188
3PP6332
3PP3289
3PP3955
3PP0345
(included in the order in which the sites
are referenced in the text of this report)

12

qualifies
as hydrophytic
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indicator
BBNCVegetation
Comments on Pebble
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Application andwhen
Draft EIS
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status isAppendix
revised.
PLP138
field
notes state that
E, Page
of 2339
vegetation is hydrophytic, but PLP mapped site as uplands. Should have been mapped wetland.
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R = Relic, M = Marginal, S = Slight

3ULPDU\,QGLFDWRUV DQ\RQHLQGLFDWRULVVXIILFLHQW

6HFRQGDU\,QGLFDWRUV RUPRUHUHTXLUHG
:DWHUVWDLQHG/HDYHV % 

;

6XUIDFH:DWHU $

,QXQGDWLRQ9LVLEOHRI$HULHO,PDJHU\ %

'UDLQDJH3DWWHUQV % 

;

+LJK:DWHU7DEOHV $

6SDUVHO\9HJHWDWHG&RQFDYH6XUIDFH %

2[LGL]HG5KL]RVSKHUHVDORQJ/LYLQJ5RRWV &

;

6DWXUDWLRQ $

0DUO'HSRVLWV %

3UHVHQFHRI5HGXFHG,URQ &

:DWHU0DUNV % 

+\GURJHQ6XOILGH2GRU &

6DOW'HSRVLWV &

6HGLPHQW'HSRVLWV % 

'U\6HDVRQ:DWHU7DEOH &

6WXQWHGRU6WUHVVHG3ODQWV '

'ULIW'HSRVLWV %

2WKHU ([SODLQLQ5HPDUNV

*HRPRUSKLF3RVLWLRQ '

$OJDO0DWRU&UXVW %

6KDOORZ$TXLWDUG '

,URQ'HSRVLWV %

0LFURWRSRJUDSKLF5HOLHI '

6XUIDFH6RLO&UDFNV %

)$&1HXWUDO7HVW '
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'$7$)250
5287,1(:(7/$1''(7(50,1$7,21
&2(:HWODQGV'HOLQHDWLRQ0DQXDO
3URMHFW6LWH3HEEOH3URMHFW

3ORW,'33
'DWH

$SSOLFDQW2ZQHU3HEEOH/LPLWHG3DUWQHUVKLS

&RXQW\/DNH 3HQLQVXOD%RURXJK

,QYHVWLJDWRU6WHYH5HLGVPD'HQLVH+HU]RJ

6WDWH$.

'R1RUPDO&LUFXPVWDQFHV([LVWRQWKHVLWH"

<HV

756765:6HF

6LWHVLJQLILFDQWO\GLVWXUEHG $W\SLFDO6LWXDWLRQ "

1R

/DW

,VWKHDUHDDSRWHQWLDO3UREOHP$UHD" ,IQHHGHGH[SODLQRQUHYHUVH

1R

/RQJ

$UHFOLPDWLFK\GURORJLFFRQGLWLRQVRQWKHVLWHW\SLFDOIRUWKLVWLPHRI\HDU"

<HV

0LFURWRSRJUDSK\+XPPRFN\ ODUJH

0DFURWRSRJUDSK\&RQYH[

(1:,83(00/%

3URMHFW9HJHWDWLRQ7\SH6XEDUFWLF6HGJH0RVV:HW0HDGRZ

+*01$

/DQGIRUP6DGGOH

9(*(7$7,21

-':HW&RGH8B

VHH9HJHWDWLRQ2YHUIORZ$GGHQGXPIRUDGGLWLRQDOHQWULHV

3ODQW6SHFLHV 'RPLQDQW '

 6WUDWXP

,QGLFDWRU

3ODQW6SHFLHV 'RPLQDQW '

 6WUDWXP

,QGLFDWRU

Empetrum nigrum (D)

5

Sapling/Shrub FAC

Eriophorum russeolum s.l.

5

Herb

FACW

Vaccinium uliginosum (D)

5

Sapling/Shrub FAC

Carex rotundata

5

Herb

OBL

Salix fuscescens (D)

3

Sapling/Shrub FACW

Eriophorum angustifolium

5

Herb

OBL

Betula nana ssp. exilis

T

Sapling/Shrub FAC

Moss sp.

70

Bryophyte

N/A

Vaccinium vitis-idaea ssp. minus

T

Sapling/Shrub FAC

Sphagnum sp.

10

Bryophyte

N/A

Andromeda polifolia

T

Sapling/Shrub OBL

Cladina rangiferina

3

Bryophyte

N/A

Carex nesophila (D)

10

Herb

FACW

Pleurozium schreberi

T

Bryophyte

N/A

OBL

Polytrichum sp.

T

Bryophyte

N/A

Eleocharis palustris (D)

10

Herb

Percent of Dominant Species that are OBL, FACW, or FAC: 100.00

7 7UDFH 

Hydrophytic Veg Present: Yes

'RP6SHFLHV2%/)$&:)$&
7RWDO'RP6SHFLHV

Remarks:

+<'52/2*<
:HWODQGK\GURORJ\,QGLFDWRUV 

; 5HFRUGHG'DWD 'HVFULEHLQ5HPDUNV 

3ULPDU\,QGLFDWRUV

6WUHDP/DNHRU7LGH*DXJH

,QXQGDWHG

; $HULDO3KRWRJUDSKV

;

2WKHU

6DWXUDWHGLQ8SSHU,QFKHV
:DWHU0DUNV
'ULIW/LQHV

1R5HFRUGHG'DWD$YDLODEOH

6HGLPHQW'HSRVLWV
'UDLQDJH3DWWHUQVLQ:HWODQGV

)LHOG2EVHUYDWLRQV
'HSWKRI6XUIDFH:DWHU
'HSWKWR)UHH:DWHULQ3LW
'HSWKWR6DWXUDWHG6RLO

1$ LQ

 LQ
 LQ
5 5HOLF0 0DUJLQDO6 6OLJKW

5HPDUNV2WKHUGXHWRPLFURWRSRJUDSK\

6HFRQGDU\,QGLFDWRUV
;

2[LGL]HG5RRW&KDQQHOVLQ8SSHU

;

:DWHU6WDLQHG/HDYHV

1$

/RFDO6RLO6XUYH\'DWD

;

)$&1HXWUDO7HVW

;

2WKHU ([SODLQLQ5HPDUNV
:HWODQG+\GURORJ\3UHVHQW
<HV
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62,/6

3ORW,'33
93'

'UDLQDJH&ODVV

0DS8QLW1DPH
6HULHVDQG3KDVH 

,$

7D[RQRP\ 6XEJURXS 

)LHOG2EVHUYDWLRQV
&RQILUP0DSSHG7\SH"

$TXDQGLF'\VWURFU\HSWV

3URILOH'HVFULSWLRQ
0DWUL[&RORU
0XQVHOO0RLVW

0RWWOH&RORUV
0XQVHOO0RLVW

0RWWOH
$EXQGDQFH&RQWUDVW

7H[WXUH&RQFUHWLRQV6WUXFWXUH(WF

'HSWK
,QFKHV

+RUL]RQ

6-2.5

Oi

2.5-0

Oe

0-1.5

A

7.5YR2.5/2 (100%)

1.5-11.5

Bw

10YR4/4 (70%)

2.5YR5/8 (10%)

Common/Prominent

Fine Sandy Loam

10YR4/4 (70%)

7.5YR5/3 (20%)

Many/Distinct

Fine Sandy Loam

Silt Loam

VIAL test = A (No, No)
1.5-11.5

Bw

VIAL test = A (No, No)
11.5-18

BC

10YR4/4 (100%)

Fine Sandy Loam

+\GULF6RLO,QGLFDWRUV
Histosol

Aquic Moisture Regime

Concretions

Listed on Local Hydric Soils List

Histic Epipedon

Reducing Conditions

High Organic Content in Surface Layer Sandy Soils

Listed on National Hydric Soils List

Sulfidic Odor

Gleyed or Low-Chroma Colors

Organic Streaking in Sandy Soils

Other (Explain in Remarks)

5HPDUNV
&KDQJHGILHOGWD[IURP2[\DTXLF'\VWURFU\HSWVWR$TXDQGLF'\VWURFU\HSWVGUDLQDJHIURPSRRUWRYHU\SRRUO\7KLVLVDZHWVLWH
&KDQJHGILHOGWD[IURP2[\DTXLF'\VWURFU\HSWVWR$TXDQGLF'\VWURFU\HSWVGUDLQDJHIURPSRRUWRYHU\SRRUO\7KLVLVDZHWVLWH
DQGLFVRLOPDWHULDOPD\QRWH[SUHVVUHGR[VXJJHVWUHYLVLW

+\GULF6RLO3UHVHQW1R

5HGR[ILHOGUHDGLQJLQFUHDVHGE\P9WRP9SHUWHFKQFLDOOLWHUDWXUHUHYLHZE\-30-0R 15&6+\GULF6RLO
,QGLFDWRUV3RQGHGIORRGHGKLJKZDWHUWDEOHIRUGD\VRUPRUHK\GURSK\WLFYHJHWDWLRQDQGSULPDU\K\GURORJ\LQGLFDWRU

:(7/$1''(7(50,1$7,21
+\GURSK\WLF9HJHWDWLRQ3UHVHQW"

<HV

;

1R

:HWODQG+\GURORJ\3UHVHQW"

<HV

;

1R

+\GULF6RLO3UHVHQW"

<HV

5HPDUNV

1R ;

Is this Sampling Point within a wetland?
<HV

1R

;

7UDQVLWLRQDO

;

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)
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$GGLWLRQDO5HIHUHQFH'DWD,QGLFDWRUV

3ORW,'33

9HJHWDWLRQ
3UHYDOHQFH,QGH[
:RUNVKHHW

+\GURSK\WLF9HJHWDWLRQ,QGLFDWRUV

7RWDO&RYHURI

0XOWLSO\%\

2%/VSHFLHV



; 



)$&:VSHFLHV



; 



)$&VSHFLHV



; 



)$&8VSHFLHV

; 



83/VSHFLHV

; 



&ROXPQ7RWDOV



3UHYDOHQFH,QGH[ %$ 



$

;

3UHYDOHQFH,QGH[LV
0RUSKRORJLFDO$GDSWDWLRQV࢘ 3URYLGHVXSSRUWLQJ
GDWDLQ5HPDUNVRURQDVHSDUDWHVKHHW
3UREOHPDWLF+\GURSK\WLF9HJHWDWLRQ࢘ ([SODLQ

%

࢘,QGLFDWRUVRIK\GULFVRLODQGZHWODQGK\GURORJ\PXVWEH
SUHVHQWXQOHVVGLVWXUEHGRUSUREOHPDWLF



6RLO
+\GULF6RLO,QGLFDWRUV

,QGLFDWRUVIRU3UREOHPDWLF+\GULF6RLOV

+LVWRVRORU+LVWHO $

Alaska Color Change (TA4)

+LVWLF(SLSHGRQ $

$ODVND$OSLQH6ZDOHV 7$

$ODVND*OH\HG:LWKRXW+XH<RU
5HGGHU8QGHUO\LQJ/D\HU

+\GURJHQ6XOILGH $

$ODVND5HGR[:LWK<+XH

2WKHU ([SODLQLQ5HPDUNV

7KLFN'DUN6XUIDFH $
$ODVND*OH\HG $
$ODVND5HGR[ $
$ODVND*OH\HG3RUHV $

+\GURORJ\
:HWODQG+\GURORJ\,QGLFDWRUV

R = Relic, M = Marginal, S = Slight

3ULPDU\,QGLFDWRUV DQ\RQHLQGLFDWRULVVXIILFLHQW

6HFRQGDU\,QGLFDWRUV RUPRUHUHTXLUHG
;

:DWHUVWDLQHG/HDYHV % 

6XUIDFH:DWHU $

,QXQGDWLRQ9LVLEOHRI$HULHO,PDJHU\ %

'UDLQDJH3DWWHUQV % 

;

+LJK:DWHU7DEOHV $

6SDUVHO\9HJHWDWHG&RQFDYH6XUIDFH %

;

6DWXUDWLRQ $

0DUO'HSRVLWV %

3UHVHQFHRI5HGXFHG,URQ &

:DWHU0DUNV % 

+\GURJHQ6XOILGH2GRU &

6DOW'HSRVLWV &

6HGLPHQW'HSRVLWV % 

'U\6HDVRQ:DWHU7DEOH &

6WXQWHGRU6WUHVVHG3ODQWV '

'ULIW'HSRVLWV %

2WKHU ([SODLQLQ5HPDUNV

*HRPRUSKLF3RVLWLRQ '

;

$OJDO0DWRU&UXVW %

2[LGL]HG5KL]RVSKHUHVDORQJ/LYLQJ5RRWV &

6KDOORZ$TXLWDUG '

,URQ'HSRVLWV %

;

0LFURWRSRJUDSKLF5HOLHI '

6XUIDFH6RLO&UDFNV %

;

)$&1HXWUDO7HVW '
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Additional Reference Data: Photos

Plot ID: 3PP6332

Photo Name: 3PP6332_P0003046.JPG
Direction: N/A
Caption: Soils

Photo Name: 3PP6332_P0003047.JPG
Direction: N
Caption: Vegetation

Photo Name: 3PP6332_P0003048.JPG
Direction: SW
Caption: Vegetation

BBNC Comments on Pebble 404 Permit Application and Draft
EIS (POA-2017-271)
Delineated
as upland,

Appendix
E, Page
148 of 2339
mapped
as upland
mosaic.
Strong hydrology
indicators and field notes suggesting hydric soil.

'$7$)250
5287,1(:(7/$1''(7(50,1$7,21
&2(:HWODQGV'HOLQHDWLRQ0DQXDO

3ORW,'33

3URMHFW6LWH3HEEOH3URMHFW

'DWH

$SSOLFDQW2ZQHU3HEEOH/LPLWHG3DUWQHUVKLS

&RXQW\/DNH 3HQLQVXOD%RURXJK

,QYHVWLJDWRU&KHU\O0RRG\5HEHFFD:DFKWHU

6WDWH$.

'R1RUPDO&LUFXPVWDQFHV([LVWRQWKHVLWH"

<HV

756765:6HF

6LWHVLJQLILFDQWO\GLVWXUEHG $W\SLFDO6LWXDWLRQ "

1R

/DW

,VWKHDUHDDSRWHQWLDO3UREOHP$UHD" ,IQHHGHGH[SODLQRQUHYHUVH

1R

/RQJ

$UHFOLPDWLFK\GURORJLFFRQGLWLRQVRQWKHVLWHW\SLFDOIRUWKLVWLPHRI\HDU"

<HV

0LFURWRSRJUDSK\)ODW

0DFURWRSRJUDSK\&RQFDYH

(1:,8366&

3URMHFW9HJHWDWLRQ7\SH2SHQ:LOORZ/RZ6KUXE

+*01$

/DQGIRUP.HWWOH

-':HW&RGH8B

9(*(7$7,21
3ODQW6SHFLHV 'RPLQDQW '

 6WUDWXP

,QGLFDWRU

Salix pulchra (shrub) (D)

35

Sapling/Shrub FACW

Festuca rubra (D)

45

Herb

FAC

Calamagrostis canadensis

10

Herb

FAC

Iris setosa

5

Herb

FAC

Polytrichum strictum

20

Bryophyte

N/A

Lichen sp.

15

Bryophyte

N/A

Bare ground

10

N/A

N/A

Percent of Dominant Species that are OBL, FACW, or FAC: 100.00

7 7UDFH 

Hydrophytic Veg Present: Yes

'RP6SHFLHV2%/)$&:)$&
7RWDO'RP6SHFLHV

Remarks: JMi Review VT 2/5/2010
Probable N-T plot, marked Y-T on form. Hydric soil conditions not met.
JDWet and ENWI not marked in field.

+<'52/2*<
:HWODQGK\GURORJ\,QGLFDWRUV 

; 5HFRUGHG'DWD 'HVFULEHLQ5HPDUNV 

3ULPDU\,QGLFDWRUV

6WUHDP/DNHRU7LGH*DXJH
; $HULDO3KRWRJUDSKV
2WKHU

;

,QXQGDWHG

;

6DWXUDWHGLQ8SSHU,QFKHV

;

:DWHU0DUNV
'ULIW/LQHV

1R5HFRUGHG'DWD$YDLODEOH

6HGLPHQW'HSRVLWV
0

)LHOG2EVHUYDWLRQV
'HSWKRI6XUIDFH:DWHU
'HSWKWR)UHH:DWHULQ3LW
'HSWKWR6DWXUDWHG6RLO


 LQ

5 5HOLF0 0DUJLQDO6 6OLJKW
5HPDUNV

2[LGL]HG5RRW&KDQQHOVLQ8SSHU

 LQ
 LQ

'UDLQDJH3DWWHUQVLQ:HWODQGV

6HFRQGDU\,QGLFDWRUV
:DWHU6WDLQHG/HDYHV
1$

/RFDO6RLO6XUYH\'DWD

;

)$&1HXWUDO7HVW

;

2WKHU ([SODLQLQ5HPDUNV
:HWODQG+\GURORJ\3UHVHQW
<HV

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)
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62,/6

3ORW,'33
3'

'UDLQDJH&ODVV

0DS8QLW1DPH
6HULHVDQG3KDVH 

,$

7D[RQRP\ 6XEJURXS 

)LHOG2EVHUYDWLRQV
&RQILUP0DSSHG7\SH"

2[\DTXLF+DSORFU\DQGV

3URILOH'HVFULSWLRQ
'HSWK
,QFKHV

0DWUL[&RORU
0XQVHOO0RLVW

+RUL]RQ

0RWWOH&RORUV
0XQVHOO0RLVW

2-0

Oi/e

0-5

A

7.5YR3/2 (100%)

5-15

Bw

10YR4/3 (100%)

0RWWOH
$EXQGDQFH&RQWUDVW

7H[WXUH&RQFUHWLRQV6WUXFWXUH(WF

Silt Loam

Highly thixotropic, saturated, MV 278, 281, 274
15-+

Bf-

+\GULF6RLO,QGLFDWRUV
Histosol

Aquic Moisture Regime

Concretions

Listed on Local Hydric Soils List

Histic Epipedon

Reducing Conditions

High Organic Content in Surface Layer Sandy Soils

Listed on National Hydric Soils List

Sulfidic Odor

Gleyed or Low-Chroma Colors

Organic Streaking in Sandy Soils

Other (Explain in Remarks)

5HPDUNV
1HDUO\TXLFNVDQGIURPUDSLGWKDZLQJ 15&6+\GULF6RLO,QGLFDWRUV3RQGHGIORRGHGKLJKZDWHUWDEOHIRUGD\VRUPRUH
15&6+\GULF6RLO,QGLFDWRUV3RQGHGIORRGHGKLJKZDWHUWDEOHIRUGD\VRUPRUH
K\GURSK\WLFYHJHWDWLRQDQGSULPDU\K\GURORJ\LQGLFDWRU

+\GULF6RLO3UHVHQW1R

Field notes indicate the site meets NTCHS definition of a hydric soil.
:(7/$1''(7(50,1$7,21
+\GURSK\WLF9HJHWDWLRQ3UHVHQW"

<HV

;

1R

:HWODQG+\GURORJ\3UHVHQW"

<HV

;

1R

+\GULF6RLO3UHVHQW"

<HV

5HPDUNV
(DVWRIWKH8SSHU7DODULN

Is this Sampling Point within a wetland?
<HV

1R

;

7UDQVLWLRQDO

1R ;

This site should have been delineated as a wetland and mapped as such.

;
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$GGLWLRQDO5HIHUHQFH'DWD,QGLFDWRUV

3ORW,'33

9HJHWDWLRQ
3UHYDOHQFH,QGH[
:RUNVKHHW

+\GURSK\WLF9HJHWDWLRQ,QGLFDWRUV

7RWDO&RYHURI

0XOWLSO\%\

2%/VSHFLHV

; 

;

)$&:VSHFLHV



; 



)$&VSHFLHV



; 



)$&8VSHFLHV

; 



83/VSHFLHV

; 



&ROXPQ7RWDOV





$

3UHYDOHQFH,QGH[ %$ 

3UHYDOHQFH,QGH[LV
0RUSKRORJLFDO$GDSWDWLRQV࢘ 3URYLGHVXSSRUWLQJ
GDWDLQ5HPDUNVRURQDVHSDUDWHVKHHW
3UREOHPDWLF+\GURSK\WLF9HJHWDWLRQ࢘ ([SODLQ

%

࢘,QGLFDWRUVRIK\GULFVRLODQGZHWODQGK\GURORJ\PXVWEH
SUHVHQWXQOHVVGLVWXUEHGRUSUREOHPDWLF



6RLO
+\GULF6RLO,QGLFDWRUV

,QGLFDWRUVIRU3UREOHPDWLF+\GULF6RLOV

+LVWRVRORU+LVWHO $

Alaska Color Change (TA4)

+LVWLF(SLSHGRQ $

$ODVND$OSLQH6ZDOHV 7$

$ODVND*OH\HG:LWKRXW+XH<RU
5HGGHU8QGHUO\LQJ/D\HU

+\GURJHQ6XOILGH $

$ODVND5HGR[:LWK<+XH

2WKHU ([SODLQLQ5HPDUNV

7KLFN'DUN6XUIDFH $
$ODVND*OH\HG $
$ODVND5HGR[ $
$ODVND*OH\HG3RUHV $

+\GURORJ\
:HWODQG+\GURORJ\,QGLFDWRUV

R = Relic, M = Marginal, S = Slight

6HFRQGDU\,QGLFDWRUV RUPRUHUHTXLUHG

3ULPDU\,QGLFDWRUV DQ\RQHLQGLFDWRULVVXIILFLHQW

:DWHUVWDLQHG/HDYHV % 

;

6XUIDFH:DWHU $

,QXQGDWLRQ9LVLEOHRI$HULHO,PDJHU\ %

;

+LJK:DWHU7DEOHV $

6SDUVHO\9HJHWDWHG&RQFDYH6XUIDFH %

2[LGL]HG5KL]RVSKHUHVDORQJ/LYLQJ5RRWV &

;

6DWXUDWLRQ $

0DUO'HSRVLWV %

3UHVHQFHRI5HGXFHG,URQ &

;

:DWHU0DUNV % 

+\GURJHQ6XOILGH2GRU &

6DOW'HSRVLWV &

'U\6HDVRQ:DWHU7DEOH &

6WXQWHGRU6WUHVVHG3ODQWV '

6HGLPHQW'HSRVLWV % 
'ULIW'HSRVLWV %

;

2WKHU ([SODLQLQ5HPDUNV

0

;

$OJDO0DWRU&UXVW %

'UDLQDJH3DWWHUQV % 

*HRPRUSKLF3RVLWLRQ '
6KDOORZ$TXLWDUG '

,URQ'HSRVLWV %

;

0LFURWRSRJUDSKLF5HOLHI '

6XUIDFH6RLO&UDFNV %

;

)$&1HXWUDO7HVW '

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 151 of 2339

Additional Reference Data: Photos

Plot ID: 3PP3289

Photo Name: 3PP3289_P0001285.JPG
Direction: N/A
Caption: Soils

Photo Name: 3PP3289_P0001286.JPG
Direction: N
Caption: Vegetation

Photo Name: 3PP3289_P0001287.JPG
Direction: S
Caption: Vegetation

BBNC Comments on Pebble 404 Permit Application and Draft
EIS (POA-2017-271)
Wetland
site mapped

Appendix E, Page 152 of 2339
as mosaic.

'$7$)250
5287,1(:(7/$1''(7(50,1$7,21
&2(:HWODQGV'HOLQHDWLRQ0DQXDO
3URMHFW6LWH3HEEOH3URMHFW

3ORW,'33
'DWH

$SSOLFDQW2ZQHU3HEEOH/LPLWHG3DUWQHUVKLS

&RXQW\/DNH 3HQLQVXOD%RURXJK

,QYHVWLJDWRU6WHYH5HLGVPD5DFKDHO3XWWPDQQ

6WDWH$.

'R1RUPDO&LUFXPVWDQFHV([LVWRQWKHVLWH"

<HV

756765:6HF

6LWHVLJQLILFDQWO\GLVWXUEHG $W\SLFDO6LWXDWLRQ "

1R

/DW

,VWKHDUHDDSRWHQWLDO3UREOHP$UHD" ,IQHHGHGH[SODLQRQUHYHUVH

1R

/RQJ

$UHFOLPDWLFK\GURORJLFFRQGLWLRQVRQWKHVLWHW\SLFDOIRUWKLVWLPHRI\HDU"

<HV

0LFURWRSRJUDSK\+XPPRFN\ PRGHUDWH

0DFURWRSRJUDSK\&RQYH[

(1:,366%8

3URMHFW9HJHWDWLRQ7\SH'ZDUI(ULFDFHRXV6KUXE7XQGUD
'ZDUI(ULFDFHRXV6KUXE7XQGUD

+*06ORSH

/DQGIRUP+LOOVLGH

9(*(7$7,21

-':HW&RGH:B

VHH9HJHWDWLRQ2YHUIORZ$GGHQGXPIRUDGGLWLRQDOHQWULHV

3ODQW6SHFLHV 'RPLQDQW '

 6WUDWXP

,QGLFDWRU

3ODQW6SHFLHV 'RPLQDQW '

 6WUDWXP

,QGLFDWRU

Empetrum nigrum (D)

45

Sapling/Shrub FAC

Spiraea beauverdiana

T

Sapling/Shrub FAC

Betula nana ssp. exilis (D)

35

Sapling/Shrub FAC

Vaccinium vitis-idaea ssp. minus

T

Sapling/Shrub FAC

Vaccinium uliginosum

10

Sapling/Shrub FAC

Carex nesophila (D)

4

Herb

FACW

Ledum decumbens

5

Sapling/Shrub FACW

Aconitum delphiniifolium

T

Herb

FAC

Salix pulchra (shrub)

4

Sapling/Shrub FACW

Calamagrostis canadensis

T

Herb

FAC

Alnus sinuata

T

Sapling/Shrub FAC

Cornus suecica

T

Herb

FAC

Salix arctica

T

Sapling/Shrub FAC

Luzula parviflora

T

Herb

FAC

Sapling/Shrub FAC

Lycopodium annotinum s.l.

T

Herb

FAC

Salix reticulata

T

Percent of Dominant Species that are OBL, FACW, or FAC: 100.00

7 7UDFH 

Hydrophytic Veg Present: Yes

'RP6SHFLHV2%/)$&:)$&
7RWDO'RP6SHFLHV

Remarks:

+<'52/2*<
:HWODQGK\GURORJ\,QGLFDWRUV 

; 5HFRUGHG'DWD 'HVFULEHLQ5HPDUNV 

3ULPDU\,QGLFDWRUV

6WUHDP/DNHRU7LGH*DXJH

,QXQGDWHG

; $HULDO3KRWRJUDSKV

;

2WKHU

6DWXUDWHGLQ8SSHU,QFKHV
:DWHU0DUNV
'ULIW/LQHV

1R5HFRUGHG'DWD$YDLODEOH

6HGLPHQW'HSRVLWV
'UDLQDJH3DWWHUQVLQ:HWODQGV

)LHOG2EVHUYDWLRQV
'HSWKRI6XUIDFH:DWHU
'HSWKWR)UHH:DWHULQ3LW
'HSWKWR6DWXUDWHG6RLO


 LQ

 LQ
 LQ
5 5HOLF0 0DUJLQDO6 6OLJKW

6HFRQGDU\,QGLFDWRUV
;

2[LGL]HG5RRW&KDQQHOVLQ8SSHU

;

:DWHU6WDLQHG/HDYHV

1$

/RFDO6RLO6XUYH\'DWD

;

)$&1HXWUDO7HVW

;

2WKHU ([SODLQLQ5HPDUNV

5HPDUNVYHU\VPDOOSRROVSRQGLQJPXFKZDWHUWR6RXWKVPDOOGLYLGHKHUH2WKHUGXHWRPLFURWRSRJUDSK\

:HWODQG+\GURORJ\3UHVHQW
<HV
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62,/6

3ORW,'33
'UDLQDJH&ODVV

0DS8QLW1DPH
6HULHVDQG3KDVH 

,$

7D[RQRP\ 6XEJURXS 

3'

)LHOG2EVHUYDWLRQV
&RQILUP0DSSHG7\SH"

7\SLF&U\DTXHSWV

3URILOH'HVFULSWLRQ
0DWUL[&RORU
0XQVHOO0RLVW

0RWWOH&RORUV
0XQVHOO0RLVW

0RWWOH
$EXQGDQFH&RQWUDVW

7H[WXUH&RQFUHWLRQV6WUXFWXUH(WF

'HSWK
,QFKHV

+RUL]RQ

3-0

Oi

0-2

A

10YR3/1

2-8

Bgjj

10YR4/4 (55%)

2.5Y5/1 (20%)

Many/Prominent

Fine Sandy Loam

10YR4/4 (55%)

5YR5/8 (25%)

Many/Prominent

Fine Sandy Loam

2.5Y4/1 (85%)

10YR4/6 (15%)

Common/Prominent

Silt Loam

Silt Loam

Feature reacts to AA also.
2-8

Bgjj

Feature reacts to AA also.
8-15

2Bgjj

Soil rolls into snake; gleyed pores less than 1%, 1 color chip difference from matrix; too wet.
15-21

2Bg2

10YR4/2 (80%)

5YR3/4 (5%)

Common/Prominent

Silt Loam

15-21

2Bg2

10YR4/2 (80%)

5YR6/8 (15%)

Many/Prominent

Silt Loam

+\GULF6RLO,QGLFDWRUV
Histosol

X

Aquic Moisture Regime

Concretions

Listed on Local Hydric Soils List

Histic Epipedon

X

Reducing Conditions

High Organic Content in Surface Layer Sandy Soils

Listed on National Hydric Soils List

Sulfidic Odor

X

Gleyed or Low-Chroma Colors

Organic Streaking in Sandy Soils

Other (Explain in Remarks)

5HPDUNV
7RSLQFKHVKHDYLO\FU\RWXUEDWHGFREEOHV$%JDOOPL[HGDQGXQHYHQ 15&6+\GULF6RLO,QGLFDWRUV$ODVND5HGR[Z<+XH
K\GURSK\WLFYHJHWDWLRQDQGSULPDU\K\GURORJ\LQGLFDWRU$$WHVWK\GURSK\WLFYHJHWDWLRQDQGSULPDU\K\GURORJ\LQGLFDWRU

+\GULF6RLO3UHVHQW<HV

:(7/$1''(7(50,1$7,21
+\GURSK\WLF9HJHWDWLRQ3UHVHQW"

<HV

;

1R

:HWODQG+\GURORJ\3UHVHQW"

<HV

;

1R

+\GULF6RLO3UHVHQW"

<HV

;

1R

5HPDUNV
:HVWRIZHDWKHUVWDWLRQ*YDOOH\

Is this Sampling Point within a wetland?
<HV

;

1R

7UDQVLWLRQDO
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$GGLWLRQDO5HIHUHQFH'DWD,QGLFDWRUV

3ORW,'33

9HJHWDWLRQ
3UHYDOHQFH,QGH[
:RUNVKHHW

+\GURSK\WLF9HJHWDWLRQ,QGLFDWRUV

7RWDO&RYHURI

0XOWLSO\%\

2%/VSHFLHV

; 

;

)$&:VSHFLHV



; 



)$&VSHFLHV



; 



)$&8VSHFLHV



; 



83/VSHFLHV



; 



&ROXPQ7RWDOV



3UHYDOHQFH,QGH[ %$ 



$

3UHYDOHQFH,QGH[LV
0RUSKRORJLFDO$GDSWDWLRQV࢘ 3URYLGHVXSSRUWLQJ
GDWDLQ5HPDUNVRURQDVHSDUDWHVKHHW
3UREOHPDWLF+\GURSK\WLF9HJHWDWLRQ࢘ ([SODLQ

%

࢘,QGLFDWRUVRIK\GULFVRLODQGZHWODQGK\GURORJ\PXVWEH
SUHVHQWXQOHVVGLVWXUEHGRUSUREOHPDWLF



6RLO
+\GULF6RLO,QGLFDWRUV

,QGLFDWRUVIRU3UREOHPDWLF+\GULF6RLOV

+LVWRVRORU+LVWHO $

Alaska Color Change (TA4)

+LVWLF(SLSHGRQ $

$ODVND$OSLQH6ZDOHV 7$

$ODVND*OH\HG:LWKRXW+XH<RU
5HGGHU8QGHUO\LQJ/D\HU

+\GURJHQ6XOILGH $

$ODVND5HGR[:LWK<+XH

2WKHU ([SODLQLQ5HPDUNV

7KLFN'DUN6XUIDFH $
$ODVND*OH\HG $
$ODVND5HGR[ $
$ODVND*OH\HG3RUHV $

+\GURORJ\
:HWODQG+\GURORJ\,QGLFDWRUV

R = Relic, M = Marginal, S = Slight

3ULPDU\,QGLFDWRUV DQ\RQHLQGLFDWRULVVXIILFLHQW

;

6HFRQGDU\,QGLFDWRUV RUPRUHUHTXLUHG
;

:DWHUVWDLQHG/HDYHV % 

6XUIDFH:DWHU $

,QXQGDWLRQ9LVLEOHRI$HULHO,PDJHU\ %

'UDLQDJH3DWWHUQV % 

+LJK:DWHU7DEOHV $

6SDUVHO\9HJHWDWHG&RQFDYH6XUIDFH %

;

2[LGL]HG5KL]RVSKHUHVDORQJ/LYLQJ5RRWV &

6DWXUDWLRQ $

0DUO'HSRVLWV %

;

3UHVHQFHRI5HGXFHG,URQ &

:DWHU0DUNV % 

+\GURJHQ6XOILGH2GRU &

6DOW'HSRVLWV &

6HGLPHQW'HSRVLWV % 

'U\6HDVRQ:DWHU7DEOH &

6WXQWHGRU6WUHVVHG3ODQWV '

'ULIW'HSRVLWV %

2WKHU ([SODLQLQ5HPDUNV

*HRPRUSKLF3RVLWLRQ '

$OJDO0DWRU&UXVW %

6KDOORZ$TXLWDUG '

,URQ'HSRVLWV %

;

0LFURWRSRJUDSKLF5HOLHI '

6XUIDFH6RLO&UDFNV %

;

)$&1HXWUDO7HVW '
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$GGLWLRQDO5HIHUHQFH'DWD2YHUIORZ9HJHWDWLRQ
3ODQW6SHFLHV 'RPLQDQW '

 6WUDWXP

,QGLFDWRU

Saxifraga punctata s.l.

T

Herb

FAC

Sedum rosea ssp. integrifolium

T

Herb

FAC

Valeriana capitata

T

Herb

FAC

Equisetum arvense

T

Herb

FACU

Now FAC

Equisetum scirpoides

T

Herb

FACU

Now FAC

Luzula multiflora

T

Herb

FACU

Carex stylosa

T

Herb

FACW

Pedicularis labradorica

T

Herb

FACW

Petasites frigidus s.l.

T

Herb

FACW

Rubus chamaemorus

T

Herb

FACW

Poa sp.

T

Herb

N/A

Anemone narcissiflora

T

Herb

NL

Arnica lessingii

T

Herb

NL

Lagotis glauca s.l.

T

Herb

NL

Moss sp.

25

Bryophyte

N/A

Sphagnum sp.

4

Bryophyte

N/A

Lichen sp.

T

Bryophyte

N/A

Mushroom

T

Bryophyte

N/A
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Mapped
upland
Map Tile F10

'$7$)250
5287,1(:(7/$1''(7(50,1$7,21
&2(:HWODQGV'HOLQHDWLRQ0DQXDO
3URMHFW6LWH3HEEOH3URMHFW

3ORW,'33
'DWH

$SSOLFDQW2ZQHU3HEEOH/LPLWHG3DUWQHUVKLS

&RXQW\/DNH 3HQLQVXOD%RURXJK

,QYHVWLJDWRU&KHU\O0RRG\-HVVLFD6PLWK

6WDWH$.

'R1RUPDO&LUFXPVWDQFHV([LVWRQWKHVLWH"

<HV

756765:6HF

6LWHVLJQLILFDQWO\GLVWXUEHG $W\SLFDO6LWXDWLRQ "

1R

/DW

,VWKHDUHDDSRWHQWLDO3UREOHP$UHD" ,IQHHGHGH[SODLQRQUHYHUVH

1R

/RQJ

$UHFOLPDWLFK\GURORJLFFRQGLWLRQVRQWKHVLWHW\SLFDOIRUWKLVWLPHRI\HDU"

<HV

0LFURWRSRJUDSK\+XPPRFN\ PRGHUDWH

0DFURWRSRJUDSK\)ODW

(1:,8

3URMHFW9HJHWDWLRQ7\SH'ZDUI(ULFDFHRXV6KUXE7XQGUD
'ZDUI(ULFDFHRXV6KUXE7XQGUD

+*01$

/DQGIRUP+LOOVLGH

-':HW&RGH8

9(*(7$7,21
3ODQW6SHFLHV 'RPLQDQW '

 6WUDWXP

,QGLFDWRU

3ODQW6SHFLHV 'RPLQDQW '

 6WUDWXP

,QGLFDWRU

Empetrum nigrum (D)

35

Sapling/Shrub FAC

Diapensia lapponica

T

Sapling/Shrub NL

Vaccinium uliginosum (D)

20

Sapling/Shrub FAC

Carex microchaeta s.l. (D)

5

Herb

FACU

Betula nana ssp. exilis

5

Sapling/Shrub FAC

Equisetum arvense

T

Herb

FACU

Ledum decumbens

5

Sapling/Shrub FACW

Carex stylosa

T

Herb

FACW

Salix pulchra (shrub)

5

Sapling/Shrub FACW

Lichen sp.

25

Bryophyte

N/A

Loiseleuria procumbens

5

Sapling/Shrub NL

Polytrichum sp.

15

Bryophyte

N/A

Arctostaphylos alpina

T

Sapling/Shrub FAC

Rock

10

N/A

N/A

Salix phlebophylla

T

Sapling/Shrub FACU

Percent of Dominant Species that are OBL, FACW, or FAC: 67.00
Remarks:

7 7UDFH 

Hydrophytic Veg Present: Yes

100% dominant species if plants listed had been updated to
present indicator status.

'RP6SHFLHV2%/)$&:)$&
7RWDO'RP6SHFLHV

+<'52/2*<
:HWODQGK\GURORJ\,QGLFDWRUV 

; 5HFRUGHG'DWD 'HVFULEHLQ5HPDUNV 

3ULPDU\,QGLFDWRUV

6WUHDP/DNHRU7LGH*DXJH

,QXQGDWHG

; $HULDO3KRWRJUDSKV
2WKHU

;

6DWXUDWHGLQ8SSHU,QFKHV

;

:DWHU0DUNV

1R5HFRUGHG'DWD$YDLODEOH

'ULIW/LQHV

)LHOG2EVHUYDWLRQV
'HSWKRI6XUIDFH:DWHU

1$ LQ

'HSWKWR)UHH:DWHULQ3LW

1$ LQ

'HSWKWR6DWXUDWHG6RLO

 LQ

;

6HGLPHQW'HSRVLWV

;

'UDLQDJH3DWWHUQVLQ:HWODQGV

6HFRQGDU\,QGLFDWRUV
2[LGL]HG5RRW&KDQQHOVLQ8SSHU
:DWHU6WDLQHG/HDYHV
1$

/RFDO6RLO6XUYH\'DWD
)$&1HXWUDO7HVW

5 5HOLF0 0DUJLQDO6 6OLJKW
5HPDUNV1HDULQJODUJHZHWODQG
1HDULQJODUJHZHWODQG
2WKHUGXHWRPLFURWRSRJUDSK\ ' 

;

2WKHU ([SODLQLQ5HPDUNV
:HWODQG+\GURORJ\3UHVHQW
<HV
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62,/6

3ORW,'33
6:3'

'UDLQDJH&ODVV

0DS8QLW1DPH
6HULHVDQG3KDVH 

,$

7D[RQRP\ 6XEJURXS 

)LHOG2EVHUYDWLRQV
&RQILUP0DSSHG7\SH"

$QGLF+XPLFU\HSWV

3URILOH'HVFULSWLRQ
'HSWK
,QFKHV

+RUL]RQ

1.5-0

Oi

0DWUL[&RORU
0XQVHOO0RLVW

0RWWOH&RORUV
0XQVHOO0RLVW

0RWWOH
$EXQGDQFH&RQWUDVW

7H[WXUH&RQFUHWLRQV6WUXFWXUH(WF

Lichen Mat
0-5.5

A

7.5YR3/3 (100%)

Fine Sandy Loam

5.5-12

Bw

7.5YR3/3 (100%)

Sandy Loam

12-18

BC

10YR4/4 (100%)

Fine Sandy Loam

+\GULF6RLO,QGLFDWRUV
Histosol

Aquic Moisture Regime

Concretions

Listed on Local Hydric Soils List

Histic Epipedon

Reducing Conditions

High Organic Content in Surface Layer Sandy Soils

Listed on National Hydric Soils List

Sulfidic Odor

Gleyed or Low-Chroma Colors

Organic Streaking in Sandy Soils

Other (Explain in Remarks)

5HPDUNV
%6W6RLO3URILOH5HYLHZ

+\GULF6RLO3UHVHQW1R

:(7/$1''(7(50,1$7,21
+\GURSK\WLF9HJHWDWLRQ3UHVHQW"

<HV

;

1R

:HWODQG+\GURORJ\3UHVHQW"

<HV

;

1R

+\GULF6RLO3UHVHQW"

<HV

5HPDUNV
0LOO6LWH

Is this Sampling Point within a wetland?
<HV

1R

;

7UDQVLWLRQDO

;

1R ;

A site with 4 primary indicators of wetlands hydrology should not have been mapped as upland.
Primary indicators are evidence that a site is wet enough, long enough, to develop anaerobic
conditions in the upper part of the soil profile in most years (14 or more consecutive days).
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:PDPN 5IPNBT( 3FDPNNFOEBUJPOTPOUIFTDPQFPG
BOBMZTJTQVSTVBOUUPUIF/BUJPOBM&OWJSPONFOUBM1PMJDZ
"DUBOE4FDUJPOPGUIF$MFBO8BUFS"DU
+VOF 
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June 17, 2018
U.S. Army Corps of Engineers, Alaska District, Public Notice POA-2017-271
Recommendations on the scope of analysis pursuant to the
National Environmental Policy Act and Section 404 of the Clean Water Act
Prepared for the Bristol Bay Native Corporation
by
Thomas G. Yocom1
Wetlands Regulatory Scientist
Huffman-Broadway Group, Inc.
Executive Summary
The Pebble Limited Partnership (PLP) has applied for a Department of the Army permit to mine
the Pebble deposit in southwest Alaska. The U.S. Army Corps of Engineers has determined that
its permit would constitute a major federal action requiring preparation of an Environmental
Impact Statement (EIS) pursuant to the National Environmental Policy Act (NEPA). The Corps
is seeking public comment on the scope of its EIS.
In order to qualify for permitting pursuant to Section 404 of the Clean Water Act, the proposed
mining project must comply with federal regulations that place restrictions regarding practicable
alternatives, water quality, direct and cumulative impacts, and compensatory mitigation
measures. In addition, the project must comply with federal regulations governing a
determination as to whether the project is contrary the public interest.
This report focuses on the need for the scope of the EIS to assess and disclose information on
these areas of required compliance, including consideration of alternative ore deposits that have
been available to PLP. It also recommends broadening the scope of the EIS to include
environmental and public interest reviews of the sale and shipment of the copper ore concentrate
to foreign entities.
This report recommends that the Corps suspend the EIS process and require PLP to revise and
update its permit application with critical information that should have been provided, but was
not. Specifically:
• The proposed project appears to be artificially small, and more likely the initial phase of a
larger mining operation. As proposed, the project may not be economically feasible,
particularly when costs of compensatory mitigation, closure and reclamation, and long-term
maintenance and monitoring are included in the assessment of costs. PLP should be required
to submit a pre-feasibility report to assure the Corps that its project, as proposed, is
practicable;

1

Thomas G. Yocom is a former National Wetlands Expert for the U.S. Environmental Protection Agency, serving
at EPA from 1984 until retiring in 2005. Previously he served as a research fishery biologist for the U.S. Fish and
Wildlife Service and the National Marine Fisheries Service. He has been actively involved in the review of projects
requiring authorization under Section 404 of the Clean Water Act since 1978, and has been representing private and
public clients, as a Wetlands Regulatory Scientist for the Huffman-Broadway Group since 2006.
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• The actual impacts of the proposed project to “waters of the United States,” including
wetlands, are inadequately quantified because a) PLP’s maps are not based upon current data
or methodologies and b) PLP has already changed its project during this scoping comment
phase from what it proposed in its permit application; and
• Despite making numerous previous claims that it could easily offset impacts to wetland and
aquatic areas for a larger mine proposal, PLP has provided no plan to offset the thousands of
acres of wetland and aquatic areas that it estimates will be permanently destroyed by its
project. Acknowledging that such compensatory mitigation would likely require acreage
replacement ratios of greater than 1:1, PLP identifies no areas where this would be possible,
much less successful. Rather, PLP states in its permit application that it will “consider
various alternatives” as the project moves forward.
This report concludes that the Corps should suspend preparation of an EIS until PLP has
identified a preferred project that PLP believes is its least environmentally damaging practicable
alternative (LEDPA) for unavoidable discharges of dredged or fill material into “waters of the
United States,” including wetlands. PLP must provide the Corps with a pre-feasibility study to
to assess if its project as proposed is practicable. It must update its wetland delineations with
current observations so that the direct impacts of its project can be accurately measured and
disclosed. And the Corps should require PLP to substantiate its claims that it can easily offset its
unavoidable impacts by providing geographically specific compensatory mitigation measures,
including performance standards and long-term maintenance and monitoring commitments.
Without this additional information, the project as proposed may be too speculative for the Corps
to expend the time and effort in preparing an EIS.
I. Introduction
The Pebble Limited Partnership (PLP) has submitted an application to the U.S. Army Corps of
Engineers (Corps), Alaska District, for a Department of the Army permit to mine the Pebble
copper-gold-molybdenum porphyry deposit in southwest Alaska near Iliamna Lake. Project
features include an open-pit mine with associated infrastructure (including a gas-fired power
plant), a transportation corridor, ferry terminals on Iliamna Lake, a port facility on Cook Inlet,
and a 188-mile gas pipeline.
The Corps has determined that its issuance of a permit (pursuant to Section 404 of the Clean
Water Act and Section 10 of the Rivers and Harbors Act) for this project constitutes a major
federal action that may significantly affect the quality of the human environment. Accordingly,
the Corps has notified the public of its intent to prepare an Environmental Impact Statement
(EIS) pursuant to the National Environmental Policy Act (NEPA) and is seeking public comment
on the scope of that document to help define the range of issues and possible alternatives that
should be addressed in the EIS.
The Corps has also indicated that its EIS will be assessing issues related to whether the proposed
project complies with the 404(b)(1) Guidelines (40 CFR 230). These Guidelines are binding
federal regulations that restrict discharges of dredged or fill material into the “waters of the

2
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United States,” including wetlands. Those restrictions assess what is generally a narrower range
of “practicable” alternatives, with further limitations regarding water quality criteria, significant
degradation, direct and cumulative impacts, and compensatory mitigation. In order to adequately
assess and disclose compliance with these regulations, information that should have been
included in PLP’s permit application is required.
This report first assesses whether the Corps should have accepted PLP’s permit application as
complete and whether it is appropriate to proceed with preparation of an EIS in the absence of
information that should have been provided by PLP. This report then responds to the Corps’
request for scoping comments in the absence of this additional information.
II. PLP’s permit application lacks information necessary to prepare an EIS
A. PLP’s project appears to be the first phase of a larger mining project, and may not
be a practicable alternative under the regulations
PLP appears to be proposing an artificially small project that may not be economically viable
and, therefore, not a practicable project under CWA regulations. The Corps should determine if
the project, as proposed, is, in fact, a practicable alternative after considering the costs of mine
closure, compensatory mitigation, and long-term monitoring. If the project is not practicable, the
Corps should suspend its preparation of an EIS and advise PLP to withdraw it permit application.
After spending years developing and marketing a proposed mine for the Pebble deposit, PLP is
now proposing a 20-year project that is far smaller than what it previously determined to be its
base case, a 45-year, 3.8 billion-ton scenario.2 Furthermore, PLP’s permit application proposes
active mining for only about 14 years of the 20-year period. This 20-year mine scenario seems
far too small to justify the infrastructure required for this large, low-grade deposit, and, in fact,
PLP has subsequently revised its estimate to mine for a longer period within the 20-year life of
the project and to extract more of the Pebble deposit than it had proposed in its December 2017
permit application. However, to date, PLP has provided no economic analysis to demonstrate
the economic viability of the 20-year project.
When PLP was seeking to prevent EPA from completing its Bristol Bay Watershed Assessment
so that it could apply for a permit and be subject to an EIS, PLP argued that “The Pebble Project
is among the most significant mineral deposits ever discovered. It has the potential to supply as
much as one-quarter of the United States' copper needs over more than a century of production,
while supporting 15,000 high-wage American jobs and contributing more than $2.5 billion to the
country's GDP each year.”3 (emphasis added).

2

See page 4 of Ghaffari, H., R.S. Morrison, M.A. de Ruijter, A. Živkovi, T. Hantelmann, D. Ramsey, and S.
Cowie. 2011. Preliminary Assessment of the Pebble Project, Southwest Alaska. Wardrop, Vancouver, B.C. 529
pages. This report was prepared for PLP for reporting and displaying information related to mineral properties
owned by, or explored by, companies which report these results on stock exchanges within Canada. The Corps
should request that PLP provide specific reasons and supporting data for why this earlier report should not be
considered valid.
3
Letter for Richard E. Schwartz (Crowell & Moring, LLC) to Arthur A. Elkins, EPA Inspector General, January 9,
2014.

3
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As proposed in its permit application, PLP would extract only 8.3% of the ore deposit it has
spent millions of dollars delineating and characterizing.4 Not only does PLP’s proposal exploit
only a small fraction of the deposit, it also appears that the area it would exploit would not reach
the richest concentrations of copper, gold, and molybdenum that lie deeper within the deposit.
Unless PLP is willing to provide some legally binding commitment to cease mining and
complete closure after 20 years, the Corps should consider PLP’s present proposal to be the
enabling first phase of a larger exploitation of the Pebble deposit.5 NEPA requires that the
assessment and disclosure of project impacts include any reasonably foreseeable related impacts.
The President’s Council on Environmental Quality (CEQ), which oversees NEPA, frowns on
what it refers to as “piece-mealing” whereby proponents of a larger project seek to avoid
environmental scrutiny by breaking the project into smaller parts and seeking authorization for
these independently. The Corps should require PLP to seek authorization for their entire project,
including future phases, particularly if the Corps determines that the project as proposed is not
practicable under the regulations.
Failure to properly address the economic viability of the project as proposed, and the
environmental impacts of mining the entire Pebble deposit could have severe adverse
consequences here. It is entirely reasonable to foresee that, after constructing the infrastructure
for its mining operation and commencing mining, PLP could determine that it cannot viably
continue its operation unless it is allowed to exploit the entire Pebble deposit. Regulators,
including the Corps, could face the unpalatable result of PLP abandoning its commitments to
properly close the mine and mitigate for its impact, unless PLP is allowed to substantially expand
its mining operations.
Prior to expending time and resources to prepare an EIS and process PLP’s permit application,
the Corps should require that PLP provide a pre-feasibility study to accompany its application in
order to clearly demonstrate that its application is a viable single-and-complete project worthy of
the time and expense associated with preparation of an EIS. The pre-feasibility study should
include the costs associated with mine closure and reclamation,6 compensatory mitigation and
monitoring, and the long-term maintenance of the mitigation and tailings storage facility.

4

See PLP’s project description, page 14
(http://www.poa.usace.army.mil/Portals/34/docs/regulatory/plp/12_22_2017_POA_2017271_DA_Application_Pebble_Limited_Partnership_Attach_D.pdf?ver=2018-01-05-115828-333)
5
In its project description (see hyperlink in footnote 4, above), PLP acknowledges the need for financial assurances
regarding project reclamation and closure (section 6.3., page 81), but these assurances, as proposed, do not bind PLP
in any way to actually cease mining and subsequently close and reclaim the mine site after 20 years.
6
PLP describes the costs of reclamation and closure to include “all costs required for both the physical closure of
the Project and the funding of long-term post-closure monitoring, water treatment, and site maintenance. The
estimate will include the costs of closure planning and design, and mobilization of third-party equipment to site;
detailed estimates of equipment and labor requirements for physical closure; capital, sustaining capital, and
operating costs for water treatment and other long-term post-closure operations; and appropriate indirect costs and
contingencies developed following ADNR [Alaska Department of Natural Resources] guidance.” (see:
http://www.poa.usace.army.mil/Portals/34/docs/regulatory/plp/12_22_2017_POA_2017271_DA_Application_Pebble_Limited_Partnership_Attach_D.pdf?ver=2018-01-05-115828-333, page 81).
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PLP should also propose legally-binding agreements that its proposed project will, in fact, close
permanently some 20 years after the initiation of its construction, and further bind PLP to the
removal of mine-related infrastructure that could otherwise serve to enable additional
environmental impacts from future projects. In the absence of such binding agreements, the
Corps should not consider the impacts of the project to be limited to those described in PLP’s
permit application.
From a NEPA perspective, it does not matter whether that mining is conducted by PLP or by a
future successor-in-interest. The DEIS should consider the probability that even if PLP mines a
small portion of the Pebble deposit, it may sell its interests to another operator that would seek to
further exploit the deposit. It seems unlikely that a mining company would propose, from the
outset, to only extract a small fraction of an ore body. The scope of the EIS should assess the
impacts associated with the full exploitation of the Pebble deposit.
B. Project impacts to waters of the United States, including wetlands are incorrectly
described in the permit application
PLP has proposed a project that will have thousands of acres of direct impacts to the aquatic
ecosystem, as well a direct and indirect impacts that are expected from its proposed 20-year
project. PLP has submitted a proposed project footprint and maps showing where it initially
delineated areas that are likely subject to regulations pursuant to Section 404 of the Clean Water
Act (CWA). On the basis of that wetland delineation, PLP estimated it would directly impact
over 3100 acres of “waters of the United States,” including wetlands, within the mine site alone,
not including impacts from its proposed transportation corridor and port facilities on Cook Inlet.7
However, the Corps did not accept the delineation of wetlands that PLP included with its permit
application. Rather, it required PLP to revisit its delineation in order to meet the requirements
for the Preliminary Jurisdictional Determination (PJD). PLP’s re-delineation substantially
altered PLP’s wetland maps, leading to a net increase of over 3000 acres of mapped wetlands
within its overall project study boundary.
The Corps has not provided revised estimates how these changes affect the magnitude of direct
and indirect project impacts, but even the size of those initially estimated by PLP are
unprecedented. And, PLP has already proposed changes to its project that will serve to increase
the direct and indirect impacts of its mine operations,8 although its impacts to waters and
wetlands at its proposed port on Cook Inlet would be reduced.
PLP is proposing a project that is a moving target, making it difficult to assess exactly what is
being proposed, what impacts are truly unavoidable, and bringing into question whether PLP has
proposed what it considers to be the least environmentally damaging practicable alternative
under the regulations. Here, it seems that PLP is attempting to use the Corps’ NEPA and
permitting regulations to identify a project that might be permittable, rather than proposing what
it considers to be its preferred alternative. This makes determinations of practicability nearly
7

See Tab 22 in: https://www.pebbleprojecteis.com/files/12_22_2017_POA_2017271_DA_Application_Pebble_Limited_Partnership.pdf
8
https://www.pebbleprojecteis.com/files/05_11_2018_Pebble_Project_Updates_to_Proposed_Project.pdf
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impossible, as well as determinations of impacts, significant degradation, and the appropriate
levels of compensatory mitigation.
It is PLP’s responsibility to clearly demonstrate that its proposed project is the LEDPA and
otherwise complies with Corps permitting requirements. Given the history of this project and the
numerous analyses conducted by PLP, EPA, and others, it must be assumed that PLP fully
understands its responsibility to propose a project that complies with the regulations, as well as
proof that alternative project designs or locations are either not practicable or more damaging
environmentally. It is not the job of the United States agencies to design projects for applicants
or the compensatory mitigation to offset unavoidable impacts. Rather, the Corps’ and/or EPA’s
job to determine if projects proffered by applicants can be authorized under the regulations.
The Corps should suspend its EIS preparation and require PLP to resubmit its permit application
with PLP’s best effort to identify the impacts it believes are unavoidable under the regulations:
i.e., the least environmentally damaging practicable alternative (LEDPA).
C. PLP delineated wetlands on the basis of data and field methods that are out-of-date,
as well as data from outside of its study area boundaries
The Corps should not have accepted PLP’s wetland maps because the data supporting the
majority of the mapped areas was based upon data that are far older than what the Corps
typically considers to be valid for jurisdictional determinations.9 It does not appear that the
Corps independently verified PLP’s wetland delineation, other than to conduct an office review
of the information PLP provided in its permit application. Not only are the data outdated, but
some categories of mapped polygons are extrapolated from data collected entirely from outside
of PLP’s study area boundaries.10
Furthermore, some of the data are simply incorrectly mapped. These issues are discussed in
greater detail in a separate report prepared by this author,11 but there is little question that the
issue of the reach and extent of the “waters of the United States,” including wetlands, is in doubt,
even under the Corps’ signed PJD.
The Corps should not have accepted data from 10 years ago or more as valid for a jurisdictional
determination in 2018. The fact that PLP chose not to apply for a permit when its data was

9

In supporting its policy that jurisdictional determinations expire after 5 years, the Corps Regulatory Guidance
Letter 05-02 states: “Since wetlands and other waters of the United States are affected over time by both natural and
man-made activities, local changes in jurisdictional boundaries can be expected to occur. As such, jurisdictional
determinations cannot remain valid for an indefinite period of time.” (see
http://www.usace.army.mil/Portals/2/docs/civilworks/RGLS/rgl05-02.pdf)
10
PLPs revised Preliminary Jurisdictional Determination Report (https://www.pebbleprojecteis.com/files/POA2017-271_PJD_Rev1_Wetlands.zip) states that no field data points for 1) Black Spruce Woodland (BSW), 2)
Closed Mixed Forest (CMF), 3) Dwarf White Spruce Scrub (DWSS), 4) Mixed Forest Woodland (MFW), 5) Closed
White Spruce Forest (CWSF), or 6) Halophytic Dry Graminoid (HDG) come from within its project study boundary.
It is inappropriate for the Corps to accept any maps of these communities for this permit application.
11
Yocom, T.G. 2018. Questioning the Corps’ Preliminary Jurisdictional Determination for POA-2017-271. Report
prepared for Earthworks, June 2018. 11 pages, plus figures and appendix.
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contemporary enough to be considered valid should not influence the Corps to accept outdated
information for a project of this magnitude or potential controversy.
The Corps should have considered PLP’s permit application to be incomplete. The DEIS should
not be prepared until the mapping is updated and verified by the Corps, and PLP revises it permit
application to reflect updated assessments of direct and indirect project impacts.
D. PLP offers no specific or conceptual plan to offset unavoidable project impacts with
compensatory mitigation
Permit application POA-2017-271 proposes no compensatory mitigation measures, either
substantive or conceptual. This application is incomplete and the Corps should not have accepted
it such.
Pursuant to the Corps’ permitting regulations, PLP is required to take the initial steps in
developing information regarding compensatory mitigation. PLP must include in its Department
of the Army permit application “a statement describing how impacts to waters of the United
States are to be compensated for or a statement explaining why compensatory mitigation should
not be provided.”12 Permit applicants are responsible for proposing an appropriate compensatory
mitigation option to offset unavoidable impacts.13 In addition, for a 404 permit application to be
complete, it must provide “sufficient information to issue a public notice.”14 With regard to
compensatory mitigation, the public notice must provide a level of detail “commensurate with
the scope and scale of the impacts.”15
Corps of Engineers regulations mandate evaluation of the appropriateness of compensatory
mitigation for “significant resource losses which are specifically identifiable, reasonably likely
to occur, and of importance to the human or aquatic environment.”16 These include impacts to
wetlands, fish and wildlife resources, cultural and recreational values, and water quality. The
Corps needs to take specific steps to further assess the magnitude of each of these categories of
resource losses associated with the proposed project, and analyze which of these impacts can be
practicably avoided and minimized. Similarly, the 404(b)(1) Guidelines prohibit permitting the
discharge of dredged or fill material “unless appropriate and practicable steps have been taken
which will minimize potential adverse impacts of the discharges to the aquatic ecosystem.”17
Even after full development of practicable avoidance and minimization measures, the known
impacts of mining the Pebble deposit are extremely significant. Thousands of acres of wetlands
will be destroyed. Miles of streams which serve as habitat for fish and wildlife resources,
including but not limited to, migrating salmonids will be filled, dewatered and or severed by
construction of the mine and associated facilities. Water quality in surviving streams will be

12

33 CFR § 325.1(d)(7)
33 CFR § 332.3(a)
14
33 CFR § 325.1(d)(10)
15
33 CFR § 332.4(b)(1)
16
See 33 CFR § 320.4(r)(2)
17
See 40 CFR § 230.10(d).
13
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significantly degraded by copper and other pollutants. Commercial, recreational and subsistence
fisheries will be degraded.
It is essential that the EIS fully document these impacts and the limitations on avoiding and
minimizing these impacts at the Pebble Mine site, so that the extent of the necessary
compensatory mitigation can be properly identified.
These “specifically identified impacts” are all “significant resource losses” that are certain to
occur from construction and operation of Pebble Mine and are “of importance to the human or
aquatic environment” (see footnote 16, above). Therefore, once the magnitude of these impacts
is fully identified, the EIS must develop compensatory mitigation alternatives that are “directly
related to the impacts, appropriate to the scope and degree of those impacts, and reasonably
enforceable” (see footnote 16, above).
To address the unavoidable adverse effects of proposed discharges of dredged or fill material, the
2008 Compensatory Mitigation for Losses of Aquatic Resources: Final Rule (hereinafter referred
to as the 2008 Mitigation Rule) sets an overarching standard that must be met in developing an
appropriate compensatory mitigation proposal.
The fundamental objective of compensatory mitigation is to offset environmental losses
resulting from unavoidable impacts to waters of the United States authorized by DA permits.
The district engineer must determine the compensatory mitigation … based on what is
practicable and capable of compensating for the aquatic resource functions that will be lost
as a result of the permitted activity (emphasis added).18
“If the district engineer determines that compensatory mitigation is necessary to offset
unavoidable impacts to aquatic resources, the amount of required mitigation must be, to the
extent practicable, sufficient to replace lost aquatic resource functions.” (emphasis added).19
The magnitude of the unavoidable impacts to waters of the United States and aquatic resource
functions from this project will require enormous compensatory mitigation to comply with these
regulatory thresholds. In cases where insufficient compensatory mitigation is proposed, “the
district engineer may determine that a DA permit for the proposed activity cannot be issued
because of the lack of appropriate and practicable compensatory mitigation options.”20
In its application, PLP acknowledges the 2008 Mitigation Rule, and its requirements to provide
compensatory mitigation for unavoidable impacts to the “waters of the United States,” including
wetlands. Rather than propose a comprehensive compensatory mitigation plan for its proposed
project, PLP states that “mitigation will be considered in detail throughout the permitting and
NEPA processes.”21 Further, PLP states that “PLP will work with the USACE (Corps)

18

See 33 CFR § 332.3(a)(1)
See 33 CFR § 332.3(f)(1).
20
See 33 CFR § 332.1(c)(3).
21
Pebble Project Department of the Army Application for Permit (POA-2017-271), December 2017, page 31.
19
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throughout the process to identify and implement a compensatory mitigation plan that is
appropriate for the final Project”22 (emphasis added).
In acknowledging the requirements of the mitigation rule, PLP has stated that it understands that
compensatory mitigation will be required for “unavoidable” impacts. And, in applying for a
permit, PLP understands that it must clearly demonstrate that any proposed discharges of
dredged or fill material into wetlands or other special aquatic sites are unavoidable in order to
achieve the basic purpose of its proposal, in this case mining.
PLP’s CEO acknowledges this as “one of the most basic requirements of the permitting process:
full, functional mitigation for all unavoidable, residual project impacts,” stating further that
“PLP has consistently acknowledged its mitigation responsibility and has assumed that permit
requirements would stipulate mitigation obligations amounting to a significant multiple of actual
impacts, resulting in a net gain in anadromous and resident fish productive capacity” (emphasis
added). 23 Echoing the conclusions drawn by its fishery consultants, PLP also adds that it has
“has identified numerous opportunities for increasing anadromous fish habitat, as well as the
productive capacity of that habitat for anadromous fish, greatly in excess of reasonably
anticipated losses.”24 (emphasis added)
Whereas this author and others have strongly questioned the feasibility of adequately offsetting
the direct, indirect, and long-term impacts of mining the Pebble deposit,25 PLP and its
representatives have stated repeatedly that PLP can easily compensate for the wetland and
aquatic habitats that would be lost or degraded by its proposed mining operations.
For example, in 2014, some consultants to PLP claimed that “the track record for successful
mitigation of potential impacts to salmon and resident fish species in settings like that
surrounding the Pebble deposit is very long, very comprehensive and very clear” and that “there
are myriad opportunities for implementation of these methods in streams in and around the
general Pebble Project area.”26 Other PLP consultants were less willing to make such
22

Pebble Project Department of the Army Application for Permit (POA-2017-271), December 2017, page 32.
July 23, 2012 letter from Thomas C. Collier, Esq., Steptoe & Johnson, LLC (before Mr. Collier became CEO of
PLP), to Office of Environmental Information Docket, Docket Number # EPA-HQ-ORD-2012-0276. Collier
specifically identifies measures such as “judicious water management, including storage, and strategic delivery of
excess water to streams and aquifers without adverse impacts such as seasonally incompatible temperatures;
providing access to existing but inaccessible aquatic habitats and creation of extensive new habitats such as
groundwater-fed secondary channels for anadromous and resident fish spawning, rearing and overwintering in
local floodplains; concentrating mitigation efforts in more heavily utilized lower portions of local watersheds (North
Fork Koktuli, South Fork Koktuli, Upper Talarik Creek) in order to maximize actual use of new habitat by the fish
for which it is intended. Offsite but in-watershed (Kvichak/Nushagak) opportunities include such things as fish
passage at significant anadromous fish barriers, opening up very large areas to anadromous access, significantly
increasing salmon runs in associated systems. More remote opportunities include facilitation of reclamation and
rehabilitation activities in existing disturbed areas.” None of these measures are proposed in PLP’s permit
application.
24
Letter from Richard E. Schwartz (Crowell & Moring, LLC, Washington, DC on behalf of PLP) to Arthur A.
Elkins, EPA Inspector General, January 9, 2014. 26 pages.
25
Yocom, Thomas G. and Rebecca L. Bernard. 2013. Mitigation of Impacts from Large-Scale Hardrock Mining in
the Bristol Bay Watershed. Seattle Journal of Environmental Law, Volume 3, pages 71-100.
26
See Buell, J.W. and R.E. Bailey. Mitigation and EPA’s Bristol Bay Watershed Assessment Final Assessment. (a
report submitted on behalf of PLP to EPA), April 23, 2014. 16 pages.
23
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unequivocal claims, although they cited similar types of potential compensatory mitigation
measures, such as providing access to side-channel habitat and placement of instream structures.
Ecofish Research, Ltd. stated on behalf of PLP that “Restoring fish access to habitat, spawning
channels, instream structures, off-channel habitats, and lake and stream fertilization projects
have been successful at restoring and enhancing fish habitat at many locations. However, not
all restoration and enhancement efforts are successful, and there are a number of welldocumented reviews of failures, particularly where site specific treatments are applied in
watersheds with scale problems, or where limiting factors have not been properly studied and
are poorly understood.”27
One of those well-documented reviews found that compensatory mitigation was generally not
successful unless mitigation ratios were higher than 1:1 and closer to 2:1 (i.e., a greater acreage
or length of stream miles restored than were lost as a result of a project).28 The senior author of
that study, now an official at PLP’s parent company, Hunter Dickenson, maintains this view that
in order to ensure that compensatory mitigation will adequately offset the losses of acreage and
function, mitigation ratios should be greater than 1:1 and closer to 2:1.29
The previously proposed mining operations for which PLP claimed it could fully compensate for
project impacts were considerably larger than what it now proposes in permit application POA2017-271. It stands to reason, therefore, that PLP would consider compensating for impacts
from its proposed project to be far less challenging.
It is surprising, therefore, that PLP has proposed no compensatory mitigation plan for the
impacts of its smaller project, assuming it believes these impacts are unavoidable. Here, PLP
seems to be suggesting that it knows that it is proposing avoidable impacts, and that the “final
Project” will be different than what it has proposed in its permit application. In fact, PLP
submitted updated plans to the Corps on May 11, 2018 during the EIS scoping comment period,
proposing to eliminate most of it planned 20-million cubic yard dredging and dredged material
disposal associated with its Amakdedori port site.30 However, it also proposed changes that may
increase the acreage of project impacts at its mine site and tailings storage facility.
The public is prejudiced in its ability to participate in the scoping process and in the development
of the DEIS if it has no information regarding the substance of PLP’s compensatory mitigation.
Until this deficiency is properly addressed, the Corps of Engineers should extend the scoping
process so that the public can provide meaningful scoping comments on a substantive
compensatory mitigation proposal. The Corps should require PLP to revise and resubmit a
27

Hocking, M. and A. Lewis. 2014. Memorandum to Northern Dynasty Minerals (attention Bruce Jenkins). Re:
Literature review of the successes and efficacy of fish habitat restoration and compensation project in British
Columbia. Ecofish Research, Ltd., Vancouver, B.C., April 24, 2018. 22 pages.
28
See Quigley, J.T. and D.J. Harper. 2006. Effectiveness of fish habit.at compensation in Canada in
achieving no net loss. Environmental Management 37: 351-366.
29
“…our research demonstrated that many compensation projects that were deemed failures would have been
successful had they simply employed larger compensation ratios…..Ultimately, regulators should require more than
1:1 replacement for aquatic habitat displaced by development activity - perhaps as high as 2:1.” Jason Quigley,
Hunter Dickenson Inc. April 28, 2014 letter to EPA Region 10, Dennis J. McLerran, Regional Administrator.
30
May 11, 2018 memorandum from James Fueg, Pebble Limited Partnership to Shane McCoy, U.S. Army Corps of
Engineers (https://pebbleprojecteis.com/files/05_11_2018_Pebble_Project_Updates_to_Proposed_Project.pdf)
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complete permit application that includes a compensatory mitigation plan and associated
performance standards, along with estimates of the timing and costs of its implementation, as
well as those associated with the long-term maintenance and monitoring of the mitigation areas.
These costs also need to be included in a pre-feasibility study to enable the Corps to determine if
the project, as proposed is practicable. If the Corps has insufficient information to make such a
determination, it is required to deny the permit.31 Similarly, if the Corps cannot determine if
appropriate and practicable mitigation measures will be implemented to offset unavoidable
project impacts, it may be compelled to deny the permit application for causing or contributing to
significant degradation of the aquatic ecosystem [see 40 CFR 230.10(c)].
In permit application POA-2017-271, PLP has submitted maps showing areas it believes are
subject to Clean Water Act regulations pursuant to Section 404 of the Clean Water Act and
Section 10 of the Rivers and Harbors Act, estimating that its preferred project (mine site and
access roads) would result in direct impacts to over 3500 acres of wetlands and aquatic
habitats.32 Indirect impacts will also result, but these are not yet quantified. Impacts associated
with its proposed Port are not included herein, given PLP’s notification that it now intends to
eliminate the large-scale dredging it proposed in the permit application (see footnote 27, above).
PLP’s initial estimate of direct impacts is likely low, given that the Corps required PLP to
subsequently revise its maps for the Corps’ PJD; that revision increased the estimated wetland
acreage within PLP’s study boundary by roughly 3000 acres. Nevertheless, it seems safe to
assume that PLP submitted its permit application with the knowledge and expectation that it
would be facing a compensatory mitigation burden of roughly 3500 acres. This includes stream
habitat but is primarily wetlands.
Even at a mitigation ratio of 1:1, PLP should know from its own estimates of project impacts that
it will need to compensate for the permanent loss of thousands of acres of wetlands and aquatic
habitat, and that at a 2:1 ratio this burden could be roughly 7000 acres. Generally, mitigation
ratios reflect 1) the lag time between implementation of compensatory mitigation measures and
the measures becoming effective, 2) the degree to which mitigation is expected to offset direct
and indirect impacts on an acre-for-acre basis, and 3) the uncertainty of long-term success, and
mitigation ratios have been far higher that 1:1 or 2:1 for projects requiring authorization under
Section 404. But for the sake of discussion here, PLP’s permit application should have included
some proposed plan to compensate for its own estimates of its project impacts, but chose not to.
PLP has had ample opportunity to not only demonstrate its ability to offset project impacts, but
to begin implementation in advance of its project in order to a) reduce or eliminate the lag time
in providing compensation, b) demonstrate its mitigation measures will be successful, and c)
31

The Guidelines at 40 CFR 230.12(iv) require that a proposed discharge be specified as failing to comply with the
regulatory requirements where “there does not exist sufficient information to make a reasonable judgment as to
whether the proposed discharge will comply with these Guidelines.” In other words, if a District Engineer cannot
determine if a large mining project represents the LEDPA or if it would or would not cause or contribute to
significant degradation of the waters of the United States, the regulations would direct the Corps to deny the permit
application.
32
PLP permit application for POA-2017-271, Tab 22 (Surface Area of Wetlands and Other Waters Filled), pages
17-27.
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possibly reduce its mitigation burden by reducing or eliminating the delay of implementing
mitigation plans following permit issuance.33 It has not taken advantage of those opportunities.
The Corps should require PLP to submit a compensatory mitigation plan before moving forward
with its DEIS for the proposed mining project. At the very least, PLP should be required to
propose what sorts of actions it intends to implement and the timing and locations for same.
E. PLP does not describe how or where its ore concentrate is being processed, nor the
associated environmental and potential national security issues
As stated earlier, in its arguments seeking to dissuade EPA from completing its Bristol Bay
Watershed Assessment, PLP argued that the Pebble deposit is vital to U.S. economic and
security interests. In 2014, it commented to EPA’s Office of Inspector General that “The Pebble
Project is among the most significant mineral deposits ever discovered. It has the potential to
supply as much as one-quarter of the United States' copper needs over more than a century of
production, while supporting 15,000 high-wage American jobs and contributing more than $2.5
billion to the country's GDP each year.”34
In a separate submittal to EPA, PLP quoted the National Materials and Minerals Policy,
Research and Development Act of 1980 that it is “the continuing policy of the United States to
promote an adequate and stable supply of materials necessary to maintain national security,
economic well-being and industrial production with appropriate attention to a long-term
balance between resource production, energy use, a healthy environment, natural resources
conservation, and social needs.” PLP stated that this policy arises from Congress's recognition
that the economy of the United States is critically dependent upon an adequate and stable supply
of a variety of materials and minerals, many of which are “imported and are at risk of supply
shortages and disruptions.”35
PLP strongly advocated having the Corps assess its proposed project via a permit application and
EIS stating that Corps' regulations implementing Section 404 of the Clean Water Act recognize
“the national concern for both protection and utilization of important resources.” PLP stated
further that these considerations “are so important that the Corps' decision on whether to issue a
permit must be based in part on its evaluation of the probable impact that the proposed activity
may have on the public interest, including the nation's "mineral needs.”36 The Corps should
33
See 40 CFR § 230.92 Definitions. Temporal loss is the time lag between the loss of aquatic resource functions
caused by the permitted impacts and the replacement of aquatic resource functions at the compensatory mitigation
site. Higher compensation ratios may be required to compensate for temporal loss. When the compensatory
mitigation project is initiated prior to, or concurrent with, the permitted impacts, the district engineer may
determine that compensation for temporal loss is not necessary, unless the resource has a long development time.
(emphasis added)
34
Letter from Richard E. Schwartz (Crowell & Moring, LLC, Washington, DC on behalf of PLP) to Arthur A.
Elkins, EPA Inspector General, January 9, 2014. 26 pages.
35
Letter from Richard E. Schwartz (Crowell & Moring, LLC, Washington, DC on behalf of PLP) to EPA’s Office
of Environmental Information Docket, Docket ID No. EPA-HQ-ORD-2012-0276: Comments on the Draft Bristol
Bay Ecosystem Assessment. July 23, 2012. 56 pages.
36
PLP noted further that “the United States cannot rely solely on domestically produced copper, so it imports
copper from Chile, Canada, Peru, and Mexico, among others. However, the future of world copper supply and
demand is uncertain. World demand now exceeds production, and operational problems and labor unrest constrain
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make such an assessment, particularly if the ore concentrate is destined to be sold to smelters in
Asia rather than to be sold and processed to entities within the United States.
Unless PLP can provide some assurance that the ore concentrate it will produce from the Pebble
deposit is intended to remain within the United States, the Corps should expand its EIS scoping
analysis and its public interest determination to assess the environmental, economic, and national
interest impacts of a Canadian company, constructing a project that will destroy thousands of
acres of wetland and aquatic habitats on U.S. public lands, and create long-term potential water
quality risks in order to sell valuable U.S. minerals to foreign economic competitors of the
United States. PLP’s own arguments suggest that such a scenario would be contrary to the
public interest.
II. Scope of analyses under NEPA and Section 404 of the Clean Water Act
Federal NEPA regulations define scope as “the range of actions, alternatives, and impacts to be
considered in an environmental impact statement” (40 CFR 1508.25). In determining the scope
of an EIS, lead agencies are to consider types of 1) actions, 2) alternatives, and 3) impacts.
A. Actions
1. Actions may be closely related (connected) actions that a) automatically trigger other actions
which may require environmental impact statements, b) cannot or will not proceed unless other
actions are taken previously or simultaneously, and/or c) are interdependent parts of a larger
action and depend on the larger action for their justification;
2. Cumulative actions, which when viewed with other proposed actions have cumulatively
significant impacts and should therefore be discussed in the same impact statement; and/or
3. Similar actions, which when viewed with other reasonably foreseeable or proposed agency
actions, have similarities that provide a basis for evaluating their environmental consequences
together, such as common timing or geography.
Here, PLP is proposing a project whose infrastructure, if left in place, could enable other mining
efforts, including expansion of its proposed mining of the Pebble deposit or other deposits in the
same general area. The EIS must consider such expansion or exploitation of nearby deposits to
be reasonably foreseeable actions whose impacts would be cumulative to those that would result
from PLP’s mining project as proposed. Furthermore, if PLP is not committing to removal of
that infrastructure, including roads, ports, pipelines, and its power plant, any impacts that are
enabled by use of that infrastructure should be considered impacts of PLP’s proposal.
world output.” PLP cautioned further that “China, which accounts for around 40% of the worlds' copper demand,
has begun to stockpile copper - its current 1.9 million-ton stockpile is more copper than the United States consumes
in one year.” (see: Letter from Richard E. Schwartz (Crowell & Moring, LLC, Washington, DC on behalf of PLP) to
EPA’s Office of Environmental Information Docket, Docket ID No. EPA-HQ-ORD-2012-0276: Comments on the
Draft Bristol Bay Ecosystem Assessment. 56 pages.) It may very well be that the copper from the Pebble deposit
will be sold and shipped to smelters in China or other countries in Asia with capacity for processing the ore
concentrate. The fate of the ore concentrate needs to be disclosed in the DEIS.
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B. Alternatives
The scope of alternatives under NEPA should include 1) the no-action alternative, 2) other
reasonable courses of actions, and 3) mitigation measures that are not included in the proposed
action.
Alternatives under Section 404 of the Clean Water Act are more focused on certain specifics of
PLP’s proposal, and are limited to the range of alternatives that are determined to be
“practicable” in achieving the basic purpose of PLP’s proposed project [40CFR230.10(a)].
Practicability is defined in terms of availability, costs, logistics, and technology [40 CFR
230.3(q)]. Generally, the “no action” alternative is not evaluated in under the 404 regulations
unless the project purpose can be accomplished practicably without the Corps “action” of
authorizing a discharge of dredged or fill material (such as re-routing a road around a wetland
rather than crossing it or building a project on an alternative site where no discharge of dredged
or fill material into wetland or aquatic sites is practicable).
1) The search for less-damaging alternatives on site, as well as at alternative ore
deposits
PLP has been proposing to mine for copper and other metals since at least 2001, and its parent
company, Hunter Dickenson, for far longer. The regulations requiring the least-damaging
practicable alternative have been required under Corps regulations since 1986, and the Corps is
required to deny a permit application not only if PLP fails to clearly demonstrate the lack of a
less-damaging option, but also if there is insufficient information for the Corps to formally
determine that a project complies with the regulations.
EPA has maintained, and successfully defended in court that alternatives that were available to a
permit applicant when it entered the market for its proposed project purpose(s) can be considered
less-damaging practicable alternatives under the 404(b)(1) regulations, even if those alternatives
are no longer available when PLP chooses to apply for a permit.37
PLP and/or its parent company have been fully aware of the 404 requirements well before it
acquired the mineral rights to the Pebble deposit in 2001. And prior to that acquisition, as well
as in the subsequent 16 or more years since the mineral rights were acquired, PLP has had ample
opportunity to seek less-damaging sites which it could mine for copper and other metals. Indeed,
even within the larger block of lands within which PLP holds the Pebble mineral rights, there are
“several porphyry copper as well as gold and polymetallic vein prospects.”38
PLP has also known for well over a decade that its project would result in unprecedented losses
of wetland and aquatic habitats, particularly those for which the Clean Water Act has established
a special level of protection as special aquatic sites under the 404(b)(1) Guidelines. PLP should
be required to clearly demonstrate that no other ore deposits for which copper and other metals
could be extracted practicably have been available since PLP and its parent company, Hunter
Dickenson sought to acquire the mineral rights to the Pebble deposit and surrounding block of
37
38

See Bersani v. United States Environmental Protection Agency 850 F.2d 36 (2d Cir. 1988)
https://www.northerndynastyminerals.com/pebble-project/geology-and-exploration/
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lands, and that there are no deposits within that block of lands where copper and other metals
could be extracted with less adverse impacts to “waters of the United States,” including
wetlands.
PLP’s parent company, Hunter Dickenson, is also a Canadian firm, and it has shown that its
search for such alternate deposits have not been limited to the Bristol Bay watershed, the State of
Alaska, the lower 48 contiguous States of the United States, nor to its own home country,
Canada. Hunter Dickenson operates worldwide, and there is nothing in the 404(b)(1) Guidelines
that limit the search for alternatives to a single ore body, nor a single drainage or State. Clearly,
PLP is part of a corporation that seeks to acquire rights to ore deposits worldwide and, as such,
PLP should not be limited from considering less environmentally-damaging practicable
alternatives well beyond the boundaries of the Pebble ore deposit or its surrounding block of
claims.
From a legal perspective, impacts associated with mining an ore body outside of the United
States and its territories would have no adverse impacts to the “waters of the United States.”
From an environmental perspective, however, it would be prudent for the Corps, and for EPA as
a cooperating agency, to consider the environmental impacts of alternatives outside of the United
States, including the laws and regulations that apply therein. Nevertheless, the location of the
Pebble deposit, its hydrologic connection to the headwaters of three major salmon streams, and
its surface covered with thousands of acres of wetland and aquatic habitats, make mining the
Pebble deposit likely to be more environmentally damaging than most, if not all, alternative ore
deposits in Alaska, if not worldwide.
According to PLP in 2011: “Numerous compelling exploration targets exist within the 186
square mile Pebble property claim boundary. Immediately adjacent to the Pebble deposit and
east of the resource-bounding ZG1 fault is the high-grade intersection in drill hole 6348 (949
feet at 1.92% CuEq3)…Outside the Pebble deposit, two seasons of exploration drilling have
identified numerous zones of copper, gold, molybdenum and silver mineralization..... These
deposits and high-priority targets present near-term opportunities to expand and enhance known
mineral resources on the Pebble property.”39
The Corps should consider other deposits where copper and other metals could be mined to be
potentially less damaging alternatives if they were available to PLP since it acquired the mineral
rights to the Pebble deposit from Cominco. This should include any deposits that have been, or
could have been acquired or utilized by PLP’s parent company, Hunter Dickenson.
C. Impacts and significant degradation
Under NEPA, impacts that should be assessed and disclosed in an EIS include 1) direct impacts,
2) indirect impacts, and 3) cumulative impacts, including those that may result from reasonably
foreseeable related impacts. Clean Water Act regulations treat impacts similarly, although for
the purposes of determining which practicable alternative is permittable under the regulations, its
impacts to the aquatic ecosystem must be determined to be unavoidable (not practicable), and
39

https://www.northerndynastyminerals.com/news/news-releases/2011/northern-dynasty-receives-positivepreliminary-assessment-technical-report-for-globally-significant-pebble-copper-gold-molybdenu/

15

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 174 of 2339

appropriate steps must be taken to minimize impacts, before compensatory mitigation measures
can be considered.
1. Impacts from fill
Here, even though PLP appears to be proposing an artificially small project to improve its
likelihood of obtaining authorization from the Corps, its proposed project would have very
significant impacts, particularly to wetland and aquatic habitats. PLP’s own estimates of direct
impacts to these habitats exceed 3500 acres, but the actual impacts have not been disclosed
because PLP has already modified its project during the EIS scoping phase.
The impacts of its revised project have not been provided to agencies and the public that are
attempting to provide meaningful input to the Corps. PLP appears to be designing its project onthe-fly, rather than conducting a careful a priori assessment of opportunities to avoid and
minimize impacts in order to identify the LEDPA. Nevertheless, its proposed impacts are
unprecedented in terms of the acreage and stream miles of wetland and aquatic areas that would
be lost.
Impacts of this magnitude should trigger a finding of non-compliance with the 404(b)(1)
Guidelines for causing or contributing to significant degradation of the aquatic ecosystem40
unless, of course, PLP is able to 1) clearly demonstrate that its proposed discharges of dredged or
fill material are, in fact, unavoidable and 2) offset these impacts through compensatory
mitigation.41
2. Impacts to Water Quality
Detailed information developed by the EPA Assessment demonstrates the potential for
contamination to ground and surface waters from the operation and closure of Pebble Mine. The
information developed by the EPA Assessment also documents that this contamination will
extend far beyond the boundaries of the project site. The EIS should incorporate EPA’s findings
into its analysis. The EIS should also analyze whether and, if so, to what extent the project
proposal developed by PLP warrants refinements to EPA’s analysis and conclusions.
The discussion below seeks to highlight the most important conclusions EPA reaches in its
analysis of the water quality impacts of Pebble Mine. It is not intended to be exhaustive as to the
water quality issues that need to be addressed in the EIS. However, to determine compliance
with the 404(b)(1) Guidelines, the Corps will need to assess whether the proposed mining
operation will comply with State water quality standards and to what extent water quality
contamination associated with the project may contribute to significant degradation of waters of
the United States.42
40

See 40 CFR 230.10(c)
See 40 CFR 230.10(d)
42
40 CFR 230.10(b) and 40 CFR 230.10(c). See also, 40 CFR 230.12(a)(3)(ii) wherein the Corps must determine
whether the proposed mine “will result in significant degradation of the aquatic ecosystem under § 230.10(b) or
(c).” Frequently the Corps relies on State water quality certification to address water quality concerns associated
with a proposed activity. However, in this instance, EPA has provided significant information documenting the
potential water quality impacts associated with the proposed mine. Under these circumstances, and pursuant to the
41
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a. Routine Mine Operations
Specifically, EPA finds that “[w]ater from the mine site would enter streams through
wastewater plant discharges and in uncollected runoff and leakage of leachates from the waste
rock piles and TSFs [tailings storage facilities].”43 EPA observes that mine tailings, non-acid
forming waste rock and acid-forming waste rock all have the potential to form leachates of vary
toxicities. In particular, EPA finds that untreated leachates from acid-forming waste rocks
“would require 2,900- to 52,000-fold dilution to achieve water quality criteria.”44
EPA predicts that copper contamination from routine mine operations would induce avoidance of
streams by salmon in 15 to 35 miles of streams in the Pebble 2.0 scenario.45 EPA also predicts
that this scenario would also cause death or reduced reproduction of aquatic invertebrates (a
crucial element of the food web for salmon) in 25 to 38 miles of streams in the Pebble 2.0
scenario. EPA predicts direct salmon mortality is likely to result due to toxic contamination
from routine mine operations under both the Pebble 2.0 and Pebble 6.5 Scenario.46
EPA acknowledges that its findings of water quality impacts from routine operations are
sensitive to the efficiency of the mine’s leachate capture system.47 In its analysis, EPA assumes
capture of 84% of the leachate in the Pebble 2.0 scenario.48 EPA also notes “[t]o avoid
exceeding water quality criteria for copper, more than 99% capture would be required.” The
EIS should carefully review EPA’s findings in this area. Given EPA’s expertise in assessing
compliance with water quality requirements, EPA’s findings are entitled to substantial deference.
The EIS should also carefully assess whether the proposed leachate capture system for the mine
will achieve sufficient capture of leachate to assure compliance with all water quality
requirements.
In assessing the reasonable likelihood of leachate capture from the Pebble Mine it will be
essential to consider the geologic and hydrogeologic characteristics of the area encompassing the
proposed mine. The EPA Assessment describes the general geology of the area including the
proposed mine as follows:
The Pebble deposit is located in the eastern portion of the Nushagak–Big River Hills and is
heavily influenced by past glaciation (PLP 2011: Chapter 3). At various times, Pleistocene
requirements of NEPA, the Corps needs to assess the water quality impacts of the proposed mine in detail. See 33
CFR § 320.4.
43
USEPA. 2014 An Assessment of Potential Mining Impact on Salmon Ecosystems of Bristol Bay, Alaska. Region
10, Seattle, WA. EPA 910-R-14-001 (hereinafter EPA Assessment) p. ES-15
44
EPA Assessment p. ES-15. See also EPA Assessment Appendix H, Figure 7 and accompanying text.
45
Where specific information is available regarding the Pebble 2.0 scenario, that information is used as a basis for
comparison to Pebble’s proposal, since it is closest in size to the project as currently proposed by PLP. Whereas,
there are material differences between the Pebble 2.0 scenario and PLP’s current plan, the EIS should consider
EPA’s findings except to the extent specific information is developed through the NEPA process warranting
reaching different conclusions. To the extent any of EPA’s water quality findings are not accepted, the EIS should
explain the reasons for this.
46
EPA Assessment pp. 8-51 – 8-52, Table 8-25.
47
EPA Assessment p. ES-15.
48
EPA Assessment p. ES-29.
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glaciers blocked the South Fork Koktuli River, the North Fork Koktuli River, and Upper
Talarik Creek, the three tributaries draining the Pebble deposit area (Figure 2-5).
Unconsolidated glacial deposits, ranging from a few to several tens of meters in thickness,
cover most of the area’s lower elevations (Detterman and Reed 1973). All three of the stream
valleys in the Pebble deposit area have extensive glacial sand and gravel deposits (PLP
2011: Chapter 8). Based on studies in the Pebble area, the Pebble Limited Partnership
(PLP) (2011) concluded that the presence of permeable shallow aquifers, upward hydraulic
gradients, and strong local relief indicate that local and intermediate groundwater flow
systems dominate regional groundwater flow systems. Further, PLP (2011) noted the
presence of many local, cross-cutting faults with high hydraulic conductivities in the Pebble
deposit area.49
In one study, the geology underlying a potential tailings disposal area for Pebble Mine (site G)
has been described as follows:
[The area] typically comprises sand and gravel with varying amounts of silt, and varies in
depth from near surface to approximately 65 feet… Overburden at the higher elevations is
mainly colluvium and glacial drift material consisting of sand and gravel with varying
amounts of silt… The bedrock is typically highly weathered and frost-heaved near surface,
becoming more competent with depth… The groundwater conditions observed at site G
include artesian flows and groundwater levels near the surface.50
These descriptions suggest that soil conditions in the area of the proposed mine are highly
permeable and highly saturated. This indicates that numerous pathways may exist for leachate to
reach the groundwater table in the vicinity of tailings and waste rock storage facilities. As a
result, this has a strong potential to result in contamination to surface waters in the vicinity of
and downstream from the proposed mine. As the EPA Assessment describes:
“A key aspect of the Bristol Bay watershed’s aquatic habitats is the importance of
groundwater exchange. Because salmon rely on clean, cold water flowing over and
upwelling and downwelling through porous gravels for spawning, egg incubation, and
rearing (Bjornn and Reiser 1991), areas of groundwater exchange create high-quality
salmon habitat (Appendix A). For example, densities of beach spawning sockeye salmon in
the Wood River watershed were highest at sites with strong groundwater upwelling and zero
at sites with no upwelling (Burgner 1991). Portions of the Nushagak–Bristol Bay Lowland
and Nushagak–Big River Hills physiographic divisions, including the Pebble deposit area,
contain coarse textured glacial drift with abundant, high-permeability gravels and extensive
connectivity between surface waters and groundwater (Figures 3-3, 3-4, and 3-9). Abundant
wetlands and small ponds also contribute disproportionately to groundwater recharge (Rains
2011). This strong connection between groundwater and surface waters helps to moderate
water temperatures and streamflows. For example, groundwater contributions that maintain

49

EPA Assessment at 3-12, References at 15-3 to 15-10.
See page 350 of Ghaffari, H., R.S. Morrison, M.A. de Ruijter, A. Živkovi, T. Hantelmann, D. Ramsey, and S.
Cowie. 2011. Preliminary Assessment of the Pebble Project, Southwest Alaska. Wardrop, Vancouver, B.C. 529
pages.
50
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water temperatures above 0C are critical for maintaining winter refugia in streams that
might otherwise freeze (Power et al. 1999).”51
This analysis strongly suggests that leachate from waste rock and tailings storage facilities will
have numerous pathways to reach and contaminate groundwater, which will then contaminate
surface water. This analysis needs careful consideration in the EIS. It strongly suggests that it
will be impossible capture sufficient leachate to avoid significant water quality impacts to
surface waters downstream of the mine. It also suggests that efforts to isolate surface waters
from groundwater flow, assuming it could be done, would materially impair the habitat values of
the affected streams.
Unless rebutted in the EIS, EPA’s findings of water quality contamination during routine mine
operations are sufficient to warrant a determination that, as a result of toxic pollutant releases
associated with the proposed Pebble Mine, the project will not comply with pertinent water
quality standards and will significantly degrade fishery resources. These issues are particularly
within the expertise of EPA given its role in administering the NPDES permit program and its
extensive history in assessing sources of acid mine drainage and remediating its impacts. The
EIS should fully consider EPA’s analysis and findings on this issue in light of information
provided by PLP. However, it is not appropriate to assume that PLP will be capable of achieving
unrealistic results in controlling leachate releases from the mine site.
b. Impacts of Project Failures on Water Quality
The EIS needs to assess the potential impacts of reasonably foreseeable failures in mine
operations. These include, but are not necessarily limited to, tailings dam failures, wastewater
collection and treatment plant failures, and pipeline failures. Any of these failures has the
potential to release enormous quantities of toxic contaminants into wetlands and streams.
These types of failures are reasonably foreseeable at a porphyry copper mining operation. For
example, “[w]ater collection and treatment failures have been documented at 13 of 14 porphyry
copper mines in the United States” despite the presence of mitigation measures designed to
prevent such failures.”52 These failures could lead to substantially greater releases of copper and
other toxics than are predicted to occur in normal operations.53
Chapter 9 of the EPA Assessment includes a detailed discussion of, among other things, the risk
of a tailings dam failure at Pebble Mine.54 While, as EPA notes, efforts to assess the likelihood
of tailings dam failures are subject to numerous uncertainties, it should be noted that the risk of a
tailings dam failure under the Pebble 2.0 scenario (assuming a 1,000-year closure period) ranges
between1.2% and 70%. EPA’s 1,000-year closure period is likely optimistic given its conclusion
that the mine site will need maintenance for centuries and potentially in perpetuity.55
51

EPA Assessment at 3-12, References at 15-3 to 15-10.
EPA Assessment at 8-54. See also Earthworks. 2012, U.S. Copper Porphyry Mines Report: The Track Record of
Water Quality Impacts Resulting From Pipeline Spills, Tailings Failures and Water Collection and Treatment
Failure. Washington, DC.
53
EPA Assessment p. 8-51 – 8-54, Table 8-25 and accompanying text.
54
EPA Assessment pp. 9-7 – 9-12.
55
EPA Assessment p. ES-29.
52
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The Corps should include in its EIS a discussion of tailings dam failures at modern tailings
facilities that have occurred in recent years, including assessment of any substantial
environmental impacts.
The EPA Assessment goes on to assess the water quality and aquatic habitat impacts of a
potential tailings dam failure at Pebble Mine, using the Pebble 0.25 and 2.0 mining scenarios.
This analysis concludes that such a failure “would have significant adverse affect on Koktuli and
Nushagak River salmon, Dolly Varden and Rainbow Trout populations affecting downstream
fisheries, including subsistence users.”56 It goes on to caution that adverse impacts could also
occur in the lower Koktuli, Mulchatna, and Stuyahok Rivers, resulting in impacts to “much
greater proportions of the Nushagak Chinook populations and other resident and anadromous
fish populations.”57
PLP is not presently proposing an ore concentrate pipeline, but did so previously.58 The Corps
should consider the potential risks associated with such a pipeline, given that PLP may choose to
modify its proposal as it has already done since its permit application. Chapter 11 of the EPA
Assessment includes a risk assessment of pipeline spills under each of the Pebble Mine
scenarios. As to the Pebble 2.0 scenario, it predicts 2.2 pipeline spills would likely occur for
each of the pipelines during the 25-year duration of that scenario, with each pipeline facing a
30% chance of a major rupture during that period.59
EPA’s Assessment also analyzes the likely impact of an ore concentrate pipeline spill on two
stream crossings along the transportation corridor EPA assumed would be used.60 The analysis
indicates that acute and chronic toxics effects would be expected to occur in the receiving waters,
concluding that the following impacts to salmon and other fish in the receiving waters of a
concentrate pipeline would include:
• Reduced production of salmon fry, parr, and all life stages of other salmonids from the
loss of invertebrate prey due to extensive acute lethality during the spill and persistent
chronic toxicity in areas where the concentrate is deposited;
• Loss of a year-class of salmon and other salmonids due to direct acute toxicity during and
immediately following a concentrate spill;
• Loss of salmon spawning habitat due to avoidance of copper in areas of deposition and
possibly in the entire stream, if aqueous concentrations from leaching concentrate were
sufficiently high; and
• Persistent chronic toxicity to salmonid eggs and fry in areas of concentrate deposition,
where it is not aversive to spawning adults.61
The EIS, at a minimum, needs to assess the risks and reasonably foreseeable impacts of each of
these three failure scenarios in the context of PLP’s proposed project. The EPA analysis can
56

EPA Assessment p. 9-2.
EPA Assessment p. 9-27.
58
Ghaffari, H., R.S. Morrison, M.A. de Ruijter, A. Živkovi, T. Hantelmann, D. Ramsey, and S. Cowie. 2011.
Preliminary Assessment of the Pebble Project, Southwest Alaska. Wardrop, Vancouver, B.C. 529 pages.
59
EPA Assessment p. 11-5.
60
EPA Assessment pp. 11-7 – 11-19.
61
EPA Assessment at p. 11-18.
57
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greatly assist in structuring this analysis. However, PLP’s plan meaningfully deviates from the
scenarios (particularly with regard to ore concentrate transport). It is important to note that the
nature of the toxic impacts associated with each of the three reasonably foreseeable failures
discussed above is not likely to be materially affected by the differences between EPA’s
scenarios and PLP’s proposal. The potential differences concern the magnitude and location of
the impacts.
The normal operations of PLP’s project and each of the three reasonably foreseeable mine
failures could release substantial quantities of mine waste and/or mine product into downstream
waters. Each of these discharges could cause violations of water quality requirements in affected
receiving waters and cause significant adverse impacts to fisheries including salmonids and other
species. EPA has documented these impacts for the scenarios analyzed in the EPA Assessment.
In the EIS, the Corps should apply the analytical approach developed in the EPA Assessment to
the specific project proposed by PLP. In addition, the Corps must comply with the testing
requirements set forth in 40 CFR § 230, Subpart G. In doing so, the Corps should consult with
EPA as to the proper scope of the needed testing, particularly in light of the extensive work
already conducted by EPA.62 If the Corps elects not conduct such testing, it should explain it
rationale consistent with the provisions of 40 CFR § 230.60(d).
c. Testing Requirements
In the EIS, the Corps must conduct a rigorous testing regime to assess the extent to which the
proposed project will contaminate ground and surface waters, and the extent to which such
contamination will affect biological resources, with particular attention to fishery resources.
This information is crucial as part of any determination whether the project is in the public
interest, has the potential to significantly degrade water quality, and otherwise complies with
water quality standards. To the extent relevant, the Corps of Engineers can consider adopting
information included in the EPA Assessment. However, particularly to support any
determination as to whether the project complies with the 404(b)(1) Guidelines, the Corps must
independently address contaminant issues.63
The 404(b)(1) Guidelines include specific provisions to address contaminant testing. Consistent
with provisions of the 404(b)(1) Guidelines, the EIS needs to provide a detailed assessment of
the potential for chemical contamination associated with this project. Under the 404(b)(1)
Guidelines, in cases where there is a reasonable probability of chemical contamination, testing is
required as set forth in 40 CFR § 230.61. Among the criteria in assessing the need for testing is
“[a]ny possibility of the presence of substantial natural deposits of minerals or other substances
which could be released to the aquatic environment in harmful quantities by man-induced
discharge activities.”64

62
See 40 CFR § 230.60 [where the results of prior work can provide useful information, they should be used]; 40
CFR 230.61(b)(1).
63
See 40 CFR § 230.11.
64
See 40 CFR § 230.60(b)(6)
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As applied to the Pebble Mine project, testing should be conducted on the anticipated treated
wastewater and leachate release from routine operations, assuming a reasonable range of
achievable leachate capture. EPA’s analysis provides a useful data set that can assist in
developing this analysis. In particular, EPA’s analysis includes important information on the
achievable range of leachate capture. However, since PLP’s proposal is somewhat different
from any of the scenarios analyzed by EPA, the Corps will need to reach its own conclusion as to
the appropriate range of leachate capture to assess.
Testing will also be needed with regard to the reasonably foreseeable failure events analyzed by
EPA (wastewater collection and treatment failure, tailings dam failure, and possible concentrate
pipeline failure), except to the extent the EPA Assessment obviates the need for further testing.
The EPA Assessment, at a minimum, provides a framework for conducting each of these testing
regimes. Consultation with EPA would be appropriate to determine to what extent EPA’s
analysis can be adopted by the Corps, and to the extent that additional work is needed, how the
additional testing work and analysis should be structured.
d. Causing or contributing to significant degradation
The 404(b)(1) Guidelines “no discharge of dredged or fill material shall be permitted which will
cause or contribute to significant degradation of the waters of the United States.”65 The EIS
needs to provide information to assess both the question of whether the mining project as
proposed will, in and of itself, cause significant degradation. In addition, the EIS needs to assess
whether the project as proposed by PLP in combination with reasonably foreseeable future
mining activity will cause significant degradation. This second analysis is needed to assess
whether the proposed project will contribute to significant degradation.
While the 404(b)(1) Guidelines do not limit the factors that may be considered as part to a
significant degradation analysis, the relevant regulations provide specific information as to
factors that need to be considered:
Under these Guidelines, effects contributing to significant degradation considered
individually or collectively, include:
(1) Significantly adverse effects of the discharge of pollutants on human health or welfare,
including but not limited to effects on municipal water supplies, plankton, fish, shellfish,
wildlife, and special aquatic sites.
(2) Significantly adverse effects of the discharge of pollutants on life stages of aquatic life
and other wildlife dependent on aquatic ecosystems, including the transfer, concentration,
and spread of pollutants or their byproducts outside of the disposal site through biological,
physical, and chemical processes;
(3) Significantly adverse effects of the discharge of pollutants on aquatic ecosystem diversity,
productivity, and stability. Such effects may include, but are not limited to, loss of fish and
wildlife habitat or loss of the capacity of a wetland to assimilate nutrients, purify water, or
reduce wave energy; or
(4) Significantly adverse effects of discharge of pollutants on recreational, aesthetic, and
65

40 CFR 230.10(c)
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economic values.66
At a minimum, the EIS needs to provide information to support a determination as to whether the
proposed mining project causes or contributes to significant degradation with regard to all of the
pertinent factors set out above. In particular, impacts to fish, wildlife, fish and wildlife habitat,
wetlands, recreation, aesthetic and economic values need to be considered. Moreover, these
impacts need to be considered in the context of the human health and welfare issues of the
populations dependent on the fisheries and wildlife that will be affected by the proposed mine
project (both alone and in combination with reasonably foreseeable additional mining activity).
The relevant populations that need to be considered include both indigenous populations which
rely on fish and wildlife for subsistence and cultural values, as well as business operations
dependent on healthy fish and wildlife populations.
PLP has maintained in a variety of contexts that, because the Bristol Bay watershed as a whole is
so large, its activities cannot have significant adverse impacts. In considering this argument, the
Corps needs to carefully review the criteria for evaluating the significance of impacts set forth in
the 404(b)(1) Guidelines and cited in 40 CFR 230.10(c). Specifically, [f]indings of significant
degradation related to the proposed discharge shall be based upon appropriate factual
determinations, evaluations, and tests required by subparts B and G, after consideration of
subparts C through F, with special emphasis on the persistence and permanence of the effects
outlined in those subparts.
A review of the required factual determinations, particularly those required by subpart B,
demonstrates that a finding regarding significant degradation is based on an assessment specific
to the waterbodies affected by the discharge:67
(d) Contaminant determinations. Determine the degree to which the material proposed for
discharge will introduce, relocate, or increase contaminants. This determination shall
consider the material to be discharged, the aquatic environment at the proposed disposal
site, and the availability of contaminants.
(e) Aquatic ecosystem and organism determinations. Determine the nature and degree of
effect that the proposed discharge will have, both individually and cumulatively, on the
structure and function of the aquatic ecosystem and organisms. Consideration shall be given
to the effect at the proposed disposal site of potential changes in substrate characteristics
and elevation, water or substrate chemistry, nutrients, currents, circulation, fluctuation, and
salinity, on the recolonization and existence of indigenous aquatic organisms or
communities. (emphases added).
Nothing in the criteria set out in subpart B suggests that impacts to the aquatic environment
should be ignored or trivialized because of the existence of presently intact environments in other
locations.
Similarly, the Corps’ Public Interest regulations include detailed criteria for assessing which
wetlands are particularly important and in need of protection:
66
67

40 CFR 230.10(c).
See 40 CFR 230.11(d) and 40 CFR 230.11(e).
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Wetlands considered to perform functions important to the public interest include:
(i) Wetlands which serve significant natural biological functions, including food chain
production, general habitat and nesting, spawning, rearing and resting sites for aquatic or
land species;
(ii) Wetlands set aside for study of the aquatic environment or as sanctuaries or refuges;
(iii) Wetlands the destruction or alteration of which would affect detrimentally natural
drainage characteristics, sedimentation patterns, salinity distribution, flushing
characteristics, current patterns, or other environmental characteristics;
(iv) Wetlands which are significant in shielding other areas from wave action, erosion, or
storm damage. Such wetlands are often associated with barrier beaches, islands, reefs and
bars;
(v) Wetlands which serve as valuable storage areas for storm and flood waters;
(vi) Wetlands which are ground water discharge areas that maintain minimum baseflows
important to aquatic resources and those which are prime natural recharge areas;
(vii) Wetlands which serve significant water purification functions; and
(viii) Wetlands which are unique in nature or scarce in quantity to the region or local area.68
A unifying characteristic of these criteria is that the importance of wetlands is judged by the
functions the wetland performs in its local watershed. There is nothing in the Corps’ Public
Interest regulations to suggest that a wetland that performs valuable functions in a watershed is
of any less importance due to the presence of other wetlands in the watershed (or other
watersheds) that perform similar functions.
To do as PLP suggests would allow the Corps to permit significant degradation of environmental
functions in the waters of the United States directly and indirectly affected by the proposed mine
simply because other portions of the broader Bristol Bay region are not significantly affected by
the mine. This approach is inconsistent with both the 404(b)(1) Guidelines and the Corps’ Public
Interest regulations. It is appropriate for the EIS to describe the overall landscape setting, both
with regard to the watersheds directly and indirectly affected by the proposed mine and the
broader Bristol Bay region. However, the EIS should not trivialize the loss and/or degradation of
thousands of acres of wetlands and miles of anadromous fish habitat simply because other
portions of the Bristol Bay region are not directly affected by the proposed mine.
As the 404(b)(1) Guidelines make clear, significant degradation must be assessed with regard to
a variety of resources and environmental functions. One of particular importance and
complexity concerns anadromous fish habitat, including but not limited to migratory and nesting
habitat for salmon. This issue is of particular importance due to the salmon’s role in the local
economy and culture. This issue is particularly complex because the proposed mine will cause a
wide range of stresses to salmon populations in the watersheds affected by the mine and
transportation corridors. In addition, these stresses are likely to be observed at different times,
and some are risks that difficult to quantify (e.g., the risk of tailings dam failure).

68

See 33 CFR 320.4(b)(2)

24

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 183 of 2339

In assessing whether the mining project and associated infrastructure will significantly degrade
anadromous fish habitat, the EIS will need to consider, within each watershed, all of the impacts
that will result to such habitat. These can include dewatering of streams and wetlands that
support fish habitat, fill of fish habitat and supporting wetlands, barriers to migrating fish, and
toxic contamination damaging to fish and their prey. Within each affected watershed, the EIS
needs to assess the extent of degradation to fisheries that will result from the proposed mine.
This will provide information the Corps needs to assess whether the proposed mine will cause
significant degradation to anadromous fish habitat in each watershed.
Similarly, the Corps will need to assess whether the full buildout of Pebble Mine will cause such
degradation to anadromous fish habitat, since the full buildout of the mine is a reasonably
foreseeable consequence of permitting the first stage of mine operations.69 In watersheds where
significant degradation of anadromous fish habitat will result from the full buildout of the mine,
the mine project currently proposed by PLP will contribute to such degradation.
We recommend that the EIS include a similar discussion of other environmental resources that
will be affected by either the mine project, the full buildout of the mine (or both). For example,
impacts to wildlife could be assessed using a holistic approach similar to that recommended
above with regards to fisheries. When considering the adverse impacts to economic interests, it
will be important to distinguish between the subsistence economy, commercial recreation and
commercial fisheries. However, a similar model of assessing the combined impacts of all the
stresses on each economic field remains valid, as does assessing the impacts of the mine as
proposed and the full mine buildout.
D. Measures to minimize project impacts must be assessed
To minimize the impacts of mining the Pebble deposit, at least three broad categories of
minimization alternatives need to be thoroughly explored:
• Construction design requirements and best management practices to reduce the direct and
indirect impacts of facilities constructed as part of the mining operation;
• Restoration alternatives so that, to the extent practicable, impacts associated with the
mining operation are temporary impacts; and
• To address long-term impacts of the mining operations, the EIS needs to evaluate options
for long term protections for the site and potentially at-risk aquatic resources.
1. Construction Design and Best Management Practices
a. Mine Site

69

To provide information on the impacts of the full buildout of Pebble Mine, the EIS could consider the Pebble 6.5
Alternative as described and analyzed in the EPA Assessment. The EPA Assessment includes substantial
information on the likely impacts of this alternative and is a possible surrogate for a full buildout alternative.
However, as noted in the EPA Assessment, the Pebble 6.5 Alternative only assumes extraction of 6.5 billion tons of
ore and does not constitute complete recovery of the orebody, estimated at 11 billion tons of ore. The EIS could also
consider impacts of an 11 billion-ton alternative.
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A wide range of construction and operational measures must be assessed to ensure that the
mining site has as little impact as practicable on the environment in general and the aquatic
ecosystem in particular. This assessment also needs to include development of closure
alternatives to minimize the risk of long-term environmental degradation resulting once PLP has
completed its mining operation.
As discussed in more detail below, it is critical to address water quality issues associated with the
mine site due to the likelihood of leakage of contaminated groundwater. The need for liners for
both waste rock disposal areas and tailings disposal areas is an essential element of this analysis,
particularly with regard to the risks of long-term degradation following closure.
Groundwater management (for example, pumping contaminated groundwater and disposing of it
at the mine site) is a legitimate adjunct to a strategy of preventing groundwater contamination.
However, even when properly operated, groundwater management cannot be expected to capture
all contaminated groundwater leaving the site. Moreover, contaminated groundwater releases
remain a substantial risk for centuries following closure.70 To the extent PLP suggests active
groundwater management measures are appropriate as an element of controlling contaminated
groundwater releases, the EIS needs to assess measures needed to maintain these measures
effectively in perpetuity.
The tailings disposal facility also needs to be carefully designed to avoid the risk of catastrophic
failure both during mining operations and following closure. The EIS should discuss recent
failures of tailings disposal facilities from modern mining operations, including, but not limited
to the 2014 failure at the Mount Polley Tailings Storage Facility, and how the lessons learned
from these failures inform the design of PLP’s tailings storage facility. It should also examine
the existing environmental conditions in and near the site, e.g., rainfall patterns, seismic risks,
closeness of salmon migratory and breeding habitat, and discuss how these conditions inform the
design of the tailings storage facility. Finally, since this facility could remain an environmental
threat in perpetuity, the EIS needs to assess the long-term risk of failure at this facility in light of
reasonably foreseeable changes to site conditions, including, but not necessarily limited to
climate change.
The mine pit will cause substantial groundwater drawdown. To a degree, there may be some
environmental benefits to this from capturing some contaminated groundwater that would
otherwise escape the site. However, the EIS needs to fully assess the extent of groundwater
drawdown that will occur during operation and following closure and the impacts of this
drawdown on the aquatic ecosystem. To the extent that measures can prudently be taken to
reduce these impacts, such measures should be considered. Closure of the pit will create the
opportunity to minimize the exposure of contaminants (including acid-forming rock) to the
environment. The EIS needs to discuss the need to minimize the environmental risks associated
with the mine pit upon closure and assess practicable alternatives to avoid long-term
groundwater contamination from the pit.
In general, the mine site should be designed and operated to minimize the environmental
footprint of its operation. To the extent the specific locations of mine facilities can be located to
70

EPA Assessment p. ES-29.
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minimize direct and indirect impact to waters, the EIS should discuss the need for and
practicability of such measures. In addition, the EIS should discuss the need for the mine site to
undertake a broad program of environmental best management practices to minimize to the
extent practicable spills, contaminated stormwater runoff, trash control and similar pollution
control measures.
2. Ports and Shipping
PLP’s proposal with regard to the use of ports and shipping are extremely unclear and appear to
be changing. Therefore, our comments regarding minimizing impacts from these facilities are
limited to raising conceptual concerns. Shipping of concentrate has the potential to disrupt
salmon migration. The EIS needs to assess appropriate scheduling and operational constraints to
reduce these impacts. Without a detailed plan, it is difficult to suggest what constraints may be
appropriate. Issues that should be considered are limits to shipping (including shipping closure)
during peak migration and best management practices to limit spills of concentrate and vessel
wastes.
3. Transportation and Utility Corridors
PLP’s proposal to construct lengthy roads, pipelines and utility corridors could lead to substantial
discharges of fill in waters of United States and extensive watershed impacts resulting from
destruction of wetlands, habitat fragmentation, stream modification, polluted runoff, and pipeline
spills. Construction impacts for these features are also likely to be significant.
The EPA Assessment at Appendix G provides a detailed analysis of the potential environmental
impacts of the various transportation and utility corridors proposed as part of the Pebble Mine
project and strategies for minimizing the impacts that cannot be avoided. However, the EPA
analysis assumes that all of the corridors proposed for the project are necessary. In addition, the
locations for the corridors assumed by EPA are materially different from those proposed by PLP.
To address this, the EIS must initially provide a rigorous analysis as to whether each feature is
necessary for the project to be practicable. Those that can be eliminated should be
eliminated. For the features that are necessary, the EIS should examine alternatives that
minimize the length of these corridors and combine these corridors where practicable to
minimize habitat fragmentation.71 As part of this analysis, the EIS should consider whether the
corridor locations assessed by EPA constitute a less environmentally damaging practicable
alternative to PLP’s proposal.
As to each of the proposed transportation and utility corridors, the EIS needs to carefully analyze
design criteria to minimize direct and indirect impacts to waters of the United States, fisheries
and other wildlife habitat. To do this, at the outset, the EIS needs to identify all streams,
wetlands, other waters of the United States, and other significant wildlife habitat (including, but
not limited to, nesting/denning areas, feeding areas and travel corridors) that the corridors could
cross or otherwise materially affect.
71

See EPA Assessment Appendix G, p 31-32. Clustering of pipelines reduces the direct spatial footprint of
disturbance by concentrating construction and maintenance activity. Burial of pipelines in a common trench should
be evaluated where practicable.
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With regard to significant wildlife habitat areas, all corridors should be sited to completely avoid
them, with an adequate buffer based on a case-by-case assessment of the wildlife habitat at issue.
If this is not practicable, mitigation measures need to be developed to compensate for the
unavoidable impacts.
With regard to streams, each should be identified as to whether it is known habitat for fish,
known not to be habitat for fish, or not assessed for fishery habitat. With regard to wetland
areas, each should be identified as to whether it is adjacent to one or more streams, with
information provided as to the fishery habitat status of the adjacent stream(s). With regard to
significant wildlife habitat areas, each should be mapped to assist in avoiding impacts.
With the above information in hand, the EIS should identify criteria needed to design each
necessary corridor to minimize impacts. Ideally, each stream and wetlands should be bridged,
with no footings placed in waters of the United States. This alternative needs to be carefully
examined.
If this alternative is not practicable, the EIS should examine alternatives that allow minimal
construction of footings in waters of the United States and an alternative that bridges all streams,
and bridges wetlands adjacent to streams known to function as fishery habitat and streams not
assessed for fishery habitat.
Other alternatives can also be developed with less extensive bridging. However, as to each of
the alternatives that are developed with less than complete bridging, the EIS needs to analyze and
disclose the direct and indirect impacts to waters of the United States and fisheries associated
with that alternative, and analyze appropriate compensatory mitigation. In addition, the EIS
needs to analyze how culverts and porous fills can be designed and constructed to minimize
impacts where bridging is not feasible.72 In particular, with regard to culverts, it is essential to
develop a monitoring and maintenance strategy to ensure that maximum hydrological
connectivity is maintained.
The EPA Assessment provides the analytical underpinning to support this approach.
Specifically, EPA concludes with regard to streams:
“where rivers are wide and river or stream channels shift location frequently, any crossing
structure short of fully spanning the channel migration or flood-prone valley width can prove
problematic. Because of the nature of design structures and geomorphic setting, crossings of
small streams (under about 3 meters in width) pose greater risk of causing barriers to animal
migration and movement of sediment and natural debris, whereas crossings of larger
streams pose risk of erosion, sedimentation, channel and floodplain alteration, and delivery
of pollutants from spills. The importance of small streams in Bristol Bay for Dolly Varden
and other fish species (Woody and O’Neal 2010) underscores the need for culverts to provide
fish passage and maintain fish habitat, even where salmon are absent. Numerous studies also
document that connectivity between small headwater streams (including streams with
72

See EPA Assessment Appendix G p. 29-30 (problems associated with culverts); p. 31 (porous fill as a
minimization measure).

28

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 187 of 2339

intermittent or seasonal flow) and downstream habitats is important and, in some cases,
critical for productivity and survival of salmonids (e.g., Hilderbrand and Kirshner 2000,
Young et al. 2004, Fausch et al. 2002, Hastings 2005, Wigington et al. 2006, Bryant et al.
2009). In general, culvert crossings of small streams remain problematic, even under
contemporary standards and practices as applied by state highway departments and land
management agencies.”73
With regard to wetlands and near-surface groundwater resources, the EPA Assessment
concludes:
“Effective mitigation of adverse roadway impacts to streams must account explicitly not just
for the passage of fish and surface waters; in ecosystems like Bristol Bay that are rich in
shallow groundwater, roadways must also avoid disrupting or obstructing hyporheic flow
paths and shallow aquifers. Short of not building new roads altogether, the most effective
practice to avoid alteration of hydrology and hydrologic connectivity is to locate the route
well away from streams, wetlands, springs, seeps, areas of near-surface groundwater, pond
and lake shorelines, and alluvial fans and glacio-alluvial valley trains where frequently
shifting stream courses are present. Due to the number and density of streams, zones of nearsurface groundwater, and associated wetlands in the area of the potential transportation
corridor (Hamilton 2007), complete avoidance of “sensitive habitat” would be exceedingly
difficult. If avoidance of these sensitive hydrologic features is impossible, the next best
mitigation is bridge the roadway across them, completely spanning the area of both surface
water and near-surface groundwater, thereby reducing direct physical intersection of the
roadway and water features.”74
As to the road corridor, assuming it is determined to be necessary, the design must examine
alternatives that minimize dust and direct road runoff and other pollutants away from waters of
the United States. Ideally a combination of fencing and piping can minimize the impacts of
polluted runoff and road detritus on streams and adjacent wetlands. Dust can be addressed
through both road design and maintenance measures.75
Should a pipeline corridor be deemed necessary, the EIS should analyze spill control,
containment and countermeasures. A comprehensive plan addressing these issues should be
included in the EIS. In particular, this plan needs to evaluate the practicability of secondary
containment in areas where discharges to waters of the United States are possible.
“Secondary containment is a particularly important measure for isolating and managing
leaks or spills wherever the pipeline is directly above surface water. Ideally some form of
secondary containment should extend to other locations where leaks or spills could reach
and contaminate surface or subsurface waters.”76

73

EPA Assessment Appendix G, p. 29-30 (Citations at pp. 37-44)
EPA Assessment Appendix G, p. 30-31 (Citations at pp. 37-44)
75
See EPA Assessment Appendix G, pp. 28-29.
76
See EPA Assessment Appendix G, p. 32-33.
74
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With regard to impacts during construction, all waters of the United States and significant
wildlife habitat areas need to be mapped and flagged on the ground. Work involved in
construction must avoid all unnecessary direct impacts to these areas. For example, materials
storage and construction staging areas need to be located outside of waters of the United States
and significant wildlife habitat areas. In addition, during construction, rigorous storm water
pollution controls need to be implemented to minimize impacts associated with polluted runoff
from construction activities.
While minimization of impacts from these corridors is essential, it is also important to consider
regarding site-specific measures to minimize impacts from road and pipeline corridors:
“It is commonly recognized that the environmental impact of a major construction project
like a road or major pipeline corridor can never be fully mitigated (Trombulak and Frissell
2000). Indeed, inherent to the underlying purpose of road projects (i.e., to alter natural
conditions so that vehicle transportation is possible where it was physically impossible
before) are changes to landscape structure that not only irretrievably alter ecosystem and
biological conditions within the construction footprint, but also interrupt or modify the
natural flux of water, sediment, nutrients, and biota across the ecosystem, usually
permanently (Darnell et al. 1976, Rhodes et al. 1994, Forman and Alexander 1998, Forman
2000, Forman and Deblinger 2000, Trombulak and Frissell 2000). Moreover, engineering or
implementation failures, unanticipated field conditions, and/or unforeseen environmental
events inevitably test and compromise the effectiveness of mitigation measures applied in
large projects (e.g., Espinosa et al. 1997, Levy 2009). The only sure way to avoid impacts to
a freshwater ecosystem from a large road or pipeline project is to refrain from building such
a project in that ecosystem (Frissell and Bean 2009).”77
Therefore, to the extent these impacts cannot be avoided, the EIS needs to assess the limitations
of minimization efforts in reducing the environmental impacts of the mine’s essential corridor
features. These impacts will then need to be addressed as part of the compensatory mitigation
requirements for the project.
4. Restoration Opportunities
The EIS should examine the possibility of removing unneeded project features following
completion of the proposed mining activity. In particular, the EIS should examine the
practicability and environmental benefits of removing PLP’s private road and restoring the
watercourses and the wetlands affected by the construction and operation of the road. Other
facilities that should be analyzed for removal and restoration include the mine concentrate
pipeline and the natural gas pipeline.
5. Long-Term Protections
The EPA Assessment finds that, in addition to decades of active mining activity, wastes would
require active management for centuries, and possibly in perpetuity. EPA notes that existing
engineered mine waste storage systems have only been in place for about 50 years. And that, in
77

See EPA Assessment Appendix G, p. 26 (Citations at pp. 37-44)
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particular, “[t]he response of current technology in tailings dam construction is untested and
unknown in the face of centuries of unpredictable events.”78 The Corps should include in its
scoping analysis any recent failures of modern engineered tailings dams in assessing the risks
associated with PLP’s proposal.
The EPA Assessment concludes that, to be adequately protective, “[m]aintenance of mine
discharges in terms of water quality, quantity, and timing to avoid adverse impacts would
require long-term commitments for monitoring and facility maintenance.”79 EPA also notes “the
financial and technological requirements could be large and the cumulative risks (and likely
instantaneous consequences) of facility accidents, failures and human errors would increase
with time.” These risks include, but are not limited to, catastrophic failure of the tailings storage
facilities, breakdowns in the leachate collection system (including failure to detect new leachate
sources), and failure to maintain wastewater treatment facilities. “Additionally, climate change
and predicted increases in [regional] water surplus” will require adaptation to new water
management. This poses a significant threat to the long-term stability of the tailings storage
facilities, the closed mine pit, the waste rock facilities, the leachate collection system, and the
wastewater treatment system.
The Corps of Engineers will face a significant challenge in assessing whether or not the Pebble
Mine is contrary to the public interest in light of these reasonably foreseeable long-term threats.80
Also, these long-term threats need to be considered in any determination as to whether the
facility will cause or contribute to violations of water quality standards and/or cause or contribute
to significant degradation of the waters of the United States.81
The EIS needs to evaluate the long-term risks described above in light to the information
provided by PLP. In doing so, it is appropriate for the EIS to evaluate the history of mining
operations in the United States and around the world causing long-term environmental
degradation as well as the unique issues associated with long-term maintenance of mining
facilities in this area.82
The EIS also needs to discuss the need for special conditions to address long-term maintenance
of the mine facility following the completion of mining. These include, but are not limited to, a
performance bond and/or other financial assurances sufficient to:
1. Fund closure of the site (including restoration measures discussed above) in the event PLP
fails to properly close the site;
2. Address funding maintenance of the site in perpetuity in the event PLP fails to properly
maintain the site; and

78

See EPA Assessment ES-29.
See EPA Assessment at p. 8-61.
80
See 33 CFR § 320(4)(a)(1). The benefits of a project must be balanced against its reasonably foreseeable
detriments.
81
See 40 CFR § 230.10(b) and 40 CFR § 230.10(c).
82
See also United States Government Accounting Office. 2006. Environmental Liabilities: Hardrock Mining
Cleanup Obligations. GAO-10-884T. 6 pages.
79
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3. Remediate the site and compensate for natural resource damages the in the event of toxic
contamination either due to maintenance failures or catastrophic failure of the tailings
storage facilities, pipelines or other mine features or failures associated with transporting
mine products.
Corps of Engineers Regulatory Guidance Letter 05-1 provides useful guidance as to the potential
scope of financial assurances the Corps of Engineers should consider in addressing these issues.
The EIS should consider this guidance in developing options for financial assurances. However,
the EIS needs to evaluate a wide range of financial assurance options (including options not
considered in RGL 05-1) given the long-term threats posed by this mine, the importance of the
resources at stake, and the long history of environmental degradation associated with the hard
rock mining industry (see footnote 82 above).
III. Conclusion
The Corps should not move forward with preparation of an EIS until PLP has identified a
preferred project a) whose proposed discharges of dredged or fill material into “waters of the
United States,” including wetlands are unavoidable, and b) that PLP believes is the least
environmentally damaging practicable alternative (LEDPA). PLP must also provide the Corps
with a pre-feasibility study to allow the Corps to assess if PLP’s project as proposed is
practicable under the regulations, and include information about where the ore concentrate will
be sold and shipped.
PLP must update its wetland delineations with recent data so that the direct impacts of its project
can be accurately measured and disclosed. And PLP needs to substantiate its claims that it can
easily mitigate its unavoidable impacts to wetland and aquatic areas by providing geographically
specific measures that it can show are implementable, and that include performance standards
and long-term maintenance and monitoring commitments.
Without these additional pieces of information, the project as proposed is too speculative for the
Corps to expend the time and effort in preparing an EIS.
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Review of USACE Pebble Project Permit POA-2017271: Stream Crossings Along the Proposed Road
Corridor
Jason Mouw, PhD1
Overview of Potential Impacts
Culverts
Stream crossings introduce hard structures necessary to support infrastructure
and maintain it over periods in which dependable, safe transportation is required.
In the context of the proposed Pebble Project, the permit states the life of the
mine will be 20 years. As with any stream crossing, this presents a challenge
because streams move over time, depending upon their flow and sediment
regimes and the compositions of their beds, floodplains, and banks. Those that
are more alluvial in nature actively aggrade and denude their courses, meander
about their floodplains, and erode their banks. Sometimes this kind of
geomorphic variability can be highest on smaller high-gradient streams that are
inherently more flashy (variable) in flow, responding more quickly than larger
streams to precipitation and melt events. Icing can also be an issue on smaller
streams where groundwater can be the primary source of discharge. In smaller
stream, upwelling and icing is more localized and has the potential to develop
thicker layers of aufeis.
Culverts as a means of crossing streams are often problematic because their
position is fixed over the life of the project. They also represent hard artificial
bank and bed structures that accelerate local velocities, causing upstream bank
erosion and downstream bed erosion. This is where the term “perched” culvert
comes from, one in which the tail spill of the culvert causes enough erosion to
leave the downstream end of the culvert perched above the stream bed.
Even when culverts appear adequately sized, alluvial streams can be laterally
dynamic enough to cause significant erosion, making the culvert position
1

Floodplain Resources, Anchorage, Alaska, 99515
contact: floodplain.resources@gmail.com
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obsolete and improperly placed to accommodate the patterns in flow resulting
from natural changes that have occurred upstream. In such cases, the culvert
may need to be repositioned and replaced, but this typically is not done until
erosion has compromised transportation safety on the road itself. By this point,
the amount of localized damage, in the form of channel widening and
downstream sediment delivery can be high.
Though erosion is a natural process in alluvial streams, culverts can concentrate
and exacerbate it, thereby presenting challenges to fish passage. This is true of
all hard structures placed in streams, whether they are placed to prevent, control,
or mitigate erosion. Hard structures always accelerate velocities and increase
erosion, typically worsening the erosion they were being used to prevent or
reduce. By focusing erosion on the bank, hard structures are almost always
flanked by the stream, eventually promoting localized bed scour. These
materials are then deposited directly downstream, presenting what can be a
chronic challenge to road maintenance and fish passage (especially for rearing
juvenile fish).
Bridges
Bridges promote their own set of challenges. As with culverts, they are fixed in
position but can accommodate channel migration. Smaller bridges will only
require abutments whereas larger bridges will require piers for support. As with
any hard structure, abutments and piers can promote localized scour. Piers are
particularly problematic in this regard, as they promote bed scour that can erode
footings and compromise structural integrity.
In each proposed bridge, abutments are proposed above the 100-year flood
mark, which is good, but this does not account for lateral channel migration.
Channel migration can turn a position that lies beyond the 100-year flood zone
into an actively eroding position if significant migration occurs. This risk is
typically highest when bridges are located on river bends, making the outside
bend the most likely position for bank erosion to occur.
Hydrology
Little is known about the hydrology of streams with proposed crossings, with the
exception of Newhalen River and Upper Talarik Creek. Both have been gaged
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by USGS and these data can be used to predict and map floods. More
information on flood modeling and mapping would help reviewers evaluate
proposed culvert and bridge designs.
Geomorphology
Geomorphology is important because it indicates erosion potential. While there
is more information on larger streams, little is known about the geomorphology of
small streams. Much of the Newhalen River, for example, is stable and incised.
Upper Talarik Creek has more information, given its proximity to the proposed
mine site and the studies that were undertaken there. The Gibraltar River is near
Kokhanok and is a popular fishing destination. As a lake outlet stream, the
hydrology is not as variable, though the bed and banks are more alluvial in
nature, especially near Iliamna Lake. Little to no information is given on the
geomorphology of South Creek. More information on geomorphology, especially
for the smaller fish-bearing stream crossings, would help reviewers consider
impacts to habitat.
Overview of Proposed Road Corridor
Mine site access north of Iliamna Lake
Near the mine site, the proposed road corridor will cross alluvial streams with
coarser substrates in the headwaters that generally become finer downstream.
Coarser bed, floodplain, and bank materials are generally less erosive,
depending on stream gradient. Concerns about impact in this portion of the road
corridor are centered on fish-bearing streams within the Upper Talarik Creek
(UTC) Basin, where much of the mine-site road will be located.
As the road descends UTC, the proposal is to cross several anadromous
streams, including UTC itself. Some of these crossings are proposed as culverts,
whereas the UTC crossing is proposed to be a bridge. As the road descends
UTC, the concern for bank erosion increases. Even though the stream gradients
in this section of the road are lower, they are still high enough to maintain stream
reaches that are predominantly in riffle morphology. Furthermore, the bed and
bank material becomes fines in a downstream fashion and bank erosion potential
is therefore higher. These lower reaches are also subject to deposition of
sediments produced higher in the drainage, which naturally promotes channel
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widening. Evidence for this process is in the form of side channels and
bifurcations in reaches with relaxed valley-wall channel constraint.
Prior to the north ferry terminal, the road corridor avoids many streams,
extending along what appears to be a well-drained ridge supporting minimal
riparian habitat.
Road corridor south of Iliamna Lake
Less information is available for this southern portion of the access road, given
the fact that the proposed route is relatively new. The road extends from Cook
Inlet to Iliamna Lake, just to the west of Kokhanok, across the Gibraltar River.
Relatively few anadromous stream crossings will be required, at least from the
perspective of those cataloged. And, within the central portions of this proposed
route, much of the landscape appears to be less alluvial and more bedrock
controlled. Deeper deposits occur along Iliamna Lake, near the south ferry
terminal and the lower elevations along Cook Inlet. This is also where the
anadromous stream crossings will occur.
As with the north side of Iliamna Lake, the general concern for potential habitat
impacts is centered on those crossings where the bed, floodplain, and bank
materials are a) alluvial, and b) flowing through an alluvial matrix of former
thalweg positions that were at one time worked by the stream.
On the Cook Inlet side of the access road, South Creek represents the primary
concern. On the Iliamna Lake side of the southern access road, Gibraltar Lake is
the primary anadromous stream of concern. These appear the most dynamic in
their morphology and support the highest habitat and resource values.
Proposed Culvert Designs
The permit states that there will be six culvert design categories of varying
complexity, designed to accommodate streams of various size, complexity, and
support of fishery resources. Of the 222 total culverts proposed, 73 are reported
to require fish passage. Category 1 culverts (3’ diameter2) are for unmapped,
2

All widths are based on ordinary high water (OHW) marks.

4

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Pebble Permit POA-2017-271

Final 6.27.18

Appendix E, Page 196 of 2339

Author: Mouw

typically ephemeral streams. Category 2 culverts (4’ diameter) are designed for
2’ streams where fish passage is not required. Category 3 culverts (8’ diameter)
are designed for 2’-6’ wide streams where fish passage is not required. Category
4 culverts (8’ diameter) are for fish-bearing streams up to 6’ in width. This is the
first category in which the proposed culvert will be buried to simulate the natural
streambed. Category 5 culverts (14’ wide) will be arched culverts for streams
that are between 6’ and 10’ in width. This category will not be used for crossings
requiring fish passage. Category 6 culverts (14’ wide) will also be arched
culverts for streams between 6’ and 10’ in width that will require fish passage.
Unlike category 5 culverts, category 6 culverts will be buried and will contain a
simulated stream channel.
In the absence of hydrologic data to support culvert sizes, it would be difficult to
support the placement of culverts smaller than the proposed Category 4-type
culvert. There are several reasons for this. First, the permit does not adequately
consider how smaller culverts would exacerbate impacts associated with icing.
In general, more consideration should be given to the adequacy of culverts in all
seasons, not just stream widths in the open-water season. Next, Category 4-type
culverts are also the first category in which the culvert would be buried. Burying
the culvert will decrease the likelihood of structural compromises brought by
erosion.
Proposed Bridge Crossings
All other crossings, of which there appear to be eight, are proposed as bridges.
Bridges are proposed to cross streams with a width of 16’ or greater. These are
proposed for South Creek (4), Gibraltar River, Lower Talarik Creek, and
Newhalen River.
Habitat Concerns
Floodplain Wetlands and Proposed Fill
In several locations, significant fill (discharge) is proposed in floodplain wetlands.
Fill in wetlands, especially upland (hill-slope) wetlands, can be unavoidable, but
alternatives should be considered when excessive fill in floodplain wetlands is
required. Floodplains are relatively flat surfaces, fringing upon the streams
responsible for their creation and maintenance. They represent a legacy of cut

5

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Pebble Permit POA-2017-271

Final 6.27.18

Appendix E, Page 197 of 2339

Author: Mouw

and fill alluviation represented by ridge and swale topography. Ridges represent
former bank positions; swales represent former thalweg positions. In many
cases, especially along streams within former outwash and beach deposits of
Iliamna Quadrangle, swales are seasonally or perennially flooded and flowing.
These features can be easy to overlook and can go unrecognized as important
habitat features exhibiting lateral connectivity with primary stream channels.
These floodplain features can also be sites of regional groundwater discharge. In
winter, significant icing can occur in these locations, especially along smaller
streams. Icing can cause localized flooding and prevent transportation hazards.
Fill in these floodplain positions can also impede passage of juveniles that
seasonally utilize flooded habitats for feeding opportunities. Fill in floodplains can
also impede seasonal spring flows discharging into the floodplain and can lead to
things like backwater flooding, erosion, and habitat fragmentation. It is true that
flooding can create more local habitat, but this can come at the cost of damage to
infrastructure, loss of transportation safety, and habitat fragmentation.
A specific example of such a location, where excessive fill appears to be
proposed, is at the First Creek crossing near the junction of the Access Road and
Iliamna Spur Road. This particular crossing appears to require extensive fill in a
floodplain where mapped floodplain wetland features (ponds, springs, etc.) are
abundant. Two culverts, each requiring fish passage, are proposed. In these
situations, alternatives should be explored. Low elevation bridges may even
represent the best alternative when habitat impacts, transportation safety, and
road maintenance is considered over the life of the proposed project. There are
other examples of extensive fill in floodplain wetlands of fish-bearing within the
First Creek drainage.
Hill-slope Wetlands and Proposed Fill
Hill-slope wetlands present the challenge of soil (road bed) liquefaction. Hillslope wetlands seasonally exhibit sheet flow during spring melt and periods of
high precipitation (usually in fall). These flows are preferential in depressions
and zones of high hydraulic conductivity. As with floodplain swales, these
features—indeed the potential for surface flooding and soil liquefaction itself—
can be easily overlooked. There may be no developed channels or OHW marks
that can be used to identify and judge locations where surface flows can
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seasonally concentrate. On particular wet years, these flows can lead to
liquefaction of the road bed and downslope erosion and localized debris flow.
This not only has the potential to increase the footprint of the road, but also
represents a transportation safety concern. Loss of transported materials (e.g.
spills) can also become a seasonal hazard on any section of road crossing hillslope or depressional wetlands, where potential for road damage might occur.
In seasons or years when runoff is high there is also potential for roads to impede
sheet flows and ephemeral (discontinuous) rills with no surface erosion. This
potential flow obstruction can concentrate flows that can develop potential
energy, overtop road prisms, and lead to head cutting of road surfaces. Again,
this represents potential for debris flow, sedimentation of foreign materials, and
expansion of the footprint of wetland fill.
An example of a hillslope wetland matrix crossed by the proposed road can be
found on Figure T-042, the same map depicting the UTC bridge crossing. This is
just one example. Many others exist. It is suggested that these locations are
carefully considered, in order to prevent long-term maintenance issues and
potential habitat impacts.
Proposed Bridge Crossings
As previously discussed (above), hydrology and geomorphology are key
considerations when siting and designing bridge crossings. Streams with higher
flow variability and those flowing through alluvial materials propose higher risk to
habitat and failure of infrastructure. Information on flood prediction and mapping
would assist reviews of impacts.
Newhalen River, though the largest river along the proposed road network,
appears most stable of the proposed bridge crossings. It is highly incised and
underfit. With respect to bank erosion, there are fewer concerns represented at
this location. The Newhalen River is also a lake-outlet stream. These streams
are inherently less variable in flow.
The Gibraltar River is also a lake-outlet stream, but it has developed a broad
alluvial floodplain (in certain locations) and is not nearly as incised. In lower
reaches, active channel migration has resulted in a relatively expansive alluvial
floodplain supporting side channels, spring channels, and floodplain ponds. A
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bridge in this location is at higher risk and represents greater habitat impact due
to the potential for lateral erosion. The bed is also finer grained alluvium,
especially in lower reaches flowing through old Lake Iliamna beach deposits.
The inherent instability in this lower reach should be carefully considered.
The proposed bridge crossing on Upper Talarik represents two of the mentioned
concerns: a) the site is located on a reach exhibiting substantial channel
curvature, and b) extensive fill is required in floodplain wetlands. Curvature
represents higher potential for lateral channel migration and floodplain fill, as
discussed (above) represents issues of icing, lateral hydrologic connectivity,
seasonal floodplain fish passage, and drainage. Given the high resource and
habitat values supported by Upper Talarik Creek, it is suggested that alternative
crossings are considered and that the bridge be lengthened to span important
off-channel wetlands. These interconnected wetlands are cataloged as
anadromous and fill should be avoided in these locations.
Little information is known or given about South Creek, over which there are four
bridge crossings proposed. Given the lack of information known and given on
the hydrology and geomorphology of South Creek, reviewer comments are
unfortunately limited. What is apparent is that bridge crossings #1 and #3 are
proposed for sections of channel with curvature. These could represent higher
potential for lateral channel migration and exacerbation of erosion in association
with bridge abutments.
—end comments—
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Review of USACE Pebble Project Permit POA2017-271 and Supporting Environmental
Baseline Studies: Can Critical Assumptions be
Validated to Support Assessment of Impact?
Jason Mouw, PhD1

Abstract.
1. Incomplete presentation of water management prevents evaluation of project
alternatives: Deep, expansive outwash deposits blanket the region in which the
Pebble Project has been proposed. Deposits support expansive,
unconsolidated, and interconnected glaciofluvial (outwash) and alluvial (reworked
outwash) aquifers. A large open pit, for purposes of accessing a high-value
porphyry, will require extraction, storage, treatment, and discharge of unknown
seasonal quantities of water. This extraction will produce an artificial cone of
depression in the water table, leading to potential interruptions in groundwater
flow pathways. The spatial extent of this cone of depression is not described,
raising concerns about connectivity with two nearby bedrock valleys filled with
highly permeable overburden ranging to 300+ feet in thickness. The extent to
which the artificial cone of depression (located in overburden ranging up to 140’
thick) may restructure head gradients about these voluminous aquifers is not
reported. Volumes and rates of flow in groundwater and lower-order streams
adjacent to the proposed pit are not described. The permit is silent on estimates
of water withdrawals, storage, and water production. Average annual water
surplus is predicted at 39 cfs (p. 63), but this discharge may simply infiltrate into
the ground in areas affected by the proposed cone of depression. Surplus water
is also not presented in terms of natural runoff, nor how it will be apportioned
amongst the three affected basins. More specific details are needed to review
this project for potential impacts and the scope at which they could be realized.
Evaluation of project alternatives, from a water management perspective, is not
possible at this point.
1

Floodplain Resources, Anchorage, Alaska, 99515
contact: floodplain.resources@gmail.com
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2. Impacts to habitat cannot be predicted as a function of flow hydraulics without
first demonstrating a clear linkage between surface-water flow hydraulics and
habitat: Prediction of impacts to habitat singularly rely on an overly reductionistic
Physical Habitat Simulation System (PHABSIM) model that forced
unsubstantiated assumptions about the role of surface-water flow hydraulics in
structuring spawning and rearing habitat. The assumption that surface-water
flow hydraulics (namely flow velocity) define habitat is required by PHABSIM.
This assumption was made without validating ecological relevance. This came
at the cost of ignoring intragravel water temperature, vertical hydraulic gradient,
and groundwater discharge. These are important considerations in streams with
a high groundwater signature, highly variable vertical hydraulic gradients, and
commensurate variability in thermal pattern and dissolved oxygen. Even a
cursory review of the literature, especially in northern regions, would suggest that
the basic assumption underlying the selection of PHABSIM to drive
environmental impact assessments was unsubstantiated. Use of Pebble Limited
Partnership’s (Pebble) data also suggest this may likely be the case, but the
point is that habitat has not been objectively defined. Comparison of the
distribution of spawning and upwelling, for example, strongly suggest that
groundwater processes are influential to the ecology of salmon reproduction.
Based on the unsubstantiated assumptions supporting the singular use of
PHABSIM to model habitat, the project cannot yet be scoped or assessed for
impacts.
Permit Attachment D—Project Description
Big-Picture Questions
The proposed project includes an open pit that continues to change in shape
and size. According to the permit, it will be 1330-1750’ deep (p. 28). Extracted
water, overburden, and rock will be stored in various locations and cells with
engineered liners to minimize seepage of acidic materials, prior to treatment.
The pyritic and bulk tailings storage cells will have embankments of up to 250’
and 600’, respectively. The volume of water involved in this proposal is not
estimated. At this point, the permit states, “Project design will incorporate a
detailed analysis of water collection and management, including quantity and
quality estimates, water treatment options, water management facility design,
and strategic discharge of treated water.”

2

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Pebble Permit POA-2017-271

Final Draft 6.19.18

Appendix E, Page 203 of 2339

Author: Mouw

The potential level of connectivity between the pit and adjacent aquifer positions
is not yet clear and it could be that the quantity of water produced in the pit is
unknown at this point. The topographic relief between the pit and two of the
thickest aquifer positions appears low, meaning that potential connectivity and
could be high. This is important because this connectivity will help delineate the
spatial extent of the artificial cone of depression required to continuously
dewater the pit and help estimate the quantity of water that could be in the
proposed open pit. The permit does estimate the annual average quantity of
surplus water that would result from the proposed project (39 cfs), but this
estimate cannot be evaluated without more information. An accurate estimate of
water quantity is necessary to understand impacts to adjacent wetlands and
habitat.
The second question relates to water quality. The present review will focus
more on impacts to water temperature resulting from proposed operations, but
there is also concern about contamination to groundwater. Proposed liners in
various tailings storage cells are not fully described. The permit does indicate
that these cells will have leakage, hence the need to propose seepage collection
systems. The question, then, becomes how leakage will be preferential and
controlled (p. 42), or whether it will have the potential to develop alternative
pathways. The permit does describe the proposal of engineered drainage
networks, but what is the potential for others to develop on their own, especially
if the materials are natural? This is of concern because the surrounding aquifer
is highly connected, unconfined, and supports high levels of dissolved oxygen
(discussed subsequently). This leads to concerns over water quality and
potential discharge of contaminated groundwaters into surface waters.
In regard to water temperature, it is unlikely that large-scale extraction and
artificial circulation of groundwater through various facilities and cells can mimic
important thermal patterns from three points of discharge. Surface and
intragravel discharges and thermal patterns in wetlands are the manifestation of
a mosaic of seeps and springs forming diverse headwaters. The proposed
project has the potential to restructure and homogenize this habitat mosaic.
The final big-picture question raised here is in regard to how impacts to wetland
habitat will be assessed. The permit merely states that a PHABSIM model has
been developed to predict impacts in terms of water quantity in streams. It
ignores impacts to all other wetlands types. There is no reference, summary, or
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discussion of the proposed PHABSIM model or the adequacy of this approach.
There is no reference to supporting materials. It is doubtful that impacts to
habitat could be comprehensively evaluated as a function of water quantity while
ignoring impacts to water quality (e.g. water temperature) and other physical
aspects of habitat.
Finally, the permit does not stand alone, nor does it reference reports containing
information about the studies it mentions. Pebble appears to have made the
tacit assumption that reviewers will look to the environmental baseline
documents (EBD’s2) previously developed for this project. The permit should
make this clear. It should also address whether or not the EBDs still pertain to
the current project as it has now been proposed. Also, since there are no project
alternatives presented, the permit should be clear as to whether or not existing
EBDs will be sufficient to assess alternatives, or whether more studies are
planned.
Permit Review: Section 4. Water Management
4.1. Mine Site (p. 58)
In the first paragraph, the reader can appreciate the sense of the statement that
water originates within the project area, but it seems to under represent the
hydrogeology of the project area. It seems unlikely that water originates entirely
within the project area. To some extent, it may flow through the area, in the form
of groundwater and surface water, especially given the characteristics of the
matrix of aquifers that are unconsolidated and interconnected (see discussions
below). The project area represents points of discharge that may be more or
less positioned along more extensive, larger-scale flow pathways. The deposit
is located in a headwater area, but the presence of thick, productive alluvial and
shallow-bedrock aquifers in the vicinity of the proposed pit indicate the
hydrogeology could be more complicated than what might be assumed from the
surface. From this perspective, the project, as proposed, may provide a
localized disruption to a greater flow path with uncertain alteration of hydrology
and water quality in project-affected basins and supporting aquifers. At this
point, it is difficult to ascertain the extent to which this alteration could occur. For
2

https://pebbleresearch.com
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example, what is the three-dimensional spatial extent of the artificial cone of
depression that will result from project operation (only pit dimensions are
provided; p. 28)? What level of connectivity will the proposed pit have with
deep-water deep bedrock valleys that are directly adjacent to it? At the very
least, diversions and pumping of groundwater will reroute water to artificial points
of discharge, the local water table will be lowered, and proposed storage
facilities will alter the time of concentration of some portion of channelized
streamflow in the vicinity of the project features.
The significance of this kind of disruption is related to the depth of dredge and
volume of material (surface deposits [overburden; outwash] and hard rock)
removed and levels of connectivity with the adjacent aquifer. If we simply were
to reference Pebble’s water use permits that have been filed with ADNR for the
project, requested volumes of water appear to represent a significant portion of
that which seasonally discharges within project streams3 (see Table 1).
Groundwater withdrawals would add to these withdrawals and have the potential
to further dewater project streams. This is especially true in winter and spring.
In the case of South Fork Koktuli River, the surface water use permits alone
represent more water than is available in March, on an average basis. Impacts
to natural hydrology will therefore depend on the extent to which water use is
consumptive and how discharge water will be diverted and discharged back to
the habitats from which it was diverted. Unless Pebble can do more to delineate
the spatial extent of hydraulic connectivity, the volumes of water produced,
withdrawn, stored, consumed, and discharged it will be impossible to for an
external review of environmental impacts at this point. These quantities must
also be characterized, with some level of confidence, in relation to natural flow
regimes in the vicinity of the mine site.

3

Surface water right applications with priority date of July 7, 2006 are for the following amounts: 28.9 cfs
from Upper Talarik Creek, 34 cfs from NF Koktuli River, and 51 cfs from SF Koktuli River for a total water
use of 113.9. Additional groundwater applications, with a priority date of September 21, 2006, are for the
following amounts: 11.78 cfs from SF Koktuli River, and an estimated 20 cfs from Upper Talarik Creek.
Note that the groundwater extraction from Upper Talarik Creek is, at this point, not finalized in the ADNR
application (http://dnr.alaska.gov/mlw/mining/largemine/pebble/water-right-apps/) as uncertain.
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Table 1. Surface water right application (SWRA), ground water right application (GWRA)
amounts, and average annual flows in North Fork Koktuli (NFK), South Fork Koktuli
(SFK), and Upper Talarik (UTC). Notice that substantial dewatering could occur in
Upper Talarik Creek and SF Koktuli River if uses are consumptive.
Month

SWRA
UTC

SWRA
NFK

SWRA
SFK

GWRA
UTC

GWRA
SFK

UTC

NFK

SFK

January

28.9

34

51

20

11.78

147

97

82

February

28.9

34

51

20

11.78

115

69

54

March

28.9

34

51

20

11.78

108

52

39

April

28.9

34

51

20

11.78

191

101

56

May

28.9

34

51

20

11.78

397

615

384

June

28.9

34

51

20

11.78

263

393

294

July

28.9

34

51

20

11.78

185

220

149

August

28.9

34

51

20

11.78

236

270

224

September

28.9

34

51

20

11.78

335

362

304

October

28.9

34

51

20

11.78

319

382

298

November

28.9

34

51

20

11.78

214

211

156

December

28.9

34

51

20

11.78

169

124

95

Within this first paragraph we read, “A primary design consideration is to ensure
that all contact water that requires treatment prior to release to the environment
will be effectively managed.” Effective management of water that comes in
contact with the pit extends beyond treatment of water for contaminants to meet
standards. Discharge can meet standards and still impact habitat. An open-pit
operation artificially disrupts local groundwater flow systems with consequences
to hydrology (flow variability) and water quality (e.g. water temperature).
Effective management should include discharging water at the appropriate
temperature, and with natural levels of dissolved constituents to avoid impacts to
habitat. Water should be discharged in a pattern that aquatic resources (e.g.
fish) have adapted to, in addition to any treatment that may or may not be
6
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needed to meet clean water standards. Fish migration4, for example, is highly
sensitive to water temperature, as is spawning and incubation5, and rearing6.
Site-specific thermal pattern is also known to drive population diversification and
genetic diversity7, meaning that populations are highly adapted to the patterns
with which they have evolved.
Within the second paragraph we read, “The ultimate Project design will
incorporate a detailed analysis of water collection and management, including
quantity and quality estimates, water treatment options, water management
facility design, and strategic discharge of treated water.” Without specific details
for how water will be strategically discharged, there is not enough information to
determine if project-affected waters will suffer habitat loss from alterations to
hydrology and water quality. At a minimum, it seems necessary to know what
water quantity and quality parameters the design will address and the studies
that will be performed or used to evaluate what parameters are important to
habitat. The permit application does not provide information about what
parameters are under consideration and the scale at which they are being
observed and represented. Aquatic organisms respond to habitat on an
instantaneous basis, in terms of water quantity and quality.
4.1.1. Water Balance Model (p. 58)
The permit refers to several studies that address water volume (flow variability)
as one aspect of habitat but provides no references to these studies. Water
quality, though not a water balance parameter, is also important to habitat.
Environmental variability in water temperature, for example, influences the
distribution of salmon spawning and embryonic development. This is a global

4

Jonsson, N. 1991. Influence of water flow, water temperature, and light on fish migration in rivers.
Nordic Journal of Freshwater Research, 66: 20-35.
5
Maclean, S.H. 2003. Influence of hydrological processes on the spatial and temporal variation in
spawning habitat quality for two chum salmon stocks in interior Alaska. Thesis (M.S.) University
of Alaska-Fairbanks
6
Ruff, C.P., Schindler, D.E., Armstrong, J.B., Bentley, K.T., Brooks, G.T., Holtgrieve, J.T., McGlauflin,
M.T., Torgersen, C.E., and Seeb, J.E. 2011. Temperatureassociated population diversity in
salmon confers benefits to mobile consumers. Ecology, 92(11): 2073-2084.
7
Schindler D.E., Hilborn R., Chasco B., Boatright C.P., Quinn T.P., Rogers L.A., Webster, M.S. 2010.
Population diversity and the portfolio effect in an exploited species. Nature, 465(7298):609-612.
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pattern general enough to be found reported in book form (Quinn 20058). The
temperature of discharge water is not addressed in the permit, nor is the
strategic release of “contact” water to mimic thermal patterns upon which aquatic
resources depend.
It is not until the bottom of page 59 and page 63 that the reader learns that
“treated water discharge will be distributed to these locations in a manner that
best optimizes downstream aquatic habitat conditions. Optimal conditions will be
determined using a Physical Habitat Simulation System (PHABSIM) habitat
instream-flow model and in accordance with ADEC and Alaska Department of
Fish and Game (ADF&G) permit conditions.” This seems to place weight upon
the instream-flow model that it was not designed to support. Water temperature,
for example, is an important driver in spawning habitat selection that is outside
the scope of PHABSIM (Waddle 20019). The project area is also a region rich in
groundwater, with streams and groundwater that are highly interactive. Salmon
are known to directly cue into upwelling as they have evolved incubation
strategies that are linked with groundwater thermal patterns. Salmon are also
strongly influenced by vertical hydraulic gradient, tending to select spawning
sites where groundwater is upwelling or stream water is being advected (locally
downwelling) into the streambed. These are well known patterns that tend to be
very important in driving habitat selection and life history diversification (see
Maclean 200310; Mouw et al. 201411). As designed, PHABSIM models were not
developed to consider and account for these important influences. In fact,
PHABSIM requires site-specific flow hydraulics, namely flow velocity (see
discussions below), to be the primary driver of the selection of rearing and
spawning habitat. When this isn’t the case, PHABSIM is not an appropriate
instream-flow analytical framework (Waddle 2001).

8

Quinn, T.P. 2005. The behavior and ecology of Pacific salmon and trout. University of Washington
Press, Seattle. Published in association with the American Fisheries Society, Bethesda, MD.
9
Waddle, T. 2001. PHABSIM for windows user’s manual and exercises. U.S. Geological Survey OpenFile Report 2001-340.
10
Maclean, S.H. 2003. Influence of hydrological processes on the spatial and temporal variation in
spawning habitat quality for two chum salmon stocks in interior Alaska. Thesis (M.S.) University
of Alaska-Fairbanks.
11
Mouw, J.E.B., Tappenbeck, T., and Stanford, J.A. 2014. Spawning tactics of summer chum salmon
Oncorhynchus keta in relation to channel complexity and hyporheic exchange. Environmental
Biology of Fishes 97: 1095-1107.
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Pebble has yet to first identify which physical parameters comprehensively
constitute habitat for aquatic animals (e.g. fish). Furthermore, if these include
parameters outside the scope of PHABSIM, what will Pebble do? How will
Pebble predict fishery responses to thermal patterns of discharge water? By
what means will Pebble strategically treat and discharge water to mimic natural
patterns of water temperature in space and time (spatial and temporal thermal
heterogeneity)? Assuming the instream-flow model can define “optimal” habitat
conditions, how would Pebble meet these conditions?
4.1.1.1. Watershed Module (p. 59)
The permit states that the watershed module considers various components of
the water cycle as related to watershed flow variability with no reference to
supporting materials. The extent to which this module can be used to estimate
how the proposed project could impact flow variability in wetlands will be
evaluated in reviews of the EBDs (below). Unfortunately, there appears to be
little integration between this module and the water management plan.
4.1.1.2. Groundwater Module (p. 59)
According to the permit, the groundwater module considers subsurface
movement of water in the project area. The permit is lacking information on flow
characteristics at the proposed mine site. In particular, there is no information
regarding lateral hydrologic connectivity between the proposed open pit and the
surrounding aquifer. Being at the head of three headwater salmon streams, the
project has the potential to intercept, reroute, and even reverse local flow
gradients, thereby redistributing water from headwater stream networks.
Reviews of pertaining EBDs (below) will consider data collected and
assumptions made by researchers and whether comprehensive scoping and
assessment of impacts to habitat can be made at this time.
4.1.1.3. Mine Plan Module (p. 59)
According to the permit, this module considers how the project operations and
facilities (footprints) will interact with regional groundwater movements. To do
this, the module would need to consider the variability in production, storage,
and discharge at the mine site, but this is information is not presented.
According to the permit, this module will allow Pebble to predict the flow regime
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on the mine site and predict whether there will be a surplus or deficit of water
production. This may be interactive with the proposed project, but the permit
doesn’t specify this. Without prediction of baseline flows and water production in
response to operations (dredging, pumping, and artificial circulation), it is not
possible to calculate the flows that will be diverted from project-affected basins.
Review of pertaining EBDs (below) will evaluate whether or not this missing
information is available. Specifically, this review will qualitatively assess whether
or not assumptions made are reasonable, given the distribution of surface
deposits (overburden) and the proposed footprint of the mine site.
4.1.1.4. Instream-Flow Model (p. 59)
The permit states that the instream-flow model was designed to predict project
impacts to habitat but, again, it does not reference this work. In the absence of
referenced work, it can only be assumed that this information is contained in the
EBDs. Below, these are reviewed to assess whether or not a comprehensive
evaluation of wetland habitat was made, whether or not assumptions were valid,
and whether or not impacts to habitat can be predicted. The permit does not
adequately describe the seasonal distributions of fishery resources or the basic
habitat characteristics within these distributions. In terms of important habitat
characteristics, it does not comprehensively summarize the distributions of fish
species that migrate, spawn, or rear within streams affected by withdrawal,
storage, and discharge of water required by the project. A comprehensive
presentation should also cover seasonal uses of various stream, floodplain,
pond, and lake habitats.
4.1.2.1. Water Management Plan (Preproduction Phase; p. 60)
The water management plan states that groundwater will be pumped in a
proposed preproduction phase in order to draw the aquifer down and allow
access to dredge overburden. The permit states that the number of wells,
pumping rates, and sizes of pumps rates will depend on water production, which
implies that water production remains unknown. This assumption is supported
by Pebble’s open-ended ground water permit application for Upper Talarik
Creek.
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4.1.3.1. Water Management Plan (Production Phase; p. 62)
The permit states that surplus water during the production phase is estimated at
39 cfs without reference to supporting information. The variability about this
annual average is also necessary, by season. If water production in the open-pit
is uncertain, then water surplus will also be uncertain.
Incompleteness of Permit to Define Water Availability or Use
Though the permit details projected quantities of ore production, along with
dredge and fill of material, it remains short on details of estimated volumes of
water that will be pumped, stored, and discharged, as required by the proposed
project. This has the potential to disrupt and artificially restructure hydrologic
pathways within the project area, but the scale of this potential disruption is
unknown. The permit is silent on the spatial extent of the artificial cone of
depression (within the water table) that will be required to dewater the project
area prior to dredge operations. It is also silent on the depth to which the water
table must be lowered, and estimated volumes of water that will be pumped,
stored, treated, and discharged. If the surface deposits (overburden) are up to
500’ deep, how will the water management plan prevent reductions in
streamflow and/or exaggerate periods in which portions of anadromous waters
seasonally run dry? What are the volumes of water that will need to be pumped
to lower the water table, to allow initial construction? Are the proposed storage
facilities, their expected residence times, and the capacity of the proposed
treatment operation able to treat the production of contact water prior to
discharging it back into the environment? How will the overall operation not
become overwhelmed? The information necessary to answer these questions is
not presented in the permit. Unless Pebble can bracket estimated volumes of
water produced and extracted and where and how it will be discharged, in
relation to affected flows, it will remain difficult to evaluate impacts.
The permit appears to heavily rely upon the EBDs for support, which is where it
must be assumed the various study modules and models are addressed. Still,
the permit does not make this clear. On its own, the permit doesn’t
comprehensively describe the project and it is unclear whether or not the EBDs
were performed to address the project as Pebble currently envisions it. Ideally,
EBDs and models were developed to effectively address any changes to the
proposed project that have or will be made. At this point in the process, it is
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crucial to review the various EBDs and identify whether assumptions seem
appropriate and scopes of evaluation and inference were adequate before
evaluations of impact can be considered. Still, without adequate definition to the
project, reviews of can only be focused on the soundness of utilized science.
Environmental Baseline Document Reviews
8. Groundwater Hydrology—Technical Summary
It is important to view the landscape about the proposed project from a four
dimensional perspective—the three dimensions of space, over time (the fourth
dimension). The baseline of the landscape under examination was heavily
influenced by glacial recession and accompanying processes (e.g. glaciofluvial).
According to Detterman and Reed (197312), the Koktuli River drains “heavily
glaciated areas where vast amounts of debris were flushed rapidly down the
valleys during periods of deglaciation after the Kvichak and Iliamna Stades; this
debris caused streams to aggrade their channels and form broad flood plains.
Subsequently the decreased load accompanied by changes of sea and lake
level during the latter part of the Brooks Lake Glaciation caused these streams
to form multiple terraces along much of their courses.”
Detterman and Reed (1973) go on to state: “The deposits are locally more than
100 feet thick and consist mainly of poorly stratified, well-rounded pebbles and
cobbles with interbeds and lenses of sand and silt. There is a general decrease
in clast size away from morainal fronts, as well as away from headwater source
areas.” Present-day streams are obviously under-fit, embedded within alluvial
plains in which they no longer occupy. These deposits, though, are highly
permeable and relatively deep. It has also been demonstrated by Pebble (see
below), that these streams are highly interactive with the aquifers they drain.
The depth and porosity (conductivity) of these deposits indicate the richness of
groundwater in this region, making water management for this project a priority
for those scoping the permit for the proposed project. The deposits are poorly
sorted materials (“well-rounded pebbles”, according to Detterman and Reed
[1973]) and unconsolidated. Material of this nature should have a high recharge
12

Detterman, R.L., and Reed, B.L. 1973. Surficial deposits of the Iliamna quadrangle, Alaska. US
Geological Survey Bulletin 1368-A.
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and high capacity for temporary storage and conveyance of groundwater flow.
The nature of this setting makes water management a key focus when
considering the scope of environmental issues and impacts. Given the history
and the nature of the outwash, connectivity should be high over wide spatial
scales and recharge and flux should operate over short time scales. This means
that proposed interruptions in groundwater flow should be widely (in a relative
sense) realized across the landscape within short periods of time.
The technical summary for the groundwater study demonstrates a focus on
bedrock control, hydraulic conductivity, lateral connectivity, and points of
discharge. The study is silent on volumetric considerations of local flow systems.
The study states, “most groundwater flow occurs at shallow levels within the
overburden and shallow bedrock” (p. 8-2). This summary statement
mischaracterizes the depth of overburden, the majority of which is saturated and
quite deep in places (in excess of 500’ with 350’ of saturated flow, according to
the Groundwater Report). From a habitat perspective, this does not seem
shallow, but more discussion of this will be made in the context of the full
Groundwater Report (below).
On page 8-3, it is summarized that “contiguous permeable overburden units fill
each of the three drainages. The majority of groundwater flow occurs within the
overburden deposits.” This summary statement raises the question of how
much water would need to be pumped, prior and after proposed excavations.
Overburden thickness at the proposed pit site is shallower, but in the direct
vicinity it is quite thick. If the depth of these deposits ranges in excess of 500’,
the volume of water in the vicinity of the deposit could be very high, depending
on levels of lateral hydrologic connectivity. Given the contiguous nature of
overburden, the natural concern is that groundwater pumping may have
widespread affects to flow characteristics in nearby flow systems. In a setting
where aquifers tend to be more discontinuous, groundwater pumping may have
isolated or delayed affects. This does not appear to be the case at the proposed
mine site. Large-scale groundwater extraction, for the purposes of accessing
the porphyry, has a much greater potential to restructure the head gradient of a
continuous aquifer network, thereby influencing flow (habitat) in nearby streams.
Given flow in these streams is highly connected to and in a delicate balance with
the aquifer, the potential for this activity to reduce stream flow is high. Certain
fish-bearing reaches in Upper Talarik Creek and South Fork Koktuli River tend to
go dry, periodically, under baseline conditions. This does not speak to their
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habitat value so much as it speaks of the already delicate balance between base
flow and adjacent aquifers. The proposed dewatering could strain this balance,
prolonging drought in intermittent reaches, and perhaps create new ones.
Such a likely disruption to the local hydrogeology raises questions about how the
proposed operation will have the capacity to store water produced in excavations
and storage cells. The cone of depression produce by pumping groundwater
may accelerate flow toward the artificial gradient, before dredge of overburden
occurs. The proposed open pit would further exacerbate this, essentially
creating a gap in the system to which water will flow at an increased rate of flux,
because the gradient is increased.
This artificial cone of depression, then, can create what are often referred to as
artificial bypass reaches; meaning water is temporarily withdrawn, artificially
conveyed outside the natural system, and then discharged at a point
downstream. The permit proposes three points of discharge for treated water
(Attachment A3). These points, being downstream of the headwaters,
demonstrate the proposal to permanently bypass headwater reaches of the
South Fork Koktuli River and Upper Talarik Creek, some of which appear to be
listed as anadromous. Furthermore, if the proposed cone of depression is
severe enough, there is always the possibility that discharge at these points will
simply percolate into the ground. The hydraulic conductivity (permeability) of the
overburden appears to be high enough.
This raises questions about water management as related to proposed
operations that will affect the spatial and temporal distribution of water quantity
(flow variability) and quality (e.g. temperature). How will Pebble mimic the
spatial and temporal heterogeneity of water quantity and quality with just three
discharge points? If operated as proposed, how would the seeps, springs, and
primary order streams not become bypassed, essentially eliminating the mosaic
of headwater sources? The primary influence of this large-scale cumulative
bypass operation could arrest important biogeochemical processes, homogenize
thermal regimes, and arrest the production of food for aquatic species.
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As water is pumped and subsequently discharged, the time of concentration to
channelized flow13 is also changed, unless storage is designed to accommodate
the volume of water yielded in excavations. This volume of water is not
presented in the permit or supporting EBDs. Volume of contact water is also not
dealt with. Any contact water that must be treated will also reduce flows to the
volumetric capacity of the reservoir and treatment system. Again, the
environmental impact to habitat will be unknown until these figures are at least
bracketed with some level of confidence and presented in context of the natural
flow regime.
What we do know is that glacial deposits (overburden) are deep, aquifers are
relatively thick, and water availability and flow is high. Recharge rates, which
indicate rates of groundwater flow, though variable in response to varying level
of hydraulic conductivity, suggest the same. Pebble also concludes this— that
recharge rates, water table responsiveness, and high hydraulic conductivities
are high, suggesting high groundwater flux. As a percentage of mean annual
precipitation14 the recharge rates range quite high, which can also indicate high
flux, especially when combined with high rates of hydraulic conductivity. Even if
the aquifers that interact with the North and South Fork Koktuli Rivers and Upper
Talarik Creek are localized flow systems (as suggested by Pebble) water yield
could be higher than expected. But given the fact that deep deposits and
fractured bedrock exhibits markers (very high levels of dissolved oxygen [p. 837]) that bespeak of high flux rates (p. 8-38), the contribution of adjacent flow
systems (regional flow systems) should not be ruled out. The point is, with the
information currently available, we don’t know; we can’t say, at this point, what
volume of water will become available in response to large-scale dredge
operations.

13

Groundwater resides in a given aquifer for varying periods of time before it discharges, via preferential
flow paths, at preferential points (e.g. spring systems). The time of concentration to channelized flow, in
this case, is essentially the residence time for groundwater prior to discharge into a given stream channel.
14
Mean precipitation is reported in the Climate and Meteorology report (e.g. p. 2-10). The permit reports
annual precipitation ranging from 50.8-57.4 inches (p. 12). Recharge rates are reported in the
Groundwater Report (beginning on p. 8-66) as being high (beginning on p. 8-37). They are reported as
high as 47 in/year (p. 8-68). When recharge, which is reflective of discharge, approaches mean annual
precipitation, groundwater flux can be high. At the proposed mine site, recharge rates actually range
higher than total annual precipitation.
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8. Groundwater Hydrology Report
All data presented in the Groundwater Hydrology Report demonstrate that the
region in the mine site supports an aquifer that is quite thick (Table 8.1-6),
contiguous, highly conductive, highly connected (p. 8-46), and unconfined. The
following discussion brings forth evidence from this report to bring a threedimensional landscape perspective to bear on scoping this project.
Water is discharging from bedrock, through overburden, into stream channels,
and downslope to locations unknown. As with any aquifer, flow will be
preferential in response to how the outwash is sorted. It is already known that
paleochannels exist. These are channels entombed in overburden that connect,
for example, South Fork Koktuli Basin with Upper Talarik Creek. These conduits
of inter-basin connectivity may or may not manifest themselves at the surface
(as is the case with UT 19015).
The following general statement made for the North Fork Koktuli Basin could
easily be made for each basin within the greater contiguous aquifer:
“Groundwater flow directions are generally downslope from recharge sites
towards the valley floor and discharge sites. Groundwater is expected to flow
downstream within the outwash aquifer, with some discharging to the stream as
the aquifer width and thickness diminishes. The remaining groundwater
continues downstream within the alluvial aquifer” (p. 8-49).
“Boreholes that penetrated this aquifer and that had collar elevations below
about 970 feet had relatively high artesian flow rates. There was no indication of
springs from this aquifer closer to Upper Talarik Creek, indicating that the aquifer
is not continuous over a long distance” (p. 8-22).
This may also easily indicate that the aquifer is actually unconfined and
continuous over a long distance, and that conductivity is high enough for these
15

UT1.190 is depicted in many places in the EBDs, one place being Figure 8.1-14 of the Groundwater
Hydrology Report. Therein UT1.190 is described as follows: “A middle sand and gravel layer
encountered by drilling appears to carry most of the seepage from South Fork Flats to tributary UT1.190.”
UT1.190 is described and depicted as a groundwater tributary of Upper Talarik Creek. This surface
manifestation of connectivity must be viewed as simply an indication of the inter-basin transfer of
groundwater from SF Koktuli River to Upper Talarik Creek.
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water sources to interact with and flow through the surrounding aquifer matrix.
Just because the points of discharge are not in the local vicinity does not mean
that it does not contribute to adjacent flow systems.
Overburden and Aquifer Characteristics
The following collection of excerpts from the Groundwater Report support the
depth of overburden, aquifer thickness, high hydraulic conductivity, and high
water yield. These excerpts and the data to which they refer indicate that the
project area is not a localized flow system, but a more extensive system that is
highly connected at landscape scales:
“The results suggest that most of the groundwater was likely recharged after
1972, which suggests that groundwater moves through much of the system
relatively quickly. This interpretation is consistent with the high hydraulic
conductivities, the seasonal responsiveness of the piezometric levels, and the
recharge rates that have been estimated from the Water Balance Model” (p. 837).
“In general, groundwater that has low total dissolved solids (TDS) and high
dissolved oxygen (DO) is recharging and moving through the system relatively
quickly. Groundwater within the study area was characterized by very low TDS
(median concentrations typically less than 100 milligrams per liter [mg/L]) and
high DO (most wells greater than 8.5 mg/L)” (p. 8-37). If the outwash
overburden was shallow and the supported aquifers were thin, these high DO
levels would not be as concerning, given the project being proposed. The fact
that the overburden and supported aquifer is relatively thick, these high levels of
DO suggest that high volumes of water are rapidly discharging over great
distances. In other words, the data do not support statements in the permit
suggesting that the flow system is localized in shallow overburden deposits.
“The median DO concentrations were very similar between the bedrock and
overburden” (p. 8-38). “In summary, the low concentrations of tritium and TDS,
and high concentrations of DO are consistent with relatively high recharge rates
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and groundwater velocities” (p. 8-38)16. This finding is so remarkable that many
agency scientists were in disbelief when it was first reported. Similarly high
levels of DO between overburden and bedrock suggest that the magnitude of
exchange is quite high, before the lateral dimensions of this flow path are
considered.
In addition to the DO data, the well-log data also demonstrate a thick overburden
of outwash supporting a relatively extensive groundwater flow path with high
rates of discharge. The data provide evidence of sites where water preferentially
upwells and flows through old outwash channels, leading to inter-basin
connectivity.
The EBD reports the presence of “A deep aquifer identified within a bedrock low
on the east side of the deposit (Figure 8.1-3a). Holes collared below about 970
feet on the Upper Talarik side of the divide flowed, some at rates in excess of
300 gpm.” If this particular aquifer position is on the east side of the deposit,
what is the exact proximity and what level of connectivity could be expected with
the proposed pit designed to reach that deposit?
Pebble also found another deep aquifer position on the south side of the deposit,
in the headwaters of the South Fork Koktuli River (underlying what is referred to
as the SF Koktuli flats). “The shape of the bedrock surface underlying the flats
indicates that the paleo-drainage cut across the present South Fork Koktuli River
alignment towards Upper Talarik Creek (Figure 8.1-3a). This paleo channel is
infilled with overburden. The bedrock elevations near the drainage boundary
with the Upper Talarik Creek were interpreted to be below 500 feet, resulting in
overburden thicknesses exceeding 300 feet” (p. 8-42-43).
“As with the Pebble Deposit area within the South Fork Koktuli drainage, a deep
infilled bedrock gulley was identified. Boreholes into this bedrock depression
resulted in high flows from the hole that required plugging” (p. 8-50). This
means that there are at least two bedrock valleys within or directly adjacent to
the proposed open-pit, one in the headwaters of Upper Talarik Creek and one in
the headwaters of South Fork Koktuli River. As with the bedrock low on the east
16

These high levels of baseline DO concentrations are also of concern in the vicinity of tailings cells that
are proposed to contain waist rock with high acid generation potential. This means that any seepage of
tailings materials would be highly reactive with the baseline environment.

18

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Pebble Permit POA-2017-271

Appendix E, Page 219 of 2339

Final Draft 6.19.18

Author: Mouw

side of the deposit, what is the potential for these deeper water sources on the
south side of the deposit to become connected with the pit and associated cone
of depression in the local water table?
Structure of Overburden Matrix
In the greater vicinity of the proposed open-pit and in proximity to other project
features, the structure of the overburden was reported to be quite thick. “Near
Frying Pan Lake, south of the Pebble Deposit area, the overburden materials
thicken, with a notable increase in the thickness of sand and gravel” (p. 8-66).
Though not as thick as the positions directly adjacent to the pit, the following
data, referenced by page number, indicate that the outwash is extensive.
Though it is of variable thickness, it is contiguous (as reported) and, by
inference, promotes lateral connectivity throughout the greater project area.
Well-log data from Appendix 8.1A:
Gravely sand down to 205’ in MW-3D, Appendix 8.1a, p. 47 of 996.
Bedrock at 135’ in MW-11D, Appendix 8.1a, p. 89 of 996; 147’ in MW-11Db, p.
93 of 996
Bedrock at 165’ in P-05-7D, Appendix 8.1a, p. 177 of 996.
Silt, sand, and gravel down to 173.5’ in P-05-21D, p. 304.
Bedrock at 237’ above which lie gravel and sand in P-05-22D, p. 317
Gravelly sand to gravel to 190’ in P-05-26D, p. 337
Saturated conglomerate to 200’ in P-06-37D, p. 427
Silty sand with gravel to 220’ in P-08-57D, p. 637
Bedrock at 282’ in P-08-62D, p. 683
Bedrock at 241’ in P-08-89D, p. 944
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Silt down to 175’ in PW-7, p. 981
Even greater depths of overburden are reported in Appendix 8.1J. Figure 4.7
displays layer 1 (uppermost layer) overburden thickness exceeding 500-1000’,
even in the vicinity of the mine footprint. At times the report was unclear as to
whether the depths of wells were reported for bedrock or overburden, but Figure
4.7 indicates that overburden in two bedrock lows on the east and south side of
the deposit is 500’-1000’ thick. This raises concern about the volume of water
that could potentially flow into the pit which has a proposed depth of up to 1750’.
What aquifer thickness is supported in these locations? Most importantly, two of
the thickest layers of overburden are directly adjacent to the proposed mine site
and the thickest aquifer layer reported is within the deposit area (40.5 m or
132.8’; p. 8.28). The degree to which the proposed pit would overlap these deep
layers of overburden is not quite clear from the information, as presented. Even
fractures within shallow bedrock could promote high levels of connectivity as
some of the well logs indicate. One of these thick layers of overburden lies just
to the northeast of the proposed mine site, within the headwaters of Upper
Talarik. The other layer lies just to the south, connecting South Fork Koktuli and
Upper Talarik with highly permeable overburden. UT 190 is the surficial
manifestation of this connectivity.
In the end, the overriding concern with the proposed project is the potential
alteration of water quantity and quality in wetland habitats that depend on the
same water sources that would be used by the proposed project. The general
question that leads into consideration of habitat impacts is whether the project,
as proposed, could withdraw, store, treat, and discharge water in such a way as
to prevent significant alteration of streamflows and lake levels. And will this
artificial flow pathway significantly alter thermal patterns in lakes and streams,
from a habitat perspective? According to the literature (e.g. Malcom et al.,
200417; Malcolm et. al., 200818), temperature and dissolved oxygen

17

Malcolm, I.A., Soulsby, C., Youngson, A.F., Hannah, D.M., Mclaren, I.S., and Thorne, A. 2001.
Hydrological influences on hyporheic water quality: implications for salmon egg survival.
Hydrological Processes, 18(9): 1543-1560.
18
Malcolm IA, Greig SM, Youngson AF, Soulsby C. 2008. Hyporheic influences on salmon embryo
survival and performance. Pages 225–248 in Sear DA, DeVries P, editors. Salmonid spawning
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concentrations are critical factors that play an important role in embryonic
development and survival of salmon, hence the concern.
15. Fish and Aquatic Invertebrates (2004-2008)
15.1.5.3. Instream Flow Habitat Studies
15.1-32; Appendix 15.1C Instream Flow: Mainchannel Habitat Study
Consideration, investigation, and discussion of wetland habitat is isolated to
reaches of large streams. Pebble’s contractors did not evaluate baseline
habitats in many first-order (after Strahler) streams, lakes, or ponds. As it now
stands, there does not appear to be any means by which impacts to habitat
could be addressed in these important habitat types. Given uncertainties with
respect to the proposed cone of depression in the mine-site water table, it also
remains unclear how many of these habitats might become dewatered as a
result of proposed operations.
In general, the discussion of habitat and habitat modeling is isolated to reaches
the North and South Forks of the Koktuli River and Upper Talarik Creek. In
reaches of these streams, flow-habitat relationships focus on habitat utilization.
There is no differentiation between flows that create and maintain habitat and
those that affect habitat utilization.
The report also under-represents the influence of groundwater discharge on
habitat utilization. Though groundwater is considered important, the linkage
between ground and surface water is never made from habitat perspective. The
importance of groundwater discharge is not considered beyond an important
source of surface water discharge in streams. “Because groundwater inflow
contributes substantially to the streamflows in the three study area streams, any
changes to the quantity of groundwater inflow to the streams may alter the
quantity of upwelling habitats used for spawning” (p. 4). The report does not,
however, consider how groundwater discharge influences the spatial distribution
of spawning and rearing fish. The report merely considers streamflow hydraulics
as a function of discharge.
habitat in rivers: physical controls, biological responses, and approaches to remediation.
Bethesda, Maryland: American Fisheries Society, Symposium 65.
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The report states “Changes in flow magnitude will change the amount of
spawning and rearing habitats in a stream. In general, the amounts of habitat will
increase with flow up to a certain point, and then begin to decrease as velocities
exceed those used by adults for spawning and juveniles and fry for rearing.” (p.
3).
This result is spoken of prior to the completion of the study. It represents the
assumption that formed the basis for the selection of PHABSIM. Indeed, the
result is predictable. It is enforced by the selected methodology. Notice the
reference to velocity as the primary driver of habitat. PHABSIM requires velocity
to be the primary driver, and when it isn’t, the method is inappropriate (USGS,
Waddle 2001). The discussion of the importance of velocity as the primary
driver of habitat in PHABSIM will be discussed further in the paragraphs that
follow.
PHABSIM stands for physical habitat simulation system, or modeling. It predicts
habitat area by modeling stream hydraulics at stream cross sections (e.g.
streamflow depths and velocities across said transect) and translating these into
habitat quality with habitat suitability criteria (HSC) curves. Transects are
divided into cells, each represented by a depth and average velocity at a given
discharge. The longitudinal (upstream-downstream) extent of these cells is
controlled by a weighting scheme that is based on the mesohabitat type
represented by the transect and the distribution of that mesohabitat (e.g. riffles,
runs, pools, glides, and tailouts). The area of these cells is used to calculate
what is called weighted usable area (WUA), which is the surface area of the cell
multiplied by the combined suitability of the cell. As such, WUA combines
habitat quantity and quality. The hydraulics of the cell are represented by the
transect, the area of the cell represents habitat quantity, and the quality of
habitat is a translation of the hydraulics based on HSC curves.
Once the assumption that habitat can be reduced to flow hydraulics is made, the
amount of habitat can be predicted over time, in reference to flow variability.
“Thus, the amounts of available spawning and rearing habitat in the NFK, SFK,
and UT systems will vary temporally and spatially in concert with the inter-annual
variability in the natural flow regime depending on the timing, magnitude, and
duration of flow alterations.” (p. 3).
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This is where we must check the basic assumption upon which the application of
PHASBIM rests. It is an assumption that cannot be defensibly made without first
comprehensively evaluating that which constitutes fish habitat. In the context of
PHABSIM the relation between flow variability and habitat was assumed to be a
function of flow depth and velocity. The problem with this is that the data
demonstrate that utilization of depth and velocity, used as an inference of
suitability, changed with flow and time. And this will be further discussed
below19, but the contractors’ HSC data demonstrate variability in utilization
among survey years, a clear sign that something was wrong. More importantly,
contractors were unable to demonstrate that habitat use actually related to their
definition of suitability, at all. If the definition of habitat changed over time, and in
relation to flow, then how can habitat be measured as a function of flow (with the
selected methodology)?
There is a good discussion on the dependence of spawning gravels and flushing
of the streambed surface layer on flowing water, but as with depth and velocity
there is no objective assessment linking substrate to habitat selection. There is
a good analysis of channel-forming flows in Appendix 15.1F that can be used to
identify flow characteristics responsible for channel and habitat maintenance, but
there is no evaluation of how potential reductions in flow might influence
streambed substrates, and therefore habitat. What flow characteristics are
required to produce the gravel environments selected by salmon for spawning
and other benthic activities (e.g. production of macro-invertebrates)?
If the proposed project reduces or increases seasonal flows, how will this
change alter habitat, the distribution of mesohabitats, and suitable hydraulics? It
does appear that the fluvial geomorphology study did evaluate and identify flow
stages and volumes required to maintain existing habitat, but how will the project
alter these flow characteristics, in terms of magnitude, duration, and return
intervals? Will volumetric thresholds of entrainment be exceeded or reduced as
a result of the proposed operations? The present study does not address this
question and therefore cannot address how the particle size distribution of the
stream bed surface layer (proper functioning substrates) may or may not be
impacted by the proposed project. This is the question of habitat creation and
maintenance that would become important if the seasonal flow regime were to
19

See HSC Curve Review section below.
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become significantly altered in response to what has been proposed. To answer
this question, there would need to be greater integration between the various
modules of the water balance model.
Using dated literature, streamflow velocity became the target of the flow-habitat
investigation: “Chapman (1966) considered velocity to be perhaps the most
important of the two factors, noting that without suitable velocities, no fish will be
present. Studies have shown that fry of salmon and trout typically utilize
velocities less than 0.3 feet per second (Chapman and Bjornn, 1969; Everest
and Chapman, 1972; Griffith, 1972)” (p. 4). There are several problems here.
First, the idea that velocity is important to habitat selection formed a key
assumption that led to the selection of a method that models habitat, first and
foremost, as a function of streamflow velocity. In fact, PHABSIM requires the
use of streamflow velocity as the primary means by which habitat is modeled,
incrementally, as a function of streamflow. This is problematic because if
velocity is not the basis for habitat selection, PHABSIM model projections can
become meaningless (Conder and Annear, 198720). No other variable used,
those being depth and sediment (substrates), is as influential in the habitat
calculations. Depth is not considered as limiting to habitat, above some
minimum threshold, and substrate does not vary with flow. This means that
velocity is relied upon as the key representative for habitat quality across the full
range of modeled flows because it is the only variable that has varying suitability
across this range. This will be further discussed under the review of HSC,
below, but Pebble’s contractor did not test the assumption that velocity is
important to habitat selection. This assumption is never safe, but especially
unsafe in high latitude ecosystems where groundwater discharge acts as
thermal refuge for incubation of salmon embryos (see discussions below).
On page five of the mainchannel habitat study there is a good discussion of how
flow is a cue for initiating life-history events, such as migration and spawning,
smoltification and outmigration, and off-channel rearing. There is, however, no
investigation of how flow variability affects habitats on a seasonal basis. For
example, are springtime rearing flow requirements different than summer and fall
rearing requirements? If fish are present throughout all major hydrographic
20

Conder, A.L., and Annear, T.C. 1987. Test of weighted usable area estimates derived from a
PHABSIM model for instream flow studies on trout streams. North American Journal of Fisheries
Management, 7(3): 339-350.
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periods, are not all flow conditions therefore important? If this is the case, as the
data show (e.g. rearing occurs year-round in project streams), then how are
habitat associations collected in one period transferrable to another? How are
habitat associations transferrable from one habitat to another? For example,
how is spawning habitat in a losing stream reach (see Chapter 8) representative
of spawning habitat in a gaining (upwelling) stream reach? How is spawning
habitat in a riffle representative in an off-channel location where stream velocity
can be negligible or absent?
Information about surveys of habitat use do not help answer these questions.
Consider the following quotation: “Juvenile Chinook salmon were predominantly
found in mainstem channel, fast-water habitats (Figure 15.1-24). Few Chinook
salmon were found in off-channel habitats (Figure 15.1-25).” This begs the
question of when these surveys were performed. In Appendix 15C, Attachment
1, we find that surveys by each contractor were performed within a single
season for limited periods of time (p. 4). This is problematic because
distributions of juvenile salmon can change with season. An adequate survey of
salmon distributions would need to represent spring, summer, and fall, at the
least. Surveys should also represent a range of flows that could be practicably
and safely surveyed, especially given the fact that PHABSIM predicts habitat on
the basis of flow variability.
Conclusions on the Proposed Analytical Framework
On page 22 it is stated that the habitat method for evaluating instream flows
must be biologically sound and related to the fish species present in project
streams. This led to the selection of PHABSIM, a method with no direct
relationship to fish population biology (Waddle, 2001). In this case, its use is
based on assumptions that are not biologically defensible because they were not
tested—a conclusion that will be further developed in the discussions below.
HSC Curve Discussion
“HSC curves are a required element for defining habitat-flow relationships” (p.
26). In general, this statement is absolutely important. The clear implication is
that habitat must be adequately described before it can be understood as a
function of streamflow. This is implication is good and true. In the context of this
project, habitat must be understood before impacts can be assessed. The

25

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Pebble Permit POA-2017-271

Final Draft 6.19.18

Appendix E, Page 226 of 2339

Author: Mouw

problem with this statement, as related to HSC curves, is that it is only true if
PHABSIM is the selected methodology. PHABSIM must proceed on the
assumption that depth and velocity are ecologically relevant to habitat selection
in space and time. As is the case here, PHABSIM relies on HSC curves for flow
depth and velocity. Mechanistically, these curves are used to translate modeled
hydraulics into habitat suitability (Bovee 199821, Waddle 200122). The selection
of PHABSIM forces the user to develop and base habitat modeling on these
hydraulic variables. Though this is only valid when it is appropriate (Waddle
2001), the ecological relevance (biological validity) of flow depth and velocity is
taken for granted when PHABSIM is applied. Such a reliance on flow hydraulics
to define habitat before habitat was objectively evaluated is not valid. Arguably,
Pebble’s contractor assigned habitat rather than objectively assessing it. The
question is not where the fish are found, but why they are where they are found.
For example, “the greatest abundance of coho and chum salmon spawners was
found in NFK- C. The instream-flow model predictions help explain these
patterns, in part, because the highest amounts of available spawning habitat for
Chinook salmon were in NFK-A, while the highest amounts of available
spawning habitat for coho and chum salmon were in NFK-C” (page 15.1-6). If
these spawning sites were used to develop the model (i.e. define habitat), it is
not surprising that the model would then, in turn, predict these sites as
supporting good amounts of habitat. This is just another way of describing
where the fish were, without reference to the other environmental correlates at
these sites, and, most importantly, without reference to sites avoided by
spawning salmon. An objective and valid assessment of habitat requires a
comprehensive assessment of habitat and direct comparisons between sites
utilized for spawning and those not.
Consider the fact that NFK-C was also the location on the North Fork Koktuli
River where water temperature very suddenly drops (Appendix 15.1E, Figure 8).
Might this not relate to the fact that sudden changes in geomorphology drive
21

Bovee, K. D., Lamb, B.L., J.M. Bartholow, Stalnaker, C.B., Taylor, J. and Henriksen, J. 1998. Stream
habitat analysis using the instream flow incremental methodology. U.S. Geological Survey,
Biological Resources Division Information and Technology Report USGS/BRD-1998-0004. viii +
131 pp.
22
Waddle, T. 2001. PHABSIM for windows user’s manual and exercises. U.S. Geological Survey OpenFile Report 2001-340.
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upwelling of cooler groundwater? Bringing this to full conclusion, might this not
be an alternative explanation for the attraction of this reach to spawning salmon?
Unfortunately, only depth and velocity at utilized sites were used as means to
evaluate habitat, based on instream flow. Substrate data were collected, but
substrate is assumed to remain constant and does not vary with flow. It is
therefore unimportant to assessing habitat as a function of flow variability.
Substrate only influences habitat quality, independent of flow (in PHABSIM).
“HSC reflect species and lifestage use and preference for selected habitat
parameters (depth, velocity, and substrate; Bovee, 1982, 1986)” (p. 26). And
this is only partly true. HSC represent patterns of utilization but cannot be used
to represent “preference” unless additional steps are taken (Waddle 2001). The
patterns of flow depth and velocity, the only two criteria related to flow in
PHABSIM, are not referenced to the distribution of available depths and
velocities present, at the time of data collection. For this reason, these variables
can only represent utilization without any reference to ecological relevance at the
time of data collection. In other words, it cannot be determined whether or not
fish are spawning in a particular range of velocities simply because it happens to
be the most common hydraulic condition. What range of velocities was
represented at sites avoided by spawning salmon? This cannot be answered by
the instream flow study because these data were not reported. Based on what
was presented, the applicant can only reference utilization to identify when, and
at what flows, utilized depths and velocities are present at the hydraulic
modeling transects. This tells us little of certainty about habitat because the
HSC are of unknown relevance to salmon.
Consider the spawning maps (p. 19, Appendix 15C, Attachment 1_final) to
illustrate the issue at hand. Spawning is very discontinuous; in fact, it is
clustered—only occurring at specific locations. This pattern is especially striking
in the 2005 data. Based on the descriptions found in the methods of the report,
the applicant measured the hydraulics and sediments (substrates) associated
with spawning at these mapped locations. Assuming these associations with
variables required by the selected habitat model were relevant to habitat
selection, these associations (HSC curves) were used to represent spawning
habitat at all transects, some of which were eschewed by spawning salmon.
The question about impacts to habitat can only be answered when it is
understood why salmon spawn where they do. Habitat utilization information
cannot be simply collected where fish are found. It must be asked why they
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spawn and rear where they are found. In order to answer this, surveys must be
be conducted at occupied and unoccupied sites. For spawning, this would have
been simple to accomplish and the data to do so may already exist. Being so
clustered to specific locations, it would have been easy enough to compare the
distributions of depth and velocity (at the same flow) from occupied (spawning)
and unoccupied (nonspawning) sites.
Another way to address this question is to consider how HSC curves differ from
the statistical distribution of depths and velocities present in the reach in
question. Ideally, this would be the first step to evaluating the relevance of
PHABSIM to habitat in the project area.
It is also important to consider habitat in a hierarchical fashion, like in using the
Tiered approach employed by the applicant’s contractor. At the largest spatial
scale, habitat is organized into constrained (geomorphically controlled) and
unconstrained (broader alluvial zones) reaches. At the intermediate scale,
habitat is organized into riffle pool sequences (bed topography). At the smallest
scale, habitat is represented (organized) by flow hydraulics. This is by no
means comprehensive, but this is the approach outlined by the contractor.
Other factors, such as temperature were considered, but not in terms of
organizing habitat, utilization, or developing habitat suitability criteria in
PHABSIM.
At the largest scale (macrohabitat), fish tended to spawn just upstream of
macrohabitat boundaries, which also happened to be where sudden drops in
stream temperature were recorded (which would make sense if upwelling was
important to spawning and incubation habitat). At the mesohabitat scale, we see
that all habitat types (of the riffle pool sequence) are present and appear
similarly represented. For example, fast-water habitats (e.g. riffle and run-glide
habitats) predominate throughout each of the study reaches. This is what similar
means in this context. So what is it about a riffle (or glide) in one reach that
makes it unsuitable for spawning, as compared to a riffle (or glide) in another
reach that was suitable? Is there not overlap in the statistical distribution of
microhabitat present in each the “preferred” and avoided riffle habitat? In other
words, are not the same hydraulic conditions present in each? Or, are the
hydraulics in the spawning reaches unique? It is doubtful this is the case. And if
it is not the case, then spawning salmon are most likely keying into something
other than local hydraulics when they select habitat for spawning. The point is,
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physical drivers of habitat utilization cannot be known until an objective survey
and comparison of habitat has been made.
In addition to questions about the relevance of HSC at the time of data
collection, it must be questioned whether HSC are valid references in space and
time. The literature suggests this is not the case. The idea that HSC are
invariant in time has been contradicted in many studies (e.g., Taylor 198823;
Vondracek and Longanecker 199324, Shirvell 199425, Holm et al. 200126,
Heggenes 200227, Railsback et al. 200328) and specifically recognized and
discussed by reviewers (e.g. Lancaster and Downes, 201029). Habitat utilization
varies from location to location (Moir et al., 200230, Hamann et al. 201331), by
season (Taylor 1988, Nickelson et al., 199232; Reeves et al. 201133), by scope of

23

Taylor, M.J. 1988. Analysis of freshwater fish habitats in South Westland and the effects of forestry
practices. New Zealand Freshwater Fisheries Report 97. Welington, New Zealand Ministry of
Agriculture and Fisheries.
24
Vondracek, B., and Longanecker, D.R. 1993. Habitat selection by rainbow trout Oncorhynchus mykiss
in a California stream: implications for the Instream Flow Incremental Methodology. Ecology of
Freshwater Fish, 2(4): 173-186.
25
Shirvell, C.S. 1994. Effect of changes in streamflow on the microhabitat use and movements of
sympatric juvenile Coho salmon (Oncorhynchus kisutch) and Chinook salmon (O. tschawytscha)
in a natural stream. Canadian Journal of Fisheries and Aquatic Sciences, 51(7): 1644-1652.
26
Holm, C.F., Armstrong, J.D. and Gilvear, D.J. 2001. Investigating a major assumption of predictive
instream habitat models: is water velocity preference of juvenile Atlantic salmon independent of
discharge? Journal of Fish Biology, 59(6): 1653-1666.
27
Heggenes, J. 2002. Flexible summer habitat selection by wild, allopatric Brown trout in lotic
environments. Transactions of the American Fisheries Society, 131(2) 287-298.
28
Railsback, S.F., Stauffer, H.B., and Harvey, B.C. 2003. What can habitat preference models tell us?
Tests using a virtual trout population. Ecological Applications, 13: 1580–1594.
29
Lancaster, J., and Downes, B.J. 2010. Ecohydraulics needs to embrace ecology and sound science,
and to avoid mathematical artifacts. River Research and Applications, 26(7): 921-929.
30
Moir, H.J., Soulsby, C., and Youngson, A.F. 2002. Hydraulic and sedimentary controls on the
availability and use of Atlantic sal- mon (Salmo salar) spawning habitat in the River Dee system,
north-east Scotland. Geomorphology, 45(3–4): 291–308.
31
Hamann, E.J., Kennedy, B.P., Whited, D.C. and Stanford, J.A. 2014. “Spatial variability in spawning
habitat selection by Chinook salmon (Oncorhynchus tshawytscha) in a wilderness river.” River
Research and Applications 30: 1099-1199.
32
Nickelson, T. E., Rodgers, J.D., Johnson, S.L. and Solazzi, M.F. 1992. Seasonal changes in habitat use
by juvenile coho salmon (Oncorhynchus kisutch) in Oregon coastal streams. Canadian Journal of
Fisheries and Aquatic Sciences. 49: 783-789.
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inference (Bult et al. 199834), and even with flow (Heggenes and Saltveit, 199035;
Holm et al. 2001; Armstrong et al., 200236). This literature substantiates the
large concerns that arise when the use of PHABSIM is based on
unsubstantiated assumptions. Furthermore, if the applicant’s contractor did not
take the primary steps to validate the ecological relevance of HSC at the time of
data collection, how would it be reasonable to assume HSC would be valid in
different locations, at different times, or at different flows?
Missing Data Crucial to the Analysis
It would be helpful to see an analysis of the rich spatial database available for
this project. The lack of integration amongst the various study modules makes it
impossible to consider fish habitat from a more holistic perspective. Pebble
could help the reviewer understand the distribution of spawning with respect to
the distribution of mesohabitats. For example, please consider what the
literature shows with respect to riffle topography and the distribution of Chinook
spawning37. The affinity for certain species to spawn in association with
topographic features of the stream bed, in response to localized flow advection,
would be an important alternative hypothesis to consider over and against the
assumed relevance of flow velocity.
It would also be helpful if Pebble could present the groundwater upwelling data,
interactively with the distribution of spawning. This could help reviewers
evaluate the need to consider the role of upwelling in redd site selection and
Pebble’s sole dependence on surface water flow hydraulics. The literature
33

Reeves, G.H., Sleeper, J.D., and Lang, D.W. 2011. Seasonal changes in habitat availability and the
distribution and abundance of salmonids along a stream gradient from headwaters to mouth in
coastal Oregon. Transactions of the American Fisheries Society, 140(3): 537-548.
34
Bult, T.P., Haedrich, R.L., and Schneider, D.C. 1998. New technique describing spatial scaling and
habitat selection in riverine habitats. River Research and Applications, 14(1): 107-118.
35
Heggenes, J. and Saltveit, S.J. 1990. Seasonal and spatial microhabitat selection and segregation in
young Atlantic salmon, Salmo salar L., and brown trout, Salmo trutta L., in a Norwegian river.
Journal of Fish Biology, 36(5): 707-720.
36
Armstrong, J.D., Holm, C.F., and Gilvear, D.J. 2002. Holding station against the flow: a reply to
Ibbotson and Dunbar. Journal of Fish Biology, 61(2): 308-312.
37
McKean J.A., Isaak D.J., Wright C.W. 2008. Geomorphic controls on salmon nesting patterns described
by a new, narrow-beam terrestrial-aquatic lidar. Frontiers in Ecology and Environment, 6:125–
130.
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indicates that upwelling is very important to spawning sockeye salmon38,39.
Consider the difference in spawning habitat between SFK Reach B and C.
Spawning is contagious in reach B yet nearly non-existent in Reach C. Certainly
this difference cannot be explained by the presence/absence of suitable depths,
velocities (hydraulics), and substrates alone, or can it? If the distribution of
spawning were overlain upon the distribution of mesohabitats and upwelling,
habitat could be viewed from a 3-dimensional perspective. When bed
topography and vertical hydraulic exchange (e.g. upwelling) are considered,
habitat can be evaluated beyond 1-dimensional hydraulic modeling approach
taken by the contractor.
HSC Curve Review
Looking at the data behind curves, they don’t make sense, biologically. They
are not indicative of meaningful biological gradients. Coho spawning suitability
for velocity, for example, reaches 0.6 (say, moderately suitable) at a velocity of
1.7 feet/second and 1.0 (highest suitability) at 2.5 feet/second (Appendix 15.1C,
Attachment 1, p. 26). Within this velocity range the suitability dips down below
0.2 (low suitability). It is difficult to make sense of this, biologically. It may
indicate that the utilization data simply represent the availability of habitat, under
the conditions that were surveyed. But the curve used to represent these data is
smoothed out, ignoring the data, demonstrating that the contractor agrees—but
the point remains. What is behind the real pattern in the data and can we ignore
it, using professional judgment? Only data on the availability of habitat, as a
function of velocity, would clear this up. If selected velocities differ from the
velocities representing avoided locations, we might say that smoothing out the
curve seems justified. But if the distribution of utilized velocities does not differ
from that which was available, then the velocity curve, smoothed or otherwise,
would be ecologically irrelevant to habitat selection.

38

Lorenz JM, Eiler JH (1989) Spawning habitat and redd character- istics of sockeye salmon in the glacial
Taku River, British Columbia and Alaska. Transactions of the American Fisheries Society,
118:495–502
39
Hall J.L., Wissmar R.C. 2004. Habitat factors affecting sockeye salmon redd site selection in offchannel ponds of a river floodplain. Transactions of the American Fisheries Society, 133:1480–
1496
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Another issue seen with the HSC curves is the discrepancy in data collected by
different contractors. The South Fork Koktuli River Chinook velocity spawning
curve is an example of such a discrepancy (Appendix 15.1C, Attachment 1, p.
33). It is difficult to understand the large differences in velocity utilization, from a
ecological perspective. If velocity were relevant to spawning habitat selection,
we should assume that spawning Chinook would seek out the same ranges of
velocity each year. Instead, the curve seems to indicate that velocity utilization
may be dependent upon the flow and/or year, leading a reviewer to question the
spatial and temporal variance of velocity HSC.
One common objection to this line of reasoning should probably be dealt with.
One might say that not all the “suitable” sites were selected because habitat is
not at full capacity. The thinking behind this objection is that mortality, in the
form of harvest and otherwise, keeps the population below carrying capacity and
therefore the habitat is not fully utilized. If this were a valid objection, it would be
difficult to explain why spawners display such a range in preference for velocity.
Consider Coho salmon spawning (beginning on p. 24 of Appendix 15.1C,
Attachment 1). The range in utilized velocities is 0.2-4.7 ft/second, which
exceeds the range of average channel velocity at the USGS gaging station on
the SFK (operated since 2004). Modeled velocities range from 0.2-6.0
ft/second, for all periods, but only .2-4.7 during the spawning period. If Coho
salmon were able to spawn in such a broad range of velocities, then how can we
explain other locations represented by velocities in the “preferred” range that
were avoided by spawning Coho salmon? This cannot be explained without
violating the objection that habitat is not at full capacity. It may not be, but this
reasoning cannot be used to address the natural objection to the validity of the
HSC curves.
A common response to this question, then, would be that habitat suitability is a
combination of depth, velocity, substrate, and cover. One might be tempted to
think that sites avoided by spawning Coho (in this example) may have been
represented by suitable velocity but the adequate depth, substrate, or cover was
probably absent. The problem with this idea is that PHABSIM deals with each
criterion separately, independently of other criteria. The suitabilities for each
criterion are simply combined with one another in the model, for a total estimate
of suitability. There is no effort in PHABSIM to consider how criteria interact.
The question, then, is still the same. Is velocity ecologically relevant to
spawning salmon? If not, then it should not be considered in the composition of
32
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suitability. The same line of reasoning applies to each of the other criteria used
in the estimate of composite suitability.
Hydraulic Modeling
PHABSIM uses one-dimensional hydraulic modeling at transects perpendicular
to streamflow. According to USGS, “The simulated hydraulic characteristics of
the stream are the water surface elevations (i.e., depth) and velocities, in that
order” (Waddle 2001). In order to get the measured and modeled (simulated)
discharges (Q) to match at transects, velocity adjustment factors (VAF’s) are
applied until there is reasonable agreement. As such, they are an indication of
how well the model is simulating velocities.
Sometimes VAF’s can differ significantly over the range of simulated discharges.
The trouble with this is that when VAF’s are applied, they can have the potential
to render the models unrealistic. Typically, when VAF’s are below 0.80 and
above 1.20 the model is considered to be poor. In some cases, the VAF’s for
this project ranged from 0.33—2.02. Still, according to USGS (Waddle 2001),
the predicted velocities must be closely examined for a final analysis. These
must be examined with measured velocities in order to evaluate the simulation
results. “Actual velocity predictions should receive more emphasis than ‘strict’
adherence to an expected pattern of the VAF relationships in evaluation of the
effectiveness of the velocity simulations” (Waddle 2001).
The contractor did include velocity plots, but only displays comparison of
simulated velocities at one measured discharge—and in some cases there is
substantial disagreement (e.g. Appendix 15.1C, Attachment 4, pp. 62; 264).
Though many of the transects do show good agreement between measured and
simulated velocities, more comparisons are needed at a reasonable range of
discharges in order to evaluate the hydraulic modeling component of the flowhabitat study. If the velocities don’t reasonably match up within the most
relevant range of simulated flows, the habitat projections are questionable
because cellular velocities drive habitat simulations in PHABSIM.
Transect weighting is usually another issue. Weighting controls the reach (up to
downstream) lengths to which modeled hydraulics and habitat simulations are
applied. In other words, weighting governs the length of the habitat modeling
cells and directly influences the area of habitat in the WUA calculation.
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Weighting schemes are typically based on the distributions of mesohabitat (e.g.
riffle, pool), where weights are apportioned by the availability of mesohabitats;
those with wider distributions are weighted higher.
This means the habitat calculations were based on reach and habitat
delineations that were of unknown ecological relevance; the weights were
related to the distributions of features, not the importance of those features in
terms of habitat utilization. Reach delineations were roughly based on
morphological breaks that were not related to the distributions of fish.
Mesohabitats (e.g. riffle, pool) were scaled by their occurrence within a given
reach. Habitat simulation calculations were weighted by that scaling, making
each calculation an artifact of the mesohabitat delineation framework, not the
distribution of fish. Furthermore, the calculations were applied to lengths of
stream in which the distributions of depth, velocity, and substrate were unknown.
This means it could be likely that the habitat projections are spatially unrealistic.
Adding to the fact that responses of fish to depth, velocity, and substrate were
questionable, the validity of the overall exercise must also be questioned.
If the modeled hydraulics are unrealistic or irrelevant to habitat at the transect
itself, they will also be unrealistic for the reach in which they are applied,
regardless of the reach length. If the hydraulic models poorly predict the lateral
distribution of velocities at transects, their use to represent the distributions of
depths and velocities in reaches (longitudinal dimension) is also inappropriate.
Unfortunately, we don’t know whether this is the case, or not, since model
performance was only reported at a single measured flow that always happened
to be in the center of the range of simulation. This wasn’t a very stringent test of
model performance. The concern is how well the model simulates velocities at
flows lower and higher than those measured.
Habitat modeling
PHABSIM output is used to develop a habitat time series and habitat durations
as a function of inter and intra-annual streamflow variability. A major issue with
habitat modeling in PHABSIM is that there is usually no real connection between
hydraulic modeling and habitat utilization because modeling transects are
usually selected based on hydraulic criteria (15.1-16). Some were subsequently
based on the distribution of fish, but most were still sited without this regard. Not
only, then, is there a potential disconnect between the locations where habitat is
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modeled and the distribution of fish, the exercise ignores seasonal movements
of fish. As such, modeling habitat at hydraulic modeling transects substitutes an
evaluation of habitat in time, at fixed locations, with one that should be
conducted in space, over time. In order to indiscriminately characterize habitat
in terms of stream hydraulics, modelers must (essentially) assume habitat to be
uniform throughout stream reaches. They must also assume that this pattern of
uniformity remains true in all seasons. This assumption of spatial uniformity
appears to be violated by the contractor’s maps of spawning, for example. The
distribution of spawning is highly clumped in certain locations. The assumption
of temporal uniformity can also be invalid, for we know that juvenile uses of
habitats change with season (e.g. Martens and Connolly, 201440).
Conclusions
Habitat simulations were based on the translation of unverified hydraulics with
utilization functions (HSC) of unknown ecological relevance. These unverified
simulations were then applied to reaches of streams based on weighting
schemes with unknown relevance to the distribution of fish. The meaning of
habitat simulations in the three project streams is highly questionable, at any
scale of space and time. Use of the presented modeling framework does not
appear to provide the confidence needed to assess environmental impacts to
habitat or weigh project alternatives.
—end of comments—

40

Martens, K.D., and Connolly, J.D. 2014. Juvenile Anadromous Salmonid Production in Upper Columbia
River Side Channels with Different Levels of Hydrological Connection. Transactions of the
American Fisheries Society, 143:757–767 .
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VETO-ING THE VETO?: LIMITED OPTIONS REMAIN UNDER
CLEAN WATER ACT SECTION 404(C) FOR EPA TO ALLOW
DEVELOPMENT OF THE PEBBLE DEPOSIT
BY
KEVIN O. LESKE*

On July 21, 2014, the United States Environmental Protection
Agency (EPA) took its first step under Clean Water Act (CWA) § 404(c)
to protect the pristine Bristol Bay watershed in southwestern Alaska. It
proposed to restrict the use of certain waters in the watershed for the
disposal of dredged or fill material associated with mining a large ore
deposit.
CWA § 404(c) gives EPA the authority to prohibit (in other words,
“veto”) an area as “a disposal site” under the act. The section specifies
that this decision be made whenever EPA determines “that the
discharge of such materials into such area will have an unacceptable
adverse effect on municipal water supplies, shellfish beds and fishery
areas (including spawning and breeding areas), wildlife, or recreational
areas.” Here, EPA recognized that the Bristol Bay watershed had
“unparalleled ecological value, boasting salmon diversity and
productivity unrivaled anywhere in North America” and thus protection
was necessary.
However, on July 19, 2017, under the new Trump Administration,
EPA signaled its intent not to move forward with the protection of
Bristol Bay. Now an application for the development of the “Pebble
Deposit” is pending. Naturally, a legal showdown concerning the
proposed Pebble Mine is inevitable. Although in a surprising move in
2018, EPA temporarily suspended the proceeding to withdraw the 2014
CWA § 404(c) Proposed Determination, the fate of the Bristol Bay
watershed remains in question because EPA further indicated that it
“intends at a future time to solicit public comment on what further
steps, if any, the Agency should take under § 404(c) . . . in light of the
permit application [for the Pebble Mine] that has now been submitted
to the U.S. Army Corps of Engineers.”

* Associate Professor of Law, Barry University School of Law. I would like to thank Dean
Leticia Diaz for her support, as well as the editors and staff of Environmental Law for their
excellent work. I am grateful for the feedback that I received at Vermont Law School’s Ninth
Annual Colloquium on Environmental Scholarship.
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What steps can (and, arguably, must) EPA take in a future action
involving CWA § 404(c) and the Pebble Project? And what if EPA again
attempts to withdraw its 2014 Proposed Determination? This Article
examines these key questions. It first explains that a court is unlikely to
permit EPA to withdraw the 2014 Proposed Determination on the same
basis that EPA proposed to withdraw it in 2017. Moreover, in light of
the 2014 Proposed Determination, EPA’s options are now limited with
respect to allowing development of the Pebble Deposit. The article
concludes that principles of administrative, constitutional, and
environmental law demonstrate that it will be difficult for EPA to
justify not finalizing its 2014 proposal to prohibit the disposal of mining
waste into this sensitive area.
I.
II.
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I. INTRODUCTION
On July 21, 2014, the United States Environmental Protection Agency
(EPA) took its first step to protect the pristine Bristol Bay watershed in
southwestern Alaska.1 It proposed to restrict the use of certain waters in the
watershed for the disposal of dredged or fill material associated with mining
a large ore body.2 EPA indicated that this step was necessary based on “the
high ecological and economic value of the Bristol Bay watershed and the
assessed unacceptable environmental effects that would result from such
mining.”3
However, on July 19, 2017, EPA, under the new Trump Administration,
signaled its intent not to move forward with the protection of Bristol Bay.4
Specifically, EPA’s new action requested comments on its plan to withdraw
its 2014 proposed determination.5 EPA explained that its rationale for
withdrawing its previous determination was based on a legal settlement it
reached with Pebble Limited Partnership (PLP), a mining company resolute
in developing the area, as well as then-EPA Administrator Scott Pruitt’s new
“policy direction.”6 Administrator Pruitt’s decision to settle the case had
come on the heels of a private meeting with PLP’s president.7 Then,
following the meeting and without consulting EPA’s scientific staff who had
been working on the issue for close to a decade, he directed EPA Regional
Office 10 to withdraw its 2014 Proposed Determination, which sought to
protect the area pursuant to § 404(c) of the Clean Water Act (CWA).8
CWA § 404(c) gives EPA the authority to prohibit (in other words,
“veto”) an area as “a disposal site” under the act.9 The section specifies that
such a decision be made “whenever” EPA determines “that the discharge of
such materials into such area will have an unacceptable adverse effect on
municipal water supplies, shellfish beds and fishery areas (including
spawning and breeding areas), wildlife, or recreational areas.”10 Acting
pursuant to this section, EPA proposed in 2014 to protect the Bristol Bay
watershed, which EPA recognized as having “unparalleled ecological value,

1 See generally Proposed Determination to Restrict the Use of an Area as a Disposal Site,
79 Fed. Reg. 42,314 (July 21, 2014).
2 Id. at 42,315.
3
4

Id.
See generally Proposal to Withdraw Proposed Determination to Restrict the Use of an

Area as a Disposal Site, 82 Fed. Reg. 33,123 (July 19, 2017).
5 Id. at 33,124.
6 Id. at 33,213–14.
7 Drew Griffin et al., EPA Head Met with a Mining CEO—And Then Pushed Forward a
Controversial Mining Project, CNN, https://perma.cc/6K2W-DBLE (last updated Oct. 24, 2017).
8 Public Hearings: Proposal to Withdraw Proposed Determination to Restrict the Use of an
Area as a Disposal Site, 82 Fed Reg. 44,176 (proposed Sept. 21, 2017); see also Federal Water
Pollution Control Act, 33 U.S.C. § 1344(c) (2012).
9 33 U.S.C. § 1344(c).
10

Id.
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boasting salmon diversity and productivity unrivaled anywhere in North
America.”11
Unsurprisingly, local residents, as well as fishing, Alaskan Native, and
environmental groups decried EPA’s audacious step to retract its previously
proposed protection.12 On the other hand, PLP and other mining advocates
applauded EPA’s proposal to not move forward with the restriction.13 They
alleged that the constraint of such use violated due process and exceeded
EPA’s statutory authority.14 And now an application for the development of
the Pebble Deposit is pending.15 Naturally, a legal showdown concerning the
proposed “Pebble Mine” is inevitable and is certain to raise many statutory,
regulatory, administrative, and constitutional law issues over the coming
years.
On February 28, 2018, however, in a surprising move, EPA temporarily
suspended the proceeding to withdraw the 2014 Proposed Determination,
thereby leaving it in place.16 But EPA further indicated that it “intends at a
future time to solicit public comment on what further steps, if any, the
Agency should take under § 404(c) . . . in light of the permit application [for
the Pebble Mine] that has now been submitted to the U.S. Army Corps of
Engineers.”17
What steps can (and, arguably, must) EPA take in a future action
involving CWA § 404(c) and the Pebble Mine? And what if EPA again
attempts to withdraw its 2014 Proposed Determination? This Article
examines these key questions. First, it briefly introduces the on-going
dispute over the Pebble mineral deposit and explains the importance of the
Bristol Bay watershed. Next, the Article explores CWA § 404(c)’s “veto”
process. It then analyzes EPA’s 2017 Proposal to Withdraw the 2014
Proposed Determination and assesses whether a future attempt to withdraw
the 2014 Proposed Determination would be successful. Finally, it explores
whether EPA can be compelled to move forward with its protection of the
Bristol Bay watershed under CWA § 404(c).
The Article explains that a court is unlikely to permit EPA to withdraw
the 2014 determination on the same basis that EPA proposed to withdraw it
in 2017. Moreover, in light of the 2014 determination, EPA’s options are now
limited with respect to allowing development of the Pebble Deposit. The
Article concludes by proposing that—notwithstanding the settlement
agreement with PLP and EPA’s new policy on its CWA § 404(c) authority—
principles of administrative, constitutional, and environmental law support
arguments that EPA can be compelled to continue the CWA § 404(c) process
to prohibit the disposal of mining waste into this critically sensitive area.
11 Proposed Determination to Restrict the Use of an Area as a Disposal Site, 79 Fed. Reg.
42,314, 42,315 (July 21, 2014).
12 See Notification of Decision Not to Withdraw Proposed Determination to Restrict the
Use of an Area as a Disposal Site, 83 Fed. Reg. 8,668 (Feb. 28, 2018).
13
14
15
16
17

Id.
Id.
Id.
See id.
Id.
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II. THE BRISTOL BAY WATERSHED AND THE LEGAL FRAMEWORK FOR ITS
PROTECTION UNDER THE CLEAN WATER ACT
This Part briefly introduces the Bristol Bay watershed to demonstrate
the importance of the area. Next, it summarizes the legal framework under
the CWA to protect its resources, including § 404(c). This will serve as a
primer to a discussion in Part III of the proposed mining development of the
Pebble Deposit and the proposed protection of the Bristol Bay watershed by
EPA, and then an analysis in Part IV of the options that now remain for EPA
with respect to the development of mineral resources in the watershed.

A. The Bristol Bay Watershed
Located in southwestern Alaska, the Bristol Bay region is
approximately 40 million acres of land containing “myriad mountains, rivers,
lakes, and wetlands”18 that EPA regards as “a globally significant resource
with outstanding value.”19 In turn, six distinct watersheds comprise the
Bristol Bay watershed–the Togiak, Nushagak, Kvichak, Naknek, Egegik, and
Ugashik River watersheds.20 These areas have been described as a “unique
sprawling, permeable, and porous network of creeks and streams”21 that
EPA has identified as being “of unparalleled ecological value, boasting
salmon diversity and productivity unrivaled anywhere in North America.”22
The watershed is home to “a largely pristine, intact ecosystem with
outstanding ecological resources,” including approximately thirty fish
species, forty terrestrial mammal species, and 200 bird species.23 Its
importance as a watershed stems from its provision of “connected
habitats—from headwaters to ocean—that support abundant, genetically
diverse wild Pacific salmon populations . . . [which] in turn, maintain the
productivity of the entire ecosystem, including numerous other fish and
wildlife species.”24
18 Letter from Bristol Bay Native Corp. (BBNC) to EPA Adm’r Scott Pruitt & Acting Reg’l
Adm’r Michelle Pirzadeh (Oct. 17, 2017), https://perma.cc/R2AG-M223.
19 Proposed Determination to Restrict the Use of an Area as a Disposal Site, 79 Fed. Reg.
42,314, 42,315 (July 21, 2014).
20 U.S. ENVTL. PROT. AGENCY, AN ASSESSMENT OF POTENTIAL MINING IMPACTS ON SALMON
ECOSYSTEMS OF BRISTOL BAY, ALASKA: EXECUTIVE SUMMARY 3, 5 (2014) https://perma.cc/JM9GAYS5 [hereinafter AN ASSESSMENT OF POTENTIAL MINING IMPACTS ON SALMON].
21 Letter from BBNC to EPA Adm’r Scott Pruitt & Acting Reg’l Adm’r Michelle Pirzadeh,
supra note 18 (citing Robert Moran, Water-Related Impacts at the Pebble Mine, PEBBLE SCI.
(2007), https://perma.cc/SN89-EFL9).
22 Proposed Determination to Restrict the Use of an Area as a Disposal Site, 79 Fed. Reg. at
42,315.
23 U.S. ENVTL. PROT. AGENCY, PROPOSED DETERMINATION OF THE U.S. ENVIRONMENTAL
PROTECTION AGENCY REGION 10 PURSUANT TO SECTION 404(C) OF THE CLEAN WATER ACT: PEBBLE
DEPOSIT AREA, SOUTHWEST ALASKA 3-1 (2014) [hereinafter PROPOSED DETERMINATION]; see also
Michael C. Blumm & Elisabeth Mering, Vetoing Wetland Permits under Section 404(c) of the
Clean Water Act: A History of Inter-Federal Agency Controversy and Reform, 33 UCLA J. ENVTL.
L. & POL’Y 215, 296 (2015).
24 Proposed Determination to Restrict the Use of an Area as a Disposal Site, 79 Fed. Reg. at
42,315.
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EPA’s scientific assessment in 2014 concluded that the watershed
“supports the largest sockeye salmon fishery in the world”25 where “[f]or
generations upon generations tens of millions of salmon reliably return to
Bristol Bay, year after year.”26 Annually, Bristol Bay hosts “the world’s
largest runs of sockeye salmon, producing approximately half of the world’s
sockeye salmon.”27 As EPA concluded, this salmon population is “the most
abundant and diverse populations of this species remaining in the United
States.”28 Likewise, its Chinook salmon runs are also close to the world’s
most abundant, and the area is also home to substantial coho, chum, and
pink salmon populations.29
Significantly, Bristol Bay’s salmon populations are wholly-wild, making
it “one of the last places on Earth with such bountiful and sustainable
harvests of wild salmon.”30 EPA estimates that approximately “70% of the
sockeye and large numbers of the coho, Chinook, pink, and chum salmon
are harvested in commercial, subsistence, and recreational fisheries before
they can return to their natal lakes and streams to spawn.”31 The economic
value of the salmon resources are therefore significant, generating
“approximately $480 million in direct economic expenditures and provided
employment for over 14,000 full- and part-time workers.”32
The Bristol Bay region is also “home to 25 federally recognized tribal
governments . . . who have maintained a salmon-based culture and
subsistence-based way of life for at least 4,000 years.”33 But the area also
contains valuable mineral resources, and—absent adequate protection by
state and federal laws—the “potential for large-scale mining activities in the
watershed has raised concerns about the impact of mining on the
sustainability of Bristol Bay’s world-class commercial, recreational, and
subsistence fisheries.”34

25

AN ASSESSMENT OF POTENTIAL MINING IMPACTS ON SALMON, supra note 20, at 1.
Letter from BBNC to EPA Adm’r Scott Pruitt & Acting Reg’l Adm’r Michelle Pirzadeh,
supra note 18.
27 Proposed Determination to Restrict the Use of an Area as a Disposal Site, 79 Fed. Reg. at
42,315; see also EPA Proposes Restrictions on the Pebble Project, TR. FOR ALASKA (July 18,
2014), https://perma.cc/9XAR-N6TK; Liz Judge, Everything You Need to Know About the Pebble
Mine, EARTHJUSTICE (July 21, 2014), https://perma.cc/9LJH-NBF4.
28 Proposed Determination to Restrict the Use of an Area as a Disposal Site, 79 Fed. Reg. at
42,315.
29 Letter from BBNC to EPA Adm’r Scott Pruitt & Acting Reg’l Adm’r Michelle Pirzadeh,
supra note 18; see also Pink Salmon, ALASKA DEP’T FISH & GAME, https://perma.cc/9E3A-FMBP
(last visited Nov. 25, 2018).
30 Proposed Determination to Restrict the Use of an Area as a Disposal Site, 79 Fed. Reg. at
42,315 (“One of the main factors leading to the success of this fishery is the fact that its aquatic
habitats are untouched and pristine, unlike the waters that support many other fisheries.”).
31 Id. at 42,315.
26

32

Id.

33

AN ASSESSMENT OF POTENTIAL MINING IMPACTS ON SALMON, supra note 20, at ES-1.

34

Id.
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B. The Clean Water Act
Congress enacted the CWA with the objective “to restore and maintain
the chemical, physical, and biological integrity of the Nation’s waters.”35 To
achieve this goal, CWA § 311(a) makes unlawful “the discharge of any
pollutant by any person” except in compliance with the act.36 Of central
importance here is the CWA § 404, which allows the United States Army
Corps of Engineers (Corps) to issue permits for the “discharge of dredged or
fill material” into the nations’ navigable waters.37
Because mining development, like the proposed project in the Bristol
Bay watershed, would require discharge of such materials into waters of the
United States, the applicant must seek a CWA § 404 permit.38 For example, as
one commentator observed, the “development of the mine [in the Bristol Bay
watershed] will likely require stream diversion channels, about nine linear
miles of dams and embankments, and other activities necessary for the
development of open pit and underground mining, including dewatering the
mines by pumping and relocating groundwater.”39
When reviewing whether to grant a CWA § 404 permit, the Corps looks
to the so-called “404(b)(1) Guidelines” that were promulgated by the EPA.40
These regulations “provide substantive environmental criteria that the Corps
must use to evaluate permit applications,” and, in turn, the Corps has
established procedures for reviewing CWA § 404 permit applications.41
This is not to say, however, that the EPA does not have a role in the §
404 process. In fact, EPA has “two important oversight roles concerning the
Corps’ permit program.”42 Not only does it, as mentioned above, participate
in developing the CWA 404(b)(1) Guidelines, but Congress also vested EPA
with the authority under CWA § 404(c) “to prohibit the specification
(including the withdrawal of specification) of any defined area as a disposal
site, and [] is authorized to deny or restrict the use of any defined area for
specification (including the withdrawal of specification) as a disposal site,

35

CWA, 33 U.S.C. § 1251(a) (2012) (congressional declaration of goals and policy).
33 U.S.C. § 1311(a).
37 33 U.S.C. § 1344(a).
36
38

See id.

39

David A. Wilkinson, Using Section 404(c) of the Clean Water Act to Prohibit the
Unacceptable Environmental Impacts of the Proposed Pebble Mine, 2 SEATTLE J. ENVTL. L. 181,
194 (2012); Blumm & Mering, supra note 23, at 218–19 (observing that “the 404 program has
been controversial since its inception in 1972” in part because “requiring federal permits for
discharges of dredged or fill material in all waters of the United States involves the Corps in
both regulating developments affecting navigation and also protecting ecologically significant”
areas, which “often have high development value”).
40 Wilkinson, supra note 39, at 194. It is beyond serious dispute that a project in the
watershed will impact jurisdictional waters. Indeed, as discussed in Part II.A, it is estimated that
over 1000 acres would be destroyed.
41 40 C.F.R. pt. 230 (2017).
42 Blumm & Mering, supra note 23, at 222, 236 (section 404 permits “may be issued on a
case-by-case basis (individual permits) for proposed discharges, or on a nationwide or regional
basis (general permits) for authorizing the discharge of certain activities that have only minor
individual and cumulative adverse effects.”); 33 C.F.R. pt. 320e (Corps regulations).
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whenever [it determines that] . . . the discharge of such materials into such
area will have an unacceptable adverse effect on municipal water supplies,
shellfish beds and fishery areas (including spawning and breeding areas),
wildlife, or recreational areas.”43
EPA has promulgated a regulation to implement CWA § 404(c) that
specifically addresses the timing when EPA may exercise its authority under
the section. It states that not only can EPA
exercise a veto over the specification by the U.S. Army Corps of Engineers . . .
of a site for the discharge of dredged or fill material [but EPA] may also
prohibit the specification of a site under CWA section 404(c) with regard to any
existing or potential disposal site before a permit application has been
44
submitted to or approved by the Corps or a state.

The CWA § 404(c) regulations also establish the procedure by which
EPA can arrive at a final determination to prohibit discharges into a given
area. If an EPA Regional Administrator (RA) “has reason to believe . . . that
an ‘unacceptable adverse effect’ could result from the . . . specification of a
defined area for the disposal of dredged or filled material,” the RA may
commence the CWA § 404(c) process by first notifying the appropriate
District Engineer of the Corps, the owner of the site, and “the applicant, if
any” that EPA intends to issue a public notice of a proposed determination.45
“If within 15 days, it has not been demonstrated to the satisfaction of
the Regional Administrator that no unacceptable adverse effect(s) will
occur” the RA must publish notice of a proposed determination.46 The RA
then must “provide a comment period of not less than 30 or more than 60
days” and can provide public hearings when in the public interest.47 He or
she must “either withdraw the proposed recommendation or prepare a
recommended determination” within either 30 days of the public hearing, “or

43 33 U.S.C. § 1344(c) (2012); 33 C.F.R. pts. 320–332 (2017) (Corps regulations).
Subsection(c) of the statute reads in full as follows:

The Administrator is authorized to prohibit the specification (including the withdrawal
of specification) of any defined area as a disposal site, and he is authorized to deny or
restrict the use of any defined area for specification (including the withdrawal of
specification) as a disposal site, whenever he determines, after notice and opportunity
for public hearings, that the discharge of such materials into such area will have an
unacceptable adverse effect on municipal water supplies, shellfish beds and fishery
areas (including spawning and breeding areas), wildlife, or recreational areas. Before
making such determination, the Administrator shall consult with the Secretary. The
Administrator shall set forth in writing and make public his findings and his reasons for
making any determination under this subsection.
44

40 C.F.R. § 231.1(a) (2017).
40 C.F.R. § 231.3(a)(1).
46 40 C.F.R. § 231.3(a)(2).
47 40 C.F.R. § 231.4(a) (providing regulatory dates that can be extended for good cause); 40
C.F.R. § 231.8 (stating “the Administrator or the Regional Administrator may, upon a showing of
good cause, extend the time requirements in these regulations”).
45
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if no hearing was held, within 15 days after the expiration of the comment
period.”48
If the RA decides to withdraw the proposed determination, he or she
must inform the EPA Administrator, who then has the option to review the
RA’s decision to withdraw the proposed determination.49 And should the
EPA Administrator elect not to review the RA’s decision to withdraw the
proposed determination, the RA is required to give notice that the proposed
determination is being withdrawn and “[s]uch notice shall constitute final
agency action.”50
But if the EPA Administrator chooses to review either the RA’s decision
to withdraw the proposed determination or the RA’s recommended
determination “to prohibit, deny, restrict, or withdraw” the use for
specification, the EPA Administrator has thirty days to “initiate consultation
with the Chief of Engineers, the owner of record, and, where applicable, the
State and the applicant, if any.”51
In turn, these parties have “15 days to notify the Administrator of their
intent to take corrective action to prevent an unacceptable adverse
effect(s).”52 Following such notification, the EPA Administrator then has
sixty days to “make a final determination affirming, modifying, or rescinding
the recommended determination.”53 Parties may then challenge the EPA’s
Administrator’s decision because the regulations state that the “final
determination constitutes final agency action under section 404(c) of the
[CWA].”54
Thus, although ultimately subject to judicial review, EPA wields a
“veto” power over a proposed project under review by the Corps—or even a
“pre-emptive” veto for areas not yet authorized as a discharge site by the
Corps. And although EPA has used its CWA § 404(c) veto power
“infrequently,” it now has taken center stage with respect to mining
development in the Bristol Bay watershed.55
III. BACKGROUND OF THE PROPOSED MINING DEVELOPMENT AND THE PROPOSED
PROTECTION OF THE BRISTOL BAY WATERSHED
This Part first summarizes the proposed mining development in the
Bristol Bay watershed by the PLP. Next, it explains the proposed protection
of the watershed under CWA § 404(c) that is currently underway. This will
set up the analysis of EPA’s options under CWA § 404(c) in Part IV.

48

40 C.F.R. § 231.5(a).

49

Id.

50 40 C.F.R. § 231.5(c)(1) (providing the EPA Administrator ten days in which to decide to
review RA recommendations.).
51 40 C.F.R. §§ 231.5(d)(2), 231.6.
52 40 C.F.R. § 231.6.
53
54

Id.
Id.

55

Blumm & Mering, supra note 23, at 218, 223.
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A. The Pebble Deposit and the Proposed Pebble Project
In December 2017, PLP submitted an application to develop “the Pebble
copper-gold-molybdenum porphyry deposit (Pebble Deposit) as an open-pit
mine, with associated infrastructure.”56 “The Pebble Deposit is located under
rolling, permafrost-free terrain in the Iliamna region of southwest Alaska,
approximately 200 miles southwest of Anchorage and 60 miles west of Cook
Inlet.”57 The site is located in the headwaters of tributaries to both the
Nushagak and Kvichak Rivers.58
The Pebble Project is situated on lands owned by the State of Alaska,
which according to PLP, the state acquired from the federal government in
1974 “specifically for its mineral development potential.”59 The existence of
the deposit was discovered in 1988 by Cominco Alaska, which acquired
development rights and began investigating the deposit for several years
until it discontinued work on the project in 1997.60 The Pebble claim was
subsequently optioned by Northern Dynasty Minerals Ltd., which began
further exploring the size of the deposit raising its estimates from one billion
to four billion tons of extractable material.61
Following an “extensive environmental baseline data collection
program commenced in [2004], as well as geotechnical investigation and
preliminary engineering studies,” Northern Dynasty exercised its option to
obtain the rights to the Deposit in 2005.62 As a result of subsequent
exploration and drilling over the next seven years, the Deposit became “one
of the most significant copper-gold-molybdenum deposits discovered.”63 PLP
(which was a partnership later formed by Northern Dynasty) continued to
develop the Project and “[t]o date, more than one million feet of drilling has
been conducted on the Pebble Deposit.”64
PLP estimates that the Pebble Deposit contains 7.1 billion tons of
mineral resources which is comprised of approximately “57 billion pounds
of copper, 70 million ounces of gold, 344 million ounces of silver, and 3.46
billion pounds of molybdenum.”65 Over its twenty-year life span, the Project

56 THE PEBBLE P’SHIP, THE PEBBLE PROJECT: DEPARTMENT OF THE ARMY APPLICATION FOR
PERMIT (POA-2017-271): ATTACHMENT D—PROJECT DESCRIPTION 1 (2017), https://perma.cc/HA3ASLDN.
57 Id. at 4. The project would be situated approximately seventeen miles west and
northwest of the villages of Iliamna, Newhalen, and Nondalton. Id. In addition to the mine, PLP
proposes “a 188-mile natural gas pipeline from the Kenai Peninsula across Cook Inlet” to mine
in order to power the site, as well as a transportation corridor, which includes an eighteen-mile
crossing of Lake Iliamna and an Amakdedori Port facility on the western shore of Cook Inlet. Id.
at 2, 5.
58 Id. at 4.
59 THE PEBBLE P’SHIP, supra note 56, at 2.
60

See id.
Id.
62 Id.
63 Id.
64 Id.
65 Id. at 14. In addition, significant quantities of silver, palladium, and rhenium are
present. Id.
61
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is expected to yield approximately 1.1 billion tons of mineralized material,
totaling “6.7 billion pounds of copper, 353 pounds of molybdenum, and 11
million ounces of gold.”66
Unsurprisingly, the magnitude of the Pebble Project is breathtaking.
Although it will be “a conventional drill, blast, truck, and shovel operation,”
it will have a final pit dimension of approximately 6,500 feet in length, 5,500
feet in width, and 1,350 to 1,750 feet in depth.67 According to its permitting
documents, the Pebble Mine will have “an average mining rate of 90 million
tons per year and an overall stripping ratio of 0.1 ton of waste per ton of
mineralized material.”68 PLP estimates a project life of twenty years with a
total of 1.5 billion tons of material mined over the life of the Project “of
which approximately 1.3 billion tons is ore and 200 million tons is waste.”69
With an estimated mining rate of about ninety million tons per year, PLP
estimates an annual copper-gold concentrate production of 600,000 tons and
an annual molybdenum concentration production of 15,000 tons.70 It will
have a “[f]inal tailings storage facility capacity of 1.1 billion tons” and a
“[p]eak low-grade ore storage capacity of 330 million tons.”71

B. The Bristol Bay Assessment and the 2014 Proposed Determination
The exploration of the Pebble Deposit by PLP was well-known to the
local communities, especially the native Alaskan tribes in the area. Over the
years, most expressed their opposition to the potential development and its
potential impact on the Bristol Bay region. Then, on May 2, 2010, six of the
federally recognized Bristol Bay tribal governments petitioned EPA to
invoke its authority under CWA § 404(c) to protect the area.72 In response,
other groups requested that EPA not take action under CWA § 404(c) at this
time and offered reasons, such as additional time was necessary to
comprehend the impacts of resource development in the watershed and
therefore EPA should wait until an application to develop the area was

66
67

Id.
Id. at 29. The Project will be operated by “two 12-hour shifts per day for 365 days per

year” and will also require a power source with a generating capacity of approximately 250
megawatts. Id. at 1. PLP puts the employment potential of the entire project at “850 to 2,000
personnel for operations and construction.” Id. at 2.
68 Id. at 29.
69 Id. at 1; Letter from James Fueg, Pebble Limited P’ship, to Shane McCoy, U.S. Army
Corps
of
Engineers
(May
11,
2018),
https://www.pebbleprojecteis.com/files/05_11_2018_Pebble_Project_Updates_to_Proposed_Pro
ject.pdf.
70 THE PEBBLE P’SHIP, supra note 56, at 29, 34.
71 Id. at 1.
72 PROPOSED DETERMINATION, supra note 23, at 2-4. https://perma.cc/K56U-T7QN. The tribes
were the Nondalton Tribal Council, New Stuyahok Traditional Council, Levelock Village
Council, Ekwok Village Council, Curyung Tribal Council, and Koliganek Village Council. Id.
Later, three more federally recognized Bristol Bay tribal governments joined the request: Native
Village of Ekuk, Village of Clark’s Point, and Twin Hills Village Council. Id.
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submitted, which would require a comprehensive “environmental impact
statement” under the federal National Environmental Policy Act.73
In response, EPA began a scientific assessment (Bristol Bay
Assessment or BBA) in order to evaluate the impact of large-scale mining
projects on water resources, particularly the Bristol Bay’s salmon fisheries.74
It explained that its purpose in conducting the assessment was to
[1)] characterize the biological and mineral resources of the Bristol Bay
watershed; [2)] increase understanding of the potential impacts of large-scale
mining, in terms of both day-to-day operations and potential accidents and
failures, on the region’s fish resources; and [3)] inform future decisions, by
government agencies and others, related to protecting and maintaining the
75
chemical, physical, and biological integrity of the watershed.

Following its Guidelines for Ecological Risk Assessment, EPA compiled
background information on the Bristol Bay region paying special attention to
the Nushagak and Kvichak River watersheds.76 Of principal interest were the
“the ecology of Pacific salmon and other fishes; the ecology of relevant
wildlife species; mining and mitigation, particularly in terms of porphyry
copper mining; potential risks to aquatic systems due to road and pipeline
crossings; fishery economics; and Alaska Native culture.”77
EPA requested public input on its first draft assessment in May 2012
and received approximately 230,000 comments by the end of the sixty-day
comment period.78 In June 2012, it also held seven public comment meetings
in Alaska and one in Seattle, which were attended by about 2,000 people.79
EPA’s second draft assessment was released in April 2013 and received
approximately 890,000 comments.80 Then, in March 2014, EPA posted its
Response to Public Comments documents for both BBA drafts.81 Based on
public comments, as well as an extensive peer review process, EPA released
the Final BBA in January 2014.82
On February 28, 2014, EPA announced that it would begin the CWA §
404(c) process according to the process set forth in its regulations by
“review[ing] potential adverse environmental effects of discharges of
dredged or fill material associated with mining the Pebble deposit.”83 It also
notified PLP, the Alaska District U.S. Army Corps of Engineers, the State of
73 Id. at 2-5. These groups included PLP, former-Governor Parnell of Alaska, four federally
recognized Bristol Bay tribal governments (Newhalen Tribal Council, South Naknek Tribal
Council, King Salmon Traditional Village Council, and Iliamna Village Council), and other tribal
organizations outside of the Bristol Bay region. See id.
74
75
76
77
78
79
80
81
82
83

Id.
Id. at 2-6.
Id.
Id. at 2-6, 2-7.
Id. at 2-9.
Id.
Id.
Id.
Id. at 2-10.
Id. at 2-11.
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Alaska and “provid[ed] them an opportunity to submit information, for the
record, to demonstrate either that no unacceptable adverse effects on
aquatic resources would result from discharges associated with mining the
Pebble deposit or that actions could be taken to prevent such unacceptable
adverse effects.”84
EPA considered the additional information submitted by PLP and the
State of Alaska, but “was not satisfied that no unacceptable adverse effect
could occur, or that adequate corrective action could be taken to prevent an
unacceptable adverse effect.”85 It therefore published its CWA § 404(c)
Proposed Determination in July 2014.86

C. PLP’s Challenges to the 2014 Proposed Determination
Following EPA’s publication of the proposed determination, PLP
brought suit in the United States District Court for the District of Alaska.87
PLP’s central claim was that EPA was not permitted to commence the CWA
§ 404(c) process absent a pending CWA § 404 permit application.88 The court,
however, dismissed the case because “the decision to initiate § 404(c)
proceedings . . . cannot be considered final agency action.”89 The Ninth
Circuit affirmed the district court in a brief unpublished opinion agreeing
that because there was no final agency action, “the federal courts lack
subject matter jurisdiction.”90
PLP also alleged in separate suit before the same federal district court
judge that EPA “established and utilized three groups that . . . constituted
Federal Advisory Committees” in violation of the Federal Advisory
Committee Act (FACA) in order to skew EPA’s scientific assessment and
conclusions of the Bristol Bay CWA § 404(c) proposed determination.91 More
specifically, PLP alleged that EPA had created “(i) the Anti-Mine Coalition
FAC; (ii) the Anti-Mine Scientists FAC; and the Anti-Mine Assessment Team
FAC” to assist EPA to “furtively and unlawfully . . . preemptively . . . prohibit
mining of the Pebble Deposit.”92 PLP subsequently moved for a preliminary

84
85
86

Id.; see 40 C.F.R. pt. 231 (2017).
PROPOSED DETERMINATION, supra note 23, at 2-14.
Id. at 2-14; see Proposed Determination to Restrict the Use of an Area as a Disposal Site,

79 Fed. Reg. 42,314, 42,315 (July 21, 2014).
87 Blumm & Mering, supra note 23, at 299.
88 Pebble Ltd. P’ship v. U. S. Envtl. Prot. Agency, 155 F. Supp. 3d 1000, 1004 (D. Alaska
2014), aff’d sub nom. Pebble Ltd. P’ship v. U.S. Envtl. Prot. Agency, 604 F. App’x 623 (9th Cir.
2015) (alleging that “defendants exceeded their authority by initiating § 404(c) proceedings in
the absence of a permit application”). PLP also “allege[d] that defendants’ initiation of § 404(c)
proceedings violates the Alaska Statehood Act and The Cook Inlet Exchange Legislation.” Id. at
1004–05.
89 Id. at 1007.
90 Pebble Ltd. P’ship, 604 F. App’x at 625.
91 Complaint at 1, Pebble Ltd. P’ship, 155 F. Supp. 3d 1000 (D. Alaska 2014), No. 3:14-cv00171-HRH.
92 Id. at 3.
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injunction (PI) to restrain EPA from moving forward with the CWA § 404(c)
determination.93
On November 25, 2014, after extensive briefing and a hearing, the court
found that although it was “unpersuaded that plaintiff [was] likely to
succeed on the merits of its contentions with respect to the ‘anti-mine
coalition’ and the ‘anti-mine scientists,’” it was “persuaded that plaintiff
demonstrated a fair chance of success on the merits—at least raising a
question serious enough to justify litigation—with respect to the ‘anti-mine
assessment team.’”94 The court noted that the team had been “composed
primarily of the ‘Bristol Bay Assessment Team,’ a subgroup of which is the
‘Inter-Governmental Technical Team.’”95 It enjoined EPA “from taking any
action in furtherance of a decision to veto a possible Pebble (Bristol Bay
area) mine project pursuant to § 404(c) of the CWA until after the court has
ruled on the merits of plaintiff’s complaint” and prohibited EPA from
“issu[ing] any recommendation on a pending proposed determination
regarding the Pebble Mine project.”96

D. The Settlement Between PLP and EPA
Following the entering of the preliminary injunction in 2014, the parties
continued to aggressively litigate the case.97 But after the Trump
administration took control, EPA began negotiations with PLP to settle the
pending lawsuits involving the Pebble Deposit. A media outlet reported that
on May 1, 2017, within hours of a meeting with the PLP Chief Executive
Officer Tom Collier, EPA Administrator Pruitt instructed his staff to
withdraw the CWA § 404(c) Proposed Determination for the Pebble
Deposit.98 Shortly thereafter, on May 12, 2017, the parties reached a
settlement and jointly moved the court to dissolve the PI and to dismiss the
case with prejudice.99 On that same day, the court entered a one-page order
doing that.100
The settlement agreement (PLP Settlement), which was not provided to
the court, purports to place a temporal limit on EPA’s ability to move
forward with the CWA § 404(c) process for the Pebble Deposit for between

93 Pl. Mot. for Prelim. Inj., at 1, Pebble Ltd. P’ship, 155 F. Supp. 3d 1000 (D. Alaska 2014),
No. 3:14-cv-00171-HRH.
94 Order on Pl. Mot. for Prelim. Inj., at 1–2, Pebble Ltd. P’ship, 155 F. Supp. 3d 1000 (D.
Alaska 2014), No. 3:14-cv-00171-HRH.
95 Id. at 2.
96 Id. at 3.
97 See Settlement Agreement with Pebble Limited Partnership, U.S. ENVTL. PROTECTION
AGENCY (May 11, 2017), https://perma.cc/VR6S-ELJ2.
98 Griffin et al., supra note 7.
99 Joint Mot. to Dissolve the Prelim. Inj. and Stipulation to Dismiss with Prejudice, at 1,
Pebble Ltd. P’ship, 155 F. Supp. 3d 1000 (D. Alaska 2014), No. 3:14-cv-00171-HRH; see also FED.
R. CIV. P. 41(a)(2), 65(b)(4).
100 Order on Joint Mot. to Dissolve the Prelim. Inj. and Dismiss Case with Prejudice, at 1,
Pebble Ltd. P’ship, 155 F. Supp. 3d 1000 (D. Alaska 2014) No. 3:14-cv-00171-HRH.
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two and a half to four years.101 It prohibits the RA from forwarding a signed
Recommended Determination to the Administrator for at least thirty months
from the date of the PLP Settlement.102 Moreover, if PLP applies for a CWA
§ 404 permit for the Pebble Project within thirty months of the date of the
settlement (which PLP did), the RA cannot forward a signed Recommended
Determination to the Administrator “until EPA publishes a notice in the
Federal Register of the final Environmental Impact Statement (EIS)
regarding PLP’s Permit Application . . . or 48 months from the Effective Date
of the Settlement Agreement, whichever is earlier in time.”103 It also requires
EPA to “propose to withdraw the Proposed Determination” within 60 days
after the dissolution” of the PI.104
IV. VETO-ING THE VETO?
On July 19, 2017, EPA commenced an action that proposed to withdraw
its 2014 Proposed Determination for the Pebble Deposit.105 EPA stated that
the action was “to afford the public an opportunity to comment on the
rationale for the proposed withdrawal.”106 When the three-month comment
period closed on October 17, 2017, over 950,000 comments had been
submitted.107 Opponents of mineral development in the Bristol Bay
watershed were certain that EPA would, in fact, withdraw the 2014
Proposed Development. But on February 28, 2018, in what was regarded as a
surprising development, EPA indicated that it was temporarily suspending
its proposal.108
Although EPA’s 2017 action to withdraw the 2014 Proposed
Determination is no longer ongoing, EPA further indicated that it “intends at
a future time to solicit public comment on what further steps, if any, the
Agency should take under Section 404(c) . . . in light of the permit
application [for the Pebble Mine] that has now been submitted to the U.S.
Army Corps of Engineers.”109 Accordingly, this Part assesses the steps now
available to EPA and proposes that principles of administrative,
constitutional, and environmental law demonstrate that EPA’s options are
now limited with respect to allowing the Pebble Project to move forward.

101
102
103
104

Settlement Agreement with Pebble Limited Partnership, supra note 97.
Id. at 3–4.
Id.
Id.

105 Proposal to Withdraw Proposed Determination to Restrict the Use of an Area as a
Disposal Site, 82 Fed. Reg. 33,123, 33,213 (July 19, 2017).
106

Id.
See Proposed Determination to Restrict Use of Area as Disposal Site: Pebble Deposit
Area, Southwest Alaska; Proposed Withdrawal, REGULATIONS.GOV, https://perma.cc/BYC2-KKBT
107

(last visited Nov. 25, 2018) (indicating 959,713 comments were received on EPA’s Proposed
Determination).
108 See Notification of Decision Not to Withdraw Proposed Determination to Restrict the
Use of an Area as a Disposal Site, 83 Fed. Reg. 8,668 (Feb. 28, 2018).
109

Id.
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First, this Part analyzes the crucial issue of whether and how EPA can
withdraw its 2014 Proposed Determination, if it recommences the process to
do so.110 It sets forth reasons why EPA is constrained to withdraw the 2014
Proposed Determination on the same basis that it proposed in 2017.111 For
instance, in 2014, EPA relied on factors wholly outside of its statutory duty
to determine whether a discharge into the area would result in unacceptable
adverse environmental impacts.112
Second, this Part also details how there are persuasive legal and policy
arguments that can be challenged in court to move forward with the CWA
§ 404(c) process for the Pebble Deposit. Although EPA nominally has
discretionary authority to invoke its power under CWA § 404(c), its action
(or inaction) is nonetheless subject to judicial oversight.113 In addition, once
it begins the CWA § 404(c) process by issuing a proposed determination,
there are convincing reasons why it must either finalize it or adequately
justify its withdrawal.
In addition, although EPA might attempt to justify its refusal to
complete the CWA § 404(c) process based on its 2017 settlement with PLP,
the agreement should not be an impediment. Likewise, former EPA
Administrator Pruitt’s new policy addressing EPA’s veto power under CWA
§ 404(c) does not bar EPA from acting now to complete the CWA § 404(c)
Determination for the Pebble Deposit. Finally, this Part concludes that based
on the findings and conclusions in its 2014 Proposed Determination, as well
as applicable legal standards, EPA, when challenged in the future, will be
hard pressed to justify not finalizing its 2014 Proposed Determination to
protect the Bristol Bay watershed.

A. Can EPA Withdraw the 2014 Proposed Determination?
On July 19, 2017, EPA moved forward with its proposal to withdraw its
2014 Proposed Determination for the Pebble Deposit.114 It seems likely that
in commencing its 2017 action, EPA intended to expeditiously pave the way
to formally withdraw its proposed determination. Although it has now
temporarily suspended that action, EPA indicated that it “intends at a future

110 See id. at 8,669 (discussing comments regarding whether EPA can withdraw the 2014
Proposed Determination).
111
112

Id.

EPA relied on multiple factors: extent of streams, wetlands, lakes, ponds, adjacent
watersheds in the region, loss of fish habitat, fragmentation of streams wetlands, or other
aquatic resources, risks to the health and sustainability ecosystem of “one of the greatest wild
salmon fisheries left in the world,” the total miles of habit lost associated with different stages
of mine, and stream flow changes which would result in major changes to the ecosystem.
PROPOSED DETERMINATION, supra note 23, at ES-2–ES-4.
113 See All. to Save the Mattaponi v. U.S. Army Corps of Eng’rs, 606 F. Supp. 2d 121, 140
(D.D.C. 2009).
114 See Proposal to Withdraw Proposed Determination to Restrict the Use of an Area as a
Disposal Site, 82 Fed. Reg. 33,123 (July 19, 2017).
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time to solicit public comment on what further steps, if any, the Agency
should take under § 404(c).”115
Given the policy preferences expressed by EPA, it also is likely that
EPA will propose again to withdraw the 2014 Proposed Determination. And
a future attempt by EPA to withdraw its prior determination will surely be
challenged. This Part explores some key legal issue that will be presented in
a challenge, including the issue of whether EPA attempts to withdraw the
2014 Proposed Determination on the same basis that it did in 2017.

1. Judicial review and the applicable standard of review for EPA’s
withdrawal of the 2014 Proposed Determination
A threshold question is whether any such withdrawal by EPA of its 2014
Proposed Determination would be subject to judicial review. EPA
commenced its withdrawal consistent with its CWA § 404(c) regulations,
which among other requirements, specifies that once a RA “decides to
withdraw the proposed determination, he [or she] shall promptly notify the
Administrator . . . who shall have 10 days from receipt of such notice to
notify the Regional Administrator of his [or her] intent to review such
withdrawal.”116 In addition, the RA must give notice to “all persons who
commented on the proposed determination or participated at the hearing”
and also grants the right to “submit timely written recommendations
concerning review.”117
EPA’s regulations instruct that if the Administrator chooses to review
such decision, the RA must provide to the Administrator the administrative
record and then the Administrator proceeds to review the RA’s decision
pursuant to the regulations.118 The regulations further state that “[w]here
there is review of a withdrawal of proposed determination or review of a
recommended determination . . . final agency action does not occur until the
Administrator makes a final determination.”119 On the other hand, if the
Administrator does “not notify [the RA], the [RA] shall give notice at the
withdrawal of the proposed determination . . . [and] [s]uch notice shall
constitute final agency action.”120 These provisions therefore unambiguously
make an action to either withdraw or finalize a proposed determination
subject to judicial review as final agency action.121

115 Notification of Decision Not to Withdraw Proposed Determination to Restrict the Use of
an Area as a Disposal Site, 83 Fed. Reg. at 8,668.
116 40 C.F.R. § 231.5(c); see Proposal to Withdraw Proposed Determination to Restrict the
Use of an Area as a Disposal Site, 82 Fed. Reg. at 33,124.
117
118

Id.

40 C.F.R. § 231.5(c)(2). See generally 40 C.F.R. § 231.5(e) (criteria for administrative
record); 40 C.F.R. § 231.6 (outlining the procedure for reviewing RA’s decision to withdraw the
proposed determination).
119 40 C.F.R. § 231.5(c)(2).
120 40 C.F.R. § 231.5(c)(1); see also 40 C.F.R. 231.3(d) (prescribing the RA’s method of
notice).
121 See 40 C.F.R. § 231.5(c)(1) (stating that notice by RA constitutes “final agency action,”
which is a trigger for judicial review under the APA); 40 C.F.R. § 231.5(c)(2) (same).
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Any such review would be under the Administrative Procedure Act122
(APA), which, as applicable here, instructs courts to
hold unlawful and set aside agency action, findings, and conclusions found to
be (A) arbitrary, capricious, an abuse of discretion, or otherwise not in
accordance with law; (B) contrary to constitutional right, power, privilege, or
immunity; (C) in excess of statutory jurisdiction, authority, or limitations, or
123
short of statutory right; (D) without observance of procedure required by law.

Thus, although EPA may choose to withdraw a proposed CWA § 404(c)
determination, such an action would be constrained primarily by the APA’s
arbitrary, capricious, abuse of discretion or otherwise not in accordance
with law standard.124
The United States Supreme Court has elaborated on this standard of
review in the context of a rule that “a reviewing court may not set aside an
agency rule that is rational, based on consideration of the relevant factors
and within the scope of the authority delegated to the agency by the
statute.”125 Thus, the standard “is narrow and a court is not to substitute its
judgment for that of the agency.”126 With that said, the Court also has warned
that “the agency must examine the relevant data and articulate a satisfactory
explanation for its action including a ‘rational connection between the facts
found and the choice made.’”127

2. Withdrawing the 2014 Proposed Determination
In EPA’s 2017 proposal to withdraw its 2014 Proposed Determination,
EPA asserted that it was doing so based on “the settlement agreement [with
PLP] and policy direction from EPA’s Administrator.”128 EPA explained that
“[t]he proposal reflects the Administrator’s decision to provide PLP with
additional time to submit a permit application to the Army Corps and
potentially allow the Army Corps permitting process to initiate without
having an open and unresolved section 404(c) review.”129 In its view, the
122

5 U.S.C. §§ 551–559, 701–706, 1305, 3105, 3344, 4301, 5335, 5372, 7521 (2012).
5 U.S.C. § 706 (2012).
124 In the context of a rulemaking, circuit courts have found “that an agency’s termination of
an ongoing rulemaking is judicially reviewable.” See, e.g., Williams Nat. Gas Co. v. Fed. Energy
Regulatory Comm’n, 872 F.2d 438, 443 (D.C. Cir. 1989) (“[I]n light of the strong presumption of
reviewability, discretionary decisions not to adopt rules are reviewable where, as here, the
agency has in fact held a rulemaking proceeding and compiled a record narrowly focused on the
particular rules suggested but not adopted.” (quoting Envtl. Def. Fund v. Envtl. Prot. Agency,
852 F.2d 1316 (D.C. Cir. 1988), cert denied, 489 U.S. 1011 (1989)).
125 Motor Vehicle Mfrs. Ass’n v. State Farm Mut., 463 U.S. 29, 42 (1983).
126 Id. at 43.
127 Id. (quoting Burlington Truck Lines v. United States, 371 U.S. 156, 168 (1962)).
128 Proposal to Withdraw Proposed Determination to Restrict the Use of an Area as a
Disposal Site, 82 Fed. Reg. 33,123, 33,124 (July 19, 2017).
129 Id. EPA noted that, “[w]hile the pendency of a section 404(c) review would not preclude
PLP from submitting an application and the Army Corps from reviewing that application, as
noted above, the Army Corps could not have issued a permit while a section 404(c) process was
ongoing.” Id.
123
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“withdrawal of the Proposed Determination would remove any uncertainty,
real or perceived, about PLP’s ability to submit a permit application and
have that permit application reviewed.”130
Applying the principles set forth by the Supreme Court explained
above, a court is unlikely to accept EPA proffered reasons to withdraw the
2014 Proposed Determination if EPA attempts to rely on these same reasons
in a subsequent proposal to withdraw the 2014 Proposed Determination. For
instance, in reviewing EPA’s explanation for its withdrawal, the reviewing
court would be required to “consider whether the decision was based on a
consideration of the relevant factors and whether there has been a clear
error of judgment.”131
Here, Congress established the parameters by which EPA determines
whether or not to “prohibit the specification (including the withdrawal of
specification) of any defined area as a disposal site” under CWA § 404(c).132
Section 404(c) of the CWA mandates that such determinations be made
“whenever [the EPA Administrator] determines . . . that the discharge of
such materials into such area will have an unacceptable adverse effect on
municipal water supplies, shellfish beds and fishery areas (including
spawning and breeding areas), wildlife, or recreational areas.”133
In turn, the EPA regulations that implement CWA § 404(c) echo these
parameters.134 Indeed, EPA has stated that the “guiding principle should be
that degradation or destruction of special sites may represent an irreversible
loss of valuable aquatic resources.”135 These environmental considerations
apply with equal force in the context of determining whether to withdraw a
proposed determination under CWA § 404(c) as when EPA assesses whether
to make a final determination.

130

Id. EPA also asserted that

[b]ecause the Agency retains the right under the settlement agreement to ultimately
exercise the full extent of its discretion under section 404(c), including the discretion to
act prior to any potential Army Corps authorization of discharge of dredged or fill
material associated with mining the Pebble deposit, the Agency believes that
withdrawing the Proposed Determination now, while allowing the factual record
regarding any forthcoming permit application to develop, is appropriate at this time for
this particular matter.

Id.
131 See Motor Vehicle Mfrs. Ass’n, 463 U.S. at 43 (quoting Bowman Transp. Inc. v. ArkansasBest Freight Sys., 419 U.S. 281, 285 (1974)).
132 CWA, 33 U.S.C. § 1344(c) (2012).
133

Id.

134

EPA regulations state:

Unacceptable adverse effect means impact on an aquatic or wetland ecosystem which is
likely to result in significant degradation of municipal water supplies (including surface
or ground water) or significant loss of or damage to fisheries, shellfishing, or wildlife
habitat or recreation areas. In evaluating the unacceptability of such impacts,
consideration should be given to the relevant portions of the section 404(b)(1) guidelines
(40 CFR part 230).
40 C.F.R. § 231.2(e) (1995).
135 40 C.F.R. § 230.1(d) (CWA § 404(b)(1) Guidelines).

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)
8_TOJCI.LESKE (2) (DO NOT DELETE)

816

ENVIRONMENTAL LAW

Appendix E, Page 256 of 2339
1/4/2019 3:50 PM

[Vol. 48:797

Devoid in CWA § 404(c) and during the consideration of past CWA
§ 404(c) actions are the impact of voluntary settlements and an unspecified
“policy direction.”136 As the Supreme Court explained, an agency action
would be arbitrary and capricious if the agency has relied on factors which
Congress has not intended it to consider, entirely failed to consider an
important aspect of the problem, offered an explanation for its decision that
runs counter to the evidence before the agency, or is so implausible that it
could not be ascribed to a difference in view or the product
of
agency
137
expertise.

In its 2017 Proposal to Withdraw the 2014 Proposed Determination, EPA has
done just that.138
In addition, the Court has made clear that a “reviewing court should not
attempt itself to make up for such deficiencies” and that it “may not supply a
reasoned basis for the agency’s action that the agency itself has not given.”139
But it noted that courts can “uphold a decision of less than ideal clarity if the
agency’s path may reasonably be discerned.”140 In its 2017 proposal to
withdraw, however, EPA was very clear on the reasons for its withdrawal so
that no path need be elucidated.141 It stated that it was “only seeking public
comment on whether to withdraw the July 2014 Proposed Determination”
based on the new “policy direction” and the PLP settlement.142 Moreover, it
specified that it was not soliciting comments on other matters at the heart of
the CWA § 404(c) analysis, such as “science or technical information
underlying the Proposed Determination.”143
If EPA relies, like it did in 2017, on these reasons as a basis for
withdrawing the 2014 Proposed Determination, the reviewing court would
therefore reject EPA’s attempt. This conclusion is further supported by a
2009 CWA case addressing whether EPA must invoke its § 404(c)
authority.144 The court in Alliance to Save the Mattaponi v. U.S. Army Corps
of Engineers (Mattaponi I) held that “the Administrator’s exercise of
discretion must relate to whether the permit will ‘have an unacceptable

136 Proposal to Withdraw Proposed Determination to Restrict the Use of an Area as a
Disposal Site, 82 Fed. Reg. 33,123, 33,124 (July 19, 2017).
137 Motor Vehicle Mfrs. Ass’n v. State Farm Mut., 463 U.S. 29, 43 (1983).
138 Proposal to Withdraw Proposed Determination to Restrict the Use of an Area as a
Disposal Site, 82 Fed. Reg. at 33,123.
139 Motor Vehicle Mfrs.s Ass’n, 463 U.S. at 43 (citing Sec. & Exch. Comm’n v. Chenery Corp.,
332 U.S. 194, 196 (1947)).
140 Id. (quoting Bowman Transp. Inc. v. Arkansas-Best Freight Sys., 419 U.S. 281, 286
(1974)).
141 Proposal to Withdraw Proposed Determination to Restrict the Use of an Area as a
Disposal Site, 82 Fed. Reg. at 33,124.
142

Id.
Id. EPA also stated it was “not soliciting comment on the proposed restrictions” to its
§ 404(c) authority contained in the settlement agreement. Id.
143
144

2009).

All. to Save the Mattaponi v. U.S. Army Corps of Eng’rs, 606 F. Supp. 2d 121, 140 (D.D.C.
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adverse effect on municipal water supplies, shellfish beds and fishery
areas . . . , wildlife, or recreational areas.’”145
At issue in Mattaponi I was a challenge to a CWA § 404 permit issued to
the city of Newport News, Virginia.146 The project was projected to “flood
over 1,500 acres of land and require the excavation, fill, destruction and
flooding of approximately 403 acres of freshwater wetlands and the
elimination of 21 miles of free-flowing streams” in King William County,
Virginia.147
After EPA did not veto the permit at issue under CWA § 404(c),
plaintiffs asserted that one of the reasons that EPA’s failure to do so was
arbitrary and capricious was because “the Regional Administrator’s
declaration shows that his decision not to veto the permit was not based on
any analysis of the environmental effects of granting the permit.”148 The court
agreed.149
The court first recognized that CWA § 404(c), “[t]o be sure . . . grants
the Administrator ‘a degree of discretion.’”150 Such discretion, however, it
further found, was “not a roving license to ignore the statutory text.”151 In
other words, in determining whether to exercise its CWA § 404(c) authority,
which in that case would have been to “veto” the recently issued permit by
the Corps, the court held that EPA’s discretion must be tied to whether the
project permit will “have an unacceptable adverse effect on municipal water
supplies, shellfish beds and fishery areas . . . , wildlife, or recreational
areas.”152
After applying this standard, the court determined that EPA’s decision
not to invoke its CWA § 404(c) authority was based “on a whole range of
other reasons completely divorced from the statutory text.”153 For example,
EPA had found that analyzing the issue and initiating a notice and comment
period “would divert resources” and also that because there had been
“extensive public process provided by the Corps, another such process
would be unlikely to add any new information.”154
The court also faulted EPA for not looking to see whether the project
complied with the CWA § 404(b) Guidelines, which “EPA’s regulations
specifically direct him to do in determining whether issuance of a permit
would result in unacceptable adverse effects.”155 The court concluded that
145
146
147
148
149
150

Id. (quoting CWA, 33 U.S.C. § 1344(c) (2012)).
Id. at 125.
Id. at 126.
Id. at 139.
Id. at 140.
Id. (quoting Her Majesty the Queen in Right of Ont. v. U.S. Envtl. Prot. Agency, 912 F.2d

1525, 1533 (D.C. Cir. 1990)).
151 Id. (quoting Massachusetts v. Envtl. Prot. Agency, 549 U.S. 497, 533 (2007)).
152 Id. (quoting CWA, 33 U.S.C. § 1344(c) (2012)).
153 Id.
154 Id. The court, however, did make clear that it was not holding that “EPA must always
undergo notice and comment to make a determination that issuance of a permit will or will not
have an unacceptable adverse effect,” but rather this determination must be made based on
whether there is unacceptable adverse effects. Id. at 141 n.8.
155 Id. at 141 (citing 40 C.F.R § 231.2(e) (1995)).
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EPA’s reliance “on factors which Congress has not intended [it] to consider,”
rendered its decision arbitrary and capricious.156
Similar to Mattaponi I, when deciding whether to withdraw the 2014
Proposed Determination, EPA must base the decision on adverse
environmental effects and not on reasons that are extraneous to the
statutory text of CWA § 404(c), such as policy preferences or
representations that EPA made in a voluntary settlement agreement.157 EPA’s
statement in its 2017 proposal that “[t]oday’s action is the agreed-upon
initiation” specified in the PLP Agreement and that its proposal was
“[p]ursuant to the settlement agreement” was fatal to its legitimacy.158
In addition, although it is unclear what precise “policy direction” EPA
referred to in its 2017 proposal to withdraw the 2014 Proposed
Determination, EPA stated that PLP should have “additional time to submit a
permit application” to the Corps, which might potentially allow the Corps’
permitting process to begin without having a pending CWA § 404(c)
process.159 In EPA’s view, withdrawal of the 2014 Proposed Determination
would therefore “remove any uncertainty, real or perceived, about PLP’s
ability to submit a permit application and have that permit application
reviewed.”160
But as a group asserted during the public comment period, allowing
PLP extra time was neither supported by the record, nor related to the CWA
§ 404(c) criteria.161 Likewise, EPA’s reliance on “uncertainty” with respect to
PLP’s permit application fails to provide a legitimate basis under the CWA
and is belied by EPA’s own statements in its proposal.162 EPA recognized that
“the pendency of a section 404(c) review would not preclude PLP from
submitting an application and [would not preclude] the Army Corps from
reviewing that application.”163
Finally, EPA’s limitation of the scope of the public comment period to
these reasons further shows why a future court would likely reject EPA’s
withdrawal on this basis. EPA made clear that it “is not soliciting comment
on the proposed restrictions or on science or technical information
underlying the Proposed Determination.”164 Simply stated, its
156

Id. at 141 (citing Motor Vehicle Mfrs. Ass’n v. State Farm Mut., 463 U.S. 29, 43 (1983)).

157

33 U.S.C. § 1344(c).

158

See Proposal to Withdraw Proposed Determination to Restrict the Use of an Area as a

Disposal Site, 82 Fed. Reg. 33,123, 33,123–24 (July 19, 2017).
159 Id. at 33,124.
160

Id.

161

Letter from BBNC to EPA Adm’r Scott Pruitt & Acting Reg’l Adm’r Michelle Pirzadeh,

supra note 18 (“PLP does not need additional time to submit a permit application” and that “PLP
has made promises since at least far back as November 2004 that a permit application is
imminent, six years before the 404(c) petitions were sent to EPA and ten years before EPA
issued its Proposed Determination.”).
162 Proposal to Withdraw Proposed Determination to Restrict the Use of an Area as a
Disposal Site, 82 Fed. Reg. at 33,124.
163 Id. Although it is true that the “Corps could not have . . . issued a final decision on a
permit application while a § 404(c) process remained open and unresolved” under 33 C.F.R.
§ 323.6(b), EPA did not cite this as a reason for “uncertainty.” Id. at 33,123–24.
164 Id. at 33,214.
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acknowledgment shows how EPA used “divorced reasoning” from CWA
§ 404(c) and that any such future decision to withdraw the 2014 Proposed
Determination on this basis would be found arbitrary and capricious.165
In sum, this is not to say, of course, that EPA can never withdraw a
proposed determination under CWA § 404(c). The cases above establish,
however, that any such decision by EPA must be based on EPA’s
determination whether discharges in the area will “have an unacceptable
adverse effect on municipal water supplies, shellfish beds and fishery
areas . . . , wildlife, or recreational areas.”166 But, as set forth in Part IV.B,
once EPA has issued a proposed determination, its discretion to either
withdraw that determination or to not finalize the determination is more
limited.167

B. Can EPA Be Compelled to Continue the CWA § 404(c) Process?
In its Notice suspending its proposal to withdraw the 2014 Proposed
Determination, EPA stated that it “intends at a future time to solicit public
comment on what further steps, if any, the Agency should take under
Section 404(c).”168 Although EPA gave no indication on when this would take
place, it is fair to assume that such an action will take place in the near
future because, as EPA recognized, the Corps cannot issue “a final decision
on a permit application while a section 404(c) process remain[s] open and
unresolved.”169
During such time, EPA will surely receive comments imploring EPA to
invoke its discretion to finalize the 2014 Proposed Determination. In
response, EPA might point to the PLP Settlement, as well as a recent
memorandum by former Administrator Pruitt addressing EPA’s CWA
§ 404(c) regulations as legitimate reasons for EPA to not move forward now
with the process.170 This Subpart explores these arguments.
As an initial matter, there are compelling arguments that even though
the CWA § 404(c) appears to be a discretionary process that is not subject to
judicial review, EPA can in fact be challenged in court to move forward with
CWA § 404(c) process. Next, it is questionable whether the PLP Settlement’s
provisions that restrict EPA’s authority to proceed with a final determination
are enforceable. Likewise, former Administrator Pruitt’s recent
memorandum on proposed revisions to EPA’s CWA § 404(c) regulations
165 See Mattaponi I, 606 F. Supp. 2d 121, 141 (D.D.C. 2009) (“Because the Regional
Administrator ‘relied on factors which Congress has not intended [him] to consider,’ his
decision was arbitrary and capricious.’”).
166 See, e.g., id. at 140 (quoting CWA, 33 U.S.C. § 1344(c) (2012)).
167 See discussion infra notes 189–90, 192 and accompanying text.
168 Notification of Decision Not to Withdraw Proposed Determination to Restrict the Use of
an Area as a Disposal Site, 83 Fed. Reg. 8,668 (Feb. 28, 2018).
169 Proposal to Withdraw Proposed Determination to Restrict the Use of an Area as a
Disposal Site, 82 Fed. Reg. 33,123 (citing 33 C.F.R. § 323.6(b) (2017)).
170 See Settlement Agreement with Pebble Limited Partnership, supra note 97, at 3–4;
Memorandum from Scott Pruitt, EPA Adm’r, to EPA’s Gen. Counsel, Assistant Adm’r, and Reg’l
Adm’rs (June 26, 2018), https://perma.cc/6AY6-LZ2J.
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does not affect EPA’s current ability to move forward with the § 404(c)
process.171 Finally, EPA’s factual findings in the 2014 proposed
determination, as well as applicable legal principles, suggest that it will be
difficult for EPA to justify not finalizing its 2014 determination.

1. Challengers can bring suit against EPA to force EPA to continue with the
CWA § 404(c) process
At first blush, the language in CWA § 404(c) suggests that the
determination as to whether and how EPA uses its authority to prohibit
disposal into a particular area is a purely discretionary act that is not subject
to juridical review.172 After all, the text of CWA § 404(c) states that EPA “is
authorized to deny or restrict the use of any defined area for specification
(including the withdrawal of specification) as a disposal site” if EPA
determines a discharge will “have an unacceptable adverse effect on
municipal water supplies, shellfish beds and fishery areas . . . , wildlife, or
recreational areas.”173 But a careful analysis of the APA, the statutory and
regulatory scheme of the CWA, recent case law, and the current procedural
posture of the Pebble Deposit’s CWA § 404(c) action support two
independent bases that challengers can raise to bring suit to force EPA to
move forward with the process to finalize the 2014 Proposed Determination.
First, because EPA has missed its deadline to decide whether to issue a
final determination or withdraw its proposed determination, its failure to act
should afford challengers the right to compel further action by EPA.
According to EPA’s CWA § 404(c) regulations, the RA is required to “either
withdraw the proposed recommendation or prepare a recommended
determination” within either thirty days of the public hearing, “or if no
hearing was held, within 15 days after the expiration of the comment
period.”174 Although EPA extended this deadline for “good cause” and then
suspended work on the CWA § 404(c) process due to a court order, EPA’s
basis for not continuing the process evaporated upon the dissolution of the
preliminary injunction by the United States District Court for the District of
Alaska in 2017.175
When it issued its original Notice of Proposed Determination for the
Pebble Deposit on July 21, 2014, EPA indicated that the public comment
period would end on September 19, 2014.176 EPA also held seven hearings
throughout southwest Alaska during the week of August 11, 2014.177 This
would have required the RA to either withdraw the proposed determination
171 See Memorandum from Scott Pruitt, EPA Adm’r to EPA’s Gen. Counsel, Assistant Adm’r,
and Reg’l Adm’rs, supra note 170.
172 See e.g., 40 C.F.R. § 231.1(a) (2017).
173 33 U.S.C. § 1344(c) (2012) (emphasis added).
174 40 C.F.R. § 231.5(a).
175 See Proposal to Withdraw Proposed Determination to Restrict the Use of an Area as a
Disposal Site, 82 Fed. Reg. 33,123, 33,124 (July 19, 2017).
176 Proposed Determination to Restrict the Use of an Area as a Disposal Site, 79 Fed. Reg.
42,314 (July 21, 2014).
177

Id.
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or issue a recommended determination by the end of the comment period.178
EPA announced on September 11, 2014, however, that it would extend that
deadline.179 It noted that “as of September 11, 2014, EPA had received over
155,000 written comments . . . [and that] EPA expects that number will be
significantly larger at the conclusion of the comment period on September
19, 2014.”180 Therefore, in order “[t]o allow full consideration of the extensive
administrative record, including public comments,” EPA determined that
“good cause” existed to extend the time period to “either withdraw the
Proposed Determination or to prepare the Recommended Determination . . .
until no later than February 4, 2015.”181
About one week prior to that deadline, on January 29, 2015, EPA issued
a “Notice of Status Update on the Proposed Determination for the Pebble
Deposit Area, Southwest Alaska.”182 It noted that as a result of the litigation
with PLP, the federal court on November 25, 2014, “issued a preliminary
injunction that requires EPA to stop all work connected to the [CWA
§] 404(c) proceeding, including reviewing and considering public
comments.”183 Based on that order, EPA indicated that it was “complying
with the court’s order and as such is not taking any steps to withdraw the
Proposed Determination or to prepare a Recommended Determination while
the preliminary injunction is in place.”184
However, on May 12, 2017, the Alaskan District Court dissolved the
injunction, thereby putting EPA “back on the clock” with respect to its duty
to continue the CWA § 404(c) process.185 No matter how one recalculates
EPA’s new deadline based on the dissolution of the PI, EPA is at least one
year overdue. Indeed, EPA conceded as much in its 2017 proposal to
withdraw the 2014 Proposed Determination when it stated “[p]rior to the
preliminary injunction, the next step in the section 404(c) process would
have been for EPA Region 10 to either forward a Recommended
Determination to EPA Headquarters or to withdraw the Proposed

178

40 C.F.R. § 231.5(a).
Announcement to Extend the Period to Evaluate Public Comments Received on the
Proposed Determination for the Pebble Deposit Area, Southwest Alaska, 79 Fed. Reg. 56,365
(Sept. 19, 2014). The action was signed on September 11, 2014, but it was not published in the
Federal Register until September 19, 2014. Id.
179

180
181

Id.
Id.

182 Notice of Status Update on the Proposed Determination for the Pebble Deposit Area,
Southwest Alaska, 80 Fed. Reg. 4,917 (Jan. 29, 2015).
183 Id. The order enjoined EPA “from taking any action in furtherance of a decision to veto a
possible Pebble (Bristol Bay area) mine project pursuant to Section 404(c) of the Clean Water
Act until after the court has ruled on the merits of plaintiff’s complaint,” and EPA was
prohibited from issuing “any recommendation on a pending proposed determination regarding
the Pebble Mine project.” Order on Pl. Mot. for Prelim. Inj., at 3, Pebble Ltd. P’ship, 155 F. Supp.
3d 1000 (D. Alaska 2014), No. 3:14-cv-00171-HRH.
184 Notice of Status Update on the Proposed Determination for the Pebble Deposit Area,
Southwest Alaska, 80 Fed. Reg. at 4,917 (emphasis added).
185 Order on Joint Mot. to Dissolve the Prelim. Inj. and Dismiss Case with Prejudice, at 1,
Pebble Ltd. P’ship, 155 F. Supp. 3d 1000 (D. Alaska 2014) No. 3:14-cv-00171-HRH.
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Determination pursuant to 40 CFR 231.5(a).”186 Thus, it appears clear that
EPA can be compelled under § 706(1) of the APA, which authorizes courts to
“compel agency action unlawfully withheld or unreasonably delayed,” to
move forward with the CWA section 404(c) process.187
Second, EPA’s decision on whether to invoke its authority under CWA
§ 404(c) is subject to judicial review under APA § 706(2)(A).188 Pertinent
here, § 706(2)(A) instructs courts to “hold unlawful and set aside agency
action, findings, and conclusions found to be . . . arbitrary, capricious, an
abuse of discretion, or otherwise not in accordance with law.”189 As stated
above, judicial review of discretionary action—and in particular the decision
by an agency not to act—is often precluded by APA § 701(a)(2), which
makes the APA inapplicable to “agency action . . . committed to agency
discretion by law.”190 Indeed, some courts have found in the CWA § 404(c)
context that EPA’s decision not to invoke its authority is not subject to
challenge because of that APA provision.191 In those cases, the courts
compared EPA’s discretion under CWA § 404(c) to that of an agency’s
refusal to take enforcement action applying the Supreme Court’s guidance
set forth in Heckler v. Chaney.192
A more persuasive analysis of this issue, however, is found in the 2007
case of Alliance To Save Mattaponi v. U.S. Army Corps of Engineers
(Mattaponi II).193 In that case, the court found that plaintiffs could bring suit
against EPA for its failure to exercise its CWA § 404(c) authority.194 As
discussed in Part IV.A.2, the case involved a challenge by environmental
groups and the Mattaponi Tribe to a CWA § 404 permit issued to the City of
Newport News, Virginia for the construction of a 1,526-acre reservoir in King
William County, Virginia.195 After the plaintiffs moved to amend their
complaints to, among other things, add a claim against EPA under the APA,
the United States, as federal defendants, moved to dismiss all claims against

186 Proposal to Withdraw Proposed Determination to Restrict the Use of an Area as a
Disposal Site, 82 Fed. Reg. 33,123 (July 19, 2017).
187 APA, 5 U.S.C. § 706(1) (2012).
188 See 5 U.S.C. § 706(2)(A).
189
190

Id.

5 U.S.C. § 701(a)(2) (2012).
Wilkinson, supra note 39, at 197–98 (discussing Pres. Endangered Areas of Cobb’s
History, Inc. v. U.S. Army Corps of Eng’rs (P.E.A.C.H.), 915 F. Supp. 378 (N.D. Ga. 1995) and
Cascade Conservation League v. M.A. Segale, Inc., 921 F. Supp. 692 (W.D. Wash. 1996)).
192 See P.E.A.C.H, 915 F. Supp. at 381 (stating that its interpretation of “authorize” was
endorsed by the Supreme Court, “albeit in a different context,” in Heckler v. Chaney, 470 U.S.
821, 835 (1985)); Cascade Conservation League, 921 F. Supp. at 699 (“An agency’s decision not
to prosecute or enforce . . . is a decision generally committed to an agency’s absolute
discretion.” (quoting Heckler, 470 U.S. at 831)).
193 515 F. Supp. 2d 1 (D.D.C. 2007)
194 Id. at 9.
195 Id. at 3. The original plaintiffs were the Alliance to Save The Mattaponi, The Chesapeake
Bay Foundation, Inc., and the Sierra Club, Virginia Chapter. The Mattaponi Indian Tribe and its
Chief, Carl T. Lone Eagle Custalow subsequently intervened as plaintiffs. Id.
191
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EPA, and moved the court to deny the motion for leave to amend the
complaints.196
The Mattaponi II court analyzed whether EPA could be sued under the
APA for its failure to exercise its CWA § 404(c) authority, which in that case
would have been to veto the permit issued by the Corps to the City of
Newport News.197 More specifically, it explored “whether APA claims against
EPA are barred because the agency’s decisions regarding CWA permits are
‘committed to agency discretion by law’”198 and “whether the fact that
plaintiffs challenge EPA’s alleged inaction in failing to veto the permit (as
opposed to challenging some affirmative action) precludes review pursuant
to APA.”199
The court found that EPA’s failure to exercise its CWA § 404(c)
authority did not fall within the APA’s ambit of “agency action . . . committed
to agency discretion by law,” which would preclude review.200 This exception
to judicial review, the court found, is reserved to situations where the
underlying law is “drawn in such broad terms that in a given case there is no
law to apply,”201 so that “the court would have no meaningful standard
against which to judge the agency’s exercise of discretion.”202 Thus, contrary
to other courts, the Mattaponi II court recognized that not every provision
that grants discretion to an agency, including EPA’s CWA § 404(c) authority,
is shielded from review.203
As the Supreme Court has concluded, this construction of APA
§ 701(a)(2) makes good sense.204 To find otherwise would create a tension
with the APA’s central standard of review under APA § 706(2)(A), which
requires courts to overturn agency action that is “arbitrary, capricious, [or]
an abuse of discretion.”205 In other words, it cannot be that “action
committed to agency discretion can be unreviewable [under APA
§ 701(a)(2)] and yet courts still can review agency actions for abuse of that
discretion” under APA § 706(2)(A).206
As would apply with respect to the Pebble Project, the Mattaponi II
court concluded that EPA’s action was reviewable under the APA and would
be judged by the standard set forth in CWA § 404(c) that EPA should act
“whenever [it] determines . . . that the discharge of such materials into such
area will have an unacceptable adverse effect on municipal water supplies,
196
197
198
199
200
201

Id.
Id. at 6–7.
Id. at 7 (quoting APA, 5 U.S.C. § 701(a)(2) (2012)).
Id. (emphasis added).
See id. at 8 (quoting 5 U.S.C. § 701(a)(2)).
Id. at 7–8 (quoting Citizens to Preserve Overton Park, Inc. v. Volpe, 401 U.S. 402, 410

(1971)).
202

Id. at 8 (quoting Heckler v. Chaney, 470 U.S. 821, 830 (1985)).
Compare id. at 7–8 (finding agency inaction reviewable because Congress had provided a
standard of law), with Heckler, 470 U.S. at 837–38 (holding that agency inaction, unless
203

otherwise specified by Congress, fits within the exception to judicial review).
204 Heckler, 470 U.S. at 832–33.
205 5 U.S.C. § 706(2)(A) (emphasis added); Heckler, 470 U.S. at 829.
206 Heckler, 470 U.S. at 829 (citing 5 K. Davis, Administrative Law § 28:6 (1984); Raol Berger,
Administrative Arbitrariness and Judicial Review, 65 COLUM. L. REV. 55, 58 (1965)).
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shellfish beds and fishery areas (including spawning and breeding areas),
wildlife, or recreational areas.”207
The Mattaponi II court next addressed the related question of whether a
challenge to EPA’s inaction for not exercising its CWA § 404(c) authority
provides a separate basis for finding that “agency action is committed to
agency discretion by law.”208 The court distinguished the situation presented
in a CWA § 404(c) from that of “a prosecutor’s decision not to prosecute—a
decision which ‘has traditionally been committed to agency discretion.’”209
Like in Mattaponi II, the inaction presented by EPA’s failure to move
forward with the Pebble Deposit CWA § 404(c) process does not “involve to
the same extent the difficult decisions regarding manpower and allocation of
resources that inform enforcement decisions and give rise to the hesitancy
to undertake judicial review.”210 Moreover, the court noted that the crucial
justification for withholding review remains whether “the court would have
no meaningful standard against which to judge the agency’s exercise of
discretion,” which, as here, the court has.211 These arguments apply a fortiori
where EPA has already initiated the CWA § 404(c) process and issued a
proposed determination because, as set forth in more detail in Part III.B.4,
EPA has already set forth that a CWA § 404(c) action is warranted.212
In sum, regardless of whether APA review is available to “compel
agency action unlawfully withheld or unreasonably delayed” under § 706(1)
based on EPA’s failure to follow the steps and deadline pursuant to its
regulations, or whether EPA’s failure to continue the § 404(c) process is
“arbitrary, capricious, an abuse of discretion, or otherwise not in accordance
with law” under § 706(2)(A), challengers should have an avenue for APA
review.

2. It is questionable whether the PLP Settlement’s restrictions on EPA’s
authority to proceed with a final determination are enforceable
In a future action by EPA “to solicit public comment on what further
steps, if any, the Agency should take under Section 404(c)” or during a
lawsuit brought to compel EPA to finalize the 2014 Proposed Determination,
EPA will likely attempt to rely on its 2017 Settlement Agreement with PLP as
a basis for not moving forward expeditiously.213 However, certain terms in
the PLP Settlement that purport to cabin EPA’s authority under CWA
§ 404(c) might not be enforceable because a court could find that EPA lacks
the authority to bind future executive action in this manner.214

207

CWA, 33 U.S.C. § 1344(c) (2012); Mattaponi II, 515 F. Supp. 2d 1, 4 (D.D.C. 2007).
Mattaponi II, 515 F. Supp. 2d at 8.
209 Id. (quoting Heckler, 470 U.S. at 832).
208
210
211
212
213

Id.
Id. (quoting Heckler, 470 U.S. at 830).
See supra notes 83, 86 and accompanying text.
See Notification of Decision Not to Withdraw Proposed Determination to Restrict the

Use of an Area as a Disposal Site, 83 Fed. Reg. 8,668 (Feb. 28, 2018).
214 Settlement Agreement with Pebble Limited Partnership, supra note 97, at 3–5.
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As set forth in Part III.D, the PLP Settlement states that EPA agrees to
not exercise its discretion regarding CWA § 404(c) review for a certain
period of time that spans years.215 More specifically, EPA states that
the settlement agreement limits the Agency’s ability to move forward with a
signed Recommended Determination if PLP submits a permit application to the
Army Corps within 30 months from the date of settlement . . . [and i]f PLP files
a permit application during that time, EPA may not move forward with a signed
Recommended Determination for 48 months from the effective date of the
settlement agreement or following issuance of a final environmental impact
216
statement on PLP’s permit application, whichever comes first.

EPA’s settlement under these terms, however, does not conform to
EPA’s own regulations governing the CWA § 404(c) process (as set forth
above) and, more importantly, with policy directives of the United States
Department of Justice (DOJ) with respect to settlements that limit the future
exercise of executive branch authority.217 These policies reflect DOJ’s
sensitivity that certain settlements that attempt to constrain future agency
discretion are subject to both statutory and constitutional limitations.218 In
particular, DOJ explained that such constitutional restrictions
inhere in (1) the constitutional limitations that are rooted in both the general
executive power that Article II of the Constitution vests in the President and
that may constrain, in extreme cases, the executive branch’s authority to adopt
enforceable limitations on the future exercise of congressionally conferred
executive discretion, as well as the specific discretionary powers that Article II
confers directly upon the President, such as the power to recommend
legislation to Congress and (2) the restrictions that Article III imposes on the
power of federal courts to enforce certain types of executive branch
219
settlements that are otherwise constitutionally permissible.

To address these concerns, then-Attorney General Meese issued a
policy in 1986, pursuant to the litigation and settlement authority vested to
him by Congress.220 The policy prohibits DOJ from entering into certain
consent decrees and settlements, and further requires the Attorney General,
the Deputy Attorney General, or the Associate Attorney General, to, among
other things, approve settlement agreements that “divest discretionary
power granted by Congress or the Constitution to respond to changing
circumstances, to make policy or managerial choices, or to protect the rights

215
216

See supra notes 101–03 and accompanying text.

Proposal to Withdraw Proposed Determination to Restrict the Use of an Area as a
Disposal Site, 82 Fed. Reg. 33,123, 33,123–24 (July 19, 2017); see also Settlement Agreement
with Pebble Limited Partnership, supra note 97, at 3–4.
217 See Auth. of the U.S. to Enter Settlements Limiting the Future Exercise of Exec. Branch
Discretion, 23 Op. O.L.C. 126 (1999).
218 Id. at 141.
219 Id. at 140.
220 Id. at 126 (discussing Memorandum from Edwin Meese III, Attorney General, to All
Assistant Attorneys General and All United States Attorneys 3, 4 (Mar. 13, 1986)).
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of third parties.”221 The PLP Settlement terms in question fit neatly into this
category.
In 1999, DOJ’s Office of Legal Counsel (OLC) analyzed the 1986 Policy
and issued a memorandum, titled “Authority of the United States to Enter
Settlements Limiting the Future Exercise of Executive Branch Discretion”
(OLC Authority Memo).222 OLC concluded that although “there is no per se
constitutional prohibition against settlements of this type that divest
discretionary power granted by Congress,” such agreements “will be
determined by the statutes that govern the executive branch agency on
behalf of which the settlement would be entered.”223 Therefore, of prime
importance for an analysis of the PLP Settlement terms are the statutory and
regulatory provisions of the CWA and the APA.
The OLC Authority Memo found that “actions taken pursuant to
settlements are not inherently immune from APA review.”224 In other words,
“[t]o the extent that a discretion-limiting settlement is subject to APA
review . . . it must conform to the substantive and procedural requirements
that the APA imposes upon agency action outside the settlement context.”225
Although the EPA pledged in the settlement not to act under CWA § 404(c),
the APA still provides a meaningful check on whether EPA is abusing its
discretion.226 And, unlike situations where courts have accepted a “limited
infringement on the Agency’s discretion,” which involved instances where
the settlement “leaves the outcome of the process . . . to the Agency’s
discretion,” the prohibition for EPA to exercise its CWA § 404(c) authority
where the statutory criteria have been met would appear to constitute a
significant—and impermissible—infringement.227

3. EPA’s recent memorandum on CWA § 404(c) does not affect its current
ability to move forward with the 2014 Proposed Determination
On June 26, 2018, then-EPA Administrator Pruitt issued a memorandum
proposing a change to the regulations that govern EPA’s authority under
CWA § 404(c).228 In his view, when EPA uses its veto authority “preemptively

221 Id. at 126–27; see also 28 C.F.R. § 0.160(d) (2015) (“Any proposed settlement, regardless
of amount or circumstances, must be referred to the Deputy Attorney General or the Associate
Attorney General . . . (3) When the proposed settlement converts into a mandatory duty the
otherwise discretionary authority of a department or agency to promulgate, revise, or rescind
regulations.”).
222 Auth. of the U.S. to Enter Settlements Limiting the Future Exercise of Exec. Branch
Discretion, supra note 217, at 126.
223 Id. at 129.
224 Id. at 164.
225
226

Id.
See JARED P. COLE, CONG. RESEARCH SERV., AN INTRODUCTION

TO JUDICIAL REVIEW OF
FEDERAL AGENCY ACTION 1 (2014).
227 Auth. of the U.S. to Enter Settlements Limiting the Future Exercise of Exec. Branch
Discretion, supra note 217, at 166 (discussing Citizens for a Better Env’t v. Gorsuch, 718 F.2d
1117 (D.C. Cir. 1983)).
228 Memorandum from Scott Pruitt, EPA Adm’r to EPA’s Gen. Counsel, Assistant Adm’r, and
Reg’l Adm’rs, supra note 170.
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and without the benefit of the fully developed factual record or attempts to
reimagine its authority in ways that diverge from statutory text or
congressional intent, it diverts its attention” from EPA’s core mission to
protect public health and the environment, as well as to provide regulatory
certainty.229
He specifically used the 2014 Proposed Determination for the Pebble
Deposit as an example of the previous administration’s overreach based on
the fact that EPA “applies the same procedures notwithstanding whether a
permit application has been filed or a permit issued.”230 Former
Administrator Pruitt expressed concern that “the mere potential of the
EPA’s use of its section 404(c) authority before or after the permitting
process could influence investment decisions and chill economic growth by
short-circuiting the permitting process.”231 The short timeframes set forth in
the regulations for issuing a final determination, in his view, might result in a
determination “without the benefit of full information about the project for
which a permit is sought, the proposed disposal areas and the environmental
impacts of those activities.”232
To address these concerns, then-Administrator Pruitt directed EPA’s
Office of Water to propose changes to EPA’s CWA § 404(c) regulations.233 He
required the proposed changes to 1) eliminate EPA’s authority to begin a
CWA § 404(c) before a permit application has been filed, 2) eliminate EPA’s
authority to begin a CWA § 404(c) process after a permit has been granted
by the Corps, 3) require a RA to seek approval from EPA Headquarters prior
to beginning a CWA § 404(c) process, 4) require a RA to “review and
consider the finding of a final Environmental Assessment or Environmental
Impact Statement prepared by the Corps or a state before preparing and
publishing notice of a proposed determination,” and 5) require EPA to
publish and seek comment on a final determination prior to the
determination being effective.234
The present impact of the memorandum on the Pebble Deposit’s CWA
§ 404(c) process is negligible. As an initial matter, Pruitt resigned effective
July 6, 2018, and Deputy Administrator Andrew Wheeler assumed the role of
Acting EPA Administrator on July 7, 2018.235 It is therefore unclear whether
Wheeler will withdraw the June 26, 2018 policy directive. Recent media
reports suggest, however, that EPA continues to work on the changes.236

229

See id.
Id.
231 Id.
232 Id.
233 Id.
234 Id.
235 See READ: Scott Pruitt’s Resignation Letter, CNN (July 5, 2018), https://perma.cc/ST28W7ZE; Calendar for Andrew Wheeler, Acting Administrator, ENVTL. PROTECTION AGENCY,
230

https://perma.cc/8AJ3-VD9P (last visited Nov. 25, 2018).
236 As of August 17, 2018, however, “[a]n EPA spokeswoman confirmed after publication
that the agency is ‘continuing its work to evaluate updates to the regulations governing EPA’s
role in the permitting process under section 404c of the [CWA] in order to increase
predictability and provide regulatory certainty for landowners, investors, businesses and other
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Congress has also taken note of the issue. For example, Senator Tom Carper
and Representative Peter DeFazio requested that Acting Administrator
Wheeler “immediately and publicly” withdraw Pruitt’s memorandum.237 In
their view, the proposed changes conflict with “the will of Congress”
because CWA § 404(c) “provides EPA with clear authority” to act whenever
EPA determines a discharge would have an unacceptable adverse effect on
municipal water supplies, shellfish beds and fishery areas, wildlife, or
recreational areas.238 It could be that either Congress or EPA will step in to
stop the proposed changes.
In any event, by the policy’s own terms, the memorandum does not
prohibit EPA from continuing to use its CWA § 404(c) authority.239 Rather, it
directs the Office of Water to begin the process to change its existing CWA
§ 404(c) regulations.240 With respect to timing, the Office of Water has until
late December 2018, to propose new regulations to the Office of
Management and Budget and any such proposal would be followed by a
notice and comment period.241 Thus, a final regulation establishing these
changes is not likely until late 2019, and it certainly will be challenged, which
would potentially take years to resolve, assuming a new administration (or
Administrator) does not rescind the proposal before judicial review is
complete.

4. EPA’s factual findings in the 2014 Proposed Determination and applicable
legal principles demonstrate that it will be difficult for EPA to justify not
finalizing that determination
It seems unlikely that EPA will be able to withdraw its 2014 Proposed
Determination on the same basis that it attempted to do so in 2017.242 It also
seems clear that EPA can be challenged to continue the CWA § 404(c)
process for the Pebble Deposit.243 What, then, are EPA’s options moving
forward? If EPA is challenged for its inaction, can EPA justify not finalizing
the 2014 Proposed Determination? This section offers some brief concluding
observations and tentative conclusions on these complicated legal,
technical, and scientific questions.
Based on the extensive factual findings in the 2014 Proposed
Determination and the applicable legal standards that courts would apply in
the circumstances presented here, it appears that EPA will be hard-pressed

stakeholders.’” Ariel Wittenberg & Dylan Brown, EPA Drafting Rule to Curb its Veto Power —
Sources, E&E NEWS (Aug. 17, 2018), https://perma.cc/C9BS-56NN.
237 Letter from Peter DeFazio, Ranking Member, Comm. on Transp. & Infrastructure, U.S.
House of Representatives, & Tom Carper, Ranking Member, Comm. on Env’t & Pub. Works, U.S.
Senate, to Andrew Wheeler, Acting Adm’r, EPA (July 19, 2018), https://perma.cc/K25P-2NGS.
238

Id.
See Memorandum from Scott Pruitt, EPA Adm’r to EPA’s Gen. Counsel, Assistant Adm’r,
and Reg’l Adm’rs, supra note 170.
240 Id.
241 Id.
242 See discussion supra Part IV.A.
243 See discussion supra Part IV.B.1.
239
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to justify that protection of the Bristol Bay watershed under CWA § 404(c) is
not required––even under the exceedingly deferential “arbitrary and
capricious” standard. As an initial legal matter, EPA’s ability to change
course with respect to protecting the Bristol Bay watershed is now
constrained by the 2014 Proposed Determination. Although a proposed
determination under CWA § 404(c) does not, of course, irreversibly commit
EPA to a certain result (such as finalizing the determination), it does provide
a basis for a court to review whether any such departure from the initial
course of action is arbitrary and capricious. The Supreme Court, in the
context of agency rulemaking, has cautioned that an agency rule typically
would be found to be arbitrary and capricious if the agency sets forth an
explanation for its decision that “runs counter to the evidence before the
agency.”244 It has warned that “the requirement that an agency provide
reasoned explanation for its action would ordinarily demand that it display
awareness that it is changing position. . . . And of course the agency must
show that there are good reasons for the new policy.”245
Although these principles do not require the agency to prove that its
new view is necessarily better than its previous position, in circumstances
“when, for example, its new policy rests upon factual findings that
contradict those which underlay its prior policy,” the Court has found “[i]t
would be arbitrary or capricious to ignore such matters.”246 This heightened
burden, however, is not “demanded by the mere fact of policy change” such
a burden is required because the agency must provide “a reasoned
explanation . . . for disregarding facts and circumstances that underlay or
were engendered by the prior policy.”247
Applying these principles to the EPA’s decision not to move forward
with a CWA § 404(b) Final Determination for the Pebble Deposit, EPA will
be strained to justify the absence of unacceptable adverse effects in the
Bristol Bay watershed from mineral development of the Pebble Deposit. To
be sure, the analysis of effects is more challenging in the situation here
because EPA proposed and analyzed its preemptive veto in the absence of
an issued permit for a project. And because a Pebble Deposit permit has not
been finalized it might be easier for EPA to dispute the existence of an
unacceptable adverse effect. However, the facts and conclusions established
in the 2014 Proposed Determination and the Bristol Bay Assessment, the
watershed’s unique topography and the parameters under which mining
would need to be undertaken in the Bristol Bay watershed make the likely
unacceptable adverse effects possible to assess and difficult to refute.
For example, in its 2014 Proposed Determination, EPA outlined its
statutory obligation to exercise its CWA § 404(c) authority “whenever” it
determines “that the discharge of such materials into such area will have an
unacceptable adverse effect on municipal water supplies, shellfish beds and
244

Motor Vehicle Mfrs. Ass’n v. State Farm Mut., 463 U.S. 29, 43 (1983).
Fed. Commc’ns Comm’n v. Fox Television Stations, Inc., 556 U.S. 502, 515 (2009)
(emphasis in original).
245
246
247

Id.
Id. at 515–16.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)
8_TOJCI.LESKE (2) (DO NOT DELETE)

830

ENVIRONMENTAL LAW

Appendix E, Page 270 of 2339
1/4/2019 3:50 PM

[Vol. 48:797

fishery areas (including spawning and breeding areas), wildlife, or
recreational areas.”248 It noted that Congress had “specifically direct[ed] EPA
to consider adverse effects from the discharge of dredged or fill material to
fishery areas, including spawning and breeding areas.”249
With respect to the key term “unacceptable adverse effect,” it noted
that although CWA § 404(c) does not define that term, EPA’s regulation
does:
Impact on an aquatic or wetland ecosystem which is likely to result in
significant degradation of municipal water supplies or significant loss of or
damage to fisheries, shellfishing, or wildlife habitat or recreation areas. In
evaluating the unacceptability of such impacts, consideration should be given
250
to the relevant portions of the Section 404(b)(1) Guidelines.

It also stated that EPA’s longstanding view of the term
“unacceptable . . . refers to the significance of the adverse effect” and in the
past it had characterized an unacceptable adverse effect as “‘a large impact’
and ‘one that the aquatic and wetland ecosystem cannot afford.’”251 Given
these past interpretations and definitions, as well as the breadth of these
terms, it will be challenging for EPA to “walk back” its previous conclusions
to a reviewing court when determining whether any unacceptable adverse
effect would result.
In its 2014 Proposed Determination, EPA analyzed whether an
unacceptable adverse effect could occur as a result of mining development
in the Bristol Bay watershed by assessing impacts of different mine
scenarios ranked on the amount of ore that would be processed over a
certain number of years.252 Based on PLP’s statements to regulators and
investors, EPA at the time considered that the future development of the
Pebble Deposit would likely be in the range of 2.0 and 6.5 billion tons of
ore.253 EPA, however, decided to evaluate the impacts of a significantly
smaller mine, called the .25 stage mine, which was “based on the worldwide
median size porphyry copper deposit.”254 Thus, EPA studied the following:
• Pebble 0.25 stage mine (approximately 0.25 billion tons of ore over
20 years)

248

PROPOSED DETERMINATION, supra note 23, at 4-1; CWA, 33 U.S.C. § 1344(c) (2012).
PROPOSED DETERMINATION, supra note 23, at 4-1.
250 Id.; 40 C.F.R § 231.2(e) (2014).
251 PROPOSED DETERMINATION, supra note 23, at 4-1 (citing 44 Fed. Reg. 58,078 (Oct. 9,
1979)).
252 See id. at ES-3.
253 See id. EPA’s estimate of the size of PLP’s mine was high; PLP’s 2017 permit application
estimates a total of 1.5 billion tons of material mined over the project’s life of 20 years. See THE
PEBBLE P’SHIP, THE PEBBLE PROJECT: DEPARTMENT OF THE ARMY APPLICATION FOR PERMIT POA2017-271 14 (2017), https://perma.cc/ECL6-UUA6. Nonetheless, it is six times larger than the .25
stage mine.
254 PROPOSED DETERMINATION, supra note 23, at ES-3.
249
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• Pebble 2.0 stage mine (approximately 2.0 billion tons of ore over 25
years)
• Pebble 6.5 stage mine (approximately 6.5 billion tons of ore over 78
years)255
It then comprehensively studied the “direct and secondary effects” of
discharges from each mine stage on fishery areas.256 For instance, the direct
effects resulting from a Pebble 0.25 stage mine included “stream and other
aquatic resource losses within the footprints of the tailings dam, the waste
rock pile, and the mine pit” and the secondary effects included:
• “Elimination of streams and wetlands due to drowning by the tailings
impoundment.
• Dewatering of streams and other aquatic resources due to pumping of
groundwater from the mine pit.
• Fragmentation of aquatic resources due to the placement of the mine pit,
waste rock pile, or [Tailings Storage Facility].
• Degradation of downstream fish habitat due to streamflow alterations
resulting from water capture, withdrawal, storage, treatment, or release at the
mine site.
• Degradation of downstream fish habitat due to the loss of important inputs
257
such as nutrients and groundwater from upstream aquatic resources.”

In the Bristol Bay Assessment, which EPA relied on in the 2014
Proposed Determination, EPA estimated the 0.25 stage mine in the
watershed would cause habitat losses of approximately twenty-four miles of
streams which represented five miles of streams “with documented
anadromous fish occurrence” and almost twenty miles of tributaries of such
streams.258 And the total habitat losses would be upward of 1,200 acres “of
wetlands, lakes, and ponds, of which approximately 1,100 acres . . . are
contiguous with either streams with documented anadromous fish
occurrence or tributaries of those streams.”259

255
256

Id.
Id. at 4-3. EPA defined “direct effects” as “impacts on aquatic resources within the

footprint of the discharge of dredged or fill material” and “secondary effects” as effects that “are
associated with the discharge of dredged or fill material, but do not result from actual
placement of this material.” Id.
257
258
259

Id.
Id. at ES-4.
Id. Although EPA concentrated on the unacceptable adverse effects on fishery areas, it

also evaluated “other potential Section 404(c) resources such as wildlife habitat and
recreation.” Id. at 4-2. Naturally, the impacts of the larger stage mines were greater. Id. at 2-15–
17.
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To place these losses into perspective, EPA projected that such stream
losses would approximate 350 football fields and wetland losses of
approximately 900 football fields.260 It concluded that the destruction of
some of these individual waters, which “support local, unique populations”
of salmon would jeopardize “the genetic diversity of Bristol Bay’s salmon
populations,” which is “crucial to the stability of the overall Bristol Bay
salmon fisheries.”261 EPA also found that these losses not only “would
reverberate downstream, depriving downstream fish habitats of nutrients,
groundwater inputs, and other subsidies from lost upstream aquatic
resource,” but “would result in streamflow alterations in excess of 20% in
more than 9 miles,” which “would result in major changes in ecosystem
structure and function and would reduce both the extent and quality of fish
habitat downstream of the mine to a significant degree.”262
Based on these conclusions documenting “unacceptable adverse
effects” even at the .25 stage mine level, it is unlikely that EPA could muster
sufficient arguments to supply a “reasoned explanation [to a reviewing
court] . . . for disregarding facts and circumstances that underlay or were
engendered” by the prior proposed determination to overcome even the very
deferential “arbitrary and capricious” standard.263 Moreover, any argument
that EPA sets forth would also have to be confined to “the relevant factors”
found in CWA § 404(c).264
Perhaps the sole basis that EPA might use to justify not moving forward
with a final determination centers on a finding that sufficient compensatory
mitigation measures could be employed in the area to offset the
unacceptable impacts on streams, wetlands, and fish that would occur.265 But
even this justification is similarly constrained by EPA’s earlier conclusions.
For instance, EPA has already found that there are “significant challenges
regarding the potential efficacy, applicability, and sustainability of
compensation measures.”266
In canvassing “[n]early all of the existing peer-reviewed literature
reviews evaluating the effectiveness of stream restoration and rehabilitation
projects,” EPA observed that the view was unanimous that a “majority of
restoration projects either are never measured for effectiveness or do not
meet their restoration objectives.”267 Likewise, EPA found that PLP’s
proposed compensation methods, which include placement of instream
structures, stream fertilization, and construction of spawning channels, were
not suitable for the Bristol Bay watershed because such measures “[1)] have
260
261
262
263
264

Id. at ES-4.
Id.
Id.
See Fed. Commc’ns Comm’n v. Fox Television Stations, Inc., 556 U.S. 502, 515–16 (2009).
See Motor Vehicle Mfrs. Ass’n v. State Farm Mut., 463 U.S. 29, 42–43 (1983) (holding that

agencies must provide an explanation for their decisions based on “relevant factors”);
Mattaponi I, 606 F. Supp. 2d 121, 140 (D.D.C. 2009) (holding that discretion under CWA § 404(c)
requires an explanation based on “unacceptable adverse effects”).
265 See PROPOSED DETERMINATION, supra note 23, at 2-13–14.
266 Id. at 2-13.
267 Id. at 2-14.
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typically had only variable, local, or temporary effects; [2)] were designed
for use in degraded watersheds; or [3)] resulted in adverse, unintended
consequences.”268
Finally, EPA has studied—and already questioned—whether adequate
compensation measures are even available to address expected impacts
from development of the Pebble Deposit.269 Because compensatory
mitigation generally focuses on restoring and enhancing degraded waters,
such measures are not necessary or appropriate in the Bristol Bay watershed
because there is little dispute that the waters “are already among the most
productive in the world.”270 Therefore, EPA concluded that it would be
unlikely that artificial action to mitigate within the area “could improve upon
the high-quality natural environment in the Bristol Bay watershed that
nature has created and that has thus far been preserved.”271 In sum, legal
commentators who have studied this precise issue have been even more
blunt: “[I]t is neither reasonable nor practicable to offset the impacts of
mining the Pebble deposit through the use of compensatory mitigation.”272
V. CONCLUSION
The vitality of the Bristol Bay watershed lies in the balance due to
proposed development of the Pebble Deposit. CWA § 404(c) provides the
most effective basis for ensuring the watershed’s survival. But if EPA’s
policy views remain in place over the next decade, litigation will be the best
prospect to protect the area. To that end, EPA’s initiation of the CWA
§ 404(c) process provides a solid foundation and building block for
successfully forcing EPA to limit the development of the Pebble Deposit.
To be sure, challengers face a long battle to convince a court to force
EPA to finalize its 2014 Proposed Determination. But based on the current
procedural posture of the CWA § 404(c) process for the Pebble Deposit,
convincing arguments can be made that EPA cannot withdraw its proposed
determination without articulating a basis that adequately justifies that no
unacceptable adverse effects will result from mineral development in the
area. Moreover, judicial intervention should be available to compel EPA to
continue the CWA § 404(c) process for the Pebble Deposit. And based on the
comprehensive analysis already performed by EPA on the Pebble Deposit,
which led to the 2014 Proposed Determination, EPA faces nearly
insurmountable arguments to justify its refusal to invoke its CWA § 404(c)
authority to protect the Bristol Bay watershed.

268
269
270
271

Id.
Id. at 2-13–14.
Id. at 2-13.
Id.

272 Thomas G. Yocom & Rebecca L. Bernard, Mitigation of Wetland Impacts from LargeScale Hardrock Mining in Bristol Bay Watersheds, 3 SEATTLE J. ENVTL. L. 71, 100 (2013).
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Mitigation of Wetland Impacts from Large-Scale
Hardrock Mining in Bristol Bay Watersheds
Thomas G. Yocom† & Rebecca L. Bernard‡
The U.S. Environmental Protection Agency (EPA) has evaluated the
potential impacts and risks of large-scale hardrock mining projects
in a portion of the Bristol Bay region of Alaska drained by the
Nushagak and Kvichak River systems. The EPA’s draft Bristol Bay
Watershed Assessment (BBWA) did not assess the likelihood that
impacts, such as those to streams, open-water habitats, and adjacent wetlands, might be offset by mining project sponsors, thereby
reducing net project impacts. The purpose of this article is to evaluate the likelihood that practicable compensatory mitigation
measures exist to offset the impacts of such a mining project – in
particular the proposed Pebble Mine – enough to satisfy the permitting requirements under Section 404 of the Clean Water Act (CWA).
This article focuses exclusively on compensatory mitigation for impacts to wetland and aquatic sites and does not evaluate other potential mining project impacts, such as those to water quality and
stream flows. Accordingly, it assesses only the likelihood that the
sponsor of a large-scale hardrock mine in the Bristol Bay region
could sufficiently offset project losses of wetland and aquatic habitats to qualify for a permit pursuant to Section 404.
This article concludes that the size, unique nature, and permanence
of habitat losses associated with large-scale hardrock mining in
Bristol Bay watersheds are unlikely to be offset adequately through
compensatory mitigation. Therefore, the impacts would be unacceptable and not permittable under Section 404 of the CWA.

† Thomas G. Yocom is former National Wetlands Expert, U.S. Environmental Protection Agency,
San Francisco, CA. Mr. Yocom retired from the EPA in 2005.
‡ Rebecca L. Bernard is Of Counsel, Bessenyey & Van Tuyn, LLP, an Anchorage law firm
providing legal counsel to the Bristol Bay Native Corporation (BBNC) on matters related to
responsible development in Bristol Bay. The authors would like to acknowledge the support of
BBNC for, and the contributions of Dr. Carol Ann Woody and Sarah L. O’Neal to, the preparation
of this article.
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I. INTRODUCTION
Compensatory mitigation measures are commonly used during the
Clean Water Act (CWA) Section 404 permitting process to reduce or
offset losses of aquatic resources and functions resulting from the
permitted discharges. Offsetting large-scale impacts in ecologically intact
environments, however, may be neither feasible nor effective in
replacing lost functions due to the lack of opportunities for aquatic
resource restoration, enhancement, or preservation of similar resources.
This article assesses the potential options for compensatory mitigation
for losses of anadromous fish streams, their tributaries, open-water
habitats, and adjacent wetlands from one or more large-scale hardrock
mines in the Bristol Bay region of Alaska and evaluates the likelihood
that any of these options could offset impacts of the magnitude that
would likely result from such a mine, as required under the CWA.
In a sense, this article attempts to fill a gap in the draft Bristol Bay
Watershed Assessment (BBWA) released by the U.S. Environmental
Protection Agency (EPA) in July 2012.1 The draft BBWA assessed the
potential impacts of one or more large-scale hardrock mines in the
Nushagak and Kvichak drainages within the Bristol Bay region but did
1. See U.S. ENVTL. PROT. AGENCY, EPA 910-R-12-004D, AN ASSESSMENT OF POTENTIAL
MINING IMPACTS ON SALMON ECOSYSTEMS OF BRISTOL BAY, ALASKA (2012), available at
http://yosemite.epa.gov/R10/ECOCOMM.NSF/bristol+bay/bristolbayreport.
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not address the potential for offsetting those impacts through
compensatory mitigation measures.2
The specific focus of this article is the proposed Pebble Mine, a
project of the Pebble Limited Partnership (PLP). PLP has not yet
submitted formal permit applications for the mine, but if it secures
approval, the mine will be built in the virtually pristine headwaters of the
Koktuli River and Talarik Creek watersheds within the broader
Nushagak-Kvichak watershed in the Bristol Bay region of Alaska. The
potential mine poses particular challenges with respect to compensatory
mitigation because of the sheer size of the impact (thousands of acres of
streams and wetlands), the largely undisturbed environment, and the
special ecological functions of the headwater streams and wetlands that
would be filled.3 Nonetheless, the analysis should have relevance to other
potential large-scale hardrock mines in other Bristol Bay drainages,
given the significance of the entire Bristol Bay basin as highly
productive and sustainable salmon habitat.4
This article does not address the likelihood that large-scale hardrock
mining could comply with other Section 404 restrictions concerning less
damaging alternatives, water quality standards, endangered species, or
significant degradation, but these restrictions are another potential
stumbling block for proposed new mines.5 We also do not address the
likelihood that impacts to water quality or stream flows could be
mitigated to permitted levels, but we recognize that these mitigation
challenges could be even greater than those we assess here.

2. Id. Indeed, in the Final Peer Review Report for the Draft BBWA, released by EPA on
November 9, 2012, one peer reviewer noted that the Draft BBWA identifies mitigation measures to
minimize impact but no compensatory mitigation measures: “This is a concern, for I wonder if
compensatory mitigation for the example mine is even possible in the watershed.” See VERSAR, INC,
Contract No. EP-C-07-025, Task Order 155, FINAL PEER REVIEW REPORT, EXTERNAL PEER REVIEW
OF EPA’S DRAFT DOCUMENT, AN ASSESSMENT OF POTENTIAL MINING IMPACTS ON SALMON
ECOSYSTEMS OF BRISTOL BAY, ALASKA 49-50 (2012) (comment by Paul Whitney, Ph.D.), available
at http://www.epa.gov/ncea/pdfs/bristolbay/Final-Peer-Review-Report-Bristol-Bay.pdf.
3. For a lyrical description of the largely untouched nature of the Bristol Bay region, see Edwin
Dobb, Alaska’s Choice: Salmon or Gold, NAT’L GEOGRAPHIC, Dec. 2010, available at
http://ngm.nationalgeographic.com/2010/12/bristol-bay/dobb-text.
4. For a discussion of the productivity of the Bristol Bay fishery, see, e.g., Daniel E. Schindler
et al., Population Diversity and the Portfolio Effect in an Exploited Species, 465 NATURE 609
(2010), available at http://www.nature.com/nature/journal/v465/n7298/full/nature09060.html.
5. See WILLIAM M. RILEY & THOMAS G. YOCOM, REPORT PREPARED FOR BRISTOL BAY
NATIVE CORPORATION AND TROUT UNLIMITED, MINING THE PEBBLE DEPOSIT: ISSUES OF 404
COMPLIANCE AND UNACCEPTABLE ENVIRONMENTAL IMPACTS (2011). The Corps or EPA could
determine, for example, that there are less-damaging alternative sites including alternative ore
deposits, or that a large-scale hardrock mine in this area could result in unacceptable risks to water
quality.
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This article begins with an explanation of the regulatory framework
(Part II), followed by a brief discussion of the unique ecological
functions of the headwater streams and wetlands in the region of the
Pebble Deposit (Part III). The article then discusses potential
compensatory mitigation measures, including mitigation banks (Part
IV.A), in-lieu fee programs (Part IV.B), and various potential permitteeresponsible compensatory mitigation projects (Part IV.C). In brief, we
conclude that there are few, if any, reasonable and practicable measures
within the relevant watersheds that could offset the enormous losses of
headwater wetland and aquatic habitats associated with the proposed
Pebble Mine.
II. REGULATORY BACKGROUND
The federal CWA aims to “restore and maintain the chemical,
physical, and biological integrity of the Nation’s waters”; to achieve this
objective, it declares several national goals, including “that the discharge
of pollutants into the navigable waters be eliminated by 1985.”6 The Act
pursues these goals by, among other measures, prohibiting the discharge
of pollutants into the “waters of the United States” except as specifically
permitted by the Act.7 Section 404 of the CWA authorizes the Corps to
issue permits for the discharge of dredged or fill material,8 which is
defined as a pollutant under the CWA regulations.9 In determining
whether to issue such permits, the Corps applies CWA regulations
promulgated jointly by the Corps and the EPA (the 404(b)(1)
Guidelines).10 Mirroring the Act, the 404(b)(1) Guidelines seek to
“restore and maintain the chemical, physical, and biological integrity of
the Nation’s waters” through the control of discharges of dredged or fill
material.11 The primary mechanism of the Guidelines for achieving this
purpose is avoidance of impact to waters of the U.S., including wetlands:

6. 33 U.S.C. § 1251(a) (2006).
7. See id. §§ 1311(a) (discharge prohibition), 1362(12) (defining “discharge” to make the
prohibition specific to “navigable waters”), 1362(7) (defining “navigable waters” to mean “the
waters of the United States”).
8. See 33 U.S.C. § 1344(a).
9. See 40 C.F.R. § 122.2 (2011) (for purposes of the Clean Water Act, “pollutant” means
“dredged spoil, solid waste, incinerator residue, filter backwash, sewage, garbage, sewage sludge,
munitions, chemical wastes, biological materials, radioactive materials (except those regulated under
the Atomic Energy Act of 1954, as amended) . . ., heat, wrecked or discarded equipment, rock, sand,
cellar dirt and industrial, municipal, and agricultural waste discharged into water.”).
10. 404(b)(1) Guidelines, 40 C.F.R. part 230 (2012).
11. 40 C.F.R. § 230.1(a).
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Fundamental to these Guidelines is the precept that dredged or fill
material should not be discharged into the aquatic ecosystem, unless
it can be demonstrated that such a discharge will not have an unacceptable adverse impact either individually or in combination with
known and/or probable impacts of other activities affecting the ecosystems of concern.12

Where a discharge of dredged or fill material into waters of the U.S. is
unavoidable, the impacts of the discharge to the physical, chemical, and
biological integrity of those waters must be minimized and offset.
The regulations that govern discharges of dredged or fill material
follow this hierarchy in determining if the discharges can be authorized.
The 404(b)(1) Guidelines prohibit the authorization of discharges where:
1. There is a practicable alternative that would have less adverse
impact on the aquatic environment (LEDPA);
2. The discharges would violate an applicable State water quality
standard or toxic effluent standard, would jeopardize the continued existence of an endangered or threatened species or destroy or adversely modify its designated critical habitat, or
would violate any requirement imposed to protect a marine
sanctuary;
3. The discharges would cause or contribute to significant degradation of waters of the U.S.; or
4. Appropriate and practicable measures have not been taken to
minimize potential adverse impacts of the discharge on the
aquatic ecosystem.13

The Corps must deny authorization of any proposed discharge that
does not comply with all of these restrictions.14 For example, even where
appropriate and practicable measures have been taken to minimize
potential adverse impacts of the discharge, the Corps must deny the
permit if the discharge would cause or contribute to significant
degradation of waters of the U.S. In addition, the Corps must deny a
permit where “there does not exist sufficient information to make a
reasonable judgment as to whether the proposed discharge will comply
12. 40 C.F.R. § 230.1(c).
13. 40 C.F.R. § 230.10(a)-(d).
14. See Corps Section 404 Regulations, 33 C.F.R. § 323.6(a) (2012) (“Subject to consideration
of any economic impact on navigation and anchorage pursuant to section 404(b)(2), a permit will be
denied if the discharge that would be authorized by such a permit would not comply with the
404(b)(1) guidelines. If the district engineer determines that the proposed discharge would comply
with the 404(b)(1) guidelines, he will grant the permit unless issuance would be contrary to the
public interest.”) (emphasis added).
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with these Guidelines.”15 In other words, the regulations direct the Corps
to deny the permit application if a District Engineer cannot determine if
the proposed discharge represents the LEDPA or whether, after
considering proposed compensatory mitigation measures, the proposed
discharge would or would not cause or contribute to significant
degradation of the waters of the U.S.
Compliance with these regulations has been required for all
permitted discharges since 1986. In 1990, the Department of the Army
and the EPA entered into a Memorandum of Agreement (MOA) on
mitigation, which further confirmed the mitigation sequence of avoiding,
minimizing, and offsetting (mitigating) impacts.16
In 2001, the National Academy of Sciences produced a report that
concluded compensatory mitigation measures under the Section 404
program were generally insufficient, unsuccessful, and in some cases not
implemented as required under Army Corps permits.17 The report made
several recommendations to improve the success of compensatory
mitigation under the Section 404 regulatory program.18 This study and
others led the Corps and the EPA to promulgate new regulations in 2008
to govern the implementation of Section 404 compensatory mitigation.19
The goal of the new regulations, known as the 2008 Mitigation Rule, is
to “promote no net loss of wetlands by improving wetland restoration
and protection policies, increasing the effective use of wetland mitigation
banks and strengthening the requirements for the use of in-lieu fee
mitigation.”20
The 2008 Mitigation Rule confirmed the “avoid, minimize, and
offset” sequence for mitigation and emphasized that a permit may not be
issued where there is a “lack of appropriate and practicable
15. 40 C.F.R. § 230.12(a)(3)(iv).
16. See Memorandum of Agreement between the Environmental Protection Agency and the
Department of the Army concerning the determination of mitigation under the Clean Water Act
Section 404(b)(1) Guidelines (Feb. 6, 1990), available at http://water.epa.gov/lawsregs/guidance/wet
lands/mitigate.cfm. Importantly, this MOA states that compensatory mitigation “may not be used as
a method to reduce environmental impacts in the evaluation of the least environmentally damaging
practicable alternatives for the purposes of requirements under Section 230.10(a).” In other words,
impacts must be avoided and/or minimized first, regardless of the compensatory mitigation measures
that may be proposed by a permit applicant. Id.
17. COMM. ON MITIGATING WETLAND LOSSES, BD. ON ENVTL. STUDIES AND TOXICOLOGY,
WATER SCI. AND TECH. BD., DIV. ON EARTH AND LIFE STUDIES & NAT’L RESEARCH COUNCIL,
COMPENSATING FOR WETLAND LOSSES UNDER THE CLEAN WATER ACT (NATIONAL ACADEMY
PRESS) (2001).
18. Id.
19. See 40 C.F.R. §§ 230.91-230.98 (EPA) and 33 C.F.R. §§ 332.1-332.8 (Corps).
20. See Compensatory Mitigation Rule Factsheet, U.S. ENVTL. PROT. AGENCY,
http://water.epa.gov/lawsregs/guidance/wetlands/upload/MitigationRule.pdf (last visited Mar. 6,
2013).
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compensatory mitigation options.”21 Under the 2008 Mitigation Rule,
“[t]he fundamental objective of compensatory mitigation is to offset
environmental losses resulting from unavoidable impacts to waters of the
United States authorized by [Section 404] permits.”22 Compensatory
mitigation must be determined “based on what is practicable and capable
of compensating for the aquatic resource functions that will be lost as a
result of the permitted activity.”23 Furthermore, “[c]ompensatory
mitigation requirements must be commensurate with the amount and
type of impact that is associated with a particular [Section 404]
permit.”24
Methods of available compensatory mitigation that may be
considered are restoration, enhancement, establishment, and, under
certain narrow circumstances, preservation with an expressed preference
in the regulations for restoration.25 Preservation is an acceptable form of
compensatory mitigation only where all of the following criteria are met:
(i) The resources to be preserved provide important physical, chemical, or biological functions for the watershed;
(ii) The resources to be preserved contribute significantly to the
ecological sustainability of the watershed. In determining the contribution of those resources to the ecological sustainability of the
watershed, the district engineer must use appropriate quantitative
assessment tools, where available;
(iii) Preservation is determined by the district engineer to be appropriate and practicable;
(iv) The resources are under threat of destruction or adverse modifications; and
(v) The preserved site will be permanently protected through an appropriate real estate or other legal instrument (e.g., easement, title
transfer to state resource agency or land trust).26

21. 40 C.F.R. § 230.91(c)(3). “Practicable means available and capable of being done after
taking into consideration cost, existing technology, and logistics in light of overall project purposes.”
Id. § 230.91(c)(2).
22. Id. § 230.93(a)(1).
23. Id. In determining what compensatory mitigation will be “environmentally preferable,” the
Corps “must assess the likelihood for ecological success and sustainability, the location of the
compensation site relative to the impact site and their significance within the watershed, and the
costs of the compensatory mitigation project.” Id.
24. Id.
25. Id. § 230.93(a)(2).
26. Id. § 230.93(h).
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The order in which the Corps is to consider types and locations of
mitigation options is as follows: (1) mitigation bank credits, where
available; (2) in-lieu fee program credits, where available; (3) permitteeresponsible mitigation under a watershed approach; (4) permitteeresponsible mitigation through on-site and in-kind mitigation; and (5)
permittee-responsible mitigation through off-site and/or out-of-kind
mitigation.27
The 2008 Mitigation Rule emphasizes a watershed approach: “[i]n
general, the required compensatory mitigation should be located within
the same watershed as the impact site, and should be located where it is
most likely to successfully replace lost functions and services . . . .”28
The goal of this approach is to “maintain and improve the quality and
quantity of aquatic resources within watersheds . . . .”29 Watershed is
defined as “a land area that drains to a common waterway, such as a
stream, lake, estuary, wetland, or ultimately the ocean.”30 Among other
factors, the watershed approach must consider “how the types and
locations of compensatory mitigation projects will provide the desired
aquatic resource functions . . . .”31 This means selecting mitigation
projects that will provide not just a single function, but “where
practicable, the suite of functions typically provided by the affected
aquatic resource.”32 Although the Corps has flexibility to define the scale
of the “watershed,” the scale must “not be larger than is appropriate to
ensure that the aquatic resources provided through compensation
activities will effectively compensate for adverse environmental impacts
resulting from activities authorized by [Section 404] permits.”33
Selection of the mitigation site focuses on replacing lost function,34 and
in-kind mitigation is preferred over out-of-kind mitigation because it is
most likely to compensate for lost function.35 In-kind “rehabilitation,
enhancement, or preservation” is particularly emphasized for difficult-toreplace resources like streams (and, though not expressly stated,
presumably headwater wetlands that provide unique functions and
services).36

27. Id. § 230.93(b).
28. Id. § 230.93(b)(1); see also id. § 230.93(c)(1) (Corps must use a watershed approach to
compensatory mitigation where appropriate and practicable).
29. Id. § 230.93(c)(1).
30. Id. § 230.92.
31. Id. § 230.93(c)(2).
32. Id.
33. Id. § 230.93(c)(4).
34. Id. § 230.93(d)(1).
35. Id. § 230.93(e)(1).
36. Id. § 230.93(e)(3).
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The amount of compensatory mitigation required must be, “to the
extent practicable, sufficient to replace lost aquatic resource functions.”37
A functional or conditional assessment should be used to determine the
proper amount. If one is not available, “a minimum one-to-one acreage
or linear foot compensation ratio must be used.”38 A compensation ratio
greater than one-to-one is required where, among other things, the
mitigation method is preservation, the likelihood of success is at issue,
the aquatic resources lost and replaced are different, the mitigation site is
distant from the impact site, or the lost functions are difficult to restore.39
The 2008 Mitigation Rule also requires that compensatory
mitigation occur, to the extent practicable, in advance of or concurrent
with the permitted impacts, and that the permittee provide financial
assurances.40 The Rule requires that each compensatory mitigation
project have a mitigation plan containing: objectives; site selection
criteria; site protection instruments (such as conservation easements);
baseline data (for impact and compensation sites); a valid methodology
for determining mitigation credit; a work plan; a maintenance plan;
ecologically based performance standards; monitoring requirements; a
long-term management plan; an adaptive management plan to deal with
unforeseen problems; and financial assurances to ensure that the
compensatory mitigation plan continues to be successful in the future.41
The plan must also contain ecological performance standards designed to
ensure the mitigation project achieves its objectives.42 Additionally, the
Rule addresses monitoring and management of mitigation projects43 and
provides detailed rules governing mitigation banks and in-lieu fee
programs.44
The preamble to the 2008 Mitigation Rule explicitly recognizes the
continuing applicability of the May 13, 1994, guidance titled “Statements
on the Mitigation Sequence and No Net Loss of Wetlands in Alaska,”
issued by the EPA and the Department of the Army as part of the Alaska
Wetlands Initiative Final Summary Report.45 This guidance
37. Id. § 230.93(f)(1).
38. Id.
39. Id. § 230.93(f)(2).
40. Id. §§ 230.93(m), (n).
41. Id. § 230.94(c).
42. Id. § 230.95(a).
43. Id. §§ 230.96, 230.97.
44. Id. § 230.98.
45. Compensatory Mitigation for Losses of Aquatic Resources, 73 Fed. Reg. 19,594, 19,619
(Apr. 10, 2008) (citing Memorandum from Robert H. Wayland, III, to Alvin L. Ewing, Alaska
Operations Office, U.S. Envtl. Prot. Agency Region X: Statements on the Mitigation Sequence and
No Net Loss of Wetlands in Alaska (May 13, 1994) (on file with journal)).
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memorializes an interagency policy understanding that compensatory
mitigation is not always warranted or practicable within Alaska, even
though this policy seems contrary to 1) the goal of the CWA to restore
and maintain the physical integrity (reach and extent) of the nation’s
waters, including wetlands, and 2) the national no-net-loss-of-wetlands
policy with which it attempts to find harmony.
It seems clear, however, that the EPA and the federal agency team
that participated in the 1994 Alaska Wetlands Initiative intended that this
initiative apply primarily to small projects with minimal impacts. In its
background discussion developing this policy, the EPA notes that 251
individual permits and 654 general permits46 were issued by the Corps,
Alaska District in 1993, 11 of which were required to provide
compensatory mitigation.47 The 11 projects where compensatory
mitigation was required provided 226 acres of wetlands mitigation (an
average of approximately 20 acres per project). For the remaining 240
individual and 654 general permitted activities for which compensatory
mitigation was not required, the average net loss per authorization was
approximately one acre.
In subsequent guidance specifically applicable to Alaska, the Corps,
Alaska District clarified what project impacts will require compensatory
mitigation pursuant to Section 404 of the CWA under the 2008
Mitigation Rule. The Corps' 2009 Regulatory Guidance Letter (RGL)
lists types of projects that always require compensatory mitigation,
including those requiring “fill placed in anadromous fish streams and
wetlands adjacent to anadromous fish streams.”48 The RGL also
identifies compensatory mitigation ratios that apply in Alaska. For waters
in the “high” compensation category, as those in the Koktuli River and
Upper Talarik Creek headwaters region would likely be, the required
ratio is at least 2:1 for restoration and/or enhancement and at least 3:1 for
preservation.49
46. General permits, such as Nationwide General Permits, are authorizations issued by the
Corps for minor activities that the Corps has determined would have minimal impacts individually
and cumulatively. These general permits have strict acreage limitations, and are typically well under
one acre.
47. U.S. Envtl. Prot. Agency, Dep’t. of the Army, U.S. Fish and Wildlife Serv. & Nat’l Marine
Fisheries Serv., Alaska Wetlands Initiative Summary Report, Table 1 (1994), available at
http://water.epa.gov/grants_funding/wetlands/facts/upload/alaska.pdf.
48. U.S. ARMY CORPS OF ENG’RS ALASKA DIST., RGL ID NO. 09-01, ALASKA DISTRICT
REGULATORY GUIDANCE LETTER 8 (2009), available at http://southeastalaskalandtrust.org/pdf/2009
/AK%20District%20Mitigation%20RGL.pdf [hereinafter ALASKA RGL].
49. Id. app. B. “High functioning wetlands” include those that “are undisturbed and contain
ecological attributes that are difficult or impossible to replace within a human lifetime, if at all. . . .
The position of the wetland in the landscape plays an integral role in overall watershed health.” Id.
app. A at 3. They also include those where “[s]pawning areas are present (aquatic vegetation and/or
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Accordingly, our assessment of potential compensatory mitigation
measures within the Bristol Bay basin is based on the understanding that
such measures would be required for hardrock mining projects that
would impact anadromous fish streams and adjacent wetlands, such as
the streams and wetlands that are documented by PLP in its
Environmental Baseline Document (EBD).
III. THE IMPORTANCE AND UNIQUE ECOLOGICAL FUNCTIONS OF
HEADWATER STREAMS
Because compensatory mitigation focuses on replacing lost aquatic
functions, it is important to understand the specific functions that are
performed by the headwater streams and wetlands that would be lost if
the Pebble Mine were permitted.
Headwater streams, which dominate the region surrounding the
Pebble deposit, are defined as low-order and intermittent streams at the
fringes of watershed boundaries.50 Although they may compose almost
80 percent of total stream length in many drainage networks,51 they are
often unmapped and overlooked due to their small size and sometimes
intermittent flow.52 In the North Fork and South Fork Koktuli Rivers and
Upper Talarik Creek watersheds, headwater streams comprise more than
twice the stream kilometers of mainstem habitat.53 Because headwater
and intermittent streams vary widely in physical, chemical, and
biological characteristics, they provide varied and abundant habitats
crucial to maintaining a diverse aquatic ecosystem function
downstream.54 Headwaters may be influenced by groundwater or

gravel beds).” Id. app. A at 6. The headwaters wetlands in the Koktuli and Upper Talarik watersheds
fit these descriptions, as the subsequent section indicates.
50. Judy L. Meyer, David L. Strayer, J. Bruce Wallace, Sue L. Eggert, Gene S. Helfman &
Norman E. Leonard, The Contribution of Headwater Streams to Biodiversity in River Networks, 43
J. AM. WATER RESOURCES ASS’N 86 (2007); J. DAVID ALLAN & MARIA M. CASTILLO, STREAM
ECOLOGY: STRUCTURE AND FUNCTION OF RUNNING WATERS 436 (2d ed. 2007).
51. John S. Richardson & Robert J. Danehy, A Synthesis of the Ecology of Headwater Streams
and their Riparian Zones in Temperate Forests, 53(2) FOREST SCI. 131 (2007).
52. J. L Meyer & J.B. Wallace, Lost Linkages and Lotic Ecology: Rediscovering Small
Streams, in ECOLOGY: ACHIEVEMENT AND CHALLENGE 295-317 (Malcolm C. Press, Nancy J.
Huntly & Simon Levin eds., 2001).
53
746 headwater km and 306 mainstream km. Personal communication with Marcus Geist,
formerly Spatial Data Manager, The Nature Conservancy (Mar. 15, 2012). Calculations based on
U.S. Geological Survey National Hydrographic Dataset.
54. MEYER ET AL., supra note 52; Mark S. Wipfli, John S. Richardson & Robert J. Naiman,
Ecological Linkages Between Headwaters and Downstream Ecosystems: Transport of Organic
Matter, Invertebrates, and Wood Down Headwater Channels, 43 J. AM. WATER RESOURCES ASS’N
72 (2007); Robin L. Vannote, G. Wayne Minshall, Kenneth W. Cummins, James R. Sedell &
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subsurface (hyporheic) flow and/or variable shade conditions which
produce variable water temperatures and often provide both warm
refuges during winter and cool refuges during summer.55 Inasmuch as
organic matter is carried by headwater streams to the mainstems,
headwater streams determine downstream nutrient dynamics.56 Many
primary and secondary producers (e.g., algae and aquatic
macroinvertebrates) are unique to headwater ecosystems57 and may be
adapted to freezing and intermittent flow conditions.58 The diversity and
abundance of headwater species additionally provide source populations
for colonization of downstream habitat as well as prey for downstream
invertebrates and fish species.59
Because they provide refuge from predators and competitors, rich
feeding grounds, and thermal refuge, fish species often exploit low-order
and ephemeral streams as either residents (e.g., sculpin) or migrants (e.g.,
salmonids).60 Salmonids may use headwater streams as rearing (e.g.,
coho, Chinook),61 and spawning (e.g., chum) habitat.62 In a survey of 105
low-gradient headwater streams in the Nushagak and Kvichak drainages,
96 percent of streams supported resident fish, and 75 percent of streams
supported anadromous salmon species.63 In addition to supporting
diverse fish populations, headwater streams can also be important habitat
for amphibians, birds, mammals, and other biota.64 As such, headwater

Colbert E. Cushing, The River Continuum Concept, 37 CAN. J. FISHERIES & AQUATIC SCI. 130
(1980).
55. G. Power, R. S. Brown & J. G. Imhof, Groundwater and Fish—Insights from Northern
North America, 13 HYDROLOGICAL PROCESSES 401, 409 (1999).
56. John S. Richardson, Robert E. Bilby & Carin A. Bondar, Organic Matter Dynamics in
Small Streams of the Pacific Northwest, 41 J. AM. WATER RESOURCES ASS’N 921 (2005).
57. R.A. Progar & A. R. Moldenke, Insect Production from Temporary and Perennially
Flowing Headwater Streams in Western Oregon, 17 J. FRESHWATER ECOLOGY 391 (2002).
58. John G. Irons III, Keith Miller & Mark W. Oswood, Ecological Adaptations of Aquatic
Macroinvertebrates to Overwintering in Interior Alaska (U.S.A.) Subarctic Streams, 71 CAN. J.
ZOOLOGY 98, 104-08 (1993).
59. Mark S. Wipfli & David P. Gregovich, Export of Invertebrates and Detritus From Fishless
Headwater Streams in Southeastern Alaska: Implications for Downstream Salmonid Production, 47
FRESHWATER BIOLOGY 957, 957-58 (2002).
60. MEYER ET AL., supra note 52.
61. Thomas G. Brown & Gordon F. Hartman, Contribution of Seasonally Flooded Lands and
Minor Tributaries to the Production of Coho Salmon in Carnation Creek, British Columbia, 117
TRANSACTIONS AM. FISHERIES SOC’Y 546 (1988); P.J. Wigington, Jr., et al., Coho Salmon
Dependence on Intermittent Streams, 4 FRONTIERS ECOLOGY & ENV’T 513 (2006).
62. MEYER ET AL., supra note 52.
63. Carol Ann Woody & Sarah Louise O’Neal, Fish Surveys in Headwater Streams of the
Nushagak
and
Kvichak
river
Drainages,
Bristol
Bay,
Alaska
2008-2010,
Prepared for the Nature Conservancy 48 (2010), available at http://www.nature.org/media/alaska/aw
c_dec_2010.pdf.
64. MEYER ET AL., supra note 52.
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and intermittent streams are sites of enormous biological diversity,
hosting hundreds to thousands of species.65
IV. MITIGATING IMPACTS OF LARGE-SCALE HARDROCK MINING IN
BRISTOL BAY WATERSHEDS
A. Delineating the Watershed
The Corps has some flexibility in defining the scale of the
watershed for compensatory mitigation purposes, but that scale must “not
be larger than is appropriate to ensure that the aquatic resources provided
through compensation activities will effectively compensate for adverse
environmental impacts resulting from activities authorized by [Corps]
permits.”66 For example, compensatory mitigation projects “should be
located where [they are] most likely to successfully replace lost functions
and services . . . .”67
Based on the language of the statute and its policy goals, the most
appropriate watershed scale for purposes of compensating for
unavoidable project impacts resulting from permitted discharges within
the North Fork and South Fork Koktuli Rivers and/or Upper Talarik
Creek drainages would be those same drainages (roughly 100 square
miles each).68 This scale is most appropriate because it would offer the
greatest likelihood that compensatory mitigation measures would replace
the specific suite of aquatic resource functions lost due to permitted
discharges in those drainages. Mitigation projects within these specific
drainages would also offer the only opportunity to protect habitat for the
particular salmon stocks that originate in these drainages. This is
important in light of the documented importance of the diversity of
salmon stocks to the stability of the overall Bristol Bay salmon fishery—
the so-called “portfolio effect.”69
If there are no reasonable or practicable measures that could be
undertaken in these watersheds, it would be appropriate for the Corps
and/or the EPA to require compensatory mitigation within the closest
65. Id.
66. 40 C.F.R. § 230.93(c)(4) (2012).
67. Id. § 230.93(b)(1); see also id. § 230.93(c)(1) (Corps must use a watershed approach to
compensatory mitigation where appropriate and practicable).
68. See USGS 15300250 Upper Talarik Creek, National Water Information System: Web
Interface, USGS, http://waterdata.usgs.gov/nwis/inventory/?site_no=15300250&agency_cd=USGS
&amp (last visited Mar. 19, 2013); see also USGS 15302250 North Fork Koktuli River, National
Water Information System: Web Interface, USGS, http://waterdata.usgs.gov/nwis/inventory/?site_no
=15302250&agency_cd=USGS&amp (last visited Mar. 19, 2013).
69. See, e.g., Schindler et al., supra note 4.
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“hydrologic units” as defined by the U.S. Geological Survey. In this
case, those hydrologic units are the Mulchatna River and Lake Iliamna
watersheds (Figure 1).70

70. See Surf Your Watershed: Mulchatna River Watershed, U.S. ENVTL. PROT. AGENCY,
http://cfpub.epa.gov/surf/huc.cfm?huc_code=19030302 (last visited Mar. 6, 2013); see also Surf
Your
Watershed,
Lake
Iliamna
Watershed,
U.S.
ENVTL.
PROT.
AGENCY,
http://cfpub.epa.gov/surf/huc.cfm?huc_code=19030206 (last visited Mar. 6, 2013). The USGS
hydrologic units are identified in the 2008 Mitigation Rule as an appropriate basis for determining
the service area of a mitigation bank or in-lieu fee provider. 40 C.F.R. §§ 230.98(d)(6)(ii)(A), 230.98
(d)(8). The Mitigation Rule contemplates that such service areas may be defined based on smaller, 8digit USGS hydrologic units (subbasins or watersheds) or much larger, 6-digit USGS hydrologic
units (basins), at the discretion of the Army Corps district engineer. Id. Figure 1 shows the 8-digit
units surrounding the Pebble deposit, including the Mulchatna River and Lake Iliamna units. These
units are, in turn, encompassed within two 6-digit units – one containing all the 8-digit units
beginning “190302” and one containing all the 8-digit units beginning “190303.” The Mulchatna
River and Lake Iliamna watersheds are smaller, 8-digit watersheds (see Figure 1), which are most
appropriate in this context due to the large size of the proposed mine and its impacts, as well as the
importance of preserving the genetic diversity of the Bristol Bay salmon stocks. See supra note 69
and accompanying text. Further, due to scaling differences in mapping Alaska watersheds, these two
8-digit Alaska watersheds are six and ten times larger respectively than the average 8-digit
hydrologic basin in the Lower 48. See U.S. GEOLOGICAL SURVEY & NATURAL RES. CONSERVATION
SERVICE, FEDERAL STANDARDS AND PROCEDURES FOR THE NATIONAL WATERSHED BOUNDARY
DATASET (WBD): TECHNIQUES AND METHODS 11–A3 (3d ed. 2012), available at
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs143_021581.pdf. Furthermore, use of
very large, 6-digit hydrologic basins in Alaska (twice the size of the national average) would allow
the consideration of compensatory mitigation projects hundreds of miles from the impact site,
effectively eluding the goal of successfully replacing lost ecological functions and services. Even if
the larger, 6-digit hydrologic basins in the region of the Pebble deposit were considered an
appropriate watershed scale for mitigation purposes, this broader area does not likely offer
compensatory mitigation opportunities involving the restoration or even preservation of thousands of
acres of functionally similar habitat.
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The South Fork and North Fork Koktuli Rivers flow into the Mulchatna
River, and Upper Talarik Creek flows into Lake Iliamna; thus, these two
watersheds would offer a somewhat broader geographic area for
identifying mitigation sites while remaining close to the site of impact.
The EPA assessed a broader geographic area in its draft BBWA—
the Nushagak and Kvichak River watersheds, including navigable and
non-navigable tributaries—because that is where large-scale hardrock
mining projects are most likely to occur. However, the geographic scope
of the draft BBWA, focusing on known locations of large-scale mineral
deposits, is not the appropriate watershed scale for compensatory
mitigation for discharges from the proposed Pebble Mine, or any other
permitted discharge in one of the several drainages that flow into Bristol
Bay. The Nushagak and Kvichak River systems drain a large area,
approximately the size of the State of West Virginia. Defining the
watershed scale this broadly, or even more broadly as the entire Bristol
Bay basin, would likely fail to effectively compensate for the adverse
environmental impacts of the permitted discharge—the fundamental
requirement of the Mitigation Rule. The genetic differences between
individual salmon stocks in various drainages, and the importance of this
genetic diversity to the overall stability of the Bristol Bay salmon fishery,
undermine the value of mitigation measures designed to protect aquatic
resources in a drainage far from the site of impact.71
An analogous situation is the California Central Valley, which is
also approximately the size of the State of West Virginia and is also
drained by two major rivers: the Sacramento and the San Joaquin, which
both flow into San Francisco Bay. Like the portion of the larger Bristol
71. An even more expansive view of the relevant watershed is cited in a white paper (policy
analysis) prepared by HDR Inc. for PLP, which endorses a proposal by The Conservation Fund to
divide its in-lieu fee provider service area, which is the entire State of Alaska, into five large
geographic service areas: “Under that program, the Bristol Bay watershed, the Kuskokwim River
watershed, Kodiak Island, and the Alaska Peninsula are grouped into one service area called
Southwest Alaska. The regional scale of this ‘watershed’ makes sense because development projects
are scattered across an extensive and sparsely populated area, the ecological resources are similar,
and mitigation opportunities can be clustered for greater ecological benefit.” CHRISTOPHER
WROBEL, JOHN MORTON, MIKE WITTER & JODIE ANDERSON, OFFSETTING POTENTIAL IMPACTS
THROUGH
THE
ENVIRONMENTAL
PERMITTING
PROCESS
(2012),
available
at
http://www.pebblepartnership.com/perch/resources/plp-white-paper-series1.pdf. This justification
for a broad watershed definition may be reasonable in the context of small development projects
scattered across an extensive area, which is how in-lieu fee programs are generally used in Alaska
(for a discussion of in-lieu fee programs, see infra Part IV.C.2), but it is not reasonable in the context
of a very large project like the proposed Pebble Mine with enormous impacts on unique aquatic
resources at a specific site. A mitigation project in the Kuskokwim River watershed or on Kodiak
Island clearly would not be capable of replacing the particular ecological functions provided by the
headwaters of the Koktuli River and Upper Talarik Creek drainages.
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Bay basin where the EPA focused its assessment, the California Central
Valley is not a single watershed, nor is it made up of simply the
Sacramento and San Joaquin River drainages. Instead, the U.S. National
Marine Fisheries Service identifies twenty-eight major watersheds in the
Central Valley, as well as geologic and genetic differences among
anadromous fish in these watersheds that would contraindicate allowing
a permittee to compensate for anadromous fishery impacts in one of
these watersheds with measures in another Central Valley watershed.72
Accordingly, because the regulations require a more precise focus,
this article assesses the potential for mitigation to be implemented within
the specific watersheds where the impacts would occur, or within the
closest USGS hydrologic units.
B. Estimating the Magnitude of Impacts for Which Compensatory Mitigation Would be Required
We estimate that a Section 404 permit for the Pebble Mine would
require at least 6,000 acres of compensatory mitigation if restoration or
enhancement is the selected mitigation method and at least 9,000 acres if
preservation is the selected method. In making this estimate, we begin
with a preliminary mine plan published by PLP partner Northern
Dynasty Minerals (NDM) in a 2011 report prepared in compliance with
Canadian public disclosure regulations.73 The report and plan are based
on environmental and engineering studies that Pebble Mine proponents
have conducted since at least 2004.74
The EPA has been criticized for using this plan as the basis for the
“hypothetical mine scenario” that it assesses in its Draft BBWA.75 This
criticism is unfounded. The preliminary plan is a proper basis for both
72. Nat’l Marine Fisheries Serv., SW. Reg’l Office, Public Draft Recovery Plan for the
Evolutionarily Significant Units of Sacramento River Winter-Run Chinook Salmon and Central
Valley Spring-Run Chinook Salmon and the Distinct Population Segment of Central Valley
Steelhead app. A (2009).
73. HASSAN GHAFFARI ET AL., DOCUMENT NO. 1056140100-REP-R0001-00, PRELIMINARY
ASSESSMENT OF THE PEBBLE PROJECT, SOUTHWEST ALASKA, PREPARED FOR NORTHERN DYNASTY
MINERALS LTD. (2011), available at http://www.hdgold.com/i/pdf/ndm/Pebble_Project_Preliminary
%20Assessment%20Technical%20Report_February%2017%202011.pdf; see also RILEY & YOCOM,
supra note 5 (discussing Wardrop report). The Canadian regulation is National Instrument 43-101
(Standards of Disclosure for Mineral Projects), promulgated by the British Columbia Securities
Commission. See National Instrument 43-101 Standards of Disclosure for Mineral Projects British
Columbia Sec. Comm’n, http://www.bcsc.bc.ca/mining.asp (last visited January 17, 2013).
74. See PEBBLE LTD. P’SHIP, ENVIRONMENTAL BASELINE DOCUMENT (2012), available at
http://www.pebbleresearch.com [hereinafter EBD].
75. See, e.g., Comment Submitted by John Shively, Cheif [sic] Executive Officer, The Pebble
Limited Partnership (PLP), on An Assessment of Potential Mining Impacts on Salmon Ecosystems
of Bristol Bay, Alaska, to U.S. Envtl. Prot. Agency (July 23, 2012), available at
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-ORD-2012-0276-5419.
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the EPA’s assessment of impacts and our estimate of the magnitude of
impacts for which compensatory mitigation would be required. Inasmuch
as NDM published its 2011 mine plan to comply with public disclosure
laws, it is reasonable to use that information to assess potential impacts
of mining on wetland and aquatic areas. It is also appropriate to use this
plan because (a) the location of the ore deposit is known, (b) the
wetlands and water bodies that overlie the deposit have been mapped and
published by Pebble proponents,76 and (c) the size and location of the
initial tailings storage facility are based on environmental studies
concluding that use of that drainage would minimize harm to fishery
resources compared with other feasible sites.77
The plan describes three potential phases for mining the Pebble
deposit, including a 25-year, a 45-year, and a 78-year mine.78 It includes
drawings showing the locations and footprints of the 25-year mine pit
and an associated tailings storage facility in an unnamed tributary
drainage of the North Fork Koktuli River.79 The 25-year mine plan
includes a mine pit and waste rock disposal area, covering approximately
5,400 acres, and an associated tailings storage facility, covering
approximately 4,000 acres (Figure 2).80 Our estimates of project impacts
are based on the diagrams of these two areas and exclude other probable
facilities, including access roads, processing facilities, pipelines, a power
plant, and a proposed deepwater port on Cook Inlet. Thus, the figures
used in our analysis likely underestimate impacts significantly.

76. See EBD, supra note 74, at ch. 14.
77. KNIGHT PIESOLD CONSULTING, TAILINGS IMPOUNDMENT G, INITIAL APPLICATION
REPORT, REF. NO. VA101-176/16-12, PREPARED FOR NORTHERN DYNASTY MINES, INC. (2006).
This report accompanied a water rights application to impound the “Area G” drainage, an unnamed
tributary to the North Fork Koktuli River that is also shown as the tailings storage facility in
GHAFFARI ET.AL., supra note 73 (the Wardrop report).
78. See GHAFFARI ET AL., supra note 73.
79. As recently as January, a diagram showing these same facilities appears on the Pebble
Mine website of Northern Dynasty Minerals, one of the PLP partners. See Preliminary Assessment
2011, The Pebble Project, NORTHERN DYNASTY MINERALS LTD., http://www.northerndynastyminer
als.com/ndm/Prelim_A.asp (last visited Jan. 17, 2013).
80. GHAFFARI ET AL., supra note 73; see also Preliminary Assessment 2011, supra note 79.
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In its Environmental Baseline Document (EBD), a compilation of
its baseline studies to date, PLP reported that roughly 33 percent of its
“mine mapping area” was found to be wetlands and aquatic areas (see
Figure 2, above).81 PLP did not quantify these acreages with regard to
any potential mine project footprint. The wetland maps in the EBD show
that the low-lying areas that overlie the known Pebble ore deposit and the
site of a likely tailings storage facility contain a high percentage of
wetland and aquatic sites; however, these maps have not been verified.
We therefore use PLP’s 33 percent average to estimate the acreage that
might require compensatory mitigation, recognizing that these may be
substantial underestimates for the proposed Pebble Mine as described in
NDM’s preliminary mine plan.82
The preliminary mine plan shows an initial mining footprint that
would cover approximately 9,400 acres for a 25-year mining project.83
Using PLP’s overall estimate of wetland and aquatic areas within its
mine mapping area, more than 3,000 acres of wetlands, streams, and
open-water areas would be lost and subject to regulatory requirements
for compensatory mitigation. This 3,000-acre estimate is used in our
analysis to assess the availability of appropriate and practicable measures
81. See EBD, supra note 74, at ch. 14.
82. GHAFFARI ET AL., supra note 73, at 579.
83. RILEY & YOCOM, supra note 5. This footprint is similar to that of the hypothetical mine
evaluated in the EPA’s draft BBWA.
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to offset potential project impacts, recognizing that the actual impacts
may be much larger, particularly if the mine operates for 45 years or
more as the preliminary mine plan indicates is likely.84
Under the 2008 Mitigation Rule, the appropriate amount of
compensatory mitigation would be determined, in the first instance,
through a Corps-approved functional or conditional assessment to
quantify the aquatic resource functions that would be lost if the Pebble
Mine were built. This assessment would focus on the specific and unique
functions performed by the headwater streams and wetlands in the area
of the Pebble deposit, as described earlier. In the absence of such an
assessment, the proper compensation ratio for the headwater streams and
wetlands destroyed by discharges of dredged or fill material from mining
the Pebble Deposit would be at least 2:1 if the mitigation method is
restoration or enhancement, or at least 3:1 if the compensatory mitigation
method is preservation.85 This translates to at least 6,000 acres of
compensatory mitigation for restoration or enhancement, and at least
9,000 acres of compensatory mitigation for preservation.
C. Potential Options for Compensatory Mitigation
In its white paper for PLP, HDR Inc. lists types of compensatory
mitigation that might be available to offset impacts from one or more
large-scale hardrock mines in the Bristol Bay region:
Compensatory mitigation for wetlands impacts could, for example,
take the form of anadromous fish habitat restoration, property acquisition for conservation easements, water quality improvements,
remediation of contaminated sites, biodiversity offsets, funding for
research and education, or other options. There may be opportunities for development organizations to join with local tribal governments and non-governmental organizations to create wetland mitigation banks or endowment funds to manage fish and wildlife, water quality, and preservation of undeveloped natural resources for
generations to come... 86

While these various measures can offset project impacts on a caseby-case basis, habitat restoration and enhancement are most effective at
offsetting direct permanent losses of wetland and aquatic habitats.
Preservation of existing habitat, even when there is clear evidence that
84. See The Pebble Project: The Future of U.S. Mining and Metals, NORTHERN DYNASTY
MINERALS LTD.,http://www.northerndynastyminerals.com/i/pdf/ndm/NDM_Presentation_Sept2012.
pdf (last visited Mar. 6, 2013).
85. ALASKA RGL, supra note 48, at app. B.
86. WROBEL ET AL., supra note 71.
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such habitat would be otherwise under immediate threat for destruction
or degradation, does not offset project impacts or result in overall
ecological improvement. Nevertheless, there is greater flexibility to
mitigate through preservation and other in-lieu fee mechanisms in Alaska
than there is in other parts of the United States, where opportunities for
restoration and enhancement of degraded habitats are far greater.
Using the categories of compensatory mitigation described in the
2008 Mitigation Rule and the 2009 Corps, Alaska District guidance
pursuant to that rule, we now examine the opportunities for mitigating
impacts of one or more large-scale hardrock mines within the Mulchatna
River and Lake Iliamna watersheds, including some of the actions
suggested by HDR Inc., above.87
1. Mitigation Banks
88

As stated previously, the 2008 Mitigation Rule expresses a preference
for the use of a mitigation bank as compensatory mitigation when an
approved mitigation bank is available and appropriate. A mitigation bank
is defined as follows:
a site, or suite of sites, where resources (e.g., wetlands, streams, riparian areas) are restored, established, enhanced, and/or preserved
for the purpose of providing compensatory mitigation for impacts
authorized by [Section 404] permits. In general, a mitigation bank
sells compensatory mitigation credits to permittees whose obligation to provide compensatory mitigation is then transferred to the
mitigation bank sponsor.89

Mitigation banks are considered less risky and more effective than
permittee-responsible mitigation because, among other things, they
“typically involve larger, more ecologically valuable parcels, and more
rigorous scientific and technical analysis, planning and implementation
than permittee-responsible mitigation.”90 The Corps, Alaska District lists
four approved mitigation banks. However, none of these mitigation
banks serve the Bristol Bay region,91 so they would not be available or

87. See supra note 71 and accompanying text. Some of the ideas described in the HDR white
paper are not addressed herein because they would not offset the habitat losses caused by the
proposed Pebble Mine and therefore would not be suitable as primary compensatory mitigation.
These include rehabilitating chum and coho stocks in the southeastern Bering Sea through measures
like mist incubation, rehabilitating sockeye stocks through lake fertilization, and funding research
efforts or joint ventures.
88. See supra note 27 and accompanying text.
89. 40 C.F.R. § 230.92 (2012).
90. 40 C.F.R. § 230.93(b)(2) (2012).
91. See The Pebble Project: The Future of U.S. Mining and Metals, supra note 84.
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appropriate for offsetting impacts to wetland and aquatic areas within the
watersheds of Bristol Bay.
PLP has identified establishing a new mitigation bank as a possible
compensatory mitigation measure. The Mitigation Rule provides
extensive and detailed rules for establishing a mitigation bank, with
which PLP would have to comply.92 Most significantly, before a
mitigation bank can release credits as compensatory mitigation for
permitted impacts, it must have in place an approved instrument,
including a mitigation plan, appropriate real estate and financial
assurances, and have achieved “specific milestones associated with the
mitigation bank site’s protection and development . . . .”93
A problem with the mitigation bank option is the lack of appropriate
sites for restoration, enhancement, or preservation within the watersheds.
The Mulchatna River and Lake Iliamna watersheds are largely intact and
unaltered by human activities. There appear to be no degraded habitat
areas of similar function and adequate size within the Upper Talarik
Creek or Koktuli River drainages, or within the greater Mulchatna River
or Lake Iliamna watersheds that could be restored or enhanced. Nor are
there appropriate preservation sites within these drainages—i.e. sites that
perform similar aquatic functions, are of the appropriate acreage, and are
under threat of development—except for the Pebble site itself.
There are some scattered degraded sites within the more-distant
Lower Nushagak watershed94 that could benefit from restoration, but it is
unlikely that these sites could provide the acreage or ecological function
that would be lost at the Pebble site. Some of these degraded sites,
moreover, are old mines that would require resolution of liability and
contamination issues before they could serve as mitigation sites.95
Preservation options are also limited in the Lower Nushagak watershed
92. See generally 40 C.F.R. § 230.98.
93. 40 C.F.R. § 230.93(b)(2).
94. See Surf Your Watershed: Lower Nushagak River Watershed, U.S. ENVTL. PROT. AGENCY,
http://cfpub.epa.gov/surf/huc.cfm?huc_code=19030303 (last visited Mar. 6, 2013). The Lower
Nushagak hydrologic unit as defined by USGS does not coincide with the physical boundaries of the
lower Nushagak River watershed, as it separates the Wood River drainage into a separate hydrologic
unit.
95. One example is the Red Top Mine on Marsh Mountain just east of Aleknagik, which
produced about 120 flasks of mercury through 1970 and has apparently not been in production since
then. See DONALD J. GRYBECK, ALASKA RESOURCE DATA FILE, NEW AND REVISED RECORDS
VERSION 1.5, U.S. GEOLOGICAL SURVEY 564-566 (2008), available at http://ardf.wr.usgs.gov/ardf_
data/1225.pdf. Although the acres of impact are not identified in the Alaska Resource Data File
(ARDF), it can be inferred from the 10,000 feet of surface dozer trenching and about 1,480 feet of
underground workings described in the ARDF that the acreage is fairly small. The ARDF
description of the mine’s geology gives no indication of any aquatic resources similar to those at the
Pebble site.
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because of the sheer number of acres that would be required, and the
difficulty of finding sites to offset the loss of pristine headwater streams
and wetlands and their unique ecological functions.
An additional challenge is that ownership of the land in the region is
mixed amongst state and federal ownership, as well as private lands and
Native allotments. Even though public lands can provide mitigation
options in appropriate circumstances, credit for such mitigation is given
only for “aquatic resource functions provided by the compensatory
mitigation project, over and above those provided by public programs
already planned or in place,”96 and preservation is an acceptable
mitigation method only when the mitigation site is threatened.97 Further,
preservation downstream from the proposed Pebble project would be
effective only if the headwaters of the preservation area were not
degraded. These limitations would preclude most sites with adequate
acreage and similar aquatic function from serving as acceptable
mitigation sites for the proposed Pebble project. Therefore, we conclude
that mitigation banks are not a viable option due to a lack of appropriate
sites that require either restoration or preservation from an immediate
threat.
2. In-Lieu Fee Programs
In areas where the mitigation bank option not feasible, use of in-lieu
fee credits rather than permittee-responsible mitigation is generally
preferred for the same reasons that mitigation banks are preferred.98 An
in-lieu fee program is defined as follows:
a program involving the restoration, establishment, enhancement,
and/or preservation of aquatic resources through funds paid to a
governmental or non-profit natural resources management entity to
satisfy compensatory mitigation requirements for [Section 404]
permits. Similar to a mitigation bank, an in-lieu fee program sells
compensatory mitigation credits to permittees whose obligation to
provide compensatory mitigation is then transferred to the in-lieu
program sponsor…99

As with mitigation bank credits, however, the use of in-lieu fee
credits is allowed only where the in-lieu fee program sponsor “has the
appropriate number and resource type of credits available . . . .”100 For

96. 40 C.F.R. § 230.93(a)(3).
97. Id. § 230.93(h)(1)(4).
98. Id. § 230.93(b)(3).
99. Id. § 230.92.
100. Id. § 230.93(b)(3).
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this reason, and those that follow, in-lieu fee programs are similarly
inappropriate.
The Corps, Alaska District lists three in-lieu fee sponsors.101 One of
these in-lieu fee sponsors—The Conservation Fund—is actively seeking
to purchase conservation easements within the Bristol Bay region as part
of its Southwest Alaska Salmon Habitat Initiative.102 If the Corps
determines that a proposal to mine the Pebble deposit would result in
unavoidable impacts to salmon habitat, an in-lieu fee program is a
potential avenue for mitigation. However, the magnitude of potential
project impacts might preclude such a mechanism. No efforts to purchase
conservation easements within the Mulchatna River or Lake Iliamna
watersheds were identified during the preparation of this article.
The Conservation Fund has generally identified “[o]pportunities for
compensatory mitigation through wetlands preservation [such as] the
purchase of strategic in-holdings in Wood-Tikchik State Park, Togiak,
Becharof, Alaska Peninsula Izembek and Kodiak National Wildlife
Refuges, Afognak and Shuyak Island State Parks, Katmai and Lake
Clark National Park and other state and federal conservation units.”103
These locations, however, are far from the impact site, and only the
Wood-Tikchik State Park reaches, though barely, into the Lower
Nushagak hydrologic unit as defined by USGS. According to the most
recent land use plan for the Wood-Tikchik State Park, private inholdings
within the park that are not already subject to conservation easements are
limited to 27 very small Native allotments (80 or 160 acres) and 9 private
inholdings, which are also quite small.104 It is unlikely that many of these
contain wetlands of any significance. Regardless, accepting preservation
in these distant locations as mitigation for impacts in the Mulchatna
River and Lake Iliamna watersheds would be inconsistent with the
Mitigation Rule emphasis on providing ecological benefits close to the
site of impact.105

101. See Alaska District In-Lieu Fee Sponsors, http://www.poa.usace.army.mil/Portals/34/docs
/regulatory/Alaska District In-lieu Fee Sponsors.pdf (last visited Feb. 5, 2013). The other in-lieu fee
sponsors approved by the Corps Alaska District do not serve the Bristol Bay region.
102. See Southwest Alaska Salmon Habitat Initiative, CONSERVATION FUND,
http://www.conservationfund.org/projects/southwest-alaska-salmon-habitat-initiative/ (last visited
Mar. 7, 2013). This effort is aided, in part, by donations from Bristol Bay Native Corporation.
103. The Conservation Fund, A Prospectus to Establish and Administer the Alaska Statewide
In-Lieu Fee Compensatory Mitigation Program 12 (March 2011) (on file with authors).
104. Alaska Dep’t of Natural Resources, Div. Parks & Outdoor Rec’n, Wood-Tikchik State
Park
Management
Plan
2-2,
Map
2-1,
7-11
(2002),
available
at
http://dnr.alaska.gov/parks/plans/woodt/wtplan4mb.pdf.
105. See supra notes 28-33 and accompanying text.
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3. Permittee-Responsible Compensatory Mitigation
Permittee-responsible compensatory mitigation is defined as “an
aquatic resource restoration, establishment, enhancement, and/or
preservation activity undertaken by the permittee (or an authorized agent
or contractor) to provide compensatory mitigation for which the
permittee retains full responsibility.”106 The Mitigation Rule provides the
following order of priorities: first, a watershed approach is preferred;
second, on-site, in-kind mitigation: and finally, off-site, out-of-kind
mitigation is considered as a last resort.107
a) Fish Passage: Road Crossings
One measure that could be compatible with a watershed approach is
to provide fish passage across man-made features such as road crossings.
Virtually all streams near the Pebble deposit support anadromous and
resident fish.108 Because stream crossings can impact spawning,
rearing,109 and refuge habitats,110 they can reduce genetic diversity,111
thereby reducing long-term sustainability of salmon populations.112 Fish
passage is a problem commonly associated with declines in salmon and
other fish populations throughout the United States,113 including
Alaska.114 One possible compensatory mitigation measure could be to
remove crossings at non-project sites that create barriers to fishes, and
106. 40 C.F.R. § 230.92 (2012).
107. See id. § 230.93(b)(4)-(6).
108. WOODY & O’NEAL, supra note 63, at 48; Anadromous Waters Catalog, ALASKA DEP’T
OF FISH & GAME, http://www.sf.adfg.state.ak.us/SARR/awc/ (last visited Mar. 6, 2013).
109. Jeffrey C. Davis & Gay A. Davis, The Influence of Stream-Crossing Structures on the
Distribution of Rearing Juvenile Pacific Salmon, 30 J. N. AM. BENTHOLOGICAL SOC’Y 1117 (2011);
M.B. Sheer & E.A. Steel, Lost Watersheds: Barriers, Aquatic Habitat Connectivity, and Salmon
Persistence in the Willamette and Lower Columbia River Basins, 135 TRANSACTIONS AM.
FISHERIES SOC’Y 1654 (2006).
110. David M. Price et al., Fish Passage Effectiveness of Recently Constructed Road Crossing
Culverts in the Puget Sound Region of Washington State, 30 AM. J. FISHERIES MGMT. 1110 (2010).
111. Helen Neville et al., Influences of Wildfire, Habitat Size, and Connectivity on Trout in
Headwater Streams Revealed by Patterns of Genetic Diversity, 138 TRANSACTIONS AM. FISHERIES
SOC’Y 1314 (2009); John E. B. Wofford, Robert E. Gresswell & Michael A. Banks, Influence of
Barriers to Movement on Within-Watershed Genetic Variation of Costal Cutthroat Trout, 15
ECOLOGICAL APPLICATIONS 628 (2005).
112. Ray Hilborn, Thomas P. Quinn, Daniel E. Schindler & Donald E. Rogers, Biocomplexity
and Fisheries Sustainability, 100 PROC. NAT’L ACAD. SCI. 6564 (2003); Schindler et al., supra note
6.
113. Willa Nehlsen, Jack E. Williams & James A. Lichatowich, Pacific Salmon at the
Crossroads: Stocks at Risk from California, Oregon, Idaho, and Washington, 16 FISHERIES 4
(1991); KEN BATES ET AL., WASH. DEP’T OF FISH AND WILDLIFE, DESIGN OF ROAD CULVERTS FOR
FISH PASSAGE 112 (2003).
114. Fish Passage Improvement Program, ALASKA DEP’T OF FISH AND GAME,
http://www.adfg.alaska.gov/index.cfm?adfg=fishpassage.projects (last visited Mar. 6, 2013).
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replace them with crossings that improve fish passage. Where fish
passage is essentially blocked, and where habitat above the blockage is
suitable, providing permanent improvements to fish passages or access is
a form of restoration and/or enhancement for which compensatory
mitigation credit could be determined appropriate. Although such actions
could provide improved habitat access by anadromous fishes, they would
not offset the direct loss of thousands of acres of wetlands, water bodies,
or stream miles.
Whether a fish passage project is a suitable mitigation measure
would depend in part on whether there is already a party responsible for
maintaining fish passage or repairing and replacing road crossings; if so,
it would be inappropriate for PLP to use such a project for mitigation
credit. In addition, quantifying the compensatory mitigation credit to
assign to any particular fish passage improvement or series of
improvements would require complex assessments of existing conditions
and potential improvements in habitat functions. Further, such
improvements, as with other forms of compensatory mitigation, would
need to be permanent and include long-term maintenance in perpetuity.
One problem with this measure is that Pebble Mine proponents may
find it challenging enough to ensure unimpeded fish passage at road
crossings for the proposed eighty-six-mile road between the Pebble ore
deposit and Cook Inlet, due to the high gradient terrain surrounding
much of the potential road corridor.115 The proposed road would require
at least eighty stream crossings, ranging from small headwaters to large
perennial rivers such as the Iliamna and Newhalen rivers,116 and all fish
passage sites would require regular maintenance. Construction of this
road may, moreover, open the door to additional spur road construction.
Thus, even if efforts to maintain or improve fish passage at non-project
sites were successful, these gains could be erased by the adverse impacts
associated with road construction for the mine itself.
b) Fish Passage: Beaver Dams
In its EBD, PLP identified beaver dams of 0.25 m and higher as
potential temporary barriers,117 raising the possibility that PLP may
115. GHAFFARI ET AL., supra note 73.
116. PND Engineers, Inc., Iliamna Regional Transportation Corridor Analysis, Prepared for
Alaska
Dep’t
of
Transp.
and
Pub.
Facilities
148
(2007),
available
at
http://www.dowlhkm.com/projects/SWAKTP/new_website/docs/iliamna_reg_transp_corr_final_rpt
_12-31-07.pdf.
117. EBD, supra note 74, at ch. 15 app. B. Elsewhere, however, PLP acknowledges that beaver
ponds may serve as important habitat for adult spawning and juvenile overwintering for Pacific
salmon. See id. at ch. 15, Technical summary, page 15.1-14 (“While beaver ponds were relatively
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propose beaver dam removal as a compensatory mitigation measure.
Although people may perceive beaver dams as impediments to fish
passage, studies supporting this perception are generally speculative,118
and no study has demonstrated adverse population impacts to fish from
beaver dams. Beaver dams are semipermeable and may limit fish
movement temporarily during low stream flows119 but generally do not
constitute significant barriers to salmonid migration.120 When beaver
dams do present barriers they are generally short-lived, as dams are often
overtopped or blown out by storm surges.121
Pacific salmon and other fish species are commonly found above
beaver dams. In southeast Alaska, for example, coho salmon were
documented upstream of all surveyed beaver dams, including a twometer-high beaver dam; highest coho densities were documented in
streams with beaver. Furthermore, both adult and juvenile sockeye
salmon, coho salmon, steelhead, cutthroat, and char have been
documented upstream of beaver dams,122 as have Chinook juveniles.123
Some anecdotal evidence suggests that beaver dams can be an obstacle to
upstream chum salmon movement.124
A recent meta-analysis of the impacts of beaver on freshwater fish
indicates that beaver have a positive impact on coho, Chinook, Dolly
scarce in the mainstem UT [Upper Talarik Creek], the off-channel habitat study revealed a
preponderance of beaver ponds in the off-channel habitats. As in the SFK [South Fork Koktuli]
watershed, beaver ponds accounted for more than 90 percent of the off-channel habitat surveyed.
Beaver ponds in the UT provided habitat for adult spawning and juvenile overwintering for Pacific
salmon. The water temperature in beaver ponds in the UT was slightly warmer than in other habitat
types and thus, beaver ponds may represent a more productive habitat as compared to other
mainstem channel habitat types.”).
118. Paul S. Kemp et al., Qualitative and Quantitative Effects of Reintroduced Beavers on
Stream Fish, 13 FISH & FISHERIES 158 (2012).
119. Michael M. Pollock, Morgan Heim & Danielle Werner, Hydrologic and Geomorphic
Effects of Beaver Dams and Their Influence on Fishes, in THE ECOLOGY AND MANAGEMENT OF
WOOD IN WORLD RIVERS 213 (Stan V. Gregory, Kathryn L. Boyer & Angela M. Gurnell eds.,
2003).
120. Id.; Robert S. Rupp, Beaver-Trout Relationships in the Headwaters of Sunkhaze Stream,
Maine, 84 TRANSACTIONS AM. FISHERIES SOC’Y 75 (1955); Richard Gard, Effects of Beaver on
Trout in Sagehen Creek, California, 25 J. WILDLIFE MGMT. 221(1961).
121. Kemp et al., supra note 118; Karen Leidhold-Bruner, David E. Hibbs & William C.
McComb, Beaver Dam Locations and Their Effects on Distribution and Abudance of Coho Salmon
Fry in Two Costal Oregon Streams, 66 NORTHWEST SCI. 218 (1992).
122. S. Swales et al., Overwintering Habitats of Coho Salmon (Oncorhynchus Kisutch) and
Other Juvenile Salmonids in the Keogh River System, British Columbia, 66 CAN. J. ZOOLOGY 254
(1988); Michael L. Murphy et al., Habitat Utilization by Juvenile Pacific Salmon (Oncorhynchus) in
the Glacial Taku River, Southeast Alaska, 46 CAN. J. FISHERIES & AQUATIC SCI. 1677 (1989);
Pollock et al., supra note 119.
123. MARVIN ROSENAU & MARK ANGELO, PAC. FISHERIES RES. CONSERVATION COUNCIL,
FRESHWATER HABITAT (1999).
124. Pollock et al., supra note 119.
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Varden, rainbow trout, sockeye salmon, and steelhead.125 The most
frequently cited benefits in this study were increased habitat
heterogeneity, rearing and overwintering habitat, flow refuge, and
invertebrate production.126 The most frequently cited negative impacts
included impeded fish movement, siltation of spawning habitat, and low
O2 in ponds; the majority of studies citing negative impacts, however,
were speculative rather than data driven.127 In sum, there is not sufficient
scientific evidence to support the notion that beaver dams impede fish
passage; therefore, beaver dam removal would not be an appropriate
compensatory mitigation measure for the proposed Pebble Mine.
c) Fish Passes
Thousands of fish passes have been installed worldwide in efforts to
reverse continued human-caused extirpation or extinction of fish
species.128 Every fish pass represents a singular experiment with unique
environmental and biological conditions. Most North American fish
passes focus on facilitating upstream passage of a single life stage and
one or a few species (e.g. adult salmon), although the number of fish
successfully passing relative to the number that attempt to pass is rarely
monitored.129 Even with this limited focus, fish passes still delay or
prevent upstream passage of both target and non-target species,130 which
can cause delayed mortality or reduced spawning success.131 Combined
with the fact that fish passes require constant maintenance, upkeep, and
repair,132 their ability to mitigate for long-term or perpetual development
impacts is untenable.

125. Kemp et al., supra note 118.
126. Id.
127. Id.
128. Nehlsen et al., supra note 113; Sheer & Steel, supra note 109.
129. C.M. Bunt et al., Performance of Fish Passage Structures at Upstream Barriers to
Migration, 28 RIVER RES. & APPLICATIONS 457 (2012).
130. David W. Roscoe & Scott G. Hinch, Effectiveness Monitoring of Fish Passage Facilities:
Historical Trends, Geographic Patterns and Future Directions, 11 FISH & FISHERIES 12 (2010);
Bunt et al., supra note 129; Cheri Patterson, N.H. Fish and Game Dep’t, Operations and
Maintenance of Fishways for River Herring in New Hampshire Coastal Rivers, National Conference
on Engineering and Ecohydrology for Fish Passage, UNIV. OF MASS. AMHERST SCHOLARWORKS
(June 6, 2012), http://scholarworks.umass.edu/fishpassage_conference/2012/June6/33/.
131. D.W. Roscoe et al., Fishway Passage and Post-Passage Mortality of up-River Migrating
Sockeye Salmon in the Seton River, British Columbia, 27 RIVER RES. & APPLICATIONS 695 (2011).
132. TIM O’BRIEN, TOM RYAN, IVOR STUART & STEVE SADDLIER, REVIEW OF FISHWAYS IN
VICTORIA 1996–2009, ARTHUR RYLAH INST. ENVTL. RES. TECHNICAL REP. SERIES NO. 216 (2010);
WASH. DEP’T OF FISH AND WILDLIFE, CONTROL NO. 117192-1, HYDRAULIC PROJECT APPROVAL,
FISHWAY STRUCTURES IN FRESHWATERS STATEWIDE (JUNE 2, 2009).
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To emulate or replace lost wetland ecosystem function, fish passes
must allow both upstream and downstream movement of the full suite of
fish species and life stages within the watershed of interest. There is
insufficient scientific evidence indicating that fish passes can attain this
goal, making this an inappropriate compensatory mitigation measure for
the Pebble Mine.
d) Hatcheries
Although there are no current proposals to provide hatchery
production to offset fishery losses caused by the proposed Pebble Mine,
it is likely that such proposals would not be viewed favorably by relevant
decision makers. Preservation of wild salmon has broad political support
in Alaska. For example, Alaska’s senior senator, Sen. Lisa Murkowski
(R-AK), introduced legislation with Sen. Maria Cantwell (D-WA) in
2011 to create a public-private partnership focused on sustaining strong
wild salmon populations.133 According to Senator Murkowski: “[t]hrough
the creation of a public/private partnership and grant program, it is my
hope that we can ensure that these salmon strongholds will continue to
produce abundant wild salmon runs long into the future.”134 Offsetting
the loss of wild salmon habitat with hatchery production would not be
compatible with this goal.
According to the Northwest Fisheries Science Center (NOAA
Fisheries), wild salmon populations have declined dramatically over the
past several decades, “despite, and perhaps sometimes because of, the
contribution of hatcheries. Many salmon stocks in Washington and
Oregon are now listed as either threatened or endangered under the U.S.
Endangered Species Act. With this decline has come an increased focus
on the preservation of indigenous wild salmon stocks.”135 Remaining
wild populations provide a better chance for long-term survival of
salmon inasmuch as these populations have evolved in response to
significant environmental changes over many thousands of years and can
be expected to do so in the future.
Hatchery-produced salmon lack the genetic diversity of wild
salmon,136 which is essential to the sustainability of salmon and
133. See Mark Yuasa, Bill Introduced by Senator Maria Cantwell Would Help Boost Wild
Salmon Runs, Seattle Times, Aug. 6, 2011, http://seattletimes.com/html/reeltimenorthwest/20158378
36_bill_introduced_by_senator_mar.html (discussing introduction of the Pacific Salmon Stronghold
Conservation Act of 2011).
134. Id.
135. See Salmon Hatchery Q&A, NW FISHERIES SCI. CEN., http://www.nwfsc.noaa.gov/resour
ces/search_faq.cfm?faqmaincatid=3 (last visited Mar. 6, 2013).
136. Mark R. Christie, Melanie L. Marine, Rod A. French & Michael S. Blouin, Genetic
Adaptation to Captivity Can Occur in a Single Generation, 109 PROC. NAT’L ACAD. SCI. 238
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prevention of fisheries collapses.137 Inter-breeding between hatchery and
wild fish consequently lowers survival and fitness of wild salmon.138
Hatchery fish also compete with wild salmon for food and habitat in both
freshwater and marine environments, and in some cases prey directly on
wild salmon.139 Despite billions of dollars spent to produce hundreds of
thousands of hatchery salmon in the Pacific Northwest in an attempt to
recover threatened and endangered salmon, stocks remain imperiled and
indeed are further threatened by interactions with hatchery fish.140
V. CONCLUSION
There appear to be few, if any, reasonable and practicable
compensatory mitigation measures within the associated watersheds that
could offset the enormous losses of headwater streams, wetlands, and
aquatic habitats that would be destroyed by the proposed Pebble Mine. It
is clear that the direct losses of habitat could be thousands of acres, and
the means to offset such losses would require a multiple of that acreage
figure under the 2008 Mitigation Rule.
There are various potential means of offsetting unavoidable project
impacts, including mitigation banks, in-lieu fee mechanisms, various
types of permittee-responsible mitigation projects, and preservation of
existing, but threatened, habitat. Nevertheless, these methods do not
appear to be available or practicable within the Mulchatna River or Lake
Iliamna watersheds. There are no mitigation banks that serve these
watersheds, nor any in-lieu fee projects there. The habitats that would be
destroyed in mining the Pebble deposit are ecologically intact, and there
are no known means of recreating such areas. Furthermore, preserving
such habitat elsewhere does little to offset permanent losses.
There may be some opportunities to restore degraded habitat at
former mining sites, and opportunities to improve migratory fish passage
across, around, or through man-made barriers. However, such
opportunities have the following three flaws: they are not likely to be
plentiful enough to offset thousands of acres of mining-related losses;
(2011); D.J. Fraser, How Well Can Captive Breeding Programs Conserve Biodiversity? A Review of
Salmonids, 4 EVOLUTIONARY APPLICATIONS 535 (2008).
137. Schindler et al., supra note 4.
138. R.S. Waples, Genetic Interactions Between Hatchery and Wild Salmonids: Lessons from
the Pacific Northwest, 48 CAN. J. FISHERIES & AQUATIC SCI. 124 (1991).
139. Peter S. Rand, Barry A. Berejikian, Todd N. Pearsons & David L. G. Noakes, Ecological
Interactions Between Wild And Hatchery Salmonids: An Introduction To The Special Issue, 94
ENVTL. BIOLOGY FISHES 1 (2012).
140. Kathryn Kostow, Factors that Contribute to the Ecological Risks of Salmon and Steelhead
Hatchery Programs and Some Mitigating Strategies, 19 REV. FISH BIOLOGY & FISHERIES 9 (2009).
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they are not particularly effective at offsetting project impacts; and they
are likely to require maintenance in perpetuity.
In summary, it is neither reasonable nor practicable to offset the
impacts of mining the Pebble deposit through the use of compensatory
mitigation within the Mulchatna River or Lake Iliamna watersheds. As a
result, the Corps could amply support a determination that the project
would cause or contribute to significant degradation of the waters of the
United States based solely on the otherwise unmitigated project impacts.
Under these circumstances, the proposed mining project would not
qualify for permitting under Section 404 of the Clean Water Act.
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Review Comments on EPA’s Bristol Bay Watershed Assessment: Habitat Loss
Prepared for the Bristol Bay Native Corporation
by
Thomas G. Yocom1
Huffman-Broadway Group, Inc.
July 23, 2012
Introduction
At the request of the Bristol Bay Native Corporation, I reviewed portions of “An Assessment of
Potential Mining Impacts on Salmon Ecosystems of Bristol Bay, Alaska (EPA 910-R-12-004a),”
released for public comment by the United States Environmental Protection Agency, Seattle,
WA in May 2012. My comments focus primarily on portions of this report (hereinafter
abbreviated as BBWA, i.e., Bristol Bay Watershed Assessment) that are related to potential
discharges of dredged or fill material into regulated waters of the United States, including
wetlands.
I find the BBWA to be straightforward, and its conclusions caveated carefully. It is my opinion
that EPA likely underestimates all or most potential impacts, including direct and indirect
impacts to wetland and aquatic areas.
The BBWA does not adequately address the difficulty (risks) of actually implementing a mine
design that could practicably collect and treat mining wastewater to meet water quality standards
at the point of discharge, particularly the quantities of water that will be necessary for a largescale hardrock mine to operate in the “no failure” mode within the Bristol Bay watershed.2 If
such a design is not practicable for the short-term or long-term treatment of water, EPA’s “nofailure” scenario is rendered meaningless. Accordingly, EPA should at least offer examples of
large-scale hardrock mining operations that have successfully treated and discharged similar
volumes of wastewater.
Similarly, the BBWA does not assess the challenges (risks) of offsetting habitat losses through
compensatory mitigation. Whereas Appendix I discusses mitigation practices (including mine
design, operation, and closure) and descriptions of mining industry standard practices, this 24page report offers no specifics about the Bristol Bay watershed or mitigation practices therein.
Appendix I cites the compensatory mitigation regulations under Section 404, but provides no
assessment of what measures could actually be considered or implemented to offset losses in the
Bristol Bay watershed, such as those associated with the Pebble project.
In this regard, EPA’s BBWA indicates that even under its “no-failure” scenario there would be
serious direct impacts to fish and wildlife habitats resulting from even the smallest (25-year)
1

Former National Wetlands Expert for the U.S. Environmental Protection Agency (EPA) who has spent over 30
years engaged in permitting issues associated with Section 404 of the Clean Water Act (CWA).
2
However, the report does note that waste rock leachate would require a 2,900- to 52,000-fold dilution to achieve
water quality criteria, and that not collecting the leachate (2.8 billion gallons annually) could pollute all of Upper
Talarik Creek and parts of Iliamna Lake (Chapter 8, page 8-7).
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version of the Pebble project, but the BBWA falls short of assessing the likelihood that a mine
could be constructed that could adequately offset habitat losses. As such, EPA seems to make a
two-fold presumption that large-scale hardrock mining operations in the Bristol Bay watershed
could be constructed to meet water quality standards (which seems doubtful) and could somehow
offset direct and secondary losses of fish and wildlife habitats (which seems even more unlikely).
EPA should expand its BBWA to provide some assessment of the risks/probabilities that water
quality standards could be met even under its “no fail” scenario, as well as the risks/probabilities
that habitat losses could be offset through compensatory mitigation measures. EPA should
provide examples if they exist, or explicitly acknowledge the lack of such examples. If such
measures have never been achieved previously, it seems inappropriate for EPA to presume that it
will be accomplished under a “no-failure” scenario.
Chapter Reviews
Chapter 3: Problem Formulation
Risks are appropriately tied to impacts to salmon and those human and animal populations that
depend on these fishes. However, the actual ecological risks to wildlife go beyond their
nutritional needs, and the direct loss of non-aquatic habitats, although perhaps small on a
regional scale, are nevertheless substantial. Moreover, the risks associated with secondary
impacts that mining and associated infrastructure would undoubtedly enable are specifically not
considered in EPA’s BBWA (Chapter 3, page 3-2, and page 3-4), and therefore are
underestimates.
Fish species assessed are also limited to those that EPA considers more dependent upon rearing
habitat than those that may spawn but not rear in those waters (Chapter 3, page 3-4). Similarly,
some species considered important for subsistence and/or sport-fishing were not evaluated
(considered representative) if their ecology was not well-known or if they were considered less
sensitive than species selected for further analysis.
In its description of types of evidence and inference (Section 3.5), it seems inappropriate for
EPA to identify the Fraser River as being an analogous watershed to BBWA even though the
Fraser River watershed has hardrock mines and supports salmon resources (page 3-5), although
EPA does note important differences. In fact, later in the BBWA Chapter 7, Box 7-1, page 7-2),
EPA concludes that the Fraser River watershed is a “poor analog” because other development
within the watershed “obscures any impacts of the mines at a watershed scale,” and that most of
the salmon runs therein “are listed as threatened or endangered.”
Chapter 4: Mining Background and Scenario
In addition to summarizing information about mineral deposits in the Nushagak and Kvichak
River watersheds, this chapter provides estimates of the surface area that would be covered by a
25-year mine at the Pebble Deposit, including the mine pit, waste rock disposal areas, and a
tailings storage facility (TSF1) in an unnamed drainage that is tributary to the North Fork

2
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Koktuli River. These hypothetical footprints are taken directly from Wardrop (2011)3. EPA
estimates the mine pit to cover 1,358 acres, adjacent waste rock disposal areas to cover
approximately 3,286 acres, and TSF1 to have a surface area of approximately 3,686 acres,4 or a
total footprint of 8,330 acres. Whereas it is safe to assume that all habitat (wetland, aquatic, and
upland) would be destroyed within this footprint, these estimates appear to be substantially low.
EPA relies on engineering drawings of these mining features as shown in Wardrop (2011);
Huffman-Broadway, Inc. made GIS measurements of these features that suggest the actual
impacts may be substantially greater (approximately 9,400 acres), particularly if the strip of land
between the mine pit and the surrounding waste rock disposal area is included, as well as a
seepage cut-off area that abuts the waste rock disposal area. Inasmuch as EPA’s estimated 25year Pebble mine footprint appears to be more than 1,000 acres too low, its estimates of direct
losses of habitat will also be correspondingly low.
Chapter 5: Risk Assessment: No Failure, Section 5.2: Habitat Modification
In estimating impacts of the Pebble 25-year mining project to wetland and aquatic areas, EPA
relies upon National Wetlands Inventory (NWI) maps for the Bristol Bay watershed. These
maps are produced from aerial photo interpretation of high altitude imagery, and are
accompanied by little or no actual on-the-ground verification. EPA’s reliance on the NWI maps
likely leads to conclusions about potential impacts of large-scale hardrock mining operations on
wetland and aquatic areas that are substantial underestimates. In fact, field studies by the Pebble
Partnership (EBD Chapter 14: Wetlands) suggest that the reach and extent of wetland and
aquatic areas that are shown in NWI maps within the proposed mine footprint may be 30% or
more too low.
EBD Chapter 14 characterized roughly a third of its 29,430-acre “mine mapping” area as
wetlands or aquatic habitats (9,826 acres). Using this ratio for illustrative purposes only, the
roughly 9,400-acre combined footprint of the 25-year Pebble mine, waste rock disposal area, and
tailing storage facility (that EPA estimates covers 8,330 acres) would result in the loss of over
3,100 acres5 of wetland and aquatic habitats, or roughly 600 acres more than the 2,520 acres
EPA estimates would be lost.6
These PLP estimates, though substantially greater than is estimated by the BBWA, may,
nonetheless, be underestimates as well. PLP’s wetland maps are derived from data taken at 865
sample sites that were extrapolated to characterize the entire 29,430-acre mine mapping area
(approximately 1 sample site for every 34 acres). The EBD groundwater hydrology chapter
(Chapter 8) includes drilling logs throughout the area of the Pebble Deposit, many of which
include significant deposits of peat. In addition, the EBD geotechnical chapter (Chapter 6)
describes areas where the mine, waste rock disposal areas, and tailing storage facility described
3

Wardrop. 2011. Preliminary assessment of the Pebble Project, southwest Alaska. Report to Northern Dynasty
Minerals Ltd. by Wardrop, a Tetra Tech Company, Vancouver, British Columbia. February 15, 2011. 529 pages.
4
EPA BBWA, Chapter 4, pages 4-15; see also Executive Summary, page ES-11.
5
Given the landscape position of the Pebble deposit and likely TSF sites, as well as the underlying geology and
extent of organic soils, this roughly 3,000-acre figure is also likely an underestimate.
6
EPA BBWA, Chapter 5, pages 5-14.
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by Wardrop (2011) as having soil and hydrology conditions (including thick layers of peat and
descriptions of “…numerous swamp/wetland areas in this area….The wet, boggy composition of
this area is indicative of a groundwater discharge zone”7 that are likely indicators of wetland
conditions.
Furthermore, 96% of the most common species that PLP lists in the vegetation survey of its
“mine mapping area” (EBD Chapter 13) are known to occur in wetlands in Alaska with
sufficient frequency to be listed on the Alaska list of wetland species. This prevalence alone
suggests that wetlands may be more widespread than the 1/3 of the area delineated by the EBD,
particularly in the low-lying drainage divide where the Pebble mine pit and waste rock disposal
areas are proposed. However, inasmuch as the EBD did not provide any of its underlying
wetlands field data and its mapping conventions, it is impossible to verify PLP’s estimates.8
Chapter 7: Cumulative and Watershed-Scale Effects of Multiple Mines
One reason that EPA appears to identify the Fraser River watershed as an analog to the Bristol
Bay watershed is that mining proponents claim that the Fraser River watershed is an example of
the co-existence of mining and healthy fisheries (Chapter 7, Box 7-1, page 7-2). In fact, the
Gibraltar mine in British Columbia has been cited specifically by the Pebble Partnership as an
example of hardrock mining being compatible with large salmon runs. However, this mine is
considerably smaller than that proposed by the Pebble Partnership at the Pebble Deposit, and
although originally designed as a zero-discharge facility, the Gibraltar copper-molybdenum mine
has been permitted since June 2009 to discharge effluent directly into the Fraser River.9 EPA
reports “episodes of low pH and frequently elevated dissolved copper” in waters at the Gibraltar
mine (Chapter 7, Box 7-1, page 7-2).
It may be worth noting that the Gibraltar mine is operated by Taesko Mines Limited, which, like
Northern Dynasty Minerals, is a subsidiary of Hunter Dickenson. Taesko’s directorate includes
managers of Northern Dynasty Minerals as well,10 and the President and CEO of Northern
Dynasty Minerals is President and CEO of its parent corporation, Hunter Dickenson.11 In other
words, the claims about the compatibility of mining and fisheries in the Fraser River appear to be
coming from sources that not only operate that facility, but that are proposing a much larger
mining operation in the Bristol Bay watershed. At best, what can be concluded is that the Pebble
Partnership’s claim that copper mining and maintenance of healthy salmon resources are
compatible within a watershed is unsupported by the example it has provided.

7

EBD Chapter 6, pages 6-17.
For further discussion of this and other aspects of the EBD, see Thomas G. Yocom, Review of Environmental
Baseline Document Chapters Related to the Presence of Wetland and Aquatic Areas in the Vicinity of the Pebble
Ore Deposit (2012), attached as Exhibit 1. See also Susan Luetters & Michelle Sturdy, Review of Pebble Mine
Project Environmental Baseline Document Chapter 14: Wetlands and Waterbodies (2012), attached as Exhibit 2.
9
See http://www.cohencommission.ca/en/pdf/PPR/PPR15-Effluents.pdf.
10
Northern Dynasty Minerals management (see
http://www.northerndynastyminerals.com/ndm/Management_Directors.asp) includes directors that oversee Taesko
Mines Limited, including its CEO (see: http://www.tasekomines.com/about-us/management/).
11
See http://www.hdimining.com.
8
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In Section 7.4.1.1 (Habitat Eliminated Under the Mine Footprint), EPA appears to estimate the
reach and extent of streams that would be eliminated or blocked by potential mining operations
using State of Alaska data that is analogous to that shown on USGS quadrangles and/or the blueline streams depicted therein. Such maps may grossly underestimate the existence and length of
stream reaches given the means by which the maps were produced (high altitude imagery, often
with little or no on-the-ground verification). For example, Figure 1 (attached) compares EPA's
depiction of stream impacts (Chapter 7, Figure 7-2, page 7-11) in the North Fork Koktuli River
drainage (TSF1) with the depiction of the same drainage as shown in Northern Dynasty Mines'
2006 water rights applications.
EPA estimates that approximately 9.2 miles of stream would be eliminated by TSF1. Simple
inspection of Northern Dynasty Mine’s depiction suggests that EPA’s estimate is likely to be at
least 50% low.
EPA’s assessment of the direct habitat losses associated with TSF1 also appears to be low.
EPA’s estimate of the area of the TSF1 appears to measure from the top of the tailings dams
rather than the outer perimeter of the toe of these dams, and may underestimate the footprint of
TSF1 by more than 300 acres (Figure 2). And, EPA’s estimates do not include a number of
additional measurable impacts to wetland and aquatic areas that would result from a number of
detention dams and sedimentation reservoirs that are depicted in the Wardrop report (2011), as
well as direct losses resulting from construction and operation of the power plant, mill site, roads,
support buildings, and associated infrastructure.
EPA does not provide a frame of reference for such magnitudes of losses of wetland and aquatic
habitats, even for the underestimates that EPA presents. If possible, EPA should augment its risk
assessment with examples of any hardrock mines in any watersheds in the United States whose
impacts to wetland and aquatic habitats have been similar or greater, as well as examples where
such impacts have been successfully offset with compensatory mitigation measures.
Finally, EPA assumes in its cumulative impacts analysis that other potential mines at the Sill and
38 Zone prospects would use the mill and TSFs built for the Pebble mine. EPA should also
consider the potential additional cumulative impacts if that joint usage does not occur. Similarly,
EPA assumes that the transportation corridor and perhaps some of the other associated facilities
and power might also be used by other mining operations as part of a “mining district.” These
assumptions are conservative with regard to potential cumulative direct impacts, and would
underestimate cumulative impacts of multiple mines if the assumptions prove not to be valid.

5
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Review of Environmental Baseline Document Chapters Related to the Presence of Wetland
and Aquatic Areas in the Vicinity of the Pebble Ore Deposit
Thomas G. Yocom
Huffman-Broadway Group, Inc.
June 5, 2012
Executive Summary
The Pebble Limited Partnership (PLP) has released its environmental baseline document (EBD)
concluding that approximately 9,826 acres of wetland and aquatic habitats exist within its
29,430-acre mine mapping area. Its wetland maps show that a significant, but un-quantified
portion of these habitats exist over and adjacent to the Pebble ore deposit, as well as within an
area that PLP has previously proposed as a tailings storage facility (Wardrop 2011). Taken at
face value, the EBD chapters suggest that very large areas of wetland and aquatic habitats, and
the fishery they support, could be at risk if a large-scale mine, such as is described in PLP’s
Wardrop report, were constructed to extract metals from the Pebble deposit (Wardrop 2011).
Unfortunately, the underlying data supporting these estimates and associated wetland maps have
not been released by PLP, making it impossible for reviewers to assess the validity of the
estimates of reach and extent of wetlands and aquatic habitats. Inasmuch as detailed analyses of
presence or absence of wetlands were made at 865 sample sites within a 29,430-acre mine
mapping area (roughly 1 plot for every 34 acres), the maps are extrapolations from point samples
where these detailed data were collected to much larger areas where such data were not
collected. Without the supporting field data for review, it is not possible to confirm the findings
for those limited data collection points where evidence of vegetation, soil, and hydrology field
indicators were recorded.
Background
At Bristol Bay Native Corporation’s request, I reviewed several chapters of the EBD for the
proposed Pebble Project in southwest Alaska. I am a former National Wetlands Expert for the
U.S. Environmental Protection Agency (EPA) who has spent over 30 years engaged in
permitting issues associated with Section 404 of the Clean Water Act (CWA). My comments
focus primarily on CWA regulatory issues associated with discharges of dredged or fill material
into regulated waters of the United States, including wetlands.
William Riley, a former mining coordinator for EPA, and I addressed these issues previously in a
report titled “Mining the Pebble Deposit: Issues of 404 Compliance and Unacceptable
Environmental Impacts” (Riley and Yocom 2011). The EBD chapters were not available for
review when that report was prepared. As such, this review of selected EBD chapters has two
primary purposes.
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First, the information in the reviewed EBD chapters was accepted at face value, to assess
whether this additional information, if verified, would have fundamentally changed the
assessments and conclusions reached in our report (Riley and Yocom 2011); it did not. As stated
by PLP’s wetland consultants in EBD Chapter 14, the extent of wetlands mapped by PLP within
its mine mapping area is greater than that mapped by the National Wetlands Inventory.
Inasmuch as our report (Riley and Yocom 2011) utilized these National Wetland Inventory maps
as a means of estimating the potential reach and extent of wetland and aquatic habitats, PLP’s
wetland estimates would serve to augment rather than lessen the environmental concerns our
report raises.
Second, I attempted to assess the validity of the conclusions reached within the EBD chapters
regarding the reach and extent of regulated waters of the United States in areas likely to be
affected directly or indirectly by regulated discharges associated with proposed mining of the
Pebble ore deposit. As I describe below, this effort was hampered by the unavailability of PLP’s
underlying data.
Objectives
Federal review of the potential environmental impacts of regulated activities in areas containing
lakes, rivers, streams, and/or adjacent wetlands is often tied, to a significant degree, to the need
for federal authorization pursuant to Section 404 of the CWA. This section of the statute
regulates discharges of dredged or fill material into the “waters of the United States,” including
wetlands. In addition, federal regulations provide that “waters” classified as wetlands, riffle-andpool complexes, and vegetated shallows are considered “special aquatic sites” under the CWA
regulations Title 40 Code of Federal Regulations, Part 230 (40 CFR 230.40-45), and losses or
degradation of such areas are considered to be particularly adverse environmental impacts.
Accordingly, the reach and extent of such areas are important to understanding the potential
impacts of constructing a large-scale mining operation, such as is being proposed for extracting
copper and other minerals from the Pebble ore deposit.
My primary focus in reviewing the EBD chapters was to assess the potential reach and extent of
wetlands and other “waters of the United States” that might be filled or adversely affected by
mining the Pebble ore deposit. Wetlands, as regulated under the CWA, are defined as “those
areas inundated or saturated by surface or ground water at a frequency and duration to support,
and under normal circumstances do support, a prevalence of vegetation typically adapted to life
in saturated soil conditions” [40 CFR 230.3(s)(7)]. For federal regulatory purposes, wetlands are
identified and delineated using a combination of mandatory criteria for vegetation, soils, and
hydrologic regimes in the upper part of the soil profile. Accordingly, this review focuses on
those chapters of the EBD that seemed likely to contain relevant information regarding the reach
and extent of wetlands and other potentially regulated waterbodies in the vicinity of the Pebble
ore deposit.
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Review of Environmental Baseline Document Chapters Related to Wetland Delineation
In determining the reach and extent of such wetland areas, federal wetland delineation
methodologies require the presence of hydrophytic vegetation, hydric soils, and wetland
hydrology in most years (Environmental Laboratory 1987). Accordingly, I reviewed several
EBD chapters to assess what PLP consulting teams reported observing in areas that may be
affected by proposed mining activities.
In addition, PLP states that its “wetlands study builds on information from other chapters in the
Pebble EBD, including soils (Chapter 5), surface water hydrology (Chapter 9) and vegetation
(Chapter 13)” (see: http://www.pebbleresearch.com/ebd/bristol-bay-bio-env/chapter-14/). In an
effort to assess the findings in Chapter 14 in the absence of the supporting field data, these
chapters were also reviewed for this report, as well as Chapter 6 (Geotechnical Studies,
Seismicity, and Volcanism – Bristol Bay Drainages) and Chapter 8 (Groundwater Hydrology –
Bristol Bay Drainages).
Soils (Chapter 5)
The EBD chapter on soils reviews a 1979 exploratory soil survey prepared by the U.S. Soil
Conservation Service (presently the USDA National Resources Conservation Service [NRCS]),
and a more detailed 1965 soil survey of the Nondalton village area. The exploratory soil survey
is a reconnaissance-level survey that mapped only 4 soil types within the entire mine study area;
this scale of soils mapping is inappropriate for wetland delineation work. For example, the areas
of the Pebble deposit and the nearly flat areas of marsh that are south of the deposit are mapped
in the 1979 survey as “Typic Cryandepts, very gravelly, hilly to steep association” (Chapter 5,
Figure 5-1). We know from PLP’s geotechnical and groundwater hydrology studies (Chapters 6
and 8) that much of this area includes peat deposits (soils classified as histosols).
All of the soils in PLP’s Area A and Area G are also described as Typic cryandepts, as are those
on the adjacent mountains. Clearly this soil type is not what PLP found in its geotechnical
studies within these areas (Chapter 6), and it is unclear why this 30-year-old document was
reviewed, other than as a literature review of information developed prior to PLP’s
environmental studies.
In that regard, it is disappointing that this soils chapter provides no updated findings from the
field investigations conducted by PLP’s consultants. The wetland delineation teams report in
Chapter 14 that they characterized the soils for at least 865 locations within the wetland mapping
area, and presumably extrapolated their observations in the mapping of areas that were believed
to be wetlands, uplands, or combinations/mosaics of wetland and upland habitats. None of this
contemporary information is included in the soils chapter of the EBD.
Similarly, PLP reports that for the overall 249,414-acre mine study area “Scientists gathered
data at 16,947 sites, recording information on vegetation, soils and hydrology at each location”
(see: http://www.pebbleresearch.com/ebd/bristol-bay-bio-env/chapter-14/). With this many data
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points, it is disappointing that Chapter 5 is limited to an out-of-date literature review, rather than
an actual presentation of the environmental baseline data that PLP collected.
Groundwater Hydrology (Chapter 8)
PLP’s chapter on groundwater hydrology includes hundreds of pages of drilling logs for
groundwater assessments throughout the mine mapping area. These include descriptions of the
soils and soil moisture content in the upper part of the soil profile, including the presence of
“peat1.” Such information provides evidence that wetland conditions may be present, inasmuch
as organic soils are likely hydric soils, and wet conditions in the upper part of the soil profile
may be indicative of the presence of wetlands hydrology.
Figure 1 shows Frying Pan Lake, south of the Pebble ore deposit and the location of three drill
sites for which drilling logs are included in Chapter 8. All three of these drilling sites are in
areas delineated by PLP consultants as wetlands in Chapter 14. The drilling logs report that the
upper portion of the soil profile is composed of peat at all three sites, ranging in depth from 4
feet to 11.5 feet. The findings from these drilling logs therefore appear to be consistent with the
areas where the drill sites are located to be wetlands. It would be preferable that PLP had
provided its field data rather than expect reviewers to attempt to piece such information together.
Vegetation (Chapter 13) and Wetlands and Waterbodies (Chapter 14)
Chapters 13 and 14 are reviewed together, inasmuch as 1) they were prepared by the same two
consulting firms, 2) the vegetation studies are integral to the assessment of wetlands, and 3) the
mapping of wetlands on aerial photographs relies primarily on “signatures” developed on the
basis of vegetation community structures.
Chapter 14 describes the methods used to determine whether mandatory federal criteria are
present or absent at sampling points from which PLP extrapolated its estimates of the reach and
extent of potentially regulated wetlands and waterbodies within its “Mine Mapping Area” and
“Transportation-corridor Study Area.” None of the actual field data that were collected and
interpreted are presented. Accordingly, it is not possible to systematically evaluate the maps of
wetlands and waterbodies that make up the bulk of the chapter.
For the purposes of CWA jurisdiction and regulation, wetlands are delineated and mapped on the
basis of three primary factors. Wetlands must be vegetated, and dominated with emergent
vascular plants (with some exceptions in Alaska) that are considered hydrophytic (adapted for
life in saturated soil conditions).
Similarly, to be a regulated wetland, the hydrophytic vegetation community must be growing on
soils that have field indicators of the mandatory criterion of being “hydric,” and field indicators
of mandatory hydrologic conditions of inundation or saturation in the upper part of the soil
profile in most years. In the absence of the actual field data for PLP’s wetlands estimates, it is

1

It is likely that the drilling teams used this term to describe organic deposits of any depth, rather than how the term
“peat” is defined in soil taxonomy with a minimum depth of 16 inches (see NRCS, 2010).
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not possible to assess the presence or absence of indicators of these criteria for any particular
mapped area, though it is possible to evaluate PLP’s stated methodologies for consistency with
existing federal methodologies and guidance.
Reported wetland delineation data were collected from 2004 through 2008. In 2007, the United
States adopted regional delineation methodologies for Alaska that are described in the US Army
Corps of Engineer’s (USACE’s) 2007 Alaska Regional Supplement to the Corps 1987 Wetlands
Manual (USACE 2007). It is unclear whether the PLP data collected in 2004 through 2007 were
revisited in light of this guidance, but it appears that they may not have been and, as such, may
have led to an underestimation of the reach and extent of wetlands within the mine mapping
area.
For example, the Regional Supplement (USACE 2007) notes that soil pits should be dug deeper
in areas with dark upper layers because organic material can mask the redoximorphic features -the Regional Supplement recommends 40-inch or deeper holes to get below this area of organic
influence. The PLP wetlands work, however, notes that dark upper layers without
redoximorphic features were considered non-hydric, and that the soil pits were generally 24
inches deep.
PLP's consultants do report a number of areas that they identified as unregulated uplands where
PLP recorded field indicators for two of the required three wetland factors (hydrophytic
vegetation, hydric soils, and/or wetlands hydrology) with the third factor missing. If any of these
sites were determined to lack hydric soils indicators, such as redoximorphic concentrations,
where, in fact, these indicators may have been present at appropriate soil depths, the conclusions
reached by PLP’s consultants regarding presence of wetlands may be incorrect; however, it is
impossible to tell without the field data.
Similarly, if the sampling was done during what the Regional Supplement (USACE 2007)
describes as the "dry season" for Alaska (or during an unusually dry month), the absence of field
indicators of wetlands hydrology may possibly have led to false negatives with regard to the
presence of wetlands. Inasmuch as no information is given in the EBD chapters about the
specific dates on which wetlands field data were collected, it is not possible to assess whether
these concerns are warranted. This information is likely included as part of the field data that
were collected and recorded by PLP consultants, and if PLP expects its reports to have utility to
outside parties, this information should be made available, much as it would be required if the
wetland delineation maps were submitted to the USACE for a formal determination of
jurisdiction.
Presence or Absence of Hydrophytic Vegetation

In Chapter 13 (Vegetation, Bristol Bay Drainages), PLP’s consultants report the most common
species found within the overall mine mapping area (Chapter 13, Appendix 13.1C); these species
are shown in Table 1. For this review, I also added the Alaska regional wetland indicator status
(Reed 1988) for each species. The indicator status reflects the relative frequency with which a
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species is expected to be found growing in wetlands throughout its range in Alaska.2 Plant
species that are not listed are generally to be considered upland species (growing in wetlands less
than 1% of the places such species are found growing in Alaska)3.
A total of 70 plants are identified to the species level by PLP’s consultants (Table 1). Three
additional plants are listed by PLP where only the genus is identified, as well as several nonvascular plants (mosses and lichens); these are not included herein, as these normally cannot be
used for wetland delineation purposes. One of the identified species is listed, but is given no
indicator (NI) status, indicating that there is insufficient information available to place it in a
particular category (Reed 1988). Three of the 70 species in Table 1 are not on the list of wetland
plants and therefore are to be considered upland (UPL) species. Another unlisted species (Viola
epipsila ssp. repens, dwarf marsh violet) has been identified by the USACE as a plant that should
not be considered an upland species in Alaska (USACE 2007).
In summary, all but three of the 70 species (96%) that PLP reports as the most common
vegetation in the mine mapping area are known to occur in wetlands in Alaska with sufficient
frequency to be listed on the Alaska list of wetland species. Of the 65 species for which a
wetland indicator status has been assigned for the Alaska region, 49 (75%) are classified as FAC,
FACW, or OBL, all of which would be considered hydrophytic species where they make up 20%
or more of the relative cover of vegetation (dominant species) at sites where wetland
jurisdictional data are being collected.
Whereas Chapters 13 and 14 provide little specificity with regard to how these 70 common
species are distributed across the mine mapping area, the list itself suggests that, more often than
not, the presence or absence of wetlands would have been made on the basis of the presence or
absence of field indicators of hydric soils and/or wetlands hydrology criteria rather than on
indicators of hydrophytic vegetation. Inasmuch as hundreds of wetland and hydrogeomorphic
maps in Chapter 14 are based upon primarily on vegetation signatures, it is critical that reviewers
understand how areas of uplands are distinguished from areas of wetlands, particularly if most of
the species of vegetation reported within the study areas are known to occur in wetlands with at
least some frequency throughout their range in Alaska.

2

For example, OBL refers to “obligate” species that would be expected to be growing in wetlands rather than
uplands in more than 99% of the places that plant occurs in Alaska. Facultative-wetland (FACW) species have a
relative-frequency estimate of growing in wetlands rather than uplands more than 66% throughout their range in
Alaska. Facultative (FAC) species are estimated to be in wetlands between 33% and 66% of their range (these
plants are adapted to compete relatively equally in wetlands or uplands in Alaska). Facultative-upland (FACU)
species are estimated to occur in uplands more often than in wetlands, with an estimated occurrence in wetlands less
than 33% of the places those species can expected to be found growing in Alaska.
3
Generally, regional wetland plant lists do not include the vast majority of vascular plants growing in a region.
Wetlands tend to be harsh environments that require special adaptations for species to survive periodic or long-term
saturation and anaerobic conditions in the root zone. Those species that are listed have been reported growing in
wetlands with sufficient frequency to be listed, and the dominant presence of such species, even those considered
facultative-upland (FACU – frequency of occurrence as high as 33% throughout its range in a region) is indicative
that wetlands may be present if soil and hydrology criteria are also met.
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Unfortunately, the data showing the presence or absence of soil and hydrology indicators for
different vegetation signatures are not provided for review. Similarly, the EBD chapters include
bibliographical references that are also not available to outside reviewers.
For example, Chapter 13 (Vegetation) and Chapter 14 (Wetlands and Waterbodies), cite three
unpublished reports regarding a “Mine Site Vegetation Type Photo Signature Guide.”
Presumably these reports describe what particular color and texture patterns and/or landscape
positions were used to characterize areas containing 1) wetlands, 2) primarily wetlands,
3) primarily uplands, or 4) uplands. However, without this information, it is not possible to
know the basis for why some vegetated areas that appear similar on PLP’s aerial photographs are
mapped as wetlands in some areas and as uplands elsewhere.
In mapping such areas for wetland properties, a necessary presumption is that particular areas of
an aerial photograph that have similar color and texture in similar landscape positions will have
similar vegetation, as well as underlying soil and hydrologic conditions; infrared photography
can be useful in understanding hydrologic differences between vegetative communities, but it is
unclear whether any contemporary infrared photographs were utilized. Nevertheless, it is not
possible for outside reviewers to assess the reliability of the PLP’s wetland maps without
knowing how the photographic signatures were determined, or the statistical confidence, if any,
with which these signatures were extrapolated to the majority of the mapped areas that were not,
in fact directly sampled or field-verified.
Figure 2 shows vegetation communities near the Pebble ore deposit as mapped in Chapter 13.
These maps are somewhat confusing because the scale of the maps and the subtlety of the
various representative mapping colors make the vegetation communities difficult to distinguish.
These communities are somewhat easier to distinguish where they have been further
consolidated in Chapter 13 into eight communities for the wetland delineation effort (Figure 3),
but the maps cannot be verified without the underlying data.
Indicators of Hydric Soils

Chapter 6 (Geotechnical Studies, Seismicity, and Volcanism – Bristol Bay Drainages) provides
evidence that hydric soils and wetland hydrology are present throughout the “Mine Study Area.”
In the area of the Pebble ore deposit, the geology is described as consisting of “glacial drift,
glaciolacustrine, and glaciofluvial materials with overburden of gravel, sand, silt, and clay”
(Chapter 6, page 6-10). Hydric soils include soils that were laid down by water, such as
lacustrine and fluvial deposits, and can include soils in drainage classes that do not drain easily,
including silt- and clay-bearing soils (NRCS 2010).
Furthermore, the Pebble East Area is described as having topsoil from zero to approximately 4
feet thick, with some areas of peat deposits up to 2.5 feet thick (Chapter 6, page 6-10). For the
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purposes of wetland delineation, all organic soils (excluding folists4) are considered hydric soils,
and an organic layer of more than 16 inches (“peat”) would be a hydric soil by definition. The
reach and extent of such areas is not provided in Chapter 6, nor is this information provided if
and where such areas were encountered by the wetlands consulting teams in Chapter 14.
For Area G (see Wardop 2011), which has been proposed for a tailings storage facility
(see Figure 3), Chapter 6 reports that “peat up to 10 feet thick is found in the bottom of the valley
with thinner peat found in some poorly drained areas on the valley slopes” (Chapter 6,
page 6-13); overburden in the valley bottom of Area G “was up to 15 feet of combined peat,
sands, and gravels” (Chapter 6, page 6-14).
Peat is also reported in the a) Pebble East Area, Upper Talarik Creek Area, b) North Fork
Koktuli River Area (0.5-5 to 2-foot-thick layer of organic topsoil – Chapter 6, page 6-12), c)
Area G, d) South Fork Koktuli River Area, and e) Area A -Valley Bottom. It is likely that all
such areas underlain by peat are wetlands, though the reach and extent of such areas of peat is
not shown, and the field data from the wetland delineation teams was not provided.
Geotechnical test pits were excavated in the Area A – Valley Bottom, the area where “peat up to
10 feet thick” is described in Chapter 6, but the drilling reports only describe the material
beneath the surface layer.6 Some specific drill sites are shown in Chapter 8 (Groundwater
Hydrology) where deep organic surface layers were found (Figure 1 shows drill sites near Frying
Pan Lake).
Of course, organic soils (histosols) are only a small subset of soils that are considered hydric or
potentially hydric. Most hydric soils are mineral soils that have characteristic properties and
indicators by which they are classified (NRCS 2010). Accordingly, the areas where peat
deposits are reported are very likely wetland areas, but so too are areas where the water table is
at or near the surface7, as well as areas with thick organic surfaces, redoximorphic depletions,

4

According to the USACEs’ wetland delineation supplement for Alaska, most folists are comprised of poorly
decomposed organic material and usually are found in forested areas with greater than 10 percent slopes
(USACE 2007, page 20).

5

A 0.5-foot-thick layer of organic material is not considered “peat” for wetland delineation purposes. The thickness
of this layer must be 16 inches or greater. A surface organic layer of 8 to 16 inches is considered a “hystic
epipedon” and can be considered a field indicator of a hydric soil (Environmental Laboratory 1987).
6
For example, test pits TP04-19 and TP04-20 lie north of Frying Pan Lake and south of the Pebble ore deposit. The
reported data from these pits list sand and gravel with some silt in TP04-19 beginning 2.6 feet below the surface and
continuing to 9.8 feet, the total depth of the pit. The upper 2.6 feet of material is not described. For TP04-20, clay,
silt, sand, and some peat lenses are reported beginning 4.6 feet below the surface to 8.9 feet, the total depth of the
pit. The upper 4.6 feet of material is not described, but is likely to be organic soil material (peat). Chapter 8
(Groundwater Hydrology) also includes soil boring logs that are useful in assessing the presence of hydric soils. For
three drilling sites adjacent to Frying Pan Lake, surface peat deposits from 4 to 11.5 feet thick are reported (see
Appendix 8.1A, pages 437, 442, and 454), all positive indicators of hydric soils.
7
For western Alaska, the USACE cautions that soil saturation is most likely during May–September. “Saturated
organic deposits commonly occur in groundwater discharge zones in depressions and flats, and extensively across
backslopes where restrictive layers (e.g., permafrost, glacial till) in the soil perch water” (USACE 2007, page 31).
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redoximorphic concentrations, reduced matrices, reduced sulfur (H2S), and certain soil colors
(Environmental Laboratory 1987 and USACE 2007). Again, without the field data from the
wetland delineation teams, it is not possible to systematically review the conclusions drawn
about the presence or absence of field indicators of hydric soils, including soil saturation.
The extensive organic layers in the soils in the vicinity of the Pebble ore deposit, and the deep
deposits within the drainage proposed for the initial tailings storage facility (Area G) raise some
additional questions regarding the fate of this organic material should mining operations
commence. This material could be a potentially harmful source of nutrient input to surface
waters that could affect biochemical oxygen demand (BOD).
Indicators of Wetlands Hydrology

Chapter 6 (Geotechnical Studies, Seismicity, and Volcanism – Bristol Bay Drainages) provides
evidence that wetland hydrology is present throughout the mine mapping area. Throughout the
chapter, inundated or saturated soils conditions are described as a piezometric surface above the
ground surface and at varying depths below the surface. These results are representative of
where test pits were excavated, and are not necessarily representative of any of the named subareas where sampling was done.
“Area A – Valley Bottom,” described as the area that lies south of the Pebble ore deposit and
includes Frying Pan Lake, is described as having a piezometric surface “above or within 10 feet
of the ground surface, evidenced by the numerous swamp/wetland areas in this area….The wet,
boggy composition of this area is indicative of a groundwater discharge zone” (Chapter 6,
page 6-17). However, there are no data presented to determine exactly where these conditions
were found or their reach and extent.
Wetlands Delineated by PLP’s Consultants (Chapter 14)
According to PLP, vegetation, soils, and hydrology data were collected between 2004 and 2008
at 16,947 field sites within an overall 249,414-acre mine study area. Within the 29,429.7-acre
“mine mapping area,” PLP consultants report collecting data on field indicators of hydrophytic
vegetation, hydric soils, and wetland hydrology at 865 study plots, or roughly 1 plot for every 34
acres. PLP reports that additional data, often in the form of photographs, were taken at many
additional sites, but that in most cases this additional data did not include detailed observations
or measurements associated with wetland field indicators. Within the mine mapping area
(exclusive of the transportation-corridor wetland mapping area), PLP reports 9,826 acres
(roughly 33% of the overall 29,429-acre mapping area) to be wetlands and/or aquatic habitats.
Figures 4 and 5 show areas containing wetlands as delineated by PLP’s consulting teams. These
figures are composites that I created for this report from many individual map “tiles” that are
presented in Chapter 14. Figure 4 includes the generalized boundary of the Pebble ore deposit
that PLP included on its original map tiles. For this report, a portion of the boundary of the
proposed mine pit and waste rock disposal areas shown in the Wardrop report has also been
added. It is clear from this figure that if the PLP’s wetland delineation maps are correct, large
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areas of wetlands, streams, and open water areas in the upper portion of the South Fork Koktuli
River and Upper Talarik Creek would be destroyed if the mine pit and waste rock areas were
constructed for the minimum-sized 25-year mining proposal described in Wardrop (2011).
Similarly, Figure 5 shows the areas containing wetlands, streams, and open water habitats
mapped by PLP’s consulting teams covering a drainage (Area G) that has been proposed as the
site of a tailings storage facility (Wardrop 2011). This figure is also a composite of individual
map tiles presented as separate figures in Chapter 14; for this report, the approximate boundary
of the tailings storage facility described in Wardrop has been added. Again, it is clear from this
figure that if the PLP maps are correct, large areas of wetland and aquatic resources would be
destroyed if a tailings impoundment were constructed at this site. It is also noteworthy that
Chapter 15 (Fish and Aquatic Invertebrates) documents that the unnamed tributaries to the North
Fork Koktuli River that drain Area G include salmon spawning and rearing habitat.
In spite of what appear in Figures 4 and 5 to be extensive areas of wetland and aquatic habitats in
areas proposed for an open pit mine and a tailings storage facility, it is not possible to determine
whether these maps are an accurate representation, an underestimate, or an overestimate of the
reach and extent of these habitats without reviewing the underlying data.
In an effort to gain some perspective on the potential reliability of the maps for this report, I
compared the conditions reported in soil borings at drill sites in Chapter 8 with the wetland maps
in Chapter 14. Figure 6 shows the locations of a portion of the drill sites in Chapter 8 overlain
on the subset of the Chapter 14 wetland maps that were composited for Figure 4 above. The drill
sites shown in Figure 6 are all of those for this mapped area for which drilling logs were included
in an appendix to Chapter 8.
For the purpose of making this comparison, I categorized these drill sites in advance into four
general categories based my interpretation of how the drilling logs describe the upper part of the
soil profile:
1. Where more than the top 2 feet of soil are described as organic material, and/or where
there was no recovery of a soil boring due to perceived wetness or organic content, the
site is shown as a solid green circle.
2. If the upper layer of the soil was less than 2 feet of organic material, but was underlain by
what was described as silt, clay, or silty sand, the drill site is shown as a green unfilled
circle (I presumed the soil might be poorly drained and potentially hydric).
3. Where there was less than a foot of organic material and/or silty gravel, a red unfilled
circle marks the drill site.
4. Where the upper part of the soil profile was sand or sand and gravel, a solid red circle
marks the spot.
I used these categories to generalize what I considered to be a decreasing likelihood that hydric
soils and wetland hydrology might be present at the drill site, and assigned these categories
before examining the locations of these drill sites on PLP’s wetland maps.
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I found that, in general, there appeared to be a reasonably good correlation between the
descriptions in the drilling logs and how wetland areas were mapped (assuming, of course, that
the coordinates for the drill sites and wetlands were mapped similarly). However, this
spot-checking effort cannot, nor is it intended to, substitute for reviewing PLP’s actual wetland
delineation data, and it lends nothing to the question of whether the actual boundary lines
between wetland types and upland areas are valid.
Potential Inconsistencies in Wetlands Mapping
The EBD chapters are electronic documents that are copy protected. As such, the underlying
aerial photography cannot be examined to inspect what the photographs reveal underneath
colored layers of mapped wetlands, transitional areas, or uplands. The EBD chapters would be
more useful to reviewers if the underlying photography is provided separately so that side-byside comparisons could be made. Furthermore, the specific dates upon which the aerial
photographs were taken are not provided, but should be. Ideally, photographs should be
selected, where possible, from dates during the growing season in a year of normal precipitation;
but, in any event, the dates of photographs should be given.
Nevertheless, it is possible to compare vegetation color and texture outside of the boundary of
the mine mapping area with the adjacent wetland/upland mapped polygon on the inside the
boundary. Figure 7 shows areas mapped in the vicinity of Frying Pan Lake, which lies south of
the Pebble ore deposit. I chose to inspect this area because in August 2011, I walked some areas
on the western side of Frying Pan Lake. Whereas, I did not do any sampling of vegetation or
soils during my short visit nor did I dig any pits to examine indicators of hydrology, I did
observe areas dominated with hydrophytic vegetation, and soils with thick organic surfaces that
were saturated at the surface.
The wetland mapping area around Frying Pan Lake does not extend very far laterally, and the
variously colored or cross-hatched mapped polygons can be compared to the contiguous adjacent
areas of the aerial photographs that were not mapped. Figure 7 identifies areas on the unmapped
portion of the photographs that appear to have similar color and texture, as well as areas with
apparent drainage features, but where these areas are mapped as wetland and aquatic areas in
some cases, but upland habitats in others. I did not conduct a “tile-by-tile” inspection of the
areas that are mapped in Chapter 14, but my inspection of the area where I walked, and the
potential inconsistency with which similarly-appearing areas are mapped differently in
Chapter 14, raise questions that can best be answered by seeing the field data collected by the
PLP consultants and the vegetation mapping protocols that are described in internal reports that
have not been provided by PLP.
Conclusions
It is clear that consultants for PLP collected a great deal of data, summarized in roughly 30,000
pages of EDB reports. Unfortunately, the summaries related to wetlands and waterbodies,
though voluminous, cannot be readily evaluated or verified without the underlying data.
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Accordingly, it is not possible to determine whether any of the areas mapped by PLP as wetland
and aquatic areas in Chapter 14 are, in fact, regulated wetland and aquatic areas. As such, the
extent of wetlands and aquatic habitats, particularly those that could be threatened by large-scale
mining of the Pebble deposit cannot be verified without these data.
Accepted at face value, the EBD summaries show over 9,800 acres of wetlands, shallow open
water areas, and streams in the vicinity of the Pebble ore deposit and adjacent drainages that may
be sites of proposed tailings storage facilities. Whether PLP’s estimates of potential “waters of
the United States,” including wetlands are accurate, underestimates, or overestimates cannot be
determined. As such, the summarized data has far less value than if the underlying data had been
provided, and these mapped estimates of wetland and aquatic sites cannot be relied upon for
scientific or regulatory purposes in my opinion.
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Table 1: Common species of vegetation reported from Mine Mapping Area by PLP
Wetland
Indicator
Latin Name
Common Name
Comments
(AK)
TREES (smaller individuals of some of these species were also reported in Chapter 13 as shrubs)
1

FACU

Betula papyrifera s.l.

Paper birch

2

FACU

Picea glauca

White spruce

3
4
5

FACW
FACU
FAC

Picea mariana
Populus balsamifera
Salix alaxensis

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

FAC
OBL
FAC
FAC
FAC
FACW
UPL
FAC
FACU
FACW
FAC
FAC
FACW
FAC
FACW
FAC
FAC
FAC
OBL
FAC
FAC
FACU

Alnus sinuata
Andromeda poIifolia
Arctostaphylos alpina
Betula nana ssp. exilis
Empetrum nigrum
Ledum decumbens
Loiseleuria procumbens
Potentilla fruticosa
Ribes glandufosum
Salix arbusculoides
Salix arctica
Salix barclayi
Salix fuscescens
Salix glauca
Salix pulchra
Salix reticulata
Salix richardsonii
Spiraea beauverdiana
Vaccinium oxycoccos
Vaccinium uliginosum
Vaccinium vitis-idaea ssp. minus
Viburnum edule

28
29
30
31

FACU
FAC
FACU
UPL

32

FAC

33
34
35
36
37
38
39
40

FAC
OBL
FAC
FACW
FACW
FACW
FAC
FACU

Achillea borealis
Aconitum delphiniifolium
Angelica lucida
Artemisia arctica
Athyrium filix-femina ssp.
cyclosorum
Calamagrostis canadensis
Carex aquatilis
Carex bigelowii s.l.
Carex microchaeta s.l.
Carex nesophila
Carex stylosa
Cornus suecica
Dryopteris dilatata ssp. americana

Black spruce
Cottonwood
Feltleaf willow
SHRUBS
Sitka alder
Bog rosemary
Alpine bearberry
Dwarf birch
Black crowberry
Narrow-leaf Labrador tea
Alpine azalea
Shrubby cinquefoil
Skunk currant
Little-tree willow
Arctic willow
Barclay willow
Alaska bog willow
Grayleaf willow
Diamond leaf willow
Netleaf willow
Richardson’s willow
Beauverd spirea
Small cranberry
Bog blueberry
Mountain cranberry
Squashberry
HERBS
Yarrow
Monkshood (larkspur-leaf)
Seawatch angelica
Mountain sagewort

FACU species that may dominate in
certain Alaska wetland situations include
paper birch. (ERDC 2007, page 84)
FACU species that may dominate in
certain Alaska wetland situations include
white spruce. (ERDC 2007, page 84)

syn: genus Dasiphora

syn: Salix planifolia (FACW)

syn: Achillea millefolium L. var. borealis

Subarctic lady fern
Bluejoint reedgrass
Water sedge
Bigelow's sedge
Small-awned sedge
Bering Sea sedge
Long-style sedge
Swedish dwarf dogwood
Mountain woodfern

syn: Dryopteris expansa (FACU)
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Table 1: Common species of vegetation reported from Mine Mapping Area by PLP (cont.)

41
42

Wetland
Indicator
(AK)
FACU
OBL

43

Latin Name

Common Name

Comments

Epilobium angustifolium
Epilobium palustre

Fireweed
Marsh willow-herb

FACU

Equisetum arvense

Field horsetail

FACU species that may dominate in
certain Alaska wetland situations include
field horsetail. (ERDC 2007, page 84)

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

OBL
FACW
FACU
FACU
OBL
FACW
FAC
FACU
UPL
FACU
FACU
FAC
NI
FACW
FAC
FAC
OBL
FAC
FAC
FACW
FACW

Equisetum fluviatile
Equisetum pratense
Equisetum sylvaticum
Eriophorum angustifolium
Eriophorum scheuchzeri
Eriophorum vaginatum
Festuca altaica
Galium boreale
Geranium erianthum
Gymnocarpium dryopteris
Heracleum lanatum
Lycopodium annotinum s.l.
Moehringia lateriflora
Petasites frigidus s.l.
Poa palustris
Polemonium acutiflorum
Potentilla palustris
Pyrola asarifolia
Rubus arcticus s.l.
Rubus chamaemorus
Rumex arcticus

Water horsetail
Meadow horsetail
Woodland horsetail
Narrow-leaf cottongrass
Scheuchzer's cottongrass
Tussock cottongrass
Rough fescue
Northern bedstraw
Woolly geranium
Oak fern
Cow parsnip
Stiff clubmoss
Grove sandwort
Arctic sweet coltsfoot
Fowl bluegrass
Sticky tall Jacob's-Iadder
Marsh cinquefoil
Pink wintergreen
Arctic raspberry
Cloudberry
Arctic dock

syn: Heracleum maximum

65

FACW

Sanguisorba canadensis

Canada burnet

syn: Sanguisorba stipulate PLP
Vegetation Chapter 13 lists these as
separate species.

66
67
68
69

FACU
FAC
FAC
FAC

Solidago multiradiata
Streptopus amplexifollus
Trientalis europaea s.l.
Valeriana capitata

Mountain goldenrod
Clasp-leaf twisted-stalk
European starflower
Clustered valerian

70

NL*

Viola epipsila ssp. repens

Dwarf marsh violet

syn: genus Chamerion

syn: Comarum palustre

*Some species not listed by Reed (1988)
should not be assumed to be upland
plants, including Viola epipsila ssp.
repens. (ERDC 2007, page 10)
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Area G (proposed for
tailings storage facility

Pebble ore deposit
(area within which
mine pit is proposed)

Figure 3. Vegetation types depicted in EBD Chapter 13
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Approximate boundary of
proposed 25-year tailings storage
facility (after Wardrop 2011)

Figur 5. Wetlands and waterbodies
Figure
mapped within Area G by Pebble
Partnership consultants
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Review of Pebble Mine Project Environmental Baseline Document
Chapter 14: Wetlands and Waterbodies
by
Susan Luetters and Michelle Sturdy
Executive Summary
The primary focus of Chapter 14, Wetlands and Waterbodies, of the Pebble Mine Project
Environmental Baseline Document (EBD) is the mapping and description of wetlands and
waterbodies within the mine and transportation-corridor mapping areas.
The methodology detailed in Chapter 14 appears to be generally sound, given the area’s large
size, remote location and difficult terrain. However, this chapter cannot be reviewed in a
meaningful way because none of the data used to generate the maps was provided. The review is
further limited because important documents, such as the photo signature guides,
hydrogeomorphic information, wetland functional assessments, and supporting data sheets
referred to in the EBD are not being made available to the public.
Background
Susan Luetters and Michelle Sturdy reviewed the chapter. The proposed mine will be located at a
remote site, off the road system, in the Bristol Bay Region of Alaska. Luetters’ perspective is
that of a senior environmental scientist with more than 15 years of environmental permitting and
wetland delineation experience in Alaska. She is a project manager and is well versed in local,
state and federal environmental permitting issues. Sturdy’s perspective is that of a biologist with
an emphasis in botany and plant ecology. She has more than 10 years of experience working as a
biologist in Alaska; the last five focused on wetland delineations and environmental permitting.
Luetters and Sturdy are currently employed by Bristol Engineering Services Corporation.
Review
Directly or indirectly, all life depends upon the existence of wetlands. Wetlands serve a variety
of purposes: as a natural freshwater filtering mechanism, a detention pond that slowly releases
water back into rivers and streams, a food source and an incubator for numerous species.
Wetlands allow water to slow down to collect an organic load (or food) for microscopic
organisms that then feed larger organisms, which then feed fish and so on.
Disruption of the wetlands in the area would have the effect of immediate water degradation. The
proposed mine would be required to pump tremendously large quantities of groundwater to
achieve their mine construction/operation goals. Not all water is created equal. Groundwater is
essentially sterile, as it has very little to no organic load and so is useless to microorganisms.
Additionally, the chemistry of this water differs greatly than that of water that has flowed
through a wetland on its way to the Nushigak or Kvichak rivers.
1
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The data collected for Chapter 14 came from 3,664 locations within the 29,429-acre mine
mapping area and 1,126 locations within the 19,917-acre transportation-corridor mapping area.
The data were collected between 2004 and 2008. The degree of data collected at each location
ranged from limited to detailed and was dependent on the type of sampling plot/point at each
location. The following is a breakdown of the number and type of sampling plots/points for the
mine and transportation-corridor mapping areas.
Mine Site

Transportation
Corridor

Type

865 Wetland determination (delineation) plots
194 Wetland functional assessment plots
639 Shrub height plots

526
71
3

669 Representative upland photo points

197

529 Representative wetland photo points

192

360 Stream crossing plots

100

375 Waterbody plots

37

33 Various additional photo points

0

Preliminary wetland/upland determinations were made based on the presence or absence of the
three wetland parameters of wetland (hydrophytic) vegetation, wetland (hydric) soils, and
wetland hydrology. Generally, all three wetland parameters must be present for a site to be
considered a wetland. Abnormal site conditions may lead to a wetland site that does not satisfy
the criteria for all three of the wetland parameters; in such instances, the abnormal site conditions
are considered in the preliminary wetland determination. The most detailed vegetation, soils, and
hydrology data were collected at the wetland determination plots. Preliminary wetland
determinations were assigned to most of the sampling locations. However, no preliminary
wetland determination was made at some sampling sites due to limited data about the site.
The wetlands maps are based on the vegetation maps (discussed in Chapter 13) and were created
digitally via a combination of existing data, on-site data collection, and remote sensing/image
interpretation. The image interpretation included the consideration of landscape position, derived
from topographic contours (acquired through the use of LIDAR imagery); and photo signatures,
described in the photo signature guides, to aid in delineating wetland polygon boundaries. The
various wetlands maps depict the percentage of wetlands and/or uplands within a specified area;
the types of wetlands categorized according to the Enhanced National Wetlands Inventory
(ENWI) system developed by Pebble’s consultants; and the wetlands’ hydrogeomorphic (HGM)
classifications throughout the mapped areas. The ENWI as defined in the report was based on the
principles of the Classification of Wetlands and Deepwater Habitats of the United States
(Cowardin et al., 1979) and National Wetlands Inventory Mapping Conventions (USFWS NWI,
1995).

2
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The Pebble Limited Partnership (PLP) consultants determined that approximately 33.4 percent of
the mine mapping area and approximately 12 percent of the transportation-corridor mapping area
comprise wetlands. The predominant wetland types in the mine mapping area were shrub-type
classifications, with herbaceous types commonly found. The predominant wetland types in the
transportation-corridor mapping area were also shrub-type classifications. The most common
wetland and waterbody HGM classes mapped in the mine mapping area were slope,
approximately 63 percent, and riverine, approximately 21.6 percent. The most common wetland
and waterbody HGM class mapped in the transportation-corridor mapping area was slope,
approximately 38.9 percent. There is U.S. Fish and Wildlife Service (USFWS) NWI wetland
mapping coverage for 96.4 percent of the mine mapping area; 21.8 percent of the NWI mapping
within the mine mapping area comprises wetlands and waters. The PLP wetland mapping results
found approximately 33.4 percent of the mine mapping area is made up of wetlands and waters.
Conclusions
Because so much of life depends on the wetlands in and around the Bristol Bay watershed, it’s
important to consider how a large-scale mine operation would affect all the water sources in the
area. While the methodology detailed in Chapter 14 appears to be generally sound, given the
area’s large size, remote location and difficult terrain, the science behind the information in the
chapter could not be reviewed in a meaningful way because none of the data used to generate the
maps was provided. The review was also limited because important documents, such as the
photo signature guides, hydrogeomorphic information, wetland functional assessments, and
supporting data sheets referred to in the EBD were not made available to the public for review.
References
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A Review of PLP Environmental Baseline
Documents:
Instream and off-channel habitat
distribution and modeling

Assoc. Prof. Dr. Piotr Parasiewicz
Rushing Rivers Inc.
Amherst, MA
June 2012
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EXECUTIVE SUMMARY
The Pebble Limited Partnership (PLP) embarked on a significant effort to characterize the
habitat of spawning and juvenile salmon and resident fishes in three streams that would be
impacted by mining development (the North Fork Koktuli, South Fork Koktuli, and Upper
Talarik Creek) in Bristol Bay, Alaska. Study objectives, methodology, and the resulting data
and interpretation are compiled largely into two chapters of the resulting Environmental
Baseline Document (Chapter 15, and Appendix E). This report reviews and critiques the
information provided based on standards for the scientific peer review process including
organization and clarity, repeatability of methods, the degree to which conclusions are
supported, and general scientific soundness (ESA 2012).
From 2004-2008, data was collected to describe channel characteristics, hydromorphologic
unit types (e.g., pools, riffles, and runs/glides), and special habitat features (e.g., tributaries,
springs, seeps, and fish migration barriers) in main stem, tributary, and off-channel habitat
types. Habitat data collection methodology relied in part on US Forest Service protocols;
however, methods varied over the course of the study. The instream habitat detail and its
relationship with changes in flow were estimated using the Physical Habitat Simulation
(PHABSIM) model. The instream habitat data is quantitative, while other data is mostly
qualitative. In this way, rivers are described as single-thread systems despite the frequent
occurrence of wetland complexes, floodplains, beaver ponds, and off-channel habitats
throughout the study area. This complexity is not captured in instream habitat classification.
Overall the PHABSIM model developed by PLP suffers from a poor choice of assessment tools
for the stated objectives, improper selection of intensive study areas and numerous procedural
and technical errors. The presented results suffer from glaring inaccuracies and inappropriate
assumptions. The most disturbing are the facts that:
1) Investigation of the direct impact area has been avoided. Only larger water bodies,
several miles away from the planned mine, have been assessed.
2) The resolution of physical habitat data collection is inadequate to capture future
impacts. Very few transects were measured, sampling strategy was neither rigorous
nor systematic and gross extrapolation has been implemented.
3) The biological model is based on very few observations and is lacking data. Inadequate
models have not been removed.
4) The modeling results lack validation and verification.
Moreover, the format in which methods and results are reported is cumbersome, making data
difficult, if not impossible, to access, understand or analyze. Lack of detail in methodology
along with poor presentation and lack of interpretation of results makes research hard to
follow, verify, or repeat violating a central tenant of the scientific method (Brown and Guy
2007), and rendering the work incapable of passing a standard peer-review process (ESA
2012).
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INTRODUCTION
According to Biology Online, fish habitat is defined as: “The aquatic environment and the
immediately surrounding terrestrial environment that, combined, afford the necessary
biological and physical support systems required by fish species during various life history
stages.” The physical portion of habitat serves as the foundation of aquatic ecosystems,
shaping the distribution and structure of aquatic communities (Townsend and Hildrew 1994,
Poff et al. 1990). Human induced alterations modify the habitat and thereby the distribution of
aquatic flora and fauna. Consequently, planning environmental change must include accurate
characterization of habitat and the potential for its alteration (Naiman et al. 1995). To
characterize future changes, habitat analysis must be quantitative and include spatio-temporal
variability of habitat for key aquatic biota potentially undergoing future impacts.
Physical habitat simulation models serve as a tool for such analysis, and originated with the
PHABSIM (Physical HABitat SIMulation) model developed in the early 1970’s by US Fish and
Wildlife Service. This technique has been used for the protection of salmon populations in the
western United States for decades. Presently, it is one of many available techniques
specializing in microhabitat analysis (Parasiewicz and Dunbar 2001, Tharme 2003). Habitat
models of this kind combine a quantitative description of physical patterns with observations of
biological response captured by mathematical formulas. Microhabitat analysis defines areas
used by aquatic fauna during observation. Though such models are not well suited for
analysis of long river stretches and hydraulically complex habitats, they are frequently used in
violation of procedural protocols and contrary to intentions of model developers. This misuse
has led to heated discussions of model validity (e.g. Gore and Nestler 1988; Williams 1996).
Mesoscale approaches, which describe habitat commonly used by aquatic biota during their
diurnal cycle, are better suited for quantifying habitat of larger river sections. For fish, those
habitats correspond with hydromorphological units, such as pools or runs, which are frequently
but, erroneously, equated to mesohabitats. Habitat quantification tools such as USDA Tier 1
and Tier 3 mapping as used by PLP, operate at macro and meso scales, but fail to incorporate
biological response analysis, as habitat simulation models do. Recently several mesoscale
habitat simulation tools have been developed that build upon both discussed approaches
(Borsanyi et al. 2004, Eisner et al. 2005, Parasiewicz 2007 a,b).
Pebble Limited Partnership’s Environmental Baseline Document (EBD; PLP 2012) describes the
application of habitat simulation model PHABSIM to the potentially affected instream portions
of the North Fork Koktuli, South Fork Koktuli, and Upper Talarik Creek. The habitat has been
also assessed for in- and off-channel areas of those river sections using modified USDA Tier 1
and Tier 3 methodology. This report reviews and critiques the information provided in the
EBD based on standards for the scientific peer review process including organization and
clarity, repeatability of methods, the degree to which conclusions are supported, and general
scientific soundness (ESA 2012). This review is limited to fish habitat sampling methods,
results and interpretation.
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METHODS SUMMARY
Methods Presentation
Methods are summarized in Chapter 15 of the EBD (PLP 2012a), and described in full detail in
the Consolidated Study Program, Appendix E of the EBD (PLP 2012b).
Study area
The study area stretches for over 380 km of mainstem and tributary habitat in the North Fork
Koktuli (NFK), South Fork Koktuli (SFK), and Upper Talarik (UT) and main stem Koktuli River
(KR), which are delineated into 18 hydrologic reaches (NFK-A to F, SFK-A to E, UT-A to F,
KR). Habitat data were collected in main stem, tributary, and off-channel habitats (Appendix E
of EBD Chapter 15). Mesohabitat mapping was conducted in main stem portions of the NFK,
SFK, and UT and was followed by microhabitat analysis in selected sections. Stated objectives
of habitat data collection are:
x
x
x
x
x

To describe channel morphology and valley form characteristics in main stem
and tributary channels
To characterize riverine habitat types (e.g., pools, riffles, and runs/glides), their
distribution throughout the river, as well as the amount of river and stream
habitat available for fish
To document the locations of special habitat features (e.g., tributaries, springs,
seeps, and possible barriers to upstream fish migration) that may influence fish
distribution and abundance throughout the mine study area
To characterize the quality and quantity of off-channel habitat within
representative off-channel habitat study areas
To establish the relationship between the fish habitat and surface flows in each
of the study streams and selected tributaries

Main stem and tributary habitat surveys
Most main stem and tributary data collection relied on the US Forest Service protocols for
aquatic stream habitat data collection (USFS 2001); these included: Modified Tier 1
(information regarding reach scale channel and valley morphology, i.e., discharge, substrate
particle size distribution, bankfull width, bankfull depth, bed width, wetted width, and
gradient) and modified Tier 3 (information regarding individual habitat types, i.e., beaver pond
complexes, backwaters/sloughs, ponds/lakes, cascades, pools, riffles, runs/glides, and
wetlands). Some data is quantitative, while other data is qualitative. Methods for several
habitat parameters varied (e.g., discharge was estimated using flow meters or floats, gradient
was estimated using a stadia rod and auto level or a clinometer, lengths were estimated using
hip chains, Kevlar tapes, or laser range finders).
Mesohabitat mapping
“Mesohabitats” are defined as “visually distinct habitat units on a reach-scale” (PLP 2012a).
They were mapped using foot surveys in “selected sample areas” in main stems to visually
identify runs, riffles, pools and island complexes. These are, however, hydromorphologic units
(HMU), not mesohabitats, because mesohabitats consist of more than a morphologic shape of
the river. For example, a pool with large amounts of woody debris will offer a different
4
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mesohabitat than a pool without woody debris. Main stem reaches that were not foot
surveyed were evaluated with remote sensing including 2004 or 2008 digital imagery and/or
videography. Data were combined to estimate the total area of each type of habitat type by
stream reach, which was used to calculate fish density. Flows during mapping surveys were
not specified.
Instream habitat surveys
The PHABSIM method was selected to analyze instream habitat for Chinook salmon, coho
salmon, chum salmon, sockeye salmon, Arctic grayling and Dolly Varden within the study
areas. The boundary of instream flow study area included 36, 40, 36 and 10 mile reaches on
NFK, SFK, UT and KR, respectively (Table 1). Transects were established in reaches NFK-A,
NFK-B, NFK-C, NFK 1.190, SFK-A, SFK-B, SFK-C, SFK 1.190, UT-B, UT-C, UT-D, UT-E, UT-F,UT
1.190 and KR (see Figure 15.-12). Within four years of the study 2004, 2005, 2007 and 2008
different numbers of transects were sampled “to capture representative habitat types”. A total
of 138 transects were surveyed (Table 1). Of those, 117 were used to represent a river length
of more than 125 miles (the length of tributary sections was not reported). Hydraulic data
were collected in 2005 and 2008 in each transect at three flows corresponding to 20, 50 and
80% exceedance flow (i.e. flows that are exceeded for a given percent of time; hereon
referred to as dry, average, and wet flows). Mean column velocity, depth substrate and cover
were measured or noted.
Table 1: Number, location and timing of measured transects. Question marks indicate data
were either not reported or not clearly stated. Transects are inconsistently distributed.
River

NFK

Length (mi)

SFK

UT

KR

UT1.19
0

36

40

39

10

2004

10

10

11

5

2005

10

17

15

2007

1

1

6

2008

14

12

11

Total surveyed

35

40

43

5

Transects with
unusable data

8

3

8

1

Transects with
usable data

27

39

35

4

?

NFK1.1
90
?

SFK1.1
90

Total
?

125
36

6

48
8

6

3

6

46

3

6

138

1
6

2

21
6

117

Habitat utilization curves were computed based on fish data collected using snorkel
observation and redd counts with subsequent recording of physical attributes in occupied
locations. Standard PHABSIM procedures (IFG4, MANSQ and WSP) were used to calculate
hydraulic conditions at a range of flows. HABTAV routine was used for calculation of weighted
usable areas (WUA). For each transect, three WUA curves were calculated separately based
on the roughness coefficients calculated for each flow level (dry, average, and wet). The
composite rating curves were then fitted into the curves for each flow. Each transect was
5
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associated with an HMU type obtained from earlier surveys. WUA of transects from the same
habitat type was averaged, then weighted by the proportion of the river length occupied by
each HMU. The rating curves presented a WUA and percent of maximum habitat area for
each species life stage. They were used to compute habitat time series using the flow
observations in each reach during the study period. The flow time series were divided into
wet, average and dry years, and average daily habitat area was calculated for each year type,
reach and species life stage.
Off-channel habitat surveys
Off-channel habitat surveys were co-located with main stem habitat survey sites along the
main stems of the NFK in 2008, the SFK from 2005-2007, and UT in 2007 (PLP 2012b,
Appendix 1). Surveys were conducted where “high concentrations of off-channel habitats
were found,” although high concentrations are not defined (PLP 2012a). Qualitative habitat
data was collected between 2005 and 2007 in SFK and UT, while Tier 3 aquatic habitat survey
protocols (USFS 2001) were used to collect off-channel habitat data in the NFK in 2008. The
EBD does not provide justification for the varying timing or methodology of off-channel habitat
sampling protocols.
REPORTED RESULTS AND DISCUSSION SUMMARY
Data presentation
Habitat data are summarized and interpreted in Chapter 15 of PLP’s EBD, and detailed data
are summarized in Appendix B, C, D and F of the same chapter (PLP 2012a). Data are
presented by section (reach) of each river system and, when collected, tributary data is
included within the reach into which the tributary flows. Data in the form of tables, figures,
and maps are inconsistent between reaches and frequently lack interpretation or description.
Moreover, data that is included are in locked pdf format with hyperlinks to figures available
only in the main body of the chapter. Figures and tables are not hyperlinked in the
appendices making the reading of the enormous volume very tedious.
Mesohabitat
All three study rivers (NFK, SFK, and UT) are described as single-thread, gravel-bedded
channels ranging from straight and high gradient to meandering and low gradient. However,
wetland complexes, floodplains, beaver ponds, and off-channel habitats are frequently
described. Aerial photographs indicate at least some sections with braided channels. The main
stem of the NFK is reported to be dominated by riffle habitat, and the SFK and UT are
dominated by riffle and run/glide habitat. Little instream cover, but good quality spawning
gravel, is documented in all three study rivers. In all three watersheds, lakes, ponds and
beaver ponds proved important to water storage and extended summer runoff.
Groundwater downwelling, or “drying” reaches are described for a tributary of the NFK, and
for a middle reach and several tributaries of the SFK. Results suggest the “drying” of the
middle reach of the SFK functionally eliminates juvenile habitat from that reach from February
through April and results in fish stranding and/or dewatering of incubating eggs. Inter-basin
transfer of downwelling water from the SFK to an upwelling area in UT was documented as
6
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part of a system of groundwater upwellings throughout UT that stabilize flow and temperature
throughout the year.
Instream habitat analysis
The results are presented as an absolute (ft2/1000ft) and relative habitat area (% of maximum
WUA for species) available at different flows as a rating curve for each transect. The Y-axes
and X-axes for absolute curves all have varying ranges making comparisons very difficult.
Reasons for presenting different flow ranges for different reaches are unclear (for example
maximum flow for UT varies between 60 and 800 cubic feet per second, not necessarily
increasing downstream--e.g., maximum flow at a lower reach, UT-D, was documented as 400
cfs, while the next reach upstream, UT-E, was 600 cfs and the uppermost reach UT-F was
60cfs). For reaches, only the percent of maximum habitat area for increments of flow (cubic
feet per second, cfs) is presented in tabular fashion. Only flows providing 100% and 90% of
maximum habitat area are described in the text without describing remaining model results.
The absolute value of WUA is reported for studies reaches in acres without reporting reach
length even though it is variable (e.g., Figure 102, p 1204).
The habitat time series and habitat duration curves are also presented for study reaches. No
summary graphs are offered. The habitat time series are synthesized as an average daily
habitat area for dry, average and wet years indicating differences in habitat availability for
these events. A series of tables demonstrate the average daily habitat areas for reaches and
rivers. Table 73 summarizes those values indicating the largest quantities of habitat for chum
salmon (Oncorhynchus keta) and Dolly Varden (Salvelinus malma), Arctic grayling (Thymallus
arcticus) and rainbow trout (Oncorhynchus mykiss) spawning. It is puzzling that spawning
habitat area is larger than the adult foraging habitat.
The discussion states that SFK has the most habitat for spawning Chinook salmon
(Oncorhynchus tshawytscha), while NFK and UT have more habitat for coho (Oncorhynchus
kisutch) and chum salmon than for juvenile life stages. According to the time series analysis,
most of the anadromous spawning area exists during wet years, while resident salmonid
spawning area is maximized during dry years. No difference between years was found for
rearing life stages.
Off-Channel habitats
Of the 37 hectares of off-channel habitats (OCH), the mapped majority were beaver ponds
(around 90%) with the rest consisting of side channels, percolation channels, pond outlet
channels, isolated ponds and alcoves. The proportions of OCH habitat area were consistent
among the river channels. With the exception of beaver ponds, the water levels in OCH are
strongly affected by river flow. All OCH potentially offer coho salmon spawning and rearing
habitat. The relation between the river flow and the OCH surface was established and
presented.
DISCUSSION/CRITIQUE
Data Presentation
The format in which results are presented make the EBD difficult to understand, access,
analyze, independently interpret, or repeat. Due to the vast size of the chapter regarding fish,
7
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the core of the study is unnavigable. All information is in locked pdf format, which makes
copying, pasting, or commenting on data impossible. Data are presented for individual stream
reaches in variable and inconsistent formats between tables, figures, and maps. Some figures
have unreadable axes (see Figure 12 page 3287). Maps frequently lack the explanation of
symbols (e.g., red lines in Figure B, Appendix 15.1.B). Individual data points do not include
specific dates or locations and cross-referencing among tables, figures, and maps is
challenging at best. The units are inconsistent throughout the analysis. Habitat time series
curves indicate the year depicted (e.g., Figure 103, Appendix 15.1C). The axes of comparable
figures such as rating curves for transects are inconsistent in length and are therefore not
easily comparable. The rating curves for transects present habitat area in terms of WUA in
ft2/1000ft, while rating curves generalized for the reach level demonstrate habitat area in
acres, without indicating the length of the reaches. Some topics are described with
unnecessary detail (e.g., benchmarking cross sections) while other essential information is
lacking (e.g., procedure of site or transect location selection). Lack of detail in methodology
along with poor presentation of results and lack of interpretation of the results makes research
impossible to follow and verify and therefore unrepeatable, violating a central tenant of the
scientific method (Brown and Guy 2007), and thus the ability of the EBD to pass any standard
peer-review process (ESA 2012).
Mesohabitat mapping
As described earlier, HMUs are considered equivalent to mesohabitats in the EBD. Key
information missing in the report includes flows for which habitat was mapped. Several
studies indicate that mesohabitats and the size and distribution of HMUs change with varying
flow conditions (see www.MesoHABSIM.org for examples), especially at low flows. For
example, a riffle at low flow may become a run at higher flows in a time span of hours to
days, raising questions regarding HMU characterization.
A review of mesohabitat maps raises doubts about their accuracy. For example, margins of
river bends where pools are expected hydraulically, are classified in the maps as runs or
sometimes riffles (e.g., Figure B.1-6 or B.15-6). This violates principles of channel hydraulics.
Glaring inconsistencies are exemplified on page 35 of the Appendix 15.1C presenting survey
results from Tributary UT 1.190, the entirety of which was mapped as riffle habitat. In reality,
the transects for the PHABSIM model for this section were surveyed in units classified as runs.
This not only brings into question results of HMU mapping, but also demonstrates lack of
coordination between teams performing surveys. Apparently, remote sensing classification
was never verified on the ground.
Site selection methodology for on-foot-surveys is not described, and thus the
representativeness of habitat information is unclear. Some sections were not mapped at all
(e.g., NFK-E or SFK-F) or only portions of them were mapped (NFK-E). This fact is disturbing,
because these reaches are closest to the area potentially impacted by mining activities.
Methods of data collection varied, in some cases using different instruments to measure the
same parameters, and in other cases combining and comparing qualitative to quantitative data
with no indication of which data are collected using variable methodologies. Moreover, sites
were not sampled in subsequent years of sampling.
8
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Instream habitat analysis
The PHABSIM model applied in the EBD was developed in the early 1970’s as a planning
instrument for negotiations of in- and out-of-stream water use within the framework of
Instream Flow Incremental Methodology (IFIM). This technique was originally designed for
applications related to individual water use facilities, particularly the definition of minimum
flow requirements. It is neither well designed nor well suited for habitat analysis on long river
sections. PHABSIM and other related techniques use high precision measurements of physical
conditions to predict flow-related alteration of habitat, together with a habitat suitability
criteria for fish. The underlying principle of PHABSIM is to describe these changes by means
of a deterministic hydraulic model, an approach originally developed for flood-control
engineering. The choice of this hydraulic technique as a backbone of PHABSIM has been
crucial to the design and, from a river restoration perspective, the source of model limitations.
Although still broadly used, the one-dimensional model strongly simplifies low flow hydraulic
conditions, because it assumes steady and gradually varied flow in only one direction (Gordon
et. al 1992).
The format of the model algorithm determines the strategy for sampling channel morphology
and hydraulics. Stratified sampling (i.e., transects) typically applied for this purpose is
relatively crude and does not properly reflect curvilinear distribution of hydro-morphologic
parameters (Parasiewicz and Dunbar 2001, Parasiewicz 1996). This limitation is important
since deterministic hydraulic models are highly sensitive to changes in riverbed roughness,
specifically when applied to low flow conditions. Recently, multidimensional hydraulic models
have been used with application of more adequate sampling techniques (e.g. Alfredsen et al.
1997, Lafleur and Leclerc 1997). These methods reduce inaccuracy but still do not resolve the
problem of sensitivity to roughness. In more complex systems, or where study objectives
require habitat assessment in larger areas, the amount of necessary effort makes the
application of such models impractical.
To limit the effort to a feasible level, physical attributes used for model calibration are
commonly measured on only a few short sampling reaches and model predictions are then
extrapolated to larger segments of rivers and streams. Sometimes this “representative site”
design is supported by rapid habitat mapping to weigh the spatial distribution of habitat
features. Nevertheless, the accuracy of a river-wide assessment strongly declines during the
generalization procedure due to usually high variation of morphology in areas between the
sampled sites (Dolloff et. al. 1997). Often extrapolation effects lead to conflicted opinions
about the validity of habitat simulation findings caused by the choice of sample-site locations
(e.g. Gore and Nestler 1988; Williams 1996). For all these reasons, the physical habitat models
are frequently discredited as poorly applicable to larger scale issues and therefore inadequate
for system-scale, holistic management.
This issue of large-scale river assessment is central to the study discussed here and begs the
question of whether the appropriate model has been chosen to fulfill the objectives of the
study. Hundreds of miles of river length was intended to be evaluated using a set of transects.
The approach chosen in the EBD is to determine the distribution of HMU types and then
subsample them with single independent transects. However, transects were defined before
the mesolevel survey, hence it cannot be claimed that they were chosen to subsample
9
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identified HMUs. From the perspective of the hydraulic model, this is even less accurate than
the representative site approach. Considering that HMU classification is not reliable as
described above, the entire scheme of data collection is questionable.
Another key issue is that the number of selected transects is not adequate to represent the
whole study area, especially in morphologically variable natural channels. Transect locations
seem to be selected haphazardly and distances are between 700 and 2000m, which is very
poor resolution (Paine et al. 2004). Some sections are sampled more densely then others, for
reasons unknown. For example the model for 6 km of KR is based on four cross sections. On
Tributary NFK 1.190, 8 km are represented by three cross sections. Further, in smaller
tributaries transects measured at the mouth of the stream were assumed to be valid for the
long upstream sections that may have different hydro-morphology. No transects were
measured in upstream reaches of NFK and SFK, that are adjacent to the impact area. In fact
the reach SFK-E flows through the middle of the ore body, yet the first transect measured is
about ten miles downstream.
Some of the four habitat types with transects sampled for PHABSIM were under sampled. In
several reaches some habitat types are represented by only one cross section. For other units,
habitat parameters are simply averaged, without considering the proportion of river length
each cross section represented. As mentioned above, the mapped HMUs may be different
mesohabitats and every cross section should represent habitats of different length.
Further, pools were not sampled in some reaches (e.g., KR or SFK 190). This is critical
because pools have been documented in the off-channel habitat study as the most productive
areas of the investigated rivers. Many coho salmon were captured in pools. Another problem
results because cross-sections with an unstable riverbed were removed from analysis.
Although convenient for analysis and data collection, selectively removing data is erroneous
and dangerous as such areas may be the most vulnerable to mining impacts.
Several concerns exist with regard to biological models. The applied habitat suitability criteria
are of very poor quality. First of all, univariate habitat utilization curves were constructed and
used for analysis. Such criteria neither take into account interactions of investigated physical
parameters nor habitat availability. The habitat suitability index is developed for each of the
parameters separately and then combined with a prioritized selected formula into composite
index. Utilization criteria are based on fish observations only; hence locations that were not
occupied at the time of sampling are excluded. Such criteria exclude rare but highly suitable
locations (e.g., Morhardt and Hanson 1988).
Furthermore, suitability criteria are based on very few fish observations (see Appendix 15C,
Attachment 1). Microhabitat observations are accompanied by high levels of coincidence; in
order to find fish in suitable habitat, fish must be present at the time of sampling. Of course,
this is often not the case because fish are mobile organisms. More fish observations would
alleviate this problem. The only criteria with sufficient fish observations for calculation were
for coho salmon, sockeye salmon (except juvenile) and Chinook salmon (except fry). Some
spawning observations are clustered in specific locations (e.g., Figure 11, Appendix 15C,
Attachment 1), which begs the question whether or not data are spatially auto-correlated. No
discussion of this auto correlation is included, however.
10
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Validation of habitat suitability criteria is not described in the report, hence the accuracy of the
model cannot be tested or confirmed. The comparison of the number of species with habitat
availability for NFK A and NFK B reaches contradicts model predictions which do not
correspond with fish distribution. This may be due to the fact that the models only account for
the velocity, depth and substrate, neglecting the influence of cover on fish behavior
(Parasiewicz and Walker 2007). Therefore, the habitat suitability criteria used in the study are
poor. To improve data quality, the models for Arctic grayling, rainbow trout and Dolly Varden
should be removed from the report.
Some rating curves indicate computational errors presenting jagged, rapid increases and
declines between very small flow increments (i.e., Figure 34, Page 1136). Such results are
unreasonable and illogical.
Further, PHABSIM rating curves are extrapolated to flows 2.5 times higher than the highest
measured flow and 0.4 times lower than the lowest measured flow. These large extrapolations
may be inaccurate because:
a. For higher flows, habitat suitability criteria may not apply since species behavior may
differ.
b. For lower flows, extrapolations fail to account for hydraulic conditions which could
change dramatically, potentially crossing the threshold to substantial drought in which
species may display survival behavior rather than foraging or spawning.
The extrapolations are most likely responsible for the fact that some rating curves show
habitat increases at extreme flow levels. For example, Figure 183, Supplement 1, Appendix
15.1 C depicts the WUA for Arctic grayling, Dolly Varden and rainbow trout for transect 05SFK-RN1. In the figure, Dolly Varden habitat is reported at a minimum at 120 cfs (the highest
measured flow), increases slightly from 120-200 cfs, and then increases steeply above 200 cfs.
Considering that the accuracy of the extrapolation dramatically declines with flow increase and
that the utilization curves are based on sparse data, these are not reliable. The adequacy of
the large extrapolations should be demonstrated.
Habitat time series analysis is also unsatisfactory. Only four years of flow records have been
considered, which is insufficient. Thirty-year time series are standard in hydrology. Since
USGS data are sparsely available, hydrological simulation is preferable. Dividing only four
years of data into dry and wet years based on the annual average is not representative of
natural variation. The inadequacy of the classification is demonstrated in Figure 11, Appendix
15.1C depicting three flow time series. During the “wet year,” flows were lower than average.
Only peaks in August increased the average flow rendering its placement in the “wet”
category.
The time series are interpreted using average daily habitat area for wet, average and dry
years. Because fish communities are influenced more by extreme than average values
(Fausch and Blambett 1991, Resh et al. 1988, Trexler et al. 2005), the metric is meaningless.
Due to the poor characterization of “wet”, “average” and “dry” conditions, the EBD did not
document significant differences in habitat availability.
Although duration of total habitat availability is presented in figures (e.g., Figure 14, Appendix
15.1.C), but are neither analyzed nor discussed in the EBD. A “Continuous Duration Under
11
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Threshold” diagram would have more appropriately captured the frequency of habitat-deficit
events shaping fish fauna (Capra et al. 1995, Parasiewicz 2007b). More frequent faunashaping events such as extended droughts often result from flow alterations associated with
mining activities.
Off-channel habitats
Off-channel habitat data is qualitative, documenting the importance of various habitats without
quantifying those habitats which is the most important factor in salmonid distribution (e.g.,
Swales and Levins 1989). Aerial photographs (throughout Appendix B, Chapter 15) indicate
side channels and backwaters occur throughout the study region, but were analyzed
separately from main channel habitat ignoring the interconnectivity of river floodplains. Except
for the few measured transects, the resolution of the OCH study is inadequate for
establishment of baseline conditions and thus measurement of future impacts.
Other issues associated with OCH data collection include:
a. Justification for the selection of intensive study areas is not provided.
b. Estimates of active valley OCH area density of OCH in study sites is representative of
the entire river’s length.
c. Methodology changed in 2008.
d. Beaver ponds are described as the most common habitat, but they are the least
characterized habitat.
e. Fish survey results contain conflicting information (e.g., on Page 12, Appendix 15.1D
fish density of 100ind/100m2 for site channels is reported and in the following
sentence 15-70ind/m2 for the same site).
CONCLUSION
The most problematic issue with the study design is the fact that all data was collected in
larger water bodies miles away from potential mining activity, thereby rendering data
worthless for future impact assessment. Aerial imagery indicates the study area includes a
large network of small headwater streams (see Figure B 11-b, Appendix 15.1C). These
headwaters would be directly impacted by mining activities which would propagate impacts
downstream. Only small portions of this network were qualitatively investigated in the EBD.
Solid and modern physical habitat simulation models, at the right scale, should have been
applied for the entire study area (e.g. main stem, tributaries and OCH channels).
Consequently, the conclusion that the study provides a “solid framework of information” (Page
62, Appendix 15.1C) is erroneous because the work was not conducted according to scientific
and practical standards. The EBD and PHABSIM model results are rife with methodological
and technical errors. The data collection strategy, analytical procedures, as well as
interpretation are inadequate for an environmental impact assessment. Due to basic errors,
the inaccuracy of the PHABSIM model is high and will likely fail validation tests.

12

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 353 of 2339

REFERENCES
Alfredsen, K., W. Marchand, T. H. Bakken, and A. Harby. 1997. Application and comparison of
computer models quantifying impacts of river regulation on fish habitat. In Broch, E.,
D.K. Lysne, N. Flatabo, and E. Helland-Hansen, eds. 1997. Proceedings of the 3rd
international conference hydropower ’97 – Trondheim / Norway 30 June – 2 July 1997.
A.A. Balkema Publishers, Rotterdam/Brookfield.
Borsanyi P, Alfredsen K, Harby A, Ugedal O, Kraxner K. 2004. A Meso-scale habitat
classification method for production modeling of Atlantic Salmon in Norway.
Hydroecologie Appliquee 14: 119-138. DOI:10.1051/hydro:2004008.
Brown, M.L. and C.S. Guy. 2007. Science and statistics in fisheries Research. In Guy, C.S.
and M.L. Brown (Eds.). Analysis and Interpretation of Freshwater Fisheries Data.
American Fisheries Society, Bethesda, Maryland. Pp. 1-30.
Capra H, Breil P, Souchon Y. 1995. A new tool to interpret magnitude and duration of fish
habitat variations. Regulated Rivers: Research and Management. 10: 281-289.
Dolloff, C. A., H. E. Jennings, and M. Owen. 1997. A comparison of basinwide and
representative reach habitat survey techniques in three southern Appalachian
watersheds. North American Journal of Fishery Management. 17:339-347.
Eisner A., Young C., Schneider, M. & Kopecki, I. (2005): MesoCASiMiR - new mapping method
and comparison with other current approaches, COST 626, Proceedings from the final
meeting in Silkeborg, Denmark, 19-20 May 2005
ESA (Ecological Society of America). 2012. Guidelines for reviewers: Ecology, Ecological
Applications, Ecological Monographs. Website:
http://esapubs.org/esapubs/reviewers.htm. Accessed 15 April 2012.
Gordon, N.E., T.A. McMahon, and B.L. Finlayson. 1992. Stream hydrology: an introduction for
ecologists. John Wiley and Sons, New York.
Gore, J. and J. Nestler. 1988. Instream flow studies in perspective. Regulated Rivers 2: 93101.
Fausch, K.D., Blamblett R.G. 1991. Disturbance and fish communities in intermittent tributaries
of a wester Great Plains River.Copeia. 3. 659-674.
Lafleur, J. & Leclerc, M. 1997. The Fish Habitat Modelling with Two Dimensional Hydraulic
Tools: a Worthwhile approach for Setting Minimum Flow Requirements. – Paper
Presented at Instream and Environmental Flow Symposium, Houston.
Morhardt, J.E., Hanson, D.F. 1988. Habitat availability considerations in development of
habitat suitability criteria. Proceedings of a workshop on the development and
evaluation of habitat suitability criteria. Fort Collins, Co. US Fish and Wildlife Service.
Biological report 88 (11). 392-403.
Naiman, R. J., J.J. Magnuson, D. M. McKnight, and J. A. Standford eds. 1995. The Freshwater
Imperative: a research agenda. Island Press, Washington, DC.
13

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 354 of 2339

Paine, T.R., Eggers, S.D., Parkinson, D.B. 2004. The Number of Transects Required to
Compute a Robust PHABSIM Habitat Index. Hydroécol. Appl. 14:27-53.
Parasiewicz, P. (1996): Estimation of physical habitat characteristics using automation and
geodesic-based sampling. Regulated Rivers: Research & Management, 12, 575-583.
Parasiewicz P. 2001. MesoHABSIM - a concept for application of instream flow models in river
restoration planning. Fisheries 29 (9): 6-13. DOI: 10.1577/15488446(2001)026<0006:M>2.0.CO;2
Parasiewicz P. 2007a. The MesoHABSIM Model Revisited. River Research and Application 23
(8):893-903. DOI: 10.1002/rra.1045
Parasiewicz P. 2007b. Developing a reference habitat template and ecological management
scenarios using the MesoHABSIM model. River Research and Application 23 (8): 924932. DOI: 10.1002/rra.1044
Parasiewicz P. & M. J. Dunbar (2001): Physical habitat modelling for fish – a
developing approach - Archiv für Hydrobiologie. Suppl. (Large Rivers Vol.
12), 135/2-4 p. 239-268
Parasiewicz P. & J. D. Walker (2007): Comparing and testing results of three different micro
and meso river habitat models. River Research and Application 23 (8): 904-923.
Poff, N.L., Ward, J.V. 1990. The physical habitat template of lotic systems: recovery in the
context of historical pattern of spatio-temporal heterogeneity. Environmental
Management. 14: 629-646.
PLP (Pebble Limited Partnership). 2012a. Chapter 15: Fish and aquatic macroinvertebrates,
Bristol Bay drainages. Pebble Limited Partnership Environmental Baseline Document:
2004-2008. Prepared by R2 Resource Consultants, HDR Alaska, Inc., EchoFish, InterFluve, and Pacific Hydrologic, Inc. 6515 pp.
PLP. 2012b. Appendix E: Consolidated study program. Pebble Limited Partnership
Environmental Baseline Document: 2004-2008. 603 pp.
PLP. 2012c. Chapter 7: Surface water hydrology, Bristol Bay drainages. Pebble Limited
Partnership Environmental Baseline Document: 2004-2008. Prepared by Knight Piésold,
Ltd., ABR, Inc., 3 Parameters Plus, Inc., and Bristol Environmental & Engineering
Services Corp. 984 pp.
PLP. 2012c. Chapter 7: Surface water hydrology, Bristol Bay drainages. Pebble Limited
Partnership Environmental Baseline Document: 2004-2008. Prepared by Knight Piésold,
Ltd., ABR, Inc., 3 Parameters Plus, Inc., and Bristol Environmental & Engineering
Services Corp. 984 pp.
PLP. 2012d. Chapter 9: Water quality, Bristol Bay drainages. Pebble Limited Partnership
Environmental Baseline Document: 2004-2008. Prepared by Schlumberger Water
Services, Piteau Associates, SLR Alaska, Bristol Environmental and Engineering Services,
HDR Alaska, Inc. 2247 pp.
14

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 355 of 2339

PLP. 2012e. Chapter 8: Groundwater hydrology, Bristol Bay drainages. Pebble Limited
Partnership Environmental Baseline Document: 2004-2008. Prepared by Schlumberger
Water Services. 2500 pp.
Resh V.H.,Brown A.H., Covich, A.P.,Gurz, M.E., Li, H.W., Minschall, W.,Reice S.R., Shelon, A.L.,
Wallace, J.B., Wissmar R.C. 1988.The role of disturbance in stream ecology. J. N. Am.
Benthol. Soc. 7(4):433-455.
Swales, S., Levings, C.D. 1989. Role of Off-Channel Ponds in the Life Cycle of Coho Salmon
(Oncorhynchus kisutch) and Other Juvenile Salmonids in the Coldwater River, British
Columbia. Canadian Journal of Fisheries and Aquatic Sciences, 46(2): 232-242,
10.1139/f89-032
Tharme R. E. 2003 A global perspective on environmental flow assessment: emerging trends
in the development and application of environmental flow methodologies for rivers.
River Research and Application s 19 (5-6): 397–441,
Trexler J.C., Loftus W.F., Perry S. 2005. Disturbance frequency and community structure in a
twenty-five year intervention study. Oekologia. 145 (1): 140-152, DOI:
10.1007/s00442-005-0094-4
Townsend, C.R., Hildrew, A.G. 1994. Species traits in relation to a habitat template for river
systems. Freshwater Biology. 31:265-276.
USFS (United States Forest Service). 2001. FSH 2090 Aquatic Habitat Management
Handbook, R-10 Amendment 2090.21-2001-1. Chapter 20, Fish and Aquatic Stream
Habitat Survey. US Department of Agriculture, US Forest Service.
Williams, J. G. 1996. Lost in space: confidence interval for idealized PHABSIM studies.
Transactions of the American Fisheries Society 125: 458-465.

15

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 356 of 2339

3JMFZBOE:PDPN .JOJOHUIF1FCCMF%FQPTJU*TTVFTPG
$PNQMJBODFBOE6OBDDFQUBCMF&OWJSPONFOUBM*NQBDUT
%FDFNCFS

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 357 of 2339

Mining the Pebble Deposit:
Issues of 404 compliance and unacceptable environmental impacts

Prepared for the Bristol Bay Native Corporation and Trout Unlimited
by

William M. Riley and Thomas G. Yocom
Huffman-Broadway Group, Inc.
828 Mission Avenue
San Rafael, CA 94901

December 2011

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 358 of 2339

 
 

 

   !
   """
   ""  #
         #
 !!       
)$ #$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$)( 
*$  !   #$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$))
+$   #$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$))
,$    "    $$$$$$$$$$$)+
-$  ! $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$).
   

 $

            "" 
   %
           $
)$% $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$*( 
*$% $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$** 
              
)$  !   $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$*+
     $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$*/
              %
)$    &   '$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$*0
*$     ! $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$+*
+$   !  $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$+,
             "
)$     $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$+-
*$     !$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$+/
+$  !  $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$+0
              %
   
         
    !!   &
      !
     "!
                

    !#
          
    
                  !$
          
    
        !%
    # 

Cover photograph: Aerial view of areas immediately south of the proposed mine pit for the first 25-year phase of
mining the Pebble deposit. All areas within this photograph would be excavated or filled with waste rock under a
plan depicted by Wardrop (2011). Exploratory drilling operations can be seen in the foreground and in the distance.
Photograph taken by the authors, August 12, 2011.
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Mining the Pebble Deposit:
Issues of 404 compliance and unacceptable environmental impacts
by

William M. Riley1 and Thomas G. Yocom2
Huffman-Broadway Group, Inc.
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A number of groups have petitioned the United States Environmental Protection Agency (EPA)
to initiate action under Section 404(c) of the Clean Water Act (CWA) to protect the fisheries of
Bristol Bay from large-scale hardrock mining of the Pebble deposit3 in the headwaters of the
Kvichak and Nushagak River drainages. The Bristol Bay Native Corporation and Trout
Unlimited asked the authors of this report to assess the potential threats posed by mining the
Pebble deposit, the largest known ore body in those headwaters, and to assess the applicability of
CWA authorities to reduce or eliminate those potential threats to Bristol Bay fisheries and
associated resources.
We begin this report with background on the region within which the Pebble deposit exists, the
Pebble deposit itself, and on publicly available plans to mine it. We then describe the purpose
and goals of Section 404(c) of the CWA, followed by a discussion of the CWA 404 permitting
process, and how it relates to mining and other aspects of the CWA, including Section 404(c).
From there we evaluate known information about mining the Pebble deposit, and whether doing
so could comply with the CWA 404(b)(1) Guidelines4 (hereinafter referred to as “the
Guidelines”), concluding that existing plans could not be permitted because of impacts to salmon
habitat, likely toxicity to aquatic life, and the likely need to treat in perpetuity seepage and runoff
from mine-related dredged and/or fill material. We conclude that from a regulatory standpoint
these impacts should be considered environmentally unacceptable, particularly when compared
with the impacts that have led EPA to initiate 404(c) actions in the past.
We then propose that EPA proactively impose three restrictions on regulated discharges of
dredged or fill material (i.e., mine waste) that would result from mining operations of the Pebble
1

William M. Riley served as the EPA Region 10 New Source NEPA (National Environmental Policy Act)
Compliance coordinator (1983-1985), Aquatic Resources Unit Manager (1985-1994), Regional Mining Coordinator
(1994-2004) and Director of the Office of Environmental Assessment from 2004 until his retirement in 2007.
2
Thomas G. Yocom is a former National Wetlands Expert for the U.S. Environmental Protection Agency, serving
at EPA from 1984 until retiring in 2005. He also served as a fishery biologist for the U.S. Fish and Wildlife Service
and the National Marine Fisheries Service from 1971 until 1984. He has been a Wetlands Regulatory Scientist for
the Huffman-Broadway Group since 2006.
3
The Pebble Project proponent describes its project as including the Pebble deposit and surrounding claims
(http://www.northerndynastyminerals.com/ndm/PD_EL.asp). For purposes of this report, we consider the Pebble
deposit to include the adjacent claims, as well.
4
Although appearing the Code of Federal Regulations as “Guidelines,” these are binding federal regulations and not
optional guidance.
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deposit. These restrictions include: 1) a prohibition on discharge of dredged or fill material into
salmon habitat; 2) a prohibition on the discharge of dredged or fill material that does not meet
testing requirements demonstrating that such material is not toxic to aquatic life; and 3) a
prohibition on the discharge of dredged or fill material runoff or seepage from which would
require treatment in perpetuity. These restrictions are rooted in well-established precedents and
long-standing practices and policies within the CWA 404 program, and thus routinely are applied
to 404 permits in the Pacific Northwest and elsewhere. Asserting these restrictions proactively
furthers the goals of the Clean Water Act by providing certainty, and associated time and money
savings, to industry and the public, including the indigenous peoples of the region to whom the
United States has a trust responsibility, as to what will be required of any proposed plan to mine
that deposit.
In reaching our conclusions and recommendations, we rely on information developed by the
present sponsors of the proposed Pebble Project that describe the location, dimension, and
mineral characterization of the Pebble deposit, as well as the location and dimensions of
potential tailings impoundments, waste rock disposal areas, port facilities, access roads, and
pipelines. To characterize project planning and designs, we have relied primarily upon “The
Preliminary Assessment of the Pebble Project Southwest Alaska” prepared by Wardrop
(February 17, 2011) for Northern Dynasty Minerals Ltd.5 Similarly, the authors have relied on
natural resource characterizations that have been used or adopted by agencies of the State of
Alaska, federal agencies, and those published in scientific journals. As new information
becomes available, from the Pebble Project sponsors or other sources, we will reevaluate and
update this report.
We thank the Bristol Bay Native Corporation and Trout Unlimited for supporting our preparation
of this report. The assumptions and conclusions reported herein are those of the authors, and are
not intended to represent those of the Bristol Bay Native Corporation, Trout Unlimited, or any
other persons or organizations.
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The Pebble ore deposit in southwest Alaska has been proposed as the site for a very large mining
operation to extract copper and associated metals from an extensive deposit.6 The deposit lies in
the pristine and undeveloped headwaters of three rivers that support anadromous salmon
fisheries7 (Figure 1), and that are tributaries of the Bristol Bay watershed. This watershed
supports the largest remaining salmon runs in the United States, and the largest remaining
sockeye salmon run on earth (Ruggerone, et.al. 2010, and Woody and O’Neal 2010). According
5

The Wardrop (2011) report conforms to the standards set out in National Instrument 43-101 which is a national
instrument for the Standards of Disclosure for Mineral Projects within Canada. The Instrument is a codified set of
rules and guidelines for reporting and displaying information related to mineral properties owned by, or explored by,
companies which report these results on stock exchanges within Canada.
6
http://www.hdgold.com/i/media/northern/ND-Pebble.htm
7
The North Fork Koktuli River, South Fork Koktuli River, and Upper Talarik Creek are waters that support
anadromous fishes, such as salmon, and are mapped as such in the Alaska Department of Fish and Game’s
Anadromous Waters Catalogue at http://www.adfg.alaska.gov/AnadromousRegPDFs/swt/ILI250.PDF
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Figure 1: Anadromous Waters documented by the Alaska Department of Fish and Game
(2010) in the vicinity of the Pebble deposit. Proposed mining areas from Wardrop (2011)
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to the EPA, the salmon industry in Alaska is the State’s largest nongovernmental employer,
providing “approximately 70,000 seasonal and full-time jobs, and is the second leading
generator of revenue (wetlands-dependent commercial and sport fishing in Alaska generate
several hundred millions of dollars annually)” (U.S. EPA et.al. 1994).
The Pebble deposit itself is overlain by extensive areas of hydrologically connected wetlands,
shallow-water ponds, and tributary streams (Figure 2). The commercial, subsistence, and sport
fisheries that are supported by these waters are resources of local, national, and international
importance. The sockeye salmon runs alone (Salomone et.al. 2007) are greater now than the
record levels of salmon and steelhead trout that migrated up the Columbia River historically.
The Columbia River salmon runs have declined roughly 96% since the 1850’s and, as a result, 12
Columbia River populations of salmon and steelhead have been declared threatened or
endangered under the Endangered Species Act (U.S. Government Accounting Office 2002).
Similarly, the drainages that surround the Pebble deposit include tributaries that are documented
anadromous fish habitat (Alaska Department of Fish and Game 2011), and one or more of these
drainages has been proposed to be permanently impounded to serve as storage facilities for
tailings that mining the Pebble deposit would produce (Wardrop 2011). The entire area
surrounding the Pebble deposit also serves as habitat for a variety of wildlife species, including
caribou and brown bear.
The Pebble deposit itself contains large quantities of copper, as well as lesser amounts of gold
and molybdenum. The concentration of recoverable metals is relatively low per ton of ore (0.380.46% copper, 0.011 ounces/ton gold, 182-234 parts per million (ppm) molybdenum; Wardrop
2011). Approximately 1.4% of the processed ore would be shipped off as a concentrate. At a
stripping ratio of 1.5:1, this equates to approximately 0.6% of all the material (overburden, waste
rock and ore) that would be mined. If developed to its full extent, it would be by far the largest
mining operation ever proposed in Alaska, and at full build-out would be the largest hardrock
mine in North America.8
Previous and existing proposals to mine the Pebble deposit have proposed an open pit for at least
the initial phases of the mining effort. The surface area of the pit and associated facilities has
been estimated to cover approximately two square miles (Northern Dynasty Mines, Inc. 2006a).
The surface area of the proposed waste rock and tailings impoundments are considerably larger,9
and have been previously proposed to fill entire drainages to depths of over 700 feet. More than
30 tailings storage facility (TSF) options have been considered by the project sponsor (Wardrop

8

At full build-out, the mine would be larger than the Bingham Mine, the largest man-made excavation on earth
(http://www.kennecott.com/library/media/TeacherGuide.pdf). The volume of tailings that would need disposal
range as high as 11.9 billion tons. This number could grow as efforts to delineate the deposit in Northern Dynasty
Minerals Ltd. surrounding claims continue. Put in perspective, this quantity of material placed on the 310-acre
National Mall in Washington, DC, would rise to well over 15,000 feet, and does not include roughly twice that
volume in overburden and waste rock.
9
In water rights applications made by Northern Dynasty Mines, Inc. in 2006, two tailings storage facilities were
proposed for an initial proposal to mine a portion of the Pebble deposit. These storage facilities in “Area A”
(Knight Piesold Ltd. 2006a) and “Area G” (Knight Piesold Ltd. 2006b) had surface areas of 4200 acres and 2300
acres, respectively.
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Figure 2. Approximate location of Pebble deposit (from Wardrop 2011)

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 364 of 2339

2011). A water treatment plant would treat excess water in the TSF and discharge it to one or
more nearby drainages (North and South Forks of the Koktuli River, and Upper Talarik Creek).
In addition, the project would include an 86-mile transportation corridor connecting the mine to a
proposed port on Cook Inlet, including an access road and as many as four parallel pipelines for
copper-gold concentrate, reclaim water, natural gas, and diesel fuel (Northern Dynasty Minerals,
Ltd. 2011). The ore concentrate would be piped as a slurry to Cook Inlet, dewatered, and loaded
on ships (up to 1.1 million tons per year; Wardrop 2011), and recovered water would be piped
back to the mine site for storage in the tailings storage facility (TSF). The road would cross
approximately 120 streams (Northern Dynasty Mines, Inc., 2005c). A 378-megawatt power
plant would also be constructed at or near the mine site to support the mining effort (Wardrop
2011).
As noted above, mining the Pebble deposit would produce small quantities of recoverable metals
per ton. Consequently, it would generate vast amounts of overburden, waste rock and tailings.
Indeed, if the deposit were fully exploited as presented in some plans, mining could generate up
to 23 billion tons of such overburden, waste rock, and tailings (Wardrop 2011). At a projected
recovery rate of roughly 87% for copper (Wardrop 2011), the tailings would contain billions of
pounds of copper in impoundments constructed in, above, and adjacent to spawning and rearing
habitats for anadromous fishes. Copper is toxic at very low concentrations to early life stages of
anadromous fishes and tailings storage facilities containing copper pose a potential threat to
downstream fishery resources should these facilities ever leak or fail.
Given the extent of wetlands, ponds, and tributary streams overlying the deposit and within
adjacent drainages, it is clear that mining the Pebble deposit will most certainly entail discharges
of fill material into regulated “waters of the United States,” including wetlands [40 CFR
230.3(s)(1-7)].

/!'%'!'"!95934
The goal of the Clean Water Act (CWA) is to restore and maintain the chemical, physical, and
biological integrity of the nation's waters so that they can support "the protection and
propagation of fish, shellfish, and wildlife and recreation in and on the water."10 To further this
goal, the CWA regulates, among other things, discharges of dredged or fill material into waters
of the United States;11 dredged or fill material is defined as a pollutant under the Act. The
United States Army Corps of Engineers (Corps) has the primary regulatory authority to
implement this “section 404” permitting program, with oversight from the EPA as set out in
Section 404(c).
Section 404(c) authorizes EPA to prohibit or withdraw the specification, or deny, restrict, or
withdraw the use for specification, of any defined area as a disposal site for dredged or fill
10

33 U.S.C. 1251. Section 101(a)(2)
Waters of the United States are defined in federal regulations at 40 CFR 230.3(s)(1-7), and include tidal waters,
tributary rivers and streams, lakes, adjacent wetlands, and “other waters.”

11
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material whenever the EPA Administrator “determines that the discharge of dredged or fill
material is having or will have an ‘unacceptable adverse effect’ on municipal water supplies,
shellfish beds and fishery areas (including spawning and breeding areas), wildlife, or
recreational areas”12
In determining what constitutes an “unacceptable adverse effect,” EPA is directed to consider
relevant portions of the Guidelines (40 CFR 230).13 These Guidelines help govern EPA’s 404(c)
actions. In the absence of 404(c) procedures, the Guidelines are the mandatory regulations that
determine if discharges of dredged or fill material can be permitted, and would, in part,
determine whether discharges from a proposal to mine the Pebble deposit could be authorized by
the Department of the Army pursuant to Section 404 of the CWA. A failure to comply with the
Guidelines is, therefore, justification for initiation of Section 404(c) procedures and also grounds
for permit denial.
Furthermore, the CWA authorizes the EPA to exercise its 404(c) obligations in a proactive
manner outside of a specific permit application. EPA’s implementing regulations reiterate this
statutory authority to proactively protect waters of the U.S. from dredged or fill material,
providing that EPA act “before a permit application has been submitted to the Corps.”14 In its
preamble explanation of these regulations EPA explained that such a proactive approach “will
facilitate planning by developers and industry … eliminate frustrating situations in which
someone spends time and money developing a project for an inappropriate site and learns at an
advanced stage that he must start over [and] facilitate comprehensive rather than piecemeal
protection of wetlands.”15

/!'%''"!959 % ''! %"&&
Discharges of dredged or fill material into waters of the United States, including wetlands,
authorized under Section 404 of the CWA, must comply with the Guidelines. Consistent with
the overall goals of the CWA, the purpose of the Guidelines is to “restore and maintain the
chemical, physical, and biological integrity of waters of the United States through the control of
discharges of dredged or fill material” [40 CFR 230.1(a)]. If such discharges can be avoided,
they should be avoided “unless it can be demonstrated that such a discharge will not have an
unacceptable adverse impact either individually or in combination with known and/or probable
impacts of other activities affecting the ecosystems of concern” [40 CFR 230.1(c)].
In particular, areas that contain special aquatic sites, such as those wetlands, shallow vegetated
ponds, and riffle-and-pool stream reaches that are present at the Pebble deposit, are such
ecosystems of concern.16 The Guidelines state “From a national perspective, the degradation or
destruction of special aquatic sites, such as filling operations in wetlands, is considered to be
12

33 U.S.C. 1344(c).
See Definitions: 40 CFR 231.2(e)
14
40 C.F.R. 231.1(a).
15
44 Fed. Reg. 58076, 58077 (Oct. 9, 1979).
16
“Special aquatic sites” are defined in the Guidelines at 40 CFR 230.3(q-1), and discussed further in Subpart E of
the Guidelines (Potential Impacts on Special Aquatic Sites – 40 CFR 230.40-45).
13
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among the most severe environmental impacts covered by these Guidelines. The guiding
principle should be that degradation or destruction of special sites may represent an irreversible
loss of valuable aquatic resources” [40 CFR 230.1(d)].
As lead permitting authority under Section 404, the Corps is directed to utilize the Guidelines (40
CFR 230) in making its findings of compliance with the CWA. In the case of mining the Pebble
deposit, if the Corps were to determine that the discharges of fill material associated with that
mining effort would violate any of the restrictions on discharges of dredged or fill material into
waters of the United States, the Corps would be required under the regulations to deny the permit
application.17 Furthermore, even if the discharges associated with the proposed mining are found
to comply with these regulations, the Corps is further directed to deny the application if, in the
opinion of the Corps, the project would be contrary to the public interest (33 CFR 320.4).
When a permit application is pending, the Corps uses the project specifics of that application (as
does EPA in its separate authority to review such applications) to evaluate compliance or lack of
compliance with the Guidelines, as well as the Corps’ public interest determination. In the
absence of a permit application, the evaluation of mining the Pebble deposit requires a broader
view to assess whether any otherwise practicable means of achieving the basic purpose of
extracting copper and associated metals could qualify for permitting under the Guidelines.
Whereas balancing the factors of its public interest determination is solely the responsibility of
the Corps, it is worthwhile to consider these public interest factors in assessing whether any
potentially feasible proposal to mine the Pebble deposit would qualify for a federal permit
pursuant to Section 404 of the CWA.18

/&%&"%"% '%!'"*'%&"'!'''&
#!!#!
Before continuing with a discussion of the specific tests and requirements of the Guidelines, it is
important to understand how the definition of fill material has evolved over the nearly 40-year
existence of the CWA 404 program. Historically, the Corps refused to consider any material as
fill if it did not have a “primary purpose.” The Corps did not want to be in the business of
regulating solid waste discharges to waters of the United States. EPA did not share this position
17

See Corps regulations at 33 CFR 323.6(a): “The district engineer will review applications for permits for the
discharge of dredged or fill material into waters of the United States in accordance with guidelines promulgated by
the Administrator, EPA, under authority of section 404(b)(1) of the CWA. (see 40 CFR Part 230.) Subject to
consideration of any economic impact on navigation and anchorage pursuant to section 404(b)(2), a permit will be
denied if the discharge that would be authorized by such a permit would not comply with the 404(b)(1) guidelines. If
the district engineer determines that the proposed discharge would comply with the 404(b)(1) guidelines, he will
grant the permit unless issuance would be contrary to the public interest.” (emphasis added)
18
See Corps regulations regarding its public interest review at 33 CFR 320.4(a)(1): “All factors which may be
relevant to the proposal must be considered including the cumulative effects thereof: among those are conservation,
economics, aesthetics, general environmental concerns, wetlands, historic properties, fish and wildlife values, flood
hazards, floodplain values, land use, navigation, shore erosion and accretion, recreation, water supply and
conservation, water quality, energy needs, safety, food and fiber production, mineral needs, considerations of
property ownership and, in general, the needs and welfare of the people.”
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and considered any material to constitute fill material, regardless of its origin, if its discharge
would alter the reach of the waters of the United States, including wetlands.
On May 9, 2002, the EPA and Corps of Engineers adopted a joint definition of fill material that
effectively eliminated the “primary purpose” test. With respect to mining, the new definition
specifically included “placement of overburden, slurry, or tailings or similar mining-related
materials ....” as fill material subject to the requirements of CWA Section 404 (67 FR 31192).
The agencies’ action provided mining waste a “regulatory home” at the federal level given that
EPA’s solid waste law, the Resource Conservation and Recovery Act (which currently regulates
hazardous wastes and municipal wastes), was precluded by Congress in 1980 (via the Beville
Amendment) from considering certain mining wastes (e.g., overburden, tailings, and waste rock)
as potentially hazardous material.
By regulation, all fill material, including that produced from mining operations, must be
determined to be clean fill material in order to be considered for discharge into waters of the
United States. The preamble to the 2002 Fill Rule states that “The 404(b)(1) guidelines provide
a comprehensive means of evaluating whether any discharge of fill material, regardless of its
purpose, is environmentally acceptable and therefore may be discharged in accordance with the
Clean Water Act. Where the practicable alternatives test has been satisfied and all practicable
steps have been taken both to minimize effects on the aquatic environment and to compensate for
the loss of aquatic functions and values, we believe the section 404 permitting process is
adequate to ensure protection of the aquatic ecosystem for any pollutant that fills waters.”19
It is important to remember that although the Guidelines specifically regulate discharges of
dredged or fill material, the environmental effects of other aspects of a project that are enabled
by the regulated discharge(s)20 are evaluated and included in the final determination of
compliance and/or acceptability of any adverse environmental impacts.
#!"## ##")$&#"
Section 404 regulates point-source discharges of dredged or fill materials into “waters of the
United States,” including wetlands. These waters are broadly defined, and cover tidal and other
traditionally navigable waters, including lakes, rivers and other tributaries to navigable waters,
interstate waters, certain intra-state waters, and wetlands that are adjacent to navigable waters
and their tributaries [40 CFR 230.3(s)(1-7). The areas that are likely to constitute regulated
waters at or near the Pebble deposit include tributaries to navigable waters, open water ponds
19

Final Revisions to the Clean Water Act Regulatory Definitions of “Fill Material” and “Discharge of Fill Material.”
Federal Register /Vol. 67, No. 90 /Thursday, May 9, 2002 /Rules and Regulations. page 31133
20
The extent to which portions of a project that are not in regulated “waters,” including wetlands, or that do not
constitute discharges to same (such as excavation) are, nonetheless tied to findings of compliance related to whether
these project features are directly enabled by the permitted discharges. For example, if the upland portions of a
project are not feasible ‘but for’ the discharges, then those features and their impacts are included in determinations
of compliance with the Guidelines. In the case of mining the Pebble deposit, the excavation of the pit, and the
placement of material on uplands for a) portions of tailings storage facilities, b) access roads, and c) any other
project features might otherwise not require federal 404 authorization if the overall project could be constructed
without the need for authorized discharges into regulated “waters,” including wetlands. However, there seems to be
little question that mining the Pebble deposit is not feasible without authorized discharges pursuant to Section 404 of
the Clean Water Act (Wardrop 2011).
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that are hydrologically connected to those tributaries, and wetlands that are adjacent to these
tributary streams and open-water areas.
The outer boundaries of wetlands that are adjacent to other regulated waters are delineated using
methods described by the Corps in its 1987 Wetlands Delineation Manual (Environmental
Laboratory 1987), and in Alaska, additional guidance is provided in a regional supplement to that
Manual (U.S. Army Corps of Engineers 2007). In the absence of a formal determination of
jurisdiction by the Corps or EPA, other sources of information, such as National Wetland
Inventory maps can assist in assessing the likelihood that jurisdictional wetlands are present, but
the exact reach and extent of such areas generally cannot be reliably determined without on-site
sampling and verification (Environmental Laboratory 1987).
United States Supreme Court rulings21 have attempted to clarify the reach and extent of Clean
Water Act jurisdiction over isolated water bodies and non-navigable and/or seasonal or
ephemeral drainages. It is unlikely that these rulings would apply to the streams, open-water
areas, and adjacent wetlands that overlie the Pebble deposit or that are within nearby drainages
being considered for tailings storage facilities or other project features. These headwater areas
are interconnected hydrologically, and all provide flows that ultimately reach Bristol Bay.
#!#"#!##'$"
There has been continuing confusion regarding which aspects of the CWA regulations apply to
proposed discharges of mining waste products to waters of the United States. EPA’s New
Source Performance Standards (pursuant to Section 402 of the CWA) prescribe effluent limits,
such as 20 parts per million (ppm) Total Suspended Solids (TSS), for froth-flotation mills that
discharge a slurry of tailings mixed with mill process water to waters of the United States.
However, the revised definition of fill material pursuant to Section 404 of the CWA, as described
above, now includes “the placement of overburden, slurry, or tailings or similar mining-related
materials ....” as fill material. In essence, a tailing slurry discharge can be regulated as a
wastewater discharge under a CWA Section 402 NPDES wastewater discharge permit for the
liquid portion of the slurry and as a discharge of fill material under Section 404 of the CWA for
the solids component of the slurry.
Adding to the confusion regarding CWA jurisdiction is what is generally referred to as the Waste
Treatment Exclusion (WTE). The WTE relates to a subsection of the definition of the waters of
the United States (40 CFR 122.2) that states:
“Waste treatment systems, including treatment ponds or lagoons designed to meet the
requirements of CWA (other than cooling ponds as defined in 40 CFR 423.11(m) which also
meet the criteria of this definition) are not waters of the United States. This exclusion applies
only to manmade bodies of water which neither were originally created in waters of the United
States (such as disposal area in wetlands) nor resulted from the impoundment of waters of the
United States. (see Note 1 of this section.)”

21

Solid Waste Agency of Northern Cook County (SWANCC) v. U.S. Army Corps of Engineers, 531 U.S. 159 (2001),
and Rapanos v. United States, 547 U.S. 715 (2006)

8

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 369 of 2339

Note 1, dated July 21, 1980, states that the underlined sentence has been suspended until further
notice. Inasmuch as there has been no further notice, the question of whether or not it is legal to
create a waste treatment system in waters of the United States has been not been formally
resolved for more than thirty years.
In 1992, EPA put forth a policy22 that established conditions under which EPA and the Corps
could potentially invoke the WTE and apply it to tailings impoundments under consideration for
the Alaska-Juneau and the Kensington gold mine projects near Juneau, Alaska. In short, the
policy held that if EPA and the Corps determined that the proposed tailings impoundments were
found to be the least environmentally damaging practicable alternatives (LEDPA) for treating
mine wastes from the two respective projects, and if these proposed mines otherwise complied
with the Guidelines, then the waters of the United States that would be altered by constructing
these impoundments would be “converted” to non-jurisdictional waste-treatment systems. The
“treatment” was considered to be the settling of the tailings solids within the impoundments such
that the supernatant process water, along with impounded water and net precipitation, could then
be discharged from the impoundments to areas determined to be waters of the United States.
In such cases, effluent limits and WQC would have to be met at the point of discharge from the
impoundments rather than at the point of discharge into the impoundments. This distinction is
critical, given that the NSPS effluent limit of 20 ppm for TSS could never be met at the point of
discharge into the tailings impoundment because the slurry discharge would contain
approximately 500,000 ppm TSS.
Following the adoption of this “conversion theory” as expressed in EPA’s aforementioned 1992
memorandum, the National Wildlife Federation filed a lawsuit in Alaska District Court claiming
it violated the intent of the CWA. Inasmuch as CWA permits for the two mining projects at
issue were still under consideration, the case was dismissed for “lack of ripeness” (i.e., no CWA
permits had been issued).23
In summary, the WTE has never been explicitly invoked for a mining project within EPA Region
10 (Oregon, Idaho, Washington and Alaska) with the possible exception of the Fort Knox gold
mine project near Fairbanks. However, this is a “zero discharge” project (no NPDES permit
required because there is no wastewater discharge from the tailings impoundment to waters of
the United States). Given that there is no discharge, it follows there is no treatment and,
therefore, no waste treatment system exclusion per the CWA. The tailings impoundment is a
tailings storage facility that also stores mill process water that is recycled to the mill.

22

Memorandum on Clean Water Act Regulation of Mine Tailings Disposal from LaJuana Wilcher, EPA Assistant
Administrator for Water to Charles E. Findley, Director, Office of Water EPA Region 10, October 2, 1992 (Wilcher
memo)
23
The Alaska-Juneau gold mine project was abandoned after further exploration by the project proponent
demonstrated that the ore body had already been fully exploited by earlier mining activities. The Kensington mine
was subsequently permitted in 1997 with a dry-stack tailings approach whereby a CWA 404 permit was issued to
create an engineered pad designed to receive and control seepage from the tailings. The project proponent thereafter
abandoned this permit in favor of discharging mine tailings to a freshwater lake, taking advantage of the revised
definition of fill material.
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Since the revised definition of fill material was adopted, only one Alaska mine has been
permitted that has a CWA 404 permit for discharge of mine tailings to waters of the United
States -- the Kensington mine project. Although mine tailings are discharged to a fresh water
lake, which has been dammed to create an even larger lake, this lake is still considered a water of
the United States. NSPS effluent limits and Alaska WQC must be met at the outlet of the lake,
under an interpretation of 40 CFR 230.10(b)(1) which states that no discharge of dredge or fill
material shall be permitted that “causes or contributes, after consideration of disposal site
dilution and dispersal, to violations of any applicable State water quality standard.” Using this
interpretation, as embodied in a subsequent 2004 EPA memorandum24 that replaced the
aforementioned 1992 Memorandum (see footnote 17, above), EPA’s policy regarding permitting
of the revised Kensington project was that the lake (55-acre Slate Lake) was considered the
“disposal site” and the entire lake was considered for “site dilution and dispersal.”
With regard to mining the Pebble deposit, there is no need for EPA and the Corps to consider
invoking the Waste Treatment Exclusion. The application of the Guidelines as recommended in
this report, along with the recommended restrictions on discharge of dredge or fill material
discussed in Section VI, moot the question of whether the tailings storage facilities should be
considered non-jurisdictional waste treatment systems.

/95934364(!&.&'%'"!&'"&%
The Guidelines list several restrictions that prohibit certain categories of potential discharges of
dredged or fill material into waters of the United States, including wetlands. These include:
6/'%!')&.
Proposed discharges are prohibited if a) they can be avoided while practicably achieving the
purpose for which the discharge is proposed (in this case, extraction of copper and associated
minerals), or b) there is a less environmentally damaging means that is feasible to achieve the
same basic purpose that would have been achieved by the proposed discharge. Moreover, if the
basic project purpose for which the discharge of dredged or fill material is proposed is not waterdependent and is proposed in a special aquatic site,25 the regulations establish a presumption that
a less-damaging alternative exists unless the project proponent clearly demonstrates otherwise.
Water-dependent activities include such facilities as port and marina developments.
Extraction of copper and associated minerals from the Pebble deposit is not a “water-dependent”
activity under the Guidelines, and would result in discharges of dredged or fill material into
“special aquatic sites,” including wetlands, vegetated shallows, and/or riffle and pool complexes.
24

Memorandum on Clean Water Act Regulation of Mine Tailings from Diane Regas, Director, Office of Wetlands,
Oceans and Watersheds; James A. Hanlon, Director, Office of Wastewater Management; and Geoffrey H. Grubbs,
Director, Office of Science and Technology to Randy Smith, Director, Office of Water, Region 10, dated May 17,
2004 (Regas Memo).
25

The Guidelines state that “Where the activity associated with a discharge which is proposed for a special aquatic
site (as defined in subpart E) does not require access or proximity to or siting within the special aquatic site in
question to fulfill its basic purpose (i.e., is not “water dependent”), practicable alternatives that do not involve
special aquatic sites are presumed to be available, unless clearly demonstrated otherwise” [40 CFR 230.10(a)(3)].
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Accordingly, project sponsors would need to clearly demonstrate that there are no less
environmentally damaging practicable alternatives to achieve the basic purpose of extracting
copper and associated minerals. The regulations state that alternative sites can be considered less
environmentally damaging practicable alternatives (LEDPA) if they are available and practicable
– importantly, this can include alternative ore deposits if they can be acquired, utilized or
managed by the project proponent to achieve the basic project purpose, in this case the extraction
of copper and associated minerals.26
Avoidance of impacts is the primary means of achieving the goals of the CWA, which seeks to
eliminate all discharges of pollutants, including dredged or fill material (Yocom et.al. 1989).
Alternatives to eliminate or minimize the impacts of such discharges typically considered during
the review of any 404 permit application include on-site and off-site alternatives.
7/'%(',!!!%#&.
Proposed discharges cannot cause or contribute, after consideration of disposal site dilution or
dispersion, to violations of any state water quality or toxic effluent standards, nor can they
jeopardize any federally listed threatened or endangered species of animal or plant, or violate any
standards associated with any marine sanctuaries. One such animal is the Cook Inlet beluga
whale, whose designated critical habitat includes four alternative locations that have been
identified as a potential site for a deep-water port for the Pebble Project (50 CFR 226).27
Prior to adopting the new definition of fill in May 2002, tailings slurries from froth flotation
mills were only regulated at the federal level as a component of mine mill process water per the
EPA’s New Source Performance Standards (NSPS) effluent guidelines (pursuant to section 402
of the CWA; see 40 CFR 440 subpart J). The Kensington Mine case, however, which the federal
government (including the Obama administration) defended before the Supreme Court (and
prevailed), held that the tailings (about 50% of the mill process water) are considered fill
material subject to CWA section 404. Nevertheless, runoff and seepage from tailings and waste
rock piles, now considered fill material, are regulated via an NPDES permit and must meet
applicable NSPS effluent limits and WQC prior to discharge to waters of the United States.
8/!!'%'"!.
Proposed discharges cannot cause or contribute to significant degradation of the waters of the
United States (emphasis added). The Guidelines list several specific factors that are described
as potentially significant degradation, including impacts to fish, wildlife, shellfish, recreation,

26

In 2010, the Corps of Engineers, Sacramento District, directed a mining applicant to consider an alternative
deposit on federal land that the Corps believed might result in less environmental harm than extracting minerals
from the source proposed by the applicant. The applicant agreed but was out-bid in its attempt to acquire the
alternative deposit, and is seeking authorization for extracting minerals from its originally proposed source. In the
case of the Pebble deposit, which was acquired from Cominco in 2001, it would seem appropriate that the Corps or
EPA consider other copper deposits that are already or could have been acquired by Northern Dynasty Mines or
Anglo-American since at least 2001 as potentially less-damaging alternatives than mining the Pebble deposit.
27
See Federal Register, Volume 76, Number 69. April 11, 2011. Pages 20180-20214.
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and municipal water supplies.28 Mining the Pebble deposit would involve discharges over large
areas of fish and wildlife habitat, and the losses associated with these discharges would be
permanent.
It is not mandatory that a proposed project causes a significant adverse impact to trigger this
restriction. Rather, if the additive impact of the project to other impacts would result in
significant degradation, then the threshold has been met. The final determination of whether the
degradation would be significant takes into account the adequacy of mitigation measures (see
below).
The bulk of the Guidelines (subparts B-G) describe the factual determinations, evaluations and
tests needed to arrive at an overall conclusion regarding the potential for (or risk of) significant
degradation. In addition, the EPA Regional Administrator is authorized to require specific
testing procedures (40 CFR 230.61) in order to make a determination regarding the suitability of
any proposed fill material for discharge to waters of the United States.
Broadly viewed with respect to mining the Pebble deposit, the analysis of potential significant
degradation can be broken down into three components:
•

Direct impacts on aquatic resources from the placement of dredge or fill material;

•

Direct and indirect toxicity impacts on aquatic resources from the discharge of dredge or
fill material; and

•

Indirect impacts due to hydrologic modifications resulting from the discharge of dredge or
fill material.

With respect to potential toxicity, no guidance has been issued by either EPA or the Corps to
field offices since adopting the new definition of fill in 2002 regarding how to test and evaluate
the potential toxicity of mining wastes. However, EPA Region 10 produced a guidance
document for the mining industry entitled EPA and Hardrock Mining: A Sourcebook for Industry
in the Northwest and Alaska (the Mining Source Book). This document describes in detail the
types of information EPA Region 10 generally requires to conduct reviews pursuant to the
National Environmental Policy Act (NEPA), NPDES wastewater discharge permit development,
and CWA Section 404 permit application reviews.

28

See 40 CFR 230.10(c): “Under these Guidelines, effects contributing to significant degradation considered
individually or collectively, include: (1) Significantly adverse effects of the discharge of pollutants on human health
or welfare, including but not limited to effects on municipal water supplies, plankton, fish, shellfish, wildlife, and
special aquatic sites; (2) Significantly adverse effects of the discharge of pollutants on life stages of aquatic life and
other wildlife dependent on aquatic ecosystems, including the transfer, concentration, and spread of pollutants or
their byproducts outside of the disposal site through biological, physical, and chemical processes; (3) Significantly
adverse effects of the discharge of pollutants on aquatic ecosystem diversity, productivity, and stability. Such effects
may include, but are not limited to, loss of fish and wildlife habitat or loss of the capacity of a wetland to assimilate
nutrients, purify water, or reduce wave energy; or (4) Significantly adverse effects of discharge of pollutants on
recreational, aesthetic, and economic values.”
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The latest edition of the Mining Source Book (U.S. Environmental Protection Agency 2003a)
does not directly address the 2002 definition of fill material or associated 404-specific testing
requirements. However, it does include recommended testing procedures for determining
potential short- and long-term contamination from mine tailings and waste rock (e.g., acid mine
drainage, metals leaching) as well as bioassay tests appropriate where discharges of mine wastes
to the aquatic environment are proposed.29
In addition to producing the Mining Source Book, EPA Region 10 has been instrumental in
developing nationally and internationally respected (and emulated) testing protocols for
evaluating potentially contaminated dredge material and its suitability for unconfined open-water
disposal. Region 10’s Sediment Management Program (part of the CWA Section 404 program)
helped produce the Sediment Evaluation Framework for the Pacific Northwest (SEF 2009), a
multi-agency product that details chemical and biological sampling and testing protocols for
evaluating dredged material.
Though mining wastes proposed to be discharged to an aquatic environment (e.g., the Pebble
Project) are clearly geologically and chemically different from most dredged materials from
rivers and harbors, the underlying intent of the SEF is similar to that of the Mining Source Book.
The material must be properly tested to determine if the material being evaluated is suitable for
unconfined disposal in an aquatic environment (i.e., complies with the CWA Section 404(b)(1)
Guidelines). The most important and the ultimate dispositive test, regardless of the chemical
constituents of the dredge or fill material at issue, is the bioassay.
9/ ''"!"%"&&&"*'%&"'!'''&-!(!&!*''&
The environmental impacts of the proposed discharge must be offset to the maximum extent
practicable by mitigation measures, including avoidance, minimization, and compensatory
replacement of lost acreage and ecological function. The Guidelines specify that where the
project impacts are likely to affect plant and animal populations, impacts can be minimized by
taking certain actions such as:
a) Avoiding changes in water current and circulation patterns which would interfere with the
movement of animals;
b) Avoiding sites having unique habitat or other value, including habitat of threatened or
endangered species; and
c) Using planning and construction practices to institute habitat development and restoration
to produce a new or modified environmental state of higher ecological value by
displacement of some or all of the existing environmental characteristics.30

29

The Pebble Limited Partnership has conducted such tests on the various types of ore, tailings, and waste rock,
including at least one bioassay on mine tailings water (SRK Consulting, Inc. 2006; Northern Dynasty Mines, Inc.
2005a).
30
Federal Register, Volume 45, page 85344, December 24, 1980, as amended at Federal Register, Volume 73, page
19687, April 10, 2008.

13

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 374 of 2339

Furthermore, the National Academy of Sciences found that mitigation measures taken to offset
impacts within the 404 permitting program rarely accomplished the environmental improvements
that were expected or required, and recommended that impacts be avoided where the habitat that
would be affected could not be replaced practicably (National Research Council 2001).
More recently, EPA and the Corps promulgated new regulations regarding compensatory
mitigation.31 These regulations establish specific requirements for offsetting unavoidable
impacts from 404 permit actions to wetland and aquatic areas (including streams), and apply to
freshwater and marine ecosystems.
Under this 2008 rule, mitigation plans for all compensatory mitigation projects must contain: 1)
objectives; 2) site selection criteria; 3) site protection instruments (such as conservation
easements); 4) baseline data (for impact and compensation sites); 5) a valid methodology for
determining mitigation credit; 6) a work plan; 7) a maintenance plan; 8) ecologically based
performance standards; 9) monitoring requirements; 10) a long-term management plan; 11) an
adaptive management plan to deal with unforeseen problems; and 12) financial assurances to
ensure that the compensatory mitigation plan continues to be successful in the future [see 33
CFR 332.4(c) and 40 CFR 230.94(c)].
In general, the 2008 mitigation rule requires avoidance of impacts where practicable, adopts a
watershed approach, and supports implementation through a) project-specific mitigation, b) use
of mitigation banks, and c) use of in-lieu fee mechanisms. Mitigation banks and in-lieu fee
mechanisms are supported where they are available and appropriate. For example, the Corps,
Alaska District, lists three approved mitigation banks, but none of these serve the Bristol Bay
watershed,32 and would not, therefore, be available or appropriate for offsetting impacts to
wetland and aquatic areas within the Bristol Bay watershed.
The Alaska District also lists three in-lieu fee sponsors,33 one of which (the Conservation Fund)
is actively seeking to purchase conservation easements within the Bristol Bay watershed
(Southwest Alaska Salmon Habitat Initiative), aided, in part, by donations from the Bristol Bay
Native Corporation.34 Presumably, if a proposal to mine the Pebble deposit was determined by
the Corps (or by EPA in an independent 404(c) action) to result in unavoidable impacts to
salmon habitat, one potential mitigation avenue might be use of such an in-lieu fee, although the
magnitude of potential project impacts might preclude such a mechanism.
The 2008 mitigation rule references the May 13, 1994, “Statements on the Mitigation Sequence
and No Net Loss of Wetlands in Alaska” issued by the U.S. EPA and the Department of the
Army.35 This interagency guidance recognizes an interagency policy understanding that
31

Federal Register / Vol. 73, No. 70 / Thursday, April 10, 2008 / Rules and Regulations: Compensatory Mitigation
for Losses of Aquatic Resources. Pages 19594 – 19705.
32
http://www.poa.usace.army.mil/reg/links.htm
33
http://www.poa.usace.army.mil/reg/links/Alaska District In-lieu Fee Sponsors.pdf
34
http://www.conservationfund.org/alaska_hawaii/alaska/southwest_ak_salmon
35
“Statements on the mitigation sequence and no net loss of wetlands in Alaska.” May 13, 1994 Memorandum
from Robert H. Wayland (EPA) and Michael L. Davis (Army) to Alvin L. Ewing, Alaska Operations Office, EPA
Region 10. See http://www.epa.gov/owow/wetlands/pdf/alask.pdf

14

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 375 of 2339

compensatory mitigation is not always warranted or practicable within the State of Alaska, even
though this policy seems contrary to 1) the goal of the CWA to restore and maintain the physical
integrity (reach and extent) of the nation’s waters, including wetlands, as well as 2) the national
no-net-loss-of-wetlands policy with which it attempts to find harmony. The 1994 policy states,
in part, that “it may not be practicable to provide compensatory mitigation through wetlands
restoration or creation in areas where there is a high proportion of land which is wetlands. In
cases where potential compensatory mitigation sites are not available due to the abundance of
wetlands in a region and lack of enhancement or restoration sites, compensatory mitigation is
not required under the Guidelines.”36
In spite of this seemingly contradictory approach to “no net loss,” it seems clear that EPA and
the federal agency team that participated in the 1994 Alaska Initiative intended this policy to
apply primarily to small projects with minimal impacts (U.S. Environmental Protection Agency
et.al. 1994). In its background discussion developing this policy, EPA et.al. (1994) notes that
251 individual permits and 654 general permits37 were issued by the Corps, Alaska District in
1993, of which 11 had been required to provide compensatory mitigation. The 11 projects where
compensatory mitigation was required provided 226 acres of wetlands mitigation (an average of
approximately 20 acres per project). For the remaining 240 individual and 654 general permitted
activities for which compensatory mitigation was not required, the average net loss per
authorization was approximately one acre.
Given that projects with an average wetland impact of 20 acres or less (the mitigation ratio for
the 11 projects required compensatory mitigation is unknown) were considered large enough for
their impacts to require compensatory measures to offset those impacts, it seems clear that EPA’s
Alaska mitigation policy was not intended to obviate the need to compensate for unavoidable
impacts associated with large projects, particularly very large and potentially risky hardrock
mining projects in areas supporting anadromous fisheries. Furthermore, the Alaska mitigation
policy recognizes that mitigation sequencing still applies and that avoidance of impacts is always
required where practicable. Taken together, the 2008 mitigation rule and the 1994 Alaska policy
strongly suggest that mining the Pebble deposit would require compensatory mitigation for
unavoidable impacts to waters of the United States, and that the mitigation measures would need
to offset impacts within the Bristol Bay watershed.
For the purposes of this report, the authors recognize the possibility that EPA or the Corps might
adopt a less rigorous standard for compensatory mitigation for proposals to mine the Pebble
deposit than might be required for similar proposals in other states, assuming any projects of
similar magnitude were ever to be considered. Similarly, the authors recognize that EPA or the
Corps might also be subject to greater flexibility in determining the environmental acceptability
of unmitigated losses of habitat in Alaska than might be adopted in other States. However, the
sheer size and potential impacts of the proposals for mining the Pebble deposit should moot these
policy differences.

36

Alaska wetlands initiative: summary report. May 13, 1994. http://www.epa.gov/owow/wetlands/pdf/alask.pdf
General permits, such as Nationwide General Permits are authorizations issued by the Corps for minor activities
that the Corps has determined would have minimal impacts individually and cumulatively. These general permits
have strict acreage limitations, and are typically well under one acre.
37
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In any event, such analyses should not affect determinations of whether or not a project causes or
contributes to significant degradation of the waters of the United States. In fact, in the absence
of adequate compensatory mitigation measures, large-scale direct, secondary, and/or cumulative
impacts, such as those associated with mining the Pebble deposit, would necessarily be viewed
as more significantly adverse and less acceptable environmentally.
:/(!,"!"% '"!
In addition to the specific restrictions listed above, the regulations provide that the Corps make a
finding of non-compliance (i.e., deny the permit application) where there is uncertainty regarding
compliance. The Guidelines at 40 CFR 230.12(iv) require that a proposed discharge be specified
as failing to comply with the requirements of these Guidelines where “there does not exist
sufficient information to make a reasonable judgment as to whether the proposed discharge will
comply with these Guidelines.” In other words, if a District Engineer could not determine if a
large mining project represented the least environmentally damaging practicable alternative
(LEDPA) or if it would or would not cause or contribute to significant degradation of the waters
of the United States, the regulations would direct the Corps to deny the permit application.

/0$('&"(%&" '"!
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The Corps of Engineers receives thousands of permit applications each year for authorization
under Section 404 of the CWA.38 EPA staff routinely review Corps public notices regarding
such permit applications for compliance with the Guidelines. Pursuant to Section 404(q) of the
Clean Water Act, EPA entered into a Memorandum of Agreement (MOA) with the Corps of
Engineers establishing policies and procedures that both agencies agreed to follow in the event
there were disagreements over the authorization of discharges of dredged or fill material for a
particular application for a Department of the Army permit.
This MOA recognizes that EPA and the Corps would likely have occasional disagreements as
they have had historically, but also recognizes the Corps regulatory authority as the permit
issuing agency under Section 404. Nevertheless, both agencies recognized the need for some
cases to receive additional review at higher levels within each agency, in part to attempt to
resolve cases without EPA exercising its 404(c) authorities. In this 404(q) MOA, both agencies
agreed to limit elevations to cases where 1) permit applications involve “aquatic resources of
national importance” (commonly referred to as ARNI cases), and 2) EPA believes that the
authorized discharge(s) would result in unacceptable adverse impacts to those nationally
important aquatic resources.39
38

As reported by EPA: “In 2005, 92,500 permit applications were received nationally by the Corps.
Approximately 4,500 (4%) of the applications received by the Corps were categorized as requiring individual
permits.” February 25, 2011 letter from Nancy Stoner, Acting Assistant Administrator, to Alaska Senator Lisa A.
Murkowski. 3 pages plus enclosure.
39
For example, roughly 4,500 applications required individual Corps permits in 2005. Of these, EPA designated
ARNI resources in 31 proposed permits (i.e., less than 1% of all Public Notices), and initiated 404(q) resolution
procedures in only one of these cases (subsequently resolved) -- February 25, 2011 letter from Nancy Stoner, Acting
Assistant Administrator, to Alaska Senator Lisa A. Murkowski. 3 pages plus enclosure).
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The MOA establishes procedures and timelines that must be followed if EPA intends to elevate a
permit application for higher review within the Corps and EPA. The Corps retains the final
authority on such cases insofar as permit issuance is concerned, but the MOA includes a 10-day
Corps-to-EPA notice window for EPA to initiate action under its 404(c) authority if EPA
believes that permit issuance might result in unacceptable environmental impacts. If EPA
initiates action pursuant to Section 404(c), the Corps permit application is suspended until EPA’s
404(c) process is completed or resolved.
It follows that EPA intends its 404(c) authority to be reserved for important cases that involve
important aquatic resources. In fact, in 2002, EPA Headquarters clarified this in a memorandum
to all of its Regional Administrators stating that “regarding elevating decisions of specific
individual permit cases, these cases must be limited to those matters that involve ARNI. Cases
that do not meet this resource threshold may not be elevated under the [404(q)] MOA.
According to the MOA, cases that would meet the resource threshold would be those cases that
would cause resource damages similar in magnitude to cases evaluated under Section 404(c) of
the CWA.”40
As described in Section V.C.1. below, proposals to mine the Pebble ore deposit would cause the
loss and/or degradation of thousands of acres of wetland and aquatic areas in the headwaters of
the Upper Talarik Creek and Koktuli River drainages, as well as thousands of acres of associated
upland habitat (acreage estimates made from Wardrop 2011 and 2006 water rights applications
by Northern Dynasty Mines Inc.). Compared to the types and acreages of wetland and aquatic
habitats that have been determined to constitute aquatic resources of national importance in the
past, these headwater habitats in the Bristol Bay watershed should easily meet this ARNI
threshold. Later in this report, these impacts are directly compared to other resources that EPA
has determined to be aquatic resources of national importance, as well as the resources at stake in
cases where EPA has initiated previous 404(c) procedures.

/)('"!" !!' #"&'"%" #!*''
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For the purposes of this analysis, the authors rely on Pebble Mine development scenarios
described in Wardrop (2011) and 2006 Water Rights Applications made by Northern Dynasty
Mines, Inc. (2006(a-f)), with the understanding that the ultimate mine design could differ
considerably. The Preliminary Assessment of the Pebble Copper-Gold-Molybdenum Project or
Wardrop report (2011) addresses three development phases: the 25-year, 45-year and 78-year
scenarios. Of these, the 25-year scenario (2 billion tons of ore) offers the most advanced project
planning to date, while the 78-year scenario (6.5 billion tons) offers an opportunity to evaluate
40

January 2002 Memorandum from G. Tracy Mehan, III, EPA Assistant Administrator for Water, to EPA Regional
Administrators. Subject: Designation of Aquatic Resources of National Importance under Clean Water Act Section
404(q) Memorandum of Agreement with the Army Corps of Engineers. 2 pages.
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potential cumulative impacts as the most current, reliably delineated ore body is fully exploited.
We note, however, that the 45-year scenario (3.8 billion tons) is considered the target project for
investment consideration purposes (Wardrop 2011).
Northern Dynasty Minerals Ltd. (NDM)41 has identified a total of 11.9 billion tons of potential
ore reserves, 5.33 billion tons of which are “inferred,” meaning there is less certainty it can be
mined profitably (Wardrop, 2011). But as exploration continues, it is quite possible that the 78year scenario (6.5 billion tons) could be exceeded (i.e., mining could continue into the future or
at an accelerated rate). As stated in Wardrop (2011, p. 6) “This initial phase of mining (i.e., 25year scenario) would process…less than 20% of the total Pebble mineral resource.”
For the purposes of this report, we will focus on the 25-year scenario and assume that direct and
indirect impacts associated with the 45- and 78-year scenarios, up to full exploitation of the total
Pebble resource, can be estimated in direct proportion to the amount of ore, and hence the
amount of solid waste/fill that would be generated. To the extent that these assumptions are
incorrect, our findings and conclusions may require revision.42
  !7:2,%&!%"
    
Under this scenario, approximately 2 billion tons of ore would be mined, crushed and ground in
semi-autogenous and ball mill grinders and processed in a froth-flotation mill at a rate of 229,000
tons of ore per day (Wardrop 2011). Copper concentrate and molybdenum concentrate would be
produced in a “bulk rougher scavenger flotation” circuit that would also produce non-pyritic
tailings. A pyrite separation flotation circuit and a gold leaching circuit would produce gold and
“cleaner scavenger” pyritic tailings. The mine pit and adjacent waste rock disposal areas would
disturb over 5200 acres (Figure 3).
A substantial portion of the areas where the mine pit and waste rock disposal areas are proposed
contain wetlands, open water ponds, and tributary streams (Figure 4), including 2 or more miles
of the main stem of Upper Talarik Creek, a documented Alaska anadromous water, and several
additional miles of its tributaries, as well as several miles of tributaries to the South Fork Koktuli
River, another documented Alaska anadromous water (Figure 1).
The mill would be northwest of the pit, along with a 378 MW natural-gas fired power plant and
an 11-acre process water pond. Approximately 1.1 million tons of copper concentrate would be
41

“NDM” is used as an abbreviation for Northern Dynasty Minerals, Ltd. In applications for water rights in 2006,
the company was called Northern Dynasty Mines, Inc., and no abbreviation is used in referencing that company in
an effort to avoid confusing the reader.
42
In reviewing the 2006 water rights applications by Northern Dynasty Mines, Inc., TSF’s were proposed in Area G
(unnamed tributary to the North Fork Koktuli River) and in Area A (South Fork Koktuli drainage, including Frying
Pan Lake and associated streams and wetland areas). It is likely that the relative impacts to regulated waters of the
United States would be greater within Area A than within Area G, and that the impacts per ton of disposed tailings
would not be directly proportional. If there are other alternative disposal areas where impacts would be less than
Area G, the expansion of mining beyond the initial 25-year phase might be proportionally less. The authors will
revisit this issue if and when more specific information becomes available.
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Waste Rock Disposal
3812 acres

Figure 3. Approximate acreages of project features for the 25-year Pebble Project.
Underlying figure from Wardrop (2011).
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South Fork
Koktuli River
drainages

North Fork
Koktuli River
drainages

Upper Talarik
Creek drainages

Figure 4: Areas proposed for tailings disposal (Area A) and an open pit mine with waste
rock disposal (Area B) under a 25-year plan to mine the Pebble deposit (outlines from
Wardrop 2011)
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produced annually and would be transported to the port site in a slurry pipeline where it would
be de-watered and stored prior to shipment (Wardrop 2011). Molybdenum sulfide concentrate
would be bagged and trucked to the port site.
The approximately 4000-acre tailings storage impoundment in an unnamed tributary of the North
Fork Koktuli River (Area G) would destroy several miles of documented anadromous fish
habitat. The impoundment would be created by constructing three dams, including a 685-foot
high, 3-mile-long dam that would impound that tributary and a small area of another unnamed
tributary valley at the southern end of the impoundment in the South Fork Koktuli drainage
(Figure 4).
  
The project would include an 86-mile transportation corridor connecting the mine to a proposed
port on Cook Inlet,43 including an access road and four parallel pipelines for copper-gold
concentrate, reclaim water, natural gas, and diesel fuel (Northern Dynasty Minerals Ltd. 2011).
The concentrated ore would be transported to Cook Inlet, dewatered, and loaded on ships, and
recovered water would be piped back to the mine site for storage and/or treatment. The road
would cross approximately 120 streams (Northern Dynasty Mines Inc. 2005h).
    
A tailings storage facility (TSF) at site G, approximately three miles west of the mine pit, would
impound unnamed tributaries to the North Fork Koktuli River, and would fill an area of
approximately 4000 acres44 with 2.0 billion tons of mine tailings (Wardrop 2011, Figure 3).
Approximately 85% of the tailings would be bulk rougher-scavenger non-pyritic tailings and
14% would be a combination of cleaner scavenger and gold plant pyritic tailings (the remaining
1% represents the portion of the ore shipped off as concentrate). This impoundment would be
created by constructing a 685-foot high dam on the north side and two smaller dams on the south
and southeast to prevent discharges to the South Fork Koktuli drainage. This TSF would destroy
several miles of documented anadromous fish habitat, several additional miles of tributary
streams, and thousands of acres of wildlife habitat (see Section V.C.1 below).
The main dam would be composed largely of overburden, non acid-generating (NAG) waste
rock and glacial till with an impervious 80-mil high-density polyethylene (HDPE) liner and an
internal drainage system and seepage cutoff wall (Wardrop 2011). Bulk non-pyritic tailings
would be discharged via slurry pipeline to a series of spigots that would form a tailings “beach”
with a supernatant pond in the center. Pyritic tailings that would be potentially acid generating
would be discharged and stored under water in the supernatant pond to inhibit oxidation.
The impoundment would be unlined, except for the interior faces of the dams. A seepage
collection pond and seepage collection/monitoring wells would be installed downstream of each
tailings dam.
43

Four potential port sites have been evaluated at the northern end of Cook Inlet near Iliamna and Iniskin Bays
(Northern Dynasty Mines Inc. 2005c. See also Figure 3).
44
Estimate based on figure 18.3.2 from Wardrop 2011.
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Unlined waste rock piles for non-acid generating (NAG) waste rock (2.34 billion tons) as well as
potentially acid-generating (PAG) waste rock (0.63 billion tons) would be constructed on the east,
south and west sides of the pit, covering an estimated 3800 acres (Wardrop 2011; Figure 3). At
the end of mining, the PAG waste rock would be run through the mill and the tailings discharged
to the mine pit.
   
During construction, sediment control structures would be used to control sediment. During
operation, the site G TSF would provide recycled process water to the process water pond
adjacent to the mill. In addition to the tailings and associated mill process water that would be
delivered to it as a slurry, the TSF would be engineered to store the Probable Maximum Flood as
well as net precipitation, leachate/seepage from the TSF, mine pit water, and concentrate slurry
return water and runoff from the port site on Cook Inlet (Wardrop 2011). Excess water would be
discharged to a water treatment plant for subsequent discharge to the environment. At closure,
the TSF would be reclaimed, with all water diverted to the mine pit and “water levels would be
maintained by treating inflow and discharging it as during operations” (Wardrop 2011, p. 55).
6/ 2&''%!')&
The 404(b)(1) Guidelines require that no discharge of dredged or fill material into waters of the
United States, including wetlands, be permitted if there is a less environmentally damaging
practicable alternative (referred to as a LEDPA) to achieve the basic purpose of the proposed
project. The basic purpose of mining the Pebble deposit is to extract copper and associated
minerals (in this case gold, molybdenum, and other precious metals). As with other types of
private development projects evaluated for compliance with the Guidelines, the assessment of
“basic project purpose” is focused on the primary reason that a mineral deposit is being mined
(Yocom et.al. 1991). The basic purpose of this project, as far as the consideration of potentially
less environmentally damaging sources, is the extraction of copper and associated minerals;
other copper deposits should be considered as alternatives under the regulations if they are
practicable and less damaging environmentally. The fact that other copper deposits may have
different associated metals that could be recovered than those found in the Pebble deposit should
not eliminate their consideration under the Guidelines.
An alternative is “practicable” if “it is available and capable of being done after taking into
consideration cost, existing technology, and logistics in light of overall project purposes. If it is
otherwise a practicable alternative, an area not presently owned by the applicant which could
reasonably be obtained, utilized, expanded or managed in order to fulfill the basic purpose of the
proposed activity may be considered.”45 (emphasis added). As stated earlier, where the
discharge would be into a “special aquatic site” for a purpose that is not “water-dependent,” the
regulations presume that there is a less-damaging alternative, unless the permit applicant clearly
demonstrates otherwise.

45

See the 404(b)(1) Guidelines at 40 CFR 230.10(a)(2).
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Applied to the basic purpose of extraction of copper and associated minerals, the proposed
mining of the Pebble deposit would result in non-water-dependent discharges of fill material into
“special aquatic sites,”46 and the analysis of alternatives should include not only practicable
means of avoiding or minimizing such discharges at or near the Pebble deposit, but also
alternative locations where copper and associated minerals could be extracted with less potential
environmental harm.
If it is practicable for the project sponsors to “obtain, utilize, expand, or manage” other copper
ore deposits, then those deposits should be considered in determining the LEDPA.47 Previously,
mineral rights to the Pebble deposit were held by Cominco (now Teck), which explored the
Pebble deposit from 1988 to 1997. These rights were sold to the Canadian firm, Northern
Dynasty Mines, Inc. in 2001. In 2007, NDM entered into a partnership with England-based
Anglo American (Northern Dynasty Minerals, Ltd. 2011). The Pebble deposit is only one of the
copper deposits to which these partnership companies have had access.
For example, Anglo American has six on-going copper extraction operations underway in Chile,
and two large proposed, but as yet unapproved, copper mining operations in Peru.48 Anglo
American lists the Pebble deposit as an additional copper mining proposal with partner NDM.
Similarly, Hunter Dickinson Inc. (Vancouver, BC), of which NDM is a subsidiary,49 lists its
other subsidiary firms as:
•
•
•
•
•

Heatherdale Resources (pursuing six copper-gold-zinc-silver deposits on Alaska’s Prince of
Wales Island, and the Delta copper-lead-zinc-gold-silver project in east-central Alaska);
Curis Resources LTD (which in 2010 acquired the existing Florence copper mine in central
Arizona from previous owner BHP);
Northcliff Resources LTD (seeking to develop a Tungsten-Molybdenum Project in central
New Brunswick);
Rathdowney Resources LTD (focused on finding and developing zinc deposits in Poland
and Ireland);
Taseko Mines Limited (controls the existing Gibraltar copper molybdenum mine in British
Columbia,50 and the proposed New Prosperity gold-copper mine at a neighboring deposit);

46

Based upon baseline descriptions of the surface of the Pebble deposit, as well as on-site observations of the
authors, it is clear that mining the Pebble deposit would result in discharges of dredged or fill material into wetlands,
riffle-and-pool complexes, and vegetated shallows.
47
In its 404(c) action regarding the proposed Attleboro Mall in Massachusetts, EPA determined that alternatives
that were available to the applicant when it entered the market for its project fall within the range of potentially
practicable alternatives, even if those alternatives are no longer available at the time that the applicant actually
applies for a permit. Inasmuch as the present project sponsors acquired mineral rights to the Pebble deposit in 2001,
the consideration of less-damaging alternatives could include alternative copper deposits that were available as far
back as 2001, if not earlier.
48
http://www.angloamerican.com/aal/imap/ pageType=map/locn=all/industry=Copper/activity=all/filter=industry/lSelect=nothing
49
http://www.hdimining.com -- Note that the President and CEO of Hunter Dickinson is also the President and CEO
of NDM (Northern Dynasty Minerals Ltd. 2011).
50
The Gibraltar mine in British Columbia has been cited by the Pebble Partnership as an example of hardrock
mining being compatible with large salmon runs, but this mine is considerably smaller than that proposed at the
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Amarc Resources Limited (seeking to develop the Newton deposit in British Columbia,
acquired in 2009 that contains gold, silver, copper and zinc); and
Hunter Dickinson Inc. is also credited with developing the Golden Bear (gold, British
Columbia), Mt. Milligan (copper-gold, British Columbia), and Kemess (copper-gold,
British Columbia) mines,51 though all are now owned by other mining companies.

Given that these mining companies have several alternatives that are presently under their
control, and have demonstrated an ability to obtain, utilize, and manage other existing deposits
and mining operations, it is appropriate that the environmental impacts of mining these and other
alternative sites be considered as potentially less environmentally damaging alternatives that an
applicant would have to clearly demonstrate are not practicable in achieving the basic purpose of
extracting copper and associated minerals. It would also seem appropriate for EPA to consider
the assets of the parent corporations, based on guidance it received from the Government
Accounting Office regarding liabilities regarding hardrock mining cleanup obligations.52
In addition, there may be a significant number of copper deposits that could be “obtained,
utilized, expanded or managed” by the project sponsors to achieve the basic purpose of
extracting copper and associated minerals [see 40 CFR 230.10(a) regarding practicable
alternatives that are not already owned or controlled by the permit applicant]. In fact, some
copper deposits where mining was discontinued due to low copper prices (rather than declining
mineralization) are being proposed for re-mining.53 Such formerly mined sites are likely to have
existing infrastructure, such as access roads and available power supplies that would tend to
reduce start-up costs and increase potential practicability. And, almost by definition, previously
mined deposits are sites where environmental resources have already been lost, disturbed, and/or
degraded by mining-related activities. Accordingly, re-mining could result in far less additional
environmental harm than that associated with a new mining operation in an undisturbed area,
such as is being considered at the Pebble deposit.
7/ !2&''%!')&
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NDM reviewed some 30 alternative conceptual mine plans, including discharging tailings to
Iliamna Lake (Wardrop 2011). In 2006, Northern Dynasty Mines, Inc. proposed discharging
mine tailings to site A, south of the mine pit. This TSF would have required three tailings dams
Pebble deposit, and although originally designed as a zero-discharge facility, has since June 2009 been permitted to
discharge effluent directly into the Fraser River (http://www.cohencommission.ca/en/pdf/PPR/PPR15-Effluents.pdf).
51
http://www.amarcresources.com/ahr/Home.asp
52
“Finally, financial assurances for businesses at risk for environmental contamination can help mitigate the fact
that businesses can legally organize or restructure in ways that can limit their future expenditures for cleanups by,
for example, separating their assets from their liabilities using subsidiaries to protect their assets” (United States
Government Accounting Office 2006). Furthermore, England-based Rio Tinto is also invested in the proposed
Pebble Project, and it has alternative copper ore holdings, including the Bingham Mine in Utah, presently the largest
open pit mine in North America.
53
One such example is at the former Anaconda open pit mine near Yerington, Nevada, where some estimates
suggest that the mineral deposits, including the Bear deposit, may yield as much as 50 billion pounds of copper.
See: http://www.quaterra.com/projects/sps_yerington_copper/project_description/
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totaling 15,300 feet in length, approximately 700 feet, 710 feet and 740 feet high and covering an
area of 4200 acres. With capacity for 2 billion tons of mine tailings, it would have completely
buried Frying Pan Lake. This site, as well as tailings disposal in Iliamna Lake, have apparently
been dropped from further consideration at this time.
It is very difficult at this stage of the project planning to determine if there are feasible, less
damaging alternative sites for tailings storage facilities or waste rock piles within a reasonable
distance of the mine pit. Most streams, if not all, within the general project area support
anadromous fishes.
* #"$#."/
This is an on-site alternative that has not been proposed by NDM. It would only be required if
testing of mine wastes demonstrates that they are not suitable as fill material (i.e., exhibit
toxicity). For the purposes of this report, lined tailings and other means to segregate mine wastes
from the aquatic environment will be addressed under Mitigation (Section V.D. below).
It should be noted that for lined tailings impoundments or lined dry-stacked tailings facilities
proposed in waters of the United States, the project proponent must apply for a CWA 404 permit
for placement of the liner. If the permit is approved, tailings or waste rock are then placed on top
of the liner, after waters of the United States have been removed from jurisdiction via the CWA
404 permit for the liner. Examples of this approach include the Pogo gold mine in Alaska and
the Grouse Creek gold mine in Idaho.

/" #!*''(!&.'%(',!!!%#&'
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It is quite clear that the Pebble deposit is in a net precipitation area, and that discharges from the
tailings impoundments, waste rock disposal areas, and mine pit will occur over time. These
discharges would be required to meet National Pollutant Discharge Elimination System
(NPDES) effluent limits at all times to assure that State of Alaska Water Quality Criteria (WQC)
protective of aquatic life are met throughout the life of the project and well beyond.
$##("#&#!#!#
At present no quantitative water balance has been developed (or at least made public) for
proposals to mine the Pebble deposit. A conceptual water balance flow diagram is provided in
Wardrop 2011 (Figure 5). Although the diagram shows mine pit water and waste dump runoff
flowing to the 11-acre process water pond, excess water would be directed to the much larger
TSF via the Water Transfer System. Excess water would then flow from the TSF to the water
treatment plant (WTP) prior to discharge to the environment.
EPA’s New Source Performance Standards (NSPS) for NPDES wastewater discharge permits for
mines utilizing froth flotation mills like Pebble prohibit discharges of “process wastewater” but
allow permittees to discharge “net precipitation” falling on tailings impoundments as well as
mine drainage (40 CFR 440 subpart J). Recycling of tailings supernatant water to the mill,
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Water Balance Flows

Figure 5. Water balance inputs and outputs for proposed 25-year Pebble mining proposal.
(reproduced from Wardrop 2011 – Figure 18.3.6)

Figure 18.3.6
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equivalent to all process water discharges to the impoundment (i.e., 100% recycle), is required
during operation. Runoff from waste rock piles is treated as storm water but it, too, must meet
applicable WQC prior to discharge to waters of the United States. Mine pit water and
underground mine drainage that is discharged to waters of the United States must meet WQC as
well as EPA’s NSPS effluent limits (no recycle required).
The site G TSF described in Wardrop 2011 would cover approximately 4000 acres. Annual
precipitation at the TSF is approximately 41.7 inches, mean annual lake evaporation is estimated
at 7 inches, and mean annual sublimation (direct evaporation of snow) is estimated to be 4 inches
water equivalent (Wardrop 2011, p. 350). Annual net precipitation at the site G TSF is therefore
approximately 30.7 inches. Using a conservative figure of 30 inches of net precipitation and
assuming 100% diversion of runoff from the surrounding catchment area, which is optimistic, an
allowable discharge of runoff and seepage from the site G TSF would be roughly 10,000 acrefeet. This is equivalent to 3.26 billion gallons per year, 8.9 million gallons per day (MGD) or a
flow of 13.8 cubic feet per second (CFS) as a waste stream requiring treatment prior to discharge.
In addition to net precipitation, mine drainage (i.e., water pumped from the open pit and
underground workings) is estimated at 11.7 MGD (derived from Wardrop, 2011, tables 18.3.2
and 18.3.3). Runoff from waste rock disposal areas, which cover approximately 3800 acres
under the 25-year scenario (Figure 3), could contribute another 9500 acre-feet at 30 inches net
annual precipitation. Assuming one third of the waste rock runoff infiltrates and is captured in
the mine pit water, waste rock runoff diverted to the TSF under the 25-year scenario could be as
high as 5.7 MGD. Ignoring the contribution of water reclaimed from the ore concentrate slurry
and port site runoff that would be piped back to the mine from the Cook Inlet port site, total
wastewater treatment requirements in terms of volume/flow for the 25-year scenario could
exceed 26 MGD.
The 25-year plan represents less than 20% of the entire (measured, indicated and inferred) ore
body of 11.9 billion tons (according to present estimates). If one assumes that tailings storage
capacity, mine pit de-watering and waste rock dumps increase proportionately to the quantity of
ore that is mined, then runoff/net precipitation from multiple tailings impoundments could
exceed 44.5 MGD (16.3 billion gallons per year or 69 CFS). Mine pit water under full pit and
underground mine exploitation could be as high as 58.5 MGD. Likewise, waste rock runoff
could be as high as 28.5 MGD for a potential total volume of wastewater needing treatment prior
to discharge of greater than 150 MGD (see Table 1).
To put this in perspective, the City of Anchorage wastewater treatment plant, the largest in the
state, has a design average daily capacity of 58 MGD; it discharges to Cook Inlet (EPA, 1999,
Fact Sheet, John M. Asplund Wastewater Treatment Facility NPDES Permit Number: AK002255-1). Mining the Pebble deposit, as presently envisioned, would discharge to three
relatively small headwater streams, all of which provide wild salmon spawning and rearing.
#! $#(
Discharges of this magnitude into receiving waters would most likely constitute the majority of
stream flow during the dry seasons, if not year round, especially considering groundwater
withdrawals and their drawdown effects. Since the receiving waters are very low in hardness
24

Ag, Pb, Zn, Au
Zn, Pb
Au
Au
Au
Cu, Au, Mo
Cu, Au, Mo
Cu, Au, Mo
Cu, Au, Mo

Greens Creek

Red Dog

Ft. Knox

Pogo

Kensington

Pebble 25-year (2 Billion Tons)

Pebble 45-yr (3.8 Billion Tons)

Pebble 78-yr (6.5 Billion Tons)

Pebble Full production (11.9
Billion Tons)
229,000

229,000

229,000

218,000

2000

85.5
156.5

23,800
(37.2 square miles)

2

50

26.3

N/A

0.86

N/A

6.6

1.1

Allowable
discharge rate
(millions of
gallons per day)

13,000

7,600

4,000

55

108

1,150

49,000 3
3500

585

123

Tailings Facilities
(acres)

9000

2400

Ore processing
rate (tons per
day)

Ag = silver; Au = Gold; Cu = copper; Mo = molybdenum; Pb = lead; and Zn = zinc
Maximum daily limit/average monthly limit
3
Includes 10,000 tons per day from the True North pit
4
Zero-discharge project
5
Off-river mixing pond in lieu of in-river mixing zone (25:1 ratio)
6
Dilution occurs in Slate Lake, NPDES compliance point at lake discharge to Lower Slate Creek
7
From Ecology and Environment, Inc. 2010

1

Target minerals

MINE

1

2.8/1.4

2.8/1.4

no

no

no

no

2.8/1.47
2.8/1.4

yes6

yes5

N/A4

yes

yes

Mixing
zone?

3.7/1.9

4.4/2.2

N/A

25.2/12.6

300/150

Copper MDL/AML2
(parts per billion)

Table 1. Pebble Production Rate and Discharge Parameters Compared to Other Alaska Mines
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and dissolved organic carbon, the applicable water quality criteria for copper and other metals,
which are based on, and proportional to, hardness, would also be very low. In other words, it
would be a very small target, approximately 2.85 ppb for copper at a hardness of 25 ppm
(Ecology and Environment 2010). As the receiving waters are all anadromous streams, no
mixing zones could be authorized, according to Alaska’s EPA-approved Water Quality
Standards, so WQC would have to be met end-of-pipe (18 ACC 70 Water Quality Standards
May 26, 2011).
Wardrop (2011) describes the proposed water treatment plant (WTP) as utilizing a combination
of chemical addition, clarification, and filtration to meet WQC and effluent limits. After year
five, a reverse osmosis system would be added to remove sulfates and Total Dissolved Solids
(TDS). High TDS levels have been shown to have a deleterious effect on egg development of
certain species of fish, including salmonids (Weber-Scannell and Duffy 2007). The capacity of
the WTP would be increased using modular units to match the increasing volume of
contaminated water requiring treatment.
The ability of the WTP to successfully treat to regulatory levels all contaminated mine site
wastewater (from the TSF, waste rock disposal areas, and mine pit) hinges largely on the ability
to capture all contaminated water sources and successfully convey this water to the TSF and then
to the WTP (assuming the WTP has the capacity to treat all wastewater to meet WQC). As
described in Wardrop (2011, p. 350), the site G TSF area “typically comprises sand and gravel
with varying amounts of silt, and varies in depth from near surface to approximately 65
feet…Overburden at the higher elevations is mainly colluvium and glacial drift material
consisting of sand and gravel with varying amounts of silt…The bedrock is typically highly
weathered and frost-heaved near surface, becoming more competent with depth…The
groundwater conditions observed at site G include artesian flows and groundwater levels
generally near the surface.” In short, the site is highly permeable as well as highly saturated and
there can be no assurance that the proposed seepage cutoff walls and seepage capture ponds will
be effective in capturing all water that migrates through the tailings. NDM apparently intends to
rely on the bulk tailings, which are described as “uniformly graded, consisting of sand and siltsized particles” to seal the tailings pond (Wardrop 2011, p. 353). Over time, however, it seems
likely that contaminated water (leachate) would seep through the tailings and enter the highly
permeable groundwater system that provides base flow to local streams.
In addition to capturing seepage/leachate and managing net precipitation that contacts the tailings,
diversion ditches surrounding the TSF would need to be constructed to minimize runoff into the
TSF and hence minimize the volume of additional water that would require treatment. As stated
above, the calculation of net precipitation falling on the TSF assumes 100% diversion of runoff
from the surrounding hillsides. This may prove to be quite a challenge given the steepness of the
hillsides to the east and south of the TSF. Proper sizing of diversion structures to convey peak
storm runoff and snowmelt is critical to the long-term stability of the tailings embankments and
to prevent tailings from eroding. Long-term maintenance must be guaranteed.
It is not feasible at this time to predict with any degree of accuracy the chemistry of water within
the TSF. However, humidity cell tests have shown that the cleaner tailings, approximately 14%
of all tailings, continue to leach copper after 600 days (SRK Consulting, Inc. 2006; see
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discussion under Section V.C.3. -- Significant Degradation -- below). And, if the entire ore body
was mined, at estimated recovery rates of 85 to 88%, the tailings would contain over billions of
pounds of copper.
No geochemical analyses are available for the pyritic tailings from the gold leach circuit, but
they are presumed to be acid generating and as such are likely to leach metals. It is also not clear
if cyanide would be used in the gold leach circuit, but cyanide leaching of gold is a fairly
standard industry practice. The tailings will also contain at least trace amounts of reagents, such
as xanthates, fuel oil (Wardrop 2011), and potentially residual cyanide.
In addition to net precipitation and mill process water that is discharged to the TSF as part of the
tailings slurry, the TSF will receive waste dump runoff and mine pit water as described above
under water quantity. Pre-tertiary waste rock has the potential to generate acid (SRK Consulting
Inc. 2008), and subaqueous column tests of pre-tertiary waste rock indicate it has the potential to
leach copper and other metals (SRK Consulting Inc. 2006). This is discussed further in Section
V.C. -- Significant Degradation.
The waste rock disposal areas would be within the cone of depression of the mine pit, which
would be continually de-watered during active mining. Seepage cutoff walls would be designed
to inhibit the lateral migration of seepage/leachate from the waste piles. Mine pit water would
also include runoff from mineralized pit walls that have been exposed to oxygen, and could
potentially be acidic and/or contaminated with metals.
At closure, “all site surplus water will be routed to the pit until such time that the water reaches
the specified maximum post-closure water level that still maintains groundwater inflow
conditions. Thereafter, the water will be pumped to a water treatment plant for treatment and
discharge until such time as the water can be released without treatment” (Wardrop 2011, p.
366). Although the “maximum post-closure water level” is not defined, the pit lake water could
potentially intersect the local groundwater aquifers that provide base flow to Upper Talarik
Creek. The mine pit water would now be subject to contamination from the PAG waste rock
tailings and exposed sidewalls, as well as remaining mill process water from the reclaimed TSF
and all other “site surplus water.” No time frame is provided regarding how long pit water
would need to be treated before contaminant levels attenuate to a point where WQC are met
without treatment nor is the volume/flow of contaminated pit water needing to be treated
quantified. Given the large quantities of wastewater that would be generated (see Table 1) along
with the acid-generating nature of waste rocks and the copper-leaching potential of both waste
rock piles and tailings, this could be a very long time.
No details are provided in Wardrop regarding the TSF reclamation plans. However, the TSF
would continue to have a positive water balance due to the 30+ inches of net annual precipitation.
Given the acid-generating nature of the pyritic tailings within the TSF, it is assumed that the
project proponent would want to maintain saturated conditions within that part of the TSF where
pyritic tailings are stored to inhibit oxidation and increased metals leaching. This would likely
result in a permanent body of open water within the TSF, or within multiple TSF’s given the
need for additional tailings storage capacity over time. These permanent tailings pond “lakes”
(or perhaps wetlands) would be considered waters of the United States and as such would be
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required to meet WQC. No details are provided as to how this could be achieved. But like the
pit lake, runoff (and pumped back seepage/leachate) from each TSF, whose cumulative surface
area could exceed 20 square miles (see Table 1), treatment would likely be required until such
time as contaminant levels attenuate to a point where WQC are met. Like the pit lake, this could
be a very long time.
In summary, it cannot be determined definitively at this time if wastewater discharges from
mining the Pebble deposit would or would not meet WQC at all times throughout the life of the
project and beyond closure. The chemistry of water in the TSF cannot be reliably determined at
this time nor can the pit water. However, the challenges to reaching this objective are significant
and include:
•

the extremely large volumes of wastewater that would need treatment (tailings pond
runoff and seepage/leachate, the seepage and drainage from waste rock piles, and mine
pit water; see Table 1);

•

the potentially acid-generating nature of the pre-tertiary waste rock;

•

the potential for pre-tertiary waste rock and pyritic tailings to continue to leach copper
over time;

•

the acid-generating nature of the pyritic tailings;

•

the very low projected effluent limits for copper and other metals;

•

the lack of any authorized mixing zones in the receiving waters;

•

the high permeability of the materials underlying the TSF and waste rock piles that would
make capturing seepage/leachate problematic, absent an engineered liner system;

•

the need to construct and maintain many miles of appropriately sized diversion structures
throughout the life of the mine and well beyond; and

•

the indeterminable length of time contaminated water treatment may be needed.

!!%&#&" #!
One of the facilities proposed for mining the Pebble deposit is a deep-water Port to which a
slurry of concentrated copper and gold ore would be piped, dewatered, and loaded on ships for
transport, and from which reclaimed water, diesel fuel, and natural gas would be piped to the
mine and power plant sites. Four sites have been evaluated in studies performed by the project
sponsor (Northern Dynasty Mines Inc. 2006d), and all are within designated critical habitat for
the Cook Inlet beluga whale (Figure 6). This species was not evaluated in Northern Dynasty
Mines’ 2004 marine habitat baseline studies (Northern Dynasty Mines Inc. 2005d), but potential
threats from port development and operations include habitat loss, potential for spills, and noise.
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Figure 6: Sites proposed for a potential deep-water port for the Pebble Project compared with
critical habitat designation for the endangered Cook Inlet beluga whale. Map by NOAA Fisheries.
Proposed port sites estimated from Marine baseline studies (Northern Dynasty Mines Inc. 2005d).

Proposed port sites
for Pebble Project

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 393 of 2339

It is the responsibility of the National Marine Fisheries Service (NMFS) to make determinations
of whether a proposed project would or would not jeopardize the continued existence of Cook
Inlet beluga whales. If development of a port within the whales’ critical habitat was proposed
for permitting, the Corps would need to initiate consultation with NMFS pursuant to Section 7 of
the Endangered Species Act in order for this determination to be made, as well as for NMFS to
propose reasonable and prudent measures that would be required in order to avoid jeopardy.

/" #!*''(!&.!!'%'"!
No discharge can be permitted under Section 404 if it would cause or contribute to significant
degradation of the waters of the United States, including wetlands. Mining the Pebble deposit
would result in the permanent direct losses of extensive areas of waters of the United States,
including special aquatic sites that are habitats for fish and wildlife. These losses would occur in
at least three separate drainages that are tributary to Bristol Bay. These discharges also pose
short- and long-term threats to downstream areas, chemically and hydrologically, and pose risks
to fish and wildlife subsistence and recreational uses. Such impacts should be considered
significant degradation under the Guidelines [40 CFR 230.10(c)]. Furthermore, the regulations
state that secondary impacts that result from the discharge of dredged or fill materials should be
considered in determining if the project would cause or contribute to significant degradation [40
CFR 230.10(h)]. The direct and indirect impacts that would cause or contribute to significant
degradation are discussed separately below.
6/!!'%'"!'%"(%'"&&&"0*'%&"'!'''&1
Although no formal determination of the geographic extent of waters of the United States,
including wetlands,54 has been made by the Corps or EPA for areas within the proposed Pebble
mine, the project sponsor indicates that it has sponsored several studies of the potential reach and
extent of regulated waters at the project site. However, these studies, which were initiated in
April 200455 have not been made public and, according to the project sponsor, cover a study area
of approximately 104,000 acres. Furthermore, in its progress report for its 2004 wetlands studies,
NDM reported that its wetland delineation teams collected data at a “specified rate of one
jurisdictional determination plot per 100 acres of study area” (Northern Dynasty Mines Inc.
2005b). Such a rate is insufficient for most wetland delineation efforts, and a final determination
of jurisdiction would require substantial field verification.

54

Waters of the United States are defined in federal regulations at 40 CFR 230.3(s)(1-7), and include tidal waters,
tributary rivers and streams, lakes, adjacent wetlands, and “other waters.”
55
Determinations of Clean Water Act jurisdiction pursuant to Section 404 of the Clean Water Act can only be made
by the Corps of Engineers or EPA, although “delineations” can be made by anyone trained in the use of the Corps’
1987 Wetlands Manual (Environmental Laboratory 1987). Determinations of jurisdiction are based on “normal
circumstances” for the delineated area, and wetland jurisdictional “determinations” made by the Corps or EPA are
typically based on recent on-site observations of hydrophytic vegetation, hydric soils, and wetland hydrology
indicators. Inasmuch as determinations of jurisdiction expire after 5 years pursuant to Corps Regulatory Guidance
Letter 05-20 (June 14, 2005), in order to be acceptable to the Corps or EPA, data collected early in NDM’s wetlands
studies will need to be shown to be representative of the site conditions that exist at the time that the project sponsor
seeks a formal determination of jurisdiction.
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For the purposes of this report, the size and location of proposed project facilities are taken from
NDM’s 2006 water rights applications to the State of Alaska, and the NDM’s 2011 Preliminary
Assessment of the Pebble Project (Wardrop 2011). From a 404 perspective, these documents
vary primarily in the number and location of tailings impoundments. The size and location of
the proposed mine pit are tied to the ore deposit and are similar in NDM’s various documents.
Whereas these documents describe projects designed to operate for as few as 25 years, it is clear
that mining the Pebble deposit would extend beyond, and have significantly larger direct impacts
than, a 25-year project. Accordingly, it is appropriate, pursuant to the National Environmental
Policy Act (NEPA) for EPA to consider not only what might be proposed as an initial phase of
mining the Pebble deposit, but all reasonably foreseeable related actions, particularly expansion
of those mining activities.
The pit and associated facilities were described in 2006 as covering an area of roughly 2 square
miles (Northern Dynasty Mines Inc. 2006f), but more recently, a 25-year proposal described by
Wardrop (2011) show a pit with a surface area of over 1400 acres, and adjacent waste rock
disposal and seepage collection areas that cover more than 3800 additional acres (Figure 3).
Similarly, the NDM 2006 water rights application proposed a TSF at Area G (unnamed tributary
to the North Fork Koktuli River) that showed a surface area of 2300 acres and maximum depth
of 450 feet (Knight Piesold Ltd. 2006b), but more recently, the proposal for this TSF has been
significantly enlarged, with a surface area of nearly 4000 acres56 and a maximum depth of nearly
700 feet (Wardrop 2011). Given the slopes of the drainages that would be filled beneath this
TSF, the actual acreage of habitat that would be lost is considerably larger.57
Combining these estimates, mining the Pebble deposit, even at the smallest proposed project life
(25 years) described in the 2011 preliminary assessment (Wardrop 2011), would destroy over
9200 of acres of habitat, including wetlands, open water areas, and streams (Figure 4), not
including acreages associated with the power plant, mill site, camp compound, stockpile areas,
detention basins, seepage collection areas, roads, and other features, and not including habitat
losses or degradation associated with the 86-mile road to Cook Inlet, port facilities and
operations, or pipeline installations and operations.
The actual reach of anadromous streams that would be directly lost is not known, nor is the full
reach and extent of the streams utilized by anadromous species. For example, in its 2006 surface
water right application for the North Fork Koktuli River, the project sponsor estimated that
approximately 3.5 miles of tributary stream 1.190 would be buried under its proposed site G
TSF; this tributary supports grayling, Dolly Varden, and coho and Chinook salmon. The source
56

A GIS specialist with Huffman-Broadway Group (HBG) estimated acreages from project features shown in
Figure 18.3.2 (Final Site Arrangement – 25-year IDC Case) on page 357 of Wardrop (2011). HBG estimated
acreages using coordinates within the underlying map in that figure which is in the Alaska State Plane V coordinate
system.
57
Northern Dynasty Mines’ 2006 water rights applications proposed a second TSF at Area A (South Fork Koktuli
drainage) that would have covered 4200 acres of wetland, aquatic and upland habitats to a maximum depth of 710
feet (Knight Piesold Ltd. 2006a). Assuming that mining the Pebble deposit would extend well beyond the minimum
25-year initial phase, such impacts would be additive to those proposed in the 25-year proposal and, again, the actual
acreage of the habitats within the drainage that would be covered by this proposed TSF would be considerably larger
than the estimated 4200-acre surface area at the crest of that Area A TSF proposal.
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for this 3.5-mile estimate is not known, but if it is intended to represent the reach and extent of
regulated “waters of the United States,” it is likely significantly underestimated. Figure 7 shows
streams within Tributary 1.190 that have been proposed to be impounded as a tailings storage
facility at “Area G.” The map on the left of this figure shows where the U.S. Geological Survey
mapped several reaches of streams (shown as solid blue lines) within this stream drainage – there
are over 8 miles of blue-line streams mapped within the approximate boundary of the proposed
tailings impoundment.
Often, U.S. Geological Survey (USGS) blue-line streams are determined to be jurisdictional
waters of the United States. However, USGS maps often are not mapped at a scale that shows
smaller tributaries that may, nonetheless, be regulated streams. Figure 7 includes a detailed
figure that accompanied Northern Dynasty Mines’ application for surface water rights to the
Area G drainage for a tailings storage impoundment (Northern Dynasty Mines Inc. 2006a). This
map shows several additional stream channels that would be considered jurisdictional tributaries
if they flow seasonally, intermittently, or even ephemerally, because they are tributary to
traditionally navigable waters;58 there are over 18 miles of mapped stream channels represented.
Similarly, water rights were sought in 2006 for the headwaters of Upper Talarik Creek as well as
tributaries and associated wetlands and ponds that overlie the Pebble deposit. These waters were
proposed for removal by mining, and their water appropriated for mine use.
Portions of these tributary waters are listed in the Alaska Department of Natural Resources
Anadromous Waters Catalog (AWC – see Figure 2). It is important to note that the AWC is a
living document, and is continually being updated to reflect new, documented evidence (Alaska
Department of Fish and Game 2011). Figure 8 shows a comparison between anadromous waters
in the vicinity of the Pebble deposit in 2009 and those mapped in 2010. To some extent, the
reach and extent of such waters is related to whether they have actually been visited and
sampled.59 As such, any estimates of the number of anadromous stream miles that would be
directly or indirectly affected by mining the Pebble deposit are likely conservative. Figure 7 is
an example of the degree to which stream mapping scale alone may affect the estimates.
In the absence of a verified on-site determination of the reach and extent of waters of the United
States at the Pebble deposit and in surrounding drainages, it is impossible to quantify an estimate
of the direct losses of waters, including wetlands that could result from mining the Pebble
deposit. It is likely that much of the surface overlying the Pebble deposit, including the proposed
pit and surrounding waste rock dumps (Wardrop 2011, page 357) contains special aquatic sites,
including wetlands and vegetated shallows.

58

These streams are unlikely to be subject to regulatory disclaimer under the SWANCC (Solid Waste Agency of
Northern Cook County (SWANCC) v. U.S. Army Corps of Engineers, 531 U.S. 159 (2001) or Rapanos
(consolidated ruling for Rapanos v. United States and Carabell v. United States (126 S. Ct. 2208 (2006)) decisions
of the U.S. Supreme Court regarding isolated or non-tributary waters.
59
Given the size and geographic extensiveness of anadromous habitat in the Bristol Bay watershed, it might be
more appropriate from a resource protection standpoint, for the Anadromous Waters Catalogue to presume
anadromous waters are present unless site-specific sampling efforts have proven otherwise. Such a policy would
mirror the Guidelines’ presumption that a less-damaging alternatives to filling special aquatic sites “is” available
unless clearly demonstrated otherwise by a permit applicant.
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Figure 7: Comparison of USGS blue-line streams, as depicted on a surficial geology map of
PLP’s Pebble Project (Hamilton 2007) and streams channels in the same drainage in a 2006
Northern Dynasty Mines water rights application. This outlined drainage, a tributary of the
North Fork Koktuli River, has been proposed as a tailings storage facility (Wardrop 2011).
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Figure 8: Changes in Anadromous Waters Catalog between 2009 and 2010

2009

Area G
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The National Wetlands Inventory (NWI) maps that cover the area of the Pebble deposit and
adjacent drainages show extensive areas of wetlands and deeper water habitats in the areas where
the mine pit and waste rock disposal areas have been proposed (Figure 9). These maps are not
intended to delimit jurisdictional waters of the United States, including wetlands. They are a
planning and inventory tool for the U.S. Department of the Interior (Cowardin et.al. 1979).
Areas shown on NWI maps as wetland and aquatic areas may be incorrectly delineated, and there
also may be wetland and aquatic areas present that were not mapped, given that the information
was developed from aerial photographs and has not been, in most cases, verified by any on-site
surveys. However, these maps are useful for planning purposes, particularly when on-site
investigations have not been, or cannot be performed, or where data are unavailable. Use of
these maps is recommended as a source of information in performing federal jurisdictional
determinations of waters of the United States (Environmental Laboratory 1987).
Regardless of the exact percentage that is ultimately determined to be regulated “waters” at the
Pebble deposit and surrounding drainages, all of the area is fish and/or wildlife habitat.
Inasmuch as it would not be possible to mine with Pebble deposit without a regulated discharge
of dredged or fill material, the impacts to areas proposed for the pit, the tailings storage facilities,
the waste rock dumps, the power plant, the mill site, crushers, etc. would all be considered
enabled by the 404 discharges. Accordingly, a Department of the Army permit pursuant to
Section 404 of the CWA would be authorizing the destruction of thousands of acres of fish and
wildlife habitats.
The proposed project footprint for the smallest initial phase (25-year project) covers over 14
square miles -- over 9200 acres of fish and wildlife habitat. It seems clear that the losses of
wetlands and aquatic areas would be greater in the areas overlying and adjacent to the Pebble
deposit than in the Area G drainage proposed for the TSF (National Wetlands Inventory maps -Figure 9). The area of the Pebble deposit is a low-gradient drainage divide characterized by
wetlands, ponds, and interconnecting streams; the U.S. Fish and Wildlife Service has categorized
the majority of the 5200-acres proposed for the mine pit and waste rock disposal areas as varying
types of wetlands, open water bodies, and riverine areas (National Wetlands Inventory map,
Figure 10).
These acreage figures are conservative, inasmuch as they are based upon the first 25-year phase
of mining the Pebble deposit, and the impacts associated with additional phases that could extend
beyond 78 years would be significantly greater,60 insofar as habitat losses are concerned. Based
on the NWI maps of the areas at and surrounding the Pebble deposit, the extent of wetlands that
exist overlying and south of the Pebble deposit are likely to represent the highest relative
abundance of wetlands than at any other areas of future expansion. The TSF’s will likely be
proposed in surrounding drainages that contain thousands of acres of wetland and aquatic
resources, including riffle-and-pool special aquatic sites, anadromous fish habitat, wildlife
habitat, and other types of regulated waters.

60

The size of the mine pit alone, independent of the surrounding waste rock disposal areas would grow by more
than 50% between the 25-year and 45-year proposed plans (from Wardrop 2011, Figure 1.7.2.), but the acreage
losses associated with additional TSF’s is many times greater.
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Frying Pan Lake

Figure 9: National Wetlands Inventory designations of wetlands and deepwater habitats in the vicinity of the Pebble
deposit. Data plotted on Iliamna (D-6 and D-7) quadrangles based on July 1978 color infra-red photography
(1:65,000 scale). Underlying topography from U.S. Geological Survey 1994. Maps prepared by the United States
Department of the Interior, Fish and Wildlife Service. Approximate areas of mine features for the first 25-year phase
of the Pebble Project are outlined in red (from Wardrop 2011). Frying Pan Lake shown to help orient the reader.
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Figure 10: Areas mapped by the U.S. Fish and Wildlife Service as wetlands and deep-water habitats (Cowardin et.al.
1979) that would be excavated or filled for a mine pit and waste rock disposal areas during the initial 25-year phase of
the Pebble Project. Approximate outer boundary of these areas is outlined in red (from Wardrop 2011).
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Discharges of mining waste products to waters of the United States from mining the Pebble ore
body pose threats on-site as well as to downstream areas through the potential production of acid
mine drainage (AMD) and leaching of metals such as copper. Geochemical testing of the ore
body, overburden, waste rock, and mine tailings has been conducted by NDM and may still be
underway (Northern Dynasty Mines Inc. 2005a; SRK Consulting, Inc. 2006; SRK Consulting,
Inc. 2008).
a. Acid-Generation Potential
Based on available information, overburden material (tertiary rock) does not appear to be
potentially acid-generating (PAG) whereas the ore body and surrounding pre-tertiary waste rock
does exhibit the potential for acid mine drainage (SRK Consulting, Inc. 2008).
Acid-base accounting of mine waste products performed by or for NDM used a cutoff ratio of
2:1 to characterize potentially non-acid generating (NAG, and presumably neutralizing material)
vs. potentially acid generating (PAG) waste material. Wardrop (2011) uses a cut-off ratio of
1.6:1. These ratios are very non-conservative and a ratio of 3:1, at a minimum, is a more
commonly accepted cutoff ratio (Robertson and Broughton, 1992). Figure 11, (from Chambers
2006, adapted from Northern Dynasty Mines Inc. 2005a) shows the NAG:PAG data for 399 rock
samples from the Pebble deposit. The 3:1 ratio line has been added, clearly showing that when
using this commonly accepted ratio the majority of rock associated with the ore body is
potentially acid generating. Therefore, the estimate given in Wardrop (2011, p. 360) of 0.6
million tons of PAG vs. 2.4 billion tons of NAG waste rock may be significantly skewed in favor
of NAG waste rock. In addition to affecting the overall potential for development of acid mine
drainage, a more conservative differentiation criterion could have a significant impact on the
quantity of NAG waste rock that would be deemed suitable for use in constructing the tailings
embankments and other mine features.
In addition, an examination of rock core that had been on-site for 0-15 years showed
“progressive oxidation by conversion of sulfide to sulfate and decreasing neutralization
potentials. Based on these results, the overall timeframe for acidification of waste rock from the
Pebble Project appears to vary from zero to forty years” (Northern Dynasty Mines Inc. 2005a).
Also, the interagency Geochemistry Technical Working Group found that “There is some data
on the onset of ARD from old exploration cores that were left at the site. The average rocks start
generating acid in about 20 years; some samples were instantaneous, others are estimated to
take up to 60 years to generate acid. Kinetic tests done in the laboratory show a close
correlation for these results when corrected for temperature (the laboratory is warmer)”
(Geochemistry Technical Working Group, Pebble Project, Final Minutes for January 3, 2008).
Two types of mine tailings would be produced that are described as non-pyritic bulk scavenger
tailings, and pyritic tailings comprised of cleaner scavenger flotation tailings combined with
tailings from a leach circuit to recover gold. Acid-base accounting of bulk scavenger tailings and
cleaner scavenger tailings from bench-scale testing of “potential ore-type material” was
conducted in 2004 (Northern Dynasty Mines Inc. 2005a). It is not clear how representative the
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Figure 11: Neutralization potential versus acid potential in 399 rock samples from the
Pebble deposit. Figure taken from, and used with the permission of, Chambers (2006).
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ore-type material may be relative to the entire ore body. The cleaner tailings and bulk tailings
were combined and showed an NP:AP ratio of 3.7:1 (Northern Dynasty Mines Inc. 2005a),
although the two cleaner tailings samples had ratios of 2.4 and 2.9. No ratio or data were
provided for the pyritic tailings from the gold leach circuit but they are presumed to be acid
generating based on their pyrite content (Wardrop 2011). Reagents used in the froth-flotation
circuits would include xanthates, fuel oil (Wardrop 2011) and potentially cyanide in the gold
leach process (no description of the leach process is provided in Wardrop, but cyanide is
commonly used in gold leaching operations).
b. Metals Leaching
Humidity cell tests and field weathering tests were undertaken to examine the potential for acid
generation and metals leaching from various types of waste rock (SRK Consulting, Inc. 2008).
These tests attempt to mimic wet-dry cycles that occur in a natural setting, such as a waste rock.
They are also valuable in ascertaining whether presumed neutralizing minerals present in the
waste rock (e.g., calcite, siderite) are actually available to react with the acidifying minerals (e.g.,
pyrite) in a time frame that would prevent acid generation.
Results available indicate the following:
•

Field weathering tests designed to evaluate leaching behavior of waste rock under field
conditions showed that pre-tertiary rock samples produced leachates that ranged from
1,100 ppb to 20,100 ppb copper (SRK Consulting, Inc. 2008). The projected water quality
criterion for copper for mining the Pebble deposit is in the range of 2.85 ppb (Ecology and
Environment, 2010).

•

Humidity cell tests for leachate production from cleaner tailings samples showed “longterm increasing trends for copper” (SRK Consulting, Inc. 2006). As shown in Figure 12,
copper leachate loading rates from the cleaner tails increase over time.

c. Conclusions regarding significant degradation due to toxicity of mine wastes
Based on available data, it is clear that a substantial risk exists for acid mine drainage (AMD) to
develop in waste rock piles, especially considering the non-conservative approach to
characterizing NAG vs. PAG (2:1 vs. 3:1 or higher ratio). As runoff and seepage from the waste
rock piles, along with pit water, would be directed to the TSF during mine operation, acidic
conditions could develop within the TSF even if potentially acid-generating pyritic tailings do
not generate acid mine drainage. As pH is lowered, metals contained within the tailings,
including copper, would become more mobile (U.S. Environmental Protection Agency 2003,
Appendix C). There is also potential for leaching of copper from the cleaner tailings and gold
leach tailings, which would be stored sub-aqueously within the TSF, even without AMD.
As stated in Section V.B.1, Water Quality, no definitive conclusions can be made regarding the
water quality that would develop over time within the TSF. But given the risks of AMD,
leaching of copper and other metals within the TSF and the high permeability of the native
materials that comprise and would underlie the site G TSF, the potential for metals, particularly
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Figure 12: Humidity Cell Test Results for Tailings Showing Increasing Leaching Rate for Copper
Over Time in Cleaner Tailings (reproduced from SRK Consulting Inc. 2006, page 183)
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copper, to reach nearby streams would likely present unacceptable risks to native fish
populations. Regardless, it seems quite apparent that the tailings and waste rock proposed to be
discharged as fill material are not likely to be deemed “clean” fill material suitable for
unconfined disposal in waters of the United States.
8/!!'%'"!('",%"" #'&
NDM applied to the State of Alaska in 2006 for the rights to withdraw up to 32 billion gallons of
water each year from the North and South Forks of the Koktuli River and Upper Talarik Creek
drainages. This is more than or at least comparable to the water usage for the entire city of
Anchorage (U.S. Geological Survey 2006). In addition to water withdrawn from surface and
groundwater sources, net precipitation will inevitably contribute very significant quantities to the
overall water budget for the project (see section IV.B.).
The Nature Conservancy commissioned an Ecological Risk Assessment (ERA), based on EPA’s
Guidelines for Ecological Risk Assessment (U.S. Environmental Protection Agency 1998), of the
potential impacts from a Pebble Mine project (based on 2006 water rights applications by
Northern Dynasty Mines, Inc.). This ERA focused heavily on hydrologic modifications and their
potential effects on local anadromous streams (Ecology and Environment 2010). The ERA
concluded that approximately 68 miles of stream habitat would be lost and “up to 78 stream
miles would exhibit some form of flow reduction in the three watersheds evaluated.”
Averaged annual post-operation flow reductions per the ERA for the three watersheds that would
be directly affected by the project are predicted to be:
•

The North Fork Koktuli (NFK) downstream of the site G tailings impoundment, where it
joins three other sub-basins, would have a 21% flow reduction;

•

The South Fork Koktuli (SFK) would have a 68% flow reduction downstream of the site A
tailings impoundment. (However, it appears that the project sponsor is no longer proposing
site A as a tailings storage facility, and this estimate probably over-estimates the potential
flow reduction in the SFK); and

•

Upper Talarik Creek (UTC) is predicted to have an 80% reduction 2.5 miles downstream of
the mine pit, a 20% reduction 8 miles downstream of the mine pit, and a 12% flow
reduction 18 miles downstream of the mine pit.

This loss of instream flow is predicted to exacerbate summer low-flow conditions, resulting in
reduced pool and backwater rearing areas for juvenile salmonids. This would result in greater
competition for food and cover and remaining pools in affected stream reaches could experience
higher temperatures. As stated in the ERA (Ecology and Environment 2010; p.107-8),
“Reduced low flow during the incubation or inter-gravel phase would also act to reduce salmon
production within affected streams. Low flows would limit adult salmon entry into streams or
affect their movement up river to stage for spawning. It is predicted that after mine development,
velocities during the critical spawning/embryo development period (January-March) within all
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three streams would be less than optimum. Low flow conditions, along with other associated
reductions in water quality conditions (i.e., lowered dissolved oxygen, higher water
temperatures) would likely increase stress on individuals, potentially resulting in mortality.
Flow reduction would also affect substrate composition in riffle areas within affected mainstem
segments through embedded conditions and reduced sediment oxygen concentrations. This in
turn would act to diminish the quality of redds, ultimately resulting in negative impacts during
embryonic development and fry emergence.”
The 2006 Water Rights Applications submitted by Northern Dynasty Mines proposed a “zerodischarge” scenario during operations.61 However, as discussed in Section V.B, net precipitation
during all phases of the project (construction, operation, post-closure), would inevitably result in
discharges of runoff from disturbed areas (e.g., tailings impoundments, waste rock piles). The
ERA, however, is based on the assumption that the project would in fact be a zero-discharge
project. As such, the flow reductions predicted in the ERA may be overstated. But to the extent
actual flows may be higher than predicted in the ERA, the difference would be comprised of
mine site wastewater discharges.
The risks of significant degradation of the aquatic resources affected by the project could only be
prevented by isolating, capturing and treating all mine wastewater discharges, and by discharging
properly treated effluent that not only meets WQC but is released at rates that mimic natural
stream flow regimes. The ability, or lack thereof, to achieve this objective, is addressed under
Mitigation, section V.D., below.

/" #!*''(!&. ''"!
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Under the Guidelines and 2008 Mitigation rule, mitigation measures are not relevant unless or
until a proposed discharge of dredged or fill material has been determined to be the LEDPA. If a
less-damaging alternative is practicable to achieve the basic project purpose, then no permit can
be issued for a more-damaging alternative, regardless of the compensatory mitigation that is
proposed by a project sponsor.
As discussed above, mining the Pebble deposit may be avoidable due to the availability of
alternative ore deposits, the mining of which may result in less environmental harm. If so, then
compensatory mitigation measures could not make discharges associated with mining the Pebble
deposit permittable. However, for the purposes of this section of the report, an assumption is
made that discharges associated with mining the Pebble deposit are unavoidable to achieve the
basic project purpose of extracting copper and associated minerals.

61

Although proposed as “zero-discharge,” the groundwater right applications noted that there could be impacts to
stream flows. To mitigate such impacts the applications state that “As necessary to meet state and other regulatory
requirements to protect these other resources, this flow reduction will be mitigated. A mitigation example would be
supplying water to the North Fork Koktuli from other sources (wells, pipeline, treated discharge from the tailings
storage facility at Site G)” (Northern Dynasty Mines Inc. 2006d-f)). As such, it appears that some discharge of
treated wastewater was contemplated.
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Impacts from the mining the Pebble deposit are described above and, at a minimum, would result
in the direct loss of over 9200 acres of fish and wildlife habitat, including wetlands, open-water
habitat, and many miles of streams that support anadromous fishes.
The project sponsors have indicated that they have made efforts to characterize the habitats
within 25 miles62 of the Pebble deposit in order to site necessary mining facilities, particularly
tailings storage facilities, in drainages that are less valuable to fish and wildlife resources
(Wardrop 2011). Of the 15 proposed tailings storage facility sites, 3 sites were selected for
further study, including sites that support anadromous fishes. However, Wardrop (2011) only
shows one site (North Fork Koktuli River drainage -- Area G) and suggests that the TSF
proposed therein would have a capacity for the tailings that would be produced in the first 25
years of mining operations; an earlier proposal associated with the 2006 water rights applications
(Knight Piesold Ltd. 2006b) showed capacity for only about one fourth of these tailings at Area
G. The specific locations and dimensions of the additional TSF’s are not presented, but based
upon its water rights applications in 2006, it seems likely that these additional facilities would be
in adjacent drainages, including the South Fork Koktuli River, that either support anadromous
fishes directly, or that are tributary to such waters. Furthermore, no measures are described in
Wardrop (2011) to attempt to offset the habitat losses associated with the pit, the waste rock
disposal areas, or the tailings impoundment(s).
In fact, it is not likely that compensatory mitigation is feasible near the Pebble deposit, nor
within the Upper Talarik Creek or Koktuli River drainages. There appear to be no degraded
habitat areas of similar function that could be restored or enhanced. Even if there were, given
the large acreages involved, appropriate compensatory mitigation measures should be at ratios
that restore or enhance a greater area per acre than what would be permanently destroyed by
mining the Pebble deposit.
Furthermore, any proposals to offset the losses of anadromous fish habitat with hatcheries should
be rejected. According to the Northwest Fisheries Science Center (NOAA Fisheries), wild
salmon populations have declined dramatically over the past several decades, “despite, and
perhaps sometimes because of, the contribution of hatcheries. Many salmon stocks in
Washington and Oregon are now listed as either threatened or endangered under the U.S.
Endangered Species Act. With this decline has come an increased focus on the preservation of
indigenous wild salmon stocks.”63 Remaining natural populations provide a better chance for
long-term survival of salmon inasmuch as these populations have evolved in response to
significant environmental changes over many thousands of years, and can be expected to do so in
the future.
Although there do not appear to be opportunities for compensatory mitigation at or near the
Pebble deposit, EPA’s 2008 Mitigation Rule and its 1994 mitigation sequencing for Alaska do
not provide for mitigation measures that would occur outside of the watershed within which the
impacts for a proposed discharge would be permitted. Nor does the Mitigation Rule provide for
mitigation measures for impacts in one State to be offset in another State or nation. Accordingly,
62

The project sponsors included an evaluation of disposing of tailings by transporting and discharging them into
Iliamna Lake.
63
http://www.nwfsc.noaa.gov/resources/search_faq.cfm?faqmaincatid=3 - faqid61
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any proposals that might be brought forth by the project sponsors to do so should be rejected as
not complying with the mitigation requirements of the Guidelines or the Mitigation Rule.
It may not be, in fact, reasonable or practicable to offset the impacts of mining the Pebble deposit
through the use of compensatory mitigation. If so, then the post-project condition for plant and
animal populations will certainly not be at a “higher state” than the pre-project conditions, as
envisioned by the Guidelines [see 40 CFR 230.75(d)], and the determination that the project
would cause or contribute to significant degradation of the waters of the United States would be
based solely on the otherwise unmitigated project impacts. Under these circumstances, a finding
of non-compliance with the Guidelines would be appropriate.
7/ ''!#"'!' #'&('"'"+',
As discussed in Sections V.B.1 and V.C.2, mining the Pebble deposit would generate an
unprecedented quantity of contaminated water requiring treatment relative to other major Alaska
hardrock mines (see Table 1). In addition to the scale of proposals to mine the Pebble deposit,
the hydrologic setting is unique. The project area is dominated by wetlands and shallow
groundwater, creating multiple pathways for the migration of contaminants to affect aquatic
organisms, including salmon in various life stages. The key to mitigating any potential toxicity
to nearby aquatic organisms is to effectively isolate the contaminants from the surrounding
shallow aquifers and streams. Once isolated, the contaminated water may then be collected and
routed for treatment to meet regulatory requirements.
Based upon earlier water rights applications, NDM apparently intends to rely on the bulk tailings
to form an impervious seal on the bottom of the tailings impoundments (Northern Dynasty Mines,
Inc. 2006b). Seepage cut-off walls would be part of each tailings embankment and
seepage/leachate collection ponds would be constructed at the base of all tailings embankment
structures. Waste rock piles would not be lined but would be located within the cone of
depression of the mine pit (Wardrop 2011). Waste piles would have seepage cutoff walls at their
lower ends and runoff capture ponds. Ultimately, mine pit water and waste rock dump runoff
(and seepage/leachate) would be directed to the TSF for storage and eventual treatment.
As stated in Section V.B.1 above, the site G TSF would be underlain by sand and gravel deposits
and highly weathered (i.e., fractured) bedrock. According to Wardrop (2011, p. 350) bedrock is
“typically found to be fractured to depths of approximately 30 feet below the overburden contact,
with some locations showing fractured bedrock depths of approximately 130 feet below the
overburden contact. Localized faults are also present.” The bulk mine tailings would be
“uniformly graded, consisting of sand and silt-sized particles, with a P80 of 200m.” Whereas
the permeability of the tailings may be considered low based on this particle size (Wardrop does
not provide any permeability data), they would nevertheless be permeable and over time pore
water in the interstices of the tailings would migrate into the groundwater system that, as
indicated above, is highly porous. Contaminants would therefore not be isolated and over time
would likely migrate to surface waters.
To mitigate these potential impacts (and to overcome an “unsuitable as fill material”
determination by EPA and the Corps of Engineers regarding tailings and waste rock), placement
of an engineered liner authorized under Section 404 could be considered. Such a liner would be
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constructed of clean fill material that includes a synthetic or geo-synthetic liner of extremely
low-permeability material, combined with an extensive internal drainage system. The drainage
system would capture seepage/leachate and provide a preferential pathway to direct it to
collection ponds for subsequent treatment and thus largely prevent seepage/leachate from
entering groundwater and flowing into nearby streams. Such a system has been installed at the
Pogo Gold Mine near Delta Junction, albeit on a much smaller scale.
The costs associated with lining each TSF would certainly be substantial. However, such added
costs should not be a consideration with respect to determining whether this mitigation measure
would be “appropriate and practicable” in the context of 40 CFR 230.10 (d). If this mitigation
measure, or any other, would avoid an otherwise “unsuitable as fill material” determination and
prevent significant degradation of water quality in nearby streams, it must be considered both
appropriate and practicable, regardless of the grade of ore that is being mined. The fact that
other Alaska hardrock mines, including Pogo and Greens Creek, permanently store their mine
tailings on engineered liners reinforces this point.
8/ ''! #'&('",%"" "'"!&
Impacts to local fish populations from flow reductions caused by water withdrawals for mine
development and operation purposes (e.g., pit de-watering) could potentially be mitigated by
timing releases and flows from the wastewater treatment plant(s) to mimic the natural flow
regimes in local headwater streams. Achieving this objective would depend on effectively
isolating, capturing, and treating wastewater produced by the project to meet WQC at all times.
As discussed in previous sections (see also Table 1), the unprecedented scale of the potential
wastewater discharges compared to other major hardrock mines in Alaska (or elsewhere), along
with the lack of any available dilution prior to discharge present enormous challenges.
Assuming treated wastewater discharges would be directed to the North and South Fork Koktuli
Rivers and Upper Talarik Creeks, these headwater streams would be effluent-dominated streams
for much if not most of the year. The risks of failing to mimic the water quality and flow
characteristics that make these and all the other streams within the Bristol Bay watershed such
ideal spawning and rearing habitat for salmon, including temperature, TDS and hardness, would
be quite high given all the parameters that would need to be optimized season by season for
many decades. The entire system would be dependent on many pumps, pipelines and
maintenance-intensive water treatment plants requiring periodic sludge and brine removal, filter
back-washing and replacement of equipment, not to mention a reliable, long-term power supply.
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In its review of applications for authorization to discharge dredged or fill material into waters of
the United States, including wetlands, EPA has identified many areas that it considers to be
aquatic resources of national importance (ARNI), pursuant to its 1992 Memorandum of
Agreement (MOA) with the Department of the Army.64 These include rivers, streams, lakes,
wetlands, and even seasonally temporary water bodies (vernal pools).
64

Clean Water Act Section 404(q) Memorandum of Agreement Between the Environmental Protection Agency and
the Department of the Army. Signed August 11, 1991 by Martha G. Prothro, Acting Assistant Administrator for
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In Alaska, EPA has identified ARNI resources in 17 instances since 1992 (less than one per year),
where the agency believed that the proposed discharge(s) of dredged or fill material associated
with a permit application might (or would) result in unacceptable adverse impacts to aquatic
resources of national importance (Table 2). The ARNI resources identified by EPA in the
Alaska cases included wetlands, tidal waters, and tributary rivers and streams.
The small number of such findings does not mean that none of the hundreds of other permit
applications involved valuable wetland or aquatic resources. Rather, it means that the potential
project impacts in 17 of those applications were significant enough that EPA was required to
formally make an ARNI determination to preserve its ability to utilize the 404(q) MOA to
resolve differences with the Corps, had the Corps sought to issue a permit over EPA’s objections.
There seems little question that the wetland and aquatic resources that exist at the Pebble deposit
and surrounding drainages exceed the threshold of aquatic resources of national importance, if
not international importance. The magnitude of the losses that would result from mining the
Pebble deposit, the additional losses and degradation associated with short- and long-term
hydrological modifications, and the long-term risks associated with the tailings impoundments
and long-term wastewater treatment further support an ARNI determination.

/" #%! #'&" !!' #"&'*' #'&'' &"(!
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EPA’s actions under its 404(c) authority are not specifically limited to discharges associated with
ARNI resources, particularly since that term first appears in EPA’s 1992 MOA with the Army,
and all but two of its thirteen 404(c) actions were taken before that MOA was signed.
Accordingly, there is no way to determine, after the fact, whether EPA would have determined
that the resources at stake in its 404(c) actions that pre-date the 1992 MOA would qualify as
aquatic resources of national importance. However, given how infrequently EPA has exercised
its 404(c) authority since being granted that authority in the late 1970’s, it is worthwhile to
review the cases where EPA has elected to take action.
EPA has completed a total of 13 actions under its Section 404(c) authority, beginning 30 years
ago (Table 3). Eleven of these occurred between 1981 and 1990, ten of which (77%) were
initiated and completed during the Reagan and G.H.W. Bush Administrations. Only two 404(c)
actions have been completed in the last 20 years. To date, only one 404(c) action has been
completed in a State west of the Mississippi (the Two Forks Dam proposal in Colorado in 1990).
However, other proposed discharges have led to EPA initiating 404(c) actions, including actions

Water, U.S. EPA, and Nancy P. Dorn, Assistant Secretary of the Army for Civil Works, Department of the Army.
10 pages. Prior to entering into the 1992 MOA, EPA and the Corps followed procedures under a 1985 interagency
agreement that similarly established dispute-resolution policies and procedures, but had no limitations based on
ARNI resources. Prior to 1985, there were no dispute-resolution policies or procedures to which these agencies had
agreed, and EPA only had its 404(c) authority as a last-resort to prevent permits being issued for projects that EPA
considered unacceptable in their present form.
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Table 2. Alaska cases where EPA Region 10 identified Aquatic Resources of National
Importance (ARNI) under EPA’s Memorandum of Agreement with the Army
pursuant to Section 404(q) of the Clean Water Act
DATE

ARNI

APPLICANT

1993

Petro Star, Inc.

Duck Flats, Valdez

1994

Mr. Cusack

Klatt Bog, Anchorage

1998

City and Borough of Juneau

Mendenhall Wetlands/Jordan Creek, Juneau

1999

Alaska Department of
Auke Bay/Auke Nu Cove, Juneau
Transportation & Public Facilities
Anchorage International Airport Turnagain Bog, Anchorage

2001

Mr. Bardarson

1998

2001
2001
2002
2002
2005

Resurrection River, Seward

Alaska Department of
Hay Flats/Spring Creek Wetlands, Palmer
Transportation & Public Facilities
Alaska Department of
Wasilla Creek Wetlands, Wasilla
Transportation & Public
Facilities
Kachemak Bay, Homer
City of Homer
Anchorage Water and
Campbell Creek Wetlands, Anchorage
Wastewater Utility
Kenai Peninsula – Anchor River, Deep Creek,
Alaska Department of
Transportation & Public Facilities Kenai River, Ninilchik River, Resurrection River

2005/2009 ConocoPhillips Alaska, Inc

Colville River Delta, North Slope

2007

Alaska Department of
Berners Bay, Juneau
Transportation & Public Facilities
Kenai River Tributaries, Soldotna
Walmart Stores, Inc.

2007

Mr. Carlos and Mr. Cullip

Cook Inlet and Stariski Creek, Anchor Point

2010

City and Borough of Juneau

Gastineau Channel, Douglas

2010

Alaska Railroad Corporation

Tanana River

2006
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Table 3: A summary of 404(c) final determinations made by EPA since 1981.
Estimated resources losses associated with mining the Pebble deposit are included
for comparative purposes only.

Year

Project Type

State

Acres/Miles

Impacts*

Alternatives?

1981

Landfill

FL

103 ac

F,S,W,R

Yes-uplands

1984

Fiber recycling plant

AL

25 ac

F,W

Yes-uplands

1985

Hunting/Aquaculture

SC

900 ac

F,R

Yes-uplands

1985

Flood control/Reclamation**

LA

3000 ac

F,S,W,R

Not
determined

1986

Shopping mall

MA

53 ac

W

Yes-other site

1988

Warehouse complex

NJ

58 ac

W

Yes-violation

1988

Reclamation/farming

FL

432 ac

F,W,R

Not
determined

1989

Reservoir/mitigation

GA

957 ac

W

Not
determined

1989

Reservoir

VA

425 ac waters
792 ac forest

W

Yes-avoidable

1990

Reservoir

RI

575 ac

W,R

Yes-avoidable

1990

Reservoir

CO

30.1 mi

F,R

Yes-avoidable

2008

Pump station/flood control**

MS

28,400 - 67,000 ac

2011

Coal mine

WV

6.6 mi

AK

9200+ acres fish
and wildlife
habitat, 20+ miles
streams

201?

Pebble Project

F,W,R

Yes

F,W

Yes

F,W,R

Yes –
alternative
ore deposits

* F = fish; S = shellfish; W = wildlife; M = municipal water supplies; and R = recreation
** Projects proposed by the U.S. Army Corps of Engineers for the lower Mississippi River
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in the west, but these additional cases have been resolved, leading to no permanent restrictions or
prohibitions on the proposed discharges.65
EPA’s actions under its 404(c) authority have placed restrictions or prohibitions on a variety of
proposed activities, including public and private development. The two largest projects that have
been prohibited to date were government proposals from the U.S. Army Corps of Engineers for
facilities intended to provide flood control and/or reclamation in the lower Mississippi River; the
potential impacts of these two projects on aquatic resources and wildlife were estimated as many
thousands of acres. Other projects that have been restricted or prohibited include developments
of less than 100 acres (smallest at 25 acres), stream impacts ranging from 6.6 miles to over 30
miles, and reservoir impacts of several hundred acres. Four of the 13 projects restricted or
prohibited by EPA have been for reservoirs.
The bases for the determinations that the impacts of the discharge would be “unacceptable” are
varied. For example, the first 404(c) action taken by the agency in 1981 was over the nature of
the material that was being used to fill a wetland site in Florida.66 EPA took action to stop a
permittee from filling wetlands with garbage after a permit had been issued to fill those same
wetlands with clean fill material; EPA had not objected to the original permit application.
In another case, EPA determined that the impacts of discharges associated with a proposed
shopping mall were unacceptable, because EPA determined that these impacts were avoidable;67
the 54-acre red maple swamp that would have been filled was considered somewhat degraded
and was surrounded on three sides by freeways, but EPA considered its loss to be unacceptable
(in spite of proposed compensatory mitigation), because EPA determined that a less-damaging
alternative site was practicable. Only in the proposed Two Forks Dam in Colorado was a
“world-class” resource identified, that being a reach of the South Fork of the Platte River that
supported a particularly renowned sport fishery for trout.68
At a minimum, under the 25-year scenario, mining the Pebble deposit would result in the
destruction of over 9200 acres of fish and wildlife habitat, including thousands of acres of
wetland and aquatic sites that overlie and are adjacent to the Pebble deposit. The impacts
65

For example, in 1987, EPA Region IX (San Francisco) initiated action pursuant to Section 404(c) to stop the
Corps of Engineers, Los Angeles District, from issuing a permit for the proposed Pamo Dam and Reservoir in San
Diego County. This dam would have inundated approximately 1800 acres, of which approximately 100 acres were
jurisdictional streams and adjacent riparian wetlands. EPA had determined that a less-damaging alternative existed,
and, after it initiated 404(c) proceedings in the Federal Register, the project sponsor withdrew its permit application
and pursued alternative means of providing emergency water supplies. EPA Region X (Seattle) initiated 404(c)
action pursuant to a proposed drill pad and access road on the north slope of Alaska. This case was also quickly
resolved after EPA issued a public notice with its draft determination. The case involved several acres of wildlife
(bird) habitat.
66
Final Determination of the Administrator concerning North Miami Landfill Site pursuant to Section 404(c) of the
Clean Water Act. January 19, 1981
67
Final Determination of the Assistant Administrator for External Affairs concerning the Sweedens Swamp site in
Attleboro, Massachusetts, pursuant to Section 404(c) of the Clean Water Act. May 13, 1986. This case was
subsequently litigated in Bersani v. Robichaud, 850 F2d 36 (2d Cir 1988)
68
Final Determination of the U.S. Environmental Protection Agency’s Assistant Administrator for Water pursuant
to Section 404(c) of the Clean Water Act concerning the Two Forks Water Supply Impoundments, Jefferson and
Douglas Counties, Colorado. November 23, 1990
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associated with fully exploiting the Pebble deposit are proportionally greater.69 It is important to
note that these are only the direct on-site impacts, and do not consider the additional direct
impacts to downstream areas, nor do they consider the potential secondary and long-term
impacts described earlier.
It seems likely that the quality of the resources at risk associated with a) mining the Pebble
deposit, b) the use of nearby drainages as enormous tailings storage impoundments, and c) direct
and secondary impacts to waters downstream from these facilities are without equal when
compared to any other resources at stake in EPA’s previous 404(c) actions.
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Whereas it is not EPA’s responsibility to consider the Corps’ public interest determination in its
separate 404(c) authorities, the interests of the public may be relevant to its consideration of
whether impacts of a project are environmentally unacceptable.
Copper and associated mineral deposits exist worldwide. In fact, the foreign corporations that
are proposing to extract and export metals from the Pebble deposit have other holdings that they
consider to be practicable alternatives, inasmuch as they are pursuing them simultaneously,
either directly or through subsidiaries. There may be other ore deposits that the project sponsors
could obtain, utilize, or manage to extract copper that would result in far less environmental
harm and long-term risk than mining the Pebble deposit.
Runs of sockeye salmon do not exist worldwide, and in fact occupy only a fraction of their
historical range. By far, the largest remaining runs utilize the Bristol Bay watershed, including
the three drainages that emanate from the area of the Pebble deposit. Losses of this habitat
cannot be replaced within the Bristol Bay watershed. If and when the Pebble deposit is exploited
for its minerals, other deposits will continue to be exploited elsewhere. If the runs of salmon in
Bristol Bay are lost or degraded, their loss cannot be replaced.
Copper is not so rare as to be endangered. Anadromous fishes and their habitats are. Hardrock
mines have a record of causing long-term harm to water quality and fishery resources. EPA
estimates that mining in the western United States has contaminated stream reaches in the
headwaters of more than 40 percent of the watersheds in the West, and that remediation of
abandoned mines may cost up to $35 billion or more.70 EPA has been cautioned by the GAO to
improve its record by reducing the number of hardrock mining sites that become public liabilities
under Superfund (U.S. Government Accounting Office 2006).
Salmon and other anadromous fishes suffer from copper toxicity at very low concentrations.
Mining the Pebble deposit would likely require wastewater treatment in perpetuity, and would
store billions of pounds of un-extracted copper and other metals in permanent tailings storage
69

The roughly 2 billion tons of tailings proposed in the smallest 25-year mining plan (Wardrop 2011) is roughly
equivalent to the total volume of soil and rocks that was hydraulically mined during the California gold rush. This
estimate is roughly 8 times greater than the quantity of material that was excavated to create the Panama Canal
(http://museumca.org/goldrush/fever19-hy.html).
70
http://water.epa.gov/lawsregs/lawsguidance/cwa/economics/liquidassets/dirtywater.cfm
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facilities that drain to salmon spawning and rearing habitat, and would, therefore, pose a
perpetual risk to those fishery resources.
The hardrock mining industry provides employment for the life of each mine. The proponents of
the Pebble Project have stated that roughly 2000 jobs would be created during the start up of its
project, and some of these jobs could last as long as 78 years, should the mine operate for that
long. Those jobs will disappear permanently when the mine closes.
In contrast, the Alaska salmon industry supports over 70,000 jobs that have spanned generations
of Alaskans, as well as providing subsistence to native Alaskans for hundreds of years. The
salmon industry in Bristol Bay alone provides employment that spans many generations of
people, and with proper stewardship, can continue to do so forever.
Even if a proposal to mine the Pebble deposit could be redesigned to comply with the Guidelines,
including meeting water quality standards and offsetting the direct losses of habitat, the longterm risks associated with storing and treating potentially toxic tailings in perpetuity seems
contrary to the public interest. In fact, the U.S. Government Accounting Office (2006) cautioned
EPA that “Hardrock mining can cause significant environmental problems; these sites are
typically large, complex, and costly to clean up. For example, in 2004, the EPA Inspector
General estimated that cleaning up 63 mining sites on the Superfund’s National Priorities List
would cost up to $7.8 billion. In applying the Superfund law’s risk-based approach for
developing financial assurance requirements, EPA may want to consider hardrock mining – for
example, gold, copper, and iron ore mining – a high priority because it presents taxpayers with
an especially serious risk of having to pay cleanup costs for thousands of abandoned, inactive,
and operating mines in the United States.”

 /&(&&"!!"!(&"!&
Mining the Pebble deposit will result in discharges of dredged or fill material to waters of the
United States, including wetlands. EPA’s authorities under Section 404(c) are closely tied to the
404(b)(1) Guidelines, which govern whether discharges of dredged or fill material are
permittable. The Guidelines provide a tool to assess many elements of a project including
impacts and alternatives, including, but not limited to, off-site alternatives, on-site alternatives,
water quality, significant degradation, findings of non-compliance, and public interest. These
issues and their relevance to EPA action are discussed in detail below.
-"##!#%"
It appears that present sponsors of the Pebble Project (Northern Dynasty Minerals Ltd. and
Anglo American) have several alternative locations where extraction of copper and associated
minerals appears to be practicable, and which may be less environmentally damaging than
mining the Pebble deposit. Unless these alternatives could be clearly demonstrated to be not
practicable within the meaning of the Guidelines, or that such alternatives would cause greater
environmental harm than mining the Pebble deposit, no permit should be issued under the
Guidelines [40 CFR 230.10(a)].
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As proposed in Wardrop (2011), and earlier in its 2006 water rights applications, Northern
Dynasty Minerals has proposed impounding and filling drainages near the Pebble deposit for
tailings storage facilities (TSF). As shown in this report, it is clear that the drainages that have
been proposed by Northern Dynasty contain documented anadromous fish habitat, and loss of
such habitat is considered particularly adverse environmentally. In fact, the authors could find
no record since the inception of the CWA Section 404 program in 1977, of any CWA Section
404 permits being issued within Region 10, including Alaska, authorizing such large-scale filling
of wild salmon habitat. Out of well over 20,000 permit applications processed in Region 10
alone, only minor fills for road crossings (bridge abutments, culverts) have been permitted to
infringe on wild salmon habitat. None of these impacts were considered significant, individually
or cumulatively, whereas those associated with mining the Pebble deposit would be very
significant.
Other Alaska mines that are currently operating have avoided, for the most part, valuable fish
habitat. For example:
• The Red Dog lead and zinc mine, the world’s largest producer of zinc, is along Red Dog
Creek. The ore body lies at the surface, and Red Dog Creek, which prior to its diversion
for the mine flowed through the ore body, was biologically dead for several miles
downstream. The south fork of Red Dog Creek was chosen for the tailings impoundment
because it, too, was naturally highly contaminated and devoid of fish;
•

The Fort Knox project, one of the largest open pit gold mines in the world, is near
Fairbanks in an area that had been heavily placer mined prior to its development. Creeks
downstream from the project were CWA 303(d) listed for sediments (i.e., water quality
criteria for sediment was exceeded due to the ongoing impacts of recent and historical
placer mining). The siting of the Ft. Knox tailings impoundment was designed to prevent
additional sediment from flowing downstream, allowing those downstream areas to recover
naturally and thus improve fish habitat. The project is a zero-discharge project (i.e., no
effluent, no NPDES permit);

•

The Pogo mine near Delta Junction is a gold mine that uses a dry-stack tailings disposal
method in the headwaters of a small creek that discharges to the Goodpaster River, an
anadromous stream. To avoid any potential water quality impacts to the Goodpaster River,
an off-channel mixing pond was constructed that is screened to prevent fish from entering.
Treated mine effluent is diluted in the mixing pond and discharged to the river, meeting
water quality criteria without a mixing zone (or discharge of fill material) in the river; and

•

The Kensington gold mine, 45 miles north of Juneau, went through several project designs,
NEPA analyses and CWA permitting processes during the late 1980’s and 1990’s. In 1997,
CWA permits were issued to construct a dry-stack tailings facility with a very small
discharge to a small stream with very little habitat value for fish. Although fully permitted
with no opposition, the applicant pursued an alternative design taking advantage of the new
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definition of fill material, and obtained a permit over EPA’s objections to discharge of
mine tailings directly into Slate Lake.71
#! $#(
Geochemical tests of the Pebble mine tailings and waste rock have shown the potential for longterm leaching of copper from pyritic tailings and PAG waste rock. Runoff from waste rock piles
and the mine pit, which would be developed within zones of potentially acid-generating rock,
would be directed to the TSF for storage prior to treatment where it would mix with tailings
process water and precipitation. Although no determination can be made at this time regarding
the water quality that would ultimately develop with the TSF, a preliminary assessment of
wastewater treatment needs indicates treatment capacity could be orders of magnitude greater
than any currently operating hardrock mine in Alaska, all of which have the benefit of dilution
prior to discharge. No mixing zone could be authorized for the Pebble discharges because all
receiving waters provide anadromous fish spawning and rearing habitat.
The permeable nature of the terrain underlying the site G TSF strongly suggests that, absent a
dependable liner and internal drainage system, contaminated seepage would migrate to nearby
streams that support anadromous fish in various life stages.
Wastewater may require treatment long after active mining operations cease due to the length of
time that acid mine drainage may develop (forty years) and the quantity of leachable copper
(billions of pounds) that could be retained within the tailings.
#!#
Mining the Pebble deposit will destroy large areas of fish and wildlife habitats. The smallest
mining proposal that is currently being considered would operate for 25 years and exploit less
than 20% of the ore deposit. This smallest on-site alternative would destroy more than 9200
acres of fish and wildlife habitat, including several miles of documented anadromous waters, and
many miles of tributaries to documented anadromous waters. Even if it were possible to avoid
the losses and downstream degradation associated with the construction and long-term operation
of tailings storage facilities and associated wastewater treatment, the construction and dewatering
of the pit would result in loss and/or degradation of thousands of acres of fish and wildlife
habitats, including wetlands, vegetated shallows, and anadromous waters and their tributaries. It
is unlikely that these losses could be offset practicably within the Upper Talarik Creek and
Koktuli River drainages, nor within the larger Bristol Bay watershed.
Moreover, the Pebble deposit includes a much larger area of mineral claims (Figure 13),
including a large area held by NDM. Individually, mining the areas of the Pebble deposit that
have been proposed by the Pebble Partnership would likely result in significant degradation of
the waters of the United States. Additional hardrock mining of the areas of the adjacent claims
would further contribute to this degradation and would likely be prohibited under the Guidelines.

71

It is noteworthy that the mine tailings proved toxic, repeatedly failing bioassays.
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Figure 13. Mining claims in the Bristol Bay Watershed including the
Pebble deposit within which the Pebble Project has been proposed (star).
Figure courtesy Marcus Geist, The Nature Conservancy
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It does not appear that mining the Pebble deposit could practicably comply with the Guidelines,
even if it were limited to an initial 25-year phase of development, which seems unlikely. There
appear to be less environmentally damaging practicable alternatives that are available to the
project proponents to achieve the basic purpose of extracting copper and associated minerals,
including existing mining operations and alternative ore deposits that are already held by the
project sponsors or their parent corporations.
Mining the Pebble deposit poses risks that water quality standards may be exceeded, and the fact
that the deposit is in a net precipitation area, means that discharges from the tailings
impoundments, waste rock disposal areas, and mine pit will occur over time. The quantity of
wastewater that will require treatment is very large, and it appears that treatment would be
required long after the mine is closed. If mined to its full extent, the treatment would extend to
multiple tailings storage facilities, as well as the mine pit, and as much as 8 billion pounds of
potentially leachable copper would need to be stored forever without migrating to nearby streams
that provide anadromous fish habitat.
The habitat losses associated with mining the Pebble deposit, even for as few as 25 years, exceed
those that EPA has found to be unacceptable in most of its past 404(c) actions, and the quality of
the fish and wildlife habitat that would be permanently lost is unsurpassed in any of those
previous 404(c) actions. Moreover, the location of the Pebble deposit, on a divide at the
headwaters of three rivers, serves to multiply the environmental risks associated with potential
mining operations there.
$#!"#"!#"
Even if mining the Pebble deposit was unavoidable to achieve the basic purpose of extraction of
copper and associated minerals, it seems unlikely that compensatory mitigation measures could
adequately offset unavoidable impacts to fish and wildlife resources. There do not appear to be
opportunities, or needs, to restore degraded habitat within the drainages of the North and South
Fork Koktuli Rivers or Upper Talarik Creek. Similarly, there may be no opportunities or needs
to do so within the greater Bristol Bay watershed. If not, then the permanent loss of thousands of
acres of wetland and aquatic areas and wildlife habitat, and many miles of anadromous waters
and their tributaries would not be offset, and would result in significant degradation of the waters
of the United States.
Finally, it seems contrary to the public interest to permit the permanent losses of thousands of
acres of fish and wildlife habitat, and the potential long-term secondary risks to hundreds of
miles of downstream waters for a hardrock mine. It does not seem to be in the short- or longterm interest of the public to trade sustainable resources that have provided permanent
employment for commercial and sport fisheries, and subsistence for native Alaskans for many
generations for a foreign-based industrial operation that would operate for as few as 25 years and
destroy a portion of these renewable resources while creating a more-or-less permanent risk to
those that would remain when the mine closes and its sponsors leave.
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EPA should initiate action proactively under its 404(c) authority to restrict mining the Pebble
deposit to reduce the likelihood that unacceptable environmental impacts will occur. Such action
would also guide the sponsors of proposals to mine the Pebble deposit to avoid investing time
and capital into proposals that are unlikely to qualify for permitting, and that might expose
taxpayers to a serious risk of having to eventually pay cleanup costs for the site (U.S.
Government Accounting Office 2006). EPA has previously undertaken 404(c) actions where the
potential impacts were far less than the potential impacts (area impacted, habitat impacted,
adverse fishery impacts, etc.) associated with very large-scale proposals to mine the Pebble
deposit (Table 3). One of the criticisms associated with earlier EPA 404(c) actions was that the
EPA waited too long to take action; this extended time cost project proponents millions of
dollars and consumed valuable human resources.
We recommend that EPA develop and adopt specific prohibitions and restrictions on mining the
Pebble deposit to provide a road map for responsible development and protection of the valuable
fishery resources. The following protections, at a minimum, are recommended.

6/ %"''&%"%"% '%%" ' #"&''"*
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As stated earlier, the authors could find no record of any CWA Section 404 permits being issued
within Region 10, including Alaska, authorizing such large-scale filling and destruction of wild
salmon habitat. Only minor fills for road crossings have been permitted, and none of these
impacts were considered significant, individually or cumulatively. Those associated with mining
the Pebble deposit would be very significant.
Rather than permit the direct destruction of salmon habitat, the nation has invested millions upon
millions of dollars to restore wild salmon habitat. Currently a major investment of federal
taxpayer’s dollars is going toward the removal of two large dams on the Elwha River on the
Olympic Peninsula of Washington, with the sole purpose of restoring wild salmon runs. The
Condit dam on the White Salmon River in Washington is also being dismantled, and in the
Klamath Basin in Oregon, a similar effort is underway to remove dams and restore wild salmon
runs. Also, concerning the Columbia River, a federal judge has repeatedly ordered federal
agencies (National Marine Fisheries Service, Corps of Engineers, and Bonneville Power
Administration) to revise recovery plans under the Endangered Species Act to promote the
restoration of many historical runs of threatened and endangered salmon and steelhead, despite
the enormous costs involved.
Even at the smallest 25-year conceptual design described in Wardrop (2011), mining the Pebble
deposit would directly destroy or degrade many miles of salmon spawning and rearing habitat
via excavations and dewatering the mine pit and the discharge of fill material for waste rock
dumps and tailings disposal facilities. Many additional miles of anadromous fish habitat would
likely be indirectly degraded due to hydrologic modifications (Ecology and Environment 2010).
These spawning and rearing habitats are part of a larger aquatic ecosystem that supports the
world’s number one wild sockeye salmon fishery, a significant part of a statewide fishery with an
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overall value of several hundred millions of dollars annually (U.S. Environmental Protection
Agency et.al. 1994). Such direct and indirect loss of salmon habitat could only occur if
authorized by a Department of the Army permit pursuant to Section 404 of the CWA.
EPA should clearly communicate that the destruction of wild salmon habitat associated with
construction and operation of a mine to extract copper and associated minerals from the Pebble
deposit would not be permitted as it very clearly constitutes significant degradation of an
irreplaceable aquatic resource of national, indeed international, significance and hence would not
comply with 40 CFR 230.10(c).
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As stated earlier, the EPA and Corps of Engineers are presently using a definition of fill material,
adopted in 2002, that specifically includes “placement of overburden, slurry, or tailings or
similar mining-related materials....” as fill material subject to the requirements of CWA Section
404 (67 FR 31192). The requirements of the Guidelines require that the discharge of any fill
material to waters of the United States must be determined to be clean fill material that will not
cause or contribute to violations of applicable water quality criteria.
As discussed in previous sections of this report, the data available to date indicate that tailings
and waste rock would leach copper and much of the waste rock would be potentially acidgenerating. The one tailings impoundment site that has been identified is underlain by relatively
porous material and is saturated at the surface over much of the area. Although it is early in the
mine planning process and more testing of the proposed mine waste fill material is no doubt
underway, EPA should be clear that contaminated fill material that may cause acid mine
drainage and/or leach toxic metals cannot be permitted under Section 404 of the CWA.
Accordingly, EPA should clearly articulate its expectation and firm position that any mine
wastes from mining the Pebble deposit that are proposed to be discharged to the wetlands and
streams within the project area must demonstrate unequivocally that such wastes:
• will not cause acid mine drainage. Acid-base accounting shows NP/AP ratio (neutralization
potential vs. acid-generating potential) greater than 3:1 and long-term humidity cell tests on
all waste products demonstrate no potential for acidification over time;
• will not leach metals in toxic amounts. Long-term humidity cell and column leach tests
demonstrate that leachate from all waste products will meet Water Quality Criteria (WQC)
protective of aquatic life; and
• will not have acute or chronic effects on aquatic organisms. Appropriate freshwater
bioassays such as amphipod (Hyalella Azteca) and chironimid (Chironomus dilutus) show
no significant mortality or abnormal growth effects.
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Failure to pass these and other tests designed to determine the acute and chronic toxicity of
dredged or fill material would require project proponents to dispose of and store their waste
products in confined disposal sites approved by EPA, the Corps of Engineers and the State of
Alaska. These are highly engineered facilities that, for a mining project, require impervious
tailings dams and a fully lined tailings impoundment with internal drains to direct contaminated
seepage to seepage/leachate-collection ponds for eventual treatment to meet regulatory
requirements.
Providing proper containment of mine wastes that do not meet testing requirements described
above would help to achieve the Guidelines requirements regarding water quality [40 CFR
230.10(b) and minimizing impacts [40 CFR 230.10(d)]. As such an approach would entail 404
authorization for the placement of an engineered liner as fill material in lieu of mine waste
material, any questions regarding invoking the waste treatment exclusion would be moot. The
waters of the United States under consideration would, if 404 authorization was granted, have
already been removed from jurisdiction prior to the discharge of any mining waste byproducts.
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Based upon the data available, it cannot be determined at this time how long wastewater
associated with the mine waste (tailings and waste rock) fill material would require treatment
before project site water quality returns to pre-project levels. As stated by Northern Dynasty
Mines, Inc. (2005a) “the overall timeframe for acidification of waste rock from the Pebble
Project appears to vary from zero to forty years.” Given the potential for mining up to and
beyond the 78-year scenario, it is highly conceivable that wastewater treatment facilities on a
massive scale would be required for well over a century. There is significant uncertainty
regarding how long and in what quantities metals, including potentially billions of pounds of
copper, may leach from tailings and waste rock. At many abandoned mine sites throughout the
American west, acid mine drainage contaminated with metals has persisted for decades without
abatement (U.S. Government Accounting Office 2006). Given the extraordinarily high value of
the fisheries resources of the Bristol Bay watershed and their increasing rarity worldwide, as well
as the enormous and unprecedented quantity of potentially acid-generating and copper-leaching
mine waste that mining the Pebble deposit would produce, state and federal regulators should
have a firm understanding of how long project permits and associated wastewater treatment
would be required prior to granting any potentially “open-ended” permits.
To the best of our knowledge, no currently permitted and operating mine in Alaska or anywhere
in EPA Region 10 has received CWA permits with the understanding and/or expectation that
wastewater discharges from such facilities (e.g., tailings ponds) would require treatment in
perpetuity. Only the Red Dog lead and zinc mine in northwest Alaska is now anticipated to be in
that unfortunate category (personal communication, Patricia McGrath, former Regional Mining
Coordinator, EPA Region 10, Sept. 29, 2011).
However, when the Red Dog mine was originally permitted in the 1980’s, there were no
requirements for a reclamation plan (now a State of Alaska requirement). Nevertheless, the mine
operator, Cominco, did develop a conceptual closure plan that anticipated treating and draining
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all tailings pond water and then allowing the tailings and associated mine waste piles to freeze
(Red Dog Mine FEIS, 1984). The mine is 100 miles north of the Arctic Circle, in an area
predominated by permafrost. Unfortunately, the project planners did not anticipate the
exothermic reaction that occurs when sulfides contained in the ore, tailings and waste rock
contact the atmosphere and oxidize. This chemical reaction at the Red Dog mine has generated
so much heat that studies are now underway to determine the extent to which permafrost beneath
the tailings impoundment may be melting. In fact, the waste rock piles have literally caught fire
from heat generated by these chemical reactions.
Other considerations argue for a clear prohibition against permitting projects whose wastewater
treatment needs are likely to persist for many decades if not centuries after operations cease,
including:
• Financial bonding for wastewater treatment at the magnitude currently envisioned would be
exceedingly difficult, perhaps impossible, to obtain (U.S. Government Accounting Office
2006). The liabilities associated with guaranteeing water quality and flow regimes far into
the future for waters that support an anadromous fishery of such immense value would
certainly be greater than for any mining facility permitted to date (Table 1);
• The states of Michigan and New Mexico have already enacted regulations that prohibit
permitting mining projects if it cannot be determined with certainty when treatment would
no longer be required. This policy should be emulated at the federal level; and
• The State of Washington Pollution Control Hearings Board overturned state water quality
and water rights permits for the Crown Jewel open-pit gold mine project in Okanogan
County based on predictions that the pit lake water would require treatment in perpetuity.
As stated by Tom Fitzsimmons, then Director of the Washington State Department of
Ecology “Many projects rely on scientific modeling to predict how the environment might
be harmed or altered and ways to compensate for those effects. The board's decision
signals that proponents of these kinds of projects must be prepared to thoroughly tackle
questions of uncertainty when developing plans to restore lands where the environment is
markedly changed.”
In summary, we conclude that on-going proposals to mine the Pebble deposit would not qualify
for permitting under the Clean Water Act regulations pursuant to Section 404. We believe there
are less damaging alternatives to extract copper and associated minerals that are available to the
project proponents. We also believe that the short- and long-term challenges associated with the
isolation, capture, and treatment of leachate and runoff from tailings, waste rock, and the mine
pit present a high risk of violating water quality criteria. The direct losses of fish and wildlife
habitat would far exceed that of any private development for which EPA has exercised its 404(c)
authority in the past, and there appear to be few if any means to offset these losses within the
Bristol Bay watershed. Simply put, on-going proposals to mine the Pebble deposit would have
unacceptable adverse effects on waters of the United States.
In reaching our conclusions, we have relied primarily upon information developed by companies
seeking to extract copper and associated minerals from the Pebble deposit, but we also recognize
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that there is, as yet, no formal proposal and that it is not possible for us to predict exactly where
regulated discharges will be proposed. Similarly we recognize that there are other mineral
claims within the watershed that could also be proposed for mining.
In recognition of these uncertainties, we have focused on what is known. We know that the
Bristol Bay watershed supports an unparalleled anadromous fishery resource and that the river
systems that emanate from the area of the Pebble deposit are known habitat for these
anadromous fishes. We know that the size and geochemical nature of the Pebble deposit will
lead to discharges of unprecedented quantities of mine waste, with the potential to develop acid
mine drainage and leach copper, that will need to be stored in perpetuity within and adjacent to
wild salmon spawning and rearing habitat.
Given the present uncertainty of the specifics of plans to mine the Pebble deposit compared to
the certainty of environmental risks, we have concluded that the most positive regulatory and
environmental action that EPA can take is to proactively adopt restrictions on mining the Pebble
deposit – restrictions that are well within EPA’s existing authorities and consistent with its
existing policies – to protect the known fishery resources and to minimize the risks to those
fishery resources from hardrock mining.
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^ĐŝĞŶƚŝĨŝĐŽŶĐĞƌŶƐďŽƵƚƚŚĞƌĂĨƚ/^ĨŽƌƚŚĞWƌŽƉŽƐĞĚWĞďďůĞDŝŶĞ
:ƵŶĞϭϳ͕ϮϬϭϵ
ƌ͘ĂŶŝĞů͘^ĐŚŝŶĚůĞƌ͕WƌŽĨĞƐƐŽƌ͕^ĐŚŽŽůŽĨƋƵĂƚŝĐĂŶĚ&ŝƐŚĞƌǇ^ĐŝĞŶĐĞƐ͕hŶŝǀĞƌƐŝƚǇŽĨtĂƐŚŝŶŐƚŽŶ͕
^ĞĂƚƚůĞ͕t
ĚĞƐĐŚŝŶĚΛƵǁ͘ĞĚƵ͕ϮϬϲͲϲϭϲͲϲϳϮϰ;KĐƚͲDĂǇͿ͕ϵϬϳͲϴϰϮͲϱϯϴϬ;:ƵŶĞͲ^ĞƉƚͿ
,ĞƌĞ/ƉƌŽǀŝĚĞĂůŝƐƚŽĨŵǇƉƌŝŵĂƌǇĐŽŶĐĞƌŶƐĂďŽƵƚƚŚĞƚĞĐŚŶŝĐĂůƋƵĂůŝƚǇŽĨƚŚĞƌĂĨƚŶǀŝƌŽŶŵĞŶƚĂů/ŵƉĂĐƚ
^ƚĂƚĞŵĞŶƚ;/^ͿƌĞůĞĂƐĞĚďǇƚŚĞh^ƌŵǇŽƌƉƐŽĨŶŐŝŶĞĞƌƐƚŽĂƐƐĞƐƐƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂůƌŝƐŬƐŽĨƚŚĞ
ƉƌŽƉŽƐĞĚWĞďďůĞDŝŶĞŝŶƌŝƐƚŽůĂǇ͕ůĂƐŬĂ͘tŚŝůĞƚŚĞƌĞĂƌĞŵĂŶǇŝŶĐŽŶƐŝƐƚĞŶĐŝĞƐĂŶĚŝŶĂĚĞƋƵĂĐŝĞƐŝŶ
ƚŚĞ/^͕/ŚĂǀĞĨŽĐƵƐĞĚŽŶŵǇƉƌŝŵĂƌǇƉŽŝŶƚƐŽĨĐŽŶĐĞƌŶŚĞƌĞ͘
/ĂŵĂƉƌŽĨĞƐƐŽƌŝŶƚŚĞ^ĐŚŽŽůŽĨƋƵĂƚŝĐĂŶĚ&ŝƐŚĞƌǇ^ĐŝĞŶĐĞƐĂƚƚŚĞhŶŝǀĞƌƐŝƚǇŽĨtĂƐŚŝŶŐƚŽŶŝŶ^ĞĂƚƚůĞ͘
/ĂŵĂWƌŝŶĐŝƉĂů/ŶǀĞƐƚŝŐĂƚŽƌŽĨƚŚĞhtůĂƐŬĂ^ĂůŵŽŶWƌŽŐƌĂŵ͕ǁŚŝĐŚŚĂƐƐƚƵĚŝĞĚƚŚĞĞĐŽůŽŐǇŽĨƐĂůŵŽŶ
ĂŶĚƚŚĞŝƌǁĂƚĞƌƐŚĞĚƐŝŶǁĞƐƚĞƌŶůĂƐŬĂƐŝŶĐĞϭϵϰϲ͘/ŚĂǀĞǁŽƌŬĞĚŝŶƚŚĞƐĞĞĐŽƐǇƐƚĞŵƐƐŝŶĐĞϭϵϵϳĂŶĚ
ƐƉĞŶĚŽǀĞƌϯŵŽŶƚŚƐŽĨƚŚĞǇĞĂƌŝŶƚŚĞĨŝĞůĚŝŶƌŝƐƚŽůĂǇ͕ƉĞƌĨŽƌŵŝŶŐƌĞƐĞĂƌĐŚŽŶƚŚĞŚĂďŝƚĂƚĂŶĚĞĐŽůŽŐǇ
ŽĨƐĂůŵŽŶĂŶĚƚŚĞƐƉĞĐŝĞƐǁŝƚŚǁŚŝĐŚƚŚĞǇŝŶƚĞƌĂĐƚ͘DǇĐŽŶĐĞƌŶƐĚĞƐĐƌŝďĞĚŚĞƌĞĚƌĂǁŽŶƚŚŝƐϳϱǇĞĂƌƐŽĨ
ŝŶƐƚŝƚƵƚŝŽŶĂůĞǆƉĞƌŝĞŶĐĞĂŶĚĂůŵŽƐƚϯϬǇĞĂƌƐŽĨƉĞƌƐŽŶĂůƐĐŝĞŶƚŝĨŝĐĞǆƉĞƌŝĞŶĐĞǁŽƌŬŝŶŐŽŶƚŚĞĞĐŽůŽŐǇŽĨ
ƐĂůŵŽŶĞĐŽƐǇƐƚĞŵƐĂůŽŶŐƚŚĞǁĞƐƚĐŽĂƐƚŽĨEŽƌƚŚŵĞƌŝĐĂ͘
dŽƐƵŵŵĂƌŝǌĞ͕ƚŚĞ/^ŝƐŶŽƚĂƌŝŐŽƌŽƵƐƐĐŝĞŶƚŝĨŝĐĂƐƐĞƐƐŵĞŶƚŽĨƚŚĞƌŝƐŬƐŽĨƚŚĞWĞďďůĞƉƌŽũĞĐƚƚŽƚŚĞ
ǁĂƚĞƌƋƵĂůŝƚǇ͕ĨŝƐŚĞƌŝĞƐ͕ĂŶĚƉĞŽƉůĞŽĨƚŚĞEƵƐŚĂŐĂŬĂŶĚ<ǀŝĐŚĂŬǁĂƚĞƌƐŚĞĚƐ͘dŚƌŽƵŐŚĂƐĞƌŝĞƐŽĨĨĂƵůƚǇ
ĂƐƐƵŵƉƚŝŽŶƐĂŶĚĂƐƐĞƐƐŵĞŶƚĂƉƉƌŽĂĐŚĞƐ͕ƚŚĞ/^ŚĂƐĂƌƌŝǀĞĚĂƚƚŚĞƉƌĞŵĂƚƵƌĞĐŽŶĐůƵƐŝŽŶƚŚĂƚƚŚĞƌĞĂƌĞ
ŶŽůŽŶŐͲƚĞƌŵƐƵďƐƚĂŶƚŝĂůƌŝƐŬƐŽĨƚŚŝƐƉƌŽũĞĐƚƚŽƌŝƐƚŽůĂǇĞĐŽƐǇƐƚĞŵƐ͘dŚŝƐĐŽŶĐůƵƐŝŽŶŝƐŶŽƚƐƵƉƉŽƌƚĞĚ
ďǇƚŚĞƐĐŝĞŶĐĞƚŚĂƚƐŚŽƵůĚďĞƵŶĚĞƌĐŽŶƐŝĚĞƌĂƚŝŽŶ͘/ƚŝƐƵŶĚĞŶŝĂďůĞ͕ďĂƐĞĚŽŶƚŚĞĚĂƚĂĂŶĚŝŶĨŽƌŵĂƚŝŽŶ
ĂǀĂŝůĂďůĞ͕ ƚŚĂƚ ƚŚĞ ůŽŶŐͲƚĞƌŵ ƌŝƐŬƐ ŽĨ ƚŚĞ WĞďďůĞ ƉƌŽũĞĐƚ ƚŽ ƚŚĞ EƵƐŚĂŐĂŬ ĂŶĚ <ǀŝĐŚĂŬ ǁĂƚĞƌƐŚĞĚƐ ĂƌĞ
ƐƵďƐƚĂŶƚŝĂůůǇŚŝŐŚĞƌƚŚĂŶƚŚĞ/^ŚĂƐĐŽŶĐůƵĚĞĚ͘
dŚĞ WĞďďůĞ /^ ĨĂůůƐ ĚŝƐƚŝŶĐƚůǇ ƐŚŽƌƚ ŽĨ ƚŚĞ ŝŶƚĞŶĚĞĚ ƌŝŐŽƌ ŽĨ ƚŚĞ EW ĂƐƐĞƐƐŵĞŶƚ ƉƌŽĐĞƐƐ͘ /Ĩ ƚŚŝƐ
ĂƐƐĞƐƐŵĞŶƚǁĂƐƐƵďŵŝƚƚĞĚƚŽƚŚĞƐƚĂŶĚĂƌĚƐĐŝĞŶƚŝĨŝĐƉĞĞƌƌĞǀŝĞǁƉƌŽĐĞƐƐ͕/ďĞůŝĞǀĞŝƚǁŽƵůĚďĞƐŽƵŶĚůǇ
ƌĞũĞĐƚĞĚĂŶĚĨŽƵŶĚƚŽďĞƵŶƉƵďůŝƐŚĂďůĞŝŶƚŚĞƐĐŝĞŶƚŝĨŝĐůŝƚĞƌĂƚƵƌĞ͘
/ďĞůŝĞǀĞƚŚĞ/^ĨŽƌWĞďďůĞDŝŶĞƐŚŽƵůĚďĞƌĞũĞĐƚĞĚďĂƐĞĚŽŶƚŚĞĐŽŵƉůĞƚĞůĂĐŬŽĨƌŝŐŽƌŽĨƚŚĞƐĐŝĞŶĐĞ
ŝŶƚŚŝƐĂƐƐĞƐƐŵĞŶƚ͘dŚĞƌĞŝƐƚŽŽŵƵĐŚĂƚƐƚĂŬĞĨŽƌůĂƐŬĂĨŽƌƐƵĐŚĂĐĂƌĞůĞƐƐĂƐƐĞƐƐŵĞŶƚƚŽďĞƵƐĞĚŝŶƚŚĞ
ĚĞĐŝƐŝŽŶͲŵĂŬŝŶŐƉƌŽĐĞƐƐ͘/ďĞůŝĞǀĞƚŚĞ/^ƐŚŽƵůĚďĞƌĞͲǁƌŝƚƚĞŶ͕ƵƐŝŶŐĂŵŽƌĞĚĞĨĞŶƐŝďůĞƐĞƚŽĨƐƚĂƌƚŝŶŐ
ĂƐƐƵŵƉƚŝŽŶƐĂŶĚŵŽƌĞƌŝŐŽƌŽƵƐĂƐƐĞƐƐŵĞŶƚĂďŽƵƚƚŚĞƌŝƐŬƐŽĨƚŚŝƐƉƌŽƉŽƐĞĚƉƌŽũĞĐƚ͘
DǇƚĞŶƉƌŝŵĂƌǇĐŽŶĐĞƌŶƐĂďŽƵƚƚŚĞ/^ĂƌĞůŝƐƚĞĚďĞůŽǁ͘

ϭ͘ dŚĞ/^ĂƐƐƵŵĞƐƚŽŽƐŚŽƌƚĂƚŝŵĞĨƌĂŵĞŽǀĞƌǁŚŝĐŚƚŽĞǀĂůƵĂƚĞƌŝƐŬƐ
/ŶĂƐƐĞƐƐŝŶŐƚŚĞƌŝƐŬƐŽĨƚŚĞWĞďďůĞDŝŶĞ͕ƚŚĞ/^ĂƐƐƵŵĞƐƚŚĂƚƚŚĞŵŝŶĞĐĂŶďĞĐŽŶƐƚƌƵĐƚĞĚ͕ƚŚĞŽƌĞ
ƌĞŵŽǀĞĚ͕ ĂŶĚ ƚŚĞ ƐŝƚĞ ĚĞĐŽŵŵŝƐƐŝŽŶĞĚ ŝŶ ĂďŽƵƚ ϱϬ ǇĞĂƌƐ͘ dŚĞ /^ ĨƵƌƚŚĞƌ ĂƐƐƵŵĞƐ ƚŚĂƚ ŶĞĂƌůǇ Ăůů
ŝŵƉŽƌƚĂŶƚƌŝƐŬƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚŝƐƉƌŽũĞĐƚǁŝůůŽĐĐƵƌŽŶůǇĚƵƌŝŶŐƚŚŝƐƚŝŵĞƉĞƌŝŽĚ͘&ŽƌƐĞǀĞƌĂůƌĞĂƐŽŶƐ͕
ƚŚŝƐŝƐƚŚĞŵŽƐƚŐůĂƌŝŶŐƉƌŽďůĞŵǁŝƚŚƚŚĞ/^͘tŚŝůĞďŽƵŶĚĂƌǇĐŽŶĚŝƚŝŽŶƐŶĞĞĚƚŽďĞĞƐƚĂďůŝƐŚĞĚŝŶĂŶǇ
ƌŝƐŬ ĂƐƐĞƐƐŵĞŶƚ ;Ğ͘Ő͕͘ ĨŽƌ ŚŽǁ ůŽŶŐ͕ ĂŶĚ ŽǀĞƌ ǁŚĂƚ ƐƉĂƚŝĂů ĂƌĞĂ ƚŚĞ ƉƌŽũĞĐƚ ŵĂǇ ŚĂǀĞ ĞĨĨĞĐƚƐͿ͕ ƚŚĞ
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ƵŶƌĞĂůŝƐƚŝĐĂůůǇƐŚŽƌƚƚŝŵĞĨƌĂŵĞĂƐƐƵŵĞĚŝŶƚŚĞWĞďďůĞ/^ůĞĂĚƐŝŶĞǀŝƚĂďůǇƚŽĂĐŽŶĐůƵƐŝŽŶŽĨŶĞŐůŝŐŝďůĞ
ƌŝƐŬ͘dŚŝƐŝƐĂƐĞƌŝŽƵƐŽǀĞƌƐŝŐŚƚĂŶĚƐŝŵƉůǇŝŐŶŽƌĞƐǁŚĂƚƚŚĞĞǆŝƐƚŝŶŐĚĂƚĂŽŶƚŚĞŶĂƚƵƌĞŽĨƚŚĞŵŝŶĞƌĂů
ĚĞƉŽƐŝƚ͕ĂŶĚƚŚĞĞĐŽůŽŐǇŽĨƚŚĞĂƌĞĂ͕ƚĞůůƵƐĂďŽƵƚƚŚĞƌŝƐŬƐ͘DŽƐƚƌŝƐŬƐĨƌŽŵƚŚŝƐŵŝŶĞǁŝůůŶŽƚďĞĐŽŵĞ
ĞǀŝĚĞŶƚĨŽƌƐĞǀĞƌĂůĚĞĐĂĚĞƐĂĨƚĞƌƚŚĞƉƌŽƉŽƐĞĚŵŝŶĞŚĂƐĐůŽƐĞĚ͘
^ĞǀĞƌĂůŝƐƐƵĞƐŵĂŬĞƚŚĞĂƐƐƵŵĞĚƚŝŵĞĨƌĂŵĞĂŐƌŽƐƐƵŶĚĞƌĞƐƚŝŵĂƚĞŽĨƚŚĞ ƚŝŵĞ ĨƌĂŵĞƚŚĂƚƐŚŽƵůĚďĞ
ĐŽŶƐŝĚĞƌĞĚŝŶƚŚĞ/^͘&ŝƌƐƚ͕ŵƵĐŚŽĨƚŚĞǁĂƐƚĞƌŽĐŬŵĂƚĞƌŝĂůƚŚĂƚǁŝůůďĞƉƌŽĚƵĐĞĚĨƌŽŵƚŚŝƐŵŝŶĞǁŝůů
ŐĞŶĞƌĂƚĞĂĐŝĚŵŝŶĞĚƌĂŝŶĂŐĞ;DͿʹĂƚŽǆŝĐĐŽĐŬƚĂŝůŽĨƐƵůĨƵƌŝĐĂĐŝĚĂŶĚŚĞĂǀǇŵĞƚĂůƐƐƵĐŚĂƐƌĞƐŝĚƵĂů
ĐŽƉƉĞƌĂŶĚĐĂĚŵŝƵŵ͘dŚĞŽƌĞƚŽďĞŵŝŶĞĚŝƐƌŝĐŚŝŶƐƵůĨŝĚĞƐǁŚŝĐŚ͕ǁŚĞŶĞǆƉŽƐĞĚƚŽŽǆǇŐĞŶĂŶĚǁĂƚĞƌ͕
ǁŝůůƉƌŽĚƵĐĞƐƵůĨƵƌŝĐĂĐŝĚǁŚŝĐŚǁŝůůďŽƚŚŵĂŬĞǁĂƚĞƌƐĂĐŝĚŝĐĂŶĚĂůƐŽĚŝƐƐŽůǀĞƌĞƐŝĚƵĂůƚŽǆŝĐŚĞĂǀǇŵĞƚĂůƐ
ƚŚĂƚƉŽƐĞĚŝƐƚŝŶĐƚƌŝƐŬƐƚŽǁĂƚĞƌƋƵĂůŝƚǇĂŶĚĨŝƐŚ͘dŚŝƐŝƐŬŶŽǁŶǁŝƚŚĂůŵŽƐƚϭϬϬйĐĞƌƚĂŝŶƚǇďƵƚŚŽǁƚŚĞ
ǁĂƐƚĞƐ ǁŝůů ďĞ ĐŽŶƚĂŝŶĞĚ ĂŶĚ ŵĂŝŶƚĂŝŶĞĚ͕ ŽǀĞƌ ŐĞŽĐŚĞŵŝĐĂůůǇͲƌĞůĞǀĂŶƚ ƚŝŵĞ ƐĐĂůĞƐ ;ŝ͘Ğ͘ ĐĞŶƚƵƌŝĞƐͿ͕ ŝƐ
ŐůŽƐƐĞĚŽǀĞƌŝŶƚŚĞ/^͘
tŚŝůĞ WĞďďůĞ >ŝŵŝƚĞĚ WĂƌƚŶĞƌƐŚŝƉ͛Ɛ ŽǁŶ ĚĂƚĂ ŽŶ ƚŚĞ ĐŽŵƉŽƐŝƚŝŽŶ ŽĨ ƚŚĞ ŽƌĞ ĚĞƉŽƐŝƚ ƐŚŽǁ ǁŝƚŚ ŶĞĂƌ
ĐĞƌƚĂŝŶƚǇƚŚĂƚŵƵĐŚŽĨƚŚĞǁĂƐƚĞǁŝůůƉƌŽĚƵĐĞD͕ŝƚǁŝůůůŝŬĞůǇƚĂŬĞŵŽƌĞƚŚĂŶϮĚĞĐĂĚĞƐƚŽƐƚĂƌƚĚŽŝŶŐ
ƐŽ͘dŚƵƐ͕ŝŶƚŚĞƐŚŽƌƚͲƚĞƌŵǁŚŝůĞƚŚĞWĞďďůĞƉƌŽũĞĐƚŝƐŝŶŝƚŝĂůůǇĐŽŶƐƚƌƵĐƚĞĚĂŶĚĂĐƚŝǀĞůǇŵŝŶĞĚ͕ƚŚĞƌĞŵĂǇ
ďĞůŝƚƚůĞŝŶĚŝĐĂƚŝŽŶŽĨƚŚĞƐĞǀĞƌŝƚǇŽĨƚŚĞƚŽǆŝĐDƚŚĂƚǁŝůůĞǀĞŶƚƵĂůůǇďĞƉƌŽĚƵĐĞĚ͕ĂŶĚǁŝůůĐŽŶƚŝŶƵĞƚŽ
ďĞƉƌŽĚƵĐĞĚĨŽƌĐĞŶƚƵƌŝĞƐ͘ƉƌŽƉĞƌ/^ǁŽƵůĚĞǆƉůŝĐŝƚůǇĂĐĐŽƵŶƚĨŽƌƚŚĞŶĞĞĚĨŽƌƉĞƌƉĞƚƵĂůƐƚŽƌĂŐĞĂŶĚ
ŵĂŝŶƚĞŶĂŶĐĞŽĨƚŚĞƐĞƚĂŝůŝŶŐƐ͘ZŝƐŬƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƌĞƚĂŝŶŝŶŐĂŶĚŵĂŝŶƚĂŝŶŝŶŐƚŚĞƐĞƚĂŝůŝŶŐƐǁŝůůĞǆƚĞŶĚ
ŽǀĞƌĐĞŶƚƵƌŝĞƐʹŶŽƚƚŚĞϱϬͲǇĞĂƌƚŝŵĞƉĞƌŝŽĚĂƐƐƵŵĞĚďǇƚŚĞ/^͘dŚĞ/^ƐŚŽƵůĚďĞƌĞũĞĐƚĞĚďĂƐĞĚŽŶ
ƚŚŝƐƐŝŵƉůĞĨĂĐƚĂůŽŶĞ͘
DĂŶǇŽĨƚŚĞŝŵƉĂĐƚƐŽĨƚŚĞŵŝŶĞĂŶĚŝƚƐĞǆƚĞŶĚĞĚŝŶĨƌĂƐƚƌƵĐƚƵƌĞ;ŝ͘Ğ͕ƌŽĂĚƐ͕ƉŝƉĞůŝŶĞ͕ĨĞƌƌǇƚĞƌŵŝŶĂůͿŽŶ
ĨŝƐŚŚĂďŝƚĂƚǁŝůůĂůƐŽƚĂŬĞĚĞĐĂĚĞƐƚŽĨƵůůǇĚĞǀĞůŽƉ͘&ŽƌĞǆĂŵƉůĞ͕ƌŽĂĚƐǁŝůůŝŵƉĂĐƚƚŚĞŵŽǀĞŵĞŶƚŽĨƌŝǀĞƌƐ
ĂŶĚ ƐƚƌĞĂŵƐ ŽŶ ƚŚĞŝƌ ĨůŽŽĚƉůĂŝŶƐ͕ ĂŶĚ ǁŝůů ĐŚĂŶŐĞ ƐƵƌĨĂĐĞ ĂŶĚ ŐƌŽƵŶĚ ǁĂƚĞƌ ĨůŽǁƐ͘ dŚĞ ŝŵƉĂĐƚƐ ŽĨ
ŝŶĨƌĂƐƚƌƵĐƚƵƌĞŽŶĂƋƵĂƚŝĐŚĂďŝƚĂƚƐǁŝůůůŝŬĞůǇƚĂŬĞĚĞĐĂĚĞƐƚŽĨƵůůǇĚĞǀĞůŽƉ͘dŚƵƐ͕ƚŚĞ/^ŵƵƐƚĐŽŶƐŝĚĞƌĂ
ƐƵďƐƚĂŶƚŝĂůůǇ ůŽŶŐĞƌ ƚŝŵĞ ĨƌĂŵĞ ƚŽ ĨƵůůǇ ĂĐĐŽƵŶƚ ĨŽƌ ĞĨĨĞĐƚƐ ŽŶ ĨŝƐŚ ŚĂďŝƚĂƚ͘ dŚĞ ĂƐƐƵŵĞĚ ϱϬͲǇĞĂƌ ƚŝŵĞ
ĨƌĂŵĞŝƐĚŝƐƚŝŶĐƚůǇƚŽŽƐŚŽƌƚŐŝǀĞŶǁŚĂƚǁĞŬŶŽǁĂďŽƵƚƚŚĞĞĐŽůŽŐǇŽĨƚŚŝƐƌĞŐŝŽŶ͘
Ϯ͘ dŚĞWĞďďůĞDŝŶĞƐŚŽƵůĚďĞĐŽŶƐŝĚĞƌĞĚĂ͚ŐĂƚĞǁĂǇŵŝŶĞ͛ŝŶƚĞƌŵƐŽĨůŽŶŐͲƚĞƌŵŝŵƉĂĐƚƐ
dŚĞ ĐƵƌƌĞŶƚ ŵŝŶĞ ƉůĂŶ ƵŶĚĞƌ ĐŽŶƐŝĚĞƌĂƚŝŽŶ ĨŽƌ ƉĞƌŵŝƚƚŝŶŐ ǁŽƵůĚ ƚĂƌŐĞƚ Ă ƐŵĂůů ĨƌĂĐƚŝŽŶ ŽĨ ƚŚĞ ĞŶƚŝƌĞ
WĞďďůĞŽƌĞĚĞƉŽƐŝƚ͘ǆƉĂŶƐŝŽŶŽĨƚŚŝƐŵŝŶĞŝŶƚŽƚŚĞĚĞĞƉĞƌ͕ŵŽƌĞǀĂůƵĂďůĞ͕ŽƌĞĚĞƉŽƐŝƚƐŝƐǀĞƌǇůŝŬĞůǇ͕
ǁŚŝĐŚŵĞĂŶƐƚŚĂƚƚŚĞŵŽƐƚƚŽǆŝĐǁĂƐƚĞƐ;ŝ͘Ğ͕͘ƚŚŽƐĞƚŚĂƚǁŝůůƉƌŽĚƵĐĞDͿĐĂŶŶŽƚďĞƐƚŽƌĞĚŝŶƚŚĞŵŝŶĞ
ƉŝƚĂƐŝƐĚĞƐĐƌŝďĞĚŝŶƚŚĞĐƵƌƌĞŶƚŵŝŶĞƉůĂŶ͘&ŽƌƚŚĞŵŝŶĞƚŽďĞĞǆƉĂŶĚĞĚŝŶƚŽƚŚĞĚĞĞƉĞƌŽƌĞĚĞƉŽƐŝƚ͕ƚŚĞ
ƉŝƚǁŝůůŶĞĞĚƚŽƌĞŵĂŝŶŽƉĞŶǁŚŝĐŚŵĞĂŶƐƚŚĂƚƚŚĂƚƚŽǆŝĐĂĐŝĚͲŐĞŶĞƌĂƚŝŶŐŵĂƚĞƌŝĂůŵƵƐƚďĞƐƚŽƌĞĚĂďŽǀĞ
ŐƌŽƵŶĚďĞŚŝŶĚĞĂƌƚŚĞŶĚĂŵƐ͘dŚŝƐƉƵƚƐƚŚŝƐǁĂƐƚĞŵĂƚĞƌŝĂůĂƚŚŝŐŚĞƌůŝŬĞůŝŚŽŽĚĨŽƌƉƌŽĚƵĐŝŶŐDĨƵƌƚŚĞƌ
ŝŶĐƌĞĂƐĞƐƚŚĞƌŝƐŬƚŚĂƚDǁŝůůůĞĂŬŝŶƚŽƐƵƌĨĂĐĞͲĂŶĚŐƌŽƵŶĚǁĂƚĞƌƐŽƵƌĐĞƐ͘
ůů/^ƵŶĚĞƌƚŚĞEĂƚŝŽŶĂůŶǀŝƌŽŶŵĞŶƚĂůWƌŽƚĞĐƚŝŽŶĐƚ;EWͿŵƵƐƚĞǆƉůŝĐŝƚůǇƚƌĞĂƚ͞ZĞĂƐŽŶĂďůǇ
&ŽƌĞƐĞĞĂďůĞ&ƵƚƵƌĞĐƚŝŽŶƐ͟;Z&&ͿŽĨĂŶǇƉƌŽũĞĐƚƚŽĂĐĐŽƵŶƚĨŽƌůŽŶŐͲƚĞƌŵƉŽƚĞŶƚŝĂůĞĨĨĞĐƚƐĂŶĚƚŚĞŝƌ
ĂƐƐŽĐŝĂƚĞĚƌŝƐŬƐ͘tŚŝůĞŝƚŝƐƚƌƵĞƚŚĂƚƚŚĞĐƵƌƌĞŶƚŵŝŶĞƉůĂŶŝƐƚŚĞƉƌŽũĞĐƚƵŶĚĞƌĐŽŶƐŝĚĞƌĂƚŝŽŶĨŽƌ
ƉĞƌŵŝƚƚŝŶŐ͕ŝƚŝƐĐůĞĂƌƚŚĂƚŝĨƚŚŝƐƉůĂŶŝƐƉĞƌŵŝƚƚĞĚ͕ŝƚǁŝůůĞŶĂďůĞĨƵƌƚŚĞƌŵŝŶŝŶŐĚĞǀĞůŽƉŵĞŶƚŽĨƚŚĞ
WĞďďůĞĚĞƉŽƐŝƚĂŶĚŽĨŽƚŚĞƌĚĞƉŽƐŝƚƐŝŶƚŚĞƌĞŐŝŽŶ͘dŚƵƐ͕ǁŚĞŶĂĐĐŽƵŶƚŝŶŐĨŽƌZ&&ŝƚŝƐŽŶůǇƌĞƐƉŽŶƐŝďůĞ
ƚŽĐŽŶƐŝĚĞƌƚŚĞWĞďďůĞDŝŶĞĂƐĂ͚ŐĂƚĞǁĂǇŵŝŶĞ͛ǁŚŽƐĞůŽŶŐͲƚĞƌŵĐŽŶƐĞƋƵĞŶĐĞƐŝŶĐůƵĚĞϭͿĞǆƉĂŶƐŝŽŶŽĨ
ƚŚĞŝŶŝƚŝĂůŵŝŶĞƚŽĞǆƚƌĂĐƚƚŚĞĞŶƚŝƌĞWĞďďůĞĚĞƉŽƐŝƚ͕ĂŶĚϮͿƚŚĞŽƉĞŶŝŶŐƵƉŽĨƚŚŝƐƌĞŐŝŽŶƚŽŵƵĐŚ
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ďƌŽĂĚĞƌŵŝŶŝŶŐĂĐƚŝǀŝƚŝĞƐƚŚĂƚǁŽƵůĚďĞĞŶĂďůĞĚďǇĐŽŶƐƚƌƵĐƚŝŽŶŽĨƚŚĞŝŶĨƌĂƐƚƌƵĐƚƵƌĞƐĞƌǀŝŶŐƚŚĞŝŶŝƚŝĂů
ŵŝŶĞ;ŝ͘Ğ͕͘ƌŽĂĚƐ͕ƉŝƉĞůŝŶĞƐ͕ĞůĞĐƚƌŝĐŝƚǇ͕ĞƚĐ͘Ϳ͘dŚĞƌŝƐŬƐŽĨƚŚĞƐĞŝŶĞǀŝƚĂďůĞĂĚĚŝƚŝŽŶĂůĂĐƚŝǀŝƚŝĞƐƚŚĂƚǁŝůůďĞ
ĞŶĂďůĞĚďǇƚŚĞŝŶŝƚŝĂůƉĞƌŵŝƚƚŝŶŐŽĨƚŚĞWĞďďůĞDŝŶĞŵƵƐƚďĞĐŽŶƐŝĚĞƌĞĚŝŶƚŚĞ/^ĂƐƉĂƌƚŽĨƚŚĞZ&&͘
dŚĞ/^ĐƵƌƌĞŶƚůǇƉĂǇƐůŝƚƚůĞĂƚƚĞŶƚŝŽŶƚŽƚŚĞƐĞůŽŶŐͲƚĞƌŵ͕ďƵƚǀĞƌǇůŝŬĞůǇ͕ĨƵƚƵƌĞĚĞǀĞůŽƉŵĞŶƚƐŝŶƚŚĞ
ƌĞŐŝŽŶƚŚĂƚǁŝůůďĞĐĂƚĂůǇǌĞĚďǇƚŚĞŝŶŝƚŝĂůƉĞƌŵŝƚƚŝŶŐŽĨƚŚĞWĞďďůĞƉƌŽũĞĐƚ͘ǇŝŐŶŽƌŝŶŐƚŚĞƐĞZ&&͕ƚŚĞ
/^ĚŝƐƚŝŶĐƚůǇĂŶĚŐƌŽƐƐůǇƵŶĚĞƌĞƐƚŝŵĂƚĞƐůŽŶŐͲƚĞƌŵƌŝƐŬƐƚŽƚŚĞĞĐŽƐǇƐƚĞŵ͘
ϯ͘ dŚĞ/^ĂƐƐƵŵĞƐƚŚĂƚƚŚĞƌĞĂƌĞŶŽŝŶƚĞƌĂĐƚŝŽŶƐĂŵŽŶŐƐƚƌĞƐƐŽƌƐ
/ƚ ŝƐ ďƌŽĂĚůǇ ƵŶĚĞƌƐƚŽŽĚ ŝŶ ĞŶǀŝƌŽŶŵĞŶƚĂů ƐĐŝĞŶĐĞƐ ƚŚĂƚ ŵŽƐƚ ĚĞǀĞůŽƉŵĞŶƚ ĂĐƚŝǀŝƚŝĞƐ ƉƌŽĚƵĐĞ ŵĂŶǇ
ƉŽƐƐŝďůĞƐƚƌĞƐƐŽƌƐƚŽĞĐŽƐǇƐƚĞŵƐ͘/ŶƚŚĞĐĂƐĞŽĨWĞďďůĞDŝŶĞ͕ƚŚŝƐŝŶĐůƵĚĞƐĚĞǁĂƚĞƌŝŶŐƐƚƌĞĂŵƐ͕ĚƌĂŝŶŝŶŐ
ǁĞƚůĂŶĚƐ͕ůĞĂŬĂŐĞŽĨƚŽǆŝĐŵĂƚĞƌŝĂůƐŝŶƚŽǁĂƚĞƌƐŽƵƌĐĞƐ͕ƌŽĂĚƐƉƌĞǀĞŶƚŝŶŐƐƚƌĞĂŵƐĨƌŽŵŵŽǀŝŶŐĂĐƌŽƐƐ
ĨůŽŽĚƉůĂŝŶƐ͕ŝŶĂĚĚŝƚŝŽŶƚŽƚŚĞƉŽƚĞŶƚŝĂůĨŽƌŵŽƌĞĐĂƚĂƐƚƌŽƉŚŝĐĞǀĞŶƚƐƐƵĐŚĂƐĨĂŝůƵƌĞƐŽĨƚĂŝůŝŶŐƐĚĂŵƐ͘
tŚĂƚŚĂƐďĞĐŽŵĞǁŝĚĞůǇĂƉƉƌĞĐŝĂƚĞĚŝƐƚŚĂƚƚŚĞƐĞŵƵůƚŝƉůĞƐƚƌĞƐƐŽƌƐƚǇƉŝĐĂůůǇĂŵƉůŝĨǇƚŚĞĞĨĨĞĐƚƐŽĨĞĂĐŚ
ŽƚŚĞƌǁŚĞŶŐĞŶĞƌĂƚŝŶŐƌŝƐŬƐƚŽƚŚĞĞŶǀŝƌŽŶŵĞŶƚ͕ŝ͘Ğ͕͘ƐƚƌĞƐƐŽƌƐŝŶƚĞƌĂĐƚĂŶĚĐŽŵƉŽƵŶĚĞĂĐŚŽƚŚĞƌ͛ƐĞĨĨĞĐƚƐ
;,ŽĚŐƐŽŶĞƚĂů͘ϮϬϭϵͿ͘dŚĞĐƵƌƌĞŶƚ/^ĂƐƐƵŵĞƐƚŚĂƚĂůůƐƚƌĞƐƐĞƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞWĞďďůĞƉƌŽũĞĐƚŽĐĐƵƌ
ŝŶĚĞƉĞŶĚĞŶƚůǇ͕ĂŶĚĚŽŶŽƚĂŵƉůŝĨǇĞĂĐŚŽƚŚĞƌ͛ƐĞĨĨĞĐƚƐŽŶĞĐŽƐǇƐƚĞŵƐ͘dŚŝƐĂƐƐƵŵƉƚŝŽŶŝŐŶŽƌĞƐĚĞĐĂĚĞƐ
ŽĨƌĞƐĞĂƌĐŚĂŶĚĂƐƐĞƐƐŵĞŶƚŽĨƚŚĞĞĨĨĞĐƚƐŽĨƐŝŵŝůĂƌƉƌŽũĞĐƚƐƚŚĂƚƐŚŽǁĐůĞĂƌůǇƚŚĂƚƚŚĞĞĨĨĞĐƚƐŽĨŵŝŶĞƐ
ŝŶǀŽůǀĞŵƵůƚŝƉůĞƐƚƌĞƐƐŽƌƐƚŚĂƚƚǇƉŝĐĂůůǇŝŶƚĞƌĂĐƚǁŝƚŚŽŶĞĂŶŽƚŚĞƌĂŶĚĂŵƉůŝĨǇƚŚĞƌŝƐŬƐƚŚĂƚĞĂĐŚŝŶĚŝǀŝĚƵĂů
ƐƚƌĞƐƐŽƌĐƌĞĂƚĞƐŽŶŝƚƐŽǁŶ͘dŚŝƐŽǀĞƌƐŝŐŚƚŽĨƚŚĞWĞďďůĞ/^ĂůƐŽůĞĂĚƐƚŽĂƐĞƌŝŽƵƐƵŶĚĞƌĞƐƚŝŵĂƚĞŽĨƚŚĞ
ƉŽƚĞŶƚŝĂů ĞŶǀŝƌŽŶŵĞŶƚĂů ƌŝƐŬƐ ŽĨ ƚŚŝƐ ƉƌŽũĞĐƚ͘  ƉƌŽƉĞƌůǇ ĐŽŶĚƵĐƚĞĚ /^ ǁŽƵůĚ ĂĐĐŽƵŶƚ ĨŽƌ ŝŶƚĞƌĂĐƚŝŽŶƐ
ĂŵŽŶŐƐƚƌĞƐƐŽƌƐĂŶĚŚŽǁƚŚĞƐĞƚƌĂŶƐůĂƚĞŝŶƚŽƌŝƐŬƐƚŽƚŚĞĞĐŽƐǇƐƚĞŵ͕ǁŚŝĐŚǁŽƵůĚŝŶĞǀŝƚĂďůǇďĞŵƵĐŚ
ŚŝŐŚĞƌƚŚĂŶƚŚĞWĞďďůĞ/^ĐƵƌƌĞŶƚůǇĐŽŶĐůƵĚĞƐ͘dŚĞĐƵƌƌĞŶƚƚƌĞĂƚŵĞŶƚŽĨ͚ĐƵŵƵůĂƚŝǀĞƌŝƐŬƐ͛ŝŶƚŚĞ/^
ĨŽĐƵƐĞĚŶĂƌƌŽǁůǇŽŶƚŚĞĂĐĐƵŵƵůĂƚŝŽŶŽĨƐƚƌĞƐƐŽƌƐƚŚƌŽƵŐŚƚŝŵĞ͘/ƚĚŽĞƐŶŽƚŝŶĐůƵĚĞŝŶƚĞƌĂĐƚŝŽŶƐĂŵŽŶŐ
ƐƚƌĞƐƐŽƌƐĂŶĚŝƚƐŚŽƵůĚŝĨƚŚĞƉƵƌƉŽƐĞŝƐƚŽƌŝŐŽƌŽƵƐůǇĂƐƐĞƐƐƌŝƐŬƐƚŽĞĐŽƐǇƐƚĞŵƐ͘
ϰ͘ dŚĞ/^ƌĞůŝĞƐŽŶŝŶĂĚĞƋƵĂƚĞĂƐƐĞƐƐŵĞŶƚŽĨĨŝƐŚŚĂďŝƚĂƚ
ŵĂũŽƌĐŽŵƉŽŶĞŶƚŽĨƚŚĞ/^ĨŽĐƵƐƐĞƐŽŶĞƐƚŝŵĂƚŝŶŐƚŚĞĂŵŽƵŶƚŽĨĨŝƐŚŚĂďŝƚĂƚƚŚĂƚŝƐǀƵůŶĞƌĂďůĞƚŽƚŚĞ
ĚĞǀĞůŽƉŵĞŶƚŽĨWĞďďůĞDŝŶĞ͘dŚĞ/^ĐŽŶĐůƵĚĞƐƚŚĂƚĂƐŵĂůůĨƌĂĐƚŝŽŶŽĨĂƉĞƌĐĞŶƚŽĨĨŝƐŚŚĂďŝƚĂƚŝŶƚŚĞ
<ǀŝĐŚĂŬĂŶĚEƵƐŚĂŐĂŬƌŝǀĞƌǁĂƚĞƌƐŚĞĚƐŝƐǀƵůŶĞƌĂďůĞƚŽŵŝŶŝŶŐĂĐƚŝǀŝƚŝĞƐ͘dŽĂƌƌŝǀĞĂƚƚŚŝƐĐŽŶĐůƵƐŝŽŶ͕ƚŚĞ
/^ĐŽŵƉĂƌĞƐƚŚĞŶƵŵďĞƌŽĨĨŝƐŚƌĞĐĞŶƚůǇŽďƐĞƌǀĞĚŝŶŶĞĂƌďǇƐƚƌĞĂŵƐƚŽƚŚĞĂŐŐƌĞŐĂƚĞŶƵŵďĞƌƚŚĂƚ
ƌĞƚƵƌŶĞĚƚŽƚŚĞĞŶƚŝƌĞǁĂƚĞƌƐŚĞĚ͘dŚŝƐĂƉƉƌŽĂĐŚůĞĂĚƐŝŶĞǀŝƚĂďůǇƚŽƵŶĚĞƌĞƐƚŝŵĂƚŝŶŐƚŚĞǀĂůƵĞŽĨŚĂďŝƚĂƚ
ƚŚĂƚĐŽƵůĚďĞŝŵƉĂĐƚĞĚďǇƚŚĞŵŝŶŝŶŐĂĐƚŝǀŝƚŝĞƐ͘
dŚĞ ƌĞĂƐŽŶ ĨŽƌ ƚŚŝƐ ƵŶĚĞƌĞƐƚŝŵĂƚŝŽŶ ŝƐ ƚŚĂƚ ǁĞ ŬŶŽǁ ĨƌŽŵ ĚĞĐĂĚĞƐ ŽĨ ŵŽŶŝƚŽƌŝŶŐ ŽĨ ƐĂůŵŽŶ͕ ƚŚĂƚ
ƉŽƉƵůĂƚŝŽŶ ĂďƵŶĚĂŶĐĞ ǀĂƌŝĞƐ ƚƌĞŵĞŶĚŽƵƐůǇ ƚŚƌŽƵŐŚ ƚŝŵĞ ŝŶ ĂŶǇ ŝŶĚŝǀŝĚƵĂů ĐŽŵƉŽŶĞŶƚ ŽĨ ŚĂďŝƚĂƚ
;^ĐŚŝŶĚůĞƌ Ğƚ Ăů͘ ϮϬϭϬͿ͘ ,ŽǁĞǀĞƌ͕ Ăůů ƉŽƉƵůĂƚŝŽŶƐ ĚŽ ŶŽƚ ďŽŽŵ ĂŶĚ ďƵƐƚ Ăƚ ƚŚĞ ƐĂŵĞ ƚŝŵĞ͕ ƐŽ ƚŚĂƚ ƚŚĞ
ĂďƵŶĚĂŶĐĞůŽǁƐŝŶŽŶĞŚĂďŝƚĂƚĂƌĞŽĨĨƐĞƚďǇĂďƵŶĚĂŶĐĞŚŝŐŚƐŝŶŽƚŚĞƌŚĂďŝƚĂƚƐ͘tŚĂƚƚŚŝƐŵĞĂŶƐŝƐƚŚĂƚ
ĚŝĨĨĞƌĞŶƚƉŝĞĐĞƐŽĨŚĂďŝƚĂƚĂƌĞŝŵƉŽƌƚĂŶƚĨŽƌƉƌŽĚƵĐŝŶŐĨŝƐŚĂƚĚŝĨĨĞƌĞŶƚƉŽŝŶƚƐŝŶƚŝŵĞ͘dŚƵƐ͕ũƵƐƚďĞĐĂƵƐĞ
ĐĞƌƚĂŝŶŚĂďŝƚĂƚĐƵƌƌĞŶƚůǇƉƌŽĚƵĐĞƐĂƐŵĂůůŶƵŵďĞƌŽĨĨŝƐŚ͕ĚŽĞƐŶŽƚŵĞĂŶŝƚĚŽĞƐŶŽƚŚĂǀĞƚŚĞƉŽƚĞŶƚŝĂů
ƚŽƐƵƉƉŽƌƚŚŝŐŚĞƌĂďƵŶĚĂŶĐĞƐŝŶƚŚĞĨƵƚƵƌĞ͘/ŶĨĂĐƚ͕ůŽŶŐͲƚĞƌŵĚĂƚĂŽŶƌŝƐƚŽůĂǇƌŝǀĞƌƐƐŚŽǁƐƚŚĂƚůŽĐĂů
ĂďƵŶĚĂŶĐĞƐĐĂŶǀĂƌǇϭϬϬǆŽǀĞƌĚĞĐĂĚĞͲůŽŶŐƚŝŵĞƐĐĂůĞƐ͘dŚƵƐ͕ƉƌŽƉĞƌůǇĨƵŶĐƚŝŽŶŝŶŐǁĂƚĞƌƐŚĞĚƐƐŚŽƵůĚ
ďĞ ǀŝĞǁĞĚ ĂƐ ŚĂďŝƚĂƚ ƉŽƌƚĨŽůŝŽƐ͕ ǁŚĞƌĞďǇ ƚŚĞ ƐƵƐƚĂŝŶĂďŝůŝƚǇ ŽĨ ƚŚĞ ƌĞŐŝŽŶĂů ƌĞƐŽƵƌĐĞ ĚĞƉĞŶĚƐ ŽŶ ƚŚĞ
ĚŝǀĞƌƐŝƚǇŽĨŚĂďŝƚĂƚƐĂĐƌŽƐƐĂƌŝǀĞƌďĂƐŝŶ;^ĐŚŝŶĚůĞƌĞƚĂů͘ϮϬϭϬ͕ƌĞŶŶĂŶĞƚĂů͘ϮϬϭϵͿ͘dŚĞ/^ĐƵƌƌĞŶƚůǇ
ĚŽĞƐŶŽƚǀŝĞǁƚŚĞƐǇƐƚĞŵŝŶƚŚŝƐĚǇŶĂŵŝĐǁĂǇ͕ƚŚĞƌĞďǇĚŝƐƚŝŶĐƚůǇƵŶĚĞƌĞƐƚŝŵĂƚŝŶŐƚŚĞŝŵƉŽƌƚĂŶĐĞŽĨƐŵĂůů
ĐŽŵƉŽŶĞŶƚƐŽĨŚĂďŝƚĂƚƚŽƚŚĞůŽŶŐͲƚĞƌŵƐƵƐƚĂŝŶĂďŝůŝƚǇŽĨƚŚĞĞĐŽƐǇƐƚĞŵ͘dŚĞ/^ƐŚŽƵůĚďĞƌĞǁƌŝƚƚĞŶƚŽ
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ĂĐĐŽƵŶƚ ĨŽƌ ƚŚĞ ĚǇŶĂŵŝĐ ŶĂƚƵƌĞ ŽĨ ƐĂůŵŽŶ ŚĂďŝƚĂƚ͕ ƚŚĞ ĨĂĐƚ ƚŚĂƚ ŝŶƚĂĐƚ ǁĂƚĞƌƐŚĞĚƐ ŽƉĞƌĂƚĞ ĂƐ ƐŚŝĨƚŝŶŐ
ŚĂďŝƚĂƚ ŵŽƐĂŝĐƐ ;ƌĞŶŶĂŶ Ğƚ Ăů͘ ϮϬϭϵͿ͕ ĂŶĚ ƚŚĂƚ ƚŚĞ ůŽŶŐͲƚĞƌŵ ĨƵƚƵƌĞ ƉŽƚĞŶƚŝĂů ŽĨ ŚĂďŝƚĂƚ ŝƐ ĂƐƐĞƐƐĞĚ
;ƌĂƚŚĞƌƚŚĂŶĐƵƌƌĞŶƚĂďƵŶĚĂŶĐĞŽĨĨŝƐŚǁŚŝĐŚĂƐƐƵŵĞƐĂƐƚĂƚŝĐĞĐŽƐǇƐƚĞŵͿ͘
ϱ͘ 'ƌŽƵŶĚǁĂƚĞƌǆĐŚĂŶŐĞ
dŚĞĂƌĞĂǁŚĞƌĞƚŚĞWĞďďůĞĚĞƉŽƐŝƚŝƐůŽĐĂƚĞĚŚĂƐĞǆƚƌĞŵĞůǇĐŽŵƉůĞǆŐƌŽƵŶĚǁĂƚĞƌĚǇŶĂŵŝĐƐƚŚĂƚǁŝůůďĞ
ĨƵŶĚĂŵĞŶƚĂůůǇĚŝƐƚƵƌďĞĚďǇĂƉƌŽũĞĐƚƚŚĞƐŝǌĞŽĨWĞďďůĞDŝŶĞ͘dŚĞĂƌĞĂŝƐĐŽǀĞƌĞĚŝŶĂƚŚŝĐŬůĂǇĞƌŽĨŐƌĂǀĞůƐ
ƚŚĂƚ ǁĂƐ ĚĞƉŽƐŝƚĞĚ ĚƵƌŝŶŐ ƚŚĞ ůĂƐƚ ŐůĂĐŝĂƚŝŽŶ͕ ƉƌŽĚƵĐŝŶŐ ĐŽŵƉůĞǆ ƐƵƌĨĂĐĞ ĂŶĚ ƐƵďͲƐƵƌĨĂĐĞ ǁĂƚĞƌ ĨůŽǁƐ
ĂĐƌŽƐƐƚŚĞůĂŶĚƐĐĂƉĞ͘dŚĞĚĂƚĂĐŽůůĞĐƚĞĚďǇWĞďďůĞ>WĚĞŵŽŶƐƚƌĂƚĞƚŚŝƐ͕ŝůůƵƐƚƌĂƚŝŶŐĐŽŵƉůĞǆŝƚŝĞƐƐƵĐŚĂƐ
ƚŚĞĨĂĐƚƚŚĂƚƐĞǀĞƌĂůŝŶƚĞƌĂĐƚŝŶŐĂƋƵŝĨĞƌƐĂƌĞĐŽŶŶĞĐƚĞĚǀŝĂƚŚĞŐƌĂǀĞůƐƚŚĂƚǁŝůůďĞŝŵƉĂĐƚĞĚďǇƚŚĞWĞďďůĞ
DŝŶĞ͘
dŚĞĞǆŝƐƚŝŶŐŵŝŶĞƉůĂŶĂĐŬŶŽǁůĞĚŐĞƐƚŚĂƚƚŚĞŵŝŶĞƉŝƚǁŝůůŶĞĞĚƚŽďĞƉƵŵƉĞĚŽƵƚĐŽŶƚŝŶƵŽƵƐůǇƚŽĂůůŽǁ
ƚŚĞĚĞƉŽƐŝƚƚŽďĞǁŽƌŬĂďůĞ͘&ƵƌƚŚĞƌ͕ŝƚǁŝůůďĞŶĞĐĞƐƐĂƌǇƚŽŵĂŝŶƚĂŝŶůŽǁǁĂƚĞƌůĞǀĞůƐŝŶƚŚĞƚĂŝůŝŶŐƐƉŽŶĚ
ƚŽŵĂŝŶƚĂŝŶŶĞŐĂƚŝǀĞŚǇĚƌŽůŽŐŝĐŚĞĂĚƚŽƉƌĞǀĞŶƚDĨƌŽŵƐƉƌĞĂĚŝŶŐĂĐƌŽƐƐƚŚĞůĂŶĚƐĐĂƉĞ͘dŚŝƐŶĞŐĂƚŝǀĞ
ŚǇĚƌŽůŽŐŝĐ ŚĞĂĚ ǁŝůů ďĞ ŵĂŝŶƚĂŝŶĞĚ ďǇ ƉƵŵƉŝŶŐ ǁĂƚĞƌ ŽƵƚ ŽĨ ƚŚĞ ƚĂŝůŝŶŐƐ ƉŽŶĚ͕ ƚƌĞĂƚŝŶŐ ŝƚ͕ ĂŶĚ ƚŚĞŶ
ƌĞůĞĂƐŝŶŐŝƚƚŽĚŽǁŶƐƚƌĞĂŵƐƵƌĨĂĐĞǁĂƚĞƌƐ͘,ŽǁĞǀĞƌ͕ƚŚĞƌĞŝƐĞƐƐĞŶƚŝĂůůǇŶŽĐŽŵƉƌĞŚĞŶƐŝǀĞĂƐƐĞƐƐŵĞŶƚ
ŽĨƚŚĞƌŝƐŬƐŽĨďĞŝŶŐĂďůĞƚŽŵĂŝŶƚĂŝŶƚŚŝƐŶĞŐĂƚŝǀĞŚĞĂĚǁŚŝůĞƐŝŵƵůƚĂŶĞŽƵƐůǇƚƌĞĂƚŝŶŐƚŚĞĞĨĨůƵĞŶƚǁĂƚĞƌ
ƚŽƚŚĞƉŽŝŶƚǁŚĞƌĞŝƚĚŽĞƐŶŽƚƉŽƐĞƌŝƐŬƐƚŽŚĂďŝƚĂƚƐĚŽǁŶƐƚƌĞĂŵ͕ĨŽƌƚŝŵĞƉĞƌŝŽĚƐŵƵĐŚůŽŶŐĞƌƚŚĂŶƚŚĞ
ĂĐƚŝǀĞŵŝŶĞůŝĨĞ͘
tŚĂƚ ŝƐ ĂůƐŽ ŵŝƐƐŝŶŐ ĨƌŽŵ ƚŚĞ /^ ŝƐ ĂŶǇ ĂĐŬŶŽǁůĞĚŐĞŵĞŶƚ ŽĨ ƚŚĞ ƵŶĐĞƌƚĂŝŶƚŝĞƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ
ƵŶĚĞƌƐƚĂŶĚŝŶŐŚŽǁƚŚĞƐĞŐƌŽƵŶĚǁĂƚĞƌĐŽŶŶĞĐƚŝŽŶƐǁŽƌŬƵŶĚĞƌĚŝĨĨĞƌĞŶƚƉƌĞĐŝƉŝƚĂƚŝŽŶƌĞŐŝŵĞƐĂŶĚƵŶĚĞƌ
ĚŝĨĨĞƌĞŶƚŵŝŶŝŶŐĞǆĐĂǀĂƚŝŽŶƐĐĞŶĂƌŝŽƐ͘dŚĞ/^ĂƐƐƵŵĞƐƚŚĂƚǁĞŬŶŽǁŚŽǁŐƌŽƵŶĚǁĂƚĞƌĞǆĐŚĂŶŐĞƐǁŝůů
ƌĞƐƉŽŶĚ ƚŽ ƚŚĞƐĞ ĚŝƐƚƵƌďĂŶĐĞƐ͕ ĂŶĚ ƚŚĂƚ ƌĞƚĂŝŶŝŶŐ ŵŝŶŝŶŐ ǁĂƐƚĞƐ ĐĂŶ ďĞ ĚŽŶĞ ĞĨĨĞĐƚŝǀĞůǇ ƚŽ ƉƌĞǀĞŶƚ
ĐŽŶƚĂŵŝŶĂƚŝŽŶŽĨŐƌŽƵŶĚǁĂƚĞƌƐŽƵƌĐĞƐ͘dŚĞ/^ĚŽĞƐĂĐŬŶŽǁůĞĚŐĞƚŚĂƚƐŽŵĞĐŽŶƚĂŵŝŶĂƚŝŽŶŵĂǇďĞ
ƉŽƐƐŝďůĞ͕ďƵƚƚŚĂƚŝĨƚŚĞƐĞĂƌĞĚĞƚĞĐƚĞĚ͕ƚŚĞŐƌŽƵŶĚǁĂƚĞƌǁŝůůďĞƌĞŵŽǀĞĚĂŶĚƚƌĞĂƚĞĚĂŶĚƚŚĞŶĚŝƐĐŚĂƌŐĞĚ
ďĂĐŬƚŽƚŚĞĞŶǀŝƌŽŶŵĞŶƚ͘dŚĞ/^ĚŽĞƐŶŽƚĚĞƐĐƌŝďĞŚŽǁƚŚŝƐǁŝůůďĞĚŽŶĞ͕ĂŶĚǁŚĞƚŚĞƌŝƚŝƐĞǀĞŶƉŽƐƐŝďůĞ
ƚŽ ŵŽŶŝƚŽƌ͕ ĚĞƚĞĐƚ ĂŶĚ ƚŚĞŶ ƚƌĞĂƚ ĞĨĨůƵĞŶƚ͕ ŝŶ ĂŶ ĂƌĞĂ ĂƐ ŚǇĚƌŽůŽŐŝĐĂůůǇ ĐŽŵƉůĞǆ ĂƐ ǁŚĞƌĞ ƚŚĞ WĞďďůĞ
ĚĞƉŽƐŝƚŝƐůŽĐĂƚĞĚ͘
ϲ͘ dĞĐƚŽŶŝĐƌŝƐŬƐĂŶĚƚĂŝůŝŶŐƐĚĂŵĨĂŝůƵƌĞĂƌĞƵŶĚĞƌĞƐƚŝŵĂƚĞĚ
dŚĞWĞďďůĞĚĞƉŽƐŝƚŝƐůŽĐĂƚĞĚŝŶĂƌĞŐŝŽŶƚŚĂƚŝƐƚĞĐƚŽŶŝĐĂůůǇĂĐƚŝǀĞƚŚŽƵŐŚƚŚĞ/^ĚĞĞŵƐƚŚĂƚƚŚĞƌŝƐŬƐ
ƚŽƚŚĞůŽŶŐͲƚĞƌŵǁĂƐƚĞƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐĂŶĚƌĞůĂƚĞĚŝŶĨƌĂƐƚƌƵĐƚƵƌĞĂƌĞŶĞŐůŝŐŝďůĞ͘dŚŝƐĐŽŶĐůƵƐŝŽŶĚĞƌŝǀĞƐ
ĨƌŽŵĂƚůĞĂƐƚƚǁŽƉŽŽƌůǇƐƵƉƉŽƌƚĞĚĂƐƐƵŵƉƚŝŽŶƐ͘&ŝƌƐƚ͕ƚŚĞƚŝŵĞĨƌĂŵĞŽǀĞƌǁŚŝĐŚƌŝƐŬƐƚŽŝŶĨƌĂƐƚƌƵĐƚƵƌĞ
ĂƌĞĐŽŶƐŝĚĞƌĞĚŝƐŵƵĐŚƚŽŽƐŚŽƌƚ;ƐĞĞĐŽŶĐĞƌŶηϭͿ͘ƵůŬƚĂŝůŝŶŐƐǁŝůůŶĞĞĚƚŽďĞƐƚŽƌĞĚďĞŚŝŶĚĂŶĞĂƌƚŚĞŶ
ĚĂŵŽŶƚŚĞƐŝƚĞĨŽƌĞǀĞƌĂŶĚƚŚĞƌĞĨŽƌĞƌŝƐŬƐƐŚŽƵůĚďĞĐĂůĐƵůĂƚĞĚĨŽƌĂŵŽƌĞƌĞĂƐŽŶĂďůǇůŽŶŐƚŝŵĞĨƌĂŵĞ͘
tŚŝůĞŝƚŝƐƌĞĂƐŽŶĂďůĞƚŽĂƐƐƵŵĞƚŚĂƚƚŚĞƉƌŽďĂďŝůŝƚǇŽĨĂůĂƌŐĞƚĞĐƚŽŶŝĐĞǀĞŶƚŝƐǀĞƌǇƐŵĂůůŝŶĂŶǇŐŝǀĞŶ
ǇĞĂƌ͕ƚŚĞĐƵŵƵůĂƚŝǀĞƉƌŽďĂďŝůŝƚǇƚŚƌŽƵŐŚƚŝŵĞŽďǀŝŽƵƐůǇĚĞƉĞŶĚƐŽŶŚŽǁůŽŶŐĂƚŝŵĞĨƌĂŵĞŝƐĐŽŶƐŝĚĞƌĞĚ͘
dŚĞĐƵƌƌĞŶƚ/^ĂƐƐƵŵĞƐƚŚĂƚƚŚĞƌĞůĞǀĂŶƚƚŝŵĞĨƌĂŵĞŝƐĂďŽƵƚϱϬǇĞĂƌƐ͕ĞǀĞŶƚŚŽƵŐŚŵŝŶŝŶŐǁĂƐƚĞƐǁŝůů
ŶĞĞĚƚŽďĞƐƚŽƌĞĚƐĂĨĞůǇĨŽƌĐĞŶƚƵƌŝĞƐ͘/ƚŝƐŶŽƚĐůĞĂƌǁŚĂƚƚŚĞĂƉƉƌŽƉƌŝĂƚĞƚŝŵĞĨƌĂŵĞƚŽŝŶƚĞŐƌĂƚĞƚŚĞƐĞ
ƌŝƐŬƐŽǀĞƌŝƐ͕ďƵƚŝƚŝƐĐĞƌƚĂŝŶůǇƐƵďƐƚĂŶƚŝĂůůǇůŽŶŐĞƌƚŚĂŶƚŚĞĂƐƐƵŵĞĚϱϬǇĞĂƌƐ͕ĂŶĚƐŚŽƵůĚƉƌŽďĂďůǇďĞ
ĂƐƐƵŵĞĚƚŽďĞĂƚůĞĂƐƚϱϬϬǇĞĂƌƐ͘
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^ĞĐŽŶĚ͕ŝƚŝƐŶŽƚĐůĞĂƌƚŚĂƚƚŚĞƌĞƚƵƌŶŝŶƚĞƌǀĂůƐĨŽƌůĂƌŐĞƚĞĐƚŽŶŝĐĞǀĞŶƚƐĂƌĞĞƐƚŝŵĂƚĞĚĂƉƉƌŽƉƌŝĂƚĞůǇ͘DǇ
ŝŶŝƚŝĂůĂƐƐĞƐƐŵĞŶƚƐƵŐŐĞƐƚƐƚŚĂƚƚŚĞƉƌŽďĂďŝůŝƚǇŽĨĂůĂƌŐĞĞǀĞŶƚǁĂƐĐĂůĐƵůĂƚĞĚĨŽƌƚŚĞŝŵŵĞĚŝĂƚĞǀŝĐŝŶŝƚǇ
ŽĨ ƚŚĞ ƉƌŽƉŽƐĞĚ ŵŝŶĞ͘ ,ŽǁĞǀĞƌ͕ ůĂƌŐĞ ƚĞĐƚŽŶŝĐ ĞǀĞŶƚƐ͕ ƉĂƌƚŝĐƵůĂƌůǇ ŝŶ ƚŚĞ ƌĞŐŝŽŶ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ
ŵĞŐĂƚŚƌƵƐƚĞĂƌƚŚƋƵĂŬĞƐ͕ĂƌĞůŝŬĞůǇƚŽŝŵƉŽƐĞƐƵďƐƚĂŶƚŝĂůŐƌŽƵŶĚͲƐŚĂŬŝŶŐĞǀĞŶĂƚƐŝƚĞƐĨĂƌĚŝƐƚĂŶƚĨƌŽŵ
ƚŚĞŝƌĞƉŝĐĞŶƚĞƌ͘dŚĞĂƐƐƵŵĞĚƌĞĐƵƌƌĞŶĐĞŝŶƚĞƌǀĂůƐŝŶƚŚĞ/^ĂƉƉĞĂƌƚŽďĞƐƵďƐƚĂŶƚŝĂůůǇůŽŶŐĞƌƚŚĂŶǁŚĂƚ
ŝƐƌĞĂƐŽŶĂďůĞĨŽƌƚŚĞŐĞŽůŽŐŝĐĨŽƌŵĂƚŝŽŶĂŶĚŬŶŽǁŶƚĞĐƚŽŶŝĐĂĐƚŝǀŝƚǇŽĨƚŚŝƐƌĞŐŝŽŶ;WůĂĨŬĞƌĞƚĂů͘ϭϵϵϮ͕
DĂŶŶĞƚĂů͘ϭϵϵϴͿ͘dŚƵƐ͕ƚŚĞƌŝƐŬƐƚŽƚŚĞĞĂƌƚŚĞŶĚĂŵƐƚŚĂƚǁŽƵůĚŚŽůĚďĂĐŬŵŝŶĞǁĂƐƚĞƐĂƉƉĞĂƌƚŽďĞ
ĚŝƐƚŝŶĐƚůǇƵŶĚĞƌĞƐƚŝŵĂƚĞĚ͘
dŚĞ/^ƐŚŽƵůĚƌĞĨĞƌƚŽƚĞĐŚŶŝĐĂůƌĞƉŽƌƚďǇƌ͘͘tŽďƵƐĨŽƌĂĨƵůůĞǆƉůĂŶĂƚŝŽŶŽĨƚŚĞŝŶĂĚĞƋƵĂĐǇŽĨƚŚŝƐ
ĐŽŵƉŽŶĞŶƚ ŽĨ ƚŚĞ ƌŝƐŬ ĂƐƐĞƐƐŵĞŶƚ͕ ĂŶĚ ŶƵŵĞƌŝĐĂů ƐŝŵƵůĂƚŝŽŶƐ ƚŚĂƚ ĚĞŵŽŶƐƚƌĂƚĞ ǁŚĂƚ ƚŚĞ ůŝŬĞůǇ
ĚŽǁŶƐƚƌĞĂŵŝŵƉĂĐƚƐŽŶƚŚĞEƵƐŚĂŐĂŬZŝǀĞƌǁŽƵůĚďĞ;ĂůƐŽĂƐƐƵŵĞĚƚŽďĞŶĞŐůŝŐŝďůĞŝŶƚŚĞ/^Ϳ͘dŚĞ/^
ƐŚŽƵůĚďĞƵƉĚĂƚĞĚƚŽĂĐĐŽƵŶƚĨŽƌŵŽƌĞĚĞĨĞŶƐŝďůĞĞĂƌƚŚƋƵĂŬĞƐĐĞŶĂƌŝŽƐ;ŝŶƚĞƌŵƐŽĨŵĂŐŶŝƚƵĚĞ͕ƌĞƚƵƌŶ
ŝŶƚĞƌǀĂů͕ĂŶĚƚŚĞƚŝŵĞŚŽƌŝǌŽŶŽǀĞƌǁŚŝĐŚƌŝƐŬƐĂƌĞĂƐƐŽĐŝĂƚĞĚͿ͘dŚĞĐƵƌƌĞŶƚƐĞƚŽĨƉĂƌĂŵĞƚĞƌƐĐŽŶƐŝĚĞƌĞĚ
ƌĞƐƵůƚŝŶĂŶƵŶƌĞĂůŝƐƚŝĐĂůůǇůŽǁĞƐƚŝŵĂƚĞŽĨƌŝƐŬƚŽƚĞĐƚŽŶŝĐĂĐƚŝǀŝƚǇ͘
ϳ͘ >ŽƐƐŽĨǁĞƚůĂŶĚƐĂŶĚŚĞĂĚǁĂƚĞƌƐƚƌĞĂŵƐĂƌĞĂƐƐƵŵĞĚƚŽŚĂǀĞŶŽĚŽǁŶƐƚƌĞĂŵŝŵƉĂĐƚƐ
dŚĞ/^ĂĐŬŶŽǁůĞĚŐĞƐƚŚĂƚŵĂŶǇĂĐƌĞƐŽĨǁĞƚůĂŶĚƐĂŶĚŵŝůĞƐŽĨŚĞĂĚǁĂƚĞƌƐƚƌĞĂŵƐǁŝůůďĞĚƌĂŝŶĞĚŽƌ
ĚĞƐƚƌŽǇĞĚ ŝŶ ƚŚĞ ƉƌŽĐĞƐƐ ŽĨ ĚĞǀĞůŽƉŝŶŐ ĂŶĚ ǁŽƌŬŝŶŐ ƚŚĞ WĞďďůĞ ĚĞƉŽƐŝƚ͘ >ŽƐƐ ŽĨ ƚŚĞƐĞ ǁĞƚůĂŶĚƐ ĂŶĚ
ƐƚƌĞĂŵƐĂƌĞĂĐŬŶŽǁůĞĚŐĞĚƚŽŚĂǀĞĚŝƌĞĐƚĞĨĨĞĐƚƐŽŶĂƋƵĂƚŝĐŚĂďŝƚĂƚƐŝŶƚŚĞĂƌĞĂŽĨƚŚĞWĞďďůĞŵŝŶĞ;ďƵƚ
ĂƐƐƵŵĞĚƚŽďĞĞŝƚŚĞƌŶĞŐůŝŐŝďůĞŽƌƚŚĂƚƚŚĞǇĐĂŶďĞƌĞƐƚŽƌĞĚͿ͘,ŽǁĞǀĞƌ͕ƚŚĞ/^ĂƐƐƵŵĞƐƚŚĂƚƚŚĞƌĞĂƌĞ
ŶŽĚŽǁŶƐƚƌĞĂŵĞĨĨĞĐƚƐŽŶǁĂƚĞƌƋƵĂůŝƚǇĂŶĚŚĂďŝƚĂƚ͘tĞƚůĂŶĚƐ ĂƌĞǁŝĚĞůǇ ŬŶŽǁŶƚŽ ŚĂǀĞĂǀĂƌŝĞƚǇŽĨ
ŝŵƉŽƌƚĂŶƚĞĨĨĞĐƚƐŽŶĚŽǁŶƐƚƌĞĂŵĞĐŽƐǇƐƚĞŵƐƚŚƌŽƵŐŚƉƌŽĐĞƐƐĞƐƐƵĐŚĂƐŵŽĚĞƌĂƚŝŶŐƚĞŵƉĞƌĂƚƵƌĞƐĂŶĚ
ĨůŽǁƐ͕ŝŶƚĞƌĐĞƉƚŝŶŐƐŝůƚ͕ĂŶĚŵŽĚŝĨǇŝŶŐǁĂƚĞƌĐŚĞŵŝƐƚƌǇ͘dŚĞŵĞƌŝĐĂŶ&ŝƐŚĞƌŝĞƐ^ŽĐŝĞƚǇƌĞĐĞŶƚůǇƉƵďůŝƐŚĞĚ
ĂƌĞǀŝĞǁŽĨƐƵĐŚǁŝĚĞůǇŬŶŽǁŶĞĨĨĞĐƚƐŝŶƚŚĞƐĐŝĞŶƚŝĨŝĐůŝƚĞƌĂƚƵƌĞ;ŽůǀŝŶĞƚĂů͘ϮϬϭϵͿ͘dŚĞ/^ŝŐŶŽƌĞƐ
ŶĞĂƌůǇĂůůŽĨƚŚĞƐĞĞĨĨĞĐƚƐĂŶĚĂƐƐƵŵĞƐƚŚĂƚƚŚĞůŽƐƐŽĨǁĞƚůĂŶĚƐĂŶĚŚĞĂĚǁĂƚĞƌƐƚƌĞĂŵƐǁŝůůƌĞƐƵůƚŝŶŽŶůǇ
ƚƌŝǀŝĂůŝŵƉĂĐƚƐƚŽƚŚĞĞĐŽƐǇƐƚĞŵƐŽĨƚŚŝƐƌĞŐŝŽŶ͕ůĂƌŐĞůǇďĞĐĂƵƐĞƚŚĞǇĚŽŶ͛ƚĂĐŬŶŽǁůĞĚŐĞƚŚĞĞĨĨĞĐƚƐŽŶ
ĚŽǁŶƐƚƌĞĂŵĂƋƵĂƚŝĐŚĂďŝƚĂƚƐ͘dŚŝƐĐŽŶĐůƵƐŝŽŶŝƐĐŽŵƉůĞƚĞůǇŝŶĐŽƌƌĞĐƚ͘ƉƌŽƉĞƌ/^ǁŽƵůĚĂĐĐŽƵŶƚĨŽƌƚŚĞ
ůĂŶĚƐĐĂƉĞƐĐĂůĞĞĨĨĞĐƚƐŽĨůŽƐƐĞƐŽĨǁĞƚůĂŶĚƐĂŶĚŚĞĂĚǁĂƚĞƌƐƚƌĞĂŵƐŽŶĚŽǁŶƐƚƌĞĂŵǁĂƚĞƌƋƵĂůŝƚǇĂŶĚ
ĨŝƐŚŚĂďŝƚĂƚ͘
ϴ͘ dŚĞ/^ĂƐƐƵŵĞƐƚŚĂƚĐůŝŵĂƚĞĐŚĂŶŐĞŝƐŶŽƚŚĂƉƉĞŶŝŶŐ
ĞƐƉŝƚĞ ƚŚĞ ǁŝĚĞƐƉƌĞĂĚ ĞǀŝĚĞŶĐĞ ŽĨ ǁĂƌŵŝŶŐ ĐůŝŵĂƚĞ ŝŶ ůĂƐŬĂ ĂŶĚ ƚŚĞ ĂƐƐŽĐŝĂƚĞĚ ĞŶǀŝƌŽŶŵĞŶƚĂů
ĚŝƐƚƵƌďĂŶĐĞƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚŝƚ͕ƚŚĞWĞďďůĞ/^ĂƐƐƵŵĞƐƚŚĂƚƚŚĞĞĨĨĞĐƚƐŽĨĐůŝŵĂƚĞŽŶŵŝŶŝŶŐƌŝƐŬƐĂƌĞ
ŶĞŐůŝŐŝďůĞ͘ KǀĞƌ ƚŚĞ ůĂƐƚ ϱϬ ǇĞĂƌƐ ůĂƐŬĂ ŚĂƐ ĞǆƉĞƌŝĞŶĐĞĚ ŝŶĐƌĞĂƐŝŶŐůǇ ǁĂƌŵĞƌ ĐůŝŵĂƚĞƐ ĂŶĚ ĂƐƐŽĐŝĂƚĞĚ
ĞĨĨĞĐƚƐŽŶĞĐŽƐǇƐƚĞŵƐƐƵĐŚĂƐƐŚŝĨƚƐŝŶŝĐĞďƌĞĂŬͲƵƉĚĂƚĞƐ͕ůĞƐƐƐŶŽǁĂŶĚŵŽƌĞƌĂŝŶĚƵƌŝŶŐƚŚĞǁŝŶƚĞƌ͕ĂŶĚ
ŵĞůƚŝŶŐƉĞƌŵĂĨƌŽƐƚŝŶŶŽƌƚŚĞƌŶƌĞŐŝŽŶƐŽĨƚŚĞƐƚĂƚĞ͘WůĂƵƐŝďůĞƐĐĞŶĂƌŝŽƐĨŽƌƚŚĞŶĞǆƚϭϬϬǇĞĂƌƐĂůůŝŶĐůƵĚĞ
ĨƵƌƚŚĞƌǁĂƌŵŝŶŐ͕ŝŶƚĞŶƐŝĨǇŝŶŐƉƌĞĐŝƉŝƚĂƚŝŽŶ͕ĂŶĚŝŶĐƌĞĂƐŝŶŐůǇůĞƐƐǁŝŶƚĞƌƐŶŽǁĂŶĚŝĐĞ͘dŚĞƐĞĐŚĂŶŐĞƐŝŶ
ĐůŝŵĂƚĞ ƉŽƐĞ ĚŝƐƚŝŶĐƚ ƌŝƐŬƐ ƚŽ ĂƋƵĂƚŝĐ ĞĐŽƐǇƐƚĞŵƐ ĂŶĚ ƚŽ ŝŶĨƌĂƐƚƌƵĐƚƵƌĞ͘ KĨ ƉĂƌƚŝĐƵůĂƌ ƌĞůĞǀĂŶĐĞ ƚŽ ƚŚĞ
WĞďďůĞDŝŶĞ/^ŝƐƚŚĂƚĐŚĂŶŐĞƐŝŶƉƌĞĐŝƉŝƚĂƚŝŽŶƉĂƚƚĞƌŶƐ͕ƉĂƌƚŝĐƵůĂƌůǇĚƵƌŝŶŐƚŚĞǁŝŶƚĞƌǁŚĞŶƌĂŝŶͲŽŶͲ
ƐŶŽǁ ĞǀĞŶƚƐ ǁŝůů ďĞĐŽŵĞ ŵŽƌĞ ĐŽŵŵŽŶ͕ ƉŽƐĞ ĂĚĚŝƚŝŽŶĂů ƌŝƐŬƐ ƚŽ ĨůŽŽĚŝŶŐ ĂŶĚ ĞƌŽƐŝŽŶ͘ dŚƵƐ͕ ƌŝƐŬƐ ŽĨ
ŝŶĨƌĂƐƚƌƵĐƚƵƌĞĨĂŝůƐŵƵƐƚŝŶĐůƵĚĞƚŚĞĞǆƉĞĐƚĞĚĚŝƐƚƵƌďĂŶĐĞĨƌĞƋƵĞŶĐŝĞƐĂŶĚŝŶƚĞŶƐŝƚŝĞƐƚŚĂƚǁŝůůŽĐĐƵƌǁŝƚŚ
ĐŚĂŶŐŝŶŐĐůŝŵĂƚĞ͘dŚĞ/^ĂƐƐƵŵĞƐƚŚĂƚƚŚĞƐĞǁŝůůďĞŶŽĚŝĨĨĞƌĞŶƚƚŚĂŶƚŚĞŚŝƐƚŽƌŝĐĂůĚŝƐƚƵƌďĂŶĐĞƉĂƚƚĞƌŶƐ
ŽďƐĞƌǀĞĚŝŶůĂƐŬĂ͘dŚŝƐĂƐƐƵŵƉƚŝŽŶŝƐŝŶĚŝƐƚŝŶĐƚĐŽŶƚƌĂƐƚƚŽƚŚĞƐĐŝĞŶĐĞĚŽĐƵŵĞŶƚŝŶŐŽŶŐŽŝŶŐĐůŝŵĂƚĞ
ĐŚĂŶŐĞĞĨĨĞĐƚƐŽŶůĂƐŬĂ͛ƐĞĐŽƐǇƐƚĞŵƐ͕ĂŶĚůĞĂĚƐƚŽƌĞĚƵĐĞĚĞƐƚŝŵĂƚĞƐŽĨƌŝƐŬŽĨƚŚĞWĞďďůĞƉƌŽũĞĐƚ͘
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&ƵƌƚŚĞƌ͕ĞƐƚŝŵĂƚĞƐŽĨĨŝƐŚŚĂďŝƚĂƚůŽƐƐǁŝůůůŝŬĞůǇďĞĞǆĂĐĞƌďĂƚĞĚďǇĐůŝŵĂƚĞĐŚĂŶŐĞ͘DŽƌĞŝŶƚĞŶƐĞƐƵŵŵĞƌ
ĚƌŽƵŐŚƚƐ͕ŚĞĂƚǁĂǀĞƐ͕ĂŶĚĨůŽŽĚŝŶŐĞǀĞŶƚƐĂƌĞĞǆƉĞĐƚĞĚǁŝƚŚĐůŝŵĂƚĞĐŚĂŶŐĞ͘tĞŬŶŽǁƚŚĂƚŵĂŝŶƚĂŝŶŝŶŐ
ĂĚŝǀĞƌƐŝƚǇŽĨŚĂďŝƚĂƚĐŽŶĚŝƚŝŽŶƐŝŶǁĂƚĞƌƐŚĞĚƐŝƐǁŚĂƚƉƌŽǀŝĚĞƐĨŝƐŚĂŶĚǁŝůĚůŝĨĞƚŚĞ͚ŽƉƚŝŽŶƐ͛ĨŽƌĐŽƉŝŶŐ
ǁŝƚŚĞǆƚƌĞŵĞĐůŝŵĂƚĞĞǀĞŶƚƐ͘ǇƌĞĚƵĐŝŶŐƚŚĞǀĂƌŝĞƚǇŽĨŚĂďŝƚĂƚĐŽŶĚŝƚŝŽŶƐŝŶƚŚĞƐĞǁĂƚĞƌƐŚĞĚƐ;ŝ͘Ğ͕͘ďǇ
ĚƌĂŝŶŝŶŐǁĞƚůĂŶĚƐ͕ĚĞǁĂƚĞƌŝŶŐƐƚƌĞĂŵƐ͕ĞƚĐ͘Ϳ͕ƚŚĞWĞďďůĞƉƌŽũĞĐƚǁŝůůƵŶĚĞŶŝĂďůǇƌĞĚƵĐĞƚŚĞƌĞƐŝůŝĞŶĐĞŽĨ
ƚŚĞƐĞǁĂƚĞƌƐŚĞĚƐƚŽĨƵƚƵƌĞĐůŝŵĂƚĞĐŚĂŶŐĞ͘dŚĞĐƵƌƌĞŶƚ/^ĚŽĞƐŶŽƚĞǀĞŶĐŽŶƐŝĚĞƌƚŚĞƐĞŝƐƐƵĞƐŝŶŝƚƐ
ĂƐƐĞƐƐŵĞŶƚŽĨƚŚĞƌŝƐŬƐŽĨƚŚĞWĞďďůĞƉƌŽũĞĐƚ͘ZĞůĂƚĞĚƚŽĚŝƐĐƵƐƐŝŽŶƉŽŝŶƚηϯ;ŝŶƚĞƌĂĐƚŝŶŐƐƚƌĞƐƐŽƌƐ͕ĂďŽǀĞͿ͕
ĐůŝŵĂƚĞĐŚĂŶŐĞƐŚŽƵůĚďĞĐŽŶƐŝĚĞƌĞĚŽŶĞĂĚĚŝƚŝŽŶĂůĂŶĚŝŶĞǀŝƚĂďůĞƐƚƌĞƐƐŽƌǁŝƚŚǁŚŝĐŚŵŝŶŝŶŐͲƌĞůĂƚĞĚ
ƐƚƌĞƐƐĞƐǁŝůůŝŶƚĞƌĂĐƚĂŶĚďĞĂŵƉůŝĨŝĞĚ͘ƐƐƵŵŝŶŐĐůŝŵĂƚĞĐŚĂŶŐĞŝƐŶŽƚŽĐĐƵƌƌŝŶŐ͕ĂƐƚŚĞ/^ĚŽĞƐ͕ĂůƐŽ
ůĞĂĚƐƚŽĐŽŶƐĞƌǀĂƚŝǀĞĞƐƚŝŵĂƚĞƐŽĨƌŝƐŬƚŽƚŚĞĞŶǀŝƌŽŶŵĞŶƚ͘
ϵ͘ EŽƉůĂŶĨŽƌůŽŶŐͲƚĞƌŵŵŽŶŝƚŽƌŝŶŐĂŶĚƚƌĞĂƚŵĞŶƚŽĨƚŚĞƐŝƚĞ
dŚĞWĞďďůĞ/^ĂĐŬŶŽǁůĞĚŐĞƐƚŚĂƚƚŚĞƌĞĂƌĞƚĂŶŐŝďůĞƌŝƐŬƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞůŽŶŐͲƚĞƌŵƐƚŽƌĂŐĞĂŶĚ
ƌĞƚĞŶƚŝŽŶŽĨŵŝŶŝŶŐǁĂƐƚĞƐĂƚƚŚŝƐƐŝƚĞ͘,ŽǁĞǀĞƌ͕ƚŚĞƌŝƐŬƐŽĨƚŽǆŝŶƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚDďĞŝŶŐƌĞůĞĂƐĞĚ
ŝŶƚŽŶĂƚƵƌĂůǁĂƚĞƌǁĂǇƐĂƌĞĐŽŶĐůƵĚĞĚƚŽďĞĞŝƚŚĞƌŶĞŐůŝŐŝďůĞ͕ŽƌƚŚĂƚƚŚĞǇĐĂŶďĞĚĞƚĞĐƚĞĚĂŶĚƉƌŽƉĞƌůǇ
ƚƌĞĂƚĞĚďĞĨŽƌĞƌĞůĞĂƐĞƚŽƚŚĞĞŶǀŝƌŽŶŵĞŶƚ͘'ŝǀĞŶƚŚĂƚǁĞŬŶŽǁǁŝƚŚǀŝƌƚƵĂůůǇϭϬϬйĐĞƌƚĂŝŶƚǇƚŚĂƚƚŚĞ
ŵŝŶŝŶŐǁĂƐƚĞƐǁŝůůƉƌŽĚƵĐĞDĨŽƌŵĂŶǇĐĞŶƚƵƌŝĞƐĂĨƚĞƌƚŚĞŵŝŶĞŚĂƐĐůŽƐĞĚ͕ŝƚŝƐŝƌƌĞƐƉŽŶƐŝďůĞƚŚĂƚƚŚĞ
/^ĚŽĞƐŶŽƚƉƌŽƉŽƐĞĂĚĞĨĞŶƐŝďůĞƉůĂŶĨŽƌƚŚĞůŽŶŐͲƚĞƌŵŵŽŶŝƚŽƌŝŶŐŽĨƚŚĞƐŝƚĞ͕ŝĚĞŶƚŝĨǇǁŚŽǁŝůůƉĂǇĨŽƌ
ŝƚ͕ŚŽǁĐůĞĂŶͲƵƉŽĨĐŽŶƚĂŵŝŶĂƚĞĚƐƵƌĨĂĐĞĂŶĚŐƌŽƵŶĚǁĂƚĞƌǁŝůůďĞĂĐĐŽŵƉůŝƐŚĞĚ͕ĂŶĚǁŚŽǁŝůůƉĂǇĨŽƌƚŚĞ
ĐůĞĂŶͲƵƉŝĨĂŶĂĐĐŝĚĞŶƚŽƌůĞĂŬŽĐĐƵƌƐ͘
ůĂƐŬĂŶƐǁŝůůƵŶĚŽƵďƚĞĚůǇďĞƐĂĚĚůĞĚǁŝƚŚƚŚĞĐŽƐƚƐŽĨĐůĞĂŶͲƵƉŽǀĞƌƚŚĞůŽŶŐͲƚĞƌŵ͕ũƵƐƚůŝŬĞƚĂǆƉĂǇĞƌƐ
ŚĂǀĞŝŶĞǀĞƌǇŽƚŚĞƌƉůĂĐĞŝŶƚŚĞǁŽƌůĚǁŚĞƌĞƚŚŝƐƚǇƉĞŽĨŵŝŶĞŚĂƐŽƉĞƌĂƚĞĚ͘dŚĞƐƚĂƚĞƐŽĨDĂŝŶĞ͕EĞǁ
DĞǆŝĐŽ͕ DŝĐŚŝŐĂŶ͕ ĂŶĚ ŽůŽƌĂĚŽ ŶŽ ůŽŶŐĞƌ ƉĞƌŵŝƚ ŶĞǁ ŵŝŶĞƐ ƚŚĂƚ ǁŝůů ƌĞƋƵŝƌĞ ƉĞƌƉĞƚƵĂů ƐƚŽƌĂŐĞ ĂŶĚ
ƚƌĞĂƚŵĞŶƚŽĨŵŝŶŝŶŐǁĂƐƚĞƐ;ĂƐWĞďďůĞǁŝůůͿďĞĐĂƵƐĞƚŚĞǇŚĂǀĞƌĞĂůŝǌĞĚƚŚĂƚƚŚĞǇĐĂŶŶŽůŽŶŐĞƌĂĨĨŽƌĚƚŚĞ
ĐŽƐƚƐŽĨŵŽŶŝƚŽƌŝŶŐĂŶĚƚƌĞĂƚŝŶŐƚŚĞƚŽǆŝĐůĞŐĂĐŝĞƐŽĨƚŚĞŝƌĞǆŝƐƚŝŶŐŵŝŶĞƐ͘WĞďďůĞDŝŶĞǁŽƵůĚƌĞƋƵŝƌĞƚŚĞ
ƐĂŵĞ͕ƚŚŽƵŐŚƐƵďƐƚĂŶƚŝĂůůǇůĂƌŐĞƌ͕ĞĨĨŽƌƚƚŽŵĂŶĂŐĞĂŶĚŵĂŝŶƚĂŝŶƚŚĞǁĂƐƚĞŵĂƚĞƌŝĂůůŽŶŐĂĨƚĞƌƚŚĞŵŝŶĞ
ŚĂƐďĞĞŶĚĞĐŽŵŵŝƐƐŝŽŶĞĚ͘
dŚĞWĞďďůĞ/^ƐŚŽƵůĚĚĞǀĞůŽƉĂƐĞƚŽĨĐŽŶĐƌĞƚĞŵŽŶŝƚŽƌŝŶŐ͕ƚƌĞĂƚŵĞŶƚ͕ĂŶĚĐůĞĂŶͲƵƉƐĐĞŶĂƌŝŽƐĨŽƌƚŚĞ
ǁĂƐƚĞƐĂŶĚŝŶĨƌĂƐƚƌƵĐƚƵƌĞƚŚĂƚǁŝůůďĞůĞĨƚďĞŚŝŶĚ͕ƚŚĂƚĞǆƚĞŶĚƐŽǀĞƌƌĞůĞǀĂŶƚƚŝŵĞƐĐĂůĞƐ;ŝ͘Ğ͕͘ĐĞŶƚƵƌŝĞƐͿ͕
ĂŶĚ ĞƐƚŝŵĂƚĞ ƚŚĞ ƌŝƐŬƐ ƚŽ ƚŚĞ ĞŶǀŝƌŽŶŵĞŶƚ ŽǀĞƌ ƚŚŽƐĞ ƚŝŵĞ ĨƌĂŵĞƐ͘ dŚĞ EW ƉƌŽĐĞƐƐ ƌĞƋƵŝƌĞƐ ƚŚĂƚ
ZĞĂƐŽŶĂďůǇ&ŽƌĞƐĞĞĂďůĞ&ƵƚƵƌĞĐƚŝŽŶƐ;Z&&ͿďĞĐŽŶƐŝĚĞƌĞĚĂƐƉĂƌƚŽĨƚŚĞƌŝƐŬĂƐƐĞƐƐŵĞŶƚŽĨƉƌŽũĞĐƚƐ
ƵŶĚĞƌĐŽŶƐŝĚĞƌĂƚŝŽŶďǇĂŶ/^͘dŚŝƐŝƐǇĞƚĂŶŽƚŚĞƌZ&&ƚŚĂƚŚĂƐďĞĞŶƐǁĞƉƚƵŶĚĞƌƚŚĞƌƵŐŝŶƚŚĞWĞďďůĞ
/^͘ŵŽƌĞƚŚŽƌŽƵŐŚĂƐƐĞƐƐŵĞŶƚƐŚŽƵůĚďĞĂƌĞƋƵŝƌĞŵĞŶƚŽĨĂůĞŐŝƚŝŵĂƚĞ/^͘ǆƉĞƌŝĞŶĐĞĨƌŽŵŶĞĂƌůǇ
ĂůůƐƵůĨŝĚĞͲƌŝĐŚĚĞƉŽƐŝƚƐĚĞŵŽŶƐƚƌĂƚĞƐ ƚŚĂƚ ƉƌŽďůĞŵƐǁŝƚŚĐŽŶƚĂŵŝŶĂƚŝŽŶŵŽƐƚůǇĂƌŝƐĞůŽŶŐĂĨƚĞƌŵŝŶĞƐ
ŚĂǀĞďĞĞŶĚĞĐŽŵŵŝƐƐŝŽŶĞĚ͘
ϭϬ͘ ƐƐƵŵƉƚŝŽŶƚŚĂƚŵŝƚŝŐĂƚŝŽŶĂŶĚƌĞƐƚŽƌĂƚŝŽŶĂƌĞĞĨĨĞĐƚŝǀĞĂŶĚƉŽƐƐŝďůĞ
tŚŝůĞ ƚŚĞ /^ ĐŽŶĐůƵĚĞƐ ƚŚĂƚ ƚŚĞƌĞ ĂƌĞ ƐŽŵĞ ƐŵĂůůͲƐĐĂůĞ ƌŝƐŬƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ƚŚĞ WĞďďůĞ DŝŶĞ͕ ŝƚ
ĂƐƐƵŵĞƐ ƚŚĂƚ ĂŶǇ ĞĨĨĞĐƚƐ ŽŶ ĞĐŽƐǇƐƚĞŵƐ ǁŝůů ďĞ ĚĞƚĞĐƚĞĚ͕ ĂŶĚ ĐŽƵŶƚĞƌĞĚ ďǇ ĞĨĨĞĐƚŝǀĞ ŵŝƚŝŐĂƚŝŽŶ ĂŶĚ
ƌĞƐƚŽƌĂƚŝŽŶ͘,ŽǁĞǀĞƌ͕ƚŚĞ/^ĚŽĞƐŶŽƚĞǆƉůĂŝŶǁŚĂƚǁŝůůďĞĨŝǆĞĚĂŶĚŚŽǁŝƚǁŝůůďĞĨŝǆĞĚ͘ǆƉĞƌŝĞŶĐĞŚĂƐ
ƐŚŽǁŶƚŚĂƚŚĂďŝƚĂƚƌĞƐƚŽƌĂƚŝŽŶĂŶĚŵŝƚŝŐĂƚŝŽŶŝŶŽƚŚĞƌƉĂƌƚƐŽĨ ƚŚĞǁŽƌůĚĂƌĞƌĞŵĂƌŬĂďůǇĚŝĨĨŝĐƵůƚĂŶĚ
ĞǆƉĞŶƐŝǀĞ͕ĂŶĚŽĨƚĞŶŝŶĞĨĨĞĐƚŝǀĞ͘dŚĞ/^ĂƐƐƵŵĞƐƚŚĂƚĞĨĨĞĐƚŝǀĞƌĞƐƚŽƌĂƚŝŽŶĂŶĚŵŝƚŝŐĂƚŝŽŶŽĨŚĂďŝƚĂƚ
ĚĞƐƚƌŽǇĞĚŽƌĐŽŶƚĂŵŝŶĂƚĞĚďǇWĞďďůĞĂĐƚŝǀŝƚŝĞƐŝƐƉŽƐƐŝďůĞĂŶĚǁŝůůďĞϭϬϬйĞĨĨĞĐƚŝǀĞ͘,ŽǁĞǀĞƌ͕ŶŽĚĞƚĂŝůƐ
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ĞǆƉĞƌŝĞŶĐĞ ŽĨ ĂƚƚĞŵƉƚƐ ƚŽ ƌĞƐƚŽƌĞ ŚĂďŝƚĂƚ ĂŶĚ ǁĂƚĞƌ ƋƵĂůŝƚǇ ŝŶ ŽƚŚĞƌ ĞĐŽƐǇƐƚĞŵƐ ǁŚĞƌĞ D ĂŶĚ
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Shifting habitat mosaics and fish
production across river basins
Sean R. Brennan1*, Daniel E. Schindler1, Timothy J. Cline1, Timothy E. Walsworth1,
Greg Buck2, Diego P. Fernandez3
Watersheds are complex mosaics of habitats whose conditions vary across space and
time as landscape features filter overriding climate forcing, yet the extent to which the
reliability of ecosystem services depends on these dynamics remains unknown. We
quantified how shifting habitat mosaics are expressed across a range of spatial scales
within a large, free-flowing river, and how they stabilize the production of Pacific salmon
that support valuable fisheries. The strontium isotope records of ear stones (otoliths)
show that the relative productivity of locations across the river network, as both natal- and
juvenile-rearing habitat, varies widely among years and that this variability is expressed
across a broad range of spatial scales, ultimately stabilizing the interannual production of
fish at the scale of the entire basin.

patches shifts through time as prevailing environmental conditions interact with geomorphology,
successional processes, and the biological responses
of locally adapted populations (2–4). This concept—
the shifting habitat mosaic—has been empirically
tested at small scales (5, 6), but how these dynamics play out across a range of spatial scales has
never been quantified, specifically in terms of how
they influence the reliability of ecosystem services.
The argument to conserve biodiversity often
focuses on ecosystem stability and how biologi-
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Fig. 1. Productive habitats for salmon shift across river basins. Areas of high Chinook salmon production in 2011 shifted from the upper
Nushagak River to the Mulchatna River in 2014 and 2015. Sockeye salmon production was concentrated in Tikchik lakes in 2014 but was
more evenly distributed in 2015 including across riverine habitats.
Brennan et al., Science 364, 783–786 (2019)
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T

he generation and maintenance of biological complexity over ecological and evolutionary time scales ultimately depend on
processes that generate habitat heterogeneity across landscapes (1). Such heterogeneity is produced from interactions between local
geomorphic features (e.g., topography) and environmental forcing (e.g., regional climate). Habitat can be described as a mosaic of environmental
conditions arranged across landscapes but, importantly, the spatial configuration of habitat

cally diverse communities tend to spread the risk
of collapse or poor performance (7–9). Less common, however, is to consider the continuum of
spatial and temporal scales dictating the processes that generate ecosystem heterogeneity,
its hierarchical structure, and thus, resilience.
The concept of shifting habitat mosaics integrates how different dimensions of ecological
diversity (e.g., habitat variation, locally adapted
populations, and variable life histories) interact
to contribute to resilience as ecosystems respond
to a heterogeneous and ever-changing environment over a continuum of spatial and temporal
scales. The persistence of biological communities
at short (5, 6) and long (10) time scales is ultimately linked to whether organisms have the
ability to exploit shifting mosaics of environmental conditions in space and time. Thus,
understanding how shifting habitat mosaics influence the reliability of ecosystem services is
crucial, especially in the current era of rapid
industrial and urban growth threatening biodiversity worldwide (11).
We quantified how shifting habitat mosaics
influence the reliability of Chinook and sockeye
salmon fisheries at the mouth of the Nushagak
River flowing into Bristol Bay, Alaska by reconstructing production and migratory patterns of
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landscape heterogeneity. Physiographically, the
basin is composed of four regions: the Tikchik
lakes and the upper Nushagak, Mulchatna, and
lower rivers. These are geologically and geomorphically distinct, generating variations in 87Sr/86Sr
ratios, temperature, precipitation, and hydrology.
Variation in how this landscape heterogeneity
filters overriding climatic conditions generates
a mosaic of habitats that contribute to the production of salmon. Furthermore, precise natal
homing of adult salmon leads to a hierarchical,
locally adapted population structure. Because
87
Sr/86Sr ratios vary widely across the basin
(fig. S1) and are temporally stable (12), the
Nushagak River provides an ideal system in
which to test how shifting habitat mosaics influence landscape patterns of fish production.
Chinook and sockeye salmon exhibited heterogeneous production patterns across the basin
during each return year, and patches of high
and low production shifted between years (Fig. 1).
Regions of high Chinook salmon production in
2011 were in the upper Nushagak River in the
northwest portion of the watershed. These shifted
eastward to the Mulchatna River in 2014 and
2015. Similarly, the production of sockeye salmon
shifted from being concentrated in the Tikchik
lakes in 2014 to being more evenly distributed
across both lake and riverine habitats in 2015.
Spatial production patterns of both species also
differed among the contributing age classes
within return years (Fig. 2 and fig. S2). In 2014
and 2015, the production of freshwater age 0

Fig. 2. Habitat and
life history diversity interact to
shape spatial production patterns.
In 2014 and 2015,
there was relatively
high production of
freshwater age 0
fish from riverine
habitats.

Freshwater age 1 and 2

2014

Freshwater age 0

sockeye salmon (salmon that spent <1 year in
fresh water, i.e., “sea-/river-type” sockeye) primarily originated from riverine habitats compared with those fish that spent at least 1 year
in fresh water, which are typically associated
with lake habitats (i.e., “lake-type” sockeye salmon) (Fig. 2).
Juvenile Chinook and sockeye salmon also
exhibited a variety of habitat-use strategies among
return years to achieve growth in fresh water
before migrating to the ocean (Fig. 3, A and E).
For Chinook salmon, these different strategies
resulted in patchy spatial patterns of juvenile
growth, which shifted interannually (Fig. 3, I to
K). In some return years, the distribution of total
growth across the riverscape differed markedly
from the natal production pattern that same
year. For example, production of Chinook salmon
in 2011 was concentrated in the upper Nushagak
River (Fig. 1); the spatial pattern of total freshwater growth, however, was more evenly distributed with the Mulchatna River (Fig. 4I). The
amount of growth achieved in the lower river was
also much higher in 2014 relative to other years
(Fig. 4, I to K).
We also quantified how individuals and populations differentially used the lower river as rearing habitat for accumulating growth as well as
a migratory corridor to the ocean (12) (movie S1).
Depending on the return year, between 8 and
20% of Chinook and sea-/river-type sockeye salmon exhibited forays in the lower river (e.g., Fig. 3,
A to C), where they achieved between 10 and
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these species using strontium isotopic (87Sr/86Sr)
variation across this watershed. Natal origins
and movement patterns of juveniles were inferred from profiles of 87Sr/86Sr ratios recorded in
otoliths of each species (12). Production and
habitat-use patterns were reconstructed by calculating the most likely geographic locations of
1377 returning adult salmon (>250 fish per species per year) at each snapshot in time recorded
by the otolith during each fish’s juvenile freshwater residence (12). To do so, we quantified
conditional probabilities of 87Sr/86Sr ratios, geomorphic habitat preferences, prior locations, and
directional movements (12). Because otoliths grow
proportionately with the length of fish, we could
infer how habitat mosaics contribute to the total
growth of fish before entering the ocean (12).
By analyzing otoliths collected from individuals
captured at the river’s coastal terminus during
annual returns in 2011, 2014, and 2015, our analysis spanned spatial scales ranging from the
entire basin to individual streams (stream orders
3 to 9), and temporal scales including interannual variability in returns, the age structure of
each year, and the months to years of habitat
use during freshwater residence. This breadth
of spatial and temporal scales provides a test of
how shifting habitat mosaics influence fishproduction patterns in free-flowing rivers.
The Nushagak River (35,000 km2) flows into
Bristol Bay, which is distinctive in the region for
its vast riverine habitats in addition to large lakes.
It is remote, pristine, and defined by substantial
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environmental heterogeneity plays an important
role in shaping how growth and production of
salmon vary among locations through time.
Our results demonstrate how multiple dimensions of biocomplexity operating across a continuum of nested spatial and temporal scales
integrate to stabilize salmon production and
fisheries at the scale of the Nushagak River
watershed. Furthermore, we show that shifting
habitat mosaics play out at large and intermediate scales in addition to the well-documented
cases on small spatial scales for providing resiliency to ecosystem services.
Ultimately, entire landscapes are involved in
stabilizing biological production. For conservation,
and management more broadly, this makes it
difficult to prioritize some habitats over others
and emphasizes the critical role of evaluating
multiple landscape-use scenarios in the face of
increasingly uncertain futures (15). For the restoration of affected areas, it emphasizes the
need to coordinate efforts across large spatial
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orders, suggesting a strong interaction between
the environment (Fig. 4, C to E) and large-scale
habitat features that produced independent dynamics among their populations.
Habitat conditions conducive for survival and
growth of salmon throughout the Nushagak basin
likely vary as a function of how local geomorphic
features filter prevailing environmental forcing.
This heterogeneity enables the opportunity for
juveniles to find suitable growth conditions among
the array of habitat options that mosaics provide.
Similarly, fisheries in Nushagak Bay benefit from
favorable conditions persisting somewhere in the
basin for at least one of the age classes exhibiting a particular habitat-use strategy. Freshwater habitats are linked to marine survival not
only through the body size achieved by juvenile
fish, but also through variation in the timing of
their entry to the ocean and whether they meet
favorable conditions (13, 14). Correspondence among
the spatial scales of environmental variation and
shifts in production (Fig. 4, C to E) suggests that
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Fig. 3. Diverse freshwater life histories, use of migration corridors,
and shifting patterns of growth. Freshwater life histories (A to C
and E to G) and the amount of growth achieved in the lower river
migration corridor of Chinook (D) and sockeye (H) salmon of the
Nushagak River differed among return years (“e” and “w” correspond to
fish originating from the eastern or western parts of the basin, respectively).
Fish that plot above the black lines and outside of the gray box grew
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substantially in the lower river but originated elsewhere. Snapshots of
habitat use (B and C, F and G) of individual fish [bold lines in (A) and (E)]
correspond to positions in the otolith indicated by vertical dotted lines in
(A) and (E). Isotope profiles [(A) and (E)] are color coded on the basis of each
fish’s natal 87Sr/86Sr ratio. (I to K) Spatial patterns showing how the total
amount of freshwater growth (body mass) achieved by juvenile Chinook
salmon was distributed across the basin and shifted among return years.
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50% of their total body mass before migrating
to the ocean (Fig. 3, D and H). Furthermore,
the infrequent use of the lower river by laketype sockeye salmon (Fig. 3, D and H) illustrates
how the strategy of using the lower river was not
species specific, but rather was more related to
the general life history of locally adapted salmon
populations.
Interannual variability in the production of
salmon from the Nushagak River ecosystem was
maintained across the spatial hierarchy of the
river network, indicating that a range of spatial
scales contributes to variance dampening of salmon resources observed at the river basin scale
(Fig. 4, A and B). For both species, we observed
variance dampening from fine through aggregated spatial scales (stream orders 3 to 9). Deviations of these observations from a simulation of
independent population dynamics (12) (Fig. 4, A
and B) indicated that production dynamics are
not random across the basin. Both species exhibited such deviations at intermediate stream
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scales and to avoid independent small-scale projects (e.g., tributary by tributary) (16, 17). Such
approaches are unlikely to restore a system’s resiliency to the levels that we observe across intact
landscapes and riverscapes.
Shifting habitat mosaics are a central feature
of what makes ecosystems resilient. Because patterns of high and low production, or conditions
most suitable for growth, shift among locations
through time, the biological performance of a
landscape tends to be more reliable at aggregate
spatial scales (1, 8). This means that conservation
of the processes that generate and maintain heterogeneity and connectivity across landscapes (e.g.,
fires, floods, and migration) is as important as the
biological communities that they support (10).
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Fig. 4. Shifting habitat
mosaics damp variance
in production across
nested spatial scales.
Each spatial scale (stream
orders 3 to 9) contributed to
the reliability of Nushagak
River salmon production.
(A) Percentage difference
in sockeye salmon production of each stream reach
among return years aggregated by stream order.
(B) Comparisons among
Chinook salmon return years
(a: 2014 versus 2011; b: 2015
versus 2011; and c: 2015
versus 2014). Dotted lines
represent simulations in
which each unique stream
reach is an individual population with independent
production dynamics. (C to
E) Multiscale variability in
environmental conditions:
mean snow cover (days/
year from 2011 to 2016) (C),
decadal mean summertime
precipitation amount
(millimeters from 2000 to
2009) (D), and air temperature (°C from 2000 to
2009) (E).
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A portfolio of habitats
To conserve species, we must conserve their habitat. This concept is well known, but the reality is much more
complex than simply conserving a particular area. Habitats are dynamic and vary across both space and time. Such
variation can help to facilitate long-term persistence of species by allowing local movement in search of the best
conditions. Brennan et al. clearly demonstrate the benefit of the habitat mosaic to Pacific salmon by characterizing how
both climate and population productivity vary over time and space in an Alaskan river system.
Science, this issue p. 783

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 445 of 2339

0/FBM 4BSBI 5FDIOJDBMDPNNFOUTSFHBSEJOHGJTI
BOEBRVBUJDIBCJUBUJOUIF1FCCMF1SPKFDU%SBGU
&OWJSPONFOUBM*NQBDU4UBUFNFOU +VMZ 

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 446 of 2339

XYX^ 3 *4+.0$3 
(6),%=`_\W]

1(6X=YWX`

$* +6
.)6+.,/+"*#%* ./
][\0@
1%0 XWWG`YX
*$+.# = ``\WX

3% #&$$%+*)) % *%(,+  ++ %+#)&!+)+
%- )&%$%+# $'+++$%+

 ..@+6=

$*'6+1"+.0$ +,,+.01*%060++)) *0+*0$  ( .+& 0."0*3%.+*) *0( ),0
00 ) *0K L=*,.0%1(.(6"+.0$ .% " 50 */%+*+"0%) "+.. 3% 4@6+)) *0/
$ . %*4 . ,. ,. +* $("+".+10*(%)%0 *.0$4+.'/=0$+1#$ $"1((+*0.+(
+3 .0$ %.+*0 *0/ +*)60 $*%( 5, .0%/ @

   

$3 +3 .YW6 ./+"%*0 .*0%+*( 5, .% * %*". /$40 . +(+#6*/()+* +/6/0 )/=
%*(1%*#0 *6 ./+" 5, .% * %*.%/0+(6*+0$ .40 ./$ /%*(/'@6 5, .0%/ 
%*(1 /40 .-1(%06=-10%,(*0/=%0+)/=7++,(*'0+*=).+%*3 .0 .0 /=. /% *0*
*.+)+1/"%/$ /=*%*0 .0%+*/ 04 *0$ )%*(' /*/0. )/@ $3 4+.' %*
,.%30 =,1(%=**+*G#+3 .*) *0(/ 0+./@6$ (+.C/ #. %*+(+#6=3+(10%+*=*
+*/ .30%+*%+(+#6%/".+)0$ *%3 ./%06+"/$%*#0+*=)6/0 .C/ #. %*". /$40 .
+(+#6%/".+)0$ *%3 ./%06+"+*0*C/(0$  ' %+(+#%(00%+*=* )1.. *0(6
,1./1%*#$@@4%0$0$ $++(+"-10%*%/$ .% /% * /00$ *%3 ./%06+"
/$%*#0+*@6$@@. / .$%//, %"%0+0+5%%06+") 0(/0+/()+*%"%/$ /. /1(0%*#".+)
$..+')%*%*#=// //) *0+"/1( 0$(*%*%. 0 +(+#%( "" 0/+")%* 4/0 =*
) 0$++(+#%(,,.+$ /0+% *0%"6%*#/()+*$%00@ $3 ,.0%%,0 %**( *
( 3 *G+*/ 10%3 6 .". /$40 .$%00)+*%0+.%*#,.+#.)+**.+1*0$ ,.+,+/ 
 ( %* /%0 ** .6.%*# /%*0$ 1/$#'* 3%$'40 ./$ /@ *%0%+*0+
. 3% 4/+"+0$ .)%* ,.+& 0, .)%00%*#+1) *0/= $3 +*10  50 */%3 . 3% 4/+"
 (  %)%0 .0* ./$%,C/*3%.+*) *0(/ (%* +1) *0/. (0%*#0+". /$40 ."%/$ /
*"++4 /*0$ *3%.+*) *0(.+0 0%+*# *6C/.%/0+(60 ./$ 
// //) *0@ $3 (/+"%/$ +)) .%((6*. . 0%+*((6%*+0$.%/0+(6*++'
*( 0@

 


)&,)#

,,. %0 0$ +,,+.01*%060++)) *0+*0$  ( .+& 0."0*3%.+*) *0( ),0
00 ) *0K L=*0$ ,.+3%/%+*+"ZWG6+)) *0, .%+ 50 */%+*@$0/%=XYW6/
C (H  %/$* %00+)) *0/

X`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 447 of 2339

. %*/1""%% *00+,.+3% 0$+.+1#$. 3% 4#%3 *0$ 3+(1) +"0$  =//+%0 
,, *% /=*,.0%1(.(60$ ,,.+5%)0 (6Z\W=WWW,# /+"/1,,+.0%*#+1) *00%+*@ *
+. .0+0$+.+1#$(6. 3% 40$ +(( 0%3 )+1*0+"%*"+.)0%+*I 3 *&1/00$0. (0%*#
%. 0(60+)6+4* 5, .0%/ I4+1(. -1%. )*6)+. )+*0$/K*+1(. (%/0%((6
+*/1) )+. 0$*6 .L@ *(%#$0+"0$0= )(.# (6# $ + %$0+ #&$$%+*+&+
')&'&%%+5*')))#+)%+ -;#+)%+ -A<@" 4+")*6 5),( /+",+0 *0%(
%),0/0$ / +)) *0/+1(*+0+*/% .=1 0+0$ (%)%0 0%) (%* =. 0$ )6.%+"
%),0/0$04+1(. /1(0".+)0$ B*+.0$ //.+C(+*#0$ *+.0$/$+. +" '  (%)*
K(0 .*0%3 ZL*F+.+* *0.0 /(1..6,%, (%* K1* .+* 3.%*0+"0%+*(0 .*0%3 ZL@
$ / 4+1(,+/ )1(0%01 /+"%/0%*0,+0 *0%(%),0/0+)*6/,4*%*#0.%10.% /+"
(%)* ' @ 1/ +"(%)%0 0%) = . " .6+10+C/.%/0+(60 ./$ // //) *0
4$%$0$+1#$0"1((6. // ,+0 *0%(%),0/+"0$ *+.0$ //.+=*. )%*/0$  /0
3%(( /% * %*0$0. #.KYWX[=$,0 .XW*,, *%5L@

%0%+*((6=0$ +*/% .0%+*+",+0 *0%(,.+& 0(0 .*0%3 /%*0$  . %*/1""%% *0@
+* +"0$ (0 .*0%3 / /.% /%#*%"%*0$*# /0+0$ )%* "++0,.%*0*,+0 *0%(
+4*/0. )%),0/+"0$ "++0,.%*0%0/ ("=4$%$. (%' (60+. 0 /+) +"0$ #. 0 /0
%),0/0+"%/$*-10%$%00".+)0$ ,.+& 0@1.0$ .)+. =)61* ./0*%*#".+)
) %. ,+.0/%/0$00%+*(0 .*0%3 /Y*Z)6*+0 3%( 1 0+('+"/1,,+.0".+)
0$  .+6+.,+.0%+**0$ .%/0+(60%3 +.,+.0%+*0$0(%)%0/3%( (0 .*0%3 /
0+0%+*(0 .*0%3 WK0$ *+0%+*(0 .*0%3 L*0%+*(0 .*0%3 X=4$%$%*"+.) )6
""+.0/"+.0$%/(%)%0 +)) *0, .%+K.+4*YWX`=YWX`L@

+),+1*%*#0$ %*/1""%% *00%) (%* *+*/% .0%+*+". /+*( 0%+*(0 .*0%3 /%/0$ 
('+"+*/% .0%+*+.%*(1/%+*+"/+,%*#+)) *0/%*0+0$  @6/+,%*#+)) *0/
KC (YWX_L4 . /1)).%7 *00$ 0+0$+/ ,.+3% 6.+10*(%)%0 @$ 6
. // ?
• /+) %),0/+" 40 .%*#=
• 10 =$.+*%=/1( 0$(=*%*%. 0 "" 0/+"0$ "+((+4%*#+*/0%01 *0/ 5, 0 0+
  ( 30 /. /1(0+")%*%*#?
(1)%*1)
)%1)
+,, .
.+*
+(6 *1)
 ( *%1)
%*
 %) *0=
• /+) %),0/+".+/*1(3 .0/=*
• ) 0$+/*"%(1. .0 /+",+0 *0%()%0%#0%+*) /1. /@

$%( 0$  + /.% "(6%/1//,+0 *0%(%),0/+"" 4) 0(/0$0)6  ( 30 %*
//+%0%+*4%0$ 3 (+,) *0+"0$ ,.+,+/  ( %* K%@ @=)%1)=+,, .=( =*
7%*L=%0"%(/0+%*+.,+.0  /03%(( /% * %*0$0. #.=*. (% /(.# (6+*/%*#( =
#6,0%*. 3% 4,, .. (0%*#0++( 3 (+,) *0*-11(01. K%@ @=10$)* 0(@YWX\L@
//1$=0$ . 3% 4,, .$/(%)%0 ,,(%%(%060+0$ ,.+,+/ ,.+& 0+.0$ ,. %0%+*+"
,+0 *0%(%),0/%*0$  @*%*# * .(=.1%((6%),+.0*0 +0+5%+(+#%(%),0/+"
 ( %*  3 (+,) *0. )+/0(6%#*+. * .0%*(61* . /0%)0 %*0$  @
C (H  %/$* %00+)) *0/

Y`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 448 of 2339

+. +3 .=.+%),0/. 1* .G%*"+.) *1* . /0%)0 %*0$  =*"%(0+
%*+.,+.0 +.+*/% . /03%(( /% * @$ +*(6/1/0*0%3 %/1//%+*+")%0%#0%+*
) /1. /%*0$ +1) *0%*3+(3 /1/ +" /0)*# ) *0,.0% /K/L1.%*#
+*/0.10%+**)%* +, .0%+**"%(/0+. //)%0%#0%+*"+.% *0/=/,%((/=*$%00
(+//1.%*#(+/1. *,+/0G(+/1. @ 1/ +"0$ (%)%0 0%) ,.+3% "+. . 3% 4= 
. /, 0"1((6. -1 /00$06+1. +*/% .)6/+,%*#+)) *0/%*0$ %. *0%. 064%0$. /, 00+
/0%)0%*#%),0/+"0$ ,.+,+/  ( ,.+& 0@

+,# +0

+,. %0+0$ .,+0 *0%(%),0/=0$  . (% /$ 3%(6+*0$  (  %)%0 .0* ./$%,C/
K C/L*3%.+*) *0(/ (%* +1) *0K> YWXXL@$%( 0$  %/ 50 */%3 *
+ /%*(1 /+) 3(1( %*"+.)0%+*K @#@=0$0. #.%*#40 .-1(%06=.%*+40.+10I
&" & ()+3 ) *0L=%0,++.(6$.0 .%7 //()+*/,4*%*#K++6YWXYL=
. .%*#KC (YWXYL=*$%000KC (YWXY=./% 4%7YWXY=0.01/YWXY=
0.01/YWXY=)7+4YWXYL@ *# * .(=) 0$++(+#61/ 0+ /0%)0  /, ) *06Y 0
(@K YWXXL%/*+0/0*.(6 ,0 >%/*+0,. / *0 %*)** .4%0$4$%$%0+1( 
. ,.+1 >*. /1(0%*#0. %),. %/ =%/ =*%*+),.( 0+) 0$+/1/ %*
.%/0+(6.%3 ./60$ (/' ,.0) *0+"%/$*) KL@+*/ -1 *0(6=
/, ) *04/1* . /0%)0 %*0$  K++6YWXYL@ 0$+/"+. /0%)0%*#
&13 *%( 1** 4 . /%)%(.(61*. , 0( *1*%*0 .,. 0( ".+)0$ %.,. / *00%+*%*
0$ K YWXX=C (YWXYL@+. +3 .I 1/ 0$ 64 . +*10 +*(6".+)YWW[G
YWW_I(%)%0 %*% /*1* . /0%)0 /+"/,4* .*&13 *%( 1** %* C/
%#*+. 0$ 3.%%(%06%*,+,1(0%+*1** %*$ . *00+/()+*,+,1(0%+*/%*# * .(=4$%$
1(0%)0 (6( 0+0$ %.+3 .((/1/0%*%(%06K%#1. X=$%*( . 0(@YWXW=. ***YWX`L@
%0$. /, 00+$.0 .%7%*#/()+*K*+0$ ."%/$ /*-10%(%" L$%00=0$  
"%( 0+.+1/0(6 /.% %),+.0*0"(+40K0.01/YWXYL=,+0 *0%(%),0/0+40 .
$ )%/0.6K0.01/YWXYL=(+//+"B // *0%("%/$$%00C%*0$ ,.+,+/ ,.+& 0. 
K./% 4%7YWXY=+14YWX_=* 0%( +)) *0/ (+4L=*"++4 G) %0 
%),0/KC (YWXYL@*&-)* +*)*,#+ %-*+,%)*+ $+* %+ &'&+%+ #
$'+*+& **2+ ) ++2%+ )&-)##*,*+ % # +0@

*%0%+*0+%),0/".+)0$ )%* "++0,.%*0= $'+*)&$++)%*'&)++ &%&)) &))
-*+#0,%)*+ $+ %+ @ *,.0%1(.=0. #.%*#"%/$1/ *$%00
$.0 .%70%+*(+*#0$ * 4(6,.+,+/ =,. " .. 0.*/,+.00%+*+..%+.%/('%*#K.+5
YWX_=.+5YWX_=.+5YWX_=YYWX_=YYWX_L@$%( ,+,1(0%+*1** /
/$+1((/+ .+1/0(6$.0 .%7 =*.+)+1/"%/$,. / * %/.#1(60$ /%),( /0*
)+/0"1*) *0(%*"+.)0%+*0++(( 0%*+. .0+,.+0 0/()+*/0. )/@0
$.0 .%7%*#"%/$,. / * *$%004 . +(( 0 +*(6+* /1)) .=. # * .((6
%*/1""%% *0=*1(0%)0 (6. /1(0%*1* . /0%)0 /+",+0 *0%(%),0/0+"%/$$%00@$ 
(/' ,.0) *0+"%/$*) KL 5,. // /%)%(.+* .*/+100$ ('+"
$.0 .%70%+*+"*.+)+1/"%/$$%00%*0$ %./+,%*#+)) *0/K ( .+& 0 
+*/+(%0 +)) *0/( =,,@X]GX^L@(+*#0$ /+10$ .* //.++..%+.%*
,.0%1(.=+*(63 .61./+.6,. / * /01% /4 . +*10 %*^]+"* /0%)0 K%*((
(%' (%$++,%) /0%)0 #%3 *%* -1% /+"0$ 0%+*( 6.+(+#60/ 0LX^Z/0. )
.+//%*#/(+*#0$ \]')KZ\)%( L,+.0%+*+"0$ .+KYYWX_=YYWX_L@+) +"0$ 
( 0.+"%/$%*#*/*+.' (%*#/1.3 6/(/0 ( //0$*"%3 )%*10 /%*1.0%+*K/+,,+/ 0+
/$+'0%) L=*0$ ) %*/1.3 60%) "+.+0$) 0$+/4/YY)%*10 /+.( //@$1/=
C (H  %/$* %00+)) *0/

Z`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 449 of 2339

*,)-0*&%,++&+#&%+*&,+)%**)&)* $'#0 %*,  %+&)
+)$ % % *')*%%+,*-%,)*&) #0')&++ % * ++@+. +3 .=+
')))#+)%+ -+)%*'&)++ &%&)) &).&,#- )+,##0 *++ - ".+)*
%#, % " # $%2+.&)#5*#)*+*&"0*#$&%%,)*)0K++6YWX_L@$ % G
. '%*#" ..6.+//%*#0$ (' *0$ *01.(#/,%, (%* ,.(( (%*#%04+1(+0$..6
,+0 *0%("+./,%((/*( '/4$%$+1(%),0. .%*#&13 *%( /+' 6 /()+*=+10)%#.0%*#
/)+(0/=+.%*)%#.0%*#/,4* ./@,,.+5%)0 (6_Wc+.)+. +"/1 //"1(/,4* ./0$01/ 
0$ (' 4%(($3 0+.+//0$ +..%+.,0$460( /004% 1.%*#0$ %.(%" 0%) K %*'*
**YWX_L@+(( 0%3 (6=0$ /+' 6 0$0/,4*1,/0. )+"0$ ,.+,+/ 0.*/,+.00%+*
+..%+.0$.+1#$ '  (%)*+),.%/ * .(6YW# * 0%((61*%-1 ,+,1(0%+*/K %*'***
YWX_L@+*/ -1 *0(6=)&+." ..6+.,%, (%* % *0$/0$ ,+0 *0%(0+.)0%((6 .+ 
0$ %3 ./ /()+*/0+',+.0"+(%+I*0$1/+3 .((/1/0%*%(%06I+" 3%$'%3 ./+' 6 
K %(+.* 0(@YWWZ=$%*( . 0(@YWXWL@(0$+1#$0$ 6. *+0%*0$ 1.. *0 ='&+%+ #
*' ##*2#"*2%+*+)&'  #,)*$,*+)&,*+#0%#01*) *"+&)&)
)*&%#&%* )+ &%&'&+%+ # $'+*&$ % %@


 ,)A@+' 6 /()+*. 01.*/0+.%/0+(6/ +*(/' ,.0) *0+"%/$*) 0@$ 
"%#1. $%#$(%#$0/0$ 3.%%(%06+"+*0.%10%+*/0+0$ +3 .(("%/$ .6".+) $+"*%* 40 ./$ /
K%++),( 5%06L=*0$1/0$ %),+.0* +")%*0%*%*#0$ /1/0%*%(%06+" $D/0+'E%*0$ .%/0+(
6G4% D,+.0"+(%+@E%0$%* $40 ./$ =)1(0%,( %*%3%1(/0+'/3.60$.+1#$0%) /4 ((=4$%$
+*0.%10 0+/1/0%*%(%06+",+,1(0%+*/+3 .((@




*%0%+*0+# +#.,$%(%)%00%+*/+"0$  2++ $)$+&,$%+&%* )*&)) *"
**,*+%+ ##0,%)*+ $+@$ )%* .(. /+1. /+"0$  (  ,+/%0. 4 ((
$.0 .%7 *". 5 0$+/  /.% "+. 3 (+,) *0%*0$  K$"".%YWXXL@
+*/ -1 *0(6=0$ %*3 /0) *0. -1%. 0+ 3 (+,,+4 .*0.*/,+.00%+*K%@ @=.+*
,+.0L%*"./0.101. 4%(((%' (6*  //%00  50.0%+*+")%* .(. /+1. / 6+*0$ YWG6 .
0%) ".)  /.% %*0$  @50.0%+*+"+*(6\\c+" "%* . /+1. /4+1(0' +10
^_6 ./K$"".%YWXXL@50.0%+*+"0$  *0%. . /+1. 4+1(0'  3 *(+*# .=%/3%.01((6
%* 3%0( =*%/*+0*(67 %*0$  @EEL2GH80)'#%&%* ) %+ 
)(, )*&%*+),+ &%&+%&)+)%+)%*'&)++ &%&)) &)%&%%+)+' '# %. +
$** - + &%# $'+*++)%&+)** %+ 4 ),0/+"0$ %0%+*(.+
*,%, (%* +..%+.//$+1( +*/% . /. /+*(6"+. / ( %0%3 =1)1(0%3 =*
/6* .#%/0%%),0/. /1(0%*#".+))%*  3 (+,) *0@1.0$ .)+. =+* %*"./0.101. 
C (H  %/$* %00+)) *0/

[`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 450 of 2339

K0.*/,+.00%+**,+4 .L%/%*,( = 5,(+.0%+*+"& *0(%)/*/1/ -1 *0& *0
)%*  3 (+,) *04+1(* .(6%* 3%0(6+1.@$%/+1(. /1(0%* *01.% /+"(.# /( 
)%*  3 (+,) *0=+3 .(,,%*#4%0$+7 */+"# * .0%+*/+"/()+*@'&+%+ #
,$,#+ - $'+*&*&$ % %+ - +0 *- )+,##0 %&) %+ 2)%) %+
****$%+-*+,%)*+ $+&'&+%+ # *) *%(,+ #  $'+*&-)##@$%( 
%0%+*()%* (%)/. ) *0%+* =+*(60$ %),0/+" 5,(+.0%+*. +*/% . @
(0%)0 (6=0$ +1*0( //%),0/+")%*%*#0%3%060$.+1#$+10((& *0(%)/4%((( 0+
)6.%+"%),0/0$  "%(/0+ -10 (6+*/% .K%#1. YL@




 ,)B40%3 )%* (%)//1..+1*%*#0$  (  ,+/%00$0 ( G. (0 %*"./0.101. 4+1(
+, *1,"+.%0%+*()%*%*#0%3%06K".+)YWX[L@



C (H  %/$* %00+)) *0/

\`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 451 of 2339

 ++ $'+*

$%( (%)0 $*# %/) *0%+* %*0$  =%0%/*+0 5,(%%0(6K+.%),(%%0(6L"0+. %*0+0$ 
3(10%+*+",+0 *0%(%),0/4%0$. /, 00+*6/, 0+"0$ ,.+& 0K40 ."(+4=
0 ), .01. =40 .-1(%06="%/$$%00= 0@L(0$+1#$0$ +*/ -1 * /+"(%)0 +"$*# 
. *+0 /%(6,. %0( =%0%/( .,. %,%00%+**/0. )%/$.# 4%((+*0%*1 0+%*. / 
%*0$ "101. I. * .%*#,. %0%+*/+"%),00$0%#*+. 0$+/ %*. / /1*. (%( K%#1. Y=
YWX`L@ *(((%' (%$++=%*. / 3.%%(%06%*,. %,%00%+**%/$.# 4%((+),+1*
%),0/+",.+& 0+, .0%+*/*,+/0G(+/1. K @#@=+),+1*/0. )0 ), .01. %*. / /
*0$1/%),0/0+%*10%+*= ) .# * 0%)%*#*+0$ .(%" $%/0+.6 3 *0/4$%$$3 
3+(3 +3 .)%(( **%4%0$/, %"%%06"+.%*%3%1(/,4*%*#/%0 /L@# $+') + &%*
*&,#+&) %+&&%* )+ &%&')&!+ $'+* %%)#2%$&*+)+ %#0&
,$,#+ - $'+*&$ %-#&'$%+%#&*,)@




 ,)B4. %0 %*. / /%*)+*0$(6%.0 ), .01. *,. %,%00%+** .0$ ,.+,+/  ( 
%* /%0 K *.%+/ 04+.'"+.(/'d.0%(**%*#=*%3 ./%06+"(/'%.*'/>YWX`L@




(%)0 $*# %/+*(6+* +),+1*%*#"0+.0$0%/+*/% . %* , * *0+"0$ )1(0%,( 
%),0/"%/$*+0$ .-10%(%" 4%((/%)1(0* +1/(6/1"" .".+)1* .,.+& 0 3 (+,) *0@
*# * .(=+ &%* )*'&+%+ # $'+*&##$ % %+ - + * % *&#+ &%K @#@=
+*/% .0%+*+"%),0/0+/0. )%/$.# . +*/% . / ,.0 ".+)%),0/0+
#.+1*40 . 5$*# =/ %) *00%+*=0 ), .01. =%//+(3 +56# *=40 .-1(%06=&13 *%( 
. .%*#=1(0/,4*%*#= 0@L@ 0%/,. %/ (60$ 3.%%(%060$.+1#$0%) */, +"%3 ./ 
$%00/0+4$%$"%/$ /*+0$ .-10%%+0$3 ,0 +3 .)%(( **%0$0,.+1 0$ 
C (H  %/$* %00+)) *0/

]`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 452 of 2339

+3 .((/1/0%*%(%06+"0$ "%/$ .6K$%*( . 0(@YWXWL@3 .(++'%*#0$ %),+.0* +"
+)%*0%+*/+"%3 ./ $%00/*(%" $%/0+.606, /4%((()+/0%* 3%0(6. /1(0%*"%/$
%),0/0,+,1(0%+*( 3 (K%#1. Z> %(+.* 0(@YWWZ=((**/0%((+YWW^=. *** 0
(@YWX`L@+0+*(6. %*%3%1(+),+* *0/+"/0. ) +(+#6+*/% . / ,.0 (6=10
%),0/+" $,.+& 0 ( ) *0. (/++*/% . %*%/+(0%+*/,0%((6K @#@=%),0/".+)0$ 
)%* "++0,.%*0. +*/% . / ,.0 ".+)0$ 0.*/,+.00%+*+..%+.= 0@L@+. +3 .=0$ 
+(( 0%3 %),0+"1/01)1(0%+*+3 .0%) =)1(0%,( /,%((/".+)4/0 40 .0. 0) *0
,(*0/=0%(%*#/. ( / /=/,%((/*+4*/0. )$%00%),0/(+*#0$ 0.*/,+.00%+*
+..%+.=,%, (%* "%(1. /=*0%(%*#/. ( / /. *+0+*/% . @3 *%"% *0/*/,%((/
. %*%3%1((6/)((=0$ %.+(( 0%3 %),0+1($3 ,+,1(0%+*G( 3 ( "" 0/4$%$. *+0
*(67 %*0$  @%)*,#+& *&#+ %'&+%+ # $'+*+& % - ,#*+)$)*
% % - ,#$ %&$'&%%+*; 442$ %&&+') %+2+)%*'&)++ &%&)) &)2'&)+2%
' '# %< *-*+,%)*+ $+&&-)##')&!+ $'+*@


 4C4 ),0/+")%*%*#+*/()+*$%00*(%" $%/0+.6/0# /K+(+#6**3%.+*) *0YWXWL@




 #*&&%* *+%+#0 #*+&&%* )+ $'&)+%&.+#%*%.+)
*+)$* %&)$ %&.%*+)$ ++. &$$&+%)&$&,*%&+) **2
)*,#+ % %-*+,%)*+ $+*& $'+*)&$$ % %K**+0  0(@X`_W=+(3%* 0(@
YWX`L@ 40 ./0. )/+),.%/ 0$ )&+.%06+"((/0. )* 04+.'/*/0.+*#(6%*"(1 * 
0$  +(+#%("1*0%+*/*%+0%*.  %3%*#40 ./@$ 6. /+1. /+"+.#*%)00 .*
* .#6%*,10/ // *0%(0+0$ ,.+10%3%06+"+4*/0. )+))1*%0% /K%#1. [L@ 40 ./
(/+,.+3% . "1#%"+... /, % /=. "1#%".+)%*3/%3 /, % /=. 1(01.((6=+)) .%((6=
*. . 0%+*((6%),+.0*0=*. 0$%#$.%/'+"%),%.) *0K+(3%* 0(@YWX`L@

C (H  %/$* %00+)) *0/

^`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 453 of 2339

$'+*+&&.%*+)$) - %.+)*
)&$$ %% %)*+),+,)
-#&'$%+ *-*+#0,%)*+ $+ %
+ 4

)%+*+ $+*& ++#&** %+
 &-)#0* $'# 0)*.+)
&*0*+$**'+ ##0%+$'&)##0@
/0%)0 /. 1 $%00(+//0+(%* .
%/0* /+"$ 40 ./0. )/*0$ 
, . *0# /+"/0. )%/0* 4%0$%* $
/%*=4$%$3/0(61* . /0%)0 /01(
%),0@$ ) 0$++(+#6+3 .(++'/0$ 
0$. G%) */%+*(*01. +""%/$$%00K+.
"+1.G%) */%+*(*01. #%3 *0 ),+.(
3.%%(%06 @#@=0*"+. 0(@YWW\L@$ 6
%#*+. +4*/0. )=%*0 #.0 %),0/+"
$*# /%*/0. )"(+4=#.+1*40 .G
/1." 40 . 5$*# =40 .
0 ), .01. /=40 .-1(%06=*"++4 
"" 0/K%#1. [=**+0  0(@X`_W=
+(3%* 0(@YWX`L@. %0%+*/+"$%00
(+//%*0$  (/+//1) (+4 */%0% /
+""%/$%*0$ / $%00/=100$+/ 
//1),0%+*/. / +*,++.(6+(( 0 
    
*%),+//%( 0+%*0 .,. 0/,4*%*#*
       #&%"!
. .%*#0KC (YWXY=++6YWXY=
    
  
./% 4%7YWXYL@/0%)0 /+"$%00(+//
      
. (6+*,$6/%($%00/%)1(0%+*
K  L)+ (4$%$"+1/ /,.%).%(6+*/()+*$%00K%*/,%0 +"0$ /1/%/0 * =
/,+.0"%/$%*#=* +(+#%(%),+.0* +"+0$ ."%/$ /L=*0$ 40 . ,0$*3 (+%0% /%*
4$%$0$ 64 . +1) *0 %*0$  @  %/*+100 )+ (4%0$)1(0%,( 
'*+4* "%% *% /K,( / / %0%+*(+)) *0//1)%00 /, %"%0+  %*%0%+*
0+./% 4%7YWXY=%(/'YWX]*+0$ ./L@),(%*#"+.  0+,. %0$%00(+//=
%*%0%+*0+)6.%+"+0$ ./$+.0+)%*#/=4/*+0+*10 %*+.* .0$ )%* "++0,.%*0
%* %0$ .0$ +.0$+.' +'01(%K L+.0$ +10$+.' +'01(%K L4$ . /),(%*# #*
)%( /+4*/0. )+"0$ ,.+,+/ ,.+& 0"++0,.%*0@$ )+ (,.%).%(6. (% /+*$%00
/1%0%(%061.3 /K /L=4$%$%*+.,+.0 +*(6)%*$** ( ,0$=3 (+%06=*/1/0.0 
K0$+1#$/1/0.0 4///1) +*/0*00$.+1#$0%) L0+-1*0%"6$%00@+1*0( // 3% * 
5%/0/%*0$ , .G. 3% 4 (%0 .01. 0$00 ), .01. =+""G$** ($%00=#.+1*40 .
%*"(1 * =%*/0. )/0.101. *+3 .=/ /+*(3.%%(%06=*)*6+0$ ."0+./((+)%* 
%*1*%-1 +)%*0%+*/0+,.+1 0$ %3 ./%06+"$%00/0$0/1,,+.0.%/0+(6/()+*
K+* .*** .X`_^=%' (/+* 0(@X``Y=1%**YWW\= */0 .*+4* /YWXW=
 3 / 0(@YWXX= )** 0(@YWX[L@%(1. 0+%*+.,+.0 #.+1*40 .%*"(1 * %*0+
$%00/ ( 0%+*(+* %#*+. /3/0(%0 .01. ( .(6$%#$(%#$0%*#0$ %),+.0* +"
#.+1*40 .0+%"%/()+*0$.+1#$+100$ %..*# =*,.0%1(.(6%*(/'4$ . % %/
,.+)%* *0$%00" 01. K +. *7*%( .X`_`= 6*+(/X``^= ((*%//).YWW[=1%**
YWW\L@ %00B/1%0%(%06C04/+(( 0 +*(64$ . "%/$4 . ,. / *0**+04$ . 0$ 6
C (H  %/$* %00+)) *0/

_`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 454 of 2339

4 . / *0=%/%*#  . /1(0/@ /*  . *C0(+#%(=%+(+#%((6+.
+(+#%((6K @#@=/1%0%(%06,, ./0+ . / 0%*0 .) %0 3 (+%0% /. (0%3 0+(+4*
$%#$3 (+%0% /"+.+$+/()+*K &"  "!L/,4*%*#=0$ )+ (//1) /*+
/ /+*()+3 ) *0+""%/$ /=*0$ )+ (///1) /1*%"+.)%06+"$%004%0$%*/0. )
. $ /L@+ (, ."+.)* %/,. / *0 "+.+*(6+* =%*0 .) %0 =( 3 (+""(+44$ *
50. ) "(+4( 3 (/. (%' (6%),+.0*0$%00 0 .)%**0/K YWXXL@+. +3 .0$ 
/ (%* 01/ 0+1%(0$ )+ (K YWXXL%*+.,+.0 /)%5 K%*+),.( L
) 0$++(+#6=1/ /%*/1""%% *0/%0 / ( 0%+**. ,(%0%+*=*"%(/0+3(%0 +.3 .%"60$ 
)+ (K./% 4%7YWXYL@((0+(=))&%&,*$&#**,$'+ &%*%,%)# #+ %',+*
)*,#+ %-*+,%)*+ $+*& ++ $'+*4+. 1.0 0 $*%-1 //$+1( . -1%. 
%*. 3%/ ."0 ,.%+.0+"%*(%70%+*+., .)%00%*#K @#@=)1(0%3.%0 ) 0$+/=%*%3%1(G
/ )+ (/= 0@>/ %(/' 0(@YWX]*+0$ ./L@

/0(6=%),0/0+ /01.%* $%00. (.# (6+3 .(++' @/01.% /. .1%($%00/0+
. .%*#/()+*=4$ . 0$ %.,$6/%+(+#60.*/%0%+*/0++/)+. #1(0 %*/(040 .K 40*
+)0/1X`_[L@$ %),+.0* +" /01.% /0+0$ /)+(0%"%0%+*,.+ //$/ *
+1) *0 .+1*0$ %"%%)=*.  *0. / .$0$04/%#*+. %*0$  
$.0 .%7 /++' *( 0 /01.% /%*,.0%1(.K%) */0 0(@X`_Y= %((#.1 .*
%)) .)*YWW`= + ) $ . 0(@YWXZL@+&)&,****$%+& $'+**&,# %#,
)+) 1+ &%&*#$&%;%&+) **<,*&*+,) % ++% $'+*)&$'&)+
%# +) %+ - + *4

+),# +0 $'+*&  ++

*+0$ .+),+* *0+"0$ 1* . /0%)0%+*+",+0 *0%(,.+& 0%),0/%/0$ . (%* %*0$ 
 +*0$ /1""%% *6+"(/'40 .-1(%06.%0 .%"+.0$ ,.+0 0%+*+"-10%(%" =*0$ 
. (%%(%06+"0. 0) *00+$% 3 .%0 .%@-*+$!&) +0&#*".+)(,# +0) +) 
/,))%+$ %+&% + &%*0B+&&-)B@@@+ $*K( XL@+. +3 .= 3 *)+ .*
1.*4/0 40 .0. 0) *0,(*0/+))+*(6 5, .% * 0 ),+..6"%(1. /=. ( /%*#
1*0. 0 +.,.0%((60. 0 40 .%*0+0$  *3%.+*) *0K @#@= 00( ==1""+('==
1.(%*#0+*=L@%3 *0$00. 0) *000$  ( /%0 4%(( . -1%. "+.1*,.   *0 
3+(1) /%*, ., 01%06*%*. )+0 * 50. ) (64 0 *3%.+*) *0=+/%+*("%(1. /. 
0+  5, 0 4$%$4%(( 5 40 .-1(%06.%0 .%*)6$3 ( 0$(=/1( 0$(=*
%*%. 0%),0/+*"%/$*+0$ .-10%(%" @%0$. /, 00+)%*%*#=+* /016/$+4 0$0
40 .-1(%06.%0 .%4 .  5  %*#.+1*40 .%*^^c+")%* /=*%*/1." 40 .%*
]Wc+")%* /K 1%, ./* /0YWW]L@ * .((6/, '%*#=40 .-1(%064/4+./ 0$*
,. %0 ,.%+.0+)%*  3 (+,) *0K 1%, ./* /0YWW]L@ /0(6=%),0/0+40 .-1(%06
(+*#0$ 0.*/,+.00%+*+..%+.1 0+1/0# * .0%+**/,%((/+"+* *0.0 =, 0.+( 1)
(1.%*0/="1 (/=*+0$ .+*0)%**0/. (.# (6+3 .(++' %*0$  @(0%)0 (6=0$ / 
+3 ./%#$0//1## /00$040 .-1(%06)6/1"" ./%#*%"%*0 #.0%+*@%"%/()+*. 
'*+4*0+$3  3+(3 ,00%+*/0+0$ %.(+( *3%.+*) *0=%*(1%*#40 .$ )%/0.6K(/!*
X``Y=%00)**1%**X``]=1%**YWW\L@3 */10( $*# /%*$ )%/0.6*%),0
 $3%+.=%/.1,0%*#0$ %++),( 5%06 // *0%(0+)%*0%*%*#0$ +3 .((/1/0%*%(%06+"
/()+*"%/$ .% /K %(+.* 0(@X``Z=$%*( . 0(@YWXW= *06.  0(@YWXYL@

+. 5),( = .6/(%#$0%*. / /%*+,, .K1L+* *0.0%+*/K\GY\,.0/, .%((%+*L%*$%%0
+("0%+*%*+$+*$%*++'/()+**.%*+40.+10=4%0$,+0 *0%(0+%*$%%0. +#*%0%+*+"
,. 0+./=,. 6=)0 /='%*=**0(/0. )/K */ * 0(@X```= */ * 0(@X```=
C (H  %/$* %00+)) *0/

``_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 455 of 2339

#A@0 .-1(%06.%0 .%K0+4$%$%/$.# 40 .4%(( 0. 0 L+),. 0+)% *040 .
-1(%06+*%0%+*/K YWXX=)7+4YWXYL@e+0(=e%//+(3 =e+0 ,+.0 @ XX`*
XWW. /%0 /(+/ 0+04++"0$ ,.+,+/ 4/0 40 .0. 0) *0,(*0%/$.# (+0%+*/4$ . 0$ 
 /00 /%/$.# 40 .4%(( 0. 0 0+40 .-1(%06.%0 .%@

%0.0 d*%0.%0 /
))+*%/
('(%*%06
$(+.% 
(+1.% 
1("0 
(1)%*1)
.+*
*0%)+*6
./ *%
)%1)
$.+)%1)
+,, .

*#* / 
+(6 *1)
%' (
 ( *%1)
%*
 .1.6

6*% 

% +*
)#F 
)#F 
)#F 
)#F 
)#F 
)#F 
;#F 
;#F 
;#F 
;#F 
;#F 
;#F 
;#F 
;#F 
;#F 
;#F 
;#F 
;#F 
;#F 
;#F 
)#F 
)#F 

+),# +0
) +) 
XW
\@`
YW
YZW
X
Y\W
_^
XWWW
]
XW
W@W^
XWW
X@_[=X@^^
W@Y_=W@Z
\W
XW
XW@\
\
Y[@W=YZ@^
W@W\
\WW
\@Y

 AAI
W@[Y_
W@WY_`
XX@]
W@^WX
W@WZ[_
Z@^`
Y^@Y
_Z@_
W@W[]Z
W@X[\
W@WW``^
W@YY]
W@[Y\=W@[X[
W@W\X=W@W\[
Z@`
W@XYZ
W@X^`
W@XZ[
X@[Y=
W@WWXXY
ZW@]
W@WWX]

A@@
W@Y]
W@Z^
[Y
W@]^_
W@W[\
\@`^
_[@^
[_^
W@W^[
W@YZ
W@WXZ]\
W@Z\^
W@]X_=W@\WX
W@XW_=W@W\WW
[`@_
W@X_\
W@\\
W@X[
Y@Y^=X@`W
W@WWXZY
]Z@X
W@WWX\


*$( 0(@YWW^=(4%* 0(@YWXX= *06.  0(@YWXYL@$%*++'/()+**.%*+4
0.+103+%1+*0)%*0 40 ./(0+# 0$ .= 5 ,0"0 .(+*#G0 .)/1( 0$(1 5,+/1. =
"0 .4$%$0$ %.3+%* . /,+*/ )6 %),%. K */ * 0(@X```= 6 .*)/
YWXWL@3+%* *( 0+ #.0%+*+"/,4*%*#,00 .*/*. /1(0%*## * 0%%3 ./%06
4$%$.  // *0%(0+)%*0%*%*#+3 .((,+,1(0%+*/0.101. */1/0%*%(%06@1(0
/,4*%*#)%#.0%+*/.  (6 +.%*0 ..1,0 %*1+*0)%*0 /0. )/=+4*/0. )/)+(0
)%#.0%+*%/(%' 4%/  (6 =*+/)+. #1(0%+*+"/)+(0/%*/ 40 .%/%),%. K +.7*
$ ./+*X`^]=$. '* +.7X`^_= $0 0(@YWW^L@+,, .G 5,+/ /()+*. (/+
)+. 31(* .( 0+,. 0%+*K*$( 0(@YWW^= *06.  0(@YWXYL@, %"%((600$ 
,.+,+/  ( /%0 =+..%/ 0(@KYWX_=YWX_L"+1*0$040 .-1(%06.%0 .%"+.+,, .
. 1* .G,.+0 0%3 "+."%/$%*,.+& 0. 40 ./=*0$0.%*+40.+10 5, .% * 10 
%),0/K( 0$(%06L*F+.%*$%%0%+*+"+("0%+*0+,, .%*. / /( //0$*40 .-1(%06
.%0 .%@ *%. 0 "" 0/+"10+/()+*"++4 /. (/+(%' (60(+4+* *0.0%+*/@
1) .+1//01% /+1) *03 ./  "" 0/+"1+*". /$40 .(# =7++,(*'0+*=)1// (/=
*+0$ .%*3 .0 .0 /=4$%$+1(. /1(0%*. 1 ,. 61** *-1(%060+/1,,+.0

C (H  %/$* %00+)) *0/

XW`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 456 of 2339

"%/$#.+40$*. ,.+10%+*K++00+*X``W=  .G** ((YWW`L@+,, .%/+* +"0$ )+/0
0+5%) 0(/0+(# =4$%$"+.)0$ / +"0$ /()+*%"++$%*@(# ,.+10%+**
 (%* 01%*. / /+"+*(6XGY,.0/, .%((%+*K,,>.*'(%* 0(@YWWYL@++,(*'0+**
+0$ .%*3 .0 .0 /0$0. (6+*(# "+."++/1"" . . / #.+40$*. ,.+10%+*4$ *
,.%).6,.+10%+* . / /K. X``XL@++,(*'0+**(+0%).+%*3 .0 .0 /. (/+
50. ) (6/ */%0%3 0+1%*. / /K.# 0(@X``_=%,, . 0(@YWX]L@

$%( +,, .%/(%' (60+  ( 30 %*0. 0 40 ./*(+*#0$ .++..%+. 1/ +"%0/
,. 3( * %*0$  ,+/%0*/1/ -1 *00.*/,+.0=)*6+0$ .) 0(/. (%' (60+  ( 30 
/. /1(0+")%*%*#0%3%0% //4 ((@6/+,%*#+)) *0/,.+3% . 3% 4+"%),0/+"
) 0(/0$0+1(,+0 *0%((6 //+%0 4%0$ ( %* *%*"./0.101.  3 (+,) *0=
/+ . " .6+10+0$+/ 4%0$$+, /0$ 64%(( )+. 0$+.+1#$(6+*/% . *%*+.,+.0 
%*0+%),0,. %0%+*/@ +4 3 .= 1/ 0$ 6%+1)1(0 =  5,* )6. / .$
. #.%*#,+0 *0%(%),0/+"/ ( *%1)*) .1.64$%$)6(/+  ( 30 %*//+%0%+*
4%0$)%*%*#0%3%0% /@$ . . *+ 5),( /+")+ .*=+, .0%*#)%* /4$%$$3 
/1 //"1((60. 0 / ( *%1)0+0$ ( 3 (/. -1%. 6(/'40 .-1(%06.%0 .%K,( / / 
) )+/1)%00 6)7+4 0(@YWX`>YWXZL@ ( *%1)%+1)1(0 /0$.+1#$0$ 
"++$%***1(0%)0 (61/ 0 .0+# *% "" 0/K)("+.)0%+*/L0+ .(6(%" /0# /+"
"%/$/' ( 0+*/=/'1((/=*"%*/K )(6YWW[= *7YWXYL@+*/ -1 *0(6=. (0%3 (6(+4 
+* *0.0%+*/*( 0+"%/$0+5%%063%%+1)1(0%+*@ 1/ %+1)1(0%+**
%+)#*%"%0%+***+0 ,. %0 ".+)/ ( *%1)+* *0.0%+*/=/1""%% *0(6,.+0 0%3 
40 .-1(%06#1% (%* /.  5 %*#(6%""%1(00+ /0%)0 @+,1(0%+*( 3 ( "" 0/+"
/ ( *%1)+*0)%*0%+*$3  *+1) *0 %*)1(0%,( ". /$40 . +/6/0 )/=0$+1#$
"1.0$ .%*3 /0%#0%+*%/*  @ *)1(0%,( / /01% /=0$ )&+.%06+""%/$/, % /$3  *
50%.,0 /. /1(0+"  5,+/1. K )(6YWW[L@ ,+%*06+10+0$  +)) *0) )+
4.%00 *6)7+4 0(@KYWX`L"+.)+.  0%( +)) *0/. #.%*#/ ( *%1)0. 0) *0*
+(+#%(%),0/@$  +*(6.% "(6+*/% ./%),0/+"/ ( *%1)0+%./=*"%(/0++
/+"+."%/$0((@&%*(,%+#02'&+%+ # $'+*)&$*#% ,$+&(,+ &&.*% *
'&',#+ &%*)-*+#0,%)*+ $+ %+ @

$  '*+4( # /0$ ,+0 *0%("+. ( 30 ) .1.6%*.+1/0=0%(%*#/=*+0$ .
)%*%*#. (0 +*0040 ./=10"%(/0+"1((6+*/% .%0/,+0 *0%(%),00++0$0$ -10%
"++4 *0+%),+.0*0/1/%/0 * /, % /=/+1(0%)0 (60+$1)*$ (0$@ .1.6%/
) 0(4$%$%/*+*G // *0%(0+,$6/%+(+#%"1*0%+*/+"(%" @$%( ) .1.6+1./*01.((60
(+4( 3 (/%*0$  *3%.+*) *0=*0$.+,+# *%0%+*/%*(1%*#)%*%*#$3 %*. / 
'#.+1*) .1.6( 3 (/604+0+"+1.0%) /%*0$ -10% *3%.+*) *0 3 *%*. )+0 
,( /1 0+0)+/,$ .% ,+/%0%+*K 4 00*1""6=YWW^= %*0$ (.YWXXL@$%( 
) .1.6* 10 (60+5%=%0/0+5%%060+4%("%/$%/)+. +))+*(6. (0 0+$.+*%
5,+/1. 0+) 0$6() .1.6K%+3%(( "+.)+") .1.6L3%% 0K %*0$ (.YWXXL@
%' / ( *%1)=) 0$6() .1.6%+1)1(0 /1,-10%"++4 /=4%0$$%#$ /0
+* *0.0%+*/# * .((6+1..%*#%*(.# /0=+( /0=,%/%3+.+1/"%/$K @#@=+.0$ .*,%' I %
"" =.0%#.6(%*#I&" !" =+((6. *I #" > 4 00*1""6
YWW^L@ *". /$40 . *3%.+*) *0/=) 0$6() .1.6%+1)1(0 /%*+0$(' /*/0. )/
K *06. * 1$),YWW^= 4+* 0(@YWXYL=0$+1#$) .1.6+* *0.0%+*/%*"%/$%*
.%3 ./# * .((6 5 0$+/ +""%/$%*(' /%*0$ 4 /0 .***K#( /G)%0$ 0(@
YWX]L@ %#$ /0+* *0.0%+*/+") 0$6) .1.6%*"%/$0%//1 . (/+//+%0 4%0$.%3 ./
%*"(1 * 64 0(*/*%%"%0%+*I+0$+"4$%$+1(+),+1*%),0/".+) ( 
%* *//+%0 %*"./0.101.  3 (+,) *0K. 0(YWXWL@$.+*%) 0$6() .1.6
C (H  %/$* %00+)) *0/

XX`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 457 of 2339

5,+/1. $/%),0/03 .6(+4( 3 (/K)1/( +.4$+( G+6+* *0.0%+*/+"W@\GX@Y;#F#>
%*0$ (.YWXYL=%*(1%*#?* 1.+0+5%%061/%*#.%*( /%+*/*+.#*)# 0$0
%),%./%(%0% /0+(+0 *,01. ,. 6*3+%,. 0%+*>%*$%%0%+*+". ,.+10%3 
/1 //*#.+40$>)# 0+%*0 /0%* /=%# /0%+*= ((1(.) 0+(%/)=+.#*/>*(0 .0%+*
+"/0. //$+.)+* /K %*0$ (.YWXYL@ *%. 0 "" 0/+") 0$6() .1.6 5,+/1. 
4$%$(0 . $3%+.*1(0%)0 (6/1.3%3(%*(1  . / +), 0%0%3 " %*#%(%0% /=
/4%))%*#, ."+.)* =*,. 0+.3+%* K %*0$ (.YWXYL@"%0%+*(
+* .*%/0$ %+1)1(0%+*+") 0$6() .1.6%*%),+.0*0/1/%/0 * /, % /K @#@=
+.0$ .*,%' *.0%#.6(%*#L4$%$*( 0+%*. / .%/'+"$ .0%/ / =$%#$ .
)%/..%# .0 /=(+4 ." )( " .0%(%06= . / ++.%*0%+*=.%*)# "!=*
$%#$ .(++,. //1. %*$%(. *+"1(0+*/1) ./K +.%*# 0(@YWXWL@,*&+#"&
&%* )+ &%&)'&+%+ #(,+ %,$% $'+*& %)*$),)0&%%+)+ &%*
**& +. +$ % %+ - + *% &,$,#+ &%,'+&&.2+ -*+#0
,%)*+ $+*'&+%+ # $'+*&+')&'&*#+)%+ -*@

*+0$ .%* 3%0( %),00+40 .-1(%06*0$1/-10%$%000$0%/(.# (6+3 .(++' %*
0$  %/0$ %* 3%0( %*. / %*$6.+.+*+* *0.0%+*/%*. /1." 40 ./
0$.+1#$+100$ ,.+& 0. /. /1(0+"( '/*% *0(/,%((/K @#@=% / (=, 0.+( 1)=
*01.(#/L@*"+.01*0 (6=0%) 4/0++(%)%0 "+.0$+.+1#$. 3% 4+"/, %"%%),0/+"
10 *$.+*%0+5%%06+"$6.+.+*/@(%)%0 . 3% 4%*%0 % / (/,%((%),0/0+
". /$40 ."%/$// )(# /%*(1%*#%. 0)+.0(%06* . / /, % /1** (/0%*#
"+.0( /0[G\6 ./K 1$ 0(@YWXX=1##* 0(@YWX_L@$  %0%+*((6"%(/0+
+*/% .%*%. 0 "" 0/+"%*. / $6.+.+*+* *0.0%+*/0+"%/$0$.+1#$"++4 
%),0/@% / (/,%((/$3 %),0 ". /$40 .).+%*3 .0 .0 ,+,1(0%+*/"+.)+*0$/0+
+3 .6 .=4$%$+1(+),.+)%/ " %*#*#.+40$+,,+.01*%0% /,.0%1(.(6"+./)(( .=
( //)+%( "%/$ /K 60(  0(@YWWX= .$. 0(@YWX[= 0 ./+* 0(YWX^L@0( /0+* % / (
/,%((. (0 0+ ( .+& 0 5,(+.0%+*0%3%0% /$/(. 6+1.. =1* ./+.%*#0$0
% *0/*( '/+"0$%/*01. /$+1(  5, 0 *"0+. %*0+."0 KYWXWL@
&$ ** &%&)&,*+%#0* *&0)&)&% $'+* %)*,#+* %%,%)*+ $+ &%
&$ % %+ - + * %+ 4

 *&',#+ &% $'+*

/1/ 0+"+),+1*%*#%),0/4%((. /1(0".+)0$ 0.*/,+.00%+*+..%+.=4$%$4%((
%*0.+1 .+/=,%, (%* =**% . '%*#" ..6@$+/ %),0/0+"%/$$%00*
)+3 ) *0. (/+1* . /0%)0 @$ ,. 3%+1/(6%/1// %/ 0%+*+"0$  3%$'
40 ./$ I4$%$$/.  *0(6 *0$ (.# /0,.+1 .+"/+' 6 /()+*K &" 
LI4%((. /1(0%*)1(0%01 +"%),0/K1## .+*  0(@YWXWL@ .6(%00( $6.+(+#%
%*"+.)0%+*$/ *+(( 0 (+*#0$ * 4(6,.+,+/ /+10$ .*.++..%+.=4$%$4%((
)' ,,.+,.%0 1(3 .0 /%#*%),+//%( @ #.( //+" /%#*=$+4 3 ..+/*1(3 .0/
$3 (+*# /0(%/$ %),0/0+,//# +"/()+**+0$ ."%/$ /1 0++4*/0. )$%00
%),0/*1,/0. ),//# %),0/%*(1%*#(0 . $6.+(+#6= .+/%+*=/ %) *00%+*=*
+3 .(($%00/%),(%"%0%+*1(0%)0 (6%),0%*#"%/$)%#.0%+*K.%  0(@YWXW=3%/*
3%/YWXX= $*  0(@YWXX=$ ./+* 0(@YWXYL@+. +3 .=1(3 .0+*/0.10%+*$/
.. (6+1.. %*. /$ 3%(6%*"(1 * 6% ,.+ // /4$%$. +)%*0%*#$** (
"+.)0%+*"0+.%*.%/0+(6@  4%((0( /0%*. / 1(3 .0*.%# )%*0 ** 
. -1%. ) *0/=10)6(/+1/ "1(((+'# =,.0%1(.(60/,.%*#. '1,1.%*#4$%$0%) 
/)+(0+10)%#.0%+*%/(%' (60++1.@ 1/ 0$ 6(%)%0$** ()%#.0%+**(0 .(+(
C (H  %/$* %00+)) *0/

XY`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 458 of 2339

5
4
3
2
1
400
300
200
100
0

Releases (millions)

0

Catch (millions)

6

/0. )$6.+(+#6=1(3 .0/$3 '*+4*=(+*#G0 .)* #0%3 +*/ -1 * /"+."%/$ /*$%00
"+.)*6'%(+) 0 ./1,/0. )*+4*/0. )@3 *1(3 .0/0$0+*+0(+'"%/$,//# 
%*$%%0$** ()%#.0%+**0$1/$%00+),( 5%06=1/ / %) *00%+** .+/%+*=*
". -1 *0(6(+'0.*/,+.0+"4++6 .%/=).%* G .%3 *10.% *0/=*% . #.( //+"
1(3 .0 /%#*K1.*%// 0(@X``X=+*% 0(@YWWYL@+. +3 .=4$%( %*/, 0%+*/)6 
". -1 *0=(.# /( "(++ 3 *0///+%0 4%0$/,.%*#. '1,K4$%$". -1 *0(6+%*% /
/)+(0%"%0%+*L*F+.$ 36.%*/. (%' (60+1/ )1(0%,( "%(1. /4$%$)6 (6. ,%./
/%#*%"%*0(6@%*((6=,+/0G(+/1. %*/, 0%+*/. (%' (60++1.)1$( //". -1 *0(60$*
%*/, 0%+*/1.%*#+, .0%+*=/+"%(1. /4%(($3 (+*# .G0 .)%),0/@ %%)#2+
$% +,2/+%+2%,)+ &%&,#-)+ $'+*))&**#0,%)*+ $+%*&,#
$')&- %)- *)+ ') &)+& %# 1+ &%&)')$ ++ %@

 #*& #*+&&%* )+#&# $'&)+%
&,*" -) %&&"*#$&%K &" 
! $&! L#%3 *4%*(%*#,+,1(0%+*/+"$%*++'
3 *%*. (0%3 (61* 3 (+, *$%/0+.%((6
,.+10%3 40 ./$ /(%' 0$ 1'+**0$ 
1/'+'4%*K%#1. \=$( .# .YWX]L@$ 1/$#'
%3 ./1,,+.0/+* +"0$ 4+.C/(.# /0. )%*%*#
1980
1990
2000
2010
,+,1(0%+*/+"$%*++'/()+*KYWXZ=$+ * 0
(@
(@
YWX^=$( .# . 0(@YWX_L@$%*++' /, ) *00+
Year
0$ 1/$#'%3 .3 .# X[]=W^["%/$, .6 .
".+)X`^]GYWW\KYWXZ=$( .# . 0(@YWX]L@
$ +*(6+0$ ..%3 . 5 %*#0$0( 3 (+"
/, ) *04/0$  1/'+'4%)%3 .=(/+%* /0 .*
(/'="+.4$%$0$ 3 .# "+.0$ /) 0%) , .%+
4/X]W=\_\K$( .# . 0(@YWX]L@ 1/'+'4%)%3 .
$%*++'. 01.*/=$+4 3 .=$3 .  *0(6"%( 0+) 0
)+1*0/*  //.6"+./1/%/0 * // 06(/'C/
1980
1990
2000
2010
+.+"%/$ .% /=,.+),0%*#0$ (/' ,.0) *0
 

      
  

!         !
+"%/$Q) 0+. /0.%0/1/%/0 * $.3 /0/0.0%*#
    
%*YWXWKYWXZL@ 1/ +"4%*(%*#. 01.*/
       
***# . , % /0(%/0%*#/"+. +4 .[_
$"#%
$%*++'/()+*,+,1(0%+*/=$0$ .6
/1,,( ) *00%+*$//1.,// . 01.*/+"4%(
$%*++'/()+*= /,%0 '*+4*%),0/+"$0$ .6"%/$0+4%(,+,1(0%+*/K1## .+*  0(@
YWXW=* 0(@YWXYL@$%/1* ./+. /0$ %),+.0* +"+*/ .3%*#0$ 4+.(C/(.# /0
. )%*%*#4%($%*++'/()+*,+,1(0%+*/K%*/'6 0(@YWW`L@

%0%+*((6=+) *- )+,##0%&&%* )+ &% %+ &%+  -)* +0&*#$&%
;$,#**&+) **' *<*+&"*4 /03%(( /% * ( .(6 /.% /# * 0%*
K. (0 L(%" $%/0+.6%3 ./%06. )+*#/00$ )+/0.%0%("0+./+*0.%10%*#0+0$ +3 .((
/1/0%*%(%06+"0$ .%/0+(6/()+*"%/$ .6K %(+.* 0(@YWWZ=$%*( . 0(@YWXWL@$ 
$1*. /+"%/. 0 /,4*%*#,+,1(0%+*/+"/+' 6 /()+*%*.%/0+(6%/,(6(+(
,00%+*/0+$%#$(63.%( /,4*%*#*. .%*#$%00/K%@ @=(%" $%/0+.6%3 ./%06L@%/0%*0
/0+'/*+1.0"%* /,0%(/( /*+(( 0%3 (6. 0 B,+.0"+(%+ "" 0C4$%$), */
+3 .((3.%%(%06%*0$ "%/$ .66)+. 0$*04+0%) /K %(+.* 0(@YWWZ=$%*( . 0(@
YWXW=1%** 0(@YWXYL@+*/ -1 *0(6=$.0 .%70%+*+"0$ # * 0%+),+/%0%+*+",+0 *0%(
C (H  %/$* %00+)) *0/

XZ`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 459 of 2339

%),0 /0+'/%/ // *0%(0+1* ./0*%*#*,. %0%*#,.+& 0%),0/@$ +)%//%+*+"
# * 0%%*"+.)0%+*%*0$  %/#(.%*#%*(%#$0+"0$ ,+0 *0%("+. (%)%*0%+*+"/+) 
/0. )/=*1* . /0%)0%+*+"$%00%),0/%*)1(0%01 +"/1..+1*%*#/0. )/@

$%( *.+)+1//()+*K* /, %((6/+' 6 =$%*++'=*+$+/()+*L. 
1* ./0*(6 ),$/%7 %*0$  #%3 *0$ %.+)) .%(3(1 =%0%/%),+.0*00++*/% .
0$ /1/%/0 * =. . 0%+*(=* +(+#%(3(1 +"+0$ ."%/$/, % /%*(1%*#.%*+40.+10=
+((6. *=+.0$ .*,%' =.0%#.6(%*#=4$%0 "%/$K" /,@L=/1(,%*K!!/,@L=
/0%'( 'K ! !" "!" * "!" "!" L@ $'+*+&)* %+ **)
- )+,##0 %&) %+ @

+ + &%

$ +)) *0/ ,.+3% 1.%*#/+,%*#)+. 0$+.+1#$(6%/1// )%0%#0%+*0$*0%) 
((+4 "+.0$%/.+1*+"+)) *0/@ 0%/4+.0$*+0%*#=$+4 3 .=0$00$+/ +)) *0/4 . *+0
%**6+*/% . %*0$  =*0$ +*(6/1/0*0%3 %/1//%+*+")%0%#0%+*) /1. /%*0$ 
+1) *0%*3+(3 1/ +"/+G((  /0)*# ) *0,.0% /K/L1.%*#+*/0.10%+**
)%* +, .0%+*@$%(  ),(+6) *0%/ // *0%(="%(1. 0+. //. /0+.0%+*0%3%0% /0+
$%00*%),0 -10%%+0/ 3 . (6(%)%0/0$+.+1#$// //) *0+"%),0,. %0%+*@
%0%#0%+*) /1. / /.% )1(0%,( ,(*/4$%$$3 *+06 0 *."0 +."%*(%7 "+.
. 3% 4=*0$1/0$ %./1""%% *6* "" 0%3 * //**+0  3(10 K @#@=,(*0+,. 3 *0
"%/$,//# %*0+$%00/,.+,+/ "+.. )+3($  3 (+, >*%*3/%3 /, % /
)*# ) *0,(*$  3 (+, = 0@L@+. +3 .=)%0%#0%+*) /1. /. (6$ 3%(6+* /0
)*# ) *0,.0% /K/L=0$  "" 0%3 * //+"4$%$%/(.# (61*0 /0 %*0$ (%0 .01. 
*1* 3(10 %*0$%/,, *%5+.0$ ."0 %*# * .(@ /0(6= 3(10%+*+")%0%#0%+*
*0%. (6%#*+. /"101. )%0%#0%+**. /0+.0%+*) /1. /1.%*#,+/0G(+/1. K/ +*
1*/1,,+.0 +*(1/%+*/+"* #(%#%( %),0/0+"%/$$%00L@ *# * .(=)%0%#0%+**
. /0+.0%+* ""+.0/%*0$  +4 .[_$3  *+0$ 50. ) (6 5, */%3 =*0$ %. "" 0%3 * //
%/,++.(61* ./0++I0$+1#$%0%/'*+4*0$ 6$3 *+0. /1(0 %* (%/0%*#+"*6%"%
/()+*/0+'/0+0 KX``Y=+*% 0(@YWWY=*+0$ ./L@

%)#&$$%+&%#,* &%

 1/ +"0$ / =*+0$ ./%#*%"%*0(%)%00%+*/+"0$ ."0 =%*%0%+*0+0$ 
%*/1""%% *6+"0$ 0%) (%* "+.. 3% 4= )&$$%)- *)+  **,') &)+&
 %# 1+ &%&)')$ ++ %*&%+ * %&$'#+&,$%+@$ . 3%/%+*/$+1(
0$+1#$0"1((6+*/% .*%*+.,+.0 +)) *0/# * .0 /0' $+( .//+0$0. /+*( 
,. %0%+*+",.+& 0.%/'* +*/% . "+.%0%+*(,1(%+)) *0@

   

'+)C3+%- )&%$%+
C4A %+)&,+ &%+&+%- )&%$%+
C4A4F %&$'#+%%- ## %&)$+ &%

D$ . #1(0%+*/0[W.0X\WY@YYKL%*/0.100$0%"%*+),( 0 %*"+.)0%+*X@%/
. ( 3*00+. /+*(6"+. / ( /%#*%"%*03 ./ %),0/>Y@%/ // *0%(0+. /+* 
$+% )+*#(0 .*0%3 />*Z@0$ +3 .((+/0/+"+0%*%*#%0. *+0 5+.%0*0=0$ # *6
/$((%*(1 0$ %*"+.)0%+*%*0$  @$%/+1) *00%+*+),(% /4%0$[W.0
C (H  %/$* %00+)) *0/

X[`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 460 of 2339

X\WY@YYKLKXG[L. -1%. ) *0/0$00$ # *6/$(( 3 (+,/00 ) *0/"+.%*(1/%+*4%0$%*0$ 
 0$ "+((+4%*#?
KXL/00 ) *00$0/1$%*"+.)0%+*%/%*+),( 0 +.1*3%(( @
KYL/00 ) *0+"0$ . ( 3* +"0$ %*+),( 0 +.1*3%(( %*"+.)0%+*0+
3(10%*#. /+*(6"+. / ( /%#*%"%*03 ./ %),0/+*0$ $1)*
*3%.+*) *0@
KZL/1)).6+" 5%/0%*#. %( /% *0%"% 3% * 0$0%/. ( 3*00+ 3(10%*#0$ 
. /+*(6"+. / ( /%#*%"%*03 ./ %),0/+*0$ $1)* *3%.+*) *0@
K[L$ C/ 3(10%+*+"/1$%),0// 1,+*0$ +. 0%(,,.+$ /+.
. / .$) 0$+/# * .((6 ,0 %*0$ /% *0%"%+))1*%06@D

&$$%+3
*# * .(=0$ )&+.%06+"%*"+.)0%+*1,+*4$%$0$ ."0 . (% /%/
%*/1""%% *0@#. 0 (+"0$ +1) *0 , */+*0$ *3%.+*) *0(
/ (%* +1) *0K YWXXL=4$%$+*/%/0 +"+*(6"%3 6 ./+"0@%0$
. /, 00+%*/1""%% *0%*"+.)0%+*. #.%*#,+0 *0%("%/$%),0/".+)0$ 
* 4(6,.+,+/ ,. " .. 0.*/,+.00%+*+..%+.=#. 0 (+". %( 
/% *0%"% 3% * 4//1)).%7 %*C/.%/0+(60 ./$ 
// //) *0KYWX[L@$ ."0 "%( 0+%*+.,+.0 0$0%*"+.)0%+*
/4 ((/)+. .  *0(6,1(%/$ /% * @$ . / .$+*10 60$ 
*%3 ./%06+"/$%*#0+*C/%/$ .% / / .$ */0%010 )+*#)*6+0$ ./. 
5),( /+", .G. 3% 4 (%0 .01. 0$0/$+1($3  *%*+.,+.0 %*0+
0$ ."0@+. +3 .=,,.+$ /"+.0$  3(10%+*+",+0 *0%(%),0/".+)
0$ * 4(6,.+,+/ .++..%+.=%*%0%+*0+0$ )%* /%0 *+0$ .
%*"./0.101. =. *+0# * .((6 ,0 60$ /% *0%"%+))1*%06@

#C4A8B3+')% %
6$  ,,.+$(%' (6+3 . /0%)0 /0$ , .)* *0%),0/ /.% %*0$  @$%( 
0$ /, %"%(+0%+**06, +". ()0%+*0%3%06%/1*'*+4*=0$  ,.+3% /+*0 50"+.
%),0/0+4 0(*/+.+0$ .40 ./6 /.%%*#0$ "" 0  *3%.+*) *0%*$,0 .Z=*
,.+3%%*#-1*0%"% %*"+.)0%+*+*. /+"%),0/%*$,0 .[@$ 3%(( %*"+.)0%+*%/
/1""%% *00+,.+3% . /+*(  /0%)0 /"+.,1.,+/ /+"0$  @EKZ@XG`L

&$$%+3
$%//00 ) *0%/*+0/1,,+.0 60$ . )%* .+"0$ +1) *0@
 ()0%+*0%3%0% /)1/0  /.% %*+. .0+ -10 (6// //,+0 *0%(
,.+& 0%),0/@

C4B %.%)* '2 %$%+2%*
C4B4C*&,) %+))#+ &%* '*
D$ /%0 +"0$ ,.+,+/ ,.+& 0*0$ *01. +"+, *G,%0)%*%*#0%3%064+1(( 0+
+),( 5%*0 .0%+* 04 *#.+1*40 .=/1." 40 .=**1) .+"40 .G. (0 
. /+1. /@$ ,.+,+/ ,.+& 04+1((/+( 0++),( 5%*0 .0%+* 04 *0$ +3 G
) *0%+* 40 .G. (0 . /+1. /*"%/$*-10%. /+1. /@ ),0/0+40 .="%/$=*
4%((%" . /+1. /4+1(%*01.*$3 %),0/+*/1/%/0 * . /+1. />"+. 5),( =40 .
-1(%06)6"" 0"%/$,+,1(0%+*/=4$%$%*01.*)6%*"(1 * /1/%/0 * $.3 /0/=4$%$*
$3 %),(%0%+*/"+.+0$ .$1)*+10+) //1$/$ (0$*/+%+ +*+)%/@ ),0/
 /.% %*+* / 0%+*)6 , *+*0$ *(6/%/".+)*+0$ ./ 0%+*@1.%*#0$ 4.%0%*#
,.+ //=,. ,. ./+((+.0 6/$.%*#0*%/1//%*#%*0 .. (0 /, 0/+"0$ 
*(6/ /0+ 00 .,01. 0$ %*0 .. (0 *01. +" *3%.+*) *0(. /+1. /%*+0$$,0 .Z
C (H  %/$* %00+)) *0/

X\`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 461 of 2339

*$,0 .[@EKZ@XG]L

&$$%+3
$%( 0$%/%*0 *0%+*%/(1( = 5),( /+"%*0 .0%+*/ 04 * +(+#%(
/, 0/+"0$ / (%* K$,0 .ZL*,+0 *0%(%),0/K$,0 .[L. 
('%*#@

C4E)+ &%
C4E4B4A)+ &%''&)+,% + *
%)#&$$%+3#C4E8A3B@AG )-*++0' *% 3/%)%(.0( 
/$+1( ,.+3% "+.0$ ,. 3%+1/,+.0%/$%*#/ 0%+*@$ 0. . %(6
3%(( ".+)0$ (/' ,.0) *0+"%/$*) KL@

D$ . . (1/0 ./+"+)) .%((+# /0+.0(/4+.0$= %*#()+*='* '=
(%)*F 4$( *= +) .= .+6=* +'$*+'=/4 ((/(+*#0$  3%$'=1($0*=
*(#*'.%3 ./KYWXZL@EKZ@\GXXL

&$$%+3
$ . %/(/+/,+.0"%/$%*#(+# %*+*(0+*0$0,, ./0+ +3 .(++' %*
0$%/(%/0@

C4F&$$) #%)+ &%# *) *
C4F4A4A) *+&#0#$&% *)0
D$%( $%*++'/()+*+1*0"+.&1/0X, . *0+"**1(1/$#'$.3 /0=0$ *1) .+"
"%/$$.3 /0 3 .# /[W=WWW**1((6=)'%*#0$ 1/$#'%/0.%00$ )+/0%),+.0*0
$%*++'/()+*"%/$ .6=63+(1) =+10/% +"+10$ /0(/'KQYWX_'L@EKZ@]GYL

&$$%+3
$%//00 ) *0+4*,(6/0$ #(+(%),+.0* +"0$ 1/$#'%3 .$%*++'
/()+*.1*@$ 1/$#'%3 ./1,,+.0/+* +"0$ 4+.C/(.# /0. )%*%*#
,+,1(0%+*/+"$%*++'/()+*4$%$%/ /, %((6*+0 4+.0$6#%3 *#(+(
,+,1(0%+* . / / 3 *%*. (0%3 (6,.%/0%* *)1$(.# .40 ./$ /(%' 
0$ 1'+** 1/'+'4%).%3 ./%* /0 .*(/'KYWXZ=$+ * 0(@
YWX^=$( .# . 0(@YWX_L@$%*++' /, ) *00+0$ 1/$#'3 .# 
X[]=W^["%/$, .6 .".+)X`^]GYWW\KYWXZ=$( .# . 0(@YWX]L@$ 
+*(6+0$ ..%3 . 5 %*#0$0( 3 (+" /, ) *0%/0$  1/'+'4%)%3 .=(/+
%* /0 .*(/'="+.4$%$0$ 3 .# "+.0$ /) 0%) , .%+4/X[]=W^[
K$( .# . 0(@YWX]L@ 1/'+'4%)%3 .$%*++'. 01.*/=$+4 3 .=$3 
.  *0(6"%( 0+) 0)+1*0/*  //.6"+./1/%/0 * // 06(/'C/
+.+"%/$ .% /=,.+),0%*#0$ (/' ,.0) *0+"%/$Q) 0+. /0.%0
/1/%/0 * $.3 /0/0.0%*#%*YWXWKYWXZL@%3 *0$ 1(01.(. (%* +*
$%*++'/()+*=0$%/%/+"#.3 +* .*@

C4F4A4B,*"% - " *+) + *+&) # )-*+%*'$%+

D3 .0$ (/0YW6 ./=0$ .%3 .+*0.%10 [\, . *0+"0$ 3 .# **1(%*/$+. /+' 6 
/()+*. 01.*=4$%$%/[\, . *0+"0$ 0+0(3 .# .1*/0. *#0$%*0$ %/0.%0K/ ( 
Z@]G[*%#1.  Z@]GX%*,, *%5 Z@]L@$  3%$'%3 .%/'*+4*"+.%0/3.%( /+' 6 
/()+*.1*/0. *#0$>0$ /)(( /0. 01.*0+0$%/.%3 .%*0$ (/0YW6 ./4/&1/0^W^=WWW"%/$=
4$%( 0$ (.# /0.1*4/X\@\)%((%+*"%/$@00$ /) 0%) =0$ 3 .# /+' 6 /()+*. 01.*

C (H  %/$* %00+)) *0/

X]`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 462 of 2339

0+0$ .%3 ./6/0 )".+)YWW_0+YWX^4/)+. 0$*+1( 0$ 3 .# . 01.*".+)X``_0+
YWW^KQYWX_)LEKZ@]G[L

&$$%+3
$%/,.#.,$,. %/ (61* ./+. /+0$0$ %* -16+"0$  *3%.+*) *0(
/ (%* 0/4 ((/0$ %),+.0* +"0$ ,+.0"+(%+ "" 0%*)%*0%*%*#0$ 
+3 .((/1/0%*%(%06+"0$ .%/0+(6"%/$ .6%*# * .(=*0$1/0$ 
%),+.0* +")%*0%*%*#%3 ./ =+),( 5$%00/4$%$ *# * .0$0
/1/0%*%(%06@

D$ ++%3 .=" 60$ ++G%'$%' ' /6/0 )=%/0$ +)%**0/+' 6 /()+*
,.+1 .%*0$ %/0.%0*+1*0 "+.]Y, . *0+"0$  /0%)0 .1*/0. *#0$+3 .0$ (/0
YW6 ./@$ . 01.*0+0$%//6/0 )3 .# ()+/0\@_)%((%+*"%/$, .6 . 04 *X``_*
YWX^@ *+),.%/+*=0$ 1/$#'%3 .+1*0 "+.+3 .Y@Z)%((%+*/+' 6 /()+*, .
6 . 04 *X``_*YWX^=+.Y\, . *0+"0$ %/0.%00+0(@$ 1/$#'%3 .(/+
5, .% * //%#*%"%*03.%0%+*/%*.1*/0. *#0$@$%( *+0/ 50. ) /0$ 3.%0%+*/"+1*
+*0$  3%$'%3 .=0$ (.# /0.1*%*0$ ,/0YW6 ./4/+3 .XX0%) /0$ /%7 +"0$ 
/)(( /0.1*K/ (  Z@]G\*%#1.  Z@]GY%*,, *%5 Z@]L@EKZ@]G[L

&$$%+3
$%/,.#.,$,. %/ (61* ./+. /+0$0$ %* -16+"0$  *3%.+*) *0(
/ (%* 0/4 ((/0$ %),+.0* +"0$ ,+.0"+(%+ "" 0%*)%*0%*%*#0$ 
+3 .((/1/0%*%(%06+"0$ .%/0+(6"%/$ .6%*# * .(=*0$1/0$ 
%),+.0* +")%*0%*%*#%3 ./ =+),( 5$%00/4$%$ *# * .0$0
/1/0%*%(%06@

6$ 1/$#'%/0.%0/0*/+10"+.0$ /%7 +"%0/$%*++'/()+*.1*@ 04 *X``^*
YWX]=+*3 .# =0$  *0%. .%/0+(6+)) .%("%/$ .6$.3 /0 ZY=`W_$%*++' $6 .=
*Y\=]YZ+"0$ / "%/$K^_, . *0L) ".+)0$ 1/$#'%/0.%0@$ YWG6 .3 .# 
$%*++'.1*/%7 "+.0$ 1/$#'%/()+/0X^`=WWW"%/$KQYWX_)L=4$%$)' /0$ 
1/$#'/6/0 )+* +"0$ )+/0,.+10%3 "+.$%*++'/()+*%*(/'@EKZ@]G[L

&$$%+?
$%/,.#.,$0( /0) *0%+*/0$ %),+.0* +"0$ 1/$#'%3 .0+0$ 
/00 4% ,.+10%+*+"$%*++'/()+*=0$+1#$(0 .// //) *0/+",+0 *0%(
%),0"%(0++*/% .0$0%),+.0* +./, %"%/ */%0%3%0% /+"$%*++'
/()+*@

C4F4B4A'')&&" %#+% &.)&&" %#+#$&%

D 0%/*+0,+//%( 0+ 0 .)%* 0$ )+1*0+".%"0"( 0$.3 /0%*. /Y[[G]Z*Y[[G^W
 1/ 0$ Q+ /*+0+(( 0$.3 /00+.00 ),00+ /0%)0 $.3 /0%*0$ / 
/, %"%. /@EKZ@]GX`L

&$$%+3
%3 *0$0++' *( 0/()+*,+,1(0%+*/$3  *%* (%* =*0$1/0$ 
31(* .%(%06+"0$0"%/$ .6=0$  3 (+, ./$+1( . -1%. 0++(( 00$ / 
0%*+. .0+$.0 .%7 / (%* ,.%+.0+, .)%00%*#K +.%*#YWX]=$+ *
0(@YWX^L@

D */,%0 +"0$ 1* .0%*06.+1*0$ )#*%01 +"0$ +3 .(, 04 *.%"0* 0"( 0$.3 /0
0%3%0% /*0$ ,.+& 0C/,.+,+/ *01.(#/,%, (%* =0$ ,+0 *0%("+.+*"(%0%/(+4
C (H  %/$* %00+)) *0/

X^`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 463 of 2339

 1/ +"0$  ,0$+"0$ ,%, (%* +*0$ / "(++.=*0$ /, %"%0%+*/+".%"0#%((* 0# .
KQYWX^L@EKZ@]GX`L

&$$%+?
#%*=0$  3 (+, ./$+1( . -1%. 0+) /1. * "%* 0$ )#*%01 
+"+3 .(,,.%+.0+, .)%00%*#@$%//00 ) *0(/+,, ./0+%#*+. 0$ 
,+0 *0%("+./,%((=)%*0 ** . -1%. =*%*. / /$%,0.""%%*++' *( 0=
((+"4$%$*$3 %),0/+*0$ +)) .%("%/$ .6@

C4F4C4A)*.+) * %

D$ 1($0*%3 .%/0$ +*(6/6/0 )%*. '*+4*0+ +** 0 0+0$ ,.+& 0. 3%
/1." 40 ./>0$ .%3 .+1*0 "+.]@[, . *0+" /0%)0 *#(%*# ""+.0%*0$ YW6 ./
 04 *X``^*YWX]@ +4 3 .=3 .# **1(*#(%*# ""+.0+*0$ 1($0*%3 .4/[\
, . *0(+4 ."+.0$ YWW^0+YWX], .%+0$*%04/1.%*#0$ X``^0+YWW], .%+K( 
Z@]G`L@EKZ@]GY_L

&$$%+?
+.%*#0+0$ ),+*0$ ,. 3%+1/,# =0$ 1($0*%/%*. =*+0@
 #.( //=0$ . %/*+%00%+*4%0$4$%$0+3 .%"60$%//00 ) *0. #.%*#
*#(%*# ""+.0@+. +3 .=%*0$ //+%0 0( K( Z@]G`L=D0$ .
0 .+% /E/$+1(  /.% /%*%3%1(.%3 ./#%3 *0$ ,+0 *0%("+.
/%#*%"%*0%),00+0$ 4%( .* //*#(%*# 5, .% * 0$ %*0.+10%+*+"
)%* +1(%),+/ @ "0$00%/*+03%(( =0$  3 (+, ./$+1( 
. -1%. 0+#0$ .%0%*+. .0+ /0%)0 ,+0 *0%(%),0/@$ /) $+(/
0.1 "+.+0$ .. . 0%+*(*#(%*#D. /E*@

#*C4F8I=C4F8A@%)#&$$%+;C4F8C@<3 #.( //+"4$ 0$ .0. 3%(( 
".+)=0$  3 (+, ./$+1( . -1%. 0+ "%* 1/ +"((0.%10.% /
4$%$4%(( %),0 %*(1%*#+0$.*$ /+"*0$ )%*/0 ) +'01(%=
0$ 7%)%*%3 .=,, .(.%'=*+0$ ./@.+1/0/ (%* %/0$ +*(646
4%0$4$%$0+ /0%)0 ,+0 *0%(%),0/@

D$ 0,.+3% %*/%#$0/%*0+#1%  ""+.0%*0$ . %*(1%*#A
• $  +'01(%%3 .+ /*+0,, .%*0$ ,.+#.)0"+.0$ / 6 ./@DKZ@]GZXL

&$$%+3
$  3 (+, ./$+1( . -1%. 0+#0$ .0$ / 0%*+. .0+ -10 (6
// //,+0 *0%(%),0/+")%*  3 (+,) *0@

C4F4C4B*+ $+*&&%&$ &%+) ,+ &%

D(0$+1#$**1( /0%)0 /+"/,+.0"%/$%*#C/ +*+)%+*0.%10%+*. *+03%(( =
KYWX[L*1""% ( 0(@KYWW^L,.+3%  /0%)0 /+"**1(%7 3(1 / +*YWW\/,+.0
"%/$%*# ""+.0@DKZ@]GZXL

&$$%+?
#%*=0$  3 (+, ./$+1( . -1%. 0+#0$ .0$%/%*"+.)0%+*%*+. .0+
 -10 (6// //,+0 *0%(%),0/+")%*  3 (+,) *0@$ 0. (% 
1,+*$ . K,.0%1(.(60$ 1""% (. ,+.0L. *+4+10+"0 @

C4G4A+',$$)0
C (H  %/$* %00+)) *0/

X_`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 464 of 2339


D $/*+06 0+),( 0 *// //) *0"+.+""G/$+. 1(01.(. /+1. /K*$%/0+.%
,.+, .0% /L"+.,.+& 0+),+* *0/*(0 .*0%3 /@$%/4%((+1.1.%*#0$ YWX`"% (/ /+*
* %*+.,+.0 %*0+0$  @EKZ@^GZL

&$$%+3
(0$+1#$1(01.(. /+1. /. +10/% +")6# * .(. /+" 5, .0%/ =0$%/%/
*+0$ .( . 5),( +"0$ %*/1""%% *6+"/ (%* 04%0$4$%$0+
,,.+,.%0 (6// //,+0 *0%(%),0/@$ /  ""+.0//$+1( +),( 0 *
%*+.,+.0 %*0+. 3%/ ."0 @

C4G,#+,)#*&,)*
C4G4C4B)%*'&)++ &%&)) &)

D$ 0.*/,+.00%+*+..%+.$/*+0 */1& 00+/, %"%,( *) /. / .$+.)+. 
 0%(  0$*+#.,$%+.0.%0%+*( +(+#%('*+4( # K L%*3 /0%#0%+*/6 @$%/. 
(.# (6"((/+10/% 0$ /016. /1/ 0+#1% ,. 3%+1/ /1.3 6/@1(%%*,10*0
".+)+0$ ./+1. /=/1$/0$0+),( 0 6+'+ 1#+KYWX^L*+0$ ./01% /%0 +3 
%*0$ )%* /%0 / 0%+*=+*0.%10 0+1* ./0*%*#0$ (+0%+*+"*0%3 ,( *) /%*0$%/
,.+& 0+),+* *0@$ ,( *) /. (%)%0 0+0$ )%*  //.+=/0$ ,+.0 //
.+4/*+0,.0+"0$ 1(01.(. /+1. /016. "+. @EKZ@^G_L

&$$%+3
(0$+1#$1(01.(. /+1. /. +10/% +")6# * .(. /+" 5, .0%/ =0$%/%/
*+0$ .( . 5),( +"0$ %*/1""%% *6+"/ (%* 04%0$4$%$0+
,,.+,.%0 (6// //,+0 *0%(%),0/@$ /  ""+.0//$+1( +),( 0 *
%*+.,+.0 %*0+. 3%/ ."0 @

C4G4C4C$"&) &)+

6$ . /1(0%/0$0)+. (%)%0 / 0+"0%/3%(( "+.$.0 .%7%*#0$ "" 0 
*3%.+*) *00)' +.%=*)*6+"0$ 0#,/%/1//  .(% .,,(60+0$%/. /
4 ((@EKZ@^G`L

&$$%+*3
$%/%/*+0$ .( . 5),( +"0$ %*/1""%% *6+"/ (%* 04%0$4$%$0+
,,.+,.%0 (6// //,+0 *0%(%),0/0+0$  +(+#6*+))1*%0% /+"0$ 
)%* %*"./0.101. "++0,.%*0@$ /  ""+.0//$+1( +),( 0 *
%*+.,+.0 %*0+. 3%/ ."0 @

D%0%+*(. / .$*+*/1(00%+*4%(($ (,% *0%"6%*%# *+1/,( *) /%*0$%/. *
+*0.%10 0+1* ./0*%*#0$ 1(01.(/%#*%"%* +"0$ / (+0%+*/@EKZ@^GXWL

&$$%+3
(0$+1#$1(01.(. /+1. /. +10/% +")6# * .(. /+" 5, .0%/ =0$%/%/
*+0$ .( . 5),( +"0$ %*/1""%% *6+"/ (%* 04%0$4$%$0+
,,.+,.%0 (6// //,+0 *0%(%),0/@$ /  ""+.0//$+1( +),( 0 *
%*+.,+.0 %*0+. 3%/ ."0 @

C4H *+&) )&')+ *
C4H4B)&&+%+ #+*%)$ +)

C (H  %/$* %00+)) *0/

X``_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 465 of 2339

D/*+0 %* 0%+*Z@^=1(01.( /+1. /=0$ )%* /%0 =0.*/,+.00%+*+..%+.=*
5,* ++' *( 0/ (%* 016. . /++*0%*%*0 .3% 4G% *0%"% .+10 /*0.%(/=
/1/%/0 * 1/ . /=,( *) /=*+0$ .1(01.(. /+1. /" 01. /0$0)6 
 0 .)%* 0+ $%/0+.%,.+, .0% /%*0$  0%+*XW]. 3% 4@ 0%/ 5, 0 0$0%0%+*(
%*"+.)0%+*#( * 0$.+1#$0$  0%+*XW]+*/1(00%+*,.+ //4%(("1.0$ .. "%* 0$  50 *0
**01. +"+0$ .$%/0+.%,.+, .0% /*0$ +*/% .0%+*+" "" 0/+*$%/0+.%,.+, .0% /@E
KZ@_GZL

&$$%+3
(0$+1#$1(01.(. /+1. /. +10/% +")6# * .(. /+" 5, .0%/ =0$%/%/
*+0$ .( . 5),( +"0$ %*/1""%% *6+"/ (%* 04%0$4$%$0+
,,.+,.%0 (6// //,+0 *0%(%),0/@$ /  ""+.0//$+1( +),( 0 *
%*+.,+.0 %*0+. 3%/ ."0 @

C4I,* *+%
C4I4C,* *+% )-*+++)%*0&$$,% +0%)#&$$%+;C4I8E9C4I8BG<3 $ 
3/0)&+.%06+"0$%// 0%+*. (% /+*/%*#( . " . * 4$%$%/+3 .  
+(K((YWW]L@$%/%*"+.)0%+*/$+1( 1,0 ** 4%*"+.)0%+*/$+1(
 %*+.,+.0 %*0+. 3%/ ."0 @

C4I4C4D&%#+&%
D/ . /"+..%+1=)++/ =(' .=*.+4* .$1*0%*#4 . ".+)0$ $ 40 ./
+"0$ 1($0*%3 .*0+4./0$  +'01(%%3 ./6/0 )K(( 0(@YWW]L@ /% *0/
0.3 ( /+10$0+ (%)*=0+0$ $ 40 ./+",, .(.%'. '=*0+0$  /0 .* *+"
%00(  ' (.'K(( 0(@YWW]L@EKZ@`GYWL

&$$%+3
$%/%*%0 /( .*%. 0%),0+")%* %*"./0.101. 0+/1/%/0 * 
. /+1. /#%3 *0$%// *0 *  /.% /%. 0+3 .(,4%0$,.0/+"0$ )%* 
/%0 *%*"./0.101. @

C4A@ #+%+0
C4A@4A4A**,$'+ &%*% $ ++ &%*

D)+*#0$ .*# +"+* .*/ 5,. // 60$ +))1*%0% /*/0' $+( ./1.%*#0$ 
/+,%*#,.+ //=0$ $%#$ /0$ (0$G. (0 +* .*/%*(1 A,+0 *0%( 5,+/1. 0+0+5%
$ )%(/%*%.=40 .=*+0$ . *3%.+*) *0() %=$ )%(%),0/+*3%(%(%06*
-1(%06+"/1/%/0 * "++/=,.0%1(.(6"%/$%*#. /+1. /AEKZ@XWGZL

&$$%+3
$%( 0$%/+* .*%/.%/ *+1) *0 %*0$ ."0 =%0%/*+0/1""%% *0(6
. // %*0$ /1/ -1 *0,. %0%+*/+".%/'K/  (+4L@+. 5),( =
,+0 *0%("+.%+1)1(0%+*+"/ ( *%1)%/*+0 3 *) *0%+* %*0$ 
+1) *0@

C4A@4A4C*# %&$$,% +0 #+&% + &%*

D(0$+1#$/00 4% 0+"" .//+) +*0 50=0$  %/1//%+*/%*0$%// 0%+*. (%)%0 0+
$ (0$ *,+%*0/0$0$3 . ( 3*0*.  *0. #%+*(*(+(03%(( K+( .0. 
,. / *0 /4..*0 +.%"1.. *004 . *+03%(( L@EKZ@XWG^L

C (H  %/$* %00+)) *0/

YW`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

&$$%+3

Appendix E, Page 466 of 2339

$%/%*"+.)0%+*/$+1( #0$ . 6 3 (+, .*%*(1 %*. 3%/ 
."0 @


C4A@4A4D #++*+&) *

D*,3 .+/. )&+./+1. +"1/0*)6%.1(0 ,+((10*0/%*1/0=4$%$"" 0/
%.-1(%06*)6(/+/ 00( +*"++/+1. /@EKZ@XWGXWL

&$$%+3
$%( 1*,3 .+/. ) *0%+* 4%0$. /, 00+%.-1(%06=0$ %.%),0/0+
40 .//+1. +"+*0)%*0%+*K @#@="%* / %) *0/=) 0(/* G%%*#
$ )%(/L= 40 .%*#0+)%*%)%7 1/0=*+3 .(($%00/%),(%"%0%+*%/
5(1 K+.)**( 5* .X``_=.+)1('*.%// ((YWWW=
*# .) % . 0(@YWW[L@

D/ (%* /1." 40 .. /+1. /%*0$ 3%%*%06+"0$ )%* /%0 *(0 .*0%3 /Y*Z
0.*/,+.00%+*+..%+./$*1) .+1/ 0 0%+*/+"*01.((6+1..%*#0.  ( ) *0/F) 0(/=
10+*(6" 4) *+* *0.0%+*/ 5  0$ / ( 0 ,,(%( 00 +"(/'40 .
-1(%06/0*./KL,.+0 0%3 "+.(( /%#*0 40 .1/ /K)+/0/0.%*# *0+"$1)*
$ (0$* +(+#%(.%0 .%=%*(1%*#.%*'%*#40 ./1,,(6*$+1/ $+(1/ L?(1)%*1)%*
0$ 4 /0,+.0%+*+"0$ *+.0$ //.+=*(1)%*1)*+,, .%*0$  /0,+.0%+*+"0$ 
*+.0$ //.+@$%( 6*% 4/+*(6+/%+*((6,. / *0%* 0 0( +* *0.0%+*/=
*+* +"0$ ) *+* *0.0%+*/4 . +3 0$ @EKZ@XWGXWHZ@XWGXXL

&$$%+3
*# * .(=0$%/%*%0 / 50. ) (6(+4+* *0.0%+*/+") 0(/1.. *0(6*
1* .0$ *+0%+*(0 .*0%3 I0( 3 (/ (+440 .-1(%06.%0 .%0+4$%$
%/$.# 40 ./4%(( 0. 0 @+*/ -1 *0(6= 3 *40 .) 0%*#40 .
-1(%06.%0 .%4%(( %* 5 //+"1.. *0=/ (%* 3(1 /K( XL@

D/ (%* #.+1*40 .$*1) .+1/ 0 0%+*/+"*01.((6+1..%*#0.  ( ) *0/F) 0(/=
4%0$) *+* *0.0%+*/+"(1)%*1)=+,, .=%.+*=( =)*#* / =)+(6 *1)=*7%*
5 %*#0$ )+/0/0.%*# *0+" %0$ ..%*'%*#40 ./0*./+."+.-10%(%" .%0 .%=
/%* #.+1*40 .+1(%/$.# 0+/1." 40 .+% /@+."1.0$ . 0%(//  0%+*Z@X_=
0 .* %) *01(%06@ 3 .(+))1*%06.%*'%*#40 .4 ((/. (+0 (+*#0$ 
0.*/,+.00%+*+..%+./?+*(0+*%06 ((= 4$( *1(% ((TY= (%)* 0$ .  **
 ((=*0$  .+6.%(+1*%( ((@./ *%4/. ,+.0 /+3 .%*'%*#40 .
/0*./%*0$ +*(0+*= 4$( *=* .+64 ((/=4$%( , 4/. ,+.0 +3 
.%*'%*#40 ./0*./%*0$  4$( *= .+6=* (%)*4 ((/@./ *%%/*01.((6
+1..%*# ( ) *0%*.+'*/+%(=*+"0 *,. / *0%*0. )+1*0/%*#.+1*40 .@
+* *0.0%+*/+"./ *%%*#.+1*40 .. # * .((6//+%0 4%0$3+(*% ,+/%0/*
#+(G)%*%*#. /=*$%#$+* *0.0%+*/+"./ *%%*#.+1*40 .. (.# (60$ . /1(0+"
./ *%G+*0%*%*#)%* .(/K @#@=%.+*G/1("% *+,, .G/1("% )%* .(/L%//+(3%*#*01.((6
+3 .0%) ".+)4 0$ . .+'*/+%(/@EKZ@XWGXXL

&$$%+3
 1/ .+ 530%+**)%*0 ** $/0$ ,+0 *0%(0+ 5,+/ 0$ / 
+*0)%**0/=0$ 6/$+1( +*/% . "+.,+0 *0%(0+5%%060+"%/$ /*
+0$ .-10%(%" %*%),0// //) *0/@


C (H  %/$* %00+)) *0/

YX`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 467 of 2339

D +,( )6  5,+/ 0+$ )%(/%*"++/+1. /0$.+1#$"++G4 0.*/" .K%@ @=$ )%(/
1)1(0 6"%/$=4%((%" +. %( ,(*0/L@$ 1)1(0%+*+"$ )%(/%*%+(+#%(
0%//1 /%/(( %+1)1(0%+*>%*. /%*#(6$%#$ .+* *0.0%+*/+"$ )%(/0$%#$ .
( 3 (/+"0$ "++G4 %/(( %+)#*%"%0%+*@ +4 3 .=*+0(($ )%(/$3 0$ 
,.+, */%060+%+1)1(0 +.%+)#*%"6@5),( /+") 0(/0$0)6%+1)1(0 0+
/+)  #. %*(1 ./ *%=( =*) .1.6=4$%( ) .1.6(/+*%+)#*%"6@EKZ@XWGXXL

&$$%+*3
$%/(%/0 5(1 // ( *%1)=) 0(0$0*+0+*(6%+1)1(0 /=10%/(%' (60+
 %/$.# 0( 3 (//%#*%"%*0(6$%#$ .0$*40 .-1(%06.%0 .%K*0$1/
0( 3 (/(%' (60+ $.)"1(0+-10%(%" >/ )7+4 0(@YWX`=( XL@

C4AD& #*
C4AD4B4A % +

D$ / (%* /+%($ )%/0.6 3(10%+*%/ 5(1/%3 0+0$ )%* /%0 @1.0$ . 3(10%+*+"
(%)%0 1,(*/+%($ )%/0.6/ (%* 0"+.0$ 0.*/,+.00%+*+..%+.**01.(#/
,%, (%* +..%+.4/*+0+*10  1/ * %0$ .+"0$ / +),+* *0/%/+*/% . 0+$3 
) $*%/)/+.$ )%(/+1. /0$0+1(. /1(0%*3 ./ %),0/0+/+%(K 0%+*[@X[=+%(/L@
1.0$ .)+. =0$ (%)%0 1,(*/+%($ )%/0.60"+.0$ 0.*/,+.00%+*+..%+.**01.(
#/,%, (%* +..%+.. $ )%((6+*/%/0 *04%0$0$+/  /.% "+.0$ )%* /%0 /016. 
K  0(@YWXXL@EKZ@X[GYL

&$$%+3
$%/%/*+0$ .( .%*%0%+*0$0)+. 0%/*  (+*#0$ * 4(6
,.+,+/ 0.*/,+.00%+*+..%+.%*+. .0+ 00 .,. %0,+0 *0%(%),0/+"
 3 (+,) *0@$%//$+1( +*10 *%*+.,+.0 %*0+. 3%/ ."0
 ,.%+.0+"%*(%70%+*+., .)%00%*#@

C4AF,)+) 0)&#&0

D+/0+"0$ )%* /%0 %/$6.+(+#%((6+** 0 0+.%/0+(63%0$  * .%3 ./=
4$%$&+%*0$ 1($0*%3 .4 /0+"0$ )%* /%0 @EKZ@X]GXL

&$$%+3
$%//00 ) *0%/%/%*# *1+1/*. /1(0/%*3/01* . /0%)0 /+",+0 *0%(
%),0%*0$ "+((+4%*#$,0 .@1/1." #.+1*40 .0.*/" .".+)0$ 
+10$+.' +'01(%0+0$ ,, .(.%'. '4/+1) *0 %*0$ 
*3%.+*) *0(/ (%* +1) *0K YWXXL@. 0) *0,(*0%/$.# 0+
,, .(.%'. '4$%$4%(((0 ./0. )"(+4=0 ), .01. =*$ )%/0.60+
0$ .  %3%*#40 .+6@*0$ ,.+,+/ 0.*/,+.00%+*+..%+.3%.01((6
%/ 0/0$  *0%.  3%$'%3 .=4%0$,+0 *0%(%),0/+0$1,*+4*
#.% *0".+)0$ +..%+.@

C4AF4A4A % +

6.+1*40 .%/*%),+.0*0+),+* *0+"/0. )"(+4%* $40 ./$  /.% +3 =
*. /1(0/+"/0. )"(+40*(6/%//1## /0 ,+0 *0%(.+//G40 ./$ +1*.6
%*0 .0%+* 04 *0$  *40 ./$ /@EKZ@X]G_L


C (H  %/$* %00+)) *0/

YY`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

&$$%+3

Appendix E, Page 468 of 2339

$%/%/%0%+*( 3% * 0$0%),0/4%((*+0 (%)%0 0+0$ 1/$#'
40 ./$ @


D(%)0 3.%%(%064/%*+.,+.0 %*0+0$ )+ (61/%*#0$ ^]G6 .3 .# )+*0$(6
/6*0$ 0%0 ), .01. *,. %,%00%+*. +.@E

&$$%+?
%0 /, %"%,. %0%+*/"+.(%)0 $*# =%*%0%*#$%#$ .0 ), .01. /*
%*. / ,. %,%00%+*=/$+1( %*+.,+.0 %*0+0$ )+ (K YWX[=
YWW^L@

D00$%/,+%*0=(0$+1#$0$ . / )/0+ +))+*0. *%*0 ), .01. =0$ . + /*+0
/ )0+ +))+*0. *%* %0$ .,. %,%00%+*+./0. )"(+40(+*#G0 .))+*%0+.%*#/%0 /
%*0$ 3%%*%06+"0$ )%* /%0 @$ %),0+"0$ 1* .0%*0% ///+%0 4%0$ /0%)0 /+"
$6.+(+#%+*%0%+*/00$ )%* /%0 %/%/1// %* 0%+*[@X]=1." 0 . 6.+(+#6@E
KZ@X]GYXL

&$$%+?
$%/. //&1/0%"%0%+*0+ 5(1 (%)0 $*# ".+)+*/% .0%+*".+)
%),0@%3 *%0/%* 3%0%(%06*(%' (%$+++"+),+1*%*#%),0/".+)
)%*%*#=(%)0 $*# )1/0 %*(1 %*0+%),0// //) *0@

D 0%/(%' (60$00$ "(++,(%*/%*0$  = =*40 ./$ /,.+3% "(++/0+.# *
+*3 6* =*. 1 "(++3 (+%0% /=40 ./1."  ( 30%+*/="(++G, '%/$.# =*
/ %) *00.*/,+.0 60$ 40 .@$ %),0+"0$ ,.+& 0+*0$ / "1*0%+*/*3(1 /%/
%/1// %* 0%+*[@X]=1." 0 . 6.+(+#6@EKZ@X]GYXL

&$$%+?
$%//1## /0/0$0)%* %*"./0.101. 4%((,.+)+0 %*. / "(++%*#*
//+%0  .+/%+**/ %) *00%+*%*+4*/0. ).  %3%*#40 ./@

C4AF4A4B)%*'&)++ &%&)) &)

D %)%0 M/1." 40 .$6.+(+#6N0. 3%(( "+.0$  (%)*/,1..+K*0$ ,+.0
 //.+A$ . %/*+'*+4*, .)".+/0%*0$ 0.*/,+.00%+*+..%+.>$+4 3 .=, .)".+/0
$/ *+/ .3 %*0$ # * .(. K 00 .)** X`^ZL=*)6 ,. / *00
 ,0$%*%/+(0 7+* /=/1$/+**+.0$G"%*#/(+, /@ 0%+*Z@X[=+%(/=. // /0$ 
+1.. * +", .)".+/0@EKZ@X]GYXL

&$$%+?
$ ,,(%*0/$+1( . -1%. 0++(( 0%0%+*(0/1""%% *0"+.
/0%)0%*#%),0,.%+.0+"%*(%7%*#0$  =%*(1%*#%/0.%10%+*+", .)".+/0
*%),0/0$0) (0%*#)6$3 %*%0%+*0++0$ .# * .(%),0/@

D1(3 .0/4+1( 1/ "+.0$ .+0+.+//,,.+5%)0 (6YW/)((0.%10.% /K%#1. Z@X]G]L@
4+.%# /4+1( 1/ "+./0. ).+//%*#/?+* 0+/,*=*+* 0+/,*%./0. '@
$ )%*  //.+0 .)%*0 /00$ *+.0$" ..60 .)%*(0 (%)* ' @EKZ@X]GYXL

&$$%+*?
%/$%/0.%10%+*%/*+0( .(6 *+1#$ "%* (+*#0$ .++..%+.0+
 0 .)%* ,//# . -1%. ) *0/@ #.( //=1(3 .0/*.%# /$3 1,*
+4*/0. )%),0/+*/0. )/%*(1%*#(0 . $6.+(+#6= .+/%+*=
/ %) *00%+*=*+3 .(($%00/%),(%"%0%+*1(0%)0 (6%),0%*#"%/$
C (H  %/$* %00+)) *0/

YZ`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 469 of 2339

)%#.0%+*K3%/*3%/YWXX= $*  0(@YWW_L@+. +3 .=)1$( //
1(3 .0+*/0.10%+*$/+1.. %*. /$ 3%(6%*"(1 * 6% ,.+ // /
4$%$. +)%*0%*#$** ("+.)0%+*"0+.%*.%/0+(6@  4%((00$ 
( /0%*. / 1(3 .0*.%# )%*0 ** . -1%. ) *0/=10)6(/+1/ 
"1(((+'# =,.0%1(.(60/,.%*#. '1,1.%*#4$%$0%) /)+(0
+10)%#.0%+*%/(%' (60++1.@

D*0$%// #) *0+"0$ ,+.0 //.+=1(3 .0/4+1( 1/ 0+.+//,,.+5%)0 (6Y]
/)((/0. )/K/ %#1. Z@X]G^L@.%# /4+1( 1/ 0+.+//"+1.1**) /0. )/*
.%3 ./=%*(1%*#0$ %.(0.%3 .A*0$%// #) *0+"0$ ,+.0 //.+=1(3 .0/4+1( 
1/ 0+.+//,,.+5%)0 (6ZZ/)((/0. )/K/ %#1. Z@X]G^L@.%# /4+1( 1/ 0+
.+//04+(.# .1**) /0. )/@EKZ@X]GY[L

&$$%+*?
%/$%/0.%10%+*%*"+.)0%+*"+.0$ /+10$ .*.++..%+.%/,.0%1(.(6
('%*#@$00+ 5%/0,, .0+$3  *+(( 0 1.%*#/%*#( 
/),(%*# 3 *0/(%)%0 0+0$ /1)) .+"YWX_K.+5YWX_GL@ 0%/1*( .
%"((40 .+% /4 . /),( @10. #.( //=0$0 ""+.0%/3/0(6%*/1""%% *0
"+.. /+(10 (6 0 .)%*%*#"%/$%/0.%10%+**1/ +"/0. ).+//%*#/4$%$
*. /1(0%*,++.K+.*+L"%/$,//#  /%#*@

D$  (%)*/,1..+4+1(.+/// 3 */)((/0. )/*0$  4$( *%3 .@1(3 .0/4+1(
 1/ 0+.+//0$ / 3 */)((/0. )/=*.%# 4+1( 1/ 0+.+//0$  4$( *
%3 .@$ / / 3 */0. )/. 1*G## >$+4 3 .=4$ . /1""%% *0/0. )"(+40. *+0
3%(( =%0%//0*.,.0% %*(/'0+ /%#*0$ .%*# /0.101. /1/%*#. #%+*(
. #. //%+* -10%+*/0+,. %00$  /%#*@* 5),( +". #%+*(. #. //%+* -10%+*/0$0
)%#$0 1/ "+.0$%/,.+& 0%/0$ . #. //%+* -10%+*/,1(%/$ %*YWX]K1..* 0(@
YWX]LA0. )"(+4%*"+.)0%+*"+.0$ +0$ ./0. )/M 5 ,00$  4$( *%3 .N.+// 6
0$ .+%/*+03%(( 00$ 0%) +"0$%/4.%0%*#@EKZ@X]GY]L

&$$%+*?
%3 *,.+( )/%*$ . *00+((1(3 .0/K$%00/%),(%"%0%+*=(0 . 
$6.+(+#6=/ %) *00%+*=*+0$ ./L*0$ %0%+*(+),(%0%+*+"% 
,.+ // /%*.%/0+(6/0. )/=1(3 .0/  /%#* 4%0$+),( 0 
$6.+(+#%%*"+.)0%+*@$ ,.+,+* *0/$+1( . -1%. 0+#0$ ./1$0
*%*+.,+.0 %0%*0+. 3%/ ."0 ,.%+.0+"%*(%70%+*+., .)%00%*#@

6$ ,+.0.+4+1(.+//]\.%3 ./*/0. )/@1(3 .0/4+1( 1/ 0+.+//\`/)((
/0. )/=*.%# /4+1( 1/ 0+.+///%5(.# ..%3 ./*/0. )/K/ %#1. Z@X]G^L@
.%*# /%*0$ *(6/%/. /+10$+" (%)* ' $3 *+0 *0$ "+1/+"*6'*+4*
$6.+(+#%/01% /0+0 @0. )/*0.%10.% /(+*#0$ ,+.0 //.++..%+.. (%' (6
" 6/,.%*#/*+4) (0=.%*"((.1*+""=*#.+1*40 .@$ . . *+'*+4*/0. )## 0
%*,.+5%)%060+0$ ,+.0 //.++..%+.@$ (+/ /0'*+4*/0. )## 0. ".+)
%((%)/. '**1**) . '%*(+((6*) (( 6=+10ZW)%( /*+.0$ /0@E
KZ@X]GY]L

&$$%+?
%3 *,.+( )/%*$ . *00+((1(3 .0/K$%00/%),(%"%0%+*=(0 . 
$6.+(+#6=/ %) *00%+*=*+0$ ./L*0$ %0%+*(+),(%0%+*+"% 
,.+ // /%*.%/0+(6/0. )/=1(3 .0/  /%#* 4%0$+),( 0 

C (H  %/$* %00+)) *0/

Y[`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 470 of 2339

$6.+(+#%%*"+.)0%+*@$ ,.+,+* *0/$+1( . -1%. 0+#0$ ./1$0
*%*+.,+.0 %0%*0+. 3%/ ."0 ,.%+.0+"%*(%70%+*+., .)%00%*#@

D(++)#*%01 *". -1 *6$3 *+0 * /0%)0 "+.0$ /0. )/*.%3 ./.+// 6
0$ (0 .*0%3 X0.*/,+.00%+*+..%+.@ +4 3 .=4$ . /1""%% *0/0. )"(+40. *+0
3%(( =%0%//0*.,.0% %*(/'0+ /%#*0$ .%*# /0.101. /1/%*#. #%+*(
. #. //%+* -10%+*/0+,. %00$  /%#*@ #%+*(. #. //%+* -10%+*/0$0)%#$0 1/ "+.
0$%/,.+& 0. 0$ . #. //%+* -10%+*/,1(%/$ %*YWX]K1..* 0(@YWX]L@EKZ@X]@Y^L

&$$%+?
%/$,//# K1(3 .0/*F+..%# /L/%),(6**+0 ,.+, .(6 /%#* 
4%0$+10/1""%% *0$6.+(+#%%*"+.)0%+*=*,.0%1(.(6, '"(++
%*"+.)0%+*@$ ,.+,+* *0/$+1( . -1%. 0+#0$ ./1$0*
%*+.,+.0 %0%*0+. 3%/ ."0 ,.%+.0+"%*(%70%+*+., .)%00%*#@

D.+/%+*+"/0. )*'/%/# * .((61/ 6*%*. / %*"(+41.%*#"(++%*# 3 *0/@
$ . . *+'*+4*/01% /+"/ (%* /0. )*' .+/%+*(+*#0$ 0.*/,+.00%+*+..%+.@
*' .+/%+**/+1.,+0 *0%(0 $/0. ).+//%*#4+1(  3(10 ,.%+.0+/ ( 0%*#
0$ "%*(/0. ).+//%*#(+0%+*/(+*#0$ 0.*/,+.00%+*+..%+.@EKZ@X]GY^L

&$$%+?
#%*=/ (%* +*%0%+*/)1/0 ,.+, .(6 /0(%/$ %*+. .0+,. %0*
) /1. "101. %),0/".+),+0 *0%()%*%*#@$ ,.+,+* *0/$+1( 
. -1%. 0+#0$ ./1$0*%*+.,+.0 %0%*0+. 3%/ ."0 ,.%+.0+
"%*(%70%+*+., .)%00%*#@

C4AG)&,%.+)
C4AG4A4A(, )*%&% % %,% +*

D+. .+'%*0$ *(6/%/. =-1%" .$.0 .%/0%/. +*0.+(( 6.+'".01.%*#*
4 0$ .%*#K%@ @=$%#$ #. +"".01.%*#".+). , 0 ". 7 F0$46( /%*0$ 1,, .
 .+'*$ )%(. '+4*+")%* .(/L=*%* , . .+'6".01.%*#*"1(0
7+* /@$ 4 0$ . 1,, . .+'%/)+. , .) ( 0$*0$  , . .+'*"+.)/
(0 .((6, ./%/0 *0-1%" .0$.+1#$+100$ )%* /%0 3%%*%06@EKZ@X^G]L

&$$%+?
$%//1## /0/,+0 *0%("+.%*. / ) 0(/+* *0.0%+*/%*/1." 40 .I
0. 0 40 .*F+.+*0)%*0 40 .".+)/,%((/I$/,+0 *0%(0+
+*0)%*0 #.+1*40 ./4 ((@

C4AG4A4D)&,%.+)#&.0*+$*

D +4 3 .=0$  ,#.+1*40 .+*0+1./"+.0$ /) .  ,%0/0 6/(+, +"0$ 
/1." 0+0$ /+10$ /0=. "( 0%*##.+1*40 ."(+4".+)0$  /%*%*0+0$ 0.%10.6
X@X`W.%*# @$%/* . #. /*%*0 .) %0 #.+1*40 ."(+4/6/0 ) (%3 .%*#
#.+1*40 .".+)+* .%*# /%*%*0+*& *0.%*# /%*@EKZ@X^GX`L

&$$%+3
$%/1* ./+. /0$ %""%1(06+"+*0%*%*#)%* 4/0 0+0$ 
1/$#'F +'01(%.%*# @

C4AG4A4G)&,%.+)%,)+) %+)+ &%
C (H  %/$* %00+)) *0/

Y\`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 471 of 2339


6 +4 3 .=0$  %3 .4/"+1*0+ (+/%*#40 .0+0$ 1* .(6%*#-1%" . 04 *## /
 XWW* XWW X=*"+./+) %/0* +4*/0. )".+) XWW X0+4./ XWW Z=
(0$+1#$0$  50+1*.6%/*+04 (( "%* K/  0%+*Z@X]=1." 0 . 6.+(+#6L@
$  %3 .4/"+1*0+ (+/%*#40 .0+0$ 1* .(6%*#-1%" .K/L".+) XWW0+ XWW=
".+) XWW0+ XWW=* 04 * XWW* XWW XW@%#1. Z@X^GXX/$+4/(+/%*#
/0. )/ #) *0/@EKZ@X^GYXL

&$$%+?
$%/1* ./+. /0$ 0+,+0 *0%("+.+*0)%*0%+*+"#.+1*40 .".+)
+*0)%*0 /1." 40 ./*0$ %""%1(06+",. %0%*#0$ "0 *
0.*/,+.0+"+*0)%**0/@

C4AG4B4A 0)&&#& #)+) 1+ &%

D %)%0 0. 3%(( "+.0$ ,+.0 //.+1* .(0 .*0%3 X=+.,+.0 //.+
1* .(0 .*0%3 /Y*Z@+'*+4*$6.+# +(+#%(%*3 /0%#0%+*/$3  *+*10 
(+*#0$ ,+.0 //.+/+.,+.0/%0 /@# +,$6/%(/1.3 6+*10 00$ )' +.%
,+.0/%0 K+*# YWX^L*. #%+*(),,%*#K 00 .)** X`^ZL,.+3% /%*"+.)0%+*
+*0$  ,0$*(0 .( 50 *0+"(%' (61*+*/+(%0  ,+/%0/K+3 .1. *L%*0$%/. @E
KZ@X^GYZL

&$$%+*?
$%/%/*+0$ . 5),( +"%*/1""%% *004%0$4$%$0+,. %0+.) /1. 
%),0/+")%*%*#@$ ,.+,+* *0/$+1( . -1%. 0++(( 0/1""%% *00
"+.%*+.,+.0%+*%*0+. 3%/ ."0 ,.%+.0+"%*(%70%+*+., .)%00%*#@

C4AG4B4B4(, )*

D+'*+4*#.+1*40 .. /+1. %*3 /0%#0%+*/$3  *+*10 /+10$+" (%)* ' =
*-1%" ./*+*"%*%*#1*%0/$3 *+0 * (%* 0 "+.0$%/. @ ' 0 .. * $
 ,+/%0/0$0+1.%*0$ /+10$" ..60 .)%*(. K 00 .)** X`^ZL(%' (6$+/0
/$((+4#.+1*40 .A$((+4#.+1*40 .%/(%' (6,. / *0%*/1."%%(((13%1)=((13%("*=
).%* 0 .. =* $ ,+/%0/* .)' +.%,+.0K 00 .)** X`^ZL@EKZ@X^G
YZL

&$$%+?
$%/%/*+0$ . 5),( +"%*/1""%% *004%0$4$%$0+,. %0+.) /1. 
%),0/+")%*%*#@ (6%*#+*  /G+(=# * .(. " . * %//%)%(.(6
%*/1""%% *0@$ ,.+,+* *0/$+1( . -1%. 0++(( 0/1""%% *00"+.
%*+.,+.0%+*%*0+. 3%/ ."0 ,.%+.0+"%*(%70%+*+., .)%00%*#@

D$((+4#.+1*40 .%/(%' (6,. / *0%*/1."%%(((13%1)=((13%("*=).%* 0 .. =*
 $ ,+/%0/* .)' +.%,+.0K 00 .)** X`^ZL@EKZ@X^GY[L

&$$%+?
$%( ,++.(6$.0 .%7 +.) /1. =/$((+4#.+1*40 .0$.+1#$+100$ 
,.+& 0. %/(%' (60++),(%0 .+*+0$ .%*"./0.101. +*/0.10%+*
*)%*0 ** =*(%' (60+%*. / %),0/0+. 40 .+% /@

C4G4B4D)&,%.+)#&.0*+$*

C (H  %/$* %00+)) *0/

Y]`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 472 of 2339

D$ . . *+'*+4*#.+1*40 ./01% /%*0$ 0.*/,+.00%+*+..%+.//+10$+.*+.0$ /0+"
(%)* ' @.+1*40 ."(+4(+*#0$ ,+.0 //.++..%+.(%' (6,.(( (//1."%%("(+4=
"+((+4%*## * .($6.+(+#%0. */@ *0$  3%$'.%*# =#.+1*40 .%/ 5, 0 0+"(+4
*+.0$4 /00+4. (%)* ' @EKZ@X^GY\L

&$$%+?
%3 *. /+%(, .) %(%06*(%' (%$+++" 50 */%3 #.+1*40 .*
/1." 40 . 5$*# =#.+1*40 .)1/0 $.0 .%7 %*+. .0+,. %0
*) /1. %),0/+".++*/0.10%+**)%*0 ** @$ ,.+,+* *0
/$+1( . -1%. 0++(( 0/1""%% *00"+.%*+.,+.0%+*%*0+. 3%/ 
."0 ,.%+.0+"%*(%70%+*+., .)%00%*#@

C4AG4B4E)&,%.+)%,)+) %+)+ &%

D.+1*40 .F/1." 40 .%*0 .0%+*/$3 *+0 */01% %*0$ 0.*/,+.00%+*+..%+.
+.0,+.0/%0 /@ +4 3 .=#.+1*40 .F/1." 40 .%/(%' (60+%*0 .0/%)%(.0+0$ )%* /%0 
/ +*0$ # +(+#6*$6.+(+#6+"0$ . @01% /%*0$ )%* /%0 /1## /00$0
#.+1*40 .%/$.# 0+/0. )/+..%3 ./,. 3%(/=*0$04$ . %0%/+1..%*#=#.+1*40 .
/ "(+4%/$%#$ /0%*0$ 4%*0 .=*(+4 /0K+*, . *03+(1) /%/L1.%*#0$ /,.%*#*
/1)) ..1*+"" 3 *0/@EKZ@X^GY\L

&$$%+?
$ ,.+,+* *0/$+1( . -1%. 0++(( 0/1""%% *00"+.%*+.,+.0%+*
%*0+. 3%/ ."0 ,.%+.0+"%*(%70%+*+., .)%00%*#@

C4AH+)% $%+,# +0

C4AH4A4A4&$ *+)0

D/1)).6+"0%/,.+3% %*(  Z@X_GZ@0 /0%*#$/ 0 .)%* 0$00$ ,. G
 .0%.6)%* .(%7 / %) *0.6*,(10+*%.+'/00$ )%* /%0 . ,. +)%**0(6
,+0 *0%((6%# * .0%*#KL@EKZ@X_GZL

&$$%+?
$%/1* ./+. /0$ (%' (%$+++"%)%* .%*#  3 (+,%*#".+))%*%*#
0%3%06@%* .%*# $/#.3 %),(%0%+*/"+."%/$$%00@

C4AH4A)%*'&)++ &%&)) &)
C4AH4A4A4,)+),# +0

D0 .-1(%060. (%)%0 (+*#0$ ,+.0 //.+/+10$+" (%)* ' @% (/01% /%*
YWX_. +. 01.%%06) /1. ) *0/0/0. ).+//%*#/(+*#0$ ,+.0 //.+0( 3 (/
 (+40$ %*/0.1) *0 0 0%+*( 3 (K^GXXL"+.((1004+/0. ).+//%*#/=04$%$
01.%%06( 3 (/+"Y[*XZ4 . . +. @1.%%06) /1. ) *0/00$ %.(0.%3 .
.+//%*#4 . (/+ (+40$ %*/0.1) *0 0 0%+*( 3 (K YWX_G WZ]L@EKZ@X_GYWL

&$$%+?
$%/%/*+0$ . 5),( +"%*/1""%% *004%0$4$%$0+,. %0+.) /1. 
%),0/+")%*%*#@$ ,.+,+* *0/$+1( . -1%. 0++(( 0/1""%% *00
"+.%*+.,+.0%+*%*0+. 3%/ ."0 ,.%+.0+"%*(%70%+*+., .)%00%*#@

C4BB+#%*%+)+)*7' #(,+  +*
C (H  %/$* %00+)) *0/

Y^`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 473 of 2339

C4BB4A+#%*%+)+)*7' #(,+  +*)$*

D/ (%* ),,%*#+"/0. )/%*+0/, %"%((6% *0%"6.%""( *,++(+),( 5 /%*0$  
*(6/%/. =4%0$0$  5 ,0%+*+"0$ +.0$+.' +'01(%K L*+10$+.' +'01(%K L
.%3 ./=*,, .(.%'. 'KL* .0$ )%* /%0 KY /+1. +*/1(0*0/ 0(@YWXXL@E
KZ@YYGYL

&$$%+?
$%//00 ) *0/1## /0/0$0%),+.0*0/, 0/+"$%00+),( 5%06I"0+.
// *0%(0+)%*0%*%*#0$ +3 .((/1/0%*%(%06+".%/0+(6"%/$ .% /I%/
),, +*(6"+.0$ )%* /%0 **+00$ 0.*/,+.00%+*+..%+.@%3 *0$ 
(%' (%$+++".+/*1(3 .0/0+/%),(%"6$%00=0$ ,.+,+* *0/$+1( 
. -1%. 0++(( 0/1""%% *00"+.%*+.,+.0%+*%*0+. 3%/ ."0 ,.%+.
0+"%*(%70%+*+., .)%00%*#@

C4BB4D+)+)*,%+ &%*%#,*

D%,.%*0. /*/$.1/,.+3% /$ 0+. #1(0 /0. )0 ), .01. /=*+*0.%10 (.# 
4++6 .%/4$%$%/%),+.0*0"+.$** ("+.)%*#,.+ // /*. 0%+*+""%/$$%00@E
KZ@YYGXWL

&$$%+?
$%( .%,.%*3 # 00%+*,(6/*%),+.0*0.+( %*)*6/0. )/%*0$ . =
)*6I,.0%1(.(6$ 40 .I/0. )/. (/+ 3+%+".%,.%*0. /%*0$%/
01*.G+)%*0 $%00@%)%(.(6=)%*%)((.# 4++6 .%/%/"+1*%*
)*6. $ 40 ./0. )/K//00 (0 .%*0$ %/$ .6 /+1. // 0%+*L@

C4BB4E4A % +

D3 .$("K\`, . *0L+"0$ (0 .*0%3 X *(6/%/. "+.0$ )%* /%0 %/+),+/ +"
1,(*/*0$ . )%*%*#. K[X, . *0L%/+),+/ +"4 0(*/*+0$ .40 ./K%#1. 
Z@YYGYL@EKZ@YYGXXL

&$$%+?
 1/ +"0$ .%0%(%),+.0* +"4 0(*/*$ 40 ./0. )//"%/$
$%000$ )/ (3 //4 ((/0$ %..%0%(.+( %*. 0%*#+4*/0. )$%00
K**+0  0(@X`_W=+(3%* 0(@YWX`L=0$ 6/$+1(  50 */%3 (6
$.0 .%7 ,.%+.0+"%*(%70%+*+"0$  @

C4BB4E4B)%*'&)++ &%&)) &)

6,(*/+)%*0 0$ (0 .*0%3 X0.*/,+.00%+*+..%+.*(6/%/. K_^, . *0L=4%0$0$ 
. )%*%*#XZ, . *0+),+/ +"4 0(*/*+0$ .40 ./@EKZ@YYGX[L

&$$%+?
 1/ +"0$ .%0%(%),+.0* +"4 0(*/*$ 40 ./0. )//"%/$
$%000$ )/ (3 //4 ((/0$ %..%0%(.+( %*. 0%*#+4*/0. )$%00
K**+0  0(@X`_W=+(3%* 0(@YWX`L=0$ 6/$+1(  50 */%3 (6
$.0 .%7 ,.%+.0+"%*(%70%+*+"0$  @

C4BB4E4D+,)#* '# %&)) &)

C (H  %/$* %00+)) *0/

Y_`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 474 of 2339

D (%)* ' +1*0/"+.X[, . *0+"0$ (0 .*0%3 X*01.(#/,%, (%* +..%+.*(6/%/
. @EKZ@YYGX^L

&$$%+3
$ (0 .*0%3 X*01.(#/,%, (%* +..%+.3%.01((610/0$  3%$'
.%*# %*$("= /,%0  (%)/0$00$ 64%((*+0%),00$  3%$'
40 ./$ @$%/%*(1 /%/ 0%+*+" '  (%)*=0$ 4+.(C/(.# /0/+' 6 
/()+**1./ .6K++6YWX_L=4%0$,+0 *0%("+.,%, (%* /,%((/*( '/0+
%),0. .%*#&13 *%( /+' 6 /()+*=+10)%#.0%*#/)+(0/=+.%*)%#.0%*#
/,4* ./@,,.+5%)0 (6_Wc+.)+. +"/1 //"1(/,4* ./0$01/ 0$ (' 
4%(($3 0+.+//0$ +..%+.,0$460( /004% 1.%*#0$ %.(%" 0%) K %*'
***YWX_L@+(( 0%3 (6=0$ /+' 6 0$0+/,4*1,/0. )+"0$ 
,.+,+/ ,%, (%* +..%+.+),.%/ * .(6YW# * 0%%((61*%-1 ,+,1(0%+*/
K %*'***YWX_L@+*/ -1 *0(6=)&+.,%, (%* % *0$/0$ ,+0 *0%(
0+.)0%((6 .+ 0$ %3 ./ /()+*/0+',+.0"+(%+I*0$1/+3 .((
/1/0%*%(%06I+"0$  3%$'%3 ./+' 6 @+0 *0%(/,%((/=( '/=*
0/0.+,$%"%(1. /$,*+ .+1/0(6*(67 /.%/'"0+.@

C4BB4F4B)%*'&)++ &%&)) &)9#+)%+ -B
D% (3 .%"% ),,%*#%/3%(( "+.,,.+5%)0 (6[=^WX. /K^`, . *0L+"0$ *(6/%/
. @EKZ@YYGX_L

&$$%+3
+(0 .*0%3 /$+1( +*/% . +.,,.+3 4%0$+10XWWc"% (G3 .%"% 
),,%*#=/%),0/**+0 1.0 (6// // 4%0$+10$.0 .%70%+*+"
$%00@

C4BB4F4C $&%& %+&)+

D% (G3 .%"% 4 0(*),,%*#%/*+03%(( "+.0$ )&+.%06+"0$%/. @EK,@Z@YYGX`L

&$$%+3
+(0 .*0%3 /$+1( +*/% . +.,,.+3 4%0$+10XWWc"% (G3 .%"% 
),,%*#=/%),0/**+0 1.0 (6// // 4%0$+10$.0 .%70%+*+"
$%00@

D/01.%* 40 ./+),.%/ ,,.+5%)0 (6]\c+"0$ (0 .*0%3 Y%)+*+%*0,+.0*(6/%/
. @EKZ@YYGX`L

&$$%+3
/01.% /. .1%($%00/0+. .%*#/()+*=4$%$$/ *+1) *0 
.+1*0$ %"%%)=%*(1%*#++' *( 0K%) */0 0(@X`_Y= %((#.1 .
*%)) .)*YWW`= + ) $ . 0(@YWXZL@// //) *0+"%),0/)1/0
%*(1 $.0 .%70%+*+"/()+*K*+0$ ."%/$ /L1/ +" /01.%* $%00@

C4BB4F4D+,)#* '# %&)) &)9#+)%+ -B

D% (G3 .%"% ),,%*#4/3%(( "+.,,.+5%)0 (6]\, . *0+"0$ +*/$+. ,+.0%+*+"
0$%/+),+* *0@EKZ@YYGYWL


C (H  %/$* %00+)) *0/

Y``_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

&$$%+3

Appendix E, Page 475 of 2339

+(0 .*0%3 /$+1( +*/% . +.,,.+3 4%0$+10XWWc"% (G3 .%"% 
),,%*#=/%),0/**+0 1.0 (6// // 4%0$+10$.0 .%70%+*+"
$%00@


C4BB4G4B)%*'&)++ &%&)) &)

D% (G3 .%"% ),,%*#%/3%(( "+.,,.+5%)0 (6`Y, . *0+"0$ (0 .*0%3 Z
0.*/,+.00%+*+..%+.*(6/%/@EKZ@YYGYXL

&$$%+3
+(0 .*0%3 /$+1( +*/% . +.,,.+3 4%0$+10XWWc"% (G3 .%"% 
),,%*#=/%),0/**+0 1.0 (6// // 4%0$+10$.0 .%70%+*+"
$%00@

C4BB4G4D+,)#* '# %&)) &)

D% (G3 .%"% ),,%*#4/3%(( "+.( //0$*\, . *0+"0$ +*/$+. ,+.0%+*+"0$ 
(0 .*0%3 Z*01.(#/,%, (%* +..%+.*(6/%/. AE

&$$%+3
+(0 .*0%3 /$+1( +*/% . +.,,.+3 4%0$+10XWWc"% (G3 .%"% 
),,%*#=/%),0/**+0 1.0 (6// // 4%0$+10$.0 .%70%+*+"
$%00@

C4BC ## #,*
C4BC4A4A % +9+) )*

D$  (%)* ' . #%+*/ .3 //)%#.0%+*.+10 "+.)*6/, % /+"40 .%./K/4*/=
# / =1'/=(++*/=*#1((/L)+3%*#0+*".+)0$ . %*##.+1*/%*4 /0 .**
*+.0$ .*(/'AEKZ@YZG]L

&$$%+3
$ ,. / * +"0$ / %./%*0$ /016. /$+1(. -1%. // //) *0+"0$ 
,+0 *0%("+.-10%%./0+/1"" .%),0/".+)(*%*#+*0%(%*#//0+.# 
"%(%0% //4 ((/%0%+*(+4*/0. )%),0/+"%)%* .%*# @

C4BC4A4A % +9) &,

D1.. *0(6=0$ $ .+1./,.%).%(60+0$ *+.0$*4 /0+"0$ )%* /%0 =4%0$0$ )%* /%0 
+*0$ , .%,$ .6+"0$ %.**1(.*# @)((#.+1,/+".%+10$0. (%' (6//+%0 4%0$
0$ 1($0*.%+1$ .+1.%*0$ # * .(3%%*%06+"0$ )%* /%0 0$.+1#$+100$ 6 .=
/ +*/1.3 6/%*YWW[*YWW\=10*+0%*(.# +* *0.0%+*/KYWXXL@/ .30%+*/
".+)(+(. /% *0/%*0$  /0 .*,.0+"0$ 1($0*.%+1$ ..*# %*%0 0$0
$%00+*%0%+*/. %),.+3%*#%*"+.) .(6+3 .#.7 . /=*0$ ,+,1(0%+*,, ./0+ 
%*. /%*#K* * *YWX_L@DKZ@YZGX\L

&$$%+3
$ / 0. +100 =4%0$)+/0.  *0.%+1K !" L1/ +"
0$ )%* /%0 +(( 0 X[6 ./#+@.%+11/ +"0$ . $/%*. / %*
.  *06 ./@.%+11/ /01% //$+1( 1,0 ,.%+.0+, .)%00%*#0+
)+. 1.0 (6,. %0,+0 *0%(%),0/@

C (H  %/$* %00+)) *0/

ZW`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 476 of 2339


C4BC4A4A % +9&&)&

D++".+#/4 .  0 0 040 .+% /0$.+1#$+100$ )%* /1.3 6. =*0$ 
+1,*6.0 +"4++".+#/. %*#%*0$ )%* /1.3 6. 4/ /0%)0 0,,.+5%)0 (6
\W, . *0+"((40 .+% //1.3 6 KYWXXL@ *0$ )%* /%0 "%(%0% /=/ 3 .(
40 .+% /+*0%* 4++".+#/@EZ@YZGYZ

&$$%+3
$ / 0( .(6 )+*/0.0 0$ 4% /,. +1.. * +"4++".+#/
K!!  &#!" L%*0$ )%* . =/1## /0%*#* 0+0$+.+1#$(6// //
,+0 *0%(%),0/0+0$ %.$%00@1$// //) *0%/('%*#%*0$  @

C4BC4A4B+,)#* '# %&)) &)9 ) $$#*

D1(0%,(  3 .+(+*% /4 .  0 0 +*0$ 4 /0 .*/% +"0$  4$( *%3 .=104 . 
# * .((6/ *0".+)0$ ,+.0 //.+@EZ@YZGZZ

&$$%+3
$ . %/*+%00%+*%*%0%*#) 0$++(+#6+.0%)%*#+" 3 .K !
  L/1.3 6/=*#%3 *0$ $%#$ */%0% /+" 3 ./%*+0$ .. /
0$.+1#$+100$ 40 ./$ =0$ %.+),( 0 / * %/ 50. ) (61*(%' (6@
 1/ +"0$ %),+.0* +" 3 .0%3%060+&13 *%( /()+*%. .%*#
$%00=1.0 $.0 .%70%+*+" 3 .$%00%/ // *0%(0+.+1/0
// //) *0+" *3%.+*) *0(%),0/K *# 0(@YWW]=(%/+* 0(@YWX[=
(%/+* 0(@YWX\L@

C4BC4A4C$"&) &)+9 # $% "#KZ@YZG[XHZ@YZG[YL

&$$%+3
$ . %/%0%+*(/ (%* %*"+.)0%+*. #.%*# (%)* ' $.+./ (/
K #!")0$0$/ *,1(%/$ %*0$ , .. 3% 4 (%0 .01. *
/$+1( %*(1 %*0$ / (%*  /.%,0%+*+"0$ / (/*%*+.,+.0 %*0+
0$ // //) *0+"%),0/K. *** 0(@YWX`L@

C4BC4B4B$##))*+) #)+)+*

D++".+#/01% /4 . *+0+*10 "+.0$ 0.*/,+.00%+***01.(#/,%, (%* 
+..%+./+.0$ %)+*+%*0,+.0@EZ@YZG\[

&$$%+?
%0$+10/1""%% *0%*"+.)0%+*4%0$4$%$0+ /0%)0 %),0=0$%/3.%*0
/$+1(  5(1 ".+)+*/% .0%+*@

C4BD *#,*
C4BD4A4A(,+   ++

D$ 04+"+.'/+"0$  +'01(%%3 .*0$ /1/%*/ *+),//,,.+5%)0 (6Z\\/-1. 
)%( /=. ,. / *0%*#,,.+5%)0 (6W@`, . *0+"0$ Z`=X_[G/-1. G)%( .%/0+(6
40 ./$ @EKZ@Y[GXL

&$$%+3
$%( (%' (60 $*%((61.0 =0$%// *0 * 1* .3(1 /0$ %),+.0* +"
C (H  %/$* %00+)) *0/

ZX`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 477 of 2339

$ 40 ./0. )/*4 0(*/0++4*/0. ).  %3%*#"%/$$%00K**+0 
0(@X`_W=+(3%* 0(@YWX_L>%#*+. /0$ %),+.0* +"0$ 1/$#'*
3%$'.%*# /%*,.0%1(.0+0$ +3 .((,.+10%3%06*/1/0%*%(%06+"
.%/0+(60(.# K1## .+*  0(@YWXWL>*# * .((6)%*%)%7 /0$ 
/0%)0%+*+"0$ "1(( 50 *0+",+0 *0%(%),0/K 6*' . $*+(+#% /YWX`L@

6+. 0$*YW)%( /+""%/$G .%*#/0. )$** (4+1( (+' +."%(( 6)%* 
+),+* *0/=%*(1%*#,,.+5%)0 (6^)%( /+"*.+)+1/40 ./K/  0%+*[@Y["+.
$%00(+// 0%(/L@EKZ@Y[GYL

&$$%+3
$%/+3 .(++'/+4*/0. )%),0/*0$ .%0%(%),+.0* +"$ 40 .
/0. )/*0$ %..+( %*. 0%*#+4*/0. )$%00K**+0  0(@X`_W=
+(3%* 0(@YWX`L@

D$ )&+.%06+"M$%*++'/()+*N/,4*%*#$%00+1./%*0$ "%./0XW)%( /+"0$  K G
L=,,.+5%)0 (6YW)%( /+4*/0. )".+)0$ )%* /%0 KY 0(@YWXXL@ 13 *%( $%*++'
. .%*#$%00+1./0$.+1#$+10)+/0+"0$  )%*/0 )K( Z@Y[GYL=/4 ((// 3 .(
 0.%10.% /AEKZ@YZG[L

D+$+/()+*K@'%/10$L/,4*%*#*. .%*#$%00%/4% (6%/0.%10 %*0$  /%*
K( Z@Y[GYL@. " .. +$+/,4*%*#$%00,, ./0+ %*0$ XW)%( /+")%*/0 )
M N%)) %0 (6+4*/0. )+"0$ )%* /%0 @@@PKZ@YZG[L

D+' 6 /()+*K@* .'L/,4*%*#$%00,.%).%(6+1./%*0$ (+4 .XW)%( /+"0$  
K GL=100$ .1* 50 */1,/0. )0+0$ 3%%*%06+"%#%##(6 ' KY 0(@YWXXL@
(0$+1#$/+) /,4*%*#$%00$/ *+1) *0 %*0$ 1,, . /%*=)+/0&13 *%( 
. .%*#$%00+1./+4*/0. )+"0$ )%* /%0 =/ +*"% (+/ .30%+*/@PKZ@YZG[L

&$$%+3
 0$++(+#61/ 0+ /0%)0  /, ) *06Y 0(@K YWXXL. *+0
/0*.(6 ,0 =*+0,. / *0 %*)** .4%0$4$%$0$ 6+1( 
. ,.+1 =%),. %/ *%/ =*%*+),.( 0+) 0$+/1/ "+.0$ 
1/$#'* 3%$'.%3 ./6(/' ,.0) *0+"%/$*) @ *
# * .(=0$ ) 0$+1* . /0%)0  /, ) *0K++6YWXYL@ 0$+/"+.
/0%)0%*#&13 *%( 1** 4 . /%)%(.(61*. , 0( *1*%*0 .,. 0( 
".+)0$ ,. / *00%+*%*0$ *3%.+*) *0(/ (%* +1) *0K YWXXL@/
/1$=0$ 64+1($3 "%( 0+) 0, .. 3% 4.%0 .%$0$ 6 3 . *
/1& 0 0+%0KC (YWXYL@ *# * .(=0$ / /00 ) *0/. #.%*#&13 *%( 
*/,4* .1** %#*+. 0$ %*$ . *03.%%(%06+"/()+*,+,1(0%+*/=
4$%$1(0%)0 (6( 0+0$ %.+3 .((/1/0%*%(%06K$%*( . 0(@YWXW=
. *** 0(@YWX`L@$  C/ *3%.+*) *0(/ (%*  ""+.0%#*+. 0$0
3.%%(%06=/1## /0%*#"%3 G6 ., .%++"0+(( 0%+*%//1""%% *0"+.
$.0 .%7%*#+3 .(($%001/ 4$%$%/%*1.0 @1.0$ .)+. =0$ 
,.#.,$. #.%*#$%*++'/()+* *0%. (6+3 .(++'/0$ %),+.0* +"0$ 
1/$#'%3 .%*#(+(+*0 50K .3%* *1'14'YWXX=YWXZ=
$( .# . 0(@YWX]L@$ 1/$#'%3 ./1,,+.0/+* +"0$ 4+.C/(.# /0
. )%*%*#,+,1(0%+*/+"$%*++'/()+*4$%$%/ /, %((6*+0 4+.0$6#%3 *
#(+(,+,1(0%+* . / / 3 *%*. (0%3 (6,.%/0%* *)1$(.# .
40 ./$ /(%' 0$ 1'+** 1/'+'4%).%3 ./%* /0 .*(/'KYWXZ=
C (H  %/$* %00+)) *0/

ZY`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 478 of 2339

$( .# . 0(@YWX]L@$%*++'. 01.*/0+0$ 1/$#'%3 .06,%((6 5
XWW=WWW"%/$, .6 .KYWXZ=YWX[L@




D+1) *0 *.+)+1/"%/$$%001/ %*(1 /. .%*#$%00"+.$%*++'/()+*=*
. .%*#*/,4*%*#"+.+$+/()+*@ /% *0"%/$/, % /%*(1 .0%#.6(%*#K&" 
!" L=+((6. *K #" L=.%*+40.+10K &" & L*/(%)6
/1(,%*K!!" !" L@EKZ@Y[G^L

&$$%+3
$%//00 ) *0( .(6%*%0 /0$0$%00%),+.0*00+*.+)+1//()+*
*+0$ ./, % /%),+.0*00+/1/%/0 * *. . 0%+*("%/$%*#4%(( 
(%)%*0 1* .0$ 1.. *0)%* ,(*@ 0+*0.%0/(0 .+*(1/%+*/%*0$ 
+1) *00$0$%004%((*+0 /%#*%"%*0(6%),0 @

&,+&)" &"+,# %)#&$$%+;C4BD8G9C4BD8AA<3 0$++(+#61/ 0+ /0%)0 
/, ) *06Y 0(@K YWXXL. *+0/0*.(6 ,0 =*+0,. / *0 
%*)** .4%0$4$%$0$ 6+1( . ,.+1 =%),. %/ *%/ =*
%*+),.( 0+) 0$+/1/ "+.0$ 1/$#'* 3%$'.%3 ./6(/'
 ,.0) *0+"%/$*) @ *# * .(=0$ ) 0$+1* . /0%)0 
/, ) *0K++6YWXYL@ 0$+/"+. /0%)0%*#&13 *%( 1** 4 . 
/%)%(.(61*. , 0( *1*%*0 .,. 0( ".+)0$ ,. / *00%+*%*0$ 
*3%.+*) *0(/ (%* +1) *0K YWXXL@//1$=0$ 64+1($3 "%( 
0+) 0, .. 3% 4.%0 .%$0$ 6 3 . */1& 0 0+%0KC (YWXYL@
*# * .(=0$ / /00 ) *0/. #.%*#&13 *%( */,4* .1** %#*+. 
0$ %*$ . *03.%%(%06+"/()+*,+,1(0%+*/=4$%$1(0%)0 (6( 0+0$ %.
+3 .((/1/0%*%(%06K$%*( . 0(@YWXW=. *** 0(@YWX`L@$  C/
*3%.+*) *0(/ (%*  ""+.0%#*+. 0$03.%%(%06=/1## /0%*#"%3 6 .
, .%++"0+(( 0%+*%//1""%% *0"+.$.0 .%7%*#+3 .(($%001/ @

D*(%' 0$  =0$ )%*/0 ) $/XWG)%( . $".+)Y)%( / (+4.6%*#* ' 0+
 .%10.6X@X`0$0". -1 *0(6 5$%%0/7 .++.%*0 .)%00 *0"(+4/1.%*#4%*0 .*/1)) .
)+*0$/KY 0(@YWXXLA/*+0 +3 =0$ )%*/0 )  04 * .%10.6X@X`*
0$ .6%*#* ' +10( 0.+10%* (6.% /1,1.%*#/ G"(+4, .%+/>+*/ -1 *0(6=0$0. $
%/*+0+*/% . -1(%06$%00@EKZ@Y[G`L

&$$%+3
$%//00 ) *0%/+1*0/%*0 .)%00 *0$%00 /,%0 +1) *0 ,. / * +"
*.+)+1/*. /% *0"%/$ /1,/0. )+"0$0$%00%*0$  K YWXX=
+$*/+**(+//+)YWX`L=%*%0%*#( .1/ +"0$ %*0 .)%00 *0. $
1.%*#0%) /4$ *40 .%/"(+4%*#@$ -1(%06+"0$%/$%00/$+1(/%),(6
*+0 +*/% . D(+4-1(%06E"+.0$ /+( . /+*0$00$ $** (
+/%+*((6.% /@$ %),+.0* +"%*0 .)%00 *0/0. )/"+.. .%*#=
/,4*%*#=*%*"(1 *%*#+4*/0. )$%00. 4 ((+1) *0 =/
 /.% %*0$  *0.+10%+*$ . %*K%#%*#0+* 0(@YWW]*)*6+0$ ./L@

D 13 *%( +$+%*0$  .+10%* (61/ +""G$** ($%00/=%*(1%*# 3 .,+*/=/% 
$** (/=*(+3 /@ 13 *%( +$++3 .4%*0 .%*#$%00$/ *+1) *0 %*. $ /
 G* G@EKZ@Y[G`L


C (H  %/$* %00+)) *0/

ZZ`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

&$$%+3

Appendix E, Page 479 of 2339

$%//00 ) *01* ./+. /0$ 4 ((+1) *0 %),+.0* +"+""G$** (
$%000+/,4*%*#*. .%*#/()+*%/K+.)**( 5* .X``_=
*+'YWWY=0*"+. 0(@YWW\L=$%000$04%((1*+10 (6 /%),(%"% 
60$ )%* "++0,.%*0/4 ((///+%0 %*"./0.101. @$+/ %),0//$+1(
 +*/% . %*. 3%/  @


'')#) ")"%)#&$$%+;C4BD8AA9C4BD8AC<3

 0$++(+#61/ 0+
/0%)0  /, ) *06Y 0(@K YWXXL. *+0/0*.(6 ,0 =*+0
,. / *0 %*)** .4%0$4$%$0$ 6+1( . ,.+1 =%),. %/ *
%/ =*%*+),.( 0+) 0$+/1/ "+.0$ 1/$#'* 3%$'.%3 ./
6(/' ,.0) *0+"%/$*) @ *# * .(=0$ ) 0$+/
1* . /0%)0  /, ) *0K++6YWXYL@ 0$+/"+. /0%)0%*#&13 *%( 
1** 4 . /%)%(.(61*. , 0( *1*%*0 .,. 0( ".+)0$ 
,. / *00%+*%*0$  *3%.+*) *0(/ (%* +1) *0K YWXXL@//1$=0$ 6
4+1($3 "%( 0+) 0, .. 3% 4.%0 .%$0$ 6 3 . */1& 0 0+
%0KC (YWXYL@ *# * .(=0$ / /00 ) *0/. #.%*#&13 *%( */,4* .
1** %#*+. 0$ %*$ . *03.%%(%06+"/()+*,+,1(0%+*/%*# * .(=
4$%$1(0%)0 (6( 0+0$ %.+3 .((/1/0%*%(%06K$%*( . 0(@YWXW=
. *** 0(@YWX`L@$  C/ *3%.+*) *0(/ (%*  ""+.0%#*+. 0$0
3.%%(%06=/1## /0%*#"%3 6 ., .%++"0+(( 0%+*%//1""%% *0"+.
$.0 .%7%*#+3 .(($%001/ @

D%* /%0 "%(%0% /%*0$ /%*4+1( (%)%0 0+0$ )%*  //.+*40 .
0. 0) *0%/$.# ,%, =+.( //0$*W@\, . *0+")%* /%0 "++0,.%*0@EKZ@Y[GXXL

&$$%+3
$  /0%)0 +"W@\c#.+//(61* . /0%)0 /1,*+4*/0. )%),0/+"
.+/%*%0%+*0+0$ +4*/0. )%),0/+"0 ), .01. ="(+4=*40 .
$ )%/0.6$*# /. /1(0%*#".+)0$ .++..%+.K+.)**( 5* .
X``_L@

D$ /, % /*(%" G/0# /'*+4*0++1.0 $.+//%*#(+0%+*4 . % *0%"% ".+)
(%/0%*#/+..  *0"% (/),(%*#6 (  %)%0 .0* ./$%,K YWX_L@EKZ@Y[GXZL

&$$%+3
$ .++..%+. /.% * 5)%* %*0$%/%00%+*K$ . %*(%/0  
YWX_L4/"+..+(%#*) *00$0%/%*+*#.1+1/4%0$(0 .*0%3 X.+
(%#*) *0=*0$1/%/*+0, .0%* *00+0$ "" 0 *3%.+*) *0+"0$ 
,. " .. (0 .*0%3 @+. +3 .=/0. )/0$04 . 01((6/),( "+."%/$
,. / * * */%06. 3 .6/)((".0%+*+"0$ +3 .((.+//%*#/ 3 *"+.
0$ .+(%#*) *0 5)%* %*0$ +1) *0K/  YWX_=%#1. X\G[L@
 (6%*#+**.+)+1/0 ./0(+#(%/0%*#/%//%)%(.(6%*/1""%% *0/0$ 
00 +"(/' /0%)0 /0$0( //0$*YWc+"%0//0. )/$3  */1.3 6 
"+.+0$. /% *0**.+)+1/"%/$%/0.%10%+*K +$*/+*YWW^L@ (6%*#+*
0$%/%*"+.)0%+*4%((3/0(61* . /0%)0 %),0/".+)0$ 1.. *0(6,. " .. 
(0 .*0%3 ,.+,+/ .++..%+.@

D$ ,+.0 //.+4+1( 50 *".+)0$ /+10$" ..60 .)%*(+*0$ /+10$ .*/$+. +"
(%)* ' 0+)' +.%,+.0=*%*(1 / %#$0)0 .%(/%0 /K%#1. Z@Y[G\L@$ ,+.0

C (H  %/$* %00+)) *0/

Z[`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 480 of 2339

 //.+4+1(.+//Z`"%/$G .%*#/0. )/=XW+"4$%$. *.+)+1/"%/$$%00K( 
Z@Y[GZL@EKZ@Y[GX]L

&$$%+3
+/+1. +"0$%/%*"+.)0%+*%/(%/0 %*0$ 0 50+.0$ //+%0 0( @%3 *
0$0( //0$*YWc+"/0. )/.  /0%)0 0+$3  */1.3 6 "+.. /% *0
**.+)+1/"%/$%/0.%10%+*K +$*/+*YWW^L=+* *+*(6//1) 0$00$ 
/0. )/.+//%*#0$ ,.+,+/  //.+. *+04 (($.0 .%7 /"%/$
$%00*0$1/*6+*(1/%+*/ .%3 ".+)0$%/ /.%,0%+*4%((3/0(6
1* . /0%)0 %),0/0+"%/$$%00@

C4BD4A4B* %+%%)&$&,* **

%)#*+ &%&$$%+3 0$++(+#61/ 0+ /0%)0  /, ) *06Y 0(@K YWXXL
. *+0/0*.(6 ,0 =*+0,. / *0 %*)** .4%0$4$%$0$ 6+1(
 . ,.+1 =%),. %/ *%/ =*%*+),.( 0+) 0$+/1/ "+.
0$ 1/$#'* 3%$'.%3 ./6(/' ,.0) *0+"%/$*) @ *
# * .(=0$ ) 0$+1* . /0%)0  /, ) *0K++6YWXYL@ 0$+/"+.
/0%)0%*#&13 *%( 1** 4 . /%)%(.(61*. , 0( *1*%*0 .,. 0( 
".+)0$ ,. / *00%+*%*0$  *3%.+*) *0(/ (%* +1) *0K YWXXL@/
/1$=0$ 64+1($3 "%( 0+) 0, .. 3% 4.%0 .%$0$ 6 3 . *
/1& 0 0+%0KC (YWXYL@ *# * .(=0$ / /00 ) *0/. #.%*#&13 *%( 
*/,4* .1** %#*+. 0$ %*$ . *03.%%(%06+"/()+*,+,1(0%+*/=
4$%$1(0%)0 (6( 0+0$ %.+3 .((/1/0%*%(%06K$%*( . 0(@YWXW=
. *** 0(@YWX`L@$  C/ *3%.+*) *0(/ (%*  ""+.0%#*+. 0$0
3.%%(%06=/1## /0%*#"%3 6 ., .%++"0+(( 0%+*%//1""%% *0"+.
$.0 .%7%*#+3 .(($%001/ @1.0$ .)+. =0$ / 0%+*. #.%*#$%*++'
/()+*+3 .(++'/0$ %),+.0* +"0$ 1/$#'%3 .%*#(+(+*0 50
K .3%* *1'14'YWXX=YWXZ=$( .# . 0(@YWX]L@$ 1/$#'
%3 ./1,,+.0/+* +"0$ 4+.C/(.# /0. )%*%*#,+,1(0%+*/+"$%*++'
/()+*4$%$%/ /, %((6*+0 4+.0$6#%3 *#(+(,+,1(0%+* . / / 3 *
%*. (0%3 (6,.%/0%* *)1$(.# .40 ./$ /(%' 0$ 1'+** 1/'+'4%)
.%3 ./%* /0 .*(/'KYWXZ=$( .# . 0(@YWX]L@$%*++'. 01.*/0+
0$ 1/$#'%3 .06,%((6 5 XWW=WWW"%/$, .6 .KYWXZ=
YWX[=$( .# . 0(@YWX]L@

%)# %**&+ &%&$$%+3$ .++..%+. /.% * 5)%* %*0$%/
%00%+*K$ . %*(%/0  YWX_L4/"+..+(%#*) *00$0%/%*+*#.1+1/
4%0$(0 .*0%3 X.+(%#*) *0=*0$1/%/*+0, .0%* *00+0$ "" 0 
*3%.+*) *0+"0$ ,. " .. (0 .*0%3 @+. +3 .=/0. )/0$04 . 01((6
/),( "+."%/$,. / * * */%06. 3 .6/)((".0%+*+"0$ +3 .((
.+//%*#/ 3 *"+.0$ .+(%#*) *0 5)%* %*0$ +1) *0K/  YWX_=
%#1. X\G[L@ (6%*#+**.+)+1/0 ./0(+#(%/0%*#/%//%)%(.(6
%*/1""%% *00$ 00 +"(/' /0%)0 /0$0( //0$*YWc+"%0//0. )/$3 
 */1.3 6 "+.+0$. /% *0**.+)+1/"%/$%/0.%10%+*K +$*/+*
YWW^L@ (6%*#+*0$%/%*"+.)0%+*4%((3/0(61* . /0%)0 %),0/".+)0$ 
1.. *0(6,. " .. (0 .*0%3 ,.+,+/ .++..%+.@


C (H  %/$* %00+)) *0/

Z\`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 481 of 2339

D,4*%*#%* (%)* ' $/06,%((6. ,. / *0  04 *X0+Z, . *0+"/+' 6 
/, ) *0%*0$  3%$'40 ./$ K+./0YWWZL@@@$ )%#.0%+*+"&13 *%( /+' 6 
( 3%*# (%)* ' %*(0 6* .(6 1* "0 .(' % G) (0$/ * /0%)0 0+3 .
YWW)%((%+*"%/$+3 .ZG4 ', .%+@EKZ@Y[GY\L

&$$%+?
0%/1*( .$+40$%/ /0%)0 4/ .%3 ".+)0$ %00%+*K+./0YWWZL+.
0$0%0%/1.0 @$ . ,+.0+ /( .(6%*%0 0$00$  /, ) *0
*1) ./. ,+.0 . (%)%0 0+01(=.4+1*0/4$%$4 . # * .((6
. /0.%0 0+0$ , '/,4*%*#, .%+*+*10 ".+)+0+.0$ %.@
$ / "0+./((%*%0 ,+0 *0%((63/01* . /0%)0%+*+"01(
/, ) *0K +$*/+* 0(@YWW^L@+. +3 .=0$ /00 ) *0%#*+. /0$ +7 */
+"/,4*%*#/0. )/1,/0. )+"" ..6.+//%*#+*0$  /0/% +"0$ (' 
K4$ . 0$ )&+.%06+"0.%10.6/,4*%*#+1./I$ ( +3 (=*%3 ./%06+"
%* =, ./+*(+))1*%0%+*> %*'***YWX_L@((/1 //"1(/,4* ./
/,4*%*#1,/0. )+"0$ " ..6.+//%*#*1.% ,%, (%* )1/0.+//0$+/ 
+..%+./)%*%)1)+"04+0%) /=4%0$,+0 *0%( 5,+/1. 0+%),0/".+)0$ 
" ..6*0$ ,%, (%* K%*(1%*#/,%((/=*+%/ = $3%+.($*# /= 0@L@$ 
"+((+41,/00 ) *0. #.%*#/)+(0+10)%#.0%+*+ /1* ./+. 0$ ,+%*0
+10,+0 *0%("+.)1$#. 0 .%),0 5,+/1. 0$*0$ /,4*%*#
D /0%)0 E+*/% ./=0$ . %/*+%00%+*4%0$4$%$0+3 .%"60$ /00 ) *0@

D%/$*$%00/1.3 6/4 . +*10 %*YWX_* .0$ " ..60 .)%*((+0%+*/%* (%)*
' K.+5YWX_=YWX_=YWX_L@ ./$+. "%/$4 . /1.3 6 60$.+1#$1#1/0* .
0$ " ..60 .)%*((+0%+*/1/%*#/ %* * 0/=/*+.' (/1.3 6/=* .%(3%/1(/1.3 6/".+)
$ (%+,0 .@EKZ@Y[GY\L

&$$%+?
$ "%/$/1.3 6/ /.% %*0$ %00%+*/(%/0 K$ . %*. " .. 0+/.+5
YWX_*.+5YWX_L4 . (%)%0 0+/1)) .)+*0$/+"+* 6 .=/4 ((
/0+ $(+0%+*/+*(6@$%/0%) ".) %/#.+//(6%*/1""%% *0"+.
$.0 .%7%*#/ /+*(*%*0 .G**1(3.%%(%06=/4 ((/0$ "1((/,0%(
50 *00+4$%$%),0/+"0$ 0.*/,+.00%+*+..%+.)6+1.4$%$%*(1 
0$  *0%. .+//G/ 0%+*+"0$ (' 0$.+1#$4$%$0$ " ..64%((0.*/%0%*
%0%+*0+0$  *0%. 06+"0$ (' *%0/0.%10.% /1,/0. )+"0$ .+//%*#@

%)#&$$%+)) %) %&.+)&,+;C4BD8BE<@ *+. .0++*/% . /03%(( 
/% * =)+. .  *0%*"+.)0%+*. #.%*#.%*+40.+10%/0.%10%+**1/ 
+"0$ ,.+& 0. /$+1(%*(1 %0%+*(%00%+*/K @#@=.+/0 #1% 0(@
YWX_=.+/0 #1% 0(@YWX`L@

%)#&$$%+)) %&)+**&;C4BD8BE<3$ . %/*+%00%+*"+.0$ /+1. +"
%*"+.)0%+*. #.%*#"%/$/1.3 6/%*[[/0. )//),( %*YWX_@ #.( //=%"
1./+.6/1.3 6/4 . +*10 1.%*#0$ YWX_/1)) ./ /+*=0$ 6"%( 
$.0 .%7 / /+*(=%*0 .G**1(=*/,0%(3.%%(%06%*$ . *00+"%/$K*
,.0%1(.(6*.+)+1//()+*L,+,1(0%+*/@$ . )%* .+"0$ / 0%+*
,,. *0(6. (% /+*0$ *.+)+1/0 ./0(+#4$%$%/'*+4*0+
1* . /0%)0 %/0.%10%+*+""%/$%*(/'6/)1$/_Wc1 0+(%)%0 
/1.3 6/0$.+1#$+100$ /00 K +$*/+*YWW^L@

C (H  %/$* %00+)) *0/

Z]`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 482 of 2339

%)#&$$%+)) %$"&) &)+;C4BD8BF9C4BD8BG3#%*="%/$%/0.%10%+*
%*"+.)0%+*,, ./(.# (6(%)%0 0+/1)) ./1.3 6/K.$G 1(6L+"+* 6 .@
%3 *0$ '*+4*%),+.0* +" /01.%* $%000+/()+*%. .%*#*
(%)0%+*=/1""%% *0%*"+.)0%+*%/*  0+$.0 .%7 /,0%(*
0 ),+.(3.%%(%06+""%/$1/ %*+. .0+// //,+0 *0%(%),0/+"%*1/0.%(
0%3%06+*$%00K%) */0 0(@X`_Y= %((#.1 .*%)) .)*YWW`=
+ ) $ . 0(@YWXZL@

C4BD4A4C(,+  %-)+)+*

D. /$40 .).+%*3 .0 .0 *, .%,$60+*/1.3 6/4 . +*10  04 *YWW[*
YWW_%*0$ ,.+& 0. 0+$.0 .%7 /, % /%3 ./%06=1** = */%06=*+))1*%06
/0.101. @016(+0%+*/%*(1 0$  %3 .= %3 .= /'*'. '==$1(%0*
%3 .=.6%*#* ' =*%#%##(6 ' @016(+0%+*/+.. /,+*0+)+*%0+.%*#/%0 /"+.
40 .-1(%06=$6.+(+#6=*"%/$ .% /K%#1. Z@Y[GYL@

D$ ) 0$++(+#%( 0%(/"+.0$ YWW[0+YWW_/016, .%+* "+1*%*$,0 .X\=
$,0 .[W=*,, *%5+"0$  ( .+& 0/KY 0(@YWXXL@$ . /1(0%*#
%*3 *0+.% // .3 //%/"+.// //%*#,+0 *0%(,.+& 0%),0/@EKZ@Y[GY_L

&$$%+?
$ 4+.'$.0 .%7 %*0$ . " . * %00%+*. #.%*#-10%
).+%*3 .0 .0 /K%*(1 %*0$ . " . * . " .. 0+$ . %*/ YWXXL
4/"1*) *0((6"(4 @%0 / ( 0%+**(+4/),( /%7 /)6$3  *
%*/1""%% *00+$.0 .%7 0 ),+.(*/,0%(3.%%(%06KC (YWXYL@
.#1(6)+. +* .*%*#=+3 .XWc+"*+*G$%.+*+)%054 .  ..+* +1/(6
% *0%"% =.%/%*#+*/% .( +10/. #.%*#0$ 1.6*3(1 +"0$0
0"+.) /1.%*#". /$40 .$%00%),0/".+))%*  3 (+,) *0KC (
YWXYL@

D.+%*3 .0 .0 ) 0.%/=/ /.% %*0$ (/'0. )+*%0%+* * 5K L,.+0++(
K&+. 0(@YWWXL4 . (1(0 ".+)).+%*3 .0 .0 0+(( 0 1/%*#0$  
) 0$+*0$ 1. .) 0$+KY 0(@YWXXL@EKZ@Y[GY_L

&$$%+?
$ 4+.'$.0 .%7 %*0$ . " . * %00%+*. #.%*#-10%
).+%*3 .0 .0 /K%*(1 %*0$ . " . * . " .. 0+$ . %*/ YWXXL
4/"1*) *0((6"(4 @%0 / ( 0%+**(+4/),( /%7 /)6$3  *
%*/1""%% *00+$.0 .%7 0 ),+.(*/,0%(3.%%(%06KC (YWXYL@
.#1(6)+. +* .*%*#=+3 .XWc+"*+*G$%.+*+)%054 .  ..+* +1/(6
% *0%"% =.%/%*#+*/% .( +10/. #.%*#0$ 1.6*3(1 +"0$0
0"+.) /1.%*#". /$40 .$%00%),0/".+))%*  3 (+,) *0KC (
YWXYL@

D 1/ . (0%3 (6/)((,+.0%+*+"0$ 0.*/,+.00%+*+..%+.4+1( %*++' *( 0
.%*# /=+*(604+(+0%+*/4 .  /0(%/$ "+.).+%*3 .0 .0 *, .%,$60+*
/),(%*#@EKZ@Y[GY`L

&$$%+?
. 3%+1/(6%*0$ +1) *0=. " ./0+0( /0YY/0. ).+//%*#/+*
0$ /+10$ .*.++..%+.@,,. *0(6=/0. )/(+*#0$0+..%+.4 . 
C (H  %/$* %00+)) *0/

Z^`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 483 of 2339

/),( 0*60%)  04 *YWW_*0$ ,. / *0"+.%*3 .0 .0 +))1*%06
+),+/%0%+*@+*/ -1 *0(6=0+*+0 5%/00+$.0 .%7 /,0%(*
0 ),+.(3.%%(%06=*0$1/%),0/".+))%*%*#**+0 ) /1. @
/ (%* 0)1/0 +(( 0 "+.. 3%/  %*+. .0+,. %0*
) /1. %),0@

D +4 3 .=0$ . . %*/1""%% *00".+)0$%//016. 0+/00%/0%((6 "%* 0. */+.
. (0%+*/$%,/4%0$. /, 00+,.0%1(./),(%*#) 0$+3.%%(%06=+.0%)%*#+"/),(%*#@E
KZ@Y[GY`L

&$$%+?
$%//00 ) *01* ./+. /0$ ,+%*00$00. %*/1""%% *0(+*#0$ 
/+10$ .* //.++..%+.0+ /0%)0 +.) /1. ,+0 *0%(%),0/".+)
0$ .+@

C4BD4A4D * **,)#$%+%#0* *

%)#&$$%+;C4BD8CC<3%/$0%//1 0)61(0%)0 (6,.+3 0+ /+) +"0$ )+/0
1/ "1(%+(+#%(%*"+.)0%+*. ,+.0 %*0$  *3%.+*) *0(/ (%* 
0/ 0=#%3 *%0. "( 0/*%*0 #.0%+*+"/,0%(*0 ),+.(3.%%(%06@%0$
. /, 00+) /1.%*#,+0 *0%(%),0/=%04%((+*(6 1/ "1(4$ **%"0$ 
)%* %/ 3 (+, "+. 0 0%*#,+0 *0%($*# /@

C4BD4E# $+%

6 0%( *(6/%/+"(+*#G0 .)(%)0 $*# *$+4%0. (0 /0+-10%$%00/%/
%/1// %* 0%+*/Z@X]*[@X]=1." 0 . 6.+(+#6@E

&$$%+?
$.0 .%70%+*+"(%)0 $*# *%0/%*0 .0%+*/K%0%3 =*0#+*%/0%=
*/6* .#%/0%L4%0$%0%+*($%00/0. //+./. /1(0%*#".+))%*%*#. *+0
 -10 (6 /.% %*0$ / 0%+*/(%/0 @.+,+* *0//$+1( . -1%. 0+
%*+.,+.0 0$%/%*"+.)0%+*"+.,. %0%*#%*"+.)0%+*%*. 3%/  ,.%+.0+
"%*(%70%+*+., .)%00%*#@

'+)D3%- )&%$%+#&%*(,%*
D4E)+ &%
D4E4B#+)%+ -A9''# %+5*)&'&*#+)%+ -

%)#&$$%+3
$ %),0/0+. . 0%+*. # * .((6 /.% %*,%  ) ("/$%+*
/ ,.0%*#%),0/0+*#(%*#*+0$ .. . 0%+*(+,,+.01*%0% /6%*%3%1(
/, 0/+",.+& 0 3 (+,) *0K @#@=.+0.""%=%.0.""%=*+%/ =3%/1(= 0@L@
1.0$ .)+. =%),0/.  /.% %*/1& 0%3 0 .)/K%@ @=3 .6(+4=(+4=
) %1)=$%#$L4$%$/$+1(  "%* =-1*0%"% 1/%*#/ (%* 0=*
/0%)0 %* +*+)%0 .)/@$*"1(+"/, %"% 5),( /. ,.+3% 
 (+4=100$ . . )6.% 5),( /0$.+1#$+100$  . 0%+*=*+0$ .
/ 0%+*/+"0$ *3%.+*) *0(+*/ -1 * /$,0 .@

D4E4B4A % +

C (H  %/$* %00+)) *0/

Z_`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 484 of 2339

D . 0%+*(1/ 00$ )%* /%0 %/ /0%)0 0+ (+4>1/ +*/%/0/+"/+) /,+.0$1*0%*#=
/,+.0"%/$%*#=*+/%+*(/*+4)$%*%*#@DK[@\GXL

&$$%+3
D +4E1/ /$+1(  "%* */+1. /%0 @ 0/ +*+)%3(1 /$+1( 
-1*0%"% @"0 .+3 .  +"+*10%*#4+.'%*0$ . #%+*K# * .((6
(%)%0 0+/1)) . 04 *6* ,0 ) .L= / "%.)+1*0+"
,.0%1(.(6"(6G%**."0G/1,,+.0 . . 0%+*("%/$%*#0%3%06=%*(1%*#
)1(0%,( +3 ."(%#$0/64$%$. (%' (6)+/0". -1 *0(60.*/,+.0%*#
"%/$ .) *@%*%*#0%3%064+1(1*+10 (6%),00$ 3(1 +"0$0
5, .% * 4$%$%/*+4%** .(6,.%/0%* . 4%0$0$  5 ,0%+*+" 5%/0%*#
3%((# /@

D$ # +#.,$% 50 *0+"(+*#G0 .)"1#%0%3 1/0%),0/+*3 # 00%+*=40 .-1(%06=-10%
+/6/0 )/=* ..6G,%'%*#4+1( (%)%0 0+0$ . .+1*0$ )%* /%0 *4%0$%*Z\
" 0+"0$ )%*  //.+@EK[@\GZL

&$$%+?
1/0%"%0%+*"+.0$ Z\G"++0(%)%0%),0+""1#%0%3 1/0/$+1(  50 */%3 (6
&1/0%"% @ 0%/(%' (63/01* . /0%)0 @

D%* 0$ )%* 4+1(+, .0 +*"(6G%*="(6G+10/%/=*+*G. /% *0/0"") ) ./4+1(*+0
(%' (6+*0.%10 0+*%*. / %*. . 0%+*(1/ @$ 6)6=$+4 3 .=+/%+*((6/06%*0$ 
. +.,.0%%,0 %*. . 0%+*(0.%,/0+* .6 /0%*0%+*/A$ / %),0/4+1( +"(+4
0+) %1))#*%01 *+1(+1.*64$ . 4%0$%*0$  *(6/%/. =*,+0 *0%((6
 6+*@EK[@\G[L

&$$%+3
%3 *, ' ),(+6) *0 /0%)0 /+"Y=WWW%0%+*(=4 ((G,%, +,( %*0$ 
. #%+*%*(%#$0+"1.. *0(6(+4,+,1(0%+* */%0% /,. / *0/0$ ,+//%%(%060$0
. . 0%+*(*#(%*#*+0$ .0%3%0% /4+1(%*. / /1/0*0%((6@$ 0 .)/
D(+4E*D) %1)E%),0/$+1( 4 (( "%* =-1*0%"% 0+0$  50 *0
,+//%( =*0$ %. +*+)%+*/ -1 * //$+1(  /0%)0 @+. +3 .=
0$%/ 3(10%+*"%(/0+%*+.,+.0 0$ %0%+*(%/0%*0,+//%%(%06+"%),0/
0+*#(%*#".+)$%00 #.0%+*K%@ @=40 .-1(%06 #.0%+*=
%*0.+10%+*+"%*3/%3 /, % /= 0@L*//+%0 %),0/0+"%/$ .% /*
*#(%*#+,,+.01*%0% /*%*0 . /0@

D1 0+%0/1.. *0%* //%%(%06*(+0%+*+"* .6. . 0%+*+,,+.01*%0% /=. . 0%+*(
1/ +"0$ ,+.0 //*)%*  //.++..%+./=0$  +'$*+'/,1..+=*0$  (%)*
/,1..+%/(%' (6(+4*4+1($3 (+4)#*%01 %),0/@EK[@\G[L

&$$%+3
#%*=0$ 0 .)/D(+4)#*%01 %),0/E/$+1(  "%* =-1*0%"% =*
+*+)%%),(%0%+*//$+1( /0%)0 @%3 *0$ (%)%0 )+1*0+"/ (%* 
0+(( 0 (+*#0$ .++..%+.=0$%/+*(1/%+*%/1*"+1* @

D$  ( )%*  5,*  3 (+,) *0/ *.%+,.+& 0"++0,.%*04+1(. /1(0%*
,,.+5%)0 (6Z[=^`W. /0$04+1( 1*3%(( "+.. . 0%+*@ *%0%+*0+. )+3%*#
0$ "++0,.%*0. # ".+),+0 *0%(. . 0%+*1/ =0$  5,* )%* 4+1((/+%/,( 
4%((%" +3 .(.# .. 0$*(0 .*0%3 X*0$1/+,,+.01*%0% /"+.$1*0%*#="%/$%*#=*
4%((%" 3% 4%*#4+1( . 1 @ . 0%+*+,,+.01*%0% /%*0$ "++0,.%*0*4%((%" G. (0 
C (H  %/$* %00+)) *0/

Z``_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 485 of 2339

. . 0%+*+,,+.01*%0% //1..+1*%*#0$ )%* /%0 . 4+1( %/,( 0++0$ .(*/%*0$ 
. #%+*@$ . "+. =0$  5,* )%* / *.%+4+1(+*0.%10 0+1)1(0%3 %),0/+*
. . 0%+*+,,+.01*%0% /@+0 *0%(1)1(0%3  "" 0/+*. . 0%+*//+%0 4%0$0$ 
5,*  ( ,.+& 04+1( (+*# .%*1.0%+*K^_0+0(6 ./+")%*%*#4%0$*+0$ .YW
0+[W6 ./+",.+ //%*#L0$*(0 .*0%3 X@EK[@\GX`H[@\GYWL

&$$%+3
$%/+3 .(++'/0$ ,+0 *0%("+.0$ *#( ./*+0$ .. . 0%+*(%/0/0+#%**
%),. //%+*+".%/0+(6/*%*1/0.%(%7 . "0 .)%*  3 (+,) *0=*
0+$++/ 0+/, *. . 0%+*+((./%*+0$ .4%(. #%+*/+"0$ 4+.(
(0+# 0$ .@* ."1(()%*  3 (+,) *0=0$%/%),. //%+*+1( (+*#(/0%*#
*,+//%(6, .)* *0@

D4F&$$) #%)+ &%# *) *
D+0 *0%(%),0/%*(1 ?
• $+.0G+.(+*#G0 .)%. 0*%*%. 0$*# /%*/()+*,+,1(0%+*/=+.
$.3 /0%(%06+". 01.*%*#/()+*=4$%$. 1 0$ *1) .+". 01.*%*#1(0
/,4* ./3%(( "+.$.3 /06+)) .%(, .)%0$+( ./*0$1/. 1%*#?
o 4$+( /( "%/$ .% /3(1 =,6) *0/0+, .)%0$+( ./*. 4=*
5, *%01. /%*0+(+( +*+)% />
o  (%3 .6+""%/$0+,.+ //+./=. 3 *1 # * .0 6,.+ // "%/$=*
),(+6) *0+"*,6) *0/0+,.+ //%*#(+.>
o # * .0%+*+"05. 3 *1 0+/00 *(+(#+3 .*) *0/0$.+1#$/( /05=
. (,.+, .0605=*.4"%/$05>*
o %. 0 . . 0%+*("%/$%*# ""+.0@
•  10%+*%*+*/1) .4%((%*#* //0+16.%/0+(6/()+*1 0+, . %3 (+//
+"-1(%06=. /1(0%*#%*(+4 .,.% ,%0++)) .%($.3 /0 ./@
• . 10%+*+.%/,( ) *0+". . 0%+*("%/$%*# ""+.0//+%0 4%0$"" 0 
40 .+% /=(+*#4%0$*//+%0 . 10%+*%*#1% F(+# +),*6. 3 *1 /
*#+3 .*) *0. 3 *1 # * .0 60$ ,.+" //%+*(#1% 05%"0$ ,.+,+/ 
,.+& 0. 1 /"%/$,+,1(0%+*/+.0$ -1(%06+""%/$%*#+,,+.01*%0% /@
• *%*. / %*. . 0%+*("%/$%*# ""+.0//+%0 4%0$(+*#G0 .),.+& 0.%3 *
,+,1(0%+*$*# /*F+.$*# /%*0$ . #%+*(0.*/,+.00%+** 04+.'@EK[@]GXL

&$$%+3
0%/4+.0$1* ./+.%*#$ . 0$00$%/)# 4+1(+1.0+0$ 4+.(C/
(.# /0. )%*%*#/+' 6 /()+*"%/$ .6@$ . /%),(6%/*+ +/6/0 )#(+((6
0$0*.%3(%0@+*/ -1 *0(6=%),0/".+))%*%*#4+1(,+/ )&+..%/'/0+
0$ /+' 6 *$%*++'/()+*/, % /%*0$ %. *0%. 06@

D* ,+0 *0%() $*%/)+" "" 04+1(  (%* %*0$ ,.+10%3%06+".%/0+(6.%3 .
/6/0 )/".+),( ) *0+""%((%*40 ./"1*0%+*%*#/"%/$$%00*$*# /%*$%00
-1(%06=/1$/%*. / / %) *00%+*+.(0 . /0. )"(+4/=4$%$4+1( . "( 0 
0$.+1#$ (%* %*0+0("%/$ .6$.3 /0@EK[@]GYL

&$$%+3
$%/%#*+. /+7 */+",+0 *0%(%),0/%*(1%*#$*# /%*40 .
0 ), .01. =40 .-1(%06= $3%+.($*# /%*1 6,.+& 00%3%0% /=
$*# /%*"++4 6*)%/=0/0.+,$%0%(%*#/)"%(1. =*
%*0 .0%+*/ 04 *((+"0$ / "0+./(+*#4%0$(%)0 $*# 4+1(+1(
 %0%3 +./6* .#%/0%*1(0%)0 (6( 0+ . / # * 0%%3 ./%06=
C (H  %/$* %00+)) *0/

[W`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 486 of 2339

,+,1(0%+*/1/0%*%(%06=*1(0%)0 (6,+,1(0%+*/ (%* /@

D$ +0$ .) $*%/)=0$+1#$*+0 5, 0 0++1.=4+1( $*# %*).' 0.  ,0%+*+"
.%/0+(6"%/$@EK[@]GYL

&$$%+3
$ &1/0%"%0%+*+.. /+*"+.0$%/ 5, 00%+*%/1*( .@

D *++' *( 0=%),0/+*"%/$ .% /4+1( %*0$ "+.)+",+0 *0%(%/.1,0%+*+"0.%0%+*(
"%/$%*#,.0% /*(+0%+*/K @#@=#.+1*"%/$"%/$ .% /=/()+*"%/$ .% /%*0$ $ *%'/1G
%/0.%0L+.6"" 0%*#,.+10%3%06K @#@=0$  )%/$'6/((+, /+.0$ . +3 .6+"
%"%$ ..%*#,+,1(0%+*/L@EK[@]GYL

&$$%+3
$%/#%*%#*+. /)6.%+"%0%+*(,+0 *0%(%),0/%*(1%*#%),0/0+
40 .-1(%06".+),%, (%* ( '/=/$%,/,%((/=*+*0%*1+1/. #%*#@
+* *0.0 /,%((/+1($3 )&+.%),0/0+)1(0%,( 05=4$ . ++' *( 0
'%*#/()+*(. 6". -1 *0(6/1"" . ) .# *6(+/1. /1 0+"%(1. /0+
) 0 /, ) *0#+(/=(%' (6. /1(0%*#".+)*1) .+""0+./. (0 0+
$%#$ .,+,1(0%+* */%0% /0$*1.. *0(6 5%/0%*.%/0+(6K +.%*#YWX]=
$+ *YWX^=YWX`L@

D%0%#0%+*) /1. /0+. 1 %),0/0+"%/$,+,1(0%+*/*0$1/. 1 %),0/+*0$ 
+*+)%3(1 +"0$ "%/$. %/1// %*$,0 .\=%0%#0%+*@EK[@]GYL

&$$%+3
%0%#0%+*) /1. /%*0$  +4 .[_$3 "%( 0+. /0+. *6/%*#( /()+*
,+,1(0%+*0+( 3 (04$%$0$ 6* +*/% . . +3 . K/ "%* 6
. )+3(".+)0$ **# . , % / %/0L= /,%0 %((%+*/+"+((./+"
%*3 /0) *0/KX``YL@ * .((6/, '%*#=. /0+.0%+* ""+.0/0$.+1#$+10
+.0$) .%$3 ) 0).#%*(/1 //K1%#( 6* ., .YWW]=1%#( 6
* ., .YWW]=+*% 0@YWWY=+*% 0(@YWW_L@

D *%0%+*=,.% /,%%*.%/0+(6. * .(6(46/(+4 .0$*0$+/ ,%%*+0$ .(/'
/()+*"%/$ .% /,.+1%*#/%)%(.,.+10/=4$%$. "( 0/0$ $%#$ .0.*/,+.00%+* 5, */ 
//+%0 4%0$.%/0+(6C/# +#.,$%(+0%+*@EK[@]GYL

&$$%+3
%00%+*+.00+'0$ /00 ) *01,/$+1( ,.+3% @

D+)) .%(/()+*$.3 /0 ./+1( 5, .% * $*# /%*"%/$%*#,00 .*/%*0$ )' +.%
/1G%/0.%0+"0$  +4 .++' *( 0/()+*"%/$ .6@EK[@]GYL

&$$%+3
#%*=0$%/+3 .(++'/)1(0%01 +",+0 *0%(%),0/(%/0 +3 @

6)+ &%# *) *@, %"%,+0 *0%( "" 0/+"0$ ,.+& 0+*. . 0%+*("%/$ .% /+1(
 ?
• %. 0(+//+"*#(%*#6/+*,+.0%+*/+"0$ +.0$*+10$+.'+"0$  +'01(%
%3 .=4$%$. (+0 %*0$ ,.+& 0. @
• $*# /%**#( . $3%+.*$.0 .1/%* // $3%+.%*++' *( 00+3+%0$ 
.+10 +"0$ ,.+,+/ *01.(#/,%, (%* +.0+,00+$*# %*0$ # +#.,$%
%/0.%10%+*+"0$ %"%$(%10. /+1. 1/ 60$ ,%, (%* +.,+.0+, .0%+*/@
C (H  %/$* %00+)) *0/

[X`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

•

•

•

•

&$$%+?

Appendix E, Page 487 of 2339


. 10%+*%**#(%*#6/+4*/0. )+"0$ ,.+& 0. %"0$ ,.+& 0. 1 /
"%/$,+,1(0%+*/+"0.# 0/, % //1$/.%*+40.+10=+((6. *=*1(0
/()+*%*+4*/0. )40 ./@
 10%+*%**#(%*#6/1/ 6$*# %*0$ -1(%06+"0$ "%/$%*# 5, .% * 
K%@ @=$*# /%*0$.0 /*F+.0$  /0$ 0%-1(%06+"0$  5, .% * L+*
40 .+% /"" 0 60$ / ( 0 0.*/,+.00%+*.+10 /@
 10%+*%**F+.. %/0.%10%+*+"%*+) 0++)) .%(#1% /=(+# /=*%.
0.*/,+.0 .// +*. 10%+*%**#( .6/+.. %/0.%10%+*+"*#( .. /,+*/ 
0+$*# /%*0$ -1(%06+"0$ "%/$%*# 5, .% * @
*%*. / %**#(%*#6/1/ 6*%*. / %*0$ *1) .+"+,,+.01*%0% /
0$.+1#$ 5,*/%+*+"0$ (+(.+* 04+.'+.*%*. / %*. #%+*(,+,1(0%+*@E
K[@]GYH[@]GZL
$%/+3 .(++'/,+,1(0%+*G( 3 ( . / /1/ 6$%00 #.0%+*
//+%0 4%0$)%*%*#0%3%06*//+%0 %*"./0.101. @$%/+1(%),0
/()+**+0$ .. . 0%+*("%/$%*#0( /00+0$ )+10$+"0$ 1($0*
%3 .=*(%' (6)1$"1.0$ .%*0$ / +"0/0.+,$%0%(%*#/)"%(1. 
K 6*' . $*+(+#% /YWX`L@$  3%$'+1(/%)%(.(6 %),0 6%),0/
".+)0$ 0.*/,+.00%+*+..%+.%*(1%*#,+0 *0%(/,%((/=,%, (%* ( '/= 0@


D4F4A&+ &%#+)%+ -
D4F4A4B)+ &%# * %

D""+.0%*%*%3%1("%/$ .% /3.% /4%0$0$ -1(%06+"0$ .1*/=*4 '$%*++'. 01.*/*
"" 0,.0%%,0%+*%*$%*++'"%/$ .% /@+. 5),( =4 '.1*/+3 .0$ (/0  $3 
. 1 0$ *1) .+"#1% *#( .6/+*0$  *%%3 . 04 *++' *( 0*0$ 
+(+0*.%# ".+)Z[=WWW*#( .6/%*YWW_=0+&1/01* .YY=WWW6/%*YWX]@ *YWXW=0$ 
1/$#'%3 .(+/ 0+0$ . 0 *0%+*+"$%*++'/()+*@EK[@]G[L

&$$%+3
$%( 4 '$%*++'.1*/%*++' *( 00.%10.% /$3  +) +))+*,( =
0$ 1/$#'%3 .%/+* +"(/'C/0+,0$. ,.+1%*#$%*++'/()+*
.%3 ./=*%/". -1 *0(60$ (.# /0,.+1 .%*0$ 4+.(K +* /=(/'
 ,.0) *0+"%/$*) =, ./+*(+))1*%0%+*> +.%*#YWX]=$( .# .
0(@YWX]L=*0$1/,.+3% /),( *#(%*#+,,+.01*%0% /"+.$%*++'/()+*
%*%0%+*0+)1(0%,( +0$ ./, % /@

D4F4B#+)%+ -A9''# %+5*)&'&*#+)%+ -
D4F4B4A&$$) # * %

D1.%*#,.+& 0+*/0.10%+**+, .0%+*/=/$+1(0$ ,.+& 0 *01(. 01.*/%*%0 
) /1.( (+//+". 01.*%*#"%/$=*%"0$ Q+ /*+0&1/00$  /, ) *0#+(/0+
+1*0"+.*6(+/0..6%*#,%06//+%0 4%0$0$ ,.+& 0=0$ *=%*0 .)/+"0$ 
)#*%01 +"%),0=0$ . 10%+*%*. 01.*%*#/,4* ./4+1(%. 0(60.*/(0 %*0+(+/0
$.3 /0+,,+.01*%0% /"+., .)%0$+( ./@ "0$ Q&1/0/0$  /, ) *0#+(/"+.(+/0
..6%*#,%06=0$ *,+.0%+*+"(+/0$.3 /0+,,+.01*%0% /4+1( ,01. 4%0$0$ 
&1/0  /, ) *0#+(/=*0$ . )%*%*#,+.0%+*4+1(0.*/)%00++)) .%(, .)%0
$+( .//(+/0$.3 /0+,,+.01*%0% /@EK[@]G\L
C (H  %/$* %00+)) *0/

[Y`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)


&$$%+3

Appendix E, Page 488 of 2339

),0/0+"%/$ .% /. /1(0%*#".+),.+& 0+*/0.10%+**+, .0%+*/4%((*+0
 /0.%#$0"+.4. *+1#$"+.Q0+%*/0*0(6. 0@()+*,+,1(0%+*/
. %*$ . *0(63.%( "+.)1(0%01 +". /+*/. (0 0+". /$40 .*
).%* +*%0%+*/@%/'/".+)0$ ,.+& 0%*(1 (+// /+"# * 0%*$%00
%3 ./%06"+./()+*=4$%$+1(1(0%)0 (6(  . / /1/0%*%(%06
K %(+.* 0(@YWWZ=$%*( . 0(@YWXWL@ 0+1(0' 6 ./0+  /"0 .
%.. 3 ./%( $%00%),0/)*%" /0%*01(,+,1(0%+**1) ./@


D$%// 0%+*. (% /+* 0%+*[@Y[=%/$(1 /=4$%$ /0%)0 /0$0(0 .*0%3 X4+1(*+0
$3 ) /1.(  "" 0/+*0$ *1) .+"1(0/()+*. 01.*%*#0+0$  3%$'*1/$#'
.%3 ./6/0 )//. /1(0+",.+& 0+, .0%+*/=1 0$ (%)%0 (%* ("++0# +"1,, . +'01(%
.%3 ."%/$$%00"" 0 6,( ) *0@EK[@]G\L

&$$%+3
#%*=0$ 3.%%(%06+"/()+*,+,1(0%+*/%*# * .(+1( /%(6)/'%),0/
0+,+,1(0%+*/".+))%*%*#0%3%0% /*//+%0 %*"./0.101. K %(+.* 0
(@YWWZ=$%*( . 0(@YWXWL@ . / /%*0$ # * 0%%3 ./%06 // *0%(0+
)%*0%*%*#,+,1(0%+*/1/0%*%(%06. )+. (%' (60++1. "+.  0 0( 
$*# /%*,+,1(0%+**1) ./=*/$+1( %*(1 %*+*/% .0%+*+"
%),0/@+. +3 .=1/%*#0$ (%* ("++0# +"$%00+3 .(,,%*#4%0$)%* 
%*"./0.101. %/%/%*# *1+1/@ 0+3 .(++'/0$ %),+.0* +"1,/0. )
%*"(1 * +"+0$4 0(*/*$ 40 ./0. )/+*. 0%*#+4*/0. )
$%00K**+0  0(@X`_W=+(3%* 0(@YWX`L@+. +3 .=%0%#*+. /%),0/
".+)%*"./0.101. %*(1%*#.+/*1(3 .0/=0$ .+//G (%)*.# =0$ 
,%, (%* =*,+0 *0%(/,%((/*% *0///+%0 4%0$((+"0$ )@

D0$ ./()+*"%/$ .% /%*(/' 5%/0%*+*&1*0%+*4%0$*+*G. * 4( . /+1. /@+.
5),( =0$ ++' *( 0/()+*"%/$ .% / 5%/0%**0%3 +%(*#//%**$ 40 ./. 
(+0 * . 3 (+, . /+"*$+.# *0$ 0*1/'G1/%0*+.+1#$@$ +,, .
%3 ./()+*"%/$ .6 5%/0/%*0$ . )%*/+"0$ $%/0+.% ** +00+,, .%* *0$ .*/G
(/'%, (%* 6/0 ).+// /0$ $ 40 ./+",+.0%+*/+"0$ "%/$ .6@EK[@]G]L

&$$%+3
 %0$ .++' *( 0=*+.0$ +,, .%3 .K.%* %((%)+1*L"%/$ .% /. 
+),.( 0+.%/0+(6K1  0(@=X``_= 0 ./+* 0(@YWWZ= +.%*#YWX]=
$+ * 0(@YWX^L@.%/0+(6/1,,+.0/* .(6$("0$ 4+.(C//+' 6 /()+*
/1,,(64$%( ++' *( 0*0$ .%* %((%)/+1*/1,,+.0) . ".0%+*+"
0$0K1## .+* YWXWL@1.0$ .)+. =.%/0+(6%/*+0$0$ .6/1,,+.0 
4$%( +0$++' *( 0*.%* %((%)+1*. K YWX`=YWX`L@
+. +3 .=+0$++' *( 0*.%* %((%)+1*$3 /1"" . )1(0%,( 
%),0/4$%$,+0 *0%((6 #. /()+*$%00K$1)*,+,1(0%+* */%06=
+%(*#/ 50.0%+*=*)*6+0$ ."0+./"" 0++' *( 04$%( 0$ 55+*
( 7+%(/,%((#.3 (6"" 0 .%* %((%)+1*"%/$ .% />1  0(@X``_=
 0 ./+* 0(@YWWZ= +.%*#YWX]=$+ * 0(@YWX^L@

D4F4B4B)+ &%#%&,) *$8* * %

%)#&$$%+3$%/ *0%. / 0%+*. (% /+*0$. //1),0%+*/4$%$$3 *+/%/?XL0$0
%),0/+"0$ ,.+& 04%(( (%)%0 0+0$ "++0,.%*0=4%0$*++""G/%0 %),0/+"1/0=( '/=
C (H  %/$* %00+)) *0/

[Z`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 489 of 2339

/,%((/=+.0$ 0.*/,+.0%+*+..%+.>YL0$0*+,+,1(0%+*G( 3 (%),0/0+ %0$ .*.+)+1/
/()+*+.. /% *0/,+.0"%/$4+1(+1.4$%$+1($3  50. ) %),0/0+0$ /,+.0"%/$ .6=
*ZL0$00$ +*(6%),00+0$ *#(%*# 5, .% * 4+1( 0$ /%#$0+"01(%*"./0.101. =
%#*+.%*#0$ +3 .((, . ,0%+**,,. %0%+*+"0$ . )+0 =4%( .* /// 00%*#+".%/0+(6
/,+.0*#(%*#@

D$ . . " 44+.(4% (0 .*0%3 /0+0$ 1/$#'%3 .=/%0/$%*++'"%/$ .6%/+* +"0$ 
(.# /0. . 0%+*($%*++'"%/$ .% /%*(/'@EK[@]G^L

&$$%+3
$%/1.0 /00 ) *0/$+1( '*+4( # *%*+.,+.0 %*0+0$ 
+)) .%(%/$ .% /*%/$ .6. / 0%+*/%*. 3%/ ."0 @

D *YWX]=*#( ./$.3 /0 )+. 0$*^=\WW$%*++'".+)0$ 1/$#'=* .(6/)*6/0$ 
_=\WW$%*++'$.3 /0 ".+)0$  *%%3 .=*)+. 0$*0$ [=^WW$.3 /0 %*0$  *0%. 
1/%0*%3 ..%*# KQYWX_L@EK[@]G^L

&$$%+3
$ +),.%/+*+"/+(10 *1) ./$ . %/%/%*# *1+1/@0$, .1*%0 ""+.0
K*#( .6/L/$+1( %*(1 %*0$ / /+(10 *1) ./@ 1/ ++' *( 0
%/)1$)+.  //%( K3%.+/=+0/= 0@L0$*.%/0+(6K4$%$%/(.# (6
(%)%0 0+%. //I 3 *4$ *"%/$. (* 6+0+.+*"++0=0$ )&+.%06
+"*#( ./"(6%*0+0$ . #%+*L@

D.+//((+". =0$  3%$'.%*# =#1% *#( ./# * .0 *3 .# +"XW=[WW
"%/$%*#6/, .6 .@$1/=0$ %.(0.%3 ./6/0 ). ,. / *0/( //0$*Z, . *0+"((
*#(%*# ""+.0%*. @"" 0 +, .0+./+1(/1/0%010 "%/$%*#+*%"" . *0/0. )/=( %0
0,+0 *0%((6$%#$ .+/0/0+0$ )/ (3 /*0$ %.+*/1) ./=+.*#( ./+1(. %. 00$ %.
"%/$%*#0++0$ ./%0 /%*0$ .%/0+(6. #%+*+.%*(/'@*#( ./0$ )/ (3 /4+1((%' (6 
( 0+"%*/%)%(.+,,+.01*%0% /+*+0$ ./0. )/%*0$ . #%+*%"0$  50 *0+" "" 0/+"
(0 .*0%3 X. (%)%0 0+/1/ 0+". #%+*("%/$%*#+,,+.01*%0% /@ ),0/4+1( (+*#
0 .)= 50 *%*#0$.+1#$+*/0.10%+**+, .0%+*/=10+,,+.01*%0% /4+1( 3%(( 0
+0$ .(+0%+*/@EK[@]G_L

&$$%+3
$%/ /.%,0%+*+",+0 *0%(%),0/0+. . 0%+*("%/$%*#(%)%0/0$ 
// //) *00+%. 0%),0/+"+*(60$ )%* "++0,.%*0*%#*+. /,+0 *0%(
+4*/0. )*%*"./0.101. G. (0 K.+=,%, (%* = 0@L%),0/@ 0(/+
%#*+. /, . ,0%+*%//1 ///+%0 4%0$0$ D4%( .* // 5, .% * E)*6
*#( ./ 5, 0%*.%/0+(6@$0, .3 /0$.+1#$+100$%// 0%+*+"0$  @

D%* "%(%0% /1* .(0 .*0%3 X4+1(%. 0(6%),0,+.0%+*/+"0$ 0.%10.% /+"0$ +.0$
*+10$+.' +'01(%%3 .40 ./$ /=4$%( /1,,+.0*0.*/,+.00%+*%*"./0.101. 4+1(
"" 00$ ,, .(.%'. '0 ./$ =0$ %.(0.%3 .=* (%)* ' @/*+0 %*
 0%+*Z@]=+)) .%(* . 0%+*(%/$ .% /=%*0 .)/+",+0 *0%()#*%01 +" "" 0/=
0$ / 40 ./$ /+1*0"+./)((,+.0%+*+"+3 .((. . 0%+*("%/$%*# ""+.0%* . /
==*@EK[@]G_L

&$$%+3
$%/%#*+. /%*%. 0*1)1(0%3  "" 0/ *0%. (6K%*(1%*#, . ,0%+*+"
4%( .* //"%/$%*#*%),0/".+))%* %*"./0.101. %*(1%*#.+/*0$ 
,%, (%* L@ 0(/+%#*+. /,+0 *0%(,+,1(0%+*G( 3 (%),0/0+/()+*"%/$ .% /@
C (H  %/$* %00+)) *0/

[[`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 490 of 2339


D *0 .)/+" 50 *0+"%),0/=0$ 04+)+/0%),+.0*0"%/$ .% /0$04+1(%*0 .04%0$
(0 .*0%3 X.  (%)* ' *0$ %.(0.%3 .@ (%)* ' *1**) 0.%10.% /
$+/0.+1#$(6X=`WW0+Y=YWW*#(%*#6/, .6 .@$%/ ""+.0%/%/, ./ .+//0$ (' *
*1) .+1/1*% *0%"% 0.%10.% /4%0$+10 *+1#$ /1.3 6. /,+*/ /0+((+4"+.
%*%3%1( ""+.0 /0%)0 /@* .*+.)(+, .0%+*/=0$ " ..6.+//0$ (' 4+1(*+0 
5, 0 0+(%)%0+."" 00$ -1(%06+"0$ / "%/$%*#6/@$ %.(0.%3 .K,,.+5%)0 (6
]\W*#(%*#6/, .6 .L,.%).%(6$+/0/"(6G%*4 *"(+0*#( ./@$ .%3 .%/1.. *0(6
.+( //*0$ 0.*/,+.00%+*+..%+.4+1(. 0 * 4.+*.+//%*#(+*#0$ .%3 .@E
K[@]G_L

&$$%+3
$%///1) /*+% *0/+./,%((/".+)0$ )%* /%0 K @#@=0%(%*#/)"%(1. =
+.%*0 ..1,0%+*/%*0. 0) *0,(*0+, .0%+*L+.0$ 0.*/,+.00%+*+..%+.
K/,%((/*( '/".+)0.1'/=.# /=+0/L=+.# * .((6, .3/%3 .+%),0/@

D$ 40 .+% /"" 0 6(0 .*0%3 X$3 " 4 .0+0(. . 0%+*(*#(%*#6/0$*0$ 
40 .+% /"" 0 6(0 .*0%3 /Y+.Z@ +4 3 .=0$ )%**#(%*#40 .+% /"" 0 6
(0 .*0%3 /Y*ZK0$  4$( *=%( =* (%)*.%3 ./L=(. 6$3 /+) .+ //
".+)(+(+))1*%0% /@EK[@]G_L

&$$%+3
#%*0$%/,. /1) /0$0%),0/+")%*  3 (+,) *0. (%)%0 0+0$ 
"++0,.%*0+")%* "%(%0% /*%*"./0.101. @ 0%#*+. /# * .(=%* 3%0( 
+4*/0. )%),0//4 ((/)1$(.# .%),0/".+)% *0/=( '/=*
/,%((/@

D4F4F,$,#+ -+*&%&$$) #%)+ &%# *) *

D$ Q%/+(%#0 0+)*# "+.0$ (+*#G0 .)$ (0$+"0$ . /+1. =4$%$) */0$0
%" /, ) *0#+(/. )%*1*$*# =. 10%+*/%*. 01.*%*#/,4* ./. %. 0(6
0.*/)%00 /(+/0$.3 /0+,,+.01*%0% /"+.0$ +)) .%("( 0@EK[@]GX]L

&$$%+3
),0/0+"%/$ .% /. /1(0%*#".+),.+& 0+*/0.10%+**+, .0%+*/4%((*+0
 /0.%#$0"+.4. *+1#$"+.Q0+%*/0*0(6. 0@()+*,+,1(0%+*/
. %*$ . *0(63.%( "+.)1(0%01 +". /+*/. (0 0+". /$40 .*
).%* +*%0%+*/@%/'/".+)0$ ,.+& 0%*(1 (+// /+"# * 0%*$%00
%3 ./%06"+./()+*=4$%$+1(1(0%)0 (6(  . / /1/0%*%(%06
K %(+.* 0(@YWWZ=$%*( . 0(@YWXWL@ 0+1(0' 6 ./0+  /"0 .
%.. 3 ./%( $%00%),0/)*%" /0%*01(,+,1(0%+**1) ./@

D *%0%+*0+/()+*=. . 0%+*(*#( ./%*0$ . #%+*,.%).%(60.# 0.%*+40.+10*
+((6. *=4$%$ , *+*/()+* ##/*/()+*"( /$"+.#++,+.0%+*+"0$ %.**1(
(+.%%*0' @EK,@[@]GX]L

&$$%+3
$ . . %0%+*(/, % /0$0*#( ./0.# 0%*(1%*#.0%#.6(%*#=,%' =
/+) 4$%0 "%/$/, % /=*+0$ ./@

D4I,* *+%

C (H  %/$* %00+)) *0/

[\`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 491 of 2339

%)#&$$%+3
$%/ *0%. / 0%+*(%)%0/+*/% .0%+*+"/1/%/0 * %),0/0+0$ 
. ( 50 *0+"0$ )%* "++0,.%*0*//+%0 %*"./0.101. =*//1) /
*+,+,1(0%+*( 3 (%),0/@ *+%*#/+=%0%#*+. /% *0/*/,%((/="1#%0%3 
1/0= $3%+.(3+%* *$*# /+""%/$= #.0%+*+"# * 0%*
$%00%3 ./%06=*0$ 1)1(0%3 %),0/+"$%00/%),(%"%0%+*+)%* 
4%0$(%)0 $*# +3 .0%) @//1)%*#*+,+,1(0%+*G( 3 ( "" 0/0+/()+*
%//%),(6%/%*# *1+1/@

D4I4B#+)%+ -A9''# %+5*)&'&*#+)%+ -
D4I4B4A%* %*&,)- # # +0

D%0$. #.0+0$ )%* /%0 =%/,( ) *0*%*%3%1()+.0(%06+""%/$4+1(+1.%*0$ 
1,, .,+.0%+*/+"0$ +.0$*+10$+.' +'01(%.%3 ./%. 0(6"" 0 6)%* "%(%0% /=10
#%3 *0$ (%)%0 *1) .+""%/$+/ .3 %*0$0. *0$ -1(%06+""%/$$%00=%),0/
4+1(*+0 *+0% ( +4*/0. )".+)0$ "" 0 $** (/AEK[@`GYL

&$$%+3
.+)/1/%/0 * , ./, 0%3 ,.0%1(.(6=0$ +.0$*+10$+.' +'01(%
.%3 ./,.+3%  5 (( *0$%00*/1,,+.0$ (0$6,+,1(0%+*/+"%),+.0*0
/1/%/0 * /, % /%*(1%*#/+' 6 *,.0%1(.(6$%*++'/()+*K 
YWXXL@/%),+.0*0(6=0$ / 04+$ 40 ./0. )/*0$ %./1..+1*%*#
.%*# /+*0.%10 0++4*/0. ).  %3%*#40 ./4$%$/1,,+.0+* +"0$ 
4+.(C/(.# /0$%*++'/()+*"%/$ .% /. )%*%*#K +* /=(/'
 ,.0) *0+"%/$*) =, ./+*(+))1*%0%+*= .3%* *1'14'
YWXX=YWXZ=$( .# . 0(@YWX]L@+. +3 .=0$%//00 ) *0%#*+. /
%),0/0+0$ ,, .(.%'* 3%$'40 ./$ /".+)$*# /%*
/0. )"(+4=4/0 40 .%/$.# *% *0(/,%((/+"1*0. 0 %/$.# =
*0$ )//%3 0.*/,+.00%+*+..%+.4$%$4%((%* 3%0(6/%),(6$%00*
1/  $3%+.(*+0$ .$*# /%*"%/$K*(%' (64%((%" L@

D$ / %),0/0+"%/$*4%((%" 4+1(*+0  5, 0 0+%),0$.3 /0( 3 (/=/%* 0$ . 
4+1( *+,+,1(0%+*G( 3 ( . / %*. /+1. /*(0 .*0%3 =*%*)*6/ /)+. 
,.+10%3 =$%00/. 3%(( @EK[@`GYL

&$$%+3
$%///1) /*+% *0/+./,%((/=+.1)1(0%+*+" #.0%+**$%00
/%),(%"%0%+*+3 .0%) =((//1),0%+*/4%0$+10*6 .0%*06@

D$ / %),0/0+"%/$*4%((%" 4+1(*+0  5, 0 0+%),0$.3 /0( 3 (/=/%* 0$ . 
4+1( *+,+,1(0%+*G( 3 ( . / %*. /+1. /*(0 .*0%3 =*%*)*6/ /)+. 
,.+10%3 =$%00/. 3%(( @

%0$. #.0+0.*/,+.00%+*"%(%0% //1$/0$ )%* *,+.0 //.+/=/,1..+/=*
(%)* ' " ..6+, .0%+*/=0$ )#*%01 +"%),0/4+1( %*0$ (+//+"$%00".+)0$ 
"%(%06"++0,.%*0=,+0 *0%(%/,( ) *0+"%*%3%1("%/$*4%((%" ".+)$1)*0%3%0% /*
*+%/ =*,+0 *0%(%*&1.6*)+.0(%06".+)" ..60.""%K/()+**/ (/L*/0.%' /4%0$
0.1'0.""%K(.# */)(((*)))(/*%./LK/  0%+*[@YZ=%((%" (1 /=*
 0%+*[@Y[=%/$(1 /L@

+4 3 .=0$ "%(%06"++0,.%*04+1( /)((%*+),.%/+*0+0$ 0+0($%003%(( =*
C (H  %/$* %00+)) *0/

[]`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 492 of 2339

1(3 .0/4+1( . -1%. +*0$  //.+/0+((+4"+."%/$,//# @ ..6%*&1.6*
)+.0(%06//+%0 4%0$ *0.%*) *0+"/()+**/ (/0.%' /=*3 $%( +((%/%+*/4%0$
(.# */)(((*)))(/*%./=4+1(*+0$3 ,+,1(0%+*G( 3 ( "" 0@EK[@`GYH[@`G
ZL

&$$%+3
#%*=0$ . %//%),(6*+"01(+.(+#%(/%/1,+*4$%$0+)' 0$ / 
//1),0%+*/+",+,1(0%+*G( 3 (%),0@$ 6%#*+. % *0/*/,%((/=
"1#%0%3 1/0= $3%+.(3+%* *$*# /+""%/$=('+"/1""%% *00
4%0$4$%$0+ /%#*,.+, .1(3 .0//4 ((/%* 3%0( 1(3 .0"%(1. /=0$ 
 #.0%+*+"0$ # * 0%*$%00%3 ./%06=*0$ 1)1(0%3 %),0/+"
$%00/%),(%"%0%+*+3 .0%) @//1)%*#*+,+,1(0%+*G( 3 ( "" 0/0+
/()+*%//%),(6%/%*# *1+1/@+. +3 .=0$  (%)*/ (,+,1(0%+*%//)((
*%/+(0 K. *** 0(@YWX`L@ .6" 4" ..6/0.%' /+1( /%(61/ 
,+,1(0%+*G( 3 ( "" 0/@

D *+*0./0=+))1*%0% /%*0$ 1/$#'%3 ..%*# *%*0$  3%$'%3 ..%*# 
 (+4 #%1#%#4+1( 5, .% * (%00( 0+*+%),0+*. /+1. 3%(%(%06/0$ ,+0 *0%(
%),0+*"%/$*4%((%" 4+1( /)((@EK[@`GZL

&$$%+3
 ,. 3%+1/+)) *0@$ . %/*+/%/1,+*4$%$0+)' 0$%///1),0%+*@

D$ )#*%01 * 50 *0+"%),0/0+/1/%/0 * . /+1. /4+1( ?%/01.* >
%/,( ) *0>%*%3%1()+.0(%06".+)3 $%( +((%/%+*/*,$6/%((+//+"/0. )$%00>
*0$ (+//+"$%001 0+,( ) *0+",.+& 0+),+* *0/@ +4 3 .=,+,1(0%+*( 3 (
"" 0/0+"%/$*4%((%" 4+1(*+0  5, 0 K/  0%+*[@Y[=%/$(1 /=* 0%+*
[@YZ=%((%" (1 /L*/%)%(.$%00%/# * .((63%(( @EK[@`G[L

&$$%+3
 ,. 3%+1/+)) *0@$ . %/*+. /+*0+//1) 0$00$  50 *0+"%),0/
4%(( (%)%0 0+0$ )%* *%*"./0.101. "++0,.%*0@+0$+4*G*1,G
/0. )%),0/. %* 3%0( @+. +3 .=$%00%/*+0. ,( ( %*0$0
B/%)%(.C3%(( $%00/%),(6**+0&1/0. ,( 0$ .+( *"1*0%+*+"
 #.0%+**. )+3(+"+0$ .$%00K$%*( . 0(@YWXW=+(3%* 0(@
YWX`L@

D$ )#*%01 * 50 *0+"%),0/+"0$ 0.*/,+.00%+*+..%+.+*/1/%/0 * 1/ ./4+1(
 ,+0 *0%(. /0.%0%+*/0+ //%*0$  *(6/%/. @EK[@`G\L

&$$%+3
#%*0$%///1) /*+,+,1(0%+*G( 3 (%),0/+*/1/%/0 * . /+1. /=*
//1),0%+*4%0$+10/%/@

D4I4F,$,#+ -+*
D4I4F4B*&%#0&)*#,+,)+ &%*

D$  5,*  3 (+,) *0/ *.%+00$ )%* /%0 4+1("" 0)+. "%/$$%00%*0$ 
1,, .. $ /+"0$ +.0$+.'*+10$+.'+"0$  +'01(%%3 .=/4 ((/=*4+1(
+*0.%10 0+0$ 1)1(0%3  "" 0/4%0$%0%+*(%*"./0.101. =$%00(+//=*%/01.* 
+3 .(+*#, .%++"0%) =1,0+*%0%+*(\_6 ./ , *%*#+*0$ , .%++",+/0G)%*%*#
)%((%*#*(+/1. 0%3%0% /@$%/%0%+*($%00(+////+%0 4%0$0$ )%* /%0 %/*+0
C (H  %/$* %00+)) *0/

[^`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 493 of 2339

5, 0 0+$3 ,+,1(0%+*( 3 (/ "" 0/+*"%/$*4%((%" AEK[@`GX_L

&$$%+3

$ //1),0%+*+"*+,+,1(0%+*( 3 ( "" 0/%/1*"+1* K/
+)) *0L@

# * .(/ 0%+*


D4AF,)+) 0)&#&0
D4AF4C4A % +

D$ ,+0 *0%("+.%*. / $** ( .+/%+*+4*/0. )".+).+1(3 .0/4%0$%*0$ )%* 
/%0 4+1(  5, 0 1.%*#+*/0.10%+*@/ +*0$ 06,%(1(3 .0.4%*#/,.+3% +*
$,0 .Y=(0 .*0%3 /=%#1. YGX_*%#1. YGX`=%"/1%0( "(++G, '%/$.# %/1/ "+.
 /%#*=0$ )#*%01 +"0$ %),0%/ /0%)0 0+ /)((@*%0%+*("0+.+*0.%10%*#
0+* /0%)0 +"/)(()#*%01 %/0$00$ )%* %/%*0$ $ 40 ./=4$ . /0. )
$** (/*.1*+"". /)(( .0$*(+4 .%*0$ 40 ./$ /@EK[@X]G[L

&$$%+3
0%/1*( .%"B/1%0( "(++G, '%/$.# C%/1.0 (6 "%* =*
. #.( //+ /*+0+*/% .$*# /%*"(++G, '%/$.# 0$04%((%* 3%0( 
. /1(0".+)(%)0 $*# K YWW^=YWW^L@+. +3 .0$%//00 ) *0
)%*%)%7 /0$ %),+.0* *%*"(1 * +"$ 40 ./0. )/0+"+.)%*#
+4*/0. )$%00K**+0  0(X`_W=+(3%* 0(@YWX`L@

D$ ,+0 *0%("+.%*. /  .+/%+*+4*/0. )".+).+1(3 .0/1 0+1(3 .04/$+10%/
+*/% . 1*(%' (6=/ +*0$ 06,%(1(3 .0.4%*#/,.+3% K/ $,0 .Y=(0 .*0%3 /=
%#1. YGX_*%#1. YGX`L=*%"/1%0( "(++G, '%/$.# %/1/ "+. /%#*@EK[@X]G[L

&$$%+3
 ,.+ // /. +)%**0"+.)0%3 "0+.%*.%/0+(6". /$40 ./=
1/%*#)&+."(++%*#=$** ()%#.0%+*=**'*.%,.%* .+/%+*@%0$
0$ %0%+*(%*"(1 * +"%*. / ,. %,%00%+**"(++%*#".+)(%)0 
$*# K YWW^=YWW^L=1(3 .0"%(1. *//+%0  .+/%+*. 
3%.01((6%* 3%0( =,.0%1(.(6%*(%#$0+"0$ %.3/0*1) .0$.+1#$+100$ 
)%* /%0 *0.*/,+.00%+*+..%+.@

D$ )%* 4+1(  /%#* "+.7 .+G%/$.# +"1*0. 0 +*0040 .1.%*#
+*/0.10%+*=+, .0%+*/=*(+/1. @EK[@X]G\L

&$$%+3
$%// )/1*(%' (6#%3 *0$ . )+0 *01. +"0$ ,.+& 0. = 50. ) 
4 0$ .=(%)0 $*# ,.+& 0%+*/=*$1)* ..+.@

D$ 40 .(* )+ (+*/%/0/+"0$. / ,.0 )+1( /?0$ 40 ./$ )+1( =0$ 
#.+1*40 .)+1( =*0$ )%* ,(*)+1( @DK[@X]G\L

&$$%+3
 *3%.+*) *0(/ (%* 0%*%0 0$0#.+1**/1." 40 ./. 
$%#$(6%*0 .0%3 =*0$1//$+1( )+ ( +*0%*1+1/(6K YWXXL@

D/ +*0$ . /1(0/".+)0$ )%* ,(*)+1( =0$ )#*%01 +"%),0/4+1( /1.,(1/
+",.+ //40 .1.%*#+, .0%+*/1* .3 .# *+3 G3 .# ,. %,%00%+*/ *.%+/
K *%#$0%!/+(YWX_L@0 .3%(( "+.%/$.# 0+0$  *3%.+*) *0"0 .0. 0) *04+1(
 ( //0$*0$ / (%* "(+4/ 1/ +"40 .(+/0%*0%(%*#/3+%/= 3,+.0%+*=*+0$ .
C (H  %/$* %00+)) *0/

[_`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 494 of 2339

)%*+.1/ />,+//%(6+*0$ +. .+"YY0+Y_1%" 0, ./ +*K"/L**1((6K *%#$0%!/+(
YWX_.L@ *0 .)/+")#*%01 =0$ 3 .# **1(,.+ //40 ./1.,(1/1.%*#)5%)1)
+, .0%+*/%/ /0%)0 0+ Y`"/=4$%$4+1( 0. 0 *%/$.# 0$.+1#$+100$ 
6 .%*)** .0++,0%)%7 +4*/0. )"%/$*-10%$%00K *%#$0%!/+(YWX_%L@EK[@X]G
]L

&$$%+3
$%/%/( .%*%0%+*0$0/0. )3+(1) /=0 ), .01. /=*$ )%/0.64%((
$*# =(0$+1#$0$ / "0+./. (.# (6+3 .(++' 4%0$. /, 00+"%/$
%),0/@

D$ # +#.,$% 50 *0+"0$ %),0+*0$  %3 .*0$  %3 .4+1( 50 * (+4
0$ +*"(1 * +"0$ 04+.%3 ./=104+1(*+0 50 *,/00$  +'01(%%3 .@EK[@X]GXXL

&$$%+3
%3 *0$00$%/+*/% ./$6.+(+#%$*# /(+* K**+00 ), .01. =
$ )%/0.6=+.,$6/%($%00"0+.///+%0 4%0$$6.+(+#%$*# /L*
%#*+. /,+0 *0%(0/0.+,$%. ( / /(0+# 0$ .=0$ ,. 3%+1/(6/00 
,. /1),0%+*/0$0"%/$%),0/4%(( (%)%0 0+0$ "++0,.%*0+"0$ )%* / )
%),.+( @

D *. 3% 4%*#0$ *0%%,0 %/$.# K( [@X]GZL=%0/$+1( *+0 0$00$ 
,. %0%+*/)6 /1& 00+/%#*%"%*01* .0%*06=1 %*,.00+1* .0%*06//+%0 4%0$
0$ %*,10".+)0$ #.+1*40 .)+1( AEK[@X]GX`L

&$$%+3
$%//00 ) *0.%/ //%#*%"%*0+10+10,. %0%+*/+"$6.+(+#%$*# /
%*# * .(=*,.0%1(.(6+100$ /00 %(%060+. ( / 40 .+.%*#0+
/ /+*("%/$ .% /* /@

D$ . "+. =0$ . %/+*/% .( 1* .0%*06/0+4$ 0$ .+.*+0(+*#G0 .)(%)0%$*# %/
%*"(1 *%*#0$ $6.+(+#6+"0$ . =*4$00$ )#*%01 +"0$ $*# )%#$0 @EK[@X]G
Y[L

&$$%+3
$%/1* ./+. /0$ 1* .0%*06//+%0 4%0$)6.%+"/, 0/+",.+& 0
 /%#*%*(1%*#1(3 .0*.%#  /%#*=. -1%. 0. 0) *0*%/$.# 
.0 /=*)*6+0$ ."0+./%),0%*#"%/$,//# *$%00@

D1 0+('+"+))+*0. *%*,. %,%00%+**%/$.# =0$ 1/ +"$%/0+.%0
+(( 0 %*0$ 3%%*%06+"0$  ( /%0 =4%0$+10/, %"%&1/0) *00++1*0"+.,+//%( 
(+*#G0 .)(%)0%$*# =/ )/. /+*( 00$%/0%) =/(+*#/0$ .%/'+"* 3 *00$0%/
(.# .+./)(( .0$**0%%,0 K/ +*0$ $%/0+.%0L%/. // @EK[@X]GY[L

&$$%+3
$%//00 ) *0%*%0 /0$0(%)0 $*# %/3%.01((6%#*+. %*0$ ."0 
4%0$. /, 00+$6.+(+#%*//+%0 "%/$$%00$*# /@

D4AF4C4B)%*'&)++ &%&)) &)

D$ .+/6/0 )4+1(%*(1 40 ..+//%*#/4%0$*%* .%# /*_]1(3 .0/K/  0%+*
[@Y[=%/$(1 /="+.%/1//%+*+""%/$G .%*#40 ..+//%*#/L@$  50*1) .* /%#*+"
40 .+6.+//%*#/4+1(  0 .)%* 1.%*#"%*( /%#**, .)%00%*#@EK[@X]GY\L
C (H  %/$* %00+)) *0/

[``_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)


&$$%+3

Appendix E, Page 495 of 2339

$%//00 ) *0)' /( .0$00. 1.. *0(6%*/1""%% *0"+. 0 .)%*%*#
,.+, ."%/$,//#  /%#*@1""%% *00/$+1( +(( 0 *
%*+.,+.0 %*0+. 3%/ ."0 ,.%+.0+"%*(%70%+*+., .)%00%*#@


D "*+0,.+, .(6 /%#* =+*/0.10 =*)%*0%* =1(3 .0/*.%# /+1(+*/0.%0
*01.(/0. )"(+4 *+1#$0+/%#*%"%*0(6%*. / 0$ 40 .3 (+%0600$ +4*/0. ) *+"
0$ /0.101. @$%/+1(( 0+/0. )*'*F+./0. )  .+/%+*=*F+. 5 //%3 
.+/%+*00$ /0.101. @.+/%+*+"0$ /0. ) *F+.*'/+1(. /1(0%*+4*/0. )
/ %) *00%+*=$*# %*0$ )+.,$+(+#6+"0$ /0. )=*F+.$*# 0+0$ -10%
$%00K/  0%+*Z@Y[=%/$(1 /L@ "/0.101. + /*+0((+4"+. -10 "(+4=40 .
+1(,++( 5 //%3 (6+*0$ 1,/0. )/% @ * 50. ) / /=%),.+, . /%#*+.+*/0.10%+*
+1(( 0+0$ +((,/ +"/0.101. @EK[@X]GY]L

&$$%+3
$%( '*+4( # 4%0$. /, 00+$6.+(+#%%),0/=0$ / +))+*,%0"((/
//+%0 4%0$"%/$,//#  /%#*. #%3 *%*/1""%% *0+*/% .0%+*4%0$
. /, 00+"%/$%),0/%*+0$ .+1) *0/ 0%+*/K.%  0(@YWXWL@

D$ .+/1." 4+1(,+0 *0%((66% (%0%+*(.1*+""+),. 0+*0%3 0 ..%*=10
 1/ 0$ .+/4+1(# * .((6.1*, ., *%1(.0+0$ .%*# /.+// =0$ .+4+1(
# * .((6+*(6)%*%)((6%*. / 0$ -1*0%06+".1*+""*/ %) *00+*6/%*#( .  %3%*#
.%*# @EK[@X]GY]L

&$$%+3
+*/% .%*#$6.+(+#%%),0/%* , * *0+"+0$ .$%00"0+./K .+/%+*=
$%00/%),(%"%0%+*=%),0/0+40 .$ )%/0.6= 0@L1* . /0%)0 /.+
%),0/0+-10%$%00@

D0+0(+"*%* .%# /4+1( +*/0.10 "+.0$ ,.+& 01* .(0 .*0%3 X=/ /.% %*
$,0 .Y=1* .(0 .*0%3 X=.*/,+.00%+*+..%+.K/ $,0 .Y=(0 .*0%3 /=%#1. YG
X[*%#1. YGX\LE

&$$%+3
$%( ,+0 *0%($%00%),0/. # * .((64 (( /.% =0$ // //) *0K%*
0$%/*+0$ ./ 0%+*/L+"$+40$ %),0/+".%# . /0.%0%+*/+*$** (
)%#.0%+*( %*#0+ .+/%+*=/ %) *00%+*=*$%00/%),(%"%0%+*4%((
"" 0"%/$$%00. ('%*#@

D0+0(+"_]1(3 .0/4+1( %*/0(( 0/0. )/(+*#0$ 0.*/,+.00%+*+..%+.@1(3 .0/
0/0. )/4%0$+10"%/$4+1(  /%#* */%7 "+..%*# +*(6=%*+.* 4%0$
(/' ,.0) *0+".*/,+.00%+**1(%%(%0% /KQL/0*./@1(3 .0/0
/0. )/4%0$"%/$4+1(  /%#* */%7 "+."%/$,//# %*+.* 4%0$Q*
(/' ,.0) *0+"%/$*) KQL/0*./K/  0%+*[@Y[=%/$(1 /L@, %"%
1(3 .0 /%#* 0%(/4+1(3.64%0$/0. )/%7 =$6.+(+#%,.+, .0% /=*, .)%0
. -1%. ) *0/@EK[@X]GY_L

&$$%+3
(+*#0$ /+10$ .* //.++..%+.%*,.0%1(.=+*(63 .61./+.6
,. / * /01% /4 . +*10 %*^]+"* /0%)0 K%*(((%' (%$++
1* . /0%)0 #%3 *%* -1% /+"0$ 0%+*( 6.+(+#60/ 0LX^Z
/0. ).+//%*#/(+*#0$ \]')KZ\)%( L,+.0%+*+"0$ .+KYYWX_=Y
C (H  %/$* %00+)) *0/

\W`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 496 of 2339

YWX_L@+) +"0$  ( 0.+"%/$%*#*/*+.' (%*#/1.3 6/(/0 ( //0$*"%3 
)%*10 /=*0$ ) %*/1.3 60%) "+.+0$) 0$+/4/YY)%*10 /+.( //@
$1/=/1.3 6/+*10 0+0 (+*#0$ /+10$ .* //.+. /%),(6
%*/1""%% *0"+. 0 .)%*%*#"%/$,. / * @

D$ 1.0%+*+"0$ %),0M+"1(3 .0/N4+1( +10/(+*#/%00' /"+.0$ 3 # 00%+*0+
. /0(%/$@$ # +#.,$% 50 *0+"0$ %),0. /1(0%*#".+)/ %) *00.*/,+.0 6
/0. )/4+1( +*0$ +. .+"$1*. /+"" 00+)%( /= , *%*#+*)*6/%0 G* 3 *0G
/, %"%"0+./@EK[@X]GY`L

&$$%+3
$%//00 ) *03 .6( .(6% *0%"% /$%00%),0/ 50 *%*#". 6+*0$ 
. ( 50 *0 /.% "+."%/$%),0/%*+0$ ./ 0%+*/+"0$ ."0@%#$06G/%5
1(3 .0/4$%$+1( $. 0 )1(0%,( )%( /+"+4*/0. ),$6/%($%00
%),0K*+00+) *0%+*"%/$,//# %), %) *0/%**+"0$ )/ (3 /L$3 
0$ ,+0 *0%(%**+"0$ )/ (3 /0+. 0 ,+,1(0%+*G( 3 (%),0/0+"%/$
$%00(+*#0$ 0.*/,+.00%+*+..%+.@

D1.%*#0$ (%" +"0$ 1(3 .0K"0 .+*/0.10%+*L=,+//%( %),0/0+0$ /0. )%*(1 ?
• *. / '40 .+*0$ 1,/0. )/% +"0$ 1(3 .0@
• *. / .%3 . **' .+/%+*+4*/0. )".+)0$ 1(3 .0@
• *. / / %) *0 ,+/%0%+*+4*/0. )".+)0$ 1(3 .0@
• *. / / %) *00.*/,+.0+4*/0. )".+)0$ 1(3 .0@
• $*# %*$** ()+.,$+(+#6+4*/0. )".+)0$ 1(3 .0@EK[@X]GY`L

&$$%+3
$%( ,+0 *0%($%00%),0/. # * .((64 (( /.% =0$ // //) *0K%*
0$%/*+0$ ./ 0%+*/L+"$+40$ %),0/+".%# . /0.%0%+*/+*$** (
)%#.0%+*( %*#0+ .+/%+*=/ %) *00%+*=*$%00/%),(%"%0%+*4%((
"" 0"%/$$%00. ('%*#@ * .((61(3 .0,( ) *0. /0.%0/$** (
)%#.0%+*=%*. /%*# .+/%+**+4*/0. )/ %) *00%+*4$%$1(0%)0 (6
. /0.%0/)+3 ) *0=,.0%1(.(6+"&13 *%( */)((G+% "%/$ /K $*  0
(@YWW_=.%  0(@YWXW=$ ./+* 0(@YWXYL@

D$ )#*%01 +"0$ %),0+"0$ 1(3 .0+*0$ /0. ) %*#.+// 4+1( %. 0(6
. (0 0+0$ .%0 .%1/ 0+ /%#*0$ 1(3 .0=*0$  50 *00+4$%$0$ 1(3 .0%/
+*/0.10 +.%*#0+0$  /%#*@EK[@X]GY`L

&$$%+3
 * .((6/, '%*#=%0,, ./1(3 .0 /%#*/"%(0++*/% .0$ %),+.0*0=
"+.)0%3 *01. +"% ,.+ // /K*,.0%1(.(6. '1,L%*0$ 4%*0 .*
%*+.,+.0 +*(6+, *G40 .+*%0%+*/@

D,+0 *0%(+*%0%+*0$0+1(%),00$ , ."+.)* +"0$ 1(3 .0/%/% * .%/
1%(1,+*0$ 1,/0. ) *+"0$ 1(3 .0@%0$ .+1(1/ 0$ $ 40 . ( 30%+*0+ 
)1$#. 0 .0$**0%%,0 @#. 0 .$ 40 . ( 30%+*+1(( 0+#. 0 .
)#*%01 * 50 *0+" .+/%+*=/ %) *0 ,+/%0%+*=*/ %) *00.*/,+.0>*+1(( 
0+1(3 .04/$G+10@EK[@X]GZWL

&$$%+3
 ,.+ // /.  /.% $ . =0$+1#$0$ %),0/+"1(3 .04/$G+10%/*+0
/1""%% *0(6+*/% . 4%0$. /, 00+"%/$$%00$ . +. (/ 4$ . 
C (H  %/$* %00+)) *0/

\X`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 497 of 2339

0$.+1#$+100$ +1) *0@

DQ%/$ %00 .)%0. -1%. ) *0/K%"%//1 L. #1(0 0$ )%*%)1)/0. )"(+4. -1%. 
%**.+)+1//0. )/=/4 ((/0$ (+0%+*/+" 50.0%+**0$ )+1*0, .)%00 "+.
4%0$.4(@ "+. 0$  50.0%+*+"40 .".+)*.+)+1//0. )/(+*#0$ .+*
,%, (%* +..%+./=/1""%% *0/0. )"(+44+1(* 0+  )+*/0.0 0+, .)%0
/1)) .F4%*0 . 50.0%+*@ .)%0+),(%* 4+1(3+%0$ ,+0 *0%("+.%),0/".+)40 .
4%0$.4(0/0. )/@EK[@X]GZWL

&$$%+3
0 /0(%/$%*#"%/$%/0.%10%+**0$1/,,.+,.%0 40 .4%0$.4(/. 
('%*#,.0%1(.(6"+.0$ /+10$ .*.++..%+.KYYWX_=YYWX`L@
%0%+*(0)1/0 +(( 0 *%*+.,+.0 %*0+. 3%/ ."0 ,.%+.
0+"%*(%70%+*+., .)%00%*#@

D$ )#*%01 *1.0%+*+"0$ )5%)1),.+& 0 /1." 40 .1/ (+*#0$ 
0.*/,+.00%+*+..%+.1.%*#0$ [G6 .+*/0.10%+*,$/ 4+1( 0+0(+"[`)%((%+*
#((+*/?X`)%((%+*#((+*/(+*#0$ )%*  //.+=])%((%+*#((+*/(+*#0$  (%)*/,1.
.+=*Y[)%((%+*#((+*/(+*#0$ ,+.0 //.+@/0%)0 3 .#  50.0%+*.0 /
4+1(.*# ".+)\WW0+X=WWW#,)= , *%*#+*0$ /0. )"(+4F3+(1) +"0$ 40 .+6
K YWX_G WYYL@EK[@X]GZYL

&$$%+3
50.0%+*/+" 50. ) (6(.# 3+(1) /+"40 .".+),. /1)(6/)((/0. )/
"+.4$%$%*/1""%% *0"%/$*%/$.# 0$3  *+(( 0 +1(
,+0 *0%((63/0(61* . /0%)0 "%/$%),0/+"40 .4%0$.4(/(+*#0$ 
0.*/,+.00%+*+..%+.KYYWX_=YYWX_L@

D4AG)&,%.+) 0)&#&0

%)#&$$%+3
+1) *0 +** 0%+*/ 04 */1." *#.+1*40 ./. *+0
0$+.+1#$(6+*/% . %*0$%// 0%+*=*+.4%0$. /, 00+0$ %),(%0%+*/"+.
"%/$$%004$%$%/$ 3%(6. (%*01,+*#.+1*40 .%*,10/=,.0%1(.(6%*
(/'*". /$40 ./K 6*+(/X``^L@

D4AG4C4A % +

D. 0%+*+"+* +" ,. //%+*.+1*0$ ,%04+1((+((6$*# #.+1*40 ."(+4
,00 .*//1$0$0#.+1*40 ."(+4/.%((6%*4./*3 .0%((61,4./0+4./0$ ,%0@
.+1*40 .F/1." 40 .%*0 .0%+*/*/1." 40 ."(+4/4+1((/+ %),0 6,%0
 40 .%*#@01.(#.+1*40 .%/$.# 0+/ ,/=4 0(*/=/0. )/=,+*/=+.(' /%*+.
& *00+0$ ,.+,+/ ,%0)6 / +. . 1 =. /1(0%*#%*(+4 ./1." 40 ./ 
"(+4/=+.,+*+.(' ( 3 (/@E[@X^G\

&$$%+3  $%(  . / #.+1*40 .%*,10/0+. $%00/. '*+4( # %*0$%/
/ 0%+*=0$ %),0+"0$00+/,4*%*#*. .%*#$%00"+./()+**
+0$ ."%/$ /%/*+0/1""%% *0(6+*/% . %*+0$ ./ 0%+*/+"0$ +1) *0
K 6*+(/X``^=+4 .X```L@

D4AH+)% $%+,# +0
C (H  %/$* %00+)) *0/

\Y`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 498 of 2339

D4AH4C % +

6((.1*+""40 .+*00%*#0$ "%(%0% /00$ )%* /%0 *40 .,1), ".+)0$ +, *,%0
4+1( ,01. 0+,.+0 0+3 .((+4*/0. )40 .-1(%06@.%+.0+%/$.# 0+0$ 
*3%.+*) *0=*640 .*+0) 0%*#,,(%( %/$.# . -1%. ) *0/4+1( 0. 0 @E
K[@X_GZL

&$$%+?
3 *%"0$ . . *+4/0 40 .0. 0) *0,(*0KL/,%((/. /1(0%*#".+)
50. )  3 *0/*F+.$1)* ..+.K*1*(%' (6/ *.%+L=40 .-1(%06
.%0 .%I0+4$%$40 .4%(( 0. 0 I/0%((# * .((6 5 ) 0(/*+0$ .
+*/0%01 *0( 3 (/+")% *040 ./K YWXX=)7+4YWXXL@+. +3 .=+* 
/016/$+4 0$040 .-1(%06.%0 .%4 .  5  %*#.+1*40 .%*^^c
+")%* /=*%*/1." 40 .%*]Wc+")%* /K 1%, ./* /0YWW]L@
 * .((6/, '%*#=40 .-1(%064/4+./ 0$*,. %0 ,.%+.0+)%* 
 3 (+,) *0K 1%, ./* /0YWW]L@ 0*+*/ -1 *0(6  5, 0 0$0
)+/0) 0(/4%0$,+0 *0%((6 ( 0 .%+1/%),0/0+"%/$*+0$ .-10%(%" 
4%((%*. / 0%/$.# /%0 /".+)1.. *0'#.+1*( 3 (/@+) ) 0(/
K @#@=/ ( *%1)L**+0 0. 0 0+40 .-1(%06.%0 .%K/ )7+4 0(@
YWX`L@

D$ ,.+& 0 /%#*%*+.,+.0 /**(6/%/+"40 .+(( 0%+**)*# ) *0=%*(1%*#
-1*0%06*-1(%06 /0%)0 /=40 .0. 0) *0+,0%+*/= /%#*+"40 .)*# ) *0"%(%0% /=
*/0.0 #%%/$.# +"0. 0 40 .@EK[@X_GZL

&$$%+3
(0$+1#$/0.0 #%%/$.# %/*+04 (( /.% =%0/ )/-1 /0%+*( 
/0.0 #6#%3 *,. 3%+1/(6/00 1* .0%*0% /+10#.+1*40 .%*,10/=
$*# /0+, '"(++ 3 *0/=*+0$ .$6.+(+#%"0+./@

D1,,( ) *0($ 0%*#+1( *  //.61.%*#++( ., .%+/0+$% 3 )%*%)1)
0 ), .01. ( 3 (/"+.%+(+#%(/ ( *%1). )+3(0+  "" 0%3 @ "$6.1(%,%06+"0$ 
/%/*+0 -10 0+) 00$ %*"(1 *0"(+4=%0%+*(0.%*/4+1( %*/0(( /*  
K YWX`G XW]L@E[@X_G[

&$$%+3
%3 *0$00$ 0 ), .01. +"%/$.# 40 ./%/". -1 *0(61*(%' (60+)0$
0$0+")% *040 ./0+4$%$"%/$*+0$ .-10%(%" $3 ,0 =4%0$
,+0 *0%((6/%#*%"%*0%),(%0%+*/"+.0$ %.#.+40$* 3 (+,) *0@

D//1)%*#0$ / ,.+0 0%+*/. +,0 =%. 0*%*%. 0%),0/+"0. 0 +*0040 ./
0++""G/%0 /1." 40 .. *+0 5, 0 0++1.@ +4 3 .=+3 .0$ (%" +"0$ )%* =%0%/
,+//%( 0$0, .)%0+*%0%+*/)6  5  "+.3.%+1/. /+*/K @#@=0. 0) *0
,.+ //1,/ 0=. +.G' ,%*# ..+./L/$/$,, * 0+0$ .(/')%* /@ *0$ / 06, /+"
3 *0/=+.. 0%3 0%+*%/06,%((6,,(% %*. /,+*/ 0++3 ./%#$00+.%*#0$ 
%/$.# /%*0++),(%* @EK[@X_G\L

&$$%+3
$ +*(1/%+*0$0%. 0*%*%. 0%),0/4%((*+0+1.%/*+0/1,,+.0 
60$ . )%* .+"0$%// 0%+*=*+.0$ / *0 * /0$0"+((+4%0@

D$ (1(0 0 ), .01.  "" 0/,.+3% . /+*(  /0%)0 +"06,%(0 ), .01. 
C (H  %/$* %00+)) *0/

\Z`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 499 of 2339

"" 0/".+)+, .0%+*(%/$.# /=/1)).%7 /"+((+4/?
•  ), .01. $*# /%*0$  40 ./$ ,,.+5%)0 (6W@\)%( +4*/0. )+"0$ 
%/$.# ,+%*04+1(  5, 0 0+ %*0$ .*# +"+10GW@Y0+dY@[ #. /
+
+
 (/%1/K L>K3 .# +"+10dX@Y L%*/1)) .)+*0$/=*".+)+10dX@^0+
+
+
dZ@] K3 .# +"+10dY@_ L%*4%*0 .)+*0$/@
•  ), .01. $*# /%*0$  40 ./$ ,,.+5%)0 (6X)%( +4*/0. )+"0$ 
%/$.# ,+%*000$ +10"((+".6%*#* ' 4+1(  5, 0 0+ %*0$ 
+
+
.*# +"+10GX0+dX K3 .# +"+10GW@X\ L%*/1)) .)+*0$/@
•  ), .01. $*# /%*0$ 40 ./$ ,,.+5%)0 (6Z)%( /+4*/0. )+"0$ 
+
%/$.# ,+%*04+1(  5, 0 0+ %*0$ .*# +"+10W0+dW@Z 
+
+
K3 .# +"+10W@XY L%*/1)) .)+*0$/=*".+)+10dW@Z0+dW@^ K3 .# 
+
+"+10dW@\[ L%*4%*0 .)+*0$/@EK[@X_GXWH[@X_GXXL

&$$%+3

 ), .01. %/+* +"0$ )+/0"1*) *0(/, 0/+"$%00%*"(1 *%*#"%/$
%*10%+*=&13 *%( . .%*#* 3 (+,) *0=) 0+(%/)=#.+40$=*
1(0%)0 (6/1.3%3(@3 */)(($*# /%*0 ), .01. +1($3 )&+.
%),0/0+"%/$*+0$ .-10%(%" +3 .0$ +1./ +"0$ %.(%" 0%) K1%**
YWW\L@


D0. )/%*0$ . . *01.((6*10.% *0.%$K YWX_L@EK[@X_GXXL

&$$%+3
$%//00 ) *0%/%**+46/1,,+.0 6 C/*3%.+*) *0(/ (%* 0
K YWXX=$,0 .`L4$%$( .(6%*%0 (+4*10.% *0( 3 (/@$%/
1* ./+. /0$ %),+.0* +"0$ %*"(15+").%*  .%3 *10.% *0/0+0$ . 
%*0$ "+.)+"/,4*%*#/()+*0++3 .((%+(+#%(,.+10%3%06+"+0$ .4%/ 
*10.% *0(%)%0 40 ./@ 0(/+.%/ /+* .*/+10,+0 *0%(6 .G.+1*
10.+,$%0%+*+". 40 ./4%0$0$  /0(%/$) *0+"X^WWG, ./+*),
*0$ *10.% *0%*,10/%*$ . *00+%*. / 1.*%70%+*@

D *0 .)/+"%),0)#*%01 =0$ (1(0%+*/%*%0 * 5, 0 %*. / %*0$ 
+* *0.0%+*+") 0(/%*/1." 40 ./. /1(0+"1/0 ,+/%0%+*=.*#%*#".+)W@X0+W@^
, . *0=4$%$4+1(*+0. /1(0%* 5 * /+"0$ )+/0/0.%*# *040 .-1(%06.%0 .%
K,, *%5 Z@X_=(  Z@X_GXL%*'#.+1*+*%0%+*/+.+10"(+4+*%0%+*/@EK[@X_GXXL

&$$%+3
3 *%"0$ /  /0%)0 /. 1.0 K%*/,%0 +")*6'*+4*1* .0%*0% /L=
"1#%0%3 1/0/ .3 //+* %0%+*(,+0 *0%(%*,10+"%*. / ) 0(/
+* *0.0%+*/+*0+,+"%/$.# *% *0(/,%((/@$ / "0+./
/$+1((( +*/% . /1)1(0%3 %),0/=.0$ .0$*0. 0 / ,.0 (6
%* $/ 0%+*@1.0$ .)+. =%*0 .0%+*/ 04 *) 0(/4$%$* 
%0%3 +./6* .#%/0%/$+1((/+ +*/% . "+.0$ ,+0 *0%(%),00+"%/$
*-10%(%" @

D$ ,+0 *0%( 5%/0/"+. .+/%+*1.%*#, .%+/+"$%#$,. %,%00%+**.1*+""0++3 .4$ ()
0$ /=. /1(0%*#%**%*"(15+""%* / %) *0*%*. / 01.%%06%*0+#.3 (G+)%*0 
/0. ) /@ *0 .)/+")#*%01 * 50 *0+"%),0/=/1/, * "%* ,.0%( /4+1( 
C (H  %/$* %00+)) *0/

\[`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 500 of 2339

5, 0 0+/ 00( =*"%((%*%*0 ./0%0%(/, /)+*#0$ #.3 (=,+0 *0%((6"" 0%*#0$ 
/0. )  +/6/0 )K/  0%+*[@Y[=%/$(1 /L@K[@X_GX`L

&$$%+3
"0 .0 ), .01. =/ %) *0%/.#1(6+* +"0$ )+/0%),+.0*0$%00
"0+./,.0%1(.(6"" 0%*#/()+*/,4*%*#*/1 //"1(%*10%+*@%* 
/ %) *0/. /1(0%*#".+) .+/%+** ,+/%0%+*//+%0 4%0$$1)*
 3 (+,) *0. ' 6"0+.%*,+,1(0%+*( 3 ( (%* /%*)+.  3 (+, 
40 ./$ /K1%**YWW\L@

D4AH4C4B)%*'&)++ &%&)) &)

D&&)) &)H *0 .)/+")#*%01 = 50 *0=1.0%+*=*(%' (%$++=(+*#G0 .)%),0/+*
/1." 40 .-1(%06(+*#0$ .++..%+.. /1(0%*#".+) .+/%+*0+*/0.10%+*/%0 /=
)0 .%(/%0 /=*/0. ).+//%*#/4+1(  5, 0 =,+0 *0%((61/%*#%*. / 
/1/, * /+(%/*01.%%06%*+4*/0. )40 .+% /@EK[@X_GYWL

&$$%+3
"0 .0 ), .01. =/ %) *0%/.#1(6+* +"0$ )+/0%),+.0*0$%00
"0+./,.0%1(.(6"" 0%*#/()+*/,4*%*#*/1 //"1(%*10%+*@%* 
/ %) *0/. /1(0%*#".+) .+/%+** ,+/%0%+*//+%0 4%0$$1)*
 3 (+,) *0. ' 6"0+.%*,+,1(0%+*( 3 ( (%* /%*)+.  3 (+, 
40 ./$ /K1%**YWW\L@1.0$ .)+. =0$%//00 ) *0%#*+. /0$ %*0.+10%+*
+"+.#*%/".+)". -1 *00.1'1/# +"0$ .+=,+0 *0%(+* *0.0 *
+0$ .$ )%(/".+)0.1'/=*%*0.+10%+*+"*6) 0(/,. / *0%*0$ 
,. *0)0 .%(+"0$ .+ %0/ ("%*0+/0. )/.+// 60$ +..%+.@

D4BB+#%*%+)+)*7' #(,+  +*
D4BB4E#+)%+ -A9''# %+5*)&'&*#+)%+ -

D *0 .)/+")#*%01 = 50 *0*1.0%+*=(0 .*0%3 X4+1(, .)* *0(6%/$.# 
. # +."%(()0 .%(%*0+Z=\]W. /+"4 0(*/*+0$ .40 ./=%*(1%*#Z=[[Z. /+"
4 0(*/=\\. /+"(' /*,+*/=\W. /+"/0. )/%*_X)%( /+"$** (/=*XX. /
+").%* 40 ./@ 04+1(0 ),+..%(6%/$.# . # +."%(()0 .%(%*0+\XW. /+"
4 0(*/*+0$ .40 ./=%*(1%*#[_. /+"4 0(*/=^]. /+"(' /*,+*/=Z. /
+"/0. )/%*[@^)%( /+"$** (/=*Z_Y. /+").%* 40 ./@*%0%+*(X=_`]. /+"
4 0(*/*+0$ .40 ./4+1( %*%. 0(6%),0 6"1#%0%3 1/0".+)0$ )%* /%0 *
0.*/,+.00%+*+..%+.=%*(1%*#X=\\\. /+"4 0(*/*Z[W. /+"+0$ .40 ./@
 40 .%*#00$ )%* /%0 4+1(%*%. 0(6%),0[[`. /+"4 0(*/*+0$ .40 ./=
%*(1%*#Z[X. /+"4 0(*/=*XW_. /+"+0$ .40 ./@.#) *00%+*4+1(%*%. 0(6
%),0[]Y. /+"4 0(*/*+0$ .40 ./=%*(1%*#[[`. /+"4 0(*/*XZ. /+"
+0$ .40 ./@EK[@YYG[H[@YYG\L

&$$%+3
%3 *(%)%00%+*/+"0$%/+1) *0*0$ / (%* 01,+*4$%$%0%// =
0$ / 3(1 /. //1) 0+ 3/01* . /0%)0 @$0/%=0$%/)+1*0/
0+/0## .%*#)+1*0+"$%00(+//=/%),(%"%0%+*=*# * .( #.0%+*
4$%$+1(. /1(0%* .+/%+*+"0$ # * 0%*(%" $%/0+.6%3 ./%06
K%++),( 5%06L // *0%(0+)%*0%*%*#0$ +3 .((/1/0%*%(%06+"1/$#'
* 3%$'"%/$ .% /K %(+.* 0(@YWWZ=$%*( . 0(@YWXWL@

C (H  %/$* %00+)) *0/

\\`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 501 of 2339

D4BD *#,*
D4BD4B4A  ++ &**

D1(0+$+/()+*$3  *+1) *0 %*[@Z)%( /+".%10.6X@X`W=(0$+1#$+*(61.%*#
+*  .%(/1.3 6=*%*(+4*1) ./KY^"%/$L+),. 0++0$ . 0.%10.% /KX=^[]"%/$L
K4(%#  0(@YWX`L@EK[@Y[GZL

&$$%+3
$%/*1) .%/# * .0 ".+) C/*3%.+*) *0(/ (%* +1) *0K 
YWXXL4$%$. ,. / *0//,4* .+1*0/4$%$. (% 1,+*-1 /0%+*( 
) 0$++(+#6K++6YWXYL".+)+*(6"%3 6 ./+"/),(%*#+"/, % /4$%$
%/'*+4*0+3.6%*/,4* .*1) ./%*%*%3%1(/0. )/6+. ./+"
)#*%01  04 *%*%3%1(6 ./K. *** 0(@YWX`L@+*/ -1 *0(6=
/$+.0G0 .)0* /%(6+3 .(++'%),+.0*0$%00@+. +3 .=0$%/
/00 ) *0%#*+. /0$ %),+.0* +"$ 40 ./%*%*"(1 *%*#+4*/0. )
$%00 // *0%(0+)1(0%,( (%" /0# /+"*.+)+1//()+**(((%" /0# /
+")*6+0$ .. /% *0"%/$/, % /K**+0  0(@X`_W=+(3%* 0(@YWX`L@

D$ )&+.%06+"1(0"%/$*/,4*%*#+/ .30%+*/"+.((1(0/()+*+1.. +4*/0. )
+"40 ./0$04+1( %. 0(6"" 0 6)%* "%(%0% /@%0$%*0$  %3 .=0$ )&+.%06+"
/()+*1(0/*/,4* ./4 . +/ .3 %*0$ (+4 .,+.0%+*/+"0$ .%3 ./KY 0(@YWXXL=
/1## /0%*#0$ ,. / * +"$%#$ .G-1(%06$%00=+./%),(6 -10 -1*0%0% /+"/1%0( 
$%00. . %(63%(( 0++))+0 0$ *1) ./+"/()+* *0 .%*#0$ /0. )/
4%0$+100$ * 0+%/0.%10 "1.0$ .1,/0. )@EK[@Y[GZL

&$$%+3
$%/*1) .%/# * .0 ".+) C/*3%.+*) *0(/ (%* +1) *0K 
YWXXL4$%$. ,. / *0//,4* .+1*0/4$%$. (% 1,+*-1 /0%+*( 
) 0$++(+#6K++6YWXYL".+)+*(6"%3 6 ./+"/),(%*#+"/, % /4$%$
%/'*+4*0+3.6%*/,4* .*1) ./%*%*%3%1(/0. )/6+. ./+"
)#*%01  04 *%*%3%1(6 ./K. *** 0(@YWX`L@+*/ -1 *0(6=
/$+.0G0 .)0* /%(6+3 .(++'%),+.0*0$%00@+. +3 .=0$%/
/00 ) *0%#*+. /0$ %),+.0* +"$ 40 ./%*%*"(1 *%*#+4*/0. )
$%00 // *0%(0+)1(0%,( (%" /0# /+"*.+)+1//()+**(((%" /0# /
+")*6+0$ .. /% *0"%/$/, % /K**+0  0(@X`_W=+(3%* 0(@YWX`L@

D .%*#+$+/()+*$3  *+1) *0 0$.+1#$+100$ .%*# =(0$+1#$%*(+4 .
Y
Y
 */%0% /KX@Y["%/$, .XWW/-1. ) 0 ./M) NL0$*%*0$ )%*/0 ) KY\@ZZ"%/$FXWW) L=
%*%0%*#+3 .(((+4 .$%00-1(%06=+. -10 -1*0%06*-1(%06$%00%*+0$ .. /
+"0$ .%*# @ .%*#$%*++'/()+*$3  *+1) *0 %*Y@`)%( /+".%10.6X@X`W
Y
Y
%*(+4 */%0% /KW@XX"%/$FXWW) L+),. 0+0$ )%*/0 ) K[@__"%/$FXWW L@ .%*#$/
*+0 *+1) *0 %*.%10.6X@X`W"+.*6+0$ ./()+*/, % /@EK[@Y[GZL

&$$%+3
 0$+/"+. /0%)0%*#&13 *%( 1** 4 . /%)%(.(61*. , 0( *
1*%*0 .,. 0( ".+)0$ %.,. / *00%+*%*0$ *3%.+*) *0(/ (%* 
+1) *0K YWXXL@//1$=0$ 64+1($3 "%( 0+) 0, .. 3% 4
.%0 .%$0$ 6 3 . */1& 0 0+%0KC (YWXYL@$ 6(/+. (6+*
0".+)+*(6"%3 6 ./+"/),(%*#+"/()+*4$%$. '*+4*0+3.6%*
1** %*%*%3%1(/0. )/6+. ./+")#*%01  04 *%*%3%1(
C (H  %/$* %00+)) *0/

\]`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 502 of 2339

6 ./K. *** 0(@YWX`L@+*/ -1 *0(6=/$+.0G0 .)0* /%(6+3 .(++'
%),+.0*0$%00@+. +3 .=0$%//00 ) *0%#*+. /0$ %),+.0* +"
$ 40 ./%*%*"(1 *%*#+4*/0. )$%00 // *0%(0+)1(0%,( (%" /0# /
+"*.+)+1//()+**(((%" /0# /+")*6+0$ .. /% *0"%/$/, % /
K**+0  0(@X`_W=+(3%* 0(@YWX`L@

D$ _@Y)%( /+"*.+)+1/$%00, .)* *0(6. )+3 4%0$%*0.%10.% /X@X`W*X@YWW
. ,. / *0XX, . *0+"0$ 0+0(+1) *0 ^Y@^)%( /+"*.+)+1/$%00%* %3 .@
$ *+),. 0+0$ 0+0()%( # +"+1) *0 *.+)+1/40 ./%*0$ 0$. )%*
0.%10.% ///+%0 4%0$0$ )%* /%0 K%@ @=0$  = =*0$ L=0$%/(+//. ,. / *0/[
, . *0*Z, . *0+"/,4*%*#*. .%*#$%00"+.+$+/()+*=. /, 0%3 (6>*Z
, . *0+"$%*++'/()+*. .%*#$%00@$  *0%. .%/0+(6.%*# $/`=_X])%( /+"
+1) *0 *.+)+1/40 ./@$ . "+. =0$ (+//+"0.%10.% /X@X`W*X@YWW. ,. / *0/
*W@W_, . *0. 10%+*+"+1) *0 *.+)+1//0. )$%00@EK[@Y[G\L

&$$%+3
$ , . *0#  /0%)0 /#.+//(61* . /0%)0 +4*/0. )%),0/+"
$*# /%*0 ), .01. ="(+4=40 .$ )%/0.6=,$6/%($%00+),( 5%06="%/$
 $3%+.*3+%* =(0 . "++4 %*0 .0%+*/=*+0$ .,+0 *0%(
%),0/+" 3 (+,) *0@

D$ 1.0%+*+"%. 0%),0/+"0$ . )+3(+"*.+)+1/$%004+1( , .)* *0@
+4 3 .=+*/% .%*#0$ (+41/ +"$%000+ . )+3 K/ +* */%0% /+"&13 *%( 
$%*++'*+$+,01. 4%0$%*0$ / $%00/L=*0$ " 4*1) ./+"+$+/,4*%*#%*
0$ / . $ /=) /1.( %),0/0+,+,1(0%+*/+"/()+*".+)0$ / %. 0$%00(+// /
4+1( 1*(%' (6@EK[@Y[G\L

&$$%+3
 0$++(+#61/ 0+ /0%)0  /, ) *06Y 0(@K YWXXL. *+0
/0*.(6 ,0 =*+0,. / *0 %*)** .4%0$4$%$0$ 6+1( 
. ,.+1 =%),. %/ *%/ =*%*+),.( 0+) 0$+/1/ "+.0$ 
1/$#'* 3%$'.%3 ./6(/' ,.0) *0+"%/$*) @ *
# * .(=0$ ) 0$+1* . /0%)0  /, ) *0K++6YWXYL@ 0$+/"+.
/0%)0%*#&13 *%( 1** 4 . /%)%(.(61*. , 0( *1*%*0 .,. 0( 
".+)0$ ,. / *00%+*%*0$  *3%.+*) *0(/ (%* +1) *0K YWXXL@/
/1$=0$ 64+1($3 "%( 0+) 0, .. 3% 4.%0 .%$0$ 6 3 . *
/1& 0 0+%0KC (YWXYL@ *# * .(=0$ / /00 ) *0/. #.%*#&13 *%( 
*/,4* .1** %#*+. 0$ %*$ . *03.%%(%06+"/()+*,+,1(0%+*/=
4$%$1(0%)0 (6( 0+0$ %.+3 .((/1/0%*%(%06K$%*( . 0(@YWXW=
. *** 0(@YWX`L@$  C/ *3%.+*) *0(/ (%*  ""+.0%#*+. 0$0
3.%%(%06=/1## /0%*#"%3 6 ., .%++"0+(( 0%+*%//1""%% *0"+.
$.0 .%7%*#+3 .(($%001/ @1.0$ .)+. =0$ / 0%+*. #.%*#$%*++'
/()+*+3 .(++'/0$ %),+.0* +"0$ 1/$#'%3 .%*#(+(+*0 50
K .3%* *1'14'YWXX=YWXZ=$( .# . 0(@YWX]=$+ *YWX^L@
$ 1/$#'%3 ./1,,+.0/+* +"0$ 4+.C/(.# /0. )%*%*#,+,1(0%+*/+"
$%*++'/()+*4$%$%/ /, %((6*+0 4+.0$6#%3 *#(+(,+,1(0%+*
 . / / 3 *%*. (0%3 (6,.%/0%* *)1$(.# .40 ./$ /(%' 0$ 1'+*
* 1/'+'4%).%3 ./%* /0 .*(/'K +* /==, ./+*(
+))1*%0%+*= .3%* *1'14'YWXX=YWXZ=$( .# . 0(@YWX]L@

C (H  %/$* %00+)) *0/

\^`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 503 of 2339

$%*++'. 01.*/0+0$ 1/$#'%3 .06,%((6 5
KYWXZ=YWX[L@

XWW=WWW"%/$, .6 .


D %00/0$04+1( . )+3  5$%%0 /+) +"0$ (+4 /0G */%061/ 6+$+/()+*
&13 *%( /4%0$%*0$  .%*# =/1## /0%*#0$ . %/(+4+3 .((-1(%06$%00+.(+4
1** +"-1(%06$%00%*1*"" 0 . /@$ (+//+"W@^\)%( +"1,, . %3 .
$%00. ,. / *0/X, . *0+" %3 .0+0(*.+)+1/$%00@EK[@Y[G\L

&$$%+3
$ , . *0#  /0%)0 /#.+//(61* . /0%)0 +4*/0. )%),0/+"
$*# /%*0 ), .01. ="(+4=40 .$ )%/0.6=,$6/%($%00+),( 5%06="%/$
 $3%+.*3+%* =(0 . "++4 %*0 .0%+*/=*+0$ .,+0 *0%(
%),0/+" 3 (+,) *0@

D$ +, *)%* ,%0* //.+.  5, 0 0+ 50 *0+0$ 4 /0 .* # +"0$ 
.%*# >0$ +*(6)%* /%0 +),+* *0/0$04+1(+1.%*0$ .%*# . 0$ )%* 
 //.+=0$ 1.% *01.(#/,%, (%* =*0$  /0 .*40 .0. 0) *0,(*0%/$.# 
,%, *"%(%06K%#1. [@Y[GXL@E

&$$%+3
((+"0$ / ,.+& 0 ( ) *0/"1*0%+*((6%/ 00$  *0%.  3%$'40 ./$ 
*4%(("1*) *0((6%),0$%00-1(%06@

D +4 3 .=/ /.% +3 =+*/% .%*#0$ (+4-1(%06*(+41/ +"+$+*$%*++'
. .%*#$%00=0$ ('+"/,4*%*#%*  /0. $ /%),0 =*0$ (+4( 3 (+"+$+
/,4*%*#%* .%10.6X@X`W=) /1.( %),0/0+/()+*,+,1(0%+*/4+1( 1*(%' (6@E
K[@Y[G]L

&$$%+3
$ . %/3%.01((6*+$%000$.+1#$+100$  *0%. 06+".%/0+(60$0* 
(//%"% /D(+4-1(%06E/ 3% * 60$ +*0%*1 /0. *#0$*
/1/0%*%(%06+"%0/%"%/()+*. 01.*/@3 *40 ./0$0+*C0/1,,+.0$%#$
*1) ./+. */%0% /+"/()+*/, % /%*%*%3%1(6 ./I+. 3 *.+//
  /0+ *01.% /I. /0%(( // *0%(0+. 0%*#0$ +4*/0. )+*%0%+*/
0$0"+/0 .0$ 4+.(C/(.# /0. )%*%*#/+' 6 /()+*.1*/=*+* +"0$ 
4+.(C/(.# /0. )%*%*#$%*++'/()+*.1*/K +* /==, ./+*(
+))1*%0%+*>**+0  0(@X`_W=1## .+*  0(@YWXW= .3%* *
1'14'YWXX=YWXZ=$( .# . 0(@YWX]=+(3%* 0(@YWX`L@

D *0 .)/+")#*%01 * 50 *0=0$ .+*,%, (%* 4+1(.+//X]*.+)+1/K%*(1%*#
+'$*+'/0 ..6 .)%*(.%*0L*Z]. /% *0"%/$/0. )/@EK[@Y[G]L

&$$%+3
.)+.  50 */%3 /1.3 6/. *  =,.0%1(.(6+*0$ /+10$ .* //
.+=0+ 0 .)%* 0$ %/0.%10%+*+"*.+)+1/"%/$ /*0$1//+) 
,.+0 0%+*0+/0. )/0$ .+4%((.+//@. 3%/ ."0 /$+1(%*(1 0$0
%*"+.)0%+*,.%+.0+"%*(%70%+*+., .)%00%*#@

6 %0000$ %)) %0 (+0%+*+"1(3 .0/4+1( (0 . =10"%/$4+1(+*0%*1 0+1/ 
0$ /0. )/@EK[@Y[G]L

&$$%+3
1(3 .0 /%#*,, ./0+%#*+. 0$ %*"(1 * +"% *. '1,,.+ // /%*
C (H  %/$* %00+)) *0/

\_`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 504 of 2339

0$ ,.+& 0. @+. +3 .= 3 *1(3 .0/ /%#* 0+)+ .*/0*./"+.
"%/$,//# /1"" .,.+( )/4%0$%), %*#$** ()%#.0%+*=%*. / 
.+/%+**+4*/0. )/ %) *00%+*=*1(0%)0 (6,//# ,.+( )/
,.0%1(.(6"+.&13 *%( */)((G+% "%/$ /K $*  0(@YWW_=.%  0
(@YWXW=$ ./+* 0(@YWXYL@

D4BD4B4B * *'#$%+2 %!,)02% &)+# +0
D%)%*#+"+*/0.10%+*%**.+)+1/"%/$/0. )/K6X\0+ 1(6X\L4+1(. 1 0$ 
*1) ./+""%/$%*&1. +.'%(( @EK[@Y[G_L

&$$%+3
$%( ,. " .( 0+, '/,4*%*#/ /+*=&13 *%( +$+*$%*++'/()+*
. . .%*#%*)%* /%0 40 ./0$.+1#$+100$%/, .%+K +$*/+**(+//+)
YWX`L@

D, % /%3 ./%06*1** 0%*%0 0$ . %//1""%% *03%(( $%00"+.. (+0%+*
4%0$+10%),0/0+ 5%/0%*#,+,1(0%+*/@EK[@Y[G_L

&$$%+3
+0 *0%(# * 0%%),0/+". (+0%+*/$+1( // // ,.%+.0+. (+0%*#
"%/$@ (+0%+*+1(%),0,+,1(0%+*/0.101. +")1(0%,( /, % /@

6+"%/$%/,( ) *0+.)+.0(%064+1(  5, 0 %*0$ 1 0+)%* +*/0.10%+*=
+, .0%+*/=+.(+/1. @EK[@Y[G_L

&$$%+3
),0/+".++*/0.10%+**)%*0 ** =%/$.# K+0$% *0(
/,%((*%*0 *0%+*(%/$.# L=*, ., 01(,+/0G(+/1. 0. 0) *0(($3 
,+0 *0%(0+%/,( *F+.'%(("%/$@

D%. 0%),0/+",.+, (( .G%*1 %*&1.6+.)+.0(%060+*.+)+1/+.. /% *0"%/$ /6
)+0+.+0,.+, (( ./. *+0". -1 *0(6// // =*. (%)%0 0+" 4/01% /K +((*
X`_]> %((#+.  0(@YWXX>$%0"% (* ' .YWX[L@EK[@Y[G`L

&$$%+3
$ / *(6/ /%#*+.  $3%+.($*# /*3+%* 0$0+1(. /1(0".+)
" ..6+, .0%+*@$ " ..6.+10 %/ 0/ '  (%)*=0$ 4+.(C/(.# /0
/+' 6 /()+**1./ .6K++6YWX_L=4%0$,+0 *0%("+.+* *0.0 *+0$ .
$ )%(/,%((/=*+%/ =*+0$ ."0+./0+%),0. .%*#&13 *%( /+' 6 
/()+*=+10)%#.0%*#/)+(0/=+.%*)%#.0%*#/,4* ./@,,.+5%)0 (6_Wc+.
)+. +"/1 //"1(/,4* ./0$01/ 0$ (' 4%(($3 0+.+//0$ +..%+.
,0$460( /004% 1.%*#0$ %.(%" 0%) K %*'***YWX_L@+(( 0%3 (6=
0$ /+' 6 0$0+/,4*1,/0. )+"0$ ,.+,+/ ,%, (%* +..%+.+),.%/ 
* .(6YW# * 0%%((61*%-1 ,+,1(0%+*/K %*'***YWX_L@+*/ -1 *0(6=
)&+." ..6% *0$/0$ ,+0 *0%(0+.)0%((6 .+ 0$ %3 ./ 
/()+*/0+',+.0"+(%+I*0$1/+3 .((/1/0%*%(%06I+"0$  3%$'%3 .
/+' 6 @+0 *0%(/,%((/=( '/=*0/0.+,$%"%(1. /$,*+ .+1/0(6
*(67 /.%/'"0+.@*. #.( //= 3 *%(6=% *0G". " ..6
+, .0%+*+1(1/  $3%+.($*# /%*"%/$0$0,. 3 *0/1 //"1(
)%#.0%+**/%)%(.(6 .+ 0$ /()+*/0+',+.0"+(%+@

D4BD4B4C+)$#&.
C (H  %/$* %00+)) *0/

\``_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 505 of 2339


D$ 1.0%+*+"/0. )"(+4. 10%+*/4+1( (+*#0 .)= #%**%*#1.%*#,.+& 0
+*/0.10%+*=*4+1(+*0%*1 0$.+1#$+, .0%+*/*,+/0G(+/1. @EK[@Y[GXYL

&$$%+3
%3 *0$0%),0/. 0. 0 %*%/+(0%+*%*0$ ."0 =(+*#/0*%*#
. 10%+*/%*"(+4/$+1( +*/% . (+*#/% %),0/0+,$6/%($%00=
40 .0 ), .01. *$ )%/0.6=*%+0@. 3%/ ."0 /$+1(
%*+.,+.0 0$ / 1)1(0%3  "" 0/,.%+.0+"%*(%70%+*+., .)%0%*#@

D0 .4+1((/+ 0. 0 *. ( / %*0+/0. )$** (/00$. (+0%+*/?XL 
.%10.6X@X`W%)) %0 (61,/0. )+"0$  +*"(1 * >YL0$  0%0/+*"(1 * 4%0$
.6%*#* ' >*ZL0.%10.60+0$ ,,.+5%)0 (6Y)%( / (+4%0/$ 40 ./
K%#1. [@Y[GXL@EK[@Y[GXYL

&$$%+3
3 *40 .0. 0 0+40 .-1(%06.%0 .%%/(%' (60+ 5 )% *0( 3 (/+"
) 0(/*+0$ .+*/0%01 *0/0+4$%$. %+0$3 ,0 K( XL@

D *0 .)/+" 50 *0=.%*+40.+10=$1)=/+' 6 =+((6. *=*.0%#.6(%*#4+1($3 
$%00 . / /+*(6%*0$ $ 40 .0.%10.% /@EK[@Y[GXZL

&$$%+3
$%/"%(/0++*/% .0$ )1(0%01 +"+0$ .%),0/%*%0%+*0+/0. )"(+4
K @#@=0 ), .01. =/+1.*/ %) *0 ,+/%0%+*=$ )%/0.6=*+0$ .%+0%
$*# /L0$04+1(. /1(0".+)+0$ ./, 0/+")%* +, .0%+*@ 0(/+
5(1 /+*/% .0%+*+"0/0.+,$%"%(1. 4$%$$/0$ ,+0 *0%(0+ ,+/%0
0%(%*#/%*0( /0^WW')K[Z\)%L+"/0. )//1%0( "+./()+*/,4*%*#
*F+.. .%*#K 6*' .YWX`L@

D *0 .)/+")#*%01 * 50 *00$.+1#$+100$ )%* /%0 . %*3 .# ,. %,%00%+*6 ./=
$%*++'*+$+3%(( /,4*%*#$%004+1( . 1 >4$%( $1)=/+' 6 =.%*+4=
+((6. *=*.0%#.6(%*#3%(( /,4*%*#$%00# * .((64+1( %*. / K( 
[@Y[@YL@EK[@Y[GXZL

&$$%+;''# *+&##*+ $+*& ++&)##*' *%# *+*2D4BD8AC9D4BD8AF<3
%00%+*".+)4$%$0$%/%*"+.)0%+*4/ 1 +.(1(0 /$+1( 
,.+3% "+.0$%//00 ) *0@$ $6/%( %00%)1(0%+*K  L)+ (
,. /1)(61/ 0+ .%3 0$  /0%)0 /%/+100 *$/)1(0%,( '*+4*
 "%% *% /@.%).%(6%01/ /+*(6)%*$** ( ,0$*3 (+%060+-1*0%"6
$%00 /,%0 +1*0( // 3% * 0$00 ), .01. =+""G$** ($%00=
#.+1*40 .%*"(1 * =%*/0. )/0.101. *+3 .=/ /+*(3.%%(%06=*
)*6+0$ ."0+./((+)%* %*1*%-1 +)%*0%+*/0+,.+1 0$ %3 ./%06
+"$%00/0$0/1,,+.0.%/0+(6/()+*K+* .*** .X`_^=%' (/+*
0(@X``Y= */0 .*+4* /YWXW= 3 / 0(@YWXX= )** 0(@
YWX[L@+. +3 .0$ / (%* 01/ 0+1%(0$ )+ (K YWXXL
%*+.,+.0 /)%5 K%*+),.( L) 0$++(+#6=1/ /%*/1""%% *0/%0 / ( 0%+*
*. ,(%0%+*=*"%(/0+3(%0 +.3 .%"60$ )+ (K./% 4%7YWXYL@((
0+(=0$ / (%)%00%+*/+"0$ )+ (//1),0%+*/*0%*,10/. /1(0%*3/0
1* . /0%)0 /+"$%00%),0/@+. 1.0 0 $*%-1 //$+1( 
. -1%. %*. 3%/ ."0 ,.%+.0+"%*(%70%+*+., .)%00%*#@
C (H  %/$* %00+)) *0/

]W`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 506 of 2339


D5 ,00 ),+..%(61.%*#+*/0.10%+*=,+0 *0%(%),0/+*/0. )"(+4/. *+0 5, 0 0+
+1.0.%# *1(3 .0.+//%*#/@EK[@Y[GX]L

&$$%+3
$%/"%(/0++*/% .%),0/+"40 .4%0$.4(/"+.1/00 ) *0+*0$ 
.++..%+.=/4 ((/(%' (6$6.+(+#%(%),0/0+/0. )/+0$1,/0. )
*+4*/0. )+".%# /*1(3 .0/@

D((4+.'%*"%/$G .%*#/0. )/4+1( /1& 00+ /%#*+*/% .0%+*/=. /0+.0%+*
. -1%. ) *0/=*0%)%*#4%*+4/=//, %"% 6Q%0( X]%/$ %00 .)%0/K
X]@W\@_[XG_^XL=%"%//1 @ *+.* 4%0$Q.%0 .%=.%# *1(3 .0+*/0.10%+*
0%3%0% /%**.+)+1/40 ./4+1(+1.".+)6X\0+ 1* X\=0+3+%%),0/0+
)%#.0%*#/()+*@EK[@Y[GX]L

&$$%+3
.+0 0%3 , .)%0/4%((+*(6 %//1 "+.0$+/ /0. )/4$%$$3  *
50 */%3 (6/1.3 6 =*4$ . . /1(0/$3  *,.+3% 0+"+.
%*(1/%+*%*0$ *.+)+1/0 ./0(+#*0$ (/'. /$40 .%/$
*3 *0+.6@$ 3/0)&+.%06+"/0. )/+*0$ * 4(6,.+,+/ .++..%+.
$3 *+0 */1""%% *0(6/1.3 6 "+."%/$,. / * KYYWX_L@

D$ )#*%01 = 50 *0=*1.0%+*+"%),0/0+"%/$,//# 4+1( 0$ . 0%+*+"/$+.0G
0 .)..% ./0/0. ).+//%*#/1/%*#1(3 .0/1 0+0 ),+..6(+'# @+10%* %*/, 0%+*
*)%*0 ** +"1(3 .0/=.%# /=*.+/4+1( . #1(.(6+*10 %*+),(%* 
4%0$.%#$0G+"G46KL*Q, .)%0+*%0%+*/=%"%//1 =0+ */1. 0$01(3 .0G. (0 
.+/%+*=4/$G+10=+. .%/(+'# +*+0. /1(0%*, .)* *0%),0/0+"%/$,//# +.
+4*/0. )$%00@EK[@Y[GX]L

&$$%+3
 1/ 0$ 6(%)%0$** ()%#.0%+**(0 .(+(/0. )$6.+(+#6=1(3 .0/
$3 '*+4*=(+*#G0 .)* #0%3 +*/ -1 * /"+."%/$ /*$%00"+.)*6
'%(+) 0 ./1,/0. )*+4*/0. )@3 *1(3 .0/0$0+*+0(+'"%/$
,//# %*$%%0$** ()%#.0%+**0$1/$%00+),( 5%06=1/ 
/ %) *00%+** .+/%+*=*". -1 *0(6(+'0.*/,+.0+"4++6 .%/=
).%* G .%3 *10.% *0/=*% . #.( //+"1(3 .0 /%#*K1.*%// 0(@
X``X=+*% 0(@YWWYL@+. +3 .=4$%( %*/, 0%+*/)6 ". -1 *0=(.# 
/( "(++ 3 *0///+%0 4%0$/,.%*#. '1,K4$%$". -1 *0(6+%*% /
/)+(0%"%0%+*L*F+.$ 36.%*/. (%' (60+1/ )1(0%,( "%(1. /4$%$)6
 (6. ,%.//%#*%"%*0(6@%*((6=,+/0G(+/1. %*/, 0%+*/. (%' (60++1.
)1$( //". -1 *0(60$*%*/, 0%+*/1.%*#+, .0%+*=/+"%(1. /4%(($3 
(+*# .G0 .)%),0/@ *# * .(=0$ )#*%01 = 50 *0=*1.0%+*+"1(3 .0
%),0/. #.+//(61* . /0%)0 */$+1( %),.+3 %*. 3%/ ."0
 ,.%+.0+"%*(%70%+*+., .)%00%*#@

D0 .4%0$.4(/4+1(+1.0(' /=,+*/=*/0. )/(+*#0$ .++..%+.=+.%*#
0+(/' ,.0) *0+"01.( /+1. /KL*Q, .)%0+*%0%+*/"+.1/0
+*0.+(*$6.+/00%0 /0%*#1.%*#0$ /1)) .+*/0.10%+*/ /+*/>*4+1(*+0 
5, 0 0+%),0+3 .4%*0 .%*#"%/$+.$%00@%0$.4(/".+)"%/$G .%*#40 ./4+1(
1/ ,1),/. */ .0%"% 6Q0+,. 3 *0"%/$%),%*# ) *0@EK[@Y[GX]L

C (H  %/$* %00+)) *0/

]X`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

&$$%+3

Appendix E, Page 507 of 2339

$%/K*0$ . )%* .+"0$%// 0%+*L) *0%+*/1)) .40 .1/ =10"%(0+
3(10 ,+0 *0%(%),0/+" . / /0. )"(+4/. /1(0%*#".+)4%0$.4(/
%*(1%*#%),0/0+0 ), .01. =$** (F"(++,(%*)%*0 ** =*
$ )%/0.6//+%0 4%0$.+.1*+""@+. +3 .=4$%( 1/ +"/. */* 
"" 0%3 =/1.3 6/+1) *0%*#"%/$%/0.%10%+*(+*#0$ .++..%+.. 
%*/1""%% *0"+.,.+0 0%3 , .)%0/0+,,(6@ *+. .0+,,.+,.%0 (6 /0%)0 
,+0 *0%(%),0=%0%+*(/1.3 6//$+1( +*10 *%*+.,+.0 %*0+
. 3%/ ."0 ,.%+.0+"%*(%70%+*+., .)%00%*#@


D4BD4B4D+)$)&,+ - +0

6$ ('+")01.  %1+1/+3 ./0+.6(%' (6+*0.%10 /0+0$ +(%#+0.+,$%+*%0%+*/=*
%/1*%-1 0+$ 40 ./0. )/%*0$ ,.+& 0. >/, %"%((6=0$  * @$  50 *0+.
/+, +"0$ %),0+"(+//+".%,.%*,.+10%3%064+1((%' (6 (%)%0 0+40 ./%*0$ 
3%%*%06+"0$ )%* /%0 "++0,.%*0=*)6*+0 50 *+4*/0. )".+)0$ "" 0 /0. )
$** (@EK[@Y[GX^L

&$$%+3
/+1. "+.0$%/%*"+.)0%+*/$+1( ,.+3% @ 0/%),(6%/*+0)6 5, .% * 
"0 .04 (3 6 ./+""(6%*#=+0%*#=*+(( 0%*#3 # 00%+*00$.+1#$+10
0$ . =0$00$ ('+")01.  %1+1/+3 ./0+.6%/1*%-1 0+*6
$ 40 ./%*0$%/01*.G+)%*0 . #%+*@ 00$ / /0. )//0%((/1,,+.0
)1(0%,( (%" /0# /+"%"%/()+**. /% *0"%/$ /=* 0 .)%* 0$ 
$.0 .%/0%/+"$%00%* 3 *)+. ,.+10%3 =+4*/0. ).  %3%*#
40 ./K**+0  0(@X`_W= +$*/+**(+//+)YWWZ=+(3%* 0(@YWX`L@
+*/ -1 *0(6=0$  50 *0+"%),0%/1* . /0%)0 $ . @

D.+%*3 .0 .0 /01% /+*10 /,.0+"0$  *3%.+*) *0(/ (%*  ""+.0+*(1 
0$0.*# +").+%*3 .0 .0 /*, .%,$60+* 5%/0%*.%10.6X@X`W0$04+1(
+*0.%10 3%.%"00+0$ "++4 %*0++4*/0. ). $ /@4++0$ ./%7 ( 0.%10.% /
K .%10.% /X@X^*X@XYL) 00$ )%*/0 ) 4%0$%*\)%( / (+40$ )%* /%0 =/+
0$  50 *0+" "" 0/+". 1 ).+%*3 .0 .0 ,.+10%3%060++4*/0. ). /+1. /4+1(
(%' (6 (%)%0 0+0$ . %. 0(6+4*/0. )+"0$ )%* /%0 @EK[@Y[GX^L

&$$%+3
.+%*3 .0 .0 /01% /%*0$  *3%.+*) *0(/ (%*  ""+.04 . "0((6
"(4 @( / / +3 +)) *0/*C (YWXY@%3 * ..+./%*0=
/0%)0 /+"%),0K"+. 5),( /, % /%3 ./%06+".%10.6X@X`W. (0%3 0+
X@X^*X@XYL. %),+//%( 0+ 0 .)%* ".+) 5%/0%*#0@

D//$+4*%*0$ / (%* 0+3 =).%* G .%3 *10.% *0/+*+0,, .0+%*"(1 * 0$ 
*10.% *03%(%(%06%*0$  +'01(%+.1,, .)+/0. $ /+"0$ ,, .(.%'40 ./$ /%*0$ 
,.+& 0. @$%/)6 1 0+0$ +),.0%3 (6/)((*1) ./+"/,4*%*#"%/$=$%#$
"(1/$%*#"(+4/%*0$ "(("0 ./,4*%*#$/+1.. =*0$ ('+"(.# 4++6 .%/"+.
.//. 0 *0%+*@$  50 *0+./+, +"*6%),0/4+1((%' (6 (%)%0 0+40 ./%*0$ 
3%%*%06+"0$ )%* /%0 "++0,.%*0=*)6*+0 50 *+4*/0. )".+)0$ "" 0 /0. )
$** (@$ / %),0/+*/0. ),.+10%3%064+1(  5, 0 0++1.%"0$ ,.+& 0%/
, .)%00 *1%(0@EK[@Y[GX^H[@Y[GX_L


C (H  %/$* %00+)) *0/

]Y`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

&$$%+3

Appendix E, Page 508 of 2339

/ *+/1$0B+3 C%*%0%*#('+"%*"(1 * +").%* G .%3 
*10.% *0/@$ . %/.% "%/1//%+*+"%//+(3 +.#*%.+*=*%0.0 d*%0.0 =
*0+0(,$+/,$+.+1/.*# /0$0%*%0 +(%#+0.+,$%/001/+"/0. )/@
+4 3 .=0$ . 4/*+,.0%0%+*%*#+"0$+/ 0%*0+).%* 3/@0 .. /0.%(+.
%*/0. )/+1. /K4$%$4+1(. -1%. /0( %/+0+, *(6/%/ @#@= (%*  0(@
X``ZL@ * =0$ "00$00$ / /0. )/. +(%#+0.+,$%1* ./+. /0$ 
%),+.0* 0$0.//G .%3 *10.% *0/+)+/0(%' (6+*0.%10 0+
+0$ .4%/ *10.% *0G(%)%0 /0*%*#.+,/+", .%,$60+*I*0$1/ *0$%
).+%*3 .0 .0 *"%/$+))1*%0% /0$0+*/1) 0$ )I%*%0%+*0+
.%,.%*3 # 00%+**4%((%" K  .$+() 0(@X```= *  0(@YWWY*
+0$ ./L@+. + 3 .=)*6"0+./%*%0%+*0+0$+/ (%/0 $ . "" 0.//
. 0 *0%+*%*(1%*#/0. )$6.1(%/=%.* .. )+3(=*+0$ ./
K  .$+() 0(@X```= ("% (*%)*YWW]=+*#$* 0(@YWW_L


D$ .+*,%, (%* 4+1(.+//X]*.+)+1/*Z]. /% *0"%/$/0. )/@ */+) 
(+0%+*/=/1$/1(3 .0.+//%*#/=0$ .+F,%, (%* "++0,.%*04+1(%),0.%,.%**
"(++,(%*+** 0%3%06%*0$ XWWG6 ."(++,(%*@$%/+1(. 1 0 .. /0.%(%*,10/*
+4*/0. ),.+10%3%06=*0$ 1.0%+*4+1( "+.0$ (%" +"0$ ,.+& 0@ +//+".%,.%*
3 # 00%+**. /1(0%*%*. /  .+/%+**/0. )/ %) *00%+**. 10%+*%*
/0+.)40 .. 0 *0%+*,%06=**%*. / "(+4/*(0 .%*/0. )"1*0%+*/=%*(1%*#
,.+10%3%06@ *0 .)/+")#*%01 * 50 *0=0$ .+F,%, (%* "++0,.%*0*//+%0 
.+//%*#/0.101. /4+1(%),0,,.+5%)0 (6XZ@\. /+".%,.%*3 # 00%+*=*%*0 ..1,0
"(++,(%*+** 0%3%06%* .0%*(+0%+*/@ +4 3 .=%0%+*(.%,.%*$%00%/3%(( 0$0
4+1(*+0 %),0 0$.+1#$+100$ 40 ./$ /@$ 1.0%+*+"0$ %),00+.%,.%*
3 # 00%+*4+1( "+.0$ (%" +"0$ ,.+& 0=*4+1(  5, 0 +1.%"0$ ,.+& 0%/
, .)%00 *1%(0@EK[@Y[GX_L

&$$%+3
1""%% *0/1.3 6/0+ 0 .)%* "%/$%/0.%10%+*(+*#0$ .++..%+.. 
('%*#KYYWX_=.+5YWX_L=/+0$  50 *0+"%),0/. (%' (6#.+//(6
1* . /0%)0 @1.0$ .)+. =0$  50 *0+"1,*+4*/0. )%),0/+"
1(3 .0/%/1* . /0%)0 K/ ,. 3%+1/+)) *0*%*0.+10+.6(*#1# L@
$ 1.0%+*+"%),0/4%(((/+(/0/(+*#/0$ .+ 5%/0/=*%),0/4%((
)+/0(%' (6%*. / "0 .,.+& 0(+/1. .0$ .0$* *%*#/ /.% %*0$ 
."0+1) *0= 1/ ( //1/ 4%((. /1(0%*" 4 .%*/, 0%+*/* . / 
)%*0 ** @ ),0/4%(((/01*0%(0$ .+*((//+%0 )*) 
.+//%*#/0.101. /. . )+3 @

D4BD4E+)$ $%++ &%%,)  +0

6$  50 *0+") /1.( $*# /%*0$ -1(%06*$.0 .+"-10%$%00".+)
/ %) *00%+*4+1( (%)%0 0+0$ )%* /%0 *.++..%+."++0,.%*0*%)) %0 
+4*/0. ). /%*0$  = =*.%*# /@$ 1.0%+*+"/ %) *00%+*%),0/
4+1( 0 ),+..6/$+.00 .)=+*(6+1..%*#1.%*#+*/0.10%+*@EK[@Y[GYWL

&$$%+3
#%*=0$ / /00 ) *0/3/0(61* . /0%)0 %),0@$ 6%#*+. 1/00$0
4+1( # * .0 00$ )%* /%0 0$.+1#$+10+, .0%+*/1,/0. )*
+4*/0. )+".+.+//%*#/0$.+1#$+100$ (%" +"0$ .+4$%$+1(
+* %3(6 50 *)*6  /%"*+0(+*# .%*0+0$ "101. @
C (H  %/$* %00+)) *0/

]Z`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 509 of 2339


D(( ""(1 *0%/$.# ".+)40 .0. 0) *0,(*0/4+1( /1& 00+40 .-1(%06.%0 .%
%00 6%/$.# , .)%0/=%"%//1 @. 0 40 .4+1( %/$.# 0$.+1#$1.% 
%*"%(0.0%+*$) ./ /%#* 0+,.+3%  * .#6%//%,0%+*= .+/%+*+*0.+(=*". 7 
,.+0 0%+*@EK[@Y[GYWL

&$$%+3
*0$ /  50. ) (6,1. 40 ./K YWXX=)7+4YWXXL= 3 */ %) *0
%*. / /0( 3 (/4%0$%*40 .-1(%06.%0 .%$3 0$ ,+0 *0%(0+ #. 
0$ +*%0%+*/0+4$%$. #%+*(%+0$3 ,0 +3 .)%(( **%@3 *)%*+.
$*# /%*/0. )$ )%/0.6*. /1(0%*%),0/0+)1(0%,( 0.+,$%( 3 (/K/
 /.%  .(% .%*0$%// 0%+*+"0$ ."0+1) *0L=4$%$*. 3 . .0 
0$.+1#$+100$ "++4 *1(0%)0 (6 .+ 0$ $%00*%+G+),( 5%06
1,+*4$%$0$ +3 .((/1/0%*%(%06+"0$ /()+*"%/$ .6 , */K %(+.* 0
(@YWWZ=$%*( . 0(@YWXWL@1.0$ .)+. =B". 7 ,.+0 0%+*C)61(0%)0 (6
/ .3 0+(0 .0$ / (%* 0 ), .01. . #%) 4$%$*%),00$ .0 0
4$%$ ##/* ).6+/ 3 (+,=*0$1/1/  ) .# * 0%)%*#0+$*# 
0+0%) 4$ *)% *0+*%0%+*/. ( //+.*+0/1%0( "+.&13 *%( )%#.0%+*
+.. .%*#@+. +3 .=+* /016/$+4 0$040 .-1(%06.%0 .%4 . 
5  %*#.+1*40 .%*^^c+")%* /=*%*/1." 40 .%*]Wc+"
)%* /K 1%, ./* /0YWW]L@ * .((6/, '%*#=40 .-1(%064/4+./ 
0$*,. %0 ,.%+.0+)%*  3 (+,) *0K 1%, ./* /0YWW]L@ *(%#$0+"
0$ / *+0$ ."0+./=%),0/+"%*. / / %) *00%+**0. 0 
%/$.# . 1* . /0%)0 @

D$ .+4+1( +*/0.10 0$.+1#$ 5%/0%*# .+'*#(%("(13%(/1." # +(+#6
1/%*#(+((6,.+ // )0 .%(/4%0$(+4 .+/%+*,+0 *0%(@$ . "+. =0$ %*%. 0 "" 0/+"
.+/%+**/ %) *00%+*.  5, 0 0+ (%)%0 0+.%# +.1(3 .0.+//%*#/@$ 
1.0%+*+"+*/0.10%+*G. (0 / %) *00%+*4+1( 0 ),+..6*/$+.00 .)=1 
)%0%#0%+**+*0.+() /1. /=, .)%0/0%,1(0%+*/=*0%)%*#4%*+4/A *0 .)/+"
)#*%01 =+, .0%+*/.  5, 0 0+. -1%. Z\0.1'.+1*0.%,/, .6=4$%$4+1(. /1(0
%*1/0%),0/%*,.+5%)%060+.+/=%*(1%*#0/0. ).+//%*#/@  0%+*[@YW=%.1(%06=
"+.%0%+*(%/1//%+*+* 50 *0*)#*%01 +""1#%0%3 1/0# * .0%+*@ ),( ) *00%+*
+"1/0/1,,. //%+** *"+. ) *0+"/(+4/, (%)%0/0((/0. ).+//%*#/4+1(
)%*%)%7 1/0G. (0 %),0/0+-10% +/6/0 )/@$ 1.0%+*+"%),0/4+1( 0$.+1#$
0$ (%" +"0$ ,.+& 0=*0$ (%' (%$++%/ .0%*%"0$ ,.+& 0%/, .)%00 *1%(0@EK[@Y[G
YXL

&$$%+3
/+1. +"0$%/%*"+.)0%+*/$+1( %0 @ *# * .(=0$ /00 ) *0/
1* . /0%)0 1/0. 0 6 50 */%3 0.1'0.""%1.%*#)%* +, .0%+*=
*1* . /0%)0 %),0/".+)1(3 .0/4$%$*"" 0/ %) *00%+*1,
*+4*/0. )"+.'%(+) 0 ./K1.*%//X``X=+*% 0(@YWWY= $*  0(@
YWW_L@1/0".+)0.""%*/ %) *00%+*".+)1(3 .0/4+1((/0". 6+*
0$ +*/0.10%+*,$/ * 50 *%*0++, .0%+*/K"+.1/0*1(3 .0
%),0/L*(+/1. F,+/0G(+/1. K"+.1(3 .0%),0/L@$%/(/+. ,. / *0/
+* +")1(0%01 +" 5),( /%*4$%$%),0/+"+* +),+* *0+"0$ 
,.+& 0K%@ @=/ %) *0%),0/+""1#%0%3 1/0L. %/+(0 ".+)( .(6. (0 
%0%+*(%),0/K%@ @=/ %) *0%),0/+".++*/0.10%+* 5(1/%3 (6L@
$ . %/*++100$00$ )1(0%,( /+1. /+"/ %) *00%+*((0. 0 
C (H  %/$* %00+)) *0/

][`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 510 of 2339

/ ,.0 (60$.+1#$+100$ ."0+1) *04+1(+)%* 0+# * .0 ".
#. 0 .%),0/+"/ %) *00%+*+3 .((=*4+1((/0".%*0+,+/0G(+/1. @

D4BF4B4F * )+ &%

D$ )%*  //.+*/,1..+/4+1(.+/// 3 *"%/$G .%*#/0. )/=*+0%*(1%*#
.+.+//%*#/4$ . $** (/ *0 ./0+',%(  )*') *0/+.0$ +, *,%0K%#1. [@Y[GXL@ *
0 .)/+")#*%01 * 50 *0=04++"0$ /0. ).+//%*#/%*3+(3 *.+)+1//0. )/="+1.
.+//*+*G. /% *0/()+*%/0. )/=*+* .+// //1(,%*G .%*#/0. )@$ 
*.+)+1/.+//%*#%*0$  .%*# %/+3 ..*$+".%10.6X@X`W@$ 1.0%+*+"
%),0/0+0$%//0. )4+1(, .)* *0= 1/ %04+1( (+' 0+*.+)+1/"%/$
1.%*#,.+& 0+*/0.10%+**+, .0%+*/@$ / +**.+)+1/.+//%*#%/%*0$ 
$ 40 ./+"0$ )%*/0 ) =,,.+5%)0 (6X=WWW" 0 (+40$ /+10$ .* # +"0$ 
)%* ,%0@ ),( ) *00%+*+"/4+1()%*%)%7 0$ )#*%01 +"%),0+*"%/$)%#.0%+*
. /1(0%*#".+)/1$%/01.* /@$  /%#*+"0$ / 3 *1(3 .0/4+1( . 3% 4 *
3 .%"% 6Q1.%*#0$ , .)%00%*#,.+ //K%", .)%0/. %//1 L@ ),0/0+0$ / 
/0. )/4+1(  .0%*0++1.%"0$ ,.+& 0%/, .)%00 *1%(0@E

&$$%+3
$%/1* . /0%)0 /(+*# .G0 .)*"1.0$ .G. $%*#%),0/+"1(3 .0//
%/1// %*,. 3%+1/+)) *0/*0$ %*0.+10%+*@

D$ 1.0%+*+"%),04+1( 0$0". ,//# +""%/$)6 0 ),+..%(6%*0 ..1,0 =10
4+1(+*0%*1 1*%),  "0 .+*/0.10%+*%/+),( 0 @%#.0%+*%/01.* ".+)
+*/0.10%+* "" 0/4+1( /$+.00 .)=(/0%*#+*(61.%*#0$ +*/0.10%+*,$/ @$ 
)#*%01 * 50 *0+"%),0/4+1( /1$0$0"%/$)6 %/01. +.%/,( =10
4+1(. 01.*0+0$ %.,.%+./00 "0 .0$ 0%3%06 / />"1*0%+*($*# /0+$%00. *+0
5, 0 @+10%* %*/, 0%+**)%*0 ** +"1(3 .0/=.%# /=*)%* *,+.0 //
.+/4+1( . #1(.(6+*10 *. ,+.0 =%*+),(%* 4%0$, .)%0+*%0%+*/K%"
, .)%0/. %//1 L=0+ */1. 0$01(3 .0G. (0  .+/%+*=4/$G+10=+. .%/(+'# +*+0
. /1(0%*10 +.$.+*%%),0/0+"%/$,//# +.+4*/0. )$%00@EK[@Y[GYYL

&$$%+3
1""%% *0/1.3 6/0+ 0 .)%* "%/$%/0.%10%+*(+*#0$ .++..%+.. 
('%*#KYYWX_=.+5YWX_L=/+0$  50 *0+"%),0/. (%' (6#.+//(6
1* . /0%)0 @1.0$ .)+. =0$  50 *0+"1,*+4*/0. )%),0/+"
1(3 .0/%*1* . /0%)0 K/ ,. 3%+1/+)) *0*%*0.+10+.6(*#1# L@
$ 1.0%+*+"%),0/4%(((/+(/0/(+*#/0$ .+ 5%/0/=*%),0/4%((
)+/0(%' (6%*. / "0 .,.+& 0(+/1. .0$ .0$* *%*#/ /.% %*0$ 
."0+1) *0= 1/ ( //1/ 4%((. /1(0%*" 4 .%*/, 0%+*/* . / 
)%*0 ** @ ),0/4%(((/01*0%(0$ .+*((//+%0 )*) 
.+//%*#/0.101. /. . )+3 @

D4BD4B4G+)$')+,)%,# +0

6 +4 3 .=1.. *04%*0 .0 ), .01. /%* %3 .*=*(%' (6 %3 .=.  (+4
0$ +,0%)1) ##%*10%+*.*# /"+1*"+.%"%/()+*/, % /%*0$ *(6/%/. @  .G
** ((KX``XL. ,+.0/0$ "+((+4%*#.*# /+"+,0%)1) ##%*10%+*0 ), .01. /".+)0$ 
(%0 .01. ?$%*++'=Z`@Y0+\Z@]SK[@WS0+XY@WSL>+$+=[XS0+\X@_SK\@WS0+XX@WSL>
/+' 6 =Z`@`S0+\\@WSK[@[S0+XY@_SL>$1)=Z`@`S0+\\@`SK[@[S0+XZ@ZSL>*,%*'
C (H  %/$* %00+)) *0/

]\`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 511 of 2339

/()+*=[X@WS0+\^@YSK\@WS0+X[@WSL@

*0 .)/+")#*%01 =0$ ,. %0 %*. / %*4%*0 .%/$.# 40 .0 ), .01. /4+1(
*+0.%/ .%3 .0 ), .01. /0+0$ (+4 .(%)%0/+"+,0%)1) ##/1.3%3("+.*6/, % /=*
4+1(*+0"" 0 ##/1.3%3(@ *. / /%*40 .0 ), .01. /1.%*#( 3%* 3 (+,) *0*
/1/0*0%((6%*. /  3 (+,) *0.0 /*//+%0 6+('+*3 ./%+*.0 /=,+0 *0%((6
( %*#0+"/0 .6+(' ,( 0%+** .(6 ) .# * ".+)0$ #.3 (0+3 .((/)(( ./%7 /@.6
+1( ) .# 0++ .(60/1+,0%)(, .%+/+"0$ 6 .* 5, .% * ,++." %*#=#.+40$=
*/1.3%3(@01% /. 3% 4 6  .G** ((KX``XL4 . +*10 040 .0 ), .01. 
.*# //1/0*0%((6$%#$ .0$*,+/0G)%*%*#0 ), .01. /,. %0 %* = =+.@+$+
*/+' 6 /()+*( *#0$0 ) .# *  . /  04 *Z\@]S*[X@WSKY@WS*
\@WSL=4$%( $1)*$%*++'/()+*( *#0$0 ) .# * %*. /  04 *[X@WS*
[]@[SK\@WS*_@WSL=0$ * . / 4%0$$%#$ .0 ), .01. /K  .G** ((X``XL@ 
%3 .$%00/+1(4.)0+* .0$ +,0%)1)( 3%* 3 (+,) *00 ), .01. /"+.+$+
/()+*=+.+1( /(%#$0(6$%#$ .@ 0%/1*(%' (60$0%*. / /%*4%*0 .40 .0 ), .01. /
4+1(4.) -10 (60+ *$* +.3 ./ (6"" 0 3 (+,%*#( 3%*/%*0$  %3 .+.
>*4%0$%*0$  %3 .=,+/0G)%*%*#40 .0 ), .01. /)6%*. / 0+4%0$%*0$ 
+,0%)(.*# /"+.( 3%* 3 (+,) *0+"/(%#$0(64.) .K4(%#  0(@YWX`L@
(0$+1#$0$ 40 .0 ), .01. . #%) /%*0$ ,.+& 0. ". -1 *0(6 5  0$ 
.%0 .%1.%*#0$ YWW[GYWW`/),(%*#, .%+=1(0*&13 *%( /()+**. /% *00.+10
. )%* 1**0@ +4 3 .=*6. 10%+*%*/0. )"(+4/1.%*#0$ /1)) ./ G"(+4
, .%+)6$3 %. 0%),0+*/()+*%/0$.+1#$%*. / 40 .0 ), .01. />*
,+0 *0%((6=0$.+1#$ . / 0 ), .01. /1.%*#0$ 4%*0 ./ G"(+4, .%+@%. 0%),0/
+1("" 0 ##F".6%*10%+**3%(%(%06+",. 6/, % /1.%*#(+4G"(+4 3 *0/@(0$+1#$
0$ 40 .0 ), .01. . #%) /%*0$ ,.+& 0. ". -1 *0(6 5  0$ .%0 .%1.%*#
0$ YWW[GYWW`/),(%*#, .%+=1(0*&13 *%( /()+**. /% *00.+10. )%* 
1**0@ ),0///+%0 4%0$$*# /%*40 .0 ), .01. . %/1//  (+46
.%*# . A%*. / %*/1." 40 .0 ), .01. 4+1( 4 (( (+40$ 0$. /$+(=
*4+1(*+0  5, 0 0+3 ./ (6%),0%*10%*# ##/=&13 *%( /=+.+0$ .
+3 .4%*0 .%*#. /% *0"%/$@EK[@Y[GYZH[@Y[GY\L@

&$$%+3
$%/+)) *0,,(% /0+0$  *0%. 0 ), .01. / 0%+*?$%/%#*+. /
"1*) *0(/()+* +(+#6*%*+%*#/+=3/0(61* . /0%)0 /%),0/+"
0 ), .01. $*# /@()+*,0+3 .)%(( **%0+0$  *3%.+*) *0%*
4$%$0$ 6 3+(3 =%*(1%*#0$ 0 ), .01. . #%) K .** ./+*YWWX=
1# . 0(@YWX]= ("%+ 0(@YWX_L@$%/.%3 /0$ %. *0%. (%" $%/0+.6".+)
4$ **4$ .  ##/. (%=0+4$ *0$ 6)%#.0 0+/ =*4$ *0$ 6
. 01.*K.++0*.#+(%/X``X=1%**YWW\L@$ / . ' 6 ( ) *0/0+
# * .0%*#0$ # * 0%*(%" $%/0+.6%3 ./%06 // *0%(0+0$ +3 .((
/1/0%*%(%06+"4%(%"%/()+*,+,1(0%+*/K %(+.* 0(@YWWZ=$%*( .
0(@YWXWL@+. +3 .=0$ %00%+*(%/0 $ . %/*+0, .. 3% 4 =%/%0/ ("
+100 =*. (% /$ 3%(6+*+100 =(+.0+.6G/ (%0 .01. @ 0
,.0%1(.(6. (% /+*(G/ /0164.%00 *%*X`\Y=100$ )+/0.  *0
%00%+*1/ 6  .G** ((%/#+3 .*) *0K+. /0 .3% L. ,+.0
".+)X`^`@+. +3 .=)+/0+"0$ %00%+*/1/ 0+# * .0 0$%//00 ) *0. 
*+0/, %"%0+(/'@ +.0+.6G/ /01% /.  50. ) (6(%)%0 %*0$ %.
,,(%0%+*0+0$ "% (#%3 *0$ %.%*%(%060+0$+.+1#$(6 3(10 %*%. 0
+(+#%(* $3%+.(%),0//4 ((//6* .#%/0% "" 0/4%0$+0$ .
C (H  %/$* %00+)) *0/

]]`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 512 of 2339

)%*%*#%),0/K @#@=$*# /%*$ )%/0.6=01.%%06= 0@L0$0(/+)6
1(0%)0 (6"" 0#.+40$*/1.3%3(+"-10%(%" K.1  0(@X``X=  07 0(@
YWX[L@(0%)0 (6=0$ +*(1/%+*+"*+3 ./ %),0%//%),(61*/1,,+.0 
6 /03%(( /% * 4$%$4/+3 .(++' %*0$%// 0%+*@

D1$, .)%00 %/$.# /4+1( %*+),(%* 4%0$, .)%0>0$0%/=%/$.# 
,.+ //40 .4+1($3  *0. 0 0+$% 3 0$ 40 .-1(%06.%0 .%0$0. ,.+0 0%3 
+"-10%(%" @$ . "+. =. ( / +") 0(/0+/1." 40 .3%,+%*0%/$.# /+",.+ //
40 .. *+0 5, 0 0+1/ ) 0(/0+5%%06K( 0$(*/1G( 0$(L+*"%/$*-10%
%*3 .0 .0 /@EK[@Y[GY\L

&$$%+3
+ .*1.*4/0 40 .0. 0) *0,(*0/+))+*(6 5, .% * 0 ),+..6
"%(1. /=. ( /%*#1*0. 0 +.,.0%((60. 0 40 .%*0+0$  *3%.+*) *0
K @#@= 00( ==1""+('==1.(%*#0+*=L@%3 *0$00. 0) *000$ 
 ( /%0 4%(( . -1%. %*, ., 01%06*%*. )+0 * 50. ) (64 0
*3%.+*) *0=+/%+*("%(1. /. 0+  5, 0 4$%$4%(( 5 40 .
-1(%06.%0 .%*)6$3 ( 0$(=/1( 0$(=*%*%. 0%),0/+*"%/$*
+0$ .-10%(%" K,( / / %*0.+10+.6+)) *0/L@1.0$ .=0$ . . *+
5),( /+")+ .*=+, .0%*#)%* /4$%$$3 /1 //"1((60. 0 / ( *%1)
0+0$ ( 3 (/. -1%. 6(/'40 .-1(%06.%0 .%K,( / / ) )+
/1)%00 6)7+4 0(@YWX`>YWXZL@%0$. /, 00++0$ .
,+((10*0/=+* /016/$+4 0$040 .-1(%06.%0 .%4 .  5  %*
#.+1*40 .%*^^c+")%* /=*%*/1." 40 .%*]Wc+")%* /K 1%, ./
* /0YWW]L@ * .((6/, '%*#=40 .-1(%064/4+./ 0$*,. %0 
,.%+.0+)%*  3 (+,) *0K 1%, ./* /0YWW]L@ /0(6= 3 *4$ *
0. 0) *0/1 //"1((6) 0/40 .-1(%06.%0 .%=)*6+*/0%01 *0/+"
, .)%00 %/$.# 4%((/0%(( 5 '#.+1*40 .-1(%06K/ ( XL@
%"%/()+*. '*+4*0+$3  3+(3 ,00%+*/0+0$ %.(+(
*3%.+*) *0=%*(1%*#40 .$ )%/0.6K(/!*X``Y=%00)**1%**X``]=
1%**YWW\L@3 */10( $*# /%*$ )%/0.6*%),0 $3%+.=%/.1,0%*#
0$ %++),( 5%06 // *0%(0+)%*0%*%*#0$ +3 .((/1/0%*%(%06+"/()+*
"%/$ .% /K %(+.* 0(@X``Z=$%*( . 0(@YWXW= *06.  0(@YWXYL@

D4BD4F,$,#+ -+*

D$ QKYWX_3L00.%10 /0$  (%* %*$%*++'*1) ./0+,++./)+(0/1.3%3(%*0$ 
+ *@EK[@Y[GZ\L

&$$%+3
$ . %/*+YWX_3%00%+*%*0$ (%/0+". " . * /=0$+1#$ //1) 0$%/
4/%*0 * 0+%0 +))%//%+* .+00+*C/'%*#/()+*. //4$%$+ /
/00 0$0%/+*"% *00$00$  (%* /%*$%*++'/()+*. . /1(0+"
).%* /1.3%3(@$%/%/6*+) */4 (( ,0 %*0$ /% *0%"%+))1*%06=
$+4 3 .=*/%),(6+ /*+0. "( 0 /03%(( /% * @  *0=, .G
. 3% 4 (%0 .01. . #.%*#(/'/()+*%*%0 /0$0". /$40 ."0+./
/1$/%/$.# =0%)%*#+". '1,=*". /$40 .$%00%3 ./%06*$3 
)&+.%*"(1 * /+*#.+40$=/1.3%3(=*%++),( 5%06K+# ./*$%*( .
YWW_=1 /4*# . 0(@YWX\=$( .# . 0(@YWX]L@ *(/'G/ 4$%0 

C (H  %/$* %00+)) *0/

]^`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 513 of 2339

,, ./=%*3 /0%#0%+*/%*0+$%*++',+,1(0%+* (%* /.  /.% /( .(6
1*. /+(3 =4%0$,+0 *0%("+.". /$40 .%*"(1 * /KYWXZ=  YWXZL@

D$ ,.%).6,+0 *0%("101. %),0/0+"%/$".+)0$  ( )%*  5,*/%+*4+1( %. 0
(+//+"$%00>"%/$%/,( ) *0*%*&1.6>$%00 #.0%+*>*$*# /%*0$ *01.(
"(+4. #%) @$ / %),0/4+1( /%)%(.0+0$+/  /.% ,. 3%+1/(6%*0$%// 0%+*=10
0' ,( +3 .# +#.,$%. +)%*%*#+),+* *0/+"(0 .*0%3 /X*Z@%0$0$ )%* 
5,*/%+*=0$ 1.0%+*+"0$ / %),0/4+1(  50 * 6*%0%+*(\_6 ./+")%*%*#
*YW6 ./+"%0%+*()%((%*#@EK[@Y[GZ^L

&$$%+3
%3 *0$ . -1%. ) *0+", ., 01(40 .0. 0) *0*+*0%*1 
)%*0 ** +"0$ .+*,%, (%* =%),0/+" 3 (+,) *04+1(".
5 0$%/0%) (%* @$ 1.0%+*+"%),0%/3/0(61* . /0%)0 @$ 
/ 0%+*%*# * .((/+%#*+. /1,*+4*/0. )%),0/+"/0. ).+//%*#/=
/,%((.%/'/=/6* .#%/0% "" 0/+"%*%3%1(%),0/*+0$ ."0+./=*0$ . 6
3/0(61* . /0%)0 / 50 *0+",+0 *0%(%),0/@

D4BG' ## *"
D4BG4A' ##* $'+%#0* *)*9+%- )&%$%+

6/%/1// +3 ="(+0%*#% / (0 */0+ 3,+.0 +3 .0%) ".+))%5%*#4%0$0$ /0. )
1.. *0/=4%*=*43 0%+*>4%0$*++.3 .6(%00( 3%/%( /$ *. )%*%*#4%0$%*Z6/
KYWW]L@$  50 *0*1.0%+*+"%),0/4+1( /$+.0G0 .)=* 5, 0 0+ 
(%)%0 0+0$ 40 ./%*0$ 3%%*%06+"0$ /,%((= 1/ 0$ 3+(1) *+* *0.0%+*+*0$ 
/1." 4+1(00 *10 +4*/0. )@+/01(0*&13 *%( "%/$ 5,+/ 0+% / (/,%((. 
)+%( =*# * .((6,( +"(%)%0%*# 5,+/1. /1*0%(+* *0.0%+*/00 *10 @ , *%*#
+*0$ (+0%+*=/,%((+1..%*# 04 *)%G6* 1* +1($3 %),0/+*+10G
)%#.0%*#&13 *%( /()+*/, % /@$ / "%/$+1( 5, .% * 10 0+5%%06=,.0%1(.(6%*
/$((+440 .=/0. )).#%*/=*+""G$** ($%00/=4$ . (+4/0. )1.. *0/+1(
1)1(0 "1 (@ ),0/0+0$ / "%/$*%*3 .0 .0 /+1(%*(1 ,+0 *0%()+.0(%06=
 , *%*#+*0$ +* *0.0%+** 5,+/1. 0%) @EK[@Y^GX^L

&$$%+3
),0/. #%*3/0(61* . /0%)0 $ . =#%3 *(%0 .01. %*%0%*#% / (
/,%((%),0/0+". /$40 ."%/$// )(# /(/0%*#"+.0( /0[G\6 ./
K 1$ 0(@YWXX=1##* 0(@YWX_L@$ *(6/%/"1.0$ ."%(/0++*/% .
%*%. 0 "" 0/0+"%/$0$.+1#$"++4 %),0/@% / (/,%((/$3  */$+4*
0+%),0". /$40 .).+%*3 .0 .0 ,+,1(0%+*/"+.)+*0$/0++3 .6 .=
4$%$+1(+),.+)%/ " %*#*#.+40$+,,+.01*%0% /,.0%1(.(6"+.
/)(( .=( //)+%( "%/$ /K 60(  0(@YWWX= .$. 0(@YWX[= 0 ./+* 0(
YWX^L@ *# * .(=$+4 3 .=%),0/0+". /$40 ."%/$ /*+0$ .%+0. 
,++.(61* ./0++. (0%3 0+%),0/%*).%*  *3%.+*) *0/K1##* 0(@
YWX_L@%0%+*(. / .$%/*  %*+. .0+ 00 .,. %0,+0 *0%(
%),0/+"+%(/,%((/".+)0$ +, .0%+*+" ( %* @

D +4 3 .= 1/ 1(0*&13 *%( "%/$. . (0%3 (6)+%( =*(.# G/( )+.0(%06
3 *0/. *+0 5, 0 =0$ ,+0 *0%("+.(+*# .G0 .)%),0/%/ 50. ) (6(+4@EK[@Y^GX_L


C (H  %/$* %00+)) *0/

]_`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

&$$%+3

Appendix E, Page 514 of 2339

/%)1(0%+*/016K5X`_^L%*%0 /% / (0*' .% *0%*.%/0+(6
+1(. /1(0%*)+.0(%06+"X0+\c+"0$ 0+0(. 01.*%*#,+,1(0%+*=*/
)*6/ZWc+"1(0/. 01.*%*#0+/,4*%*#$%00(+/ /00+0$ /,%((+1( 
0%*0 @$%//1## /0/0$0,+0 *0%(/,%((%),0/0++)) .%(=. . 0%+*(=
*/1/%/0 * "%/$%*#. 1* . /0%)0 @


D/ +*$%/0+.%0=*0$ /  /%#**+, .0%+*(" 01. /=0$ ,.+%(%06+"(.# 
/,%((+"0.*/,+.0 % / (".+)0$ ,.+,+/ (' " ..64/&1# 0+ /%#*%"%*0(6( //0$*
0$ $%/0+.%/,%((,.+%(%06"+.).%* .# /@$  /0%)0 **1(,.+%(%06+"+1.. * 
[
+"X@\5XWG 4+1($3 ,.+%(%06+"+1.. * +"W@ZW, . *0%*YW6 ./=+.X@Y, . *0%*
^_6 ./KYWX`L@$%/". -1 *6+"+1.. * %//+%),.+( /0+$3 * #(%#%( 
.%/'=*0$%// *.%+4/0$ . "+.  (%)%*0 // *.%+"+.%),0/*(6/%/%*0$  @E

&$$%+3
%3 *0$ %),+.0* +" '  (%)*0+0$ ,.+10%+*+".%/0+(6/+' 6 =
".)+. 00 *0%+*/$+1( #%3 *0+,+0 *0%(%),0/+"" ..6/,%((/
%),0/+1( 0/0.+,$% , *%*#+*0$ 0%) +"0$ /,%((@

D4BG4D4G&%%+)+' ##%) &*

D$ / / *.%+/. //0$ ,.+%(%06*+*/ -1 * /+"/,%((/+"+,, .G#+(+* *0.0 @
+(6 *1)+* *0.0 %/*+0+*/% . $ . %*= 1/ %04+1()' 1,+*(6Y@\, . *0
+"0$ 0+0(+* *0.0 ,.+1 =*4+1(0$ . "+.  /1& 00+)1$(+4 ./,%((
,+0 *0%(@EK[@Y^G[XL

&$$%+3
$%//1## /0/%),0/+")+(6 *1)(+*#0$ .++..%+.. 
1* . /0%)0 @

D,%((/+"+,, .G#+(+* *0.0 ".+)+3 .G40 .0.*/" .=).%* 3 // (=*0$  (%)*
' " ..6. . //  (+4=104 . .1( +10/1*. (%/0%,.+%(%0% /+"+1.. * =
**+0/ ( 0 "+.%),0/*(6/%/@EK[@Y^G[XL

#%*=#%3 *0$ %),+.0* +" '  (%)*0+0$ ,.+10%+*+".%/0+(6/+' 6 =".)+. 
00 *0%+*/$+1( #%3 *0+,+0 *0%(%),0/+"" ..6/,%((/%),0/+1( 0/0.+,$%
 , *%*#+*0$ 0%) +"0$ /,%((@

6 "0$ +* *0.0 4 . 0+/,%((%*0+/0. )=0$ 1('+"0$ )0 .%(4+1(/%*'0+0$ 
+00+)=4$%( 0$ "%* .,.0%( /+"+* *0.0 4+1( +) /1/, * *0.*/,+.0 
+4*/0. )60$ 1.. *0@$ . )%*%*#"%* ,.0%( /00$ /,%((/%0 4+1(+*0%*1((6
 +)  *0.%* %*0$ 1.. *0*"(1/$ +4*/0. )=*0$ +4*/0. )40 .4+1(
 +) 01.%4%0$ ( 30 ( 3 (/+"@+) +"0$ )0 .%(4+1(  ,+/%0 (+*#0$ 
/0. ) = /, %((6%*/% $** (/+.+0$ .. /4$ . 0$ 1.. *0%/4 '@+) )0 .%(
+1( "(1/$ +4*/0. )%*0+ (%)* ' +. (%)*6=4$ . 0$ ,.0%( /4+1(
)+/0(6/ 00( +10/ (0% ,+/%0/@$ . . *1) .+1//0. ).+//%*#/(+*#0$ ,.+,+/ 
.++..%+./"+.(((0 .*0%3 /=/+0$ . %/. /+*( ,.+%(%06+"0$%// *.%++1..%*#
0/0. ).+//%*#@EK[@Y^G[YL


C (H  %/$* %00+)) *0/

]``_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

&$$%+3

Appendix E, Page 515 of 2339

$%//1## /0/%),0/+"+,, .=#+(=)+(6 *1)=*F01.%%06/$+1(((
 . "1((6+*/% . 0$+1#$0$ %.%*%3%1(( 0$(=/1( 0$(=*%*%. 0
"" 0/. *+0/, %"%((6. // *64$ . %*0$ ."0 @


D %#$G * .#6/0. )/+1((%' (60.*/,+.0)+/0+.((+"0$ /,%(( +* *0.0 +4*/0. )+"
0$ /,%((/%0 4%0$%*Y[$+1./@60$ 0%) . 4/+1()+%(%7 "+.. /,+*/ =)1$+"0$ 
)0 .%(4+1((%' (6 %/, ./ +4*/0. )=)'%*#. +3 .6%),+//%( F%),.0%(@E

&$$%+3
%3 *0$ +3 .(((%' (%$+++")1(0%,( /,%((/%*0+)1(0%,( 40 .+% /=0$ 
,+0 *0%(%),0+"+* *0.0 /,%((/0+"%/$".+)+,, .=#+(=*
)+(6 *1)%/1* . /0%)0 @

D ". ( / %*0+* *(+/ 40 .+6(%' ,+*+.(' =0$ +* *0.0 /4+1(/%*'0+0$ 
+00+)*+*0.%10 0+/ %) *00%+*@$ "%* ,.0%( /4+1(1.60$ *01.(/1/0.0 =
*+1(/)+0$ . *0$%+.#*%/)/+. (%)%*0  *0$%$%00@ +3 .6 ""+.0/+1(
. )+3 /,%(( +* *0.0 ".+),+*+.(' +00+)/4$ . ,.0%( =(0$+1#$0$ %),0
0+ *0$%$%004+1((%' (6+1.,.%+.0+. +3 .6 ""+.0/@%0%+*((6=. #%*#0+. )+3 
/,%(( +* *0.0 +1(1/ "1.0$ .%/.1,0%+*+"0$ -10%$%00@EK[@Y^G[^L

&$$%+3
$%//1## /0/, .)* *0%),0/+1(. /1(0".+)+* *0.0 /,%((/%*
". /$40 ./= /,%0 0$ (0 .+*(1/%+*0$0D*+) /1. ( %),0/3%
) 0(/0+5%%064+1(+1.+*"%/$*-10%%*3 .0 .0 .0 /=%"/,%(( 
+* *0.0 %/,.+),0(6. )+3 ".+)0$ %),0 40 ./+6K(/++*,@
[@Y^GY^L@ 0(/+# * .((6)%*%)%7 /0$ +*0.%10%+*+"/)((=%/+(0 $%00
(+// /4$%$. /1(0 %*0$  (%* +" +4 .[_**%*/()+*/0+'/
*,+,1(0%+*/K $(/ * 0(@X``X=X``]L@

D+0 *0%(%),0/+"0$ /,%((0+"%/$%*(1  . / /1 //+"%*10%*#/()+* ##/>
. 1 "++/+1. /"+.. .%*#&13 *%( /()+*>)+%"% $%00>*%* 50. ) / /=
)+.0(%060+ ##/*. .%*#"%/$@$ /+, +"0$ ,+0 *0%( "" 0/0+/()+*(%" /0# /4+1(
 , *+*0$ 0%)%*#*)#*%01 +"0$ /,%((@$ 1.0%+*+"%),0/4+1(*+0 50 *
(+*# .0$*X6 .=+.1*0%(0$ +* *0.0 %/( * 1,+.%*+.,+.0 %*0+0$  (+@
1/, * /+(%/".+)01.%%06**%*&1. &13 *%( /()+**. 1 0$ %.%(%060+
/%#$0G" +*/1." ** .G/1." %*3 .0 .0 /0$%#$ .+* *0.0%+*/+"01.%%06
KYWW_L@0(+4 .01.%%06=&13 *%( /()+*)61/ 01.%40 .//+3 .0+$% ".+)
,. 0+./@()+*%/* *+1*0 .*01.((601.%+*%0%+*/%* /01.% /*#(%(/0. )/=
100$%/+ /*+0*  //.%(6) *0$0/()+*%/%*# * .(*0+( .0 %*. / /+"
/1/, * / %) *0/+3 .0%) K/$ 0(@YWWXL@ (0%3 (6(+4( 3 (/+"*0$.+,+# *%
01.%%06)6* #0%3 (6"" 0/()+*%,+,1(0%+*/0$0. *+0*01.((6 5,+/ 0+. (0%3 (6
$%#$( 3 (/+"*01.(01.%%06K. #+.6* 3%*#/X``]L@$ " %*# ""%% *6+"&13 *%( 
/()+*%/$/ */$+4*0+ %),%. 601.%%06( 3 (/ 5 %*#^W* ,$ (+) 0.%
01.%%061*%0/K/L=4 (( (+406,%(>*4 (( (+406,%(*, ./%/0 *0( 3 (/%*". /$
40 ./+"0$ *(6/%/. K *0 YWW\L@$ . "+. =%),0/. *0%%,0 0+$3 (+4
)#*%01 %*(+(%7 . =4%0$0 ),+..61.0%+*=*$3 *+,+,1(0%+*G( 3 (
%),0/@EK[@Y[G[^L

&$$%+3
$ +*(1/%+*+"0$%/,.#.,$%/*+0/1,,+.0 60$ +1) *0K+. 3 *0$ 
/ *0 * /,.  %*#0$ +*(1/%+*L=*+. /03%(( /% * @ *# * .(=0$%/
C (H  %/$* %00+)) *0/

^W`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 516 of 2339

1* . /0%)0 /,+0 *0%(%),0/0+/()+**+0$ .-10%%+01,+*4$%$
/()+* , *@$ ,.#.,$*0$ +1) *0%*# * .((/+"%(0+/1,,+.0
0$  /0%)0%+*0$0%),0/4+1(*+0 50 *,/0X6 .@$ /00 ) *0('/
%00%+*/=**+) 0$++(+#6 /.%%*#)+ (%*#+""0 *0.*/,+.0+"
+* *0.0 /,%((/%/ /.% +.. " .. 0+%*0$ ."0 @

D+) /1. ( %),0/3%) 0(/0+5%%064+1(+1.+*"%/$*-10%%*3 .0 .0 /=%"
/,%(( +* *0.0 %/,.+),0(6. )+3 ".+)0$ %),0 40 .+6@$%/%/ 1/ %
# * .0%+** ".+)0$ +,, .G#+(+* *0.0 4+1(*+0+1.4%0$%*0$ 0%) ".) +"
0$ . +3 .6@ /%1(+* *0.0 ,.0%( /4+1( "(1/$ +4*/0. )* ,+/%0 %*
(+4G * .#6. /=4$%( ".0%+*+"0$ /,%(( +* *0.0 )61(0%)0 (6. $ (0%
 ,+/%0/%* (%)* ' +. (%)*6@%# * .0%+**) 0(/( $%*#".+)0$ / 
/,+.% ,+/%0/4+1(+1./(+4(6+3 .6 ./0+  /@*6%,.+1 *) 0(/
. ( / 4+1( .,%(6*/1""%% *0(6%(10 6". /$40 .@ *%0%+*=%*0$ 0%) ".) 
+"0$ / /(+4. ( / /=0$ *01.(1"" .%*#,%06+"0$ /0. )40 .4+1("1.0$ .(%)%0
0$ %%"%0%+*>*0$ ) 0(%*%*#,$/ //1$/*01.(+.#*%)00 .4+1(. * .0$ 
) 0(/0+ ( //%+3%(( @1 0+0$ / "0+./=. 10%+*%*/0. )40 ., *%*. / /
%*) 0(/+* *0.0%+*/. (0%3 0+0$ / (%* +*%0%+*/4+1((%' (6*+0 ) /1.( @
$ . "+. =%),0/3%) 0(/0+5%%060+"%/$4+1(*+0+1.1* .0$ +* *0.0 /,%((
/ *.%+ %*# 3(10 @EK[@Y^G[^H[@Y^G[_L

&$$%+3
$%/,.#.,$+*0.%0/0$ "%./0,.#.,$+*0$ /) ,# . #.%*#0$ 
,+0 *0%(0$0. #%*#F. )+3(+"+* *0.0 )61/ "1.0$ .%/.1,0%+*0+
$%00*0$1/*+0 , ."+.) @ ,+/%0%+*%*0+(+4G * .#6. /%/
+* .*%*#=1 0+0$ . (%* +". .%*#/()+**+0$ ."%/$ /+*+""G
$** ($%00/K+.)**( 5* .X``_= *+'YWWY=0*"+. 0(@
YWW\L@ *%. 0=,.0%1(.(6 $3%+.%),0/+"+,, .*+0$ .,+((10*0/
//+%0 4%0$+* *0.0 . %#*+. K @#@=(/!* 0(@X``Y= *06.  0(@
YWXYL@$ /00 ) *0(/+# * .((6)%*%)%7 /0$ +*0.%10%+*+"/)((=
%/+(0 $%00(+// /4$%$. /1(0 %*0$  (%* +" +4 .[_**%*
/()+*/0+'/*,+,1(0%+*/K $(/ * 0(@X``X=X``]L@1.0$ .)+. =
40 ./%*0$ ,.+& 0. . '*+4*0+ 5$%%0 50. ) (6(+41"" .%*#
,%06=/4 ((/%//+(3 +.#*%.+*I+0$"0+./0$0%*. / %
)%* .%*# *%+3%(%(%06+") 0(/4$%$%0+*0%*/K YWXX=)7+4
YWXX=+..%/ 0(@YWX`=+..%/ 0(@YWX`L@((0+(=0$ / +3 ./%#$0/*
..+./. /1(0%*3/01* . /0%)0%+*+",+0 *0%(%),0/".+)+* *0.0 
/,%((/@

D0.1'.+((+3 .$/* 50. ) (6(+4,+0 *0%("+."" 0%*#+)) .%("%/$%*#=#%3 *0$ ('
+",+,1(0%+*G( 3 ( "" 0/+*0$ *1) .+". 01.*%*#1(0/()+*@EK[@Y^G[`L

&$$%+3
$%/+3 .(++'/0$ ,+0 *0%(1)1(0%3 %),0/+")1(0%,( +* *0.0 /,%((/
4$%$%* 3%0(64%((+1.1.%*#0$ +1./ +" 3 *0$ (0 .*0%3 X)%* 
,(*@

D+* *0.0 4%0$%*0$ /0. )4+1(*+0 /1/ ,0%( 0+%# * .0%+*= 1/ 0$ 40 .
4+1(,. 3 *0+5%0%+*+"0$ /1("% )%* .(/@EK[@Y^G\XL

C (H  %/$* %00+)) *0/

^X`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

&$$%+3

Appendix E, Page 517 of 2339

(0$+1#$0$ 3/0)&+.%06+")6+)) *0/+*+0. //(0 .*0%3 3.%*0/=
+.(0 .*0%3 Y*Z0((= +1(*C0( 00$%//00 ) *0#+4%0$+10+)) *0@
$%/%/"(04.+*#@0. )/%*0$ . #%+*. 06,%((6/01.0 4%0$+56# *=*
0$1/4%((/+(10 (6"%(%00 0$ +5%0%+*+"/1("% )%* .(/K YWXX=
)7+4YWXXL@


D4BG4F # %*#*
D4BG4F4I # %*#*%) &*
6
• +,, .+* *0.0%+*/4+1( 5 0$ )+/0/0.%*# *00+0$  +'01(%%3 . (+4
0$  * +*"(1 * =+10YZ)%( /+4*/0. )".+)0$ )%* /%0 @
• +(6 *1)=7%*=( =*)*#* / +* *0.0%+*/4+1( 5 0$ )+/0
/0.%*# *01*0%(0$ 1($0*%3 . (+40$  +'01(%%3 .+*"(1 * =+10]Y
)%( /+4*/0. )@
• )%1)+* *0.0%+*/4+1( 5 0$ )+/0/0.%*# *01*0%(0$ 1($0*
%3 . (+40$ 016$+'%3 .+*"(1 * =+10^_)%( /+4*/0. )".+)0$ )%* 
/%0 @EK[@Y^G_\L
• 
&$$%+3
+ (%*# ""+.0/"+.0$ ."0 1* . /0%)0 ,+0 *0%(%),0/+""1((1%(
+10K 6*' .YWX`L@0/0.+,$%"%(1. $/0$ ,+0 *0%(0+ ,+/%00%(%*#/%*0
( /0^WW')K[Z\)%L+"/0. )//1%0( "+./()+*/,4*%*#*F+.. .%*#I
%*(1%*##(+((6%),+.0*0$%*++'/()+*$%00I*0$1/+1(1/ 
/%#*%"%*0,+,1(0%+*( 3 (%),0/0+/()+*=+0$ ."%/$ /=$%00=*0$ 
-10%(%" 1,+*4$%$0$ 6 , *K 6*' .YWX`L@

D$ (+4G( 3 (1/ +"0$ $%000+ %),0 K/ +*0$ %/0.%10%+** */%0% /+"
&13 *%( *1(0/()+*+/ .3 %*0$ . L%*%0 /0$0.%*# G4% +.# * .0%+*(
%),0/0+,+,1(0%+*/+"/()+*".+)%. 0$%00(+// ///+%0 4%0$0$ / *.%+4+1(
*+0  5, 0 @EK[@Y^G_`L

&$$%+3
%/0.%10%+** */%06%*"+.)0%+*. (6+*) 0$+/0$0.  ..+* +1/*F+.
1* . /0%)0 $%001/ K YWXX=C (YWXY=++6YWXYL@%* 0$%/
3(10%+*(/+ , */+*)+ (%*# ""+.00$01* . /0%)0 /0$ "1((
50 *0+"%),0/+"0%(%*#//,%((K 6*' .YWX`L=,. %0%+*/+"%),0. 
1* . /0%)0 @

D$ )#*%01 +"/, %"%%),0/**+0 '*+4* 1/ +"0$ . (0%3 / */%0%3%0% /+"0$ 
/, % /*0$ 06, +" "" 0/@EK[@Y^G_`L

&$$%+3
$%/%*%0 /('+"%*"+.)0%+*4%0$4$%$0+ /0%)0 ,+0 *0%(%),0/@
+. %*"+.)0%+*%/*  0+,. %0,+0 *0%(%),0/@

D%(%*#//1) .# %*0$ /0. )4+1(*+0 /1/ ,0%( 0+%# * .0%+*= 1/ 0$ 
40 .4+1(,. 3 *0+5%0%+*+"0$ /1("% )%* .(/A$ ) 0((%)%* .(/%*0$ 0%(%*#/. 
*+0. %(6/+(1( %*40 .=/+) 0(/4+1(*+0%)) %0 (6 %*0.+1 %*%+3%(( 
"+.)@EK[@Y^G_`L


C (H  %/$* %00+)) *0/

^Y`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

&$$%+3

Appendix E, Page 518 of 2339

$%/%/"(04.+*#@0. )/%*0$ . #%+*. 06,%((6/01.0 4%0$+56# *=*
0$1/4%((/+(10 (6"%(%00 0$ +5%0%+*+"/1("% )%* .(/K YWXX=
)7+4YWXXL@1.0$ .)+. =40 ./%*0$ ,.+& 0. . '*+4*0+ 5$%%0
50. ) (6(+41"" .%*#,%06=/4 ((/%//+(3 +.#*%.+*I+0$
"0+./0$0%*. / %)%* .%*# *%+3%(%(%06+") 0(/4$%$%0
+*0%*/K YWXX=)7+4YWXX=+..%/ 0(@YWX`=+..%/ 0(@YWX`L@


D1 0+0$ /)(()+1*0+"0%(%*#/0$04+1((%' (6. )%*%*0$  =$+4 3 .=*0$ 
$ 36%(10%+*".+)/0. )"(+4=%*. ) *0(%),0/+*"%/$K3%0+5%%06*%+1)1(0%+*L
1 0+) 0(/( $%*#4+1((%' (6*+0 ) /1.( @EK[@Y^G_`L

&$$%+3
$%//00 ) *0. (% /+**1* . /0%)0%+*+",+0 *0%(%),0/+"0%(%*#/
. ( / 1* ."1((1%(+104$%$$/0$ ,+0 *0%(0+ ,+/%00%(%*#/%*0( /0
^WW')K[Z\)%L+"/0. )//1%0( "+./()+*/,4*%*#*F+.. .%*#=
%*(1%*##(+((6%),+.0*0$%*++'/()+*$%00K$( .# . 0(@YWX]=
6*' .YWX`L@ 0)%*%)%7 /0$ +*0.%10%+*+"/)((=%/+(0 $%00(+// /
4$%$. /1(0 %*0$  (%* +" +4 .[_**%*/()+*/0+'/*
,+,1(0%+*/K $(/ * 0(@X``X=X``]L=*. " ./0+%+1)1(0%+*
4$%$,,(% /+*(60+) .1.6*/ ( *%1))+*#/00$ ) 0(/0$04+1( 
. ( / %*0%(%*#/"%(1. / *.%+@ 0%#*+. /%*%. 0K"++4 L*
 $3%+.(%),0/0+/()+*K.1  0(@X``X*+0$ ./L@+.0$ / *+0$ .
. /+*/=0$%//00 ) *03/0(61* . /0%)0 /,+0 *0%(%),0/".+)0%(%*#/
. ( / @

D/ /.% /1/ -1 *0(6=0$ 0+5%%060 /0/%*+0 )+*/0.0 10 *$.+*%0+5%%060+
"%/$/, % /=%*(1%*#.%*+40.+10K &" & L*"0$ )%**+4K  
 L%*[G*^G6 5,+/1. /=. /, 0%3 (6@(0$+1#$*+%),04/+/ .3 +*/1.3%3(
+"40 ."( K"L* +*0 /=0$ %.. ,.+10%+*4/3 ./ (6"" 0 4$ *
5,+/ 0+XY@\, . *0+.$%#$ .-1 +1//),( K63+(1) L>%@ @=0_0%) /%(10%+*+.( //@
$ / . /1(0/%*%0 $.+*% 5,+/1. /"+.^6/+.)+. 0+0%(%*#/"(1%0(+4 .%(10%+*/%*
0$ /0. )/+1($3 /1G( 0$( "" 0/+*/ */%0%3 -10%/, % /=10(%' (6( ///++*"%/$
/, % /@ +4 3 .=1* .0$%/1.. *0/,%((/ *.%+*//1)%*#XWW, . *0%+3%(%(%06=0$ 
/ 5 * /+*+0 50 * 6+*/ 3 .(6/>0$0%/=$.+*% 5,+/1. %/*+0
5, 0 @/ +*0$ /%0 G/, %"%0+5%%06. /1(0/*0$ ,. %0  5,+/1. . #%) K+*(6"+.
/ 3 .(6/L=%),0/+*"%/$1 0+) 0(/0+5%%064+1( (%)%0 =*(%' (6+3 ./$+4 
6%),0/3%,$6/%(%*&1.6=*(+//+"$%00*"++@E

&$$%+3
$%/,.#.,$ /.% /,+0 *0%(%),0/ .%3 ".+)(+.0+.6G/ 
0+5%%06/01% /@$ . " . * 0+"0$ )%**+4/%/%.. ( 3*00+0$%/,.+& 0
/%* 0$ 6+*+0+1.%*0$ ,.+& 0. K +$*/+**(+//+)YWXZL@
1.0$ .)+. =(+.0+.6G/ /01% /.  50. ) (6(%)%0 %*0$ %.,,(%0%+*
0+0$ "% (#%3 *0$ %.%*%(%060+0$+.+1#$(6 3(10 %*%. 0 +(+#%(*
 $3%+.(%),0//4 ((//6* .#%/0% "" 0/4%0$+0$ .)%*%*#%),0/K @#@=
$*# /%*$ )%/0.6=01.%%06= 0@L0$0(/+)61(0%)0 (6"" 0#.+40$*
/1.3%3(+"-10%(%" K.1  0(@X``X=  07 0(@YWX[L@%*((6=0$ . %/*+
. " . * 0+)+ (%*# ""+.0+.+0$ .%00%+*0+/1,,+.00$ // .0%+*0$0
40 .-1(%06/0*. 5 * /4%((*+0 50 * 6+*/ 3 .(6/@%3 *

C (H  %/$* %00+)) *0/

^Z`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 519 of 2339

0$00$ )+ (1* . /0%)0 /0$ "1((,+0 *0%("+./,%((K 6*' .YWX`L="%/$
%),0/. 3/0(61* . /0%)0 @

D. 10%+*%*0$  /,4*%*#%+)//0$0, .)* *0(6(0 . 0$ *1) .+". 01.*%*#
1(0/4+1($3 ) /1.( =10/)((=%),0+*0$ +3 .((3(1 +"0$ "%/$ .6@EK[@Y^G`XL

&$$%+3
$%//00 ) *0%#*+. /0$ %),+.0* +"0$ # * 0%*(%" $%/0+.6%3 ./%06+"
%*%3%1(/()+*/0+'/*0$ %.$%00 // *0%(0+)%*0%*%*#0$ +3 .((
/1/0%*%(%06+"/()+*"%/$ .% /K %(+.* 0(@X``Z=+# ./*$%*( .
YWW_=$%*( . 0(@YWXWL@ 0(/+1* . /0%)0 /,+0 *0%(%),0/".+)
/,%((4$%$+1( ,+/%00%(%*#/%*0( /0^WW')K[Z\)%L+"/0. )//1%0( 
"+./()+*/,4*%*#*F+.. .%*#=%*(1%*#0+#(+((6%),+.0*0$%*++'
/()+*$%00K 6*' .YWX`L@ *+%*#/+=%01* . /0%)0 /,+0 *0%(%),0/
0++)) .%(=. . 0%+*(=*/1/%/0 * "%/$%*#".+)0%(%*#/. ( / @

D . 0%+*("%/$%*# ""+.0%*0$  %/3 .6(%)%0 @+0 *+1#$. 01.* /1.3 6/%*(1 0$ 
 "+.Q0+,1(%/$* /0%)0 +". . 0%+*(*#(%*# ""+.0"+.0$040 .+6@$  
%/##. #0 4%0$0$  /0%)0 "+.0$  *0%. 1($0*.%*# =4$%$3 .# X=]WW0+
X=^WW*#(%*#6/, .6 . 04 *YWW^*YWX]@Q. /$40 .1%  +#++'0
/0%)0 0$0&1/0+3 .Z[W#1% *#(%*#6/6 .+1.%*0$ 1($0*.%*# =
%*(1%*#0$  @

.)+. 6/. /, *0*#(%*#+*0$ 1($0*%3 .=4$%$$/XWG6 . /0%)0  ""+.0+"
X=^WW*#( .6/, .6 .=%*(1%*#.+1#$(6Z[W#1% *#( .6/=*0$ 1/$#'%3 .@
00 4%  .3 /01.3 6K L0%*%0 0$0 04 *YWW[*YWX]=0$ 1/$#'
%3 .3 .# &1/0+3 .XY=WWW*#( .6/ 04 *0$ 1($0*+*"(1 * *('+%*0@
*1('0%(%*#//,%((=0$ . ( / 0%(%*#/4+1(,//0$.+1#$0$ 1($0*%3 .%*0+0$ 
1/$#'%3 .@$ %*. / *01.%%06//+%0 4%0$0$ /,%((+1(0 ),+..%(6K+*
0$ +. .+"/ 3 .(6/0+4 'L"" 0*#( ./C/1 //.0 /= 1/ /()+*%/, % /" 
,.0%((66/%#$0@ 1/ /,%((%/*+0 5, 0 0+$3 ,+,1(0%+*G( 3 (%),0/=0$ %),0+*
0$ . . 0%+*("%/$ .64+1( (%)%0 %*0$ 1/$#'%3 .60$ 1.0%+*+"%*. / 
01.%%06+."" 0%*#0$ %(%06+"0.# 0/, % /0+/ +./) ((,. 6@EK[@Y^G`YL

&$$%+3
$ //1),0%+*+"*+,+,1(0%+*( 3 ( "" 0/+"0%(%*#//,%((%/*+0/1,,+.0 
%*0$ / ,.#.,$/+. (/ 4$ . %*0$ +1) *0=*%/1*"+1* %*# * .(@
$%/1* . /0%)0 /0$ ,+0 *0%(%),0/+"0%(%*#/4$%$+1(  ,+/%0 
%*0( /0^WW')K[Z\)%L+"/0. )//1%0( "+./()+*/,4*%*#*F+.
. .%*#%*(1%*##(+((6%),+.0*0$%*++'/()+*$%00KYWXZ=
$( .# . 0(@YWX]L@

D0%(%*#/,%, (%* . ( / 4+1(%),0/1/%/0 * . /+1. /=,.0%1(.(6/()+*=0*
+4*/0. )".+)0$ . ( / /%0 @$ 0%(%*#/)6/)+0$ ./()+*% ##/*( 3%*/=*
. 1 0$ -1(%06+"/,4*%*#$%00%*0$ %. 0"++0,.%*0+"0$ /,%((%*0$  I*0+
/+)  50 *0"1.0$ .+4*/0. )@%/$+1( 5, .% * 10 *$.+*%0+5%%06".+)$ 36
) 0(/%*0$ . ( / 0%(%*#/@%((%" 4+1((/+ $7 ".+)0$ . 6( *1, ""+.0/@
$ %),0/0+/1/%/0 * . /+1. /4+1(, ./%/01*0%(0$ 0%(%*#/. ( * 1,+.
%*+.,+.0 %*0+0$  (+@$ )+/0, ./%/0 *0*4% /,. %),0+"0%(%*#//,%((
4+1((%' (6 +* .*)+*#/1/%/0 * 1/ ./+10+*0)%*0%+*+"/1/%/0 * "%/$
C (H  %/$* %00+)) *0/

^[`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 520 of 2339

. /+1. /%*0$ #. 0 .40 ./$ @1/%/0 * 1/ ./4+1((%' (63+%"%/$%*#*+0$ .
/1/%/0 * 0%3%0% /+4*/0. )".+)0$ . ( / ="" 0%*#$.3 /0,00 .*/=/4 ((/
$.3 /0 -1*0%0% /+"$%#$(63(1 . /+1. /@1%'. /,+*/ *( *1,+"0%(%*#/=*
/6/0 )+"0 /0%*#4%("++/*+))1*%0%*#0$ . /1(0/0+(+(, +,( %*0%) (6)** .=
+1($ (,)%0%#0 +*0)%*0%+*+* .*/@EK[@Y^G`YL

&$$%+3
$%/+ /*+0/1,,+.00$ 1(0%)0 +*(1/%+*%*0$ +1) *00$00$ ,.+& 0
4%((*+01/ /%#*%"%*03 ./ "" 0/@

D0. )( 3 (/4+1(. )%* ( 30 "+.0( /0\Y)%( /+4*/0. )=,/00$ 4*%3 .
+*"(1 * K%#1. [@Y^G]L@EK[@Y^G`\L

&$$%+3
$%/"%(/0++*/% .%),0/0+0.%10.640 .+% /0$04+1( %*1*0 =
)*6+"4$%$/1,,+.0/()+*K +$*/+**(+//+)YWXZL@ 0(/+"%(/0+
 /.% 0$ "1((,+0 *0%( 50 *0+"%),0=*6 0/0%(( ,%0/$%00
 #.0%+**F+. /0.10%+*0$0+1($3 ,+,1(0%+*( 3 (%),0/#%3 *
0$ %),+.0* +",. / .3%*#%3 ./ $%00/%*+. .0+)%*0%*0$ +3 .((
/1/0%*%(%06+"0$ "%/$ .6K+# ./*$%*( .YWW_=$%*( . 0(@YWXWL@

D+) /1.( ) 0(/4+1( ( $ ".+) ,+/%0 0%(%*#//+(%/ 1/ 0$ ,.+ //+"
 4+1(. -1%.   /K 0%+*Z@X_=0 .* %) *01(%06L@%(%*#/,.0%( /4+1(
 "(1/$ +""+"0$ (*/1." *+10+"0$ /0. ).%*# /4%0$%*)+*0$/0+6 ./%*
. //1..+1*%*#0$ %),0 .%*# /@EK[@Y^G``L

&$$%+3
$ . %/*+/00 /1,,+.0%*#%*"+.)0%+*"+.0$  /0%)0 /+"B"(1/$%*#C+.
%(10%+*@

D+.0$%// *.%+=%0+1(0' )+*0$/0+" 46 ./0+"(1/$+10. )%*%*#0%(%*#/ ,+/%0 
1.%*#0$ %*%0%("(+4= , *%*#+*(%)0%+*%0%+*/@1.%*#0$%/0%) =0$ . G *0.%* 
0%(%*#/4+1(1/ , .%+%)+ /0%*. / /%**01.%%06/0$ 6. "(1/$ 
+4*/0. )@$ / , .%+%%*. / /%*+1( 5 A6.%0%0%(%*#/4+1(+*0%*
$%#$, . *0# +"/1("% )%* .(/,( +"# * .0%*#@ ,+/%0%+*+",6.%0%0%(%*#/
/+(%/(+*#/0. )*'/0$0. )%* 5,+/ 0+%.+1(# * .0 %+3 ., .%++"6 ./
0+  /%"*+0. )+3 @EK[@Y^GXWXH[@Y^GXWYL

&$$%+3
$%/ /.%,0%+*. " . * /,6.%0%0%(%*#/. ( / "+.4$%$0( /0/ %) *0
+1( 50 *0$ ( *#0$+"0$ 1/$#'%3 .0+%0/ /01.6K,@[@Y^GXWXL@
$ . /%),(6%/*+-1 /0%+*0$0%),0/+"0$0 50 *0*"+.0$01.0%+*
+1($3 ,+,1(0%+*G( 3 (%),0/0+1/$#'/()+*@

D .%*#/+' 6 /()+*$3  *+1) *0 %*0$ 0.%10.60$ .%*# =(0$+1#$%*
Y
(+4 . */%0% /KX0+Z"%/$, .XWW) L0$*%*0$ )%*/0 ) =%*%0%*#+3 .(((+4 .
$%00-1(%06+. -10 -1*0%06*-1(%06$%00%*+0$ .. /+"0$ .%*# @ .%*#
$%*++'/()+*$3  *+1) *0 %*/1G0.%10.6=10%*(+4*1) ./@ .%*#$/*+0
 *+1) *0 "+.*6+0$ ./()+*/, % /@

$ (+4G( 3 (1/ +"$%000$04+1( %),0 K/ +* */%0% /+"&13 *%( $%*++'*

C (H  %/$* %00+)) *0/

^\`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 521 of 2339

+$+,01. %*0$ / $%00/L=*0$ (+4*1) ./+"+$+/,4*%*#* .0$ +*"(1 * +"
.%10.6 X@Y[W4%0$0$  =%*%0 /0$0.%*# G4% +.# * .0%+*(%),0/0+
,+,1(0%+*/+"/()+*".+)%. 0$%00(+// ///+%0 4%0$0$ / *.%+4+1(*+0 
5, 0 @EK[@Y^GXW^L

&$$%+3
$ +*(1/%+*+"*+.%*# G4% +.# * .0%+*(%),0/%/1*/1,,+.0 *
%*/+) / /+*0.%0 6,. 3%+1//00 ) *0/%*0$%// 0%+*@$%/(/+
)%*%)%7 /0$ %),+.0* +"1,/0. )$ 40 ./%*%*"(1 *%*#+4*/0. )
$%00K**+0  0(@X`_W=+(3%* 0(@YWX`L@

D. %0  5 * /%),(60$ ,+0 *0%("+.0+5% "" 0/+*/ */%0%3 -10%+.#*%/)/=
%*(1%*#3 ./  "" 0/+*"%/$ /.% %*0$ +3 ,.#.,$/@ +4 3 .=%),0/+*
4% ..*# +"/, % /*0,+,1(0%+*( 3 (/. 1* .0%*"+.0$ 0$. . /+*/%/1// 
 (+4AEK[@Y^GXW_L

&$$%+3
$ 0$. . /+*/%*,.#.,$/"+((+4%*#0$%//00 ) *0+*+0,,(60+0$ 
,.+& 0. @ *# * .(=$.* //%/3 .6(+40$.+1#$+100$ . K YWXX=
)7+4YWXX=+..%/ 0(@YWX_=+..%/ 0(@YWX_L>%//+(3 +.#*%
)00 .%/(/+ 5 ,0%+*((6(+4*0$1/4%(((.# (6*+0)%0%#0 %+3%(%(%06
+") 0(/K YWXX=)7+4YWXX=+..%/ 0(@YWX_=+..%/ 0(@YWX_L>
*0+5%%060 /0%*#+*10 6 +*0.0+./K10%(1/*3%.+*) *0(L
"%( 0+ 5)%* ,+0 *0%( $3%+.(%),0/+"+,, .*+0$ .) 0(/
4$%$+1(1(0%)0 (6%),0/1.3%3(*F+.+3 .(()%*0 ** +"
%++),( 5%06 // *0%(0+0$ /1/0%*%(%06+"0$ "%/$ .6K *06.  0(@YWXY
*+0$ ./L@%0%+*((6=%*%. 0+*0./00+0$ "%*%*#/+" 6 .*
 "+. /0KYWX_L%0 %*0$ / ,.#.,$/0+/1,,+.00$ +*(1/%+*+"*+
,+,1(0%+*( 3 (%),0/=+..%/ 0(@KYWX_=YWX_L"+1*0$040 .-1(%06
.%0 .%. 1* .,.+0 0%3 "+."%/$%*,.+& 0. 40 ./=*0$0.%*+4
0.+10 5, .% * 10 %),0/K( 0$(%06L*F+.%*$%%0%+*+"+("0%+*0
+,, .%*. / /( //0$*40 .-1(%06.%0 .%@

D4BG4G%+)+&%+++)#*
D4BG4G4I&+%+ # $'+*&&%+++)#*)&$+  % 

D+0 *0%(%),0/0+"%/$".+)0$ . ( / +"1*0. 0 +*0040 .4+1( /%)%(.0+0$+/ 
 /.% +3 "+. ( 30 ) 0(/%),0/".+)0$ ,6.%0%. ( / / *.%+@EK[@^@XY[L

&$$%+3
( / / ,. 3%+1/+)) *0@

D ),0/+"0$ / ,+0 *0%(/1G( 0$( "" 0/4+1( (%)%0 0 ),+..%(6K4%0$%*)+*0$/L*
/,0%((6K0+( //0$*/ 3 .()%( /L@$ . "+. =0$ +3 .(()#*%01 +"0$ 0+5% "" 0/+"
) 0(/4+1( (%)%0 1* .0$%// *.%+@EK[@Y^@XY\L

&$$%+3
$%//00 ) *0%/*+0/1,,+.0 60$ . )%* .+"0$ / 0%+*@%/$%),0/
+"*1*0. 0 +*0040 .. ( / . 1* . /0%)0 @

D4BG4H,$,#+ -+*
D4BG4H4B*&%#0&)*#,+,)+ &%*
C (H  %/$* %00+)) *0/

^]`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 522 of 2339


6 1/ /,%((/K1*%*0 * . ( / /L//+%0 4%0$,.+& 0+*/0.10%+**+, .0%+*. *+0
,(** +..+10%*  3 *0=0$ 6. *+006,%((6*(67 "+.1)1(0%3  "" 0//* ( ) *0
+"/, %"%>*4$ . 0$ 6. *(67 =-1*0%00%3 %*"+.)0%+*+*0$ )+ +"
"%(1. =,.+%(%06=*3+(1) +",+0 *0%(/,%((/$3 *+0 *3%(( =+.. / +*
//1),0%+*/0$0. *+0. ( 3*0+.$3 *+0 */1/0*0%0 @$%// 0%+*,.+3% /
-1(%00%3 *(6/%/+",+0 *0%(/,%((///+%0 4%0$/@EK[@Y^GXY^L

&$$%+3
1(0%,( % *0/*/,%((/. %* 3%0( 0$.+1#$+100$ +1./ +")%* 
+*/0.10%+*=+, .0%+*/=*, ., 01(40 .0. 0) *0@+. 5),( =% / (
/,%(($/(. 6+1.. %*//+%0%+*4%0$,.+& 0 5,(+.0%+*KYWXWL@
*(%#$0+"0$0= /0%)0 /+"% *0.0 //$+1( ) 1/%*#+0$ .(/'
)%* %*% *0. ,+.0/=*-1*0%00%3  /0%)0 /+"1)1(0%3  "" 0//$+1(
  /.% @

D */1)).6=0$ 1)1(0%3  "" 0/+"1*%*0 *0%+*(. ( / ///+%0 4%0$ ( )%* 
5,*/%+*4+1( /%)%(.0+0$+/ %/1// ,. 3%+1/(6%*0$%// 0%+*=10,+0 *0%((6%*3+(3 
(.# .3+(1) /+3 ./(%#$0(6(.# .# +#.,$%. @EK[@Y^GXY_L

&$$%+3
$%/#.+//(61* . /0%)0 /0$ ,+0 *0%("+.% *0/*/,%((/4$%$+1(
+1.0$.+1#$+100$ ,.+& 0. *,+0 *0%((6,+/ ,+,1(0%+*( 3 ( "" 0/
0+++' *( 0=3%.01((60$  *0%.  3%$'40 ./$ =*0( /00$  /0 .*
0$%.K+./+L+"0$ 1/$#'.%*# @

E4@ + + &%

%)#*+ &%&$$%+3
6*(.# =(()%0%#0%+*) /1. /"+.,.+0 0%+*+""%/$
$%00. (6+* /0)*# ) *0,.0% /K/L0+)%*%)%7 ,.+& 0%),0/=
*/+G(( /0.0 #%"(+4. ( / /@+* +"0$ / /00 ) *0/,.+3% 
%*"+.)0%+*+.(%0 .01. . #.%*# "" 0%3 * //=+. 0%(/+""(+4
. ( / /@+. +3 .=0$ 6"%(0+ 5,(%*)%0%#0%+*) /1. /%*0$  3 *0+"
,+,1(0%+*G( 3 (%),0/0+"%/$ .% /. /+1. /=4$%$. # * .((63/0(6
1* . /0%)0 %*0$ +1) *0@

E4B-& %% % $ 1+ &% *,)*%)
E4B4A*+ %$%+)+ *2 %,*+)0+%)*2%+%))$ +(, )$%+*
E4B4A4B*+ %$%+)+ *

6 /%#*%*#*%*/0((%*#1(3 .0/*.%# /+*0.*/,+.00%+*.+10 /0++,0%)%7 "%/$
,//# @EK\G[L

&$$%+3
),0/".+)1(3 .0/. 1* . /0%)0 0$.+1#$+100$ ."0 K/ 
,. 3%+1/+)) *0/*%*0.+10%+*L@+. +3 .="%/$%/0.%10%+*=,.0%1(.(6
%*/0. )/0$04%(( .+// 60$ (0 .*0%3 X+10$ //.++..%+.=
%/*+0/1""%% *0(6+1) *0 KYYWX_XG=,( / / %*0.+10+.6+)) *0/L@

D+),(6%*#4%0$ ),+..60 ./ 10$+.%70%+*+*%0%+*/"+.40 .4%0$.4(=
/1$//. *%*#. -1%. ) *0/0+3+%"%/$ *0.%*) *0+.%*&1.6> /0(%/$%*#40 .
C (H  %/$* %00+)) *0/

^^`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 523 of 2339

4%0$.4(.0 /*3+(1) /=*/,,.+,.%0 >*0%)%*#+"40 .4%0$.4(0+3+%"%/$
)%#.0%+*=/,4*%*#=*%*10%*# ##/@EK\G[L

&$$%+3
"" 0%3 * //+""%/$/. *%*#%/(.# (61*0 /0 =10# * .((6+3 . /0%)0 
K+6( * /. (YWW\L@$ %(%060+4%0$.440 ./0.0 #%((6%/(/+*+0
5,(%* %*0$ ."0 @

D$ ,.+& 04+1(,.+,+/ "%/$$%00)%0%#0%+*) /1. /0+ *$* +.. 0 * 4$%00
+10/% +"0$ %)) %0 ,.+& 0"++0,.%*0@EK\G`L

&$$%+3
$%//00 ) *0%/".0++3#1 0+ 3(10 @ #.( //=)%0%#0%+*) /1. /%*
0$  +4 .[_I /,%0 %((%+*+"%*3 /0 +((./I$3 *+0. /1(0 %*0$ 
 (%/0%*#+"/%*#( 0$. 0 * +. **# . /()+*,+,1(0%+*K
X``YL@

D )) %0 0. 0) *0*. ( / +" 5 //40 .0+)%0%#0 "(+4%),0/0+"%/$$%00@EK\G
X[L

&$$%+3
$ %(%060+4%0$.4*. ( / 40 ./0.0 #%((6%/*+0 5,(%* %*0$ 
."0 @

D$. / ,.0 %/$.# ,+%*0/. ,.+,+/ "+.0$ . ( / +"0. 0 40 .4%0$/0.0 #%
0%)%*#+"0$ 40 .. ( / 0+)%*%)%7 =+.3+%=%),0/0+"%/$$%00@EK\GX]L

&$$%+3
$ %(%060+. ( / 40 ./0.0 #%((6%/*+0 5,(%* %*0$ ."0 @$%/
/00 ) *0%#*+. /%"" . * /%*40 .0 ), .01. *$ )%/0.6%*%/$.# 
40 .. (0%3 0+/ (%* +*%0%+*/@

D1(3 .0/*.%# /4+1(  /%#* 0++,0%)%7 "%/$,//# =*0$ ,.+& 04+1(1/ 
/"+. /%#*=+*/0.10%+*=*)%*0 ** @EK\GX^L

&$$%+3
),0/".+)1(3 .0/. 1* . /0%)0 0$.+1#$+100$ ."0 K/ 
,. 3%+1/+)) *0/*%*0.+10%+*L@+. +3 .="%/$%/0.%10%+*=,.0%1(.(6
%*/0. )/0$04%(( .+// 60$ (0 .*0%3 X+10$ //.++..%+.=
%/*+0/1""%% *0(6+1) *0 KYYWX_=,( / / %*0.+10+.6+)) *0/L@

''% / 3**%+ # *  ++****$%+

%)#&$$%+3$ +1) *0%/( .(6( ( /*/$+1( "%*(%7 K% ((6
4%0$, .. 3% 4L%*. 3%/ ."0 ,.%+.0+"%*(%70%+*+., .)%00%*#@

D. /$40 .  /%#*0 1* .0$ ()+*%*(1 /0$+/ $%00/ /%#*0 /
%),+.0*0%"%/()+*$%00%*0$ !! !!! $' 
 !"   K(/+'*+4*/*.+)+1/0 ./0(+#MNL
K +$*/+**(+//+)YWX^L@EK,@`L

&$$%+3
0%/ /0%)0 0$0( //0$*YWc+"(/'C//0. )/$3  */1.3 6 "+.
"%/$%/0.%10%+*K +$*/+*YWW^L@+. +3 .=/1.3 6/"+."%/$%/0.%10%+*
C (H  %/$* %00+)) *0/

^_`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 524 of 2339

,.0%1(.(6(+*#0$ ,. " .. /+10$ .* //.++..%+.. (%)%0 %*
0%) */, KYYWX_=+((YWXYL@$%/1*+10 (6( /0+
1* . /0%)0 /+",+0 *0%(%),0/+")%*%*#@

D4A  #$&%;#*%&+2+*&$$%+*''#0+&##*,*+ &%*&*+ &%D4A2
%#, % %&&"2&&2*&"02%,$*#$&%:D4A4A9D4A4D<

D+.,1.,+/ /+"-1*0%"%0%+*+"&13 *%( %"%/()+* =0$ )+/0 0%( /1.3 60I
 +./1.3 60=4$%$ 3 .4/)+/0+),. $ */%3 I$/ *1/ 0+ (%* 0 0$ 
%/0.%10%+*+" .(6=". /$40 ./0# &13 *%( %"%/()+*@EK,@XWL

&$$%+3
+0$ */1.3 60. %*/1""%% *0"+. /0(%/$%*#"%/$%/0.%10%+*
K +$*/+*YWW^=YYWX_L@$%/1*+10 (6( /0+1* . /0%)0 /+"
,+0 *0%(%),0/+")%*%*#@

D 1/ 0$ %// /+( (6+*%/0.%10%+*00+% *0%"6 =*(6/%/ ,%0 
0$.+1#$+100$%/// //) *0. (6+* */%0% /+"%"%/()+*6/, % /*(%" /0# 0+
% *0%"60$ (+0%+*+"/, %"% *0+%*%0 0$ . (0%3 -1(%06+" 4%0$%*3.%+1/
,+.0%+*/+"0$ 0%+*. @EK,@XXL

&$$%+3
 (%(  */%060. *+03%(( *64$ . %*0$ . #%+*KC (YWXY=
++6YWXYL@

D1(0/()+*+1*0/4 . +*10 1/%*# .%(/1.3 6/".+) 1(60+0+ .1.%*#YWW[0+
YWW_@$ . ,+//%( =(.# G/(  */%0% /4 . (1(0 1/%*#/0. )/ #) *0( *#0$/*
"%/$+1*0/6/0. )/ #) *0@$ 0+0(, '%(6+1*0/".+)1(0/1.3 6/. /1)).%7 
6.%3 .0+"%(%00 .1*/%7 +),.%/+*/.+//6 ./K( [GZL@ */%0% /+"1(0/()+*6
.%3 .. $*/, % /4 .  0 .)%* )+/0+),. $ */%3 (61.%*#YWW_ .%(/1.3 6/>0+
%((1/0.0 0$ %/0.%10%+*+"1(0"%/$0$.+1#$+10 $.%3 .*%0/0.%10.% /="%/$+/ .30%+*/
".+)0$ /1.3 6 )+*/0.0%*#0$ )+/04% /,. "%/$%/0.%10%+*"+. $/, % /%/
,. / *0 %*( [G[@EK,@XXL

&$$%+3
 0$++(+#61/ 0+ /0%)0  /, ) *06Y 0(@K YWXXL. *+0
/0*.(6 ,0 =*+0,. / *0 %*)** .4%0$4$%$0$ 6+1( 
. ,.+1 =. %),. %/ *%/ =*%*+),.( 0+) 0$+/1/ "+.
0$ 1/$#'* 3%$'.%3 ./6(/' ,.0) *0+"%/$*) @
),(%*#"+.  0+,. %0$%00(+//=%*%0%+*0+)6.%+"+0$ .
/$+.0+)%*#/=4/*+0+*10 %*+.* .0$ )%* "++0,.%*0%* %0$ .0$ 
+.0$+.' +'01(%K L+.0$ +10$+.' +'01(%K L4$ . /),(%*# #*
)%( /+4*/0. )+"0$ ,.+,+/ ,.+& 0"++0,.%*0K YWXXL@ *# * .(=0$ 
) 0$+1* . /0%)0  /, ) *0K++6YWXYL@

D$ %/0.%10%+*+", '1(0/()+*+1*0/".+) /1.3 6/* .0$ )%* /%0 . /$+4*%*
"%#1. /[GY=[G[=[G]*[G_@$ )&+.%06+"1(0"%/$*/,4*%*#+/ .30%+*/"+.((1(0
%"%/()+*+1.. +4*/0. )+"40 ./%. 0(6"" 0 6,.+,+/ )%* "%(%0% /
K( [G[=( [G\L@$%/%/+*/%/0 *04%0$0$ / (%* . /1(0/+"%*/0. )"(+4)+ (%*#0$0
/$+4 %*. /%*#. # /+"/1%0( /,4*%*#$%00(+*#0$ .%3 .".+)$ 40 .. /
0++4*/0. ). $ /K YWXXL@EK,@XXL
C (H  %/$* %00+)) *0/

^``_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)


&$$%+3

Appendix E, Page 525 of 2339

 0$++(+#61/ 0+ /0%)0  /, ) *06Y 0(@K YWXXL. *+0
/0*.(6 ,0 =*+0,. / *0 %*)** .4%0$4$%$0$ 6+1( 
. ,.+1 =. %),. %/ *%/ =*%*+),.( 0+) 0$+/1/ "+.
0$ 1/$#'* 3%$'.%3 ./6(/' ,.0) *0+"%/$*) @ *
# * .(=0$ ) 0$+1* . /0%)0  /, ) *0K++6YWXYL@+. +3 .=
%*/0. )"(+4)+ (%*#1/ $6/%( %00%)1(0%+*K  L)+ (
4$%$%/+100 *$/)1(0%,( '*+4* "%% *% /@),(%*#"+.  
0+,. %0$%00(+//=%*%0%+*0+)6.%+"+0$ ./$+.0+)%*#/=4/*+0
+*10 %*+.* .0$ )%* "++0,.%*0%* %0$ .0$ +.0$+.' +'01(%K L+.
0$ +10$+.' +'01(%K L4$ . /),(%*# #*)%( /+4*/0. )+"0$ 
,.+,+/ ,.+& 0"++0,.%*0@.%).%(6%01/ /+*(6)%*$** ( ,0$*
3 (+%060+-1*0%"6$%00 /,%0 +1*0( // 3% * 0$00 ), .01. =+""G
$** ($%00=#.+1*40 .%*"(1 * =%*/0. )/0.101. *+3 .=/ /+*(
3.%%(%06=*)*6+0$ ."0+./4$%$((+)%* %*1*%-1 +)%*0%+*/0+
,.+1 0$ %3 ./%06+"$%00/0$0/1,,+.0.%/0+(6/()+*K+* .*
** .X`_^=%' (/+* 0(@X``Y= */0 .*+4* /YWXW= 3 / 0(@
YWXX= )** 0(@YWX[L@


D),(%*#"+.&13 *%( /()+*+*10 ".+)YWW[0$.+1#$YWW`*%*YWX_$.0 .%7 0$ 
%/0.%10%+** */%0% /+"&13 *%( /()+*0$.+1#$+100$ )%*/0 )$** (/*/ ( 0 
0.%10.% /+"0$  * .%3 ./=*. '@),( ) 0.%/%*(1 +/ .30%+*6
/, % /=(%" /0# =# +#.,$%%*"+.)0%+*=*/),(%*#) 0$+=/1.3 6( *#0$*/1.3 6
4%0$@+# * .0  */%0% /=/1.3 6. 4/(1(0 4%0$0$ /1.3 6( *#0$*4%0$@
 */%0% /%*0 .)/+""%/$+1*0*/1.3 6. 4 . 0$ */( 0+X=W^]/"KXWW)YL@( [G
],. / *0/)%*/0 )*0.%10.6&13 *%( %"%/()+* */%0% /".+)YWW[GYWW_K YWXXL@
( [G^,. / *0/&13 *%( /()+* */%0% /".+))%*/0 )%* 5/1.3 6//1)).%7 6
/0. ). $K YWX_L@EK,@X]L

&$$%+3
 0$+/"+. /0%)0%*#&13 *%( 1** * */%064 . 1*. , 0( *
1*%*0 .,. 0( ".+)0$ ,. / *00%+*%*0$  *3%.+*) *0(/ (%* +1) *0
K YWXXL@//1$=0$ 64+1($3 "%( 0+) 0, .. 3% 4.%0 .%$
0$ 6 3 . */1& 0 0+%0KC (YWXYL@

D$1)/()+*=4$%( % *0%"% %*/+) (0 4%*0 .F .(6/,.%*#/),(%*#/,. / *04%0$%*
/+) .%*# /"(+4%*#+10+"0$ )%* /%0 . =. *+0+*/% . "1.0$ .%*0$%/ 3(10%+*
/0$ 6%)) %0 (6/)+(00. 'G1,* 5$%%0()+/0*+. /% *6%*0$ 0%+*. @EK,@
X^L

&$$%+3
$ %)) %0 /)+(0)%#.0%+*+"$1)/()+*K &" !L0
. '1,+ /*+0* #0 0$ %),+.0* +"%*/0. )$%00"+./,4*%*#=
%*10%+*=* ) .# * 4%0$%*0$ 0%+*. K1%**YWW\L@

D. /$40 . "+.%"%/()+*%// +*0$ K +$*/+**(+//+)YWX^L=, .0$ 
()+*=4$%$/$+4/4$ . /,4*%*#1(0/=. .%*#".6F&13 *%( /=*# * .(
,. / * F/ * $3  *+1) *0 =)1$+"4$%$$/ *+(( 0 */1)%00 0+
0$ 0$.+1#$ . / .$ ""+.0/@EK,@X^L

C (H  %/$* %00+)) *0/

_W`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)


&$$%+3

Appendix E, Page 526 of 2339

0%/ /0%)0 0$0( //0$*YWc+"(/'C//0. )/$3  */1.3 6 "+.
"%/$%/0.%10%+*K +$*/+*YWW^L@+. +3 .=/1.3 6/"+."%/$%/0.%10%+*
,.0%1(.(6(+*#0$ ,. " .. /+10$ .* //.++..%+.. (%)%0 %*
0%) */, KYYWX_=+((YWXYL@$%/1*+10 (6( /0+1* . /0%)0 /
+",+0 *0%(%),0/+")%*%*#@


D4A4A %&&"#$&%

%)#&$$$%+3 $%/%/1//%+*"%(/0+'*+4( # 0$ #(+(%),+.0* +"1/$#'
%3 .$%*++'/()+*4$%$". -1 *0(6+),.%/ 0$ 4+.(C/(.# /0. )%*%*#
4%(. 01.*K +* /==, ./+*(+))1*%0%+*= .3%* *1'14'
YWXX=$( .# . 0(@YWX]L@

D(+*#0$ 0.*/,+.00%+*+..%+.=$%*++'/()+* %/,. / *000$. /0. ).+//%*#/@E
K,@YXL

&$$%+3
1.3 6/(+*#0$ ,.+,+/ 0.*/,+.00%+*+..%+.. %*/1""%% *00+
 0 .)%* "%/$%/0.%10%+*=# * .((6+1..%*#+*(6+* 6%*YWX_=*
. (6%*#+*,+0 *0%((6%* -10 /0. )),/K YWX_=+(( 0(@YWXYL@$%/
4+1(( 0+1* . /0%)0%+*+",+0 *0%(%),0/+")%*%*#+*0$ .+
+..%+.@

D4A4B&&#$&%

D+$+/()+* %/,. / *00X\/0. ).+//%*#/(+*#0$ ,.%).60.*/,+.00%+*+..%+.
K( [G`LKYYWX_/01% /= $,0 .X\=YWX_L@EK,@Y[L

&$$%+3
1.3 6/(+*#0$ ,.+,+/ 0.*/,+.00%+*+..%+.. %*/1""%% *00+
 0 .)%* "%/$%/0.%10%+*=# * .((6+1..%*#+*(6+* 6%*YWX_=*
. (6%*#+*,+0 *0%((6%* -10 /0. )),/K YWX_=+(( 0(@YWXYL@$%/
4+1(( 0+1* . /0%)0%+*+",+0 *0%(%),0/+")%*%*#+*0$ .+
+..%+.@

E4-#,+ &%&&+%+ #+*&%
E4A)*.+)&*0*+$*
E4A4A % +
E4A4A4A &**&  ++

%)#*+ &%&$$%+3
 1%*#$%00(+//0+(%* .%/0* /+"$ 40 ./0. )/
3/0(61* . /0%)0 /01(%),0@ 0+3 .(++'/0$ 0$. G%) */%+*(*01. 
+""%/$$%00K+."+1.G%) */%+*(*01. #%3 *0 ),+.(3.%%(%06 @#@=
0*"+. 0(@YWW\L@ 0%#*+. /+4*/0. )=%*0 #.0 %),0/+"$*# /%*
/0. )"(+4=#.+1*40 .G/1." 40 . 5$*# =40 .0 ), .01. /=40 .
-1(%06=*"++4  "" 0/K**+0  0(@X`_W=+(3%* 0(@YWX`L@ 0(/+
//1) /(+4 */%0% /+""%/$%*0$ / $%00/=100$+/ //1),0%+*/. / 
+*,++.(6+(( 0 *%),+//%( 0+%*0 .,. 0/,4*%*#*. .%*#0
KC (YWXY=++6YWXY=./% 4%7YWXYL@
C (H  %/$* %00+)) *0/

_X`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 527 of 2339


D3 .((=0$  #. +"$%00(+//%),0%/)+ .0 ? "+.. .%*#$%*++'*+$+
/()+*=*/,4*%*#* 3 (+,%*# ).6+*%+$+/()+*4+1( , .)* *0(6. )+3 
%*. /4%0$(+4 */%0% /+")*# /, % /*%),0/+1(  0 0( %*0$ /$+.0G
0 .)=10,+,1(0%+*( 3 ( "" 0/4%0$%*0$ +*0 50+"0$  %3 .= %3 .=*. '
. *+0*0%%,0 @EK,@]_L

&$$%+3
#%*=0$%/+*(1/%+*%/*+0/1,,+.0 60$ %*"+.)0%+*,. / *0 %*0$ 
// //) *0@ *# * .(=%0/%),(6%#*+. /0$ "1(( +(+#%(+*0 504$%$4%((
1(0%)0 (6%),0"%/$0$.+1#$*+0/%),(6/0. ). )+3(=10+4*/0. )
,$6/%(=$ )%(=*%+(+#%(%),0// /.% +3 @$%( , . *0
. 10%+*/+"+1) *0 *.+)+1/$%00.  -10 0+0$  50 *00+
4$%$ $/, % /4+1( "" 0 =0$+/ )+1*0/. /%),(6*+0%. 0(6
+),.( 1 0+0$ %."%(1. 0+%*+.,+.0 ((/, 0/+"/0. ) +(+#6
4$%$+)%* 0+. 0 "%/$$%00@$ 6(/+%#*+. 0$ %),+.0* +"
%*%3%1(/()+*/0+'/0+0$ +3 .((/1/0%*%(%06+"0$ "%/$ .6@

E4A4A4C+)#&.

%)#*+ &%&$$%+3
#%*=0$%/*(6/%/%/+(0 /"%/$%),0//%),(60+"(+4
. 10%+*/="%(%*#0++*/% .+0$ .,$6/%(=$ )%(*%+(+#%( "" 0/
+0$0/%0 /0$04%(( 5$%%0%"" . *0"(+4/%*%0%+*0++4*/0. )/%0 /@
+*/ -1 *0(6=0$ *(6/%/1* . /0%)0 /%),0/0+-10%$%00@

6  * 3 . "" 0/0+/0. ))+.,$+(+#64+1((%' (6)%*%)%7 0$ ,+0 *0%( "" 0/0+
$** ()+.,$+(+#6//, %"%((6. (0 0+,+0 *0%($*# /00.%10( 0+0$ . 10%+*/%*
"(+4@EK,@^WL

&$$%+3
0%/1*( .4$60$%/4+1( 0$ / @* 5,(*0%+*=% ((6/1,,+.0 6
 /03%(( K, .G. 3% 4 L/% * /$+1( ,.+3% $ . @

D 0%( )+ ((%*#. /1(0/%*%0 0$0)+/0+"0$ /0. )"(+4%),0/4+1(+1.".+)
$*# /0+/1." 40 ./4$%( . 10%+*/0+0$ #.+1*40 .+*0.%10%+*0+/0. )"(+4
4+1( * #(%#%( @$%//1## /0/0$00$ %/0.%10%+*+"/,4*%*#*4%*0 .%*#$%00/
,+0 *0%((6. (0 0+#.+1*40 .%*,10/4%0$%*0$ 0%+*. /$+1(. )%*(.# (6
1*"" 0 @EK,@^XL

&$$%+3
$%( #.+1*40 .K1,4 ((%*#+.+4*4 ((%*#L%/". -1 *0(6*%),+.0*0"0+.
+"/,4*%*#*4%*0 .%*#$%00=$*# /0+0$0$%00. /1(0%*#".+)
/1." 40 .. 10%+*//$+1(*+0 )%*%)%7 @ 0%/1(0%)0 (60$ 
%*0 .0%+* 04 *#.+1**/1." 40 ./0$0. 0 /()+*$%00
K(+) 0(@YWW\L@

D$*# /%*/0. )"(+4 /.% +3 *"" 0 -1*0%06*-1(%06=$+4 3 .= 1/ 
* 0. 10%+*/%*"(+4. . (0%3 (6/)((=$*# /%*3%(( %"%/()+*/,4*%*#*
. .%*#$%00.  5, 0 0+  -1((6/)((@EK,@^YL


C (H  %/$* %00+)) *0/

_Y`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

&$$%+3

Appendix E, Page 528 of 2339

$%//00 ) *0. 1 //()+*$%000+*+0$%*#)+. 0$*40 . ,0$*
3 (+%06 /,%0 +1*0( // 3% * 0$00 ), .01. =+""G$** ($%00=
#.+1*40 .%*"(1 * =%*/0. )/0.101. *+3 .=/ /+*(3.%%(%06=*
)*6+0$ ."0+./((+)%* %*1*%-1 +)%*0%+*/0+,.+1 0$ %3 ./%06
+"$%00/0$0/1,,+.0.%/0+(6/()+*K+* .*** .X`_^=%' (/+*
0(@X``Y= */0 .*+4* /YWXW= 3 / 0(@YWXX= )** 0(@
YWX[L@


D$ ,. %0%+*/. / +*,$6/%($%00/%)1(0%+*/6/0 )K  L)+ (%*#0
) /1. 0.*/ 0/@$   ) 0$++(+#6+*/%/0/+"+0$$6.1(%*$%00)+ (
4$%$,.+3% /) */+" /0%)0%*#"%/$$%00/"1*0%+*+"/0. )"(+4@%0$%*  =
0$ ,$6/%(*$6.1(%$.0 .%/0%/+"/0. )0%"" . *0/0. )"(+4( 3 (/. 
+)%* 4%0$/ 0+"$%00/1%0%(%06.%0 .%K L+.%*% /0$0 /.% 0$ /1%0%(%06+.
,. " . * /+"0$ ,$6/%(*$6.1(%+*%0%+*/@$0.# 0"%/$/, % /*(%" /0# 
+)%*0%+*$3 1*%-1 / 0+" "+.3.%( //1$/=3 (+%06= ,0$=*/1/0.0 @$ 
/1%0%(%06+" $3.%( %/ 5,. // /3(1  04 *W*X=4$ . W%/*+00((/1%0( 
*X%/$%#$(6/1%0( @$1/="+. $/, %"%(+0%+*=0$ $6.1(%)+ ( /.% 0$ 
,$6/%($%00+*%0%+*/=4$%( 0$   /.% $+4/1%0( 0$+/ +*%0%+*/. "+.
/, %"%"%/$/, % /*(%" /0# @$ *+)%* =0$ / )+ (+),+* *0/((+40$ 
(1(0%+*+"$%00G"(+4. (0%+*/$%,4$%$%/ 5,. // / %#$0 /( . KL@
%/*%* 5+"0$ )+1*0+"$%00,. / *01* .#%3 *.*# +""(+4/@$ 
%*. / /+. . / /4%0$%*. /%*#"(+4/"1*0%+*+"+0$0$ $6.1(%*$%00
)+ (/@EK,@^ZL

&$$%+3
  %/*+100 )+ (4%0$)1(0%,( '*+4* "%% *% /@),(%*#"+.
  0+,. %0$%00(+//=%*%0%+*0+)6.%+"+0$ ./$+.0+)%*#/=
4/*+0+*10 %*+.* .0$ )%* "++0,.%*0%* %0$ .0$ +.0$+.' +'01(%
K L+.0$ +10$+.' +'01(%K L4$ . /),(%*# #*)%( /+4*/0. )
+"0$ ,.+,+/ ,.+& 0"++0,.%*0@$ )+ (,.%).%(6. (% /+* /4$%$
%*+.,+.0 +*(6)%*$** ( ,0$=*3 (+%06K0$+1#$/1/0.0 04 . 
+(( 0 =0$ 64 . //1) +*/0*00$.+1#$0%) L0+-1*0%"6$%00@
+1*0( // 3% *  5%/0/%*0$ , .G. 3% 4 (%0 .01. 0$00 ), .01. =+""G
$** ($%00=#.+1*40 .%*"(1 * =%*/0. )/0.101. *+3 .=/ /+*(
3.%%(%06=*)*6+0$ ."0+./((+)%* %*1*%-1 +)%*0%+*/0+
,.+1 0$ %3 ./%06+"$%00/0$0/1,,+.0.%/0+(6/()+*K+* .*
** .X`_^=%' (/+* 0(@X``Y=1%**YWW\= */0 .*+4* /YWXW=
 3 / 0(@YWXX= )** 0(@YWX[L@%(1. 0+%*+.,+.0 #.+1*40 .
%*"(1 * %*0+$%00/ ( 0%+*(+* %#*+. /3/0(%0 .01. +"(%0 .01. 
( .(6$%#$(%#$0%*#0$ %),+.0* +"#.+1*40 .0+%"%/()+*0$.+1#$+10
0$ %..*# =*,.0%1(.(6%*(/'4$ . % %/,.+)%* *0$%00" 01. 
K +. *7*%( .X`_`= 6*+(/X``^= (( 0(@YWW[=1%**YWW\L@ %00
B/1%0%(%06C04/+(( 0 +*(64$ . "%/$4 . ,. / *0**+04$ . 0$ 6
4 . / *0=%/%*#  . /1(0/@ /*  . *C0(+#%(=
%+(+#%((6+. +(+#%((6K @#@=/1%0%(%06,, ./0+ . / 0%*0 .) %0 
3 (+%0% /. (0%3 0+(+4*$%#$3 (+%0% /"+.+$+/()+*/,4*%*#=0$ 
)+ (//1) /*+/ /+*()+3 ) *0+""%/$ /=*0$ )+ (///1) /
1*%"+.)%06+"$%004%0$%*/0. ). $ /L@+ (, ."+.)* %/,. / *0 
"+.+*(6+* =%*0 .) %0 =( 3 (+""(+44$ * 50. ) "(+4( 3 (/. (%' (6
C (H  %/$* %00+)) *0/

_Z`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 529 of 2339

%),+.0*0$%00 0 .)%**0/K YWXXL@+. +3 .0$ / (%* 01/ 
0+1%(0$ )+ (K YWXXL%*+.,+.0 /)%5 K%*+),.( L) 0$++(+#6=
1/ /%*/1""%% *0/%0 / ( 0%+**. ,(%0%+*=*"%(/0+3(%0 +.3 .%"60$ 
)+ (K./% 4%7YWXYL@((0+(=0$ / (%)%00%+*/+"0$ )+ (//1),0%+*/
*0%*,10/. /1(0%*3/01* . /0%)0 /+"$%00%),0/@+. 1.0 
0 $*%-1 //$+1( . -1%. %*. 3%/ ."0 ,.%+.0+"%*(%70%+*+.
, .)%00%*#@

D *0$ $6.1(%)+ (=4$%( /1/0.0 4+1((%' (6. )%*+*/0*0+3 ..*# +""(+4/=
3 (+%06* ,0$06,%((6%*. / 4%0$*%*. / %*"(+4@ *0$ $%00)+ (=/1/0.0 
4+1(+* #%*. )%*+*/0*04%0$$*#%*#"(+4>$+4 3 .=/ ,0$*3 (+%06$*# %*
. /,+*/ 0+"(+4=0$ /1%0%(%06+" ,0$+.3 (+%064%(((/+$*# =*0$ %. 0%+**
 #. +"0$0$*# 4%((3.66/, % /*(%" /0# @EK,@^ZL

&$$%+3
 / (%* 0(+*#4%0$"1*) *0(+"# +)+.,$+(+#6( .(6%*%0 
/1/0.0 +),+/%0%+*3.% /0 ),+.((61 0+$%#$"(+4 3 *0//4 ((/
)//G4/0%*#**' .+/%+*K YWXX= +,+( 0(@YWXYL@$ 0(/+
 /.% 0$ %),+.0* +"0.%10.6/0. )/K(%' 0$+/ 4$%$4%(( . )+3 
1.%*#)%*  3 (+,) *0*+, .0%+*L"+. (%3 .%*#/1/0.0 =/1## /0%*#
0$0/1/0.0 /K*0$1/$%00/1%0%(%06/ "%* 6 /*  L
4%(((/+ (0 . 6)%*  3 (+,) *01 0+(0 .0%+*+"1,/0. )
/ %) *0. #%) /@

D( \GY?. (%)%*.640 ./$ )+ (. /1(0/> /0%)0 ,. G)%* *,+/0G)%* /0. )"(+4
. 10%+*/0 *G+"G)%* (%" @EK,@^[L

&$$%+3
 1/ #.+1*40 ./0# /4 . +*/% . +*/0*0%*0$ $6.+(+#%
)+ (%*#=0$ /  /0%)0 /. (%' (6%*1.0 @+. +3 .=/4%0$+0$ .
/ 0%+*/+"0$%/// //) *0=0$ 0( %/+(0 /,+0 *0%(%),0/+""(+4$*# /
".+)%),0/+"0 ), .01. =40 .-1(%06*+0$ ."0+./@(0%)0 (6=%0%/
0$ +)%*0%+*+"((+"0$ / "0+./0$04%((,.+1 0$ #. 0 /0%),0/0+
/()+**+0$ .-10%(%" ".+),.+& 0 3 (+,) *0=+, .0%+*=*,+/0G
(+/1. @

D$  ,. %0 0$ #. 0 /0$%00. 10%+*/.  5, 0 "+./,4*%*#1(0%"%
/()+*1.%*#.66 ./@,4*%*#$%00. 10%+*/. 06,%((6,. %0 0+ ( //0$*+.
.+1*\, . *01.%*#.66 ./=*( //0$*\, . *0%*4 06 ./@$ . . )*6
%*/0* /+")+ /0%*. / /%*/,4*%*#$%00@+0( $*# /%*0$  %*(1 XY@_
, . *0(+//+"$%*++'/()+*/,4*%*#$%00%*.66 ./=*XW, . *0%*. / /%*
/+' 6 /()+*/,4*%*#$%00%* G* G%*4 06 ./@%)%(.(6=. .%*#$%00/
4 . ,. %0 0+$*# )+/01.%*#.6,. %,%00%+*6 ./@+/0(+// /,. %0 . /)((
*,.%).%(6%* %3 .=4%0$0$ #. 0 /0(+//+"X@\, . *0+". .%*#$%00"+.$%*++'
/()+*=,.%).%(64%0$%*(+4 */%06. $ /+"0$  %3 .@+/0+0$ .. 10%+*/4%0$%* 
%3 .. ,. %0 0+ 4%0$%*X, . *0+",. G)%* "(+4+*%0%+*/=4$%( /+' 6 /()+*
. .%*#$%00%/,. %0 0+%*. / %* %3 .%*((104 06 ./@EK,@^\L

&$$%+3
$ /  /0%)0 /. (0 0+  *(6/%/"%(0++*/% .#.+1*40 .
%*"(1 * /=+3 .="++4  "" 0/*+0$ ."0+./'*+4*0+%*"(1 * /()+*
C (H  %/$* %00+)) *0/

_[`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 530 of 2339

$%00@+. +3 .=0$ 6"%(0++*/% .0$ %),+.0*0%*"(1 * +"$ 40 .
/0. )/+*. 0%*#+4*/0. )+*%0%+*/+*1%3 0+/()+*/,4*%*#=
. .%*#= 0@%0%+*((6=00+/1,,+.0  =*0$1/"(+4*$%00
. 10%+* /0%)0 /=4 . *+0+(( 0 "+./ 3 .()%( /+4*/0. )+"0$ 
,.+,+/ ,.+& 0"++0,.%*0%*0$  * =+),.+)%/%*#0$ 3(%%06+"
0$+/ )+ (. /1(0/ 3 *"1.0$ .@+.0$ / *+0$ .. /+*/=,. %/ 
/0%)0 /+", . *0# /+"$%00(+// /*#%*/,. / *0 %*0$%/,, *%5
*0$ )%*."0 +1) *0. /%),(6%/%*# *1+1/@

E4A4A4D+)$')+,)

6. 0 40 .%/$.# /K ,0 ) .Y0$.+1#$0+ .[L0+0$  %3 .=0$  %3 .=
*0$ . '$3 0$ ,+0 *0%(0+(0 .0$ 40 .0 ), .01. +".  %3%*#40 .+% /@
$*# /%*40 .0 ), .01. +1(,+0 *0%((6(0 ./,4*%*#0%)%*#* ##%*10%+*
, .%+/+")*# /, % /=(0 .,.+10%3%06+".  %3%*#40 ./0. )/=*(0 .-10%
%*3 .0 .0 +))1*%06/0.101. @. 0 40 .%/$.# 00$  %3 .=0$  %3 .=
*0$ . '".+)0$ 40 .0. 0) *0,(*0/%/ 5, 0 0+ [XSK\SL".+)  ) .
0$.+1#$,.%(K4%*0 .L*\X@_SKXXSL1.%*#60$.+1#$0+ .K/1)) .L@EK,@_WL

&$$%+3
 ), .01. %/)+*#/00$ ,.%).6"0+./.%3%*# ##%*10%+**
) .# * =&13 *%( ) 0+(%/)*#.+40$=*/)+(0%"%0%+*@3 */(%#$0
$*# /%*0 ), .01. *%),00$ 0%)%*#+"0$ / (%" $%/0+.6/0# /I
0%)%*#4$%$$/ 3+(3 +3 .)%(( **%"+.%*%3%1(/0+'/0+,00+3 .6
/, %"%$%00+*%0%+*/@$ %),0/+"0 ), .01. $*# /. 3%.01((6
%#*+. +0$%*0$%/,, *%5/4 ((/%*0$ )%*."0+1) *0@$ 6"%(0+
+*/% .0$ %*0 .0%+*/ 04 *#.+1*40 .*/1." 40 ./=0. 0) *0
,(*0%/$.# /=0 ), .01. $*# /1 0+$*# /%*"(+4( 3 (=*# * .(
%*0 .0%+*/ 04 *0 ), .01. *+0$ .,$6/%(=$ )%(=*%+(+#%(
%),0/+",.+,+/ )%*%*#@%(1. 0+ -10 (6+*/% .0 ), .01. 
%),0/. /1(0/%*3/01* . /0%)0 +",+0 *0%(%),0/%*# * .(@

E4A4A4E+),# +0

D/0 40 .4%(( 0. 0 ,.%+.0+%/$.# 0+40 .-1(%06( 3 (/0$0. ,.+0 0%3 +"
-10%(%" +*/%/0 *04%0$(/'40 .-1(%06/0*./@* %*%0%0 =40 .0. 0) *0*
%/$.# 4%(( , .)* *0@. 0) *0+"4/0 40 .,.%+.0+%/$.# %*+),(%* 4%0$
, .)%0/0%,1(0%+*/*%*++.%*0%+*4%0$0$ Q=%*(1%*#. -1%. )+*%0+.%*#+"
%/$.# /=%/ 5, 0 0+  "" 0%3 0)%*0%*%*#/1%0( 40 .-1(%06"+.)*# 
/, % /@EK,@_XL

&$$%+3
+ .*1.*4/0 40 .0. 0) *0,(*0/+))+*(6 5, .% * 0 ),+..6
"%(1. /=. ( /%*#1*0. 0 +.,.0%((60. 0 40 .%*0+0$  *3%.+*) *0
K @#@= 00( ==1""+('==1.(%*#0+*=L@%3 *0$00. 0) *000$ 
 ( /%0 4%(( . -1%. %*, ., 01%06*%*. )+0 * 50. ) (64 0
*3%.+*) *0=+/%+*("%(1. /. 0+  5, 0 4$%$4%(( 5 40 .
-1(%06.%0 .%*)6$3 ( 0$(=/1( 0$(=*%*%. 0%),0/+*"%/$*
+0$ .-10%(%" K,( / / %*0.+10+.6+)) *0/L@1.0$ .=0$ . . *+
5),( /+")+ .*=+, .0%*#)%* /4$%$$3 /1 //"1((60. 0 / ( *%1)
C (H  %/$* %00+)) *0/

_\`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 531 of 2339

0+0$ ( 3 (/. -1%. 6(/'40 .-1(%06.%0 .%K,( / / ) )+
/1)%00 6)7+4 0(@YWX`>YWXZL@%0$. /, 00++0$ .
,+((10*0/=+* /016/$+4 0$040 .-1(%06.%0 .%4 .  5  %*
#.+1*40 .%*^^c+")%* /=*%*/1." 40 .%*]Wc+")%* /K 1%, ./
* /0YWW]L@ * .((6/, '%*#=40 .-1(%064/4+./ 0$*,. %0 
,.%+.0+)%*  3 (+,) *0K 1%, ./* /0YWW]L@ /0(6= 3 *4$ *
0. 0) *0/1 //"1((6) 0/40 .-1(%06.%0 .%=)*6+*/0%01 *0/+"
, .)%00 %/$.# 4%((/0%(( 5 '#.+1*40 .-1(%0661,0+/%5
+. ./+")#*%01 K/ ( X%*%*0.+10%+*@%"%/()+*. '*+4*0+
$3  3+(3 ,00%+*/0+0$ %.(+( *3%.+*) *0=%*(1%*#40 .$ )%/0.6
K(/!*X``Y=%00)**1%**X``]=1%**YWW\L@3 */10( $*# /%*
$ )%/0.6*%),0 $3%+.=%/.1,0%*#0$ %++),( 5%06 // *0%(0+
)%*0%*%*#0$ +3 .((/1/0%*%(%06+"/()+*"%/$ .% /K %(+.* 0(@X``Z=
$%*( . 0(@YWXW= *06.  0(@YWXYL@

E4A4A4F&%+$ %%+#*

%)#*+ &%&$$%+3
$ / 0%+**+0+*(6"%(/0+ -10 (6+*/% .1)1(0%3 
%),0/+")1(0%,( K 3 *)%*+.L/,%((/+", 0.+( 1)(1.%*0/*"1 (/=%0
*0%. (6%#*+. /0. 0) *0/,%((// /.% +3 @$%/#%*. /1(0/%**
+3 .((1* . /0%)0 +",+0 *0%(%),0/0+ // *0%("%/$$%00@

E4A4B)%*'&)++ &%&)) &)

%)#*+ &%&$$%+3
 1/ +"0$ (%)%0 +)) *00%) ".) =)6+)) *0/$ . 
4%(( "+1/ +*0$ ,.+,+/ ,. " .. .+(%#*) *0@ +4 3 .=%0%/
%),+.0*00+*+0 0$0%*# * .(=0$  *0%. 06+"0$ 0.*/,+.00%+*+..%+.
%*(1%*#0$ " ..6"1*0%+*/0++(( 0%3 (60+3%.01((6%/ 00$  3%$'%3 .
.%*# =.  *0(60$ (.# /0/+' 6 /()+*,.+1%*#40 ./$ %*0$ 4+.(
K1## .+*  0(@YWXWL@$%/%*(1 /%/ 0%+*+" '  (%)*=0$ 4+.(C/
(.# /0/+' 6 /()+**1./ .6K++6YWX_L=4%0$,+0 *0%("+.,%, (%* /,%((/
*( '/0+%),0. .%*#&13 *%( /+' 6 /()+*=+10)%#.0%*#/)+(0/=+.
%*)%#.0%*#/,4* ./@,,.+5%)0 (6_Wc+.)+. +"/1 //"1(/,4* ./0$0
1/ 0$ (' 4%(($3 0+.+//0$ +..%+.,0$460( /004% 1.%*#0$ %.
(%" 0%) K %*'***YWX_L@+(( 0%3 (6=0$ /+' 6 0$0+/,4*
1,/0. )+"0$ ,.+,+/ ,%, (%* +..%+.+),.%/ * .(6YW# * 0%%((6
1*%-1 ,+,1(0%+*/K %*'***YWX_L@+*/ -1 *0(6=)&+.,%, (%* 
% *0$/0$ ,+0 *0%(0+.)0%((6 .+ 0$ %3 ./ /()+*/0+'
,+.0"+(%+I*0$1/+3 .((/1/0%*%(%06I+"0$  3%$'%3 ./+' 6 @
+0 *0%(/,%((/=( '/=*0/0.+,$%"%(1. /$,*+ .+1/0(6*(67 /
.%/'"0+.@+. +3 .=0$  *0%. / 0%+*(%)%0/+*/% .0%+*+"0.*/,+.0%+*
+..%+.%),0/0+0$ +*/0.10%+*, .%+@ 04 *1(3 .0/="1#%0%3 1/0=
40 .4%0$.4(/0+0 1/0=** .(6%* 3%0( +/%+*(+*0)%**0
/,%((/+"+* *0.0 =, 0.+( 1)(1.%*0/="1 (/=*F+.+0$ .)%*%*#G. (0 
$ )%(/=0$%/*(6/%//$+1(  5,* 0++*/% .0( /00$  *0%. (%" +"
)%* +, .0%+*/@#%*=0$ +*/ -1 * /+"+)%00%*#0$ / "0+./%/3/0
1* . /0%)0 +",+0 *0%(%),0/+"0$ 0.*/,+.00%+*+..%+.@

C (H  %/$* %00+)) *0/

_]`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 532 of 2339

E4A4B4A4A ***%  ++ &**

6.+& 0.+/K%#1. ZGZL4%((.+//_W.%*# /*/0. )/(+*#0$ ^^)%KXYZ')L
0.*/,+.00%+*+..%+.K YWX_L=X\+"4$%$.  /%#*0  "+.%"%/()+*K( \G
]L@ 3 *.%# /* %#$01(3 .0/4%((  /%#* *%*/0(( 0+,.+3% "+."%/$,//# 
*)%*%)%7 %),0/0+%"%/()+* @EK,@_[L

&$$%+3
%/$$%00%/ 50. ) (6,++.(6$.0 .%7 +*0$ /+10$ .* //.+
+..%+.@*(63 .61./+.6,. / * /01% /4 . +*10 %*^]+"*
/0%)0 K%*(((%' (%$++ /0%)0 #%3 *%* -1% /+"0$ 0%+*(
6.+(+#60/ 0LX^Z/0. ).+//%*#/(+*#0$ \]')KZ\)%( L,+.0%+*+"
0$ .+KYYWX_=YYWX_L@+) +"0$  ( 0.+"%/$%*#*/*+.' (%*#
/1.3 6/(/0 ( //0$*"%3 )%*10 /=*0$ ) %*/1.3 60%) "+.+0$
) 0$+/4/YY)%*10 /+.( //@$%/%/%*/1""%% *0 ""+.0"+. 0 .)%*%*#
01("%/$,. / * @ 1/ +"%*/1""%% *0%*"+.)0%+*=1(3 .0/4%((3 .6(%' (6
  /%#* %),.+, .(6"+."%/$,//# =*,.+0 0%3 , .)%0/)6(%' (6*+0
 . -1%. "+./0. )/0$0+/1,,+.0*.+)+1//()+**+0$ ."%/$ /@
+. +3 .=1(3 .0/$3  */$+4*0%) *#%*0+. 0 ..% ./0+
)%#.0%+*"+.)1(0%,( (%" /0# /+")1(0%,( /"%/$/, % /. /1(0%*#".+)$%00
%),0/*1/%*#. 1 1** *# * 0%%3 ./%06+""%/$ /
1,/0. )+"1(3 .0/K $*  0(@YWW_=+,(.G "" ./ 0(@YWW`=.%  0(@
YWXW=3%/*3%/YWXX=+.0 .+0+0 0(@YWX[= %*#*C *( 6YWX]L@
1(3 .0/(/+%),  *01.(/0. ),.+ // //1$/$** ()%#.0%+*4%0$%*
"(++,(%**//+%0 *01.(3.%%(%06%*/ %) *0**10.% *0
. .1%0) *0@

E4A4B4A4B +) #&,)-#&'$%+

D$ ,.+,+/ )0 .%(/%0 /3+% "(++,(%*/*. (+0 0/1/0*0%(%/0* /".+)
 K( \G_L@ +4 3 .=/+) )0 .%(/%0 /. * . "(++,(%*/+.%*(1 4 0(*/0$0
+*0.%10 "(+4**10.% *0/0+ @%/01.* +"0$ / "(++,(%*/*4 0(*/+1(
0 ),+..%(6%*. / 01.%%064%0$. /1(0%*# "" 0//%)%(.0+0$+/  /.% +3 =100+
( // . #. @$ %),( ) *00%+**1/ +",,.+,.%0 /*/K 0%+*\@X@Y@X@[L
4%(()%*%)%7 ,+0 *0%( "" 0/0+ ".+))0 .%(/%0  3 (+,) *0@$  "" 0/0+ ".+)
)0 .%(/%0  3 (+,) *0*+, .0%+*. *0%%,0 0+ * #(%#%( @EK,@_^L

&$$%+3
+) )0 .%(/+1. /%0 /. /(+/ /]X)".+)+1) *0 "%/$$%00@
$0/%="%/$$%00%/*+0/1""%% *0(6+1) *0 "+.0$ ,.+,+/ +10$
 //+@*(63 .61./+.6,. / * /01% /4 . +*10 %*^]+"*
/0%)0 K%*(((%' (%$++ /0%)0 #%3 *%* -1% /+"0$ 0%+*(
6.+(+#60/ 0LX^Z/0. ).+//%*#/(+*#0$ \]')KZ\)%( L,+.0%+*+"
0$ .+KYYWX_=YYWX_L@+) +"0$  ( 0.+"%/$%*#*/*+.' (%*#
/1.3 6/(/0 ( //0$*"%3 )%*10 /=*0$ ) %*/1.3 60%) "+.+0$
) 0$+/4/YY)%*10 /+.( //@$%/%/%*/1""%% *0 ""+.0"+. 0 .)%*%*#
01("%/$,. / * @+. +3 .=((/+1. )0 .%(/)1/0  (%3 . 0+0$ 
/0. ).+//%*#=%*0.+1%*#"1.0$ .%),0/0+0$+/ 40 .+% /K+0$
+1) *0 *1*+1) *0 /"%/$$%00L=%*(1%*#,+0 *0%($*# /%*
0 ), .01. =%//+(3 +56# *=*+0$ .$ )%(*%+(+#%(%),0/
C (H  %/$* %00+)) *0/

_^`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 533 of 2339

K%*(1%*#10*+0(%)%0 0+%),0/(%/0 %*0$ ,.#.,$+"0$ ,, *%50+
,. 3%+1/0+0$ +* -1+0 $ . ? . / "++,.+10%+*I(+//+"
%*3 .0 .0 /=%*. / )+.0(%06+" .(6(%" /0# /=/1/ ,0%%(%060+
,. 0%+*= 0@L@

E4A4B4A4C+)*

60 .4%0$.4(/".+)"%/$ .%*#/0. )/. -1%. 10$+.%70%+*".+)0$ *0$ 
Q@Q. 3% 4/, .)%0,,(%0%+*/0+ */1. 0$040 .4%0$.4(/. ,.+0 0%3 +"
"%/$63 .%"6%*#0$0 -10 "%/$,//# %/3%(( =,.0%1(.(61.%*#.%0%((%" /0# /=
*40 .( 3 (/. /1""%% *00+3+%/0.*%*#&13 *%( /* 40 .%*#. /@ .)%0
+*%0%+*/4+1(/ 0(%)%0/+*40 .4%0$.4(K06,%((6)5%)1),1),%*#.0 =)5%)1)
#((+*/, .6=*0+0(3+(1) 4%0$.4*L*  //.60+,.+0 0"%/$*0$ %.$%00*
4+1(. -1%. 0$ %*/0((0%+*+"/. */040 .%*0' ,+%*0/0+,. 3 *0"%/$ *0.,) *0@
+),(%* 4%0$Q, .)%0/0%,1(0%+*/4+1()%*%)%7 ,+0 *0%(%),0/0+ @$ 
 #. +"%),0%/(+4?0$  "" 0)61/ )%*+.0 ),+..6$*# /0+ K+$+/()+*=
$%*++'/()+*=/+' 6 /()+*=/,4*%*#*. .%*#>$1)/()+*/,4*%*#>*,%*'
/()+*,. / * L=10 $.0 .%/0%/4+1(. 01.*0+*+.)("0 .0$ 0%3%06 / /@EK,@
__L

&$$%+3
%3 *0$ ('+"/1""%% *0%*"+.)0%+*+10$%001/ +")+/0+"0$ / 
40 .+% /K @#@=* 50. ) (6(%)%0 /),(%*# ""+.0+*0$ ,.+,+/ .+
+..%+.*%* '  (%)*=/4 ((/%*/1""%% *0) 0$++(+#61/ "+.0$ 
)%*  //*/,1..+/L=0$ / %),0/. (%' (63/0(61* . /0%)0 
KC (YWXY=++6YWXY=YYWX_=YYWX_L@+. +3 .=0$%// )/0+
%#*+. 0$ %),0/+"40 .4%0$.4(/1/ 1.%*#,.+& 0+, .0%+*"+.1/0
+*0.+((+*#0$ .++..%+.@%3 *0$ 3+(1) /+"0.""%,. %0 =1/0
0 ) *0**+0 0.%3%( ""+.0=*0+)%*%)%7 ,+0 *0%((6+*0)%**0G
( *"1#%0%3 1/0)6. -1%. (.# 3+(1) /+"40 .0$.+1#$+100$ ,.+& 0
(%" @$ / "0+.//$+1( %*+.,+.0 %*0+0$ *(6/%/0+,,.+5%)0 
01(,+0 *0%(40 .1/ %),0/@

E4A4B4A4E&%+$ %%+#*

D *% *0(/,%((/+", 0.+( 1)(1.%*0/*"1 (/1.%*#.++*/0.10%+*K 1(6XH0+ .
YL$3 0$ ,+0 *0%(0+"" 0"%/$*-10%. /+1. /=%*(1%*# @+0 *0%(1/ /+"
%*% *0(/,%((/%*(1  -1%,) *0"%(1. ="1 (0.*/" ./=% *0/=*$1)* ..+.A/ 
1,+*. #1(0+.6+),(%* *%),( ) *00%+*+"+*0.+() /1. /=%),0/+* K+$+
/()+*=$%*++'/()+*=/+' 6 /()+*=/,4*%*#*. .%*#>$1)/()+*/,4*%*#>*
,%*'/()+*/,4*%*#L".+)+*0)%**0. ( / /1.%*#+*/0.10%+*.  5, 0 0+ 
* #(%#%( @EK,@`WL

&$$%+3
$ +*(1/%+*+"* #(%#%( %),0/%/1*/1,,+.0 60$ +1) *0=
,.0%1(.(64%0$+10/+) +*/% .0%+*"+./,%((.0 /%*+0$ .(/')%* /%0 /
%*%0%+*0+.+1/ %*3+(3%*# 50. ) (6$ 360.""%0.*/,+.0%*#0+5%
+* *0.0 %*%0%+*0+, 0.+( 1)(1.%*0/="1 (/=*+0$ .)%*%*#. (0 
+*0)%**0/@%(1. 0++*/% .+*0)%**0. ( / 1.%*#,.+& 0+, .0%+*
%/#.+//+)%//%+*. /1(0%*#%**+0$ .3/01* . /0%)0 +",+0 *0%(%),0/@
C (H  %/$* %00+)) *0/

__`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 534 of 2339


F + + - *,)*

%)#*+ &%&$$%+3
%0%#0%+*) /1. / /.% )1(0%,( ,(*/4$%$$3 *+06 0
 *."0 +."%*(%7 "+.. 3% 4=*0$1/0$ %./1""%% *6* "" 0%3 * //
**+0  3(10 K @#@=,(*0+,. 3 *0"%/$,//# %*0+$%00/,.+,+/ 
"+.. )+3($  3 (+, >*%*3/%3 /, % /)*# ) *0,(*$ 
 3 (+, = 0@L@+. +3 .=)%0%#0%+*) /1. /. (6$ 3%(6+* /0
)*# ) *0,.0% /K/L=0$  "" 0%3 * //+"4$%$%/(.# (61*0 /0 %*
0$ (%0 .01. *1* 3(10 %*0$%/,, *%5+.0$ ."0 %*# * .(@
/0(6= 3(10%+*+")%0%#0%+* *0%. (6%#*+. /"101. )%0%#0%3 F. /0+.0%+*
) /1. /1.%*#,+/0G(+/1. K/ +*1*/1,,+.0 +*(1/%+*/+"* #(%#%( 
%),0/0+"%/$$%00L@ *# * .(=)%0%#0%+**. /0+.0%+* ""+.0/%*0$ 
+4 .[_$3  *+0$ 50. ) (6 5, */%3 =*0$ %. "" 0%3 * //%/,++.(6
1* ./0++I0$+1#$%0%/'*+4*0$ 6$3 *+0. /1(0 %* (%/0%*#+"*6
%"%/()+*/0+'/0+0 KX``Y=+*% 0(@YWWY=*+0$ ./L@

/ C3 /00 )1(0%,( 0%) /0$.+1#$+100$ / +)) *0/=%0%/)6/0.+*#+,%*%+*0$00$  %/
4$+((6%*/1""%% *0"+.// //%*#,+0 *0%(%),0/+" ( %*  3 (+,) *0%*%0/1.. *0
/00 @ 0#.+//(61* . /0%)0 /%),0/0+"%/$*0$ %.$%006. (6%*#+*%*/1""%% *0*
..+* +1// (%* 0=+100 )+ (/=)%/%*"+.)0%+*=*6+),.0) *0(%7%*#%),0/
606, *%*//+%0%+*4%0$%*%3%1(,.+& 0+),+* *0/@. 3%/  /$+1( 4.%00 *
0+%),.+3 +*0$ / #(.%*# "%% *% /6%*+.,+.0%*# /03%(( /% * *% ((6, .
. 3% 4@$ .%/0+(60 ./$ // //) *0KYWX[L,.+3% /"%*  5),( +"
$+(%/0%=*0 $*%((6/1""%% *0 5),( @

$*'6+1'%*(6"+.0$ +,,+.01*%060+,.+3% +)) *0*"+.0'%*#0$ 0%) 0+. *
+*/% .0$ / +)) *0/=


.$C (
/.$(+1%/ +* (R#)%(@+)
KZ]WL`X_G[Z\Y




C (H  %/$* %00+)) *0/

_``_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 535 of 2339


)%*

 ("%+= @@=@@+*7 ((=@ @*01=*@ @ 3 /@YWX_@.)4%*0 ./. 1 
(*/, G/( 3.%%(%06%*0$ 1.0%+*+" ##%*10%+*"+.+$+()+*
K &"  "!L+*0$ +,, .%3 . (0=(/'@*%* +1.*(+"%/$ .% /
*-10%% * /@
K(/' ,.0) *0+"*3%.+*) *0(+*/ .30%+*L@YWXW@%010%+*. ,+.0"+.%( 6
+0*' .0.%( ./,%((@%3%/%+*+",%((. 3 *0%+** /,+*/ =. 3 *0%+*
*) .# *6 /,+*/ .+#.)@ ,0 ) .YY=YWXW@Z,,@
K(/' ,.0) *0+"%/$*) L$%*++'()+* / .$ )@YWXZ@$%*++'
/()+*/0+'// //) *0*. / .$,(*=YWXZ@%3%/%+*/+",+.0%/$*
+)) .%(%/$ .% /, %(1(%0%+*+@XZGWX@*$+.# = @
@YWX`@,, .++' *( 0+)) .%("%/$%*#**+1* ) *0+@X=) .# *6+. .
*1) .YGWXGX`@# Y=+(+0*= @
((*= @@=*@@/0%((+@YWW^@0. ) +(+#6?/0.101. *"1*0%+*+".1**%*#40 ./@
,.%*# .% * Q1/%* // %@
*# .) % .=@ @=@@$ ( .=*@@+/ * .# .@YWW[@+* ,01(".) 4+.'"+.
// //%*#%),0/+".+/+*-10%%+0@%/$ .% /BI?X`GY`@
.+/0 #1%=@@=*@@1%**@YWX_@.+,$% +(+#6+"*+**.+)+1/.%*+40.+10%*
,+/0G#(%((' /6/0 )?,.0%(+*3 .# * +""(13%(*"(13%("+.)/@*%*
+1.*(+"++(+#6IF?_X_G_Y^@
.+/0 #1%=@@=@@1%**= @@ = @@ =*@ @ %** 6@YWX`@ 0 *0%+*+"
$.+)+/+)(%*3 ./%+*".+)**.+)+1/* /0+.,.+3% /0$ # * 0%/%/"+.
(0 .*0%3 ". /$40 . +06, /%*.%*+40.+10@+( 1(. +(+#6@
10$)*=@@=@@'%=@@ $(("=* @ @/@YWX\@/ +""%/$/%+G%*%0+.+"
0$  "" 0/+"$ 36) 0(/,+((10%+*@ +1.*(+"-11(01.  / .$Q 3 (+,) *0
F?XGXZ@
  K.0%G1'+*G 1/'+'4%)1/0%*( ()+* *%0%0%3 L@YWXZ@.0%G1'+*G 1/'+'4%)
$%*++'/()+*. / .$0%+*,(*@*$+.# = @_^,,@
(4%*=@ @=@@0.=*@ @$+(7@YWXX@+,, .G%*1 +("0+.60+5%%06%*/()+*
*/0 ($ ?50.,+(0%+*.+///, % /*. .%*# *3%.+*) *0/@-10%
+5%+(+#6A@A?Y`\GY`^@
5=@ @X`_^@"" 0/+"0*' .% *0**+%((+4+10%*.%/0+(6=(/'=+*
. 01.*%*#1(0/+' 6 /()+*K &" LI/%)1(0%+*/016@.%* 
*3%.+*) *0(. / .$BB?X^^GYWZ@
 .=@@* @ @* ./+*@YWWX@"" 0+"/,4*%*#6*0 ), .01. +*/()+*
) .# * ?%*0 .,. 00%+*/+"#.+40$)+ ("+. 0$+4%3 .$%*++'@*%*
+1.*(+"%/$ .% /*-10%% * /=EH?`[ZG`[`@
. ***=@@YWX_@1*0%"6%*#$%001/ +"*.+)+1/"%/$1/%*#/, G0%) %/+0+, 
)+ (/@) .%*%/$ .% /+% 06= /0 .*%3%/%+*=*$+.# = @
. ***=@@=@@ .** 7= @@1.*/=@/4=@@$%*( .=*@@ .(%*#@YWX`@
/+0+, /%*0 0$*.6,0%,+,1(0%+*+"+/0(". /$40 ./ (/@+*/ .30%+*
%+(+#6@
. ***=@@=@@$%*( .=@ @(%* =@@(/4+.0$=@1'=*@@ .** 7@YWX`@
$%"0%*#$%00)+/%/%*"%/$,.+10%+*.+//.%3 ./%* /@% * CFD?^_ZG^_]@

C (H  %/$* %00+)) *0/

`W`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 536 of 2339

.+4*=@YWX`@$ 1* .#.+1*"%#$0+3 . (  //@Q 4/@6YZ=YWX`@
$00,/?FF444@ * 4/@* 0F#. *4%. FYWX`FW\FYZF/0+.% /FXW]WZ_[`_X@ // YZ
6YWX`@
1 =@@=@$..=* @@ @X``_@3% * +")# 0+,%*'/()+*,+,1(0%+*/
%*$%0%*#.%* %((%)+1*=(/'=04+# * .0%+*/"0 .0$ 55+*( 7+%(/,%((@
.*/0%+*/+"0$ ) .%*%/$ .% /+% 06ABG?Z\G[Z@
 K++' *( 0-11(01. //+%0%+*L@YWX`@ 0$ .% /4 ,# ?
$00,/?FF444@%* 0@+.#F$0$ .% /@$0)(@ // X\6YWX`@
+(3%*=@@@=@@@1((%3*=@@$%. 6=@@+(3%*= @@%* )%(( .=@@ 1#$ /= @@
1/$=@@ *"*0 = @@( *= @@ /0# *=@ @* $6=* @6@YWX`@
40 .0. )/* 0(*/. .%0%("+.1/0%*%*#%/$=%/$ .% /=*
+/6/0 ) .3% /@%/$ .% /DD?^ZG`X@
+* .=@ @=*@@** .@X`_^@ /0+"4 %#$0 1/( .  /0%)0 / .%3 ".+)
  )+ ("+.%*/0. )"(+4/01% /+*0.+10/0. )/@+.0$) .%* +1.*(+"
%/$ .% /*# ) *0G?ZZ`GZ\W@
3%/= @@=*@@3%/@YWXX@$ %*"(1 * +"/0. )G.+//%*#/0.101. /+*0$ %/0.%10%+*
+". .%*#&13 *%( %"%/()+*@ +1.*(+"0$ +.0$) .%* *0$+(+#%(+% 06
C@?XXX^GXXY_@
%00)*=@=*@1%**@X``]@ +)%*#%*%"%/()+*?) $*%/)/* +(+#%(/%/@
+1.*(+"5, .%) *0(%+(+#6AII?_ZG`X@
1##*=@@=@ @ +0(%'=*@ @( ) *0/@YWX_@ *0 #.0%*# /1(0/+"% (%+)+*%0+.%*#
* /++/)5, .%) *0/+(%0 +/0/,%(( ),0/+" 0.+( 1) 6.+.+*/
+*0. ) *0$%+))1*%0% /@*3%.+*) *0(/% * Q0 $*+(+#6EB?XZ\_[GXZ\`W@
#( /G)%0$=@@= @@' .)*= @ @%((' .=@@0 =@@ 107= @@( '=@@0 4.0=
@@% * .=@@3 ./= @@ ,'= @@3%/=*@@.%07@YWX]@,0%(*
0 ),+.(,00 .*/+") .1.6+* *0.0%+*/%*". /$40 ."%/$.+//0$  /0 .*
*%0 00 /**@% * +"$ +0(*3%.+*) *0EFH?XX^XGXX_[@
+(+#6**3%.+*) *0= @YWXW@*// //) *0+" +(+#%(.%/'0+4%(/()+*/6/0 )/".+)
(.# G/( )%*%*#%*0$ 1/$#'* 3%$'40 ./$ /+"0$ .%/0+(6/%*@$ 
01. +*/ .3*6@
((= @@=@ @ +( *=@3%/=@@ .% #=*@ +/0 .@YWW]@1/%/0 * $.3 /0/*1/ /+"
4%(. /+1. /%* (%)*= 4$( *=+*(0+*=*+.0(/4+.0$=(/'=YWW[@# 
[W\@+@@(/' ,.0) *0+"%/$*) = %0+.@=*$+.# = @
.#=@@=@@++4.= @@+(/0 %*=@.1)1#$=* @@ 6 .@X``_@
+* *0.0%+*/+") 0(///+%0 4%0$)%*%*#4/0 %*/ %) *0/=%+"%()= *0$%
).+%*3 .0 .0 /=*"%/$".+)0$ + 1.O( * %3 ./%*= $+@.$%3 /+"
*3%.+*) *0(+*0)%*0%+**0+5%+(+#6CD?XX`GXY^@
+.)*=@@=* @@( 5* .@X``_@+/*0$ %.)&+. +(+#%( "" 0/@**1(
 3% 4+"+(+#6*6/0 )0%/BI?YW^GYZX@
.*'(%*=@@= @ @01 .=@@,0 =*@@ %)@YWWY@"" 0+"%*%0%( (( */%06+*0$ 
%+3%(%(%06*0+5%%06+"+,, .%*)%.+(#(%+//6/@*3%.+*) *0(+5%+(+#6
*$ )%/0.6?* *0 .*0%+*( +1.*(BA?^[YG^\X@
1.*%//=@ @=@@+ (+"/=*@@ @X``X@++*/0.10%+**)%*0 ** @) .%*
%/$ .% /+% 06, %(1(%0%+*AI?Y`^GZYZ@
$"".%= @=@@+..%/+*=@*.  1%&0 .=@%3'+3%=@ *0 ()**=@)/ 6=*@
+4% @YWXX@. (%)%*.6// //) *0+"0$  ( .+& 0=+10$4 /0(/'@
*+13 .=.%/0%/$+(1)%@
.++0=@=* @.#+(%/@X``X@%"%/()+*(%" $%/0+.% /@*%3 ./%06+"/$%*#0+*. //@
C (H  %/$* %00+)) *0/

`X`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 537 of 2339

.1 =@@=@@.* .=*@ @% .0@X``X@*0$ /%#*%"%* +",+((10*0G%*1 
(0 .0%+*/%*0$  $3%+1.+""%/$*4%((%" @# []Z@ ((O)+= %0+.@
 $3%.+1.(+0+5%+(+#6@ +$*%( 6*+*/ 0@= /01// 5= @
((= @ @=*@@%//).@YWW[@ %00"0+./"" 0%*#/+' 6 /()+*. /%0 / ( 0%+*
%*+""G$** (,+*/+".%3 ."(++,(%*@.*/0%+*/+"0$ ) .%*%/$ .% /+% 06
ACC?X[_WGX[`]@
)**=@ @=@@ ** 6=@@$%0 =* @@0*"+.@YWX[@,0%(3.%%(%06%*
/,4*%*#$%00/ ( 0%+*6$%*++'()+*K*+.$6*$1/0/$460/$L%*
4%( .* //.%3 .@%3 .. / .$*,,(%0%+*/C@3XW``GXXW`@
*+'=@ @YWWY@ 1)*%),0/+*0$ /0. )H#.+1*40 . 5$*# 7+* @*3%.+*) *0(
*# ) *0BI?^]ZG^_X@
*/ *= @@= @@@..= @ %,0+*=@ (=* @ @ .#)*@X```@%"" . * /%*
* 1.+ $3%+.(. /,+*/ /+"$%*++'/()+*K*+.$6*$1/0/$460/$L*
.%*+40.+10K*+.$6*$1/)6'%//L 5,+/ 0++,, .*+(0? $3%+.(
3+%* @*3%.+*) *0(+5%+(+#6*$ )%/0.6AH?X`^YGX`^_@
*/ *= @@= @@+/ =@@ *'%*/= @@ .+4=* @ @ .#)*@X```@$%*++'/()+*
K*+.$6*$1/0/$460/$L*.%*+40.+10K*+.$6*$1/)6'%//L 5,+/ 0+
+,, .? 1.+,$6/%+(+#%(*$%/0+(+#%( "" 0/+*0$ +("0+.6/6/0 )@
*3%.+*) *0(+5%+(+#6*$ )%/0.6AH?X`^`GX``X@
$0=@@=@ @(4%*=@@ * =@ 4' /=@ @.+//=*@ @$+(7@YWW^@*
+3 .3% 4+"/ */+.6 "" 0/+*&13 *%( /()+*%/ 5,+/ 0+%//+(3 +,, .?,,(6%*#
 *$).'+* *0.0%+*,,.+$0+ 3(10 /1( 0$(* 1.+ $3%+.(0+5%%06@
 $*%( )+.*1)GG_Z@\\,,@
%(+.*=@=1%**=@@=$%*( .=@@=+# ./=@@YWWZ@%++),( 5%06*"%/$ .% /
/1/0%*%(%06@.+ %*#/+"0$ 0%+*( )6+"% * /+"0$ *%0 00 /+"
) .%A@@?]\][G]\]_@
%((#.1 .=@=*@@%)) .)*@YWW`@/01.%*  +(+#6+"&13 *%( /()+*%*4 /0 .*
(/'?. 3% 4@# /X_ZGX``) .%*%/$ .% /+% 066),+/%1)@
+ ) $ .=@@=@@+/ * .# .=@@%)) .)*=@@(' .=*@ @%.@YWXZ@
/01.%*  *3%.+*) *0//. .%*#$%00/"+.&13 *%( +$+()+*%*+*0./0%*#
/+10$G *0.((/'40 ./$ /@.*/0%+*/+"0$ ) .%*%/$ .% /+% 06
ADB?X[_XGX[`[@
=YWX[?(%)0 $*# YWX[?6*0$ /%/ ,+.0@+*0.%10%+*+"+.'%*#.+1,/ = * 
0+0$ %"0$// //) *0 ,+.0+"0$  *0 .#+3 .*) *0(* (+*(%)0 $*# M+. 
.%0%*# )=@ @$1.%* @@ 6 .K /@LN@ = * 3=4%07 .(*=X\X,,@
.3%* = @@=*@@1'14'@YWXX@%"%/()+*1** 0. */*(%)0 $*# @
 +1.*(+".%* % * FH?XXYYGXXZW@
*7=@@KYWXXL@ ( *%1)@%/$$6/%+(+#6? +) +/00%/*+5%+(+#6+"// *0%( 0(/@
@@++=@@.. ((*@ @.1* .@ +*+*= =(/ 3% .@CA@
4 00=@@=* @ @1""6@YWW^@ .1.6%*"%/$ /+"(/'=4%0$ ),$/%/+*/1/%/0 * 
/, % /@% * +"0$ +0(*3%.+*) *0AE3ZGY^@
+$*/+*=@ @=@@$.% .=*@ **%" .@YWW^@()+*%% (.+0++(/ *++'@) .%*
%/$ .% /+% 06@
+$*/+*= @YWW^@%/$%/0.%10%+*0/ ,.+& 0=YWW^GYWW_@# Y_@+@@@(/'
 ,.0) *0+"%/$*) = %0+.@=*$+.# = @
+$*/+*= @=*@%#* 1(0@YWXZ@0(+#+"0 ./ ),+.0*0"+.,4*%*#= .%*#=+.
%#.0%+*+"*.+)+1/%/$ /G /0 .* #%+*="" 0%3  1(6X=YWXZ@@+@@@@
@= %0+.@=*$+.# = @
C (H  %/$* %00+)) *0/

`Y`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 538 of 2339

+$*/+*= @*@(+//+)@YWX`@0(+#+"40 ./%),+.0*0"+./,4*%*#=. .%*#=+.
)%#.0%+*+"*.+)+1/"%/$ /H+10$4 /0 .* #%+*="" 0%3  1* X=YWX`=(/'
 ,.0) *0+"%/$*) =, %(1(%0%+*+@X`GW\=*$+.# @
%= @* @0$ (.@YWXX@ .1.6=%/$$6/%+(+#6? +) +/0/%/*+5%+(+#6+"+*G
// *0%( 0(/@ )%. //=,,@YZ^GY`\
%*#=@=* @@O *( 6@YWX]@,0%)(%/$//# ..% . )+3( 3%/%0 @%3 . / .$
*,,(%0%+*/CB?[X_G[Y_@
(%* =@@=+ .%*#= @ @=0$%/ *=@@=+ =@@X``Z@ 6(%*#+" ( ) *0/0.*/,+.0 
1,/0. )6.1*/+"%"%/()+*? @:X\*:XZ 3% * %*/$%*. '=
+10$ /0 .*(/'@*%* +1.*(+"%/$ .% /*-10%% * /E@?YZ\WGYZ]\@
1$= @@=@@+00=* @@1('@YWXX@ +3 .6+"0 ), .0 .%3 .%* "%/$
// )(# ".+))&+.% / (+%(/,%((@. /$40 .%+(+#6EF?\WZG\X_@
1%, ./= @@= /0=@@= .6= @@= 4/+*=@YWW]@+),.%/+*+",. %0 *01(
40 .-1(%060$..+')%* /?0$ . (%%(%06+",. %0%+*/%* *3%.+*) *0(%),0
/00 ) *0/@ 1%, ./*//+%0 /=1'*3%.+*) *0(=*.0$4+.'/=100 =@
4+*=@@=@@ *06. =@@( ' .=* @@), ((@YWXY@ .1.6%+)#*%"%0%+*%*
0$ "++4 +"* +0.+,%(/0. )@% * +"$ +0(*3%.+*) *0DAG8DAH?`YG`^@
$* =@=@1!=@+/0% =*@!.1!@YWW_@ ),+.(*/,0%(-1*0%"%0%+*+"
"%* G/ %) *01)1(0%+*+4*/0. )+"1(3 .0/%*.++'0.+10$%00@.*/0%+*/
+"0$ ) .%*%/$ .% /+% 06ACG?X_Y]GX_Z_@
 07=@@=@ @(4%*=@@  .0= @@0.'=*@ @$+(7@YWX[@( 30 
0 ), .01. /%*. / 0$ 0+5%%06+", /0%% )%501. /0+&13 *%( +$+/()+*@
-10%+5%+(+#6ADF?Z_G[[@
*/0 . =*@ @+4* /@YWXW@ %*'%*#0$ $6.1(%4+.(+"%*%3%1(+.#*%/)/0+
+(+#%(,.+ // /?,100%*# +(+#6%*0+ +$6.1(%/@%3 . / .$*
,,(%0%+*/BF?Z_\G[WZ@
*#=@@=@ @ 3 /= @@ ((=*@@%,"(%@YWW]@$ %*"(1 * +""((G/,4*%*#+$+
/()+*K*+.$6*$1/'%/10$L+*#.+40$*,.+10%+*+"&13 *%( +$+/()+*
. .%*#%* 3 .,+*/+*0$ +,, .%3 . (0=(/'@*%* +1.*(+"%/$ .% /
*-10%% * /FC?`X^G`ZW@
)(6=@@YWW[@-10%/ ( *%1),+((10%+*%/#(+( *3%.+*) *0(/" 06%//1 @
+0+5%+(+#6**3%.+*) *0(" 06EI?[[G\]@
+,+(= @@=@@+()*=* @@%(( .@YWXY@(13%(.+ // /%* +)+.,$+(+#6@
. )*=*.*%/+=@\YY,,@
4%/=@=@@.*0=@@. ** .=*@ )7'%@YWX\@$*# /%*/%7 *# +"$%*++'
()+**+.$6*$1/0/$460/$. 01.*%*#0+(/'@ +A@? WXZWX_[@
%*'=@*@**@YWX_@0+'+),+/%0%+*+"0$  3%$'%3 ./+' 6 /()+*/)+(0.1*=
YWXYGYWX]@. / *0 0++10$4 /0 *0 .# *6 0%*#K L= .1.6Y_YWX_@
%((%*#$)= @
+. *7= @@=* @ @%( .@X`_`@,4*%*#$%00*. $.0 .%/0%/+"/+' 6 /()+*
%*0$ #(%('1%3 .=.%0%/$+(1)%*(/'@.*/0%+*/+"0$ ) .%*
%/$ .% /+% 06AAH?[`\G\WY@
+.%*#=@@YWX]@+4.0$ +.6+"+ 5%/0 * %*/$. /+%(G +(+#%(/6/0 )/?0$ / 
+"++'%*( 0/()+*"%/$ .% /@ 1)* +(+#6DD?X\ZGX]\@
+.%*#=@@= @ @1""6=*@@1..6@YWXW@.%/'H * "%0*(6/%/+"4%("%/$+*/1),0%+*
"+.3.%+1//, % /%*(/'. 3 (//$+.0+)%*#/%*0*)+*%0+.%*#* /@% * 
+"$ +0(*3%.+*) *0D@H?[\ZYG[\[X@

C (H  %/$* %00+)) *0/

`Z`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 539 of 2339

+.7= @=*@$ ./+*@X`^]@"" 0/+"+,, .+.7%*%*". /$40 .+*0$ ,00%+*0+
/ 40 .*/ 0%3%06=*0$  "" 0/+"+,, .+*)%#.0+.6%/,+/%0%+*+"
+$+/()+*K*+.$6*$1/'%/10$L@ +1.*(@
6*' .K 6*' . $*+(+#% /@YWX`@)+ (*(6/%/+""(+4* ,+/%0%+*".+)0%(%*#/)
"%(1. 00$ ,.+,+/  ( %* @$ 01. +*/ .3*6*.%/0+(6 #%+*(
 "++ 3 (+,) *0//+%0%+*=+1 .=@
60( = @@*@@ 60( @YWWX@/ +",(*0/"+.0+5%%06// //) *0+" /01.%* 
+/6/0 )/@*3%.+*) *0(+5%+(+#6*$ )%/0.6B@?]_G_Z@
$ ./+*= @@=@ ++0 =@@1((%3*=*@@0 3 */@YWXY@"" 0/+"1(3 .0/+*
/0. )"%/$// )(# /%*0$ ( .0"++0$%((/@+.0$) .%* +1.*(+"%/$ .% /
*# ) *0CB?[_WG[`W@
(+()= @@=@+1(/6=@@+1*#/+*=@@ **$= @@ . *=*@$+.* @YWW[@
6.+(+#%(%*"(1 * /+*$6,+.$ %40 .-1(%06?%),(%0%+*/"+./()+* ##/1.3%3(@
6.+(+#%(.+ // /AH?X\[ZGX\]W@
(%/+*=@ @= @@6=* @@0*"+.@YWX\@ 13 *%( /()+*%#.+40$=/1.3%3(=*
,.+10%+*%*(.# .%3 ."(++,(%*)+%"% 6 3 ./K/0+.* */%/L@*%*
+1.*(+"%/$ .% /*-10%% * /GB?X]Z`GX]\X@
(%/+*=@ @=@@ +.*#=@@$%0 =* @@0*"+.@YWX[@ 3 ./K/0+.* */%/L
%*"(1 * $%00"+.&13 *%( /()+*%*(.# (/'*.%3 ."(++,(%*@. /$40 .
%+(+#6EI?XYY`GXY[]@
1# .=@=@$"0 (= @@ ,,%=*@ @%* ((@YWX]@1)) .0 ), .01. . #%) /%*
/+10$ *0.((/'/0. )/?40 ./$ .%3 ./+"3.%0%+**,+0 *0%(%),(%0%+*/
"+.%"%/()+*@*%* +1.*(+"%/$ .% /*-10%% * /=GD3^WYG^X\@
 *06. = @ @=@ @(4%*=@@ 1$),=*@ @$+(7@YWXY@ +4G( 3 (+,, .
5,+/1. /%*. / 3%/%%(%06*31(* .%(%06+"&13 *%( +$+/()+*0+100$.+00.+10
,. 0+./@+(+#%(,,(%0%+*/BB?X[]WGX[^X@
 *06. = @ @=*@@ 1$),@YWW^@# *0.+,$%,+/%0%+*+)%*0 %+1)1(0%+*
+") .1.6*+.#*+$(+.%* /%*0$ "++4 +" ' /$%*#0+*@% * +"$ 
+0(*3%.+*) *0CGB?\^XG\_[@
 6 .= @@=*@ @)/@YWXW@ (0%+*/$%, 04 *%+0%(%#*)+ (G/ 40 .
-1(%06.%0 .%*3+%* *+("0+.6. /,+*/ /0++,, .6"%/$@*3%.+*) *0(
+5%+(+#6*$ )%/0.6BI?YW`]GYXWZ@
 6 .= @@=*@ @ +. /0@YWX_@.+0 0%3 * //+"140 .-1(%06.%0 .%#%*/0
%),%.) *0+" $3%+.*$ )+F) $*+/ */+.6. /,+*/ /?*1,0 @
*3%.+*) *0(+5%+(+#6*$ )%/0.6CG?XY]WGXY^`@
+..%/= @@=@@.%*')*=@@.* 6=* @ %,0+*@YWX`@+,, .0+5%%06%*.%/0+(6
$ 40 ./?.0XI10 )+.0(%06*)% *040 .-1(%06.%0 .%%*(+4G$.* //
40 .@*3%.+*) *0(+5%+(+#6*$ )%/0.6CH?X`WGX`^@
+..%/= @@=@@.%*')*=@' /$%0=@ @ *=@@.* 6=* @ %,0+*@YWX`@
+,, .0+5%%06%*.%/0+(6$ 40 ./?.0YI("0+.6%*$%%0%+*%*(+4G$.* //
40 .@*3%.+*) *0(+5%+(+#6*$ )%/0.6CH?X`_GYW`@
+./0=@YWWZ@ 3%$'%3 ./+' 6 /()+*/,4*%*##.+1*/1.3 6/=X`\\GYWWY@YWYGZY=
=%3%/%+*+"+)) .%(%/$ .% /= %*#()+*= @
+14= @YWX_@ 3% 4+" ( .+& 0 .)%0GYWX^GY^X*/1,,+.0%*#
*3%.+*) *0(/ (%* /01% /?*.%0%(//1),0%+*/ 3(%0 0+/1,,+.0
// //) *0+"%),0<=(++,(%* /+1. /=*$+.# = @
+6( =@@=* @@ /. (@YWW\@*0 /0 //1),0%+*/? "" 0%3 * //+"/. *%*#%3 ./%+*/
"+.+*/ .30%+*+""%/$,+,1(0%+*/@%/$ .% /C@?YWGY_@
C (H  %/$* %00+)) *0/

`[`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 540 of 2339

K+.0$) .%* 0(/+1*%(LYWXZ@ ( *%1)4+.'%*##.+1,4$%0 ,, .. ,+.0
 *1)@]],,@
 $(/ *=@= @@%((%)/= @@ %$0+4%$@X``X@%"%/()+*0.+//.+/?0+'/0
.%/'".+)(%"+.*%=. #+*= $+=*/$%*#0+*@%/$ .% /AF?[GYX@
 1/4*# .= @@=@@%,"(%=@ @3 */+*=@@ 1#$ /=*@@+/ * .# .@YWX\@ +4
,.+10%3%06+"$%*++'/()+*/0.+*#(6+.. (0 /4%0$$%#$/1)) ./0. )%/$.# 
%*04+(/'*.%3 ./%*0$ 1'+*.%*# @*%* +1.*(+"%/$ .% /*-10%
% * /GB?XXY\GXXZ^@
%' (/+*=@@= @@+# ./=@ @ +$*/+*=*@@+(77%@X``Y@ /+*($*# /%*$%00
1/ 6&13 *%( +$+/()+*K*+.$6*$1/'%/10$L%*. #+*+/0(/0. )/@
*%* +1.*(+"%/$ .% /*-10%% * /DI?^_ZG^_`@
@X``]@,/0. )?()+**+% 06%*0$ %"%+.0$4 /0@0%+*( )% /. //@
$( .# .= @=$ 1 . ((=@@*$%*( .=@@=YWX]@+,1(0%+*+$ . * *
*3%.+*) *0(%),0/.+///,0%(/( /?/ /016+"$%*++'
/()+*@ =)K[L=,@ WXZZZ@
$( .# .= @=@ @.=@@$%*( .=*@ 4%/@YWX_@ )+#.,$%$*# /%*$%*++'
/()+*.+//0$ +.0$ /0%"% *@%/$*%/$ .% /AI?\ZZG\[]@
(/!*= @ @X``Y@ %*. +#*%0%+*%*"%/$) %0 6$ )%(1 /@# /YY`GY[_%/$
$ )+.  ,0%+*@,.%*# .@
O (=@ @YWXY@. 3% 4+" *3%.+*) *0(/ (%* +1) *0/?-10%
).+%*3 .0 .0 /K.%/0+(6.%*# /L@*$+.# = @XZ,,@
C (=@ @YWXY@. 3% 4+" *3%.+*) *0(/ (%* +1) *0/? /% *0"%/$*
&13 *%( /()+*$%00=%/0.%10%+*=*// )(# @*$+.# = @YX,,@
C (=@ @YWX_@ )+.*1)0+ ((%%((%)/*.+10*(%)%0 . ? ( .+& 0
 ,.0) *0+"0$ .)6,,(%0%+*"+. .)%0GYWX^GY^X@(6),%=@[W,,@
.+5@YWX_@1)).6+"YWX_1.3 6/+"1(0+' 6 ()+*%* (%)* ' @
.+5@YWX_@1)).6+"YWX_/*+.' (/1.3 6/%* (%)* ' @ ,+.00+ (  %)%0 
.0* ./$%,@
./% 4%7=@. 3% 4+" *3%.+*) *0(/ (%* +1) *0/? */0. )*+""G$* (
$%00%/0.%10%+**)+ (%*#@)$ ./0=@X\,,@
K .+6+.,+.0%+*L@YWX`@. // ( / ? (  %)%0 .0* ./$%, '/
 .)%//%+*".+) .+6+.,+.0%+*0+.+// 0/ */@ .1.6YY=YWX`@
$00,/?FF444@, .+6+.,@+)F.  *0G* 4/@ // X\6YWX`@
 .$.=@*@@.$+*%0/%/@YWX[@-10% +/6/0 )6*)%/"+((+4%*#, 0.+( 1)
$6.+.+*, .01.0%+*/?. 3% 4+"0$ 1.. *0/00 +"'*+4( # @ +1.*(+". 0
' / / .$D@?\]G^Y@
 0 ./+*=@ @=@@% = @@$+.0=@/( .= @ @+'%*=@@(($ 6=*@@ .+*/@YWWZ@
+*#G0 .) +/6/0 ). /,+*/ 0+0$ 55+*( 7+%(/,%((@% * C@B?YW_YGYW_]@
 0 ./+*=@@= @ 1*0=@@@.%* 1=*@ @ /$@YWX^@ +*#G0 .)/01% /+"/ /+*(
3.%%(%06 *(  3(10%+*+").+%*3 .0 .0 . /,+*/ 0+*10 +%(/,%((%**
1.* %0 ..* *G(%)0 /0. )@ 6.+%+(+#%GIG3ZX`GZZZ@
%*/'6=@ @=@@,.%*#) 6 .=@@+/(%*=*@1# .+0@YWW`@*# G%  ( 0%+*+"
0$) *0/"+.%"%()+*+*/ .30%+*@+*/ .30%+*%+(+#6BC?]_WG]`X@
 K (  %)%0 .* ./$%,L@YWXX@*3%.+*) *0(/ (%* +1) *0YWW[0$.+1#$YWW_@
*$+.# = @
 @YWX_@ ( .+& 01,,( ) *0(*3%+.*) *0(/ (%* 0 ,+.0KYWW[GYWXYL@
$,0 .X\?%/$*-10% *3 . 0.0 /G.%/0+(6.%*# /@

C (H  %/$* %00+)) *0/

`\`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 541 of 2339

+,(.G "" ./= @@= @@ 006= @@* ./+*=@ @ %0 =@@0.# .=*@ @+.0* 6@YWW`@
1(3 .0 ,( ) *0*0. ) %00 /0+.0%+*? ),(%0%+*/".+).++'.+10
*# ) *0%**,,($%*0 ./$ =@ /0+.0%+*+(+#6AG?[W[G[XZ@
+4 .=@=@@.+4*=* @@ )$+"@X```@.+1*40 .*"%/$I%*/%#$0/".+)*+.0$ .*
+.0$) .%@ 6.+(+#%(.+ // /AC?[WXG[YY@
.% =@@=@1%**=*@ @.*.@YWXW@%/$,//#  "" 0%3 * //+".  *0(6+*/0.10 
.+.+//%*#1(3 .0/%*0$ 1# 0+1*. #%+*+"/$%*#0+*00 @+.0$) .%*
+1.*(+"%/$ .% /*# ) *0C@?XXXWGXXY\@
K.%* %((%)+1*-11(01. //+%0%+*L@ 0$ .% /4 ,# ?
$00,/?FF,4/@+)F$0$ .% /F@ // X\6YWX`@
1%#( 6= @=*@ ., .@YWW]@+),(%* 4%0$*C/%/$ .% /0?% (1%0+"
%00+), */0%+*.+& 0/@*3%.+*) *0(*# ) *0CG?ZZ]GZ\W@
1%#( 6= @=*@ ., .@YWW]@"" 0%3 * //+"%/$ %00+), */0%+*%**%*
$% 3%*#+ 0 +//@*3%.+*) *0(*# ) *0CG?Z\XGZ]]@
1%**=@@YWW\@$  +(+#6* $3%+.+"%"%/()+*@*%3 ./%06+"/$%*#0+**
) .%*%/$ .% /+% 06@ 00( =@Z__,,@
1%**=@@= @@%$ .=@+// =*@$0%'7 (( @YWXY@+,1(0%+*6*)%/*
/6*$.+*60"%* /,0%(/( /?/ $%/0+.6+"/+' 6 /()+*K*+.$6*$1/* .'L
,+,1(0%+*/0.101. %*(/'=@*%* +1.*(+"%/$ .% /*-10%% * /
FI?Y`^GZW]@
YKY /+1. L+*/1(0*0/@YWX_@ JYWX_J.*/+..J%/$ J3YWX_XWWX@GY@
*$+.# = XY,,@
Y@YWX_@Y /+1. +*/1(0*0/ ( %* .+& 0-10%/ (%* 016(*@
*$+.# = ^,,@
%(/'=@@YWX]@$6%0%/0%) 0+,10  +100+,/01. @%/$ .% /=DA?^YWG^Y\@
*=@= . &%'%*=..6= ./+*/=+=+' /=3%@YWXY@+(+#%(%*0 .0%+*/
 04 *4%(*$0$ .6/()+*%/?*%*0.+10%+*0+0$ /, %(%//1 @
*3%.+*) *0(%+(+#6+"%/$ /ID?XG]@
 3 /=@ @= @@( , .=*@@ *#@YWXX@ /+*($*# /%*$%003%(%(%06*
0$ %/0.%10%+**1** +"/()+*%/(+*#/0. )#.% *0".+)$ 40 ./
0+)+10$%*+/0(. #+*@.*/0%+*/+"0$ ) .%*%/$ .% /+% 06@AD@?\Z^G
\[_
 6*+(/= @@X``^@+(+#6+"+3 .4%*0 .%*#"%/$ /%*(/'*". /$40 ./@# /Y_XGZWY
. /$40 ./+"(/'@,.%*# .@
+# ./= @@=*@@$%*( .@YWW_@/6*$.+*6%*,+,1(0%+*6*)%/+"/+' 6 /()+*%*
/+10$4 /0(/'@%'+/AAG?X\^_GX\_]@
+*%=@=@ @ $% =@@%(6=@@ +* 00%=@@+((+'=*@@ //@YWWY@ 3% 4+"
0. ) /0+.0%+* $*%-1 /* % ..$%(0.0 #6"+..%+.%0%7%*# /0+.0%+*%*
%"%+.0$4 /00 ./$ /@+.0$) .%* +1.*(+"%/$ .% /*# ) *0BB?XG
YW@
+*%=@= @ */+*=*@ $% @YWW_@(+( 3% 4+"0$ $6/%(*%+(+#%(
"" 0%3 * //+"0. ) %00 $%(%00%+* $*%-1 /@+.0$) .%* +1.*(+"
%/$ .% /*# ) *0BH?_\]G_`W@
1## .+* =@@=@@ 0 .)*=@+.* .=* @@6 ./@YWXW@#*%01 *0. */%*
1** +"$0$ .6*4%(,%*'/()+*=$1)/()+*=*/+' 6 /()+*%*0$ 
+.0$%"% *@.%* *+/0(%/$ .% /B?ZW]GZY_@

C (H  %/$* %00+)) *0/

`]`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 542 of 2339

*$(= @@=@ @(4%*= @ @ *'%*/=*@ @$+(7@YWW^@/ */+.6/6/0 )00$ 
%*0 ."  04 *1.*/0+.)40 ..1*+""*/()+*/1.3%3(@*3%.+*) *0(/% * 
Q0 $*+(+#6DA?Y``_GZWW[@
** ((=@@YWW`@"" 0/+"+,, .+*-10%, % /?. 3% 4+"0$ (%0 .01. @Q=
%3%/%+*+" %00@
$%*( .=@@=@ %(+.*=@$/+=@@+0.%#$0=@@1%**= @@+# ./=*@@
 /0 .@YWXW@+,1(0%+*%3 ./%06*0$ ,+.0"+(%+ "" 0%** 5,(+%0 /, % /@
01. DFE?]W`G]XY@
$+ *=@@=@@%,"(%=@ @.)) ((=@ @%* ((=@ @(+6= @.1*(00=@@.0$6=
@@ 6 .= @@+.0+*= @@+4 ((=@.'/$=@@ %) .=@ @01 " .= @
+*%+(+=@@ ((/=*@@@%0) .@YWX^@101. +"%"%()+*%*0$  +"
*3%.+*) *0($*# ? //+*/".+)* +"0$ +.(O/ )%*%*#.+10%3 ()+*
 #%+*/@%/$ .% /DB?\Z_G\\Z@
$. '=@@=* @@ +.7@X`^_@0. //. /,+*/ +"+$+/()+*K*+.$6*$1/'%/10$L
(%%0 6)%1)*+,, .*,+0 *0%(1/ +"+.0%/+(/*%*%0+.+"/0. //@
+1.*(+"0$ %/$ .% /+.+"*CE?XXY[GXXY`@
%) */0=@@= @ @. /$=*@@(+@X`_Y@$ .+( +"1# 0+1**/$%*#0+*
+/0( /01.% /%*0$ (%" $%/0+.6+"%"%/()+*?*1*,,. %0 "1*0%+*@# /
Z[ZGZ][/01.%* +),.%/+*/@(/ 3% .@
 *.%+/+.(/'d.0%(**%*#@YWX`@+))1*%06(%)0 $.0/@*%3 ./%06+"
(/'=%*'/@$00,/?FF444@/*,@1"@ 1@
0*"+.= @@=@ +.*#=*@ 1 .@YWW\@$ /$%"0%*#$%00)+/%+".%3 . +/6/0 )/@
*0 .*0%+*(  . %*%#1*#"2.0$ +. 0%/$ 1**# 4*0  %)*+(+#% ?
 .$*(1*# *BI?XYZGXZ]@
0.01/@YWXY@. 3% 4+" *3%.+*) *0(/ (%* +1) *0/? +$ )%(
$.0 .%70%+*@+1( .=@X`,,@
0.01/@YWXY@. 3% 4+" *3%.+*) *0(/ (%* +1) *0/? 6.+(+#%
$.0 .%70%+*@+1( .=@XY,,@
+.0 .+0+0= @@=@ ..% .=@@ .# .+*=* @ .*0$ 7@YWX[@ *"(1 * +"+. /0+
1(3 .0/*0 ."((/+*0$ %* G( %/0.%10%+*+".++'.+10 * 0%%3 ./%06%*
+. (0 ./$ @.*/0%+*/+"0$ ) .%*%/$ .% /+% 06ADC?X\^^GX\`X@
.+)1('=@@=*@@.%// ((@YWWW@ 3% 4+" +(+#%( "" 0/+".+/+*0 .. /0.%(*
-10%+))1*%0% /@+*/ .30%+*%+(+#6AD?X_GZW@
. = @X``X@"" 0+""+++* *0.0%+*+*#.+40$=. ,.+10%+**/1.3%3+./$%,+"
+/)%*(+*#%.+/0.%/K(+ .L* 5, .%) *0(/016@. /$40 .%+(+#6BE?XG_@
K*3%.+*) *0(.+0 0%+*# *6L@YWX[@*// //) *0+",+0 *0%()%*%*#%),0/
+*/()+* +/6/0 )/+".%/0+(6=(/'@ #%+*XW= 00( =@
K+3 .*) *0+1*0%(%06""% L@X``Y@**# . , % /?/00%+*/0' *0+
//%/0+(1)%%3 ./()+*@FG`YGX^Z= /+1. /=+))1*%06=*
+*+)% 3 (+,) *0%3%/%+*=/$%*#0+*=@
**+0 =@ @=@@%*/$((= @@1))%*/= @@  ((=*@@1/$%*#@X`_W@$ %3 .
+*0%*11)+* ,0@*%* +1.*(+"%/$ .% /*-10%% * /CG?XZWGXZ^@
.=@@= @ @%/(+4=*@ @+(0@YWXW@%+1)1(0%+*/6*.+) ?% *0%"6%*#"0+./
0$0)' /+) /0. )"++4 /,.+* 0+ ( 30 ) .1.6%+1)1(0%+*@**(/
+"0$  4+.' )6+"% * /AAIE?]YG_Z@
  .G** ((=@"" 0/+"+,, .+*-10%/, % /?. 3% 4+"0$ (%0 .01. @(/'
 ,.0) *0+"%/$*) =%3%/%+*+" %00 $*%( ,+.0W`GW[@XX`,,@

C (H  %/$* %00+)) *0/

`^`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 543 of 2339

%#%*#0+*=@ @= @ @ ./+( =@@+(3%*=@@ %+4%07=@%(( .=@ */ *= @@ 3%#* =@
$%0 = @@' .=@@$1.$= @@.++'/=@@%.*/=* @@+),0+*@YWW]@
+$+/()+* , * * +*%*0 .)%00 *0/0. )/@.+*0% ./%*+(+#6*0$ 
*3%.+*) *0D?\XZG\X_@
+((=@=@( .0=*@$%0 @YWXY@,. (%)%*.6(//%"%0%+**),,%*#+"/()+*
+(+#%(/6/0 )/%*0$ 1/$#'* 3%$'40 ./$ /=(/'@$ 01. 
+*/ .3*6=*$+.# = @
++6=@@YWXY@// //%*#. (%%(%06+" (  %)%0 .0* ./$%,C//()+* /, ) *0
/01% /@*$+.# = @Y\,,@
++6=@@YWX_@.%/0+(6(/'?01.( /+1. /+"0$ -10%* .. /0.%(
+/6/0 )/@ @+//1(%/$%*#=(*00%+*= @
++00+*= @@X``[@$ 01. *+*/ -1 * /+" *%. 0"" 0/%*+(+#%(
+))1*%0% /@**1( 3% 4+"+(+#6*6/0 )0%/BE?[[ZG[]]@
)7+4= @ @YWXX@ *3 /0%#0%+*/+"1." 0 .1(%06%*0$ 1/$#'= 3%$'=*
$1(%0*0 ./$ /=+10$4 /0(/'YWW`GYWXW@*$+.# = @
)7+4= @ @YWXY@. 3% 4+" *3%.+*) *0(/ (%* +1) *0/?0 .-1(%06@
$%'(++*= @
)7+4= @ @=@++( 4/'%=@ /0=@@.%// ((=@ @O (=*@ 3 /@YWX`@ ( *%1)
%//1 /%*0$  ( .+& 0."0 ,+/%0%+*,, .@
%,, .=@@=@@+*+3*= @@ +* /= @ %= @@.% =*@@0 4.0@YWX]@,0%(*
0 ),+.(. (0%+*/$%,/)+*#40 ./$ )%*%*#=40 .-1(%06=*". /$40 .)1// (
/001/%** /0 .*.%3 .@% * +"$ +0(*3%.+*) *0EDA?]WZG]X\@

C (H  %/$* %00+)) *0/

`_`_

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 544 of 2339

'SJTTFMM $ISJTUPQIFS " 'BJMVSFUPBEESFTT$VNVMBUJWF
BOE-POH5FSN&GGFDUTPG#JPBDDVNVMBUJPOBOE
#JPNBHOJGJDBUJPOPG$POUBNJOBOUT JODMVEJOH5SBDF
.FUBMTBOE)ZESPDBSCPOT JOUIF1FCCMF1SPKFDU%&*4
.BZ 

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 545 of 2339



Failure to Address Cumulative and Long-Term Effects of
Bioaccumulation and Biomagnification of Contaminants,
including Trace Metals and Hydrocarbons, in the
Pebble Project DEIS (February 2019)
Comments of Christopher A. Frissell, Ph.D.
Frissell & Raven Hydrobiological and
Landscape Sciences
Polson, MT, USA
Email: leakinmywaders@yahoo.com

To:
US Army Corps of Engineers
Shane McCoy, Project Manager, Pebble Project DEIS
http://www.poa.usace.army.mil
(907) 753-2712
31 May 2019

rev. 15 June 2019

1. Introduction
This report concerns the failure of the Pebble Project DEIS to address the environmental
effects of bioaccumulation, biomagnification, and biotransport of several persistent
pollutants that are highly likely, in fact virtually certain, to enter the aquatic ecosystems
of Bristol Bay as a consequence of the project. These processes operate to cause
persistent pollutants released over long periods of time, resulting in potentially large
biological and toxicological effects. Moreover, biotransport of bioaccumulated toxins
will predictably cause any such effects to extend over large areas of the region, far
beyond the localized source of the pollutants. Such impacts may be far more extreme in
their ecological effect in relatively pristine ecosystems that have been little exposed to
these classes of pollutants in their ecological and evolutionary history, compared to the
same level of exposure in ecosystems with previous and industrial influence, where biota
have already been shaped by exposure to such toxins and by the ecological consequences
of longstanding bioaccumulation and biomagnification of more persistent pollutants.
In preparation of this comment I read sections of the Pebble Project DEIS and supporting
record pertinent to mine and road-related contaminants entering surface waters.
2. Definitions:
•

Bioaccumulation is the gradual accumulation of substances in an organism.
Bioaccumulation of pollutants can occur from water, from suspended particles,
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from sediments and through food chains. The rate at which accumulation occurs
in an organism depends not only on the availability of the pollutant but on a
range of biological, chemical and environmental factors. The ultimate level of
bioaccumulation is governed by the ability of the organism to excrete the
pollutant or, alternatively, store it. This latter often leads to the attainment of very
high concentrations and sometimes no equilibrium level is ever reached. (Bryan
and Darricot 1979).
•

Biomagnification, also known as bioamplification, is the process whereby
certain substances such as persistent organic pollutants or heavy metals enter
aquatic ecosystems and then move up the food chain in progressively greater
concentrations as they are incorporated into the diet of aquatic organisms such
as zooplankton and benthic macroinvertebrates, which in turn are eaten by fish,
which then may be eaten by bigger fish, large birds, animals, or humans. The
substances become increasingly concentrated in tissues or internal organs as they
move up the food chain.

•

Biotransport here refers to the movement of pollutants from one locale to another
via the migration or dispersal of animals that have bioaccumulated body burdens
of those pollutants, most importantly via dietary consumption.

3. Scope of the Problem
The scientific literature on the subject of bioaccumulation, biomagnification, and
biotransport of trace metals and other persistent contaminants in freshwater ecosystems is
extensive and has been rapidly growing in the past 20 years. Nevertheless, a search of the
term “bioaccumulation” in the literature cited in the Pebble Project DEIS and supporting
documents at the Pebble Project EIS website online turned up just a single citation: Mann
et a. 2011, cited in the DEIS Chapter 4.27. The relevant section (DEIS 4.27. 122-125) is
intended to relate only to the metals originating from potential accidental spills of
concentrate and other materials at the mine site or in transport. This text acknowledges
that metals originating from such spills can bioaccumulate and could adversely affect
wildlife, particularly birds and mammals that consume contaminated fish. Interestingly,
the DEIS (4.25.125 ) even states that “Loss of prey (primarily salmonid species) may
indirectly impact marine mammals.”
However, in obvious conflict with the above-cited DEIS text, the adjacent discussion of
fish merely assumes that fish, including salmonid species, and aquatic invertebrates will
not be affected at all. The latter conclusion—sprinkled in various forms in several places
in Chapter 4.27 is based on four premises that are either ill-documented or undocumented
in the DEIS, and in my opinion are largely unfounded: 1) that only discharges of metals
that exceed government-permitted concentrations need to be considered as having
harmful effects; 2) that spilled or discharged metals will for the most part not be
bioavailable, being tied up by unspecified binding processes neither described in the
DEIS nor measured in the field; 3) that 7-day tests of acute toxicity in a handful of lab
experiments are an effective measure of toxicity as it will be expressed in a multitude of
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circumstances in in a large range of species in the field; and 4) that any possible sublethal
effect could only be expressed within “a few miles” of the point of origin, invoking
unspecified general dilution processes. In fact the immediately preceding section of the
DEIS on wildlife effects includes a fragmented, speculative, and largely undocumented
discussion of dilution, but this discussion is not brought forward in the Fish section, and
the discussion of dilution fails to consider that bioaccumulation can occur even given
trace increases in accumulation-prone contaminants, especially it they are released over a
prolonged period of time. (The dilution argument in Chapter 4.27 is essentially an
inversion of the undocumented assumption #1 stated above, that below some stated
threshold, no effect will occur.) This section of Chapter 4.27 on fish and aquatic life does
not in fact address bioaccumulation of trace metals and its potential cumulative and longterm effects on the environment.
Metals like mercury, cadmium and selenium, and certain persistent hydrocarbons such as
polycyclic aromatic hydrocarbons (PAHs) (Albers 1996, Grung et al. 2016), are acquired
and stored within tissues by plants and other organisms to concentrations well beyond the
ambient environmental concentration, then can be passed to herbivores (D’Adamo et al.
1997, Henley et al. 2000) and subsequently to carnivores (Tillit et al. 1992) in food webs
via dietary intake (Fisher 1995).
Persistent hydrocarbons, pollutants that will certainly originate from transport operations,
are not considered at all in the DEIS, for aquatic life, fish or wildlife, as far as I can
discern. And even though the text in 4.27 pertaining to potential toxicity of spills also
applies to discharges of metals and hydrocarbons from ongoing, non--accidental (non“spill”) sources at the mine site and transportation corridor (see Frissell and O’Neal Road
Dust report, and Frissell comments on Road Runoff), these effects of bioaccumulation
and biotransport are not mentioned in those pertinent sections of the DEIS. For example,
bioaccumulation, biomagnification, and biotransport of contaminants including metals
and hydrocarbons should be explicitly considered in Chapters 4.23 (environmental
consequences for Wildlife Values) and 4.24 (environmental consequences for Fish
Values), but are not.
Bioaccumulation, biomagnification, and biotransport of persistent contaminants in my
opinion constitutes the most pressing family of likely adverse cumulative environmental
effects of the proposed Pebble Project, short of catastrophic failure of mine site
infrastructure. Fundamentally this is so because the release of even low levels of
persistent contaminants over long periods of time into an ecosystem that has previously
has been only minimally affected by such industrial pollutants, can result in long-term
build-up of large and potentially irreversible biological effects. Novel pollutants
mobilized by such industrial development do not simple vanish—they enter the
ecosystem, and those that are prone to bioaccumulation become a dynamic and
biologically active component of the ecosystem they enter. Yet despite widespread
recognition of these concerns in the scientific literature, they are virtually ignored in the
key portions of the DEIS concerning impacts on fish and wildlife, and cumulative effects
of the project.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 548 of 2339



"

It is important to note that the contaminants of concern are not restricted to accidental
spills or discharge exceedances. Rather they are inimical (delivered via dust and runoff)
to the disturbances and operations associated with the mine site and transportation
system. It is also important to recognize these contaminants can cause the effects
considered here even when discharges remain at trace quantities below applicable water
quality standards and typical permitted conditions.
I will discuss in my comments below some of what the scientific literature illuminates
about environmental risks from bioaccumulated metals or hydrocarbons, especially in
freshwater ecosystems, and why it is critical that the DEIS include a credible and
informed assessment of the risks.
4. The EPA’s Bristol Bay Watershed Assessment
The Bristol Bay Watershed Assessment (hereafter BBWA, EPA 2014) raised the issue of
bioaccumulation of mining-related contaminants, and discussed the importance of
analysis to account for potential environmental cumulative effects, particularly of metals.
For example, selenium bioaccumulation and biomagnification risks were discussed on
BBWA (Vol. 1) p. 8-31 and 12-6, mercury bioaccumulation on BBWA p. 8-51, modeling
methods to address key components and processes of metals bioaccumulation in stream
food webs on BBWA (Vol. 1) p. 9-36, 9-40, 9-43-44. Vulnerability of long-lived
northern pike to bioaccumulation of mercury was discussed in BBWA Vol. 2 (Appendix
B) p.6, and lake trout at BBWA Vol. 2 (Appendix B) p. 38. Given the recognition of the
potential importance of bioaccumulation in the BBWA, it seems inexplicable that the
subject has been grossly neglected in the DEIS.
5. Acute Toxicity vs. Bioaccumulation
Bioaccumulation occurs precisely because the metals or persistent organics accumulated
by one species of organism, or a set of species across one trophic level, are not acutely
toxic to those species. But organisms that feed upon them, or feed at higher trophic levels
in the food web, acquire concentrations via diet may be chronically or acutely affected by
the same contaminants (Buchwalter et al 2017, Poteat and Buchwalter 2013, Fisher
1995). Such a disparity can result from two different factors: 1) difference species have
different physiological mechanisms for processing and detoxification, hence different
sensitivities and tolerances to the contaminants, and 2) species at higher trophic levels
can accumulate and be exposed to greater, and toxic, concentrations by consuming
contaminated prey (Rainbow 2002, Luoma and Rainbow 2005, Poteat and Buchwalter
2013). For example, copper seldom bioaccumulates to a larger degree in freshwater food
webs, because it is so broadly toxic to most plants and animals (Luoma and Rainbow
2005). By contrast, lead, mercury, selenium, and many persistent organic compounds are
toxic at higher concentrations, and therefore animals lower in the food chain can consume
and bioaccumulate them without suffering immediate acute mortality (though sublethal
effects sometimes occur).
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6. Mercury Risks
Mercury Sources from Pebble Project include:
•

Chronic discharge from the mine site treatment system.

•

Alteration of drainage patterns and hydrologic regime by roads and road crossings
causing mobilization of atmospheric–source or geologic-source mercury in
wetlands and connected surface waters.

•

Roadway deicing salts mobilizing atmospheric–source or natural geologic-source
mercury from roadside soils into runoff.

•

Chronic leaking, spills, and fugitive dust on vehicles from mine concentrate in
transport (Frissell and O’Neal 2019)

•

Possible native Hg sources in road construction materials.

•

Possible trace sources from motor vehicle wear, and in vehicle fuels and exhaust
emissions (Ozaki et al. 2004, Frissell and O’Neal 2019).

•

Possible bulk transmission in the case of failure of mine site treatment systems
and waste storage infrastructure.

These sources are nowhere identified and accounted for in the DEIS in such a way that
the net cumulative effects of mercury pollution from the project can be recognized,
assessed, or minimized.
Even in the absence of industrial point sources of mercury or environmental alterations
that mobilize mercury, diffuse pollution (likely primarily atmospheric deposition,
although biotransport by migratory species may also play a role) has resulted in mercury
concentrations in arctic marine mammals exceeding government health guidelines for
human consumption (Wagemann et al. 1996). Top-level predators may be exposed to and
bioaccumulate contaminants differently depending on the specific food resources they
exploit (Atwell et al. 1998, Das et al. 2003, Loseto et al. 2008), and relatively small
increases in Hg contamination, for example, lower in the food chain can lead to relatively
large increases in mercury tissue burdens in top-level predators, especially older animals
(i.e., biomagnification) (Das et al. 2003).
7. Microbial and Environmental Roles in Mercury methylation
The majority of mercury production occurring in aquatic systems is via biotic
mechanisms, namely, bacterial methylation, and numerous classes of microbes have been
identified as playing a principal role in methylation (Gilmour et al. 2013, Paranjape and
Hall 2017). The physicochemical conditions within wetlands influence the degree of
methylmercury mobilization (Poulin et al. 2019). Therefore the activity of these
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microbes in the mobilization of methylmercury can be influenced by changes in
wetlands, streams, and lakes that affect the nature of organic carbon pools and in
particular by sulfate concentrations. At present the DEIS fails to adequately address
mercury methylation and the fate and effects of mercury in wetlands, streams and lakes
that will be influenced by mercury discharged from the mine site and potentially released
from the road system. A cursory , undocumented, and unqualified claim in the DEIS that
mercury entering surface waters will become biologically unavailable stands in complete
ignorance of the extreme variability of chemical environments that exist in wetlands,
streams, rivers, lakes, and estuaries, as a consequence of seasonal changes in water flow,
temperature and biotic activity, sediment storage, and sediment transport (Mason et al.
2000, Gray et al. 2004, Bradley et al. 2011).
Methylation tends to be enhanced by increased sulfate concentrations, as shown
experimentally by Coleman Wasick (2012). Increased sulfate concentrations can be
expected if the Pebble project is built and operated, with sulfate originating from mine
waste discharge, mine site dust, and road runoff and dust contaminated by hauled
concentrate from spills and leakage. Even in the absence of mining sources road runoff
itself can contain elevated concentrations of sulfate anions compared to rainfall and nonroad surface runoff (Polkowska et al. 2007).
The characteristics of organic matter can also influence mercury methylation. Graham et
al. (2013) found that high molecular weight/highly aromatic dissolved organic matter
isolates and/or those with high sulfur content were particularly effective at enhancing Hg
methylation. Alteration of the dissolved organic carbon pool is likely to occur along the
Pebble transportation corridor and at the mine site by at least three means: 1) construction
and operation of the road system altering the hydrology of wetlands and streams, 2)
chemical alteration by road runoff and constituents of road dust, and 3) physical and
chemical alteration of the organic pool and associated microbial communities by earlier
snowmelt along roads (Walker and Everett 1987). Finally, road de-icing salts can
increase bioavailability and mobilization of Hg and other heavy metals in roadside soils
(Feick et al. 1972, Zehetner et al. 2009, Schuler and Relyea 2018).
An important cumulative effect of the proposed Pebble project transportation system on
mercury mobilization and associated contamination of aquatic ecosystems appears to be
entirely overlooked in the DEIS. Upland soils serve as sinks for mercury from geologic
sources and accumulated from global atmospheric deposition (e.g., Driscoll et al. 1998),
and wetlands act as sources of methylmercury (St. Louis et al. 1996), in large part due to
the fluctuating geochemical environment with changing soil saturation as surface and
groundwater levels change seasonally. Hence, it is not surprising that soil disturbance and
alteration of surface and groundwater flows in soil and wetlands by road construction and
maintenance can lead to mobilization of methylmercury (Porvari et al. 1997, Munthe and
Hultburg 2004) and to greater bioaccumulation of mercury in aquatic periphyton
(Desrosiers et al. 2006) fishes (Garcia and Carignan 2000) in downstream lakes. Roads
unavoidably alter the flow paths of surface and subsurface water, especially in relatively
wet environments such as those affected by the proposed Pebble project. By way of
ponding and diversion of both surface and subsurface flows, roads commonly disrupt and
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change the hydroregime of adjacent wetlands (Adamus 2014). The effects of the
proposed actions on mobilization of mercury in soil storage are ignored entirely in the
DEIS, but they could be very significant.
The proximity of the proposed Pebble mine and its transportation system footprint to
extensive water bodies indicates that a high fraction of mercury mobilized by soil and
water disturbance would be likely to enter streams, rivers, lakes, and ultimately, the
Bristol Bay ecosystem downstream of Iliamna Lake. Road effects on soil disturbance and
mercury mobilization can be minimized by locating roads far from wetlands, streams and
lakeshores, to reduce hydrologic alterations, and by minimizing the foot print of soil
disturbance (Hsu0Kim et al. 2018). However, because the DEIS fails to recognize
mercury mobilization along the road and pipeline corridors as an effect of the project, no
measures are identified to minimize or avoid this impact.
It is critical to account for all sources of mercury mobilization by the proposed project,
because mercury is highly prone to bioaccumulation and biomagnification in aquatic
ecosystems.
8. Selenium Risks
Selenium on one hand is an essential micronutrient for numerous physiological processes.
Selenium also plays a key role in the biological process that allows fish, amphibians,
birds, and mammals to sequester mercury to reduce the toxicity of high body burdens of
mercury (Peterson et al. 2009, Clark 1987). On the other hand, when acquired at very
high concentrations through diet, Selenium is recognized as having toxic effects,
especially evident as lethal effects on embryos in fish and birds. Selenium
bioaccumulates and is commonly observed to biomagnify upward from the base of the
food web, with increasing concentrations in animal tissues at higher trophic levels
(Luoma and Presser 2009, 2018). Although adult fish, birds and mammals are relatively
tolerant of dietary selenium intake, and can benefit from it, bioaccumulated selenium is
passed on to their offspring (Janz 2011, Romero et al. 2016). At elevated selenium
concentrations, embryos are likely to develop lethal developmental abnormalities.
However concentrations at which selenium exerts toxic effects are variable and speciesspecific (Chapman et al. 2009). Under certain conditions selenium can bioaccumulate to
toxic concentrations in organisms lower in the food web, such as stream mayflies (Conley
et al. 2009).
The principle known sources of selenium from the proposed project would be discharge
from the mine site treatment system (Zamzow et al. 2019a), untreated runoff and
contaminated groundwater from construction sites, pads and waste materials (Maest
2019), and fugitive dust originating from the mine site (Zamzow 2019b). Baseline
selenium is low in the environment at Pebble. The Pebble EIS comment document of
Zamzow et al. (2019a) on the Pebble Project DEIS identifies reasons to expect that
treatment will be less effective than claimed in the DEIS, hence direct selenium
discharges to streams are likely to be far greater than disclosed in the DEIS. Morever, the
DEIS fails to account for the likely bulk release of selenium into the aquatic environment
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in the case that mine site waste infrastructure or the proposed concentrate slurry pipeline
fail (Maest 2019).
The DEIS (4.27.124) recognizes that “Selenium poisoning may persist for several
generations and can be passed from parents to offspring through their eggs (Mann et al.
2011 in Sánchez-Bayo et al. 2011). Therefore, the potential duration of impacts may
extend beyond the initial period of exposure to elevated levels of selenium.”
However, this disclosure in the DEIS is restricted to birds, and fails to disclose that the
same considerations of selenium bioaccumulation apply to fish and mammals, which also
can pass bioaccumulated selenium to their offspring (see citations above, and in
Sobelwski et al. 2019 comment on selenium in this DEIS).
Salmon that acquire selenium near and downstream of the mine site will go out to sea,
but upon return may have higher loads of selenium than those that remained unexposed in
the juvenile life stages. When they return en masse to specific reaches on specific
streams, and carcasses would likely pass the selenium into sediment-associated biomass
and the water column where eggs, fry, and juvenile fish could be exposed – and pass
selenium further up the food chain to those that prey on them. Salmon carcasses will also
be consumed and pass selenium to a wide range of scavengers. Because the source of the
selenium is a treatment plant at the mine site that would need to operate in perpetuity, the
source would never be eliminated, hence the processes of bioaccumulation and
biotransport of selenium to areas beyond the immediate mine site appears likely to
cumulatively increase both in terms of geographic distribution and body tissue
concentration. The potential cumulative impacts of selenium release over the two to
eight decade life of the mine, and in subsequently in perpetuity, need to be considered
and fully assessed in the EIS.
Selenium is known to bioaccumulate in amphibians (Ohlendorf et al. 1998). Therefore
Selenium discharges should be considered to pose a risk to wood frogs in the study area,
especially considering their close ties to freshwater habitats. Wood frogs are also
vulnerable to mercury, PAHs, and other toxins.
9. Persistent Organic Pollutants: Polycyclic Aromatic Hydrocarbons
Polycyclic aromatic hydrocarbons (PAHs) are aromatic hydrocarbons with two or more
fused carbon rings that have hydrogen or an alkyl group attached to each carbon (Albers
1996. Incardona et al. 2004)). PAH’s form a large group of chemical variants, of variable
toxicity, but many of if not most are not only persistent in the environment and in
organism tissues, but depending on the pathway of exposure, can be toxic to fishes at
very low concentrations (LeBihanic et al. 2014). Most PAHs are formed by thermal
decomposition (pyrolysis) and subsequent recombination (pyrosynthesis) of organic
molecules, and many of the PAH’s of concern as bioaccumulating pollutants originate
from partial combustion of petroleum products (Albers 1996). PAHs and a host of other
hydrocarbons originate from motor vehicle exhaust, lubricants, tire wear (Day et al. 1993,
Gualieri et al. 2005), and chronic leakage or spills of petroleum fuels. PAHs enter
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waterways primary by way of aqueous runoff and transport of contaminated sediments
from roads and vehicle and machinery pads (Frissell 2019), as well as aerial transport
attached to dust particles (Frissell and O’Neal 2019, Zamzow et al. 2009). Even as other
forms of persistent organic pollutants have declined in arctic ecosystems since about
1985, concentrations of PAHs have increased 10- to 30-fold in invertebrates and fish, and
PAH’s now dominate the organic pollutant load in arctic organisms (De Laender et al.
2011).
Albers (1996) summarizes the origin and date of hydrocarbons that enter aquatic
ecosystems: Microbes in the water metabolize the light and structurally simple
hydrocarbons and non-hydrocarbons, while heavier compounds are more resistant to
microbial degradation and can eventually move into bottom sediments. Hydrocarbons
also adhere to particles (detritus, clay, microbes, phytoplankton) in the water and settle to
the bottom, where a variety of microbes metabolize the lighter and structurally simple
compounds. Phytoplankton and aquatic macrophytes can absorb and accumulate
hydrocarbons directly from water. Mammals, birds, fish, and many invertebrates ingest
such hydrocarbons and metabolize and excrete some ingested during feeding, grooming,
and respiration, but more complex and persistent forms are stored and not quickly
metabolized. Accumulation of hydrocarbons is usually inversely related to the ability of
the organism to metabolize them once ingested or absorbed (Albers 1996).
Unmetabolized PAHs can have toxic effects, but a major concern in animals is that
reactive metabolites of PAHs can bind to cellular proteins and DNA, resulting in
biochemical disruptions and cell damage, mutations, developmental malformations,
tumors, and cancer (Albers 1996). Although fish can metabolize some if not all PAHs
(D’Adamo et al. 1997), nevertheless known sublethal toxic effects on fishes begin at
concentrations of less than 0.5 ppm and include changes in heart and respiratory rates,
gill structural damage, enlarged liver, reduced growth, fin erosion, corticosteriod stress
response, immunosuppression, impaired reproduction, increased external and decreased
internal parasite burdens, behavioral responses, and a variety of biochemical, blood, and
cellular changes (Albers 1996). Even when adult fishes may survive exposure to
bioaccumulated hydrocarbon toxins and their breakdown products, these may be highly
toxic to larval fishes even in trace amounts (Incardona et al. 2004).
Even localized sources of persistent hydrocarbons can measurably contaminate large
ecosystems, such as freshwater lakes and rivers (e.g., Grung et al. 2016), and the effects
of seasonally intermittent exposures can be seen in migratory fishes, including salmon.
Rice et al. (2008) measured increases on concentration of PAHs in surface waters of
Auke Lake, AK, associated with discharges from seasonal use of motorized watercraft.
They warned that PAH concentrations observed could pose a risk to migrating salmon
that inhabit the lake during recreational boating season. PAHs in road runoff and dust
deposition from proposed Pebble mine road system pose similar or greater health risks to
fish in the Kvichak River system and Iliamna Lake, because of their chemical
persistence, their tendency of to bioaccumulate in food webs, their inherent toxicity, and
the fact that the discharges that will occur over a sustained period of many decades,
during all seasons of the year.
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10. Physical transport of Metals and Hydrocarbons
Contrary to vague assertions in the DEIS, long-distance transport of contaminants
originating at the proposed Pebble Mine site and transportation corridor and entering
freshwater is extremely likely, by way of both biological and physical processes.
Sediment-bound metals and PAHs bound to organic matter can be physically transported
many kilometers downriver, deposited and accumulate in pools, estuaries, floodplain
wetlands, and lakeshores (Pratt & Lottermoser 2007). The DEIS is grossly inadequate in
its treatment of physical transport of contaminants, relying on unsupported, ridiculously
simplified, and in my opinion, indefensible assumptions about the dynamics of potential
storage and mobilization conditions od persistent pollutants in the affected aquatic
environments.
Once deposited, and depending on physical conditions at the site of deposition and over
time, these contaminants can be mobilized into water or into the food web in downstream
riverine, lake, and estuarine environments and food webs. Biotransport of trace metals is
considered below.
11. Food Webs in Bristol Bay Region are Complex and Relatively Pristine
Most research on ecotoxic effects and bioaccumulation of contaminants has been
conducted in highly altered ecosystems subject to relatively high concentrations of
pollutants. Extensive impact to such ecosystems from multiple sources commonly leads
to simplified food web, commonly with loss or depletion of long-lived species, top
carnivores, and migratory species—i.e., those that play the largest roles in
bioaccumulation and biotransport of contaminants. In the case of the Bristol Bay
ecosystems potentially affected by the Pebble Project, concentrations of pollutants
considered at a regional scale might be low, but they will extend over a significantly large
area (particularly in the Kvichak River-Iliamna Lake system). And the ecosystems
affected are relatively pristine, with large natural populations of diverse, long-loved top
carnivores (aquatic, terrestrial, and avian), and a host of species that are highly mobile or
migratory (including Pacific salmon). This biotic richness embodies complex food webs
comprised of many levels of animal predation; the range of fish species and sizes alone in
Iliamna Lake (Table 1) supports a food web of up to four trophic levels: small fish
feeding on larval or post-emergent fish (themselves feeding on zooplankton), mediumsized fish feeding on small fish, and large fish (e.g., lake trout and northern pike) feeding
on medium and small–sized fish. Beyond that, Iliamna seals feed especially heavily on
large fish, and large and medium fish are also the principle prey of larger avian and
terrestrial predators, such as eagles, ospreys, and bears.
As with trace metals, the number of functional trophic levels in a food web is a consistent
predictor of the concentration of persistent hydrobcarbons and other contaminants prone
to bioaccumulation (Bentzen et al. 1996, Watras and Bloom 1998, Gantner et al. 2009. In
other words, food webs with a large biomass of top carnivores are more prone to
biomagnification, because accumulation of persistent contaminants acquired primary
through ingestion is compounded at each trophic level. Iliamna Lake is therefore of
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particular concern, as trace pollutants entering the Kvichak River and its tributaries from
the Pebble Project mine site and transportation corridor will reach the lake, whether by
physical or biological transport.
Studies of Pacific salmon have well established their role in bioaccumulation and
biotransport of persistent organic pollutants into food webs in freshwater spawning areas
(Gregory-Eaves et al. 2006, Gerig et al. 2015), including in Alaska, where Ewald et al.
(1998) found that organic pollutants accumulated by the salmon during their ocean life
stage were not eliminated during migration, but were transported to the spawning lakes
and accumulated in the freshwater food web there, doubling the detectable load of
persistent organic pollutants detected in resident arctic grayling. They concluded that
biotransport of PCB and DDT by salmon played a far greater role in the Copper River
system than regional atmospheric deposition. Persistent organic contaminants are
partitioned in differing and complex ways within the bodies of organisms. Eggs of
salmon naturalized in Great Lakes waters carried higher concentrations of some
persistent organic pollutants and lower concentrations of others compared to body tissues
(Gerig et al. 2015).
Predacious fish generally accumulate higher body burdens of Hg and other
bioaccumulated contaminants than to herbivorous fish of the same size or age (Simeneau
et al. 2005). The growth rate of predaceous fishes can influence their body burden of
bioaccumulated contaminants, with slower-growing fishes acquiring higher metal
concentrations (Simeneau et al. 2005). In larger rivers and lakes, large-bodied long-lived,
and slow-growing fish species such as lake trout and northern pike prey heavily on other
fishes, hence are prone to accumulating the highest levels of contamination (Bentzen et
al. 1996, Power et al. 2002, Stafford et al. 2004). These large-bodied fishes in turn are
frequently targeted for consumption by predacious birds and mammals, including bears,
lake seals, marine mammals, and humans.
Fish and birds that acquire contaminants—particularly by feeding on fish in polluted
source areas—can and often do transport bioaccumulated contaminants widely to other
regions and ecosystems when they migrate. Salmon and migratory birds are obvious
vectors of long-distance transport of selenium from food webs in the immediate area the
proposed Pebble mine site to other water bodies in the region, thus likely secondarily
contaminating the food web in lake, rivers, and marine waters (Bard 1999, Baker et al.,
2009).
Trophic calculations based on caloric content and population vital rates indicate that
roughly 50 percent of total life cycle sockeye salmon production in a typical lake-rearing
population is entrained in food webs via predation of juvenile sockeye salmon by other
animals (fuiish, birds, and mammals) (C.A.S. Hall, Professor Emeritus, Environmental
Sciences and Forestry, Syracuse University, personal communication). The majority of
that predation occurs in freshwater, estuarine, or nearshore habitats. Hence contaminants
acquired by fish feeding on invertebrates exposed in the vicinity of mine site discharges
and streams affected by roads and road runoff can be mobilized rapidly into the food
web, bioaccumulated, and biotransported as the exposed fish migrate and are consumed

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)


Table 1. From Hauser et al. (2008)

Appendix E, Page 556 of 2339



BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 557 of 2339



!

by predators, themselves often mobile species such as eagles, grizzly bears, river otters,
and a host of other species (Wren et al. 1983, Willson et al. 1998).
Salmon that take their accumulated body burdens to sea will contribute to the
contamination of estuarine and marine food webs. But Chinook, chum, coho, and
sockeye salmon originating in the waters upstream of Iliamna Lake will certainly carry
some level of persistent contaminants back with them when they home to natal spawning
streams and freshwater rearing habitats. Although during rapid marine growth—given
lower food web exposures—the per-individual tissue concentration of accumulated
contaminants might decline, nevertheless the returning body burden of contaminants
would still be potentially higher than prior to mine development. Moreover, it is more
likely that additional contaminants acquired in the marine food web would add additional
burdens of persistent organic pollutants (Ewald et al. 1998) and possibly metals. Hence
some portion of the returning residual contaminants would be circulated back into
streams and rivers (Ewald et al. 1998, Gregory-Eaves 2006), and adjacent terrestrial
ecosystems via predation, egg deposition, and carcass decomposition (Willson e al.
1998). Sockeye returning to and spawning within the Iliamna Lake system could
contribute recycling of some magnitude of their body burden of persistent contaminants
acquired prior to ocean life, even as marine-derived nutrients are recycled (Kline et al.
1993). Body burdens of contaminants in returning salmon would add to the continuing
influx of contaminants from the mine source, road dust, road runoff, and spills.
Bioaccumulated contaminants can remain in biotic food webs rather than returning to
bio-unavailable forms of storage in the ecosystem; most mercury bioaccumulated by top
predator fishes in freshwater food webs appears to remain biotically demethylated and
sequestered, rather than returning to sediments (Watras et al. 1998).
Iliamna Lake seals feed on a wide variety of fishes including petromyzontids, osmerids,
cottids, coregonids, and gasterosterids, as well as salmonids (Hauser et al. 2008),
especially including adult sockeye salmon in the season when they are abundant (July
and August). Methylmercury accumulation renders rapidly-growing juvenile seals more
vulnerable to infections, diseases and decreases immune response (Lalancette et al.
2003). Nonanadromous salmonids also occur in the lake, including Arctic char and Dolly
Varden. Rainbow trout migrate between streams and rivers and Iliamna Lake to exploit
the productive benthic invertebrate community as forage, while also consuming large
quantities of sockeye salmon eggs; after feeding and growing in the lake, they are
exposed to high levels of predation by seals and grizzly bears when at large size they
migrate back to natal spawning area (Arostegui and Quinn 2018). Artic char in Iliamna
Lake feed heavily on other fishes, as well as sockeye salmon eggs (Denton et a. 2010,
Woods et al, 2013, Arostegui and Quinn 2018), hence the char, also potential forage for
seals, might express higher biomagnification of contaminants.
Residents of indigenous communities have traditionally hunted, and continue to hunt
liamna Lake seals for food and other needs (Kugo 2014, Burns et al. 2016). For this
reason, potential future bioaccumulation of Se, Hg, PAHs, or other mining-associated
contaminants in the lake’s food web poses a potentially elevated health risk to native
people.
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12. Marine Food Webs
Marine mammals are embedded at or near the top of food webs in Bristol Bay that
include an abundance of salmon originating from the river and lake systems affected by
the Pebble Mine proposal. Against a background of already-measurable bioaccumulation
of metals and industrial hydrocarbons originating from globally distributed atmospheric
sources (McKinney et al. 2012, Becker 2000), industrial developments including mines,
roads and pipelines bring additional regional sources of persistent toxins to arctic
ecosystems. Industrial contamination originating from the mine and transportation
system—especially that involving persistent contaminants prone to bioaccumulation and
biomagnification—could have disproportionate effects on species like beluga whales,
which show physiological evidence of having high toxic sensitivity to polycyclic
aromatic hydrocarbons (Wilson et al. 2005).
13. Sensitivity of fish and wildlife in pristine ecosystems to novel industrial toxins
While the literature on bioaccumulation of toxins often focuses on higher trophic levels
(in part because upper-level animals are more often exploited as food for humans), it is
important to recognize that bioaccumulation of contaminants can have biological impacts
at the lowest levels of the food web as well. For example, Weisse (1991) found that
contaminants have disproportionately large impacts on autotrophic picoplankton, a group
of organisms that normally plays a dominant role in carbon production at the base of
freshwater and marine food webs. The overall ecological effects of major shifts or losses
in production at the base of aquatic food webs are highly uncertain, but potentially could
reverberate to the higher trophic levels where salmon and other fishes reside. Desrosiers
et al. (2006) reported that increased methylmercury concentration in periphyton in lakes
following catchment disturbance by logging was accompanied by reduced periphyton
biomass. Metals contamination affects some species of stream macroinvertebrates that
are important as prey for larger species (Kiffney 1996, Richardson and Kiffney 2009).
The resulting shifts in predation pressure among invertebrates could reduce availability of
species such as certain active and free-swimming mayflies that serve as important prey
for salmonid fishes. These are just a few of the reasons why scientists continue to
advocate for alternative, ecologically-informed bases for establishing water quality
regulatory standards (Buchwalter et al. 2017, Poteat and Buchwalter 2013)
The apparent high sensitivity of beluga whales to even small concentrations of PAHs
(Wilson et al. 2005) exemplifies a potentially critical evolutionary principle that is
fundamental to ecotoxicological assessment: organisms inhabiting ecosystems previously
unexposed to novel industrial-origin contaminants may be highly inherently sensitive to
and harmed by even very low concentrations of these contaminants. By comparison,
animals, plants, and microbes from parts of the world where they have a
multigenerational evolutionary history of exposure to specific industrial chemicals may
be genetically selected for resistance and show few or no apparent physiological,
immune, or external stress responses tor relatively high concentrations (Benton and
Guttman 1992). Importantly, bioassays for toxicity relied on by government agencies to
set water quality and other environmental standards rely on test organisms that commonly
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have a long history of exposure to the toxins they are bioassaying--hence these organisms
have likely evolved reduced sensitivity, and higher tolerance to many of the substances
they are commonly exposed to in laboratory tests, especially compared to counterparts in
natural environments with a very limited history of industrial pollution (Nunes et al.
2006). The important point here is that biota in the Bristol Bay ecosystem are likely to
me more sensitive to novel industrial toxins than standard toxicity tests might suggest.
14. Multiple Stressor Effects
Introduction of several major categories of novel industrial toxins to an ecosystem with
complex, multi-level food webs and extremely limited prior exposure to the pollutants in
question likely represents a worst case scenario in terms of the potential for ecotoxic
effects on ecosystems and fish and wildlife populations. There is strong experimental
evidence, for example. That some animals are relatively tolerant of diesel fuel and of
metal contamination when exposed separately, but they exhibit high mortality when
exposed to diesel and metal contamination simultaneously (Beyrem et al. 2006). At a
genetic level, empirical evidence is accumulating that exposure to a toxin reduces the
resilience of populations, and increases vulnerability to other toxins—and to other
environmental stressors generally—because the initial toxic exposure narrows genetic
diversity of the population (e.g., Benton and Guttman 1992, Krane et al. 1999, Belfiore
and Anderson 2001). Brady (2013) found that wood frogs, rather than adapting to the
chemical and other stressors affecting roadside populations, instead showed evidence of
genetic maladaptation that reduced survival and increased the incidence of developmental
malformations in roadside populations. The result is that each toxic substance a
population is exposed to can incrementally diminish its adaptive capacity to cope with
environmental challenges from other causes—including other toxins, normative
environmental fluctuations, habitat alteration, fishery harvest, disease, and climate
change. By introducing or increasing several categories of industrial-origin toxins, the
Pebble mine and transportation system proposed in the DEIS threaten exactly these kinds
of cumulatively-acting impacts to the Bristol Bay ecosystem.
15. Cumulative Impact Interactions with Anticipated Climate change
Climate change is expected to manifest itself strongly within the next few decades in the
Bristol Bay region (Wobus et al. 2016) (and likely already has begun to do so). Climate
change will exert alterations in the pattern of weather events and extremes, climatic trend,
vegetation change, hydrologic alterations, and ecosystem biological and trophic changes
(Schindler et al. 2008). These are certain to interact with and influence the various
mechanisms considered in this document—that is, the pathways by which metals and
PAHs are mobilized and become entrained and magnified in food webs. These changes
must be considered in the DEIS when addressing impacts on water and biota and possible
means of reducing, minimizing, or mitigating them. For example, the following
hypotheses (initially informed in part by the analysis of Wobus et al. 2016) warrant close
examination and analysis in the DEIS:
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•
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Increased frequency of freeze-thaw processes and loss of permafrost with climate
change could result in greater propensity for mobilization of mercury from soils
into surface waters and their biota.
Increased rain-on snow runoff and more precipitation as rain rather than snow is
likely to increase aqueous runoff and sediment transport from polluted road
surfaces into surface waters.
Increased incidence and temporal juxtaposition on of freezing and thawing during
the cold season is likely to increase the need for application of deicing agents to
keep road surfaces operable.
Increased duration and frequency of dry weather in summer and winter seasons is
certain to increase the incidence and magnitude of dust generation and dispersal
from the mine site and roads.
Increased freeze-thaw episodes and more rainfall as precipitation is certain to
increase the need for grading, recontouring, culvert and bridge maintenance and
reconstruction work on roads; each such event raises the risk that mercury and
other accumulated mining-related pollutants are mobilized from roads and soils
adjacent to wetlands and streams.
Increased hydrologic variability overall will increase the likelihood of
overwhelming the design criteria applied in stream crossings, resulting in
washouts, possible accidents, spills, and pipeline ruptures, and the need for
ongoing reconstruction work.
Increased hydrologic variability will alter the physical transport of persistent
pollutants, and increasing the likelihood of fluctuating redox and wetting
conditions that spur methylation and mobilization of mercury from storage in
sediments and streamside and floodplain soils.
Reduced life history complexity of sockeye salmon (especially reduced variance
in age at return, or number of year classes contributing to a return year, Cline et
al. 2019), partly a result of climate change, likely increases the vulnerability of
sockeye salmon populations to spills or catastrophic failures associated with
mining.

16. Recommendations:
•

A revised or supplemental DEIS must explicitly consider the potential for
bioaccumulation, biomagnification, and biotransport away from the immediate
source areas of metals and polycyclic aromatic hydrocarbons other persistent
organic pollutants that will be discharged or delivered in nonpoint runoff and
fugitive dust, and are likely to increase in the environment of Bristol Bay as a
consequence of construction and operation of the mine and its transportation
system.

•

The potential for bioaccumulation and biotransport of pollutants emanating from
the project must be assessed even if those pollutants are discharged below extant
point source discharge standards, or as nonpoint sources. Such an analysis and
its conclusions are potentially critical to understanding the long term and
cumulative effects of the proposal.
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•

Analysis of bioaccumulation potential is feasible by adapting a general
biodynamic modeling approach sensu Luoma and Rainbow (2005) to the known
organization of biological communities of the receiving waters and downstream
affected waters of Bristol Bay.

•

Cumulative effects of discharges and environmental alterations proposed in the
project, accidental leaks, spills, and failures that are certain to occur in a project of
this magnitude and duration—taken together with climate trends that are expected
to occur over the time frame the project exists—must be identified, anticipated,
and addressed, and effective measures identified to avoid or minimize them.

17. Concluding Statement
The failure of the DEIS to acknowledge or address in any way the risks and potential
effects of bioaccumulation and biotransport of contaminants in the receiving waters and
the rivers, lakes, and marine water of Bristol Bay renders the DEIS fatally incomplete,
and unreliable as a basis for making an informed decision, and grossly inadequate for
ensuring that effective avoidance and mitigation actions for the project are properly
identified. The DEIS in my opinion is fatally flawed and fundamentally misleading in its
lack of disclosure about likely the scope, magnitude, and duration of harmful
environmental effects of the proposed project.
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____________________________________________________________
May 9, 2019 (rev. 16 June 2019)
US Army Corps of Engineers
Shane McCoy, Project Manager
http://www.poa.usace.army.mil
(907) 753-2712
Re: Direct and cumulative impacts of road system fugitive dust in the Pebble Project draft EIS

Dear Mr. McCoy:
Please find attached our memo on road system fugitive dust, which lays out our concerns with respect to
the lack of analysis of contaminant sources, deposition rates, chemistry, and most importantly the
environmental consequences. We believe there is a significant risk of ecotoxic effects from trace metals
and hydrocarbons, particularly to aquatic life.
These risks are real and must be addressed and considered in a revised Draft EIS (preferred) or the Final
EIS.
Thank you for this opportunity to comment.

Chris Frissell, PhD, Fisheries and aquatic ecology
Frissell & Raven Hyrobiological and Landscape Sciences, LLC

______________________________
_ __________________________
__

Sarah O’Neal, Fisheries biologist
PhD student, University of Washington
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Key comments and actions needed
Our analysis found numerous deficiencies. Details and literature citations are provided in the memo after
this initial section; up front we provide a summary of key comments, and of actions that need to be
performed if a revissed Draft EIS (preferred) or the final EIS is to address and disclose these
environmental effects with enough accuracy to inform a reasoned decision on the proposed project.
Key Comments
The key comments related to “Sources of Fugitive Dust” are the following:
• There is no real analytical work in the DEIS to determine the extent of dust plumes from road and
port traffic based on inputs such as winds and topography. The basis for choosing a 100 m zone
of impact around roads is inadequate.
• Sources contributing to dust chemistry, such as vehicle wear and tear, were ignored.
• Material sites were ignored as a source of dust at road and the pipeline corridors.
• Inadequate justification for soil density, percent silt, and threshhold value of tailings particles as
inputs in dust plume modeling. Incomplete wind and precipitation data applied.
• The volume of dust from the mine site is estimated but there is no analysis of whether, or under
what conditions, contaminats in dust would enter waterways where fish could be exposed.
• Information has not been pulled into the DEIS in any meaningful way that would allow the reader
to understand sources, volumes, and chemical make-up of dust.
• Assumptions about the efficiency of dust control are unrealistic.
• Critical data is missing, old, or in RFIs and not in the DEIS chapters.
The key comments related to “Impacts of Fugitive Dust” are the following:
• Fugitive dust chemistry does not include important pollutants originating from road maintenancae
and operations including salts and hydrocarbons.
• There is no analysis of contaminant leaching and mobilization from dust deposited on different
parts of the landscape under different pH and redox conditions, therefore the fate and effects of
contaminants in aquatic ecosystems cannot be accounted for.
• There is no analysis of impacts to wetlands or water bodies, only the number of acres impacted.
There is no description of wetlands and water bodies within the likely deposition zones at the
road and port.
• There is no baseline soil chemistry for roads and no soil or sediment chemistry near ferry
terminals therefore future impacts cannot be assessed. Baseline chemistry needs to include trace
elements and salt or petroleum components that could be in chemical dust suppressants.
• There is no ecological analysis that considers the cumulative and potentially cascading physicochemical effects of fugitive dust and dust-associated pollutants on the environment, especially
accounting for potential bioaccumulation, and resulting cumulative impacts on fish and aquatic
resources.
• There is no analysis of how road material sites in different Alternatives affect acres or types of
vegetation, wetlands, or water bodies impacted.
• Critical assumptions of the dust deposition model are buried in an RFI and not provided in the
DEIS.
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Deficiencies
The DEIS is deficient in not providing the following relevant to fugitive dust sources and impacts:
• Baseline soil and surface geology chemical analysis for pH, trace elements, and salts at the road
system, port areas, and sediment chemistry for Iliamna Lake near the proposed ferry terminals.
• The DEIS needs a full accounting over the life of the project and beyond of contaminants that
have a reasonable likelihood of entraining in fugitive dust, such as copper, zinc, mercury and
hydrocarbons originating from vehicles and salts from dust suppression actions. This analysis
must account for the persistent effects of contaminants released into the environment during the
time span of road operations, as well as for the effects of what maintenance and traffic activity
will foreseeably occur on the road system after the time frame of operations proposed in this EISincluding both future mining and other transportation uses.
The DEIS is deficient in not providing the following information necessary to assess the environmental
effects of fugitive dust from roads and road operations:
• Description of wetlands and water bodies that are in the road dust deposition zone.
• Map of wetlands and water bodies within the deposition zone, including how this changes
seasonally. Seasonal changes are expected given that some ponds are fed only by snowmelt or
rainwater, and therefore change in size or become completely dry during some periods of the
year.
• Baseline turbidity of water bodies within the road dust deposition zone, so that changes caused by
dust deposition can be assessed.
• Baseline metals concentration of water and sediment in water bodies within the dust deposition
zone.
The DEIS is deficient in:
• Relying on outdated materials, placing critical information in RFIs and memos, and failing to use
available meteorological data available; these meterological data are essential to accurately
predicting dust dispersion and deposition in the affected environment.

Actions Needed
Below we lay out, by category, actions that in our opinion should be performed and provided in a revised
Draft EIS.
Missing data and Contaminants associated with Road Dust
 Critical model inputs for determining dust deposition rates and accumulated metal concentrations
must be supplied in the FEIS.
 The full likely suite of major chemical components of fugitive dust must be identified and
accumulated concentrations determined for the 20-year and 78-year mine scenarios.
 Baseline soil and sediment data sufficient to determine future impact must be collected and
presented.
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Inadequate assessment of soil types
 Provide plume maps for the roads, using relevant, recent data on soils, wind, and topography.
Wind and topography are mentioned as contributing to the effects of fugitive dust on wetlands
(DEIS Chapter 4.22), but this only considered the mine site, not roads or ports.
 Provide qualitative information on the potential for wind erosion by type of soil. Provide this
information for the mine access road, port access road, Iliamna spur road, and roads in
Alternatives. Given the difference in topography and physiography along the route from
Kamishak Bay to Iliamna Lake compared with the route from Iliamna Lake to the mine,
soil/surficial geology type and ability of material to become windborne will be different netween
these road segments, and wer could find no assessment in the DEIS of dust effects from the Lake
Iliamna-Kamishak Bay road segment .
 Provide a map of surficial soils and geology at the material site and quarry locations. Describe
how the physical properties of the materials available at the material sites affect the potential for
breatkdown of road surface material and the generation of windborne dust. Provide this
information for the mine access road, port access road, Iliamna spur road, and roads in
Alternatives. Reasonably accurate prediction of dust mobilization requires such a characterization
of the breakdown properties of road surface material, including sand applied to roads to mitigate
winter ice and snow travel.
Road corridor route
 Apply site-specific data as inputs in dust deposition models.
 Account for road material source sites, including quarries, processing pads, waste and storage
piles, and traction sand sources and storage sites as dust sources directly associated with the road
and pipeline corridor. This neeces to be done for each alternative, given that alternatives include
substantial differences in the configuration of the trnansportation corridor.
 Provide maps of the geographic extent of dust in context with the landscape dust will settle upon,
including land and waters downwind of the prevailing wind directions.
Soil density and silt
 The assumptions for the dust deposition model need to be independently reviewed. Model inputs
for soil density and silt content appear to be unrealistically low, which would lead to substantital
underestimation of dust transport distances stated in the DEIS to be substantially underpredicted.
An independent review should include the recent dustfall jar collection studies conducted at Red
Dog Mine, which measure actual current levels of dust from road traffic, and the Denali Park
traffic effects study.
 Actual silt and moisture content of roadbed materials should be gathered, as described in the Ap42 manual. Model inputs and assumptions that affect results must be disclosed in the .DEIS.
Windspeed and precip
 All available wind, particulate, precipitation, and other relevant data from meteorological stations
should be utilized in fugitive dust modeling. Because meterological conditions are crucial
deteminants of dust mobilization and transport, it is critical that the most accurate available data
be applied in analysis of dust effects at the mine site and transportation corridor.
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 Explain why precipitation data from all met weather stations in the vicinity of Pebble were not
utilized. What information justified the assumption in the DEIS that dust would be greatest in
summer? Based on dust activity at other mines operating and hauling during cold winter
conditions, we question this assumption. Traction sand applied in winter is likely to be a major
dust source that must be accounted for, especially as it cannot be controlled by water spreading in
near- or sub-freezing conditions.
 Provide information and maps on the likely extent of fugitive dust deposition from the road
system before and after mitigation for summer and winter.
Chemical dust suppressants
 Provide examples of where road systems in similar climates have controlled dust to a high degree
through watering alone, including direct support for the DEIS the assumption that dust control is
not needed in winter, when water-based dust abatement is not practical.
 If examples cannot be provided to justify dust control by water spreading only, in the revised
DEIS must include analysis of chemical or other alternatives for dust abatement, and analyze and
disclose their potential impacts on wetlands, water bodies, vegetation, fish, and wildlife through
both airborne dispersion and surface runoff.
Baseline sampling
 Sample soils and sediment in locations that will be impacted by the road system. The DEIS lacks
sufficient baseline information on these ecosystem components necessary to predict and evaluate
how they will be affected by road dust and its associated pollutants.
Fugitive dust chemistry
 Natural soils need to be tested to determine background variation in concentrations of metals and
salts at different locations along the road system, particularly at locations where soil and surface
geology are already known to change.
 Samples need to be extracted from road material sites and undergo geochemical testing, and
results presented in a revised DEIS in order to determine the potential for road construction and
maintenance material to serve as s source of contaminants to soils, vegetation and waterways .
 The revised DEIS must provide a clear description of modeling inputs and assumptions employed
to determine dust deposition areas and rates, and the trace metal and other pollutant
concentrations deposited with fugitive dust along the full length of the road system.
Contaminant transfer
 The revised DEIS must include a cumulative effects analysis to asses on potential effects of
pollutants associated with fugitive dust, including known landscapes that dust will affect,
pathways by which dust and dust-associated pollutants will directly or scondarily enter
waterways, and likely biogeochemical cycling of those pollutants in the receiving environment.
This analysis is ncessary to reasonably assess risks of harm to aquatic life, fish, and birds, and
mammals dependent on fish. This cumulative effects analysis must focus particularly on
persistent pollutants that are prone to bioaccumulation in food webs, including mercury, selenium
and polycyclic aromatic and other classes of persistent hydrocarbons known to be delivered in
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road dust. The DEIS inexplicably lacks any analysis or disclosure of the biological effects of dust
contaminants on aquatic ecosystems and wildlife dependent on them.
Toxicity, bioaccumulation, and cumulative effects in ecosystems and biota
 Impacts to fish and wildlife need to consider the ways in which dust-borne contaminants will
exert toxic effects in combination with contaminants from runoff, spills, and other sources. Sublethal effects, bioaccumulation, and trophic transfer effects must be considered to assess potential
impacts.
 Cumulative effects analysis of the ecosystem and biological effects of pollutants delivered by
road dust, including waters downstream of the roads themselves, must be evaluated in the context
of effects of similar pollutants derived from other components of the project, including dust,
runoff and water treatment effluent the mine site, ongoing water-borne runoff from haul roads
and associated materials source and storage sites, and leakeage and spills from truck haul and lake
ferry and marine operations.

Introduction
Fugitive dust refers to particulate matter suspended in air. Fugitive dust originating from disturbed soils,
waste piles, and unvegetated surfaces at mine sites construction sites, quarries, and roads is a significant
vector for transport of pollutants into the surrounding environment (Cecala et al. 2012). Mining activities
originate dust through stripping vegetation, draining or disturbing soils, creating waste piles, and grinding
and crushing mineral particles on driving surfaces (Thompson and Visser 2007). Dust is then mobilized
and transported by turbulence caused by moving vehicles, and secondarily transported by external
contamination of moving vehicles and loads. Once mobilized, dust is further suspended and dispersed by
aeolian processes. In open, windblown landscapes, aeolian transport can extend for distances of many
kilometers from the point of origin. Some suspended and aeolian transported dust ascends to higher
altitudes where it is subject to movement at a global scale (Schepanski 2018).
The environmental impact of fugitive dust extends far beyond the effects of the inert fraction of mineral
particles themselves on air quality and water quality in dust dispersion plumes. Dust particles from
industrial sites, mines, and roads are virtually always contaminated with metals originating from ore,
concentrate, or quarry rock, with a wide variety of toxic and often persistent hydrocarbons originating
from equipment and vehicle wear, lubricants, fuels, and exhaust, and with chemicals applied for dust
abatement (Jones 2017) or for reduction of snow and ice. Over the lifetime of a project, dust generated
along the transportation corridor inevitably becomes laden with metals originating from leached, leaky or
spilled loads, and external contamination of vehicles and containers at loading operations (Cecala et al.
2012).
Dust control measures are commonly taken to reduce immediate health hazards to workers and to reduce
impairment of visibility that can cause traffic accidents (Cecala et al. 2001, Jones 2017). Because
abatement measures are always imperfect, background fugitive dust remains as vector for environmental
contamination, especially where mining and transport operations are continuously or frequently occurring
over time periods of many years.
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Moreover, dust control measures themselves introduce additional sources of chemical contamination of
the surrounding environment (Piechota et al. 2004, Irwin et al. 2008). Dust palliatives and their
byproducts not transported as a fraction of dust eventually disperse from the site of application via
aqueous runoff, thus can affect surrounding soils, vegetation, wetlands, lakes and streams.
Source of fugitive dust associated with the transportaton system
The DEIS recognizes fugitive dust will come from in-pit drilling and blasting, material handling
(transport, storage, processing) and the tailings beach (DEIS Chapter 4.14-3). However, there is virtually
no discussion about dust from the road system. Additionally, the impact analysis is minimal.
The key comments related to “Sources of Fugitive Dust” are the following:
• There is no real analytical work to determine the extent of dust transport plumes and potential
deposition from road and port traffic based on inputs such as winds and topography. The basis
for choosing a 100 m zone of impact around roads is inadequate.
• Sources contributing to dust chemistry such as road material source geochemistry, vehicle fuels
and exhaust, lubricants, and wear of tires and other components, chronic leakage or spills of
hauled material (including ore concentrates and rock and soil for road construction and
maintenance), and fugitive dust transported on the exterior of vehicles were ignored.
• Road fill and surface material sites as well as road waste sites were ignored as sources of dust
associated with the roads and pipeline.
• Traction sand applied in winter is likely to be a major dust source that must be accounted for,
especially as it cannot be controlled by water spreading in near- or sub-freezing conditions.
• The DEIS offers inadequate justification for soil density, percent silt, and threshhold value of
tailings particles as inputs in dust plume modeling. Incomplete wind and precipitation data were
applied.
• The volume of dust from the mine site is estimated but there is no analysis of whether, or under
what conditions, contaminants in dust would enter waterways where fish could be exposed.
• Information has not been pulled from RFIs into the DEIS in any meaningful way that would
allow the reader to understand sources, volumes, and chemical make-up of dust.
• Critical data are missing, outdated, or buried in RFIs and not summarized in the DEIS chapters.
• Assumptions in the DEIS about the efficiency of dust control are unjustified and wildly
unrealistic. The DEIS and supporting record lacks citation to published literature or analyses
supporting the assumed effectiveness and feasibility of the dust abatement measures identified.

Adequacy of analysis of fugitive dust sources
Critical model data missing from DEIS
We incorporate by reference concerns detailed in Zamzow et al., Fugitive Dust Issues in the Pebble
Project Draft EIS, May 30, 2019 with regards to dust deposition modeling missing entirely from Chapter
4.14 Soils. The DEIS chapter provides only a simple equation, for estimating the concentration of metals
due to dust (Cs), with no explanation of the actual input data utilized (Chapter 4.14.2.1). Additionally, it
appears the analysis was not conducted for the road system; the soils chapter makes no mention
whatsoever of fugitive dust from roads, with the Transportation Section saying only:
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Soils capable of retaining moisture in the project area are generally considered to have a low
susceptibility to wind erosion, due to inherent moisture content from periodic precipitation or
snowmelt throughout the year. For this reason, the potential for wind erosion would be greatest
during drier periods lasting 1 to 2 months during the summer. If necessary, wind erosion can be
mitigated through dust-control watering as needed during the summer. (DEIS Chapter 4.14)
Analysis of road dust effects needs to consider the suite of factors that affect 1) road dust generation and
dispersion – including mineralogy and breakdown under traffic of surface rock particles – landscape
factors, wind factors, traffic speed and density factors; 2) road dust contamination, including quarry
source material composition, vehicle wear, dust palliatives and ice control agents. Discussion should be
provided on the contributions of hydrocarbons from spills and leakage as dust components, citing
literature.
There is also no explanation in Chapter 4.14 as to how the deposition rate was determined. To produce
meaningful results this analysis would need to incorporate data on particle density and site-specific and
seasonal windspeeds,and prevailing wind directions, among other factors (Countess et al. 2001). RFI 009
does partially address windspeeds, but selects only a subset (January 2009-December 2011) of the full
meteorological data set available (January 2005- December 2012) (SLR 2013). A single density is chosen
for particles regardless of source material, and this information is only found in an RFI (RFI 009), not the
DEIS.
The DEIS assumes that dust suppression at the mine site will consist entirely of watering, and will only be
needed in the summer. This is counter to all evidence across Alaska and at mine sites. Dust palliatives
will certainly be needed. Water spreading is impractical and unsafe means of dust control in nearfreezing or sub-freezing winter conditions, when dust is commonly generated from sand applied to
improve vehicle traction. If salts, such as CaCl2, are applied, they can incorporate into fugitive dust as
they dry (Stehn and Roland 2018). This chemical component of dust and its potential effects (Frissell and
Trombulak 2000, Lohnes and Coree 2002, Thompson and Visser 2007, Jones 2017) is not mentioned or
analysed in the DEIS.
The DEIS ignores hydrocarbons and vehicle wear as a source contributing to dust chemistry. In particular
vehicles shed particles from catalysts (platinum, palladium), brakes (copper, nickel), tires (zinc,
cadmium) and engines (iron, manganese, chromium) (Pratt and Lottermoser 2006, Knight et al. 2017).
Mercury originating from vehicle emissions and from wear of automoblie components can also
contaminate road surfaces, road verges and road dust (Ozaki 2004).
There appears to be no soil chemistry – either baseline metal content or metal leachability studies – for
soils along the transportation corridor. . However, 17 soil samples were collected and analyzed from the
transportation corridor during baseline sampling in 2004-2008 (SLR 2011 Chapter 10.4.7). Was this data
considered? If not, why not? The 17 soil samples by themselves are likely insufficient:
Individual elements vary greatly in concentration across sampling locations, and within a given
location concentrations vary among elements. (SLR 2011 p.10.4-4)
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No soil samples have been collected around port sites (Kokhanok, Kamishak Bay, Diamond Point port) or
along the route from Kokhanok to Kamishak Bay. Without adequate baseline data, there can be no
accurate assessment of ecological impacts from road dust, dust palliatives, and metal fines from vehicles.
Despite the lack of modeled road dust dispersion, and an apparent complete lack of baseline soil
chemistry from road materials, and no analysis of dust-associated pollutants originating from the road
system, there is an entirely unsupported statement in the DEIS that there will be no adverse impacts on
soils in the transportation corridor (DEIS Table 4.14-6).
Inadequate assessment of soil types
We incorporate by reference concerns detailed by Zamzow et al., Fugitive Dust Issues in the Pebble
Project Draft EIS, May 30, 2019). Final with regards to outdated and missing baseline soil data. PLP
environmental baseline contractors should collect original soil type and chemistry data at material sites
and road corridor sites. Without this, there is no way to assess potential impacts in the DEIS, nor will it be
possible for mine personnel, regulators, or the public to determine actual impacts from the mining project
in the future.
It is useful to contrast the information utilized in the Pebble DEIS and the Donlin DEIS (US Army Corps
of Engineers 2015). Importantly, for the primary soil types listed in the Donlin DEIS, the slopes, drainage
class, and qualitative assessment of susceptibility to wind or water erosion are also listed as shown in the
snapshot of Donlin DEIS Table 3.2-3 below:
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In the Pebble DEIS is a much less detailed table, which, it should be noted, also omits footnote
descriptions of port access road soil types (IA72 and IA173). The reference to PLP 2018 is also quite
vague.

Qualitative assessments, such as in the Donlin DEIS would be a start, but the data should also be utilized
to generate more site-specific dust plume models, which in turn should be overlaid on aerial photos and
groundtruthed mapping to best determine the type of vegetation, wetlands, and water bodies in the path of
the expected depositional plume.

Contaminants Associated with Road Dust
A DEIS supporting document provide tables of analysis of vehicle exhaust and fugitive dust emissions
associated with the mine site (RFI 007 Appendix A-2 and A-3) and transportation corridor (RFI 007
Appendix B Tables 5, 6, and 18). Emissions were estimated based on the AP-42 manual numbers, and,
with the exception of lead in vehicle exhaust (which was simply assumed to be negligible, without
analysis), did not consider contributions of roadbed particles or vehicle wear.
Road dust consists in bulk of relatively inert mineral particles. However these particles are virtually
always laden with trace chemical contaminants originating from multiple sources: road surface materials
and their breakdown under traffic, vehicle exhaust emissions and the wear and tear of vehicle
components, and chemicals used in the maintenance of roads, including deicing and dust abatement
treatments, as well as herbicides applied for control of invasive weeds. More than 20 different elements
have been detected in road dust with x-ray fluorescence and other methods (e.g., Atiemo et al. 2011).
Vehicles will shed particles from catalysts (platinum, palladium), brakes (copper, nickel), tires (zinc,
cadmium) and engines (iron, manganese, chromium) (Pratt and Lottermoser 2006). Road dusts in
Australia were associated with elevated levels of lead, palladium, platinum, and zinc compared to the
ambient environment, and isotopic signature analysis allow the investigators to trace the pathway of these
contaminants from a road system to stream and estuarine sediments 10 or more km distant downstream
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(Pratt and Lottermoser 2006). Mercury is a common trace component of road dust; it originates from
vehicle exhaust, particulate matter from abrasion sources such as the wearing of the road surface material,
tire and brake wear debris, and from particles re-suspended from the road surface (Londonio et al. 2012).
Elevated levels of zinc cadmium, and lead were reported from areas affected by fugitive dust from the
Red Dog Mine haul road in northwest Alaska, likely originating from leakage and spills of concentrate
ores (Neitlich et al. 2017). Accidents and spills both large and small are ceretain to occur on any
indistrial haul route (See Lubetkin comments on DEIS for quantitative information and a critique of the
DEIS assumptions on spills).
Organic chemicals novel to industrial processes also contaminate dust. Polycyclic aromatic hydrocarbons
(PAH’s) are one family of hydrocarbon that originates from gasoline and diesel vehicle exhaust, fuel
spills and leaks, and wear of tires and other components (Wang et al. 2016) and universally contaminate
roadways, road verges, and zones of delivery of dust and runoff from roads to waterways (Trombulak and
Frissell 2000, Abdel-Shafy and Mansour 2016, Grung et al. 2016). PAH’s are toxic to many or most
organisms, but are also highly persistent in the environment and prone to bioaccumulation, such that they
may accrue to more toxic concentrations are higher trophic levels (Fisher 1995). PAH’s are known to
disperse widely within aquatic ecosystems from limited points of delivery—by way of bioaccumulation
and biotransport processes (Grung et al. 2016). It is well known that herbicides and their breadown
products are frequently aerially transported on dust particles (Tiryaki and Temur 2010).

Geographic extent of dust deposition impacts
The DEIS provides crude estimates of direct dispersion of road dust based on an arbitrary 100-meter
boundary placed around roads. This results in impacts to 892 acres of “wetlands and other waters”,
including 648 acres of wetland, 205 acres of lakes and ponds, and 37 acres of rivers and streams (DEIS
Chapter 4.22). An additional 6,100 acres of vegetation would be impacted by road dust (DEIS Chapter
4.26). All in all, including contributions from mine site dust, 10,000 acres of wetlands, vegetation, and
water bodies could be impacted by fugitive dust based on the current dust plume assessments. Much of
this area would receive repeated inputs of thousands of tons of dust annually (RFI 007). However, the
nature of the impact that this deposited dust might have on aquatic ecosystems is not considered or
disclosed in the DEIS.
Mobilization and deposition distance of dust will vary with material density, size, wind speeds and
terrain, as well as with the activity and travel speeds of light trucks in administrative use or heavy trucks
hauling supplies, waste rock, ore, and concentrate (Countess et al. 2001, Cecala et al. 2012). The dust
dispersion model likely does not fully account for these variables, and in so doing, in our opinion very
likely underestimates the area directly impacted. Equally important, secondary transport of dust particles
and associated contaminants downstream after initial deposition in soils, vegetation, and aquatic systems
is not considered or disclosed in the DEIS.
Road corridor deposition zone
The DEIS applied a 100 m (330 ft) deposition zone around roads and assumed that fugitive road dust
would remain within those bounds, with the greatest impact in the first 35 m. Although a figure showing
the dust plume for the mine site is provided in DEIS Chapter 4.14, there is no figure illustrating the
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presumed footprint of the road dust desposition zone, nor any discussion of road dust, nor any further
mention of the 100 m zone. Instead, the information on the deposition zone is buried in RFI 009, and
mentioned in DEIS Chapter 4.22 (Wetlands) and DEIS Chapter 4.26 (Vegetation), but not in DEIS
Chapter 4.18 (Water-Sediment Quality), despite the fact that extensive water bodies are known to fall
within the specified 100 m zone (e.g. stream and river crossings and banks, ponds, wetlands, and Iliamna
Lake). A reasoned, accurate and defensible description and disclosure of the road dust deposition zone
needs to be included in a revised DEIS Chapters 4.14 (Soils) and FEIS Chapter 4.18 (Water-Sediment
Quality).
RFI 009 states that a 100 m (330 ft) dust deposition zone should be applied around all roads to determine
the acres of vegetation, wetland, and water bodies that could be impacted. The 100 m distance is based
on the Donlin Project and Point Thompson EIS’s (DEIS Chapter 4.22) and does not take into account
known soil types, the prevailing wind direction (which would deposit dust further on one side of the road
than another, and would move dust further in open wind-exposed areas), or particle size relevant to roads.
The federal AP-42 manual, which is the source of many of the inputs for dust modeling, notes that
Particles that are 30 to 100 Cm in diameter are likely to … settle within a few hundred feet from
the road. Smaller particles… have much slower gravitational settling velocities and are much
more likely to have their settling rate retarded by atmospheric turbulence (AP-42 1995, Section
13.2).
About half of the particulate matter expected from wind erosion during road construction have diameter
of 10 Zm or less (RFI 007, Appendix A Table 8). Given this and based on the manual cited above and
other available information, in our opinion the 100 m assumption for dust dispersion in the DEIS likely
seriously underestimates the probable zone of dispersion of dust and dust-borne contaminants. Among
other case studies, studies from the haul route of the Red Dog Mine, as cited elsewhere in this document,
offer evidence of dispersion of dust and associated contaminants at distances >100m from the haul route.
Missing also from the DEIS is a clear analysis of the contribution of fugitive dust from material sites
along the road and pipeline corridors. The impacts from truck traffic and grading are assessed (RFI 007,
Tables 5, 6, 18), but there is no mention of material sites (Figure 1). Blasting and transfer of gravel, sand,
and rock will produce dust, as will the necessary spur roads to reach many of these sites. Material sites
are expected to vary from 241 acres to 717 acres for the roads and from 10 acres to 306 acres for the
pipeline corridor, depending on the Alternative.

Soil density and silt
As at Pebble, Donlin attempted to place a 100 m dust deposition zone around the road. This was
challenged by a contractor; in particular, they challenged the assumption that particle density of 2.7 g/cm3
should be applied in modeling the extent of fugitive dust (Cardno 2015). This density is representative of
waste rock, and does not reflect the amount of gravel, silt, and clay that would be in the roadbed material,
which is critical to determining the ability of material to become airborne and the extent to which it
travels.
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It appears that the Pebble DEIS utilized a soil density of 2.65 g/cm 3 (RFI 009 and RFI 009 Follow up
questions), although Appendix K4.18 (Table K4.18-18) suggests 1.5 g/cm3 was used in estimating
impacts of dust constituents on groundwater. They based the density on “project-specific materials and
previously approved values for other Alaska mining projects” (RFI 009), almost certainly referring to
project-specific waste rock and to the previously approved Donlin mine.
• Pebble modeled deposition of 0.0027 g/m2 per day (1 g/m2 per year) at the mine site boundary
and up to 30 g/m2 per year 0.0822 g/m2 per day (30 g/m2 per year) at the mine site.
• At Donlin, the same soil density resulted in deposition rate of 0.15 g/m 2 per day within 1 meter of
the road.
• More recent studies at Denali National Park (Stehn and Roland 2018), with seasonal use similar
to the traffic on the Donlin mine access road (about 150 vehicle trips per day), deposition rates
were as high as 2.14 g/m2 per day (767 g/m2 per year) within 5 m of the road.
The percent of silt in roadbeds also affects dust. The model for dust from road construction used a silt
concentration of 3.9%, representative of national “industrial roads” from the AP-42 manual, not site
specific data (RFI 007). However, the AP-42 notes that the silt content of unpaved roads can vary by two
orders of magnitude:
Dust emissions from unpaved roads have been found to vary directly with the fraction of silt
(particles smaller than 75 μm in diameter) in the road surface materials.…Table 13.2.2-2
summarizes measured silt values for public unpaved roads. It should be noted that the ranges of
silt content vary over two orders of magnitude. Therefore, the use of data from this table can
potentially introduce considerable error. Use of this data is strongly discouraged when it is
feasible to obtain locally gathered data. (AP-42 2006 Section 13.2.2)
While the AP-42 manual allows for the use of an “appropriate mean” when site data is not available, the
manual offers no tables that show a mean as low as the 3.9% used in the dust modeling for the DEIS.
Haul roads for coal mines might be the closest category, and these show a mean of 8.4% silt; a freshlygraded haul road has a mean of 24% silt.
Therefore, when watering alone is applied, the silt-sized fraction will not increase but the road will be
expected to dry quickly on days when there is not active precipitation. Chemical suppressants will keep
dust down longer, but could increase the silt-fraction, which will become windborne with lower
windspeeds than gravel or aggregate.
The Denali Park study found that vehicle speed, wind, and precipitation – or the application of dust
suppressants – had the most impact on dust deposition (Stehn and Roland 2018).

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 587 of 2339

P a g e | 14
Figure 1.
Material
sites on the road
system.

Source: DEIS
Appendix K Figures
K2-1a and K2-1b

Additionally it is almost inevitable that chemical dust suppressants will be needed on the road. This
could increase the amount of small particles:
Many chemical unpaved road dust suppressants form a hardened surface that binds particles
together. After several applications, a treated road often resembles a paved road except that the
surface is not uniformly flat. Because the improved surface results in more grinding of small
particles, the silt content of loose material on a highly controlled surface may be substantially
higher than when the surface was uncontrolled (AP-42 2006, Section 13.2.2).
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Windspeed and precipitation
We incorporate concerns regarding the meteorological data applied to the models, as detailed in
Zamzow_04202019_Fugitive dust_mine site.Final.. We reiterate concerns that the DEIS may incorrectly
assume that the most dust will be generated in the summer, rather than in winter during periods of low
humidity and high winds (Teck 2005, Neitlich et al. 2017).
There appears to be no estimate for windborne fugitive emissions along the transportation corridor
whatsoever (RFI 007, RFI 009). Landscape features will cause windborne effects to differ along the road
system, and these need to be accounted for. Additionally, landscape features and road slopes and
gradients will channel road runoff during precipitation events and snowmelt. This will affect the distance
over which dust is transported as waterborne particulates and the effective distance over which it may
affect vegetation, wetlands, streams, ponds, and lakes.
Volume of dust
RFI 007 appears to have information on volumes of dust potentially generated at roads. Fugitive
“emission units” as particulate matter is expected to be over 1,500 tpy for the transportation corridor (RFI
007 Appendix B Table 1.b) during operations and over 5,700 tpy during road construction (RFI 007
Appendix xx Table 1.1 pdf page 279). None of this is mentioned in Chapter 4.14, Environmental
Consequences, Soils.

Dust control
We incorporate by reference the material on Dust Control in Zamzow et al., Fugitive Dust Issues in the
Pebble Project Draft EIS, May 30, 2019 We re-state here that watering alone (DEIS Chapter 4.14) will
not work and that other dust control measures will be needed (Cecala et al. 2001, Teck 2005, Teck 2015,
Jones et al. 2017). We also re-state that trucks dedicated to dust suppression are not likely to be priorities
for repair, potentially leaving roads without any treatment for weeks at a time (personal
communication,with Jeff Jewel, Highland Valley mine). This has occurred at the Highland Valley mine
which sits right on the road system; it would be reasonable to assume that a mine with 70+ miles of
unpaved road network would see this issue multiplied. Similarly, at Denali National Park, watering and
application of chemical dust suppressants occurs “when staff resources are available and weather
conditions permit” (Neitlich et al. 2017), and the best weather conditions were those without wind. The
take-home message from these real-world examples is that even beyond the limited effectiveness of water
as a dust abateent measure, perfect execuion of any dust abatement measures is exceedingly unlikely.
Effectiveness of dust suppression
The DEIS fugitive dust impacts model applies a control efficiency of 80% to dust suppression for fugitive
dust (RFI 007). This number comes from the federal AP-42 manual. This manual also notes that
Control techniques for fugitive dust sources generally involve watering, chemical stabilization, or
reduction of surface wind speed with windbreaks or source enclosures. Watering, the most
common and, generally, least expensive method, provides only temporary dust control. The use of
chemicals to treat exposed surfaces provides longer dust suppression, but may be costly, have
adverse effects on plant and animal life, or contaminate the treated material.
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Unpaved roads have a hard, generally nonporous surface that usually dries quickly after a
rainfall or watering, because of traffic-enhanced natural evaporation (AP-42 2006 Section
13.2.2).
The AP-42 applies an 80% control efficiency – but for unpaved roads with chemical dust suppression
(AP-42 1998, Chapter 2). When watering alone was used as the dues abatement menthod – in an area
where winds remained below 22 mph – control efficiency was 40-70% for PM10 and 30-60% for total
suspended particulates, and in a test under which a section of unpaved road was watered for 30 minutes,
watering was about 72% effective for the next 3-4 hours (AP-42 1998, Chapter 4). This strongly
indicates that water spreading would be far less effective at dust control than assumed in the modeling
used in this DEIS, equations, more dust would result, and from that the volume of dust and potentially
concentration of trace elements deposited on the land and water would be much greater than the DEIS
predicts.
Chemical dust suppressants
Dust control measures themselves may introduce additional sources of chemical contamination of the
surrounding environment (Piechota et al. 2004, Irwin et al. 2008). Dust palliatives and their byproducts
not transported as a fraction of dust eventually disperse from the site of application via aqueous runoff,
thus can affect surrounding soils, vegetation, wetlands, lakes and streams. The most commonly applied
dust abatement measure, frequent spreading of water on the road surface, simply shifts the transport of
dust components from airborne delivery to waterborne delivery to the environment (Irwin et al. 2008);
runoff from road surfaces inevitably enters waterways at crossing points or where roads are built closely
adjacent to of wetlands, streams, rivers, and lakes. These contaminant sources to the environment have
not been assessed or disclosed in the DEIS.
The DEIS Mitigation chapter mentions that chemical dust suppressants could be applied, but the DEIS
does no analysis of the impacts of this potential dust cotrol mitigation measure. The DEIS should address
whether chemical palliatives would be needed and if so during what periods of the year – based on
evidence from mines and communities in Alaska. Chemical dust palliatives very widely in their
composition, effectivcesness in different environments, and their mobility and toxicity to ecosytems that
receive them in the form of dust or runoff (Piechota et al. 2004, Irwin et al. 2008, Stehn and Roland
2018).
Assuming the Final EIS determines there will be a reasonably foreseeable need for chemical suppressants,
the environmental consequences of these suppressant chemicals themselves needs to be analyzed.
Additionally, there may be conditions under which it would be better to have no dust control. For
example, Denali Park uses CaCl2 for dust suppression, but not on steep grades or where the road is
adjacent to wetlands. The decision to not apply on steep grades is for safety:
CaCl2 in high concentrations can create a slippery road surface, as the dust particles bind into a
slurry, and so reports of slippery corners may also affect application sites or rate. (Stehn and
Roland 2018)
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Steep slopes can also cause dust abatement salts to accumulate in the surrounding environment further
from the road. The National Park Service noted that CaCl2 affected soil chloride 7m from the road
moreso than immediately adjacent to the road when applied near steep slopes (Stehn and Roland 2018).
Hence specific road locations relative to local slope angle, as well as proximity to receiving waters and
swales and natural drainage systems, are fundamental to assessing the imapct of the road system in the
DEIS, and how this might vary across alternatives with different transportation designs.
The DEIS needs to analyze the trade-off of risks related to applying or not applying chemical palliatives.
It needs to provide maps indicating the extent of wetlands the roads will run through, discuss the potential
for dust during periods when watering will be impossible, and discuss the impacts of no dust suppression
versus suppression with available chemical palliatives. Impacts will be strongly correlated with the rate
of application.
Impacts of fugitive dust
The environmental consequences, including toxicological effects, of fugitive dust once it enters
freshwater ecosystems are addressed nowhere in the DEIS.
•
•

•

•

•

•

Fugitive dust chemistry as reported in the DEIS does not include metals from vehicle wear as a
component, therefore environmental consequences to aquatic life cannot be assessed.
There is no baseline soil chemistry for roads, therefore future impacts cannot be assessed.
Baseline chemistry needs to include trace elements and salt or petroleum components that could
be in chemical dust suppressants.
There is no ecological analysis that considers the cascading physico-chemical effects of fugitive
dust on the environment, including bioaccumulation of metals and polycyclic aromatic
hydrocarobons, and the resulting potential impacts on fish and aquatic resources.
There is no analysis of how different source sites of construction and maintenance material for
roads and other operations required vary across different Alternatives in terms of effects on acres
or types of vegetation, wetlands, or water bodies impacted.
There is no analysis of impacts to wetlands or water bodies, only the number of acres directly
impacted by dust deposition according to the grossly inadequate model employed in the DEIS.
The transport of dust and associated contaminants away from the site of deposition by water flow
and biological processes is completely ignored.
Critical assumptions underlying the dust deposition model are buried in an RFI and not provided
in the DEIS.

Baseline sampling locations
There was baseline soil chemistry sampling at 117 locations, but there is no map of the locations in DEIS
Chapters 3.14, 4.14, or Appendix K3.14, therefore there is no way to determine if they were
representative either geographically or with respect to soil type. There does not appear to be any
assessment of soil chemistry along the road (or pipeline) corridor(s). Seventeen soil samples (with
associated sediment and fish tissue samples) were collected in 2004-2008 (SLR et al. 2011) and analyzed
for soil chemistry; there is no map in the DEIS to indicate that this work was done, and no discussion of
the results in DEIS Chapters 3.14 (Soils) or 3.18 (Water and Sediment Quality), despite the location of
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the samples along what would be the North Road Alternative (Figure 2). There does not appear to have
been any sampling along the pipeline corridor, or at the Kokhanok ferry terminal(s), or along the route
from the Kokhanok ferry terminal to the proposed Amakdedori port.

Figure 2. Transportation corridor soil samples, 2004-2008. Source: EBD Figure 10.4-1

In addition to baseline data collected in the past, there is soil, sediment, and rock chemistry data collected
by the USGS that is publically available and should be included in the baseline (Granitto et al. 2011). 1
This does not release PLP from the obligation to collect baseline sufficient to determine future impacts at
the mine site and road, pipeline, and port infrastructures.
Without baseline soil chemistry, the potential environmental impact from roads cannot be assessed. At
Red Dog, although the haul trucks are “closed”, there were truck spills of concentrate in 2011 and 2014,
and monitoring suggests there may be an increase in zinc along the transportation corridor, although
whether this is related to the recent spills, historical contamination, or something else was not discussed
in the monitoring report (Teck 2015).
There is no analysis of lake sediment, including no analysis of sediment near the proposed ferry docks
(DEIS Chapter 3.14, 3.18). Soil samples and soil chemistry were not collected near the proposed ferry
docks, although these are areas where reagents and ore concentrate shipping containers will be transferred
between trucks and boats, and therefore an area of potential spills and leaks.

1

An interactive map of sample sites in the Pebble area, including soil, rock, and sediment chemistry, is available at

https://mrdata.usgs.gov/general/map-ak.html#home
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Adequacy of analysis of fugitive dust chemistry
Fugitive dust chemical components
We incorporate by reference comments on mine site fugitive dust chemistry as detailed in Zamzow et al.,
Fugitive Dust Issues in the Pebble Project Draft EIS, May 30, 2019. Final. Mine site fugitive dust will in
many places be added to fugitive dust from the road system. We reiterate that vehicle wear will contribute
metals and hydrocarbons as fugitive dust chemical components.
There is no geochemical assessment of metal leaching from representative material sites along the road
(or pipeline) corridor(s). Roadbed material itself may be a source of contaminants depending on the
mineral and trace metal composition of quarry sites. The transportation corridors are known to have
naturally elevated arsenic and selenium in soils (SLR et al. 2011 Table 10.4-2, Appendix Table 10.4-B,
Granitto et al. 2011) relative to average crustal abundance (Weast 1984). Non-acid generating waste rock
from the mine site which will be used in mine construction is known to leach high concentrations of
selenium, but whether selenium or other trace elements will leach when used in road material cannot be
known, as no rock material appears to have been collected or tested along the transportation corridor.
Fugitive dust is expected to land in hundreds of acres of wetlands and water bodies, and therefore will be
exposed to different pH and redox environments. This has not been considered at all in the assessment of
ecological impacts. Without geochemistry, the risks from fugitive dust cannot be assessed.
Particulate and metal accumulation
There is no assessment of the potential for accumulation of metals in fugitive dust along the road corridor.
As noted in by Zamzow et al., Fugitive Dust Issues in the Pebble Project Draft EIS, May 30, 2019, the
assumption of the deposition rate of fugitive dust used in the DEIS, which is for the mine site only, may
be reasonably be questioned; these inputs should be critically reviewed when developing road-dust plume
maps. Inputs to dust plume models for the mine site and road corridors should be independently reviewed.
Once the dust plume area is determined and overlaid on landscape components, an analysis of particulate
and metal accumulation needs to consider the long-term and dynamic nature of the deposition areas.
Accumulation of trace elements in dust may form, over time, a growing pool of contaminants within the
organic soil horizons or in pond sediment. Analysis should consider that dust will build up in some
locations over winter, and deposit the accumulated dust of several months, with its contaminant load, into
the underlying environment at snowmelt.
Ecological impacts
Although the DEIS states that traffic on unpaved roads will be a source of fugitive dust, there is virtually
no analysis of dust magnitude and dispersion, nor of its ecological impacts, nor the basic factors
underpinning dust effects and the mobility and toxicity of dust-associated pollutants, such as water and
soil chemistry in the affected environment. Despite the fact that environmental contamination by dust
measured at any given time might appear small, over the very long time frame over which the project is
proposed to operate persistent or bioaccumulating toxics such as metals and complex hydrocarbons will
not only build up in receiving soil and water, but may further disperse and potentially effect connected
water bodies and their biota.
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For the road system, the fate and transport needs to be assessed based on the expected chemical make-up
of fugitive dust and the type of landscape it enters. The impacts are expected to overlap with areas
impacted due to dewatering and habitat fragmentation. At the Red Dog mine, changes in ecosystem
communities were likely related to the presence of the road itself:
These community shifts appear to be, in part, a result of physical and chemical influences of the
road and their effect on hydrology, soil chemistry, and plant vitality. Physical and chemical
stresses are commonly found associated with gravel roads in tundra environments. (Exponent
2011).
Some metals and metal species will be more mobile than others; for example, zinc in deposited dust may
be more mobile in water than lead (Teck 2005). Sequestration, dilution, accumulation, and transformation
of these elements will be different depending on the environment they enter: wetland, oxygenated stream,
still pool, rocky hillside, freshwater lake. These affect how bioavailable a trace element will become.
Bioaccessibility, trophic transfer, and bioaccumulation then determine the impacts that reverberate
through the food chain.

Contaminant Transfer to Aquatic Habitats
Although nearly 7,000 acres of impacted lands and water due to road corridor fugitive dust (and 11,000
acres total including mine site dust) is not trivial, a simple list of the acres and broad categories of
landscapes directly affected is insufficient for an analysis of environmental consequences. We
incorporate by reference comments on impacts to terrestrial and aquatic vegetation detailed in Zamzow et
al., Fugitive Dust Issues in the Pebble Project Draft EIS, May 30, 2019).
Turbidity. We re-iterate that the inert mineral component of dust can impair water clarity, suppressing
primary production and foraging efficiency of fishes, and can settle into substrate interstices, degrading
habitat for benthic organisms, eggs, and larvae (Newcombe and McD0nald 1991, Newcombe and Jensen
1996, Trombulak and Frissell 2000, Bash et al. 2001, Henley et al. 2010, Kemp et al. 2011). Decreased
primary production associated with increases in sedimentation and turbidity and produce negative
cascading effects by way of depleted food availability to zooplankton, insects, freshwater mollusks, and
fish. Effects at each trophic level are mortality, reduced physiological function, behavioral avoidance, and
decreases in available food; these sublethal effects commonly result in depressed rates of growth,
reproduction, and recruitment (Henley et al. 2010). It is also in clear shallow waters that deposited
mercury goes through photodemethylates in the long summer days of the arctic (Lehner and St. Louis
2009); increased turbidity could reduce rates of demethylation.
Fugitive dust may also cause early snowmelt, which could result in an increase in soil temperatures,
leading to rapid decomposition of organic matter, which in turn could lead to hypoxia – particularly in
shallow water bodies and pools in wetlands. If mercury enters these areas – either through fugitive dust or
atmospheric deposition from other sources – the extended activity by soil microbes in hypoxic areas
would more rapidly methylate mercury. Wetlands that are naturally slightly acidic (e.g. pH 4.5-5.5), or
that have slowly become slightly acidic over time may enhance the bioaccumulation of mercury in
plankton, and from there through the food chain (Watras and Bloom 1992).
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Given that the DEIS very likely underestimates the mobilization and potential deposition of dust in water
bodies near the mine site and road, it remains difficult to assess what the magnitude of physical effects of
dust-associated turbidity and sedimentation might be on aquatic life in the affected water bodies. The
effects of both suspended and deposited sediment originating from dust will compound with those of fine
sediment delivered by fluid runoff from road running surfaces, ditches, and verges.
Dust that settles on vegetation of soils is subject to secondary delivery to wetlands, lakes and streams
through both windborne and normal rain and snowmelt runoff processes.
Trace metals and hydrocarbons. The toxic trace metals and hydrocarbons associated with dust can enter
aquatic food webs through various direct and indirect pathways (Ritter et al. 2002). Contaminants can be
disassociated from dust particles in in the water column, where they can affect gill function and cause
oxidative stress harmful to fishes (Sevcikova et al 2011), but commonly the more persistent forms of
metals and PAHs remain adhered to inorganic dust particles. Organisms are then exposed to these
contaminants via uptake from sediments by aquatic microbes, plants and benthic-living and filter-feeding
invertebrates, from which they can be subsequently passed upward in food webs (Poteat and Buchwalter
2013).
In the case of persistent contaminants such as some metals and PAHs, they can secondarily enter streams
and wetlands after first being taken up by terrestrial vegetation (Ritter et al. 2002), followed by
subsequent deposition and breakdown of vegetation in waterways--both by physical transport processes
and by herbivores.
Toxicity and Bioaccumulation Risks of Dust-borne Contaminants
The DEIS entirely lacks any discussion of the biological impacts of exposure to contaminants from
fugitive dust through inhalation, direct ingestion, or consumption of prey, but these effects must be
analyzed because the project will release known toxins into the environment via road dust and other
vectors (other vectors include mine site discharges, accidents, leaks and spills during transport, road
runoff, and potential tailings dam failures). Exposure of fish and aquatic life to trace elements from
fugitive dust is downplayed in the DEIS, there is no discussion of effects on invertebrates, amophibians,
reptiles, birds and mammals, and there is no analysis of exposure as elements bioaccumulate through the
food chain (DEIS Chapter 4.24).
The section above notes some potential ways that mercury and selenium could enter the landscape on
fugitive dust and become bioavailable. These are two of the HAPs assessed as components of fugitive
dust (DEIS Table 4.14-1), but the assessment did not consider potential entry into and bioaccumulation
through the food chain. Small concentrations of these elements in dust, transferred then to water and
sediment, can result in tissue concentrations that are toxic in fish and birds (Chapman et al. 2009).
Once they enter aquatic ecosystems, metal and organic contaminants of dust can kill or impair aquatic
organisms and food webs. As mentioned above, dust is only one vector by which these contaminants
reach aquatic systems; dust-associated contaminants will exert toxic effects in combination from
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contaminants originating from road and industrial site runoff and direct delivery from accidents and spills,
vehicle exhaust, and road maintenance actions.
Road dust on mine haul routes with heavy traffic or traffic continuing over many years inevitably
becomes contaminated by mine concentrates via leakage of containers, external contamination of
vehicles, and accidents leading to spills that can rarely be completely recovered, as discussed above.
Therefore, dust contaminated by major constituents of mine concentrates, such as copper, can coaccumulate with copper delivered from other sources like vehicle wear, which could lead to outright
toxicity to aquatic invertebrates and fishes. Toxic effects of copper, for example, include both direct
lethal effects, and sublethal effects that may adversely affect survival and reproduction, including salmon
and trout olefactory sensory systems that are critical to reproductive homing behavior (Baldwin et al.
2003; and see O’Neal comments on the DEIS). Many trace metals with potential toxicity accumulate in
the tissues of aquatic macrophytes (Outridge and Noller 1991), and elevated copper concentrations are
widely observed in aquatic systems affected by mine runoff (e.g., Siaki et al. 1995). We incorporate by
reference additional discussion of copper impacts as detailed in Zamzow_04202019_Fugitive dust_mine
site.Final..
More insidious impacts can be a caused by toxins that do not outright kill organisms at all trophic levels,
but are prone to bioaccumulation (Fisher 1995). Metals like mercury, cadmium and selenium, and certain
persistent hydrocarbons such as PAHs (Grung et al. 2016), are acquired and stored within tissues by
plants and other organisms to concentrations well beyond the ambient environmental concentration, then
can be passed to herbivores (D’Adamo et al. 1997, Henley et al. 2000) and subsequently to carnivores
(Tillit et al. 1992) in food webs via dietary intake (Fisher 1995).
Long-term chronic contamination of the ecosystem by road dust and other sources, extended over the
many years of the proposed mine project, could lead to eventual toxicity that is expressed at higher
trophic levels of the food web, in particular among the largest and longest-lived predator species. In this
regard, bioaccumulating toxics are of greatest concern precisely because they do not kill organisms near
the base of the food web, but instead are concentrated in body tissues and passed upward in food webs at
ever higher concentrations, and at the same time potentially transported out of the immediate area of
direct discharge of contaminants by mobile fishes, and migrating birds and mammals that prey on fishes.
Relatively pristine natural ecosystems such as Bristol Bay lakes, rivers and estuaries are especially
vulnerable to the effects of bioaccumulation because their food webs include abundant, long-lived, upperlevel carnivores that over time can bioaccumulate dietary toxics at high concentrations. Examples include
predacious fishes such as trout, and salmon, northern pike, and Iliamna Lake seals. Because humans
consume these species, humans also could be at risk from bioaccumulated toxins originating from the
proposed road system and other mine-related sources.
Contaminants such as copper, mercury, selenium, cadmium, and PAHs all have different rates of
accumulation and excretion, and different conditions for mobilization and immobilization. The DEIS
must consider what toxic substances are likely to be associated with the proposed mine site and
transportation corridor dust, and how they are likely to be dispersed into and subsequently affect the
Bristol Bay environment--not just by physical means, but by biological means as well, including the
bioaccumulation processes. Unique trophic aspects of the Bristol Bay ecosystem that influence the
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propensity for bioaccumulation of toxins (see Frissell draft report on cumulative effects of
bioaccumulation) must be explicitly analyzed. These include the pervasive presence of long-lived, largebodied predators at the upper echelons of food webs, and the potential mobility of predatory species (fish,
birds, and mammals) that can bioaccumulate toxics near the area of initial emission, but move their body
burdens many kilometers as they migrate.
This type of analysis needs to be conducted for both the 20-year mine and the extended 78-year mine
scenarios, as the environmental consequences and cmulative effects will be determined in part by the span
of years that dust-generating activities are sustained. Currently, a very terse summary of cumulative
impacts on wetlands simply assumes that the same ratio of shrub and herbaceous wetlands will be
impacted, although the acres of impact from all mine activities would increase from 4,000 to over 21,000
acres (DEIS Chapter 4.22). This was not broken down to show the increase in impacts from fugitive dust,
spills, herbicide applications, and other contaminant build-up in the environment.
The USEPA’s Bristol Bay Assessment
The Bristol Bay Assessment by USEPA (2014) identified the potential significance most aspects of dust
pollution from the the road system associated with Pebble Mine proposals that are elaborated in these
comments. Hence it is especially puzzling why road dust pollution concerns are grossly inadequate and
mostly absent in the DEIS. In fact road dust concerns are of greatly elevated seriousness in the DEIS than
in the earlier tranporstation scenario addressed in USEPA (2014) and in the recent article by Kravitz and
Blair (2019) because the DEIS proposed exensive, year-round, 24-hour use of the road for heavy haul of
concentrates, rather than by slurry pipeline as proposed in earlier scenarios.
Specifically, USEPA (2014) covered dust generation from vehicle traffic and its role in contaminating
waterways and their biota, including fishes (p. 6-41, 10-44, and 14-14), the potential effects of road salts
used in dust control and deicing (p. 10-33), the potential toxicity of road salts used in dust control and
deicing (p. 10-34 to 10-35), the process of fust formation, mobilization and transport in the presence of
road traffic (p. 10-38 through 10-39), and the potential spatial dispersion of road dust into the surrounding
aquatic and terrestrial environment (p. 10-39 and 10-44).
The need for a revised DEIS
The topics raised here are important ones that deserve public review and comment. The only mechanism
to achieve that is through providing the public with a revised DEIS. Release of a final EIS would remove
the ability of the public to review and comment on the many new issues brought up in this memo and
other substantive comments.
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Summary and Conclusion
Fugitive dust is recognized as a potential impact of the Pebble mine operations in the DEIS. However, the
treatment of the potential distribution and associated environmental risks of fugitive dust in the DEIS is
grossly inadequate, and as a consequence misleading. It is disjointed, fragmented, seriously incomplete,
and relies on outdated and inaccurate assumptions.
The extent and volume of fugitive dust is likely to be enormous. An estimated 8,300 tons of fugitive dust
per year from the mine site and 1,500 tpy from the road corridor annually (as well as 5,700 tpy during
road construction) are anticipated to impact over 1,500 acres of wetlands, 250 acres of lakes and ponds,
and nearly 50 acres of rivers and streams. Over 9,000 acres of vegetation could be impacted. This is
nearly 10,000 tons of fugitive dust anticipated to impact a vast landscape annually for a minimum of 20
years.
Despite this, dust is likely to extend further than has been modeled, and the impacts of fugitive dust on
wetlands, water bodies, and aquatic life are very likely more extensive than has been stated in the DEIS.
There are substantial gaps in the information that make an actual analysis impossible. Importantly, the
DEIS lacks any analysis of the likely dispersion in the environment of dust originating from the haul and
service roads, and no analysis of disclosure of the trace metal and hydrocarbon content of an estimated
1,500 tpy of road dust and how those contaminants will affect the Bristol Bay environment.
Road dust is of great importance in this context because as proposed the relatively long transportation
system in the DEIS constitutes a far flung but direct source of industrial pollutants to numerous
waterways it crosses or parallels, including Iliamna Lake. The environmental effects of dust abatement
measures themselves, including sourcing, transport and spread of large quantities of water, and potential
chemical palliatives, are entirely ignored in the DEIS. Considering the broad spectrum and extensive
spatial distribution of likely impacts, the DEIS either underestimates or fails entirely to disclose the likely
immediate and cumulative ecological and toxic effects of fugitive dust caused by the proposed project on
fish and aquatic life.
The distance of dust dispersion is likely underestimated through application of high soil density, low silt
content, and ignoring local windspeeds (means and maximums) and topography. The assessment for
impacted areas on the road corridor applied none of these inputs. Available site-specific information has
been ignored in development of mine area and road corridor dust plumes.
The chemical impact of dust is underestimated, as it does not include vehicle wear, chemical palliatives,
or herbicides as a component of fugitive dust and there is no understanding of the potential chemistry of
roadbed materials or the leachability of components in dust. The volume of dust may be underestimated
in that material sites are not considered as a source for road construction and maintenance.
The DEIS does not describe the impacts of fugitive dust in the context of the depositional landscape. It
does not consider the dynamic cycling and bioaccumulation of trace elements that enter wetlands and
waters, nor the biological impacts of these processes.
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The DEIS should provide an independent third party review of the road corridor dust plume model inputs.
This should lead to an estimate of accumulation of metals and salts in fugitive dust from the road
network.
Finally, an ecological risk assessment should be conducted to assess and disclose the potential biological
impacts of dust deposition. Because the mine is certain to expand from a 20-year mine to a 78-year mine,
the cumulative effects of both the quantity of dust on vegetation, wetlands, and water bodies needs to be
assessed. Analysis is also needed to predict and assess the cumulative effects over time of increased
concentration of metals in the dust as they leach out into underlying vegetation, wetlands, and water
bodies, as well as the increasing physical effects (e.g., early snowmelt, increased soil temperatures) as
they link to biogeochemical cycling and biological impacts. The impact of 10,000 tons of fugitive dust
over the landscape annually, with 1,500 tons of that along a 70-mile long corridor, may not follow a
linear pattern, but have multiplier effects.
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Review of Water Temperature Impacts in the Proposed Pebble Mine
Draft Environmental Impact Statement
Prepared by Gordon Reeves 1 and Sue Mauger 2
for Wild Salmon Center

The Proposed Pebble Mine Draft Environmental Impact Statement (DEIS) states that
treated water discharges from mine operations will increase water temperatures in the North and
South Forks of the Koktuli River (NFK and SFK, respectively) and Upper Talarik Creek (UTC),
the extent varying with season and location (Appendix I, pages 78-80). Winter water
temperatures are predicted to increase in all streams: 1.8 - 3.5oC in NFK, 0.3 - 0.7oC in SFK, and
0.3 - 0.7oC in UTC. Minimum summer temperatures are also predicted to increase: 1.2oC in
NFK, 1oC in SFK, and 0.1oC in UTC. (However, see later discussion about discrepancies in
reported temperatures.) The DEIS acknowledges that there could be potential impacts to fish
from these changes (“Changes in water temperature could potentially alter spawning timing and
egg incubation periods of managed species, alter productivity of receiving waters, and alter
aquatic invertebrate community structure.”; p. 78). Section 5.1.1.4 concludes that “Expected
summer and winter water temperatures post release of treated surplus water would have a
negligible or even positive effect on EFH quality (rearing Chinook, coho and sockeye salmon,
and spawning Chinook, chum, coho and sockeye salmon), but infrequent dry and warm years
could result in temporary or short-term effect; mortalities are unlikely.” (p. 80). Meanwhile,
Chapter 4 states that “It is unlikely that increases in winter water temperatures would warm
adequately to enhance or adversely affect developing alevins in the SFK River and UTC, and
within the NFK River, post-mining temperatures may increase to within optimum ranges for
alevin development of [sic] slightly warmer.” (page 4.24-24).
These conclusions are invalid for a number of reasons. The DEIS relies on poor quality
water temperature data to establish baseline conditions. Finding actually data, which are buried
deep in attachments to Appendix 15.1E of Chapter 15 in the Pebble Project Environmental
Baseline Document (EBD) and are not clearly referenced in the DEIS, upon which these
conclusions apparently come from is as far from the scientific norm as is finding such limited
information to assess these conclusions. Apparently, the water temperature model (SNTEMP)
was developed based on one summer ice-free period in 2007, even though temperature data were
collected from 2004 – 2009. At a minimum these additional datasets could have been used for
ϭ
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data validation or to parameterize models. By only using 2007 data, models are not robust to
predicting outside of the data range or to account for inter-annual variation, which for
temperature is typically quite high. Importantly, we found no model performance or validation
information. The results for model calibration are described as having “generally good
agreement between measured and predicted water temperatures” (p. 3355 of Chapter 15) for
NFK and UTC. For SFK, calibration results are described as “perfect”, “very good”, “good” and
“complicated”. Needless to say, these categorical descriptions are useless to evaluate the strength
of the baseline models upon which the DEIS and its conclusions rely.
It is unclear if, when and where winter temperatures were measured or modeled. And it is
unclear if the predictions for changes to winter temperatures are relevant only for main channel
habitat or for channels with groundwater inflows, which likely provide important overwintering
habitats and enhance the survival of incubating embryos. As acknowledged in the EBD “water
temperature is one of the most important factors in the health of a stream ecosystem…it also
controls the metabolic rates of fish and their rates of growth”. By relying heavily on one summer
of measured temperature data to model potential impacts and no discussion of winter
temperature modeling, the DEIS is drawing conclusions based on an inadequate understanding of
baseline temperature conditions.
We found discrepancies in the reported changes post-mine in water temperatures between
Chapter 4 and Appendix I (Table 1). Chapter 4 reports a single value of change while Appendix I
reports a “range of average temperatures”. The values reported in Chapter 4 are generally lower
than the values calculated from Appendix I. For example, Chapter 4 reports that winter
temperatures in the NF Koktuli River would increase 2.8oC. In contrast, Appendix I suggests
temperatures could increase as much as 3.5oC. It is unclear why the values in Chapter 4 were
selected from the range of average temperatures provided in Appendix I.
Table. 1. Reported change in monthly summer and winter water temperature from Chapter 4 and
range of average water temperatures pre- and post- operation of Pebble Mine from Appendix I.
Change values for Appendix I have been calculated from reported range values. (Note: In
Appendix I, winter is defined as December – April; summer as May – October. Not sure what
happened to November.)
DEIS
Stream
Summer Water Temp. (oC)
Winter Water Temp. (oC)
Section
Pre-mine Post-mine Change Pre-mine Post-mine Change
Chapter 4
NFK
1.2
2.8
(4.24.2.7)
SFK
-0.15
0.0
UTC
0.12
0.54
Appendix I
(5.1.1.4;
Table 5-4)

NFK
SFK
UTC

5.9 – 12.7 7.1 – 12.7
3.3 - 14.3 4.3 - 13.5
3.2 - 12.5 3.3 - 12.6

1.2
1.0/-0.8
0.1

0.2 - 0.3
0.2
0.2

2.0 - 3.8
0.75
0.5 - 0.9

3.5
0.55
0.7

And, there is no description of what the range represents. The norm in the scientific literature is
to present the 95% confidence intervals around the estimated mean (i.e., there is a 95% certainty
that the true value lies within the range). Without confidence intervals, it is not possible to assess
the validity of the estimated or the conclusions drawn from them. It is entirely possible that
changes in water temperatures could be larger than reported in Chapter 4 of the DEIS.
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There are some cases where reported changes do not agree, such as the winter
temperatures. For example, Chapter 4 reports that there will be “no change in winter water
temperatures one mile downstream of the discharge location” in SFK (page 4.24-24). However,
Appendix I reports a 0.55oC increase (Table 1.). Such as increase is dismissed as being
inconsequential in the DEIS but this is incorrect. (See discussion later in this document on
ecological consequences of such changes.)
The DEIS reports that the effects of changes in water temperatures will be limited to
relatively short distance from the discharge point but provides no explanation about how these
distances were estimated. The DEIS claims that temperature effects will not be extended past the
reported points: 0.5 miles in NF Koktuli River, 1 mile in the SF Koktuli River, and 3 miles on
Upper Talarik Creek (pages 4.24-24-25). Although water temperature could reach pre-discharge
levels at some point downstream - depending on a number of factors, including ambient air
temperatures, channel shape, water volume, and riparian vegetation - we see no analysis to
confirm that water temperatures would not be altered beyond the distances reported in the DEIS
nor any attempt to quantify the extent of the effect during “dry and warm” years when the DEIS
acknowledges there would be effects. Given the magnitude of change in water temperatures,
particularly during the winter, it is implausible that these findings are correct and the areas of
stream affected by the discharge are likely much wider than reported in the DEIS.
The DEIS contends that the projected changes of water temperatures are within “ADEC
thresholds” and therefore should be acceptable and have no ecological consequences. Since
Alaska’s Water Quality Standards for temperature were last revised in 1997 (ADEC 2018)
before EPA’s guidance came out in 2003 (U.S. EPA 2003), Alaska’s temperature thresholds rely
on temperatures reported in Webber-Scannell (1991), among others. Heavily cited in the DEIS,
Weber-Scannell reviewed and summarized the scientific literature on water temperatures for the
different species of Pacific salmon (and other native fish in Alaska). The reported temperatures
are from populations throughout a species’ distributional range, with very few citations from
Alaska and fewer from western Alaska. Weber-Scannell noted that there were critical limitations
of applying these temperatures to fish in Alaska, stating that “Many of the studies that relate
changes in temperature effects on fish examine higher ranges than area usually experienced by
fish in Alaska. Therefore, acceptable upper and lower temperature ranges from the published
literature are often not applicable to fish naturally occurring at higher latitudes.” (Abstract p. iii).
The DEIS uses these temperatures, however, as the standard for assessing the potential impacts
of the mine. Adelfio et al. (2019) noted that “Thus, rising water temperatures correlated with
warming winter climate conditions may have biologically significant impacts on Pacific salmon,
even during the coldest months of the year and even when maximum water temperatures remain
well below critical thresholds recognized by regulatory agencies (McCullough 1999).”
The DEIS failed to consider that populations of Pacific Salmon are highly adapted to
local conditions. Local adaptation is responsible for much of the variation observed among
Pacific Salmon populations in morphological and meristic characteristics, behavior, development
and growth rates, physiological and biochemical features, and life history traits (Taylor 1991). It
is seen on a “broad geographic scale (between populations separated by hundreds of kilometers)
and micro-geographically (between populations separated by a few kilometers or less) and even
between “seasonal races” inhabiting the same habitats” (Taylor 1991). For species with large
geographic distributions, such as Pacific Salmon, considerable differences in temperature may be
experienced that can result in differences in thermal tolerances and preferences (Fangue et al.
2006). Development and growth rates of fish are species and population specific (Beer and
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Anderson 2001), reflecting adaptation to local conditions. EPA (2014) noted that the diverse
environmental conditions in the Bristol Bay area has led to large variation among populations of
Pacific Salmon species and local adaptation (p. 7-34-5). Thus, the application of water
temperatures from outside of Alaska and the area of interest is inappropriate.
The reported change in winter water temperatures are likely to have significant, not
“negligible to potentially positive”, effects on Pacific Salmon in the affected rivers and streams.
Small changes in water temperature may not affect survival directly but they could indirectly.
For instance, egg development depends on the accumulation of degree days. (Neuheimer and
Taggart 2007) over the development period. As a result, spawn timing is finely tuned to local
environmental conditions, notably water temperatures during the incubation period (Beacham
and Murray 1990), to promote juvenile emergence at a favorable time of year for growth and
viability (Webb and McLay 1996; Brannon et al. 2004; Campbell et al. 2019). Slight increases in
temperature can accelerate rate of development, resulting in smaller (Beacham and Murray 1990)
and less well developed (Fuhruman et al. 2018) fish emerging earlier (McCullough 1999,
Adelfio et al. 2019; Fig. 1).
It is crucial to examine the consequences of changing environmental conditions on a
species phenology in order to identify potential mismatches in phenology and better understand
effects (Miller-Rushing et al. 2010). Emergence timing is coupled with the availability of the
abundance of aquatic invertebrates (Campbell et al. 2019). Changes to thermal and hydrologic
regimes that disrupt life-history timing cues can result in mismatches between fish and their
environments or food resources, adversely affecting survival (Angilletta et al. 2008, Einum and
Fleming 2000, Letcher et al. 2004). It may be possible for effects of an altered temperature
regime to be positive to one life-history stage but negative to other. Earlier emergence can result
in an extended growing season. Holtby (1988) found that an increase of 0.7 °C (1.3 °F) in winter
water temperatures following timber harvest in Carnation Creek on the west coast of Vancouver
Island, British Columbia, resulted in Coho salmon emerging 6 weeks earlier. Size at age
increased because of the extended growing season, resulting in more fish completing their
freshwater-rearing life history in one year rather than two. Coho salmon in Carnation Creek also
smolted and moved to sea about 2 weeks earlier following timber harvest; however, marine
survival declined, possibly as a result of the decoupling of the timing of smolt migration from
marine plankton blooms (Holtby and Scrivener 1989). Similarly, warmer winter temperatures
increased the length of the growing season of recently emerged Sockeye salmon in southwest
Alaska. Like Coho salmon in Carnation Creek, Sockeye salmon grew faster, and more underwent
smolt transformation at age 1+ during warm periods rather than at age 2+ in cooler periods
(Schindler et al. 2005). However, age-1+ smolts were smaller than age-2+ smolts and were
expected to have decreased marine survival. Pacific Salmon may be particularly susceptible to a
mis-match occurring because multiple events in the life cycle can be affected by environmental
conditions (Lytle and Poff 2004, Crozier et al. 2008). It is critical, therefore, to consider how
effects can cascade over the life-history of a fish and not limit analysis to a single life-history
stage. The DEIS fails to do this and is, thus, under representing the potential impacts of elevated
water temperatures caused by mine operations.
Concurrent with an increase in water temperatures from the proposed mine, there is likely to
be changes in stream flow from climate change as the precipitation goes from snow to rain. The
SNAP projections for Nondalton (Figure 2), which is near the proposed mine site, show air
temperatures in March and April 2040 approaching 0oC (32oF). This is the critical temperature
where precipitation would fall as rain rather than snow and any snow would begin to melt.
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Wobus et al. (2018) projected substantial changes in mean winter flow and peak flow dates, and
water by 2100. Hydrographs will no longer be dominated by a single spring thaw event, but will
instead be characterized by numerous high flow events throughout the winter. This pattern of
flow changes is predicted for other areas that will experience similar temperature changes
(Hamlet and Lettenmaier 2007, Tague and Grant 2009). Smaller fish are more susceptible to
displacement at higher flows and, thus, the overall effect of warmer winter temperatures could be
a decrease in survival.
The DEIS contends that changes in summer water temperatures will be relatively small and
remain with the “optimum range” reported by Weber-Scannell (1991), and that there will be no
effect on salmon. Local adaptation of growth rate to water temperature occurs in at least some
salmonids (Finstad et al. 2004, Metcalfe et al. 2016), and appears strongest at low, rather than
high, temperatures (Jensen et al. 2000). A recent study (Campbell et al. 2019) on the Copper
River Delta, near Cordova, Alaska, compared growth rates of young-of-the-year (0+) Coho
Salmon in streams with different summer temperature regimes 4-5oC and 10-13oC. The latter
was to be in the assumed optimum range for growth for Coho Salmon and the former well
outside the range (Brett 1952, Konecki et al. 1995). However, fish in the two streams grew at the
same rate and were the same size at the end of October. The DEIS contention that increases in
water temperature will be beneficial to the affected populations is not supported by the scientific
literature.
The DEIS implicitly assumed that an increase in water temperature to an “optimum” level
would result in a corresponding increase in growth. An increase in water temperature increases
the metabolic cost, thus requiring an increase in consumption to grow. The DEIS stated there
would be no anticipated effects on the community of aquatic invertebrates, a major food source
for juvenile salmon. A study in Sweden, found that the abundance of Chironomids (midges), a
major food of juvenile Coho Salmon (Campbell et al. 2019), declined with an increase of 3oC
(Jonsson et al. 2015). The contentions of the DEIS that projected changes in water temperatures
will not “…be anticipated to alter aquatic invertebrate communities” is unsupported and
seriously questions the credibility of conclusion about the effect of changes in summer water
temperatures.
In summary, the analysis of the effect of the projected altered temperature regime is highly
flawed. There are inconsistencies of reported water temperature, poor quality water temperature
data to establish baseline conditions, and the analysis of the downstream extent of the effects is
questionable and likely underestimates the length of streams affected. It uses an inappropriate
standard (“optimum temperatures” for a species) and ignores the influence of local adaptation,
which EPA (2014) noted was critical to consider. It also fails to recognize that: (1) small changes
in water temperature can have significant ecological effects (e.g., time and size at emergence);
(2) there will be cascading effects (cumulative effects) of changes in the timing of life-history
events (phenology); and (3) makes unsupported assumptions about critical effects (e.g., effects
on aquatic invertebrates and growth). As a result, the assessment of potential effects of the
proposed mine and the conclusions in the DEIS are invalid and most likely wrong.
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Figure 1. Change in the time of emergence of Coho and Chinook Salmon fry as a result of a 1oC
increase in water temperature incubation (from: McCullough 1999).
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Figure 2. Projected average monthly air temperatures for Nondalton, Alaska based on Scenarios
Network for Alaska and Arctic Planning (SNAP) climate data.
https://snap.uaf.edu/tools/community-charts
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EXECUTIVE SUMMARY
The Pebble Project Draft EIS (DEIS) characterizes the habitat of spawning and juvenile
salmon and resident fishes in three streams that would be impacted by mining
development (the North Fork Koktuli, South Fork Koktuli, and Upper Talarik Creek) in
Bristol Bay, Alaska. Study objectives, methodology, and the resulting data and
interpretation are compiled largely in the DEIS Section 4.24 Fish Values, DEIS Appendix
I on the Essential Fish Habitat (EFH) and in the Pebble Project Environmental Baseline
Document (EBD) and the Supplemental Environmental Baseline Document (SEBD)
(PLP 2011 and 2012 Chapter 15-Fish and Aquatic Invertebrates).
From 2004-2012 field data was collected to describe channel characteristics,
hydromorphologic unit types (e.g., pools, riffles, and runs/glides), and special habitat
features (e.g., tributaries, springs, seeps, and fish migration barriers) in main stem,
tributary, and off-channel habitat types. Habitat data collection methodology relied in
part on US Forest Service protocols; however, methods varied over the course of the
study. The instream habitat detail and its relationship with changes in flow were
estimated using the Physical HABitat SIMulation (PHABSIM) model. The instream
habitat data is quantitative, while other data is mostly qualitative. In this way, rivers are
described as single-thread systems despite the frequent occurrence of wetland complexes,
floodplains, beaver ponds, areas of surface and groundwater exchange, and off-channel
habitats throughout the Pebble project area. This complexity—which is essential to the
overall sustainability fisheries—is not captured in instream habitat classification.
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Overall the PHABSIM model used in the DEIS suffers from a poor choice of assessment
tools for the stated objectives, improper selection of intensive study areas, and numerous
procedural and technical errors. Resulting model outputs suffer from glaring inaccuracies
and inappropriate assumptions. Some of these limitations include:
1) Investigation of the direct impact area at the mine site was largely not sampled.
Primarily mainstem locations, in some cases over a mile away from the
planned mine site, were assessed.
2) The resolution of physical habitat data collection is inadequate to capture future
impacts and biologically meaningless. Insufficient transects were measured,
sampling strategy was neither rigorous nor systematic and gross extrapolation
has been implemented.
3) The biological model is based on very few observations, is lacking data, and
relies on false assumptions about habitat ignoring fish movement and effects of
temperature, groundwater, and myriad other habitat influences.
4) The modeling results lack validation and verification.
Moreover, the format in which methods and results are reported is cumbersome, making
data difficult, if not impossible, to access, understand or analyze. Lack of detail in
methodology along with poor presentation and lack of interpretation of results makes the
results hard to follow, verify, or repeat violating a central tenant of the scientific method
(Brown and Guy 2007), and rendering the work incapable of passing a standard peerreview process (ESA 2012). A revised DEIS should use more modern, ecologically
robust methods of characterizing habitat selection (e.g., measuring additional habitat
variables and evaluating them collectively using multivariate techniques, using
ecologically appropriate and consistent spatial resolution, and/or considering alternative
models altogether (e.g., individual based models).
INTRODUCTION
The DEIS Appendix I (2019 Owl Ridge Draft EFH Assessment) and the Pebble Project
EBD and SEBD (Chapter 15; PLP 2011, 2018) describes the application of habitat
simulation model PHABSIM to the potentially affected instream portions of the North
Fork Koktuli (NFK), South Fork Koktuli (SFK), and Upper Talarik Creek (UTC). The
habitat has also been assessed for in- and off-channel areas of those river sections using
modified USDA Tier 1 and Tier 3 methodology. This report reviews and critiques the
information provided in the EBD and SEBD based on standards for the scientific peer
review process including organization and clarity, repeatability of methods, the degree to
which conclusions are supported, and general scientific soundness (ESA 2012).
The Draft Essential Fish Habitat (EFH) Assessment (DEIS Appendix I, Owl Ridge 2019)
for the Pebble Project stated that changes in streamflow can affect EFH quantity and
quality, however, because net reductions in flow are relatively small, changes in available
Pacific salmon spawning and rearing habitat are expected to be equally small. Potential
impacts to spawning and rearing habitats for Pacific salmon were modeled for wet, dry
and average precipitation years post-construction with treated water discharge. A hybrid
habitat simulation analysis model (HABSYN) was utilized to synthesize habitat-flow





BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 617 of 2339

relationships (R2 2018d). This simulation accounted for predicted stream flow reductions
and treated surplus water discharges from the mine water treatment plants. This modeling
approach incorporated a “habitat-mapping” component that enabled predictions of
habitat-flow relationships for each habitat unit within a given reach. The predictions are
based on PHABSIM modeling at measured transects. The PHABSIM methodology
consists of both a hydraulic and habitat model, which provides a means of estimating fish
habitat as a function of streamflow. Within PHABSIM, the physical and hydraulic
characteristics of a stream at different flow levels are combined with a set of habitat
suitability criteria (HSC) or indices that describe the suitability or preferences for fish of
physical and hydraulic conditions. Each target fish species and life stage combination
have a unique set of HSC for three variables: velocity, depth, and substrate.
The suitability of each variable is expressed as a value between 0 and 1, where 0 is
unsuitable and 1 is highly suitable. Thus, for each specific location, the hydraulic model
described the physical habitat conditions, while the HSC described how suitable those
conditions are for a specific fish species and life stage. When combined, these model
components allow the calculation of a habitat-flow relationship, which is expressed as
Weighted Usable Area (WUA). WUA is an index of the amount of habitat present under
a given range of flows. The WUA increases or decreases with increasing flow as a
function of both the hydraulic and habitat models. In the hydraulic model, while substrate
would likely remain constant over a range of flows, velocity and depth typically increase
with an increase in flow. In the habitat model, substrate would once again remain
constant with changing flow; however, as depth and velocity change in response to flow,
the suitability of depth or velocity will also change, and the direction and degree of that
change will vary by species and life stage. For example, coho salmon fry in the NFK
have a suitability of 1 for velocities less than 0.1 ft/s, but a suitability of 0 for velocities
greater than 2.5 ft/s. Thus, the habitat suitability increases as velocities move from 0 to
0.1 ft/s but would decrease with any additional flow. As the suitability of velocity
conditions decrease, the amount of available habitat also decreases. Therefore,
changes in hydraulics as flows change, combined with the associated change in habitat
suitability of both the depth and velocity are combined to determine how the habitat-flow
relationship changes for specific species and habitats. In this manner, some habitats for
individual life stages and species can either increase or decrease from pre-mining
conditions as the altered flow regime produces more or less suitable habitat. Using this
methodology, total available spawning and rearing habitat was predicted (in acres) by
species in reaches of the NFK River and one of its headwater tributaries, the SFK River
and one its headwater tributaries, the UT Creek and the mainstem Koktuli River, under
pre-mine conditions and after treated water release conditions for wet, average, and dry
precipitation years (Owl Ridge Table 5-3, Figure 5-2).
The U.S. Fish and Wildlife Service developed physical habitat simulation models in the
early 1970’s as a tool to define minimum flow requirements associated with individual
water use facilities. This technique has been used for the protection of salmon and other
fish habitat throughout the United States and abroad for decades. Presently, it is one of
many available techniques specializing in microhabitat analysis (Parasiewicz and Dunbar
2001, Tharme 2003, Railsback 2016). Habitat models of this kind combine a quantitative
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description of physical patterns with observations of biological response captured by
mathematical formulas. Microhabitat analysis defines areas used by aquatic fauna during
observation. Though such models are not well suited for analysis of long river stretches
and hydraulically complex habitats, they are frequently used in violation of procedural
protocols and contrary to intentions of model developers. This misuse has led to heated
discussions of model validity (e.g. Gore and Nestler 1988; Williams 1996, NRC 2008,
Railsback 2016). Presently, many superior models using more advanced ecological
statistics have been developed since the widespread adoption of PHABSIM (Parasiewicz
2007a, Parasiewicz 2007b, Railsback 2016).
METHODS SUMMARY
Methods Presentation
PHABSIM methods are summarized in Chapter 15 of the EBD and SEBD (PLP 2011,
2012a), and described in full detail in the Consolidated Study Program, Appendix E of
the EBD (PLP 2012b) and in Appendix I of the DEIS.
Study Area and Objectives
The study area stretches for over 380 km of mainstem and tributary habitat in the North
Fork Koktuli (NFK), South Fork Koktuli (SFK), and Upper Talarik (UT) and main stem
Koktuli River (KR), which are delineated into 18 hydrologic reaches (NFK-A to F, SFKA to E, UT-A to F, KR). Habitat data were collected in main stem, tributary, and offchannel habitats (Appendix E of EBD and SEBD Chapter 15). Mesohabitat mapping was
conducted in main stem portions of the NFK, SFK, and UT and was followed by
microhabitat analysis in selected sections. Stated objectives of habitat data collection are:
• To describe channel morphology and valley form characteristics in main stem and
tributary channels.
• To characterize riverine habitat types (e.g., pools, riffles, and runs/glides), their
distribution throughout the river, as well as the amount of river and stream habitat
available for fish.
• To document the locations of special habitat features (e.g., tributaries, springs,
seeps, and possible barriers to upstream fish migration) that may influence fish
distribution and abundance throughout the mine study area.
• To characterize the quality and quantity of off-channel habitat within
representative off-channel habitat study areas.
• To establish the relationship between the fish habitat and surface flows in each of
the study streams and selected tributaries.
Main stem and tributary habitat surveys
Most main stem and tributary data collection relied on the U.S. Forest Service protocols
for aquatic stream habitat data collection (USFS 2001); these included: modified Tier 1
(information regarding reach scale channel and valley morphology, i.e., discharge,
substrate particle size distribution, bankfull width, bankfull depth, bed width, wetted
width, and gradient) and modified Tier 3 (information regarding individual habitat types,
i.e., beaver pond complexes, backwaters/sloughs, ponds/lakes, cascades, pools, riffles,
runs/glides, and wetlands). Some data is quantitative, while other data is qualitative.
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Methods for several habitat parameters varied (e.g., discharge was estimated using flow
meters or floats, gradient was estimated using a stadia rod and auto level or a clinometer,
lengths were estimated using hip chains, Kevlar tapes, or laser range finders).
Mesohabitat mapping
“Mesohabitats” are defined as “visually distinct habitat units on a reach-scale” (PLP
2012a). They were mapped using foot surveys in “selected sample areas” in main stems
to visually identify runs, riffles, pools and island complexes. These are, however,
hydromorphologic units (HMU), not mesohabitats, because mesohabitats consist of more
than a morphologic shape of the river. For example, a pool with large amounts of woody
debris will offer a different mesohabitat than a pool without woody debris. Main stem
reaches that were not foot surveyed were evaluated with remote sensing including digital
imagery and/or videography. Data were combined to estimate the total area of each type
of habitat type by stream reach, which was used to calculate fish density. Flows during
mapping surveys were not specified.
Instream habitat surveys
The PHABSIM method was selected to analyze instream habitat for Chinook salmon,
coho salmon, chum salmon, sockeye salmon, Arctic grayling and Dolly Varden within
the study areas. The boundary of instream flow study area included 38, 46, 48 and 5
transects on NFK, SFK, UT and KR, respectively (R2 2018). Transects were established
in reaches NFK-A, NFK-B, NFK-C, NFK 1.190, SFK-A, SFK-B, SFK-C, SFK 1.190,
UT-B, UT-C, UT-D, UT-E, UT-F, UT 1.190 and KR (see SEBD Figures 15-5 through
15-8). During the study different numbers of transects were sampled each year “to
capture representative habitat types” and are inconsistently distributed. Between 2004
and 2008 a total of 137 transects were surveyed and 21 of the 92 original stream transects
were replaced and surveyed in 2010. Survey timing targeted three different flow levels
for data collection at high mid, and low flows corresponding to June, July and August.
Mean column velocity, depth, substrate, and cover were measured or noted.
Habitat selection curves were computed based on literature values or fish data collected
using snorkel observation and redd counts with subsequent recording of physical
attributes in occupied locations. Standard PHABSIM procedures were used to calculate
hydraulic conditions at a range of flows. HABTAV routine was used for calculation of
weighted usable areas (WUA). For each transect, three WUA curves were calculated
separately based on the roughness coefficients calculated for each flow level (dry,
average, and wet). The composite rating curves were then fitted into the curves for each
flow. Each transect was associated with an HMU type obtained from earlier surveys.
WUA of transects from the same habitat type was averaged, and then weighted by the
proportion of the river length occupied by each HMU. The rating curves presented a
WUA and percent of maximum habitat area for each species life stage. They were used to
compute habitat time series using the flow observations in each reach during the study
period. The flow time series were divided into wet, average and dry years, and average
daily habitat area was calculated for each year type, reach and species life stage.
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Off-channel habitat (OCH) surveys
Off-channel habitat surveys were co-located with main stem habitat survey sites along the
main stems of the NFK in 2008, the SFK from 2005-2007, and UT in 2007 (PLP 2012b,
DEIS Appendix I). A 2012 OCH study was designed as an extensive follow-up to the
preliminary hydraulic connectivity study. The goal was to use existing aerial photography
to map the distribution of discernible OCHs throughout the major river floodplains in the
mine study area, sample additional reaches, and collect data at different flows than the
original assessment to provide an improved description of river flows when the various
types of OCHs became hydraulically connected to the mainstem, and therefore accessible
to fish. Through increased sample size and appropriate subsequent scaling, the flow
levels where different types of OCHs become connected were estimated. The study was
designed to extrapolate results to un-sampled stream reaches. Surveys were conducted
where “high concentrations of off-channel habitats were found,” although high
concentrations are not defined (PLP 2012a). Qualitative habitat data was collected
between 2005 and 2007 in SFK and UT, while Tier 3 aquatic habitat survey protocols
(USFS 2001) were used to collect off-channel habitat data in the NFK in 2008. The EBD,
SEBD and DEIS Appendix I do not provide justification for the varying timing or
methodology of off-channel habitat sampling protocols.
RESULTS
Data Presentation
Habitat data are summarized and interpreted in DEIS Section 4.24 and in Chapter 15 of
PLP’s EBD and SEBD, and detailed data are summarized in SEBD and EBD Appendix
B, C, D and F of Chapter 15. Data are presented by section (reach) of each river system
and, when collected, tributary data is included within the reach into which the tributary
flows. Data in the form of tables, figures, and maps are inconsistent between reaches and
frequently lack interpretation or description. Moreover, data that is included are in locked
pdf format with hyperlinks to figures available only in the main body of the chapter.
Figures and tables are not hyperlinked in the appendices making the reading of these
large documents very tedious.
Mesohabitat Results
All three rivers (NFK, SFK, and UT) are described as single-thread, gravel-bedded
channels ranging from straight and high gradient to meandering and low gradient.
However, wetland complexes, floodplains, beaver ponds, and off-channel habitats are
frequently described. Aerial photographs indicate at least some sections with braided
channels. The main stem of the NFK is dominated by riffle habitat, and the SFK and UT
are dominated by riffle and run/glide habitat. Little instream cover, but good quality
spawning gravel, is documented in all three rivers. In all three watersheds, lakes, ponds
and beaver ponds are important to water storage and extended summer runoff.
Groundwater downwelling, or “drying” reaches are described for a tributary of the NFK,
and for a middle reach and several tributaries of the SFK. Results suggest the “drying” of
the middle reach of the SFK functionally eliminates juvenile habitat from that reach from
February through April and results in fish stranding and/or dewatering of incubating
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eggs. Inter-basin transfer of downwelling water from the SFK to an upwelling area in UT
was documented as part of a system of groundwater upwelling throughout UT that
stabilize flow and temperature throughout the year.
Instream Habitat Analysis Results
The results are presented as an absolute (ft2/1000 ft) and relative habitat area (% of
maximum WUA for species) available at different flows as a rating curve for each
transect. The Y-axes and X-axes for absolute curves all have varying ranges making
comparisons very difficult. Reasons for presenting different flow ranges for different
reaches are unclear (e.g., maximum flow for UT varies between 60 and 800 cubic feet per
second, not necessarily increasing downstream; e.g., maximum flow at a lower reach,
UT-D, was documented as 400 cfs, while the next reach upstream, UT-E, was 600 cfs
and the uppermost reach UT-F was 60 cfs). For reaches, only the percent of maximum
habitat area for increments of flow (cubic feet per second, cfs) is presented in tabular
fashion. Only flows providing 100% and 90% of maximum habitat area are described in
the text without describing remaining model results.
The habitat time series and habitat duration curves are also presented for study reaches.
No summary graphs are offered. The habitat time series are synthesized as an average
daily habitat area for dry, average and wet years indicating differences in habitat
availability for these events. A series of tables demonstrate the average daily habitat areas
for reaches and rivers. EBD Chapter 15 Table 73 summarizes those values indicating the
largest quantities of habitat for chum salmon (Oncorhynchus keta) and Dolly Varden
(Salvelinus malma), Arctic grayling (Thymallus arcticus) and rainbow trout
(Oncorhynchus mykiss) spawning. It is puzzling that spawning habitat area is larger than
the adult foraging habitat. The discussion states that SFK has the most habitat for
spawning Chinook salmon (Oncorhynchus tshawytscha), while NFK and UT have more
habitat for spawning coho (Oncorhynchus kisutch) and chum salmon than for juvenile
life stages. According to the time series analysis, most of the anadromous spawning area
exists during wet years, while resident salmonid spawning area is maximized during dry
years. No difference between years was found for rearing life stages.
Off-Channel Habitat Results
Of the 37 hectares of off-channel habitats (OCH), the mapped majority were beaver
ponds (around 90%) with the rest consisting of side channels, percolation channels, pond
outlet channels, isolated ponds and alcoves (EBD Chapter 15). The proportions of OCH
habitat area were consistent among the river channels. With the exception of beaver
ponds, the water levels in OCH are strongly affected by river flow. All OCH potentially
offer coho salmon spawning and rearing habitat. The relation between the river flow and
the OCH surface was established and presented.
DISCUSSION AND RECOMMENDATIONS
Data Presentation
The format in which results are presented, make the EBD and SEBD difficult to
understand, access, analyze, independently interpret, or repeat. Due to the vast size of the
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EBD and SEBD Chapter 15 regarding fish, the core of the study is unnavigable. All
information is in locked pdf format, which makes copying, pasting, or commenting on
data impossible. Data are presented for individual stream reaches in variable and
inconsistent formats between tables, figures, and maps. Some figures have unreadable
axes (see EBD Chapter 15 Figure 12 page 3287). Maps frequently lack the explanation of
symbols (e.g., red lines in EBD Chapter Figure B, Appendix 15.1.B). Individual data
points do not include specific dates or locations and cross-referencing among tables,
figures, and maps is challenging at best. The units are inconsistent throughout the
analysis.
Habitat time series curves indicate the year depicted (e.g., EBD Chapter 15 Figure 103,
Appendix 15.1C). But the axes of comparable figures such as rating curves for transects
are inconsistent in length and are therefore not easily comparable. The rating curves for
transects present habitat area in terms of WUA in ft2/1000 ft, while rating curves
generalized for the reach level demonstrate habitat area in acres, without indicating the
length of the reaches. Some topics are described with unnecessary detail (e.g.,
benchmarking cross sections) while other essential information is lacking (e.g., procedure
of site or transect location selection). Lack of detail in methodology along with poor
presentation of results and lack of interpretation of the results makes methodology
impossible to follow and verify and therefore unrepeatable, violating a central tenant of
the scientific method (Brown and Guy 2007), and thus the ability of the DEIS to pass any
standard peer-review process (ESA 2012).
Mesohabitat Mapping
A review of mesohabitat maps raises doubts about their accuracy. For example, margins
of river bends where pools are expected are classified in the maps as runs or sometimes
riffles (e.g., EBD Chapter 15 Figure B.1-6 or B.15-6). This violates principles of channel
hydraulics. Glaring inconsistencies are exemplified on page 35 of the EBD Appendix
15.1C by presenting survey results from Tributary UT 1.190, the entirety of which was
mapped as riffle habitat. In reality, the transects for the PHABSIM model for this section
were surveyed in units classified as runs. This demonstrates lack of coordination between
teams performing surveys. Apparently, remote sensing classification was never verified
on the ground.
Site selection methodology for on-foot-surveys is not described, and thus the
representativeness of habitat information is unclear. Some sections were not mapped at
all (e.g., NFK-D-F or SFK-E) or only portions of them were mapped (NFK-E). In
particular, reaches closest to the area that will be impacted by mining activities were not
sampled in NFK or SFK.
Methods of data collection varied, in some cases using different instruments to measure
the same parameters, and in other cases combining and comparing qualitative to
quantitative data with no indication of which data are collected using variable
methodologies. Moreover, sites were not sampled in subsequent years of sampling.
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Instream Habitat Analysis
The PHABSIM model applied in the DEIS was developed in the early 1970’s as a
planning instrument for negotiations of in- and out-of-stream water use within the
framework of Instream Flow Incremental Methodology. The model output is used to
develop a habitat time series and habitat durations as a function of inter and intra-annual
streamflow variability. This technique was originally designed for applications related to
individual water use facilities, particularly the definition of minimum flow requirements.
It is neither well-designed nor well suited for habitat analysis on long river sections.
PHABSIM and other related techniques use high precision measurements of physical
conditions to predict flow-related alteration of habitat, together with a habitat suitability
criteria for fish. The underlying principle of PHABSIM is to describe these changes by
means of a deterministic hydraulic model, an approach originally developed for floodcontrol engineering. The choice of this hydraulic technique as a backbone of PHABSIM
has been crucial to the design and, from a river restoration perspective, the source of
model limitations. Although still broadly used, the one-dimensional model strongly
simplifies low flow hydraulic conditions, because it assumes steady and gradually varied
flow in only one direction (Gordon et al. 1992).
The format of the model algorithm determines the strategy for sampling channel
morphology and hydraulics. Stratified sampling (i.e., transects) typically applied for this
purpose is relatively crude and does not properly reflect curvilinear distribution of hydromorphologic parameters (Parasiewicz and Dunbar 2001, Parasiewicz 1996). This
limitation is important since deterministic hydraulic models are highly sensitive to
changes in riverbed roughness, specifically when applied to low flow conditions.
Multidimensional hydraulic models have been used with application of more adequate
sampling techniques (e.g. Alfredsen et al. 1997, Lafleur and Leclerc 1997). These
methods reduce inaccuracy but still do not resolve the problem of sensitivity to
roughness. In more complex systems, or where study objectives require habitat
assessment in larger areas, the amount of necessary effort makes the application of such
models impractical. The PHABSIM is an outdated and overly simplistic habitat and
hydraulic model. Given the potential significant habitat impacts from the Pebble mine
the USACE should include a more robust ecosystem and habitat impact evaluation in a
revised DEIS using the most robust tools available (i.e., holistic models, individual-based
models, and/or multivariate improvements to PHABSIM). Examples of holistic models
include:
• http://www.dfo-mpo.gc.ca/library/348885.pdf describing more robust methods
to determine environmental flows
• Holistic methods, such as DRIFT method https://www.drift-eflows.com/wpcontent/uploads/2017/12/DRIFT-ARID_Seaman-et-al-2016.pdf
• A study using MIKESHE with DRIFT method in South Africa https://www.ajol.info/index.php/wsa/article/view/141188).
To limit the effort to a feasible level, physical attributes used for model calibration are
commonly measured on only a few short sampling reaches and model predictions are
then extrapolated to larger segments of rivers and streams. Sometimes this
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“representative site” design is supported by rapid habitat mapping to weigh the spatial
distribution of habitat features. Nevertheless, the accuracy of a river-wide assessment
strongly declines during the generalization procedure due to usually high variation of
morphology in areas between the sampled sites (Dolloff et. al. 1997). Often extrapolation
effects lead to conflicted opinions about the validity of habitat simulation findings caused
by the choice of sample-site locations (e.g. Gore and Nestler 1988; Williams 1996). For
all these reasons, the physical habitat models are frequently discredited as poorly
applicable to larger scale issues and therefore inadequate for system-scale, holistic
management.
Transect Selection
This issue of large-scale river assessment is central to the study discussed here and begs
the question of whether the appropriate model has been chosen to fulfill the objectives of
the study for the Pebble Project. Hundreds of miles of river length was intended to be
evaluated using a set of transects. A major issue with PLP’s habitat modeling in
PHABSIM is that there is frequently no real connection between hydraulic modeling and
habitat utilization because modeling transects are usually selected based on hydraulic
criteria for ease of modeling rather than biological reasons (EBD Chapter 15 p. 15.1-16).
Some were subsequently based on the distribution of fish, but most were still sited
without this regard. Consequently, there is a potential disconnect between the locations
where habitat is modeled and the distribution of fish, an inappropriate mixing of spatial
scales (NRC 2008). Moreover, PHABSIM ignores fish movement. As such, modeling
habitat at hydraulic modeling transects substitutes an evaluation of habitat in time, at
fixed locations, with one that should be conducted in more biologically meaningful space,
over time (NRC 2008, Railsback 2016). In order to indiscriminately characterize habitat
in terms of stream hydraulics, modelers must (essentially) assume habitat to be uniform
throughout stream reaches. They must also assume that this pattern of uniformity remains
true in all seasons. This assumption of spatial uniformity appears to be violated by the
DEIS maps of spawning, for example. The distribution of spawning is highly clumped in
certain locations. The assumption of temporal uniformity can also be invalid, for we
know that juvenile uses of habitats change with season (e.g. Martens and Connolly,
2014).
The approach chosen in the EBD and SEBD is to determine the distribution of HMU
types and then subsample them with single independent transects. However, transects
were defined before the meso-level survey, hence it cannot be claimed that they were
chosen to subsample identified HMUs. From the perspective of the hydraulic model, this
is even less accurate than the representative site approach. Considering that HMU
classification is not reliable, the entire scheme of data collection is questionable.
Another key issue is that the number of selected transects is not adequate to represent the
whole study area, especially in morphologically variable natural channels. Transect
locations seem to be selected haphazardly and distances are between 700 and 2000 m—
an inadequate resolution. Some sections are sampled more densely then others, for
reasons unknown. For example the model for 6 km of KR is based on five cross sections.
On Tributary NFK 1.190, 8 km are represented by three cross sections. Further, in
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smaller tributaries transects measured at the mouth of the stream were assumed to be
valid for the long upstream sections that may have different hydro-morphology. No
transects were measured in upstream reaches of NFK and SFK, that are adjacent to the
mine site. In fact the reach SFK-E flows through the middle of the ore body, yet the first
transect measured is about ten miles downstream.
Some of the four habitat types with transects sampled for PHABSIM were under
sampled. In several reaches some habitat types are represented by only one cross section.
For other units, habitat parameters are simply averaged, without considering the
proportion of river length each cross section represented. As mentioned above, the
mapped HMUs may be different mesohabitats and every cross section should represent
habitats of different length.
Further, pools were not sampled in some reaches (e.g., KR or SFK 1.190). This is critical
because pools have been documented in the off-channel habitat study as the most
productive areas of the investigated rivers. Many coho salmon were captured in pools.
Another problem results because cross-sections with an unstable riverbed were removed
from analysis. Although convenient for analysis and data collection, selectively removing
data is erroneous and dangerous as such areas may be the most vulnerable to mining
impacts.
Biological Models
Several concerns exist with regard to biological models. The applied habitat suitability
criteria are of very poor quality. First of all, univariate habitat utilization curves were
constructed and used for analysis. Such criteria neither take into account interactions of
investigated physical parameters nor habitat availability. The habitat suitability index is
developed for each of the parameters separately and then combined with a prioritized
selected formula into composite index. Utilization criteria are based on fish observations
only; hence locations that were not occupied at the time of sampling are excluded. Such
criteria likely exclude highly suitable locations (e.g., Morhardt and Hanson 1988).
The model additionally assumes that microhabitat preference does not change with flow,
which is not supported by the literature (Heggenes 2002, Parasiewicz and Walker 2007,
NRC 2008). This suggests that predictions of effects of changes in flow are uncertain
and their accuracy, applicability, and ecological meaning is not known, reported, or based
on best available science in the DEIS. Furthermore, suitability criteria are based on very
few fish observations (see EBD Appendix 15C, Attachment 1). High levels of
coincidence accompany microhabitat observations; in order to find fish in suitable
habitat, fish must be present at the time of sampling. Of course, this is often not the case
because fish are mobile organisms. More fish observations would alleviate this problem.
The only criteria with sufficient fish observations for calculation were for coho salmon,
sockeye salmon (except juvenile) and Chinook salmon (except fry). Some spawning
observations are clustered in specific locations (e.g., EBD Chapter 15 Figure 11,
Appendix 15C, Attachment 1), which begs the question whether or not data are spatially
auto-correlated. No discussion of this auto correlation is included, however.
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Habitat Suitability Criteria
Validation of habitat suitability criteria is not described in the DEIS, hence the accuracy
of the model cannot be tested or confirmed. The comparison of the number of species
with habitat availability for NFK A and NFK B reaches contradicts model predictions,
which do not correspond with fish distribution. This may be due to the fact that the
models only account for the velocity, depth and substrate, neglecting the influence of
cover on fish behavior (Parasiewicz and Walker 2007). Therefore, the habitat suitability
criteria used in the study are poor. To improve data quality, the models for Arctic
grayling, rainbow trout and Dolly Varden should be removed from the report.
Some rating curves indicate computational errors presenting jagged, rapid increases and
declines between very small flow increments (i.e., EBD Chapter 15 Figure 34, Page
1136). Such results are unreasonable and illogical. Further, PHABSIM rating curves are
extrapolated to flows 2.5 times higher than the highest measured flow and 0.4 times
lower than the lowest measured flow. These large extrapolations may be inaccurate
because:
a. For higher flows, habitat suitability criteria may not apply since species
behavior may differ.
b. For lower flows, extrapolations fail to account for hydraulic conditions which
could change dramatically, potentially crossing the threshold to substantial
drought in which species may display survival behavior rather than foraging or
spawning.
The extrapolations are most likely responsible for the fact that some rating curves show
habitat increases at extreme flow levels. For example, EBD Chapter 15 Figure 183,
Supplement 1, Appendix 15.1 C depicts the WUA for Arctic grayling, Dolly Varden and
rainbow trout for transect 05-SFK-RN1. In the figure, Dolly Varden habitat is reported at
a minimum at 120 cfs (the highest measured flow), increases slightly from 120-200 cfs,
and then increases steeply above 200 cfs. Considering that the accuracy of the
extrapolation dramatically declines with flow increase and that the utilization curves are
based on sparse data, these are not reliable. The adequacy of the large extrapolations
should be demonstrated.
The development of confidence intervals for model results, which is a common practice
in the scientific process, provides a means to understand the accuracy of the results.
Williams (1996) noted that the non-random selection of transect locations can introduce
great uncertainty into the resulting weighted usable area (WUA) curves that makes curves
“meaningless”. Williams then describes a statistical process for developing confidence
intervals, which provides a means to assess the precision of the results. Williams (2010)
suggests practical means (number of transects and selection of locations by statistical
methods) by which the size of confidence intervals can be reduced.
The DEIS additionally failed to consider the potential effect of other factors that will
influence habitat suitability. PHABSIM assumes that habitat selection of fish is solely
determined by flow velocity, depth, and substrate and uses univariate tools to weight each
habitat factor equally—without addressing or supporting those assumptions (NRC 2008,




BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 627 of 2339

Railsback 2016). However, the literature clearly indicates temperature, groundwater
influence, food availability, competition, predator avoidance, time of day, season, and
many other factors influence ultimately affect fish distribution (e.g., Orth 1987, Quinn
2005, NRC 2008, Armstrong et al. 2013, Railsback 2016 and many others).. The DEIS
(Section 5.1.1.4 Water Temperature) states that treated water discharges from mine
operations will increase water temperatures in the North and South Forks of the Koktuli
Rivers (NFK and SFK, respectively). Minimum summer temperatures are predicted to
increase – 1.2oC in NFK and 1oC in SFK. Water temperature strongly influences that
energetics and growth potential of salmonids; generally, the warmer the water
temperature the greater the metabolic costs and the less energy available for growth.
Metabolic costs will also increase with increases in velocities because of the greater
energy expenditure. The aggregate effects of increased water temperatures and flows will
be different than that associated only with flows and most likely will be negative rather
than positive as contended by the DEIS. This and similar considerations for other
important aspects of habitat must be included in a revised DEIS.
PHABSIM models also implicitly assume that streams are at their full carrying capacity
for all life stages and species given that they fail to consider the possibility that some
unoccupied habitat may still be available (i.e., assuming that all unoccupied habitat is
unsuitable), again without supporting or verifying those assumptions (NRC 2008). This
also renders WUA indices biologically meaningless (NRC 2008, Railsback 2016).
Because flow regimes are dynamic, and that variability is fundamental to habitat use
(Poff et al. 1997); fish habitat selection depends on multiple factors other than depth,
velocity, and substrate (e.g., Orth 1987, Quinn 2005, Armstrong et al. 2013); and the
unreliable model assumption that habitat types with the highest fish densities offer the
highest fitness (Railsback 2016); PHABSIM model outputs are “not directly translatable
into population measures such as abundance…or persistence” (Railsback 2016).
Additionally, model results cannot be validated which is a fundamental tool for testing
and their reliability and utility.
Off-channel Habitats (OCH)
Off-channel habitat data is qualitative, documenting the importance of various habitats
without quantifying those habitats, which is the most important factor in salmonid
distribution (e.g., Swales and Levins 1989). Aerial photographs (throughout EBD
Chapter 15 Appendix B) indicate side channels and backwaters occur throughout the
study region, but were analyzed separately from main channel habitat ignoring the
interconnectivity of river floodplains. Except for the few measured transects, the
resolution of the OCH study is inadequate for establishment of baseline conditions and
thus the ability to assess future impacts.
Other issues associated with OCH data collection include:
a. Justification for the selection of intensive study areas is not provided.
b. Estimates of active valley OCH area and density of OCH in study sites is not
representative of the entire river’s length.
c. Methodology changed in 2008.
d. Beaver ponds are described as the most common habitat, but they are the least
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characterized habitat.
e. Fish survey results contain conflicting information (e.g., on EBD Chapter 15
Page 12, Appendix 15.1D fish density of 100 ind/100m2 for site channels is
reported and in the following sentence 15-70 ind/m2 for the same site).
CONCLUSION
Impacts to habitat cannot be predicted as a function of flow hydraulics without first
demonstrating a clear linkage between surface-water flow hydraulics and habitat
(Attachment A). The DEIS prediction of impacts to fish habitat singularly rely on the
overly reductionistic PHABSIM model that forced unsubstantiated assumptions about the
role of surface-water flow hydraulics in structuring spawning and rearing habitat. The
assumption that surface-water flow hydraulics (namely flow velocity) define habitat is
required by PHABSIM. This assumption was made without validating ecological
relevance. This came at the cost of ignoring intragravel water temperature, vertical
hydraulic gradient, and groundwater discharge in the streams near the mine site. These
are important considerations in streams near the Pebble Project with a high groundwater
signature, highly variable vertical hydraulic gradients, and commensurate variability in
thermal pattern and dissolved oxygen.
Even a cursory review of the literature, especially in northern regions, would suggest that
the basic assumption underlying the selection of PHABSIM to drive environmental
impact assessments was unsubstantiated (Reynolds 1997, Winter et al. 1998, Power et al.
1999, Stanford et al. 2005, Mouw et al. 2013). Use of Pebble data also suggest major
influences on surface waters by groundwater, though the DEIS fails to quantitatively
characterize that influence. Comparison of the distribution of spawning and upwelling for
example, strongly suggest that groundwater processes are influential to the ecology of
salmon reproduction. Based on the unsubstantiated assumptions required for use of the
PHABSIM model to quantify habitat, the project cannot yet be assessed for impacts.
The DEIS states “treated water discharge will be distributed to locations in a manner that
best optimizes downstream aquatic habitat conditions. Optimal conditions will be
determined using PHABSIM and in accordance with ADEC and ADF&G permit
conditions.” This seems to place weight upon the instream flow model that it was not
designed to support. Water temperature, for example, is an important driver in spawning
habitat selection that is outside the scope of PHABSIM (Waddle 2001). The project area
is also a region rich in groundwater, with streams and groundwater that are highly
interactive. Salmon are known to directly cue into upwelling as they have evolved
incubation strategies that are linked with groundwater thermal patterns. Salmon are also
strongly influenced by vertical hydraulic gradient, tending to select spawning sites where
groundwater is upwelling or stream water is being advected (i.e., locally downwelling)
into the streambed. These are well known patterns that tend to be very important in
driving habitat selection and life history diversification (see Maclean 2003, Mouw et al.
2014). As designed, PHABSIM models were not developed to consider and account for
these important influences. In fact, PHABSIM requires site-specific flow hydraulics,
namely flow velocity to be the primary driver of the selection of rearing and spawning
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habitat. When this isn’t the case, PHABSIM is not an appropriate instream-flow
analytical framework (Waddle 2001).

The most problematic issue with the Pebble PHABSIM study design is the fact that all
data was collected in mainstem locations miles away from potential mining activity,
thereby rendering data worthless for future environmental impact assessment. Aerial
imagery indicates the study area includes a large network of small headwater streams (see
EBD Chapter 15 Figure B 11-b, Appendix 15.1C). These headwaters would be directly
impacted by mining activities, which would propagate impacts downstream. Only small
portions of this network were qualitatively investigated in the DEIS. Solid and modern
physical habitat simulation models, at the right scale, should have been applied for the
entire study area (e.g. main stem, tributaries and OCH channels).
Consequently, the conclusion that the study provides a “solid framework of information”
(EBD Chapter 15 Page 62, Appendix 15.1C) is erroneous because the work was not
conducted according to scientific and practical standards. The EBD and PHABSIM
model results are rife with methodological and technical errors. The data collection
strategy, analytical procedures, as well as interpretation are inadequate for an
environmental impact assessment. Due to basic errors, the inaccuracy of the PHABSIM
model is high and will likely fail validation tests.
Because of these numerous model limitations, the National Research Council (2008)
concluded:
“To the degree that any analysis…relies on PHABSIM, it will need to convince others in
the discipline that (1) all appropriate assumptions have been fully addressed; (2) the
limitations of the model as documented in the scientific literature have been addressed;
(3) both hydraulic and biological sub-models have been appropriately calibrated and
tested against independent field data; and (4) the analysis recognizes that the hydraulic
aspects of the habitat are but one element of a necessarily more comprehensive instream
flow study.”

Because the EBD (PLP 2011a-c) and the DEIS fail to meet these criteria, a revised DEIS
should use more modern, ecologically robust methods of characterizing habitat selection
(e.g., measuring additional habitat variables and evaluating them collectively using
multivariate techniques, using ecologically appropriate and consistent spatial resolution,
and/or considering alternative models altogether such as individual-based models (NRC
2008, Railsback 2016). Additionally, more information should be included in a revised
DEIS about how improved results would apply to mine scenarios during operation,
closure, and post-closure in order to evaluate the effectiveness and/or potential habitat
impacts of stream flow augmentation goals described in the DEIS. In addition to
improved habitat-use characterization, a revised DEIS should include the following
information:
•



Locations where stream flows, water quality, fish, and habitat would be
monitored;
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•
•
•
•

•

The frequency of monitoring and parameters that would be monitored for both
the receiving streams and treated water discharges;
The criteria that would be used to determine when treated water discharge flows
need to be adjusted; and
The possibility and frequency of adjusting treated water flow (i.e., the discharge)
to adjust to changes in the receiving streams.
The overall robustness of this plan (e.g., examples of how physical habitat
simulation systems have been successfully used elsewhere in comparison to what
is proposed for the Pebble Project); and
Contingency measures should it not function as planned.





Appendix E, Page 630 of 2339



BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 631 of 2339

REFERENCES
Alfredsen, K., W. Marchand, T. H. Bakken, and A. Harby. 1997. Application and
comparison of computer models quantifying impacts of river regulation on fish habitat. In
Armstrong, Jonathan B., D.E. Schindler, C.P. Ruff, G.T. Brooks, K.E. Bentley, and C.E.
Torgersen. 2013. Diel horizontal migration in streams: juvenile fish exploit spatial
heterogeneity in thermal and trophic resources. Ecology 94(9): 2066-2075.
Broch, E., D.K. Lysne, N. Flatabo, and E. Helland-Hansen, eds. 1997. Proceedings of the
3rd international conference hydropower ’97 – Trondheim / Norway 30 June – 2 July
1997. A.A. Balkema Publishers, Rotterdam/Brookfield.
Borsanyi P, Alfredsen K, Harby A, Ugedal O, Kraxner K. 2004. A Meso-scale habitat
classification method for production modeling of Atlantic Salmon in Norway.
Hydroecologie Appliquee 14: 119-138. DOI:10.1051/hydro:2004008.
Brown, M.L. and C.S. Guy. 2007. Science and statistics in fisheries Research. In Guy,
C.S. and M.L. Brown (Eds.). Analysis and Interpretation of Freshwater Fisheries Data.
American Fisheries Society, Bethesda, Maryland. Pp. 1-30.
Dolloff, C. A., H. E. Jennings, and M. Owen. 1997. A comparison of basinwide and
representative reach habitat survey techniques in three southern Appalachian watersheds.
North American Journal of Fishery Management. 17:339-347.
Eisner A., Young C., Schneider, M. & Kopecki, I. 2005. MesoCASiMiR - new mapping
method and comparison with other current approaches, COST 626, Proceedings from the
final meeting in Silkeborg, Denmark, 19-20 May 2005
ESA (Ecological Society of America). 2012. Guidelines for reviewers: Ecology,
Ecological Applications, Ecological Monographs. Website:
http://esapubs.org/esapubs/reviewers.htm. Accessed 15 April 2012.
Gordon, N.E., T.A. McMahon, and B.L. Finlayson. 1992. Stream hydrology: an
introduction for ecologists. John Wiley and Sons, New York.
Gore, J. and J. Nestler. 1988. Instream flow studies in perspective. Regulated Rivers 2:
93-101.
Heggenes, J., 2002. Flexible summer habitat selection by wild, allopatric brown trout in
lotic environments. Transactions of the American Fisheries Society 13: 287-298.
Kondolf, G.M., 2009. Review of Draft Biological Opinion Operation of Trinity River
Division of the Central Valley Project from 2010 to 2030.
Kramer, D.L., R.W. Rangeley, and L.J. Chapman. 1997. Habitat selection: patterns of
spatial distribution from behavioral decisions. Pages 37-80 in: J-G.J. Godin ed.



 

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 632 of 2339

Behavioral Ecology of Teleost Fishes. Oxford University Press, Oxford.
Lafleur, J. & Leclerc, M. 1997. The Fish Habitat Modelling with Two Dimensional
Hydraulic Tools: a Worthwhile approach for Setting Minimum Flow Requirements. –
Paper Presented at Instream and Environmental Flow Symposium, Houston.
Maclean, S.H. 2003. Influence of hydrological processes on the spatial and temporal
variation in spawning habitat quality for two chum salmon stocks in interior Alaska.
Thesis (M.S.) University of Alaska-Fairbanks.
Martens, K.D., and Connolly, J.D. 2014. Juvenile Anadromous Salmonid Production in
Upper Columbia River Side Channels with Different Levels of Hydrological Connection.
Transactions of the American Fisheries Society, 143:757-767.
Morhardt, J.E., Hanson, D.F. 1988. Habitat availability considerations in development of
habitat suitability criteria. Proceedings of a workshop on the development and evaluation
of habitat suitability criteria. Fort Collins, Co. US Fish and Wildlife Service. Biological
report 88 (11). 392-403.
Mouw, J.E.B., Chaffin, J. L., Whited, D. C., Hauer, F. R., Matson, P. L., & Stanford, J.
A. 2013. Recruitment and successional dynamics diversify the shifting habitat mosaic of
an Alaskan floodplain. River Research and Applications, 29(6), 671-685.
Mouw, J.E.B., Tappenbeck, T., and Stanford, J.A. 2014. Spawning tactics of summer
chum salmon Oncorhynchus keta in relation to channel complexity and hyporheic
exchange. Environmental Biology of Fishes 97: 1095-1107.
Naiman, R. J., J.J. Magnuson, D. M. McKnight, and J. A. Standford eds. 1995. The
Freshwater Imperative: a research agenda. Island Press, Washington, DC.
Paine, T.R., Eggers, S.D., Parkinson, D.B. 2004. The Number of Transects Required to
Compute a Robust PHABSIM Habitat Index. Hydroécol. Appl. 14:27-53.
NRC (National Research Council). 2008. Hydrology, Ecology and Fishes of the
Klamath River Basin. The National Academies Press, Washington, DC. 272 pp.
Orth, D.F. 1987. Ecological considerations in the development and application of
instream flow-habitat models. Regulated Rivers Research and Management 1(2): 171181.
Owl Ridge Natural Resources Consultants, Inc. Draft Essential Fish Habitat Assessment
– Pebble Project Appendix I DEIS, Jan. 2019, p. 179.
Parasiewicz, P. 1996. Estimation of physical habitat characteristics using automation and
geodesic-based sampling. Regulated Rivers: Research & Management, 12, 575-583.
Parasiewicz P. 2007a. The MesoHABSIM Model Revisited. River Research and
Application 23 (8):893-903. DOI: 10.1002/rra.1045



 

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 633 of 2339

Parasiewicz P. 2007b. Developing a reference habitat template and ecological
management scenarios using the MesoHABSIM model. River Research and Application
23 (8): 924-932. DOI: 10.1002/rra.1044
Parasiewicz P. & M. J. Dunbar 2001. Physical habitat modelling for fish – a developing
approach - Archiv für Hydrobiologie. Suppl. (Large Rivers Vol. 12), 135/2-4 p. 239-268
Parasiewicz P. & J. D. Walker 2007. Comparing and testing results of three different
micro and meso river habitat models. River Research and Application 23 (8): 904-923.
Poff, N.L., Ward, J.V. 1990. The physical habitat template of lotic systems: recovery in
the context of historical pattern of spatio-temporal heterogeneity. Environmental
Management. 14: 629-646.
Poff, N.L., J.D. Allan, M.B. Bain, J.R. Karr, K.L. Prestergaard, B.D. Richter, R.E.
Sparks, and J.C. Stromberg. 1997. The natural flow regime: A paradigm for river
conservation and restoration. Bioscience 47(11): 769-784.
PLP (Pebble Limited Partnership). 2011a. Chapter 15: Fish and aquatic
macroinvertebrates, Bristol Bay drainages. Pebble Limited Partnership Environmental
Baseline Document: 2004-2008.
https://pebbleresearch.files.wordpress.com/2014/03/ch_15_fish_and_aquatic_inverts_bb.
pdf
PLP. 2011b. Appendix E: Consolidated study program. Pebble Limited Partnership
Environmental Baseline Document: 2004-2008. 603 pp.
PLP. 2011c. Chapter 7: Surface water hydrology, Bristol Bay drainages. Pebble Limited
Partnership Environmental Baseline Document: 2004-2008. Prepared by Knight Piésold,
Ltd., ABR, Inc., 3 Parameters Plus, Inc., and Bristol Environmental & Engineering
Services Corp. 984 pp.
PLP. 2018. Chapter 15: Fish and aquatic macroinvertebrates, Bristol Bay drainages.
Pebble Limited Partnership Supplemental Environmental Baseline Document: 20042012.
Quinn, T.P. 2005. The Behavior and Ecology of Pacific Salmon and Trout. University
of Washington Press, Seattle, WA. 378 pp.
R2 Resource Consultants, Inc., 2018. Response to RFI #48: HABSYN.
Railsback, S.F. 2016. Why it is time to put PHABSIM out to pasture. Fisheries 41(12):
720-725.



 

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 634 of 2339

Reynolds, J.B. 1997. Ecology of overwintering fishes in Alaskan freshwaters. Pp 281-302
in A.M Milner, M.W. Milner, and M.W. Oswood (Eds.), Freshwaters of Alaska:
Ecological Syntheses. Springer-Verlag, New York.
Schindler, D.E., Hilborn, R., Chasco, B., Boatright, C.P., Quinn, T.P., Rogers, L.A. and
Webster, M.S., 2010. Population diversity and the portfolio effect in an exploited
species. Nature, 465(7298): 609-613.
Stanford, J. A., Lorang, M. S., & Hauer, F. R. (2005). The shifting habitat mosaic of river
ecosystems. Internationale Vereinigung für theoretische und angewandte Limnologie:
Verhandlungen, 29(1), 123-136.
Swales, S., Levings, C.D. 1989. Role of Off-Channel Ponds in the Life Cycle of Coho
Salmon (Oncorhynchus kisutch) and Other Juvenile Salmonids in the Coldwater River,
British Columbia. Canadian Journal of Fisheries and Aquatic Sciences, 46(2): 232-242,
10.1139/f89-032
Tharme R. E. 2003 A global perspective on environmental flow assessment: emerging
trends in the development and application of environmental flow methodologies for
rivers. River Research and Application s 19 (5-6): 397–441,
Townsend, C.R., Hildrew, A.G. 1994. Species traits in relation to a habitat template for
river systems. Freshwater Biology. 31:265-276.
USFS (United States Forest Service). 2001. FSH 2090 Aquatic Habitat Management
Handbook, R-10 Amendment 2090.21-2001-1. Chapter 20, Fish and Aquatic Stream
Habitat Survey. US Department of Agriculture, US Forest Service.
Waddle, T. 2001. PHABSIM for windows user’s manual and exercises. U.S. Geological
Survey Open-File Report 2001-340.
Williams, J. G. 1996. Lost in space: confidence interval for idealized PHABSIM studies.
Transactions of the American Fisheries Society 125: 458-465.
Williams, J.G., 2010. Lost in space, the sequel: spatial sampling issues with 1 D
PHABSIM. River Research and Applications 26: 341-352





BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 635 of 2339

)PWFM 3BDIFM "TTFTTNFOUPG1FCCMF.JOF%SBGU&*44BMNPOJEMJGF
IJTUPSZEJWFSTJUZBOEJNQBDUTUP*MJBNOB-BLF .BZ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 636 of 2339

ƐƐĞƐƐŵĞŶƚŽĨWĞďďůĞDŝŶĞƌĂĨƚ/^͗
^ĂůŵŽŶŝĚůŝĨĞŚŝƐƚŽƌǇĚŝǀĞƌƐŝƚǇĂŶĚŝŵƉĂĐƚƐƚŽ/ůŝĂŵŶĂ>ĂŬĞ


WƌĞƉĂƌĞĚĨŽƌƚŚĞtŝůĚ^ĂůŵŽŶĞŶƚĞƌ
ƌ͘ZĂĐŚĞů͘,ŽǀĞů
DĂǇϮϬϭϵ






^hDDZz
dŚŝƐƌĞƉŽƌƚƌĞǀŝĞǁƐƚŚĞƌĂĨƚŶǀŝƌŽŶŵĞŶƚĂů/ŵƉĂĐƚ^ƚĂƚĞŵĞŶƚ;/^ͿƉƌĞƉĂƌĞĚďǇƚŚĞh^ƌŵǇ
ŽƌƉƐŽĨŶŐŝŶĞĞƌƐƌĞŐĂƌĚŝŶŐƚŚĞƉƌŽƉŽƐĞĚWĞďďůĞDŝŶĞWƌŽũĞĐƚ͘dŚŝƐĂƐƐĞƐƐŵĞŶƚĂĚĚƌĞƐƐĞƐ
ƚŚƌĞĞƉƌŝŵĂƌǇĂƌĞĂƐǁŚĞƌĞƚŚĞ/^͕ŝŶŝƚƐĐƵƌƌĞŶƚƐƚĂƚĞ͕ĨĂŝůƐƚŽƐƵĨĨŝĐŝĞŶƚůǇĂĚĚƌĞƐƐŝŵƉĂĐƚƐŽĨ
ƚŚĞƉƌŽƉŽƐĞĚŽƉĞƌĂƚŝŽŶƐ͘dŚĞƐĞŝŶĐůƵĚĞ͗
ϭ͘/ŵƉĂĐƚƐŽĨŚĂďŝƚĂƚĚŝƐƚƵƌďĂŶĐĞƐŽŶĨŝƐŚƉŽƉƵůĂƚŝŽŶƐƚƌƵĐƚƵƌĞĂŶĚůŝĨĞŚŝƐƚŽƌǇĚŝǀĞƌƐŝƚǇ
Ϯ͘ŽŶƐĞƋƵĞŶĐĞƐŽĨƉƌŽƉŽƐĞĚĂĐƚŝǀŝƚŝĞƐŝŶĂŶĚĂĚũĂĐĞŶƚƚŽ>ĂŬĞ/ůŝĂŵŶĂĨŽƌĨŝƐŚŚĂďŝƚĂƚ
ϯ͘/ŵƉůŝĐĂƚŝŽŶƐĨŽƌĂƋƵĂƚŝĐĨŽŽĚǁĞďƐƚŚĂƚƐƵƉƉŽƌƚũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶƉƌŽĚƵĐƚŝŽŶ
ϰ͘/ŵƉůŝĐĂƚŝŽŶƐĨŽƌƌĞƐŝĚĞŶƚƐĞĂůƉŽƉƵůĂƚŝŽŶƐĂŶĚƐƵďƐŝƐƚĞŶĐĞŚĂƌǀĞƐƚĂĐĐĞƐƐ








d>K&KEdEd^
ϭ͘/DWd^KE&/^,WKWh>d/KE^dZhdhZE>/&,/^dKZz/sZ^/dz

Ϯ

Ϯ͘/DWd^K&WZKWK^d/s/d/^KE&/^,,/dd/E></>/DE

ϳ

ϯ͘/DW>/d/KE^&KZYhd/&KKt^d,d^hWWKZd^>DKEWZKhd/KE

ϭϱ

ϰ͘/DW>/d/KE^&KZZ^/Ed^>WKWh>d/KE^E,Zs^dZ^^

ϭϳ

Z&ZE^



ϭϵ

WĂŐĞϭ
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ϭ͘/ŵƉĂĐƚƐŽŶĨŝƐŚƉŽƉƵůĂƚŝŽŶƐƚƌƵĐƚƵƌĞĂŶĚůŝĨĞŚŝƐƚŽƌǇĚŝǀĞƌƐŝƚǇ

ϭ͘ϭdŚĞ/^ĚŽĞƐŶŽƚĂĚĞƋƵĂƚĞůǇĂĚĚƌĞƐƐŚŽǁƉƌŽƉŽƐĞĚĂĐƚŝǀŝƚŝĞƐǁŽƵůĚŝŵƉĂĐƚůŝĨĞŚŝƐƚŽƌǇ
ĚŝǀĞƌƐŝƚǇĂŶĚƵŶŝƋƵĞůǇĚŝĨĨĞƌĞŶƚŝĂƚĞĚƉŽƉƵůĂƚŝŽŶƐŽĨƐŽĐŬĞǇĞƐĂůŵŽŶŝŶƚŚĞ<ǀŝĐŚĂŬĂŶĚEƵƐŚĂŐĂŬ
ǁĂƚĞƌƐŚĞĚƐ͘

&ŝŐƵƌĞϯ͘ϮϰͲϲŝĚĞŶƚŝĨŝĞƐƐŽĐŬĞǇĞƐĂůŵŽŶƐƉĂǁŶŝŶŐůŽĐĂƚŝŽŶƐŝŶƌĞůĂƚŝŽŶƚŽƚŚƌĞĞĂůƚĞƌŶĂƚŝǀĞƐĨŽƌ
ƉƌŽƉŽƐĞĚĨĞƌƌǇŽƉĞƌĂƚŝŽŶƐ͘,ŽǁĞǀĞƌ͕ƚŚŝƐŵĂƉĨĂŝůƐƚŽŝĚĞŶƚŝĨǇŵƵůƚŝƉůĞĂĚĚŝƚŝŽŶĂůůŽĐĂƚŝŽŶƐŽĨ
ƐƉĂǁŶŝŶŐ;ŶŽƚĂďůǇ͕ƚŚĞŐĞŶĞƚŝĐĂůůǇͲĚŝƐƚŝŶĐƚ>ĂŬĞůĂƌŬƉŽƉƵůĂƚŝŽŶƐͿ͕ƚŚĂƚŵƵƐƚŵŝŐƌĂƚĞƚŚƌŽƵŐŚ
ƚŚĞƉƌŽƉŽƐĞĚĨĞƌƌǇĐŽƌƌŝĚŽƌƐŝƚƐĂŶĚĂƐƐŽĐŝĂƚĞĚƉŽƚĞŶƚŝĂůŝŵƉĂĐƚƐ;Ğ͘Ő͘ĚŝƐƚƵƌďĂŶĐĞƐ͕
ĐŽŶƚĂŵŝŶĂƚŝŽŶͿ͘dŚĞŵĂƉĂůƐŽĚŽĞƐŶŽƚĚŝƐƚŝŶŐƵŝƐŚďĞƚǁĞĞŶĚŝĨĨĞƌĞŶƚĞĐŽƚǇƉĞƐŽƌĚŽĐƵŵĞŶƚĞĚ
ƐƵďͲƐƚŽĐŬƐĂŶĚƉŽƉƵůĂƚŝŽŶƐ͕ĂŶĚƚŚĞƌĞĨŽƌĞĚŽĞƐĂƉŽŽƌũŽďŽĨŝŶĚŝĐĂƚŝŶŐƚŚĞĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐĂŶĚ
ƐƉĂƚŝĂůĚŝƐƚƌŝďƵƚŝŽŶƐŽĨƐŽĐŬĞǇĞƐĂůŵŽŶŝŶ/ůŝĂŵŶĂ>ĂŬĞ͘

dŚĞ/^ĚŽĞƐĂĐŬŶŽǁůĞĚŐĞƚŚĂƚĚŝƐƚŝŶĐƚƉŽƉƵůĂƚŝŽŶƐĞǆŝƐƚŝŶƚŚĞ<ǀŝĐŚĂŬǁĂƚĞƌƐŚĞĚ͕ĂŶĚƐƚĂƚĞƐ
ŽŶƉ͘ϯ͘ϮϰͲϮϰƚŚĂƚ͗
͞dŚĞ<ǀŝĐŚĂŬĂƐŝŶƐƵƉƉŽƌƚƐĂŐĞŶĞƚŝĐĂůůǇĚŝǀĞƌƐĞĂƐƐĞŵďůĂŐĞŽĨƐŽĐŬĞǇĞƐĂůŵŽŶ͕
ŝŶĐůƵĚŝŶŐϰƐƵďͲƐƚŽĐŬƐĂŶĚϮϮŐĞŶĞƚŝĐĂůůǇĚŝƐƚŝŶĐƚƉŽƉƵůĂƚŝŽŶƐ;d͘ĂŶŶ͕&ŝƐŚĞƌŝĞƐ
'ĞŶĞƚŝĐŝƐƚ͕&Θ'͕ŶĐŚŽƌĂŐĞ͕ƉĞƌƐŽŶĂůĐŽŵŵƵŶŝĐĂƚŝŽŶͿ͘/ůŝĂŵŶĂ>ĂŬĞŝƐŶŽƚĞĚĨŽƌ
ƐƵƉƉŽƌƚŝŶŐƐƚŝůůͲǁĂƚĞƌƐƉĂǁŶŝŶŐďǇůĂƌŐĞŶƵŵďĞƌƐŽĨƐŽĐŬĞǇĞƐĂůŵŽŶ͘͟

,ŽǁĞǀĞƌ͕Śϰ͘Ϯϰ͕;ŶǀŝƌŽŶŵĞŶƚĂůŽŶƐĞƋƵĞŶĐĞƐ͕&ŝƐŚsĂůƵĞƐͿĞŶƚŝƌĞůǇůĂĐŬƐĂŶǇĂƐƐĞƐƐŵĞŶƚŽĨ
ŝŵƉĂĐƚƐŽŶĚŝĨĨĞƌĞŶƚƐƚŽĐŬƐŽƌĚŝĨĨĞƌĞŶƚůŝĨĞŚŝƐƚŽƌǇƐƚƌĂƚĞŐŝĞƐǁŝƚŚŝŶƚŚĞǁĂƚĞƌƐŚĞĚ͘/ŶĚĞĞĚ͕ƚŚĞ
ƉƌŽƉŽƐĞĚĨĞƌƌǇƚĞƌŵŝŶĂůǁŽƵůĚŝŶƚĞƌƐĞĐƚŵŝŐƌĂƚŝŽŶƉĂƚŚǁĂǇƐĨŽƌƚŚĞŐƌĞĂƚŵĂũŽƌŝƚǇŽĨƚŚĞϮϮ
ƉŽƉƵůĂƚŝŽŶƐ;&ŝŐƵƌĞϭͿ͘dŚŝƐŝŶĐůƵĚĞƐƚŚĞĞŶƚŝƌĞƚǇŽĨƚŚĞƐƉĂǁŶŝŶŐĂƌĞĂƐĨŽƌƚŚĞ>ĂŬĞůĂƌŬ͕
EŽƌƚŚĞĂƐƚ/ůŝĂŵŶĂ͕ĂŶĚ/ƐůĂŶĚĞĂĐŚƐƉĂǁŶŝŶŐƐƵďͲƐƚŽĐŬƐ͕ĂŶĚŵŽƌĞƚŚĂŶŚĂůĨŽĨƚŚĞ
ĚŽĐƵŵĞŶƚĞĚƐƉĂǁŶŝŶŐůŽĐĂƚŝŽŶƐĨŽƌƚŚĞdƌŝďƵƚĂƌŝĞƐƐƵďͲƐƚŽĐŬ;>ŝŶŬĂŶĚĂŶŶϮϬϭϴͿ͘&ĂŝůƵƌĞƚŽ
ĚŝĨĨĞƌĞŶƚŝĂƚĞƚŚĞƐĞŐĞŶĞƚŝĐĂůůǇĚŝƐƚŝŶĐƚƵŶŝƚƐĂŶĚƚŽĂĐĐŽƵŶƚĨŽƌŐĞŶĞƚŝĐĂŶĚůŝĨĞŚŝƐƚŽƌǇĚŝǀĞƌƐŝƚǇ
ĂŵŽŶŐ<ǀŝĐŚĂŬƐŽĐŬĞǇĞƐĂůŵŽŶƌĞŶĚĞƌƐƚŚĞ/^ŝŶĂĚĞƋƵĂƚĞƚŽŵĂŬĞĐŽŶĐůƵƐŝŽŶƐŽŶƚŚĞ
ŝŵƉůŝĐĂƚŝŽŶƐŽĨƉƌŽƉŽƐĞĚĚĞǀĞůŽƉŵĞŶƚĨŽƌƐŽĐŬĞǇĞƐĂůŵŽŶƉŽƉƵůĂƚŝŽŶƐĂŶĚƚŚĞĐŽŵŵĞƌĐŝĂů
ĨŝƐŚĞƌǇ͘

WŽƉƵůĂƚŝŽŶƐƚƌƵĐƚƵƌĞĂŶĚůŝĨĞŚŝƐƚŽƌǇƚƌĂŝƚƐŵƵƐƚďĞĐŽŶƐŝĚĞƌĞĚŝŶŽƌĚĞƌƚŽĂƐƐĞƐƐŝŵƉĂĐƚƐƚŽ
ƐĂůŵŽŶƉŽƉƵůĂƚŝŽŶƐŽĨƚŚĞǁĂƚĞƌƐŚĞĚ͘&ŽƌŝŶƐƚĂŶĐĞ͕ƚŚĞEŽƌƚŚĞĂƐƚ/ůŝĂŵŶĂƐƵďͲƐƚŽĐŬ͕ǁŚŝĐŚŝƐ
ůŽĐĂƚĞĚƵƉƐƚƌĞĂŵŽĨĂůůůƚĞƌŶĂƚŝǀĞƐĨŽƌƚŚĞƉƌŽƉŽƐĞĚĨĞƌƌǇĐŽƌƌŝĚŽƌĂŶĚǁŚŝĐŚǁŽƵůĚďĞŚŝŐŚůǇ
ŝŵƉĂĐƚĞĚďǇĂĐƚŝǀŝƚŝĞƐƉƌŽƉŽƐĞĚŝŶůƚĞƌŶĂƚŝǀĞϮ͕ƉƌŽĚƵĐĞƐƚŚĞŵĂũŽƌŝƚǇŽĨƐŽĐŬĞǇĞƐĂůŵŽŶŝŶƚŚĞ
<ǀŝĐŚĂŬďĂƐŝŶ;>ŝŶŬĂŶĚĂŶŶϮϬϭϴ͖ƐĞĞ&ŝŐƵƌĞϮͿ͘ĂĐŚŽĨƚŚĞĨŽƵƌƐƵďͲƐƚŽĐŬƐĐŽŶƚƌŝďƵƚĞƐ
ǀĂƌŝĂƚŝŽŶƚŽŚĂƌǀĞƐƚƚŝŵŝŶŐŽĨƚŚĞĐŽŵŵĞƌĐŝĂůĨŝƐŚĞƌǇ͕ĞĨĨĞĐƚŝǀĞůǇĂĚĚŝŶŐĂůŽŶŐĞƌĞǆƚĞŶƚƚŽƚŚĞ
ĚƵƌĂƚŝŽŶŽĨŚĂƌǀĞƐƚ;ĂŶŶĞƚĂů͘ϮϬϭϯͿ͘dŚĞ/^ĨĂŝůƐƚŽĂĐĐŽƵŶƚĨŽƌƚŚŝƐƌŽůĞŽĨĨŝŶĞͲƐĐĂůĞ
ĚŝǀĞƌƐŝƚǇŝŶĞŝƚŚĞƌ^ĞĐ͘ϰ͘Ϯϰ͕&ŝƐŚsĂůƵĞƐŽƌ^ĞĐ͘ϰ͘ϲ͕ŽŵŵĞƌĐŝĂů&ŝƐŚŝŶŐ͘dŚƵƐ͕ƚŚĞ/^ĚŽĞƐŶŽƚ
ĞǀĂůƵĂƚĞŝŵƉŽƌƚĂŶƚƉŽƚĞŶƚŝĂůůŽƐƐĞƐƚŽƚŚĞĨŝƐŚĞƌǇŝŶƚĞƌŵƐŽĨŚĂƌǀĞƐƚĂĐĐĞƐƐĂŶĚƉƌŽĐĞƐƐŝŶŐ
ĐĂƉĂĐŝƚǇ;ĂŶŶĞƚĂů͘ϮϬϭϯͿ͘
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dŚĞůŝƚĞƌĂƚƵƌĞŽŶĨŝƐŚĞƌŝĞƐŵĂŶĂŐĞŵĞŶƚƐƚƌŽŶŐůǇĂƌŐƵĞƐĨŽƌŵĂŶĂŐĞŵĞŶƚĂƚƚŚĞůĞǀĞůŽĨĨŝŶĞͲ
ƐĐĂůĞƉŽƉƵůĂƚŝŽŶƐƚƌƵĐƚƵƌĞ;,ŝůďŽƌŶĞƚĂů͘ϮϬϬϯ͕KůƐĞŶĞƚĂů͘ϮϬϬϯ͕^ĐŚŝŶĚůĞƌĞƚĂů͘ϮϬϭϬ͕ĂŶŶĞƚ
Ăů͘ϮϬϭϯͿ͘tŝƚŚŝŶƚŚĞƐĞƐƵďͲƐƚŽĐŬƐĂŶĚĚŝĨĨĞƌĞŶƚŝĂƚĞĚƉŽƉƵůĂƚŝŽŶƐĞǆŝƐƚƐĂǁŝĚĞĚŝǀĞƌƐŝƚǇŝŶƐƉĂǁŶ
ƚŝŵŝŶŐ͕ĂŶŶƵĂůƉŽƉƵůĂƚŝŽŶĂďƵŶĚĂŶĐĞ͕ĂŶĚĞĐŽƚǇƉĞƐ;ZĂŵƐƚĂĚĞƚĂů͘ϮϬϬϰ͕'ŽŵĞǌͲhĐŚŝĚĂĞƚĂů͘
ϮϬϭϭ͕YƵŝŶŶĞƚĂů͘ϮϬϭϮ͕>ĂƌƐŽŶĞƚĂů͘ϮϬϭϵͿ͘dŚĞĐŽŶƚƌŝďƵƚŝŽŶŽĨĂŶǇƐŝŶŐůĞƉŽƉƵůĂƚŝŽŶƚŽďĂƐŝŶͲ
ŽƌƌŝƐƚŽůĂǇͲǁŝĚĞƚŽƚĂůĂďƵŶĚĂŶĐĞĐĂŶǀĂƌǇǁŝĚĞůǇĂĐƌŽƐƐǇĞĂƌƐ͕ĂŶĚŵĂŝŶƚĂŝŶŝŶŐĚŝǀĞƌƐŝƚǇŝŶ
ƉŽƉƵůĂƚŝŽŶƐƚƌƵĐƚƵƌĞŝƐƚŚƵƐĂŶŝŵƉŽƌƚĂŶƚƚŽŽůŝŶĞŶƐƵƌŝŶŐƐƚĂďŝůŝƚǇŝŶĐŽŵŵĞƌĐŝĂůĂŶĚƐƵďƐŝƐƚĞŶĐĞ
ŚĂƌǀĞƐƚŽǀĞƌƚŝŵĞ;,ŝůďŽƌŶĞƚĂů͘ϮϬϬϯͿ͘DĂŶĂŐŝŶŐĨŽƌŚĂƌǀĞƐƚĂĐĐĞƐƐŝŶƚŽƚŚĞĨƵƚƵƌĞŶĞĐĞƐƐĂƌŝůǇ
ƌĞƋƵŝƌĞƐƵŶĚĞƌƐƚĂŶĚŝŶŐƉŽƉƵůĂƚŝŽŶƐƚƌƵĐƚƵƌĞĂŶĚŵĂŝŶƚĂŝŶŝŶŐŚĂďŝƚĂƚƐƚŚĂƚƉƌĞƐĞƌǀĞǁĂƚĞƌƐŚĞĚͲ
ǁŝĚĞĚŝǀĞƌƐŝƚǇĂŶĚƌĞƐŝůŝĞŶĐĞ͘

/ŶĨĂŝůŝŶŐƚŽĚĞƐĐƌŝďĞĞĐŽƚǇƉĞĚŝƐƚƌŝďƵƚŝŽŶƐ͕ƚŚĞ/^ĂůƐŽůĂĐŬƐĂŶĂƐƐĞƐƐŵĞŶƚŽĨƚŚĞůŽƐƐŽĨ
ƵŶŝƋƵĞďŝŽĚŝǀĞƌƐŝƚǇƚŚĂƚĞǆŝƐƚƐŝŶƚŚŝƐǁĂƚĞƌƐŚĞĚ͘dŚĞ͞ďĞĂĐŚƐƉĂǁŶŝŶŐ͟ĞĐŽƚǇƉĞŝƐŐĞŶĞƚŝĐĂůůǇ
ĂŶĚƉŚĞŶŽƚǇƉŝĐĂůůǇĚŝƐƚŝŶĐƚĨƌŽŵƐƚƌĞĂŵŽƌƌŝǀĞƌͲƐƉĂǁŶŝŶŐĨŝƐŚ͕ĂŶĚŽĐĐƵƌƐĞůƐĞǁŚĞƌĞĂĐƌŽƐƐƚŚĞ
ƌĂŶŐĞŽĨƐŽĐŬĞǇĞƐĂůŵŽŶ͖ŚŽǁĞǀĞƌ͕ƚŚĞ͞ŝƐůĂŶĚďĞĂĐŚ͟ƐƉĂǁŶĞƌƐŽĨ/ůŝĂŵŶĂ>ĂŬĞƌĞƉƌĞƐĞŶƚĂ
ƵŶŝƋƵĞĞĐŽƚǇƉĞƚŚĂƚŝƐĚŝƐƚŝŶĐƚĨƌŽŵŽƚŚĞƌůĂŬĞͲƐƉĂǁŶŝŶŐƉŽƉƵůĂƚŝŽŶƐ;ůĂŝƌĂŶĚYƵŝŶŶϭϵϵϭ͕ůĂŝƌ
ĞƚĂů͘ϭϵϵϯ͕^ƚĞǁĂƌƚĞƚĂů͘ϮϬϬϯ͕>ĂƌƐŽŶĞƚĂů͘ϮϬϭϵͿ͘ůůŽĨƚŚĞƐƉĂǁŶŝŶŐůŽĐĂƚŝŽŶƐĨŽƌƚŚŝƐůŝĨĞ
ŚŝƐƚŽƌǇƚǇƉĞĂƌĞůŽĐĂƚĞĚƵƉƐƚƌĞĂŵŽĨƚŚĞƉƌŽƉŽƐĞĚĨĞƌƌǇĐŽƌƌŝĚŽƌĂŶĚƉŽƐƐŝďůĞƐƉŝůůĞĨĨĞĐƚƐŽĨ
hƉƉĞƌdĂůĂƌŝŬƌĞĞŬĐŽŶƚĂŵŝŶĂƚŝŽŶ͕ĂŶĚƵƉƐƚƌĞĂŵĂŶĚĚŽǁŶƐƚƌĞĂŵŽĨŝŵƉĂĐƚƐĨƌŽŵƌŽĂĚ
ĐŽƌƌŝĚŽƌƐ͘

ĚĚŝƚŝŽŶĂůůǇ͕ƚŚĞ/^ĚŽĞƐŶŽƚĚŝƐĐĞƌŶďĞƚǁĞĞŶůŝĨĞŚŝƐƚŽƌǇƚǇƉĞƐŽƌƉŽƉƵůĂƚŝŽŶƐƚƌƵĐƚƵƌĞĂŵŽŶŐ
ƐŽĐŬĞǇĞƐĂůŵŽŶŝŶƚŚĞEƵƐŚĂŐĂŬĂƐŝŶ͘dŚĞ<ŽŬƚƵůŝƌĞƉƌĞƐĞŶƚƐĂŐĞŶĞƚŝĐĂůůǇͲĚŝƐƚŝŶĐƚƉŽƉƵůĂƚŝŽŶ
ĨƌŽŵƚŚĞŶĞĂƌďǇ^ƚƵǇĂŚŽŬZŝǀĞƌ͕ĂŶĚďŽƚŚŽĨƚŚĞƐĞƉŽƉƵůĂƚŝŽŶƐ͕ĂůŽŶŐǁŝƚŚƐĞǀĞƌĂůŽƚŚĞƌƐŝŶƚŚĞ
EƵƐŚĂŐĂŬĂƐŝŶ͕ƌĞƉƌĞƐĞŶƚĂƌŝǀĞƌͲƚǇƉĞůŝĨĞŚŝƐƚŽƌǇƐƚƌĂƚĞŐǇ͘dŚŝƐƐƚƌĂƚĞŐǇ͕ǁŚĞƌĞũƵǀĞŶŝůĞĨŝƐŚƌĞĂƌ
ĨŽƌĂƐŚŽƌƚƚŝŵĞŝŶƌŝǀĞƌƐŽƌƋƵŝĐŬůǇŵŝŐƌĂƚĞƚŽƚŚĞŽĐĞĂŶ͕ŝƐƵŶŝƋƵĞĂƐŵŽƐƚƐŽĐŬĞǇĞƐĂůŵŽŶ
ƐƉĂǁŶŝŶůŽĐĂƚŝŽŶƐǁŚĞƌĞũƵǀĞŶŝůĞƐĂƌĞĂďůĞƚŽĂĐĐĞƐƐůĂŬĞƐĂƐƌĞĂƌŝŶŐŚĂďŝƚĂƚ;^ƚĞǁĂƌƚĞƚĂů͘
ϮϬϬϯͿ͘dŚƵƐ͕ƚŚĞ<ŽŬƚƵůŝƉŽƉƵůĂƚŝŽŶƌĞƉƌĞƐĞŶƚƐŝŵƉŽƌƚĂŶƚĂŶĚƵŶŝƋƵĞůŝĨĞŚŝƐƚŽƌǇĚŝǀĞƌƐŝƚǇĂŵŽŶŐ
ƐŽĐŬĞǇĞ;d͘ĂŶŶ͕&ŝƐŚĞƌŝĞƐ'ĞŶĞƚŝĐŝƐƚ͕&Θ'͕ŶĐŚŽƌĂŐĞ͕ƉĞƌƐŽŶĂůĐŽŵŵƵŶŝĐĂƚŝŽŶͿ͕ĂŶĚ
ĐŽŶƚƌŝďƵƚĞƐĂĚĚŝƚŝŽŶĂůĚŝǀĞƌƐŝƚǇĂŶĚƌĞůŝĂŶĐĞƚŽƌŝƐƚŽůĂǇƐŽĐŬĞǇĞƐĂůŵŽŶ;^ĐŚŝŶĚůĞƌĞƚĂů͘ϮϬϭϬͿ͘

ϭ͘ϮǀĂůƵĂƚŝŶŐŝŵƉĂĐƚƐŝŶƚĞƌŵƐŽĨůŽƐƐŽĨŚĂďŝƚĂƚĂƌĞĂŝƐŝŶŚĞƌĞŶƚůǇĨůĂǁĞĚ

dŚĞ/^ĐŚĂƌĂĐƚĞƌŝǌĞƐĚŝƌĞĐƚŝŵƉĂĐƚƐƚŽĨŝƐŚƐƉĞĐŝĞƐƉƌŝŵĂƌŝůǇŝŶƚĞƌŵƐŽĨůŽƐƐŽĨŚĂďŝƚĂƚĂƌĞĂ͘KŶ
WĂŐĞϰ͘ϮϰͲϱ͕ƚŚĞ/^ƐƚĂƚĞƐƚŚĂƚ͗
͞dŚĞϴ͘ϮŵŝůĞƐŽĨĂŶĂĚƌŽŵŽƵƐŚĂďŝƚĂƚƉĞƌŵĂŶĞŶƚůǇƌĞŵŽǀĞĚǁŝƚŚŝŶƚƌŝďƵƚĂƌŝĞƐϭ͘ϭϵϬĂŶĚ
ϭ͘ϮϬϬƌĞƉƌĞƐĞŶƚϭϭƉĞƌĐĞŶƚŽĨƚŚĞƚŽƚĂůĚŽĐƵŵĞŶƚĞĚϳϮ͘ϳŵŝůĞƐŽĨĂŶĂĚƌŽŵŽƵƐŚĂďŝƚĂƚŝŶ
E&<ZŝǀĞƌ͘tŚĞŶĐŽŵƉĂƌĞĚƚŽƚŚĞƚŽƚĂůŵŝůĞĂŐĞŽĨĚŽĐƵŵĞŶƚĞĚĂŶĂĚƌŽŵŽƵƐǁĂƚĞƌƐŝŶ
ƚŚĞƚŚƌĞĞŵĂŝŶƚƌŝďƵƚĂƌŝĞƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞŵŝŶĞƐŝƚĞ;ŝ͘Ğ͕͘ƚŚĞE&<͕^&<͕ĂŶĚƚŚĞhdͿ͕
ƚŚŝƐůŽƐƐƌĞƉƌĞƐĞŶƚƐĂϰƉĞƌĐĞŶƚĂŶĚϯƉĞƌĐĞŶƚŽĨƐƉĂǁŶŝŶŐĂŶĚƌĞĂƌŝŶŐŚĂďŝƚĂƚĨŽƌĐŽŚŽ
ƐĂůŵŽŶ͕ƌĞƐƉĞĐƚŝǀĞůǇ͖ĂŶĚϯƉĞƌĐĞŶƚŽĨŚŝŶŽŽŬƐĂůŵŽŶƌĞĂƌŝŶŐŚĂďŝƚĂƚ͘dŚĞĞŶƚŝƌĞƌŝƐƚŽů
ĂǇĚƌĂŝŶĂŐĞŚĂƐϵ͕ϴϭϲŵŝůĞƐŽĨĚŽĐƵŵĞŶƚĞĚĂŶĂĚƌŽŵŽƵƐǁĂƚĞƌƐ͘dŚĞƌĞĨŽƌĞ͕ƚŚĞůŽƐƐŽĨ
ƚƌŝďƵƚĂƌŝĞƐϭ͘ϭϵϬĂŶĚϭ͘ϮϬϬƌĞƉƌĞƐĞŶƚƐĂŶϬ͘ϬϴƉĞƌĐĞŶƚƌĞĚƵĐƚŝŽŶŽĨĚŽĐƵŵĞŶƚĞĚ
ĂŶĂĚƌŽŵŽƵƐƐƚƌĞĂŵŚĂďŝƚĂƚ͘͟
WĂŐĞϯ
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,ŽǁĞǀĞƌ͕ƚŚŝƐƐŝŵƉůŝĨŝĞĚŵĞĂƐƵƌĞĚŽĞƐŶŽƚĂĐĐŽƵŶƚĨŽƌƉŽƉƵůĂƚŝŽŶƐƚƌƵĐƚƵƌĞŽƌůŝĨĞŚŝƐƚŽƌǇ
ĚŝǀĞƌƐŝƚǇĂŵŽŶŐĨŝƐŚƚŚĂƚŽĐĐƵƉǇƚŚĞƐĞǁĂƚĞƌƐŚĞĚƐ͕ĂŶĚŵĞĂƐƵƌŝŶŐůŽƐƐŽĨŚĂďŝƚĂƚĂƌĞĂĂƐĂ
ƉĞƌĐĞŶƚŽĨĂůůƚŚĂƚŝƐĂǀĂŝůĂďůĞŝƐŶŽƚĂŶĂƉƉƌŽƉƌŝĂƚĞŵĞƚŚŽĚƚŽƐĐĂůĞƵƉŝŵƉĂĐƚƐƚŽƐĂůŵŽŶŽƌ
ŽƚŚĞƌĨŝƐŚĞƐ͘dŽĂĐĐƵƌĂƚĞůǇƌĞĨůĞĐƚƚŚĞŝŵƉĂĐƚƚŚĂƚƉƌŽƉŽƐĞĚĂĐƚŝǀŝƚŝĞƐǁŽƵůĚŝŵƉŽƐĞŽŶĨŝƐŚ
ƉŽƉƵůĂƚŝŽŶƐ͕ƚŚŝƐĂƐƐĞƐƐŵĞŶƚŵƵƐƚďĞĐŽŶĚƵĐƚĞĚǁŝƚŚƌĞƐƉĞĐƚƚŽƚŚĞďŝŽůŽŐŝĐĂůĚŝǀĞƌƐŝƚǇ
ƌĞƉƌĞƐĞŶƚĞĚďǇĨŝƐŚŝŶƚŚĞƐĞŚĂďŝƚĂƚƐ͕ƐƵĐŚĂƐĨŝŶĞͲƐĐĂůĞƉŽƉƵůĂƚŝŽŶƐƚƌƵĐƚƵƌĞĂŶĚůŝĨĞŚŝƐƚŽƌǇ
ĚŝǀĞƌƐŝƚǇ͘ĚĚŝƚŝŽŶĂůůǇ͕ŝŵƉŽƌƚĂŶƚŚĂďŝƚĂƚĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐĐĂŶǀĂƌǇŐƌĞĂƚůǇŽŶƐŵĂůůƐƉĂƚŝĂůƐĐĂůĞƐŝŶ
ďŽƚŚƐƚƌĞĂŵƐĂŶĚůĂŬĞƐ;Ğ͘Ő͘dŽƌŐĞƌƐĞŶĞƚĂů͘ϭϵϵϵ͕ƌŵƐƚƌŽŶŐĞƚĂů͘ϮϬϭϯ͕,ŽǀĞůĞƚĂů͘ϮϬϭϳͿ͕ĂŶĚ
ŝĚĞŶƚŝĨǇŝŶŐƉĞƌĐĞŶƚĂŐĞŽĨŚĂďŝƚĂƚůŽƐƚĐĂŶŝŐŶŽƌĞƚŚŝƐďŝŽůŽŐŝĐĂůůǇƌĞůĞǀĂŶƚǀĂƌŝĂƚŝŽŶ͘

ĚĚŝƚŝŽŶĂůůǇ͕ĐŽŶƚĞŵƉŽƌĂƌǇŵĞĂƐƵƌĞŵĞŶƚƐŽĨĨŝƐŚĂďƵŶĚĂŶĐĞĂŶĚŚĂďŝƚĂƚŽĐĐƵƉĂŶĐǇĚŽŶŽƚ
ƌĞĨůĞĐƚƚŚĞƉŽƚĞŶƚŝĂůŽĨƚŚĞƐĞŚĂďŝƚĂƚƐĨŽƌĨŝƐŚƉƌŽĚƵĐƚŝŽŶŝŶƚŚĞĨƵƚƵƌĞ͘WŽƉƵůĂƚŝŽŶƐŽĨEƵƐŚĂŐĂŬ
ĂŶĚ<ǀŝĐŚĂŬƐĂůŵŽŶĨůƵĐƚƵĂƚĞǁŝĚĞůǇĂĐƌŽƐƐǇĞĂƌƐĂŶĚŽŶƐŵĂůůƐƉĂƚŝĂůƐĐĂůĞƐ͕ĂŶĚĂƌĞůŽĐĂůůǇ
ĂĚĂƉƚĞĚ;,ŝůďŽƌŶĞƚĂů͘ϮϬϬϯ͕ZĂŵƐƚĂĚĞƚĂů͘ϮϬϭϬ͕^ĐŚŝŶĚůĞƌĞƚĂů͘ϮϬϭϬ͕YƵŝŶŶĞƚĂů͘ϮϬϭϮͿ͘/ŶƚŚĞ
EƵƐŚĂŐĂŬďĂƐŝŶ͕ƚŚĞůŽĐĂƚŝŽŶƐŽĨŚŝŐŚĞƐƚĐŚŝŶŽŽŬĂŶĚƐŽĐŬĞǇĞƐĂůŵŽŶƉƌŽĚƵĐƚŝŽŶƐŚŝĨƚĂĐƌŽƐƐ
ǇĞĂƌƐ͖ƚŚŝƐŚŝŐŚůŝŐŚƚƐƚŚĞŝŵƉŽƌƚĂŶĐĞŽĨĚŝĨĨĞƌĞŶƚŚĂďŝƚĂƚƐƚŚƌŽƵŐŚŽƵƚƚŚĞǁĂƚĞƌƐŚĞĚĨŽƌƐĂůŵŽŶ
ƉƌŽĚƵĐƚŝŽŶƚŚƌŽƵŐŚƚŝŵĞ;ƌĞŶŶĂŶĞƚĂů͘ϮϬϭϵďͿ/ŶƐŚŽƌƚ͕ĐƵƌƌĞŶƚŚĂďŝƚĂƚƵƐĞŵĂǇŶŽƚƌĞĨůĞĐƚ
ǁŚŝĐŚŚĂďŝƚĂƚƐǁŝůůďĞŝŵƉŽƌƚĂŶƚƚŽƐƵƉƉŽƌƚŝŶŐƉƌŽĚƵĐƚŝŽŶŽĨƐĂůŵŽŶĂŶĚŽƚŚĞƌĨŝƐŚĞƐŝŶƚŚĞ
ĨƵƚƵƌĞ͕ĂŶĚĨƵƚƵƌĞŚĂďŝƚĂƚƌĞůŝĂŶĐĞŵĂǇďĞƉĂƌƚŝĐƵůĂƌůǇĚǇŶĂŵŝĐŝŶƚŚĞĨĂĐĞŽĨĐůŝŵĂƚĞĐŚĂŶŐĞ
;ƌŽǌŝĞƌĞƚĂů͘ϮϬϬϴ͕^ĐŚŝŶĚůĞƌĞƚĂů͘ϮϬϬϴ͕ŝƐƐŽŶĞƚĂů͘ϮϬϬϵͿ͘

/ŶƐƵŵŵĂƌǇ͕ƚŚĞ/^ĨĂŝůƐƚŽĂƐƐĞƐƐŝŵƉĂĐƚƐƚŽƉŽƉƵůĂƚŝŽŶƐƚƌƵĐƚƵƌĞŽƌůŝĨĞŚŝƐƚŽƌǇĚŝǀĞƌƐŝƚǇ͕ĂŶĚ
ĚŽĞƐŶŽƚĂĐŬŶŽǁůĞĚŐĞƚŚĞĐƵƌƌĞŶƚƐĐŝĞŶƚŝĨŝĐƵŶĚĞƌƐƚĂŶĚŝŶŐŽŶƚŚĞƌŽůĞŽĨƉŽƉƵůĂƚŝŽŶƐƚƌƵĐƚƵƌĞ
ĨŽƌƉŽƉƵůĂƚŝŽŶƉĞƌƐŝƐƚĞŶĐĞ͘dŚŝƐŝƐĂŐůĂƌŝŶŐŽŵŝƐƐŝŽŶŝŶƚŚĞ/^͕ĂŶĚƌĞŶĚĞƌƐƚŚĞĂŶĂůǇƐŝƐ
ŝŶƐƵĨĨŝĐŝĞŶƚƚŽĞǀĂůƵĂƚĞŚŽǁƉƌŽƉŽƐĞĚŽƉĞƌĂƚŝŽŶƐǁŽƵůĚĂĨĨĞĐƚƐĂůŵŽŶƉŽƉƵůĂƚŝŽŶƐŽƌ
ĐŽŵŵĞƌĐŝĂůĂŶĚƐƵďƐŝƐƚĞŶĐĞŚĂƌǀĞƐƚĂĐĐĞƐƐ͘
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&ŝŐƵƌĞϭ͗dŚĞĨŽƵƌƐƉĂǁŶŝŶŐƐƵďͲƐƚŽĐŬƐĂŶĚĚŽĐƵŵĞŶƚĞĚƐƉĂǁŶŝŶŐůŽĐĂƚŝŽŶƐŽĨ<ǀŝĐŚĂŬďĂƐŝŶ
ƐŽĐŬĞǇĞƐĂůŵŽŶ͘dŚĞůƚĞƌŶĂƚŝǀĞϭĨĞƌƌǇƌŽƵƚĞŝƐƐŚŽǁŶ͖ĂůůĨŝƐŚƐƉĂǁŶŝŶŐƚŽƚŚĞĞĂƐƚŽĨƚŚŝƐƌŽƵƚĞ
ŵƵƐƚŵŝŐƌĂƚĞƉĂƐƚƚŚĞĨĞƌƌǇƚĞƌŵŝŶĂůĂƐŽƵƚͲŵŝŐƌĂƚŝŶŐũƵǀĞŶŝůĞƐĂŶĚƌĞƚƵƌŶŝŶŐĂĚƵůƚƐ͘ĂƚĂ͗dǇůĞƌ
ĂŶŶ͕ůĂƐŬĂĞƉĂƌƚŵĞŶƚŽĨ&ŝƐŚΘ'ĂŵĞ͘&ŝŐƵƌĞŐĞŶĞƌĂƚĞĚďǇƚŚĞ^tůĂƐŬĂ^ĂůŵŽŶ,ĂďŝƚĂƚ
WĂƌƚŶĞƌƐŚŝƉ͘






WĂŐĞϱ


BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 641 of 2339


&ŝŐƵƌĞϮ͘WƌŽƉŽƌƚŝŽŶƐŽĨŽƵƚŵŝŐƌĂƚŝŶŐũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶƚŚĂƚŽƌŝŐŝŶĂƚĞĨƌŽŵĞĂĐŚŽĨƚŚĞ
ĨŽƵƌ/ůŝĂŵŶĂ>ĂŬĞƐƵďͲƐƚŽĐŬƐ͘&ŝŐƵƌĞĨƌŽŵ>ŝŶŬĂŶĚĂŶŶϮϬϭϴ͘
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Ϯ͘/ŵƉĂĐƚƐŽĨƉƌŽƉŽƐĞĚĂĐƚŝǀŝƚŝĞƐŽŶĨŝƐŚŚĂďŝƚĂƚŝŶ>ĂŬĞ/ůŝĂŵŶĂ

Ϯ͘ϭdŚĞ/^ůĂĐŬƐĂŶĂƐƐĞƐƐŵĞŶƚŽĨĨŝƐŚƵƐĞŽĨƚŚĞůŝŵŶĞƚŝĐ;ŽƉĞŶͲǁĂƚĞƌͿŚĂďŝƚĂƚĂĨĨĞĐƚĞĚďǇƚŚĞ
ƉƌŽƉŽƐĞĚĨĞƌƌǇĐŽƌƌŝĚŽƌ

dŚĞ/^ƐƚĂƚĞƐŽŶƉĂŐĞϰ͘ϮϰͲϭϬƚŚĂƚ͗
͞dĂďůĞϯ͘ϮϰͲϮŝŶ^ĞĐƚŝŽŶϯ͘Ϯϰ͕&ŝƐŚsĂůƵĞƐ͕ƐŚŽǁƐƚŚĞĞƐƚŝŵĂƚĞĚƐĞĂƐŽŶĂůƉƌĞƐĞŶĐĞ
ĂŶĚĂĐƚŝǀŝƚǇŽĨůŝĨĞƐƚĂŐĞƐŽĨĐŽŵŵŽŶƐƉĞĐŝĞƐƚŚĂƚŵĂǇďĞĞǆƉŽƐĞĚƚŽĨĞƌƌǇͬďŽĂƚ
ƚƌĂŶƐŝƚŝŶŐďĞƚǁĞĞŶƚŚĞŶŽƌƚŚĂŶĚƐŽƵƚŚĨĞƌƌǇƚĞƌŵŝŶĂůƐ͘͟

dŚŝƐƚĂďůĞĚŽĞƐŶŽƚƌĞĨĞƌĞŶĐĞůŝĨĞƐƚĂŐĞƐ͕ůĂŬĞŚĂďŝƚĂƚƐ͕ŽƌĨŝƐŚĞƐ͘dŚĞƐƚĂƚĞŵĞŶƚƉŽƐƐŝďůǇ
ĞƌƌŽŶĞŽƵƐůǇƌĞĨĞƌƐŝŶƐƚĞĂĚƚŽdĂďůĞϯ͘ϮϰͲϰŽƌdĂďůĞϯ͘ϮϰͲϱ͘,ŽǁĞǀĞƌ͕ďŽƚŚŽĨƚŚĞƐĞdĂďůĞƐĂůƐŽ
ůĂĐŬŝŶĨŽƌŵĂƚŝŽŶŽŶŚĂďŝƚĂƚƐǁŝƚŚŝŶƚŚĞůĂŬĞ͕ĂŶĚĚŽŶŽƚĂĚĚƌĞƐƐŚŽǁĨŝƐŚǁŽƵůĚďĞĞǆƉŽƐĞĚƚŽ
ĂĐƚŝǀŝƚŝĞƐŝŶƚŚĞŽƉĞŶͲǁĂƚĞƌůĂŬĞŚĂďŝƚĂƚƐƚŚƌŽƵŐŚǁŚŝĐŚƚŚĞĨĞƌƌǇǁŽƵůĚƉĂƐƐ͘

KŶƉĂŐĞϰ͘ϮϰͲϭϬƚŚĞ/^ƐƚĂƚĞƐƚŚĂƚ͗
͞:ƵǀĞŶŝůĞƐŽĐŬĞǇĞŚĂǀĞƚŚĞŚŝŐŚĞƐƚƉŽƚĞŶƚŝĂůƚŽŝŶƚĞƌĂĐƚǁŝƚŚƚŚĞĨĞƌƌǇŽƉĞƌĂƚŝŽŶƐ
ĚƵĞƚŽƚŚĞŝƌƌĞůĂƚŝǀĞĂďƵŶĚĂŶĐĞĂŶĚǁŝĚĞĚŝƐƚƌŝďƵƚŝŽŶƚŚƌŽƵŐŚŽƵƚƚŚĞ/ůŝĂŵŶĂ
>ĂŬĞƐǇƐƚĞŵ͘͟

dŚŝƐƐƚĂƚĞŵĞŶƚĨĂŝůƐƚŽĐŝƚĞĂŶǇĞǆŝƐƚŝŶŐĚĂƚĂŽƌƉƵďůŝƐŚĞĚǁŽƌŬ͕ĂŶĚƚŚĞ/^ĂŶĚŝƚƐƐƵƉƉŽƌƚŝŶŐ
ĚŽĐƵŵĞŶƚƐůĂĐŬĚĂƚĂŽŶĨŝƐŚƵƐĞŽĨƚŚĞŽƉĞŶͲǁĂƚĞƌǌŽŶĞŽĨƚŚĞƉƌŽƉŽƐĞĚĨĞƌƌǇĐŽƌƌŝĚŽƌ͘tŝƚŚŽƵƚ
ĚĞƐĐƌŝďŝŶŐĨŝƐŚƵƐĞŽĨŝŵƉŽƌƚĂŶƚŽƉĞŶͲǁĂƚĞƌŚĂďŝƚĂƚƐ͕ƚŚĞ/^ŝƐƚŚƵƐƵŶĂďůĞƚŽĚĞƐĐƌŝďĞŚŽǁƚŚĞ
ĨĞƌƌǇŽƉĞƌĂƚŝŽŶƐŵĂǇŝŶƚĞƌĂĐƚǁŝƚŚũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶ͘

ƵƌŝŶŐƚŚĞůĂĐƵƐƚƌŝŶĞƉŚĂƐĞŽĨƚŚĞŝƌƌĞĂƌŝŶŐ͕ũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶĂƌĞĚŝƐƚƌŝďƵƚĞĚƚŚƌŽƵŐŚŽƵƚ
ƚŚĞůŝŵŶĞƚŝĐ;ŽƉĞŶͲǁĂƚĞƌͿƌĞŐŝŽŶŽĨƚŚĞůĂŬĞ;ƵƌŐŶĞƌϭϵϵϭ͕YƵŝŶŶϮϬϬϱͿĂŶĚ͕ŝŵƉŽƌƚĂŶƚůǇ͕ŵĂŬĞ
ƵƐĞŽĨƐƵƌĨĂĐĞǁĂƚĞƌƐƚŚĂƚǁŽƵůĚďĞŝŵƉĂĐƚĞĚďǇĨĞƌƌǇŽƉĞƌĂƚŝŽŶƐ͘:ƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶ
ƵŶĚĞƌŐŽĚĂŝůǇǀĞƌƚŝĐĂůŵŝŐƌĂƚŝŽŶƐ͖ŝŶĚŝǀŝĚƵĂůƐŽĐĐƵƉǇĚĞĞƉĞƌǁĂƚĞƌƐĚƵƌŝŶŐƚŚĞĚĂǇƚŽĂǀŽŝĚ
ƉƌĞĚĂƚŝŽŶ͕ĂŶĚĂƚŶŝŐŚƚŵŽǀĞǁŝƚŚŝŶΕϯŵĞƚĞƌƐŽĨƚŚĞƐƵƌĨĂĐĞƚŽĨĞĞĚ;ZŽŐĞƌƐĞƚĂů͘ϮϬϬϮ͕
^ĐŚĞƵĞƌĞůůĂŶĚ^ĐŚŝŶĚůĞƌϮϬϬϯ͕,ĂŶƐĞŶĞƚĂů͘ϮϬϭϰͿ͘dŚĞ/^ŵƵƐƚŝŶĐůƵĚĞĚĂƚĂŽŶĨŝƐŚƵƐĞŽĨƚŚĞ
ĞƉŝůŝŵŶŝŽŶ;ƐƵƌĨĂĐĞͿǁĂƚĞƌƐŽĨ/ůŝĂŵŶĂ>ĂŬĞ͕ĞƐƉĞĐŝĂůůǇĨŝƐŚĚŝƐƚƌŝďƵƚŝŽŶƐĚƵƌŝŶŐĐƌĞƉƵƐĐƵůĂƌĂŶĚ
ŶŝŐŚƚƉĞƌŝŽĚƐ͕ŝŶŽƌĚĞƌƚŽĂĚĞƋƵĂƚĞůǇĂƐƐĞƐƐƉŽƚĞŶƚŝĂůŝŵƉĂĐƚƐƚŽƉƌĞͲƐŵŽůƚũƵǀĞŶŝůĞƐŽĐŬĞǇĞ
ƐĂůŵŽŶĂŶĚŽƚŚĞƌƌĞƐŝĚĞŶƚĨŝƐŚƚŚĂƚƵƚŝůŝǌĞƚŚĞƐĞŚĂďŝƚĂƚƐ͘

:ƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶŽĐĐƵƉǇŽƉĞŶͲǁĂƚĞƌŚĂďŝƚĂƚƐŝŶ>ĂŬĞ/ůŝĂŵŶĂĨŽƌŽŶĞŽƌƚǁŽǇĞĂƌƐŽĨ
ƚŚĞŝƌůŝĨĞ;ŝ͘Ğ͘ƐŵŽůƚƐŵŝŐƌĂƚĞƚŽƚŚĞŽĐĞĂŶĂƚĂŐĞͲϭŽƌĂŐĞͲϮͿ͖ƚŚƵƐ͕ƚŚĞƐĞĂƌĞĂƐŽĨƚŚĞůĂŬĞĂƌĞ
ĞƐƐĞŶƚŝĂůƚŽƐĂůŵŽŶƉƌŽĚƵĐƚŝŽŶŝŶƚŚĞ<ǀŝĐŚĂŬǁĂƚĞƌƐŚĞĚ;ZŝĐŚĞƚĂů͘ϮϬϬϵ͕dŝůůŽƚƐŽŶĂŶĚYƵŝŶŶ
ϮϬϭϲͿ͘ŝƐƚƌŝďƵƚŝŽŶŽĨũƵǀĞŶŝůĞƐŽĐŬĞǇĞŝƐŚĞƚĞƌŽŐĞŶĞŽƵƐǁŝƚŚŝŶƚŚĞůĂŬĞ͕ůĂƌŐĞůǇƌĞĨůĞĐƚŝŶŐ
ƐƉĂǁŶŝŶŐĚĞŶƐŝƚŝĞƐ͕ĂŶĚƉƌĞͲƐŵŽůƚũƵǀĞŶŝůĞƐŽĐŬĞǇĞĂƌĞƉƌŝŵĂƌŝůǇůŽĐĂƚĞĚŝŶŽƉĞŶǁĂƚĞƌŚĂďŝƚĂƚƐ
ĂƚƚŚĞĞĂƐƚĞƌŶƌĞŐŝŽŶƐŽĨƚŚĞůĂŬĞ;ZŝĐŚϮϬϬϲͿ͘dŚŝƐƌĞŐŝŽŶŝƐůŽĐĂƚĞĚƵƉƐƚƌĞĂŵŽĨƚŚĞůƚĞƌŶĂƚŝǀĞ
ϭĨĞƌƌǇƌŽƵƚĞƐŚŽǁŶŝŶ&ŝŐƵƌĞϯ͘ϮϰͲϱŽĨƚŚĞ/^;&ŝŐƵƌĞϭͿ͕ƚŚƵƐƌĞƋƵŝƌŝŶŐƚŚĂƚƚŚĞǀĂƐƚŵĂũŽƌŝƚǇ
ŽĨũƵǀĞŶŝůĞƐŽĐŬĞǇĞŵƵƐƚƉĂƐƐƚŚƌŽƵŐŚƚŚĞĨĞƌƌǇĐŽƌƌŝĚŽƌĚƵƌŝŶŐŽƵƚŵŝŐƌĂƚŝŽŶ͘
WĂŐĞϳ
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dŚĞ/^͕ŽŶƉĂŐĞϯ͘ϮϰͲϯϳƐƚĂƚĞƐƚŚĂƚ͗
͞dŚŝƐĂůƚĞƌŶĂƚŝǀĞŝŶĐůƵĚĞƐĂĨĞƌƌǇƚĞƌŵŝŶĂůƐŝƚĞĂƚĂŐůĞĂǇ͕ĂƉƉƌŽǆŝŵĂƚĞůǇϮϬ
ŵŝůĞƐĞĂƐƚŽĨƚŚĞƚĞƌŵŝŶĂůĨŽƌůƚĞƌŶĂƚŝǀĞϭ͕ǁŝƚŚĂŶŽƚŚĞƌĨĞƌƌǇƚĞƌŵŝŶĂůƐŝƚĞ
ĨƵƌƚŚĞƌĞĂƐƚŝŶWŝůĞĂǇ;ƐĞĞŚĂƉƚĞƌϮ͕ůƚĞƌŶĂƚŝǀĞƐͿ͘dŚĞϮϵͲŵŝůĞĨĞƌƌǇƌŽƵƚĞŝƐ
ĂĚũĂĐĞŶƚƚŽƐŽĐŬĞǇĞƐĂůŵŽŶƐƉĂǁŶŝŶŐďĞĂĐŚĞƐŽŶƚŚĞƐŽƵƚŚĞƌŶƐŝĚĞŽĨWŝůĞĂǇ
;^ŽƵƚŚĞĂƐƚĞĂĐŚĞƐĂŶĚ&ŝŶŐĞƌĞĂĐŚĞƐͿ͕ĂŶĚƚŚĞĂůŽŶŐƚŚĞŝƐůĂŶĚƐŝŵƉŽƌƚĂŶƚƚŽ
ƐƉĂǁŶŝŶŐƐŽĐŬĞǇĞƐĂůŵŽŶ;WŽƌĐƵƉŝŶĞ/ƐůĂŶĚ͕&ůĂƚ/ƐůĂŶĚ͕ZŽƐƐ/ƐůĂŶĚ͕dƌŝĂŶŐůĞ
/ƐůĂŶĚ͕ĂŶĚĂŐůĞ/ƐůĂŶĚͿ;DŽƌƐƚĂĚϮϬϬϯͿ͘ůƚŚŽƵŐŚƚŚĞŝƐůĂŶĚƐĐŽŶƚĂŝŶĞǆƚĞŶƐŝǀĞ
ůŝƚƚŽƌĂůƐŚŽĂůŚĂďŝƚĂƚ͕ƚŚĞĨĞƌƌǇƌŽƵƚĞǁŽƵůĚƌĞŵĂŝŶǁĞůůŽĨĨƐŚŽƌĞ͕ǁŚĞƌĞĚĞƉƚŚƐ
ƌĂŶŐĞĨƌŽŵϮϬϬƚŽŽǀĞƌϵϬϬĨĞĞƚ͘ŶŶƵĂůĂĞƌŝĂůƐƵƌǀĞǇƐŽĨƐƉĂǁŶŝŶŐƐŽĐŬĞǇĞ
ƐĂůŵŽŶŝŶůŝƚƚŽƌĂůŚĂďŝƚĂƚƐĂůŽŶŐ/ůŝĂŵŶĂ>ĂŬĞŚĂǀĞďĞĞŶĐŽŶĚƵĐƚĞĚďǇ&Θ'
ƐŝŶĐĞϭϵϮϬ;DŽƌƐƚĂĚϮϬϬϯͿ͘^ƉĂǁŶŝŶŐƐƵƌǀĞǇƐŚĂǀĞƐŚŽǁŶŚĞĂǀǇƵƐĞŽĨƚŚĞ
ŶŽƌƚŚĞĂƐƚĞƌŶĂƌŵŽĨ/ůŝĂŵŶĂ>ĂŬĞ͕ǁŝƚŚŚŝŐŚĞƐƚĚĞŶƐŝƚŝĞƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞŵĂŝŶ
ŝƐůĂŶĚĂƌĐŚŝƉĞůĂŐŽƐ͕WĞĚƌŽĂǇ͕ĂŶĚƚŚĞEĞǁŚĂůĞŶƐŚŽƌĞůŝŶĞ͘>ŽǁĞƌĚĞŶƐŝƚŝĞƐŽĨ
ƐƉĂǁŶŝŶŐŚĂǀĞďĞĞŶŽďƐĞƌǀĞĚŶĞĂƌĂŐůĞĂǇŽƌĂůŽŶŐƚŚĞƐŽƵƚŚĞƌŶƐŚŽƌĞŽĨWŝůĞ
ĂǇ͕ǁŚŝĐŚƉŽƐƐĞƐƐĞƐŵŝŶŝŵĂůůŝƚƚŽƌĂůŚĂďŝƚĂƚ͘ŽŶƐĞƋƵĞŶƚůǇ͕ƚŚĞŵŝĚǁĂƚĞƌƌŽƵƚĞ
ŽĨƚŚĞĨĞƌƌǇǁŽƵůĚŶŽƚŝŶƚĞƌƐĞĐƚŬŶŽǁŶƐŽĐŬĞǇĞƐƉĂǁŶŝŶŐŚĂďŝƚĂƚ͕ĞǆĐĞƉƚĂƚƚŚĞ
ĨĞƌƌǇƚĞƌŵŝŶĂůƐŝƚĞŝŶĂŐůĞĂǇ͘,ŽǁĞǀĞƌ͕WŝůĞĂǇƐĞƌǀĞƐĂƐĂŵŝŐƌĂƚŝŽŶƌŽƵƚĞ
ĨŽƌƵƉƐƚƌĞĂŵŵŝŐƌĂŶƚƐĂůŵŽŶ;ĂŶĚƚƌŽƵƚͿƚŽƚŚĞ/ůŝĂŵŶĂZŝǀĞƌ͕WŝůĞZŝǀĞƌ͕ĂŶĚ
ƐĞǀĞƌĂůŽƚŚĞƌĂŶĂĚƌŽŵŽƵƐƚƌŝďƵƚĂƌŝĞƐ͕ĂƐǁĞůůĂƐĂŶŽƵƚŵŝŐƌĂƚŝŽŶƉĂƚŚǁĂǇĨŽƌ
ŽĐĞĂŶͲďŽƵŶĚũƵǀĞŶŝůĞƐĂůŵŽŶ͘͟

dŚŝƐĂĐŬŶŽǁůĞĚŐĞƐƚŚĞŝŵƉŽƌƚĂŶĐĞŽĨWŝůĞĂǇĂƐƉĂƐƐĂŐĞǁĂǇĨŽƌũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶůĞĂǀŝŶŐ
ƚŚĞWŝůĞZŝǀĞƌƚŽƌĞĂƌŝŶ/ůŝĂŵŶĂ>ĂŬĞ͘,ŽǁĞǀĞƌ͕ƚŚŝƐƐƚĂƚĞŵĞŶƚŝŶĚŝĐĂƚĞƐƚŚĂƚƚŚĞĞĨĨĞĐƚƐŽŶƚŚĞ
͞ŽƵƚŵŝŐƌĂƚŝŽŶƉĂƚŚǁĂǇĨŽƌŽĐĞĂŶͲďŽƵŶĚũƵǀĞŶŝůĞƐĂůŵŽŶ͟ĂƉƉůŝĞƐŽŶůǇƚŽůƚĞƌŶĂƚŝǀĞϮ͘/ŶĨĂĐƚ͕
ƚŚĞůƚĞƌŶĂƚŝǀĞϭĐŽƌƌŝĚŽƌǁŽƵůĚŝŵƉĂĐƚƚŚĞŽƵƚŵŝŐƌĂƚŝŽŶƉĂƚŚǁĂǇĨŽƌĂŶĞǀĞŶŐƌĞĂƚĞƌŶƵŵďĞƌ
ŽĨũƵǀĞŶŝůĞƐĂůŵŽŶ͘dŚĞ/^ĚŽĞƐŶŽƚĂĐŬŶŽǁůĞĚŐĞŽƌĂƐƐĞƐƐƚŚĞŝŵƉĂĐƚƐŽĨƉƌŽƉŽƐĞĚĂĐƚŝǀŝƚŝĞƐ
ŽŶŽƵƚŵŝŐƌĂƚŝŶŐŝŶĚŝǀŝĚƵĂůƐ͕ŝŶĞŝƚŚĞƌůƚĞƌŶĂƚŝǀĞ͘
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&ŝŐƵƌĞϭ͘^ĞĐƚŝŽŶϯ͘ϮϰŽĨƚŚĞ/^ŽƵƚůŝŶĞƐĂůƚĞƌŶĂƚŝǀĞƐƚŽƉƌŽƉŽƐĞĚĨĞƌƌǇŽƉĞƌĂƚŝŽŶƐƚŚĂƚǁŽƵůĚ
ŝŵƉĂĐƚƐŚŽƌĞůŝŶĞĂŶĚŽƉĞŶͲǁĂƚĞƌŚĂďŝƚĂƚƐŝŶ>ĂŬĞ/ůŝĂŵŶĂ͘


/ŶĂĚĚŝƚŝŽŶƚŽŝŵƉĂĐƚƐŽŶŵŝŐƌĂƚŝŽŶĐŽƌƌŝĚŽƌƐ͕ƚŚĞƉƌŽƉŽƐĞĚĨĞƌƌǇĂĐƚŝǀŝƚŝĞƐŚĂǀĞƐƚƌŽŶŐƉŽƚĞŶƚŝĂů
ƚŽŝŵƉĂĐƚũƵǀĞŶŝůĞƐŽĐŬĞǇĞĚƵƌŝŶŐƚŚĞůĂĐƵƐƚƌŝŶĞƌĞĂƌŝŶŐƉŚĂƐĞ͘dŚĞĞĂƐƚĞƌŶŚĂůĨŽĨƚŚĞůĂŬĞ
ƐƵƉƉŽƌƚƐƚŚĞŐƌĞĂƚŵĂũŽƌŝƚǇŽĨũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶŝŶƚŚĞŝƌĨŝƌƐƚǇĞĂƌŽĨůŝĨĞ͕ĂŶĚŚĂƐƚŚĞ
ŚŝŐŚĞƐƚĚĞŶƐŝƚŝĞƐŽĨƉĞůĂŐŝĐĨŝƐŚĞƐ͖ƚŚĞĞĂƐƚĞƌŶƐĂŵƉůŝŶŐƐƚƌĂƚĂ;ƐƚƌĂƚĂϰĂŶĚĂůůĞĂƐƚ͖&ŝŐƵƌĞϮͿ
ƌĞƉƌĞƐĞŶƚϰϬйŽĨƚŚĞůĂŬĞƐƵƌĨĂĐĞĂƌĞĂďƵƚĐŽŶƚĂŝŶϴϲйŽĨƚŚĞũƵǀĞŶŝůĞĨŝƐŚĐĂƉƚƵƌĞĚŝŶƐƵƌĨĂĐĞ
ƚŽǁƐ;ZŝĐŚϮϬϬϲ͕ZŝĐŚĞƚĂů͘ϮϬϬϵͿ͘dŚĞƌĞĨŽƌĞ͕ĂůůƉƌŽƉŽƐĞĚĨĞƌƌǇƉĂƐƐĂŐĞĂĐƚŝǀŝƚŝĞƐ͕ďƵƚĞƐƉĞĐŝĂůůǇ
ŝŶůƚĞƌŶĂƚŝǀĞϮ͕ŚĂǀĞƉŽƚĞŶƚŝĂůƚŽŝŵƉĂĐƚĂůĂƌŐĞŶƵŵďĞƌŽĨŝŶĚŝǀŝĚƵĂůƐĚƵƌŝŶŐĞĂƌůǇůŝĨĞŚŝƐƚŽƌǇ
ƐƚĂŐĞƐ͘dŚĞ/^ƐƚĂƚĞƐŽŶWĂŐĞϰ͘ϮϰͲϭϬ͗
͞ůƚŚŽƵŐŚƵŶůŝŬĞůǇ͕ƉƌŽƉĞůůĞƌƐƚƌŝŬĞƐŽƌƐŚĞĂƌĨŽƌĐĞƐĐŽƵůĚƌĞƐƵůƚŝŶĨŝƐŚŝŶũƵƌǇŽƌ
ŵŽƌƚĂůŝƚǇ͘/ŵƉĂĐƚƐĂƌĞĞǆƉĞĐƚĞĚƚŽďĞůŽĐĂůŝǌĞĚĂƚƚŚĞŝŶĚŝǀŝĚƵĂůůĞǀĞů͕ĂŶĚǁŽƵůĚ
ďĞĞǆƉĞĐƚĞĚƚŽŽĐĐƵƌŝĨƚŚĞƉƌŽũĞĐƚŝƐƉĞƌŵŝƚƚĞĚĂŶĚĐŽŶƐƚƌƵĐƚĞĚ͘Η

dŚŝƐƐƚĂƚĞŵĞŶƚŝƐŶŽƚƐƵƉƉŽƌƚĞĚďǇĂŶǇĂŶĂůǇƐŝƐŽĨƚŚĞůŝŬĞůŝŚŽŽĚƐŽĨĨŝƐŚŝŶũƵƌǇŽƌŵŽƌƚĂůŝƚǇ͕ĂŶĚ
ƚŚĞƌĞŝƐŶŽďĂƐŝƐĨŽƌƚŚĞĐŽŶĐůƵƐŝŽŶƚŚĂƚŝŵƉĂĐƚƐǁŝůůŽĐĐƵƌĂƚƚŚĞ͞ůŽĐĂůŝǌĞĚƚŚĞŝŶĚŝǀŝĚƵĂůůĞǀĞů͘͟
'ŝǀĞŶƚŚĞĚĞŶƐŝƚŝĞƐŽĨĨŝƐŚƚŚĂƚĐŽƵůĚďĞĞŶĐŽƵŶƚĞƌĞĚďǇƚŚĞĨĞƌƌǇ͕ĞƐƉĞĐŝĂůůǇŝŶƚŚĞůƚĞƌŶĂƚŝǀĞϮ
ƐĐĞŶĂƌŝŽ͕ƚŚĞ/^ŵƵƐƚĂƐƐĞƐƐůĞƚŚĂůĂŶĚƐƵďͲůĞƚŚĂůŝŵƉĂĐƚƐŽĨĚĂŝůǇĨĞƌƌǇŽƉĞƌĂƚŝŽŶƐ͘
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&ŝŐƵƌĞϮ͘dŽƉƉĂŶĞů͗ĞŶƐŝƚǇĞƐƚŝŵĂƚĞƐĨŽƌƚǁŽĂŐĞĐůĂƐƐĞƐŽĨƐŽĐŬĞǇĞƐĂůŵŽŶ;ĨƌǇĂŶĚǇĞĂƌůŝŶŐͿ
ĂŶĚƚŚƌĞĞƐƉŝŶĞƐƚŝĐŬůĞďĂĐŬƐĂĐƌŽƐƐϭϭƌĞŐŝŽŶƐŝŶ/ůŝĂŵŶĂ>ĂŬĞĨƌŽŵϭϵϲϮͲϭϵϳϲ͘
;ǀĞƌĂŐĞŶƵŵďĞƌŽĨŝŶĚŝǀŝĚƵĂůƐƉĞƌϮϬŵŝŶƵƚĞƐƵƌĨĂĐĞƚŽǁͿ͘ŽƚƚŽŵƉĂŶĞů͗/ůŝĂŵŶĂ>ĂŬĞƐĂŵƉůŝŶŐ
ƐƚƌĂƚĂͿ͘&ƌŽŵZŝĐŚϮϬϬϲ͘


dŚĞ/^ƐƚĂƚĞƐŽŶƉĂŐĞϰ͘ϮϰͲϭϬƚŚĂƚ
͞dŚĞĨĞƌƌǇŚĂƐƚŚĞƉŽƚĞŶƚŝĂůƚŽĞŶƚƌĂŝŶĨŝƐŚŝŶƚŽƚŚĞƚƵƌďƵůĞŶƚǌŽŶĞĐƌĞĂƚĞĚďǇƉƌŽƉĞůůĞƌ
ďůĂĚĞƐ͕ĂůƚŚŽƵŐŚďĞŶƚŚŝĐƐƉĞĐŝĞƐŽƌŵŝĚǁĂƚĞƌƐƉĞĐŝĞƐůĂƌŐĞƌƚŚĂŶϭϬŵŝůůŝŵĞƚĞƌƐĂƌĞůĞƐƐ
ƐƵƐĐĞƉƚŝďůĞƚŽĞŶƚƌĂŝŶŵĞŶƚ͕ĂŶĚĂƌĞĞǆƉĞĐƚĞĚƚŽĚĞƚĞĐƚĂŶĚĂǀŽŝĚƉƌŽƉĞůůĞƌͲƌĞůĂƚĞĚ
ŝŵƉĂĐƚƐ͘͟

dŚŝƐƐƚĂƚĞŵĞŶƚŝƐŶŽƚƐƵƉƉŽƌƚĞĚďǇĂŶǇĚĂƚĂ͕ĂŶĚĚŽĞƐŶŽƚŝŶĐůƵĚĞĂĐŝƚĂƚŝŽŶĨƌŽŵǁŚŝĐŚƚŚĞ
ŝŶĨŽƌŵĂƚŝŽŶŝƐĚƌĂǁŶ͘hƉŽŶůĂŬĞĞŶƚƌǇ͕ƐŽĐŬĞǇĞƐĂůŵŽŶŝŶĚŝǀŝĚƵĂůƐĂƌĞǀĞƌǇƐŵĂůů;ĐĂ͘фϯϬŵŵͿ
;YƵŝŶŶϮϬϬϱͿĂŶĚƐƵƐĐĞƉƚŝďůĞƚŽĚŝƐƚƵƌďĂŶĐĞƐ͘ĨƚĞƌĞŶƚĞƌŝŶŐƚŚĞůĂŬĞ͕ũƵǀĞŶŝůĞƐŽĐŬĞǇĞƚƌĂŶƐŝƚŝŽŶ
ƚŚƌŽƵŐŚƚŚĞƐƵŵŵĞƌĨƌŽŵƚŚĞůŝƚƚŽƌĂů;ŶĞĂƌƐŚŽƌĞͿǌŽŶĞƚŽƉĞůĂŐŝĐ;ŽƉĞŶͲǁĂƚĞƌͿŚĂďŝƚĂƚƐ͕ĂŶĚ
ƚŚĞƐĞƐŵĂůůĨŝƐŚŵĂǇƚŚĞƌĞĨŽƌĞĞŶĐŽƵŶƚĞƌĨĞƌƌǇĂĐƚŝǀŝƚǇĂƚƚŚĞƐŚŽƌĞůŝŶĞƚĞƌŵŝŶĂůƐĂŶĚŝŶŽƉĞŶ
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ǁĂƚĞƌƌĞŐŝŽŶƐ͘:ƵǀĞŶŝůĞƐŽĐŬĞǇĞŵĞĂŶƐŝǌĞĂƚƚŚĞĞŶĚŽĨƚŚĞĨŝƌƐƚƐƵŵŵĞƌŽĨŐƌŽǁƚŚŝƐфϳϱŵŵ
;ĂŶĚŵĂǇďĞĂƐƐŵĂůůĂƐϰϱŵŵ͖&ŝŐƵƌĞϯͿ;ZŝĐŚĞƚĂů͘ϮϬϬϵͿ͘dŚƵƐ͕ƐŽĐŬĞǇĞƐĂůŵŽŶĂƌĞǀĞƌǇƐŵĂůů
ƚŚƌŽƵŐŚŽƵƚƚŚĞůŝĨĞƐƚĂŐĞǁŚĞŶƚŚĞǇĂƌĞůŝŬĞůǇƚŽĞŶĐŽƵŶƚĞƌƚŚĞŝŵƉĂĐƚƐŽĨƉƌŽƉĞůůĞƌƐŽƌ
ƚƵƌďƵůĞŶĐĞ͘>ŝƚƚůĞƉƵďůŝƐŚĞĚǁŽƌŬĞǆŝƐƚƐŽŶƚŚŝƐƚŽƉŝĐ͕ďƵƚĂƉƌĞǀŝŽƵƐƐƚƵĚǇĨŽƵŶĚƚŚĂƚĨŝƐŚфϯϬϬ
ŵŵĚŝĚŶŽƚďĞŚĂǀŝŽƌĂůůǇĂǀŽŝĚďŽĂƚĚŝƐƚƵƌďĂŶĐĞƐ;ĞĐŬĞƌĞƚĂů͘ϮϬϭϯͿ͘ůůƐƚĂŐĞƐŽĨũƵǀĞŶŝůĞ
ƐŽĐŬĞǇĞƐĂůŵŽŶŝŶ/ůŝĂŵŶĂ>ĂŬĞĂƌĞďĞůŽǁƚŚŝƐƚŚƌĞƐŚŽůĚ;&ŝŐƵƌĞϰͿ͕ĂŶĚŵĂǇƚŚƵƐďĞƐƵƐĐĞƉƚŝďůĞ
ƚŽĚŝƌĞĐƚŝŵƉĂĐƚƐ͘WƌŽƉŽƐĞĚĨĞƌƌǇĐŽƌƌŝĚŽƌƐǁŽƵůĚŽĐĐƵƌŝŶƚŚĞŚŝŐŚĞƐƚͲĚĞŶƐŝƚǇũƵǀĞŶŝůĞƐŽĐŬĞǇĞ
ŚĂďŝƚĂƚƐŝŶ/ůŝĂŵŶĂ>ĂŬĞ͕ďƵƚƚŚĞ/^ĨĂŝůƐƚŽĂƐƐĞƐƐƚŚĞŵĂŶŶĞƌŝŶǁŚŝĐŚĨŝƐŚŽĨƚŚŝƐƐŝǌĞǁŽƵůĚ
ŝŶƚĞƌĂĐƚǁŝƚŚĨĞƌƌǇŽƉĞƌĂƚŝŽŶƐ͘






&ŝŐƵƌĞϯ͘KďƐĞƌǀĞĚŵĞĂŶůĞŶŐƚŚŽĨƐŽĐŬĞǇĞƐĂůŵŽŶĨƌǇŝŶ/ůŝĂŵŶĂ>ĂŬĞ;ďůĂĐŬĚŽƚƐͿ͘>ŝŶĞƐƐŚŽǁĨŝƚ
ĂŶĚнͬͲϮƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶƐĨŽƌĂůŝŶĞĂƌŵŽĚĞůǁŝƚŚƚĞŵƉĞƌĂƚƵƌĞĂŶĚĨƌǇĚĞŶƐŝƚǇƉĂƌĂŵĞƚĞƌƐ
;ĞĨĨĞĐƚƐŝǌĞŝŶďŽǆƉůŽƚƐͿ͘&ƌŽŵZŝĐŚĞƚĂůϮϬϬϵ͘
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&ŝŐƵƌĞϰ͘>ĞŶŐƚŚͲĨƌĞƋƵĞŶĐǇŚŝƐƚŽŐƌĂŵƐĨŽƌƚǁŽůŝĨĞƐƚĂŐĞƐŽĨũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶŝŶ>ĂŬĞ
/ůŝĂŵŶĂ;ĨƌǇсŝŶĨŝƌƐƚƐƵŵŵĞƌŽĨůŝĨĞ͕ǇĞĂƌůŝŶŐсŝŶƐĞĐŽŶĚƐƵŵŵĞƌŽĨůŝĨĞͿ͘&ƌŽŵZŝĐŚϮϬϬϲ͘





Ϯ͘ϮdŚĞĚĂƚĂƌĞĨĞƌĞŶĐĞĚďǇƚŚĞ/^ƚŽĂƐƐĞƐƐĨŝƐŚƵƐĞŽĨůŝƚƚŽƌĂůǌŽŶĞŚĂďŝƚĂƚƐŝƐŝŶƐƵĨĨŝĐŝĞŶƚŽƌ
ŝŶĐŽƌƌĞĐƚůǇŝŶƚĞƌƉƌĞƚĞĚ͕ĂŶĚĚŽĞƐŶŽƚƐƵƉƉŽƌƚĐŽŶĐůƵƐŝŽŶƐŽŶŝŵƉĂĐƚƐƚŽĨŝƐŚ

KŶWĂŐĞϯ͘ϮϰͲϮϱ͕ƚŚĞ/^ƐƚĂƚĞƐƚŚĂƚ
͞^ƉĂǁŶŝŶŐŝŶ/ůŝĂŵŶĂ>ĂŬĞŚĂƐƚǇƉŝĐĂůůǇƌĞƉƌĞƐĞŶƚĞĚďĞƚǁĞĞŶϭƚŽϯƉĞƌĐĞŶƚŽĨƐŽĐŬĞǇĞ
ĞƐĐĂƉĞŵĞŶƚŝŶƚŚĞ<ǀŝĐŚĂŬǁĂƚĞƌƐŚĞĚ;DŽƌƐƚĂĚϮϬϬϯͿ͘͟
dŚŝƐƐƚĂƚĞŵĞŶƚŝƐĞƌƌŽŶĞŽƵƐ͘dŚĞƌĞƉŽƌƚƐĞƉĂƌĂƚĞƐĐŽƵŶƚƐŝŶƚŽƚŚƌĞĞƐĞƉĂƌĂƚĞĐĂƚĞŐŽƌŝĞƐŽĨ
ďĞĂĐŚƐƉĂǁŶĞƌƐ͗/ƐůĂŶĚĞĂĐŚĞƐ͕EŽƌƚŚ^ŚŽƌĞĞĂĐŚĞƐ͕ĂŶĚ^ŽƵƚŚ^ŚŽƌĞĞĂĐŚĞƐ͘dŚĞĐŽƵŶƚƐŽĨ
ďĞĂĐŚƐƉĂǁŶĞƌƐĂĐƌŽƐƐƚŚĞƚŚƌĞĞĐĂƚĞŐŽƌŝĞƐĐŽŵƉƌŝƐĞƵƉƚŽϴ͘ϴйŽĨƚŽƚĂůĞƐĐĂƉĞŵĞŶƚ͕ĂŶĚ
ĞǆĐĞĞĚϯйŽĨƚŚĞĞƐĐĂƉĞŵĞŶƚŝŶŵŽƌĞƚŚĂŶŽŶĞͲƚŚŝƌĚŽĨƚŚĞϰϳǇĞĂƌƐƐƵƌǀĞǇĞĚ;DŽƌƐƚĂĚϮϬϬϯͿ͘
ĚĚƚŝŽŶĂůǇ͕ƚŚĞDŽƌƐƚĂĚƐƉĂǁŶŝŶŐƐƵƌǀĞǇƌĞƉŽƌƚĐŽŵƉŝůĞƐĚĂƚĂĨƌŽŵĂŶŶƵĂůŐƌŽƵŶĚ͕ďŽĂƚ͕ĂŶĚ
ĂĞƌŝĂůƐƵƌǀĞǇƐ͕ǁŚŝĐŚǀĂƌǇĂĐƌŽƐƐǇĞĂƌƐŝŶĞǆƚĞŶƚĂŶĚĞĨĨŽƌƚ͘EŽƚĂůůďĞĂĐŚƐƉĂǁŶŝŶŐůŽĐĂƚŝŽŶƐ
ǁĞƌĞƐƵƌǀĞǇĞĚŝŶĂůůǇĞĂƌƐŽĨƚŚĞƌĞƉŽƌƚ͕ĂŶĚƚŚƵƐ͕ƚŚĞDŽƌƐƚĂĚƌĞƉŽƌƚůŝŬĞůǇƐŝŐŶŝĨŝĐĂŶƚůǇƵŶĚĞƌͲ
ĞƐƚŝŵĂƚĞƐƚŚĞĂďƵŶĚĂŶĐĞŽĨďĞĂĐŚƐƉĂǁŶŝŶŐƉŽƉƵůĂƚŝŽŶƐ͘

ZĞŐĂƌĚŝŶŐũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶƵƐĞŽĨƚŚĞůŝƚƚŽƌĂůǌŽŶĞ͕ƚŚĞ/^ƐƚĂƚĞƐŽŶWĂŐĞϯ͘ϮϰͲϮϱƚŚĂƚ͗
͞&ŝƐŚĂŶĚŚĂďŝƚĂƚƐƵƌǀĞǇƐǁĞƌĞĐŽŶĚƵĐƚĞĚŝŶϮϬϭϴŶĞĂƌƚŚĞĨĞƌƌǇƚĞƌŵŝŶĂůůŽĐĂƚŝŽŶƐŝŶ
/ůŝĂŵŶĂ>ĂŬĞ;WĂƌĂĚŽǆϮϬϭϴď͕ϮϬϭϴĐ͕ϮϬϭϴĚͿ͘EĞĂƌƐŚŽƌĞĨŝƐŚǁĞƌĞƐƵƌǀĞǇĞĚDĂǇƚŚƌŽƵŐŚ
ƵŐƵƐƚŶĞĂƌƚŚĞĨĞƌƌǇƚĞƌŵŝŶĂůůŽĐĂƚŝŽŶƐƵƐŝŶŐƐĞŝŶĞŶĞƚƐ͕ƐŶŽƌŬĞůƐƵƌǀĞǇƐ͕ĂŶĚĂĞƌŝĂů
ǀŝƐƵĂůƐƵƌǀĞǇƐĨƌŽŵĂŚĞůŝĐŽƉƚĞƌ͘͟

&ƵƌƚŚĞƌ͕ŽŶƉĂŐĞϰ͘ϮϰͲϵ͕ƚŚĞ/^ƐƚĂƚĞƐƚŚĂƚ͗
WĂŐĞϭϮ
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͞/ŶǀĞƐƚŝŐĂƚŝŽŶƐďǇW>WŚĂǀĞĚŽĐƵŵĞŶƚĞĚƚŚĂƚŶĞĂƌƐŚŽƌĞůĂŬĞŚĂďŝƚĂƚĂƚƚŚĞĨĞƌƌǇƚĞƌŵŝŶĂů
ŝƐůŝŐŚƚůǇƵƐĞĚďǇũƵǀĞŶŝůĞƐĂůŵŽŶŝĚƐ͕ĂŶĚŝƐŶŽƚƵƐĞĚĨŽƌĂĚƵůƚƐƉĂǁŶŝŶŐ;WĂƌĂĚŽǆEZ
ϮϬϭϴĂͿ͘͟


dŚĞĐŽŶĐůƵƐŝŽŶƐŝŶ^ĞĐƚŝŽŶϰ͘ϮϰŽŶĨŝƐŚŚĂďŝƚĂƚƵƐĞĐĂŶŶŽƚďĞĐŽƌƌĞĐƚůǇĚƌĂǁŶĨƌŽŵƚŚĞ
ŝŶĨŽƌŵĂƚŝŽŶƉƌŽǀŝĚĞĚ͘dŚĞƌĞĨĞƌĞŶĐĞĚƌĞƉŽƌƚĚĞƐĐƌŝďĞƐĂƐŝŶŐůĞǇĞĂƌŽĨƐƵƌǀĞǇƐďĞƚǁĞĞŶDĂǇͲ
ƵŐƵƐƚƚŽĚĞƚĞƌŵŝŶĞůŝƚƚŽƌĂůŚĂďŝƚĂƚƵƐĞďǇũƵǀĞŶŝůĞƐĂŶĚĂĚƵůƚƐ͘,ŽǁĞǀĞƌ͕ĂďƵŶĚĂŶĐĞŝŶĂƐŝŶŐůĞ
ǇĞĂƌĚŽĞƐŶŽƚƌĞĨůĞĐƚƚŚĞƉŽƚĞŶƚŝĂůŝŵƉŽƌƚĂŶĐĞŽĨƚŚĞƐĞŚĂďŝƚĂƚƐŝŶƚŚĞƉĂƐƚŽƌĨƵƚƵƌĞ͘WƌŝŽƌƚŽƚŚĞ
ϭϵϵϬƐ͕/ůŝĂŵŶĂ>ĂŬĞƐƚŽĐŬƐŽĨƐŽĐŬĞǇĞƐĂůŵŽŶƌĞƉƌĞƐĞŶƚĞĚƚŚĞŵŽƐƚĂďƵŶĚĂŶƚŽĨƌŝƐƚŽůĂǇ͕ďƵƚ
ƌĞĐĞŶƚǇĞĂƌƐŚĂǀĞĞǆƉĞƌŝĞŶĐĞĚůŽǁĞƌƌĞƚƵƌŶƐĂŶĚĐƵƌƌĞŶƚŚĂďŝƚĂƚŽĐĐƵƉĂŶĐǇŵĂǇƌĞĨůĞĐƚƌĞĐĞŶƚ
ůŽǁĞƌƉƌŽĚƵĐƚŝŽŶĂŶĚĞƐĐĂƉĞŵĞŶƚ;,ŝůďŽƌŶĞƚĂů͘ϮϬϬϯͿ͘ĚĚŝƚŝŽŶĂůůǇ͕ǁŝƚŚŝŶƚŚĞůĂŬĞ͕ůŽĐĂů
ƉŽƉƵůĂƚŝŽŶƐĨůƵĐƚƵĂƚĞǁŝĚĞůǇĂĐƌŽƐƐǇĞĂƌƐŽŶĨŝŶĞƐƉĂƚŝĂůƐĐĂůĞƐ͕ĂŶĚĂůŽŶŐͲƚĞƌŵƉĞƌƐƉĞĐƚŝǀĞŝƐ
ĞƐƐĞŶƚŝĂůƚŽĐĂƉƚƵƌĞƚŚĞĞǆƚĞŶƚŽĨŚĂďŝƚĂƚƵƐĞ͘'ŝǀĞŶǁŚĂƚǁĞŬŶŽǁĂďŽƵƚĨůƵĐƚƵĂƚŝŽŶƐŝŶ
ƉŽƉƵůĂƚŝŽŶƐŽŶƐŵĂůůƐƉĂƚŝĂůƐĐĂůĞƐĂŶĚǀĂƌŝĂďůĞƵƐĞŽĨŚĂďŝƚĂƚƐĂĐƌŽƐƐƚŝŵĞ;DŽƌƐƚĂĚϮϬϬϯ͕
,ŝůďŽƌŶĞƚĂů͘ϮϬϬϯ͕^ĐŚŝŶĚůĞƌĞƚĂů͘ϮϬϭϬ͕YƵŝŶŶĞƚĂů͘ϮϬϭϮͿ͕ƚŚĞƐĞƌĞĨĞƌĞŶĐĞĚĚĂƚĂĂƌĞ
ŝŶƐƵĨĨŝĐŝĞŶƚƚŽĐĂƉƚƵƌĞƚŚĞƵƐĞŽĨƚŚŝƐŚĂďŝƚĂƚďǇƐĂůŵŽŶĂŶĚŽƚŚĞƌĨŝƐŚĞƐ͕ĂƐƚŚĞǇĚŽŶŽƚƌĞĨůĞĐƚ
ǀĂƌŝĂďŝůŝƚǇĂĐƌŽƐƐǇĞĂƌƐ͘

dŚĞ/^ĚĞƐĐƌŝďĞƐƚŚĞŝŵƉĂĐƚƐŽĨƐŚŽƌĞůŝŶĞĨĞƌƌǇƚĞƌŵŝŶĂůƐŝŶƚĞƌŵƐŽĨƚŚĞĨŽŽƚƉƌŝŶƚƐŽĨƚŚĞ
ƚĞƌŵŝŶĂůƌĂŵƉ͖ŝ͘Ğ͘ŽŶWĂŐĞϰ͘ϮϰͲϲ͗
͞ŽĐŬŝŶŐĨĂĐŝůŝƚŝĞƐĨŽƌƚŚĞŝĐĞͲďƌĞĂŬŝŶŐĨĞƌƌǇĂƚƚŚĞŶŽƌƚŚĂŶĚƐŽƵƚŚĨĞƌƌǇƚĞƌŵŝŶĂůƐĂƌĞ
ĞǆƉĞĐƚĞĚƚŽŝŶĐůƵĚĞƌŽĐŬĂŶĚŐƌĂǀĞůƌĂŵƉƐĞǆƚĞŶĚŝŶŐĂƉƉƌŽǆŝŵĂƚĞůǇϰϬĨĞĞƚŝŶƚŽ/ůŝĂŵŶĂ
>ĂŬĞ͘dŚĞŵĂŐŶŝƚƵĚĞĂŶĚĞǆƚĞŶƚŽĨŝŵƉĂĐƚƐĂƌĞƐƵĐŚƚŚĂƚƚŚĞƚǁŽƚĞƌŵŝŶĂůƐǁŽƵůĚ
ƌĞŵŽǀĞϬ͘ϴĂĐƌĞĂŶĚϵϮϯĨĞĞƚ;Ϭ͘ϮŵŝůĞͿŽĨĂƉƉƌŽǆŝŵĂƚĞůǇϯϬϬŵŝůĞƐŽĨĞǆŝƐƚŝŶŐůŝƚƚŽƌĂů
ǌŽŶĞ͘͟
ŶĚŽŶWĂŐĞϰ͘ϮϰͲϵ͗
͞ŽĐŬŝŶŐĨĂĐŝůŝƚŝĞƐĨŽƌƚŚĞŝĐĞͲďƌĞĂŬŝŶŐĨĞƌƌǇĂƚƚŚĞŶŽƌƚŚĂŶĚƐŽƵƚŚĨĞƌƌǇƚĞƌŵŝŶĂůƐĂƌĞ
ĞǆƉĞĐƚĞĚƚŽŝŶĐůƵĚĞƌŽĐŬĂŶĚŐƌĂǀĞůƌĂŵƉƐĞǆƚĞŶĚŝŶŐĂƉƉƌŽǆŝŵĂƚĞůǇϰϬĨĞĞƚŝŶƚŽ/ůŝĂŵŶĂ
>ĂŬĞ͘dŚĞŵĂŐŶŝƚƵĚĞ͕ĞǆƚĞŶƚ͕ĂŶĚĚƵƌĂƚŝŽŶŽĨŝŵƉĂĐƚƐǁŽƵůĚďĞƉĞƌŵĂŶĞŶƚ͕ĚŝƌĞĐƚ
ŵŽƌƚĂůŝƚǇƚŽďĞŶƚŚŝĐŽƌŐĂŶŝƐŵƐǁŝƚŚŝŶƚŚĞĂƉƉƌŽǆŝŵĂƚĞůǇϭͲĂĐƌĞƚŽƚĂůƌĂŵƉĨŽŽƚƉƌŝŶƚƐ͘͟

dŚŝƐĨĂŝůƐƚŽĐŽŶƐŝĚĞƌƚŚĞŝŵƉĂĐƚƐŽĨŚŽǁƌŽĂĚǁĂǇƐĂŶĚůŽĂĚŝŶŐĂƌĞĂƐǁŽƵůĚŝŵƉĂĐƚůŝƚƚŽƌĂůǌŽŶĞ
ŚĂďŝƚĂƚƚŚƌŽƵŐŚĞƌŽƐŝŽŶĂŶĚĐŽŶƚƌŝďƵƚŝŽŶŽĨĨŝŶĞƐĞĚŝŵĞŶƚƐ͕ĐŽŶƚƌŝďƵƚŝŽŶƐŽĨĐŽŶƚĂŵŝŶĂŶƚƐ
ƚŚƌŽƵŐŚĚƵƐƚƐ͕ĞǆŚĂƵƐƚƐĂŶĚĨƵĞů;Ğ͘Ő͘DĂƚƚŽƐĞƚĂů͘ϮϬϭϬͿ͕ĂŶĚƐƉŝůůƌŝƐŬ͘&ŝŶĞƐĞĚŝŵĞŶƚƐĂůŽŶĞ
ŚĂǀĞƐƚƌŽŶŐƉŽƚĞŶƚŝĂůƚŽĂĨĨĞĐƚĨŝƐŚĞƐĂŶĚŽƚŚĞƌĂƋƵĂƚŝĐƐƉĞĐŝĞƐ͕ĞǀĞŶŝŶƚŚĞĂďƐĞŶĐĞŽĨ
ĐŽŶƚĂŵŝŶĂŶƚƐ;Ğ͘Ő͘^ĞƌǀŝǌŝĂŶĚDĂƌƚĞŶƐϭϵϵϮͿ͘dŚĞĐŽŶƐĞƋƵĞŶĐĞƐŽĨǁĂǀĞĂĐƚŝŽŶ;ďŽƚŚŶĂƚƵƌĂů
ĂŶĚďŽĂƚǁĂŬĞƐͿĨŽƌĞƌŽƐŝŽŶŝŶƚŚĞůŝƚƚŽƌĂůǌŽŶĞ͕ĂŶĚĂŶǇŵŝƚŝŐĂƚŝŽŶĞĨĨŽƌƚƐ͕ĂƌĞŶŽƚĚŝƐĐƵƐƐĞĚŝŶ
ƚŚĞ/^͘

dŚŝƐĂƐƐĞƐƐŵĞŶƚĂůƐŽĨĂŝůƐƚŽĂĐŬŶŽǁůĞĚŐĞƚŚĞĨĞƌƌǇƚĞƌŵŝŶĂůƐĂƐŽďƐƚĂĐůĞƐƚŚĂƚĨŝƐŚǁŝůůĞŶĐŽƵŶƚĞƌ
ŝŶŵŝŐƌĂƚŝŽŶƉĂƚŚǁĂǇƐ͘KŶWĂŐĞϰ͘ϮϰͲϮϮ͕ƚŚĞ/^ƐƚĂƚĞƐƚŚĂƚ͗
͞ƐƐƚĂƚĞĚĂďŽǀĞ͕ĚŽĐŬŝŶŐĨĂĐŝůŝƚŝĞƐĨŽƌƚŚĞŝĐĞͲďƌĞĂŬŝŶŐĨĞƌƌǇĂƚƚŚĞŶŽƌƚŚĂŶĚƐŽƵƚŚĨĞƌƌǇ
ƚĞƌŵŝŶĂůƐĂƌĞĞǆƉĞĐƚĞĚƚŽŝŶĐůƵĚĞƌŽĐŬĂŶĚŐƌĂǀĞůƌĂŵƉƐĞǆƚĞŶĚŝŶŐĂƉƉƌŽǆŝŵĂƚĞůǇϰϬĨĞĞƚ
WĂŐĞϭϯ


BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 649 of 2339

ŝŶƚŽ/ůŝĂŵŶĂ>ĂŬĞ͘dŚĞƌĞĂƌĞŶŽĂŶƚŝĐŝƉĂƚĞĚŝŵƉĂĐƚƐƚŽĨŝƐŚŵŝŐƌĂƚŝŽŶĂƐƐŽĐŝĂƚĞĚǁŝƚŚ
ƚŚĞƐĞƐƚƌƵĐƚƵƌĞƐĚƵĞƚŽĞǆŝƐƚŝŶŐŵŝŐƌĂƚŽƌǇŚĂďŝƚĂƚĂǀĂŝůĂďůĞŝŶ/ůŝĂŵŶĂ>ĂŬĞ͘͟


,ŽǁĞǀĞƌ͕ƚŚĞ/^ůĂĐŬƐĂŶǇƐƵƉƉŽƌƚŝŶŐĞǀŝĚĞŶĐĞĨŽƌƚŚŝƐƐƚĂƚĞŵĞŶƚ͘KĐĞĂŶǁĂƌĚŵŝŐƌĂƚŝŽŶƐŽĨ
ũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶĚĞƉĞŶĚŽŶĂĐŽŵďŝŶĂƚŝŽŶŽĨĨĂĐƚŽƌƐ͕ŝŶĐůƵĚŝŶŐƚĞŵƉĞƌĂƚƵƌĞĂŶĚŝĐĞ
ĐŽŶĚŝƚŝŽŶ;,ĂƌƚŵĂŶĞƚĂů͘ϭϵϲϳͿ͘ĚĚŝƚŝŽŶĂůůǇ͕ƐŵŽůƚŽƵƚŵŝŐƌĂƚŝŽŶŚĂƐďĞĞŶŽďƐĞƌǀĞĚƚŽŽĐĐƵƌ
ƉƌŝŵĂƌŝůǇŝŶƐƵƌĨĂĐĞǁĂƚĞƌƐĂŶĚĂƐĞĂƌůǇĂƐƉƌŝů͕ǁŝƚŚĂƉƌĞĨĞƌĞŶĐĞĨŽƌ͞ůŝƚƚŽƌĂůƐŚĂůůŽǁĂƌĞĂƐ͟
;,ĂƌƚŵĂŶĞƚĂůϭϵϲϳͿ͘dŚĞĚĂƚĂƌĞĨĞƌĞŶĐĞĚďǇƚŚĞ/^ŽŶĨŝƐŚůŝƚƚŽƌĂůŚĂďŝƚĂƚƵƐĞ;WĂƌĂĚŽǆEZ͘
ϮϬϭϴĂͿĚŽĞƐŶŽƚŽďƐĞƌǀĞĨŝƐŚĂƚŶŝŐŚƚĂŶĚŵĂǇŚĂǀĞŵŝƐƐĞĚƐŵŽůƚŵŝŐƌĂƚŝŽŶƐ͘

dŽĂƐƐĞƐƐƚŚĞŝŵƉĂĐƚŽĨƚŚĞƐĞƐƚƌƵĐƚƵƌĞƐŽŶƐĂůŵŽŶƉƌŽĚƵĐƚŝŽŶŝŶƚŚĞ<ǀŝĐŚĂŬǁĂƚĞƌƐŚĞĚ͕ƚŚĞ
/^ŵƵƐƚĐŽŶƐŝĚĞƌƚŚĞƌŽůĞŽĨƚŚĞƐĞŚĂďŝƚĂƚŵŽĚŝĨŝĐĂƚŝŽŶƐŽŶŵŝŐƌĂƚŝŽŶƐƉĂƚŚǁĂǇƐ͘/ŵƉĂĐƚƐƚŽ
ŵŝŐƌĂƚŝŽŶƐǁŽƵůĚŽĐĐƵƌĚƵƌŝŶŐĚŝƐĐƌĞƚĞƚŝŵĞƉĞƌŝŽĚƐĂŶĚŶŽƚƌĞĨůĞĐƚƚŚĞǁĂǇƐŝŶǁŚŝĐŚĨŝƐŚĂŶĚ
ĚĞǀĞůŽƉŵĞŶƚĂĐƚŝǀŝƚŝĞƐŽƌƐƚƌƵĐƚƵƌĞƐŝŶƚĞƌĂĐƚĨŽƌŵƵĐŚŽĨƚŚĞǇĞĂƌ͘,ŽǁĞǀĞƌ͕ŵŝŐƌĂƚŝŽŶŝŵƉĂĐƚƐ
ŚĂǀĞƉŽƚĞŶƚŝĂůƚŽĂĨĨĞĐƚůĂƌŐĞƉƌŽƉŽƌƚŝŽŶƐŽĨƚŚĞƉŽƉƵůĂƚŝŽŶ͕ďŽƚŚŝŶĚŝƌĞĐƚŵŽƌƚĂůŝƚǇĂŶĚƚŚƌŽƵŐŚ
ƐƵďͲůĞƚŚĂůŝŵƉĂĐƚƐƐƵĐŚĂƐĞŶĞƌŐĞƚŝĐĐŽƐƚƐƚŽĚĞůĂǇĞĚŵŝŐƌĂƚŝŽŶƐ͘


Ϯ͘ϯdŚĞ/^ĨĂŝůƐƚŽĐŽŶƐŝĚĞƌĐƵŵƵůĂƚŝǀĞŝŵƉĂĐƚƐŽĨƉƌŽƉŽƐĞĚĂĐƚŝǀŝƚŝĞƐ

^ŽĐŬĞǇĞƐĂůŵŽŶƌĞůǇŽŶůĂĐƵƐƚƌŝŶĞŚĂďŝƚĂƚƐĚƵƌŝŶŐďŽƚŚũƵǀĞŶŝůĞĂŶĚĂĚƵůƚůŝĨĞƐƚĂŐĞƐ͕ĂŶĚƚŚƵƐ
ŵĂǇĞŶĐŽƵŶƚĞƌĚŝƐƚƵƌďĂŶĐĞƐŵƵůƚŝƉůĞƚŝŵĞƐĂŶĚǁŝƚŚĚŝĨĨĞƌĞŶƚƐƵƐĐĞƉƚŝďŝůŝƚǇƚŽƌŝƐŬ͘ƐŶŽƚĞĚ
ĞĂƌůŝĞƌŝŶƚŚŝƐŵĞŵŽ͕ƚŚĞǀĂƐƚŵĂũŽƌŝƚǇŽĨƐŽĐŬĞǇĞƐĂůŵŽŶƐƉĂǁŶŝŶŐĂŶĚůĂŬĞͲƌĞĂƌŝŶŐŽĐĐƵƌƐ
ƵƉƐƚƌĞĂŵŽĨƚŚĞƉƌŽƉŽƐĞĚĨĞƌƌǇĐŽƌƌŝĚŽƌ͗ŵŽƐƚ/ůŝĂŵŶĂůĂŬĞƐƉĂǁŶŝŶŐƚƌŝďƵƚĂƌŝĞƐĂƌĞůŽĐĂƚĞĚĞĂƐƚ
ŽĨƚŚĞƉƌŽƉŽƐĞĚĨĞƌƌǇĐŽƌƌŝĚŽƌ͕ĚŽĐƵŵĞŶƚĞĚďĞĂĐŚͲƐƉĂǁŶŝŶŐůŽĐĂƚŝŽŶƐĂƌĞŝŶƚŚĞĞĂƐƚƌĞŐŝŽŶ
ŽĨƚŚĞůĂŬĞ͕ĂŶĚĂůů>ĂŬĞůĂƌŬƉŽƉƵůĂƚŝŽŶƐĂƌĞĂůƐŽƵƉƐƚƌĞĂŵŽĨƚŚĞĨĞƌƌǇĐŽƌƌŝĚŽƌ;DŽƌƐƚĂĚϮϬϬϯ͕
ZŝĐŚϮϬϬϲ͕ĂŶŶĞƚĂů͘ϮϬϭϮͿ͘^ĂůŵŽŶǁŽƵůĚĞŶĐŽƵŶƚĞƌŝŵƉĂĐƚƐŽĨƚŚĞĨĞƌƌǇĐŽƌƌŝĚŽƌĂƚŵƵůƚŝƉůĞ
ůŝĨĞƐƚĂŐĞƐ͗ĚƵƌŝŶŐũƵǀĞŶŝůĞƌĞĂƌŝŶŐĨŽƌ/ůŝĂŵŶĂƚƌŝďƵƚĂƌǇŽƌďĞĂĐŚƐƉĂǁŶĞƌƐ;ϭͲϮǇĞĂƌƐͿ͕ĚƵƌŝŶŐ
ũƵǀĞŶŝůĞŽƵƚŵŝŐƌĂƚŝŽŶ;ĂůůͿ͕ĂŶĚĚƵƌŝŶŐĂĚƵůƚƐƉĂǁŶŝŶŐŵŝŐƌĂƚŝŽŶƐ;ĂůůͿ͘

dŚĞƌĞĨŽƌĞ͕ĨŝƐŚŝŶĐƵƌƚŚĞƉŽƐƐŝďŝůŝƚǇŽĨĐƵŵƵůĂƚŝǀĞŝŵƉĂĐƚƐŽĨƚŚĞĨĞƌƌǇƚĞƌŵŝŶĂůĂĐƌŽƐƐůŝĨĞƐƚĂŐĞƐ͕
ĂŶĚƚŚĞ/^ĨĂŝůƐƚŽĂĐŬŶŽǁůĞĚŐĞĐƵŵƵůĂƚŝǀĞĞǆƉŽƐƵƌĞŽƌĂƐƐĞƐƐĂƐƐŽĐŝĂƚĞĚƌŝƐŬƐ͘ĚĚŝƚŝŽŶĂůůǇ͕
ƚŚĞ/^ĨĂŝůƐƚŽĂĐĐŽƵŶƚĨŽƌĂŶǇŝŶƚĞƌĂĐƚŝŽŶƐĂŵŽŶŐƐƚƌĞƐƐŽƌƐƚŚĂƚũƵǀĞŶŝůĞƐĂŶĚĂĚƵůƚƐŵĂǇ
ĞǆƉĞƌŝĞŶĐĞ͕ƐƵĐŚĂƐĚŝƐƚƵƌďĂŶĐĞƐƚŽƐŚŽƌĞůŝŶĞŚĂďŝƚĂƚ͕ŶŽŝƐĞŽƌƚƵƌďƵůĞŶĐĞ͕ŽƌĞŶĐŽƵŶƚĞƌƐǁŝƚŚ
ĐŽŶƚĂŵŝŶĂŶƚƐ;Ğ͘Ő͘ĐŽƉƉĞƌĂŶĚŽƚŚĞƌŚĞĂǀǇŵĞƚĂůƐ͕ĨŝŶĞƐĞĚŝŵĞŶƚƐͿ͘dŽƚŚŽƌŽƵŐŚůǇĞǀĂůƵĂƚĞ
ƉŽƉƵůĂƚŝŽŶͲůĞǀĞůŝŵƉĂĐƚƐ͕ƚŚĞh^ŵƵƐƚŝŶĐůƵĚĞĂŶĂŶĂůǇƐŝƐŽĨŝŵƉĂĐƚƐĂĐƌŽƐƐůŝĨĞƐƚĂŐĞƐĂŶĚ
ƚŚĞǁĂǇƐŝŶǁŚŝĐŚƐƚƌĞƐƐŽƌƐĐĂŶŝŶƚĞƌĂĐƚ;WŽǁĞƌϭϵϵϳ͕,ŽĚŐƐŽŶĂŶĚ,ĂůƉĞƌŶϮϬϭϵͿ͘
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ϯ͘/ŵƉůŝĐĂƚŝŽŶƐĨŽƌĂƋƵĂƚŝĐĨŽŽĚǁĞďƐƚŚĂƚƐƵƉƉŽƌƚƐĂůŵŽŶƉƌŽĚƵĐƚŝŽŶ

ϯ͘ϭdŚĞ/^ĚŽĞƐŶŽƚĂĐŬŶŽǁůĞĚŐĞŽƌĂĚĚƌĞƐƐĂŶǇŝŵƉĂĐƚƐŽŶ/ůŝĂŵŶĂ>ĂŬĞǌŽŽƉůĂŶŬƚŽŶ͕ĂŶ
ĞƐƐĞŶƚŝĂůĐŽŵƉŽŶĞŶƚŽĨƐŽĐŬĞǇĞƐĂůŵŽŶƉƌŽĚƵĐƚŝŽŶ

ƵƌŝŶŐĨƌĞƐŚǁĂƚĞƌƌĞƐŝĚĞŶĐĞ͕ƚŚĞĚŝĞƚŽĨũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶŝƐĐŽŵƉƌŝƐĞĚŽĨĐůĂĚŽĐĞƌĂŶĂŶĚ
ĐŽƉĞƉŽĚǌŽŽƉůĂŶŬƚŽŶ͕ƌĞĨůĞĐƚŝŶŐďŽƚŚƉƌĞǇĂǀĂŝůĂďŝůŝƚǇĂŶĚĨĞĞĚŝŶŐƐĞůĞĐƚŝǀŝƚǇ;ƵƌŐŶĞƌϭϵϲϰ͕
ZŽŐĞƌƐϭϵϲϴ͕YƵŝŶŶϮϬϬϱͿ͘/Ŷ/ůŝĂŵŶĂ>ĂŬĞ͕ŽƐŵŝŶĂĐůĂĚŽĐĞƌĂŶƐĂŶĚǇĐůŽƉƐĐŽƉĞƉŽĚƐŵĂŬĞƵƉ
ƚŚĞŵĂũŽƌŝƚǇŽĨƚŚĞĚŝĞƚŽĨĨƌǇĂŶĚǇĞĂƌůŝŶŐƐŽĐŬĞǇĞ;,ŽĂŐϭϵϳϮͿ͘ďƵŶĚĂŶĐĞŽĨƚŚĞƐĞ
ǌŽŽƉůĂŶŬƚŽŶƚĂǆĂŝŶĨůƵĞŶĐĞƐũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶĨĞĞĚŝŶŐƌĂƚĞ;,ŽĂŐϭϵϳϮͿ͕ĂŶĚ͕ĂƐĂ
ĐŽŶƐĞƋƵĞŶĐĞ͕ǌŽŽƉůĂŶŬƚŽŶĚĞŶƐŝƚǇĂŶĚƐĞĂƐŽŶĂůĂǀĂŝůĂďŝůŝƚǇŝŵƉĂĐƚƐŐƌŽǁƚŚƌĂƚĞĂŶĚƐƵƌǀŝǀĂůŽĨ
ũƵǀĞŶŝůĞƐŽĐŬĞǇĞ;^ĐŚŝŶĚůĞƌĞƚĂů͘ϮϬϬϱ͕,ĂŵƉƚŽŶĞƚĂů͘ϮϬϬϲ͕,ŽǀĞůĞƚĂů͘ϮϬϭϵͿ͘dŚƵƐ͕ĂŶŝŶƚĂĐƚ
ĂŶĚƉƌŽĚƵĐƚŝǀĞǌŽŽƉůĂŶŬƚŽŶĂƐƐĞŵďůĂŐĞŝƐĞƐƐĞŶƚŝĂůƚŽƐƵƉƉŽƌƚƐŽĐŬĞǇĞƐĂůŵŽŶƉŽƉƵůĂƚŝŽŶƐ͘

ŽŽƉůĂŶŬƚŽŶĂƌĞƐĞŶƐŝƚŝǀĞƚŽĐŽŶƚĂŵŝŶĂŶƚƐĂŶĚŵĂǇƐƵĨĨĞƌƉŽƉƵůĂƚŝŽŶĚĞĐůŝŶĞƐŝŶƌĞƐƉŽŶƐĞƚŽ
ĞǀĞŶůŽǁĐŽŶĐĞŶƚƌĂƚŝŽŶƐŽĨŚĞĂǀǇŵĞƚĂůƐŽƌĨƵĞůŽŝůƐ͘WƌĞǀŝŽƵƐǁŽƌŬŚĂƐĨŽƵŶĚƚŚĂƚǌŽŽƉůĂŶŬƚŽŶ
ĂŶĚƉŚǇƚŽƉůĂŶŬƚŽŶĂƌĞŚŝŐŚůǇƐĞŶƐŝƚŝǀĞƚŽĚŝĞƐĞůĨƵĞůĂŶĚŽƚŚĞƌĨƵĞůŽŝůƐ;DŝůůĞƌĞƚĂů͘ϭϵϳϴ͕^ƚĞĞŶ
ĞƚĂů͘ϭϵϵϵ͕&ĞĨŝůŽǀĂϮϬϭϭͿ͘dŚĞ/^ĨĂŝůƐƚŽĂĐŬŶŽǁůĞĚŐĞƚŚŝƐ͘/Ŷ^ĞĐƚŝŽŶϰ͘Ϯϳ͕ƚŚĞ/^ŝŶĐůƵĚĞƐ
ĂŶĂƐƐĞƐƐŵĞŶƚŽĨĨƵĞůŽŝů;ĚŝĞƐĞůͿƐƉŝůůƐŽŶĨŝƐŚ͕ďƵƚŝŐŶŽƌĞƐƚŚĞǌŽŽƉůĂŶŬƚŽŶĐŽŵŵƵŶŝƚǇ͘

&ƵƌƚŚĞƌŵŽƌĞ͕ǌŽŽƉůĂŶŬƚŽŶĂƌĞĂŵŽŶŐƚŚĞĂƋƵĂƚŝĐŽƌŐĂŶŝƐŵƐŵŽƐƚŝŵƉĂĐƚĞĚďǇŚĞĂǀǇŵĞƚĂů
ĐŽŶƚĂŵŝŶĂƚŝŽŶ;ƌŝǆĞƚĂů͘ϮϬϬϭ͕sĂůŽŝƐĞƚĂů͘ϮϬϭϬͿ͘ĐƵƚĞĂŶĚĐŚƌŽŶŝĐƚŽǆŝĐŝƚǇŽĐĐƵƌƐŝŶ
ǌŽŽƉůĂŶŬƚŽŶĞǆƉŽƐĞĚƚŽĐŽƉƉĞƌĂŶĚŽƚŚĞƌŚĞĂǀǇŵĞƚĂůƐ͕ĂŶĚƐƵďͲůĞƚŚĂůĞĨĨĞĐƚƐŝŶĐůƵĚĞƐůŽǁĞĚ
ŐƌŽǁƚŚƌĂƚĞƐĂŶĚůŽǁĞƌƉŽƉƵůĂƚŝŽŶƉƌŽĚƵĐƚŝǀŝƚǇĨƌŽŵĚĞůĂǇĞĚŵĂƚƵƌĂƚŝŽŶĂŶĚĚĞĐůŝŶŝŶŐĨĞĐƵŶĚŝƚǇ
;DĐ/ŶƚŽƐŚĂŶĚ<ĞǀĞƌŶϭϵϳϰ͕tŝŶŶĞƌĂŶĚ&ĂƌƌĞůůϭϵϳϲ͕ŽƌŐŵĂŶŶĂŶĚZĂůƉŚϭϵϴϰͿ͘KĨƌĞůĞǀĂŶĐĞ͕
ŽƐŵŝŶĂ͕ĂƉƌŝŵĂƌǇĚŝĞƚĐŽŵƉŽŶĞŶƚŽĨ/ůŝĂŵŶĂ>ĂŬĞũƵǀĞŶŝůĞƐŽĐŬĞǇĞ͕ĂŶĚŽƚŚĞƌǁŝůĚͲĐĂƉƚƵƌĞĚ
ŚŝŐŚĞƌƐĞŶƐŝƚŝǀŝƚŝĞƐƚŽĐŽƉƉĞƌƚŚĂŶƚŚĞĂƉŚŶŝĂƐƉĞĐŝĞƐƚŚĂƚĂƌĞ
ƚĂǆĂŚĂǀĞďĞĞŶƐŚŽǁŶƚŽŚĂǀĞŚ
ĐŽŵŵŽŶůǇĞŵƉůŽǇĞĚŝŶůĂďͲďĂƐĞĚƚŽǆŝĐŽůŽŐǇƐƚƵĚŝĞƐƚŽĂƐĐĞƌƚĂŝŶǁĂƚĞƌƋƵĂůŝƚǇƐƚĂŶĚĂƌĚƐ
;<ŽŝǀŝƐƚŽĞƚĂů͘ϭϵϵϮ͕<ŽŝǀŝƐƚŽĂŶĚ<ĞƚŽůĂϭϵϵϱ͕ŽƐƐƵǇƚĂŶĚ:ĂŶƐƐĞŶϮϬϬϱͿ͘dŚĞ/^ĚŽĞƐŶŽƚ
ĐŽŶƐŝĚĞƌƌŝƐŬƐŽĨŚĞĂǀǇŵĞƚĂůĞǆƉŽƐƵƌĞĨŽƌ/ůŝĂŵŶĂ>ĂŬĞǌŽŽƉůĂŶŬƚŽŶĐŽŵŵƵŶŝƚŝĞƐ͕ĞŝƚŚĞƌǀŝĂ
ĐŽŶƚĂŵŝŶĂƚŝŽŶƚŽƚŚĞhƉƉĞƌdĂůĂƌŝŬƌĞĞŬǁĂƚĞƌƐŚĞĚ͕ŽƌǀŝĂŶŽŶͲƉŽŝŶƚƐŽƵƌĐĞƐƐƵĐŚĂƐĨƵŐŝƚŝǀĞ
ĚƵƐƚ͕ĞƌŽƐŝŽŶ͕ŽƌďƌĂŬĞƉĂĚƌĞƐŝĚĞĞŶƚĞƌŝŶŐƚŚĞǁĂƚĞƌƐŚĞĚĂƚƌŽĂĚĐƌŽƐƐŝŶŐƐŽƌĨĞƌƌǇůŽĂĚŝŶŐ
ƌĂŵƉƐ͘

dŚƌŽƵŐŚŝŵƉĂĐƚƐƚŽƚŚĞǌŽŽƉůĂŶŬƚŽŶĐŽŵŵƵŶŝƚǇ͕ŶŽŶͲƉŽŝŶƚƐŽƵƌĐĞĐŽŶƚĂŵŝŶĂƚŝŽŶŽƌƉŽƚĞŶƚŝĂů
ƐƉŝůůƐĐŽƵůĚŚĂǀĞŐƌĞĂƚĐŽŶƐĞƋƵĞŶĐĞƐĨŽƌũƵǀĞŶŝůĞƐŽĐŬĞǇĞƉƌĞǇĂǀĂŝůĂďŝůŝƚǇ͕ĂŶĚƚŚĞƌĞĨŽƌĞŚĂǀĞ
ƐƵďƐĞƋƵĞŶƚŝŵƉĂĐƚƐŽŶƐŽĐŬĞǇĞƐĂůŵŽŶƉƌŽĚƵĐƚŝŽŶ͘/ůŝĂŵŶĂ>ĂŬĞŝƐŽďůŝŐĂƚĞŚĂďŝƚĂƚĨŽƌŽŶĞŽƌ
ŵŽƌĞǇĞĂƌƐŽĨůŝĨĞĨŽƌƚŚĞǀĂƐƚŵĂũŽƌŝƚǇŽĨƐŽĐŬĞǇĞƐĂůŵŽŶƉƌŽĚƵĐĞĚŝŶƚŚĞ<ǀŝĐŚĂŬǁĂƚĞƌƐŚĞĚ
;ĞǆĐůƵĚŝŶŐ>ĂŬĞůĂƌŬ͖ŚŽǁĞǀĞƌ͕ĨŝƐŚƌĞĂƌŝŶŐŝŶ>ĂŬĞůĂƌŬƵƐĞ/ůŝĂŵŶĂ>ĂŬĞĂƐĂŵŝŐƌĂƚŝŽŶ
ĐŽƌƌŝĚŽƌͿ;ZŝĐŚĞƚĂů͘ϮϬϬϵͿ͕ĂŶĚĂŶŝŶƚĂĐƚĨŽŽĚǁĞďŝƐĞƐƐĞŶƚŝĂůƚŽƐƵƉƉŽƌƚũƵǀĞŶŝůĞĨŝƐŚ͘dŚĞ/^
ůĂĐŬƐĂŶǇďĂƐĞůŝŶĞĚĂƚĂŽŶǌŽŽƉůĂŶŬƚŽŶĂƐƐĞŵďůĂŐĞƐŽƌƚŚĞƌĞƐƚŽĨƚŚĞĨŽŽĚǁĞďƚŚĂƚƐƵƉƉŽƌƚƐ
ƐŽĐŬĞǇĞƐĂůŵŽŶƉƌŽĚƵĐƚŝŽŶ͕ĂŶĚĚŽĞƐŶŽƚĂƐƐĞƐƐĂŶǇŝŵƉĂĐƚƐŽĨƉƌŽƉŽƐĞĚĂĐƚŝǀŝƚŝĞƐŽŶ
ǌŽŽƉůĂŶŬƚŽŶƉƌŽĚƵĐƚŝŽŶŽƌĂǀĂŝůĂďŝůŝƚǇƚŽƐŽĐŬĞǇĞƐĂůŵŽŶĂŶĚŽƚŚĞƌĨŝƐŚĞƐ͘
WĂŐĞϭϱ
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&ĂŝůŝŶŐƚŽŝŶĐůƵĚĞĂŶĂŶĂůǇƐŝƐŽŶƚŚĞůĂĐƵƐƚƌŝŶĞĨŽŽĚǁĞďŶĞŐůĞĐƚƐĂŶǇĐŽŶƐĞƋƵĞŶĐĞƐƚŚĂƚŵĂǇ
ĂƌŝƐĞĨƌŽŵĂĐƵƚĞƐƉŝůůƐ͕ŶŽŶͲƉŽŝŶƚĐŽŶƚĂŵŝŶĂƚŝŽŶĨƌŽŵƌŽƵƚŝŶĞĂĐƚŝǀŝƚŝĞƐ͕ĂŶĚŽƚŚĞƌŝŵƉůŝĐĂƚŝŽŶƐŽĨ
ƉƌŽƉŽƐĞĚĚŝƐƚƵƌďĂŶĐĞƐ͘dŚŝƐŝƐĂƐŝŐŶŝĨŝĐĂŶƚŐĂƉŝŶƚŚĞĂŶĂůǇƐŝƐ͕ĂƐƉƌŽƉŽƐĞĚĂĐƚŝǀŝƚŝĞƐĂƌĞůŝŬĞůǇƚŽ
ŝŵƉĂĐƚĨŝƐŚƚŚƌŽƵŐŚŝŶĚŝƌĞĐƚŝŶƚĞƌĂĐƚŝŽŶƐƐƵĐŚĂƐƚƌŽƉŚŝĐƌĞůĂƚŝŽŶƐŚŝƉƐ͘dŚĞƐĞŝŵƉĂĐƚƐǁŽƵůĚůŝŬĞůǇ
ďĞŝŶĨůŝĐƚĞĚĂĐƌŽƐƐƚƌŽƉŚŝĐƉŽƐŝƚŝŽŶƐĂŶĚůŝĨĞƐƚĂŐĞƐ͕ĂŶĚŵĂǇƐĐĂůĞƵƉƚŽƐŝŐŶŝĨŝĐĂŶƚĐƵŵƵůĂƚŝǀĞ
ŝŵƉĂĐƚƐŽŶƚŚĞƉƌŽĚƵĐƚŝŽŶŽĨƐŽĐŬĞǇĞƐĂůŵŽŶĂŶĚŽƚŚĞƌĨŝƐŚĞƐ͘dŚĞƌĞĨŽƌĞ͕ƚŚĞ/^ŵƵƐƚŝŶĐůƵĚĞ
ĂŶĂŶĂůǇƐŝƐŽĨŝŵƉĂĐƚƐŽŶǌŽŽƉůĂŶŬƚŽŶĂŶĚĂƐƉĞĐƚƐŽĨƚŚĞĨŽŽĚǁĞďƚŚĂƚƐƵƉƉŽƌƚƐŽĐŬĞǇĞƐĂůŵŽŶ
ƌĞĂƌŝŶŐ͘
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ϰ͘/ŵƉůŝĐĂƚŝŽŶƐĨŽƌƌĞƐŝĚĞŶƚƐĞĂůƉŽƉƵůĂƚŝŽŶƐĂŶĚŚĂƌǀĞƐƚĞƌĂĐĐĞƐƐ

ϰ͘ϭdŚĞ/^ůĂĐŬƐƐƵĨĨŝĐŝĞŶƚďĂƐĞůŝŶĞŝŶĨŽƌŵĂƚŝŽŶŽƌŝŶĐŽƌƌĞĐƚůǇŝŶƚĞƌƉƌĞƚƐĞǆŝƐƚŝŶŐĚĂƚĂŽŶ
ƌĞƐŝĚĞŶƚŚĂƌďŽƌƐĞĂůƉŽƉƵůĂƚŝŽŶƐ

dŚĞ/^ƉƌŽǀŝĚĞƐĂŵĂƉŽĨƐĞĂůŚĂƵůͲŽƵƚůŽĐĂƚŝŽŶƐ;&ŝŐƵƌĞϯ͘ϮϯͲϭϳͿ͕ďƵƚĚŽĞƐŶŽƚŝŶĚŝĐĂƚĞĂŶǇ
ŽƚŚĞƌƐĞĂůŚĂďŝƚĂƚƵƐĞƉĂƚƚĞƌŶƐŝŶƚŚĞůĂŬĞĂƐŝĚĞĨƌŽŵƚŚĞƐƚĂƚĞŵĞŶƚŽŶƉĂŐĞϯ͘ϮϯͲϱϲ͗
͞/ůŝĂŵŶĂ>ĂŬĞƐĞĂůƐĂƌĞƉƌŝŵĂƌŝůǇĨŽƵŶĚŝŶƚŚĞŶŽƌƚŚĞĂƐƚĞƌŶŚĂůĨŽĨ/ůŝĂŵŶĂ>ĂŬĞŶĞĂƌ
WĞĚƌŽĂǇ͖ŚŽǁĞǀĞƌ͕ĚĞƉĞŶĚŝŶŐŽŶƚŚĞƚŝŵĞŽĨǇĞĂƌ͕ƐƚĂŐĞŽĨĨŝƐŚŵŝŐƌĂƚŝŽŶƐ͕ĂŶĚƐƚĂƚĞŽĨ
ŝĐĞĐŽǀĞƌŽŶƚŚĞůĂŬĞ͕ƐĞĂůƐŵĂǇďĞĚŝƐƚƌŝďƵƚĞĚƚŚƌŽƵŐŚŽƵƚƚŚĞůĂŬĞ;ƵƌŶƐĞƚĂů͘ϮϬϭϯͿ͟

dŚĞǁŝĚĞĚŝƐƚƌŝďƵƚŝŽŶƐĐƌĞĂƚĞĂůĂƌŐĞŽƉƉŽƌƚƵŶŝƚǇĨŽƌƐĞĂůƐƚŽĞŶĐŽƵŶƚĞƌƉƌŽƉŽƐĞĚĂĐƚŝǀŝƚŝĞƐ͕
ŝŶĐůƵĚŝŶŐĨĞƌƌǇĐƌŽƐƐŝŶŐƐĂŶĚƉŝƉĞůŝŶĞĐŽŶƐƚƌƵĐƚŝŽŶ͘^ĞĂůŚĂďŝƚĂƚƵƐĞƐŚŽƵůĚďĞŵŽƌĞĞǆƉůŝĐŝƚůǇ
ĚĞƐĐƌŝďĞĚŝŶƚŚĞ/^͕ĞƐƉĞĐŝĂůůǇŝŶƌĞůĂƚŝŽŶƚŽƉƌŽƉŽƐĞĚĚĞǀĞůŽƉŵĞŶƚƐĂŶĚƐĞĂƐŽŶĂů
ĚŝƐƚƌŝďƵƚŝŽŶƐ͘

ϰ͘ϮdŚĞ/^ĨĂŝůƐƚŽĂƐƐĞƐƐƚŚĞŝŵƉĂĐƚƐŽĨƉƌŽƉŽƐĞĚĂĐƚŝǀŝƚŝĞƐŽŶƐĞĂůŚĂďŝƚĂƚĂŶĚĚŝƐƚƵƌďĂŶĐĞ

/ůŝĂŵŶĂ>ĂŬĞŚĂƌďŽƌƐĞĂůƐĂƌĞƌĞƐŝĚĞŶƚŝŶƚŚĞůĂŬĞ;,ĂƵƐĞƌĞƚĂů͘ϮϬϬϴͿ͕ĂŶĚƚŚĞƐĞƐĞĂůƐƌĞůǇ
ƉƌŝŵĂƌŝůǇŽŶƌĞƐŝĚĞŶƚĨŝƐŚĞƐĂƐƉƌĞǇ͕ƌĂƚŚĞƌƚŚĂŶŽŶĂŶĂĚƌŽŵŽƵƐƐĂůŵŽŶŝĚƐƚŚĂƚĞŶƚĞƌƚŚĞůĂŬĞ
ĂĨƚĞƌƌĞĂƌŝŶŐŝŶƚŚĞŽĐĞĂŶ;ƌĞŶŶĂŶĞƚĂů͘ϮϬϭϵĂͿ͘&ŽƌƚŚĞƐĞƌĞĂƐŽŶƐ͕ƌĞƐŝĚĞŶƚƐĞĂůƐĂƌĞ
ƉĂƌƚŝĐƵůĂƌůǇƐƵƐĐĞƉƚŝďůĞƚŽƉŽƐƐŝďůĞƚƌŽƉŚŝĐĐŽŶĐĞŶƚƌĂƚŝŽŶŽĨĐŽŶƚĂŵŝŶĂŶƚƐ;ŚĞĂǀǇŵĞƚĂůƐĂŶĚͬŽƌ
ŽƌŐĂŶŝĐƉŽůůƵƚĂŶƚƐͿƚŚĂƚĞŶƚĞƌƚŚĞůĂŬĞĨŽŽĚǁĞď͘dŚĞ/^ĨĂŝůƐƚŽĐŽŶƐŝĚĞƌĂŶǇŝŵƉĂĐƚƐƚŽƐĞĂů
ĨŽƌĂŐŝŶŐŽƌĞǆƉŽƐƵƌĞƚŽĐŽŶƚĂŵŝŶĂŶƚƐ͘

KŶWĂŐĞϰ͘ϮϯͲϮϳ͕ƚŚĞ/^ƐƚĂƚĞƐƚŚĂƚ͗
͙͞/ůŝĂŵŶĂ>ĂŬĞŵĂǇŝŶŝƚŝĂůůǇĐĂƵƐĞƐŽŵĞĚŝƐƚƵƌďĂŶĐĞŽĨŚĂƌďŽƌƐĞĂůƐŽĐĐƵƌƌŝŶŐŝŶƚŚĞ
ŝŵŵĞĚŝĂƚĞĂƌĞĂ͖ŚŽǁĞǀĞƌ͕ŚĂƌďŽƌƐĞĂůƐĂƌĞŬŶŽǁŶĨŽƌǀĞƐƐĞůƚŽůĞƌĂŶĐĞ;ZŝĐŚĂƌĚƐŽŶĞƚĂů͘
ϭϵϵϱĂͿ͘dŚĞƌĞĨŽƌĞ͕ĂůƚŚŽƵŐŚůŽŶŐƚĞƌŵ͕ŽĐĐƵƌƌŝŶŐƚŚƌŽƵŐŚŽƵƚƚŚĞůŝĨĞŽĨƚŚĞƉƌŽũĞĐƚ͕
ŝŵƉĂĐƚƐǁŽƵůĚŶŽƚďĞĞǆƉĞĐƚĞĚƚŽŚĂǀĞĂĚĞƚƌŝŵĞŶƚĂůĞĨĨĞĐƚŽŶŚĂƌďŽƌƐĞĂůƐ͘͟

,ŽǁĞǀĞƌ͕ƚŚŝƐĚŽĞƐŶŽƚĞǀĂůƵĂƚĞǁŚĂƚŝƐŵĞĂŶƚďǇ͞ǀĞƐƐĞůƚŽůĞƌĂŶĐĞ͟ĂŶĚǁŚĞƚŚĞƌƚŚĞƌĞŵĂǇďĞ
ďĞŚĂǀŝŽƌĂůƌĞƐƉŽŶƐĞƐƚŚĂƚĐĂŶĂĨĨĞĐƚĨŽƌĂŐŝŶŐĞĨĨĞĐƚŝǀĞŶĞƐƐ͕ƌĞƉƌŽĚƵĐƚŝŽŶ͕ŽƌŽƚŚĞƌĂĐƚŝǀŝƚŝĞƐ͘
ĚĚŝƚŝŽŶĂůůǇ͕ƚŚĞZŝĐŚĂƌĚƐŽŶĞƚĂů;ϭϵϵϱͿĐŝƚĂƚŝŽŶƌĞĨĞƌƐƚŽŝŶƚĞƌĂĐƚŝŽŶƐďĞƚǁĞĞŶƐĞĂůƐĂŶĚǀĞƐƐĞůƐ
ŝŶŵĂƌŝŶĞŚĂďŝƚĂƚƐĂŶĚĨŽĐƵƐĞƐƉƌŝŵĂƌŝůǇŽŶŶŽŝƐĞĚŝƐƚƵƌďĂŶĐĞƐ͖ůĂŬĞĞŶǀŝƌŽŶŵĞŶƚƐŵĂǇĚŝĨĨĞƌ
ĐŽŶƐŝĚĞƌĂďůǇ;ŝŶĐůƵĚŝŶŐŝŶĂǀĂŝůĂďŝůŝƚǇŽĨƐĞĂůƐ͛ƉƌĞǇͿ͕ĂŶĚƐĞĂůͲǀĞƐƐĞůŝŶƚĞƌĂĐƚŝŽŶƐŵĂǇďĞ
ĞǆƉƌĞƐƐĞĚĚŝĨĨĞƌĞŶƚůǇĨŽƌƚŚŝƐůĂŬĞƉŽƉƵůĂƚŝŽŶ͘ĚĚŝƚŝŽŶĂůůǇ͕ƌĞƐĞĂƌĐŚŚĂƐƐŚŽǁŶƚŚĂƚƐĞĂůƐ
ďĞĐŽŵĞĂĐĐůŝŵĂƚĞĚƚŽďŽĂƚĂĐƚŝǀŝƚŝĞƐŝŶůŽĐĂƚŝŽŶƐǁŚĞƌĞǀĞƐƐĞůƚƌĂĨĨŝĐŝƐĐŽŶƐŝƐƚĞŶƚĂŶĚĂƚŚŝŐŚ
ƌĂƚĞƐ;ŵƵůƚŝƉůĞǀĞƐƐĞůƐƉĞƌŚŽƵƌͿ;ĂƚĞƐĂŶĚĐĞǀĞĚŽͲ'ƵƚŝĠƌƌĞǌϮϬϭϳͿ͖ǀĞƐƐĞůŝŶƚĞƌƌƵƉƚŝŽŶƐǁŽƵůĚ
ďĞůĞƐƐĨƌĞƋƵĞŶƚƵŶĚĞƌƚŚĞƉƌŽƉŽƐĞĚĨĞƌƌǇĂůƚĞƌŶĂƚŝǀĞƐ͕ĂŶĚƚŚĞ/^ƐŚŽƵůĚĞǀĂůƵĂƚĞŚŽǁƐĞĂů
ďĞŚĂǀŝŽƌǁŽƵůĚƌĞƐƉŽŶĚƚŽĚŝƐƚƵƌďĂŶĐĞůĞǀĞůƐŽĨƚŚĞƉƌŽƉŽƐĞĚĨĞƌƌǇƐĐĞŶĂƌŝŽƐ͘ĚĚŝƚŝŽŶĂůůǇ͕ƐĞĂůƐ
ŽĐĐƵƉǇŽƉĞŶŝŶŐƐŝŶƚŚĞŝĐĞĚƵƌŝŶŐƚŚĞǁŝŶƚĞƌ;ŽǀĞŶŐĞƚĂů͘ϮϬϭϲͿ͕ĂŶĚŵĂǇĂĐƚŝǀĞůǇŵĂŝŶƚĂŝŶ
ƚŚĞƐĞďƌĞĂŬƐŝŶƚŚĞŝĐĞƚŚƌŽƵŐŚƚŚĞŝƌĂĐƚŝǀŝƚŝĞƐ;ƵƌŶƐĞƚĂů͘ϮϬϭϲͿ͘dŚĞƌĞĨŽƌĞ͕ƚŚĞ/^ŵƵƐƚĂůƐŽ
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ĐŽŶƐŝĚĞƌŝŶƚĞƌĂĐƚŝŽŶƐďĞƚǁĞĞŶƌĞƐŝĚĞŶƚƐĞĂůƉŽƉƵůĂƚŝŽŶƐĂŶĚƚŚĞŝĐĞͲďƌĞĂŬŝŶŐĨĞƌƌǇ͕ǁŝƚŚƌĞŐĂƌĚ
ƚŽŚŽǁŵĂŝŶƚĂŝŶŝŶŐŽƉĞŶǁĂƚĞƌĨĞƌƌǇĐŚĂŶŶĞůƐŵĂǇŝŶĐƌĞĂƐĞƚŚĞƉŽƚĞŶƚŝĂůĨŽƌƐĞĂůͲǀĞƐƐĞů
ŝŶƚĞƌĂĐƚŝŽŶƐ͘

ϰ͘ϯdŚĞ/^ŝƐŝŶƐƵĨĨŝĐŝĞŶƚƚŽĚĞƚĞƌŵŝŶĞŝŵƉĂĐƚƐŽĨƉƌŽƉŽƐĞĚĂĐƚŝǀŝƚŝĞƐŽŶƐƵďƐŝƐƚĞŶĐĞƐĞĂůŚĂƌǀĞƐƚ

hƉƚŽϰϳйŽĨŚŽƵƐĞŚŽůĚƐŝŶǀŝůůĂŐĞƐĂĚũĂĐĞŶƚƚŽ/ůŝĂŵŶĂ>ĂŬĞŚĂƌǀĞƐƚƌĞƐŝĚĞŶƚƐĞĂůƐ͕ǁŝƚŚŚĂƌǀĞƐƚ
ŽĐĐƵƌƌŝŶŐƉƌŝŵĂƌŝůǇŝŶƚŚĞǁŝŶƚĞƌ;&ĂůůĞƚĂů͘ϮϬϬϲ͕ƵƌŶƐĞƚĂů͘ϮϬϭϲͿ͘DƵůƚŝƉůĞƐƵƐƚĞŶĂŶĐĞƐĞĂů
ŚƵŶƚŝŶŐĂƌĞĂƐĂƌĞůŽĐĂƚĞĚŝŶĐůŽƐĞƉƌŽǆŝŵŝƚǇƚŽĨĞƌƌǇĂĐƚŝǀŝƚŝĞƐŝŶůƚĞƌŶĂƚŝǀĞƐϭĂŶĚϮ͕ĂŶĚƚŚĞ
/^ĨĂŝůƐƚŽĞǀĂůƵĂƚĞƚŚĞŝŵƉĂĐƚŽĨŝĐĞͲďƌĞĂŬŝŶŐĨĞƌƌŝĞƐŽŶƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌƐĨŽƌŚƵŵĂŶ
ĂĐĐĞƐƐƚŽŚƵŶƚŝŶŐĂƌĞĂƐ͕ŽƌŽŶƐĞĂůĚŝƐƚƌŝďƵƚŝŽŶĂŶĚĂǀĂŝůĂďŝůŝƚǇƚŽŚĂƌǀĞƐƚĞƌƐ͘






WĂŐĞϭϴ


BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 654 of 2339

Z&ZE^

ƌŵƐƚƌŽŶŐ͕:͕͘͘͘͘^ĐŚŝŶĚůĞƌ͕͘W͘ZƵĨĨ͕'͘d͘ƌŽŽŬƐ͕<͘͘ĞŶƚůĞǇ͕ĂŶĚ͘͘dŽƌŐĞƌƐĞŶ͘ϮϬϭϯ͘
ŝĞůŚŽƌŝǌŽŶƚĂůŵŝŐƌĂƚŝŽŶŝŶƐƚƌĞĂŵƐ͗:ƵǀĞŶŝůĞĨŝƐŚĞǆƉůŽŝƚƐƉĂƚŝĂůŚĞƚĞƌŽŐĞŶĞŝƚǇŝŶƚŚĞƌŵĂů
ĂŶĚƚƌŽƉŚŝĐƌĞƐŽƵƌĐĞƐ͘ĐŽůŽŐǇϵϰ͗ϮϬϲϲʹϮϬϳϱ͘
ĞĐŬĞƌ͕͕͘͘<͘tŚŝƚĨŝĞůĚ͕W͘͘ŽǁůĞǇ͕:͘:ćƌŶĞŐƌĞŶ͕ĂŶĚd͘&͘EčƐũĞ͘ϮϬϭϯ͘ŽĞƐďŽĂƚƚƌĂĨĨŝĐ
ĐĂƵƐĞĚŝƐƉůĂĐĞŵĞŶƚŽĨĨŝƐŚŝŶĞƐƚƵĂƌŝĞƐ͍DĂƌŝŶĞWŽůůƵƚŝŽŶƵůůĞƚŝŶϳϱ͗ϭϲϴʹϭϳϯ͘
ŝƐƐŽŶ͕W͕͘͘:͘͘ƵŶŚĂŵ͕ĂŶĚ'͘,͘ZĞĞǀĞƐ͘ϮϬϬϵ͘&ƌĞƐŚǁĂƚĞƌĐŽƐǇƐƚĞŵƐĂŶĚZĞƐŝůŝĞŶĐĞŽĨ
WĂĐŝĨŝĐ^ĂůŵŽŶ͗,ĂďŝƚĂƚDĂŶĂŐĞŵĞŶƚĂƐĞĚŽŶEĂƚƵƌĂůsĂƌŝĂďŝůŝƚǇ͘ĐŽůŽŐǇĂŶĚ^ŽĐŝĞƚǇ
ϭϰ͗ĂƌƚŝĐůĞϰϱ͘
ůĂŝƌ͕'͘Z͕͘ĂŶĚd͘W͘YƵŝŶŶ͘ϭϵϵϭ͘,ŽŵŝŶŐĂŶĚƐƉĂǁŶŝŶŐƐŝƚĞƐĞůĞĐƚŝŽŶďǇƐŽĐŬĞǇĞƐĂůŵŽŶ;
KŶĐŽƌŚǇŶĐŚƵƐŶĞƌŬĂͿŝŶ/ůŝĂŵŶĂ>ĂŬĞ͕ůĂƐŬĂ͘ĂŶĂĚŝĂŶ:ŽƵƌŶĂůŽĨŽŽůŽŐǇϲϵ͗ϭϳϲʹϭϴϭ͘
ůĂŝƌ͕'͘Z͕͘͘͘ZŽŐĞƌƐ͕ĂŶĚd͘W͘YƵŝŶŶ͘ϭϵϵϯ͘sĂƌŝĂƚŝŽŶŝŶ>ŝĨĞ,ŝƐƚŽƌǇŚĂƌĂĐƚĞƌŝƐƚŝĐƐĂŶĚ
DŽƌƉŚŽůŽŐǇŽĨ^ŽĐŬĞǇĞ^ĂůŵŽŶŝŶƚŚĞ<ǀŝĐŚĂŬZŝǀĞƌ^ǇƐƚĞŵ͕ƌŝƐƚŽůĂǇ͕ůĂƐŬĂ͘
dƌĂŶƐĂĐƚŝŽŶƐŽĨƚŚĞŵĞƌŝĐĂŶ&ŝƐŚĞƌŝĞƐ^ŽĐŝĞƚǇϭϮϮ͗ϱϱϬʹϱϱϵ͘
ŽƌŐŵĂŶŶ͕h͕͘ĂŶĚ<͘D͘ZĂůƉŚ͘ϭϵϴϰ͘ŽƉƉĞƌĐŽŵƉůĞǆĂƚŝŽŶĂŶĚƚŽǆŝĐŝƚǇƚŽĨƌĞƐŚǁĂƚĞƌ
ǌŽŽƉůĂŶŬƚŽŶ͘ƌĐŚŝǀĞƐŽĨŶǀŝƌŽŶŵĞŶƚĂůŽŶƚĂŵŝŶĂƚŝŽŶĂŶĚdŽǆŝĐŽůŽŐǇϭϯ͗ϰϬϯʹϰϬϵ͘
ŽƐƐƵǇƚ͕͘d͕͘͘ĂŶĚ͘Z͘:ĂŶƐƐĞŶ͘ϮϬϬϱ͘ŽƉƉĞƌƚŽǆŝĐŝƚǇƚŽĚŝĨĨĞƌĞŶƚĨŝĞůĚͲĐŽůůĞĐƚĞĚĐůĂĚŽĐĞƌĂŶ
ƐƉĞĐŝĞƐ͗ŝŶƚƌĂͲĂŶĚŝŶƚĞƌͲƐƉĞĐŝĞƐƐĞŶƐŝƚŝǀŝƚǇ͘ŶǀŝƌŽŶŵĞŶƚĂůWŽůůƵƚŝŽŶϭϯϲ͗ϭϰϱʹϭϱϰ͘
ŽǀĞŶŐ͕W͘>͕͘^͘W͘ĂŚůĞ͕:͘<͘:ĂŶƐĞŶ͕:͘D͘>ŽŶĚŽŶ͕͘>͘dĂǇůŽƌ͕ĂŶĚ͘͘tŝƚŚƌŽǁ͘ϮϬϭϲ͘
^ĐŝĞŶƚŝĨŝĐǀĂůƵĂƚŝŽŶŽĨƚŚĞŝƐƚŝŶĐƚŶĞƐƐŽĨ,ĂƌďŽƌ^ĞĂůƐ;WŚŽĐĂǀŝƚƵůŝŶĂͿŝŶ/ůŝĂŵŶĂ>ĂŬĞ͘
ƌĞŶŶĂŶ͕^͘Z͕͘͘W͘&ĞƌŶĂŶĚĞǌ͕:͘D͘ƵƌŶƐ͕^͘ƐǁĂĚ͕͘͘^ĐŚŝŶĚůĞƌ͕ĂŶĚd͘͘ĞƌůŝŶŐ͘ϮϬϭϵĂ͘
/ƐŽƚŽƉĞƐŝŶƚĞĞƚŚĂŶĚĂĐƌǇƉƚŝĐƉŽƉƵůĂƚŝŽŶŽĨĐŽĂƐƚĂůĨƌĞƐŚǁĂƚĞƌƐĞĂůƐ͘ŽŶƐĞƌǀĂƚŝŽŶŝŽůŽŐǇ͘
ƌĞŶŶĂŶ͕^͘Z͕͘͘͘^ĐŚŝŶĚůĞƌ͕d͘:͘ůŝŶĞ͕d͘͘tĂůƐǁŽƌƚŚ͕'͘ƵĐŬ͕ĂŶĚ͘W͘&ĞƌŶĂŶĚĞǌ͘ϮϬϭϵď͘
^ŚŝĨƚŝŶŐŚĂďŝƚĂƚŵŽƐĂŝĐƐĂŶĚĨŝƐŚƉƌŽĚƵĐƚŝŽŶĂĐƌŽƐƐƌŝǀĞƌďĂƐŝŶƐ͘^ĐŝĞŶĐĞϯϲϰ͗ϳϴϯʹϳϴϲ͘
ƌŝǆ͕<͘s͕͘<͘Ğ&ŽƌĞƐƚ͕ĂŶĚt͘:͘ĚĂŵƐ͘ϮϬϬϭ͘ƐƐĞƐƐŝŶŐĂĐƵƚĞĂŶĚĐŚƌŽŶŝĐĐŽƉƉĞƌƌŝƐŬƐƚŽ
ĨƌĞƐŚǁĂƚĞƌĂƋƵĂƚŝĐůŝĨĞƵƐŝŶŐƐƉĞĐŝĞƐƐĞŶƐŝƚŝǀŝƚǇĚŝƐƚƌŝďƵƚŝŽŶƐĨŽƌĚŝĨĨĞƌĞŶƚƚĂǆŽŶŽŵŝĐŐƌŽƵƉƐ͘
ŶǀŝƌŽŶŵĞŶƚĂůƚŽǆŝĐŽůŽŐǇĂŶĚĐŚĞŵŝƐƚƌǇϮϬ͗ϭϴϰϲʹϱϲ͘
ƵƌŐŶĞƌ͕Z͘>͘ϭϵϲϰ͘&ĂĐƚŽƌƐŝŶĨůƵĞŶĐŝŶŐƉƌŽĚƵĐƚŝŽŶŽĨƐŽĐŬĞǇĞƐĂůŵŽŶ;KŶĐŽƌŚǇŶĐŚƵƐŶĞƌŬĂͿŝŶ
ůĂŬĞƐŽĨƐŽƵƚŚǁĞƐƚĞƌŶůĂƐŬĂ͘^/>WƌŽĐĞĞĚŝŶŐƐ͕ϭϵϮϮͲϮϬϭϬϭϱ͗ϱϬϰʹϱϭϯ͘
ƵƌŐŶĞƌ͕Z͘>͘ϭϵϵϭ͘>ŝĨĞŚŝƐƚŽƌǇŽĨƐŽĐŬĞǇĞƐĂůŵŽŶ;KŶĐŽƌŚǇŶĐŚƵƐŶĞƌŬĂͿ͘WĂŐĞƐϭʹϭϭϳŝŶ͘
'ƌŽŽƚĂŶĚ>͘DĂƌŐŽůŝƐ͕ĞĚŝƚŽƌƐ͘WĂĐŝĨŝĐƐĂůŵŽŶůŝĨĞŚŝƐƚŽƌŝĞƐ͘hŶŝǀĞƌƐŝƚǇŽĨƌŝƚŝƐŚŽůƵŵďŝĂ
WƌĞƐƐ͕sĂŶĐŽƵǀĞƌ͘
ƵƌŶƐ͕:͕͘:͘sĂŶ>ĂŶĞŶ͕ĂŶĚ͘,ŽůĞŶ͘ϮϬϭϲ͘/ŶƚĞŐƌĂƚŝŶŐůŽĐĂůƚƌĂĚŝƚŝŽŶĂůŬŶŽǁůĞĚŐĞĂŶĚ
ƐƵďƐŝƐƚĞŶĐĞƵƐĞƉĂƚƚĞƌŶƐǁŝƚŚĂĞƌŝĂůƐƵƌǀĞǇƐƚŽŝŵƉƌŽǀĞƐĐŝĞŶƚŝĨŝĐĂŶĚůŽĐĂůƵŶĚĞƌƐƚĂŶĚŝŶŐŽĨ
ƚŚĞ/ůŝĂŵŶĂ>ĂŬĞ͘
ĂƚĞƐ͕<͕͘ĂŶĚ͘ĐĞǀĞĚŽͲ'ƵƚŝĠƌƌĞǌ͘ϮϬϭϳ͘,ĂƌďŽƌ^ĞĂů;WŚŽĐĂǀŝƚƵůŝŶĂͿdŽůĞƌĂŶĐĞƚŽsĞƐƐĞůƐ
hŶĚĞƌŝĨĨĞƌĞŶƚ>ĞǀĞůƐŽĨŽĂƚdƌĂĨĨŝĐ͘ƋƵĂƚŝĐDĂŵŵĂůƐϰϯ͗ϭϵϯʹϮϬϬ͘
ƌŽǌŝĞƌ͕>͘'͕͘͘W͘,ĞŶĚƌǇ͕W͘t͘>ĂǁƐŽŶ͕d͘W͘YƵŝŶŶ͕E͘:͘DĂŶƚƵĂ͕:͘ĂƚƚŝŶ͕Z͘'͘^ŚĂǁ͕ĂŶĚZ͘
͘,ƵĞǇ͘ϮϬϬϴ͘WŽƚĞŶƚŝĂůƌĞƐƉŽŶƐĞƐƚŽĐůŝŵĂƚĞĐŚĂŶŐĞŝŶŽƌŐĂŶŝƐŵƐǁŝƚŚĐŽŵƉůĞǆůŝĨĞ
ŚŝƐƚŽƌŝĞƐ͗ĞǀŽůƵƚŝŽŶĂŶĚƉůĂƐƚŝĐŝƚǇŝŶWĂĐŝĨŝĐƐĂůŵŽŶ͘ǀŽůƵƚŝŽŶĂƌǇƉƉůŝĐĂƚŝŽŶƐϭ͗ϮϱϮ͘
ĂŶŶ͕d͘,͕͘͘,ĂďŝĐŚƚ͕d͘d͘ĂŬĞƌ͕ĂŶĚ:͘͘^ĞĞď͘ϮϬϭϯ͘ǆƉůŽŝƚŝŶŐŐĞŶĞƚŝĐĚŝǀĞƌƐŝƚǇƚŽďĂůĂŶĐĞ
ĐŽŶƐĞƌǀĂƚŝŽŶĂŶĚŚĂƌǀĞƐƚŽĨŵŝŐƌĂƚŽƌǇƐĂůŵŽŶ͘ĂŶĂĚŝĂŶ:ŽƵƌŶĂůŽĨ&ŝƐŚĞƌŝĞƐĂŶĚƋƵĂƚŝĐ
WĂŐĞϭϵ
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^ĐŝĞŶĐĞƐϳϬ͗ϳϴϱʹϳϵϯ͘
ĂŶŶ͕d͕͘͘,ĂďŝĐŚƚ͕:͘Z͘:ĂƐƉĞƌ͕͘<͘͘&Žǆ͕,͘͘,ŽǇƚ͕,͘>͘>ŝůůĞƌ͕͘^͘>ĂƌĚŝǌĂďĂů͕W͘͘<ƵƌŝƐĐĂŬ͕
͘͘'ƌĂƵǀŽŐĞů͕ĂŶĚt͘͘dĞŵƉůŝŶ͘ϮϬϭϮ͘^ŽĐŬĞǇĞƐĂůŵŽŶďĂƐĞůŝŶĞĨŽƌƚŚĞǁĞƐƚĞƌŶůĂƐŬĂ
ƐĂůŵŽŶƐƚŽĐŬŝĚĞŶƚŝĨŝĐĂƚŝŽŶƉƌŽũĞĐƚ͘ŶĐŚŽƌĂŐĞ͘
&Ăůů͕:͕͘͘,ŽůĞŶ͕ĂŶĚ͘ĂǀŝƐ͘ϮϬϬϲ͘^ƵďƐŝƐƚĞŶĐĞŚĂƌǀĞƐƚƐĂŶĚƵƐĞƐŽĨǁŝůĚƌĞƐŽƵƌĐĞƐŝŶ/ůŝĂŵŶĂ͕
EĞǁŚĂůĞŶ͕EŽŶĚĂůƚŽŶ͕WĞĚƌŽĂǇ͕ĂŶĚWŽƌƚůƐǁŽƌƚŚ͕ůĂƐŬĂ͕ϮϬϬϰ͘WĂŐĞ
ƐƵďƐŝƐƚĞŶĐĞ͘ĂĚĨŐ͘ƐƚĂƚĞ͘ĂŬ͘ƵƐ͘:ƵŶĞĂƵ͘
&ĞĨŝůŽǀĂ͕͘͘ϮϬϭϭ͘dŚĞƐƚĂƚĞŽĨĂƌŝǀĞƌŝŶƉĞĐŚŽƌĂďĂƐŝŶĂĨƚĞƌĂŶŽŝůƐƉŝůů͗ƐƐĞƐƐŵĞŶƚŽĨĐŚĂŶŐĞƐ
ŝŶǌŽŽƉůĂŶŬƚŽŶĐŽŵŵƵŶŝƚǇ͘tĂƚĞƌZĞƐŽƵƌĐĞƐϯϴ͗ϲϯϳʹϲϰϵ͘
'ŽŵĞǌͲhĐŚŝĚĂ͕͕͘:͘͘^ĞĞď͕D͘:͘^ŵŝƚŚ͕͘,ĂďŝĐŚƚ͕d͘W͘YƵŝŶŶ͕ĂŶĚ>͘t͘^ĞĞď͘ϮϬϭϭ͘^ŝŶŐůĞ
ŶƵĐůĞŽƚŝĚĞƉŽůǇŵŽƌƉŚŝƐŵƐƵŶƌĂǀĞůŚŝĞƌĂƌĐŚŝĐĂůĚŝǀĞƌŐĞŶĐĞĂŶĚƐŝŐŶĂƚƵƌĞƐŽĨƐĞůĞĐƚŝŽŶ
ĂŵŽŶŐůĂƐŬĂŶƐŽĐŬĞǇĞƐĂůŵŽŶ;KŶĐŽƌŚǇŶĐŚƵƐŶĞƌŬĂͿƉŽƉƵůĂƚŝŽŶƐ͘DĞǀŽůƵƚŝŽŶĂƌǇ
ďŝŽůŽŐǇϭϭ͗ϰϴ͘
,ĂŵƉƚŽŶ͕^͕͘͘W͘ZŽŵĂƌĞ͕ĂŶĚ͘͘^ĞŝůĞƌ͘ϮϬϬϲ͘ŶǀŝƌŽŶŵĞŶƚĂůůǇĐŽŶƚƌŽůůĞĚĂƉŚŶŝĂƐƉƌŝŶŐ
ŝŶĐƌĞĂƐĞǁŝƚŚŝŵƉůŝĐĂƚŝŽŶƐĨŽƌƐŽĐŬĞǇĞƐĂůŵŽŶĨƌǇŝŶ>ĂŬĞtĂƐŚŝŶŐƚŽŶ͕h^͘:ŽƵƌŶĂůŽĨ
WůĂŶŬƚŽŶZĞƐĞĂƌĐŚϮϴ͗ϯϵϵʹϰϬϲ͘
,ĂŶƐĞŶ͕͘'͕͘͘͘ĞĂƵĐŚĂŵƉ͕ĂŶĚ͘>ŽǁĞƌǇ͘ϮϬϭϰ͘'ƌŽǁƚŚ͕ĚŝƐƚƌŝďƵƚŝŽŶĂŶĚĂďƵŶĚĂŶĐĞŽĨ
ƉĞůĂŐŝĐĨŝƐŚĞƐŝŶ>ĂŬĞtĂƐŚŝŶŐƚŽŶ͘^ĞĂƚƚůĞ͘
,ĂƌƚŵĂŶ͕t͘>͕͘t͘Z͘,ĞĂƌĚ͕ĂŶĚ͘ƌƵĐŬĞƌ͘ϭϵϲϳ͘DŝŐƌĂƚŽƌǇďĞŚĂǀŝŽƌŽĨƐŽĐŬĞǇĞƐĂůŵŽŶĨƌǇ
ĂŶĚƐŵŽůƚƐ͘:ŽƵƌŶĂůŽĨƚŚĞ&ŝƐŚĞƌŝĞƐZĞƐĞĂƌĐŚŽĂƌĚŽĨĂŶĂĚĂϮϰ͗ϮϬϲϵʹϮϬϵϵ͘
,ĂƵƐĞƌ͕͘͘t͕͘͘^͘ůůĞŶ͕,͘͘ZŝĐŚ͕ĂŶĚd͘W͘YƵŝŶŶ͘ϮϬϬϴ͘ZĞƐŝĚĞŶƚ,ĂƌďŽƌ^ĞĂůƐ;WŚŽĐĂ
ǀŝƚƵůŝŶĂͿŝŶ/ůŝĂŵŶĂ>ĂŬĞ͕ůĂƐŬĂ͗^ƵŵŵĞƌŝĞƚĂŶĚWĂƌƚŝĂůŽŶƐƵŵƉƚŝŽŶŽĨĚƵůƚ^ŽĐŬĞǇĞ
^ĂůŵŽŶ;KŶĐŽƌŚǇŶĐŚƵƐŶĞƌŬĂͿ͘ƋƵĂƚŝĐDĂŵŵĂůƐϯϰ͗ϯϬϯʹϯϬϵ͘
,ŝůďŽƌŶ͕Z͕͘d͘W͘YƵŝŶŶ͕͘͘^ĐŚŝŶĚůĞƌ͕ĂŶĚ͘͘ZŽŐĞƌƐ͘ϮϬϬϯ͘ŝŽĐŽŵƉůĞǆŝƚǇĂŶĚĨŝƐŚĞƌŝĞƐ
ƐƵƐƚĂŝŶĂďŝůŝƚǇ͘WƌŽĐĞĞĚŝŶŐƐŽĨƚŚĞEĂƚŝŽŶĂůĐĂĚĞŵǇŽĨ^ĐŝĞŶĐĞƐϭϬϬ͗ϲϱϲϰ͘
,ŽĂŐ͕^͘ϭϵϳϮ͘dŚĞƌĞůĂƚŝŽŶƐŚŝƉďĞƚǁĞĞŶƚŚĞƐƵŵŵĞƌĨŽŽĚŽĨũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶ͕
KŶĐŽƌŚǇŶĐŚƵƐŶĞƌŬĂ͕ĂŶĚƚŚĞƐƚĂŶĚŝŶŐƐƚŽĐŬŽĨǌŽŽƉůĂŶŬƚŽŶŝŶůůŝĂŵŶĂ>ĂŬĞ͕ůĂƐŬĂ͘&ŝƐŚĞƌǇ
ƵůůĞƚŝŶ͘
,ŽĚŐƐŽŶ͕͕͘͘ĂŶĚ͘^͘,ĂůƉĞƌŶ͘ϮϬϭϵ͘/ŶǀĞƐƚŝŐĂƚŝŶŐĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐĂĐƌŽƐƐĞĐŽůŽŐŝĐĂůƐĐĂůĞƐ͘
ŽŶƐĞƌǀĂƚŝŽŶŝŽůŽŐǇϯϯ͗ϮϮʹϯϮ͘
,ŽǀĞů͕Z͕͘͘<͘>͘&ƌĞƐŚ͕^͘>͘^ĐŚƌŽĚĞƌ͕͘,͘>ŝƚƚ͕ĂŶĚd͘W͘YƵŝŶŶ͘ϮϬϭϵ͘ǁŝĚĞǁŝŶĚŽǁŽĨ
ŵŝŐƌĂƚŝŽŶƉŚĞŶŽůŽŐǇĐĂƉƚƵƌĞƐŝŶƚĞƌͲĂŶŶƵĂůǀĂƌŝĂďŝůŝƚǇŽĨĨĂǀŽƵƌĂďůĞĐŽŶĚŝƚŝŽŶƐ͗ZĞƐƵůƚƐŽĨĂ
ǁŚŽůĞͲůĂŬĞĞǆƉĞƌŝŵĞŶƚǁŝƚŚũƵǀĞŶŝůĞWĂĐŝĨŝĐƐĂůŵŽŶ͘&ƌĞƐŚǁĂƚĞƌŝŽůŽŐǇϲϰ͗ϰϲʹϱϱ͘
,ŽǀĞů͕Z͕͘͘:͘d͘dŚŽƌƐŽŶ͕:͘>͘ĂƌƚĞƌ͕ĂŶĚd͘W͘YƵŝŶŶ͘ϮϬϭϳ͘tŝƚŚŝŶͲůĂŬĞŚĂďŝƚĂƚŚĞƚĞƌŽŐĞŶĞŝƚǇ
ŵĞĚŝĂƚĞƐĐŽŵŵƵŶŝƚǇƌĞƐƉŽŶƐĞƚŽǁĂƌŵŝŶŐƚƌĞŶĚƐ͘ĐŽůŽŐǇ͘
<ŽŝǀŝƐƚŽ͕^͕͘ĂŶĚD͘<ĞƚŽůĂ͘ϭϵϵϱ͘ĨĨĞĐƚƐŽĨĐŽƉƉĞƌŽŶůŝĨĞͲŚŝƐƚŽƌǇƚƌĂŝƚƐŽĨĂƉŚŶŝĂƉƵůĞǆĂŶĚ
ŽƐŵŝŶĂůŽŶŐŝƌŽƐƚƌŝƐ͘ƋƵĂƚŝĐdŽǆŝĐŽůŽŐǇϯϮ͗ϮϱϱʹϮϲϵ͘
<ŽŝǀŝƐƚŽ͕^͕͘D͘<ĞƚŽůĂ͕ĂŶĚD͘tĂůůƐ͘ϭϵϵϮ͘ŽŵƉĂƌŝƐŽŶŽĨĨŝǀĞĐůĂĚŽĐĞƌĂŶƐƉĞĐŝĞƐŝŶƐŚŽƌƚͲĂŶĚ
ůŽŶŐͲƚĞƌŵĐŽƉƉĞƌĞǆƉŽƐƵƌĞ͘,ǇĚƌŽďŝŽůŽŐŝĂϮϰϴ͗ϭϮϱʹϭϯϲ͘
>ĂƌƐŽŶ͕t͕͘͘d͘,͘ĂŶŶ͕D͘d͘>ŝŵďŽƌŐ͕'͘:͘DĐ<ŝŶŶĞǇ͕:͘͘^ĞĞď͕ĂŶĚ>͘t͘^ĞĞď͘ϮϬϭϵ͘WĂƌĂůůĞů
ƐŝŐŶĂƚƵƌĞƐŽĨƐĞůĞĐƚŝŽŶĂƚŐĞŶŽŵŝĐŝƐůĂŶĚƐŽĨĚŝǀĞƌŐĞŶĐĞĂŶĚƚŚĞŵĂũŽƌŚŝƐƚŽĐŽŵƉĂƚŝďŝůŝƚǇ
ĐŽŵƉůĞǆŝŶĞĐŽƚǇƉĞƐŽĨƐŽĐŬĞǇĞƐĂůŵŽŶĂĐƌŽƐƐůĂƐŬĂ͘DŽůĞĐƵůĂƌĐŽůŽŐǇ͗ŵĞĐ͘ϭϱϬϴϮ͘
>ŝŶŬ͕D͕͘ĂŶĚd͘ĂŶŶ͘ϮϬϭϴ͘^ƚŽĐŬĐŽŵƉŽƐŝƚŝŽŶŽĨƚŚĞ<ǀŝĐŚĂŬZŝǀĞƌƐŽĐŬĞǇĞƐĂůŵŽŶƐŵŽůƚƌƵŶ͕
ϮϬϭϮͲϭϲ͘WĂŐĞ^ŽƵƚŚtĞƐƚ/ŶƚĞƌĂŐĞŶĐǇ&ŝƐŚDĞĞƚŝŶŐ͘ŝůůŝŶŐŚĂŵĂŶĚŶĐŚŽƌĂŐĞ͕<͘
WĂŐĞϮϬ
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DĂƚƚŽƐ͕:͘:͕͘D͘E͘^ŝĞďĞƌƚ͕<͘,͘>ƵĐŚŵĂŶŶ͕E͘'ƌĂŶƵĐĐŝ͕d͘ŽƌƌŝŶŐƚŽŶ͕W͘,͘^ƚŽĐŽ͕͘͘'ƌŝƐĂƌĚ͕
ĂŶĚ͘͘͘ĂŝŶǇ͘ϮϬϭϬ͘ŝĨĨĞƌĞŶƚŝĂůŐĞŶĞĞǆƉƌĞƐƐŝŽŶŝŶWŽĞĐŝůŝĂǀŝǀŝƉĂƌĂĞǆƉŽƐĞĚƚŽĚŝĞƐĞů
ŽŝůǁĂƚĞƌĂĐĐŽŵŵŽĚĂƚĞĚĨƌĂĐƚŝŽŶ͘DĂƌŝŶĞŶǀŝƌŽŶŵĞŶƚĂůZĞƐĞĂƌĐŚϲϵ͗^ϯϭʹ^ϯϯ͘
DĐ/ŶƚŽƐŚ͕͘t͕͘ĂŶĚE͘Z͘<ĞǀĞƌŶ͘ϭϵϳϰ͘dŽǆŝĐŝƚǇŽĨŽƉƉĞƌƚŽŽŽƉůĂŶŬƚŽŶ͘:ŽƵƌŶĂůŽĨ
ŶǀŝƌŽŶŵĞŶƚYƵĂůŝƚǇϯ͗ϭϲϲ͘
DŝůůĞƌ͕D͕͘s͘ůĞǆĂŶĚĞƌ͕ĂŶĚZ͘ĂƌƐĚĂƚĞ͘ϭϵϳϴ͘ĨĨĞĐƚƐŽĨŽŝůƐƉŝůůƐŽŶƉŚǇƚŽƉůĂŶŬƚŽŶŝŶĂŶĂƌĐƚŝĐ
ůĂŬĞĂŶĚƉŽŶĚƐ͘ƌĐƚŝĐϯ͘
DŽƌƐƚĂĚ͕^͘ϮϬϬϯ͘<ǀŝĐŚĂŬZŝǀĞƌƐŽĐŬĞǇĞƐĂůŵŽŶƐƉĂǁŶŝŶŐŐƌŽƵŶĚƐƵƌǀĞǇƐ͕ϭϵϱϱͲϮϬϬϮ͘
ŶĐŚŽƌĂŐĞ͘
KůƐĞŶ͕:͕͘͘^͘:͘DŝůůĞƌ͕t͘:͘^ƉĞĂƌŵĂŶ͕ĂŶĚ:͘<͘tĞŶďƵƌŐ͘ϮϬϬϯ͘WĂƚƚĞƌŶƐŽĨŝŶƚƌĂͲĂŶĚŝŶƚĞƌͲ
ƉŽƉƵůĂƚŝŽŶŐĞŶĞƚŝĐĚŝǀĞƌƐŝƚǇŝŶůĂƐŬĂŶĐŽŚŽƐĂůŵŽŶ͗/ŵƉůŝĐĂƚŝŽŶƐĨŽƌĐŽŶƐĞƌǀĂƚŝŽŶ͘
ŽŶƐĞƌǀĂƚŝŽŶ'ĞŶĞƚŝĐƐϰ͗ϱϱϳʹϱϲϵ͘
WŽǁĞƌ͕D͘ϭϵϵϳ͘ƐƐĞƐƐŝŶŐƚŚĞĞĨĨĞĐƚƐŽĨĞŶǀŝƌŽŶŵĞŶƚĂůƐƚƌĞƐƐŽƌƐŽŶĨŝƐŚƉŽƉƵůĂƚŝŽŶƐ͘ƋƵĂƚŝĐ
dŽǆŝĐŽůŽŐǇϯϵ͗ϭϱϭʹϭϲϵ͘
YƵŝŶŶ͕d͘W͘ϮϬϬϱ͘dŚĞĞŚĂǀŝŽƌĂŶĚĐŽůŽŐǇŽĨWĂĐŝĨŝĐ^ĂůŵŽŶĂŶĚdƌŽƵƚ͘hŶŝǀĞƌƐŝƚǇŽĨ
tĂƐŚŝŶŐƚŽŶWƌĞƐƐ͕^ĞĂƚƚůĞ͘
YƵŝŶŶ͕d͘W͕͘,͘͘ZŝĐŚ͕͘'ŽƐƐĞ͕ĂŶĚE͘^ĐŚƚŝĐŬǌĞůůĞ͘ϮϬϭϮ͘WŽƉƵůĂƚŝŽŶĚǇŶĂŵŝĐƐĂŶĚĂƐǇŶĐŚƌŽŶǇ
ĂƚĨŝŶĞƐƉĂƚŝĂůƐĐĂůĞƐ͗ĂĐĂƐĞŚŝƐƚŽƌǇŽĨƐŽĐŬĞǇĞƐĂůŵŽŶ;KŶĐŽƌŚǇŶĐŚƵƐŶĞƌŬĂͿƉŽƉƵůĂƚŝŽŶ
ƐƚƌƵĐƚƵƌĞŝŶůĂƐŬĂ͕h^͘ĂŶĂĚŝĂŶ:ŽƵƌŶĂůŽĨ&ŝƐŚĞƌŝĞƐĂŶĚƋƵĂƚŝĐ^ĐŝĞŶĐĞƐϲϵ͗ϮϵϳʹϯϬϲ͘
ZĂŵƐƚĂĚ͕<͘D͕͘͘͘tŽŽĚǇ͕ĂŶĚ&͘t͘ůůĞŶĚŽƌĨ͘ϮϬϭϬ͘ZĞĐĞŶƚůŽĐĂůĂĚĂƉƚĂƚŝŽŶŽĨƐŽĐŬĞǇĞ
ƐĂůŵŽŶƚŽŐůĂĐŝĂůƐƉĂǁŶŝŶŐŚĂďŝƚĂƚƐ͘ǀŽůƵƚŝŽŶĂƌǇĐŽůŽŐǇϮϰ͗ϯϵϭʹϰϭϭ͘
ZĂŵƐƚĂĚ͕<͘D͕͘͘͘tŽŽĚǇ͕'͘<͘^ĂŐĞ͕ĂŶĚ&͘t͘ůůĞŶĚŽƌĨ͘ϮϬϬϰ͘&ŽƵŶĚŝŶŐĞǀĞŶƚƐŝŶĨůƵĞŶĐĞ
ŐĞŶĞƚŝĐƉŽƉƵůĂƚŝŽŶƐƚƌƵĐƚƵƌĞŽĨƐŽĐŬĞǇĞƐĂůŵŽŶ;KŶĐŽƌŚǇŶĐŚƵƐŶĞƌŬĂͿŝŶ>ĂŬĞůĂƌŬ͕ůĂƐŬĂ͘
DŽůĞĐƵůĂƌĐŽůŽŐǇϭϯ͗ϮϳϳʹϮϵϬ͘
ZŝĐŚ͕,͘͘ϮϬϬϲ͘ĨĨĞĐƚƐŽĨĐůŝŵĂƚĞĂŶĚĚĞŶƐŝƚǇŽŶƚŚĞĚŝƐƚƌŝďƵƚŝŽŶ͕ŐƌŽǁƚŚ͕ĂŶĚůŝĨĞŚŝƐƚŽƌǇŽĨ
ũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶ;KŶĐŽƌŚǇŶĐŚƵƐŶĞƌŬĂͿŝŶ/ůŝĂŵŶĂ>ĂŬĞ͕ůĂƐŬĂ͘hŶŝǀĞƌƐŝƚǇŽĨ
tĂƐŚŝŶŐƚŽŶ͘
ZŝĐŚ͕,͕͘͘d͘W͘YƵŝŶŶ͕D͘͘^ĐŚĞƵĞƌĞůů͕ĂŶĚ͘͘^ĐŚŝŶĚůĞƌ͘ϮϬϬϵ͘ůŝŵĂƚĞĂŶĚŝŶƚƌĂƐƉĞĐŝĨŝĐ
ĐŽŵƉĞƚŝƚŝŽŶĐŽŶƚƌŽůƚŚĞŐƌŽǁƚŚĂŶĚůŝĨĞŚŝƐƚŽƌǇŽĨũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶ;KŶĐŽƌŚǇŶĐŚƵƐ
ŶĞƌŬĂͿŝŶ/ůŝĂŵŶĂ>ĂŬĞ͕ůĂƐŬĂ͘ĂŶĂĚŝĂŶ:ŽƵƌŶĂůŽĨ&ŝƐŚĞƌŝĞƐĂŶĚƋƵĂƚŝĐ^ĐŝĞŶĐĞƐϲϲ͗Ϯϯϴʹ
Ϯϰϲ͘
ZŽŐĞƌƐ͕͘ϭϵϲϴ͘ĐŽŵƉĂƌŝƐŽŶŽĨƚŚĞĨŽŽĚŽĨƐŽĐŬĞǇĞƐĂůŵŽŶĨƌǇĂŶĚƚŚƌĞĞƐƉŝŶĞƐƚŝĐŬůĞďĂĐŬƐŝŶ
ƚŚĞtŽŽĚZŝǀĞƌ>ĂŬĞƐ͘WĂŐĞƐϭʹϰϯŝŶZ͘ƵƌŐŶĞƌ͕ĞĚŝƚŽƌ͘&ƵƌƚŚĞƌƐƚƵĚŝĞƐŽĨůĂƐŬĂ^ŽĐŬĞǇĞ
ƐĂůŵŽŶ͘hŶŝǀĞƌƐŝƚǇŽĨtĂƐŚŝŶŐƚŽŶ͕^ĞĂƚƚůĞ͘
ZŽŐĞƌƐ͕͕͘͘d͘W͘YƵŝŶŶ͕Z͘^ƚĞĞŶ͕t͘>Ğǁ͕Z͘,ŝůďŽƌŶ͕͘^ĐŚŝŶĚůĞƌ͕'͘ZƵŐŐĞƌŽŶĞ͕d͘͘ZŽŐĞƌƐ͕
͘ŽĂƚƌŝŐŚƚ͕͘͘ŚĂƐĐŽ͕͘ƌŶƐƚ͕Z͘ƌŝƚƚŽŶ͕ĂŶĚZ͘͘:͘ϮϬϬϮ͘KƉĞƌĂƚŝŽŶƐŵĂŶƵĂůĨŽƌ
ĨŝƐŚĞƌŝĞƐƌĞƐĞĂƌĐŚŝŶƐƚŝƚƵƚĞĨŝĞůĚĐĂŵƉƐŝŶůĂƐŬĂ͘ϰƚŚĞĚ͘hŶŝǀĞƌƐŝƚǇŽĨtĂƐŚŝŶŐƚŽŶ͕^ĞĂƚƚůĞ͘
^ĐŚĞƵĞƌĞůů͕D͕͘͘ĂŶĚ͘͘^ĐŚŝŶĚůĞƌ͘ϮϬϬϯ͘ŝĞůǀĞƌƚŝĐĂůŵŝŐƌĂƚŝŽŶďǇũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶ͗
ŵƉŝƌŝĐĂůĞǀŝĚĞŶĐĞĨŽƌƚŚĞĂŶƚŝƉƌĞĚĂƚŝŽŶǁŝŶĚŽǁ͘ĐŽůŽŐǇϴϰ͗ϭϳϭϯʹϭϳϮϬ͘
^ĐŚŝŶĚůĞƌ͕͕͘͘y͘ƵŐĞƌŽƚ͕͘&ůĞŝƐŚŵĂŶ͕E͘:͘DĂŶƚƵĂ͕͘ZŝĚĚĞůů͕D͘ZƵĐŬĞůƐŚĂƵƐ͕:͘^ĞĞď͕ĂŶĚ
D͘tĞďƐƚĞƌ͘ϮϬϬϴ͘ůŝŵĂƚĞŚĂŶŐĞ͕ĐŽƐǇƐƚĞŵ/ŵƉĂĐƚƐ͕ĂŶĚDĂŶĂŐĞŵĞŶƚĨŽƌWĂĐŝĨŝĐ
^ĂůŵŽŶ͘&ŝƐŚĞƌŝĞƐϯϯ͗ϱϬϮʹϱϬϲ͘
^ĐŚŝŶĚůĞƌ͕͕͘͘Z͘,ŝůďŽƌŶ͕͘ŚĂƐĐŽ͕͘W͘ŽĂƚƌŝŐŚƚ͕d͘W͘YƵŝŶŶ͕>͘͘ZŽŐĞƌƐ͕ĂŶĚD͘^͘
tĞďƐƚĞƌ͘ϮϬϭϬ͘WŽƉƵůĂƚŝŽŶĚŝǀĞƌƐŝƚǇĂŶĚƚŚĞƉŽƌƚĨŽůŝŽĞĨĨĞĐƚŝŶĂŶĞǆƉůŽŝƚĞĚƐƉĞĐŝĞƐ͘EĂƚƵƌĞ
WĂŐĞϮϭ
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ϰϲϱ͗ϲϬϵʹϭϮ͘
^ĐŚŝŶĚůĞƌ͕͕͘͘͘͘ZŽŐĞƌƐ͕D͘͘^ĐŚĞƵĞƌĞůů͕ĂŶĚ͘͘ďƌĞǇ͘ϮϬϬϱ͘ĨĨĞĐƚƐŽĨĐŚĂŶŐŝŶŐĐůŝŵĂƚĞ
ŽŶǌŽŽƉůĂŶŬƚŽŶĂŶĚũƵǀĞŶŝůĞƐŽĐŬĞǇĞƐĂůŵŽŶŐƌŽǁƚŚŝŶƐŽƵƚŚǁĞƐƚĞƌŶůĂƐŬĂ͘ĐŽůŽŐǇ
ϴϲ͗ϭϵϴʹϮϬϵ͘
^Ğƌǀŝǌŝ͕:͕͘͘ĂŶĚ͘t͘DĂƌƚĞŶƐ͘ϭϵϵϮ͘^ƵďůĞƚŚĂůZĞƐƉŽŶƐĞƐŽĨŽŚŽ^ĂůŵŽŶ;KŶĐŽƌŚǇŶĐŚƵƐ
ŬŝƐƵƚĐŚͿƚŽ^ƵƐƉĞŶĚĞĚ^ĞĚŝŵĞŶƚƐ͘ĂŶĂĚŝĂŶ:ŽƵƌŶĂůŽĨ&ŝƐŚĞƌŝĞƐĂŶĚƋƵĂƚŝĐ^ĐŝĞŶĐĞƐ
ϰϵ͗ϭϯϴϵʹϭϯϵϱ͘
^ƚĞĞŶ͕͕͘͘͘&ƌŝƚǌ͕t͘^ƚƵďďůĞĨŝĞůĚ͕ĂŶĚ:͘'ŝĚĚŝŶŐƐ͘ϭϵϵϵ͘ŶǀŝƌŽŶŵĞŶƚĂůĨĨĞĐƚƐŽĨ&ƌĞƐŚǁĂƚĞƌ
Kŝů^ƉŝůůƐ͘/ŶƚĞƌŶĂƚŝŽŶĂůKŝů^ƉŝůůŽŶĨĞƌĞŶĐĞWƌŽĐĞĞĚŝŶŐƐϭϵϵϵ͗ϲϬϳʹϲϭϮ͘
^ƚĞǁĂƌƚ͕/͘:͕͘d͘W͘YƵŝŶŶ͕ĂŶĚW͘ĞŶƚǌĞŶ͘ϮϬϬϯ͘ǀŝĚĞŶĐĞĨŽƌ&ŝŶĞͲ^ĐĂůĞEĂƚĂů,ŽŵŝŶŐŵŽŶŐ
/ƐůĂŶĚĞĂĐŚ^ƉĂǁŶŝŶŐ^ŽĐŬĞǇĞ^ĂůŵŽŶ͕KŶĐŽƌŚǇŶĐŚƵƐŶĞƌŬĂ͘ŶǀŝƌŽŶŵĞŶƚĂůŝŽůŽŐǇŽĨ
&ŝƐŚĞƐϲϳ͗ϳϳʹϴϱ͘
dŝůůŽƚƐŽŶ͕D͕͘͘ĂŶĚd͘W͘YƵŝŶŶ͘ϮϬϭϲ͘ĞǇŽŶĚŽƌƌĞůĂƚŝŽŶŝŶƚŚĞĞƚĞĐƚŝŽŶŽĨůŝŵĂƚĞŚĂŶŐĞ
/ŵƉĂĐƚƐ͗dĞƐƚŝŶŐĂDĞĐŚĂŶŝƐƚŝĐ,ǇƉŽƚŚĞƐŝƐĨŽƌůŝŵĂƚŝĐ/ŶĨůƵĞŶĐĞŽŶ^ŽĐŬĞǇĞ^ĂůŵŽŶ
;KŶĐŽƌŚǇŶĐŚƵƐŶĞƌŬĂͿWƌŽĚƵĐƚŝǀŝƚǇ͘W>K^KEϭϭ͗ĞϬϭϱϰϯϱϲ͘
dŽƌŐĞƌƐĞŶ͕͕͘͘͘D͘WƌŝĐĞ͕,͘t͘>ŝ͕ĂŶĚ͘͘DĐ/ŶƚŽƐŚ͘ϭϵϵϵ͘Dh>d/^>d,ZD>Z&h'/
E^dZD,/dd^^K/d/KE^K&,/EKK<^>DKE/EEKZd,^dZEKZ'KE͘
ĐŽůŽŐŝĐĂůƉƉůŝĐĂƚŝŽŶƐϵ͗ϯϬϭʹϯϭϵ͘
sĂůŽŝƐ͕͕͘͘<ĞůůĞƌ͕ĂŶĚ͘ZĂŵĐŚĂƌĂŶ͘ϮϬϭϬ͘ďŝŽƚŝĐĂŶĚďŝŽƚŝĐƉƌŽĐĞƐƐĞƐŝŶůĂŬĞƐƌĞĐŽǀĞƌŝŶŐ
ĨƌŽŵĂĐŝĚŝĨŝĐĂƚŝŽŶ͗ƚŚĞƌĞůĂƚŝǀĞƌŽůĞƐŽĨŵĞƚĂůƚŽǆŝĐŝƚǇĂŶĚĨŝƐŚƉƌĞĚĂƚŝŽŶĂƐďĂƌƌŝĞƌƐƚŽ
ǌŽŽƉůĂŶŬƚŽŶƌĞͲĞƐƚĂďůŝƐŚŵĞŶƚ͘&ƌĞƐŚǁĂƚĞƌŝŽůŽŐǇϱϱ͗ϮϱϴϱʹϮϱϵϳ͘
tŝŶŶĞƌ͕Z͘t͕͘ĂŶĚD͘W͘&ĂƌƌĞůů͘ϭϵϳϲ͘ĐƵƚĞĂŶĚŚƌŽŶŝĐdŽǆŝĐŝƚǇŽĨŽƉƉĞƌƚŽ&ŽƵƌ^ƉĞĐŝĞƐŽĨ
ĂƉŚŶŝĂ͘:ŽƵƌŶĂůŽĨƚŚĞ&ŝƐŚĞƌŝĞƐZĞƐĞĂƌĐŚŽĂƌĚŽĨĂŶĂĚĂϯϯ͗ϭϲϴϱʹϭϲϵϭ͘



WĂŐĞϮϮ


BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 658 of 2339

8PPEZ $BSPM"OO $PNNFOUTPO1-1&YIJCJU%o#VFMM
#BJMFZ .JUJHBUJPOBOE&1"T#SJTUPM#BZ8BUFSTIFE
"TTFTTNFOU'JOBM"TTFTTNFOU +VOF 

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 659 of 2339

PLP Response to EPA’s Bristol Bay Watershed Assessment
EXHIBIT D: Buell & Bailey, Mitigation and EPA’s Bristol Bay Watershed
Assessment Final Assessment
(Comments by Carol A. Woody, Ph.D., CSP2, 14 June 2014)
In their response to EPA’s final Bristol Bay Watershed Assessment, Buell and Bailey
highlight a “particular weakness” in EPA’s assessment in failing to fully consider
“feasibility and efficacy of compensatory mitigation for potential project impacts,
particularly to the aquatic environment.” In making their argument, Buell and Bailey rely
heavily on their own prior EPA critiques. However, the majority of compensatory
measures suggested in those prior critiques were clearly refuted by EPA (e.g. creation of
ice fields, water pump-back systems, changing water chemistry, etc.). EPA refuted those
measures logically because such systems have never been proven. Few supporting
scientific studies exist for such techniques, and the very few studies that did evaluate
those systems did not take place in Alaska or during Alaska’s harsh winters.
In contrast to their own prior critiques, however, Buell and Bailey focus more on legal
aspects of required mitigation under the Clean Water Act (CWA) namely: that mitigation
for unavoidable impacts is permitted; it is required to offset losses; the US Army Corps
of Engineers (ACOE), as opposed to EPA, determines if proposed compensatory
mitigation is preferable and will be effective; and four categories of mitigation exist
(restoration, establishment, enhancement, and preservation). Authors claim EPA ignored
compensatory mitigation requirements in the assessment because in Appendix J, EPA
describes the lack of impacted sites in the Bristol Bay watershed available to restore,
enhance, or preserve fish or fish habitat in order to offset likely losses from mining.
Authors suggest that this position by EPA “ignores decades of salmon and resident fish
habitat enhancement projects in unimpaired rivers and streams … in California, the
Pacific Northwest, British Columbia, and Alaska.” In fact, Lower 48 populations are at
less than 7% of historic levels1 relative to Bristol Bay where they are at more than 100%
of historic levels2 indicating mitigation efforts are not as successful as authors suggest.
Buell and Bailey focus largely on the ongoing multi-billion dollar mitigation/
compensation program in the Columbia River intended to offset hydroelectric dam
impacts to salmon and trout. However, despite providing in-text references, they provide
no complete citations of peer-reviewed, scientific, quantitative monitoring studies to
support their claims of successful mitigation/compensation. Citations are limited to
weblinks to Columbia basin restoration budgets, program descriptions, amendments to
previously established restoration plans. Studies described as successful in Bailey and
Buell’s comments (Table 2) were most commonly monitored for five years—an
insufficient number of years to measure overall success. Three studies referenced
monitored for only slightly more time (six years, nine years, and twelve years in one
study of Atlantic salmon). Many of the examples authors describe as successful pertain
1

Gresh, T., J. Lichatowich, and P. Schoonmaker. 2000. An estimation of historic and current levels of
salmon production in the northeast Pacific ecosystem. Fisheries 25(1): 15-21.
2
ADFG Division of Commercial Fisheries. 2013. 2014 Bristol Bay Sockeye Salmon Forecast.
http://www.adfg.alaska.gov/static/applications/dcfnewsrelease/376901424.pdf
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to species that do not occur in Bristol Bay (e.g., steelhead, cutthroat trout), and none
pertain to sockeye salmon, Bristol Bay’s most abundant and commercially valuable
species. Furthermore, studies cited all took place in disparate ecoregions with warmer
climates.
Bailey and Buell also refer to a Washington Department of Fish and Wildlife document
providing guidance for habitat rehabilitation and enhancement, including techniques
“suitable for unimpaired and non-degraded streams and riparian areas.” They focus on
re-connecting abandoned channels and oxbows to add “large amounts of high quality
rearing, overwintering and spawning habitats,” which they suggest would be ideal
mitigation techniques in the Koktuli and parts of Upper Talarik Creek. They summarize
numerous studies (which were difficult or impossible to locate given the lack of a
complete list of citations) indicating that excavated habitats in alluvial floodplains where
groundwater aquifers are near surface increase egg-to-emergence, egg-to-fry, and
instream-overwinter survival rates, and increased density or carrying capacity of fry.
Authors suggest EPA ignored this body of literature. However, authors cite no literature
for later life stages (i.e., smolt outmigration/freshwater survival), including the ultimate
measure of mitigation success: adult escapement. In doing so, Buell and Bailey are
presuming that salmon are exposed to limitations of productivity only in early, freshwater
life stages, without appropriate documentation to support their assumption.
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PLPExhibitC–EcofishLiteraturereviewofsuccessesandefficacyoffishhabitatrestorationand
compensationprojectsinBritishColumbia
(CommentsbySarahO’Neal,May16,2014)

Background
InresponsetoEPARegion10Administrator,DennisMcLerran’sannouncementthatEPAwasinitiating
404(c)reviewundertheCleanWaterAct,CEOThomasCollierandPebbleLimitedPartnership(PLP)
submittedaletterthat,inpart,attemptedtorefutemanyoftheextensivelypeerͲreviewed,scienceͲ
basedconclusionsEPArelieduponincomingtoitsdecision.Amongtheirarguments,PLPsubmitteda
letter(ExhibitC)fromanecologicalconsultingfirm,Ecofish,whichsummarizedthehistoryofmitigation
(orsoͲcalledhabitatcompensation)effortsinBritishColumbia(BC)anddiscussedwhatauthorsperceive
asparticularlysuccessfulmitigationtechniques:1)creatingandrestoringfishaccesstohabitat,2)
spawningchannels,3)instreamstrucures,and4)offͲchannelhabitats,5)lakeandstreamfertilization.
ThismemoprovidestechnicalcommentsontheEcofishcontributiontoPLP’sresponse.
ContributorstofishhabitatrestorationinBC
EcofishsummarizesthehistoryofmitigationprojectsinBC,includingtheprovincialSalmonEnhancement
Program(SEP),andWatershedRestorationProgram(WRP).Whileauthorstoutthesheernumberof
projectscompletedasiftheyareameasureofsuccess,theysimultaneouslyreportthatprojects“often
donotinvolveddetailedmonitoringofsalmonproductivityandthusthereisoftenlimitedquantitative
informationtoevaluateprojectssuccess”inthecaseofSEP(p.2,emphasisadded)and“manyofthe
projectshavenotimplementedextensivemonitoringprograms”inthecaseWRP(p.2).Authorsgoonto
reporthowmanyhundredsofmillionsofdollarsareinvestedinrestoration,suggestingacorrelation
betweenfinancialinvestmentandsalmonproductivity.Withoutquantitativemonitoringprograms,
however,thesuccessofrestorationeffortsandtheircostͲbenefitanalysisisunknown.
Typesofrestorationprojectsandefficacyoftechniquesforfishpopulations
ƌĞĂƚŝŶŐĂŶĚƌĞƐƚŽƌŝŶŐĨŝƐŚĂĐĐĞƐƐƚŽŚĂďŝƚĂƚ
Althoughcreatingfishwaysisacommonrestorationtoolinstreamsimpactedbyhumandisturbance,itis
farlesscommoninintactecosystemssuchasBristolBay.Eventhen,fishwaycreationisstillanevolving
sciencewithsparsedatadeterminingitseffectiveness.1Ecofishstatesinitsresponsememothat“most
fishwayshavenotbeenadequatelyassessedforfishpassage”(p.6).Furthermore,asEPAstatedinits

1

Bunt,C.M.,T.CastroͲSantos,andA.Haro.2012.Performanceoffishpassagestructuresatupstreambarriersto
migration.RiverResearchandApplications28:457Ͳ478.
Roscoe,D.W.andS.G.Hinch.2010.Effectivenessmonitoringoffishpassagefacilities:historicaltrends,geographic
patternsandfuturedirections.FishandFisheries11:12Ͳ33.
Williams,J.G.,G.Armstrong,C.Katopodis,M.Larinier,andF.Travade.2012.Thinkinglikeafish:Akeyingredient
fordevelopmentofeffectivefishpassagefacilitiesatriverobstructions.RiverResearchandApplications28:407Ͳ
417.
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thoroughexaminationofmitigationtechniques,itsultimateeffectonproductivityofsalmonand
especiallyresidentfishspeciesisunpredictable:
ƌĞĂƚŝŶŐĐŽŶŶĞĐƚŝǀŝƚǇďĞƚǁĞĞŶƉĂƌƚƐŽĨƚŚĞƌŝǀĞƌŶĞƚǁŽƌŬƚŚĂƚĂƌĞŶĂƚƵƌĂůůǇĚŝƐĐŽŶŶĞĐƚĞĚĐĂŶŚĂǀĞ
ĂĚǀĞƌƐĞĞĐŽůŽŐŝĐĂůĞĨĨĞĐƚƐ͕ŝŶĐůƵĚŝŶŐŝŵƉĂĐƚƐƚŽƌĞƐŝĚĞŶƚǀĞƌƚĞďƌĂƚĞĂŶĚŝŶǀĞƌƚĞďƌĂƚĞĐŽŵŵƵŶŝƚŝĞƐ͕
ĂƐǁĞůůĂƐĚŝƐƌƵƉƚŝŽŶƐƚŽĞĐŽƐǇƐƚĞŵƉƌŽĐĞƐƐĞƐ͘/ŶƚƌŽĚƵĐƚŝŽŶŽĨĨŝƐŚƚŽĨŝƐŚͲůĞƐƐĂƌĞĂƐĐĂŶůĞĂĚƚŽ
ĂůƚĞƌĞĚƉƌĞĚĂƚŽƌͲƉƌĞǇŝŶƚĞƌĂĐƚŝŽŶƐ͕ĨŽŽĚǁĞďĐŚĂŶŐĞƐ͕ĐŚĂŶŐĞƐŝŶĂůŐĂůƉƌŽĚƵĐƚŝŽŶ͕ŶƵƚƌŝĞŶƚ
ĐǇĐůŝŶŐĂŶĚŵĞƚĂͲƉŽƉƵůĂƚŝŽŶĚǇŶĂŵŝĐƐŽĨŽƚŚĞƌǀĞƌƚĞďƌĂƚĞƐƉĞĐŝĞƐ͘&ŽƌĞǆĂŵƉůĞ͕ƉƌĞǀŝŽƵƐƐƚƵĚŝĞƐ
ŽŶƚŚĞŝŶƚƌŽĚƵĐƚŝŽŶŽĨƚƌŽƵƚƐƉĞĐŝĞƐƚŽŵŽŶƚĂŶĞ͕ǁŝůĚĞƌŶĞƐƐůĂŬĞƐŚĂǀĞƐŚŽǁŶƚŚĂƚŝŶƚƌŽĚƵĐŝŶŐĨŝƐŚ
ƚŽĨŝƐŚͲůĞƐƐůĂŬĞƐĐĂŶŚĂǀĞƐƵďƐƚĂŶƚŝĂůŝŵƉĂĐƚƐƚŽŶƵƚƌŝĞŶƚĐǇĐůĞƐ͘
ͲEPAFinalBristolBayWatershedAssessment,AppendixJ,p.17
Lastly,despitetoutingthebenefitsoffishwaysinitsresponses,PLPfailsdemonstrateitsutilityinBristol
Bayheadwaters.InitsEnvironmentalBaselineDocument,PLPdescribed145‘barriers’tofishmigration.2
Nearlyhalfofthosewerebeaverdams,whichrarelyserveasbarrierstofishmigration,andmoreoften
benefitjuvenilesalmon,asEPAdescribesinitsfinalAssessment,andasiswelldescribedinthescientific
literature.3Theremaining70streamfeaturesaredescribedaswaterfalls,drychannels,cascadesor
barrierchutes,thoughdefinitionsforwhatconstitutesabarrier(i.e.,barrierheight,forwhichspecies,for
whichlifestage,etc.)isneverdefined.Furthermore,theamountandqualityofhabitatupstreamof
thosesoͲcalledbarriersisnotreported.WithoutadditionaldetailfromPLP,EPAcanneitheradequately
characterizetheextentofhabitatfishwayscouldprovideformitigation,norpredictthepotentialsuccess
ofthoseefforts.
^ƉĂǁŶŝŶŐĐŚĂŶŶĞůƐ
AsEcofishpointsout,“[t]hesefacilitieshavehadvariedefficacy,rangingfromimmediateanddramatic
success…torelativelypoorsuccess”(p.6),andasEPAnotedintheWatershedAssessment,“thereare
veryfewstudiesregardingtheefficacyof[spawning]channelsatenhancingadultsalmonrecruitmentin
thepublishedliterature.”4Consequently,thereasonsforsuccessesandfailureshavenotbeen
adequatelyidentified,makingtheirconstructionexperimental.Furthermore,recentreportshave
highlightedthepotentialriskofincreasedproductionfromspawningchannelstoexistingwildstocks
including:1)possiblycausingoverharvestoflessproductivestockstherebyreducinggeneticdiversityand
theportfolioeffectresponsibleforoverallsustainability,52)increasingdiseaseoutbreaks,6and3)

2

PLP(PebbleLimitedPartnership).2012.Chapter15:Fishandaquaticmacroinvertebrates,BristolBay
drainages.PebbleLimitedPartnershipEnvironmentalBaselineDocument:2004Ͳ2008.PreparedbyR2Resource
Consultants,HDRAlaska,Inc.,EchoFish,InterͲFluve,andPacificHydrologic,Inc.6515pp.
3
Kemp,P.S.,T.A.Worthington,T.E.L.Langford,A.R.J.Tree,andM.J.Gaywood.2012.Qualitativeandquantitative
effectsofreintroducedbeaversonstreamfish.FishandFisheries13:158Ͳ181
4
AppendixJ,p.23.
5
Walters,C.J.,J.A.Lichatowich,R.M.Peterman,andJ.D.Reynolds.2008.ReportoftheSkeenaIndependent
ScienceReviewPanel:AreporttotheCanadianDepartmentofFisheriesandOceansandtheBritishColumbia
MinistryoftheEnvironment.
Schindler,D.E.,R.Hilborn,B.Chasco,C.P.Boatright,T.P.Quinn,L.A.Rogers,andM.S.Webster.2010.Population
diversityandtheportfolioeffectinanexploitedspecies.Nature465:609Ͳ612.
6
Mulcahy,D.,J.Burke,R.Pascho,andC.K.Jenes.1982.PathogenesisofInfectiousHematopoieticNecrosisVirusin
AdultSockeyeSalmon(Oncorhynchusnerka).CanadianJournalofFisheriesandAquaticSciences39:1144Ͳ1149.
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reducingaverageweightsofsmoltspresumablybecauseofcompetitionathighjuveniledensities.7
Becauseofthisuncertainty,severalexpertshavecalledforfurtherscientificassessmentsofpotential
risksofspawningchannels.8
/ŶƐƚƌĞĂŵƐƚƌƵĐƚƵƌĞƐ
Likefishways,placementofinstreamstructureshasbeenwidelyusedindegradedsystems.However,
studiesevaluatingtheeffectivenessofinstreamstructureplacementaresparse.Andwheneffectiveness
isevaluated,9studiesareofteninadequate,andgeneratemixedresults.10Furthermore,quantitative
evaluationshavelargelyonlydocumentedeffectsonlocalsalmoniddensityorbiomass,asopposedto
overallpopulationeffects,asmentionedbyEcofish(p.8).9Withrespecttotheplacementoflargewood,
itisalsoworthwhiletonotethatstudiesofeffectivenesshavenottakenplaceinregionsdominatedby
tundra(andthuslackingreadilyavailablesourcesofwood),suchasthatofthePebbledepositarea.A
recentstudydocumentsnetexportsofwoodovertimeinstreamswithoutconiferousforestcover,
suggestingwoodplacementwouldrequireperpetualmaintenance.11
KĨĨͲĐŚĂŶŶĞůŚĂďŝƚĂƚƐ
LikeothermitigationmethodspresentedbyEcofish,informationevaluatingtheeffectivenessofcreated
offͲchannelhabitatsissparse.ThereviewcitedbyEcofishevaluatedjustsevenoffͲchannelrestoration
projectsforoneyear,foundmixedresultsregardinglocalpopulationdensities,andhadnoanalysisof
overallpopulationimpactsofoffͲchannelrestorationeffortstoendangeredFraserBasincohosalmon.


Traxler,G.S.,J.Richard,andT.E.McDonald.1998.Ichthyophthiriusmultifiliis(Ich)EpizooticsinSpawningSockeye
SalmoninBritishColumbia,Canada.JournalofAquaticAnimalHealth10:143Ͳ151.
7
Peterman,R.M.1982.NonlinearRelationBetweenSmoltsandAdultsinBabineLakeSockeyeSalmon
(Oncorhynchusnerka)andImplicationsforOtherSalmonPopulations.CanadianJournalofFisheriesandAquatic
Sciences39:904Ͳ913.
Price,M.H.H.andB.M.Connors.2014.EvaluatingRelationshipsbetweenWildSkeenaRiverSockeyeSalmon
ProductivityandtheAbundanceofSpawningChannelEnhancedSockeyeSmolts.PLoSONE9:e95718.
Wood,C.C.2007.ManagingbiodiversityofPacificsalmon:LessonsfromtheSkeenaRiversockeyesalmonfisheryin
BritishColumbia.AmericanFisheriesSocietySylmposium49:349Ͳ364.
8
Walters,C.J.,J.A.Lichatowich,R.M.Peterman,andJ.D.Reynolds.2008.ReportoftheSkeenaIndependent
ScienceReviewPanel:AreporttotheCanadianDepartmentofFisheriesandOceansandtheBritishColumbia
MinistryoftheEnvironment.
MarineStewardshipCouncil.2010.TheBritishColumbiacommercialsockeyesalmonfisheries:finalcertification
reportVolume1.TavelCertificationInc.,Dartmouth,NovaScotia.
9
Whiteway,S.L.,P.M.Biron,A.Zimmermann,O.Venter,andJ.W.A.Grant.2010.DoinͲstreamrestoration
structuresenhancesalmonidabundance?AmetaͲanalysis.CanadianJournalofFisheriesandAquaticSciences
67:831Ͳ84.
10
Giannico,G.R.andS.G.Hinch.2003.Theeffectofwoodandtemperatureonjuvenilecohosalmonwinter
movement,growth,densityandsurvivalinsideͲchannels.RiverResearchandApplications19:219Ͳ231.
11
Jones,K.K.,K.AnlaufͲDunn,P.S.Jacobsen,M.Strickland,L.Tennant,andS.E.Tippery.2014.Effectivenessof
instreamwoodtreatmentstorestorestreamcomplexityandwinterrearinghabitatforjuvenilecohosalmon.
TransactionsoftheAmericanFisheriesSociety143:334Ͳ345.
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>ĂŬĞĂŶĚƐƚƌĞĂŵĨĞƌƚŝůŝǌĂƚŝŽŶ
Lakefertilization,thoughemployedfordecades,remainshighlyexperimentalandlittleevidenceexiststo
supportincreasedadultreturnsresultingfromit.Onereviewconcludesthat“thatproblems[withlake
fertilization]arepossible—evenlikely.Thisisnotsurprising.Freshwaterfoodwebsarerelatively
complex,andwhenentirelakesarefertilizedtoenhancetheproductionandsurvivalofanadromous
sockeye,itisalmostcertainthatunexpectedresultswillemerge.”12Insomecases,increasesinunwanted
algaebloomsorproliferationofinedibleinvertebrateshavepromptedresearcherstoadjustnutrient
levelsandtorecognizethateverylakewillresponddifferentlytotreatment.12,13

Fertilizationtechniquesareevenlessperfectedinstreamenvironments.Usingfertilizer,nutrient
analogs,orevensalmoncarcassesinstreamsfailstoreplicatenaturalsalmonͲderivednutrientsubsidies
inpartbecauseofthelackofphysicaldisturbancespawningsalmoncause.14
ThesemethodologieswerethoroughlydiscussedbyEPAintheirWatershedAssessment,whichultimately
concluded:
dŚĞƌĞĂƌĞƐƚŝůůŵĂŶǇŐĂƉƐŝŶƵŶĚĞƌƐƚĂŶĚŝŶŐƚŚĞƌŽůĞŽĨŶƵƚƌŝĞŶƚƐŝŶĨŝƐŚƉƌŽĚƵĐƚŝǀŝƚǇ͕ƐŽƚŚĞƌĞŝƐĂ
ŐƌĞĂƚĚĞĂůǁĞĚŽŶŽƚŬŶŽǁĂďŽƵƚǁŚĞƚŚĞƌŶƵƚƌŝĞŶƚĂĚĚŝƚŝŽŶĐĂŶďĞĂƐƵĐĐĞƐƐĨƵůŵĞƚŚŽĚƚŽ
ŝŶĐƌĞĂƐĞĨŝƐŚƉƌŽĚƵĐƚŝǀŝƚǇ͙͘ŵĂŶŝƉƵůĂƚŝŶŐƐƚƌĞĂŵĐŚĞŵŝƐƚƌǇŝŶƚŚŝƐůĂƌŐĞůǇƵŶĂůƚĞƌĞĚĞĐŽƐǇƐƚĞŵ
ƚŚƌŽƵŐŚƚŚĞĂĚĚŝƚŝŽŶŽĨEĂŶĚWǁŽƵůĚďĞĂĐŚĂůůĞŶŐŝŶŐĂŶĚĚŝĨĨŝĐƵůƚĞǆƉĞƌŝŵĞŶƚǁŝƚŚŵĂŶǇ
ŶĞŐĂƚŝǀĞƐŽƵƚĐŽŵĞƐƉŽƐƐŝďůĞ͘
ͲEPAFinalBristolBayWatershedAssessment,AppendixJ,p.17
Conclusion
Ecofishconcludesinitsreviewthat“[c]onsideringthatfewrestorationandrehabilitationprojectshave
taken…anecosystemlevelapproachtoplanning,itisnotsurprisingthatmanyprojectshavebeen
unsuccessful”(pp.11Ͳ12),andgoesontoarguehabitat“compensationratiosofgreaterthan2:1should
oftenbeused”(p.12).Currently,thereisnocompellinglegalreasontoemployanecosystemlevel

12

Hyatt,K.D.,D.J.McQueen,K.S.Shortreed,andD.P.Rankin.2004.Sockeyesalmon(Oncorhynchusnerka)nursery
lakefertilization:Reviewandsummaryofresults.EnvironmentalReviews12:133Ͳ162.
13
McQueen,D.J.,K.D.Hyatt,D.P.Rankin,andC.J.Ramcharan.2007.ChangesinAlgalSpeciesCompositionAffect
JuvenileSockeyeSalmonProductionatWossLake,BritishColumbia:ALakeFertilizationandFoodWebAnalysis.
NorthAmericanJournalofFisheriesManagement27:369Ͳ386.
14
Harvey,B.C.andM.A.Wilzbach.2010.CarcassAdditionDoesNotEnhanceJuvenileSalmonidBiomass,Growth,
orRetentioninSixNorthwesternCaliforniaStreams.NorthAmericanJournalofFisheriesManagement30:1445Ͳ
1451.
Holtgrieve,G.W.andD.E.Schindler.2010.MarineͲderivednutrients,bioturbation,andecosystemmetabolism:
reconsideringtheroleofsalmoninstreams.Ecology92:373Ͳ385.
Shaff,C.D.andJ.E.Compton.2009.DifferentialIncorporationofNaturalSpawnersvs.ArtificiallyPlantedSalmon
CarcassesinaStreamFoodWeb:Evidencefromɷ15NofJuvenileCohoSalmon.Fisheries34:62Ͳ72.
Tiegs,S.,P.Levi,J.Rüegg,D.Chaloner,J.Tank,andG.Lamberti.2011.EcologicalEffectsofLiveSalmonExceed
ThoseofCarcassesDuringanAnnualSpawningMigration.Ecosystems14:598Ͳ614.
Verspoor,J.,D.Braun,andJ.Reynolds.2010.QuantitativeLinksBetweenPacificSalmonandStreamPeriphyton.
Ecosystems13:1020Ͳ1034.
Wipfli,M.S.,J.P.Hudson,J.P.Caouette,N.L.Mitchell,J.L.Lessard,R.A.Heintz,andD.T.Chaloner.2010.Salmon
CarcassesIncreaseStreamProductivityMorethanInorganicFertilizerPellets:ATestonMultipleTrophicLevelsin
StreamsideExperimentalChannels.TransactionsoftheAmericanFisheriesSociety139:824Ͳ839.
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approachorcompensationratiosgreaterthan1:1,andthusnoreasontopresumethatwouldoccurin
thecaseofmitigatingaPebbleorotherlargescalehardrockmineinBristolBay.Ecofishgoesonto
explainthatexpectationsmustbetemperedthat“restorationeffortscanquicklymitigatewatershed
degradation”(p.12),and“[t]herestorationofstreamsandriversshouldalsonotbeexpectedtooffset
widespreadanthropogenicchanges…”Whilethoseconclusionsarereasonable,theymayalsoequate
withunacceptableadverseimpactsfromminingtotheworldͲclassBristolBaysalmonfishery,evenwith
extensivemitigationefforts.
Together,mitigationmethodsdescribedbyEcofishamounttoexperimentalattemptsatmanmade
replicationofproductivesalmonhabitat.Asevidencedbythehundredsofmillionsofdollarsspentinthe
ColumbiaRiverBasinalone,andthefailuretodelistasingleColumbiaRiversalmonstockunderthe
EndangeredSpeciesAct,itisclearthatsocietyhasyettoachievetheabilitytoreplicateorreͲcreate
naturalsalmonhabitatandproductivity,andinourattempts,weoftencompoundsalmondeclineswith
unintended,oftendeleteriousconsequences.Furthermore,whilelocaljuvenilesalmondensitiesmay
increaseinresponsetospecificrestorationactivities,itisultimatelyadultreturns(recruitsperspawner)
thatdeterminesuccess.Thosenumbersarerarely—ifever—reportedineffectivenessevaluationsof
restorationactivities.Existing,peerͲreviewedliteraturereviewsofrestorationeffectivenessvirtuallyall
concludethatthemajorityofrestorationprojectseither1)arenevermeasuredforeffectiveness,or2)do
notmeettheirrestorationobjectives.15



15

Bernhardt,E.S.,M.Palmer,J.Allan,G.Alexander,K.Barnas,S.Brooks,J.Carr,S.Clayton,C.Dahm,andJ.FollstadͲ
Shah.2005.SynthesizingU.S.riverrestorationefforts.Science(Washington)308:636Ͳ637.
Quigley,J.andD.Harper.2006a.CompliancewithCanada’sFisheriesAct:AFieldAuditofHabitatCompensation
Projects.EnvironmentalManagement37:336Ͳ350.
Quigley,J.andD.Harper.2006b.EffectivenessofFishHabitatCompensationinCanadainAchievingNoNetLoss.
EnvironmentalManagement37:351Ͳ366.
Roni,P.,T.J.Beechie,R.E.Bilby,F.E.Leonetti,M.M.Pollock,andG.R.Pess.2002.AReviewofStreamRestoration
TechniquesandaHierarchicalStrategyforPrioritizingRestorationinPacificNorthwestWatersheds.North
AmericanJournalofFisheriesManagement22:1Ͳ20.
Roni,P.,K.Hanson,andT.Beechie.2008.GlobalReviewofthePhysicalandBiologicalEffectivenessofStream
HabitatRehabilitationTechniques.NorthAmericanJournalofFisheriesManagement28:856Ͳ890.
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PLPExhibitE–QuigleyMitigation/HabitatCompensationMemo
(CommentsbySarahO’Neal,16May2014)

Background
InresponsetoEPARegion10Administrator,DennisMcLerran’sannouncementthatEPAwasinitiating
404(c)reviewundertheCleanWaterAct,CEOThomasCollierandPebbleLimitedPartnership(PLP)
submittedaletterthat,inpart,attemptedtorefutemanyoftheextensivelypeerͲreviewed,scienceͲ
basedconclusionsEPArelieduponincomingtoitsdecision.Amongtheirarguments,PLPsubmitteda
letter(ExhibitE)fromoneofitsownemployees(Dr.JasonQuigleywithHunterDickinson)which
counteredhisownpeerͲreviewed,publishedstudiesregardingtheeffectivenessofmitigationandhabitat
compensationinCanada.EPAreliedonhispreviouslypublishedworkbecauseitisoneofveryfew
empiricalreviewsregardingtheeffectivenessofhabitatrestoration.Theoriginalworkconcludesthat
morethanhalfoftheprojectsevaluateddidnotmeettheirgoalofnonethabitatloss.1,2Despitehis
interpretationtothecontraryintheletter,Dr.Quigley’soriginalworkremainsvalidforthepurposesof
EPA’sevaluationofmitigationeffectiveness.
Specificcommentsonmemotext:
p.1,para3:Dr.Quigleycharacterizessuccessfulmitigation(i.e.,“habitatcompensation”)asexceptional,
implicitlyacknowledgingthatfailureismorecommon.
p.1,para3:Dr.Quigleynotes“…mostoftheaquatichabitatcompensationprojectsinCanadastudied
didnotfullyachievetheirenhancementobjectives…primarilyduetopoorplanning,insufficientfunding
andalackofmonitoring,maintenanceandregulatoryoversight.”
ThisisanotherexampleoftheneedforaspecificmineplanfromPebbleLimitedPartnership,including
mitigation,inordertogainconfidenceinwhatevermitigationstrategiesandessentialfollowͲup
monitoringandmaintenanceaplanwouldinclude.
p.1,para5:“ThestudiesIconductedintotheeffectivenessofaquatichabitatenhancementprojectsin
Canadadidnotconcludetheseprogramswereanineffectivemeanstocompensatefortheunavoidable
effectsofdevelopmentactivitiesonaquatichabitat.”
Intheabstractofoneofthepublishedstudiestowhichherefers,Dr.QuigleyandhiscoͲauthorstate,
“approximately63%of[habitatcompensation/mitigation]projectsresultedinnetlossesofhabitat
productivity”(emphasisadded).1Inhisotherpaper,hesummarizes,“67%ofcompensationprojects
resultedinnetlossesofhabitatarea”(emphasisadded).2Whilehemaynothaveconcludedallmitigation
programswereineffective,hissummaryclearlystatesthatmorethanhalfoftheprojectsevaluateddid
notachievetheirlegallymandatedobjectivesofnonetless.

1

Quigley,J.T.andD.J.Harper.2006.EffectivenessoffishhabitatcompensationinCanadainachievingnonetloss.
EnvironmentalManagement37(3):351Ͳ366.
2
Quigley,J.T.andD.J.Harper.2006.CompliancewithCanada’sFisheriesAct:Afieldauditofhabitatcompensation
projects.EnvironmentalManagement37(3):336Ͳ350.
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p.2,para2:“Whencompensationratiosweresetat2:1,fully81%ofprojectsstudiedachievedanetgain
ornonetlossinhabitatproductivitywithoutanyotherimprovementstocompensationtechniquesor
remediestotheadministrativechallengesobserved.”
Indeed,Dr.Quigley’soriginalpapermakesthisconclusion,althoughitisstateddifferently:“Wefound
thatalthoughsuccessimprovedwithartificialratiosof2:1,asubstantialproportionofcompensation
projectsstilldidnotachieve[nonetloss],afindingsupportedbyothers…Thus,evenifprojectswere
entirelycompliantandcreatedtwiceasmuchcompensationhabitatcomparedtothe[harmfulalteration,
disruption,ordestructiontofishhabitat],theHabitatPolicygoalof[nonetloss]wouldstillnotalwaysbe
achieved”(emphasisadded).Hegoesontostate,“Thisisalarming,”givenCanada’srequired
compensationratiosareinfactmuchlowerthan2:1.1Indeed,giventhatU.S.nonetlesscompensation
ratiosarealso1:1,3asopposedtothe“artificial”2:1ratio,Dr.Quigley’sconclusionssuggestthatatwoͲ
foldincreaseinregulatoryprotectioncouldstillfailtoappropriatelymitigatefor19%ofBristolBay
headwaterlosses.GiventheextraordinaryfisheriesofBristolBay,evenanunrealisticallyinflated19%
mitigationfailurerateisunacceptable.
p.2,para3:“Ultimatelyregulatorsshouldrequiremorethan1:1replacementforaquatichabitat
displacedbydevelopmentactivity–perhapsashighas2:1.Additionalingredientsforsuccessinclude:a
requirementforongoingmonitoringandmaintenance;considerationoflimitingfactorsandecosystem
constraintsfromawatershedcontext;and,importantly,effectiveregulatoryoversight.”
Inhisfinalconclusionsintheoriginalpaper,Dr.Quigleynotonlystatesthatevena2:1replacementratio
isnotentirelyeffectiveatreplacingormitigatinghabitatasdescribedabove,healsostates:“thefocuson
habitatquantityonlymaybeflawedbecausewedemonstratedthatartificiallyincreasingcompensation
areastoratiosof2:1,byitself,wasnotsufficienttoachieveanetgaininhabitatproductivityforall
projects.”1
Moreover,thereisnoindicationthattheminingindustryingeneral,theStateofAlaska,ortheU.S.
Federalgovernmentistakingstepstowardincreasingthecurrentnonetlessobjectiveof1:1.
Accordingly,EPAsimplycannotrelyonthatassumptionforthepurposesofapresentͲdayrisk
assessment.
Lastly,withoutaspecificplanfromPLPthatincludesintendedmitigationtechniques,itisimpossibleto
evaluatewhethermitigationeffortswillincludethoseingredientsreasonablyrecommendedbyDr.
Quigley(ongoingmonitoringandmaintenance,considerationoflimitingfactorsandecosystem
constraints,andeffectiveregulatoryoversight).Todate,PLPhasfailedtoadequatelycharacterizethe
ecosystemandthusits‘limitingfactorsandconstraints’asevidencedbytheirinabilitytoaccurately
enumeratesalmonpopulations,4orquantifyorcharacterizetheirhabitat.5Andrelyingonregulatory

3

Yocom,T.G.andR.L.Bernard.2013.MitigationofwetlandimpactsfromlargeͲscalehardrockmininginBristolBay
watersheds.SeattleJournalofEnvironmentalLaw3:71Ͳ100.
4
Woody,C.A.2012.AssessingReliabilityofPebbleLimitedPartnership’sSalmonEscapementStudies.Fisheries
Research&Consulting,Anchorage,AK.25pp.
O’Neal,S.2012.AreviewofPLPEnvironmentalBaselineDocuments:Residentfishandjuvenilesalmonhabitat,
distribution,andassemblage.FisheriesResea4rch&Consulting.Anchorage,AK.21pp.
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oversightnotonlyplacestheburdenofregulationonAlaskataxpayers,butalso(andperhapsbecauseof
that)hasbeenlimitedtodate.Forexample,PLPselfͲreportedtheonlyviolationsofwaterusepermits
they’vebeenaccusedoftodate.TheStatesimplydoesnothavetheresourcestoconstantlyregulate
sucharemotearea.6
p.2,para4:“Bothinstitutionalapproachesandcompensationsciencehaveevolvedsignificantlyoverthe
pasttwentyyears…andthereareindicationsthatratesofsuccesscontinuetoimprove.”
Dr.Quigley’smentionofimprovedsuccessof‘modernmitigationtechniques’lacksasingleexampleof
suchsuccess.FewcomprehensivereviewshavebeenpublishedsinceDr.Quigley’s.However,thosethat
havelargelyconcludedthatmonitoringdataisinsufficienttoquantitativelyevaluatethesuccessof
mitigationprojects.Oneconcludes,“despitelocatingmorethan330studiesoneffectiveness,aswellas
hundredsofotherpapersonrehabilitation,itwasdifficulttodrawfirmconclusionsaboutmanyspecific
techniquesbecauseofthelimitedinformationprovidedonphysicalhabitat,biotaandcosts,aswellas
theshortdurationandscopeofmostpublishedevaluations.”7Althoughtheauthorsofthisreviewcite
somesuccesseswith“techniquessuchasriparianrehabilitation,roadimprovements(sediment
reduction),damremoval,andrestorationofnaturalfloodregimes,”theygoontostate“n
nolongͲterm
7
studiesdocumentingtheirsuccesshaveyetbeenpublished.”(emphasisadded). Andanotherconcludes
only10%of~3700projectsevaluatedfederallyinvolvedanyformofassessmentormonitoringwith
whichtoevaluatetheirsuccessorlackthereof.8Ingeneral,comprehensive,quantitativeinformation
evaluatingtheeffectivenessofglobalandUSrestorationeffortsremainselusive.Consequently,relying
onmitigationandrestorationeffortsinanecosystemthatcurrentlysupportstheworld’slargestwild
sockeyesalmonfisherywouldbeexperimentalatbest.

CommentsonQuigley’sreferences
Dr.Quigleyprovideslinkstosomeoftheworkthathestatesreflect“positivechanges”infisheries
managementandhabitatcompensationinpartasaresultofhisworkcitedbyEPA.Thoseinclude:
1. 2012DepartmentofFisheriesandOceans(CanadianFederal)amendmentstotheFisheriesAct,
includingan‘offsetting’(orhabitatcompensation)policy.


5

Parasiewicz,P.2012.AreviewofPLPEnvironmentalBaselineDocuments:InstreamandoffͲchannelhabitat
distributionandmodeling.RushingRiversInc.,Amherst,MA.15pp.
Higman,B.2012.CritiqueofPebbleLimitedPartnership’sSeismicHazardAssessment.GroundTruthTrekking.
Seldvovia,AK.8pp.
StratusConsulting.ReviewofPebbleLimitedPartnership’sEnvironmentalBaselineDocument:Hydrologic
characterization.
6
http://www.adn.com/2010/02/12/1136582/pebbleͲmineͲdevelopersͲtoͲpay.html
7
Roni,P.,K.Hanson,T.Beechie,G.Pess,M.Pollock,andD.M.Bartley.2005.Habitatrehabilitationforinland
fisheries:Globalreviewofeffectivenessandguidanceforrehabilitationoffreshwaterecosystems.
8
Bernhardt,E.S.,M.Palmer,J.Allan,G.Alexander,K.Barnas,S.Brooks,J.Carr,S.Clayton,C.Dahm,andJ.FollstadͲ
Shah.2005.SynthesizingU.S.riverrestorationefforts.Science(Washington)308:636Ͳ637.
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2012changestotheCanadianFisheriesActhavebeenwidelycriticizedacrosspoliticalparties,
withformerfisheriesministerscallingthenewplan,“watereddown,emasculated,andgutless,”
andindicatingitshiftedtheresponsibilityofregulationfromthefederalgovernment,toindustrial
developers.9TheamendmentsgenerallynarrowtheAct’spreviousfocusonfisheriesĂŶĚƚŚĞŝƌ
ŚĂďŝƚĂƚtofisheriesprotectionalone,anddecreaseregulatoryreviewandoversightunderthe
questionableassumptionthatpermittingtimeswerenegativelyimpactingeconomicgrowth.10
2. AseriesofgovernmentreportstowhichDr.Quigleycontributedwhichconsistlargelyof
guidelinesandrecommendationsforcreatingmonitoringprograms.
Ofthefourdocumentslisted,nonerequiremonitoringunderanylegalframework,butsimply
defineandprovidesuggestionsformonitoringprograms.Onlyoneofthefourdocuments
includeanyempiricalinformationregardingtheeffectivenessofhabitatcompensationprojects,
arrivingatthesameconclusionsfromDr.Quigley’spaperwhichwerecitedbyEPA:“…inthe
majorityofcases,theresultsshowedthatsignificantnetlossesofhabitatproductivecapacityare
likelyoccurring.”11Thepapergoesontolistsimilarrecommendationsformonitoringdiscussed
intheotherthreedocuments.



9

http://www.theglobeandmail.com/news/britishͲcolumbia/bcͲpolitics/fourͲformerͲministersͲprotestͲtakingͲtheͲ
gutsͲoutͲofͲfisheriesͲact/article2446031/;http://www.vancouversun.com/technology/Conservationists+scientists+
fear+Fisheries+changes/6734721/story.html
10
TupperdeKerckhove,D.,C.K.Minns,andB.J.Shuter.2013.ThelengthofenvironmentalreviewinCanadaunder
theFisheriesAct.CanadianJournalofFisheriesandAquaticSciences70(4):517Ͳ521.
11
Quigley,J.T.,Harper,D.J.,andGalbraith,R.V.2006.Fishhabitatcompensationtoachievenonetloss:reviewof
pastpracticesandproposedfuturedirections.Can.Tech.Rep.Fish.Aquat.Sci.2632:vi+22p.
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25 June 2013

Critique of Northern Dynasty’s Proposed Mitigation Strategies
By: Dr. Carol Ann Woody
Northern Dynasty Minerals (NDM) criticized EPA’s recently revised Bristol Bay Watershed Assessment
for not considering some potential mitigation strategies to offset lost salmon production from mining.1
They claim mitigation works: “Large amounts of money continue to be dedicated towards the
implementation of these kinds of measures because they work; this is settled science.” There is indeed an
inverse relationship between the number of salmon remaining in a region and the amount of money spent
on their “enhancement” or “recovery”. However, the fact that all U.S. Atlantic salmon populations are
endangered (NMFS 2013), 40% of Pacific salmon in the Lower 48 are extirpated from historic habitats
(National Research Council 1996) and 1/3 of remaining populations are threatened or endangered with
extinction, clearly illustrates that mitigation is not offsetting losses to public salmon resources.
Many of NDMs proposed “mitigation” strategies are unproven and thus would be experimental. Others,
such as adding wood and rocks to currently productive rivers make untenable assumptions (e.g., habitat
now limits salmon production) and overlook the fact that most of the “successful” mitigation examples
they cite focus only on trout or coho salmon, were undertaken in highly altered systems where
rehabilitation was necessary to begin to restore pre-impact fish productivity, and that the majority of such
projects are never quantitatively monitored or evaluated, especially over the long-term, thus claims of
success are unproven. Because impacts from mining in Bristol Bay will be perpetual, it is important that
any proposed mitigation or compensation provide proven perpetual benefits. This paper reviews and
critiques mitigation strategies proposed by NDM (in italics).2
1.

Northern Dynasty (NDM): Water Management- Water from EPA’s WWTP could be distributed
in a manner that reflects the relative importance of certain locations and reaches of streams. For
example, instead of arbitrarily distributing water from the WWTP equally to the NFK and SFK,
water discharge could be appropriately distributed to the upper portion of UT where the greatest
potential magnitude of benefit would accrue to coho salmon. Surprisingly, EPA chose to distribute
no water into this watershed. Also, EPA could have ensured that sufficient water was distributed
to the South Fork “Springs” area, which is the major salmon spawning area in the SFK.
RESPONSE CSP2 Woody: Northern Dynasty Mine (NDM) fish consultants claim to know
where the highest densities of spawning salmon are located in each river by species; based on
this knowledge they suggest 3 water management mitigation scenarios not considered by EPA.
Their proposal to add water to Upper Talarik to provide the greatest “potential magnitude of
benefit” to coho salmon is untenable based on data presented in the PLP EBD. Baseline
studies are inadequate to estimate total number of spawning or rearing salmon because bias
and precision of aerial counts or fry density by study section was never determined. Further
potentially hundreds of kilometers of headwaters used by salmon were never surveyed. Thus
their claim of knowing where to derive the greatest magnitude of benefit to coho salmon over

1

Appendix B, Northern Dynasty Mine comments submitted in response to EPA’s 2013 Revised
Watershed Assessment.
2
Ibid. page 70

2
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time via water redistribution is unsupported. Further, they will be impacting all freshwater life
stages of five species of salmon, which have different habitat needs in space and time. How
will each species be proportionally affected and compensated for via water management?
The three water management scenarios suggested below are all untested under harsh Alaska
environments to mitigate for lost fish habitat. NDM consultants suggest on page 19 Appendix
D to:
1- NDM: Develop further impoundments to increase total water volume available to
offset downstream flow reductions. RESPONSE CSP2 Woody: This option would
likely increase impacts to salmon habitat through further damming of streams and
impoundment creation in the region; no supporting documentation regarding
efficacy of such a program for salmon mitigation is provided.
2- NDM: Creation of ice fields to recharge aquifers and increase available stream
flows. RESPONSE CSP2 Woody: Authors cite three papers implying that this
technique has been successfully implemented elsewhere in regards to mitigation for
salmon habitat loss. However, review of citations does not support such mitigation
for salmon. Clark and Lauriol (1997) is a study of natural groundwater recharge
rates in a karst permafrost system of the Yukon and is not comparable to the
alluvial, non-karst, non-permafrost Pebble region where such ice fields would have
to be created, managed, and maintained – basically an unproven experiment with
unknown outcome. Alamaro 1999 is an unpublished Masters thesis on the
feasibility of generating and storing winter ice to meet summer water demands but
was never published in the primary literature and is unavailable for review.
Yoshikawa et al. (2007) is a study of natural ice fields and hydrology in the Brooks
Range of Alaska, and provides no support regarding potential application or
efficacy of ice field creation for manipulating stream flows in a mine-impacted
environment.
3- NDM: Water pump-back systems or recirculation of downstream water upstream
for re-release. RESPONSE CSP2 Woody: The non-mine influenced examples
given for where this method “works” are from the Lower 48 (LA, Colorado, etc.) in
highly altered systems with endangered and threatened fish populations. How this
hypothetical system would work in a unique mine-impacted hydrologic unit is
unknown and untested. A potentially expensive experiment with unproven utility
for mitigating mine impacts under Alaska conditions. Such systems would need
power, and potentially, maintenance into perpetuity. Further, no peer-reviewed
before-after studies showing statistically defensible increases in salmon production
as a result of these pump back projects exist.
2. NDM: Water Management: EPA chose to distribute water from their WWTP via surface
discharge, which would result in violations of Alaska’s Water Quality Standards and change the
emergence timing of juvenile salmon, resulting in potentially catastrophic juvenile mortality. EPA
should have realized that using the water available to recharge and surcharge groundwater
aquifers, with aquifer residence time of generally a year or more, that provide critical stream flow
would have eliminated the problems identified. In addition, the default release of WWTP water to
2
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recharge and surcharge aquifers would assure that WWTP upset or shutdown would not interfere
with the continuing release of water to streams from groundwater storage for extended periods.
RESPONSE CSP2 Woody:
1. Manipulation of the complex groundwater hydrology documented by PLP
consultants (Smith & McCredie 2008, Groundwater Hydrology-Mine; PLP Agency
presentations 2008, Anchorage) to augment stream flows would be a large-scale
experiment and could fail to achieve critical stream flows for salmon mitigation,
particularly during Alaskan winters.
2. Developing water impoundments, ice fields, and pump back systems to mitigate for
decreased natural river flows in Alaska are unproven. No scientific documentation
on the success of such projects to increase salmon production is provided.
3. If impacts are perpetual then perpetual maintenance of proposed mitigation may be
required.
2. NDM: Water Management: EPA should have recognized that the WWTP discharge could be
designed to provide water chemistry concentrations that would improve the buffering capacity,
primary productivity, secondary productivity, and also reduce the potential toxicity of metals at
area downstream of locations where discharge water reenters the stream channels.
RESPONSE CSP2 Woody:
1. Changing the water chemistry of area streams fails to recognize basic salmon life history in
that salmon imprint on natal stream chemistry (Dittman and Quinn 1996), which enables
them to return to and spawn in the streams to which they are adapted. Calcium ions are
considered an important odorant that allow sockeye salmon to discriminate their natal
stream (Bodznik 1978). Changing stream chemistry could result in salmon not recognizing
their natal stream and dying without spawning or they could stray to a stream to which
they are not adapted and potentially suffer higher mortality thus lowered productivity.
2. Accurate and precise manipulation and control of stream chemistry for the large rivers that
would be impacted would be a challenging difficult experiment with unknown outcome
particularly during spring and fall flood seasons. And would there be water management
into perpetuity?

3.

NDM: Increase Habitat Connectivity: EPA failed to recognize numerous opportunities in all
three principal watersheds to provide fish access to existing, suitable habitats that are not
currently connected to a main stem channel. Figures 5.1, 5.2, and 5.3 show representative sites in
the NFK, SFK, and UT, respectively. These figures are representative of photographs displayed in
the EBD in Chapters 4, 7, and 15, which EPA apparently did not review. These figures are for
illustrative purposes only and are not intended to identify any specific potential mitigation site.
EPA did not consider providing fish passage over a cataract currently blocking anadromous fish
access to suitable habitats in tributary stream UT 1.190. Authors propose to increase fish habitat
connectivity to increase salmon production potential in a number of ways. (See pg 22-57
Appendix D, NDM response to EPA revised watershed assessment.)
3
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NDM: Removal or Modification of Seasonal Barriers (beaver dams and fish passes).
Beaver Dams- RESPONSE CSP2 Woody:
1. Authors purport to have documented beaver dams blocking salmon access to upstream
habitats in the Pebble project area however review of the PLP EBD shows no empirical
studies but a list of purported beaver dam “barriers” in the project area ranging from
0.2 meters to 2 meters high. Bryant (1984) showed that dams of 2 meters in height did
not block salmon passage upstream and surveys in the Pebble region have documented
salmon above dams higher than 2 meters (Figure 1). Further, authors failed to review
the most recent literature by Devries et al. (2012), employed by one of PLPs primary
consulting firms on the Pebble Project. They advocate emulating ecosystem
engineering by beaver as a less expensive and disruptive fish enhancement technique
relative to large-scale in-stream engineering projects. It seems reasonable based on the
most recent scientific literature to not manipulate or change current beaver created
habitat unless studies show unequivocally that they block fish passage or somehow
impair the number of smolts produced per spawner.

Figure 1. Upper Talarik Creek
beaver dam sampled 31 Aug.
2008. Coho salmon were
documented above this 2 meter
high beaver dam and high
densities of rearing coho salmon
were documented above and
below the beaver pond system.

Northern Dynasty consultants neglected to review the most recent scientific literature on
the impacts of beaver dams on fishes and fish habitat. For example, Kemp et al. (2012)
conducted a systematic meta-analysis of the literature and expert opinion primarily for
North America. The most frequently cited benefits of beaver dams were increased habitat
heterogeneity, rearing and overwintering habitat and flow refuge for fish, and invertebrate
production. Benefits (184) were cited more frequently than costs (119). The majority of 49
North American and European experts considered beaver to have an overall positive
impact on fish populations, through their influence on abundance and productivity. The
most cited negative effect of beaver activity was that dams impeded fish passage but little
research quantifying the existence or magnitude of this impact exists.
The single citation provided by NDM relative to beaver management as a mitigation tool is
Finnegan and Marshall (1997) who advocate a variety of engineered structures to prevent
beaver from damming culverts, which do not currently exist in the project area, as well as
engineered structures to help fish pass upstream of beaver dams. Managing beaver to
4
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mitigate for lost fish habitat has questionable efficacy as beaver activity in the Pebble
Project area has not been shown to reduce fish production, salmon obviously pass above
beaver dams, and recent studies indicate the benefits of beaver dams outweigh the costs.
The long-term efficacy of proposed structures are not proven and not documented in the
primary literature.
2. Fish passes or Fishways: RESPONSE CSP2 Woody:
Authors propose to install a fishway on a tributary to Upper Talarik Creek where
groundwater from the South Fork Koktuli emerges (pg. 25, Appendix D). As a Biologist
on the Tongass for 4 years one of my jobs was to maintain fish passes. Fish passes require
constant maintenance, especially after floods and in areas with beaver (who will
continually dam the fishway entrance); their effectiveness at passing fish is inconsistent,
their effectiveness is rarely monitored and only recently studied and fishways can actually
prevent or delay fish passage (Meixler 2009, Lauritzen et al. 2010, Roscoe and Hinch
2010, Hatry et al. 2011, Noonan et al 2011, Bunt et al. 2012, Williams et al. 2012).
Performance of fishways varies greatly with their type, design and operating regime, and
with the species involved. Of the 50 fish passes installed on the Tongass in Southeast
Alaska, none are monitored to determine whether estimated fish production from
installation was ever realized. Instead, managing agencies report estimated increases in fish
production based on available habitat, which is very different than actually measuring
increased fish production.
4.

NDM: Increase the Quality of Existing Off-Channel Habitats: EPA failed to recognize the
potential to improve the quality of existing off-channel habitats by increasing the complexity these
areas through the use of boulders, large wood, and deepening or altering the shoreline
development ratio in order to create better over wintering habitat and more alcoves, and thus
contributing to increased survival.

RESPONSE CSP2 Woody:
NDM consultants propose to add boulders and large wood, as well as bulldoze new and deeper habitats to
increase fish production in watersheds that would be impacted by mining. They also claim that the
success of such projects is “settled science”. Such a proposal is flawed for a number of reasons. First
NDM assumes that habitat is limiting salmon production and that they can somehow improve it. But
these rivers already produce the world’s largest sockeye and Chinook salmon runs and there is no data to
indicate habitat is limiting. But since NDM would eliminate significant amounts of salmon habitat if
mining is permitted, they would have to compensate or mitigate for lost habitat. Authors overlook the fact
these rivers are wild and although habitats may be disconnected at certain times of the year they are
connected at other times. The photographs in attachment D on pages 72 and 73 clearly show how the
rivers have moved across the landscape over time. These rivers will continue to move and any mitigation
projects to “reconnect” or “improve” habitats will only affect salmon habitat temporarily. Recent science
also shows such projects would have to restore 100% of eliminated floodplain and in-channel habitat to
detect a fish production increase of 25% with 95% certainty (Roni 2011). The lack of statistically valid
pre-mining fish abundance and aquatic biota data in the PLP EBD underscores the fact that they would be
unable to show any scientifically valid increases in fish abundance in a before after study of mitigation
which is one of the primary problems cited in achieving and evaluating mitigation goals (Quigley and
Harper 2006a). A review in SCIENCE (Bernhardt et al. 2005) of US river restoration efforts found that
5
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although river restoration has become a highly profitable business with an average of 1 billion spent
annually fewer than 10% of 37,099 projects were ever monitored post-construction to determine if
objectives were realized. The outcomes of tens of thousands of projects have never been tracked over the
long term thus the efficacy of such projects is equivocal. Stewart et al. (2009) found only equivocal
evidence of their effectiveness at increasing salmonid abundance and significant variability in success
among projects.
5.

NDM: Create New Habitats through the Development of Semi-Natural Channels: EPA failed
to recognize the potential for development of new off-channel habitats within the three
watersheds. These new channels could provide additional spawning and rearing habitats by
locating them in locations where subsurface flow will provide the water to the new channel. The
authors have personally reviewed and/or visited dozens of potential sites.
RESPONSE CSP2 Woody:
1. Effectiveness of engineered off-channel habitats, primarily for coho salmon, was recently
evaluated in British Columbia (Cooperman et al. 2006). Authors indicated that assessment
of channel functionality is very limited. A rapid assessment of ten channels showed eight
of ten were “functional” but five of the eight had issues that likely compromised their
utility to salmon. Although authors assessed three topics 1) physical connectivity, 2)
thermal stability and, 3) coho use and growth, they did not show statistically defensible
augmentation of coho salmon populations in sites that were purportedly successful.
Effectiveness monitoring was listed as needed to determine if off-channels actually
augment salmon production.
2. Morley et al. 2005) compared coho salmon use of constructed versus natural side channels
in Washington. Total salmonid densities were not significantly different between channel
types, but coho salmon densities were higher in constructed channels and trout densities
were higher in natural channels in winter.
3. Creation of spawning channels for sockeye salmon can result in disease outbreaks and
reduced salmon production (Mulcahy et al. 1982)
4. Price (2012) examined potential effects of spawning channels on Babine Lake sockeye
salmon. His review indicated that increasing sockeye salmon stocks artificially using
spawning channels can alter prey communities and reduce average weight of juveniles
leaving the nursery lake. Marine survival rates declined with increasing numbers of
emigrating salmon.

6.

NDM: Increase the Primary Productivity and Productive Capacity for Fish: EPA failed to
recognize the potential to increase primary productivity and overall productive capacity for fish
by developing an appropriate design for their WWTP so that discharges would increase key water
chemistry constituents. They also failed to recognize that the entire area has very soft water and
thus low productive potential. This situation could be improved through a carefully designed
water chemistry enhancement program.
6
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RESPONSE CSP2 Woody:
1. Changing the water chemistry of area streams fails to recognize basic salmon life history in
that salmon imprint on natal stream chemistry (Dittman and Quinn 1996), which enables
them to return to and spawn in the streams to which they are adapted. Calcium ions are
considered an important odorant that allow sockeye salmon to discriminate their natal
stream (Bodznik 1978) a water quality characteristic that NDM proposes to change.
Changing stream chemistry could result in salmon not recognizing their natal stream and
dying without spawning or they could stray to a stream to which they are not adapted and
potentially suffer higher mortality thus lowered productivity.
2. There is no data on area streams and rivers showing that salmon productivity is currently
nutrient limited or that nutrients affect the stock recruitment relationship (Adkison 2010).
3. Lake and stream fertilization experiments to increase primary productivity and
theoretically salmon populations, assume that nutrients limit salmon production, but this is
not always the case:
-Wipfli and Baxter (2010) showed that most fish food comes from external or very
distant sources, including: from marine systems borne by adult salmon, from
fishless headwaters that transport prey to downstream fish, and from riparian
vegetation and associated habitats.
-Paeliolimnologic studies in Alaska indicate nutrient inputs are not always tied to
higher primary productivity or salmon productivity (Chen et al. 2011).
-Added nutrients can result in no increased fish growth (Cram et al. 2011).
-Nutrient additions can result in nuisance algae blooms or undesireable diatoms
(Hyatt et al. 2004)
-Nutrient additions can result in declines in primary production due to changes in
ecosystem metabolism (Holtgrieve and Schindler 2011).
-Nutrient additions did not increase salmonid biomass, growth or retention in 6
California streams (Harvey and Wilzbach 2010).
- In some systems the highest yields can be obtained from small nutrient depleted
populations (Adkison 2010)
4. Accurate and precise manipulation and control of stream chemistry for the large rivers that
would be impacted would be a challenging difficult experiment with unknown outcome.
.
7. NDM claims: “There is no question about the effectiveness of an appropriate application of these
measures to enhance production of aquatic biological resources, especially salmon. Large
amounts of money continue to be dedicated towards the implementation of these kinds of measures
because they work; this is settled science.” Pg. 67 Appendix D. They also rely heavily on papers
by Quigley and Harper (2005, 2006a, 2006b) on Canadian mitigation to support their claims but in
actuality these papers actually refute their claims.
1. Quigley and Harper (2006a) showed that 67% of compensation projects resulted in net
losses to fish habitat and only 2% resulted in no net loss.

7
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2. Quigley and Harper (2006a) showed that 86% of permitted “harmful alteration, disruption
of destruction to fish habitat” (HADD) in Canada had larger HADDs and/or smaller
compensation areas than authorized.
3. Quigley and Harper (2006a) indicated that habitat compensation in Canada was at best
only slowing the rate of fish habitat loss.
4. NDM claims that Quigley and Harper (2006a) conclude compensatory habitat development
or enhancement to offset losses “is am excellent conservation strategy, potentially serving
as a model for other jurisdictions”, but in fact
5. Quigley and Harper (2006b) showed that 63% of projects resulted in net losses to
aquatic habitat productivity and only 25% achieved no net loss.
6. Quigley and Harper (2006b) concluded “the ability to replicate ecosystem function is
clearly limited”.
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FIGURE 15.1-93
Index Counts of Adult Sockeye Salmon from Aerial Surveys in the Upper Talarik Watershed,
Excluding Upper Talarik Tributary 1.60
Note: Data presented includes only those used in the mean index count analysis.
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FIGURE 15.1-95
Index Counts of Adult Sockeye Salmon in the Upper Talarik Mainstem and Upper Talarik Tributary
1.60 from 2008 Aerial Surveys
Notes:
The Upper Talarik Mainstem (UT 1.0) index survey area includes Upper Talarik Tributary 1.190 and Upper Talarik
Tributary 1.350.
Data presented includes only those used in the mean index count analysis.
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FIGURE 15.1-96
Sockeye Salmon Mean Index Counts (±1 Standard Error) in the Upper Talarik Mainstem 1.0 and
Upper Talarik Tributary 1.60 from 2008 Aerial Surveys
Notes:
The Upper Talarik Mainstem (UT 1.0) index survey area includes Upper Talarik Tributary 1.190 and Upper Talarik
Tributary 1.350.
N is the number of surveys included in the index analysis.
UT = Upper Talarik Creek
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FIGURE 15.1-94
Sockeye Salmon Annual Mean Index Counts (±1 Standard Error) in the Upper Talarik Watershed
(Excluding Upper Talarik Tributary 1.60) and Kvichak River Spawning Escapement
Note: N is the number of surveys included in the index analysis.



Source: Escapement estimates were taken from Baker et al. (2009), Appendix A5.




TABLE 15.1-41
Adult Salmon Statistics for the Naknek-Kvichak District, Kvichak River, and Upper Talarik Watershed
Species
Chinook salmon

Chum salmon

Coho salmon

Sockeye salmon

Year

District Total
Inshore Run a

District
Commercial
Catch a

Kvichak River
Escapement b

UT Mean Index
Count c

N (UT)

------

1,360
1,377
2,333
1,484
1,344

------

178 (±94.5)
60 (±20.5)
49 (±25.2)
67 (±19.2)
28 (±12.4)

2
3
3
9
8

-------------15,066,178
15,984,566
13,945,960
17,244,437
17,792,948
16,006,818

1,580
29,972
204,777
457,855
383,927
237,260
262,758
2,142
3,314
5,163
2,180
7,059
3,972
4,715,070
6,706,386
7,153,750
9,022,511
10,381,844
7,595,912

-------------5,500,000
2,320,000
3,068,000
2,810,000
2,758,000
3,291,200

76
--13 (±2)
5 (±0.9)
17 (±5.6)
12
1,143 (±689.6)
-4,363 (±1,128.3)
1,773 (±589.5)
1,598 (±472.8)
2,219
31,088 (±1,614)
10,981 (±2,698.7)
3,652 (±1,868.4)
2,362 (±845.4)
11,120 (±4,130.9)
11,841

-0
1
2
8
7
-4
0
3
9
14
-2
4
6
14
14
--

2004
2005
2006
2007
2008
5-Year Avg
2004
2005
2006
2007
2008
5-Year Avg
2004
2005
2006
2007
2008
5-Year Avg
2004
2005
2006
2007
2008
5-Year Avg

Notes:
a.

Data taken from Morstad et al. (2010), Appendix A18. Total inshore run for sockeye salmon includes commercial catch and escapement.

b.

Data taken from Baker et al. (2009), Appendix A5.

c.

UT mean index count excludes data from UT 1.60.

N = sample size UT = Upper Talarik Creek
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11.4.2.5 Salmon Escapement Surveys
Salmon escapement surveys were initiated in 2004 and continued through 2008. Aerial surveys were used
to quantify spawning salmon throughout the entire lengths of the mainstem NFK, SFK, and UT, and in
selected tributaries in the study area, including Big Wiggly Lake on NFK tributary 1.240 (Figure 11-6).
The primary objectives of the salmon escapement study were as follows:


Document spatial and temporal distribution of anadromous salmon spawning in the mine study
area.



Obtain estimates of salmon escapement.

Survey timing and frequency varied among years (Table 11-10). Surveys typically ranged from early July
through early to mid-October. In 2008, the survey period was extended until zero fish was observed (i.e.,
until mid-November). Because of time and weather constraints as well as helicopter availability, 2 to
3 days were typically required to cover the entire survey area in the NFK, SFK, and UT watersheds. As
the escapement study progressed over the years, refinements were made to survey methods. including an
increased total number of surveys flown and shorter duration between survey flights (Table 11-10).
Despite differences in survey timing among sampling years, methods used to conduct individual surveys
were generally consistent among years. Surveys were conducted from a low-flying helicopter at an
altitude of 100 to 200 ft (30.5 to 61 m) and at a ground speed of 5 to 20 mi/h (8 to 32 km/h). In 2004
through 2007, two qualified observers conducted each survey so that fish counts made by the first
observer could be recorded by a secondary observer present at the time of the survey; field data were
recorded in field notebooks and data sheets and entered into an electronic database. In 2008, a single
qualified observer used a handheld digital voice recorder to record survey data. Survey data were then
transcribed onto data sheets for entry into an electronic database format. Polarized glasses were used by
observers to enhance visibility. Observed adult salmon were enumerated by species through direct counts
of individual adult fish or estimated cluster counts (e.g., 50, 100, 500, 1,000). Estimated cluster counts
were made when large numbers of fish were in concentrated areas and individual counts were not feasible
or possible. Fish counts were also estimated when counts of individual fish were impaired by
environmental conditions (e.g., weather, turbidity, glare). Carcasses observed during surveys were
enumerated by species. Environmental conditions during surveys were assessed using qualitative indices.
Recorded qualitative environmental variables include weather, sun angle, glare, flow volume and depth,
turbidity, stream bottom color, aquatic vegetation and debris, overhanging vegetation, ice cover, and
surveyor fatigue. Using a handheld GPS unit, waypoints were recorded to document the extent of each
survey, areas of concentrated fish spawning, the upstream extent of salmon, and areas where
environmental factors affected the counting process. Additional notes were recorded to describe any other
conditions affecting the surveyors’ abilities to enumerate fish, and to document any deviations from the
schedule or changes to the methodology.
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Methodologies for estimating observer efficiency were also utilized. Observer efficiency estimates are
derived through comparisons between the primary observer’s counts and those made by a second
observer. For the 2004 through 2007 aerial surveys, the two observers counted fish simultaneously.
Thirteen calibration reaches were defined for the 2004 through 2007 surveys, with three to six reaches per
drainage. In 2008, video recordings of selected calibration reaches were made immediately following the
primary observer’s initial survey, and videos were later reviewed by a second observer on a highdefinition television. In late June 2008, six calibration reaches were delineated in each watershed and
marked with survey flagging. However, these established calibration reaches were replaced by roving
calibration reaches in mid-July 2008, because the pre-established reaches typically lacked fish densities
sufficient for calibrating observer efficiency. With roving calibration reaches, the primary observer
selected different reaches in each stream for video filming. A stratified approach was used to select
calibration reaches representative of different stream and survey conditions (e.g., wide stream with little
cover; heavily vegetated stream) so that calibration coefficients could be adjusted to survey conditions, if
necessary. GPS waypoints describing the upstream and downstream extent of all 2004 through 2008
calibration events were recorded.



Escapement was estimated using the area-under-the-curve (AUC) method. According to this method,
salmon counts from periodic surveys are used to generate total escapement by fitting a curve of the counts
over time, integrating the area under the curve to derive a total number of fish days, and dividing this total
by the mean number of days fish are present in the stream. AUC estimates are a function of the number of
fish that move into an area, the time fish remain alive in that area, and the accuracy of the counts as
determined by observer efficiency during the counting surveys. Two AUC models were used to estimate
escapement from fish counts. The Trapezoidal Model (Neilson and Geen, 1981; Bue et al., 1998) has been
used to estimate escapement with aerial fish counts since 1981. This model uses a linear interpolation to
estimate fish counts in reaches where survey data are missed because of weather or logistical limitation.
The second model, the Maximum Likelihood Estimation (MLE) model (Hilborn et al., 1999), uses
temporal autocorrelation of counts to generate a modeled distribution of daily abundance that is compared
to period survey counts; this model relies upon independently derived estimates of mean survival time.
Site-specific residence times were estimated based on 4 years of adult salmon migration and carcass
observations. In addition, separate AUC estimates were computed using literature-derived values. Stream
residence time has been shown to vary within a stream and spawning season as well as between streams
and years (Perrin and Irvine, 1990; Fried et al., 1998; Lady and Skalski, 1998; Manske and Schwarz,
1999). Thus, estimates were bracketed using low and high literature values for each species when
available.


Interpolations were made for the 2004 through 2007 data sets when the first or last survey counts were not
zero. The assumptions of the trapezoidal model are (1) the fish observed during the first survey entered
the stream one survey life earlier, (2) the fish observed during the last survey were out of the system
within one survey life after the last survey, and (3) no additional fish entered the study area. For the
statistical model, it was assumed that (1) no fish had entered the survey area before July 1, and (2) no fish
remained in the survey area one survey life after the last survey.













KR

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 703 of 2339


,)'&,)$.(0#,)('(.&-&#()/'(.LJJN.",)/!"LJJR9"*.,KO9#-"



(+/.# (0,.,.-,#-.)&3,#(!-9*!-KO9K:KM.)KO9K:KO9
Adult Salmon Surveys
Surveys to estimate the number of adult salmon spawning within the study area were initiated in 2004 and
continued annually through 2008. These surveys were designed to document the spatial and temporal
distribution of anadromous salmon returning to and spawning in the NFK, SFK, and UT watersheds, and
to obtain estimates of spawning salmon abundance through direct observation. For this effort, aerial
helicopter surveys were used to quantify spawning salmon throughout the entire lengths of the mainstem
NFK, SFK, and UT, and in selected tributaries (Photo 15.1-4). The upper KR mainstem and Big Wiggly
Lake, which is located on Tributary NFK 1.240, were also targeted for aerial surveys.
Differences in survey timing and frequency occurred among sampling years. For example, 2004 was the
first year of baseline studies and seven aerial surveys were completed with a survey frequency of every 14
to 22 days. In contrast, surveys were conducted every 5 days in 2008 for 26 completed surveys.
Otherwise, survey methods used were generally consistent among years. Surveys typically were
conducted from early July through October or November to capture the range of dates adult Chinook,
chum, coho, and sockeye salmon were present in the study area. Adult salmon were enumerated by
species, and environmental conditions occurring during the surveys (e.g., weather, sun angle, glare, flow
volume and depth, turbidity, stream bottom color, etc.) were recorded. A handheld global positioning
system (GPS) unit was used to record the extent of each survey, and to mark areas of concentrated fish
spawning, the upstream extent of salmon, and areas where environmental factors (e.g., ice cover, glare,

etc.) may have affected the counting process. Due to time and weather constraints, as well as helicopter
availability, 2 to 3 days were typically required to cover the entire study area for each survey. In addition,
aerial redd surveys were also conducted in 2004, 2005, and 2007. Redd locations were documented using
a hand-held GPS unit.
Fish counts from aerial surveys are commonly used to estimate escapement of Pacific salmon species by
watershed and year. Two common methods used for estimating salmon escapement are the area-underthe-curve (AUC) Trapezoidal Model (Neilson and Geen, 1981; Bue et al., 1998) and the Maximum
Likelihood Estimation Model (Hilborn et al., 1999). Both of these models require assumptions about
year- and stream-specific survey life and/or observer efficiency parameters. During the 2004 through
2008 study period, several attempts were made at determining site-specific values for survey life and
observer efficiency. These attempts were unsuccessful at developing reliable estimates due to logistical
constraints, such as low recovery of tagged fish on spawning grounds and physical stream conditions that
affected the visibility of fish on reference videos. Without reliable estimates of observer efficiency and
survey life, the utility of current escapement models is diminished (Holt and Cox, 2008). Furthermore,
Holt and Cox (2008) present evidence that using the annual mean of survey counts is as good as, or better
than, visual escapement models at illuminating trends in populations even when surveys have random
spacing and high variability in frequency from year to year. For these reasons, a mean index count
analysis, rather than an escapement analysis, was used to evaluate adult salmon abundance over the study
period and among watersheds.
Index counts refer to the number of adult salmon observed on a given survey date. Annual mean index
counts were calculated for each species by determining the mean of the index counts across the number of
survey dates on which a species was observed. The subset of survey data included in the mean index
count analysis was selected to allow for comparison of species-specific counts across watersheds and
years. Thus, index counts from river reaches that were most consistently surveyed over the 5-year study
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period were used in the analysis. In order to maintain rigor in the analysis, it was also important to
maximize the number of surveys included therein. Several surveys each year covered extended stream
lengths and data within could not be parsed out by location; therefore, some variation in endpoints was
allowed when selecting surveys for index counts. Surveys included by watershed are listed below.


NFK—61 complete surveys that started at the confluence with the Koktuli River and ended near
Big Wiggly Lake or at River Mile (RM) 34.78 (River Kilometer [RK] 55.98)



SFK—67 complete surveys that started at the confluence with the Koktuli River and ended at the
intermittent reach or at Frying Pan Lake



UT—51 complete surveys that started at the mouth of the UT and ended at the confluence of
Tributary 1.350 or at the headwaters

Inclusion of surveys with varied endpoints allowed incorporation of fish counts from upper reaches in all
three watersheds, and although these data are diminished by comparison to overall counts, they add
important information—especially for coho and sockeye salmon.
In addition to the mean index count analysis, an analysis of the spatial distribution and abundance of
spawning salmon within each of the three major watersheds was conducted. Raw fish counts from 2008
surveys were used for this spawning distribution analysis, because spawning salmon locations were
documented within each of the 18 pre-designated reaches in the NFK, SFK, and UT watersheds starting



that year. Reach-specific totals and mean numbers of spawning salmon for all survey dates were
calculated for each species and were compared across reaches. All survey data collected in 2008 were
included in the analysis.
Lastly, for each species, the 2004 through 2008 mean index counts were used to provide a first-order
approximation of the relationship between counts in the NFK, SFK, and UT, and ADF&G’s Bristol Bay
fisheries statistics. Specifically, the Bristol Bay fisheries statistics considered were total inshore run
estimates and commercial catch statistics for the Nushagak and Naknek-Kvichak districts (Morstad et al.,
2010) and salmon escapement estimates for the Nushagak and Kvichak rivers (Baker et al., 2009).
Although not directly comparable, the relative magnitude of the difference between the annual mean
index counts and the Bristol Bay fisheries statistics will provide an indication of relative scale of the
NFK, SFK, and UT runs compared to the runs into the larger river systems and respective commercial
fishery districts.




LJ




59°55'0"N

59°50'0"N

59°45'0"N

59°40'0"N

155°50'0"W

ve

Map Key

li

r

K ok tu

Ri

R

oktul i

k tu li R

SF K

F

Ko

an
ak

Ka
sk

N

R

ek
Cre

U

pp

155°40'0"W

/

r th

Fork

K

Appendix E, Page 705 of 2339

Ko

M

Chiquita
Lake

r p
S h a

ktuli

E

n
ou tain

River

Kaskanak
Mountain

Lake #2

Big
Wiggly
Lake

!
!
!
!
!

!!!

!

!

UT
1.19
0

Frying
Pan
Lake

155°20'0"W

!!

!
!
!!

!

!

!
!
!!
!
!

!
!

!
!
!
!

!!!
!
!!

n

1
UT

!
!

!
!!
!
!!
!
!
!
!

!!
!
!
!
!

!
!
!
!!!
!!
!
!
!
!

!
!
!
!! !

!

UT-A

!

!
!

t

!
!!
!
!
!!
!!
!
!
!
!
!!!
!!! ! !

!!
!! ! !

!!
!
!

!
!
!
!
!

!
!

!
!
!
!
!
!!
!!!!! !
! ! !!

!!!
!

!

!!
!
! !
!!!
! !

!

k!!!!

!
!
!

UT

!
!
!
!!
!
!

!
!
!
!

rik UT-D

!
!!!!
!
!
!
!
!
!!
!!!
!
! !
!!
!!
!!
!!
!
!
! !
!

!!!!

!

!
!
!
!
!
!!!!

!!
!
!
!!!
!
!
!!
!!!
!
!
!!
!
!
!
!
!
!!
!
!
!
!
!
!!

! !!
!
!
!!! !
!
!
!
!!!
!
!!!
!
!
!
!!
!!!
!!
!
!
!
!! !
!!!
!
!
!!
!!
!!!
!
!
!
!!
!!!
!
!!
!!
!!
!!
!!
!
!
!
!
!!
!
!
!
!
!
!
!
!!
!!
!!
!!
!
!!

1.60! !!

!!!

!

!

!
!!

0! !
.3!5 !!!
1!!!!
!

!!
!
!
!!!
!!
!
!!
!
!!
!
!!
!
!
!! !
! !!!!

UT-E

!
!
!

Watershed Boundary
General Deposit Location

!

UT-C

!!
!

UT-F

E

UT

!
!!
!! ! ! ! !
! !!! !!!
!
!!!!! ! !
!
!
!
!!
!
!!
!
!
!

!
!
!
!!
!! !
!
!
!
!
!
!!! !
!!! !
!
!
!
! !!!
!!
!!
!!! !
!
!!
!
! !!!
!
!
!
!!

k t u

UT-B

!
!
!
!
!! !

!!
!

!

!!

!

!

UT-G

155°10'0"W
Groundhog
Mountain

* Species include Chinook, chum, coho, and sockeye salmon. Individual species maps are provided in Appendix 15.1B.

UT
1.190

UT-A

rk
Fo

li

River

Anadromous Fish Spawning Locations*
Mainstem Reach Example
Tributary Name Example

Legend

So u
th

No

tu
ok

155°30'0"W

r

pe

Up

10

.4

M ou ntai
l i

Tal
a

Fi
rs

90

1.
3

Creek
Cre
e

UT

!

!

μ

!

155°0'0"W

(
!

Alaska State Plane Zone 5
1983 North American Datum
Units Feet

Newhalen

R i v er

(
!

Roadhouse
Mountain

154°40'0"W

Kilometers
0
1
2

0

Miles
1

2



Author: R2 - JJZ

April 2011

Figure 15.1-80
Anadromous Fish Spawning Locations
Upper Talarik Creek (UT) Watershed

Iliamna Lake

Iliamna !
(

Nondalton

154°50'0"W

        $"#$!

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

l a rik Cr

Ta

li

iv e

er

ale n
New h

59°55'0"N
59°50'0"N
59°45'0"N

ktu
Ko

59°40'0"N

K o

r



Appendix E, Page 706 of 2339



Chum
Salmon

Coho
Salmon

Sockeye
Salmon

River &
Species
S outh
Fork
Koktuli
Chinook
salmon
7
8

2005
2006
2007
2008

2004
2005
2006
2007
2008

2004
2005
2006
2007
2008
6
8

2
6
5

3
8
10

3

2004

2004
2005
2006
2007
2008

No. of
Surveys

Year

0.6
0.6

0.6
0.6
0.6

0.8
0.8
0.8

0.8
0.8

0.8

Observer
Efficiency

12
12

12
12
12

10
10
10

15
15

15

Survey life

1,613
2,445
480

1,224
3,203
4,982
1,312

9,295
6,791
9,877
11,753

3,243
978
501

7,265

Total
Escapement
Estimate
(Trapezoidal)

3,000 – 8,000

900 – 4,800

-

2,100 – 6,500

1,700 – 8,100

1,400 – 4,900

1,000 – 3,300

3,500 – 8,900

-

-

3,200 – 17,900

4,400 – 11,500

2,500 – 10,500

700 – 2,400

2,000 – 4,700

4,000 – 10,800

Likely Range
2007

3,800 – 14,800

1,700 – 6,000

3,400 – 13,900

Likely Range
2006

225
335
71
353

166
287
478
121
494

1454
1019
1153
1693
1791

789
251
148
213

2,155

Relative
Escapement
Mean Index
Count

79.1
114.9
22.5
135.4

104.5
127.2
457.8
39.4
136.3

155.5
387.5
396.2
455.3
627.1

317.3
76.5
47.4
79.4

321.5

Standard
Error

4
7
11
7

2
4
3
10
20

2 and 3
5
8
11
13

4
5
8
9

3

22

No. surveys used
for EBD MIC

  $!(!" #!#.  2003*  !2004*  !2005*
2012/+#" #
"##""#! )#!,!,#-$!%"##"+#$!"#!#
$!"$!%("$#$!"$!%("$##($"#$# "##"#.
2012/+#% 
"##"! $! !#("#"#'.2006/+ "!%!("&$!#("&!$#*"$!%(
"&"!"#$(!+ (!"#!&#&##"" #!"$!%(!""+

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)






Chum
salmon

Coho
Salmon

Sockeye
Salmon

2004
2005
2006
2007
2008

2004
2005
2006
2007
2008
1
6
7

4
1
6

3
6
10

6
7

2005
2006
2007
2008

2004
2005
2006
2007
2008

3

No. of
Surveys

2004

Year

    

River &
Species
N orth
Fork
Koktuli
Chinook
salmon



0.6
0.6

0.6
0.6

0.8
0.8
0.8

0.8
0.8

0.8

Observer
Efficiency

12
12

12
12

10
10
10

15
15

15

Survey life

-c
1,510
2,030
1,672

1,660
-c
3,454
408

2,338
4,140
4,463
4,195

5,621
1,700
741

7,136

Total
Escapement
Estimate
(Trapezoidal)

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

2,400 – 7,000

1,900-9,200

-

1,200 – 4,800

700 – 2,800

600-4,000

700 – 2,950

c

-

500 – 3,100

300-4,900

1,700 – 4,900

1,400 – 4,000

650 – 2,600

3,500 – 8,500

4,100 – 9,900

Likely Range
2007 b

1,200-5,200

2,900-10,800

3,500-12,500

Likely Range
2006 b

Appendix E, Page 707 of 2339

165
439
310
532

449
43
478

158

518
582
456
648
637

1737
512
213
157

1838

Relative
Escapement
Mean Index
Count

73.8
171.6
113
205.8

260.7
16.3
138.6

78.3

45
194.7
225.2
217.4
215.1

599.1
123.9
74.8
62.1

541.6

Standard
Error

0 or 1
4
4
9
7

3
0 or 1
4
8
15

2
5
7
10
12

4
4
8
8

3



No. surveys used
for EBD MIC








Chum
Salmon

Coho
Salmon

Sockeye
Salmon

2
8
7

2008

4
4
5

2004
2005
2006
2007

2004
2005
2006
2007
2008

2
5
8
14
14

4

2005
2006
2007
2008

2004
2005
2006
2007
2008

2

2004

    

U pper
Talarik
Creek
Sockeye
salmon



0.6
0.6
0.6

0.7
0.7
0.7

0.6

0.6

12
12
12

10
10
10

15

15
194
165
335

8,452
6,277
23,467
11,654

125,000
62,771
33,059
24,278

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

3,000 – 9,700

-

-

1,500 – 23,000

800-47,100

-

31,000 – 74,000

26,000-94,000

-

105 - 365

-c

-

-c

Appendix E, Page 708 of 2339

17

13
5

4363
1773
1598

1143

31088
10981
3652
2362
11120

60
49
67
28

178

5.6

2
0.9

1128.3
589.5
472.8

689.6

1614
2698.7
1868.4
845.4
4130.9

20.5
25.2
19.2
12.4

94.5

7

2
8

4
0
3
9
14

2
4
6
14
14

3
3
9
8

2



BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 709 of 2339

0/FBM 4BSBI "3FWJFXPG1-1&OWJSPONFOUBM#BTFMJOF
%PDVNFOUT3FTJEFOU'JTIBOE+VWFOJMF4BMNPO)BCJUBU 
%JTUSJCVUJPO BOE"TTFNCMBHF "QSJM 

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 710 of 2339

A Review of PLP Environmental Baseline
Documents:
Resident fish and juvenile salmon habitat,
distribution and assemblage

Sarah O’Neal
Fisheries Research & Consulting
Anchorage, AK
April 2012

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 711 of 2339

EXECUTIVE SUMMARY
Fisheries are critical to the economic, cultural, and ecological health of Bristol Bay. The Pebble Limited
Partnership (PLP) embarked on a significant effort to characterize habitat, distribution, and relative
abundance of resident fishes and juvenile salmon in streams that may be impacted by development of
mining claims (the North Fork Koktuli, South Fork Koktuli, and Upper Talarik Creek). Study objectives,
methodology, and the resulting data and interpretation are compiled largely into two chapters of the
resulting Environmental Baseline Document (Chapter 15, and Appendix E). This report reviews and
critiques the information provided based on criteria standard for the scientific peer review process
including organization and clarity, repeatability of methods, the degree to which conclusions are
supported, and general scientific soundness.
From 2004--2008, habitat and fisheries data were collected. Some habitat data are quantitative, while
other data are anecdotal. The document concludes that streams in and around mining claims are primarily
single-thread river systems and habitat is limited by cold winter and warm summer temperatures, soft
waters, high metals concentrations, low nutrient concentrations, intermittent stream flows, and limited
groundwater influences. However, mixed methods complicate interpretation of data. Data interpretation
is often contradictory and fails to consider the importance of habitat complexity such as the frequent
occurrence of wetland complexes, floodplains, beaver ponds, and off-channel areas that provide diverse
and critical habitat function. Fish distribution was documented in 22 new streams, including upstream of
reaches that are intermittent in some years. Methods and assumptions used to examine fish distribution
likely underestimate actual distribution. For example, data were not collected in over half of the
tributaries in the study area. Limitations of snorkeling methodology as well as other, mixed sampling
methodologies render relative abundance results unrepeatable, uninterpretable, and useless for detecting
future changes.
Methods and reporting reduce the utility of the document for its intended purpose: characterization of
current conditions, and baseline documentation for future comparison. The format in which methods and
results are reported is cumbersome, making data and interpretation difficult, and in some instances
impossible to understand, access, analyze, independently interpret, or repeat. Site selection and general
sample design is not well described for habitat, distribution, or relative abundance studies, calling into
question the representativeness of results for characterizing the region. Overall, limitations of the
information presented would prevent favorable peer review of data presented in the document.
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INTRODUCTION
Bristol Bay supports the world’s largest sockeye salmon runs (Dann et al. 2009, French et al. 1976,
Ruggerone 2010) and some of Alaska’s largest runs of Chinook (Oncorhynchus tshawytscha), chum (O.
keta), coho (O. kisutch) and pink (O. gorbuscha) salmon (Minard et al. 1998). The salmon, in turn,
support the region’s economic, cultural and ecological health (Fall et al. 2006, Knapp 2004, Willson and
Halupka 1995). Salmon returns are maintained by habitat complexity which, among other things,
provides thermal and physical refuge for rearing, migrating, and spawning (Hilborn et al. 2003, Pearsons
et al. 1992); and salmon returns deliver return marine derived nutrient’s to Bristol Bay’s nutrient poor
upland environments, maintaining plant, fish, and wildlife species throughout aquatic and terrestrial
systems (Cederholm et al. 1999, Denton et al. 2009, Gende et al. 2002, Kline et al. 1993, Naiman et al.
2002, Schindler et al. 2003, Willson et al. 1998).
Little data is available regarding historic habitat, distribution, and abundance of juvenile salmon and
resident fishes in Bristol Bay watersheds, although fewer than half of Alaska’s streams have been
surveyed for fish distribution (ADFG 2011). Available data indicate that where streams have been
surveyed in Bristol Bay, fish are ubiquitous. Juvenile Chinook and/or coho salmon were documented in
75% of headwater streams with a gradient less than 10%, and other fishes—including those important to
subsistence—were documented in 96% of headwater streams with a gradient less than 10% (Buell 1991,
Buell 1994, and Woody and O’Neal 2010).
Approximately 500,000 acres of mining claims are now staked on the watershed divide of two of Bristol
Bay’s largest salmon producing drainages—the Nushagak and Kvichak Rivers (DNR 2011, ADFG 2011).
The Pebble claim, an estimated 10.8 billion ton copper, gold, and molybdenum resource, owned by the
Pebble Limited Partnership (PLP; Ghaffari et al. 2011) is the most advanced claim relative to mine
feasibility analysis and permitting. Consequently, an Environmental Baseline Document (EBD; PLP
2012a), was prepared that included 53 chapters on various subjects in over 30,000 pages. Over 6,500
pages the EBD relates to fish resource inventories conducted between 2004 and 2008. This report
reviews and critiques the information provided based on criteria standard for the scientific peer review
process including organization and clarity, repeatability of methods, the degree to which conclusions are
supported, and general scientific soundness (ESA 2012). This review is limited to fish habitat,
distribution, and abundance sampling methods, results, and interpretation. It does not address winter fish
surveys, spawning escapement surveys, or radio telemetry also included in the EBD.
METHODS SUMMARY
Methods Presentation
Methods are summarized in Chapter 15 of the EBD (PLP 2012a, and described in more detail in the
Consolidated Study Program, Appendix E of the EBD (CSP; PLP 2012b) which describes methodology
for all data collection efforts incorporated in the EBD.
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Habitat
Data were collected in main stem, tributary, and off-channel habitats (Appendix 1). Mesohabitat mapping
was conducted in main stem portions of the North Fork Koktuli (NFK), South Fork Koktuli (SFK), and
Upper Talarik (UT; Appendix 1). Stated objectives of habitat data collection are:






To describe channel morphology and valley form characteristics in main stem and tributary channels
To characterize riverine habitat types (e.g., pools, riffles, and runs/glides), their distribution throughout
the river, as well as the amount of river and stream habitat available for fish
To document the locations of special habitat features (e.g., tributaries, springs, seeps, and possible
barriers to upstream fish migration) that may influence fish distribution and abundance throughout the
mine study area
To characterize the quality and quantity of off-channel habitat within representative off-channel habitat
study areas

For the purposes of this report, habitat data collection methodology and general conclusions were
reviewed. Habitat modeling was not included in this review, but was reviewed by a forthcoming
report currently in draft form (P. Parasiewicz, personal communication, 10 May 2012).
Main Stem and Tributary Habitat Surveys
Most main stem and tributary data collection relied on the U.S. Forest Service (USFS) protocols for
aquatic stream habitat data collection (USFS 2001). Modified Tier 1 (reach scale channel morphology
and valley information i.e., discharge, substrate particle size distribution, bankfull width, bankfull depth,
bed width, wetted width, and gradient) and modified Tier 3 (information regarding individual habitat
types, i.e., beaver pond complexes, backwaters/sloughs, ponds/lakes, cascades, pools, riffles, runs/glides,
and wetlands) methods were employed. Methods for describing several habitat parameters were
inconsistent (e.g., discharge was estimated using flow meters or floats, gradient was estimated using a
stadia rod and auto level or a clinometer, lengths were estimated using hip chains, Kevlar tapes, or laser
range finders). Some data is quantitative, while other data is anecdotal.
Off-Channel Habitat Surveys
Off-channel habitat surveys were co-located with main stem habitat survey sites (PLP 2012b, Appendix
1). Surveys were conducted where “high concentrations of off-channel habitats were found,” although
high concentrations are not defined (PLP 2012a). Anecdotal data was collected in the SFK in 2005 and
2007, and in the UT in 2007. Quantitative USFS Tier 3 protocols (USFS 2001) were only employed in
off-channel habitat in the NFK, and only in 2008 (Appendix 1). The EBD does not provide justification
for the varying timing or methodology of off-channel habitat sampling protocols.
Mesohabitat Mapping
Mesohabitats are defined as “visually distinct habitat units on a reach-scale” (PLP 2012a). They were
mapped using foot surveys in “selected sample areas” in main stems to visually identify runs, riffles,
pools, backwaters, and beaver ponds. Main stem reaches that were not foot surveyed were evaluated with
remote sensing including 2004 or 2008 digital imagery and/or videography. Data were combined to
estimate the total area of each type of habitat type by stream reach, which was used in fish density
calculations.
Other Habitat Parameters
Limiting factors for fish rearing, migrating, and spawning are described for each of the three study rivers
(PLP 2012a). These interpret data for which methodology is described in other sections of the EBD
including temperature, stream flow, and water velocity (Chapter 7, PLP 2012c), water quality (Chapter 9,
PLP 2012d), and groundwater inputs (Chapter 8, PLP2012e). Although a review of methodology is
outside the scope of this report, their impacts on fish are briefly discussed below.
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Fish Distribution
The stated objective of fish distribution data collection is “to document and describe patterns of fish
distribution…in main stem, tributary, and off-channel habitat types (PLP 2012a).”
Patterns of fish distribution among habitat types (e.g., pool, riffle, run, etc.) were evaluated at 2,850 sites
from 2004--2008 in the main stem Koktuli River (KR), NFK, SFK, and UT (Appendix 1). The majority
of NFK tributaries and upper tributaries of the SFK sampled coincide with initially proposed Tailings
Storage Facilities (Table 1, DNR 2006a, DNR 2006b). Fish sampling was less concentrated in lower
reaches of the SFK and UT main stems, while fewer than half of all tributaries were sampled, and
tributary sampling was occasionally limited to tributary mouths (Appendix 1).
Snorkeling was the primary sampling method used to determine where fish were present. Other methods
included single- and multi-pass electrofishing, minnow trapping, beach seining, gill/tangle netting,
angling, and dipnetting. “Method and protocol selection was based on stream characteristics (e.g., water
depth and velocity, water clarity) and the goal of each specific task” (PLP 2012b). Fish distribution
surveys “typically progressed in an upstream direction…[though] in some instances, survey crews began
at the headwaters and continuously electrofished in a downstream direction until fish were determined to
be present (PLP 2012b).” Captured fish were identified, enumerated, measured, and released.
Additional data was collected from “areas of special interest…or because of the identification of a
previously existing data gap,” (PLP 2012b), where primarily snorkeling methods were used to evaluate
fish distribution and abundance (Table 1).
Table 1. Areas of special interest identified in the Environmental Baseline Document which were more
extensively sampled than other portions of the study area (PLP 2012b). NFK=North Fork Koktuli,
SFK=South Fork Koktuli, UT=Upper Talarik; J=June, J=July, A=August, S=September.

Area

2005
J

J

A

2006
S

J

J

A

2007
S

J

J

A

2008
S

J

J

A S
NFK upper reaches and tributariesa
X X
SFK main stem upstream of Frying Pan
X
X X X X
Lakeb
UT lower reaches
X
SFK main stem “downwelling reach”
X
X
X
X X X
downstream of Frying Pan Lakeb
a
Coincide with initially proposed tailings storage facilities (DNR 2006a, 2006b)
b
The intention was to sample during so-called “high,” “moderate,” and “low” flows; the CSP does not explain how
those flow levels were determined

Fish Relative Abundance
The stated objective of fish abundance data collection is “to document and describe patterns of fish
relative abundance in main stem, tributary, and off-channel habitat types.”
Data quality objectives for precision (repeatability) and accuracy of abundance estimates are lacking from
the EBD and the Consolidated Study Program (CSP; PLP 2012b). Abundance data collection methods
varied. Snorkeling was the primary method, though electrofishing, minnow trapping, and other methods
were also used. “Snorkel surveys were calibrated by either replicating the snorkel survey or [one to four]
pass electrofishing depletion estimates.” The CSP (PLP 2012b) does not explain site selection for or
frequency of calibration effort, methods for correlating calibration data with uncalibrated snorkel data, or
whether regression estimaors were actually applied to any data.
With respect to data analysis, the EBD (PLP 2012a) states that:
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many of the sampling techniques were not conducive to estimating catch-per-unit-effort (CPUE),
but where sufficient electrofishing or snorkeling data exist from all survey passes, relative
abundance (fish/100 m) and density (fish/100m2) were calculated separately for 2004-2007 data
and 2008 data.

Reasons for treating 2008 data separately are not clear.
Main Stem and Tributary Habitat
Fish abundance was examined using two approaches.
1) From 2004-2007, fish abundance and habitat data (habitat type—e.g., riffle, pool, run; sample length;
wetted width; substrate type; and cover type) were collected from 267 sites within the KR, NFK,
SFK, and UT (PLP 2012b). Methods for site selection are not described, and it is unclear whether
sampling included tributaries (PLP 2012b).
2) In 2008, 1721 fish abundance study sites were randomly selected from so-called “first preferred”
(25% of total first preferred habitats, n~1229; e.g., pool, riffle, glide) and “non-preferred” (10% of
total non-preferred habitats, n~492; e.g., cascade) habitat types. Methods for stratification and site
selection are not explained in the CSP (PLP 2012b). Similarly, “first preferred” and “non-preferred”
habitats are not quantitatively defined for each species of interest at each life stage.
Off-Channel Habitat
Fish abundance in off-channel habitat was evaluated from 2005-2008 by varying methodology. Data
were evaluated to compare fish distribution and abundance among off-channel habitats as well as between
off-channel and main stem habitats. One hundred forty two off-channel sites were compared to 88 main
stem sites. While the CSP (PLP 2012b) refers to the off-channel sites sampled as ‘representative,’ it does
not describe site selection methodology. Timing and location of off-channel sampling varied among
watersheds and years (Appendix 1).
Index Surveys
Temporal changes in fish densities and habitat associations were assessed by annually sampling main
stem and tributary “index” sites in the NFK, SFK and UT. Index surveys were conducted at nine main
stem sites and three tributary sites in 2004, 2005, and 2007 using baited minnow traps. In 2008, index
survey sites and methods were different from previous years. Surveys were conducted at 43 main stem
sites which differed from the nine previously sampled mains stem sites (Figure 1). Tributaries were not
sampled in 2008, though one tributary site was sampled in each of the NFK, SFK, and UT in 2004, 2005,
and 2007. Methods in 2008 included snorkeling, seining and/or dipnetting. In 2008, habitat surveys were
conducted in conjunction with fish surveys.
(# ! 
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REPORTED RESULTS AND DISCUSSION SUMMARY
Data presentation
Fish habitat, distribution, and abundance data are summarized and interpreted in Chapter 15 of PLP’s
EBD, and detailed data are summarized in Appendix B of the same chapter (PLP 2012a). Data are
presented by section (reach) of each river system and, when collected, tributary data is included within the
reach into which the tributary flows. Data in the form of tables, figures, and maps are inconsistent
between reaches (i.e., data presented for some sites is not presented for others, Appendix 1). Data
included are in locked pdf format.
Habitat
All three study rivers (NFK, SFK, and UT) are described as single-thread, gravel-bedded channels
ranging from straight and high gradient to meandering and low gradient. However, wetland complexes,
floodplains, beaver ponds, and off-channel habitats were frequently described (Figure 2). The main stem
of the NFK is dominated by riffle habitat, and the SFK and UT are dominated by riffle and run/glide
habitat. Little instream cover but good quality spawning gravel was documented in all three study rivers.
In all three watersheds, lakes, ponds and beaver ponds proved important to water storage and extended
summer runoff. Despite frequently mentioned “barriers,” the term is not defined, and barrier heights as
low as 0.3 m are recorded.

)#$  

   #)'() #

Large groundwater downwelling, or “drying” reaches are described for a tributary of the NFK, and for a
middle reach and several tributaries of the SFK. The EBD suggests dry periods functionally eliminate
juvenile habitat from that reach of the SFK from February through April and results in fish stranding
and/or dewatering of incubating eggs. Inter-basin transfer of downwelling water from the SFK to an
upwelling area in UT was documented as part of a system of groundwater upwellings throughout UT that
stabilize flow and temperature throughout the year.
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The EBD suggests that high velocities, cold winter temperatures, warm summer temperatures, soft waters,
high metals concentrations, low nutrient concentrations, intermittent stream flows, and limited
groundwater influences all limit fish production throughout the study area.
Fish Distribution
Fish distribution data resulted in nomination of 22 new streams (23.1 miles) to the ADFG Anadromous
Waters Catalog. “Sampling efforts at 1,260 sites upstream of documented anadromous fish distribution
showed no anadromous fish present…though they are assumed to have the potential to support
anadromous fishes.”
Coho were the most widely distributed and relatively abundant anadromous fish (Table 2), with
distribution extending above identified “downwelling reaches.” Sculpin and Dolly Varden were the most widely
distributed fish presumed to be resident (Table 2).
Fish Relative Abundance
Graphs presenting fish relative abundance data apparently combine data collected using multiple
methods, as well as during multiple years. Data collected from 2004-2007 is combined (it is unclear if
data presented are averaged across years), while 2008 data is presented separately. Results from efforts
described to “calibrate” snorkel data are not reported (PLP 2012a). Additionally, main stem index data is
reported only for 2008. Index data collected from 2004-2007 is excluded from the EBD (PLP 2012a) and
inter-annual variability at index sites is not reported.
Chinook and/or coho salmon were the most frequently detected fish in the NFK, with relative abundance
generally decreasing from downstream to upstream. Dolly Varden and/or sculpin were more frequently
detected in upper reaches of the NFK. Coho and/or Chinook salmon were most frequently detected in
lower reaches of the SFK, shifting to Arctic grayling in upper reaches. Coho salmon were most
frequently detected throughout the UT, with the exception of the uppermost reach where sculpin were the
most frequently detected (Table 2).
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Table 2. Distribution, abundance, and habitat of resident and juvenile anadromous fish. Summarized from
PLP 2012a. L=Lower, M=Middle, U=Upper, T=Throughout; <5=<5 fish/100m2; >5=>5 fish/100m2; N/R=Not
Reported.
Distribution
Habitat
Species
OffBackNFK
SKF
UT
Run
Pool
Riffle
Other
channel water
Chinook juveniles
T
L, M
T
>5
<5
>5
<5
(O. tshawytscha)
a
Chum juveniles
L
M
5
<5
<5
<5b
(O. keta)
Coho juvenilesc
T
T
T
>5
>5
>5
>5
>5
>5b
(O. kisutch)
Sockeye juvenilesa
L, U
T
T
<5
<5
<5
<5
<5d
(O. nerka)
Arctic grayling
L
T
T
>5
<5
<5
<5
<5b
(Thymallus arcticus)
Dolly Vardene
T
T
T
<5
<5
<5
<5
<5
<5f
(Salvelinus malma)
Rainbow trout
L, M
L, U
T
<5
<5
<5
<5
<5
<5f
(O. mykiss)
Whitefish
L, M
T
L, M
<5
<5
<5
(various species)
Burbot
L
N/R
(Lota lota)
Northern pike
M
T
>5
>5
>5
>5d
(Esox lucius)
Sculpin
T
T
T
>5
>5
>5
<5
>5
(Cottus sp.)
Stickleback
L, M
T
T
<5
<5
<5
>5
>5
>5b
(various species)
Lamprey
L
N/R
(unspeciated)
a

Chinook and chum salmon spend only a short time in freshwater after emergence before migrating sea, so are rarely documented
in freshwater
b
Beaver ponds and outlets
c
Most widely distributed and relatively abundant anadromous species documented; distribution extended upstream of the
“downwelling reach” of the South Fork Koktuli
d
Lakes and lake outlets
e
Assumed to be resident, though no data is presented to confirm that assumption
f
Cascades
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DISCUSSION/CRITIQUE
Data Presentation
The format in which results are presented make the environmental baseline studies difficult, and in some
cases impossible, to understand, access, analyze, independently interpret, or repeat. The sheer size of the
fish chapter makes it unnavigable, as do frequent references to other chapters regarding hydrology, water
quality, temperature, and other subjects. All information is in locked pdf format, preventing copying,
pasting, or commenting on data. Data are presented for individual stream reaches in variable and
inconsistent formats between tables, figures, and maps (Appendix 1). Individual data points do not
include specific dates or locations and cross-referencing among tables, figures, and maps is challenging at
best. Relative abundance results from 2008 are presented separately from data for 2004--2007 without
explanation, and rely on differently methodology used at different sites (Appendix 1). Lack of detail in
methodology and in methods calibration, along with poor presentation of results makes research
unrepeatable, violating a central tenant of the scientific method (Brown and Guy 2007), and thus the
ability of the EBD to pass any standard peer-review process (ESA 2012).
Habitat
Habitat site selection is not well described, and thus the representativeness of habitat information is
unclear. Methods of data collection varied, in some cases using different instruments to measure the same
parameters, and in other cases combining and comparing anecdotal to quantitative data with no indication
of which data are collected using variable methodologies and no calibration. So-called “barriers” are
frequently documented throughout the study area as low as 0.3 m, though data to verify fish absence
above barriers is not presented.
Habitat data interpretation suggests a multitude of habitat factors limit fish production, including high
stream velocities, excessive summer temperatures, extreme winter temperatures, soft waters, high metals
concentrations, low nutrient concentrations, ephemeral reaches, and limited groundwater influences.
However, these conclusions are often contradicted. For example:
 “Natural exceedances” of estimated freshwater aquatic life criteria were reported for major elements
(e.g., aluminum, iron), and trace elements (e.g., cadmium, copper, lead, zinc, cyanide, mercury).
However, all exceedances occurred in less than 15% of samples, most at less than 3% of samples
(PLP 2012a), often occur only during snowmelt, and calculations of whether measured concentrations
exceed water quality standards may be erroneous (Zamzow 2012). Water quality data generally
indicate waters of exceptional quality around the Pebble deposit (PLP 2012d, Zamzow 2011, Zamzow
2012)
 “Natural exceedances” of estimated freshwater aquatic life criteria were reported for temperature,
however instream temperature variability is not reported.
 All three rivers are reported to have groundwater that provides winter flow (PLP 2012a, PLP 2012e).
 Anadromous waters are documented throughout the study area, including above ephemeral reaches.
Interpretation in the EBD fails to consider the importance of habitat complexity, crucial to salmonid
productivity and persistence (Hilborn et al. 2003, Schindler et al. 2010). This ecosystem complex has
remained relatively free of anthropogenic influence for millennia, and fish have adapted. Abiotic
conditions prescribed by national or state standards do not dictate fish presence or abundance. Rather,
habitat should be characterized where fish are present and abundant to understand how and where they
thrive. The greatest testament to the suitability of habitat for salmon is the persistent presence of salmon.
Fish Distribution
Again, site selection criteria for fish distribution data collection are not explained, and over half of
tributaries in the study area were not sampled for fish presence, suggesting distribution data
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underestimates true distribution. Independent data confirms more extensive anadromous and resident fish
distribution than presented in the EBD (Woody and O’Neal 2010, ADFG 2012). While using mixed
methods for presence/absence data collection is reasonable, conducting surveys in an upstream to
downstream manner can bias results as fish may swim downstream to avoid capture and/or float
downstream while stunned. Use of block nets to prevent migration out of or into sites is not described.
Despite biases resulting from site selection and sampling methodology, anadromous and resident fishes
were documented upstream of reaches characterized as downwelling or ephemeral. This suggests
conclusions that occasional lack of surface water flow limits and/or eliminates fish habitat are erroneous.
Further, despite known anadromy of Dolly Varden in Bristol Bay watersheds (Lisac and Nelle 2000,
Reynolds 2000, Taylor et al. 2008), the EBD reports Dolly Varden as exclusively resident due to a “lack
of evidence of anadromy during the five years of study.” No data, such as otolith microchemistry, is
provided to support that statement.
Fish Relative Abundance
Review of relative abundance methods and results presented in the EBD raises a number of questions
regarding sample design (e.g., How were sites, methods selected? How was frequency of sampling
determined? Why are data from 2004--2007 combined while 2008 data is presented separately?) as well
as data reporting (e.g., Where are results from snorkeling calibration efforts? Where are main stem index
survey results from 2004--2007? Was any attempt made to estimate juvenile and/or resident
productivity?).
Standardized methods are critical for comparison among and between sites and over time (Joly et al.
2010). However, relative abundance sampling methodology consisted of a variety of methods including
snorkeling, electrofishing, minnow trapping, seining, angling, and visual observation. Each sampling
method has different sources of bias (under or over-counting fish) and factors affecting precision or
consistency of counts; therefore, relative abundance estimates for each method will vary (Heggenes et al.
1990, Bonar et al. 2009). The CSP does not explain why methods known to be affected by variation in
sampling effort were employed without recording adequacies of effort to adjust for these potential biases.
Unadjusted for, the results are uninterpretable (Joly et al. 2010). Indeed for the majority of methods, no
effort was described to standardize capture efficiency, yet results from varying methods were apparently
combined to generate relative abundance estimates or “densities were calculated from the method that
generated the greatest count of fish” for each location (though that method is not specified). Resulting
bias and inconsistency in results reduces statistical power to detect future changes (Bonar et al. 2009).
Snorkeling was the primary method used to determine relative fish abundance and density (PLP 2012a).
Although snorkeling is commonly used to estimate salmonid abundance (Thurow 1994, O’Neal 2007),
accuracy can change with observer experience, water clarity, temperature (Hillman et al. 1992), sun
angle, vegetation, instream structure, river conditions, and fish behavior and size (Thurow 1994, O’Neal
2007). Snorkeling generally underestimates relative abundance compared to electrofishing (Rodgers et al.
1992). Efforts to calibrate snorkeling efficiency with additional snorkeling or electrofishing are
mentioned in the EBD, but results are not presented (PLP 2012a, PLP 2012b). Biologists generally
recommend snorkel calibration use a more accurate removal method to estimate accuracy of snorkeling
(i.e., snorkeling should not be calibrated with additional snorkeling; Hankin and Reeves 1988, Doloff
1993, Thurow 1994, O’Neal 2007, Temple and Pearsons 2007).
An additional limitation to snorkeling is the potential misidentification of some species. Distinguishing
between coho and Chinook salmon is difficult even under static conditions, and can require dissection of
specimens (Pollard et al. 1997). Although Chinook and coho salmon are often segregated by habitat
(Lister and Genoe 1970, Murphy 1989, Scarnecchia and Roper 2000), they can and do co-occur in Bristol
Bay Rivers (Woody and O’Neal 2010, PLP 2012a).
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Further, snorkeling is likely to overlook or underestimate benthic species such as sculpin (Hillman et al.
1992, Doloff 1993, Thurow 1994). Sculpin are a critical component of salmonid foodwebs (Adams and
Schmetterling 2007), and often a key element of salmon and resident fish diets (Merz 2002, Madenjian et
al. 2002). Sculpin often dominate fish assemblages in numbers and biomass (Adams and Schmetterling
2007), including several locations throughout PLP mining claims (PLP 2012a, S. O’Neal unpublished
data). Also, sculpin can be more sensitive than salmonids to environmental stressors such as increased
temperatures (Maret and MacCoy 2002, Edwards and Cunjack 2006), acidity (Kaeser and Sharpe 2001),
fine sediments (Mebane 2001), and elevated levels of copper, cadmium and zinc—so much so that many
state mandated chronic water quality criteria for aquatic life may not be adequately protective for sculpin
(Besser et al. 2007). Because of their higher sensitivity as well as limited instream movement relative to
salmonids (Petty and Grossman 2007), sculpin are useful as bioindicators (Adams and Schmetterling
2007), and thus their distribution and density should be well documented prior to development both
within and outside of potentially affected streams (Karr and Chu 1999, Noble et al. 2007).
Index Surveys
While index surveys were conducted to estimate natural inter-annual variability prior to potential
development, they suffered from poor and mixed methodology, and lack of data reporting, precluding the
ability to estimate variability. In 2004, 2005, and 2007, baited minnow traps were used at nine main stem
and three tributary sites evenly distributed throughout the NFK, SFK, and UT. Site selection (e.g.,
random, stratified) is not described and consequently, representativeness is unknown. Minnow traps
select for species attracted to the materials with which they are baited (e.g., salmon roe) and their use has
been abandoned in the region when they proved unreliable for capturing fish in areas of known fish
presence (Bloom 1976, Buell 1991). In 2008, index survey site locations as well as methodology
changed, rendering pre-2008 data incomparable and an estimate of inter-annual variability impossible.
Results from 2008 are reported, while 2004, 2005, and 2007 results are excluded from the EBD.
Quantifying natural variability is essential for detecting impacts from stressors such as climate change and
development (Peterman 1990, Noble et al. 2007), and should be an emphasis of pre-development efforts.
CONCLUSION
Due to their economic, recreational, and cultural importance in the region, accurate characterization both
within and outside of the proposed Pebble Mine project area is essential to measuring future impacts.
Although data collected by PLP consultants is ample, study objectives and sample design are unclear;
methodology is poorly described, variable, and often inadequate; data reporting is confusing and often
incomplete; and interpretation is questionable and often contradictory. These limitations would prevent
favorable peer review of data presented in the EBD, and raise grave concerns about the usefulness of fish
assemblage information for either characterizing current fisheries condition or measuring potential
impacts from mining in the future.
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EXECUTIVE SUMMARY
Due to their ecological importance and utility as bioindicators, the Pebble Limited Partnership
(PLP) embarked on an effort to characterize aquatic insect communities in streams that would be
impacted by development of mining claims (the North Fork Koktuli, South Fork Koktuli, and
Upper Talarik Creek). Methodology, resulting data, and interpretation are presented in two
chapters of the resulting Environmental Baseline Document (Chapter 15, and Appendix E). This
report reviews and critiques the information provided based on criteria standard for the scientific
peer review process including organization and clarity, repeatability of methods, the degree to
which conclusions are supported, and general scientific soundness.
The methodology used by PLP consultants relied on well tested, standard protocols (Major and
Barbour 2001). However, site selection and low sample sizes may have been insufficient to
characterize temporal and spatial variability, and to establish reliable reference sites. Further,
over 10% of non-Chironomid taxa were erroneously identified, raising considerable concerns
regarding the accuracy and value of that data for measuring freshwater habitat impacts from
potential mine development.
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INTRODUCTION
Aquatic insects (i.e., freshwater macroinvertebrates) are a critical component of freshwater
ecosystems (Covich et al. 1999), forming a link between the base of stream foodwebs and top
consumers both in aquatic (e.g., fish) and adjacent terrestrial systems (e.g., spiders, birds and
bats). Insects process organic matter, influencing stream chemistry, and consume primary
producers (algae and other diatoms; Allan and Castillo 2007). In turn, macroinvertebrates are
consumed by fish (Allan and Castillo 2007), making insects ultimately responsible for
converting plant material into animal tissue in lotic systems. Aquatic insects are important food
items for salmon and other fish species, as well as other macroinvertebrates. They comprise the
majority of juvenile coho and Chinook salmon diets (up to 80%) as well as Dolly Varden diets
(up to 100%) in some rivers (Higgs et al. 1995, Eberle and Stanford 2010).
In addition to the importance of aquatic insects to the survival and maintenance of salmonid
populations (Higgs et al. 1995, Quinn 2005), aquatic insects are a good indicator of overall
stream health (Karr and Chu 1999). Biological assemblages (e.g., aquatic insects) respond to
stresses of all degrees over time and, therefore, offer information on perturbation not always
obtained with “snap shot” water chemistry measurements (Karr and Chu 1999). Due to their
sensitivity to temperature changes (Vannote and Sweeney 1980), pollutant—including copper
and other toxic chemicals (Eisler 2000, Lee et al. 2000, Smolders et al. 2003), and increased
sedimentation (Culp et al. 1983, Zweig and Rabeni 2001, Relyea et al. 2012), characterizing and
monitoring species assemblages can indicate adverse effects of pollutant stressors, thus providing
an overall measure of aggregate stressor impact (Karr 1993). For example, heptageniid mayflies
were reduced by more than 75% in southern Colorado headwater streams contaminated by heavy
metals (Clements et al. 2000), while some species of chironomids may increase in abundance in
polluted freshwaters (Karr and Chu 1999). Biomonitoring has been employed to evaluate water
quality for over a century (Kolkowitz and Marsson 1909) and is now used widely by various
state water resource agencies in the United States and other countries (Barbour et al. 1999,
Merritt et al. 2008).
Despite their utility as bioindicators, samples of aquatic insects can be highly variable due to the
complex nature of stream and river systems (Milner et al. 2006). For example, substrate
disturbance during high flow events can change aquatic insect populations. Because of high
temporal variability, it is necessary to sample over a sufficient time period to determine baseline
condition. Sites and methods must be consistent to reduce potential introduced variation.
Additionally, a sufficient number of sites nearby--but outside--of potentially impacted areas must
be characterized to distinguish natural variability from development impacts. Without accurate
baseline, or reference, characterization prior to and away from the introduction of pollutant
stressors via development, declining habitat conditions cannot be measured (Karr and Chu 1999).
Consequently, Pebble Limited Partnership (PLP), a mineral extraction company currently in
advanced stages of exploration in Bristol Bay, included baseline biomonitoring in their recently
released Environmental Baseline Document (EBD; PLP 2012). This document reviews and
critiques their biomonitoring methods and results based on criteria standard for the scientific peer
review process, including organization and clarity, repeatability of methods, the degree to which
conclusions are supported, and general scientific soundness (ESA 2012).



BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 735 of 2339


METHODS
Using the USEPA’s nationally accepted Rapid Bioassessment Protocols modified for Alaskan
streams (Major and Barbour 2001), PLP consultants collected samples in 2004 (18 stations in
June and 13 stations in August), 2005 (6 stations in June), and 2007 (9 stations in June) in
streams that would be impacted by mine development (North Fork Koktuli, South Fork Kotuli,
and Upper Talarik Creek). Two stations were sampled from watersheds outside of the potential
project area in 2004 (Kaskanak and Chulitna creeks). To collect one sample, 20 subsamples
were composited from representative habitats in 100-m reach sites using a D-Frame, 363 ȝm
mesh kick net. Surber sampling was additionally conducted in 2005 and 2007. A minimum of
300 specimens from each composite sample were randomly selected and identified to the lowest
taxonomic resolution possible (generally genus), and several common metrics were calculated
based on the results including: percent Ephemoptera, Plecoptera, and Trichoptera (EPT); percent
Chironomidae; percent other Diptera taxa; percent dominant taxon; and Community Tolerance
Index (CTI).
RESULTS
Between 2004-2007, 235 insect taxa were identified in streams in and around Pebble mining
claims (PLP 2012). Taxa richness varied between years and sampling methods. Diptera
(including the Family chironomidae) was generally the dominant taxon (PLP 2012). Although
the EBD notes that this indicates “a more stressful aquatic habitat for macroinvertebrate
survival,” this is contradicted by the statement that “conditions in the mine study area are
pristine, and high numbers of Chironomidae are considered normal for this region and elsewhere
in Alaska.”
CTI values also varied between years. Percent Ephemoptera, percent Diptera, percent other
order and percent EPT taxa varied among and within rivers (Table 2). With respect to water
quality, all sites provided good to optimal levels of dissolved oxygen, temperature, dissolved
constituents (conductivity), and pH. Additional results indicated:
• Percent EPT taxa exhibited an inverse relationship with dissolved oxygen,
• One site with low pH supported low percent EPT, and
• Taxonomic richness decreased with increasing temperature.
In general, consultants concluded that “habitat parameters at each site fall within ranges
considered good to optimal for aquatic habitat…The sites sampled…were located in a pristine
area with few to no human-caused effects.”
DISCUSSION
While sampling methods were generally of sufficient rigor, site selection, numbers of samples,
and taxonomic identification appear questionable. Of the 18 stream sites sampled, only two sites
could serve as reference sites because they were located outside the area potentially affected by
mine development (PLP 2012). However, both are within areas currently being explored for
other mineral development projects. One is in a stream that does not support salmon (Chulitna
Creek), and both are in creeks (Chulitna and Kaskanak) with higher organic material loads and
more metals than the North and South Forks of the Koktuli River and Upper Talarik Creek
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(Brabets 2002). Further, the two potential reference sites were sampled just once in 2005,
precluding the ability to characterize inter-annual variability. These sites could be crucial for
distinguishing natural variability from variability caused by mining and should be chosen based
on long term expectations of development as well as comparability to streams near the Pebble
prospect. Five of the eighteen sites were sampled consistently in all three years of PLP
consultant sampling efforts; the number of sites may be insufficient to characterize spatial and
temporal variability of aquatic insect communities, and may overlook some species (Li et al.
2001, Monk et al. 2008).
Of the 171 non-Chironomid taxa reported, over 10% (18) have not been documented in the state
of Alaska (Table 1). The range of several genera is not known to occur outside of eastern North
America (e.g., Allocapnia, Nemocapnia, Ironoquia, Leptotarsus, and Acentria; Merritt et al.
2008). Others (Entomobryidae) range from the Southern California coast, to Northern Mexico
and Hawaii. Questionable taxa were not found by independent analyses in Bristol Bay
watersheds (Appendix 1). The apparent errors in identification raise questions about the
reliability of the associated analyses. Without proper taxonomic identification, results reported
for overall taxa richness, percent EPT, percent other Diptera taxa, percent dominant taxon, and
CTI may also be erroneous. Inaccurate identification additionally raises the question of
overlooking species. Fewer than half of Alaska’s streams have been surveyed for fish (ADFG
2012) and likely even fewer for macroinvertebrates, indicating a possibility that many of
Alaska’s aquatic insects remain to be documented. Consequently, failure to accurately identify
insects may neglect endemic and/or other species previously unknown to occur in the region.
Methodology described did not indicate any effort was made to search for large or rare taxa
outside of the 300 organism subsample.
Table 1. Macroinvertebrate taxa reported by Pebble Limited Partnership (PLP 2012) that were not previously
documented in the State of Alaska.



Order
Ephemoptera

Family
Oligoneuriidae

Genus
Lachlania

North American Distribution
West1, Gila River drainage (New Mexico), and from
Alberta and Saskatchewan south to Mexico including
Montana, Colorado, Nebraska, North Dakota, New
Mexico, and Utah2

Plecoptera

Capniidae

Allocapnia

East1,3

Plecoptera

Capniidae

Nemocapnia

East1,3

Plecoptera

Capniidae

Paracapnia

Plecoptera

Leuctridae

Moselia

West, East1,3
Pacific Northwest1, Western North America, British
Columbia3

Plecoptera

Chloroperlidade

Sweltsa

East, West1,3

Plecoptera

Nemouridae

Malenka

West1,3

Plecoptera

Perlodidae

Isogenoides

East, North, West1,3

Trichoptera

Brachycentridae

Amiocentrus

Trichoptera

Brachycentridae

Eobrachycentrus

West1
West (Mt. Hood Area) 1, British Columbia,
Washington4

Trichoptera

Limnephilidae

Ironoquia

East1, from Nova Scotia to Louisiana and Wisconsin4

Trichoptera

Limnephilidae

Moselyana

Trichoptera

Limnephilidae

Pedomoecus

Oregon and Washington1; endemic to Oregon4
West1, California, Oregon, Washington (adults from
British Columbia, Alberta)4
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Trichoptera

Odontoceridae

Namamyia

Oregon, California1,4

Diptera

Tipulidae

Leptotarsus

Collembola

Entomobryidae

(Unidentified)

Collembola

Hypogastruridae

(Unidentified)

Eastern United States1
Southern California Coast, Northern Mexico and
Hawaii (and possibly southern Florida), Eastern
United States1
East Coast, Gulf Coast, Florida, New York coast,
California, Northern Mexico, Washington Coast1

Lepidoptera

Pyralidae

Acentria

Canada and eastern US west to Nebraska1

1

Merritt et al. 2008
Lugo-Ortiz and McCafferty 1994, McCafferty et al. 1997, Guenther and McCafferty 2005
3
Stewart and Oswood 2006
4
Wiggins 1996
2

Few independent analyses of aquatic insect communities have been conducted in the region, and
due to high variability of communities, comparison may be spurious. In general, however, the
EBD reports lower taxa richness from 2004-2007 than independent scientists found from 20082011 (Table 2; Bogan et al. 2012). Both groups found similar dominance by Chironomidae
across all sites (63% and 60% for PLP and the University of Alaska Natural Heritage Program,
respectively) for samples collected using ASCI methodology. This is similar to patterns
observed in interior Alaska (Oswood 1989).
Table 2. Average (and range) of taxonomic richness by sub-watershed collected using ASCI
methodology in streams by Pebble Limited Partnership Consultants (PLP) from 2004-2007 and
by University of Alaska’s Natural Heritage Program (UAA) from 2008-2011.
Sub-watershed
Total sites
Richness (no. of taxa)
PLP
UAA
PLP
UAA
Lake Iliamna
14
17
21 (16-26)
23 (13-35)
Mulchatna
19
34
21 (9-28)
27 (9-37)
CONCLUSION
Due to their value as biological indicators, aquatic insect communities are important to
accurately characterize both within and outside of a project area prior to development in order to
measure future impacts. While the methodology used by PLP consultants relied on well tested,
standard protocols (Major and Barbour 2001), site selection and low sample sizes may have been
insufficient to characterize temporal and spatial variability, and to establish reliable reference
sites. Further, aquatic insect identification was erroneous, raising considerable concerns
regarding the accuracy and value of that data for measuring freshwater habitat impacts from
potential mine development.
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Baetidae

Baetidae

Ameletidae

Baetidae

Baetidae

Ephemerellidae

Ephemerellidae

Ephemerellidae

Ephemerellidae

Heptageniidae

Heptageniidae

Heptageniidae

Heptageniidae

Heptageniidae

Metretopodidae

Siphlonuridae

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

Ephemeroptera

 ǡ  ǡ
ʹͲͳͲ
ǤʹͲͲͺ
ʹͲͲ
ͺʹͲͲͻ

ͷ

Ͷǡ

͵ǯǤʹͲͳʹ

ʹʹͲͲ

Mulchatna River4, Widespread6

Mulchatna River4, Canada, Alaska, upper Midwest, Maine6

Mulchatna River4, Widespread6

North and South Fork Koktuli Rivers and Upper Talarik Creek1,3 Lake Clark National Park2,
Wood River5, and West, Northeast, Southeast6
North and South Fork Koktuli River and Upper Talarik Creek1,3, Lake Clark National Park2,
Wood River5, Widespread6
Mulchatna River4, Widespread6

North and South Fork Koktuli Rivers and Upper Talarik Creek1, Lake Clark National Park2

North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Lake Clark National Park2
Wood River5, Widespread6
North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Mulchatna River4, Lake
Clark National Park2, Wood River5, Widesrpread6
South Fork Koktuli River1, Widespread6

North and South Fork Koktuli Rivers and Upper Talarik Creek1, Lake Clark National Park2

North and South Fork Koktuli Rivers1,3, Mulchatna River4, Lake Clark National Park2, Wood
River5, Widespread6
Mulchatna River4, Widespread6

North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Mulchatna River4, Lake
Clark National Park2
South Fork Koktuli River and Upper Talarik Creek1, Mulchatna River4, Lake Clark National
Park2, Wood River5, Widespread6,
Wood River5, Widespread6

Upper Talarik Creek1, Lake Clark National Park2

North and South Fork Koktuli Rivers and Upper Talarik Creek1

North American Distribution

Ƭ 

Siphlonurus

Metretopus

Rhithrogena

Heptagenia

Epeorus

Cinygmula

(Unidentified)

Serratella

Ephemerella

Drunella

(Unidentified)

Centroptilum

Baetis

Ameletus

Acentrella

ͳǡǡ



(Unidentified)

(Unidentified)
(Unidentified)

(Unidentified)

(Unidentified)

Collembola (subclass)
Ephemeroptera

Genus

Family

Order

Appendix 1. Macroinvertebrate taxa found documented in and around the Pebble study area, and throughout North America.
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(Unidentified)

Capniidae

Capniidae

Chloroperlidae

Chloroperlidae

Chloroperlidae

Chloroperlidae

Nemouridae

Nemouridae

Nemouridae

Nemouridae

Perlodidae

Perlodidae

Perlodidae

Pteronarcyidae

Pteronarcyidae

Taeniopterygidae

(Unidentified)

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Trichoptera

 ǡ  ǡ
ʹͲͳͲ
ǤʹͲͲͺ
ʹͲͲ
ͺʹͲͲͻ

ͷ

Ͷǡ

͵ǯǤʹͲͳʹ

ʹʹͲͲ

North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Mulchatna River4, Lake
Clark National Park4, Wood River5

North and South Forks Koktuli River and Upper Talarik Creek1,3, Mulchatna River4, Lake
Clark National Park2, Alaska7, West, Southwest6
Upper Talarik Creek1, Lake Clark National Park2

Lake Clark National Park6

North and South Fork Koktuli Rivers, Kvichak River3, Mulchatna River4, Wood River5,
Bristol Bay7, Widespread6
Lake Clark National Park2, British Columbia7, West6

North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Lake Clark National Park2,
Wood River5, Alaska7, West, East6
Upper Talarik Creek1,3, Mulchatna River4, Lake Clark National Park2

South Fork Koktuli River3, Alaska7, West, Northeast6

South Fork Koktuli River1, Alaska7, West, North, Northeast6

North and South Fork Koktuli Rivers and Kvichak River3, Mulchatna River4, Lake Clark
National Park2, Alaska2, Bristol Bay7, East, West6
South Fork Koktuli River1, Lake Clark National Park2

North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Lake Clark National Park2,
Wood River5
North and South Fork Koktuli Rivers and Upper Talarik Creek3, Mulchatna River4, Bristol
Bay7, East, West6
South Fork Koktuli River and Upper Talarik Creek3, Alaska7, West6

South Fork Koktuli3, Alaska7, West6

Lake Clark National Park2

Upper Talarik Creek1

North American Distribution
North and South Fork Koktuli Rivers and Upper Talarik Creek1

Ƭ 

(Unidentified)

(Unidentified)

Pteronarcella

(Unidentified)

Skwala

Isoperla

(Unidentified)

Zapada

Podmosta

Nemoura

(Unidentified)

Suwallia

Plumiperla

Alloperla

(Unidentified)

Eucapnopsis

(Unidentified)

(Unidentified)

Genus
(Unidentified)

ͳǡǡ



Family
(Unidentified)

Order
Lepidoptera

Appendix 1 (cont’d.). Macroinvertebrate taxa found documented in and around the Pebble study area, and throughout North America.
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Brachycentridae

Brachycentridae

Brachycentridae

Gossosmatidae

Gossosmatidae

Hydropsychidae

Hydropsychidae

Hydroptilidae

Hydroptilidae

Hydroptilidae

Leptoceridae

Leptoceridae

Limnephelidae

Limnephelidae

Limnephelidae

Limnephelidae

Limnephelidae

Limnephelidae

Limnephelidae

Limnephilidae

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

 ǡ  ǡ
ʹͲͳͲ
ǤʹͲͲͺ
ʹͲͲ
ͺʹͲͲͻ

ͷ

Ͷǡ

͵ǯǤʹͲͳʹ

ʹʹͲͲ

North and South Fork Koktuli Rivers and Upper Talarik Creek3, Mulchatna River4, Alaska8,
Widespread6
Mulchatna River4, Lake Clark National Park2, Alaska8, North, West6

Mulchatna River4, Alaska8, Widespread in North6

Lake Clark National Park2, Widespread6,8

North and South Fork Koktuli Rivers and Upper Talarik Creek3, Lake Clark National Park2,
Alaska to California8, West6
Lake Clark National Park2, Alaska8, West6

Upper Talarik Creek3, Alaska8, Northwest6

North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Lake Clark National Park2

Lake Clark National Park2, West8, Widespread6

Lake Clark National Park2

South Fork Koktuli River3, Widespread6,8

North and South Fork Koktuli Rivers1, Widespread6,8

South Fork Koktuli River1

Mulchatna River, North and South Fork Koktuli Rivers1,3, Widespread6,8

North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Lake Clark National Park2,
Alaska8, Widespread6
North Fork Koktuli River1

Lake Clark National Park2

North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Mulchatna River4, Lake
Clark National Park2, Widespread6,8
South Fork Koktuli River1, Widespread6,8

North American Distribution
North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Mulchatna River4,
Widespread (primarily North and higher elevations)6,8
Lake Clark National Park3

Ƭ 

Psychoglypha

Onocosmoecus

Nemotaulius

Limnephilus

Hydatophylax

Ecclisomyia

Ecclisocosmoecus

(Unidentified)

Mystacides

(Unidentified)

Oxyethira

Hydroptila

(Unidentified)

Arctopsyche

(Unidentified)

Glossosoma

Micrasema

Brachycentrus

(Unidentified)

Genus
Apatania

ͳǡǡ

Family
Apataniidae

Order
Trichoptera

Appendix 1 (cont’d.). Macroinvertebrate taxa found documented in and around the Pebble study area, and throughout North America.
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Dytiscidae

(Unidentified)

Ceratopogonidae

Ceratopogonidae

Dolichophodidade

Empididae

Empididae

Psychodidae

Psychodidae

Simuliidae

Simuliidae

Simuliidae

Simuliidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Coleoptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Diptera

Tipula

 ǡ  ǡ
ʹͲͳͲ
ǤʹͲͲͺ
ʹͲͲ
ͺʹͲͲͻ

ͷ

Ͷǡ

͵ǯǤʹͲͳʹ

ʹʹͲͲ

South Fork Koktuli River3, Mulchatna River4, Lake Clark National Park2, Widespread6

Mulchatna River4, Lake Clark National Park2, Widespread6

North and South Fork Koktuli Rivers3, Mulchatna River4, Widespread6

South Fork Koktuli River, Upper Talarik Creek1,3, Lake Clark National Park2, Widespread6

North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Lake Clark National Park2,
Widespread6
South Fork Koktuli River1

South Fork Koktuli River and Upper Talarik Creek3, Widespread6

North and South Fork Koktuli Rivers and Upper Talarik Creek1, Lake Clark National Park2,
Widespread6
North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Mulchatna River4, Lake
Clark National Park2
North and South Fork Koktuli Rivers3, Western U.S. and Canada, Alaska6

North Fork Koktuli River and Upper Talarik Creek1,3, Lake Clark National Park2,
Widespread6
Lake Clark National Park2

Mulchatna River4, Lake Clark National Park2

Mulchatna River4

North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Widespread6

Mulchatna River6, Lake Clark National Park2

North and South Fork Koktuli Rivers and Upper Talarik Creek1,3

Mulchatna River, Widespread1

North American Distribution
North and South Fork Koktuli Rivers and Upper Talarik Creek1,3, Widespread6,8

Ƭ 

Rhabdomastix

Hexatoma

Dicranota

(Unidentified)

Simulium

Prosimulium

Metacnephia

(Unidentified)

Pericoma

Metachela/
Chelifera
(Unidentified)

(Unidentified)

(Unidentified)

Probezzia

(Unidentified)

(Unidentified)

Oreodytes

Genus
Rhyacophila

ͳǡǡ

Family
Rhyacophilidae

Order
Trichoptera

Appendix 1 (cont’d.). Macroinvertebrate taxa found documented in and around the Pebble study area, and throughout North America.
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Effects of Copper on Fish and Aquatic Resources
" #"
The Nushagak and Kvichak river watersheds in Bristol Bay Alaska (Figure 1) together produced
over 650 million sockeye salmon during 1956-2011, about 40% of Bristol Bay production
(ADFG 2012). Proposed mining of copper–sulfide ore in these watersheds will expose rocks
with elevated metal concentrations including copper (Cu) (Figure 1; Cox 1996, NDM 2005a,
Ghaffari et al. 2011). Because mining can increase metal concentrations in water by several
orders of magnitude compared to uncontaminated sites (ATSDR 1990, USEPA 2000, Younger
2002), and because Cu can be highly toxic to aquatic life (Eisler 2000), this review focuses on
risks to aquatic life from potential increased Cu inputs from proposed development.

Figure 1. Map showing current mining claims (red) in Nushagak and Kvichak river watersheds as of 2011. Proven lowgrade copper sulfide deposits are located in large lease block along Iliamna Lake. Documented salmon streams are
outlined in dark blue. Note many regional streams have never been surveyed for salmon presence or absence. Sources:
fish data from: www.adfg.alaska.gov/sf/SARR/AWC/index.cfm?ADFG =main.home mine data from Alaska Department of Natural
Resources - http://www.asgdc.state.ak.us/
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Core samples collected from Cu prospects near Iliamna Lake (Figure 1) show high potential for
acid generation due to iron sulfides in the rock (NDM 2005a). When sulfides are exposed to
oxygen and water sulfuric acid forms, which can dissolve metals in rock. Acid and metals can
then be washed into ground and surface waters during rainfall or snowmelt (Cox et al. 1996,
Ripley et al. 1996, Gusek and Figueroa 2009). Mine development proposed for the region
include open pit and underground block caving with processed mine waste stored in large
tailings reservoirs (AKDNR 2012, Ghafarri et al. 2011). Acid can be generated from such
development where sulfide rock is exposed in pit walls, waste rock piles, voids created by
underground block caving and in tailings reservoirs (Younger et al. 2002, Gusek and Figueroa
2009). Cox et al. (1996) indicated, “Tailings from milling of ore can cause release of acid mine
drainage from mine and waste dumps” and that intensity of environmental impact associated
with sulfide deposits is “greater in wet climates than in dry climates”. Southwest Alaska is a
relatively wet region with about 660 mm of precipitation annually (~26 inches/year; Iliamna
Airport 2011) and the region is characterized by abundant ground and surface waters (Figure 1;
NDM 2005b, Cathcart 2008, PLP 2012).

Copper (Cu) Sulfide Ore
•

Mining of Cu sulfide ores exposes sulfides to water and air creating acid, which
dissolves Cu; storm water can then carry Cu into ground and surface waters (Cox et al.
1996, Ripley et al. 1996, USEPA 2000, Younger 2002, Gusek and Figueroa 2009).

•

Samples from Cu sulfide deposits in Bristol Bay show high potential for acid
generation (NDM 2005a).

•

Environmental impact from mining sulfide deposits is “greater in wet than in dry
climates” (Cox et al. 1996).

•

Bristol Bay has a relatively wet climate and abundant ground and surface waters.

2
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Cu naturally occurs in the aquatic environment in low concentrations. Major aquifers of the U.S.
have Cu concentrations less than 10 parts per billion1 (ppb) total Cu (Lee and Helsel 2005),
while Canadian freshwaters have 1-8 ppb Cu (ATSDR 1990), and streams in Bristol Bay have
0.04-5.60 ppb Cu (Zamzow 2011).

Seawater Cu concentrations are generally less than 1 ppb

(Nordberg et al. 2007).
Elevated aquatic Cu concentrations primarily occur near copper mining and smelting facilities
and in urbanized areas (Davis et al. 2000, Eisler 2000). Aquatic habitats are susceptible to Cu
pollution because they are the ultimate receptor of industrial and urban wastewater, storm water
run off, and atmospheric deposition (Nriagu 1979, Davis et al. 2000). Cu is acutely toxic (lethal)
to freshwater fish in soft water at low concentrations ranging from 10 – 20 part per billion (NAS
1977). Elevated Cu concentrations observed in mine-impacted Mineral Creek Colorado were as
high as 410 ppb (Runkel et al. 2009) and in mine impacted Copperas Brook in Vermont were
4600 ppb (Balistreri et al. 2007). Sansalone et al. (1997) documented urban storm water run off
Cu concentrations of 325 ppb. Such Cu concentrations are lethal to fish and aquatic life (Eisler
2000).

Copper in the Aquatic Environment

1

•

Copper naturally occurs at low levels:
o Major US aquifers < 10 ppb total Cu (Lee & Helsel 2005).
o Canadian freshwaters = 1-8 ppb total Cu (ATSDR 1990).
o Bristol Bay headwaters = 0.04-5.6 ppb total Cu (Zamzow 2011).

•

Cu is acutely toxic (lethal) to freshwater fish in soft water at low concentrations
ranging from 10 – 20 part per billion (NAS 1977).

•

Elevated Cu occurs in freshwaters near Cu mining sites & urban areas:
o Mine-impacted Mineral Creek CO = 410 ppb total Cu (Runkel et al. 2009)
o Mine-impacted Copperas Brook in VT = 4600 ppb total Cu (Balistreri et al.
2007)
o Urban storm water run off = 2.1 to 325 ppb total Cu (Sansalone et al. 1997)

One part per billion Cu is equivalent to one drop of Cu diluted in 250 drums (55gal) of water.

3
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About 15 million tonnes of Cu is used worldwide yearly for construction, electrical conduit,
agriculture, manufacturing and other uses; one third of this Cu is from recycling the rest is from
mining (ATSDR 1990). Because Cu is a non-degradable potentially toxic pollutant that builds up
in the environment continued releases are of global concern (Nigaru 1996).

 !"!!"&" 
Copper is an essential trace metal necessary for growth and metabolism of all living organisms;
humans need approximately 1-2.5 mg daily (1 mg = 0.00001 oz) (Nordberg et al. 2007). In
vertebrates, including fish, Cu forms part of many enzymes and glycoprotein, it is important for
nervous system function and is necessary for hemoglobin synthesis (Sorensen 1991, Nordberg et
al. 2007). Deficiencies are rare as Cu is plentiful in the environment however deficiencies in
mammals are linked to anemia, gastrointestinal disturbances, aortic aneurisms, abnormal bone
development and death (Aaseth and Norseth 1986). Precise Cu dietary needs and deficiency
effects in wild fish and aquatic species are unclear and the subject of ongoing research.
Cu is toxic at higher concentrations and mammals (including humans) evolved efficient Cu
regulatory systems for uptake, distribution, storage and excretion (Nordberg et al. 2007). In
mammals, excess Cu is generally absorbed into gastrointestinal cells and excreted when cells
slough (Eisler 2000). Overdoses of Cu are documented and symptoms in humans for 44 mg
Cu/L and less include gastrointestinal distress, nausea, vomiting, headache, dizziness, and
metallic taste in mouth; higher doses can cause coma and death (NAS 2000). Humans afflicted
with Wilson’s disease, children under one year, people with liver damage, chronic disease, and
diabetes are more susceptible to Cu poisoning (Nordberg et al. 2007).
Cu is one of the most toxic elements to aquatic species, at levels just above that needed for
growth and reproduction it can accumulate and cause irreversible harm to some species (Hall et
al. 1988, Sorensen 1991, Carbonell and Tarazona 1994, Eisler 2000, Kapustka et al. 2004,
Tierney et al. 2010). Cu is acutely toxic (lethal) to freshwater fish via their gills in soft water at
concentrations ranging from 10 – 20 ppb (NAS 1977).

4
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Copper and other metals released from mining and urban sites can contaminate water sources
and affect fish through water or food borne exposure (Sorensen 1991, Peplow and Edmonds
2000, Younger et al. 2002, Clearwater et al. 2002, Lapointe et al. 2011). Fish and aquatic
organisms are very sensitive to increased Cu concentrations in water however Cu toxicity
depends, in part, on water quality.
Waterborne Cu exists in a variety of forms with the dissolved form dCu (cupric ion Cu2+)
considered most toxic to aquatic life (Eisler 2000, USEPA 2007). Some water parameters
affecting Cu toxicity include: whether water is soft or hard, pH, anions and dissolved organic
carbon (DOC). Toxicity of Cu to aquatic life varies with:
1) Water hardness: dCu is more lethal in soft compared to hard waters rich in cations (e.g.,
Ca2+ and Mg2+) as cations reduce bioavailability of dCu and thus toxic effects (Pagenkopf
1983, Paquin et al. 2002).
2) pH: Cu is more toxic under acidic conditions (pH < 6);
3) Anions and dissolved organic carbon (DOC) bind to dCu creating compounds, which
reduce dCu concentrations and toxic effects (Niyogi and Wood 2004, USEPA 2007).
The Alaska Department of Environmental Conservation uses an Aquatic Water Quality (AWQ)
criteria to protect freshwater species from increased Cu inputs (ADEC 2010). Acute AWQ Cu
criteria address lethal effects of Cu using a regression model (Figure 2) of lethal dCu
concentrations as a function of water hardness; the model also takes into account pH and
alkalinity (Stephan et al. 1985, USEPA 2007).

5
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Figure 2. Graph depicting
Alaska acute and chronic
Aquatic Water Quality
criteria for copper as a
function of hardness. FWA
= fresh water acute or
lethal concentrations; TR =
total recoverable Cu; Diss =
dissolved Cu, FWC=
freshwater chronic
concentrations. (ADEC
2010).

Freshwaters in mine leases near Iliamna Lake (Figure 1) are “soft” (low hardness of 1 to 31
mg/L; Zamzow 2011); corresponding lethal dCu concentrations at this hardness range from 0.18
to 4.46 ppb dCu respectively (Figure 2); chronic dCu toxicity ranges from 0.18 to 3.29 ppb. This
is because soft waters are limited in their ability to ameliorate toxic effects of increased Cu
inputs (Figure 2). Cusimano et al. (1986) found that 50% of exposed rainbow trout died in 96
hours at a concentration of 2.8 ppb Cu in water of 9.2mg/L hardness. Taylor et al. (2000) found
that Cu was approximately 20 times more toxic to 1- to 2-g rainbow trout in soft water (20 mg/L)
than in hard water (120 mg/L as CaCO3). Increases in dCu concentrations can be lethal at very
low concentrations in soft waters (NAS 1986, Eisler 2000, Scott and Sloman 2004).
Criticisms of the hardness based AWQ include the fact that Cu can reduce a salmon’s sense of
smell by 50% at increases of just 2 ppb dCu over baseline; hardness does not significantly
reduce this effect but dissolved organic carbon can (McIntyre et al. 2008, Sandahl et al. 2007).
Another fish sensory system “the lateral line” is comprised of neurons (hair cells) that provide
fish information on their environment including vibrations, water flow and other parameters; the

6
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lateral line enables schooling, predator avoidance, feeding, and orientation to water flows. In a
recent study, fish exposure to dCu concentrations of 20 ppb for 3 hours destroyed 20% of hair
cells (Linbo et al. 2006). Hardness only slightly reduced toxicity of Cu to the lateral line but
DOC caused a greater reduction in Cu toxicity. Linbo et al. (2009) determined increasing
organic carbon (0.1– 4.3 mg/L) increased concentrations at which dCu destroyed 50% of lateral
line hair cells from approximately 12 ppb to 50 ppb. Waters within and near Cu mining leases in
Bristol Bay are soft with low DOC concentrations (Table 1; Zamzow 2011). Site-specific dCu
toxicity studies using natural hardness and DOC levels documented in proposed mining leases
are currently lacking.

7
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Table 1. Water quality parameters for study sites within and near mining leases located near
Iliamna Lake, Alaska, from Zamzow (2011).
Region

North of
Pebble
Prospect

South For k
K oktuli

North For k
K oktuli

Upper and
Lower
T alarik
Southwest
of Pebble
Prospect

Sample
Date

H ardness
(mg/L)

A lkalinity
(mg/L)

L ab p H

DOC
(mg/L)

May 2009

17-20

21-22

7.2

3-4

June 2009

10-23

4-25

7.1-7.6

2-4

June 2010

28-30

25-34

7.2-7.3

2-4

May 2009

7-14

9-16

6.3-7.0

1-3

June 2009

13-18

11-20

7.1-7.6

1-3

June 2010

13-32

14-42

6.9-7.2

1-3

May 2009

8-14

9-12

6.2-6.9

4-6

June 2009

7-23

11-28

7.3-7.7

2-4

June 2010

14-29

18-40

7.1

1-2

May 2009

11-17

14-20

6.6-7.2

2-4

June 2009

14-31

20-31

7.3-7.6

1-2

June 2010

23-43

26-47

7.2-7.6

1-2

May 2009

1-6

0.5-5

5.4-6.5

5

 

1-15

4-22

5.5-7.2

1-3

 

13-17

15-25

6.7-6.9

3

The Alaska hardness based acute (lethal) AWQ is under-protective for numerous species
comprising aquatic food chains. A recent review of 75 published reports by Scannell (2009)
for the Alaska Department of Fish and Game indicated the hardness based AWQ was underprotective in acute (lethal) Cu toxicity studies for:
• 5% of reviewed fish test values,
• 14% of reviewed aquatic invertebrate test values,
• 40% of freshwater mussel test values,
• 38% of zooplankton test values.
Zooplankton, invertebrates and mussels are important components of the aquatic food chain that
sustain sockeye, coho and Chinook salmon while they rear one to three years in freshwater as
well as other important subsistence species.
The USEPA (2007) recently recommended use of a more complex AWQ model for Cu because

8
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the hardness model may sometimes be under or overly protective and site specific studies
required to fine-tune models can be expensive. The so-called Biotic Ligand Model (BLM) uses
10 parameters including temperature, pH, dissolved organic carbon (DOC), calcium, magnesium,
sodium, potassium, sulfate, chloride and alkalinity to calculate AWQ for aquatic species
(USEPA 2007). The BLM can be useful in predicting acute or lethal effects to aquatic life that
occur at fish gills in waters of different chemistries (Niyogi and Wood 2004). But BLM
assumptions have been questioned and failures of the model to protect aquatic life are
documented (Slaveykova and Wilkinson 2005, Welsh et al. 2008). For example, the BLM did
not adequately predict Cu toxicity to trout in soft water and underestimated acute toxicity at
higher pH and chronic toxicity at lower pH (Ng et al. 2010). Another issue with the BLM is that
DOC varies in form and consequently can limit accurate Cu toxicity predictions of the BLM
(Wood et al. 2011). Further research is needed to resolve inadequacies of the BLM to ensure
salmon and aquatic species are protected from increased Cu inputs.

Alaska Water Quality Standards for Copper
•

Alaska uses a hardness based Aquatic Water Quality (AWQ) criteria to protect aquatic
species from lethal effects of increased Cu inputs. It is under protective of many fish
forage species and new research indicates the AWQ may not protect salmon sensory
inputs that enable mating, predator avoidance, feeding, and homing (McIntyre et al.
2008, see review by Tierney et al. 2010).

•

Cu is lethal at very low concentrations in soft waters compared to hard waters (Taylor
et al. 2000). Waters in proposed mine claims of Bristol Bay are very soft (Zamzow
2011).

•

Cu can impair behaviors important to survival and reproduction by reducing a fish’s
sense of smell and/or orientation ability; water hardness does not reduce Cu impacts to
sensory systems as much as dissolved organic carbon does (Sandahl et al. 2007,
McIntyre et al. 2008).

•

The USEPA (2007) recommends use of a new AWQ called the Biotic Ligand Model
(BLM) to determine Cu criteria. It has promise, but does not adequately predict Cu
toxicity in soft waters nor does it account for variation in ability of dissolved organic
matter (DOC) to bind Cu reducing its toxicity (Ng et al. 2010, Wood et al.2011)

9
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Toxicity of Cu to aquatic organisms depends on its “bioavailability” or its potential to transfer
from water or food to a receptor (e.g., gills, olfactory neurons, etc.) on an organism where toxic
effects can occur. Toxic effects of Cu are classified as “acute“ or lethal and “chronic” where
sublethal exposures result in reduced growth, immune response, reproduction and/or survival.
Adverse effects have been demonstrated on various fish “receptors” including gills, olfactory
receptors, and lateral line cilia and scientists are now learning more about how Cu affects fish
DNA and molecules. Copper is known to reduce fish resistance to diseases; it disrupts migration
(i.e., fishes avoid copper-contaminated spawning grounds); alters swimming; causes oxidative
damage; impairs respiration; disrupts osmoregulation structure and pathology of kidneys, liver,
gills, and other stem cells; impacts mechanoreceptors of lateral line canals; impairs functions of
olfactory organs and brain; is associated with changes in behavior, blood chemistry, enzyme
activities, corticosteroid metabolism and gene transcription and expression (Table 2; Hodson et
al. 1979, Knittel, 1981, Rougier et al. 1994, Eisler 2000, Craig et al. 2010, Tierney et al. 2010).
Cu is acutely toxic to freshwater fish via the gills in soft water at concentrations ranging from 10
– 20 ppb (NAS 1977). Marr et al. (1998) demonstrated that 50% of rainbow trout died when
exposed to 14 ppb Cu and 20% died when exposed to 8 ppb Cu in waters of about 25 mg/L
hardness. Playle et al. (1993a) demonstrated a dose-response relationship between 120 hour
mortality of rainbow trout juveniles and Cu gill accumulation after 24 hours. Playle et al.
(1993b) showed that Cu binding to fish gills and how much metal bound to gill was related to
dCu concentrations. Waters in mine claims near Iliamna Lake are both very soft with low DOC
concentrations (Zamzow 2011).

 !$ 
Effects of contaminants on fish behavior are now a topic of intensive research (see review by
Tierney et al. 2010, McIntyre et al. 2012). Fish behavior is linked to individual survival and
reproduction- if a salmon returns to spawn but instead gets eaten by a bear then that fish’s genes
are out of the gene pool. Because copper impairs key senses such as smell it has potential to
impair complex fish behaviors important to survival and reproduction.
10
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Copper can impair olfaction in fish and hardness based dCu WQS are less protective at the fish
nose than at the fish gill (McIntyre 2008). Fish are highly sensitive to odors in their environment
and can detect natural chemical cues over long distances, such as mating pheromones, at
concentrations in the parts per billion or parts per trillion (ppt) (Laberge and Hara 2003, Belanger
et al. 2006). Approximately one hundred different olfactory receptors receive and trigger critical
physiological and/or behavioral responses in fish (Tierney et al. 2010), such as sperm production
(Waring et al. 1996), predator recognition and avoidance (Brown and Smith 1997, Hirovan et al.
2000, McIntyre et al 2012), food location (Hara 2006), kin recognition (Quinn and Busack
1986), recognition of conspecifics (Brown and Smith 1997, Hirovan et al. 2000), migration
(Groot et al. 1986), homing (Hasler and Schlotz 1983) and reproduction (Moore and Waring
1996, Waring et al. 1996). Impairment of such behaviors has potential to affect population
biodiversity if behaviors such as feeding, predator avoidance, homing, migration and spawning
are affected (Table 2).
Table 2. Selected examples of adverse effects of copper on salmonids. Table after NOAA (2007).
Species

Effect

Coho
juvenile

Reduced
olfaction and
alarm response
Increased
predation
Avoidance

Coho
juvenile
Chinook
juvenile
Rainbow
trout
Chinook
juvenile
Coho
juvenile
Rainbow
trout
Rainbow
trout
Rainbow
trout

Avoidance
Loss of
avoidance
ability
Reduced
downstream
migration
Loss of
homing ability
Reduced
growth
Increased
disease
susceptibility
Impaired
olfaction

Concentration
ppb
0.18-2.1

Effect
Statistic*
EC10 –
EC50

Hardness
120

Exposure
duration
3 hours

Reference
Sandhal et al. 2007

5

LOEC

56

3 hours

McIntyre et al. 2012

0.75

LOEC

25

20 min

Hansen et al. 1999a

1.6

LOEC

25

20 min

Hansen et al. 1999a

2

LOEC

25

21 days

Hansen et al. 1999b

5

LOEC

95

6 days

22

LOEC

63

40 weeks

Lorz and
McPherson 1976,
1977
Marr et al. 1996

2.8

EC10

25

120

Marr et al. 1996

3.9

LOEC

96 hr

Baker et al. 1983

36.6

5
LOEC
58 3 hours
Baldwin et al. 2011
Hatchery
coho &
wild
steelhead
*ECp = effective concentration adversely affecting (p) percent of the test population or percent of measured
response, e.g., 10% for an EC10, etc.; LOEC= Lowest Observed Adverse Effect Concentration, but note not all
concentrations were tested.
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Hatchery and wild salmon and steelhead exposed to 5 ppb and 20 ppb for 3 hours at 58 mg/L
hardness showed impaired olfaction (Baldwin et al 2011). Sandahl et al. (2007) demonstrated
that coho salmon exposed to just 2 ppb increases in Cu for 3 hours at 120 mg/L hardness showed
significantly impaired olfactory detection of predator alarm cues and a 50% decline in normal
predator avoidance response; impairment in ability to detect and avoid predators can be lethal.
McInryre et al. (2008) determined that neither pH nor hardness significantly reduced Cu toxicity
on olfactory neurons but dissolved organic carbon did.
Salmonids avoid waters with low dCu contamination, which disrupts their normal migration
patterns. For example, coho salmon yearlings held in 5 – 30 ppb Cu for as little as 6 days
showed altered downstream migration patterns (Lorz and McPherson 1977). Chinook avoided at
least 0.7 ppb Cu whereas rainbow trout avoided at least 1.6 ppb dissolved Cu (Hansen et al.
1998). Laboratory avoidance of Cu by rainbow trout was observed at 0.1, 1.0 and 10 ppb Cu
(Folmar 1976). Birge et al. (1993) and others demonstrated that salmon and other fish can be
attracted to very high concentrations of dCu (4,560 ppb), which is lethal. In a review by
Scannell (2009), a personal communication citation for B. Shephard (2008) suggested avoidance
was the only behavioral endpoint with effects lower than the hardness chronic criterion.
However, recent studies on salmon olfaction and lateral line systems indicate hardness plays a
lesser role in reducing toxic effects of Cu than DOC.
Fish exposed to sublethal or chronic Cu concentrations can potentially suffer the following
direct and indirect effects and further study is needed:
a. Impaired neurological and brain function (Baldwin et al. 2003; Tierney et al 2010),
b. Impaired reproduction (Pickering et al. 1977),
c. Impaired predator detection and avoidance (Baldwin et al. 2003, Sandahl et al. 2007,
McIntyre et al. 2012),
d. Impaired ability to find food (Drummond et al. 1973),
e. Impaired ability to recognize members of their own species (Quinn and Busack
1985),
f. Impaired ability to recognize siblings (Hara 1986, Brown and Brown 1992),
g. Impaired “homing” ability (Scholz et al. 1976, Baldwin et al. 2003),
h. Impaired migration behaviors (Lorz and McPherson 1976),
i. Impaired growth (Scudder et al. 1988).
j. Depressed immune response (Knittel 1981, Rougier et al. 1994)
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Exposure to contaminants that can change a fish’s ability to interpret chemical cues that
influence homing precision, reproductive behavior, identification of predators, prey, kin or mates
represents a threat to genetic integrity of salmon stocks. Sustainability of Bristol Bay fisheries is
reliant, in part, on genetic integrity and biodiversity of stocks (Hilborn et al. 2003, Schindler et
al. 2010). Population structure is positively associated with genetic diversity and resilience to
disturbance such that large, highly structured populations have high genetic diversity and
probability of persistence over time as environmental conditions change (Giesel 1974, Altukhov
1981). In contrast, small, panmictic (geographically limited) populations with limited population
structure are vulnerable to inbreeding, demographic stochasticity, genetic drift and thus, reduced
evolutionary potential, and increased probability of extinction (Cornuet and Luikart 1996;
Luikart et al. 1998; Soulé and Mills 1998).

"  
Studies investigating toxic effects of Cu on fish have primarily focused on waterborne Cu
toxicity but food borne Cu paths in and through aquatic food chains is of increasing interest.
Recent studies indicate Cu uptake efficiency is similar for diet and water (Clearwater et al.
2002). Diet borne Cu caused a quantitatively more important effect on gene transcription levels
for proteins involved in energy metabolism, metal detoxification and protein protection
compared to fish exposed to waterborne Cu (Lapointe et al. 2011). Similar to other heavy
metals, copper can accumulate in fish tissues from ingestion (Dallinger and Kautzky 1985,
Clearwater et al. 2002, Vineeta et al 2007, Gundogdu et al. 2009). Vineeta et al. (2007) fed fish
high concentration Cu diets and observed Cu accumulated in descending order from
gill>kidney>liver>muscle.

Toxic concentrations of dietborne Cu have been described for

rainbow trout, carp and channel catfish, but data appear contradictory (see review by Clearwater
et al. 2002). In one study, rainbow trout dietary copper toxicity occurred at 730 mg Cu/kg and
maximum tolerable level was 665 mg Cu/kg, adverse effects included reduced growth, increased
feed:gain ratios, food refusal and elevated liver copper levels (Lanno et al. 2003). Clearwater et
al. (2002) determined Cu toxicity occurred at daily intake levels of 1–15 mg/kg body weight per
day (depending on life stage) for Atlantic salmon and at 35–45 mg/ kg body weight per day for
rainbow trout (Oncorhynchus mykiss). Further studies are needed to improve understanding of
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potential effects of ingested Cu because once released into the environment Cu can accumulate
in aquatic sediments and continue to recycle into aquatic food webs.

 " !%" 
Aquatic food chains and energetic pathways are organized in a hierarchical way (Figure 3) and
Cu can be transferred through aquatic food chains McGreer et al. (2003). Copper can affect
salmonid ecosystems from the bottom of the food chain to top predators (see reviews by Hodson
et al. 1979, Sorenson 1991, Eisler 2000). Studies on cumulative adverse effects of Cu on
productivity of aquatic food chains are lacking however, numerous studies document adverse
effects on freshwater algae, zooplankton, and mussels at levels below Aquatic Water Standards
(see review by Scannell 2009) which could result in reduced prey abundance and quality to
support fish growth and reproduction (Wootton 1994).
Copper is one of the most toxic metals to unicellular algae, which form the base of the salmonid
food chain. Photosynthetic algae production (Chlorella spp.) can decline at just 1.0 – 2 ppb Cu
and photosynthesis can be inhibited at 5.0 to 6.3 ppb (USEPA 1980, Franklin et al. 2002).
Zooplankton feed on algae and their growth and reproduction are affected by food availability;
declines in algae production can cause declines in zooplankton production (Urabe 1991, MüllerNavarra and Lampert 1996), which implies reduced food for fish that feed on zooplankton such
as sockeye salmon.
Zooplankton are the preferred food of juvenile sockeye salmon, which rear in lakes one to two
years prior to seaward migration. Zooplankton are highly sensitive to acute Cu effects and
studies in waters of high hardness show Cladocera may not be adequately protected by current
Alaska AWQ criteria (Bossuyt et al. 2005) particularly because freshwaters in and near Bristol
Bay mine claims are very soft and have low levels of dissolved organic carbon (Zamzow 2011,
also see review by Scannell 2009).

14

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 761 of 2339

Figure 3. A simplified aquatic food web depicting hierarchical nature of energy flow from organic matter falling into a stream
(Allochthonous) to microbes, periphyton, aquatic insects, to top fish and avian predators. Algae form the base of the food chain
and derive energy from the sun and nutrients from water.

Freshwater mussels and gastropods (snails) live in sediments and are filter feeders. They recycle
dead organic matter in lake and river bottoms and they in turn are prey for fish. For example,
freshwater mussels and snails are a primary food of humpback whitefish (Brown 2007), which in
turn are prey for larger fish and are a preferred subsistence species for residents of the Kvichak
River watershed (Fall et al 1996, 2006). Wang et al. (2007a, 2007b, 2007c) showed growth and
survival of freshwater mussels were impaired in relatively hard waters (160-190 mg/L) at Cu
concentrations below Alaska AWQ criteria (also see review by Scannell 2009).

" "! #  "!
Hard rock mines and urban areas release complex mixtures of metals and metalloids such as zinc
(Zn), cadmium (Ca), lead (Pb), aluminum (Al), mercury (Hg), selenium (Se), molybdenum (Mo),
magnesium (Mg), nickel (Ni) and iron (Fe). Multiple metal discharges effects on fish and
aquatic food chains are limited, but show complex chemical interactions and reactions that can
15
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be difficult to predict as concentrations of elements comprising mixtures will vary in space and
time. Dethloff et al. (1999) investigated changes in the blood, brain biochemistry, and immune
system of rainbow trout caused by exposure to sublethal concentrations of Cu and Zn, two metals
that generally occur together at Cu sulfide mines (Finlayson and Ashuckian 1979, Roch and
McCarter 1984, Woodward et al. 1995). They found fish exposed to various mixtures of
sublethal Cu and Zinc (Zn) showed no significant effects on survival, weight, and hepatic metal
concentrations – typically measured parameters that indicate stress, but did show increased Cu
gill concentrations, elevated brain acetylcholinesterase, reduced lymphocytes, and elevated
monocytes and neutrophils (both are white blood cell types that play a key role in immune
function). This study showed alterations in important physiological parameters that are not
generally measured for metal effects.
Interactions between Cu and Zn can be more than additive, with mixtures of the two metals
causing higher rates of mortality in fish than expected based on each element alone (Sprague and
Ramsey 1965, Sorenson 1991, Eisler 2000). Once inside an organism, elements exist in a
specific form and ratio to other elements and will interact directly or indirectly based on a
multitude of parameters (Sandstead 1976, Sorenson 1991). For example, survival from egg to
hatch of a catfish (Ictalurus spp.) treated with a 1:1 ratio of Cu:Zn declined predictably under an
additive model up to a concentration of ~1 mg/L, then mortality rates increased at higher than
predicted rates, causing a synergistic effect (Birge and Black 1979).

%"!
Funding for this work provided by The Nature Conservancy. Dr. Ann Maest, Dr. J. Morris, and an anonymous
reviewer provided valuable criticism, feedback and edits.
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3

Executive Summary

Executive Summary
Located in southwestern Alaska, the Bristol Bay
basin annually produces hundreds of millions of juvenile salmon, yielding tens of millions of adults. The
most abundant wild salmon fishery in North America,
this resource is vital to the economy and culture of the
region and integral to the health and function of the
Bristol Bay ecosystem. Supporting robust subsistence,
recreational, and commercial harvests, the Bristol Bay
sockeye salmon fishery is the largest in the world and
the greatest source of private sector income in the
Bristol Bay region.
In 2007, a wholly-owned affiliate of the Canadian
mining company Northern Dynasty Minerals Ltd.
(Northern Dynasty) and a wholly-owned subsidiary
of London-based Anglo American PLC established
the Pebble Limited Partnership (PLP) to develop one
of the world’s largest copper-gold-molybdenum mines
in the headwaters of Bristol Bay. At the time of this
report’s publication, PLP has yet to release a prefeasibility study describing the scope and scale of the
Pebble Mine, however, preliminary proposals as well
as subsequent resource and revenue estimates indicate
that the endeavor will be massive. If PLP exploits the
full deposit, the operation will mine over 10.8 billion
metric tons of ore.
Information presented in this report is intended to
aid the public, resource managers, and decision-makers
in understanding the potential impacts of mine development on the Bristol Bay region’s wild salmon ecosystems. In addition, the report highlights key economic,
regulatory, and historical considerations to inform a
comprehensive evaluation of the Pebble Mine proposal.
***
If constructed, the Pebble Mine will be a largescale copper-gold-molybdenum mine. Preliminary concepts presented for the mine have indicated that PLP
will excavate an open pit as well as undertake extensive underground excavation. To support resource
extraction and distribution, PLP will also construct an
extensive road system, pipelines, a mill, power plant,
deep-water port, and other facilities. Additionally, mine
operations will require massive withdrawals of fresh
water.
When hard rock mining processes expose sulfidebearing rock (like the Pebble deposit) to air and water,
oxidation processes form sulfuric acid, which dissolves
harmful metals, metalloids, and non-metals in the surrounding rock. Known as acid mine drainage, this
process—if uncontrolled at a mine site—poses substantial threats to the health and stability of surrounding

aquatic ecosystems. Because mineralized rock is
exposed to air and water in numerous mining locations, keeping contaminated water controlled on-site in
perpetuity represents one of the greatest environmental
challenges to a hard rock mining operation like Pebble.
While acid mine drainage is a primary threat at mine
sites, neutral and alkaline pH drainage can also release
mine-related contaminants into the environment.
Data produced by PLP document that much of the
site rock has sulfide-sulfur concentrations between 1%
and 5%, sometimes up to 9% or greater. Significant
volumes of rock containing 1% – 5% sulfide suggest
a concern for the development of acid mine drainage
at the Pebble site. Thus, PLP proposes to permanently
store mine tailings and most of the waste rock in flooded
impoundments, known as tailings storage facilities.
Storage of the billions of tons of Pebble Mine's waste
will involve construction of one of the world’s largest—
if not the largest—impoundment of toxic mine waste,
including hundreds of mineral and chemical compounds that are highly harmful to salmon and salmon
ecosystems. Any failure of a tailings dam represents
a catastrophic threat to the Bristol Bay region, where
considerable seismic activity and extreme weather conditions call into question whether acid generating ore
and other mine wastes can be safely stored in perpetuity. The technical literature fails to show an example of
any similar metal-mine tailings impoundment that has
not released toxic contaminants into the environment
over the long-term via chronic seepage—especially following site closure.
In addition to the primary threats posed by acid
mine drainage and tailings dam failure, mining-related
contamination of ground and surface waters can also
result from: accidental discharge of process water;
leakage from a post-mining pit lake; pipeline failures; toxic dust; and “settleable” and suspended solids
deposited in lakes and streams. These and other sources
of contamination can have a variety of impacts on the
health and function of aquatic ecosystems and associated salmon populations. Major potential impacts
include changes in water chemistry, altered hydrology,
increased sedimentation, and food web disruption.
If the Pebble Mine is constructed, these and other
impacts may be exacerbated by the development and
operation of additional mines in the Bristol Bay basin.
The development of the Pebble Mine and its supporting
infrastructure will pave the way for additional mining
proposals in Bristol Bay watersheds. Since PLP’s establishment, seven different operators have established
claims and initiated leases covering 793 square miles.
The majority of these claims cannot be exploited
without development of the Pebble Mine infrastructure. The total, cumulative impacts of the Pebble
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proposal on the Bristol Bay basin may therefore be far
greater than those directly associated with the mine’s
initial development and operation.
Before the Pebble Mine can be excavated, permits
must be issued for major facets of construction. At
first glance, state and federal permitting requirements
and related regulations may appear sufficient to ensure
that Bristol Bay’s wild salmon ecosystems will be safeguarded. However, a closer review calls this assumption into question. For example, though the National
Environmental Policy Act (NEPA) requires disclosure
and analysis of potential environmental impacts, in
practice, NEPA is largely procedural and does not
ensure that the chosen action will be environmentally
sound. In addition, Alaska’s large mine permitting
process and associated state statutes and regional land
use plans place greater importance on resource extraction than on the conservation of renewable resources.
As a result, the State of Alaska has never denied a
permit for a large mine.
The direct economic impacts generated by Bristol
Bay’s healthy wild salmon ecosystem are estimated
between $318 and $573 million annually, generating
almost 5,000 jobs. While the Pebble mineral deposit
appears to be considerably more valuable at first glance,
an accurate comparison of economic worth must evaluate Bristol Bay’s renewable wild salmon resources
through multiple frameworks. Comparisons should
include: 1) the direct and indirect economic benefits
of both Bristol Bay’s salmon fisheries and the region’s
ecosystems; 2) the intrinsic value of the watershed and
its salmon; and 3) the short-term tax revenue generated
from the mine versus the long-term tax revenue generated from the watershed. The projected economic
returns from mining also become less compelling when
taking into consideration many of Bristol Bay’s indigenous peoples, who rely on a subsistence way of life
that is susceptible to collapse under the boom and bust
cycle typical of mining.
The proposed Pebble Mine and the regional mining
district it will foster present serious and potentially
catastrophic threats to the continued health of Bristol
Bay’s aquatic and terrestrial habitats and to the outstanding salmon fisheries that these habitats sustain.
Attempting to contain contaminants from one of the
world’s largest impoundments of toxic mine waste in
perpetuity in a region that is seismically active, subject
to extreme weather conditions, and characterized by
complex hydrology constitutes an enormous risk. Even
if an attractive mitigation and containment strategy
is proposed on paper, virtually all of the safeguards
must work forever. While mining technology and best
practices have improved considerably over the years,
large-scale mining projects continue to be plagued

Bristol Bay sockeye salmon (photo by Ken Morrish, Fly Water Travel).

by challenges in predicting ground and surface water
quality impacts. Given the industry’s poor track record
in meeting its water quality goals and the singular value
of Bristol Bay’s wild salmon ecosystem, construction
of the Pebble Mine represents a monumental gamble.
This report concludes that there is simply too much
at stake to conduct an experiment of this scale with
a resource of such extraordinary economic, ecological,
and cultural importance.
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Bristol Bay salmon (photo by Ben Knight).
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Introduction

Introduction
This report reviews the potential impacts of the
development and operation of a major hard rock mine
in the headwaters of one of the world’s most productive
salmon ecosystems—Alaska’s Bristol Bay. It also seeks
to highlight key economic, regulatory, and historical
considerations that can promote a more comprehensive
evaluation of the Pebble Mine concept.

Throughout the North Pacific region, the
largest cross-ecosystem movement of animals is
the annual migration of wild salmon from the
ocean into freshwater streams and lakes, where
they spawn and die.
—"Impacts of Salmon on Riparian Plant Diversity"
(Hocking and Reynolds 2011)

Why Salmon?
It is impossible to ignore the profound benefits that
healthy wild salmon populations and productive wild
salmon ecosystems bring to bear on human health,
economies, and cultures. While the ecological threats
posed by mining—and other resource-extraction industries—are not limited to salmonids, lost and degraded
salmon populations threaten a range of human values
that define our well-being and sustain our quality of life.
To begin with, Bristol Bay subsistence fishing has
figured prominently among native peoples for thousands of years. The Athabaskan, Aleut, and Yup’ik
peoples of Bristol Bay harvest roughly 150,000 salmon
annually, which they eat fresh and dry, smoke, salt,
pickle, can, and store for winter sustenance (Fall et al.
1996, 2006, ADFG 2008a). This subsistence way of life
not only results in a flexible seasonal work pattern that
allows for communal time, it also provides spiritual
empowerment, cultural understanding, deep connections with natural rhythms, intergenerational education, and a sense of hope and pride (McDiarmid et al.
1998, Thornton and Wheeler 2005, Haley et al. 2008,
Haley and Magdanz 2008). Ultimately, these benefits
forge an irreplaceable cultural identity, while stimulating a sense of reciprocity, trust, and cooperation among
community members (Martin 2004, Haley et al. 2008,
Haley and Magdanz 2008). Subsistence fisheries, therefore, are not just a food source, but rather the linchpin
to a traditional way of life that has linked native generations in Bristol Bay for 3,000 to 4,000 years (Bristol Bay
Borough 2010).
While the cultural and spiritual relationships of
Alaska’s more recent settlers with salmon are less
pronounced, the economic value derived from over a
century of commercial and recreational harvests is similarly remarkable. In addition to the subsistence harvest,
Duffield (2009) estimates annual expenditures of $318
to $572 million on services supplied by Bristol Bay’s
wild salmon ecosystem, resulting in an average of 4,837
full-time equivalent jobs and $196 million in annual
gross income. The majority of these benefits were generated from commercial fish harvest. On average, roughly
33 million salmon return to Bristol Bay each year, and
according to ADFG (2010a), the 31 million salmon

harvested in the stronger-than-average returns of 2010
produced a preliminary ex-vessel value of over $153
million. Despite this tremendous harvest, in the same
year 11.5 million sockeye escaped the nets and returned
to their natal waters to spawn.
While salmon sustain human populations, they are
also a keystone species, providing a vital source of food
to marine, freshwater, terrestrial, and avian communities. At least 138 animal species, from killer whales to
owls, depend on salmon for sustenance to some degree
(Willson and Halupka 1995, Cederholm et al. 2001).
In the United States Pacific Northwest, salmon declines
have adversely affected many other species, including
bald eagles, grizzly bears, black bears, ospreys, harlequin ducks, Caspian terns, and river otters (Willson
and Halupka 1995, Cederholm et al. 2001). Salmon are
also a critical source of nutrients in many watersheds.
Marine-derived nutrients, which are carried by salmon
from the ocean and deposited by spawned-out individuals, are supplied to nutrient-limited lakes and streams,
supplementing the base of the food web and maintaining future salmon production (Kline et al. 1993). While
these nutrients are readily used by a variety of aquatic
organisms, trees and other vegetation also benefit
significantly from the marine-derived nutrients provided by returning salmon. In fact, Hilderbrand et al.
(1999) found that 15.5% to 17.8% of the total nitrogen in spruce foliage within 500 meters of the stream
was derived from salmon that had been consumed by
bears and was redistributed through urine and feces
in the riparian area. A recent study examining nutrient loading from Pacific salmon in British Columbia
found that nutrients from decaying salmon taken up
by terrestrial plants shifted entire plant communities,
significantly affecting the diversity and productivity
of salmon-bearing ecosystems (Hocking and Reynolds
2011).
The Forest for the Trees
Mine proponents may assert that an analysis of
mine impacts on salmon and the environment is premature until additional exploration and assessment have
been completed and mine operation plans have been
finalized. We contend that delaying evaluation of the
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Report Assumptions
Developers of the Pebble Mine prospect have not
yet filed permits for mine construction. Therefore, this
report assumes the following:
t The Pebble Mine will be operated by competent, diligent mine operators and consultants, using state-ofthe-art technology for design and operations.
t Potential environmental impacts of the mine will be
evaluated and the mine will be permitted under existing state and federal statutes and regulations.
Bristol Bay resident (photo by Ben Knight).

project until these activities are complete significantly
diminishes opportunities for both the public and decision-makers to assess the Pebble proposal in its entirety.
Because of the extraordinary scope of the Pebble Mine
proposal, broad public review and targeted agency
analyses of permit applications will focus on hundreds
or perhaps thousands of individual development activities. Just as the ecological impacts of a clear-cut cannot
be determined by scrutinizing the felling of each tree, a
proposal of the magnitude of the Pebble Mine cannot be
properly evaluated by breaking it down into its component parts. While an environmental impact statement,
which will be required when PLP applies for dredge
and fill permits, must evaluate impacts relative to the
whole project, the sheer volume and complexity of the
information presented will make a thorough review
virtually impossible under the timeline provided by the
public review comment period. The opportunity for a
thorough independent review and widespread understanding of the full proposal—not merely its constituent parts—is critical. In this report, we hope to highlight key considerations for evaluating a development
concept of this magnitude in a region of extraordinary
health and productivity.
Sufficient information currently exists from which
to complete an informed preliminary analysis of the
overall Pebble Mine concept. Site specific data on the
ore deposit, information provided to permitting agencies and investors, reviews of modern mining technology and techniques, and knowledge of stream ecology
form the backbone of this analysis. While this report
recognizes and highlights cultural, economic, and regulatory considerations of the Pebble Mine concept, it
focuses primarily on the mine’s potential ecological
impacts. In doing so, this report attempts to provide a
succinct summary of the most common environmental
issues arising at metal mines and their biological consequences. The potential impacts reviewed here occur
routinely at similar sulfide metal mines around the
world.

t The company developing the Pebble prospect will seek
permits for open pit mining, underground mining, or
both. It is possible that the company initially may
mine the two major deposits, Pebble East and Pebble
West, sequentially. In this case, the operators may seek
permits first for an open pit mine and apply later for
an underground mine.
t Whether operating an underground mine or an open
pit mine, mineral extraction from low-grade Pebble
ore deposits will generate billions of tons of acid-generating waste.

Chum salmon (photo by Paul Vecsei).
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Introduction
This report is not an attempt to discredit mining,
resource development, or the significant economic and
social benefits that this important sector generates.
Mining systems and technology have improved markedly in recent decades, and many leading mining enterprises take their social responsibility commitments seriously. Indeed, PLP appears to be going to considerable
lengths to promote “a healthy, respectful and sustainable co-existence with the environment and Southwest
Alaska culture” (PLP 2011a). However, if this mine
is developed, significant resource trade-offs will occur
between non-renewable mineral resource development
and the renewable salmon resources of Bristol Bay.
Information presented in this report is intended to aid
the public, resource managers, and decision makers
in understanding the potential environmental consequences resulting from these trade-offs, particularly
as they relate to the currently abundant wild salmon
resources in the Bristol Bay watershed.

We encourage the public and decision makers
to take this opportunity to view the Pebble Mine
concept as a whole and to ask several overarching questions when considering the final plan:
t

Has a mine of this size and type ever operated in a similar salmon ecosystem without
adversely impairing aquatic resources?

t

What is the cumulative risk of all of the scientific and policy uncertainties with respect to
mine development, operations, and closure?

t

Given these uncertainties, are precautionary
principles being applied to decision-making,
and where does the burden of proof lie?
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Nushagak watershed (photo by Wild Salmon Center).
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Chapter 1: The Bristol Bay Basin

Wild Pacific salmon have traversed the salt and fresh
waters of the Bristol Bay ecosystem for thousands of
years, and the Bristol Bay basin today is one of the top
salmon-producing systems in the North Pacific Ocean,
rivaled only by a few rivers on Russia’s Kamchatka
Peninsula (Augerot 2005). The Bristol Bay basin annually produces hundreds of millions of juvenile salmonids, yielding tens of millions of adults (Eggers and
Yuen 1984, Salomone et al. 2007).
The Bristol Bay basin is made up of six major
watersheds—the Togiak, Nushagak, Kvichak, Naknek,
Egegik, and Ugashik—and numerous smaller ones
(Figure 1). Together, two of these watersheds—the
Nushagak and Kvichak—comprise over half of the
land area of the Bristol Bay basin and produce more
than half of its salmon (ADFG 2010b). In total, the
Nushagak and Kvichak’s unique wetland and riverine
complex supports 35 fish species in 11 families, including five salmon species, five whitefish species, three
smelt species, lake trout, Dolly Varden, rainbow trout,
arctic char, arctic grayling, northern pike, and burbot
(Mecklenburg et al. 2002, ADFG 2008b). The Pebble
Mine is being considered for development at the headwaters of these two systems.
About 80% of sockeye salmon production in the
Kvichak River watershed occurs in Iliamna Lake and
its associated tributaries. Almost twice the area of
Louisiana’s Lake Pontchartrain, Iliamna is Alaska’s
largest lake (2,622 km2) and the largest undeveloped
lake in the United States. In addition to supporting one
of only two freshwater harbor seal populations in North
America, the lake is the world’s largest sockeye salmon
nursery, supporting millions to billions of rearing fry
annually (Withrow and Yano 2008). Below Iliamna
Lake, the lower Kvichak mainstem is a key spawning
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Bristol Bay is a large gulf of the southeastern Bering
Sea, extending from Cape Newenham in the north
to the largest and easternmost island in the Aleutian
chain, Unimak Island, in the south (Orth 1971). Fresh
water flowing into Bristol Bay drains six distinct ecoregions characterized by diverse topography, ranging
from rugged, glaciated mountains to broad coastal
plains (Wahrhaftig 1965, Viereck et al. 1992, Nowacki
et al. 2001). Pleistocene glaciers descending from the
encircling Ahklun Mountains and Aleutian Range
shaped the landscape, depositing moraines and gravelly
glacial till and carving large lakes. Today, lakes such as
Lake Clark and Iliamna Lake are vital to the region’s
ecosystems, local culture, and economy (Manley and
Kaufman 2002).

.

The Bristol Bay Basin

Figure 1. Major Bristol Bay Watersheds, Alaska. The Bristol Bay
drainage is made up of six major watersheds: the Togiak, Nushagak,
Kvichak, Naknek, Egegik, and Ugashik.
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The Bristol Bay Region is one of Alaska’s most
varied, beautiful, and bountiful. From Togiak to
Nondalton and south to Ivanof Bay, it is home to
myriad mountains, lakes, and islands. Situated 150
miles southwest of Anchorage, the region's communities are geographically isolated from the rest
of the state – and in most cases from one another.
Most of the communities in the Bristol Bay region
are self-reliant, operating without the benefit of
interconnected road and utility systems. The vast
majority of households rely on subsistence fishing
and hunting for a large percentage of their food…
The watershed of the Bristol Bay is a sprawling,
permeable, porous network of creeks and streams
perfectly designed to produce salmon.
—Letter from the Bristol Bay Native Corporation to the
USEPA (BBNC 2010)

area for not only sockeye, but also chum, pink, and
Chinook salmon and rainbow trout.
As detailed in chapter 4, Bristol Bay salmon play a
unique and critical role in maintaining the health and
productivity of the rich Bristol Bay ecosystem. Salmon
begin life as eggs in a redd, a nest dug into stream or lake
bottom gravel. The eggs hatch into fry that grow into
juveniles and migrate to the ocean, where they develop
into adult salmon. Individuals may spend one to five
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years in the ocean before making the difficult journey
upstream to spawn in the stream or lake in which they
were born. The death and decomposition of adult
salmon after spawning provides marine-derived nutrients to the system, which drives primary and secondary
production in streams, lakes, and terrestrial habitats.
Bristol Bay salmon—and the nutrients that they deliver
to their natal streams—are essential to the health and
ecological function of the entire watershed (Kline et al.
1993, Willson and Halupka 1995, Wipfli et al. 2003).
In addition to this function as a keystone species,
salmon drive the health and well-being of many of
Bristol Bay’s human communities as well. As described
in this report’s Introduction, salmon are woven into
the fabric of Native Alaskan culture. For thousands of
years, tribal members living in and around Bristol Bay
have subsisted on salmon (and other native fish), contributing to a subsitance harvest of up to 2.1 million
pounds of salmon annually (Duffield 2009). When
surveyed, native people in Alaska indicated that subsistence activities and the social relationships they
promote, were the most important reasons they choose
to stay in native communities like those found in Bristol
Bay (Goldsmith 2007, Haley et al. 2008).
The extraordinary productivity of the Bristol Bay
ecosystem also supports Alaska’s richest commercial
fishery. According to ADFG (2011a), between 1990
and 2009, the average annual sockeye salmon harvest
in Bristol Bay totaled 25.8 million fish, with 8.2 and
5.5 million fish harvested within the Kvichak-Nanek
and Nushagak Districts respectively. Over this 20-year
period, the estimated ex-vessel value of the commercial
sockeye fishery throughout the bay averaged almost
$115 million. The strong 2010 run, which produced
a harvest of 28.6 million sockeye, yielded an ex-vessel
value of just under $150 million. The unparalleled and
sustained harvest of wild sockeye complements harvests
of four other species of wild salmon, including average
annual harvests (between 1990-2009) of 987,000
chum, 182,000 pink (every other year), 88,000 coho,
and 64,000 Chinook salmon (ADFG 2011a).
Recreational angling is also an important contributor to the region’s economy and culture. More than 40
commercial fishing lodges dot Bristol Bay tributaries,
and based on 2008 estimates, non-resident anglers take
an estimated 16,000 fishing trips annually to Bristol
Bay, spending $66 million (Duffield (2009). These
expenditures drive a recreation and tourism industry
in the Bristol Bay region that contributes over $100
million annually to the Alaska economy, generating
over 1,200 full time equivalent jobs (Duffield 2009).

Lydia Olympic of Igiugig hangs salmon to dry (photo by Ben Knight).
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Upper Talarik Creek near the proposed Pebble Mine site (photo by Erin McKittrick).
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Chapter 2: The Pebble Project

Chapter 2

The Pebble Project
In 1988, Cominco America Inc. began investigating a low-grade copper-gold-molybdenum ore body on
Alaska state land in a region within the Bristol Bay basin
now known as the Pebble deposit. In 2001, Cominco
sold its claims to Vancouver, B.C.-based Northern
Dynasty Minerals, which further explored the prospect, found additional resources, and announced plans
to mine the deposit. In 2007, a wholly-owned affiliate
of Northern Dynasty joined a wholly-owned subsidiary
of England’s Anglo American PLC, one of the largest
mining and natural resource corporations in the world,
to create the Pebble Limited Partnership (PLP) and to
mine the prospect.
One year prior to this merger, in support of water
withdrawal permit applications that were subsequently
suspended, Northern Dynasty submitted preliminary
designs for a large-scale hard rock mine at the Pebble
prospect. This initial concept, shown in Figures 2a and
6, proposed two large tailings storage facilities in addition to an open pit, process plant, road/pipeline corridor, port, and other infrastructure (Knight Piesold
Consulting 2006a, 2006b). In early 2011, Wardrop
Engineering Inc., working on behalf of Northern
Dynasty, completed the “Preliminary Assessment of
the Pebble Project” (Preliminary Assessment), which
presented—among other scenarios—a short-term (25year) development concept envisioning a single large
tailings storage facility, shown in Figure 2b (Ghaffari et
al. 2011). The Preliminary Assessment also called for a
378 MW on-site power plant.
The preliminary plans and designs described in these
documents represent the most comprehensive and upto-date scenarios available for consideration of a largescale mining operation at the Pebble site. The authors of
this report have used these preliminary plans to characterize the scope and extent of the scenarios most likely
being considered to mine the Pebble deposit. The PLP
is expected to release a formal Prefeasibility Study of
the Pebble Mine and to initiate the permitting process
in 2012. However, it is routine for numerous operating
details to change after permits have been approved.

2.1 Pebble Mine Project Overview
The Pebble Mine claim lies within the headwaters of the Nushagak and Kvichak watersheds, two of
the world’s largest sockeye salmon-producing rivers
(Burgner 1991, Sands et al. 2008). The site includes
currently productive salmon habitat (Woody and
O’Neal 2010) and encompasses a transition zone

The Pebble Project will be a large industrial
facility located within a vast region of Alaska
notable for its undeveloped wilderness, isolated
and sparsely populated communities, Alaska
Native culture and traditional ways of life, significant salmon fisheries, and other fish and wildlife
populations.
—“Preliminary Assessment of the Pebble Project”
(Ghaffari et al. 2011)

between the largely unforested coastal lowlands and
the forested interior uplands. In the watersheds’ lower
elevations, patches of willow and alder cover a gently
rolling terrain studded with lakes, kettle ponds, sedge
meadows, and wetlands. Further up the drainages, at
the prospect site, the soils and vegetation are mostly
hydric, indicating high connectivity between surface
and groundwater. Intersecting this complex landscape,
mainstem rivers meander through broad floodplains
that support stands of spruce, birch, and balsam poplar
(Viereck et al. 1992, Gallant et al. 1995, Nowacki et
al. 2001).
The Pebble deposit is composed primarily of chalcopyrite (CuFeS2) and bornite (Cu5FeS4) (NDM Ltd.
2007). Both deposits are referred to as sulfide ores,
because copper is combined with iron and sulfur.
Sulfide ores typically form sulfuric acid when exposed
to oxygen and water.
Copper (Cu), gold (Au), and molybdenum (Mo) are
the primary commercially valuable minerals that will
be extracted from the Pebble Mine, although in similar
porphyry copper deposits around the world, additional
metals and metalloids are sometimes extracted, such as
selenium, mercury, and uranium. Silver, rhenium, and
palladium are expected to be extracted as accessory
products (Ghaffari et al. 2011).
The region of copper-gold-molybdenum mineralization includes an area of roughly 5.3 square miles
situated on a drainage divide, with the Upper Talarik
Creek draining to the southeast, and the North and
South forks of the Koktuli River draining to the west
and southwest (Knight Piesold Consulting 2006a). The
deposit reaches a depth of 2,000 feet in its western
reach, known as Pebble West, and at least 5,000 feet
in its eastern zone, Pebble East (Figure 3) (Ghaffari et
al. 2011).
Commissioned by Northern Dynasty, the Preliminary
Assessment provides three Pebble Mine “development cases”, which consider mining operations under
25, 45, and 78-year time horizons. According to the
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MINING AND MINERAL PROCESSING BASICS
Mineralized rock containing economically valuable mineral content is called
ore. Ore is mined from either open pits or underground excavations using
explosives and then transported to a processing plant using huge trucks
or conveyer belts. Much of the rock removed from either an open pit or
underground workings contains metal concentrations that are too low to be
processed economically. This material, waste rock, is often discarded in huge
piles somewhere near the pit perimeter.
At mines similar to the proposed Pebble operation, the ore is transported to
a process plant where it is crushed. Massive quantities of process chemicals
and water are added to the ore to extract the commercial metals. The resulting waste is often a mix of approximately 50% liquid and 50% solid particles,
called tailings. This mix—a “chemical soup” containing literally hundreds
of different potentially toxic compounds—is then discharged to a tailings
impoundment, where the tailings are stored forever.
Figure 2a. Preliminary designs presented by Northern Dynasty in
2006 proposed two tailings storage facilities (TSFs) at Sites A and
G (Knight Piesold Consulting 2006a, 2006b). Combined, these
TSFs can store 2.5 billion tons of mine waste, less than a quarter of
the estimated 10.8 billion tons of ore on site.
Pebble Mine claim
Pebble Mine footprint

Mill
Frying
Pan

U. Talarik Crk.

Pit

TSF Site G Lake
N. F. Koktuli R.

R.

Figure 2b. An updated site plan contained in the Preliminary Assessment shows only a single TSF (site G), which could store two
billion tons of waste under a 25 year operating scenario (Ghaffari et
al. 2011). The Preliminary Assessment considers revenue potential
associated with longer term scenarios (45 and 78 years) but does not
describe how or where additional waste would be stored.

Adapted from Ghaffari et al. 2011
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Figure 3 shows a cross section of the Pebble deposit
and potential open pit dimensions according to the
three development scenarios. In order to process the 1.8
billion metric tons of ore projected in the Preliminary
Assessment’s 25-year scenario, the open pit would need
to be roughly 2,500 feet deep and 12,000 feet (approximately 2.3 miles) wide. Under the longer-term designs,
the pit would be approximately 2,800 feet deep and
14,000 feet wide (45-year scenario), and 4,000 feet
deep and 17,000 feet wide (78-year scenario). These
scenarios process 32% and 55% of the total estimated
Pebble mineral resource, respectively. While initial
short and mid-term (25 and 45-year) development scenarios propose open pit mining, underground “blockcaving” techniques may be used during these phases
and ultimately mine Pebble East to a depth of 5,000
feet (Ghaffari et al. 2011).

2.2 Mine Waste Facilities

TSF Site A
oktuli
S. F. K

Preliminary Assessment, mine development is likely
to begin with excavation of an open pit to access the
minerals closest to the surface in both Pebble East and
West. When the minerals in the shallower Pebble West
deposit have been exploited, excavation will continue
in Pebble East. Various stream diversion channels,
wells, and other infrastructure will dewater the pit and
extract all ground and surface water within the mine
area to support mine processes (Ghaffari et al. 2011).

10,000 ft

The Pebble mineral deposit that is accessible by
both open pit and underground mining is estimated to
include 10.8 billion metric tons of ore, yielding roughly
40.3 million tons of copper, 2.8 million tons of molybdenum, and 3,400 tons of gold (Ghaffari et al. 2011).
Thus, over 99% of the ore mined would become tailings (rock that has been processed to remove valuable
metals) and waste rock (rock that does not contain economic concentrations of metal). These waste materials
would remain on-site forever.
According to the applications submitted by Northern
Dynasty in 2006, the mine waste (tailings and waste
rock) would be stored in two tailings storage facilities
(TSFs), “TSF A” and “TSF G,” shown in Figures 2a and
6. Tailings embankments (essentially dams), illustrated
in Figure 5a, would be constructed with mine waste
rock and progressively raised in a series of staged expansions (Knight Piesold Consulting 2006a). The embankments would cut across currently productive salmon
rivers (Woody and O’Neal 2010) and would produce
storage reservoirs with a combined surface area of over
10 square miles (Ecology and Environment, Inc. 2010).
TSF A would store approximately 2 billion tons
of waste and would incorporate three embankment
structures situated in the headwaters of the South Fork

Upper Talarik Creek Valley

Adapted from Ghaffari et al. 2011
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How much is 10.8 billion tons? If PLP used rail cars capable of carrying
100 tons each to transport the roughly 10.8 billion tons of ore, the effort
would require 108 million rail cars. With standard 65-foot-long hopper rail
cars, the train would measure 1.33 million miles, long enough to circle the
Earth at its equator over 50 times.
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Figure 4. Pebble Pit. Although operations are likely to also include underground mining (“block caving”), the Preliminary Assessment presents design scenarios for an open pit under three “development cases”, which include 25, 45, and 78 year
time horizons (Ghaffari et al. 2011).

Less than 0.6% Copper (CuEQ)

Less than 0.3% Copper (CuEQ)

Pebble West

Figure 3. Pebble Deposit Cross Section. The Pebble deposit reaches a depth of 2,000 feet in its western reach, known as Pebble West, and at least 5,000 feet in Pebble East (Ghaffari et al. 2011).
Mine waste, including tailings and waste rock, comprises roughly 99% of the approximately 10.8 billion metric tons of ore on site (Knight Piesold Consulting 2006a, 2006b).

The Pebble Mine claim lies within the headwaters of the Nushagak and
Kvichak watersheds, two of the world’s largest sockeye salmon producing rivers (Burgner 1991, Sands et al. 2008). The region of copper-goldmolybdenum mineralization includes an area of roughly 5.3 square miles
situated on a drainage divide, with the Upper Talarik Creek watershed
draining to the southeast, and the North and South Forks of the Koktuli
River draining to the west and southwest, respectively (Knight Piesold
Consulting 2006a) (see Figure 6 map). Frying Pan Lake and much of the
Upper Talarik Creek valley pictured here would be lost to development
of the open pit, tailings storage facilities, and other mine infrastructure
(photos by Erin McKittrick).
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Following mining, the open pit and underground workings will be ﬂooded
forming a pit lake (Ghaffari et al. 2011). Pit water will be impacted by the composition of the rock remaining in the pit walls, especially that material which
has been further exposed by fracturing and crushing. If the hydrology of the
site is such that water from the pit can migrate down gradient to ground and
surface waters, there could be long-term impacts to water off of the mine site.
Because the Pebble Mine sits atop a watershed divide in a region with extensive
hydrologic connection, management of contaminated pit water should be a key
consideration in review of the Pebble Mine proposal.

To process the roughly 2 billion metric tons of ore projected in the Preliminary
Assessment’s 25-year scenario, the open pit would need to be roughly 2,500
feet deep and 12,000 feet wide. Under the longer-term designs, the pit would
be approximately 2,800 feet deep and 14,000 feet wide (45-year scenario), and
4,000 feet deep and 17,000 feet wide (78-year). Because Pebble East lies under
a wedge of unmineralized overburden that is too thick to mine economically
by open pit method, it will most likely be mined by underground block caving.
While the ﬁnal proposed open pit dimensions will probably resemble the 25 year
scenario, block caving could facilitate mining to a depth of 5,000 feet or more
(Ghaffari et al. 2011).

Pebble Mine Deposit

Frying Pan Lake

The Pebble Project Site
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The Pebble Project Site

Upper Talarik Creek Valley

Waste Rock
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Washington
Monument
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3 River Gorges
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MILES

Hoover Dam 1,244 ft
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Three River Gorges Dam 1.45 mi
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4.5 mi
Pebble
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dams:
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5

Hoover Dam
726 ft

Figure 5b. Pebble Tailings Dam Length. The length of the proposed Pebble Mine tailings dams at Site A compared to existing dams (Knight Piesold Consulting 2006a).

* Knight Piesold Consulting 2006a, 2006b ** Ghaffari et al. 2011

Original ground surface

ner
clay li

Tailings Reservoir

Tailings Dam Height

NY Times
Tower
748 ft
(to roof)

6

Adapted from Ghaffari et al. 2011

Chrysler
Building
1046 ft

Figure 5a. Pebble Tailings Dam. The height of the proposed Pebble Mine tailings dams (Sites A and G) compared to well-known existing dams and landmarks (Knight Piesold Consulting 2006a, 2006b; Ghaffari et al.
2011). Waste rock will be used to build massive dams that will contain reservoirs of ﬂooded pyritic tailings (acid-generating rock) and processing reagents that will need to be stored permanently.

Above: View of the Pebble Mine claim area facing northeast towards Groundhog Mountain and Lake Iliamna. Right: Facing south/southwest toward Sharp Mountain. Frying Pan Lake (pictured on the right) and much of the
Upper Talarik Creek valley would be lost to development of the proposed mine pit and tailings reservoirs (photos by Erin McKittrick).
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Estimated linear miles of
Pebble tailings dams: 9 mi
Estimated linear miles of Pebble Tailings: 9 mi

It is important to note that the estimated 10.8 billion metric tons of waste rock associated with the Pebble
mineral resource far exceeds the total proposed storage capacity of the two preliminarily described TSFs.
This strongly implies that the required waste storage space for the mine will have to be several times larger
than indicated in either the Tailings Impoundment Applications made by Northern Dynasty in 2006 or
considered in the Preliminary Assessment completed in 2011. It’s unknown where additional waste-storage
capacity would be located and what additional non-mine resources would be affected. Project developers
will likely seek permits to store a small amount of waste (relative to the size of the deposit), and once operations are underway, return to seek additional permits for storage space that currently cannot be deﬁned.

According to applications submitted by Northern Dynasty in 2006 (Knight Piesold Consulting 2006a,
2006b), mine waste would be stored in two tailings storage facilities (TSFs). TSF A would store approximately 2 billion tons of waste behind three embankments that would be constructed in stages, ultimately
reaching heights ranging from 700 to 740 feet. If constructed according to these preliminary plans, the
longest dam (at 4.5 miles) would be the largest dam in North America. The TSF G described in the 2006
applications would provide storage for an additional 500 million tons of waste. The Preliminary Assessment
uses Site G as the primary TSF, proposing 2 billion tons of storage over a 25 year development scenario
(Ghaffari et al. 2011).

Pebble Mine Waste

Frying Pan Lake

Upper Talarik Creek Valley

Sharp Mountain

Lake Iliamna
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Koktuli River. These embankments would be among
the tallest dams in the world. The north embankment
would ultimately reach a height of 700 feet, and the
southeast and southwest embankments would attain
heights of 710 feet and 740 feet, respectively. The taller
of these two structures would rise higher than the
Colorado River’s 726-foot Hoover Dam. If this dam
reaches 4.5 miles in length, as conceived in submitted
documents (Knight Piesold Consulting 2006a), it would
be the largest dam in North America (Figure 5b).
TSF G would provide storage for approximately
500 million tons of tailings and waste rock. The design
includes a main embankment along the outlet of an
unnamed tributary to the North Fork Koktuli River,
as well as a smaller saddle dam constructed during
staged expansions of the tailings impoundment. The
main dam would reach an ultimate height of 450 feet,
and the saddle dam a height of 175 feet (Knight Piesold
Consulting 2006b).
The storage scenario presented in the recently completed Preliminary Assessment indicates a preference
to begin operations using TSF G to store tailings and
waste rock. Under the 25-year operating life scenario,
TSF G would utilize three embankments, with the
north structure ultimately rising to a height of 685 feet
and extending roughly three miles.
Pebble Mine drill rig (photo by Steve Baird).
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Although PLP has not yet applied for permits,
several statements in the Preliminary Assessment
indicate that it will likely seek approval for a project
under this short-term scenario. First, the Preliminary
Assessment states “phases of development beyond 25
years will require separate permitting and development decisions to be made in the future.” Second, the
25-year scenario is indicated as the case “upon which
a decision to initiate mine permitting, construction and
operations may be based.” Finally, the 25-year scenario has been the most “comprehensively engineered”
(Ghaffari et al. 2011). Although initial permit applications may present a short-term development scenario,
it is important to note that the 25-year case presented
in the Preliminary Assessment processes less than 20%
of the total estimated mineral resource present at the
Pebble site (Figure 4). Therefore, the actual mine life
may extend well beyond the development case presented in the initial development proposal that is used
to secure permits. In fact, since the 78-year scenario
processes only 55% of the mineral present at Pebble
(and 6.5 billion metric tons of ore), if permitted it is
likely that the mine will remain operational well into
the 22nd century.
This potential for inconsistency between the development scenario presented in PLP’s impending permit
applications relative to the enormous size of the Pebble
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mineral deposit should be carefully considered in evaluating the Pebble Mine concept. The estimated 10.8
billion metric tons of waste rock associated with the
Pebble mineral resource far exceeds the total proposed
storage capacity of the TSF designs presented in both
the initial permit applications—2.5 billion tons (Knight
Piesold Consulting 2006a, 2006b)—and the 25-year
scenario presented in the more recent Preliminary
Assessment—2 billion tons (Ghaffari et al. 2011). The
need for perpetual storage of wastes generated beyond
a 25-year timeline raises important technical questions
that have not yet been answered. In short, it is unknown
where additional waste-storage capacity would be
located and what additional non-mine resources would
be affected.

2.3 Chemicals Used and Tailings
Produced
After being blasted from the open pit or underground, ore from the Pebble deposit will be moved
from the mine to the mill, and waste rock will be either
dumped in the tailings reservoir or used to construct
the embankments. At the mill, the ore will be physically
and chemically processed to separate copper, gold, and
molybdenum from the source rock, in what is known as
the flotation process. At mines similar to the proposed
Pebble operation, the flotation process relies heavily on
chemicals—called reagents—that are added to the ore
to extract the metals. These chemicals are mixed with
the crushed ore and water in various complex stages to
extract the desired metals. The resulting waste—called
tailings—is discharged to a tailings impoundment
(the TSFs described earlier). Because of the massive

SOURCES OF ADDITIONAL CHEMICAL CONTAMINANTS
Fuels/Oils and Greases/Antifreeze. Modern mine operations are highly
mechanized, employing trucks and equipment that require immense quantities of fuels (diesel, gasoline, kerosene), oils and greases, and antifreeze
compounds, all of which are stored and used on-site. These organic compounds frequently leak from their storage containers or are spilled during
normal use or in accidents. All may be highly toxic to aquatic organisms.
Explosives. Constructing underground mine workings, open pits, roads, etc.,
requires tremendous quantities of blasting compounds. When exploded,
they leave soluble residues (organic compounds, nitrate, ammonia) on the
rock surfaces, which wash off into the environment after rainstorms. One of
these residues, ammonia, is roughly as toxic to ﬁsh as free cyanide.
Water Treatment, Sewage Facilities, Laboratories. All similar mines
must operate facilities for their workers, which includes constructing camps
with water treatment and sewage facilities. In addition, they maintain laboratories. All such functions use chemicals and often release chemical and
bacteriologic wastes into the environment.
Miscellaneous Operations. Depending on the physical environment,
many mines use signiﬁcant quantities of herbicides, pesticides, and roaddeicing compounds—all of which can be toxic to organisms.

quantities of ore that will be processed at Pebble, tremendous amounts of reagents will be used and tailings
produced.
The ore at Pebble will be processed to create
several metal concentrates, including (but not limited
to) a copper-gold concentrate and a molybdenum concentrate, which will be shipped off-site for final processing (Ghaffari et al. 2011). Generally, this process
begins with rock being crushed to pieces that are
approximately 6 inches or less, which are then ground

FLOTATION PROCESS CHEMICALS
Collecting Agents. Collectors induce speciﬁc minerals to adhere to froth
bubbles. Modifying agents may be used with collecting agents to induce or
depress adhesion of speciﬁc minerals to the bubbles. The collectors are organic
molecules or ions that are absorbed selectively on certain surfaces to make them
hydrophobic (or insoluble in water). Collecting agents are the most important
of all the ﬂotation process agents. Typical ﬂotation agents include ethyl, butyl,
propyl, and amyl xanthates (e.g., potassium amyl xanthate).
Frothing Agents. Frothers are organic surfactants that are absorbed at the
air/water interfaces (bubbles), creating suds that allow the minerals bonded
with xanthates to attach themselves to air bubbles in the froth. The two main
functions of frothers (e.g., methyl isobutyl carbinol [MIBC], pine oil, and cresylic
acid) are to ensure the dispersion of ﬁne bubbles in the ore pulp and to maintain
an adequate stability of the froth on top of the pulp.
Activators. Activators are generally soluble salts that ionize (dissolve) in water.
The ions in solution react with the mineral surfaces to favor the absorption of a
collector. Activators are used when collectors and frothers cannot adequately
ﬂoat the concentrate.

Depressors. Depressors are inorganic compounds that selectively cover the
mineral surfaces to make them hydrophilic (increasing their afﬁnity for water
while decreasing their afﬁnity for collectors). The use of depressors increases
the selectivity of ﬂotation by preventing ﬂotation of undesirable molecules such
as cyanide. While cyanide is primarily used to dissolve gold from ore concentrate, it is sometimes used in small amounts in base metal ﬂotation operations
to keep pyrite from being collected in the ﬂotation cells.
Flocculants. Flocculants are used to collect suspended particles to help separate water and solids. Flocculants are polymers, essentially water-in-oil emulsions. Flocculants are found in tailings, but they generally adhere to particles
and are not typically mobile in the soil.
Lime. Lime is used primarily to raise the alkalinity of the processing solution
to the desired level.
Acid. Acid might be added at the end of the water-treatment process to reduce
the alkalinity of the discharge water to meet water quality standards, as waste
water may have an elevated pH due to the addition of lime.
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Figure 6. The Pebble Project. Geography and terrain of the site of the proposed Pebble Mine and Mining District, as well as facilities required to support mineral extraction and
distribution, including an extensive road system, pipelines, and a deep water port (Ghaffari et al. 2011) (photos by Erin McKittrick).
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Figure 7. Growth of the Mining District. Mining claims by Northern Dynasty and other developers. Since PLP’s establishment,
seven different operators have established claims and initiated leases covering 793 square miles (ADNR 2010a).
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ore, which equates to a processing volume of almost
230,000 tons of ore per day, or just over 80 million
tons per year, assuming 350 days of mine operation per
year (Ghaffari et al. 2011). If the three copper mills in
Table 1 also processed 80 million tons of ore per year,
operators would have to use and safely dispose of enormous quantities of processing reagents. For example,
at Pebble’s processing rate, the Finnish site would have
annually used almost 441,000 tons of sulfuric acid and
over 127,000 tons of zinc sulfate. Given the significant
gold concentrations in the Pebble ores, it is possible
that sodium cyanide may also be used in processing the
ore. At the Pebble Mine’s processing rate, the Pyhasalai
mill would have used 2,469 tons per year of sodium
cyanide, which is the most toxic of the process chemicals shown in Table 1.
Upper Talarik Creek, site of the proposed Pebble pit (photo by Erin
McKittrick).

to the consistency of clayey sand. After it is ground, the
ore goes to flotation tanks, where chemicals are added
to separate the sulfide minerals from the non-sulfide
host rock.
Over 90% of the tailings will be created at the first
stage of flotation. These bulk tailings have a relatively
low sulfide content, since the objective of the flotation
process is to recover as much of the copper and molybdenum sulfide mineralization as possible. After the first
flotation operation separates the sulfide minerals from
the non-sulfide host rock, another series of flotation
cells is used to further separate the initial sulfide float
into concentrates of copper and molybdenum. A third
flotation product is a pyrite concentrate that will be
stored in the tailings reservoirs (see chapter 3). This
material is highly reactive and must remain permanently underwater to inhibit the creation of sulfuric
acid and to minimize the chances of acid mine drainage
occurring.
The left-hand column of Table 1 presents a
summary of the flotation reagents typically used in
copper milling. To illustrate the enormous quantities
of reagents that are likely to be used in processing the
Pebble deposit, Table 1 projects the reagent quantities
that would be used at three copper mills—Brunswick
Mine & Smelting (Canada), Lornex (Canada), and
Pyhasalai (Finland)—if these mills processed ore at the
rate anticipated for the Pebble mill. While these copper
mills differ in ore composition from one another and
from the Pebble ore bodies, the reagent quantities
shown are based on actual usage described in Ayres et
al. (2002) and are likely to be representative of quantities used at the Pebble mill per unit of ore processed.
Under the 78-year development case, the Pebble
project will process up to 6.5 billion metric tons of

Table 1. Estimated consumption of reagents at copper mills (measured
in tons/year) based on the processing rate projected at the Pebble Mine
(under a 78-year development case). Table adapted from Ayres et al.
(2002).

Reagents (tons/yr)

Brunswick

Lornex

Pyhasalai

Acids
Sulfuric Acid

440,916

Alkalis
Lime

220,458

Sodium Carbonate

291,004

96,607

277,777

Modiﬁers
Copper Sulfate

71,868

29,100

Sodium Cyanide

2,469

Zinc Sulfate
Sulfur Dioxide
Starch

127,865
61,728
8,818

Collectors
x-Amyl Xanthate
x-Isopropyl Xanthate

23,809

3,086

19,400

2,645

Frothers
Dowfroth 250

1,234

Pine Oil

1,763

2.4 The Pebble Mine and the Emergence
of the Bristol Bay Mining District
Once mining operations are complete, the Pebble
Mine will have produced, at the very least, massive
physical alterations to the headwaters of the Nushagak
and Kvichak watersheds. Major permanent changes
could include a flooded open pit measuring three miles
long and 4,000 feet deep (based on a 78-year development scenario), and nine miles of tailings dams measuring up to 740 feet high to impound toxic tailings waste
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These massive developments represent just a part
of the imprint that the Pebble Mine will leave on the
Bristol Bay landscape. First, PLP will construct a deepwater port on Iniskin Bay on the west side of Cook
Inlet to ship the mineral concentrate to off-shore smelters and other processors. The port will also enable
delivery of equipment, supplies, labor, diesel fuel, and
other resources, including natural gas. According to the
Preliminary Assessment, “natural gas will fire a new 378
MW natural gas turbine plant, which will be constructed
at the mine site to serve the Pebble Mine’s power needs.
Natural gas will be sourced from other regions of Alaska
or imported as liquefied natural gas (LNG) and transported by pipeline across Cook Inlet via a sea-bottom
line to the port, and along the transportation corridor
to the mine site” (Ghaffari et al. 2011).
The Preliminary Assessment describes the transportation corridor as follows: “[A]n 86-mile transportation corridor will be developed to link the Pebble Mine
to [the] deep-water port on Cook Inlet, 66 miles to the
east [of the mine]. About 80% of the transportation
corridor is on private land owned by various Alaska
Native Village Corporations, with which [PLP] has
existing commercial partnerships. The balance of the
transportation corridor is on land owned by the State of
Alaska. The transportation corridor will include a twolane, all-weather permanent access road. The primary
purpose of the road will be to transport freight by conventional highway tractors and trailers, although critical elements of the design will be dictated by specific
oversize and overweight loads associated with project
construction.” The Preliminary Assessment further
states that “[t]he transportation corridor will also
include four buried, parallel pipelines, including:
t
t
t
t

a copper-gold concentrate slurry pipeline from the
mine site to the port;
a return water pipeline from the port site to the
mine;
a natural gas pipeline from the port site to the
mine…; and
a diesel fuel pipeline from the port site to the mine”
(Ghaffari et al. 2011).

While the potential impacts on Bristol Bay’s wild
salmon ecosystems resulting from these developments
are substantial (as described in chapter 3), of equal
and perhaps even greater long-term consequence is the
opportunity that this infrastructure creates for further
mineral exploration within the Bristol Bay region. Since
PLP’s establishment, seven different operators have
established claims and initiated leases covering 793
square miles of the Bristol Bay basin (Figure 7). The

Figure 8. Mine Density and Intolerance of Fish. Proportion of
the ﬁsh assemblage composed of individuals that are intolerant of
anthropogenic disturbance versus catchment mine density (Peter
Esselman, Michigan State University, unpublished report).
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proposed development of the Pebble Mine and its supporting infrastructure—including its roads, pipelines,
power-generating facilities, and port—will leverage the
initiation of numerous additional proposals for mining
operations in the Bristol Bay watershed. The majority
of these claims cannot be exploited without development of the Pebble Mine infrastructure. Therefore, the
total impact of the Pebble proposal on the Bristol Bay
watershed may be far greater than those directly associated with the initial mine’s development and operation.
Figure 8 shows the potential impact of increased
mine densities in a watershed. Once a metal mine is
developed in a watershed, fish that are intolerant of
anthropogenic disturbance, such as salmon and trout,
do not generally persist in sustainable numbers. As
shown in Figure 8, a very low incidence of mines in
a catchment or near a stream sampling site is associated with reduced proportions of intolerant individuals in fish assemblages. With only four exceptions,
once catchment mine density exceeds one mine per five
square kilometers, the proportion of intolerant fish in
the assemblage is less than 0.15. This indicates that significant reductions in salmon populations are likely to
result from the increase in mine development brought
about by the Pebble Mine. It also underscores the
threat posed by the development of a mining district
in the most productive sockeye salmon nursery in the
world.
In evaluating the Pebble concept, it should be carefully considezred, therefore, that development of this
district is only made possible through the construction
of the Pebble Mine and its sprawling infrastructure.
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Bristol Bay salmon (photo by Ben Knight).
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Nushagak River near the Mulchatna River conﬂuences (photo by Erin McKittrick).

Appendix E, Page 806 of 2339

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 807 of 2339

27

Chapter 2: The Pebble Project

Chapter 3

Potential Sources of
Contamination

In productive Bristol Bay salmon streams, a
major failure of a tailings storage facility could kill
hundreds of thousands to millions of adult salmon
and resident fish, depending on when and where
the spill occurred.

Metal mining operations routinely release metals
and other chemicals into the surrounding environment
from two distinct sources: the natural, mineralized rock
and the large quantities of chemicals, fuels, and explosives that are used throughout the mining and mineralextraction processes. Pollution of ground and surface
waters from mines and associated mineral-processing
facilities is a common occurrence.

in the United States with past or potential Superfund
liabilities of $1 million or more.

The Environmental Protection Agency (EPA) compiled a summary of pollution case studies for mines
and mineral-processing facilities in Arizona, Florida,
Missouri, and Nevada that polluted ground and surface
waters from 1990 to 1997 (USEPA 1997). These
releases included metals like copper, mercury, cadmium,
and lead; chemicals used in mineral processing, such as
cyanide and acids; and radioactive materials. During
that seven-year period, the EPA filed 91 environmental damage reports, of which 26 were for discharges
from copper mines. In a more recent report, the EPA
(USEPA 2004) identified 156 hard rock mining sites

Mining-related contamination of ground and surface
waters frequently results from contact with mineralized
rock in open pits and underground workings, discharge
of process water, slurry pipeline breaks, spills of industrial chemicals, drainage from post-mining pit lakes,
waste rock piles, underground workings, discharge
and seepage from tailings storage facilities, and dust
from blasting, hauling, and storing mine wastes (Figure
9). Other sources of contamination include settleable
and suspended solids from related activities, such as
blasting, construction, and maintenance of the pit and
underground mines, roads, pipelines, and ports.

—“An Assessment of Ecological Risk to Wild Salmon
Systems from Large-Scale Mining in the Nushagak
and Kvichak Watersheds of the Bristol Bay Basin”
(Ecology and Environment, Inc. 2010)

Figure 9. Contamination Risks at Mine Site and Along the Proposed Road and Slurry Pipeline. The Pebble Mine poses threats to salmon
ecosystems not only at the mine site but also across its far-reaching infrastructure. This infrastructure may also facilitate additional proposals for
mining operations in the Bristol Bay basin that were not previously feasible.
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chapter. Such acid effluents occur where the exposed
rock contains significant sulfide concentrations. They
are commonly released from waste rock piles, exposed
surfaces in open pits and underground workings, tailings, road materials constructed with waste rock, etc.

Figure 10a. Acid Mine Drainage. When metal sulﬁdes are
exposed to air and water, they react to form a sulfuric acid solution
known as acid mine drainage (AMD), which is toxic to aquatic life.
ACID MINE DRAINAGE

+

Mineral
Ore

Water/Rain

H2SO4 (Sulfuric Acid)

+
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Cu+2 Zn+2

Oxygen/Air

Sulﬁde-sulfur concentrations of ore at the
Pebble Mine site were typically 1–5%, with a
maximum near 9% (NDM Inc. 2005).

As little as 0.2% sulﬁde can generate
acidic water (USBLM 1995).

Figure 10b. Likelihood of AMD. The graph below depicts 399
samples from 65 holes drilled between 1988 and 2003 by Northern
Dynasty at the Pebble Mine claim (NDM Inc. 2005).
NP = neutralization potential or concentration of calcium carbonate;
AP = acid potential or the concentration of sulﬁde–sulfur.
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Copper tailings discharges are often alkaline, having
an initial pH between about 9.5 and 12.0. As the tailings age, and the solids react with the liquids and air,
the liquid pH may over many years become acidic.
Waste rock may also release initial discharges that
have alkaline or near-neutral pHs, but as the alkaline
rock minerals (e.g., feldspars and carbonates) decompose, the effluents can become acidic. It may be many
years before the presence of acid discharges becomes
obvious, and this may occur after mine closure.

In samples collected from
the Pebble Mine site low
neutralization potential (NP)
plus high acid potential (AP)
correlates to a greater likelihood
of acid mine drainage (AMD).
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Some mine wastes release alkaline or near-neutral
pH effluents, either because of the alkaline composition of the original rock or due to the addition of alkaline process chemicals. The concentrations of many
chemical constituents (metals, metalloids, non-metals,
etc.) will increase greatly when in contact with acidic
waters. Similarly, concentrations of some chemical constituents, especially those that form negatively charged
anions in natural waters (e.g., aluminum, arsenic, antimony, selenium, manganese, molybdenum, vanadium,
uranium, chromium, and nickel), will increase as the
pH rises above about 8.5. Even when waters of nearly
neutral pH react with mineralized geologic materials,
concentrations of soluble constituents will increase
when reacting with small rock particles.
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3.1 Mine Rock-Water Interactions:
Effluents

Numerous types of mine rock-water interactions
also increase the concentrations and loads of suspended
sediment particles released into local waters.

3.2 Waste Rock

Mining and preliminary physical ore processing—
including blasting, crushing, and grinding—convert the
rock from a solid into smaller particles that have much
greater surface area. These processes facilitate chemical processing. However, increased surface area also
increases the potential for undesirable chemical and
bacteriological reactions between the rock minerals,
water, and air. As a result, higher concentrations of
soluble chemical constituents can be released from fine
materials into local waters than would be released from
the original, unbroken rock.

Waste rock is the mineralized, but uneconomic
rock, which is removed to access the ore. Generally, it
is stacked in large piles at the margins of the pit or
underground workings, on land surfaces that lack any
sort of underlying liner. Such waste rock accumulations are often the largest sources of acids and other
toxic constituents at mine sites (USEPA 1997, 2004).
Where waste rock contains significant concentrations
of sulfide minerals, predominantly iron sulfide minerals
such as pyrite or marcasite, chemical reactions between
the rock minerals, water, air, and bacteria often generate acid effluents—acid mine drainage (Singer and
Stumm 1970).

The most significant mine-related environmental
and economic impacts generally result from the production of acid effluents, often called acid mine drainage (AMD), which is discussed in detail later in this

Mining processes invariably increase the concentrations of contaminants released into the aqueous environment, even when the rock mined (waste rock and
ores) does not release acidic effluents (Moran 2007).
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CASE STUDY: TUNNEL DRAINAGE
Holden Copper Mine (Washington)
Howe Sound Company mined the Holden deposit for copper, zinc, silver,
and gold between 1938 and 1957, when the mine closed due to falling copper
prices. Holden is an underground mine with 57 miles of tunnels penetrating
a massive sulﬁde deposit. The tunnels create a huge reactive surface area
of sulﬁde rock that produces acid mine drainage on contact with air and
water (Day 2010). The mine also produces a steady stream of heavy metal
pollution, including copper, that ﬂows from the mine portals. Elevated levels
of dissolved copper affect salmonids physically and also degrade salmonid
habitat by reducing the ﬁsh's aquatic insect food supply. The presence of
copper and aluminum may also increase the toxicity of other metals (e.g.,
lead, iron, nickel, cadmium, and manganese) and the effects of other environmental stressors (e.g., excess temperature, excess sediment) (Sayer et
al. 1991). Reclamation of the mine is also a human health and safety priority
with the village of Holden, a wilderness entry point near Lake Chelan, positioned right at the base of the mine.
Impact:
~ CWT\X]X]V^_TaPcX^][TUc8.5 million tons of tailings in piles that ﬁll the
narrow Railroad Creek valley ﬂoor. Heavy metals in soils and tailings near
Holden exceed criteria for human contact. There is a risk that the unstable
tailings pile may collapse into Railroad Creek during a ﬂood or seismic
event. The U.S. Forest Service has already tried to protect the creek from
tailings erosion where it runs along the base of the tailings pile.
~ CWT[^fTa_^acX^]b^UcWTd]STaVa^d]S\X]TPaT ^^STSP]SPRXS\X]T
drainage ﬂows from the mine portals and from beneath the tailings piles;
the water is a milky white or orange color, depending on its chemical
precipitate (aluminum hydroxides or iron). There is a direct connection
between groundwater beneath the tailings pile and Railroad Creek.
~ 8a^] iX]R R^__Ta P]S RPS\Xd\ TgRTTS RaXcTaXP U^a cWT _a^cTRcX^] ^U
aquatic life. A Washington State Department of Ecology study showed
that the density of aquatic insects declined from over 3,000 individuals/m2 above the mine site to just 50 individuals/m2 below it, due to
heavy metals pollution and the armoring of stream substrates by iron
precipitates (creating ferricrete) (Johnson et al. 1997). Twelve miles
downstream, where Railroad Creek empties into Lake Chelan, aquatic
insect densities still only reached 361 individuals/m2. The sediments
composing Lucerne Bar, created by the plume of sediments carried into
Lake Chelan by Railroad Creek, exceed the sediment criteria for zinc
(Johnson et al. 1997) .
Mitigation: Though there were several attempts over the years to reduce the
wind and water erosion from the tailings dump, it was only after Superfund
designation, that a concerted effort has been made toward full reclamation
and restoration of the mine area; Howe Sound Company’s successor, Intalco,
was directed to conduct a remediation study of the inactive Holden Mine
under authority of the Superfund Act (Einan and Klasner 2010). A consortium of state and federal agencies and the mining company considered 14
alternative approaches (with citizen input) before settling on a mitigation
strategy for protecting Holden Village and isolating Railroad Creek from the
effects of Holden Mine (Day 2010, Einan and Klasner 2010):

~ '$\X[[X^]c^]b^UTg_^bTScPX[X]Vb
~ 0RXS \X]T SaPX]PVT [TPZb Ua^\ cWT ^^STS cd]]T[b P]S cPX[X]Vb
piles to groundwater and nearby Railroad Creek
~ 8a^] iX]R R^__Ta P]S RPS\Xd\ TgRTTS RaXcTaXP U^a cWT _a^cTRcX^]^UP`dPcXR[XUTfXcWP`dPcXRX]bTRcbaTSdRTSc^[TbbcWP]!X]
areas
~  &\X[[X^]U^a\XcXVPcX^]!^Uc^cP[\X]TTPa]X]Vb
Above: Acid mine drainage from tailings leaked into groundwater
and nearby Railroad Creek (photo by U.S. Forest Service).

Copper Creek will be put in a lined ditch where it passes through the tailings
piles. Railroad Creek will be riprapped to protect it from tailings erosion.
French drains will be constructed above the tailings and waste rock piles
and maintained in perpetuity to reduce the amount of run-off that could
contact the materials. Airﬂow restriction devices will be installed at the mine
portals to reduce air contact with the mine tunnel walls and thereby reduce
the production of acidic runoff. It will not affect the acidic groundwater
already ﬂowing from the ﬂooded tunnels. Water-control structures will be
placed at the mine portals to meter the ﬂow of water leaving the mine.
One or more water-treatment plants will be required to treat the mine efﬂuent before discharging it to Railroad Creek. It is not yet known where the
best collection points will be for the multitude of surface and groundwater
discharges from the mine. Signiﬁcant electric power will be needed to maintain the site, particularly for the water-treatment plants. In this remote location, power generation will require multiple diesel generators. Water quality
assessment and the many other components of mitigation will require
monitoring, maintenance, and replacement forever.
Cost: The mitigation project which has been 10 years in planning will be
built in stages over the next decade. The cost estimate for the chosen alternative, including costs for construction and the present value of long-term
maintenance and water treatment, is $107 million (Day 2010). The Howe
Sound Company earned $67 million from the Holden Mine by the time it
closed in 1957. Considering that a 1957 dollar is worth $7.82 in 2010, Howe
Sound’s earnings would be $523,940,000 today in dollar equivalents plus
the added present value of the mined metals. In other words, mitigation of
the Holden mine at $107 million is more than 20% of the total earnings
of the mine’s production over 19 years.
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acid-generating (PAG) material eventually processed at
the end of mine life. In the 25-year scenario described
in chapter 2, two billion tons of waste rock would be
generated (Ghaffari et al. 2011). Segregating PAG from
non-PAG waste has always been one of the most difficult things to predict and manage at a mine (Chambers
and Moran 2007). Even when the PAG and non-PAG
materials have been adequately defined, it is often
difficult to actually separate them given that waste
is defined on the basis of tests from small samples of
large amounts of material, and the waste segregation
is physically performed with massive, often imprecise,
mechanical equipment (Chambers and Moran 2007).
Acid Mine Drainage
Rio Tinto in Spain is very acidic (pH 2.0) with high concentrations of
heavy metals as a result of mining (photo by Carol Stoker, NASA).

At metal-mine sites like Pebble, such waste rock routinely contains significant concentrations of dozens of
chemical constituents that can be released into the environment, such as: aluminum, antimony, arsenic, chromium, copper, iron, lead, manganese, molybdenum,
nickel, selenium, uranium, vanadium, zinc, and natural
radioactive constituents.
Preliminary concepts for the Pebble (Knight Piesold
Consulting 2006a, 2006b) suggest that contamination
will be avoided by storing all or portions of the waste
rock and all of the potentially acid-generating tailings under water in a tailings storage facility. Storing
mine wastes underwater will only slow—not stop—
the chemical reaction rates. Experience at hundreds of
operating mine sites around the world indicates that
all waste impoundments, liners, and dams leak to some
extent, over time (Ripley et al. 1996, ICOLD 2001,
IIED 2002, Lottermoser 2010). Thus, some volume of
contaminants will continually be released into local
ground and surface waters, even though most of the
wastes remain inundated and contained. The inflowing water will eventually pass through, around, or
under the tailings dam and into downstream systems
and Iliamna Lake, mobilizing AMD, metals, metalloids,
organic reagents, and so on.
It seems probable that effluents from the waste
rock and tailings will require collection and active
water treatment during operations and following mine
closure, in perpetuity. Because mine wastes will remain
on-site forever, these waste facilities will require perpetual physical maintenance to prevent erosion and release
of the toxic contaminants—both solids and liquids.
Scenarios presented more recently (Ghaffari et al.
2011) indicate that waste rock not used for tailings
dam construction would be stored in conventional
waste rock piles near the pit, with the potentially

The Pebble deposit rocks contain significant concentrations of iron, copper, molybdenum, and other
metal-sulfide minerals, such as chalcopyrite, pyrite,
bornite, and molybdenite (Rebagliati 2007, Kelly et al.
2010). Some of these metal-sulfide minerals present a
high risk of producing AMD (USEPA 1994a). When
iron sulfide minerals (e.g., pyrite, pyrrhotite, and marcasite) and some other metal-sulfide minerals (e.g.,
enargite and arsenopyrite [Fey 2003]) are exposed to
oxygen-rich water, the sulfide oxidizes to sulfate, the
iron oxidizes to iron oxide or hydroxide, and sulfuric
acid is released (USEPA 1994a). These processes are
greatly accelerated when certain iron and sulfur bacteria are present. The increased acidity (lower pH) accelerates the dissolution of minerals in the pit walls, waste
rock, and so on, releasing numerous rock constituents
(e.g., aluminum, arsenic, antimony, copper, lead, nickel,
zinc, and sulfate) into the surrounding environment in
various mobile forms: dissolved, colloidal, and particulate (Singer and Stumm 1970, Moran and Wentz 1974).
Many of the chemical constituents contained in these
acidic effluents are toxic to aquatic life, especially coldwater fish, as described in chapter 5.
Thus, at mine operations, mineralized rock is exposed
to air and water in numerous locations: open pit walls,
underground workings, waste rock piles, exposed tailings, ore stockpiles, and roads. The originally solid rock
is broken and crushed, creating much greater exposed
surface area, which greatly increases the rates at which
chemical reactions can occur. Chemical reactions of the
broken or crushed rock with air, water, and bacteria
yield effluents with elevated concentrations of several
contaminants. Long-term, the most detrimental mine
waste effluents have acidic pHs (often between 3.0 and
5.0, sometimes below 2.0), which mobilize elevated
concentrations of the minerals in the rock, including
numerous metals and metal-like constituents that may
be toxic to humans and aquatic life—especially fish.
Pebble Limited Partnership has not released the
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Chapter 3: Potential Sources of Contamination
detailed geochemical information necessary to adequately evaluate the sulfide content or long-term
chemical reactivity of the ores, waste rock, and tailings.
Nevertheless, the publicly available NDM/PLP data
clearly show that much of the ore and waste rock contains elevated sulfide concentrations that will generate
net acidity over time. For example, Northern Dynasty
Inc. (2005) presented preliminary data from geochemical testing indicating that much of the site rock has
geochemically significant concentrations of sulfide-sulfur. The authors state: “[S]ulfur concentrations in the
pre-Tertiary rock types (comprising much of the ore
and non-overburden waste) are typically between 1%
and 5% sulfur up to maximum concentrations near
nine percent” (NDM Inc. 2005). Significant volumes
of rock containing 1% to 5% sulfur-as-sulfides indicate that AMD is likely to develop over the long term
at the Pebble site (Morin and Hutt 1997, Price 1997,
Lapakko 2003).
AMD has been documented at much lower sulfidesulfur concentrations, including concentrations as low
as 0.1% to 0.3% (Lapakko and Antonson 1994, Li
2000). At the Zortman-Landusky Mine, in Montana,
waste rock having as little as 0.2% sulfide generated
acidic water (USDOI 1995). (See the case study on pp.
88–89). In an industry-funded study of hundreds of
metal-sulfide mines throughout North America, Todd
and Struhsacker (1997) found that all sites exhibited
some degree of water quality degradation, over time.
Once acid rock drainage develops, it is often a truly
long-term problem. Davis, et al.(2000) report evidence
that acid conditions have existed for thousands of years
in the Rio Tinto region of southern Spain, the source of
the corporate name of the Rio Tinto Group.
Mine Rock as Construction Material and Dust
Using mine waste rock as construction or road
material carries great risk because it contains elevated,
mobile metal/contaminant concentrations. Blasting,
loading, and hauling ore and waste along mine roads
and conveyors raise dust. The chemical composition
of the dust may be of concern because of its metal
content. Between 1989 and 2000, trucks hauling leadzinc concentrate on the 55-mile long haul road from
the Red Dog Mine in Northwest Alaska, contaminated
over 143,000 acres of Cape Krusenstern National
Monument with harmful levels of lead and cadmium
(Hasselbach et al. 2005) (See case study pp. 78–79).
High levels of dust contamination were also found at
the port site on the Chukchi Sea and around the mine.
Data presented in NDM Inc. (2005) indicate that
numerous metals/metalloids of potential concern (e.g.,
arsenic, copper, mercury, molybdenum, and lead) are
present in the dust from the Pebble Mine. Employing

state-of-the-art dust control will reduce the quantity of
dust generated by mine operations, but some dust will
escape the mine site and the haul road to contaminate
surrounding lands and waters.

3.3 Tailings
At mines similar to the proposed Pebble operation,
the ore is transported to a mill/process plant where it
is crushed. Massive quantities of process chemicals and
water are added to the ore to extract the commercial
metals (see Section 2.3). The resulting waste is often a
mix of approximately 50% liquid and 50% solid particles, called tailings (Ripley et al. 1996, Lottermoser
2007). This mix—a “chemical soup” containing literally hundreds of different potentially toxic compounds—is then discharged to a tailings impoundment,
where the tailings are stored forever. Although modern
mine operations attempt to collect and contain as much
chemical waste as possible, all tailings impoundments,
dams, and associated liners leak to some extent over
time (Ripley et al. 1996, ICOLD 2001, IIED 2002,
Lottermoser 2007).
The slow, semi-invisible seepage from tailings
impoundments has contaminated nearby ground and
surface waters and has generated the most costly longterm impacts at numerous metal-mining sites. Impacts
from such chronic tailings seepage are much more
common, statistically, than the impacts related to a catastrophic collapse of the tailings impoundment (see discussion below). Of greater concern, these impacts often
take place over decades and may not become apparent
until after an operation has closed and financial bonds
have been returned to the operator.
The Pebble tailings storage facility would require
perpetual maintenance of the physical structures to
prevent release of the contaminated liquids and solids.
Following site closure, either the state or some other
operator will be required to collect and treat contaminated waters seeping from the TSF. Given the extremelypure, salmon-laden waters, a high-technology watertreatment plant would be required to produce an
effluent suitable for discharge into this environment.
Such operations would likely continue forever, following mine closure, potentially creating long-term public
liabilities. (See discussion in chapter 7).
Mine proponents may assert that compaction of the
TSF’s will mitigate the need for long-term site maintenance. However, no evidence exists in the mining technical literature to demonstrate that any similar, largescale metal mine tailings/waste facility has ever been
successfully closed, in a similarly fragile environment,
without producing negative impacts to local/regional
water quality over the long-term.
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3.4 Process Water and Concentrates
At the Pebble site, the transport water that conveys
mineral concentrates through the slurry pipeline to the
port will also contain processing chemicals and other
potentially toxic compounds. Filtrate—water remaining after the concentrate is dewatered at the port site—
will be returned for reuse at the mine via a parallel
pipeline. Pipelines will be engineered with leak-detection systems, shutoff valves, and other features to help
contain any spillage, especially in the vicinity of stream
crossings. While shutoff valves can limit the amount of
spilled concentrate and wastewater, they do not prevent
spillage. The material between the shutoff valve and the
break could escape from a ruptured pipeline, even “a
pipeline within a pipeline” as considered for stream
crossings in the Preliminary Assessment (Ghaffari et al.
2011). While more modern systems employed at Pebble
would undoubtedly trigger a faster shutoff response,
the oil pipeline break beneath Montana’s Yellowstone
River in the summer of 2011 illustrates the potential
impact of such a break on adjacent surface water. The
potential impacts of pipeline failures are discussed
below.
Precautions are also essential as the concentrates are
loaded aboard ships at the port site. After they are dewatered, concentrates become more susceptible to windblown dispersal. Concentrates are normally stored in
temporary storage sheds and then moved via conveyor
along the loading dock and onto the ship. There are
presently three ship-loading facilities for metal concentrates in Alaska: the Chukchi Sea port serving Red Dog
Mine, the Greens Creek Mine port, and the Skagway
ore-loading terminal, which handles ore concentrates
from mines in the Yukon. Contamination has occurred
at all three ship-loading facilities. For example, surface
soil levels of 27,000 mg/kg (27 times the EPA industrial cleanup standard) were documented near the Red
Dog port operational areas in a 1996 monitoring study
(Hasselbach et al. 2005).

3.5 Post-mining Pit Lake
According to the Preliminary Assessment, upon
completion of mining, the pit and underground tunnels
will be allowed to flood, forming a post-mining pit lake
(Ghaffari et al. 2011). Pit water quality will be affected
by the rock composition and the chemical reactions
between the water and the rock exposed in the pit
and the tunnel walls and floors, especially the rubble
that has been further exposed by fracturing. It will also
be affected by the quality of inflowing ground water,
the outflow of groundwater, precipitation, dissolution
of metals, and evaporation (Higgins and Wiemeyer
2001). PLP states that the pit lake water level will be

Koktuli River wetlands (photo by Erin McKittrick).

maintained as a groundwater sink, by pumping pit
water to the water-treatment plant (Ghaffari et al.
2011).
Pit lake water quality is of concern for two reasons.
First, if the hydrology of the site is such that water
from the pit can migrate from the pit down-gradient
to ground and surface waters, there will be long-term
impacts to water off the mine site. Because the Pebble
ore body is located at the hydrologic divide between
Upper Talarik Creek and two branches of the Koktuli
River, percolation or migration of pit water could affect
both drainages. Second, assuming that pit water is of
poor quality, both aquatic organisms that attempt to
colonize the pit lake and terrestrial organisms utilizing
it after mining will be adversely affected or killed.
Predicting water quality for pit lakes is an evolving
science, traditionally exhibiting large margins of error.
The U.S. Fish and Wildlife Service (USFWS) analyzed
water samples from 12 pit lakes in Nevada (Higgins
and Wiemeyer 2001). Of the 12 lakes sampled, four
were slightly acidic, and all of the lakes contained at
least one trace element at concentrations potentially
toxic to aquatic life and terrestrial wildlife. Aquatic
life concentration criteria were exceeded for arsenic,
cadmium, and chromium in two lakes, copper in six
lakes, mercury in four lakes, selenium in six lakes, and
zinc in six lakes. At this point, there are no reported
predictions for Pebble pit lake water quality, but there
is no reason to expect that it will differ substantially
from that associated with other metal mines.

3.6 Pipeline Failures
The four major pipelines running parallel to the
86-mile long road from the mine site to the port will
be buried in a common trench except where they
cross major surface waterways (Ghaffari et al. 2011).
Pipelines will cross at least 89 creeks and rivers,
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CASE STUDY: PIT LAKE FAILURE
Grouse Creek Gold Mine (Idaho)
In 1992, the U.S. Environmental Protection Agency (EPA), U.S. Forest
Service (USDA FS), National Marine Fisheries Service (NMFS), and the
state of Idaho granted permits to Hecla Mining Company of Coeur d’Alene,
Idaho, allowing the company to build the Grouse Creek cyanide heap leach
gold mine on Jordan Creek near Stanley, Idaho. Jordan Creek provides
important habitat for endangered Chinook salmon, steelhead, and bull
trout. The Challis National Forest Final Environmental Impact Statement
assured the public that no signiﬁcant impacts to water quality were
expected to occur from the mine because the tailings impoundment was
designed to be a zero discharge facility (USDA FS 1992). The mining newspaper Northern Miner called Grouse Creek a “state of the art” mine (Kilburn
1995), and in 1995, Idaho presented the Hecla Mining Company with two
awards for environmental excellence in reclamation.

“The Grouse Creek project was developed to protect and, in certain cases,
enhance the quality of the environment. During development of the mine,
80 acres of sedge wetlands were created or enhanced and 10 acres of historic
gold dredge tailings were replaced with riparian wetlands and salmon habitat.
The planned design of the facility will have a lasting positive impact on the
surrounding area by reducing sedimentation to streams through an extensive
stormwater runoff control system. In addition, all process water is stored in
a double-lined tailings pond and recycled through the mill with none being
discharged to the environment.”
–Hecla Mining Company, 1994.

Failure: The plastic liner under the tailings impoundment failed less than a
year after the Grouse Creek Mine began producing its ﬁrst gold in 1994.
Monitoring agencies also noted that in the late 1990s and early 2000s after
the mine closed, the tailings impoundment ﬁlled faster than expected and
threatened to overtop the dam (USDA FS and USEPA 2003).
Impact:
~ CWTQaTPRWX]cWTcPX[X]Vb_^]SaT[TPbTS]TPa[h VP[[^]b^URhPnide-bearing tailings and water (USDA FS and USEPA 2003).
~ 1TU^aT cWT \X]T R[^bTS X] ((& cf^ P]S P WP[U hTPab PUcTa ^_T]X]V
Hecla Mining had been cited for 258 violations of its discharge permit
(Earthworks 2004).
~ FPcTa `dP[Xch eX^[PcX^]b R^]cX]dTS PUcTa R[^bdaT Cf^ hTPab PUcTa cWT
mine quit operating, cyanide was still ﬂowing into Jordan Creek at over
12 times the levels at which chronic exposure to the chemical negatively affects ﬁsh and other aquatic organisms. Cyanide was detected in
springs and seeps feeding Jordan Creek as well, indicating groundwatersurface water connectivity and contamination (USDA FS and USEPA
2003).
~ 8]!"cWT4?0P]ScWTDB5BSTR[PaTScWT\X]TPSuperfund site and
the tailings impoundment an imminent threat, and the agencies ordered
the dewatering of the tailings impoundment.

~ !$'eX^[PcX^]b^USXbRWPaVT_Ta\Xc
~ VP[[^]b^URhP]XSTQTPaX]Vc^gX]bTbRP_TSR^]cP\X]PcX]V
area groundwater and surface water
~ 2hP]XST !cX\TbcWT[TeT[PcfWXRW bWP]SP`dPcXR[XUTPaT
negatively impacted
~ 3TR[PaTSPBd_TaUd]SbXcTQhcWT4?0
~ 4bcX\PcTSaTR[P\PcX^]R^bcb)%\X[[X^]
(original bond: $7 million)
Above: Grouse Creek Gold Mine (photo by Lynne Stone).

Mitigation: Cyanide-bearing waters have been contained in ponds or
intercepted by groundwater wells and treated prior to release into Jordan
Creek. The tailings impoundment will be reclaimed to serve as a ﬂoodway
for storm water removal at one end and a passive water treatment facility at the other end. A sulfate-reducing bioreactor with aerobic polishing is
expected to perform water treatment for most of the year except for spring
runoff when lime treatment will have to be added to the process to accommodate the excess ﬂow (Gross 2008).
Cost: Hecla Mining Company was required to post a typical and inadequate
$7 million bond. The estimate for the tailings pond removal action is $1.7
million. An update of reclamation costs prepared in 2001 estimated $60
million in land reclamation (ﬁnite) and water treatment in perpetuity (SAIC 2001). Thus far, Hecla Mining has not abandoned the site nor
ignored their ﬁnancial responsibilities, as many other mining companies
have done.
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CASE STUDIES: PIPELINE FAILURES
Black Mesa Pipeline (Arizona)
Corrosion in the 273-mile-long Black Mesa coal slurry pipeline caused
ruptures and seven spills between 1997 and July 1999 (Shafer 2002).
Eight additional spills occurred in 2001–2002. The most recent incident
occurred on January 19, 2002, when 500 tons of coal slurry spilled into
Willow Creek, a tributary of the Big Sandy River in northwestern Arizona.
Coal sludge in Willow Creek was eight inches deep. The company did
not report the spill as required by the Comprehensive Environmental
Response and Liability Act (CERCLA). The Arizona Department of
Environmental Quality and the EPA say the pipeline, maintained by
Black Mesa Pipeline, Inc., has leaked more than half a million gallons
of coal slurry in 15 separate spills. The pipeline company was ﬁned
$128,000 in 2001 for illegally discharging 485,000 gallons of coal slurry
in seven spills between December 1997 and July 1999 (USJD 2001).

Forty-ﬁve pipeline spills occurred at New Mexico’s Chino Copper Mine
over an 11-year period (photo by Eric Guinther).

Century Mine (Ohio)
In 2005, more than "VP[[^]b^UR^P[b[dSVT spilled from a pipeline in Ohio, killing most of the ﬁsh in Captina Creek. The spill resulted
from a ﬁst-sized hole in the three-mile-long pipeline that runs from
American Energy Corporation Century Mine to a disposal area for slurry
(OEPA 2011, OHC 2011).
Alumbrera Mine (Argentina)
An earthquake on September 17, 2004, measuring 6.5 on the Richter
scale, caused a pipeline to break at the Alumbrera mine in Argentina,
sending copper and gold concentrate into the Villa Vil River. An
unknown amount of mineral concentrate ﬁlled approximately two kilometers of the river, which provides water for domestic consumption and
irrigation to the municipality of Andalgalá in Catamarca Province. While
the ﬂood of concentrate, which reached 12 meters in height, left a layer
of solids on top of the riverbed and river banks, the water component of
the slurry penetrated up to two meters deep, carrying with it the toxic
metals (Mining Watch 2005).
El Chino Mine (New Mexico)
Phelps Dodge Corporation paid a $42,150 civil penalty to the New
Mexico Environment Department (NMED) over contamination resulting from pipeline spills at the company’s Chino Mine in New Mexico
(Guerriere 2003). The Phoenix-based copper producer also agreed
to replace the pipeline and improve pipeline operating procedures.
The settlement covered three spills of tailing slurry and process water
from Chino pipelines: a #'VP[[^] b_X[[ on December 8, 2000,
an 18,000-gallon spill on December 21, 2000 and a 20,000-gallon spill
on January 19, 2001. According to the NMED, 45 spills occurred at the
Chino Mine between 1990 and 2001.

14 of which have been designated as anadromous
waters under the Catalog of Waters Important for
the Spawning, Rearing or Migration of Anadromous
Fish (Ecology and Environment, Inc. 2010), administered by the Alaska Department of Fish and Game. As
shown in Figure 16 (pp. 48-49), 36 rivers, streams, and
small tributaries enter the north shore of Iliamna Lake
(Kvichak River basin) providing salmon and resident
fish habitat, which could be severely affected by a pipeline failure. The streams identified in the Anadromous
Waters Catalog include important sockeye, Chinook,
and coho salmon producers, such as the Newhalen
River, Knutson Creek, Canyon Creek, Chekok Creek,
Pile Bay River, and Iliamna River. According to the
Preliminary Assessment, pipelines will either be buried
beneath these rivers and creeks or run along bridges
—or, in the case of Iliamna Lake, a causeway—above
them. Twenty bridges are projected, ranging in size
from 40 to 600 feet, and almost 2,000 feet of causeway will cross the northwest portion of Iliamna Lake
(Ghaffari et al. 2011).
Although slurry pipelines are an economical way
to transport large quantities of mineral to the port,
there is risk that the pipeline carrying abrasive and corrosive copper-gold concentrate slurry (or any of the
other three pipelines) may leak or break. According to
Ecology and Environment Inc. (2010) “a pipeline break
or spill could result in thousands of gallons of metalladen slurry being deposited into sensitive anadromous
streams.” Most slurry pipeline breaks occur as the
result of abrasion and corrosion, but earthquakes have
caused at least one major spill (Mining Watch 2005). In
Alaska, there is also a risk that the concentrate might
freeze and break the pipe if the flow stopped because of
a pump failure in the winter (Coulter 1976, McKetta
1992, Julien et al. 2002).
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3.7 Tailings Dam Failures
In addition to the slow, chronic release of contaminants from the tailings and potential leakage into
ground and surface waters, it is important to recognize
the large-scale pollution events that could result from
a tailings dam failure. Unlike a dam built to impound
water, which can be drained if the dam loses structural integrity, tailings embankments must be built to
function in perpetuity (Figure 13, p. 38). Despite the
manifest need for perpetual stability, since 1970 the
number of tailings dam failures has greatly exceeded
the failures of dams used for water supply (ICOLD
2001). State and federal permits for all large mines
in the United States specify construction standards to
prevent the accidental discharge of toxic effluents and
the catastrophic failure of mine dams. Nonetheless,
several tailings dams have failed in the United States
and elsewhere around the world (WISE 2011).
The International Commission on Large Dams
(ICOLD) has compiled global data on reported tailings dams failures, breaches, and mudflows worldwide
(ICOLD 2001, Cambridge 2005). ICOLD reported
72 tailings dam accidents in the United States and 11
in Canada between 1960 and 2000 (ICOLD 2001).
Similarly, according to the World Information Service
on Energy (WISE), 85 major mine tailings dams failed
between 1960 and 2006 (WISE 2011). Twenty-four of
the 85 tailings dams that failed were copper or gold
mines (Figure 11), and failures occurred in all types of
tailings dam construction (USSD 1994). The majority
of failures happened at operating mines, and 39% of
them occurred in the United States, indicating that failures are not merely a consequence of dated technology
or limited regulation.

Figure 11. According to a study by the World Information Service
on Energy (WISE), 85 major mine tailings dams failed between 1960
and 2006. Common causes included structural problems, ﬂooding or
rain, and earthquakes (WISE 2011).

Sources of Tailings Dam Failures
Earthquakes (11)
Flooding/heavy rain (17)
Structural problems (47)
>cWTab^daRTb )[P]Sb[XSTb
RWP]VX]VfTPcWTa_PccTa]b
X]cTa]P[SP\Ta^bX^]bcPcXR
liquefaction

Precipitation and Flooding
Rico et al. (2008) analyzed these and other data,
categorizing the most common causes of tailings dam
failure across Europe and the world. They found that
the primary causes of failure related to meteorological events, such as unusual snow and rainfall events or
periods. These accounted for 25% of the cases worldwide and 35% in Europe. Saturation of part or all of
a tailings dam can lead to static load-induced liquefaction, which refers to the loss of strength in saturated
material because of the build-up of pore water pressures unrelated to dynamic forces like earthquakes
(Davies et al. 2002). Static load-induced liquefaction
is much better understood today than it was even 10
years ago, and the engineering considerations required
to avoid this type of failure are now routinely applied
during the design of tailings dams. However, the risk of
static liquefaction has not been fully eliminated.

CASE STUDIES: TAILINGS DAM FAILURES
Martin County Coal Corporation (Kentucky)

Brewer Gold Mine (South Carolina)

Failure: In 2000, a coal tailings dam failed, releasing slurry consisting of an
estimated !$\X[[X^]VP[[^]b^UfPcTaP]S $$RdQXRhPaSb^UR^P[
waste into local streams (American Geological Institute 2003).

Failure: In 1990, a tailings dam failed after heavy rains and spilled 10 million
gallons of sodium cyanide solution into Little Fork Creek (USEPA 2005).

Impact: About 75 miles of rivers and streams turned an iridescent black,
causing a ﬁsh kill along the Tug Fork of the Big Sandy River and some
of its tributaries. At least 395,000 ﬁsh were killed, and towns along the
Tug River were forced to turn off their drinking water intakes. The spill
contained measurable amounts of metals, including arsenic, mercury,
lead, copper, and chromium (but not enough to pose health problems in
treated water).
Cost: Over $46 million (American Geological Institute 2003). The full
extent of the environmental damage is not yet known, and estimates of
the cleanup costs go as high as $60 million (WISE 2008).

Impact: Fish died in the Lynches River at least 49 miles downstream
(USEPA 1991).
Cost: The British mining company that operated the mine abandoned the
site in 1999, and EPA declared it a Superfund site in 2004 because of heavy
metals pollution and acid mine drainage.
Buffalo Creek Valley (West Virginia)
Failure: In 1972, a coal waste impoundment at the head of Buffalo Creek
failed.
Impact: 125 people killed, 500 homes destroyed, water quality degradation.
Cost: Over $400 million (ASDO, 2007).
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Figure 12. Seismic activity between 1990 and 2009; probability
of future earthquakes; and major fault lines in and around the
mining district (Higman and Mattox 2009, USGS 2010a, 2010b).
Since 1899, there have been numerous 6.0-6.9 earthquakes and
three 7.0+ earthquakes within 125 miles of the Pebble site.
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In addition to liquefaction, rain and snow events may
also lead to flooding. Precipitation and flood models
are used to inform dam design, but the limited streamflow and weather data available for the Pebble Mine
site may not yield accurate predictions of 100, 500, or
1,000-year flood events in the area. At the Red Dog
Mine in the Brooks Range north of Kotzebue, Alaska,
wastewater was released when unanticipated levels of

snowmelt and rainfall threatened to overtop the dam
the year after the mine opened (Ott and Scannell 1993).
Flood projections also may not accurately account for
climate changes predicted to produce heavier and more
frequent rainfall and increased rain-on-snow events
(IPCC 2007). United States Geological Survey (USGS)
predictions of 100-year or greater flood flows for the
Kenai Peninsula—where three floods exceeding USGS
100-year flood predictions have occurred in a 20-year
period—may have to be revised because of rapidly
melting glaciers and more severe rainstorms (Eash and
Rickman 2004). Long-term climate change and likely
impacts to formerly frozen or partially frozen ground
will impact many assumptions concerning water management and the stability of facilities at the Pebble site.
Earthquakes
Seismic liquefaction has been identified as the second
most common cause of tailings dam failure worldwide
(Rico et al. 2008). The Pebble tailings dams will be
constructed on top of glacial till and fractured bedrock
(Knight Piesold Consulting 2006a, 2006b) in a seismically active area (Haeussler et al. 2005). The design of
the dams, constructed of waste rock and overburden, is
based in part on current understanding of the location
of local faults and the potential force of future earthquakes. (Figure 12 summarizes recent seismic activity and future earthquake probabilities in the Bristol
Bay region.) The Preliminary Assessment recognizes
two seismic zones that could affect the Pebble Project,
including the large Pacific Plate–North American Plate
subduction zone located offshore, and the Lake Clark
Fault (Ghaffari et al. 2011).
Dams are engineered to withstand overtopping from
the probable maximum flood and shaking resulting
from large earthquakes, but in each of these instances,
assumptions must be made as to the magnitude of these
“maximum” events. While the Preliminary Assessment
characterizes as “conservative” the parameters used
to determine seismic events—and the seismic design
of the tailings storage facility—assumptions made in
determining both the location and return period (which
influences the calculation of the force) of future seismic
events call into question just how conservative these
determinations may be (Chambers et al. 2011). For
example, although Northern Dynasty consultants estimated the Lake Clark Fault to be 18 miles from the
Pebble Mine site (Knight Piesold Consulting 2006a),
according to Chambers et al. (2011) “the location of
the Lake Clark Fault is not known, and it is possible
that it runs directly through the area of proposed development at Pebble.” It is worth noting that the 2002
magnitude 7.9 Denali Fault earthquake revealed an
unknown fault now named the Susitna Glacier Fault
(Crone et al. 2004).
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According to Woody and Higman (2011), “at least four glacial advances left their imprint on Bristol Bay in the form of coarse, porous, layers of
alluvial sediments, which can both store and transmit large volumes of groundwater…..Hydrologic exchange patterns between ground and surface
waters in alluvial systems can be highly complex and difﬁcult to map and predict.” Such complex interactions between surface and groundwater
systems exacerbate the signiﬁcant challenge of controlling mining related contamination (photo by Erin McKittrick).

If one earthquake in the next 1,000 years is stronger
than the maximum predicted, or if a previously undetected fault extending into the mine area triggers a significant earthquake, the tailings storage dams may fail
and release the stored waste into the Nushagak and/
or Kvichak watersheds. With the largest dam potentially reaching a height of 740 feet (Knight Piesold
Consulting 2006a) and the Bristol Bay region experiencing 5.0-magnitude earthquakes an average of once
per year, it is possible that a seismic event could cause a
tailings dam failure of very large proportions (Haeussler
and Plakfer 1995, AA 2009a, USGS 2009a, 2009b,
2009c). The probability of such a massive failure is
relatively low in the short term, but the consequences
(discussed later in this section) should it occur could be
catastrophic. The longer a tailings dam is in place, the
greater the probability of catastrophic failure.
An earthquake would not have to destroy the dams
to release the toxic materials into the groundwater
and into adjacent salmon-spawning streams. If an

earthquake opened cracks in the bedrock below the
dam or cracked the seepage-collection system, it could
allow the hundreds of billions of cubic feet of contaminated water stored in the facility to leak into ground
and surface waters.
Deterioration of Infrastructure
Man-made structures deteriorate as they age, and
Rico et al. (2008) identified several types of infrastructure failure as causes of tailings dam failure. Over time,
the complex system of liners, pipes, drains, and pumps
necessary to control leakage under a mine waste—and
maintain the stability of a dam—deteriorate and fail in
the corrosive environment and under the crushing weight
of millions—or in the case of the Pebble Mine—billions
of tons of fluid tailings. Pollutions control structures
placed in or under tailings impoundments or earth-fill
dams are extremely expensive and logistically challenging to repair or replace. And unlike work in a typical
reservoir, operators cannot simply release water contaminated by acid mine drainage before making repairs.
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Impacts of Failure
A failure of one of the massive tailings dams planned
for the Pebble Mine would have devastating short
and long-term consequences for the receiving waters.
Even a relatively small event could release a torrent
of polluted water downstream, burying the receiving
water body in a sludge of mine wastes. Further downstream, silt could clog stream gravels and turn the clear
streams turbid, eliminating critical salmon habitat. The
failure of the much smaller tailings dam at the Brewer
Gold Mine in South Carolina killed all of the fish in
the Lynches River for 49 miles downstream (USEPA
2005). In Kentucky, the failure of the Martin County
Coal Corporation’s tailings dam, which contained 250
million gallons of liquid waste and 155,000 cubic yards
of solids, contaminated 75 miles of the Big Sandy Fork
River (see the sidebar on p. 35). These are small spills,
however, in comparison to the billions of gallons of
water and over 10 billion tons of waste that could be
released in a failure at the Pebble site.
A major tailings dam failure due to an earthquake,
flood, structural flaw, or any combination of these
could release billions of tons of mine waste into the
North or South Fork of the Koktuli River. This material would then flow downstream into the Nushagak or
Kvichak River drainages. Mine tailings washed downstream would expose the pyritic tailings to oxygen,
potentially leading to acid waters. Introduction of acid
waters into streams would extirpate salmon at least in
the upper reaches (Parsons 1977, Ledin and Pedersen
1996, Levings et al. 2004, Dubé et al. 2005); the lower
reaches of the streams would see elevated contaminant
concentrations and reduced prey for salmon consumption (Levings et al. 2004).
If acid waters reached Lake Iliamna, some percentage of the billions of fry that rear in the lake could
be harmed, potentially removing generations of production. In British Columbia, exposure of juvenile

Chinook salmon to waters mixed with acid mine drainage led to 100% mortality within just two days (Barry
et al. 2000). In the extraordinarily productive Bristol
Bay tributaries, a major failure of a tailings storage
facility could kill hundreds of thousands to millions
of adult salmon and resident fish, depending on when
and where the spill occurred. Furthermore, fish production might be permanently eliminated or impaired in
the streams directly affected by the spill, and salmonid
migrations would be impaired until the toxic tailings
are removed (Ecology and Environment, Inc. 2010).
According to Hughes (1985), in some instances, the
effects of toxic sediments resulting from tailings dam
accidents are still being reported over a century after
the incident took place.
The sizes and locations of tailings storage facilities
required for the Pebble Mine, coupled with the need
for these facilities to remain intact and fully functional
for thousands of years after the mine is closed, present
a substantial threat to downstream fish populations. In
the short term, the risk that the tailings dams will leak
or fail in any given year may be small. Over the long
time span that these dams must contain their toxic contents in place, however, the probability that a release
will occur becomes much higher.
Even if accurate projections of earthquake location,
frequency, and force coupled with conservative tailings
dam designs allow wastes to be fully controlled over
the long term, it is worth noting that “human management/operation” and “unknown causes” ranked as the
third and fourth highest causes of tailings dam failure
worldwide and in Europe (Rico et al. 2008). This point
requires little discussion. Over the long term, technology and engineering are only as reliable as the inevitably flawed humans who apply them.

Figure 13. Engineering for Perpetual Storage. The longest time horizon formally considered for the active life of the Pebble Mine is 78 years
(Ghaffari et al. 2011). The mine’s pollution-control facilities, however, must function forever to protect the aquatic resources of the Bristol Bay
basin. Unlike a dam built to impound water, which can be drained if the dam loses its structural integrity, tailings dams must be built to function in
perpetuity (Higman 2010).
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Bristol Bay ﬁsherman (photo by Bob Waldrop).
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Sockeye salmon in Bristol Bay (photo by Ken Morrish, Fly Water Travel).
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Chapter 4

The Salmonids of Bristol Bay
In 2010, over 40 million wild sockeye salmon
returned from the ocean to spawn in the Bristol Bay
basin. The 28.5 million sockeye harvested commercially
in the bay that year produced an ex-vessel value of just
under $150 million (ADFG 2011a), a figure that does
not include the retail, recreational, or cultural value of
the harvest (discussed in chapter 7). Over 11 million
sockeye escaped the nets to spawn in 2010 (ADFG
2011a), ensuring the continued viability of the largest
sustainable harvest of wild salmon on the planet.

4.1 Habitat and Adaptation
Salmon require several different types of freshwater
habitat to successfully complete their lifecycles, including areas suitable for spawning, incubation, rearing,
and migration (Meehan 1991). The unique richness and
diversity of Bristol Bay’s salmon populations are driven
by the region’s extraordinary abundance of varied,
near-pristine, hydrologically well-connected, and productive freshwater habitats. The region’s habitat complexity, coupled with salmon’s strong natal homing
tendencies, creates distinct, locally adapted populations
with a high degree of adaptive specialization to individual stream conditions (Hilborn et al. 2003 , Ramstad et
al. 2009).
The Kvichak River provides a good example of
habitat-driven genetic adaptation for sockeye. At least
150 sockeye populations have been identified in the
Kvichak watershed, 38 of which reside in Lake Clark
and the upper Newhalen River (Demory et al. 1964,
Young and Woody 2007). It is possible that as many
as 200 to 300 discrete spawning aggregates occupy the
Kvichak system alone (Habicht et al. 2004, Ramstad et
al. 2004, Ramstad et al. 2009). Local genetic adaptations include size and age at maturity, which depends
to a large degree on stream size, and timing of spawning (Hilborn et al. 2003, Woody 2004, Ramstad et al.
2009). Habicht et al. (2007) found that 97.2% of the
genetic diversity of Bristol Bay sockeye salmon could
be explained by differentiating among the spawning
sites where they were collected.
This habitat-dependent population diversity limits
the fluctuations in salmon runs commonly seen in
systems with less complex and available habitats. In a
recently published paper, Schindler et al. (2010) use 50
years of Bristol Bay sockeye population data to highlight the role that life history and population diversity
play in sustaining a steady yield of a heavily exploited
species. The research finds that “variability in annual

[T]he net result of losing [Bristol Bay sockeye]
population and life history diversity could be a
tenfold increase in the frequency of fishery closures, generating considerable hardship for people
who rely on consistent annual returns for their
livelihoods.
—“Population Diversity and the Portfolio Effect in an
Exploited Species” (Schindler et al. 2010)

Bristol Bay salmon returns is 2.2 times lower than it
would be if the system consisted of a single population,
rather than the several hundred discrete populations
it currently consists of.” Population and life history
diversity reduce variability in production at the basin or
stock scale (Bristol Bay has 15 discrete stocks) because
the impacts of disturbance or unfavorable environmental conditions can be minimized. For example, juvenile
sockeye exhibit a variety of strategies when migrating
to or returning from the ocean. Some spend one year
rearing in freshwater while others spend two; similarly,
sockeye may remain in the ocean for one to three years
before returning to spawn as adults. This complex age
structure within a population increases the likelihood
that temporally or spatially limited disturbances (i.e.,
environmental changes that do not impact the entire
basin or persist over many years) do not impact all of
the individuals in a particular cohort.
This dampening effect on the impact of disturbance
is critical in maintaining the productivity of the entire
system and allowing sustainable commercial, recreational, and subsistence harvests year after year. In
fact, Schindler et al. (2010) found that if Bristol Bay
produced just a single homogeneous population, the
resulting increased variability in run size would “lead
to ten times more frequent fisheries closures.” In addition to the bounty enjoyed by humans, the benefits of
sustained salmon runs are shared among numerous
other species (discussed in section 4.2).
Although Bristol Bay’s population diversity and
population-level habitat specialization ensures that
salmon can take advantage of a wide range of habitats and limits the impacts of environmental disturbance, it leaves them vulnerable to larger scale habitat
alterations. For example, to sustain genetically adapted
local populations, water quality characteristics must
remain within a narrow range, and small changes,
such as increases in dissolved copper concentrations,
can be lethal or highly disruptive to survival (Eisler
2000, Baldwin et al. 2003, Sandahl et al. 2006, Hecht
et al. 2007, Sandahl et al. 2007, Tierney et al. 2010).
Once genetic diversity is lost from salmon populations through habitat destruction or degradation, the
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Table 2. Fish Species in Bristol Bay Drainages. All salmon spawn in fresh water. Anadromous ﬁsh (indicated by “ANA” in the table) spawn in fresh
waters and migrate to marine waters to feed. Resident, non-anadromous ﬁsh (“NON”) spawn and feed entirely in fresh water, often with substantial
seasonal movements between habitats within a given drainage (Quinn 2004). These are known as potamodromous (POT). In amphidromous (AMP)
populations, juveniles move from salt water to the lower rivers to feed.
In some Bristol Bay species (including salmon), essentially all individuals have anadromous life histories. In others, all individuals have nonanadromous
life histories (lake trout, arctic grayling, and pygmy and round whiteﬁsh). And in yet other species, individual ﬁsh may exhibit either anadromous or
nonanadromous life histories (rainbow trout/steelhead, Dolly Varden, Bering cisco, least cisco, humpback whiteﬁsh). Salmon are “semelparous”, meaning they reproduce only once per lifetime and then die. Other Bristol Bay salmonids are “iteroparous” and can spawn multiple times during a lifetime
(Morrow 1980, Stearns 1992, Mecklenburg et al. 2002, ADFG 2008b, Brown et al. 2009).

Chum salmon (photo by Paul Vecsei).

Coho salmon (photo by Barrie Kovish).

Sockeye salmon (photo by Barrie Kovish).

Dolly Varden (photo by Wild Salmon Center).

Rainbow trout (photo by Wild Salmon Center).

Family Name

Common Name

Scientiﬁc Name

Principal Life History

Petromyzontidae/lampreys

arctic lamprey

Lethenteron camtschaticum ANA

Petromyzontidae

Alaskan brook lamprey

Lethenteron alaskense

NON

Petromyzontidae

Paciﬁc lamprey

Entosphenus tridentatus

ANA

Clupeidae/herrings

Paciﬁc herring

Clupea pallasii

AMP

Catostomidae/suckers

longnose sucker

Catostomus catostomus

NON

Esocidae/pikes

northern pike

Esox lucius

NON

Umbridae/mudminnows

Alaska blackﬁsh

Dallia pectoralis

NON

Osmeridae/smelts

rainbow smelt

Osmerus mordax

ANA

Osmeridae

pond smelt

Hypomesus olidus

NON

Osmeridae

eulachon

Thaleichthys paciﬁcus

ANA

Salmonidae/salmonids

Bering cisco

Coregonus laurettae

ANA and NON

Salmonidae

humpback whiteﬁsh

Coregonus pidschian

ANA and NON

Salmonidae

least cisco

Coregonus sardinella

ANA and NON

Salmonidae

pygmy whiteﬁsh

Prosopium coulteri

NON

Salmonidae

round whiteﬁsh

Prosopium cylindraceum

NON

Salmonidae

coho salmon

Oncorhynchus kisutch

ANA

Salmonidae

Chinook salmon

Oncorhynchus tshawytscha

ANA

Salmonidae

sockeye salmon

Oncorhynchus nerka

ANA

Salmonidae

chum salmon

Oncorhynchus keta

ANA

Salmonidae

pink salmon

Oncorhynchus gorbuscha

ANA

Salmonidae

rainbow trout

Oncorhynchus mykiss

POT and ANA

Salmonidae

arctic char

Salvelinus alpinus

POT

Salmonidae

Dolly Varden

Salvelinus malma

ANA and POT

Salmonidae

lake trout

Salvelinus namaycush

NON

Salmonidae

arctic grayling

Thymallus arcticus

POT

Gadidae/cods

burbot

Lota lota

POT

Gadidae

Paciﬁc cod

Gadus macrocephalus

AMP

Gadidae

saffron cod

Eleginus gracilis

AMP

Gasterosteidae/sticklebacks

threespine stickleback

Gasterosteus aculeatus

NON and ANA

Gasterosteidae

ninespine stickleback

Pungitius pungitius

NON

Cottidae/sculpins

coastrange sculpin

Cottus aleuticus

NON

Cottidae

slimy sculpin

Cottus cognatus

NON

Cottidae

Paciﬁc staghorn sculpin

Leptocottus armatus

AMP

Pleuronectidae/ ﬂounders

arctic ﬂounder

Pleuronectes glacialis

AMP

Pleuronectidae

starry ﬂounder

Platichthys stellatus

AMP
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likelihood of the species surviving over the long term
is diminished (Rich 1939, Nehlsen et al. 1991, Spence
et al. 1996, Hilborn et al. 2003, Schindler et al. 2010).
This fact has been demonstrated repeatedly. Salmon
populations prospered in cold waters throughout large
regions of North America for thousands of years, but
over the last century they have been extirpated from
substantial portions of their ranges as a result of human
changes to their habitats (Nehlsen et al. 1991). Decades
of resource extraction, construction of migration barriers, hatchery production, and harvest have caused the
decline and extinction of many populations (Nehlsen et
al. 1991, Frissell 1993, Huntington et al. 1996).
If a major disturbance, such as a flood, volcano,
freeze, disease, or tailings dam failure eliminates all
salmon from a system, populations in other watersheds
can remain productive and eventually re-colonize the
disrupted system once the affected habitat has recovered (Waples et al. 2008). However, the genetic diversity can only be replaced through genetic mutation or
individual straying, both long term processes that make
recovery difficult. The straying rate for sockeye is the
lowest among all of the Pacific salmon, estimated at less
than 3% per year (Quinn et al. 1987).

4.2 Ecological Importance of Bristol
Bay Salmon
Anadromous salmon and steelhead have evolved
into seven distinct species across the north Pacific
Ocean, adapting to the varied environments of hundreds of thousands of rivers and streams. Throughout
their ranges, these species play a vital role in increasing
the productivity of a variety of terrestrial and aquatic
ecosystems by delivering marine nutrients inland to
headwater streams (Kline et al. 1993, Schindler et al.
2003, Wipfli and Baxter 2010). Pacific salmon leave
freshwater as 6 to 19 gram (0.2 to 0.4 ounce) smolts
and attain more than 98% of their final mature weight
at sea (Quinn 2004). When they return to freshwater
to spawn, they transport and distribute tons of marinederived nutrients to Alaska’s nutrient-poor freshwaters
(Kline et al. 1993, Schindler 2003, Stockner 2003).
Donaldson (1967) estimated that a record escapement
of 24.3 million sockeye to the Kvichak River in 1965
deposited, after death, 169.3 metric tons of phosphorus, a nutrient essential to the health and productivity
of the watershed.
Such annual nutrient influxes by salmon maintain
the productivity of lakes, streams, and riparian areas
while supporting a diversity of wildlife (Naiman et al.
2002). Salmon and salmon carcasses are a major food
source for terrestrial and avian predators and scavengers, including bears, wolves, foxes, mink, mice, ducks,

Bristol Bay’s resident salmonids and ocean-going species, such as this
coho, are genetically adapted to live within a relatively narrow range of
physical, chemical, and biological habitat conditions during their freshwater life cycles (photo by Wild Salmon Center).

wrens, hawks and eagles (Willson and Halupka 1995).
When these and other species drag and carry carcasses
from the beaches and rivers into riparian zones, they
deliver critical nutrients to a variety of plant and other
animal species. In some areas, carcass densities have
been measured as high as 4000 kg/ha within riparian
areas, and salmon-derived nutrients have accounted for
20% of tree metabolism (Reimchen 1994, Hilderbrand
et al. 1999). In coastal Alaska, brown bears obtain virtually all of their carbon and nitrogen from salmon (94%
± 9% of total), while the timing of mink reproduction
can be influenced by the timing of salmon spawning
(Hilderbrand et al. 1996, Ben-David 1997). Phosphorus
and calcium from bones are especially important in oligotrophic waters and acidic soils, where these nutrients
are naturally in low concentrations. Gende et al. (2002)
describe major dispersal pathways for salmon-derived
nutrients during and after spawning (Figure 14).
Healthy salmon returns also directly support the
continued productivity of fish populations (Koenings
and Burkett 1987). Carcasses of spawned-out adults
and eggs from spawning fish are important seasonal
parts of the diet of rearing juvenile salmon, rainbow
trout, Dolly Varden, and arctic grayling (Bilby et al.
1998, Lang et al. 2006). Wipfli et al. (2003) found
that salmon carcasses increased growth rates of stream
-dwelling salmonids and that more carcasses translated
into greater growth. Juvenile salmon and smolts are an
important food source for the large populations of resident fish species, such as rainbow trout, Dolly Varden,
and arctic grayling, found in Bristol Bay streams. In this
way, salmon provide a rich food source up and down
Bristol Bay rivers across many months of the year and
are key to the success of trout, char, and grayling populations. Without large salmon escapements and the
associated input of marine nutrients, the productivity
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of the region and the numbers of freshwater and terrestrial species would decline in Bristol Bay as they have in
the western conterminous United States and elsewhere
(Gresh et al. 2000, Wipfli and Baxter 2010).

4.3 Salmon Species of Bristol Bay
As listed in Table 2, Bristol Bay river systems support
diverse and robust populations of fish, representing at
least 11 families, 22 genera, and 35 species. The 15
extant salmonid species (family Salmonidae) dwarf most
Bristol Bay freshwater fish assemblages in abundance,
diversity, ecosystem function, and human use and interest. The salmonid family comprises three subfamilies,
each with representatives in Bristol Bay: salmon, trout,
and char (Salmoninae), grayling (Thymallinae), and
whitefish (Coregoninae) (Mecklenburg et al. 2002). The
following provides general information on the life histories and commercial value of the five salmon species
present in Bristol Bay.

Salmon are genetically adapted to a relatively narrow and unique range
of habitat and water quality parameters within their natal streams. The
extraordinary productivity of the Bristol Bay is attributable, in part, to the
adaptation of sockeye to the diverse and complex array of habitats and
environmental conditions in the Bristol Bay basin (Hilborn et al. 2003,
Schindler et al. 2010). These adaptations have produced a unique diversity
of sockeye populations and life histories within Bristol Bay sockeye. This
diversity mitigates population ﬂuctuations in the event of environmental
disturbances (Schindler et al. 2010) (photo by Wild Salmon Center).

Figure 14. Major dispersal pathways for salmon-derived materials during spawning (Gende et al. 2002).
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The details of salmon life history (e.g., age and size
at seaward migration, age and size at maturity, timing
of migration and reproduction) vary among species,
years, and within and across watersheds. In Bristol
Bay, essentially all salmon spawning occurs in the last
half of the calendar year, when eggs are deposited and
immediately fertilized in redds (depressions) excavated
by the adult female in stream or lake substrates. The
eggs incubate until mid-winter and then hatch into
alevin (fry with large attached yolk sacs) (Figure 15).
The alevins remain in the spawning gravels through
spring to early summer of the following year, absorbing their yolk sacs, before emerging as free-swimming
juveniles (fry). The length of time between spawning
and fry emergence varies with species, population, and
water temperature (Murray and McPhail 1988, Quinn
2004).
After emergence, chum and pink salmon migrate
directly to marine waters, meaning they have short
freshwater residencies (measured in days) as juvenile
fry (Quinn 2004). However, almost all Bristol Bay coho,
Chinook, and sockeye salmon rear in lakes and streams
for a year or more before migrating to the ocean as

Newly hatched alevin will remain in streambed cobbles through the
winter to emerge as free-swimming fry the following spring or early
summer (photo by Rich Grost).

smolts (Yuen and Nelson 1984). For juveniles of these
three species, summer feeding and overwintering habitats may be in different locations, requiring migrations
between seasonal freshwater habitats.

Figure 15. Salmon life cycle. Although Paciﬁc salmon share a common life cycle, considerable variation exists across both the different species
and the many unique populations that can be found within a species. (© Kate Spencer).
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al. 2003). Most Bristol Bay sockeye populations spawn
along the beaches of large glacially-carved lakes or
in streams flowing to, or draining out of these lakes,
and these lakes serve as nurseries for rearing juveniles. However, in some river systems, particularly in
the Nushagak—Mulchatna drainage, sockeye salmon
spawn and rear in larger, often braided, rivers (ADFG
2008b). The many large lakes in the region provide
ideal sockeye salmon habitat, and sockeye are welldistributed throughout the basin, except in the slowmoving streams draining the broad coastal plain of
inner Bristol Bay.
After fry emerge in the spring, most juvenile sockeye
salmon rear in fresh water for one to two years. The
production of juvenile sockeye salmon in Bristol Bay’s
large rearing lakes is phenomenal. The migration of
juvenile sockeye leaving Iliamna Lake in late May and
early June just after lake ice-melt has been estimated
at over 200 million fish in a three-week period (Bill
1984). Sockeye live in the ocean for two to three years
before returning to spawn (Yuen et al. 1984, Stratton
and Cross 1990).
Coho Salmon (Oncorhynchus kisutch)

Sockeye

Salmon Species in Bristol Bay Drainages. All Bristol Bay salmon
species have a noticeable change in color moving from ocean back to
freshwater to spawn (© Fisheries and Oceans Canada).

Sockeye Salmon (Oncorhynchus nerka)
With minor exceptions in lakes where egress has
become blocked (USNPS 2006), or as a very small component of an otherwise anadromous stock (Hodgson
and Quinn 2002), all Bristol Bay sockeye salmon are
anadromous. In Bristol Bay, adult run timing varies
between drainages, but commercial harvest generally
occurs from mid-June through early August, peaking in
early July (Yuen et al. 1984). Between 1990 and 2009,
the Bristol Bay commercial harvest averaged 25.8
million fish, which supported $114.7 million of the
$116.7 million Bristol Bay commercial salmon fishery
(ex-vessel value). Subsistence harvest during this same
time period averaged 141,000 fish (ADFG 2011a). In
total, the average production of Bristol Bay sockeye
during this 20-year period was 37.49 million fish;
in 2010, this number exceeded 40.1 million (ADFG
2011a).
Sockeye spawning occurs from July into January
(Russell 1980, Hodgson and Quinn 2002, Woody et

Bristol Bay coho salmon populations are all anadromous, with possible minor exceptions in local freshwater habitats that suddenly become inescapable.
The adult coho salmon spawning return occurs later
in the year than the returns of the other four Bristol
Bay salmon species. The inshore commercial harvest
of returning adults occurs from late July through
September (Yuen et al. 1984), but the end of the harvest
probably reflects the loss of fishing interest rather than
the absence of fresh fish. Between 1990 and 2009, an
average of 88,000 coho were commercially harvested
annually (ADFG 2011a).
Spawning occurs from September through October
(Russell 1980), and may continue in specific areas well
into winter. Coho spawn and rear from headwater
streams to moderate-sized rivers. They generally do not
use the sluggish streams draining the flat coastal plain.
Coho salmon eggs and alevins incubate in spawning
substrates through the winter, and fry emerge in spring
to early summer. After they emerge, juvenile Bristol
Bay coho salmon typically rear in fresh water for one
to three years before migrating to sea, and different
juvenile age classes may occupy different microhabitats (ADFG 2008b). Bristol Bay coho salmon fry rear
in diverse habitats ranging from spring-fed headwater
springs, to beaver ponds, to side-channels and sloughs
of large rivers. In surveyed regions of Bristol Bay, coho
salmon are documented throughout the NushagakMulchatna watershed, and the Kvichak watershed
(Woody and O’Neal 2010, ADFG 2011b). Most
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Bristol Bay coho salmon spend slightly more than one
year feeding in the ocean before returning to spawn
(Yuen et al. 1984, Stratton and Cross 1990, Edwards
and Larson 2003).
Chinook Salmon (Oncorhynchus tshawytscha)
Bristol Bay Chinook salmon populations are anadromous, with minor exceptions where local habitats become inescapable (Nelle 2002). In Bristol Bay,
Chinook are the first salmon to return each year to
spawn. Commercial harvest of the run occurs from late
May through early August, peaking in June (Yuen et
al. 1984). The commercial Chinook harvest throughout
Bristol Bay between 1990 and 2009 averaged 64,000
fish. The vast majority of these were produced in the
Nushagak watershed with an average of 53,000 fish
harvested in the Nushagak District (ADFG 2011a).
Most Chinook spawning occurs from late July
through early September (ADFG 2008b). Chinook
spawn and rear from high in stream networks to
large-sized mainstem rivers. They generally do not use
streams draining the flat coastal plain. After fry emerge
from spawning gravels in the spring, most rear in
fresh water for one year before migrating to the ocean
where they feed for two to five years before returning
to spawn (Yuen et al. 1984, Stratton and Cross 1990).
Within their general range, juveniles typically seek
areas immediately adjacent to cut banks and next to
faster flowing water. Chinook salmon occur throughout the Nushagak—Mulchatna drainage, but are
seldom encountered in the Lake Clark portion of the
Kvichak River drainage.
Chum Salmon (Oncorhynchus keta)
All Bristol Bay chum salmon populations are anadromous. In Bristol Bay, adult run timing varies between
drainages, but commercial chum salmon harvest generally occurs from mid-June through August, peaking
in late July and early August (Yuen et al. 1984). The
commercial chum harvest over the 20-year period from
1990 through 2009 numbered 986,530 fish (ADFG
2011a). Spawning occurs from July into September in
moderate-sized streams and rivers (ADFG 2008b).
After fry emerge from spawning gravels in spring,
juvenile chum salmon migrate immediately to marine
waters; they have no extended fresh water rearing
period. Most Bristol Bay chum salmon feed three to
four years in the ocean before returning to spawn
(Yuen et al. 1984, Stratton and Cross 1990). Chum
salmon occur throughout Bristol Bay, but are seldom
encountered in the Lake Clark portion of the Kvichak
River drainage or in the slow-moving streams draining
the broad, flat coastal plain.

Pink salmon (photo by Barrie Kovish).

Pink Salmon (Oncorhynchus gorbuscha)
All Bristol Bay pink salmon populations are anadromous. In Bristol Bay, adult run timing varies between
drainages, but commercial pink salmon harvest generally occurs from mid-July through mid-August (Yuen
et al. 1984), and spawning occurs from July into
September (ADFG 2008b). Among the five salmon
species of Bristol Bay, pink salmon have the most
limited freshwater distribution. They spawn in relatively few moderate-sized streams and rivers. Because
juveniles migrate to the ocean immediately after emergence, they have no extended freshwater rearing period
and do not use freshwater rearing habitat.
All Bristol Bay pink salmon feed a little more than
a year in the ocean before returning to spawn. This
unwavering life history pattern of no fresh water residency and only one year of ocean feeding produces a
strong biannual run cycle. In Bristol Bay, strong returns
of pink salmon occur in even years and essentially no
pink salmon return in odd years (Yuen et al. 1984).
Commercial interest in pink salmon has been relatively
small with an average of only 182,000 fish harvested
every other year. A significant market in the Nushagak
District in 2010 increased the commercial harvest of
pink salmon to 1.3 million fish (ADFG 2011a).
Pink salmon are infrequently encountered far up
the major drainages. While they are mapped high in
the Nushagak and Mulchatna Rivers, they are not
frequently observed in these areas (ADFG 2008b). In
the Kvichak system, the Alagnak River is the species’
most important spawning stream (Yuen et al. 1984).
In the Nushagak-Mulchatna drainage, the Nuyakuk
and Tikchik Rivers provide most of the pink salmon
spawning habitat (Nelson 1965).
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ANADROMOUS WATERS CATALOG
The Anadromous Fish Act (ALASKA STAT. §16.05.871) mandates that the
ADFG Commissioner specify the “various… streams or parts of them that
are important for the spawning, rearing, or migration of anadromous ﬁsh.”
However, only about half of the “waters” in Alaska that are important for
anadromous ﬁsh are identiﬁed in the Anadromous Waters Catalog (AWC)
(Buckwalter 2009). This is largely due to the fact that they have never been
surveyed due to their remoteness, and in addition the statutory standards are
vague and without statutory deﬁnition as to when, how, and under what circumstances the commissioner may make this designation (Parker et al. 2008).
In August 2008, over a period of just one week, a team of independent ﬁshery
biologists conducted salmon surveys in 37 water bodies within and adjacent
to the mine permit boundary and found salmon in 20 streams, resulting in
the nomination of 28 miles of additional salmon-bearing streams to the AWC
(Woody 2009). In subsequent surveys conducted in 2009 and 2010, an additional 76 miles were documented (Woody and O’Neal 2010). Once a stream is
added to the AWC, the commissioner of ADFG can require a developer whose
plans will affect the designated waters to provide complete “speciﬁcations for
the proper protection of ﬁsh… in connection with the construction or work,
or in connection with the use.” If such plans are deemed “insufﬁcient for the
protection of ﬁsh,” the commissioner can deny approval.
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Pedro Bay
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The proposed road and pipelines from the Pebble Mine site to the deepwater port in Cook Inlet would cross approximately 89 creeks and rivers with
permanent ﬂows, 14 of which have already been designated as “anadromous
waters” under the Catalog of Waters Important for the Spawning, Rearing or
Migration of Anadromous Fish (Ecology and Environment, Inc. 2010). Many
of these streams provide spawning and rearing habitat for one or more of the
ﬁve Alaskan salmon species plus highly valued species such as rainbow trout,
Dolly Varden, and arctic grayling. To meet the intent of the Anadromous Fish
Act, increased monitoring is required to determine the full distribution of
populations within this region and to ensure their conservation.
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Figure 16. Anadromous Fish Catalog Surveys* Superimposed
on Proposed Pebble Mine, Mining District, and Facilities
(Woody 2009, Woody and O’Neal 2010, Ghaffari et al. 2011).
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Since 2008, biologists have been surveying streams within and adjacent
to the Pebble Mine boundary to determine the presence or absence of
anadromous ﬁsh (photo by Steve Baird).

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 830 of 2339

50

The Pebble claim area is characterized by a network of streams, ponds, and wetlands (photo by Erin McKittrick).
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Chapter 5

Potential Effects of the Pebble
Mine on Salmon
Unlike many mine sites, the proposed Pebble project
is in a largely pristine, unimpacted region. Typical
spring and surface waters contain extremely low concentrations of dissolved minerals. The introduction of
even small amounts of additional dissolved mineral
contaminants into the Pebble waters can produce significant changes in the water chemistry, more significant than would be expected in waters that have higher
dissolved mineral content.
All salmon species require suitable freshwater habitats during their life cycles (Meehan 1991, Groot and
Margolis 2001). Due to the narrow habitat requirements of salmon, any activities that directly or indirectly alter water quality, water quantity, physical
habitat structure, food supply, flow regime, or fish
passage can alter fishery productivity (Meehan 1991,
Spence et al. 1996). Historically, as a result of metal
mining, even very small increases in contaminants,
sediment, and turbidity and decreases in stream-flow
and pH have resulted in dramatic decreases in salmon
and their macroinvertebrate prey (Hughes 1985,
Clements et al. 2000, Maret and MacCoy 2002, Maret
et al. 2003). Large increases in these parameters have
completely eliminated salmon from the affected habitats (Hughes 1985). Although salmon are resilient, it
takes many generations and several human lifetimes for
adaptation to occur in response to fundamental ecosystem changes, if they can occur at all.
The single greatest threat to salmon and salmon
habitat in the Nushagak and Kvichak River drainages
from the proposed Pebble Mine is from acid mine drainage (AMD). Acid mine drainage impacts water quality in
two critical ways. First, it lowers pH (increases acidity),
and second, it increases the presence of dissolved
metals, potentially to toxic levels. In addition to AMD
and its effects on water quality, the cumulative effects of
habitat loss, altered flows, increased sedimentation, turbidity, and increased water temperature resulting from
mining also threaten salmon populations.
Although AMD is the primary threat, Pebble waters
may become toxic to salmon and other aquatic life even
without the development of AMD. Given the chemical
“fragility” of these waters, relatively small increases
in the concentrations of several metals/metalloids and
other contaminants, (e.g., arsenic, antimony, copper,
selenium, zinc, and ammonia) could negatively impact
salmon populations. The extremely low Aquatic Life
Water Quality Criteria promulgated by both the EPA

Surface water becoming groundwater becoming surface water again is one of the features of
the country north of Iliamna Lake—and it’s why
sockeye favor this body of water. Springs replenish
the gravel-bottomed shores of the lake’s islands
with highly oxygenated water, which salmon eggs
need to mature. Any accidental acid mine drainage
into this intricately connected natural system could
be disastrous.
—“Alaska’s Choice: Salmon or Gold” (Dobb 2010)

and the State of Alaska lend support to this statement
(ADEC 2003).

5.1 Acid Mine Drainage and Changes
in pH
As described in chapter 3, the Pebble Mine presents
a high risk of developing AMD because the deposit
is composed primarily of metal-sulfide ores (USEPA
1994a, NDM Ltd. 2007). The AMD from a mine’s pit,
tunnels, waste rock/ore piles, and tailings storage facilities is the primary source of mining-related pH changes
in ground and surface waters (USEPA 1994a).
Numerous chemical reactions release ionized hydrogen, H+, into the environment. Elevated concentrations
of free H+ ions render the water acidic. Low concentrations of H+, together with the presence of other
compounds, especially carbonate constituents (CO2HCO3-CO3) in fresh waters, produce waters referred to
as alkaline (basic). Variations in the hydrogen ion content
(activity) of waters (and soils) are measured using the
pH scale, which reports the negative logarithm of the
hydrogen ion concentration (Hem 1985, Mazor 1991).
The pH scale for most solutions is from 0 to 14.0,
but it can extend both higher and lower. Waters with
a pH of 7.0 are considered to be neutral, those with
a pH below 7.0 are considered to be acidic, and those
with a pH greater than 7.0 are considered to be basic
(alkaline). A solution at pH 6.0 contains 10 times more
hydrogen ions than at pH 7.0 (Lewis and Bamforth
2007). Thus, pH 4.0 waters are ten times more acidic
than those at pH 5.0, and 100 times (10 times 10) more
acidic than those at pH 6.0. The pH of a waterbody is
important because too much acidity or alkalinity will
reduce or eliminate fish and other aquatic life from the
water body.
Effects of pH on Salmon
AMD-induced changes in the pH of surface waters
are dependent on several factors, including the flow
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Acid mine drainage from dumping high-sulﬁde material, Formosa Copper Mine (photo by Umpqua Watersheds Inc., Frances Eatherington).

rate, the amount of dilution, and the alkalinity of the
receiving waters (USEPA 1994a, Earle and Callaghan
1998). At low pH, sensitive species such as salmon may
be completely eliminated, while less sensitive species
such as northern pike and sticklebacks may proliferate
(Meehan 1991). At higher pH (5.5–6.5), fish behavior is
affected, the reproductive capacity of adults is impaired,
and the viability of eggs, alevins, and fry is reduced.

Salmon populations are adversely impacted by both
acute and chronic exposure to low pH. For salmon and
many other aquatic organisms, pH levels of 7.0 to 8.0
are considered optimal to maintain a productive ecosystem (Figure 17). Low pH harms fish because it causes an
imbalance of the sodium and chloride ions in the blood
(Morris et al, 1989). If pH falls below the tolerance
range even for a short period, death can occur due to
respiratory or osmoregulatory failure (Kimmel 1983).
Acid water also increases the permeability of fish gills
to water, adversely affecting gill function. Ionic imbalance in fish may begin at a pH of 5.5 or higher, depending on species tolerance (Potts and McWilliams 1989).
The author of a study of the physiological reactions
of rainbow trout (Oncorhynchus, mykiss) to low pH
and varied calcium ion concentrations concluded that
the extinction of fish populations in waters acidified by
AMD or acid rain usually occurs through reproductive
(recruitment) failure (Nelson 1982). Low pH caused
decreased cardiac rate, ossification, slower growth,
less pigmentation, delayed hatching, and increased
mortality.
Acidification affects fish assemblages in a number
of ways and is dependent on several biotic and abiotic

Figure 17. The effects of pH and alkalinity on aquatic life (Mills 1985, Rosseland 1986, DeWalle et al. 1987, Eshleman 1988, Schindler 1988,
Kaufmann et al. 1991, Meehan 1991, Wurts 1993, ADEC 2003, NDM, Inc. 2005, ADEC 2006, HDR Alaska and CH2M Hill 2008, Zamzow 2011).
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CASE STUDY: ACID MINE DRAINAGE
Formosa Copper Mine (Oregon)
The Formosa copper mine is located in the Siskiyou Mountains in southwestern Oregon. The site was initially mined between 1926 and 1937.
Formosa Exploration Inc. (FEI, a partnership of Canadian and Japanese
companies) reopened the mine in 1990. Between 1990 and 1993, FEI mined
350 to 400 tons per day of copper and zinc. The copper concentrate was
sent to Japan. Because zinc prices were low at the time, the ore was stored
on-site and remains there today (Throop 1995). The mine covers the headwaters of Middle Creek which drains into Cow Creek, the water source for
the town of Riddle, Oregon.
Failures:
~ 8]PST`dPcTX]b_TRcX^]bP]S\^]Xc^aX]VQhbcPcTPVT]RXTbUa^\ ((c^
1993.
~ 8] ((" >aTV^]{b 3T_Pac\T]c ^U 6T^[^Vh P]S <X]TaP[ 8]SdbcaXTb
(DOGAMI) issued a Notice of Violation to FEI for numerous violations
of permit conditions, such as illegal dumping of waste rock and storage
of acid-producing pyrite. By August 1993, DOGAMI issued a Closure
Notice for failing to correct the problems within the 30-day compliance
period (USEPA 2009a).
~ 3d\_X]V ^U WXVWbd[ ST \PcTaXP[ QPRZ X]c^ cWT \X]T cd]]T[b CWT
underground workings are reported to contain large quantities of highly
reactive acid-generating rock and tailings (ODHS 2010).
~ 8]R^\_[TcT aTR[P\PcX^] QTcfTT] ((# P]S ((% R^bcX]V PQ^dc $1
million.
~ 5PX[daT ^U cWT SaPX]PVT bhbcT\ cWa^dVW^dc cWT ((b P]S !b c^
present.
Impact:
~ 0c[TPbc5 million gallons of acid mine drainage, heavy with toxic metals,
were leaked into the creeks annually, through both ground and surface
waters (USEPA 2007a). Acid rock drainage formed in the network of
underground workings and ﬂowed out of the lower mine adits (shafts)
and into the headwaters of Middle Creek (Throop 1994).
~ FPcTaSaPX]X]VUa^\cWT\X]Tc^<XSS[T2aTTZWPSWXVWR^]RT]caPcX^]b
of cadmium, copper, and zinc; concentrations of heavy metals ﬂuctuate as groundwater levels rise or fall seasonally (USEPA 2009a). Mine
drainage was stained bright orange with iron or blue-green with copper
deposits.
~ Eighteen miles of ﬁsh habitat downstream from the mine has been
destroyed. The Middle Creek watersheds were historically productive
ﬁsheries for salmonids, including coho salmon and steelhead. Upper
Middle Creek and South Fork Middle Creek have not supported spawning runs since the mine reopened in 1990; heavy metal pollution and
poor ﬂow characteristics now limit the use of these important spawning
grounds (USEPA 2009a, ODHS 2010).
~ 01daTPd^U;P]S<P]PVT\T]c>aTV^]3T_Pac\T]c^U4]eXa^]\T]cP[
Quality survey in 1999 found a correlation between increasing concentrations of zinc in the surface water and the decline of macroinvertebrate
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~ =d\Ta^dbeX^[PcX^]b^U_Ta\XcX]R[dSX]VSd\_X]V^UWXVWbd[ ST
\PcTaXP[X]c^\X]Tcd]]T[b[TPSX]Vc^PRXS\X]TSaPX]PVT
~ 3TeT[^_Ta PQP]S^]TS bXcT PUcTa UPX[TS PccT\_cb Pc aTR[P\PcX^]*
EPA declared it a Superfund site
~ '\X[Tb^U bWWPQXcPcSTbca^hTS
~ BXV]X RP]cSTR[X]T^U\PRa^X]eTacTQaPcTbd_c^('

(aquatic insect) abundance in the Middle Creek watershed.
Comparisons of 1999 data with data from pre-mining surveys found that
at two sites the total density and numbers of sensitive macroinvertebrate species were reduced by 96% and 98%. Data from Cow Creek
downstream from the Cow Creek and Middle Creek conﬂuence also
indicates that macroinvertebrate communities have experienced stress
at lower elevations due to the releases of heavy metals (USEPA 2009a).
Mitigation: The mining company FEI, state agencies, and the Bureau of
Land Management cooperated in major reclamation activities in 1994,
removing tailings dumps and backﬁlling the material into the underground
mine tunnels. Twenty tons of tailings were also removed from Middle
Creek (USEPA 2009a). FEI ﬁlled in the former tailings pond with the ore
and waste rock and capped it with a bentonite/geotextile composite and
drainage layer. The mine owners sealed the portals with limestone rock and
concrete and installed drains, although the drains soon failed (ODHS 2010).
After FEI abandoned the site, the state of Oregon did not have enough
money to reclaim the mine site and could only repair the most critical failures. In the 2000s, pipelines draining the mine were repeatedly found to be
crushed, plugged, or severed, sending mine drainage directly into Middle
Creek. Sumps and water-collection systems overﬂowed. A limestone
channel built to reduce the acidity of the mine drainage became encrusted
with iron scale and ceased to function (USEPA 2009a). In 2007, the EPA
placed the Formosa Mine Superfund Site on the National Priorities List.
Plans for removal of the most reactive tailings dumped in the underground
tunnels are hampered by limited knowledge of the extent of the tunnel
network.
Cost: The bond money originally requested in the 1990 operating permit
was inadequate for restoration at the site after closure. The reclamation
bond administered by DOGAMI was eventually increased from $500,000
to $980,000 (Throop 1995), but the bond was inadequate to pay the cost
^U R[TP]d_ _Ta_TcdP[ caTPc\T]c P]S \^]Xc^aX]V. Taxpayer funding of
the reclamation costs began in 1996 when FEI abandoned the mine and
it became an orphan site. An estimate of the Superfund cleanup costs to
remove underground tailings and to construct an acid drainage collection
and treatment system is not possible until the local hydrology is better
understood and a more thorough mapping of the underground tunnel
complex is completed.
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factors. The most important biotic factors are fish
species, development stages, and spawning strategy
(Rosseland 1986). While recruitment failure has been
identified as the primary source of population decline,
the life stage that is most affected differs from one population to another, even within the same species. Eggs and
alevins are believed to be the most sensitive life stages,
but significant mortality has occurred in post-spawning
adults (Rosseland 1986). Salmon are particularly vulnerable to low pH during the physiological changes that
occur during salmon smolts’ transitions from freshwater to salt water and adult spawners’ transitions from
salt water to freshwater.
Stress, gill damage, ionic imbalance, and other
effects of low pH can act in concert with other harmful
agents such as metals and diseases to increase mortality
in salmon populations. Acid water often increases the
toxicity of other pollutants (such as metals) to fish that
are already under stress from low pH conditions. At low
pH levels (<5.0), metals contained in waste rock or suspended sediments may be released, adding other toxic
pollutants to the aquatic system (Sorenson et al. 1971).
Rainbow trout under low pH conditions acquired heavy
infections of the gill parasite, Trychophyra intermedia,
which was not related to mechanical gill damage (Balm
et al. 1996). This suggests that the parasite may have a
primary effect on gill function under acid conditions.
In addition to physiological responses to acid water,
salmon also exhibit behavioral changes that impact
reproductive success. Japanese scientists who studied
the effects of acidification on salmon found that a pH of
5.8 completely inhibited the migratory homing behavior
of landlocked sockeye salmon (Oncorhynchus nerka),
and slight acidification (around pH 6.0) inhibited
their spawning behavior (Ikuta et al. 2001). Sub-lethal
acid stress at pH 5.0 and lower stimulated avoidance
of acidic areas or induced failure of endocrine-related
immune and reproductive functions. Ikuta et al. (2003)
studied the upstream migratory behavior and redd-digging behavior of mature sockeye salmon, brown trout,
and Japanese char (Salvelinus leucomaenis) in response
to low pH. Digging and upstream behavior were significantly inhibited in weakly acidic water (pH 5.8–6.4). Of
the three species, sockeye salmon were the most sensitive to changes in pH.
Although acidification affects fish assemblages differently, salmon exhibit predictable responses to pH
values at certain thresholds and within general ranges.
According to Trasky (2008), the following responses
can be expected:
t

pH less than 4.5: All salmon and other fish species
will die or be displaced from a water body. Primary
prey species will not survive.

t

pH 4.5 to 5.5: Salmon will be severely distressed
from ionic imbalance or toxic synergistic effects with
metals or disease and will likely be absent because
of chronic mortality or avoidance. Primary prey
species will be absent or present in low numbers.
Acid-tolerant species, such as northern pike and
sticklebacks, may be present.

t

pH 5.6 to 6.4: Salmon may be present, though dissolved metals are present. Salmon will be under
stress resulting from interference with the absorption, circulation, and elimination of essential body
fluids. These pH levels inhibit homing and spawning
behavior in sockeye salmon. A pH of 6.0 is toxic
to juvenile Chinook and chum salmon if dissolved
metals are present. Sensitive macroinvertebrate prey
species will begin to decline as pH drops below 7.0.

t

pH 6.5 to 8.5: Salmon can persist. However, lowlevel chronic effects on salmon and habitat may
begin to occur as pH levels decline below 7.0.

While acidification has significant effects on salmon,
waters with higher pH also have predictable effects.
High pH can kill adult fish and invertebrate life directly
and can damage developing juvenile fish. When the pH
of freshwater becomes highly alkaline, the effects on fish
may include death; damage to outer surfaces like gills,
eyes and skin; and an inability to dispose of metabolic
wastes. High pH may also increase the toxicity of other
substances. For example, the toxicity of ammonia is ten
times more severe at pH 8.6 than at pH 7.0 (Lenntech
2011).
Effects of pH on Salmon Habitat
Water bodies with low pH are poor salmon habitat.
Acid waters have fewer invertebrate species and lower
abundance and biodiversity than near neutral waters
(Earle and Callagan 1998). As pH levels rise in waters
with AMD, the precipitation of iron, aluminum, and
other metals can coat substrate and smother aquatic life
(Martin and Platts 1981). Hoehn and Sizemore (1977)
studied a Virginia stream in which AMD had eliminated
all benthic macro-invertebrates over a six mile reach
below the point of discharge. The natural low alkalinity
of the stream (>25 mg/l) was reduced to less than 5mg/l
(the role of alkalinity is discussed later), and the pH
was reduced from 7.2 to 6.3. Increased concentration
of iron from less than 0.01 mg/l to more than 4.0 mg/l
was accompanied by the deposition of a coating of iron
hydroxide on the stream bed, a phenomenon most likely
responsible for the absence of macroinvertebrates. In a
study of 34 stream sites differing in pH and invertebrate
species richness, Hildrew et al. (1984) found that the
pool of locally available, suitably adapted species was
smaller in acid streams. Diversity of feeding categories
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CASE STUDY: ACID MINE DRAINAGE
Mount Washington Copper Mine (British Columbia)
A small open pit copper mine operated on Mount Washington, on
Vancouver Island, from 1964 to 1967 prior to going bankrupt after only four
years of operation. The site was abandoned, leaving an open scar on the
hillside above the Comox Valley and the Tsolum River.
In the past, the Tsolum River supported large populations of steelhead and
resident rainbow trout, sea-run cutthroat trout, and coho, pink, and (to a
lesser extent) chum salmon (BCME 2011).
Failures:
~ CWTPQP]S^]TS\X]TbXcTVT]TaPcTSc^gXRR^__Ta[TPRWPcTPRXS\X]T
drainage) through the 1980s.

33906W

Impact:
~ 1h ((" Cb^[d\ AXeTa fPb QPaT[h PQ[T c^ bd__^ac P]h bW ^a ^cWTa
aquatic life; 18 miles of ﬁsh habitat were destroyed.

~ 3TeT[^_TafT]cQP]Zad_cPUcTa^][hU^dahTPab^U^_TaPcX^]

~ 8]!cWT3T_Pac\T]c^U5XbWTaXTbP]S>RTP]b35>STR[PaTScWT
Tsolum River dead.

~ BP[\^]XSbc^RZbX]cWTCb^[d\AXeTaWPSP[[QdcQTR^\TTgcX]Rc*
18 miles of ﬁsh habitat destroyed

~ Cb^[d\AXeTaSXS]^c\TTcfPcTa`dP[XchbcP]SPaSb

~  $\X[[X^]b_T]cc^SPcT^]UPX[TSRP_*cadTR^bc]^chTcZ]^f]

Acid mine drainage from the Mount Washington copper mine is considered the primary reason ﬁsheries have declined in the basin. There are
other potential contributing factors, including the reduction of summer low
ﬂows by irrigation withdrawals, over-ﬁshing, logging, and gravel extraction.
However, the neighboring Puntledge River which has experienced these
same disturbances with no mine present, has continued to support strong
salmon and trout populations (BCME 2011). In late spring and fall, when
snowmelt and heavy rains add volume to the Tsolum River, lethal copper
leaching increases.
Mitigation: In 1987, federal and provincial agencies funded studies monitoring and on-site projects to address the problem. Mediation work began
in 1988. Partial covers, segregated drainage, and other steps were taken to
reduce the volume of toxic concentrations of copper entering and impacting the Tsolum River ecosystem. A partial cap was placed over a consolidated pile of volatile rock, at a cost of $1.5 million, but was declared a failure.
Though work completed over this period was successful in reducing the
levels of copper in the water, ﬁsh populations continued to decline and
water quality did not signiﬁcantly improve.
In 1999, the Outdoor Recreation Council declared the Tsolum River the
most threatened river in British Columbia. A 2000 report published by
SRK Consultants on remediation options for the Mount Washington mine
recommended that to achieve full remediation, the site itself would require
an engineered cover to provide source control. Partners agreed that it was
the right solution, but the estimate of $6 to 10 million was beyond their
resources.
It was determined that with the limited funds available, low ﬂows, habitat
restoration, stock enhancement, community awareness, and protection
of the watershed would be the focus, while lobbying for source control
continued.

~ 3T_Pac\T]c^U5XbWTaXTbP]S>RTP]b35>STR[PaTScWTCb^[d\
River dead

Above: Mount Washington Copper Mine (Google Earth).

In 2003, a partnership committee was formed between industry, government and the public with a goal to seek long-term solutions to address
copper leaching impacts from the abandoned open pit mine site. In 2006, a
grant allowed the Tsolum River partners to undertake an engineering study
to select and design a viable remediation plan to address decades of acid
rock drainage impacting the Tsolum River ecosystem. In 2007, detailed cost
and site-speciﬁc designs for the remediation work were produced.
Costs:
~  $\X[[X^]U^acWTUPX[TS_PacXP[RP_
~ $U^aT]VX]TTaX]VbcdShc^STbXV]aT\TSXPcX^]
~ 4bcX\PcTS%c^ \X[[X^]c^X\_[T\T]caT\TSXPcX^]
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increased with species richness, indicating that a greater
range of food resources was available in the less acid,
more species-rich communities.
The current Alaska water quality standard requires a
pH between 6.5 and 8.5, which may not vary by more
than 0.5 pH units from natural conditions (ADEC 2006).
This standard may not adequately protect salmon. If a
stream with a background pH of 6.5 were allowed to
decline by 0.5 pH units to 6.0, it would be acidic enough
to inhibit salmon homing, spawning, and osmoregulation. Prey species may be present in low numbers or
absent.
Alkalinity in the Pebble Mine Area
Alkalinity is a measure of the capacity of substances
(usually bicarbonate and carbonate) dissolved in water
to neutralize acidic pollution such as AMD. The measurement is important because high-alkalinity protects
or buffers water against rapid pH changes that are
harmful to fish and other aquatic life. When acid is introduced, the pH levels in low-alkalinity streams can drop
to a point that eliminates fish and acid-intolerant forms
of aquatic life. Conversely, high-alkalinity streams can
offset the effects of introduced acid water. Moon and
Lucostic (1979) reported that a mitigating alkaline discharge downstream from a mine releasing AMD kept
stream pH between 5.8 and 7.0 for 18 months. It should
be noted that although pH was maintained above lethal
levels, the benthic macroinvertebrate assemblage was
smothered by ferric hydroxide, which precipitated out
with the increase in alkalinity. This illustrates how
AMD can impact salmon habitat even when acidity is
ameliorated by the input or presence of alkaline water.
An acceptable alkalinity level for salmon culture is
in the 40 to 100 ppm range (Wurts 1993). The Alaska
Department of Environmental Conservation (ADEC)
states that alkalinity should be at least 20 ppm calcium
carbonate equivalent (ADEC 2003). This may be minimally adequate to maintain aquatic life and function
under normal conditions; however, 20 ppm is insufficient
to protect a water body from detrimental pH changes if
it receives AMD.
Typical spring and surface waters in the Pebble Mine
area contain extremely low concentrations of dissolved
minerals, as is demonstrated by the very low field specific
conductance measurements reported by both Northern
Dynasty (NDM Inc. 2005) and the U.S. Geological
Survey (Eppinger et al. 2009). The median specific conductance measurement for these waters reported by the
USGS was 48 microS/cm, which would convert to a total
dissolved solids concentration of approximately 30 to 35
mg/L, indicating that these are extremely dilute waters.
The Northern Dynasty (NDM Inc. 2005) data showed
that minor and trace constituent concentrations were

Testing water quality of an inlet to Frying Pan Lake. Although dissolved
copper would likely be the most signiﬁcant metal contaminant produced
from the Pebble Mine, many other heavy metals and elements are
present, including antimony, arsenic, cadmium, chromium, lead, mercury,
nickel, selenium, and zinc. The introduction of even small amounts of
additional dissolved mineral contaminants into the Pebble waters can
produce signiﬁcant changes in the water chemistry, more signiﬁcant than
would be expected in waters that have higher dissolved mineral content
(photo by Wild Salmon Center).

consistently low or nondetectable in these waters and
that pHs were typically near neutral, unless in contact
with exposed ores. Northern Dynasty recorded alkalinity concentrations in the Pebble Mine study area ranging
from 11 to 32 ppm for the North Fork of the Koktuli
River; 7 to 35 ppm for the South Fork of the Koktuli
River; and 16 to 56 ppm for Upper Talarik Creek (NDM
Inc. 2005, HDR Alaska and CH2M-Hill 2008).
Although the pH range reported for sampled Pebble
Project area streams falls within the acceptable range
for salmon established under Alaska state water quality
standards, these data indicate that the acid-neutralizing
capacity of Pebble area streams is limited. Streams with
alkalinities of less than 50 ppm are considered highly
acid sensitive, prone to periodic acidification events, and
vulnerable to chronic acidification (DeWalle et al. 1987,
Eshleman 1988, Schindler 1988, Kaufmann et al. 1991).

5.2 Acid Mine Drainage and Copper
Toxicity
Copper (Cu) is essential to the growth and metabolism of fish and other aquatic life, but it can cause
irreversible harm at levels slightly higher than those
required for growth and reproduction (Eisler 2000).
As a result, copper is a serious pollutant in the aquatic
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environment, and its toxicity to a variety of species
has been well studied (Sorenson 1991, Eisler 2000).
Elevated levels of dissolved copper have acute toxic
effects on all life stages of salmonids. As detailed in
Trasky (2008), acute toxic effects of dissolved copper
on adult and juvenile salmon occur from 17 to 54 ug/l,
and adverse sub-lethal effects of dissolved copper on
salmonid metabolism, growth, reproduction, migration, prey location, and avoidance of toxic situations
occur at concentrations between 0.7 and 23 ug/l.
Consequently, the current Alaska criteria (ADEC 2003)
for exposure of aquatic life to dissolved copper (acute/
one-hour exposure: 3.8 to 52 ug/l; chronic 96-hour
exposure: 2.9 to 30 ug/l) may not protect salmonids
from the chronic or behavioral effects of copper.
Additionally, these criteria fail to consider synergistic
effects between copper and other metals or other likely
co-occurring stressors.
Effects of Copper on Salmon
Very low concentrations of dissolved copper (in the
low parts per billion to high parts per trillion range) can
have acute and chronic toxic effects on fish and their
prey (Hamilton et al. 1990, Eisler 2000, USEPA 2007b,
Tierney et al. 2010). In adults, acute exposure to copper
causes ionoregulatory and respiratory problems. Wilson
and Taylor (1992) found that exposure to 49 ppb of
dissolved copper for 24 hours caused a rapid decline
in blood sodium, chloride, and oxygen tension, while
increasing heart rate and arterial blood pressure rate in
rainbow trout, conditions that eventually led to death.
Researchers in juvenile salmonids at the EPA’s Corvallis
Environmental Research Laboratory found that dissolved copper was acutely toxic to juvenile Chinook
salmon and steelhead trout at levels of 17 to 38 ppb.
Steelhead trout were more sensitive than Chinook
salmon, and salmon fry and smolts were more sensitive than newly hatched alevins (Chapman 1978). They
also found that copper was acutely toxic to adult male
coho salmon and adult male steelhead at 46 and 57
ppb, respectively (Chapman and Stevens 1978). Table 3
highlights copper toxicity levels for salmonids and other
aquatic organisms based on USEPA (2007b) data.
Giattina et al. (1982), observed that at sub-lethal
concentrations of copper (6.4 ppb), rainbow trout
avoided contaminated water, but as levels gradually
increased, individuals were attracted to higher concentrations that are considered lethal (330–390 ppb).
Pedder and Maly (1985) found that when exposed
to lethal concentrations of copper (0.5 to 4.0 ppm)
without the gradual increase, there was an initial
attraction period and then subsequent avoidance, indicating that individual behavior subsequent to copper
discharges contributed to high mortality. These results
suggest that environmental impacts predicted on the

Table 3. Dissolved Copper Toxicity to Salmonids and Other Aquatic
Organisms. Note: 1 ug/l = 1 part per billion (ppb) assuming comparable
densities; 1 ppb = approximately 1 second in 100 years (USEPA 2007b).

COPPER TOXICITY
Taxon

Acute
Behavioral
Chronic
Toxicity (ug/l) Effect (ug/l) Toxicity (ug/l)

Water ﬂeas

6

Amphipods

9.6

Coho adults

22.93

Brook trout adults

8.96

60.4

Chinook adults

25.02

6.9–23

Bull trout

25.02

19.7

Rainbow trout adults

22.19–49

2.2–14

Sockeye adults

54.82

1.6–6.4

basis of toxicity tests alone do not reflect potentially
important behavioral changes caused by chronic and
sub-chronic concentrations of copper.
According to Trasky (2008), studies revealed that
when fertilized sockeye and pink salmon eggs were
exposed to copper, the incipient lethal level was between
37 and 78 ppb for sockeye salmon and between 25 and
55 ppb for pink salmon during the egg-to-fry stage.
Copper inhibited the softening of egg capsules, but
associated mortalities during hatching occurred only at
concentrations also lethal to eggs and alevins. Copper
was concentrated by eggs, alevins, and fry in proportion to exposure concentrations. Several studies found
that dissolved copper levels toxic to salmon fry, smolts,
and adults were lower than levels toxic to developing
eggs (Trasky 2008).
Exposure to sublethal levels of copper increases
the susceptibility of salmon to disease and infections.
According to Baker et al. (1983), exposure to sublethal
levels of copper increased the susceptibility of Chinook
salmon and rainbow trout to Vibrio anguillarum infections. Vibrio is a serious and often fatal disease of fish.
At exposure levels of 9% (parts per trillion range) of
copper LC50 (i.e., the dose that will kill one-half of
the population) for 96 hours, vibriosis mortality was
greater in fish exposed to copper than in those exposed
to just Vibrio. Likewise, rainbow trout stressed by
copper required 50% fewer pathogens to induce a fatal
infection than did non-exposed fish (Baker et al. 1983).
Similar results were observed by Hetrick et al. (1979),
who found that the exposure of rainbow trout to sublethal levels of copper in water increased their susceptibility to the infectious hematopoietic necrosis (IHN)
virus. In most instances, the percent mortality was
twice as great in the copper-stressed groups compared
with those groups that were not stressed but received
the same virus dose.
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Juvenile salmon appear to be the most sensitive to
the effects of dissolved copper, most likely due to physiological changes related to growth and smolting (Hecht
et al. 2007). In a study of juvenile coho, individuals
exposed to sublethal levels of aqueous copper (onequarter and one-half of the LC50 dose over four days)
ceased growing or showed decreased rates of growth
(Buckley et al. 1982). National Marine Fisheries Service
researchers found that a three-hour exposure to <10
mg/l dissolved copper reduced or eliminated juvenile
coho salmon’s neurophysical and behavioral responses
to an alarm pheromone (Baldwin et al. 2003). Similarly,
a 20 mg/l concentration of dissolved copper inhibited
coho salmon olfaction by 80% (McIntyre et al. 2008).
In addition to physiological impacts, exposure to
sublethal levels of copper and other heavy metals may
also cause serious damage to the life processes of salmonids (Baatrup 1991). As described in Trasky (2008),
fish depend on an intact nervous system, including
their sensory organs, to locate food, recognize predators, migrate, communicate, and orientate. The nervous
system is very vulnerable to damage from metallic pollutants, and injury may drastically alter the behavior
and subsequently the survival of fish. Metals' affinity
for a number of ligands and macromolecules in the
nervous system makes them potent neurotoxins, which
affect the integrity of the fish nervous system structurally, physiologically, and biochemically. The interaction
of copper and other metals with chemical stimuli in
the nervous system may interfere with communication
between the fish and the environment.
Synergistic Effects
Dissolved copper may be the most significant metal
contaminant produced by the Pebble Mine. However,
water samples from the Pebble Mine area indicate
the presence of many of the other metals and chemical constituents on the EPA's list of priority pollutants,
including antimony, arsenic, cadmium, chromium, lead,
mercury, nickel, selenium, and zinc. While these other
metals are also toxic to salmon and other aquatic life
at very low concentrations (Eisler 2000), copper also
produces negative synergistic effects with them. The
cumulative effects of interactions between and among
metals and water quality variables such as temperature,
alkalinity, and acidity are important because many
variables concurrently influence fish growth and survival (Molony 2001). For example, copper becomes
more toxic to salmon as pH and alkalinity decrease
(Waiwood and Beamish 1978, Chakoumakos et al.
1979, Lauren and McDonald 1985, Welsh et al. 2000).
Because alkalinity levels in Upper Talarik Creek and
Koktuli River watersheds are low, copper (and other
metal/metalloid) toxicity is likely to be high.

Pebble operations are likely to release concentrations of several other non-metallic constituents known
to be potentially toxic to salmon and other aquatic life.
These include nitrates, ammonia, sulfate, fluoride, chloride, and process chemicals. For example, xanthates are
reported to be toxic to fish and aquatic invertebrates
(Alto et al. 1977, Australian Government Publishing
Service 1995)

5.3 Whole Effluent Toxicity and
Community Effects
Mine and mineral-processing wastes include
complex combinations of inorganic and organic compounds. The constituents released from mines, waste
rock, tailings, and spoil pits are essentially a chemical soup. When contaminants are released into nearby
ground or surface waters, they can be toxic not only to
salmonids but also to aquatic and riparian organisms,
like macroinvertebrates, if present in toxic concentrations. Like the examples described earlier for copper and
pH, the additive and synergistic effects of these compounds are much more complex than the effects of any
one component. For example, mine effluents that enter
nearby surface waters from point or diffuse sources
chemically react to produce insoluble substances that
settle to the river bottoms. These precipitates are predominantly composed of aluminum, iron, and manganese compounds, but also include other metals and
metalloids (e.g., antimony, arsenic, cadmium, copper,
lead, mercury, and zinc) that can coat substrates and
smother aquatic life (Moran 1974, Martin and Platts
1981). These precipitates may be consumed by aquatic
bottom-dwelling organisms, which are in turn consumed by fish, resulting in potentially toxic biological accumulations (Clements et al. 2000, Maret et al.
2003).
One can get a sense of potential chemical contaminants in waters downstream of the Pebble Mine site
by examining data from other copper mines. Table 4
shows actual constituent concentrations from waters
at three copper mine sites: Kennecott Utah Copper in
Utah, the Globe-Miami area in Arizona, and Southern
Peru Copper in Peru. All of the examples in Table 4 had
unlined tailings impoundments or no tailings impoundment, and their lithologies and metals differed somewhat from one another and from those likely to be proposed for the Pebble Mine. However, all concentrations
shown in Table 4 and many of those in waste effluents
at other copper mines far exceed their water quality criteria and standards.
Metals in aquatic ecosystems can impair the algae
food base of lake and stream-dwelling salmon. Many
studies have demonstrated that phytoplankton, such
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Table 4. Water Contamination. Actual constituent concentrations from waters at three copper mine sites: Kennecott Utah Copper, Utah; the GlobeMiami area, Arizona; and Southern Peru Copper, Peru. These data are included for comparative purposes and to indicate concentrations that have been
released into the environment via water pathways. Their inclusion is not intended to imply that the future Pebble Mine waste waters will have these concentrations. These examples include only a few of the chemical constituents actually present in the site waters; many constituents were not determined
or the data were not made public (photo by Tim Jarrett).

Kennecott Copper (UT)2
CONTAMINANT 1
(water quality criterion)

Groundwater (downgradient of waste rock)

Arsenic (10)
Cadmium (0.1)

Groundwater
(near tailings)

4–200

Tailings Waters

87–281

70–380

Chromium (24)
112,000–128,000

Nickel (16)

20,000–22,200

Silver (0.32)

Southern Copper (Peru)4

Wells

Tailings Waters

190–2,500

5–162

100–1,000

0.5–6.4

19,200–39,400

Copper (1.5)
Selenium (4.6)

3,100–13,000

Globe-Miami (AZ)3

70–170

40

227,000–456,000

5–46
18,000–150,000

5–11,300

870–3,000

5–46
13–33

5,000–10,000

30

Lead (0.54)
Aluminum-D (87)
Cobalt-D (50)
Iron-D (300)
Manganese-D (50)

3–23
3,400–9,800

2–243
16,000–230,000
1,600–10,000
130,000– 2,710,000

30–144,000

42,000–670,000

1.0–4,120

Molybdenum (10)
Zinc-D (36)
Sulfate (mg/L)
Chloride (mg/L)
Ammonia (32–49)

279–826
2,900–24,000

28–1,010

7,000–9,000

231–1,930

220–440

49–115
2,000–9,000

1. Water quality criteria are shown in parentheses for each contaminant. Data are from either aquatic toxicity criteria from USEPA or ADEC or drinking
water standards from these agencies (ADEC 2003, USEPA 2006, 2007a). Criteria are in ppb, unless otherwise noted. D = dissolved.
2. Data are from USEPA (1994b) and represent ground waters down-gradient of waste rock piles; ground waters near the tailings; and tailings waters.
3. Data are from USGS (1990) and represent ground waters contaminated by waste rock drainage and possible tailings efﬂuents that have migrated into
the local ground waters.
4. Data are from Woodward Clyde (1994) and come from tailings waters.

CASE STUDY: GROUNDWATER CONTAMINATION
Bingham Canyon Mine (Utah)
Bingham Canyon Mine (also pictured in the table above) is owned by
Kennecott Utah Copper Corporation. With a pit over 0.75 miles deep, 2.5
miles wide, and covering 1,900 acres (Rio Tinto 2007) it is currently the
largest mine in North America. According to Earthworks (2010), pollution
from the mine has contaminated 60 square miles of groundwater near Salt
Lake City, making water unusable for at least 4,300 households. Kennecott,
a subsidiary of Rio Tinto, built a multi-million-dollar water-treatment facility, the largest of its kind in the United States, to treat an estimated 2.7
billion gallons of polluted water annually for at least the next 40 years. As
of 2006, “Kennecott had spent $370 million on cleanup and source control,
and will be required to pump and treat aquifer water for at least the next 40
years” (Earthworks 2010). The Bingham Canyon Mine contains an ore body
roughly half the size of Pebble.
Right: Bingham Canyon Mine as seen from the International Space Station
(Johnson Space Center).

~ 2^]cP\X]PcTS%b`dPaT\X[Tb^UVa^d]SfPcTa\PZX]VXcd]dbPQ[T
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as diatoms, are highly sensitive to metal exposure
(Hollibaugh et al. 1980, Franklin et al. 2002, Nayar et
al. 2004). Copper and mercury are particularly toxic
to plankton, although other metals (such as nickel,
cadmium, lead, and zinc) are also known to inhibit
the growth of some species (Hollibaugh et al. 1980,
Thomas et al. 1980, French and Evans 1988, Enserink
et al. 1991, Balczon and Pratt 1994, Dahl and Blanck
1996, Nayar et al. 2004). Metal concentrations in parts
per billion released from contaminated sediments have
been associated with reductions in phytoplankton production, phytoplankton abundance, and chlorophyll
concentration (Nayar et al. 2004).
Zooplankton species, which are the key prey for
lake-dwelling sockeye salmon juveniles, vary in their
sensitivities to different metals (Enserink et al. 1991,
Jak et al. 1996). For instance, EC50 (halfway between
baseline and maximum response concentration) values
for growth inhibition in the water flea Daphnia magna
were demonstrated to vary from 1.3 ppb for mercury,
16.1 ppb for copper, 570 ppb for zinc, and 3,200 ppb
for arsenic (Enserink et al. 1991). Other common zooplankton species were shown to be more sensitive to
metals than D. magna, whereas copepods were less
sensitive and rotifers were about as sensitive (Jak et al.
1996). Such trace metal concentrations could change
zooplankton assemblage structure and reduce the
salmon food supply, resulting in lower salmon production in Iliamna Lake (Walsh 1978).
Aquatic insects form the major prey base for juvenile salmon. Particular aquatic insect species respond
across a broad spectrum of tolerance or intolerance to
acid mine drainage and excess metal concentrations.
However, many major salmonid prey species occur
in the taxonomic orders Ephemeroptera, Plecoptera,
and Trichoptera (mayflies, stoneflies, and caddisflies,
respectively), which contain many sensitive aquatic
insect species. A Washington Department of Ecology
survey conducted in 1996 found a precipitous decline
in aquatic insects above and below the Holden Copper
Mine near Lake Chelan in north central Washington
State (Johnson et al. 1997). (See the case study p. 29).
The average density of aquatic insects reached a high
of 3,130 organisms per square meter above the mine at
the Glacier Peak Wilderness boundary and fell to just
50 organisms per square meter at a site on Railroad
Creek just below the mine’s tailings pile three miles
farther downstream. Results showed a small recovery
in numbers (to 361 organisms per square meter) at
the mouth of Railroad Creek near its outflow at Lake
Chelan, eight miles below the mine. However, only
insect species tolerant of excess metals were reestablished in the eight miles of stream below the mine, and
insect taxa known to be sensitive, such as those in the

genera Epeorus, Megarcys, and Pteronarcys (mayflies
and stoneflies), did not reappear at all.

5.4 Water Appropriations
The Pebble operations would require a tremendous
volume of water. This water would be used for processing ore, slurrying as much as 10.8 billion tons of
mine waste from the mill to the waste-storage facilities, and slurrying concentrate along the 86-mile pipeline from the mine to the port (Ghaffari et al. 2011).
Northern Dynasty has applied for all of the ground and
surface waters within the boundaries of the mine area,
upgradient of the downstream limit of water extraction
(Table 5). These appropriations, which were requested
in water rights applications submitted in 2006, would
eliminate or reduce flow in sections of Upper Talarik
Creek (a tributary of the Kvichak River) and the North
and South Forks of the Koktuli River (tributaries of the
Mulchatna River, which feeds the Nushagak) (NDM
Inc. 2006a, 2006b, 2006c). Waters would be removed
via pumping, gravity, and channeling.
Maintaining stream flows is one of the most important measures in maintaining salmon habitat and populations (Trasky 2008). Loss of salmon and resident fish
habitat resulting from reduced and altered stream and
groundwater flows is well documented in the scientific
literature and is a major cause of salmon declines in the
Pacific Northwest (Heggnes et al. 1996, NRC 1996).
Appropriation of all water in a stream would eliminate
all fish habitat. Reductions in stream flow would reduce
the amount of available stream habitat, alter critical
stream temperature regimes, impact stream velocity
and morphology, and lower the quality and carrying
capacity of salmon habitat (Berg and Northcote 1985,
Poff et al. 1997, Madej et al. 2006, Poff et al. 2010).
Table 5. Water Appropriation for the Pebble Mine (NDM, Inc. 2006a,
2006b, 2006c).

Location

Surface Water

Groundwater

South Fork Koktuli

12.0 billion

2.8 billion

North Fork Koktuli

8.0 billion

0.2 billion

Upper Talarik Creek

6.8 billion

1.7 billion

Surface Water
Fish absorb oxygen through their gills, and any
disruption in the water supply can result in increased
stress and mortality. Some fish may survive short-term
disruptions in water supply by taking refuge in remaining pools, but when their medium for life is diverted for
other purposes, mortality occurs (Gillilan and Brown
1997). The surface water appropriation for the mine
and tailings storage facilities would eliminate all flow
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Figure 18. Estimated Pebble Mine water usage in billions of gallons
per year (NDM Inc. 2006, Moran and Galloway 2007, ADNR 2008a).

35 billion gallons

40

Pebble Mine

30

20

11 billion gallons
Anchorage

10

1.4 billion gallons
Red Dog Mine

0

and fish habitat in the upper main stem of the South
Fork Koktuli and its headwater tributaries, a tributary
to the North Fork Koktuli, and the tributaries to Upper
Talarik Creek (NDM Inc. 2006a, 2006b, 2006c). In
the mine area, dewatering lakes and streams will result
in the permanent loss of fish that currently use those
habitats.
Below the mine, stream flow would be reduced, and
fish habitat would be dried up or diminished downstream. Headwater catchments produce about 55%
of the flows in large rivers (Alexander et al. 2007), so
loss of headwater streams and the groundwater that
produce them will alter flows and water quality downstream. According to Northern Dynasty's surface water
rights applications, the net reductions in stream flow
projected for each of the three surface water bodies are
as follows: 8% on the North Fork Koktuli, 18 miles
downstream; 16% on the South Fork Koktuli, 12 miles
downstream; and 9% on Upper Talarik Creek, 18 miles
downstream (NDM Inc. 2006a, 2006b, and 2006c).
Loss of flow in the most severely affected areas
could affect upstream salmon migration. Fish migrating upstream must have stream flows that provide suitable water depth and velocities for successful upstream
passage (Bjornn and Reiser 1991). Baxter (1961)
reported from a study in Scotland that salmon need
30% to 50% of the average annual flow for passage
through the lower and middle reaches of rivers, and up
to 70% for passage up headwaters streams.
Stream flow also dictates the amount of spawning
area available in any stream by regulating the area
covered by water and the velocities and depths of
water over the gravel beds (Bjornn and Reiser 1991).
Decreasing stream flow exposes more gravel and reduces
the area suitable for spawning. A number of studies
have documented the importance of stream flow in the
amount of available spawning habitat (Collings 1972,
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Collings 1974, Boehne and House 1983). The reduction of habitat (stream width and depth) from mine
appropriations could substantially reduce available
spawning and rearing habitat particularly during the
summer low flow period when Chinook, sockeye, and
chum salmon are spawning. Similarly, reduced flows
would diminish the amount of available over wintering
habitat for juvenile salmon during critical low winter
flows. Englund and Malmqvist (1996) also found that
reductions in stream-flow or alteration of stream-flow
patterns reduced the productivity of stream habitat,
including the productivity of aquatic invertebrates that
comprise the primary food source for juvenile salmon.
Groundwater
The abundant wetlands, lakes, and ponds present in
the proposed Pebble Mine area indicate high groundwater levels and interconnected ground and surface
waters. According to Trasky (2008), groundwater
directly affects the productivity of salmon-bearing
streams by (1) sustaining stream base flows and moderating water level in groundwater-fed lakes and
streams; (2) providing stable temperature regimes and
refugia; (3) providing nutrients and inorganic ions;
and (4) providing stable spawning habitat. In 2006,
Northern Dynasty submitted separate groundwater
applications for 19.4 cubic feet per second (cfs) from
the Upper Talarik Creek drainage, 11.78 cfs from the
South Fork Koktuli watershed, and 12 cfs from the
North Fork Koktuli River drainage (NDM Inc. 2006d,
2006e, 2006f). These groundwater withdrawals create
a clear potential for substantially decreased flows and
water levels in the interconnected streams and lakes
common in and around the Pebble Mine site (Ecology
and Environment, Inc. 2010).
The groundwater system in the area is recharged by
precipitation that flows to lakes and streams through
the groundwater system (USGS 2008a). Water pumped
from the groundwater system to service mine operations and to prevent flooding of the pit and tunnels will
lower the water table and alter the direction of water
movement, as illustrated in Figure 19 (Moran 2007,
USGS 2008b). Water that currently flows to the Upper
Talarik Creek and the North and South Forks of the
Koktuli River from this area would no longer do so.
Heavy pumping may also draw water from adjacent
streams, such as Upper Talarik Creek, into the groundwater system, further reducing the amount of stream
flow (USGS 2008a, Stratus 2009).
Groundwater flowing down-gradient from the
mine area appears to provide the majority of flow to
the North and South Forks of the Koktuli River and
Upper Talarik Creek during July and August (NDM
Inc. 2005) when Chinook, chum, and sockeye salmon
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are spawning (ADFG 2008b). From January through
March, when surface runoff slows or stops, groundwater is the primary source of critical winter flows
for incubating salmon eggs and over-wintering juveniles. The temperature of groundwater is very stable
compared to surface water and is equal to the average
annual temperature of the ground surface, which in
turn is approximately equal to the mean annual air
temperature (Douglas 2006). Removing or reducing
groundwater would reduce summer and winter stream
flows, increase summer stream temperatures, and
reduce winter water temperatures—all of which would
be detrimental to salmon and their food supplies.
Groundwater from the mine area is the source of
many of the seeps and upwelling areas in streams currently used by spawning salmon (NDM Inc. 2005). Sites
with upwelling groundwater are preferentially selected
by salmon for spawning (Garrett et al. 1998, Baxter
and McPhail 1999, Malcolm et al. 2004). In northern
rivers, low surface flows, low temperatures, and freezing are threats to egg and alevin survival, and salmon
seek areas of upwelling for spawning (Leman 1993).
For example, upwelling groundwater was detected in
nearly 60% of Taku River (Alaska) sockeye salmon
redds (Leman 1993). Egg-to-fry survival in kokanee

salmon redds in areas of groundwater upwelling was
significantly higher (84%) than in redds where no
groundwater was detected (66%)(Garrett et al. 1998).
Temperatures in upwelling sites 2.4° to 2.6° C above
stream temperature accelerated rates of development,
protected embryos from freezing, and increased fry
survival. Bull trout (Salvelinus confluentus) select zones
of upwelling within the stream reaches they inhabit,
although when spawning, females dig redds in areas
with down-welling (Baxter and Hauer 2000).
Over the life of the mine, Northern Dynasty has
applied to take a total of approximately 136 cfs of
ground and surface waters from the three watersheds
that drain the site (NDM Inc. 2006a, 2006b, 2006c).
Under the 78-year scenario considered in Ghaffari et
al. (2011), this could add up to over 300 billion cubic
feet of water during that period. Predicting the effects
of such a massive reduction in headwater water quantity on fish production at a broader scale is complex
and imprecise. However, there is little question that
the total loss of fish habitat in the mine area, coupled
with reduced availability of ground and surface waters
below the mine and tailings ponds, will reduce spawning and rearing habitat, as well as fish production. An
ecological risk assessment completed by The Nature

Figure 19. Effects of Groundwater Pumping. Groundwater directly affects the productivity of salmon-bearing streams by: (1) sustaining stream
base ﬂows and moderating water level; (2) providing stable temperature regimes; (3) providing nutrients and
inorganic ions; and (4) providing stable spawning habitat. The massive withdrawal of groundwater required to
service the mine threatens all of these values (© Elizabeth Morales).

Reduced water table
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and ponds indicate high ground
water levels.

Water pumped from the ground
water system will lower the water
table and alter the direction of
water movement.

Reducing ground water levels
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reduce winter water temperatures—
all of which would be detrimental to
salmon and their food supplies.
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Conservancy (Ecology and Environment, Inc. 2010)
summarized the impacts of ground and surface water
withdrawals, which would include 33 square miles of
drainage area lost, including 68 miles of stream (14
of which are designated in the Anadromous Waters
Catalog), plus an additional 78 stream miles that
would “exhibit some form of flow reduction in the
three watersheds evaluated.”
Finally, as highlighted throughout this report, if
there is no discharge from the mine as planned, all of
the water withdrawn, minus evaporation, would ultimately be stored in the tailings storage facilities along
with billions of tons of mine waste. However, as stated
earlier, the technical literature fails to provide any
examples of metal-mine tailings impoundments/storage
facilities that have not leaked some volumes of contaminants over the long-term (Ripley et al. 1996, IIED
2002, Lottermoser 2007, Moran 2007).
Temperature
Changes in water temperature as a result of proposed surface and ground water appropriations are also
likely to affect salmon habitat in Upper Talarik Creek
and the North and South Forks of the Koktuli River.
Water temperature is one of the most important factors
governing the well-being of stream ecosystems and
salmon populations (Spence et al. 1996, Myrick and
Cech 2004). Salmon body temperatures are the same
as the temperature of the ambient water, and they are
adapted to the relatively narrow temperature regimes
in their home stream habitats (Knudsen et al. 1999).
Temperature affects the timing of adult and juvenile
salmon migrations, spawning, egg incubation, metabolism rate, food consumption, growth rates, behavior,
and resistance to disease and parasites (Spence et al.
1996). The temperature of an aquatic ecosystem also
affects the amount of dissolved oxygen in the water, the
rate at which algae and aquatic plants photosynthesize,
and the rates at which terrestrial litter becomes suitable
as a food source for aquatic macroinvertebrates.
Water temperature affects the egg incubation, metabolism rate, food consumption, growth rate, maturation,
resistance to disease and parasites, and emergence timing
of aquatic insects (Hynes 1970). Thus, temperature is
an important factor governing the number and types
of food organisms available for salmon. Temperatures
above or below normal home stream temperature
ranges can add biological, physical, or chemical stresses,
possibly resulting in habitat avoidance, reduced growth,
greater susceptibility to disease, and lower survival.
Additional temperature increases associated with
climate change should also be considered when determining allowable water temperatures resulting from
development of the Pebble Mine. Because salmon in

Figure 20. Effects of water temperature on salmonids
(McCullough et al. 2001, Myrick and Cech 2004, ADEC 2006).
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increases due to climate change
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Bristol Bay are genetically adapted to a cold temperature regime, even small water temperature increases as
a result of mining, coupled with projected temperature
increases of 3° to 9°C from climate change, could markedly reduce salmon survival and production in affected
streams (Rouse et al. 1998, Kyle and Brabets 2001,
Perry et al. 2007). Climate change is projected to significantly diminish the ranges of many populations of
anadromous and resident salmonids in the conterminous United States and has already altered many species’
ranges globally (Parmesan and Yohe 2003, Flebbe et al.
2006, Battin et al. 2007, Rieman et al. 2007).
The ADEC (2006) temperature criteria do not
provide a high level of protection for salmon. The criteria state that “[temperatures] may not exceed 20°C at
any time. The following maximum temperatures may
not be exceeded, where applicable: migration routes
15°C, spawning areas 13°C, rearing areas 15°C, and
egg and fry incubation 13°C.” Maximum allowable
temperatures under this standard are all at the upper
end of optimum temperatures for more southern stocks
of salmon, which have genetic adaptations for higher
water temperatures. Some life functions that are particularly sensitive to temperatures are not addressed.
For example, temperatures above 12° to 15°C have
been reported to impair Chinook salmon smolting
(McCullough et al. 2001). In addition, Chinook eggs
have been reported to survive temperatures between
1.7° and 16.7°C, but mortality greatly increases near
the temperature extremes. The ADEC criterion for fry
and egg incubation is 13°C; however, the highest survival rates for steelhead and rainbow trout eggs and
alevins occur between 5° and 10°C, and mortality is
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Figure 21. Effect of turbidity on freshwater ﬁsh. Newcombe and
MacDonald (1991) reviewed the scientiﬁc literature on suspended
sediment effects and concluded that the effect of turbidity on salmonids is related to both the concentration of suspended sediment
and the duration of exposure. In addition, the frequency of pollution
episodes, ambient water quality, species and life history, life stage,
and the presence of disease organisms may all affect the toxicity of
suspended solids (Newcombe and MacDonald 1991).

significantly increased at the extremes (Myrick and
Cech 2004). Mortalities to returning adult salmon from
sockeye salmon virus are high at temperatures from
12.2° to 15°C, but the ADEC standard for adult migration routes allows increases up to 15°C (Figure 20).

5.5 Sediment and Turbidity
Numerous studies have shown that mining can
produce significant sources of bedload sediment and
can cause suspended solids to enter aquatic ecosystems (Moran and Wentz 1974, Martin and Platts 1981,
Jennings et al. 2008). As preliminarily proposed, the
Pebble Mine and it's associated facilities would generate and be required to manage a tremendous amount
of sediment from land clearing and gravel extraction
associated with virtually all of the major elements of
the plan, including construction of: the tailings storage
facilities and open pit mine; roads, pipelines, the mill,
power plant, housing, and other infrastructure; the
Cook Inlet deep-water port facilities; and several miles
of large earth-fill dams to enclose the tailings reservoirs
(NDM Inc. 2005, Knight Piesold Consulting 2006a,
2006b, Ghaffari et al. 2011). Although it is assumed that
modern sediment control measures would be required,
sediment levels throughout streams in the mine area
and road/pipeline corridor would increase during mine
construction and operation (Martin and Platts 1981,
Ruediger and Ruediger 1999). The eventual spills and

leaks resulting from human error, floods, landslides,
and earthquakes would add to those sediment levels.
Sediment enters water bodies naturally in undisturbed watersheds at moderate levels and at a wide
range of particle sizes that contribute to increased
salmon habitat complexity. However, major disruptions
of aquatic ecosystems occur when the sediment deposition rates or volumes of suspended sediment become
excessive or chronic (Martin and Platts 1981, Bryce et
al. 2008, 2010). For salmon specifically, increased sediment levels impair life functions and reduce survival
and production over time (Crouse et al. 1981, Reeves et
al. 1993). Very high concentrations of sediment can kill
adult salmon, eggs, and larvae. Lower concentrations
increase mortality rates and cause adverse behavioral
effects (Newcombe and MacDonald 1991), including
adverse effects on feeding, predator avoidance, and
reproduction (Figure 21) (Birtwell 1999).
Turbidity affects salmon by altering their physiology, behavior, and habitat, all of which may lead to
physiological stress and reduced survival rates (Bash
et al. 2001). Based on a review of the scientific literature by Trasky (2008) and as summarized in Table
6, acute toxic effects of suspended solids on adults,
juveniles, eggs, and larvae have been reported within
an extremely large range (20 to 202,000 ppm). Death
occurred within 1 to 504 hours, depending on concentration, duration, life stage, and species. Chronic effects,
such as growth reduction, stress, and gill tissue damage,
have been reported for suspended sediment concentrations in the 3 to 1,500 ppm range. Detrimental effects
occurred within three to 42 days of exposure to elevated
levels of suspended sediments. Behavioral effects, such
as avoidance of turbid areas, interference with homing
behavior, and reduced feeding, occurred as the result of
exposures in the 5 to 650 ppm range.
Suspended and deposited sediments also have
direct behavioral effects on (acute or chronic) biota
and reduce the productivity of salmon habitat (USEPA
2006). Sedimentation rates above natural levels
Table 6. Effects of Suspended Sediment on Salmonids (Trasky 2008).

Suspended particles
(parts per million)
Effects

SUSPENDED SEDIMENTS
Interval

20–202,000 ppm

Acute toxic effects on adults,
juveniles, eggs, and larvae

Death occurred
within 1–504 hours

3–1,500 ppm

Chronic effects such as growth
reduction, stress, and gill tissue
damage

Detrimental effects
within 3–42 days

5–650 ppm

Behavioral effects such as
avoidance of turbid areas,
interference with homing
behavior, and reduced feeding
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Beaver pond at the headwaters of the Kvichak River (photo by Erin
McKittrick).

decrease the carrying capacity of lakes and streams by
clogging spawning gravels, smothering food organisms,
and changing the species composition of benthic communities (Hall 1986, Waters 1995, Reiser and White
1998, Zweig and Rabeni 2001, Kaller and Hartman
2004, Carlisle et al. 2007, Fudge et al. 2008, Bryce et
al. 2010). Excess fine sediments were reported to be
a major stressor of fish and macroinvertebrate assemblages in the western United States and of macroinvertebrates nationally (Stoddard et al. 2005, Paulsen et al.
2008). Two of the most important indirect effects of
elevated levels of suspended sediment are the loss of
epiphyton (attached algae) through shading and the
loss of epiphytic invertebrates due to abrasion and
clogging (Berry et al. 2003). The scientific literature
indicates that the invertebrates that stream-dwelling
salmon feed on are more sensitive to turbidity than
juvenile and adult salmon. Benthic invertebrate populations declined 50% to 77% when exposed to increases
of 8 to 62 ppm suspended solids (Rosenberg and Wiens
1978, Wagener and LaPerriere 1985). In addition, elevated levels of suspended solids often shift invertebrate
populations from preferred grazing to burrowing taxa
that are less available to salmon. A large decline in
primary production and food organisms as a result of
turbidity will be reflected in a decline in salmon populations, even though the fish may not be directly harmed.
The current Alaska Water Quality Standard for sedimentation reads: “In no case may the 0.1 mm to 4.0
mm fine sediment range in those gravel beds exceed a
maximum of 30% by weight.” This standard does not
provide sufficient protection to salmon. In a study of
Atlantic salmon spawning habitat in a Scottish river,
researchers found that when fine sediment less than 2
mm in diameter reached 20% by mass (for this purpose,
mass and weight can be considered the same), egg mortalities reached as high as 85% (Soulsby et al. 2001).
Weaver and Fraley (1993) found an inverse relationship
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between fry emergence success in westslope cutthroat
trout (Oncorhynchus clarki) and the percentage of substrate material less than 6.35 mm in redds. Following
current USEPA guidance, Bryce et al. (2010) determined that for salmon, minimum-effect levels were 5%
for percent fines (≤0.06 mm) and 13% for percent sand
and fines (≤2 mm), both expressed as a real percentage
of the wetted streambed surface (Cantilli et al. 2006).
For chief salmon prey organisms (aquatic macroinvertebrates that live on stream bottoms and are thus more
sensitive to sedimentation), the minimum-effect levels
for the two sediment size classes were 3% and 10%,
respectively (Bryce et al. 2010). The Alaska criterion
also does not address behavioral or synergistic effects
between sediment and other stressors on salmon.
Similarly, the ADEC (2006) criterion for turbidity,
which states, “[Turbidity] may not exceed 25 NTU
(nephelometric turbidity units) above natural conditions; for all lake waters, may not exceed 5 NTU above
natural conditions,” does not provide a sufficient level
of protection for salmon and salmon habitat. Harmful
effects to both salmon and benthic organisms have
been documented at levels below the 25 NTU increase
allowed in streams (Bash et al. 2001). Many other states,
including Minnesota, Washington, and California,
allow much smaller increases in turbidity in cold-water
salmon streams than Alaska does. Minnesota allows 10
NTU above background. California’s standard states,
“[W]here natural turbidity is between 1 and 5 NTU,
increases shall not exceed 1 NTU. Where natural turbidity is between 5 and 50 NTU, increases shall not
exceed 20%.” Washington only allows “6 NTU over
background turbidity when the background turbidity is
50 NTU or less or more than a 10% increase in turbidity when the background turbidity is greater than 50
NTU” (ODEQ 2005).
Even with modern erosion-control measures, sediment and turbidity in streams in the Pebble Mine
area, road/pipeline corridor, and port site are likely to
increase. Suspended solids that enter streams from any
of these sites may contain other organic and inorganic
materials that are harmful to salmonids and aquatic life
(Lenhardt and Lehman 2006). These include hydrocarbons; nitrates from blasting; heavy metals from dust,
mineral processing, and tailings storage areas; chemicals used in processing ore and oil; and grease from
machinery and fuel spills. Elevated levels of turbidity
and suspended solids may act in concert with other pollutants such as disease pathogens, heavy metals, and
hydrocarbons, to increase harmful effects above that
of each individual pollutant (Berry et al. 2003, Moran
2007). Because settleable and suspended solids usually
enter surface waters from non-point sources, the effects
will be difficult to measure and control.
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5.6 Predictions versus Performance in
Maintaining Water Quality
The past history of other recently-permitted sulfide
mines and data from Northern Dynasty indicate two
things: (1) the Pebble Mine will produce acid mine
drainage and other forms of water quality contamination, and (2) substantial releases of contaminated
effluents into local waters will occur during operations
or after closure (NDM Inc. 2005, Kuipers et al. 2006,
Moran 2007). Such incidents could take numerous
forms; acid and other mine drainages from the mine pit
and underground workings could contaminate groundwater and seep into the South Fork Koktuli or Upper
Talarik Creek, or pollutant-laden water could leak
from tailings dams into the North or South Fork of the
Koktuli River. These or numerous other scenarios could
eliminate aquatic life for many kilometers downstream;
the extent of the damage varying with the volume and
toxicity of the discharge. As described in this chapter,
even small increases in copper and other metal levels in
streams draining the Pebble Mine site could reduce or
eliminate salmon and resident fish populations or cause
secondary effects, such as habitat avoidance, reduced
resistance to disease outbreaks, or habitat degradation.
Because of the size of the Pebble Mine and the amount
of waste stored on site, the effect of a large-scale release
from a tailings dam failure could extend as far as the
main-stem Nushagak River or Iliamna Lake (Ecology
and Environment, Inc. 2010). Long-term experience
from actual metal-mine operations indicates, however,
that the most costly impacts are likely to result from the
slow, semi-invisible, chronic seepage of contaminants
from the wastes that will be stored on-site forever.
Pebble Limited Partnership has promised to employ
considerable safeguards to control acid mine drainage
and other adverse impacts at the site. Nevertheless, the
mining industry has a poor history of accurately predicting its performance. Kuipers et al. (2006) investigated the industry’s success in predicting water quality

outcomes from mining operations. They compared the
actual impacts of mining on water quality with the
mine developers’ earlier predictions of expected performance in environmental impact statements and related
analyses.
The authors of this study concluded the following:
t

100% of the mines predicted compliance with
water quality standards before operations began
(assuming pre-operations water quality was in
compliance).

t

76% of the mines that were studied in detail (25
mines) exceeded water quality standards due to
mining activity.

t

Mitigation measures predicted to prevent water
quality exceedances failed at 64% of the mines
studied in detail.

t

85% of the mines near surface water with elevated
potential for acid drainage or contaminant leaching
exceeded water quality standards.

t

93% of the mines near groundwater with elevated
potential for acid drainage or contaminant leaching
exceeded water quality standards.

t

Of the sites that did develop acid drainage, 89% had
predicted low acid drainage potential initially or
offered no information on acid drainage potential.

This research tracked actual impacts years and
decades after the developers’ assessments. To ensure the
continued health of one of the world’s most productive
salmon ecosystems, PLP will have to maintain one of
the largest toxic impoundments in the world in perpetuity. In considering the PLP’s projections of “no net
loss” of fisheries over this time frame, strong consideration should be given to the industry’s demonstrated
inability to accurately project water quality impacts
over far shorter horizons (Todd and Struhsacker 1997,
NRC 2005, Kuipers et al. 2006, Septoff 2006).

Conﬂuence of the Nushagak and Mulchatna Rivers (photo by Erin McKittrick).
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Sockeye salmon in Bristol Bay (photo by Ken Morrish, Fly Water Travel).
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Nushagak River Basin (photo by Wild Salmon Center).
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Chapter 6

Pebble Mine Permitting Process
Before the Pebble Limited Partnership (PLP) can
proceed with the Pebble Mine project, it must obtain
federal and state permits related to development,
including construction of tailings dams; siting and construction of a new power source; development of roads,
transmission lines, slurry and waste transmission pipes;
and construction of a deep-water port. According
to PLP, the Pebble Mine project will be subject to at
least 67 different local, state, and federal permits (PLP
2009b). These and other requirements described in
this chapter may appear to be adequate safeguards to
ensure that Bristol Bay’s wild salmon ecosystems are
not adversely impacted. However, they may in fact be
insufficient due to limitations in Alaska’s large mine
permitting process and related land use statutes and
regional plans. This chapter highlights these and other
concerns as they relate to some of the key elements of
the permitting process.

6.1 State Process and Regulatory
Requirements
Alaska's Large Mine Permitting Process
The Alaska Department of Natural Resources
(ADNR) is the lead agency for “all matters relating
to the exploration, development, and management
of mining” (ALASKA STAT. § 27.05.010(b)). The
Agency’s Office of Project Management and Permitting
coordinates the permitting activities of the Large Mine
Project Team, which comprises numerous Alaska state
agencies, including the Alaska Department of Fish
and Game (ADFG), the Department of Environmental
Conservation, the Department of Transportation
and Public Facilities, the Department of Commerce,
Community and Economic Development, the
Department of Law, and the Department of Health and
Social Services (ADNR 2008b). The primary goal of
the team is to coordinate the timing and completion
of required state permits, from pre-permitting to postclosure (ADNR 2008b).
In designating the ADNR as the “lead agency” with
respect to mining in Alaska, the Alaska State Legislature
failed to mandate a clear standard for the ADNR to
meet in coordinating mining activities on state lands.
The agency must merely “provide for maximum use of
state land consistent with the public interest” (ALASKA
STAT. § 38.04.005(a)). Since what constitutes the
“public interest” is not clearly defined, and since the
ADNR is now statutorily exempted from providing
written findings as to how proposed mining-related

The Bristol Bay watershed is essential to the
health, environment and economy of Alaska.
Gathering data and getting public input now,
before development occurs, just makes sense.
—Dennis McLerran, EPA Regional Administrator
Region 10 (EPA 2011c)

activities affect the “public interest,” the agency has
very broad discretion in permitting large mine activities (ALASKA STAT. § 38.05.035(e)(6)).
Further, the ADNR is guided by a statute that
instructs it to prefer the land use that “will be of the
greatest economic benefit to the state and the development of its resources” (ALASKA STAT. § 38.05.850(a)).
This has resulted in a large mine permitting process that
is likely to favor the rapid economic growth typically
resulting from intensive short-term resource extraction
over longer-term economic development derived from
the sustainable use of natural resources. Though design
changes are often required throughout the permitting
process, as a result of this statutory direction, a large
mine project that has begun the permitting process
has never been rejected by the State of Alaska (ADNR
2008b).
In 2006, Northern Dynasty submitted 11 preliminary permit applications to the ADNR, including five to
build large earthen-fill dams or embankments to contain
waste from the mine and six to obtain appropriations
of ground and surface waters from the Koktuli River
and Upper Talarik Creek (ADNR 2008c). However,
NDM requested that the ADNR delay adjudication of
the applications indefinitely, thereby suspending public
review (ADNR 2006). PLP now expects to initiate the
permitting process in 2012.
Alaska Coastal Management Program
The Alaska Coastal Management Program
(ACMP)—authorized by the Coastal Zone Management
Act of 1972 and federally approved by the National
Oceanic and Atmospheric Administration (NOAA) in
1979—is a voluntary state program created to enable
the state and local districts to influence federal development projects within Alaska’s coastal zone and obtain
federal funds to develop and administer coastal programs (ADNR 2011, LaRoche and Shelton 2011). Until
recently, the ADNR’s Division of Coastal and Ocean
Management was required to conduct a review process
to ensure that proposed or federally-permitted coastal
development activities are consistent with state standards and the district policies of approved coastal programs (AAC Title 11, § 110; ADNR 2011). Twenty-five
of the 28 local districts that elected to participate in the
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Frying Pan Lake (photo by Erin McKittrick).

local implementation efforts of the ACMP have stateapproved district coastal management plans, including
Bristol Bay Borough and Bristol Bay Coastal Resource
Service Area (Alaska State Legislature 2010).
Since its inception, the ACMP underwent revisions that significantly altered the original intent of the
program. In 2003 in response to an initiative proposed
by Governor Frank Murkowski at the urging of mining
and other development interests, the Alaska State
Legislature transferred the ACMP from the governor’s
office to the ADNR, eliminating the Coastal Policy
Council and centralizing decision-making authority
for approving coastal district management plans and
reviewing consistency determinations with the ADNR
commissioner (Gray 2005, Epler 2011b). The state legislature also revised the applicable ACMP statutes to (1)
remove consideration of air and water quality matters
from consistency review consideration, (2) eliminate a
citizen’s right of judicial enforcement, (3) reduce the
boundaries of local coastal plans, and (4) require the
ADNR to rewrite ACMP regulations affecting the consistency review process, statewide standards, and district plan criteria (ALASKA STAT. §§ 46.39.010–.040,
Gray 2005).
In 2004, the ADNR revised the ACMP regulations,
substantially restricting local districts’ ability to craft
local enforceable standards. The ADNR set statewide
standards as the ceiling and eliminated local districts’
ability to establish policies for matters “adequately
addressed” by state and federal agencies. The ADNR
also reduced the effectiveness of statewide standards by
weakening criteria for habitat conservation and subsistence, and precluding the applicability of certain standards and district policies to federal lands and waters
(Gray 2005).
Changes to the wetlands standard, in particular,
could have a major impact on the consistency review
determination for the Pebble Mine project. The ADNR
significantly narrowed the wetlands standard from the

previous regulations, which required that wetlands be
managed “to assure adequate water flow, nutrients,
and oxygen levels and avoid adverse effects on natural
drainage patterns, the destruction of important habitat,
and the discharge of toxic substances,” to merely requiring that projects “avoid, minimize, or mitigate significant adverse impacts to water flow and natural drainage patterns” (AAC Title 11, § 80.130(a)(3); AAC Title
11, § 112.300(b)(3); Alaska State Legislature 2010). In
its review of the State’s plan in 2008, the EPA stated,
“While the old standard made achieving consistency
extremely difficult, the current standard makes protecting the ecological integrity of the coastal habitats nearly
impossible . . . because the functioning of a habitat such
as a wetland is not solely dependent on maintaining
water flow and natural drainage patterns” (USEPA
2008; Alaska State Legislature 2010). The Alaska
Department of Fish and Game expressed similar concerns in its reevaluation of the ACMP (ANDR 2008c,
Alaska State Legislature 2010).
The Alaska Coastal Management Program expired
on June 30, 2011 and the ADNR’s Division of Coastal
and Ocean Management was dissolved (ALASKA
STAT. § 44.66.020(a)), ADNR 2011). During the 2010
and 2011 legislative sessions, there were numerous
attempts by the coastal districts, the Parnell administration, and members of the Alaska State Legislature to
revamp the coastal management program and extend
it (Epler 2011a). Proposals covered a broad spectrum,
including (1) a year-long extension that would provide
more time to revise the ACMP to increase local enforcement authority, (2) a six-year extension of the program
as is, and (3) a compromise bill (H.B. 106) that would
give local communities more input in coastal development proposals in their districts without giving them
veto authority over projects of “statewide interest”
(Epler 2011b). The first two proposals did not gain
much traction in the legislature. While H.B. 106 passed
the House, the Senate version of the bill failed to pass
before the Alaska State Legislature adjourned in May
2011 (SitNews 2011).
Since none of the ACMP bills passed during the
June 2011 legislative session, it will likely take two to
three years to get the program up and running again
(SitNews 2011). During that time, coastal development
proposals, including mining projects, will fall under
federal purview (Epler 2011d). Whether the Pebble
Mine project will be subject to state and local review
under the ACMP depends largely on how the large
mine permitting process and the ACMP reauthorization timelines coincide.
Bristol Bay Area Plan
Alaska land use plans provide a road map to the
ADNR regarding the use of state land, determining
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allowable land uses and whether land is open or closed
to mineral staking (ADNR 2008b). Generally, all state
lands are open to mineral location unless specifically
closed (AAC Title 11, § 97). The ADNR commissioner
is required to designate land uses, which are classified
as general use, primary designated use, or co-designated
use (ALASKA STAT. § 38.05.300, ADNR 2005).
The Bristol Bay Area Plan (BBAP) is the primary
land use plan for state lands in Bristol Bay, including
lands in the proposed Pebble Mine project area. In
1984, the ADNR classified nearly all 12 million acres
of uplands and shorelands in the BBAP as “wildlife
habitat,” primarily as a co-designated use. However,
in its 2005 revision of the BBAP, the ADNR reduced
the area designated as habitat for fish and wildlife
by 90%—from 12 million acres to less than 800,000
acres. The ADNR also reclassified mining as a blanket
“co-designated use” unless the land is closed to mineral
entry. Since a significant portion of the plan area has
no secondary or co-designated uses listed, including 9.4
million acres classified as “resource management land,”
the plan largely favors mining as the preferred use. In
effect, the revised BBAP prohibits other uses not specifically listed or designated if they are considered to be
in conflict with mining (ADNR 2005; Nondalton et al.,
No. 3DI-09-46 CI [Alaska Super. Ct. 3rd Jud. Dist. at
Dillingham, June 9, 2009]).
Bristol Bay sockeye salmon (photo by Bob Waldrop).

Currently, the legality of the 2005 BBAP is being challenged in Alaska state court by six federally recognized
tribes, the Alaska Independent Fishermen’s Marketing
Association, and Trout Unlimited (Nondalton et al.,
No. 3DI-09-46 CI [Alaska Super. Ct. 3rd Jud. Dist. at
Dillingham, June 9, 2009]; AA 2009a; TU 2010). If the
court requires that the 2005 land use plan be rewritten, the development of a new land use plan could significantly extend the timeline for the Pebble permitting
process (AA 2009a). If no such revision is required, the
ADNR will continue to lead the state permitting process
with wide discretion and without clear conservation
standards (Nunamta Aulukestai and TU Alaska 2009).
Anadromous Fish Act
The Anadromous Fish Act mandates that the
ADFG Commissioner specify the “various . . . streams
or parts of them that are important for the spawning,
rearing, or migration of anadromous fish” (ALASKA
STAT. § 16.05.871(a)). Once a stream is added to
the Anadromous Waters Catalog (AWC), the ADFG
Commissioner can require a developer whose plans
will affect the designated waters to provide complete
“specifications for the proper protection of fish . . . in
connection with the construction or work, or in connection with the use” (ALASKA STAT. § 16.05.871(c)(2)).
If such plans are deemed “insufficient for the protection
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Stream near the Pebble Mine claim (photo by Steve Baird).

of fish,” the commissioner can deny approval. If denied,
the applicant may challenge the finding and be granted
a hearing (ALASKA STAT. § 16.05.871 (d)(2)).
Only about half of the “waters” in Alaska that are
important for anadromous fish are identified in the
AWC largely because they have never been surveyed
due to their remoteness and because the statutory standards are vague and without statutory definition as to
when, how, and under what circumstances the commissioner may make this designation (Parker et al. 2008,
ADFG 2011b). As described previously in this report,
recent efforts (2008–2010) to catalog salmon-bearing
waters in and around the Pebble prospect resulted in the
nomination of 103 miles of previously undocumented
salmon-bearing streams to the state’s AWC. Further
nominations of Bristol Bay water bodies are likely if
and when additional surveying occurs, which could
require alterations to PLP’s proposal or result in project
denial. However, to date no commissioner has denied
approval of any project based on these considerations.
Fishway Act
The construction of tailings dams, roads, and other
mining infrastructure will create formidable obstacles to fish passage due to significant stream diversion and blockage. The Fishway Act states that if the
ADFG Commissioner determines it necessary, for

every “obstruction . . . built across a stream frequented
by salmon or other fish . . . a durable and efficient
fishway” must be provided and must be kept “open,
unobstructed and supplied with enough water to admit
freely the passage of fish through it” (ALASKA STAT.
§ 16.05.841). However, “[i]f a fishway over a dam or
obstruction is considered impracticable by the commissioner because of cost, the owner of the dam or
obstruction” is merely required to compensate for the
loss by (1) paying a fee agreed upon by the commissioner into the state fish and game fund, (2) donating
land and funding, as agreed upon by the commissioner,
for construction, operation, and maintenance of a
fish hatchery and related infrastructure, or (3) entering into an agreement with the commissioner to pay
into the state fish and game fund to support the expansion, maintenance, and operation of existing hatcheries
within a reasonable distance of the dam or obstruction
(ALASKA STAT. § 16.05.851).

6.2 Federal Statutory and Regulatory
Requirements
National Environmental Policy Act
The National Environmental Policy Act (NEPA)
requires the completion of an environmental impact
statement (EIS) for major federal actions that may
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significantly affect the environment (NEPA § 4332(C)).
NEPA applies to all decisions that have a federal
nexus—those that involve the use of federal funds, the
need for federal approval in the form of permits, or
are located on federal land (40 C.F.R. § 1508.18). The
NEPA process will likely be triggered when PLP applies
for dredge and fill permits under Section 404 of the
Clean Water Act (CWA) (PLP 2009a).
In issuing CWA Section 404 wetland fill permits, the
U.S. Army Corps of Engineers (the Corps) is required
to evaluate the environmental impacts related to the
entirety of the project under NEPA (not just the area
affected by the wetland fill permit) if the jurisdictional
waters are dispersed throughout the project site, and
the project could not go forward without the permits
(White Tanks Concerned Citizens, 563 F.3d at 1033,
1039). An EIS evaluating the impacts of the entire
Pebble Mine project will be required for two reasons.
First, jurisdictional waters are dispersed throughout
the Pebble project site such that development of any of
the tailings storage facilities or stream diversion channels, wells, and devices proposed to dewater the pit and
extract ground and surface waters for mine processes
would not be possible without affecting those waters.
Second, the Pebble Mine project could not go forward
without related CWA Section 404 permits.
Though the requirement to develop an EIS under
NEPA was intended to be an action-forcing mechanism
to ensure compliance with the substantive goals of the
Act, it is considered largely a procedural requirement
by the courts. The U.S. Supreme Court has taken a deferential review of final agency decisions under NEPA,
giving the agencies broad discretion “to decide how
to implement a decision once the required environmental review is complete, even if the chosen course
is not the most environmentally sound” (National
Environmental Policy 1969; Alfano 2009; Department
of Transportation, 541 U.S. 752, 775; Robertson, 490
U.S. at 332, 350). According to the Supreme Court, “[O]
nce an agency has made a decision subject to NEPA’s
procedural requirements, the only role for a court is to
insure that the agency has considered the environmental consequences; it cannot interject itself within the
area of discretion of the executive as to the choice of
the action to be taken” (Strycker’s Bay Neighborhood
Council, Inc., 444 U.S. at 223, 227-228; Kleppe, 427
U.S. at 390, 410 n. 21). Accordingly, NEPA is limited
in scope and requires that environmental impacts are
taken into consideration and documented, but not necessarily prevented.
The public comment period for an environmental
review under NEPA is limited to 90 days for a draft EIS
and 30 days for a final EIS (40 C.F.R. § 1506.10(b)).
However, the Corps may extend the comment period

if another federal agency can show compelling reasons
of national policy for an extension (40 C.F.R. §
1506.10(d)). Given the massive scope of the proposed
Pebble project, which will likely contain volumes of
complex scientific data and tens of thousands of pages
of documentation, the Corps would be well advised to
grant a comment period extension. While an extension
will not necessarily enable the public to adequately
parse the EIS, it will at least enable a more thorough
review.
Although an EIS is meant to serve as a guiding document for federal permitting review, it is also the only real
opportunity for the general public to comment on most
of the required Alaska state permits. The ADNR participates as a cooperating agency in the NEPA process,
using the EIS process to assist in its permit adjudication
process and to facilitate public comment (40 C.F.R. §
1506.2, USEPA 2003, ADNR 2010b). Only two Alaska
state statutes and regulations require independent
public notice and comment periods for permits related
to large-scale mining (Parker et al. 2008).
Clean Water Act
According to PLP’s initial proposal, 99% of the
materials removed from mining operations will be
waste that must be stored in reservoirs contained by one
or more massive tailings dams. The solid waste held in
these reservoirs will provide significant contamination

This tributary feeds into Talarik Creek, the proposed location of the open
pit (photo by Erin McKittrick).
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The Clean Water Act appliess not only to municipal water supplies, but also to ﬁsheries and wildlife habitat (photo by Ken Morrish, Fly Water Travel).

and control issues that will be scrutinized by the Corps
and the Environmental Protection Agency (EPA) under
Section 404 of the Clean Water Act (CWA) once the
permitting process is initiated.
CWA Section 404(a) authorizes the Corps or
an authorized state to issue permits for discharge of
dredged or fill material at specified sites in waters of
the United States (U.S.) (CWA § 404(a),(h)). Michigan
and New Jersey are currently the only states authorized
to issue Section 404 permits in nonnavigable waters, so
the Corps retains this authority in Alaska, along with
jurisdiction over tidal and navigable waters and adjacent wetlands (USEPA 2011d).
According to CWA Section 404(b)(1) guidelines,
“[D]redged or fill material should not be discharged
into the aquatic ecosystem, unless it can be demonstrated that such a discharge will not have an unacceptable adverse impact either individually or in
combination with known and/or probable impacts of
other activities affecting the ecosystems of concern”
(40 C.F.R. § 230.1(c)). “The degradation or destruction of special aquatic sites, such as filling operations
in wetlands, is considered to be among the most severe
environmental impacts” (40 C.F.R. § 230.1(d)). A discharge is prohibited if it: (1) causes or contributes to

violations of state water quality standards, (2) violates
toxic effluent standards or prohibitions under CWA
Section 307, (3) jeopardizes the continued existence
of species listed under the Endangered Species Act
or adversely modifies critical habitat, or (4) violates
requirements to protect federally designated marine
sanctuaries (40 C.F.R. § 230.10(b)(1-4)). Further, CWA
Section 404(b)(1) guidelines require permit denial if the
project will cause or contribute to significant degradation of the waters of the U.S. (40 C.F.R. § 230.10(c)).
Significant degradation is defined as including, among
other things, significant adverse effects “on life stages
of aquatic life and other wildlife dependent on aquatic
ecosystems, including the transfer, concentration, and
spread of pollutants or their byproducts outside of the
disposal site through biological, physical, and chemical
processes” (40 C.F.R. § 230.10(c)(2)).
CWA Section 404(b)(1) guidelines prohibit discharges of dredged and fill material if there is “a practicable alternative to the proposed discharge which
would have less adverse impact on the aquatic ecosystem, so long as the alternative does not have other
significant adverse environmental consequences” (commonly referred to as a less environmentally damaging practicable alternative, or LEDPA) (40 C.F.R. §
230.10(a)). An alternative is considered “practicable”
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if it is available to the applicant and capable of being
implemented “after taking into consideration cost,
existing technology, and logistics in light of overall
project purposes.” This includes areas not currently
owned by the project applicant that “could be reasonably obtained, utilized, expanded or managed in order
to fulfill the basic purpose of the proposed activity” (40
C.F.R. § 230.10(a)(2)).
The “basic project purpose” is the primary reason
for the proposed project and is used to determine
whether the applicant’s project is water dependent.
“Water dependency” means that the proposed project
requires access, proximity to, or siting within a special
aquatic site (sanctuaries and refuges, wetlands, mudflats, vegetated shallows, coral reefs, and riffle and pool
complexes) to fulfill the basic purpose of the project
(40 C.F.R. § 230.40–45, 40 C.F.R. § 230.10(a)(3)). If a
project is not water dependent, the regulations presume
that less damaging practicable alternatives outside of
special aquatic sites are available, unless the permit
applicant can demonstrate otherwise (40 C.F.R. §
230.10(a)(3)).
Though gold, molybdenum, and other precious
metals would be recovered, copper extraction is the
basic purpose of the Pebble Mine project, based on
the above definition. Mining the Pebble deposit is
not a water-dependent activity. As such, the analysis of alternatives should include locations outside of
special aquatic sites where copper (and/or gold) could
be extracted with less potential environmental harm.
Further, if it is practicable for the project applicants
to “obtain, utilize, expand or manage” other deposits,
then those deposits should be considered in identifying
the LEDPA (40 C.F.R. § 230.10(a)(2)).
If there is no practicable alternative that meets these
requirements, the applicant must take steps to “minimize potential adverse impacts of the discharge on the
aquatic ecosystem” (40 C.F.R. § 230.10(d)). Minimizing
adverse impacts can be achieved through avoidance of
certain habitats or spawning seasons, habitat development and restoration techniques, or compensatory
mitigation on- or off-site (40 C.F.R. § 230.75).
Although Congress gave the Corps authority to
issue CWA Section 404 permits, it gave the EPA the
authority to review and veto Corps decisions. As articulated in CWA Section 404(c), if the EPA Administrator
determines that the discharge of mine tailings and other
dredge and fill activities will have an “unacceptable
adverse effect on municipal water supplies, shellfish
beds and fishery areas (including spawning and breeding areas), wildlife, or recreational areas,” the administrator may either preemptively prohibit the specification of a site before a Section 404(b)(1) permit has

been submitted to or approved by the Corps, or veto
the Corps’ Section 404(b)(1) permit approval (CWA §
404(c), 40 C.F.R. § 231.1). According to EPA regulations, “Unacceptable adverse effect means impact on an
aquatic or wetland ecosystem which is likely to result
in significant degradation of municipal water supplies
(including surface or groundwater) or significant loss of
or damage to fisheries, shellfishing, or wildlife habitat
or recreation areas” (40 C.F.R. § 231.2(e)). In the preamble to CWA Section 404(c) regulations, the EPA
stated that “where it is possible it is much preferable to
exercise this authority before the Corps . . . has issued a
permit, and before the permit holder has begun operations” (Denial or Restriction of Disposal Sites, Section
404(c) Procedures, 44 Fed. Reg. at 58,077). The EPA
has only exercised its Section 404(c) authority 13 times
since 1972 and only once preemptively (USEPA 2009b
and 2009c).
The EPA does not need to wait to see the details of
an application to determine that unacceptable effects
will result from mining operations in the Bristol Bay
watershed. In crafting the Section 404(c) regulations,
the EPA noted that even in the absence of a permit
application identifying specific discharge proposals,
“there are instances where a site may be so sensitive
and valuable that it is possible to say that any filling
of more than X acres will have unacceptable adverse
effects” (Denial or Restriction of Disposal Sites, Section
404(c) Procedures, 44 Fed. Reg. at 58,076). Based on
the significance of the Bristol Bay watershed for wild
salmon populations, as detailed in chapter 4, and the
serious and potentially catastrophic impacts that the
large-scale mining activities proposed by PLP would
have on Bristol Bay’s salmon ecosystems, as described
in chapter 5, the use of the Bristol Bay watershed as
a disposal site for dredge and fill activities will likely
result in unacceptable adverse effects.
While the EPA may need more information to come
to its own conclusion, it is important to note that a
Steller’s eider, listed as threatened under the Endangered Species Act
(photo by U.S. Fish & Wildlife Service).
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While no salmon populations are listed as threatened or endangered in Alaska, there are two known
ESA-listed species in Bristol Bay: the short-tailed albatross (endangered), and the Steller’s eider (threatened)
(USFWS 2010a, 2010b). If the biological opinion
results in a “jeopardy” finding for either of these two
species, the project cannot move forward unless “reasonable and prudent alternatives” can be identified to
avoid jeopardy (ESA § 1536 (b)(3)(A)).

6.3 Additional Requirements for Pebble
Mine Infrastructure
Bristol Bay salmonid (photo by Wild Salmon Center).

proposed determination by the EPA does not represent
a judgment that any particular dredge and fill activity will result in unacceptable adverse effects. Instead,
a proposed determination simply indicates that the
administrator believes the issue should be explored.
Further, proof of adverse impacts is not required at the
time of initiating the 404(c) process; a concern that
unacceptable adverse effects may result is sufficient.
In May 2010, six federally recognized Southwest
Alaska Tribes requested that the EPA exercise its preemptive veto authority under CWA Section 404(c) to
protect the Kvichak and Nushagak watersheds in Bristol
Bay from metallic sulfide mining, including the Pebble
Mine (Murphy 2010). The EPA Administrator has not
yet initiated the 404(c) process by notifying the Corps
or PLP of the agency’s intention to issue a public notice
of a Proposed Determination to withdraw the Kvichak
and Nushagak drainages from discharge of dredged
or fill material (USEPA 2009c). However, in February
2011, the EPA announced that it will “conduct a scientific assessment of the Bristol Bay watershed to better
understand how future large-scale development projects may affect water quality and Bristol Bay’s salmon
fishery” (USEPA 2011c).
Endangered Species Act Consultation
Section 7 of the Endangered Species Act (ESA)
requires that any federal agency proposing to issue a
permit for a project that may affect a threatened or
endangered species must first consult with the National
Marine Fisheries Service (NMFS) and/or the U.S. Fish
and Wildlife Service (USFWS) and prepare a biological
assessment (ESA § 1536 (a)(3), NOAA 2010). If the
biological assessment concludes that there will likely be
an adverse effect on the ESA-listed species, the agencies
must formally consult and develop a biological opinion
to assess the likelihood that the proposed action would
“jeopardize the continued existence of” the species or
destroy or adversely modify its critical habitat (ESA §
1536 (a)(2), USFWS and NMFS 1998, NOAA 2010).

Deep Water Port
Shipment of the ore concentrate to market via ocean
freighters will require the construction of a deep-water
port in Cook Inlet, which will trigger federal marine
and species protection statutes. Since this deep-water
port would be located in marine waters, it would
require statutory investigations by the NMFS to ensure
that the port site would be in compliance with Section
7 of the Endangered Species Act, the Marine Mammal
Protection Act (MMPA), and the Fish and Wildlife
Coordination Act (FWCA), and that no essential fish
habitat would be affected (MMPA §§ 2–207, FWCA §§
661–667e). These activities may also require a coastal
zone consistency review by the ADNR’s Division of
Coastal and Ocean Management, as discussed in section
6.1 of this report. In addition, under Section 103(a) of
the Marine Protection, Research, and Sanctuaries Act
(MPRSA), the Corps must determine that this process
will not “unreasonably degrade or endanger . . . the
marine environment, ecological systems, or economic
potentialities” (MPRSA § 2).
Power Source and Transportation
As described previously in this report, the Pebble
Mine will require considerable power (Figure 22),
which will likely drive construction of new power
plants at the mine and port sites (Ghaffari et al. 2011).
Because there is not enough natural gas in the region
to supply the plants, a new terminal may have to be
constructed to import liquefied natural gas (LNG) (AA
2009a). This would require siting and construction
permits for the facility and the LNG terminal.
In addition to the transmission of power, the transportation of products, supplies, waste, and people
creates regulatory challenges because of the significant distance these resources must travel and the
varied ownership of lands over which these activities
will occur. Because the mine site is over 100 miles
from the projected port site, the ADNR will need to
approve the necessary permits, rights-of-way, and easements on state lands for the 86-mile road, roughly 200
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Thirty-six rivers, streams, and small tributaries enter the north shore of Iliamna Lake (pictured above), providing habitat to salmon and resident ﬁsh
(photo by Erin McKittrick).

Figure 22. Estimated Power Usage of Pebble Mine in megawatts
per year compared to cities of Anchorage and Fairbanks (Chugach
Electrical Association 2009, Richardson 2011, Ghaffari et al. 2011).
600

432 MW/yr
Anchorage

400

350 MW/yr

296 MW/yr

Pebble Mine

Fairbanks and
surrounding area

200

0

miles of transmission lines (including undersea cables
from the power plant that would require tideland
leases), and accompanying slurry and waste transmission pipes (Parker et al. 2008). As for the 50 miles of
this proposed route that are within Bristol Bay Native
Corporation (BBNC) boundaries, the PLP would need
to persuade the BBNC to revoke its June 2009 resolution that denied development of the transportation
route through their lands. Additionally, for any points
at which the road might cross navigable waters, a construction permit would be required from the U.S. Coast
Guard (PLP 2009b).

6.4 Other Considerations
When PLP initiates the permitting process, it may
submit an initial design for a small mine (relative to
the size of the mineral deposit) to ensure permits are
secured, and then apply for expansion permits at a later
date. The process of acquiring permits for a smaller
mine and subsequently requesting expansion permits
once the mine is operating, supported by a workforce,
and paying taxes is fairly common in the mining industry (Ecology and Environment, Inc. 2010). This practice was demonstrated in 2009 at several mines worldwide, such as the Red Dog Mine in Alaska (doubled the
life of the mine from 20 to 40 years), the Keetac Mine
in Minnesota (added over 2,000 acres and increased
output by 33%), and the Smoky Canyon Mine in Idaho
(added 1,100 acres and increased capacity by 38%)
(Ecology and Environment, Inc. 2010). In addition, as
described in section 2.4, approval of the initial PLP proposal could fuel development of other mining claims in
the region. These considerations should be evaluated
when assessing the permitting procedures and requirements described in this chapter.
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Red Dog Mine (Alaska)
Red Dog is the second largest zinc mine in the western world. It is owned by
the NANA Regional Corporation, an Alaskan Native for-proﬁt corporation,
and leased to Teck Cominco Alaska Inc., a subsidiary of Teck Resources Ltd.
of Vancouver, British Columbia. Red Dog’s sulﬁde zinc-lead-silver deposits lie
in the foothills of the DeLong Mountains (part of the Brooks Range) about 90
miles north of Kotzebue, Alaska, and 52 miles from the Chukchi Sea.
The mine covers the headwaters of Red Dog Creek. The South Fork of Red
Dog Creek has been converted into a 585-acre tailings impoundment held by
an earth-ﬁlled dam. The North Fork enters the main stem below the mine and
is still in relatively good condition. Red Dog Creek contains no ﬁsh in part due
to the area's pre-existing metal concentrations. It ﬂows 5 miles to Ikalukrok
Creek, a wintering ground for arctic char. Ikalukrok then meanders for about
27 miles before emptying into the Wulik River, a major spawning stream for
char and salmon.
The initial environmental impact statement stated that the mine would create
no signiﬁcant impacts to ﬁshery resources (USEPA 1984). The mine started
producing ore in 1989, and reports of concern about water quality and ﬁsh
populations were issued before the close of the year.

Rising Zinc Levels
Ikalukrok Creek
Before
After
20 0
100
Before mining began

Failures:
~ 7TPeh\TcP[baT[TPbTSX]c^ATS3^V2aTTZ
~ 0Xa`dP[XcheX^[PcX^]bP]Sb^X[R^]cP\X]PcX^]Ua^\WTPeh\TcP[bP[^]VcWT
haul road to the Chukchi Sea port
~ >aTR^]RT]caPcTb_X[[bUa^\WPd[cadRZbPccWT_^acbXcT
Impact:
~ 8]cWTTPa[h ((biX]R[TeT[bX]bcaTP\bSaPX]X]VcWT\X]TbXcTa^bTc^
between 10 and 200 times the standard, at one point killing ﬁsh in the
Wulik River 25 miles downstream (Ott 2004).
~ 0RR^aSX]V c^ cWT DB 4]eXa^]\T]cP[ ?a^cTRcX^] 0VT]Rh{b !# C^gXR
Release Inventory, 487 million pounds of toxic compounds were released
from Red Dog Mine, including copper and zinc, making it the highest level
of toxic releases anywhere in the nation (Teck Cominco Alaska Inc. 2004,
Rothe 2006).

Red Dog Creek

Acute
toxicity

0
10
Zinc (ppm) of samples collected:

Discharge water (photo by Northern Alaska Environmental Center).

200
After

(Hulen 1990)

Response of mine owners to contamination claims (from Anchorage Daily
News excerpts)
October 7, 1989 (Spokeswoman) Parker said the company had nothing to do with

the water.
August 16, 1990 DEC and the Department of Fish and Game have been pressur-

ing Cominco Alaska Inc, the mines owner, to stop the seepage . . . Cominco has
refused, contending there is no clear connection between the mine and seepage
into Red Dog Creek. The previous fall, Cominco ofﬁcials maintained that similar
leeching was caused by unusually rainy weather. This week, a company ofﬁcial
said this summer’s seepage was due in large part to recent dry weather, which
has lowered creek levels and made mineral seepage more obvious.
August 30, 1990 The amount of zinc and other potentially harmful metals ﬂowing
into a creek near the Red Dog Mine dropped drastically after the mine’s operator
moved the stream and made the other changes demanded by state agencies.

~ 8]cWTTPa[h (({bcWTaTfTaTP[b^PXa`dP[XcheX^[PcX^]bP]Sb^X[R^]cP\Xnation at the Red Dog Mine and along the haul road to the port on the
Chukchi Sea from various sources of contaminated fugitive dust. Ford and
Hasselbach (2001) found that heavy metals from dust along the haul road
had contaminated mosses and soil near the road. Brumbaugh and May
(2008) reported that particulates dispersed near the road in snow samples
during winter in 2005 and 2006 were enriched in metals, and these particulates still contributed considerable metal loadings to the nearby terrain
(Teck Cominco Alaska Inc. 2008).
Mitigation: In 1991, Teck Cominco Alaska rerouted Red Dog Creek into a plastic-lined bypass channel to isolate it from zinc contamination. The company
also built a separate system to collect the underground seeps of water that
travel through the mine’s rich mineral deposit as well as the rain water that
ﬂows over it. That water is collected behind a dam and run through the mine’s
water-treatment system. In the years following a 1992 Compliance Order with
the Alaska Department of Environmental Conservation, Teck Cominco Alaska
covered its ore stockpiles, conveyor system, and haul truck beds to reduce dust
contamination.
Approximately 1.4 billion gallons a year of treated water are released into
Red Dog Creek. From May to October, water from the tailings impoundment
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is treated with lime to precipitate zinc, lead, and iron and sodium sulﬁde to
precipitate cadmium. This treatment process has the side effect of raising
the concentration level of total dissolved solids (TDSs) in the water, primarily through calcium and sulfate ions released by the precipitating agents. The
residents of the town of Kivalina, whose drinking water comes from the Wulik
River, appealed a permit modiﬁcation in 2004 that established new, less stringent limits for the mine’s discharges of TDSs (USEPA 2004). A subsequent
settlement between Tech and Kivalina proposes a pipeline to carry Red Dog’s
treated wastewater from the mine to the Chukchi Sea.
Cost: Toxic discharges will continue after the mine is closed (estimated in the
2030s), requiring perpetual containment, treatment, and monitoring. The
State of Alaska currently holds a $154.6 million ﬁnancial assurance to ensure
reclamation and post-closure activities, including water treatment. The state is
proposing to increase the ﬁnancial assurance amount to $304.5 million (Tetra
Tech 2009).
How does this compare to Pebble? Unlike the Pebble mine site, there is 100
to 600 feet of permafrost beneath the Red Dog Mine site. Because of the
permafrost, there is little shallow groundwater ﬂow compared to surface water
ﬂow at Red Dog (USEPA 2009d), and the ground water linkages to mine
waste and discharge are limited. On the other hand, near the proposed Pebble

Mine area, porous glacial till and little to no permafrost allow a direct connection between ground and surface waters. CWTaTU^aTPccWT?TQQ[T<X]TbXcT
there is a high risk of contaminated ground water from the mine carrying
contamination to faraway ground and surface waters. The same contamination that is occurring at Red Dog is likely to happen at the Pebble Mine site,
but on an even larger scale.
Compare Red Dog Mine’s record 487 million pounds of toxic compounds with
Pebble’s estimated 10.8 billion tons of tailing waste. Currently, the next highest
mining discharges in Alaska after Red Dog are 44 million pounds and 6 million
pounds at mines near Juneau and Fairbanks. Teck Cominco ofﬁcials counter
that the toxic releases are merely the tons of waste rock collected from the
mine and that all discharges are permitted discharges, contained and regulated
by state and federal agencies (Dobbyn 2005).
Red Dog

Pebble

Mine area

0.5 sq mi

28 sq mi

Pit depth

986 ft

&Uc

Water used

1.4 billion gal./yr

35 billion gal./yr

Power used

350 MW/yr

Waste produced 243 million tons

10.8 billion tons

~ #'&\X[[X^]_^d]Sb^Uc^gXRR^\_^d]SbaT[TPbTSWXVWTbcX]cWTDB
~ #"PRaTb^U]PcX^]P[\^]d\T]cR^]cP\X]PcTSfXcW[TPSP]SRPSXd\
~ BcaTP\iX]R[TeT[bPc c^!cX\TbcWTbcP]SPaS
~ 0Xa`dP[XcheX^[PcX^]bP]Sb^X[R^]cP\X]PcX^]PccWT\X]TP]SP[^]VcWT
WPd[a^PSfXcWSdbcPc!&cX\TbcWTPRRT_cPQ[T[TeT[b
~ ETahUTf bWaT\PX]X]VX]8ZP[dZa^Z2aTTZP]S bWZX[[TSPbUPaPb!$
miles downstream in the Wulik River
Red Dog Mine (photo by Northern Alaska Environmental Center).
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Alaskan ﬁshermen in Bristol Bay (photo by Ben Knight).
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Chapter 7

Economic Valuations of a Wild
Salmon Ecosystem
At first glance, the Pebble deposit appears vastly
more valuable than the wild salmon ecosystem of
Bristol Bay. Yet a deeper analysis reveals that as a
renewable resource, the value of a wild salmon ecosystem in supporting recreational, commercial, and subsistence fisheries may, in fact, be greater over time than
the extraction of non-renewable minerals. Recent scientific research underscores the economic importance
of the Bristol Bay wild salmon ecosystem by concluding
that high population diversity, which is driven by abundant complex habitats, buffers against population fluctuations, providing a reliable source of income to local
communities (Schindler et al. 2010). This stands in
stark contrast to the boom and bust cycles common to
extractive activities such as hard-rock mining (Doukas
et al. 2008).
Due to the complex interactions among salmon,
people, and habitat, no one economic metric can
express the wide-ranging value of the wild salmon ecosystem. Thus, a proper illustration of the wild salmon
ecosystem value requires multiple frameworks (Loomis
1999, Peck 1999, Duffield et al. 2007, Helvoigt and
Charlton 2009).
Following a brief summary of the Pebble Mine’s
value in section 7.1, this analysis presents four different
frameworks for considering the value of the Bristol Bay
wild salmon fishery. The first framework values the use
of the ecosystem, which is measured by quantifying the
annual regional expenditures and economic significance
of the wild salmon ecosystem on the local economy
(section 7.2). The second framework estimates the perpetual net present value (NPV) of using the ecosystem
based on willingness-to-pay surveys (section 7.3), while
the third framework attempts to quantify the passive
use—or intrinsic—value of conserving an area, independent of human use value (section 7.4). Finally, the
fourth framework compares tax revenues that will stay
in Alaska to demonstrate the economic impacts derived
from the respective wild salmon and mining-based
industries (section 7.5).

7.1 Comparing the Economic Values
of a Wild Salmon Ecosystem and the
Pebble Mine
Based on the most recently available estimates, the
Pebble deposit holds 80.6 billion pounds of copper,
5.6 billion pounds of molybdenum, and 107.4 million

During the 2010 [salmon] season, six companies canned, 23 companies exported fresh product,
27 companies froze, and three companies cured
salmon in Bristol Bay. In addition, 27 companies
exported fish by air, and a total of 36 processors/
buyers reported that they processed fish.
– 2010 Bristol Bay Area Annual Management Report
(ADFG 2011a).

ounces of gold (NDM Ltd. 2010b, PLP 2011b). Using
the U.S. Geological Survey’s 2010 American market
prices indexed to 2011 dollars (all mineral values
herein are indexed to the PPI/Commodity Data/Metals
and Metal Products through September of 2011), the
deposit is worth $476.84 billion (USDL 2011a, USGS
2011a, 2011b, 2011c). However, considering the historic volatility of mineral prices, a more apt measure
may be the value of the deposit based on indexed
median mineral prices from 1975 to 2010 for gold and
copper, and from 1991 to 2010 (the longest data set
available) for molybdenum, converted to 2011 dollars
(to adjust for inflation). Under this median measure,
the deposit is worth $276.6 billion (USDL 2011a,
USGS 2011a, 2011b, 2011c). This value is not “profit,”
however, because it does not account for the costs
necessary to obtain it (i.e., costs to build the roads,
transmission network, power plant, mine sites, milling
and refining operations, wages etc.). These costs are
reflected in net income estimates for the mine, which
are discussed below.
It should be noted that the following discussion also
does not adjust net income to account for the inevitable—and potentially substantial—costs associated with
remediation and clean-up. Section 7.7 provides some
historical information on these costs at other mine sites.

7.2 Regional Economic Expenditures in
Wild Salmon
Local expenditures related to the use or harvest of
the wild salmon ecosystem drive the local economy in
terms of job and wage creation (Duffield et al. 2007).
The expenditures related to the wild salmon ecosystem
that drive Bristol Bay’s economy are comprised of tradable items (commercial and guided sport fishing) and
items connected to the ecosystem that are not currently
traded in any market (e.g., subsistence fishing, big game
sport hunting, and wildlife tourism). Table 7 summarizes regional economic expenditures on services generated by Bristol Bay’s wild salmon ecosystem as described
by Duffield (2009). In 2008, these expenditures fell
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between $317.9 and $572.5 million (Duffield 2009),
with an estimated direct expenditure of $392.4 million.
Adjusted to the CPI-U/Anchorage/Average/All Price
through September 2011 (to determine 2011 constant
dollars), the Bristol Bay wild salmon ecosystem produces estimated annual regional economic expenditures of $414.7 million, which results in 4,838 annual
average jobs and $206.83 million in annual gross
income (Duffield 2009, USDL 2011b). Representing
73.7% of all jobs in the economy—28% of which are
filled by local Bristol Bay residents—the private job
sector in Bristol Bay is almost entirely dependent on the
wild salmon ecosystem (Duffield 2009). Largely due to
this predictable and sustainable job market, the Bristol
Bay Borough has enjoyed an average annual unemployment rate that is 1.1% lower than the annual Alaska
average from 1990 to 2010 (ADLWD 2010).
Table 7. Summary of regional economic expenditures based on wild
salmon ecosystem services (in millions) (Dufﬁeld 2009). Note that the
data presented in this table were collected in 2008. These data have
been adjusted for inﬂation (to 2011) in the accompanying narrative.

Regional Economic Expenditures

Ecosystem Service
Commercial ﬁsh
wholesale value

Estimated direct
expenditures/
sales per year

Low estimate

High estimate

$ 280.0

$ 280.0

$ 368.5

Sport ﬁsheries

74.6

0

166.1

Sport hunting

11.1

11.1

11.1

Wildlife viewing/
tourism

18.9

18.9

18.9

7.9

7.9

7.9

392.4

317.9

572.5

Subsistence harvest
expenditures
Total direct annual
economic impact

Regional Expenditures of Commercial Salmon
Fishery
The Bristol Bay commercial salmon fishery is the
largest sockeye salmon fishery in the world and the
most valuable in Alaska (Duffield et al. 2007). From
2000 to 2008, the total salmon run averaged 36 million
fish, and the catch averaged 23.11 million fish (ADFG
2011a). In 2008, the commercial fishery’s wholesale
value (ex vessel value plus added value of processing
fish in Bristol Bay) was between $295.93 and $389.46
million (Duffield 2009), adjusted to 2011 values. In
addition to this economic value, the commercial fishery
mimics the natural harvest cycle while employing many
of the Alaska Native residents who comprise almost
70% of Bristol Bay area communities (USBOC 2008,
Duffield 2009).

Regional Expenditures of Sport Fishing
Sport fishing in Bristol Bay accounts for between
$78.84 and $175.55 million (adjusted) in annual local
expenditures (Duffield 2009, USDL 2011b). Based on
survey data, each year, nonresident sport fishermen
make an estimated 12,966 trips and spend an average
of $4,344 per trip, while resident sport fishermen
make an estimated 19,488 trips and spend an average
of $395 per trip (Duffield et al. 2007, USDL 2011b).
Among those surveyed (especially nonresident anglers,
who spend much more than resident anglers), the wild,
natural, isolated nature of the region was key to their
decision to fish in the Bristol Bay region. Of these
anglers, 76.8% disapprove of developing road access.
Initiating development that affects the sport fishermen’s
experience risks compromising the viability of related
suppliers, the service industry, and accompanying jobs
(Duffield et al. 2007, Helvoigt and Charlton 2009).
Regional Expenditures of Subsistence Harvest, Big
Game Sport Hunting, and Wildlife Tourism
Each year, Bristol Bay supports a large subsistence
harvest (averaging 142,320 fish from 1989 to 2008)
that results in $8.35 million (adjusted) in local expenditures (Duffield et al. 2007, Duffield 2009, Morstad et al.
2010, USDL 2011b). Goldsmith et al. (1998) estimated
that Native family units spend an average of $3,135
per year on subsistence harvest equipment, while nonNative family units spend an average of $818 per year
(adjusted) (USDL 2011b). Similar to subsistence harvesters, the Bristol Bay area big game sport hunting and
wildlife tourism industries are closely tied to the health
of the wild salmon ecosystem. Based on estimates,
big game sport hunting annually results in $11.73
million in local expenditures, while wildlife viewing
and tourism results in $19.96 million in expenditures
(adjusted) (Duffield 2009, USDL 2011b).

7.3 Willingness to Pay
Instead of documenting traditional economic indicators like expenditures and related jobs and wages,
the net economic value (NEV) framework monetizes
the willingness to participate in the wild salmon ecosystem economy. Discounting this annual NEV “cash
flow” over time yields the NPV, or “perpetual” economic value, of the wild salmon ecosystem.
Net Economic Value of the Commercial Fishery
The NEV of the commercial fishery is computed by
evaluating the average adjusted prices paid for commercial fishing permits on the open market; this value
represents the best metric for understanding how much
commercial fishermen think it is worth to fish in Bristol
Bay each year (Duffield et al. 2007). From 1999 to
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2007, USDL 2011b). This results in an annual NEV for
subsistence fishing of $77.8 to 160 million. For sport
fishing, Duffield et al. (2007) estimated a net willingness
to pay for residents at $373 per trip and non-residents
at $530 per trip (adjusted). Multiplying these amounts
by the estimated number of annual trips yields a net
willingness to pay for sport fishing of $15.82 million.
The final components in this framework are sport
hunting and wildlife tourism. The annual net willingness to pay for sport hunting and tourism is $2.06
million and $2.11 million, respectively (McCollum and
Miller 1994, Duffield et al. 2007, USDL 2011b).
Photo by Ben Knight.

2008 in Bristol Bay, the Alaska Commercial Fisheries
Entry Commission (ACFEC) issued an average of
1,874 drift-net permits (worth an adjusted average of
$70,524 per permit) and 997 set-net permits (worth
an adjusted average of $26,453 per permit), yielding
an aggregate adjusted commercial fishery participation value of $158.52 million (ACFEC 2010, USDL
2011b). Because these permit rights are perpetual, the
aggregate value must be amortized to derive an annual
value. As suggested by Duffield et al. (2007), with the
two types of permits fully amortized in perpetuity at
7% and 14%, the NEV for the commercial fishery is
$11.1 and $22.2 million, respectively (ACFEC 2010,
USDL 2011b). In assessing this valuation, it is essential
to note that the current willingness to pay is depressed
by a host of macroeconomic conditions, including a
significant drop in demand for wild salmon in Japan,
the emergence of global farmed salmon as a cheaper
alternative, and the global recession’s impact on consumer price points (Asche et al. 2005, Duffield et al.
2007, Duffield 2009). Yet if decreasing global fish
supply and increased demand for sustainable wild
products conspire to create a consumer surplus for
wild Alaska salmon (meaning consumers are willing to
pay more for the wild salmon than “market price”), the
annual NEV of participating in the commercial fishery
could rise (as open market permit values increase) and
increase aggregate NPV favorably.
Net Economic Value of the Subsistence Fish Harvest,
Sport Fishing and Hunting, and Wildlife Tourism
This NEV estimate is based on the willingness of
subsistence fishermen to pay for the fish they harvest. It
is estimated that roughly 2.1 million pounds of salmon
are harvested each year in Bristol Bay for subsistence
(Duffield 2009), and that each harvester would be
willing to pay between $32.46/lb and $66.75/lb (note,
the lower bound is set at an original estimate in Duffield
et al (1997), and the upper bound is adjusted to reflect
inflation adjusted estimate from 2005) (Duffield et al.

Total Net Economic Value of the Bristol Bay Wild
Salmon Ecosystem
The combined annual NEV of the wild salmon
ecosystem is $108.9 to $202.2 million. This estimated
annual net cash flow can then be used to compute the
NPV of the salmon ecosystem economy. Because this
valuation spans generations, unlike typical NPV analysis, the Environmental Protection Agency (USEPA
2000) recommends using a discount rate as low as
0.5%, while Weitzman (2001) recommends a 1.75%
constant rate. Based on the estimated NEV ranges, the
NPV of the wild salmon ecosystem is between $6.22
and $11.56 billion (using the annual NEV range estimates, at a 1.75% constant rate over perpetuity [perpetual NPV = annual NEV/rate]). Using the annual
NEV range estimates at the lower discount rate (0.5%
constant rate over perpetuity), the NPV of the wild
salmon ecosystem is $21.76 to $40.45 billion (Table 8).
Table 8. Net economic value and net present value of wild salmon
ecosystem with NPV calculated for two discount rates.

Net Economic Value (NEV)
and Net Present Value (NPV)
Low-end (2009 $)

High-end (2009 $)

Annual NEV of wild
salmon ecosystem

$109 million

$202 million

Net present value
(1.75%, Perpetual)

$6.2 billion

$11.6 billion

Net present value
(0.5%, Perpetual)

$21.8 billion

$40.5 billion

7.4 Non-market Passive Use Value
Often, nonmarket passive use values of an environmental resource—the value of saving a place for future
generations (bequest value) or for the sake of its existence (existence value)—are far higher than the use
values described earlier (Helvoigt and Charlton 2009).
Although these valuations are controversial because of
their variance from traditional legal concepts of standing and damages, Congress has legitimized passive
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damage valuation as an economic measure within
statutes, such as the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980
(CERCLA) and the Oil Pollution Act of 1990 (Jones
1999, Peck 1999). Willingness-to-pay passive value
studies were endorsed by the National Oceanic and
Atmospheric Administration, upheld in Ohio v. United
States Department of Interior, and used as the basis of a
$1 billion settlement between Alaska and Exxon in the
wake of the Valdez spill, (D.C. Circuit 1989) (Duffield
1997, Jones 1999, Duffield et al. 2007).
Based on extrapolations of data from what citizens
have been willing to pay to protect regions in other
areas, Goldsmith et al. (1998) estimated that the combined bequest and existence value of Bristol Bay fish and
wildlife is between $3.18 and $6.36 billion (adjusted)
(USDL 2011b). When properly constructed to account
for the immense size of the Bristol Bay wild salmon
run, marginal willingness-to-pay models, like Loomis
(1999) for the Lower Snake River on the OregonIdaho border and Helvoigt and Charlton (2009) for
the Rogue River in southern Oregon, could provide an
avenue for future economic analysis and might yield a
more substantial and refined valuation of nonmarket
value than Goldsmith et al. (1998).
Table 9. Non-market Passive Use Value of the Bristol Bay wild salmon
ecosystem in 2011 dollars.

Non-market Passive Use Value
Low-end (20011 $)
Existence + bequest value

High-end (20011 $)

$3.2 billion

$6.4 billion

7.5 Taxation and Local Revenues
According to ADR (2010a), a Fisheries Business Tax
(FBT) is levied on persons who process or export fisheries resources from Alaska. The tax is based on the price
paid to commercial fishers or fair market value (when
there is not an arms length transaction). A Seafood
Marketing Assessment (SMA) is also levied at a rate
of 0.5% of the value of seafood products processed,
first landed in, or exported from Alaska. Finally, a
one percent Regional Seafood Development Tax (SDT)
is levied on salmon harvested by drift gillnet fishers
in Bristol Bay (and these and other fishers in Prince
William Sound).
Between 1985 and 2005, total production value for
processors averaged about $288 million, or $335.74
million in 2011 dollars (Duffield 2009, USDL 2011b).
Thus, based on this twenty year average, the Bristol Bay
fishing economy may generate up to $11.75 to $16.79
million/year in tax revenue for the state of Alaska

In 2008, sport hunting and wildlife tourism in the Bristol Bay basin accounted for an estimated $33 million in local expenditures (Dufﬁeld 2009)
(photo by Ben Knight).

from the FBT and SMA taxes. In addition, using 19752009 data, adjusted to 2011, Bristol Bay's wild salmon
economy generates an average of $158.6 million in
gross income from drift gillnet usage (ACFEC 2011,
USDL 2011b). Based on this average, the SDT generates
up to $1.6 million per year in additional tax revenue
for Alaska. In total, the Bristol Bay fishery economy
may raise up to $13.37 to 18.37 million per year in
state tax revenue. To put the value of Bristol Bay in
context, in 2010 Alaska as a whole raised $22.4 million
in fisheries related taxes (ADR 2010a).
In comparison, based on 2000 to 2009 industry
financials for Anglo-American (50% share in the Pebble
Mine) and Rio Tinto (9.9% share, at the time), the
estimated aggregate net income from the mine’s 2011
median value—(2000–2009 net income/gross revenues
%) x (estimated median gross value of mine)—would
be $43.81 billion (AA 2009b, Rio Tinto 2009, NDM
Ltd. 2010a, USDL 2011b). Yet most of this value
will be realized by shareholders and the international
market. In terms of revenues that will stay in Alaska,
the primary source will be the Mining License Tax,
levied on the net income of mining operations (annual
revenues = $4,000 + 7% over $100,000 in net income
[$43.81 billion]), which will total $3.07 billion overall
or $39.36 million per year over 78 years (Table 10)
Stickel 2007, ADR 2009, ADR 2010b).
Table 10. Estimated tax revenues for wild salmon ecosystem and the
Pebble Mine.

Estimated Annual Local Revenues from Taxes
Wild Salmon Ecosystem*
Annual tax revenue

$13.4–$18.4 million

Pebble Mine**
$39.4 million

*Revenue stream available in perpetuity (assuming sustained health of
ecosystem)
**Based on 78 years mine life scenario (see chapter 2)
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7.6 Local Employment and Native
Communities
The economic frameworks described thus far in this
chapter portray the value of the wild salmon ecosystem
from four different perspectives. If the mine were to
damage the Bristol Bay wild salmon ecosystem, there
would be large and enduring economic consequences to
the region. The present economic engine of the region
(the annual regional economic expenditures of $414.72
million, 4,837 annual jobs, and $206.83 million in
annual gross income) would likely be derailed, while
the long-term use ($6.2 to $11.5 billion), extrinsic
passive use value ($3.2 to $6.4 billion, possibly more
using marginal valuation methods), and tax revenue
potential of the Bristol Bay wild salmon ecosystem
could potentially be lost forever (Goldsmith et al.
1998, Loomis 1999, Duffield et al. 2007, Helvoigt and
Charlton 2009). Therefore, the true economic value
(market value plus extrinsic passive use value) of the
wild salmon ecosystem should be considered before
proceeding with mine development.
In addition to considering economic values through
the lenses described above, policy makers and the
public should also consider the application of a market
economy on the subsistence-based cultures that comprise the majority of the population in the Bristol Bay
region. Although worth billions of dollars to shareholders, most extractive activities undertaken in “remote
rural Alaska” only result in modest economic benefits
for people living in the region (Goldsmith 2007). Most
of the long-term jobs are held by nonresident “commuters” with the education and technical skills required
of a major industrial development (Goldsmith 2007,
Haley et al. 2008). Similarly, the majority of service
contracts are provided to nonresident suppliers because
most remote rural communities have not developed a
service sector sufficiently advanced to meet highly technical needs (Goldsmith 2007). A cross-sectional survey
of Bristol Bay residents conducted by Craciun Research
(2009) reinforced these findings among Bristol Bay residents, reporting that 71% of residents agree that most
of the jobs created by the Pebble Mine would be taken
by people from outside the area.
Although better road access, more settlement (and
property taxes), and higher median income levels would
result from construction of the Pebble Mine, the development will also impose a market economy model onto
a sensitive, subsistence-based culture that has existed for
thousands of years (Wolfe and Walker 1987). Huskey
(1992) found that certain types of economic development promoted to stimulate local economies can inadvertently alter and diminish the subsistence lifestyle.
Likewise, increased employment has actually been

Pebble Mine drill rig (photo by Steve Baird).

observed to have a negative relationship to well-being
in some Native Alaskan communities (Martin 2004,
Haley et al. 2008). This is likely because typical AngloAmerican jobs take time away from participation in the
familial, social, and subsistence activities that are vital
to the well-being of these communities (Martin 2004,
Haley et al. 2008). The threat posed by the Pebble Mine
to the region’s Native subsistence culture is substantial.
Wolfe and Walker (1987) observed that there was 69%
less subsistence activity in communities with road networks versus those communities without them.
These threats to Native subsistence lifestyles are
further reflected in the polling undertaken by Craciun
Research (2009), which found that 73% of residents
agreed that any local jobs provided by the mine would
not be worth the damage that 78% anticipate will
occur to commercial and subsistence fishing. Further,
94% of residents considered it very important that
there are plenty of subsistence resources such as fish for
future generations, while 91% of residents considered
it very important to maintain the subsistence lifestyle
(Craciun Research 2009).
Despite the fact that Bristol Bay communities will
likely derive only modest benefits from the extractive
activities, these communities historically bear the brunt
of cycles of “boom” (growth during extractive operations) and “bust” (decline in population, income levels,
employment, and ecological integrity after the resource
has been successfully mined or collected) (Leask et al.
2001, SEACC 2007, Doukas et al. 2008). During the
boom, local communities must typically expand their
infrastructure and service capacities to provide the necessary housing, health, and transportation services for
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On Nushagak Point, preparing the annual salmon harvest (photo by Wild Salmon Center).

new residents (Doukas et al. 2008). Not only will these
services likely be expanded, but 60% of residents agree
that the substantial projected influx of residents related
to the mine would compete for subsistence resources
(Craciun Research 2009). As a result, during and following the extraction period, local businesses and wage
earners that have become tied to the mine will likely
struggle to recover from both the economic and subsistence impacts of population fluctuations (Doukas et al.
2008, Haley et al. 2008). These impacts are especially
acute in predominantly native communities that are
not as well prepared to weather the entry and exodus
of industry, which have the potential to alter traditional
lifestyles and economic models.

Although lacking consistent estimates of treatment
costs, the Environmental Protection Agency (USEPA
2004) identified 156 mine sites with $24 billion of
potential cleanup costs, including 19 sites with liabilities exceeding $50 million each. Thirty percent of the
159 lacked a viable payer, and acid mine drainage is
expected to multiply costs by at least 1,000%. In addition, 59% of the total sites will require over 40 years of
treatment, and 20% will require perpetual treatment.
Unfortunately, few companies will endure long enough
to compensate taxpayers for reclamation costs. When
mines are abandoned and included in the Superfund
program, federal taxpayers are responsible for the first
10 years of treatment costs, after which those costs fall
to state taxpayers (USEPA 2004, Woody et al. 2010).

7.7 Potential Treatment Costs and
Liabilities

The following case studies from Idaho’s Coeur
d’Alene region and Montana’s Clark Fork Basin
provide two examples of “megamine” sites that illustrate some of the treatment and payment inefficiencies
associated with hard rock mining

In evaluating the economic benefits of the Bristol
Bay fishery and the economic opportunities presented
by exploitation of the Pebble deposit, it should be
noted that the ecological risk posed by the mine comes
with substantial economic costs as well. Uncertainties
surrounding mine reclamation and treatment methods
create cost uncertainties, which increase with mining
area size and environmental complexity (NRC 2005).

Coeur d’Alene Basin Superfund Complex
According to a report produced by the National
Research Council (NRC 2005), the Coeur d’Alene
Basin Superfund Complex (CBSC) is a rural region
of Idaho outside of the city of Coeur d’Alene, which
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was mined for lead, zinc, gold, and silver by companies that included the American Smelting and
Refining Company (ASARCO), then a subsidiary of
ASARCO Incorporated (which was a subsidiary of
Americas Mining Corporation, itself a subsidiary of
Grupo Mexico). The CBSC covers three units, one
of which, the Bunker Hill complex, encompassed 21
square miles. Contamination from the Bunker Hill
unit entered a second unit, the 50-square-mile Coeur
d’Alene Lake area, which now contains an estimated
75 million tons of sediment contaminated by metals.
The CBSC was listed as a Superfund site in 1983 and
included the Bunker Hill complex, most of the South
Fork Coeur d’Alene River and its tributaries, the Coeur
d’Alene River and chain lakes, Coeur d’Alene Lake,
and anywhere mining wastes were deposited, including
Washington’s Spokane River. Following designation, a
series of legal proceedings ensued, with the EPA seeking
$2.3 billion for cleanup costs. The suit culminated in a
$436 million bankruptcy settlement for the Bunker Hill
unit in 2009.
Partly because of the funding shortfall, the NRC
(2005) reported that up to that time (2005), the EPA
cleanup:
t

Failed to adequately address metal contamination
of groundwater, despite its being the major source
of surface water contamination;

t

Failed to rehabilitate physical habitat structure,
which also precludes fish and wildlife recovery
throughout the basin;

t

Failed to locate adequate repositories for contaminated sediments and soil;

t

Developed treatment models based on mean flows
despite flood frequencies that periodically contaminated reclaimed areas with metals, thereby further
limiting the long-term effectiveness of reclamation
measures; and

t

Inadequately assessed rehabilitation effectiveness
on fish and macroinvertebrate assemblage structure.

The NRC (2005) concluded that it was unrealistic
to a priori develop and assess comprehensive rehabilitation measures because of environmental and reclamation uncertainties. Thus, despite EPA estimates of $440
million and 30 years to reduce ecological and related
human health risks, such an amount will fall short of
what is needed. This is due in large part to over 100
million cubic yards of contaminated wastes, which are
spread across heterogeneous aquatic and terrestrial
environments (NRC 2005). This broad dispersal of
wastes precludes full removal and capping of contaminated soil and treatment of contaminated water. Given
the lack of ecological engineering solutions for the
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Sampling a Clark Fork tributary (photo by U.S. Geological Survey).

CBSC, rehabilitation effectiveness, duration, and costs
are only crude estimates. But the preponderance of the
costs will be incurred by taxpayers—not the bankrupt
ASARCO. As of 2001, costs to taxpayers of the partial
cleanup totaled $212 million (Woody et al. 2010).
Clark Fork Basin
Mining and smelting in Montana’s Clark Fork
Basin have impaired 119 miles of the Clark Fork River
and produced the largest Superfund site in the United
States (Woody et al. 2010). The contaminated area
includes nearly 5 million cubic yards of contaminated
tailings in the Clark Fork floodplain, a tailings pile 800
feet high over a two-square-mile area, and 1.2 million
cubic yards of contaminated tailings and smelter dusts
(Moran 2001). Silver Bow Creek, draining Butte, is
nearly devoid of aquatic life (Hughes 1985). It has
been found impossible to treat all of the contaminated groundwater in the area, and it is contaminating surface water in places. The copper mine pit (542
feet deep, 4,000 feet wide) contains about 250 million
gallons of acidic (pH 2.7–3.4) water and metals (aluminum, arsenic, cadmium, copper, zinc) and continues
filling with ground and surface water seepage, requiring
perpetual water treatment via an 8-million-gallon-perday plant that cost $75 million to build and costs $10
million per year to maintain and operate. Treatment
of the groundwater at the city of Butte requires a $20
million plant and annual operating and maintenance
costs of $500,000. Capping the tailings pile and transporting the dusts are additional costs.
The EPA sued the mining company, the Atlantic
Richfield Company (ARCO), a subsidiary of British
Petroleum, for $680 million for water treatment, culminating after five years of litigation in a $187 million
settlement for Clark Fork River cleanup. Fixed and perpetual costs are certain to far exceed that amount. Most
costs will be incurred by taxpayers (USEPA 2011b).
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Zortman and Landusky Mines (Montana)
In 1979, Zortman Mining Company, a subsidiary of Pegasus Gold
Corporation, reopened two historic gold mines named after the original
miners’ claims—Zortman and Landusky. The mines are located side by side
in the Little Rocky Mountains of north central Montana within one quarter
mile of the Fort Belknap Indian Reservation. The mines lie on a divide
between the sources of tributaries of the Milk and Missouri Rivers. Between
1979 and 1996, Pegasus mined about 79 tons of gold from the two mines
using the cyanide heap leach pad system to dissolve the gold out of lowgrade ore.
Tons of Rock
Moved

Tons of Ore
Processed

Ounces of
Gold

Zortman

33,395,000

19,900,000

517,400

Landusky

186,349,863

118,367,296

2,012,244

~ CWT bcPcT ^U <^]cP]P P]S cWT 1daTPd ^U ;P]S <P]PVT\T]c
issued 9 permits for expansion of mine without a supplemental
Environment Impact Statement.

"'!%&!(%

!$!(%##
(79 tons)

~ 0S^iT]RhP]XSTb_X[[bX]R[dSX]V^]TcWPcaT[TPbTS$VP[[^]b
of cyanide solution that contaminated a local water supply.

Total

Outcome of Zortman and Landusky Mines 1979–1996 (Maehl 2003).
In the 1970s, Pegasus Gold Corporation was a leader in hard rock mining
and the development of the cyanide heap leach process for making lowgrade gold deposits proﬁtable. Montanans in job-starved Philips County
were attracted to the prospect of 300 well-paid jobs. The jobs were available
for the 17-year life of the mines and served to signiﬁcantly lower the unemployment rate in the county during that time (Maehl 2003). The mining
company also claimed that it would not mine high-sulﬁde ore (Abel 1997).
Failures:
~ 1TcfTT] (&(P]S ((cWTbcPcT^U<^]cP]PP]ScWT1daTPd^U;P]S
Management allowed nine expansions of the mines without a supplemental Environmental Impact Statement. None of the expansions
included provisions for mining or treatment of acid-generating
(sulﬁde) ore (Levit and Kuipers 2000).
~ 8c fPb ]^c d]cX[ ((" fWT] PRXS \X]T SaPX]PVT T]cTaTS cWT c^f] ^U
Zortman, that Pegasus was cited for violations and ordered to write a reclamation plan (Abel 1997). During this time frame, the mine also experienced 12 cyanide spills, including one that released $VP[[^]b^U
cyanide solution that contaminated a local water supply (Earthworks
2011).

~ >eTa QX[[X^]VP[[^]b^UPRXS\X]TSaPX]PVTWPeTQTT]caTPcTS
~ C^gXRbTT_PVTX]R[dSX]VRhP]XST]XcaPcTbP]SbT[T]Xd\fX[[]TTS
to be treated in perpetuity.
~ BfXUc6d[RWYdbcQT[^fcWT\X]TWPbcda]TSPQaXVWc^aP]VTfXcWP]
PRXSXR_7^U"&STPS[hc^ bWP]SP`dPcXR[XUT
~ 3TeT[^_TaSTR[PaTSQP]Zad_cRh
~ 8]XcXP[Q^]SX]bdU RXT]cc^R^eTaR^bc^UaTR[P\PcX^]"&\X[[X^]X]
YdbccWT abc eThTPab
Above: Zortman and Landusky Mines (photo by Bureau of Land
Management).

~ CWT 34@ P[b^ R[PX\TS cWPc Xc Xb RP_cdaX]V P]S caTPcX]V P[[ Va^d]S P]S
surface waters hydrologically connected to the mines (Mitchell 2004).
However, after closure, and even with mitigation, the water in the headwaters of Swift Gulch just below the mine has turned a bright orange and
become more acidic, with pH declining from a near-neutral 7.5 to a highly
acidic 3.7. As of 2004, the groundwater sources of seepage to Swift Gulch
had not even been located or diverted to treatment (Mitchell 2004).

Impact:
~ CWTaTbXST]cb^UcWT5^ac1T[Z]P_8]SXP]ATbTaePcX^][XeX]VS^f]bcaTP\
from the two mines, have resorted to litigation multiple times to try to
secure safe ground and surface water.

Mitigation: After a series of lawsuits between 1993 and 1995, a Consent
Decree in 1996 required Pegasus to construct water-treatment systems, pay
a bond for their operation, and establish a trust for long-term operation and
maintenance. In 1998, Pegasus declared bankruptcy, transferring the responsibility for mitigation and reclamation to state and federal taxpayers (the initial
bond fund available to the state after bankruptcy was not sufﬁcient).

~ CWT <^]cP]P 3T_Pac\T]c ^U 4]eXa^]\T]cP[ @dP[Xch 34@ STR[PaTS
that PRXS \X]T SaPX]PVT RhP]XST bT[T]Xd\ P]S ]XcaPcTb X\_PRc
ground and surface waters that are hydrologically connected to the
mines and that the impacts from acid mine drainage will continue in
perpetuity.

The reclamation of the mine pits, waste rock dumps, and leach pads and the
recontouring of the terraced hillsides helped increase the sites’ resistance to
erosion, covered acid-producing materials, provided drainage, and reduced
random inﬁltration of toxic substances (Mitchell 2004). The earth-moving
portion of the reclamation task was completed in 2005.
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Since 1999, water-treatment plants at the mine have treated over a billion
gallons of acid mine drainage with lime. An additional bioreactor watertreatment plant treats the toxic seepage, including cyanide, nitrates, and
selenium, from beneath the 13 dismantled heap leach pads. The treated
water is sprayed on a nearby parcel of land. Treatment is also required for
80 million gallons of precipitation collected on the heap leach pads every
year; it is hoped that with land reclamation this amount may be reduced to
10 million gallons (Maehl 2003, Mitchell 2004).
Costs:
~ CWT R^\_P]h [TS U^a QP]Zad_cRh X] ((' caP]bUTaaTS Xcb aT\PX]X]V
assets to a new company, and abandoned the Zortman and Landusky
Mines (Abel 1997).
~ ;P]SaTR[P\PcX^]P]SaTR^]c^daX]VWPeTR^bc(\X[[X^]bX]RT (((
~ CWThTPa[hR^bc^U_a^RTbbTSfPcTa\P]PVT\T]cP]S[P]SP__[XRPcX^]Xb
about $1 million per year in perpetuity. The construction of a bioreactor treatment plant to pretreat selenium cost another $3 million, bringing the cost of construction and the ﬁrst three years of process water

management and land application to $6 million; this amount far exceeded
the predicted  %Q^]SX]VP\^d]c (Maehl 2003).
~ >_TaPcX]VR^bcb[PQ^aP]S[PQP]P[hbXbX]!P]S! U^acWTcf^fPcTa
treatment plants averaged "($_TahTPa. The sureties bond for the
water-treatment plants was about %! _Ta hTPa—another shortfall—and the plants must be kept operating forever (Maehl 2003).
~ CWa^dVW!#<^]cP]P34@WPbb_T]c^eTa$37 million for reclamation,
which includes the $33 million in bond settlement funds plus federal and
state funds. The trust reserve is $11 million short of what it needs to invest
(in 2001) to fund water treatment after 2017 (Mitchell 2004).
How does this compare to Pebble? Comparing the Montana situation with
that in the Pebble Mine District in Alaska, reveals that it will be impossible
to capture all ground and surface waters hydrologically connected to
mines in the Pebble Mine District because the ground near Pebble is permanently saturated with ground and surface water that is inextricably linked in
the frost-free season.
.

THE TRUE COST OF MINING

Zortman and Landusky Cost Analysis

$1 billion

Corporate Proﬁt
Bond

Society Pays

Reclamation Costs $33 m Remainder after bond + $1.5 m/yr in perpetuity
Original bond: $169,000

1,000+ years

1996: Consent Decree
Pegasus must construct water-treatment
systems, pay bond, establish a trust for
long-term operation and maintenance
8]XcXP[Q^]S) %
Bond settlement: $33 million

Of the 13 hard rock mines in Montana, 10 require water treatment in perpetuity, with closure
and reclamation costs up to 100 times their initial estimates (Diamond 2006). Recently,
seven large mine operators have ﬁled for bankruptcy, leaving the state of Montana facing
tens of millions of dollars of liability for mine reclamation (Levit and Kuipers 2000).

1999–2009: Reclamation
Land reclamation and recontouring: $9 million
Bioreactor treatment plant: $3 million
Process water management and land application: $1 million/yr
Operating costs, labor, and lab analysis: "($ha
Sureties bond for the water-treatment plants: %!ha

1989

$47.5 million*
+ $1.5 million/yr
in perpetuity

2017: Estimated insufﬁcient funds
to continue water treatment

1993: Cited for Violations
1979

TRUE COST:

1999

2009

2019

3000

in perpetuity

MINE TIME LINE

1979–1996: Mine Operation
Corporate income over life of mine:
over $1 billionPSYdbcTSU^aX] PcX^]

1998: Bankruptcy Declared
Assets transferred
KEY
Life of mine (19 yrs)

* Cost to taxpayers to date (2011) = Total reclamation cost up to $37 million in 2004 plus six years of
additional water treatment costs at $1.5 million/yr = $46 million and counting.

;XUT^UR^]cP\X]P]cb hab

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

90

Bristol Bay salmon (photo by Ben Knight).
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Chapter 8

Conclusions
Increased knowledge of salmon and salmon ecosystems has taught us that salmon need healthy, functioning watersheds where a wide range of habitats and
riverine processes build resiliency into populations by
promoting genetic and life history diversity. The rivers
of Bristol Bay are extraordinary in these respects, resulting in a natural system that supports an astonishing
abundance and diversity of wild salmon. These populations drive sustainable and thriving commercial, subsistence, and recreational fisheries, while maintaining
cultural values that have been handed down through
countless generations.
This report has examined a few of the many ways
in which a project of the scale and nature of the proposed Pebble Mine can alter and degrade the ecological
processes that drive the productivity of the Nushagak
and Kvichak rivers. Additionally, we have highlighted
several examples of permitted mines that have severely
altered the natural systems around them. An understanding of potential threats, coupled with a review
of instances where these threats have become reality,
warrant cause for grave concern over the Pebble Mine
proposal.
Development of the Pebble Mine will likely involve
construction of one or more of the world’s largest
impoundments of potentially toxic mine waste, including particular mineral and chemical compounds that
are highly detrimental to salmon and salmon ecosystems. Attempting to contain these wastes in perpetuity in a region that is seismically active and characterized by complex hydrology constitutes a monumental
gamble.
We conclude that the Pebble Mine—and the regional
mining district it promotes—presents a serious and
potentially catastrophic threat to the continued health
of Bristol Bay’s aquatic and terrestrial habitats and to
the region’s world-class salmon fisheries.
As cited in this report, we base this conclusion on
the evidence that follows.
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A bald eagle eyes a chum salmon (photo by Amy Gulick).

1. The Bristol Bay basin boasts wild salmonid populations of extraordinary abundance and diversity.
These populations are highly vulnerable to even
small changes in habitat and water quality.
The Bristol Bay basin generates hundreds of millions of juvenile salmon annually, and tens of millions of adults return to their natal streams to spawn.
The basin’s wild sockeye salmon fishery is the largest
in the world and the largest source of private-sector
income in the region. The two drainages that would
be directly affected by the Pebble Mine, the Nushagak
and Kvichak, have historically been the largest producers of sockeye, Chinook, pink, coho, and chum salmon
in Bristol Bay. The Kvichak and Nushagak drainages
also support economically and socially important subsistence fisheries for Bristol Bay residents, while providing some of the most productive salmon, rainbow
trout, arctic grayling, arctic char, and Dolly Varden
sport fishing waters in the world. In short, these two
systems play a major role in the productivity of the
entire Bristol Bay terrestrial and freshwater ecosystem.
Salmon are genetically adapted to a relatively
narrow and unique range of habitat and water quality
parameters within their natal streams. As cited in this

report, a vast body of scientific information confirms
that very small changes in pH, copper and other metals,
turbidity, sediment, temperature, or water quantity
can have severe acute or chronic toxic and behavioral
effects on salmon and can fundamentally alter their
habitats. Copper mines that are a fraction of the size of
the proposed Pebble Mine have completely eliminated
salmon and other aquatic life from long stretches of
formerly productive salmon streams.
2. As initially conceived, the Pebble Mine represents
one of the largest mines in the world, and it has the
potential to significantly and permanently degrade
or destroy Bristol Bay ecosystems and adversely
impact wild salmon populations.
Lying at the headwaters and hydrologic divide
between the Nushagak and Kvichak River drainages,
the Pebble Mine strike represents one of the largest
low-grade copper deposits in the world with an ore
body of roughly 10.8 billion tons. Assuming a 1%
copper equivalency, the mine would generate over 10
billion tons of mine tailings. According to preliminary
proposals, waste rock and tailings from the Pebble
Mine would be stored behind nine miles of earth-fill
dams measuring up to 740 feet high. When mining
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is complete, the open-pit and underground workings
could cover over three square miles to a depth of up
to 5,000 feet, and an 86-mile long access road and
slurry pipelines would traverse the shores of Iliamna
Lake, the Newhalen River, and 35 other tributaries
to the Kvichak River. Construction and operation of
the Pebble Mine, mill, tailings storage facilities, access
roads, pipelines, port, power plant, electrical transmission lines, and associated facilities would physically
destroy, dewater, or otherwise adversely impact a substantial amount of salmon and resident fish habitat in
the Nushagak and Kvichak River drainages.
Because the deposit is composed of sulfide ore, the
mine presents a high risk of developing acid mine drainage. This report has highlighted several instances of acid
mine drainage in permitted mines after project developers assured regulators that no adverse impacts would
occur in surrounding aquatic ecosystems. To date,
the authors of this report know of no large-scale copper-gold-molybdenum ore body that has been mined
without the release of significant concentrations of contaminants into nearby ground or surface waters, over
the long-term. Research has confirmed that most or all
recently-permitted sulfide mines have polluted ground
or surface waters with acid mine drainage and metals.
3. If permitted, the Pebble Mine will enable development of a mining district many times larger than
the Pebble Mine lease, substantially increasing the
likelihood that mining operations will adversely
impact the Bristol Bay ecosystem.
The Pebble Project is situated on state-owned land
within a 186-square-mile property, which according to a Northern Dynasty fact sheet, is listed by the
US Geological Survey as the world’s most extensive
mineralized system. Since the establishment of the
Pebble Limited Partnership (PLP) in 2007, seven different operators have established claims to this system
and initiated leases now covering 793 square miles.
The exploitation of these leases will not be economically feasible in this undeveloped region without the
Pebble Mine infrastructure, including the roads, pipelines, port, energy-generating stations, and other facilities. Permitting of the Pebble Mine, therefore, will
promote the development of a Bristol Bay mining district containing multiple mines operated under numerous owners and permits. The cumulative impacts of a
system of mines in the Bristol Bay watershed—including Pebble—eclipse the already massive scale of the
Pebble concept. Additionally, while PLP has made commitments to ensure the Pebble Mine will not adversely
impact the Bristol Bay’s wild salmon resources, no
assurances exist that other (or future) operators will
hold themselves to the same dubiously high standard.
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4. Economic evaluations promoting mine development may not adequately account for the value of
healthy ecosystems or the long-term costs associated with clean-up. These and other factors must
be fully considered as policy-makers and the public
evaluate the trade-offs between short-term, nonrenewable mineral resource extraction and longterm, renewable salmon production in Bristol Bay.
The true economic value (including market and
non-market values) of the wild salmon ecosystem
should be considered in evaluating the final Pebble
Mine proposal. If the Pebble Mine—and any of the
neighboring mines it fosters—damage or destroy the
Bristol Bay wild salmon ecosystem, large and enduring
economic consequences to the region will result. The
economic engine fueled by Bristol Bay’s wild salmon
ecosystems supports annual regional expenditures
averaging $354.6 million, generating 5,490 jobs and
$179.83 million in annual gross income. In the event
of a catastrophic mining accident, the wild salmon ecosystem’s long-term use and extrinsic passive use values
(of $6.2 to 11.5 billion, and $3.2 to 6.4 billion, respectively) could be lost forever. Furthermore, hard rock
mining routinely involves transferring human health,
mine reclamation, and water treatment costs to state
and federal taxpayers. Recouping the financial losses
associated with these costs often requires engaging
layers of mining companies (often foreign-owned) in
years of litigation to recover even partial payments
from bonding and bankrupt companies.
In addition to considering economic values through
the lenses described in this report, policy makers and
the public must consider the adverse impacts caused by
the application of a heavy industrial (potential boombust) economy on subsistence-based cultures, which
comprise the majority of the population in the Bristol
Bay region. The values of those whose ancestries extend
thousands of years within the Bristol Bay region should
be recognized and given the greatest consideration.
Igiugig residents on the bank of the Kvichak (photo by Erin McKittrick).
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Salmon has provided subsistence for many generations of Bristol Bay
residents (photo by Ben Knight).

***
As this report was being drafted, over 180 million
gallons of oil poured into the Gulf of Mexico, threatening fish, fisheries, and a once-sustainable resource-based
economy, in an event that was apparently so unlikely
that no sufficient response or contingency plans existed.
Less than a year later, a tsunami of unimaginable force
triggered full nuclear meltdowns in three of four reactors within Japan’s Fukushima Daiichi nuclear power
plant. Catastrophic accidents happen.
While the PLP will go to great lengths to assure the
public and regulators that the Pebble Mine will result
in no net loss of salmon resources, no mine of this scale
has been operated successfully in a sensitive aquatic
ecosystem long enough to make this claim. Even if an
attractive mitigation strategy were proposed on paper
to ensure the continued vitality of the Nushagak and
Kvichak basins in the face of massive physical alterations to the landscape, the enormous network of infrastructure designed to keep contamination on site must
function all the time, for all time, to meet this claim.
History and common sense compel doubt and counsel
precaution.

There is simply too much at stake to conduct
an experiment of this scale with a resource of
such extraordinary economic, ecological, and
cultural value.

Smokehouses are part of the Alaskan way of life (photo by Ben Knight).
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Sockeye among the Alaskan ﬁreweed (photo by Ken Morrish, Fly Water Travel).

Appendix E, Page 876 of 2339

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 877 of 2339

97

Literature Cited
AA (Anglo-American). 2009a. Anglo-American Pebble Mine
investor advisory: reputational risk, regulatory challenges
and legal uncertainties. Earthworks. Available: http://earthworksaction.org/pubs/PebbleInvestorRiskReport_FINAL.
pdf. (August 2010).
AA. 2009b. Consolidated income statement. Anglo American.
Available: http://ar09.angloamerican.solutions.investis.com/
financial_statements/principal/index.html. (August 2010).
AAC (ALASKA ADMIN. CODE) tit. 11, § 80.130(a)(3)
(2006). Hearing procedures.
AAC tit. 11, § 97 (2006). Mining reclamation.
AAC tit. 11, § 110 (2006). Alaska coastal management
program implementation.
AAC tit. 11, § 112.300(b)(3) (2006). Statewide standards
of the Alaska coastal management program. Resources and
Habitats. Habitats.
Abel, H. 1997. The rise and fall of a gold mining company.
High Country News (December 22). Available: http://www.
hcn.org/issues/121/3860. (September 2010).
ACFEC (Alaska Commercial Fish Entry Commission).
2010. Permit statistics for Alaska’s limited entry salmon
fisheries 1999–2008. Available: http://www.cfec.state.ak.us/
research/salmon/salpmt99_08.pdf. (August 2010).
ACFEC. 2011. Basic Information Table (BIT) of S 03T
(fishery code): Salmon, drift gillnet, Bristol Bay. ACFEC,
November 20, 2011. Available: http://www.cfec.state.ak.us/
bit/X_S03T.HTM. (December 2011).
ADEC (Alaska Department of Environmental Conservation). 2003. Alaska water quality criteria manual for toxic
and other deleterious organic and inorganic substances.
Amended as of May 15, 2003. ADEC, Juneau, AK.
ADEC. 2006. Alaska water quality standards. Amended as
of December 28, 2006. ADEC, Juneau, AK.
ADFG (Alaska Department of Fish and Game). 2008a.
2008 Bristol Bay salmon season summary, news release.
ADFG. Available: http://www.cf.adfg.state.ak.us/region2/
finfish/salmon/bbay/brbpos08.pdf. (September 2010).
ADFG. 2008b. Alaska freshwater fish inventory. Division of
Sport Fish, ADFG. Available: http://www.sf.adfg.state.ak.us/
SARR/Surveys/index.cfm. (August 2010).
ADFG. 2010a. Bristol Bay historical salmon information.
Division of Commercial Fisheries, ADFG. Available: http://
www.cf.adfg.state.ak.us/region2/finfish/salmon/bbay/bbayhist.php. (August 2010).
ADFG. 2010b. Bristol Bay salmon season summary. Division of Commercial Fisheries, ADFG, Dillingham, AK.
ADFG. 2011a. 2010 Bristol Bay area annual management
Report. Division of Sport Fish and Commercial Fisheries,
ADFG. Available: http://www.sf.adfg.state.ak.us/FedAidpdfs/FMR11-23.pdf. (November 2011).
ADFG. 2011b. Anadromous waters catalog: overview.
ADFG. Available: http://www.adfg.alaska.gov/sf/SARR/
AWC/. (June 2011).
ADLWD (Alaska Department of Labor and Workplace Development). 2010. April 2010 Unemployment rate, Bristol

Bay borough vs. Alaska statewide. Available: http://labor
stats.alaska.gov/?PAGEID=67&SUBID=188. (April 2010).
ADNR (Alaska Department of Natural Resources). 2005.
Bristol Bay area plan for state lands. Division of Mining,
Land, and Water, ADNR. Available: http://dnr.alaska.gov/
mlw/planning/areaplans/bristol/pdf/bbap_complete.pdf.
(August 2010).
ADNR. 2006. Status of application packet: pebble project/
application for water rights. Alaska Coastal Management
Program, Office of Project Management and Permitting,
ADNR. Available: http://dnr.alaska.gov/mlw/mining/
largemine/pebble/2006/acmp.pdf. (October 2010).
ADNR. 2008a. Pebble project. Division of Mining, Land,
and Water, ADNR. Available: http://dnr.alaska.gov/mlw/
mining/largemine/pebble/waterapp.htm. (October 2010).
ADNR. 2008b. The process and requirements for large mine
permit applications in Alaska. ADNR. Available: http://
dnr.alaska.gov/mlw/mining/largemine/may5pptcolor6.pdf.
(September 2010).
ADNR. 2008c. The process and requirements for large mine
permit applications in Alaska. ADNR. Available: http://
dnr.alaska.gov/mlw/mining/largemine/may5pptcolor6.pdf.
(September 2010).
ADNR. 2010a. Alaska DNR state mining claims.
Alaska State Geospatial Data Clearinghouse, ADNR.
Available: http://dnr.alaska.gov/SpatialUtility/
SUC?cmd=vmd&layerid=137. (December 2010).
ADNR. 2010b. Permitting large mine projects in Alaska.
Office of Project Management and Permitting, ADNR.
Available: http://dnr.alaska.gov/mlw/mining/largemine/lmptprocess2010.pdf. (July 2011).
ADNR. 2011. Alaska coastal management program
(ACMP). Division of Coastal and Ocean Management,
ADNR. Available: http://alaskacoast.state.ak.us/Current_
News/ACMP_Fact_Sheet_2011.pdf. (June 2011).
ADR (Alaska Department of Revenue). 2009. Alaska tax
division 2009 annual report. Division of Taxes, ADR. Available: http://www.tax.alaska.gov/programs/documentviewer/
viewer.aspx?1896f. (August 2010).
ADR. 2010a. Tax division: fisheries related taxes. Division of
Taxes, ADR, Available: http://www.tax.alaska.gov/programs/
programs/forms/index.aspx?60620. (December 2011).
ADR. 2010b. Tax division: mining license tax. Division of
Taxes, ADR. Available: http://www.tax.alaska.gov/programs/programs/statutes/index.aspx?60610. (August 2010).
Alaska State Legislature. 2010. Audit of Department of
Natural Resources Alaska Coastal Management Program:
part 1. Division of Legislative Audit, Legislative Budget and
Audit Committee, Alaska State Legislature, Audit Control
Number 10-30060A-11. Juneau, AK.
ALASKA STAT. § 16.05.841 (2006). Fishways and Hatcheries. Fishway Required.
ALASKA STAT. § 16.05.851 (2006). Fishways and Hatcheries. Hatchery Required.
ALASKA STAT. § 16.05.871(c,d) (2006). Protection of Waterways for Anadromous Fish. Protection of Fish and Game.
ALASKA STAT. § 27.05.010(b) (2006). Department Responsible for Mineral Resources.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 878 of 2339

98
ALASKA STAT. § 38.04.005(a) (2006). Public and Private
Land Use.
ALASKA STAT. § 38.05.035(e)(6) (2006). Alaska Land Act.
Powers and Duties of the Director.
ALASKA STAT. § 38.05.300 (2006). Alaska Land Act. Classification of Land.
ALASKA STAT. § 38.05.850(a) (2006). Alaska Land Act.
Permits.
ALASKA STAT. § 44.66.020(a) (2006). Agency Programs.
ALASKA STAT. §§ 46.39.010–.040 (2006). Coastal Management Administration.
Alexander, R., E. Boyer, R. Smith, G. Schwarz, and R.
Moore. 2007. The role of headwater streams in downstream
water quality. Journal of the American Water Resources Association 43(1):41–59.
Alfano, P. 2009. NEPA at 40: procedure or substance. Environmental Law Institute. Available: http://www.eli.org/pdf/
seminars/NEPA/Alfano.NEPA.pdf. (June 2011).
Alto, K., S. Broderius, and L. Smith, Jr. 1977. Toxicity of
xanthates to freshwater fish and invertebrates. University of
Minnesota report submitted to Minnesota Environmental
Quality Council, Regional Copper Nickel Study. Available: www.leg.state.mn.us/docs/pre2003/other/CN004.pdf.
(December 2011).
Asche, F., A. Guttormsen, T. Sebulonsen, and E. Sissener.
2005. Competition between farmed and wild salmon:
the Japanese salmon market. Agricultural Economics
33(3):333–340. Available: http://www.umb.no/statisk/ior/
ageconlaks.pdf. (August 2010).
Augerot, X. 2005. Atlas of Pacific salmon: the first mapbased status assessment of salmon in the North Pacific.
University of California Press, Berkeley, CA.
Australian Government Publishing Service. 1995. Sodium
Ethyl Xanthate,Priority Existing Chemical No. 5, Full Public Report. Canberra. Available: www.nicnas.gov.au/search.
(December 2011).
Ayres, R., L. Ayres, and I. Råde. 2002. The life cycle of
copper, its co-products and by-products. Commissioned by
the MMSK project, Report 24. International Institute for
Environment and Development, London, UK.
Baatrup, E. 1991. Structural and functional-effects of heavy
metals on the nervous system, including sense organs of fish.
Comparative Biochemistry and Physiology Part C: Pharmacology, Toxicology, and Endocrinology 100(1–2):253–257.
Baker, R., M. Knittel, and J. Fryer. 1983. Susceptibility of
Chinook salmon, Oncorhynchus tshawytscha (Walbaum),
and rainbow trout, Salmo gairdneri Richardson, to infection
with Vibrio anguillarum following sublethal copper exposure. Journal of Fish Diseases 6(3):267–275.
Balczon, J., and J. Pratt. 1994. A comparison of the responses of two microcosm designs to a toxic input of copper.
Hydrobiologia 281(2):101–114.
Baldwin, D., J. Sandahl, J. Labenia, and N. Scholz. 2003.
Sublethal effects of copper on coho salmon: impacts on
non-overlapping receptor pathways in the peripheral olfactory nervous system. Environmental Toxicology and Chemistry 22(10):2266–2274.
Balm, T., T. Carrick, A. Conen, and T. Pottinger. 1996.

Trychophyra intermedia on the gills of rainbow trout
acclimating to low ambient pH. Journal of Fish Biology
48(1):147–150.
Barry, K., J. Grout, C. Levings, B. Nidle, and G. Piercey.
2000. Impacts of acid mine drainage on juvenile salmonids
in an estuary near Britannia Beach in Howe Sound, British
Columbia. Canadian Journal of Fisheries and Aquatic Sciences 57(10):2032–2043.
Bash, J., C. Berman, and S. Bolton. 2001. Effects of turbidity
and suspended solids on salmonids. Center for Streamside
Studies, University of Washington, Seattle, WA.
Battin, J., M. Wiley, M. Ruckelshaus, R. Palmer, E. Korb,
K. Bartz, and H. Imaki. 2007. Projected impacts of climate change on salmon habitat restoration. Proceedings of
the National Academy of Sciences of the United States of
America 104(16):6720–6725.
Baxter, C., and F. Hauer. 2000. Geomorphology, hyporheic
exchange, and selection of spawning habitat by bull trout
(Salvelinus confluentus). Canadian Journal of Fisheries and
Aquatic Science 57(7):1470–1481.
Baxter, G. 1961. River utilization and the preservation of
migratory fish life. Proceedings of the Institution of Civil
Engineers 18(3):225–244.
Baxter, J., and J. McPhail. 1999. The influence of redd site
selection, groundwater upwelling, and over-winter incubation temperature on survival of bull trout (Salvelinus confluentus) from egg to alevin. Canadian Journal of Zoology
77(8):1233–1239.
BBNC (Bristol Bay Native Corporation). 2010. Letter to
Dennis McLerran, Regional Administrator, Region 10, U.S.
Environmental Protection Agency. 12 August 2010. Bristol
Bay Regional Seafood Development Association. Available:
http://www.bbrsda.com/layouts/bbrsda/files/documents/
bbrsda_pebble/Bristol Bay Native Corporation EPA Letter
081210.pdf. (July 2011).
BCME (British Columbia Ministry of Environment). 2011.
Analysis of effects of mine site remediation on total copper
concentrations in the Tsolum River and some of its tributaries. BWP Consulting Inc. 2011. Available: http://www.env.
gov.bc.ca/wat/wq/pdf/minesite-rem-effects-on-tsolum.pdf .
(November 2011).
Ben-David, M. 1997. Timing of reproduction in wild mink:
the influence of spawning Pacific salmon. Canadian Journal
of Zoology 75(3):376–382.
Berry, W., N. Rubenstein, and B. Melzian. 2003. The biological effects of suspended and bedded sediment (SABS) in
aquatic systems: a review. U.S. Environmental Protection
Agency, Internal Report, Washington, D.C. Available: http://
www.epa.gov/waterscience/criteria/sediment. (August 2010).
Bilby, R., J. Heffner, B. Fransen, P. Bisson, and J. Walter.
1998. Response of juvenile coho, USA salmon (Oncorhynchus kisutch) and steelhead (Oncorhynchus mykiss) to the
addition of salmon carcasses to two streams in southwest
Washington. Canadian Journal of Fisheries and Aquatic Science 55(8):1909–1918.
Bill, D. 1984. 1982 Kvichak River sockeye salmon smolt
studies. Pages 2–13 in D.M. Eggers and H.J. Yuen, editors.
1982 Bristol Bay sockeye salmon smolt studies. Division
of Commercial Fisheries, Alaska Department of Fish and
Game, Technical Report No. 103, Juneau, AK.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 879 of 2339

99

Literature Cited
Birtwell, I. 1999. The effects of sediment on fish and their
habitat. Fisheries and Oceans Canada, Pacific Scientific
Advice Review Committee, Canadian Stock Assessment
Secretariat Research Document 99/139, Ottawa, ON.
Bjornn, T., and D. Reiser. 1991. Habitat requirements of
salmonids in streams. Pages 83–138 in W.R. Meehan. Influences of forest and rangeland management on salmonid
fishes and their habitats. American Fisheries Society, Special
Publication No. 19, Bethesda, MD.
Boehne, P., and R. House. 1983. Stream ordering: a tool for
land managers to classify western Oregon streams. U.S. Bureau of Land Management, Technical Note: OR-3, Portland,
OR.
Boening, D. 1998. Aquatic toxicity and environmental fate
of xanthates. Mining Engineering 50(9):65–68.
Bristol Bay Borough. 2010. Bristol Bay Borough. Bristol
Bay Area. Available: http://www.theborough.com/area.html.
(September 2010).
Brown, L., S. Chase, M. Mesa, R. Beamish, and P. Moyle,
editors. 2009. Biology, management, and conservation of
lampreys in North America, American Fisheries Society
Symposium 72. American Fisheries Society, Bethesda, MD.
Brumbaugh, W., and T. May. 2008. Elements in mud and
snow in the vicinity of the DeLong Mountain regional
transportation system toad, Red Dog Mine, and Cape Krusenstern National Monument, Alaska, 2005–06. U.S. Geological Survey, Scientific Investigations Report 2008–5040,
Reston, VA.
Bryce, S., G. Lomnicky, P. Kaufmann, L. McAllister, and
T. Ernst. 2008. Development of biologically based sediment criteria in mountain streams of the western United
States. North American Journal of Fisheries Management
28(6):1714–1724.
Bryce, S., G. Lomnicky, and P. Kaufmann. 2010. Protecting sediment-sensitive aquatic species in mountain streams
through the application of biologically based streambed sediment criteria. Journal of the North American Benthological
Society 29(2):657–672.
Buckley, J., M. Roch, J. McCarter, C. Rendell, and A. Matheson. 1982. Chronic exposure of coho salmon to sublethal
concentrations of copper-1. Effect on growth, on accumulation, and distribution of copper, and on copper tolerance.
Comparative Biochemistry and Physiology Part C: Pharmacology, Toxicology, and Endocrinology 72(1):15–19.
Buckwalter, J. 2009. FY 2009 Operational Plan: inventory
of fish distribution in the lower Yukon River Drainage.
Alaska Department of Fish and Game.
Burgner, R. 1991. Life history of sockeye salmon (Oncorhynchus nerka). Pages 1–117 in C. Groot, and L. Margolis, editors. Pacific salmon life histories. University of British
Columbia Press, Vancouver, B.C.
Cambridge, M. 2005. The importance of failure in the
design process. Pages 59–68 in Z. Agioutantis and K.
Komnitsas, editors. Proceedings of the geoenvironment
and geotechnics (GEOENV2005) international workshop,
September 12–14, 2005. Milos Island, Greece,. Heliotopos
Conferences Ltd., Athens, Greece.
Cantilli, R., R. Stevens, W. Swietlik, W. Berry, P. Kaufmann,
J. Paul, R. Spehar, S. Cormier, and D. Norton. 2006. Framework for developing suspended and bedded sediments (SABS)

water quality criteria. Office of Water, U.S. Environmental
Protection Agency, EPA 822-R-06-001, Washington, D.C.
Carlisle, D., M. Meador, S. Mouton, and P. Ruhl. 2007.
Estimation and application of indicator values for common
macroinvertebrate genera and families of the United States.
Ecological Indicators 7(1):22–33.
Cederholm, C., D. Johnson, R. Bilby, L. Dominguez, A.
Garrett, W. Graeber, E. Greda, M. Kunze, B. Marcot, J.
Palmisano, R. Plotnikoff, W. Pearcy, C. Simenstad, and P.
Trotter. 2001. Pacific salmon and wildlife: ecological contexts, relationships, and implications for management. Pages
628–685 in D. Johnson, and T. O’Neil, editors. Wildlifehabitat relationships in Oregon and Washington. Oregon
State University Press, Corvallis, OR.
CEQ (Council on Environmental Quality) Regulations for
Implementing the Procedural Provisions of the National Environmental Policy Act. Timing of Agency Action. 40 C.F.R.
§ 1506.10(b), (d) (2011).
CEQ Regulations for Implementing the Procedural Provisions of the National Environmental Policy Act. Elimination
of Duplication with State and Local Procedures. 40 C.F.R. §
1506.2 (2011).
CEQ Regulations for Implementing the Procedural Provisions of the National Environmental Policy Act. Major
Federal Action. 40 C.F.R. § 1508.18 (2011).
Chakoumakos, C., R. Russo, and R. Thurston. 1979. Toxicity of cooper to cutthroat trout (Salmo clarki) under different conditions of alkalinity, pH, and hardness. Environmental Science and Technology 13(2): 213–219.
Chambers, D., and R. Moran. 2007. Mining/geochemistry/
hydrogeology. Submitted to Wild Salmon Center, Portland,
OR.
Chambers, D., and B. Higman. 2011. Long term risks of
tailings dam failure. Available: http://www.csp2.org/reports.
htm. (July 2011).
Chapman, G. 1978. Toxicities of cadmium, copper, and zinc
to four juvenile stages of Chinook salmon and steelhead.
Transactions of the American Fisheries Society 107(6):841–
847.
Chapman, G., and D. Stevens. 1978. Acutely lethal levels of
cadmium, copper, and zinc to adult male coho salmon and
steelhead. Transactions of the American Fisheries Society
107(6):837–840.
Chugach Electrical Association, Inc. 2009. 2009 annual
report. Chugach Electrical Association, Inc. Available: http://
www.chugachelectric.com/pdfs/2009_annual_report.pdf.
(August 2010).
Clements, W., D. Carlisle, J. Lazorchak, and P. Johnson.
2000. Heavy metals structure benthic communities in Colorado mountain streams. Ecological Applications 10(2):626–
638.
Collings, M. 1972. A methodology for determining instream
flow requirements for fish. Pages 72–86 in Proceedings,
instream flow methodology workshop. Washington State
Water Program, Olympia, WA.
Collings, M. 1974. Generalization of spawning and rearing discharges for several Pacific salmon species in western
Washington. U.S. Geological Survey, Open-File Report,
Tacoma, WA.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 880 of 2339

100
Coulter, D. 1976. Location studies for slurry pipelines—the
effect of ground surface temperatures. Technical Memo.
System Sciences, Inc., Bethesda, MD.

DeWalle, D., R. Dinicola, and W. Sharpe. 1987. Predicting
base flow alkalinity as an index to episodic stream acidification and fish presence. Water Resources Bulletin 23(1):29–35.

Craciun Research. 2009. Summary report: Bristol Bay
residents views on development study. Report of Craciun
Research to Nunumta Aulukestai, Dillingham, AK. Available: http://nunamtasurvey.info/NunamtaSurveyReport.pdf.
(August 2010).

Diamond, J. 2006. Collapse: how societies choose to fail or
succeed. Penguin Books, New York, NY.

Crone, A., S. Personius, P. Craw, P. Haeussler, and L. Staft.
2004. The Susitna Glacier thrust fault: characteristics of
surface ruptures on the fault that initiated the 2002 Denali
fault earthquake. Bulletin of the Seismological Society of
America 94(6B):5–22.
Crouse, M., C. Callahan, K. Malueg, and S. Dominguez.
1981. Effects of fine sediments on growth of juvenile coho
salmon in laboratory streams. Transactions of the American
Fisheries Society 110(2):281–286.
CWA (Federal Water Pollution Control Act of 1972) § 404,
33 U.S.C. § 1344 (2008).
CWA Section 404(b)(1) Guidelines for Specification of Disposal Sites for Dredged or Fill Material, Purpose and Policy.
40 C.F.R. § 230.1(c-d) (2011).
CWA Section 404(b)(1) Guidelines for Specification of
Disposal Sites for Dredged or Fill Material, Restrictions on
Discharge. 40 C.F.R. § 230.10(a-d) (2011).
CWA Section 404(b)(1) Guidelines for Specification of Disposal Sites for Dredged or Fill Material, Potential Impacts
on Special Aquatic Sites. 40 C.F.R. § 230.40-45 (2011).
CWA Section 404(b)(1) Guidelines for Specification of Disposal Sites for Dredged or Fill Material, Actions Affecting
Plant and Animal Populations. 40 C.F.R. § 230.75 (2011).
CWA Section 404(c) Procedures. Purpose and Scope. 40
C.F.R. § 231.1 (2011).
CWA Section 404(c) Procedures. Definitions. 40 C.F.R. §
231.2(e) (2011).
Dahl, B., and H. Blanck. 1996. Toxic effects of the antifouling agent Irgarol 1051 on periphyton communities
in coastal water microcosms. Marine Pollution Bulletin
32(4):342–350.
Davies, M., E. McRoberts, and T. Martin. 2002. Static
liquefaction of tailings –fundamentals and case histories.
Available: http://www.infomine.com/publications/docs/Davies2002c.pdf. (July 2011).
Davis Jr., R., A. Welty, J. Borrego, J. Morales, J. Pendon,
and J. Ryan. 2000, Rio Tinto estuary (Spain): 5000 years
of pollution. Springer-Verlag, Environmental Geology
39(10):1107–1116.
Day, N. 2010. The Holden Mine: update on site cleanup
activities. U.S. Department of Agriculture Forest Service.
Available: http://www.fs.fed.us/r6/wenatchee/holden-mine/
pdf/Holden-mine-update-Summer-2010.pdf. (September
2010).
Demory, R., R. Orrell, and D. Heinle. 1964. Spawning
ground catalog of the Kvichak River system, Bristol Bay,
Alaska. U.S. Fish and Wildlife Service, Special Scientific
Report, Fisheries No. 488, Washington, D.C.
Denial or Restriction of Disposal Sites, Section 404(c) Procedures, 44 Fed. Reg. 58,076-7 (1979).

Dobb, E. 2010. Alaska’s choice. National Geographic
Magazine (December):100–125.
Dobbyn, P. 2005. Mine poisons Alaska EPA listing. Anchorage Daily News (May 12): F1.
Donaldson, J. 1967. The phosphorus budget of Iliamna
Lake, Alaska, as related to the cyclic abundance of sockeye salmon. Ph.D. dissertation, University of Washington,
Seattle, WA.
Douglas, T. 2006. Review of groundwater salmon interactions in British Columbia. Watershed Watch. Available:
http://www.watershed-watch.org/publications/files/Ground
water+Salmon++hi+res+print.pdf. (August 2010).
Doukas, A., A. Cretney, and J. Vadgama. 2008. Booms to
bust: social and cultural impacts of the mining cycle. The
Pembina Institute. Available: http://pubs.pembina.org/reports/boombust-final.pdf. (August 2010).
Dube, M., D. MacLatchy, J. Kieffer, N. Glozier, J. Culp, and
K. Cash. 2005. Effects of metal mining effluent on Atlantic
salmon (Salmo salar) and slimy sculpin (Cottus cognatus):
using artificial streams to assess existing effects and predict
future consequences. The Science of Total Environment
343(1–3):135–154.
Duffield, J. 1997. Non-market valuation and the courts: the
case of the Exxon Valdez. Contemporary Economic Policy.
5(15):98–109.
Duffield, J. 2009. Bristol Bay wild salmon ecosystem economics: 2008 update. Duffield, J., Neher, C., Patterson, D.,
and O. Goldsmith. 2007. Economics of wild salmon ecosystems: Bristol Bay, Alaska. Proceedings of U.S. Department of
Agriculture Forest Service, PMRS-P-49.
Duffield, J., C. Neher , and D. Patterson. 2007. Economics
of wild salmon watersheds: Bristol Bay Alaska, revised Final
Report. Trout Unlimited, Juneau, AK.
Earle, J., and T. Callaghan. 1998. Impacts of mine drainage on aquatic life, water uses, and man-made structures.
Pages 41–43 in Coal mine drainage prediction and pollution
prevention in Pennsylvania. Pennsylvania Department of
Environmental Protection, Harrisburg, PA.
Earthworks. 2004. False promises: water quality predictions
gone wrong. Bristol Bay Alliance. Available: http://www.bristolbay alliance. com/mines_and_water.htm. (August 2010).
Earthworks. 2010. Water-related impacts at the Pebble
Mine. Earthworks, Our Bristol Bay. Available: http://ourbristolbay.com/water-related-impacts.html. (February 2011).
Earthworks. 2011. Zortman and Landusky gold mines.
Earthworks. Available: http://www.earthworksaction.org/
zortman_landusky.cfm. (June 2011).
Eash, J., and R. Rickmnan. 2004. Floods on the Kenai Peninsula, Alaska, October and November 2002. U.S. Geological Survey, Fact Sheet 2004-3023, Anchorage, AK.
Ecology and Environment, Inc. 2010. An assessment of
ecological risk to wild salmon systems from large-scale mining in the Nushagak and Kvichak watersheds of the Bristol

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 881 of 2339

101

Literature Cited
Bay basin. Report of Ecology and Environment, Inc. to The
Nature Conservancy, Arlington, VA.
Edwards, M., and J. Larson. 2003. Estimation of coho
salmon escapement in the Ugashik Lake systems, Alaska
Peninsula National Wildlife Refuge, 2002. King Salmon
Fish and Wildlife Field Office, U.S. Fish and Wildlife Service,
Alaska Fisheries Data Series 2003-3, King Salmon, AK.
Eggers, D., and H. Yuen, editors. 1984. 1982 Bristol Bay
sockeye salmon smolt studies. Division of Commercial Fisheries, Alaska Department of Fish and Game, Technical Data
Report No. 103, Juneau, AK.
Einan, D., and L. Klasner. 2010. Holden Mine cleanup project: agencies’ proposed plan. U.S. Environmental Protection
Agency and Washington Department of Ecology public
meeting slide presentation. U.S. Department of Agriculture
Forest Service. Available: http://www.fs.fed.us/r6/wenatchee/
holden-mine. (September 2010).

tat Action Plan.
Fall, J., M. Chythlook, J. Schichnes, and J. Morris. 1996. An
overview of the harvest and use of freshwater fish by the
communities of the Bristol Bay region, southwest Alaska.
Division of Subsistence, Alaska Department of Fish and
Game, Technical Paper No. 166, Juneau, AK.
Fall, J., D. Holen, B. Davis, T. Krieg, and D. Koster. 2006.
Subsistence harvests and uses of wild resources in Iliamna,
Newhalen, Nondalton, Pedro Bay, and Port Alsworth, Alaska, 2004. Alaska Department of Fish and Game, Technical
Paper No. 302, Juneau, AK.
Felt Soul Media. 2009. Red gold: considering the future of
Bristol Bay. Felt Soul Media. Available: http://www.feltsoulmedia.com/redgold_studyguide.pdf. (September 2010).

Eisler, R. 2000. Handbook of chemical risk assessment:
health hazards to humans, plants, and animals, vol. 1: metals. Lewis Publishers, New York, NY.

Fey, D. 2003. Acid base accounting: assessing the toxicity
potential of mine-waste piles. Presentation to Billings Symposium/ASMR Annual Meeting, June 1, 2003. U.S. Geological Survey. Available: http://www.swrcb.ca.gov/academy/
courses/acid/supporting_material/usgs_acidbaseacct.pdf.
(December 2011).

Englund, G., and B. Malmqvist. 1996. Effects of flow regulation, habitat area, and isolation on the macroinvertebrate
fauna of rapids in north Swedish Rivers. Regulated Rivers:
Research and Management 12(4–5):433–445.

Flebbe, P., L. Roghair, and J. Bruggink. 2006. Spatial modeling to project southern Appalachian trout distribution in
a warmer climate. Transactions of the American Fisheries
Society 135(5):1371–1382.

Enserink, E., J. Maas-Diepeveen, and C. van Leeuwen. 1991.
Combined toxicity of metals: an ecotoxicological evaluation. Water Research 25(6):679–687.

Ford, J., and L. Hasselbach. 2001. Heavy metals in mosses
and soils on six transects along the Red Dog Mine haul
road, Alaska. Western Arctic National Parklands, U.S. National Park Service NPS/AR/NRTR-2001/38, Kotzebue, AK.
Available: http://www.dec.state.ak.us/spar/csp/docs/reddog/
reddogrpt2.pdf. (September 2010).

Epler, P. 2011a. Compromise in works for management of
coastal development. Alaska Dispatch April 5, 2011. Available: http://www.alaskadispatch.com/article/compromiseworks-management-coastal-development. (June 2011).
Epler, P. 2011b. Alaska coastal communities push for local
control. Alaska Dispatch January 28, 2011. Available: http://
www.alaskadispatch.com/article/alaska-coastal-communities-push-local-control. (June 2011).
Epler, P. 2011c. It’s a wrap: Alaska State Legislature adjourns. Alaska Dispatch May 14, 2011. Available: http://
www.alaskadispatch.com/article/its-wrap-alaska-legislatureadjourns. (June 2011).
Eppinger, R., D. Frey, K. Kelley, S. Smith, and S. Giles.
2009. A hydrogeochemical exploration study at the Pebble
Deposit, Alaska. Pages 365-368 in D. Lentz, K. Thorne, and
K. Beal, editors. Proceedings of 24th International Applied
Geochemistry Symposium, New Brunswick, CA. Available: http://www.appliedgeochemists.org/events/iags2009/
abstracts/24th_IAGS_Abstracts_Vol1_revised_New and Old
Discoveries Case Studies.pdf. (December 2011).
ESA (Endangered Species Act of 1973) § 7, 16 U.S.C. §
1536 (a)(3) (1988).
ESA § 7, 16 U.S.C. § 1536 (a)(2)(1988).
ESA § 7, 16 U.S.C. § 1536 (b)(3)(A)(1988).
Eshleman, K. 1988. Predicting regional episodic acidification of surface waters using empirical models. Water
Resources Research 24(7):1118–1126.
Esselman, P., D. Infante, L. Want, D. Wu, A. Cooper, and W.
Taylor. In press. An initial assessment of integrated human
disturbances on stream fish habitats in the conterminous
United States. Report of Assessment Team to the Science
and Data Committee and Board of the National Fish Habi-

Franklin, N., J. Stauber, S. Apte, and R. Lim. 2002. Effect of
initial cell density on the bioavailability and toxicity of copper in microalgal bioassays. Environmental Toxicology and
Chemistry 21(4):742–751.
French, M., and L. Evans. 1988. The effects of copper and
zinc on the growth of the fouling diatoms Amphora and
Amphiprora. Biofouling 1(1):3–18.
Frissell, C. 1993. Topology of extinction and endangerment
of native fishes in the Pacific Northwest and California
(U.S.A.). Conservation Biology 7(2):342–354.
Fudge, T., K. Wautier, R. Evans, and V. Palace. 2008. Effect of different levels of fine-sediment loading on the
escapement success of rainbow trout fry from artificial
redds. North American Journal of Fisheries Management
28(3):758–765.
FWCA (Fish and Wildlife Coordination Act of 1934), 16
U.S.C. §§ 661-667(e) (2002).
Gallant, A., E. Binnian, J. Omernik, and M. Shasby. 1995.
Ecoregions of Alaska. U.S. Geological Survey, Professional
Paper 1567, Washington, D.C.
Garrett, J., D. Bennett, F. Frost, and R. Thurow. 1998.
Enhanced incubation success for Kokanee spawning in
groundwater upwelling sites in a small Idaho stream. North
American Journal of Fisheries Management 18(4):925–930.
Gende, S., R. Edwards, M. Wilson, and M. Wipfli. 2002.
Pacific salmon in aquatic and terrestrial ecosystems. BioScience 52(10):917–928.
Ghaffari, H., R. Morrison, M. de Ruijter, A. Zivkovic, T.
Hantelmann, D. Ramsey, and S. Cowie. 2011. Preliminary

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 882 of 2339

102
assessment of the Pebble project, Southwest Alaska. Report
of Wardrop Engineering Inc., a Tetra Tech Company to
Northern Dynasty Minerals Ltd., Vancouver, B.C.
Giattina, J., R. Garton, and D. Stevens. 1982. Avoidance
of copper and nickel by rainbow trout as monitored by a
computer-based data acquisition system. Transactions of the
American Fisheries Society 111(4):491–504.
Gillilan, D., and T. Brown. 1997. Instream flow protection:
seeking a balance in western water use. Island Press, Washington, D.C.
Goldsmith, O., A. Hill, T. Hull, M. Markowski, and R.
Unsworth. 1998. Economic assessment of Bristol Bay area
national wildlife refuges: Alaska peninsula/Becherof, Izembek, Togiak. U.S. Fish and Wildlife Service, U.S. Department
of the Interior, Washington, D.C.
Goldsmith, S. 2007. The remote rural economy of Alaska.
Institute of Social and Economic Research, University of
Alaska, Anchorage, AK. Available: http://www.iser.uaa.
alaska.edu/Publications/u_ak/uak_remoteruraleconomyak.
pdf. (August 2010).
Gray, G. 2005. Major changes to the Alaska coastal management program. In proceedings of the 14th Biennial
Coastal Zone Conference, July 17–21, 2005, New Orleans,
LA. Ed. Coastal Services Center, National Oceanic and
Atmospheric Administration, Charleston, SC.
Gresh, T., J. Lichatowich, and P. Schoonmaker. 2000. An estimation of historic and current levels of salmon production
in the Northeast Pacific ecosystem: evidence of a nutrient
deficit in the freshwater systems of the Pacific Northwest.
Fisheries 25(1):15–21.
Groot, C., and L. Margolis, editors. 2001. Pacific salmon life
histories. University of British Columbia Press, Vancouver, B.C.
Gross, C. 2008. Grouse Creek, Idaho; site reclamation and
long-term water management. In Proceedings of the 2008
U.S. Environmental Protection Agency/National Groundwater Association’s Remediation of Abandoned Mine Lands
Conference, October 2–3, 2008, Westerville, OH. Available:
http://ngwa.confex.com/ngwa/mine08/webprogram/Paper5511.html. (August 2010).
Guerriere, A. 2003. PD agrees to pay fine, replace pipeline
at New Mexico facility. American Metal Market. Available:
http://www.amm.com/SearchResults.aspx?Keywords=Phelps
Dodge Corp. paid a $42,150 civil penalty to the New
Mexico Environment Department %28&OrderType=1.
(June 2011).
Habicht, C., J. Olsen, L. Fair, and J. Seeb. 2004. Smaller
effective population sizes evidenced by loss of microsatellite
alleles in tributary-spawning populations of sockeye salmon
from the Kvichak River, Alaska drainage. Environmental
Biology of Fishes 69(1–4):51–62.
Habicht, C., L. Seeb, and J. Seeb. 2007. Genetic and ecological divergence defines population structure of sockeye
salmon populations returning to Bristol Bay, Alaska, and
provides a tool for admixture analysis. Transactions of the
American Fisheries Society 136(1):82–94.

Lake Clark fault since late Eocene time. U.S. Geological
Survey, Professional Paper 1790-A, Reston, VA.
Haley, S., G. Fay, H. Griego, and B. Saylor. 2008. Appendix
G—social conditions: Red Dog Mine extension—Aqqaluk
Project. Institute of Social and Economic Research, University of Alaska, Anchorage, AK. Available: http://www.iser.
uaa.alaska.edu/Publications/8(a)/background info/RedDogAppendix_G.pdf. (August 2010).
Haley, S., and J. Magdanz. 2008. The impact of resource
development on social ties: theory and methods for assessment. Chapter 2 in C. O’Faircheallaigh and S. Ali, editors.
Earth matters: indigenous peoples, corporate social responsibility and resource development. Greenleaf Publishing,
Sheffield, UK.
Hall, T. 1986. A laboratory study of the effects of fine sediments on survival of three species of Pacific salmon from
eyed-egg to fry emergence. National Council of Paper Industry for Air and Stream Improvement, Technical Bulletin 482,
New York, NY.
Hamilton, S., K. Buhl, N. Faerber, N. Wiedmeyer, and F.
Bullard. 1990. Toxicity of organic selenium in the diet of
Chinook salmon. Environmental Toxicology and Chemistry
9(3):347–358.
Hasselbach, L., J. Ver Hoef, J. Ford, P. Neitlich, E. Crecelius,
S. Berryman, B. Wolk, and T. Bohle. 2005. Spatial patterns of
cadmium and lead deposition on and adjacent to National
Park Service lands in the vicinity of Red Dog Mine, Alaska.
Science of the Total Environment 348(1–3):211–230.
HDR Alaska and CH2M Hill. 2008. Groundwater and
surface water quality: mine area surface water 2004-2007.
Report F2. HDR, Anchorage, AK.
Hecht, S., D. Baldwin, C. Mebane, T. Hawkes, S. Gross,
and N. Scholz. 2007. An overview of sensory effects on
juvenile salmonids exposed to dissolved copper: applying
a benchmark concentration approach to evaluate sublethal
neurobehavioral toxicity. National Oceanic and Atmospheric Administration, Technical Memorandum NMFSNWFSC-83, Seattle, WA.
Hecla Mining Co., and Great Lakes Minerals Inc. 1994.
Business Wire. Available: http://www.allbusiness.com/
environment-natural-resources/ecology-environmental/7084102-1.html. (June 2011).
Heggnes, J., S. Saltveit and O. Lingaas. 1996. Predicting
fish habitat use to changes in water flow: modeling critical minimum flows for Atlantic salmon, Salmo salar, and
brown trout, Salmo trutta. Regulated Rivers: Research and
Management 12(2–3):331–344.
Helvoigt, T., and D. Charlton. 2009. The economic value of
the Rogue River salmon. Report of ECONorthwest to Save
the Wild Rogue Campaign, Ashland, OR. Available: http://
www.americanrivers.org/assets/pdfs/wild-and-scenic-rivers/
the-economic-value-of-rogue.pdf. (August 2010).
Hem, J. 1985. Study and interpretation of the chemical
characteristics of natural waters, 3rd Edition. U.S. Geological
Survey Water-Supply Paper 2254.

Haeussler, P., and G. Plafker. 1995. Earthquakes in Alaska.
U.S. Geological Survey, Open-File Report 95-624. Available: http://geopubs.wr.usgs.gov/open-file/of95-624. (August
2010).

Hetrick, F., M. Knittel, and J. Fryer. 1979. Increased susceptibility of rainbow trout to infectious hematopoietic necrosis
virus after exposure to copper. Applied and Environmental
Microbiology 37(2):198–201.

Haeussler, P., and R. Saltus. 2005. 26 km of offset on the

Higgins, D., and S. Wiemeyer. 2001. Nevada assessment of

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Literature Cited
wildlife hazards associated with mine pit lakes. Nevada Fish
and Wildlife Office, Interim Report, Reno, NV.
Higman, B. 2010. Waste storage ‘in perpetuity.’ Ground
Truth Trekking. Available: http://www.groundtruthtrekking.
org/Issues/OtherIssues/InPerpetuity.html. (December 2010).
Higman, B., and A. Mattox. 2009. Field studies of active
faults in the Lake Iliamna region. Ground Truth Trekking.
Available: http://www.groundtruthtrekking.org/Reports/
FaultHunt01/index.html. (December 2010).
Hilborn, R., T. Quinn, D. Schindler, and D. Rogers. 2003.
Biocomplexity and fisheries sustainability. Proceedings of
the National Academy of Sciences 100(11):6564–6568.
Hilderbrand, G., S. Farley, C. Robbins, T. Hanley, K. Titus,
and C. Servheen. 1996. Use of stable isotopes to determine
diets of living and extinct bears. Canadian Journal of Zoology 74(1):2080–2088.
Hilderbrand, G., T. Hanley, C. Robbins, and C. Schwartz.
1999. Role of brown bears (Ursus arctos) in the flow of
marine nitrogen into a terrestrial ecosystem. Oecologia
121(4):546–550.
Hildrew, A., C. Townsend, and J. Francis. 1984. Community
structure in some English streams: the influence of species
interaction. Freshwater Biology 14(3):297–310.
Hill, R. 1974. Mining impacts on trout habitat. Pages 47–57
in Proceedings of a symposium on trout habitat, research and
management. Appalachian Consortium Press, Boone, NC.
Hocking, M., and J. Reynolds. 2011. Impacts of salmon on
riparian plant diversity. Science 331(6024):1609–1612.
Hodgson, S., and T. Quinn. 2002. The timing of adult
sockeye salmon migration into fresh water: adaptations by
populations to prevailing thermal regimes. Canadian Journal of Zoology 80(3):542.
Hoehn, R., and D. Sizemore. 1977. Acid mine drainage and
its impact on a small Virginia stream. Journal of the American Water Resources Association 13(1):153–160.
Hollibaugh, J., D. Seibert, and W. Thomas. 1980. A comparison of the acute toxicity of ten heavy metals to phytoplankton from Saanich Inlet, B.C., Canada. Estuarine and Coastal
Marine Science 10(1):93–105.
Hughes, R. 1985. Use of watershed characteristics to select
control streams for estimating effects of metal mining
wastes on extensively disturbed streams. Environmental
Management 9(3):253–262.
Hulen, D. 1990. Toxic metals foul stream near mine. Anchorage Daily News (August 18):A1+.
Huntington, C., W. Nehlsen, and J. Bowers. 1996. A survey
of healthy native stocks of anadromous salmonids in the
Pacific Northwest and California. Fisheries 21(3):6–14.
Huskey, L. 1992. The economy of village Alaska. Institute
of Economic Research, University of Alaska, Anchorage,
AK. Available: http://www.iser.uaa.alaska.edu/Publications/
Economy of Village Alaska.pdf. (August 2010).
Hynes, H. 1970. The ecology of running waters. University
of Toronto Press, Toronto, ON.
ICOLD (International Commission of Large Dams). 2001.
Tailings dams—risk of dangerous occurrences: lessons
learnt from practical experiences. ICOLD, Bulletin 121,
Paris, France.

Appendix E, Page 883 of 2339

103
IIED (International Institute for Environment and Development). 2002. Breaking new ground: mining, minerals and
sustainable development. IIED Final Report. Available: http://
www.iied.org/sustainable-markets/key-issues/business-and-sustainable-development/mmsd-final-report. (December 2011).
Ikuta, K., A. Munakata, K. Aida, M. Amano, and S. Kitamura. 2001. Effects of low pH on upstream migratory behavior in land-locked sockeye salmon (Oncorhynchus nerka).
Water, Air, and Soil Pollution 130(1–4):99–106.
Ikuta, K., Y. Suzuki, and S. Kitamura. 2003. Effects of low
pH on the reproductive behavior of salmonid fishes. Fish
Physiology and Biochemistry 28(1–4):407–410.
IPCC (Intergovernmental Panel on Climate Change). 2007.
Climate change 2007: Impacts, adaptation and vulnerability.
Contribution of Working Group II to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change.
M. Parry, O. Canziani, J. Palutikof, P. van der Linden, J.
Paul, and C. Hanson, editors. Cambridge University Press,
Cambridge, UK.
Jak, R., J. Maas, and M. Scholten. 1996. Evaluation of
laboratory derived toxic effect concentrations of a mixture
of metals by testing fresh water plankton communities in
enclosures. Water Research 30(5):1215–1227.
Jennings, S., D. Neuman, and P. Blicker. 2008. Acid mine
drainage and effects on fish health and ecology: a review.
Reclamation Research Group Publication, Bozeman, MT.
Johnson, A., J. White, and D. Huntamer. 1997. Effects of
Holden Mine on the water, sediments, and benthic invertebrates of Railroad Creek (Lake Chelan). Environmental
Investigations and Laboratory Services Program, Washington State Department of Ecology, Publication No. 97-330,
Water Body No. Wa-47-1020, Olympia, WA.
Jones, C. 1999. Use of non-market valuation methods in
the courtroom: recent affirmative precedents in natural
resource damage assessments. Universities Council on Water
Resources. Available: http://www.ucowr.siu.edu/updates/pdf/
V109_A3.pdf. (August 2010).
Julien, P., B. Bledsoe, and C. Watson. 2002. Fate and transport of metals and sediment in surface waters. Pages 17–20
in Balkema Publishers, editor, Proceedings of the 9th international conference on tailings and mine waste. January
27–30, 2002. Fort Collins, CO. Swets & Zeitlinger B.V.,
Lisse, The Netherlands.
Kaller, M., and K. Hartman. 2004. Evidence of a threshold
level of fine sediment accumulation for altering benthic macroinvertebrate communities. Hydrobiologia 518(1–3):95–
104.
Karl, T 1997. The paradox of plenty: oil booms and petrostates. University of California Press, Berkeley, CA.
Kaufmann, P., A. Herlihy, M. Mitch, J. Messer, and W. Overton. 1991. Stream chemistry in the eastern United States
1. Synoptic survey design, acid-base status, and regional patterns. Water Resources Research 27(4):611–627.
Kelley, K., J. Lang, and R. Eppinger. 2010. Exploration geochemistry at the giant Pebble porphyry Cu-Au-Mo deposit,
Alaska. Society of Economic Geologists Newsletter (January) (80):17–23. Available: http://www.segweb.org/publications/featuredarticles.aspx. (December 2011).
Kilburn, J. 1995. Grouse Creek up and running. The Northern Miner (February 6).

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 884 of 2339

104
Kimmel, W. 1983. The impact of acid mine drainage on the
stream ecosystem. Pages 424–437 in S. Majumdar, and E.
Miller, editors. Pennsylvania coal: resources, technology, and
utilization. Pennsylvania Academy of Science, Easton, PA.

on branchial ionoregulation in the rainbow trout, Salmo
gairdneri Richardson. Journal of Comparative Physiology
B: Biochemical, Systemic, and Environmental Physiology
155(5):635–644.

Kleppe v. Sierra Club, 427 U.S. 390, 410 (1976)

Leask, L., M. Killorin, and S. Martin. 2001. Trends in Alaska’s people and economy. Institute of Social and Economic
Research, University of Alaska, Anchorage, AK. Available:
http://www.akhistorycourse.org/docs/trends_in_alaska.pdf.
(August 2010).

Kline, T., J. Goering, O. Mathisen, P. Poe, P. Parker, and R.
Scalan. 1993. Recycling of elements transported upstream
by runs of Pacific salmon: II.į15N and į13C evidence in
the Kvichak River watershed, Bristol Bay, southwestern
Alaska. Canadian Journal of Fisheries and Aquatic Sciences
50(11):2350–2365.
Knight Piesold Consulting, editor. 2006a. Northern Dynasty
Mines Inc., pebble project: tailings impoundment A, initial
application report. Ref. No. VA101-176/16-13. Knight Piesold Ltd., Vancouver, B.C.
Knight Piesold Consulting, editor. 2006b. Northern Dynasty
Mines Inc., pebble project: tailings impoundment G, initial
application report. Ref. No. VA101-176/16-12. Knight Piesold Ltd., Vancouver, B.C.
Knudsen, E., D. McDonald, C. Stewart, J. Williams, and
D. Reiser. 1999. Sustainable fisheries management: Pacific
salmon. CRC Press LLC, Boca Raton, FL.
Koenings, J., and R. Burkett. 1987. Population characteristics of sockeye salmon (Oncorhynchus nerka) smolts relative to temperature regimes, euphotic volume, fry density,
and forage base within Alaskan lakes. Pages 216–234 in
H. Smith, L. Margolis, and C. Wood, editors. Proceedings
of the international sockeye salmon symposium, November
19–22, 1985, Nanaimo, B.C.: sockeye salmon (Oncorhynchus nerka) population biology and future management.
Fisheries and Oceans Canada, Canadian Special Publication
of Fisheries and Aquatic Sciences No. 96, Ottawa, ON.
Kuipers, J., A. Maest, K. MacHardy, and G. Lawson. 2006.
Comparison of predicted and actual water quality at
hardrock mines: the reliability of predictions in environmental impact statements. Kuipers & Associates and Buka
Environmental, Butte, MT.
Kyle, R., and T. Brabets. 2001. Water temperature of
streams in the Cook Inlet Basin, Alaska, and implications of
climate change. National Water-Quality Assessment Program, U.S. Geological Survey, Water-Resources Investigations Report 01-4109, Anchorage, AK.
Lang, D., G. Reeves, J. Hall, and M. Wipfli. 2006. The influence of fall-spawning coho salmon (Oncorhynchus kisutch)
on growth and production of juvenile coho salmon rearing
in beaver ponds on the Copper River Delta, Alaska. Canadian Journal of Fisheries and Aquatic Sciences 63(4):917–930.
Lapakko, K., and D. Antonson. 1994. Oxidation of sulfide
minerals present in Duluth Complex rock: a laboratory
study. Pages 593–607 in C. Alpers, and D. Blowes, editors.
Environmental Geochemistry of Sulfide Oxidation. American Chemical Society Symposium Series 550.
LaRoche, G., and L. Shelton. 2011. Lake and peninsula borough coastal management program revised public hearing
draft—March 2011. Alaska Coastal Management Program,
Office of Project Management and Permitting, Alaska
Department of Natural Resources. Available: http://alaskacoast.state.ak.us/District/DistrictPlans_Final/LakeandPen/
revised_phd/vol1_rphd.pdf. (July 2011).
Lauren, D., and M. McDonald. 1985. Effects of copper

Ledin, M., and K. Pedersen. 1996. The environmental
impact of mine wastes—roles of microorganisms and their
significance in treatment of mine wastes. Earth Science Reviews 41(1–2):67–108.
Leman, V. 1993. Spawning sites of chum salmon, Oncorhynchus keta: microhydrological regime and viability
of progeny in redds (Kamchatka River Basin). Journal of
Ichthyology 33(2):104–117.
Lenhardt, J., and J. Lehman. 2006. Measuring total volatile
suspended solids in stormwater to understand the influence
of organic matter on BPM performance. Stormwater360.
Available: http://www.stormwater360.co.nz/images/tvss in
stormwater.pdf. (August 2010).
Lenntech B. 2011. Acids and alkalis in freshwater. Lenntech
BV, The Netherlands. Available: http://www.lenntech.com/
aquatic/acids-alkalis.htm. (December 2011).
Levings C., K. Barry, J. Grout, G. Piercey, A. Marsden, A.
Coombs, and B. Mossop. 2004. Effects of acid mine drainage on the estuarine food web, Britannia Beach, Howe
Sound. Hydrobiologia 525(1–3):185–202.
Levit, S., and J. Kuipers. 2000. Reclamation bonding in
Montana. Report of the Center for Science in Public Participation to the Montana Environmental Information Center,
Helena, MT. Available: http://meic.org/files/mining/recbondingreport.pdf. (September 2010).
Lewis, M., and C. Bamforth. 2007. Essays in brewing science. Springer Science and Business Media, LLC, New York,
NY.
Li, M. 2000. Acid rock drainage prediction for low sulphide, low-neutralisation potential mine wastes. Pages
567–580 in Proceedings of the fifth international conference
on acid rock drainage (ICARD 2000). Society for Mining,
Metallurgy, and Exploration, Inc.
Loomis, J. 1999. Recreation and passive use values from
removing the dams on the Lower Snake River to increase
salmon. U.S. Army Corps of Engineers. Available: http://
www.nww.usace.army.mil/lsr/reports/misc_reports/passive.
htm. (August 2010).
Lottermoser, B. 2007. Mine wastes: characterization, treatment and environmental impacts, second edition. Springer,
Berlin.
Madej, M., C. Currens, V. Ozaki, J. Yee, and D. Anderson.
2006. Assessing possible thermal rearing restrictions for
juvenile coho salmon (Oncorhynchus kisutch) through thermal infrared imaging and in-stream monitoring. Canadian
Journal of Fisheries and Aquatic Sciences 63(6):1384–1396.
Maehl, W. 2003. Zortman and Landusky with 20/20
hindsight. Utah Division of Oil, Gas, and Mining. Available: https://fs.ogm.utah.gov/pub/mines/AMR_Related/
NAAMLP/EnDesign/Maehl.pdf. (September 2010).
Malcolm, I., C. Soulsby, A. Youngson, D. Hannah, I.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Literature Cited
McLaren, and A. Thorne. 2004. Hydrological influences
on hyporheic water quality: implications for salmon egg
survival. Hydrological Processes 18(9):1543–1560.
Manley, W., and D. Kaufman. 2002. Alaska PaleoGacier
Atlas. Institute of Arctic and Alpine Research, Boulder, CO.
Maret, T., and D. MacCoy. 2002. Fish assemblages and
environmental variables associated with hard-rock mining
in the Coeur d’Alene River Basin, Idaho. Transactions of the
American Fisheries Society 131(5):865–884.
Maret, T., D. Cain, D. MacCoy, and T. Short. 2003. Response of benthic invertebrate assemblages to metal
exposure and bioaccumulation associated with hard-rock
mining in northwestern streams, USA. Journal of the North
American Benthological Society 22(4):598–620.
Martin, S. 2004. Determinants of well-being in Iñupiat and
Yupiit eskimos: do communities matter? Ph.D. dissertation,
University of Texas, Dallas, TX. Available: http://www.iser.
uaa.alaska.edu/Projects/living_conditions/images/smartin_
dissertation_draft10_5.pdf. (August 2010).
Martin, S., and W. Platts. 1981. Influence of forest and
rangeland management on anadromous fish habitat in
western North America: effects of mining. Pacific Northwest
Forest and Range Experiment Station, U.S. Department of
Agriculture Forest Service, General Technical Report PNW119, Portland, OR.
Mazor, E. 1991. Applied chemical and isotopic groundwater
hydrology. Halsted Press, New York, NY.
McCollum, D., and S. Miller. 1994. Alaska hunters: their
hunting trip characteristics and economics. Information
Management Program, Division of Wildlife Conservation,
Alaska Department of Fish and Game, Anchorage, AK.
McCullough, D., S. Spalding, D. Sturdevant, and M. Hicks.
2001. Issue paper 5: summary of technical literature examining the effects of temperature on salmonids. Temperature
Water Quality Criteria Guidance Development Project,
Region 10, U.S. Environmental Protection Agency, EPA910-D-01-005, Seattle, WA.
McDiarmid, G. Williamson, S. Goldsmith, M. Killorin, S.
Sharp, and C. Hild. 1998. Expanding job opportunities for
Alaska natives. Institute of Social and Economic Research,
University of Alaska Anchorage, AK. Available: http://www.
iser.uaa.alaska. edu/publications/client/afnjobs/afnjobs.htm.
(August 2010).
McKetta, J. 1992. Petroleum processing handbook. Marcel
Dekker, Inc., New York, NY.
McIntryre, J., D. Baldwin, J. Meador, and N. Scholz. 2008.
Chemosensory deprivation in juvenile coho salmon exposed
to dissolved copper under varying water chemistry conditions. Environmental Science and Technology 42:1352–1358.
Mecklenburg, C., T. Mecklenburg, and L. Thorsteinson.
2002. Fishes of Alaska. The American Fisheries Society.
Bethesda, MD.
Meehan, W., editor. 1991. Influences of forest and rangeland
management on salmonid fishes and their habitats. American Fisheries Society Special Publication No. 19. American
Fisheries Society Publications, Evans City, PA.
Mills, A. 1985. Acid mine drainage: microbial impact on
the recovery of soil and water ecosystems. Pages 41–43 in
R. Tate, and D. Klein, editors. Soil reclamation processes:

Appendix E, Page 885 of 2339

105
microbial analysis and applications. Marcel Dekker, Inc.,
New York, NY.
Mining Watch. 2005. Wheaton River profits from destruction at Bajo La Alumbrera, Argentina. Mining Watch
Canada. Available: http://www.miningwatch.ca/en/wheaton-river-profits-destruction-bajo-la-alumbrera-argentina.
(June 2011).
Mitchell, L. 2004. Zortman and Landusky mines Montana
House joint resolution 43 report: water quality impacts.
MEQC (Montana Environmental Quality Council), Helena,
MT. Available: http://leg.mt.gov/content/publications/environmental/2004 zortman.pdf. (September 2010).
Molony, B. 2001. Environmental requirements and tolerances of rainbow trout (Oncorhynchus mykiss) and brown
trout (Salmo trutta) with special reference to Western Australia: a review. Fisheries Research Division, Western Australia Marine Research Laboratories, Department of Fisheries,
Government of Western Australia, Report No. 130, South
Beach, Western Australia.
Moon, A., and C. Lucostic. 1979. Effects of acid mine drainage on a southwestern Pennsylvania stream. Water, Air, and
Soil Pollution 11(3):377–390.
Moran, R. 1974. Trace element content of a stream affected
by metal-mine drainage, Bonanza, Colorado. Ph.D. dissertation, University of Texas, Austin.
Moran, R., and D. Wentz. 1974. Effects of metal-mine
drainage on water quality in selected areas of Colorado,
1972–1973. Colorado Water Conservation Board. Water
Resources Circular No. 25. Available: http://co.water.usgs.
gov/publications/pubsnonusgs.html. (December 2011).
Moran, R. 2001. Mining environmental impacts: integrating an economic perspective. Pages 67–77 in N. Borregaard,
and C. Gana, editors. Towards the integration of environmental, economic, and trade aspects in the mining sector.
Centro de Investigacion y Planificacion del Medio Ambiente, Santiago, Chile.
Moran, R. 2007. Pebble hydrogeology and geochemistry issues. Submitted to Renewable Resource Coalition, Anchorage, Alaska. Available at: http://www.renewableresourcescoalition.org/MoranSep07.pdf. (December 2011).
Morris, R., E. Taylor, D. Brown, and J. Brown. 1989. Acid
toxicity and aquatic animals. Society of experimental biology seminar series, No. 34. Cambridge University Press,
New York, NY.
Moran, R., and D. Galloway. 2007. Ground water in the
Anchorage area, Alaska: meeting the challenges of groundwater sustainability. U.S. Geological Survey, Fact Sheet
2006-3148, Anchorage, AK.
Morrow, J. 1980. The freshwater fishes of Alaska. Alaska
Northwest Publishing, Anchorage, AK.
Morstad, S., M. Jones, T. Sands, P. Salomone, T. Baker, G.
Buck, and F. West. 2010. 2009 annual Bristol Bay management report. Divisions of Sport Fish and Commercial
Fisheries, Alaska Department of Fish and Game, Fisheries
Management Report No. 10-25, Anchorage, AK. Available:
http://www.sf.adfg.state.ak.us/FedAidpdfs/FMR10-25.pdf.
(August 2010).
MPRSA (Marine Protection, Research, and Sanctuaries Act
of 1972) § 2, 33 U.S.C. § 1401 (2000).

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 886 of 2339

106
Murphy, K. 2010. Battle over Pebble Mine shifts to EPA.
Los Angeles Times. Available: http://latimesblogs.latimes.
com/greenspace/2010/08/battle-over-pebble-mine-shifts-toepa.html. (December 2010).
Murray, C., and J. McPhail. 1988. Effect of incubation
temperature on the development of five species of Pacific
salmon (Oncorhynchus) embryos and alevins. Canadian
Journal of Zoology 66(1):266–273.
Myrick, C., and J. Cech. 2004. Temperature effects on juvenile anadromous salmonids in California’s central valley:
what don’t we know? Reviews in Fish Biology and Fisheries
14(1):113–123.
Naiman, R., R. Bilby, D. Schindler, and J. Helfield. 2002.
Pacific salmon, nutrients, and the dynamics of freshwater
and riparian ecosystems. Ecosystems 5(4):399–417.
Nayar, S., B. Goh, and L. Chou. 2004. Environmental
impact of heavy metals from dredged and resuspended
sediments on phytoplankton and bacteria assessed in situ
mesocosms. Ecotoxicology and Environmental Safety
59(3):349–369.
NDM (Northern Dynasty Mines) Inc. 2005. Draft environmental baseline studies: 2004 progress reports. Chapter 8:
Geochemical characterization and ML/ARD. Alaska Department of Natural Resources. Available: http://dnr.alaska.gov/
mlw/mining/largemine/pebble/2004_reports/pr_ch08.pdf.
(July 2010).
NDM Inc. 2006a. Pebble project: application for water
right, unnamed tributary (NK1.190) North Fork Koktuli
River. NDM Inc., Anchorage, AK.
NDM Inc. 2006b. Pebble project: application for water
right, Upper Talarik Creek. NDM Inc., Anchorage, AK.
NDM Inc. 2006c. Pebble project: application for water
right, South Fork Koktuli River. NDM Inc., Anchorage, AK.
NDM Inc. 2006d. Pebble project: application for groundwater right, unnamed tributary (NK1.190) North Fork
Koktuli River. NDM Inc., Anchorage, AK.
NDM Inc. 2006e. Pebble project: application for groundwater right, Upper Talarik Creek. NDM Inc., Anchorage, AK.
NDM Inc. 2006f. Pebble project: application for groundwater
right, South Fork Koktuli River. NDM Inc., Anchorage, AK.
NDM (Northern Dynasty Minerals) Ltd. 2007. Program
and update on metallurgy and resources on the Pebble
copper-gold-molybdenum project, Iliamna Lake area, southwestern Alaska, U.S.A., NDM Ltd. Technical Report NI
43-101. Vancouver, B.C.
NDM Ltd. 2010a. Northern Dynasty partners and investors. NDM Ltd. Available: http://www.northerndynastyminerals.com/ndm/NDP.asp. (August 2010).
NDM Ltd. 2010b. Measured and indicated mineral resources. Inferred mineral resources. NDM Ltd. Available:
http://www.northerndynastyminerals.com/i/pdf/ndm/NDM_
MRES.pdf. (August 2010).
Nehlsen, W., J. Williams, and J. Lichatowich. 1991. Pacific
salmon at the crossroads: stocks at risk from California,
Oregon, Idaho, and Washington. Fisheries. 16(2):4–21.
Nelle, R. 2002. Species occurrence and length frequency distribution of fish in six lakes and five streams of the waters
of the Togiak National Wildlife Refuge, Alaska, 2000–2002.

Togiak National Wildlife Refuge, U.S. Fish and Wildlife
Service, Dillingham, AK.
Nelson, J. 1982. Physiological observations on developing
rainbow trout, Salmo gairdneri (Richardson), exposed to
low pH and varied calcium ion concentrations. Journal of
Fish Biology 20(3):359–372.
Nelson, M. 1965. A compilation of notes and biological
data from the Nushagak and Togiak Districts, Bristol Bay
1956–64. Division of Commercial Fisheries, Alaska Department of Fish and Game, Bristol Bay Data Report Series No.
1, Dillingham, AK.
NEPA (National Environmental Policy Act of 1969) § 102,
42 U.S.C. § 4332 (C) (1982).
Newcombe, C., and D. MacDonald. 1991. Effects of suspended sediments on aquatic ecosystems. North American
Journal of Fisheries Management 11(1):72–82.
NOAA (National Oceanic and Atmospheric Administration). 2010. ESA consultations. Northwest Regional Office,
NOAA. Available: http://www.nwr.noaa.gov/Salmon-Habitat/ESA-Consultations. (December 2010).
Nobmann, E. 1997. Nutritional benefits of native foods.
Institute of Social and Economic Research , University of
Alaska Anchorage, AK. Available: www.nativeknowledge.
org/db/files/ntrindex.htm. (August 2010).
Nondalton Tribal Council et al. v. State of Alaska et al. No.
3DI-09-46 CI, Amended Complaint for Declaratory Judgment (Alaska Super. Ct. 3rd Jud. Dist. at Dillingham June 9,
2009).
Nowacki, G., P. Spencer, M. Fleming, T. Brock, and T.
Jorgenson. 2001. Ecoregions of Alaska and neighboring
territory. U.S. Geological Survey, Survey Open-File Report
02-297, Reston, VA.
NRC (National Research Council). 1996. Upstream: salmon
and society in the Pacific Northwest. Committee on Protection and Management of Pacific Northwest Anadromous
Salmonids, Board on Environmental Studies and Toxicology,
Commission on Life Sciences, editors. National Academy
Press, Washington D.C.
NRC. 2005. Superfund and mining megasites—lessons from
the Coeur d’Alene River Basin. National Academies Press,
Washington, D.C.
Nunamta Aulukestai and Trout Unlimited Alaska Chapter.
2009. Biological, technical questions and answers about
Pebble Mine. Alaska Legislature. Available: www.legis.state.
ak.us/basis/get_documents.asp?session=26&docid=1400.
(August 2010).
ODEQ (Oregon Department of Environmental Quality).
2005. Turbidity criteria for other western states and British
Columbia. ODEQ, Environmental Quality Commission.
Available: http://www.deq.state.or.us/about/eqc/agendas/attachments/aug2005/G-AttB.WQTurbidityStateCompare.pdf.
(September 2010).
ODHS (Oregon Department of Human Services). 2010.
Public health assessment, Formosa Mine, Riddle, Oregon.
ODHS, Salem, OR.
OEC (Ohio Environmental Council). 2011. Will there soon
be an end to massive coal slurry ponds in Ohio? Available:
http://www.theoec.org/PDFs/FactSheets/CaptinaCreekFactSheet.pdf. (November 2011).

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 887 of 2339

107

Literature Cited
OEPA (Ohio Environmental Protection Agency). 2010.
Biological and water quality study of the Captina Creek watershed 2009. Division of Surface Water , OEPA . Available:
http://www.epa.ohio.gov/portals/35/documents/CaptinaCreekTSD2009.pdf. (November 2011).
Orth, D. 1971. Dictionary of Alaska place names: geological survey professional paper 567. U.S. Geological Survey,
Washington, D.C.
Ott, A. 2004. Aquatic biomonitoring at Red Dog Mine,
2003. Office of Habitat Management and Permitting, Alaska Department of Natural Resources, Resources Technical
Report 04-02, Juneau, AK.
Ott, A., and P. Scannell. 1993. Fish monitoring study, Red
Dog Mine in the Wulik River drainage, emphasis on Dolly
Varden (Salvelinus malma), summary report 1990–1993.
Habitat and Restoration Division, Alaska Department of
Fish and Game, Technical Report No. 94-1, Fairbanks, AK.
Parker, G., R. Raskin, C. Woody, and L. Trasky. 2008.
Pebble Mine: fish, minerals, and testing the limits of Alaska’s “large mine permitting process.” Alaska Law Review
25(1):1–50.
Parmesan, C., and G. Yohe. 2003. A globally coherent fingerprint of climate change impacts across natural systems.
Nature 421(6918):37–42.
Parsons, J. 1977. Effects of acid mine wastes on aquatic
ecosystems. Water, Air, and Soil Pollution 7(3):333–354.
Paulsen, S., A. Mayio, D. Peck, J. Stoddard, E. Tarquinio, S.
Holdsworth, J. Van Sickle, L. Yuan, C. Hawkins, A. Herlihy,
P. Kaufmann, M. Barbour, D. Larsen, and A. Olsen. 2008.
Condition of stream ecosystems in the US: an overview of
the first national assessment. Journal of the North American
Benthological Society 27(4):812–821.
Peck, J. 1999. Measuring justice for nature: issues in evaluating and litigating natural resource damages. Journal of
Land Use & Environmental Law 14(2):275–306. Available:
http://www.law.fsu.edu/journals/landuse/Vol142/peck1.htm.
(August 2010).
Pedder, S., and E. Maly. 1985. The effect of lethal copper solutions on the behavior of rainbow trout (Salmo
gairdneri). Environmental Contamination and Toxicology
14(4):501–507.
Perry, M., O. Canziani, J. Palutikof, P. van der Linden, and
C. Hanson, editors. 2007. Contribution of working group
II to the fourth assessment report of the intergovernmental
panel on climate change, 2007. Cambridge University Press,
New York, NY.
Poff, L., J. Allan, M. Bain, J. Karr, K. Prestegaard, B. Richter,
R. Sparks, and J. Stromberg. 1997. The natural flow regime:
a paradigm for river conservation and restoration. Bioscience 47(1):769–784.
Poff, N., B. Richter, A. Arthington, S. Bunn, R. Naiman, E.
Kendy, M. Acreman, C. Apse, B. Bledsoe, M. Freeman, J.
Henriksen, R. Jacobson, J. Kennen, D. Merritt, J. O’Keeffe,
J. Olden, K. Rogers, R. Tharme, and A. Warner. 2010. The
ecological limits of hydrologic alteration (ELOHA): a new
framework for developing regional environmental flow
standards. Freshwater Biology 55(1):147–170.
Potts, W., and P. McWilliams. 1989. The effects of hydrogen
and aluminum ions on fish gills. Pages 201–220 in R. Morris, E. Taylor, D. Brown, and J. Brown, editors. Acid toxicity

and aquatic animals. Society for experimental biology seminar series 34. Cambridge University Press, New York, NY.
PSF (Pacific Salmon Foundation). 2008. Mount Washington:
acid rock drainage remediation. PSF. Available: http://www.
psf.ca/index.php?option=com_content&view=article&id=1
6&Itemid=44. (December2010).
Quinn, T. 2004. The behavior and ecology of Pacific salmon
and trout. University of Washington Press, Seattle, WA.
Quinn, T., C. Wood, L. Margolis, B. Riddell, and K. Hyatt.
1987. Homing in wild sockeye salmon (Oncorhynchus
nerka) populations as inferred from differences in parasite
prevalence and allozyme allele frequencies. Canadian Journal of Fisheries and Aquatic Sciences 44(11):1963–1971.
Ramstad, K., C. Woody, G. Sage, and F. Allendorf. 2004.
Founding events influence genetic population structure
of sockeye salmon (Oncorhynchus Nerka) in Lake Clark,
Alaska. Molecular Ecology 13(2):277–290.
Ramstad, K., C. Woody, and F. Allendorf. 2009. Recent local
adaptation of sockeye salmon to glacial spawning habitats.
Evolutionary Ecology 24(2):391–411.
Rebagliati, C., and J. Payne. 2007. 2006 Summary report on
the Pebble porphyry gold-copper project, Iliamna lake area,
Southwestern Alaska, U.S.A.
Reeves, G., F. Everest, and J. Sedell. 1993. Diversity of juvenile anadromous salmonid assemblages in coastal Oregon
basins with different levels of timber harvest. Transactions
of the American Fisheries Society 122(3):309–317.
Reimchen, T. 1994. Further studies of predator and scavenger use of chum salmon in stream and estuarine habitats at
Bag Harbour, Gwaii Haanas. Report of Islands Ecological
Research to Canadian Parks Service, Queen Charlotte City,
B.C.
Reiser, D., and R. White. 1998. Effects of two sediment
size-classes on survival of steelhead and Chinook salmon
eggs. North American Journal of Fisheries Management
8(4):432–437.
Rich, W. 1939. Local populations and migration in relation
to the conservation of Pacific salmon in the western states
and Alaska. Department of Research, Oregon Fish Commission. State Printing Office, Salem, OR.
Richardson, J. 2011. Pebble CEO said mine’s energy
need could make gas line, dam viable. Fairbanks Daily
News Miner. Available: http://newsminer.com/view/
full_story/11022227/article-Pebble-CEO-said-mines#ixzz1BQArjxdq. (February 2011).
Rico, M., G. Benito, A. Salgueiro, A. and A. Diez-Herrero.
2008. Reported tailing dam failures: A review of the European incidents in the worldwide context. Journal of Hazardous Materials. 152(2):846–852.
Rieman, B., D. Isaak, S. Adams, D. Horan, D. Nagel, C.
Luce, and D. Myers. 2007. Anticipated climate warming
effects on bull trout habitats and populations across the interior Columbia River basin. Transactions of the American
Fisheries Society 136(6):1552–1565.
Rio Tinto. 2007. Bingham Canyon Mine visitors center. Rio
Tinto. Available: http://www.kennecott.com/visitors-center.
(May 2007).
Rio Tinto. 2009. 2009 annual report—strategy, delivery,
growth. Rio Tinto. Available: http://www.riotinto.com/

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 888 of 2339

108
documents/Investors/Rio_Tinto_annual_report_2009.pdf.
(August 2010).
Ripley, E., R. Redmann, and A. Crowder. 1996. Environmental effects of mining. St. Lucie Press, Delray Beach, FL.
Robertson v. Methow Valley Citizens Council, 490 U.S. 332,
350 (1989).
Rosenberg, D., and A. Wiens. 1978. Effects of sediment addition on macrobenthic invertebrates in a northern Canadian river. Water Research 12(10):753–763.
Rosseland, B. 1986. Ecological effects of acidification on
tertiary consumers: fish population responses. Water, Air,
and Soil Pollution 30(1–2):451–460.
Rothe, A. 2006. A review of industrial hard rock mining in Alaska. Report of Halcyon Research to Alaskans
for Responsible Mining, Anchorage, AK. Available: http://
northern.org/programs/clean-water-mines/alaska-mineralresource-development-information/a-review-of-industrialhard-rock-mining-in-alaska. (January 2011).
Rouse, W., M. Douglas, R. Hecky, A. Hershey, G. Kling, L.
Lesack, P. Marsh, M. McDonald, B. Nicholson, N. Roulet,
and J. Smol. 1998. Effects of climate change on the freshwaters of arctic and subarctic North America. Hydrological
Processes 11(8):873–902.
Ruediger, R., and W. Ruediger. 1999. The effects of highways on trout and salmon rivers and streams in the western
U.S. In Proceedings from the Third International Conference on Wildlife Ecology and Transportation (ICOWET III),
September 13-16, Missoula, MT. Florida Department of
Transportation, FL-ER-73-99, Tallahassee, FL.
Russell, R. 1980. A fisheries inventory of waters in the Lake
Clark National Monument area. Division of Sport Fish,
Alaska Department of Fish and Game, King Salmon, AK.
SAIC (Science Applications International Corporation).
2001. Final reclamation bond review: Grouse Creek Mine
project, Salmon Challis National Forest, Idaho. Report of
SAIC to U.S. Department of Agriculture Forest Service,
Challis National Forest, ID.
Salomone, P., S. Morstad, T. Sands, C. Westing, T. Baker, F.
West, and C. Brazil. 2007. 2006 Bristol Bay area annual
management report. Division of Commercial Fisheries,
Alaska Department of Fish and Game, Fishery Management
Report No. 07-22, Anchorage, AK.
Sandahl, J., D. Baldwin, J. Jenkins, and N. Scholz. 2007. A
sensory system at the interface between urban storm water
runoff and salmon survival. Environmental Science and
Technology 41(8):2998–3004.
Sandahl, J., G. Miyasaka, N. Koide, and H. Ueda. 2006. Olfactory inhibition and recovery in chum salmon (Oncorhynchus keta) following copper exposure. Canadian Journal of
Fisheries and Aquatic Sciences 63(8):1840–1847.
Sands, T., C. Westing, P. Salomone, S. Morstad, T. Baker, F.
West, and C. Brazil. 2008. 2007 Bristol Bay area annual
management report. Divisions of Sport Fish and Commerce
Fisheries, Alaska Department of Fish and Game, Fishery
Management Report No. 08-28, Anchorage, AK. Available:
http://www.sf.adfg.state.ak.us/FedAidpdfs/fmr08-28.pdf.
(September 2010).
Sayer, M., J. Reader, and R. Morris. 1991. Embryonic and
larval development of brown trout, Salmo trutta L.: exposure to trace metal mixtures in soft water. Journal of Fish

Biology 38(5):773–778.
Schindler, D. 1988. The effects of acid rain on freshwater
ecosystems. Science 239(4836):149–157.
Schindler, D., M. Scheuerell, J. Moore, S. Gende, T. Francis, and W. Palen. 2003. Pacific salmon and the ecology of
coastal ecosystems. Frontiers in Ecology and the Environment 1(1):31–37.
Schindler, D., R. Hilborn, B. Chasco, C. Boatright, T. Quinn,
L. Rogers, and M. Webster. 2010. Population diversity
and the portfolio effect in an exploited species. Nature
465(7298):609–612.
SEACC (Southeast Alaska Conservation Council). 2007.
Help wanted: jobs and a healthy environment in southeast
Alaska. SEACC. Available: http://seacc.org/seacc-resources/
reports-and-publications-index-1/help-wanted-jobs-and-ahealthy-environment-in-southeast-alaska. (August 2010).
Septoff, A. 2006. Predicting water quality problems at
hardrock mines: a failure of science, oversight, and good
practice. Earthworks, Washington, D.C.
Shaffer, M. 2002. Company penalized for Arizona sludge
spills. Arizona Republic (August 8):B9.
Singer, P., and W. Stumm. 1970. Acid mine drainage: the
rate-determining step. Science 167:1121–1123.
SitNews. 2011. No special session to save Alaska’s coastal
zone management program. SitNews (May 31). Available:
http://www.sitnews.us/0511News/053111/053111_special_
session.html. (June 2011).
Soulsby, C., I. Malcolm, and A. Youngson. 2001. Hydrochemistry of the hyporheic zone in salmon spawning
gravels: a preliminary assessment in a degraded agricultural stream. Regulated Rivers: Research & Management
17(6):651–665.
Sorensen, E. 1991. Metal poisoning in fish. CRC Press, Inc.,
Boca Raton, FL.
Sorenson, D., M. McCarthy, E. Middlebrook, and D. Porcella. 1977. Suspended and dissolved solids effects on freshwater biota: a review. Office of Research and Development,
U.S. Environmental Protection Agency, EPA-600/3-77-042,
Corvallis, OR.
Spence, B., G. Lomnicky, R. Hughes, and R. Novitzki. 1996.
An ecosystem approach to salmonid conservation. National
Marine Fisheries Service, TR-4501-96-6057, Portland, OR.
Stearns, S. 1992. The evolution of life histories. Oxford
University Press, Oxford, UK.
Stickel, D. 2007. Alaska Department of Revenue. Alaska’s
non-oil tax revenue. Alaska Department of Labor and
Workforce Development. Available: http://www.labor.state.
ak.us/research/trends/sep07econ.pdf. (August 2010).
Stockner, J., editor. 2003. Nutrients in salmonid ecosystems;
sustaining production and biodiversity. American Fisheries
Society, Bethesda, MD.
Stoddard, J., D. Peck, S. Paulsen, J. Van Sickle, C. Hawkins,
A. Herlihy, R. Hughes, P. Kaufmann, D. Larsen, G. Lomnicky, A. Olsen, S. Peterson, P. Ringold, and T. Whittier.
2005. An ecological assessment of western streams and
rivers. U.S. Environmental Protection Agency, EPA 620/R05/005, Washington, D.C.
Stratton, B., and B. Cross. 1990. Abundance, age, sex, and

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 889 of 2339

109

Literature Cited
size statistics for Pacific salmon in Bristol Bay. Division
of Commercial Fisheries, Alaska Department of Fish and
Game, Technical Fishery Report 90-06, Juneau, AK.
Stratus Consulting Inc. 2009. Memorandum: initial comments on Pebble Mine hydrology and hydrogeology. Prepared by Dr. Cameron Wobus and Stratus, April 16, 2009.
Strycker’s Bay Neighborhood Council, Inc. v. Karlen, 444
U.S. 223, 227-228 (1980).
Teck Cominco Alaska Inc. 2004. In RE Teck Cominco
Alaska Inc., Red Dog Mine, NPDES Appeal No. 03-09:
order denying review in part and remanding in part. U.S.
Environmental Protection Agency. Available: http://www.
epa.gov/eab/disk11/teckcominco.pdf. (September 2010).
Teck Cominco Alaska Inc. 2008. Fugitive dust risk management plan: Red Dog operations, Alaska. Report of Exponent to Teck Cominco Alaska Inc., Anchorage, AK. Available: http://dnr.alaska.gov/mlw/mining/largemine/reddog/
publicnotice/pdf/msd8.pdf. (September 2010).
Tetra Tech. 2009. Final supplemental environmental impact
statement: Red Dog Mine extension, Aqqaluk Project. Report of Tetra Tech to U.S. Environmental Protection Agency,
Region 10, Seattle, WA.
Thomas, W., J. Hollibaugh, D. Seibert, and G. Wallace Jr.
1980. Toxicity of a mixture of ten metals to phytoplankton.
Marine Ecology Progress Series 2:213–220.
Thornton, T., and P. Wheeler. 2005. Subsistence research in
Alaska: a thirty year perspective. Alaska Journal of Anthropology 3(1): 69–103. Available: http://www.eci.ox.ac.uk/
publications/downloads/thornton05-alaska.pdf. (August
2010).
Throop, A. 1994. Silver Butte Mine acid rock drainage:
formation and future. Oregon Department of Geology and
Mineral Industries, Salem, OR.
Throop, A.1995. Reclamation of Formosa exploration’s Silver Butte Mine as of December 1994. Oregon Department
of Geology and Mineral Industries, Salem, OR.
Tierney, K., D. Baldwin, T. Hara, P. Ross, N. Scholz, and C.
Kennedy. 2010. Copper toxicity in fishes. Aquatic Toxicology 96:2–26.
Todd, J. and D. Struhsacker. 1997. Environmentally Responsible Mining: Results and Thoughts Regarding a Survey of
North American Metallic Mineral Mines: Society for Mining, Metallurgy, and Exploration Preprint 97-304, Littleton,
Colorado.
Trasky, L. 2008. The potential effects of large scale copper
sulfide mining on salmonids and their habitat. Submitted to
Wild Salmon Center, Portland, OR.
TU (Trout Unlimited). 2010. Trout Unlimited takes legal action to protect salmon in Bristol Bay. TU. Available: http://
www.tu.org/alaska/coldwater-chronicles/winter-2010/troutunlimited-takes-legal-action. (December 2010).
USBLM (U.S. Bureau of Land Management).1995. Zortman
and Landusky Mines draft environmental impact statement.
USBLM, Department of the Interior, Washington, D.C.
USBOC (U.S. Bureau of the Census). 2008. Alaska quick
facts. USBOC. Available: http://quickfacts.census.gov/qfd/
states/02000.html. (August 2010).
USDA FS (U.S. Department of Agriculture Forest Service).
1992. Record of decision and final supplemental environ-

mental impact statement – volume 1, Grouse Creek project.
USDA FS, Challis National Forest, ID.
USDA FS and USEPA (U.S. Environmental Protection
Agency). 2003. Removal action memorandum. USDA FS.
Available: http://www.fs.fed.us/r4/sc/yankeefork/pdf/fs_epa_
removal_action_memorandum_0403.pdf. (August 2010).
USDOI (U.S. Department of the Interior). 1995. Zortman
and Landusky Mines draft environmental impact statement.
Hard Rock Bureau, Bureau of Land Management, USDOI
and the State of Montana Department of Environmental
Quality, Washington, D.C.
USEPA (U.S. Environmental Protection Agency). 1984. Final
environmental impact statement: Red Dog Mine project,
northwest Alaska. Region 10, Office of Water, USEPA, EPA
910/9-84-122a, Seattle, WA.
USEPA. 1991. Administrative complaint, docket no. 109002-16-309(g). Region 10, USEPA, Washington, D.C.
USEPA. 1994a. Technical document: acid mine drainage
prediction. Special Waste Branch, Office of Solid Waste,
USEPA, EPA530-R-94-036, Washington, D.C.
USEPA. 1994b, National priorities list, HRS documentation record, Kennecott (south zone), NPL-016-2-20-R8, and
Kennecott (north zone), NPL-016-2-19-R8.
USEPA. 1997. Damage cases and environmental releases
from mines and mineral processing sites. Office of Solid
Waste, USEPA, EPA A530-R-99-023, Washington D.C.
USEPA. 2000. Guidelines for preparing economic analyses.
National Center for Environmental Economics, USEPA,
EPA 240-R-00-003, Washington, D.C.
USEPA. 2003. Final environmental impact statement Pogo
gold mine project, Delta, Alaska. National Pollutant Discharge Elimination System, Office of Water, USEPA, Permit
Application No. AK-005334-1, Seattle, WA.
USEPA. 2004. Nationwide identification of hardrock mining
sites. Evaluation report. Office of Inspector General, USEPA,
Report 2004-P-00005, Washington, D.C.
USEPA. 2005. Record of decision: Brewer Gold Mine.
USEPA, EPA/ROD/R2005040001494, Jefferson, SC.
USEPA. 2006. National recommended water quality criteria.
Office of Water and the Office of Science and Technology,
USEPA, Washington, D.C.
USEPA. 2007a. Fact sheet: Formosa Mine, Douglas County,
Oregon. USEPA, Seattle, Washington. Available: http://
yosemite.epa. gov/r10/cleanup.nsf/d67b5aa8215 1d9
ae88256da6005fb54e!OpenView. (August 2010).
USEPA. 2007b. Aquatic life ambient freshwater quality criteria: copper. USEPA, EPA-822-R-07-001. Washington, D.C.
USEPA. 2008. Letter to Randy Bates, Director, Division of
Coastal and Ocean Management, ADNR (Alaska Department of Natural Resources), August 15, 2008. Division of
Coastal and Ocean Management, ADNR. Available: http://
alaskacoast.state.ak.us/Enews/Re-eval2008/Official Submitted Comments/EPA_submitted_comments.pdf. (July 2011).
USEPA. 2009a. Final data summary report: Formosa Mine
superfund site, Douglas County, Oregon. Report of CDM
Federal Programs Corporation to the USEPA, Region 10,
Seattle, WA.
USEPA. 2009b. Chronology of 404(c) Actions. Wetlands

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 890 of 2339

110
Division, USEPA, Washington, D.C. Available: http://www.
epa.gov/owow/wetlands/regs/404c.html. (August 2010).
USEPA. 2009c. Clean Water Act §404(c) EPA Veto Authority. Available: http://www.epa.gov/owow/wetlands/pdf/404c.
pdf. (August 2010).
USEPA. 2009d. Supplemental environmental impact statement: Red Dog Mine extension, Aqqaluk project. Prepared
by Tetra Tech for USEPA, Region 10, Seattle, WA. Available:
http://www.reddogseis.com (September 2010).
USEPA. 2011a. Brewer Gold Mine, Jefferson, South Carolina. National Priorities List, USEPA. Available: http://www.
epa.gov/superfund/sites/npl/nar1725.htm. (June 2011).
USEPA. 2011b. Clark Fork River operable unit. Superfund
Program, USEPA. Available: http://www.epa.gov/region8/
superfund/mt/milltowncfr/cfr/. (July 2011).
USEPA. 2011c. EPA plans scientific assessment of Bristol
Bay watershed. USEPA. Available: http://yosemite.epa.gov/
opa/admpress.nsf/0/8c1e5dd5d170ad99852578300067d
3b3. (July 2011).
USEPA. 2011d. Overview of EPA authorities for natural
resource managers developing aquatic invasive species rapid
response and management plans: CWA section 404—permits to discharge dredged or fill material. USEPA. Available:
http://water.epa.gov/type/oceb/habitat/cwa404.cfm. (June
2011).
USFWS (U.S. Fish and Wildlife Service) and NMFS (National
Marine Fisheries Service).1998. Endangered Species Act consultation handbook. USFWS. Available: http://www.fws.gov/
endangered/esa-library/pdf/TOC-GLOS.PDF. (August 2010).
USGS (U.S. Geological Survey). 1990. Chemical, geologic,
and hydrogeologic data from the study of acid contamination in the Miami Wash-Pinal Creek area, Arizona, J. Brown
(author): U.S. Geological Survey Open-File Report 90-395.
USGS. 2008a. Effects of Ground-Water Development on
Ground-Water Flow to And From Surface-Water Bodies.
Available: http://pubs.usgs.gov/circ1186/html/gw-effects.
html. (July 2008).
USGS. 2008b. Ground water flow and effects of pumping.
Available: http://ga.water.usgs.gov/edu/earthgwdecline.html.
(November 2011).
USGS. 2009a. Earthquake density maps for the United
States. Earthquakes Hazards Program, USGS. Available:
http://earthquake.usgs.gov/earthquakes/states/us_density.
php. (August 2010).
USGS. 2009b. Historic United States earthquakes. Earthquakes Hazards Program, USGS. Available: http://earthquake.usgs.gov/earth quakes/states/historical_state.php.
(August 2010).
USGS. 2009c. Magnitude 7 and greater earthquakes in
the United States. Earthquakes Hazards Program, USGS.
Available: http://earthquake.usgs.gov/earthquakes/states/
large_usa_7.php. (August 2010).
USGS. 2011a. Copper mineral commodity surveys: 19992010. USGS. Available: http://minerals.usgs.gov/minerals/
pubs/commodity/copper/mcs-2011-coppe.pdf. (October
2011).
USGS. 2011b. Gold mineral commodity surveys: 19962010. USGS. Available: http://minerals.usgs.gov/minerals/
pubs/commodity/gold/mcs-2011-gold.pdf. (October 2011).

USGS. 2011c. Molybdenum mineral commodity surveys:
1996-2010. USGS. Available: http://minerals.usgs.gov/minerals/pubs/commodity/molybdenum/mcs-2011-molyb.pdf.
(October 2011).
USJD (U.S. Justice Department). 2001. Notice of lodging of consent decree under the Clean Water Act, USJD,
Federal Register. Available: http://www.federalregister.gov/
articles/2001/05/22/01-12854/notice-of-lodging-of-consentdecree-under-the-clean-water-act. (November 2011).
USNPS (U.S. National Park Service). 2006. Resource management news: summer 2006 projects. Katmai National
Park and Preserve, USNPS, King Salmon, AK.
USSD (U.S. Society on Dams). 1994. Tailings dam incidents.
USSD, Denver, CO.
Viereck, L., C. Dryness, A. Batten, and K. Wenzlick. 1992.
The Alaska vegetation classification. Pacific Northwest Research Station, U.S. Department of Agriculture Forest Service,
General Technical Report PNW-GTR-286, Portland, OR.
Wagener, S., and J. LaPerriere. 1985. Effects of placer
mining on the invertebrate communities of interior Alaska
streams. Freshwater Invertebrate Biology 4(4):208–214.
Wahrhaftig, C. 1965. Physiographic divisions of Alaska.
U.S. Geological Survey, Professional Paper 482, Reston, VA.
Waiwood, K., and F. Beamish. 1978. The effect of copper,
hardness, and pH on the growth of rainbow trout, Salmo
gairdneri. Journal of Fish Biology 13(5):591–598.
Walsh, G. 1978. Toxic effects of pollutants on plankton.
Pages 257–274 in G. Butler, editor. Principles of Ecotoxicology. New York, NY.
Waples, R., G. Pess, and T. Beechie. 2008. Evolutionary history of Pacific salmon in dynamic environments. Evolutionary Applications 1(2):189–206.
Waters, T. 1995. Sediment in streams: sources, biological effects and control. American Fisheries Society, Bethesda, MD.
Weaver, T., and J. Fraley. 1993. A method to measure emergence success of west slope cutthroat trout fry from varying
substrate compositions in a natural stream channel. North
American Journal of Fisheries Management 13(4):817–822.
Weitzman, M. 2001. Gamma discounting. American Economic Review 91(1):260–271.
Welsh, P., J. Lipton, G. Chapman, and T. Podrabsky. 2000.
Relative importance of calcium and magnesium in hardness based modifications of copper toxicity. Environmental
Toxicology and Chemistry 19(6):1624–1631.
White Tanks Concerned Citizens, Inc. v. Strock, 563 F.3d
1033, 1039 (9th Cir. 2009).
Willson, M., and K. Halupka. 1995. Anadromous fish as
keystone species in vertebrate communities. Conservation
Biology 9(3):489–497.
Wilson, R., and E. Taylor. 1992. Transbranchial ammonia
gradients and acid-base responses to high external ammonia in rainbow trout (Oncorhynchus mykiss) acclimated
to different salinities. The Journal of Experimental Biology
166(1):95–112.
Wipfli, M., and C. Baxter. 2010. Linking ecosystems, food
webs, and fish production: subsidies in salmonid watersheds. Fisheries 35(8): 373–387.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 891 of 2339

111

Literature Cited

Chum are one of ﬁve salmon species present in the Bristol Bay region (photo by Amy Gulick).

Wipfli, M., J. Hudson, J. Caouette, and D. Chaloner. 2003.
Marine subsidies in freshwater ecosystems: salmon carcasses
increase the growth rates of stream-resident salmonids. Transactions of the American Fisheries Society 132(2):371–381.

Woody, C., and S. O’Neal. 2010. Fish surveys in headwater
streams of the Nushagak and Kvichak River drainages, Bristol Bay, Alaska, 2008–2010. Report of Fisheries Research
and Consulting to The Nature Conservancy, Arlington, VA.

WISE (World Information Service on Energy). 2008. The Inez
coal tailings dam failure (Kentucky, USA). WISE Uranium
Project. Available: http://www.wise-uranium.org/mdafin.
html. (June 2011).

Woody, C., K. Ramstad, D. Young, G. Sage, and F. Allendorf.
2003. Population assessment of Lake Clark sockeye salmon,
Final Report for Study 01-042. Office of Subsistence Management, Fisheries Resource Monitoring Program, U.S. Fish
and Wildlife Service, Anchorage, AK.

WISE. 2011. Chronology of major tailings dam failures.
WISE Uranium Project. Available: http://www.wise-uranium.
org/mdaf.html. (April 2011).
Withrow, D., and K. Yano. 2008. Freshwater harbor seals of
Lake Iliamna, Alaska: updated counts and research coordination for 2010. National Marine Mammal Laboratory,
Alaska Fisheries Science Center, National, National Oceanic
and Atmospheric Administration and National Marine Fisheries Service, Seattle, WA. Available: ftp://ftp.afsc.noaa.gov/
posters/pWithrow03_freshwater-seals.pdf. (August 2010).
Wolfe, R., and R. Walker. 1987. Subsistence economies in Alaska: productivity, geography, and development impacts. Arctic
Anthropology 22(4):56–81. Available: http://www.subsistence.
adfg.state.ak.us/download/subecon.pdf. (August 2010).
Woodward-Clyde Consultants. 1994. Water quality and
geochemistry studies, new tailings impoundment. Report
of Woodward-Clyde Consultants to Southern Peru Copper
Corp., Lima, Peru.

WRRC (Water Resources Research Center). 2001. Black
Mesa spill nets $128,000 fine. WRRC, Colleges of Agricultural and Life Sciences, University of Arizona. Available:
http://ag.arizona.edu/AZWATER/awr/mayjune01/news.
html. (May 2011).
Wurts, W. 1993. Understanding water hardness. World
Aquaculture 24(1):18.
Young, D., and C. Woody. 2007. The spawning distribution of sockeye salmon in a glacially influenced watershed:
the importance of glacial habitats. Transactions of the
American Fisheries Society 136:452–459.
Yuen, H., D. Bill, M. Nelson, R. Russell, and J. Skrade.
1984. Bristol Bay Salmon (Oncorhynchus sp.) 1980—a
compilation of catch, escapement, and biological data. Division of Commercial Fisheries, Alaska Department of Fish
and Game, Anchorage, AK.

Woody, C. 2004. Population monitoring of Lake Clark and
Tazimina River sockeye salmon, Kvichak River watershed,
Bristol Bay, discussion draft. Available: http://fish4thefuture.
com/whitefish_discussion.html. (January 2012).

Yuen, H., and M. Nelson. 1984. Bristol Bay chum salmon
(Oncorhynchus keta) sex, age, weight, and length statistics,
1960 to 1977. Division of Commercial Fisheries, Alaska
Department of Fish and Game, Technical Data Report 127,
Juneau, AK.

Woody, C. 2009. Fish surveys in the headwater streams of
the Nushagak and Kvichak River drainages, Bristol Bay,
Alaska, 2008, Final Report. Report of Fisheries Research
and Consulting to The Nature Conservancy, Arlington, VA.

Zamzow, K. 2011. Baseline surface water quality near the
proposed Pebble Mine, Alaska, 2009–2010: Nushagak,
Kvichak, and Chulitna drainage headwaters. Report for The
Nature Conservancy, Arlington, VA.

Woody, C., and B. Higman. 2011. Groundwater as essential
salmon habitat in Nushagak and Kvichak River headwaters:
issues relative to mining. Report to Center for Science in
Public Participation, Bozeman, MT.

Zinn, H. 2003. A people’s history of the United States.
Harper Collins, New York, NY.

Woody, C., R. Hughes, E. Wagner, T. Quinn, L. Roulson, L.
Martin, and K. Griswold. 2010. The mining law of 1872:
change is overdue. Fisheries 35(7):321–331.

Zweig, L., and C. Rabeni. 2001. Biomonitoring for deposited sediment using benthic invertebrates: a test on four Missouri streams. Journal of the North American Benthological
Society 20(4):643–657.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 892 of 2339

112

Bristol Bay salmon returning from the Paciﬁc (photo by Wild Salmon Center).

This report was produced in partnership by

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 893 of 2339

4PVUIXFTU"MBTLB4BMNPO)BCJUBU1BSUOFSTIJQ 4USBUFHJD
$POTFSWBUJPO"DUJPO1MBOGPS#SJTUPM#BZ8BUFSTIFET 

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 894 of 2339

Southwest Alaska Salmon Habitat Partnership

Strategic Conservation Action Plan
for Bristol Bay Watersheds
2011

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 895 of 2339

Preface

In studying the history of the decline of the salmon runs of the
Pacific Coast, it is striking to notice how invariably these declines
are blamed on over-fishing. These statements come most often
from those least acquainted with the subject and are frequently
made to cover up other causes, which may be of their own making.
While it is true that over-fishing is responsible for many declines,
there is evidence to show that in numerous cases it is of minor or
no consequence. The actual reasons are often found to be changes
in the environment of the salmon due to natural and unnatural
(man-made) conditions. This is especially true of the fresh water
stages of its existence. Many examples could be cited. Some of the
natural ones are cyclic climatic changes, floods, droughts, freezes,
earthquakes, earth slides, beaver dams and increase in predators.
On the other hand there are such man-made, or unnatural, causes
as deforestation due to logging; hydro-electric, irrigation, flood
control, and navigation projects; pollution, especially from pulp
mills; soil conservation and reclamation schemes; gravel washing
and mining operations; road construction such as stream culverts;
insect control using poisonous sprays; and many others. The
listing of these does not necessarily mean that all are inimical to
the continuation of our salmon fisheries. It does mean, however,
that if such projects are improperly and unwisely planned, the
results will be disastrous to our fisheries. Alaska needs new
industries, but not at the expense of her most important resource,
which if properly cared for, will produce year after year.
1950 Annual Report, Alaska Fisheries Board and Alaska Department
of Fisheries. The Alaska Fisheries Board was created by the 19th
Territorial Legislature in 1949.
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Southwest Alaska Salmon Habitat Partnership
Strategic Conservation Action Plan for Bristol Bay Watersheds
I. Executive Summary
The Southwest Alaska Salmon Habitat Partnership developed this Strategic
Conservation Action Plan (Plan) to carry out its mission and help partners set priorities
for collaborative actions to conserve habitat for wild salmon that spawn, rear, and
overwinter in Bristol Bay watersheds. Relevant actions that could be guided by this plan
include: statutory and regulatory action; project review and permitting; protection,
restoration, and mitigation activities; fish or fish habitat assessment and research
projects; and education and outreach activities. The Plan:
1. Identifies major watersheds in Bristol Bay and prioritizes them for protective
action based upon the amount of acreage in conservation status
The Plan focuses on the bio-complexity of the large pristine habitat that produces the
salmon resource that is the cultural and economic mainstay of the region.
2. Identifies threats to salmon habitat in each watershed.
The Plan identifies human activities that could compromise the habitat foundation for
salmon production over the next fifty years. The major threats identified include:
Mineral Development, Climate Change, Fragmentation of Land Ownership, Energy
Development, Invasive Species, Community Development and Transportation
Infrastructure
3. Identifies actions within each watershed to conserve, protect and if necessary
restore salmon habitat based on identified threats.
Specific conservation strategies are identified for each of these threats. These strategies
include measures to protect water quantity and flow, preserve connectivity between
habitats, protect water quality, prevent habitat fragmentation, prevent invasive species,
and respond to climate change. The Plan also recognizes that the lack of information
and data can inhibit a complete understanding of the nature of a threat and the
effectiveness of a strategy. Accordingly the Plan recommends research needs.
4. Recognizes that education and outreach activities are necessary to help maintain a
constituency for salmon and the protection of habitat in Southwest Alaska.
Each of the strategies in the Plan requires collaboration among multiple partners to be
successfully implemented. Some salmon conservation work has been funded directly
through the National Fish Habitat Action Plan (NFHAP). Other work has been funded or
carried out by partners. A major function of the Partnership will be to provide a forum to
present and evaluate conservation actions, as well as to make recommendations for future
funding under NFHAP. Each partner has unique capabilities, responsibilities, and
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resources. Through the Partnership public agencies and private entities can coordinate
funding and actions and achieve results working together that ensure healthy, abundant
salmon runs in Southwest Alaska into the future.

  



BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 901 of 2339

II. Introduction
Background of the Partnership
The Southwest Alaska Salmon Partnership was originally formed in 2001 as the
Southwest Alaska Conservation Coalition. The Coalition, now Partnership, is a broad
based organization with a diverse membership of Native, business, Federal, State, nonprofit, and private entities. The Partnership formed around a widely recognized need to
conserve and protect habitat important to fish, wildlife and a variety of human uses
including commercial, subsistence and recreation uses. The common thread in
Southwest Alaska is salmon. Nowhere else is such a distinct group of species so vital to
such a large region. Salmon are simply the keystone of Southwest Alaska’s ecology,
economy and culture. Accordingly, the Partnership’s focus is on salmon habitat that in
turn benefits a wide suite of other species and human uses.
The Partnership was originally modeled after the joint ventures formed under the
North American Wetlands Conservation Act. It operates with a Management Board and
a Technical Committee. For a variety of reasons, the Partnership was originally
comprised of non-governmental organizations. As the National Fish Habitat Partnership
began to take shape, Federal and State agencies became much more active and visible in
the Partnership.
The Partnership focuses on Southwest Alaska, an area of 39.8 million acres
(62,200 square miles), and
approximately the size of
Washington State. The area has a
high level of ecologic, economic,
cultural, social, political and
recreational commonality all linked
by a common interest in wild
salmon. The Partnership includes
Native villages, Alaska Native
Claims Settlement Act Corporations,
State and Federal Agencies, nonprofits, guides and outfitters and
other businesses.
The Partnership operates with
a Management Board representing
some of the diverse interests in
Southwest Alaska. The
Management Board meets at least biannually and operates under Roberts
Rules of Order. The Management
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Board has adopted by-laws. The Management Board is supported by a Technical
Committee made up of agency biologists, managers and other resource experts and other
committees as needed.
Partnership members have successfully raised funds from numerous supporters;
federal programs, foundations, businesses and private donors. Most of the partners have
also made significant donations of money or in-kind support. Since 2001 partners have
conserved through acquisition and easement approximately 94,000 acres of high value
salmon habitat in 72 tracts throughout Southwest Alaska. The value of the tracts and the
acquisition costs were approximately $14,900,000. Thirty-four parcels with 41,000
acres of high value salmon habitat are in various stages of negotiation. The Partnership
has raised approximately $30,200,000. The money has been raised from a diverse array
of Federal, foundation, business and private sources. Funding for operations,
coordination, planning and day- to-day activities, however, remains the most difficult to
raise.

In addition to the acquisition of fee and easements on parcels of land, members of the
partnership have also been active securing protections for water and fish under Alaska
law. Since the partnership filed for recognition it has supported the filing and collection
of data to perfect instream flow reservations in three river systems under Alaska law to
secure minimum flows necessary to protect aquatic life. In addition partners have
supported projects that have added more than 150 miles of streams to Alaska’s
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Anadromous Waters Catalog. Streams identified as anadromous and included within the
catalog receive a higher degree of protection under Alaska law and many federal and
local laws than streams not included in the catalog.
Intent of the Strategic Plan
The intent of this Strategic Plan is to identify long-term goals, strategies, and
voluntary actions that the Partnership and others can undertake to conserve and protect
salmon habitat in each major watershed of Bristol Bay. Specific purposes of the plan
are:

Our ambition is matched only by the big fish we catch in Bristol Bay
1. Identify and characterize habitat in each watershed used by salmon and areas
which support and sustain salmon habitat, through a coordinated research
program.
2. Identify threats to salmon habitat in areas that support and sustain salmon in each
watershed.
3. Prioritize actions within each watershed to conserve, protect or restore salmon
habitat based on identified threats.
4. Conduct education and outreach activities in southwest Alaska, other areas of
Alaska, or the Nation, to inform people about: the value and importance of
salmon and pristine salmon habitat in southwest Alaska; threats to sustainability
of salmon and salmon habitat; and methods and approaches to sustain salmon and
salmon habitat.
5. Identify potential collaborations and funding sources in each watershed for
partners to address salmon habitat conservation, protection or restoration
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III. Southwest Alaska Salmon Habitat Partnership
Mission Statement of Partnership
To protect, conserve, and, if necessary, restore watersheds that sustain wild salmon
populations and the fisheries of Southwest Alaska.
Conservation of Southwest Alaska salmon provides a unique opportunity to
apply alternative approaches that were proven inadequate elsewhere to protect salmon
resources. Salmon populations proved vulnerable when economic decisions were made
within political boundaries that did not adequately address the full biological
requirements for salmon production, or the resulting fishery impacts. The Southwest
Alaska Salmon Habitat Partnership provides a point of synergy between existing habitat
conservation efforts, and a forum to develop comprehensive conservation strategies that
preserve the intact and diverse ecosystems necessary to maintain the region’s salmon
production, and the fishery values they support. Southwest Alaska is under consideration
for significant development for extraction of mineral and energy resources. Water
quality, water quantity, and other fish habitat-related conditions are among some of the
more important issues that will have to be addressed to maintain the fish habitat required
to sustain salmon productivity.
Vision Statement of the Partnership
The Partnership envisions the continuation of the world’s largest populations of
salmon that perpetually sustain the culturally and ecologically important,
economically valuable, and unique landscape of Southwest Alaska.
Southwest Alaska is home to the world’s largest runs of wild salmon.
Throughout history, salmon have provided the foundation for human habitation of this
area. For thousands of years, salmon provided the most abundant food source for
indigenous peoples; and subsistence fisheries for salmon continue to be a way of life for
most native and rural inhabitants of Southwest Alaska. For over a century, Southwest
Alaska has sustained the largest commercial fisheries for wild salmon in the world; and
the commercial fishing industry continues to be the economic lifeblood of the region.
For decades, Southwest Alaska has been recognized as a world-class sport fishing
destination; and the region’s bountiful salmon in pristine environments support thriving
recreational fisheries and visitation from all over the world. Southwest Alaska is one of
the few remaining areas worldwide where wild fish populations sustain the cultural
foundation and economic basis for an entire region.
As a remote area, the environment of Southwest Alaska has remained virtually
pristine and has not been subject to the development pressures that have devastated once
abundant salmon runs in more populated areas. These naturally functioning ecosystems
that provide unparalleled salmon habitat are the foundation of Southwest Alaska’s
salmon runs and the fisheries that they sustain.
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Statement Regarding Fisheries Management
The Partnership recognizes sustainable fish stocks for wild salmon as a
key benefit from viable fish habitat. The Partnership supports fisheries
management to provide wild salmon spawning escapements necessary for
normal ecosystem functioning; but takes no position on matters of
fisheries allocation or regulation.
Sustained fisheries for wild salmon are only possible with a viable and intact
habitat base. Historic levels of salmon production in southwest Alaska, and the fisheries
that they support, have only been possible because the habitat has remained abundant
and pristine. Of particular importance has been maintenance of the historic range of
intact and largely undisturbed watersheds and near shore marine waters; that provide
spawning and rearing habitats for all of the Alaska salmon species and their full genetic
diversity. Maintenance of this habitat base has provided for robust salmon populations
that have persisted and thrived following downturns in production, including
questionable fisheries management policies such as the systematic over-exploitation by
commercial fisheries before statehood.
The focus of the Partnership is conservation of fish habitat. The Partnership
recognizes that the key outputs from fisheries management are protection of fish
habitats, and adequate seeding of spawning salmon to these habitats. The Partnership
fully supports the concepts contained in the State of Alaska’s Policy for the Management
of Sustainable Salmon Fisheries, which explicitly recognizes that fisheries management
must: protect the full range of spawning, rearing, and migratory habitats; and provide for
spawning escapements necessary to both conserve potential production and maintain
normal ecosystem functioning. See 5 AAC 39.222
Statement Regarding Advocacy as a Strategy
The Partnership will not advocate for or against legislation, regulation or policies of
the Federal, State or local governments or private entities. Members of the
partnership, however, are not prohibited from such advocacy or otherwise taking part
in the political process.
The members of this partnership have not come together to advocate for or
against laws or policies so much as to help each other implement or take advantage of
existing laws or policies available for the protection of salmon habitat. Generally, the
partnership will not direct efforts to advocating for or against legislation, regulation or
policies of the Federal, State or local governments or private entities. However, the
partnership may provide comment or technical assistance where such comment or
assistance is requested by a government or private entity or is otherwise appropriate as
part of a public comment or hearing process on a matter that may directly impact salmon
habitat in Southwest Alaska. Members of the partnership, however, are not prohibited
from such advocacy or otherwise taking part in the political process.
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Who We Work With
The conservation efforts of the Partnership represent the combined efforts of many
individuals, tribes, academic institutions, organizations, and agecnies working toward
the common goal of protecting the habitat that produces the greatest wild salmon runs
on earth.

The Partnership is a unincorporated organization with representation from diverse
communities including: Native organizations (tribal and corporate), subsistence users,
anglers, hunters, commercial fishing interests, lodge owners, hunting and fishing guides,
tourism interests, non-profit organizations, federal, state, and local agencies,
corporations and private foundations. The partnership working cooperatively to conserve
fish, wildlife and habitat and perpetuate the uses they support in Southwest Alaska. The
partnership has been working together since 2001 to preserve and protect salmon habitat,
watersheds and cultural and national heritage resources in Southwest Alaska.
The Partnership’s record of accomplishment in preserving fish and wildlife
habitat is nothing short of extraordinary. Its members have joined forces to artfully
negotiate public and private land protection, accommodate cultural diversity and multiple
partner missions, and overcome the challenging logistics of working in remote rural
Alaska in order to accomplish its mission.
A culture of cooperation exists among the Partnership’s diverse membership. The
key players in habitat conservation and management in Southwest Alaska are involved in
the Partnership. The list of partner organizations is both extensive and diverse –
underscoring the Partnership’s ability to identify conservation projects that meet the
multiple needs of its partner organizations.
For example, Alaska Native corporations and local organizations such as the
Nushagak-Mulchatna /Wood Tikchik Land Trust and the Nushagak-Mulchatna
Watershed Council are actively engaged in the Partnership’s work. Their involvement
and the success and interest generated by the Partnership’s work has strengthened these
organizations and has integrated Traditional Ecological Knowledge (TEK) and other
local concerns into the Partnership’s planning efforts and individual partner activities. For
example, the Nushagak River Watershed Traditional Use Area Conservation Plan
integrates TEK (including traditional use ecological maps) into on-going fish and wildlife
management actions and land-use decisions.
The Partnership has achieved conservation outcomes that no single entity could
have achieved on its own. The future of conservation in this region will increasingly rely
upon this partnership to pool money, expertise and build the public and governmental
support needed.
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Best Available Science and Traditional Knowledge Inform Our Conservation Efforts
The conservation efforts of the Partnership are informed by the most current scientific
methods and the traditional knowledge of the people of Bristol Bay about the plants,
animals and fish in the region.
The conservation efforts of the partnership will be informed by the most current
scientific methods as those methods are understood and applied by the technical
committee.
Traditional Ecological Knowledge (TEK) is the understanding and awareness
that people who are intimately connected to a particular place have of the plants, animals
and environmental conditions of that place. Traditional knowledge has already been
incorporated into some conservation planning efforts in the region, most notably the
Nushagak River Watershed Traditional Use Area Conservation Plan published by the
Nushagak-Mulchatna Watershed Council in 2007. Traditional Ecological Knowledge
will, to the greatest extent possible, inform the conservation efforts of the partnership.

Capturing traditional knowledge in New Stuyahok 2006
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Geographic Scope of Plan
The Partnership directs its efforts to habitat protection throughout
Southwest Alaska, including the Alaska Peninsula, Bristol Bay, and the
watersheds flowing into the Kuskokwim Bay and River from the south and
east up to and including the Aniak River; an area of 39.8 million acres

The Partnership is focused on conservation of fish habitat to maintain the
abundant production of salmon in southwest Alaska. At the heart of this irreplaceable
resource are the pristine waters of Bristol Bay. Bristol Bay contains an extensive
complex of salmon-bearing watersheds. A striking geographic feature that defines many
of the Bristol Bay watersheds is the large and productive lake basins that provide a more
stable spawning and rearing environment for salmon.. A testament to the importance of
this lake habitat is that Bristol Bay is home to the most abundant populations of sockeye
salmon in the world, a species largely adapted to lake environments as rearing and
overwintering habitat for the juveniles prior to their migration to marine waters. The
surrounding fresh and near shore marine waters provide the essential hydromorphology
to maintain these spawning, rearing, and migratory salmon habitats. Bristol Bay is
defined by these large lake watersheds that are tributary to the Bering Sea, and extends
from Cape Menshkof south of the Ugashik River to Cape Newenham west of the Togiak
River (Map).
Salmon production in Bristol Bay is ecologically and culturally entwined with
salmon-bearing waters of the Alaska Peninsula and lower Kuskokwim River. Alaska
Peninsula fresh and near shore marine waters border Bristol Bay watersheds to the south
and east; and are defined by watersheds that are tributary to the Bering Sea on the
Alaska mainland from Cape Menshikof to the southern end of Unimak Island at Cape
Serichef, and tributary to the Gulf of Alaska along the south side of the Alaska Peninsula
north to Cape Douglas. Lower Kuskokwim River and Bay fresh and near shore marine
waters border Bristol Bay watersheds to the north and west; and are defined by
watersheds that are tributary to the Bering Sea from Cape Newenham north to the
Kuskokwim River, and watersheds flowing into the Kuskokwim River from the south
and east up to and including the Aniak River.
Strategic planning for the Partnership will initially focus on Bristol Bay,
including the near shore marine waters north of the eastern and western bounds of this
region. Within Bristol Bay, planning will be conducted by major watershed including
Togiak, Wood River, Upper Nushagak, Lower Nushagak, Mulchatna River, Lake Clark,
Lake Iliamna, Naknek, Egegik, Ugashik, Port Heiden, and Cold Bay; as well as the near
shore marine waters and estuaries (See discussion of estuaries in Appendix A). Upon
completion, strategic planning will be expanded to include the Alaska Peninsula
watersheds flowing into Cook Inlet but outside the jurisdiction of the Kenai Peninsula
Borough and the Kuskokwim Bay and River watersheds that border Bristol Bay up to
the Aniak River.
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IV. Bristol Bay Landscape
Bristol Bay – A Wild Salmon Stronghold
The key to maintaining the long-term sustainability of Southwest Alaska
salmon is protection of intact fish habitat. Conservation of all existing salmon habitat
contributes to the biocomplexity which sustains salmon populations over time.
Southwest Alaska is one of the world’s largest remaining wild salmon strongholds
because habitat is still intact, water is still clean and high salmon biocomplexity
tempers the effects of unpredictable environmental change.
The watersheds of Southwest Alaska and Bristol Bay offer the world’s best example of
how biocomplexity combined with large-scale, inTACT habitat has resulted in stable and
sustainable salmon fisheries. In a narrow sense, biocomplexity is defined as the complex
behavioral, biological, social, chemical, and physical interactions of living organisms
with their environment. In Southwest Alaska, this means that salmon have adapted to
spawn and rear in specific natal streams and lakes and even in specific types
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of habitat within those streams and lakes. The result is that salmon have evolved into
many genetically distinct spawning populations, with diverse life history characteristics
that are uniquely adapted to specific local spawning and rearing habitats. This strategic
plan is particularly informed by the research and paper entitled Population Diversity and
the Portfolio Effect in an Exploited Species by Daniel E. Schlindler, et. al. published in
the June 3, 2010 edition, Vol. 466, Nature.
In Southwest Alaska, adaptation of salmon to diverse habitats (regional
biocomplexity) has sustained populations over the millennia because different habitats
(and ultimately productivity) respond in different ways to various environmental
conditions. Salmon populations have also diversified to occupy different habitats at
different life stages. During a particular climatic regime, certain geographic areas,
habitat types, and salmon life histories are more productive than others. This
productivity shifts within the region in response to shifts in climatic regimes. In essence,
the regional biocomplexity of salmon stocks is critical for maintaining their resilience to
environmental changes. Key to this regional biocomplexity and the long-term stability
and sustainability of salmon is maintaining the diverse habitats still present in Southwest
Alaska.
It is evident from experience in California, Oregon, Washington, Idaho and
southern British Columbia, that protection of salmon habitat is more effective in the
long-term than trying to restore lost or degraded habitat and salmon populations. The
rationale for adopting a protection approach is that restoration is expensive and risky and
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it cannot replace what was lost. In fact, experts have concluded that current recovery
efforts have a low probability of successfully restoring or even sustaining wild salmon
runs through this century from southern British Columbia southward. In the past
century, the entire Pacific Northwest has witnessed catastrophic declines in wild salmon
populations and productivity due to a combination of degraded freshwater and estuarine
habitat, poor hatchery practices, hydropower dams, natural cycles in riverine and ocean
carrying capacity, and management and harvest policies. For example, numerous stocks
of salmon and steelhead have been listed as endangered under the Endangered Species
Act (ESA) in Washington, Oregon, Idaho, and California. These ESA listings are largely
the result of habitat loss from anthropogenic changes such as dams, logging, mining,
water diversions, road construction with inadequate fish passage, estuarine habitat loss,
and development in riparian corridors. Millions of dollars have been spent trying to
recover salmon populations but salmon have not recovered. Once habitat is lost and
stocks of salmon with unique genetic diversity are gone, they cannot be replaced.
The four pillars supporting the health of wild salmon populations are
abundance, life history and genetic diversity, productivity, and spatial distribution. Each
of these pillars supports the inherent resilience of a salmon population. Resilience, in
this context, is the capacity for a salmon population to bounce back from short periods
of low abundance.
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What’s At Stake
Healthy habitat for salmon is healthy habitat for most of the other species of fish and
wildlife in Bristol Bay and is the foundation for a sustainable natural resource based
economy and subsistence culture.
A. Ecological Processes
Bristol Bay and the rivers draining into it was formed during the last Pleistocene
glacial advance and its retreat starting about 12,000 years ago. The modern shoreline of
Bristol Bay was created in the same period that the Bering land bridge was inundated.
The rising sea coupled with the melt waters of glaciers both flooded and eroded coastal
areas and river mouths. The landscape of Bristol Bay is mostly made up of the rolling
Bristol Bay-Nushagak Lowlands ecoregion, which is bounded by the Ahklun and
Killbuck Mountains to the northeast and Alaska Peninsula Mountains to the south and
east. The lowlands are composed of moranial, outwash, and alluvial landforms with poor
to moderately drained soils. This creates a mosaic of wetland, tundra, kettle lakes, and
dwarf scrub plant communities. In the northeastern regions, up to an elevation of 900
feet, tundra and wetlands are intermixed with coniferous/birch forests and willow/alder
scrub communities. The extensive Wood-Tikchik finger lake system exists where the
Bristol Bay-Nushagak Lowlands ecoregion meets the Ahklun Mountains. Above 900
feet, bare rock, heath tundra, and alpine meadow communities are found. Along major
rivers riparian corridors of willow, cottonwood and alder are found. Where rivers meet
the waters of Bristol Bay large estuaries are formed such as those of the Nushagak and
Kvichak rivers. Tidal forces are large in these estuaries with amplitudes ranging over 25
feet. Tidal mudflats, sandy and/or gravelly shorelines, and bluffs of glacio-fluvial
material up to 200 feet high characterize the shoreline. Bristol Bay is considered one of
the richest areas in Alaska for its abundance and diversity of renewable natural resources.
Draining into Bristol Bay, the Nushagak Lowlands are recognized as a distinct
eco-region. The region is characterized by rolling terrain formed of well drained glacial
morainal deposits. These landforms under constant influence of seasonal rainfall and
winter snow melt support complex hydro-geomorphic processes forming the foundation
of dwarf scrub and wetland communities which sustain complex aquatic systems and
abundant fisheries. In a natural state, permeable substrates generally remain saturated
influencing surface and ground waters supporting hyporheic and riparian exchange, all of
which contribute and maintain instream flows in these tributary and river systems.
Hyporheic and riparian processes maintain equilibrium supporting biological,
chemical and nutrient exchange, regulate water pH, and facilitate transport of dissolved
oxygen, nitrogen and other gases. The flushing of water through submerged substrates
provide beneficial temperature gradients preventing freezing and icing conditions from
exposing over-winter habitat and impacting salmon embryo and alevin populations.
Under summer conditions, hyporheic processes further influence both spawning site
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selection in resident trout and anadromous salmonid species, but also influence the
survival of fish embryos within these hatching and incubating substrates.
Food chain dynamics within these watersheds are fueled by both terrestrial and
aquatic organic detrital decomposition. Hydraulic exchange between riparian and
hyporheic zones are essential in transferring marine derived nutrients from anadromous
species migrations to terrestrial riparian vegetation. Microbial matrices and decomposers
such as bacteria and fungi support populations of macro and micro fauna, aquatic
invertebrates and in turn provide nutrition for larval, juvenile and adult fish populations.
All of these complex and interrelated ecosystem processes support fisheries habitat and
sustainable populations in this region.
Salmon essentially subsidize the freshwater and terrestrial ecosystems though
several pathways and if salmon are removed, the ecosystems of Bristol Bay will likely
crash. In addition to salmon the ecosystem supports many other species of fish, including
trout, whitefish, blackfish, northern pike, grayling, and Dolly Varden, among others.
B. Estuaries
Estuaries form where rivers meet the sea, on the eastern shore of Bristol Bay two
large rivers, the Nushagak and Kvichak, shape two ecologically important estuaries.
These estuaries contain an assortment of different types of habitats including freshwater
and salt marshes, sandy to gravelly beaches, mud flats and sand bars. These habitats are
among the most productive in Bristol Bay serving as nurseries for fish and invertebrates
and staging points for large salmon runs. Cliffs of glaciofluvial material up to 200 feet
high also characterize the shoreline.
The large tidal amplitudes (range 5- 8 meters) of eastern Bristol Bay form strong
tidal currents in the Nushagak and Kvichak estuaries (velocities up to 4 knots) creating
turbid water conditions. These tidal currents play key roles in defining the estuary’s
geomorphology and ecology. Strong tidal currents create the wide funnel shaped
mouths observed at the Nushagak and Kvichak estuaries. Course sandy sediment is
transported out of the estuary and form large sand bars at the mouth and undersea dunes
at offshore areas. Barrier islands are absent as the wave action is not strong enough to
build up course grained sediment onshore.
The two estuaries exhibit classic tide-dominated properties consisting of a
landward-tapering funnel shaped water bodies that are bounded by various intertidal
sedimentary environments including intertidal flats, sand bars and channels. The
boundaries follow the irregular outline of the drowned river valley formed at periods of
lower sea level.
Within the estuaries structural elements include elongated sand banks at the
entrance and oriented parallel to tidal current flow. Dissecting the sand banks are deep
channels containing strong tidal currents allowing more saline waters to enter the estuary
at flood tides. Landward the source river that feeds into these tide-dominated estuaries
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features a meandering river channel profile. Where the meanders begin tidal influences
end and the river current becomes dominate.
Four large rivers flow into Nushagak Bay: the Igushik, the Snake, the Wood and
the Nushagak and three flow into Kvichak Bay: the Naknak, Alagnak, and Kvichak.
Further, due to the counter clockwise rotation of the current in Bristol Bay, Nushagak
Bay has a lower salinity compared to the Kvichik. The highest recorded sea surface
salinity measurement in the middle estuary of the Nushagak was 10 ppt compared to 20
ppt in the Kvichik. The mid to upper estuary has high turbidity averaging 200 NTU,
while the river and Lower estuary zones are often less turbid.
Typical of tidally dominated estuaries, the Nushagak and Kvichak bays have large
openings that promote efficient marine flushing. River flow in the summer is
significantly higher than in the winter due to freeze up of water inputs. The estuaries have
a diverse range of brackish, subtidal, intertidal and supratidal habitats. There are
extensive areas where high turbidity and strong current swept sediments limit macro
algae, seagrasses and sessile animals from colonizing benthic areas. During the winter the
strong currents and high tidal amplitude prevent the formation of shorefast ice, but ice
flows scour the beaches and shallow flats limiting benthic and shore plant and animal
recruitment. Tidal strength and the fine grain of glacial sediment cause high turbidity.
The Nushagak and Kvichak estuaries can be sub-divided into 4 habitat zones
based on fauna, sediment, salinity and average current velocity. The estuaries contain
similar euryhaline fanua and true marine communities are encountered. In addition to
the five species of pacific salmon other common species include rainbow smelt, starry
flounder, bay shrimp (crangon), two types of amphipod, and Belgua whales. The benthic
diversity in Nushagak Bay is lower than the Kvichak and this is most likely due to its
lower salinity and higher turbidity.
Both estuaries contain habitats such as channels, intertidal mudflats, marshes,
saltflats, and sandbars. These habitats support resident freshwater and eurlyhaline
species, but also can including transient marine visitors like Orcas. Tidal currents
encourage the trapping of sediment and nutrients (e.g. nitrogen) from terrigenous
sources but marine flushing results in loss of some material to the coastal ocean. The
turbid water and redistribution of sediments limit the growth of subaquatic benthic life
such as algae, seagrasses and sessile animals. The turbidity also limits light penetration
reducing the amount of productivity from phytoplankton.
C. Terrestrial Mammals
Bristol Bay provides important habitat for moose, especially in lowland forests
near lakes and rivers. Caribou from the Mulchatna herd migrate and calve through the
area where tundra and open boreal forest is found. Past post-calving congregations
numbered 80,000 to 100,000 animals. Bristol Bay also provides habitat for brown and
black bear, wolverine, wolf, porcupine and fox. Lynx and marten tend to be found in the
woodlands of the area. Beaver are abundant throughout most streams and large lakes.
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Sheep are found in the mountains around Lake Clark. Also common are snowshoe hare,
weasels, mink, ground squirrels and microtines.
D. Marine Mammals
Bristol Bay supports many marine species a number of which have experienced
significant population declines in Alaska during the last 50 years. The western population
of the Steller sea lion has been listed as endangered by the US Fish and Wildlife Service.
The Northern sea otter population of the Aleutians, including the Alaska Peninsula, may
be listed as threatened or endangered due to population declines. Harbor seal populations
appear to be stable in Bristol Bay as do populations of Beluga whales. Populations of
most other whales and porpoises are difficult to assess due to their large movements and
dispersed life style. There are a number of haulouts for walrus in Bristol Bay, Cape
Newenham and Round Island being the largest. The are no known resident populations
of Orcas in Bristol Bay, although transient Orcas are occasionally observed during the
summer months when salmon are returning.
E. Birds
Bristol Bay is Alaska’s most impressive migratory funnel providing staging,
nesting, molting or year round habitat for some 150 species of birds. These include 32
species of waterfowl, 22 species of shore birds, 55 species of passerine, 17 species of
raptors, 5 species of upland birds and 10 species of sea birds. The Audubon Society
considers Bristol Bay an Important Bird Area in the Bering Sea for waterfowl, seabirds
and shorebirds, and the Western Hemisphere Shorebird Reserve Network and the East
Asian-Australasian Shorebird Reserve Network have identified Bristol Bay for its
importance to migrating godwits, dunlins, golden plover, western sandpiper, and black
turnstone. Essentially all emperor geese and Pacific brant stage in Bristol Bay estuaries in
spring and fall and steadily increasing numbers are over-wintering due to milder climate.
The Bristol Bay lowlands, of which this area makes up a significant portion, may host up
to 25% of the North American population of greater scaup and roughly 10% of the
breeding population of red-throated loons. Bristol Bay also supports prime breeding
habitat for black scoters and tundra swans. Steller’s eiders molt in estuaries and king
eiders molt in nearshore waters. Huge numbers of shearwaters and other marine birds
summer in Bristol Bay. The abundant freshwater fish resources support Alaska’s largest
concentration of osprey.
F. Fish
Bristol Bay is one of the last great strongholds for wild Pacific salmon. Bristol Bay
tributaries host five species of Pacific salmon and provide the freshwater habitat for the
Bristol Bay sockeye salmon run — one of the world’s great migrations. In addition
Bristol Bay supports at least 13 anadromous fish species, 16 resident fish species, and 4
species restricted to estuaries.
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G. The Subsistence Way of Life
Although methods have changed residents of the region today, like their
ancestors, still rely on the bounty of Bristol Bay’s watersheds. Moose, caribou, salmon,
geese, berries and plants are the principal resources that fill smoke houses, drying racks,
freezers and canning jars. Hunting, fishing and gathering are a vital part of the local way
of life. To lose these resources would not only jeopardize the health of people living in
Bristol Bay’s remote villages, but their cultures as well.

H. Commercial Fishing Economy
Bristol Bay is the world’s largest wild salmon fishery and sockeye salmon is the
prize. The exploitation of salmon resources of Bristol Bay did not begin until the period
of American influence which coincided with the development of canning technology. The
schooner Neptune prospected for salmon in Nushagak Bay in 1883 and in that same year
the first cannery was built by the Arctic Packing Company at the village of Kanulik. The
first salmon pack was produced in 1884, a harvest of about 4200 salmon. From this
meager beginning, it was not long before the firm, red-fleshed sockeye of Bristol Bay
commanded a premium price. The rush was on. Within six years there were four
operating canneries on Nushagak Bay. Two canneries were built on the Naknek River
and one on the Egegik River by 1895. The first canneries on the Kvichak and Ugashik
Rivers appeared in 1896. Bristol Bay commercial fishing boomed in the first decade of
the twentieth century. By 1910 Bristol Bay produced about 40% of Alaska’s canned
salmon. Over time more than 50 canneries would be built in Bristol Bay.
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Fishing in the early days was done with traps. However traps were discontinued
by 1924 in favor of drift gillnet fishing from sailboats, in particular the Columbia River
sailboat with double-ended hulls and distinctive sprit sails. In their heyday the sailboats
netted 20 million salmon in a season; all snared in linen nets and pulled by hand.
Sailboats were replaced in the early 1950’s when a federal ban on the use of power boats
for fishing was lifted in 1951. Today the salmon of Bristol Bay are harvested by modern
vessels that can cost hundreds of thousands of dollars. Vessels, however, cannot exceed
32 feet in length. All fishing is done by fishermen who own limited entry permits issued
by the State of Alaska. In addition to the commercial fishing fleet, salmon are harvested
by set nets anchored on local beaches.

I. Recreational Fishing and Hunting Economy
The bounty and world record size of rainbow trout in Bristol Bay is responsible
for the emergence of sport fishing as an important component of the visitor industry in
Alaska. Unlike commercial fishing, the business of recreational fishing got its start on
the east side of the Bristol Bay when Ray Peterson built the Angler’s Paradise Lodge and
hosted his first guests in 1950. John Pearson’s Wood River Trout Camp, operating from
an old scow was the first lodge to open on the west side of Bristol Bay in 1959. Now
there are more than one hundred lodges ranging from luxurious complexes to tent camps
scattered throughout Bristol Bay catering to a world-wide customer base of recreational
fishermen.
In the 1980’s the Chinook salmon run on the
Nushagak River began to attract more interest. The village
corporation landowners along the river met the demand by
making land available for temporary lease. Today a river
management program operated by all of the village
corporations under the management of Choggiung Ltd.
accommodates some 40 commercial sportfishing camps
during the short Chinook salmon season.
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Bristol Bay youth participants in River Ecology and Guide Academy
supported by partnership members

To a lesser extent big game hunting in the fall provides a significant source of
income for some local residents. The creation of new national parks and wildlife refuges
in 1980 with the passage of the Alaska National Interest Lands Conservation Act has
fostered a small but emerging ecotourism industry. The attractiveness of Bristol Bay as a
tourist destination, however, is tempered by remoteness and the cost of access.
V. Assessment of Salmon Habitat Viability in Bristol Bay
Salmon habitat within each of the twelve watersheds feeding Bristol Bay is
intact. Maintaining and protecting this habitat and ultimately the biological diversity
and sustainability of salmon is the primary focus of the Partnership’s efforts. Habitat
degradation is generally localized and site specific. The Partnership does not expect
to become significantly involved in habitat restoration or enhancement in the
foreseeable future. A measure of the Partnership’s success will be the prevention of
the kinds of habitat degradation that requires restoration and enhancement to
revitalize fish and wildlife populations in the other areas.
Fish habitat within each of the twelve major watersheds of Bristol Bay is
functioning at its ecologically desirable status. Landscapes and watersheds supporting
salmon and other fish have not been significantly altered by human activity. Bristol Bay
provides healthy habitat for five species of wild Pacific salmon as well as numerous
other fish species. Intact habitat provides for high natural salmon biocomplexity and the
result is sustainability of salmon populations over time. Overall, the returns of salmon
to the watersheds of Bristol Bay during recent times do not appear significantly different
from historic returns. Human intervention is not necessary to maintain viability at
  

ʹͷ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 919 of 2339

present, but long-term viability of salmon habitat and biocomplexity is not guaranteed.
In this Strategic Plan, the Partnership identifies potential threats to long-term viability of
salmon habitat and strategic actions which can be undertaken to address these threats.
Maintaining and protecting the quality and quantity of salmon habitat, and ultimately
biocomplexity and salmon sustainability is the primary focus of Partnership
conservation efforts in Bristol Bay. The Partnership does not expect to become
significantly involved in habitat restoration or enhancement activities in the foreseeable
future. A measure of the Partnership’s success will be the prevention of the kinds of
habitat loss and degradation that requires extensive and relatively ineffective restoration
and enhancement to revitalize salmon populations in the lower 48 states and other parts
of Alaska. Restoration efforts are extremely expensive and risky, and they do not
produce long-term results that approach protection of pristine ecosystems, especially
when irreversible losses of biocomplexity occur. The Partnership may undertake
restoration and enhancement activities as part of an effort to protect a specific parcel of
private property where the parcel is acquired and some measure of clean-up or
restoration is appropriate.

Map of wildlife habitat made by Pete Petla of Koliganek in the late 1960s and submitted to
Congress to demonstrate traditional use in Bristol Bay in support of Alaska Native land claims
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Objectives for Habitat Protection in Bristol Bay Watersheds.
To protect salmon habitat and biocomplexity and to assure salmon sustainability, the
objectives of the Partnership are to: preserve the integrity of federal and state
conservation units, and to secure protection of salmon habitat outside of conservation
units.
The twelve major watersheds of Bristol Bay exhibit four important habitat
characteristics which support a fully functioning freshwater wild salmon ecosystem.
These habitat characteristics provide for high salmon biocomplexity and result in longterm sustainability of salmon populations. The four habitat characteristics are:
1. An intricate landscape complex of rivers, streams, lakes, ponds, estuaries and
riparian habitat.
2. Connectivity within and among habitat types which allows fish to move during all
life stages and nutrients to flow through the ecosystem.
3. Water of adequate quality (free of environmental contaminants) which maintains
and supports all life cycle stages of salmon.
4. A sufficient quantity of water to maintain and support all life cycle stages of
salmon.
To date, human
activity in Bristol
Bay watersheds
has not, except in
a few small local
areas,
significantly
altered these four
important habitat
characteristics. In
large part this is
because Bristol
Bay remains a
remote region
accessible only by
air or water and
human
populations are
low. The
Partnership
recognizes, however, that remoteness will diminish over time and therefore greater
human impact to salmon habitat is likely.
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However, the Partnership does not believe destructive human impact is inevitable.
Although greater human access is a reason for concern, it does not have to be a reason for
despair. There is much we still do not know about wild salmon, but there is much we do
know about the kinds of human activities that threaten them. In Bristol Bay the
Partnership has the opportunity to apply the lessons learned that led to the loss of wild
salmon populations in other parts of the world. The imperative is to focus efforts on
conserving and protecting pristine habitat critical for maintaining biocomplexity.
In Bristol Bay, we have already made significant progress in institutionalizing
safeguards to protect habitat, biocomplexity and long-term sustainability of salmon at
the ecosystem level. A system of federal and state parks and refuges that protects large
areas of important salmon habitat has been created. This foresight, though praiseworthy,
did not see far enough. For example, within many of these parks and refuges private
inholdings are permitted, which if inappropriately developed could compromise habitat
connectivity, water quality and quantity, or fracture landscape complexity. Also, vast
areas of pristine salmon habitat are not within parks or refuges and are open and
available for the kind of landscape level habitat modification that can cause the loss of
salmon populations, including populations we thought were protected by parks and
refuges. That being said, it is not the purpose of the Partnership to prevent development.
Rather, it is the purpose of the Partnership to promote and support activities directed to
assuring that protection of wild salmon and their habitats are given priority consideration
when development decisions are being made so that biocomplexity is maintained and the
long-term sustainability of salmon populations is assured.
The broad goal of protecting salmon habitat and biocomplexity in Southwest Alaska and
within each of the twelve key watersheds can be broken down into two primary
objectives as follows:
1. Preserving the integrity of the protections for salmon habitat provided by virtue of
inclusion within a federal or state conservation unit. It is the position of the
Partnership that salmon habitat already protected by virtue of inclusion within a
federal or state conservation unit should not be compromised by changes in land
or water use or inappropriate development of private or public lands within
conservation units.
2. Securing appropriate protection for important salmon habitat located outside
conservation units. It is the position of the Partnership that all protections for
salmon habitat available under federal, state or local law should be in place and
enforced before development is permitted to occur on lands or in waters outside
conservation units, particularly where such development may collaterally impact
salmon that pass a life stage within a conservation unit.
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Threats to Habitat
Several threats to salmon habitat currently exist or are known to likely occur in Bristol
Bay. Other threats are not presently occurring, but may in the future. For these threats
the Partnership must be prepared to take action to preempt possible degradation to
salmon habitat.
The Partnership reviewed many possible threats and has identified the following human
activities as existing or likely threats to salmon habitat in the Bristol Bay Region over the
next fifty years: Mineral Development, Climate Change, Fragmentation of Land
Ownership, Energy Development, Invasive Species, Community Development and
Transportation Infrastructure. Other threats that may occur, but are considered less likely
to have significant impact on salmon habitat in the next fifty years include: Gravel
Mining, Catastrophic Spills (from fuel storage or transportation, and Lack of Land Use
Regulations to Protect Habitat. The Partnership also recognizes that our ability to address
many of these threats depends upon the cooperation of the major owners of land outside
of conservation units. The lack of such cooperation is itself a threat.

Table 1.
Overview of likely threats to salmon habitat in watersheds
of Bristol Bay over the next 50 years
Percent Land
not in
Conservation
Status

Mineral
Development

Climate
Change

Fragmentation
of Land
Ownership

Lower Nushagak
River

98.0%

Low

High

Mulchatna River

85.6%

High

80.4%
70.3%

Invasive
Species

Community
Development

Transportation
Infrastructure

High

Low

High

Medium

High

High

Low

High

High

High

Low

Low

High

High

High

High

Low

55.0%

High

Low

Low

Ugashik Bay

50.4%

High

Low

Low

Cold Bay

37.6%

High

Low

Low

Wood River

37.5%

High

Medium

Lake Clark

36.9%

High

Medium

Low

Egegik

27.9%

High

Low

Low

24.1%

High

high

Low

High

High

Low

Low

Low

Watersheds

Lake Iliamna Kvichak
Upper Nushagak
River
Port Heiden

Naknek River
Estuaries

  

Low

Energy
Development

Medium

Medium

Low

Low
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A. Mining and Related Infrastructure
The feasibility of large scale open pit mining of any deposit in Bristol Bay has not
been determined. However, given the presence of highly mineralized areas
throughout the region, mining development, unless prohibited by law, must be
considered likely at some point in the future.
The possibility of large-scale open-pit mining poses the most significant threat to the
integrity of salmon habitat within two watersheds of Bristol Bay, the Nushagak and
the Kvichak. . The potential impacts are both direct and indirect. The development of
an open pit with the attendant processing facilities, waste storage areas, dams, roads
and tailings ponds will destroy the habitat that falls within this footprint. Direct
habitat alteration can also result from airborne or waterborne contaminants that
escape from the mining site and from the diversion and pollution of surface and
ground water. The legacy of mining around the world is unfortunately one of serious
and long-term environmental damage to freshwater habitats. Although mining
practices have improved, the risk of long-term environmental damage cannot be
eliminated. The indirect result of mining could be an acceleration of the impacts
from some of the other threats we have identified. A mine will create a sizeable
population base at the mine site and will likely result in more people moving into
existing communities. A mine will create the need for roads. Roads will also provide
access for recreational users. More recreational users will likely create a greater
demand for guide services, lodges, and land for both commercial and private use.
These impacts may be viewed favorably by those who value development and
access. However, the impact of increased population and the accompanying pressure
on fish and wildlife habitat cannot be overlooked. (See Appendix C for a specific
discussion of the various aspects of mineral mining that are problematic for salmon)
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B. Climate Change
In the face of climate change, the Partnership proceeds on the belief that protecting
habitat promotes the conditions that will favor adaptability and long-term survival of
salmon and all species in Southwest Alaska.
Climate change may, over time, have the most significant impact salmon habitat and
salmon populations in Southwest Alaska. The most likely affects of climate change in
Southwest Alaska will be: a rise in water temperature of local rivers, streams and
lakes; an increase in total annual precipitation; and a change in the periodicity of
precipitation (more will fall as rain and less as snow). Some of these changes could
prove harmful for salmon and other fish, particularly when combined with stresses
from other threats. Although salmon exist over a wide range of climatic conditions
along the Pacific coast, individual stocks have adapted life history strategies—time of
emergence, run timing, and residence time in freshwater—that are often unique to
region and watersheds. However, climate change may also be beneficial as new
habitat is opened for exploitation. Low elevation floodplains and wetlands may flood
as polar ice sheets melt, increasing sea-levels.
The response of salmon to climate change will differ among species depending on
their life cycle in freshwater. For pink and chum salmon that migrate to the ocean
shortly after they emerge from the gravel, higher temperatures during spawning and
incubation may result in earlier entry into the ocean when food resources are low.
Shifts in thermal regimes in lakes will change trophic conditions that may affect
juvenile sockeye salmon growth and survival. Decreased summer stream flows and
higher water temperatures may affect growth and survival of juvenile coho salmon.
Rising sea-levels will inundate low elevation spawning areas for pink salmon and
floodplain rearing habitats for juvenile coho salmon. Rapid changes in climatic
conditions will likely impose greater stress on many stocks that are adapted to present
climatic conditions. Survival of sustainable populations will depend on the existing
genetic diversity within and among stocks, conservative harvest management, and
habitat conservation.
C. Fragmentation of Land Ownership

What good does it do to create a federal park and provide 100 percent protection
to some fish and game habitat onto which caribou and salmon migrate, if the
desecration allowed to occur outside its borders in the same ecosystem is left to
the discretion of state or private owners.
Jay Hammond, “Tales of Alaska’s Bush Rat Governor”

The decline of salmon worldwide can largely be attributed to the fragmentation by
humans of the interconnected complex of land and water they need to survive.
The fragmentation of habitat begins with the distribution of land and water to legally
recognized persons – individuals, corporations or otherwise – who are generally
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accorded all the rights to use the land or water to maximum economic advantage
without regard for the fish and wildlife that may also be using the water or the land.
The watershed is the basic ecological unit that supports a population of salmon. The
likelihood of protecting or restoring a population of salmon diminishes as the land
within that watershed is subdivided among more and more owners and the water is
appropriated by more and more users.
Until the grant of statehood in 1959 most of the land in Alaska, including Bristol
Bay, remained in Federal ownership. Under the Alaska Statehood Act the new state
was accorded the right to select 104 million acres. This right was temporarily
suspended as a result of a Federal settlement of aboriginal rights. The Alaska Native
Claims Settlement Act of 1971 accorded Alaska’s Native peoples the right to select
40 million acres prior to state selection and also required the Federal government to
withhold from State selection land deemed to be in the national interest to protect.
The passage of the Alaska National Interest Lands Conservation Act in 1980
removed additional millions of acres from State selection by placing these “national
interest” lands into national parks, preserves and wilderness areas. For the salmon in
Bristol Bay it meant that within a span of 25 years their habitat went from unified
ownership to ownership by dozens of Alaska Native corporations and government
entities and several thousand individual Native allottees. The division of ownership
was also not limited to the surface. Ownership of lands conveyed to Alaska Native
corporations were further split into surface and subsurface estates. Mineral rights
were also reserved to the Federal Government on most Native allotments.
To date the fragmentation of ownership in Bristol Bay has not resulted in significant
fragmentation of salmon habitat. In part this is because the region is remote, but it is
also because land selection, survey, title preparation and transfer had to occur before
any new owner was entitled to exercise the rights of ownership. These
administrative tasks were overwhelming and cumbersome, but are now mostly
complete. In those parts of Bristol Bay not subject to the conservation status of new
parks, refuges or wilderness the rights of ownership are just beginning to be
exercised. The result is a growing number of mining claims and mineral leases, and
an increase in the sale and conversion of Native allotments and the development of
lodges and subdivisions.
Within Bristol Bay there is no single entity that can implement all of the strategic
actions necessary to protect salmon because land ownership and regulatory authority
within Bristol Bay is shared among many different private and public organizations.
Further, these organizations, many of whom participate in this partnership have
different policy imperatives that will drive their priorities. This a circumstance of
concern for the partnership, but not despair. Although land ownership and
regulatory control in the watershed has becomemore fragmented since statehood,
there has nevertheless been an enduring deference to traditional use and the
protection of subsistence resources, particularly salmon,among most of the new
landowners and regulators. Unlike other parts of the country, all the watersheds
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within the partnership service area in Bristol Bay are intact and most of the land
within these watersheds is within the control of a few owners. In most watersheds
these owners are the federal or state government and in many the watersheds are
within a conservation designation. Where significant lands within a watershed are
privately owned, it is a Native corporation whose shareholders likely still depend
upon the abundance of salmon to support their livelihoods.
To date, land ownership patterns in Bristol Bay are not so fragmented as to make
large scale conservation efforts impractical. The owners are few and the areas are
vast. A viable opportunity still remains in Bristol to protect whole salmon
ecosystems for a fraction of the cost it currently takes to restore small runs of salmon
in other parts of the Pacific Northwest.
There is a measure of urgency, however, to take protective actions sooner rather than
later. Vast mineral resources have been discovered on State lands in Bristol Bay that
contain salmon spawning and rearing habitat for two of the largest salmon
watersheds. Significant portions of these watersheds are now subject to mineral
claims. Also, there is a trend in ownership of Native corporations away from local
control. Shareholders increasingly move to urban areas and become less dependent
on the salmon resources supported by their corporate lands. In time these
shareholders are more likely to favor development of land as opposed to protection
of habitat, especially if the latter produces no economic benefit for the corporation or
dividend for the shareholder.
The problem this partnership needs to address is the fact that each landowner and
regulator is legally free to decide for itself what actions protect or threaten salmon,
or for that matter, is free to decide that protection of salmon is no longer a priority.
For this reason it is a goal of the partnership to secure active participation from
Native corporations and each federal and state agency with management or
regulatory authority over lands and waters in Bristol Bay. Salmon do not respect
legal boundaries drawn on a map. It is, therefore, essential to the long-term viability
of salmon in any watershed of Bristol Bay that a cooperative management structure
exist in which landowners, land management agencies and regulators can
institutionalize a shared vision for the region that balances development with the
absolute need to protect salmon habitat, such a vision entails a mutually agreeable
system of restrictions, incentives, and trade-offs that deter some human activities and
encourage others.
D. Energy Development
Commercially viable deposits of oil or gas in the Bristol Bay region have to date not
been developed and the discovery of such deposits is considered unlikely. The
potentially viable deposits of oil are in the offshore regions of Bristol Bay in the
vicinity of Port Moller. Onshore deposits may also exist along the Alaska Peninsula.
The development of these deposits may threaten populations of salmon that are
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bound for Bristol Bay watersheds. A federal moratorium on oil and gas
development in Bristol Bay was extended in 2010 to 2017.
Local need for cheaper energy may also pose a threat to salmon. Several sites
throughout the region, including sites within the Wood-Tikchik State Park, are
currently under investigation by the State of Alaska for hydroelectric potential.

E. Invasive Species
Salmon and their habitats are particularly susceptible to negative impacts resulting
from the introduction and widespread establishment of invasive plants and animals.
Invasive species are defined as non-native species whose introduction does or is
likely to cause economic or environmental harm or harm to human health. Invasive
species often spread aggressively and may quickly become difficult and costly to
manage and control. Invasions can lead to the loss of biological diversity, barriers to
fish passage, changes to food webs, altered water chemistry, stream temperatures
and habitat structure. Invasive species can also be introduced diseases and parasites.
By definition, invasive species are initially spread by human activity, including
ballast water, hull fouling, and equipment transportation in the marine environment
and vehicles, heavy equipment, boats, airplanes, resource development, animal feed
and straw, fill material, and even personal outdoor and fishing gear. Once
introduced, natural forces like wind, water, and native species can enable further
spread. Fishing waders, boots, nets, ropes, and other gear can move invasive species
into remote areas, including tiny organisms such as Myxobolus cerebralis causing
Whirling Disease, which can damage nerves and spines of several fish species, and
New Zealand mudsnails (Potamopyrgus antipodarum), which can rob streams of
food for juvenile salmonids. A single angler can devastate an entire fishery with
contaminated gear.
While Alaska currently experiences fewer problems related to invasive species than
the Lower 48, all ecosystems - even the most intact and pristine ecosystems in SW
Alaska- are susceptible to invasion. Baseline surveys conducted by the Bristol Bay
Native Association have shown than in Dillingham and Aleknagik, invasive plants,
such as orange hawkweed, yellow toadflax, and oxeye daisy, have taken hold along
the road system. Others, like reed canary grass and Elodea have not yet been found
in the region but are likely to show up in the future. If allowed to spread, these
species can out-compete native plants to form monocultures, alter nutrient inputs to
streams, and impede water flow. Other land managers in the region, including the
National Park Service, actively survey for invasive plant infestations and implement
control actions as needed.
No wild animal is more important to the region’s economy than salmon. Southwest
Alaska offers world class recreational and commercial fishing. The region has a
vibrant subsistence culture. The region’s salmon contribute to the local economy and
attract people from all over the world, underscoring both the likelihood of invasions
and the importance of preventing the introduction of invasive species.
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F. Community Growth
Though all of the communities in Bristol Bay would be considered small by any
standard, each in time could experience significant growth. Other than hub
communities like Dillingham and King Salmon / Naknek most community growth in
the region has come from within, as opposed to people moving into the community.
Community growth simply puts more people into the region, increasing pressure on
resources and resulting in the inevitable tension between habitat preservation and
needed community infrastructure like fuel storage, sewage disposal, landfills, roads,
and gravel.
Archeological evidence suggests the region may have supported more people in the
past, providing some assurance that more community growth can be absorbed
without significant impact. However, any assurance must be tempered by the
observations made by many elders of the region: life in the old days was hard. There
were no snowmachines, no boats with motors; people followed the seasons and
moved to where the game and fish were located. If a hunter saw moose tracks, he
followed those tracks for days if necessary to catch it. People died of more diseases,
people died of starvation, and many people died young. This kind of hard life existed
well into the 20th century. Life is easier today. People don’t fall victim to disease so
easily, starvation is no longer a worry, and more people live into old age. Even
though the number of people may be smaller, they can have as much or more impact
on the environment than their ancestors. Today, people use tools like boats and
snowmachines that can pollute and can transport them quickly to places were game
were once relatively unthreatened. People now heat their homes and travel using
hazardous substances like diesel fuel and gasoline that must be carefully stored. The
trash and garbage that people generate no longer degrades innocuously into the
environment, but must now be contained in sanitary landfills. Although it may be
difficult, it is possible to plan for community growth and to develop infrastructure in
such a way as to minimize the risk of damage to critical salmon habitat.
G. Transportation Infrastructure
Roads and related transportation infrastructure are a constant concern because they
must often cross anadromous streams and extensive wetlands. Road crossings have
the potential, if poorly constructed and maintained, of blocking or disrupting the
migration routes of salmon and other fish. Roads can also foul salmon spawning and
rearing areas. Major road construction in the region would most likely follow the
development of mines, so at this time the impact from roads is speculative. Roads
will continue to be built within the communities of the region, and the construction
of intercommunity roads within the next 50 years is likely.
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Bristol Bay Commercial Fishing Fleet circa 1940
Ward Wells collection, Anchorage Museum

VI. Strategic Plan
Priority Conservation Targets Within Each Watershed
The following are the Partnership’s priority conservation targets within each
watershed of Bristol Bay:
1. All fresh waters that support the five species of Pacific salmon
2. All adjacent terrestrial, riparian habitat
3. All upstream waters that are not known to support salmon, but which water
quality and quantity functions are important
4. Estuaries
Strategic Conservation Actions
To pursue our conservation objectives, the partnership will promote and support
the following strategic conservation actions in the twelve key watersheds. These actions
will be directed to watersheds on a priority basis. Priority will be determined by a
periodic threat analysis in which Partnership resources are directed to watersheds in
which the greatest threats to salmon habitat are occurring or are reasonably likely to
occur. The science and technical committee will meet annually to make
recommendations regarding priorities to the Management Board.
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Table 2.
Overview of conservation strategies to address likely threats to salmon
habitat in Bristol Bay.
Protect
water
quality

Protect riparian
habitat /
ecosystem
processes from
Fragmentation

Conservation
Strategies -->

Protect water
quantity and flow

Preserve
connectivity
between
habitats

Mineral
Develoopment

High

High

High

High

Climate change

High

High

High

High

High

High

High

High

Fragmentation
of Land
Ownership
Energy
Development

High

Prevent
invasive
species

Medium

Low

High

High

High

High
Low

High

High

Low

High

High

A. High
Protecting Water
Quantity
High
High and Flow:
High
High
Water

Develop Informed
constituency that
values salmon

Low

High

Transportation
Infrastructure

Review land
use and
development
plans

High

Invasive
Species
Community
Development

Respond to
climate
change

High
Rights High
– InstreamHigh
Flow Reservations

Low

High

Low

High

High

Low

High

High

A. Protecting Water Quantity and Flow
Water Rights – Instream Flow Reservations
The strategy for the long term protection of water quantity in the lakes and rivers of each
watershed is to take advantage of those provisions in Alaska law that permit private
individuals and organizations to secure legally enforceable rights to keep water in rivers
and lakes for fish. Funds raised by the Partnership may be used to support partners
applying for instream flow reservations to maintain water levels critical for the life stages
of salmon and other fish. Priority use of Partnership funds will be directed to supporting
partners applying for instream flow reservation to protect fish in those watersheds most
likely to be threatened by industrial or commercial development
B. Protecting Connectivity
Anadromous Waters Catalog
The most basic legal protection afforded in Alaska to a stream or lake containing
salmon is to include it in Alaska’s Anadromous Waters Catalog (AWC), as described in
A.S. 16.05.871 (Anadromous Fish Act). Once included in the AWC, a waterbody cannot
be disturbed without prior notice to and a permit from the Alaska Department of Fish
and Game. To nominate a waterbody for inclusion in the AWC it is necessary to survey
the stream for the presence of anadromous fish (primarily salmon) and credibly
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document any observation of presence. It is the position of the partnership that all
streams and lakes within Bristol Bay should be surveyed for inclusion within the
Anadromous Waters Catalog. This task remains large given the number of unsurveyed
streams. Accordingly, priority use of partnership funds raised for this purpose will be
directed to supporting partners conducting fish distribution surveys in those watersheds
most likely to be threatened by industrial or commercial development.

Special Note: It is the position of the Partnership that a waterbody not included
in the AWC should not be disturbed before that waterbody has been surveyed for the
presence of anadromous fish.
Connectivity Between Surface and Groundwater
Upwelling groundwater is critical for the early life stages of developing salmon
and for the overwinter survival and summer thermal refuge of rearing salmon. Areas
that are under consideration for future industrial or commercial development should be
surveyed for groundwater interaction with surface water and to the greatest extent
possible development should avoid places where such interactions have been identified.
Priority use of Partnership funds will be directed to supporting partners that seek to
identify ground and surface water interactions in watersheds most likely to be threatened
by industrial or commercial development.
Connectivity Between Watersheds
Studies conducted in conjunction with mineral exploration have confirmed
groundwater connectivity between tributaries flowing into the Nushagak and Kvichak
watersheds. Similar connectivity may exist between other watersheds in Bristol Bay.
Areas that are under consideration for future industrial or commercial development
should be surveyed for groundwater connections between watersheds and to the greatest
extent possible development should avoid places where such connections have been
identified. Priority use of Partnership funds will be directed to supporting partners that
seek to identify groundwater connections between watersheds in areas most likely to be
threatened by industrial or commercial development.
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C. Protecting Water Quality
Maintenance of clean water for salmon spawning, rearing and migration is a key
strategy for preserving pristine salmon habitat found throughout Bristol Bay. Changes
in water chemistry or temperature could prove toxic and reduce or destroy salmon
production in affected areas. The current status of water quality should be measured and
defined as a baseline. Priority areas include waters near communities to ensure that
anthropogenic contaminants (e.g. human waste, fuel and landfill leachate) are adequately
contained; and waters within the ecological footprint of potential commercial
development such as oil and gas or mineral development. Evaluation of contaminant
levels that impact salmon, including sub-lethal toxicity that affects fitness (including
avoidance behavior and functioning of the olfactory system), are vital information that
can define the resiliency of salmon populations to contaminants that may enter the water
as a result of commercial or industrial activity. The Partnership encourages projects to
characterize water quality and chemistry that can be used as a baseline for monitoring
changes that may indicate an occurring or developing threat to salmon viability. The
Partnership also encourages evaluation and updates to water quality standards, to ensure
that they accurately reflect onsite water conditions and provide realistic protection for
the species and life stages in question. Of concern is providing protection to salmon
during sensitive life stages, and from chronic toxicity that could affect fitness. Specific
actions that should be completed by 2015 include:
Work with regulatory agencies, local communities, and other partners to
conduct a vulnerability assessment to document potential contaminant
sources of concern and specific contaminants that should be monitored.
The assessment should address identification, prioritization, and ranking
of potential water quality issues. Likely priorities include waters near
communities and waters within the ecological footprint of potential
commercial development.
Work with Alaska Clean Waters Actions Program, local communities, and
other partners to develop a comprehensive water quality monitoring
program in high-risk areas throughout Bristol Bay. Seek long-term
funding for a comprehensive program in select drainages.
Develop a comprehensive water temperature monitoring program similar
to the Stream Temperature Modeling Network in Cook Inlet. Seek longterm funding for a comprehensive program in select drainages.
Provide continuing educational opportunities to understand the effects of
contaminants on fish and aquatic life.
Conduct site-specific toxicology tests for copper and other possible metal
contaminants in mineral claim areas of the Nushagak and Kvichak river
watersheds to evaluate the extent to which local water chemistry modifies
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the toxicity of inorganic contaminants. Toxicity tests should assess both
acute and sublethal toxicity levels to salmon during sensitive life stages.
Encourage review of state water quality standards for temperature and
toxicity to provide protection to spawning, rearing and migrating salmon.
D. Protecting Riparian Habitat / Ecosystem Processes from Fragmentation
The key to assuring that habitat for salmon remains viable is to protect the vegetative
complex within the riparian corridors of the many rivers, streams and lakes of the
partnership area. Different areas within a riparian corridor have different vegetative
features that are largely determined by an interaction of climate, geology, landform,
soils, and hydrology (surface and groundwater flows). These features define the unique
role that any given location plays in the life stage of salmon. A vegetative complex can
straddle both public lands and private lands, and it is this difference in land ownership
that largely directs the conservation strategies of the partnership for protecting that
complex.
Alaska Native Corporation Lands Located Outside of Conservation Units
The strategy for the long term protection of Alaska Native corporation lands
outside of conservation units is to harness financial resources that make it possible for
these corporations to perpetuate the subsistence use of their lands. Funding raised by
the Partnership that can be used for Alaska Native corporation lands will be directed
first to lands of significant habitat value within watersheds most likely to be
threatened by industrial or commercial development. Preference shall be extended to
corporations who are willing partners and who have land use management plans that
dedicate habitat for permanent protection.
Small Parcels Located Outside of Conservation Units
The strategy for the long-term protection of small parcels, primarily Alaska
Native allotments, located outside of conservation units is to encourage partners to
prioritize parcels for protection. The Partnership will help secure funding to conserve the
highest priority parcels. Priority parcels are those parcels that, if developed beyond low
impact use, are most likely to lead to the destruction or diminishment of important
salmon habitat. In all cases where an ownership interest is to be acquired by funds
raised by the Partnership the preferred interest is a fee acquisition. However,
conservation easements are the preferred interest where the seller is an Alaska Native or
Alaska Native corporation and the retained rights support the continuation of subsistence
use. As a guiding principle, the Partnership encourages conservation efforts on Native
owned land that does not result in the alienation of that land from Native ownership.
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Alaska Native Corporation Lands Located Within Conservation Units
The strategy for the long term protection of Alaska Native corporation lands
outside of conservation units is to harness financial resources that make it possible for
these corporations to use best management practices and conservation easements to
perpetuate land management programs that continue to protect habitat and recognize
subsistence as the priority use of these lands. Preference shall be extended to
corporations who are willing partners and who have lands identified as habitat
priorities by the land management plan of the conservation unit in which the lands are
located.
Small Parcels Located Within Conservation Units
The strategy for the long term protection of small parcels, primarily Alaska
Native allotments, located within conservation units is to acquire fee or conservation
easement interests for those parcels identified as priorities by the land management plans
of the conservation units in which the lands are located. However, conservation
easements are the preferred interest where the seller is an Alaska Native or Alaska
Native corporation and the retained rights support the continuation of subsistence use.
As a guiding principle, the Partnership encourages conservation efforts on Native owned
land that do not result in the alienation of that land from Native ownership.
Lands Outside Conservation Units Managed by the State of Alaska and the
Federal Government.
Millions of acres of land throughout the partnership area are not in conservation
status. Lands in State ownership are managed by the Alaska Department of Natural
Resources (ADNR). Lands in Federal ownership are managed by the Department of the
Interior, Bureau of Land Management (BLM). The future of salmon productivity in
Bristol Bay may well be determined by how these agencies manage lands within their
respective jurisdictions. ADNR revised its Bristol Bay Area Plan in 2005 and BLM
revised its Bristol Bay Resource Management Plan in 2007. Both of these plans have
relaxed prior restrictions that protected salmon habitat in deference to policies that favor
mineral development. While mineral development may not necessarily be harmful to
salmon, it cannot be ignored that such development has been a major contributing factor to
the loss of salmon habitat and productivity in other parts of the United States. It also
cannot go unobserved that most of the land within the two watersheds that have
historically produced the most Chinook and Sockeye salmon in Bristol Bay, the Nushagak
and Kvichak watersheds, are managed by ADNR and BLM.
The partnership strategy for protecting salmon habitat on these lands is one of
thoughtful engagement with both ADNR and BLM. The partnership will:
Serve as a resource for each agency providing recommendations for the long
term protection of salmon habitat on these lands;
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Serve as a resource for each agency providing comment and evaluation of
development projects to assure to the greatest extent possible that such
development does not result in the irretrievable loss of salmon habitat such that
salmon productivity is placed at significant risk;
Serve as a resource for each agency providing recommendations regarding
mitigation measures within the region as an offset for development activities;
Assist each agency with the identification of salmon habitat and with
implementing measures available under State and Federal law to provide
protection for that habitat before development activities occur.
E. Preventing the Establishment of Invasive Species
The region’s world class recreational and commercial fishing attracts people from
all over the world underscoring the likelihood for introduction of invasive species in SW
Alaska and economic importance of implementing early detection and prevention
programs. Additional collaborative detection and assessment work is needed to
understand the current and potential threat to fish and wildlife habitat in the Region and
to design and implement control and eradication programs. In the near term, the
partnership intends to:
In order to reduce the threat of invasive species in the region, the Partnership will
support projects that:
Enact prevention measures;
Result in early detection of and rapid response to invasive species;
Increase understanding of the current and potential threat of invasive species to
salmon and their habitats;
Convene public and private land owners to compile the current state of knowledge
and control activity in the Region; understand vectors for the introduction of
invasive species; identify priority watch-list species ( Key partners include
BBNA, ADFG area biologist, EPA/IGAP coordinators, UAF Cooperative
Extension Service, Alaska Association of Conservation Districts, Nushagak
Mulchatna Watershed Council, and State, Federal and Native land managers);
Devise and implement species-specific early detection, prevention, and control
strategies for both public and private lands.
Conduct assessments to document invasive species along riparian corridors in the
Partnerships’ priority watersheds.
Conduct surveys at entry points to the region (e.g. airports, docks and barge ports)
to detect and destroy invasive species
Implement projects with the Bristol Bay Native Association, private lodge
owners, recreational fishing outfits, and others to increase invasive species
awareness and prevention among local residents and visitors to the region.
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F. Responding to Climate Change
Near term: In the short term, the partnership expects to continue its core work that
also includes linkages to climate change response
Habitat protection is an important component of the partnership’s climate change
strategy. Safeguarding coastal, wetland and upland areas now provides a hedge against
the uncertainty of how physical and ecological processes within the region will actually
change and what it means for salmon and their habitat. Protecting key spawning and
rearing habitats will help sustain salmon population and potentially salmon resiliency to
climate-related ecological changes. To the greatest extent possible the Partnership will
help implement the climate change strategies of the State of Alaska as outlined in
Special Publication 10-14 of the Alaska Department of Fish and Game.
In addition, the Partnership is working to add water bodies to the Anadromous
Waters Catalog, thus providing significant habitat protections to these salmon-bearing
waters under state law. Documentation of specific salmon spawning and rearing areas
are important in land use planning to ensure adequate fish protection measures are in
place and avoid more costly restoration work in the future.
Identifying distribution of native salmon species in intact watersheds will help
protect these habitats by identifying no or limited development zones. Protecting
already intact habitats will help maintain habitat and species connectivity and
persistence in the face of climate change and other threats.
Areas opened to mineral and energy development in portions of SW Alaska may
affect and possibly destroy important habitats that support area fisheries. Many
waterways in SW Alaska have not been assessed for inclusion in the Anadromous
Waters Catalog (AWC), necessary for regulatory protection under State of Alaska law.
Long term: In addition to continuing its near term habitat protection strategies,
the partnership supports the following longer terms actions:
Collaboration with the Western Alaska Landscape Conservation Cooperative
(LCCs)
Inform LCC research needs assessment to address priorities of the Partnership
Development of programs and projects in response to identified needs
LCCs are solution-oriented science cooperatives dedicated to identifying and
addressing climate change and other scientific information needs within discrete
geographic areas. Once the cooperative identifies what needs to be done to further
conservation goals in an area, they work with others to collaboratively make those things
happen.
LCCs are being initiated with funding from the Department of Interior (DOI), but
the same need for collaboration has been identified by the State of Alaska and
Departments of Commerce (NOAA and NMFS) and Agriculture (USFS). The Western
AK LCC will serve to bring together federal, state, tribal, and local governments, and
  

Ͷ͵

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 937 of 2339

private landowners to develop landscape-level strategies for understanding and
responding to impacts from climate change and other sources.
The borders of LCCs are flexible as we take stock of our respective resource
bases and individual suite of conservation issues. In working with Cooperative members
and USGS’s Regional Climate Science Centers (RCSC), LCCs will provide a better
understanding of biotic responses to ecological process changes that are important for
resource management. In doing so, they will be better able to help implement
landscape-scale conservation and management decisions. The Western LCC will not
limit the scope of its operations solely to climate-driven issues. Rather, it will seek to
address any issue where there is the potential to achieve landscape-level natural resource
conservation.
LCCs are not: LCCs are not usurping any agency responsibilities or decision-making
authorities, nor will they initiate regulatory actions. They are not intended to negate any
aspect of existing partnerships, cooperatives, or joint ventures.
LCC Organization: In 2010, the first steps are underway to form the Western AK LCC.
Representatives from State and Federal agencies have discussed broader partnerships.
The cooperative hopes to expand to include participation by these and other
organizations, including local Borough governments, Native Tribal organizations, and
NGOs.
LCC Expected Products and Outcomes:
Increased access to, and integration of, baseline data;
Application of down-scaled climate models to spatially explicit management actions
Landscape level analyses that support conservation planning;
Identification of locations for high priority on-the-ground conservation efforts;
Risk and vulnerability assessments for species, habitats and ecological processes;
Evaluation of conservation strategies.
G. Review Land Use and Development Plans
When asked to do so by federal, state or local government agencies the Partnership will
review and comment on Land Use and Development Plans for consistency with this
Strategic Plan and will lend technical support where appropriate to further the mission of
the Partnership.
H. Maintain a Constituency that Values Salmon
Alaskan’s in general and Bristol Bay residents in particular have consistently
articulated their dependence upon and interest in protecting the state’s wild salmon.
Educational programs that help maintain this interest should be an important component
of Partnership efforts. In addition, the Partnership recognizes it is also important to
develop vibrant communities and a local economy that thrive upon salmon and a local
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culture of caring for them. For this reason it is well within the Partnership’s mission to
support activities directed to educational efforts that focus on the current and historic
economic importance of salmon to Bristol Bay and supporting efforts that retain or
expand local participation in the economic activities of the region that rely upon salmon.
Such activities might include efforts to retain commercial fishing permits for local
residents, or increase local participation in the commercial lodge industry.
VII. Project Needs for Southwest Alaska Salmon and Habitat
Information on salmon and salmon habitats, as well as assessment of
development, restoration, and mitigation measures; are essential components to effective
salmon conservation. Development of accurate and predictive models is critical for
effective conservation actions. Projects specific to watersheds will likely require a gap
analysis for the watershed in question. During development of the Strategic Action Plan,
the Technical Working Group identified general and specific needs. The needs were then
presented to a panel of experts at a symposium held by the partnership on Salmon
Biodiversity in Bristol Bay.
General Project Needs:
Fully assess the distribution of salmon by completing the Anadromous Waters Catalog,
and develop predictive models of fish distribution to economize that effort.
Assess the probable impacts of climate change. Priorities for research that all or in part
address the conservation strategy for assessing the probable impacts of climate change
on salmon include: (1) monitoring of physical parameters such as flows and
freshwater/estuarine water temperatures; (2) assessment of freshwater smolt production
to partition freshwater from marine effects on survival; (3) incorporate genetic or
within-watershed population data into fishery management strategies such as
escapement goals or ceilings on exploitation; (4) assessment of economic impacts of
climate change such as furthering assessment of population diversity on stability in
fisheries; (5) improve assessment of salmon other than sockeye such as Chinook or
coho salmon.
Assess impacts to salmon habitat from changes in
hydrography.
Develop and assess water quality and quantity baselines,
including instream flow reservations, and freshwater and
estuarine water temperatures.
Map wetlands and conduct functional assessment.
Estimate salmon distribution and abundance; and assess
stock status and limiting factors.
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Assess juvenile salmon migration and habitat use.
Assess the cumulative impacts of development in riparian areas.
Identify representative streams and stream reaches to conduct baseline and long-term
monitoring.
Complete genetic baselines for all salmon species. Assess effects on genetic or
population diversity under different fishery management strategies such as escapement
goal or exploitation rate policies.
Assess economic benefits from alternative development and maintenance of population
diversity.
To cost-effectively develop projects and assessments, sites for additional monitoring
such as physical parameters (water flow and temperature) should include existing
monitoring sites for salmon escapement (such as tower or smolt sites). Data archiving
and accessibility should be addressed in every project. For many of these assessments,
there is a premium on long-term time series data sets. Where practical, mining of
existing data sets is a very cost-effective approach. Most of the current assessments for
salmon are for fisheries management. Many of these assessments can have added value
for assessment of climate change or population resiliency. For instance, assessment of
smolt production partitions survival from the freshwater and marine environments.
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Appendix A
Comprehensive Conservation Plans, General Management Plans, Watershed Plans,
and other management plans available for use by the Partnership.
A. Comprehensive and Master Plans
Wood-Tikchik State Park Master Plan
Alaska Peninsula National Wildlife Refuge Comprehensive Conservation Plan
Becharof National Wildlife Refuge Comprehensive Conservation Plan
Togiak National Wildlife Refuge Comprehensive Conservation Plan
Izembek National Wildlife Refuge Comprehensive Conservation Plan
Yukon Delta National Wildlife Refuge Comprehensive Conservation Plan
Alaska Maritime National Wildlife Refuge Comprehensive Conservation Plan
Lake Clark National Park and Preserve General Management Plan
Katmai National Park and Preserve General Management Plan
Aniakchak National Monument General Management Plan
Alagnak Wild River Management Plan
Bristol Bay Resource Area Management Plan
B. Fisheries Management Plans
Alaska Peninsula National Wildlife Refuge Fisheries Management Plan
Becharof National Wildlife Refuge Fisheries Management Plan
Togiak National Wildlife Refuge Fisheries Management Plan
Izembek National Wildlife Refuge Fisheries Management Plan
Yukon Delta National Wildlife Refuge Fisheries Management Plan
C. Land Protection Plans
Alaska Peninsula National Wildlife Refuge Land Protection Plan
Becharof National Wildlife Refuge Land Protection Plan
Togiak National Wildlife Refuge Land Protection Plan
Izembek National Wildlife Refuge Land Protection Plan
Yukon Delta National Wildlife Refuge Land Protection Plan
D. Other Relevant Plans
Nushagak Bay Watershed Plan
Nushagak River Watershed Traditional Use Area Conservation Plan
Bristol Bay Coastal Zone Resource Area Management Plan
Bristol Bay Ecoregional Plan
Wood-Tikchik Site Conservation Plan
Pacific Coast Joint Venture Strategic Plan
ADF&G Special Areas Management Plans
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Appendix B
By-Laws of the Southwest Alaska Salmon Habitat Partnership̘̘ Management Board
Article I
Name:

The name of the organization shall be the Southwest Alaska Salmon
Habitat Partnership.

Article II
Purpose:

The Southwest Alaska Salmon Habitat Partnership (Partnership)
Management Board provides oversight and policy guidance for the
Partnership, a coordinated effort among partners to conserve fish,
wildlife and habitat and their historic uses within Southwest Alaska.
The Management Board develops funding strategies, raises funds,
coordinates efforts among partners, assists land trusts and non-profit
land conservation organizations, recommends priorities and standards
for habitat conservation and provides public information.

Article III
Membership:

Membership on the Management Board shall consist initially of one
representative from the Bristol Bay Native Association, Bristol Bay
Native Corporation, The Nushagak-Mulchatna/Wood-Tikchik Land
Trust, The Conservation Fund, The Nature Conservancy, Trout
Unlimited, and Phillips Petroleum.
New Formal Partners are invited to join the Management Board at the
Board’s discretion.
There are four categories of Partnership partners:
Formal Partner: A Formal Partner is an official member of the
Management Board and provides a resource, management and
participatory (time) commitment to the Partnership. A written
request to participate as a Formal Partner is submitted to the Chair for
consideration by the Management Board. Recognizing that a Formal
Partner commitment is a voluntary commitment, Formal Partners will
commit to participate directly in resource and management strategies,
attend two management board meetings a year, and participate in
conference calls, temporary working groups or other such
responsibilities that might occur during the course of each year for
the furtherance of the Partnership’s purpose. Only Formal Partners
have the right to vote. If a Board member misses two consecutive
meetings, a letter will be sent by the Chair to the organization
inquiring as to their interest in remaining on the Board. In the event
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three consecutive meetings are missed, the Board
member/organization will be placed in inactive status until such time
as the organization recommits to participate.
Cooperator: A Cooperator is a person, organization, or agency that
wishes to work with the Partnership at the local or regional level. A
Cooperator may or may not have a region-wide interest in the
Partnership, but wants to participate as an on-the-ground partner with
the Partnership, working cooperatively with Formal Partners on
mutually compatible and beneficial projects. A person, organization
or agency can become a Cooperator after expressing an interest and
desire to participate in the Partnership and subsequent approval by
the Management Board. Cooperators are welcome to sit in on
Management Board and Technical Committee meetings and are kept
informed of upcoming related events and activities.
Informal Partner: An Informal Partner is a person, organization or
local, state, regional or federal agency representative who might wish
to support or be supported by the Partnership. An Informal Partner
might work with the Partnership on specific policy issues, legislative
directives, or technical working groups without any formal contract
being necessary for the activities to proceed. Information would be
cooperatively shared between Informal Partners and the Partnership
Management Board. Informal Partners are kept informed of the
Partnership activities and are welcome to sit in on Management
Board and Technical Committee meetings.
Technical Partner: A Technical Partner provides technical and
scientific expertise to the Management Board and may serve on the
Technical Committee at the Committee’s request.
Article IV
Officers

The officers shall be a Chair, a Vice-chair, and a Secretary/Treasurer.
The Chair and Vice-chair shall be elected by the Management Board
to serve for one-year. Elections shall take place during the first
meeting of each calendar year. The Chair will organize and conduct
the business meetings of the Management Board, appoint members to
standing and ad-hoc committees, review and approve expenditures
incurred. The Vice-chair shall preside in the absence of the Chair.
The Board shall appoint a Coordinator who shall serve as a facilitator
of the Board in the furtherance of the Partnership’s purpose and
objectives. The Coordinator shall record or make arrangements for
proper recording of Management Board Meeting minutes,
distributing copies of the minutes to each Board member at least two
weeks prior to the next Board meeting, shall maintain the
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membership rolls, serve as custodian of Management Board records,
collect meeting dues, maintain a checking account for disbursement
of petty cash, distribute information relating to the Partnership
activities, maintain and report on the Partnership’s accomplishments,
and such other duties as the Management Board may assign.
Article V
Meetings:

Two regular meetings will be held annually and shall be of sufficient
length to ensure time for full discussion of relevant issues.
Additional meetings may be held at the discretion of the Management
Board Chair. Meetings shall be conducted under Roberts Rules of
Order.

Article VI
Quorum:

A quorum at any meeting shall consist of a simple majority of the
voting members.

Article VII
Committees:

The Management Board may appoint such committees, as it deems
necessary to accomplish its purpose and objectives. Each Committee
will elect its own Chair except as otherwise provided for in these
bylaws. The Management Board may appoint an interim chair until
the committee has an election.
Technical Committee: The Technical Committee is the technical arm
of the Partnership. The Technical Committee is responsible for
overall staff functions as assigned by the Board. The Coordinator
shall chair the Technical Committee. The Technical Committee shall
include at a minimum a representative from the federal and state fish,
wildlife and land managing agencies including the Alaska
Department of Fish and Game, Alaska Division of State Parks,
Alaska Department of Natural Resources, Bureau of Land
Management, U.S. Fish and Wildlife Service, and National Park
Service, and the Formal Partner non-profit habitat conservation
organizations including The Conservation Fund, The Nature
Conservancy and the Nushagak-Mulchatna/Wood Tikchik Land Trust
unless such organizations decline to participate. Any Board member
may nominate a technical representative from their organization to
participate on the committee. Additional members are invited at the
discretion of the Committee. The Technical Committee may
establish sub-committees at its discretion to meet its commitments.
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Finance Committee: The Board shall establish a Financial
Committee, the purpose of which shall be developing and executing
strategies to raise funds to fulfill the Partnership’s purpose. The
Secretary/Treasurer shall chair the Finance Committee.
Article VIII
Amendments:

Amendments to the Bylaws shall be by a simple majority vote of the
voting members present at a meeting provided that notice of the
proposed change is given to all voting members, not less than thirty
(30) days prior to the meeting.
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Appendix C
Specific Concerns Regarding Mineral Mining in Bristol Bay

Mining and mineral extraction activities take many forms though mining and its
associated activities have the potential to cause environmental impacts from exploration
through post-closure. Some of the most severe damage, however, occurs in remote
areas, where some of the most productive fish habitat is often located (Sengupta 1993).
While the intention of environmental regulations may avoid, limit, or offset many of
these potential impacts, mining will, to some degree, always alter landscapes and
environmental resources (National Research Council [NRC] 1999). Mining in the form
of open pit and underground mining will always impact or effect surrounding surface
and ground water hydrology, simply because no mine can be operated without the
removal of all surrounding ground water.
Regarding water specifically, potential impacts from mining include.
1) Dewatering of the mine site and surrounding aquifers that could flood the mine site.
2) Altering and depleting natural ground water regimes and hydro-geomorphic
processes surrounding the mine site.
3) Unseen and unpredicted modification of instream water quality and habitat in
surrounding unmined areas.
4) Seepage of contaminated leachate from waste rock piles, both liberated metals and
sulfides as well as metal processing chemical residues.
5) Eventual flooding of open pits or underground workings after mining ceases.
6) Eventual seepage and discharge of untreated water leachate from mine workings.

HYDROLOGY
Water quality and availability are obviously an essential component to productive
salmon habitat and associated ecosystem processes. To access mineral and ore deposits,
many mining methods and operations necessitate the complete withdrawl of
groundwater aquifers. These naturally occurring often saturated ground water substrates
and aquifers support surface water and instream flow regimes that support head waters
and streams and rivers. At landscape scales, such water withdrawls negatively impact
surface and ground water supplies by depleting local water tables, disrupting aquifers or
compromising natural recharge (Sophocleous 2002, Younger 2002, Brown 1997, Bonta
1992). Altered water regimes change instream channel morphologies, stream gradients,
bank and benthic substrates and disrupt the equilibrium between flow and sediment
transport in tributaries (Sophocleous 2002, Johnson 1997). Often these impacts are seen
many miles upstream and downstream of the actual mine site (NAS-1999), thus
influencing anadromous species access to migratory corridors and reducing available
spawning and rearing habitat.
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HYDROLOGIC UNCERTAINTY
There is a high degree of uncertainty associated with methods and models used to
predict water quality, quantity and availability for large scale mining, especially those
influenced by dramatic seasonal rain fall, winter snow accumulation and runoff. Studies
assessing current technologies and methods used for instream flow predictions advise
caution because models fail to accurately predict available water, habitat impact, or
predict the effects of seasonal influences to instream flow volumes on fish populations
(Hudson 2003, Railsback 2000, Kondolf 2000). Methods currently used to predict
ground water processes often fail to accurately characterize ground water availability or
predict post mining water quality conditions (Malmström 2008, Kuipers, 2006, Maest
2005). Stochastic models, those methods that actually discuss and introduce levels of
uncertainty regarding parameter and prediction, should be considered when addressing
long term cumulative impacts to water sheds and aquatic ecosystems (Schafer 1998).
The scientific literature is abundant with examples of salmonid species (anadromous and
resident) selecting spawning and rearing substrates influenced by hyporheic and riparian
processes (see Ecological Processes). These processes are influenced by the constant
physical interaction and exchange of chemical and biological processes such as instream
and inter-substrate flow, flushing of dissolved gases, and introduction of nutrient sources
and removal of wastes. Mining activities disrupt these physical systems initiating and
promulgating mineral dissolution or precipitation reactions that can alter pre-mining
ground water quality and chemistry in ways that may be difficult to predict (Lewis-Russ,
1997). Recent studies suggest that diffuse mine related pollution in rivers may
significantly contribute to the loading of metals, principally because mine water
contribution may be influenced by altered water tables (Kimball 2010, Younger 2000).
Minerals and metals liberated from rock substrates interact with atmospheric oxygen and
water (Jennings 2008, Younger 2002, Jennings 2001, Younger 2001, Edwards 1999).
The introduction of metal and mineral rich runoff or Acid Mine Drainage (AMD) or
Acid Rock Drainage (ARD) into the aquatic ecosystems can have adverse impacts on the
ecology of entire watersheds and can result in the death of hyporheic metabolism,
associated organisms and interchange (Gandy 2007, Nelson 1999, Brunke 1997). The
hyporheic zone is particularly vulnerable since it is exposed to up-welling groundwater
contaminants before they reach, and are subject to dilution within, the surface water
ecosystem (Biksey 2001). Results of studies conducted on rivers recovering from metal
and mineral contamination conclude, despite efforts to remediate surface water
pollution, community recovery in the hyporheic zone may take longer than surface
macroinvertebrate recovery due to the continued release of metals by reductive
dissolution and exposure to AMD (Neal 2005, Jarvie 2005).
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TOXICITY TO FISH AND AQUATIC ORGANISMS
The body of literature is replete and growing with scientific books and papers
documenting the adverse impacts of exposure to liberated metals and processing
chemicals on aquatic ecosystems and ultimately aquatic organisms. Two recently
published books provide an accurate assessment and discussion of potential impacts
including the numerous variables that influence true levels of toxicity (Di Giulio 2008,
Meyer 2005). Many current studies and papers addressing liberated metals and
processing chemicals have demonstrated toxicity to fish as well as aquatic invertebrate
populations at the ecosystem, metabolic and cellular level (Iwasaki 2009, Dsa 2008,
Freund 2007, Peplow 2004, Peplow 2003, Hansen 2002, Barry 2000, Beltman 1999,
Saiki 1995, West 1995, Buhl 1991). Some metal contamination and exposure has been
shown to influence simple migratory behavior and avoidance mechanisms in fish
populations (Hecht 2007, Faraq 2003, Brix 2001, Hansen 1999, Goldstein 1999, Baatrup
1991). Additional studies indicate that salmonids exposed to chronic sub-lethal levels of
metals have weakened immune response and become suscepetable to increasing levels
of fish pathogens they would normally be tolerant to (Arkoosh 1998).
The adverse impacts to fish populations and habitat in natural settings are well
documented (Faraq 2003, Hansen 2002, Brix 2001, Goldstein 1999, Baatrup 1991).
There are also several other literature reviews of numerous studies designed to quantify
the adverse environmental effects of acid mine drainage on aquatic resources (Di Giulio
2008, Jennings 2008, Trasky 2008, Meyer 2005). These assessments include water and
sediment chemistry, benthic macroinvertebrate sampling for taxa richness and
abundance, laboratory acute water column evaluations, laboratory chronic sediment
testing, caged fish within impacted streams, and development of models to explain and
predict impacts of acid mine drainage on various aquatic species.

TAILINGS and TREATMENT, SCALE in PERPETUITY
The creation of waste dumps, tailings impoundments, mine pits and other facilities that
become permanent features of the post-mining landscape can cause fundamental
changes in the physical characteristics of a watershed (O’Hearn, 1997). The ability to
predict, treat or neutralize AMD is very site specific, and often very unpredictable.
Mine waste will be exposed to the natural elements of weathering for a long time (CSS
2002, EPA 2007). Depending on the scale of the mining operation and associated
topography and hydro-geomorphic processes, active treatment to neutralize AMD may
last in perpetuity (Jennings 2008, Kuipers 2000).
Although reclamation efforts and mitigation practices may restore topographic land
forms to mine sites these efforts fail to restore natural hydro-geomorphic and aquatic
function and associated water quantity and quality within measurable time frames (Mutz
1999, Kilmartin 1998).
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OTHER IMPACTS
Commercial mining operations may also involve road building, tailings disposal, and
leaching of extraction chemicals, all of which may create serious impacts to water
sources and subsequent fish and aquatic resources. Cyanide, sulfuric acid, arsenic,
mercury, heavy metals, and reagents associated with mining operations and mineral
development all threaten aquatic habitat and species, and have cumulative effects to
terrestrial habitat and species. Improper or in-water disposal of tailings may be toxic to
managed species or their prey downstream. Upland disposal of tailings in unstable or
landslide prone areas can cause large quantities of toxic compounds to be released into
streams or to contaminate groundwater (Council 1999).
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Abstract
Groundwater-fed streams and rivers are among the most important fish habitats in Alaska because
groundwater determines extent and volume of ice-free winter habitat. Sockeye, Chinook, and chum
salmon preferentially spawn in upwelling groundwater, whereas coho prefer downwelling
groundwater regions. Groundwater protects fish embryos from freezing during winter incubation
and, after hatching, ice-free groundwater allows salmon to move both down and laterally into the
hyporheic zone to absorb yolk sacs. Groundwater provides overwintering juvenile fish, such as
rearing coho and Chinook salmon, refuge from ice and predators. Groundwater represents a
valuable resource that influences salmon spawning behavior, incubation success, extent of
overwintering habitat, and biodiversity, all of which can influence salmon sustainability.
Recently, over 2,000 km2 of mine claims were staked in headwaters of the Nushagak and Kvichak
river watersheds, which produce about 40% of all Bristol Bay sockeye salmon (1956-2010). The
Pebble prospect, a 10.8 billion ton, low grade, potentially acid generating, copper deposit is located
on the watershed divide of these rivers and represents mine claims closest to permitting. To assess
groundwater prevalence and its relationship to salmon resources on mine claims, rivers within
claims were surveyed for open ice-free water, 11 March 2011; open water was assumed indicative
of groundwater upwelling. Upwelling was georeferenced, photodocumented, and mapped in GIS.
Georeferenced salmon data from the Alaska Department of Fish and Game was mapped and the
relationship between salmon spawning and groundwater examined. Over 282 linear km of open or
partially open water was documented on state mine leases during the March 2011 survey. Georeferenced salmon spawning habitats were generally coincident with or downstream from upwelling
reaches with some notable exceptions. One 15 km stretch of open water in the North Fork Koktuli
indicates groundwater upwelling and potential high quality spawning habitat, however, spawning
salmon presence data are lacking. It is unclear if this is due to limited survey data or low habitat
quality and studies are ongoing.
Upwelling groundwater was ubiquitous throughout mine claims and coarse alluvium from past
glaciations facilitates groundwater transfer both within and among watersheds. Previous research
indicates mines with high potential for acid mine drainage and located near ground and surface
waters—-such as Pebble prospect— pose a high risk of water contamination. Combined with the
low buffering capacity of area waters and the fact Pebble is a copper mine, it is likely that
development of the Pebble prospect will both reduce water quantity and contaminate waters feeding
salmon habitat.
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Rationale
The Bristol Bay ecosystem (Figure 1) supports 5 species of Pacific salmon, which sustain major
commercial, subsistence and sport fisheries. The world’s largest sockeye salmon runs, comprising
about 51% of world commercial harvest, originate here (Pinsky et al. 2009, Ruggerone et al. 2010).
Commercial harvests during 1990-2010 averaged 25.8 million sockeye, 64,000 Chinook, 1.3
million chum, 88,000 coho and 182,000 (even year) pink salmon (Salomone et al. 2011). During
the same period, Bristol Bay subsistence fishers harvested an average of about 140,000 salmon,
preserving most for winter following thousands of years of tradition (Salomone et al. 2011). Sport
fishers to Southcentral Alaska, which includes Bristol Bay, annually spend over $989 million and
support over 11,500 thousand jobs (ADFG 2009).
Since 1956, the Nushagak and Kvichak river watersheds (Figure 1) have produced about 40% of all
Bristol Bay sockeye salmon (ADFG 2011a). Proposed industrial hard rock mining on over 2000
km2 in headwaters of these watersheds poses significant risks to groundwater (Teaf et al. 2006) and
species, such as salmon, that rely on groundwater-fed habitats for survival. Obtaining a precise and
accurate understanding of pre-mining ground and surface water interactions, quantity and quality is
critical to obtain because mining typically impacts these parameters, and can therefore pose a risk to
salmon and their food chains (Smith et al. 1987, Notenboom et al. 1994, Fetter 2001).
This report :
x Provides a brief overview of groundwater ecology in glacially influenced watersheds such as
those documented in headwaters of the Nushagak and Kvichak river watersheds.
x Documents salmon-groundwater links in Nushagak and Kvichak river headwaters.
x Summarizes potential risks to groundwater quantity and quality posed by industrialized hard
rock mining in Nushagak and Kvichak headwaters.
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Figure 1. Map of Bristol Bay, Alaska, depicting Nushagak and Kvichak watersheds,
state mine leases (red) and Pebble prospect claims (black).

Ground and Surface Water: A Single Resource
At least four glacial advances left their imprint on Bristol Bay in the form of coarse, porous, layers
of alluvial sediments, which can both store and transmit large volumes of groundwater (Figure 2;
Detterman and Reed 1973, Stilwell and Kaufman 1998, Power et al. 1999). In Bristol Bay,
groundwater aquifers are typically recharged during annual spring and fall flood events (Figure 3).
When dry conditions prevail in summer and winter, stream water levels drop below the water table
and stored groundwater contribution to surface stream flow increases. Groundwater can comprise
most or all water feeding surface streams and rivers during low flow periods, especially in Alaskan
alluvial systems (Winter et al. 1998, Reynolds 1997, Power et al. 1999). Baseflow conditions exist
when dry or freezing conditions persist and groundwater provides all flow to surface streams.
Baseflow is a major determinant in the fate of aquatic organisms. Only streams with adequate
baseflow can sustain fish and aquatic communities during prolonged droughts and freezing. The
amount of baseflow a stream receives is closely linked to hydraulic conductivity within a watershed.
Valleys with extensive alluvial sediments, such as headwaters of the Nushagak and Kvichak rivers,
store large volumes of water. Because sediments are permeable, they discharge and recharge with
seasonal cycles (Figure 3) and this supports aquatic communities, including salmon, through
drought and freezing (Malcolm et al. 2004, Gilbert et al. 1990). Hydrologic exchange patterns
between ground and surface waters in alluvial systems can be highly complex and difficult to map
and predict. For example, research at the Pebble Prospect (Figures 1 and 2) shows sediment layers
with high permeability throughout substrata and the transmission of groundwater between
watersheds via permeable substrata (Florio 2007, Smith and McCreadie 2008).
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Figure 2. Hydrogeologic cross section from the Pebble prospect mine lease illustrates complexity of subsurface
sediment layers, which influence groundwater flow paths. Colors represent different sediment layers with:
brown = sand or silty sand; green = clay or silty clay, and yellow = gravel and gravelly sand. Graphic from Smith
and McCreadie (2008).

Figure 3. Typical annual flow patterns for the South Fork Koktuli River, Nushagak River system during 2007 to
2010. Graph depicts mean daily discharge. Note low flow periods during summer and winter where baseflow or
groundwater contribution is greater than 20 cfs. Data from USGS National Water Information System at
http://waterdata.usgs.gov/nwis.
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The Hyporehic Zone
The interaction between surface and groundwater strongly influences biodiversity, structure and
function of aquatic communities (Gilbert et al. 1990). Ground and surface water mix below the
riverbed in the hyporheic zone, a region of active exchange of life, nutrients, ions, oxygen, and heat
(Figure 4; Dahm et al. 1996, Acuña and Tockner 2008). The hyporheic zone provides habitat to
diverse aquatic communities including fish eggs and juvenile fish, insects, fungi and bacteria
(Stanford and Gaufin 1974, Ward et al. 1998, Hester and Gooseff in press) and it influences
watershed ecosystem processes including nutrient cycling, pollutant buffering and thermal regimes
(Acuña and Tockner 2008, Mulholland and Webster 2010, Hester and Gooseff in press). In alluvial
systems the hyporheic zone extent has been documented over 10 meters down below the streambed
(Marmonier et al. 1992, Stanford and Ward 1988) and laterally away from the stream up to three
kilometers (Stanford and Gaufin 1974, Stanford and Ward 1988, Ward et al. 1998).
Within state mineral leases in the Nushagak and Kvichak watersheds of Bristol Bay (Figure 1), the
hyporheic zone is appears extensive due to permeable alluvial substrates that facilitate surface and
groundwater exchange pathways (personal observation by authors). The interconnected nature of
surface and groundwater in this region supports fish and the food web they rely on and allows
movement of invertebrates and fish among aquatic habitats. For example, salmon were documented
in spring-fed pools with no visible outlet to an anadromous river in the Koktuli River watershed;
salmon may have migrated there underground through larger alluvial substrates in the hyporheic
zone, or perhaps arrived during a flood event (Woody and O’Neal 2010). Burbot were also
documented in spring-fed pools in August 2009, with an obvious, but temporarily dry connection to
the Stuyahok River (Woody and O’Neal 2010). The presence of healthy fish in these groundwaterfed regions indicates not all fish in ponds and habitats without an obvious outlet to a stream are
stranded and suffer mortality. Some fish may survive and thrive, and move among habitats via the
hyporheic zone or during high water.

Figure 4. Schematic diagram showing hyporheic
linkages among surface stream, groundwater,
alluvial aquifers and the riparian or streamside
systems (after Boulton 2000)

Groundwater as Essential Salmon Habitat
Groundwater-fed streams and rivers are among the most important freshwater fish habitats in
Alaska because groundwater determines the volume and extent of ice-free winter habitats in flowing
waters (Reynolds 1997, Power et al. 1999, Bellino 2009). In Bristol Bay below freezing conditions
can extend over 5 months (Iliamna Airport 2011) with groundwater playing a key role in overwinter
survival of salmon and the aquatic communities upon which they depend.
Aquatic species have evolved specialized adaptations to exploit groundwater resources and salmon
exhibit a variety of such behaviors. Sockeye, Chinook, and chum salmon preferentially spawn in
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upwelling groundwater (Lorenz and Eiler 1989, Leman 1993, Geist and Dauble 1998, MacLean
2001), whereas coho prefer downwelling surface to groundwater regions (Mull 2005).
Groundwater protects developing fish embryos from freezing during winter incubation (Curry et al.
1995, Reynolds 1997, Power et al. 1999, Brown et al. 1994) and, after hatching, ice-free
groundwater allows salmon to move both down and laterally into the hyporheic zone to absorb yolk
sacs, after which they emerge from substrates to become free-swimming fry (Godin 1982).
Groundwater provides overwintering juvenile fish, such as rearing coho and Chinook salmon,
refuge from ice in tributaries (Swales et al. 1986, Bradford et al. 2001). Brown et al. (1994) found
trout overwintering in frozen streams with just 8 cm of ice-free groundwater near stream substrates.
Roussel et al. (2004) found fish avoided freezing conditions by staying under anchor ice formation
where microtemperatures were warmer than in nearby areas. Winter researchers have observed
young salmonids burrowing into stream substrates or hiding under ice formations, effectively hiding
them from predators (Cunjack 1996, Cunjack 1998, Power 1999, Bradford et al. 2001, Hillman et
al. 1992, Huusko et al. 2007). In light of extended harsh Alaskan winters, groundwater represents a
valuable fisheries resource that influences salmon spawning behavior, incubation success, and
availability of overwintering habitat, all of which can influence salmon survival (Reynolds 1997,
Power et al. 1999, Huusko et al. 2007).

Groundwater Influences Salmon Biodiversity
High salmon biodiversity has been linked to long-term Bristol Bay salmon productivity and
sustainability (Hilborn et al. 2003, Schindler et al. 2010). Within Bristol Bay, hundreds of small
unique spawning populations adapted to natal sites within each watershed create a diverse “salmon
stock portfolio” (Hilborn et al. 2003, Ramstad et al. 2004, Ramstad et al. 2010, Schindler et al.
2010). Similar to a diverse asset “stock portfolio”, high biodiversity ameliorates extreme salmon
production fluctuations that would occur if biodiversity were reduced (Schindler et al. 2010).
Reductions in biodiversity can lead to increased fishery closures and threaten long-term
sustainability of fisheries (Schindler et al. 2010).
Groundwater influences salmon biodiversity. Sockeye salmon that bury embryos in colder
incubation regimes spawn earlier than sockeye salmon that bury embryos in warmer incubation
regimes, and since early and late spawning populations do not interbreed, genetic differences can
evolve (Brannon 1987, Sheridan 1962, Woody 1998, Hendry et al. 2007). Spawn time differences
among breeding populations has resulted in evolution of genetically distinct populations (Tallman
1986, Woody et al. 2000, Hendry et al. 2007), and salmon spawning in groundwater-influenced
areas represent a unique evolutionary component that contributes to overall salmon biodiversity.

Salmon and Groundwater in Nushagak and Kvichak Headwaters
Salmon Presence in Nushagak and Kvichak Headwaters
Rivers and lakes in Bristol Bay produce prolific salmon runs due, in part, to diverse abundant
salmon spawning and rearing habitat fed by groundwater. While salmon abundance data for the
hundreds of tributaries feeding the Nushagak or Kvichak is limited, salmon presence has been
documented in 3 of every 4 headwaters of less than 10% gradient on state mining leases, excluding
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the Chulitna drainage (Woody and O’Neal 2010). Data indicate tributaries draining state mineral
leases provide essential spawning, incubation, rearing and migration habitat to sockeye, Chinook,
coho and chum salmon (ADFG 2011b), and to subsistence fish species which have been
documented in 96% of area streams (Woody and O’Neal 2010).
Limited spawning abundance data (Table 1) on mine leases (Figure 1) indicate hundreds of
thousands of salmon can spawn there. Because these species preferentially spawn in groundwaterinfluenced habitats, and because juvenile coho and Chinook overwinter in flowing waters, their
persistence in these systems underscores the importance of groundwater in this region.
Table 1. Upper range of estimated escapement during 2004 to 2007 for three rivers draining state mining leases,
Bristol Bay, Alaska. All data from HDR (2006) except the sockeye salmon estimate denoted by the asterisk from
McLarnon (2007).

Sockeye

Chinook

Coho

Chum

9,200
14,800
120,000*
144,000

12,500
13,900
320
26,720

4,900
8,100
35,500
48,500

4,000
4,800
0
8,800

River
North Fork Koktuli
South Fork Koktuli
Upper Talarik Creek
Total

Groundwater:Salmon Links in Nushagak and Kvichak Headwaters
To document groundwater upwelling on state mine leases, streams were surveyed for evidence of
open ice-free water on 11 March 2011 (methods detailed Appendix I). Average temperatures during
March 2011 ranged from a high of 0.2oC to -11.4oC and averaged -5.9oC (Iliamna Airport 2011) and
open water was assumed indicative of groundwater. Over 282 linear km (175 miles) of open or
partially open water was documented during the March 2011 survey (see detail Figure 5) in both
rivers and smaller headwater streams. These observations agree with previous studies that
documented spring-fed high gradient tributaries (Woody and O’Neal 2010) and over 4,500
upwelling springs in this region (Smith and McCreadie 2008). Upwelling groundwater is ubiquitous
in state mine leases based on the March 2011 survey and unpublished reports by Pebble Limited
Partnership (Florio 2007, Cathcart 2008, Smith and McCreadie 2008).
Geo-referenced salmon spawning habitats (ADFG 2011b) were generally coincident with or
downstream from open and partially open waters, with some notable exceptions (Figure 5). The
approximately 15 km open water reach in North Fork Koktuli indicates groundwater presence and
potential spawning habitat, however, spawning salmon presence data is lacking (Figure 5). Because
spawning and habitat surveys are limited for Bristol Bay headwaters, it is unclear if the lack of
known spawning salmon simply reflects limited survey effort or if habitat is actually unsuitable for
spawning. Although spawning salmon have not been documented in all upwelling regions, rearing
salmon are documented throughout the watershed and may use these regions for overwintering.
Further studies would provide data to verify or negate salmon presence in these regions.
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Figure 5. Map of open water survey results for 11 March 2011 including documented salmon distributions for
the North and South Fork Koktuli rivers (Nushagak) and Upper Talarik Creek (Kvichak). Pebble prospect ore
body and tailings plans (DNR 2011) included for reference.
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The area depicted in photograph “C” (Figure 5) highlights the interconnectedness of drainages.
This photo illustrates where about 25 cfs of groundwater migrates from the South Fork Koktuli
through permeable sediments into a stream feeding a salmon spawning area in Upper Talarik Creek
(Smith and McCreadie 2008, ADFG 2011b).
Our results appear to agree with unreleased results from other studies in the region documenting the
ubiquity of upwelling groundwater and that open or partially open water in winter is indicative of
upwelling groundwater presence (Florio 2007, Cathcart 2008, Smith and McCreadie 2008).

Mining and Potential Risks to Groundwater Quantity and Quality
Mining generally impacts natural water systems and effects can occur throughout the mine life
cycle from exploration to after mine closure (Ripley et al. 1996). While in some cases mine water
can be used for beneficial purposes (Banks et al. 1996), adverse impacts such as dewatering of
streams, and aquifers (Siegal 1997, Fetter 2001) and water contamination can occur and persist for
decades to millennia (Errington and Ferguson 1987, Davis et al. 2000, Woody et al. 2010). Mining
induced changes in water flow patterns and chemistry can disrupt hydrologic exchange pathways
and directly contaminate ground and surface waters (Mestrov and Lattinger-Penko 1981, Hancock
2002, Kasahara et al. 2009). Contaminants related to mining can include heavy metal influxes,
chemical pollution, increased acidity or alkalinity, and increased suspended sediment, all of which
can adversely affect aquatic communities (Melard et al. 1994, Hancock 2002, Woody et al. 2010).

Water Quantity Issues and Mining
Dewatering is a technique used to access open pit and underground mine excavations. Depending
on the scale of the operation, dewatered areas can range from hundreds of meters to many square
kilometers (Younger 2002). As a mine is excavated, concurrent pumping of groundwater prevents
flooding of the excavation and allows access to the ore; the pumping creates a “cone of depression”
in the natural water table (Figure 6; Strobel 2011). The cone of depression can significantly lower
the water table below natural stream or lake levels, can cause land subsidence or sinking (Bai 1994)
and can reduce water flows into streams, the hyporheic zone, riparian areas and wetlands (Scott et
al. 1999, Hancock 2002).
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Figure 6. Illustration of how pumping water from an
excavation as occurs during mining during mining can
cause a cone of depression in the surrounding water table.
After mining ceases, pumping stops and the excavation fills
again but remains lower due to evaporation.

One prospect in Bristol Bay (Pebble Prospect) submitted water use permit applications in 2006
(DNR 2011) for about 144 cfs annually (about 34 billion gallons per year). Hydrographs for
tributaries draining Pebble indicate winter baseflows can be as low as 124 cfs (USGS 2011). If the
mine requires 144 cfs for operations throughout the year, there will be increased reliance on
groundwater to support operations during winter since surface waters will be frozen. Use of 144 cfs
of groundwater could significantly reduce groundwater flows into salmon incubation habitats, fish
overwintering habitats, and the hyporheic zone, which supports invertebrates upon which
overwintering salmon feed. It is currently difficult to assess impacts of such mine water
withdrawals on natural groundwater flow patterns to salmon habitat and the watershed ecosystem
since no details are publically available as to how water will be used, treated, and returned to the
watershed nor have hydrologic data, water balance models, drill logs, or other necessary data been
released to the public.

Water Quality Issues and Mining
Documented surficial geology (Detterman and Reed 1973, Stilwell and Kaufman 1998), subsurface
stratigraphy (Figure 2; Smith and McCreadie 2008), and interconnections between ground and
surface water in mine lease areas (Smith and McCreadie 2008) suggest multiple pathways through
which water contamination can occur should mining proceed. The Pebble prospect is a 10.78
billion ton low-grade porphyry copper deposit (Cooke et al. 2005) with a high waste to ore ratio and
relatively high potential for acid mine drainage (NDM 2005, Day 2006). If acid drainage develops,
then metals in the ore such as copper, zinc, arsenic, cadmium and lead can be mobilized into water
(Wireman 2001). These metals can be toxic to aquatic life as well as terrestrial species (Eisler
2000). Due to its low alkalinity and low dissolved organic carbon concentrations, waters of this
region have limited ability to ameliorate toxic effects of increased metal concentrations from mining
(Craven et al. In Review). Copper is one of the most abundant metals in Pebble and is also one of
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the most toxic elements to aquatic life, including salmon (Hall et al. 1988, Eisler 2000, Baldwin et
al. 2003, Hansen et al. 1999, Tierney et al. 2010).
Copper (Cu) is a documented neurotoxin in fish (Thompson and Hara 1977, see reviews by
Sorenson 1991, Eisler 2000 and Tierney et al. 2010), which can impair olfaction in salmon and
other fish at concentrations in the part per billion (ppb). For example, Sandahl et al. (2007)
demonstrated that coho salmon exposure to just 2 ppb of Cu for 3 hours significantly impaired
olfactory detection of predator alarm cues and caused a 50% decline in normal predator avoidance
response; an impaired ability to detect and avoid predators can be lethal. Salmon olfactory
receptors also receive and trigger critical physiological and/or behavioral responses in fish (Tierney
2010), such as sperm production, predator recognition and avoidance (Brown and Smith 1997,
Hirovan et al. 2000), food location (Hara 2006) kin recognition (Quinn and Busack 1986),
recognition of conspecifics (Brown and Smith 1997, Hirovan et al. 2000), migration (Groot et al.
1986), homing (Hasler and Schlotz 1983) and reproduction (Moore and Waring 1996, Waring et al.
1996). Impairment of salmon olfaction from increased copper concentrations due to industrial
copper mining in this area is a significant risk and has potential to adversely affect salmon
productivity, biodiversity and long-term sustainability.
Multiple pathways for potential groundwater contamination from proposed open pit mining exist at
Pebble, and prevention will be a significant challenge. For example, large springs (photograph "A"
Figure 5) along southeast side-channels of the North Fork Koktuli River show an area that could be
impacted by the proposed Pebble project. Tailings Site 'G' is partly bounded by a large hill that is
uphill of and presumably the source of these springs. The spring is evidence that the hill is both
porous and permeable. If a tailings facility were built here, any leakage on its northwestern edge
would enter the groundwater and emerge from these springs. During winter months when these
springs are likely the major portion of stream water, such contamination would be particularly
concentrated and could impact salmon. Another region of concern is proposed tailings storage
facility ‘A’ (Figure 5). Highly permeable soils have been documented in this area and it is
proximate to the region of interbasin groundwater exchange that upwells into documented salmon
spawning habitat (photograph ”C” Figure 5). If contaminants leached from this tailings facility into
groundwater, they could move from the Nushagak watershed to the Kvichak watershed into
documented spawning habitat and then down to Iliamna Lake (Figure 1) where millions to billions
of sockeye fry rear one to two years prior to seaward migration (Burgner, 1991).
Recent studies (Kuipers et al. 2006) indicate that development of mines with high potential for acid
mine drainage or contaminant leaching and near ground and surface water resources pose a high
risk of exceeding water quality standards, despite predictions to the contrary.

Conclusion
Due to significant interaction between ground and surface water in the Pebble prospect, the size and
type of the Pebble ore body, the relatively high potential for acid mine drainage, and reliance of
salmon on groundwater resources, mining of this prospect has potential to significantly impact
salmon productivity, biodiversity, and sustainability through loss of habitat and water
contamination.
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Methods for Documenting Groundwater Presence on State Mine Leases

To document groundwater upwelling presence in headwaters of the Nushagak and Kvichak river
drainages, we surveyed streams on state mine leases (detail Figure 5) for evidence of open ice-free
water on 11 March 2011. Average temperatures during March 2011 ranged from a high of -0.2oC to
-11.4oC and averaged -5.9oC (Iliamna Airport 2011). Assuming open water in March is a strong
indicator of upwelling groundwater presence, stream courses were flown, photo-documented and
geo-referenced using a digital SLR equipped with an image-stabilizing 30 mm lens attached to an
airplane wing. Flying at about 120 mph and 2000 m altitude, the camera was programmed to take a
photo every 10 seconds or about every 536 m. Each photo was geo-referenced and oriented by
interpolating between GPS track-points. Raw images were processed into jpegs, then located,
rotated, scaled, and linked to a Google Earth kml file (see detail; Figure 5). Open water was
categorized as open or partially open and assumed to be evidence of groundwater contribution to
streams.
The presence of salmon in the region was mapped using georeferenced salmon spawning data
downloaded from Alaska Department of Fish and Game databases and added to the kml file (Figure
5). Location of the Pebble prospect ore body and proposed tailings facilities were mapped for
reference based on permit applications submitted in 2006 to DNR (2011).
Spawning habitat surveys are ongoing in this region and when complete this paper will be updated
and published in Transactions of the American Fisheries Society.
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PREFACE
The Nature Conservancy is an international not-for profit organization with a mission to
preserve the biodiversity of the earth. Several years ago the Conservancy refocused
programs to advancing local conservation efforts that contribute most to protecting globally
significant strongholds of biodiversity. The Alaska Chapter determined that the loss of wild
Pacific salmon productivity in Alaska would have a global impact because wild salmon have
been severely compromised in other parts of the world. A focus on wild salmon in Alaska
inevitably leads to Bristol Bay – home to the world’s largest remaining salmon runs.
In the late 1990s the Conservancy began developing partnerships with local organizations
to protect the long term viability of Bristol Bay’s salmon resource. A partnership with the
Curyung Tribe of Dillingham, the Bristol Bay Native Association and the NushagakMulchatna Watershed Council led to the development and the publication in 2007 of The
Nushagak River Watershed Traditional Use Area Conservation Plan. During the time the
Conservancy was working with this partnership, the discovery of a large copper and gold ore
body on state lands in the watersheds of the Nushagak and Kvichak Rivers was announced.
A flurry of new mining claims followed. The discovery, now known as the Pebble Prospect,
is under active exploration and environmental assessment by a consortium of mining
interests.
The Anadromous Fish Act (AS 16.05.871) is the key State of Alaska statutory protection
for freshwater habitats of fish in Alaska. The act requires the Alaska Department of Fish and
Game to "specify the various rivers, lakes and streams or parts of them" of the state that are
important to the spawning, rearing or migration of anadromous fishes. The Catalog of
Waters Important for the Spawning, Rearing or Migration of Anadromous Fishes (AWC) and
its associated Atlas are the media used to fulfill this directive, and are adopted as regulation
under 5 AAC 95.011. Once included in the AWC, a person cannot “use, divert, obstruct,
pollute, or change the natural flow or bed of a specified river, lake, or stream” without prior
notice to and a permit from the Alaska Department of Fish and Game.
Although development of the Pebble Prospect is uncertain, the Conservancy and its
partners, nevertheless, determined the possibility of a large mining effort in the watersheds of
Bristol Bay’s largest rivers raised a significant threat to wild salmon habitat. Although the
extent of salmon habitat had been documented in some of the larger stream systems in the
vicinity of the Pebble Prospect, salmon distribution in many smaller streams was not fully
documented, nor did there appear to be any ongoing effort to survey these smaller streams.
Consequently, the Conservancy assembled a team in 2008 to undertake a pilot fish
distribution survey of headwater tributaries to the Koktuli River, Stuyahok River, Kaskanak
Creek, Upper Talarik Creek and the Chulitna River that originate in or near the Pebble
Prospect. All of these rivers and creeks are tributaries of the Nushagak and Kvichak Rivers.
Our purpose was to determine whether salmon habitat could be affected by potential mining
activity in areas currently subject to mining claims. The results of that survey were the
subject of a report published in 2008. The findings from that effort led to more
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comprehensive fish distribution surveys in 2009 and 2010. This report combines the data
and findings of all three surveys.
In short, our team found salmon rearing in streams throughout the Pebble Prospect and
adjacent areas. Salmon were found directly above the projected Pebble ore body. Streams in
which salmon were found in 2008 and 2009 are now included in the AWC. Nominations to
the AWC have been submitted for streams in which salmon were found during the 2010 field
surveys. The effort over these three years still fell short of surveying every potential steam
that likely would qualify for the protections afforded by the AWC. However, the data we
collected in 2008, 2009 and 2010 supports a hypothesis that nearly every stream in these
headwater areas will contain fish, and seven out of ten streams with less than a 10% gradient
will contain rearing salmon.
Under current Alaska law, however, there is no presumption that a stream is eligible for
the protections of the Anadromous Fish Act. In order for a stream to be eligible for
protection there must be site-specific, direct, unambiguous observations of anadromous fish
by a qualified observer. The results of our surveys strongly suggest that unambiguous
observation of salmon will be made in almost any headwater stream within the Pebble
Prospect and nearby mining claims. Accordingly, The Conservancy makes the following
recommendations:
1.

Exhaustive fish distribution surveys should be undertaken by the State of Alaska
to document all anadromous waters within the Pebble Prospect and adjacent
leased areas that may become economically viable to develop if the Pebble
Prospect is permitted.

2.

Fish distribution surveys should also include any stream that will be crossed by
an access road or potentially affected by any other project related infrastructure
including slurry or water pipelines, power transmission lines, material sites, port
sites, water withdrawal or disposal sites and any stream that may be stressed by
other mining related impacts such as dewatering or windblown dust.

The import of these recommendations is readily apparent from the following map
developed from information provided by Northern Dynasty Minerals in its 2006 application
for permits to the Alaska Department of Natural Resources to withdraw water from the
Koktuli River and Upper Talarik Creek to support a mine for the removal of 2.5 billion tons
of mineral resources.* (Northern Dynasty is a partner in the Pebble Limited Partnership.)

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 976 of 2339

The information provided in those applications is preliminary. The mine plan that may
eventually be proposed by the Pebble Limited Partnership could differ significantly from that
submitted by Northern Dynasty Minerals. However, at the time of this report, the scenario
presented by Northern Dynasty in its water withdrawal application remains the only official
public expression of what a mine could look like if the Pebble Prospect is developed. If this
scenario, or something similar, is developed then it can be expected that 15 miles of streams
currently listed in the AWC will be destroyed by the mine and associated tailing storage
facilities. Another 57 miles of streams that are likely to be destroyed have not been
adequately surveyed for fish distribution. Based upon the results of our fish distribution
surveys in the area, approximately 70% of these streams, or another 40 miles, are likely to be
eligible for inclusion in the AWC. Even if these streams do not qualify for inclusion in the
AWC our findings suggest there is near certainty these streams harbor resident fish.
According to the water withdrawal application, another 50 miles of streams currently
listed in the AWC are projected to experience significant water reductions of 10% of stream
flow or greater. These reductions could isolate anadromous fish habitat in many more miles
of smaller tributary streams that are currently unsurveyed.
These projections of impact to habitat are illustrative; the projections must be considered
preliminary because the only mine scenario publically available is preliminary. However, it is
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probable that a large mine will be required to eventually remove the mineral resources the
Pebble Limited Partnership has indicated are available on the Pebble Prospect site. Such a
mine, if developed, will destroy or significantly impact large areas of anadromous fish
habitat that to date remain undocumented.

THE NATURE CONSERVANCY IN ALASKA

Tim Troll
Southwest Alaska Program Director

*Pebble Project Surface Water Right Applications: Alaska Department of Natural Resources; Division of
Mining, Land & Water; Land Administration System (LAS).
LAS 25874 South Fork Koktuli River
LAS 25871 Unnamed Tributary (NK1.190) North Fork Koktuli River
LAS 25876 Upper Talarik Creek
http://dnr.alaska.gov/mlw/mining/largemine/pebble/waterapp htm
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FISH SURVEYS IN
HEADWATER STREAMS OF THE
NUSHAGAK AND KVICHAK RIVER DRAINAGES
BRISTOL BAY, ALASKA, 2008 - 2010
EXECUTIVE SUMMARY
The persistence of North American wild salmon in the Lower 48 and Canada is uncertain due
primarily to habitat loss and degradation. In contrast, over 42 million wild salmon returned
to pristine habitats in Bristol Bay, Alaska in 2010. Commercial fishers set their nets for the
126th consecutive year harvesting over 30 million salmon. Alaska Natives harvested over a
hundred thousand salmon, which they smoked, salted, canned and stored for winter
subsistence, as they have for thousands of years. Sport fishers trekked across the globe to ply
Bristol Bay’s rivers for abundant salmon, trout, and char.
Bristol Bay is the most valuable commercial salmon fishery in the U.S. and is one of its few
remaining salmon strongholds—a place where wild salmon are abundant, highly diverse and
benefit from intact essential habitats. However, over 2,054 km2 (~793 mi2) of contiguous
mining claims are now staked on the watershed divide of two of Bristol Bay’s largest salmon
producers- the Nushagak and Kvichak River drainages. Development of claims would have
both direct and indirect impacts on fish habitat and ecosystem function.
The risks industrial mining present to Bristol Bay salmon raised conservation concerns,
foremost being a lack of available salmon distribution and other data throughout the area
proposed for mining. Fish distribution data are important because 1) collectively, the
hundreds of small unstudied streams are a major source of salmon production and diversity,
providing essential habitat to both young salmon and fish that subsistence users rely on, and
2) in Alaska, salmon and fish must be explicitly documented in a water body for certain State
protections and permitting requirements to apply.
Single pass electrofish surveys, minnow trapping and aerial surveys conducted in and near
mining claims and along proposed roads improved state fish distribution databases for Bristol
Bay headwaters during August and September 2008, 2009 and 2010. A total of 105 streams
were sampled for fish and basic habitat parameters. In addition, over 400 kilometers of aerial
surveys were flown to document adult salmon presence in rivers during 2009.
Combined stream survey data for 2008 - 2010 indicated salmon presence in 3 of every 4
headwater streams of less than 10% gradient draining to an anadromous river, including
streams on top of the Pebble Prospect. Rearing salmon were documented above dry stream
reaches and in waters disconnected from rivers suggesting salmon access such sites during
annual floods or via subsurface groundwater channels. Non-salmon species important to
subsistence, such as Dolly Varden char, were found in 96% of streams surveyed. A total of
168 km (104.3 miles) of previously undocumented salmon streams, were nominated for the
first time to the State’s Anadromous Water Catalog. The State accepted all 2008 and 2009
The Nature Conservancy in Alaska
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new salmon stream nominations, available at
(http://www.sf.adfg.state.ak.us/SARR/AWC/index.cfm) and 2010 nominations are currently
under review. Aerial survey data verified adult salmon presence in an additional 358 km
(253 miles) of streams and rivers that needed confirming data.
Basic water quality data collected during fish surveys indicated reaches were generally clear
(means in 2009 = 1.6 NTU; 2010 = 2.36 NTU), cold (means in 2008 = 7.7oC; 2009 = 8.8oC);
2010 = 8.8C), near neutral pH (means 2008 = 7.3; 2009 = 7.1; 2010 = 7.2), saturated oxygen
conditions (> 11 mg/L), with very low conductivity (means 2008 = 58 S/cm; 2009 = 44
S/cm; 2010 = 57 S/cm). These data indicate pure waters with low suspended solids and
high water quality for fish production.
In addition to providing baseline habitat information, inclusion of these 168 kilometers
(104.3 miles) of newly documented salmon streams the State’s Anadromous Water Catalog
triggers state permitting under the Anadromous Fish Act. This study underscores both the
importance of headwater streams as essential rearing habitat for salmon and the lack of basic
ecological information for two of the world’s most productive salmon systems, the Nushagak
and Kvichak River watersheds.
It is important to note that these surveys represent only three brief snapshots in time of fish
resources in these headwaters; it is highly probable that both the number and species present
vary through time. More comprehensive study is recommended to thoroughly document fish
use and timing of use in this region.

Rearing rainbow trout (lower fish) and coho salmon (upper fish) were newly documented in an unnamed
headwater lake system that drains to Upper Talarik Creek in 2009. Photo C. Woody.

The Nature Conservancy in Alaska

2

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 985 of 2339

INTRODUCTION
Basic fish distribution data is lacking for most headwater streams draining into the Nushagak
and Kvichak rivers in Bristol Bay, Alaska, site of the world’s largest most valuable wild
salmon fisheries. Extensive mineral development is proposed (Figure 1) which would cause
both direct and indirect impacts to fish habitat. To improve coverage of the State of Alaska
Anadromous Waters Catalog (AWC) and the AWC Database, which define waterways
subject to fish conservation statutes and regulations, surveys were conducted in tributaries in
and around the area proposed for mining and road development in Bristol Bay. The
conservation context of Bristol Bay salmon stocks is reviewed prior to presenting study
methods and results.

Figure 1. Mining claims in Bristol Bay headwaters as of May 2010. Data from Alaska Department of Natural
Resources.

Status of North American Salmon
Atlantic salmon (Salmo salar) on the east coast of North America once sustained viable
fisheries, but now populations are less than 2% of historic abundance (Parrish et al. 1998,
USFWS and NOAA 2000, Amiro 2003). Pacific salmon are also in decline. About a third
of 1,400 Pacific salmon (Oncorhychus spp.) populations along the western contiguous U.S.
are now extinct, representing at least 40% of their freshwater range (National Research
The Nature Conservancy in Alaska
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Council 1996). A third of remaining populations are threatened or endangered with
extinction, and 28 distinct population segments are now listed as endangered or threatened in
the U.S. (Figure 2; NOAA 2008). In response, commercial, aboriginal, and sport fisheries
have experienced frequent closures in recent years (PFMC 2009). Sockeye and Chinook
salmon populations are suffering proportionally higher losses compared to other salmon
species (Gustafson et al. 2007, IUCN 2008).
British Columbia (B.C.) salmon stocks are declining as well. An assessment of 5,487 B.C.
and Yukon salmon stocks, including all large commercially important stocks, listed 142 as
extirpated, 624 at high risk of extinction, 78 at moderate risk of extinction, and 230 of special
concern (Slaney et al. 1996). The continued dramatic decline of Canada’s largest salmon
system, the Fraser River, is now the subject of a Federal inquiry (CBC News 2009).

Figure 2. Area of the contiguous U.S. supporting endangered and threatened salmon runs. Map produced by
the National Atmospheric and Oceanic Administration (NOAA) available from: http://www.nwr.noaa.gov/ESASalmon-Listings/Salmon-Populations/Maps/Index.cfm.
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Factors in Salmon Population Declines
Salmon require diverse habitats to complete their complex lifecycles, including spawning,
incubation, rearing and migration. Since Euro-Americans arrived in North America, salmon
habitats have diminished in quantity and quality and as a result support fewer salmon.
Salmon waters and habitats have also been co-opted for uses other than salmon production.
Decline of salmon populations has tracked the extent and intensity of human development:
mining, agriculture, urbanization, roads, dams, pollution, overfishing and forestry all being
contributing factors (Elson 1974, Nehlsen 1991, NRC 1996, Gresh et al. 2000, USEPA 2002,
Montgomery 2003, Augerot 2005, USEPA 2007).
Bristol Bay Salmon Fisheries
In sharp contrast to salmon declines elsewhere, over 40 million wild salmon returned to
Bristol Bay, Alaska in 2010. Commercial fishers have harvested five species of Pacific
salmon from Bristol Bay for 126 years, and in 2010 over 30 million salmon were netted, 29
million of which were sockeye salmon (ADFG 2010a). Bristol Bay is one of the most
valuable commercial fisheries in the U.S. (Burgner 1991, NMFS 2010) and is one of the few
certified as sustainable (MSC 2009). During 1950 to 2008, U.S. commercial sockeye salmon
landings were valued at about $7.9 billion dollars with about half that value attributed to
Bristol Bay stocks (NOAA 2010); sockeye salmon harvests alone have averaged about 26
million annually since 1989 (Morstad et al. 2010). Bristol Bay also supports a thriving sport
fish industry attracting thousands of fishers who generally spend over 90 thousand angler
days and millions of dollars to catch wild salmon, trout and char from pristine Bristol Bay
rivers (Duffield et al. 2007, Dye et al. 2008).

The Nature Conservancy in Alaska
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Figure 3. Watersheds and communities (white dots) of Bristol Bay, Alaska.

Noncommercial fishing figures prominently in Bristol Bay communities. Athabaskan, Aleut,
and Yup’ik peoples annually harvest over 100 thousand salmon, which they dry, smoke,
pickle, salt, can and store for winter sustenance, as they have for thousands of years.
Sockeye salmon are their most important food resource and comprise 60% to 80% of annual
subsistence harvests (Fall et al. 1996, Fall et al. 2006). Non-salmon fish, such as Dolly
Varden, rainbow trout, and whitefish, also comprise a significant part of people’s diets
(Figures 4 and 5).

A rearing round
whitefish captured in
headwaters of the
Kvichak River
watershed; whitefish are
an important subsistence
species in the region.
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Figure 4. Estimated subsistence harvest of non-salmon freshwater fish in pounds useable weight per person,
Kvichak River watershed, Bristol Bay, Alaska. Graph from Krieg et al. 2005.
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Figure 5. Composition of non-salmon freshwater fish harvest, by decade in villages of the Kvichak River
watershed, Bristol Bay, Alaska. Graph from Krieg et al. 2005.
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Bristol Bay, Alaska is recognized as one of the world’s few remaining Pacific salmon
strongholds (Figure 6) because wild salmon remain abundant, highly diverse, and their
genetic integrity and essential habitats remain intact. Each river watershed can contain
hundreds of distinct spawning populations that differ from each other in behavior,
appearance, and genetic makeup (Hilborn 2003, Ramstad et al. 2004, Habicht et al. 2007).
This high biodiversity helps ameliorate adverse effects of environmental stressors on salmon
production and is considered a major reason Bristol Bay salmon production has remained
stable over time despite changing environmental stressors and heavy exploitation (Hilborn et
al. 2003). This stability is termed the “portfolio effect” since the larger commercial fish
stock is a “portfolio” of many small spawning stocks: although production of each spawning
group varies annually, production of the whole remains relatively stable, e.g. the more
diverse the salmon “stock portfolio,” the higher the probability of its persistence into the
future (Giesel 1974, Altukhov 1981, Hilborn et al. 2003, Schindler et al. 2010).

Figure 6. Bristol Bay is considered North America’s premier wild salmon stronghold. Note the absence of
hatcheries (red dots) in Bristol Bay, which can cause detrimental genetic and ecological changes in wild salmon
populations. (Map courtesy of National Geographic).
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Available Data on Bristol Bay Fish Populations
Bristol Bay contains thousands of headwater streams from which all major salmon rivers
originate. These small streams are not a high priority for fish studies although, collectively,
they can account for the majority of essential salmon and non-salmon rearing, spawning and
incubation habitat (Beechie et al. 1994). Resource managers are required to make critical
regulatory decisions regarding fish habitat in response to resource development. However, in
Alaska, less than half of essential freshwater salmon habitats are documented (ADFG
2010b). This lack of basic fisheries information—what species and life stage are where at
what time of year—makes informed regulatory decisions difficult at best. Effective
conservation of salmon resources in regards to development requires detailed knowledge of
the spatial distribution, ecology and timing of stocks that comprise the larger salmon stock
portfolio. Compared to the salmon resource, less information is available on non-salmon fish
habitat use, although such species are an important year round food resource for subsistence
users (Krieg et al. 2005). Limited data exists on the timing, duration and extent of habitat use
by salmon and non-salmon subsistence species in the Nushagak and Kvichak River
watersheds. Future sustainability of Bristol Bay salmon and subsistence fisheries depends, in
part, on documenting and conserving essential fish habitats including spawning, incubation,
rearing, feeding and migration habitats.
Applicable Statutes
Explicit documentation of salmon and other fish and their life stage (spawning, rearing,
migrating, etc.) is required for certain state permitting requirements to apply. For example,
construction of stream crossings, such as culverts or bridges, can be temporally constrained
to minimize adverse effects of increased sediment on spawning or incubating fish. Salmon
and other anadromous fish, are afforded some statutory protection, specifically:
Alaska Statute 16.05.871 (Anadromous Fish Act) requires prior notification and
permit approval from the Alaska Department of Fish and Game Habitat Division
(ADFG) “to... use, divert, obstruct, pollute, or change the natural flow or bed” of a
specified waterbody (Quoted portions from AS 16.05.871 (b)). All activities within
documented anadromous waterbodies require ADFG approval, including
construction; road crossings; gravel removal; mining; water withdrawals; the use of
vehicles or equipment in the waterway; stream realignment or diversion; bank
stabilization; blasting; and the placement, excavation, deposition, or removal of any
material.
Whereas non-anadromous fish receive some protection of migration corridors under:
Alaska Statute 16.05.841 (Fishway Act) requires prior notification and permit
approval from ADFG for activities within or across a stream used by fish when such
uses represent an impediment to fish passage.
Unpermitted activities that impact documented fish habitat can be subject to state
compensatory measures, which may be monetary or restorative.
The Nature Conservancy in Alaska
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Study Rationale
Documentation of essential fish habitats is lacking for headwater streams draining into the
Nushagak and Kvichak rivers. Recent changes by the State to the Bristol Bay Area Plan
(ADNR 2005) made mineral development a “designated use” to be encouraged or protected
on about 12 million acres of State land, and an exclusive designated use on about 9.4 million
of those acres. These 9.4 million acres contain a significant proportion of Bristol Bay
headwaters and extensive mineral development would cause direct and indirect impacts to
fish habitat. To improve coverage of the State of Alaska AWC, which defines waterways
subject to fish conservation statutes and regulations, surveys were conducted in and near the
area proposed for mine development (Figure 7).

Burbot (Lota lota) captured in a small pond associated with the Stuyahok River. Although this pond was not
connected to the Stuyahok River during surveys, fish likely move in and out of such habitats during spring and
fall floods.
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Figure 7. Fish survey sites (red dots, triangles and squares) for 2008—2010, Bristol Bay, Alaska. Mine claims
as of May 2010 are outlined in red. Approximate Pebble deposit is outlined in black.
The Nature Conservancy in Alaska
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STUDY SITES
The study focused primarily on first and second order wadeable streams with gradients less
than 10%. Selected streams were not listed as anadromous in Alaska State databases, and
were generally located in or near mining claims on State land and along proposed mine road
corridors in the Nushagak and Kvichak River drainages. Geographic Positioning System
(GPS) coordinates for survey sites were determined using geospatial data layers from the
National Hydrography Dataset and the National Elevation Dataset. Because hydrography
data sets are sometimes inaccurate (e.g., mapped streams may not exist) final stream
selections were determined in the field during low-level helicopter reconnaissance or foot
survey. Aerial surveys for adult and spawning salmon were conducted along mainstem
tributaries (non-wadeable) in mining leases and along proposed road lines where
contemporary survey information was lacking for State fishery databases.
METHODS
Fish Surveys
Headwater stream surveys were conducted during 29 August to 2 September 2008, 13
August to 4 September 2009 and 16 August to 1 September 2010 prior to fall floods. Fish
were sampled using single pass backpack electrofishing set for pulsed (30-40 pps) direct
current (Meador et al. 1993, Reynolds 1996, Bateman et al. 2005). Voltages were set using
the following conditions: 150-400 V for high conductivity waters  * -800 V
for medium conductivity &$"#   $  * 
( 00 V for low conductivity
waters *$ %#"!%'&##$$  #%$''&##$$ 
percent. If effectiveness was low at high voltage, voltage was decreased to the initial setting,
and pulse frequency was increased by an increment of 10 pps. Voltage was increased until
fish response improved, or pulse frequency reaches 50 pps. A pulse frequency of 50 pps was
not exceeded. Total electrofishing time generally exceeded 300 seconds at each survey site.
Fish sampling began by measuring water conductivity, setting appropriate electrofisher
parameters, then moving downstream measuring either 150 m or 40 times the stream width
whichever was greater. Survey crews electrofished upstream, discontinuously sampling all
habitat types. If salmon were captured at the study site, the crew attempted to document
uppermost distribution of salmon by flying upstream and electrofishing at the highest
accessible fishable site within that tributary. If salmon were captured at this higher site, GPS
coordinates were recorded and noted as the upper extent of documented salmon presence.
Sites not amenable to electrofishing, e.g., beaver ponds, deep spring fed pools, or dense
willows, were sampled by deploying minnow traps for 12 to 24 hours. Traps were baited
with commercially prepared, sterilized salmon eggs.
All captured fish were held in a bucket of fresh stream water, identified, and enumerated. All
salmon were measured and a voucher specimen photographed for any newly documented
salmon streams. Up to 20 non-salmon species were also measured at each site, time
permitting. All fish were returned to the stream with a few exceptions. If positive species
identification was not possible, then fish were taken back to the field station for
The Nature Conservancy in Alaska
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identification. Approximately 60 Dolly Varden samples were collected for an interagency
study to verify species and to examine otoliths for evidence of anadromy.
Aerial surveys to substantiate presence of adult or spawning salmon were conducted from a
helicopter during September and October 2009 in the North and South Fork Koktuli Rivers,
Upper Talarik Creek, tributaries draining to Lake Iliamna, and along proposed road corridors.
Surveys were conducted from 10 to 20 meters above the stream. When adult salmon were
observed, GPS coordinates were marked and a voucher photo taken.
Habitat Measurements
Habitat measures were based on McCormick and Hughes (1998) and Kaufmann and Robison
(1998). One transect was established across a run within each tributary; GPS coordinates
were recorded. Basic water quality was measured in the thalweg with a YSI 556 Multi Probe
System (YSI Incorporated, Yellow Springs, Ohio, USA) in 2008 and 2009 and with an
Oakton model PC 10 meter in 2010 (Oakton, Vernon Hills, Illinois, USA) for temperature,
pH, conductivity, specific conductance, and dissolved oxygen (DO). Turbidity was
measured using a Hach 2100P Portable Turbidimeter (Hach Company, Loveland, Colorado,
USA) and air temperature was measured using a standard alcohol thermometer.
Meters were checked for accuracy on a regular basis using standard calibration solutions, and
calibrated when not compliant with data quality objectives. Manufacturer’s instructions were
followed for pH and conductivity calibration, using pH 4, 7 and 10 buffer solutions and 1413
S/cm conductivity standard solution. The DO sensor was pre-calibrated daily to saturated
conditions in accordance with manufacturer’s instructions. Data produced from meters that
failed to meet post-calibration data quality objectives were qualified and excluded from
analyses.
Dr. Dan Rinella
collects fish
habitat data on
an unnamed
tributary to the
North Fork
Koktuli River.
Photo C.
Woody.
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Discharge (cfs) was measured following USGS protocols (Rantz 1982) using MarshMcBirney Flo-Mate Model 2000 portable meters (Hach Company, Loveland, Colorado,
USA) that were calibrated at each study site. Stream stage was categorized (dry, low,
medium, or high water). Morphometric measures were made at the upstream end of the
sampling reach, including channel width and thalweg measured at both wetted and ordinary
high water (OHW) (Kaufman et al. 1999). Channel slope was estimated to the nearest 0.5%
by taking one or multiple readings from the top to the bottom of the reach using a handheld
clinometer and a pole held at the water surface. Visual categorizations were made for both
water color (clear, ferric, glacial, humic, muddy, or, in one case yellow) and substrate
composition (mm diameter) at the downstream end of the reach: Category 1: < 2 mm;
Category 2: > 2-16 mm; Category 3: > 16-64 mm; Category 4: > 64-128 mm; and Category
5: >128 mm. Upstream and downstream photographs were taken at each transect as well as
from ~50 m in the air.
Low ionic strength of study area waters presented some difficulty in measuring habitat
parameters (namely pH and conductivity) during 2009. Consequently, 24 sites sampled in
2009 were revisited in 2010 for the sole purpose of verifying water quality data using
equipment better suited to site characteristics.

RESULTS
Fish Surveys
A total of 108 sites were electrofished or trapped during mid-August to the first week of
September, 2008 through 2010 (Appendix I). Fish were captured in 104 of 108 streams or in
96% of sites. Surveys revealed headwaters support:
 3 salmon species and at least two life stages: rearing coho and Chinook salmon, and
adult coho and sockeye salmon;
 6 non-salmon species important to subsistence: rainbow trout, Dolly Varden,
grayling, round whitefish, burbot, Northern pike, and pond smelt; and
 4 species important to ecosystem function: lamprey, slimy sculpin, ninespine and
threespine stickleback; and
 many small (<150 mm) and rearing fish (Figure 8).
A total of 168 km (104.3 miles) of essential salmon rearing habitat was nominated for the
first time to the State’s Anadromous Waters Catalog (Appendices I – VI). The State
accepted all 2008 and 2009 nominations and is currently reviewing 2010 nominations. An
additional 408 km (253 miles) of waters were documented as supporting adult or spawning
coho and sockeye salmon; the majority of these observations were to update current AWC
databases although some sites were nominated for the first time to the AWC.
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Figure 8. Box-percentile plots of fish fork length distributions for 2008, 2009 and 2010; all sample sites combined. Sample sizes are along y axis. Mean
fork length denoted by a dot, median fork length by a central vertical line. The tallest central section encompasses the central 25% of observed fork lengths;
the next tallest section encompasses the central 50%; the next section 75%, and the shortest box the central 90% of observed fork lengths. Unknown fish
documented in 2009 was later determined to be a pond smelt (Hypomesus olidus).
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A total of 97 sites were electrofished or minnow trapped in 2008 through 2010 excluding dry,
unsurveyed, and Chulitna River survey sites (The Chulitna drainage is a Northern pike and
humpback whitefish ecosystem). Of those 97 sites, 74% (72) contained anadromous salmon,
96% (93) contained resident fish, and no fish were captured in 3% (4). Of the 10 non-salmon
species documented, two new species were observed, an anadromous lamprey (Lampetra
camtschatica) and a potentially anadromous pond smelt (Hypomesus olidus).
During 2008, coho salmon were documented at a channel within the North Fork Koktuli
watershed that had no surface connection to an anadromous stream. During 2009, several
similar sites within the South Fork Koktuli and Stuyahok watersheds also contained coho
salmon and non-salmon species. Disconnection of those sites to an anadromous stream may
be due to low water in August and resulting downwelling of surface water into the water
table, as well as channel constriction creating tunnels covered by dense Sphagnum moss.
Field observations indicate fish are able to exploit hyporheic corridors for extended distances
due to the large alluvial substrates and copious groundwater in the study region (Boulton et
al. 1998).
Aerial surveys in September and October of 2009, to substantiate presence of adult or
spawning salmon in the North and South Fork Koktuli Rivers, Upper Talarik Creek,
tributaries draining to Lake Iliamna, and along proposed road corridors, resulted in
documentation and verification of an addition 407 km (253 miles) of anadromous rivers
(Appendices II – IV). Some evidence of spawning was documented during those surveys as
well.
Habitat Measurements
Surveyed headwater tributaries in both years were generally first or second order streams,
with cold, clear water, nearly neutral pH and very low conductivity (Tables 1 through 3).
Dissolved oxygen levels were at or near saturation for recorded temperatures (Tables 1 and
2).
Table 1. Summary of basic water quality parameters measured in headwater tributaries of the Nushagak and
Kvichak watersheds, Bristol Bay, Alaska, 29 August to 2 September 2008.

Water temp
(°C)

Air temp
(°C)

pH

Conductivity
S/cm

DO (mg/L)

N

24

22

23

23

23

Mean

7.7

14.2

7.3

58.0

11.1

SD

2.1

3.4

0.2

26.5

1.3

Minimum

3.3

8.9

6.8

22.6

8.2

Maximum

11.5

20.0

7.9

128.0

13.1

7.7 ± 0.9

14.2 ± 1.5

7.3 ± 0.1

58.0 ± 11.5

11.1± 0.6

Statistic

CI 95%
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Table 2. Summary of basic water quality parameters measured in headwater tributaries of the Nushagak and
Kvichak River watersheds, Bristol Bay, Alaska, 13 August to 4 September 2009.

Statistic
N
Mean
SD
Minimum
Maximum
CI 95%

Water temp
(°C)
67
8.8
2.8
4.0
15.5
8.8 ± 0.7

Air temp
(°C)
54
14.2
3.6
6.0
21.0
14.2 ± 1.0

pH
37
7.1
0.3
6.3
8.0
7.09 ± 0.11

Conductivity
(S/cm)
62
44
20
16
125
44 ± 5

Dissolved
Oxygen
(mg/L)
62
11.4
1.6
6.3
14.6
11.42 ± 0.40

Dissolved
Oxygen
% saturation
62
97.6
11.6
56.1
120.5
97.55 ± 2.86

Turbidity
(NTU)
60
1.6
1.3
0.2
5.5
1.58 ± 0.33

Table 3. Summary of basic water quality parameters measured in headwater tributaries of the Nushagak and
Kvichak River watersheds, Bristol Bay, Alaska, 16 August to 1 September 2010.

Statistic
N
Mean
SD
Minimum
Maximum
CI 95%

Water temp
(°C)
30
8.8
2.0
5.7
13.4
8.8 ± 0.7

Air temp
(°C)
30
15.6
3.4
11.1
23
15.6 ± 1.2

pH
30
7.2
0.4
6.2
7.9
7.2 ± 0.14

Conductivity
(S/cm)
30
57
35
23.8
186.7
57 ± 13

Turbidity
(NTU)
30
2.4
2.4
0.3
10.4
2.4 ± 0.87

In 2008, wetted stream widths averaged 1.9 m wide by 25.7 cm deep compared to ordinary
high water (OHW), which averaged 2.2 m wide, by 35.8 cm deep measured at the thalweg.
Discharge averaged 1.5 cfs at the low to medium flows encountered in 2008 (Table 4).
Sockeye salmon can exploit
spawning habitat upstream of
beaver dams. Photo © Craig
Coray.
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Table 4. Stream morphometry parameters measured for surveyed headwater streams of the Nushagak and
Kvichak River watersheds, Bristol Bay, Alaska. Surveys conducted during 29 August to 2 September 2008.
OHW is ordinary high water, thalweg is the deepest part of stream on transect.
OHW
width, m
( ft)
23

Thalweg
OHW, cm
(ft)
23

Wetted
Width, m
( ft)
23

Thalweg
Wetted Depth, cm
( ft)
23

Discharge
(cfs)
23

Mean

2.2
(7.4)

35.8
(1.2)

1.9
(6.3)

25.7
(0.8)

1.5

SD

0.98
(3.2)

14.5
(0.5)

0.9
(2.9)

13.5
(0.4)

1.32

Minimum

0.9
(3)

6.1
(0.2)

0.6
(2)

3.1
(0.1)

0.14

Maximum

5.5
(18)

79.3
(2.6)

4.9
(16)

61.0
(2)

5.6

2.2 ±0.4
(7.4 ± 1.4)

35.8 ± 6.3
(1.2 ± 0.2)

1.9 ±0.4
(6.3 ± 2.9)

25.7 ± 5.8
(0.8 ± 0.2)

1.5 ± 0.57

Statistic
N

CI (95%)

Substrate composition varied from 100% sand and silt (< 2 mm dia) to one comprised of up
to 20% boulders (> 128 mm dia). However, 14 of 23 streams had(  #%#$"$#
comprised of fine to coarse gravel (( 2 mm dia to < 64 mm dia) (Figure 9).

Figure 9. Ternary plot of stream substrate
composition for surveyed headwater streams
in the Nushagak and Kvichak River
drainages, 2008. One site had 100% of
substrate in the fine sand and silt (< 2 mm
dia) category as indicated by the dot on the
lower left corner. Some sites contained only
substrates < 64 mm dia (points along bottom
edge), and all other sites exhibited all three
size classes. The largest size classes (( 
mm dia) commonly termed cobble (64 – 128
mm dia) and boulder (> 128 mm dia) were
least common (only two sites had >5%
boulders; substrate category 5).
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In 2009, wetted widths averaged 4.1 m wide by 30 cm deep; ordinary high water (OHW)
averaged 5.0 m wide by 50 cm deep measured at the thalweg (Table 5). Discharge averaged
11.6 cfs (Table 5).
Table 5. Stream morphometry parameters measured for surveyed headwater streams of the Nushagak and
Kvichak River watersheds, Bristol Bay, Alaska, 2009. Surveys were conducted during 13 August to 4
September 2009. OHW is ordinary high water, thalweg is the deepest part of stream on transect.

OHW width, m
( ft)

Thalweg
OHW depth cm
(ft)

Wetted Width,
m
( ft)

Thalweg
Wetted Depth cm
( ft)

Mean

61
5.0
(16.5)

60
50
(1.7)

63
4.1
(13.6)

62
30
(1.1)

11.6

SD

5.8
(18.9)

30
(0.9)

4.5
(14.7)

20
(0.6)

20.4

Minimum

0.3
(0.9)

20
(0.5)

0.8
(2.6)

10
(0.3)

0.0

37.6
(123.4)

190
(6.1)

26.0
(85.4)

110
(3.4)

126.9

5.0 ± 1.4
(16.5 ± 4.7)

50± 10
(1.7 ± 0.2)

4.1 ± 1.1
(13.6 ± 3.6)

30 ± 0
(1.1 ± 0.2)

Statistic
N

Maximum

CI (95%)

Discharge
(cfs)
57

11.6 ± 5.3

Substrate composition varied from 100% sand and silt (< 2 mm dia) to one comprised of
100% cobble and boulders (> 64 mm dia). However, substrates in most streams had ( 
substrates comprised of fine to coarse gravel (( 2 mm dia to < 64 mm dia) (Figure 10).

Figure 10. Ternary plot of stream substrate
composition for surveyed headwater streams in
the Nushagak and Kvichak River drainages,
2009. One site had 100% fine substrate (< 2 mm
dia) as indicated by the dot on the lower left
corner. Some sites contained 100% cobble and
boulder substrates (> 64 mm dia) as indicated by
dot on top of triangle, while most sites were a
mix of small to medium gravel (2 - 64 mm).
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In 2010, wetted widths averaged 2.9 m wide by 34 cm deep; ordinary high water (OHW)
averaged 3.0 m wide by 40 cm deep measured at the thalweg (Table 6). Discharge averaged
16.6 cfs (Table 6).
Table 6. Stream morphometry parameters measured for surveyed headwater streams of the Nushagak and
Kvichak River watersheds, Bristol Bay, Alaska, 2010. Surveys were conducted during 15 August to 4
September 2010. OHW is ordinary high water, thalweg is the deepest part of stream on transect.

OHW width, m
( ft)

Thalweg
OHW depth cm
(ft)

Wetted Width,
m
( ft)

Thalweg
Wetted Depth cm
( ft)

Mean

28
3.0
(9.7)

27
40
(1.3)

30
2.9
(9.6)

30
34
(1.1)

16.6

SD

2.0
(6.5)

13
(0.4)

2.3
(7.4)

16
(0.5)

29.1

Minimum

0.3
(1.0)

15
(0.5)

0.3
(1.0)

13
(0.5)

0.7

7.6
(25.0)

70
(2.3)

26.0
(85.4)

9.3
(30.4)

113.7

3.0 ± 0.7
(9.7 ± 2.4)

40 ± 5
(1.3 ± 0.2)

2.9 ± 0.8
(9.6 ± 2.7)

34 ± 6
(1.1 ± 0.2)

Statistic
N

Maximum

CI (95%)

Discharge
(cfs)
30

16.6 ± 10.4

Figure 11. Ternary plot of stream substrate
composition for surveyed headwater streams
in the Nushagak and Kvichak River drainages,
2010. Two sites had 100% fine substrate (< 2
mm dia) as indicated by the dot on the lower
left corner. Some sites were dominated by
cobble substrates as indicated by dots in the
upper right of the plot. Most sites were a mix
of small to medium gravel (2 - 64 mm).
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CONCLUSION
The 2008 - 2010 surveys documented over 168 km (104.3 miles) of essential salmon rearing
habitats, which were subsequently nominated for the first time to the State of Alaska
Anadromous Waters Catalog (AWC). All 2008 and 2009 survey nominations were accepted
by the State for inclusion in the AWC. The 2010 nominations are currently under review.
Combined results from both years showed 96% of all surveyed streams contained fish, and
anadromous salmon presence in 74% of headwater tributaries, excluding the Chulitna River.
Our surveys within the Chulitna River watershed did not reveal salmon presence, possibly
due to habitat factors including slow-moving water, fine sediments, and presence of large,
abundant, predacious Northern Pike. A total of thirteen species were documented during
2008 through 2010 surveys, including lamprey and pond smelt.
In addition to juvenile fish surveys, aerial surveys for spawning adults resulted in
documentation and verification of another 408 km (253 miles) of anadromous rivers.
Although it was not always possible to verify spawning, evidence of redds was apparent in
drainages surveyed. Telemetry studies in Lake Clark, in the Kvichak drainage, show the
presence of adult sockeye salmon in a tributary indicate spawning will occur in that tributary
(Young and Woody 2007). A report by HDR (2008) also documented the presence of
juvenile salmon in the upper reaches of the North and South Fork Koktuli rivers and Upper
Talarik Creek during winter surveys, indicating that spawning occurs in these systems.
Additional adult surveys to verify spawning and winter studies focused on juvenile presence
in these systems would provide additional insight.
A literature review by Marshall and Britton (1990) documented a positive linear relationship
between stream length and coho smolt production. Further study of this relationship by
Bradford et al. (1997) of 86 Alaskan, Canadian and Washington streams corroborated the
relationship of increasing smolt abundance with increasing stream length (Table 7). They
also demonstrated a relationship between latitude and smolt abundance, though the study
lacked sufficient streams of comparable latitude to those in Bristol Bay. Further studies to
verify the production relationship would be useful for Bristol Bay streams.
Table 7. Summary statistics of coho salmon smolt production rates (smolts/km of stream) estimated by the
nonparametric density estimation procedure of Rice (1993), by latitude, showing the median and the
interquartile and 5, 95% ranges. From Bradford et al. 1997.

Percentile ranges

Latitude Smolts/km
()
45
47
49
51
53

Median
457
642
1,476
924
902

25,
291,
419,
823,
664,
787,

75
868
1,198
2,849
3,129
1,642

5,
124,
161,
435,
186,
345,

95
2,849
2,259
3,650
3,286
3,286

These surveys were conducted during periods of summer low flows. Thus fishless survey
sites may support fish at periods of higher flow. As evidenced by the presence of salmon in
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sites disconnected from surface water flow in this study, groundwater supplied refuge during
periods of low flow and may also provide subsurface migration corridors to fish. Annual
floods during spring and fall in Bristol Bay, likely reconnect such refugia allowing salmon to
move among ephemeral habitats. The lack of information on salmon use of ephemeral
habitats and the critical role of groundwater warrants further investigation. Improved
information on the functional significance, flow patterns, and vulnerability of the hyporheic
zone to proposed mining would provide insight into potential impacts groundwater
contamination could have on salmon production.
Initial survey sites were selected using geospatial data layers from the National Hydrography
Dataset and the National Elevation Dataset (n=135), 16% (21) of these sites proved dry or
nonexistent, 53% (72) contained anadromous fish and 66% (89) contained resident fish and
3% (4) had no fish at the time of sampling. Lacking additional information, these
percentages could be used to estimate the number of non-existent channels, and anadromous
and resident fish streams among the thousands of yet unsurveyed headwater streams in
Bristol Bay. However, additional surveys of similar headwaters should be considered to
assess and further refine estimates.
Combined data show two sites where both rearing coho and Chinook salmon occurred
together (a lake complex draining to the North Fork Koktuli River, and a tributary to the
Stuyahok River). The lack of more Chinook salmon observations is likely due to habitat
segregation. For example, in Alaska’s Taku River, coho salmon were found more often in
sloughs and ponds compared to Chinook salmon, which were more often found in riverine
habitat (Murphy 1989). In British Columbia’s Big Quallicum River coho salmon were
captured more often in lower velocity sites than Chinook salmon (Lister and Genoe 1970).
And a study in Oregon’s upper South Umpqua River, found coho absent from a mainstem
river, but at high densities in low-elevation tributaries, in contrast to Chinook which were
found at highest densities in the mainstem and mid-elevation tributaries (Scarnecchia and
Roper 2000). Because our study was generally limited to small, shallow, headwater
tributaries during low flow, Chinook salmon may have been more abundant in deeper higher
velocity habitats that were not targeted for survey in this study.
Non-salmon fish species are an important subsistence food resource for people in this region
(Figures 4 and 5). Subsistence use surveys for the Kvichak River watershed showed use of
Dolly Varden for subsistence increased from about 16% to 27% over the last decade (Krieg
et al. 2005). Few studies have focused on the life history of Dolly Varden in this region,
including their anadromous tendencies, movement patterns, and abundance. Preliminary
results of otolith microchemistry analysis for the study area, however, indicate low levels (2
of 29 samples in the North and South Fork Koktuli Rivers) of Dolly Varden anadromy
(Christian Zimmerman, personal communication, July 2010). Further, recent radiotelemetry
studies in the Togiak Wildlife Refuge showed that of 97 fish radiotagged during 1998 and
1999, 57 survived to the next spring and all migrated to saltwater during May and June of
1999. Thirty one radiotagged fish returned to the Togiak River during July and August 1999
after spending an average of 40.5 days at sea. Tagged Dolly Varden from the Togiak Refuge
study have been captured in the Egigik, Yukon, Kanektok, and Arolik Rivers. Otolith
analysis studies indicated that 54 of 55 fish subjected to microchemical analysis were
anadromous and made their first trip to sea at age 0 to age 3. Because the Togiak River
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watershed has undergone similar geologic influences as the Nushagak and Kvichak River
watersheds, it is likely that further studies of Dolly Varden in this region will reveal similar
anadromous life history patterns. Because Dolly Varden was the second most abundant
species encountered in this study (after sculpin), and because it is such an important
subsistence species, further information on their life history patterns in the Nushagak and
Kvichak River watersheds would provide valuable information toward their conservation.
Small headwater streams are often assumed
not to be important salmon producing habitats
in Alaska, although collectively they produce
millions of salmon and determine water flow
and chemistry of larger rivers. As illustrated
by this and numerous other studies,
headwaters comprise a significant proportion
of essential spawning and rearing habitat for
salmon and non-salmon species all of which
are important to subsistence users in the
region. Because mortality is highest during
early life for fish, successful negotiation of the
vulnerable juvenile life history phase increases
the probability an individual will survive to
reproduce—a key factor in a sustainable
fishery.
In addition to documenting fish presence and
absence, this study evaluated basic water
quality and habitat parameters, indicating
generally pristine conditions throughout the
area. Temperatures were cool, well below
upper tolerance limits for all species and life
stages of salmon (Richter and Kolmes 2005). Oxygen levels were at or near saturation at all
sites, and well above critical levels for egg incubation and juvenile rearing as well as
spawning (Quinn 2005). Likewise conductivity, a function of the number of dissolved ions in
the water, is very low in the region, closer to that of distilled water or melted snow than
typical freshwater levels (CWT 2004, Table 8). Low conductivity is generally one coarse
indication of low nutrient levels and minimal human disturbance (Dodds 2002). Finally, in
sites where pH was successfully measured, values were near neutral, which is also conducive
to salmon egg incubation and juvenile survival. In contrast, lower (acidic) pH increases
solubility of toxic metals that can impair successful embryo development and hatching
(Dodds 2002). In addition to chemical habitat parameters, physical habitat parameters
suggested abundant spawning gravel, and depths appropriate for both spawning and rearing
(Quinn 2005). It is important to note that all habitat measurements represent only three brief
snapshots in time. A more robust dataset including diel temperature, oxygen and
conductivity patterns throughout the year would be useful in understanding daily and
seasonal ranges of those parameters.
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Table 8. Typical ranges for conductivity in U.S. waters. From CWT 2004.

Water Type
Distilled water
Melted snow
Potable water in U.S.
Freshwater streams

Conductivity (umhos/cm)
0.5 - 3.0
2 - 42
30 - 1500
100-2000

Conservation of the world’s largest, most valuable, sustainable, wild sockeye salmon
fisheries in Bristol Bay depends, in part, on conserving the diverse habitats essential to fish
survival and reproduction. The information presented here on fish distribution, headwater
stream chemistry, and channel morphology provides more complete and accurate information
for future fish conservation decisions. However, thousands of similar streams that contribute
to fish production remain unsurveyed and therefore are not afforded statutory protection
offered by inclusion in the AWC in regions proposed for industrial development.

Unnamed tributary and pond system to Upper Talarik Creek surveyed for the first time in 2008 and found to
support rearing coho salmon, sticklebacks, and sculpin.
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Appendix I. Fish survey results for the Nushagak and Kvichak river watersheds, Bristol Bay, Alaska, 2008 2010.
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Appendix II. Fish survey results for Kaskanak Creek, Stuyahok River and unnamed tributaries to the South
Fork Koktuli River and Iliamna Lake, Bristol Bay Alaska, 2008 - 2010. Adult salmon presence, indicated as
substantiated streams (check marks) was verified during spawning season by helicopter surveys.
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Appendix III. Fish survey results for the North and South Fork Koktuli Rivers, Nushagak River drainage,
Bristol Bay, Alaska, 2008 - 2010. Note salmon presence on top of Pebble deposit. Adult salmon presence,
indicated as substantiated streams (check marks) was verified during spawning season by helicopter surveys.
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Appendix IV. Fish survey results for Lower Talarik Creek, a portion of Upper Talarik Creek, and unnamed
tributaries to Iliamna Lake, Bristol Bay Alaska, 2008 - 2010. Adult salmon presence, indicated as substantiated
streams (check marks) was verified during spawning season by helicopter surveys.
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Appendix V. Fish survey results for Newhalen River drainage, Bristol Bay, Alaska, 2008 and 2009. Adult
salmon presence, indicated as substantiated streams (check marks) was verified during spawning season by
helicopter surveys.
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Appendix VI. Fish survey results for the Chulitna River drainage, Bristol Bay Alaska, 2008 and 2009. Adult
salmon presence, indicated as substantiated streams (check marks) was verified during spawning season by
helicopter surveys.
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External Peer Review of Woody and O’Neal 2010 (Fish Surveys in Headwater Streams of the Nushagak and
Kvichak River Drainages Bristol Bay, Alaska, 2008-2010) and Woody and Higman 2011 (Groundwater as
Essential Salmon Habitat in Nushagak and Kvichak River Headwaters: Issues Relative to Mining)

I.

INTRODUCTION

In May 2012, the U.S. Environmental Protection Agency (EPA) released a draft report entitled
An Assessment of Potential Mining Impacts on Salmon Ecosystems of Bristol Bay, Alaska. The
purpose of this report was to put forth a prospective risk assessment of large-scale mining in the
Bristol Bay watershed, focusing on a specific case study for a hypothetical but realistic mine
scenario at the Pebble deposit. Specifically, the assessment examines how future large-scale
mining may affect water quality, habitat, and salmon fisheries in the Bristol Bay watershed.
During preparation of this draft assessment, EPA identified the following two reports developed
by non-EPA scientists that contained information relevant to this topic, but were not included
because they had not been peer-reviewed: Fish Surveys in Headwater Streams of the Nushagak
and Kvichak River Drainages Bristol Bay, Alaska, 2008-2010 (Woody and O’Neal 2010) and
Groundwater as Essential Salmon Habitat In Nushagak and Kvichak River Headwaters: Issues
Relative to Mining (Woody and Higman 2011).
The purpose of this letter peer review is to determine if the information contained in these reports
is of sufficient scientific quality and credibility to be incorporated into EPA’s revised Bristol Bay
report.
PEER REVIEWERS
Michael R. Donaldson, Ph.D.
University of British Columbia
Vancouver, British Columbia, V6T 1Z4 Canada
James M. Helfield, Ph.D.
Western Washington University
Bellingham, WA 98225
Dennis L. Scarnecchia, Ph.D.
University of Idaho
Moscow, ID 83844
William J. Wilson, M.S.
Independent Consultant
Scotts Mills, OR 97375
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External Peer Review of Woody and O’Neal 2010 (Fish Surveys in Headwater Streams of the Nushagak and
Kvichak River Drainages Bristol Bay, Alaska, 2008-2010) and Woody and Higman 2011 (Groundwater as
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II.
II.1

PEER REVIEW OF WOODY AND O’NEAL 2010 REPORT
Charge Questions

1. Are the conclusions of the report well-supported by the evidence provided? Why or why not?
2. What are the strengths and weaknesses of the Woody and O’Neal 2010 report, in terms of:
a. Methodology?
b. Results and conclusions?
3. Are there important limitations or uncertainties associated with applying results from the
Woody and O’Neal 2010 report to the EPA assessment? If so, what are they?
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II.2

General Impressions

Michael R. Donaldson
This report documents the results of fish surveys in headwater streams in two Alaskan river
drainages between 2008 and 2010. The rationale for selecting these locations was to document
the presence of anadromous salmon species as well as other fish species and to collect habitat
characteristic data. For fish surveys, electrofishing, trapping, and aerial surveys were conducted
to determine species composition and abundance. The habitat quality data included assessments
of temperature, turbidity, conductivity, pH, oxygen content, substrate type, and various other
stream characteristics. The context, methods, and results appear accurate and are clearly
communicated in text, figures, and tables. The conclusions align with the stated objectives and
appear sound given the methods and results that were presented.
James M. Helfield
This report provides clear and convincing evidence for the widespread presence of anadromous
Pacific salmon and other species important for subsistence and recreational fisheries in
headwater streams within and near areas proposed for mine development. Particularly
compelling is the fact that the surveys described in this report led to the nomination and
acceptance of 168 km of previously undocumented streams for inclusion in the state of Alaska’s
Anadromous Water Catalog (AWC), which lists waterways that merit protection because of their
importance to anadromous fishes. This report is conservative in that the surveys described cover
a relatively small subset of headwater streams in the area and are limited to small, shallow
tributaries during low flow conditions. Consequently, the report’s conclusions likely
underestimate the abundance and ubiquity of anadromous fish within areas likely to be
influenced by mining claims.
Dennis L. Scarnecchia
The main objective of the report was to assess, in a general way, landscape-level distribution of
both resident and anadromous species, with emphasis on salmon, in relation to areas proposed
for potential mining activity. Emphasis was not on abundance, but on presence/absence,
especially in small tributaries. The rationale forwarded was that fish distribution surveys have
not been conducted in many small tributaries that, although appearing inconsequential,
nevertheless may be commonly-used habitat of stocks, perhaps distinct stocks, of resident and
anadromous fish at various life stages. Small tributaries are in fact often overlooked as important
fish habitat. In assessing potential interaction between prospective mining activities and fish, it
thus does seem highly relevant to know the distribution of resident and anadromous species in
tributaries within this area. Although much other ancillary, and sometimes unnecessary,
background information was presented in the report, this was the main question that was being
addressed.
The information presented seemed accurate, but the presentation was not clear or well thoughtout. The organization of the report was not good (including a complete lack of a discussion
section and a long “conclusion” section containing new methods, results, discussion, and no
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clearly stated conclusions). The science in the report was not emphasized nor articulated in very
much detail. As such, the report would have benefitted greatly from more, and independent, peer
review. Specific, limited conclusions regarding presence/absence of fish were adequately
supported and were sound.
William J. Wilson
This report, prepared for The Nature Conservancy, documents three years of fish and water
quality/fish habitat surveys of upper headwater drainage streams of the Nushagak and Kvichak
River systems in Bristol Bay, Alaska. The surveys were completed during open water seasons of
2008-2010. The report documents anadromous and other fish presence in what are described as
previously unsurveyed streams, and adequately documents the results of those surveys.
However, parts of the Preface to the report bear little relationship to the contents of the report,
making the Preface a confusing entre to the report. The Preface states that the purpose of these
surveys (conducted in 2008), and by assumption the purpose of the overall report (which adds
data for 2009 and 2010), was to determine if these streams and their habitat could be affected by
mining activity associated with the proposed Pebble Mine. I did not see that purpose reflected in
the body of the report. There was no discussion of impact assessment methodology or
documentation of an environmental assessment, which would be needed to attain the stated
purpose. Rather, this report is merely a data compilation of species collected by trapping,
electroshocking, and aerial survey, and it presents habitat parameters for streams surveyed. The
conclusions of the report are a summary of the data collected, noting fish presence in upperdrainage streams and their nomination for inclusion in the State of Alaska’s Catalog of Waters
Important for the Spawning, Rearing or Migration of Anadromous Fishes (Catalog). This report
does not determine mine impacts as stated in the Preface. For a report documenting fish and
habitat surveys in headwater streams of two river systems in southwest Alaska, the narrative and
data presented accomplish this task.
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II.3

Response to Charge Questions

Question 1. Are the conclusions of the report well-supported by the evidence provided? Why or
why not?
Michael R. Donaldson
Yes the conclusions that the report provides new insight to fish presence and habitat quality that
had previously not been available are well justified. The report provides extremely valuable
information in this regard, and as the authors state, there are a number of additional tributaries in
the headwaters that remain unstudied, but also require attention given the scale of the proposed
mining operations.
James M. Helfield
The conclusions of this report are well supported by the evidence provided. The surveys follow
widely accepted protocols and provide an accurate if conservative estimate of anadromous
salmon abundance in the area. The report’s conclusions (i.e., that anadromous salmon are
present in streams within or near the Pebble Prospect) are indisputable.
Dennis L. Scarnecchia
As stated above, the main objective of the report was to assess, in a general way, landscape-level
distribution of both resident and anadromous species, with emphasis on salmon, in relation to
areas proposed for potential mining activity. The Appendix figures do depict the distribution of
fish sampled (resident and anadromous) in relation to those areas. So the conclusion is supported
by that data. There is no discussion section at all where results are qualified and discussed, and
the conclusion section has an array of new methods, results, and discussion, with no specific
conclusions identified. A much better job could have been done in methodically showing how
the scientific results were obtained and the conclusions arrived at. However, the conclusion
regarding fish presence/absence was supported by the data presented.
William J. Wilson
The conclusions of the report are meagerly supported by the evidence provided. The described
surveys conducted during three summers in the study area show anadromous fish presence in
habitats of some headwater streams in the Nushagak and Kvichak River drainage systems. The
evidence presented includes documentation of fish species collected and identified by biologists
who also obtained voucher specimens/photographs that were verified by field lab corroboration
where appropriate. The supporting data verifying fish presence in the sites sampled are
described, but in some instances the data are few; for example, in 2008 only five days of surveys
were completed, and it is unclear which sites were visited in 2008 versus the next two years; data
for only a total (97 sites) is provided. And the main body of the report does not include a
summary of fish collected and identified at each of the sites visited in each of the years surveyed.
A sampling data summary is provided as an insert to Appendix I that shows the number of
reaches sampled and their total lineal length, but a mathematical error adds confusion (reaches
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sampled in the three years were 4, 34, and 20 totaling 58, not 68). How does this number, 58,
relate to the 97 sites mentioned on page 16? Appendix I states that 58 reaches were nominated
for inclusion in the Catalog; it is unclear how “nomination” reaches relate to the total number of
reaches/sites studied. I am left with some fairly simple questions that are not answered in the
report: How many fish of each species were collected in each of these 58 reaches/97 sites? Were
the fish located in certain parts of these reaches and not in other parts? Are “sites” the same as
“reaches” in the descriptions of results? Were any sites visited in 2008 revisited in the two
subsequent years? Which of the study reaches/sites are within the geographic area slated for
mine development? I assume that the data collected and presented to the State of Alaska, and
their acceptance for inclusion in the Catalog for 2008 and 2009, are evidence that the State
accepts that anadromous fish inhabit the survey sites/reaches sampled in those years. I see no
compelling reason to conclude otherwise, but the details aren’t provided in this report.
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Question 2. What are the strengths and weaknesses of the Woody and O’Neal 2010 report, in
terms of:
a. Methodology?
b. Results and conclusions?
Michael R. Donaldson
a. Methodology?
The methods are well documented and represent standard methods for fish and fish habitat
surveys. Although different methods were used for different habitats depending on whether or
not the tributary was wadeable, it appears as though efforts were made to catalogue as many
tributaries as possible. The methods state that study sites were selected near or adjacent to mine
claims for streams with <10% gradient, but it is not immediately clear if all of these potentially
affected sites were surveyed or only a subset since the maps included in the report show the
study areas at a fairly coarse scale.
b. Results and conclusions?
The results provided here are well described and the conclusions seem justified. It appears that
the surveys were conducted using the best available methods. The authors have identified
important fish habitat and found that provided new information on anadramous salmon presence
that was previously not known but instead only speculated. One potential weakness is that the
surveys were conducted at only one time point at each location, which may in fact lead to an
underrepresentation of the abundance and diversity of fish species present. The habitat quality
data is consistent with similar data from the literature for salmon habitat in Alaska and provides
important baseline data even though it was collected at only one time point.
James M. Helfield
a. Methodology?
The main strength of this report’s methodology is its use of standard, widely accepted protocols
to survey fish abundance at study sites. A weakness is the assessment of physical habitat at
study sites, which could have been more thorough (e.g., through more extensive data collection
at multiple transects across each study reach). A more detailed data set might lend itself to more
extensive characterization of the relationship between salmon abundance and physical habitat,
which could potentially be used to estimate salmon abundance at unsurveyed sites.
b. Results and conclusions?
The report’s main conclusions (i.e., that anadromous salmon are present in streams within or
near the Pebble Prospect) are indisputable. Nonetheless, the specific results of surveys at
specific sites could be presented more clearly in some places. For example, it is not immediately
clear how the 108 sites described on page 14 differ from the 97 sites described on page 16.
Similarly, the spatial data presented in appendices I – VI could possibly be made clearer if
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summarized in a table or graph. The report’s conclusions would also be strengthened by some
updated information to indicate whether the 2010 AWC nominations have been accepted. These
are relatively minor criticisms and do not detract substantively from the report’s conclusions.
Dennis L. Scarnecchia
a. Methodology?
Strengths:
The use of electrofishing. Overall, the methods used to obtain information on presence/absence
and distribution of salmon seemed appropriate. Electrofishing and traps were the preferred
methods. Electrofishing is less species selective than most fishing gears.
Weaknesses:
The study is not close to optimally designed, nor are the methods, results, discussion, and
conclusions well presented in an organized, sequential way. The science in the report was instead
embedded within considerable, often miss-placed, background information. Many of the most
important aspects of the methods, such as the study design (e.g., landscape-level selection
process for streams to be sampled, fish identification approaches, assignments to life history
stages, such as juvenile, adult, etc.), were glossed over while other methods (e.g. excessive
details of electrofishing) were overemphasized for a simple presence/absence study.
It was not clear if there was a systematic sample design for identifying exactly which streams
were sampled, and why they were chosen over other possible streams (other than gradient).
Although this study appears to be preliminary in nature, presumably to be followed by more
detailed studies, it would have been useful to know why particular streams were chosen or not
chosen in a landscape context, for example, based on their location, accessibility, or proximity to
proposed mining, etc.
Accurate identification of species seems crucial in this study, but the details used for identifying
particular life stages of various species seemed to be glossed over. Which keys and criteria were
used to identify the various species? More detail on this would have improved the manuscript.
Although considerable information on electrofishing configuration was presented on page 12, it
was not made clear what the objective of the optimal electrofishing configuration was. If the
intent was to make sure that fish in a stream were able to be sampled, then a higher setting might
be called for. If the intent was to avoid killing or harming any fish, then a lower setting might be
called for. It would have been useful to clearly identify how the electrofishing settings matched
the objective/goal of the study, for example, to make sure that if fish were in a section, that they
were sampled.
Similarly, there was little said about the traps, and vulnerability of various species to traps, which
can be very species selective.
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Although habitat was assessed, there was little indication as to what the hypotheses of the
investigators were regarding the relations between habitat measures and fish presence or
absence. As it was written, it was not clear exactly why most of the habitat information was
collected, other than to show they were within very general acceptable ranges for species in
question.
b. Results and conclusions?
Overall, based on the limited information and methodologies forwarded, and its cumbersome
presentation, the data presented showed that a high fraction of streams that were sampled within
the area contained resident and anadromous fish. Nearly all streams sampled contained fish and
about 74% contained salmon. Although the process for selecting the streams was not identified,
many of these stream locations were within the proposed mining area, are fed by smaller
tributaries within the proposed mining area, and thus stand to be potentially effected by activity.
Although presence/absence seemed to be the objective of the sampling, it would have been
useful to give an indication of relative abundance of captured fish stream by stream, not just as a
whole, as was done. Too little emphasis was put on the results of the fish sampling, which was
the theme of the paper. It would have also been useful in a discussion section to show how the
catches of anadromous fish and resident fish related to specific habitat conditions; this was not
done.
It seemed inappropriate to discuss which streams have been added to the Anadromous Waters
Catalog (AWC) in the results. This is more of an outcome worth mentioning at the end. The
main issues for the results should probably be results regarding species distribution in relation to
habitat and area, to be discussed in a discussion section.
The conclusion section as a whole presented a challenge as written because it is not a conclusion
section. Conclusion sections in short scientific papers are generally a short paragraph or a list of
bulleted items arrived at after scientific results have been discussed and qualified. That typical
sequence was not followed in this paper. Instead, nearly all of the 4-page conclusion section
consists of more background, considerable methods, results (including new data), and discussion,
much of each not found anywhere else in the main paper. There is actually no designated or
identified “Discussion” section, which is where the results would optimally have been discussed,
qualified, and evaluated in relation to the literature. There are at least 8 references to scientific
literature in the conclusion section, which is what is expected in a discussion. No conclusions
are identified. Ideally, the conclusions would have emanated from a well-crafted discussion
section.
So, in order to evaluate if the conclusions were based on sound scientific evidence, it was first
necessary to find and articulate the actual conclusions, which were embedded within the 4-page
conclusion section and in the Appendix. What were the conclusions? The conclusions are most
clearly shown to this reviewer in the Appendix figures, which show the overlap among resident
fish and salmon and areas proposed for potential mining activity. The authors concluded that
there was an overlap and that a high very high fraction of the streams within the proposed area,
certainly the lower gradient streams that they evaluated, will have fish in them and that about
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75% of them will contain salmon. That conclusion is scientifically supported in this work. It
would have been far preferable if the authors had put the Appendix figures in the main body of
the paper and included a detailed Appendix table where they showed, as a minimum, a detailed
species list, and possibly relative or ranked abundance by each stream sampled.
Although there are some limitations in the scientific design, including non-random selection of
streams on the landscape and non-random attributes of streams (e.g., gradient), and also clearly
in the presentation and organization of the report, overall, the science in this report supports the
above presence/absence conclusion.
William J. Wilson
The strengths of this report include adequate documentation of survey methodology for fish
collection and identification, although the report does not provide a description of or reference to
the fish key that was used to verify species. Habitat characteristics of the sites are helpful
additions to the report. I found it helpful that the report provided stream dimensions including
wetted width observed during the survey, discharge, and predominant sediment composition.
The report notes in several places that further studies and surveys could generate other useful
information for further characterizing the importance of habitats in the study area; these
statements made by observers who have spent time in the field and in the office may be helpful
guides to additional field study in the future. The maps provided in the report and appendices
help identify the areas surveyed.
Weaknesses of this report include a disjointed and advocacy-laced Preface, which unfortunately
sets the scene for a report that bears little resemblance to that Preface. Another concern is the
lack of quantitative information on number of fish collected, by species, in each reach/site, in
each year, by each sampling method. For example, page 16 states that of the 97 sites surveyed,
72 contained anadromous salmon, but was that one or two fish per site, or hundreds per site?
Each map that presented data could have included the location of the Pebble Mine ore body, and
the area to be disturbed during the mining activity; this would have helped put into visual context
the location of streams surveyed relative to the mine site (it is shown as a shaded oval on only
two Appendix maps). Other weaknesses/editorial concerns for this report are provided below.
Additional Comments
x
x

x

Dr. Robert Hughes is mentioned as a reviewer in the Acknowledgements; I believe Bob is at
Oregon State, not the University of Oregon.
On page 1 the survey methods are listed; given the expense of helicopter transport, it might
have been useful to have also employed other methods to observe fish, including foot
surveys, carcass survey/counts, or small seine deployments at some sites, or at least mention
why such methods weren’t employed.
The report mentions “the continuing dramatic decline” of [salmon] in the Fraser River in
British Columbia; this impression of dramatic decline in the Fraser is out of date and should
be revised.
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x
x
x
x
x

x
x

x

Figure 6 states that hatcheries can cause detrimental genetic and ecological changes in wild
salmon populations; hatchery effects on salmon are not the subject of, nor discussed in, the
narrative of this report, and this statement is irrelevant.
In several places, the report mentions “essential” fish habitats in Bristol Bay; this term has
specific Federal regulatory meaning and should not be used as it has been in this report
without reference or definition.
The methods do not state how study sites were selected other than a passing mention of GIS
mapping. Were these opportunistic visits constrained by where a helicopter could land, or
were there other criteria used to select these sites?
Habitat measurements included temperature, DO, etc., as stated on page 13; to what level of
accuracy were these measurements recorded?
The report states that stream discharge measurements used a Marsh-McBirney current meter
“calibrated at each study site”; how was that meter calibrated – with a Price (or pygmy) AA?
Why was the MM current meter calibrated at every site; this is a lot of work, and suggests
that the meter fell out of calibration fairly readily?
The sediment classification scheme relied on visual categorization of substrate composition;
how were stream reaches that had more than one substrate type categorized? And were there
measurements or observations of particle embeddedness?
A statement on page 23 requires considerable explanation and referencing: “As illustrated by
this…stud[y], headwaters comprise a significant proportion of essential…habitat for
salmon…” This report provides no justification or supporting data or analyses for this
statement. Significance has statistical meaning and requires a statement of confidence;
terms, “significant” and “essential”, have specific scientific and/or regulatory meaning that
require referencing.
The last sentence of this report implies that small headwater streams are not afforded (or
minimally afforded) statutory protection if not specifically included in the Catalog; this
seems to me to be misleading; any stream containing fish, anadromous or other, likely will be
afforded protection in Alaska through the environmental assessment and regulatory process
and a development undoubtedly will be appropriately conditioned by regulatory agencies; I
believe that it is unlikely the State of Alaska will diminish its protection of fish in a stream
just because that stream is not listed in the Catalog. Field studies of streams slated for impact
are generally surveyed to determine if they are fish bearing (anadromous or otherwise) before
the State issues permits.
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Question 3. Are there important limitations or uncertainties associated with applying results
from the Woody and O’Neal 2010 report to the EPA assessment? If so, what are they?
Michael R. Donaldson
The methods used here are clearly articulated and the results of the surveys are well described.
This report is highly relevant to the EPA assessment. The only slight limitations that could be
taken into consideration (as described above) are that it is not immediately clear if all of the
tributaries near mine claims were included or if some were not studied, the fact that the surveys
were only conducted at one time point for each site, which could influence the abundance and
distribution results due to seasonal differences, and that different methods were used depending
on stream location although it appears that standard sampling methods were used.
James M. Helfield
There are no important limitations or uncertainties associated with applying results from this
report to the EPA assessment. The results of this report are highly relevant to the assessment.
Dennis L. Scarnecchia
Since the lower gradient streams will be fed by the higher-gradient streams, some of which (an
undetermined percentage) will also have fish and salmon, the distribution data should be useful
in generally identifying where fish in streams may be affected by additional mining activity.
This report was obviously preliminary work by the authors, and the importance of the issue
suggests that a much more extensive study might be called for and would clarify more precisely
distributions and perhaps relative abundance of resident and anadromous fish within the basins
potentially affected.
The numerous limitations described above for this paper are much more serious in some kinds of
studies than others. In many studies with some very rigorous, complex objectives, in need of
very careful testing and evaluation, problems as observed in this paper can be fatal to the
credibility of the study. In other studies, where the objectives are more modest, the limitations
identified are less crucial and more of an annoyance. Compared to most studies, fish
presence/absence studies are more straightforward, and limitations as identified above do not
necessarily invalidate the main scientific conclusion regarding presence/absence.
Fundamentally, the authors concluded that in a high fraction of the streams within the proposed
area, certainly the lower gradient streams that they evaluated, nearly all of them had fish and
nearly 75% of them had salmon. The conclusions are best presented in the Appendix figures.
That conclusion is scientifically supported in this work, even with the limitations on the study
design and with the shortcomings of how the work is presented. For that reason, I do not see the
limitations of this study as invalidating the above conclusion, and the paper would, in my
professional opinion, be a suitable scientific reference in that limited context.
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William J. Wilson
In general, since this is a report that documents fish and habitat surveys conducted in several
headwater streams of the river drainages that may experience impacts from the proposed Pebble
Mine activity, it relates to the EPA assessment in that it documents additional habitat for
anadromous fish not previously included in the Catalog. Since the Catalog is the authoritative
reference for Title 16 permitting, inclusion of streams likely to be impacted by development will
improve future environmental assessment of a specific mine development scenario and will help
regulators condition future permits granted if this project proceeds. However, the report does not
provide the quantitative data needed to characterize the relative importance of the areas surveyed
to the overall production of fish in the Nushagak and Kvichak River systems, and in turn, to fish
production in the larger Bristol Bay watershed. Lack of specific information on species collected
in sites/reaches that are within the mine footprint, or downstream of presumed development sites,
limits the application of this report’s results to the EPA assessment. Furthermore, the locations
of the streams surveyed relative to the proposed mine itself are not well shown in the report, but I
presume they are well known to EPA and I also presume were included in the draft EPA
assessment. But to me as a reviewer, I can only judge what is provided in the report and not
second-guess what supporting data and information not included in the report were made
available to the EPA assessment.
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III. PEER REVIEW OF WOODY AND HIGMAN 2011 REPORT
III.1 Charge Questions
1. Are the conclusions of the report well-supported by the evidence provided? Why or why not?
2. What are the strengths and weaknesses of the Woody and Higman 2011 report, in terms of:
a. Methodology?
b. Results and conclusions?
3. Are there important limitations or uncertainties associated with applying results from the
Woody and Higman 2011 report to the EPA assessment? If so, what are they?
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III.2 General Impressions
Michael R. Donaldson
Woody and Higman 2011 provide a report on groundwater as essential habitat for salmon in the
headwaters of the Nushagak and Kvichak River watersheds, which produce a large proportion of
Bristol Bay salmon. The report addresses three objectives: (1) summarize and review relevant
groundwater ecology principles; (2) document salmon and groundwater interactions; and (3)
summarize potential risks to groundwater quantity and quality posed by proposed large-scale
mining operations in the region. For objectives 1 and 2, the literature review appears to be wellreferenced and accurate, albeit brief. Objective 3 lists the most prevalent risks in rather cursory
detail and does not describe potential additional risks (suggested below). The report is wellwritten and concise, covering the essential information in a manner which can be understood by
readers of different backgrounds and expertise. The tables and figures are well-described and
appropriate. The conclusions state that groundwater represents essential salmon habitat, which is
a sound conclusion based on both the content of the report and the well documented value of
groundwater to salmon that can be found in the broader literature. The conclusions re-state the
risks of mining operations on groundwater quantity and quality, risks that could potentially cause
irreversible damage to the habitat and ecosystems in the region, including potential declines in
salmon productivity – a conclusion which is certainly sound - but could have benefitted from
being related to past examples of groundwater contamination due to similar mining operations.
James M. Helfield
This report contains a well-researched and clearly-presented review of the current literature
regarding the importance of subsurface exchange (i.e., groundwater and hyporheic upwellings
and downwellings) to spawning and rearing habitat for Pacific salmon. The report makes
convincing use of the peer-reviewed scientific literature to demonstrate that subsurface exchange
is crucial for the diversity and long-term viability of salmon populations in Alaska. This report
also provides compelling evidence that subsurface exchange is prevalent and important
specifically within the Pebble prospect, and that mining activities are likely to affect both the
quantity and quality of subsurface waters, resulting in potentially significant impairment of
salmon habitat.
Dennis L. Scarnecchia
This paper is best characterized as an overview paper, with some characteristics of a review
paper, presenting a range of plausible concerns about how changes in groundwater quality
associated with the potential mining activity may affect spawning and other habitat for native
salmonids. It uses scientific literature from other studies in an appropriately qualified way. With
one exception, it does not arrive at any specific conclusions; it only says that, based on the
available literature, there is potential for impacts. The exception is on page 11 regarding
outcomes of the Prospect (the paragraph starting with “Multiple pathways”...). This paragraph
makes some fairly specific predictions, as opposed to the rest of the paper, which is only
discussing plausible relationships. The level of prediction here is beyond that of the rest of the
paper, and, although plausible, seems to go beyond the conclusions possible from this general
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overview.
The only new scientific information presented that is not from previously written work is the
relationship between open water areas, ostensibly indicative of upwelling groundwater, and
presence of salmon spawning habitat. It has no components of a laboratory study on
groundwater and salmonids (e.g., Webster and Eiriksdottir 1977. Trans. Amer. Fish. Soc.
105:416-421) nor does it have any field component with measured groundwater to verify
assumptions about groundwater and open water (e.g., Baxter et al. 2003. Trans. Amer. Fish.
Soc. 132:493-502.). It would be necessary to more specifically verify this connection in a future
study. The rest of the paper is a review of scientific literature relevant to presenting plausible
areas of concern. Overall, the use of the fisheries literature appeared appropriate in terms of
presenting possible concerns, but not necessarily specific outcomes. The third objective of the
paper was to identify potential risks and it does that. With the one exception above, it qualifies
its concerns appropriately with words such as “potential,” “can,” and “may,” recognizing that
more detailed studies are clearly needed. The paper is not very well organized and would have
benefitted from more peer review.
William J. Wilson
This report describes observations made during a one-day (March 11, 2011) survey of streams in
the headwaters of the Nushagak and Kvichak Rivers in the Bristol Bay region, Alaska. This
survey identified areas of open water on ice-covered streams as evidence of potential warmer
groundwater upwelling and, in turn, potentially good fish (salmon) habitat. The report provides
a good review of literature on the relationships between groundwater and surface water flow in
small stream systems and the possible ecological benefits of groundwater upwelling to fish. The
field observations presented in this report appear to be sound and relevant to understanding the
importance of winter water conditions to fish in these small upper-drainage waters. The
conclusions in this report, however, are not supported by the information provided. This report
strays from the purpose as outlined in the title to a series of hypothetical and often random
statements about mining impacts, concluding that a specific development, the Pebble Prospect,
has the potential to “significantly impact” fish without providing in this report data or
information on the mine development plan, locations of specific mine facilities, mitigation
measures to be employed, and many other unknowns. This report should have focused primarily
on describing the nature of this field trip, the information obtained, and how this information
might be relevant to mine development assessments; instead the report presented, on the last
page of the narrative, considerable detail on acid drainage from mines, and metal toxicity,
including particularly copper effects on fish physiology.
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III.3

Response to Charge Questions

Question 1. Are the conclusions of the report well-supported by the evidence provided? Why or
why not?
Michael R. Donaldson
The conclusions relating to objectives 1 and 2 state that groundwater is essential salmon habitat.
This conclusion is well-supported by the evidence provided in the report, the literature cited, and
is also supported by the broader literature as well. The report summarizes how groundwater
quality and quantity influences salmon throughout various lifestages and is an integral part of
their productivity. The conclusion relating to objective 3 regarding the risks associated with
mining operations to groundwater quantity and quality are also well-supported by the evidence
provided since the authors discuss how mining operations could influence both quantity (e.g.,
due to dewatering) and quality (e.g., due to contamination from tailings ponds or other mining
operations). The conclusion for objective 3 would have benefited from the authors providing
examples of scenarios where similar mining procedures where groundwater quality and quantity
has been affected and the resulting effects of nearby ecosystems and fish populations.
Additional confounding factors, such as extreme weather events leading to flooding, landslides,
and heavy snowpack were not discussed likely because they fall beyond the scope of the report,
but could lead to increased risk to groundwater. Even so, the authors present sufficient
information for the conclusion relating to objective 3 to be justified. While some details are
communicated rather generally in favor of brevity, the conclusions are clearly articulated and
appear to be justified given the content and scope of the report.
James M. Helfield
The conclusions of the report are well supported by the evidence provided. Regarding both the
importance of subsurface exchange to salmon habitat and the potential effects of mining
activities on the quantity and quality of subsurface waters, the literature cited is current, relevant,
and from credible, peer-reviewed sources. All of the report’s conclusions follow logically from
the evidence provided.
Dennis L. Scarnecchia
The conclusion (page 11) is that “mining… has the potential to significantly impact salmon
productivity, biodiversity, and sustainability through loss of habitat and water contamination.”
That qualified conclusion is supported adequately. The use of literature documenting potential
effects to salmon is appropriate. No specific outcomes are predicted, with the exception of some
comments on page 11 regarding Prospect outcomes (the paragraph starting with “Multiple
pathways…..”). Although the conclusions on the Prospect are not listed in the conclusions
section, some specific outcomes are listed here that are not fully defended based on more general
content of the paper.
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William J. Wilson
The conclusions of the report are not well supported by the data collected during the field trip
described in the report. The field trip was conducted to document open water conditions in
streams of the upper Nushagak and Kvichak River drainages. Open water could be an indicator
of groundwater upwelling, which has been documented to be an important physical factor
influencing fish spawning locations and successful fish embryonic development in stream
substrates. Upwelling also may provide important winter habitat features for juvenile fish that
inhabit interstitial areas among coarser substrates. This report was to have reported on this field
effort, and then describe how the observations made during that field effort relate to evaluating
issues relative to mining. While the report presents some water quality issues associated with
mining that explore how groundwater may present opportunities for exchange of water from the
mine area and streams that may harbor fish, it does so via a series of hypothetical statements
about the proposed mine development without including a detailed development plan that
describes how the ore body will be penetrated and extracted. It seems premature to make such
statements in the conclusion of the report (page 11) without background information on the mine
development plan.
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Question 2. What are the strengths and weaknesses of the Woody and Higman 2011 report,
in terms of:
a. Methodology?
b. Results and conclusions?
Michael R. Donaldson
a. Methodology?
The background and context information is a strength. The authors provide a concise yet
thorough overview of the relevant literature and communicate it effectively.
The methodology for detecting groundwater presence represents a weakness in my opinion. The
authors relied on visual assessments of open water during March 2011 to indicate groundwater
presence. Open water could be influenced by a number of factors including temperature changes
(reported temperatures fluctuated ~10 °C during the study period, reaching temperatures >
11°C), which could influence the amount of open water. River flows of surface water (or
combined surface/groundwater) along steep gradients or river constrictions alone could influence
open water as well. So, open water areas may not always be indicative of groundwater
upwellings. Conversely, areas that are frozen over could still represent locations where
groundwater inputs occur (e.g., pack ice accumulation in certain locations or even snow cover
could mask locations where groundwater upwellings occur, particularly when viewed from the
air. Insufficient information on the methods are included in the report to know whether or not
these concerns are valid. As such, the methods used for assessing groundwater presence may not
be very accurate depending on environmental conditions at the time of the study. Regardless, the
literature review clearly points to the value (i.e., the necessity) of groundwater inputs for salmon
habitat, so even if the methods are not entirely accurate and quantitative, it should be assumed
that groundwater is certainly a critical component of salmon habitat in this region, as is the
hyporheic zone.
b. Results and conclusions?
The paragraph above summarizes some potential concerns with the accuracy of determining
groundwater presence. Depending on environmental conditions, groundwater input could either
be over- or under-estimated by that method. The results reflect this uncertainty as Figure 5
contains the only true data, which is an overlay of open-water areas on salmon habitat throughout
the region. The figure provides a nice first step, but it appears as though more data are required
in order to develop a more quantitative relationship between groundwater input and salmon
habitat. Even though the data were not presented in a quantitative manner, this information is
important and certainly provides evidence of groundwater input in spawning habitats. However,
I think revised methods and additional data collection should be considered in order to arrive at a
more accurate determination of groundwater upwellings throughout the region.
Regardless of the limitations described above in relation to estimating groundwater upwellings,
the conclusions remain justified given the stated objectives and content of the report.
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James M. Helfield
a. Methodology?
The main strength of the report’s methodology lies in its compelling and comprehensive use of
credible and current scientific literature. The report’s only substantive weakness lies in the
methods used to document groundwater upwelling in the headwaters of the Nushagak and
Kvichak drainages, as described in Appendix I. The assumption that open water in March is a
strong indicator of groundwater upwelling is likely valid, but a more definitive approach would
be to measure upwellings directly using piezometers and tracers or measurements of spatial
patterns of temperature, dissolved oxygen, and solute concentrations. Such direct measurements
would provide better support for the report’s conclusion that upwellings are ubiquitous in state
mine leases. These findings are bolstered to some extent by the fact that they corroborate those
of previous studies (i.e., Florio 2007, Cathcart 2008, Smith and McCreadie 2008), but the
methods used in those previous studies are not described, and it is not clear if they were peerreviewed.
b. Results and conclusions?
The conclusions drawn in this report are well supported by the evidence presented. The only
conclusions that could be better supported are those pertaining to the ubiquity of groundwater
upwellings within state mine leases (see comment above), but even these conclusions
corroborate those of previous studies and are based on assumptions that are likely valid.
Dennis L. Scarnecchia
a. Methodology?
The paper is mostly a review paper, drawing attention to possible relationships in need of more
detailed evaluation. It is not a field study or a lab study, and not very methodological. The most
critical methodology that is not analyzed in any detailed way is the assumed linkage between
open water areas and presence of groundwater. The authors provide some evidence in support of
this assertion in terms of air temperature data, and it is clearly plausible that there is a
relationship between open water areas and presence of groundwater. However, open water as
opposed to frozen over can also be associated with factors, such as river gradient and velocities.
It would have been very useful if even a small study had been designed to measure or identify
groundwater sources in those open water areas as opposed to their absence in areas frozen over.
This would have taken longer than the duration of this study, however. It should be done in any
follow-up studies. On Page 9, the authors refer to “unreleased results” documenting ubiquity of
upwelling groundwater and the linkage between open water and groundwater. This sentence
was difficult to understand. If the results were unreleased, why were they referenced at the end
of the sentence? Or is there other information that has not been released?
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b. Results and conclusions?
The discussion of how salmon benefit in general from groundwater by season (spawning,
overwintering, etc.; pages 5-6) is accurate.
William J. Wilson
a. Methodology?
This report provides a good review of literature on the relationships between groundwater and
surface water in small streams, and the potential ecological benefits of groundwater upwelling
and the hyporheic zone. Groundwater upwelling areas may provide fish habitat, and the report
describes well some of the literature developed on relationships between groundwater upwelling
and fish habitat. The report’s title suggests it will explore issues associated with
groundwater/stream water interactions and the hyporheic zone, which it does in very general
terms. Additional literature review, and a much more extensive field effort, would be required to
more clearly and quantitatively define the relationships between groundwater and fish habitat in
the proposed mine development area. A notable weakness of the methodology is the very
limited field study – one day. Some mapped locations of open water areas along the course of
ice-covered streams may indicate upwelling, and perhaps fish habitat, but without a confirming
study of fish presence in those areas, and surveys on additional days and additional geographic
areas, this report has limited application. Furthermore, the report states that 175 miles of open or
partially-open water was documented “in both rivers and smaller headwater streams”; since a
concern of this report is potential mine impacts on small headwater streams, what proportion of
the field survey effort was on these small drainage streams versus “rivers?”
b. Results and conclusions?
The general results of the field study are well documented. However, the total length of streams
surveyed is not provided; the text reports only “open or partially open water” (175 miles); since
this study was accomplished in winter, presumably some portions of these streams were ice
covered. What proportion of the total ice-covered streams surveyed contained open or partiallyopen water? Of most concern is the unsupported conclusion of the report that is discussed above
under “General Impressions.” Other weaknesses/editorial concerns for this report are provided
below.
Additional Comments
x
x

The Rationale of this report cites State of Alaska information that document sport fishing
expenditures in Southcentral Alaska alone are nearly one billion dollars annually; perhaps
this is true, but reporting this large a sum might merit confirmation.
This report uses the term “State mine leases” without putting into context the proposed
Pebble development’s aerial extent of actual ore body development. What proportion of the
total area leased would be the Pebble Prospect, and what proportion of that area would be the
land area impacted by ore removal? This would help put into context the overall aerial extent
of potential stream disruption.
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x

x
x
x
x

In the description of the hyporheic zone, the authors suggest salmon may move through
wetted underground alluvium to access adjacent stream areas; additional referencing would
help justify this statement, including specific methodology used to document such fish
movement.
The georeferenced stream segment in Photograph C apparently illustrates where 25 cfs
groundwater flow moves from one drainage system into another; when did this occur
(winter?) and how was this measured?
Craven et al. In Review is cited on page 10 but not included in the literature cited; even if this
report is only in review, its title should have been footnoted or included in the Literature
Cited section.
The very detailed descriptions of side channels, tailings sites, springs, hills, tailings storage
facilities, etc., in the Pebble Prospect on page 11 are too specific and are extraneous detail
that were not part of the field study nor the literature review.
The next-to-last sentence in the report discusses how development of high acid mines poses a
high risk for exceeding water quality standards; which State’s standards? Alaska’s? Mine
development, and specifically the levels of acid in mine discharges, were not the subject of
this report; this statement seems out of place.
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Question 3. Are there important limitations or uncertainties associated with applying results
from the Woody and Higman 2011 report to the EPA assessment? If so, what are they?
Michael R. Donaldson
The report accurately describes the value of groundwater to salmon by assembling relevant
information from the literature. However, the report also adds new data in attempt to link
groundwater upwellings with salmon habitat – while these data could potentially be valuable,
they are not described in sufficient detail in the report to be useful on their own. Below I discuss
two ways of collecting additional data that could help to reduce the uncertainty here and make
this information more valuable to the EPA assessment. It should be noted that despite these
limitations, this report remains a valuable resource for describing groundwater-salmon
interactions and associated risks to groundwater quantity and quality in relation to mining
operations.
i) One knowledge gap that apparently remains is a thorough and quantitative assessment of the
groundwater table, including groundwater upwellings in salmon habitat for the entire region of
the proposed mine. The methods described in this report, along with the fact that few results and
little interpretation were incorporated here, suggest that additional large-scale studies are
required before a full assessment can be made.
ii) Another knowledge gap is that the report mentions that there remain many tributaries in the
region of the proposed mine where fish surveys have not yet taken place (or at least few data
exist) suggesting that there may be important additional spawning or rearing habitat that has not
yet been fully described. A thorough assessment of potential spawning areas in tributaries would
be extremely valuable, and ideally should be done over a multi-year period to enable
enumeration or at least estimations of the number of out-migrating salmon in these potentially
vulnerable areas.
iii) Combining both comments (i) on assessing groundwater input and (ii) on assessing the scale
of salmonid spawning habitat is highly relevant for the EPA assessment. Given the importance
of groundwater for salmon (as indicated in this report), knowing the extent of groundwater input,
mixing of groundwater and surface water (e.g., a better characterization of the hyporheic zone),
and the extent of the groundwater table in relation to salmon spawning habitat is critical when
discussing a mine of this scale. Figure 5 provides an excellent visualization and a great first step
to linking groundwater upwelling with salmon habitat, however, the data collected remain on a
very rough scale and it is apparent that some data are missing since there may be additional
spawning areas which have not been included. Although this qualitative information is
excellent, some refinement is needed in order to arrive at a quantitative assessment of the extent
of groundwater upwellings and their locations in relation to spawning habitats (including the
poorly documented tributary areas). As such, filling the knowledge gaps of (i) and (ii) and
linking them together to better identify how they interact should be a top priority. This report is
a great start towards linking these concerns, but more quantitative data collection is required in
order to gain a better understanding of their interactions, which should be a priority of the EPA
assessment.
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James M. Helfield
I see no important limitations or uncertainties associated with applying results from this report to
the EPA assessment.
Dennis L. Scarnecchia
Because of the very preliminary approach taken in this paper to assessing potential groundwater
effects of mining and salmon, this paper should not be viewed as a substitute for more
thoroughly designed studies to assess more specific aspects of the groundwater and salmon
linkage. One positive value of the paper is that it outlines several areas within those basins
where more detailed field studies are needed. Overall, the science in the paper regarding salmon
is used appropriately, but little specific field information is available to predict specific
outcomes. Several of the geology-groundwater-salmon linkages identified in this paper need to
be understood more fully, and this information is important in evaluating whether or not
significant impacts will occur.
William J. Wilson
I believe this report is relevant to the EPA assessment in that it provides some general
information on groundwater/stream water interactions in Alaskan streams. This relationship has
relevance to salmon spawning and fish rearing, and may be important information that will lead
to further field studies of this nature. Only a single field trip is described, and that effort was a
single day in the field completing aerial surveys of over 175 miles (or more?). The study has
limited application to impact assessment since it does not document actual fish presence in areas
identified as open water and potential fish habitat. Additional field studies could be conducted to
examine relationships between stream water and groundwater upwelling, including additional
field trips during other seasons of the year and in other areas of the potentially-affected
watershed, piezometer studies of groundwater elevations relative to adjacent stream water
surface elevations, dye studies of water exchange, and perhaps incubation studies of fertilized
salmon eggs placed in the area’s streambed gravels to study stream and groundwater temperature
regimes as they relate to successful embryonic development and hatching (success, timing).
Since this report also delves into metals toxicity and implies that mining may contribute
contaminants to groundwater systems that exchange with fish-bearing streams, further field
examination of these linkages would be warranted as described above. Overall, this study is
interesting and relevant, but limited in scope and too general in nature to contribute to
quantitative assessment of development impacts.
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 0DLQ)LQGLQJV

$ QXPEHU RI FRQFHUQV DUH LGHQWLILHG LQ WKH 3HEEOH 3URMHFW 'UDIW (QYLURQPHQWDO ,PSDFW
6WDWHPHQW '(,686$UP\&RUSVRI(QJLQHHUV UHODWHGWRWHFKQLFDODQDO\VLVRI
EDVHOLQHDQGSUHGLFWHGK\GURORJLFK\GUDXOLFFRQGLWLRQVWKDWUDLVHVHULRXVTXHVWLRQVDERXW
WKHSUHVHQFHRIDGYHUVHHIIHFWVDQGDELOLW\WRPLWLJDWHWKHVH0RUHVSHFLILFDOO\
x $VVHVVPHQWRIK\GURORJLFLPSDFWVLQWKH'(,6DSSHDUVLQFRPSOHWH VHH6HFWLRQV
DQG. &ULWLFDOGHWDLOVQHHGHGWRDGHTXDWHO\DVVHVVLPSDFWVDUHPLVVLQJOLPLWLQJ
FRPSOHWHGHWDLOHG DVVHVVPHQW E\ DQ\ UHYLHZHU LQFOXGLQJ 86$&(   3UHGLFWHG
LPSDFWVDQGDVVRFLDWHGXQFHUWDLQW\LQWKHVHSUHGLFWLRQVDUHXQDYDLODEOHLQWKH'(,6
DQGVWLOOEHLQJDVVHVVHG
x $VVHVVPHQW RI K\GURORJLF LPSDFWV DQG ZDWHU EDODQFH HVWLPDWHV LQ WKH '(,6 DUH
XQUHOLDEOH EHFDXVH PHWKRGRORJLHV XVHG DUH RYHUO\VLPSOLVWLF EDVHG RQ LQFRUUHFW
PRGHOLQSXWVDQGDVVXPSWLRQVDQGNH\GHWDLOVDQGGRFXPHQWDWLRQDUHQRWSURYLGHG
'LJLWDOPRGHOLQSXWILOHVVKRXOGKDYHEHHQSURYLGHGIRUSXEOLFUHYLHZDQGWUDQVSDUHQF\
0RGHOSUHGLFWLRQVVKRXOGQRWEHUHOLHGXSRQLQWKH'(,6
x $VVHVVPHQWRILPSDFWVIRUVHYHUDOPLQHFRQILJXUDWLRQVZDVQRWHYDOXDWHGLQWKH'(,6
GHVSLWHVXEVWDQWLDOLPSDFWVDQGSUREDEOHULVNRIRFFXUUHQFHDWVRPHSRLQWLQWKHIXWXUH
)RUH[DPSOH
o $VVXPLQJSRVWFORVXUHWKHSURSRVHG\USLWVLWHLVDEDQGRQHG6FHQDULR
LQWHJUDWHGPRGHOUHVXOWVVKRZWKDWVLPXODWHGSLWODNHOHYHOVULVHDERYHWKHSLW
SHULPHWHUDQGGUDLQLQWRWKH6RXWK)RUN.RNWXOLGUDLQDJHDWDUDWH aFIV 
PRGHUDWHG E\ WKH SLW SHULPHWHU HOHYDWLRQ GUDLQDJH LQWR DGMDFHQW VKDOORZ
SHUPHDEOHDTXLIHUXQLWV aFIV DQGYDULDEOHFOLPDWHFRQGLWLRQV7KLVZLOO
FDXVH ZDWHU TXDOLW\ WR WKH 6RXWK )RUN .RNWXOL GUDLQDJH FXUUHQWO\ QRW
FRQVLGHUHGLQWKH'(,6
o $VVXPLQJ WKH SURSRVHG \U SLW LV GHYHORSHG DQG WKHQ FORVHG LQ D VLPLODU
IDVKLRQDVWKH\USLWEXWZLWKIHDWXUHVDVGHVFULEHGLQ3/35),
6FHQDULRVLPXODWHGUHVXOWVVKRZWKLVZRXOGUHTXLUHQHDUO\JSPRISLW
ODNH ZDWHU WR EH PDQDJHG WUHDWHG DQG RSWLPDOO\ GLVFKDUJHG WR LPSDFWHG
VWUHDPVWRPDLQWDLQDQLQZDUGJURXQGZDWHUJUDGLHQWWRSUHYHQWPLJUDWLRQRI
SRRUSLWODNHZDWHUTXDOLW\WRVXUURXQGLQJGUDLQDJHV7KH'(,6GLGQRWHYDOXDWH
WKLVVFHQDULR
o $VVXPLQJ WKH VDPH \U SLW LV DEDQGRQHG 6FHQDULR  PRGHO UHVXOWV VKRZ
WKDWSLWODNHOHYHOVRYHUWRSWKHSLWSHULPHWHUDQGGUDLQLQWRWKH8SSHU7DODULNDW
DQ DYHUDJH UDWH RI DERXW  FIV DQG RYHUWRSV WKH 1RUWK :5) 6HGLPHQW
&ROOHFWLRQ3RQGVSLOOZD\DWDERXWFIVLQFUHDVLQJDYHUDJHDQQXDOIORZVLQ
WKH ORZHU 8SSHU 7DODULN E\ DERXW   7KLV ZRXOG FDXVH VLJQLILFDQW ZDWHU
TXDOLW\ LPSDFWV WR WKH 8SSHU 7DODULN  0LWLJDWLRQ RU UHHQJLQHHULQJ DSSHDUV
GLIILFXOWDWEHVWLIHYHQSRVVLEOH,QDGGLWLRQWKHODUJHXQFRQWUROOHGGHFDQWLQJ
RISLWODNHZDWHULQWRWKH8SSHU7DODULNFDXVHVDQRWDEOHUHGXFWLRQLQDYHUDJH



3/35),6FHQDULRIRU([SDQGHG'HYHORSPHQWRI3HEEOH$(&205HTXHVWIRU
,QIRUPDWLRQ3HEEOH/LPLWHG3DUWQHUVKLS6HSWHPEHU
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DQQXDOIORZVLQWKHORZHU6RXWK)RUN.RNWXOLGUDLQDJH aRUDERXWFIV 
7KH'(,6GLGQRWHYDOXDWHWKLVVFHQDULR

 7DVN,QWHJUDWHG0RGHO$VVHVVPHQWRI,PSDFWV

5HYLHZRIWKH'UDIW(,6VHFWLRQVUHODWHGWRK\GURORJ\ 6HFWLRQVDQG 
VKRZWKDWWKHSULPDU\WRROVXVHGWRHVWLPDWHPLQHZDWHUEDODQFHDQGDVVRFLDWHGLPSDFWV
LQFOXGH XVH RI D VLQJOHSURFHVV JURXQGZDWHU IORZ PRGHO DQG D VHSDUDWH VXUIDFH ZDWHU
µVSUHDGVKHHW¶SURSULHWDU\WRRO7KHJURXQGZDWHUIORZPRGHOSURGXFHVUHVXOWVWKDWDUHWKHQ
XVHGDVLQSXWWRWKHVSUHDGVKHHWWRRO1RLQIRUPDWLRQRQWKHSURSULHWDU\VLWHZLGHZDWHU
EDODQFHVSUHDGVKHHWWRROZDVSURYLGHG H[FHSWZKHUH6FKOXPEHUJHUUHIHUHQFHV
WZRPHWKRGV$OOH\DQG6WHHQKXLVDQG9DQGHU0ROHQ,WLVQRWFOHDUZKLFK
PHWKRGLVXVHGWKRXJK;XDQG6LQJKSRLQWRXWWKDWWKHVHWRROVSURGXFHXQUHDOLVWLF
VWDWHYDULDEOHVDQGVRLOPRLVWXUH%HFDXVHWKH\OXPSFDOFXODWLRQVRYHUODUJHFDWFKPHQWV
WKH\FDQ¶WSUHGLFWPLQHLPSDFWVDWVXEFDWFKPHQWSRLQWV7KLVLVDQRWDEOHOLPLWDWLRQWKDW
PDNHVWKHLUXVHLQWKH'(,6LQDSSURSULDWHDVWKHHQWLUHSRLQWRIDQ(,6LVWRSUHGLFWLQ
GHWDLODOOPLQLQJLPSDFWVWRWKHVXUURXQGLQJHQYLURQPHQW2WKHULVVXHVDVVRFLDWHGZLWK
PRQWKO\VSUHDGVKHHWZDWHUEDODQFHWRROVLQFOXGH
  7KHPRQWKO\ZDWHUEDODQFHVSUHDGVKHHWWRROFDOFXODWHVPRQWKO\UHFKDUJHEDVHG
RQZDWHUEDODQFHPHWKRGRORJ\ZKLOHWKHJURXQGZDWHUPRGHOFDOFXODWHVUHFKDUJH
EDVHGRQHQWLUHO\GLIIHUHQWPHWKRGRORJ\5HFKDUJHLQWKHJURXQGZDWHUPRGHOLV
WKHQDGMXVWHGWREHHTXDOWRWRSHUFHQWRIVXEFDWFKPHQWUDWHVFDOFXODWHG
E\WKHVSUHDGVKHHWWRRO7KLVLQFRQVLVWHQF\LQPHWKRGRORJ\KDVQRSK\VLFDOEDVLV
RU MXVWLILFDWLRQ DQG FRPELQHG ZLWK RWKHU QRWDEOH LVVXHV LGHQWLILHG LQ WKH
JURXQGZDWHUPRGHOVHWXS VHH6HFWLRQ UDLVHVVHULRXVTXHVWLRQVDERXWWKH
YDOLGLW\RIVKDULQJIORZVEHWZHHQWKHVSUHDGVKHHWWRRODQGJURXQGZDWHUPRGHODQG
DVVRFLDWHGDFFXUDF\DQGUHOLDELOLW\RIEDVHOLQHDQGSUHGLFWHGPLQHLPSDFWVRQWKH
VXUURXQGLQJK\GURORJLFHQYLURQPHQW
  7KHVSUHDGVKHHWWRROGRHVQRWG\QDPLFDOO\OLQN LHGDLO\RUHYHQPRQWKO\ WRWKH
JURXQGZDWHU IORZ PRGHO  7KLV FDXVHV WKH JURXQGZDWHU PRGHO WR LQFRUUHFWO\
FDOFXODWHIORZVEDVHGRQ&KDQJHVLQVWUHDPIORZDUHRQO\HVWLPDWHGPRQWKO\\HW
UHYLHZRIREVHUYHGGDLO\VWUHDPIORZGDWDDUHDYDLODEOHIRU\HDUVDQGVKRZQRWDEOH
HYHQWOHYHO LHGDLO\ YDULDELOLW\1HLWKHUWKHJURXQGZDWHUPRGHORUZDWHUEDODQFH
VSUHDGVKHHW KDYH WKH DELOLW\ WR WUDQVODWH SK\VLFDOO\UHDOLVWLF K\GURORJLFK\GUDXOLF
UHVSRQVHV IURP PLQHLPSDFWHG DUHDV WR VHQVLWLYH GRZQVWUHDP KDELWDW  )RU
H[DPSOH HYHQWOHYHO UHDOLVWLF K\GURG\QDPLFV LH FKDQJHV LQ YHORFLW\ SHDN
IORZV DVFHQVLRQUHFHVVLRQ FXUYHV LQXQGDWLRQ GXUDWLRQWLPLQJ FKDQJHV LQ VWDJH
HWFFDQ¶WEHDVVHVVHGLQWKH'(,6
  (YHQLIWKHPHWKRGRORJ\HPSOR\HGE\6FKOXPEHUJHULVEDVHGRQRQHRIWKH
WZRUHIHUHQFHVFLWHGDERYHLWLVXQFOHDUZK\PRUHUHFHQWUREXVW86*6PRQWKO\
ZDWHUEDODQFHPHWKRGVZHUHQRWXVHG :HVWHQEURHNHWDO ZKLFKUHO\RQ
DFWXDOVRLOK\GUDXOLFGDWDFULWLFDOWRFRUUHFWO\FDOFXODWLQJJURXQGZDWHUUHFKDUJH




 ;X &< DQG 6LQJK 93  $ UHYLHZ RI PRQWKO\ ZDWHU EDODQFH PRGHOV IRU ZDWHU UHVRXUFHV
LQYHVWLJDWLRQV:DWHU5HVRXUFHV0DQDJHPHQW.OXZHU$FDGHPLF3XEOLVKHUV

KWWSVSXEVXVJVJRYWPWPDWPDSGI
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,Q VXPPDU\ WKHVH WRROV DUH VLPSO\ XQDEOH WR VLPXODWH SK\VLFDOO\UHDOLVWLF EDVHOLQH RU
SUHGLFWHGPLQHLPSDFWHGVWURQJO\FRXSOHGVXUIDFHZDWHUJURXQGZDWHUG\QDPLFV7KLVLV
FULWLFDOWRIXOO\XQGHUVWDQGLQJLPSDFWVRIWKHPLQHGXULQJSRVWFORVXUHRQWKHVXUURXQGLQJ
K\GURORJLFV\VWHP
'XHWRWKLVVLJQLILFDQWDQDO\WLFDOGHILFLHQF\WKHIRUPHUIXOO\LQWHJUDWHG FRXSOHG K\GURORJLF
0,.(6+(PRGHOZDVXWLOL]HGKHUHWRFRPSDUHNH\RXWSXWVDJDLQVWWKRVHHVWLPDWHGE\
3/3FRQVXOWDQWVDQGWRJDLQEHWWHULQVLJKWLQWRSK\VLFDOO\UHDOLVWLFFKDUDFWHULVWLFVRIKRXUO\
EDVHOLQHK\GURORJLFFRQGLWLRQVDQGKRZWKHVHZLOOFKDQJHXQGHUIXWXUHPLQLQJFRQGLWLRQV
7KRXJKWKHLQWHQWKHUHLVQRWWRSURPRWHDVLQJOHVRIWZDUHFRGHLWLVXVHIXOWRSRLQWRXW
WKDWPDQ\IXOO\LQWHJUDWHGSK\VLFDOO\EDVHGFRGHVDUHUHDGLO\DYDLODEOHDYRLGPDQ\RI
WKH OLPLWDWLRQV RI FRGHV OLNH WKRVH XVHG KHUH LH GHFRXSOHG VLQJOHSURFHVV RYHUO\
VLPSOLILHGQRQSK\VLFDOO\EDVHG DQGKDYHGLVWLQFWDGYDQWDJHVRIEHLQJDEOHWRVLPXODWH
PRYHPHQWRIZDWHUWKURXJKRXWWKHHQWLUHK\GURORJLFV\VWHPGLUHFWO\GULYHQE\VXEGDLO\
GLVWULEXWHGFOLPDWHLQSXWVLQDSK\VLFDOO\EDVHGIXOO\FRXSOHGIXOO\GLVWULEXWHGDQGIXOO\
G\QDPLF PDQQHU 7KLV SHUPLWV GLUHFW HYDOXDWLRQ RI LPSRUWDQW FKDQJHV LQ WKH FRXSOHG
K\GURORJLF UHVSRQVH RI WKH V\VWHP WR SURSRVHG PLQLQJUHODWHG FKDQJHV WR WKH ODQG
VXUIDFHYHJHWDWLRQVXUIDFHVRLOVVXEVXUIDFHSLWDQGVXUIDFHGUDLQDJHQHWZRUNLQFOXGLQJ
HIIHFWVRIFOLPDWHFKDQJH
*LYHQ QHZ GDWD SUHVHQWHG LQ WKH '(,6 DQG UHODWHG GRFXPHQWV  WKH IRUPHU 0,.(6+(
PRGHOZDVUHYLVHGDQGUHFDOLEUDWHG7KHUHYLVLRQVDQGUHFDOLEUDWLRQDUHDOVRSUHVHQWHG
$SSHQGL[   7KH UHFDOLEUDWHG 0,.(6+( PRGHO LV KHUHLQ UHIHUUHG WR DV WKH %DVHOLQH
VFHQDULR
7KH&OLPDWH&KDQJHVFHQDULRVHWXSDQGDVVXPSWLRQVDUHGHVFULEHGLQ$SSHQGL[

 3RVW&ORVXUH3KDVH,9,QWHJUDWHG0RGHO6FHQDULRV
3KDVH ,9 3RVW&ORVXUH FRQGLWLRQV ZHUH VHOHFWHG IRU HYDOXDWLRQ KHUH EHFDXVH WKH\
DSSHDUWRSRVHWKHJUHDWHVWULVNRYHUWKHORQJWHUP RUSHUSHWXLW\ 7KHIROORZLQJVFHQDULRV
ZHUHVLPXODWHGWRDVVHVVFRQFHUQVLQGLFDWHG
x 6FHQDULR   3URSRVHG (,6  <U 3LW ± ZLWK :DWHU 0DQDJHPHQW *HQHUDWH
HVWLPDWHV RI WKH DPRXQW RI ZDWHU WKDW QHHGV WR EH WUHDWHG DQG UHOHDVHG LQ
SHUSHWXLW\WRSUHYHQWZDWHUIURPIORZLQJRXWRIWKHSLWWRVXUURXQGLQJJURXQGZDWHU
DQGVWUHDPV7KHVHUHVXOWVDUHLPSRUWDQWIRUHVWLPDWLQJWLPHYDU\LQJPXFKZDWHU
QHHGLQJWUHDWPHQWLQSHUSHWXLW\
x 6FHQDULR3URSRVHG<U3LW±1R:DWHU0DQDJHPHQW$VVXPHIDFLOLW\LV
DEDQGRQHG LQ IXWXUH  6LPXODWH LQWHJUDWHG K\GURORJLFK\GUDXOLF FRQGLWLRQV  7KLV



:REXV&53UXFKD'$OEHUW&:ROO0/RLQD]5-RQHVDQG&7UDYHUV+\GURORJLF
DOWHUDWLRQVIURPFOLPDWHFKDQJHLQIRUPDVVHVVPHQWRIHFRORJLFDOULVNWR3DFLILFVDOPRQLQ%ULVWRO
%D\$ODVND3/R621(GRLMRXUQDOSRQH

7DJKDYL$1DPYDU51DMPXV6DQG&D\DU0,QWHJUDWHG:DWHU5HVRXUFHV0RGHOVWR
6XSSRUW$QDO\VLVRI,QWHJUDWHG5HJLRQDO:DWHU0DQDJHPHQW3URJUDPVLQ&DOLIRUQLD%ULWLVK-RXUQDO
RI(QYLURQPHQW &OLPDWH&KDQJH  

$TXD5HVRXUFH,QF³,QWHJUDWHG6XUIDFHDQG*URXQGZDWHU0RGHO5HYLHZDQG7HFKQLFDO
*XLGH´)RU7KH2QWDULR0LQLVWU\RI1DWXUDO5HVRXUFHV

KWWSHQYLURQPHQWDOEHUWDFDDSSVHPZ3UHV3RVW&(0DVS[




BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1055 of 2339

VFHQDULRFDQEHXVHGWRDVVHVVWKHQDWXUHDQGH[WHQWRILPSDFWVIURPGHJUDGHG
SLWODNHZDWHUTXDOLW\GLVFKDUJHWRVXUURXQGLQJZDWHUV
x 6FHQDULR)XOOEXLOGRXW<U3LW±ZLWK:DWHU0DQDJHPHQW6DPHDVPLQL
SLW  EXW DVVXPLQJ WKH HQWLUH GHSRVLW LQFOXGLQJ 3HEEOH (DVW ZLOO EH H[WUDFWHG
XVLQJRSHQSLWPHWKRGVDVRXWOLQHGSUHYLRXVO\E\3/3
x 6FHQDULR)XOOEXLOGRXW<U3LW±1R:DWHU0DQDJHPHQW6DPHDVPLQL
SLW  EXW DVVXPLQJ WKH HQWLUH GHSRVLW LQFOXGLQJ 3HEEOH (DVW ZLOO EH H[WUDFWHG
XVLQJRSHQSLWPHWKRGVDVRXWOLQHGSUHYLRXVO\E\3/3
x 6FHQDULR&OLPDWH&KDQJH<HDU65$%&2(PLVVLRQ6FHQDULR ,3&& 
HYDOXDWLRQXVLQJWKHVHWXSLQ6FHQDULRDERYH
 6HWXS$VVXPSWLRQV

6HYHUDO PRGHO LQSXWV UHTXLUHG FKDQJH IURP WKH %DVHOLQH FDOLEUDWHG 0,.(6+( PRGHO
LQSXWV WR UHIOHFW  DQG \HDU PLQH VXUIDFH UHFRQILJXUDWLRQV DQG ZDWHU RSHUDWLRQV
7KHVH DUH VXPPDUL]HG EULHIO\ LQ 7DEOH  EHORZ EDVHG RQ WKH 3KDVH ,9 3RVW&ORVXUH
GHVFULEH RQ )LJ  LQ WKH '(,6 \U 3LW  DQG )LJXUH  LQ 5),  )LJXUH  DQG
)LJXUH  LOOXVWUDWH WKH IXOO\ K\GURG\QDPLF VXUIDFH ZDWHU QHWZRUNV IRU PDQDJHG SLW ODNH
OHYHOVIRUWKH\HDUDQG\HDUSLWFRQILJXUDWLRQVUHVSHFWLYHO\LQFOXGLQJFURVVVHFWLRQ
ORFDWLRQV6&3VWUXFWXUHVSXPSVWUXFWXUHVDQGEUDQFKFRQQHFWLRQVWRDQGIURPWKHSLW
ODNH





3/35),6FHQDULRIRU([SDQGHG'HYHORSPHQWRI3HEEOH$(&205HTXHVWIRU
,QIRUPDWLRQ3HEEOH/LPLWHG3DUWQHUVKLS6HSWHPEHU










ƵůŬd^&^ŽƵƚŚ









ƵůŬd^&EŽƌƚŚ

DĂŝŶtDW

ůŝŵĂƚĞ^ĞƋƵĞŶĐĞ



DŝŶĞŽŵƉŽŶĞŶƚ
ϳͬϮϬϬϮ
ϳͬϮϬϬϴ

,ǇĚƌĂƵůŝĐ
WƌŽƉĞƌƚŝĞƐ
dĂŝůŝŶŐƐ

ƐƐƵŵĞ ϱĞͲϳ ŵͬƐ͘  >ŽǁĞƌ ƐĂŵĞ
ŽĨ ƉĞƌŵĞĂďŝůŝƚǇ͕ ƚŽ ƉƌŽŵŽƚĞ
ƌƵŶŽĨĨǀƐ͘ŝŶĨŝůƚƌĂƚŝŽŶ͘

^ůŽƉĞĚ ƚŽ ƉŽŶĚ ŶŽƌƚŚ ƐŝĚĞ͘ ^ůŽƉĞĚ ƚŽ ƉŽŶĚ
ƐƐƵŵĞĚ
ĞĂƐƚ
ƐŝĚĞ͘
ƐƐƵŵĞĚ
WƵŵƉ ƚŽ ^&< ŶŽƚĐŽŶƐŝĚĞƌĞĚ
ŶŽƚĐŽŶƐŝĚĞƌĞĚ
;ĨƌĞƐŚǁĂƚĞƌͿ

^ƵƌĨĂĐĞ'ƌĂĚĞ

ůŝŵĂƚĞŚĂŶŐĞ

DĂŶĂŐĞĚtĂƚĞƌ

ϳϴͲǇƌ

ďĂƐĞůŝŶĞ

ϳͬϮϬϬϮƚŽϳͬϮϬϬϴ

ďĂŶĚŽŶŵĞŶƚ

ϳϴͲǇƌϮ

ƐĂŵĞ

ƐĂŵĞ

ƐĂŵĞ

^ůŽƉĞĚ ƚŽ ƉŽŶĚ ^ůŽƉĞĚ ƚŽ ƉŽŶĚ ĞĂƐƚ
ĞĂƐƚ
ƐŝĚĞ͘ ƐŝĚĞ͘ƐƐƵŵĞĚ
ƐƐƵŵĞĚ
ŶŽƚĐŽŶƐŝĚĞƌĞĚ
WƵŵƉ Ăƚ ϯ ŵϯͬƐ
ǁŚĞŶ ĂďŽǀĞ ϱϳϮ ŵ͕
ƐƚŽƉ ǁŚĞŶ ďĞůŽǁ
ϱϳϭ͘ϱŵ͘
ƐĂŵĞ
ƐĂŵĞ

ƐĂŵĞ

ƐĂŵĞ

ƐĂŵĞ

ƐĂŵĞ



WƵŵƉĂƚϯŵϯͬƐǁŚĞŶ
ĂďŽǀĞ ϱϳϮ ŵ͕ ƐƚŽƉ
ǁŚĞŶďĞůŽǁϱϳϭ͘ϱŵ͘

^ůŽƉĞĚ ƚŽ ƉŽŶĚ ĞĂƐƚ
ƐŝĚĞ͘ƐƐƵŵĞĚ

ƐĂŵĞ

ƐĂŵĞ

ƐĂŵĞ

^ůŽƉĞĚ ƚŽ ƉŽŶĚ ^ůŽƉĞĚ ƚŽ ƉŽŶĚ ĞĂƐƚ ^ůŽƉĞĚ ƚŽ ƉŽŶĚ ĞĂƐƚ
ĞĂƐƚ
ƐŝĚĞ͘ ƐŝĚĞ͘ƐƐƵŵĞĚ
ƐŝĚĞ͘ƐƐƵŵĞĚ
ƐƐƵŵĞĚ
ƐĂŵĞ
ƐĂŵĞ
ƐĂŵĞ

ƚŽ ϮϭϬϬ /W ^Zϭ ϳͬϮϬϬϮƚŽϳͬϮϬϬϴ
KϮ
ŵŝƐƐŝŽŶ
^ĐĞŶĂƌŝŽ
ďĂƐĞůŝŶĞ
ďĂƐĞůŝŶĞ

ďĂŶĚŽŶŵĞŶƚ

DĂŶĂŐĞĚtĂƚĞƌ
ϳͬϮϬϬϮƚŽϳͬϮϬϬϴ

ϮϯͲǇƌϮ

ϮϯͲǇƌ

ĂƐƐƵŵĞĚ
ƌĞƚƵƌŶĞĚ
ƚŽ ďĂƐĞůŝŶĞ
ďĂƐĞůŝŶĞ
^ƵƌĨĂĐĞ'ƌĂĚĞ
^ůŽƉĞĚ ƚŽ ƉŽŶĚ ĞĂƐƚ ƐŝĚĞ͘ ^ůŽƉĞĚ ƚŽ ƉŽŶĚ
ƐƐƵŵĞĚ
ĞĂƐƚ
ƐŝĚĞ͘
ƐƐƵŵĞĚ
WƵŵƉ ƚŽ E&< WƵŵƉĂƚϯŵϯͬƐǁŚĞŶĂďŽǀĞ ƐĂŵĞ
;ĨƌĞƐŚǁĂƚĞƌͿ
ϱϮϳ͘ϭ ŵ͕ ƐƚŽƉ ǁŚĞŶ ďĞůŽǁ
ϱϮϳŵ͘
,ǇĚƌĂƵůŝĐ
ƐƐƵŵĞϱĞͲϳ ŵͬƐ͘  WƌŽŵŽƚĞ ƐĂŵĞ
WƌŽƉĞƌƚŝĞƐ
ŽĨ ƌƵŶŽĨĨǀƐ͘ŝŶĨŝůƚƌĂƚŝŽŶ͘
dĂŝůŝŶŐƐ
hŶĚĞƌĚƌĂŝŶ
ƌĂŝŶĞŶƚŝƌĞd^&ĨŽŽƚƉƌŝŶƚƚŽ ƐĂŵĞ
ĚŽǁŶƐƚƌĞĂŵ ^W͘ ůĞǀĂƚŝŽŶ
ũƵƐƚ ďĞůŽǁ ďĂƐĞ ŽĨ
ŽǀĞƌďƵƌĚĞŶ͘

ƐƐƵŵĞ
ĞĨĨŝĐŝĞŶƚ ĚƌĂŝŶ ŝŶ ƐĂƚƵƌĂƚĞĚ
ǌŽŶĞŝŶD^,͘
sĞŐĞƚĂƚŝŽŶ
ZĞͲǀĞŐĞƚĂƚĞĚ
ƐĂŵĞ





ŽŵƉŽŶĞŶƚ
&ĞĂƚƵƌĞ
ϮϯͲǇƌϮϮ
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W'dĂŝůŝŶŐƐEŽƌƚŚ

WƵŵƉƚŽWŝƚ

,ǇĚƌĂƵůŝĐ
WƌŽƉĞƌƚǇ
tĂƐƚĞ

hŶĚĞƌĚƌĂŝŶ

^ƵƌĨĂĐĞ'ƌĂĚĞ

WƵŵƉƚŽWŝƚ

Ăŵ

^ŽƵƚŚd^&^W



'ƌŽƵƚƵƌƚĂŝŶƐ


WƵŵƉƚŽWŝƚ

Ăŵ

sĞŐĞƚĂƚŝŽŶ

hŶĚĞƌĚƌĂŝŶ







ƵůŬd^&DĂŝŶ^W





DŝŶĞŽŵƉŽŶĞŶƚ

ŽŵƉŽŶĞŶƚ
&ĞĂƚƵƌĞ

ŽĨ

ďĂŶĚŽŶŵĞŶƚ

DĂŶĂŐĞĚtĂƚĞƌ







ŶŽƚĐŽŶƐŝĚĞƌĞĚ













ŶŽƚĐŽŶƐŝĚĞƌĞĚ

dƵƌŶĞĚŽĨĨ͘

ƐĂŵĞ



ƐƐƵŵĞĚ
ĚĂŵ
ĞůĞǀĂƚŝŽŶ
ĨƌŽŵ
ůŽƐƵƌĞ DĂƉ &ŝŐ
ϰ͘ϭϲͲϲ͘
dƵƌŶĞĚŽĨĨ͘

ƐĂŵĞ

ƐĂŵĞ

ůŝŵĂƚĞŚĂŶŐĞ

ϮϯͲǇƌϮϮ

ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ŝƐĐŚĂƌŐĞ Ăƚ ϯ ŵϯͬƐ͕ ǁŚĞŶ dƵƌŶĞĚŽĨĨ͘
ůĞǀĞůƌĞĂĐŚĞƐϯϱϬŵ͕ƐƚŽƉƐĂƚ
ϯϰϵŵ

ůů ĐƵƌƚĂŝŶƐ ĂƐƐƵŵĞĚ ϭĞͲϳ 
ŵͬƐ ;ƐŝŵŝůĂƌ ƚŽ W>W
ĂƐƐƵŵƉƚŝŽŶƐͿ͘
^ŵĂůů ^WͬƌĞĐǇĐůĞ ƉŽŶĚ͘ ƐĂŵĞ
ĂŵͬƐƉŝůůǁĂǇĂƐƐƵŵĞĚĨƌŽŵ
&ŝŐϰ͘ϭϲͲϲ͘

ƐƐƵŵĞĚ ĚĂŵ ĞůĞǀĂƚŝŽŶ ƐƐƵŵĞĚ ĚĂŵ
ĨƌŽŵůŽƐƵƌĞDĂƉ&ŝŐϰ͘ϭϲͲϲ͘ ĞůĞǀĂƚŝŽŶ ĨƌŽŵ
ůŽƐƵƌĞ DĂƉ &ŝŐ
ϰ͘ϭϲͲϲ͘
ŝƐĐŚĂƌŐĞ Ăƚ ϯ ŵϯͬƐ͕ ǁŚĞŶ dƵƌŶĞĚŽĨĨ͘
ůĞǀĞůƌĞĂĐŚĞƐϯϱϬŵ͕ƐƚŽƉƐĂƚ
ϯϰϵŵ

ƌĂŝŶƐŽƵƚŚd^&ƚŽ^ŽƵƚŚd^& ƐĂŵĞ
^W
ZĞͲǀĞŐĞƚĂƚĞĚ
ƐĂŵĞ

ϮϯͲǇƌϮ
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ϮϯͲǇƌ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

ƐĂŵĞ

ƐĂŵĞ

ďĂŶĚŽŶŵĞŶƚ

ϳϴͲǇƌϮ

>ĂƌŐĞƌ͕ ĨƵƌƚŚĞƌ ƐŽƵƚŚ
ƚŚĂŶ
ϮϯͲǇƌ
ĐŽŶĨŝŐƵƌĂƚŝŽŶ͘
ĞƚĞƌŵŝŶĞĚĨƌŽŵ&ŝŐ͘
ŝƐĐŚĂƌŐĞ Ăƚ Ϯ ŵϯͬƐ͕
ǁŚĞŶ ůĞǀĞů ƌĞĂĐŚĞƐ
ϯϬϱ ŵ͕ ƐƚŽƉƐ Ăƚ ϯϬϰ
ŵ
ŶŽ ĚĂƚĂ ƉƌŽǀŝĚĞĚ ŝŶ
/^͘ƐƐƵŵĞĚĨůĂƚ͘
ŶŽ ĚĂƚĂ ƉƌŽǀŝĚĞĚ ŝŶ
/^͘  ƐƐƵŵĞĚ ŶŽ
ĚƌĂŝŶ͘
ƐƐƵŵĞ ϱĞͲϳ ŵͬƐ͘
>ŽǁĞƌ ƉĞƌŵĞĂďŝůŝƚǇ͕
ƚŽƉƌŽŵŽƚĞƌƵŶŽĨĨǀƐ͘
ŝŶĨŝůƚƌĂƚŝŽŶ͘
ŝƐĐŚĂƌŐĞ Ăƚ Ϯ ŵϯͬƐ͕
ǁŚĞŶ ůĞǀĞů ƌĞĂĐŚĞƐ




ŶŽ ĚĂƚĂ ƉƌŽǀŝĚĞĚ ŝŶ
/^͘ƐƐƵŵĞĚĨůĂƚ͘
ŶŽ ĚĂƚĂ ƉƌŽǀŝĚĞĚ ŝŶ
/^͘  ƐƐƵŵĞĚ ŶŽ
ĚƌĂŝŶ͘
ƐƐƵŵĞ ϱĞͲϳ ŵͬƐ͘
>ŽǁĞƌƉĞƌŵĞĂďŝůŝƚǇ͕ƚŽ
ƉƌŽŵŽƚĞ ƌƵŶŽĨĨ ǀƐ͘
ŝŶĨŝůƚƌĂƚŝŽŶ͘
dƵƌŶĞĚŽĨĨ͘

>ĂƌŐĞƌ͕ ĨƵƌƚŚĞƌ ƐŽƵƚŚ
ƚŚĂŶ
ϮϯͲǇƌ
ĐŽŶĨŝŐƵƌĂƚŝŽŶ͘
ĞƚĞƌŵŝŶĞĚĨƌŽŵ&ŝŐ͘
dƵƌŶĞĚŽĨĨ͘

ŝƐĐŚĂƌŐĞ Ăƚ ϯ ŵϯͬƐ͕ dƵƌŶĞĚŽĨĨ͘
ǁŚĞŶ ůĞǀĞů ƌĞĂĐŚĞƐ
ϯϱϬ ŵ͕ ƐƚŽƉƐ Ăƚ ϯϰϵ
ŵ



ƐƐƵŵĞ
ĚĂŵ ƐƐƵŵĞĚĂŵĞůĞǀĂƚŝŽŶ
ĞůĞǀĂƚŝŽŶ ;&ŝŐ ϭ͕ Z&/ ;&ŝŐϭ͕Z&/ϬϲϮͿ
ϬϲϮͿ

ƐĂŵĞ

ƐĂŵĞ

DĂŶĂŐĞĚtĂƚĞƌ

ϳϴͲǇƌ

WƵŵƉƐ Ͳ WŝƚůĂŬĞ ƚŽ
^&<͕ E&< ĂŶĚ hd
ƌĞůĞĂƐĞƉŽŝŶƚƐ͘

Wŝƚ>ĂŬĞ>ĞǀĞů

WŝƚĞƉƚŚ

DŝŶĞWŝƚƌĞĂ



YƵĂƌƌŝĞƐ;͕͕Ϳ





W'dĂŝůŝŶŐƐ^ŽƵƚŚ




DŝŶĞŽŵƉŽŶĞŶƚ

ŽĨ










ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ďĂŶĚŽŶŵĞŶƚ

DĂŶĂŐĞĚtĂƚĞƌ

ŶŽƚĐŽŶƐŝĚĞƌĞĚ


ϮϯͲǇƌϮ

ϮϯͲǇƌ



WƵŵƉĞĚ Ăƚ ϯ ŵϯͬƐ ƚŽ ĞĂĐŚ dƵƌŶĞĚŽĨĨ͘
ĚƌĂŝŶĂŐĞ͕ǁŚĞŶůĞǀĞůƌĞĂĐŚĞƐ
ϴϵϬĨƚ͕ƐƚŽƉƐĂƚϴϴϴ͘ϵĨƚ͘



WƵŵƉĞĚ Ăƚ ϯ ŵϯͬƐ
ƚŽ ĞĂĐŚ ĚƌĂŝŶĂŐĞ͕
ǁŚĞŶůĞǀĞůƌĞĂĐŚĞƐ
ϴϵϬ Ĩƚ͕ ƐƚŽƉƐ Ăƚ
ϴϴϴ͘ϵĨƚ͘

Ϯ͕ϮϬϬ Ĩƚ ;ƌĞĨ ^ĞĐ
ϰ͘ϭϳ
/^Ϳ͘
sĂƌŝĂďůĞ ĚĞƉƚŚƐ
ĐĂůĐƵůĂƚĞĚ ďĂƐĞĚ
ŽŶ ϯϵ ĚĞŐƌĞĞ
ďĞŶĐŚƐůŽƉĞ͘
ϴϵϬĨƚ;ƌĞĨĞƌĞŶĐĞĚ͕
^ĞĐϰ͘ϭϳ/^Ϳ

ƐĂŵĞ

ƐĂŵĞ

ƐĂŵĞ





ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ůŝŵĂƚĞŚĂŶŐĞ

ϮϯͲǇƌϮϮ
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EŽ ĚĂƚĂ ƉƌŽǀŝĚĞĚ ŝŶ /^͘ ƐĂŵĞ
ƐƐƵŵĞĚĨůĂƚ͘
^ŽŝůͬZĞǀĞŐĞƚĂƚĞĚ ZĞǀĞŐĞƚĂƚĞĚ;ŽƌŝŐŝŶĂůͿ
ƐĂŵĞ

ĞĨŝŶĞĚ ďĂƐĞĚ ŽŶ /^ ƐĂŵĞ
ĨŝŐƵƌĞƐ͘

Ϯ͕ϮϬϬ Ĩƚ ;ƌĞĨ ^ĞĐ ϰ͘ϭϳ /^Ϳ͘ Ϯ͕ϮϬϬ Ĩƚ ;ƌĞĨ ^ĞĐ
sĂƌŝĂďůĞ ĚĞƉƚŚƐ ĐĂůĐƵůĂƚĞĚ ϰ͘ϭϳ
/^Ϳ͘
ďĂƐĞĚ ŽŶ ϯϵ ĚĞŐƌĞĞ ďĞŶĐŚ sĂƌŝĂďůĞ ĚĞƉƚŚƐ
ƐůŽƉĞ͘
ĐĂůĐƵůĂƚĞĚďĂƐĞĚ
ŽŶ ϯϵ ĚĞŐƌĞĞ
ďĞŶĐŚƐůŽƉĞ͘

ϴϵϬ Ĩƚ ;ƌĞĨĞƌĞŶĐĞĚ͕ ^ĞĐ ϰ͘ϭϳ ĐĂůĐƵůĂƚĞĚ
/^Ϳ

^ƵƌĨĂĐĞ'ƌĂĚĞ

,ǇĚƌĂƵůŝĐ
WƌŽƉĞƌƚŝĞƐ
dĂŝůŝŶŐƐ
WƵŵƉƚŽWŝƚ

hŶĚĞƌĚƌĂŝŶ

^ƵƌĨĂĐĞ'ƌĂĚĞ



ŽŵƉŽŶĞŶƚ
&ĞĂƚƵƌĞ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

ďĂŶĚŽŶŵĞŶƚ

ϳϴͲǇƌϮ

ƐĂŵĞĂƐŶŽƌƚŚ

ƐĂŵĞĂƐŶŽƌƚŚ




ϯ͕ϱϬϬ Ĩƚ ;ƌĞĨ ^ĞĐ ϰ͘ϭϳ
/^Ϳ͘sĂƌŝĂďůĞĚĞƉƚŚƐ
ĐĂůĐƵůĂƚĞĚďĂƐĞĚŽŶϯϵ
ĚĞŐƌĞĞďĞŶĐŚƐůŽƉĞ

ƐĂŵĞ

ƐĂŵĞ

ϳϴϳ͘Ϯ Ĩƚ ;ŵĂŝŶƚĂŝŶƐ ĐĂůĐƵůĂƚĞĚ
ŝŶǁĂƌĚ
ĨůŽǁͿ
Ͳ
ĚĞƚĞƌŵŝŶĞĚďǇD^,
ŵŽĚĞůŝƚĞƌĂƚŝŽŶƐ͘
WƵŵƉĞĚ Ăƚ ϭϬ ŵϯͬƐ dƵƌŶĞĚŽĨĨ͘
ƚŽ ĞĂĐŚ ĚƌĂŝŶĂŐĞ͕
ǁŚĞŶ ůĞǀĞů ƌĞĂĐŚĞƐ
ϳϴϳ͘Ϯ Ĩƚ͕ ƐƚŽƉƐ Ăƚ
ϳϴϯ͘ϵĨƚ͘

ϯ͕ϱϬϬĨƚ;ƌĞĨ^ĞĐϰ͘ϭϳ
/^Ϳ͘  sĂƌŝĂďůĞ
ĚĞƉƚŚƐ
ĐĂůĐƵůĂƚĞĚ
ďĂƐĞĚ ŽŶ ϯϵ ĚĞŐƌĞĞ
ďĞŶĐŚƐůŽƉĞ

ƐĂŵĞ

ƐĂŵĞ

ŝƐĐŚĂƌŐĞ Ăƚ Ϯ ŵϯͬƐ͕ dƵƌŶĞĚŽĨĨ͘
ǁŚĞŶ ůĞǀĞů ƌĞĂĐŚĞƐ
ϯϬϱ ŵ͕ ƐƚŽƉƐ Ăƚ ϯϬϰ
ŵ
ƐĂŵĞ
ƐĂŵĞ

ƐĂŵĞĂƐŶŽƌƚŚ

ƐĂŵĞĂƐŶŽƌƚŚ

ϯϬϱ ŵ͕ ƐƚŽƉƐ Ăƚ ϯϬϰ
ŵ
ƐĂŵĞĂƐŶŽƌƚŚ
ƐĂŵĞĂƐŶŽƌƚŚ

DĂŶĂŐĞĚtĂƚĞƌ

ϳϴͲǇƌ



,ǇĚƌĂƵůŝĐ
WƌŽƉĞƌƚǇ
tĂƐƚĞ



WƵŵƉƚŽW/ƚ



WƵŵƉƚŽW/ƚ

tZ&
Ͳ
^ŽƵƚŚ Ăŵ
ŽůůĞĐƚŝŽŶWŽŶĚ





ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ŶŽƚĐŽŶƐŝĚĞƌĞĚ







ĂůĐƵůĂƚĞĚ
ŶĞǁ
ƐƵƌĨĂĐĞ ďĂƐĞĚ ŽŶ
W'ͬWǇƌŝƚŝĐ tĂƐƚĞ
sŽůƵŵĞƐ ;ϱ͘ϳĞϵ
ĨƚϯͿ
ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ůŝŵĂƚĞŚĂŶŐĞ

ϮϯͲǇƌϮϮ



< с Ϭ͘ϬϬϱ ŵͬƐ ;ŚŝŐŚ < с Ϭ͘ϬϬϱ ŵͬƐ
ŽĨ ƉĞƌŵĞĂďŝůŝƚǇͿ
;ŚŝŐŚ
ƉĞƌŵĞĂďŝůŝƚǇͿ

^ŽŝůͬZĞǀĞŐĞƚĂƚĞĚ

ĂŶĚ ^ƵƌĨĂĐĞ'ƌĂĚĞ

ďĂŶĚŽŶŵĞŶƚ

DĂŶĂŐĞĚtĂƚĞƌ
ĂůĐƵůĂƚĞĚ ŶĞǁ ƐƵƌĨĂĐĞ ĂůĐƵůĂƚĞĚ ŶĞǁ
ďĂƐĞĚŽŶW'ͬWǇƌŝƚŝĐ tĂƐƚĞ ƐƵƌĨĂĐĞ ďĂƐĞĚ
sŽůƵŵĞƐ;ϱ͘ϳĞϵĨƚϯͿ
ŽŶ W'ͬWǇƌŝƚŝĐ
tĂƐƚĞ sŽůƵŵĞƐ
;ϱ͘ϳĞϵĨƚϯͿ
ŶŽƚĐŽŶƐŝĚĞƌĞĚ
ŶŽƚĐŽŶƐŝĚĞƌĞĚ

ϮϯͲǇƌϮ
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ϮϯͲǇƌ


^ƵƌĨĂĐĞ ƌĂŝŶĂŐĞ
&ĞĂƚƵƌĞƐ
tZ&
Ͳ
EŽƌƚŚ Ăŵ
ŶŽƚĐŽŶƐŝĚĞƌĞĚ
ŽůůĞĐƚŝŽŶWŽŶĚ







tZ& EŽƌƚŚ
^ŽƵƚŚ

WĂŐͬWǇƌŝƚŝĐtĂƐƚĞŝŶ EĞǁWŝƚ^ƵƌĨĂĐĞ
Wŝƚ



DŝŶĞŽŵƉŽŶĞŶƚ

ŽŵƉŽŶĞŶƚ
&ĞĂƚƵƌĞ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

ďĂŶĚŽŶŵĞŶƚ

ϳϴͲǇƌϮ

ƐƐƵŵĞ
ĚĂŵ
ĞůĞǀĂƚŝŽŶ ;&ŝŐ ϭ͕ Z&/
ϬϲϮͿ
ŝƐĐŚĂƌŐĞ Ăƚ ϱ ŵϯͬƐ͕
ǁŚĞŶ ůĞǀĞů ƌĞĂĐŚĞƐ
ϮϰϬ ŵ͕ ƐƚŽƉƐ Ăƚ Ϯϯϵ
ŵ
ƐƐƵŵĞ
ĚĂŵ
ĞůĞǀĂƚŝŽŶ ;&ŝŐ ϭ͕ Z&/
ϬϲϮͿ
ŝƐĐŚĂƌŐĞ Ăƚ ϱ ŵϯͬƐ͕
ǁŚĞŶ ůĞǀĞů ƌĞĂĐŚĞƐ
ϯϬϴ ŵ͕ ƐƚŽƉƐ Ăƚ ϯϬϳ
ŵ

,ŝŐŚ WĞƌŵĞĂďŝůŝƚǇ
;Ϭ͘ϬϬϭ ŵͬƐͿ ƚŽ
ƉƌŽŵŽƚĞ ŝŶĨŝůƚƌĂƚŝŽŶ͕
ŶŽƚŝŶĨŝůƚƌĂƚŽŝŶ
ŶŽĐŚĂŶŶĞůƐ

EŽ ƐƵƌĨĂĐĞ ŝŶ /^͘
ƐƐƵŵĞĚ ŝŶĐƌĞĂƐĞ ŝŶ
ĞůĞǀĂƚŝŽŶ ďĂƐĞĚ ŽŶ
EŽƌƚŚ ĂŶĚ ^ŽƵƚŚ
sŽůƵŵĞ ;ϳ͘ϳĞϵ ŵϯͿ͕
ĂŶĚ ƐƵƌĨĂĐĞ ĂƌĞĂ ŽĨ
tZ&Ɛ
^ĂŵĞĂƐďĂƐĞůŝŶĞ

dƵƌŶĞĚŽĨĨ͘

ƐĂŵĞ

dƵƌŶĞĚŽĨĨ͘

ƐĂŵĞ




,ŝŐŚ
WĞƌŵĞĂďŝůŝƚǇ
;Ϭ͘ϬϬϭ
ŵͬƐͿ
ƚŽ
ƉƌŽŵŽƚĞ ŝŶĨŝůƚƌĂƚŝŽŶ͕
ŶŽƚŝŶĨŝůƚƌĂƚŽŝŶ
ŶŽĐŚĂŶŶĞůƐ

EŽ ƐƵƌĨĂĐĞ ŝŶ /^͘
ƐƐƵŵĞĚ ŝŶĐƌĞĂƐĞ ŝŶ
ĞůĞǀĂƚŝŽŶ ďĂƐĞĚ ŽŶ
EŽƌƚŚ ĂŶĚ ^ŽƵƚŚ
sŽůƵŵĞ ;ϳ͘ϳĞϵ ŵϯͿ͕
ĂŶĚ ƐƵƌĨĂĐĞ ĂƌĞĂ ŽĨ
tZ&Ɛ
^ĂŵĞĂƐďĂƐĞůŝŶĞ

ƐƐƵŵĞĚ ŶŽ ǁĂƐƚĞ ƐƐƵŵĞĚ ŶŽ ǁĂƐƚĞ
ƌŽĐŬ ŝŶ Ɖŝƚ ;ĂƐ ƉĞƌ ƌŽĐŬŝŶƉŝƚ;ĂƐƉĞƌĂǀĞ
ĂǀĞŚĂŵďĞƌƐͿ
ŚĂŵďĞƌƐͿ

DĂŶĂŐĞĚtĂƚĞƌ

ϳϴͲǇƌ
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)LJXUH)XOO\+\GURG\QDPLF6XUIDFH:DWHU+\GUDXOLF1HWZRUN±<U0DQDJHG3LW/DNH/HYHO
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)LJXUH)XOO\+\GURG\QDPLF6XUIDFH:DWHU+\GUDXOLF1HZRUN<U0DQDJHG3LW/DNH/HYHO
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 6FHQDULR5HVXOWV

6FHQDULRUHVXOWVDUHSUHVHQWHGIRUVHYHUDOIRFXVUHVSRQVHV

  3UHGLFWHG0LQH3LW/DNH,QIORZV2XWIORZV
  3UHGLFWHGSLWODNHOHYHO
  3UHGLFWHG76)XQGHUGUDLQGLVFKDUJHV
  *URXQGZDWHU&DSWXUH=RQH
  3UHGLFWHGFKDQJHVLQVXUIDFHGLVFKDUJH
D0RQWKO\±IRUFRPSDULVRQWR3/3HVWLPDWHV
E'DLO\±WRHYDOXDWHPRUHGHWDLOLPSDFWV

 3UHGLFWHG3LW/DNH,QIORZV2XWIORZV
 <U3LW0DQDJHG&RQGLWLRQV±6FHQDULR
$YHUDJHPRQWKO\SRVWFORVXUH3KDVH,9HVWLPDWHGSLWODNHGLVFKDUJHWRPDLQWDLQDPDQDJHGOHYHO
DWIWPVOLVLOOXVWUDWHGEHORZRQ)LJXUH7KHDYHUDJHORQJWHUPGLVFKDUJHLVHVWLPDWHGWR
EHFIVDQGUDQJHVIURPWRRYHUFIV7KHYDULDEOHGLVFKDUJHUDWHLVGXHLQSDUWWRWKH
VHDVRQDOO\ YDULDEOH SLW LQIORZV EXW DOVR WKH UHODWLYHO\ KLJK VSHFLILHG SLW ODNH GDLO\ GLVFKDUJH WR
1).6).DQG87GUDLQDJHVGRZQVWUHDPRI:73ORFDWLRQVWRPDLQWDLQWKHQHDUFRQVWDQWOHYHO


)LJXUH6LPXODWHG$YHUDJH3LW/DNH'LVFKDUJH FIV <U3LW 0DQDJHG/HYHODWIWPVO 
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)LJXUHFRPSDUHV0,.(6+(:73 3LW GLVFKDUJHE\PRQWKDJDLQVWUHVXOWVSURYLGHGLQ7DEOH
 IRU WK SHUFHQWLOH &ORVXUH 3KDVH  .QLJKW 3LHVROG 6HSW      7KRXJK VLPLODU
0,.(6+( LQGLFDWHV PRUH IORZ ZRXOG QHHG WR EH GLVFKDUJHG LQ 0D\ WR DFFRXQW IRU WKH VSULQJ
IUHVKHWLQIORZVDQGOHVVLQ-XO\7KH.QLJKW3LHVROGHVWLPDWHVLVDERXWFIVFRPSDUHGWR
FIVE\0,.(6+(


)LJXUH&RPSDULVRQRI0RQWKO\:73 3LW 'LVFKDUJH3RVW&ORVXUH3KDVH,9

$YHUDJHSLWODNHDUHDLQIORZVRXWIORZE\K\GURORJLFSURFHVVDUHVXPPDUL]HGLQ 7DEOHEHORZ
DQGSORWWHGPRQWKO\RQ)LJXUH7KH'(,6 SDJH. LQGLFDWHVWKDWWKHORQJWHUPVWHDG\
VWDWHDYHUDJHDQQXDOJURXQGZDWHULQIORZWKHSRVWFORVXUHSLWLVHVWLPDWHGWREHDERXWJSP
RUDERXWFIV 7KH0,.(6+(PRGHOHVWLPDWHVWKLVWREHDERXWJSPRUDERXWFIV

7DEOH$YHUDJH0RQWKO\3LW/DNH,QIORZV2XWIORZ±<U3LW WR 

*URXQGZDWHULQIORZ
6XUIDFH5XQRII
'LUHFW3UHFLSLWDWLRQ
$FWXDO(7

$YHUDJH)ORZ *30 

$YHUDJH)ORZ &)6 


















.QLJKW3LpVROGG3HEEOH0LQH6LWH&ORVXUH:DWHU0DQDJHPHQW3ODQ6HSWHPEHU
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)LJXUH6LPXODWHG$YHUDJH0RQWKO\3LW/DNH,QIORZV2XWIORZE\3URFHVV FIV WRPDLQWDLQ/HYHO
DWIWPVO
 <U3LW0DQDJHG&RQGLWLRQV&OLPDWH&KDQJH6FHQDULR±6FHQDULR

)RUWKHVDPH<U3LW0DQDJHG6FHQDULRFRQILJXUDWLRQDGMXVWHGFOLPDWHFKDQJHLQSXWV IRUWKH
<HDU65$%&2(PLVVLRQ6FHQDULRGHVFULEHGLQ$SSHQGL[EHORZ SLWODNHGLVFKDUJHLV
HVWLPDWHGWREHFIV VHH)LJXUH 7KHUHODWLYHO\VPDOOLQFUHDVHLQGLVFKDUJHUHIOHFWVWKH
VPDOOEXWLQFUHDVHGSUHFLSLWDWLRQLQWKHFOLPDWHFKDQJHVFHQDULR7KHQRWDEOHFKDQJHLQWLPLQJ
RISLWODNHGLVFKDUJHWRPDLQWDLQDFRQVWDQWODNHOHYHOUHIOHFWVWKHUHODWLYHO\ODUJHIXWXUHFKDQJH
WRDLUWHPSHUDWXUHV
 <U3LW0DQDJHG±6FHQDULR

)LJXUHVKRZVVLPXODWHG0,.(6+(0,.(+\GURPRQWKO\YDULDWLRQLQSLWODNHGLVFKDUJH FIV WR
PDLQWDLQDFRQVWDQWSLWODNHOHYHORIP IWPVO UDQJLQJIURPWRRYHUFIV)LJXUH
VKRZVDYHUDJHSLWGLVFKDUJHE\PRQWKWRPDLQWDLQWKHPSLWODNHOHYHO'LVFKDUJHZRXOG
YDU\IURPDERXWWRFIVGHSHQGLQJRQYDULDEOHSLWLQIORZVRXWIORZ

7KHORQJWHUPDYHUDJHVLPXODWHGGLVFKDUJHUDWHUHTXLUHGWRPDLQWDLQWKHIWPVOSLWODNH
OHYHOLVHVWLPDWHGWREHDERXWFIV+RZHYHUYDULDEOHFOLPDWHDQGLQIORZVRXWIORZVIURPWKH
SLWODNHGLVFKDUJHZLOODFWXDOO\FDXVHWKLVWRYDU\IURP]HURWRRYHUFIV DQGHYHQPRUHRQD
GDLO\EDVLV GHSHQGLQJRQWKHPRQWKDQG\HDU WKLVVWXG\RQO\FRQVLGHUHG\HDUVWKURXJK
 ,QWHJUDWHGPRGHOHVWLPDWHVRIGLVFKDUJHLQWRWKH3LWIURPHDFK6&3DUHVXPPDUL]HGRQ
)LJXUH7KH1RUWK:5)6&3SURGXFHVWKHPRVWGLVFKDUJHH[FHHGLQJFIVZKLOHWKH6RXWK
DQG1RUWK76)6&3VSURGXFHPRUHWKDQDQGFIVUHVSHFWLYHO\
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)LJXUH&RPSDULVRQRI6LPXODWHG$YHUDJH3LW/DNH'LVFKDUJH FIV <U3LW0DQDJHG
6FHQDULRVZLWK&OLPDWH&KDQJH<U


)LJXUH$YHUDJH0RQWKO\3LW'LVFKDUJH FIV WR0DLQWDLQ/DNH/HYHODWIWPVOIRU<U
3LW0DQDJHG6FHQDULR
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)LJXUH(VWLPDWHG$YHUDJH3LW'LVFKDUJH FIV IRU<U3LWWRPDLQWDLQSLWODNHDW



)LJXUH(VWLPDWHGDYHUDJH6&3'LVFKDUJHLQWR3LW FIV WRSUHYHQW6&3VSLOOZD\GLVFKDUJH
3RVW&ORVXUH<U3LW0DQDJHG&RQILJXUDWLRQ 6FHQDULR 
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:KLOHSRVVLEOHWRJHQHUDWHDPRUHFRQVWDQWIORZUDWHWKURXJKRXWWKH\HDUYHUVXVPDLQWDLQLQJD
VWULFW SLW ODNH OHYHO WKURXJK WLPH LW ZRXOG EH FKDOOHQJLQJ WR DFKLHYH JLYHQ VHYHUDO LPSRUWDQW
FRQVWUDLQWV
  0XVWPDLQWDLQOHYHOVEHORZIWPVO
  $ORZHUOHYHOZRXOGQHHGWREHGHWHUPLQHGWRPLQLPL]HH[SRVXUHRISLWZDOOVWRDLU
  :DWHUWHPSHUDWXUHLQWKHODNHZLOOGLIIHUIURPERWKJURXQGZDWHUDQGVWUHDPVWKURXJKRXW
WKH\HDUEHLQJH[SRVHGWRDWPRVSKHULFFRQGLWLRQV\HDUURXQG
  'HWHUPLQLQJ RSWLPDO GLVFKDUJH GRZQVWUHDP LQWR 1). 6). DQG 87 GUDLQDJHV ZRXOG
UHTXLUHFDUHIXOPRQLWRULQJDQGPRGHOLQJXVLQJDSSURSULDWHWRROVWRHQVXUHKLVWRULFDOHYHQW
OHYHO LHGDLO\KRXUO\ IORZFKDUDFWHULVWLFVDUHULJRURXVO\UHSURGXFHGLQSHUSHWXLW\
0XFKRIWKHSLWODNHGLVFKDUJHGHULYHVIURPSXPSLQJIURPWKHYDULRXV6&3SRQGV5HPDLQLQJ
GLVFKDUJH LV EURNHQ GRZQ E\ K\GURORJLF SURFHVV LQIORZVRXWIORZ VKRZQ DV DYHUDJH PRQWKO\
YDOXHVRQ)LJXUHDQGVXPPDUL]HGDVDQDYHUDJHRIPRQWKO\YDOXHV WR LQ7DEOH
0RVWLQIORZFRPHVIURPWKHPRUHSHUPHDEOHVKDOORZDGMDFHQWJURXQGZDWHUDUWLILFLDOO\LQFUHDVHG
IURP WKH ODUJH DGMDFHQW 1RUWK DQG 6RXWK :5) DUHDV DVVXPHG WR KDYH UHODWLYHO\ KLJK
SHUPHDELOLW\WRSURPRWHLQILOWUDWLRQYHUVXVUXQRII$OOIRUPHUVWUHDPVLQWKHVHDUHDVZHUHUHPRYHG
ZKLFKHIIHFWLYHO\UHPRYHPXFKRIWKHEDVHOLQHVKDOORZJURXQGZDWHULQWKHVHDUHDVDVEDVHIORZ
GLVFKDUJH,QHIIHFWWKHIRUPHUEDVHOLQHVWUHDPIORZLQWKH:5)DUHDVQRZEHFRPHVDYDLODEOH
IRUGLUHFWLQILOWUDWLRQLQWRWKHSLW




BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1068 of 2339



)LJXUH$YHUDJH0RQWKO\3LW/DNH,QIORZV2XWIORZE\+\GURORJLF3URFHVV<U3LW 0DQDJHG 
7DEOH$YHUDJH0RQWKO\3LW/DNH,QIORZV2XWIORZ WR IRUWKH<U3LW0DQDJHG
6FHQDULR

*URXQGZDWHULQIORZ
6XUIDFH5XQRII
'LUHFW3UHFLSLWDWLRQ
$FWXDO(7

$YHUDJH)ORZ *30 





$YHUDJH)ORZ &)6 





 3UHGLFWHGSLWODNHOHYHO
 <U3LW$EDQGRQHG&RQGLWLRQV±6FHQDULR

3UHGLFWHG OHYHOV IRU WKHDEDQGRQHG <HDU 3LW DUH HVWLPDWHG WR UHDFK D VWDEOH OHYHO RI DERXW
P IWPVO RUDERXWIHHWDERYHWKHPDQDJHGIWOHYHODIWHUDERXW\HDUV
7KRXJKWKLVOHYHOGRHVQRWH[FHHGJURXQGVXUIDFHLWGRHVUHDFKWKLVOHYHOLQSDUWEHFDXVHRIWKH
PRGHUDWLQJHIIHFWRIVXEVXUIDFHGLVFKDUJHLQWRWKH6).GUDLQDJHIURPPRUHSHUPHDEOHVKDOORZ
DTXLIHU XQLWV LH OD\HUV  WR   5HVXOWV LQGLFDWH WKDW OHYHOV ZLOO UHPDLQ IDLUO\ VWHDG\ LQ WLPH
YDU\LQJOHVVWKDQPHWHUVWKRXJKWKLVFRXOGEHKLJKHUGHSHQGLQJRQORFDOYDULDWLRQVLQVKDOORZ
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RYHUEXUGHQDQGZHDWKHUHGEHGURFNOD\HUK\GUDXOLFFRQGXFWLYLWLHVQHDUWKHSLWSHULPHWHULQWKH
IRUPHU6).GUDLQDJHDUHD

)LJXUH/RQJWHUP6WDEOH3LW/DNH/HYHOIRU<U3LW$EDQGRQHG6FHQDULR aP 

$YHUDJHDQQXDOSLWODNHIORZVVXPPDUL]HGLQ7DEOHEHORZVKRZVVXUIDFHZDWHURXWIORZLQWRWKH
6RXWK)RUN.RNWXOLGUDLQDJHDORQJWKHVRXWKHUQSLWSHULPHWHUDYHUDJHVDERXWFIV IURP
WRDIWHUSLWODNHOHYHOVVWDELOL]H *URXQGZDWHUSLWRXWIORZDYHUDJHVFIVLQWRVKDOORZ
SHUPHDEOH RYHUEXUGHQ DTXLIHU XQLWV DORQJ WKH VRXWKHUQ SLW DOVR LQWR WKH 6RXWK )RUN .RNWXOL
GUDLQDJH )LJXUH VKRZVWKHGDLO\YDULDELOLW\RI HDFKSLWODNHIORZ1HJDWLYHIORZVLQGLFDWH
IORZVLQWRWKHSLWODNHZKLOHSRVLWLYHYDOXHVLQGLFDWHSLWODNHRXWIORZV3UHFLSLWDWLRQLVVKRZQRQ
WKH ULJKW D[LV DV SRVLWLYH  %RWK RYHUODQG LQIORZV DQG RXWIORZV DQG JURXQGZDWHU LQIORZV DQG
RXWIORZV VKRZ QRWDEOH LQFUHDVHV GXULQJ VSULQJ IUHVKHWDQG ODWH VXPPHU  $FWXDO
(YDSRWUDQVSLUDWLRQ $(7 LQFUHDVHVWRWRFIVGXULQJZDUPHUPRQWKVDQGGURSVWRQHDU]HUR
GXULQJ WKH ZLQWHU EXW GRHV LQFOXGH VXEOLPDWLRQ FDQRS\ LQWHUFHSWLRQ VRLO HYDSRUDWLRQ SRQGHG
HYDSRUDWLRQ DQG SODQW WUDQVSLUDWLRQ IURP ERWK WKH XQVDWXUDWHG ]RQH DQG VDWXUDWHG ]RQH  $
VLJQLILFDQWOLPLWDWLRQRIWKH02')/2:FDOFXODWH$(7LVLWLVRQO\IURPURRWVWKDWWDSWKHVDWXUDWHG
]RQH




7DEOH6LPXODWHG$YHUDJH3LW/DNH)ORZV FIV DYHUDJHGIURPWR


Ϯϯzƌ͕DĂŶĂŐĞĚ;ĐĨƐͿ

Ϯϯzƌ͕ďĂŶĚŽŶĞĚ;ĐĨƐͿ

'tͺŽƵƚĨůŽǁ

Ϭ͘Ϭ

Ϭ͘ϳ

'tͺŝŶĨůŽǁ

ͲϮ͘ϰ

Ͳϭ͘ϯ

^tͺŽƵƚĨůŽǁ

Ϭ͘Ϭ

Ϯ͘ϰ

^tͺŝŶĨůŽǁ

ͲϬ͘ϯ

ͲϬ͘ϰ

WƌĞĐŝƉ

Ͳϭ͘ϲ

Ͳϭ͘ϲ

d

ϭ͘Ϯ

ϭ͘Ϯ
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)LJXUH<U3LW2XWOLQHDQG
$SSUR[LPDWH6LPXODWHG2YHUODQG
DQG*URXQGZDWHU3LW/DNH
'LVFKDUJH$UHDLQWR6RXWK)RUN
.RNWXOL'UDLQDJH










)LJXUH6LPXODWHG3LW/DNH)ORZV<U3LW$EDQGRQHG6FHQDULR
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 <U3LW$EDQGRQHG&RQGLWLRQV±6FHQDULR

7KHFRQILJXUDWLRQRIWKH\USLWRXWOLQHE\GHVLJQFUHDWHVDVSLOOSRLQWWRWKHHDVWLQWRWKH8SSHU
7DODULNGUDLQDJHDWDERXWDQHOHYDWLRQaP IWPVO 0,.(6+(VLPXODWLRQRIWKLVSLWLQ
WKHDEDQGRQHGVFHQDULRVKRZVWKDWWKHSLWODNHOHYHOH[FHHGVWKHSLWWRSRJUDSKLFSHULPHWHU VHH
)LJXUH ZKLFKSHUPLWVDGLUHFWGLVFKDUJHRUGHFDQWRISLWODNHZDWHULQWRWKH87GUDLQDJH7KLV
GHFDQWLQJ HIIHFW LQ SDUW PDLQWDLQV D UHODWLYHO\ FRQVWDQW HOHYDWLRQ YDU\LQJ a P RYHU WLPH 
WKRXJKGHFDQWGLVFKDUJHUDWHVDUHYDULDEOH VHH)LJXUH UDQJLQJIURPDERXWWRRYHUFIV
ZLWKDPHDQPRQWKO\GLVFKDUJHUDWHRIDERXWFIV7KLVLPSDLUHGDQGXQFRQWUROOHGSLWODNHZDWHU
IORZVLQWRWKH1RUWK:5)6&33RQGDQGRYHUWRSVWKH6&3VSLOOZD\DWDERXWFIV,WLVGLIILFXOW
WR VHHKRZWKLV FRXOGEHPLWLJDWHGE\UHHQJLQHHULQJUHORFDWLQJWKH6&3SRQGRU :5) ZDVWH
SLOHVDVWKHSLWFRQILJXUDWLRQZRXOGQ¶WFKDQJHPXFKJLYHQLWVGHVLJQLVFRQVWUDLQHGE\WKHRUH
ERG\FRQILJXUDWLRQDQGPLQLPL]LQJPLQHGDUHD

)LJXUHLOOXVWUDWHVVLPXODWHGDYHUDJHXQFRQWUROOHGGLVFKDUJHSDVW6HGLPHQW&ROOHFWLRQ3RQGV
IRUWKHDEDQGRQHG<HDU3LW6FHQDULR'LVFKDUJHLVKLJKHVWDWWKH1RUWK:5)DQGORZHVWDW
WKH 6RXWK :5) 6&3V  7KHVH XQFRQWUROOHG UHOHDVHV ZLOO LPSDFW ERWK VWUHDP IORZV DQG ZDWHU
TXDOLW\LQDOOWKUHHPDLQGUDLQDJHVGRZQVWUHDPRIWKH3HEEOH0LQH 6).1).DQG87 7DEOH
VXPPDUL]HVLQWHJUDWHGPRGHOVLPXODWHG\HDUSLWFRQILJXUDWLRQDYHUDJHIORZV 6FHQDULRVDQG
 PDQDJHG DQG DEDQGRQHG UHVSHFWLYHO\   7KH DEDQGRQHG VFHQDULR   LV VRPHZKDW
FRPSOLFDWHGE\WKHIDFWWKDWWKHORZHVWHOHYDWLRQRIWKHSLWSHULPHWHULQWKH87GUDLQDJHLVDERXW
WKHVDPHHOHYDWLRQDVWKH1RUWK:5)6&3VSLOOZD\ DSSUR[LPDWHGEDVHGRQ'(,6GUDZLQJ $V
DUHVXOWZKHQOHYHOVLQWKLV6&3ILOOXSGXULQJWKHVLPXODWLRQWKH\DFWXDOO\SURSDJDWHEDFNLQWR
WKHSLWODNHDQGDWWLPHVIORZIURPWKH6&3LQWRWKHSLWODNHXQWLOSLWODNHOHYHOVULVHKLJKHQRXJK
WRIRUFHIORZVRYHUWKH6&3VSLOOZD\DQGGRZQVWUHDPLQWRWKHORZHU8SSHU7DODULN LHaFIV 

)LJXUH6LPXODWHG$YHUDJH0RQWKO\3LW/HYHO PHWHUV <U3LW$EDQGRQHG6FHQDULR
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7KLVLVRQHUHDVRQHVWLPDWHGVXEVXUIDFHIORZIURPWKHSLWODNHLQWKHDEDQGRQHG 6FHQDULR 
VLPXODWLRQLVQRWYHU\KLJK aFIV ±LHWKHJUDGLHQWLVVKDOORZ


7DEOH6LPXODWHG$YHUDJH<U$EDQGRQHG0LQH 6FHQDULR 3LW/DNH)ORZV

ϳϴzƌ͕DĂŶĂŐĞĚ;ĐĨƐͿ

ϳϴzƌ͕ďĂŶĚŽŶĞĚ;ĐĨƐͿΎ

Ϭ͘Ϭ

ϯ͘ϰ

'tͺŝŶĨůŽǁ

Ͳϯϱ͘ϲ

Ͳϯϵ͘ϲ

^tͺŽƵƚĨůŽǁϭϬ

ϭϭϴ͘Ϭ

ϯϲ͘Ϭ
Ͳϭ͘ϳ

WƌĞĐŝƉ

Ͳϭ͘ϲ

Ͳϳ͘ϲ

d

ϵ͘ϴ

ϭϬ͘ϱ

'tͺŽƵƚĨůŽǁ

^tͺŝŶĨůŽǁ

Ͳϴ͘ϭ


$EDQGRQHGVFHQDULRIORZVDYHUDJHGIURPWR±DIWHUSLWODNHOHYHOVVWDELOL]H


)LJXUH6LPXODWHG$YHUDJH0RQWKO\3LW/DNH'LVFKDUJHWR8SSHU7DODULN'UDLQDJH FIV IRU
<U3LW$EDQGRQHG6FHQDULR



)RU0DQDJHGVFHQDULRRXWIORZUHSUHVHQWVDYHUDJHGLVFKDUJHWR6).1).DQG87GUDLQDJHVWRPDLQWDLQ
SLWODNHOHYHODWIWPVOIRUFRQVWDQWDQQXDOLQZDUGJUDGLHQWWRSLWODNH0DQDJHGVFHQDULRLQFOXGHV
LQIORZIURP6&3V VHH)LJXUH ZKLFKVXPWRaFIV,QWKHDEDQGRQHGFDVH 6FHQDULR DOO6&3
OHYHOVRYHUWRSVSLOOZD\DQGGLVFKDUJHDWWKHVHORFDWLRQVWRGRZQVWUHDPGUDLQDJHV
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)LJXUH6LPXODWHG$YHUDJH8QFRQWUROOHG'LVFKDUJH FIV IURP6HGLPHQW&ROOHFWLRQ3RQGV
<HDU3LW$EDQGRQPHQW6FHQDULR


 3UHGLFWHG76)8QGHUGUDLQ)ORZV
 <U3LW0DQDJHG6FHQDULR
)LJXUHVKRZVVLPXODWHGGLVFKDUJHIRUWKH%XON76)QRUWKDQGVRXWKVXEGUDLQVIRUWKH<U
3LW0DQDJHG6FHQDULR$YHUDJHORQJWHUPPRQWKO\GUDLQGLVFKDUJHUDWHVDUHDQGFIV
IRUVRXWKDQGQRUWKGUDLQVUHVSHFWLYHO\'LVFKDUJHYDULHVIURPDERXWWRFIVIRUWKHVRXWK
GUDLQ DQG IURP DERXW  WR  FIV IRU WKH QRUWK GUDLQ ZLWK KLJKHVW OHYHOV DW RQVHW RI VSULQJ
IUHVKHWDQGORZHVWMXVWEHIRUHWKLVLQPDUFK
 <U3LW0DQDJHG6FHQDULR

$YHUDJHPRQWKO\%XON76)VXEGUDLQGLVFKDUJHIRUWKHQRUWKDQGVRXWKVXEGUDLQVIRUWKH<U3LW
0DQDJHG6FHQDULRDUHVKRZQRQ)LJXUH$YHUDJHORQJWHUPPRQWKO\GUDLQGLVFKDUJHUDWHV
DUHDQGFIVIRUWKHQRUWKDQGVRXWKVXEGUDLQVUHVSHFWLYHO\
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)LJXUH6LPXODWHG$YHUDJH0RQWKO\%XON76)6XEGUDLQ'LVFKDUJH FIV IRU<U3LW0DQDJHG
6FHQDULR

)LJXUH6LPXODWHG$YHUDJH0RQWKO\%XON76)6XEGUDLQ'LVFKDUJH FIV IRU<U3LW0DQDJHG
6FHQDULR
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 3UHGLFWHG*URXQGZDWHU&DSWXUH=RQHV

6LPXODWHG 0,.(6+(JURXQGZDWHUFDSWXUH]RQHVKHUHDUHGHVFULEHGRQO\IRUWKH <U
DQG  <U SLW DEDQGRQHG VFHQDULRV DQG WKH  <U SLW 0DQDJHG 6FHQDULR  WKH  <U
PDQDJHGVFHQDULRPDLQWDLQVLQZDUGJURXQGZDWHUIORZ\HDUURXQGDWWKHPDQDJHGODNH
OHYHOV WKRXJK FORVXUH FDSWXUH ]RQHV DSSHDU WR EH HUURQHRXVO\ XQGHUHVWLPDWHG LQ WKH
'(,6 VHH)LJXUHV.$DQG% *LYHQVLPLODULWLHVLQK\GUDXOLFSURSHUWLHVWKH<U
3LW0DQDJHG6FHQDULRFDSWXUH]RQHLVVLPLODUWRH[WHQWDQGPDJQLWXGHRIWKDWLQGLFDWHG
RQILJXUHVIRUSRVWFORVXUHFRQGLWLRQVRQ)LJXUHLQWKH'(,6
 &DSWXUH=RQH±<U3LW0DQDJHG6FHQDULR
$QDSSUR[LPDWH<U3LW0DQDJHG6FHQDULRFDSWXUH]RQH PRGHOOD\HU LVVKRZQRQ
)LJXUH   7KLV FDSWXUH ]RQH LV VXEVWDQWLDOO\ ELJJHU WKDQ IRU WKH  <U 3LW 0DQDJHG
6FHQDULRFDSWXUH]RQHGXHLQSDUWWRWKHPXFKODUJHUDQGGHHSHUPLQHSLWEXWDOVRGXH
WRVLJQLILFDQWFKDQJHVUHODWHGWRWKH1RUWKDQG6RXWK:5)SLOHV5HVXOWVVKRZWKDWWKH
]RQHH[WHQGVWRWKHPRGHOERXQGDU\VSHFLILHGDVDQRIORZERXQGDU\LQWKHPRGHO$VD
UHVXOWWKHFDSWXUH]RQHLQWKLVDUHDLVOLNHO\VPDOOHUWKDQVKRZQGXHWRERXQGDU\HIIHFWV

)LJXUH$SSUR[LPDWHG6LPXODWHG&DSWXUH=RQHIRU<U3LW0DQDJHG6FHQDULR \HOORZOLQHGHQRWHV
FDSWXUH]RQH 
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WKRXJK QRW VLJQLILFDQW LQ WHUPV RI LQIOXHQFLQJ WKH IORZ PDJQLWXGHV RU GLUHFWLRQV LQ WKH
YLFLQLW\RIWKHSLWRUGRZQVWUHDPZKHUHHIIHFWVDUHSURSDJDWHG
 &DSWXUH=RQH<U3LW$EDQGRQHG6FHQDULR

7KHVLPXODWHGFDSWXUH]RQHIRUWKH<U3LW$EDQGRQPHQW6FHQDULRVKRZVWKDWZKHQ
OHYHOVULVHXSWRVWDELOL]HGSLWODNHOHYHOVJURXQGZDWHU RIGHJUDGHGZDWHUTXDOLW\ GUDLQV
RXWRIWKHSLWLQWRWKH6).GUDLQDJHDVVKRZQRQ)LJXUHZLWK\HOORZIORZDUURZV7KLV
LVPRVWO\GXHWRWKHSUHVHQFHRIORZHUHOHYDWLRQSHUPHDEOHVKDOORZRYHUEXUGHQZHDWKHUHG
EHGURFNDTXLIHUXQLWVDORQJWKHSLWSHULPHWHUZKHUHWKHIRUPHU6).GUDLQDJHRFFXUUHG
FRPSDUHGWRRWKHUSHULPHWHUDUHDV$JURXQGZDWHUGLYLGH DUHDRIKLJKHUKHDGV EHWZHHQ
WKH SLW ORFDWHG HQWLUHO\ ZLWKLQ WKH 6). ZDWHUVKHG  DQG WKH 8SSHU 7DODULN GUDLQDJH
SUHYHQWV JURXQGZDWHU GUDLQDJH IURP WKH SLW LQWR WKH 8SSHU 7DODULN  <HOORZ DUURZV
JHQHUDOO\IROORZIRUPHUODQGVXUIDFHGUDLQDJHIORZGLUHFWLRQV


)LJXUH6LPXODWHG*URXQGZDWHU)ORZ'LUHFWLRQVLQ/D\HU<U3LW$EDQGRQHG6FHQDULR DIWHU
\HDUVVWDELOL]HGSLWODNHOHYHO <HOORZERXQGDU\DSSUR[LPDWHVQHZJURXQGZDWHUIORZERXQGDU\
ZLWKDUURZVLQGLFDWLQJHVWLPDWHGGLUHFWLRQV)ORZGRHVQ¶WGUDLQDFURVV6).DQG87ERXQGDU\
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 &DSWXUH=RQH±<U3LW$EDQGRQHG6FHQDULR

7KH VLPXODWHG FDSWXUH ]RQH DQG LQIHUUHG JURXQGZDWHU IORZ GLUHFWLRQV DUH VKRZQ ZLWK
\HOORZDUURZVIRUWKH<U3LW$EDQGRQPHQW6FHQDULRRQ)LJXUH*URXQGZDWHUIORZ
GLVFKDUJHV PRVWO\ WKURXJK XSSHU PRUH SHUPHDEOH DTXLIHU XQLWV RYHUEXUGHQ DQG
ZHDWKHUHGEHGURFN LQWRWKH8SSHU7DODULNEDVLQ7KLVLVFRQVLVWHQWZLWKWKHVLJQLILFDQW
DPRXQWRISLWODNHZDWHUWKDWRYHUWRSVWKHSLWULPDQGIORZVLQWRWKH8SSHU7DODULNGUDLQDJH
PHDQPRQWKO\GLVFKDUJHRIaFIVRUaJSP 


)LJXUH6LPXODWHG*URXQGZDWHU)ORZ'LUHFWLRQVDQG&DSWXUH=RQHLQ/D\HU<U3LW$EDQGRQHG
6FHQDULR
 &DSWXUH=RQH±<U3LW0DQDJHG&OLPDWH&KDQJH6FHQDULR
5HVXOWVLQGLFDWHWKDWWKHFDSWXUH]RQHLVPDLQWDLQHGDQGVLPLODUWRWKHVDPHFRQILJXUDWLRQ
ZLWKRXWFOLPDWHFKDQJHIRU WKHFOLPDWH FKDQJHVFHQDULRGHVSLWH LQFUHDVHGVXUURXQGLQJ
OHYHOV
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 3UHGLFWHGFKDQJHVLQVXUIDFHGLVFKDUJH

&KDQJHVWRWKHODQGVXUIDFHDQGVXEVXUIDFHGXHWRSURSRVHGPLQLQJFDXVHFKDQJHVLQ
WKH VXUIDFH ZDWHU WKDW SURSDJDWH ZHOO EH\RQG WKH GLUHFW IRRWSULQW RI WKH PLQH  7KHVH
LQGLUHFWFKDQJHVWRK\GURORJLFFRQGLWLRQVUHVXOWLQERWKLQFUHDVHVDQGGHFUHDVHVLQIORZ
GHSHQGLQJ RQ WKH VSHFLILF GUDLQDJH SUR[LPLW\ WR WKH PLQLQJ FKDQJHV DQG QDWXUH RI
PDQDJHGZDWHUIORZVLQWKHPLQHIRRWSULQW

7KH '(,6 GHVFULEHV FKDQJHV RQ D PRQWKO\ SHULRG XVLQJ D SURSULHWDU\ VSUHDGVKHHW
VROXWLRQ,QFRQWUDVWWKH0,.(6+(0,.(+\GURPRGHOSUHGLFWVKRXUO\FKDQJHVLQVWUHDP
IORZFRXSOHGWRJURXQGZDWHUIORZDQGVWDJHIRUDOWHUQDWLQJQXPHULFDOPRGHOFDOFXODWLRQV
QRGHV WKURXJKRXW WKH HQWLUH K\GUDXOLF QHWZRUN 0,.(+\GUR PRGHO   7KLV SHUPLWV
DVVHVVPHQW RI KRZ GLUHFW LPSDFWV RI WKH \U DQG \U PLQLQJ FRPSRQHQWV DQG
RSHUDWLRQV WUDQVODWH LQWR LQGLUHFW LPSDFWV DW DOO GRZQVWUHDP ORFDWLRQV ZLWKLQ WKH PRGHO
GRPDLQ+RXUO\VLPXODWHGIORZUDWHVDWDOOVLWHJDJHV VHH)LJXUH DUHXVHGWRFDOFXODWH
SHUFHQWFKDQJHIRUHDFKVFHQDULRUHODWLYHWREDVHOLQHIORZUDWHVIRUWKH-XO\WR-XO\
SHULRGWRIDFLOLWDWHFRPSDULVRQDJDLQVW'(,6HVWLPDWHGFKDQJHVLQIORZUDWHV

)LJXUHDQG)LJXUHVXPPDUL]HFRPSDULVRQRIFKDQJHVLQVXUIDFHIORZVDWHDFKJDJH
UHODWLYHWREDVHOLQHIORZV XVLQJWKHVDPHFOLPDWHVHTXHQFH IRUHDFKVFHQDULR,QWKH
\USLWFRQILJXUDWLRQWKUHHJDJHVDUHUHPRYHG 6.*87(DQG87' GXHWR
WKHH[SDQGHGIRRWSULQW)LJXUHVKRZVVLPXODWHGDYHUDJHPRQWKO\SHUFHQWFKDQJHLQ
GLVFKDUJHDWVLWHJDJHV)LJXUHWKURXJK)LJXUHVKRZVLPXODWHGDYHUDJHPRQWKO\
SHUFHQWDJH FKDQJH DW VLWH JDJHV VHSDUDWHG LQWR WKH WKUHH PDLQ GUDLQDJHV  IRU HDFK
VFHQDULR

0,.(6+( VFHQDULR UHVXOWV VKRZ WKH PDJQLWXGH RI FKDQJH LQ VWUHDPIORZ GHFUHDVHV
GRZQVWUHDPDORQJPDLQVWHPH[LWV LH6).1).DQG87 ZLWKLQFUHDVLQJGLVWDQFHIURP
WKHPLQHIRRWSULQW7KLVLVH[SHFWHGDQGDWWULEXWHG WRWKHFRPELQHGGDPSLQJHIIHFWVRI
LQFUHDVLQJ LQIORZV IURP ODWHUDO WULEXWDULHV DQG GLVWULEXWHG RYHUODQG VXUIDFH ZDWHU DQG
JURXQGZDWHU EDVHIORZ ZLWK LQFUHDVLQJ GLVWDQFH GRZQVWUHDP  7KH SHUFHQW FKDQJH LQ
DYHUDJH DQQXDO VWUHDP IORZ GHFUHDVHV IURP WKH \U 3LW 0DQDJHG 6FHQDULR WR WKH
$EDQGRQHG6FHQDULRWKRXJKSLWODNHZDWHULVQRORQJHUFRQWDLQHGDQGZLOOLPSDFWZDWHU
TXDOLW\LQWKH6).GUDLQDJH VHH)LJXUH 

'HVSLWHWKHVLJQLILFDQWFKDQJHVLQWKH\UDQG\USLWIRRWSULQWDQGODQGUHFRQILJXUDWLRQ
IRUWKHPDQDJHGZDWHUVFHQDULRV0,.(6+(UHVXOWVLQGLFDWHUHODWLYHO\VLPLODUFKDQJHVLQ
DYHUDJHDQQXDOIORZVLQIXUWKHVWGRZQVWUHDPJDJHVLQWKH6).DQG87GUDLQDJHV LH
6.$DQG86*6B87JDJHV WKRXJKYDULDELOLW\LQFUHDVHVPXFKPRUHLQWKH\USLW
FRQILJXUDWLRQ GXH WR WKH JUHDWHU QXPEHU DQG LQIOXHQFH RI PDQDJHG VXUIDFH ZDWHU
FRPSRQHQWV$YHUDJHDQQXDOFKDQJHDWWKH1).86*6JDJH 86*61). LQFUHDVHVE\
IRUWKHPDQDJHGFDVHDJDLQODUJHO\GXHWRJUHDWHUPDQDJHGUHOHDVHRIWUHDWHGIORZ
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)LJXUH6LWH*DJH/RFDWLRQV5HGRXWOLQHGHQRWHV<U3LW0LQH&RPSRQHQWV&RPSRQHQWVIRUWKH<USLWDUHVKRZQRQWKHXQGHUO\LQJ
LPDJH
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ͲϮϮй
ϭϲй
ͲϱϬй
ϭϮй
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ϳϳй
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ϰϳϲй
Ϯϱϵй
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ϳϳй
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ϴϰй
Ϯϰϭй
Ͳϵϳй
ϵϬϵй
ϭϰϴй
ϭϭϲй
ϯϰй
ϭϬй
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ϯϱй
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Ͳϱϰй
ϰϲϳй
ϲϳй
ϱϰй
ϵй
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Ϯй
ϳϬй
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Ϯϰй
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ͲϮϲй
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ͲϯϮй
ϭϮй
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Ͳϯϲй

ϳϴǇƌWŝƚͺĂď
Ͳϭϳй
ϵй
Ͳϯϳй
Ϯй
Ͳϴй
ͲϮϬй
ͲϮϬй
Ͳϭϳй

^<ϭϮϰ

^<ϭϭϵ

^<ϭϬϬ'

h^'^^&<

Ϭй
ϭй
ͲϮй
Ϯй
Ϭй
Ϭй
Ϭй
Ϭй

ϮϯǇƌWŝƚͺD

ϭй
ϴй
Ͳϵй
ϮϬй
ϭϬй
Ͳϭй
ͲϮй
ͲϮй

ϮϯǇƌWŝƚͺD

ϮϯǇƌWŝƚͺD
ͲϲϬй
ϴй
Ͳϳϲй
Ͳϰϯй
Ͳϲϵй
Ͳϱϯй
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Ͳϱϳй

ϮϯǇƌWŝƚͺDϮ
Ͳϰй
ϯй
Ͳϴй
ϭϬй
Ͳϲй
Ͳϯй
Ͳϯй
Ͳϰй
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Ϭй
ϭй
Ͳϰй
Ϯй
Ϭй
Ϭй
Ϭй
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Ͳϯϲй
Ͳϯϳй
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ϳϴǇƌWŝƚͺĂď
ͲϮϴй
ͲϮϴй
ͲϮϳй
ͲϮϳй
ͲϮϳй
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)LJXUH&RPSDULVRQRI,QGLYLGXDO6LWH*DJH)ORZ&KDQJH6WDWLVWLFVE\6FHQDULR7KH0 0DQDJHGDE DEDQGRQHG&& FOLPDWHFKDQJH
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ϭй
Ͳϰй
ϯй
Ϭй
Ϭй
Ϭй
Ϭй

ϮϯǇƌWŝƚͺĂď

ϲй
ϭϭй
ͲϮϭй
Ϯϵй
ϭϳй
Ͳϭй
Ϭй
ϳй

ϮϯǇƌWŝƚͺ

ϮϯǇƌWŝƚͺ
ϵϱй
ϭϳϱй
Ͳϴϰй
ϲϬϵй
Ϯϴϱй
ϭϬй
ͲϮϭй
ϴϳй

ϮϯǇƌWŝƚͺ
ϭϮϯй
ϭϴϳй
ͲϴϮй
ϲϭϰй
ϯϯϬй
ϴй
ϱй
ϭϮϵй

ϮϯǇƌWŝƚͺ
ϱϵй
ϭϭϮй
Ͳϴϭй
ϯϭϮй
ϭϴϳй
Ͳϭϯй
Ͳϭϱй
ϲϳй

ϳϴǇƌWŝƚͺD
Ͳϭй
ϭй
ͲϮй
ϭй
Ͳϭй
Ͳϭй
Ͳϭй
Ͳϭй

ϳϴǇƌWŝƚͺD

ϳϴǇƌWŝƚͺD

ϯй
ϯϮй
Ͳϯϰй
ϭϭϬй
ϭϳй
Ͳϭй
Ͳϭй
Ͳϲй

ϳϴǇƌWŝƚͺD

ϳϴǇƌWŝƚͺĂď
ͲϮй
ϭй
Ͳϯй
Ϭй
ͲϮй
ͲϮй
ͲϮй
ͲϮй

ϳϴǇƌWŝƚͺĂď

ϳϴǇƌWŝƚͺĂď

ϳϴǇƌWŝƚͺĂď
ϯϬй
ϯϬй
ͲϮϬй
ϭϬϴй
ϱϲй
ϭϬй
Ϯϱй
Ϯϳй

E<ϭϭϵ

E<ϭϬϬ

h^'^E&<

ϮϯǇƌWŝƚͺD
Ͳϲϵй
ϭϲй
Ͳϴϲй
Ͳϯй
Ͳϲϱй
Ͳϲϭй
Ͳϲϲй
Ͳϳϲй

Ϯй
ϳй
Ͳϲй
Ϯϲй
Ϯй
Ϭй
ϯй
Ϯй

ϮϯǇƌWŝƚͺD

ϭй
ϳй
Ͳϴй
Ϯϯй
Ϯй
Ϭй
Ϭй
Ϭй

ϮϯǇƌWŝƚͺD
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ϮϯǇƌWŝƚͺĂď
Ͳϯϯй
ϱϰй
Ͳϴϰй
ϯϲϯй
Ͳϰϰй
ͲϮй
ͲϰϮй
Ͳϰϲй

Ϭй
ϭй
Ͳϰй
Ϯй
Ͳϭй
Ϭй
Ϭй
Ͳϭй

ϮϯǇƌWŝƚͺĂď

ϮϯǇƌWŝƚͺĂď
ͲϮй
Ϯй
Ͳϴй
ϲй
Ͳϭй
Ͳϭй
Ͳϯй
Ͳϯй

ϮϯǇƌWŝƚͺ
ͲϮϵй
ϲϵй
Ͳϵϲй
ϭϰϴй
ϰϳй
Ͳϰϴй
Ͳϳϯй
Ͳϰϯй

ϮϯǇƌWŝƚͺ
ϳϱй
ϭϯϱй
Ͳϴϰй
ϯϲϬй
ϮϯϬй
Ͳϰй
ͲϮϮй
ϴϮй

ϮϯǇƌWŝƚͺ
ϳϯй
ϭϯϵй
Ͳϴϲй
ϯϵϲй
ϮϯϮй
ϭй
ͲϮϲй
ϳϭй

ϳϴǇƌWŝƚͺD
ͲϮϵй
ϯϲй
ͲϳϮй
ϲϮй
Ͳϲй
ͲϮϵй
Ͳϯϳй
Ͳϰϲй

ϭй
ϯй
Ͳϰй
ϭϭй
ϯй
Ϭй
ϭй
ϭй

ϳϴǇƌWŝƚͺD

ϳϴǇƌWŝƚͺD
ϭϯй
Ϯϴй
Ͳϭϯй
ϭϭϱй
Ϯϯй
ϭϲй
ϳй
ϯй

ϳϴǇƌWŝƚͺĂď
ͲϮϰй
ϰϬй
ͲϳϮй
ϴϮй
ϳй
ͲϮϲй
Ͳϯϱй
Ͳϰϯй

Ϯй
Ϯй
Ͳϯй
ϲй
ϯй
ϭй
Ϯй
Ϯй

ϳϴǇƌWŝƚͺĂď

ϳϴǇƌWŝƚͺĂď
ͲϮй
ϱй
Ͳϭϯй
ϵй
ϯй
Ͳϱй
Ͳϯй
Ͳϰй






)LJXUH&RPSDULVRQRI,QGLYLGXDO6LWH*DJH)ORZ&KDQJH6WDWLVWLFVE\6FHQDULR7KH0 0DQDJHGDE DEDQGRQHG&& FOLPDWHFKDQJH

ĂǀŐ
ƐƚĚĞǀ
ŵŝŶ
ŵĂǆ
ĂǀŐtŝŶƚĞƌ
ĂǀŐ^ƉƌŝŶŐ
ĂǀŐ^ƵŵŵĞƌ
ĂǀŐ&Ăůů

hdϭϭϵ

ĂǀŐ
ƐƚĚĞǀ
ŵŝŶ
ŵĂǆ
ĂǀŐtŝŶƚĞƌ
ĂǀŐ^ƉƌŝŶŐ
ĂǀŐ^ƵŵŵĞƌ
ĂǀŐ&Ăůů

hdϭϬϬ

ϮϯǇƌWŝƚͺD

ϮϯǇƌWŝƚͺD
Ϯϰй
Ϯϴй
Ͳϭϰй
ϭϭϵй
ϮϬй
Ϯϲй
ϮϮй
Ϯϰй

hdϭϬϬ

ĂǀŐ
ƐƚĚĞǀ
ŵŝŶ
ŵĂǆ
ĂǀŐtŝŶƚĞƌ
ĂǀŐ^ƉƌŝŶŐ
ĂǀŐ^ƵŵŵĞƌ
ĂǀŐ&Ăůů

ϰй
ϰй
Ͳϰй
Ϯϭй
ϯй
ϰй
ϰй
ϰй

ϮϯǇƌWŝƚͺD

ĂǀŐ
ƐƚĚĞǀ
ŵŝŶ
ŵĂǆ
ĂǀŐtŝŶƚĞƌ
ĂǀŐ^ƉƌŝŶŐ
ĂǀŐ^ƵŵŵĞƌ
ĂǀŐ&Ăůů

h^'^ͺhd
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)LJXUH6LPXODWHG$YHUDJH0RQWKO\&KDQJHLQ6FHQDULR'LVFKDUJHDW6LWH*DJHV WR
 
 (IIHFWVRI$EDQGRQPHQWRQ6WUHDPIORZ
7KH DYHUDJH DQQXDO GLIIHUHQFH LQ IORZV DW ORZHU GUDLQDJHV DORQJ WKH 6). 87 DQG 1). LH
6.$ 86*6B87 DQG 86*61). JDJHV  EHWZHHQ WKH PDQDJHG DQG DEDQGRQHG  <U 3LW
6FHQDULRDSSHDUWREHOHVVWKDQDERXWWRODUJHO\EHFDXVHPRVWPDQDJHGZDWHULVUHOHDVHG
GRZQVWUHDP DQG WKH ELJJHVW FKDQJH LQ YROXPH LV LQFUHDVHG ORVV WR DWPRVSKHUH YLD SRQG
HYDSRUDWLRQ

7KHFKDQJHLQDYHUDJHDQQXDOIORZVIRUWKH<U3LW6FHQDULRVLVPXFKODUJHUDWORZHUHOHYDWLRQ
GUDLQDJH JDJH ORFDWLRQV  $EDQGRQHG VFHQDULR DYHUDJH DQQXDO IORZV DW 6.$ GHFUHDVH E\
 YHUVXVGHFUHDVHIRUPDQDJHG ZKLOHDW86*6B87IORZVLQFUHDVHE\ YHUVXVRQO\
 IRU PDQDJHG  DQG IRU 86*61). WKH\ GHFUHDVH E\  YHUVXV DQ LQFUHDVH RI  IRU
PDQDJHGFDVH 7KHODUJHLQFUHDVHLQWKH8SSHU7DODULNIRUWKHDEDQGRQHGFDVHLVGXHPRVWO\
WRRYHUWRSSLQJRIWKHSLWODNHZDWHULQWKLVGUDLQDJHLQVWHDGRIWKH6).GUDLQDJH)ORZFKDQJHV
LQXSSHUJDJHVDUHPXFKJUHDWHUGXHWRSUR[LPLW\WRWKHPLQHFRPSRQHQWV
 (IIHFWVRI&OLPDWH&KDQJHRQ<U3LW0DQDJHG6FHQDULR6WUHDPIORZ
&OLPDWHFKDQJH \HDU FDXVHVDYHUDJHPRQWKO\IORZDWPRVWJDJHVWRLQFUHDVHVXEVWDQWLDOO\
VHH)LJXUH RYHUWKH<U3LWPDQDJHGVFHQDULRXVLQJEDVHOLQHFOLPDWHFRQGLWLRQV)LJXUH
 VKRZV VHTXHQWLDO DYHUDJH PRQWKO\ IORZ LQFUHDVHV IURP  WR   IURP  WR RYHU
GXULQJODWHVSULQJDQGGHFOLQHVXSWRDERXWDWVRPHJDJHVGXULQJ0D\-XQHRUWKH
FXUUHQWVQRZPHOWUXQRIISHULRG7KLVUXQRIISHULRGZLOORFFXULQODWHZLQWHUHDUO\VSULQJPRQWKV
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)LJXUH6LPXODWHG$YHUDJH0RQWKO\&KDQJHLQ'LVFKDUJHDW6LWH*DJHV<U3LW0DQDJHG
6FHQDULR
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)LJXUH6LPXODWHG$YHUDJH0RQWKO\&KDQJHLQ'LVFKDUJHDW6LWH*DJHV<U3LW
$EDQGRQHG6FHQDULR
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)LJXUH6LPXODWHG$YHUDJH0RQWKO\&KDQJHLQ'LVFKDUJHDW6LWH*DJHV<U3LW
0DQDJHG6FHQDULRZLWK&OLPDWH&KDQJHDW<U
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)LJXUH6LPXODWHG$YHUDJH0RQWKO\&KDQJHLQ'LVFKDUJHDW6LWH*DJHV<U3LW
0DQDJHG6FHQDULR
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)LJXUH6LPXODWHG$YHUDJH0RQWKO\&KDQJHLQ'LVFKDUJHDW6LWH*DJHV<U3LW

$EDQGRQHG6FHQDULR
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 7DVN±5HYLHZRI*URXQGZDWHU$QDO\VLV,PSDFWVLQ'(,6


 &RQFHUQVZLWK*URXQGZDWHU0RGHO'HYHORSPHQW&DOLEUDWLRQ

3UHGLFWLRQV RI PLQH LPSDFWV RQ WKH VXUURXQGLQJ K\GURORJLF V\VWHP SUHVHQWHG LQ WKH '(,6 UHO\
KHDYLO\RQWKH*:PRGHOOHGSUHSDUHGE\3/3FRQVXOWDQWV 6FKOXPEHUJHU6FKOXPEHUJHU
 3/3 5), F DQG 3LWHDX    $V VXFK WKH DFFXUDF\ UHOLDELOLW\ DQG
GHIHQVLELOLW\ RI JURXQGZDWHU SUHGLFWLRQV RI PLQH LPSDFWV OHW DORQH GHPRQVWUDWLQJ IXQGDPHQWDO
XQGHUVWDQGLQJRIWKHEDVHOLQHJURXQGZDWHUK\GURORJLFEHKDYLRXUZHUHUHYLHZHGLQPRUHGHWDLO$
QXPEHURIFRQFHUQVZHUHLGHQWLILHGDQGVXPPDUL]HGEHORZ

 0HWKRGRORJ\

(VVHQWLDO WR FRQGXFWLQJ DQ\ K\GURORJLF DQDO\VLV RI EDVHOLQH FRQGLWLRQV DQG SUHGLFWLQJ LPSDFWV
GXHPLQLQJLVWKHVHOHFWLRQRIDSSURSULDWHSURYHQWHFKQLFDOO\DQGVFLHQWLILFDOO\VRXQGSXEOLFO\
DYDLODEOH PHWKRGRORJ\ 7\SLFDOO\ FRPPHUFLDOO\ DYDLODEOH VRIWZDUH FRGHV DUH XVHG WR GHYHORS
PRGHOV RI D VSHFLILF VLWH EDVHG RQ SK\VLFDO HTXDWLRQV DQG H[WHQVLYHO\ YHULILHG DJDLQVW ZHOO
VWXGLHGGRFXPHQWHGWHVWFDVHVDQGIROORZLQJLQGXVWU\VWDQGDUGPRGHOLQJDSSURDFKHV$QXPEHU
RILVVXHVDUHLGHQWLILHGZLWKPHWKRGRORJ\SUHVHQWHGLQWKH'(,6DQGSUHVHQWHGEHORZ
  &RGH6HOHFWLRQ$IRUPDOFRGHVHOHFWLRQSURFHVV LHVHHSDJHVWRLQ(3$ 
VKRXOG KDYH EHHQ FRQGXFWHG WR LGHQWLI\ VRIWZDUH FRGHV FDSDEOH RI VLPXODWLQJ DOO UHTXLUHG
SURFHVVHVQHHGHGWRIXOO\DVVHVVPLQHLPSDFWVRQVXUURXQGLQJK\GURORJ\ LHHYHQWOHYHO
IXOO\GLVWULEXWHG G\QDPLF VWUHDPDTXLIHU KHDW IORZ VHGLPHQW WUDQVSRUW FRQWDPLQDQW
IDWHWUDQVSRUW DQGPRUHLPSRUWDQWO\WRGHILQHUHTXLUHGFDOLEUDWLRQWDUJHWVIRUVSHFLILF '(,6
LPSDFWDVVHVVPHQWV LHUHTXLUHGSUHGLFWLYHDFFXUDF\ $WWHPSWLQJWRFRXSOHDSURSULHWDU\
VSUHDGVKHHWVXUIDFHZDWHUEDODQFHPRGHOZLWKD*ROGVLPPLQHSODQPRGHODQGDJURXQGZDWHU
IORZPRGHO 0RGIORZ ZLWKRXWVKRZLQJFOHDUO\KRZWKLVFRPELQDWLRQRIFRGHVFDQDGHTXDWHO\
HVWLPDWHQRWRQO\PLQHZDWHUEDODQFHFRPSRQHQWGLVFKDUJHVEXWPRUHLPSRUWDQWO\KRZWKH\
FDQULJRURXVO\HVWLPDWHWLPHYDU\LQJDQGVSDWLDOO\GLVWULEXWHG LPSDFWVRIPLQLQJLPSDFWVRQ
WKHHQYLURQPHQWDO LVDIXQGDPHQWDOIODZLQWKH'(,6 )XOO\LQWHJUDWHGK\GURORJLFK\GUDXOLF
FRGHV OLNH WKH 0,.(6+( FRGH XVHG LQ WKLV HYDOXDWLRQ VKRXOG KDYH EHHQ FRQVLGHUHG IRU



6FKOXPEHUJHU3HEEOH3URMHFW(QYLURQPHQWDO%DVHOLQH'DWD5HSRUW±
&KDSWHU*URXQGZDWHU+\GURORJ\%ULVWRO%D\'UDLQDJHV-XQH

 6FKOXPEHUJHU:DWHU6HUYLFHV D3HEEOH3URMHFW6XSSOHPHQWDO(QYLURQPHQWDO%DVHOLQH
'RFXPHQWWKURXJK&KDSWHU*URXQGZDWHU+\GURORJ\%ULVWRO%D\
'UDLQDJHV5HSRUWWR7KH3HEEOH3DUWQHUVKLS0DUFK

3/35),F)ROORZXS5HTXHVWVRQ5),²*URXQGZDWHU0RGHOLQJ5HSRUW$(&20
5HTXHVWIRU,QIRUPDWLRQ3HEEOH/LPLWHG3DUWQHUVKLS1RYHPEHU

3LWHDX$VVRFLDWHVD3HEEOH3URMHFW*URXQGZDWHU&RQGLWLRQVDWHQGRI0LQLQJDQG3RVW
&ORVXUH3URMHFW5-XO\

 (QYLURQPHQWDO 3URWHFWLRQ $JHQF\  *URXQGZDWHU 0RGHOLQJ $Q 2YHUYLHZ DQG 6WDWXV 5HSRUW
(3$5REHUW6.HUU(QYLURQPHQWDO5HVHDUFK/DERUDWRU\
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LPSDFWHYDOXDWLRQSULPDULO\EHFDXVHWKHVHFRGHVVHDPOHVVO\FRXSOHVSDWLDOO\GLVWULEXWHGVXE
GDLO\ FOLPDWH LQSXWV ZLWK IXOO\ K\GURG\QDPLF VXUIDFH IORZV DQG IXOO\ GLVWULEXWHG VXEVXUIDFH
IORZVLQFOXGLQJWKHXQVDWXUDWHG]RQH,QWHJUDWHGFRGHVGRQ¶WVXIIHUPDMRUVKRUWFRPLQJVRI
UXQQLQJDVLQJOHSURFHVVJURXQGZDWHUIORZPRGHOLQLVRODWLRQWKHQDWWHPSWLQJWRFRXSOHQRQ
G\QDPLF UHVXOWV WR D VHSDUDWH PRQWKO\ VXUIDFH ZDWHU VSUHDGVKHHW PRGHO ZKHQ WKH IORZV
EHWZHHQJURXQGZDWHUDQGVXUIDFHZDWHUDUHFOHDUO\FRPSOH[G\QDPLFDQGVSDWLDOO\YDULDEOH
0DQ\ RSWLRQV DUH FRPPHUFLDOO\DYDLODEOH DQG KDYH EHHQ DSSOLHG WR PLQH ZDWHU EDODQFH
SURMHFWVZRUOGZLGHIRUPDQ\\HDUV
  0LVVLQJ 'HWDLOV RQ 6HOHFWHG &RGHV  'HWDLOV RQ WKH SK\VLFDO FRXSOLQJ DQG JRYHUQLQJ
SK\VLFDO IORZ HTXDWLRQV EHWZHHQ WKH SURSULHWDU\ QRQFRPPHUFLDO VXUIDFH ZDWHU EDODQFH
VSUHDGVKHHWPRGHODQG*ROGVLPPLQHSODQPRGXOHZLWKWKH02')/2:JURXQGZDWHUIORZ
PRGHODUHPLVVLQJ7KLVLVIXQGDPHQWDOLQIRUPDWLRQUHTXLUHGLQWKHHYDOXDWLRQRIWKH'(,6WR
DVVHVV YDOLGLW\ RI PRGHO FDOLEUDWLRQ WR EDVHOLQH FRQGLWLRQV DQG DFFXUDF\ DQG UHOLDELOLW\ RI
SUHGLFWHGLPSDFWV3UHGLFWLRQVSUHVHQWHGLQWKH'(,6FDQQRWWKHUHIRUHEHUHOLHGXSRQ
  0RGHOLQJ $SSURDFK  'HWDLOV RI DQ RYHUDOO PRGHOLQJ DSSURDFK LH VHH SDJH  LQ (3$
  DQG FOHDUO\ GHILQHG REMHFWLYHV IRU WKH DWWHPSWHG FRXSOLQJ RI FOLPDWH LQSXWV ZLWK
VXUIDFHZDWHUVSUHDGVKHHWDQGJURXQGZDWHUIORZPRGHOLVQRWSUHVHQWHG)RUH[DPSOHLWLV
XQFOHDUZK\PRQWKO\WLPHVWHSVDUHFKRVHQIRUWKHZDWHUEDODQFHPRGHODQGZK\WKH'(,6
GRHVQ¶WDSSHDUWRTXHVWLRQWKLV1RVXSSRUWLQJDQDO\VLVZDVSURYLGHGGHPRQVWUDWLQJPRQWKO\
WLPHVWHSV DUH DSSURSULDWH RU SK\VLFDOO\ FRUUHFW  IRU DVVHVVLQJ PLQH LPSDFWV RQ WKH
VXUURXQGLQJK\GURORJLFV\VWHP$VDUHVXOWWKH'(,6LVXQDEOHWRDVVHVVK\GURORJLFLPSDFWV
RIPLQLQJRQHYHQWOHYHOFOLPDWHHYHQWVZKLFKRFFXURQWKHVFDOHRIKRXUVWRGD\VDQGQRW
PRQWKV VHH)LJXUHSDJHLQYDQGHU+HLMGHHWDO 
  0LVVLQJ 'HWDLOV RQ 0RGHO GHYHORSPHQW  5HIHUHQFHV WR JURXQGZDWHU IORZ PRGHO
GHYHORSPHQW DQG DSSOLFDWLRQ UHIHUHQFH 6FKOXPEHUJHU D $SS -   7KLV GRFXPHQW
GHVFULEHVWKHRULJLQDOOD\HUPRGHODSSDUHQWO\ODWHUUHYLVHGWRDOD\HUPRGHOE\3LWHDX
$VVRFLDWHV VHH3LWHDX$VVRFLDWHVD 'HWDLOVRIWKHFRQFHSWXDOIORZPRGHOXSGDWHV
UHFDOLEUDWLRQSUHGLFWLRQVDQGXQFHUWDLQW\DQDO\VHVDUHODFNLQJ'HWDLOVRQZK\UHJLRQDODQG
ORFDOPLQHPRGHOVZHUHFUHDWHGDUHODFNLQJ$VDUHVXOWSUHGLFWLRQVSUHVHQWHGLQWKH'(,6
FDQQRWEHUHOLHGXSRQ
 0RGHO6HWXS$VVXPSWLRQV
  ,QDSSURSULDWH6WUHDP$TXLIHU6HWXS$VVXPSWLRQV8VHRIWKH02')/2:FRGH¶V5LYHU
3DFNDJHPRGXOHLVSUREOHPDWLFJLYHQWKHKLJKO\FRXSOHGJURXQGZDWHUVXUIDFHZDWHUV\VWHP
$WDPLQLPXPWKHPRGIORZPRGHOVKRXOGKDYHXWLOL]HGPRUHUREXVWUHFHQWURXWLQJRSWLRQV
675 675  ZKLFK DFWXDOO\ G\QDPLFDOO\ URXWH EDVHIORZ IURP XSSHU UHDFKHV WR ORZHU
UHDFKHVZKLFKXSGDWHVVWUHDPVWDJH0RUHVSHFLILFDOO\
D 6FKOXPEHUJHU D SDJH  $SS -  VWDWHV ³7KLV DSSURDFK DOORZHG WKH IORZV
FDOFXODWHGE\WKH*URXQGZDWHU0RGHOWREHFRPSDUHGZLWKWKHORZIORZVWUHDPIORZV
PHDVXUHGLQ0DUFKEHFDXVHWKHVHIORZVDUHOLNHO\GXHHQWLUHO\WRJURXQGZDWHU



5),
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GLVFKDUJH´  7KH SUREOHP ZLWK XVLQJ WKH 5,9 SDFNDJH LV WKDW LW UHTXLUHV XQYHULILHG
DVVXPSWLRQV OLNH WKLV DQG PRUH LPSRUWDQWO\ GRHV QRW SHUPLW GLUHFW FRPSDULVRQ WR
DFWXDOPHDVXUHGVWUHDPIORZOLNHLQWHJUDWHGFRGHVGR LH0,.(6+( 
E 8OWLPDWHO\ WKH SUREOHP ZLWK XVLQJ DQ\ RI WKH 02')/2: PRGXOHV WKDW VLPXODWH
VWUHDPDTXLIHUIORZLQWHUDFWLRQLVWKDWWKH\VWLOOGRQ¶WDFFRXQWIRU
L '\QDPLF DQG GLVWULEXWHG RYHUODQG VXUIDFH IORZV LQ RU RXW RI ULYHUV QRW
LQVLJQLILFDQWDVFDOFXODWHGE\0,.(6+( 
LL )ORRGHGZHWODQGDUHDV±ZKHUHULYHUIORZPHDQGHUVRYHUWRSVVWUHDPV
LLL 9DULDEOHVRXUFHDUHD 96$ KLOOVORSHVXUIDFHUXQRII G\QDPLFVDQGUHVSRQVH
QHDUVWUHDPV
F 1RW DFFRXQWLQJ IRU WKHVH G\QDPLF VXEGDLO\ RU HYHQWOHYHO  VWUHDPDTXLIHU IORZ
FDSDELOLWLHV SUHFOXGHV WKH JURXQGZDWHU IORZ PRGHO DQG QRQG\QDPLFDOO\ OLQNHG
PRQWKO\VSUHDGVKHHWVXUIDFHZDWHUPRGHORU*ROGVLPPLQHZDWHUEDODQFHPRGHO IURP
WUDQVODWLQJ SK\VLFDOO\UHDOLVWLF PLQH VXUIDFH DQG VXEVXUIDFH K\GURORJLF FKDQJHV WR
GRZQVWUHDPDUHDV7KH'(,6DQDO\VLVWKHUHIRUHLVLQFDSDEOHRI DVVHVVLQJUHDOLVWLF
LPSDFWVRQVXUURXQGLQJVXUIDFHZDWHUDQGJURXQGZDWHU
G 0DQ\ JHQHUDOL]HG DVVXPSWLRQV ZHUH PDGH RQ ULYHU ZLGWKV OHDNDJH UDWHV DQG ULYHU
VWDJHVUDWKHUWKDQEDVLQJWKHVHRQDFWXDOILHOGPHDVXUHPHQWVRU*,6GHULYHGIURP
DYDLODEOH'(0GDWD$FULWLFDOOLPLWDWLRQLQDVVXPLQJFRQVWDQWULYHUVWDJH LHGHSWKV 
RYHU WLPH WKURXJKRXW WKH JURXQGZDWHU PRGHO LV WKDW WKLV SUHFOXGHV SUHGLFWLQJ KRZ
WLPHYDU\LQJ FKDQJHV GXH WR PLQLQJ HLWKHU GXULQJ RSHUDWLRQV RU SRVWFORVXUH
SURSDJDWHGRZQVWUHDPDQGLQWXUQDIIHFWJURXQGZDWHU LHVXEWOHFKDQJHVLQVWDJH
FDQFKDQJHRUHYHQUHYHUVHJURXQGZDWHUJUDGLHQWVEHQHDWKVWUHDPV 7KLVVKRXOGEH
FDOFXODWHG E\ WKH PRGHO EDVHG RQ DFFXUDWH ILHOG PHDVXUHPHQWV  7KH DQDO\VHV RI
JURXQGZDWHULPSDFWVSUHVHQWHGLQWKH'(,6DUHIODZHG
  ,QDSSURSULDWH6HHSDJH6HWXS$VVXPSWLRQV8WLOL]LQJ02')/2:µ'UDLQ&HOOV¶WRVLPXODWH
VHHSVLVDOVRSUREOHPDWLF7KRXJKGUDLQFHOOVLQ02')/2:SHUPLWGLVFKDUJHRIJURXQGZDWHU
WRWKHJURXQGVXUIDFHWZRLVVXHVDUHQRWHGLQWKH6FKOXPEHUJHUDSDJH$SS-
GRFXPHQW
x ,QUHDOLW\VHHSZDWHUGLVFKDUJHWRODQGVXUIDFH LVWKHQVXEMHFWWRORFDOVXUIDFHIORZ
SURFHVVHVZKLFKOLNHO\UHVXOWLQUHLQILOWUDWLRQGRZQKLOORUORFDOSRQGLQJGHSHQGLQJRQ
ORFDO VXUIDFH WRSRJUDSK\  7KH 02')/2: GUDLQ SDFNDJH LV RYHUO\ VLPSOLVWLF DQG
LQFDSDEOHRIVLPXODWLQJWKLVSRQGLQJRUUXQRIISK\VLFDOSURFHVVHV,QVWHDGLWVLPSO\
UHPRYHVJURXQGZDWHUIURPWKHPRGHODWWKHSRLQWRIWKHVHHSEXWGRHVQ¶WUHWXUQWKH
IORZLQWRWKHPRGHO0,.(6+(LQFOXGHVWKLVFDSDELOLW\LPSOLFLWO\IXOO\DFFRXQWLQJIRU
DOOZDWHUZLWKLQWKHV\VWHP±LWGRHVQ¶WPDNHZDWHUGLVDSSHDULQDVLPXODWLRQ
x 1RLQGLFDWLRQRILIKRZGLVFKDUJHIURPVHHSVZDVXVHGLQFDOLEUDWLRQLVSUHVHQWHG7KLV
LV D VLJQLILFDQW RYHUVLJKW DQG LQFUHDVHV WKH PRGHO QRQXQLTXHQHVV DQG SUHGLFWLRQ
XQFHUWDLQW\
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  ,QFRUUHFW5HFKDUJH0HWKRGRORJ\6SHFLILFDWLRQ-XVWLILFDWLRQ3DJHLQ6FKOXPEHUJHU
D DSS- SUHVHQWVDPHWKRGRORJ\RQFDOFXODWLQJUHFKDUJHUDWHVGLVWULEXWLRQWRWKHLU
PRGHO FHOOV EXW WKHQ IDLO WR SURYLGH D UHIHUHQFH WR WKLV PHWKRGRORJ\ IXQGDPHQWDO WR WKH
VXFFHVVIXOFDOLEUDWLRQRIDQ\JURXQGZDWHUPRGHO3UREOHPVLQFOXGH
x 6SHFLILFDWLRQDSSHDUVFRQVWDQWLQWLPH7KLVLVKLJKO\XQUHDOLVWLFDVGHPRQVWUDWHGE\
WKHKLJKO\YDULDEOHUHFKDUJHHVWLPDWHGE\WKH0,.(6+(PRGHO VHH)LJXUH 7KLV
YDULDELOLW\GLUHFWO\DIIHFWVWKHVLPXODWHGJURXQGZDWHUOHYHOVDQGFDOLEUDWLRQ
D ,WLVXQFOHDUZK\VWDQGDUGPHWKRGRORJ\XVHGWRFDOFXODWHUHFKDUJHZDVQ¶WXVHGLQWKH
JURXQGZDWHUPRGHO V 0DQ\ERRNVKDYHEHHQZULWWHQRQWKHVXEMHFW±LWLVFRPSOH[
EXW FULWLFDO WR DFFHSWDEOH FDOLEUDWLRQ +HDO\ DQG 6FDQORQ    7KH 86*6 KDV
GHYHORSHGDFRPPRQO\XVHGPHWKRGFDOOHGWKHEDVLQFKDUDFWHUL]DWLRQPHWKRG %&0 
WR
HVWLPDWH
UHFKDUJH
EDVHG
RQ
PDQ\
NQRZQ
IDFWRUV
VHH
KWWSSXEVXVJVJRYSSSSESSESGIRU

KWWSSXEVXVJVJRYVLU 
E )DFWRUVWKDW6FKOXPEHUJHULQGLFDWHVFRQWUROUHFKDUJH VORSHDQGJHRORJLFµLQILOWUDWLRQ
PXOWLSOLHUV DUHRQO\VRPHRIWKHIDFWRUVDFWXDOO\GHWHUPLQLQJ UHFKDUJHDWDQ\JLYHQ
FHOO1RUHIHUHQFHVWRWKLVHVWLPDWLRQRIUHFKDUJHDUHSURYLGHG\HWWKLVLVDFULWLFDO
PRGHO LQSXW W\SLFDOO\ VWURQJO\ FRUUHODWHG ZLWK K\GUDXOLF FRQGXFWLYLW\ DQG SURGXFLQJ
QRQXQLTXHPRGHOVROXWLRQVRULQFUHDVLQJXQFHUWDLQW\LQPRGHOSUHGLFWLRQV
F 6FKOXPEHUJHU VWDWHV RQ SDJH  $SS O  ³WKH SULPDU\ SXUSRVH RI WKLV VWXG\ LV WR
HVWDEOLVKJURXQGZDWHUUHFKDUJHUDWHVWKDWIHHGVWUHDPEDVHIORZVPRQWKO\WLPHVWHSV
DUHDSSURSULDWH´1RSK\VLFDOEDVLVRUUHIHUHQFHWRWKLVLVSUHVHQWHG7KH0,.(6+(
PRGHOGHPRQVWUDWHVUHFKDUJHLVKLJKO\G\QDPLFDWDQHYHQWOHYHO QRWPRQWKO\ 
G 5HFKDUJH=RQDWLRQDSSHDUVKLJKO\RYHUSDUDPHWHUL]HG ]RQHV OLNHO\DUHVXOWRI
DWWHPSWLQJWRIRUFHVLPXODWHGKHDGVWRPDWFKREVHUYHGKHDGVDWHDFKLQGLYLGXDOZHOO
+RZHYHU LW LV ZHOO NQRZQ WKDW WKLV SURGXFHV KLJKO\ QRQXQLTXH PRGHO FDOLEUDWLRQV
HVSHFLDOO\ ZKHQ QRW FRQVWUDLQHG E\ GDWDVHWV RWKHU WKDQ KHDGV  'RKHUW\ 
LQGLFDWHV PRGHO FDOLEUDWLRQ VKRXOG VWULYH IRU SDUVLPRQLRXV SDUDPHWHUL]DWLRQ RU
VSHFLI\LQJWKHOHDVWQXPEHURI]RQHVSRVVLEOHEDVHGRQGDWD
H ,QFRQWUDVWWRWKHH[WHUQDOO\DVVXPHGUHFKDUJHXVHGE\6FKOXPEHUJHUWKH0,.(6+(
PRGHO FDOFXODWHV VSDWLDOO\GLVWULEXWHG G\QDPLF UHFKDUJH KRXUO\  EDVHG RQ WKH
IROORZLQJULJRURXVSK\VLFDOO\EDVHGSURFHVVHVDQGLQSXWSDUDPHWHUV
L 6RLOV
 8QVDWXUDWHG]RQHK\GUDXOLFFRQGXFWLYLW\
 5HVLGXDOPRLVWXUHFRQWHQW
 6DWXUDWHGPRLVWXUHFRQWHQW
 :LOWLQJILHOGFDSDFLW\
LL 6DWXUDWHG]RQH
 /D\HUVORSHV
 *:GHSWKV



KWWSVSXEVHUXVJVJRYSXEOLFDWLRQ
KWWSVSXEVXVJVJRYVLUSGIXQFSHVWBVLUSGI
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LLL 9HJHWDWLRQ
 /$, WLPH 
 5RRWGHSWKV
LY 6XUIDFH5XQRII
 6ORSH
 'HSUHVVLRQV
 6WUHDPV
 $VSHFW
Y &OLPDWH
 3(7
 3UHFLSLWDWLRQLQWHQVLW\GXUDWLRQIUHTXHQF\
 $LUWHPSHUDWXUH
 6QRZPHOWG\QDPLFV



7KHFRPELQDWLRQRIWKHVHUHFKDUJHLVVXHVUDLVHVHULRXVTXHVWLRQVDERXWWKHDFFXUDF\DQG
UHOLDELOLW\ RI QRW RQO\ WKH JURXQGZDWHU PRGHO FDOLEUDWLRQ DQG VXEVHTXHQW PLQH LPSDFW
SUHGLFWLRQVEXWDOVRSUHGLFWLRQVRIPLQHLPSDFWVRQVXUIDFHZDWHUJLYHQWKHOLQNEHWZHHQ
WKH JURXQGZDWHU PRGHO DQG VSUHDGVKHHW PRGHO SRRUO\ GRFXPHQWHG   $OWKRXJK WKH
JURXQGZDWHUPRGHOLQJLVLQFRPSOHWHLQWKH'(,6 VHH6HFWLRQ ZLWKRXWVLJQLILFDQW
FRUUHFWVWRWKHUHFKDUJH JURXQGZDWHUPRGHOLQJSUHVHQWHGLVIODZHGDQGVKRXOGQRWEH
UHOLHGXSRQLQWKH'(,6


  $FWXDO(YDSRWUDQVSLUDWLRQ $(7 IURP*URXQGZDWHULV1RW6LPXODWHG
D $SSHQGL[-LQ6FKOXPEHUJHULQGLFDWHVWKDW$(7ORVVIURPWKHDTXLIHUV\VWHPLV
QRWFDOFXODWHGLQWKHJURXQGZDWHUIORZPRGHO
E $OWKRXJK WKH PRQWKO\ ZDWHU EDODQFH VSUHDGVKHHW PRGHO $SSHQGL[ ,  DWWHPSWV WR
HVWLPDWH $(7 WKLV LV QRW SDVVHG WR WKH JURXQGZDWHU PRGHO  'HWDLOV RQ WKH $(7
PHWKRGRORJ\ QRU VSDWLDO HVWLPDWHV DUH SURYLGHG  7KH VSUHDGVKHHW $(7 FDOFXODWLRQ
DSSHDUV RYHUO\VLPSOLVWLF XQUHDOLVWLF DQG XQMXVWLILHG  (VWLPDWHV DSSHDU EDVHG RI  
SRWHQWLDO HYDSRWUDQVSLUDWLRQ 3(7  XVLQJ D VLPSOH  PHWKRG UHTXLULQJ RQO\ PHDQ
PRQWKO\DLUWHPSHUDWXUHDQG URXJKHVWLPDWHVRIPRQWKO\VRLOPRLVWXUHFKDQJHVOXPSHG
DFURVVHQWLUHFDWFKPHQWVXVLQJDVVXPHGYDOXHVZLWKQRVFLHQWLILFEDVLVRUMXVWLILFDWLRQ
F &DOFXODWLRQ RI $(7 LV LQ IDFW D FULWLFDO ZDWHU EDODQFH FRPSRQHQW LQ PRVW K\GURORJLF
PRGHOVDQGDFRPSOLFDWHGIXQFWLRQRIFRPSOH[FOLPDWHLQSXWV JHQHUDOO\DFFRXQWHGIRULQ
PRUH UREXVW HVWLPDWHV RI 3(7 OLNH WKH VWDQGDUG $6&( RU )$2 3HQPDQ0RQWHLWK
HTXDWLRQ VRLOSURSHUWLHV LHVRLOW\SHVOD\HULQJPRLVWXUHFRQWHQWVXQVDWXUDWHG]RQH
K\GUDXOLF SURSHUWLHV  SUHFLSLWDWLRQ JURXQGZDWHU GHSWKV ZLWK WLPH DQG YHJHWDWLRQ
SURSHUWLHV LH OHDI DUHD LQGH[ URRW GHSWK GHQVLW\ ZLWK GHSWK FURS FRHIILFLHQWV W\SHV
VDWXUDWLRQUHVLGXDODQGILHOGDQGZLOWLQJSRLQWPRLVWXUHVFDQRS\SURSHUWLHVHWF ,QVLQJOH
SURFHVVFRGHVOLNH02')/2:$(7LVW\SLFDOO\VLPXODWHGHLWKHUXVLQJWKHVWDQGDUG(97
SDFNDJHZKLFKFDOFXODWHV$(7RQDFHOOE\FHOOEDVLVDVDIXQFWLRQRIJURXQGZDWHUGHSWK
PD[LPXPHYDSRWUDQVSLUDWLRQUDWHVDQGSODQWURRWGHSWKVRUE\VSHFLI\LQJQHWUHFKDUJH



KWWSZZZIDRRUJ;(;(KWP
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ZKHUH$(7LVFDOFXODWHGRQDFHOOE\FHOOEDVLVDQGWKHQUHPRYHGIURPDSSOLHGUHFKDUJH
,PSRUWDQWO\ DVVHVVLQJ VXEGDLO\ LPSDFWV DW VSHFLILF ORFDWLRQV LQ WKH PRGHO LV VWURQJO\
LQIOXHQFHGE\FRUUHFWFDOFXODWLRQRI$(7,QULSDULDQ]RQHVJURXQGZDWHUORVVWR$(7DQG
EDVHIORZ GLVFKDUJH FRPSHWH DJDLQVW HDFK RWKHU DV D IXQFWLRQ RI JURXQGZDWHU GHSWK
&RQVHTXHQWO\ZLWKRXWGLUHFWO\VLPXODWLQJ$(7LQDOO FHOOV WKH 6FKOXPEHUJHU DQGPRUH
UHFHQW3,WHDX$VVRFLDWHV JURXQGZDWHUPRGHOVZLOOOLNHO\RYHUHVWLPDWHEDVHIORZORVVDQG
LQFRUUHFWO\SDUDPHWHUL]HVWUHDPDTXLIHUFRQGXFWDQFHYDOXHV7KLVZLOOLPSDFWWKHHQWLUH
ZDWHUEDODQFHDQGHVWLPDWLRQRIGRZQVWUHDPLPSDFWVGXHWRPLQLQJ
G 0,.(6+(UHVXOWVLQGLFDWHWKDWDYHUDJHDQQXDO$(7DFWXDOO\H[FHHGVERWKEDVHIORZDQG
VXUIDFHUXQRIIFRQWULEXWLRQVWRVWUHDPIORZDQGLVYDULDEOHWKURXJKWKH\HDU,WLVKLJKHVW
LQ VXPPHU PRQWKV DQG ORZHVW LQ ZLQWHU PRQWKV OHVV WKDQ WK RI VXPPHU YDOXHV 
)LJXUH  LQGLFDWHV 0,.(6+( HVWLPDWHG $(7 LV PXFK KLJKHU WKDQ UHFKDUJH LQ VKDOORZ
JURXQGZDWHUDUHDVRUPRVWO\LQGUDLQDJHDUHDVZKHUHQHWUHFKDUJHLVQHJDWLYH2PLWWLQJ
VLPXODWLRQRIWKHFRPSOH[WHPSRUDO VXEGDLO\ DQGVSDWLDOGLVWULEXWLRQRI$(7ORVVLQWKH
JURXQGZDWHU PRGHO LV DVXEVWDQWLDORYHUVLJKW DQG OLNHO\ VLJQLILFDQWO\ DIIHFWV ERWK PRGHO
FDOLEUDWLRQDQGDOOSUHGLFWLRQV
  +\GUDXOLF3URSHUW\,VVXHV
D $WWHPSWLQJWRFRUUHODWHK\GUDXOLFSURSHUWLHVGHULYHGIURPORFDOL]HGK\GUDXOLFSXPSWHVWVLV
DXVHIXOVWDUWLQJSRLQWIRUFDOLEUDWLRQEXWWKHFDOLEUDWLRQSURFHVV RIWHQUHTXLUHVHIIHFWLYH
SDUDPHWHUYDOXHVRYHUWKHPXFKODUJHUJULGFHOODUHDV7KLVZDVQ¶WGLVFXVVHGLQWKH'(,6
E )LJXUH)±/D\HU7KLFNQHVVLQ6FKOXPEHUJHU$SS-VKRZVSDWLDOO\ELDVHG
RYHUEXUGHQ WKLFNQHVVHV ZKHUH DYDLODEOH GDWD DUH FRQFHQWUDWHG EXW IDLOV WR SUHVHQW
RYHUEXUGHQ WKLFNQHVV HVWLPDWHV RXWVLGH RI WKLV DUHD  ,W LV KDUG WR LPDJLQH RYHUEXUGHQ
WKLFNQHVVYDULDWLRQVLVVLPLODULQDUHDVRXWVLGH DQGDORQJGUDLQDJHV RIWKHDUHDDURXQG
WKHPLQH1RWLQFOXGLQJFRQVLGHULQJWKLFNQHVVYDULDWLRQVRXWVLGHRIWKHNQRZQGDWDDUHDV
OLNHO\ LQFUHDVHV PRGHO SUHGLFWLRQ XQFHUWDLQW\ LH RI VXUIDFH ZDWHU DQG JURXQGZDWHU
LPSDFWV LQGRZQVWUHDPDUHDVZLWKSRRUO\FKDUDFWHUL]HGRYHUEXUGHQWKLFNQHVV
 0RGHO&DOLEUDWLRQ,VVXHV
  &DOLEUDWLRQLVLQFRPSOHWH
D 3DJH.VWDWHV³7KHFDOLEUDWLRQUHVXOWVGLVFXVVHGEHORZZHUHPRVWO\GHULYHG
IURPWKHILYHOD\HUPRGHO 6FKOXPEHUJHUD DFRPSUHKHQVLYHFDOLEUDWLRQUHSRUW
IRU WKH FXUUHQW OD\HU PRGHO LV QRW DYDLODEOH DOWKRXJK VRPH XSGDWHG FDOLEUDWLRQ
LQIRUPDWLRQKDVEHHQSURYLGHG 3/35),F.QLJKW3LpVROGQ3/3
5),3/35),D3/35),EDQG3/35),F ´
E 7KH'(,6DOVRVWDWHV SDJH.³7KHODWHVWYHUVLRQRIWKHPRGHOZDVXVHGIRU
WKH HIIHFWV DQDO\VLV GLVFXVVHG LQ 6HFWLRQ  *URXQGZDWHU +\GURORJ\ 0RGHO
FDOLEUDWLRQ DQG SUHGLFWLRQV ZLOO EH XSGDWHG EDVHG RQ RQJRLQJ K\GURJHRORJLF
LQYHVWLJDWLRQVDQGDVPLQHGHVLJQSURJUHVVHV 3LWHDX$VVRFLDWHVD ´
F 3DJH . VWDWHV ³0LVFHOODQHRXV LQIRUPDWLRQ DERXW WKH  PRGHO GHWDLOLQJ
OD\HUV ERXQGDU\ FRQGLWLRQV LQSXW SDUDPHWHUV DQG FDOLEUDWLRQ UHVXOWV DUH DYDLODEOH
3/3 5), F .QLJKW 3LpVROG Q 3/3 5),  D E DQG
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F  KRZHYHU WKH PRGHO LV ³VWLOO LQ WKH SURFHVV RI EHLQJ XSGDWHG DQG LV QRW IXOO\
FDOLEUDWHG´ 3/35), ´$JDLQWKLVDQDO\VLVLVLQFRPSOHWHDQGXQDYDLODEOH
IRUUHYLHZ
  ,WLVXQFOHDUZK\DILQDOJURXQGZDWHUPRGHOLQJUHSRUWLVQRWSURYLGHGLQWKLV'(,6EXWWKH
(,6PXVWXVHKLJKTXDOLW\LQIRUPDWLRQDQGDFFXUDWHVFLHQWLILFDQDO\VLVDQGLVFRQVLGHUHG
LQFRPSOHWH ZLWKRXW WKLV LQIRUPDWLRQ  )XUWKHUPRUH SUHGLFWHG LPSDFWV EDVHG RQ WKLV
LQFRPSOHWHFDOLEUDWLRQLQIRUPDWLRQPDNHVSUHGLFWLRQVWKHPVHOYHVLQFRPSOHWH
  &DOLEUDWLRQWDUJHWV1HLWKHUWKH6FKOXPEHUJHUUHSRUWQRUVHFWLRQ.LQWKH'(,6
GLVFXVVUHTXLUHPHQWVIRUWKHFDOLEUDWLRQWDUJHWVWRFRQGXFWDGHWDLOHGDVVHVVPHQWRIPLQH
LPSDFWVRQWKHK\GURORJLFV\VWHP,QRWKHUZRUGVWKH'(,6SUHVHQWVFDOLEUDWLRQVWDWLVWLFV
UDQJLQJ EHWZHHQ  DQG  SHUFHQW IRU WKH IRFXV DUHDV RI FDOLEUDWLRQ VXJJHVWLQJ WKDW
FDOLEUDWLRQFRXOGEHLPSURYHGLQWKH6).GLVFKDUJHDQGWULEXWDU\87DUHDV,WDOVR
VWDWHVTXDOLWDWLYHO\WKDW³Overall, the groundwater model was able to reproduce measured
hydraulic head calibration targets, and was in general agreement with recharge rates,
inter-catchment flows, and local groundwater discharge rates estimated by the WBM with
a reasonable degree of accuracy´EXWIDLOVWRGLVFXVVZKDWOHYHORIDFFXUDF\LVDFWXDOO\
UHTXLUHGIRUWKH(,6:KDWGR86$&(3/3FRQVXOWDQWFRQVLGHUDGHTXDWHIRUWKH(,6"
  6HHS GLVFKDUJH UDWHVGLVFKDUJH DUHDV GR QRW DSSHDU WR KDYH EHHQ FRQVLGHUHG LQ WKH
FDOLEUDWLRQ SDJH  6FKOXPEHUJHU  $SS-  ZKLFK FRXOG JUHDWO\ DLG FDOLEUDWLRQ
DQGUHGXFHPRGHOQRQXQLTXHQHVV DQGSUHGLFWLYHXQFHUWDLQW\ 
  ,Q JRLQJ IURP 6FKOXPEHUJHU D OD\HU PRGHO WR .3 Q OD\HU PRGHO QR
LQIRUPDWLRQLVSURYLGHGRQDOOFKDQJHVWRIRUPHUPRGHOXSGDWHGFDOLEUDWLRQDVVXPSWLRQV
HWFWKHUHE\OLPLWLQJWKHDELOLW\IRUUHYLHZ E\86$&( 
  2YHUO\ FRPSOLFDWHGXQMXVWLILHG SDUDPHWHUL]DWLRQ  3LWHDX 5),D DOO ILJXUHV ± ILJ
F  VKRZV UHJLRQDO PRGHO UHFKDUJH ]RQHV DFURVV UHJLRQDO PRGHO  7KLV
FRPSOH[LW\GLVWULEXWLRQ IDU H[FHHGV DYDLODEOH GDWD DQG VWURQJO\ LQGLFDWHV PRGHOHUV IDU
RYHUSDUDPHWHUL]HGWKLVLPSRUWDQWLQSXWFRQWUDU\WRWKHSDUVLPRQLRXVFDOLEUDWLRQDSSURDFK
SURPRWHGE\OHDGLQJSDUDPHWHUHVWLPDWLRQH[SHUWV 'RKHUW\ 
  %LDVHG&DOLEUDWLRQ3LWHDX$VVRFLDWHV)LJXUHG±VKRZVVLPXODWHGKHDGVDUH
ELDVHGKLJKDWXSSHUHOHYDWLRQVOLNHO\GXHWRVSHFLI\LQJORZHUK\GUDXOLFFRQGXFWLYLWLHVLQ
XSSHUOD\HUV7KLVZLOOUHGXFHGLVFKDUJHLQWRWKHSLWDVSRLQWHGRXWE\86$&(
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 &RQFHUQVZLWK0RGHO3UHGLFWLRQV

 3UHGLFWLYH8QFHUWDLQW\$QDO\VLV,QFRPSOHWH

  3DJH.VWDWHV³If bedrock hydraulic conductivity values are higher than those used in
the model scenarios, the general effect would be an increase in the amount of groundwater
produced by the dewatering system at the pit or pit lake, and a general widening of the cone
of depression. Completion of a model calibration report demonstrating adequate calibration of
the model and including a more robust sensitivity analysis would enhance the reliability of the
model findings. Additional calibration, validation, and sensitivity analyses are the subject of
ongoing evaluations by PLP (2019-RFI 109, 109b, 109c).´
7KH '(,6 GRHVQ¶W GLVWLQJXLVK EHWZHHQ D FDOLEUDWLRQ VHQVLWLYLW\ DQDO\VLV RU D SUHGLFWLRQ
VHQVLWLYLW\DQDO\VLVQHLWKHURIZKLFKLVSDUWLFXODUO\XVHIXOLQHQKDQFLQJWKHUHOLDELOLW\RIPRGHO
ILQGLQJV7KHUHOLDELOLW\RIWKHPRGHOILQGLQJVLVLPSOLFLWO\WLHGWRWKHDFFXUDF\RIWKHPRGHO
ZKLFKE\GHIDXOWLVXQFHUWDLQOLNHDOOPRGHOV0RGHODFFXUDF\FDQEHLPSURYHGE\FROOHFWLQJ
PRUHGDWDLQFUHDVLQJGLVFUHWL]DWLRQDQGEHWWHUUHSURGXFLQJREVHUYDWLRQVEXWLQUHDOLW\WKLVLV
LPSRVVLEOH WR DFKLHYH JLYHQ WKDW PRGHOV DUH VLPSOLILFDWLRQV RI IORZ V\VWHPV DQG GDWD ZLOO
DOZD\VEHOLPLWHG$VVXFKLWLVIDUPRUHLPSRUWDQWIRU3/3WRDFNQRZOHGJHXQFHUWDLQPRGHO
SUHGLFWLRQVDQGLQVWHDGFRQGXFWDGHWDLOHGDQGUREXVWSUHGLFWLYHXQFHUWDLQW\DQDO\VLVZKLFK
IRFXVHVQRWMXVWRQSUHGLFWHGJURXQGZDWHULQIORZWRWKHSLWODNHEXWDOVRRQSUHGLFWHGUHVSRQVH
DWDOORWKHUPLQHFRPSRQHQWVDWWKHVDPHWLPH$VHQVLWLYLW\DQDO\VLV $670' GRHVQ¶W
SURYLGHDUDQJHRISRVVLEOHSUHGLFWHGUHVSRQVHVJLYHQUDQJHVRIXQFHUWDLQPRGHOLQSXWVOLNH
DQXQFHUWDLQW\DQDO\VLVZKLFKFRQVWUDLQVUHDOL]DWLRQVWRPDLQWDLQFDOLEUDWLRQZLWKLQDFFHSWDEOH
WDUJHWV 'RKHUW\ 
  3DJH.LQWKH'(,6VWDWHV³Groundwater impacts were modeled in the pit area using
96 scenarios to estimate a range of uncertainties in the capture zone and groundwater
discharge reduction (Piteau Associates 2018a). These were developed using a Null Space
Monte Carlo technique (Doherty 2015), which is useful in quantifying the amount of uncertainty
in phenomena with a wide range of values for input parameters, such as hydraulic
conductivity, and has been used in similar mine pit dewatering applications worldwide (e.g.,
Gabora et al. 2014). Model parameters representing hydraulic conductivity, storage (specific
storage, specific yield), river conductance, and boundary conditions were varied over a range,
but constrained by selected calibration targets at piezometers in the upper South Fork Koktuli
(SFK) and Upper Talarik Creek (UTC) drainages. The parameter sets determined from the
Null Space Monte Carlo analysis (i.e., scenarios or realizations) were then used for steady
state simulations of capture zones.´7KLVDQDO\VLVLVHVVHQWLDOIRUDVVHVVLQJLPSDFWVRIWKH
PLQLQJRQV\VWHPK\GURORJ\EXWLVLQFRPSOHWHIRUVHYHUDOUHDVRQV



$670'  6WDQGDUG*XLGHIRU&RQGXFWLQJD6HQVLWLYLW\$QDO\VLVIRUD*URXQGZDWHU)ORZ
0RGHO$SSOLFDWLRQ$670,QWHUQDWLRQDO:HVW&RQVKRKRFNHQ3$ZZZDVWPRUJ
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D 7KHXQFHUWDLQW\DQDO\VLVGRHVQRWDSSHDUWRKDYHEHHQFRQVWUDLQHGE\VXUIDFHGLVFKDUJH

RQO\E\WKHKHDGVDWµVHOHFWHG¶FDOLEUDWLRQWDUJHWV)RUDVWURQJO\DQGG\QDPLFDOO\FRXSOHG
VXUIDFHZDWHUJURXQGZDWHUK\GURORJLFV\VWHPWKLVLVDVLJQLILFDQWRYHUVLJKW,WLVIXUWKHU
FRPSRXQGHG E\ WKH LQDSSURSULDWH VWUHDPDTXLIHU PHWKRGRORJ\ XVHG LQ WKH 02')/2:
PRGHO ZKLFK GRHVQ¶W G\QDPLFDOO\ VLPXODWH WKH FRXSOHG IORZV  7KH IRFXV RI SDUDPHWHU
DGMXVWPHQWV LQ WKH XQFHUWDLQW\ DQDO\VLV VKRXOG EH RQ SUHGLFWLQJ IORZV IURP WKH PRUH
SHUPHDEOHVKDOORZXQLWVZKLFKSURGXFHPRVWRIWKHZDWHULQWKHSLWDWFORVXUH2UGHURI
PDJQLWXGH GLIIHUHQFHV LQ WKH DOUHDG\ ORZ FRQGXFWLYLW\ ORZHU EHGURFN XQLWV ZRQ¶W PDNH
PXFKGLIIHUHQFHLQFDSWXUH]RQHVRUSLWODNHLQIORZV
E 7KRXJKDQXQFHUWDLQW\DQDO\VLVLVFHUWDLQO\ZDUUDQWHGIRUDOOPRGHOSUHGLFWHGRXWSXW QRW

MXVWJURXQGZDWHUPRGHOLQJ GHWDLOVVXFKDVVSHFLILFSDUDPHWHUVVHOHFWHGLQWKHDQDO\VLV
WKH EDVLV IRU VHOHFWLQJ WKHVH WKH DGMXVWHG UDQJH FRQVLGHUHG ILHOG GDWD"  RU ZKHWKHU
SDUDPHWHUFRPELQDWLRQVZHUHVSHFLILHGDVSURPRWHGLQ'RKHUW\DUHPLVVLQJ
F :K\ZDVQ¶WWKHUDQJHRISUHGLFWHGRXWSXWDSSOLHGWRDOOJURXQGZDWHUSUHGLFWLRQVVXFKDV

JURXQGZDWHUFRQGLWLRQVDVVRFLDWHGZLWKWKH%XON76):03DQG3\ULWLF7DLOLQJVDQG3$*
:DVWH5RFN)DFLOLW\"
G ,W¶V XQFOHDUZKHWKHU DQGKRZ VLPXODWHGRXWSXWIRU WKH  UHDOL]DWLRQV PD\ KDYHEHHQ

DSSOLHG WR WKH VXUIDFH ZDWHU VSUHDGVKHHW UXQV WR WUDQVODWH WKH XQFHUWDLQW\ UDQJH RI
JURXQGZDWHUSUHGLFWLRQVLQWRDUDQJHRIFKDQJHVLQVXUIDFHIORZVDQGVWDJH:K\ZDVQ¶W
DPRUHFRPSOHWHXQFHUWDLQW\HYDOXDWLRQGRQHRQWKHHQWLUHZDWHUEDODQFH
H 5HVXOWVRI0,.(6+(PRGHOLQJ VHH6HFWLRQ LQGLFDWHWKHPDMRULW\RIJURXQGZDWHULQIORZ

LQWR WKH SLW RFFXUV LQ WKH XSSHU PRUH SHUPHDEOH PRGHO OD\HUV LH RYHUEXUGHQ DQG
ZHDWKHUHGEHGURFN $VVXFKWKHIRFXVRIDQ\SUHGLFWLYHXQFHUWDLQW\DQDO\VLVVKRXOGEH
RQ FDSWXUH ]RQH DQG SLW LQIORZ IRU XSSHU OD\HUV DQG QRW RUGHUV RI PDJQLWXGH ORZHU
SHUPHDELOLW\OD\HUV LHGHHSHUXQZHDWKHUHGEHGURFN 
I 3HUKDSV PRVW LPSRUWDQWO\ LI WKLV '(,6 KDG EHHQ LQIRUPHG E\ D PRUH UREXVW

FRPSUHKHQVLYH ERWKJURXQGZDWHUDQGVXUIDFHZDWHU DQGH[SDQGHGWRLQFOXGHWKHHQWLUH
PLQHIRRWSULQJFRPSRQHQWV QRWMXVWWKHSLWFDSWXUH]RQHDQGGLVFKDUJHUHGXFWLRQ ZK\LV
WKHUHQRDWWHPSWWRDGGUHVVWKHUDQJHRILPSDFWV±LHPLWLJDWLRQVRSHUDWLRQDODQGGHVLJQ
FKDQJHVHWF
 3UHGLFWHG,PSDFW,VVXHV
  &DSWXUH=RQH3UHGLFWLRQV
D 7KH SUHGLFWHG 3RVW&ORVXUH µ]RQHV RI LQIOXHQFH¶ SORWV VKRZQ LQ WKH '(,6 )LJXUH
. GLIIHUVIURPWKHµ(VWLPDWHG3LW&DSWXUH=RQH¶VKRZQRQ)LJXUHRI3LWHDX
$VVRFLDWHV5),
E 3LWHDX)LJXUHH6LPXODWHGVKDOORZJURXQGZDWHUHOHYDWLRQDWHQGRIPLQLQJ PRGHO
OD\HU DQG)LJXUHH OD\HU VKRZVFDSWXUH]RQHVWKDWGR127FRUUHVSRQGZLWK
XQGHUO\LQJJURXQGZDWHUHOHYDWLRQFRQWRXUV,WLVXQFOHDUKRZ3LWHDXJHQHUDWHGWKHVH
EXWFDSWXUH]RQHVVKRXOGDFFRXQWIRUDOOJURXQGZDWHULQIORZWRWKHSLWHYHQIURPKLJKHU
HOHYDWLRQVDWJURXQGZDWHUGLYLGHVDSSDUHQWO\RPLWWHGLQWKLVGLDJUDP
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F 3LWHDX5),GRHVQ¶WLQGLFDWHWKHVSHFLILFOD\HUVIRUVLPXODWHGGUDZGRZQ25FDSWXUH
]RQHVZKLFKLVLPSRUWDQWEHFDXVHHDFKOD\HU¶VFDSWXUH]RQHZLOOYDU\GXHWRYDU\LQJ
K\GUDXOLFSURSHUWLHVDQGVWUHDPDTXLIHULQWHUDFWLRQ
  &OLPDWH&KDQJH(IIHFWVRIFOLPDWHYDULDELOLW\EDVHGRQWKHSDVW\HDUVDW/DNH,OOLDPQD
ZDVFRQVLGHUHGEXWWKHFRPELQHGHIIHFWVRIFOLPDWHFKDQJHSOXVWKLVKLVWRULFYDULDELOLW\VKRXOG
KDYHEHHQXVHGWRSUHGLFWIXWXUHFXPXODWLYHLPSDFWVRIDOOFKDQJHVGXHWRWKHSURSRVHGPLQH
  &KDQJH LQ 6WUHDPIORZ ,PSDFWV RQ *URXQGZDWHU )ORZ  (VWLPDWHG SRWHQWLDO GLUHFW DQG
LQGLUHFWHIIHFWVGRQRWDSSHDUWRFRQVLGHULPSDFWVRIUHGXFHGVXUIDFHIORZVRQGRZQVWUHDP
JURXQGZDWHUOHYHOV VHH'(,63DJH )RUH[DPSOHUHGXFWLRQVLQGRZQVWUHDPIORZ
ZLOOFKDQJHVWDJHZKLFKLQWXUQFDQDIIHFWJURXQGZDWHUIORZPDJQLWXGHDQGYHUWLFDOGLUHFWLRQ
RIIORZLQFULWLFDOZHWODQGKDELWDWDUHDV
  +\GUDXOLF,QIOXHQFHRI)DXOWVRQ3UHGLFWLRQV/DFNLQJ
D 7KH RYHUDOO JURXQGZDWHU PRGHO SDUDPHWHUL]DWLRQ DSSHDUV WR DFNQRZOHGJH WKH
H[LVWHQFHRIIDXOWVEXWPRGHOSUHGLFWLRQVIDLOWRDVVHVVWKHSRWHQWLDOLPSDFWVRIKLJKO\
SHUPHDEOH FRQGXLWV RQ GHZDWHULQJ DQG SRVWFORVXUH K\GURORJLF UHVSRQVH DQG KRZ
HIIHFWV RI WKHVH IHDWXUHV FRXOG EH PLWLJDWHG )RU H[DPSOH WKH SUHVHQFH RI D ODUJH
H[WHQVLYH DQG SHUPHDEOH IDXOW WKURXJK WKH PLQH SLW FRXOG GUDPDWLFDOO\ FKDQJH WKH
GHZDWHULQJUDWHVFDSWXUH]RQHDQGVXUURXQGLQJLPSDFWV
E )DXOW =RQHV 7DEOH . LQ '(,6  LQGLFDWHV IDXOWV IXQFWLRQ DV ERWK FRQGXLWV DQG
EDUULHUV WR JURXQGZDWHU IORZ LH FRPSDUWPHQWDOL]HG IORZ   7KLV DSSHDUV
FRQWUDGLFWRU\ DV IORZ DORQJ FRQGXLWV ZRXOG HQKDQFH IORZ WKURXJK IDXOWHG SRURXV
PDWUL[DQGLQWKHVHDUHDVZRXOGQRWEHFKDUDFWHUL]HGDVµFRPSDUWPHQWDOL]HG0RUH
LPSRUWDQWO\ 3/3 FRQVXOWDQWV IDLO WR GLVFXVV WKH PRUH LPSRUWDQW TXHVWLRQ RI KRZ WR
PLWLJDWHSRWHQWLDOSRVWFORVXUHFRQGLWLRQVVKRXOGVXEVWDQWLDOFRQGXLWIORZDORQJIDXOWV
RFFXU  $VVHVVPHQW RI IDXOW K\GUDXOLF FRQQHFWLYLW\ H[WHQW DQG IORZ FKDUDFWHULVWLFV
GRHVQ¶W DSSHDU WR KDYH EHHQ FRQVLGHUHG \HW FRXOG FDXVH VLJQLILFDQW HQJLQHHULQJ
FKDOOHQJHVDWFORVXUH
  ,PSDFW(YDOXDWLRQRI)XOO<HDU%XLOGRXW0LVVLQJ7KRXJK3/3SUHVHQWVDFRQILJXUDWLRQ
IRUIXOOPLQHEXLOGRXW LH\USLWGHVFULEHGRQSDJHDQGLQ5), QRHYDOXDWLRQ
RI LPSDFWV RI WKLV PRUH OLNHO\ IXWXUH FRQILJXUDWLRQ LV SUHVHQWHG  0,.(6+( VLPXODWLRQV
FRQGXFWHGLQWKLVVWXG\VKRZFRPSDUDWLYHO\VLJQLILFDQWLPSDFWVZLOORFFXU VHH6HFWLRQ DQG
VKRXOGKDYHEHHQWKRURXJKO\HYDOXDWHGDVSDUWRIWKH'(,6
  3UHGLFWHG,PSDFWVDWWKH76)6LPXODWHG76)XQGHUGUDLQIORZVDSSHDUXQGHUHVWLPDWHGDW
 FIV IRU 6RXWK 76) GUDLQ DQG  FIV IRU WKH 1RUWK 76) GUDLQ FRPSDUHG WR 0,.(6+(
HVWLPDWHGGLVFKDUJHRIDQGFIVUHVSHFWLYHO\IRUWKHVDPHGUDLQV5HYLHZRI.3Q
LQGLFDWHV$(&20UDLVHGWKHVDPHTXHVWLRQVZK\WKH5),VHHSDJHDQDO\VLVHVWLPDWHG
WRFIVIRUWKHVHGUDLQV FORVHWR0,.(6+(HVWLPDWH .QLJKW3LHVROGUHVSRQVHLVWKDWPRVW
RIWKHGLVFKDUJHRFFXUVRXWWKHIDFHRIWKHHPEDQNPHQW



3/35),6FHQDULRIRU([SDQGHG'HYHORSPHQWRI3HEEOH$(&205HTXHVWIRU,QIRUPDWLRQ
3HEEOH/LPLWHG3DUWQHUVKLS6HSWHPEHU3/35),'LDPRQG3RLQW3RUW:DWHU'HSWKDQG
3LSHOLQH$OLJQPHQW
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7KH 0,.(6+( PRGHO SUHGLFWV D GHFOLQH LQ JURXQGZDWHU OHYHOV EHQHDWK WKH 76)  3LWHDX
$VVRFLDWHV SUHGLFW PRXQGLQJ RI  IHHW EHQHDWK WKH 76) VHH ILJXUH EHORZ  DW WKH HQG RI
PLQLQJ$VLPLODUSORWZDVQRWIRXQGIRUSRVWFORVXUH 3KDVH,9 ,WLVXQFOHDUKRZJURXQGZDWHU
OHYHOVEHQHDWKWKH76)FRXOGPRXQG RULQFUHDVH ZLWKDVXEGUDLQEHQHDWKWKH76)QROLQHU
EHWZHHQ WKH IRUPHU JURXQG VXUIDFH DQG WDLOLQJV DQG WKH SUHVHQFH RI UHODWLYHO\ ORZ
SHUPHDELOLW\76)WDLOLQJV FRPSDUHGWRXQGHUO\LQJRYHUEXUGHQ DQGDORZSHUPHDELOLW\FRYHU
LQFOXGHGWRSURPRWHSRQGLQJVXUIDFHUXQRIIDQGURXWLQJ DVQRQFRQWDFWZDWHU WRWKH1).
GUDLQDJH±ZKLFKDOODFWWRUHGXFHKHDGVLQWKHDUHD3DUWRIWKHUHDVRQFRXOGEHWKDW3LWHDX
$VVRFLDWHVGLGQRWVLPXODWHDQHIILFLHQWGUDLQV\VWHPEHQHDWKWKH76)DQGLQVWHDGLQFUHDVHG
GLVFKDUJH WKURXJK WKHHPEDQNPHQW+RZHYHU WKHORZFRQGXFWLYLW\RI WKHWDLOLQJVDQG ORZ
SHUPHDELOLW\FRYHUZRXOGVWLOOUHGXFHKHDGVGXHWRGHFUHDVHGGLUHFWUHFKDUJHVXUIDFHSRQGLQJ
DQG URXWLQJ WR WKH 1). GUDLQDJH  6SHFLILF HQJLQHHULQJ GHWDLOV IRU DOO IHDWXUHV RI WKH 76)
VKRXOG EH FOHDUO\ VWDWHG DQG GHWDLOVDVVXPSWLRQV PDGH LQ WKH PRGHOLQJ GLVFXVVHG LQ WKH
'(,67KLVHYDOXDWLRQDSSHDUVLQFRPSOHWHDQGLQFRQIOLFWZLWKWKH0,.(6+(PRGHOLQJGRQH
KHUH
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$SSHQGL[±0RGHO8SGDWHV&DOLEUDWLRQ

 0,.(6+(0RGHO8SGDWHV
7KHLQLWLDOPRGHOVHWXSDVVXPSWLRQVDUHSUHVHQWHGLQ:REXVHWDO7KHIROORZLQJXSGDWHV
ZHUH PDGH WR WKLV SUHYLRXV PRGHO JLYHQ QHZ GDWD DQG WR LPSURYH FDOLEUDWLRQ DQG LPSDFW
SUHGLFWLRQVHVSHFLDOO\ZKHUHQRWSURYLGHGE\3/3FRQVXOWDQWV8SGDWHVLQFOXGHGWKHIROORZLQJ


&DOLEUDWHG0RGHO8SGDWHV

x 8SGDWHG 6XUIDFH 7RSRJUDSKLF 'DWDVHW   P 7RSR ,)6$5  UHSODFHG ROG 6570 P
UHVROXWLRQGDWDVHW

x 6XUIDFH:DWHU+\GUDXOLF1HWZRUN&RPSOHWHO\UHYLVHGWR
o5HIOHFWWKHQHZPRUHDFFXUDWH,)6$5P'(0
o([SOLFLWO\ VLPXODWH QDWXUDO K\GUDXOLF IHDWXUHV VXFK DV ODUJHU SRQGHG DUHDV LH
)U\LQJ3DQ 
o,PSURYHG GHILQLWLRQ RI IORRGSODLQ ZLGH PHDQGHULQJ DUHDV ZLWK PXOWLSOH VLGH
FKDQQHOV 
x ,QFUHDVHGWKHYHUWLFDOUHVROXWLRQRUOD\HULQJZLWKWKH0,.(6+(VDWXUDWHG]RQHPRGHOWR
EHWWHUVLPXODWHIORZVQHDUSURSRVHGSLWV,QFUHDVHGOD\HUVIURPWRWREHWWHUPLPLF
3/3 VUHYLVLRQWROD\HUPRGHO

o)LUVWOD\HUVDUH2YHUEXUGHQ



oUGOD\HULV:HDWKHUHG%HGURFN



o/D\HUVWKURXJKUHSUHVHQW8QZHDWKHUHG%HGURFN
x 6DWXUDWHG ]RQH K\GUDXOLF SDUDPHWHUV ZHUH XSGDWHG  5HYLVHG GLVWULEXWHG VSDWLDO DQG
YHUWLFDO K\GUDXOLF FRQGXFWLYLW\ DQG VWRUDJH SDUDPHWHUV LQ WKH VDWXUDWHG ]RQH WR EHWWHU
UHSUHVHQW ILHOG K\GUDXOLF SDUDPHWHU YDULDWLRQ WUHQGV ZLWK GHSWK LH VHH )LJXUH J
5),E 
x 5HYLVHG6RLOGLVWULEXWLRQIRUPHUPRGHOKDGSUREOHPZSRO\JRQFRQYHUVLRQWRVSHFLILHG
DUHDV 
x 5HYLVHG 9HJHWDWLRQ GLVWULEXWLRQ  IRUPHU PRGHO KDG SUREOHPV ZSRO\JRQ FRQYHUVLRQ WR
VSHFLILFLHGDUHDV

x 5HYLVHG&OLPDWHLQSXWV



o$GGHGODSVHUDWHIRUSUHFLSLWDWLRQWRUHSURGXFH.QLJKW3LHVROGDYHUDJHDQQXDO
VSDWLDOSUHFLSLWDWLRQV\QWKHWLF WRLQFKHV\HDU 




:REXV&53UXFKD'$OEHUW&:ROO0/RLQD]5-RQHVDQG&7UDYHUV+\GURORJLF
DOWHUDWLRQVIURPFOLPDWHFKDQJHLQIRUPDVVHVVPHQWRIHFRORJLFDOULVNWR3DFLILFVDOPRQLQ%ULVWRO
%D\$ODVND3/R621(GRLMRXUQDOSRQH
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o$GGHG ODSVH UDWH IRU DLU WHPSHUDWXUH WR UHSURGXFH .QLJKW3LHVROG  HOHYDWLRQ
FKDQJH7KLVGLUHFWO\HIIHFWVVQRZVWRUDJHPHOW
o$GGHGVSDWLDOGLVWULEXWLRQIRUGHJUHHGD\PHOWLQJFRHIILFLHQWWRDFFRXQWIRU]RQH
YDULDEOHDVSHFW
o$GGHGVSDWLDOGLVWULEXWLRQIRU3(7WRDFFRXQWIRU]RQHYDULDEOHDVSHFW UHGXFHGRQ
QRUWKHUQVORSHVLQFUHDVHGRQVRXWKHUQ 
x 5HYLVHG RYHUODQG VXUIDFH UHVLVWDQFH WR DFFRXQW IRU OHVV UHVLVWDQFH LQ EDUUHQ  VXUIDFH
DUHDVH[SRVHGURFNFRQVLVWHQWZ1/&'ODQGILUHGDWDVHW

x (QWLUHO\ UHSODFHG VXUIDFH K\GUDXOLF QHWZRUN WR PDWFK QHZ WRSRJUDSKLF GDWDVHW  PXFK
PRUHUHVROYHGFRQVLVWHQW

x ,QFOXGHGIORRGHG]RQHV FRGHV WREHWWHUVLPXODWHVXUIDFHLQXQGDWLRQDQG6:*:IORZV
ZLWKLQZLGHUIORRGSODLQZHWODQGDQGODUJHU3RQGDUHDVZLWKLQPRGHO

x 6SHFLILHGDOOVWUHDPVDVIXOO\K\GURG\QDPLFLQVWHDGRIPRVWEHLQJNLQHPDWLFURXWLQJ 

 &DOLEUDWHG5HVSRQVH

&DOLEUDWLRQUHVXOWVVKRZLPSURYHPHQWDQGDUHXVHGWRFRPSDUHDJDLQVWWKRVHSUHVHQWHGE\3/3
FRQVXOWDQWV  'HPRQVWUDWLQJ DGHTXDWH XQGHUVWDQGLQJ RI WKH IXOO\ FRXSOHG K\GURORJLFK\GUDXOLF
V\VWHP LV HVVHQWLDO IRU SUHGLFWLQJ SK\VLFDOO\UHDOLVWLFGHIHQVLEOH IXWXUH LPSDFWV RI WKH SURSRVHG
PLQHGHVLJQRSHUDWLRQRQVXUURXQGLQJK\GURORJLFV\VWHP


*URXQGZDWHU&DOLEUDWLRQ5HVXOWV
*URXQGZDWHUFDOLEUDWLRQUHVXOWV VHH7DEOH DUHFRPSDUDEOHWRWKRVHSUHVHQWHGIRU*:E\3/3
*:PRGHOLQJH[FHSWWKDWWKHLQWHJUDWHGPRGHOLVGULYHQE\H[WHUQDVXEGDLO\GLVWULEXWHGFOLPDWH
DQG VLPXODWHV IXOO\ FRXSOHG IORZ EHWZHHQ JURXQGZDWHU DQG VXUIDFH ZDWHU IXOO\ K\GURG\QDPLF
VXUIDFH IORZV DQG SRQGLQJ G\QDPLFGLVWULEXWHG VQRZPHOW DQG ULJRURXV SK\VLFDOO\EDVHG
HYDSRUDWLRQ LQFOXGLQJ IURP FDQRS\ VRLO VXUIDFH VQRZ VXEOLPDWLRQ SRQGHG ZDWHU DQG SODQW
WUDQVSLUDWLRQEDVHGRQWLPHYDU\LQJ/HDI$UHD,QGH[DQGURRWGHSWKVZKLFKSHUPLWVFDOFXODWLRQ
RI$(7IURPQRWRQO\WKHVDWXUDWHG]RQHEXW LPSRUWDQWO\IURPWKHXQVDWXUDWHG]RQH SURYLGLQJ
PXFKJUHDWHUFRQVWUDLQWRQRYHUDOOLQWHJUDWHGFDOLEUDWLRQ


7DEOH6XPPDU\RI*URXQGZDWHU&DOLEUDWLRQE\0RGHO/D\HU
0RGHO/D\HU
/D\HU
/D\HU
/D\HU
/D\HU
/D\HU
OD\HU
OD\HU

$TXLIHU=RQH
0HDQ(UURU P  5HODWLYHWR+HDG5DQJH
VKDOORZRYHUEXUGHQ


GHHSHURYHUEXUGHQ25EHGURFN


ZHDWKHUHGEHGURFN


OHVVZHDWKHUHGEHGURFN


XQZHDWKHUHGEHGURFN



ORZNEHGURFN

ORZNEHGURFN
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)LJXUH6LPXODWHG0LQXV2EVHUYHG+HDG5HVLGXDOV PHWHUV
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)LJXUH6LPXODWHG'DLO\*URXQGZDWHU/HYHOV OLQH &RPSDUHGWR2EVHUYHG+HDGV GRWV 
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6XUIDFH:DWHU&DOLEUDWLRQ5HVXOWV
&DOLEUDWLRQ UHVXOWV IRU VXUIDFH ZDWHU GLVFKDUJH DW VLWH JDJHV LV VXPPDUL]HG LQ 7DEOH  EHORZ
&RUUHODWLRQ FRHIILFLHQW YDOXHV UDQJH JHQHUDOO\ UDQJH IURP  WR QHDUO\  SHUFHQW LQGLFDWLQJ
UHDVRQDEO\ JRRG DELOLW\ RI IXOO\ K\GURG\QDPLF PRGHO WR UHSURGXFH REVHUYHG WLPHYDU\LQJ
FKDUDFWHULVWLFV RI PXOWLSOH HYHQWV IRU PXOWLSOH \HDUV  7KH DELOLW\ WR UHSURGXFH WKH G\QDPLF
UHVSRQVH REVHUYHG DW VPDOO XSSHU FDWFKPHQWV DV ZHOO DV ORZHU ODUJH FDWFKPHQW DUHDV IRU
PXOWLSOHHYHQWVRYHUPXOWLSOH\HDUVLQFOXGLQJVSULQJIUHVKHWDQGODWHVXPPHUUXQRIIDVZHOODV
ZLQWHU ORZIORZ EDVHIORZGRPLQDWHG UHVSRQVH VXJJHVWV WKH PRGHO LV ZHOOVXLWHG IRU SUHGLFWLQJ
PLQHLPSDFWVRYHUWKHUDQJHRIK\GURORJLFFRQGLWLRQVZLWKLQWKHPRGHODUHD
7DEOH6XPPDU\RI6WUHDP&DOLEUDWLRQ5HVXOWV

D
D
ZD^
^dƌĞƐ
Z;ŽƌƌĞůĂƚŝŽŶͿ
^<ϭϬϬͲǆŝƚ
^<ϭϬϬϭ
^<ϭϬϬ
^<ϭϬϬ&
^<ϭϬϬ'
^<ϭϭϵ
^<ϭϮϰ
h^'^ϭϱϯϬϬϮϱϬhWWZd>Z/<

Ϯ͘ϭϰ
ͲϬ͘ϭϰ
ͲϬ͘ϳϬ
ͲϬ͘ϬϮ
Ϭ͘ϬϬ
Ϭ͘Ϭϯ
ͲϬ͘ϭϯ
ϭ͘Ϭϳ

Ϯ͘ϵϬ
ϭ͘ϭϭ
Ϭ͘ϵϵ
Ϭ͘ϯϲ
Ϭ͘ϭϳ
Ϭ͘ϰϰ
Ϭ͘ϯϰ
Ϯ͘Ϯϲ

ϰ͘ϲϴ
ϭ͘ϵϳ
ϭ͘ϯϭ
Ϭ͘ϱϯ
Ϭ͘ϯϮ
Ϭ͘ϵϵ
Ϭ͘ϲϬ
ϯ͘ϵϬ

ϰ͘ϭϳ
ϭ͘ϵϲ
ϭ͘ϭϭ
Ϭ͘ϱϯ
Ϭ͘ϯϮ
Ϭ͘ϵϵ
Ϭ͘ϱϴ
ϯ͘ϳϱ

Ϭ͘ϴϮ
Ϭ͘ϴϵ
Ϭ͘ϴϲ
Ϭ͘ϴϬ
Ϭ͘ϲϵ
Ϭ͘ϳϯ
Ϭ͘ϳϲ
Ϭ͘ϳϯ

h^'^ϭϱϯϬϮϮϬϬ^&<
hdϭϬϬ
hdϭϬϬ
hdϭϭϵ
E<ϭϬϬ
E<ϭϭϵ
h^'^ϭϱϯϬϮϮϱϬE&<

ϭ͘ϭϲ
Ϭ͘ϬϮ
Ϭ͘Ϭϰ
Ϭ͘Ϭϯ
ͲϬ͘ϮϮ
ͲϬ͘ϭϯ
Ϭ͘ϲϳ

ϭ͘ϳϳ
Ϭ͘ϯϭ
Ϭ͘ϭϬ
Ϭ͘Ϭϳ
Ϭ͘ϲϮ
Ϭ͘ϯϯ
Ϯ͘ϭϯ

ϯ͘Ϯϴ
Ϭ͘ϳϯ
Ϭ͘ϭϲ
Ϭ͘ϭϭ
ϭ͘ϬϮ
Ϭ͘ϳϲ
ϰ͘Ϭϴ

ϯ͘Ϭϳ
Ϭ͘ϳϯ
Ϭ͘ϭϱ
Ϭ͘ϭϬ
Ϭ͘ϵϵ
Ϭ͘ϳϰ
ϰ͘Ϭϯ

Ϭ͘ϴϰ
Ϭ͘ϱϵ
Ϭ͘ϳϵ
Ϭ͘ϯϲ
Ϭ͘ϳϴ
Ϭ͘ϳϰ
Ϭ͘ϴϲ



7KHIROORZLQJSORWVVKRZVLPXODWHGKRXUO\GLVFKDUJHFRPSDUHGDJDLQVWREVHUYHGGLVFKDUJH GDLO\
PHDVXUHPHQWV ,QVRPHLQVWDQFHVIRUH[DPSOHGXULQJIDOORIDQGSHDNIORZVDUHQ¶W
UHSURGXFHGDVZHOODVGXULQJRWKHU\HDUV LH OLNHO\GXHWRWUDQVODWLRQRILQDFFXUDFLHVLQ
HVWLPDWHGFOLPDWHGDWD/RZZLQWHUEDVHIORZVLQVRPHJDJHVOLNH6).&FRXOGEHLPSURYHG
E\IXUWKHUORVVRIIORZVWRJURXQGZDWHUZKLFKDSSHDUVWRGUDLQVRXWKVRXWKHDVWLQWRWKH8SSHU
7DODULN GUDLQDJH MXVW XSVWUHDP RI WKLV DUHD  7KH OLPLWHG UHYLHZ SHULRG IRU WKH '(,6 SUHFOXGHV
IXUWKHULPSURYLQJWKHFDOLEUDWLRQRIVWUHDPIORZ
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6LPXODWHGDYHUDJHVWUHDPGLVFKDUJH PV FRPSDUHGDJDLQVWPHDQHUURU VHH)LJXUH VKRZV
WKDWDYHUDJHIORZVDUHFDSWXUHGUHDVRQDEO\ZHOOPRUHVRDWXSSHUVPDOOHUFDWFKPHQWV0XFKRI
WKHGHYLDWLRQFDQEHH[SODLQHGE\HUURUVWUDQVODWHGE\XQFHUWDLQFOLPDWHGDWDZKLFKKDGWREH
GLVWULEXWHGEDVHGRQDSSUR[LPDWHODSVHUDWHV



)LJXUH6LPXODWHGDYHUDJHVWUHDPGLVFKDUJH PV DQG0HDQ(UURU
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 $LU7HPSHUDWXUH
7KH0,.(6+(PRGHOUHSURGXFHGVLWHREVHUYHGDLUWHPSHUDWXUHVXVLQJDODSVHUDWHVLPLODUWR
WKDWGHVFULEHGLQ.QLJKW3LHVROG






 3UHFLSLWDWLRQ
)LJXUHLQWKH.QLJKW3LHVROGUHSRUWVKRZVWKHHVWLPDWHGDQQXDOGLVWULEXWHGSUHFLSLWDWLRQ
LQ\U EDVHGRQV\QWKHWLF VFDOHG GDWDIURPWKH,OOLDPQDSUHFLSLWDWLRQVWDWLRQJLYHQWRSRJUDSKLF
HOHYDWLRQFKDQJHV7KHVSDWLDOO\GLVWULEXWHGPHDQDQQXDOSUHFLSLWDWLRQJHQHUDWHGE\0,.(6+(
EDVHG RQ KRXUO\ 1$55 SUHFLSLWDWLRQ GDWD VHULHV GLVWULEXWHG ZLWK D ODSVH UDWH P 
FRPSDUHVZHOOZLWKWKH.QLJKW3LHVROGGDWDVHW VHH)LJXUH 






.QLJKW3LpVROGJ3HEEOH3URMHFW+\GURPHWHRURORJ\5HSRUW9$
6HSWHPEHU
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)LJXUH6SDWLDOO\'LVWULEXWHG$YHUDJH$QQXDO3UHFLSLWDWLRQ WR IURPKRXUO\1$55GDWDXVHGLQWKH0,.(6+(0RGHO
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 6QRZ:DWHU(TXLYDOHQW
6LPXODWHGVQRZGHSWKIURPWRLVVKRZQRQWKHSORWVEHORZDVVQRZZDWHUHTXLYDOHQW
6:(  ZDWHU  6LPXODWHG 6:( DSSHDUV WR H[FHHG VLQJOH PD[LPXP REVHUYHG 6:( YDOXHV DW
6WDWLRQ  DQG  ZKLFK FRXOG EH GXH WR ZLQG UHGLVWULEXWLRQ RU HYHQ RYHUHVWLPDWLRQ RI DQQXDO
SUHFLSLWDWLRQ,IWKHIRUPHULWVRPHDUHDVOLNHO\H[SHULHQFHOHVVVQRZZKLOHRWKHUVPRUHEXWDW
DODUJHUVFDOHSUREDEO\HYHQRXW$IXOOVHDVRQZKHUHPXOWLSOHVQRZFRXUVHPHDVXUHPHQWVDUH
PDGHZRXOGLPSURYHFDOLEUDWLRQDQGXQGHUVWDQGLQJRIWKLVLPSRUWDQWZDWHUEDODQFHFRPSRQHQW
FULWLFDOWRVLPXODWLQJFDOLEUDWLQJVSULQJIUHVKHWUHVSRQVH2EWDLQLQJPRUHDGHTXDWH6:(GDWDLQ
WLPHDWGLIIHUHQWORFDWLRQVFDQEHXVHGWRSDUDPHWHUL]HDOOVQRZPHOWPRGXOHSDUDPHWHUVLQFOXGLQJ
UDLQRQVQRZPHOWDQGGHJUHHGD\FRHIILFLHQWVW\SLFDOO\UHSURGXFLQJ6:(TXLWHZHOO$GHTXDWH
SDUDPHWHUL]DWLRQLVHVVHQWLDOIRUIXWXUHSUHGLFWLRQVSDUWLFXODUO\WKRVHUHODWHGWRORQJWHUPFOLPDWH
FKDQJH











 2WKHU,QWHJUDWHG+\GURORJLF5HVSRQVHV
$FWXDO(YDSRWUDQVSLUDWLRQ $(7 
6LPXODWHG DYHUDJH DQQXDO HYDSRWUDQVSLUDWLRQ LQ\U  LV VKRZQ RQ )LJXUH   $YHUDJH DQQXDO
YDOXHVDUHDERXWLQ\U+LJKHVWUDWHVRFFXULQORZHUHOHYDWLRQVWUHDPDUHDVORZHVWLQKLJKHU
HOHYDWLRQVZLWKOLPLWHGYHJHWDWLRQ

5HFKDUJH

6LPXODWHGGDLO\UHFKDUJH PPG VKRZQRQ)LJXUHLOOXVWUDWHVKRZYDULDEOHLWLVLQWLPHYDU\LQJ
RUGHUVRIPDJQLWXGHLQGLUHFWUHVSRQVHWRVSULQJIUHVKHWDQGLQGLYLGXDOVWRUPHYHQWV
6LPXODWHG DYHUDJH DQQXDO UHFKDUJH LQ\U  LV VKRZ RQ )LJXUH   $YHUDJH DQQXDO YDOXHV DUH
DERXWLQ\UZLWKKLJKHVWYDOXHVRFFXUULQJLQXSSHUHOHYDWLRQDUHDV aLQ\U DQGLQVRPH
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IRFXVHGVWUHDPUHFKDUJHDUHDV,QPDQ\VWUHDPDUHDVZKHUHDQQXDO$(7H[FHHGVUHFKDUJH
QHWUHFKDUJHLVVKRZQDVQHJDWLYH DUHDVZKHUHJURXQGZDWHULVORVWWRDWPRVSKHUH


)LJXUH'\QDPLF5HFKDUJH PPG DW<U3LW EOXH DQGKLJKHUHOHYDWLRQULGJH EODFN 

*URXQGZDWHU%DVHIORZWR5LYHU
)LJXUHVKRZVVLPXODWHGPHDQDQQXDOULYHUEDVHIORZWRULYHU P\U 1HJDWLYHDUHDVGHQRWH
DUHDVZKHUHULYHUVHJPHQWVDUHORVLQJZDWHUWRWKHDTXLIHUZKLOHSRVLWLYHDUHDVFRQFHQWUDWHGLQ
KLJKHUKHDGZDWHUVWUHDPDUHDVLQGLFDWHDUHDVRIKLJKHUJURXQGZDWHUGLVFKDUJHWRVWUHDPV
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)LJXUH6LPXODWHG0HDQ$QQXDO$FWXDO(YDSRWUDQVSLUDWLRQ $(7  ,Q<U 1HJDWLYHLQGLFDWHDUHDVZKHUH5HFKDUJHH[FHHGV$(7
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)LJXUH6LPXODWHG0HDQ$QQXDO5LYHU%DVHIORZWR5LYHU P\HDU 1HJDWLYHDUHDV EOXH LQGLFDWHORVLQJULYHUSRVLWLYHLVJDLQLQJULYHU
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$SSHQGL[±&OLPDWH&KDQJH6FHQDULR6HWXS$VVXPSWLRQV
7KH<HDU65$%&2(PLVVLRQ6FHQDULR ,3&&±VHHZZZLSFFFK FOLPDWHFKDQJHLQSXWV
ZHUHXVHGWRPRGLI\FOLPDWHLQSXWVIRUWKH<U3LW0DQDJHG6FHQDULRXVLQJ'+,¶V0LNH=HUR
&OLPDWH&KDQJH7RRO7KH65$%HPLVVLRQVVFHQDULRDVVXPHVDIXWXUHZRUOGRIYHU\UDSLG
HFRQRPLFJURZWKOREDOSRSXODWLRQWKDWSHDNVLQPLGFHQWXU\DQGGHFOLQHVWKHUHDIWHUDQGUDSLG
LQWURGXFWLRQ RI QHZ DQG PRUH HIILFLHQW WHFKQRORJLHV ZLWK WKH GHYHORSPHQW EDODQFHG DFURVV
HQHUJ\VRXUFHV

$OODYDLODEOHJOREDOFLUFXODWLRQPRGHOVZHUHVHOHFWHGIRUXVHH[FHSWWKH+$'&0 VLPLODUWRWKRVH
VHOHFWHGIRUWKHFOLPDWHFKDQJHDQDO\VLVFRQGXFWHGE\:REXVHWDO 7KHVHLQFOXGHWKH
IROORZLQJ

'ůŽďĂůŝƌĐƵůĂƚŝŽŶ
ƵƐĞĚͬŶŽƚ
DŽĚĞů
ƵƐĞĚ
DϮ
ƵƐĞĚ
',Z
ƵƐĞĚ
'DZ
ƵƐĞĚ
EDϯ
ƵƐĞĚ
^D<ϯ
ƵƐĞĚ
,K'
ƵƐĞĚ
&'K>^
ƵƐĞĚ
'&DϮϬ
ƵƐĞĚ
'&DϮϭ
ƵƐĞĚ
'/KD
ƵƐĞĚ
'/,
ƵƐĞĚ
'/Z
ƵƐĞĚ
,Dϯ
ŶŽƚͲƵƐĞĚ
,'D
ƵƐĞĚ
/EDϯ
ƵƐĞĚ
/WDϰ
ƵƐĞĚ
D/,Z
ƵƐĞĚ
D/DZ
ƵƐĞĚ
DW,ϱ
ƵƐĞĚ
DZ'D
ƵƐĞĚ
E^D
ƵƐĞĚ
EWD
ƵƐĞĚ

3UHFLSLWDWLRQ DQG 3RWHQWLDO (YDSRWUDQVSLUDWLRQ PXOWLSOLHU IDFWRUV DQG $LU 7HPSHUDWXUH &HOVLXV 
DGMXVWPHQWVDUHXVHGWRPRGLI\WKHVSDWLDOO\GLVWULEXWHGKRXUO\ 1$55EDVHG EDVHOLQHFOLPDWH
LQSXWV )LJXUHVKRZVWKHVHIDFWRUVE\PRQWK6LJQLILFDQWDGMXVWPHQWVDUHPDGHWRWKHDLU



KWWSPDQXDOVPLNHSRZHUHGE\GKLKHOS*HQHUDO&OLPDWH&KDQJHB6FLHQWLILF'RFSGI
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WHPSHUDWXUHUDQJLQJIURPLQFUHDVHVRIDERXW&LQVXPPHUPRQWKVWRRYHU&LQZLQWHUPRQWKV
3UHFLSLWDWLRQUDWHVDUHLQFUHDVHGLQDOOPRQWKVUDQJLQJIURPDERXWLQ-XQHWRQHDUO\LQ
-DQXDU\  3(7 LV LQFUHDVHG IURP $SULO WKURXJK 1RYHPEHU EXW GHFUHDVHG RYHU ZLQWHU PRQWKV
UHODWLYHWREDVHOLQHFRQGLWLRQV3(7FKDQJHVDUHFDOFXODWHGXVLQJDVLPSOHWHPSHUDWXUHEDVHG
PHWKRGE\.D\DQG'DYLHV




)LJXUH   7KH 0,.(6+( VRIWZDUH GHWHUPLQHV PRQWKO\ SUHFLSLWDWLRQ DQG SRWHQWLDO
HYDSRWUDQVSLUDWLRQ 3(7  PXOWLSOLHUV DQG $LU 7HPSHUDWXUH FHOFLXV  DGMXVWPHQWV DW D PRQWKO\
LQWHUYDOIRUWKHVSHFLILF3HEEOHODWLWXGHDQGORQJLWXGH







.D\$/'DYLHV+1&DOFXODWLQJSRWHQWLDOHYDSRUDWLRQIURPFOLPDWHPRGHOGDWD$VRXUFHRI
XQFHUWDLQW\IRUK\GURORJLFDOFOLPDWHFKDQJHLPSDFWV-RXUQDORI+\GURORJ\
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MEMORANDUM
To:
From:
Subject:
Date:

Brian Litmans, Trustees for Alaska
Cameron Wobus, PhD., Lynker
Comments on Pebble Project Draft EIS
May 30, 2019

Lynker was retained by Trustees for Alaska to provide technical comments regarding the
hydrologic impacts described in the Pebble Project Draft Environmental Impact Statement. Our
key conclusions are as follows:
x

Because the preferred alternative described in the DEIS is not commercially viable
(Borden, 2019), the DEIS does not evaluate the environmental impacts of the mine that
will ultimately be built. Thus the direct and indirect impacts analyses are inaccurate, and
the cumulative impacts analysis is insufficient.

x

Based on the hydrologic data reported in the DEIS, the site water balance has
substantial, unexplained flaws, as illustrated by the fact that water inputs and outputs are
not balanced at any spatial scale. Thus the entire hydrologic impact evaluation described
in the DEIS is also flawed, and must be corrected.

x

The DEIS explicitly states that climate change is not occurring in Alaska, which
contradicts every credible scientific study previously published on the topic. This
assumption creates flaws in the analysis of average and extreme hydrologic events that
will dictate the design and operational requirements of developing a mine in a rapidly
changing environment.

x

By ignoring or mis-characterizing credible science regarding tailings dam failure risks, the
spill risk analysis in the DEIS does not meet the basic NEPA requirement of analyzing
³UHDVRQDEO\IRUHVHHDEOH´LPSDFWVRIDWDLOLQJVGDPIDLOXUHIn addition, internal
communications between AECOM and Knight Piesold document a risk analysis process
that was driven by an unrealistic and unnecessary requirement for rapid results, rather
than an accurate scientific assessment of environmental risks and consequences.

Based on these four points alone, the DEIS as currently written is not a credible, scientificallybased analysis of the direct, indirect, or cumulative hydrologic impacts of the Pebble Mine on the
Bristol Bay watershed. The remainder of this memorandum provides the details that support
these key conclusions.

1. The DEIS Analysis of Direct, Indirect and Cumulative Impacts is Flawed
Because PLP has applied for an Impracticable Project
The analysis of direct, indirect and cumulative impacts as currently presented in the Pebble Mine
DEIS is undermined by the fact that the proposed project is not economically viable. Specifically,
since there are multiple lines of evidence that demonstrate that the mine as proposed is not a
viable mine proposal, the assumptions regarding waste management, water management, and
the scale of environmental impacts are fundamentally flawed.

Lynker Technologies
3002 Bluff Street, Suite 101
Boulder, Colorado 80301
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1.1 Evidence that the mine will be different from the DEIS alternatives
The scale of investment required to develop the Pebble deposit will require a major investor to
partner with PLP and lead the operations. Given this need for external investment dollars, PLP
will need to provide detailed information on the economic feasibility of the mine proposal.
However, PLP has refused to provide these details at every opportunity to do so. The mine plan
described in the DEIS seeks to develop an open pit mine that would extract only ~10% of the total
resource and bury the deeper, richer Pebble deposit with waste rock, tailings and a pit lake,
rendering ~90% of the resource and potential profit inaccessible3/3¶VUHIXVDOWRGLYXOJHWKH
financial viability of their current mine proposal, along with the fact that the vast majority of the
resource would become inaccessible as a result of this proposal, each call into question whether
the mine as currently proposed is actually a viable long-term vision for the development of the
Pebble Mine.
Although PLP has not divulged the financials for the mine, an independent analysis of the mine
plan by Richard Borden, P.E., indicates that the 23-year mine proposal is almost certainly not
economically viable. Mr. Borden¶V analysis used publicly available information from a previous
economic feasibility study, as well as details from the permit application, and found that the
FXUUHQWPLQHSURSRVDO³LVOLNHO\WRKDYHDVWURQJO\QHJDWLYHQHWSUHVHQWYDOXH 139 ´ %RUGHQ
2019). This means that the mine plan currently described in the DEIS cannot be an alternative
FDUULHGIRUZDUGIRUDIXOO1(3$DQDO\VLVDQGFHUWDLQO\FDQQRWPHHW3/3¶VVWDWHGSXUSRVH³WR
SURGXFH«FRSSHUJROGDQGPRO\EGHQXPIURPWKH3HEEOHGHSRVLWLQDPDQQHUWKDWLV
FRPPHUFLDOO\YLDEOH´ '(,6S-3, Purpose and Need).
In addition to this independent analysis, PLP itself has repeatedly described to investors a
fundamentally different mine than what they have submitted for permitting. For example, at the
Vancouver Resource Investment Conference in January of 2019, Doug AlOHQ3HEEOH¶V93RI
corporate communications, made a number of statements that make it clear that the current
SURSRVDOLVQRWZKDW3/3LQWHQGVWREXLOG)LUVW0U$OOHQELOOHGKLVWDONDVD³Crash course in the
LQYHVWPHQWFDVHIRURQHRIWKHZRUOG¶VODUJHVWXQGHYHORSHGFRSSHUUHVRXUFHVDQGWKHZRUOG¶V
largest undeveloped gold resource´+HIXUWKHUVWDWHGWKDW³$OWKRXJKZH¶UHRQO\WU\LQJWRSHUPLWD
20-year mine, this would be a 200-year mine at this scale´DQGFLWHGWKHNQRZQUHVHUYHVDQG
resources, rather than the amount currently being considered for extraction under the permit
application, in his investment case for the mine. Finally, Mr. Allen made it clear that PLP has
carefully crafted its permit application to maximize their chances of getting a permit, and will then
shift to maximizing its profit:
because [cyanide] has such a bad word in the environmental community, in an effort to show
responsiveness and to enhance the probability of us getting a permit, we have taken the
secondary gold recovery cHUWRXWRIWKLV«$ERXWRIRXUJROGZRXOGEHDIIHFWHGE\WKDW
DQGZHKRSHDWDODWHUGDWHWRJHWSHUPLVVLRQWR«WRSRWHQWLDOO\DGGDVHFRQGDU\FLUFXLW
(Allen, 2019)
Because the mine is apparently not financially viable as currently proposed, and because PLP
clearly intends to use its permit as phase one for a much larger project, the DEIS is not evaluating
D³SUDFWLFDEOHDOWHUQDWLYH´$VGHVFULEHGEHORZWKLVFDOOVLQWRTXHVWLRQPDQ\RIthe conclusions in
the DEIS regarding environmental impacts.
1.2 Because a ³SUDFWLFDEOH´mine plan would differ from the proposed alternative,

the DEIS substantially underestimates potential environmental impacts
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If PLP¶VRQO\URDGWREHFRPLQJSURILWDEOHLVWREXLOGDPXFKODUJHUPLQHWKDQZKDWLVFXUUHQWO\
described in their permit application and the DEIS, then the DEIS does not reflect the reasonably
anticipated environmental impacts of this project. This raises the following issues relevant to the
potential hydrologic impacts described in the remainder of this report.
x

As noted by Mr. Borden and acknowledged by PLP, the richest part of the Pebble deposit
is at depth. In order to mine this deeper, more profitable ore and become financially
viable, PLP will need to gain access by first mining the shallower open pit that is currently
proposed in the DEIS, and then developing either a larger open pit or an underground
mine starting from the bottom of that pit. If mining this deeper ore is required to make the
project profitable, then PLP cannot place the pyritic tailings and waste rock back into the
pit after 23 years, as described in the DEIS. Thus, one of the key assumptions in the
DEIS affecting environmental risk ± that ³Pyritic tailings and PAG waste rock would be
placed into the open pit for long-WHUPVWRUDJHEHORZWKHSLWODNHZDWHUOHYHO´ '(,6S39) ± is invalid. The PAG tailings must instead be kept in ever-growing surface
impoundments while PLP mines the deeper ore, and will remain an environmental liability
much longer than assumed or assessed in the DEIS.

x

As summarized below, one of the major risks of any massive sulfide mine is the risk of a
tailings dam failure. The DEIS cites the empirical probability of a tailings dam failure as
approximately 1 failure per 2000 years of dam life1. Although the permit application
includes just two tailings facilities, a full mine buildout would include four facilities
(AECOM, 2018a RFI 062). Doubling the number of impoundments would also double the
probability of a tailings dam failure. Furthermore, if PAG waste remains in the pyritic TSF
rather than being placed back into the pit (as described above), the amount of time over
which a failure might occur would also increase relative to what is currently described in
the DEIS, further increasing the potential environmental impacts of the mine.

x

,QFRQWUDVWWR0U$OOHQ¶VFRPPHQWVUHJDUGLQJWKHIXWXUHXVHRIF\DQLGHWhe DEIS does
not mention the potential that PLP might use cyanide for secondary recovery. If PLP in
fact intends to do this, as noted by Mr. Allen, then there will need to be additional facilities
to undertake this secondary recovery, and/or additional shipments of materials to
accomplish secondary recovery elsewhere. Either of these would have associated
environmental risks and impacts that are not currently evaluated in the DEIS. If the
Pebble Mine will not be economically viable without cyanide-based secondary recovery,
as appears to be the case, then this process must be evaluated at the outset as part of
the DEIS process. PLP cannot be allowed to place environmental regulators in a future
position where they are faced with the choice between authorizing cyanide-based
secondary recovery or allowing the mine to fail before it has completed all environmental
clean up and remediation.

x

Mining the full deposit would require substantially more pumping and water management
in order to keep the pit and/or underground workings dry ± and will require perpetual
treatment averaging ~100 cubic feet per second (~50,000 gallons per minute, or
approximately 28 billion gallons per year) to prevent the pit from overflowing after mine
operations have ceased (Prucha, 2019; see Figure 1). The post-closure water treatment
from the smaller mine describe in the EIS (50 cfs, or approximately 11.8 billion gallons
per year; Knight Piesold, 2018a) is already more than three times larger than the largest
water treatment facility in the United States (Climax Molybdenum, 2.86 billion gallons/yr;

1 The DEIS cites multiple studies that indicate failure probabilities averaging approximately one failure
per 2000 years of dam life. It also cites EPA to include a much lower failure probability of 1:250,000;
however, this is a mis-citation of EPA (2014), which actually states: "The actual observed frequency of
tailings dam failures is near the upper end of that range [1:2500 to 1:250,000], which suggests that the
range is reasonable at that bound. However, the lower bound (1 in 250,000 per year) is purely
aspirational, in that it has no empirical basis." (EPA 2014, p. 14-4)
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Climax 2012); the full buildout would require a water treatment plant that is approximately
an order of magnitude larger than that facility, which is likely to be more water than can
be reasonably managed in perpetuity.

Figure 1. Pit pumping requirements for 78-year pit (Prucha, 2019).

Neither the assessment of the 20-year mine, nor the limited cumulative impacts analysis of a 78year mine address the issues identified above. By focusing on a non-viable mine project, the
assessment of impacts in the DEIS remains flawed. The final EIS must address these
environmental impacts.

2. The Surface Water and Groundwater Hydrology Results Described in
DEIS are Flawed
The Pebble deposit is in the headwaters of three different watersheds, which feed downstream
into critical salmon habitat of the Nushagak-Mulchatna and Kvichak river systems. In order to
demonstrate that PLP can mine this deposit without unacceptable impacts to downstream waters,
the DEIS must first demonstrate an understanding of how much water will be falling on the site
via precipitation, the range of pathways through which that water might escape into downstream
waters, and how much water will need to be managed and treated in order to minimize impacts to
the environment. The DEIS does not meet these basic objectives, and therefore does not
accurately reflect the direct, indirect, or cumulative environmental impacts of the mine.

2.1 The site water balance is not internally consistent
A water balance is the most basic accounting of water inputs, outputs, and changes in storage
within a system (see Figure 2), and is the foundation on which all hydrologic impact analyses
must be based. In the DEIS, the water balance relies on a spreadsheet-based model developed
approximately a decade ago (Schlumberger, 2011), the details of which have not been provided
despite multiple requests from cooperating agencies (e.g., AECOM, 2018b; US EPA, 2018).
Below we highlight some of the LQFRQVLVWHQFLHVLQ3/3¶VZDWHUEDODQFHUHVXOWVZKLFK raise
significant questions regarding the accuracy of their subsequent hydrologic modeling and impact
evaluation. Based on these inconsistencies, there is not enough information in the DEIS to fully
understand, consider and assess the downstream impacts of the project.
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2.1.1

Baseline Water Balance

The inputs to a water balance include precipitation falling on the site (P), and stream and
groundwater inputs from upstream, if applicable. The outputs include evapotranspiration (direct
evaporation and water losses from plants; ET), sublimation (direct loss of snow to the
atmosphere; S), groundwater (Qgw) and streamflows (Qsf) exiting the system, and changes in
groundwater storage. For headwater systems
like the Pebble deposit site, there are no
stream or groundwater inputs from upstream,
so the only water inputs are from
precipitation. If changes in groundwater
storage are negligible ± as must be the case
over long enough timescales ± the net
precipitation (P-ET-S) therefore must balance
the net outflows (Qgw + Qsf). According to the
DEIS and references cited therein, the
average annual precipitation at the site is 54.6
inches/year, the average evapotranspiration
is 7.9 in/yr, and the average sublimation is 4.0
in/yr (Knight Piesold, 2018g). The total
amounts vary by elevation, as summarized in
Figure 2. Elements of a site water balance
the DEIS, but on average there is a net input
(Dunne and Leopold, 1978)
of 42.7 in/yr of water to the system. The DEIS
also QRWHVWKDW³the majority of water that
recharges the groundwater system in local watersheds generally discharges in the same
watersheds´ '(,6S-8). Thus, except in the limited cases where substantial inter-basin
transfers occur through groundwater (such as the interbasin transfer from the SFK to the UT in
the vicinity of gage site SK100C) the total inputs through net precipitation should be roughly
balanced in each catchment by the total outputs through streamflow.
Table 3.16-4 in the DEIS reports average annual discharge at each of the gage sites that PLP
monitored between 2004 and 2012, during their most intensive baseline data collection period.
That table also lists the watershed areas contributing to each of those gage sites. Using these
values and the net precipitation reported by Knight Piesold (2018g), I calculated the average
annual inflow contributing to each gage site, and the average annual outflow measured at each
gage (Table 1). As shown in Table 1, there is a consistent mis-match between inflows and
outflows, at both the largest and smallest sub-watersheds in each of the three major tributaries.

Table 1. Average Annual Hydrologic Inputs and Outputs at the Pebble Site
'ĂŐĞ
ƌĞĂ;ŵŝϮͿ
ƌĞĂ;ĨƚϮͿ
YŽƵƚ;ĐĨƐͿ
YŝŶ;ĐĨƐͿ
YŽƵƚͬYŝŶ
^<ϭϬϬ
ϭϬϲ͘ϵϮ
Ϯ͘ϵϴнϬϵ
Ϯϱϵ͘ϯ
ϯϯϲ͘ϯ
ϳϱ͘ϳй
^<ϭϬϬ'
ϱ͘ϰϵ
ϭ͘ϱϯнϬϴ
ϭϯ͘Ϯ
ϭϳ͘ϯ
ϳϱ͘ϯй
E<ϭϬϬ
ϭϬϱ͘ϴϲ
Ϯ͘ϵϱнϬϵ
Ϯϰϳ͘Ϯ
ϯϯϯ͘Ϭ
ϳϯ͘ϭй
E<ϭϭϵ
ϯ͘ϵϳ
ϭ͘ϭϭнϬϴ
ϰ͘ϯ
ϭϮ͘ϱ
ϯϯ͘ϲй
hdϭϬϬ
ϴϲ͘Ϯϰ
Ϯ͘ϰϬнϬϵ
ϮϮϭ͘ϰ
Ϯϳϭ͘ϯ
ϴϭ͘ϰй
hdϭϬϬ
ϯ͘ϭ
ϴ͘ϲϰнϬϳ
ϵ
ϵ͘ϴ
ϵϭ͘ϯй
Drainage areas and average annual flows (Q out) from DEIS, Table 3.16-4. Average annual inflows (Q in) were calculated
using average net annual precipitation reported by Knight Piesold, 2018g (42.7 in/yr) multiplied by the drainage area of
each watershed and converted to cfs.
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The calculations presented in Table 1 represent the most basic distillation of the site water
balance, and show that between 9% (UT100E) and 66% (NK100B) of the precipitation falling on
the site is unaccounted for. Importantly, the measured streamflow is always less than the
estimated input from net precipitation, and occurs at all spatial scales, ranging from the smallest
headwater catchments to the full extent of the DEIS analysis area. Thus it is not the case that
under-estimates in some parts of the basin are balanced by over-estimates in others. No such
comparison is available in the DEIS, or in any of the supporting documentation, that would allow
the readers of the DEIS to clearly see this discrepancy.
Critically, PLP has built its entire water balance ± including its estimate of dewatering needs,
water treatment needs, and hydrologic impacts ± around a complex and poorly documented
³ZDWHUVKHGVSUHDGVKHHWPRGXOH´7KLVPRGXOHLV³tuned´ to the smaller, streamflow-based
values, rather than the larger, precipitation-based values shown in Table 1, so it is possible that
the DEIS is significantly underestimating the amount of water requiring management:
The input parameters of the water balance were adjusted until the streamflows
calculated by the water balance agreed reasonably with the measured streamflows
(Schlumberger, 2011, Appendix 8.1i p. 3).
In summary, based on the hydrologic data reported in the DEIS, the watershed spreadsheet
module must have a substantial, unexplained flaw, since water inputs and outputs are not
balanced at any spatial scale. Thus the entire hydrologic impact evaluation described in the DEIS
is also flawed, and must be corrected.
2.1.2

Post-Closure Impact Analysis

One of the largest long-term challenges facing the proposed Pebble Mine will be water
management. In order to protect downstream waters from significant contamination, PLP has
proposed to pump and treat contaminated water generated from mining the deposit, forever. The
technical challenges and the costs associated with perpetual water treatment in this remote, wet,
setting will be substantial. Those challenges and costs will also scale with the amount of water
requiring treatment. Thus a proper understanding of the post-closure water balance is
fundameQWDOWRERWK3/3¶VDELOLW\WRSURWHFWWKHHQYLURQPHQWDQGWRWKHYLDELOLW\RIWKHPLQH
(Borden, 2019).
On this point again, the numbers in the DEIS show significant internal inconsistencies that reflect
DYHU\SRRUXQGHUVWDQGLQJRIWKHPLQH¶VLPSDFWVWRdownstream waters. Table 2 from Knight
Piesold (2018j) reports the post-closure changes in annual average streamflow predicted from the
³ZDWHUVKHGPRGXOH´ZLWKRXWDGMXVWLQJIRUZDWHUWUHDWPHQWSODQWLQIORZV$VGHVFULEHGLQWKDW
table, the projected mine-affected changes to annual average flows in the SFK, NFK and UT
drainages (reported at the downstream gage sites for each basin: SK100A, UT100B, and
NK100A), are -6.8 cfs, -0.7 cfs, and -19.6 cfs, respectively. Thus on an annual average basis, the
post-closure streamflow impact without treated water discharges is approximately -27 cfs total.
Table 1 in Knight Piesold (2018j) documents the annual average water flows from the wastewater
treatment plant, which can be used to mitigate the 27 cfs streamflow reductions described above.
As shown in that table, the average annual flow from the treatment plant is projected to be
approximately 13 cfs. Thus on average, in the post-closure phase there will be a total of
DSSUR[LPDWHO\FIV³ORVW´GXHWRremaining mine infrastructure (27 cfs ± 13 cfs).
7KHSUREOHPZLWKWKLVDVVHVVPHQWLVWKDWWKHUHDUHQRWHQRXJK³VLQNV´RQWKHPLQHVLWHpostclosure to account for the loss of 14 cfs (approximately 10,000 AF/yr) post-closure. In the early
post-closure phase, PLP projects that the groundwater flows into the pit will be approximately 3
cfs (Knight Piesold, 2018j). The bulk TSF will be re-vegetated and reclaimed, in which case the
TSF net water balance should be similar to pre-mine conditions (Knight Piesold, 2018j).
Evaporation from the pit is estimated to be approximately 1.3 cfs (Prucha, 2019), but other mine
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infrastructure and operations will have been decommissioned. This leaves approximately 10 cfs
(~7200 acre feet/yr) unaccounted for in the post-closure water balance.
As with the baseline water balance, this substantial discrepancy in the post-closure water balance
exSRVHVDVLJQLILFDQWEXWXQH[SODLQHGIODZLQ3/3¶VZDWHUDFFRXQWLQJ$JDLQEHFDXVHRIWKH
importance of water management to the long-term environmental impacts of the mine, USACE
needs to demonstrate a much better understanding of the water balance in order to determine
where PLP has gone wrong, to fix the problem, and to re-evaluate the downstream impact
evaluation as described in Chapter 3, Affected Environment.

2.2 Concerns from cooperating agencies regarding the water balance have not
been addressed
Recognizing the importance of the site water balance for understanding mine site impacts,
multiple agencies have asked PLP for clarification on how the water balance works. On
December 28, 2018, AECOM, representing USACE, asked for clarification on the water balance
(AECOM, 2018b). Other cooperating agencies, including USEPA, have also raised concerns
about the site water balance. In their comments submitted on December 21, 2018, USEPA
requested the following:
Appendix K discusses the water balance model calibration. We recommend that the
appendix describe the model basis, approach, sensitivity analysis, and any
uncertainties in the model output. This information was previously requested in our
scoping letter and our comments submitted to the Corps on 7/24/2018 (USEPA,
2018)
In response to these requests, PLP did not provide additional detailed documentation on how the
water balance parameters were adjusted, a sensitivity analysis, or any uncertainty analysis.
Instead, they provided a series of calibration and validation plots that simply show that their
adjusted inputs match their adjusted outputs. Given that PLP has not provided additional detail on
KRZWKHPHDVXUHGLQSXWVWRWKHPRGHOZHUH³DGMXVWHG´LQRUGHUWRPDNHWKHLUZDWHUEDODQFHZRUk,
it is important that PLP demonstrate ± in very simple terms, as we have done in Table 1 ± that
they understand their water balance. Without a demonstration of this very basic understanding,
some of the most important environmental impacts related to water management could be
substantially under-estimated in the DEIS.

2.3 The hydrologic modeling approach used in the DEIS impact analysis is
inappropriate
There are many examples in the DEIS, and in earlier documentation, that illustrate how
groundwater and surface water are very closely connected in and around the mine site. In the
South Fork Koktuli, for example, available data show that surface water seeps into the ground
near SK100C, and that much of this water is transferred into the Upper Talarik through
groundwater. Further downstream in the South Fork Koktuli, much of the groundwater in the SFK
valley re-emerges to the surface. 7KLV³OHDN\´V\VWHPZLOOFUHDWHVXEVWDQWLDOFKDOOHQJHVIRUZDWHU
management in and around the mine site. In addition to these challenges, however, this
groundwater-surface water exchange requires a much more sophisiticated modeling approach
than what PLP has developed, in order to accurately quantify the direct, indirect and cumulative
environmental impacts of the mine.
Rather than using an integrated surface water-groundwater model, PLP has chosen to use a
number of different models to describe the hydrologic system around the mine site. This means
that the outputs from one model are used as the inputs to a different model. In order for this
scheme to work, there must be internal consistency across the models. PLP does not appear to
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have met this basic requirement, as exemplified in their response to RFI 019b, from 2018:
An average groundwater inflow of 2,700 gpm is currently assigned in Watershed
Module to evaluate streamflow reductions at end of mine. This value is higher than
the groundwater inflow estimate range reported in Piteau (2018) of 2,200 to 2,400
gpm for end of mine. This range reported by Piteau (2018) is based on the 5th and
95th percentiles of inflow values generated from 100 scenarios.
The 2,700 gpm was an interim value assigned in the Watershed Module to allow the
work to proceed prior to finalizing the groundwater modelling work. However, as the
higher value is conservative from the perspective of streamflow reductions and to
maintain consistency with previous work, the value has not been updated in the
Watershed Module. (Knight Piesold, 2018k, page 4)
The passage above reflects a potentially significant flaw in the way the different models interact,
and underscores the shortcomings of using a modular, rather than an integrated approach, to
modeling this system. In particular, if the 90% confidence interval for groundwater inflow to the pit
from the groundwater model is 2200 to 2400 gpm, the value being used in the Watershed Module
should be within these confidence limits. Arbitrarily assigning a value to the Watershed Module
that is 300 gpm larger than the upper confidence limit from the groundwater model is not being
³FRQVHUYDWLYH´ ± rather it PHDQVWKDWJSP !$)\U LVJHWWLQJ³ORVW´VRPHZhere between
the models, and that the hydrologic modeling scheme is not internally consistent. This further
calls into question the DEIS analysis of direct hydrologic impacts from mining, water quality
impacts, and water treatment needs.
$VGHPRQVWUDWHGDERYH3/3¶VH[LVWLQJGDWDalso do not appear to honor the most basic
requirement of mass balance: using the precipitation, evapotranspiration and streamflow data
quoted in the DEIS, there is approximately 25% more water entering the system than leaving it.
This simple fact is buried beneath layers of complicated groundwater and surface water modules
that make it impossible to determine where any errors might have occurred. Other modeling tools
that would avoid this problem by requiring inputs to balance outputs are widely available (e.g.,
MODHMS, MikeSHE, etc), and it is surprising that for a proposed project of this scale, PLP has
built their entire water balance on a series of Microsoft Excel spreadsheets developed nearly a
decade ago (Schlumberger, 2011). USACE cannot grant a permit for building a mine of this scale
until PLP demonstrates that it fully understands the water management challenges associated
with mining the Pebble deposit. That basic requirement will not be met until PLP can demonstrate
that its water balance functions properly.

2.4 The DEIS underestimates impacts to downstream habitat
Because of the scale of proposed water management operations, one of the most significant
direct impacts of mining on the ecology of the Bristol Bay watershed will be due to changes in
streamflow and water quality. Recognizing the detrimental impact of streamflow reductions on
habitat quality, USEPA (2014), in their proposed determination pursuant to Section 404(c) of the
Clean Water Act, proposed to restrict activities in Bristol Bay WKDWZRXOGUHVXOWLQ³VWUHDPIORZ
alterations greater than 20% of daily flow in 9 or more linear miles of streams with documented
DQDGURPRXVILVKRFFXUUHQFH´ 86(3$S(6-6).
The DEIS acknowledges these impacts in Section 4.16, and the modeled streamflow reductions
described therein are generally below the USEPA proposed thresholds on a monthly basis (DEIS
Table 4.16-4). However, the monthly change factors reported in the DEIS appear to substantially
underestimate streamflow reduction impacts. Prucha (2019) updated the integrated hydrologic
model described in Wobus et al. (2015), to evaluate the impacts of the 23-year mine proposal on
downstream waters. The model developed by Prucha (2019) uses MikeSHE, an internally
consistent code that models rainfall, runoff, infiltration, evaporation and other processes, and
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therefore guarantees that water inputs and outputs are balanced. Dr. Prucha used this model to
develop post-closure streamflow outputs driven by actual climatology at a sub-daily timestep.
Figure 3 compares the
monthly streamflow reductions
reported in the DEIS to the
monthly streamflow reductions
projected by Prucha (2019) for
the post-closure scenario. As
shown, the projected changes
in monthly average flow at this
JDJHFRUUHVSRQGLQJWR³6).5HDFK%´LQWKHDEIS, are
much larger than those
reported in Table 4.16-4 of the
DEIS. Although PLP does
propose using a water
management pond to buffer
streamflow changes during
operations, it is not clear that
this active management will
continue in perpetuity once
Figure 3. Comparison of monthly changes in streamflow from
operations cease.
Prucha (2019) to values reported in the DEIS, Table 4.16-4 for
Furthermore, in many cases
SFK Reach B.
the projected daily change
factors from the MikeSHE model greatly exceed the USEPA threshold of 20%, even in months
when the monthly average is less than 20%. The DEIS does not describe how water treatment
operations will be modified to prevent changes in daily flow exceeding the EPA proposed
thresholds; but even with an active water management plan there are likely to be limitations to
how well PLP can time their water treatment releases to prevent daily or monthly streamflow
fluctuations from exceeding the 20% threshold.

Given the ecological and economic significance of the Bristol Bay salmon fishery, as
acknowledged in the DEIS and by USEPA (2014), the summary of expected hydrologic
alterations requires the use of more sophisticated modeling tools than the set of loosely coupled
models currently employed, to ensure that the water inputs and outputs are balanced. Using such
tools, the DEIS would have been able to appropriately acknowledge the impacts of flow
reductions at a sub-monthly timescale, which in turn would allow for an evaluation of whether
3/3¶V water management strategy will be flexible enough to minimize impacts at a daily
timescale, both during operations and post-closure. Such an analysis is missing and renders the
overall assessment of downstream impacts flawed.

2.5 The DEIS does not adequately account for climate change
The DEIS relies on a significant body of environmental baseline data that has been collected over
the past 15 years. However, these baseline data reflect only recent historical hydrologic variability
at the mine site. Because water management and mine infrastructure must be designed to be
resilient to future temperature and precipitation variations decades into the future, these data
need to be placed into the context of the expected range of variability that could occur over those
coming decades. This means that PLP needs to consider long-term trends in precipitation,
temperature, and other parameters that might influence operations over the long term.
Given the importance of understanding not just past hydrologic variability but also future
variability, it is noteworthy that the DEIS goes to great lengths to dismiss the well-accepted
science regarding climate change in Alaska. The National Climate Assessment (NCA4) ± the
definitive source of information regarding past and future climate variability ± unequivocally states
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that increasing temperature trends in Alaska over the past few decades are significantly larger
than what would be expected due to natural variability (Wuebbles et al., 2017). But the DEIS and
supporting documentation spend a great deal of time trying to demonstrate that the observed
trends in the mine site records are due solely to natural variability, and dismiss the deep body of
scientific literature that projects substantial changes in climate, particularly at high latitudes (e.g.,
Serreze and Barry, 2011; Wuebbles et al., 2017). Based on this false assertion, PLP argues that
their relatively short period of observation can be used to construct a synthetic record of future
variability to simulate mine operations:
«the NCA4 Report presents results that represent projected future climate
conditions over large areas, which indicate expectations of increasing temperatures
and precipitation in the Pebble Project area. The historical climate datasets for
Iliamna generally do not support these results, particularly when the PDO [Pacific
Decadal Oscillation] effect is considered. (Knight Piesold, 2018g, p. A-5)
)RUDPLQHWKDWPLJKWEHH[SHFWHGWRRSHUDWHIRUPDQ\GHFDGHV3/3¶VDVVXPSWLRQWKDWSDVW
climate variability is a reasonable proxy for expected future variability ± an assumption that is at
odds with the vast majority of the scientific community ± could be quite risky.
Wobus et al. (2015) used a range of available climate change projections specific to the Pebble
deposit area to quantify changes in hydrology over timescales relevant to mine operations. That
analysis showed that even under a moderate emissions scenario, by the end of mine operations
the fraction of winter storms falling as rain rather than snow is projected to more than double
(Figure 4). This change would fundamentally influence the DEIS assumptions regarding mine
impacts to site hydrology, including the amount and timing of water requiring treatment, the
impacts of treatment discharges on
downstream hydrology, and the
magnitude of extreme precipitation
events. For example, the design of
water management facilities at the
Pebble Mine, as described in the DEIS,
is based only on extreme precipitation
HYHQWVWKDWFXUUHQWO\RFFXUGXULQJ³QRQZLQWHU´PRQWKV
For this analysis, mean monthly
temperature and monthly maximum
daily precipitation data from the
Western Regional Climate Center
(WRCC) were used to develop a
non-winter annual maximum
precipitation series and a
corresponding ³non-winter´IDF
curve for Iliamna Airport (Knight
Piesold, 2018g, p. 41)

Figure 4. Fraction of winter storms falling as rain
under climate change (Wobus et al., 2015)

As the portion of the year during which storms might fall as rain increases, so does the likelihood
that an extreme precipitation event will exceed the design storm for mine infrastructure. As shown
in the integrated hydrologic modeling study by Wobus et al. (2015), for example, a warmer
climate results in far more high flow events per year than would be expected based on a simple
analysis of baseline hydrology. As a result, because the DEIS dismisses the impacts of climate
change, it also potentially underestimates hydrologic risks associated with development of the
Pebble Mine. The final EIS must address these issues, ideally by using an integrated hydrologic
model like the one used by Wobus et al. (2015) and Prucha (2019).
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3. The Spill Risk Analysis in the DEIS Does Not Comply with NEPA
Requirements
NEPA requires the USACE to take a hard look at the direct, indirect and cumulative impacts of a
project, which also includes acknowledgement of potential environmental harms. As described in
1(3$ &)5 WKH(,6¶VFXPXODWLYHLPSDFWVDQDO\VLVPXVWLQFOXGHTXDQWLILHGDQG
detailed information about past, present and reasonably foreseeable future actions. If there is
insufficient information to complete a cumulative impacts analysis, this must be made clear in the
EIS:
When an agency is evaluating reasonably foreseeable significant adverse effects on
the human environment in an environmental impact statement and there is
incomplete or unavailable information, the agency shall always make clear that such
information is lacking (40 C.F.R. § 1502.22).
With respect to the potential for a complete tailings dam failure, USACE has not met this
standard. As summarized in Section 3.1 below, PLP has not provided enough detail on the
tailings dam designs to allow for a reasoned analysis of the risk of a complete tailings dam failure,
yet the DEIS as written nonetheless dismisses the possibility of such an event. Furthermore,
³5HDVRQDEO\IRUHVHHDEOH´LPSDFWVLQFOXGHWKRVHWKDWZRXOGKDYHFDWastrophic consequences,
even if the probability of those events is low:
³UHDVRQDEO\IRUHVHHDEOH´LQFOXGHVLPSDFWVZKLFKKDYHFDWDVWURSKLFFRQVHTXHQFHV
even if their probability of occurrence is low, provided that the analysis of the impacts
is supported by credible scientific evidence, is not based on pure conjecture, and is
within the rule of reason (40 C.F.R. § 1502.22)
As shown in Section 3.2 below, and in Lynker (2019), a complete tailings dam failure would have
catastrophic consequences; so even if USACE had enough information to assess the risk of such
a failure, the high consequence of such an event would would require that the DEIS explicitly
consider the impacts according to NEPA. The Spill Risk analysis in the DEIS does not meet this
standard.

3.1 The DEIS underestimates the long-term risk of a tailings dam failure
The draft EIS for the Pebble Mine does not consider the possibility of a complete tailings dam
IDLOXUHDWDQ\RIWKHSURSRVHGIDFLOLWLHVQRWLQJWKDW³7KHSUREDELOLW\RIDIXOOEUHDFKRIWKHEXONRU
pyritic TSF tailings embankments was assessed to be extrePHO\ORZ´ '(,6S-72). This
assessment of the low level of risk relies on the outcomes of the ³)DLOXUH0RGHVDQG(IIHFWV
$QDO\VLV´ )0($ ZRUNVKRSZKHUHLQAECOM, USACE, PLP and Knight Piesold very narrowly
constrained the failure analysis to consider only failures that had a reasonable chance of
occurring during the 20-\HDURSHUDWLRQDOOLIHRIWKHPLQH³>DIXOOWDLOLQJVEUHDFKZDV@UXOHGRXWDV
remote during the 20-year operational life due to likelihood of successful detection and
intervention.´ AECOM, 2018c)
Despite this assertion in the DEIS that the probability of a full breach of the tailings impoundments
LV³H[WUHPHO\ORZ´, WKH'(,6DOVRDFNQRZOHGJHVWKDW³UHFHQWWDLOLQJVGDPIDLOXUHVLQ&KLQD0H[LFR
and Australia demonstrate that modern, well-HQJLQHHUHGWDLOLQJVIDFLOLWLHVDUHVXEMHFWWRIDLOXUH´
(DEIS, p. 4.27-69). It is also clear from a review of the DEIS and supporting documents that
USACE does not have enough information to FKDUDFWHUL]HWKHSUREDELOLW\RIIDLOXUHDV³H[WUHPHO\
ORZ´ In particular:
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x

The TSF Dam designs are incomplete, which affects fundamental aspects of the
stability/failure analysis that are not acknowledged in the DEIS as required by NEPA. As
QRWHGLQWKH)0($ZRUNVKRSUHSRUW³7KHFXUUHQW3HEEOH3URMHFWHPEDQNPHQWdesigns
are at an early-phase conceptual level, with geotechnical investigations still under way at
the major embankment sites. This current conceptual design level inherently results in
XQFHUWDLQWLHV´ $(&20c, p. 1). As further QRWHGLQWKH'(,6³Locations,
alignments, configurations, sizes, capacities, and other details of the underdrains would
be developed following more detailed site-specific geotechnical and geological
investigations and observations made during the preliminary and detailed designs, in
DFFRUGDQFHZLWKWKH$'63JXLGHOLQHV´ '(,6S-22). Given this enormous level of
uncertainty in the dam designs, which fundamentally affect the stability of the tailings
impoundments, USACE does not have enough information to evaluate the risk of a full
TSF dam failure, yet this is not acknowledged in the DEIS.

x

The stability of the tailings impoundments will increase as the water content of the tailings
decreases, but the DEIS provides limited detail on how the permeable dam will function,
or the timescale for how the tailings will dewater through time. Furthermore, as
summarized below, available information suggests that even if the embankments function
as planned, the majority of the tailings will remain saturated throughout operations, and
potentially long into the post-closure phase.
o

Figure 5 VKRZV3HEEOH¶VRZQVFKHPDWLFRIWKHwater table within the tailings at the
end of operations, and shows that with the exception of a narrow wedge along the
main embankment, the tailings are saturated at the end of operations.

Figure 5. 3/3¶VUHQGHULQJRIWKHSKUHDWLFVXUIDFHLQEXON76)DWHQGRI operations.
Tailings below dashed blue line are fully saturated (AECOM, 2018c, p. 70)

o

o

In their response to RFI 019c, PLP indicates that the water table in the tailings will be
lower, but similar, in post-closure to the water table at end of mining: ³Rainfall and
snowmelt will maintain a post-closure water table within the tailings. This post-closure
water table is expected to be lower than the end of mining water table. Therefore,
although the post-closure foundation seepage rate will, strictly speaking, be lower
than the end-of-PLQLQJVHHSDJHUDWHWKH\DUHH[SHFWHGWREHVLPLODU´ .QLJKW
Piesold, 2018n, p. 7). Seepage rates at end of mining and post-closure cannot be
similar unless the driving force for seepage (i.e., water table elevation within the TSF)
is also similar.
Based on a simple water balance on the tailings facility, the post-closure water inputs
to the top of the TSF are similar to the outputs from seepage, suggesting the tailings
will remain saturated long after closure. Specifically, the DEIS and supporting
documents report that seepage rates from the bulk TSF will be between 3-14 cfs. The
bulk TSF is 2938 acres, and net annual precipitation (P-ET-S, see above) is 42.7
inches (Knight Piesold 2018g); this amounts to a net input of 14 cfs at the top of the
facility, which is greater than or equal to the amount seeping out of the bottom of the
bulk TSF. 7KH'(,6VWDWHVWKDW³7KHEXON76)ZRXOGEHFORVHGE\JUDGLQJLWVVXUIDFH
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so that all drainage would be directed off the TSF, and then the tailings surface would
be covered with soil and/or rock and possibly a geomembrane or other synthetic
matHULDO´ '(,6S-39). As noted above, however, PLP acknowledges that rainfall
and snowmelt will continue to infiltrate into the bulk TSF. Even if just 20% of rainfall
infiltrates through the soil cover, the net inputs into the tailings could roughly balance
the net outflows.
x

The northern embankment of the bulk TSF is proposed to be built using the centerline
FRQVWUXFWLRQPHWKRG7KH'(,6VWDWHVWKDW³GDPVGHVLJQHGZLWKGRZQVWUHDP
construction methods are less likely to fail than dams using centerline construction
PHWKRGVHVSHFLDOO\XQGHUVHLVPLFVKDNLQJ´ '(,6S-73). Thus, despite the
acknowledged risks from a failure, PLP is not proposing the most stable dam design for
the TSF. This concern was also raised by USEPA in cooperating agency comments, but
was not adequately answered (DEIS comment response matrix, p. 6)

x

The DEIS cites multiple empirical studies indicating that the probability of a TSF dam
failure is approximately 1 in 2000, for every year of dam life (DEIS, p. 4.27-70). Since the
calculations above suggest that the tailings could remain saturated indefinitely, the risk of
a TSF failure will remain in perpetuity. Figure 6 shows how the cumulative probability of
a dam failure progresses through time, assuming each year has an independent, 1:2000
probability of a failure. This shows
that after 100 years, the cumulative
probability of failure is
approximately 5%; after 200 years
it is approximately 10%, and after
500 years it is approximately 22%.

Rather than acknowledging that the dam
designs are incomplete, and therefore that
they do not have sufficient information to
fully evaluate the risk of a TSF failure (as
required by 40 C.F.R. § 1502.22), the DEIS
dismisses the risk of a full TSF breach, and
proceeds with a detailed analysis of a
scenario in which an earthquake ruptures
the bulk tailings pipeline but leaves the
tailings dam intact. In addition, even if the
USACE had adequate information to
Figure 6. Probability of a TSF failure vs time
assess a tailings failure as low, it is still
required to evaluate the consequences of a
failure because there is ample ³FUHGLEOHVFLHQWLILFHYLGHQFH´DVH[SOLFLWO\GHVFULEHGLQWKH'(,6
(p. 4.27-69) and references cited therein (e.g., Davies, 2002; Bowker and Chambers, 2017;
ICOLD, 2018), WKDWWDLOLQJVIDLOXUHVDUHQRWXQFRPPRQRU³SXUHFRQMHFWXUH´(40 C.F.R. §
1502.22). The DEIS fails to assess the impacts from a full TSF failure of the tailings dams over
the first 20 years and provides absolutely no analysis of the potential impacts from a partial to full
TSF failure for of any of the tailings dams during the 78-year mine period.

3.2 The consequences of a tailings dam failure would be catastrophic
Recognizing the clear shortcomings of the FMEA, Lynker (2019) developed a physically-based
model of the downstream fate and transport of tailings in the event of a complete tailings dam
failure. That study found that a full TSF failure could impact hundreds of miles of salmonproducing streams, with potentially catastrophic long-term consequences to salmon habitat in
these streams. Thus, even if USACE had enough information to assess the risk of such a failure,
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and even if that probability was demonstrably low, the high consequence of such an event
requires that the DEIS evaluate the environmental impacts of such an event.
Lynker (2019) used data from historical TSF dam failures to estimate how much of the bulk TSF
would be likely to escape in the event of a failure. They then used the following information to
drive a physical model of tailings release and transport using the modeling package FLO-2D
(e.g., Knight Piesold, 2014; Tetra Tech, 2015):
x

Available data from PLP and its consultants describing a full range of physical
characteristics of the thickened bulk tailings (Knight Piesold, 2018o)

x

GIS data outlining the proposed bulk tailings impoundment and digital topographic data to
calculate the volume of material behind the bulk TSF

x

Topographic and land cover data from the deposit site and downstream using the best
publicly available data

x

A range of failure scenarios based on the duration of a tailings dam release

The model results from Lynker (2019) are shown in Figure 7. As shown, a full TSF failure is
projected to transport tailings more than 140 km downstream from the bulk TSF, spreading those
fine-grained materials across much of the floodplain of the Koktuli, Mulchatna and Nushagak
rivers and the abundant off-channel habitat currently available to salmonids throughout those
catchments.

Figure 7. Tailings flood extent from median tailings dam failure scenario (Lynker, 2019)

Given the potential for catastrophic consequences of a TSF dam failure, the DEIS must
acknowledge, model, and present these impacts as required by NEPA.
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3.3 The Risk Analysis process was driven by an unrealistic, rushed project
schedule, rather than best available science
In the time leading up to the FMEA workshop and the communications following that workshop,
inWHUQDOFRPPXQLFDWLRQVEHWZHHQ$(&2086$&(¶VWKLUGSDUW\FRQWUDFWRUDQG.QLJKW3LHVROG
3/3¶VOHDGFRQVXOWDQWdocument that the risk analysis in the EIS was driven by politics and a tight
timeline, rather than by best available science. A series of examples is provided below:

x

In the materials provided to the participants before the FMEA workshop, a full tailings
dam breach was ruled out of consideration before the experts even had a chance to
weigh in:
³In accordance with NEPA guidelines, failure scenarios selected for analysis in the EIS
should have a reasonable level of probability and a comparative high level of
consequence. Minor failures that result in small releases have a reasonable probability of
occurrence, but typically have a low impact on the downstream population and
HFRV\VWHP0DVVLYHFDWDVWURSKLFIDLOXUHV IXOOHPEDQNPHQWEUHDFK LQFOXGLQJ³ZRUVWFDVH
VFHQDULRV´ZRXOGKDYHVLJQLILFDQWFRQVHTXHQFHVEXWDUHVWDWLVWLFDOO\LPSUREDEOH´
(Payne, 2018)
This tells the workshop participants ahead of time that a full TSF failure should not be
considered in the FMEA workshop analysis. Table 1 in the workshop participant
LQIRUPDWLRQVKRZVWKDW³/RZ´SUREDELOLW\HYHQWVDUHGHILQHGDVWKRVHZLWKDWR
annual probability of occurrence; based on the numbers quoted in the DEIS, as described
above, the probability of a TSF breach is in the middle of this range, at approximately
0.05% annual probability. Given the high potential consequence of a TSF failure as
described above, a full TSF breach should have been considered per NEPA guidelines
GXHWRWKH³UHDVRQDEOHOHYHORISUREDELOLW\DQGDFRPSDUDWLYHKLJKOHYHORIFRQVHTXHQFH´

x

In email communications between AECOM and Knight Piesold, the experts engaged in
the FMEA workshop describe a process driven by an unrealistic timeline, at the expense
of using the best available science. In particular, both AECOM and Knight Piesold note
that the rheology of tailings spilled in their scenarios requires a software package like
FLO-2D, which is what Lynker (2019) used in its modeling. However, Knight Piesold
states that they do not plan to use this because of time constraints:
)UDQN/DQ$(&20³Assuming non-Newtonian to model Newtonian fluid will result in
higher flow velocity, smaller flow depth, and most likely faster arrival time. These should
EHQRWHG7KHUH¶VVLPSOHPRGHOWKDW¶VDYDLODEOHWRPRGHOQRQ-Newtonian fluid and FLO'LVRQHWKDW,¶GUHFRPPHQG
9LROHWD0DUWLQ.QLJKW3LHVROG³We agree non-Newtonian flows could be modeled in
FLO-2D, but developing a new model would result in delays.´ 0DUtin, 2018)
This exchange between AECOM and Knight Piesold demonstrates that the FMEA
process that fed into the DEIS was not driven by high quality information or accurate
scientific analysis, but rather by an unrealistic need for completing the analysis in a
rushed manner.

x

Even were it not for these shortcomings in the FMEA process, the dam failure analysis in
the DEIS ignores a critical comment from EPA regarding the importance of an
independent review of dam designs, to satisfy NEPA requirements at 33 CFR 325.1.
Specifically, EPA noted the following:
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³«JLYHQ the size of the dams and importance of downstream aquatic resources, and for
the bulk TSF, centerline dam construction methodology (which is not as stable as
downstream construction), we recommend that: (1) a Failure Modes Effect Analysis
(FMEA) or other type of formal risk assessment be conducted for the dam designs; and
(2) the Corps require that the tailings dam designs be independently reviewed per
&)5«:HUHFRPPHQGWKDWWKH)0($ULVNDVVHVVPHQWDQGLQGHSHQGHQW
review occur now so that the results can be disclosed in the DEIS to support the
&RUSV¶KDUGORRNDVUHTXLUHGE\1(3$DWWDLOLQJVGDPVWDELOLW\DQGVDIHW\´
(USACE, 2019)
$(&20¶VUHVSRQVHWRWKLVUHTXHVWLJQRUHVWKHQHHGIRULQGHSHQGHQWUHYLHZWRRFFXU
now, rather than after a permit is JUDQWHG6SHFLILFDOO\$(&20¶VUHVSRQVHLVDVIROORZV
³7KHFXUUHQWHPEDQNPHQWGHVLJQVDUHFRQFHSWXDO-level and have been third-party
reviewed by Subject Matter Experts (SMEs) as part of the NEPA phase FMEA and EIS
SURFHVV«during detailed design and as the project proceeds through the ADSP permit
SURFHVV3/3KDVVWDWHGWKDWLWZLOOHQJDJHDQLQGHSHQGHQWUHYLHZSDQHO´
In other words, not only has an independent review not been completed, but PLP has not
even finalized its tailings dam designs yet. It is thus impossible for the Corps to take a
³KDUGORRN´DWSRWHQWLDOHQYLURQPHQWDOKDUPVVLQFHWKHUHLVFXUUHQWO\QRZD\WRDVVHVV
the stability of the tailings dams, the risk of failure, or the consequences of failure. In the
sections above, we have already documented the shortcomings in the FMEA process as
implemented by AECOM. These additional disclosures make it clear that the DEIS is far
too immature to allow a reasoned review of potential environmental impacts of the
project.

The examples above illustrate how the FMEA process in the DEIS was steered away from an
objective assessment of risk; how speed, rather than accurate scientific analysis, was the most
important objective driving the DEIS process; and how critical cooperating agency comments
regarding dam failure risk were ignored in preparing the DEIS. Given the potentially catastrophic
consequences of a tailings dam failure, and the need to understand these consequences for
emergency and environmental response, USACE must undertake a much more comprehensive
analysis of spill risk that accounts for each of these concerns if they expect the preliminary final
EIS to be credible.
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April 12, 2019
US Army Corps of Engineers
Shane McCoy, Project Manager
http://www.poa.usace.army.mil
(907) 753-2712
Re: Selenium issues in the Pebble Project draft EIS

Dear Mr. McCoy:
Please find attached our Position Paper, which lays out our concerns with respect to the lack of analysis of
environmental impacts from selenium. We believe there is a significant risk of ecotoxic effects from
selenium discharged from the Pebble Project, as well as a risk of impacts from the discharge of heated
effluent, a byproduct of selenium treatment. These risks must be considered in the Final EIS.
Thank you for this opportunity to comment.

______________________________

Kendra Zamzow, PhD, Environmental chemist
Center for Science in Public Participation

___________________________

André Sobolewski, PhD, Water Treatment Specialist
Clear Coast Consulting, Inc.

______________________________

Ann Maest, PhD, Geochemist
Buka Environmental

__
___
____
___
_____
____
____
_____
__
__
__
___
___
____
_____
____
____
____
___
____
_
______________________________

Chris Frissell, PhD, Fisheries and aquatic ecology
Frissell & Raven Hyrobiological and Landscape Sciences, LLC

______________________________

SarDK2¶1HDO)LVKHULHVELRORJLVW
PhD student, University of Washington

______________________________

Gordon Reeves, PhD, Fish ecologist
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Executive summary
The Pebble Project Draft Environmental Impact Statement (DEIS) acknowledges that toxicity from
selenium in mine discharges poses a potential risk. PLP proposes to mitigate this risk through a treatment
system that includes specific components to remove selenium from mine-influenced waters. The DEIS
predicts that treated water will meet state water quality criteria for selenium, and therefore will not cause
any environmental impacts. We dispute this conclusion.
Our analysis indicates that the proposed Pebble project will release selenium at concentrations that exceed
state water quality criteria and may exert ecotoxic effects during mine operation and have a high
probability of exerting ecotoxic effects after closure. We predict selenium concentrations in treated
effluent based on data from actual operating treatment systems, rather than vendor claims and pilot
studies that the DEIS relies upon. The DEIS does not fully evaluate the risk associated with uncaptured
releases from mine water ponds and mine waste facilities. Additionally, data from the DEIS indicate that
selenium concentrations in the pit lake at closure have been underestimated, resulting in higher selenium
concentrations in the influent to the water treatment plant and probably higher selenium concentrations
discharged to the environment. The DEIS uses 5 g/L as the water quality criterion to be met, but this
may be unprotective and result in impacts from the Pebble project. Our analysis demonstrates that the
framework for determining a protective criterion for assessing potential impacts from selenium needs to
incorporate an understanding of its movement through the food-chain and bioaccumulation into tissues of
predators, where it is most likely to cause ecotoxic effects. Finally, the need to heat water for effective
selenium removal will cause mine effluents to be warmer than natural waters. Discharging effluent at
higher than ambient temperatures has not been properly evaluated in the DEIS and has the potential
impacts to fisheries downstream.

Introduction
The Pebble Project Draft Environmental Impact Statement (DEIS; US Army Corps of Engineers, 2019)
does not take seriously the risks of selenium to fish and other biota. It recognizes the potential inability of
the mine to adequately remove selenium from the great volume of water (up to 22,000 gpm post-closure),
the potential for selenium to build up over time, and the potential to violate discharge permit conditions
(DEIS p. 4.18-4 to 4.18-5). Despite this, it provides no assessment of the environmental consequences to
Bristol Bay food webs, fish and birds.

Sources of selenium
The primary source of selenium during operations will be the wastewater treatment plant discharge.
Additional potential sources include uncaptured leachate from waste rock, tailings, the open pit, water
management ponds, and construction fill to groundwater and surface water. During closure and into the
future the primary sources will be the pit lake and discharged treated pit water.

Discharge from water treatment plants
During operations, wastewater treatment plants (WTPs) discharging treated mine water will be the only
acknowledged source of selenium to the environment. WTP #1 will treat water from the open pit, which
is primarily dewatering water. The influent concentrations of selenium are expected to be about 8 g/L
(AECOM 2018 Table 1). WTP #2 will treat water from the Main Water Management Pond (WMP),
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which will have significant contributions from the Bulk tailings facility (TSF) and seepage collection
ponds. Influent selenium from the Main WMP is expected to be about 22 g/L (AECOM 2018 Table 2).
At closure, WTP #1 be renamed WTP #3 and will be reconfigured to treat mine water during closure; no
water treatment will be functional during closure years 16 to 20 when the pit is filling with water (DEIS,
p. 2-37).
The DEIS describes three discharge locations (Figure 1).

E



^

Figure 1. Mine site layout. This layout shows the mine facilities and the three proposed WTP
discharge locations in orange. The north (N) and south (S) WTPs discharge into the North and
South Fork Koktuli Rivers in the Nushagak watershed and the east (E) WTP discharges into Upper
Talarik Creek in the Kvichak watershed. Source: Modified from DEIS, Appendix N, Figure 1-4.

Uncaptured leachate from mine water ponds and waste storage facilities
The ultimate source of water entering the WTPs is leachate from mine wastes and mined materials,
especially waste rock, tailings, and the walls of the open pit. However, the DEIS acknowledges that
seepage from waste facilities could occur before water ever enters the WTP. This uncaptured seepage will
leak to groundwater and ultimately to surface water if the mitigation measures do not perform as
anticipated in the DEIS.
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The quality of mine-influenced waters is predicted in an ancillary document referenced in the DEIS that
discusses the water quality of sources entering the treatment plants (SRK 2018a); the selenium
concentrations in these sources is summarized in Table 1. No estimates are provided for the pyritic
tailings or Pre-Tertiary waste rock, both of which are expected to generate acid and leach elevated
concentrations of sulfate, metals, metalloids, and non-metals such as selenium. Results from geochemical
testing show that both potentially acid generating (PAG) rock and non-PAG waste rock will leach high
concentrations of selenium. The predicted concentrations shown in Table 1, even if underestimated,
demonstrate that mine sources will leach elevated concentrations of selenium.
Table 1. Predicted selenium concentrations in mine seepage. These are the estimated concentrations of selenium
from different sources at the mine that will contribute to mine water entering the water treatment plant. Source: SRK
2018a. Table 4. Selenium discharge limit and most protective water quality criteria used in the DEIS is 5 g/L.
Source
Detail
Selenium (g/L)
Waste Rock
Tertiary
22
Waste Rock
Pre-Tertiary - Acidic
Not provided
Quarried Rock Fill (Dams)
Non-Acidic
55
Open Pit Wall Runoff
Pre-Tertiary and Tertiary ± Non-Acidic
16
Open Pit Wall Runoff
Pre-Tertiary - Acidic
130
Bulk Tailings
Supernatant
6
Pyritic Tailings
Supernatant or pore fluids
Not provided
Rougher Tailings Sand Wedge
Seepage
55

During operations mine waste in the form of waste rock and tailings will be stored in the Bulk TSF and
the Pyritic Tailings and PAG Waste Rock Storage Facility (PTSF); the embankments for these facilities
will be constructed with rock from Quarries A, B, and C (see Figure 1) and non-PAG waste rock from the
open pit. Leachate from these sources and the open pit contribute selenium, which is designed to be
captured in seepage collection ponds located adjacent to the waste storage facilities. Unplanned releases
of selenium from the mine facilities can occur as leaks from the seepage collection and water
management ponds and from uncaptured seepage directly to groundwater from the waste storage
facilities.
Leaks from seepage collection and water management ponds
The Main WMP would store mine-influenced site waters from many sources on the mine site, and each
waste storage facility has seepage collections ponds (see Figure 1 for locations). The Main WMP, and the
seepage collection ponds will be lined (DEIS, Appendix N), but liner leaks and overtopping would cause
mine-influenced waters to escape the ponds. If monitoring is not effective at identifying leaks and the
proposed pump back wells are not effective in capturing the escaped solutions, selenium and other mine
contaminants would adversely affect downgradient groundwater, surface water, and aquatic biota and
wildlife in streams and wetlands. Such mitigation and mine water capture failures have occurred at other
mine sites (Earthworks 2012).
The TSF main embankment seepage pond is predicted to have the highest selenium concentrations (up to
55 Pg/L), although contact water in all storage ponds is predicted to exceed the 5 Pg/L selenium criterion
(DEIS, Appendix K4.18, Table K4.18-4). The DEIS examined a failure scenario with the Main WMP in
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which a small amount of contact water (0.4% of the total volume of the pond) escaped from the pond due
to damage from ice hitting the liner during spring break-up (DEIS p. 4.27-117). The water in the Main
WMP is predicted to have lower selenium concentrations than the tailings seepage collection ponds.
Modeling predicted that water quality exceedences would occur for distances ranging from a few miles
(for selenium and some metals, depending on the concentration in the WMP pond and their water quality
criterion values) to 45 miles downstream (for molybdenum) for one month. Larger releases were not
examined, nor were potential releases from any of the other contact water ponds on the site with higher
predicted selenium concentrations.
The DEIS failure scenario highlights that liner failures could occur and adversely affect downstream
water quality during operations.
Seepage and runoff from waste storage facilities
The Bulk TSF is unlined, while the PTSF will be lined (DEIS, Appendix N). Liner leaks, overtopping,
and runoff wastes in the facilities and their embankments would cause contact waters to escape the waste
impoundments and potentially avoid capture by the seepage collection ponds. Leakage of mine waste
seepage to groundwater and surface water could adversely affect aquatic biota due to the presence of
selenium and other mine contaminants, especially metals.
Waste rock from the project will be derived from PAG Pre-Tertiary rocks and the less mineralized
Tertiary rocks extracted from the open pit. Geochemical characterization results show that both the PreTertiary and the Tertiary waste rock will leach elevated concentrations of selenium.
The PAG waste rock will be stored in the PTSF under submerged conditions, while the non-PAG,
predominantly Tertiary waste rock will be used, in addition to the quarry rock, for constructing the
embankments of the waste and water impoundments. Runoff from this material will mobilize selenium
into groundwater or surface water. The Tertiary waste rock has even higher total and leachable selenium
concentrations than the Pre-Tertiary waste rock (SRK 2011 and 2018b). The majority of the Tertiary
samples from the Pebble West Zone (PWZ) leached selenium concentrations in excess of values known to
cause toxicity to aquatic life over the long term, and leachate would need to be diluted by many times ±
by up to two orders of magnitude ± to comply with relevant criteria (Figure 2). Selenium concentrations
are elevated above the criterion value in leachate with neutral and higher pH values, indicating that acid
mine drainage conditions are not needed to promote selenium leaching.
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Figure 2. Selenium concentrations
in waste rock as a function of pH.
Results are shown from four
different leach tests for Tertiary
samples, Pebble West Zone. The
red line represents State of Alaska
chronic aquatic life water quality
criterion for selenium (0.005 mg/L).
Note that the vertical axis is
logarithmic. Source: SRK 2011.
Figure 11-42.

The risk for selenium seepage from the Bulk TSF and its main embankment is a perpetual concern. Figure
3 shows the predicted 3-ft mound of mine-influenced water expected under the Bulk TSF and nearby
facilities. The estimated concentration of selenium from these sources ranges from 6 to 55 Pg/L (see
Table 1). Because the Bulk TSF will not be removed during closure and is designed as a flow-through
facility with no OLQHUWKH'(,6HVWLPDWHVWKDWDOWKRXJKWKHH[WHQWRIWKHLPSDFWZRXOGEH³PRGHVW´
(approximately 8,000 acres), the mounding effect, and therefore the water quality effects, will be
permanent (DEIS, p. 4.17-14). Importantly, note that the area of mounding extends outside the perimeter
of the facilities and intersects tributaries of the North Fork Koktuli River, providing a pathway for
movement of selenium into the watershed.

Figure 3. Simulated zone of influence
created by mounding at the end of
operations for the TSFs and the Main
WMP. The large light blue area shows
the expected 3-ft rise in groundwater
elevation (mounding) due to seepage
from the Bulk TSF. The mine facilities
are labelled and outlined in blue (for the
Main WMP and the Pyritic TSF), light
brown (Bulk TSF), and green (Main
Embankment of the Bulk TSF).
Tributaries shown under the facilities are
headwater streams of the North Fork
Koktuli River. Source: Modified from
DEIS, Figure 4.17-5.
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Pit lake water quality modeling
During closure and post-closure, selenium enters the pit lake from pit wall runoff and leaching of
submerged PAG tailings and waste rock. The results from leach tests and the approach used to estimate
pit lake concentrations suggest that selenium concentrations in the lake could be substantially higher than
predicted in Lorax Environmental (2018).
During closure selenium will enter the pit lake via runoff from the pit walls and from submerged pyritic
tailings and PAG waste rock. Humidity cell test (HCT) results from waste rock samples were used to
estimate pit wall runoff concentrations. In addition to laboratory HCTs, field tests using Pebble West
Zone (PWZ) and Pebble East Zone (PEZ) waste rock were run to help resolve some of the lab-field
discrepancies. Field barrel testing showed that PWZ intrusive (granodiorite) waste rock samples releases
very high initial and repeating selenium concentrations; similar results were also seen with mudstones.
The leaching can happen under neutral pH or acidic conditions. Selenium is also elevated in waste rock
that was submerged in column testing, indicating that waste rock will continue to leach selenium even
after it is submerged in the open pit during closure.
Rapid selenium leaching is associated with the oxidation of sulfide minerals and the formation of sulfate
salts. The annual cycling of selenium leaching from salts on the pit wall has not been included in pit lake
water quality modeling (Lorax Environmental 2018).
As shown in Figure 4a, there are peaks in selenium concentrations each year in the summer or early fall in
field barrel leach tests of Pebble waste rock. Figure 4b shows that every time the selenium concentrations
peak, so do the sulfate concentrations, indicating that readily soluble sulfate salts are releasing selenium
repeatedly. In the calculations used to estimate pit water quality, the initial flush samples from 2007 were
HOLPLQDWHGEHFDXVHWKH\³OLNHO\UHIOHFWVOHDFKLQJRISUH-H[LVWLQJVROXEOHSURGXFWVIURPWKHEDUUHOV´DQG
average release rates were calculated using subsequent data (SRK 2018b p. 24).
Eliminating the initial peak and using an average concentration will underestimate the repeated release
from sulfate salts that will form on the walls of the open pit and could be present in submerged PAG
wastes. In fact, SRK (2018b p. 26) attributed the release of mine-related constituents, including selenium,
and other solutes from submerged Pre-Tertiary wastes to the dissolution of acidic salts (SRK 2018b
Appendix 11G). Eliminating these higher concentrations from consideration will underestimate pit lake
concentrations.
Despite this omission, selenium concentrations in the surface water of the pit lake are predicted to exceed
State of Alaska water quality criteria (Lorax Environmental 2018); pit lake modeling also predicts that Al,
As, Cd, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Sb, and Zn concentrations will exceed the discharge limits presented
in the DEIS (Figure 5). The Lorax Environmental predictions assume that the pit lake water will have a
neutral pH. If acidic conditions develop ± from the influence of submerged PAG material, pit wall
leaching, and other inputs ± the concentrations of most analytes will be even higher.
Selenium concentrations from the pit lake during closure years 20 to 125 are expected to be 9-15 g/L
(Lorax Environmental 2018) and will likely be higher. While the pit lake is not required to meet aquatic
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life criterion (5 g/L), it does need to be assessed for poteQWLDOFRQVHTXHQFHVWRUHFHSWRUV VHH³%LRORJLFDO
LPSDFWV´VHFtion). Such an assessment has not been conducted.
After mine closure, pit lake water will be pumped and treated by WTP #3 in perpetuity. Higher pit lake
selenium concentrations would result in higher concentrations of selenium in WTP effluent and a
potentially greater impact on aquatic life. The FEIS needs to consider the effects of higher WTP influent
and effluent concentrations on biological receptors.

Figure 4a. Selenium leaching from Pebble West Zone Pre-Tertiary waste
rock, field barrel tests. Source: SRK 2018b, Figure 11-17.

Figure 4b. Sulfate and selenium concentrations in waste rock. Concentrations
are over a five-year period in field barrel tests using Pebble Project waste rock
(Pre-Tertiary mudstone sample). Source: SRK 2018, Appendix 11I.
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Figure 5. Predicted pit lake water quality, closure years 20 to 125. Shown are predicted mean concentrations of
trace elements and other analytes expected in the upper 10m of the pit lake. By Year 21, the pit will be backfilled
with pyritic tailings and PAG waste rock, and water levels in the pit will be allowed to rise. Source: Lorax
Environmental 2018.

Wastewater treatment at the proposed Pebble Project
As noted above, during operations WTP #1 would treat primarily dewatering water, and WTP #2 would
treat water collected at the WMP, primarily seepage from the TSF. At closure, WTP #1 would be
renamed WTP #3, treat a higher volume of water, and would be reconfigured.
WTP #1 will use high-pressure reverse osmosis (RO) followed by biological methods to remove selenium
from ultrafiltration permeate, while WTP #2 will remove selenium only through high-pressure
membranes (DEIS p. 4.18-4), although earlier documents mention biological treatment (AECOM 2018).
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It must be noted that inconsistencies in nomenclature and descriptions (five names are used to refer to two
different treatment plants) complicate their review unnecessarily.
A study commissioned by the North American Metals Council (NAMC) Selenium Working Group notes
WKDW³Very few technologies have successfully and/or consistently removed Se in water to less than 5
J/DWDQ\VFDOH6WLOOIHZHUKDYHEHHQGHPRQVWUDWHGDWIXOOVFDOH«´ 1$0& 2013). Some of the
challenges noted in the study that are relevant to the Pebble Project include:
x Removal is limited by the minimum and maximum feasible ranges of design flows
x Removal is confounded by water temperature, pH, and the concentrations of other constituents,
including nitrates and salts.
x Re-release from residuals can occur

Wastewater treatment plants
Very few details are available on the design of the treatment plant for selenium removal. The main water
treatment plant (WTP #2) would rely on a nanofiltration (NF) unit to remove selenium. HDR claims that
selenium will be removed by 92-94% by membrane filtration, but they do not substantiate their claims
with data from operational treatment systems. Our review of selenium removal by RO and biological
treatment systems identified no additional literature, but personal experience of an author to this memo
and discussions with operators at %DUULFN¶VRichmond Hill Mine and another mining complex1 indicate
that selenium removal rates in full-scale operations range from 45-90%.2 For the present analysis, we
assumed selenium removal efficiencies of 85-90%.
Predicted influent and effluent concentrations
During mine operations, the main water treatment plant (WTP #2) is expected to receive influent with
selenium concentrations of 22-23 g/L and discharge selenium concentrations of 2.2-4.6 g/L (HDR
2019a). In closure year 20 when WTP #3 begins operating again after a four-year hiatus, the open pit
selenium concentrations are predicted to reach 15 g/L (Lorax Environmental 2018) (Figure 5). The
selenium concentrations predicted for the open pit may be underestimated because they ignore sources of
readily-soluble selenium, as indicated above. A separate WTP that would treat only excess seepage
collection pond water would operate during Phases 3 and 4 of closure in the same housing as WTP #3
(DEIS p. 2-37 to 2-38); selenium concentrations from the seepage collection pond are predicted to reach
63 g/L (HDR 2019b).
The treated effluent discharges are estimated to have selenium concentrations of 1.5-2.3 g/L from the
flooded pit, and 6.3-9.5 g/L from the seepage collection ponds during closure, which exceed the existing
Alaska criterion. However, discharge concentrations from treated pit water will be even higher if pit water
concentrations have been underestimated.

1

For reasons of confidentiality, the name of the additional mining complexes that provided information on selenium
treatment efficiency are withheld.
2
Gene Fuller, Treatment Plant Operator, Barrick Gold (Lac Mineral). Richmond Hill Mine. Personal
Communication.

10 | P a g e

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1148 of 2339

Review of selenium treatment technology
The DEIS states that methods for treating selenium could include biological removal at the Open Pit
WTP, and nanofiltration and calcium sulfate precipitation at the Main WTP (DEIS p. 4.18-4). None of
these technologies have been proven to be effective at treating the volumes of water, or in the climatic
conditions expected to be present at the Pebble Project. Furthermore, by failing to specify the particular
technology being proposed, it is difficult to fully evaluate the effectiveness of treatment.
Until a few years ago, there were only limited options and experience with the treatment of selenium in
mine-influenced water. Precipitation of selenite with ferric iron was previously determined to be the best
available technology by the US EPA (Alberta Environment 2005). Removal by membrane filtration was
also recognized as a means to treat selenium, but the management of selenium remaining in the resulting
brine remained unanswered. In addition, there was little experience with RO in the mining industry. A
number of technologies were tested in WKH¶VDQGLWVRRQEHFDPHDSSDUHQWWKDWELRORJLFDOWUHDWPHQW
provided the best means to decrease selenium concentrations to very low levels (Alberta Environment
2005, NAMC 2010, NAMC 2013, MEND 2014).
Three events precipitated a rapid change in selenium treatment approaches: legal rulings or government
directives in West Virginia (Charleston Gazette-Mail 2012), in British Columbia (Teck 2014) and in
Idaho (New York Times 2012) ordering coal and phosphate mines to treat mine-influenced water
containing elevated selenium concentrations. In the case of Patriot Coal in West Virginia, the company
was given one year to develop and apply a remedy. These nearly concurrent developments led to the
selection of Fluid Bed Bioreactors (FBRs) as the technology of choice for removing selenium from mineinfluenced water. This technology, together with the ABMet Process (a fixed bed bioreactor using
activated carbon) had been used successfully to remove selenium from scrubber blowdown at coal power
plants (NAMC 2010). However, the characteristics of scrubber blowdown are vastly different from mine
water: it is hot and contains very high dissolved salt concentrations, including chloride (which is
corrosive), and very high selenium concentrations. Thus, the three FBRs developed at the above mines
underwent a protracted development process of 1-4 years.
Developments at each mine site followed a different path. The FBR developed at the West Virginia coal
plant operated effectively almost immediately, a fact attributed to favorable conditions at the site3. The
)%5V\VWHPDW7HFN¶V/LQH&UHHNRSHUDWLRQin British Columbia was problematic in its early years and
was eventually shut down when it was found to produce highly toxic organo-selenium compounds (The
Narwhal 2018). Finally, the FBR system at the JR Simplot mine in Idaho took four years to develop, a
protracted development process made necessary by the need to resolve numerous process, engineering
and operational issues.4 These developments reflect the relatively immature state of these technologies, as
previously discussed (NAMC 2013).

3
4

Personal communication with key personnel.
Alan Prouty, Vice President, Environmental & Regulatory Affairs, JR Simplot. Personal communication.
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Effect of additional constituents on treatment effectiveness
The presence of additional constituents in the water to be treated can have profound impacts on the
effectiveness of different selenium treatment methods. Residue from explosives used during mining will
introduce nitrate into the water requiring treatment. In biological treatment systems, nitrate must be
removed by the bacteria before selenate can be reduced (Envirogen 2011, p.4-5). However, this is
primarily a concern during mining operations, when blasting takes place and nitrate residues are
introduced to the waste material.
In AECOM 2018, there is stated skepticism over the ability of WTP #2 to treat selenium, with the caution
that underestimating the ability of the system to treat salts could affect the NF membranes and could lead
to failure to meet discharge water quality limits. This underscores the importance of field testing to
determine actual removal efficiencies, rather than relying on vendor claims or results from pilot-scale
systems at other operations. Since this is not possible at Pebble, it is incumbent for the DEIS to assume
conservative removal rates instead of optimistic ones.
Influent flow rates
The relative immaturity of selenium treatment technologies warrants taking a conservative approach in
assessing their efficacy and the potential impacts from selenium in mine-related discharges. As stated in
WKHZDWHUWUHDWPHQWEHQFKPDUNVWXG\XSGDWH +'5 ³Biological selenium removal was included at
a preliminary level in the original benchmark study.´+RZHYHUUHOHYDQWSHUIRUPance results from active
water treatment plants were not included in this benchmark study, limiting the utility of this assessment.
Another factor contributing to the need for conservatism is the very high flow rates that will require
treatment. No performance data are presented in the updated benchmark study, but the reference to
ELRORJLFDOZDWHUWUHDWPHQWIDFLOLWLHVDW7HFN¶V:HVW/LQH&UHHNDQG(ONview operations indicate that an
FBR is contemplated. Treatment capacity for these treatment plants presented in the benchmark study
update are grossly incorrect (Table 2): the West Line Creek Active Water Treatment Facility (AWTF) has
a capacity to treat flows of 1,375 gpm, not 33,000 gpm, while two planned Fording River Operation and
Elkview Operation AWTFs are anticipated to have treatment capacities of 3,670 and 5,500 gpm, not the
132,000 gpm reported by HDR (Teck 2014, HDR 2017). 7KHDQWLFLSDWHGFDSDFLW\DW-56LPSORW¶V6PRN\
Canyon AWTF is 4,000 gpm. The capacity of all four AWTFs are significantly smaller than the 22,000
gpm facility planned for the Pebble Project at closure.
Table 2. Flow rates given in 3/3¶V Benchmark Study Update vs Actual/Announced flow rates (in gpm).
Source: Teck 2014.
Treatment plant
Benchmark flow value
Actual flow value
West Line Creek
33,000
1,375
Fording River
Operation
Elkview Operation

132,000

3,670

5,500
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The previous discussion made it clear that the FBR technology used to treat selenium is not yet mature.
The treatment system proposed at the Pebble Project introduces a new uncertainty: it is uncertain that the
performance observed at 1,400-2,000 gpm will scale linearly to the 6,300 gpm flows during operation or
to the 22,000 gpm flows proposed at closure.
This uncertainty is partly inherent in the technology of fluidized beds, whereby the suspension of particles
LQDELRUHDFWRU ³EHGIOXLGL]DWLRQ´ GHSHQGVRQFRPSOH[K\GURG\QDPLFIDFWors and is further complicated
by the fact that suspended particles within the bioreactor continually change properties from growth of the
microbes they carry. While this characteristic makes an FBR more efficient than a mobile bed bioreactor,
it also makes it much more sensitive to site-specific condition and more difficult to optimize.
Additionally, the Teck Coal AWTFs heat water for optimized performance. The large flows anticipated
for treatment at Pebble may make this prohibitive, either due to costs or to ecological limit for an
acceptable temperDWXUHRILWVHIIOXHQW VHH³(IIHFWVRI7HPSHUDWXUH´). Treatment temperature is therefore
another factor that may affect treatment performance and result in higher selenium concentrations in the
treated effluent.
7KHDERYHXQFHUWDLQWLHVDIIHFWVLJQLILFDQWO\WKHSUHGLFWHGHIIOXHQWFRQFHQWUDWLRQV+'5¶VFRQFOXVLRQVWKDW
selenium removal rates in their proposed treatment scheme attain >92% are not supported by any realworld data, especially for Seepage Collection Pond water that is gypsum-saturated. In our view, they are
overly optimistic. A more conservative removal rate of 80-90% is more defensible.
If the Main WMP is constructed on the assumption that these large volumes of water can daily be treated
and released and the treatment plant cannot effectively treat such high volumes, the project runs the risk
of releasing untreated water, particularly if construction of the WMP has not adequately prepared for
influxes of heavy precipitation or snowmelt related to climate change.

Wastewater treatment discharge
Water temperature
Effluent discharged from the water treatment plants will be warmer than the receiving environment and
may adversely impact aquatic organism in the receiving streams.
The DEIS notes that influent to the open pit WTP would be heated for biological treatment to be effective
(DEIS Appendix N ± ProjeFW'HVFULSWLRQ6HFWLRQ DQG³Supplemental heating could be necessary
during cooler periods to achieve minimum temperature levels for biological selenium removal to be
effective´ '(,6S-4).
Influent to the reverse osmosis system will be heated to 5ºC. The DEIS states that that an optimization
study will be conducted for the biological treatment plant designed to remove selenium at Pebble. The
minimum operating temperature for FBRs is 10ºC, although higher temperatures may be more optimal
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(NAMC 2013). We calculated the effluent temperature for the Open Pit WTP shown in DEIS Appendix N
± Project Description, Figure 4-3.
For this calculation, we assumed that the RO feed will be heated to 5ºC, that the system operates with a
recovery rate of 80% for permeate, that the FBR will be operated 10ºC, and that a heat exchanger will be
installed to recover heat from the FBR effluent. Under these conditions, we determined that treated
effluent will be discharged at 5.6ºC, while ambient water temperature is near 0ºC.
Although the DEIS acknowledges that water may need to be heated prior to biological removal of
selenium, it summarizes estimates of temperatures 0.5 miles downstream of the WTP discharge at the
North Fork Koktuli (-0.2 ºC to +3.6 ºC change), 1 mile downstream of the WTP discharge at the South
Fork Koktuli (-1 ºC to +1 ºC change in summer; no estimates provided for winter) and 3 miles
downstream of the WTP discharge at Upper Talarik Creek (0 ºC to +0.7 ºC change) (DEIS p. 4.18-11).
There can be ecological impacts if high-volume flow effluent is released at a higher temperature than the
UHFHLYLQJZDWHUV VHH³(IIHFWVRIWHPSHUDWXUH´ 

The importance of the discharge environment on selenium chemical speciation
The toxicity and mobility of selenium are a function of its aqueous speciation, or different chemical
forms, which change depending on the pH and redox state of the aqueous environment. For this reason,
when discharge effluent is tested for permit compliance, it should include selenium speciation analysis.
Additionally, biological treatment of selenium may result in the formation and release of bioavailable
forms of selenium (BAL 2019; Chapman et al. 2009).
The most common dissolved selenium species in natural waters are HSeO3- and SeO32- (Se(IV), or
selenite) and SeO42- (Se(VI), or selenate) (Figure 6). Under more oxidized conditions, selenate species
(SeO42-) dominate, while under more reducing conditions, such as in wetlands, selenite species dominate.
This is important because selenate is more mobile in the environment, whereas selenite readily adsorbs
onto mineral surfaces (Balistrieri and Chao 1987, NAMC 2008b).
Figure 6. Eh-pH diagram for the
selenium-water system. Selenium
exists in many valence states in
nature, including ± from most to
least oxidizing ± selenate (SeO42-),
selenite (HSeO3- below pH 7 and
SeO32- under more alkaline
conditions), elemental selenium
(Se) and HSe-. Source: Bethke and
Farrell, 2019

14 | P a g e

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1152 of 2339

Site-specific conditions and hydrology affect selenium speciation and cycling. This is much more
complex than simply looking up a number or establishing a dose-exposure relationship.
In still or slow-flowing waters, lower oxygen concentrations and longer retention times allow selenate
(Se(VI)) to be chemically reduced to selenite (Se(IV)), which will readily be immobilized in sediments.
From there, it can be incorporated into seston, which is its point of entry into the food chain (Johnson et
al. 2006). In fast-flowing waters, dissolved oxygen concentrations remain elevated and retention times are
shorter, conditions that are less favorable to the entry of selenate into the food chain.
Other factors that influence selenium uptake and movement through the food chain include organic
carbon, temperature, trophic status of the receiving ecosystem, latitude5 or the presence of susceptible
species. These factors need to be considered when assessing the environmental consequences of selenium
discharge in natural waters and the subsequent impacts to aquatic life. More importantly, they establish
the relationship between water-borne selenium concentrations and tissue concentrations ± which predict
selenium toxicity accurately ± and are used to determine acceptable, regulatory selenium concentrations
in water (Figure 9).

Ecological impacts
Effects of temperature
A potential adverse effect of WTP treatment for selenium is the increased temperature of the effluent,
predicted in this Position Paper to be 5.6ºC.
The predicted effluent temperature is higher than baseline water temperature averages: the baseline mean
water temperatures at streams at the mine site area are 4-4.8ºC (DEIS p. 3.18-8), with median water
temperature for the South Fork Koktuli, North Fork Koktuli, and Upper Talarik Creek ranging from 1ºC
to 3ºC (ERM 2018 Table 9.1-3, Table 9.1-7, Table 9.1-11).
The WTP discharges will occur near NK100C (North Fork Koktuli), SK100G (South Fork Koktuli), and
UT 146A (Upper Talarik Creek) as shown in Figure 1. At these specific locations, mean water
temperatures are 5ºC, 5.3ºC, and 4.5ºC respectively; medians are lower at 1ºC, 3.6ºC and 1.8ºC. Ranges
are -0.11 to 19ºC (NK100C), -0.1 to 18ºC (SK100G) and -0.2 to 16ºC (UT 146A) (ERM 2018).
The DEIS states that in general winter water temperature changes could impact eggs and alevins through
increased metabolism, growth, and changes in time of emergence (DEIS p. 4.24-23), but that changes in
WTP effluent water temperatures are within the optimum ranges for the different life-stages of the various
species present (as described by Weber-Scannell 1991) and, therefore, effects of changes in summer water
WHPSHUDWXUH³ZRXOGEHH[SHFWHGWR FDXVHQHJOLJLEOHLPSDFWVWR3DFLILFVDOPRQDQGWKHLUKDELWDW´DQGLQ
ZLQWHUZDWHUWHPSHUDWXUHVWREH³QHJOLJLEOHWRSRWHQWLDOO\SRVLWLYH´ We dispute these conclusions.
The Weber-Scannell paper describes temperature values reported in the scientific literature for species
across distributional ranges and includes very few citations for populations in Alaska and fewer for

5

Latitude influences the hours of daylight; longer daylight hours increase selenium uptake and bioaccumulation.
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western Alaska. Weber-Scannell noted that there were critical limitations of applying these temperatures
to fish in Alaska, stating thDW³0DQ\RIWKHVWXGLHVWKDWUHODWHFKDQJHVLQWHPSHUDWXUHHIIHFWVRQILVK
examine higher ranges than are usually experienced by fish in Alaska. Therefore, acceptable upper and
lower temperature ranges from the published literature are often not applicable to fish naturally occurring
DWKLJKHUODWLWXGHV´ Weber-Scannell 1991 p. iii).
As Weber-Scannell suggests, and the DEIS fails to acknowledge, populations of Pacific salmon are highly
adapted to local conditions (Beer and Anderson 2001), and the EPA noted that the diverse environmental
conditions in the Bristol Bay area have led to large variation among populations of Pacific Salmon species
and local adaptation (EPA 2014 p. 7-34 to 7-35). Applying generic standards to assess impacts to local
populations leads to invalid conclusions about potential effects.
Local adaptation of salmon to water temperature appears strongest at low, rather than high, temperatures
(Jensen et al. 2000). Thus the reported increase in winter water temperatures is likely to have significant
negative, QRW³QHJOLJLEOHWRSRWHQWLDOO\SRVLWLYH´effect on Pacific Salmon. Changes to thermal regimes
disrupt the timing of life-history events and can result in mismatches between fish and their environments
or food resources, adversely affecting survival (Jensen and Johnsen 1999, Angilletta et al. 2008). Spawn
timing is finely tuned to local environmental conditions, notably water temperatures during the incubation
period (Beacham and Murray 1990), to promote juvenile emergence at a favorable time of year for
growth and viability (Brannon et al. 2004, Campbell et al. 2019). Slight increases in temperature can
result in earlier emergence (McCullough 1999, Adelfio et al. 2018) (Figure 7) and the reduction in size
(Beacham and Murray 1990) and development (Fuhrman et al. 2018) of fry.
Cumulative impacts analysis, particularly for the 78-year mine scenario, must consider the effects on
streams experiencing warmer water discharged from the WTP, a result of heating influent water for
effective biological selenium treatment, in addition to climate impacts to stream temperatures and flows.
As a result of these issues, the assessment of potential effects of treated mine-water and the conclusions in
the DEIS are not supportable and most likely wrong. A more complete assessment of the effects of
changes to water temperature is provided in Reeves__04122019_Review of Chapter 4_Water
Temperatures.Draft.doc.

Figure 7. Changes in
time of emergence of
Chinook and Coho
salmon as a result of a
1°C increment increase
in water temperature
during egg development
Source:
McCullough
1999.
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Ecotoxicity
Selenium is a necessary nutrient and human health becomes impaired if selenium levels are too low in
soil (0.01 ± 2.0 mg/kg) or water (0.01 ± 4.0 g/L) (Eisler 1985). In regions where bioavailable selenium is
too low, dietary intake in humans that yields less than the recommended 1 M Se/L in blood results in
impaired immune function and susceptibility to infections (Harthill 2010). Farmed fish or fowl are also
known to suffer from selenium deficiency. Yet at concentrations only slightly higher than those above,
selenium can build up in aquatic ecosystems and cause deformities in fish and aquatic birds (Latshaw
2004, Chapman et al. 2009, Janz 2011). Thus, unlike arsenic, mercury or cyanide, selenium is both a
necessary nutrient and a toxicant with a very narrow threshold at which its nutritional benefits turn
detrimental.
Many factors influence selenium toxicity, including its concentration, speciation, the rate of selenium
input, and hydraulic residence time (NAMC 2008a). One of the key factors is the environment in which
mine waters flow. Virtually every significant instance of selenium ecotoxicity is due to its entry into
aquatic ecosystems with slow-moving waters, where selenate can be reduced chemically to selenite and
enter the food chain (Chapman et al. 2009). At Pebble, one should also consider possible contributions of
selenium from biological vectors or dust. Additionally, the landscape is dynamic and, particularly at the
South Fork Koktuli location, selenium forms and accumulation may be influenced by wetlands and spring
floods receding in summer (Lidman et al. 2011).
Fingerprint of selenium toxicity
The fingerprint of selenium toxicity is well-established (Chapman et al. 2009, EPA 2016b). It primarily
affects the embryos of egg-laying vertebrates, arising from elevated selenium concentrations in yolks that
are caused by elevated dietary selenium. In the growing embryo, selenium substitutes for sulfur in the
amino acids cysteine and methionine because of its molecular and chemical similarity. These amino acids
are key components of keratins and other fibrous structural proteins that make up cartilage, hair, nails,
horns, claws, hooves, and the outer layer of human skin. The proper function of these proteins is impaired
when they contain high proportions of seleno-amino acids, and this is reflected in physical deformities in
fish such as missing gill plates and deformities of the head, spine, and fins (Muscatello 2006, Lemly
2014). Since diet is the primary source of selenium to fish, its efficient uptake by algae and aquatic
insects contributes to selenium toxicity (Lemly 2004). Aquatic birds can also be affected, primarily
through the death or deformation of chicks (Brix et al. 2000, Ratti et al. 2006, NAMC 2008a, Chapman et
al. 2009).
Bioaccumulation of selenium is known to occur in amphibians and reptiles (Ohlendorf et al. 1988) and
mammals (Clark 1987) that prey on aquatic biota from selenium-polluted waters, but more study of toxic
effects to these taxa is needed (ATSDR 2003a).
Ecotoxicity from selenium discharges has been reported for several decades. Its effects were observed in
the Kesterson Reservoir, San Joaquin Valley, California LQWKHHDUO\¶Vas dramatic losses in
migratory bird populations (Skorupa and Ohlendorf 1991). Selenium ecotoxicity was also documented in
WKHHDUO\¶VDW%HOHZV/DNH, North Carolina, where 16 of 20 (80% of) endemic resident fish species
were extirpated from a coal ash settling pond (Lemly 1985, Lemly 1987, Cumbie and Van Horn 1998),
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and other reservoirs receiving effluents from coal power plants (Lemly 2014). In these cases, selenium
leached from coal ash was discharged into reservoirs and lakes, where it impacted fish populations. More
recently, selenium was found in discharges from coal, gold, phosphate and uranium mines and impacts
from some of these operations have been observed (Sobolewski 2010).
Despite such well-documented toxic effects, no ecotoxicity studies or analyses necessary to predict and
consider potential ecotoxic effects, have been conducted on WTP discharge water in the DEIS or
otherwise to determine the potential for biological impacts for the Pebble project.

Susceptible species
Because dietary exposure is the dominant pathway of selenium uptake, animals at higher trophic levels²
particularly birds and fish²are considered among the most sensitive to deleterious effects of selenium
(Hamilton 2004). Although elevated selenium loads can cause no noticeable impact to adult animals,
teratogenic effects such as spinal, cranial, beak and fin deformities do appear in offpsring and can
ultimately lead to population level impacts (Lemly 2014).
The presence of fish and aquatic bird species in the region of the Pebble Project were identified as part of
baseline characterization of the site (DEIS p. 3.24-18 to 3.24-27, ABR 2011, PLP 2018). It is evident that
the stream reaches where WTP effluent would be discharged are productive fish habitat, used by Chinook
salmon (Onchorynchus kisutch), sockeye salmon (O. nerka), coho salmon (O. kisutch), chum salmon (O.
keta), and resident fish species stickleback (Gasterosteidae), Northern pike (Esox lucius), multiple species
of whitefish (Coregoninae), rainbow trout (O. mykiss), Arctic grayling (Thymallus arcticus), Dolly
Varden (Salvelinus malma), and slimy sculpin (Cottus cognatus) (DEIS Table 3.24-2, PLP 2018 Figure
15-3 and Tables 15-10 to 15-13, 15-19, and 15-24) (Figure 8).
The DEIS and supporting documentation are insufficient to determine species at risk; fish and aquatic
birds known to incubate, nest, rear, and/or spawn on or near ponds, wetlands and streams in close
proximity to proposed discharge locations. Chinook, coho, and sockeye salmon spawn in at least one of
the WTP discharge areas but information on potentially more vulnerable resident fish spawning areas is
sparse (DEIS p3.24-5 to 3.24-13). Similarly, the mine area is used by raptors (DEIS Figure 3.23-1),
waterfowl (DEIS Figures 3.23-2 and 3.23-3), and includes swan nesting areas (DEIS Figure 3.23-4). The
species that nest and rear broods in the mine area, particularly near WTP effluent discharge sites, are not
sufficiently considered for potential individual and population level impacts of elevated selenium
concentrations resulting from discharge (DEIS p3.23-1 to 3.23-23).
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Figure 8. Fish species at WTP discharge locations. The following species were identified in at least one year of fish
surveys at all three stream reaches that would receive WTP effluent: coho salmon (Onchorynchus kisutch), sockeye salmon
(O. nerka), Arctic grayling (Thymallus arcticus), Dolly Varden (Salvelinus malma), rainbow trout (O. mykiss), sculpin
(Cottus sp.), and stickleback (Gasterosteidae). Additionally, the following were identified in at least one stream reach that
would receive WTP effluent: Chinook salmon (O. tshawytscha), North Fork Koktuli and Upper Talarik discharge sites),
northern pike (Esox lucius) (North Fork and South Fork Koktuli discharge sites), and chum salmon (O. keta) and whitefish
(Coregoninae) (North Fork Koktuli discharge site). Source: DEIS Figure 4.18-1, PLP 2018 Figure 15-3 and Table 15-10

Trophic transfer
Water-borne selenium concentrations are not a reliable indicator of potential toxicity (Chapman et al.
2009, Janz 2011). Tissue concentrations are a far more accurate indicator, but the concentrations that
cause toxic or embryonic effects can be quite variable and species- and site-specific (Canton et al. 2008,
Chapman et al. 2009, Luoma and Presser 2009, 2018). There are several steps separating the presence of
selenium in water and its effects in the developing embryo. Understanding these steps is important in
establishing the acceptable selenium concentrations in mine discharges and receiving waterbodies.
The initial transfer of selenium from the water column to the sediment is usually the greatest
concentration step. From there it moves into food webs, where it is further concentrated. The step-wise
accumulation of selenium from the base of the food web results in increasing concentrations in animal
tissues at higher trophic levels (Luoma and Presser 2009, 2018) (Figure 9). This is how 10 ppb in the
water column becomes 10 mg/kg in sediments, 28 g/g in a dragonfly nymph, and 32 g/g in the yolk of
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DQ(DUHG*UHEH¶VHJJIURPZKLFKDQHPEU\RZLOOGHvelop. At these selenium concentrations, the embryo
is likely to develop abnormalities, such as a malformed, non-functional beak, that may cause the young
chick to die of starvation. Biota below top predators on the food chain may still be impacted if waterborne selenium concentrations are elevated (Chapman et al. 2009).

Figure 9. Conceptual model of Se
transfer in food webs. Emphasizing the
roles of speciation, biogeochemical
transformation, and trophic transfer
factors in modeling two aquatic food
webs: a water column food web and a
benthic food web. TTF=trophic transfer
factor. Subscript d means dissolved,
subscript p means particulate. Source:
Luoma and Presser 2009.

Fish
As with birds, the increasing concentration of water-borne selenium as it is transferred through the foodchain may lead to ecotoxic effects in the developing fish embryo. Each step in this process may be
affected by site-specific conditions, including freshwater productivity, flow, sediment content of
selenium, and receiving fish species. Consequently, relatively low selenium concentrations can lead to
fish toxicity via bioaccumulation (Lemly 2004). Adult life stages are relatively tolerant of dietary
selenium intake, but can pass its effects to offspring (Janz 2011).
Fish in the Pebble area have not been previously exposed to elevated selenium. Water and sediment are
low in total and dissolved concentrations, as is fish tissue (Appendix A). In the vast majority of water
samples, selenium was below the method reporting limit (Schlumberger et al. 2011).
Susceptible species that could sustain long-term exposure are resident species. Statewide selenium
concentrations for freshwater fish (whole body, wet weight, n=187) generally found in the mine area
(Arctic grayling, lake trout, northern pike, ninespine stickleback, rainbow trout, slimy sculpin) have low
concentrations of selenium in fish tissue, with means of 0.3 ± 1.1 mg/kg and a maximum of 4.2 (slimy
sculpin) (ADEC 2018). Data collected for the Pebble Project determined that mean values (whole body,
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n=84) were somewhat more elevated, from 0.7 to 3 mg/kg, with a maximum of 5 mg/kg (grayling) (SLR
et al. 2011). Pike muscle tissue had a maximum concentration of 4.8 mg/kg. For reference, a panel of
experts evaluating the scientific and unpublished literature available in 2008 recommended a trigger of 6
mg Se/kg DW (dry weight) whole body for fish (Canton et al. 2008).
Salmon are less likely to have sustained exposure, but could transport selenium beyond the immediate
vicinity of the mine site. Statewide selenium concentrations for salmonids generally found in the mine
area (Arctic char²Salvelinus alpinus, Arctic grayling²Thymallus arcticus, Dolly varden²S. malma,
Humpback whitefish²Coregonus pidschian, Pygmy whitefish²Proposium couterii, chum salmon²
Oncorhynchus keta, coho salmon²O. kisutch, king salmon²O. tshawytscha, and sockeye salmon²O.
nerka) have a mean baseline selenium concentration of 0.3-1.3 mg/kg (whole body, wet weight, n=279)
with the highest concentrations measured in coho salmon (3.7 mg/kg) (ADEC 2018). Tissue testing of
salmonids in the Pebble Project area (whole body, n=366) indicates higher concentrations, with means as
high as 3.6 mg/kg (Dolly Varden) and maximums as high as 5.5 mg/kg (Dolly Varden) (Appendix A).
All reported baseline fish tissue maximum concentrations are below the 2016 EPA fish tissue guidelines
for whole body samples (see ³:DWHU4XDOLW\&ULWHULD´VHFWLRQ 

Birds and other species
Some of the susceptible bird species include those that eat molluscs and fish, such as shorebirds, ducks,
gulls, terns, and osprey (Luoma and Presser 2018, Teck 2014, Johnson et al. 2006).
Audubon notes that millions of breeding seabirds and shorebirds move through the area (Audubon Alaska
2018). The DEIS notes 14 avian species breed in the area. Wetlands, floodplains and bays around Iliamna
Lake and along the Newhalen River are areas of high concentrations of aquatic birds in spring and in fall
(DEIS p. 3.23-45), and also areas where we could expect selenium to bioaccumulate.
Selenium toxicity through prey consumption poses an additional stressor on top of habitat loss and
climate change tKDWLVFDXVLQJWKHVWHHSGHFOLQHRIPDQ\RI$ODVND¶VPLJUDWRU\ELUGV6 Additionally, as the
climate changes, spring is arriving earlier, water bodies are becoming ice-free sooner (Alaska Salmon
Program 2011; Zamzow 2018), and there is observational evidence that some birds are migrating north
sooner.7 More birds may potentially be exposed earlier and for longer periods of time.
The pit lake has the potential to act as a reservoir of selenium. Unlike natural ponds and lakes, it is not
expected to have a littoral zone and well-developed trophic levels, and would have limited
bioaccumulation of selenium through a food web. However, birds could be exposed through direct
ingestion and preening if they land on the lake. During winter, it is possible that migrating birds would
choose the pit lake as it will likely not freeze because of the perpetual pumping proposed for pit lake
management. In addition, pit water could migrate through faults to downgradient groundwater and surface

6
7

https://climate.audubon.org/
www.ebird.org
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water. This potential exposure pathway has not been examined in the DEIS. As noted above, pit lake
surface waters are expected to have selenium concentrations of 9-15 g/L, but this is likely
underestimated.
In addition to birds, the susceptibility wood frogs should also be included in the potential environmental
consequences of selenium release (Canton et al. 2008, EPA 2016b).
Freshwater seals of Iliamna Lake may also be susceptible, depending on the transport route of selenium
itself and biological vectors.

Biological vectors
As with any bioaccumulating toxicant, fish and birds that acquire contaminants in polluted source areas
can and often do transport it widely to other regions and ecosystems when they migrate. Salmon and
migratory birds are obvious vectors of long-distance transport of selenium from food webs in the
immediate area of the proposed Pebble Project to other water bodies in the region, thus secondarily
contaminating the food web in lake, rivers, estuarine, and marine waters (Bard 1999, Baker et al. 2009).
The fact that there are many small ponds, lakes, and still waters pose environmental consequences if
biological vectors transport selenium to these locations.
Emerging salmon fry that are exposed to mine-related selenium and which outmigrate to sea after 0 to 3
years in fresh water, upon return may have higher loads of selenium than those that remained unexposed.
They return en masse to specific reaches on specific streams, and carcasses may pass the selenium into
sediment and the water column where eggs, fry, and juvenile fish could be exposed ± and pass selenium
further up the food chain to those that prey on them. Because selenium would be present in effluent from
the treatment plant that would need to operate in perpetuity, the source would never be eliminated and the
process of transporting selenium to areas beyond the immediate mine site could increase geographically
and in concentration. The potential cumulative effects of selenium release over the two- to eight-decade
life of the mine, and in perpetuity, should be considered by the Final EIS.
Resident species that move along rivers, such as whitefish (Brown et al. 2012) and Dolly Varden may
also be vectors.
Additionally, millions of birds migrate through the region annually. Migratory birds that feed on
selenium-contaminated prey will increase selenium concentrations in their tissues and increase the risk of
ecotoxic effects. Additionally predators feeding on these contaminated birds, e.g. osprey, could in turn be
impacted. The sheer numbers of birds that could be potentially exposed, as well as the fact that many
species have been in a sharp decline over the past decade (Warnock and Smith 2018) makes this an
environmental consequence that should be examined.
A conceptual model should be developed that uses identified susceptible species and actual or predicted
selenium concentrations of sediment, algae, invertebrates, fish, and shorebirds, such as developed by
Luoma and Presser (2009, 2018). This model should determine the extent of selenium distribution
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through biological vectors that could result in increased selenium concentrations in predator tissues and in
ecotoxic effects.

Human health
The primary exposure to selenium is through diet. Fishermen and hunters of waterfowl who regularly eat
fish and game from waterways with high selenium content may also consume above average levels of
selenium (ATSDR 2003b). While the specific mechanisms of action are poorly understood, high
concentrations of selenium ingested through contaminated foods by humans could potentially cause toxic
effects similar to those in other mammals, including hair loss, nail deformities, and neurological,
respiratory, and digestive maladies (ATSDR 2003a, Tinggi 2005). However, selenium intake through
foods may also have beneficial effects (ATSDR 2003a), as do fish that may be the dietary source of
selenium to humans (Loring et al. 2010). Because selenium can have both positive and negative impacts
on human health, a Human Health Risk Assessment, similar to that conducted in the Elk Valley
(Lawrence and Chapman 2007) should be undertaken.

Water quality criteria
Selenium causes characteristic ecotoxic effects such as skeletal deformities and missing gill plates, and
predominantly affects fish and aquatic birds. The mode of action has made it difficult to determine the
best way to regulate discharges through water quality criteria and effluent limits, but recent interest and
research has better clarified selenium ecotoxicity pathways, and regulatory guidelines have been updated
to be protective of aquatic life (EPA 2016a,b). However, the State of Alaska has yet to adopt the updated
science-based guidelines into state law, retaining the 1999 EPA aquatic life chronic criterion of 5 g/L,
measured as total recoverable selenium in the water column (ADEC 2008).
Historically, water-borne selenium has been regulated to low concentrations in several jurisdictions,
reflecting findings of ecotoxic effects in reservoirs receiving water with part per billion (ppb)
concentrations (Eisler 1985). However, this approach was increasingly challenged by inconsistencies in
toxic effects. Some industrial discharges with low selenium concentrations produced no evident effects,
whereas other discharges with comparable selenium concentrations produced strong ecotoxic effects
(Table 3).
Table 3 ± Selenium concentrations and effects downstream of Key Lake and McClean Lake operations,
Saskatchewan. Source: Muscatello 2009
Site

Key Lake mine

McClean Lake mine

Se in abiotic and biotic compartments
:DWHU6H ȝJ/
6HGLPHQW6H ȝJJ
6HLQSUH\RUJDQLVPV ȝJJ

0.7-2.7
26-62
>11

0.43
0.54
>3

Se in adult Northern pike
(JJ6HOHYHO ȝJJ
Whole body Se FRQFHQWUDWLRQV ȝJJ

31-48
15-17

8.02
<4

Percentage of Se-induced deformities (%)

31-39

<5
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Such contradictory evidence led to a seminal meeting of ecotoxicologists in 2009, during which the
evidence on selenium ecotoxicology was reviewed and a consensus view was developed that water-borne
selenium concentrations are a poor predictor of ecotoxicity, whereas selenium concentrations in tissues
are better predictors of ecotoxicity (Chapman et al. 2009). This led to revisions in the regulation of
selenium in Appalachia, British Columbia, California, Idaho, Utah and in other states. In addition, the
EPA updated their 1999 selenium guidelines in 2016 (EPA 2016a,b). The EPA 2016 guidelines reflect the
fact that ecotoxic effects from selenium depend on the types of water bodies (lotic ± flowing water, and
lentic ± still water) where it is discharged, primarily because of differences in uptake and movement
through the aquatic food web. The EPA 2016 guidelines also moved from solely relying on a
measurement of the total concentration in the water column, adding criteria for the measurement of
selenium concentration in tissue (Table 4).
Table 4. Comparison of guidelines for selenium for EPA 1999 vs 2016. n/a = not applicable dw= dry weight
Source: EPA 2016a
Chronic
Short-term
Criterion
Egg-ovary
Muscle
Whole body
Water, lentic
Water, lotic
Water
8
version
(mg/kg dw)
(mg/kg dw)
(mg/kg dw)
(g/L )
(g/L )
(g/L )
1.5
3.1
Intermittent exposure
2016
15.1
11.3
8.5
(30 day)
(30 day)
equation
Acute equation based
5
5
1999
n/a
n/a
n/a
on water column
(4 day)
(4 day)
concentration

Baseline selenium concentrations are low in the environment at the Pebble site. The median and mean
baseline selenium concentrations in the North Fork Koktuli, South Fork Koktuli, and Upper Talarik Creek
are 0.3 g/L ± within the range of method reporting limits of 0.03 to 2.5 g/L (ERM 2018, Tables 9.1-3,
9.1-7, and 9.1-11; DEIS Appendix K4.18 Table K4.18-17). Similarly very low concentrations are found
in surface water at the wastewater discharge locations (Knight-Piesold 2018, Table B1.1), and in sediment
DQGILVKWLVVXHLQWKH3HEEOH3URMHFWDUHD $SSHQGL[$ 7KH6WDWHRI$ODVND¶VFXUUHQWPRVWVWULQJHQW
water quality criterion for selenium is 5 g/L as measured in the water column. Discharges of selenium at
the criterion value as contemplated in the DEIS would cause a nearly 20-fold increase in selenium
concentrations relative to values in the natural environment to which aquatic life have adapted
Guidelines exist that are applicable to the development of site-specific criteria. Values for acceptable
water-borne selenium concentrations can be back-calculated from tissue concentrations using models of
transfer through the food chain (Luoma and Presser 2009, 2018, Ohlendorf et al. 2009, Teck 2014, Jenni
et al. 2017).
In practice, an acceptable level for selenium in water is established by determining the increase in
selenium tissue concentration with each trophic transfer ± the trophic transfer factors ± and then using
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these factors to back-calculate the acceptable selenium concentration from the safe tissue concentrations
for susceptible species (NAMC 2008a ([DPSOHVRIWKLVDUHDYDLODEOHIRU.HQQHFRWW¶V%LQJKDP&DQ\RQ
Copper Mine (Johnson et al. 2006, Ohlendorf et al. 2009), Ekati Diamond Mine (ERM 2017), San
Francisco Bay estuary (Luoma DQG3UHVVHU DQGIRU7HFN&RDO¶V(ON9DOOH\RSHUDWLRQV 7HFN,
Jenni et al. 2017). For the San Francisco estuary, protective water column values ranging from 0.20 to
0.71 g/L were determined based on scenarios that consider species with different sensitivities (Luoma
and Presser 2018). For Teck Coal, acceptable water-borne selenium concentrations ranging from 2 g/L
for Lake Koocanusa, to 19 g/L for sections of the Elk River to 40 g/L for the lower sections of the
Fording River. The high water quality objectives for the latter reflect the moderate sensitivity of
Westslope Cutthroat trout to selenium toxicity. A similar exercise concluded more recently that screening
levels for water-borne selenium should be set at 6.5 and ௗȝJ/ for lotic and lentic water bodies,
respectively, but this calculation excluded some sensitive species and does not appear to be completely
protective (Deforest et al. 2017). The wide range of acceptable limits reflects ecosystem processes on
selenium species and the entrance of selenium into food webs, the processing of selenium through food
webs, and the sensitivity of species targeted for protection.
The same modeling and calculation should be carried out for the Pebble Project to determine protective
concentrations of selenium in water. If this type of calculation is not conducted, PLP and the Corps
should assume that the lower effluent limits in the EPA 2016 guidelines will be the floor for protection of
aquatic life, and apply these limits when evaluating whether tKHPLQH¶VGLVFKDUJHVZLOOKDYH
environmental impacts.
The Final EIS is likely to provide the basis for State of Alaska discharge permits. This emphasizes the
importance of having the Final EIS apply known models and methods to determine protective effluent
limits. The process of developing selenium criteria ± such as determining trophic transfer factors ± would
provide foundational information for the State discharge permit. If site-specific criteria with resident
species are not developed in the Final EIS or by the State, the State of Alaska should apply the updated,
science-based EPA guidelines to discharge permit limits. Importantly, this can be done without the
laborious process of changing current Alaska water quality regulations; the updated criteria are more
protective than the current Alaska water quality standards (ADEC 2008).

Conclusions
The DEIS argues that there will be no impact from selenium for the Pebble Project. It predicts that mineinfluenced waters will contain selenium concentrations ranging from 8-63 g/L and that treatment by
nanofiltration, reverse osmosis and biological treatment will decrease selenium to <5 g/L in treatment
plant effluents. The DEIS claims that meeting this state water quality criterion will prevent environmental
impacts. We argue that this conclusion is overly optimistic and that there is a significant risk of ecotoxic
effects from selenium discharged by the proposed mine.
The risk from the release of selenium to the environment through leakage from various mine water ponds
and waste impoundments has not been quantified in the DEIS. The largest waste management unit, the
Bulk TSF, is unlined, as is its main embankment. Tailings waters are predicted to exceed the 5 g/L
selenium criterion, and leakage from the facility to groundwater has been predicted. Selenium may be
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present as the full oxidized selenate and as such will not be attenuated in aquifer sediments through
adsorption onto iron oxides (NAMC 2008b). The potential effects to aquatic life in the North Fork
Koktuli should be evaluated in the Final EIS.
Another significant uncharacterized source of selenium is that from pit walls and mining waste backfilled
into the pit. Both these sources were eliminated from consideration in estimating pit lake selenium
concentrations without reasonable justification. If these sources add significant loads of selenium to pit
lake water, as we believe they will, there is a risk that treated pit water after closure exceed protective
concentrations and will be a long-term source of excessive selenium to the South Fork Koktuli and Upper
Talarik Creek. Omitting these additional selenium sources from consideration is not conservative and
results in overly optimistic conclusions.
The DEIS predicts that selenium removal rates in WTPs will exceed 92-94%. These removal rates are
supported by reports from the North American Metal Council (NAMC 2010, 2013), but these reports
pertain to pilot studies, not for the long-term operation of treatment systems. The treatment system at the
Richmond Hill Mine reportedly removed selenium at a rate of 90%. So did the combination reverse
osmosis/FBR V\VWHPDW-56LPSORW¶V6PRN\&DQ\RQ0LQH We are aware of other reverse osmosis
systems or FBRs that exhibit lower removal rates, though we do not know if these systems were
optimized for selenium removal. Given that PLP proposes to operate their treatment systems at
unprecedented flows, that these systems are planned to be operated in perpetuity, and that the proposed
design has never been tested before, it is unreasonable to conclude that they will perform as well as pilot
systems during short-term trials and significantly better than full-scale treatment plants. When we apply
somewhat lower, but field-validated selenium removal rates, we predict that selenium concentrations in
treatment plant effluents reach up to 10 g/L. Even these predictions may be underestimates, given that
influent concentrations from perpetual pit lake pumping are likely underestimated.
We do not agree with the premise that discharging low selenium concentrations precludes the need to
assess potential ecotoxic effects downstream from the proposed mine. The current state of knowledge
about selenium toxicity in aquatic environments indicates that even very low concentrations can
bioaccumulate in animal tissues as it is transferred up the food chain and result in ecotoxic effects in fish
and aquatic birds. These recent findings are being used to regulate selenium on the basis of protective
tissue concentrations and in the development of food-chain models to determine protective concentrations
in the water column. We have cited several examples where this has been done and strongly believe that a
proper assessment at the Pebble Project requires a similar process.
In addition to the incomplete assessment of the release of elevated selenium concentrations from mine
facilities, the DEIS also does not provide an assessment of discharging warm effluent. Our analysis
indicates that heated effluents can have negative environmental impacts and a comprehensive assessment
needs to account for this potential impact.
In conclusion, we have two primary concerns regarding selenium:
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Selenium may be released from mine waste, mine water storage, and water treatment facilities at
ecotoxic levels and could result in harmful effects to fish and aquatic birds over local and regional
areas.
o The planned WTPs are unlikely to remove selenium to 5 g/L or less at all times.
o The underestimation of selenium concentrations in the pit lake will result in higher
effluent concentrations during post-closure, in which pit water will be perpetually
pumped, treated, and released to Upper Talarik Creek or the South Fork Koktuli.
o In the absence of a food-chain model, it is impossible to determine if the 5 g/L
discharge limit set by the State of Alaska will be protective of birds and aquatic life
downstream from Pebble.
o Given that permanently elevated discharge of selenium is likely and its bioaccumulation
is to be expected in affected waters, selenium toxicity to fish and wildlife is a reasonable
environmental consequence.
o The normal patterns of migration of salmon and birds may translocate selenium burdens
to food webs and human communities beyond the mine site. The risk of impacts from
their elevated tissue concentrations has not been assessed.
Secondary impacts that may result from water treatment for selenium, including impacts from the
discharge of heated water, have not been assessed.

Taken altogether, our conclusions are that selenium released by the Pebble Project is likely to
adversely impact the environment, including aquatic biota, birds, and other wildlife, potentially
over a wide area.
With these concerns in mind, specifically:
x The Final EIS must update the predictions for selenium in the pit lake, by including higher
repeated leaching from pit walls and leaching from submerged potentially acid-generating wastes
in WTP source terms.
x The Final EIS should refine the predicted discharge concentrations of selenium from its treatment
plants based on actual case studies. If this is not done, an independent external review panel that
includes plant operators at mine sites treating selenium, should be convened to review the ability
of the WTPs to adequately remove selenium to levels no higher than State of Alaska water quality
criteria of 5 g/L.
x The Final EIS needs to use more appropriate WTPs as comparisons for the effectiveness of the
selenium removal system to correct its benchmarks to its proposed treatment system, indicate
more accurately the degree of risk it represents, and revise its anticipated removal efficiencies to
more conservative values.
x The Final EIS needs to conduct an ecotoxicology review for risks to birds and fish during
operations, closure, and post-closure, based on surveys of birds and fish frequenting the areas
downstream from the proposed mine, their susceptibility to selenium toxicity, and accounting for
the probable transfer of selenium from mine discharges through the food chain.
x The Final EIS should determine if dietary selenium represents a risk to humans.
x The Final EIS needs to determine if heating water for the biological treatment for selenium will
result in impacts to the fisheries downstream from the mine.
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Appendix A: Selenium baseline concentrations in sediment, water, and fish tissue near the
Pebble Project
Selenium concentrations reported for sediment and fish tissue from streams near the Pebble deposit and North
Access Road described in Action Alternative 3 of the DEIS where samples were collected for the environmental
baseline characterization from 2004-2008 (SLR et al. 2011). Water quality data is from DEIS Appendix K3.18 and
ERM 2018 (Tables 9.1-3, 9.1-7, 9.1-11). The median, standard deviation, and coefficient of variation were not
available for water quality samples. UTC = Upper Talarik Creek, diss. = dissolved, std.dev. = standard deviation,
coeff. of var. = coefficient of variation, n= number of samples. Cells left blank are those where data was not readily
available.
Percent
detected
Sediment (mg/kg)
South Fork Koktuli
North Fork Koktuli
Upper Talarik Creek
Kaskanak Creek
Mine area ponds
Mine area seeps
Trans. corr. streams
Trans. corr. ponds

78%
41%
55%
60%
85%
42%
16%
36%

Range of
selenium
(mg/kg)
0.17 - 2.76
0.16 - 1.12
0.18 - 2.36
0.16 - 0.85
0.18 - 13.1
0.93 - 9.92
0.15 - 0.56
0.34 - 6.01

Percent
detected

Mean

Median

0.81
0.36
0.43
0.41
2.25
1.45
0.19
0.64

0.63
0.25
0.28
0.34
1.22
0.38
0.096
0.30

Range of
selenium
(mg/kg)

Mean

Std
dev
0.67
0.32
0.46
0.32
2.6
2.73
0.14
1.26

Coeff.
of var

n

0.83
0.89
1.06
0.8
1.15
1.88
0.72
1.98

40
27
42
5
55
12
55
25

n

Water (g/L)
South Fork Koktuli, total Se
19%a
0.058-0.62
0.29
260
South Fork Koktuli, diss. Se
16%a
0.047-0.62
0.29
334
a
North Fork Koktuli, total Se
5%
0.029-0.31
0.27
154
a
North Fork Koktuli, diss. Se
7%
0.029-0.78
0.28
236
a
Upper Talarik Creek, total Se
5%
0.030-0.40
0.30
441
Upper Talarik Creek, diss. Seb
3%a
0.029-1.0
0.30
445
UTC @ Iliamna Lake, total Se
0.078-0.25
0.12
UTC @ Iliamna Lake, diss. Se
0.078-0.25
0.12
Pile Bay, total Se
0.078-0.25
0.13
Pile Bay, diss. Se
0.078-0.25
0.13
N. Access Rt, W, total Se
0.010-0.26
0.11
82
N. Access Rt, W, diss. Se
0.010-0.21
0.11
81
N. Access Rt, E, total Se
0.014-0.16
0.10
50
N. Access Rt, E, diss. Se
0.014-0.16
0.10
50
a
Based on personal calculations using 2004-2007 data in the Environmental Baseline Document (ERM 2018)
b
This data from DEIS Table K3.18-9 is in error, as the dissolved concentration of selenium cannot be higher than
the total
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Percent
detected
EPA 2016 guidelines
Egg-ovary (dry wt.)
Muscle (dry wt.)
Whole body (dry wt.)

Range of
selenium
(mg/kg)
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Mean

Median

Std
dev

n

15.1
11.3
8.5

Adult whitefish
Big Wiggly Lake

100%

0.45 - 1.2

0.7

0.7

0.2

10

Adult Northern pike liver
Big Wiggly Lake
Black Lake
Frying Pan Lake
Lake 2 (L2, LTSF)

100%
100%
100%
100%

1.2 - 5.4
2.8 - 5
4.8 - 12.6
3.8 - 9.8

3.7
3.8
8
5.4

3.6
3.7
7.3
5.0

0.9
0.5
2
1.4

20
20
20
20

Adult Northern pike muscle
Big Wiggly Lake
Black Lake
Frying Pan Lake
Lake 2 (L2, LTSF)

74%
97%
100%
100%

0.2 - 3.2
0.5 - 1.8
0.7 - 4.8
0.6 - 2.6

1
1.2
2.1
1.4

1
1.3
2.2
1.4

0.5
0.4
0.7
0.4

39
40
40
40

Juvenile Northern pike whole body
South Fork Koktuli River (SK100F)

100%

1 - 3.1

1.9

1.7

0.7

21

Adult Arctic grayling muscle
Big Wiggly Lake
North Fork Koktuli R (NK100A)
North Fork Koktuli R (NK100B)
South Fork Koktuli R (SK100A)
South Fork Koktuli R (SK100B)
Upper Talarik C (UT100B)

100%
100%
100%
100%
100%
100%

NA
1.9 - 3.2
0.8 - 1.8
2.0 - 3.3
2.6 - 3.4
1.4 - 2.5

2.0
2.6
1.4
2.6
3
2

2.0
2.6
1.7
2.6
3.1
2

0.5
0.4
0.5
0.3
0.3

1
9
10
10
10
12

Juvenile Arctic grayling muscle
Big Wiggly Lake
South Fork Koktuli R (SK100G)

100%
100%

0.6 - 2.4
1.7 - 2.6

1.3
2.1

1.1
2.1

0.7
0.4

11
4

Juvenile Arctic grayling whole body
North Fork Koktuli R (NK100C)
South Fork Koktuli R (SK100F)
South Fork Koktuli R (SK100G)

100%
100%
100%

1.9 - 3.1
2.1 - 5
1.5 - 3.4

2.5
3.5
2.6

2.5
3.6
2.6

0.4
0.7
0.5

11
21
21

NA
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Juvenile coho and/or Chinook whole
body
North Fork Koktuli R (NK100A)
North Fork Koktuli R (NK100C)
South Fork Koktuli R (SK100A)
South Fork Koktuli R (SK100A)
South Fork Koktuli R (SK100B)
South Fork Koktuli R (SK100C)
South Fork Koktuli R (SK119A)
Upper Talarik C (UT100B)
Upper Talarik C (UT100C)
Upper Talarik C (UT100D)
Upper Talarik C (UT138A)
Kaskanak Creek
Bear Den C (BDC, BEARDEN)
URSA 100B (URSA 100B)
100%
100%
100%
100%
100%
100%
100%
36%
55%
59%
80%
86%
95%
73%

Percent
detected

0.8 - 2.11
1.43 - 2.14
1.6 - 3
1.12 - 3.67
1.29 - 4.03
1.98 - 2.91
0.9 - 3.1
0.15 - 2.3
0.15 - 1.3
0.2 - 1.4
0.5 - 1.5
0.2 - 1.5
0.2 - 1.81
0.2 - 1.9

Range of
selenium
(mg/kg)

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

1.4
1.78
2.4
2.09
2.3
2.6
1.7
0.7
0.5
0.6
1.2
0.8
1.1
1

Mean

1.4
1.785
2.5
1.93
2.26
2.725
1.5
0.5
0.4
0.6
1.35
0.88
1.1
1.1

Median

0.4
0.29
0.4
0.75
0.6
0.28
0.6
0.7
0.4
0.5
0.4
0.3
0.5
0.5

Std
dev
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n

21
10
11
10
21
10
21
21
21
21
10
21
21
21
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Listed as coho and Chinook
Listed as coho
Listed as coho and Chinook; 2004 samples
Listed as coho; 2005 samples
Listed as coho
Listed as coho
Listed as coho
Listed as coho
Listed as coho
Listed as coho
Listed as Chinook
Listed as coho
Listed as coho; trans. corr.
Listed as coho; trans. corr.

Comments



Juvenile Dolly Varden whole body
North Fork Koktuli R (NK100B)
North Fork Koktuli R (NK119A)
Upper Talarik C (UT100E)
Upper Talarik C (UT119A)
Upper Talarik C (UT119A)
Upper Talarik C (UT138)
Unknown age Dolly Varden whole
body
Upper Talarik C (UT100E)
Upper Talarik C (UT119A)
Red C (RC, REDCREEK)

Adult Dolly Varden whole body
North Fork Koktuli R (NK100B)
Upper Talarik C (UT100E)
Upper Talarik C (UT119A)
1.1 - 3.16
1.1 - 2.69
1.7 - 5.4
2.5 - 3.5
0.57 - 3.75
0.2 - 2.1

0.7 - 4.1
1.4 - 2.8
1.2 - 3.62

100%
100%
100%

NA
2.3 - 5.5
2.1 - 3.6

Range of
selenium
(mg/kg)

100%
100%
100%
100%
100%
92%

100%
100%
100%

Percent
detected
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2.1
2
1.9

2.2
1.9
3.1
3
1
1

1.63
3.6
2.9

Mean

2.2
2
1.79

2.1
1.99
2.9
3
0.84
1

1.63
3.5
2.9

Median
NA

Std
dev

1.2
0.4
0.6

0.4
0.4
1.1
0.4
1
0.6

1.2
0.6
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Coeff.
of var
n

6
11
21

20
20
10
4
11
11

1
5
6

Trans. corr.

2005 samples
2004 samples

Comments
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____________________________________________________________
May 30, 2019
US Army Corps of Engineers
Shane McCoy, Project Manager
http://www.poa.usace.army.mil
(907) 753-2712
Re: Fugitive Dust issues in the Pebble Project draft EIS

Dear Mr. McCoy:
Please find attached our memo on fugitive dust from the mine site, which lays out our concerns with
respect to the lack of analysis of fugitive dust sources, deposition rates, chemistry, and most importantly
the environmental consequences. We believe there is a significant risk of ecotoxic effects from trace
metals, particularly impacts of copper on fish as it leaches from massive volumes of dust, annually, for
decades. Additionally, the cascading effect of multiple stressors is biologically critical.
These risks must be considered in the Final EIS.
Thank you for this opportunity to comment.

______________________________

Kendra Zamzow, PhD, Environmental chemist
Center for Science in Public Participation

______________________________

Ann Maest, PhD, Geochemist
Buka Environmental

__
_____
_____
__
__
_____
_____
____
___
__
___
____
____
____
___
______
____
____
__
___
______________________________

Chris Frissell, PhD, Fisheries and aquatic ecology
Frissell & Raven Hydrobiological and Landscape Sciences, LLC

_____________________________
_
______________________________

Sarah O’Neal, Fisheries biologist
PhD student, University of Washington
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Key comments
We provide here a summary of key comments, deficiencies and of actions that need to be performed. We
believe these should be addressed in a Revised DEIS.
Copper, which is toxic to aquatic life and which will be entrained in dust, was not recognized as a
component of fugitive dust nor included in assessments of impacts, therefore environmental consequences
to aquatic life are insufficient. This is a major failing of the DEIS. There is also no recognition of sources
of copper, zinc, and other metals from vehicle wear and tear or tailings beaches that may add to the total
concentrations.
The “impact” of fugitive dust consists of a list of acres or vegetation, wetlands, and water bodies that
could have dust settle on them. This is likely an underestimate of the plume deposition area, if the soil is
lighter, due to the amount of silt, than considered in the calculations. There is also an estimate of the
increase in metal concentrations in soil for air pollutants hazardous to human health – but this not only
omits copper, it omits any analysis of the change in concentration in water bodies such as ponds, where
metals may accumulate in sediment over time. This is insufficient for an environmental consequences
analysis.
The DEIS unrealistically and without evidence assumes that dust at the mine site will be controlled with
water, and does not consider the impact of chemical dust suppressants such as salts either to areas within
the main mine area footprint or in the dust plume as suppressants dry and become entrained in fugitive
dust.
Lastly, there is virtually no baseline against which to compare future concentrations of metals in the dust
deposition zone, therefore there would be no way to determine whether concentrations were increasing or
the rate of increase due to mining activities. There are very few soil sample sites in the mine area and no
description of the wetlands and water bodies within the deposition zone, which should include ephemeral
ponds as well as large, permanent lakes. The DEIS information is too limited for the reader to determine
whether wetlands and water bodies have baseline trace element analysis of sediment, water, and
vegetation.
The failures listed above represent major deficiencies that, if left unaddressed, will result in seriously
underestimating the ecological consequences of the project.
Actions required
The following, by category, are actions that should be performed prior to the release of the final EIS.
Missing data
x Critical model inputs for determining dust deposition rates and accumulated metal concentrations
must be supplied in a Revised DEIS.
x The full likely suite of major chemical components of fugitive dust must be identified and
accumulated concentrations determined for the 20-year and 78-year mine scenarios.
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x

Baseline soil and sediment data, including trace element chemistry, sufficient to determine future
impact must be collected and presented in context such that the reader can determine what sites
within the deposition zone have baseline.

Ore concentrate
x Provide information on the volume of ore concentrate contributing to the mine site dust plume, the
concentration of copper in ore concentrate, and anticipated mitigation measures to reduce dust from
the ore concentrate storage and loading zones.
Wind speed and precipitation
x All available data on wind, particulate, precipitation, and other relevant data from meteorological
stations should be utilized in fugitive dust modeling.
x Explain why precipitation data from all meteorological stations at Pebble were not utilized. Justify the
assumptions that went into the analysis that dust would be greatest in summer.
x Provide information and maps on the likely extent of fugitive dust deposition from the mine site
before and after mitigation for summer and winter.
Volumes of dust
x Explain why the threshold velocity for tailings to become wind-borne is the same velocity as for
aggregate (1.06 m/s) (RFI 007 Appendix A-3 Table 8).
Chemical dust suppressants
x Provide examples of mine sites in similar climates that have controlled dust to a high degree through
watering alone, and information to support the assumption that dust control is not needed in winter.
x If examples cannot be provided, add analysis of alternatives for dust suppression and their potential
impacts on wetlands, water bodies, vegetation, fish, and wildlife through wind and water dispersion.
Impacts to wetlands, ponds, and streams
x Components of fugitive dust, the known landscapes that dust will enter, and likely biogeochemical
cycling need to be tied together with an ecological analysis to provide context for the proper
assessment of risks to fish, aquatic life, and birds.
Impacts of trace metals on fish and wildlife
x Impacts to fish and wildlife need to consider exposure to fugitive dust components through inhalation,
ingestion, and prey consumption. Bioaccumulation and trophic transfer effects must be considered to
assess potential impacts.
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Executive Summary
Fugitive dust – windblown material from the mine site – is an acknowledged risk in the Pebble Project
Draft EIS (DEIS). However, the DEIS assessment of this risk is inadequate because it is disjointed,
fragmented, incomplete, and relies on inaccurate assumptions. The extent of the area impacted by dust
may be higher than modeled. Discussion of impacts (e.g. to birds, soil, vegetation) are fragmented across
multiple chapters and not put in meaningful context.
Importantly, copper is likely the most abundant ecotoxic contaminant in fugitive dust from the mine, but
we find no recognition whatsoever of the copper content in an estimated 8,300 tons of fugitive dust that
will blow off the mine site annually nor any analysis of copper concentrations as fugitive dust
accumulates in soil and water bodies for the 20- to 78-year mine scenarios. Therefore the DEIS severely
underestimates the immediate and cumulative ecotoxic effects of fugitive dust on fish and aquatic life.
Introduction
Fugitive dust refers to particulate matter suspended in air. Originating from disturbed soils, waste piles,
and unvegetated surfaces at mine sites, quarries, and roads it provides a means for transport of pollutants
away from the mine into the surrounding environment (Cecala et al. 2012). Mining activities generate
dust by stripping vegetation, draining soils, and grinding and crushing mineral particles on driving
surfaces (Thompson and Visser 2007). Dust is also generated through blasting and drilling, transport and
erosion of stockpiled ore and overburden, and through wind erosion of tailings beaches. Haul trucks can
generate the majority of PM10 particulates 1 at mine sites (Cecala et al. 2012, Chapter 10; RFI 007
Appendix A-3 Table 1a) (Figure 1).
Figure 1a. Fugitive dust
from blasting. Source:
http://www.savethesanta
cruzaquifer.info/dustissu
es.htm

Figure 1b.
Dust
generated by haul
truck. Source: Cecala
et al. 2012

1

PM10 refers to particulate matter that is very small, 10 μm size or less. This size is generally a health concern
when inhaled.
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The environmental impact of fugitive dust from the mine site includes an increase in turbidity in waters,
smothering of vegetation, and early snowmelt due to dust on snow surfaces. Trace metals, particularly
metal sulfides, entrained in dust may leach out over the thousands of acres of vegetation, wetlands, and
water bodies expected to be in the dust deposition zone at the Pebble Project, leading to ecological
effects.
The following element symbols are used in this memo: antimony (Sb), arsenic (As), beryllium (Be),
cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), Fe (iron), lead (Pb), manganese (Mn), mercury
(Hg), nickel (Ni), sulfide (-S), selenium (Se), zinc (Zn).

Source of fugitive dust
The DEIS recognizes that fugitive dust will come from in-pit drilling and blasting, material handling
(transport, storage, processing) and the tailings beach (DEIS Chapter 4.14-3). However, the impact
analysis is minimal and inadequate.
We offer the following key comments related to “Sources of Fugitive Dust”:
x
x
x
x
x

Justification for soil density, percent silt, and threshold values of tailings particles as inputs in
dust plume modeling is inadequate. Incomplete wind and precipitation data are applied in models.
The volume of dust from the mine site is estimated but there is no analysis of whether, or under
what conditions, Cu in dust would enter waterways where fish could be exposed.
Information has not been pulled from RFIs into the DEIS in any meaningful way that would
allow the reader to understand sources, volumes, and chemical make-up of dust.
Critical data on soils classification, precipitation, wind speed are missing, outdated, or buried in
RFIs and not summarized in the DEIS chapters.
Assumptions about the efficiency of dust control are unrealistic. The DEIS and supporting record
lack citations to published literature or analyses supporting the assumed effectiveness and
feasibility of the dust abatement measures identified.

Adequacy of analysis of fugitive dust sources
Critical model data missing from DEIS
The following is a brief description of data missing in the DEIS for models of fugitive dust sources,
deposition extent, and deposition rate. They are described in greater detail in other sections of the report.
x Source chemistry. In projecting future metal accumulation and concentration, the DEIS
recognizes vehicles as the major source contributing to particulate matter (fugitive dust) but
ignores the chemical contributions from the wear and tear of vehicles such as haul trucks.
Similarly the DEIS ignores metals in mine material that may be toxic to aquatic life but not to
human health, such as copper.
x

Deposition rates and metal concentrations. The deposition rate of fugitive dust from the mine
site, which informs the rate of metal accumulation in soils, is not provided in the DEIS but is

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 11 of 2339

Page |6
provided in RFI 009. Deposition rates appear to be significantly lower than dust fall measured at
industrial gravel roads in Alaska. The deposition rate should be expressed as a range, should
consider the variability of source inputs, and should be based on dust fall rates at operating mines.
The range of variability is missing in the DEIS and supporting documents. Particle density, a
crucial value, is based only on “approved values for other Alaska mining projects” (RFI 009 pdf
page 57), not actual measured values at Alaska mining projects.
x

Dust suppression. The DEIS assumes that dust produced at the mine site will be suppressed
entirely by watering. This is unrealistic. Chemical dust palliatives will likely be needed. This
source contributing to dust chemistry is not recognized and the ecological impact of using this
chemical component of dust is missing.

Inadequate assessment of soil types
There is no assessment of soil types at the mine site, except for a literature review using the Exploratory
Soil Survey of Alaska (Reiger et al.1979) which, as the DEIS states, “is not sufficient for site-specific
interpretations” (DEIS Chapter 3.14-2). A proper assessment relevant to assessing impacts of dust
deposition would include soil chemical and physical properties. A table of very broad classifications is
provided in Chapter 3.14, but the surficial geology map which shows the expected locations of glacial silt,
bedrock, glacial till, all relevant to fugitive dust, is only in DEIS Chapter 3.13 Geology.
Recent soil survey information is available from the Natural Resources Conservation Service (NRCS
2016, updated 2018) (Figure 2). This information, more recent and more comprehensive than the ESS
material, was not used in the DEIS. The NRCS 2016 contains detailed data soil physical properties,
chemical properties, and soil erosion factors, as shown in this screenshot of the webpage for the Bristol
Bay soil survey (Figure 3). Pebble DEIS authors should include this more recent information as part of
their literature review and note how it influences impact assessments.
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Figure 3. NRCS soil survey area. The NRCS conducted extensive soil sampling in the Bristol Bay
area, with general sample boundaries shown by the yellow outline in the map. Source: NRCS 2016

Figure 3. Soil chemical properties and NRCS soil survey map. The NRCS soil survey data is open to the
public. A screenshot of the drop-down soil chemical properties and erosion factors is shown. Source:
https://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
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Literature review is necessary but not complete in and of itself. PLP environmental baseline contractors
should collect original soil type and chemistry data at the mine, ports, and road corridor sites likely to be
impacted. Without this, there is no way to properly assess potential impacts in the DEIS, nor will it be
possible to determine actual impacts from the mining project in the future.
It is useful to contrast the information presented in the Pebble DEIS and the Donlin DEIS (US Army
Corps of Engineers 2015). Importantly, for the primary soil types listed in the Donlin DEIS, the slopes,
drainage class, and qualitative assessments of susceptibility to wind or water erosion are listed (Donlin
DEIS Table 3.2-1) (Figure 4). Their absence in the Pebble DEIS is a short-coming.
Information available in NRCS 2016 and possibly other sources could allow the Pebble DEIS to make
assessments relevant to fugitive dust based on soil types, wind erodibility, specific slope angles where the
soil type is found. Qualitative assessments, such as in the Donlin DEIS would be a start, but the data
should also be utilized to generate more site-specific dust plume models, which in turn should be overlaid
on aerial photos and ground-truthed mapping to best determine the type of vegetation, wetlands, and
water bodies in the path of the plume.

Figure 4. Donlin mine soil erosion classifications. In addition to classifying soils for the Donlin Project, soils were
assessed for susceptibility to wind and water erosion. Source: Donlin DEIS Table 3.2-1

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 11 of 2339

Page |9
Ore concentrate
Copper-gold ore concentrate will be loaded into 38-ton shipping containers at the mine site, transported
by trucks along the road corridor, across Iliamna Lake on an ice-breaker ferry, by truck again to
Amakdedori port, then unloaded onto lightering vessels and into the holds of bulk cargo ships in Cook
Inlet.
Does ore concentrate contribute to the dust plume from the mine site? Ore concentrate dust was a
significant source of dust at Red Dog until mitigation measures were adopted (Neitlich et al. 2017). Dust
from ore concentrate would likely have a very high concentration of copper, will be dry, 2 and, with its
small particle size similar to silt, would likely travel the furthest if not controlled (Walker and Everett
1987).
Although a dust plume map has been created for the mine site, the contribution of ore concentrate as part
of the plume was not discussed in the DEIS. Sources used in air modeling suggest that ore concentrate
was not considered in the “material handling” category (RFI 009 p8 and RFI 009 Appendix A Table 2), in
the “wind erosion” category (RFI 009 Appendix A 3 Table 3), or as contributing to HAP metal
accumulation (RFI 009 Table 1.3).
Possibly the ore concentrate will be loaded inside a covered area:
The upgraded copper-gold concentrate will be thickened to 55 percent solids by weight in a
highrate thickener. The thickener overflow will return to various circuits for use as process
water. The thickener underflow will be fed to a pressure filter to reduce the moisture to
approximately eight percent. The filter product will be conveyed to specialized bulk cargo
containers with removable locking lids that prevent dust emissions and incidental spills while
maintaining product quality through the logistics chain. (DEIS Appendix N Section 3.3.3.6)
Is this “conveyance” by conveyor belt to containers on a pad outside the mill? Is it all contained inside a
building? Loading concentrate inside a building would mitigate emissions. This needs to be stated clearly,
along with other mitigations if any, that affect the volume and chemistry of fugitive dust from the mine
site.
Will ore concentrate contribute to dust at the port site? After lightering the 38-ton containers to the bulk
carrier anchored offshore, the DEIS states that the shipping containers will be lowered into the hold
before being tipped over to release concentrate into the hold. This – an entirely unorthodox approach and
one that should be backed up with examples – is only made possible by the plan proposed in the DEIS to
fill cargo holds no more than half-full. 4 This idea to send ships off only half-full seems a patently
unrealistic economic choice. It is an important part of the analysis and should be described in the DEIS.

2

Concentrate will be dewatered and filtered to 8% moisture (DEIS Appendix N Section 3.3.3.6)
This is in RFI 009 Appendix A “Pebble mine site modeled emission inventory”. Another Appendix A is also listed
in RFI 009 as “Pebble mine site construction modeled emission inventory”.
4
The information on filling ships no more than half full is provided in RFI 007 p5 and RFI 009 p14 but not in the
DEIS.
3
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Copper-gold concentrate would be transported from the mine site to Amakdedori port by truck
and ferry in covered bulk cargo containers and stored between vessel sailings on a dedicated
laydown pad adjacent to the jetty…. above. The containers would be lifted by crane into the open
hold of the receiving ship. Once inside the hold, the container lid would be opened, and the
container turned upside down to unload the concentrate into the ship’s hold. (DEIS Chapter 269,5 DEIS Figure 2-40, DEIS Figure 2-52)
Port activities will be different for the Alternative to transport copper-gold concentrate by pipeline.
Concentrate would be dewatered and stored at the port site, and the dewatered concentrate
would be stored in a large storage building until the lightering system would be used to load the
concentrate onto bulk carriers for transport. The lightering system would use bulk handling of the
concentrate to load the bulk carriers, with controls to reduce dust emissions (e.g., covered
conveyors) (PLP 2018-RFI 066). Because the material would be stored inside, impacts to surface
water hydrology are not expected. (DEIS Chapter 4.16-39)
For this Alternative there would not be a dry concentrate susceptible to wind erosion at the mine site,
since the concentrate would be dewatered at the port. However, the concentrate pipeline Alternative
replaces the mitigation action of lowering shipping containers into the hold of the bulk carrier with the
more traditional covered conveyor belt system to load concentrate, which is likely to release considerably
more dust.
The impacts of Alternatives cannot be compared when different dewatering, storage, and load-out
systems are proposed, with no discussion of the effectiveness or practicality of the options and no
discussion of the difference in impacts from fugitive dust.
Geographic extent of dust deposition
Mobilization and deposition distance of dust varies with material density, size, wind speeds and terrain, as
well as with the activity and travel speeds of heavy trucks hauling supplies, waste rock, ore, and
concentrate (Countess et al. 2001, Cecala et al. 2012). Additionally, areas with road networks with dust
originating from many sources spread more dust than individual sources (Walker and Everett 1987). The
dust dispersion model likely does not fully account for these variables, and in so doing may underestimate
the area impacted. All these factors need to be accounted for in an updated model.
Modeled dust plume and areas impacted
Maps need to be provided to show the expected area within which vegetation, wetlands, and waters will
be impacted. Specifically, maps need to show how a 100 m zone was applied around mine sources:
Therefore, a potential indirect impact area was calculated using a 330-foot (100 m) zone on all
direct disturbance footprints (DEIS Chapter 4.22-12)
The choice of a 100 m zone should be reconsidered and justified. In the Pebble Project DEIS, the 100 m
zone was the sole source relied on to calculate the area of vegetation, wetlands, and water bodies
impacted by dust, and is different from the dust plume map shown in Chapter 4.14. A reference that is
provided with respect to the fugitive dust area is inaccurate (as RFI 065 refers to the summer ferry, not

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 11 of 2339

P a g e | 11
fugitive dust): In terms of impact extent, the modeled areal extent of dust deposition in construction and
operation phases of the mine site is depicted in PLP 2018-RFI 065 (DEIS Chapter 4.18-11)
Studies have shown that while dust load decreases with distance, it can be noticeable up to and likely
beyond 600 m to 1,000 m (0.4 to 6 miles) (Walker and Everett 1987, Myers-Smith et al. 2006).
The Pebble Project DEIS appears to acknowledge a much more extensive deposition zone than 100 m
(Figure 5), but whether all water bodies within the plume shown in the figure were included in the listed
acres of wetlands, ponds, and streams is not clear, as there are no maps to convey the information.

Lincoln Lakes
Frying Pan Lake

Figure 5. Mine site fugitive dust deposition plume. Concentric rings with diameters of 2 and 4 miles have been
added to the figure. Frying Pan Lake, over 2 miles from the main mine area, and Lincoln Lakes located over the
eastern portion of the ore deposit, are in the path of modeled dust deposition. These estimated deposition rates
appear low relative to measured rates on dirt or gravel roads in Alaska. Source: modified from DEIS Figure 4.14-1

Particle density
The lighter the particle, the further it will travel and the greater the geographical area impacted. In a
study of an industrial gravel road in Alaska, although 97% of dust settled within the first 125 m, silt could
travel much further:
[The dust deposition zone from] 30 m to > 1000 m, [received] deposition of 0.6 to 0.02 kg/ha/d,
85 to 90% silt- and clay-sized material with 40 to 50% fine silt and clay with very large reaction
surfaces and electrostatic properties (Walker and Everett 1987)
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For fugitive dust plume modeling in the Pebble Project DEIS, a single particle density was chosen despite
the fact that density will vary with source material. Ore concentrate, which may have density similar to
silt, does not appear to have been included in the modeling. This information is only found in an RFI (RFI
009) but should have been included as part of the analysis in the DEIS chapter on soils because it affects
the distance particles can travel and therefore the total area impacted.
The particle density chosen was 2.65 g/cm3. This is the same density chosen for modeling the dust plume
at the Donlin mine, and the value was challenged by one of the contractors (Cardno 2015). There is onsite particulate data (PM10 and PM2.5) from at least January 2009-December 2012. This can be used as a
baseline against which to measure dust volume and size when the mine is in operation.
Wind speed and precipitation
Wind speed influences dust deposition. It appears that the Pebble DEIS relied on meteorological data
collected January 2009-December 2011 (RFI 009 p8 and RFI 009a Follow up questions), but on-site data
were collected January 2005- December 2012 by Hoefler and SLR (who purchased Hoefler in 2010)
(SLR 2013). This decision is not justified in the DEIS. There are wind data for at least 2008-2012,
although the amount of data varies between the eight meteorological stations on site. The full dataset
should be used to model dust deposition. The DEIS states that “Annual fugitive particulate matter (PM)
emissions were calculated based on conservative scenarios that assumed worst-case conditions for each
activity or source component, such as peak ore crushing capacity, maximum ore hauling distance from
final pit, and maximum waste rock hauling”, but makes no mention of wind speed in this section (Chapter
4.14.2.1). Therefore, how can the reader be assured that “worst case” wind speed was applied to the
model?
The dust plume figure (DEIS Figure 4.14-1
shown in Figure 5 of this memo) should
include the locations of all the
meteorological stations, and, if data from
only some stations is used, identify those on
the figure. It should describe the range of
wind speeds observed at the different
stations and how those were applied in
determining the dust plume deposition zone.
The DEIS states that 259 days of the year
have an average of 0.01 inches of
precipitation or more, with 93 of those
occurring between June – September. This
appears to be based on a single
Figure 6. Pebble Project meteorological stations.
meteorological station (Pebble 1) although
there are eight meteorological stations at the site (Figure 6).
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The average number of days with precipitation could currently be much smaller, closer to 120-150 days
(AP-42 2006, Figure 13.2.2-1). This may increase during mine life with climate change, but precipitation
increases are expected to occur with higher intensity, which could increase hydrologic erosion.
Dust control
The DEIS states
Soils capable of retaining moisture in the project area are generally considered to have a low
susceptibility to wind erosion, due to inherent moisture content from periodic precipitation or
snowmelt throughout the year. For this reason, the potential for wind erosion would be greatest
during drier periods lasting 1 to 2 months during the summer. If necessary, wind erosion can be
mitigated through dust-control watering as needed during the summer. (DEIS Chapter 4.14)
Dust control measures are commonly taken to reduce immediate health hazards to workers 5 and to reduce
impairment of visibility that can cause traffic accidents (Cecala et al. 2012). Because abatement measures
are imperfect, background fugitive dust remains a source for environmental contamination, especially
where mining and transport operations are continuously or frequently occurring over time periods of
many years, which will occur at the Pebble mine.
Source control
The only mitigation mentioned in the DEIS consists of:
Using BMPs, such as revegetation planning, watering, and using dust suppressants to control
fugitive dust (DEIS p5-4)
Control measures could include speed limits, use of approved chemical dust suppressants, and
application of water….. Use of closed containers to transport concentrate (DEIS Table 5-2)
These actions are unlikely to reduce dust from some sources (e.g. drilling and blasting, material
handling). Also the DEIS does not describe whether loading concentrate at the mine site would occur
inside a closed building. This would be a mitigation and should be stated, along with any additional
mitigation measures that reduce load-out dust (Cecala et al. 2012).
Watering
The statement that watering will control dust runs counter to evidence in Alaska and at mine sites.
“Watering” is certainly not sufficient at the Red Dog Mine; they noted “conventional dust control” does
not work for four months out of the year due to low humidity and freezing (Teck 2005); in 2014 they
purchased a guar gum based suppressant for tailings beaches and were testing three more products (Teck
2015).
The model in the DEIS applies a control efficiency of 80% to dust suppression for fugitive dust (RFI
007). This number comes from the federal AP-42 manual. This manual also notes that

5

While not necessarily relevant to fugitive dust, we would question the model input for baghouses in unheated
operations, which is set to 0º Kelvin, or -460ºF (RFI 009 p2). This is unrealistic.
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Control techniques for fugitive dust sources generally involve watering, chemical stabilization, or
reduction of surface wind speed with windbreaks or source enclosures. Watering, the most
common and, generally, least expensive method, provides only temporary dust control. The use of
chemicals to treat exposed surfaces provides longer dust suppression, but may be costly (AP-42
2006 Section 13.2.2).
While the AP-42 does apply an 80% control efficiency, this degree of efficiency is applied to unpaved
roads with chemical dust suppression (AP-42 1998, Chapter 2) while the Pebble Project does not
anticipate applying chemical dust suppressants. The Pebble Project intends to use water only for dust
suppression. In the AP-42, control efficiency for watering – in an area where winds remained below 22
mph – was 40-70% for PM10 and 30-60% for total suspended particulates, and in a test study under
which a section of unpaved road was watered for 30 minutes, watering was about 72% effective for the
next 3-4 hours (AP-42 1998, Chapter 4). This suggests that watering would be less effective than
assumed in the DEIS equations, more dust would result, and therefore potentially the concentration of
trace elements deposited on the land and water would be greater. Additionally, the AP-42 water control
efficiency is for conditions with winds below 22 mph; sustained wind speeds at the Pebble Project are
frequently greater than 25 mph (RFI 009 p3), further decreasing the real-world efficiency of watering.
Chemical dust palliatives will almost certainly be needed. If salts, such as CaCl2, are applied, they can
become incorporated into fugitive dust as they dry (Stehn and Roland 2018). As this material settles on
acidic tundra vegetation, it can change the pH and, through that, abundance and diversity (Walker and
Everett 1987, Myers-Smith et al. 2006). The ecological impact of using this chemical component of dust
is missing.
Available resources
Dust control requires dedicated water trucks and dedicated personnel. The experience at the Highland
Valley Copper Mine in British Columbia is that the water truck, when it breaks down, is the last in line at
the mechanics shop – maintenance and repair of ore-hauling trucks and other machinery is prioritized.
This means that weeks can go by with no watering at all at the mine site (personal communication, Jeff
Jewel, United Steelworkers Union).
Dust seasons
The DEIS may incorrectly assume that the most dust will be generated in the summer. In a study of road
dust at Prudhoe Bay, near-road volumes of dust were greater in summer, but 1,000 m from the road
winter dust accumulated at ten times the rate of near-road dust. These distant areas would primarily
receive small particulates. This suggests that at the mine site, the ore concentrate and other fine material
could travel furthest in winter.
It is during summer when humidity is higher and mitigation (dust suppression) may be achieved through
watering at the mine site and roads. However, at Red Dog Mine, while August and September were the
windiest months, the most extreme winds were associated with winter storms (Neitlich et al. 2017). Also
the worst dust at the Red Dog Mine has been in the winter when humidity is lower and “conventional dust
control” methods cannot be applied:
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During the winter months (October – April), the site experiences extremely low specific humidity.
There are four months (December – March) that average below 1 gram of water per kilogram of
air. During this period, conventional dust control and application methods cannot be used do to
the freezing conditions and low specific humidity (i.e. road watering or hygroscopic palliatives).
….The monitoring indicates a cyclical pattern in TSP [total suspended particulate] concentration
with highest concentrations in the winter months and lowest concentrations in the summer
months. (Teck 2005)
Experience at Red Dog Mine and generally in Alaska suggests dust deposition may be greatest in winter,
due to high winds, low humidity, and limited options for suppressing dust. This indicates that the
assumption of maximum dust generation during the summer at Pebble needs to be revised. It reinforces
the need to know how wind speeds were used in determining the extent of the dust deposition zone.
Impacts of fugitive dust
The environmental consequences from physical (turbidity) and chemical (toxicological) effects of dust
once it enters freshwater ecosystems are not fully addressed in the DEIS.
x

x
x

x

x
x
x

Fugitive dust chemistry as reported in the DEIS does not include Cu as a component, therefore
environmental consequences to aquatic life are severely underestimated. There is no analysis of
the concentrations of Cu that will leach from dust deposited on different parts of the landscape.
Dust deposition rates appear to be vastly underestimated, and this affects the projected
accumulation of trace elements in the environment.
There is very minimal soil and sediment baseline chemistry where mine facilities will be placed,
and many water bodies in the path of fugitive dust have not had baseline sampling. Without this
baseline information, there can be no quantitative measurements to assess whether mine-related
metals accumulate in the environment, limiting ecological impacts analysis.
There is no ecological analysis that considers the connected physical and chemical effects of
fugitive dust on the environment or the resulting potential impacts on birds, mammals, fish, or
aquatic resources.
There is no analysis of physical or chemical impacts to wetlands or water bodies, only the number
of acres directly impacted, therefore the impacts of Alternatives cannot be assessed.
There is no description of wetlands and water bodies within the likely deposition zones or of how
they support aquatic life, therefore the impact of dust settling on them cannot be assessed.
There is no data on the ability of metals in dust to leach in different environments (e.g. slightly
acidic wetlands, neutral-pH ponds, gravel stream banks).

Baseline sampling locations
Baseline soil chemistry sampling was conducted at 117 locations, but there is no map or list of their
locations in DEIS Chapters 3.14, 4.14, or Appendix K3.14, therefore there is no way to determine if they
were representative either geographically or with respect to soil type. It appears that the sites, as shown in
the Environmental Baseline Document (EBD), are scattered throughout the general area and only five to
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eight are actually at the mine site (SLR et al. 2011) (Figure 7). A GIS document is available, but it is not a
file that most of the public can open (RFI 050).

General mine area

Lincoln Lakes

Lincoln Lakes
Frying Pan Lake

Figure 7. Baseline soil sampling
sites, mine area. The figure
showing baseline sampling locations
for soil chemistry indicates that only
five to eight samples were collected
in two locations in the mine area.
The mine area general boundary is
shown as the orange circle Source:
SLR et al. 2011 Figure 10.1-1.

Sediment and water quality sampling is more comprehensive, but misses the Lincoln Lakes and several
lakes and ponds that would be in the path of the fugitive dust plume, including areas near the proposed
mine facilities that would be most heavily impacted (Figure 8). As the mine expands to the 78-year
alternative, these water bodies will very likely be even more heavily impacted.
In addition to the NRCS (2016) data mentioned earlier, soil, sediment, and rock chemistry data collected
by the USGS are publically available and should be included in the baseline (Granitto et al. 2011, USGS
2019). This does not release PLP from the obligation to collect enough baseline data to determine future
impacts at the mine site and mine infrastructure. Without baseline soil, sediment, and water chemistry
from sites in the path of the fugitive dust plume, the potential environmental impact cannot be assessed in
the DEIS or in future monitoring.
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Lincoln Lakes

Frying Pan Lake

Figure 8. Baseline sediment and water
quality sampling sites, mine area.
Several ponds, streams, and wetland
sites were sampled for baseline trace
element chemistry (SLR et al. 2011).
However, Lincoln Lakes and ponds
around them that are in the path of
fugitive dust have not been sampled.
Only part of the area the plume will
impact is shown; a similar area to the
northwest will also be impacted.
(Upper) The map shows sediment
sample sites (DEIS Figure 3.18-3).
There are many water bodies southwest
of the pit that have no sediment samples.
(Lower) The map shows water quality
sampling sites (DEIS Figure 3.18-1).
Streams are shown in orange circles,
lakes and ponds in blue circles, and
groundwater seeps in green water drop
symbols. The map does not show the
many water bodies in the area. Notably,
sediment sites SK131A and UT146A
shown in the sediment sampling map are
not shown in the water quality map;
these are locations that will receive
water treatment discharge. Several sites
that have baseline water quality data
(e.g. UT141A, SK133A, SK136A)
(Schlumberger et al. 2011) are not
shown on the maps provided in Chapter
3.18 (Affected Environment, WaterSediment Quality)
Sources: Maps are from DEIS Figure
3.18-1, DEIS Figure 3.18-3. Information
in textbox is from Schlumberger et al.
2011, SLR et al. 2011, and ERM 2018.
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Adequacy of analysis of fugitive dust chemistry
The DEIS should clearly state the sources used in metal accumulation calculations, the trace elements that
come from each source, and should estimate the concentrations accumulated over 20-year and 78-year
mine life for all contaminants that are both present in source material and toxic to aquatic life, birds, wood
frogs, or other potential receptors. This would need to include Cu and Zn.
Chemical components from mine material
Dust originating from the mine site will contain leachable metals that could impact plants, animals and
aquatic resources. The most problematic and blatant problem with the DEIS dust assessment is the
complete omission of analysis of Cu, which is toxic to aquatic life in small concentrations, in fugitive
dust. Indeed, there is no recognition that Cu will be a component of fugitive dust.
It is certain that the target ore will be a component of fugitive dust, but the DEIS only analyzes the
potential concentrations of metals designated as Hazardous Air Pollutants (HAPs): Sb, As, Be Cd, Co, Cr,
Hg, Mn, Ni, Pb, and Se (DEIS Table 4.14-1). Bulk chemistry of waste rock can be used to provide a
rough estimate of the relative importance of Cu (Table 1). Table 1 shows that Cu and Mn are the first- or
second-most dominant metal. When the DEIS estimated the concentration of HAPs, Mn had the heaviest
deposition -- one to two orders of magnitude greater than the 20-year incremental increase of other metals
(DEIS Table 4.14-1). This clearly indicates that Cu, found in waste rock at similar concentrations to Mn,
will be a dominant component of fugitive dust from the mine site. It needs to be accounted in the
assessment of impacts.

Table 1. PWZ Bulk Metal Concentrations in Pre-Tertiary and Tertiary Waste Rock. Source: PLP
2018
As

Cd

Co

Cr

Cu

Mn

Ni

Pb

Se

Pre-Tertiary (mg/kg)
Mean

98

0.65

23

111

241

399

25

18

10

Max

913

2.84

39

217

7540

1640

51

120

23

Mean

26

0.19

23

66

108

972

21

8

1

Max

102

0.42

30

121

1075

1495

39

20

11

Tertiary (mg/kg)

Metal assay testing also confirms that Cu is the primary trace metal in pre-Tertiary rock (PLP 2018 Table
11-10) and tailings (PLP 2018 Table 11-30) (Figure 9). Metal assays for Tertiary samples were not
available. Thus, omitting Cu from the analysis of dust is unjustifiable and needs to be remedied in the
Revised DEIS.
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Trace element metal assay
pre-Tertiary samples
9000
8000
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Cu

mg/kg
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Zn
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Mo
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3000
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Figure 9. Trace metal analysis of preTertiary samples and tailings. Copper
has the highest concentration of all the
trace metals in analysis of pre-Tertiary
samples and tailings. Only the trace
metals with the highest concentrations are
shown. PWZ = Pebble West Zone, PEZ =
Pebble East Zone. Source: Adapted from
PLP 2018, Tables 11-10 and 11-30.
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Chemical components from vehicles
The majority of fugitive emissions from the mine site will be from vehicle traffic (Table 2). Vehicles
release metals from haul truck brakes (Cu, Ni) and truck tires (Cd, Zn) which can become entrained in
dust (Pratt and Lottermoser 2006). They can also release hydrocarbons. The DEIS ignores vehicle
contributions as components of dust chemistry and performs no assessment at all of the contributions of
Cu and Zn, which are toxic to aquatic life.
Table 2. Sources of mine site fugitive dust. Units are in tons per year. Source: RFI 007 Appendix A-3 Table 1b
Total potential PM
Total potential PM10
Total potential PM2.5
Source
emissions
emissions
emissions
Vehicle traffic
5,977
1,461
146
Wind erosion
1,021
511
77
Material handling
822
389
59
Bulldozing
217
163
23
Grading
147
88
5
Blasting and drilling
123
64
4
Crushing
10
10
10

The DEIS also ignores components from salts that may entrain in dust if chemical dust palliatives are
needed to control dust in the mine area and on the tailings beach.
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Volume and deposition rate
Dust volume
RFI 007 has information on volumes of dust. For example, fugitive “emission units” as particulate matter
is expected to be over 8,300 tons per year (tpy) from the mine site (Table 1.1, page 3 of RFI 007).
Analysis of the increases in metal concentrations in soil is provided in the DEIS, but the actual volume
should also be noted; no dust volumes are mentioned in DEIS Chapter 4.14 (Soils, Environmental
Consequences). The volume, along with deposition rate, provides information on the mass of particulates
entering the environment per area of land or water. Particulates alone can cause damage (e.g. turbidity in
waters, smother vegetation, respiratory issues).
Deposition rates
The deposition rate is a critical component of determining the mass of metals that accumulate in soil or
sediment over time. It provides the rate at which particulate matter accumulates. When combined with the
concentration of metals and contaminants entrained in dust, it allows for the rate of contaminant
accumulation to be calculated.
Chapter 4.14 does not explain how the deposition rate was determined. A figure in the DEIS describes
fugitive dust deposition up to >20 g/m2-yr at the mine site and up to 4 g/m2-yr within 4 miles downwind in
the dust plume (Figure 5). These yearly rates are roughly within the daily rates observed at Prudhoe Bay
roads:
….average dust deposition rates were 30 to 250 g/m2-d within 100 m from the road and 0.8 to
13 g/m2-d from 100 to 1000 m from the road (Walker and Everett 1987)
Unless there is a reason why the particle density would be much greater at the Pebble Project, or the wind
speeds much lower, it would seem that the deposition rate estimated for fugitive dust, and metal
accumulation, during mining operations may be vastly underestimated. This large difference from
observations on other roads must be explained in a Revised DEIS.
Deposition rates will decrease with distance (Figure 5), but only a single deposition rate was applied to
the calculations of particle deposition and resulting metal accumulations. The deposition rate of 0.056
g/m2-d and 2.05 g/m2-yr was applied when determining the accumulation of metals in soil (RFI 009 Table
1.3), and may severely underestimate the actual rate of dust fall and resulting accumulation of metals.
Even if the daily rate were accurate, a simple calculation of the daily rate times 365 days per year results
in 20.4 g/m2-yr, not 2.05 g/m2-yr. This needs to be explained in a Revised DEIS.
Independent reviewers should review the inputs to the deposition rate model and base the rate estimates
on dust fall collection at actual mining operations, such as Red Dog. Revised estimates, and the changes
to metals concentrations that would result, should be provided in a Revised DEIS.
The assumption of the deposition rate of fugitive dust used in the DEIS for the mine site may reasonably
be questioned. The rate of dust settling, in combination with the concentration of metals in fugitive dust,
determines the mass “load” of metals entering the environment.
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Contaminant accumulation
Once particulate deposition rate is estimated, metal and salt accumulation can be calculated. The DEIS
soils chapter provides only an equation, for estimating the concentration of metals that will accumulate in
soils due to dust (Cs) (DEIS Chapter 4.14.2.1).

Chapter 4.14.2.1 assumes values for ZS (soil mixing zone depth) as a constant one inch and tD (time length
of deposition) at 20 years. BD (soil density) is a constant 2.65 g/cm3, a value found in RFI 009a and
chosen because it was “approved for other mine sites”, and D is the deposition rate of 2.05 g/m2-yr found
in RFI 009 Table 1.3. The calculated concentration of metals in soil as baseline and after 20 years of
mining are provided in the DEIS (DEIS Table 4.14-1). The concentration of metals in soil for
accumulation over the 78-year “expanded alternative” was not provided. Of the inputs to the equation, we
have questioned both the choice of the soil density (also see Cardno 2015) and the choice of the
deposition rate. If these change, the concentration of metals accumulating in soil and water will also
change. We have also questioned the baseline, which, in the mine area, appears to consist of a small
cluster of sites southwest of the mine. If this changes, the total concentration in soil and/or the percent
increase over a 20- or 78-year mine life will change.
The variability in input values for dust sources such as ore stockpiles, blasting, tailings beaches, and other
mine sources should be discussed explicitly as part of the analysis in the DEIS and not be buried in an
RFI. This is important because some inputs may be known to have significant variability, and how that
was incorporated may impact the final results.
Contaminant transfer to the environment
Particulate matter itself will have consequences, and the fate and effects of components within dust must
also be addressed to adequately assess the project’s environmental consequences. Despite the fact that
environmental contamination by fugitive dust measured at any given time might appear small, because of
the very long time frame over which the project is proposed to operate toxics such as trace elements may
form a growing pool of contaminants within the organic soil horizons or in pond sediment and may
further disperse and affect connected water bodies and their biota.
Runoff
Runoff was considered by the DEIS to be a minor source of contamination from fugitive dust and not
worth analysis (Appendix K4.18.3). No studies or direct measurement was provided to back up this
decision, other than a statement that runoff would be absorbed by vegetation. However, dust is mobilized
in two ways: through wind and through water. Runoff from the mine site is intended to be captured and
treated, but dust that is transported off-site by wind and settles on land or vegetation will be able to
mobilize again through both wind and water.
Salts can become entrained in dry dust and transported; from there they are easily leached out with rain
(Kravitz and Blair 2019). Other runoff-related issues not considered are the potential for dust to settle on
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stream banks and be washed in, contributing to turbidity and sediment smothering benthic fauna or
clogging interstitial gravel. Additionally the following statement was made based on the calculated
projection that fugitive dust would make only very small changes to soil metal concentrations:
Furthermore, baseline metals concentrations in soil and sediment are similar; therefore, any soil
particles washing off into the waterbody would not likely introduce higher metals concentrations
than are already present in the waterbody (i.e., mixing of similar concentrations would result in
similar concentrations). (DEIS Appendix K4.18.3.1)
This may not be correct, given our observations that dust deposition rates may be underestimated and that
elements such as Cu and Zn were not assessed, and ignores potential contributions from salts.
This also ignores a linked chemical-physical process. If metal sulfides are entrained in dust and settle on
areas such as a streambank or road bank, they will oxidize and leach Cu and potentially other metals.
Both the dust particles and leached metals may then be further transported by runoff from road watering,
rain, or snow.
Direct deposition on water bodies
The DEIS provides an estimate of trace elements from fugitive dust entering water bodies, with analysis
of the change in sediment and surface water quality. However, there is no analysis of the expected
changes in turbidity. This is an important impact to water bodies, particularly the numerous small ponds
close to the mine site. As noted in the section on baseline, there are many water bodies that are very close
to the mine site and would be in the path of fugitive dust that have no baseline information.
Although the figure of the fugitive dust plume indicates that concentrations of particulates will decrease
with distance from the mine, it does not appear that this was taken into account when impact analyses
were conducted. Instead, the single deposition rate of 2.05 g/m2/y was used for both soil and sediment,
and to calculate the added concentrations to surface water they developed a relationship between surface
water and sediment from baseline data (DEIS Appendix K4.18.3.2). This may severely underestimate
deposition rates and metals in some locations and potentially overestimate in others.

Trace element leaching
The DEIS assumes that all metals in mine site fugitive dust will leach when deposited on water bodies,
and all will enter sediment (DEIS Appendix K4.18.3.2). This is a conservative transfer of metals from
dust particle to water or sediment, but only considers the 11 HAP metals (DEIS Chapter 4.18-16, Table
K4.18-18).
The ore at the Pebble Project contains chalcopyrite (CuFeS2), covelite (CuS), and some digenite (Cu9S5)
and bornite (Cu5FeS4) – which are all copper sulfides (SRK 2011 Tables 11-17 and 11-18). These
minerals will be present in dust originating from drilling, blasting, ore stockpiles, ore concentrate, and to
some extent in tailings. As sulfides, they will oxidize when exposed to air. When dust settles on
vegetation, wetlands, and streambanks, it will be subject to wetting and drying cycles. This will drive
oxidation and subsequent formation of acid and release of Cu.
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The DEIS recognizes that fugitive dust will leach metals to groundwater. Because groundwater is highly
connected to surface water in the Pebble Project area, there is also a risk of toxic metals migrating from
groundwater to surface water. This was not discussed in the DEIS. Nor was accumulation of trace
elements on soil with leaching to groundwater or surface water for the 78-year mine alternative discussed.
A Revised DEIS must analyze ecotoxic trace elements common in ore which will leach at the onset of
oxidation as acid etches into the rock matrix.

Trace element leaching
pre-Tertiary, Tertiary, and tailings samples
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Geochemical Humidity Cell Tests estimate the rate at which minerals will leach from material, simulating
wetting and drying cycles similar to what dust will be exposed to on the landscape. This testing confirms
that Cu will leach from pre-Tertiary rock, from tailings, and, although at a lower rate, from Tertiary waste
rock (Figure 10) – and suggests that Cu will leach from dust onto the underlying land and water bodies.

Trace element leaching
Tertiary samples
0.06
Cu
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0.05

Zn

0.04

As
0.03
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Figure 10. Leachate from mine
material. (Top) Trace element
leaching based on Humidity Cell
Tests conducted on pre-Tertiary
and Tertiary rock samples, and
tailings. Copper is the dominant
material that leaches from preTertiary and tailings material.
(Bottom) This chart shows only
the Tertiary samples (same data as
for the top chart). While Tertiary
samples leach at a lower rate,
copper and zinc are the dominant
trace metals that leach. PWZ =
Pebble West Zone, PEZ = Pebble
East Zone. Source: Adapted from
PLP 2018, Tables 11-12, 11-17,
and 11-33.
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However, if fugitive dust enters areas with high loads of dissolved organic carbon (DOC), trace metals
that leach may bind to DOC and be less toxic to aquatic life. Dust that enters small ephemeral ponds, of
which there are many in the area, may cause temporary turbidity and block photosynthesis, then sink to
the bottom and oxidize in the summer when the pond dries up. If this occurs, in dry and windy conditions
the pond sediment may re-mobilize, now carrying with it the fugitive mine site dust that is oxidizing.
Dust that enters permanent ponds may only experience turbidity without Cu leaching; the extent to which
other components leach will depend on the pH conditions, DOC, and other factors.
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Landscapes are dynamic. Dust will accumulate in some locations over winter and be released at
snowmelt, with its Cu load, into the underlying environment. Dust can re-suspend from ephemeral ponds
and mobilize in summer. Streams and groundwater tables will rise and fall. Vegetation dies off or
increases. Trace elements can sorb, precipitate, and remobilize with influences of UV light, pH, Fe, DOC,
and bioturbation of benthic invertebrates in sediment. Some metals and metal species will be more mobile
than others; for example, Zn in deposited dust may be more mobile in water than Pb (Teck 2005).
While the entire ecosystem cannot be modeled, the factors that impact contaminant movement need to be
recognized and monitored. Some contaminant impacts can be better modeled than they have been in the
DEIS, for example the impact of releasing a winter build-up of Cu suddenly into the underlying
environment. For the mine site and associated infrastructure, the fate and transport needs to be assessed
based on the expected chemical make-up of fugitive dust and the type of landscape it enters. The impacts
are expected to overlap with other impacts from dewatering and habitat fragmentation.
Sequestration, dilution, accumulation, and transformation of elements will be different depending on the
environment they enter: wetland, oxygenated stream, still pool, rocky hillside, freshwater lake. These
affect how bioavailable a trace element will become. Bioaccessibility, trophic transfer, and
bioaccumulation then determine the impacts through the food chain.
Impacts to vegetation
Fugitive dust from the mine site is estimated to impact nearly 900 acres of wetlands, 46 acres of lakes and
ponds, and 10 acres of rivers and streams (DEIS Chapter 4.22). An additional 3,000 acres of vegetation
would be impacted by the mine site dust (DEIS Chapter 4.26). Much of this area would receive repeated
inputs of thousands of tons of dust annually (RFI 007), and some will overlap with fugitive dust from the
road system. While nearly 4,000 acres of impacts is not trivial, a simple list of the acres and broad
categories of landscapes impacted is insufficient for an analysis of environmental consequences.
Terrestrial vegetation
Dust may accumulate over many years on vegetation, blocking stomata and reducing growth regardless of
whether it contains contaminants. The effects of dust on vegetation are provided in a list (DEIS Chapter
4.26) but are not provided in context. The effects described in the DEIS include the reduced ability of
plants to thrive (burial, reduced photosynthesis, decrease in nutrients, decrease in soil moisture, decrease
in moss and lichens), but not how that loss would impact species that use the plants for food (seeds,
berries), shelter (nesting, nest materials), pollination, or other purposes. Will the species most at risk be
important or common?
[Dust can] act indirectly by modifying microenvironment and ecosystem processes, altering
canopy structure, soil chemistry, microbial decomposition and soil thaw….. Sphagnum spp. have
been considered “keystone” species for controlling tundra ecosystem functions because of their strong
effects in acidifying and insulating soils…. We observed a sharp decline in Sphagnum mosses in the most
disturbed region of the transect. (Myers-Smith et al. 2006)

Myers-Smith et al. (2006) observed that evergreens did well where moss and lichens declined. This
means dust could exacerbate impacts anticipated with climate change, in which shrub density is
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increasing across former tundra, wetlands, and glacial outwash areas. These types of landscape scale
impacts should be recognized in the DEIS and monitoring methods described.
Vegetation may support insects, and when killed by dust may result in an indirect impact on fish and
aquatic life (Eberle and Stanford 2009).
Are any of the plants in the dust deposition zone capable of hyperaccumulating metals? If so, what is the
risk posed to insects, birds or small mammals that consume them?
Dust that settles on vegetation of soils is subject to secondary delivery to wetlands, lakes and streams
through both windborne and normal rain and snowmelt runoff processes.
Aquatic vegetation
The DEIS states the environmental consequences of fugitive dust on aquatic vegetation as:
….the “open water” type is not considered part of the affected environment for vegetation, and
impacts to open water would not count as an impact to vegetation. The open water type was not
included in calculations in this section (DEIS Chapter 4.26)
Neither the Vegetation chapter nor the Water-Sediment Quality chapter (DEIS Chapter 4.18) considered
the impacts of fugitive dust on aquatic vegetation. Dust entering water bodies could increase turbidity,
and decrease water column light penetration, reducing phytoplankton growth (Biggs et al. 1999) and
thereby suppressing primary production and inhibiting the foraging efficiency of visually feeding fishes,
including salmon, trout, and charr. The measured baseline turbidity of surface waters along the mine
access road area was below detection limit (RFI 036). Therefore, reduction in water clarity could
substantially affect aquatic ecosystems. One (of many) benefit of clear, shallow waters in northern
latitudes is their role in demethylating Hg. If waters in this area do play such a role, increasing turbidity
could slow demethylation of globally transported Hg.
There will also be impacts as Cu in dust leaches into waters, or leach onto soils and enter water as runoff.
Algae production can decline at Cu increases of only 1-2 parts per billion (ppb; Franklin et al. 2002).
Zooplankton and other invertebrates that rely on algae for food suffer decreased growth and reproduction
when primary production decreases (Urabe 1991). Zooplankton and lotic macroinvertebrates are also
extremely sensitive to Cu increases (Farag et al. 1998, Zipper et al. 2016).
Impacts on fish and wildlife
Fugitive dust may directly impact fish and wildlife habitat by degrading waters (through turbidity), killing
vegetation, or causing vegetation to flower early due to dust-driven early snowmelt. The DEIS mentions
that dust can cause early snowmelt (DEIS Chapter 4.26), but this isn’t followed through with a discussion
of the consequences.
Particulate impacts on aquatic life
Particulates from dust alter physical substrate conditions in water bodies. They can accumulate, resulting
in transportation of fine sediments that can both directly harm aquatic organisms when they deposit on
and abrade benthic plants and animals. Clogging interstices of coarse gravel beds can reduce interstitial

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1 of 2339

P a g e | 26
and hyporheic flow, degrading the intragravel environment used by benthic insects and smaller benthic
fishes such as sculpins that are important in aquatic food webs. Blocked interstices also harm eggs and
larvae of substrate-spawning fishes, including all salmonids (Newcombe and Jensen 1996, Henley et al.
2000).
Trace elements
The assessment of fugitive dust impacts completely omitted Cu, which will be the primary trace metal in
dust from the mine site, and Zn associated with vehicles. Cu in particular is toxic to aquatic life at very
low concentrations. Although Cu is necessary for biological function, it also causes both acute and
chronic toxicity to many aquatic organisms. Toxicity increases under acidic conditions, soft waters (low
hardness), and in waters low in DOC—all of which occur in waters draining the Pebble deposit (Morris et
al. 2019a, 2019b).
Impacts to fish from exposure to Cu occurs primarily through the gills, kidney, olfactory receptors, and
lateral line cilia (waterborne exposure), or in the intestine (dietary exposure; Grossell 2011). Olfactory
inhibition resulting from Cu exposure occurs within minutes and lasts for weeks or longer, with the
potential to affect all aspects of salmonid biology (Grossell 2011). Copper is known to reduce growth,
immune response, reproduction, and survival (Eisler 1998). Specific examples of toxic effects include
disrupted migration; altered swimming; oxidative damage; impaired respiration; disrupted osmoregulation
and pathology of kidneys, liver, gills, and other stem cells; impaired mechanoreception of lateral line
canals; impaired function of olfactory organs and brain; and altered behavior, blood chemistry, enzyme
activity, corticosteroid metabolism, and gene transcription and expression (Hodson et al. 1979, Knittel
1981, Rougier et al. 1994, Eisler 2000, Craig et al. 2010, Tierney et al. 2010). The effects have been
demonstrated for juvenile and adult life stages, primarily of coho and Chinook salmon and rainbow trout.
Lethal and sublethal effects of Cu have been shown for salmonids tested with surface water collected
from the Pebble site (Morris et al. 2019a, 2019b).
Sublethal effects of Cu are frequently identical to those causing mortality. Physiological effects of Cu
exposure include decreased growth, swimming speed or activity, and feeding rates (Waiwood and
Beamish 1978a, Waiwood and Beamish 1978b, Marr et al. 1996). Coho salmon exhibit diminished
immune response after exposure to Cu (Stevens 1977, Schreck and Lorz 1978). Reproductive
performance also decreases in adult salmonid (Jaensson and Olsen 2010). Very slight increases in Cu
concentrations (5-25 parts per billion) inhibit olfaction in coho and Chinook salmon and rainbow trout,
with potential to inhibit recognition of predators, prey, mates, kin, and natal streams (Hansen et al. 1999a,
Hansen et al. 1999b, Sandahl et al. 2007, Baldwin et al. 2011, McIntyre et al. 2012, Morris et al. 2019b).
Chinook salmon and rainbow trout avoid Cu contaminated waters altogether, except after long-term
sublethal Cu exposure, after which their avoidance response may be impaired (Hansen et al. 1999, Meyer
and Adams 2010). Avoidance can lead to degradation of spawning patterns and resulting genetic diversity
which are essential to maintaining overall population structure and sustainability. Adult spawning
migrations are delayed or interrupted in Cu contaminated streams, and downstream smolt migration is
likewise delayed and osmoregulation of smolts in seawater is impaired (Lorz and McPherson 1976,
Schreck and Lorz 1978, Hecht et al. 2007). Cu-exposed salmon are also more vulnerable to predation
(Sandahl et al. 2007, McIntyre et al. 2012).
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Copper also affects the base of the food chain, interrupting food sources for higher trophic level fish.
Numerous studies document indirect, adverse effects of Cu on freshwater algae, zooplankton, mussels,
and other invertebrates (Wootton 1990, Scannell 2009), as discussed in the section on “Aquatic
Vegetation” in this memo.
Zinc can act synergistically with Cu, magnifying some impacts (Birge and Black 1979).
Additional trace elements may also be present and enter the environment. Selenium is expected to
increase in waters near the wastewater discharge plants (Zamzow_2019 04 22_Selenium Position
Paper.Final). Selenium is in very low concentrations in surface waters throughout the mine, lake, and road
areas (DEIS Appendix K3.18) – should it be entrained in fugitive dust and enter wetlands could quickly
become bioavailable. The initial transfer of Se from the water column to sediment is the greatest
concentration step, and from there it moves into the food chain (Luoma and Presser 2009). Small
concentrations of these elements in dust, transferred then to water and sediment, could result in tissue
concentrations that are toxic in fish and birds (Chapman et al. 2009).
Bioaccessibility
Metals in fugitive dust do not need to be in the dissolved form to be potentially toxic. The terms
bioavailable and bioaccessible have been used to mean the same or different processes in the literature.
For this paper, we define bioaccessible as the extent to which a contaminant is physiologically active and
available after having entered the body. This is somewhat different from bioavailable, which we define as
the degree to which a contaminant in soil or water can enter the body (or root or leaf). If a metal enters
the body but is primarily eliminated, e.g. through the large intestine, it would not be considered to be very
bioaccessible.
Knight et al. (2017) tested road dust from Alaskan roads to determine how bioaccessible metals in dust
were if dust were ingested or inhaled. Simulated gastric fluid showed Ni and Cu were highly
bioaccessible if ingested, with roughly 20%-50% of the concentrations in dust becoming biologically
available; between 9% and 22% of Zn, 18% of As, and up to 82% of Pb also became bioaccessible. If
inhaled, about 50% of As and Sb became bioaccessible. The variation is likely due to the form of the
mineral-sulfides, which were generally less bioaccessible than oxy-hydroxides. However, as noted
previously, sulfides are likely to oxidize and release metals when exposed to air. Once ingested or
inhaled, Cu is bioaccumulative in many species (Scannell 2009).
Birds and mammals in the dust deposition zone could inhale or ingest dust. These risks should be
analyzed in a Revised DEIS.
Connected effects
As discussed explicitly and implicitly in this memo, none of the effects on the environment happen as
isolated occurrences. The impacts of fugitive dust – from particulates and from the contaminants leaching
from them – occur interactively. Also, they are not isolated from impacts unrelated to dust, such as
landscape scale changes, noise, and light.
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Multiple toxic sources
There is an assumption in the DEIS that all leachate from the mine will be captured and treated. This is
unrealistic. Some leachate from waste rock and tailings will almost certainly occur from the pyritic
tailings facility and contribute Cu, As, Se and other trace elements to groundwater
(Maest_PebbleDEIS.Comments_20May2019.Final). Because groundwater is highly connected to surface
water, trace elements will likely migrate to surface water and compound effects of trace elements leaching
from fugitive dust. Additionally, non-acid generating rock will be used for construction, but some – if not
separated and isolated – will leach selenium and arsenic, which could reasonably reach surface and
groundwater (Maest_PebbleDEIS.Comments_20May2019.Final). Selenium is toxic in small
concentrations (Zamzow_2019 04 22_SeleniumPositionPaper.Final). Aquatic life in environments that
receive both Se and Cu, or other mixes of toxic metals and metalloids, could be affected in multiple ways.
As mentioned before, birds could be impacted from multiple stressors, including selenium in discharge
water, fugitive dust impacts, noise, and light.
Linked physical and chemical impacts
A direct potential consequence of vegetation uncovered by early snowmelt (physical impact) could be that
they attract to birds and mammals, exposing them to the heaviest (recently released from snow) loads of
metals (chemical impact). Early snowmelt, caused by fugitive dust, is known to attract animals:
Perhaps the most profound effect of this early melt corridor is the concentration of waterfowl,
ptarmigan, and their predators. In 1986, concentrations of ptarmigan numbering in the
thousands occurred, with large flocks commonly sitting on the road and subject to being hit by
fast-moving traffic. Caribou take advantage of the early snow-free areas for grazing, and grizzly
bears, raptors, and other predators use these areas to hunt ground squirrels and voles. (Walker
and Everett 1987)
These areas of early snowmelt could potentially also harbor high loads of contaminants, accumulated in
layers of winter dust. The biological impacts will depend on the contaminant and the receptor, in addition
to the biogeochemical processes that make contaminants more or less bioavailable. For example, aquatic
life will be affected by Cu while birds will be more affected by Se.
There is no discussion or analysis of these impacts on birds, other than an acknowledgement that the loss
of over 9,000 acres of habitat from mine-related disturbance will affect birds (DEIS Chapter 4.23.2.1).
There is no discussion of the biological impacts of exposure to trace elements from fugitive dust through
inhalation, direct ingestion, or consumption of tainted prey. Exposure of fish and aquatic life to trace
elements from fugitive dust is downplayed, and there is no analysis of exposure, bioaccessibility, or
bioaccumulation (DEIS Chapter 4.24). This is a serious omission that must be corrected.
These impacts (loss or change in vegetation, exposure to trace elements, inhalation/ingestion risks) will
occur in combination with other known risks, such as noise, light, vehicle collisions, and, for some
species of birds, increased threat to nests from ravens (DEIS Chapter 4.23.2) and anticipated risks such as
from increased selenium in streams (Zamzow_2019 04 22_Selenium Position Paper.Final).
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In aquatic environments, as noted previously, decreased primary production associated with increases in
sedimentation and turbidity can produce negative connected effects by way of depleted food availability
to zooplankton, insects, freshwater mollusks, and fish. Effects at each trophic level are mortality, reduced
physiological function, behavioral avoidance, and decreases in available food; these sublethal effects
commonly result in depressed rates of growth, reproduction, and recruitment (Henley et al. 2000).

Connected physical impacts
There is no ecological assessment in the DEIS that discusses impacts from dust diminishing or destroying
riparian vegetation, which can affect water temperature, reducing cool areas. What is the pattern expected
for dust-fall on riparian vegetation? Are these areas currently pools fish utilize for shade? Are they areas
of groundwater input to streams? At what locations will there be multiple impacts such as that of fugitive
dust and culverts that become blocked by debris or ice and/or change hydrology, or vegetation impacted
by both dewatering and fugitive dust? Are these impacts negligible or significant?

Cumulative effects and the 78-year mine alternative
A better ecologically-focused cumulative effects analysis should be conducted for both the proposed 20year mine and in the cumulative effects section for a 78-year mine buildout. Currently, the very terse,
limited summary of cumulative impacts on wetlands simply assumes that the same ratio of shrub and
herbaceous wetlands will be impacted, although the acres of impact from all mine activities would
increase from 4,000 to over 21,000 acres (DEIS Chapter 4.22). This was not broken down to show the
increase in impacts from fugitive dust, and it is inadequate.
The 78-year mine build out cumulative effects assessment should provide quantitative analysis of the
expected concentrations of Cu from combined sources such as uncaptured mine site leachate and fugitive
dust leachate. An example of a quantitative analysis of the effects of uncaptured mine site leachate is
provided in EPA 2014.
The 78-year mine buildout needs to consider a landscape modified by climate change. This may mean
shorter winters – and longer periods when watering may be effective in suppressing dust – but it may also
mean longer, dryer summers. How climate relates to dust and dust suppression will need to be overlaid
on the broader ecological impacts, which already include earlier bird migrations and may include changes
to vegetation and water temperatures. That is, the “No Action” alternative against which the Proposed
and other Alternatives are measured will not be the same in the year 2100 as it is in 2020, and cumulative
impacts will be additive with other stressors that will be experienced. A reasonable effort to consult with
experts should be made, rather than dismissing an apparent rise in temperatures and precipitation from
climate change in southwest Alaska.
A Revised DEIS, with greater clarity on expected interacting and cumulative effects, should then provide
a monitoring plan to monitor the mine’s impacts on ecosystem resources.
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Summary and Conclusion
Fugitive dust is recognized as a potential impact of the Pebble mine operations in the DEIS. However,
this impact is not treated seriously. The treatment of the potential distribution and associated
environmental risks of fugitive dust in the DEIS is inadequate, and as a consequence misleading. It is
disjointed, fragmented, seriously incomplete, and relies on outdated and inaccurate assumptions.
The extent and volume of fugitive dust is estimated to be enormous, and distance of dust dispersion is
likely underestimated through application of high soil density, low silt content, and ignoring local wind
speeds (means and maximums) and topography in DEIS modeling. An estimated 8,300 tons of fugitive
dust per year from the mine site are anticipated to impact nearly 1,000 acres of wetlands “and other
waters” and 3,000 acres of vegetation, annually for a minimum of 20 years. The Revised DEIS should
provide an independent third party review of the mine site dust plume model inputs. This should lead to
an updated estimate of the increased concentration of metals deposited via fugitive dust from the mine
site.
We have provided evidence that Cu will be a primary component of dust, and a dominant toxic metal
leaching from dust; Zn is also likely to be a component, and other trace elements may be present in more
limited concentrations but biologically important. A Revised DEIS must analyze the environmental
consequences of fugitive dust settling on vegetation, wetlands, and waterways, and the potential impacts
of decades of Cu, Zn, and other trace elements leaching into the environment.
The Revised DEIS needs to assess the impacts of fugitive dust and trace metal leaching on aquatic life.
Fugitive dust on thousands of acres of vegetation and hundreds of acres of wetlands and water bodies will
be exposed to different pH and redox environments. This was not considered at all in the assessment of
ecological impacts in the DEIS. Without geochemistry, the risks from fugitive dust cannot be assessed. A
conservative estimate could consider the entire mass of trace elements as bioavailable to show the high
end of possible impact.
Additionally, the environmental effects of dust abatement measures themselves, including sourcing,
transport and spread of large quantities of water, and potential chemical palliatives, are entirely ignored in
the DEIS. This is discussed in depth in Frissell_16May2019_Fugitive dust_road system.Draftv3.
Finally, a cumulative impacts analysis should be written to understand the potential biological impacts of
dust deposition. Because the mine is very likely to expand from a 20-year mine to a 78-year mine, the
cumulative effects of the quantity of dust on vegetation, wetlands, and water bodies needs to be assessed,
the cumulative effects of increased concentration of metals in the dust as they leach out into underlying
vegetation, wetlands, and water bodies needs to be assessed, and the increasing physical effects (e.g. early
snowmelt, increased soil temperatures) as they link to biogeochemical cycling and biological impacts
needs to be assessed. The impact of 8,300 tons of mine site fugitive dust over the landscape annually may
not follow a linear pattern, but have multiplier effects, and will occur on a changing landscape.
The DEIS severely underestimates the ecotoxic immediate and cumulative effects of fugitive dust on fish
and aquatic life. It needs to remedy this deficiency.
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7(&+1,&$/0(025$1'80
'DWH

0D\

7R

6KDQH0F&R\3URMHFW0DQDJHU86$UP\&RUSVRI(QJLQHHUV

)URP

$QGUp6REROHZVNL&OHDU&RDVW&RQVXOWLQJ,QF

6XEMHFW 5HYLHZRIZDWHUWUHDWPHQWSODQWVSURSRVHGIRU3HEEOH3URMHFW

,ZDVUHWDLQHGE\WKH:LOG6DOPRQ&HQWHUWRUHYLHZGRFXPHQWVUHODWLQJWRZDWHUWUHDWPHQWDWWKH
SURSRVHG 3HEEOH 3URMHFW DQG SURYLGH H[SHUW RSLQLRQ RQ WKHP $GGLWLRQDOO\ , ZDV WDVNHG ZLWK
LGHQWLI\LQJ LQIRUPDWLRQ WKDW VKRXOG KDYH EHHQ LQFRUSRUDWHG LQ WKH 'UDIW (QYLURQPHQWDO ,PSDFW
6WDWHPHQW '(,6 
7KLV WHFKQLFDO PHPRUDQGXP SUHVHQWV P\ H[SHUW RSLQLRQ RQ WKH SODQV IRU ZDWHU WUHDWPHQW
SURSRVHGIRUWKH3HEEOH3URMHFW



.H\)LQGLQJV

7KH ZDWHU WUHDWPHQW SODQWV SURSRVHG IRU WKH 3HEEOH 3URMHFW DUH YHU\ ODUJH FRPSOH[ SRRUO\
GRFXPHQWHG DQG XQWHVWHG WUHDWPHQW V\VWHPV H[SHFWHG WRWUHDW ZDWHU LQ SHUSHWXLW\7KH\ KDYH
EHHQGHVLJQHGXVLQJRSWLPLVWLFDVVXPSWLRQVLQVWHDGRIDFRQVHUYDWLYHGHVLJQSKLORVRSK\7KHLU
GHVLJQV DUH LOOGHILQHG DQG XQVXEVWDQWLDWHG $ QXPEHU RI DVVXPSWLRQV LQ WKHLU GHVLJQV ZHUH
VKRZQ WR EH LQFRUUHFW )RU VHOHQLXP WKH SURSRVHG WUHDWPHQW V\VWHPV ZLOO SUREDEO\ GLVFKDUJH
QRQFRPSOLDQWHIIOXHQWV,QWKHFDVHRIVXOIDWHWKHLUSURSRVHGPHWKRGIRUGLVSRVLQJUHVLGXDOVIURP
WUHDWPHQWPD\EHLQHIIHFWLYH)LQDOO\WKHSURSRVDOWRWUHDWZDWHULQSHUSHWXLW\ZLWKWKHVHWUHDWPHQW
SODQWVSUHVHQWVDODUJHLQGHIHQVLEOHULVN
7KHSURSRVHGWUHDWPHQWV\VWHPVDWWKH3HEEOH3URMHFWDUHHVVHQWLDOO\H[SHULPHQWDOQRVLPLODU
V\VWHPV KDYH HYHU EHHQ FRQVWUXFWHG DQG RSHUDWHG DW DQ\ RWKHU PLQH DQ\ZKHUH LQ WKH ZRUOG
*LYHQWKHGHILFLHQFLHVLGHQWLILHGLQWKLVUHYLHZ,VXEPLWWKDWWKH$UP\&RUSVFDQQRWFRQFOXVLYHO\
GHWHUPLQH WKDW WUHDWHG HIIOXHQWV GLVFKDUJHG E\ WKH 3HEEOH 3URMHFW ZLOO QRW DGYHUVHO\ LPSDFW
GRZQVWUHDPHFRV\VWHPV
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4XDOLILFDWLRQVDQG3URIHVVLRQDO([SHUWLVH

,DPDQHQYLURQPHQWDOFRQVXOWDQWZLWKD3K'LQ%LRORJ\DQG\HDUVRISURIHVVLRQDOH[SHULHQFH
UpVXPpDSSHQGHG ,KDYHSDUWLFLSDWHGLQQHDUO\WZHQW\(QYLURQPHQWDO,PSDFW$VVHVVPHQWVDQG
KDYH GHYHORSHG D JXLGDQFH GRFXPHQW IRU DVVHVVLQJ LPSDFWV RI SODQQHG PLQHV IRU WKH <XNRQ
JRYHUQPHQW <XNRQ(QYLURQPHQWDODQG6RFLRHFRQRPLF%RDUG<(6$% ,KDYHEHHQLQYROYHGLQ
QHDUO\PLQLQJUHODWHGSURMHFWVSULQFLSDOO\LQWKHGHYHORSPHQWRUHYDOXDWLRQRIZDWHUWUHDWPHQW
V\VWHPV0RVWRIP\ZRUNLQYROYHGWKHHYDOXDWLRQDQGRUGHVLJQRIZDWHUWUHDWPHQWV\VWHPVDW
PLQLQJRSHUDWLRQV)RUH[DPSOH,SDUWLFLSDWHGLQWKHHYDOXDWLRQRIUHTXLUHPHQWVWRXSJUDGHWKH
ZDWHUWUHDWPHQWV\VWHPVDWWKH<DQDFRFKDPLQLQJFRPSOH[ZKLFKLQFOXGHWZRUHYHUVHRVPRVLV
SODQWVDSURMHFWFRPSDUDEOHLQVFRSHDQGVFDOHWRWKH3HEEOH3URMHFW0\FOLHQWVLQFOXGHQDWXUDO
UHVRXUFHV LQGXVWU\ SHWURFKHPLFDO IRUHVWU\ DQG PLQLQJ  JRYHUQPHQW )LUVW 1DWLRQV DQG QRQ
JRYHUQPHQW RUJDQL]DWLRQV , KDYH DOVR SURYLGHG H[SHUW WHFKQLFDO RSLQLRQV LQ OHJDO FDVHV 7KLV
EDFNJURXQGTXDOLILHVPHWRSURYLGHDQXQELDVHGH[SHUWWHFKQLFDORSLQLRQRQWKHSURSRVHGZDWHU
WUHDWPHQWSODQWVIRUWKH3HEEOH3URMHFW



'RFXPHQWVUHYLHZHG

$QXPEHURISURMHFWUHODWHGGRFXPHQWVZHUHUHYLHZHGLQWKLVHYDOXDWLRQ2ULJLQDWLQJIURP3HEEOH
RUWKHLUFRQWUDFWRUVWKHIROORZLQJGRFXPHQWVZHUHUHYLHZHG
x 3HEEOH3URMHFW(,6'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW86$UP\&RUSRI(QJLQHHUV
)HEUXDU\
x 3HEEOH 0LQH:DWHU 7UHDWPHQW 3ODQW (QJLQHHULQJ  2SHUDWLRQV 3KDVH:DWHU 7UHDWPHQW
3ODQW(QJLQHHULQJ+'5-DQXDU\
x 3HEEOH0LQH:DWHU7UHDWPHQW3ODQW(QJLQHHULQJ0LQH&ORVXUH:DWHU7UHDWPHQW3ODQW
(QJLQHHULQJ+'5-DQXDU\
x 3HEEOH 0LQH :DWHU 7UHDWPHQW 3ODQW (QJLQHHULQJ  3HEEOH 0LQH &ORVXUH 3KDVH 
6HHSDJH&ROOHFWLRQ3RQG:DWHU7UHDWPHQW3ODQW+'5-DQXDU\
x 3HEEOH0LQH:DWHU7UHDWPHQW3ODQW(QJLQHHULQJ3HEEOH0LQH2SHQ3LW:73±&ORVXUH
3KDVH<HDU±0DVV%DODQFH6XPPDU\5HYLVLRQ+'5-DQXDU\
x 3HEEOH3URMHFW±5HYLHZRI:DWHU7UHDWPHQW$SSURDFK$(&202FWREHU
x 3HEEOH0LQH:DWHU7UHDWPHQW3ODQW(QJLQHHULQJ3HEEOH%DVH&DVH:DWHU7UHDWPHQW
3ODQW(QJLQHHULQJ5HYLVLRQV+'52FWREHU
x 3HEEOH 0LQH :DWHU 7UHDWPHQW 3ODQW (QJLQHHULQJ  3URMHFW 'HVFULSWLRQ &DVH :DWHU
7UHDWPHQW3ODQW'DWD8SGDWH+'5$XJXVW
x 3HEEOH3URMHFW:DWHU7UHDWPHQW3URFHVV±%HQFKPDUN8SGDWH+'5'HFHPEHU
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x 3HEEOH3URMHFW±:DWHU7UHDWPHQW3ODQW3UHIHDVLELOLW\6WXG\5HSRUW±IRRW0LOO2SWLRQ
+'56HSWHPEHU
x :KLWH3DSHURQ:DWHU7UHDWPHQW3URFHVVHV:DWHU(QJLQHHULQJ7HFKQRORJLHV-XO\
2WKHUGRFXPHQWVWKDWZHUHUHYLHZHGLQFOXGH
x 3HEEOH3URMHFW0LQH:DWHU4XDOLW\3UHGLFWLRQVDQG,PSOLFDWLRQVIRU(QYLURQPHQWDO5LVN
'U$QQ0DHVW $SULO 
x 3UXFKD55HYLHZRI*URXQGZDWHU,PSDFWVRIWKH3URSRVHG3HEEOH0LQH,QWKH
)HEUXDU\'UDIW(,6DQG(YDOXDWLRQRI3RWHQWLDO,PSDFWVRQWKH&RXSOHG+\GURORJLF
6\VWHP
x 6HOHQLXP ,VVXHV LQ WKH 3HEEOH 3URMHFW 'UDIW (,6 ± 3RVLWLRQ 3DSHU . =DP]RZ $
6REROHZVNL$0DHVW&)ULVVHOO62¶1HDODQG*5HHYHV&RPPHQWVVXEPLWWHGWRWKH
$UP\&RUSVRI(QJLQHHUV$SULO

 'HVLJQ3KLORVRSK\
7KH 3HEEOH 3URMHFW LV ORFDWHG LQ DQ HFRORJLFDOO\VHQVLWLYH UHJLRQ RI $ODVND 7KH DUHD FRQWDLQV
VRPH RI WKH PRVW SURGXFWLYH IUHVKZDWHU HFRV\VWHPV LQ WKH ZRUOG DQG KRVWV D ULFK GLYHUVLW\ RI
IDXQDDQGIORUDLQFOXGLQJZRUOGFODVVUDLQERZWURXWDQGVDOPRQILVKLQJPLJUDWRU\ELUGVDQGVRPH
RIWKHZRUOG¶VRQO\IUHVKZDWHUVHDOV7KLVZDUUDQWVDGRSWLQJDFRQVHUYDWLYHDSSURDFKWRWKHGHVLJQ
RIZDWHUWUHDWPHQWSODQWV :73V )RUH[DPSOHWKLVPHDQVDGRSWLQJWKHWKRUWKSHUFHQWLOH
LQIOXHQWFRQWDPLQDQWFRQFHQWUDWLRQVDVDGHVLJQEDVLVUDWKHUWKDQORZHUSHUFHQWLOHV2QEDODQFH
WKH ULVN RI DGRSWLQJ DQ RYHUSURWHFWLYH GHVLJQ FULWHULRQ LV PRUH GHIHQVLEOH LQ DQ HFRORJLFDOO\
VHQVLWLYH DUHD WKDQ WKH ULVN RI DGRSWLQJ XQGHUSURWHFWLYH FULWHULD VXFK DV XVLQJ  WK SHUFHQWLOH
FRQFHQWUDWLRQV
7KHUHDUHRWKHUUHDVRQVMXVWLI\LQJWKHFKRLFHRIDFRQVHUYDWLYHDSSURDFKWRGHVLJQLQFOXGLQJ
x $QDO\VLVRIWKHVLWHZDWHUEDODQFHIRUWKHFXUUHQWPLQHSODQ 3UXFKD LQGLFDWHVLWLV
OLNHO\LQDFFXUDWHDQGWKDWSUHGLFWHGIORZUDWHVDUHOLNHO\XQGHUHVWLPDWHG
x $QDO\VLV RI WKH VLWHJHRFKHPLVWU\IRUWKHFXUUHQW PLQH SODQ 0DHVW   LQGLFDWHVWKDW
SUHGLFWHGLQIOXHQWFKHPLVWU\LVOLNHO\LQDFFXUDWHDQGWKDWFRQFHQWUDWLRQVRIFRQWDPLQDQWV
DUHOLNHO\XQGHUHVWLPDWHG
x (YHQZLWKWKHDWWHQXDWLQJLQIOXHQFHRIWKHODUJH:DWHU0DQDJHPHQW3RQGWKHUHPD\VWLOO
EHVHDVRQDOYDULDELOLW\LQIHHGIORZVDQGFKHPLVWU\6XFKYDULDELOLW\ZLOOEHDFFRXQWHGIRU
LQDGHVLJQWRWKHWKRUWKSHUFHQWLOHEXWQRWLQDGHVLJQWRWKHWKSHUFHQWLOH
x 7KHRYHUDOOWUHDWPHQWV\VWHPGHVLJQLVRIDQXQSDUDOOHOHGFRPSOH[LW\DQGVFDOH7KHUHDUH
RQO\DIHZH[DPSOHVRIFRPSDUDEOHWUHDWPHQWV\VWHPVLQWKHZRUOGEXWWKHVHDUHVWLOOOHVV
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FRPSOH[ DQG VPDOOHUVFDOH WKDQ ZKDW 3HEEOH SURSRVHV 0RUHRYHU WKHUH DUH QR VLWH
VSHFLILFSHUIRUPDQFHGDWDWRYDOLGDWHWKLVGHVLJQ
x $NH\DVVXPSWLRQLVRIOLQHDUVFDOLQJWKDWIORZVWUHDWHGDWJSPZLOOEHWUHDWHGZLWK
WKHVDPHHIILFLHQF\DVJSP:KLOHWKHRUHWLFDOO\DFFHSWDEOHWKHUHLVQRUHDOZRUOG
EDVLVWRVXSSRUWWKLVDVVXPSWLRQIRUVXFKDFRPSOH[WUHDWPHQW V\VWHPVSHFLILFDOO\WKDW
WUHDWPHQW SHUIRUPDQFH ZLOO UHPDLQ WKH VDPH DW DOO VFDOHV GHVSLWH YDULDELOLW\ LQ LQIOXHQW
FRPSRVLWLRQWHPSHUDWXUHRURWKHUHQYLURQPHQWDOYDULDEOHV
x 3RWHQWLDOO\XQFDSWXUHGIORZVZLOOFRQWULEXWHGLUHFWO\WKHLUFRQWDPLQDQWORDGWRWKHUHFHLYLQJ
HQYLURQPHQWSRVVLEO\UHPRYLQJSDUWRIWKHVDIHW\PDUJLQEXLOWLQWRGLVFKDUJHFULWHULD
x 7KHSURSRVHGWUHDWPHQWV\VWHPLVH[SHFWHGWREHRSHUDWHGLQSHUSHWXLW\,QWKLVFDVHD
JUHDWHUVDIHW\PDUJLQVKRXOGEHSURYLGHGLQDQWLFLSDWLRQRIXQIRUHVHHQRUH[WUHPHHYHQWV
RUFKDQJHV
3HEEOHKDVQRWDGRSWHGDFRQVHUYDWLYHDSSURDFKWRGHVLJQ,QWKHLUGHVLJQGRFXPHQWV+'5
DGRSWHGWKSHUFHQWLOHYDOXHVDVDGHVLJQEDVLVHYHQDVWKH\UHHYDOXDWHGWKHGHVLJQIRU
WKSHUFHQWLOHFRQFHQWUDWLRQV +'5+'5E 7KHLUMXVWLILFDWLRQIRUWKLVGHFLVLRQ
JLYHQEHORZLJQRUHVPRVWRIWKHUHDVRQVLGHQWLILHGDERYH
“The influent flows and characteristics projections provided by KP (see Table 2, 42 ft Mill,
Rev B, 10 April 2012 in Appendix B) are average annual flow conditions from the TSF.
The TSF will serve as a large equalization vessel, such that the design conditions indicated
will be relatively constant” +'5
$GHVLJQEDVLVIURPWKSHUFHQWLOHIORZVDQGFRQFHQWUDWLRQVZRXOGEHGHIHQVLEOHLILWGUHZRQD
UHFRUGRI\HDUVRIPRQLWRUHGIORZVDQGZDWHUFKHPLVWU\EXWWKLVLVQRWWKHFDVHIRUWKLVSURMHFW
6XFK D GHVLJQ EDVLV FRXOG DOVR EH FRQVLGHUHG LI WUHDWHG HIIOXHQWV ZHUH GLVFKDUJHG LQWR
HFRV\VWHPV DOUHDG\ GHJUDGHG E\ KXPDQ DFWLYLW\ +RZHYHU LW FDQQRW EH MXVWLILHG IRU SULVWLQH
HFRQRPLFDOO\LPSRUWDQW HFRV\VWHPV )RU WKHVH UHDVRQV , ILUPO\ EHOLHYH WKDW 3HEEOH¶V
SURSRVHGGHVLJQSKLORVRSK\LVXQDFFHSWDEOHDQGWKDWDFRQVHUYDWLYHDSSURDFKWRGHVLJQ
LVQHFHVVDU\
3HEEOH QHHGV WR UHYLVH WKHLU GHVLJQ XVLQJ WK SUHIHUDEO\ WK  SHUFHQWLOH LQIOXHQWFRQWDPLQDQW
FRQFHQWUDWLRQV DIWHU UHYLVLQJ WKHLU ZDWHU EDODQFH DQG SUHGLFWHG LQIOXHQW FKHPLVWU\ DV ZHOO DV
GLVFKDUJHFULWHULD2WKHUHOHPHQWVRIDFRQVHUYDWLYHGHVLJQDSSURDFKLQFOXGHV
x -XVWLI\LQJH[SOLFLWO\DQGYHULI\LQJGHVLJQDVVXPSWLRQVWKURXJKFDVHVWXGLHVVXFKDVWKH
DVVXPSWLRQRIOLQHDUVFDOLQJIRUWKHLUGHVLJQ
x 3URYLGLQJ FDVH VWXGLHV IURP RSHUDWLQJ V\VWHPV DQG GHPRQVWUDWLQJ WKHLU UHOHYDQFH DQG
DSSOLFDELOLW\ WR WKH SURSRVHG GHVLJQ UDWKHU WKDQ UHO\LQJ RQ YHQGRU FODLPV RU SURYLGLQJ
JHQHULFFRPSDULVRQV VXFKDVLQ+'5¶VEHQFKPDUNXSGDWH 

Page 4

André Sobolewski,

Ph.D.

Roberts Creek, BC | 604.240.8845 | andre@clear-coast.com 



BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1215 of 2339


x $VVXPLQJ ZRUVHFDVH VFHQDULRV DQGRU PRUH VWULQJHQW GLVFKDUJH FULWHULD ZKHUH WKH\
H[LVWLQFRQVLGHUDWLRQRIWUHDWPHQWLQSHUSHWXLW\
7+('(,6VKRXOGEHUHYLVHGE\LQFOXGLQJXSGDWHG:73GHVLJQVWKDWLQFRUSRUDWHWKHVHHOHPHQWV
RIDFRQVHUYDWLYHGHVLJQSKLORVRSK\

 2YHUDOO7UHDWPHQW6\VWHP'HVLJQ
7KH GHVLJQV RI WKH WZR :73V SURSRVHG E\ 3HEEOH DUH XQFRPPRQO\ FRPSOH[ RQO\ ULYDOOLQJ LQ
FRPSOH[LW\ WKH (PDODKOHQL SODQW GHVLJQHG DQG RSHUDWHG LQ 6RXWK $IULFD E\ $QJOR $PHULFDQ
+XWWRQHWDO :KLOHERWKV\VWHPVKDYHR[LGDWLRQUHDFWRUVFODULILFDWLRQXQLWVXOWUDILOWUDWLRQ
DQGUHYHUVHRVPRVLV 52 XQLWV3HEEOH¶V:73VDGGLWLRQDOO\LQFOXGHXQLWVIRUVXOILGHSUHFLSLWDWLRQ
QDQRILOWUDWLRQELRORJLFDOVHOHQLXPUHPRYDODQGDQHYDSRUDWRUXQLWIRUWKH52EULQH$VIDUDV,
DPDZDUHWKHDQWLFLSDWHGIORZVRIJSPDUHDPRQJWKHKLJKHVWIORZRIPLQHLQIOXHQFHG
ZDWHUSURSRVHGWREHWUHDWHGDWDQH[LVWLQJPLQH$OWKRXJKDOOWKHVHFRPSRQHQWVKDYHEHHQXVHG
LQGLYLGXDOO\DWYDULRXVPLQHVLWHVWKHUHKDVQHYHUEHHQDWUHDWPHQWV\VWHPVRFRPSOH[RSHUDWHG
DWDQ\PLQHVLWHLQWKHZRUOG7KHVHSURSRVHG:73VFDUU\WKHULVNRISHUIRUPLQJOHVVHIIHFWLYHO\
WKDQ SUHGLFWHG E\ WKH SURSRQHQW LH GLVFKDUJLQJ KLJKHUFRQFHQWUDWLRQVRI FRQWDPLQDQWV7KDW
VXFKDPDVVLYHO\FRPSOH[XQWHVWHGWUHDWPHQWV\VWHPLVEHLQJSURSRVHGLQDQHFRORJLFDOO\KLJKO\
VHQVLWLYHSDUWRI$ODVNDPHULWVYHU\FORVHDQGVNHSWLFDOH[DPLQDWLRQ$WDPLQLPXPWKH&RUSV
VKRXOGGHPDQGWKHKLJKHVWVWDQGDUGVRIGHVLJQDQGLQGHSHQGHQWUHYLHZDQGVHWDKLJKEDUIRU
WKHOHYHORIMXVWLILFDWLRQDQGGRFXPHQWDWLRQVXSSRUWLQJWKHLUGHVLJQV
,WVKRXOGEHQRWHGWKDWD\HDUPLQHSODQVKRXOGLWHYHUEHLPSOHPHQWHGLVHVWLPDWHGWRSURGXFH
IORZVRIJSPIRUWUHDWPHQW$OOWKHULVNVDVVRFLDWHGZLWKWUHDWPHQWRIJSPDUHHYHQ
JUHDWHULQWKHODWWHUFDVHHVSHFLDOO\LIWKHDVVXPSWLRQRIOLQHDULW\ WKDWFRQWDPLQDQWUHPRYDODW
JSPZLOOEHWKHVDPHDWJSP SURYHVXQIRXQGHG
7KHWUHDWPHQWV\VWHPSURSRVHGE\3HEEOHLQWKH'(,6LVHVVHQWLDOO\LGHQWLFDOWRDQHDUOLHU
YHUVLRQ SURSRVHG LQ  +'5  +'5  +'5 DE 86$&2(   'HVSLWH D
QXPEHURIVLJQLILFDQWFKDQJHVLQLQIOXHQWFKHPLVWU\DQGIORZVWKHVDPHWUHDWPHQWSURFHVVHVDUH
XVHGLQDVZHUHSURSRVHGLQ7KLVLVXQXVXDOEHFDXVHWUHDWPHQWV\VWHPVDUHDOZD\V
GHVLJQHG VSHFLILFDOO\ WRZDUGV DQWLFLSDWHG LQIOXHQW FKHPLVWU\ 1RWDEOH GLIIHUHQFHV LQ WKH FXUUHQW
SURSRVHGGHVLJQLQFOXGHSURYLVLRQRIDQHYDSRUDWRUWRFRQFHQWUDWHEULQHJHQHUDWHGE\PHPEUDQH
ILOWUDWLRQLQWKHPDLQ:73EHIRUHGLVSRVDOLQWKHS\ULWLF7DLOLQJV6WRUDJH)DFLOLW\ 76) $GGLWLRQDOO\

:KLOHWKLVV\VWHPLVFXUUHQWO\RSHUDWLRQDOLWWRRNRYHUWKUHH\HDUVRIUHVHDUFK

GHYHORSPHQWE\$QJOR
$PHULFDQWRUHVROYHFKDOOHQJHVWRWKHV\VWHPGHVLJQDQGRSHUDWLRQ&RQFHLYDEO\WKLVPD\EHLPSRVVLEOH
IRU3HEEOH¶VPRUHFRPSOH[V\VWHP
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DFRQWDFWFODULILHUVSHFLILHGLQWKH:73GHVLJQKDVEHHQOHIWXQGHILQHGLQWKHLWHUDWLRQ
PDNLQJLWGLIILFXOWWRHYDOXDWH
:KHWKHUE\GHVLJQRUE\RPLVVLRQWKHGHVFULSWLRQRIVRPHFRPSRQHQWVRIWKHSURSRVHGWUHDWPHQW
V\VWHPDUHYDJXHRUHQWLUHO\XQGHILQHG7KXVWKHFODULILHUIROORZLQJR[LGDWLRQWDQNVLQ:73
86$&2(   LV OHIW XQGHILQHG LQ WKH '(,6 7KH  EHQFKPDUN XSGDWH GHVFULEHV WKUHH
VHSDUDWH FODULILHU V\VWHPV VROLG FRQWDFW FODULILHUV 9HROLD $FWLIOR0XOWLIORDQG ODPHOOD FODULILHUV 
EXWQRQHLVVSHFLILHGLQWKHGHVFULSWLRQRIWKHFODULILFDWLRQV\VWHPLQWKH'(,61RULVDQ\3URFHVV
)ORZ 'LDJUDP SUHVHQWHG WKDW ZRXOG GHVFULEH WKLV FODULILHU ,W LV LPSRVVLEOH WR HYDOXDWH VXFK D
VLJQLILFDQWFRPSRQHQWRIWKHWUHDWPHQWV\VWHPZKHQLWLVOHIWXQGHILQHG
7KHUH DUH VLJQLILFDQW GHVLJQ LPSOLFDWLRQV LQ FKRRVLQJ EHWZHHQ WKHVH GLIIHUHQW VROLG VHSDUDWLRQ
V\VWHPV7KXVDFRQYHQWLRQDOFODULILHUGHVLJQHGIRUDJSPIORZZLOOUHTXLUHDODUJHIRRWSULQW
DQGDVLJQLILFDQWIRXQGDWLRQ)RUFRPSDULVRQWKHFODULILHUDVVRFLDWHGZLWKWKH+'6SODQWWUHDWLQJ
GUDLQDJHIURPWKH.LQJVPLOO7XQQHO 0LQHUD3HUX&RSSHU¶V7RURPRFKRPLQHLQWKH0RURFRFKD
PLQLQJGLVWULFW UHFHLYHVDYHUDJHIORZVRIJSP GHVLJQIORZRIJSP 7KLVIW
GLDPHWHUFODULILHUZDVFRQVWUXFWHGRQWRSRIDIRXQGDWLRQFRPSULVLQJDEXLOWLQWXQQHOWRUHFRYHU
VOXGJH )LJXUH ,WVORFDWLRQZDVFKRVHQDIWHUFRQVLGHUDWLRQRISUR[LPLW\WRWKHZDWHUVRXUFHDQG
HYDOXDWLRQRIVRLOFRQGLWLRQVDQGEHDULQJFDSDFLW\1RQHRIWKLVFULWLFDOLQIRUPDWLRQLVSURYLGHGLQ
WKH'(,6,QRWHWKDWWKHRSWLRQRIXVLQJDFRQYHQWLRQDOFODULILHUZDVH[SOLFLWO\UXOHGRXWLQD
+'5PHPREXWWKHUHLVQRUHIHUHQFHWRWKLVDQDO\VLVLQWKHFXUUHQW'(,67KLVODFNRIGHWDLODQG
VSHFLILFLW\SUHFOXGHVDQ\FRQFOXVLRQWKDWWKHWUHDWPHQWV\VWHPZLOOIXQFWLRQDVSURSRVHG





)LJXUH9LHZVRIWKHIRRWFODULILHUGXULQJFRQVWUXFWLRQ OHIW DQGDIWHUFRPSOHWLRQ ULJKW IRU
WKH.LQJVPLOO7XQQHO+'6WUHDWPHQWSODQW

'RXJ/HH:RRGSOF3HUVRQDOFRPPXQLFDWLRQ
 +'5  &ODULILHU

6HOHFWLRQ 5HYLVLRQ  0HPRUDQGXP IURP -RKQ 6FKXEHUW WR 6WHYH 0RXOW 3/3
'HFHPEHU   ,Q $SSHQGL[ & +'5  3HEEOH 3URMHFW ± :DWHU 7UHDWPHQW 3ODQW 3UHIHDVLELOLW\
6WXG\5HSRUW±IRRW0LOO2SWLRQ5HSRUWSUHSDUHGIRU3HEEOH/LPLWHG3DUWQHUVKLS6HSWHPEHU
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6LPLODUO\ D ELRORJLFDO UHDFWRU WR UHPRYH VHOHQLXP LV GHVFULEHG IRU WKH 2SHQ 3LW :73 ZLWKRXW
LQGLFDWLQJLIWKLVUHIHUVWRD)OXLG%HG%LRUHDFWRU )%5 DQ$%0HWV\VWHPDPRELOHEHGELRILOP
UHDFWRU 0%%5  D PHPEUDQH ELRUHDFWRU 0%5  RU DQ HOHFWURELRFKHPLFDO UHDFWRU (%5  2QO\
VRPH RI WKHVH V\VWHPV KDYH EHHQ RSHUDWHG DW IXOOVFDOH RU WHVWHG DW SLORWVFDOH IRU PLQH
LQIOXHQFHGZDWHUVFRQWDLQLQJVHOHQLXP\HWWKHYDJXHGHVFULSWLRQJLYHQLQWKH'(,6VXJJHVWVWKDW
WKHVHDUHHTXLYDOHQWDQGLQWHUFKDQJHDEOHZKHUHDVWKH\DUHQRW7KLVLVXQDFFHSWDEOHDVSHFLILF
GHVFULSWLRQDQGMXVWLILFDWLRQIRUGHVLJQLVUHTXLUHGIRUHDFKWHFKQRORJ\WKDWLVSURSRVHGVRWKDWLW
FDQEHSURSHUO\HYDOXDWHG7KHUHLVDUHDOSRVVLELOLW\WKDWQRWUHDWPHQWWHFKQRORJ\H[LVWVWKDWFDQ
UHPRYHVHOHQLXPWRWKHQHFHVVDU\OHYHODWWKLVVLWH
7KH GHVFULSWLRQ RI WUHDWPHQW SURFHVVHV SURSRVHG LQ WKH :73V LV LPSUHFLVH 6HYHUDO PHWDO RU
PHWDOORLGVDUHVDLGWREHUHPRYHGE\LURQSUHFLSLWDWLRQLQFOXGLQJDUVHQLFDQWLPRQ\PDQJDQHVH
PRO\EGHQXPDQGWKDOOLXP +'5 EXWWKHUHLVQRLQGLFDWLRQWKDWDOORIWKHPFDQEHUHPRYHG
XQGHUWKHVDPHFRQGLWLRQV7KXV$XEpDQG6WURLD]]R  DUHFLWHGIRUGHVFULELQJWKHUHPRYDO
RIPRO\EGHQXPLQWKH%UHQGD0LQH:73 ZKLFK,YLVLWHGGXULQJLWVRSHUDWLRQ EXWWKH+'5UHSRUW
IDLOVWRLQGLFDWHWKDWPRO\EGHQXPUHPRYDODW%UHQGDRFFXUVDWS+ZLWKDQRSWLPDOLURQ
PRO\EGHQXP PRODU UDWLR RI a IRU UHPRYDO WR  PJ/ ,Q FRQWUDVW DUVHQLF SUHFLSLWDWLRQ E\
FRQYHQWLRQDOIHUULFLURQDGGLWLRQLVFDUULHGRXWDWFLUFXPQHXWUDORUVOLJKWO\DFLGLFS+ZLWKDFDUHIXOO\
FRQWUROOHG )H$V UDWLR HJ *LYHQ DQG 0H\HU  0(1'   7KHVH WZR FRQGLWLRQV DUH
LQFRPSDWLEOHDQGWKHLULQFRPSDWLELOLW\LVQRWUHVROYHGLQWKH'(,6RUDFFRPSDQ\LQJGRFXPHQWV
)LQDOO\WKDOOLXPLVVDLGWREHUHPRYHGE\LURQFRSUHFLSLWDWLRQEXWLQP\H[SHULHQFHWKLVSURFHVV
GRHV QRW DFKLHYH WKH YHU\ ORZ OHYHOV DFFHSWDEOH IRU GLVFKDUJH 7KLV ODFN RI VSHFLILFLW\ LQ WKH
GHVFULSWLRQRIFRQWDPLQDQWUHPRYDOE\LURQSUHFLSLWDWLRQPDVNVVHYHUDOLQFRQVLVWHQWUHTXLUHPHQWV
IRU RSWLPDO UHPRYDO DQG XQGHUVFRUHV DQ DSSDUHQWO\ SRRU RU LQFRPSOHWH XQGHUVWDQGLQJ RI WKH
WUHDWPHQWSURFHVV
7KLRVDOWV DUH SUHGLFWHG WR EH SUHVHQW LQ WKH IHHG WR :73  0DHVW   EXW WKHUH LV QR
SURYLVLRQ IRU DGGUHVVLQJ WKHVH FRPSRXQGV LQ WKH WUHDWPHQW V\VWHP GHVLJQ %DVHG RQ WKHLU
FKHPLFDOFKDUDFWHULVWLFVDQGNQRZQUHDFWLYLW\LWLVDQWLFLSDWHGWKDWWKLRVDOWVZLOOQRWEHUHPRYHG
LQ WKH ILUVW WZR PHWDO SUHFLSLWDWLRQ VWHSV VLQFH IHUULF SUHFLSLWDWLRQ LV QRW VSHFLILHG DW DFLGLF S+
'LQDUGR DQGK\GURJHQSHUR[LGHLVQRWVSHFLILHGDVDQR[LGDWLYHDJHQWIRUWKHLUGHVWUXFWLRQ
0(1'   7KH\ ZLOO EH UHPRYHG LQ WKH PHPEUDQH ILOWUDWLRQ QDQRILOWUDWLRQ DQG UHYHUVH
RVPRVLV  VWHSV 7KLRVDOWV PD\ UHPDLQ VWDEOH LQ WKH UHVXOWLQJ EULQH GXULQJ WKH HYDSRUDWLYH
FRQFHQWUDWLRQ VWHS DQG WKHQFH EH UHWXUQHG WR WKH S\ULWLF 76) 2YHU WLPH LW LV H[SHFWHG WKDW
WKLRVDOWVZLOOR[LGL]HLQWKH76)VXSHUQDWDQWDQGDFLGLI\LWDVKDVEHHQREVHUYHGDWRWKHUPLQH
VLWHV 0(1' 7KLVPD\KDYHXQGHVLUDEOHFRQVHTXHQFHVVXFKDVLQFUHDVLQJWKHR[LGDWLRQ
RIVXOILGHVE\VWDELOL]LQJLURQFRQFHQWUDWLRQVLQWKH76)VXSHUQDWDQWDQGHQDEOLQJWKHLUR[LGDWLRQ
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 6L]LQJDQG'HVLJQ&ULWHULD
7KHUHLVQRWDVLQJOHGRFXPHQWDSSHQGHGWRWKH'(,6WKDWSURYLGHVSURSHUVL]LQJFDOFXODWLRQIRU
HDFKFRPSRQHQWRIWKH:73GHVLJQV6XFKDGRFXPHQWZRXOGGUDZRQD'HVLJQ%DVLVGRFXPHQW
IRUWKHFXUUHQWPLQHSODQDQGLGHQWLI\WKHUHPRYDOUDWHRUUHDFWLRQWLPHUHDFWLRQFRQGLWLRQV HJ
S+RU253 UHDJHQWGRVDJHLQIOXHQWDQGHIIOXHQWFRQFHQWUDWLRQVDQGPDVVRUYROXPHRIUHVLGXDO
SURGXFHG IRU HDFK FRQWDPLQDQW 5HDFWLRQ UDWH ZRXOG EH YDOLGDWHG E\ DXWKRULWDWLYH VRXUFHV RU
UHOHYDQWDQGDSSOLFDEOHFDVHVWXGLHV7KLVZRXOGSURYLGHDUHOLDEOHEDVLVLQVXSSRUWRISUHGLFWHG
FRQWDPLQDQW UHPRYDO UDWHV YDOLGDWH WKH GLPHQVLRQV RI NH\ YHVVHOV DQG RSHUDWLQJ FRQGLWLRQV
QHFHVVDU\IRUWKH UHPRYDO RI HDFK FRQWDPLQDQW,W ZRXOG DOVR SURYLGH D EDVLVIRU LQGHSHQGHQW
HYDOXDWLRQRIWKHSURSRVHGGHVLJQLQFOXGLQJLWVDQWLFLSDWHGFDSLWDODQGRSHUDWLQJFRVWV1RVXFK
GRFXPHQWVDUHSURYLGHG
,QMXVWLI\LQJLWVFKRLFHVRIWUHDWPHQWSURFHVV+'5UHSHDWHGO\VWDWHV
HDR used a combination of its own experience in treating such waters along with a review
of published literature to identify the range of processes capable of treating each of the
constituents.
1RDXWKRULWDWLYHOLWHUDWXUHUHYLHZLVSURYLGHGLQDQ\GRFXPHQWDSSHQGHGWRWKH'(,6QRULVDQ\
GLVFXVVLRQ SURYLGHG RQ KRZ SXEOLVKHG LQIRUPDWLRQ DERXW D WUHDWPHQW SURFHVV WUDQVODWHV LQWR D
VSHFLILF GHVLJQ 'LVFXVVLRQ RI LQGLYLGXDO FRQWDPLQDQWV UHTXLULQJ WUHDWPHQW LV W\SLFDOO\ JHQHUDO
RFFDVLRQDOO\FLWLQJUHIHUHQFHVGHVFULELQJUHOHYDQWWUHDWPHQWSURFHVVHV)RUH[DPSOHQRWRQH
UHIHUHQFHLVFLWHGLQWKHGLVFXVVLRQRIWUHDWPHQWSURFHVVHVWRUHPRYHVXOIDWHLQWKH+'5
UHSRUW WKH PRVW H[WHQVLYH GLVFXVVLRQ RQ WKH VXEMHFW  7ZR JHQHULF SXEOLFDWLRQV DUH FLWHG EXW
QHYHU GLVFXVVHG LQ WKH 2FWREHU  %DVLV RI 'HVLJQ 5HSRUW 7DEOH  %DVLV RI 'HVLJQ
3DUDPHWHUV LQ $SSHQGL[ * RI +'5   RO reject rates from Hydranautics literature DQG
Removal of Lead, Cadmium and Zinc from Industrial Effluents using Nanofiltration and Reverse
Osmosis, Soares et al, 13th Intn’l Conference on Heavy Metals in the Environment, June 2005
7KHVHPLQDO,1$3UHSRUW Treatment of Sulphate in Mine Effluents ZDVQRWUHYLHZHGQRU
ZHUHWKHA Review of Sulfate Removal Options from Mine Waters 'LOOHWDO RUWKH
PRUHUHFHQWDXWKRULWDWLYHStudy to Identify BATEA for the Management and Control of Effluent
Quality from Mines 0(1'   1R FDVH VWXG\ IRU H[LVWLQJ PHPEUDQH ILOWUDWLRQ WUHDWPHQW
V\VWHPV ZHUH SUHVHQWHG LQFOXGLQJ LQIRUPDWLRQ DERXW VXOIDWH UHPRYDO LQ WKH (PDODKOHQL SODQW
PLVVSHOOHGLQWKH%HQFKPDUNXSGDWH 7KXVWKHUHLVQRLQGHSHQGHQWYHULILFDWLRQIURPDQ
DXWKRULWDWLYHVRXUFHRUFDVHVWXG\WRVXSSRUWWKHVXOIDWHUHPRYDOUDWHFODLPHGLQ+'5
:K\FRXOG+'5QRWLGHQWLI\DQ\FULWLFDOUHYLHZRIWHFKQRORJLHVIRUVXOIDWHUHPRYDOLQWKHLU\HDUV
LQYROYHPHQWLQWKLVSURMHFWZKLOH,ZDVDEOHWRSURYLGHWKUHHZLWKLQWKHGD\UHYLHZSHULRG"7KLV
LVDFUXFLDOIDLOLQJEHFDXVHLIWKHDFWXDOVXOIDWHUHPRYDOUDWHLVWKHQWKHSURSRVHGWUHDWPHQW
V\VWHPZLOOGLVFKDUJHDQHIIOXHQWQRQFRPSOLDQWIRUVXOIDWH,QWKHDEVHQFHRIHPSLULFDOO\GHULYHG

Page 8

André Sobolewski,

Ph.D.

Roberts Creek, BC | 604.240.8845 | andre@clear-coast.com 



BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1219 of 2339


SHUIRUPDQFH YDOXHV HJ IURP D SLORWSODQW  FDVH VWXGLHV RU RWKHU LQGHSHQGHQW DXWKRULW\ WKH
YDOXHVSUHVHQWHGE\+'5FDQRQO\EHFRQVLGHUHGDUELWUDU\DQGXQWHVWHGDQGWKHUHIRUHFDQQRW
VXSSRUWDFRQFOXVLRQLQWKH(,6WKDWWKHPLQHZLOOGLVFKDUJHHIIOXHQWVWKDWGRQRWFDXVHDGYHUVH
LPSDFWV
6HOHQLXP SURYLGHV D FRQFUHWH H[DPSOH RI WKLV SUREOHP 6HOHQLXP KDV EHHQ UHFRJQL]HG DV D
FRQWDPLQDQWRIFRQFHUQIRUWKH3HEEOH3URMHFWVLQFH 2FWREHU'HVLJQ%DVLVPHPRLQ
$SSHQGL[*RI+'5 DQGLQHYHU\VXEVHTXHQWGRFXPHQWLQFOXGLQJWKHFXUUHQW'(,67KH
RQO\ LQGHSHQGHQW UHIHUHQFH WR VHOHQLXP WUHDWPHQW SUHVHQWHG E\ +'5 LV WKH  5HYLHZ RI
$YDLODEOH7HFKQRORJLHVIRUWKH5HPRYDORI6HOHQLXPIURP:DWHU 1$0& 7KLVGRFXPHQW
ODUJHO\GLVFXVVHVWKHSHUIRUPDQFHDQGHQJLQHHULQJDVSHFWVRIpilot-scaleWUHDWPHQWV\VWHPVQRW
IXOOVFDOH WUHDWPHQW V\VWHPV 2WKHUZLVH +'5 UHOLHV RQ YHQGRU LQIRUPDWLRQ WR SUHGLFW D !
UHPRYDOUDWHE\WKH6HHSDJH&ROOHFWLRQ3RQG:73DWFORVXUHZKLFKZRXOGUHQGHUWKHHIIOXHQW
FRPSOLDQWZLWKWKH$ODVND6WDWHVWDQGDUG
,SXEOLVKHGDSHHUUHYLHZHGHYDOXDWLRQRIWUHDWPHQWRSWLRQVIRUVHOHQLXPUHPRYDOIURPFRDOPLQH
HIIOXHQWV LQ  LQ ZKLFK , UHSRUW WKDW WKH IXOOVFDOH UHYHUVH RVPRVLV V\VWHP RSHUDWLQJ DW /DF
0LQHUDOV¶5LFKPRQG+LOOPLQHUHPRYHVVHOHQLXPDWDFRQVLVWHQWUDWHRI $OEHUWD(QYLURQPHQW
  0RUH UHFHQWO\ , OHDUQHG WKDW D  JSP WUHDWPHQW V\VWHP FRPSULVLQJ DQ 52 DQG D
)OXLGL]HG%HG5HDFWRU )%5 WHVWHGDW-56LPSORW¶V6PRN\&DQ\RQ0LQHUHPRYHGVHOHQLXPDW
D UDWH RI  RYHU D RQH\HDU WHVW SHULRG )LJXUH   7KLV LV FRPSDUDEOH ZLWK WKH WUHDWPHQW
SHUIRUPDQFHRIWKH)%5DW7HFN&RDO¶V:HVW/LQH&UHHN:73DQGLVWKHWUHDWPHQWSHUIRUPDQFH
ZHVKRXOGH[SHFWDW3HEEOH
7KXVWKHUHDOZRUOGWUHDWPHQWSHUIRUPDQFHRIIXOOVFDOH52DQGELRORJLFDOWUHDWPHQWV\VWHPVLV
QRWDVKLJKDVWKDWFODLPHGE\YHQGRUVRUUHSRUWHGIRUSLORWVFDOHV\VWHPV+RZHYHU+'5UHOLHG
H[FOXVLYHO\RQYDOXHVIURPWKHODWWHULQLWVSUHGLFWLRQRIWUHDWPHQWSHUIRUPDQFHIRUWKHLUV\VWHPV
WKHUHE\SUHGLFWLQJUHPRYDOUDWHVWKDWDUHEHWWHUWKDQZKDWLVDWWDLQDEOH8QGHUWKHFXUUHQWPLQH
SODQWKLVPHDQVWKDWWKHSURSRVHGWUHDWPHQWV\VWHPwill notSURGXFHDQHIIOXHQWFRPSOLDQWZLWK
WKH$ODVND6WDWHVWDQGDUGIRUVHOHQLXPIRUWKH6HHSDJH&ROOHFWLRQ3RQG:73DWFORVXUH
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)LJXUH0DVVRIVHOHQLXPUHPRYHGGXULQJD\HDUSHULRGDWWKHJSP:73DW6PRN\
&DQ\RQ'XULQJWKDWWLPHLQIOXHQWFRQFHQWUDWLRQVRIaSSEFRQVLVWHQWO\GHFUHDVHGWRaSSE
$V DQRWKHU H[DPSOH ZH NQRZ WKDW VROXELOLW\ HTXDWLRQV SUHGLFW WKDW VXOILGHV VKRXOG UHDFW ZLWK
PHUFXU\ DQG UHPRYH LW IURP VROXWLRQ WR VXEQDQRJUDP FRQFHQWUDWLRQV :H DOVR NQRZ WKDW LQ
SUDFWLFHWKLVGRHVQRWKDSSHQ,QSDUWLFXODUZHNQRZWKDWFRQGLWLRQVWKDWPD\EHIDYRUDEOHLQ
SLORWVFDOHV\VWHPVPD\QRWSHUIRUPDVZHOODWIXOOVFDOHZKHWKHUGXHWRLQWHUIHUHQFHVLQFRPSOHWH
UHDFWLRQRURWKHUIDFWRUV %O\WKHDQG2ZHQV 7KXVZHFDQQRWWDNHDWIDFHYDOXH+'5¶V
DVVXUDQFHVWKDWPHUFXU\FRQFHQWUDWLRQVZLOOEHGHFUHDVHGWRVXEQDQRJUDPOHYHOVLQDPHPEUDQH
ILOWUDWLRQ V\VWHP LW LV QHFHVVDU\ WR SURYLGH FDVH VWXGLHV RI RSHUDWLRQDO IXOOVFDOH V\VWHPV WR
VXSSRUWWKLVDVVHUWLRQ6XFKFDVHVWXGLHVDUHQRWSURYLGHGLQWKH'(,6RUVXSSRUWLQJGRFXPHQWV
7KHVDPHKROGVWUXHIRURWKHUFRQWDPLQDQWVWKDWUHTXLUHWUHDWPHQW,QP\YLHZDOOWKHPDWHULDO
SUHVHQWHGE\+'5LQVXSSRUWRIWKH'(,6IDOOVIDUVKRUWRIWKH³review of published literature´
LWSXUSRUWVWRKDYHGRQH
$ QXPEHU RI WKH IORZ UDWHV SUHVHQWHG LQ WKH EHQFKPDUN XSGDWH GRFXPHQW +'5   DUH
LQDFFXUDWH $ UHYHUVH RVPRVLV 52  SODQW DW 0LQHUD <DQDFRFKD UHIHUUHG WR DV 1RUWH 3ODQW
UHSRUWHGO\WUHDWVIORZVRIJSP,QIDFWWKHUHDUHWZR52SODQWVDW<DQDFRFKDWKH3DPSD
/DUJD52SODQWDQG<DQDFRFKD1RUWH52SODQW7KHVHSODQWVDFWXDOO\WUHDWIORZVRIDQG
JSPUHVSHFWLYHO\7UHDWPHQWFDSDFLW\IRUWKH:HVW /LQH&UHHN$FWLYH:DWHU7UHDWPHQW
)DFLOLW\ $:7)  KDV D FDSDFLW\ WR WUHDW IORZV RI  JSP 7HFN   QRW WKH  JSP

$6REROHZVNL3HUVRQDO2EVHUYDWLRQ
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UHSRUWHGE\+'57KHWZRSODQQHG)RUGLQJ5LYHU2SHUDWLRQDQG(ONYLHZ2SHUDWLRQ$:7)VDUH
DQWLFLSDWHGWRKDYHWUHDWPHQWFDSDFLWLHVRIDQGJSPQRWWKHJSPUHSRUWHG
E\+'5 7HFN 7KHDQWLFLSDWHGFDSDFLW\DW -56LPSORW¶V6PRN\&DQ\RQ$:7)LV
JSP 7KH FDSDFLW\ RI DOO IRXU $:7)V IRU VHOHQLXP UHPRYDO DUH VLJQLILFDQWO\ VPDOOHU WKDQ WKH
JSPIDFLOLW\SODQQHGIRUWKH3HEEOH3URMHFWDWFORVXUH,WLVGLIILFXOWWRXQGHUVWDQGKRZ+'5
REWDLQHGDQGSXEOLVKHGVXFKYDVWO\LQFRUUHFWILJXUHV
7KURXJKHYHU\LWHUDWLRQDQGGRFXPHQWGHVFULELQJWKHSURSRVHGWUHDWPHQWV\VWHPDW3HEEOHLWLV
DVVXPHGWKDWWKHV\VWHPZLOOVFDOHOLQHDUO\WUHDWLQJIORZVLQFUHDVLQJIURPWRJSP
ZLWKRXWORVVRISHUIRUPDQFH7KLVDVVXPSWLRQQHHGVWREHMXVWLILHGPRUHVXEVWDQWLYHO\WKDQZLWK
WKHYDJXHDVVXUDQFHVSUHVHQWO\RIIHUHGVXFKDVE\SURYLGLQJVSHFLILFFDVHVWXGLHV:KLOHWKH
%HQFKPDUN8SGDWH +'5 LVKHOSIXOLWIDOOVVKRUWRIWKHUHTXLUHPHQWWRGHPRQVWUDWH
WKDW WKH SURSRVHGPRGXODU 3HEEOH:73VFDQ VFDOH OLQHDUO\ IURPWR JSP ZLWKRXW
GHWHULRUDWLRQLQWUHDWPHQWSHUIRUPDQFH$WDPLQLPXPWKLVUHTXLUHV3URFHVV)ORZ'LDJUDPVIRU
DOOWKH:73VSURSRVHGLQWKH'(,67KHVH3)'VPXVWVKRZKRZFRPSRQHQWVVXFKDVFODULILHUV
DUHH[SHFWHGWRVFDOHDQGKRZPDQ\PRGXOHVYVVLQJOHPXOWLSOHLQSXWXQLWVZLOOEHGHSOR\HGLQ
WKHVH WUHDWPHQW SODQWV DQG WKHQ GHPRQVWUDWH KRZ SHUIRUPDQFH RI WKH ODWHU XQLWV ZLOO VFDOH
OLQHDUO\ 7KH DERYH DVVXPSWLRQ RI OLQHDU VFDOLQJ LV HYHQ PRUH VXVSHFW LQ D \HDUPLQH SODQ
VFHQDULRIRUZKLFKLQIOXHQWIORZVDUHSUHGLFWHGWREHJSP

 5HVLGXDO0DQDJHPHQW
7KHUH LV LQVXIILFLHQW GLVFXVVLRQ RI UHVLGXDO PDQDJHPHQW LQ WKH '(,6 +'5 SURYLGHV YDJXH
JXDUDQWHHVWKDWILOWUDWHIURPPHPEUDQHILOWUDWLRQV\VWHPVDQGVROLGVUHFRYHUHGIURPFODULILHUVRU
RWKHUILOWUDWLRQPHGLDZLOOEHVWDEO\GLVSRVHGRQVLWH,DPHVSHFLDOO\FRQFHUQHGWKDWWKHVXOIDWH
ULFKEULQHVFRQGHQVDWHVUHWXUQHGWRWKHS\ULWLF76)RUFDOFLXPVXOIDWHSUHFLSLWDWHVJHQHUDWHGIURP
1)52UHMHFWVWUHDPVPD\UHPRELOL]HLQWRPLQHLQIOXHQFHGZDWHU,IJ\SVXPGLVSRVHGLQWKHRSHQ
SLWUHGLVVROYHVZKLFKLVWKHUPRG\QDPLFDOO\SUREDEOHWKHQWKHUHPD\EHDVWHDG\XQDFFRXQWHG
LQSXWRIVXOIDWHLQWKHRSHQSLWZDWHUFROXPQ,IPHURPLFWLFFRQGLWLRQVGRQRWGHYHORSLQWKHIORRGHG
SLW ZKLFKKDVQ¶WEHHQFRQFOXVLYHO\GHPRQVWUDWHG WKHQWKHLQFUHDVLQJVXOIDWHFRQFHQWUDWLRQVLQ
VXUIDFH ZDWHU PD\ HYHQWXDOO\ H[FHHG WKH WUHDWPHQW FDSDFLW\ RI WKH SURSRVHG:73 DQG FDXVH
VXOIDWHH[FHHGDQFHVLQLWVHIIOXHQW7KLVVFHQDULRPXVWEHH[SOLFLWO\UXOHGRXWLQWKH'(,6
$GGLWLRQDOO\DVQRWHGDERYH WKHIDWHRIWKLRVDOWVLQWKLVV\VWHPPXVW EHHYDOXDWHGLQWKH(,6
7KHLUSRWHQWLDOWRDFLGLI\SRQGVXSHUQDWDQWDQGSURPRWHWKHDFLGLILFDWLRQRIVXOILGLFWDLOLQJVPXVW
EHGHPRQVWUDEO\UXOHGRXW


$ODQ3URXW\9LFH3UHVLGHQW(QYLURQPHQWDO
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 7UHDWPHQWLQ3HUSHWXLW\
'XULQJWKHLUDSSOLFDWLRQIRUPLQLQJSHUPLWVVRPHPLQLQJFRPSDQLHVZLOOSURYLGHGHVLJQVDQGPDNH
SURPLVHVWRWUHDWZDWHULQSHUSHWXLW\,QWKHFDVHRI0LQHUD<DQDFRFKDWKHVXUIDFHPLQHUDOL]DWLRQ
DW WKH PLQH VLWH SURGXFHG QDWXUDOO\ DFLGLF GUDLQDJH EHIRUH PLQLQJ EHJDQ DQG 1HZPRQW
FRPPLWWHGLWVHOIWRWUHDWWKLVGUDLQDJHWRQHXWUDOLW\DQGUHPRYHLWWR[LFFRQVWLWXHQWVLQSHUSHWXLW\
,WPD\EHDUJXDEOHZKHWKHUWKLVLVDFFHSWDEOHRUQRW+RZHYHUDFRPSDQ\ZLWKWKHUHVRXUFHVRI
1HZPRQW 0LQLQJ &RUSRUDWLRQ PD\ FUHGLEO\ PDNH VXFK D FRPPLWPHQW EXW 1RUWKHUQ '\QDVW\
0LQHUDOVFDQQRW
7KHUHLVDZLGHJXOIEHWZHHQWKHSURPLVHRIWUHDWPHQWLQSHUSHWXLW\DQGRXUDFWXDOH[SHULHQFH
$Q+'6OLPHWUHDWPHQWSODQWLVW\SLFDOO\HQJLQHHUHGIRUD\HDUOLIHZLWKD\HDUOLIHF\FOH
ZKHQLQFOXGLQJPDLQWHQDQFHDQGUHSODFHPHQWRIPDMRUHTXLSPHQWRUFRPSRQHQWV+RZHYHURXU
DFWXDOH[SHULHQFHDERXWWKHLUDFWXDOSHUIRUPDQFHWKURXJKRXWWKHLUGHVLJQOLIHLVOLPLWHG7KHROGHVW
OLPHEDVHGWUHDWPHQWSODQWLVQRWPXFKPRUHWKDQ\HDUVROG7KHHYROXWLRQRIWKHWUHDWPHQW
V\VWHPDQGZDVWHPDQDJHPHQWDW(TXLW\6LOYHUDIWHUFORVXUHLVZHOOGRFXPHQWHG HJ$]L] 
7ZR QRWDEOH FKDQJHV DUH WKDW PLWLJDWLRQ PHDVXUHV DQG ZDWHU PDQDJHPHQW KDYH HYROYHG
FRQVWDQWO\VLQFHFORVXUHDQGWKHYDOXHRIWKHUHFODPDWLRQERQGZKLFKLVUHYLHZHGHYHU\\HDUV
KDVLQFUHDVHGVWHDGLO\ DQGGUDPDWLFDOO\ VLQFHWKHEHJLQQLQJRIFORVXUH )LJXUH 2IFRXUVH
WKHUH DUH GLIIHUHQW UHDVRQV ZK\ WKH ERQG ZDV LQFUHDVHG HDFK WLPH EXW WKLV XQGHUVFRUHV WKDW
FRQGLWLRQVQHYHUUHPDLQVWDWLF'LVFKDUJHFULWHULDPD\EHFRPHPRUHVWULQJHQW DVIRUVHOHQLXP
DQG VXOIDWH  IORZ UDWHVRU ZDWHU FKHPLVWU\ HYROYHV HWF7KH OLNHOLKRRG RI FRQVWDQW HYROXWLRQ LV
XQGHUVFRUHGE\DVLPSOHIDFWRQHRIWKHROGHVWIXQFWLRQDOZDWHUWUHDWPHQWV\VWHPLVD\HDU
ROGWRXULVWDWWUDFWLRQLQ%XEHQHþ&]HFK5HSXEOLFLWVVWHDPSRZHUHGSXPSVVWLOOPRYLQJZDWHUDV
RULJLQDOO\GHVLJQHG,QFRQWUDVWWKHDGRSWLRQRIUHYHUVHRVPRVLVDQGRWKHUPHPEUDQHILOWUDWLRQ
V\VWHPV LQ WKH PLQLQJ LQGXVWU\ LV VFDUFHO\ PRUH WKDQ  \HDUV ROG ,W VHHPV SUHSRVWHURXV WR
EHOLHYHWKDWZHFXUUHQWO\KDYHWKHNQRZOHGJHDQGH[SHUWLVHWREXLOGWKHVHPHPEUDQHV\VWHPVWR
ODVW DVORQJ DV+'6SODQWVZLWKWKHLU\HDUOLIHF\FOHQHYHUPLQGEXLOGLQJVXFKDODUJHDQG
FRPSOH[WUHDWPHQWV\VWHPDVWKDWSURSRVHGE\3HEEOH


(VSHFLDOO\IURPZKDWEHFDPHWKH0DTXL0DTXLSLW
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)LJXUH9DOXHRIWKHUHFODPDWLRQERQGKHOGIRUWKH(TXLW\6LOYHU0LQHVLQFHFORVXUH
7KHLVVXHUDLVHGDERYHLVRQHWKDWKDVEHHQVWXGLRXVO\DYRLGHGE\WKHPLQLQJLQGXVWU\7KHJXOI
EHWZHHQWKHSURPLVHRIWUHDWPHQWIRU!\HDUVDQGRXUH[SHULHQFHDQGHQJLQHHULQJFDSDFLW\
WRGHVLJQDQGFRQVWUXFWV\VWHPVZLWKD\HDUOLIHVSDQQHHGVWREHFRQIURQWHGE\WKHPLQLQJ
LQGXVWU\
,UHFRJQL]HWKDWWKH$ODVNDJRYHUQPHQWKDVDSSURYHG'RQOLQ¶VSURSRVDOWRWUHDWZDWHULQSHUSHWXLW\
XVLQJDQ52V\VWHP7KLVGRHVQRWUHPRYHWKHXQFHUWDLQWLHVLGHQWLILHGDERYHLWVLPSO\PHDQV
WKDWWKH$ODVNDJRYHUQPHQWLVZLOOLQJWRDFFHSWWKLVULVNDW'RQOLQ$ODVNDVKRXOGQRWIHHOREOLJDWHG
WR IROORZ WKH SUHFHGHQW LW VHW DW 'RQOLQ ,Q OLJKW RI WKH HFRORJLFDO VHQVLWLYLW\ RI WKH HQYLURQPHQW
DURXQGWKHSURSRVHG3HEEOH0LQH,VXEPLWWKDWWKHUHLVQRVXSSRUWIRU3HEEOH¶VDUJXPHQWWKDWLW
FDQHIIHFWLYHO\SURWHFWWKLVHQYLURQPHQWWKURXJKWKHZDWHUWUHDWPHQWSODQWVLWSURSRVHVWREXLOG
DQGRSHUDWHLQSHUSHWXLW\

 &RQFOXVLRQV
7KHWZR ZDWHU WUHDWPHQW SODQWV :73V  SURSRVHGIRU WKH 3HEEOH 3URMHFW DUHWKH ODUJHVWPRVW
FRPSOH[ SODQWV SURSRVHG IRU DQ\ RSHUDWLQJ PLQH LQ WKH ZRUOG 7KH\ DUH SURSRVHG WR UHPRYH
VHYHUDOFRQWDPLQDQWVWRYHU\ORZFRQFHQWUDWLRQVDQGGLVFKDUJHFRPSOLDQWZDWHULQDQHFRORJLFDOO\
VHQVLWLYHSDUWRIWKHVWDWH*LYHQWKDWWKH\DUHXQSUHFHGHQWHGKDYHQHYHUEHHQWHVWHGDQGJLYHQ

 $OWKRXJK WKH ZDWHU WUHDWPHQW SHUPLW KDV EHHQ LVVXHG WKH 'RQOLQ PLQH KDV QRW \HW UHFHLYHG DOO RI WKH

SHUPLWVLWQHHGVDQGKDVQRWVWDUWHGFRQVWUXFWLRQ
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WKDW WKHLU GHVLJQ LV SRRUO\ VXSSRUWHG LQ WKH '(,6 WKLV LV WDQWDPRXQW WR D JLDQW H[SHQVLYH
H[SHULPHQW7KHUH LV D VLJQLILFDQW ULVN WKDW WKH\ZLOOQRW UHPRYH FRQWDPLQDQWV DV HIIHFWLYHO\ DV
FODLPHGDQGWKDWWKH\ZLOOSURGXFHHIIOXHQWVWKDWDGYHUVHO\LPSDFWVHFRV\VWHPVGRZQVWUHDPIURP
WKH SURSRVHGPLQH VLWH7KLV LV HVSHFLDOO\ WUXHIRU VHOHQLXP EXWPD\ EH WUXH DV ZHOOIRU RWKHU
FRQWDPLQDQWV
+'5KDVZRUNHGIRUPDQ\\HDUVLQGHVLJQLQJZDWHUWUHDWPHQWVFKHPHVWRUHPRYHFRQWDPLQDQWV
IURPPLQHLQIOXHQFHGZDWHUVDWWKH3HEEOH3URMHFW7KHUHIRUHLWLVHVSHFLDOO\VKRFNLQJWRUHDG
KRZWKHLUSUHVHQWGHVLJQLVVRSRRUO\VXSSRUWHG0RVWFRPSRQHQWVRIWKHSURSRVHG:73VDUHLOO
GHILQHG7KHUHDUHQRYDOLGDWHGUHDFWLRQUDWHVIURPOLWHUDWXUHRUFDVHVWXGLHVSURYLGHGWRVXSSRUW
WKHLUGHVLJQVQRUDUHWKHUHDXWKRULWDWLYHVRXUFHVWRVXSSRUWWKHLUFODLPHGWUHDWPHQWSHUIRUPDQFH
:LWKRXW WKLV LQIRUPDWLRQ LW LV LPSRVVLEOH WR DVVHVV WKHLU YDOLGLW\ ,Q WKH FDVH RI VHOHQLXP ZLWK
ZKLFK,KDYHJUHDWH[SHUWLVHDQGLQWLPDWHNQRZOHGJHRIWUHDWPHQWDVSHFWVWKHLUFODLPRI!
UHPRYDOUDWHVLV QRWVXSSRUWHGE\WKHSHUIRUPDQFHRIIXOOVFDOHRSHUDWLQJWUHDWPHQWV\VWHPV,
GLVDJUHHZLWKWKHLUFODLPWKDWWKHLUSURSRVHG:73VZLOOSURGXFHHIIOXHQWFRPSOLDQWZLWK$ODVND
6WDWH ZDWHUTXDOLW\ VWDQGDUGV WKH\ ZLOO QRW ,Q WKH DEVHQFH RI DXWKRULWDWLYH YDOLGDWLRQ RU SURRI
IURPWULDOVZLWKVLWHPLQHZDWHUHYHU\RWKHUFODLPHGUHPRYDOUDWHUHPDLQVGLVSXWDEOH,QDQRWKHU
FDVH,QRWHGWKHFRQIOLFWLQJUHTXLUHPHQWVIRUUHPRYDORIPRO\EGHQXPE\LURQSUHFLSLWDWLRQDQG
WKH UHPRYDO RI RWKHU FRQWDPLQDQWV WKURXJK WKH VDPH SURFHVV 7KH ODFN RI GRFXPHQWDWLRQ DQG
YDOLGDWLRQPDNHVLWLPSRVVLEOHWRUHVROYHWKHLUFRQIOLFWLQJUHTXLUHPHQWVDQGHYDOXDWHWKHLUFODLPHG
WUHDWPHQW SHUIRUPDQFH 6WURQJ GRFXPHQWDWLRQ DQG YDOLGDWLRQ RI WKHVH FODLPV LV HVSHFLDOO\
QHFHVVDU\JLYHQWKHHFRORJLFDOVHQVLWLYLW\RIWKHHQYLURQPHQWWKDWZLOOUHFHLYHZDWHUVGUDLQLQJWKH
SURSRVHGPLQHVLWH
, IXQGDPHQWDOO\ GLVDJUHH ZLWK +'5¶V UDWLRQDOH IRU XVLQJ WK SHUFHQWLOH FRQWDPLQDQW
FRQFHQWUDWLRQVDVD'HVLJQ%DVLVIRUWKH:73V$V,H[SODLQHGDERYHWKLVLVQRWDFRQVHUYDWLYH
DSSURDFKWRGHVLJQDQGWKHLUDSSURDFKLVXQMXVWLILDEOHLQWKHFRQWH[WRIWKLVSURMHFW,DOVRGLVDJUHH
ZLWKWKHLUDVVXPSWLRQWKDWWKHSURSRVHG:73VZLOOVFDOHOLQHDUO\WKLVQHHGVWREHGHPRQVWUDWHG
H[SOLFLWO\7KLVLVSDUWLFXODUO\LPSRUWDQWLIWKHPLQHSODQFKDQJHVWRH[SORLWDODUJHUSRUWLRQRIWKH
GHSRVLW ZKLFK LV DQ HDVLO\IRUHVHHDEOH SRVVLELOLW\ $ PRUH UREXVW FRQVHUYDWLYH DSSURDFK WR
GHVLJQVHWVDKLJKEDUEXWWKLVLVZKDWVKRXOGEHSURSHUO\GHPDQGHGLQWKLVHQYLURQPHQW
$QXPEHURIHUURUVZHUHIODJJHGLQWKH+'5¶V%HQFKPDUN8SGDWH7KHVHHUURUVPXVWEH
FRUUHFWHG0RUHLPSRUWDQWO\ WKHUHLVVFDQWDQDO\VLVDQGGLVFXVVLRQWKDWGHPRQVWUDWHVKRZWKH
H[DPSOHVWKH\SURYLGHUHODWHWRWKHSURSRVHG:73V7KHDEVHQFHRIVXFKDQDVVHVVPHQWVLPSO\
IDLOVWRDFFRXQWIRUWKHXQSUHFHGHQWHGVFDOHDQGFRPSOH[LW\RIWKHVHSURSRVHGSODQWV
7KHIDWHRIUHVLGXDOVSURGXFHGE\WKHSURSRVHG:73VKDVEHHQDIIRUGHGRQO\SDVVLQJPHQWLRQ
LQWKH'(,6DQGDFFRPSDQ\LQJVXSSRUWLQJGRFXPHQWV7KHUHLVDQDVVXPSWLRQ±XQVXEVWDQWLDWHG
± WKDW WKH\ ZLOO UHPDLQ VWDEOH LQ WKH HQYLURQPHQWV ZKHUH WKH\ DUH GHSRVLWHG , FKDOOHQJH WKDW
DVVXPSWLRQLQWKHFDVHRIVXOIDWHDQGWKLRVDOWVDQGLWPHULWVWREHFKDOOHQJHGLQWKHFDVHRIRWKHU
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FRQWDPLQDQWV $ SDVVLQJ PHQWLRQ LV QRW JRRG HQRXJK WKH FODLP RI VWDELOLW\ QHHGV WR EH
VXEVWDQWLDWHG
,DUJXHGEURDGO\WKDWWKHLVVXHRIWUHDWPHQWLQSHUSHWXLW\KDVQRWEHHQWDFNOHGVHULRXVO\E\WKH
PLQLQJLQGXVWU\DQGWKDWLWSUHVHQWVIDUJUHDWHUULVNVWKDQKDYHEHHQDFNQRZOHGJHG7KHVHULVNV
DUHJUHDWHUDQGPRUHVDOLHQWLQWKHFDVHRIWKH3HEEOH3URMHFW
,Q FRQFOXVLRQ , IHHO WKDW WKH FODLPHG HIIHFWLYHQHVV RI ZDWHU WUHDWPHQW SODQWV SURSRVHG IRU WKH
3HEEOH 3URMHFW LV RSHQ WR TXHVWLRQ 7KH\ DUH YHU\ ODUJH FRPSOH[ YDJXHO\ GHILQHG XQWHVWHG
GHVLJQHG XVLQJ RSWLPLVWLF DVVXPSWLRQV DQG SURSRVHG WR WUHDW ZDWHU LQ SHUSHWXLW\ 7KHUH LV D
VLJQLILFDQWULVNWKDWWKH\SHUIRUPOHVVHIIHFWLYHO\WKDQSUHGLFWHGGLVFKDUJHHIIOXHQWVZLWKKLJKHU
WKDQ H[SHFWHG FRQFHQWUDWLRQV RI FRQWDPLQDQWV DQG FDXVH DGYHUVH LPSDFWV RQ GRZQVWUHDP
HFRV\VWHPV7KLVLVDJLDQWH[SHULPHQWWKDWWKH&RUSVVKRXOGUHMHFW

5HIHUHQFHV
$(&203HEEOH3URMHFW±UHYLHZRIZDWHUWUHDWPHQWDSSURDFK0HPR2FWREHU
$OEHUWD(QYLURQPHQW(YDOXDWLRQRI7UHDWPHQW2SWLRQVWR5HGXFH:DWHU%RUQH6HOHQLXP
DW&RDO0LQHVLQ:HVW&HQWUDO$OEHUWD$OEHUWD5HSRUWSUHSDUHGE\0LFURELDO7HFKQRORJLHV,QF
IRU$OEHUWD(QYLURQPHQW:DWHU8VHUV*URXSSS
$XEH%&DQG6WURLD]]R0RO\EGHQXPWUHDWPHQWDW%UHQGD,Q,&$5'3URFHHGLQJV
RI WKH )LIWK ,QWHUQDWLRQDO &RQIHUHQFH RQ $FLG 5RFN 'UDLQDJH 'HQYHU &2 6RFLHW\ IRU 0LQLQJ
0HWDOOXUJ\DQG([SORUDWLRQ,QFS
$]L] 0  8SGDWH RQ (TXLW\ 6LOYHU 0LQH 0LQHUDOV 1RUWK &RQIHUHQFH $YDLODEOH RQOLQH DW
KWWSPLQHUDOVQRUWKFDLPDJHVXSORDGVSGI0LNHB$]L]B0LQHUDOVB1RUWKBB$SULOBB
B*ROGB&RUSSGI
%O\WKHDQG2ZHQV)LHOG7HVWLQJRID:HW)*'$GGLWLYHIRU(QKDQFHG0HUFXU\&RQWURO
5HSRUW SUHSDUHGIRU 1DWLRQDO (QHUJ\7HFKQRORJ\ /DERUDWRU\ &RRSHUDWLYH $JUHHPHQW 1R '(
)&17SS
'LOO6&RZDQ -:RRG$DQG%RZHOO5-$UHYLHZRIVXOIDWHUHPRYDORSWLRQVIURP
PLQH ZDWHUV ,Q 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO 0LQH :DWHU $VVRFLDWLRQ 6\PSRVLXP
-RKDQQHVEXUJ6RXWK$IULFD
'LQDUGR27KLRVDOWVLQWKH0LQLQJ,QGXVWU\±$5HYLHZRIWKH3URMHFWV)XQGHGE\WKH
7KLRVDOWV&RQVRUWLXPSS$YDLODEOHRQOLQHDW
KWWSVSGIVVHPDQWLFVFKRODURUJHHEIHHHFHIEFGHIHHSGI
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*LYHQ%DQG60H\HU%LRORJLFDOWUHDWPHQWRIWDLOLQJVVROXWLRQDWWKH1LFNHO3ODWH0LQH
3URFHHGLQJVRIWKHWK$QQXDO%ULWLVK&ROXPELD0LQH5HFODPDWLRQ6\PSRVLXP6HSWHPEHU
3HQWLFWRQ%&3
+'5  3HEEOH 3URMHFW:DWHU 7UHDWPHQW 3ODQW  3UHIHDVLELOLW\ 6WXG\ 5HSRUW ±  IRRW 0LOO
2SWLRQ5HSRUWSUHSDUHGIRU3HEEOH/LPLWHG3DUWQHUVKLS6HSWHPEHUSS
+'5  3HEEOH 3URMHFW :DWHU 7UHDWPHQW 3URFHVV ± %HQFKPDUN 8SGDWH 'UDIW 5HSRUW
SUHSDUHGE\+'5'HFHPEHUSS
+'5 D :DWHU 7UHDWPHQW 3ODQW (QJLQHHULQJ  3URMHFW 'HVFULSWLRQ &DVH :DWHU 7UHDWPHQW
3ODQW'DWD8SGDWH0HPRWR3HEEOH/LPLWHG3DUWQHUVKLS±7DQ\D<DQJDQG0LNH5LHVHUGDWHG
$XJXVW
+'5 E:DWHU7UHDWPHQW 3ODQW (QJLQHHULQJ ± 3HEEOH %DVH&DVH:DWHU7UHDWPHQW 3ODQW
(QJLQHHULQJ 5HYLVLRQV 0HPR WR 3HEEOH /LPLWHG 3DUWQHUVKLS ± 7DQ\D <DQJ DQG -DPHV )XHJ
GDWHG2FWREHU
+'5 D :DWHU 7UHDWPHQW 3ODQW (QJLQHHULQJ  2SHUDWLRQV 3KDVH :DWHU 7UHDWPHQW 3ODQW
(QJLQHHULQJ0HPRWR3HEEOH/LPLWHG3DUWQHUVKLS±-DPHV)XHJGDWHG-DQXDU\
+'5 E :DWHU 7UHDWPHQW 3ODQW (QJLQHHULQJ  0LQH &ORVXUH :DWHU 7UHDWPHQW 3ODQW
(QJLQHHULQJ0HPRWR3HEEOH/LPLWHG3DUWQHUVKLS±-DPHV)XHJGDWHG-DQXDU\
+'5 F :DWHU 7UHDWPHQW 3ODQW (QJLQHHULQJ  3HEEOH 0LQH &ORVXUH 3KDVH  6HHSDJH
&ROOHFWLRQ 3RQG :DWHU 7UHDWPHQW 3ODQW 0HPR WR 3HEEOH /LPLWHG 3DUWQHUVKLS ± -DPHV )XHJ
GDWHG-DQXDU\
+'5G:DWHU7UHDWPHQW3ODQW(QJLQHHULQJ3HEEOH0LQH2SHQ3LW:73±&ORVXUH3KDVH
<HDU±0DVV%DODQFH6XPPDU\5HYLVLRQ±-DPHV)XHJGDWHG-DQXDU\
+XWWRQ%.DKDQ,1DLGX7DQG*XQWKHU32SHUDWLQJDQG0DLQWHQDQFH([SHULHQFH
DW WKH (PDODKOHQL :DWHU 5HFODPDWLRQ 3ODQW 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO 0LQH :DWHU
&RQIHUHQFHWK±UG2FWREHU3UHWRULD6RXWK$IULFD3
,1$37UHDWPHQWRI6XOSKDWHLQ0LQH(IIOXHQWV5HSRUWSUHSDUHGE\/RUD[(QYLURQPHQWDOIRU
WKH,QWHUQDWLRQDO1HWZRUNRQ$FLG3UHYHQWLRQSS
0DHVW3HEEOH3URMHFW0LQH:DWHU4XDOLW\3UHGLFWLRQVDQG,PSOLFDWLRQVIRU(QYLURQPHQWDO
5LVN'UDIW0HPRWR6KDQH0F&R\86$UP\&RUSVRI(QJLQHHUVGDWHG$SULO
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0(1'  6WXG\ WR LGHQWLI\ %$7($ IRU WKH PDQDJHPHQW DQG FRQWURO RI HIIOXHQW TXDOLW\ IRU
PLQHV0(1'5HSRUWSS
1$0&5HYLHZRIDYDLODEOHWHFKQRORJLHVWRUHPRYHVHOHQLXPIURPZDWHU5HSRUWSUHSDUHG
E\6DQG\7DQG&'L6DQWH1RUWK$PHULFDQ0HWDO&RXQFLO:DVKLQJWRQ'&SS
3UXFKD55HYLHZRI*URXQGZDWHU,PSDFWVRIWKH3URSRVHG3HEEOH0LQH,QWKH)HEUXDU\
'UDIW(,6DQG(YDOXDWLRQRI3RWHQWLDO,PSDFWVRQWKH&RXSOHG+\GURORJLF6\VWHP
7HFN(ON9DOOH\:DWHU4XDOLW\3ODQ6XEPLWWHGWR%&0R(-XO\SS
86$UP\&RUSVRI(QJLQHHUV3HEEOH3URMHFW(,6'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW
'(,6 
:DWHU (QJLQHHULQJ 7HFKQRORJLHV  :KLWH 3DSHU RQ :DWHU 7UHDWPHQW 3URFHVVHV 5HSRUW
SUHSDUHGIRU3HEEOH/LPLWHG3DUWQHUVKLS-XO\SS
=DP]RZ.6REROHZVNL$0DHVW$)ULVVHOO&2¶1HDO6DQG5HHYHV*6HOHQLXP
LVVXHVLQWKH3HEEOH3URMHFWGUDIW(,6±3RVLWLRQ3DSHU5HSRUWSUHSDUHGWR86$UP\&RUSVRI
(QJLQHHUVSS
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RESEARCH ARTICLE

Hydrologic Alterations from Climate Change
Inform Assessment of Ecological Risk to
Pacific Salmon in Bristol Bay, Alaska
Cameron Wobus1*, Robert Prucha2, David Albert3, Christine Woll3, Maria Loinaz4,
Russell Jones1
1 Abt Associates, Boulder, Colorado, United States of America, 2 Integrated Hydro Systems, Golden,
Colorado, United States of America, 3 The Nature Conservancy, Juneau, Alaska, United States of America,
4 A.D.A. Engineering, Inc., Tampa, Florida, United States of America
* cwobus@stratusconsulting.com

Abstract
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Editor: Emmanuel Serrano Ferron, Universidade de
Aveiro, PORTUGAL
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Copyright: © 2015 Wobus et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

We developed an integrated hydrologic model of the upper Nushagak and Kvichak watersheds in the Bristol Bay region of southwestern Alaska, a region under substantial development pressure from large-scale copper mining. We incorporated climate change scenarios
into this model to evaluate how hydrologic regimes and stream temperatures might change
in a future climate, and to summarize indicators of hydrologic alteration that are relevant to
salmon habitat ecology and life history. Model simulations project substantial changes in
mean winter flow, peak flow dates, and water temperature by 2100. In particular, we find
that annual hydrographs will no longer be dominated by a single spring thaw event, but will
instead be characterized by numerous high flow events throughout the winter. Stream temperatures increase in all future scenarios, although these temperature increases are moderated relative to air temperatures by cool baseflow inputs during the summer months.
Projected changes to flow and stream temperature could influence salmon through alterations in the suitability of spawning gravels, changes in the duration of incubation, increased
growth during juvenile stages, and increased exposure to chronic and acute temperature
stress. These climate-modulated changes represent a shifting baseline in salmon habitat
quality and quantity in the future, and an important consideration to adequately assess the
types and magnitude of risks associated with proposed large-scale mining in the region.

Data Availability Statement: Model outputs are
available through Figshare: http://figshare.com/
articles/Flow_and_temperature_data_for_Wobus_et_
al_10_1371_journal_pone_0143905/1604962.
Funding: This work was funded by a grant from the
Moore Foundation to The Nature Conservancy,
through an award to CW at Abt Associates. Abt
Associates, Integrated Hydro Systems and A.D.A.
Engineering, Inc., provided support in the form of
salaries for authors CW, RJ, RP, and ML but did not
have any additional role in the study design, data
collection and analysis, decision to publish, or

Introduction
The Bristol Bay region of southwestern Alaska supports one of the world’s largest wild salmon
fisheries, supplying over 50% of wild sockeye salmon catches worldwide [1]. The region also
has substantial mineral resources [2], and is facing increasing pressure for development of
these resources. Ongoing debate about the future of this region has focused on the potential
impacts of mining on the fishery, recently culminating in a draft ruling by the U.S. Environmental Protection Agency that would limit mining in the Bristol Bay region [3]. While
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hydrologic alterations due to mining could be substantial [3,4], salmon habitat quality could
also be significantly modified by climate change over timescales that are relevant to planning
for any large-scale mining activities. In this study, we present results from a spatially explicit
model of climate-driven changes to freshwater ecosystems, as a backdrop for assessment of
ecological risks to salmon associated with large-scale mining.
In the freshwater environment, hydrologic variability and the salmon life cycle are closely
linked, so that climate-induced changes in hydrologic regimes are likely to influence salmon
productivity. In cold environments, climate change is projected to alter seasonal cycles of snow
accumulation and melt [5,6], affecting seasonal habitat quantity and quality and potentially
migratory timing [7]. Stream temperatures are also likely to increase in the future, which could
shorten salmon egg incubation times and increase juvenile growth rates [8], as well as reduce
thermal habitat suitability and survival [9,10]. Since climate changes at high latitudes are
expected to be amplified relative to other parts of the world, all of these potential changes could
be both more dramatic and more rapid in Alaska than at lower latitudes [11]. However, the
natural diversity of salmon habitat and populations in this region represent a critical asset that
could allow salmon to adapt to changing conditions over time [12].
We use an integrated hydrologic model and a range of future climate scenarios to characterize changes in the hydrology of the upper Nushagak (North and South Fork Koktuli) and Kvichak (Upper Talarik) rivers, two major salmon systems that drain into Bristol Bay (Fig 1).
Using results from our hydrologic model, we broadly follow the Indicators of Hydrologic Alteration (IHA) approach of Richter et al. [13] to focus on changes in hydrologic indicators that
are relevant to salmon habitat quality. These indicators include the magnitude, timing, and variability of flow, as well as average and extreme stream temperatures. The integration of hydrologic modeling results with the IHA approach provides a framework for understanding climate
change impacts on habitat quality that is both quantitative and spatially explicit, and can help
to inform risks from other stressors including mining. While this model was developed for the
Bristol Bay region, the modeling framework we describe could be applied in other settings
where climate-modulated changes in habitat quality need to be quantified.

Background and Methods
Site Description
The study region is located in southwestern Alaska, and has a sub-arctic maritime climate.
Because of the mineral resources in the area, the baseline hydrology and ecology of the system
have been well-characterized through extensive study by both mine proponents and by the U.
S. Environmental Protection Agency [3,15,16]. The physiography of the study area is characterized by low relief terrain with exposed bedrock on ridges and hilltops, and thick, coarsegrained glacial outwash filling valleys to depths of up to 100 m [3,16]. The relatively low relief
and complex glacial deposits have created a hydrologic system in which groundwater and surface water are closely linked: precipitation and stream water infiltrate into the coarse gravel in
the upper reaches of the watershed, returning to the rivers at points downstream [3,15]. This
groundwater input moderates stream temperatures throughout the year, provides a steady
baseflow to the rivers through the relatively dry winter and summer months, and maintains
open water reaches in winter when the majority of the landscape is frozen [3,15].
The annual hydrograph at the site is dominated by high flows in the fall and spring, with relatively low flows during the summer and winter [3,15]. High flows in the spring are related to
ice breakup and snowmelt, and create a spring freshet that consistently occurs between midMay and early June. High flows in the fall are driven by frequent fall storms, which can fall
either as rain or snow [15]. Winter stream flows are consistently low, fed primarily by
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Fig 1. Site Location Map. Salmon presence as documented in the anadromous waters catalog [14].
doi:10.1371/journal.pone.0143905.g001

groundwater when the majority of precipitation is frozen and is stored as snow on the landscape. Summer flows are also relatively low, punctuated by frequent summer rainstorms.
Salmon are present throughout the hydrologic network, and they utilize both mainstem and
tributary habitats for spawning and rearing (Fig 1). The system supports sockeye (Oncorhynchus nerka), Chinook (O. tshawytscha), coho (O. kisutch) and chum salmon (O. keta).

Model Description
We built a hydrologic model for this study using MIKE SHE/MIKE 11 [17], by adapting a previous model developed to characterize potential hydrologic and water quality alterations due to
large-scale mining scenarios [4]. MIKE SHE is a fully distributed parameter, integrated hydrologic code that simulates the flow of water within and among surface water, groundwater, and
the unsaturated zone. Continuous flows within the hydrologic system are driven by external
atmospheric conditions, including precipitation, air temperature, and evapotranspiration.
Using a modified degree-day snowmelt method, the code simulates snow accumulation if air
temperatures fall below a freezing threshold (typically 0°F), and it also simulates snowmelt processes including evaporation (sublimation and wet-snow evaporation), rain-on-snow, changes
in wet and dry snow storage, and refreezing of wet snow. For this effort, we also implemented a
heat balance algorithm built using the DHI ECO Lab module to simulate stream temperatures
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throughout the model domain at 15-minute timesteps [7,18]. Thus our model estimates spatially and temporally distributed stream flow and stream temperature throughout the model
domain. We defined the model domain to be large enough to prevent influence of external
boundary conditions (e.g., stream and groundwater flows) on internal calculations, but small
enough to maximize the use of publicly available baseline data collected by the U.S. Geological
Survey (USGS) and the Pebble Limited Partnership (PLP) over the past decade [15,16]. Physical data used in the model included vegetation cover [19] and associated shading parameters
[20], soil types [21], and the distribution and thickness of coarse glacial outwash material [16].
Calibration data included stream discharge records from USGS and PLP gages, groundwater
elevations measured by PLP at approximately 200 wells between 2004 and 2007 [15], and
stream and groundwater temperatures measured both synoptically and as timeseries across a
set of monitoring wells and gages throughout the model domain. Detailed description of the
hydrologic model setup and parameterizations, and flow calibration results can be found in
Wobus et al. [4]. The heat balance algorithm and parameters used to estimate stream temperatures in the model are described in Loinaz et al. [18]. The locations of hydrologic monitoring
sites used in the model calibration are shown in Fig 1.
We developed this model to be as simple as possible while honoring all available physical
data [22]. Using the constraints available from measured and literature-based hydrologic and
land cover data, we calibrated our final set of model parameters primarily against observed
stream temperatures, the magnitude and timing of spring runoff and baseflows, and the
observed distribution of groundwater elevations throughout the model domain [4]. We stress
that the goal of this study was not to perfectly reproduce baseline conditions in this system;
fine scale spatial variability in surface topography, vegetation cover, subsurface geology, and
other key variables cannot be known well enough to support such a goal over ~800 km2 of
remote southwestern Alaska. Furthermore, the gridded climate data for the region cannot perfectly capture the spatial and temporal sequence of storm events that drive the hydrologic system. As described below, however, our calibrated model captures the fundamental hydrologic
and heat balance characteristics of the natural, undisturbed system, and serves as a launching
point to examine the magnitude of change under future climate scenarios.

Baseline and Future Climate Simulations
Available site meteorological records are inconsistent in space and time, and lack many of the
physical variables necessary to drive a fully coupled hydrologic and heat balance model. As a
result, we utilized the 3-hourly North American Regional Reanalysis (NARR) product as the
meteorological forcing for our hydrologic model. The NARR data include all of the key variables driving the hydrologic cycle, including precipitation, temperature, net radiation (sum of
incoming minus outgoing short- and long-wave radiation), relative humidity, and wind speed,
with a 3-hour temporal resolution and a 32-km spatial resolution [23]. We extracted a 30-year
timeseries of NARR data from the 32 km × 32 km cell overlying the Nushagak-Kvichak headwaters for the period of 1980 to 2009. During time periods where the NARR data overlap with
site-specific information, comparisons of the two datasets indicate that the NARR data generally captures the magnitude and variability of precipitation and temperatures observed in the
natural system (e.g., Fig 2) [4].
Walsh et al. [24] compared the performance of 15 climate models based on root-meansquare errors relative to observed climatology in Alaska over the second half of the 20th century. Using this group of GCMs as a starting point, we developed future climate scenarios from
the suite of five models identified as best-suited to simulating baseline climate conditions in
Alaska. Using these models, we bracketed future temperature changes by selecting two
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Fig 2. Comparison of NARR vs. Measured Temperature Data over the Period 2006–2009.
doi:10.1371/journal.pone.0143905.g002

greenhouse gas emissions pathways. The lower pathway (RCP 4.5) represents stabilization of
atmospheric CO2 by the end of the century and a net increase in radiative forcing of 4.5 W/m2
relative to pre-industrial times. The higher pathway (RCP 8.5) assumes continued growth of
CO2 emissions beyond 2100 and an increase in radiative forcing of 8.5 W/m2 compared to preindustrial times [25]. Of the five models (CNRM-CM5, GFDL-CM3, HADCM3, MIROC5 and
MPI-ESM-LR) the HADCM3 model was a clear outlier in its projections of future climate
changes, and was rejected (Table 1). From the remaining four models, we then bracketed
potential future conditions by choosing the two model-emissions pairs projecting maximum
(MPI-ESM-LR, RCP8.5) and minimum (MIROC5, RCP4.5) changes in annual average temperature at the site in 2100. We also chose an intermediate model (CNRM-CM5), which we
used to simulate both a high and a low emissions pathway, as well as two time periods for the
lower emissions pathway (2050 and 2100). We then extracted monthly changes in temperature
and precipitation from the final five model-scenario pairs (Fig 3).
We simulated 20-year long future climate scenarios for 2050 and 2100 using the delta
method, by superimposing projected monthly changes in precipitation and temperature onto
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Table 1. Average Annual Projected Changes in Temperature and Precipitation for 5 Models Initially Considered for Simulations. RCP 4.5 and RCP
8.5 are two “representative concentration pathways” signifying increases in radiative forcing of +4.5 and +8.5 W/m2 relative to pre-industrial greenhouse gas
concentrations. See text for details.
Temperature projections
RCP 4.5

Precipitation projections

RCP 8.5

RCP 4.5

RCP 8.5

Model

2050

2100

2050

2100

2050

2100

2050

2100

CNRM-CM5

1.96a

2.75a

2.68

6.46a

10.3%a

14.5%a

14.2%

34.0%a

GFDL-CM3

2.11

2.96

2.90

6.97

–

–

–

–

HADCM3

0.37

0.52

0.51

1.22

–

–

–

–

MIROC5

1.59

2.23a

2.18

5.24

8.6%

12.1%a

11.8%

28.4%

MPI-ESM-LR

2.54

3.56

3.48

8.38a

6.3%

8.9%

8.7%

20.9%a

These values represent the ﬁnal model runs used in simulations.

a

doi:10.1371/journal.pone.0143905.t001

the observed NARR time series [26]. The synthetic future climate dataset therefore preserves
the same sequence of weather and storms as the baseline run, allowing for a direct comparison
between baseline and future hydrologic and stream temperature conditions.

Fig 3. Monthly Changes in Temperature and Precipitation Projected for the 5 Models Used in Climate
Change Simulations.
doi:10.1371/journal.pone.0143905.g003
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Groundwater is a key component of the stream flow heat balance equations in MIKE SHE,
but groundwater temperatures are not explicitly calculated in the ECO Lab module. For baseline conditions, we used average monthly groundwater temperatures measured in monitoring
wells to estimate the temperature of groundwater inputs to streams. For future conditions, we
modified groundwater temperatures for a subset of the model runs, as described below.
Snowpack insulates aquifers from colder air temperatures in the winter, so the annual average groundwater temperature at the site of ~3°C is warmer than the average annual air temperature of -0.5°C [27]. As described below, future climate scenarios predict that winter
precipitation will commonly fall as rain instead of snow, eliminating the insulating effect of
snowpack on groundwater temperature. We assumed that average annual groundwater temperature tracks average annual air temperature without snowpack. However, because the current average annual temperature for groundwater is 3°C warmer than the average annual air
temperature, we did not force any changes to groundwater temperature if the projected average
annual air temperature was equal to or less than 3°C. Thus the three future climate scenarios
based on RCP 4.5 included no adjustment to groundwater temperature. For climate scenarios
that had a predicted annual average air temperature higher than the current groundwater temperature of 3°C, we assumed that groundwater temperatures equilibrated to this higher air temperature. Thus the future climate simulations for CNRM-CM5 and MPI-ESM-LR under RCP
8.5 included increases in average annual groundwater temperature of 3.2 and 4.9°C, respectively to match air temperatures. As will be shown below, many of the changes we see in flow
and average stream temperatures occur across all models, and these key model results are
therefore insensitive to this input assumption.

Hydrologic Alteration Framework
The IHA framework described by Richter et al. [13] summarizes 32 hydrologic indicators
that are important for the ecological function of aquatic ecosystems. These hydrologic indicators are placed into five broad groups describing the magnitude of average flow conditions, the magnitude and timing of extreme flow conditions, and the frequency of changes
in flow. We used this framework as a broad guideline for our study, modified to focus on
parameters that are particularly relevant to the salmon life cycle, including water temperature (Table 2).
We included parameters describing the magnitude and timing of peak flow due to their
influence on redd (salmon spawning nest) scour, substrate size, and smolt migration. High
Table 2. Key Hydrologic Parameters used for Quantifying Salmon Habitat Quality under Baseline and Future Climates. TDD = temperature degree
days.
Parameter group

Hydrologic parameter

Ecosystem inﬂuence

Magnitude of peak ﬂow

Annual maximum peak ﬂow

Channel forming ﬂow

Timing of peak ﬂow

Julian date of peak ﬂow

Scour of redds

Magnitude of seasonal ﬂow

Mean daily summer ﬂow (Jul. 1–Aug. 31)

Spawning and rearing habitat availability

Mean daily winter ﬂow (Dec. 1–Apr. 30)

Overwinter habitat quality

TDD accumulated from peak spawning date through egg incubation

Incubation time

Mean temperature

Juvenile growth rates

Days above 20°C

Chronic temperature stress

Days above 25°C

Acute temperature stress

Scour of redds
Smolt migration

Average temperatures
Extreme temperatures

doi:10.1371/journal.pone.0143905.t002
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flows during winter can scour eggs within the gravel, decreasing egg survival [6,28]. High
spring peak flows allow for easier outmigration for salmon smolts, which can improve survival
[29–32]. Adequate summer flows are also needed to maintain available spawning and rearing
habitats [29,33], and winter flows are required to provide an abundance of slow-moving backwater habitats for overwintering Chinook, river-type sockeye, and coho salmon [29].
We also included parameters related to average annual and seasonal water temperature,
because water temperature is directly linked to egg incubation time and juvenile salmon growth
rates [34,35]. For example, based on laboratory observations salmon eggs require approximately 600 TDD (°Cday) to mature and hatch [8]. Peak water temperatures are also relevant
to salmon habitat quality; prolonged stream temperatures above 20°C can cause chronic temperature-related stress to salmon, and temperatures above 25°C can cause acute temperature
stress and mortality [10,36,37].
We summarized changes in each of these parameters by comparing future daily flows and
water temperature to baseline conditions across all 546 computational nodes where flows and
water temperatures are simulated within the model domain.

Results
Model Calibration
There are fifteen stream gaging stations within the model domain, and all of these sites have at
least two years of continuous data (Table 3). Correlation coefficients for nearly all of the gage
sites were greater than 0.6 for our calibrated model. The timing of simulated peak spring runoff
was typically within a week of observed runoff; for example, at a representative USGS gaging
site on Upper Talarik Creek, the model simulates the timing of peak spring runoff to within
3–5 days of the observed spring peak (Fig 4A). Flow calibration plots for all fifteen gages
showed similar behavior (Figs A-N in S1 File), indicating that the model parameterization of
temperature-modulated snow accumulation and melt is robust.
Table 3. Flow and Temperature Calibration Statistics for All Gage Sites Modeled. RMSE = root mean
square mean error (flow values in m3/s; temperature values in°C); R = correlation coefficient. Note that continuous temperature measurements were available only at the three USGS gage sites.
Gage Site

Flow Calibration

Temperature Calibration

RMSE

R

RMSE

R

UTK15300250

3.81

0.65

1.20

0.95

SFK15302200

5.24

0.61

1.62

0.95

NFK15302250

6.14

0.71

1.72

0.94

SK100A

6.57

0.72

–

–

SK100B1

3.35

0.74

–

–

SK100C

1.39

0.75

–

–

SK100F

0.73

0.71

–

–

SK100G

0.35

0.63

–

–

SK119A

1.30

0.66

–

–

SK124A

0.78

0.59

–

–

UT100D

0.62

0.65

–

–

UT100E

0.18

0.71

–

–

UT119A

0.18

0.31

–

–

NK100C

1.07

0.67

–

–

NK119A

0.69

0.66

–

–

doi:10.1371/journal.pone.0143905.t003
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Fig 4. Modeled vs. Observed (a) Hydrograph and (b) Stream Temperatures at USGS Gage Site on
Upper Talarik Creek (See Map for Location).
doi:10.1371/journal.pone.0143905.g004
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The magnitudes of the peak flows were not as well matched between the modeled and
observed data as the timing of peak flows (Figs A-N in S1 File). At the Upper Talarik site (Fig
4A), a representative site, the difference between simulated and observed peak spring flow is
often 20–50%, and peak flows in the fall are systematically under-simulated by the model.
Efforts to improve the fit to these seasonal flow magnitudes by adjusting parameters such as
evapotranspiration or infiltration rates resulted in hydrographs that rose and fell too rapidly,
and baseflows that were too low. We hypothesize that differences in the magnitudes of
observed and simulated flow relate to differences between actual precipitation and the precipitation simulated by the NARR product [23,38]. However, given the general agreement between
timing of observed and simulated hydrographs, and our objective of simulating flow alterations
due to future climate change, the hydrographs simulated by the model provide a reasonable
representation of baseline hydrologic conditions.
Monthly synoptic stream temperature measurements are available at approximately 73 locations between 2004 and 2010, but continuous temperature measurements are available only at
the three USGS gaging stations. Table 3 includes the temperature calibration metrics for these
three gage sites, and Fig 4B shows a timeseries of modeled and observed temperatures at the
USGS Upper Talarik gage site. At this and the other USGS gage sites (Figs O and P in S1 File)
simulated and observed stream temperatures range from 0°C in winter to approximately 10–
12°C in summer, and the model captures the seasonality of temperature changes between these
extremes. Accumulated TDD during the fall-winter incubation period also agree closely, as
described in more detail below.

Climate Change Simulations
Changes in flow. Peak annual flow decreases between 20–40% in the two CNRM RCP 4.5
simulations and in the MPI RCP 8.5 scenario, but is within 10% of baseline in the other two
simulations (Fig 5A). Thus climate change does not appear to lead to significant changes in
peak annual flow magnitudes. However, these broad similarities in peak annual flow magnitudes mask significant changes in the timing of annual flow peaks: as shown in Fig 6, the peak
flow under the baseline scenario consistently occurs between late May and early June. In the
future simulations, the peak flow can occur in virtually any month of the year, depending on
the timing of individual rain storms.
A related change in the hydrograph is an approximate doubling of average winter (DJF)
flow (Fig 5B). Because winter precipitation is more likely to fall as rain in the future, winter
flows are characterized by episodic runoff events, rather than the low, steady baseflow that currently characterizes this system (Fig 6). Changes in summer flows (JJA) are neither as consistent nor as large as changes in winter flows. Simulated summer flows are typically within 10–
15% of baseline conditions across all future simulations (Fig 5C, Fig 6).
The flow alterations described above occur regardless of which future climate scenario is
chosen: both the “hot” (MPI-ESP-LR RCP 8.5) and “cool” (MIROC5 RCP 4.5) endmember
scenarios show similar behavior in 2100 (Fig 6). In both cases, the spring freshet that currently
occurs consistently with melting of winter snowpack in late May is partially to completely lost,
and all of the moisture that is stored in snowpack under the baseline model is instead released
in a high frequency series of smaller runoff events throughout the winter.
These changes in frequency and magnitude of seasonal flow events can be related to
increases in average annual and monthly temperatures. Under current climate conditions, precipitation from winter storms most commonly falls as snow, and consistently cold temperatures through the winter allow this snowpack to build up through the season (Fig 7A). This
accumulated snow is released as spring temperatures rise, resulting in a spring freshet that
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Fig 5. Summary of Flow Changes in Future Climate Scenarios. A) Ratio of peak flow, by model node, in
future scenarios to peak flow in baseline scenarios. Peak flow values are calculated without respect to date of
peak flow. B) Ratio of average winter flow, by model node, in future scenarios to average winter flow in
baseline. C) Ratio of average summer flow, by model node, in future scenarios to average summer flow in
baseline.
doi:10.1371/journal.pone.0143905.g005

consistently occurs in late May–early June. Among future climate scenarios, even in the “coolest” scenario for 2100 (MIROC5, RCP 4.5), monthly average winter temperatures increase by
2–4°C (Fig 3). Assuming the same distribution of storms but higher average monthly temperatures, under these conditions more than half of winter storms are projected to occur when the
air temperature is above freezing (Fig 7B).
Changes in stream temperature. Projected changes in mean annual stream temperatures
generally mimic increases in air temperature, but increases in stream temperatures in all model
runs are also modulated by groundwater inflows (Fig 8). For example, average annual air temperatures for the “cool” endmember model (MIROC5 RCP 4.5) increase by approximately

Fig 6. Changes in Hydrograph for Upper Talarik Creek Gage Site in 2100, for Lowest (MIROC, Green Line) and Highest (MPI, Red Line)
Temperature Scenarios. Note the loss of the spring freshet in both future climate simulations.
doi:10.1371/journal.pone.0143905.g006
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Fig 7. Summary of Baseline and Projected Daily Temperatures (a), and Fraction of Winter Storms Occurring when Temperatures are Above
Freezing (b). Purple shading in (a) highlights temperatures below freezing.
doi:10.1371/journal.pone.0143905.g007

2.2°C by 2100 (Table 1), whereas average annual stream temperatures increase by only 1°C
(Fig 8A; Fig 9A). In the “hot” endmember model (MPI-ESM-LR RCP 8.5) where we allowed
groundwater temperatures to more closely track air temperatures, average air temperatures
increase by nearly 8.5°C by 2100, but annual stream temperatures still increase by only 5°C
(Fig 8B; Fig 9A). Thus, groundwater modulates stream temperatures to some degree regardless
of our assumptions about how groundwater temperatures change in the future.
Despite the modulating thermal effect of groundwater, simulated increases in average
stream temperatures for both the “hot” and “cool” climate change scenarios indicate that
salmon incubation time could be substantially altered in the future. Fig 10 shows the accumulation of TDD through the fall and winter months for baseline and future climate simulations,
based on an assumed spawning date of August 1st. The simulated TDD trajectories under the
baseline climate are very similar to observations at each of the three USGS gage sites, and predict a hatch date in early May. Under the “cool” future scenario, the 600 TDD threshold is
exceeded within 2–3 months of spawning, whereas the “hot” model suggests that this threshold
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Fig 8. Modeled Change in Annual Average Stream Temperatures in 2100 for (a) “Cool” Scenario (CNRM-CM5, RCP 4.5) and (b) “Hot” Scenario
(MPI-ESM-8.5 RCP 8.5).
doi:10.1371/journal.pone.0143905.g008
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Fig 9. Summary of Temperature Data from All Model Results. A) Mean annual stream temperature, by
model node, for each of the modeled scenarios. B) Average annual number of days above 20°C by model
node, for each of the modeled scenarios. C) Average annual number of days above 25°C by model node, for
each of the modeled scenarios. Box and whisker plots show distribution of average temperatures
doi:10.1371/journal.pone.0143905.g009

could be exceeded in less than 2 months. The exact duration of incubation may be difficult to
estimate, since the 600 TDD threshold we have assumed here is based on controlled laboratory
experiments, rather than field conditions [8]. Nonetheless, these simulation results indicate
that salmon incubation is likely to be significantly altered under either of the endmember
future climate scenarios.
All of the RCP 4.5 scenarios result in an approximate doubling of the median number of
days above 20°C, from approximately 2 days to approximately 5–6 days (Fig 9B). Under the
higher RCP scenarios (CNRM 8.5 and MPI 8.5) the median number of days above 20°C
increases to between ~15 and ~35. Even in some of the highest RCP scenarios, however, the
moderating effects of higher flows, shading from vegetation, and groundwater inputs maintain
suitable thermal habitat in many parts of the watershed for the majority of the year (Fig 11).
All of the lower RCP scenarios indicate that the average number of days above the acute mortality threshold of 25°C remains at or near zero in the future climate runs; in the higher emissions scenarios this threshold is exceeded at least one day per year across much of the model
domain (Fig 9C).

Fig 10. Comparison of Modeled TDD for Baseline vs. 2100 at the Three USGS Gages Assuming Lowest (MIROC, Green Line) and Highest (MPI,
Cyan Lines) Future Temperature Scenarios. Thin colored lines show results from each of the 10 years in the simulations. Thick blue lines show cumulative
TDD calculated from measured temperatures at the same sites. Black dash-dot lines represent estimated TDD required for sockeye to hatch [8].
doi:10.1371/journal.pone.0143905.g010
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Fig 11. Modeled Number of Days Above 20°C in 2100 for (a) “Cool” Scenario (CNRM-CM5, RCP 4.5) and (b) “Hot” Scenario (MPI-ESM-8.5 RCP 8.5).
Colored dots represent the average number of days above the threshold for each node in the model domain, averaged over the 10-year model run.
Groundwater dominated reaches adapted from [15].
doi:10.1371/journal.pone.0143905.g011

Discussion
This study presents a spatially explicit and quantitative approach to estimating climate-mediated
changes in ecological conditions in Bristol Bay. This is an essential tool in any ecosystem where
climate and other proposed development activities could interact to compound ecological risk to
sensitive receptors. While it may not be possible to perfectly characterize all of the details of this
complex hydrologic system, this model closely matches the seasonal patterns of observed hydrographs, the timing of spring runoff, and seasonal variations in stream temperatures in the Nushagak and Kvichak headwaters. Climate changes projected from “hot” and “cold” endmember
models each create gross changes in these baseline conditions that would significantly alter
hydrologic regimes, and therefore habitat quality that supports this globally important salmon
fishery [1]. The net response of salmonids to these projected changes is likely to be complex, and
may be very difficult to predict. However, in the context of future mineral development in the
region, it is clear that “baseline” conditions are not likely to be stationary.
Projected changes in flow are dominated by a change in the timing of peak annual runoff,
which manifests itself in both increasing and more variable winter flows and the loss of the spring
freshet. The magnitude of peak annual flows remains largely unchanged in our simulations,
which suggests that the ability of the hydrologic system to flush out fine grained materials and
replenish spawning and rearing habitat may be largely unchanged in the future. However, loss of
the spring freshet could affect salmon in a variety of ways, including increasing the likelihood of
predation for outmigrating salmon during lower flows, or causing smolts to arrive to nearshore
environments before food sources are plentiful. Increasing and more variable winter flows could
alter the balance between egg burial depths and scour depths [28], potentially resulting in more
frequent scour of redds during incubation [26]. Depending on the magnitude of winter storm
events, such changes have the potential to eliminate entire year classes of incubating eggs. Conversely, increases in average winter flows could increase available overwinter habitat, potentially
benefiting salmon that do successfully emerge from fall and winter incubation.
The response of Bristol Bay salmon to increasing stream temperature is also likely to be
complex. For example, a shorter incubation period due to warmer stream temperatures could
result in fry emerging into a different hydrologic regime, where food sources or flow conditions
may not be as suitable for rearing. Alternatively, emergence into warmer waters could speed
juvenile growth rates, which could be a net benefit for survival for some species. An earlier
emergence could also coincide with higher average flows and associated habitat, and potentially
a period in which predation is lower. Scenarios such as these could potentially improve the
chances of survival.
Increases in the occurrence of stream temperatures exceeding chronic and acute temperature stress levels are likely to be detrimental to salmonids in this system, but the degree of
impact is also difficult to predict. For example, salmon might naturally migrate to refugia
where stream temperatures are modulated by groundwater inputs and/or shading [33], as illustrated in Fig 11. In this case, climate change might simply shrink the availability of suitable
habitat in this system. However, if juvenile salmon continue to occupy the upper reaches of
tributaries where the highest temperatures are more likely to occur, warming stream temperatures could lead to increases in chronic and/or acute temperature stress.
Even if we could perfectly simulate future hydrologic regimes, the net response of the ecosystem to all of these interacting changes may be impossible to predict. However, it is clear
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from this study that the “baseline” hydrology of Bristol Bay is not static, a finding that must be
incorporated into any decisions regarding proposed mineral development in the region. More
than 600,000 acres of mining claims have been staked in these watersheds over the past two
decades [39], and development of these resources could lead to additional hydrologic changes
including habitat fragmentation, changes in the magnitude and timing of peak flows, and
potentially the release of contaminants into downstream waters [3,4]. If the compounding
effects of climate change and mineral development are not explicitly acknowledged, management strategies to mitigate potential mining effects may not be sufficiently protective of ecological resources. As an example, copper toxicity to salmon is modulated by other constituents
in natural waters, including temperature [40,41]. Development of site-specific water quality
criteria related to mining will need to explicitly acknowledge rising stream temperatures and
other chemical changes in order to be protective. Including climate change into the mine permitting process could also fundamentally alter how other mitigation strategies are designed.
The expanse and diversity of lakes, streams and wetlands in the watersheds of Bristol Bay
make this region one of the most productive and sustainable wild salmon fisheries in the
world. Our study demonstrates that these hydrologic conditions are likely to change as temperatures rise over the next century, and will likely have significant influences on salmon in their
freshwater environment. Throughout their evolutionary history salmon have been highly successful in adapting to changing conditions, and diversifying to take advantage of suitable habitat [42]. While the hydrologic and biological diversity of Bristol Bay is one of the key assets for
adapting to changing climatic conditions, potential alteration and habitat loss associated with
large-scale mining represents an additional risk factor for salmon that will interact with
changes in temperature and stream flow associated with climate change [3]. Thus, assessment
of ecological risk from potential large mines or other development scenarios will need to quantify and incorporate estimates of climate-induced risk as part of changing baseline conditions.
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Fork Koktuli (Fig A). NK100C in Upper North Fork Koktuli (Fig B). NK119A in Upper North
Fork Koktuli (Fig C). USGS South Fork Koktuli Gage in Middle South Fork Koktuli (Fig D).
SK100A Gage in Lower South Fork Koktuli, Near Junction with North Fork Koktuli (Fig E).
SK100B1 in Middle South Fork Koktuli (Fig F). SK100C in Middle South Fork Koktuli (Fig
G). SK100F in Upper South Fork Koktuli (Fig H). SK100G in Upper South Fork Koktuli (Fig
I). SK119A, a Tributary to the Middle South Fork Koktuli (Fig J). SK124A, a Tributary to the
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Review Comments on Selected Environmental Baseline Documents for the Pebble Mine Project
Prepared for the Bristol Bay Native Corporation
William M. Riley
July 22, 2012
I have reviewed several chapters of the Environmental Baseline Document (EBD) for the
Pebble Mine project located in southwest Alaska. My comments represent the views of a former
employee of the U.S. Environmental Protection Agency (EPA) who spent over twenty years
engaged in the permitting process for large hard rock mines in Alaska and Idaho. As such, my
comments are focused more on key federal Clean Water Act (CWA) regulatory issues than on
the technical merit of data collection methods, types of analyses and associated quality assurance
matters which should be the domain of technical experts in the various disciplines who are also
reviewing the EBD (note: I am not a technical expert in any particular discipline).
The primary questions at the core of my review, which would be similar for any proposed
large-scale mine, are as follows:
1. Would there be a discharge of wastewater from the project requiring a CWA National
Pollutant Discharge Elimination System (NPDES) permit? If so, is there reasonable
assurance that such discharges would meet applicable regulatory limits, including state of
Alaska Water Quality Criteria (WQC)?
2. Would the project involve discharges of dredged or fill material to waters of the U.S.,
requiring issuance of a CWA section 404 permit? If so, would the project likely comply
with the CWA section 404(b)(1) Guidelines? And if the project involves the discharge of
solid wastes from the mining operation, now considered to be fill material per the CWA
404 regulations, would such material be likely to be deemed “clean fill material” suitable
for unconfined disposal via a CWA 404 permit in waters of the U.S.?

These questions were addressed in some detail in the report prepared by Thomas Yocom and
myself titled Mining the Pebble Deposit: Issues of 404 Compliance and Unacceptable
Environmental Impacts (Riley and Yocom, December 2011). The EBD provide extensive
additional information that could potentially alter the conclusions we reached in that report. To
that end, I reviewed the EBD with specific attention to the following set of questions:
1. Were the mean annual net precipitation numbers used in our report’s assessment of
potential allowable NPDES-permitted wastewater discharge volumes/flows reasonable?
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2. Do the tailings geochemistry tests confirm significant acid rock drainage (ARD) and/or
metals leaching potential from waste rock? From tailings?
3. Does the area G location for the phase I Tailings Storage Facility still appear to be rather
“leaky”?
The specific EBD chapters I reviewed include:
1.
2.
3.
4.
5.
6.

Introduction (Chapter 1)
Meteorology and Climate (Chapter 2)
Surface Water Hydrology (Chapter 7)
Groundwater Hydrology (Chapter 8)
Water Quality (Chapter 9)
Geochemistry (Chapter 11)

I also watched and listened to the corresponding presentations made by the Pebble Limited
Partnership (PLP) consulting team members to agency representatives, and others, during the
week of January 30, 2012 which have been made available for review on-line. Some of my
comments below reference statements made by the PLP consultants during these presentations.
Meteorology
I reviewed the meteorology report primarily to search for confirmation, or lack thereof, that
the annual precipitation and evapotranspiration and sublimation figures I used to calculate
potential allowable NPDES wastewater permit discharges in the our report were within credible
bounds. The figures I used, cited from the Preliminary Assessment of the Pebble Project
Southwest Alaska (Wardrop, 2011), were 41.7 inches annual average precipitation at site G
(Wardrop, 2011, p. 366), 7 inches annual evaporation and 4 inches sublimation (Wardrop, 2011,
p. 350). There are no citations given in Wardrop referencing where these numbers came from.
Here is what I found in the Meteorology Baseline Report:
1. The Meteorology baseline report does not even attempt to quantify mean net annual
precipitation. Monthly data sets are provided for six sites (Pebble 1-5 plus Iliamna
airport). Data collection has been spotty at most sites near the Pebble deposit. Iliamna
airport has the longest and most reliable weather data (Federal Aviation Authority
collects per National Weather Service protocols), with average annual precipitation of
25.1 inches (1971-2000). Cominco data from prior years are unreliable due to gaps in
collection.
2. Met station Pebble 1, located on a slight ridge to the west of the mine site (east of site G),
has the most reliable data near the mine site, with the exception of 2005. Average annual
precipitation at station Pebble 1 measured 36 inches during the years 2006 to 2008.
Evapotranspiration averaged 10.9 inches, yielding a net annual average precipitation of
2
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25.1 inches. This does not include sublimation losses which apparently were not
measured.
Elsewhere in the PLP baseline studies I found the following references to mean annual
precipitation:
Surface Water Hydrology Report - mine site “mean annual runoff” based on USGS
gaging stations in NFK, SFK and UTC is estimated at 35-38 inches (p. 7-11). This
suggests that mean net annual precipitation is at least that high. Jamie Cathcart with
Knight-Piesold, who presented the Surface Water Hydrology results at the agency
meetings, confirmed that the meteorology stations were under-representing precipitation
presumably due to wind interference with the collection devices. He estimated mean
annual precipitation at the mine site at 45-50”.
Groundwater Hydrology Report – It is not until Table 7 in appendix 11 of chapter 8 that
one finds annual precipitation, net precipitation (in inches/yr as well as in cubic feet),
plus annual recharge (in inches/yr, cubic feet and as a per cent of net precipitation) for all
15 sub-basins in the project area. These are calculated precipitation figures and recharge
rates based on observed flows in each sub-basin. According to Table 7, area 14 (TSF
site G) has mean net annual precipitation of 45.7 inches, more than 50% higher than the
30 inches mean net annual precipitation used in our report (Table 1) to predict potential
allowable wastewater discharges per the NPDES regulations (40 CFR 440 subpart J).
Areas 3 and 9, where the deposit is located, are shown to have mean net annual
precipitation of 36.1 and 32.9 inches and recharge equal to 33% and 37%, respectively, of
mean net annual precipitation. These figures are also higher than the 30 inches mean net
annual precipitation used in our report which also assumed 33% infiltration/recharge to
groundwater (presumably captured as mine pit water) in the areas within those two subbasins that would serve as waste rock dumps.
Another significant finding that affects the feasibility of treating mine site wastewater
discharges is the fact that the average mean annual temperature at the project site is below
freezing for seven out of twelve months of the year. This means that the estimated allowable
NPDES discharge for phase I of the project, as presented in Table 1 of our report, of 26.3 million
gallons per day (MGD) should actually be on the order of 64 MGD since, like the Red Dog
project, treated wastewater may only be discharged when receiving waters are flowing (i.e., May
through September). But as discussed above, our report significantly under-predicts the
allowable NPDES wastewater discharge flows by using a lower mean annual net precipitation
figure of 30 inches/year. Regardless, wastewater treatment systems of this magnitude are
unprecedented for any mine operating in Alaska or, I suspect, anywhere in the world. And as the
phase I project represents less than 20% of the ore body, the ultimate wastewater treatment
requirements at full project development could exceed flows of 300 MGD.

3
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Surface Water Hydrology and Groundwater Hydrology
I reviewed these chapters primarily to confirm information presented in Wardrop (2011)
that indicates very strong surface-groundwater connections throughout the project area and to
search for additional information regarding precipitation (see Meteorology above).
The Surface Hydrology chapter, as well as the agency presentation by Jamie Cathcart of
Knight-Piesold, indicates net annual runoff of 32.7” for South Fork Koktuli (SFK), 31.8” for
North Fork Koktuli (NFK) and 31.1” for Upper Talarik Creek (UTC). Jamie Cathcart also used
the “leaky bathtub” analogy repeatedly in his presentation to describe the general permeability of
surficial deposits. The report and presentation also indicate that site G may not be free of snow
until late June/early July. This could also further shorten the discharge window for NPDES
permitted discharges if site G is frozen so late in the year. Information on peak flows is
calculated for site NFK119A, just below site G, at 66 times the average annual runoff (200 year
event; Table 7-2.1). This has implications for sizing diversion structures around the TSF to
accommodate such high flows and insure the integrity of tailings dam structures.
In area G (tributary NK1.190), the base of the valley has thin overburden. Overburden is
thicker on degraded terraces along the valley walls. There is a considerable thickness of sand
and gravel at the headwaters (may be glacial outwash). “However, in some boreholes it was
difficult for field staff to differentiate between sand and gravel, and weathered, clast-supported
fragmental rocks of Tertiary age.” In other words, this is consistent with the language in
Wardrop cited in our report indicating the basin is quite permeable and hence would not contain
leachate from tailings absent an engineered liner. However, I defer to others who are specialists
in engineered liner systems to determine whether any type of liner system could function
properly here, especially with artesian flows/upwelling of groundwater.
In conclusion, all of the information provided in both chapters 7 and 8 confirm the “leaky
bathtub” nature of the surface and groundwater hydrologic settings, consistent with the findings
in our report. Therefore, all waste storage facilities located in waters of the U.S. that contain
materials that do not meet the definition of clean fill would need to be lined (i.e., leachate and
runoff must be captured and treated).
Water Quality
I reviewed this chapter primarily to determine if there are natural exceedences of
applicable WQC, which there are in a few cases (e.g., 5 of 232 samples for copper in the NFK
exceeded human health criteria). Also, background levels of pollutants are generally subtracted
from WQC to determine the increment of a specific pollutant that may be allowed in any NPDES
4
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discharge permit (which can further narrow the permitted effluent limit). However, this is a
highly technical area that can also lead to developing site-specific water quality criteria.
Hardness is very low (e.g., NFK 14.1 mg/l in North Fork Koktuli) and this raises concerns for
methodologies used to determine hardness-based WQC (e.g., most metals including copper). I
defer to others with expertise in these matters to determine:
x
x
x

Are proper methods used to exclude “outliers” in the overall WQ analyses?
Are methods used to develop hardness-dependant WQC acceptable?
Is the development of site-specific criteria warranted for any of the parameters?

Geochemistry
My general impression of the geochemistry chapter is that the sampling and analyses of
the various mine waste products (waste rock and tailings) has been quite thorough and quite
professional. It is certainly consistent for the most part with the recommendations contained in
EPA and Hard Rock Mining: A Sourcebook for Industry in the Northwest and Alaska (EPA,
2003) regarding geochemical testing of mine waste products. Unfortunately, it is extremely
difficult to determine, particularly with respect to the various tailings streams, how much of each
waste product would be produced relative to others.
For instance, there was apparently a change in terminology from “scavenger and bulk
cleaner tailings” to “rougher and pre-cleaner tails” (p 11-24). Is it just terminology or has the
milling process changed? According to Wardrop (2011), there would be two tailings streams:
pyritic and non-pyritic. The pyritic tailings would include tailings from the gold leach circuit
which could very well use cyanide to leach the gold, a standard industry practice. However, I do
not believe these leach circuit tailings are included anywhere in the analyses of the pyritic tails.
According to Wardrop (2011), the pyritic tails would comprise 14% of the overall tailings waste
stream. Is this still the case? Do they include the leach circuit tailings and if so what proportion
would these comprise? Apparently the pyrite concentrate process is “in development” so it is
doubtful that these tailings are considered anywhere. Here is a brief review of how the terms
and/or milling processes have changed:
Tailings terms:
SRK, 2006

Cleaner tailings and scavenger tailings when combined
form the non-pyritic tailings

Wardrop

Stream 1: bulk rougher-scavenger flotation tailings = bulk tailings (non-pyritic)
86%
Stream 2: cleaner scavenger flotation + pyrite cleaner flotation + pyrite rougher
flotation (pyritic) = cleaner scavenger tailings (pyritic) 14%

5
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Seems to revert back to the SRK terminology, initially. Bulk tailings, composed
of scavenger flotation cells/tails and bulk cleaner cells/tails are the non-pyritic
tails; static tests 7/04,1/05, 11/05 show results for both bulk scavenger and bulk
cleaner tails. 2008 tests use a different nomenclature - sands, slimes and mixed
with no explanation regarding what process(es) generated them.
Circuit modifications in 2005; bulk tailings composed of rougher tails 92%, “precleaner” tailings 8%. In this case, it is not clear if “cleaner tails” were tested.
In conclusion (p. 11-60) “testing focused mainly on the first product (bulk
tailings) because processing of the pyritic content is in progress.” This suggests
that “cleaner tailings” run through the pyrite circuit and are still being analyzed
(or the milling process further refined).

The 2008 tests of the Pebble east zone (PEZ) also use a different terminology than the
Pebble west zone (PWZ) which makes it even more difficult to determine how much of what
would go where. Regardless, the PEZ tailings samples have a very low NP/AP (0.7 to 4.0, 11 of
12 at or below 2.1; mean of 1.6), with high copper but not as much arsenic as in PWZ. Tables
11-46 and 47 show pre-cleaner/bulk cleaner tailings with NP/AP ratios in the range of 0.1 to 9.0.
There is a strong correlation among low NP/AP ratio, copper content and arsenic content in 2008
bulk cleaner and pyrite tails in PWZ
The table below showing NP/AP, arsenic and copper levels in 2005 samples of “rougher” vs.
“pre-cleaner tails” vs. calculated “non-pyritic” tailings from PWZ should make clear how
important it is to understand the milling process and management strategies (e.g., subaqueous vs.
subaerial deposition) for the different types of tailings that would be produced (and in what
quantity!).
Lastly, SRK 2006 makes mention of a bioassay that was performed on tailings supernatant water.
No results are provided nor could I find any mention of bioassays in the baselines reports I
reviewed. Given the potential for long-term subaqueous storage of 1000’s of acres of tailings,
this is important information that would have a bearing on reclamation planning. Assuming the
bioassay showed significant toxicity, measures to isolate/cover the tailings at closure should be
considered along with the cost and overall feasibility of finding an adequate supply of cover
material.

6
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LT C1
LT C1
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LT C2
LT C2
Nov 2005 sample
LT C2
Calculated
LT C3
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Calculated
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Calculated
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Product
Rougher
Pre-cleaner
Non-pyritic tails

NP/AP
3.4
0.3
1.8

Arsenic (mg/kg)
14.8
50.8
18

Copper (mg/kg)
380
1560
470

Rougher
Pre-cleaner
Product
Non-pyritic tails

6.8
0.4
NP/AP
2.7

8.8
45.9
Arsenic mg/kg
12

288
2050
Copper mg/kg
422

Rougher
Pre-cleaner
Non-pyritic tails

3.4
0.1
1.3

27.2
169
38

241
1585
343

Rougher
Pre-cleaner
Non-pyritic tails

3.3
0.1
1.5

13.2
57.9
17

261
853
306

Waste Rock
The analyses of tertiary and pre-tertiary waste rock consistently show that the pre-tertiary
waste rock is potentially acid generating and likely to leach metals. What is very unclear is how
non-acid-generating (NAG) vs. potentially acid-generating (PAG) can be differentiated based on
a NP:AP ratio of 1.6 as discussed in Wardrop (2011). Figure 11 in our report shows a scatter
plot of 399 rock samples from the Pebble deposit, the vast majority of which have a NP:AP ratio
less than 1. Yet Wardrop (2011) states that the phase 1 project would produce 0.6 billion tons of
PAG vs. 2.4 billion tons of NAG waste rock which could be used for construction purposes.
This has major implications for not only constructing tailings embankments but also, given the
perceived “unclean” nature of the tailings and PAG waste rock, for locating material that will
likely be necessary for constructing a liner/leachate collection system under both tailings storage
facilities and PAG waste rock facilities (assuming that a suitable location could be found for both
waste products that does not entail destroying wild salmon spawning and rearing habitat).
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EXECUTIVE SUMMARY
Table ES.1. Review of Pebble Limited Partnership’s Environmental Baseline Document (EBD):
Water Quality Characterization
Basic issue

What are the characteristics of surface water and groundwater in areas that could be
impacted by mining?

Approach, data quality,
and intended uses

The intended use of the data is to determine the variability of naturally occurring
constituents in surface water and groundwater, including waters that could receive or
supply mine water. This will inform future discharge permit limits. The data was also
to inform fish habitat and groundwater flow studies.
Water sampling methods were acceptable, with the exception of a poor choice in
surface water sampling equipment in 2004. Laboratory analytical results were of high
quality. Sediment contamination, with co-incident high metal concentrations,
occurred in several groundwater samples.
Non-representative surface water and groundwater data were retained in both, and
data interpretation in the EBD implies water quality is poorer than data support.
Removal of non-representative data was inconsistent and did not follow standard
protocols. Poor protocol for treatment of outliers allowed inclusion of anomalously
high and low concentrations of analytes in surface and groundwater. Methods for
determining when sample concentrations exceeded water quality standards for
hardness-based metals were not clear and failed to follow repeatable methods. These
issues affect the reliability of data that could be used for site-specific criteria.

Primary data gaps

No final water quality data set after quality control analysis is provided. This hampers
interpretation and review.
No reference sites outside of potentially impacted areas were defined for long term
monitoring of surface water or groundwater. Groundwater monitoring was less
extensive than surface water, and no monitoring wells were installed in key upwelling
areas where contaminants could be transported to streams during or after mine
development. The characterization of deep groundwater – which informs the quality
of operational water – is limited to one deep bore hole at a single point in time. No
analysis for fuel hydrocarbons was conducted along the proposed transportation route.

Principal findings and
recommendations

Waters are of high quality, with the exception of tributaries and some wells directly on
the deposit. Surface waters are highly susceptible to degradation; low alkalinity, low
hardness, and low concentrations of dissolved organic carbon provide little ability to
buffer or mitigate potential aquatic life toxicity resulting from an increase in metals or
a decrease in pH. Most trace metals were rarely, if ever, detected. Metal
concentrations increased briefly during spring snow melt.
To characterize the natural waters in order to support discharge permit limits and
determine potential risks, a final data set needs to be presented and clear interpretive
graphs developed from it. There is no consolidation of fish habitat and water
chemistry studies to determine where baseline water quality supports or impedes fish
populations. Data interpretation should be reviewed closely with respect to water
quality criteria calculation and potential contaminants of concern.
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INTRODUCTION
The Bristol Bay region in Southwestern Alaska supports wild stocks of anadromous and resident fish
important for subsistence and market economies in the Bristol Bay region (Dann et al 2009; Ruggerone
2010; Minard et al 1998; Knapp 2004; Fall et al 2006). Pristine, intact watersheds provide water of
exceptionally high quality for fish and aquatic insects. Large scale development will necessarily--by
design and accident--impact waters (Maest et al 2005). A reliable baseline is the foundation for
understanding the potential resiliency of the system and determining water quality discharge permit
limits.
The Pebble Limited Partnership (PLP) has conducted water quality characterization studies as required
prior to development of a copper ore body hosted in sulfide rock. The purpose of this review is to
summarize baseline water quality data in the EBD and evaluate the study approach, repeatability of
methods in data collection and analysis, data interpretation, data gaps, and the degree to which
conclusions are supported.
The primary EBD documents examined were Chapter 9 “Water Quality: Bristol Bay Drainages” and
relevant sections of Appendix A (Quality Assurance/Quality Control), Appendix E (Consolidated Study
Plan), Appendix F (Field Sampling Plans) and Appendix G (Quality Assurance Project Plans). Due to the
limited time and length of this review, independent interpretive graphs (e.g. upstream-downstream analyte
comparisons) were not developed.
CRITERIA FOR EVALUATION
A water quality characterization program encompasses site selection, methods for sample collection,
frequency of primary sample collection, extent of constituent analysis, and quality control measures.
Standard guidance can be found in the USGS Water Quality Field Manual (USGS, various dates) and
Contract Lab Program Functional Guidelines (USEPA 2004). There are no standards for data
interpretation, but guidance can be found in Data Quality Assessment (USEPA 2006), EPA’s Sourcebook
for Industry in the Northwest and Alaska (USEPA 2003), and Study and Interpretation of Chemical
Characteristics of Natural Water (Hem 1985).
The EBD water quality site and methods selections relied on the USGS Field Manual (PLP 2011a,
Section 6.1.2.2) and data validation relied on Contract Lab guidelines (PLP 2011b, Section A.1.4).
Groundwater data interpretation (PLP 2011c, Section 9.2.4.4) relied on Statistical Methods for
Groundwater Monitoring (Gibbons 1994), graphic interpretations (Piper 1944), and EPA Guidance for
Data Quality Assessment (USEPA 2000). The surface water section does not define methods for data
interpretation, which appeared to rely heavily on visual assessment of graphs and professional judgment
(PLP 2011c, Section 9.1).
EBD WATER QUALITY CHARACTERIZATION METHODS
Site selection
Surface water sites were selected in order to establish baseline water quality, document chemistry in
waters that could receive or supply mine water, and inform fish habitat studies (PLP 2011a, Section
6.1.2.2). The EBD describes water sampling from April 2004-December 2008 within the drainages of the
North Fork Koktuli River (NK), South Fork Koktuli River (SK), and Upper Talarik Creek (UT), and one
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surface water site each on the Koktuli (KR) and Kaskanak Creek (KC) (Figure 1). Data collected in the
Chulitna River watershed north of mining claims were not presented.1 In 2005, surface water sites were
added to SK to characterize groundwater upwelling areas (PLP 2011a, Section 6.1.2.3). Groundwater
well locations were selected to characterize baseline water quality and inform flow studies (PLP 2011a,
Section 6.1.3). Wells on SK extend approximately 10 miles downgradient of the ore deposit, wells on the
NK are within a proposed tailings storage area (Wardrop 2011), and wells on the UT are adjacent to the
deposit in an area likely to be dewatered. Deep groundwater, which represents the water likely to be
encountered during mining operations and informs potential water treatment methods, was collected from
a single 4,000 foot drill hole at Pebble East in 2008 (PLP 2011c, Section 9.2.5.8).

Figure 1. Watersheds in the Pebble
region. The major drainages and the
downstream extent of surface water
sampling are shown. The outlined area
is shown in Figure 2 with monitoring
well locations.
Figure 2. Upwelling areas. Significant
upwelling areas are noted in heavy red
circles (added to the published EBD figure);
note that some lay outside the map. Red dots
indicate monitoring wells (EBD Figure 9.21).
No monitoring wells are located
downgradient of upwelling areas in the NK,
SK, and UT (where SK groundwater
transfers to the UT). Information is from
EBD Chapter 7, Figure 7.2-5 and section
7.2.7.2.
1

NK upwelling

SK-UT transfer
to UT tributary
upwelling
SK upwelling

PLP 2008 contains data for two Chulitna tributary sites sampled in 2004.
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Water sampling
Surface water sampling methods were chosen to characterize the natural trends and statistical variation of
constituents, particularly during changing flows and seasons, while groundwater sampling was conducted
to characterize the geochemical character of groundwater and inform groundwater flow studies (PLP
2011a, Section 6.1.2 and Section 6.1.3).
Stream and groundwater sample collection methods were clearly described and repeatable (PLP 2011a,
Section 6.1). Field data for surface water was collected using YSI 556 meters, which is standard
equipment (PLP 2011d, Section 7.2), and in-flow cells for groundwater (PLP 2011a, Section 6.1.3).
Water samples for laboratory analysis were collected following USGS techniques (PLP 2011a, Section
61.2.2; USGS various dates). Samples were flown to a primary laboratory in Anchorage within 24 hours
of sample collection, using standard chain of custody protocols (PLP 2011b, Section 1.1.2). Stream water
samples were obtained monthly with depth-integrated composite sampling equipment to collect a
representative cross-section of the stream (PLP 2011d, Section 6.1) and groundwater was sampled
quarterly using peristaltic pumps. To capture dissolved constituents, an in-line filter was utilized at
groundwater sites (PLP 2011a, Section 6.1.3); surface water samples were filtered in the field or at base
camp within 12 hours of collection (PLP 2011d, Section 6.1; PLP 2011a, Section 6.1.2.2; PLP 2011b,
Section 3.1.1). Analytical data was provided for major ions, minor and trace elements, nutrients,
dissolved organic carbon (DOC) and cyanides. The analytical methods were sufficiently sensitive (e.g.
ICP-MS for metals), and full quality control analysis was conducted (PLP 2011b, Section A.1.2).
Data validation
The purpose of data validation is to determine the completeness and usability of the data (PLP 2011b,
Section A.1.4). EBD data validation followed EPA contract laboratory guidelines (USEPA 2004) and
quality assurance/quality control (QA/QC) procedures. The process determined whether data was
representative of natural waters through indicators such as completeness, precision, accuracy,
representativeness, cation-anion balance, and a comparison of total versus dissolved element
concentrations.
Data Interpretation
Validated data underwent interpretation to determine what the data said and whether it fulfilled intended
uses. Treatment of non-detects and outliers were part of this process (PLP 2011c, Section 9.0.6). The
EBD classified constituents for data interpretation based on the information the group of constituents
could provide. The classifications included trace elements to characterize constituents associated with
toxicity, organics to document naturally occurring concentrations prior to mine development, and DOC
for information on potential mitigation of trace element toxicity (PLP 2011c, Section 9.0.6).
Eleven trace elements were selected for surface water data interpretation (aluminum, arsenic, barium,
iron, cadmium, copper, lead, manganese, molybdenum, nickel, zinc), and an additional eight parameters
were added for groundwater data interpretation (antimony, beryllium, chromium, mercury, selenium,
silver, thallium, vanadium) (PLP 2011c, Section 9.0.6). In addition to baseline characterization of trace
metals, data interpretation included comparing results of trace elements to water quality criteria (PLP
2011c, Section 9.0.7). This will provide information for water discharge permits.
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DISCUSSION
Water was collected using commonly accepted methods, but not all aspects of data validation followed
standard methods, while data quality assessment and interpretation methods were inconsistent and
difficult to follow.
Summary of water quality studies and intended use
Studies intended to determine the chemistry of surface waters and groundwater, determine constituent
variability with stream flows and seasons, and inform fish habitat and groundwater flow studies. The
completeness and usability of the data was compromised by inconsistent and non-standard methods of
data interpretation that impaired the determination of stream and groundwater chemistry, while limited
placement of groundwater wells impaired the ability to fully provide chemical data to inform flow studies,
and fish habitat and water chemistry data sets were disconnected.
EBD data indicate that waters were of exceptionally high quality in the three main stream systems; higher
groundwater input in the UT provided slightly higher alkalinity and cations (PLP 2011c, Appendix 9.1B).
All streams had little sediment, low temperatures,2 and high dissolved oxygen, important conditions for
salmon spawning and egg incubation (Groot and Margolis 1991). Metal concentrations were often below
detection limit, and generally only exceeded water quality criteria for a brief period during snowmelt or
rain (PLP 2011c, Appendix 9.1B). Waters were primarily calcium bicarbonate, but hardness was low and
alkalinity often near or below the recommended Alaska standards of 20 mg/L. DOC was also low;
subarctic rivers may have an average DOC near 19 mg/L (Hem 1985) while the highest concentrations
near Pebble streams were below 8 mg/L. Low organic matter, hardness, and alkalinity indicate there is
little in natural waters to bind trace metals and mitigate toxicity to aquatic life.
Evaluation of Site Selection
The sampling program intended to characterize waters that could receive or supply mine water (PLP
2011a, Section 6.1.2). Gaining and losing reaches where surface water and groundwater exchange should
be characterized, as they represent potential contaminant pathways. Losing and gaining reaches were
identified (PLP 2011h, Section 7.2); surface water sites were located in gaining reaches, but no
groundwater wells were located near the SK-UT transfer area or other gaining reaches (Figure 2).
Groundwater monitoring wells ranged from tens to a few hundred feet deep, and only a single deep well
(4,000’) with sampling at a single period of time provides information on deep groundwater (PLP 2011c,
Section 9.2.5.8). This deep groundwater represents water likely to be encountered during mining
operations (Wardrop 2011) and informs potential water treatment.
Site selection data gaps
x groundwater wells on the NK are limited to a single valley, and on the UT limited to headwaters
x deep groundwater sampling is limited to one well
x no monitoring wells downstream of gaining (upwelling) areas
x no surface water or groundwater reference sites were identified or sampled
2

For example, median temperatures at SK main stem sites were 2oC, 3oC, 7oC, 5oC, 2oC, 3oC from downstream to upstream;
temperatures could reach over 15 oC in July, and reached 20 oC at SK100F below Frying Pan Lake twice, in July 2004 and July
2005. In the Upper Talarik main stem, individual measurements were all below 12 oC except one sample at UT100B at 15oC in
August 2005 and two samples at UT100D near 13oC.
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Evaluation of Sampling
This section reviews sampling methods and quality control procedures. Field data was acceptable, with
the exception that the data on stream temperatures did not match in match in presented tables (PLP 2011c,
Appendix 9.1B). Stream sampling methodology diverged from USGS protocol in 2004 when
inappropriate sampling equipment with potential for metals contamination was utilized (Lane et al 2003;
PLP 2011a, Section 6.1.2.3; PLP 2011c Section 9.1.5.3). In groundwater, high total suspended solids
(TSS) with associated metals indicated a problem with groundwater sampling methodology. High TSS
occurs from erosion and is not representative of ambient groundwater (PLP 2011c, Section 9.2.5.4).
To determine the aqueous concentration of constituents, water is filtered to remove particles. USGS fieldfiltering protocols were followed for groundwater sampling, but it is unclear if they were followed for
surface water sampling3 and hundreds of samples were rejected when dissolved metals values in surface
water exceeded those for total metals. Filters were replaced but issues remained (PLP 2011b, Section
3.1.1). Equipment blanks (EB) (laboratory-grade water passed through sampling equipment) would have
shown contributions from the filter; although samples were collected (PLP 2011d, Section 6.5) results
were not reported (PLP 2011c, Section 9.0.6.2). The EBD fails to address numerous occurrences of
dissolved major cation concentrations exceeding total (PLP 2011b, Section 2.1.8). Calcium and
magnesium cations determine hardness and thus water quality criteria for hardness-dependent metals.4
Organics sampling5 was limited, and results were scattered between chapters or not presented.6 One site in
each of the main stems SK, NK, and UT was sampled in August and October 2004, and in July 2005, and
may have been conducted in 2007.7 Analysis of diesel range and residual range organics (DRO/RRO) in
ponds and small lakes was limited to sediment (PLP 2011e, Section 10.2.7.3; PLP 2011d and f) while
Iliamna Lake water was analyzed for volatile and semi-volatile organics (VOC, SVOC) (PLP 2011g).
Methods data gaps and issues
x no analysis for DRO/RRO or GRO in water along the proposed transportation route8
x no analysis for organic compounds in tributaries, small lakes or pond water
x improper stream sampling equipment in 2004
x high suspended solids and associated metals in groundwater samples
x equipment blank results are missing
x data results for organic compounds analyzed in mine area streams are missing
Evaluation of data validation
Methods of assessing precision and representativeness are questionable (PLP 2011b, Section A.2.1) and
laboratories did not meet all acceptable standards for accuracy.

3

Appendix E Section 6.1.2.2 says samples were filtered in the field or placed on ice and filtered within 12 hours; Appendix A
Section 3.1.1 implies that field filtering did not occur.
4
E.g, at surface water site UT146A Ca, Mg, K, and Na dissolved concentrations exceeded total by 33%, 30%, 15%, and 19%.
5
DRO/RRO, gasoline range organics (GRO), VOC’s, SVOC’s, polychlorinated biphenyls (PCB’s) and pesticides
6
Transportation corridor organics results were presented in Chapter 9 Appendix 9.3F; for the mine site, Chapter 9 Appendix 9.1B
is referenced but no organics data was found. Organics data for sediment is in Chapter 10.
7
Chapter 9 Section 9.1.5.3 and Section 9.1.8.1 (page 9.-19) conflict. Table 1-5 in the 2007 QAPP (Appendix G) suggests
sampling for organics in 2007 was only done in Iliamna Lake and stream sediments.
8
Petroleum hydrocarbons are on the analyte list in Section 9.3.5.3, however DRO/RRO and GRO do not appear to have been in
the list of analytes in Appendix G, Table 1-6 nor on the table of results (Chapter 9 Appendix 9.3F)
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Accuracy (bias, or ability to “hit the target”) is a measure of the agreement of a known value with the
laboratory-measured value as “percent recovered”. It is assessed by adding a known quantity of analyte to
laboratory water (laboratory control samples (LCS)) and field samples (matrix spikes – MS) or by
submitting quality control samples prepared by a company independent of the laboratory (performance
evaluation (PE)) and determining whether the lab measures the amount accurately. Although LCS and
MS were within the acceptable performance ranges (PLP 2011b, Section A.2.2.1), PE sample results
indicated the primary lab did not accurately measure alkalinity, fluoride, sulfate, total cyanide, nitrate, and
phosphorous (PLP 2011b, Table A-5a). Both the primary and secondary labs were out of acceptable range
for weak-acid dissociable (WAD) cyanide measurements, and this may have affected data interpretation.
There were no significant issues with the accuracy of metal measurements (PLP 2011b, Table A-5a).
Precision (reproducibility, or ability to “hit the same spot repeatedly) is assessed by the relative percent
difference (RPD) in concentrations of primary and replicate samples. Laboratory precision may have been
calculated from LCS (PLP 2011b, Sections A.2.1.1 and A.2.2.2, Tables A-7 and A-11), which is not the
correct method. Field and laboratory precision were calculated from field duplicates (PLP 2011b, Section
A.2.2.1 and Table A-7), which is a correct method. RPDs of 35% are acceptable for field precision
(USEPA 2004). Although tables imply several samples were out of range,9 we do not know how widely
precision for analyte sets varied.
Cation-anion balance is the calculation of total cations (iron, aluminum, cadmium, calcium, magnesium,
manganese, potassium, sodium, zinc, and acidity) and total anions (bicarbonate alkalinity, chloride,
fluoride, nitrate, sulfate) from filtered samples using standard methods (Clesceri et al 1998). Imbalance
could indicate an issue in accuracy or precision. The EBD states that 99% of the “sample collection
points” met criteria (PLP 2011b, Section A.2.2.1), but there is no detailed discussion.
Representativeness assesses the degree to which measured data reflects actual concentrations (PLP 2011b,
Glossary). It is unclear if PLP assessed this through field blanks (PLP 2011b, Section A.2.2.1), which
would be appropriate, or through PE samples and field replicates (PLP 2011b, Section A.2.1.3), which
would not be. Assessment should include equipment blanks; these were collected, but results were not
provided (PLP 2011d, Section 6.5).
Completeness is a quantitative and qualitative measurement of the percent of field samples submitted for
analysis that are not rejected. Data sets were determined to be 98% complete. The primary reason for
rejection was dissolved (filtered) metals in higher concentration than total (unfiltered) (PLP 2011c,
Section 9.0.6). Dissolved concentrations must be equal to or less than total concentrations, and if not,
samples may not be representative. The “completeness” section does not discuss the many examples of
dissolved cations in higher concentration than total cations.
Issues with data validation
x the data validation report was not included in the EBD
x some data validation methods may have been inappropriate

9

Elements were analyzed as n-pairs (the primary-duplicate pairs for the site). The number of pairs ranged from around 100 to
over 700, depending on how many samples were submitted for analysis and how many were not rejected.
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Evaluation of data interpretation
Data interpretation suffered from lack of clarity and transparency and utilization of non-standard and nonrepeatable methods.
pH and alkalinity
EBD data indicates clean water consistently across the watersheds, but the interpretation and wording
suggests lower quality. For example, in discussing the North Fork Koktuli:
“The pH was out of the most stringent criteria range at seven locations. The locations …with
concentrations out of ….range were NK119A (25 of 79) and NK100B (17 of 79)…..indicating
locations with acidic water occur in the North Fork Koktuli River throughout the year. Alkalinity
was below the most stringent minimum value in many samples from multiple locations.” (PLP
2011c, Section 9.1.8.1)
Table 9.1-10 indicates that pH exceeded chronic aquatic life criteria (pH below 6.5; ADEC 2006) in 79 of
240 samples, and exceeded drinking water criteria (pH below 6.0) in 30 of 240 samples. However:
x At surface water station NK119A, the mean pH is 6.54 and the median is 6.6 (n=52); at NK100A,
the mean and median pH (n=46) is 6.75 and 6.7 respectively, above water quality standards. The
lowest pH at both sites was pH 5, but such low values occurred rarely and are representative of
pH commonly observed when organic acids flush into streams (PLP 2011c, Appendix 9.1B).
x At surface water station NK119A, alkalinity is low, with the mean and median near 11 mg/L; at
surface water station NK100A the mean and median alkalinity were 24 mg/L. Although samples
are reported to exceed aquatic life criteria (90% of samples at NK119Aand 23% of samples at
NK100A), in Alaska an alkalinity of 20 mg/L or higher, or natural background values, meet water
quality standards. On that basis, no samples exceed criteria (PLP 2011c, Appendix 9.1B).
Rather than indicating water quality is poor, the pH and alkalinity values suggest that water quality is
extremely good, and can be easily impacted. Development of a sulfide ore body presents the risk of acid
rock drainage from sulfide oxidation (Hem 1985). Most waters in the area, particularly along the SK and
NK, have a pH of 5 to 7.5. Organic material may cause pH to drop as low as pH 4.5, but acid rock
drainage can cause pH to drop far below this range (Hem 1985). Sulfate, pH and alkalinity concentrations
suggest water characteristics reflect organic material input (generally humic and tannic acids from plant
material), but references to “acidic water”, while technically correct, provides the incorrect impression
that highly acidic conditions exist extensively in natural waters.
Treatment of non-detects
EBD data also indicates water quality is similar across all watersheds, with the exception of higher
alkalinity and hardness in the UT, but from the EBD interpretation: “it is clear that each of the major
river systems has significantly different constituent background concentrations” (PLP 2011c, Section
9.1.8.5). The tests supporting the conclusion removed non-detects prior to analysis: “For the KruskalWallis and Mann Whitney statistical tests, which were used to distinguish differences in surface-water
concentrations between watersheds, only detected concentrations and J-qualified results were included to
avoid skewing the datasets based on multiple non-detect values” (PLP 2011c, Section 9.0.6.3). This
method biases the data high, resulting in an erroneous conclusion.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1269 of 2339

Outliers
Prior to data analysis, PLP removed some data points that did not appear to be representative of ambient
water quality as part of “data reduction” (PLP 2011c, Section 9.0.6.6). Goals of outlier exclusion and
inclusion were unclear.
“the statistical normal distribution function was used to determine the 98 percent confidence
interval of each parameter-station combination. One percent of the data were statistically lower
than the lower limit and one percent of the data were statistically higher than the upper limit.
….These limits statistically included 98 percent of all data and were plotted on the time series as
horizontal lines for reference….The confidence test could not be used without professional
judgment because the data sets were often not normally distributed and because the frequency of
detection was commonly less than 50 percent for trace metals” (emphasis added)
There are three statements within the quoted section that are problematic.
1. Measurements in the natural world often do not follow normal distribution patterns (USEPA
2006); e.g. for surface water chemistry, seasonal variations are expected.
2. A confidence interval is an estimate of a population parameter, such as the true mean
concentration. Using a confidence interval to trim the top and bottom one percent is neither
logical nor statistically defensible (personal communication with Joel Reynolds, biostatistician
with Anchorage office of the US Fish and Wildlife Service). If, instead, they were attempting to
reach a confidence limit for a tolerance interval – an interval that would contain a specific portion
of the sample observations to get a good idea of the range of possible future sample observations
– then they used the wrong formula (Reynolds and Braman 2009).
3. While there is no specified protocol, mean determination for water chemistry data with skewed
distributions and analytes below detection limit are thoroughly discussed in the literature (USEPA
2006; Singh et al 2006).
A second round of outlier analysis was conducted after the “final” data sets (PLP 2011c, Appendices 9.1B
and 9.2B) were uploaded. The method used was a visual inspection of time-series plots (PLP 2011c,
Section 9.0.6.6). Protocols for additional outlier analysis and exclusion or inclusion of data in the
database were unclear. Some outliers were identified and removed, some identified and used in
interpretive material (time series plots, ratios of measured concentration to water quality criteria, etc., PLP
2011c, Appendices 9.1D and 9.2C) and some data points were not identified as outliers at all.
Issues with assessment of surface water outlier analysis
The issues were compounded by the protocol for treatment of high and low data points in surface water:
“Surface water chemistry was expected to have high variability corresponding with seasonal flow
rates and temperature, and other environmental influences. Therefore, no outliers were flagged
for having high or low concentrations.” (PLP 2011c, Section 9.0.6.6)
The assumption that surface water data lacks high or low concentration outliers due to natural variability
is flawed and is entirely contrary to EPA protocol (USEPA 2003 Section 6.2). Outliers that cannot be
explained should be flagged; they may or may not be within the range of natural variation as determined
through multiple years of sampling and assessment of upstream and downstream sites under different
flows.
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Anomalously high concentrations of single or multiple elements, many of which could affect site means
and medians, are retained in the EBD. An example is hardness at NK119A or copper at surface water site
UT100C2 (Figure 3). At UT100C2, a concentration of 16 ug/L total copper is retained in the database
(and interpretive material), although copper concentrations do not exceed 1.5 ug/L for any other date at
this site, or adjacent sites. Many similar examples exist in the data sets. Because these data are not
considered “outliers”, they appear in surface water box-and-whisker interpretive plots (PLP 2011c,
Appendix 9.1G) as extremes of natural variation rather than non-representative data.10

Cu - total (ug/L)

UT100C2. Copper
18
16
14
12
10
8
6
4
2
0

Figure 1. Single point anomalies, surface water. At stream site UT100C2 on Upper Talarik Creek, the first sample
is notably higher than later samples; at stream site NK119A in the North Fork Koktuli valley that could be used to
store mine tailings, a single high concentration for hardness occurs. There are many similar examples throughout the
EBD. Retention could skew analyte means and medians for the site.

A separate issue revolves around whether all monthly sampling was included in data sets. The stream in
one section of the SK, between SK100D upstream and SK100B downstream, goes dry in some months of
some years, although it runs all year in other years. The EBD implies few fish make it past this section to
Frying Pan Lake or other streams closer to the deposit (public presentations by R2 consultants, Nondalton
and Dillingham, AK 2012). For SK100C, near the SK losing reach, 2008 data was reported only for May;
for SK100D, no data was reported after May 2008 (PLP 2011c, Appendix 9.1B). Late April to mid-May
are consistently the months with the highest metals concentrations and excluding data from other months
could bias the mean high for the site, potentially suggesting that both high copper and dry months prevent
salmon from reaching waters closer to proposed development.
Issues with assessment of groundwater outliers
Several non-representative data points and trends were retained,11 and some data identified as outliers
were used in interpretations. In addition to single point anomalies (Figure 4), there was a bias towards
higher metal concentrations by retention of data from samples with high TSS and data from wells that
were not fully equilibrated after well development. There are many examples of wells with elevated
TSS,12 often resulting in high metals concentrations in the final data set.13 Some of these data were
removed, but some were not (Figure 5).14
10

“All data points flagged as outliers were excluded from the plots, statistics, and interpretation” (Chapter 9 Section 9.0.6.6)
E.g. Chapter 9 Section 9.2.5.7 discusses groundwater data that should not be used in ambient water characterization
12
Monitoring wells MW-5S, MW-11SS, MW-12S, MW-13D are a few; see data sets in Chapter 9 Appendix 9.2B
13
e.g. at MW-13D, the first four samples had high TSS, with the first sample TSS at 63 mg/L and metals quite elevated
14
For the example of MW-13D, in “ratio to water quality standards” (Chapter 9 Appendix 9.2D) all data for August 2005 was
removed except chromium, despite the high chromium concentration; data for dates after August 2005 were kept and used in the
“ratio” analysis.
11
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Figure 2. Single point anomaly, groundwater. The
anomalously high alkalinity point is removed, but the
anomalously low alkalinity point is not. The red line
represents the upper 98% confidence limit; the green line is
the mean. The lower confidence limit is not shown.
Groundwater well MW-3D is located about one mile south
of Frying Pan Lake. Appendix 9.2C-2

Aluminum
(ug/L)

TSS
(mg/L)

Figure 3. TSS and elevated
aluminum in groundwater.
Groundwater is expected to have
consistent water quality and low TSS.
Right: Elevated TSS (highlighted) and
aluminum (red font). Left: The first
data point was removed (symbol X+)
but the last three were not. The high
concentrations on the y-axis make it
difficult to observe the later trend.
Water quality standards for aluminum
are 87 ug/L at 25 mg/L hardness. The
red line represents the upper 98%
confidence limit; the green line is the
mean; lower confidence limit is not
shown. Groundwater well MW-3D is
one mile downstream of Frying Pan
Lake.

Another example of retention of non-representative data is shown in Figure 6. Some results appeared to
be a mix of equilibration effects and TSS (Figure 7). Trends that did not characterize natural groundwater
were noted in the EBD:
“non-normal behavior was often due to concentrations that trended downward …[due
to]..equilibration of the well chemistry to ambient groundwater conditions, a process that [could]
take more than a year. Therefore, all data were visually inspected in the time series plots and
professional judgment was used to identify outliers.”(PLP 2011c, Section 9.0.6.6)

Figure 4. Trends in monitoring wells. Data points above the upper 98% confidence limit have been removed; data points
between the mean and upper confidence limit are retained, although they may not be representative of natural water
chemistry. Not all trends are due to equilibration (center graph). At well P06-37M, an outlier below the 98% confidence limit
was removed, but most points in the trend were retained. Many other examples appear in Appendix 9.2C. Retaining the data
points could bias concentrations high. Plots depict dissolved concentrations. The red line represents the upper 98%
confidence limit; the green line is the mean. The lower confidence limit is not shown.
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Aluminum
(ug/L)

TSS
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Figure 5. Equilibration and TSS in
groundwater. Left: The plot shows outliers
removed for total aluminum in the well
(Appendix 9.2C). Only the first sample is
identified as an outlier, indicated by the
symbol “X+”. Right: The data source
Appendix 9.2B. The first 3-5 samples are
likely not representative of natural waters.
The y-axis scale on the plot only allows very
high concentrations (over 3,000 ug/L) to be
clearly observed, therefore the declining
concentration trend in values is not seen on
the plot. MW-13D is the well located furthest
downstream on SK, about 10 miles from the
deposit (Figure 9.2-1).

Copper
Development of a copper mine presents a risk of releasing copper into groundwater and/or surface water
(directly and through upwelling). Copper has critical impacts on the salmon olfactory system and lateral
line (Sandahl et al 2007; Hecht et al 2007). Given the potential for contaminant transport through
groundwater-surface water exchange (Woody and Higman, 2011), and impact of small increases in
copper concentrations on salmon, baseline characterization needs to accurately assess natural copper
concentrations. Retention of non-representative data, methods for interpreting when and if metal
concentrations exceed water quality standards, and wording in the EBD often imply metal concentrations
are higher than actual measured data indicates. Directly on the deposit, two small streams have high
copper (maximums near 15 ug/L), but most streams generally have low copper (maximums < 3 ug/L),
even near the deposit. Groundwater from at least two wells directly on the deposit have high copper and
low alkalinity, other wells on the deposit have relatively good quality water.
In Alaska, groundwater is important to salmon egg incubation and survival, and needs to meet surface
water quality standards (ADEC 2006). The EBD suggests five wells always, or often, exceed water
quality standards.15 However, a review of the data in PLP 2011c Appendix 9.2B indicates copper
concentrations are not representative of ambient water in well MW-12S (Figure 8), and possibly in three
other wells due to the presence of suspended sediment from well development. While TSS is discussed
relative to trace metals (PLP 2011c, Section 9.2.5.4), data not removed as outliers are used in some
interpretive material (e.g. total copper in MW12S was retained for PLP 2011c Appendix 9.2D comparing
measured concentrations to water quality criteria, but it was not shown in box-and-whisker plot figures).
The data sets for fish habitat, fish presence, and water quality are disconnected so that it is not possible to
determine how, or if, water chemistry informs fish habitat studies. Information, particularly on copper
concentrations, should be correlated with known fish habitat and spawning information to determine if,
and where, baseline water quality inhibits fish presence.
15

Chapter 9 Section 9.2.5.4 identifies wells MW-12S, SRK5D, MW-01M, P-06-38M, and PQ4 as having 56% - 100% of
samples exceeding copper standards, based on 25 mg/L hardness.
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Figure 7. TSS and copper concentrations. Data are from monitoring
well MW-12S on the deposit. Right: Elevated copper (and other
metals, not shown) is associated with elevated TSS not representative
of groundwater (Appendix 9.2B). Left: Most of the elevated copper is
identified as outliers (symbol X+, Appendix 9.2C-2), but there does not
appear to be a final data set with an updated mean concentration.

In the examples below, data from monitoring well KP-P4 on the deposit (Figure 9) is not described as
unusual in the Temporal Trends results section (PLP 2011c, Section 9.2.5.7). Similarly, total and
dissolved copper concentrations at well SRK-5M on the deposit are < 1.5 ug/L in all samples with the
exception of a single anomalous total and dissolved copper concentration near 1,000 ug/L, which was not
flagged. In addition to strongly skewing the mean, only the anomalous dissolved data was removed when
evaluating whether measured groundwater concentrations exceeded water quality standards. The total
copper values were retained (PLP 2011c, Appendix 9.2D), while both total and dissolved copper values
were used to create box-and-whisker plots (Figure 10). This calls into question the assumption that
groundwater on the deposit is poor; in fact, several wells show good groundwater quality with neutral pH
and metals within water quality criteria.
a)

b)

Figure 6. Outliers in interpretive graphs. High concentrations of copper that are not
representative of ambient groundwater are retained in the data set and used in interpretive
analyses: a) temporal trends (Appendix 9.2I), b) box-and-whisker plots (Figure 9.2-19), and
c) ratios of measured concentration to water quality standards (ratios greater than 1 indicate
exceedence of water quality standards (Appendix 9.2B)). Monitoring well MW-01M has a
similar increasing trend in copper concentrations. Trends for other elements were not
examined in this review.

c)
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Figure 10. Retained non-representative data affects interpretation of groundwater quality. In this figure from the
EBD, non-representative dissolved copper data is plotted with representative data for SRK-5M in box-and-whisker plots,
although it was removed from the analysis of “ratio of measured concentrations to water quality standards”. No box-andwhisker plots were developed for total metal concentrations.

Cyanide
Cyanide concentrations were reported to exceed water quality standards at several sites, including two
groundwater sites. These are likely false positives. Cyanide is produced naturally by plants or deposited
from fires, but cyanide is not present in natural groundwater (personal communication, Dr. Glenn Miller,
University of Nevada Reno).
Surface water cyanide concentrations reported are also questionable. In the North Fork Koktuli, “The
samples where WAD cyanide concentrations were naturally above the most stringent maximum criteria
were at locations NK100A, NK100A1, and NK100C.” (PLP 2011c, Section 9.1.8.1). WAD cyanide
concentrations in water samples exceeded criteria once or twice at each location, but all samples had total
cyanide less than WAD, and most total cyanide was below detection limits. Therefore, it is likely that the
WAD analysis was in error. As discussed under “Accuracy”, the primary and secondary labs were out of
acceptable performance range for WAD cyanide indicating that concentrations may tend to be low or
high, depending on the lab.
Hardness and water quality standards
The EBD reports that total and dissolved copper commonly exceeded standards. Alaska water quality
criteria for some metals depend on the hardness of the water (ADEC 2008), but the EBD did not discuss
its method for calculating hardness-based criteria and there was no apparent consistent utilization of daily
hardness, site mean or median hardness, or watershed mean or median hardness. For example, at the UT,
the EBD reports that total copper concentrations exceeded chronic water quality criteria in 35 of 486
samples and that dissolved copper exceeded chronic values in 9 of 350 samples. Virtually all reported
exceedences (32 of 35 total copper samples; 8 of 9 dissolved copper samples) occurred at the surface
water site UT146A, the closest site to the deposit. Based on hardness on the day of sampling and on
mean site hardness, zero to three samples would exceed for dissolved copper (Table 1). Alaska water
quality criteria are based on the dissolved concentrations of hardness-dependent metals, and for waters for
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which the hardness is less than 25 mg/L, criteria should be calculated using the ambient hardness of the
surface water (ADEC 2008). The pattern was repeated in the North Fork Koktuli and South Fork Koktuli
(Table 2);16 many reported exceedences of copper criteria are not supported by data.
Table 1. Copper water quality criteria in the Upper Talarik. Dissolved copper concentrations listed in the EBD as exceeding
water quality criteria (Appendix 9.1B) is shown in the first column, with measured ambient hardness in column 2. Median
hardness at the site and hardness measured on the day of sample collection, as reported in the EBD, were used in this review to
calculate the hardness-based chronic aquatic life criteria (CCC) for copper (columns 3 and 4). Measured copper concentrations
are compared to calculated CCC in columns 5 and 6. Zero to three of the 9 reported exceedences are valid. The mean hardness
for site UT119B is 15.8 ug/L; for site UT146A is 37 ug/L. At UT146A, exceedences occurred in April, May, or June 2004-2008.

Site
UT119B

Measured
copper
concentration
(ug/L)

Measured
ambient hardness
concentration
(mg/L as CaCO3)

CCC,
based on
sample
hardness
(ug/L Cu)

1.26
1.90
1.96
2.02
1.94
2.32
2.21
2.14
2.26

32
21.5
34.4
15.8
27.8
15.5
23.3
15.8
27.5

3.4
2.4
3.6
1.85
3.00
1.82
2.58
1.85
2.97

UT146A

CCC, based
on site mean
hardness

Exceed based
on sample
hardness?

Exceed based
on mean site
hardness?

1.85

No
No
No
Yes
No
Yes
No
Yes
No

No

3.84

Table 2. Copper exceedences on a watershed basis. Using mean site copper concentrations and mean hardness values, only a
single site within all three watersheds had dissolved copper concentrations exceeding water quality standards. Data source, PLP
2008.

No. Sites with
Dissolved Cu and
Hardness

No. Exceeding
Dissolved CCC
Value

% Exceeding
Dissolved CCC
Value

South Fork Koktuli

23

1

4%

North Fork Koktuli

12

0

0%

Upper Talarik

22

0

0%

Watershed

Issues with data interpretation
x high and low analyte concentrations were inappropriately retained
x seasonal variation in streams was not captured
x stream water quality data from 2008 at the SK may be missing

16

When EBD data indicating the number of individual samples exceeding dissolved copper criteria is compared to 2004-2007
data with copper criteria calculated using measured hardness, there appear to be at least 50% fewer exceedences than are
indicated by the EBD. Individual sample data from the EBD was not used for the calculation due to lack of time; table 2 and the
discussed calculation are provided to make the point that metal exceedences are likely over-indicated and not supported by data.
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CONCLUSIONS
The general quality of the water in the three main river systems is exceptionally good and indicates water
will not easily buffer acid or metal input. Groundwater quality is also high, except in some wells in the
immediate vicinity of the deposit.
Groundwater monitoring should be extended spatially (in groundwater upwelling locations and in deep
groundwater) and temporally (to capture a longer time period after well development effects have
subsided. Analysis of organic compounds also needs to be more extensive spatially and across different
types of water bodies. No reference sites have been identified for long term monitoring. Characterization
does not distinguish between natural organic acidity and acidity from acid rock drainage, nor does it
accurately capture the range of seasonal variation in stream analyte concentrations.
A complete, QC’d database, with explanations of flagged data points, is not provided. Non-representative
data is retained and affects interpretation of baseline water quality. Data interpretation in the EBD
erroneously implies that surface water and groundwater exceed criteria for metals and cyanide more often
than the data would support, and erroneously suggests waters outside a pH of 6.5-8 or below 20 mg/L
alkalinity negatively impact fish. Metal concentrations, including copper, in streams and groundwater are
low across the region with few exceptions. Copper concentrations in some tributaries on the deposit
exceed hardness-based water quality standards. A synthesis of surface water quality copper
concentrations with identified habitat and distribution of resident and anadromous fish would clearly
show whether natural copper concentrations affect the ability of fish to utilize habitat, and if so, to what
extent.
Interpretive material developed from a clear, final data set is needed to accomplish the stated goals of the
water quality study.
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Executive Summary
Table ES1. Review of Pebble Limited Partnership’s (PLP’s) Environmental Baseline
Document (EBD): Hydrologic characterization
Basic issue

Does PLP have sufficient hydrologic data and an adequate process-based understanding
of the Pebble site hydrology to evaluate the potential impacts of mining on downstream
waters?

Approach, data
quality, and
intended uses

Hydrologic data collection for the Pebble baseline studies followed accepted
approaches, and the data are generally of high quality. The hydrologic modeling work
presented in the EBD uses a modeling package that is not well-suited to modeling the
extensive interactions between surface water and groundwater that have been observed
at Pebble. The modeling is also overly parameterized and the parameters used are not
always true to observed data. Thus while the calibrations demonstrate a reasonable
agreement with observations, it is not clear that the model represents the physical
system adequately for impact analysis.

Primary data
gaps

There are limited data available on winter flows in all of the streams, and the
precipitation gages appear to be “missing” between 25% and 40% of all rain and
snowfall. These are both important components of the site water balance, and represent
data gaps that should be filled. Extreme events are also not well-characterized, since the
period of record reported in the EBD is less than four years long.

Principal
findings and
recommendations

The baseline hydrologic information reported in the EBD represents the foundation on
which all future modeling and impact analysis will be undertaken. Based on the
information presented in the EBD, the water balance model is insufficient; the period of
monitoring is too short to characterize hydrologic extremes; there are numerous
instances where model parameters conflict with field-measured values; and the
modeling frameworks currently being used are inadequate for describing the system.
These shortcomings indicate that PLP’s current understanding of the baseline hydrology
is inadequate to evaluate the short-term or long-term impacts of large-scale mining on
the hydrology of this ecologically sensitive area. Substantial additional work is required
to fill existing gaps in the baseline hydrologic data, and to develop an integrated
groundwater-surface water model that is capable of simulating both baseline and future
conditions.
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Introduction
Any open pit or underground mine design for extracting the Pebble ore would require large-scale
dewatering and discharge operations that would redistribute flows both spatially and temporally.
In addition, surface impoundments required to store tailings and waste rock will necessarily limit
infiltration to groundwater over their footprint. Quantifying the impacts of these changes to the
hydrologic system on streamflow and salmonid spawning and rearing will be an essential part of
mine development. PLP must therefore demonstrate that their understanding of baseline site
hydrology (including spatial and temporal variability) is robust enough to reliably predict
deviations from baseline conditions caused by mining.
This review summarizes and critiques the information presented in Chapters 7 and 8 of the EBD
released by PLP in 2011 (PLP, 2011a, 2011b). Chapter 7 summarizes the surface water
hydrology of the Bristol Bay watersheds. My review of Chapter 7 focused primarily on the main
text, Appendix 7.2A (Hydrologic Analysis), Appendix 7.2B (Low Flow Analysis), and
Appendix 7.2C (Peak Flow Analysis). Chapter 8 of the EBD summarizes the groundwater
hydrology of the site, and my review of Chapter 8 focused primarily on the main text,
Appendix 8.1I (Water Balance Model), and Appendix 8.1J (Groundwater Model). The other
appendices in these chapters contain supporting information such as hydraulic testing results,
borehole logs, interpretive cross-sections, and groundwater elevation and gradient data.
The review contained herein is necessarily limited in its scope: collectively, Chapters 7–8 and
their 21 appendices constitute nearly 3,500 pages of information. As a result, the review focuses
on data, model inputs and outputs, and interpretations in the EBD that raise the most significant
issues for the development of a baseline site conceptual model. In particular, these issues are:
`

The water balance is insufficient: inputs and outputs to the hydrologic system are not
balanced based on measured data.

`

The estimation of hydrologic extremes is based on a period of monitoring that is too short
to characterize natural variability.

`

The numerical groundwater model is over-parameterized, and there are numerous
instances where model parameters conflict with field-measured values.

`

The modeling software used for the numerical groundwater model is inadequate for
describing the interconnected groundwater-surface water system.

Criteria for Evaluation
The criteria for evaluation of the EBD included three major components. First, I evaluated the
degree to which the methods used for data collection and analysis followed standard practices.
For example, I evaluated whether PLP used the proper instrumentation to collect their hydrologic
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data, and whether they used acceptable modeling tools and techniques to process these data.
Second, I evaluated the completeness of the data. The analysis of data completeness focused on
both the frequency and duration of monitoring and on the methods employed to fill any data
gaps. Third, I evaluated the degree to which PLP’s interpretations of the hydrologic data, where
applicable, are consistent with the reported data.
Evaluation and Implications
Acceptability of Methodologies
Based on the level of review I was able to conduct, it appears that PLP used standard and
acceptable methods to collect their hydrologic data. River stage was measured continuously at
26 stations using autonomous pressure transducers, and the data were converted to discharge
using standard rating curve methods (e.g., Rantz, 1982). Groundwater depths were monitored
monthly at over 200 locations and converted to elevations based on surveyed well casing
elevations. Meteorological data were collected using autonomous weather stations, including
NOAH II precipitation gages for measurement of rain and snowfall. All these data collection
methods appear to be consistent with accepted methodologies (U.S. EPA, 2003).
The groundwater modeling described in the EBD was conducted using MODFLOWSURFACT™. This model was calibrated to surface water and atmospheric inputs through a
spreadsheet-based water balance model. MODFLOW-SURFACT™ is a widely accepted
software package for simulating groundwater flow; however, there are two problems with the
groundwater modeling in this instance. First, because the water balance outputs are the main
calibration targets for the numerical groundwater model, the MODFLOW-SURFACT™ model
is only as good as the water balance. As described below, the water balance has some important
issues that must be addressed, which calls into question the numerical groundwater modeling
interpretations in the EBD. And second, as noted multiple times throughout the EBD,
groundwater and surface water are closely coupled at Pebble; water moves freely between
surface and groundwater reservoirs in this area. Due to these extensive interactions, a code that
more explicitly simulates groundwater-surface water interactions such as MODHMS® or MIKESHE® would have been more appropriate for this task. In fact, the developers of MODFLOWSURFACT™ recommend a more integrated code for systems like Pebble that have extensive
surface-groundwater interactions (HGL Software, 2012).1

1. The frequently asked question (FAQ) page for MODFLOW-SURFACT™ states:
“MODFLOW-SURFACT™ / MODHMS® does incorporate interaction between the unsaturated zone and
rivers and lakes; however, for a rigorous treatment of surface water-groundwater interactions the integrated
surface water-groundwater code MODHMS® is recommended.” Other codes, such as Mike-SHE®, also treat
groundwater-surface water interactions more explicitly.
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Data Completeness
From 2004 to the present, PLP has collected a large amount of hydrologic baseline data for the
proposed Pebble project. These data include meteorological records, stream gaging records,
boring log and water level data, hydraulic conductivity estimates using pumping and response
tests, and seep flow data. The majority of these data were collected either continuously
(e.g., meteorological and stream gaging records) or with sufficient frequency to capture interand intra-annual variability in hydrologic conditions (e.g., approximately monthly measurements
of groundwater elevations and seep flows). Although the hydrologic data are generally complete,
there are some important exceptions that limit PLP’s ability to characterize baseline conditions in
the Pebble watersheds. Three notable exceptions are described below.
First, although the hydrologic data have been collected from 2004 through at least 2011, the
EBD only reports the data collected through 2007. This limits PLP’s ability to characterize peak
flows and low flows, since the uncertainty associated with estimating the magnitude of extreme
hydrologic events decreases as the duration of monitoring increases. As an example, using a
10-year flood record rather than a 5-year record will cut the uncertainty on the 100-year peak
flood estimation roughly in half (Dunne and Leopold, 1978). With only three complete years of
monitoring reported in the EBD, the interpretations of the hydrologic system are correspondingly
limited, and PLP’s analyses of peak flows and low flows presented in Chapter 7
(Appendix 7.2CD) have extremely large uncertainties. Any mine water management
infrastructure must be designed to withstand extreme events, and the design criteria must rely on
an adequate description of what these events might look like in the future. Mischaracterizing
these extremes could therefore result in flooding of infrastructure, impoundment overflows, or
unanticipated erosion. Reducing uncertainties in these estimates should have been a goal of the
EBD, and including the hydrologic data collected since 2007 would have reduced these
uncertainties.
Second, none of the PLP stream gages collected measurements during the winter because the
rating curves developed for stream gaging could not be used for flow beneath ice (Chapter 7,
p. 14). Instead, the winter flows at the PLP gages are all calculated by scaling the
U.S. Geological Survey gage measurements from lower in the catchments to the contributing
drainage area at each gage. Using these simple scaled flows, the EBD suggests a complete
understanding of winter flows that cannot be supported by the data:
The lowest monthly flows, and the most prolonged periods of low flows, always
occurred in the late winter (February through April) at all stations and in all years
of the study period. (Chapter 7, p. 16)
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While scaling discharge to drainage area is a generally acceptable method for estimating flows in
ungaged headwater catchments, this methodology creates a substantial data gap in the coupled
groundwater-surface water system at Pebble because flows in gaining and losing reaches along
these streams cannot be estimated with these simple scaling relationships. Since the majority of
the streams are ungaged during the winter, there is in fact significant uncertainty surrounding the
magnitude of winter flows, and in particular where and when the headwater streams might
become dry during the winter (if they go dry at all). This distinction could be critical for
characterizing salmonid habitat under baseline conditions, and for understanding the impacts to
this habitat under a mining scenario.
Third, although the meteorological data were collected continuously, the water balance model
indicates that the measured precipitation may underestimate total precipitation by 25% to 40%
(or alternatively, the stream gaging records overestimate discharge by a similar amount; see
below). For example, the precipitation applied to the water balance for the SK119A catchment is
nearly 40% higher than the highest precipitation observed at the Pebble 1 meteorological station
(54.5 in. vs. 39 in.), even though these two locations are at nearly the same elevation and
relatively close to one another. This correction occurs despite the use of a NOAH II precipitation
gage, which is designed to minimize undercatch of frozen precipitation and appears to do a good
job of measuring winter precipitation at the site, based on comparisons with snow course data
(Appendix 7.2D, p. 28). The fact that the water balance requires an additional 40% correction
factor to the measured precipitation demonstrates that there may be a significant problem with
the completeness of the precipitation records and the accuracy of the water balance (U.S. EPA,
2003). A mine plan that relies on these measured precipitation records as a basis for a site water
balance will either be incorrect or have a very high uncertainty. Again, this degree of uncertainty
may be too high for designing mine water management infrastructure, with the potential for
inadequate water management planning as a result.
Significant Findings
Chapter 8 of the EBD presents the water balance and numerical hydrologic models that PLP has
developed to simulate baseline conditions at Pebble. These hydrologic models are presented in a
way that gives the impression of a well-characterized hydrologic system. Monthly flows are well
approximated by the water balance model, and spatial and temporal patterns of flow are matched
by the numerical groundwater model (Figure 1). However, when the components of these models
are examined in detail, it is questionable whether PLP actually has an adequate understanding of
the hydrologic system. Examples of these shortcomings are described below.
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Source: PLP, 2011b.
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Figure 1. Water balance results for SK100F. Note that there is general correspondence between the water balance predicted and
observed flows.
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Mismatch between measured precipitation and streamflow

Despite an extensive hydrologic data collection program, the only measured parameters used in
the water balance are streamflow and groundwater elevations. All other variables are adjusted so
that the remaining inputs and outputs to the hydrologic system match these parameters. From
Chapter 8, page 26 of the EBD:
The water balance was calibrated to the cumulative water volumes at selected
stream gages by adjusting climate variables (precipitation and
evapotranspiration). The estimated division of flow as immediate runoff,
groundwater recharge, and groundwater discharge was then refined by adjusting
the groundwater recharge and discharge rates to produce a match between
estimated and measured monthly values of streamflows and groundwater levels.
Using this method, the modeled inputs and outputs to the hydrologic system are essentially
guaranteed to balance, as presented in Appendix 8.1I. However, given the mismatch between
measured precipitation and measured streamflow as described above, it is questionable whether
this calibrated water balance paints a realistic picture of the hydrologic system. The water
balance model requires between 40 and 55 in. per year of annual precipitation (an amount that
varies by sub-catchment) in order to supply enough water to the system to match the measured
streamflow. Yet the measured annual precipitation over the three years of monitoring is only 30–
39 in. (EBD, Chapter 2). Thus, either the measured precipitation at the site is 25–40% too low or
the measured streamflow at the site is 25–40% too high. It is nearly impossible to tell based on
existing data which of these errors underlies the hydrologic imbalance at the site. However,
given the magnitude of the discrepancy, it is clear that PLP must resolve this issue.
2.

Calibration vs. validation

The second issue is that the calibration between the water balance and numerical groundwater
models is circular. In other words, the two models are calibrated to one another, but there is no
independent calibration to data, which means that it is possible that neither model is simulating
the actual hydrologic system. This is evident from the first page of the numerical groundwater
modeling appendix:
The flow rates calculated by the calibrated Groundwater Model were then
compared to the corresponding flow rates calculated with the Water Balance
Model. The purpose of this phase of the calibration was to validate that the flows
estimated by the Water Balance Model were hydrogeologically feasible, and to
gain insights about potential refinements that may be appropriate for the Water
Balance Model. (Appendix 8.1J, p. 1)
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The remainder of Appendix 8.1J presents the results of the numerical groundwater model
calibration, reporting statistics on goodness-of-fit, root-mean-square (RMS) errors, etc. However,
these calibration statistics reflect the correspondence between the numerical groundwater model
and a flawed water balance because measured precipitation is too low to explain measured
streamflow, as described above. In addition, the numerical groundwater model is overparameterized relative to the amount of data available. The model domain is broken into
644 hydraulic conductivity “zones,” for which the hydraulic conductivity values used in the
model have little to no relationship with field-measured conductivities. For example, Figure 2 is
a plot of the hydraulic conductivity values used in the groundwater model vs. field-measured
hydraulic conductivities. In general, the model values do not correspond at all to the fieldmeasured values, indicating that the calibrated groundwater model ignores field-measured data.
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Figure 2. Comparison of field-measured hydraulic conductivity values to values used in
PLP’s groundwater model.
Data source: PLP, 2011b.
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Thus, while the EBD presents a numerical model that appears to be well-calibrated, the number
of parameters and the values required to achieve this calibration often have little relation to fieldmeasured data. This could have significant implications when using this calibrated model to
evaluate changes in hydrology related to mining. In particular, since the model inputs are not true
to available site data, the model may have no predictive capability at all when used for impact
analysis (U.S. EPA, 2003).
3.

Influence of faults on groundwater flow

Third, the groundwater model does not incorporate the influence of faults on bedrock
groundwater flow. The available data from tests in deep boreholes indicate that at least one of the
major identified faults crossing the deposit area (the “ZE Fault”) exerts a strong control on
groundwater flow: hydraulic heads rise approximately 20 ft across this fault, which indicates that
groundwater is under pressure beneath this fault zone (Figure 3). This fault and other deep
bedrock faults that would be intersected by a pit are clearly influencing groundwater around the
deposit area, and could be conduits for groundwater flow. This suggests that these faults could
make it difficult to maintain a capture zone around the pit both during and after mining. As
currently presented, the groundwater model makes no mention of faults at all, calling into
question PLP’s ability to predict the impacts of mining on groundwater. PLP must model the
influence of major faults on groundwater flow, particularly near the pit where they could
represent conduits for contamination to escape to downgradient surface water and groundwater
resources.
4.

Simulation of groundwater-surface water interactions

The hydrologic system at Pebble is not cleanly segmented into separate groundwater and surface
water reservoirs, and should not be modeled as such. The software used by PLP (MODFLOWSURFACT™) is a well-recognized program for simulating groundwater flow; but given the
extensive interaction between groundwater and surface water at Pebble, a different modeling
package would be more appropriate. For example, flow between surface water and groundwater
in MODFLOW-SURFACT™ requires a “stream conductance” parameter, which controls the
rate at which surface-groundwater exchange occurs across stream beds. In the PLP-calibrated
MODFLOW-SURFACT™ model, the values of this stream conductance vary over
approximately five orders of magnitude, but this parameter is completely unconstrained by field
measurements. Other modeling packages that allow surface water-groundwater exchange to
occur based on field-measured parameters could have been used, and this would make model
results both better constrained by available data and more useful for predicting mining impacts.
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Figure 3. Hydraulic heads (piezometric levels) measured across ZE fault. Note significant
change in head across the ZE fault (~ 1,500 ft), demonstrating the control of this fault on
groundwater flow.
Source: PLP, 2011b.
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Calibration period and hydrologic extremes

Even if the water balance and modeling issues described above were resolved, the hydrological
modeling presented in the EBD is based on a calibration period of only three years, which is too
short to characterize the range of extreme events that might be seen at Pebble over the mine
lifetime. Even over this short model calibration period, the model begins to fall apart when
stressed:
Plots of residuals versus time (Appendix 8.1J) signify that the residuals at some
wells start to increase during 2006 and 2007, which indicates that the model needs
to be improved to simulate the conditions for these years in some areas
(e.g., P05-07D, SRK-5M, and MW-3 in Upper SFK; MW-2D, GH04-30, and
GH04-33 in Lower SFK; and MW-7 and MW-8 in NFK). (Chapter 8, p. 66/2500)
The years 2006 and 2007 were drier years than the earlier years of monitoring. The observation
that head residuals increase with time indicates that while the numerical model may be
adequately approximating the water balance during the early calibration period, it is not
simulating conditions under hydrologically stressed conditions. This indicates that the modeling
tools currently being used by PLP may also not be the right tools to simulate changes in
hydrologic regimes under mining scenarios, or under a changing climate.
Conclusions
As described in Chapters 7 and 8 of the EBD, the hydrologic system at Pebble is complex. It is
characterized by spatially and seasonally variable interactions between surface water and
groundwater, and by strong seasonal variability in precipitation and flows. Extraction of the
Pebble ore body would require large-scale dewatering and discharge operations that would
redistribute flows both spatially and temporally. Before PLP can evaluate the impacts of these
mine-related dislocations on the hydrologic system, they will need an integrated set of data and
models that adequately describes baseline conditions. Based on my review of the EBD, PLP does
not yet have the tools to do this. While their baseline data are generally of high quality, there are
a number of important data gaps that need to be filled. Equally important, the modeling results
reported in the EBD suggest significant flaws in the conceptualization of the site water balance,
groundwater-surface water interactions, and groundwater flow. All of these shortcomings must
be corrected before PLP can model the potential impacts of the proposed Pebble mine operations
on the hydrology of these watersheds and the fishery these waters sustain.
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Executive Summary
Table ES.1. Review of Pebble Limited Partnership’s Environmental Baseline Document
(EBD): Geochemical characterization
Basic issue

What are the geochemical characteristics of the Pebble deposit and surrounding
rocks, and how do those characteristics influence their potential environmental
behavior under mining conditions?

Approach, data
quality, and
intended uses

Acid-base accounting and short-term leach tests followed accepted approaches,
and the results are of high quality. The longer-term leach tests used nonstandard methods or modifications, and more explanation of the methods is
needed. Samples selected for long-term leach testing were not representative of
the full variability of acid-generation potential or metal content of the deposit
as a whole. Intended uses, especially predicting representative mine water
quality and the potential for long-term contaminant leaching, are hampered by
the size of the mined resource examined (only one-half the full resource size),
sample representation, and the way in which geochemical test units were
defined.

Primary data
gaps

No results are presented for Pebble ore, and no short- or long-term leach test
results are presented for pyritic tailings. Bioassay results for tailings
supernatant were not included in the EBD. More mineralogic information and
expanded long-term leach testing are needed.

Principal
All ore host rocks and some surrounding rocks and tailings are potentially acid
findings and
generating. Acidic conditions developed rapidly for an important subset of the
recommendations samples. Host rocks leached high metal concentrations (> 100 times water
quality criteria for copper) under acidic conditions and even under subaqueous
conditions if acidic conditions develop before submergence. Selenium leachate
concentrations were highest in surrounding rocks under neutral pH conditions.
The high acid generation and contaminant leaching potential poses a
substantial threat to aquatic life. No commonly used and easily measured
parameters have strong relationships with long-term leachate concentrations.
Reconfigured testing units should be defined, based on expanded mineralogic,
hydrothermal alteration, and whole rock chemistry information, and additional
long-term leach testing should be conducted. Samples should include ore and
tailings (both bulk and pyritic) and be representative of the full range of acid
generation and contaminant leaching potential so the long-term environmental
behavior all types of mined material is known. The resulting data should be
reviewed to determine if an easily measured parameter that correlates well with
acid generation and metal leaching potential can be used to guide field
management of mined materials.

Page ES-1
SC12808

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1295 of 2339

Introduction
This review summarizes and evaluates the geochemical characterization information in the
Pebble Project Environmental Baseline Document (EBD), including information in Chapter 11
(Geochemical Characterization, Bristol Bay Drainages; PLP, 2011a) and Chapter 8 of
Appendix E [Consolidated Study Program (CSP), Geochemical Characterization and Metal
Leaching/Acid Rock Drainage; PLP, 2011b). Together these documents comprise over
2,000 pages of information related to the potential of the Pebble deposit to generate acid and
leach metals and other constituents. Unlike other sections of the EBD that present information on
existing pre-mining conditions, the geochemical characterization program relies on a mine plan
and provides information on the predicted environmental behavior of the mined material during
operation, closure, and post-closure.
According to the EBD, the intended uses of the geochemical characterization data include
evaluating the potential for metal leaching and acid drainage and the potential for adverse
environmental effects from mine management facilities; predicting representative water quality
from mined materials; and assessing alternative management plans and developing engineering
and mitigation measures that could minimize potential effects from mine operations and closure
(PLP, 2011b). Additional objectives and intended uses include informing the engineering design
of water management, linking laboratory test data to field conditions (Day and Linklater, 2012),
and evaluating the behavior of pit walls under submerged conditions (PLP, 2011a). Although not
mentioned explicitly in the EBD, results from geochemical characterization programs are also
used to inform the type and extent of water treatment that could be necessary during and after
operations (U.S. EPA, 2003, Appendix D).
The purpose of this review is to evaluate the overall approach and implementation of the
geochemical characterization program, evaluate the quality of the data generated by the program
and the intended uses, and identify major findings and data gaps.
The length of the sections on geochemical characterization and the length of this review
necessitate that not all aspects of the EBD geochemistry program are evaluated at the same level
of detail. The review focuses on points that are most important for estimating the potential
effects of mine development on water quality and fish populations.
Criteria for Evaluation of the Pebble EBD Geochemical Characterization Program
There are no mandatory requirements for the design or implementation of a geochemical
characterization program, and there are no prescribed testing or analytical methods that must be
used as part of the program. However, regulators and the mining industry do rely on a limited set
of guidance and references as accepted and standard practice. Some of most commonly used
references for the overall design of geochemical testing programs include the
U.S. Environmental Protection Agency’s (EPA’s) Source Book for Industry in the Northwest and
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Alaska and associated appendices (U.S. EPA, 2003); Natural Resource Canada’s Mine
Environment Neutral Drainage (MEND) program (e.g., MEND, 2009); and the International
Network for Acid Prevention’s (INAP’s) Global Acid Rock Drainage (GARD) Guide (INAP,
2012). The Acid Drainage Technology Initiative (ADTI) is developing a guide on techniques for
predicting metal mining influenced water, but the draft is not yet available (ADTI, 2012).
The EBD geochemical characterization program relied on U.S. EPA (2003) as the basis for the
testing program (PLP, 2011b). According to the EBD, the geochemical testing methods followed
those documented by “the American Society for Testing and Materials (ASTM), Environmental
Protection Agency, or the Mine Environment Neutral Drainage (MEND) program” (PLP,
2011b). SRK Consulting of Vancouver, Canada, designed and managed the testing program.
Brief Summary of the Pebble Project Geochemical Characterization Program
The following types of geochemical characterization tests were conducted as part of the
program.1 The numbers in parentheses after each test indicate the total number of samples.
`

Static testing: Static tests characterize the total amounts of constituents and amounts of
acid or neutralizing potential in the rocks but do not address how those components will
be released from the rocks over the long-term. Static testing included whole rock
chemical analysis (total concentrations of constituents in the samples; sample numbers
not listed in the EBD); mineralogic analysis (77); acid-base accounting tests (1,104),
including Sobek and modified Sobek methods; and short-term leach tests (120), including
shake-flask extractions, sequential net acid generation (NAG), and meteoric water
mobility procedure (MWMP) tests. Shake-flask extractions were only conducted on older
weathered waste rock; the sequential NAG tests were conducted on the same materials as
the shake-flask extractions.

`

Kinetic testing: Kinetic tests characterize the longer-term leaching ability and rates of
release of constituents in samples under different geochemical conditions. Kinetic testing
included humidity cell tests (HCTs; 84), stored bag weathering tests (20), subaqueous
column tests (8), aerated column tests (2), and field (barrel) tests (10). Stored bag tests
were performed only on Pebble East waste rock. Aerated column tests were only
conducted on Pebble West tailings. Field barrel tests were conducted on Pebble West
waste rock (Pre-Tertiary2 and Tertiary) and Pebble East Tertiary waste rock.

1. See Table 11-16 in the EBD for numbers in each category; also see Chapter 11 for descriptions of the tests.
However, the design of the testing program is not spelled out clearly in Chapter 11 or Appendix E, Chapter 8
of the EBD.
2. The ore host rocks are Pre-Tertiary volcanic-sedimentary and volcanic rocks. The younger Tertiary rocks
overlie the Pre-Tertiary rocks and ore and are volcano-sedimentary, sedimentary, and volcanic flow rocks
(PLP, 2011a).
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Evaluation and Implications
This review evaluates four major geochemical characterization issues and their environmental
implications: (1) testing methods used, (2) sample representativeness, (3) contaminant leaching
potential, and (4) time to onset of acid drainage.
1.

Testing methods

In general, the static geochemical testing (acid-base accounting, mineralogic analysis, whole
rock chemistry, short-term leach tests) conducted for the EBD used standard accepted methods
for prospective and existing mine sites, and the data are of high quality. However, all methods
used for kinetic testing (HCTs, stored bag tests, column tests, field barrel tests) were nonstandard or had non-standard modifications. For all HCTs except those on the subsamples from
the field barrel tests, a modification of the ASTM D5744-96 humidity cell procedure was used
that tested more material (5 kg rather than 1 kg;) and larger particle sizes (-3/8 rather
than -1/4 inch; PLP, 2011a, Section 11.6.4.6) than called for in the ASTM standard method. The
larger mass of material should not make a difference because the water:solid ratios were the
same, although the larger column sizes will change the amount of rock that the leachate contacts
in the column (Maest et al., 2005). The explanation given for the modification was that “there
was a concern that a disproportionate amount of internal grain matrix would be exposed, which
would be less representative of mined materials” (PLP, 2011a, Section 11.6.4.6). Such a situation
could be true if metal sulfides coated fractures and the majority of the neutralizing material was
in the rock matrix. However, the Pebble ore that has been characterized is largely a disseminated
ore body (Wardrop, 2011), where both acid-producing and acid-neutralizing minerals are in the
rock matrix. A larger particle size could result in the HCTs giving lower weathering/contaminant
release rates due to the lower surface area per unit volume. The contaminant release rates
measured in the HCTs are important because they were used to estimate the time to onset of acid
drainage. The lower the release rate, the longer the predicted time to onset of acid drainage (PLP,
2011a). Therefore, the use of larger particles in the HCTs could suggest that management
methods to control acid drainage were not necessary for a number of years, when they could be
required sooner.
No method references were provided for the remainder of the kinetic testing, including the stored
bag weathering tests, the subaqueous column tests, the aerated column tests, and the field barrel
tests. These are non-standard tests with no commonly accepted methodology; therefore, more
detailed method descriptions should have been provided in the CSP (Appendix E) or the EBD
(Chapter 11 or Appendix G). Without test method details, the appropriateness of the methods
used for these kinetic tests cannot be evaluated.
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Sample representativeness

This section describes four reasons why the geochemical samples may not be representative of
material and conditions encountered during possible mining of the Pebble deposit. According to
U.S. EPA (2003), “applicants should demonstrate that the samples characterized are
representative of materials that will be produced during operations…[and] are expected to
describe the variability…that may have been imparted to a lithological unit through weathering,
hydrothermal alteration, and mineralization.” The selection of appropriate geochemical testing
units is the first, and arguably the most important, step in a characterization program (Maest
et al., 2005; INAP, 2012). If the geochemical testing program samples are not representative of
the physical extent of the operation, the mineralization and alteration of the deposit area, the
volume of rock units, the potential to leach contaminants, and the types of proposed mined
materials, the predictive power of the results can be severely limited.
Representativeness of operation size and location. The geochemical testing program is based
on the 4.48 billion ton reserve (PLP, 2011b), which is only approximately half that of the total
resource (Wardrop, 2011). One of the stated objectives of the geochemical testing program is to
“determine the amount and types of representative mine rock and ore that may be anticipated
over a mine life based on the ultimate resource (including the potential limits of an open pit and
underground workings)” (PLP, 2011b, Section 8.2). Applying the results from the geochemical
testing program to the total resource will cause errors in the estimated percentages of rock and
alteration types on the ultimate pit surface and the walls of the underground workings, and will
result in errors in the prediction of mine water quality, which could affect water treatment and
waste management plans.
Selection of geochemical test units. The geochemical testing program is not representative of
the variability in geochemical characteristics and environmental behavior of the mined materials.
The EBD’s geochemical testing program is based only on rock type and sulfur content and does
not take hydrothermal alteration into account. Hydrothermal alteration can control mineralogy
and rock texture and therefore weathering rates, contaminant leaching, and net acid-generation
potential. Hydrothermal alteration is often associated with ore formation, and results from
circulating hot fluids that dissolve the original minerals and form new ones that are more stable
under the new conditions (Barnes, 1979). Portions of the same rock unit (e.g., granodiorite) can
be affected and unaffected by hydrothermal alteration and produce areas, for example, with
higher and lower sulfide and carbonate mineral contents. The EBD program makes some attempt
to capture the variability in sulfur content but does not consider other effects of hydrothermal
alteration, such as shifts in the amounts of neutralizing minerals. The Wardrop report devotes a
chapter (Chapter 9) and six figures to the effects of hydrothermal alteration on the geochemistry
of the Pebble deposit and surrounding rocks. The EBD, on the other hand, simply lists the eight
major alteration types with no further discussion (PLP, 2011c, Section 3.7.5). In the Pebble
deposit, for example, hydrothermal alteration has increased the amount of pyrite (the primary
mineral that forms acid drainage) on the edge of the deposit, and post-hydrothermal weathering
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has formed an oxidized cap (PLP, 2011a). Hydrothermal alternation is likely a more important
control on the geochemical behavior of mined materials at Pebble than is lithology.
The EBD testing program does not follow EPA guidance on capturing the chemical variability of
each geologic/lithologic unit that will be encountered. According to U.S. EPA (2003),
“applicants will need to consider how vertical and lateral changes in the intensity and style of
mineralization and host rock alteration affect the acid generating characteristics and metals
leachability of each geologic unit at the proposed mine site.” They propose that the best way to
accomplish this is mineralogic analysis, which can be used to “quantify the range and median
proportions of acid-forming, acid neutralizing, and metal-bearing constituents in the various
lithological units that will be encountered.” The testing program in the EBD analyzed only
77 samples for mineralogic analysis (see Table 11-16, PLP, 2011a) in a total of 27 identified
rock types (see Table 11-1, PLP, 2011a). Seventy seven mineralogic samples is a relatively small
number for characterization, particularly for a proposed mine as large as this one. By
comparison, at a much smaller copper-gold prospect in British Columbia (Prosperity Project,
Taseko Minerals), Canada, SRK Consulting did mineralogy on a total of 417 samples (Taseko
Mines, 2009). The majority of the effort at the Prosperity Project focused on identifying
carbonate minerals to determine the true extent of their neutralization potential.
Further, graphs in Appendix 11K (PLP, 2011a) show that there is substantial chemical variability
in the PLP-selected Pre-Tertiary test units in terms of mean sulfide, copper, molybdenum, and
arsenic content. The tri-modal sulfur distribution in Pebble East granodiorite suggests that there
are subunits within the lithology that should constitute separate geochemical test units. Such
variability suggests that the Pre-Tertiary rocks need to be split into different and likely additional
testing units. The results for the Tertiary rocks shown in Appendix 11K suggest the opposite in
many cases – that fewer geochemical test units could have been used because there is lower
variability in total sulfur, copper, molybdenum, and arsenic contents. Alteration type was noted
in the drill core logs and entered into the Northern Dynasty Mines Pebble Project Drill-Core
Database (PLP, 2011a); this information should have been used to define geochemical test units
and select samples for static and kinetic testing. More mineralogic analysis is needed, and those
results, combined with drill core information, should be used to reconfigure the geochemical test
units. Testing should then begin based on the new test units, which could span more than one
lithology.
Representativeness of acid drainage and contaminant leaching potential. Samples in the
testing program should be representative of the full variability in geochemical characteristics
(U.S. EPA, 2003), and the EBD HCT selection is not representative of higher acid generation
and copper leaching potentials in the deposit. Materials with higher acid generation and metal
leaching potential will generate lower pH values and higher metal concentrations, and if they are
not represented in the testing program, mine water quality will be predicted to be better than it
will be under mining conditions. As shown in Figure 1, HCT samples are not representative of
the higher %S or total Cu values.
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Figure 1. Pebble West Zone (PWZ) static and HCT comparison for samples from units
containing Pre-Tertiary mudstone (Y): % sulfur and copper. This figure shows that PWZ
HCT samples are not representative of higher %S and copper concentrations, and results could
therefore underestimate releases of acidity and copper concentrations in mine water.
Source: PLP, 2011a, Chapter 11.

The EBD states that, for the Pre-Tertiary rocks, granodiorite and mudstone were the most
volumetrically important units (PLP, 2011a), but no quantitative information is provided in the
EBD on amounts of each rock type, which can be used to set sample numbers for testing
(U.S. EPA, 2003). Limited information is provided on the number of core intervals for each
testing unit for the Pebble East Zone (PEZ). As shown at the bottom of Table 1, HCTs were
conducted on only a single higher copper sample (out of 13), whereas the drill core data show
that 69% of the drill core intervals had higher copper concentrations. Therefore, Pre-Tertiary
samples with higher copper concentrations were dramatically under-represented in the HCT
samples.
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Table 1. Comparison of number of drill core intervals in lower (CuEQ < 0.6%) and higher
(CuEQ > 0.6%) copper PEZ samples with selected PEZ HCT samples
Symbol

CuEQ < 0.6%
# intervals drill core

CuEQ > 0.6%
# intervals drill core

Granodiorite

G

1,775

3,978

Mudstone

Y

723

1589

Diorite

D

11

67

Porphyritic monzodiorite

P

62

0

Wacke

W

74

138

Fault zone

Z

37

62

2,682

5,834

31%

69%

12

1

92%

8%

Pre-Tertiary rock type

Total
% of each CuEQ
a

# HCTs in each CuEQ

% of HCT samples in each CuEQ

a. According to Wardrop (2011, Table 1.6.1), a cut-off CuEQ of 0.60% for measured and indicated resources
would have a Cu content of 0.55%, which is equivalent to 5,500 mg/kg Cu. Only 1 of 13 PEZ Pre-Tertiary
HCT samples, 220841 (mudstone), had a copper concentration above this cutoff.
Sources: PLP, 2011a, Tables 11-3, 11-4, 11-12; Wardrop, 2011.

As shown in Figure 2, the samples selected for HCTs also do not capture the full variability of
the NP or AP of the deposit as a whole. No samples were selected in the “uncertain” range
(between NP:AP ratio of 1 to 3) or the higher NP:AP ratio range, and importantly, there are no
samples in the lowest NP:AP range, which is more likely to generate lower pH values and leach
higher metal concentrations.3 This lack of variability may partially explain why no commonly
used and easily measured parameters (such as %S) have strong relationships with HCT leachate
concentrations. Samples that are representative of the full range of acid generation and
contaminant leaching potential should be subjected to HCTs and other types of long-term leach
tests so the long-term environmental behavior all types of mined material is known. The data
should then be reviewed to determine if an easily measured parameter that correlates well with
acid generation and metal leaching potential can be used to guide field management of mined
materials.

3. Kinetic testing often focuses on static samples in the uncertain range where NP and AP are similar, and only
kinetic testing will determine whether the materials will form acid over the long term; there are no HCT
samples in the uncertain range. Humidity cell leachate concentrations are also used to estimate water quality in
the pit, underground workings, etc., so it is important to test the full range of NP:AP ratios.
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Figure 2. PWZ static and HCT comparison for samples from units containing PreTertiary mudstone (Y): modified NP and AP. Lines represent 1:1, 2:1, and 3:1 NP:AP
ratios. This figure shows that PWZ HCT samples, which are used to estimate longer term
environmental behavior, are not representative of mined materials with uncertain, higher
NP:AP, or lower NP:AP ratios.
Source: PLP, 2011a, Chapter 11.

Representativeness of proposed mine wastes and mined materials. Although the CSP (PLP,
2011b, Section 8.2.1) states that materials representative of ore stockpiles, process tailings, walls
and floors of the underground workings, and broken rock produced by block-caving were
evaluated as part of the testing program, no information on ore or on the leaching characteristics
of pyritic tailings was actually included in the EBD.
No samples of pyritic tailings or of the ore were tested for leachate potential. Gold is associated
with pyrite (Wardrop, 2011), and pyritic tailings could be an important waste type for the
operation. The omission of ore leachate testing contradicts U.S. EPA (2003) guidance, which
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states that “applicants should test ore samples that capture the range of ore grades that will be
processed during the life of the mine.” Ore should be subjected to the same types of geochemical
tests as other materials, especially in the PEZ, because, as noted in Chapter 8 of Appendix E
(PLP, 2011b), “possible underground mining methods such as block caving presumably will
result in broken, ore-grade rock remaining in the mine.”
In summary, the geochemical testing program for the Pebble deposit area is far from
representative of the full range of potentially mined material types or their geochemical
characteristics. Because the testing program is based on only one-half of the total resource, any
geochemical differences between the assumed pit surface and the ultimate pit surface should be
clearly described. There is a fundamental flaw in the design of the testing program that severely
limits the predictive power of the results: the geochemical test unit selection relied solely on
lithology and sulfur content and did not include information on hydrothermal alteration.
Substantially more mineralogic and drill core log (alteration) information should be used to
assign new Pre-Tertiary geochemical test units based on hydrothermal alteration, mineralization,
lithology, and the full resource size. Samples from these units should be subjected to the same
array of static and kinetic testing that has been conducted thus far. More samples with higher %S
and total metal content and a wider range of net acid-generation potentials should be included in
the testing program. In addition, an adequate number of ore samples (also based on mineralogic,
alteration, and lithologic information) and pyritic tailings should be subjected to geochemical
testing, especially to long-term leach testing.
3.

Contaminant leaching potential

Nearly all the Pre-Tertiary samples and some Tertiary samples are potentially acid generating
(PAG) (Figure 3). SRK Consulting shows only the 1:1 and 2:1 lines for NP:AP ratios on
Figure 3, but ratios of 3:1 or even 4:1 are also used, with 3:1 being the most commonly used
ratio (U.S. EPA, 2003; Maest et al., 2005). Using the 3:1 ratio line brings more of the Tertiary
samples into the uncertain range (area between the 3:1 and 1:1 lines).
Although the EBD (PLP, 2011a) states that the tailings sampled to date are non-acid generating,
Day and Linklater (2012) show that most of the PEZ tailings are PAG or uncertain and some of
the PWZ tailings are PAG. HCTs and column tests on tailings should be run for longer periods of
time because of the lower combined sulfide content and neutralization potential (Maest et al.,
2005). In addition, a number of tailings samples from the Pebble West and East zones have
elevated %S, antimony, arsenic, copper, nickel, lead, and zinc concentrations and low NP:AP
ratios (many are 2 or lower, especially in PEZ) and therefore have elevated potential to produce
acid and leach known aquatic and other toxins (PLP, 2011a; Tables 11-46 and 11-47). Although
tailings supernatant metal concentrations were low, tailings were created without pH adjustment
(PLP, 2011a, Section 11.7.2.3), which is not representative of operational conditions when
tailings pH values would be 10 or higher. A bioassay on tailings supernatant is mentioned in
Northern Dynasty Mines (2005), but results were not presented in the EBD.
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Figure 3. Acid-base accounting results for Pebble Tertiary (green) and Pre-Tertiary (red)
rocks: NP and AP. The red line represents an NP:AP ratio of 3:1. This figure shows that all
the Pre-Tertiary samples are PAG and some of the Tertiary samples are PAG or have an
uncertain potential to generate acid.
Source: Day and Linklater, 2012. Slide 13.

When taken as a whole (PLP, 2011a), the short- and long-term leaching test results demonstrate
that Pre-Tertiary samples have the highest copper leachate concentrations. As shown in Figure 4,
lower leachate pH values produce higher copper concentrations. The majority of the leachate
concentrations are more than 100 times higher than stream standards, indicating that leachate
from host rocks, which would be present in tailings, waste rock, and the walls of the open pit and
underground working, poses a substantial threat to aquatic life from copper toxicity.4
Unlike copper, selenium leachate concentrations were generally highest in Tertiary samples
(PLP, 2011a), and the values are most elevated under neutral pH conditions, as shown in
Figure 5. Selenium concentrations in leachate are up to 100 times higher than relevant stream
standards for protection of aquatic life, suggesting that leachate from surrounding rock, which
could be present in waste rock and the walls of the open pit and the underground mine, poses a
substantial threat to aquatic life from selenium toxicity.
4. Aquatic life criteria are not directly relevant to leachate samples. The criteria are used to demonstrate the
attenuation factors (dilution, treatment, removal) that would be needed if leachate ultimately mixed with
surface waters.
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Figure 4. Copper concentrations as a function of pH in shake-flask extraction tests, NAG
tests, and humidity cell leachates for Pre-Tertiary samples, PWZ. The red line represents
the State of Alaska chronic total copper water quality criterion at 100 mg/L hardness
(0.0093 mg/L Cu). Note that the vertical axis is logarithmic. Results from field barrel tests are
not included. This figure shows that most characterized Pre-Tertiary PWZ materials are not
environmentally benign because they leach copper concentrations in large excess of values
known to cause toxicity to aquatic life over the long term, especially those with lower leachate
pH values.
Source: PLP, 2011a; Figure 11-25.
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Figure 5. Selenium concentrations as a function of pH in shake-flask extraction tests,
NAG tests, MWMP tests, and humidity cell leachates for Tertiary samples, PWZ. The red
line represents State of Alaska chronic total recoverable selenium water quality criterion
(0.005 mg/L). Note that the vertical axis is logarithmic. Results from field barrel tests are not
included. This figure shows that the majority of the characterized Tertiary PWZ materials are
not environmentally benign because they leach selenium concentrations in excess of values
known to cause toxicity to aquatic life over the long term, especially those with neutral and
higher leachate pH values.
Source: PLP, 2011a; Figure 11-42.
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Time to onset of acid drainage

The time to onset of acid drainage for the mined Pebble deposit has implications for the
management and environmental behavior of mined materials. If the waste rock, pit walls, and
walls of the underground workings have a long delay before acid is formed, fewer mitigation
measures (e.g., passivation of acid-producing rock) would need to be put in place during
operation, treatment costs could be lower, and the effects on the environment from acid/metalrich drainage could be reduced. The EBD estimates that the time to onset of acid drainage ranges
from 1 to 78 years, depending on the NP:AP ratio, major rock type, and Pebble zone (PLP,
2011a, Table 11-42). The EBD (PLP, 2011a, Section 11.7.1.7) used the following final equation
to calculate the time to onset of acid drainage:
tonset = (NPeff/AP)/k([NP/AP]crit)

[1]

where tonset is the time to onset of acid drainage, NPeff is the effective neutralization potential, AP
is the measured acid potential, k is the rate of sulfide oxidation, and NP/APcrit is the lowest
NP/AP ratio that will not form acid.
Sulfide oxidation rate: Average “stable” sulfate loading rates from the HCTs were used to
estimate sulfide oxidation rates (k). However, the correlation between stable sulfate release rates
and sulfide content is poor, (Table 11-41 of PLP, 2011a). PEZ and PWZ are lumped together in
the EBD analysis, and the correlation r2 values for Pre-Tertiary and Tertiary data are only 0.24
and 0.11, respectively (an r2 value of 1.0 is perfect correlation). The HCT results show that, in
general, rocks with higher %S values tend to have higher sulfate release rates (PLP, 2011a; Day
and Linklater, 2012). However, neither %S nor sulfate loading rates correlate well with
minimum pH values in the HCTs. Therefore, sulfate loading rate may not be the right measure to
estimate time to onset of acid drainage. In addition, the use of mean stable rates ignores the
importance of the formation and dissolution of secondary metal sulfate salts in the generation of
acidic and metal-rich drainage. Although only two to three samples per year have been collected
for the field barrel tests, it is apparent that metal and sulfate concentrations reflect seasonal
cycles related to precipitation and snowmelt events, rather than showing a monotonic decline
over time [see PLP, 2011a, Figure 11-29 (sulfate) and 11-30 (copper and zinc) for PWZ
Pre-Tertiary barrel tests]. The majority of the HCT results also show a “first flush” (PLP, 2011a,
Appendix 11G) with more elevated concentrations and lower pH values, whereby oxidation
products build up in dry or cold periods and are flushed with the first rains or snowmelt, year
after year. The use of average stable sulfate loading rates in the time to onset calculations ignores
the natural cycles known to affect nearly all mine waste deposits and areas with natural acid
drainage (Jambor et al., 2000; Maest et al., 2004).
Critical NP/AP: HCT leachate pH, calcium, magnesium, and sulfate values for Pre-Tertiary and
Tertiary rock samples are used to estimate NP/APcrit. Figure 11-51 (PLP, 2011a) was used to
show that the critical NP:AP ratio for Pre-Tertiary samples is 1.6 because all samples with

Page 13
SC12808

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Stratus Consulting

Appendix E, Page 1308 of 2339

(5/18/2012)

average (Ca + Mg)/SO4 molar ratios above 1.6 did not produce acidic HCT leachate. This molar
ratio was then assumed to be the same as a NP/AP ratio of 1.6. One of the problems with this
approach is that only one Pre-Tertiary HCT sample has an NP/AP ratio above 1.6 (PEZ sample
226293), and the remaining samples all have a ratio of 1.03 or lower. The NP/APcrit does not
work for the existing data, and HCTs on samples with a wider NP/AP ratio are needed.
Another problem with the approach is that there is not a good relationship between NP:AP ratio
and leachate pH values in the HCTs. As shown in Figure 6 for Pre-Tertiary PWZ samples, and
using a HCT leachate pH of 6 as the cutoff for acidic conditions, about half the HCT samples
had minimum pH values below pH 6.0. This suggests, based on the testing conducted to date,
that “critical NP:AP” cannot be used to separate rock types that will and will not produce acid.
The same is true for %S vs. minimum HCT pH. No clear relationship between HCT pH and any
more easily measured parameters are demonstrated in the EBD. These vexing results imply that
more testing is needed on geochemical test units that incorporate alteration type – and that
represent a wider range in NP:AP ratios and %S values – to try to find some relationship
between long-term geochemical behavior and an easily measured parameter that can be used to
effectively manage wastes in the field. As noted above, if such a relationship is not revealed, all
mined materials may have to be managed as PAG or environmentally harmful.
Regardless of the theory and calculations associated with the time to onset of acid conditions,
actual leach test results demonstrate that rapid leaching and acid formation has occurred over
short timeframes in the tests on many of the samples [Appendices 11G (HCT graphs) and 11I
(subaqueous column test graphs), and Figures 11-28–11-32 (barrel test graphs)]. Rocks that
generate acid quickly are more difficult to manage protectively during mining operations. One
management approach that has been shown in some cases to stop acid drainage is to submerge
the mine waste under water (e.g., tailings and waste rock during and after mining, and walls of
underground workings and open pits after mining). However, subaqueous leach test results in the
EBD suggest that this management approach might not be effective at Pebble. Two Pre-Tertiary
samples with only moderate sulfide contents (a granodiorite and a mudstone – the two most
volumetrically important lithologies) went acidic quickly and leached high concentrations of
cadmium, copper, nickel, and zinc, even under subaqueous conditions (Figure 7). The submerged
samples that produced acid had done so before the tests began. Such results demonstrate that if
acid generation starts, certain rocks can continue to generate acid and leach metals for extended
periods of time, even when submerged.
5.

Conclusions and recommendations

The static geochemical testing conducted for the EBD follow accepted and commonly used
methods, and the results are generally of high quality. However, the kinetic testing program
employed non-standard methodologies or non-standard modifications of accepted methodologies
that were not well described.
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Figure 6. Relationship between NP:AP ratio and minimum pH value for Pre-Tertiary
PWZ HCT samples. NP:AP ratio is not well correlated with minimum HCT pH. Only one
HCT sample had a higher NP:AP ratio (not shown; in PEZ). Without more HCTs on samples
with a wider range of NP:AP ratios, the “critical” NP:AP ratio cannot be established.
Data source: PLP, 2011a, Table 11-10 and Appendix 11C.

The representativeness of the geochemical testing program is lacking in the following areas: size
of the studied resource is only half of the full resource; selection of geochemical test units did
not consider hydrothermal alteration; the proportion of rock-type samples does not reflect the
overall proportion in the ultimate pit surface or underground workings; the samples
underestimate the acid generation and contaminant leaching potential of the deposit as a whole;
and certain types of mined materials (ore and pyritic tailings) were not characterized at all (ore)
or were not fully characterized (pyritic tailings). The extent of these issues severely limits the
intended use of the data, especially for prediction of environmental behavior under mining and
post-closure scenarios. New geochemical test units should be assigned using additional
mineralogic and drill core information, and similar static and kinetic testing should be conducted
on samples from these units.
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Figure 7. Leachate pH for PWZ Pre-Tertiary samples: Subaqueous columns. The two
samples in red (the two most common rock types: granodiorite and mudstone) generated acidic
leachate even though they were covered with water. These samples had become acidic before
being submerged, suggesting that subaqueous disposal may not be effective at stopping acid
drainage.
Source: PLP, 2011a, Appendix 11I, Chart 1.

Much of the leachate from Pre-Tertiary and Tertiary rocks exceeds stream water quality criteria
by factors of one hundred or more. The highest copper leachate concentrations were produced
from Pre-Tertiary rocks under acidic conditions, while Tertiary rocks leached elevated
concentrations of selenium under neutral pH conditions. An important percentage of the samples
released contaminants quickly, and weathered, mineralized Pre-Tertiary samples continued to
leach acidity and metals for long periods of time, even under subaqueous conditions. These
results, and the inability to find readily measurable indicator parameters for distinguishing
PAG/metal leaching materials from more benign materials, indicate that mined material has the
potential to release metals and acid at potentially environmentally harmful levels, many of the
intended uses of the data cannot be realized, and an improved testing program is needed to better
inform the management of mined material.
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Laboratory Estimation of Cu-Dissolved Organic Matter Complexation and Its Relevance to
Fish Toxicity in Streams Draining the Pebble Deposit in Alaska
Alison Craven,a Ann Maest,b Joseph Ryan,c George Aiken,d Joshua Lipton,b Jeff Morris,b
and Kendra Zamzowe
Abstract
This study evaluated the site-specific copper (Cu) binding characteristics of dissolved organic
matter (DOM) in streams draining the Pebble deposit in southwestern Alaska. We used a
combination of cupric ion-selective electrode titration, competitive ligand exchange-solid phase
extraction (CLE-SPE), and modeling approaches to estimate Cu binding affinities and capacities
of natural DOM. DOM was isolated from three stream sites and used in Cu titration and CLESPE experiments; titrations were also conducted on concentrated, whole-water samples. The
titration results were fit to a discrete, two-ligand model using FITEQL. Conditional stability
constants for the titration method ranged from 6.9 to 8.1 (clog K1) and 4.7 to 6.7 (clog K2).
Conditional log K values for the CLE-SPE were higher and ranged from 8.6 to 11.3. The lower
Cu detection limit for the CLE-SPE method allowed for the determination of Cu binding to less
abundant, higher-affinity binding sites. The Cu-DOM binding constants varied as a function of
Cu:DOM ratio, with higher conditional log K values being associated with lower Cu
concentrations relative to DOM. This behavior is consistent with the presence of less abundant,
higher-affinity Cu binding sites that become filled with increasing Cu concentrations. Under
current pre-mining conditions with low Cu concentrations, ambient Cu is able to bind to the less
abundant, strongest sites in the DOM. Were Cu concentrations to increase as a result of mining
the Pebble deposit, waterborne Cu would progressively fill weaker and weaker binding sites in
the DOM. Anthropogenic Cu additions to local surface waters are thus likely to be less strongly
complexed with DOM than current ambient Cu. The Biotic Ligand Model (BLM) was used to
estimate concentrations of Cu2+ in site water, as well as the predicted toxicity of Cu to rainbow
trout. MINTEQ was also used to determine Cu2+ concentrations, using empirically derived clog
K values from the titration and CLE-SPE experiments. Predicted Cu2+ concentrations using the
BLM were considerably lower than those predicted by MINTEQ using empirically estimated log
K values. These results suggest that the BLM, which is currently accepted for use by the
U.S. Environmental Protection Agency to establish site-specific water quality criteria for Cu,
overpredicts the amount of organically complexed Cu and therefore will likely underestimate Cu
toxicity to salmonids in the Pebble watersheds with increasing Cu concentrations. Our results
indicate that Pebble watershed streams have a very low assimilative capacity for Cu without
adversely affecting aquatic biota.

a. University of Colorado-Boulder, Chemistry and Biochemistry, Campus Box 215, Boulder, CO 80309 USA.
b. Stratus Consulting Inc., 1881 9th Street, Suite 201, Boulder, CO 80302 USA [corresponding author: Ann
Maest, 303-381-8000 (phone); 303-381-8200 (fax); amaest@stratusconsulting.com].
c. University of Colorado-Boulder, CEAE, Campus Box 428, Boulder, CO 80309 USA.
d. U.S. Geological Survey, 3215 Marine Street, Boulder, CO 80303-1066 USA.
e. Center for Science in Public Participation, PO Box 54, Sutton, AK 99674 USA.
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Introduction and Background

The objective of the work described herein was to measure the copper (Cu)-binding
characteristics of dissolved organic matter (DOM) in streams near the Pebble Project, a worldclass porphyry Cu-gold-molybdenum deposit in southwestern Alaska, and to use the
measurements to evaluate the implications for Cu toxicity to salmonids and other aquatic biota.
The studies were conducted to simulate a range of Cu concentrations and Cu:DOM ratios that
would be representative of both current ambient conditions and higher Cu concentrations that
would likely result if the Pebble deposit were mined. The Cu, gold, and molybdenum ore in the
Pebble deposit is largely sulfidic; disseminated pyrite is present in the ore body; and anomalous
patterns for silver, arsenic, antimony, and other metals occur in surrounding soils (Eppinger
et al., 2010). Although other metals (e.g., cadmium, zinc, lead) and metalloids (e.g., arsenic)
could be released into the environment from mining the deposit and are potentially harmful to
salmonids, we focused on Cu because of the likely magnitude of discharges from the Pebble
Project coupled with the high toxicity of this metal to salmonids and invertebrates (Meyer et al.,
2007). An understanding of the bioavailability and toxicity of Cu to salmonids in site waters in
the vicinity of the Pebble Project is critical to the evaluation of the potential environmental
consequences of mine development.
The toxicity of Cu to aquatic life varies as a function of its chemical makeup. Although a number
of dissolved constituents can influence the toxicity of Cu in freshwater, the primary controlling
variables include Ca, pH, and DOM (MacRae et al., 1999b). Ca hardness derives from the
weathering of rock-forming minerals (primarily carbonates and feldspars), and DOM derives
largely from the decomposition of terrestrial and aquatic vegetation and biota. These substances
influence Cu toxicity through a series of geochemical processes related to the formation of less
toxic organic and inorganic complexes and competitive interactions with metal uptake sites on
gill tissues (Meyer et al., 2007). As a result of these processes, Cu toxicity tends to be lower in
harder waters with higher Ca concentrations, as well as in waters with higher DOM
concentrations.
To reflect the influence of site-specific water quality conditions on Cu toxicity to aquatic biota,
the U.S. Environmental Protection Agency (EPA) modified federal water quality criteria for the
protection of aquatic life criteria to provide for the use of the Biotic Ligand Model (BLM) to
calculate site-specific water quality criteria (U.S. EPA, 2007). The BLM is comprised of a
geochemical speciation code called CHESS (Santore and Driscoll, 1995), which calculates
inorganic metal speciation; the WHAM V model (Tipping, 1994), which calculates the degree of
metal-organic interaction; and a biotic ligand (e.g., fish gill) binding constant and lethal
accumulation (LA50) for Cu, which remains constant regardless of water quality. The main
purpose of the BLM is to predict the concentration of Cu that would cause toxicity to aquatic life
under a range of water quality conditions. The site-specific nature of DOM (including factors
such as the nature, strength, and capacity of binding sites for Cu and other metals) can influence
the bioavailability and toxicity of Cu (see, for example, MacRae et al., 1999a, 1999b; Marr et al.,
1999; Welsh et al., 2008). Although the BLM allows for input of both total concentration of
DOC and the relative amount of humic and fulvic acids that comprise DOC, it does not currently
allow for input of site-specific DOM characteristics.
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Field, Laboratory, and Modeling Approaches

Controlled laboratory studies were performed to assess the Cu binding characteristics of DOM in
natural waters potentially influenced by mining of the Pebble deposit. The laboratory studies
characterized the Cu binding ability of DOM in the three main drainages at the site (North Fork
Koktuli, South Fork Koktuli, and Upper Talarik). Adding Cu to site streamwater simulated the
addition of dissolved Cu to the streams under operational (i.e., post-mining) conditions and
allowed us to estimate the strength, abundance, and stability of Cu DOM complexes. We used
both the BLM and the chemical speciation code Visual MINTEQ to estimate how DOM-bound
Cu might influence the toxicity of Cu to salmonids that spawn, rear, and reside in the main
surface water drainages near the site.
2.1

Water Collection and Chemical Analysis

Existing data on the geographic distributions of Cu, hardness, and DOC; salmonid habitat and
population data; and information about the location of the mineral deposit and potential tailings
impoundments were used to select water sampling locations. Samples were collected from each
major watershed at the site: North Fork Koktuli (NK-02), South Fork Koktuli (SK-02), and the
Upper Talarik (UT-02; Figure 1). Water samples were collected on June 7 and June 8, 2010.
Water samples (50 L at each location) were collected in 10-L prewashed high-density
polyethylene bottles. Samples were filtered in the field using 0.45-m pore size membranes,
preserved with nitric acid to pH < 2 (metals samples) or with sulfuric acid (DOC samples),
shipped on ice from the site by helicopter to Anchorage, and then shipped overnight on ice to
Columbia Analytical Services in Kelso, Washington, for water quality analyses. Samples were
also sent to the U.S. Geological Survey (USGS) laboratory in Boulder, Colorado, for DOM
isolation and Cu binding laboratory experiments.
Water quality analyses were conducted on filtered and unfiltered water from each location.
Unfiltered samples were analyzed for total metals (Al, As, Cd, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Sb,
Se, U, and Zn), total suspended sediment, and total cyanide. Filtered samples were analyzed for
dissolved metals (same list as above), major cations and anions (Ca, Mg, Na, K, SO4, alkalinity,
and Cl), DOC, nitrate + nitrite, ammonia, and total dissolved solids. Specific conductance, pH,
and temperature were measured in the field.
Total, bicarbonate, and carbonate alkalinity were determined by titration (Standard Method
2320B; APHA et al., 1998). Ammonia was determined using the automated phenate method
(Standard Method 4500-NH3 G; APHA et al., 1998). The following elements were determined
using inductively coupled plasma-atomic emission spectroscopy (ICP-AES; EPA Method 200.7;
U.S. EPA, 2001): Ca, Fe, K, Mg, Na; ICP-mass spectrometer (ICP-MS; EPA Method 200.8;
U.S. EPA, 1994) was used to determine concentrations of Al, As, Cd, Cr, Cu, Mn, Mo, Ni, Pb,
Sb, Se, U, and Zn. Cl and SO4 were determined using ion chromatography. Automated
colorimetry was used to determine cyanide and nitrate-nitrite concentrations (EPA Methods
335.4 and 353.2; U.S. EPA, 1993a, 1993b). Total dissolved and suspended solids were
determined by weight after filtration and drying at 180°C (Standard Methods 2540C and D;
APHA et al., 1998). DOC was determined using the persulfate-ultraviolet (UV) or heated-
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persulfate oxidation method (Standard Method 5310C; APHA et al., 1998). Trip, laboratory, and
equipment blanks were collected and analyzed as part of the water quality sampling effort.
2.2

Characterization and Isolation of DOM

DOC was measured on filtered samples using a total organic carbon analyzer (Oceanography
International, model 400). The UV absorbance was measured using an UV/visible
spectrophotometer (Hewlett Packard, model 8453) at 254 nm. The specific UV absorbance
(SUVA) was calculated by dividing the UV absorbance at 254 nm by the DOC concentration.
SUVA254 has been positively correlated with the aromaticity of the DOC (Weishaar et al., 2003).
DOM was isolated from the Pebble site waters (Aiken et al., 1992). Amberlite XAD resins
(XAD-8 and XAD-4) were initially cleaned in 0.1 N NaOH, rinsed with distilled water, and
sequentially extracted twice for 48 hours each with methanol and acetonitrile. Resins were
cleaned with three successive rinses using 0.1 N NaOH – 0.1 N HCl before use. XAD-8 and
XAD-4 columns were arranged in series and connected with Teflon® tubing. Samples from the
three Pebble deposit streams were acidified to pH 2 and passed through the column pair. The
columns were then back-eluted with 0.1 N NaOH, and eluates were acidified with concentrated
HCl to pH 2 and hydrogen-saturated using a cation-exchange resin. The XAD-8 resin retains the
hydrophobic acids (aquatic humic substances, aliphatic carboxylic acids with five to nine carbon
atoms, one- and two-ring aromatic carboxylic acids, and one- and two-ring phenols). The XAD-4
resin retains the hydrophilic acids (polyfunctional organic acids and aliphatic acids with five or
fewer carbon atoms). For more details, see Aiken et al. (1992). The isolated fractions from each
resin were freeze-dried and stored for use in the Cu binding studies. The hydrophobic-acid
isolates were used for the titration and competitive ligand exchange-solid phase extraction
(CLE-SPE) studies.
2.3

Laboratory Cu Binding Studies

Cu titration and competitive binding studies were conducted to evaluate Cu-DOM complexation
at the three sampling locations. Titration studies were performed on site water samples and on
laboratory waters with isolated site organic matter. A subset of the titration studies tested the
importance of the association of Cu with suspended sediment by comparing results in filtered
and unfiltered samples. CLE-SPE experiments were performed using laboratory waters with
different amounts of isolated site organic matter. All calculated binding constants are
conditional, meaning that they are determined for the specific conditions of the experiment (pH,
ionic strength).
2.3.1

Cu titrations

The titration study employed a cupric ion-selective electrode (Cu-ISE), which measures only free
Cu (Cu2+); uptake of free Cu (primarily through sites on gill tissue) is thought to be the principal
cause of Cu toxicity to aquatic biota (Meyer et al., 2007). Cu bound to DOM, inorganic ligands,
or sediment does not register on the electrode.
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Cu titrations were performed on (1) unbuffered filtered and unfiltered water samples from the
North Fork Koktuli River; (2) concentrated (through evaporation), filtered water samples from
all three drainages; and (3) laboratory waters with added DOM isolated from the three sampling
locations.
The Cu solution titrated into the concentrated site water or the laboratory water was prepared by
making sequential dilutions of a 1,000-mg/L (15.9-mM) Cu(NO3)2 solution; for the titrations of
filtered and unfiltered whole-water samples, the titrating solution was Cu(SO4). Cu titrations
were performed by measuring the Cu2+ concentration in the three site waters using the Cu-ISE as
Cu was added to the samples. A Thermo Scientific Orion Cu-ISE (model 94-29) and a Thermo
Scientific Orion double-junction Ag/AgCl reference electrode were used to measure the Cu2+ in
the solution. The reference electrode was filled with an inner filling solution of saturated AgCl in
KCl and an outer filling solution of 10% KNO3. The Cu-ISE was solid state, and the electrode
surface was polished before each titration sequence using Orion polishing strips to remove
adsorbed Cu ions.
The Cu-ISE was calibrated with an ethylenediamine solution according to the method outlined
by Avdeef et al. (1983). The calibration provided a Nerstian response from pCu2+ 3-17. The
calibration was checked weekly; it consistently held a Nerstian response with a slope of
29.8 ± 0.3 and an E0 of 307.4 ± 4.1 millivolts (mV).
Each solution was stirred constantly using a stir plate, and the beaker was covered in foil to block
light and prevent photo-induced interferences at the electrode surface. The electrode potential
(mV) was monitored using an Orion Aplus pH and ISE meter. After approximately 2 to
3 minutes, the change in the change in the electrode potential reading was < 0.2 mV; equilibrium
readings were recorded after 5 minutes. The pH was monitored using a Beckman Coulter pH
meter, and the pH was recorded at the same time as the mV readings.
2.3.1.1 Filtered/unfiltered site water titrations
For the filtered and unfiltered site water titrations, Cu was added as CuSO4, and the free Cu
concentration and pH were measured. The Cu was added in the sulfate form to simulate potential
operational water quality downstream from a mined sulfide deposit. The titrated Cu was added in
the form of 0.005 M (pH = 5.3) or 0.05 M (pH = 4.3) CuSO4 in 20-L additions, and the pH was
not held constant. This caused a decrease in pH over the course of the titration. Binding constants
could not be determined from these titrations.
2.3.1.2 Concentrated, buffered site water titrations
The filtered site water samples were concentrated approximately 10 times using a rotary
evaporator to increase DOM concentrations. Samples were buffered at pH 7.3 to simulate
environmental conditions. The experimental conditions for the titrations are included in Table 1.
The Cu was added as 20- or 200-L additions of 5 mM Cu(NO3)2 in 3.2% HNO3. The titration
curves were fit using the program FITEQL, and the binding constants and binding site
concentrations were determined.
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2.3.1.3 Titrations with isolated DOM
For the experiments with DOM isolates, each experimental solution was buffered to pH 6.0 to
eliminate the precipitation of Cu. Each titration was conducted on 100 mL of solution containing
20 mg/L of isolated DOM (~ 10 mg/L DOC) and buffered to pH 6.0 with 5 mM 2-(Nmorpholino)ethanesulfonic acid (MES). The buffer was selected based on its acid dissociation
constant (pKa = 6.5) and inability to bind Cu. A pH of 6.0 was selected to avoid formation at
higher pH values of Cu hydroxide precipitates. The Cu was added in 20- or 200-L additions of
5 mM Cu(NO3)2 in 3.2% HNO3 to create a range of total dissolved Cu concentrations from 10-6
to 10-4 M and Cu:DOM ratios of 1.6E-3 to 160E-3 (mg Cu/L:mg DOM/L). NaOH was added after
each Cu addition to maintain a constant pH. The ionic strength of the solution was adjusted to
0.01 M with NaClO4 and increased slightly to 0.015 M over the course of the titration. The
elevated ionic strength was necessary to obtain accurate readings from the Cu-ISE. Each titration
was conducted in duplicate, and the averages, as well as the standard error, were recorded.
2.3.2 FITEQL
The Cu titration data were fit using the program FITEQL (Westall, 1982) to determine
conditional binding constants (log cK1, log cK2), as well as total equivalent ligand concentrations
(L1, L2). A discrete two-ligand model was used to fit the experimental data; a two-ligand model
was found to provide the minimum number of ligands that produced good fits for all samples.
For each experimental fit, the weighted sum of squares divided by the degrees of freedom
(WSOS/DF) was calculated. The lower the value, the better the model was able to fit the
experimental data. Typically, WSOS/DF values less than 20 are considered good fits (Herbelin
and Westall, 1999).
A two-ligand model is also consistent with previous Cu titration studies, making results
comparable between studies (Breault et al., 1996; McKnight et al., 1983). Cu complexation with
inorganic ligands in the samples (hydroxide and carbonate) was also included in the model. The
results obtained from the model are conditional for the pH of 6.0 and ionic strength of 0.01 M.
2.3.3 CLE-SPE
The binding constants for Cu-DOM in the Pebble samples were also measured using CLE-SPE.
This method uses a C18 resin as the solid phase to separate DOM into two fractions operationally
defined as the hydrophobic and hydrophilic fractions. The hydrophobic fraction of the DOM
adsorbs to the resin and is retained, while the hydrophilic fraction does not interact with the
C18 resin and passes through the column with the eluent (Black et al., 2007; Hsu and Sedlak,
2003). Although the stoichiometry of the Cu-DOM complex in the site water samples was not
known, a 1:1 complex was assumed (Breault et al., 1996; McKnight et al., 1983). The binding
constant of Cu with ligands contained in the natural DOM can be expressed as:

K CuL DOM

[CuLDOM ]
[Cu ][ LDOM ]

[1]
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CLE-SPE uses well-characterized ligands with known Cu-ligand stoichiometry and binding
constants to compete with the DOM in the sample. The water sample containing both Cu and
DOM is first passed through the C18 column without adding the competitive ligand, and the
amount of Cu passing through the column is measured. Then the competitive ligand is added;
after equilibration, the sample is passed through the column, and the amount of Cu passing
through the column is measured. If the competitive ligand is hydrophobic, any Cu bound to the
ligand will be retained on the resin (because all hydrophobic ligands will be bound by the
C18 resin), thereby decreasing the amount of Cu that passes through the resin (relative to the
sample without competitive ligand). The binding strength and stoichiometry of the complex must
be known to calculate the Cu-DOM binding constant.
In this study, benzoylacetone was used as the hydrophobic competing ligand. Benzoylacetone
forms a 2:1 complex with Cu, which is defined by the equilibrium equation:
0

K Cu ( Bz ) 0
2

[Cu ( Bz ) 2 ]
[Cu 2 ][ Bz  ]2

[2]

The Cu(Bz)20 complex has a conditional stability constant of 1011.2 at pH 6.0 (Martell and Smith,
1977). Combining equations [1] and [2], the final equilibrium expression for the Cu-DOM
binding constant, as determined by the competition with benzoylacetone, is:

K CuLDOM

K CuBz [CuLDOM ][ Bz  ]2
0
[Cu ( Bz ) 2 ][ LDOM ]

[3]

where KCuLDOM is the conditional binding constant for CuLDOM; [CuLDOM] is the concentration of
Cu that passes through the column; [Bz-] is the concentration of benzoylacetone; [Cu(Bz)20] is the
concentration of Cu that is retained on the column, determined by difference; and [LDOM] is the
concentration of Cu binding ligands contained in the DOM. All concentrations are in moles per
liter.
Three 250-mL solutions (one solution for isolate from each sampling site) were prepared using
the same isolated DOM as in the Cu titration experiments. The ionic strength of each solution
was adjusted to 0.01 M using NaClO4, and the pH was held constant at 6.0 ± 0.1 using a 3-mM
sodium phosphate buffer and adjusting with NaOH.
Because results from the Cu titrations demonstrated that the Cu binding characteristics were
similar for the three Pebble locations, the samples were used interchangeably to establish a range
of Cu:DOM ratios for the CLE-SPE experiments. The Upper Talarik Creek sample was run at a
Cu:DOM ratio of 0.011, the North Fork Koktuli River sample was run at a Cu:DOM ratio of
0.002, and the South Fork Koktuli River sample was run at a Cu:DOM ratio of 0.0005. The
variability allowed us to explore the effect of increasing Cu concentration, or Cu:DOM ratio, on
the strength of Cu-DOM binding.
Each sample was equilibrated for 24 ± 2 hours at the Cu:DOM ratio selected before the
competitive ligand (benzoylacetone) was added. The benzoylacetone was then added to the
solution and allowed to equilibrate with the solution for another 2 hours before SPE extraction.
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The amount of benzoylacetone added to each solution varied depending on the Cu:DOM ratio.
For the lowest Cu:DOM ratio of 0.0005, the benzoylacetone concentration was 500 M, while
the middle and highest Cu:DOM ratio of 0.002 and 0.011 each had benzoylacetone
concentrations of 100 M.
Total Cu was measured on the eluent using either a graphite furnace atomic absorption
spectrophotometer (GF-AAS) or an ICP-MS, depending on the total Cu concentration.
Recoveries for USGS standard reference water samples (T187, T181, T169; USGS, 2010) by
GF-AAS were all within ± 15%, and the relative standard deviation values for triplicate analysis
for all of the samples were less than 5%. If these conditions were not met, the sample was
reanalyzed.
2.4

BLM and MINTEQ Modeling

The site water chemistry and different total dissolved Cu concentrations were used as inputs to
the BLM. The BLM simulates equilibrium conditions and allows for some toxicity of Cu species
other than Cu2+ (e.g., Cu hydroxide and chloride species). Different versions of the BLM have
used different approaches to estimate the binding of toxic metals to the biotic ligand (Paquin
et al., 2002). The version used in this study (version 2.3.3, the most recent version) included
Ca2+, Na+, and H+ as competing cations on the gill (biotic ligand). The BLM can be run in
toxicity or speciation mode. The output for the toxicity mode is an LC50 (concentration that
would kill 50% of a population) value for a number of aquatic species, including fathead
minnow, rainbow trout, Daphnia magna, Daphnia pulex, Ceriodaphnia dubia, and an option for
a user-defined organism. The biological species of interest is selected as part of the BLM inputs.
For the LC50 calculation, we selected rainbow trout as the species of interest because they occur
at the site and are the BLM species most closely related to other salmonids that occur at the site
and in the Bristol Bay region. In speciation mode, inputs of Cu, DOC, and major ions are used to
calculate concentrations of dissolved species in solution.
The BLM was used to predict the Cu speciation for the North Fork Koktuli River site conditions
(measured in June 2010) at different total dissolved Cu concentrations. The BLM was run in
speciation mode, and the free Cu concentration was calculated using the model at each total
dissolved Cu input concentration. All other inputs (pH, DOC, cations, and anions) were held
constant. The BLM was also used to calculate LC50 values for the North Fork Koktuli River
under a range of pH, hardness, and DOC values. The BLM can be used to simulate changes in
predicted toxicity under mining conditions that could simultaneously lower the pH (from
creation of acid drainage) and increase hardness values (from weathering of Ca- and magnesiumcontaining minerals such as calcite, dolomite, and feldspars). DOC values can change seasonally
and across locations. The geochemical speciation code Visual MINTEQ, version 2.60
(Gustafsson, 2009), was also used to calculate free Cu concentrations. The inorganic inputs to
MINTEQ were the same as those used in the BLM (Table 2). However, MINTEQ allows the
input of stability constants for metal-organic or other complexes, whereas the BLM does not.
The experimentally determined Cu-DOM binding constants from the titration and CLE-SPE
results were fit with a regression as a function of the Cu:DOM ratio and used as inputs to the
model. The Cu:DOM dependence was simulated using a single ligand (LDOM) to represent DOM.
However, the log K values were adjusted for each Cu:DOM ratio to mimic the results from this
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study. The DOM ligand concentration was also always equal to the Cu concentration because at
each Cu:DOM ratio, the binding constant is calculated for the maximum amount of Cu that can
bind to each strength ligand at the given ratio. The model calculated the speciation of Cu at each
total Cu concentration (3E-10 to 3E-5 M, or 0.02 to 2,000 Pg/L) and each DOM ligand
concentration (modeled as a 1:1 complex at 3E-10 to 3E-5 M). The free Cu results from both
models were plotted against total dissolved Cu concentrations to examine how free Cu would
change with increasing total Cu concentrations and to compare the results in this study to
predictions made using the BLM.
Modeling input values for the BLM and Visual MINTEQ are shown in Table 2.
3.

Results

3.1

Water Quality Results

Water quality data from the three Pebble stream samples collected for Cu binding studies are
provided in Table 3. The Nature Conservancy (TNC) water quality data from 2009 to 2010 were
used to evaluate overall water quality at a number of locations at the site. Site waters contain low
solute concentrations, have neutral pH values, and can be characterized as Ca-bicarbonate-type
waters. Figures 2 and 3 depict mean dissolved Cu concentrations and hardness values,
respectively, measured in streams near the Pebble deposit (the number of samples, n, varied from
1 to 3 for a given location). Figure 4 shows the mean DOC concentrations.
Mean dissolved Cu concentrations were highest near the deposit and in the South Fork Koktuli
River basin. However, mean Cu values did not exceed 3 Pg/L (see Figure 2). The maximum
individual dissolved Cu concentration measured in streams near the Pebble site was 3.6 Pg/L;
this value was observed in a single sample collected from an upgradient South Fork Koktuli
River station (SK31), which is located directly over the Pebble West deposit (see Figure 2)
where the cover of glacial material is thin. Unpublished data from Pebble Limited Partnership
(PLP)1 corroborates these findings, with the highest Cu concentrations (over five times greater
than the mean) located at a site directly over the Pebble deposit. At sampling stations a mile or
more downstream of the deposit, individual Cu concentrations were generally 2 Pg/L or less.
Mean hardness values were higher near the Pebble West deposit area and in the Upper Talarik
Creek drainage (see Figure 3), where the deeper Pebble East deposit is located. The majority of
the hardness values in streams were < 25 mg/L (as CaCO3). Ca concentrations, and therefore
hardness values, were less variable seasonally at stream locations fed year-round by
groundwater; these locations are readily identifiable because they are ice-free during the winter
months.
The majority of the individual samples collected had DOC concentrations d 2 mg/L. Maximum
DOC concentrations were highest in the headwaters regions and smaller tributaries of the
drainages where DOC concentrations ranged up to 6 to 7 mg/L. The only location with mean
DOC values higher than 3.0 mg/L was a tributary stream in the headwaters of the North Fork
1. According to PLP, their data are preliminary and could change after final quality assurance/control review.
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Koktuli River (see Figure 4). No clear trends in geographic distribution or temporal variability of
DOC concentrations were apparent from a review of the limited existing data.
3.2

Cu Titrations

3.2.1

Filtered/unfiltered whole water titration results

The free Cu concentrations measured in titrations of both filtered and unfiltered North Fork
Koktuli samples were within analytical error of the Cu-ISE. Although suspended sediment
concentrations in the unfiltered sample were low (< 5 mg/L), the result suggests that the low
concentrations of suspended sediment do not substantially affect the binding of Cu. Because the
samples were unbuffered and Cu was added as acidic CuSO4, the pH of the solutions being
titrated dropped at higher Cu additions (solution Cu concentrations > 10-5 M or ~ 640 Pg/L). The
pH of the filtered water sample was consistently slightly lower than that of unfiltered samples
but showed the same rate of decrease above a concentration of 10-5 M total Cu. This finding
suggests that the low concentrations of suspended sediment did not substantially increase the
buffering capacity of the solution.
3.2.2

Concentrated, buffered titration results

The Cu-DOM binding characteristics measured in the concentrated, buffered (pH 7.3) site waters
are shown in Table 4. The measured Cu2+ concentration leveled off at higher Cu additions,
indicating that Cu precipitation had occurred. Therefore, only 13 of the 19 titration points were
included in the fit.
The concentrated samples had a stronger binding ligand (L1), with a conditional binding constant
(log cK1) between 7.6 and 8.1. Both the NK-02 and SK-02 samples had a slightly weaker Cu
binding ligand (L2) with binding constants (log cK2) of 6.5 and 6.7; log cK2 for the UT-02 sample
had a lower value of 5.6. Ligand concentrations (mol/L) were calculated using FITEQL and
normalized for DOC concentration (mol/mg DOC) (see Table 4). The binding constants
decreased with increasing ligand concentrations.
3.2.3

Titration results for isolated DOM samples

Results from the Cu titration experiments using DOM isolates from the three sample locations
are shown in Figure 5 and summarized in Table 5. For all samples, the modeled fit agreed well
with the experimental data, as shown in Figure 5 and by the low WSOS/DF values in Table 5.
The three samples produced similar results, with a higher binding constant (log cK1) of
approximately 7.0 (6.97.2) and a lower binding constant (log cK2) of approximately 5.0
(4.75.4). The ligand concentrations are reported in the same units as the concentrated, buffered
titration results: mol/L and mol/mg DOC. The ligand concentration in units of mol/mg DOC
were converted to a Cu:DOM ratio by making the ligand concentration equal to the maximum
amount of Cu that is bound to the DOM at the calculated strength (log K). The DOC was
measured, and the DOM was calculated by multiplying the DOC concentration by a factor of 2.
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CLE-SPE Results

The three CLE-SPE solutions tested were created using different Cu and DOC concentrations in
order to evaluate the effect of Cu:DOM ratio on binding strength. The calculated binding
constants for the CLE-SPE (and Cu titration) method were found to vary as a function of
Cu:DOM ratio (Figure 6).
The Cu detection limit for the CLE-SPE method was lower than that for the titration
experiments. Log K values from the CLE-SPE experiments ranged from 8.6 to 11.3. Higher
binding constants were obtained with the CLE-SPE method because of its lower Cu detection
limit; this allowed for measurement of log K values of lower capacity/higher affinity ligands at
low Cu:DOM ratios.
3.4

Comparison between MINTEQ and BLM Results

Visual MINTEQ and the BLM were used to calculate free Cu concentrations (Figure 7). At
lower total dissolved Cu concentrations, the BLM estimated higher free Cu concentrations than
the model developed for this study. At higher total dissolved Cu concentrations, the opposite was
found: the BLM estimated lower free Cu concentrations. The crossover point between the two
models shifted to higher total Cu concentrations (~ 1 Pg/L vs. ~ 0.1 Pg/L) as the pH was
increased from 6.0 to 7.13. As shown in Figure 7, at the ambient pH of the North Fork Koktuli
sample (7.13), the BLM estimated that there would be ~ 10 times less free Cu than was estimated
using our empirically derived complexation data. For example, at a total dissolved Cu
concentration of 20 Pg/L, the BLM estimated that only 0.02 Pg/L would be Cu2+, while Visual
MINTEQ, using the log cK values from this study, estimated that 0.6 Pg/L would be Cu2+, a
thirty-fold difference At a total dissolved Cu concentration of 200 Pg/L, the BLM estimated that
4 Pg/L would be Cu2+; the model for this study estimated that 32 Pg/L would be free Cu (see
Figure 7).
4.

Discussion

4.1

Water Quality

The results of the water quality analyses demonstrated that the streams near the Pebble Project
have low concentrations of constituents that reduce the toxicity of Cu to aquatic biota (i.e., Ca,
alkalinity, and DOM). In general, Cu toxicity is a function of the amount of DOM, hardness, and
alkalinity in the stream; pH is another factor that affects Cu toxicity. The toxic mechanism for
Cu in fish involves the ionoregulatory system: in general, higher Cu concentrations inhibit the
influx of sodium and chloride and increase the efflux of sodium, potassium, and chloride,
thereby decreasing plasma sodium and chloride levels (Meyer et al., 2007). Longer exposures in
soft water at pH 6 notably increased the net loss of Ca in brown trout (Sayer et al., 1991). Also,
young fish are more sensitive to Na efflux than larger fish, especially in acidic and soft waters
(Grosell et al., 2002; Reid and McDonald, 1988; Sayer et al., 1989).
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The acute toxicity of Cu to rainbow trout increases as hardness and alkalinity decrease (Hansen
et al., 2002a; Meyer et al., 2007; Welsh et al., 2000). A loss of Ca from gills (through
displacement by Cu) increases the permeability of the gill to loss of ions and a fish’s
susceptibility to Cu exposure (Reid and McDonald, 1988). Increasing hardness increased the
incipient lethal level (concentration that causes 50% mortality at an infinite exposure time) for
rainbow trout exposed to Cu across all alkalinity values (Miller and Mackay, 1980). A number of
studies examined the effect of hardness on the Cu concentration that decreased growth by 20%
(IC20). An analysis of five of these studies by Hansen et al. (2002b) found that the IC20
increased as hardness increased. For example, IC20 values at a hardness of ~ 25 mg/L as CaCO3
were ~ 2 Pg/L Cu, while values at a hardness of 100 mg/L as CaCO3 were on the order of
30 Pg/L Cu (Hansen et al., 2002b). However, pH and alkalinity co-varied in the studies, and the
observed effects could reflect the influence of multiple water quality parameters (Meyer et al.,
2007).
Cu also affects the olfactory system in fish by damaging cells in the olfactory rosettes (Bjerselius
et al., 1993; Hansen et al., 1999b). The decrease in abundance of olfactory receptors lowers the
avoidance response, and fish will not be as effective in avoiding elevated Cu concentrations
(Hansen et al., 1999a) or returning to their native streams for spawning.
The effect of pH on Cu toxicity is a complex function of the inorganic (and organic) speciation
of Cu in solution and the competition of Cu and H+ for binding sites on the gill or biotic ligand.
Cu toxicity was found to decrease above pH ~ 6 due to the formation of Cu carbonate,
bicarbonate, hydroxide, and organic species that are less toxic than Cu2+. Although H+ is
independently toxic to salmonids, Cu toxicity also decreases at pH values below ~ 6, most likely
as a result of increased cation competition on the gill (Cusimano et al., 1986). Although H+ can
be protective at somewhat acidic pH values, the combination of elevated Cu and acidity
antagonistically disturbs the ion balance (increases ion losses) in fishes (Laurén and McDonald,
1986; Reid and McDonald, 1988). The binding of Cu to DOM is also affected by pH. If the pH
drops below the pKa for important Cu binding DOM ligands, Cu could be released from stream
DOM and increase free Cu concentrations in solution (Playle et al., 1993).
The toxicity of Cu to aquatic biota can be modified by the presence of DOM; the influence of
DOM on Cu toxicity a function of the Cu binding affinity and capacity of the organic ligands
present (Meyer et al., 2007). For example, MacRae et al. (1999a, 1999b), and Marr et al. (1999)
found that the toxicity of Cu bound to different organic acids was a function of the Cu-organic
binding strength. Investigators have attributed the toxicity of Cu-organic complexes to fish to the
relative binding strength of Cu with the organic ligand relative to that of the fish gill (Meyer
et al., 2007). For example, ethylenediaminetetraacetic acid and nitrilotriacetic acid, which have
high log K values with Cu, decreased Cu toxicity to freshwater shrimp and other aquatic biota
(Daly et al., 1990; Playle et al., 1992). MacRae et al. (1999b) and Playle et al. (1993) estimated
the apparent log Kgill values for Cu in rainbow trout (7.5), brook trout (7.25), and fathead
minnow (7.4) gills (Meyer et al., 2007).
Suspended particles decrease the toxicity of Cu and other metals to fish, most likely because of
the adsorption of free Cu to the particles. However, particles can become entrained in the
mucopolysaccharide layer that coats the gills, and the sorbed metal can be released from the
particles to the fish gill in the microenvironment of the gill (Meyer et al., 2007). The pH “balance
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point” (where pH around gill and in exposure water are equal) in the gill microenvironment
varies as a function of water hardness; the balance point is ~ 5.9 for rainbow trout in soft water
(< 25 mg/L as CaCO3) and ~ 6.9 in harder water (~ 100 mg/L as CaCO3) (Playle and Wood,
1989; Tao et al., 2001). Therefore, speciation immediately around the gill can vary from that in
the bulk solution, and a study of the toxicity of suspended particles to salmonids must consider
and measure the changing conditions in the gill microenvironment.
4.2

Cu Binding Studies

The Cu-DOM binding constants determined using CLE-SPE and Cu titrations varied as a
function of the Cu:DOM ratio; this same dependence on the Cu:DOM ratio has been seen in
other studies (Table 6). The measured binding constants were inversely proportional to the
Cu:DOM ratio (see Figure 7). This behavior indicates a generally continuous distribution of Cu
binding ligands of different strengths in the DOM, where binding strength is inversely related to
ligand concentration. At low Cu concentrations, Cu is able to bind to the less abundant, strongest
sites in the DOM. As the Cu concentration increases, Cu progressively fills weaker binding sites.
This continuous distribution of Cu binding ligands in the DOM is important in understanding the
potential influence of site DOM on the bioavailability and toxicity of Cu to aquatic organisms.
Because the relationship between log K and Cu:DOM ratio is continuous (see Figure 6), even
small increases in dissolved Cu concentrations (given the same DOM concentration) will reduce
the effective Cu-DOM binding constant, thereby increasing the amount of free Cu in solution.
Assuming that the Cu binding to DOM protects against Cu toxicity, higher and higher
percentages of added Cu will be bioavailable and toxic as the total Cu concentration increases;
this effect will be more pronounced as pH is reduced.
4.3

Modeling Results and Implications for Cu Bioavailability

Some researchers compared the results of the BLM with fish toxicity data and found that the
model underestimates the toxicity of Cu to aquatic biota in the presence of DOM
(De Schamphelaere et al., 2004; Welsh et al., 2008). One potential reason for this
underprediction involves the simplified treatment of Cu-DOM complexation in the BLM
(e.g., Lipton et al., 2006; Welsh et al., 2008). A recent review of the BLM for metal mixtures
(lead and Cu) found a more complicated antagonistic competition than predicted by the BLM.
The equilibrium BLM predicted a straightforward relationship between the two metals, while in
the experiments the relationship changed dramatically depending on Cu2+ concentrations (Chen
et al., 2010). The BLM uses the WHAM model to represent Cu-DOM binding. The WHAM
model is a discrete-site model that uses proton exchange and metal competition and does not use
log K values to estimate partitioning of dissolved metals among different organic ligands and
compounds. The results from our study suggest a continuous binding model, with log K values
depending on the Cu:DOM ratio.
As noted above, the toxicity of Cu to aquatic biota is a function of a number of water quality
parameters, including pH, DOC, and hardness. The BLM was used to show the relationship
between Cu LC50 values and these three water quality parameters (Figure 8). As shown in
Figure 8a, the increase in Cu LC50 with pH is largely due to the decrease in Cu2+ and
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concomitant increase in organically bound Cu with increasing pH. With increasing DOC
concentrations and hardness, the BLM predicts that the amount of Cu needed to cause 50%
mortality in rainbow trout increases by approximately 100 Pg/L with every 2-mg/L increase in
DOC (Figure 8b). Aside from an unexplained drop in LC50 (although it is related to the amount
of organically bound Cu in solution) at hardness values below ~ 20 mg/L as CaCO3, the LC50
predicted by the BLM increases monotonically with increasing hardness values (Figure 8c). For
each increase in hardness of ~ 20 mg/L as CaCO3, the LC50 is predicted to rise by ~ 4 or 5 Pg/L.
The discrepancy in the predicted percentage of free Cu in solution between the BLM and the
model used for this study (see Figure 7) can be reconciled by modifying the DOC concentration
used in the BLM. Decreasing the DOC concentration effectively simulates a smaller log K value
for Cu and DOM (as Cu:DOM ratio increases). At lower DOC concentrations, using the same
input water quality (see Table 2), the amount of free Cu predicted by the BLM approaches that
predicted by Visual MINTEQ. As shown in Figure 9, decreasing the amount of DOC to
~ 0.3 mg/L results in a curve that approximates the one from Visual MINTEQ for
environmentally relevant Cu concentrations (1 to 10 Pg/L). These observations indicate that the
BLM assumes stronger net Cu-DOM binding over a range of Cu:DOM ratios than was measured
in this study. Other authors have suggested that dividing measured DOC concentrations by a
factor of 2 yields a better empirical fit to fish toxicity data in some cases (De Schamphelaere
et al., 2004; Welsh et al., 2008). These findings are consistent with our study results and suggest,
again, that the BLM appears to functionally apply higher net Cu-DOM binding strengths across
the range of Cu:DOM ratios than are found in many site waters.
4.4

Environmental Implications

The results of our study indicate that surface water streams near the Pebble deposit can be
characterized as having low hardness, alkalinity, Ca, Cu, and DOC concentrations. The low
measured concentrations of parameters that potentially ameliorate metal toxicity suggest that Cu
(and other metals) is likely to be highly toxic to aquatic biota in this region.
Although the natural organic matter measured in streams close to the Pebble deposit contains
some organic ligands with high Cu binding affinity, the concentrations of these high-affinity
ligands in the natural DOM is low. An increase in the Cu concentration while keeping the DOC
or DOM constant (i.e., increase Cu:DOM ratios), as would be likely to occur during mining (no
DOM is added to streams during mining), will reduce the net binding affinity of natural DOM by
shunting added Cu to ligands with lower binding strengths. As a consequence of this
relationship, natural DOM is unlikely to be strongly protective against Cu toxicity to aquatic
organisms. Moreover, our findings indicate that DOM from streams around the Pebble Project
has a lower net Cu binding ability than predicted by the BLM. The results from this study
suggest that using the BLM will underestimate Cu toxicity to resident salmonids and other
aquatic biota.
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Figures

Figure 1.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure Captions
Figure 1. Sampling locations in the South Fork Koktuli River, North Fork Koktuli River,
and Upper Talarik Creek in southwestern Alaska near the Pebble Project. The location of
the copper-gold-molybdenum deposit is shown.
Figure 2. Mean dissolved Cu concentrations in stream locations surrounding the Pebble
deposit.
Figure 3. Mean hardness values in stream locations surrounding the Pebble deposit.
Figure 4. Mean DOC concentrations in stream locations surrounding the Pebble deposit.
Figure 5. Cu titration data and FITEQL two-ligand fit for (a) North Fork Koktuli River,
(b) Upper Talarik Creek, and (c) South Fork Koktuli River.
Figure 6. Cu-DOM binding constants as a function of Cu:DOM ratio for Cu titration using
laboratory waters with DOM isolates and CLE-SPE experiments; pH 6.0, I = 0.01 M.
Figure 7. BLM and MINTEQ model calculations of free Cu using results from site water
chemistry and experimental Cu-DOM binding experiments at (a) pH 6.0 and (b) pH 7.13.
Figure 8. BLM relationship between Cu LC50 and (a) pH (and relationship between free Cu
and total organic-Cu concentrations and pH), (b) DOC, and (c) hardness.
Figure 9. DOC “titrations” using the BLM and site water chemistry for the North Fork
Koktuli River.
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Tables

Table 1. Experimental conditions for titration of concentrated, buffered,
whole-water samples
Sample site

DOM concentration
(mg/L)

Cu concentration added
Cu:DOM ratio
(Pg/L)
(mg Cu:mg DOM)

North Fork Koktuli

38.4

64–6,400

1.7E-3–170 E-3

Upper Talarik

24.6

64–6,400

2.6 E-3–260 E-3

South Fork Koktuli

39.8

64–6,400

1.6 E-3–160 E-3

Table 2. Modeling input values
Parameter

Value
(range used in modeling)

Input used for BLM
or MINTEQ?

pH

6.00 and 7.13 (6.09.0)a

Both

Cu

3E-9–3E-5 M (0.022,000 Pg/L)

Both

DOC
LDOM (“DOM ligand”)
Log

KCuLc

Humic acid (HA)%d

a

BLM

2.17 mg/L (0.2510.0)
-9

-5

b

3E –3E M

MINTEQ
-1

Log K (M )
16.9
14.3
11.6
8.9
6.3
3.7

Cu total (Pg/L)
0.02
0.2
2
20
200
2,000
10

MINTEQ

BLM
a

Both

a

1.10 mg/L (0.4–14.9)

Both

14.7 mg/L as CaCO3
(5–200 at constant Ca:Mg = 3.72)a

BLM

Sodium

1.79 mg/L

Both

Sulfate

1.70 mg/L

Both

Chloride

0.50 mg/L

Both

Alkalinity

22.3 mg/L as CaCO3

Both

Calcium
Magnesium
Hardness

4.09 mg/L (1.4–55.5)

a. For “titration” in BLM.
b. For “titration” in MINTEQ.
c. The log K was entered as a function of the total dissolved Cu concentration (Cu:DOM ratio).
d. A default input of 10% HA is recommended for the BLM when actual percent is not known.
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Table 3. Water quality and DOM characterization results for Cu binding study samples
North Fork Koktuli

Upper Talarik

South Fork Koktuli

pH (field)

7.1

7.6

7.2

Specific conductance (PS/cm)

36.6

64.4

37.9

Alkalinity (mg/L as CaCO3)

22.3

33.9

13.5

Hardness (mg/L as CaCO3)

14.7

28.4

13.4

Dissolved Cu (Pg/L)

0.2

0.2

1.3

0.064

0.035

0.072

2.0

1.3

2.2

3.1

2.7

3.2

UV absorbance, 254 nm
DOC (mg/L)
-1

-1

SUVA at 254 nm (L mg cm )

Table 4. Conditional Cu-DOM binding constants at pH 7.3, I = 0.015 for titration data
from concentrated, buffered Pebble site waters modeled with a discrete two-ligand model
in FITEQL
mol/L

mol/mg DOC

Sample

Log K1

Log K2

L1

L2

L1

L2

WSOS/DF

NK-02

7.7

6.5

1.93

15.5

0.10

0.81

0.08

UT-02

7.6

5.6

2.04

23.8

0.17

1.93

0.39

SK-02

8.1

6.7

2.22

10.7

0.11

0.54

0.19

WSOS/DF: weighted sum of squares/degrees of freedom.

Table 5. Conditional Cu-DOM binding constants at pH 6.0, I = 0.015 for
titration data from laboratory waters using isolated site DOM modeled with
a discrete two-ligand model in FITEQL
mol/L

mol/mg DOC

Sample

Log K1

Log K2

L1

L2

L1

L2

WSOS/DF

NK-02

7.2

5.4

4.42

21.2

0.62

2.97

7.95

UT-02

6.9

4.7

8.64

55.8

1.01

6.54

6.79

SK-02

6.9

4.9

7.74

35.6

0.80

3.70

18.0
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Table 6. Cu-DOM binding constants from other studies
Log K (M -1)

Cu:DOM ratio
(mg/L:mg/L)

5.7

0.025

Breault et al., 1996

Cu-ISE titration

8.1

0.0041

Breault et al., 1996

Cu-ISE titration

9.0

0.0023

Bruland et al., 2000

DPASV

13.5

0.00042

Bruland et al., 2000

CLE-ACSV

16.1

0.000026

Jin and Gogan, 2000

CSV

Reference

Method

Cu-ISE: cupric ion-selective electrode.
DPASV: differential pulse anodic stripping voltammetry.
CLE-ACSV: competitive ligand exchange-adsorptive cathodic stripping voltammetry.
CSV: cathodic stripping voltammetry.
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Pebble Mine: Hydrogeology and Geochemistry Issues
Abstract
This report addresses more than a dozen environmental issues
arising from the hydrological and geochemical conditions at the
proposed Pebble Mine, which would develop a metallic sulfide
deposit in the Bristol Bay drainages of Southwest Alaska. These
drainages produce a major portion of the world’s sockeye salmon
supply, important subsistence use, and recreation. The
hydrological and geochemical issues fall into two groups. The first
is “substantive” issues – e.g. (a) acid mine drainage from
unprocessed waste and host rock, mine or pit walls, tailings, tailings
storage facilities, and dust; (b) pollution from chemicals used in
processing ore, (c) pollution from fuels, oils, greases and
antifreeze; (d) pollution from residues of explosives; (e) chemical
and bacteriological pollution from sewerage treatment facilities; (f)
pollution from herbicides, pesticides and road deicing compounds;
etc. The second group is “procedural” issues. They result from (a)
inadequate data (or decisions not to release all data) particularly on
matters related to hydrology and chemical compositions of rock,
potential ore, waste rock, tailings, etc; (b) inadequate sampling
techniques, and inadequate protocols for preserving field samples
or gathering field or lab data; etc. The procedural issues weave
throughout the substantive issues and undermine the ability of the
public and their agencies to understand the potential, significant
environmental impacts, particularly to water and fish, which will
result from Pebble Mine. This report concludes that significant
impacts to some of the world’s most important fisheries are likely.
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1.0 Introduction
This report provides a brief summary of the primary technical, environmental
issues related to the hydrogeology and water quality impacts at metal mines.
Such issues routinely create the most contentious disputes and often result in the
greatest long-term costs and impacts to the general public. That is:
x Will the mining operations alter the chemical composition of the local
surface and ground waters?
x With respect to the Pebble Project, will such “contamination” result in
negative impacts, either short-term or long-term to the quality to the local
water resources and especially to the fisheries of the Bristol Bay region?
x Will water levels (either surface or ground water) be impacted in the area?
This report is intended to express viewpoints and perspectives that are not
discussed, or are inadequately discussed by the Northern Dynasty Mines, Inc.
(NDM). This report is an attempt to illuminate some of the issues and viewpoints
that NDM and their consultants have failed to emphasize.
The opinions presented here are neither pro- nor anti-mining. I have often
worked for clients with both orientations. This report is not intended to tell the
citizens or public officials what to do. Rather, it is intended to provide technical
assistance so that informed decisions can be made and to constructively
influence the public review process. The ultimate choices, however, must be
made by the citizens and their elected representatives. They are the ones
who will be personally impacted and may ultimately be financially
responsible.
These opinions were developed after reviewing all relevant portions of the NDM
water, water quality, geology and geochemical reports available at
http://www.dnr.state.ak.us/mlw/mining/largemine/pebble/env_baseline_studies.ht
m#2004_reports , together with NDM information presented on their website:
http://www.ndmpebblemine.com/pages/PebbleFacts.php. In addition, I also
reviewed reports related to the site geology and geochemistry available on the
Canadian Securities Administration, available at http://www.sedar.com/ .
One dilemma for the public is that mining companies, NDM included, routinely
claim that they can operate a modern metal mine without environmental impacts.
This is simply false. It is inevitable that an operation of this magnitude will have
some negative impacts on, as a minimum, the water quality of the surrounding
surface and ground waters. I have never seen a comparable metal mine
operated, long-term, that has not produced such negative impacts.
Although environmental aspects of modern metal-mines have improved,
qualitatively, compared to similar operations of 20 to 30+ years ago, claims of
“improved technology” have been made every decade for much of the last
century----and there are still significant environmental problems. One should note
that most modern, open-pit base and precious metal mines are now, however,
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constructed on a scale unheard of less than 30 years ago. Pits at some sites are
many hundreds of feet, up to 2000+ feet deep, and may be 1 to 2 miles across.
Hence the potential quantities of wastes produced and magnitude of the potential
impacts are generally much greater than in past decades.
Background
Because the proposed Pebble Mine is currently only in the exploration phase,
much of the detailed, technical information on the full extent of mining, proposed
extraction processes, specific facilities locations, etc. has not been made public.
Nevertheless, we know the following:
x The proposed Pebble Mine would excavate a metallic sulfide porphyry
deposit. Cu-Mo-Au (copper, molybdenum, gold) and some accessory
Ag (silver) would be the main products. Similar porphyry copper
deposits around the world sometimes extract additional metal products
such as selenium, mercury, and uranium.
x The Pebble deposit is presently being explored by NDM, a Canadianbased corporation that has never operated a mine, in partnership with
Anglo American plc, a U.K.-based corporation which is one of the
largest mining and natural resource groups in the world. Almost 20% of
the NDM portion of the Pebble shares are held by Rio Tinto, another of
the largest mining companies in the world, based in the U.K. and
Australia.
x The overall project area footprint is at least 28 square miles / 18,237
acres, of State land, and possibly much more.
x Pebble will probably employ both open pit and underground
operations.
x NDM claims that it has identified as much as 8.2 billion tons of ore. If
processed at about 200,000 tons per day, the life of the mine could
exceed 100 years.
x Over 99% of the ore will become waste, which will remain on site
forever.
x NDM has proposed dams for tailings impoundments that have dam
heights (max.) of 700—740 feet (Facility A), and 450 feet (Facility G);
x The estimated open pit depth is 1,700 feet at Pebble West.
x Global climate changes must be considered when developing
appropriate, conservative assumptions and related predictions
concerning flooding, recharge, sizing of diversion structures, etc. for
facilities that must last forever.
x The Pebble Mine would be upgradient of the world’s largest wild,
sockeye salmon fishery.
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2.0 Environmental “Process” Issues
NDM has released dozens of partial documents to the public and regulators,
many of which are available at:
http://www.dnr.state.ak.us/mlw/mining/largemine/pebble/env_baseline_studies.ht
m#2004_reports
However, some of the most important documents contain only old or incomplete
data, which have not been updated for several years. These data need to be
revised and made public much more rapidly or there will be no reasonable
opportunity for the public or regulators to provide a thorough review during the
formal permitting stages. Given the large number of NDM contractors, it is often
impossible to determine whose opinions are represented in the reports.
The data are not organized in a manner that promotes review by either the public
or the regulators. For example:
--surface water flow data should be organized by monitoring station and date,
and then integrated with the related water quality data.
--water quality data need to be organized in tabular form so that all data from any
one monitoring station can be readily compared by date. Such tables should
present dissolved [filtered] and total [unfiltered] water quality data side by side for
comparisons by date.
--water quality data needs to be statistically-summarized for all monitoring
stations to show: n (sample size); min (minimum value); max (maximum value);
median; mean.
--these statistical data need to be compiled to generate ranges of “baseline”
water quality, bottom sediment chemical analyses, aquatic biota data, etc. Such
statistical data would allow the public to know what the surface and ground water
quality was prior to commencement of the Pebble operations. In addition, these
data need to include the earlier Cominco data in the tabular summaries. Such
data provide even earlier baseline data, prior to the extensive NDM exploration
activities---all of which can influence baseline.
All data are presently collected by representatives of NDM. The same will be true
if the Pebble operation receives permit approval; monitoring data will be collected
by the mine operator. Some mechanisms need to be incorporated which allow for
“independent” oversight of the sampling, data handling, etc. Several project
aspects would benefit from the involvement of independent parties.
--The latest (2004) Ground Water Draft Baseline Progress Report contains
significant problems with some well completions and evidence that at least one
well has been contaminated by cement grout entering the screened interval.
Unfortunately, neither the report authors nor the regulators have commented on
these problems.
--Sampling and sample handling: some of the surface water samples were
filtered and preserved between 8 and 12 hours after sample collection. Such
procedures are inadequate to prevent many chemical constituents from coming
out of solution, thereby yielding lower reported lab concentrations.
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Some of the well completion and sampling / sample handling inadequacies
described above have already generated unreliable data.
3.0 Contaminant Sources at Mine / Mineral Processing Sites
Active metal-mine operations routinely release chemicals into the surrounding
environment from two general sources---the natural, mineralized rock, and the
massive quantities of chemicals that are added and utilized throughout the
mining and mineral processing activities. The various mineral processing
techniques (both physical and chemical) greatly increase the rates at which many
chemical constituents are released from the mineralized rock.
Natural Rock. Mineralized rock containing high mineral content is called ore.
Such ore is mined from either open pits or underground excavations using
explosives and transported for processing using huge trucks or conveyer belts.
Much of the rock removed from an open pit contains metal concentrations that
are too low to be economically processed. This material, waste rock, is often
discarded in huge piles, somewhere near the pit perimeter. Thus, mineralized
rock is exposed to air and water in numerous mining locations: open pit walls,
underground workings, waste rock piles, exposed tailings, and road cuts.
Chemical reactions of the rock with air, water and bacteria often create acidic
waters (pH often between 3 and 5, sometimes lower) which mobilize high /
elevated concentrations of the minerals in the rock, including numerous metals
and metal-like constituents which may be toxic to humans and aquatic life--especially fish. Waste rock accumulations are often the largest source of acidic
and other drainages. These acidic waters may be called acid rock drainage
(ARD).
Once acid rock drainage develops, it is often a truly long-term problem. Davis, et.
al.(2000), report evidence that acid conditions have existed for thousands of
years in the Rio Tinto region of southern Spain, the source of the corporate name
of the Rio Tinto Group.
Process Chemicals. At mines similar to the proposed Pebble operation, the ore
is shipped to a mill where process chemicals (reagents-- see discussion below)
are added to the ore to extract the metals. These chemicals are mixed with the
crushed ore and water in various complex stages to extract the desired metals
and the resulting waste called tailings are discharged to a tailings impoundment.
[In historical mining jargon, the ore entering a mill was often referred to as
“heads”, and the wastes exiting the mill were called “tails”.] Such tailings
discharges are often alkaline, having an initial pH between about 9.5 and 12.0,
and are approximately 50% liquid and 50% solid particles. As the tailings age,
and the solids react with the liquids and air, the liquid pH may over many years
become acidic. Because of the massive quantities of ore that will be processed,
huge amounts of process chemicals will ultimately be used.
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NDM has not made public the precise mineral processing techniques it plans to
employ. Nevertheless, NDM began Feasibility Studies and conducted preliminary
bench scale tests (NDM, June 2005) that chemically process rock representative
of future ore. In these tests, three types of Pebble tailings were generated, the
combined Scavenger and Bulk Cleaner Tailings and two forms of Pyrite tailings--non-acidic and acidic. These tests indicated that the median pHs of the tailings
samples were 8.2, 7.3, and 3.5 respectively (see discussion below). Note that
the tailings actually produced at Pebble might, in fact, have different pH
characteristics.
Fuels / Oils and Greases / Antifreeze. Such modern operations are highly
mechanized utilizing trucks and equipment that require the use of immense
quantities of fuels [diesel, gasoline, kerosene], oils and greases and anti-freeze
compounds [see discussion below], all of which are stored and used onsite.
These organic compounds frequently leak from their storage containers or are
spilled during normal usage or in accidents. All may be highly toxic to aquatic
organisms.
Explosives. Constructing underground mine workings, open pits, roads, etc.
requires tremendous quantities of blasting compounds. When exploded, they
leave soluble residues (nitrate, ammonia) on the rock surfaces, which wash off
into the environment after rainstorms. One of these residues, ammonia, is
roughly as toxic to fish as free cyanide.
Water Treatment, Sewage Facilities, Laboratories. All similar mines must
operate facilities for their workers, which includes constructing camps with water
treatment and sewage facilities, and they maintain laboratory facilities. All such
functions utilize chemicals and often release chemical and bacteriologic wastes
into the environment.
Miscellaneous Operations. Depending on the physical environment, many
mines utilize significant quantities of herbicides, pesticides, and road deicing
compounds---all of which can be toxic to organisms.
Modern mine operations attempt to collect and contain as many of the chemical
wastes described above as possible. Frequently, the tailings impoundment
receives mixtures of these wastes. Hence, the solid-liquid mix included in such
an impoundment is essentially a “chemical soup” containing literally hundreds of
different inorganic and organic chemical compounds.
Mining-related Geochemical Processes
Mining and mineral processes of blasting, crushing and grinding convert the rock
from a solid (sometimes fractured solid) into smaller particles which have much
greater surface area. The chemical and bacteriologic reactions between the rock
minerals, water and air occur predominantly at these mineral surface areas.
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Hence, numerous chemical reactions tend to occur at greater rates when smaller
rock particles have been created.
In general, higher concentrations of soluble chemical constituents will be
released from such finer-grained materials into local waters than would be
released from the original, unbroken rock---regardless of the pH of the waters.
The concentrations of many chemical constituents [metals, metalloids, nonmetals, etc] will increase greatly when in contact with acidic, low pH waters.
Similarly, the concentrations of some chemical constituents, especially those that
form negatively-charged anions in “normal” waters [i.e. aluminum, arsenic,
antimony, selenium, manganese, molybdenum, vanadium, uranium, chromium,
nickel, etc.], will increase as the pH rises above about 8.5. Even when the waters
reacting with the geologic materials are of nearly-neutral pH, concentrations of
soluble constituents will increase when smaller rock particles are produced.
While NDM has failed to make public much of the detailed geochemical
information necessary to evaluate all water quality-related environmental
impacts, it is common for such mineralized igneous rocks having sulfide
concentrations of 5% or more and quite low alkalinity concentrations to yield
much waste rock that releases discharges / effluents that are often acidic,
containing elevated concentrations of numerous chemical constituents---many of
which are toxic to forms of aquatic life, especially cold-water fishes.
Likewise, rock with such general chemical characteristics tends also to yield
tailings that can release toxic effluents, which may initially have near-neutral or
elevated pH, but which can become acid over the long-term. It must be recalled
that the waste rock and tailings will remain on the Pebble site forever.
NDM has stated that contamination will be avoided because most of the waste
rock and all of the tailings will be stored under water, in perpetuity. Firstly, NDM
has stated that they have as much as 8.2 billion tons of ore to be processed.
However, it appears they presently have storage capacity for only 2.5 billion tons
of tailings and potentially acid generating waste rock. Secondly, it is not possible
to guarantee that such wastes will remain contained and saturated forever,
especially in an area with such significant seismic activity. One need only
observe Alaskan roads created on steep hillsides to note that sediments tend to
be “in motion” in such areas, every season. Thirdly, storing mine wastes under
water will merely slow the chemical reaction rates. It will not stop them.
Contaminants will continue to be released into the local ground and surface
waters, simply at reduced rates---assuming the wastes remain inundated and
contained.
Portions of the pit walls will be exposed above the highest water level. Longterm, these walls are likely to release significant concentrations of metals /
metalloids, and nonmetals such as sulfate. Nitrate and ammonia, largely as
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explosive residues, will also be released from the surfaces of the pit walls, both
during operations and post-closure.
Much of the Pebble rock will be sulfide-rich material. Additional evidence of the
pervasive impacts associated with mining sulfide ores can be found by reading
Todd and Struhsacker (1997). This study was commissioned by the mining
industry in an attempt to favorably influence mining legislation in the State of
Wisconsin (U.S.A.). It was intended to show “…that a mining operation has
operated in a sulfide ore body in the United States and Canada for at least 10
years without polluting groundwater or surface water from acid drainage at the
tailings site or at the mine site or from release of heavy metals.” It was also
intended to show “….that a mining operation that operated in a sulfide ore body
in the United States or Canada has been closed for at least 10 years without
polluting groundwater or surface water from acid drainage at the tailings site or at
the mine site or from the release of heavy metals.”
Data from hundreds of mine sites from the U.S. and Canada were investigated. A
careful reading of the details in this paper shows that the authors were
unable to locate any sites that totally complied with the criteria at the time
the paper was published.
It is possible that a few closed sulfide-rich metal mines, worldwide, might comply
with these “long-term” criteria since the Todd, et. al. study was conducted. I am
not aware of any. However, the more important point is that, when a statisticallysignificant population of such mines was examined, the majority created longterm acid rock drainage problems.
4.0 Inadequacies of Hydrological / Hydrogeological Data
What are the amounts of water available in the Pebble project area---both
surface and ground water?
Surface Water. At present, the only publicly-available surface water data are the
limited data presented in the Draft Environmental Baseline Studies, 2004
Progress Reports, Chapter 4, Surface Water Hydrogeology (NDM 2005a). These
studies were conducted in two parts: the Mine Area, and the Road / Port Area.
Little or no surface water data were available for the Road / Port area prior to the
2004 studies.
The immediate Pebble Mine study area is drained by several rivers with
significant flow (the North and South Forks of the Koktuli River, Upper Talarik
Creek and their tributaries). NDM is also monitoring stations within the Kaskanak
/ Kvichak drainage because of possible impacts from inter-basin transfers of
water from the South Fork of the Koktuli River. The project area watersheds are
enormous, encompassing 361 square miles, and long-term mean annual
precipitation is estimated to be 34.1 inches, of which about 30 percent falls as
snow (NDM, 2005a).
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NDM’s consultants began collecting baseline surface water data in 2004. NDM
(2005a) states that hydrologic data were also collected by Cominco between
1991 and 1993, but these data have not been shown or integrated into the NDM
hydrologic studies. It will be important to have these Cominco baseline data
integrated into future NDM baseline reports.
Prior to the initiation of the 2004 activities, very little surface water hydrologic
information existed for the site---with the exception of the Cominco data that was
not shown in NDM (2005a). NDM (2005a) reports that only one operational
stream flow gage existed within the entire project area [Iliamna River], and it had
only 9 years of flow records as of the time the 2005 report was prepared. Almost
no historical stream flow data has been made public for the rest of the site as of
2005. No additional site surface water flow data have been released to the
present time.
Detailed surface water flow data, measured over many years, are fundamental to
designing basic site features such as roads, culverts, overpasses, tailings
impoundments, waste facilities, storm run-off structures, etc.
The project area has experienced severe flooding in recent years (see NDM
2005a, Fig. 4-31) and flows in some major rivers have overtopped existing
bridges (i.e. the Iliamna River bridge). The presently-available flow data seem
inadequate to reliably predict maximum flood events on the major site drainages.
Maps presented in NDM (2005a) fail to show the locations of future mine and
mineral processing features. Hence, it is not possible to determine whether
monitoring locations are adequate in number or are correctly located.
In future surface water reports, it will be important to integrate the stream flow
and water quality data to develop baseline calculations for both sediment and
chemical constituent loads throughout the site. In addition, it will be imperative to
characterize and describe areas of surface water-ground water interactions.
These preliminary baseline hydrology studies indicate that ground water inflows
provide significant contributions to the surface water flows in some areas. In
addition, they suggest that some sections of the South Fork of the Koktuli River
are losing reaches and surface channels may be dry in late summer. Such
observations need to be verified over several years, especially in areas where
mining-related activities might have impacts.
The preliminary NDM surface and ground water reports, while incomplete,
describe a typical mountain ground water system with permeable alluvium and
shallow bedrock, both of which are in hydogeologic connection with the rivers.
They indicate that the shallow, weathered bedrock is permeable, and transmits
ground water to the local streams in some locations, causing local stream flow to
increase. These data are not sufficiently detailed to reveal whether these stream
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reaches continue to receive ground water inflows after high flow conditions
cease. The NDM data also indicate that other portions of the bedrock are
fractured, and transmit varying amounts of water although permeability seems to
generally decrease with depth. There are also indications that some ground
water is artesian and flows under natural pressure to the land surface. The
presence of significant dissolved oxygen concentrations in most of the NDM
wells is further evidence that shallow ground water flow rates are relatively high
in many zones.
These observations indicate quite clearly that effluents from future mine facilities
[i.e. waste rock piles, tailings, ore stockpiles, fuel and explosive storage areas,
etc.] will have obvious pathways for movement of contaminants toward the local
rivers and ground waters.
Because almost no historical (pre-2004) surface water flow data was available for
the road / Port area, NDM’s predictions of the magnitude of flood flows in these
downstream / coastal areas should be assumed to be subject to considerable
uncertainty.
Ground Water. At least four different consulting firms performed field work (2004)
and contributed to the preparation of the NDM Baseline Ground Water
Hydrogeology Progress Report (NDM, 2005b). As with the surface water
hydrology baseline report, no maps show the locations of specific, proposed
mine / process facilities relative to the ground water monitoring installations.
Thus, it is impossible to know if these newly-installed wells and piezometers are
adequate to monitor future activities.
NDM (2005b, pg. 5-3) mentions the existence of previous baseline studies,
presumably conducted by Cominco. However, no results from such previous
hydrogeological studies are described in the NDM report. If such studies exist,
the results should be integrated with the recent NDM studies.
These NDM preliminary hydrogeology studies showed that bedrock was waterbearing, especially in shallower zones and where fractured. They also showed
that the unconsolidated overlying sediments (fluvial, glacial, lake-deposits) were
also generally water-bearing and permeable. Ground waters recharge local
surface waters, and ground water flow is believed to cross the surface water
divide between the South Fork Koktuli River valley and the Upper Talarik Creek.
While the 2004 studies were quite preliminary, they indicate that effluents from
future waste rock, tailings, and other facilities have significant potential ground
water pathways that would allow migration of contaminants towards local rivers.
Future ground water studies will need to define the quantities of water that will be
pumped from the open pit and from any other workings that might be
constructed. In addition, it will be important to define the extent (radius, depth) of
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the drawdown from pit dewatering and whether the drawdown will intersect any
of the nearby surface waters. At similar mines, dewatering of the open pits and or
underground workings often drops the local water table, often inducing leakage
from nearby rivers or lakes. This can reduce stream recharge or reduce actual
stream flows, impacting both the flow rates and the river quality. Obviously future
NDM studies will need to quantify such ground water-surface water interactions.
NDM states that a lake will form in the mined-out pit once dewatering pumps are
turned off. While predictions of future pit or drainage water quality are notoriously
imprecise (see discussion below), it will be important to anticipate the quality of
the pit lake waters. Given that the ground water sampling studies (NDM, 2005c)
consistently measured high dissolved oxygen (D.O.) concentrations in most of
the site wells, it is likely that oxidation of the sulfide ores is capable of proceeding
in the pit walls and even in the boreholes. Also, given that the shallow bedrock is
permeable, pit lake water eventually will tend to migrate towards the local rivers.
It would have been much more informative if the ground water hydrogeology
studies had been integrated with the ground water chemistry discussions. Such
integration would have indicated, for example, that at least one of the monitoring
wells (MW-5) constructed in 2004 had obviously been contaminated, probably by
the cement-grout mixture entering the screened interval. [As indicated by
“impacted” pH, alkalinity, hardness, TDS, low D.O., calcium, sodium.] As a result,
the water quality data from this well is totally unrepresentative. Such problems
would have been readily detected if the hydrogeology studies had also included
water quality data that combined both the field and the lab determinations of
temperature, pH, S.C. and turbidity.
The present ground water data in NDM (2005b) are far too limited in time, areal
coverage and depth to answer many of the important questions regarding ground
water flow directions, ground water-surface water interactions, future ground
water chemistry, and to develop a reliable water balance.
Water Balance / Future Water Treatment. NDM has publicly stated that the
Pebble Mine will be a zero-discharge facility and thus will not require any
discharge permits. At present, the public has not been shown a detailed water
balance to substantiate such claims. It is imperative that NDM use measured
precipitation and evapotranspiration data from specific site areas [such as the
tailings impoundment, pit, etc.] to verify that the mine will not be a net
precipitation area.
Depending on the actual site water balance, NDM may be able to avoid any
permitted, point-source discharges while the facilities are being operated.
However, once the mill ceases to operate, and the recycling of water stops, will
there be a need to discharge excess tailings water to the environment? Given the
geochemistry of the ores and wastes, it is probable that some form of active
water treatment will be required, possibly during operation, and probably
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following closure. Depending on the actual water balance, it is possible that
leachates from the tailings and waste rock might need to be collected and treated
prior to release for many years post-closure, possibly in perpetuity.
Future NDM reports should also discuss the financial / economic aspects of
water use. For example, what will be the volumes and the prices paid by NDM for
the numerous sources of water utilized in the Pebble Project?
5.0 Geochemistry
What are the representative chemical compositions of the ore, the waste
rock and the tailings?
NDM has released only partial geochemical data. They are inadequate to
provide detailed answers to questions about the chemical composition of ore,
waste rock and tailings. NDM has released the Draft Environmental Baseline
Studies, 2004 Progress Reports, Chapter 8, (NDM, June 2005) but this is
composed of data from rock samples collected between 1988 and 2003. While
NDM has obviously been conducting additional drilling, none of the more recent
environmentally-relevant geochemical data from 2004 to the present are
available to the public.
NDM (June 2005) and Rebagliati and Payne (2005) present considerable site
geologic data, but fail to present representative summaries of the whole rock
geochemical compositions of the ore, waste rock and tailings. Table 3 (NDM,
June 2005) presents only rock concentrations for As, Cu, Mo, and Zn, but the
reader has no way of knowing if these samples represent typical ore, etc. The
public and regulators need to see much more complete whole rock chemical
analyses in order to determine whether the scope of the environmental
monitoring is adequate. Such data should include: aluminum, antimony, arsenic,
barium, cadmium, copper, chromium, cobalt, iron, lead, manganese, mercury,
molybdenum, nickel, selenium, silver, thallium, tin, titanium, tungsten, vanadium,
zinc, calcium, magnesium, sodium and potassium, boron, phosphorus, silica,
natural radioactive constituents (uranium, thorium, potassium-40, gross alpha
and beta, in general), rare earth elements, etc.
Schrader (2001), presents limited whole rock and trace element analyses of
Pebble rocks [see table 4, pg. 50], which are much more extensive than those
presented in NDM (June 2005). Nevertheless, these results are also far too
limited to determine the representative trace / minor element concentrations of
Pebble ores, waste rock, and tailings. The Schrader thesis fails to present data
for several of the more environmentally-sensitive constituents such as Cd, Mo,
Se, Hg. Comparable ore bodies, worldwide, frequently release these constituents
into the environment [air, soils, waters, stream sediments].
NDM (June 2005) presents preliminary geochemical testing data which indicate
that much of the site rock has geochemically-significant concentrations of sulfidesulfur. The authors state: “Sulfur concentrations in the pre-Tertiary rock types
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(i.e. much of the ore and non-overburden waste) are typically between 1 and 5
percent sulfur up to maximum concentrations near 9 percent.” Clearly rock
containing sulfide contents this high will generate acid rock drainage when
exposed to air, water and bacteria.
What is the realistic probability that acid rock drainage will be generated in
the wastes and pit walls? What other types of chemical effluents may be
released?
As stated above, NDM (June 2005) documents that much of the site rock has
sulfide-sulfur concentrations between 1 and 5%, sometimes up to 9% or greater.
Significant volumes of rock containing 1% – 5% sulfur-as-sulfides clearly
suggest a concern for the development of acid mine drainage at the Pebble
site. At the Zortman-Landusky Mine, Montana, it was found that waste rock
having as little as 0.2 % sulfide was capable of generating net acid (U.S. BLM,
1995).
Chapter 8 of the 2004 Progress Reports (NDM June 2005) presents some
preliminary discussion of the tests that have and will be conducted to determine
whether Pebble wastes will release acid and other contaminants. The data made
public to date are quite incomplete, but they clearly show that much of the ore
and waste rock contains elevated sulfide concentrations that will generate net
acidity in the long-term. In addition, these data (Table 3, for example) show that
these rocks contain elevated concentrations of, as a minimum, arsenic (up to
1013 ppm), copper (up to 0.6%), molybdenum (several samples contained
between 100 and 240 ppm), and zinc (up to 113 ppm). NDM (and Cominco
previously) has obviously been analyzing the Pebble rocks for a much more
extensive list of trace and minor constituents, as they make clear in section
8.6.1.2 Element Scans of 2004 Core, but these data have not been released to
the public. Nevertheless, the data they have released, plus the historical
environmental record from similar copper mines, clearly suggest that much of ore
and waste rock will release trace and minor constituents into the environment.
All operators of comparable mines are faced with a similar dilemma--demonstrating that the ore and wastes (waste rock, tailings) release acceptablylow concentrations of contaminants. Hence they routinely conduct geochemical
tests to demonstrate the extent to which these rocks will release various
constituents. Chapter 8 of NDM (June 2005) discusses several such tests, for
example, leach tests called shake flask tests, and kinetic tests. However,
Chapter 8 fails to describe the detailed testing procedures, and provides no
actual data for either type of test. It is of concern that the reader is not told the
length of time that shake flask samples were in contact with the various liquids,
or whether leached samples were filtered or preserved prior to analysis. No
details were provided on the specific constituents that were leached from the
rock samples and their concentrations. In addition, no details were provided on
the time duration of the proposed kinetic tests, or whether leachate subsamples
would be filtered or preserved prior to analysis. All such tests have their strengths
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and weaknesses, but as a minimum, the public and reviewing agencies need to
have the specific procedures described and be shown the data.
Geochemical Test Limitations. Price (1997) describes the most common
geochemical tests used in predicting acid formation and contaminant liberation
from mining-related rocks and wastes. These normally include short-term, static
tests, like the acid-base-accounting (ABA) tests which generated the rock sulfide
concentrations described in Chapter 8 (NDM, June 2005), and various leach
tests, such as the shake flask tests mentioned above. Secondly, they include
some form of kinetic tests, such as the humidity tests described in Chapter 8.
The latter involve the reaction of rock samples with water and air through longperiods of time in an attempt to simulate long-term chemical reactions that will
take place at the mine site. The presently available NDM data discusses some
aspects of such tests, but have not reported the actual test details or results.
Hence, in anticipation that the public will be allowed to see such test details, it
seems useful to discuss some of the more common limitations these tests.
When attempting to predict whether geologic materials will become acid, it is
important to reliably determine the quantities of both the acid-producing and
neutralizing minerals, such as calcium carbonate, present in the various geologic
materials. Most of the acid comes from the breakdown of iron sulfides. Various
geologic materials may also contain carbonate minerals (and others) which
decompose, releasing basic constituents, such as bicarbonate and carbonate,
that tend to neutralize, or buffer, the available acidity. The simplest such tests are
static tests, sometimes called acid-base-accounting (ABA) tests, which determine
the potential acidity (AP) and the potential neutralizing content (NP) of the rocks.
Static tests simply measure these potential quantities, but do not consider the
rates at which they are mobilized.
Frequently, static data from many tests (often hundreds) are summarized by rock
type as average values. Average data on waste rock neutralizing potential (NP)
versus the average acid-producing potential (AP) [the NP / AP], often fails to
accurately predict real world acid rock drainage problems. This is partly because
the migrating water must actually come in contact with and chemically-react with
these AP- and NP-producing mineral grains. Often they do so selectively, in a
manner that does not reflect the average geochemical composition. More
importantly, there is an inherent time-related bias in this type of geochemical
testing, and static tests do not consider the effects of TIME (Morin & Hutt, 1994).
The NP-producing minerals generally react more rapidly than do the APproducing minerals, so that over the long-term, the NP will be depleted, and, if
sufficient AP minerals are present, the waters will become acid.
These general conclusions about static geochemical tests are corroborated by
many other researchers, including Kim Lapakko of the Minnesota (U.S.A.)
Department of Natural Resources, one of the foremost experts on geochemical
testing of mine ores and wastes (see, for example, Lapakko 2003).
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Kinetic tests attempt to simulate the effects of weathering through time. For
example, selected waste rock samples are reacted with air and water for
extended periods of time, and leachate samples are collected weekly and
analyzed. Such tests are subject to NUMEROUS sources of significant error, but
if conducted scrupulously, they can be useful for predicting whether acid rock
drainage will develop--- at least qualitatively.
One of the largest sources of kinetic testing error results from running the tests
for an inadequate period of time. Chapter 8 states that Pebble kinetic tests will
follow a modified ASTM (American Society for Testing and Materials) procedure
(ASTM, 2000) having a test duration of twenty weeks. However, essentially all
geochemists experienced in such testing agree that much longer time periods
are required to adequately predict whether acid rock drainage will develop, longterm. A few examples of quotes from internationally-recognized experts should
make this point obvious:
Lapakko (2003): “One major concern regarding the ASTM D5744-96 method
is that it recommends a minimum test duration of 20 weeks. However,
the method also states in Note 12 (ASTM 2000, pg. 265) that additional
testing may be required to demonstrate the complete weathering
characteristics of mine-waste samples (e.g., as much as 60 to 120 weeks
were required for some samples). If only a 20-week test duration is used,
this is clearly too short to allow for potential drainage acidification from
mine-waste samples in general.” That is a polite way of saying that the
official guidance on test duration is ridiculous. In fact, Lapakko’s
laboratory has conducted numerous kinetic tests having durations of
many years where the chemistry has continued to change.
• Morin and Hutt (1977): “The duration of humidity cell test(s) is usually at
least 40 weeks, or until the rates of sulphate generation and metal
leaching have stabilized at relatively constant rates for at least five
weeks. Experience has shown that stabilization can take over 60 weeks,
and significant changes may take place even after several years.”
• Price (1997) states that stabilization of kinetic / humidity cell tests often
requires at least 40 weeks, can sometimes take over 60 weeks, and may
even require several years (pg. 100).
• Robertson and Ferguson (1995), on the research staff of Canadian mining
company Placer Dome stated the following: “Kinetic testing methodology
prescribes that tests should last a minimum of 20 weeks, although Placer
believes that this time frame is inadequate for reliable results unless the
samples are extremely high in sulphur content, low in buffering capacity,
and/or potentially highly reactive. On sites which warrant this type of
testing the company typically runs samples for two to three years, allowing
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for a more complete assessment of slower or marginally reactive
materials.”
As stated above, NDM (June 2005) does not present any actual data from
Pebble kinetic tests. Future Pebble reports should also show statistical
tabulations of the actual static test data, and define which rock categories are
considered ore, and various categories of waste rock.
The NDM public reports fail to present criteria for defining and segregating the
supposedly non-acid-generating rock (NAG) from other categories of acidgenerating or potentially-acid-generating rock (PAG). Such distinctions will be
extremely important because so much of the NAG material will be needed for
dam construction, and there will be a tendency to overestimate the amount of
NAG material because: (1) NAG material will be needed for construction; and, (2)
most of the PAG material will go to the tailings facility, and decrease the amount
of tailings that can be stored there. Even when the NAG and PAG materials have
been adequately defined, it is often difficult to actually separate them given that
waste is defined on the basis of tests from small samples of large amounts of
material and the waste segregation is physically performed with massive, often
imprecise, mechanical equipment.
Tailings Composition / Leachates. The specific mineral processing procedures to
be used at Pebble have not been made public at this time. Thus, the precise
chemical composition of the tailings is undefined. However, bench-scale
laboratory tests have been conducted on potential ores, resulting in partial
analyses of three categories of tailings (see NDM June 2005, 8-9 through 8-13).
1. Scavenger Tails---produced by rougher flotation followed by scavenger
flotation.
2. Bulk Cleaner Tails—produced by cleaner flotation followed by scavenger
flotation.
3. Pyrite Tails—Produced by copper sulfide flotation and cleaning.
The first two tailings categories will be combined and are expected to be low in
sulfide, but NDM provides no sulfide analyses to support this. They state on pg.
8-12 that these scavenger / bulk cleaner tails will have an NP / AP ratio of about
3.7, indicating they expect these tails to contain 3.7 times as much neutralizing
material as acid-producing material. Thus, NDM does not expect these tailings to
generate net acid. However, as stated above, it is common for the neutralizing
minerals to react more rapidly than the acid-producing minerals so that, after
decades, it is possible that the buffering capacity may be depleted and the
tailings might generate net acid. This is especially likely in the decades after
active tailings production ceases. Nevertheless, such tailings can release
contaminated leachates, even if acid pHs do not develop.
It seems undeniable that the pyrite tails will generate acid and elevated
contaminant concentrations in the long-term.
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Table 7 [Process Water Chemistry from Bench-Scale Testing], pg. 8-13 of NDM
(June 2005) shows the anticipated chemistry of the three categories of tailings. It
states that these are “selected results”, so we do not know if other samples have
been analyzed, but not shown. It is clear that many important chemical
constituents commonly found in such tailings have been determined (see pg 8-9,
section 8.5.7) but are not reported in Table 7, such as mercury, nickel, chromium,
lead, sulfide, nitrate, ammonia, chloride, cyanide forms, organic compounds,
uranium and other radioactive constituents, etc.
The Scavenger / Bulk Cleaner Tails waters had significant concentrations of
sulfate, hardness, antimony, arsenic, copper, manganese, molybdenum, and
selenium. The median pH of these tails is reported to be 8.15, but the number (n)
of measurements is not reported.
Pyrite Tails (non-acidic) waters had elevated concentrations of sulfate, hardness,
antimony, arsenic, copper, manganese, molybdenum, and zinc, with a median
pH of 7.3. Again the number (n) of measurements was undefined. The report
presents no explanation for the circum-neutral pH of these Pyrite tails. Does it
mean they were processed differently or that the contact time between solids and
liquids were different than for the other Pyrite Tails?
Pyrite Tails (acidic) waters had elevated concentrations of sulfate, hardness,
antimony, copper, manganese, molybdenum, selenium, zinc, and the median pH
was 3.48. Again the number (n) of measurements was undefined, and unlike the
other Tails statistics, no maximum values were provided for the acidic Pyrite
Tails. Future reports should show complete statistical summaries of all such data,
including the n, min.—max. range, median, etc. Otherwise the usefulness of such
data cannot be determined.
The NDM report does not state the amount of time the rock solids had been in
contact with the chemical reagents prior to being analyzed. Longer contact time
may generate higher concentrations of some constituents. Also, it does not state
if tails water samples were preserved prior to analysis. If samples were not
preserved, determined concentrations would likely be unreasonably low. On
page 8-9 it states, however, that samples were filtered prior to analysis. Filtration
(depending on the filter pore diameter) would also remove suspended / colloidal
particles, also lowering measured concentrations. Unfiltered and preserved
samples would generate much more representative, conservative results. Actual
tailings leachates that might seep into the local ground and surface waters would
likely contain constituents mostly in dissolved form, but there is considerable
evidence in the literature that some percentage of such contaminants may
migrate in colloidal form, even in ground waters (McCarthy, et. al. 1989; Ramsey,
et. al. 2000).
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Thus, the public has not been shown truly representative details on the expected
chemical composition of the tailings waters. Decades of actual experience with
tailings waters at copper mines indicates that the waters often have chemical
compositions that may be toxic to cold water organisms, especially trout and
salmon. It is interesting to note that on page 8-9 of Chapter 8 (NDM, June 2005),
it states: “One bioassay has been performed on a solution sample.”
Unfortunately, NDM has not presented any data or discussion of the bioassay
results in this report, or anywhere else to my knowledge.
6.0 Processing Reagents
NDM has not yet released information on the specific processing steps or
chemicals that will be used at the Pebble mill. Nevertheless, many of the
following chemical reagents are commonly used in processing similar ores: lime,
sodium isopropyl xanthate (such as commercial product SF-113),
dithiophosphate and thionocarbamate, [such as in Aeropromotor AC 6682],
methyl isobutyl carbinol (MIBC), and polypropylene glycol methyl ether (Dowfroth
250). Portions of these reagents are recycled, but significant percentages will be
discharged with the tailings and some portion will seep through the bottom of the
largely unlined impoundment into the local ground waters.
Many of these flotation compounds, such as the xanthates, are toxic to plants
and aquatic organisms as a minimum (Australian Government Publishing
Service, 1995), but little or no detailed toxicity information is publicly available,
and regulators do not require that their concentrations be monitored.
Given the significant gold and silver concentrations in the Pebble ores (cite), it is
possible that sodium cyanide will also be used in the Pebble processing.
Much of the following reagent discussion is taken directly from Ayers, et. al.,
2002, pg. 15-16.
“The specific processes appropriate for beneficiation of copper ores are
dependent on the combination of minerals in the ores. Individual mining
companies have developed a variety of proprietary processes to recover various
by-products or co-products. The main technique for concentration of sulfide ores
is froth flotation, sometimes preceded by gravity separation.
Organic wetting agents, known as collectors, permit air bubbles to adhere
preferentially to some minerals (in finely divided suspensions) carrying them to
the surface in froth. Collectors for sulfide minerals are usually xanthates or other
chain hydrocarbons. Frothers in sulfide flotation are usually alcohols, pine oil or
ring-carbon molecules like cresylic acid.
Flotation agents used depend on the specific copper minerals in the ore (Table
2.2). According to one source, sodium mono-sulfide is used as a precipitation
agent for the oxides (azurite, cuprite and malachite). None is needed for the
sulfides (bornite, chalcocite, chalcopyrite). Sodium silicate is used as a
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dispersant for all copper minerals, sulfide and oxide. Sodium cyanide is a
depressant for the sulfides; quebracho for azurite and cuprite, tannic acid for
malachite. Sulfide minerals require no activator; polysulfide for the oxides. Alkyl
or alkyl aryl xanthate aerofloats are collecting agents for the sulfides and azurite;
fatty acids are added in the case of oxides. Pine oil is used as a frother in all
cases, with vapor oil and cresylic acid added in the case of the oxides. Lime is a
pH regulator and pyrite depressant for the sulfides; sodium carbonate for the
oxides.”
Table 1 presents a summary of the typical flotation reagents and the quantities
used at various non-ferrous metal mills. This table is taken from Ayers, et. al.
(2002), Table 2.2. The proposed Pebble project is presently expected to process
up to 8.2 Billion tons of ore. [At 200,000 tons of ore per day, or 73,000,000 tons
per year (NDM – presentation by Robert Dickinson to AMEX, Apr07)].

Table 1. Typical Flotation Reagent Consumption, from Ayers, et. al. (2002).

Assuming that the three copper mills in Table 1 also processed 73 M tons of ore
per year, the reagent quantities shown in Table 2 would be representative of the
reagent quantities that might be used at the future Pebble mill. For example, at
these processing rates, the Finnish site would have used 116,677 tons per year
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of zinc sulfate. While NDM has not stated what they believe to be the expected
life of the Pebble Mine, it could easily exceed 100 years given the 8.2 Billion tons
of ore described on their website (What is the Pebble Project?,
http://www.ndmpebblemine.com/pages/Publications.php, June 15, 2007). In such
a case, truly enormous quantities of the processing reagents would be used and
disposed of in the tailings impoundment.

Table 2. Typical Copper Flotation Reagent Consumption (tons / year).

Modified from Ayers, et. al. (2002).
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7.0 Water Quality
What are the pre-operational, baseline environmental conditions?
Developing statistically-reliable baseline data, especially water quality data, is
one of the most crucial requirements for evaluating potential environmental
impacts from a proposed mining project. Nevertheless, baseline water quality
data are often inadequate for such purposes, even at modern mines.
In order to demonstrate that water quality has or has not been impacted by any
of the project-related activities, it is necessary to have detailed baseline water
quality data—collected prior to the onset of any operational activities.
Unlike many mine sites, the proposed Pebble project is in a largely pristine, unimpacted region. The limited mine site baseline water quality data presented in
the Draft Environmental Baseline Studies, 2004 Progress Reports, (NDM, June
2005,
http://www.dnr.state.ak.us/mlw/mining/largemine/pebble/env_baseline_studies.ht
m#2004_reports) show that most of the ground water samples collected by
NDM’s contractors had Total Dissolved Solids (TDS) concentrations less than
100 mg/L and Specific Conductance (SC) measurements of less than 100
micromhos / cm, and minor and trace constituent concentrations were
consistently low or non-detectable. The surface water data also had TDS and SC
values that were generally below 100 mg/L and 100 mhos / cm.
While these baseline water quality data are far too limited to evaluate statistically,
it is obvious that most of the preoperational site surface and ground waters are
extremely dilute, clean and uncontaminated.
Baseline surface water quality data for the Road / Port area are presented in
NDM (2005 c) and samples were often collected near road corridors. Not
surprisingly, these samples had higher concentrations of dissolved and total
constituents than did the mine site samples. However, it is unlikely that these
higher concentrations, sometimes described as “naturally occurring
exceedances” (see pg. 6-48, Table 6-29) are actually representative of the
natural, unimpacted water quality. It is more likely that these elevated
concentrations result from road runoff which normally includes all manner of
inorganic and organic compounds.
Monitoring locations [surface and ground water] need to be stable for decades so
that changes through time can be noted. The present Baseline reports do not
include maps showing proposed locations of future mine facilities relative to the
baseline monitoring sites. Hence, it is often difficult to tell if adequate baseline
monitoring is being conducted.
As with the geochemical data discussed above, NDM has presented some
limited baseline data in the Draft Environmental Baseline Studies, 2004 Progress
Reports, Chapts. 4, 5, 6, 7 (NDM, June 2005, available at:
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http://www.dnr.state.ak.us/mlw/mining/largemine/pebble/env_baseline_studies.ht
m#2004_reports)
The most recent surface water baseline data are from 2004. In addition, NDM
states that baseline data collected by Cominco during various periods during
1991—1993 will be integrated in the future. Thus, no recent surface water flow
data are available for the years since 2004.
Water quality data should include quantitative, statistically-reliable summaries of
water quality and quantity, aquatic biology, soils chemistry, bottom sediment
chemistry, etc. Analytical results from a few individual samples are of little or no
value when it comes to demonstrating, in the future, that changes in water quality
have occurred.
Baseline chemical data from soils, river bottom sediment chemistry, waste rock,
tailings, and waters in areas near (and down-gradient from) the proposed mining
and processing facilities need to be collected. Such samples need to be analyzed
for a broad range of inorganic and organic compounds. Such analyses should
include, as a minimum: field and lab pH, specific conductance, water
temperature, together with total determinations (and in some cases dissolved
determinations) of: aluminum, antimony, arsenic, barium, cadmium, copper,
chromium, cobalt, iron, lead, manganese, mercury, molybdenum, nickel,
selenium, silver, thallium, vanadium, zinc, calcium, magnesium, sodium and
potassium, sulfate, nitrate, ammonia, boron, phosphorus, fluoride, chloride, and
natural radioactive constituents (uranium, thorium, potassium-40, gross alpha
and beta, in general), cyanide and related breakdown compounds (metal-cyanide
complexes, cyanate, thiocyanate, organic carbon, oils and greases, together with
a comprehensive scan for organic compounds.
All water quality sample preparation (filtration, preservation, etc.) should be done
immediately following collection in the field. The 2004 NDM surface water
samples were collected and held for between 8 and 12 hours prior to filtration
and preservation. Such procedures are inadequate to prevent many chemical
constituents from coming out of solution, thereby yielding lower reported lab
concentrations.
When attempting to detect the possible migration of mine-related leachates,
sulfate is often the best “tracer”. It appears that sulfate is missing from the 2004
analyses.
Geochemical / Water Quality Predictions
The mining industry (and other industries) routinely presents computer-generated
predictions of future mine water quality and quantity in EIAs to promote the sense
that they can “predict the future”. Unfortunately, such predictions are notoriously
inaccurate and imprecise, as has been verified in recent studies by Kuipers and
Maest (2006), and also summarized in Septoff (2006).
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The Kuipers and Maest (2006) study investigated the track record of predicting
pre-mining environmental water quality impacts at mining sites versus actual
impacts years later. The authors of this study concluded:
x 100 percent of mines predicted compliance with water quality standards
before operations began (assuming pre-operations water quality was in
compliance).
x 76 percent of mines studied in detail (25 mines) exceeded water quality
standards due to mining activity.
x Mitigation measures predicted to prevent water quality exceedances failed
at 64 percent of the mines studied in detail.
x 85% of the mines near surface water with elevated potential for acid
drainage or contaminant leaching exceeded water quality standards.
x 93% of the mines near groundwater with elevated potential for acid
drainage or contaminant leaching exceeded water quality standards.
x Of the sites that did develop acid drainage, 89% had predicted low acid
drainage potential initially or had no information on acid drainage potential.
Such “predictive” models are often created by consultants for mine operators to
demonstrate that water quality impacts will be minimal and that permits should be
given. In addition, these models are often used in justifying optimistic
assumptions when making financial assurance calculations. The use of such
flawed models has led regulatory agencies to frequently underestimate the dollar
amounts of financial bonds they require from mining companies (Kuipers, 2000).
Thus, the long-term costs of remediating unforeseen water quality impacts have
often been paid by the taxpayers, not the operators. In addition, such model
results have often not been suitable to define the realistic future financial
liabilities for investors.
Acid rock drainage and related water quality and river sediment contamination
are likely long-term impacts that will occur at the Pebble site, post-closure. Many
of these water-quality-related impacts may not become obvious until long after
the operation has been closed.
8.0 Potential Impacts to Aquatic Life
As described above, mine / mineral processing wastes can release very complex
combinations of inorganic and organic compounds. The chemical constituents
released from tailings but also waste rock, etc. are mixed together much like a
chemical soup. The individual chemical constituents can be toxic to biologic
organisms, especially fish, if present in concentrations toxic to any of the life
forms of these organisms. In addition, such waste mixtures often can generate
additive / synergistic effects to aquatic organisms that are much more complex
than the effects due to any one component.
Table 3 includes some examples of actual constituent concentrations from
waters at three copper mine sites: Kennecott Utah Copper (KUC), Utah; the
Globe-Miami area, Arizona; and the Southern Peru Copper Corp. (SPCC), Peru.
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These data are included merely for comparative purposes, and to give some
indication of the concentrations sometimes released into the environment via
water pathways. Their inclusion is not intended to imply that the future Pebble
waste waters will have these concentrations. All of the examples in Table 3 had
unlined tailings impoundments, or in the SPCC example, no tailings
impoundment.
Table 3. Waste-Impacted Water Quality: Three Copper Sites
[g/ L, unless otherwise noted; D= dissolved]

Constituent

KUC: ground
waters
downgradient
of waste rock

KUC:
ground
waters
near tailings

KUC:
tailings
waters

GlobeMiami
wells

SPCC
Tailings
Waters

Arsenic

4 to 200

87.0 to 281.0

3,100 to
13,000

190 to 2,500

5 to 162

Cadmium

70 to 380

100 to 1,000

0.5 to 6.4

Chromium

---

Copper
Nickel

112,000—
128,000
20,000—22,200

Selenium

70 to 170

Silver

30

Lead
Aluminum (D)
Cobalt (D)
Iron (D)
Manganese
(D)

40.0

19,200 to
39,400
227,000 to
456,000

5 to 46
18,000 to
150,000
870 to 3,000

5,000 to
10,000

Sulfate (mg/L)
Chloride(mg/L)
Ammonia

5 to 46.0
13 to 33.0
3 to 23.0

3,400 to
9,800

2 to 243.0
16,000 to
230,000
1,600 to
10,000
130,000 to
2,710,000
42,000 to
670,000

30 to
144,000
1.0 to 4,120
279 to
826.0

Molybdenum
Zinc (D)

5 to 11,300

2,900 to
24,000
7,000 to
9,000
220 to 440

28 to 1,010
231 to 1930
49 to 115
2,000 to
9,000

These examples include only a few of the chemical constituents actually present
in the site waters; many constituents were not determined or the data were not
made public. The KUC data come from USEPA (1994) and represent 1) ground
waters down-gradient of waste rock piles, 2) ground waters near the tailings, and
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3) tailings waters. The Globe-Miami data come from USGS (1990), and represent
ground waters contaminated by waste rock drainage and possible tailings
effluents that have migrated into the local ground waters. The SPCC data are
from Woodward Clyde (1994) and are tailings waters. The pHs of the examples
in Table 3 were approximately: KUC tailings waters—7.0 to 9.0; KUC ground
waters down-gradient of waste rock—6.0 to 7.0; Globe-Miami wells---3.7 to 6.0;
SPCC tailings waters—9.9 to 11.4.
Some of the individual contaminants of concern at metal mine sites and the lower
concentrations at which they are considered toxic to fish species are presented in
Table 4. These criteria are generally aquatic life criteria taken from US EPA
(2006) or from ADEC, 2003. In addition, some of the criteria below may be
drinking water standards or criteria.
Table 4. Water Quality Criteria
Constituent
Al
Sb
As
Cd
Cr
Cu
Pb
Hg
Mo
Ni
Se
Ag
Tl
V
Zn
pH
CN (free CN)
NH3 (as N)

Lowest Water Criterion (g/ L)
87.0
5.6
10.0
0.1
24.0
2.7
0.54
0.05
10.0
16.0
4.6
0.32
0.24
100
36.0
6.5—9.0
5.2
2.0--325 (acute); 32—49 (chronic)

Constituent
Fe
Mn
U
SO4
NO3 (as N)

Drinking Water Criterion
300
50.0
30.0
250,000
10,000

Note that g / L (micrograms per liter) corresponds to parts per billion. Thus, toxic
responses develop in cold-water aquatic organisms, especially trout and salmon,
at very low concentrations. Many of the concentrations shown in Table 3, and
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those in waste effluents at other copper sites far exceed the criteria shown in
Table 4.
Most comparable copper operations are located in environments that are remote
and away from sensitive fisheries—frequently in deserts. The environmental
impacts from many of these sites go undetected or unreported. In the proposed
Pebble Mine region, the existing salmon presently thrive in surface waters
(baseline) that are comparable to the purity of nearly-distilled waters. Such pure
and dilute waters are easily contaminated because the addition of even relatively
small quantities of acidic, metal-laden waters may significantly alter the original
chemistry. [They have little original buffering capacity.]
Mine effluents that enter nearby surface waters, either as point or non-point
sources tend to react chemically with the river waters generating chemical
reactions that cause insoluble substances to form, which then settle to the
bottom of the rivers. These solid, chemical precipitates are predominantly
composed of aluminum, iron and manganese compounds, together with very
high concentrations of other metals and metalloids. Aquatic bottom-dwelling
organisms ingest such bottom particles. These contaminated benthic organisms
are then consumed by fishes, resulting in potentially toxic diets for the fish.
Even where active water treatment systems have been installed (e.g. Red Dog,
Alaska, etc.), the mixture of liquid and solid effluents often have elevated
concentrations of dissolved solids combined with numerous toxic trace
constituents. These solids settle to the river bottom and may also be toxic to
benthic organisms.
Numerous mine operations (including all of the earth moving and road
construction) cause an increase in the physical sediment load released into local
surface waters. Such physical sediments can be toxic to benthic organisms and
various stages of fish by simply burying their habitat and, or sometimes
smothering the immature stages.
The criteria listed in Table 4 generally refer to dissolved constituent
concentrations, those determined by analyzing filtered (0.45 micrometer-filtered)
samples. However, it is often important to evaluate the potential toxicity from
unfiltered samples. Fish and other organisms do not live in and consume filtered
water.
Note that the section above does not discuss organic constituents that might be
released from the tailings impoundment or other facilities (i.e. oils, greases, etc.)
into local waters and which may be toxic to aquatic organisms. Many of these
organic compounds are known to be toxic to aquatic organisms, but frequently
inadequate toxicity research has been conducted thus no formal criteria are
available in the literature.
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Even when a mine is well run, it is unavoidable that chemical contaminants will
be released into the nearby environment. I know of no comparable, large-scale
copper-molybdenum-gold ore body that has been mined without release of
significant concentrations of contaminants into the nearby surface and or ground
waters, over the long-term. In addition, it is unlikely that a similar coppermolybdenum-gold mine has ever been operated in an area with such a valuable
and potentially-vulnerable fishery---anywhere in the world.
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Experience
Dr. Robert Moran has more than thirty-five years of domestic and international
experience in conducting and managing water quality, geochemical and
hydrogeologic work for private investors, industrial clients, tribal and citizens
groups, NGO’s, law firms, and governmental agencies at all levels. Much of his
technical expertise involves the quality and geochemistry of natural and
contaminated waters and sediments as related to mining, nuclear fuel cycle sites,
industrial development, geothermal resources, hazardous wastes, and water
supply development. In addition, Dr. Moran has significant experience in the
application of remote sensing to natural resource issues, development of
resource policy, and litigation support. He has often taught courses to technical
and general audiences, and has given expert testimony on numerous occasions.
Countries worked in include: Australia, Greece, Mali, Senegal, Guinea, Gambia,
Ghana, South Africa, Iraqi Kurdistan, Oman, Pakistan, Kazakhstan, Kyrgyzstan,
Argentina, Chile, El Salvador, Guatemala, Honduras, Mexico, Peru, Canada,
Great Britain, Romania, United States.
University of Texas, Austin: Ph.D., Geological Sciences, 1974
San Francisco State College: B.A., Zoology, 1966
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3URJUDP0DQDJHU
86$UP\&RUSVRI(QJLQHHUV
*6W6XLWH
$QFKRUDJH$.
GUDIWHLV#FRPPHQWVSHEEOHSURMHFWHLVFRP
&RPPHQWVRQWKH3HEEOH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW

7KH&HQWHUIRU6FLHQFHLQ3XEOLF3DUWLFLSDWLRQSURYLGHVWHFKQLFDODGYLFHWRSXEOLFLQWHUHVWJURXSVQRQ
JRYHUQPHQWDORUJDQL]DWLRQVUHJXODWRU\DJHQFLHVPLQLQJFRPSDQLHVDQGLQGLJHQRXVFRPPXQLWLHVRQWKH
HQYLURQPHQWDOLPSDFWVRIPLQLQJ'U&KDPEHUVKDV\HDUVRIH[SHULHQFHLQPLQHUDOH[SORUDWLRQDQG
GHYHORSPHQW±\HDUVRIWHFKQLFDODQGPDQDJHPHQWH[SHULHQFHLQWKHPLQHUDOH[SORUDWLRQLQGXVWU\DQG
IRUWKHSDVW\HDUVKHKDVVHUYHGDVDQDGYLVRURQWKHHQYLURQPHQWDOHIIHFWVRIPLQLQJSURMHFWVERWK
QDWLRQDOO\DQGLQWHUQDWLRQDOO\+HKDV3URIHVVLRQDO(QJLQHHULQJ'HJUHHLQSK\VLFVIURPWKH&RORUDGR
6FKRRORI0LQHVD0DVWHURI6FLHQFH'HJUHHLQJHRSK\VLFVIURPWKH8QLYHUVLW\RI&DOLIRUQLDDW%HUNHOH\
DQGLVDUHJLVWHUHGSURIHVVLRQDOJHRSK\VLFLVWLQ&DOLIRUQLD *3 'U&KDPEHUVUHFHLYHGKLV3K'
LQHQYLURQPHQWDOSODQQLQJDW%HUNHOH\+LVUHFHQWUHVHDUFKIRFXVHVRQWDLOLQJVGDPIDLOXUHVDQGWKH
LQWHUVHFWLRQRIVFLHQFHDQGWHFKQRORJ\ZLWKSXEOLFSROLF\DQGQDWXUDOUHVRXUFHPDQDJHPHQWILQDQFLDO
DVVXUDQFHIRUPLQHFORVXUHDQGSRVWFORVXUHDQGWKHZDWHULPSDFWVRIPLQLQJ
6800$5<&200(176
7KHWHFKQLFDOVXSSRUWSURYLGHGIRUWKH3HEEOH3URMHFW'UDIW(,6LVWKHZHDNHVWDQDO\VLVRIDPDMRUPLQLQJ
SURSRVDO,KDYHVHHQLQRYHU\HDUV,WLVFOHDUO\LQDGHTXDWHLQWHUPVRIFRPSDULVRQZLWKRWKHU(,6
GRFXPHQWVIRUPDMRUPLQHVERWKLQ$ODVNDDQGQDWLRQDOO\$VFDQEHVHHQIURPP\FRPPHQWVEHORZ
WKHUHDUHVRPDQ\³ZHSURPLVHWRGRODWHU¶VWDWHPHQWVWKDWLIDQDSSOLFDQWLVDOORZHGWRPHUHO\SURPLVHWR
GRWKHGHWDLOHGZRUNDWDODWHUGDWHLVLWUHDOO\ZRUWKGRLQJDQHQYLURQPHQWDODVVHVVPHQWDWDOO"
7KH'UDIW(,6LVFOHDUO\DWLPHGULYHQGRFXPHQW,KDYHDJUHDWGHDORIV\PSDWK\IRUWKHWHFKQLFDO
SHUVRQQHODW$(&20ZKRRQPXOWLSOHRFFDVLRQVDVNHGIRUGHWDLOHGLQIRUPDWLRQWRDVVLVWLQWKHLU
UHYLHZVRQO\WREHWROGE\3/3WKDWWKHUHTXHVWHGLQIRUPDWLRQZRXOGEHPDGHDYDLODEOHZKHQ
DSSOLFDWLRQVZHUHPDGHIRUDGGLWLRQDOSHUPLWV7KLVLVQRWKRZWKH(,6SURFHVVKDVZRUNHGLQWKHSDVW
(,6SUHSDUDWLRQKDVEHHQDGDWDGULYHQH[HUFLVHQRWDWLPHGULYHQRQH,WLVREYLRXVWKDWWKHPHVVDJHWR
WKRVHSUHSDULQJWKH(,6ZDVµGRZKDW\RXFDQZLWKLQWKHJLYHQWLPHIUDPHDQGWKDWZLOOEHVXIILFLHQW¶
7KDWLVREYLRXVO\QRWWKHZD\WRFRQGXFWDFRPSUHKHQVLYHDQGWKRURXJKUHYLHZ
$JRRGH[DPSOHRIKRZLQFRPSOHWHWKLV'UDIW(,6LVQRWRQO\LQWKHGHSWKDQGEUHDGWKRILWVWHFKQLFDO
DQDO\VLVEXWDOVRLQWKHEDVLFRUJDQL]DWLRQRIWKHPLQHSURSRVDOLVLQWKHDOWHUQDWLYHVDQDO\VLV7KHRQO\
FORVXUHRSWLRQSUHVHQWHGLVWREDFNILOOWKHSLWZLWKDFLGJHQHUDWLQJWDLOLQJVDQGZDVWHURFNZKLFKZLOO
HIIHFWLYHO\SURKLELWIXWXUHPLQLQJDWWKHVLWHZKLOHGHYHORSLQJRQO\RIWKHPLQHUDOUHVRXUFH7KLV
PDNHVQRHFRQRPLFRUWHFKQLFDOVHQVHEXWLWGRHVDOORZ3/3WRFODLPWKDWLWZLOOGRDQHQYLURQPHQWDOO\
IULHQGO\PLQHFORVXUH±ZKLFKZLOOQHYHUKDSSHQ7KH'(,6VKRXOGKDYHDWOHDVWFRQWDLQHGDQDOWHUQDWLYH
WKDWOHDYHVWKHS\ULWLFWDLOLQJVLPSRXQGPHQWLQSODFHEHFDXVHLQUHDOLW\WKDWLVZKDWZLOOKDSSHQEXWZH
FDQQRWHIIHFWLYHO\FRPPHQWRQDFORVXUHRSWLRQWKDWLVQRWSUHVHQWHG
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)URPWKHSHUVSHFWLYHRIRQHZKRUHYLHZVVHYHUDO(,6HYHU\\HDUWKH3HEEOH3URMHFW'UDIW(,6LVFOHDUO\
LQVXIILFLHQWLQFRPSDULVRQWRRWKHU(,6SURGXFWVIRUPDMRUPLQHVDQGVKLIWVWKHIRFXVRIWKH(,6DQDO\VLV
IURPDGDWDGULYHQWRDWLPHGULYHQSURFHVV
2QDQDWLRQDOVFDOHLWLVQRWRQO\GLVWXUELQJWKDWWKH86$&(VHHPVWREHDWWHPSWLQJWRGHILQHDQHZ
WHPSODWHIRUWKHHQYLURQPHQWDOLPSDFWVWDWHPHQWRQHGULYHQE\WLPHOLQHVQRWE\DUHTXLUHPHQWIRUJRRG
VFLHQFHWHFKQLFDOFRPSHWHQF\DQGFRPSOHWHQHVV7KLVLVPRVWDSSDUHQWLQWKHHQGGHFLVLRQVPDGHE\WKH
3HEEOH(,6YHUVXVWKH(3$¶V%ULVWRO%D\:DWHUVKHG$VVHVVPHQW 86(3$ 7KH%%:$FRQFOXGHV
WKDWDPLQHWKHVL]HRIWKH3URSRVHG3HEEOH\HDU3URMHFWSRVHVWRRPXFKORQJWHUPULVNWRWKH%ULVWRO
%D\ILVKHU\EXWWKH3HEEOH(,6GRHVWKHH[DFWRSSRVLWH3/3KDVVDLGWKHILVKHU\ZLOOLPSURYHEHFDXVHRI
PRUHVWDEOHVWUHDPIORZVXSSOHPHQWVIURPWKHZDWHUWUHDWPHQWSODQW
7KH(,6KDVXVHGWKH%ULVWRO%D\:DWHUVKHG$VVHVVPHQWDQGVRPHRILWVGDWDDVDUHIHUHQFH7KH
%%:$KDVXQGHUJRQHPXOWLSOHSHHUUHYLHZV\HWWKH(,6GRHVQRWFRPHWRWKHVDPHFRQFOXVLRQVDERXW
SRWHQWLDOLPSDFWVWRWKH%ULVWRO%D\ILVKHU\DQGGRHVQRWH[SODLQZK\WKHVHFRQFOXVLRQVGLIIHUIURPWKRVH
RIWKH%%:$7KH(,6FDQQRWOHJLWLPDWHO\LJQRUHWKHILQGLQJVRIWKH%%:$ZLWKRXWDQH[SODQDWLRQ
+RZDUHZHWRNQRZZKLFKµVFLHQWLILF¶DVVHVVPHQWLVFRUUHFW"$QG:K\"
Missing from the DEIS: A discussion of the different conclusions about fish and fish habitat, the
impacts of a tailings dam failure, and other important issues between the DEIS and EPA Bristol
Bay Watershed Assessment.
&+$37(563(&,),&&200(176
([HFXWLYH6XPPDU\
,QWKH([HFXWLYH6XPPDU\LWLVQRWHGWKDWKDXOWUXFNVZLOOXVHGWRWUDQVSRUWRUHDQGZDVWHURFN 86$&(
(6S ,QWKH:DUGURS5HSRUW  DXWRQRPRXVWUXFNVZHUHSURSRVHGIRUWKHVHWDVNV
$UHWKHWUXFNVGHVFULEHGLQWKH',6DXWRQRPRXVRUDUHWKH\WREHGULYHQE\KXPDQV"
$FWLRQ$OWHUQDWLYH±$SSOLFDQW V3URSRVHG$OWHUQDWLYH
&ORVXUHDQG5HFODPDWLRQ
7KHUHLVYLUWXDOO\QRGLVFXVVLRQRIZKDWZLOOKDSSHQGXULQJUHFODPDWLRQDQGFORVXUHLQWKHWH[WRIWKH(,6
7KHRQO\GHWDLOSURYLGHGLVLQWKHIHZILJXUHVSURYLGHGDVDSDUWRIWKH3URSRVHG3URMHFW7KHUHDGHULVOHIW
WRGLVFHUQIURPWKHVHILJXUHVZKDWUHFODPDWLRQZLOOORRNOLNHZKHQLWKDSSHQDQGKRZPXFKLWZLOOFRVW
,QWKLVVHFWLRQLWLVQRWHG
A reclamation and closure plan, including actions for temporary closure if and when they might be
needed, would be developed during preliminary and detailed design work in accordance with the
ADSP guidelines and ADNR requirements. (emphasis added)
7KH$&2(DQG3URMHFWSURSRQHQWDUHOHDYLQJWKHGHWDLOVRIUHFODPDWLRQIRUWKH6WDWHRI$ODVNDWRDQDO\]H
7KH6WDWHGRHVQRWKDYHDQHQYLURQPHQWDOLPSDFWDQDO\VLVSURFHVV:KLOHWKHUHLVQRH[SOLFLWUHTXLUHPHQW
IRUDGHWDLOHGUHFODPDWLRQDQGFORVXUHSODQDQGDFFRPSDQ\LQJILQDQFLDODVVXUDQFHFDOFXODWLRQLQDQ(,6
WRKDYHDJRRGDQDO\VLVRIDPLQHSODQLQFOXVLRQRIDGHWDLOHGUHFODPDWLRQDQGFORVXUHSODQDQG
DFFRPSDQ\LQJILQDQFLDODVVXUDQFHFDOFXODWLRQLVYLHZHGDVHVVHQWLDO
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,QLWV)LQDO'DWD*DS$QDO\VLVIRUWKH86$&($(&20QRWHG
Data Gap: Detailed Reclamation Plan; A detailed reclamation plan is potentially essential to a
reasoned choice among the alternatives. … A detailed reclamation plan would also provide rationale
and details on what a successful reclamation approach would be, and provide specific number of
acres of planned reclamation in specific locations, which may differ among alternatives.
DQG
What would it take to acquire the missing information? PLP would need to provide a detailed
reclamation plan that addresses all alternatives and variants. A reclamation plan would provide an
understanding of magnitude, duration, extent, and potential success of reclamation activities between
alternatives and variants. (AECOM 2018q, emphasis added)
,DPLQFRPSOHWHDJUHHPHQWZLWKWKHVHVWDWHPHQWV
Missing from the DEIS: For the reasons so clearly stated, the absence of a detailed reclamation plan is
a major omission from the Draft EIS.
,WVKRXOGEHQRWHGWKDWIRUWKH'RQOLQPLQH(,6IRUZKLFKWKH86$&(ZDVWKHOHDGDJHQF\DQG$(&20
WKH86$&(FRQWUDFWRUDGHWDLOHGUHFODPDWLRQSODQDQGDILQDQFLDODVVXUDQFHHVWLPDWHZDVLQFOXGHGLQWKH
'UDIW(,6<HWGHVSLWHWKHVWURQJVWDWHPHQWLQWKH)LQDO'DWD*DS$QDO\VLVE\$(&20DQGWKH
SUHFHGHQWWKH86$&(KDVVHWIRULWVHOILQWKH'RQOLQ(,6WKH3HEEOH'UDIW(,6FRQWDLQVQHLWKHUDGHWDLOHG
UHFODPDWLRQSODQQRUDILQDQFLDOVXUHW\HVWLPDWH
)LQDQFLDO$VVXUDQFH
7KLVVHFWLRQRSHQVZLWKWKHIROORZLQJVWDWHPHQW
Prior to commencing construction, the project Reclamation and Closure Plan approval and
associated financial assurance mechanisms would need to be in place.
6RSULRUWR³FRPPHQFLQJFRQVWUXFWLRQ´WKDWLVWREUHDNLQJJURXQGDUHFODPDWLRQDQGFORVXUHSODQDQG
DVVRFLDWHGILQDQFLDODVVXUDQFHZRXOGQHHGWREHLQSODFH±\HWQHLWKHULVDQDO\]HGRUHYHQJLYHQPRUH
WKDQFXUVRU\GLVFXVVLRQLQWKH(,6
,QWKHUHFHQWO\FRPSOHWHG'RQOLQ(,6 $SULO WKHOHDGDJHQF\WKH86$&(SURYLGHGERWKD
FRPSOHWHGUHFODPDWLRQSODQDQGILQDQFLDOVXUHW\HVWLPDWH7KHILQDQFLDOVXUHW\IRUWKH'RQOLQPLQHLVLQ
H[FHVVRIPLOOLRQDQGRYHUPLOOLRQIRU5HG'RJ$VXPRIKXQGUHGVRIPLOOLRQVRIGROODUVLV
DOVRDOLDELOLW\WRWKHSXEOLF6KRXOGWKHILQDQFLDODVVXUDQFHEHXQGHUHVWLPDWHGRUEHXQDYDLODEOHIRUOHJDO
UHDVRQV±ERWKRIZKLFKKDYHKDSSHQHG±WKHSXEOLFLVHLWKHUVDGGOHGZLWKWKHPDNLQJXSWKHPLVVLQJ
IXQGVRUIRUVXIIHULQJWKHVXEVHTXHQWHQYLURQPHQWDOGDPDJHWKDWRFFXUV,QPDQ\FDVHVWKHLQGLUHFWFRVWV
IRUWKHILQDQFLDOVXUHW\FDOFXODWLRQVDUHXQGHUHVWLPDWHG7KHVHLQGLUHFWFRVWVFDQEHXSWRRIWKH
GLUHFWFRVWVIRUPLQHFORVXUH 3/3XVHGDQHVWLPDWHRIIRULQGLUHFWFRVWVLQLWVHVWLPDWHIRUHFRQRPLF
SURMHFWLRQVIRUWKHYDULRXVPLQHDOWHUQDWLYHVLQWKH3URSRVHG3URMHFW ,EHOLHYHWKDWWKH$'15LV
XQGHUHVWLPDWLQJWKHVHFRVWVDW'RQOLQDQGZDVDEOHWRSXWWKLVLQWKHSXEOLFUHFRUGGXULQJWKH(,6SURFHVV
DQGDVDUHVXOWUHFHLYHGDUHVSRQVHIURP$'15
,IUHFODPDWLRQILQDQFLDODVVXUDQFHLVQRWDGGUHVVHGLQWKH(,6WKHUHLVQRUHTXLUHPHQWIRUSXEOLF
LQYROYHPHQWVXEVHTXHQWWRWKH1(3$SURFHVV,WLVOHIWWRWKHGLVFUHWLRQRIWKH$'15DQG$'(&DVWR
ZKHWKHUWKH\ZLOOWDNHSXEOLFFRPPHQWRQWKHLUILQDQFLDOVXUHW\FDOFXODWLRQDQGXSWRWKHGLVFUHWLRQRIWKH
DJHQFLHVDVWRZKHWKHUWKH\ZLOOUHVSRQGWRWKHVHFRPPHQWV)RU$ODVNDODUJHPLQLQJSURMHFWV$1'5
DQG$'(&KDYHVRPHWLPHVWDNHQSXEOLFFRPPHQWVDQGPDGHUHVSRQVHVDQGVRPHWLPHVWKH\KDYHQ¶W
,ILWLVQRWFDOFXODWHGFRQVHUYDWLYHO\WKHILQDQFLDODVVXUDQFHIRUDODUJHPLQHOLNH3HEEOHFRXOGKDYHD
PDMRULPSDFWRQILQDQFLDOULVNWRWKHSXEOLF7KHUHLVDVLJQLILFDQWDPRXQWRIHFRQRPLFSUHVVXUHRQERWKD
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FRPSDQ\DQGDQDJHQF\WRNHHSWKHFRVWRIDILQDQFLDOVXUHW\LQWKHVRIPLOOLRQVWRDPLQLPXP
7UDQVSDUHQF\LVHVVHQWLDOLIWKHSXEOLFLVWREHSURWHFWHG
)DLOXUHWRGLVFORVHWKHILQDQFLDOVXUHW\DVDSDUWRIWKH(,6LVSXUSRVHO\REVFXULQJWKHLVVXHDQGGHQ\LQJ
WKHSXEOLFDQRSSRUWXQLW\WRFRPPHQWRQDQLVVXHWKDWFRXOGKDYHVLJQLILFDQWLPSDFWRQWKHKXPDQ
HQYLURQPHQWHYHQWKRXJKLWLVFOHDUO\VWDWHGLQWKH(,6WKDWWKLVDQLPSRUWDQWLVVXH
Missing from the DEIS: By failing to address the reclamation and closure plan, and associated
financial assurance, the EIS fails to a level of detail to pass even minimum standards. This is a
major oversight.
0LQH6LWH
2SHUDWLRQV3KDVH:DWHU7UHDWPHQW
7UHDWPHQWVFKHPHLVGLIIHUHQWWKDQWKDWGHVFULEHGLQWKHSUHIHDVLELOLW\PLQHZDWHUWUHDWPHQWDQDO\VLV
$(&20D 7KHGHVFULSWLRQRIWKHSURSRVHGWUHDWPHQWVFKHPHLVQRWDGHTXDWHWRPDNHDMXGJHPHQW
DVWRZKHWKHUWKHSURSRVHVFKHPHLVOLNHO\WREHVXFFHVVIXO
1REHQFKVFDOHWHVWLQJWRYHULI\WKHYDOLGLW\RIWKHDV\HWXQSURYHQWUHDWPHQWWUDLQKDVEHHQGRQHDVZDV
UHFRPPHQGHGE\+'5LQ $(&205), 3/3KDVKDG\HDUVWRFRQGXFWWKLVWHVWLQJ
$(&20KDVQRWHG
1) The proposed water treatment process as outlined in various memos and plans ... has evolved
without trackable rationale for process changes. ...
2) Discrepancies in stated WTP design details and capacities are present in various memos and plans
outlining the water treatment process. ...
DQG
While the lack of specific detail and apparent contradictory information in planning documents is
assumed to be a result of the current stage of planning for the project, it is difficult to fully assess the
treatment process in a meaningful way without confidence in reliability of the design of the treatment
process. $(&20Lemphasis added
,QSDUWLFXODUELRORJLFDOWUHDWPHQWZDVQRWFRQVLGHUHGLQWKHPRUHGHWDLOHGSUHIHDVLELOLW\ZDWHUWUHDWPHQW
DQDO\VLV,WLVQRWFOHDUWKDWELRORJLFDOWUHDWPHQWLVFDSDEOHRIEULQJLQJVHOHQLXPGRZQWRWKHOHYHOVWKDW
ZLOOEHUHTXLUHGHVSHFLDOO\ZLWKQRPL[LQJ]RQHDYDLODEOHDVSURPLVHGE\3/3 86$&(7DEOH%
 
$QH[SODQDWLRQRIWKHSURSRVHGELRORJLFDOWUHDWPHQWSODQWLVDQHVVHQWLDOSDUWRIWKH(,6EXWWKHUHLVQR
GLVFXVVLRQRIWKLVSURFHVV,QDGGLWLRQELRORJLFWUHDWPHQWLIRIWHQGHSHQGHQWRQDQXPEHURIVLWHVSHFLILF
SDUDPHWHUVLQFOXGLQJORFDOZDWHUSDUDPHWHUVWHPSHUDWXUHIHHGVWRFNIRUWKHELRORJLFRUJDQLVPVHWF
1RQHRIWKHVHSRWHQWLDOFRPSOLFDWLRQVDUHGLVFXVVHGLQWKH(,6
Missing from the DEIS: There is no record of bench-scale or pilot-scale testing in the EIS for the
proposed water treatment train, as is usually done prior to an EIS. It cannot be assumed via a
paper exercise that hooking all of these different treatment schemes together will work as
proposed. Testing to verify the assumptions made in the EIS needs to done to verify the
proposed treatment scheme will actually work.
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$FWLRQ$OWHUQDWLYH±1RUWK5RDGDQG)HUU\ZLWK'RZQVWUHDP'DPV
7KHH[SODQDWLRQDQGGLVFXVVLRQRIWKHGLIIHUHQFHVEHWZHHQWKHSURSRVHGFHQWHUOLQHGDPIRUWKHEXON
WDLOLQJVIDFLOLW\DQGDGRZQVWUHDPGDPIRUWKHFRQILQLQJVWUXFWXUHLVDOPRVWDEVHQW7KHUHLVQR
GLVFXVVLRQRIWKHGRZQVWUHDPGDPLQWKH(,6LWVHOI,Q$SSHQGL[%WKHGLVFXVVLRQLVOLPLWHGWRVHYHUDO
VKRUWSDUDJUDSKVWKHJLVWRIZKLFKLV
It would require more fill and be more expensive than the proposed centerline dam, but it does not
appear to make the project uneconomic.
The scoping concern that drives the consideration of downstream dams is to decrease the risk of dam
failure. ... The variant of a downstream dam with buttresses appears, at this early screening stage, to
have a factor of safety equal to the proposed project, and yet would increase other impacts, such as
creating a larger footprint for the TSF. '(,6$SSHQGL[%emphasis added 
,WRQO\VWDQGVWRUHDVRQWKDWDGRZQVWUHDPVWUXFWXUHZRXOGKDYHDKLJKHUIDFWRURIVDIHW\WKDQDFHQWHUOLQH
VWUXFWXUHGHVLJQHGWRKROGWKHVDPHDPRXQWRIZDVWH(YHQWKRXJKDGRZQVWUHDPGDPPXVWEHKLJKHU
WKDQWKHFHQWHUOLQHGDPLWKDVDSSUR[LPDWHO\PRUHPDVVWKDQWKHFHQWHUOLQHVWUXFWXUH7KHUHDUHQR
H[SODQDWLRQVRUFDOFXODWLRQVLQWKH(,6WKDWDGGUHVVWKLVLVVXH
,QIRUPDWLRQWKDWLVSUHVHQWHGLQWKH(,6RQWKHGRZQVWUHDPGDPLVQRWFRQVLVWHQW)RUH[DPSOH
7KH³7RWDO)RRWSULQW´GLIIHUHQFHLQDUHDEHWZHHQ$OWHUQDWLYHV LVDFUHVDVQRWHG+RZHYHUWKH
GLIIHUHQFHEHWZHHQ%XON0DLQ(PEDQNPHQWVLVDFUHV6KRXOGQ¶WWKHVHILJXUHVDJUHH"$QGQHLWKHU
DJUHHVZLWKWKHDFUHVFLWHGIURP&KDSWHUEHORZ
4.13.3.1 Mine Site “… the footprint for the bulk TSF main embankment would increase by
approximately 119 acres …”
4.18.4.1 Mine Site “ … construction of the downstream dam alternatives … would cover
approximately 23 more acres (PLP 2018-RFI 075).”
4.22.6.1 Mine Site ³…there would be an additional 60 acres of direct impacts to wetlands due to the
use of the downstream dams construction …”
:LWKWKHLQFRQVLVWHQF\RIWKHVHVWDWHPHQWVRQHKDVQRLGHDKRZPXFKDGGLWLRQDODFUHDJHZRXOGEH
UHTXLUHGIRUWKHFRQVWUXFWLRQRIWKHGRZQVWUHDPEXONWDLOLQJVGDP
+RZPXFKPRUHZRXOGDGRZQVWUHDPGDPFRVW",VWKHLQFUHDVHGVDIHW\ZRUWKWKHDGGLWLRQDOFRVW"
:RXOGPDNLQJWKHGRZQVWUHDPGDPDZDWHUUHVLVWDQWVWUXFWXUHE\OLQLQJWKHGRZQVWUHDPIDFHPDNHWKH
GDPVDIHULQWKHORQJWHUP"7KHVHDUHDPRQJWKHLVVXHVLQFRPSDULQJDGRZQVWUHDPW\SHGDPWRD
FHQWHUOLQHW\SHGDPWKDWDUHQRWDGGUHVVHGLQWKH(,6
Missing from the DEIS: As a result, the discussion of a downstream versus centerline dam as a project
alternative is inadequate to choose a preferred alternative.
(QYLURQPHQWDO&RQVHTXHQFHV
%\LWVRZQGHILQLWLRQWKH$UP\&RUSVRI(QJLQHHUVLVREOLJDWHGWRSURYLGHDOWHUQDWLYHVLQDQ(,6WKDWDUH
ERWK³UHDVRQDEOHDQGSUDFWLFDO´7KHRQO\DOWHUQDWLYHSURSRVHGLQWKH'UDIW(,6LVWREDFNILOOWKHRSHQSLW
ZLWKPLQHZDVWH%RWKHQJLQHHUVDQGLQYHVWRUVNQRZWKDWEDFNILOOLQJWKHSLWDIWHU\HDUVRIPLQLQJZLOO
QRWKDSSHQVRWKHFORVXUHDOWHUQDWLYHEHLQJDQDO\]HGLQWKH'UDIW(,VLVQHLWKHUUHDVRQDEOHQRUSUDFWLFDO
7KHSXEOLFLVEHLQJGHQLHGWKHRSSRUWXQLW\WRPHDQLQJIXOO\FRPPHQWRQWKHUHDOLPSDFWVRIWKH3HEEOH
PLQH
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3HEEOH3URMHFW%XLOGRXW$OWHUQDWLYH
7KH3HEEOH3URMHFW%XLOGRXW$OWHUQDWLYH±GHYHORSSHUFHQWRIWKHUHVRXUFHRYHU\HDUSHULRG±LVWKH
RQO\DOWHUQDWLYHFRQVLGHUHGLQWKH(,6LQFOXGLQJWKH3URSRVHG3URMHFWWKDWFRXOGEHFRQVLGHUHGDV
SURYLGLQJDUHDVRQDEOHUHWXUQIRUWKRVHLQYHVWRUVZKRZHUHRIIHUHGDQGH[SHFWDODUJHUSURMHFW
7KHLPSDFWVUHODWHGWRWKHUHDVRQDEO\IRUHVHHDEOH\HDUPLQHZLOOEHVLJQLILFDQWO\GLIIHUHQWWKDQIRUWKH
3URSRVHG3URMHFWDQGVRPHOHYHORITXDQWLILFDWLRQLVQHHGHGIRUWKH\HDUPLQHIRUSRWHQWLDOZDWHU
TXDOLW\DQGTXDQWLW\LPSDFWV:DWHUWUHDWPHQWUHTXLUHPHQWVZLOODOVRVLJQLILFDQWO\LQFUHDVHEXWE\KRZ
PXFK"7KLVLVDOOLQIRUPDWLRQWKDWVKRXOGEHHDVLO\ZLWKLQUHDFKZLWKH[LVWLQJHQJLQHHULQJNQRZOHGJH
2QHRIWKHPRVWVLJQLILFDQWLVVXHVZLWKD\HDUDOWHUQDWLYHZRXOGEHKRZWRFROOHFWJURXQGZDWHUIURP
WKHZDVWHURFNSLOHVZKLFKGRQRWH[LVWLQWKH\HDUDOWHUQDWLYH3/3LVJXDUDQWHHLQJDOPRVW
FRQWURORIVHHSDJH\HWWKHUHLVQRGLVFXVVLRQRIKRZWKLVZLOOEHDFFRPSOLVKHGPRQLWRUHGRUIXQGHG
4XDQWLILFDWLRQRIWKHVHDVSHFWVHYHQIRUDFXPXODWLYHLPSDFWVDOWHUQDWLYHDUHHVVHQWLDO
)RU+HDOWKDQG6DIHW\DQG&XPXODWLYH(IIHFWVLWLVQRWHG
The Pebble Project has the potential to result in increased health impacts, especially from increased
impact durations from RFFAs, possible increased releases into the environment, and affected
community exposure to potentially hazardous materials. The Pebble Project buildout would extend
the operations of the project for an additional 78 years; however, this project is not part of the
proposed action and would require additional permits and separate NEPA compliance.
7KLV³VHSDUDWH1(3$FRPSOLDQFH´UHVSRQVHFOHDUO\LQGLFDWHVWKDWDGHWDLOHGTXDQWLWDWLYHDQDO\VLVRIWKH
3HEEOH3URMHFWEXLOGRXWDOWHUQDWLYHKDVQRWEHHQGRQHLQWKH(,6
7KHLPSDFWVIRUDQXPEHURI(,6VHFWLRQVFRQWDLQVHQWHQFHJHQHUDOGHVFULSWLRQVRIWKHH[SHFWHG
LPSDFWVIURP3HEEOH3URMHFWEXLOGRXW7KHUHLVQRTXDQWLWDWLYHDQDO\VHV
  /DQG2ZQHUVKLS0DQDJHPHQWDQG8VH
  1HHGVDQG:HOIDUHRIWKH3HRSOH±6RFLRHFRQRPLFV
  5HFUHDWLRQ
  6XEVLVWHQFH
  +HDOWKDQG6DIHW\
  7UDQVSRUWDWLRQDQG1DYLJDWLRQ
  5HPRYDORI*HRORJLFDO5HVRXUFHV
  6RLOVDQG(URVLRQ
  *HRKD]DUGV
 6XUIDFH:DWHU+\GURORJ\
 :DWHUDQG6HGLPHQW4XDOLW\
 )LVKDQG$TXDWLFVDQG
 9HJHWDWLRQ
,GRQRWILQGGHVFULSWLRQVRISRWHQWLDOLPSDFWVIURPWKH3HEEOH3URMHFW%XLOGRXW$OWHUQDWLYHIRUVHYHUDO
DGGLWLRQDOVHFWLRQV
















5HFUHDWLRQ
&RPPHUFLDODQG5HFUHDWLRQDO)LVKHULHV
&XOWXUDO5HVRXUFHV
$HVWKHWLFV9LVXDO,PSDFWV
*URXQGZDWHU+\GURORJ\
1RLVH
$LU4XDOLW\
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  :LOGOLIH5HVRXUFHVDQG
  7KUHDWHQHGDQG(QGDQJHUHG6SHFLHV
7KH\HDUDOWHUQDWLYHLVQRWVXIILFLHQWO\DQDO\]HGLQWKH(,67KHSRWHQWLDOLPSDFWVRIWKH3HEEOH
3URMHFW%XLOGRXWDUHJLYHQVKRUWTXDOLWDWLYHGHVFULSWLRQVDWEHVW
Missing from the DEIS: Detailed descriptions and quantitative support for analysis of potential
groundwater impacts, water treatment requirements, and many other issues.
0LQH6LWH±(PEDQNPHQWDQG,PSRXQGPHQW'HVLJQDQG&RQVWUXFWLRQ
*HRWHFKQLFDO$QDO\VLV
$QLPSRUWDQWSDUWRISLFNLQJDWDLOLQJVGDPORFDWLRQLVNQRZLQJWKHW\SHRIPDWHULDORQZKLFKWKHGDP
ZLOOVLW7KLVLVGRQHWKURXJKDJHRWHFKQLFDOGULOOLQJSURJUDP$QH[DPSOHRIKRZFULWLFDOWKLV
LQIRUPDWLRQLVWRDQ(,6DQDO\VLVLVSURYLGHGE\WKH(,6SURFHVVIRUWKH*UHHQV&UHHN0LQHQHDU-XQHDX
7KH(,6IRUWKH*UHHQV&UHHNPLQHZDVFRPSOHWHGLQZLWKDFRQYHQWLRQDOWDLOLQJVGDPZLWKVOXUU\
WDLOLQJVSURSRVHG/LNH3HEEOHWKHJHRWHFKQLFDOGULOOLQJSURJUDPIRUWKHGDPKDGQRWEHHQFRPSOHWHGLQ
WLPHIRUDQDO\VLVLQWKH(,6EXWWKHGDPDQGORFDWLRQZHUHDSSURYHG:KHQWKHJHRWHFKQLFDOGULOOLQJZDV
VXEVHTXHQWO\FRPSOHWHGLWZDVGHWHUPLQHGWKDWWKHORFDWLRQFKRVHQIRUWKHGDPFRXOGQRWVXSSRUWWKH
ZHLJKWRIWKHIDFLOLW\1RWRQO\ZDVWKHLQLWLDOORFDWLRQIRUWKHGDPLQDGHTXDWHEXWQRVXLWDEOHDOWHUQDWH
ORFDWLRQIRUDFRQYHQWLRQDOWDLOLQJVGDPFRXOGEHORFDWHG$VXSSOHPHQWDOHQYLURQPHQWDOUHYLHZKDGWR
EHXQGHUWDNHQEHFDXVHWKHWDLOLQJVGLVSRVDOPHWKRGZDVFKDQJHGIURPFRQYHQWLRQDOVOXUU\WDLOLQJVWRGU\
WDLOLQJV7KHVXSSOHPHQWDOHQYLURQPHQWDOUHYLHZZDVFRPSOHWHGLQ
3/3KDVFKRVHQDQHZGDPORFDWLRQIURPLWVSUHYLRXVDQDO\VHVLQ :DUGURS EXWLW
DFWXDOO\PRYHGWKHGDPORFDWLRQDIWHUILOLQJLWVDSSOLFDWLRQZLWKWKH86$&( 86$&( $VDUHVXOW
PXFKRIWKHJHRWHFKQLFDOGDWDLWFROOHFWHGQHHGVWREHUHGRQH3/3LQLWLDWHGDJHRWHFKQLFDOGULOOLQJ
SURJUDPWRSURYLGHWKLVLQIRUPDWLRQLQEXWZDVQRWDEOHWRFRPSOHWHWKDWSURJUDPLQRQH\HDU3/3
QRZSODQVWRFRQWLQXHWKHJHRWHFKQLFDOGULOOLQJSURJUDPLQ
$(&20WKHFRQWUDFWRUIRUWKH(,6KDVDVNHG3/3IRUWKLVLQIRUPDWLRQ3/3KDVUHVSRQGHGE\
LQIRUPLQJ$(&20WKDWWKLVLQIRUPDWLRQZLOOQRWEHDYDLODEOHIRUWKH)LQDO(,6 $(&205),D 
Missing from the DEIS: The geotechnical information/report requested by AECOM is essential for
analysis of alternatives in the EIS. This information should have been provided in the DEIS, as
requested.
'HWDLOV0LVVLQJIURPWKH7DLOLQJV'DP'HVLJQ
,WLVSODQQHGWKDWWKH76)0DLQ(PEDQNPHQWZLOOEHDSHUPHDEOHVWUXFWXUHZLWKGUDLQVWRPDLQWDLQD
GHSUHVVHGSKUHDWLFVXUIDFHLQWKHHPEDQNPHQWDQGSUR[LPDOWDLOLQJVPDVVDQGWKDWWKH%XON7DLOLQJV
6WRUDJH&HOOEDVLQZLOOKDYHXQGHUGUDLQVWRSURYLGHSUHIHUUHGGUDLQDJHSDWKV
7KLVLQIRUPDWLRQLVQRWDYDLODEOHIRUWKH'(,6$(&20DVNHG3/3IRUGHWDLOVRQWKHILOWHUWUDQVLWLRQ
]RQHVIRUWKH%XONWDLOLQJVGDPLQ$SULO3/3UHVSRQGHGWR5),LQ-XQHWKDW
The TSF design is in progress and the details on the filter/transition zones have not been finalized.
(RFI 006)
$(&20DJDLQDVNHG3/3IRULQIRUPDWLRQRQWKHILOWHUWUDQVLWLRQ]RQHVRIWKH%XONWDLOLQJVGDPZLWKD
VHULHVRIGHWDLOHGTXHVWLRQVLQ-XO\ 5),D $JDLQWKH3/3UHVSRQVHZDVWKDWWKH\ZRXOG
VXSSO\WKLVLQIRUPDWLRQRQO\ZKHQWKH\DSSOLHGWRWKH6WDWHRI$ODVND'15IRUDGDPFRQVWUXFWLRQSHUPLW
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2QFHPRUHLQ'HFHPEHULQWKH)DLOXUH0RGHVDQG(IIHFWV$QDO\VLVZRUNVKRSUHSRUW$(&20RQ
EHKDOIRIWKH$UP\&RUSVRI(QJLQHHUVQRWHG
The current Pebble Project embankment designs are at an early-phase conceptual level, with
geotechnical investigations still under way at the major embankment sites. This current conceptual
design level inherently results in uncertainties. (emphasis in original) (RFI 055, Dec18)
,DJUHHZLWKWKHWHFKQLFDOWHDPDW$(&20WKDWWKHLQIRUPDWLRQRQWKHHPEDQNPHQWGHVLJQVLQJHQHUDO
DQGWKHILOWHUWUDQVLWLRQ]RQHVDQGFRQVWUXFWLRQPDWHULDOVSHFLILFDWLRQVLQSDUWLFXODULVQRUPDOO\LQWKH
WHFKQLFDOVXSSRUWGRFXPHQWVIRUDQ(,6DQGVKRXOGEHLQWKLV'(,67KH76)GHVLJQVKRXOGEHILQLVKHG
IRUWKH'(,6DQGQRWEH³LQSURJUHVV´/HDYLQJWKLVZRUNXQWLODIWHUWKH'(,6LVQRWDSSURSULDWH
Missing from the DEIS: Details on the filter/transition zones.
Missing from the DEIS: A detailed description of the construction material and layout of the
underdrains.
6HHSDJH5DWHV
,Q5),LWLVQRWHGWKDW
The estimated seepage rates from the Bulk TSF range from 3 to 14 cfs during operations when the
pond is at a normal operating size. … The seepage rate could increase up to 20 cfs if the pond extends
to within 500 feet from the Main Embankment. Detailed seepage analyses will be completed for each
embankment during preliminary and detailed design stages 5),
$VFDQEHVHHQIURPWKHSDUDJUDSKDERYHIURP5),WKHUHLVDVLJQLILFDQWUDQJHRIIORZVWKDWDUH
SUHGLFWHGMXVWIURPWKHHVWLPDWHGUDWHV$PRUHWKRURXJKDQDO\VLVRIWKHSRWHQWLDOVHHSDJHUDWHVIURPWKH
EXONWDLOLQJVIDFLOLW\DQGWKH:DWHU0DQDJHPHQW3RQGDUHQHHGHGWRGHWHUPLQHWKHSRWHQWLDOLPSDFWVRQ
ZDWHUWUHDWPHQWERWKGXULQJDQGSRVWPLQLQJ
6HHSDJHUDWHVDUHDOVRLPSRUWDQWIRUWKH'(,6EHFDXVHDVQRWHGE\3/3³The water quality modelling
results presented in this report indicate that, under the current assumptions, seepage water from the Bulk
TSF will require treatment for the long-term´ 5), 
Missing from the DEIS: Analysis of seepage rates under different hydrologic conditions – detailed
seepage analysis should have been done for the EIS.
,QGHSHQGHQW7DLOLQJV5HYLHZ%RDUG
)LQDOO\LQWKH(,6LWLVQRWHG
“In addition to ADSP oversight, PLP would also establish an independent review board to review
embankment designs and stability analyses as engineering analysis progresses (AECOM 2018k).”
3UREDEO\WKHRQO\XQLYHUVDOO\DGRSWHGUHTXLUHPHQWFRPLQJRXWRIWKH0RXQW3ROOH\GDPIDLOXUHZDVWKDW
HDFKODUJHWDLOLQJVGDPVKRXOGKDYHDQ,QGHSHQGHQW7DLOLQJV5HYLHZ%RDUG 3DQHO %ULWLVK&ROXPELD
0RQWDQDWKH0LQLQJ$VVRFLDWLRQRI&DQDGDDOOUHTXLUHUHFRPPHQGDQ,75%<HWHYHQWKRXJK3/3KDV
QRWRQO\EHJXQGHVLJQRILWVWDLOLQJVGDPVEXWKDVDOVRVXEPLWWHGWKLVGHVLJQIRUDQDO\VLVLQDQ(,6WKHUH
LVQR,75%LQYROYHG7KLVLVWKHFULWLFDOWLPHIRULQGHSHQGHQWUHYLHZDWWKHHDUO\GHVLJQVWDJH,I3/3
ZDLWVXQWLOWKHGDPKDVHVVHQWLDOO\EHHQGHVLJQHGWKHQLWVUHYLHZIOH[LELOLW\LVVHYHUHO\OLPLWHG
Missing from the DEIS: The promised Independent Tailings Review Board should have been
convened to advise the tailings dam proposal presented in the DEIS.
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7DLOLQJV5HOHDVH6FHQDULRV
3RWHQWLDO,PSDFWVRID3\ULWLF7DLOLQJV6RXWK(PEDQNPHQW5HOHDVHLQWRWKH6).
Soils
7DLOLQJV6ROLGV'HSRVLWLRQRQ6RLOV
,QWKLVVHFWLRQLWLVVWDWHG“In this scenario, a minimum of 220 acres of soils would be temporarily
covered by thin veneers of fine tailings solids. No long-term impacts to soils would be expected from this
deposition.” '(,6S 
0HWDOV&RQWDPLQDWLRQ
$QGDJDLQ“No measurable metals would be leached from deposited tailings solids because the process
of ML would require decades (Section 3.18, Water and Sediment Quality). Tailings particles would be
flushed off of the land surface and out of the stream drainages within months to years in areas
surrounding the impacted drainages.” '(,6S 
7KHUHLVQRVXEVWDQWLDWLRQIRUWKHVHVWDWHPHQWV,QIDFWH[SHULHQFHZLWKORQJWHUPWDLOLQJVLPSDFWVDW
%XWWH0RQWDQD0DULQGXTXH3KLOLSSLQHVDQG/RV)UDLOHV6SDLQKDYHGHPRQVWUDWHGWKDWDFLGSURGXFLQJ
WDLOLQJVFDQLPSDFWVRLOV
7KLVFRPPHQWHUKDVSHUVRQDOO\H[SHULHQFHGHDGYHJHWDWLRQLQDUHDVZLWKVKDOORZ3$*WDLOLQJVFRYHU7KH
WDLOLQJVFRYHUGLGQRWVPRWKHUWKHSODQWOLIHVROHDFKLQJIURPWKHWDLOLQJVOD\HULVWKHRQO\ORJLFDO
H[SODQDWLRQ1RYHJHWDWLRQKDGUHWXUQHGWRWKHVHWDLOLQJVFRYHUHGDUHDVDIWHU\HDUV
%HVW0DQDJHPHQW3UDFWLFHV
7KHQHZVWDQGDUGIRUUHVSRQVLEOHPLQLQJLVWKH,QLWLDWLYHIRU5HVSRQVLEOH0LQLQJODXQFKHGLQ,I
3/3LVQRWJRLQJWRSDUWLFLSDWHLQWKLVYROXQWDU\SURJUDPLWVKRXOGDWOHDVWSURYLGHDQH[SODQDWLRQDVWR
ZK\LWLVQRWSDUWLFLSDWLQJ$QJOR$PHULFDQDQG$UFHORU0LWWDODUHOHDGLQJLQGXVWU\HIIRUWVLQWKH,QLWLDWLYH
IRU5HVSRQVLEOH0LQLQJ
$33(1',;%$/7(51$7,9(6'(9(/230(17352&(66
7KLVDSSHQGL[WRWKH(,6SURYLGHVPRUHGHWDLORQZKDWVKRXOGFRQVWLWXWH5HDVRQDEOHDQG3UDFWLFDEOH
2SWLRQVIRUHYDOXDWLRQDVDOWHUQDWLYHVSUHVXPDEO\WRLQFOXGHWKH3URSRVHG$OWHUQDWLYH
$SSHQGL[%±%2YHUYLHZRIWKH$OWHUQDWLYHV'HYHORSPHQW3URFHVV
,WLVQRWHGWKDW6WHSRIWKHDOWHUQDWLYHVGHYHORSPHQWLV
Step 1: Developed the criteria for screening options to Pebble Limited Partnership’s (PLP) proposed
project. Criteria were organized around three screening tests. Each option must:
1) meet the purpose and need;
2) be reasonable and practicable in light of the overall project purpose; and
3) provide an environmental benefit. (emphasis added)
$SSHQGL[%±6FUHHQLQJ5HDVRQDEOHDQG3UDFWLFDEOH2SWLRQV
5HDVRQDEOHDQGSUDFWLFDODUHIXUWKHUGHILQHGLQWKLVVHFWLRQ
Types of options that would not pass this test of reason include:
• Those not practical from a technical or economic standpoint. ….
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3UDFWLFDOLVIXUWKHUGHILQHGDV
1. A practicable alternative is one that is available and capable of being done after taking into
consideration cost, existing technology, and logistics.
2. The three practicability criteria (cost, existing technology, and logistics) apply in light of the
overall project purpose.
,VWKH3URSRVHG3URMHFW³UHDVRQDEOHDQGSUDFWLFDO´"
7KH³UHDVRQDEOHDQGSUDFWLFDO´DQDO\VLVIDLOVWRDQDO\]HDSRWHQWLDOO\UXLQRXVLPSDFWRQWKHPLQHUDO
UHVRXUFHDQGRQH[LVWLQJLQYHVWRUV,IWKHPLQHSURSRVDOLVDOHJLWLPDWHDQGYLDEOHRSWLRQWKHQZKHQWKLV
PLQHDVSURSRVHGLVFRPSOHWHGWKHPLQHUDOUHVRXUFHZLOOEH³VWHULOL]HG´E\EDFNILOOLQJWKHRSHQSLWZLWK
WDLOLQJVDQGZDVWHURFNDQGIORRGLQJWKHSLWZLWKZDWHU7KHHIIHFWZRXOGSURKLELWDQ\IXWXUHRSHQSLW
PLQLQJEHFDXVHWKHSLWZRXOGQRWRQO\QHHGWREHGUDLQHGRIDQ\DFFXPXODWHGZDWHUEXWWKHEDFNILOOHG
WDLOLQJVDQGZDVWHURFNZRXOGQHHGWREHUHPRYHG7KLVZRXOGSUREDEO\EHSURKLELWLYHO\H[SHQVLYHIRU
WKHIRUHVHHDEOHIXWXUH
%DFNILOOLQJWKHSLWFRXOGDOVRSUHYHQWPLQLQJRIWKHXQGHUJURXQGPLQHUDOUHVRXUFH:KHQWKHEDFNILOOHG
WDLOLQJVDUHVDWXUDWHGZLWKZDWHUWKH\ZLOOIORZOLNHDOLTXLG,IWKHUHDUHDQ\IUDFWXUHVWKDWFRXOGFRQQHFW
WKHSLWZLWKWKHXQGHUJURXQGZRUNLQJVWKHXQGHUJURXQGPLQHUVDUHDWULVN7KLVLVH[DFWO\ZKDWKDSSHQHG
DWWKH0XIXOLUD0LQHLQ=DPELDNLOOLQJPLQHUV6LQFHWKLVDFFLGHQWLQPLQHHQJLQHHUVKDYHEHHQ
UHOXFWDQWWRPLQHXQGHUWDLOLQJVEHFDXVHWKHIUDFWXUHV\VWHPVWKDWZRXOGDOORZWKHPLJUDWLRQRIWDLOLQJVWR
WKHXQGHUJURXQGZRUNLQJVDUHGLIILFXOWWRGHWHFW
%DFNILOOLQJWKHSLWFRXOGVWHULOL]HWKHRIWKHPLQHUDOUHVRXUFH$WDPLQLPXPRSHQSLWPLQLQJZRXOG
EHXQHFRQRPLFIRUVHYHUDOJHQHUDWLRQVDQGDSRUWLRQRIWKHXQGHUJURXQGUHVRXUFHZRXOGDOVREHQRWEH
PLQDEOHXQWLOWKHEDFNILOOHGZDVWHIURPWKHSLWFRXOGEHUHPRYHG,WLVXQOLNHO\WKDWDQLQYHVWRUZRXOG
DFFHSWVWHULOL]DWLRQRIWKHODUJHVWSDUWRIWKHPLQHUDOUHVRXUFHIRUWKHVKRUWWHUPSURILWWREHJDLQHGIURP
WKHSURSRVHGPLQH$VVXFKWKH3URSRVHG3URMHFWLVQRWUHWXUQLQJDUHDVRQDEOHUHWXUQRQLQYHVWPHQW
7KH3HEEOH3URMHFW%XLOGRXW$OWHUQDWLYHGHYHORSSHUFHQWRIWKHUHVRXUFHRYHU\HDUSHULRGLVWKH
RQO\DOWHUQDWLYHLQFOXGLQJWKH3URSRVHG3URMHFWWKDWFRXOGEHFRQVLGHUHGDVSURYLGLQJDUHDVRQDEOHUHWXUQ
RQLQYHVWPHQW
7KHUHIRUHWKH3URSRVHG3URMHFWLVQRWUHDOLVWLFEHFDXVHLWZRXOGVWHULOL]HDODUJHSRUWLRQRIWKHPLQHUDO
UHVRXUFHZKLFKLQYHVWRUVZLOOQRWDOORZ$VDUHVXOWWKH(,6LVQRWDQDO\]LQJWKHSRWHQWLDOLPSDFWVRIWKH
SURMHFWEHFDXVHWKHSURMHFWUHDOO\LQYROYHVDSHUPDQHQWS\ULWLFWDLOLQJVLPSRXQGPHQWUDWKHUWKDQS\ULWLF
WDLOLQJVEHLQJUHWXUQHGWRWKHSLWWREHVXEPHUJHGXQGHUZDWHU
7KH3URSRVHG3URMHFWFDQQRWEHLPSOHPHQWHGEHFDXVHLQYHVWRUVZLOOQRWDOORZWKHPLQHUDOUHVRXUFHWREH
VWHULOL]HG%DVHGRQWKHUDWLRQDOHVWDWHGE\WKH86$&(WKH3URSRVHG3URMHFWGRHVQRWPHHWWKHFULWHULD
IRUDQDO\VLVLQDQ(,6
7KHOLDELOLW\WRWKHSXEOLFLQDOORZLQJWKH3URMHFWWRPRYHIRUZDUGDVSURSRVHGLVWKDWDVPDOOXQHFRQRPLF
SURMHFWZLOOEHSHUPLWWHGWREHJLQRSHUDWLRQEXWWRDFKLHYHHFRQRPLFYLDELOLW\DODUJHUSURMHFWWKDWZLOO
KDYHGUDVWLFDOO\GLIIHUHQWLPSDFWVLVUHDOO\ZKDWZLOOEHLPSOHPHQWHG
Missing from the DEIS: In order to present a reasonable and practical alternative, the DEIS should
evaluate a closure alternative that retains the pyritic tailings impoundment, with no backfilling
of the open pit. As presently proposed, the DEIS does not consider the potential for a failure of
this facility, or the additional effects on long-term water treatment.
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'RHVWKH3URMHFWQHHGDQHFRQRPLFIHDVLELOLW\VWXG\LQRUGHUWRGHPRQVWUDWHSUDFWLFDELOLW\"
7KHRQO\SURMHFWHFRQRPLFDQDO\VLVLVDSSDUHQWO\FRQWDLQHGLQWKHUHVSRQVHVWR5),ZKHUHWKH
HFRQRPLFVRISRWHQWLDOPLQHEXLOGRXWVLVFRQWDLQHGLQDSDJHOHWWHUIURP3/3  7KHFDOFXODWLRQ
UHVXOWVLQWKHOHWWHUFRPHIURPDVKHHW([FHOVSUHDGVKHHWWKDWXVHVVLPSOHPRGHODVVXPSWLRQVWR
FKDUDFWHUL]HWKHSURMHFWHFRQRPLFV7KLVLVQRWDQDFFHSWDEOHOHYHORIGHWDLOIRUHYDOXDWLQJWKHHFRQRPLFV
RIDQ\SURMHFWOHWDORQHDSURMHFWWKDWZRXOGUHTXLUHDELOOLRQLQYHVWPHQW7KHUHIRUHWKH86$&(DQG
WKHSXEOLFDUHEHLQJDVNHGWRSUHVXPHRQWKHEDVLVRIWKLVSDJHDQDO\VLVWKDWWKHSURMHFWLVRQHWKDW
ZRXOGSURYLGHDUHDVRQDEOHUHWXUQRQLQYHVWPHQW
3URMHFWHFRQRPLFVLVDQLPSRUWDQWIDFWRULQGHWHUPLQLQJZKHWKHUWKHDOWHUQDWLYHLV“practical from a
technical or economic standpoint.”)RUDSURSRVHGDOWHUQDWLYHWKLVLVW\SLFDOO\GHPRQVWUDWHGE\HLWKHUD
3UHOLPLQDU\$VVHVVPHQW3UH)HDVLELOLW\)HDVLELOLW\6WXG\RUDWDPLQLPXPDQ1,FRPSOLDQW
WHFKQLFDOUHSRUW7KLVKDVQRWEHHQGRQHIRUWKHFXUUHQW3HEEOHSURSRVDO
)RUDWOHDVWWKHODVWGHFDGHHYHU\RWKHUODUJHPLQLQJSURMHFWLQ$ODVNDKDVVXEPLWWHGHLWKHUD
SUHOLPLQDU\SUHIHDVLELOLW\VWXG\RUDQ1,FRPSOLDQWWHFKQLFDOUHSRUWZLWKDQ\QHZPLQH
DSSOLFDWLRQRUDQ\VLJQLILFDQWFKDQJHWRWKHPLQH)RUH[DPSOH1,FRPSOLDQWIHDVLELOLW\DQG
WHFKQLFDOVWXGLHVZHUHFRQGXFWHGIRUWKH'RQOLQPLQH SHUPLWWLQJ±VWXGLHV .HQVLQJWRQPLQH
FRQVWUXFWLRQ±VWXGLHV 3RJRPLQH FRQVWUXFWLRQ±VWXGLHV )RUW.QR[PLQH FRQVWUXFWLRQ
H[SDQVLRQ±VWXGLHV *UHHQV&UHHNPLQH FRQVWUXFWLRQ±VWXGLHV DQG5HG'RJ
PLQH FRQVWUXFWLRQ±VWXGLHV 
)RU3HEEOHDQ1,FRPSOLDQW3UHOLPLQDU\$VVHVVPHQWZDVSXEOLVKHGE\1RUWKHUQ'\QDVW\0LQHUDOV
LQ :DUGURS ,QWKLVVWXG\FRPPRQO\FDOOHGWKH:DUGURS5HSRUW  WKUHHPLQLQJ
DOWHUQDWLYHVZHUHFRQVLGHUHG7KHWKUHHDOWHUQDWLYHVZHUH  D\HDU,QYHVWPHQW'HFLVLRQ&DVHDQG
ZRXOGSURFHVVELOOLRQWRQVRIRUH>RIWKHLGHQWLILHGUHVRXUFH@ZLWKDVWULSUDWLRRI  D
\HDU5HIHUHQFH&DVHZKLFKZRXOGSURFHVVELOOLRQWRQVRIRUH>RIWKHLGHQWLILHGUHVRXUFH@ZLWKD
VWULSUDWLRRIDQG  D\HDU5HIHUHQFH&DVHZKLFKZRXOGSURFHVVELOOLRQWRQVRIRUH>
RIWKHLGHQWLILHGUHVRXUFH@ZLWKDVWULSUDWLRRI$OOFDVHVZHUHRSHQSLWPLQLQJRQO\7KH3HEEOH
PLQHUDOUHVRXUFHLVDSSUR[LPDWHO\ELOOLRQWRQVVRQRQHRIWKHRSWLRQVHYDOXDWHGZRXOGPLQHPRUHWKDQ
RIWKHUHVRXUFHDQGQRQHDGGUHVVHGXQGHUJURXQGPLQLQJZKHUHWKHKLJKHVWUHVRXUFHJUDGHVDUH
IRXQG


7KHUHDUHWKUHHOHYHORI)HDVLELOLW\6WXGLHV



 3UHOLPLQDU\(FRQRPLF$VVHVVPHQW5HVRXUFH$VVHVVPHQWRU2UGHURI0DJQLWXGH)HDVLELOLW\6RPHWLPHVUHIHUUHGWRDV
VFRSLQJVWXGLHVWKHVHDUHDQLQLWLDOILQDQFLDODSSUDLVDORIDQLQIHUUHGPLQHUDOUHVRXUFHDQGDUHGHYHORSHGE\FRS\LQJSODQV
DQGIDFWRULQJNQRZQFRVWVIURPH[LVWLQJSURMHFWVFRPSOHWHGHOVHZKHUHDQGDUHDFFXUDWHWRZLWKLQ±
KWWSVHQZLNLSHGLDRUJZLNL0LQLQJBIHDVLELOLW\BVWXG\ 
 3UHIHDVLELOLW\6WXG\DQG3UHOLPLQDU\)HDVLELOLW\6WXG\PHDQDFRPSUHKHQVLYHVWXG\RIWKHYLDELOLW\RIDPLQHUDOSURMHFW
WKDWKDVDGYDQFHGWRDVWDJHZKHUHWKHPLQLQJPHWKRGLQWKHFDVHRIXQGHUJURXQGPLQLQJRUWKHSLWFRQILJXUDWLRQLQWKHFDVH
RIDQRSHQSLWKDVEHHQHVWDEOLVKHGDQGZKLFKLIDQHIIHFWLYHPHWKRGRIPLQHUDOSURFHVVLQJKDVEHHQGHWHUPLQHGLQFOXGHVD
ILQDQFLDODQDO\VLVEDVHGRQUHDVRQDEOHDVVXPSWLRQVRIWHFKQLFDOHQJLQHHULQJRSHUDWLQJHFRQRPLFIDFWRUVDQGWKHDVVHVVPHQW
RIRWKHUUHOHYDQWIDFWRUVZKLFKDUHVXIILFLHQWIRUD4XDOLILHG3HUVRQDFWLQJUHDVRQDEO\WRGHWHUPLQHLIDOORUSDUWRIWKH
0LQHUDO5HVRXUFHPD\EHFODVVLILHGDVD0LQHUDO5HVHUYH 1,6HFWLRQ'HILQLWLRQV 3UHIHDVLELOLW\VWXGLHV
W\SLFDOO\KDYHDQDFFXUDF\ZLWKLQDQG
 $)HDVLELOLW\6WXG\LVDFRPSUHKHQVLYHVWXG\RIDGHSRVLWLQZKLFKDOOJHRORJLFDOHQJLQHHULQJRSHUDWLQJHFRQRPLFDQG
RWKHUUHOHYDQWIDFWRUVDUHFRQVLGHUHGLQVXIILFLHQWGHWDLOWKDWLWFRXOGUHDVRQDEO\VHUYHDVWKHEDVLVIRUDILQDOGHFLVLRQE\D
ILQDQFLDOLQVWLWXWLRQWRILQDQFHWKHGHYHORSPHQWRIWKHGHSRVLWIRUPLQHUDOSURGXFWLRQ 1,6HFWLRQ'HILQLWLRQV 
'HWDLOHGIHDVLELOLW\VWXGLHVUHTXLUHDVLJQLILFDQWDPRXQWRIIRUPDOHQJLQHHULQJZRUNDUHW\SLFDOO\DFFXUDWHWRZLWKLQ
DQGFDQFRVWEHWZHHQòòRIWKHWRWDOHVWLPDWHGSURMHFWFRVW

3DJHRI
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1RUWKHUQ'\QDVW\0LQHUDOVSXEOLVKHGD7HFKQLFDO5HSRUWLQ 1'0 EXWWKLVUHSRUWGRHVQRW
FRQWDLQDQHFRQRPLFRUFRVWDQDO\VLVRIWKHSURMHFW%HFDXVHLWFRQWDLQVQRHFRQRPLFDQDO\VLVLWLVQRW1,
FRPSOLDQW7KH5HSRUWQRWHVWKDW
… the Company has not completed a current comprehensive economic analysis of the Pebble Project
but anticipates that having a complete understanding of, and being able to properly assess all of the
proposed alternatives that the USACE will be considering as part of the scoping process conducted
during the initial phase of the EIS will provide additional clarity with respect to the project to be
evaluated so that an economic analysis can be completed.
7KLVVXJJHVWVWKDWXQOLNHWKH:DUGURSUHSRUWHLWKHUWKHHQJLQHHULQJIRUWKH3URSRVHG3URMHFWLVQRW
VXIILFLHQWWRSURGXFHHYHQDQ2UGHURI0DJQLWXGH)HDVLELOLW\VWXG\RUWKDWWKHHFRQRPLFVRIWKHSURMHFW
KDYHFKDQJHGVXIILFLHQWO\VRWKDWWKHVPDOOHUSURMHFWLVQRORQJHUHFRQRPLF
7KLVDOVRSXWVWKHFDUWLQIURQWRIWKHKRUVH1RUWKHUQ'\QDVW\ZDQWVWKH86$&(WRDSSURYHDSURMHFWDQG
WKHQ1RUWKHUQ'\QDVW\SURPLVHVWRSURYLGHDQHFRQRPLFDQDO\VLVRIWKDWSURMHFW7KHSXEOLFLVFDXJKWLQ
WKHPLGGOHRIWKLVULGGOH+RZLVWKHSXEOLFWRHYDOXDWHDQGFRPPHQWRQDSURMHFWZHUHWKHSRWHQWLDO
LPSDFWVLQFOXGLQJILQDQFLDOLPSDFWVDUHQRWGLVFORVHG":KLOHWKHUHDUHQRUHTXLUHPHQWVWRSURGXFHWKLV
HFRQRPLFDQDO\VLVLQWKH86ODFNRIDQHFRQRPLFDQDO\VLVZRXOGSUREDEO\QRWSDVVILQDQFLDO
UHTXLUHPHQWVLQ&DQDGDZKHUH1RUWKHUQ'\QDVW\LVORFDWHGDQGOHDYHVLQYHVWRUVLQDOOPDUNHWVZLWK
XQDQVZHUHGTXHVWLRQVDERXWWKHSURILWDELOLW\RIWKH3URSRVHG3URMHFW1RUWKHUQ'\QDVW\LVHVVHQWLDOO\
VD\LQJWKDWWKHGHWDLOVRIWKHSURMHFWGRQRWPDWWHUEHFDXVHLWLQWHQGVWREXLOGDODUJHUPLQHRQFHWKH
RULJLQDOSURSRVDOLVDSSURYHGDQGJURXQGKDVEHHQEURNHQ%XWPLQLQJDODUJHUUHVRXUFHZRXOGUHTXLUH
VLJQLILFDQWFKDQJHVWRWKHSURMHFWHVSHFLDOO\WRWDLOLQJVDQGZDVWHURFNGLVSRVDO7KLVLVQRWZKDWLVEHLQJ
SURSRVHG2QFHDSURMHFWLVXQGHUZD\DQGHYHQWKRXJKDVXSSOHPHQWDO(,6ZRXOGEHUHTXLUHGZHDUH
QRZIDFHGZLWKPLWLJDWLRQUDWKHUWKDQSUHYHQWLRQRIHQYLURQPHQWDODQGVRFLDOLPSDFWV
7KH3URSRVHG3URMHFW VDELOLW\WRSURYLGHDUHDVRQDEOHUHWXUQRQLQYHVWPHQWKDVQRWEHHQGHPRQVWUDWHG
DQGLVLQUHDVRQDEOHGRXEW%DVHGRQWKHUDWLRQDOHVWDWHGE\WKH86$&(WKH3URSRVHG3URMHFWGRHVQRW
PHHWWKHFULWHULDIRUDQDO\VLVLQDQ(,6
$OO$ODVNDODUJHPLQHVVLQFHKDYHKDGDIHDVLELOLW\VWXG\GRQHWRDFFRPSDQ\SURSRVHGRUPDMRU
H[SDQVLRQV$IHDVLELOLW\VWXG\LVXVHGWRGHPRQVWUDWHWKDWWKHPLQHUDOUHVRXUFHLVOHJLWLPDWHDQGWKDWWKH
SURSRVHGPLQHLVHFRQRPLFDOO\IHDVLEOH7KLVSURWHFWVLQYHVWRUVDQGMXVWLILHVWKHDJHQF\DQGSXEOLF
LQYROYHPHQWWKDWDFFRPSDQLHVDPLQHSURSRVDO/DFNRIDIHDVLELOLW\VWXG\VXJJHVWVWKDWDSURMHFWSURSRVDO
LVHLWKHUXQHFRQRPLFRUODFNVWKHUHTXLUHGWHFKQLFDOGHWDLOVWRSHUIRUPDYLDEOHHFRQRPLFDQDO\VLVRIWKH
SURSRVDO
Missing from the DEIS: A feasibility study should have been provided as a part of the technical support
material for a mine a large as Pebble.
$33(1',;.$/7(51$7,9(6
.6WDELOLW\$QDO\VLV
7KLVVHFWLRQLQWKH(,6$SSHQGLFHVEHJLQVE\QRWLQJ
Structural integrity is the most important priority in the design and management of tailings facilities
(Van Zyl 2015).
2QHRIWKHLPSRUWDQWHOHPHQWVRIVWDELOLW\DQDO\VLVLVKRZDWDLOLQJVGDPZLOOVWDQGXSLQDQHDUWKTXDNH
$VQRWHGLQWKH(,6VHLVPLFKD]DUGFDQEHGHWHUPLQHGXVLQJGHWHUPLQLVWLFRUSUREDELOLVWLFPHWKRGVRU
ERWK7KHGDWDIRUWKHSUREDELOLVWLFGHWHUPLQDWLRQFRPHVIURPWKH86*6ZKLFKSHULRGLFDOO\XSGDWHVWKLV
3DJHRI
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GDWDEDVHGERWKRQUHFHQWHDUWKTXDNHLQIRUPDWLRQDQGRQUHILQHPHQWVLQWKHFDOFXODWLRQVXVHGWRSURYLGH
WKLVLQIRUPDWLRQ
7KHSUREDELOLVWLFFDOFXODWLRQVXVHGIRUWKH(,6DUHEDVHGRQDVWXG\E\.QLJKW3LHVROG)RULWV
SUREDELOLVWLFVWXG\.QLJKW3LHVROGXVHGGDWDIURPD86*6UHSRUW,QWKH86*6XSGDWHGWKLV
UHSRUW 86*6 3/3DQGWKH$(&2086$&(DUHLJQRULQJWKLVGLVFUHSDQF\EHFDXVH3/3GRHVQRW
LQWHQGWRIXQGWKHQHFHVVDU\XSGDWHXQWLOLWDSSOLHVIRULWV6WDWHRI$ODVNDGDPSHUPLW
... the probabilistic seismic hazard analysis in Knight Piésold (2013) appears reasonable for its stated
intentions (AECOM 2018f). The analysis relies on US Geological Survey (USGS) ground motion
maps for Alaska (Wesson et al. 2007). As noted in the report and confirmed by AECOM (2018f),
USGS plans to update these maps, but has not done so yet. ... A seismic report is one of the
engineering science reports to be included in the preliminary design package submitted to ADNR.
(emphasis added)
,WLVVXEVHTXHQWO\VWDWHGLQWKLVVHFWLRQRI$SSHQGL[.
Estimates of horizontal and vertical displacement for mine site embankments would be analyzed
further for current embankment designs during future seismic analysis as part of detailed design work
undertaken in fulfillment of the ADSP review process. That work is anticipated to be performed after
the EIS process is completed. (emphasis added)
,Q$SULO$(&20VWDWHGLQ5),WKDW³The Project Description provides limited information
necessary to evaluate the stability of the TSF under static and seismic conditions´$(&20DVNHG3/3
WRSURYLGHVWDWLFDQGVHLVPLFVWDELOLW\DQDO\VHVIRUDOORIWKHSURSRVHGGDPV
,Q-XO\.QLJKW3LHVROGSURYLGHGDUHVSRQVHOHWWHU .QLJKW3LHVROG ,QWKLVOHWWHUWKH\EHJLQ
WKHLUUHVSRQVHIRUVWDWLFDQGVHLVPLFVWDELOLW\DQDO\VLVIRUWKH%XONWDLOLQJVIDFLOLW\E\VD\LQJ³Stability
analyses were previously completed in 2011 to support a PLP study that included a single TSF in the
NFK West site´$OWKRXJKWKHGDPZDVDFHQWHUOLQHGDPLWDOVRKDGDFRQYHQWLRQDOLPSHUPHDEOH
]RQHWRSUHYHQWWKHLQILOWUDWLRQRIZDWHULQWRWKHGDP7KH%XONWDLOLQJVGDPIRUWKH3URSRVHG$OWHUDWLYH
LQWKH'(,6GRHVQRWKDYHDQLPSHUPHDEOH]RQH7KLVPDNHVWKHVWDWLFDQGVHLVPLFVWDELOLW\IRUWKHWZR
GDPVGLIIHUHQW7KH\DUHQRWFRPSDUDEOHIRUWKHVHDQDO\VHV$QGDVQRWHGDERYHWKHSUREDELOLVWLF
HDUWKTXDNHLQIRUPDWLRQKDVFKDQJHGZKLFKLPSDFWVWKHVHLVPLFDQDO\VLV
.QLJKW3LHVROGJRHVRQWRVD\³The stability analyses for the Pyritic TSF, including seismic and postliquefaction stability analyses, will be updated as the design progresses and information is collected on
the geotechnical and hydrogeological conditions.´ .QLJKW3LHVROG 
7KLVGLGQRWWDNHSODFHLQWLPHWREHLQFOXGHGLQWKH'(,6
,WLVQRWDSSURSULDWHWREDVHLQIRUPDWLRQRQVHLVPLFVWDELOLW\LQDQ(,6RQRXWGDWHGLQIRUPDWLRQHVSHFLDOO\
ZKHQWKLVLQIRUPDWLRQKDVEHHQDYDLODEOHIRU\HDUV$VLVSRLQWHGRXWLQWKH(,6LWVHOI³Structural
integrity is the most important priority in the design and management of tailings facilities´
Missing from the DEIS: Up to date information should be a requirement for EIS analysis. A promise
to do the required work later should not be an acceptable response for the EIS.
7KDQN\RXIRUWKHRSSRUWXQLW\WRFRPPHQWRQWKLV'(,67KHFRPPHQWVZHUHSUHSDUHGXQGHUDFRQWUDFW
ZLWKWKH1DWXUDO5HVRXUFHV'HIHQVH&RXQFLO
6LQFHUHO\

'DYLG0&KDPEHUV3K'3*HRS
3DJHRI



BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1393 of 2339

5()(5(1&(6
$(&20L7HFKQLFDO0HPRUDQGXP3HEEOH3URMHFW±5HYLHZRI:DWHU7UHDWPHQW$SSURDFK
7LPRWK\:KLWH3($(&20WR%LOO&UDLJ$(&202FWREHU
$(&20T3HEEOH3URMHFW±)LQDO'DWD*DS$QDO\VLV7HFKQLFDO0HPRUDQGXPWR86$&(IURP
%LOO&UDLJ$(&20WR6KDQH0F&R\86$&(1RYHPEHU
$(&205),-XO±3HEEOH3URMHFW:DWHU7UHDWPHQW3ODQW3UHIHDVLELOLW\6WXG\5HSRUWIRRW
0LOO2SWLRQ+'56HS
$(&205),'HF±3HEEOH(,63KDVH)DLOXUH0RGHVDQG(IIHFWV$QDO\VLV:RUNVKRS5HSRUW
$(&20'HFHPEHU
$(&205),D0DU3HEEOH3URMHFW(,65HTXHVWIRU,QIRUPDWLRQ*HRWHFKQLFDO%RULQJ3URJUDP
$(&200DUFK
.QLJKW3LHVROG5),5HVSRQVH±(PEDQNPHQW6WDWLFDQG6HLVPLF6WDELOLW\.QLJKW3LHVROG
-XO
1'07HFKQLFDO5HSRUWRQWKH3HEEOH3URMHFW6RXWKZHVW$ODVND86$1RUWKHUQ'\QDVW\
0LQHUDOV/WG(IIHFWLYH'DWH±'HFHPEHU,VVXHGDWH)HEUXDU\
1,%ULWLVK&ROXPELD6HFXULWLHV$FW1DWLRQDO,QVWUXPHQW6WDQGDUGVRI'LVFORVXUH
IRU0LQHUDO3URMHFWVHIIHFWLYH)HEUXDU\
3/3/HWWHUIURP-DPHV)XHJ3HEEOH/LPLWHG3DUWQHUVKLSWR6KDQH0F&R\86$UP\&RUSVRI
(QJLQHHUV2FWREHUWK
86*6'RFXPHQWDWLRQIRUWKHXSGDWHRIWKH8QLWHG6WDWHVQDWLRQDOVHLVPLFKD]DUGPDSV
3HWHUVHQ0'0RVFKHWWL033RZHUV300XHOOHU&6+DOOHU.0)UDQNHO$'=HQJ
<XHKXD5H]DHLDQ6DQD]+DUPVHQ6&%R\G26)LHOG1HG&KHQ5XL5XNVWDOHV.6/XFR
1LFR:KHHOHU5/:LOOLDPV5$DQG2OVHQ$+86*HRORJLFDO6XUYH\2SHQ)LOH5HSRUW
±SKWWSG[GRLRUJRIU
86$&(7KH3HEEOH3URMHFW'HSDUWPHQWRIWKH$UP\$SSOLFDWLRQIRU3HUPLW 32$ 
'HFHPEHU$WWDFKPHQW'²3URMHFW'HVFULSWLRQ
86$&(3HEEOH3URMHFW(,6'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW86$UP\&RUSVRI(QJLQHHUV
)HEUXDU\
86(3$$Q$VVHVVPHQWRI3RWHQWLDO0LQLQJ,PSDFWVRQ6DOPRQ(FRV\VWHPVRI%ULVWRO%D\$ODVND
86(QYLURQPHQWDO3URWHFWLRQ$JHQF\:DVKLQJWRQ'&5$-DQXDU\
:DUGURS3UHOLPLQDU\$VVHVVPHQWRIWKH3HEEOH3URMHFW6RXWKZHVW$ODVND*KDIIDULHWDO
:DUGURS1RUWKHUQ'\QDVW\0LQHUDOV)HEUXDU\
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:K\3HEEOHZLOOEHDWOHDVWD\HDUPLQH
'DYLG0&KDPEHUV3K'3*HRS
&HQWHUIRU6FLHQFHLQ3XEOLF3DUWLFLSDWLRQ
0DUFK

:KHQPLQLQJDWWKH3HEEOHPLQHDVSURSRVHGLQWKH'UDIW(,6LVFRPSOHWHGWKHRQO\FORVXUHSODQ
SURSRVHGLVWREDFNILOOWKHSLWRSHQZLWKWDLOLQJVDQGZDVWHURFNDQGIORRGWKHSLWZLWKZDWHU7KLVZRXOG
³VWHULOL]H´WKHPLQHUDOUHVRXUFHDQGZRXOGSURKLELWDQ\IXWXUHRSHQSLWPLQLQJ7KHSLWZRXOGQRWRQO\
QHHGWREHGUDLQHGRIDQ\DFFXPXODWHGZDWHUEHIRUHDGGLWLRQDOPLQLQJFRXOGRFFXUEXWWKHEDFNILOOHG
WDLOLQJVDQGZDVWHURFNZRXOGQHHGWREHUHPRYHG7KLVZRXOGSUREDEO\EHSURKLELWLYHO\H[SHQVLYHIRU
WKHIRUHVHHDEOHIXWXUH
7KH3HEEOH3URMHFWEXLOGRXW±WRGHYHORSSHUFHQWRIWKHUHVRXUFHRYHU\HDUSHULRGLVWKHRQO\
DOWHUQDWLYHEHLQJFRQVLGHUHGWKDWWKDWSURSRVHVDFUHGLEOHSURMHFW7KH3URSRVHG3URMHFWFORVXUH
DOWHUQDWLYHFRXOGVWHULOL]HRIWKHPLQHUDOUHVRXUFH,WLVYLUWXDOO\XQKHDUGRILQWKHPLQLQJLQGXVWU\WR
LQWHQWLRQDOO\VWHULOL]HDNQRZQPLQHUDOUHVRXUFHDQGPRVWVWDWHDQGIHGHUDOUHJXODWRUVDOVRJLYHFUHGHQFH
WRDYRLGLQJVWHULOL]DWLRQRIDPLQHUDOUHVRXUFH,WLVKLJKO\OLNHO\WKDWLQYHVWRUVZRXOGUHPRYHWKHERDUG
DQGPDQDJHPHQWRIDFRPSDQ\WKDWZRXOGSURSRVHWKLVDFWLRQ+RZHYHULWLVDOVRREYLRXVWKDW1RUWKHUQ
'\QDVW\KDVQRLQWHQWLRQRIVWHULOL]LQJWKLVPLQHUDOUHVRXUFHDQGHYHU\LQWHQWLRQWRSURFHHGZLWKPLQLQJ
WKHODUJHUPLQHUDOUHVRXUFHDIWHUUHFHLYLQJLWVSHUPLWVDQGEHJLQQLQJPLQLQJ
%DFNILOOLQJWKHSLWFRXOGDOVRSUHYHQWPLQLQJRIWKHXQGHUJURXQGPLQHUDOUHVRXUFH:KHQWKHEDFNILOOHG
WDLOLQJVDUHVDWXUDWHGZLWKZDWHUWKH\ZLOOIORZOLNHDOLTXLG,IWKHUHDUHDQ\IUDFWXUHVWKDWFRXOGFRQQHFW
WKHSLWZLWKWKHXQGHUJURXQGZRUNLQJVWKHXQGHUJURXQGPLQHUVDUHDWULVN7KLVLVH[DFWO\ZKDWKDSSHQHG
DWWKH0XIXOLUD0LQHLQ=DPELDNLOOLQJPLQHUV6LQFHWKLVDFFLGHQWLQPLQLQJHQJLQHHUVKDYH
EHHQUHOXFWDQWWRPLQHXQGHUWDLOLQJVEHFDXVHWKHIUDFWXUHV\VWHPVWKDWZRXOGDOORZWKHPLJUDWLRQRI
WDLOLQJVWRWKHXQGHUJURXQGZRUNLQJVDUHGLIILFXOWWRGHWHFW
7KH3URSRVHG3URMHFWDORQHLVQRWOLNHO\WRUHWXUQDUHDVRQDEOHUHWXUQRQLQYHVWPHQW$WDPLQLPXPRSHQ
SLWPLQLQJZRXOGEHXQHFRQRPLFIRUVHYHUDOJHQHUDWLRQVDQGDSRUWLRQRIWKHXQGHUJURXQGUHVRXUFH
ZRXOGDOVREHQRWEHPLQDEOHXQWLOWKHEDFNILOOHGZDVWHIURPWKHSLWFRXOGEHUHPRYHG,WLVXQOLNHO\WKDW
LQYHVWRUVZRXOGDFFHSWVWHULOL]DWLRQRIWKHODUJHVWSDUWRIWKHPLQHUDOUHVRXUFHIRUWKHVKRUWWHUPSURILWWR
EHJDLQHGIURPWKHSURSRVHGPLQH
$VDUHVXOWWKH(,6LVQRWDQDO\]LQJWKHSRWHQWLDOLPSDFWVRIWKHSURMHFWEHFDXVHWKHSURMHFWUHDOO\LQYROYHV
SHUPDQHQWVWRUDJHRIZDVWHURFNRQWKHVXUIDFHUDWKHUWKDQVXEPHUJLQJZDVWHLQWKHSLWDQGDSHUPDQHQW
S\ULWLFWDLOLQJVLPSRXQGPHQWUDWKHUWKDQS\ULWLFWDLOLQJVEHLQJUHWXUQHGWRWKHSLWWREHVXEPHUJHGXQGHU
ZDWHU7KHGDQJHUWRWKHSXEOLFLQDOORZLQJWKH3URMHFWWRPRYHIRUZDUGDVSURSRVHGLVWKDWDVPDOO
XQHFRQRPLFSURMHFWZLOOEHSHUPLWWHGWREHJLQRSHUDWLRQEXWWRDFKLHYHHFRQRPLFYLDELOLW\DODUJHU
SURMHFWWKDWZLOOKDYHGUDVWLFDOO\GLIIHUHQWLPSDFWVLVUHDOO\ZKDWZLOOEHLPSOHPHQWHG
+RZHYHUWKH\HDUDOWHUQDWLYHLVQRWWKRURXJKO\DQDO\]HGLQWKH(,6,QIDFWWKHSRWHQWLDOLPSDFWVRI
WKH3HEEOH3URMHFW%XLOGRXWDUHJLYHQVKRUWTXDOLWDWLYHGHVFULSWLRQVDWEHVW7KHLPSDFWVIRU/DQG
2ZQHUVKLS0DQDJHPHQWDQG8VH6RFLRHFRQRPLFV5HFUHDWLRQ6XEVLVWHQFH+HDOWKDQG6DIHW\
7UDQVSRUWDWLRQ5HPRYDORI*HRORJLFDO5HVRXUFHV6RLOVDQG(URVLRQ*HRKD]DUGV6XUIDFH:DWHU
+\GURORJ\6XUIDFHDQG*URXQG:DWHU4XDOLW\DQG6HGLPHQW4XDOLW\)LVKDQG$TXDWLFVDQG
9HJHWDWLRQFRQWDLQVHQWHQFHJHQHUDOGHVFULSWLRQVRIWKHH[SHFWHGLPSDFWVIURP3HEEOH3URMHFW
%XLOGRXW7KHUHDUHQRTXDQWLWDWLYHDQDO\VHVLQWKHVHVHFWLRQV
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7KHUHDUHQRGHVFULSWLRQVRISRWHQWLDOLPSDFWVIURPWKH3HEEOH3URMHFW%XLOGRXWIRU5HFUHDWLRQ
&RPPHUFLDODQG5HFUHDWLRQDO)LVKHULHV&XOWXUDO5HVRXUFHV9LVXDO,PSDFWV*URXQGZDWHU+\GURORJ\
1RLVH$LU4XDOLW\:LOGOLIH5HVRXUFHVDQG7KUHDWHQHGDQG(QGDQJHUHG6SHFLHV
)RU+HDOWKDQG6DIHW\DQG&XPXODWLYH(IIHFWVLWLVQRWHG
The Pebble Project has the potential to result in increased health impacts, especially from increased
impact durations from RFFAs, possible increased releases into the environment, and affected
community exposure to potentially hazardous materials. The Pebble Project buildout would extend
the operations of the project for an additional 78 years; however, this project is not part of the
proposed action and would require additional permits and separate NEPA compliance.
7KLV³VHSDUDWH1(3$FRPSOLDQFH´UHVSRQVHLVFOHDUO\LQGLFDWLYHRIWKHODFNRIDGHWDLOHGTXDQWLWDWLYH
DQDO\VLVRIWKH3HEEOH3URMHFW%XLOGRXW$OWHUQDWLYHLQWKH(,6
6RPHRIWKHFULWLFDODQDO\VHVWKDWDUHPLVVLQJIURPWKH(,6LQFOXGH)DLOXUH0RGH(IIHFWV$QDO\VLVRIWKH
PXFKODUJHUGDPWKDWZLOOEHUHTXLUHGIRUWKHVHFRQGEXONWDLOLQJVLPSRXQGPHQWDQG)0($IRUERWKWKH
LPSRXQGPHQWVWKDWZLOOEHUHTXLUHGIRUWKHS\ULWLFWDLOLQJV$WSUHVHQWWKHUHLVRQO\)0($IRUWKH
SURSRVHGEXONWDLOLQJVLPSRXQGPHQW
)URP)LJXUH ODVWSDJH QRWHWKDWKDOIRIWKHRSHQSLWDQGDOORIWKHODUJH1RUWK:DVWH5RFNIDFLOLW\OLH
LQWKH8SSHU7DODULNGUDLQDJHZKHUHLQWKH(,6LWLVVWDWHG³The only mine site features in the Upper
Talarik Creek (UTC) watershed would be the WTP#1 discharge-east and a short section of the mine
access road.´ '(,6(6 
7KHLPSDFWVUHODWHGWRWKHUHDVRQDEO\IRUHVHHDEOH\HDUPLQHZLOOEHVLJQLILFDQWO\GLIIHUHQWWKDQIRUWKH
3URSRVHG3URMHFWDQGVRPHOHYHORITXDQWLILFDWLRQLVQHHGHGIRUWKH\HDUPLQHIRUSRWHQWLDOZDWHU
TXDOLW\DQGTXDQWLW\LPSDFWV:DWHUWUHDWPHQWUHTXLUHPHQWVZLOODOVRVLJQLILFDQWO\LQFUHDVHEXWE\KRZ
PXFK"7KLVLVDOOLQIRUPDWLRQWKDWVKRXOGEHHDVLO\ZLWKLQUHDFKZLWKH[LVWLQJHQJLQHHULQJLQIRUPDWLRQ
7KH3HEEOH3URMHFW%XLOGRXWGHYHORSSHUFHQWRIWKHUHVRXUFHRYHU\HDUSHULRGLVWKHRQO\
DOWHUQDWLYHFRQVLGHUHGLQWKH(,6LQFOXGLQJWKH3URSRVHG3URMHFWWKDWFRXOGEHFRQVLGHUHGDVSURYLGLQJD
UHDVRQDEOHUHWXUQIRUWKRVHLQYHVWRUVZKRZHUHRIIHUHGDQGH[SHFWDODUJHUSURMHFW$WWKHSHUPLWWLQJ
VWDJHWKHQRUPDOSURFHGXUHIRUWKHDSSOLFDQWFRPSDQ\ZRXOGEHWRILUVWSURGXFHDSUHIHDVLELOLW\6WXG\
ZKLFKZRXOGDQDO\]HWKHHFRQRPLFYLDELOLW\RISURMHFWWRDVVXUHERWKLQYHVWRUVDQGWKHFRPSDQ\ERDUG
PHPEHUVWKDWWKLVLVDUHDVRQDEOHLQYHVWPHQWIRUWKHFRPSDQ\7KH3HEEOH3URSRVDOLVWKHRQO\ODUJH
PLQHSURSRVDOLQ$ODVNDLQWKHODVW\HDUVQRWWRKDYHDSUHIHDVLELOLW\VWXG\
/DFNRIDSUHIHDVLELOLW\VWXG\PD\QRWRQO\EHLQGLFDWLYHRIWKHXQUHDOLVWLFSURSRVDOWREDFNILOOWKHRSHQ
SLWEHIRUHWKHPLQHUDOUHVRXUFHLVH[KDXVWHGEXWPD\DOVRVXJJHVWWKDWWKHFRPSDQ\FRXOGQRWSURGXFHD
SUHIHDVLELOLW\VWXG\ZKLFKFRXOGERWKMXVWLI\DILQDQFLDOO\YLDEOHPLQHDQGPHHWWKHILQDQFLDODXGLWLQJ
UHTXLUHPHQWVRIWKH&DQDGLDQDQG86VWRFNH[FKDQJHV
%\LWVRZQGHILQLWLRQWKH$UP\&RUSVRI(QJLQHHUVLVREOLJDWHGWRSURYLGHDOWHUQDWLYHVLQDQ(,6WKDWDUH
ERWK³UHDVRQDEOHDQGSUDFWLFDO´7KHRQO\DOWHUQDWLYHSURSRVHGLQWKH'UDIW(,6LVWREDFNILOOWKHRSHQSLW
ZLWKPLQHZDVWH%RWKHQJLQHHUVDQGLQYHVWRUVNQRZWKDWEDFNILOOLQJWKHSLWDIWHU\HDUVRIPLQLQJZLOO
QRWKDSSHQVRWKHFORVXUHDOWHUQDWLYHEHLQJDQDO\]HGLQWKH'UDIW(,VLVQHLWKHUUHDVRQDEOHQRUSUDFWLFDO
7KHSXEOLFLVEHLQJGHQLHGWKHRSSRUWXQLW\WRPHDQLQJIXOO\FRPPHQWRQWKHUHDOLPSDFWVRIWKH3HEEOH
PLQH
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:ƵŶĞϭϴ͕ϮϬϭϵ

^ŚĂŶĞDĐŽǇ
WƌŽŐƌĂŵDĂŶĂŐĞƌ
h^ƌŵǇŽƌƉƐŽĨŶŐŝŶĞĞƌƐ
ϲϰϱ'^ƚƌĞĞƚ
^ƵŝƚĞϭϬϬͲϵϮϭ
ŶĐŚŽƌĂŐĞ͕<ϵϵϱϬϭ


^ƵďũĞĐƚ͗WĞďďůĞDŝŶĞƌĂĨƚŶǀŝƌŽŶŵĞŶƚĂů/ŵƉĂĐƚ^ƚĂƚĞŵĞŶƚ^ƵŵŵĂƌǇŽŵŵĞŶƚƐ

ĞĂƌDƌ͘DĐŽǇ͕
ĂƐĞĚŽŶĂĐĂƌĞĨƵůƌĞǀŝĞǁŽĨƚŚĞWĞďďůĞDŝŶĞƌĂĨƚŶǀŝƌŽŶŵĞŶƚĂů/ŵƉĂĐƚ^ƚĂƚĞŵĞŶƚ;/^Ϳ͕ŝƚŝƐ
ŵǇƉƌŽĨĞƐƐŝŽŶĂůŽƉŝŶŝŽŶƚŚĂƚƚŚĞĚŽĐƵŵĞŶƚĂŶĚĂƐƐŽĐŝĂƚĞĚĂŶĂůǇƐŝƐŝƐĨĂƚĂůůǇĨůĂǁĞĚ͘
dŚĞ/^ĐŽŶƚĂŝŶƐĂŶƵŶĂĐĐĞƉƚĂďůĞŶƵŵďĞƌŽĨĚĞĨŝĐŝĞŶĐŝĞƐ͕ŽŵŝƐƐŝŽŶƐĂŶĚĞƌƌŽƌƐĨŽƌƐƵĐŚĂ
ůĂƌŐĞ͕ĐŽŵƉůĞǆƉƌŽũĞĐƚŝŶĂŶĞǆƚƌĞŵĞůǇƐĞŶƐŝƚŝǀĞĞŶǀŝƌŽŶŵĞŶƚ͘ƵĞƚŽƚŚĞŐůŽďĂůƐŝŐŶŝĨŝĐĂŶĐĞŽĨ
ƚŚĞƐĂůŵŽŶĨŝƐŚĞƌǇ͕ĂŶǇ/^ǁŝƚŚŝŶƚŚĞƌŝƐƚŽůĂǇǁĂƚĞƌƐŚĞĚƐŚŽƵůĚďĞŚĞůĚƚŽƚŚĞŚŝŐŚĞƐƚ
ƐƚĂŶĚĂƌĚ͕ďƵƚƚŚĞWĞďďůĞ/^ĚŽĞƐŶŽƚĞǀĞŶŵĞĞƚŝŶĚƵƐƚƌǇƐƚĂŶĚĂƌĚƉƌĂĐƚŝĐĞ͘/ǁŽƵůĚƐƚƌŽŶŐůǇ
ƵƌŐĞƚŚĞƌŵǇŽƌƉƐŽĨŶŐŝŶĞĞƌƐƚŽƌĞƐƚĂƌƚƚŚĞ/^ƉƌŽĐĞƐƐǁŝƚŚĂŶĂŶĂůǇƐŝƐďĂƐĞĚŽŶĂŶ
ĞĐŽŶŽŵŝĐĂůůǇͲĐƌĞĚŝďůĞŵŝŶĞƉůĂŶ͕ƐƵƉƉŽƌƚĞĚďǇĂŶŝŶĚĞƉĞŶĚĞŶƚĂŶĚƌŝŐŽƌŽƵƐĞĐŽŶŽŵŝĐĂŶĂůǇƐŝƐ
ĚĞŵŽŶƐƚƌĂƚŝŶŐƚŚĂƚŝƚŝƐƚŚĞ͞ůĞĂƐƚĞŶǀŝƌŽŶŵĞŶƚĂůůǇĚĂŵĂŐŝŶŐƉƌĂĐƚŝĐĂďůĞĂůƚĞƌŶĂƚŝǀĞ͟;>WͿ͘
dŚŝƐĐŽŶĐůƵƐŝŽŶŝƐďĂƐĞĚƵƉŽŶŵǇŵŽƌĞƚŚĂŶƚŚŝƌƚǇǇĞĂƌƐŽĨĞǆƉĞƌŝĞŶĐĞĂƐĂŶĞŶǀŝƌŽŶŵĞŶƚĂůĂŶĚ
ƉĞƌŵŝƚƚŝŶŐƐƉĞĐŝĂůŝƐƚŝŶƚŚĞŵŝŶŝŶŐĂŶĚĐŽŶƐƵůƚŝŶŐŝŶĚƵƐƚƌŝĞƐ͘&ůĂǁƐŝŶƚŚĞ/^ĂƌĞĚĞƚĂŝůĞĚŝŶ
ĨŝǀĞƐĞƉĂƌĂƚĞĐŽŵŵĞŶƚůĞƚƚĞƌƐĨƌŽŵZŝĐŚĂƌĚ<͘ŽƌĚĞŶƚŽƚŚĞƌŵǇŽƌƉƐŽĨŶŐŝŶĞĞƌƐĚĂƚĞĚ
DĂƌĐŚϰ͕DĂƌĐŚϮϴ͕DĂǇϭϯ͕DĂǇϯϭĂŶĚ:ƵŶĞϭϳ͕ϮϬϭϵ͘dŚŝƐĨŝŶĂůůĞƚƚĞƌƉƌŽǀŝĚĞƐĂŶŝŶƚĞŐƌĂƚĞĚ
ŽǀĞƌǀŝĞǁŽĨŵǇĐŽŶĐĞƌŶƐ͕ǁŝƚŚŽƵƚƐƵƉĞƌƐĞĚŝŶŐĂŶǇŽĨƚŚĞƐƉĞĐŝĨŝĐĐŽŵŵĞŶƚƐĐŽŶƚĂŝŶĞĚŝŶƚŚĞƐĞ
ĞĂƌůŝĞƌůĞƚƚĞƌƐ͘
dŚĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶĞǀĂůƵĂƚĞĚďǇƚŚĞ/^ŝƐĂůŵŽƐƚĐĞƌƚĂŝŶůǇŶŽƚĞĐŽŶŽŵŝĐĂůůǇĨĞĂƐŝďůĞĂŶĚ
ƚŚĞƌĞĨŽƌĞĚŽĞƐŶŽƚƌĞƉƌĞƐĞŶƚƚŚĞůĞĂƐƚĞŶǀŝƌŽŶŵĞŶƚĂůůǇĚĂŵĂŐŝŶŐƉƌĂĐƚŝĐĂďůĞĂůƚĞƌŶĂƚŝǀĞĨŽƌ
ĂŶĂůǇƐŝƐ͘/ĨƚŚĞϮϬͲǇĞĂƌŵŝŶĞǁĂƐĐŽŶƐƚƌƵĐƚĞĚŝƚŝƐĂůŵŽƐƚĐĞƌƚĂŝŶƚŚĂƚĂŵƵĐŚůĂƌŐĞƌŵŝŶĞǁŽƵůĚ
ƵůƚŝŵĂƚĞůǇďĞĚĞǀĞůŽƉĞĚŝŶĂŶĂƚƚĞŵƉƚƚŽĂƚƚĂŝŶĂƉŽƐŝƚŝǀĞƌĂƚĞŽĨƌĞƚƵƌŶŽŶĂǀĞƌǇůĂƌŐĞĂŶĚ
ƌŝƐŬǇŝŶŝƚŝĂůŝŶǀĞƐƚŵĞŶƚ͘,ŽǁĞǀĞƌ͕ƚŚĞĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐĞǀĂůƵĂƚŝŽŶŽĨƚŚĞŵŽƌĞͲĐƌĞĚŝďůĞϳϴͲ
ǇĞĂƌŵŝŶĞƉůĂŶƐŝŐŶŝĨŝĐĂŶƚůǇƵŶĚĞƌƐƚĂƚĞƐĂŶĚ͕ŝŶƐŽŵĞĐĂƐĞƐ͕ŐƌŽƐƐůǇƵŶĚĞƌĞƐƚŝŵĂƚĞƐƚŚĞŵƵĐŚ
ůĂƌŐĞƌŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚĂŶĞǆƉĂŶĚĞĚŵŝŶŝŶŐŽƉĞƌĂƚŝŽŶ͘dŚĞƌĞĂƌĞĂůƐŽƐĞǀĞƌĂů
ŝŵƉŽƌƚĂŶƚĂůƚĞƌŶĂƚŝǀĞƐǁŚŝĐŚĐŽƵůĚƐŝŐŶŝĨŝĐĂŶƚůǇƌĞĚƵĐĞƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐŽĨ
ƚŚĞƉƌŽũĞĐƚǁŚŝĐŚǁĞƌĞĞŝƚŚĞƌŶŽƚĞǀĂůƵĂƚĞĚŽƌǁĞƌĞĞůŝŵŝŶĂƚĞĚƉƌĞŵĂƚƵƌĞůǇ͘
ϭ
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DƵĐŚŽĨƚŚĞĂŶĂůǇƐŝƐĐŽŶƚĂŝŶƐŝŶƐƵĨĨŝĐŝĞŶƚĚĞƚĂŝůƚŽĚĞƚĞƌŵŝŶĞŝĨƚŚĞƉůĂŶŶĞĚĂĐƚŝŽŶƐĂƌĞ
ĂĚĞƋƵĂƚĞŽƌƉƌĂĐƚŝĐĂďůĞ͖ƚŚĞ/^ĐŽŵŵŽŶůǇƵŶĚĞƌƐƚĂƚĞƐƉŽƚĞŶƚŝĂůŝŵƉĂĐƚƐ͖ĞƐƐĞŶƚŝĂůĂŶĂůǇƐĞƐ
ĂŶĚĚĞƐŝŐŶƐĂƌĞĚĞĨĞƌƌĞĚƚŽƚŚĞƉŽƐƚͲ/^ƉĞƌŵŝƚƚŝŶŐƉĞƌŝŽĚ͖ĂŶĚŝŶĂŶƵŵďĞƌŽĨƐŝŐŶŝĨŝĐĂŶƚ
ŝŶƐƚĂŶĐĞƐ͕ƚŚĞĐŽŶĐůƵƐŝŽŶƐĂƌĞĐůĞĂƌůǇǁƌŽŶŐ͘dŚĞĂŶĂůǇƐŝƐŽĨŬĞǇƉƌŽũĞĐƚĐŽŵƉŽŶĞŶƚƐƐƵĐŚĂƐ
ǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚ͕ŐĞŽƚĞĐŚŶŝĐĂůƐƚĂďŝůŝƚǇ͕ƌĞĐůĂŵĂƚŝŽŶΘĐůŽƐƵƌĞ͕ǁĞƚůĂŶĚƐŵŝƚŝŐĂƚŝŽŶĂŶĚĂŝƌ
ƋƵĂůŝƚǇĂƌĞĐůĞĂƌůǇŝŶĂĚĞƋƵĂƚĞ͘/ŶƉĂƌƚŝĐƵůĂƌƚŚĞĨĂŝůƵƌĞƚŽĐŽŶƐŝĚĞƌƚŚĞƉƌŽĨŽƵŶĚŝŵƉĂĐƚƐƚŚĂƚ
ǁŽƵůĚƌĞƐƵůƚĨƌŽŵůĂƌŐĞͲƐĐĂůĞĐĂƚĂƐƚƌŽƉŚŝĐƚĂŝůŝŶŐƐĚĂŵĨĂŝůƵƌĞŵĞĂŶƐƚŚĂƚƚŚĞ/^ŝŐŶŽƌĞƐŽŶĞ
ŽĨƚŚĞůĂƌŐĞƐƚĞŶǀŝƌŽŶŵĞŶƚĂůƌŝƐŬƐƉŽƐĞĚďǇƚŚĞƉƌŽũĞĐƚ͘dŚĞ/^ǁĂƐĐŽŵƉůĞƚĞĚŝŶůĞƐƐƚŚĂŶ
ŚĂůĨƚŚĞƚŝŵĞƚǇƉŝĐĂůĨŽƌŽƚŚĞƌŵŝŶŝŶŐƉƌŽũĞĐƚƐ͕ƐŽŝƚŝƐƵŶƐƵƌƉƌŝƐŝŶŐƚŚĂƚŝƚďĞĂƌƐŵĂŶǇŽĨƚŚĞ
ŚĂůůŵĂƌŬƐŽĨĂŶŽǀĞƌůǇƌƵƐŚĞĚƉƌŽĐĞƐƐ͘
dŚĞ/^ĂƐŝƚŝƐĐƵƌƌĞŶƚůǇǁƌŝƚƚĞŶĐĂŶŶŽƚƐƵƉƉŽƌƚƚŚĞƐƚĂƚĞŵĞŶƚƚŚĂƚ͞ŵĞĂƐƵƌĂďůĞŝŵƉĂĐƚƐƚŽ
ƐĂůŵŽŶƉŽƉƵůĂƚŝŽŶƐǁŽƵůĚďĞƵŶůŝŬĞůǇ͘͟dŚĞƐŵĂůůĞƌŵŝŶĞǁŝůůůŝŬĞůǇƌĞƐƵůƚŝŶůĞƐƐĞƌŝŵƉĂĐƚƐŝĨ
ĞǀĞƌǇƚŚŝŶŐŐŽĞƐĞǆĂĐƚůǇĂĐĐŽƌĚŝŶŐƚŽƉůĂŶ͕ďƵƚƚŚŝƐŝƐƵŶůŝŬĞůǇŐŝǀĞŶƚŚĞĐŽŵƉůĞǆŝƚǇŽĨ͕ĂŶĚǀĞƌǇ
ŚŝŐŚƌŝƐŬƐƉŽƐĞĚďǇ͕ƚŚĞƉƌŽƉŽƐĞĚĚĞǀĞůŽƉŵĞŶƚ͘,ŽǁĞǀĞƌ͕ƚŚĞĞǆƉĂŶĚĞĚŵŝŶĞƐĐĞŶĂƌŝŽŝƐ
ĐĞƌƚĂŝŶƚŽůĞĂĚƚŽŵĞĂƐƵƌĂďůĞ͕ƐŝŐŶŝĨŝĐĂŶƚĂŶĚƉĞƌŵĂŶĞŶƚŚĂƌŵƚŽĨŝƐŚĞƌŝĞƐŝŶƚŚĞƌŝƐƚŽůĂǇ
ǁĂƚĞƌƐŚĞĚ͘/ĨĂůĂƌŐĞͲƐĐĂůĞĨĂŝůƵƌĞŽĨƚĂŝůŝŶŐƐĐŽŶƚĂŝŶŵĞŶƚǁĞƌĞƚŽŽĐĐƵƌƵŶĚĞƌĞŝƚŚĞƌŵŝŶĞ
ƐĐĞŶĂƌŝŽ͕ƚŚĞĨŝƐŚǀĂůƵĞƐƚŚƌŽƵŐŚŽƵƚƚŚĞ<ŽŬƚƵůŝͬEƵƐŚĂŐĂŬZŝǀĞƌƐǇƐƚĞŵǁŽƵůĚĂůŵŽƐƚĐĞƌƚĂŝŶůǇ
ďĞƉƌŽĨŽƵŶĚůǇĂŶĚƉĞƌŵĂŶĞŶƚůǇĚĂŵĂŐĞĚ͘
'ŝǀĞŶƚŚĞƐƵďƐƚĂŶƚŝĂůĨůĂǁƐŝŶƚŚĞ/^͕/ǁŽƵůĚƐƚƌŽŶŐůǇƵƌŐĞƚŚĞƌŵǇŽƌƉƐŽĨŶŐŝŶĞĞƌƐƚŽ
ƌĞƐƚĂƌƚƚŚĞƉƌŽĐĞƐƐǁŝƚŚĂŶĂŶĂůǇƐŝƐďĂƐĞĚŽŶĂŶĞĐŽŶŽŵŝĐĂůůǇͲĐƌĞĚŝďůĞŵŝŶĞƉůĂŶ͕ƐƵƉƉŽƌƚĞĚďǇ
ĂŶŝŶĚĞƉĞŶĚĞŶƚ͕ƌŝŐŽƌŽƵƐĞĐŽŶŽŵŝĐĂŶĂůǇƐŝƐĚĞŵŽŶƐƚƌĂƚŝŶŐƚŚĂƚƚŚĞƉƌŽũĞĐƚŝƐƚŚĞůĞĂƐƚ
ĞŶǀŝƌŽŶŵĞŶƚĂůůǇĚĂŵĂŐŝŶŐƉƌĂĐƚŝĐĂďůĞĂůƚĞƌŶĂƚŝǀĞ͘dŚĞ/^ƉƌŽĐĞƐƐǁŝůůďĞƐĞǀĞƌĞůǇ
ĐŽŵƉƌŽŵŝƐĞĚŝĨƚŚĞĚĞĨŝĐŝĞŶĐŝĞƐŽĨƚŚĞĐƵƌƌĞŶƚĚŽĐƵŵĞŶƚĂƌĞŶŽƚĨƵůůǇĂĚĚƌĞƐƐĞĚ͖ƚŚŝƐǁŽƵůĚ
ĂůŵŽƐƚĐĞƌƚĂŝŶůǇƌĞƋƵŝƌĞ͕ĂƐĂŵŝŶŝŵƵŵ͕ƚŚĞĐŽŵƉůĞƚŝŽŶŽĨĂ^ƵƉƉůĞŵĞŶƚĂůŶǀŝƌŽŶŵĞŶƚĂů
/ŵƉĂĐƚ^ƚĂƚĞŵĞŶƚ͕ƌĞĐŝƌĐƵůĂƚĞĚŝŶĚƌĂĨƚĨŽƌƉƵďůŝĐĐŽŵŵĞŶƚ͘
WƌŽĨĞƐƐŝŽŶĂůĂĐŬŐƌŽƵŶĚ
/ĂŵĂŶĞŶǀŝƌŽŶŵĞŶƚĂůƐĐŝĞŶƚŝƐƚĂŶĚŵĂŶĂŐĞƌǁŝƚŚŽǀĞƌƚŚŝƌƚǇǇĞĂƌƐŽĨĞǆƉĞƌŝĞŶĐĞŝŶƚŚĞŵŝŶŝŶŐ
ĂŶĚĐŽŶƐƵůƚŝŶŐŝŶĚƵƐƚƌŝĞƐ͘ƵƌŝŶŐŵǇϮϯǇĞĂƌƐǁŝƚŚƚŚĞŐůŽďĂůŵŝŶŝŶŐĐŽŵƉĂŶǇZŝŽdŝŶƚŽ/ŚĂǀĞ
ďĞĞŶŝŶǀŽůǀĞĚŝŶƚŚĞƐƚƌĂƚĞŐŝĐĞŶǀŝƌŽŶŵĞŶƚĂůĚĞƐŝŐŶŽĨƐĞǀĞƌĂůŶĞǁŵŝŶĞƐ͘/ŚĂǀĞƉĞƌĨŽƌŵĞĚ
ĞŶǀŝƌŽŶŵĞŶƚĂů͕ƉĞƌŵŝƚƚŝŶŐĂŶĚĐůŽƐƵƌĞǁŽƌŬĂƚŽǀĞƌĨŝĨƚǇŵŝŶĞƐ͕ƉƌŽũĞĐƚƐĂŶĚŽƉĞƌĂƚŝŽŶƐ͘dŚŝƐ
ŝŶĐůƵĚĞĚŽǀĞƌƐĞǀĞŶǇĞĂƌƐĂƐ,ĞĂĚŽĨŶǀŝƌŽŶŵĞŶƚĨŽƌZŝŽdŝŶƚŽ͛ƐŽƉƉĞƌ͕ŽƉƉĞƌΘŝĂŵŽŶĚƐ
ĂŶĚŽƉƉĞƌΘŽĂůWƌŽĚƵĐƚ'ƌŽƵƉƐ͘/ŚĂǀĞƉƵďůŝƐŚĞĚŶƵŵĞƌŽƵƐƉĂƉĞƌƐŽŶŵŝŶĞĞŶǀŝƌŽŶŵĞŶƚĂů
ƉĞƌĨŽƌŵĂŶĐĞĂŶĚŵĂŶĂŐĞŵĞŶƚŝŶƉĞĞƌƌĞǀŝĞǁĞĚƐĐŝĞŶƚŝĨŝĐũŽƵƌŶĂůƐ͕ĐŽŶĨĞƌĞŶĐĞƉƌŽĐĞĞĚŝŶŐƐ
ĂŶĚďŽŽŬƐ͘/ĂŵŝŶƚŝŵĂƚĞůǇĂǁĂƌĞŽĨƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂůĐŚĂůůĞŶŐĞƐĂŶĚŝƐƐƵĞƐƉŽƐĞĚďǇƚŚĞ
ƌĞƐƉŽŶƐŝďůĞƉĞƌŵŝƚƚŝŶŐ͕ĚĞǀĞůŽƉŵĞŶƚ͕ŽƉĞƌĂƚŝŽŶĂŶĚĐůŽƐƵƌĞŽĨůĂƌŐĞĐŽƉƉĞƌŵŝŶĞƐ͘
WƌŽũĞĐƚĐŽŶŽŵŝĐƐ
dŚĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶďĞŝŶŐĞǀĂůƵĂƚĞĚďǇƚŚĞWĞďďůĞDŝŶĞ/^ƉƌŽĐĞƐƐŝƐĂůŵŽƐƚĐĞƌƚĂŝŶůǇŶŽƚ
ĞĐŽŶŽŵŝĐĂůůǇĨĞĂƐŝďůĞ͘/ƚŽŶůǇƚĂƌŐĞƚƐĂďŽƵƚƚĞŶƉĞƌĐĞŶƚŽĨƚŚĞƚŽƚĂůƌĞƐŽƵƌĐĞĂŶĚďǇŶĞĐĞƐƐŝƚǇ
Ϯ
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ŵƵƐƚƉƌŽĐĞƐƐƌĞůĂƚŝǀĞůǇůŽǁͲŐƌĂĚĞŽƌĞ͘/ƚŽŶůǇƉƌŽĚƵĐĞƐŚĂůĨĂƐŵƵĐŚŵĞƚĂůĨŽƌƐĂůĞĂƐƚŚĞ
ƐŵĂůůĞƐƚŵŝŶĞƉůĂŶĞĐŽŶŽŵŝĐĞǀĂůƵĂƚŝŽŶǁŚŝĐŚŝƐƉƵďůŝĐůǇĂǀĂŝůĂďůĞ;tĂƌĚƌŽƉ͕ϮϬϭϭ͕WƌĞůŝŵŝŶĂƌǇ
ƐƐĞƐƐŵĞŶƚŽĨƚŚĞWĞďďůĞWƌŽũĞĐƚͿ͘ĂƐĞĚƵƉŽŶĂŶŝŶĚĞƉĞŶĚĞŶƚĂŶĂůǇƐŝƐŽĨƉƌŽũĞĐƚĞĐŽŶŽŵŝĐƐ͕
ƚŚĞŵŝŶĞƉůĂŶďĞŝŶŐĞǀĂůƵĂƚĞĚďǇƚŚĞ/^ŚĂƐďĞĞŶĞƐƚŝŵĂƚĞĚƚŽŚĂǀĞĂŶĞƚƉƌĞƐĞŶƚǀĂůƵĞŽĨ
ƌŽƵŐŚůǇŶĞŐĂƚŝǀĞƚŚƌĞĞďŝůůŝŽŶĚŽůůĂƌƐ;ŽƌĚĞŶ͕ϮϴDĂƌĐŚͿ͘&ƵƌƚŚĞƌŵŽƌĞ͕ƚŚĞĐůŽƐƵƌĞŽĨĞǀĞŶƚŚŝƐ
ƌĞůĂƚŝǀĞůǇƐŵĂůůŵŝŶĞŝƐĂůŵŽƐƚĐĞƌƚĂŝŶƚŽĐŽƐƚŝŶĞǆĐĞƐƐŽĨϭ͘ϱďŝůůŝŽŶĂĚĚŝƚŝŽŶĂůĚŽůůĂƌƐ;ŽƌĚĞŶ͕
ϯϭDĂǇͿ͘dŚĞĐŽŶĐĞƉƚƵĂůĨŝŶĂŶĐŝĂůĂŶĂůǇƐŝƐĨŽƌƚŚĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶƉƌŽǀŝĚĞĚŝŶƚŚĞ/^ŝƐ
ĨĂƚĂůůǇĨůĂǁĞĚ͘/ƚŝŐŶŽƌĞƐƐŵĞůƚĞƌĂŶĚƌĞĨŝŶŝŶŐĐŽƐƚƐ͕ƵŶĚĞƌƐƚĂƚĞƐĐĂƉŝƚĂůĂŶĚŽƉĞƌĂƚŝŶŐĐŽƐƚƐĂŶĚ
ĨĂŝůƐƚŽƉƌŽǀŝĚĞĞǀĞŶĂƉůĂĐĞŚŽůĚĞƌĐŽƐƚĨŽƌĐůŽƐƵƌĞ͘tŝƚŚƚŚĞŝŶĐŽƌƉŽƌĂƚŝŽŶŽĨũƵƐƚƚŚĞƐĞůŝŵŝƚĞĚ
ĐŽƌƌĞĐƚŝŽŶƐ͕ƚŚĞWĞďďůĞ>ŝŵŝƚĞĚWĂƌƚŶĞƌƐŚŝƉĨŝŶĂŶĐŝĂůĞǀĂůƵĂƚŝŽŶĂůƐŽŚĂƐĂƐƚƌŽŶŐůǇŶĞŐĂƚŝǀĞŶĞƚ
ƉƌĞƐĞŶƚǀĂůƵĞ͘dŚĞ/^ŝƐƚŚƵƐĞǀĂůƵĂƚŝŶŐĂŵŝŶĞƉůĂŶƚŚĂƚĚŽĞƐŶŽƚŵĞĞƚŝƚƐŽǁŶĂůƚĞƌŶĂƚŝǀĞƐ
ƐĐƌĞĞŶŝŶŐĐƌŝƚĞƌŝĂŝŶĐůƵĚŝŶŐƚŚĞƌĞƋƵŝƌĞŵĞŶƚƚŚĂƚĞĂĐŚĂůƚĞƌŶĂƚŝǀĞďĞ͞ƉƌĂĐƚŝĐĂůŽƌĨĞĂƐŝďůĞĨƌŽŵ
ƚŚĞƚĞĐŚŶŝĐĂůĂŶĚĞĐŽŶŽŵŝĐƐƚĂŶĚƉŽŝŶƚ͘͟
/ĨƚŚĞďĂƐĞĐĂƐĞŵŝŶĞƉůĂŶĂƐƐƵŵĞĚĨŽƌƚŚĞ/^ŝƐŶŽƚĞĐŽŶŽŵŝĐ͕ƚŚĞŶƚŚĞĞŶƚŝƌĞƉĞƌŵŝƚƚŝŶŐ
ƉƌŽĐĞƐƐŝƐĐŽŵƉƌŽŵŝƐĞĚďĞĐĂƵƐĞƚŚĞŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐďĞŝŶŐĞǀĂůƵĂƚĞĚĂƌĞŵƵĐŚƐŵĂůůĞƌƚŚĂŶ
ƚŚŽƐĞƚŚĂƚǁŽƵůĚďĞƌĞƋƵŝƌĞĚĨŽƌĂĨƵůůͲƐĐĂůĞĞĐŽŶŽŵŝĐĂůůǇǀŝĂďůĞƉƌŽũĞĐƚ͘/ŶŽƚŚĞƌǁŽƌĚƐ͕ƚŚĞ
/^ŝƐŶŽƚĞǀĂůƵĂƚŝŶŐƚŚĞ͞ůĞĂƐƚĞŶǀŝƌŽŶŵĞŶƚĂůůǇĚĂŵĂŐŝŶŐƉƌĂĐƚŝĐĂďůĞĂůƚĞƌŶĂƚŝǀĞ͘͟ǀĞŶĂ
ƌĞůĂƚŝǀĞůǇƐŵĂůůĞǆƉĂŶƐŝŽŶŽĨƚŚĞĐƵƌƌĞŶƚƉůĂŶƚŽŵĂƚĐŚƚŚĞƐŵĂůůĞƐƚƐĐĞŶĂƌŝŽĞǀĂůƵĂƚĞĚďǇ
tĂƌĚƌŽƉ;ĂϮϱͲǇĞĂƌŵŝŶĞͿǁŽƵůĚŵŽƌĞƚŚĂŶĚŽƵďůĞŵŽƐƚĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐĂŶĚǁŽƵůĚ
ŝŶĐƌĞĂƐĞŐĞŽĐŚĞŵŝĐĂůͬǁĂƚĞƌƋƵĂůŝƚǇƌŝƐŬƐďǇĂĨĂĐƚŽƌŽĨĨŽƵƌ͘
ƵŵƵůĂƚŝǀĞĨĨĞĐƚƐŶĂůǇƐŝƐ
dŚĞĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐĂŶĂůǇƐŝƐĨŽƌƚŚĞĞǆƉĂŶĚĞĚŵŝŶĞĐĂƐĞĞǀĂůƵĂƚĞĚŝŶƚŚĞ/^ĐŽŶƚĂŝŶƐ
ŝŶƐƵĨĨŝĐŝĞŶƚĚĞƚĂŝů͕ƵŶĚĞƌƐƚĂƚĞƐƚŚĞŝŵƉĂĐƚƐŽĨĂůĂƌŐĞƌŵŝŶĞĂŶĚŝŶƐŽŵĞĐĂƐĞƐŝƚƐĐŽŶĐůƵƐŝŽŶƐ
ĂƌĞĐůĞĂƌůǇǁƌŽŶŐ͘DŽƐƚŽĨƚŚĞŝŶĚŝǀŝĚƵĂůŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐĨŽƌƚŚĞϳϴͲǇĞĂƌŵŝŶĞǁŝůůďĞĂƚůĞĂƐƚ
ƚŚƌĞĞƚŽƐĞǀĞŶƚŝŵĞƐŐƌĞĂƚĞƌƚŚĂŶĨŽƌƚŚĞƐŵĂůůϮϬͲǇĞĂƌŵŝŶĞ;ŽƌĚĞŶ͕ϭϳ:ƵŶĞͿ͘,ŽǁĞǀĞƌ͕ƚŚĞ
ŐĞŽĐŚĞŵŝĐĂůĂŶĚǁĂƚĞƌƋƵĂůŝƚǇƌŝƐŬƐƉŽƐĞĚďǇƚŚĞůĂƌŐĞƌŵŝŶĞǁŝůůďĞĂƚůĞĂƐƚƚĞŶƚŝŵĞƐŐƌĞĂƚĞƌ͘
dŚĞŵŝŶĞǁŽƵůĚĂůƐŽŶĞĞĚƚŽŵĂŶĂŐĞĨŝǀĞƚŝŵĞƐŵŽƌĞƚĂŝůŝŶŐƐĂŶĚŽŶĞŚƵŶĚƌĞĚƚŝŵĞƐŵŽƌĞ
ǁĂƐƚĞƌŽĐŬǁŝƚŚĂŶĂƐƐŽĐŝĂƚĞĚŝŶĐƌĞĂƐĞŝŶƚŚĞƌŝƐŬŽĨĐĂƚĂƐƚƌŽƉŚŝĐĐŽŶƚĂŝŶŵĞŶƚĨĂŝůƵƌĞ͘/ƚŝƐ
ĐĞƌƚĂŝŶƚŚĂƚƚŚŝƐůĂƌŐĞƌŵŝŶĞǁŽƵůĚůĞĂĚƚŽŵĞĂƐƵƌĂďůĞ͕ƐŝŐŶŝĨŝĐĂŶƚĂŶĚƉĞƌŵĂŶĞŶƚŚĂƌŵƚŽ
ĨŝƐŚĞƌŝĞƐŝŶƚŚĞƌŝƐƚŽůĂǇǁĂƚĞƌƐŚĞĚĞǀĞŶŝĨĞǀĞƌǇƚŚŝŶŐǁĞƌĞƚŽŐŽĂĐĐŽƌĚŝŶŐƚŽƉůĂŶ͘
'ĞŽƚĞĐŚŶŝĐĂůĂŶĚ^ƉŝůůZŝƐŬƐ
'ŝǀĞŶƚŚĞǀĞƌǇŚŝŐŚŝŶŶĂƚĞŐĞŽƚĞĐŚŶŝĐĂůƌŝƐŬŽĨƚŚĞWĞďďůĞDŝŶĞƐĞƚƚŝŶŐĂŶĚƚŚĞĞǆƚƌĞŵĞ
ƐĞŶƐŝƚŝǀŝƚǇŽĨƚŚĞĚŽǁŶƐƚƌĞĂŵƌĞĐĞŝǀŝŶŐĞŶǀŝƌŽŶŵĞŶƚ͕ƚŚĞ/^ĂŶĂůǇƐŝƐŽĨƚĂŝůŝŶŐƐĂŶĚƵŶƚƌĞĂƚĞĚ
ǁĂƚĞƌƌĞůĞĂƐĞŝƐĐůĞĂƌůǇŝŶĂĚĞƋƵĂƚĞ;ŽƌĚĞŶ͕ϭϯDĂǇͿ͘dŚĞ/^ĨĂŝůƐƚŽĚĞĨŝŶŝƚŝǀĞůǇĚĞŵŽŶƐƚƌĂƚĞ
ƚŚĞŐĞŽƚĞĐŚŶŝĐĂůƐƚĂďŝůŝƚǇŽĨƚĂŝůŝŶŐƐĞŵďĂŶŬŵĞŶƚƐ͕ǁĂƚĞƌƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐĂŶĚƉŝƚǁĂůůƐ
ƚŚƌŽƵŐŚŽƵƚŽƉĞƌĂƚŝŽŶĂŶĚĐůŽƐƵƌĞ͘
>ĂƌŐĞͲƐĐĂůĞĐĂƚĂƐƚƌŽƉŚŝĐƌĞůĞĂƐĞŽĨƚĂŝůŝŶŐƐĂŶĚĐŽŶƚĂĐƚǁĂƚĞƌŝƐŽŶĞŽĨƚŚĞŵŽƐƚƐŝŐŶŝĨŝĐĂŶƚƌŝƐŬƐ
ƉŽƐĞĚďǇƚŚĞWĞďďůĞWƌŽũĞĐƚĂŶĚƚŚĞ/^͛ŝŶƚĞŶƚŝŽŶĂůĨĂŝůƵƌĞƚŽĞǀĂůƵĂƚĞƚŚĞŝŵƉĂĐƚƐŽĨĂŶǇ
ϯ
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ĐĂƚĂƐƚƌŽƉŚŝĐƌĞůĞĂƐĞĞǀĞŶƚƐĐĂŶŶŽƚďĞũƵƐƚŝĨŝĞĚ͘ǇŝŐŶŽƌŝŶŐĂůůƉŽƚĞŶƚŝĂůĐĂƚĂƐƚƌŽƉŚŝĐĨĂŝůƵƌĞ
ĞǀĞŶƚƐ͕ƚŚĞƌĞůĞĂƐĞƐĐĞŶĂƌŝŽƐĞǀĂůƵĂƚĞĚďǇƚŚĞ/^ĂƌĞĂŶŽŵĂůŽƵƐůǇƐŵĂůů͕ƌĞƉƌĞƐĞŶƚŝŶŐŽŶůǇϭͿ
Ϭ͘ϬϬϰйŽĨƉƌŽĚƵĐĞĚďƵůŬƚĂŝůŝŶŐƐƚŚĂƚŵƵƐƚďĞĐŽŶƚĂŝŶĞĚŽŶͲƐŝƚĞĨŽƌĞǀĞƌ͖ϮͿϬ͘ϲйŽĨƉƌŽĚƵĐĞĚ
ƉǇƌŝƚŝĐƚĂŝůŝŶŐƐƚŚĂƚŵƵƐƚďĞĐŽŶƚĂŝŶĞĚŽŶͲƐŝƚĞĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶ͖ĂŶĚϯͿϬ͘ϰйŽĨƵŶƚƌĞĂƚĞĚ
ƉƌŽĐĞƐƐǁĂƚĞƌƚŚĂƚŵƵƐƚďĞĐŽŶƚĂŝŶĞĚŽŶͲƐŝƚĞĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶ͘ǀĞŶĂƌĞůĞĂƐĞŽĨũƵƐƚĨŝǀĞ
ƉĞƌĐĞŶƚŽĨƚŚĞďƵůŬŽƌƉǇƌŝƚŝĐƚĂŝůŝŶŐƐŝƐůŝŬĞůǇƚŽŚĂǀĞƉƌŽĨŽƵŶĚ͕ƉĞƌŵĂŶĞŶƚŶĞŐĂƚŝǀĞŝŵƉĂĐƚŽŶ
ĚŽǁŶƐƚƌĞĂŵĂƋƵĂƚŝĐĞĐŽƐǇƐƚĞŵƐĂŶĚĨŝƐŚĞƌŝĞƐ͘
ZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞ
ĞƐƉŝƚĞƚŚĞƐŝŐŶŝĨŝĐĂŶƚƉŽƐƚͲŽƉĞƌĂƚŝŽŶĂůĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐĂƚWĞďďůĞ͕ŶŽ
ZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞWůĂŶŚĂƐďĞĞŶĐŽŵƉůĞƚĞĚĂŶĚƚŚĞĐůŽƐƵƌĞĂŶĂůǇƐŝƐǁŝƚŚŝŶƚŚĞ/^ŝƐ
ĐůĞĂƌůǇŝŶĂĚĞƋƵĂƚĞ;ŽƌĚĞŶ͕ϯϭDĂǇͿ͘dŚĞůĂĐŬŽĨĞǀĞŶĂĐŽŶĐĞƉƚƵĂůůĞǀĞůƉůĂŶŝƐĂƉĂƌƚŝĐƵůĂƌ
ĐŽŶĐĞƌŶďĞĐĂƵƐĞĐůŽƐƵƌĞŽĨƚŚĞϮϬͲǇĞĂƌWĞďďůĞŵŝŶĞǁŝůůďĞĐŽŵƉůĞǆĂŶĚǀĞƌǇĐŽƐƚůǇ;ĂůŵŽƐƚ
ĐĞƌƚĂŝŶůǇĞǆĐĞĞĚŝŶŐϭ͘ϱďŝůůŝŽŶĚŽůůĂƌƐͿ͘tĂƚĞƌƚƌĞĂƚŵĞŶƚĨŽƌĨůŽǁƐŝŶĞǆĐĞƐƐŽĨϱϬϬϬŐĂůůŽŶƐƉĞƌ
ŵŝŶƵƚĞǁŝůůůŝŬĞůǇďĞƌĞƋƵŝƌĞĚĨŽƌĐĞŶƚƵƌŝĞƐĂĨƚĞƌŵŝŶŝŶŐŝƐĐŽŵƉůĞƚĞĚ͘ŽŵƉůĞƚŝŽŶŽĨĂ
ZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞƉůĂŶĚƵƌŝŶŐƚŚĞ/^ƉƌŽĐĞƐƐŝƐĐŽŵŵŽŶƉƌĂĐƚŝĐĞǁŝƚŚŝŶƚŚĞŵŝŶŝŶŐ
ŝŶĚƵƐƚƌǇ͘ƉĞƌƚŝŶĞŶƚƌĞĐĞŶƚĞǆĂŵƉůĞŝƐƚŚĞŽŶůŝŶ'ŽůĚWƌŽũĞĐƚŝŶůĂƐŬĂ͕ǁŚŽƐĞ/^ǁĂƐůĞĚďǇ
ƚŚĞƌŵǇŽƌƉƐŽĨŶŐŝŶĞĞƌƐ͕ǁŚŝĐŚĐŽŵƉůĞƚĞĚĂϰϱϴͲƉĂŐĞƉůĂŶǁŝƚŚĂĚĞƚĂŝůĞĚĐŽƐƚĞƐƚŝŵĂƚĞ
ĚƵƌŝŶŐŝƚƐ/^ƉƌŽĐĞƐƐ͘
dŚĞƌĞĂƌĞĂůĂƌŐĞŶƵŵďĞƌŽĨĐůŽƐƵƌĞͲƌĞůĂƚĞĚŽŵŝƐƐŝŽŶƐ͕ĞƌƌŽƌƐĂŶĚƵŶĐĞƌƚĂŝŶƚŝĞƐǁŝƚŚŝŶƚŚĞ/^
ĂŶĚŝƚƐƐƵƉƉŽƌƚŝŶŐĚŽĐƵŵĞŶƚƐƚŚĂƚŵĂŬĞŝƚŝŵƉŽƐƐŝďůĞƚŽĂƐƐĞƐƐůŽŶŐͲƚĞƌŵŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐ͕Žƌ
ĞǀĞŶƚŽĚĞƚĞƌŵŝŶĞŝĨƚŚĞƉƌŽƉŽƐĞĚĐůŽƐƵƌĞƐƚƌĂƚĞŐŝĞƐĂƌĞƉƌĂĐƚŝĐĂďůĞ͘<ĞǇƉƌŽďůĞŵĂƌĞĂƐ
ŝŶĐůƵĚĞ͗ƚŽƉƐŽŝůŵĂŶĂŐĞŵĞŶƚ͕ƌĞǀĞŐĞƚĂƚŝŽŶƐƚƌĂƚĞŐŝĞƐĂŶĚŐŽĂůƐ͕ƌĞĐůĂŵĂƚŝŽŶŽĨƋƵĂƌƌŝĞƐ͕
ŝŶĨƌĂƐƚƌƵĐƚƵƌĞĚĞŵŽůŝƚŝŽŶ͕ďƵůŬƚĂŝůŝŶŐƐƐƚŽƌĂŐĞĨĂĐŝůŝƚǇ;d^&ͿƌĞĐŽŶƚŽƵƌŝŶŐ͕ďƵůŬd^&ĐŽǀĞƌĚĞƐŝŐŶ͕
ďƵůŬd^&ƌƵŶŽĨĨƐƚƌƵĐƚƵƌĞĚĞƐŝŐŶ͕ĞŵďĂŶŬŵĞŶƚƌĞĐŽŶƚŽƵƌŝŶŐƚŽƌĞͲĞƐƚĂďůŝƐŚĚƌĂŝŶĂŐĞ͕
ĞŵďĂŶŬŵĞŶƚƐĞĞƉĂŐĞŵĂŶĂŐĞŵĞŶƚ͕ǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉůĂŶƚƉƌĂĐƚŝĐĂďŝůŝƚǇĂŶĚƉĞƌƉĞƚƵĂůǁĂƚĞƌ
ŵĂŶĂŐĞŵĞŶƚŝŶĨƌĂƐƚƌƵĐƚƵƌĞ͘
tĞƚůĂŶĚƐDŝƚŝŐĂƚŝŽŶ
DŝƚŝŐĂƚŝŽŶĂĐƚŝŽŶƐĂƚWĞďďůĞǁŝůůďĞĐƌŝƚŝĐĂůůǇŝŵƉŽƌƚĂŶƚŐŝǀĞŶƚŚĞƉƌŽũĞĐƚ͛ƐƵŶĂǀŽŝĚĂďůĞ͕
ƉĞƌŵĂŶĞŶƚůĂƌŐĞͲƐĐĂůĞŝŵƉĂĐƚƐƚŽĂŶĞǆƚƌĞŵĞůǇƐĞŶƐŝƚŝǀĞĂŶĚĞĐŽŶŽŵŝĐĂůůǇǀĂůƵĂďůĞƌĞĐĞŝǀŝŶŐ
ĞŶǀŝƌŽŶŵĞŶƚ͘hŶĨŽƌƚƵŶĂƚĞůǇ͕ŵĂŶǇŽĨƚŚĞĂĐƚŝŽŶƐƉƌĞƐĞŶƚĞĚŝŶƚŚĞ/^ĂƌĞƐŽƉŽŽƌůǇͲĚĞĨŝŶĞĚ
ƚŚĂƚŝƚŝƐŝŵƉŽƐƐŝďůĞƚŽĂƐƐĞƐƐŝĨƚŚĞǇǁŽƵůĚƉƌŽǀŝĚĞĂĚĞƋƵĂƚĞĂŶĚŵĞĂŶŝŶŐĨƵůŵŝƚŝŐĂƚŝŽŶĨŽƌƚŚĞ
ƉƌŽũĞĐƚ͛ƐŝŵƉĂĐƚƐ;ŽƌĚĞŶ͕ϭϳ:ƵŶĞͿ͘&ŽƌĞǆĂŵƉůĞ͕ƚŚĞ/^ƐƚĂƚĞƐƚŚĂƚ͞dŚĞƉƌŽũĞĐƚǁŽƵůĚ
ƉƌŽƉŽƐĞĨŝƐŚŚĂďŝƚĂƚŵŝƚŝŐĂƚŝŽŶŵĞĂƐƵƌĞƐƚŽĞŶŚĂŶĐĞŽƌĐƌĞĂƚĞŶĞǁŚĂďŝƚĂƚŽƵƚƐŝĚĞŽĨƚŚĞ
ŝŵŵĞĚŝĂƚĞƉƌŽũĞĐƚĨŽŽƚƉƌŝŶƚ͘͟,ŽǁĞǀĞƌ͕ŶŽĂĐƚƵĂůƉŽƚĞŶƚŝĂůŵŝƚŝŐĂƚŝŽŶƉƌŽũĞĐƚƐĂƌĞŝĚĞŶƚŝĨŝĞĚŝŶ
ƚŚĞ/^ŽƌŝŶƚŚĞƌĂĨƚŽŶĐĞƉƚƵĂůŽŵƉĞŶƐĂƚŽƌǇDŝƚŝŐĂƚŝŽŶWůĂŶ;DWͿ;ƉƉĞŶĚŝǆDͿ͘/ŶƐƚĞĂĚ
ƚŚĞDWŽŶůǇĚŝƐĐƵƐƐĞƐŐĞŶĞƌŝĐĞǀĂůƵĂƚŝŽŶĐƌŝƚĞƌŝĂĨŽƌƚŚĞƐĞůĞĐƚŝŽŶŽĨĐƵƌƌĞŶƚůǇƵŶŝĚĞŶƚŝĨŝĞĚ
ŵŝƚŝŐĂƚŝŽŶƉƌŽũĞĐƚƐƚŽďĞŝĚĞŶƚŝĨŝĞĚĂƚƐŽŵĞĨƵƚƵƌĞƚŝŵĞ͘/ƚǁŝůůďĞĞǆĐĞĞĚŝŶŐůǇĚŝĨĨŝĐƵůƚĨŽƌ
WĞďďůĞƚŽĨŝŶĚĂŶǇŵĞĂŶŝŶŐĨƵůŵŝƚŝŐĂƚŝŽŶƉƌŽũĞĐƚƐŽĨƐƵĨĨŝĐŝĞŶƚƐŝǌĞǁŝƚŚŝŶƚŚĞƌŝƐƚŽůĂǇ
ϰ
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ǁĂƚĞƌƐŚĞĚďĞĐĂƵƐĞŝƚŝƐĂŶƵŶŝŵƉĂĐƚĞĚƉƌŝƐƚŝŶĞĞŶǀŝƌŽŶŵĞŶƚĐƵƌƌĞŶƚůǇƵŶƚŚƌĞĂƚĞŶĞĚďǇĂŶǇ
ůĂƌŐĞͲƐĐĂůĞĚĞǀĞůŽƉŵĞŶƚŽƚŚĞƌƚŚĂŶƚŚĞWĞďďůĞWƌŽũĞĐƚŝƚƐĞůĨ͘
tĂƚĞƌDĂŶĂŐĞŵĞŶƚ
'ŝǀĞŶƚŚĞǀĞƌǇŚŝŐŚŐĞŽĐŚĞŵŝĐĂůƌŝƐŬŽĨƚŚĞWĞďďůĞŽƌĞďŽĚǇ͕ƚŚĞĞǆƚƌĞŵĞůǇǁĞƚĐůŝŵĂƚĞĂŶĚƚŚĞ
ĞǆƚƌĞŵĞƐĞŶƐŝƚŝǀŝƚǇŽĨƚŚĞƌŝƐƚŽůĂǇǁĂƚĞƌƐŚĞĚ͕ǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚĂƚƚŚĞƉƌŽƉŽƐĞĚŵŝŶĞŝƐĂŶ
ŝƐƐƵĞŽĨĐƌŝƚŝĐĂůŝŵƉŽƌƚĂŶĐĞ͘dŚĞ/^ĞƐƚŝŵĂƚĞƐƚŚĂƚĂŶĂǀĞƌĂŐĞŽĨϭϯ͕ϬϬϬŐĂůůŽŶƐƉĞƌŵŝŶƵƚĞŽĨ
ǁĂƚĞƌǁŝůůƌĞƋƵŝƌĞǀĞƌǇĐŽƐƚůǇĂŶĚĐŽŵƉůĞǆƚƌĞĂƚŵĞŶƚĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶĂŶĚƵƉƚŽϮϮ͕ϬϬϬŐĂůůŽŶƐ
ƉĞƌŵŝŶƵƚĞŽŶĂǀĞƌĂŐĞǁŝůůŶĞĞĚƚŽďĞƚƌĞĂƚĞĚĚƵƌŝŶŐĐůŽƐƵƌĞ͘hŶĚĞƌƚŚĞϳϴͲǇĞĂƌŵŝŶĞ
ƐĐĞŶĂƌŝŽ͕ƚŚĞǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚůŝĂďŝůŝƚǇǁŽƵůĚŝŶĐƌĞĂƐĞƚŽϰϬ͕ϬϬϬƚŽϲϱ͕ϬϬϬŐĂůůŽŶƐƉĞƌ
ŵŝŶƵƚĞŽŶĂǀĞƌĂŐĞŶĞĂƌƚŚĞĞŶĚŽĨŵŝŶĞůŝĨĞ͘/ĂŵŶŽƚĂǁĂƌĞŽĨĂƚƌĞĂƚŵĞŶƚĨůŽǁƐŚĞĞƚŽĨƚŚŝƐ
ĐŽŵƉůĞǆŝƚǇďĞŝŶŐĂƉƉůŝĞĚƚŽƐƵĐŚŚŝŐŚĨůŽǁƐĂŶǇǁŚĞƌĞĞůƐĞŝŶƚŚĞǁŽƌůĚ͘DĂŶǇŽĨƚŚĞǁĂƚĞƌ
ŵĂŶĂŐĞŵĞŶƚƐƚƌĂƚĞŐŝĞƐĂŶĚƐǇƐƚĞŵƐĚĞƐĐƌŝďĞĚŝŶƚŚĞ/^ĂƌĞĨůĂǁĞĚŽƌůĂĐŬƐƵĨĨŝĐŝĞŶƚĚĞƐŝŐŶ
ĚĞƚĂŝůƚŽĞǀĂůƵĂƚĞǁŚĞƚŚĞƌƚŚĞǇĂƌĞĂĚĞƋƵĂƚĞĂŶĚƉƌĂĐƚŝĐĂďůĞƚŽŵĞĞƚƚŚĞƌĞƋƵŝƌĞĚǀĞƌǇŚŝŐŚ
ƐƚĂŶĚĂƌĚĨŽƌǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚ;ŽƌĚĞŶ͕ϭϳ:ƵŶĞͿ͘WƌŽďůĞŵĂƚŝĐǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚŝƐƐƵĞƐ
ŝŶĐůƵĚĞďƵƚĂƌĞŶŽƚůŝŵŝƚĞĚƚŽϭͿǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉƌĂĐƚŝĐĂďŝůŝƚǇ͕ϮͿĐŽŶƐƚƌƵĐƚĂďŝůŝƚǇĂŶĚ
ƉĞƌĨŽƌŵĂŶĐĞŽĨǁĂƚĞƌĐŽŶƚĂŝŶŵĞŶƚƐƚƌƵĐƚƵƌĞƐ͕ϯͿŐƌŽƵŶĚǁĂƚĞƌƋƵĂůŝƚǇŝŵƉĂĐƚƐ͕ĂŶĚϰͿǁĂƚĞƌ
ƚƌĞĂƚŵĞŶƚƌĞƋƵŝƌĞŵĞŶƚƐĚƵƌŝŶŐĐŽŶƐƚƌƵĐƚŝŽŶ͘
ŝƌYƵĂůŝƚǇWƌĞĚŝĐƚŝŽŶƐ
/ƚĂƉƉĞĂƌƐƚŚĂƚĂŝƌƋƵĂůŝƚǇĚŝƐƉĞƌƐŝŽŶŵŽĚĞůůŝŶŐĚŝĚŶŽƚĐŽŶƐŝĚĞƌƚŚĞŝŵƉĂĐƚŽĨƚĂŝůƉŝƉĞ;ŵŽďŝůĞͿ
ĞŵŝƐƐŝŽŶƐŽŶƚŚĞƐƵƌƌŽƵŶĚŝŶŐĂŝƌƐŚĞĚ;ŽƌĚĞŶ͕ϭϳ:ƵŶĞͿ͘/ĨƚĂŝůƉŝƉĞĞŵŝƐƐŝŽŶƐĨƌŽŵŚĂƵůƚƌƵĐŬƐ
ĂŶĚŽƚŚĞƌŵŽďŝůĞĞƋƵŝƉŵĞŶƚŚĂǀĞƚƌƵůǇďĞĞŶŽŵŝƚƚĞĚĨƌŽŵƚŚĞĚŝƐƉĞƌƐŝŽŶŵŽĚĞůůŝŶŐ͕ƚŚŝƐ
ƌĞƉƌĞƐĞŶƚƐĂĨĂƚĂůĨůĂǁŝŶƚŚĞĂŝƌƋƵĂůŝƚǇƉƌĞĚŝĐƚŝŽŶƐ͕ƉĂƌƚŝĐƵůĂƌůǇĨŽƌŶŝƚƌŽŐĞŶŽǆŝĚĞƐ;EKǆͿ͘dŚĞ
/^ĞŵŝƐƐŝŽŶƐŝŶǀĞŶƚŽƌǇŝŶĚŝĐĂƚĞƐƚŚĂƚϵϳйŽĨĂůůEKǆĞŵŝƐƐŝŽŶƐĨƌŽŵƚŚĞŵŝŶĞƌĞƐƵůƚĨƌŽŵ
ƚĂŝůƉŝƉĞĞŵŝƐƐŝŽŶƐ͘ŝƌƋƵĂůŝƚǇŝŵƉĂĐƚƐĂƌĞůŝŬĞůǇƚŽďĞŵƵĐŚŐƌĞĂƚĞƌƚŚĂŶĐƵƌƌĞŶƚůǇŝŵƉůŝĞĚďǇ
ƚŚĞ/^ĂŶĚŝƚŵĂǇďĞŵƵĐŚŵŽƌĞĚŝĨĨŝĐƵůƚĨŽƌƚŚĞƉƌŽũĞĐƚƚŽŵĞĞƚĂŝƌƋƵĂůŝƚǇƐƚĂŶĚĂƌĚƐƚŚĂŶ
ĐƵƌƌĞŶƚůǇĂƐƐƵŵĞĚ͘
^ŝŶĐĞƌĞůǇ͕


ZŝĐŚĂƌĚ<͘ŽƌĚĞŶ
KǁŶĞƌDŝĚŐĂƌĚŶǀŝƌŽŶŵĞŶƚĂů^ĞƌǀŝĐĞƐ>>
ϰϱϬϳ^ŽƵƚŚ'ŝůĞĂĚtĂǇ
^Ăůƚ>ĂŬĞŝƚǇ͕hƚĂŚϴϰϭϮϰ

ϱ
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:ƵŶĞϭϳ͕ϮϬϭϵ

^ŚĂŶĞDĐŽǇ
WƌŽŐƌĂŵDĂŶĂŐĞƌ
h^ƌŵǇŽƌƉƐŽĨŶŐŝŶĞĞƌƐ
ϲϰϱ'^ƚƌĞĞƚ
^ƵŝƚĞϭϬϬͲϵϮϭ
ŶĐŚŽƌĂŐĞ͕<ϵϵϱϬϭ


^ƵďũĞĐƚ͗WĞďďůĞDŝŶĞƌĂĨƚ/^ŽŵŵĞŶƚƐŽŶůƚĞƌŶĂƚŝǀĞƐŶĂůǇƐĞƐ͕ƵŵƵůĂƚŝǀĞĨĨĞĐƚƐ͕
tĂƚĞƌDĂŶĂŐĞŵĞŶƚ͕tĞƚůĂŶĚƐDŝƚŝŐĂƚŝŽŶĂŶĚŝƌYƵĂůŝƚǇ

ĞĂƌDƌ͘DĐŽǇ͕
dŚĞƌĂĨƚŶǀŝƌŽŶŵĞŶƚĂů/ŵƉĂĐƚ^ƚĂƚĞŵĞŶƚ;/^ͿĂŶĂůǇƐŝƐŽĨĂůƚĞƌŶĂƚŝǀĞƐ͕ĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐ͕
ǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚ͕ǁĞƚůĂŶĚƐŵŝƚŝŐĂƚŝŽŶĂŶĚĂŝƌƋƵĂůŝƚǇĨŽƌƚŚĞWĞďďůĞWƌŽũĞĐƚŝƐĐůĞĂƌůǇ
ŝŶĂĚĞƋƵĂƚĞ͘
DƵĐŚŽĨƚŚĞĂŶĂůǇƐŝƐĐŽŶƚĂŝŶƐŝŶƐƵĨĨŝĐŝĞŶƚĚĞƚĂŝůƚŽĚĞƚĞƌŵŝŶĞŝĨƚŚĞƉůĂŶŶĞĚĂĐƚŝŽŶƐĂƌĞ
ĂĚĞƋƵĂƚĞŽƌƉƌĂĐƚŝĐĂďůĞ͖ƚŚĞ/^ĐŽŵŵŽŶůǇƵŶĚĞƌƐƚĂƚĞƐƉŽƚĞŶƚŝĂůŝŵƉĂĐƚƐ͖ĞƐƐĞŶƚŝĂůĂŶĂůǇƐĞƐ
ĂŶĚĚĞƐŝŐŶƐĂƌĞĚĞĨĞƌƌĞĚƚŽƚŚĞƉŽƐƚͲ/^ƉĞƌŵŝƚƚŝŶŐƉĞƌŝŽĚ͖ĂŶĚŝŶĂŶƵŵďĞƌŽĨƐŝŐŶŝĨŝĐĂŶƚ
ŝŶƐƚĂŶĐĞƐ͕ŝƚƐĐŽŶĐůƵƐŝŽŶƐĂƌĞĐůĞĂƌůǇǁƌŽŶŐ͘/ŶƉĂƌƚŝĐƵůĂƌ͗
x dŚĞƌĞĂƌĞƐĞǀĞƌĂůŝŵƉŽƌƚĂŶƚĂůƚĞƌŶĂƚŝǀĞƐǁŚŝĐŚĐŽƵůĚƐŝŐŶŝĨŝĐĂŶƚůǇƌĞĚƵĐĞƚŚĞ
ĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐŽĨƚŚĞƉƌŽũĞĐƚǁŚŝĐŚǁĞƌĞĞŝƚŚĞƌŶŽƚĞǀĂůƵĂƚĞĚŽƌǁĞƌĞ
ĞůŝŵŝŶĂƚĞĚƉƌĞŵĂƚƵƌĞůǇ͘ŽŶǀĞƌƐĞůǇ͕ƚŚĞƉƌŽƉŽƐĞĚϮϬͲǇĞĂƌŵŝŶĞƉůĂŶǁĂƐƐĞůĞĐƚĞĚĨŽƌ
ĞǀĂůƵĂƚŝŽŶĚĞƐƉŝƚĞƚŚĞŶĞĂƌĐĞƌƚĂŝŶƚǇƚŚĂƚŝƚŝƐŶŽƚĞĐŽŶŽŵŝĐĂůůǇĨĞĂƐŝďůĞ͘dŚĞĨŝŶĂŶĐŝĂů
ĂŶĂůǇƐŝƐƚŚĂƚŚĂƐďĞĞŶƉƌŽǀŝĚĞĚĨŽƌƚŚĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶŝƐĨĂƚĂůůǇĨůĂǁĞĚ͘/ƚŝŐŶŽƌĞƐ
ƐŵĞůƚĞƌĂŶĚƌĞĨŝŶŝŶŐĐŽƐƚƐ͕ƵŶĚĞƌƐƚĂƚĞƐĐĂƉŝƚĂůĂŶĚŽƉĞƌĂƚŝŶŐĐŽƐƚƐĂŶĚĨĂŝůƐƚŽƉƌŽǀŝĚĞ
ĞǀĞŶĂƉůĂĐĞŚŽůĚĞƌĐŽƐƚĨŽƌĐůŽƐƵƌĞ͘tŝƚŚƚŚĞŝŶĐŽƌƉŽƌĂƚŝŽŶŽĨƚŚĞƐĞĐŽƌƌĞĐƚŝŽŶƐ͕ƚŚĞ
WĞďďůĞ>ŝŵŝƚĞĚWĂƌƚŶĞƌƐŚŝƉĨŝŶĂŶĐŝĂůĞǀĂůƵĂƚŝŽŶŚĂƐĂƐƚƌŽŶŐůǇŶĞŐĂƚŝǀĞŶĞƚƉƌĞƐĞŶƚ
ǀĂůƵĞ͘
x dŚĞŝŵƉĂĐƚƐŽĨƚŚĞĞǆƉĂŶĚĞĚϳϴͲǇĞĂƌŵŝŶĞƉůĂŶĂƌĞƐŝŐŶŝĨŝĐĂŶƚůǇƵŶĚĞƌƐƚĂƚĞĚŝŶƚŚĞ
ĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐĂŶĂůǇƐŝƐ͘&ŽƌĞǆĂŵƉůĞ͕ƚŚĞĞǆƉĂŶĚĞĚŵŝŶĞǁŽƵůĚĂůŵŽƐƚĐĞƌƚĂŝŶůǇ
ůĞĂĚƚŽŵĞĂƐƵƌĂďůĞĂŶĚƉĞƌŵĂŶĞŶƚŚĂƌŵƚŽĨŝƐŚĞƌŝĞƐŝŶƚŚĞƌŝƐƚŽůĂǇǁĂƚĞƌƐŚĞĚĞǀĞŶ
ŝĨĞǀĞƌǇƚŚŝŶŐǁĞƌĞƚŽŐŽĂĐĐŽƌĚŝŶŐƚŽƉůĂŶ͘dŚĞŝŶŶĂƚĞĐŽŶƚĂŝŶŵĞŶƚƌŝƐŬƐƉŽƐĞĚďǇƚŚĞ
ĞǆƉĂŶĚĞĚŵŝŶĞƉůĂŶĂƌĞĂůƐŽƐƵďƐƚĂŶƚŝĂůůǇŐƌĞĂƚĞƌ͘/ĨĂůĂƌŐĞͲƐĐĂůĞĐĂƚĂƐƚƌŽƉŚŝĐĨĂŝůƵƌĞŝŶ
ƚĂŝůŝŶŐƐĐŽŶƚĂŝŶŵĞŶƚǁĞƌĞƚŽŽĐĐƵƌ͕ƚŚĞĨŝƐŚǀĂůƵĞƐƚŚƌŽƵŐŚŽƵƚƚŚĞ<ŽŬƚƵŬůŝͬEƵƐŚĂŐĂŬ
ZŝǀĞƌ^ǇƐƚĞŵǁŽƵůĚĂůŵŽƐƚĐĞƌƚĂŝŶůǇďĞƉƌŽĨŽƵŶĚůǇĂŶĚƉĞƌŵĂŶĞŶƚůǇĚĂŵĂŐĞĚ͘
ϭ
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x DĂŶǇŽĨƚŚĞǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚƐƚƌĂƚĞŐŝĞƐĂŶĚƐǇƐƚĞŵƐĚĞƐĐƌŝďĞĚŝŶƚŚĞ/^ĂƌĞĨůĂǁĞĚ
ŽƌůĂĐŬƐƵĨĨŝĐŝĞŶƚĚĞƐŝŐŶĚĞƚĂŝůƚŽĞǀĂůƵĂƚĞŝĨƚŚĞǇĂƌĞĂĚĞƋƵĂƚĞĂŶĚƉƌĂĐƚŝĐĂďůĞƚŽŵĞĞƚ
ƚŚĞƌĞƋƵŝƌĞĚǀĞƌǇŚŝŐŚƐƚĂŶĚĂƌĚĨŽƌǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚ͘/ŶƉĂƌƚŝĐƵůĂƌƚŚĞƉƌŽƉŽƐĞĚ
ǁĂƚĞƌƚƌĞĂƚŵĞŶƚƐƚƌĂƚĞŐǇĨŽƌƚŚĞŵŝŶĞŝƐĞǆƚƌĞŵĞůǇĐŽŵƉůĞǆ͕ƐƚŝůůŚĂƐƐŝŐŶŝĨŝĐĂŶƚ
ƵŶĐĞƌƚĂŝŶƚŝĞƐ͕ĂŶĚƚŽŵǇŬŶŽǁůĞĚŐĞŚĂƐŶŽƚďĞĞŶĂƚƚĞŵƉƚĞĚĂƚƚŚŝƐƐĐĂůĞĂŶǇǁŚĞƌĞĞůƐĞ
ŝŶƚŚĞǁŽƌůĚ͘
x /ƚǁŝůůďĞĞǆĐĞĞĚŝŶŐůǇĚŝĨĨŝĐƵůƚĨŽƌWĞďďůĞƚŽĨŝŶĚĂŶǇŵĞĂŶŝŶŐĨƵůǁĞƚůĂŶĚŵŝƚŝŐĂƚŝŽŶ
ƉƌŽũĞĐƚƐŽĨƐƵĨĨŝĐŝĞŶƚƐŝǌĞǁŝƚŚŝŶƚŚĞƌŝƐƚŽůĂǇǁĂƚĞƌƐŚĞĚďĞĐĂƵƐĞŝƚŝƐĂŶƵŶŝŵƉĂĐƚĞĚ
ƉƌŝƐƚŝŶĞĞŶǀŝƌŽŶŵĞŶƚǁŚŝĐŚŝƐŶŽƚƚŚƌĞĂƚĞŶĞĚďǇĂŶǇůĂƌŐĞͲƐĐĂůĞĚĞǀĞůŽƉŵĞŶƚŽƚŚĞƌ
ƚŚĂŶƚŚĞWĞďďůĞWƌŽũĞĐƚŝƚƐĞůĨ͘,ŽǁĞǀĞƌ͕ŵĂŶǇŽĨƚŚĞŵŝƚŝŐĂƚŝŽŶĂĐƚŝŽŶƐƉƌĞƐĞŶƚĞĚŝŶƚŚĞ
/^ĂƌĞƐŽƉŽŽƌůǇͲĚĞĨŝŶĞĚƚŚĂƚŝƚŝƐŝŵƉŽƐƐŝďůĞƚŽĂƐƐĞƐƐŝĨƚŚĞǇŝĨƚŚĞǇǁŽƵůĚƉƌŽǀŝĚĞ
ĂĚĞƋƵĂƚĞĂŶĚŵĞĂŶŝŶŐĨƵůŵŝƚŝŐĂƚŝŽŶĨŽƌƚŚĞƉƌŽũĞĐƚ͛ƐƐŝŐŶŝĨŝĐĂŶƚŝŵƉĂĐƚƐƚŽĂŶĞǆƚƌĞŵĞůǇ
ƐĞŶƐŝƚŝǀĞĞŶǀŝƌŽŶŵĞŶƚ͘
x ŝƌƋƵĂůŝƚǇƉƌĞĚŝĐƚŝŽŶƐĨŽƌƚŚĞŵŝŶŝŶŐŽƉĞƌĂƚŝŽŶĂƉƉĞĂƌƚŽŚĂǀĞŽŵŝƚƚĞĚƚĂŝůƉŝƉĞ
ĞŵŝƐƐŝŽŶƐĂŶĚƚŚƵƐŵĂǇŚĂǀĞĞǆĐůƵĚĞĚϵϳйŽĨEKǆĞŵŝƐƐŝŽŶƐĨƌŽŵƚŚĞĚŝƐƉĞƌƐŝŽŶ
ĂŶĂůǇƐŝƐ͘/ĨƚŚŝƐŝƐĐŽƌƌĞĐƚ͕ƉŽƚĞŶƚŝĂůĂŝƌƋƵĂůŝƚǇŝŵƉĂĐƚƐĂƌĞŐƌŽƐƐůǇƵŶĚĞƌĞƐƚŝŵĂƚĞĚ͘
WƌŽĨĞƐƐŝŽŶĂůĂĐŬŐƌŽƵŶĚ
/ĂŵĂŶĞŶǀŝƌŽŶŵĞŶƚĂůƐĐŝĞŶƚŝƐƚĂŶĚŵĂŶĂŐĞƌǁŝƚŚŽǀĞƌƚŚŝƌƚǇǇĞĂƌƐŽĨĞǆƉĞƌŝĞŶĐĞŝŶƚŚĞŵŝŶŝŶŐ
ĂŶĚĐŽŶƐƵůƚŝŶŐŝŶĚƵƐƚƌŝĞƐ͘ƵƌŝŶŐŵǇϮϯǇĞĂƌƐǁŝƚŚƚŚĞŐůŽďĂůŵŝŶŝŶŐĐŽŵƉĂŶǇZŝŽdŝŶƚŽ/ŚĂǀĞ
ďĞĞŶŝŶǀŽůǀĞĚŝŶƚŚĞƐƚƌĂƚĞŐŝĐĞŶǀŝƌŽŶŵĞŶƚĂůĚĞƐŝŐŶŽĨƐĞǀĞƌĂůŶĞǁŵŝŶĞƐ͘/ŚĂǀĞƉĞƌĨŽƌŵĞĚ
ĞŶǀŝƌŽŶŵĞŶƚĂů͕ƉĞƌŵŝƚƚŝŶŐĂŶĚĐůŽƐƵƌĞǁŽƌŬĂƚŽǀĞƌĨŝĨƚǇŵŝŶĞƐ͕ƉƌŽũĞĐƚƐĂŶĚŽƉĞƌĂƚŝŽŶƐ͘dŚŝƐ
ŝŶĐůƵĚĞĚŽǀĞƌƐĞǀĞŶǇĞĂƌƐĂƐ,ĞĂĚŽĨŶǀŝƌŽŶŵĞŶƚĨŽƌZŝŽdŝŶƚŽ͛ƐŽƉƉĞƌ͕ŽƉƉĞƌΘŝĂŵŽŶĚƐ
ĂŶĚŽƉƉĞƌΘŽĂůWƌŽĚƵĐƚ'ƌŽƵƉƐ͘/ŚĂǀĞƉƵďůŝƐŚĞĚŶƵŵĞƌŽƵƐƉĂƉĞƌƐŽŶŵŝŶĞĞŶǀŝƌŽŶŵĞŶƚĂů
ƉĞƌĨŽƌŵĂŶĐĞĂŶĚŵĂŶĂŐĞŵĞŶƚŝŶƉĞĞƌƌĞǀŝĞǁĞĚƐĐŝĞŶƚŝĨŝĐũŽƵƌŶĂůƐ͕ĐŽŶĨĞƌĞŶĐĞƉƌŽĐĞĞĚŝŶŐƐ
ĂŶĚďŽŽŬƐ͘
ůƚĞƌŶĂƚŝǀĞƐŶĂůǇƐŝƐ
ƐĚĞƚĂŝůĞĚŝŶƉƉĞŶĚŝǆ͕ƚŚĞƐĐƌĞĞŶŝŶŐŽĨĚŝĨĨĞƌĞŶƚĚĞǀĞůŽƉŵĞŶƚŽƉƚŝŽŶƐŝƐŝŶƚĞŶĚĞĚƚŽ
͞ĚĞƚĞƌŵŝŶĞƌĞĂƐŽŶĂďůĞĂŶĚƉƌĂĐƚŝĐĂďůĞŽƉƚŝŽŶƐĨŽƌĚĞƚĂŝůĞĚĂŶĂůǇƐŝƐŝŶƚŚĞ/^͘͟,ŽǁĞǀĞƌ͕ƚŚĞƌĞ
ǁĞƌĞƐĞǀĞƌĂůŝŵƉŽƌƚĂŶƚĂůƚĞƌŶĂƚŝǀĞƐǁŚŝĐŚĐŽƵůĚƐŝŐŶŝĨŝĐĂŶƚůǇƌĞĚƵĐĞƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐ
ĂŶĚƌŝƐŬƐŽĨƚŚĞƉƌŽũĞĐƚǁŚŝĐŚǁĞƌĞĞŝƚŚĞƌŶŽƚĞǀĂůƵĂƚĞĚŽƌǁĞƌĞĞůŝŵŝŶĂƚĞĚƉƌĞŵĂƚƵƌĞůǇ͘dŚŝƐ
ŝƐĞǀŝĚĞŶƚŝŶƚŚĞĂŶŽŵĂůŽƵƐůǇƐŵĂůůŶƵŵďĞƌŽĨŽƉƚŝŽŶƐǁŚŝĐŚǁĞƌĞĂĐƚƵĂůůǇƐĞůĞĐƚĞĚĨŽƌ
ĞǀĂůƵĂƚŝŽŶŝŶƚŚĞ/^͘ŽŶǀĞƌƐĞůǇƚŚĞWĞďďůĞ>ŝŵŝƚĞĚWĂƌƚŶĞƌƐŚŝƉ͛ƐϭϴϬ͕ϬϬϬƚŽŶƐƉĞƌĚĂǇ;ƚƉĚͿ
ĐŽŶĐĞŶƚƌĂƚŽƌƚŚƌŽƵŐŚƉƵƚĐĂƐĞĂƉƉĞĂƌƐƚŽŚĂǀĞďĞĞŶĂƉƉƌŽǀĞĚǁŝƚŚŽƵƚƐƵĨĨŝĐŝĞŶƚĚƵĞĚŝůŝŐĞŶĐĞ
ƚŽĚĞƚĞƌŵŝŶĞŝĨŝƚŵĞĞƚƐƚŚĞƐƚĂƚĞĚƐĐƌĞĞŶŝŶŐĐƌŝƚĞƌŝĂƚŚĂƚĂŶŽƉƚŝŽŶŵƵƐƚďĞ͞ƉƌĂĐƚŝĐĂůŽƌ
ĨĞĂƐŝďůĞĨƌŽŵƚŚĞƚĞĐŚŶŝĐĂůĂŶĚĞĐŽŶŽŵŝĐƐƚĂŶĚƉŽŝŶƚ͟;ƉƉĞŶĚŝǆͿ͘
KƉƚŝŽŶdWͲϬϬϭͲKƉƚŝŽŶdWͲϬϬϭŝƐƚŚĞŵŝŶŝŶŐƉƌŽũĞĐƚƉƌŽƉŽƐĞĚďǇƚŚĞWĞďďůĞ>ŝŵŝƚĞĚ
WĂƌƚŶĞƌƐŚŝƉ;W>WͿǁŝƚŚĐŽŶĐĞŶƚƌĂƚŽƌƚŚƌŽƵŐŚƉƵƚŽĨϭϴϬ͕ϬϬϬƚŽŶƐƉĞƌĚĂǇ;ƚƉĚͿĨŽƌϮϬǇĞĂƌƐ͘dŚŝƐ
ŽƉƚŝŽŶĨŽƌŵƐƚŚĞĐŽƌĞďĂƐŝƐŽĨĐƚŝŽŶůƚĞƌŶĂƚŝǀĞϭŝŶƚŚĞ/^͘ĐĐŽƌĚŝŶŐƚŽƉƉĞŶĚŝǆƚŚŝƐ
Ϯ


BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1407 of 2339

ŽƉƚŝŽŶŚĂƐĂƉŽƐŝƚŝǀĞEĞƚWƌĞƐĞŶƚsĂůƵĞ;EWsͿŽĨĂƉƉƌŽǆŝŵĂƚĞůǇŽŶĞďŝůůŝŽŶĚŽůůĂƌƐ͘dŚĞ
ƐƵƉƉŽƌƚŝŶŐĚŽĐƵŵĞŶƚƐĨŽƌƚŚŝƐĞƐƚŝŵĂƚĞǁĞƌĞƉƌŽǀŝĚĞĚďǇƚŚĞW>WŝŶƌĞƐƉŽŶƐĞƚŽZĞƋƵĞƐƚĨŽƌ
/ŶĨŽƌŵĂƚŝŽŶϬϱϵ͘dŚĞW>WEWsĂŶĂůǇƐŝƐŝƐďĂƐĞĚŽŶƚŚĞϮϬϭϭĨŝŶĂŶĐŝĂůĞǀĂůƵĂƚŝŽŶĐŽŵƉůĞƚĞĚďǇ
tĂƌĚƌŽƉ;ǁŚŝĐŚƚŚĞW>WŚĂƐĚĞƐĐƌŝďĞĚĂƐŽƵƚŽĨĚĂƚĞͿǁŝƚŚŵŝŶŽƌŵŽĚŝĨŝĐĂƚŝŽŶƐƚŽĂĐĐŽƵŶƚĨŽƌ
ƚŚĞƐŵĂůůĞƌŵŝŶĞƉůĂŶ͘dŚĞW>WĂŶĂůǇƐŝƐŝƐǀĞƌǇƉƌĞůŝŵŝŶĂƌǇĂŶĚŝƐďĂƐĞĚƵƉŽŶŽŶůǇƚǁŽƐŚŽƌƚ
ƐƉƌĞĂĚƐŚĞĞƚƉĂŐĞƐŽĨĐĂůĐƵůĂƚŝŽŶƐ͘ǀĞŶĂĐƵƌƐŽƌǇƌĞǀŝĞǁŽĨƚŚĞĞƐƚŝŵĂƚĞƌĞǀĞĂůƐƐĞǀĞƌĂůĨĂƚĂů
ĨůĂǁƐǁŚŝĐŚǁƌŽŶŐůǇŝŶĐƌĞĂƐĞƚŚĞĞƐƚŝŵĂƚĞĚϮϬͲǇĞĂƌƉƌŽũĞĐƚEWs͗
x dŚĞW>WĂŶĂůǇƐŝƐŝƐďĂƐĞĚŽŶƚŚĞŽƌŝŐŝŶĂůϮϬϭϭĐŽŶƐƚƌƵĐƚŝŽŶĐĂƉŝƚĂů͕ƐƵƐƚĂŝŶŝŶŐĐĂƉŝƚĂů
ĂŶĚŽƉĞƌĂƚŝŶŐĐŽƐƚƐĨƌŽŵƚŚĞtĂƌĚƌŽƉ^ƚƵĚǇ͘,ŽǁĞǀĞƌ͕ƚŚĞW>WĂŶĂůǇƐŝƐĨĂŝůƐƚŽ
ĂĐĐŽƵŶƚĨŽƌŝŶĨůĂƚŝŽŶĨƌŽŵϮϬϭϭƚŽƚŽĚĂǇ͕ǁŚŝĐŚŚĂƐƚŽƚĂůĞĚϭϯ͘ϴй͘ŽƐƚŝŶĨůĂƚŝŽŶǁĂƐ
ŝŐŶŽƌĞĚĚĞƐƉŝƚĞƚŚĞĨĂĐƚƚŚĂƚƚŚĞW>WŝŶĨůĂƚĞĚƚŚĞĞǆƉĞĐƚĞĚŵĂƌŬĞƚǀĂůƵĞĨŽƌŵĞƚĂůƐ
ƐĂůĞƐďǇĂďŽƵƚƚĞŶƉĞƌĐĞŶƚĐŽŵƉĂƌĞĚƚŽƚŚĞtĂƌĚƌŽƉƐƚƵĚǇ͘ĐĐŽƵŶƚŝŶŐĨŽƌŝŶĨůĂƚŝŽŶŝŶ
ƐĂůĞƐƌĞǀĞŶƵĞďƵƚŝŐŶŽƌŝŶŐŝŶĨůĂƚŝŽŶĨŽƌĐŽƐƚƐŝƐĂĨƵŶĚĂŵĞŶƚĂůĂĐĐŽƵŶƚŝŶŐĞƌƌŽƌǁŚŝĐŚ
ŚĂƐĂƉƌŽĨŽƵŶĚŶĞŐĂƚŝǀĞŝŵƉĂĐƚŽŶƚŚĞƉƌŽũĞĐƚEWsǁŚĞŶŝƚŝƐĐŽƌƌĞĐƚĞĚ͘
x dŚĞĐŽŶĐĞŶƚƌĂƚĞǁŚŝĐŚŝƐůŽĂĚĞĚĂƚƚŚĞƉŽƌƚǁŝůůŶĞĞĚƚŽďĞƚƌĂŶƐƉŽƌƚĞĚ͕ƐŵĞůƚĞĚĂŶĚ
ƌĞĨŝŶĞĚďĞĨŽƌĞƚŚĞĨŝŶĂůƉƌŽĚƵĐƚĐĂŶďĞƐŽůĚ͘,ŽǁĞǀĞƌ͕ƚŚĞW>WĂŶĂůǇƐŝƐĨĂŝůƐƚŽ
ŝŶĐŽƌƉŽƌĂƚĞƚƌĂŶƐƉŽƌƚ͕ƐŵĞůƚŝŶŐĂŶĚƌĞĨŝŶŝŶŐĐŚĂƌŐĞƐŝŶƚŽƚŚĞĞĐŽŶŽŵŝĐĂŶĂůǇƐŝƐĚĞƐƉŝƚĞ
ƚŚĞĨĂĐƚƚŚĂƚƚŚĞǇĂƌĞĨŝŶĂŶĐŝĂůůǇƐŝŐŶŝĨŝĐĂŶƚĂŶĚĐůĞĂƌůǇĐŽŶƐŝĚĞƌĞĚŝŶƚŚĞŽƌŝŐŝŶĂů
tĂƌĚŽƉƐƚƵĚǇ͘
x dŚĞW>WĂŶĂůǇƐŝƐĨĂŝůƐƚŽƉƌŽǀŝĚĞĞǀĞŶĂƉůĂĐĞŚŽůĚĞƌĐŽƐƚƚŽĂĐĐŽƵŶƚĨŽƌƚŚĞůĂƌŐĞ
ĐůŽƐƵƌĞůŝĂďŝůŝƚǇƚŚĂƚǁŝůůďĞĐƌĞĂƚĞĚďǇƚŚĞƉƌŽũĞĐƚ͘ƐĚĞƚĂŝůĞĚŝŶƚŚĞ/^ĐŽŵŵĞŶƚ
ůĞƚƚĞƌďǇŽƌĚĞŶ;DĂǇϯϭ͕ϮϬϭϵͿƚŚĞĐůŽƐƵƌĞĐŽƐƚĨŽƌƚŚĞϮϬͲǇĞĂƌŵŝŶĞĂƚWĞďďůĞŝƐ
ĂůŵŽƐƚĐĞƌƚĂŝŶƚŽĞǆĐĞĞĚΨϭ͘ϱďŝůůŝŽŶĂŶĚŝƐůŝŬĞůǇƚŽĞǆĐĞĞĚΨϮ͘ϬďŝůůŝŽŶŝŶƚŚĞǇĞĂƌŽĨ
ĐůŽƐƵƌĞ͘
dŚĞƌĞĂƌĞůŝŬĞůǇƚŽďĞŽƚŚĞƌĞƌƌŽƌƐŝŶƚŚĞW>WĨŝŶĂŶĐŝĂůĞǀĂůƵĂƚŝŽŶǁŚŝĐŚǁŽƵůĚĨƵƌƚŚĞƌĞƌŽĚĞ
ƉƌŽũĞĐƚĞĐŽŶŽŵŝĐƐ͕ďƵƚƚŚĞƐĞƚŚƌĞĞŽďǀŝŽƵƐŝƐƐƵĞƐĂůŽŶĞƌĞĚƵĐĞƚŚĞEWsŽĨƚŚĞϮϬͲǇĞĂƌƉƌŽũĞĐƚ
ďǇŵŽƌĞƚŚĂŶƚǁŽďŝůůŝŽŶĚŽůůĂƌƐĂŶĚŵĂŬĞŝƚƐƚƌŽŶŐůǇŶĞŐĂƚŝǀĞ͗

EWsϭ
W>WĨŝŶĂŶĐŝĂůĞƐƚŝŵĂƚĞƉƌŽǀŝĚĞĚŝŶƉƉĞŶĚŝǆĂŶĚZ&/ϬϱϵZĞƐƉŽŶƐĞƐ
нΨϭ͘ϬŝůůŝŽŶ
ŽŶƐƚƌƵĐƚŝŽŶĐĂƉŝƚĂůŝŶĐƌĞĂƐĞƚŽĂĐĐŽƵŶƚĨŽƌŝŶĨůĂƚŝŽŶƐŝŶĐĞϮϬϭϭ
ͲΨϬ͘ϱŝůůŝŽŶ
KƉĞƌĂƚŝŶŐĞǆƉĞŶĚŝƚƵƌĞĂŶĚƐƵƐƚĂŝŶŝŶŐĐĂƉŝƚĂůŝŶĐƌĞĂƐĞƚŽĂĐĐŽƵŶƚĨŽƌŝŶĨůĂƚŝŽŶ ͲΨϭ͘ϬŝůůŝŽŶ
^ŵĞůƚŝŶŐĂŶĚƌĞĨŝŶŝŶŐĐŚĂƌŐĞƐ
ͲΨϬ͘ϱŝůůŝŽŶ
ůŽƐƵƌĞŽƐƚƐ
ͲΨϬ͘ϰŝůůŝŽŶ
WĂƌƚŝĂůůǇĐŽƌƌĞĐƚĞĚEWsďĂƐĞĚŽŶŝŶŝƚŝĂůW>WϮϬϭϴƐƐĞƐƐŵĞŶƚ
ͲΨϭ͘ϰŝůůŝŽŶ
ϭdŚĞĐŽƐƚƐĨŽƌĞĂĐŚŝƚĞŵǁĞƌĞĚŝƐƚƌŝďƵƚĞĚĂƉƉƌŽƉƌŝĂƚĞůǇŽǀĞƌƚŚĞĨŽƵƌͲǇĞĂƌĐŽŶƐƚƌƵĐƚŝŽŶ
ƉĞƌŝŽĚ͕ƚŚĞƚǁĞŶƚǇͲǇĞĂƌŽƉĞƌĂƚŝŶŐƉĞƌŝŽĚĂŶĚƚŚĞĨŝƌƐƚǇĞĂƌŽĨĐůŽƐƵƌĞďĞĨŽƌĞďĞŝŶŐĚŝƐĐŽƵŶƚĞĚ
ĂƚĂƐĞǀĞŶƉĞƌĐĞŶƚƌĂƚĞ͘
ƐĚĞƐĐƌŝďĞĚŝŶƚŚĞĐŽŵŵĞŶƚůĞƚƚĞƌďǇŽƌĚĞŶ;DĂƌĐŚϮϴ͕ϮϬϭϵͿĂĐƚƵĂůƉƌŽũĞĐƚEWsŝƐůŝŬĞůǇ
ĐůŽƐĞƌƚŽƌŽƵŐŚůǇŶĞŐĂƚŝǀĞƚŚƌĞĞďŝůůŝŽŶĂĨƚĞƌϭͿĂĐĐŽƵŶƚŝŶŐĨŽƌƉƌĞǀŝŽƵƐůǇƵŶĚĞƌĞƐƚŝŵĂƚĞĚ
ϯ
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ŽƉĞƌĂƚŝŽŶĂůǁĂƚĞƌƚƌĞĂƚŵĞŶƚĐŽƐƚƐ͕ϮͿĂƉƉƌŽƉƌŝĂƚĞůǇĐŽƌƌĞĐƚŝŶŐĨŽƌŶĞƚƐŵĞůƚĞƌƌĞƚƵƌŶĂŶĚůŽǁĞƌ
ŐƌĂĚĞƐ͕ĂŶĚϯͿŝŶĐŽƌƉŽƌĂƚŝŶŐƚŚĞůĂƌŐĞĂĚĚŝƚŝŽŶĂůĐĂƉŝƚĂůĂŶĚŽƉĞƌĂƚŝŶŐĐŽƐƚƐŶŽƚŝŶĐůƵĚĞĚŝŶƚŚĞ
ŽƌŝŐŝŶĂůϮϬϭϭtĂƌĚƌŽƉĞƐƚŝŵĂƚĞƐƵĐŚĂƐƉǇƌŝƚŝĐƚĂŝůŝŶŐƐƐƚŽƌĂŐĞ͕ƋƵĂƌƌŝĞƐ͕ĞǆƚƌĞŵĞůǇůĂƌŐĞ
ĐŽŶƚĂĐƚǁĂƚĞƌĐŽŶƚĂŝŶŵĞŶƚƐƚƌƵĐƚƵƌĞƐĂŶĚƚŚĞĨĞƌƌǇ͘ƐƐƵĐŚ͕ƚŚĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶǁŽƵůĚ
ĂůŵŽƐƚĐĞƌƚĂŝŶůǇĨĂŝůƚŚĞ/^ĂůƚĞƌŶĂƚŝǀĞƐƐĐƌĞĞŶŝŶŐĐƌŝƚĞƌŝĂďƵƚĞǀĞŶŵŽƌĞŝŵƉŽƌƚĂŶƚůǇǁŽƵůĚ
ŶŽƚŵĞĞƚƚŚĞŽǀĞƌĂƌĐŚŝŶŐƐƚƌĂƚĞŐŝĐŐŽĂůƚŽƐĞůĞĐƚƚŚĞ͞ůĞĂƐƚĞŶǀŝƌŽŶŵĞŶƚĂůůǇĚĂŵĂŐŝŶŐ
ƉƌĂĐƚŝĐĂďůĞĂůƚĞƌŶĂƚŝǀĞ͘͟ĞƐƉŝƚĞƚŚŝƐ͕ƚŚĞƌĞŝƐŶŽŝŶĚŝĐĂƚŝŽŶƚŚĂƚƚŚĞƌŵǇŽƌƉƐŽĨŶŐŝŶĞĞƌƐŽƌ
ŝƚƐĐŽŶƚƌĂĐƚŽƌƐƉĞƌĨŽƌŵĞĚĂŶǇĚƵĞĚŝůŝŐĞŶĐĞŽŶƚŚĞƌĞůŝĂďŝůŝƚǇŽĨƚŚĞW>WĞƐƚŝŵĂƚĞ͘ůƚŚŽƵŐŚ
ŽƚŚĞƌŵŝŶŝŶŐŽƉƚŝŽŶƐĂƌĞƌĞũĞĐƚĞĚĨŽƌĂŶĂůǇƐŝƐŝŶƚŚĞ/^ďĞĐĂƵƐĞƚŚĞǇĂƌĞĐŽŶƐŝĚĞƌĞĚ
ƵŶĞĐŽŶŽŵŝĐ͕ƉƉĞŶĚŝǆŵĞƌĞůǇƐƚĂƚĞƐƚŚĂƚ͞ĞĐĂƵƐĞƚŚŝƐŽƉƚŝŽŶdWͲϬϬϭŝƐŝŶĐůƵĚĞĚŝŶƚŚĞ
ƉƌŽƉŽƐĞĚƉƌŽũĞĐƚ;ĐƚŝŽŶůƚĞƌŶĂƚŝǀĞϭͿŝƚŝƐƉƌĞƐƵŵĞĚƚŽŵĞĞƚƚŚĞƚŚƌĞĞƐĐƌĞĞŶŝŶŐĐƌŝƚĞƌŝĂĨŽƌ
ƉƵƌƉŽƐĞƐŽĨĚĞƚĂŝůĞĚĞŶǀŝƌŽŶŵĞŶƚĂůƌĞǀŝĞǁ͘͟
KƉƚŝŽŶ>zͲϬϬϱͲKƉƚŝŽŶ>zͲϬϬϱŝƐďĂƐĞĚƵƉŽŶƚŚĞƐŵĂůůĞƐƚŵŝŶĞƉůĂŶĐŽŶƐŝĚĞƌĞĚďǇƚŚĞϮϬϭϰ
h^WǁĂƚĞƌƐŚĞĚĂƐƐĞƐƐŵĞŶƚǁŝƚŚƚŽƚĂůŽƌĞƉƌŽĚƵĐƚŝŽŶŽĨϮϯϬŵŝůůŝŽŶƚŽŶƐĂƚϯϭ͕ϭϬϬŵĞƚƌŝĐ
ƚƉĚ͘dŚŝƐĚĞǀĞůŽƉŵĞŶƚŽƉƚŝŽŶŽŶůǇƉƌŽĐĞƐƐĞƐĂďŽƵƚϭϴйĂƐŵƵĐŚŽƌĞĂƐĐƚŝŽŶůƚĞƌŶĂƚŝǀĞϭ
ĂŶĚǁĂƐƌĞũĞĐƚĞĚĂƐ͞ŶŽƚĞĐŽŶŽŵŝĐĂůůǇƉƌĂĐƚŝĐĂďůĞ͟ďǇƚŚĞ/^͘ůƚŚŽƵŐŚŶŽŽƉƚŝŽŶͲƐƉĞĐŝĨŝĐ
ĨŝŶĂŶĐŝĂůĂŶĂůǇƐŝƐǁĂƐĐŽŵƉůĞƚĞĚ͕ƚŚŝƐĐŽŶĐůƵƐŝŽŶŝƐĐĞƌƚĂŝŶůǇƌĞĂƐŽŶĂďůĞŐŝǀĞŶƚŚĞĞǆƚƌĞŵĞůǇ
ůĂƌŐĞĐĂƉŝƚĂůĐŽƐƚƐƌĞƋƵŝƌĞĚĨŽƌƐƵĐŚĂƐŵĂůůƉƌŽũĞĐƚĂŶĚƚŚĞĂůŵŽƐƚĐĞƌƚĂŝŶŵĂƌŐŝŶĂůĞĐŽŶŽŵŝĐƐ
ŽĨĐƚŝŽŶůƚĞƌŶĂƚŝǀĞϭ͘,ŽǁĞǀĞƌ͕ŶŽƌĞĂƐŽŶĂďůĞƐŵĂůůĞƌŵŝŶĞŽƉƚŝŽŶƐƚŚĂƚǁĞƌĞƐŝǌĞĚďĞƚǁĞĞŶ
ƚŚŝƐĞǆƚƌĞŵĞůǇƐŵĂůůĐĂƐĞĂŶĚƚŚĞƉƌŽƉŽƐĞĚĨƵůůƉůĂŶǁĞƌĞĞǀĞŶĐŽŶƐŝĚĞƌĞĚ͘
ůƚŚŽƵŐŚ/ĚŽŶŽƚďĞůŝĞǀĞƚŚĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶŝƐĞĐŽŶŽŵŝĐĂůůǇĨĞĂƐŝďůĞ͕ŝĨƚŚĞƌŵǇŽƌƉƐŽĨ
ŶŐŝŶĞĞƌƐŚĂƐĐŚŽƐĞŶƚŽĞǀĂůƵĂƚĞŝƚĂŶǇǁĂǇ͕ƚŚĞŶĂƐůŝŐŚƚůǇƐŵĂůůĞƌŵŝŶĞǁŝƚŚƐŝŐŶŝĨŝĐĂŶƚ
ƌĞĚƵĐƚŝŽŶƐŝŶĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐŚŽƵůĚĂůƐŽďĞĐŽŶƐŝĚĞƌĞĚĨŽƌĞǀĂůƵĂƚŝŽŶ͘&ŽƌĞǆĂŵƉůĞ͕Ă
ŵŝŶĞƉůĂŶǁŝƚŚƚŚĞƉůĂŶŶĞĚŽƌĞƉƌŽĚƵĐƚŝŽŶƌĂƚĞŽĨϭϴϬ͕ϬϬϬƚƉĚďƵƚĂŵŝŶĞůŝĨĞŽĨŽŶůǇϭϲǇĞĂƌƐ
ŝŶƐƚĞĂĚŽĨϮϬǁŽƵůĚƉƌŽĚƵĐĞϮϬйůĞƐƐŽƌĞƚŚĂŶĐƚŝŽŶůƚĞƌŶĂƚŝǀĞϭ͘,ŽǁĞǀĞƌ͕ďĞĐĂƵƐĞƚŚĞ
ůŽƐƚƉƌŽĚƵĐƚŝŽŶǁŽƵůĚŽĐĐƵƌĨƌŽŵǇĞĂƌƐϭϳƚŽϮϬ͕ŽŶĐĞĂĚŝƐĐŽƵŶƚƌĂƚĞŽĨϳйŝƐĂƉƉůŝĞĚƚŽƚŚĞ
ƉŽƚĞŶƚŝĂůůŽƐƚƌĞǀĞŶƵĞ͕ƚŚŝƐǁŽƵůĚůŝŬĞůǇŽŶůǇƌĞĚƵĐĞŽǀĞƌĂůůƉƌŽũĞĐƚEWsďǇƌŽƵŐŚůǇϭϬй͘dŚĞ
ĞŶǀŝƌŽŶŵĞŶƚĂůďĞŶĞĨŝƚƐŽĨƉƌŽĚƵĐŝŶŐŽŶůǇϭϬϱϬŵŝůůŝŽŶƚŽŶŽĨŽƌĞŝŶƐƚĞĂĚŽĨϭϯϬϬŵŝůůŝŽŶƚŽŶƐ
ĐŽƵůĚďĞƐƵďƐƚĂŶƚŝĂůŝŶĐůƵĚŝŶŐ͗ϭͿĂƉŽƚĞŶƚŝĂůƚǁŽƐƋƵĂƌĞŵŝůĞ;хϭϮϬϬĂĐƌĞͿƌĞĚƵĐƚŝŽŶŝŶƚŽƚĂů
ĚŝƐƚƵƌďĞĚĨŽŽƚƉƌŝŶƚĨŽƌƚŚĞďƵůŬƚĂŝůŝŶŐƐƐƚŽƌĂŐĞĨĂĐŝůŝƚǇ͕ƚŚĞƉǇƌŝƚĞƚĂŝůŝŶŐƐƐƚŽƌĂŐĞĨĂĐŝůŝƚǇ͕ƚŚĞ
ŽƉĞŶƉŝƚ͕ǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚƉŽŶĚƐĂŶĚƚŚĞƋƵĂƌƌǇƐŝƚĞƐ͖ϮͿĂƐƵďƐƚĂŶƚŝĂůƌĞĚƵĐƚŝŽŶŝŶƚŚĞĨŝŶĂů
ŚĞŝŐŚƚŽĨƚŚĞďƵůŬƚĂŝůŝŶŐƐŝŵƉŽƵŶĚŵĞŶƚǁŚŝĐŚǁŝůůƌĞĚƵĐĞƚŚĞŝŶƉĞƌƉĞƚƵŝƚǇƌŝƐŬŽĨĐĂƚĂƐƚƌŽƉŚŝĐ
ĨĂŝůƵƌĞ͖ϯͿĂƐƵďƐƚĂŶƚŝĂůƌĞĚƵĐƚŝŽŶŝŶǁĂƚĞƌƚƌĞĂƚŵĞŶƚƌĞƋƵŝƌĞŵĞŶƚƐĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶĂŶĚĂĨƚĞƌ
ĐůŽƐƵƌĞ͖ϰͿĂƌĞĚƵĐƚŝŽŶŝŶĚĞǁĂƚĞƌŝŶŐŝŵƉĂĐƚƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞŽƉĞŶƉŝƚ͖ϱͿĂƌĞĚƵĐƚŝŽŶŝŶ
ŝŵƉĂĐƚƐƚŽƐƵƌĨĂĐĞǁĂƚĞƌƋƵĂůŝƚǇ͕ĨůŽǁƌĞŐŝŵĞĂŶĚƚĞŵƉĞƌĂƚƵƌĞĚƵĞƚŽǁĂƚĞƌĞǆƚƌĂĐƚŝŽŶ͕ƵƐĞ
ĂŶĚĚŝƐĐŚĂƌŐĞϲͿĂƌŽƵŐŚůǇϮϬйƌĞĚƵĐƚŝŽŶŝŶƚŚĞŵĂƐƐŽĨƉǇƌŝƚŝĐƚĂŝůŝŶŐƐĂŶĚƉŽƚĞŶƚŝĂůůǇĂĐŝĚ
ĨŽƌŵŝŶŐǁĂƐƚĞƌŽĐŬƚŚĂƚŵƵƐƚďĞƌĞƚƵƌŶĞĚƚŽƚŚĞŽƉĞŶƉŝƚĂƚĐůŽƐƵƌĞ͖ĂŶĚϳͿĂƐŚŽƌƚĞŶŝŶŐŽĨƚŚĞ
ƉĞƌŝŽĚŽĨŽƉĞƌĂƚŝŽŶĂůƌŝƐŬĂƐƐŽĐŝĂƚĞĚǁŝƚŚƐƉŝůůƐ͕ůĞĂŬĂŐĞ͕ŶŽŝƐĞ͕ĂŝƌĂŶĚŐƌĞĞŶŚŽƵƐĞŐĂƐ
ĞŵŝƐƐŝŽŶƐĨƌŽŵϮϬƚŽϭϲǇĞĂƌƐ͘
ϰ
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KƉƚŝŽŶd^&ͲϬϬϯͲKƉƚŝŽŶd^&ͲϬϬϯǁŚŝĐŚĐŽŶƐŝĚĞƌĞĚƚŚĞƵƐĞŽĨƉĂƐƚĞƚĂŝůŝŶŐƐŝŶƚŚĞďƵůŬƚĂŝůŝŶŐƐ
ƐƚŽƌĂŐĞĨĂĐŝůŝƚǇǁĂƐĞůŝŵŝŶĂƚĞĚďĞĐĂƵƐĞ͞WĂƐƚĞƚĂŝůŝŶŐƐĂƌĞŵŽƐƚůǇƉůĂĐĞĚŝŶĂďĂŶĚŽŶĞĚ
ƵŶĚĞƌŐƌŽƵŶĚǁŽƌŬŝŶŐƐĂŶĚŚĂǀĞŵŝŶŝŵĂůƐƵƌĨĂĐĞd^&ŚŝƐƚŽƌǇĂŶĚŝŶƚĞƌĞƐƚ͘ƉĂƐƚĞd^&ǁŽƵůĚ
ƉƌŽǀŝĚĞŶŽŵĞĂŶŝŶŐĨƵůĞŶǀŝƌŽŶŵĞŶƚĂůďĞŶĞĨŝƚĂďŽǀĞƚŚĂƚŽĨƚŚĞƉƌŽƉŽƐĞĚƉƌŽũĞĐƚ͘͟dŚĞ
ƌĂƚŝŽŶĂůĞƉƌŽǀŝĚĞĚĨŽƌƚŚĞĞůŝŵŝŶĂƚŝŽŶŽĨĂƉĂƐƚĞƚĂŝůŝŶŐƐŽƉƚŝŽŶĨƌŽŵĐŽŶƐŝĚĞƌĂƚŝŽŶŝƐŝŶĐŽƌƌĞĐƚ
ŝŶƐĞǀĞƌĂůǁĂǇƐ͘/ŶƚĞƌĞƐƚŝŶůĂƌŐĞͲƐĐĂůĞƵƐĞŽĨƉĂƐƚĞĂŶĚĨŝůƚĞƌĞĚƚĂŝůŝŶŐƐŚĂƐďĞĞŶŐƌŽǁŝŶŐŝŶ
ƌĞĐĞŶƚǇĞĂƌƐŝŶƌĞƐƉŽŶƐĞƚŽƐĞǀĞƌĂůŚŝŐŚͲƉƌŽĨŝůĞƚĂŝůŝŶŐƐĚĂŵĨĂŝůƵƌĞƐ͘dŚĞ/ŶĚĞƉĞŶĚĞŶƚǆƉĞƌƚ
ŶŐŝŶĞĞƌŝŶŐ/ŶǀĞƐƚŝŐĂƚŝŽŶĂŶĚZĞǀŝĞǁWĂŶĞůĨŽƌƚŚĞDŽƵŶƚWŽůůĞǇd^&ĨĂŝůƵƌĞƌĞĐŽŵŵĞŶĚĞĚƚŚĂƚ
͞ďĞƐƚĂǀĂŝůĂďůĞƚĞĐŚŶŽůŽŐǇƐŚŽƵůĚďĞĂĐƚŝǀĞůǇĞŶĐŽƵƌĂŐĞĚĨŽƌŶĞǁƚĂŝůŝŶŐƐĨĂĐŝůŝƚŝĞƐ͟ĂŶĚ
ƐƚƌŽŶŐůǇƐƵƉƉŽƌƚĞĚƚŚĞƵƐĞŽĨĨŝůƚĞƌĞĚƚĂŝůŝŶŐƐĨŽƌŶĞǁŝŵƉŽƵŶĚŵĞŶƚƐ͘ŽƚŚdŽƌŽŵŽĐŚŽŝŶWĞƌƵ
ĂŶĚDŝŶĞƌĂĞŶƚŝŶĞůĂŝŶŚŝůĞĂƌĞƵƐŝŶŐƉĂƐƚĞƚĂŝůŝŶŐƐƚĞĐŚŶŽůŽŐǇĨŽƌƚŚĞŝƌƐƵƌĨĂĐĞƚĂŝůŝŶŐƐĚĂŵƐ
ĂƚƉƌŽĚƵĐƚŝŽŶƌĂƚĞƐŽĨϭϮϬ͕ϬϬϬĂŶĚϭϬϬ͕ϬϬϬƚƉĚƌĞƐƉĞĐƚŝǀĞůǇ͘
dŚĞƵƐĞŽĨƉĂƐƚĞƚĂŝůŝŶŐƐĂƚWĞďďůĞǁŽƵůĚĂůƐŽƉƌŽǀŝĚĞƐŝŐŶŝĨŝĐĂŶƚĞŶǀŝƌŽŶŵĞŶƚĂůďĞŶĞĨŝƚƐďǇ
ƌĞĚƵĐŝŶŐƚŚĞŝŶŝƚŝĂůǀŽůƵŵĞŽĨƐƚŽƌĞĚǁĂƚĞƌǁŝƚŚŝŶƚŚĞƚĂŝůŝŶŐƐŵĂƐƐďǇĨŝĨƚĞĞŶƉĞƌĐĞŶƚŽƌŵŽƌĞ
ĐŽŵƉĂƌĞĚƚŽĐŽŶǀĞŶƚŝŽŶĂůůǇƚŚŝĐŬĞŶĞĚƚĂŝůŝŶŐƐ͘WŽƚĞŶƚŝĂůďĞŶĞĨŝƚƐŝŶĐůƵĚĞ͗ϭͿĂŵŽƌĞƌĂƉŝĚůǇ
ĐŽŶƐŽůŝĚĂƚĞĚĂŶĚƐƚĂďůĞƚĂŝůŝŶŐƐŵĂƐƐǁŝƚŚůŽǁĞƌŐĞŽƚĞĐŚŶŝĐĂůƌŝƐŬ͖ϮͿůĞƐƐĐŽŶƚĂŝŶĞĚƉŽƌĞǁĂƚĞƌ
ǁŚŝĐŚǁŝůůƌĞƋƵŝƌĞůŽŶŐͲƚĞƌŵĐŽůůĞĐƚŝŽŶĂŶĚƚƌĞĂƚŵĞŶƚĂƐƚŚĞƚĂŝůŝŶŐƐƐůŽǁůǇĐŽŶƐŽůŝĚĂƚĞŽǀĞƌ
ĚĞĐĂĚĞƐĂĨƚĞƌĐůŽƐƵƌĞ͖ϯͿůĞƐƐŵĂŬĞƵƉǁĂƚĞƌĚĞŵĂŶĚĨŽƌƚŚĞŵŝůů͕ƐŽƚŚĂƚůĞƐƐǁĂƚĞƌǁŝůůŶĞĞĚƚŽ
ďĞĚŝǀĞƌƚĞĚĨƌŽŵŝŶͲƐƚƌĞĂŵĨůŽǁ͖ϰͿĂƉŽƚĞŶƚŝĂůůǇůŽǁĞƌƚĂŝůŝŶŐƐĚĂŵďĞĐĂƵƐĞŽĨŵŽƌĞĞĨĨŝĐŝĞŶƚ
ƐƚŽƌĂŐĞŽĨƚĂŝůŝŶŐƐƐŽůŝĚƐ͖ĂŶĚϱͿŵŽƌĞƌĂƉŝĚĐůŽƐƵƌĞŽĨƚŚĞďƵůŬƚĂŝůŝŶŐƐƐƚŽƌĂŐĞĨĂĐŝůŝƚǇďĞĐĂƵƐĞ
ŽĨůĞƐƐƐĞƚƚůŝŶŐĂŶĚĞĂƌůǇǀĞŚŝĐůĞĂĐĐĞƐƐŝďŝůŝƚǇŽŶƚŚĞĨŝŶĂůƚĂŝůŝŶŐƐƐƵƌĨĂĐĞ͘
ƵŵƵůĂƚŝǀĞĨĨĞĐƚƐ
dŚĞĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐĂŶĂůǇƐŝƐĂƐƐƵŵĞƐĂŶĞǆƉĂŶƐŝŽŶŽĨƚŚĞWĞďďůĞƉƌŽũĞĐƚǁŚŝĐŚƉƌŽĐĞƐƐĞƐ
ϱϱйŽĨƚŚĞĚĞůŝŶĞĂƚĞĚƌĞƐŽƵƌĐĞŽǀĞƌĂϳϴͲǇĞĂƌƉĞƌŝŽĚ͘dŚŝƐŝƐƚŚĞ͞ZĞƐŽƵƌĐĞĂƐĞ͟ǁŚŝĐŚǁĂƐ
ĞǀĂůƵĂƚĞĚďǇƚŚĞWƌĞůŝŵŝŶĂƌǇƐƐĞƐƐŵĞŶƚŽĨƚŚĞWĞďďůĞWƌŽũĞĐƚ;tĂƌĚƌŽƉ͕ϮϬϭϭͿ͘/ƚŝƐĂůƐŽƚŚĞ
ƐĂŵĞĂƐƚŚĞWĞďďůĞϲ͘ϱƉƌŽũĞĐƚƐƵďƐĞƋƵĞŶƚůǇĞǀĂůƵĂƚĞĚďǇƚŚĞƐƐĞƐƐŵĞŶƚŽĨWŽƚĞŶƚŝĂůDŝŶŝŶŐ
/ŵƉĂĐƚƐŽŶ^ĂůŵŽŶĐŽƐǇƐƚĞŵƐŽĨƌŝƐƚŽůĂǇ;h^W͕ϮϬϭϰͿ͘dŚĞĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐĂŶĂůǇƐŝƐĨŽƌ
ƚŚŝƐůĂƌŐĞƌŵŝŶĞŝƐŽĨĐƌŝƚŝĐĂůŝŵƉŽƌƚĂŶĐĞĂƚWĞďďůĞďĞĐĂƵƐĞƚŚĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶďĞŝŶŐ
ĞǀĂůƵĂƚĞĚďǇƚŚĞ/^ŽŶůǇƉƌŽĐĞƐƐĞƐϭϬйŽĨƚŚĞƌĞƐŽƵƌĐĞĂŶĚŝƐĂůŵŽƐƚĐĞƌƚĂŝŶůǇŶŽƚ
ĞĐŽŶŽŵŝĐĂůůǇĨĞĂƐŝďůĞ;ŽƌĚĞŶ/^ĐŽŵŵĞŶƚůĞƚƚĞƌĚĂƚĞĚDĂƌĐŚϮϴ͕ϮϬϭϵͿ͘/ĨƚŚĞϮϬͲǇĞĂƌŵŝŶĞ
ǁĂƐĐŽŶƐƚƌƵĐƚĞĚŝƚŝƐĂůŵŽƐƚĐĞƌƚĂŝŶƚŚĂƚĂŵƵĐŚůĂƌŐĞƌŵŝŶĞǁŽƵůĚƵůƚŝŵĂƚĞůǇďĞĚĞǀĞůŽƉĞĚŝŶ
ĂŶĂƚƚĞŵƉƚƚŽĂƚƚĂŝŶĂƉŽƐŝƚŝǀĞƌĂƚĞŽĨƌĞƚƵƌŶŽŶƚŚĞŝŶŝƚŝĂůŝŶǀĞƐƚŵĞŶƚ͘
dŚĞĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐĂŶĂůǇƐŝƐƉƌĞƐĞŶƚĞĚŝŶƚŚĞ/^ĐŽŶƚĂŝŶƐŝŶƐƵĨĨŝĐŝĞŶƚĚĞƚĂŝů͕ƵŶĚĞƌƐƚĂƚĞƐ
ƚŚĞŝŵƉĂĐƚƐŽĨĂůĂƌŐĞƌŵŝŶĞĂŶĚ͕ŝŶƐŽŵĞĐĂƐĞƐ͕ŝƚƐĐŽŶĐůƵƐŝŽŶƐĂƌĞĐůĞĂƌůǇǁƌŽŶŐ͘dŚĞŝŵƉĂĐƚƐ
ŽĨƚŚĞϳϴͲǇĞĂƌŵŝŶĞĂƌĞĚŝƐĐƵƐƐĞĚƐĞƉĂƌĂƚĞůǇŝŶĞĂĐŚƐƵďƐĞĐƚŝŽŶŽĨ^ĞĐƚŝŽŶϰŝŶƚŚĞ/^͘dŚŝƐ
ĨƌĂŐŵĞŶƚĞĚƉƌĞƐĞŶƚĂƚŝŽŶĂůƐŽŵĂŬĞƐŝƚĚŝĨĨŝĐƵůƚĨŽƌƚŚĞƌĞĂĚĞƌƚŽĨŽƌŵĂŚŽůŝƐƚŝĐƵŶĚĞƌƐƚĂŶĚŝŶŐ
ŽĨƚŚĞŵƵĐŚůĂƌŐĞƌŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐƉŽƐĞĚďǇƚŚĞůĂƌŐĞƌŵŝŶĞ͘dŚĞƚĂďůĞďĞůŽǁĐŽŵƉĂƌĞƐƐŽŵĞ
ŽĨƚŚĞŵŽƌĞƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶƚŚĞϮϬͲĂŶĚϳϴͲǇĞĂƌŵŝŶĞƉůĂŶƐ͘
ϱ
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ĐƚŝŽŶůƚĞƌŶĂƚŝǀĞ
ǆƉĂŶĚĞĚ
ZĞůĂƚŝǀĞŝŶĐƌĞĂƐĞ
ϭ
ĞǀĞůŽƉŵĞŶƚ^ĐĞŶĂƌŝŽ
ŝƌĞĐƚŝƐƚƵƌďĂŶĐĞ
ϭϰƐƋƵĂƌĞŵŝůĞƐ
хϰϲƐƋƵĂƌĞŵŝůĞƐ
ϯ͘ϯƚŝŵĞƐŐƌĞĂƚĞƌ
WĞƌŵĂŶĞŶƚŝƌĞĐƚtĞƚůĂŶĚ ϱ͘ϱƐƋƵĂƌĞŵŝůĞƐ
хϭϵƐƋƵĂƌĞŵŝůĞƐ
ϯ͘ϱƚŝŵĞƐŐƌĞĂƚĞƌ
ŝƐƚƵƌďĂŶĐĞ
WĞƌŵĂŶĞŶƚ>ŽƐƐŽĨ
ϴ͘ϮŵŝůĞƐŽĨ
ϰϮŵŝůĞƐŽĨƐƚƌĞĂŵƐ
ϱƚŝŵĞƐŐƌĞĂƚĞƌ
ŶĂĚƌŽŵŽƵƐ&ŝƐŚ,ĂďŝƚĂƚ ƐƚƌĞĂŵĂŶĚƌŝǀĞƌƐ
ĂŶĚƌŝǀĞƌƐ
ƵůŬdĂŝůŝŶŐƐWƌŽĚƵĐƚŝŽŶ
ϭϭϰϬŵŝůůŝŽŶƚŽŶƐ
ϱϳϬϬŵŝůůŝŽŶƚŽŶƐ
ϱƚŝŵĞƐŐƌĞĂƚĞƌ
WǇƌŝƚŝĐdĂŝůŝŶŐƐWƌŽĚƵĐƚŝŽŶ
ϭϱϱŵŝůůŝŽŶƚŽŶƐ
ϴϬϬŵŝůůŝŽŶƚŽŶƐ ϭ
ϱƚŝŵĞƐŐƌĞĂƚĞƌ
Ϯ
EŽŶͲĐŝĚͲ'ĞŶĞƌĂƚŝŶŐ
ϵϱŵŝůůŝŽŶƚŽŶƐ
ϭϯϲϬϬŵŝůůŝŽŶƚŽŶƐ  ϭϰϬƚŝŵĞƐŐƌĞĂƚĞƌ
tĂƐƚĞZŽĐŬWƌŽĚƵĐƚŝŽŶ
ĐŝĚͲ'ĞŶĞƌĂƚŝŶŐtĂƐƚĞ
ϱϬŵŝůůŝŽŶƚŽŶƐ
ϯϰϬϬŵŝůůŝŽŶƚŽŶƐ
ϳϬƚŝŵĞƐŐƌĞĂƚĞƌ
ZŽĐŬWƌŽĚƵĐƚŝŽŶ
&ƵŐŝƚŝǀĞƵƐƚĂŶĚDŽďŝůĞ
ϮϱϬ͕ϬϬϬƚŽŶƐƉĞƌ ϵϬϬ͕ϬϬϬƚŽŶƐƉĞƌĚĂǇ ϯ͘ϲƚŝŵĞƐŐƌĞĂƚĞƌ
ƋƵŝƉŵĞŶƚŵŝƐƐŝŽŶƐ
ĚĂǇϯ
KƉĞŶWŝƚ&ŽŽƚƉƌŝŶƚ
ϲϬϴĂĐƌĞƐ
ϯϲϬϬĂĐƌĞƐ
ϲƚŝŵĞƐŐƌĞĂƚĞƌ
DĂǆŝŵƵŵWŝƚ
ϮϰϬϬŐĂůůŽŶƐƉĞƌ
ϭϮ͕ϬϬϬŐĂůůŽŶƐƉĞƌ
ϱƚŝŵĞƐŐƌĞĂƚĞƌ
ϰ
'ƌŽƵŶĚǁĂƚĞƌ/ŶĨůŽǁ
ŵŝŶƵƚĞ
ŵŝŶƵƚĞ 
KƉĞƌĂƚŝŽŶĂů^ƉŝůůZŝƐŬ
ϮϬǇĞĂƌƐ
ϳϴǇĞĂƌƐ
ϯ͘ϵƚŝŵĞƐŐƌĞĂƚĞƌ
ƵƌĂƚŝŽŶ
ϳƚŝŵĞƐŐƌĞĂƚĞƌ
'ƌĞĞŶ,ŽƵƐĞ'ĂƐ
хϮϮŵŝůůŝŽŶƚŽŶƐŽĨ хϭϲϬŵŝůůŝŽŶƚŽŶƐŽĨ
ϱ
KϮĞƋƵŝǀĂůĞŶƚƐ
ŵŝƐƐŝŽŶƐ
KϮĞƋƵŝǀĂůĞŶƚƐ 
ϭƐƐƵŵĞƐƐĂŵĞϭϮйƐƉůŝƚďĞƚǁĞĞŶǁŚŽůĞƚĂŝůŝŶŐƐĂŶĚƉǇƌŝƚĞƚĂŝůŝŶŐƐĂƐĚĞƐĐƌŝďĞĚŝŶƚŚĞWĞďďůĞ
WƌŽũĞĐƚĞƐĐƌŝƉƚŝŽŶ;ƉƉĞŶĚŝǆEͿ͘ ϮƐƐƵŵĞƐƚŚĞƐĂŵĞϮϬйͬϴϬйƐƉůŝƚďĞƚǁĞĞŶĂĐŝĚͲŐĞŶĞƌĂƚŝŶŐ
ĂŶĚŶŽŶͲĂĐŝĚͲŐĞŶĞƌĂƚŝŶŐǁĂƐƚĞƌŽĐŬĂƐĚĞƐĐƌŝďĞĚŝŶƚŚĞtĂƌĚƌŽƉ;ϮϬϭϭͿϮϱͲǇĞĂƌŵŝŶĞƐĐĞŶĂƌŝŽ͘
EŽƚĞƚŚŝƐƌĞƐƵůƚƐŝŶĂďŽƵƚϭͬϯůĞƐƐĂĐŝĚŐĞŶĞƌĂƚŝŶŐǁĂƐƚĞƌŽĐŬƚŚĂŶĂƐƐƵŵĞĚŝŶƚŚĞh^WϮϬϭϰ
ƌŝƐƚŽůĂǇtĂƚĞƌƐŚĞĚƐƐĞƐƐŵĞŶƚ͘ ϯdŽƚĂůƚŽŶƐŽĨŽƌĞ͕ǁĂƐƚĞƌŽĐŬĂŶĚĞŵďĂŶŬŵĞŶƚĨŝůůƌŽĐŬ
ƚŚĂƚŵƵƐƚďĞŵŽǀĞĚĞĂĐŚĚĂǇ͘dŚĞƚŽŶƐƉĞƌĚĂǇƚŚĂƚŵƵƐƚďĞŵŽǀĞĚŝƐĚŝƌĞĐƚůǇĐŽƌƌĞůĂƚĞĚǁŝƚŚ
ƚŚĞĂŵŽƵŶƚŽĨĨƵŐŝƚŝǀĞĚƵƐƚĂŶĚǀĞŚŝĐůĞƚĂŝůͲƉŝƉĞĞŵŝƐƐŝŽŶƐŐĞŶĞƌĂƚĞĚďǇďůĂƐƚŝŶŐ͕ůŽĂĚŝŶŐ͕
ǀĞŚŝĐůĞŵŽǀĞŵĞŶƚŽŶŚĂƵůƌŽĂĚƐ͕ĚƵŵƉŝŶŐĂŶĚĚŽǌŝŶŐ͘dŚĞƐĞƐŽƵƌĐĞƐĐŽŶƚƌŝďƵƚĞŵŽƌĞƚŚĂŶ
ϵϬйŽĨƚŚĞĞŵŝƐƐŝŽŶƐůŽĂĚĐĂůĐƵůĂƚĞĚĨŽƌƚŚĞŽƉĞƌĂƚŝŽŶĨŽƌEKǆ͕KĂŶĚWDϭϬ;^ĞĐƚŝŽŶϰ͘ϮϬͿ͘
ϰƐƚŝŵĂƚĞĨƌŽŵ^ĞĐƚŝŽŶϰ͘ϭϲ͘ϳ͘ ϱ'ƌĞĞŶŚŽƵƐĞŐĂƐĞŵŝƐƐŝŽŶƐĨŽƌƚŚĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶĂƌĞ
ĚĞƌŝǀĞĚĚŝƌĞĐƚůǇĨƌŽŵƚŚĞƚĂďůĞƐŝŶ^ĞĐƚŝŽŶϰ͘ϮϬ͘&ŽƌƚŚĞϳϴͲǇĞĂƌŵŝŶĞƉůĂŶƚŚĞĞŵŝƐƐŝŽŶƐĂƌĞ
ŵŽĚŝĨŝĞĚĨƌŽŵƚŚĞϮϬͲǇĞĂƌĐĂƐĞƚŽĂĐĐŽƵŶƚĨŽƌƚŚĞĞǆƚƌĂϱϴǇĞĂƌƐŽĨŽƉĞƌĂƚŝŽŶ͕ƚŚĞϯϵйŝŶĐƌĞĂƐĞ
ŝŶŵŝůůƚŚƌŽƵŐŚƉƵƚ͕ƚŚĞϯ͘ϲͲĨŽůĚŝŶĐƌĞĂƐĞŝŶƚŽƚĂůƌŽĐŬŵŽǀĞŵĞŶƚĚƵĞƚŽŵƵĐŚŚŝŐŚĞƌƐƚƌŝƉƉŝŶŐ
ƌĂƚŝŽƐ͕ĂŶĚƚŚĞƌŽƵŐŚůǇĨŽƵƌďŝůůŝŽŶƚŽŶƐŽĨƌŽĐŬĂŶĚƚĂŝůŝŶŐƐƚŚĂƚŵƵƐƚďĞƌĞƚƵƌŶĞĚƚŽƚŚĞŽƉĞŶ
ƉŝƚĂƚĐůŽƐƵƌĞ͘
ƐĐůĞĂƌůǇƐŚŽǁŶŝŶƚŚĞƚĂďůĞ͕ŵŽƐƚŽĨƚŚĞŝŶĚŝǀŝĚƵĂůŝŵƉĂĐƚƐŽĨƚŚĞůĂƌŐĞƌŵŝŶĞǁŝůůďĞĂƚůĞĂƐƚ
ƚŚƌĞĞƚŽƐĞǀĞŶƚŝŵĞƐŐƌĞĂƚĞƌƚŚĂŶĨŽƌƚŚĞƐŵĂůůϮϬͲǇĞĂƌŵŝŶĞ͘,ŽǁĞǀĞƌ͕ƚŚĞŐĞŽĐŚĞŵŝĐĂůĂŶĚ
ǁĂƚĞƌƋƵĂůŝƚǇƌŝƐŬƐƉŽƐĞĚďǇƚŚĞůĂƌŐĞƌŵŝŶĞǁŽƵůĚďĞĂƚůĞĂƐƚƚĞŶƚŝŵĞƐŐƌĞĂƚĞƌ͘DĂŶǇŽĨƚŚĞƐĞ

ϲ
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ƐŝŐŶŝĨŝĐĂŶƚůǇŐƌĞĂƚĞƌŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐĂƌĞŶŽƚŝĚĞŶƚŝĨŝĞĚŝŶƚŚĞ/^͘<ĞǇŵŝƐĐŚĂƌĂĐƚĞƌŝǌĂƚŝŽŶƐŝŶ
ƚŚĞĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐĂŶĂůǇƐŝƐŝŶĐůƵĚĞ͗
'ĞŽĐŚĞŵŝĐĂůZŝƐŬƐʹdŚĞƚŽƚĂůŵĂƐƐŽĨƚĂŝůŝŶŐƐĂŶĚǁĂƐƚĞƌŽĐŬƚŚĂƚŝƐƉƌŽŶĞƚŽĂĐŝĚƌŽĐŬ
ĚƌĂŝŶĂŐĞĨŽƌŵĂƚŝŽŶƌŝƐĞƐĨƌŽŵϮϬϱŵŝůůŝŽŶƚŽŶƐĨŽƌƚŚĞϮϬͲǇĞĂƌŵŝŶĞƚŽϰϮϬϬŵŝůůŝŽŶƚŽŶƐĨŽƌƚŚĞ
ϳϴͲǇĞĂƌŵŝŶĞ;ĂϮϬͲĨŽůĚŝŶĐƌĞĂƐĞͿ͘'ŝǀĞŶWĞďďůĞ͛ƐĞǆƚƌĞŵĞůǇǁĞƚĐůŝŵĂƚĞ͕ĂůůŽĨƚŚŝƐǁĂƐƚĞ
ǁŽƵůĚƉŽƐĞĂŶĞǆƚƌĞŵĞůǇŚŝŐŚZƌŝƐŬƚŽĚŽǁŶŐƌĂĚŝĞŶƚŐƌŽƵŶĚǁĂƚĞƌ͕ƐƚƌĞĂŵƐĂŶĚƌŝǀĞƌƐ͘/Ĩ
ŶŽƚĐŽŶƚƌŽůůĞĚƚŚĞƌĞƐƵůƚĂŶƚZĐŽƵůĚŚĂǀĞŵĞƚĂůƐĐŽŶĐĞŶƚƌĂƚŝŽŶƐŚƵŶĚƌĞĚƐƚŽƚĞŶƐŽĨ
ƚŚŽƵƐĂŶĚƐŽĨƚŝŵĞƐŚŝŐŚĞƌƚŚĂŶĚŝƐĐŚĂƌŐĞĐƌŝƚĞƌŝĂ͘ůůŽĨƚŚŝƐŵĂƚĞƌŝĂůǁŽƵůĚƌĞƋƵŝƌĞĐŽŵƉůĞǆ
ĂŶĚĐŽƐƚůǇŵĂŶĂŐĞŵĞŶƚĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶ͖ĂŶĚĂƚĐůŽƐƵƌĞĂůůŽĨƚŚŝƐŵĂƚĞƌŝĂůǁŽƵůĚŶĞĞĚƚŽďĞ
ƌĞƚƵƌŶĞĚƚŽƚŚĞŽƉĞŶƉŝƚǁŚĞƌĞŝƚĐŽƵůĚďĞƉĞƌŵĂŶĞŶƚůǇƐĂƚƵƌĂƚĞĚ͘
ůŽƐƵƌĞĐŽƐƚƐĨŽƌƚŚŝƐŵĂƚĞƌŝĂůŵŽǀĞŵĞŶƚĂůŽŶĞǁŽƵůĚůŝŬĞůǇĞǆĐĞĞĚĨŝǀĞďŝůůŝŽŶĚŽůůĂƌƐ͘
dŚĞƚŽƚĂůŵĂƐƐŽĨƚĂŝůŝŶŐƐĂŶĚǁĂƐƚĞƌŽĐŬƚŚĂƚŝƐƉƌŽŶĞƚŽŶĞƵƚƌĂůĚƌĂŝŶĂŐĞďƵƚǁŝƚŚ
ĐŽŶĐĞŶƚƌĂƚŝŽŶƐŽĨŶŝƚƌĂƚĞ͕ƐƵůĨĂƚĞ͕ĐŽƉƉĞƌ͕ŵŽůǇďĚĞŶƵŵĂŶĚƐĞůĞŶŝƵŵĞůĞǀĂƚĞĚĂďŽǀĞĚŝƐĐŚĂƌŐĞ
ĐƌŝƚĞƌŝĂƌŝƐĞƐĨƌŽŵϭϮϯϱŵŝůůŝŽŶƚŽŶƐĨŽƌƚŚĞϮϬͲǇĞĂƌŵŝŶĞƚŽϭϵϯϬϬŵŝůůŝŽŶƚŽŶƐĨŽƌƚŚĞϳϯͲǇĞĂƌ
ŵŝŶĞ;ĂϭϱͲĨŽůĚŝŶĐƌĞĂƐĞͿ͘dŚŝƐŵĂƚĞƌŝĂůǁŽƵůĚƉŽƐĞĂůĞƐƐĞƌ͕ďƵƚƐƚŝůůƐŝŐŶŝĨŝĐĂŶƚƌŝƐŬƚŽĚŽǁŶ
ŐƌĂĚŝĞŶƚŐƌŽƵŶĚǁĂƚĞƌĂŶĚƐƵƌĨĂĐĞǁĂƚĞƌƋƵĂůŝƚǇ͘'ŝǀĞŶƚŚĞůĂƌŐĞŝŶĐƌĞĂƐĞŝŶĐŚĞŵŝĐĂůůǇƌĞĂĐƚŝǀĞ
ƌŽĐŬŵĂƐƐĂŶĚƐƵƌĨĂĐĞĂƌĞĂ͕ĂŶĚƚŚĞĚĞĐĂĚĞƐůŽŶŐĞƌĞǆƉŽƐƵƌĞƉĞƌŝŽĚŽĨƉŝƚǁĂůůƐ͕ǁĂƐƚĞƌŽĐŬ
ĂŶĚƚĂŝůŝŶŐƐďĞĨŽƌĞĐůŽƐƵƌĞ͕ŶĞƚŽŶͲƐŝƚĞĐŽŶƚĂŵŝŶĂŶƚƌĞůĞĂƐĞƌĂƚĞƐĂƌĞĂůŵŽƐƚĐĞƌƚĂŝŶƚŽďĞĂŶ
ŽƌĚĞƌŽĨŵĂŐŶŝƚƵĚĞŚŝŐŚĞƌƚŚĂŶĨŽƌƚŚĞϮϬͲǇĞĂƌŵŝŶĞ͘
/ĨĂĐƚƵĂůůǇŝŵƉůĞŵĞŶƚĞĚĂƐĚĞƐŝŐŶĞĚŝŶƚŚĞ/^͕ƚŚĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶĂůƐŽĐŽŶĨŝŶĞƐŵŽƐƚŽĨ
ƚŚĞŐĞŽĐŚĞŵŝĐĂůƌŝƐŬƐƚŽĂƐŝŶŐůĞĚƌĂŝŶĂŐĞ;EŽƌƚŚ&ŽƌŬ<ŽŬƚƵůŝͿďƵƚŝŶƚŚĞĞǆƉĂŶĚĞĚĐĂƐĞ
ŐĞŽĐŚĞŵŝĐĂůƌŝƐŬƐǁŽƵůĚƐƉƌĞĂĚŝŶƚŽĂůůƚŚƌĞĞĚƌĂŝŶĂŐĞƐ;E&<͕^&<ĂŶĚhdͿ͘ĞƐƉŝƚĞƚŚŝƐŽƌĚĞƌ
ŽĨŵĂŐŶŝƚƵĚĞ͕ůŽŶŐͲƚĞƌŵŝŶĐƌĞĂƐĞŝŶŐĞŽĐŚĞŵŝĐĂůƌŝƐŬŝƚŝƐŶŽƚĐůĞĂƌůǇŚŝŐŚůŝŐŚƚĞĚĂŶĚŝŶƐŽŵĞ
ĐĂƐĞƐŝƐƐŝŐŶŝĨŝĐĂŶƚůǇƵŶĚĞƌƐƚĂƚĞĚŝŶƚŚĞĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐĚĞƐĐƌŝƉƚŝŽŶƐ͘^ĞĐƚŝŽŶϰ͘ϭϴ͘ϳŽĨƚŚĞ
/^;tĂƚĞƌĂŶĚ^ĞĚŝŵĞŶƚYƵĂůŝƚǇƵŵƵůĂƚŝǀĞĨĨĞĐƚƐͿĂĐŬŶŽǁůĞĚŐĞƐƚŚĂƚŶĞǁĨĂĐŝůŝƚŝĞƐƚŽƐƚŽƌĞ
ǁĂƐƚĞƌŽĐŬĂŶĚƚĂŝůŝŶŐƐ͞ǁŽƵůĚĐŽŶƚƌŝďƵƚĞƚŽĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐŽŶǁĂƚĞƌĂŶĚƐĞĚŝŵĞŶƚƋƵĂůŝƚǇ
ĚƵĞƚŽƚŚĞŶĞĂƌůǇƚƌŝƉůĞĚĨŽŽƚƉƌŝŶƚĂƌĞĂĂŶĚƐƵďƐƚĂŶƚŝĂůůǇůĂƌŐĞƌĚƵƌĂƚŝŽŶŽĨŵŝŶŝŶŐĂĐƚŝǀŝƚǇ͘͟
,ŽǁĞǀĞƌ͕ƚŚŝƐƐƚĂƚĞŵĞŶƚĨĂŝůƐƚŽĂĐŬŶŽǁůĞĚŐĞƚŚĞϮϬͲĨŽůĚŝŶĐƌĞĂƐĞŝŶŐĞŽĐŚĞŵŝĐĂůůǇƌĞĂĐƚŝǀĞ
ŵŝŶĞƌĂůǁĂƐƚĞĂŶĚŝƚĂůƐŽǁƌŽŶŐůǇƐƚĂƚĞƐƚŚĂƚ͞ƚŚĞŵĂŐŶŝƚƵĚĞŽĨĐƵŵƵůĂƚŝǀĞŝŵƉĂĐƚƐƚŽǁĂƚĞƌ
ĂŶĚƐĞĚŝŵĞŶƚƋƵĂůŝƚǇǁŽƵůĚŐĞŶĞƌĂůůǇďĞƚĞŵƉŽƌĂƌǇ͘͟
ŝƌĞĐƚŝƐƚƵƌďĂŶĐĞʹdŚĞ/^ĐŽŶƐŝƐƚĞŶƚůǇŚŝŐŚůŝŐŚƚƐĂŐƌĞĂƚĞƌƚŚĂŶƚŚƌĞĞͲĨŽůĚŝŶĐƌĞĂƐĞŝŶĚŝƌĞĐƚ
ŵŝŶĞĚŝƐƚƵƌďĂŶĐĞůĂƌŐĞůǇƌĞůĂƚĞĚƚŽĞǆƉĂŶĚĞĚŽƉĞŶƉŝƚ͕ƚĂŝůŝŶŐƐĂŶĚǁĂƐƚĞƌŽĐŬƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐ͘
,ŽǁĞǀĞƌ͕ƚŚŝƐŵĂǇƐŝŐŶŝĨŝĐĂŶƚůǇƵŶĚĞƌƐƚĂƚĞƚŚĞƌĞƋƵŝƌĞĚĨŽŽƚƉƌŝŶƚĞǆƉĂŶƐŝŽŶƚŽƐĂĨĞůǇŵŝŶĞĂŶĚ
ƐƚŽƌĞƌŽƵŐŚůǇϭϲƚŝŵĞƐŵŽƌĞŽƌĞ͕ƚĂŝůŝŶŐƐĂŶĚǁĂƐƚĞƌŽĐŬ͘/ŶƉĂƌƚŝĐƵůĂƌ͕ƚŚĞƉƌŽƉŽƐĞĚŵŝŶĞ
ůĂǇŽƵƚĨŽƌƚŚĞϳϴͲǇĞĂƌĐĂƐĞĂƐƐƵŵĞƐƚŚĂƚƚŚĞƉǇƌŝƚŝĐd^&ĨŽŽƚƉƌŝŶƚĞǆƉĂŶĚƐďǇŽŶůǇϮ͘ϱƚŝŵĞƐ
ĚĞƐƉŝƚĞƚŚĞĨĂĐƚƚŚĂƚƚŚŝƐĨĂĐŝůŝƚǇŵƵƐƚŚŽůĚĨŝǀĞƚŝŵĞƐŵŽƌĞƉǇƌŝƚŝĐƚĂŝůŝŶŐƐĂŶĚĂƚůĞĂƐƚϳϬƚŝŵĞƐ
ŵŽƌĞĂĐŝĚŐĞŶĞƌĂƚŝŶŐǁĂƐƚĞƌŽĐŬ͘/ƚŝƐƵŶĐůĞĂƌŚŽǁƐŽŵƵĐŚĐŚĞŵŝĐĂůůǇƌĞĂĐƚŝǀĞŵĂƚĞƌŝĂůĐŽƵůĚ
ďĞƐĂĨĞůǇƐƚŽƌĞĚƵŶĚĞƌƐĂƚƵƌĂƚĞĚĐŽŶĚŝƚŝŽŶƐŝŶƐƵĐŚĂŶĞǆĐĞĞĚŝŶŐůǇƐŵĂůůĨŽŽƚƉƌŝŶƚ͘/ĨƚŚĞϳϴͲ
ϳ
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ǇĞĂƌŵŝŶĞƉůĂŶŝƐŶŽƚĚĞƐŝŐŶĞĚƚŽƐƚŽƌĞĂĐŝĚŐĞŶĞƌĂƚŝŶŐǁĂƐƚĞƌŽĐŬŝŶƚŚĞůŝŶĞĚƉǇƌŝƚŝĐd^&Ɛ͕ƚŚŝƐ
ƐŚŽƵůĚďĞĐůĞĂƌůǇƐƚĂƚĞĚďĞĐĂƵƐĞŝƚǁŽƵůĚŝŶĐƌĞĂƐĞƚŚĞĂĐŝĚƌŽĐŬĚƌĂŝŶĂŐĞŐĞŶĞƌĂƚŝŽŶƌĂƚĞƐ͕
ǁĂƚĞƌƚƌĞĂƚŵĞŶƚůŝĂďŝůŝƚŝĞƐĂŶĚŵĞƚĂůƐƌĞůĞĂƐĞƚŽƚŚĞĞŶǀŝƌŽŶŵĞŶƚďǇŽƌĚĞƌƐŽĨŵĂŐŶŝƚƵĚĞ͘
'ƌŽƵŶĚǁĂƚĞƌ/ŵƉĂĐƚƐʹdŚĞϳϴͲǇĞĂƌŵŝŶĞƉůĂŶǁŽƵůĚƌĞƐƵůƚŝŶĂƚůĞĂƐƚϮϬƐƋƵĂƌĞŵŝůĞƐŽĨŶĞǁ
ƵŶůŝŶĞĚǁĂƐƚĞƌŽĐŬĚƵŵƉƐĂŶĚƚĂŝůŝŶŐƐĞŵďĂŶŬŵĞŶƚƐ͘/ƚǁŽƵůĚĂůƐŽŵŽƌĞƚŚĂŶĚŽƵďůĞƚŚĞ
ƵŶůŝŶĞĚĨŽŽƚƉƌŝŶƚŽĐĐƵƉŝĞĚďǇďƵůŬƚĂŝůŝŶŐƐ͘'ŝǀĞŶƚŚĞǀĞƌǇǁĞƚĐůŝŵĂƚĞ͕ĂǀĞƌĂŐĞŝŶĨŝůƚƌĂƚŝŽŶ
ƌĂƚĞƐŝŶƚŽƚŚĞƐĞŶĞǁĨĂĐŝůŝƚŝĞƐĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶǁŽƵůĚĂůŵŽƐƚĐĞƌƚĂŝŶůǇĞǆĐĞĞĚϭϬ͕ϬϬϬŐĂůůŽŶƐ
ƉĞƌŵŝŶƵƚĞ͘DŽƐƚŽĨƚŚŝƐǁĂƚĞƌǁŽƵůĚƵŶĚŽƵďƚĞĚůǇƉĞƌĐŚĂƚƚŚĞďĞĚƌŽĐŬĐŽŶƚĂĐƚŽƌƚƌĂǀĞůǀŝĂ
ƚŚĞƐŚĂůůŽǁǁĞĂƚŚĞƌĞĚďĞĚƌŽĐŬĨůŽǁƉĂƚŚǁŚĞƌĞŝƚĐŽƵůĚďĞŵŽƌĞĞĂƐŝůǇĐĂƉƚƵƌĞĚ͘,ŽǁĞǀĞƌ͕
ƐŽŵĞǁŽƵůĚĞŶƚĞƌƚŚĞĚĞĞƉĞƌďĞĚƌŽĐŬĨůŽǁƌĞŐŝŵĞǁŚĞƌĞŝƚǁŽƵůĚďĞŵƵĐŚŵŽƌĞĚŝĨĨŝĐƵůƚƚŽ
ĐŽŶƚĂŝŶ͘dŚŝƐǁŽƵůĚƵŶĚŽƵďƚĞĚůǇƐŝŐŶŝĨŝĐĂŶƚůǇŝŶĐƌĞĂƐĞƚŚĞĂŵŽƵŶƚŽĨĐŽŶƚĂŵŝŶĂƚĞĚ
ŐƌŽƵŶĚǁĂƚĞƌƚŚĂƚƵůƚŝŵĂƚĞůǇĚŝƐĐŚĂƌŐĞƐŝŶƚŽĚŽǁŶŐƌĂĚŝĞŶƚƌŝǀĞƌƐĂŶĚƐƚƌĞĂŵƐ͘,ŽǁĞǀĞƌ͕ƚŚŝƐ
ŝƐƐƵĞŝƐŶŽƚĂĚĚƌĞƐƐĞĚŝŶƚŚĞĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐĚŝƐĐƵƐƐŝŽŶĨŽƌ'ƌŽƵŶĚǁĂƚĞƌ,ǇĚƌŽůŽŐǇŽƌtĂƚĞƌ
ĂŶĚ^ĞĚŝŵĞŶƚYƵĂůŝƚǇ͘
tĂƚĞƌDĂŶĂŐĞŵĞŶƚ/ŵƉĂĐƚƐʹdŚĞϳϴͲǇĞĂƌŵŝŶĞƉůĂŶǁŽƵůĚƌĞƐƵůƚŝŶĂƚůĞĂƐƚƚŚƌĞĞƚŽĨŝǀĞ
ƚŝŵĞƐŵŽƌĞĐŽŶƚĂŵŝŶĂƚĞĚǁĂƚĞƌƚŽďĞĐŽůůĞĐƚĞĚĂŶĚƚƌĞĂƚĞĚƚŚĂŶǁŽƵůĚďĞƌĞƋƵŝƌĞĚĨŽƌƚŚĞϮϬͲ
ǇĞĂƌŵŝŶĞƉůĂŶ͘dŚŝƐƌĞƐƵůƚƐĨƌŽŵƚŚĞŵŽƌĞƚŚĂŶƚŚƌĞĞͲĨŽůĚŝŶĐƌĞĂƐĞŝŶƚŚĞĨŽŽƚƉƌŝŶƚŽĨƚŚĞŽƉĞŶ
Ɖŝƚ͕ǁĂƐƚĞƌŽĐŬĚƵŵƉƐĂŶĚƚĂŝůŝŶŐƐƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐĂƐǁĞůůĂƐĂƉƌĞĚŝĐƚĞĚĨŝǀĞͲĨŽůĚŝŶĐƌĞĂƐĞŝŶ
ƉŝƚĚĞǁĂƚĞƌŝŶŐƌĞƋƵŝƌĞŵĞŶƚƐ;^ĞĐƚŝŽŶϰ͘ϭϳ͘ϳͿ͘EĞĂƌƚŚĞĞŶĚŽĨŵŝŶĞůŝĨĞƚŚŝƐǁŽƵůĚƌĞƐƵůƚŝŶĂŶ
ĞŶŽƌŵŽƵƐǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚůŝĂďŝůŝƚǇŽĨϰϬ͕ϬϬϬƚŽϲϱ͕ϬϬϬŐĂůůŽŶƐƉĞƌŵŝŶƵƚĞŽŶĂǀĞƌĂŐĞ͘/ƚ
ǁŽƵůĚďĞĞǆƚƌĞŵĞůǇĐŚĂůůĞŶŐŝŶŐĂŶĚĐŽƐƚůǇƚŽĐŽŶƐŝƐƚĞŶƚůǇĐŽůůĞĐƚ͕ƐƚŽƌĞ͕ƚƌĞĂƚĂŶĚĚŝƐĐŚĂƌŐĞƚŚŝƐ
ŵƵĐŚĐŽŶƚĂŵŝŶĂƚĞĚǁĂƚĞƌ͘dŚĞĚĞǁĂƚĞƌŝŶŐŝŵƉĂĐƚƐĂŶĚĐŚĂŶŐĞƐŝŶĨůŽǁƌĞŐŝŵĞĂŶĚ
ƚĞŵƉĞƌĂƚƵƌĞǁŽƵůĚĂůƐŽďĞŵƵĐŚŵŽƌĞƐŝŐŶŝĨŝĐĂŶƚƚŚĂŶĨŽƌƚŚĞϮϬͲǇĞĂƌŵŝŶĞ͘,ŽǁĞǀĞƌ͕ƚŚĞ
ĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐĂƐƐĞƐƐŵĞŶƚĚŽĞƐŶŽƚĚŝƌĞĐƚůǇĂĚĚƌĞƐƐƚŚŝƐƐŝŐŶŝĨŝĐĂŶƚƌŝƐŬ͘
'ĞŽƚĞĐŚŶŝĐĂůĂŶĚ^ƉŝůůZŝƐŬƐʹdŚĞϳϴͲǇĞĂƌŵŝŶĞƉůĂŶǁŽƵůĚŶĞĞĚƚŽƐĂĨĞůǇĐŽŶƚĂŝŶƵƉƚŽϲ͘ϱ
ďŝůůŝŽŶƚŽŶƐŽĨƚĂŝůŝŶŐƐĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶĂŶĚϱ͘ϳďŝůůŝŽŶƚŽŶƐŽĨďƵůŬƚĂŝůŝŶŐƐŝŶƉĞƌƉĞƚƵŝƚǇĂĨƚĞƌ
ĐůŽƐƵƌĞ͘dŚŝƐŝƐĂĨŝǀĞͲĨŽůĚŝŶĐƌĞĂƐĞŝŶƚŚĞŵĂƐƐŽĨƚĂŝůŝŶŐƐƌĞƋƵŝƌŝŶŐŵĂŶĂŐĞŵĞŶƚĐŽŵƉĂƌĞĚƚŽ
ƚŚĞϮϬͲǇĞĂƌŵŝŶĞ͘ƐƉƌĞǀŝŽƵƐůǇĚĞƐĐƌŝďĞĚ͕ƚŚĞŵŝŶĞǁŽƵůĚĂůƐŽŶĞĞĚƚŽĐŽŶƚŝŶƵŽƵƐůǇĐŽůůĞĐƚ͕
ƐƚŽƌĞ͕ƚƌĞĂƚĂŶĚĚŝƐĐŚĂƌŐĞĂƚůĞĂƐƚƚŚƌĞĞƚŽĨŝǀĞƚŝŵĞƐŵŽƌĞĐŽŶƚĂŵŝŶĂƚĞĚǁĂƚĞƌ͘dŚĞŶƵŵďĞƌŽĨ
ƐĞƉĂƌĂƚĞƐƚŽƌĂŐĞĂŶĚĐŽůůĞĐƚŝŽŶĨĂĐŝůŝƚŝĞƐǁŽƵůĚŵŽƌĞƚŚĂŶĚŽƵďůĞ͘ƵůŬƚĂŝůŝŶŐƐ͕ƉǇƌŝƚŝĐƚĂŝůŝŶŐƐ͕
ǁĂƐƚĞƌŽĐŬĚƵŵƉƐ͕ǁĂƚĞƌƐƚŽƌĂŐĞƉŽŶĚƐĂŶĚƐĞĞƉĂŐĞĐŽůůĞĐƚŝŽŶƉŽŶĚƐǁŽƵůĚŶĞĞĚƚŽďĞ
ůŽĐĂƚĞĚŝŶƵƉƉĞƌdĂůĂƌŝŬƌĞĞŬ͕^ŽƵƚŚ&ŽƌŬ<ŽŬƚƵůŝĂŶĚEŽƌƚŚ&ŽƌŬ<ŽŬƚƵůŝŝŶƐƚĞĂĚŽĨĂƐŝŶŐůĞ
ĚƌĂŝŶĂŐĞ͘ůůŽĨƚŚĞƐĞĨĂĐŝůŝƚŝĞƐǁŽƵůĚŶĞĞĚƚŽďĞŽƉĞƌĂƚĞĚĨŽƌĂƚůĞĂƐƚϳϴŝŶƐƚĞĂĚŽĨϮϬǇĞĂƌƐ͘
dŚĞƌŝƐŬƐƉŽƐĞĚďǇĐĂƚĂƐƚƌŽƉŚŝĐĨĂŝůƵƌĞĂŶĚƚŚĞƌĞůĞĂƐĞŽĨƚĂŝůŝŶŐƐŽƌĐŽŶƚĂŵŝŶĂƚĞĚǁĂƚĞƌĂƌĞ
ĐůĞĂƌůǇƐƵďƐƚĂŶƚŝĂůůǇŐƌĞĂƚĞƌĨŽƌƚŚĞĞǆƉĂŶĚĞĚŵŝŶĞĐĂƐĞ͘ĞƐƉŝƚĞƚŚŝƐ͕ƚŚĞĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐ
ĚŝƐĐƵƐƐŝŽŶŝŶ^ĞĐƚŝŽŶϰ͘ϭϱ͘ϲ;'ĞŽŚĂǌĂƌĚƐͿƐƚĂƚĞƐ͞dŚĞŵĂŐŶŝƚƵĚĞŽĨƉŽƚĞŶƚŝĂůŐĞŽŚĂǌĂƌĚͲƌĞůĂƚĞĚ
ŝŵƉĂĐƚƐǁŽƵůĚďĞƐŝŵŝůĂƌƚŽƚŚĞƉƌŽƉŽƐĞĚƉƌŽũĞĐƚƚŚĞϮϬͲǇĞĂƌŵŝŶĞ͙͙͖͟ĂŶĚ^ĞĐƚŝŽŶϰ͘Ϯϳ͘ϴ
;^ƉŝůůZŝƐŬͿƐƚĂƚĞƐ͞/ŶƐƵŵŵĂƌǇ͕ƚŚĞĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐŽĨƵŶŝŶƚĞŶƚŝŽŶĂůƌĞůĞĂƐĞƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚ
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ƚŚĞWĞďďůĞDŝŶĞǆƉĂŶƐŝŽŶǁŽƵůĚďĞƐŝŵŝůĂƌƚŽƚŚŽƐĞĚŝƐĐƵƐƐĞĚƉƌĞǀŝŽƵƐůǇŝŶƚŚŝƐƐĞĐƚŝŽŶĨŽƌ
ƚŚĞϮϬͲǇĞĂƌĐĂƐĞ͕ďƵƚƉŽƚĞŶƚŝĂůůǇŝŶǀŽůǀĞůĂƌŐĞƌǀŽůƵŵĞƐŽǀĞƌĂƐůŝŐŚƚůǇůĂƌŐĞƌŐĞŽŐƌĂƉŚŝĐĂƌĞĂ͘͟
ŝƌŵŝƐƐŝŽŶƐʹdŚĞĂŵŽƵŶƚŽĨǁĂƐƚĞƌŽĐŬ͕ŽƌĞĂŶĚĐŽŶƐƚƌƵĐƚŝŽŶĨŝůůƚŚĂƚǁŽƵůĚŶĞĞĚƚŽďĞ
ŵŽǀĞĚĞǀĞƌǇĚĂǇǁŽƵůĚŝŶĐƌĞĂƐĞĨƌŽŵϮϱϬ͕ϬϬϬƚƉĚĨŽƌƚŚĞϮϬͲǇĞĂƌŵŝŶĞƚŽϵϬϬ͕ϬϬϬƚŽŶƐƉĞƌ
ĚĂǇĨŽƌƚŚĞϳϴͲǇĞĂƌŵŝŶĞ͘dŚŝƐŝƐŵŽƐƚůǇĚƵĞƚŽƚŚĞůĂƌŐĞŝŶĐƌĞĂƐĞŝŶǁĂƐƚĞƌŽĐŬƐƚƌŝƉƉŝŶŐ
ƌĞƋƵŝƌĞĚĨŽƌƚŚĞĞǆƉĂŶĚĞĚŵŝŶĞ͕ďƵƚĂůƐŽďĞĐĂƵƐĞŽĨƚŚĞůĂƌŐĞƌŵŝůůƚŚƌŽƵŐŚƉƵƚƉůĂŶŶĞĚ͘dŚŝƐ
ϯ͘ϲͲĨŽůĚŝŶĐƌĞĂƐĞŝŶĚĂŝůǇŵĂƚĞƌŝĂůƐŵŽǀĞŵĞŶƚǁŽƵůĚƌĞƋƵŝƌĞĂƌŽƵŐŚůǇƐŝŵŝůĂƌŝŶĐƌĞĂƐĞŝŶ
ďůĂƐƚŝŶŐ͕ůŽĂĚŝŶŐ͕ƚƌƵĐŬŝŶŐ͕ĚƵŵƉŝŶŐĂŶĚĚŽǌŝŶŐŽƉĞƌĂƚŝŽŶƐ͘ŶŶƵĂůĂŝƌĞŵŝƐƐŝŽŶƐŽĨEKǆ͕K
ĂŶĚĚƵƐƚǁŽƵůĚĂůŵŽƐƚĐĞƌƚĂŝŶůǇŵŽƌĞƚŚĂŶƚƌŝƉůĞĐŽŵƉĂƌĞĚƚŽƚŚĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶďĞĐĂƵƐĞ
ƚŚĞǇĂƌĞĂůŵŽƐƚĞŶƚŝƌĞůǇŐĞŶĞƌĂƚĞĚďǇŵŽďŝůĞĞƋƵŝƉŵĞŶƚĂŶĚĨƵŐŝƚŝǀĞĞŵŝƐƐŝŽŶƐ͘&ŽƌĞǆĂŵƉůĞ͕
ƉĂƌƚŝĐƵůĂƚĞŵĂƚƚĞƌůĞƐƐƚŚĂŶƚĞŶŵŝĐƌŽŶƐŝŶĚŝĂŵĞƚĞƌ;WDϭϬͿǁŽƵůĚĂůŵŽƐƚĐĞƌƚĂŝŶůǇŝŶĐƌĞĂƐĞ
ĨƌŽŵĂŶĞƐƚŝŵĂƚĞĚϯϬϬϬƚŽŶƐƉĞƌǇĞĂƌƚŽŽǀĞƌϭϬ͕ϬϬϬƚŽŶƐƉĞƌǇĞĂƌĂƚƚŚĞŵŝŶĞ͘ŵŽŶŐŽƚŚĞƌ
ŝŵƉĂĐƚƐ͕ƚŚŝƐĐŽƵůĚŚĂǀĞƐŝŐŶŝĨŝĐĂŶƚŝŵƉůŝĐĂƚŝŽŶƐĨŽƌŵĞƚĂůƐůŽĂĚŝŶŐŝŶƚŽŶĞĂƌďǇƐƚƌĞĂŵƐĂŶĚ
ǁĞƚůĂŶĚƐ͘ĞƐƉŝƚĞƚŚĞĐůĞĂƌŝŶĐƌĞĂƐĞŝŶƌĞƋƵŝƌĞĚŵĂƚĞƌŝĂůŵŽǀĞŵĞŶƚĂŶĚĂŝƌĞŵŝƐƐŝŽŶƐ
ĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞŵŝŶĞĞǆƉĂŶƐŝŽŶ͕^ĞĐƚŝŽŶϰ͘ϮϬ͘ϭϬŽĨƚŚĞ/^ƐƚĂƚĞƐ͞ŝƚŝƐŶŽƚĂŶƚŝĐŝƉĂƚĞĚƚŚĂƚ
ĞǆƉĂŶĚĞĚŵŝŶĞŽƉĞƌĂƚŝŽŶƐǁŽƵůĚďĞŵĞĂŶŝŶŐĨƵůůǇĚŝĨĨĞƌĞŶƚƚŚĂŶƚŚŽƐĞĂŶĂůǇǌĞĚĨŽƌ
ůƚĞƌŶĂƚŝǀĞϭ͟ĂŶĚĨƵƌƚŚĞƌŵŽƌĞƚŚĂƚ͞ƚŚĞĞǆƉĂŶƐŝŽŶǁŽƵůĚƌĞƐƵůƚŝŶƐŝŵŝůĂƌŵĂŐŶŝƚƵĚĞ͕ĚƵƌĂƚŝŽŶ
ĂŶĚŐĞŽŐƌĂƉŚŝĐĞǆƚĞŶƚŽĨƚŚĞĂŝƌƋƵĂůŝƚǇŝŵƉĂĐƚƐĚĞƐĐƌŝďĞĚƵŶĚĞƌůƚĞƌŶĂƚŝǀĞϭĨŽƌĂŐŝǀĞŶǇĞĂƌ͘͟
ŽƚŚŽĨƚŚĞƐĞƐƚĂƚĞŵĞŶƚƐĂƌĞĐůĞĂƌůǇǁƌŽŶŐ͘
'ƌĞĞŶŚŽƵƐĞ'ĂƐŵŝƐƐŝŽŶƐʹdŚĞĐƵŵƵůĂƚŝǀĞĞĨĨĞĐƚƐĂŶĂůǇƐŝƐŝŶƚŚĞ/^ĚŽĞƐŶŽƚĂĚĚƌĞƐƐƚŚĞ
ƌŽƵŐŚůǇƐĞǀĞŶͲĨŽůĚŝŶĐƌĞĂƐĞŝŶŐƌĞĞŶŚŽƵƐĞŐĂƐĞŵŝƐƐŝŽŶƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞϳϴͲǇĞĂƌŵŝŶĞƉůĂŶ͘
dŚŝƐŝƐůĂƌŐĞůǇĚƌŝǀĞŶďǇƚŚĞŵĂƐƐŝǀĞŝŶĐƌĞĂƐĞŝŶƌĞƋƵŝƌĞĚǁĂƐƚĞƌŽĐŬƐƚƌŝƉƉŝŶŐ͕ŚŝŐŚĞƌŵŝůů
ƚŚƌŽƵŐŚƉƵƚƐ͕ůŽŶŐĞƌŵŝŶĞůŝĨĞĂŶĚƚŚĞŶĞĞĚƚŽŵŽǀĞƌŽƵŐŚůǇĨŽƵƌďŝůůŝŽŶƚŽŶƐŽĨĂĐŝĚŐĞŶĞƌĂƚŝŶŐ
ǁĂƐƚĞƌŽĐŬĂŶĚƚĂŝůŝŶŐƐďĂĐŬŝŶƚŽƚŚĞŽƉĞŶƉŝƚĂƚĐůŽƐƵƌĞ͘ƵƌŝŶŐŽƉĞƌĂƚŝŽŶŝƚŝƐĞƐƚŝŵĂƚĞĚƚŚĂƚ
ĂŶŶƵĂůŐƌĞĞŶŚŽƵƐĞŐĂƐĞŵŝƐƐŝŽŶƐǁŝůůŝŶĐƌĞĂƐĞĨƌŽŵϵϰϬ͕ϬϬϬƚŽŶƐŽĨK ϮĞƋƵŝǀĂůĞŶƚƐƚŽƌŽƵŐŚůǇ
ϭ͕ϳϬϬ͕ϬϬϬƚŽŶƐ͘ĞƐƉŝƚĞƚŚĞĐůĞĂƌŝŶĐƌĞĂƐĞŝŶŐƌĞĞŶŚŽƵƐĞŐĂƐĞŵŝƐƐŝŽŶƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞ
ŵŝŶĞĞǆƉĂŶƐŝŽŶ͕^ĞĐƚŝŽŶϰ͘ϮϬ͘ϭϬŽĨƚŚĞ/^ƐƚĂƚĞƐ͞ŝƚŝƐŶŽƚĂŶƚŝĐŝƉĂƚĞĚƚŚĂƚĞǆƉĂŶĚĞĚŵŝŶĞ
ŽƉĞƌĂƚŝŽŶƐǁŽƵůĚďĞŵĞĂŶŝŶŐĨƵůůǇĚŝĨĨĞƌĞŶƚƚŚĂŶƚŚŽƐĞĂŶĂůǇǌĞĚĨŽƌůƚĞƌŶĂƚŝǀĞϭ͟ĂŶĚ
ĨƵƌƚŚĞƌŵŽƌĞƚŚĂƚ͞ƚŚĞĞǆƉĂŶƐŝŽŶǁŽƵůĚƌĞƐƵůƚŝŶƐŝŵŝůĂƌŵĂŐŶŝƚƵĚĞ͕ĚƵƌĂƚŝŽŶĂŶĚŐĞŽŐƌĂƉŚŝĐ
ĞǆƚĞŶƚŽĨƚŚĞĂŝƌƋƵĂůŝƚǇŝŵƉĂĐƚƐĚĞƐĐƌŝďĞĚƵŶĚĞƌůƚĞƌŶĂƚŝǀĞϭĨŽƌĂŐŝǀĞŶǇĞĂƌ͘͟ŽƚŚŽĨƚŚĞƐĞ
ƐƚĂƚĞŵĞŶƚƐĂƌĞĐůĞĂƌůǇǁƌŽŶŐ͘
&ŝƐŚsĂůƵĞƐʹhŶĚĞƌ^ĞĐƚŝŽŶϰ͘Ϯϰ͘ϲƵŵƵůĂƚŝǀĞĨĨĞĐƚƐĨŽƌ&ŝƐŚsĂůƵĞƐŝƚƐƚĂƚĞƐƚŚĂƚ͞dŚĞƐĞ
ŝŵƉĂĐƚƐĨŽƌƚŚĞϳϴͲǇĞĂƌŵŝŶĞǁŽƵůĚďĞƐŝŵŝůĂƌƚŽƚŚŽƐĞĚĞƐĐƌŝďĞĚƉƌĞǀŝŽƵƐůǇŝŶƚŚŝƐƐĞĐƚŝŽŶ
ĨŽƌƚŚĞϮϬͲǇĞĂƌĐĂƐĞďƵƚƚĂŬĞƉůĂĐĞŽǀĞƌĂŐĞŽŐƌĂƉŚŝĐĂƌĞĂĐŽŵďŝŶŝŶŐĐŽŵƉŽŶĞŶƚƐŽĨ
ůƚĞƌŶĂƚŝǀĞƐϭĂŶĚϯ͘tŝƚŚƚŚĞŵŝŶĞĞǆƉĂŶƐŝŽŶ͕ƚŚĞĚƵƌĂƚŝŽŶŽĨƚŚĞƐĞŝŵƉĂĐƚƐǁŽƵůĚďĞ
ĞǆƚĞŶĚĞĚďǇĂŶĂĚĚŝƚŝŽŶĂůϱϴǇĞĂƌƐŽĨŵŝŶŝŶŐĂŶĚϮϬǇĞĂƌƐŽĨĂĚĚŝƚŝŽŶĂůŵŝůůŝŶŐ͘͟dŚŝƐ
ƐƚĂƚĞŵĞŶƚŝƐĐůĞĂƌůǇǁƌŽŶŐĂŶĚďĂĚůǇŵŝƐůĞĂĚŝŶŐŐŝǀĞŶϭͿƚŚĞƐŝŐŶŝĨŝĐĂŶƚŝŶĐƌĞĂƐĞŝŶĐƵŵƵůĂƚŝǀĞ
ŝŵƉĂĐƚƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚĚŝƌĞĐƚĚŝƐƚƵƌďĂŶĐĞ͕ŐĞŽĐŚĞŵŝĐĂůŝƐƐƵĞƐ͕ǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚĂŶĚĂŝƌ
ĞŵŝƐƐŝŽŶƐ͖ϮͿƚŚĞƐŝŐŶŝĨŝĐĂŶƚůǇŝŶĐƌĞĂƐĞĚƌŝƐŬƉƌŽĨŝůĞĂƐƐŽĐŝĂƚĞĚǁŝƚŚĐĂƚĂƐƚƌŽƉŚŝĐƌĞůĞĂƐĞŽĨ
ϵ
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ƚĂŝůŝŶŐƐĂŶĚͬŽƌĐŽŶƚĂŵŝŶĂƚĞĚǁĂƚĞƌĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞϳϴͲǇĞĂƌŵŝŶĞĐĂƐĞ͖ĂŶĚϯͿƚŚĞ
ƉĞƌŵĂŶĞŶƚŚĂƌŵǁŚŝĐŚǁŝůůďĞĐĂƵƐĞĚďǇƚŚĞŵĂƐƐŝǀĞůǇĞǆƉĂŶĚĞĚďƵůŬƚĂŝůŝŶŐƐŝŵƉŽƵŶĚŵĞŶƚƐ͕
ǁĂƐƚĞƌŽĐŬĚƵŵƉƐ͕ŽƉĞŶƉŝƚĂŶĚĞǆƉĂŶĚĞĚǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚŝŶĨƌĂƐƚƌƵĐƚƵƌĞƚŚĂƚǁŽƵůĚŶĞĞĚ
ƚŽĞǆŝƐƚŝŶƉĞƌƉĞƚƵŝƚǇĂĨƚĞƌĐůŽƐƵƌĞ͘dŚĞϳϴͲǇĞĂƌĞǆƉĂŶĚĞĚŵŝŶĞƐĐĞŶĂƌŝŽǁŽƵůĚĂůŵŽƐƚĐĞƌƚĂŝŶůǇ
ůĞĂĚƚŽŵĞĂƐƵƌĂďůĞĂŶĚƉĞƌŵĂŶĞŶƚŚĂƌŵƚŽĨŝƐŚĞƌŝĞƐŝŶƚŚĞƌŝƐƚŽůĂǇǁĂƚĞƌƐŚĞĚĞǀĞŶŝĨ
ĞǀĞƌǇƚŚŝŶŐǁĞƌĞƚŽŐŽĂĐĐŽƌĚŝŶŐƚŽƉůĂŶ͘/ĨĂůĂƌŐĞͲƐĐĂůĞĐĂƚĂƐƚƌŽƉŚŝĐĨĂŝůƵƌĞŝŶƚĂŝůŝŶŐƐ
ĐŽŶƚĂŝŶŵĞŶƚǁĞƌĞƚŽŽĐĐƵƌƚŚĞĨŝƐŚǀĂůƵĞƐƚŚƌŽƵŐŚŽƵƚƚŚĞ<ŽŬƚƵŬůŝͬEƵƐŚĂŐĂŬZŝǀĞƌ^ǇƐƚĞŵ
ǁŽƵůĚĂůŵŽƐƚĐĞƌƚĂŝŶůǇďĞƉƌŽĨŽƵŶĚůǇĂŶĚƉĞƌŵĂŶĞŶƚůǇĚĂŵĂŐĞĚ͘
tĂƚĞƌDĂŶĂŐĞŵĞŶƚ
'ŝǀĞŶƚŚĞǀĞƌǇŚŝŐŚŐĞŽĐŚĞŵŝĐĂůƌŝƐŬŽĨƚŚĞWĞďďůĞŽƌĞďŽĚǇ͕ƚŚĞĞǆƚƌĞŵĞůǇǁĞƚĐůŝŵĂƚĞĂŶĚƚŚĞ
ĞǆƚƌĞŵĞƐĞŶƐŝƚŝǀŝƚǇŽĨƚŚĞƌŝƐƚŽůĂǇǁĂƚĞƌƐŚĞĚ͕ǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚĂƚƚŚĞƉƌŽƉŽƐĞĚŵŝŶĞŝƐĂŶ
ŝƐƐƵĞŽĨĐƌŝƚŝĐĂůŝŵƉŽƌƚĂŶĐĞ͘,ŽǁĞǀĞƌ͕ŵĂŶǇŽĨƚŚĞǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚƐƚƌĂƚĞŐŝĞƐĂŶĚƐǇƐƚĞŵƐ
ĚĞƐĐƌŝďĞĚŝŶƚŚĞ/^ĂƌĞĨůĂǁĞĚŽƌůĂĐŬƐƵĨĨŝĐŝĞŶƚĚĞƐŝŐŶĚĞƚĂŝůƚŽĞǀĂůƵĂƚĞŝĨƚŚĞǇĂƌĞĂĚĞƋƵĂƚĞ
ĂŶĚƉƌĂĐƚŝĐĂďůĞƚŽŵĞĞƚƚŚĞƌĞƋƵŝƌĞĚǀĞƌǇŚŝŐŚƐƚĂŶĚĂƌĚĨŽƌǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚ͘^ĞǀĞƌĂůŽĨ
ƚŚĞƐĞůŽŶŐͲƚĞƌŵǁĂƚĞƌͲƌĞůĂƚĞĚŵĂŶĂŐĞŵĞŶƚŝƐƐƵĞƐĂŶĚƚŚĞŝƌĚĞĨŝĐŝĞŶĐŝĞƐĂƌĞĚŝƐĐƵƐƐĞĚŝŶĂŶ
ĞĂƌůŝĞƌ/^ĐŽŵŵĞŶƚĞĚůĞƚƚĞƌ;ŽƌĚĞŶDĂǇϯϭ͕ϮϬϭϵͿǁŚŝĐŚĂĚĚƌĞƐƐĞƐĐůŽƐƵƌĞŝƐƐƵĞƐ͘
WƌŽďůĞŵĂƚŝĐŽƉĞƌĂƚŝŽŶĂůǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚŝƐƐƵĞƐĚŝƐĐƵƐƐĞĚŝŶƚŚŝƐůĞƚƚĞƌŝŶĐůƵĚĞϭͿǁĂƚĞƌ
ƚƌĞĂƚŵĞŶƚƉƌĂĐƚŝĐĂďŝůŝƚǇ͕ϮͿĐŽŶƐƚƌƵĐƚĂďŝůŝƚǇĂŶĚƉĞƌĨŽƌŵĂŶĐĞŽĨǁĂƚĞƌĐŽŶƚĂŝŶŵĞŶƚƐƚƌƵĐƚƵƌĞƐ͕
ϯͿŐƌŽƵŶĚǁĂƚĞƌƋƵĂůŝƚǇŝŵƉĂĐƚƐ͕ĂŶĚϰͿŽƚŚĞƌǁĂƚĞƌƚƌĞĂƚŵĞŶƚƌĞƋƵŝƌĞŵĞŶƚƐ͘
tĂƚĞƌdƌĞĂƚŵĞŶƚWƌĂĐƚŝĐĂďŝůŝƚǇʹdŚĞƉƌŽũĞĐƚƉƌŽƉŽƐĞƐƚŽĐŽŶƐƚƌƵĐƚĂŶĚŽƉĞƌĂƚĞƚǁŽǁĂƚĞƌ
ƚƌĞĂƚŵĞŶƚƉůĂŶƚƐĐĂƉĂďůĞŽĨƚƌĞĂƚŝŶŐƵƉƚŽϭϵ͕ϬϬϬŐĂůůŽŶƐƉĞƌŵŝŶƵƚĞ͘dŚĞƉƌŽƉŽƐĞĚǁĂƚĞƌ
ƚƌĞĂƚŵĞŶƚƉůĂŶƚĚĞƐŝŐŶƐĂƌĞĞǆƚƌĞŵĞůǇĐŽŵƉůĞǆ͕ƐƚŝůůŚĂǀĞƐŝŐŶŝĨŝĐĂŶƚƵŶĐĞƌƚĂŝŶƚŝĞƐĂŶĚĂƌĞůŝŬĞůǇ
ƚŽŚĂǀĞǀĞƌǇŚŝŐŚŽƉĞƌĂƚŝŶŐĐŽƐƚƐ͘dƌĞĂƚŵĞŶƚƚĞĐŚŶŽůŽŐŝĞƐŝŶĐŽƌƉŽƌĂƚĞĚŝŶƚŽƚŚĞƚǁŽƉůĂŶƚƐ
ǀĂƌǇďƵƚďŽƚŚŝŶĐůƵĚĞŝŶŝƚŝĂůŵĞƚĂůƐƉƌĞĐŝƉŝƚĂƚŝŽŶǁŝƚŚůŝŵĞ͕ƐŽĚŝƵŵŚǇĚƌŽǆŝĚĞĂŶĚŽƚŚĞƌ
ƌĞĂŐĞŶƚƐ͕ƐĞĐŽŶĚĂƌǇŵĞƚĂůƐƉƌĞĐŝƉŝƚĂƚŝŽŶƵƐŝŶŐƐŽĚŝƵŵŚǇĚƌŽŐĞŶƐƵůĨŝĚĞĂŶĚŽƚŚĞƌƌĞĂŐĞŶƚƐ͕
ĐůĂƌŝĨŝĐĂƚŝŽŶĂŶĚƵůƚƌĂĨŝůƚƌĂƚŝŽŶ͘dŚĞŽƉĞŶƉŝƚƚƌĞĂƚŵĞŶƚƉůĂŶƚĂůƐŽŝŶĐůƵĚĞƐƌĞǀĞƌƐĞŽƐŵŽƐŝƐĂŶĚ
ĂďŝŽůŽŐŝĐĂůƌĞĂĐƚŽƌĨŽƌƐĞůĞŶŝƵŵƌĞŵŽǀĂů͘dŚĞŵĂŝŶǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉůĂŶƚĂůƐŽŝŶĐůƵĚĞƐ
ŶĂŶŽĨŝůƚƌĂƚŝŽŶ͕ĨŽůůŽǁĞĚďǇŐǇƉƐƵŵƉƌĞĐŝƉŝƚĂƚŝŽŶǀŝĂůŝŵĞĂĚĚŝƚŝŽŶ͕ĐůĂƌŝĨŝĐĂƚŝŽŶ͕ƌĞǀĞƌƐĞŽƐŵŽƐŝƐ
ĂŶĚĞǀĂƉŽƌĂƚŝŽŶ;ŚĂƉƚĞƌϮĂŶĚƉƉĞŶĚŝǆ<͕ϰ͘ϭϯͿ͘ĐĐŽƌĚŝŶŐƚŽ^ĞĐƚŝŽŶϰͲϭϴŽĨƚŚĞ/^͞ďŽƚŚ
ĨĂĐŝůŝƚŝĞƐǁŽƵůĚĞŵƉůŽǇƚƌĞĂƚŵĞŶƚƉůĂŶƚƉƌŽĐĞƐƐĞƐĐŽŵŵŽŶůǇƵƐĞĚŝŶŵŝŶŝŶŐĂŶĚŽƚŚĞƌ
ŝŶĚƵƐƚƌŝĞƐĂƌŽƵŶĚƚŚĞǁŽƌůĚ͘͟tŚŝůĞƚŚŝƐŝƐĐĞƌƚĂŝŶůǇƚƌƵĞŽĨŝŶĚŝǀŝĚƵĂůƉůĂŶƚĐŽŵƉŽŶĞŶƚƐ͕/Ăŵ
ŶŽƚĂǁĂƌĞŽĨĂƚƌĞĂƚŵĞŶƚĨůŽǁƐŚĞĞƚŽĨƚŚŝƐĐŽŵƉůĞǆŝƚǇďĞŝŶŐĂƉƉůŝĞĚƚŽƐƵĐŚŚŝŐŚĨůŽǁƐ
ĂŶǇǁŚĞƌĞĞůƐĞŝŶƚŚĞtŽƌůĚ͘dŚĞĨůŽǁƐƉƌŽƉŽƐĞĚĨŽƌƚƌĞĂƚŵĞŶƚĂƌĞĂůŵŽƐƚĐĞƌƚĂŝŶůǇŚŝŐŚĞƌƚŚĂŶ
ϵϬйŽĨŵŝŶĞǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉůĂŶƚƐŽƉĞƌĂƚŝŶŐĂƌŽƵŶĚƚŚĞǁŽƌůĚƚŽĚĂǇ;DEϮϬϭϯ͕ZĞǀŝĞǁŽĨ
DŝŶĞƌĂŝŶĂŐĞdƌĞĂƚŵĞŶƚĂŶĚ^ůƵĚŐĞDĂŶĂŐĞŵĞŶƚKƉƚŝŽŶƐͿ͘DŽƐƚŽƉĞƌĂƚŝŶŐŵŝŶĞƚƌĞĂƚŵĞŶƚ
ƉůĂŶƚƐĂůƐŽŚĂǀĞŵƵĐŚƐŝŵƉůĞƌƚƌĞĂƚŵĞŶƚƐƚƌĂƚĞŐŝĞƐ͕ƌĂƚŚĞƌƚŚĂŶƚŚĞĨŝǀĞƚŽƚĞŶƐƚĞƉƐƚŚĂƚŵƵƐƚ
ĂůůďĞĐŽŶƐŝƐƚĞŶƚůǇďĞĂƉƉůŝĞĚŝŶƐĞƋƵĞŶĐĞĂƚWĞďďůĞ͘ǇŶĞĐĞƐƐŝƚǇƚŚĞĞŶƚŝƌĞǁĂƚĞƌƚƌĞĂƚŵĞŶƚ
ƐƚƌĂƚĞŐǇŝƐĂƚďĞƐƚĐŽŶĐĞƉƚƵĂůŝŶŶĂƚƵƌĞĂŶĚŶŽůĂďŽƌĂƚŽƌǇŽƌƉŝůŽƚƐĐĂůĞƚĞƐƚƐĂƉƉĞĂƌƚŽŚĂǀĞ
ďĞĞŶĐŽŵƉůĞƚĞĚ͘ƵƌŝŶŐĂŶŝŶƚĞƌŶĂůƌĞǀŝĞǁŽĨƚŚĞƉƌŽƉŽƐĞĚƚƌĞĂƚŵĞŶƚƉƌŽĐĞƐƐĞƐĐŽŶĚƵĐƚĞĚŝŶ
ϭϬ
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KĐƚŽďĞƌ͕ϮϬϭϴ;KDϮϬϭϴŝͿŝƚǁĂƐƐƚĂƚĞĚƚŚĂƚ͞tŚŝůĞůĂĐŬŽĨƐƉĞĐŝĨŝĐĚĞƚĂŝůĂŶĚĂƉƉĂƌĞŶƚ
ĐŽŶƚƌĂĚŝĐƚŽƌǇŝŶĨŽƌŵĂƚŝŽŶŝŶƉůĂŶŶŝŶŐĚŽĐƵŵĞŶƚƐŝƐĂƐƐƵŵĞĚƚŽďĞĂƌĞƐƵůƚŽĨƚŚĞĐƵƌƌĞŶƚƐƚĂŐĞ
ŽĨƉůĂŶŶŝŶŐĨŽƌƚŚĞƉƌŽũĞĐƚ͕ŝƚŝƐĚŝĨĨŝĐƵůƚƚŽĨƵůůǇĂƐƐĞƐƐƚŚĞƚƌĞĂƚŵĞŶƚƉƌŽĐĞƐƐŝŶĂŵĞĂŶŝŶŐĨƵů
ǁĂǇǁŝƚŚŽƵƚĐŽŶĨŝĚĞŶĐĞŝŶƌĞůŝĂďŝůŝƚǇŽĨƚŚĞĚĞƐŝŐŶŽĨƚŚĞƚƌĞĂƚŵĞŶƚƉƌŽĐĞƐƐ͘͟dŚĞ/^ĂůƐŽ
ĂĐŬŶŽǁůĞĚŐĞƐƚŚĂƚĞǀĞŶŝĨƚŚĞƉůĂŶƚƐĐĂŶĐŽŶƐŝƐƚĞŶƚůǇŽƉĞƌĂƚĞĂƐĚĞƐŝŐŶĞĚ͕ƐŽůƵƚĞƐĐŽƵůĚƐƚŝůů
ďƵŝůĚƵƉŽǀĞƌƚŝŵĞŝŶƚŚĞƉƌŽĐĞƐƐǁĂƚĞƌĐŝƌĐƵŝƚ͘dŚŝƐĐŽƵůĚŚĂǀĞƐŝŐŶŝĨŝĐĂŶƚŶĞŐĂƚŝǀĞ
ĞŶǀŝƌŽŶŵĞŶƚĂůĂŶĚŽƉĞƌĂƚŝŽŶĂůĐŽŶƐĞƋƵĞŶĐĞƐ͘
'ŝǀĞŶƚŚĞĐƵƌƌĞŶƚƵŶĐĞƌƚĂŝŶƚŝĞƐĂŶĚŝŶĐŽŶƐŝƐƚĞŶĐŝĞƐŝŶƚŚĞƚƌĞĂƚŵĞŶƚƐƚƌĂƚĞŐǇ͕ƚŚĞůĂĐŬŽĨ
ĞŶŐŝŶĞĞƌŝŶŐĚƌĂǁŝŶŐƐ͕ĚĞƐŝŐŶƐĂŶĚƐƉĞĐŝĨŝĐĂƚŝŽŶƐĨŽƌƌĞǀŝĞǁĂŶĚƚŚĞůĂĐŬŽĨĂŶǇĐŽƐƚĞƐƚŝŵĂƚĞƐ͕
ƚŚĞĂďŝůŝƚǇŽĨƚŚĞƉƌŽƉŽƐĞĚǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉůĂŶƚƐƚŽĐŽŶƐŝƐƚĞŶƚůǇĂŶĚƌĞůŝĂďůǇŵĞĞƚƌĞƋƵŝƌĞĚ
ƚŚƌŽƵŐŚƉƵƚƐĂŶĚĚŝƐĐŚĂƌŐĞǁĂƚĞƌƋƵĂůŝƚǇƌĞƋƵŝƌĞŵĞŶƚƐŝŶĂŶĞĐŽŶŽŵŝĐĂůůǇƉƌĂĐƚŝĐĂďůĞŵĂŶŶĞƌ
ŚĂƐŶŽƚďĞĞŶĚĞŵŽŶƐƚƌĂƚĞĚ͘
ŽŶƐƚƌƵĐƚĂďŝůŝƚǇĂŶĚWĞƌĨŽƌŵĂŶĐĞŽĨtĂƚĞƌŽŶƚĂŝŶŵĞŶƚ&ĂĐŝůŝƚŝĞƐʹdŚĞDĂŝŶtĂƚĞƌ
DĂŶĂŐĞŵĞŶƚWŽŶĚĂŶĚƚŚĞWǇƌŝƚŝĐdĂŝůŝŶŐƐ^ƚŽƌĂŐĞ&ĂĐŝůŝƚǇǁŝůůďĞǀĞƌǇůĂƌŐĞĞŶŐŝŶĞĞƌĞĚ
ƐƚƌƵĐƚƵƌĞƐĐŽǀĞƌŝŶŐĂďŽƵƚϭ͘ϱĂŶĚϭ͘ϳƐƋƵĂƌĞŵŝůĞƐƌĞƐƉĞĐƚŝǀĞůǇ͘,ŽǁĞǀĞƌ͕ĚĞƐƉŝƚĞƚŚĞ
ŝŵƉŽƌƚĂŶĐĞŽĨƚŚĞƐĞĨĂĐŝůŝƚŝĞƐĨŽƌǁĂƚĞƌĐŽŶƚĂŝŶŵĞŶƚĂůŵŽƐƚŶŽŝŶĨŽƌŵĂƚŝŽŶŝƐƉƌŽǀŝĚĞĚŽŶŚŽǁ
ƚŚĞǇǁŝůůďĞĚĞƐŝŐŶĞĚĂŶĚĐŽŶƐƚƌƵĐƚĞĚƚŽƉƌĞǀĞŶƚůĞĂŬĂŐĞ͘
dŚĞ/^ĂŶĚŝƚƐƐƵƉƉŽƌƚŝŶŐĚŽĐƵŵĞŶƚƐƌĞƉĞĂƚĞĚůǇƐƚĂƚĞƚŚĂƚƚŚĞƚǁŽĨĂĐŝůŝƚŝĞƐǁŝůůďĞ͞ĨƵůůǇ
ůŝŶĞĚǁŝƚŚ,WĂŶĚǁŝůůďĞĞƋƵŝƉƉĞĚǁŝƚŚƵŶĚĞƌĚƌĂŝŶƐ͘͟dŚŝƐŝƐŝŶƐƵĨĨŝĐŝĞŶƚĚĞƚĂŝůƚŽĞǀĂůƵĂƚĞ
ƚŚĞĞĨĨĞĐƚŝǀĞŶĞƐƐŽĨƚŚĞĨĂĐŝůŝƚŝĞƐƚŽƉƌĞǀĞŶƚůĞĂŬĂŐĞ͕ƚŽĚĞƚĞƌŵŝŶĞƚŚĞŝƌĐŽŶƐƚƌƵĐƚĂďŝůŝƚǇŽƌƚŽ
ĂĐĐƵƌĂƚĞůǇƉƌĞĚŝĐƚůŝŬĞůǇůĞĂŬĂŐĞƌĂƚĞƐƚŽŐƌŽƵŶĚǁĂƚĞƌ͘ŽƚŚŽĨƚŚĞƐĞůĂƌŐĞĨĂĐŝůŝƚŝĞƐǁŝůůĐŽŶƚĂŝŶ
ĐŽŶƚĂŵŝŶĂƚĞĚǁĂƚĞƌǁŝƚŚŵĂŶǇƐŽůƵƚĞƐƚŚĂƚĂƌĞŽƌĚĞƌƐŽĨŵĂŐŶŝƚƵĚĞĂďŽǀĞĂůůŽǁĂďůĞĚŝƐĐŚĂƌŐĞ
ůŝŵŝƚƐ͘dŚĞƌĞǁŝůůĐŽŶƐŝƐƚĞŶƚůǇďĞŵŽƌĞƚŚĂŶϭϬϬĨĞĞƚŽĨŚĞĂĚŽŶďŽƚŚůŝŶĞƌƐĂŶĚƚŚĞƐƚƌĞĂŵƐ
ŝŵŵĞĚŝĂƚĞůǇĚŽǁŶŐƌĂĚŝĞŶƚƌĞƉƌĞƐĞŶƚĂŶĞǆƚƌĞŵĞůǇƐĞŶƐŝƚŝǀĞĞŶǀŝƌŽŶŵĞŶƚĂůƌĞĐĞƉƚŽƌ͘/ŶŽƌĚĞƌ
ƚŽƉƌŽƚĞĐƚƵŶĚĞƌůǇŝŶŐŐƌŽƵŶĚǁĂƚĞƌĂŶĚĚŽǁŶŐƌĂĚŝĞŶƚƐƵƌĨĂĐĞǁĂƚĞƌƋƵĂůŝƚǇĂƌŽďƵƐƚĐŽŵƉŽƐŝƚĞ
ůŝŶĞƌƐǇƐƚĞŵǁŝƚŚĂƚůĞĂƐƚĂƐǇŶƚŚĞƚŝĐůŝŶĞƌ͕ůŽǁƉĞƌŵĞĂďŝůŝƚǇĐŽŵƉĂĐƚĞĚƐŽŝůůĂǇĞƌ;Žƌ
ĞƋƵŝǀĂůĞŶƚͿĂŶĚĂůĞĂŬĚĞƚĞĐƚŝŽŶŽƌƉƌĞƐƐƵƌĞƌĞůŝĞĨůĂǇĞƌǁŝůůĂůŵŽƐƚĐĞƌƚĂŝŶůǇďĞƌĞƋƵŝƌĞĚ͘
ĐƌĞĚŝďůĞĂƌŐƵŵĞŶƚĐŽƵůĚĂůƐŽďĞŵĂĚĞĨŽƌĂĨƵůůĚŽƵďůĞĐŽŵƉŽƐŝƚĞůŝŶĞƌƐǇƐƚĞŵŐŝǀĞŶƚŚĞ
ĞǆƚƌĞŵĞƐĞŶƐŝƚŝǀŝƚǇŽĨƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂůƐĞƚƚŝŶŐ͘,ŽǁĞǀĞƌ͕ŝƚŝƐƵŶĐůĞĂƌŝĨƐƵĐŚĂĐŽŵƉŽƐŝƚĞ
ůŝŶĞƌƐǇƐƚĞŵŝƐĞǀĞŶĨĞĂƐŝďůĞďĞĐĂƵƐĞŝƚŝƐŶŽƚŬŶŽǁŶŝĨƚŚĞƌĞŝƐĂůŽĐĂůůŽǁƉĞƌŵĞĂďŝůŝƚǇƐŽŝů
ƐŽƵƌĐĞĂǀĂŝůĂďůĞ͘dŚĞƐĞůŝŶĞƌƐǁŝůůĐŽǀĞƌŽǀĞƌƚŚƌĞĞͲƐƋƵĂƌĞŵŝůĞƐĂŶĚĂƌĞŵƵĐŚůĂƌŐĞƌƚŚĂŶ
ǁĂƚĞƌƐƚŽƌĂŐĞƉŽŶĚƐĂƚŵŽƐƚŽƚŚĞƌŽƉĞƌĂƚŝŶŐŵŝŶĞƐ͘dŚĞǇǁŝůůďĞĞǆƚƌĞŵĞůǇĐŚĂůůĞŶŐŝŶŐƚŽ
ĐŽŶƐƚƌƵĐƚĂƚƐƵĐŚĂůĂƌŐĞͲƐĐĂůĞ͘dŚĞƌĞǁŝůůďĞƐŝŐŶŝĨŝĐĂŶƚĐŽŶƐƚƌƵĐƚŝŽŶĂŶĚŽƉĞƌĂƚŝŽŶƌŝƐŬƐ
ĂƐƐŽĐŝĂƚĞĚǁŝƚŚǁŝŶĚĚĂŵĂŐĞ͕ǁĞƚͲĂŶĚĐŽůĚͲĐůŝŵĂƚĞĐŽŶƐƚƌƵĐƚŝŽŶ͕ŝĐĞĚĂŵĂŐĞ͕ĨƌĞĞǌĞͲƚŚĂǁĂŶĚ
ĚĂŵĂŐĞĨƌŽŵƌŽĐŬƉůĂĐĞŵĞŶƚ͘ĞƐƉŝƚĞƚŚĞƐĞƐŝŐŶŝĨŝĐĂŶƚƌŝƐŬƐƚŚĞƐĞĞƉĂŐĞĂŶĂůǇƐŝƐĨŽƌƚŚĞ/^
ĂƐƐƵŵĞƐĂŶĞĂƌͲƉĞƌĨĞĐƚŝŶƐƚĂůůĂƚŝŽŶǁŝƚŚŶŽůŝŶĞƌĚĞĨĞĐƚƐ͘dŚŝƐŝƐĂůŵŽƐƚĐĞƌƚĂŝŶůǇŽǀĞƌͲ
ŽƉƚŝŵŝƐƚŝĐŐŝǀĞŶƚŚĞĐŚĂůůĞŶŐŝŶŐĐŽŶĚŝƚŝŽŶƐĂƚWĞďďůĞĂŶĚƚŚĞĂĐƚƵĂůĨŝĞůĚƉĞƌĨŽƌŵĂŶĐĞŽĨůŝŶĞƌƐ
ĂƚŵĂŶǇŽƚŚĞƌƐŝƚĞƐĂƌŽƵŶĚƚŚĞǁŽƌůĚ͘dŚĞůŝŶĞƌůĞĂŬĂŐĞƌĂƚĞĂƐƐƵŵĞĚŝŶƚŚĞ/^ŝƐŽŶůǇϯϬ
ŐĂůůŽŶƐͬĂĐƌĞͬĚĂǇ͘,ŽǁĞǀĞƌ͕ƵƐŝŶŐƚŚĞƐĂŵĞƌĞĨĞƌĞŶĐĞĐŝƚĞĚďǇ<ŶŝŐŚƚWŝĞƐŽůĚ;ϮϬϭϴŶͿ͕ďƵƚ
ϭϭ
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ĂƐƐƵŵŝŶŐŽŶůǇŽŶĞƐŵĂůůŚŽůĞŝŶƚŚĞůŝŶĞƌƉĞƌĂĐƌĞ͕ĐŽƵůĚƌĞƐƵůƚŝŶĂůĞĂŬĂŐĞƌĂƚĞŽĨϭϬϬϬ
ŐĂůůŽŶƐͬĂĐƌĞĚĂǇ;'ŝƌŽƵĚĂŶĚŽŶĂƉĂƌƚĞ͕ϭϵϴϵͿ͘dŚŝƐĂƐƐƵŵƉƚŝŽŶĂůŽŶĞǁŽƵůĚƌĞƐƵůƚŝŶĂ
ƉƌŽĨŽƵŶĚĐŚĂŶŐĞŝŶůŽĂĚŝŶŐƌĂƚĞƐƚŽŐƌŽƵŶĚǁĂƚĞƌĨƌŽŵƚŚĞƚǁŽĨĂĐŝůŝƚŝĞƐǁŝƚŚĂŶŝŶĐƌĞĂƐĞĨƌŽŵ
ϰϬŐĂůůŽŶƐƉĞƌŵŝŶƵƚĞƚŽϭϰϬϬŐĂůůŽŶƐƉĞƌŵŝŶƵƚĞ͘
dŚĞ/^ŵƵƐƚĐůĞĂƌůǇƐƚĂƚĞƚŚĞĚĞƐŝŐŶŽĨƚŚĞƉůĂŶŶĞĚůŝŶĞƌƐǇƐƚĞŵ͕ŵƵƐƚĚĞƚĂŝůŚŽǁƐƵĐŚĂůĂƌŐĞ
ůŝŶĞƌǁŝůůďĞƐƵĐĐĞƐƐĨƵůůǇŝŶƐƚĂůůĞĚĂŶĚŽŶůǇƚŚĞŶĐĂŶŝŶĨŽƌŵĞĚĂƐƐƵŵƉƚŝŽŶƐďĞŵĂĚĞĂďŽƵƚ
ĚĞƐŝŐŶůĞĂŬĂŐĞƌĂƚĞƐŽǀĞƌƚŚĞƚŚƌĞĞͲƐƋƵĂƌĞŵŝůĞĂƌĞĂ͘dŚĞƐŝŶŐůĞůĞĂŬĂŐĞƐĐĞŶĂƌŝŽĚĞƚĂŝůĞĚŝŶ
^ĞĐƚŝŽŶϰ͘Ϯϳ͘ϳƵŶĚĞƌƐƉŝůůƌŝƐŬŽŶůǇĂƐƐƵŵĞƐůŝŶĞƌůĞĂŬĂŐĞŽĨϵϬϬŐƉŵĨŽƌŽŶĞŵŽŶƚŚĂŶĚŝƐ
ĐůĞĂƌůǇƐŝŐŶŝĨŝĐĂŶƚůǇƵŶĚĞƌƐŝǌĞĚĐŽŵƉĂƌĞĚƚŽĂƐĐĞŶĂƌŝŽŽĨĂƉŽŽƌůǇŝŶƐƚĂůůĞĚŽƌďĂĚůǇĚĂŵĂŐĞĚ
ůŝŶĞƌǁŚŝĐŚĐŽƵůĚůĞĂŬĂƚƌĂƚĞƐŽĨϭϰϬϬŐƉŵĨŽƌǇĞĂƌƐ͘
'ƌŽƵŶĚǁĂƚĞƌYƵĂůŝƚǇ/ŵƉĂĐƚƐʹƐŶŽƚĞĚŝŶƚŚĞ/^ƚŚĞƌĞǁŝůůďĞŵŝŶĞͲŝŵƉĂĐƚĞĚǁĂƚĞƌ
ůĞĂŬĂŐĞƚŽŐƌŽƵŶĚǁĂƚĞƌĨƌŽŵƚŚĞƵůŬd^&͕ƚŚĞƉǇƌŝƚŝĐd^&ĂŶĚƚŚĞŵĂŝŶǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚ
ƉŽŶĚ͘dŚŽƵŐŚŶŽƚƐƵĨĨŝĐŝĞŶƚůǇĐŽŶƐŝĚĞƌĞĚŝŶƚŚĞ/^ƚŚĞƌĞǁŝůůĂůƐŽďĞŝŵƉĂĐƚĞĚǁĂƚĞƌƐĞĞƉĂŐĞ
ƚŽŐƌŽƵŶĚǁĂƚĞƌĨƌŽŵďĞŶĞĂƚŚƚŚĞƚǁŽƐƋƵĂƌĞŵŝůĞƐŽĨƵŶůŝŶĞĚĞŵďĂŶŬŵĞŶƚĨŽŽƚƉƌŝŶƚƐ͕
ƐĞĞƉĂŐĞĐŽůůĞĐƚŝŽŶƉŽŶĚƐĂŶĚĨƌŽŵŽƌĞĂŶĚůŽǁͲŐƌĂĚĞŽƌĞƐƚŽĐŬƉŝůĞƐ͘ůůŽĨƚŚĞƐĞƐŽƵƌĐĞƐŝŶ
ƚŽƚĂůĐŽƵůĚƌĞƐƵůƚŝŶƐĞǀĞƌĂůŚƵŶĚƌĞĚŐĂůůŽŶƐƉĞƌŵŝŶƵƚĞŽĨŵŝŶĞŝŵƉĂĐƚĞĚǁĂƚĞƌƌĞĂĐŚŝŶŐƚŚĞ
ďĞĚƌŽĐŬŐƌŽƵŶĚǁĂƚĞƌĨůŽǁƐǇƐƚĞŵĞǀĞŶŝĨĂůůƚŚĞƉƌŽƉŽƐĞĚƉƌŝŵĂƌǇĐŽŶƚĂŝŶŵĞŶƚƐǇƐƚĞŵƐ
ƉĞƌĨŽƌŵĂƐŝŶƚĞŶĚĞĚ͘ƐĚŝƐĐƵƐƐĞĚŝŶƚŚĞƉƌĞǀŝŽƵƐƐĞĐƚŝŽŶŽŶƉĞƌĨŽƌŵĂŶĐĞŽĨĐŽŶƚĂŝŶŵĞŶƚ
ĨĂĐŝůŝƚŝĞƐ͕ŝĨƚŚĞǇĚŽŶŽƚƉĞƌĨŽƌŵĂƐŝŶƚĞŶĚĞĚ͕ůĞĂŬĂŐĞŝŶĞǆĐĞƐƐŽĨϭϬϬϬŐƉŵĐŽƵůĚďĞƉŽƐƐŝďůĞ͘
EĞǀĞƌƚŚĞůĞƐƐ͕ƚŚĞW>WŚĂƐĐŽŵŵŝƚƚĞĚƚŽƚŚĞƉĞƌĨŽƌŵĂŶĐĞŽďũĞĐƚŝǀĞƚŚĂƚƚŚĞƌĞǁŝůůďĞ͞ŶŽ
ĚĞƚĞĐƚĂďůĞƐĞĞƉĂŐĞĚŽǁŶŐƌĂĚŝĞŶƚŽĨƚŚĞĐŽůůĞĐƚŝŽŶĂŶĚƉƵŵƉďĂĐŬƐǇƐƚĞŵƐ;^ĞĐƚŝŽŶϰ͘ϭϴͿ͘dŚĞ
ŵŝŶĞƉůĂŶĚĞƉĞŶĚƐƵƉŽŶƐĞĞƉĂŐĞĐŽůůĞĐƚŝŽŶƉŽŶĚƐ͕ƐƵŵƉƐ͕ŐƌŽƵƚĐƵƌƚĂŝŶƐĂŶĚĞǆƚƌĂĐƚŝŽŶǁĞůůƐ
ƚŽƌĞĐĂƉƚƵƌĞƚŚĞŝŵƉĂĐƚĞĚŐƌŽƵŶĚǁĂƚĞƌďĞĨŽƌĞŝƚĐĂŶŵŝŐƌĂƚĞŽĨĨƐŝƚĞĂŶĚĚŝƐĐŚĂƌŐĞŝŶƚŽƐƵƌĨĂĐĞ
ƐƚƌĞĂŵƐĂŶĚƌŝǀĞƌƐ͘hŶĨŽƌƚƵŶĂƚĞůǇ͕ĞǀĞŶƚŚĞŵŽƐƚďĂƐŝĐĚĞƐŝŐŶĨĞĂƚƵƌĞƐŽĨƚŚĞƐĞŝŵƉŽƌƚĂŶƚ
ĨĂĐŝůŝƚŝĞƐƐƵĐŚĂƐƚŚĞůŝŬĞůǇĚĞƉƚŚĂŶĚůĂƚĞƌĂůĞǆƚĞŶƚŽĨĐƵƚŽĨĨǁĂůůƐ͕ŐƌŽƵƚĐƵƌƚĂŝŶƐĂŶĚƐƵŵƉƐŝƐ
ŶŽƚĂǀĂŝůĂďůĞĨŽƌƌĞǀŝĞǁĂŶĚĂƐĂĐŬŶŽǁůĞĚŐĞĚŝŶ^ĞĐƚŝŽŶϰ͘ϭϴƚŚĞĐŽŶƚĂŝŶŵĞŶƚƐǇƐƚĞŵĚĞƐŝŐŶƐ
͞ĂƌĞĐƵƌƌĞŶƚůǇĐŽŶĐĞƉƚƵĂůŽŶůǇ͘͟ƐƐƵĐŚƚŚĞƌĞŝƐĐƵƌƌĞŶƚůǇĂŶŝŶƐƵĨĨŝĐŝĞŶƚůĞǀĞůŽĨĚĞƐŝŐŶĚĞƚĂŝů
ĂǀĂŝůĂďůĞƚŽĚĞƚĞƌŵŝŶĞŝĨƚŚĞƉƌŝŵĂƌǇĂŶĚƐĞĐŽŶĚĂƌǇĐŽŶƚĂŝŶŵĞŶƚƐǇƐƚĞŵƐǁŝůůďĞĞĨĨĞĐƚŝǀĞ͕
ĂĚĞƋƵĂƚĞĂŶĚƉƌĂĐƚŝĐĂďůĞ͘
dŚĞǁĞĂƚŚĞƌĞĚďĞĚƌŽĐŬǌŽŶĞŚĂƐƌĞůĂƚŝǀĞůǇŚŝŐŚŚǇĚƌĂƵůŝĐĐŽŶĚƵĐƚŝǀŝƚŝĞƐ;ŐĞŽŵĞĂŶƐŽĨϭϬ ͲϯƚŽ
ϭϬͲϰĐŵͬƐĞĐŽŶĚͿǁŚŝĐŚĂƉƉĞĂƌƚŽĞǆƚĞŶĚƚŽĚĞƉƚŚƐŽĨϯϬϬƚŽϱϬϬĨĞĞƚďĞůŽǁƚŚĞŐƌŽƵŶĚƐƵƌĨĂĐĞ
;ƉƉĞŶĚŝǆ<ϯ͘ϭϳͿ͘DƵĐŚŽĨƚŚĞŵŝŶĞͲŝŵƉĂĐƚĞĚǁĂƚĞƌƐǁŚŝĐŚĞŶƚĞƌƚŚĞǁĞĂƚŚĞƌĞĚďĞĚƌŽĐŬ
ĂƋƵŝĨĞƌĐŽƵůĚƉĂƐƐďĞŶĞĂƚŚƚŚĞůŝŬĞůǇƐŚĂůůŽǁƐƵŵƉƐ͕ƐĞĞƉĂŐĞĐŽůůĞĐƚŝŽŶƉŽŶĚƐĂŶĚŐƌŽƵƚ
ĐƵƌƚĂŝŶƐ͕ƐŽƉƵŵƉďĂĐŬǁĞůůƐĐŽƵůĚƉƌŽǀĞĐƌŝƚŝĐĂůĨŽƌĐŽŶƚĂŝŶŵĞŶƚ͘,ŽǁĞǀĞƌ͕ĂƐŶŽƚĞĚŝŶ^ĞĐƚŝŽŶ
ϰ͘ϭϴ͞ƚŚĞĨŝŶĂůůŽĐĂƚŝŽŶĂŶĚƐƉĂĐŝŶŐŽĨƉƵŵƉďĂĐŬǁĞůůƐǁŽƵůĚďĞĚĞƚĞƌŵŝŶĞĚďĂƐĞĚŽŶ
ĂĚĚŝƚŝŽŶĂůŚǇĚƌŽŐĞŽůŽŐŝĐŝŶǀĞƐƚŝŐĂƚŝŽŶĂƐĚĞƐŝŐŶƉƌŽŐƌĞƐƐĞƐ͘͟dŚĞĚĞƐŝŐŶƐŽĨƚŚĞƉƌŝŵĂƌǇĂŶĚ
ƐĞĐŽŶĚĂƌǇĐŽŶƚĂŝŶŵĞŶƚƐǇƐƚĞŵƐĨŽƌŐƌŽƵŶĚǁĂƚĞƌŶĞĞĚƚŽďĞĚĞǀĞůŽƉĞĚŝŶŐƌĞĂƚĞƌĚĞƚĂŝůƚŽ
ĚĞƚĞƌŵŝŶĞŝĨƚŚĞǇĂƌĞĂĚĞƋƵĂƚĞƚŽƉƌŽƚĞĐƚĚŽǁŶŐƌĂĚŝĞŶƚǁĂƚĞƌƌĞƐŽƵƌĐĞƐĂŶĚƚŽĂůůŽǁůŝŬĞůǇ
ŝŵƉĂĐƚƐƚŽƐĞŶƐŝƚŝǀĞƌĞĐĞŝǀŝŶŐĞŶǀŝƌŽŶŵĞŶƚƐƚŽďĞďĞƚƚĞƌƋƵĂŶƚŝĨŝĞĚ͘
ϭϮ


BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1417 of 2339

KƚŚĞƌtĂƚĞƌdƌĞĂƚŵĞŶƚZĞƋƵŝƌĞŵĞŶƚƐʹdŚĞƉƌŽũĞĐƚǁŝůůŶĞĞĚƚŽŚŽƵƐĞƵƉƚŽϮϬϬϬĞŵƉůŽǇĞĞƐ
ĚƵƌŝŶŐĐŽŶƐƚƌƵĐƚŝŽŶĂŶĚϴϱϬĞŵƉůŽǇĞĞƐĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶ͘dŚĞ/^ĂĐŬŶŽǁůĞĚŐĞƐƚŚĂƚƐĞǁĂŐĞ
ƚƌĞĂƚŵĞŶƚƉůĂŶƚƐǁŝůůďĞŶĞĞĚĞĚĂƚƚŚĞŵŝŶĞĂŶĚƉŽƌƚ͕ďƵƚŶŽĚĞƚĂŝůŝƐƉƌŽǀŝĚĞĚŽŶƚŚƌŽƵŐŚƉƵƚ͕
ƐŝǌŝŶŐŽƌĚĞƐŝŐŶ͘/ƚŝƐĂůƐŽůŝŬĞůǇƚŚĂƚƚĞŶƐŽĨĞŵƉůŽǇĞĞƐǁŝůůŶĞĞĚƚŽďĞŚŽƵƐĞĚŽŶƐŝƚĞŝŶ
ƉĞƌƉĞƚƵŝƚǇĂĨƚĞƌŵĂũŽƌĐůŽƐƵƌĞǁŽƌŬƐĂƌĞĐŽŵƉůĞƚĞĚ͕ďƵƚƚŚĞƌĞŝƐŶŽĚŝƐĐƵƐƐŝŽŶŽĨƐĞǁĂŐĞ
ƚƌĞĂƚŵĞŶƚƌĞƋƵŝƌĞŵĞŶƚƐĂĨƚĞƌĐůŽƐƵƌĞ͘
dŚĞ/^ĂůƐŽĂĐŬŶŽǁůĞĚŐĞƐƚŚĂƚǁĂƚĞƌƚƌĞĂƚŵĞŶƚĐĂƉĂĐŝƚǇǁŝůůďĞŶĞĞĚĞĚŽŶƐŝƚĞĚƵƌŝŶŐƚŚĞ
ĐŽŶƐƚƌƵĐƚŝŽŶƉĞƌŝŽĚďĞĨŽƌĞƐŝŐŶŝĨŝĐĂŶƚǁĂƚĞƌƐƚŽƌĂŐĞŝƐĂǀĂŝůĂďůĞĂŶĚďĞĨŽƌĞƚŚĞƉĞƌŵĂŶĞŶƚ
ƚƌĞĂƚŵĞŶƚƉůĂŶƚƐĂƌĞďƵŝůƚ͘^ĞĐƚŝŽŶϰ͘ϭϴƐƚĂƚĞƐ͞ďĞĨŽƌĞĐŽŵƉůĞƚŝŽŶŽĨƚŚĞďƵůŬd^&
ĞŵďĂŶŬŵĞŶƚƐĂŶĚǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚƐƚƌƵĐƚƵƌĞƐ͕ĂůůĐŽŶƚĂĐƚǁĂƚĞƌŶŽƚŵĞĞƚŝŶŐǁĂƚĞƌƋƵĂůŝƚǇ
ƐƚĂŶĚĂƌĚƐǁŽƵůĚďĞƚƌĞĂƚĞĚŝŶŵŽĚƵůĂƌǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉůĂŶƚƐĂŶĚƌĞůĞĂƐĞĚ͘͟^ĞĐƚŝŽŶϮ
ĚĞƐĐƌŝďĞƐƚŚĞƐĞŵŽĚƵůĂƌƚƌĞĂƚŵĞŶƚƉůĂŶƚƐĂƐ͞ŚŝŐŚĚĞŶƐŝƚǇƐůƵĚŐĞůŝŵĞƚƌĞĂƚŵĞŶƚǁŝƚŚ
ĂĚĚŝƚŝŽŶĂůƉŽůŝƐŚŝŶŐƐƚĞƉƐŝĨƌĞƋƵŝƌĞĚ͘͟,ŽǁĞǀĞƌ͕ŶŽĂĚĚŝƚŝŽŶĂůĚĞƐŝŐŶĚĞƚĂŝůŝƐƉƌŽǀŝĚĞĚĨŽƌ
ƚŚĞƐĞŵŽĚƵůĂƌƉůĂŶƚƐŝŶƚŚĞ/^ĂŶĚƚŚĞƌĞŝƐĂůƐŽŶŽĚŝƐĐƵƐƐŝŽŶŽĨƐĞǁĂŐĞƚƌĞĂƚŵĞŶƚĨŽƌϮϬϬϬ
ĞŵƉůŽǇĞĞƐĚƵƌŝŶŐƚŚĞĐŽŶƐƚƌƵĐƚŝŽŶƉŚĂƐĞ͘dŚŝƐǁŝůůůŝŬĞůǇƉƌŽǀĞƚŽďĞĂǀĞƌǇĐŚĂůůĞŶŐŝŶŐƉĞƌŝŽĚ
ĨŽƌǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚďĞĐĂƵƐĞǁŝƚŚŽƵƚƐƚŽƌĂŐĞĐĂƉĂĐŝƚǇĂŶǇŝŶƚĞƌŝŵǁĂƚĞƌƚƌĞĂƚŵĞŶƚƐǇƐƚĞŵƐ
ǁŽƵůĚŶĞĞĚƚŽďĞĚĞƐŝŐŶĞĚƚŽƚƌĞĂƚŵĂǆŝŵƵŵĨůŽǁƐĚƵƌŝŶŐƚŚĞǁĞƚƐĞĂƐŽŶĂŶĚĚƵƌŝŶŐƐƚŽƌŵ
ĞǀĞŶƚƐ͘ƐƐƵĐŚ͕ĂŶǇŝŶƚĞƌŝŵƚƌĞĂƚŵĞŶƚƉůĂŶƚƐǁŽƵůĚůŝŬĞůǇŶĞĞĚƚŽďĞƐŝŐŶŝĨŝĐĂŶƚůǇŽǀĞƌƐŝǌĞĚ
ĐŽŵƉĂƌĞĚƚŽĂǀĞƌĂŐĞĨůŽǁƐ͘
tŝƚŚŽƵƚĂĚĚŝƚŝŽŶĂůĚĞƚĂŝůŽŶĚĞƐŝŐŶĂŶĚŵĂŶĂŐĞŵĞŶƚŽĨĐŽŶƚĂŵŝŶĂƚĞĚǁĂƚĞƌĚƵƌŝŶŐƚŚĞ
ĐŽŶƐƚƌƵĐƚŝŽŶƉĞƌŝŽĚ͕ŝƚŝƐŝŵƉŽƐƐŝďůĞƚŽĚĞƚĞƌŵŝŶĞŝĨƚŚĞƉƌŽũĞĐƚǁŝůůďĞƉƌŽƚĞĐƚŝǀĞŽĨ
ĚŽǁŶŐƌĂĚŝĞŶƚǁĂƚĞƌƌĞƐŽƵƌĐĞƐ͘
tĞƚůĂŶĚƐDŝƚŝŐĂƚŝŽŶ
DŝƚŝŐĂƚŝŽŶĂĐƚŝŽŶƐĂƚWĞďďůĞǁŝůůďĞĐƌŝƚŝĐĂůůǇŝŵƉŽƌƚĂŶƚŐŝǀĞŶƚŚĞƉƌŽũĞĐƚ͛ƐƵŶĂǀŽŝĚĂďůĞ͕
ƉĞƌŵĂŶĞŶƚůĂƌŐĞͲƐĐĂůĞŝŵƉĂĐƚƐƚŽĂŶĞǆƚƌĞŵĞůǇƐĞŶƐŝƚŝǀĞĂŶĚĞĐŽŶŽŵŝĐĂůůǇǀĂůƵĂďůĞƌĞĐĞŝǀŝŶŐ
ĞŶǀŝƌŽŶŵĞŶƚ͘hŶĨŽƌƚƵŶĂƚĞůǇ͕ŵĂŶǇŽĨƚŚĞĂĐƚŝŽŶƐƉƌĞƐĞŶƚĞĚŝŶ^ĞĐƚŝŽŶϱĂŶĚƉƉĞŶĚŝǆDĂƌĞ
ƐŽƉŽŽƌůǇͲĚĞĨŝŶĞĚƚŚĂƚŝƚŝƐŝŵƉŽƐƐŝďůĞƚŽĂƐƐĞƐƐŝĨƚŚĞǇǁŽƵůĚƉƌŽǀŝĚĞĂĚĞƋƵĂƚĞĂŶĚŵĞĂŶŝŶŐĨƵů
ŵŝƚŝŐĂƚŝŽŶĨŽƌƚŚĞƉƌŽũĞĐƚ͛ƐŝŵƉĂĐƚƐ͘/ŶŵĂŶǇĐĂƐĞƐƚŚĞƉƌŽƉŽƐĞĚ͞ĂĐƚŝŽŶƐ͟ĂƌĞůŝƚƚůĞŵŽƌĞƚŚĂŶ
ƐƚĂƚĞŵĞŶƚƐŽĨƚŚĞŽƌĞƚŝĐĂů͕ŐĞŶĞƌĂůŝǌĞĚƉƌŝŶĐŝƉůĞƐǁŝƚŚŽƵƚĂŶǇĐŽŶĐƌĞƚĞĚĞƚĂŝů͖ŽƌƚŚĞǇĂƌĞŽŶůǇ
ĐŽŵŵŝƚŵĞŶƚƐƚŚĂƚƚŚĞĂĐƚƵĂůĚĞƐŝŐŶƐĂŶĚŵĂŶĂŐĞŵĞŶƚƐƚƌĂƚĞŐŝĞƐǁŝůůďĞĚĞǀĞůŽƉĞĚŝŶƚŚĞ
ĨƵƚƵƌĞ͘
&ŽƌĞǆĂŵƉůĞ͕ŝŶdĂďůĞϱͲϮŝƚƐƚĂƚĞƐƚŚĂƚ͞dŚĞƉƌŽũĞĐƚǁŽƵůĚƉƌŽƉŽƐĞĨŝƐŚŚĂďŝƚĂƚŵŝƚŝŐĂƚŝŽŶ
ŵĞĂƐƵƌĞƐƚŽĞŶŚĂŶĐĞŽƌĐƌĞĂƚĞŶĞǁŚĂďŝƚĂƚŽƵƚƐŝĚĞŽĨƚŚĞŝŵŵĞĚŝĂƚĞƉƌŽũĞĐƚĨŽŽƚƉƌŝŶƚ͘͟
,ŽǁĞǀĞƌ͕ŶŽĂĐƚƵĂůƉŽƚĞŶƚŝĂůŵŝƚŝŐĂƚŝŽŶƉƌŽũĞĐƚƐĂƌĞŝĚĞŶƚŝĨŝĞĚŝŶƚŚĞ/^ŽƌŝŶƚŚĞƌĂĨƚ
ŽŶĐĞƉƚƵĂůŽŵƉĞŶƐĂƚŽƌǇDŝƚŝŐĂƚŝŽŶWůĂŶ;DWͿ;ƉƉĞŶĚŝǆDͿ͘/ŶƐƚĞĂĚƚŚĞDWũƵƐƚĚŝƐĐƵƐƐĞƐ
ŐĞŶĞƌŝĐĞǀĂůƵĂƚŝŽŶĐƌŝƚĞƌŝĂĨŽƌƚŚĞƐĞůĞĐƚŝŽŶŽĨĐƵƌƌĞŶƚůǇƵŶŝĚĞŶƚŝĨŝĞĚŵŝƚŝŐĂƚŝŽŶƉƌŽũĞĐƚƐĂƚ
ƐŽŵĞƚŝŵĞŝŶƚŚĞĨƵƚƵƌĞ͘/ƚǁŝůůďĞĞǆĐĞĞĚŝŶŐůǇĚŝĨĨŝĐƵůƚĨŽƌWĞďďůĞƚŽĨŝŶĚĂŶǇŵĞĂŶŝŶŐĨƵů
ŵŝƚŝŐĂƚŝŽŶƉƌŽũĞĐƚƐŽĨƐƵĨĨŝĐŝĞŶƚƐŝǌĞǁŝƚŚŝŶƚŚĞƌŝƐƚŽůĂǇǁĂƚĞƌƐŚĞĚďĞĐĂƵƐĞ͕ĂƚƉƌĞƐĞŶƚ͕ŝƚŝƐ
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ĂŶƵŶŝŵƉĂĐƚĞĚƉƌŝƐƚŝŶĞĞŶǀŝƌŽŶŵĞŶƚƵŶƚŚƌĞĂƚĞŶĞĚďǇĂŶǇůĂƌŐĞͲƐĐĂůĞĚĞǀĞůŽƉŵĞŶƚŽƚŚĞƌƚŚĂŶ
ƚŚĞWĞďďůĞWƌŽũĞĐƚŝƚƐĞůĨ͘ƐĂĐŬŶŽǁůĞĚŐĞĚŝŶƚŚĞDWƌĞƐƚŽƌĂƚŝŽŶ͕ĞŶŚĂŶĐĞŵĞŶƚĂŶĚ
ƉƌĞƐĞƌǀĂƚŝŽŶŽƉƚŝŽŶƐĂŶǇǁŚĞƌĞŝŶƚŚĞǀŝĐŝŶŝƚǇŽĨƚŚĞŵŝŶĞĂƌĞůŝŬĞůǇƵŶĂǀĂŝůĂďůĞ͘
dĂďůĞϱͲϮĂůƐŽƐƚĂƚĞƐƚŚĂƚ͞tŚĞƌĞĨĞĂƐŝďůĞ͕ŵŝŶĞĨĂĐŝůŝƚŝĞƐǁŽƵůĚďĞƌĞĐůĂŝŵĞĚŝŶƐƵĐŚĂŵĂŶŶĞƌ
ĂƐƚŽĐƌĞĂƚĞŶĞǁǁĞƚůĂŶĚĂƌĞĂƐĂŶĚƉŽŶĚƐ͘͟EŽĂĚĚŝƚŝŽŶĂůĚĞƚĂŝůŝƐƉƌŽǀŝĚĞĚŽŶƚŚĞůŽĐĂƚŝŽŶŽƌ
ĞǀĞŶƚŚĞĂƉƉƌŽǆŝŵĂƚĞƐƵƌĨĂĐĞĂƌĞĂŽĨǁĞƚůĂŶĚƐƚŚĂƚŵŝŐŚƚďĞƌĞͲĞƐƚĂďůŝƐŚĞĚƚŽŵŝƚŝŐĂƚĞƚŚĞ
ƉůĂŶŶĞĚƉĞƌŵĂŶĞŶƚůŽƐƐŽĨϯϱϬϬĂĐƌĞƐĚƵƌŝŶŐŵŝŶĞĐŽŶƐƚƌƵĐƚŝŽŶĂŶĚŽƉĞƌĂƚŝŽŶ͘ƐĚĞƚĂŝůĞĚŝŶ
ĂŶĞĂƌůŝĞƌĐŽŵŵĞŶƚůĞƚƚĞƌ;ŽƌĚĞŶ͕DĂǇϯϭ͕ϮϬϭϵͿŶŽŵĞĂŶŝŶŐĨƵůĚĞƚĂŝůŽŶĐůŽƐƵƌĞŽƌ
ƌĞǀĞŐĞƚĂƚŝŽŶƚĞĐŚŶŝƋƵĞƐŝƐƉƌŽǀŝĚĞĚǁŝƚŚŝŶƚŚĞ/^͘
dŚĞ/^ŵƵƐƚŝŶĐůƵĚĞŵŽƌĞĚĞƚĂŝůŽŶĐŽŶĐƌĞƚĞĂŶĚĐƌĞĚŝďůĞŵŝƚŝŐĂƚŝŽŶĂĐƚŝŽŶƐĐĂƉĂďůĞŽĨ
ŽĨĨƐĞƚƚŝŶŐƚŚĞůĂƌŐĞͲƐĐĂůĞƵŶĂǀŽŝĚĂďůĞŝŵƉĂĐƚƐƚŽƚŚĞĞǆƚƌĞŵĞůǇƐĞŶƐŝƚŝǀĞƌŝƐƚŽůĂǇ
ĞŶǀŝƌŽŶŵĞŶƚ͘
ŝƌYƵĂůŝƚǇWƌĞĚŝĐƚŝŽŶƐ
ĐĐŽƌĚŝŶŐƚŽƚŚĞƉƌŽũĞĐƚĞŵŝƐƐŝŽŶƐŝŶǀĞŶƚŽƌǇ;^ĞĐƚŝŽŶϰ͘ϮϬͿƚŚĞŵŝŶĞǁŝůůĞŵŝƚϰϰϯϲƚŽŶƐŽĨ
EKǆ͕ϮϵϳϬƚŽŶƐŽĨK͕ϲϰϱƚŽŶƐŽĨWD Ϯ͘ϱĂŶĚϯϯϳƚŽŶƐŽĨǀŽůĂƚŝůĞŽƌŐĂŶŝĐĐŽŵƉŽƵŶĚƐĞĂĐŚǇĞĂƌ
ĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶ͘dŚĞĞĨĨĞĐƚŽĨƚŚĞƐĞĞŵŝƐƐŝŽŶƐŽŶƚŚĞƐƵƌƌŽƵŶĚŝŶŐĂŝƌƐŚĞĚŚĂƐďĞĞŶƉƌĞĚŝĐƚĞĚ
ǁŝƚŚĚŝƐƉĞƌƐŝŽŶŵŽĚĞůůŝŶŐ͘,ŽǁĞǀĞƌĂƐĚĞƚĂŝůĞĚŝŶƉƉĞŶĚŝǆ<ϰ͘ϮϬĂŶĚŝŶƚŚĞƌĞƐƉŽŶƐĞƚŽ
ZĞƋƵĞƐƚĨŽƌ/ŶĨŽƌŵĂƚŝŽŶϬϬϵ͕ŝƚĂƉƉĞĂƌƐƚŚĂƚƚŚĞĚŝƐƉĞƌƐŝŽŶŵŽĚĞůůŝŶŐĚŝĚŶŽƚĐŽŶƐŝĚĞƌƚŚĞ
ŝŵƉĂĐƚŽĨƚĂŝůƉŝƉĞ;ŵŽďŝůĞͿĞŵŝƐƐŝŽŶƐŽŶƚŚĞƐƵƌƌŽƵŶĚŝŶŐĂŝƌƐŚĞĚ͘/ĨƚĂŝůƉŝƉĞĞŵŝƐƐŝŽŶƐĨƌŽŵ
ŚĂƵůƚƌƵĐŬƐĂŶĚŽƚŚĞƌŵŽďŝůĞĞƋƵŝƉŵĞŶƚŚĂƐƚƌƵůǇďĞĞŶŽŵŝƚƚĞĚĨƌŽŵƚŚĞĚŝƐƉĞƌƐŝŽŶŵŽĚĞůůŝŶŐ͕
ƚŚŝƐƌĞƉƌĞƐĞŶƚƐĂĨĂƚĂůĨůĂǁŝŶƚŚĞĂŝƌƋƵĂůŝƚǇƉƌĞĚŝĐƚŝŽŶƐ͕ƉĂƌƚŝĐƵůĂƌůǇĨŽƌŶŝƚƌŽŐĞŶŽǆŝĚĞƐ͘dŚĞ
/^ĞŵŝƐƐŝŽŶƐŝŶǀĞŶƚŽƌǇŝŶĚŝĐĂƚĞƐƚŚĂƚϵϳйŽĨĂůůEKǆĞŵŝƐƐŝŽŶƐĨƌŽŵƚŚĞŵŝŶĞƌĞƐƵůƚĨƌŽŵ
ƚĂŝůƉŝƉĞĞŵŝƐƐŝŽŶƐ͘dĂŝůƉŝƉĞĞŵŝƐƐŝŽŶƐĂůƐŽĂĐĐŽƵŶƚĨŽƌϴϵйŽĨK͕ϮϱйŽĨWD Ϯ͘ϱĂŶĚϵϬйŽĨ
ǀŽůĂƚŝůĞŽƌŐĂŶŝĐĐŽŵƉŽƵŶĚƐ͘ŝƌƋƵĂůŝƚǇŝŵƉĂĐƚƐĂƌĞůŝŬĞůǇƚŽďĞŵƵĐŚŐƌĞĂƚĞƌƚŚĂŶĐƵƌƌĞŶƚůǇ
ŝŵƉůŝĞĚďǇƚŚĞ/^ĂŶĚŝƚŵĂǇďĞŵƵĐŚŵŽƌĞĚŝĨĨŝĐƵůƚĨŽƌƚŚĞƉƌŽũĞĐƚƚŽŵĞĞƚĂŝƌƋƵĂůŝƚǇ
ƐƚĂŶĚĂƌĚƐƚŚĂŶĐƵƌƌĞŶƚůǇĂƐƐƵŵĞĚ͘/ĨƚĂŝůƉŝƉĞĞŵŝƐƐŝŽŶƐǁĞƌĞĞǆĐůƵĚĞĚĨƌŽŵƚŚĞĚŝƐƉĞƌƐŝŽŶ
ŵŽĚĞůůŝŶŐ͕ƚŚĞĐƵƌƌĞŶƚĂŝƌƋƵĂůŝƚǇƉƌĞĚŝĐƚŝŽŶƐĂƌĞĐůĞĂƌůǇŝŶĂĚĞƋƵĂƚĞĂŶĚŶĞǁŵŽĚĞůůŝŶŐǁŽƵůĚ
ŶĞĞĚƚŽďĞƉĞƌĨŽƌŵĞĚǁŝƚŚƚŚĞƚĂŝůƉŝƉĞĞŵŝƐƐŝŽŶƐŝŶĐŽƌƉŽƌĂƚĞĚ͘

^ŝŶĐĞƌĞůǇ͕


ZŝĐŚĂƌĚ<͘ŽƌĚĞŶ
KǁŶĞƌDŝĚŐĂƌĚŶǀŝƌŽŶŵĞŶƚĂů^ĞƌǀŝĐĞƐ>>
ϰϱϬϳ^ŽƵƚŚ'ŝůĞĂĚtĂǇ
^Ăůƚ>ĂŬĞŝƚǇ͕hƚĂŚϴϰϭϮϰ
ϭϰ
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DĂǇϯϭ͕ϮϬϭϵ

^ŚĂŶĞDĐŽǇ
WƌŽŐƌĂŵDĂŶĂŐĞƌ
h^ƌŵǇŽƌƉƐŽĨŶŐŝŶĞĞƌƐ
ϲϰϱ'^ƚƌĞĞƚ
^ƵŝƚĞϭϬϬͲϵϮϭ
ŶĐŚŽƌĂŐĞ͕<ϵϵϱϬϭ


^ƵďũĞĐƚ͗WĞďďůĞDŝŶĞƌĂĨƚ/^ŽŵŵĞŶƚƐŽŶZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞ
ĞĂƌDƌ͘DĐŽǇ͕
ĞƐƉŝƚĞƚŚĞƐŝŐŶŝĨŝĐĂŶƚƉŽƐƚͲŽƉĞƌĂƚŝŽŶĂůĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐĂƚWĞďďůĞ͕ŶŽ
ZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞWůĂŶŚĂƐďĞĞŶĐŽŵƉůĞƚĞĚĂŶĚƚŚĞĐůŽƐƵƌĞĂŶĂůǇƐŝƐǁŝƚŚŝŶƚŚĞƌĂĨƚ
ŶǀŝƌŽŶŵĞŶƚĂů/ŵƉĂĐƚ^ƚĂƚĞŵĞŶƚ;/^ͿŝƐĐůĞĂƌůǇŝŶĂĚĞƋƵĂƚĞ͘
ƐŶŽƚĞĚŝŶƚŚŝƐĐŽŵŵĞŶƚůĞƚƚĞƌƚŚĞƌĞĂƌĞĂůĂƌŐĞŶƵŵďĞƌŽĨƐƚƌĂƚĞŐŝĐĐůŽƐƵƌĞͲƌĞůĂƚĞĚŽŵŝƐƐŝŽŶƐ͕
ĞƌƌŽƌƐĂŶĚƵŶĐĞƌƚĂŝŶƚŝĞƐǁŝƚŚŝŶƚŚĞ/^ĂŶĚŝƚƐƐƵƉƉŽƌƚŝŶŐĚŽĐƵŵĞŶƚƐ͘ůŽƐƵƌĞƐƚƌĂƚĞŐŝĞƐĂŶĚ
ĐŽŵŵŝƚŵĞŶƚƐĂƌĞŬĞǇĐŽŵƉŽŶĞŶƚƐŽĨŵŝŶŝŶŐŶǀŝƌŽŶŵĞŶƚĂů/ŵƉĂĐƚ^ƚĂƚĞŵĞŶƚƐďĞĐĂƵƐĞ
ƐŝŐŶŝĨŝĐĂŶƚƉŽƐƚͲŽƉĞƌĂƚŝŽŶĂůŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐŵĂǇƉĞƌƐŝƐƚĨŽƌĐĞŶƚƵƌŝĞƐĂĨƚĞƌĂƌĞůĂƚŝǀĞůǇďƌŝĞĨ
ŵŝŶĞůŝĨĞ͘&ŽƌƚŚŝƐƌĞĂƐŽŶ͕ŝƚŝƐĐŽŵŵŽŶƉƌĂĐƚŝĐĞĨŽƌŵŝŶŝŶŐƉƌŽũĞĐƚƐƚŽĐŽŵƉůĞƚĞĂZĞĐůĂŵĂƚŝŽŶ
ĂŶĚůŽƐƵƌĞWůĂŶĚƵƌŝŶŐƚŚĞ/^ƉƌŽĐĞƐƐ͘ƌĞǀŝĞǁŽĨƐĞǀĞƌĂůŵŝŶŝŶŐŶǀŝƌŽŶŵĞŶƚĂů/ŵƉĂĐƚ
^ƚĂƚĞŵĞŶƚƐĐŽŵƉůĞƚĞĚŽǀĞƌƚŚĞƉĂƐƚƚŚƌĞĞǇĞĂƌƐƐŚŽǁƐƚŚĂƚĨŝǀĞŽƵƚŽĨƐŝǆŚĂĚƌĞůĞĂƐĞĚĐůŽƐƵƌĞ
ƉůĂŶƐďĞĨŽƌĞƚŚĞ/^ǁĂƐĐŽŵƉůĞƚĞĚ͘dŚĞŽŶůŝŶ'ŽůĚWƌŽũĞĐƚŝŶƉĂƌƚŝĐƵůĂƌĐŽŵƉůĞƚĞĚĂϰϱϴͲ
ƉĂŐĞZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞWůĂŶǁŝƚŚĂĚĞƚĂŝůĞĚĐŽƐƚĞƐƚŝŵĂƚĞĚƵƌŝŶŐŝƚƐ/^ƉƌŽĐĞƐƐ͕ǁŚŝĐŚ
ǁĂƐůĞĚďǇƚŚĞƌŵǇŽƌƉƐŽĨŶŐŝŶĞĞƌƐ͘
dŚĞůĂĐŬŽĨĞǀĞŶĂĐŽŶĐĞƉƚƵĂůůĞǀĞůZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞWůĂŶŝƐĂƉĂƌƚŝĐƵůĂƌĐŽŶĐĞƌŶ
ďĞĐĂƵƐĞĐůŽƐƵƌĞŽĨƚŚĞϮϬͲǇĞĂƌWĞďďůĞŵŝŶĞǁŝůůďĞĐŽŵƉůĞǆĂŶĚǀĞƌǇĐŽƐƚůǇ͘dŚĞƚŽƚĂůĐůŽƐƵƌĞ
ĐŽƐƚƐĂƌĞĂůŵŽƐƚĐĞƌƚĂŝŶƚŽĞǆĐĞĞĚϭ͘ϱďŝůůŝŽŶĚŽůůĂƌƐĞǀĞŶĂĨƚĞƌĚŝƐĐŽƵŶƚŝŶŐůĂƚĞƌĞǆƉĞŶƐĞƐƚŽ
ƚŚĞĨŝƌƐƚǇĞĂƌŽĨĐůŽƐƵƌĞ͘dŚŝƐŚŝŐŚĐůŽƐƵƌĞĐŽƐƚƉŽƐĞƐĂŶĞǀĞŶŵŽƌĞƐŝŐŶŝĨŝĐĂŶƚĨŝŶĂŶĐŝĂůƌŝƐŬ
ŐŝǀĞŶƚŚĂƚƚŚĞ/^ϮϬͲǇĞĂƌŵŝŶĞƉůĂŶŝƐĂůŵŽƐƚĐĞƌƚĂŝŶůǇŶŽƚĞĐŽŶŽŵŝĐĂůůǇĨĞĂƐŝďůĞ;ŽƌĚĞŶ/^
ĐŽŵŵĞŶƚůĞƚƚĞƌĚĂƚĞĚDĂƌĐŚϮϴ͕ϮϬϭϵͿ͘
/ŶŽƌĚĞƌƚŽĂĚĚƌĞƐƐƚŚĞƐĞŵĂũŽƌĚĞĨŝĐŝĞŶĐŝĞƐŝŶƚŚĞ/^͕ĂZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞƉůĂŶŶĞĞĚƐ
ƚŽďĞĚĞǀĞůŽƉĞĚĨŽƌƚŚĞWĞďďůĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶĂƐƉĂƌƚŽĨƚŚĞ/^ƉƌŽĐĞƐƐ͘dŽŚĞůƉĞŶƐƵƌĞƚŚĞ
ŝŶƚĞŐƌŝƚǇŽĨƚŚĞ/^ƉƌŽĐĞƐƐĂŶĚŝŶĨĂŝƌŶĞƐƐƚŽůŽĐĂůĐŽŵŵƵŶŝƚŝĞƐ͕ƚŚĞ^ƚĂƚĞŽĨůĂƐŬĂĂŶĚƚŽ
ƐŚĂƌĞŚŽůĚĞƌƐ͕/ĂůƐŽƐƚƌŽŶŐůǇƵƌŐĞƚŚĞWĞďďůĞ>ŝŵŝƚĞĚWĂƌƚŶĞƌƐŚŝƉƚŽƉƵďůŝƐŚĂƌŝŐŽƌŽƵƐĐůŽƐƵƌĞ
ĐŽƐƚĞƐƚŝŵĂƚĞĂƐƉĂƌƚŽĨƚŚĞ/^ƉƌŽĐĞƐƐ͘

ϭ
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WƌŽĨĞƐƐŝŽŶĂůĂĐŬŐƌŽƵŶĚ
/ĂŵĂŶĞŶǀŝƌŽŶŵĞŶƚĂůƐĐŝĞŶƚŝƐƚĂŶĚŵĂŶĂŐĞƌǁŝƚŚŽǀĞƌƚŚŝƌƚǇǇĞĂƌƐŽĨĞǆƉĞƌŝĞŶĐĞŝŶƚŚĞŵŝŶŝŶŐ
ĂŶĚĐŽŶƐƵůƚŝŶŐŝŶĚƵƐƚƌŝĞƐ͘ƵƌŝŶŐŵǇϮϯǇĞĂƌƐǁŝƚŚƚŚĞŐůŽďĂůŵŝŶŝŶŐĐŽŵƉĂŶǇZŝŽdŝŶƚŽ/
ĚĞƐŝŐŶĞĚƐĞǀĞƌĂůƐƵĐĐĞƐƐĨƵůůǇͲĐŽŵƉůĞƚĞĚĐůŽƐƵƌĞƉƌŽũĞĐƚƐ͕ƉĂƌƚŝĐŝƉĂƚĞĚŝŶĐůŽƐƵƌĞƐƚĞĞƌŝŶŐ
ĐŽŵŵŝƚƚĞĞƐĂŶĚǁĂƐĂĐŽŶƚƌŝďƵƚŝŶŐĂƵƚŚŽƌŽŶĐůŽƐƵƌĞƐƚĂŶĚĂƌĚƐĂŶĚŐƵŝĚĂŶĐĞŶŽƚĞƐ͘/ŚĂǀĞ
ƉĞƌĨŽƌŵĞĚĞŶǀŝƌŽŶŵĞŶƚĂů͕ƉĞƌŵŝƚƚŝŶŐĂŶĚĐůŽƐƵƌĞǁŽƌŬĂƚŽǀĞƌĨŝĨƚǇŵŝŶĞƐ͕ƉƌŽũĞĐƚƐĂŶĚ
ŽƉĞƌĂƚŝŽŶƐ͘dŚŝƐŝŶĐůƵĚĞĚŽǀĞƌƐĞǀĞŶǇĞĂƌƐĂƐ,ĞĂĚŽĨŶǀŝƌŽŶŵĞŶƚĨŽƌZŝŽdŝŶƚŽ͛ƐŽƉƉĞƌ͕
ŽƉƉĞƌΘŝĂŵŽŶĚƐĂŶĚŽƉƉĞƌΘŽĂůWƌŽĚƵĐƚ'ƌŽƵƉƐ͘/ŚĂǀĞƉƵďůŝƐŚĞĚŶƵŵĞƌŽƵƐƉĂƉĞƌƐŽŶ
ŵŝŶĞĞŶǀŝƌŽŶŵĞŶƚĂůƉĞƌĨŽƌŵĂŶĐĞĂŶĚŵĂŶĂŐĞŵĞŶƚŝŶƉĞĞƌƌĞǀŝĞǁĞĚƐĐŝĞŶƚŝĨŝĐũŽƵƌŶĂůƐ͕
ĐŽŶĨĞƌĞŶĐĞƉƌŽĐĞĞĚŝŶŐƐĂŶĚďŽŽŬƐ͘/ĂŵĞǆƉĞƌŝĞŶĐĞĚŝŶƚŚĞŵĂŶĂŐĞŵĞŶƚŽĨĞŶǀŝƌŽŶŵĞŶƚĂů
ƐƚƌĂƚĞŐŝĞƐ͕ŝƐƐƵĞƐĂŶĚĐŽƐƚƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚŵŝŶĞĐůŽƐƵƌĞ͘

DŝŶŝŶŐ/^ZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞWůĂŶŶŝŶŐ
ůŽƐƵƌĞŐŽĂůƐ͕ƐƚƌĂƚĞŐŝĞƐĂŶĚĐŽŵŵŝƚŵĞŶƚƐĂƌĞŬĞǇĐŽŵƉŽŶĞŶƚƐŽĨŵŝŶŝŶŐŶǀŝƌŽŶŵĞŶƚĂů
/ŵƉĂĐƚ^ƚĂƚĞŵĞŶƚƐďĞĐĂƵƐĞƐŝŐŶŝĨŝĐĂŶƚƉŽƐƚͲŽƉĞƌĂƚŝŽŶĂůĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐŵĂǇ
ƉĞƌƐŝƐƚĨŽƌĐĞŶƚƵƌŝĞƐĂĨƚĞƌĂƌĞůĂƚŝǀĞůǇďƌŝĞĨŵŝŶĞůŝĨĞ͘&ŽƌƚŚŝƐƌĞĂƐŽŶ͕ŝƚŝƐĐŽŵŵŽŶƉƌĂĐƚŝĐĞĨŽƌ
ŵŝŶŝŶŐƉƌŽũĞĐƚƐƚŽĐŽŵƉůĞƚĞĂZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞWůĂŶĚƵƌŝŶŐƚŚĞ/^ƉƌŽĐĞƐƐ͘ƌĞǀŝĞǁŽĨ
ƐĞǀĞƌĂůŵŝŶŝŶŐŶǀŝƌŽŶŵĞŶƚĂů/ŵƉĂĐƚ^ƚĂƚĞŵĞŶƚƐĐŽŵƉůĞƚĞĚŽǀĞƌƚŚĞƉĂƐƚƚŚƌĞĞǇĞĂƌƐƐŚŽǁƐ
ƚŚĂƚĨŝǀĞŽƵƚŽĨƐŝǆŚĂĚƌĞůĞĂƐĞĚĐůŽƐƵƌĞƉůĂŶƐďĞĨŽƌĞƚŚĞ/^ǁĂƐĐŽŵƉůĞƚĞĚ͘dŚĞƐŝǆƚŚ/^ŚĂĚĂ
ƌŽďƵƐƚƌĞĐůĂŵĂƚŝŽŶĂŶĚĐůŽƐƵƌĞĚĞƐĐƌŝƉƚŝŽŶŝŶŚĂƉƚĞƌϮ;WƌŽƉŽƐĞĚĐƚŝŽŶƐĂŶĚůƚĞƌŶĂƚŝǀĞƐͿ
ǁŝƚŚĂĚĚŝƚŝŽŶĂůŝŶĨŽƌŵĂƚŝŽŶŝŶŵĂŶǇŽĨƚŚĞƐƵƉƉŽƌƚŝŶŐĐŚĂƉƚĞƌƐ͘dŚĞƐĞ/^ĚŽĐƵŵĞŶƚƐǁĞƌĞ
ĐŽŵƉůĞƚĞĚŝŶǀĂƌŝŽƵƐ^ƚĂƚĞƐĂŶĚǁŝƚŚǀĂƌŝŽƵƐůĞĂĚĂŐĞŶĐŝĞƐ͗ŽƉƉĞƌ&ůĂƚƐŽƉƉĞƌDŝŶĞWƌŽũĞĐƚ
;EĞǁDĞǆŝĐŽ͕>DͿZŽƐĞŵŽŶƚŽƉƉĞƌDŝŶĞWƌŽũĞĐƚ;ƌŝǌŽŶĂ͕h^&^Ϳ͕'ŽůĚZŽĐŬDŝŶĞWƌŽũĞĐƚ
;EĞǀĂĚĂ͕>DͿ͕'ŽůĚĂƌWƌŽũĞĐƚ;EĞǀĂĚĂ͕>DͿ͕EŽƌƚŚŵĞƚWƌŽũĞĐƚ;DŝŶŶĞƐŽƚĂ͕^ƚĂƚĞEZͿĂŶĚ
ŵŽƐƚƐŝŐŶŝĨŝĐĂŶƚůǇƚŚĞŽŶůŝŶ'ŽůĚWƌŽũĞĐƚ;ůĂƐŬĂ͕ƌŵǇŽƌƉƐŽĨŶŐŝŶĞĞƌƐͿ͘ŽŶůŝŶĐŽŵƉůĞƚĞĚ
ĂϰϱϴͲƉĂŐĞZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞWůĂŶǁŝƚŚĂĚĞƚĂŝůĞĚĐŽƐƚĞƐƚŝŵĂƚĞĚƵƌŝŶŐŝƚƐ/^ƉƌŽĐĞƐƐ͘
dŚĞůĂĐŬŽĨĂZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞƉůĂŶŝƐĂůƐŽĂĐŬŶŽǁůĞĚŐĞĚĂƐĂƐŝŐŶŝĨŝĐĂŶƚĚĂƚĂŐĂƉŝŶ
^ĞĐƚŝŽŶϯ͘ϭ͘ϲŽĨƚŚĞWĞďďůĞ/^͘'ŝǀĞŶŚŽǁĨĞǁƐƵďƐƚĂŶƚŝǀĞŵŝŶĞƉůĂŶĂůƚĞƌŶĂƚŝǀĞƐĂƌĞĂĐƚƵĂůůǇ
ďĞŝŶŐĐŽŶƐŝĚĞƌĞĚďǇƚŚĞ/^͕ƉƌŽĚƵĐƚŝŽŶŽĨĂƌŽďƵƐƚĐůŽƐƵƌĞƉůĂŶǁŽƵůĚĐĞƌƚĂŝŶůǇŶŽƚďĞƵŶĚƵůǇ
ďƵƌĚĞŶƐŽŵĞĂƚƚŚŝƐƐƚĂŐĞ͘
ĞƐƉŝƚĞƚŚĞƐŝŐŶŝĨŝĐĂŶĐĞŽĨƉŽƐƚͲŽƉĞƌĂƚŝŽŶĂůĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐĂƚWĞďďůĞ͕ŶŽ
ZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞWůĂŶŚĂƐďĞĞŶĐŽŵƉůĞƚĞĚĂŶĚƚŚĞĐůŽƐƵƌĞĂŶĂůǇƐŝƐǁŝƚŚŝŶƚŚĞ/^ŝƐ
ĐůĞĂƌůǇŝŶĂĚĞƋƵĂƚĞ͘&ƵƌƚŚĞƌŵŽƌĞ͕ŝƚĂƉƉĞĂƌƐƚŚĂƚƚŚĞWĞďďůĞ>ŝŵŝƚĞĚWĂƌƚŶĞƌƐŚŝƉŝŶƚĞŶĚƐƚŽǁĂŝƚ
ƚŽƉƌŽĚƵĐĞĂĐůŽƐƵƌĞƉůĂŶƵŶƚŝůĂĨƚĞƌƚŚĞ/^ŝƐĐŽŵƉůĞƚĞĚ;^ĞĐƚŝŽŶƐϮĂŶĚϰ͘ϮϮͿ͘dŚĞƌĞĂƌĞ
ƐŝŐŶŝĨŝĐĂŶƚĐůŽƐƵƌĞŽŵŝƐƐŝŽŶƐĂŶĚĞƌƌŽƌƐŝŶƚŚĞ/^ǁŚŝĐŚĂƌĞĚĞƐĐƌŝďĞĚŝŶƚŚĞŶĞǆƚƐĞĐƚŝŽŶŽĨ
ƚŚŝƐůĞƚƚĞƌ͘DĂŶǇƐƚƌĂƚĞŐŝĐĂŶĚĐŽŵƉůĞǆĐůŽƐƵƌĞĐŽŵƉŽŶĞŶƚƐĂƌĞŽŶůǇĚĞƐĐƌŝďĞĚŝŶŐĞŶĞƌĂůŝǌĞĚ
ƚĞƌŵƐǁŝƚŚŝŶƐƵĨĨŝĐŝĞŶƚĚĞƚĂŝůƉƌĞƐĞŶƚĞĚƚŽĚĞƚĞƌŵŝŶĞŝĨƚŚĞǇĂƌĞĂƉƉƌŽƉƌŝĂƚĞĂŶĚƉƌĂĐƚŝĐĂďůĞ͘
Ϯ
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dŚĞ/^ĂŶĚƐƵƉƉŽƌƚŝŶŐĚŽĐƵŵĞŶƚƐĚŽŶŽƚƉƌŽǀŝĚĞƉƌĞůŝŵŝŶĂƌǇĞŶŐŝŶĞĞƌŝŶŐĚƌĂǁŝŶŐƐĨŽƌŵŽƐƚ
ŬĞǇĐůŽƐƵƌĞƐƚƌƵĐƚƵƌĞƐĂŶĚůĂŶĚĨŽƌŵƐ͘EŽƌĚŽĞƐƚŚĞ/^ƉƌŽǀŝĚĞĂŶǇŵĂƚĞƌŝĂůƐďĂůĂŶĐĞƐĨŽƌ
ŵĂũŽƌĞĂƌƚŚǁŽƌŬƐ͕ĚĞŵŽůŝƚŝŽŶŽƌƚŽƉƐŽŝůŵĂŶĂŐĞŵĞŶƚ͘
dŚĞůĂĐŬŽĨĞǀĞŶĂĐŽŶĐĞƉƚƵĂůůĞǀĞůZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞWůĂŶŝƐĂƉĂƌƚŝĐƵůĂƌĐŽŶĐĞƌŶ
ďĞĐĂƵƐĞĐůŽƐƵƌĞŽĨƚŚĞϮϬͲǇĞĂƌWĞďďůĞŵŝŶĞǁŝůůďĞĐŽŵƉůĞǆĂŶĚǀĞƌǇĐŽƐƚůǇ͘ƐĚĞƐĐƌŝďĞĚŝŶ
^ĞĐƚŝŽŶϰ͘ϭϲ͕ĐĞŶƚƵƌŝĞƐŽĨǁĂƚĞƌƚƌĞĂƚŵĞŶƚǁŝůůďĞƌĞƋƵŝƌĞĚĨŽƌƉƌĞĚŝĐƚĞĚĨůŽǁƐŝŶĞǆĐĞƐƐŽĨϱϬϬϬ
ŐĂůůŽŶƐƉĞƌŵŝŶƵƚĞ͘'ĞŽƚĞĐŚŶŝĐĂůƌŝƐŬƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƉŝƚǁĂůůƐĂŶĚƚŚĞƉĞƌŵĂŶĞŶƚďƵůŬƚĂŝůŝŶŐƐ
ƐƚŽƌĂŐĞĨĂĐŝůŝƚǇǁŝůůƉĞƌƐŝƐƚŝŶƉĞƌƉĞƚƵŝƚǇŝŶƚŚŝƐƐĞŝƐŵŝĐĂůůǇĂĐƚŝǀĞĂƌĞĂĂŶĚĐŽƵůĚƌĞƐƵůƚŝŶƚŚĞ
ĐĂƚĂƐƚƌŽƉŚŝĐƌĞůĞĂƐĞŽĨƚĂŝůŝŶŐƐĂŶĚͬŽƌƵŶƚƌĞĂƚĞĚǁĂƚĞƌ͘ƐĚĞƚĂŝůĞĚůĂƚĞƌŝŶƚŚŝƐůĞƚƚĞƌ͕ƚŚĞƚŽƚĂů
ĐůŽƐƵƌĞĐŽƐƚƐĂƌĞĂůŵŽƐƚĐĞƌƚĂŝŶƚŽĞǆĐĞĞĚϭ͘ϱďŝůůŝŽŶĚŽůůĂƌƐĞǀĞŶĂĨƚĞƌĚŝƐĐŽƵŶƚŝŶŐůĂƚĞƌ
ĞǆƉĞŶƐĞƐƚŽƚŚĞĨŝƌƐƚǇĞĂƌŽĨĐůŽƐƵƌĞ͘dŚŝƐǀĞƌǇŚŝŐŚĐůŽƐƵƌĞĐŽƐƚŝƐĂƉĂƌƚŝĐƵůĂƌĐŽŶĐĞƌŶŐŝǀĞŶ
ƚŚĂƚƚŚĞ/^ϮϬͲǇĞĂƌŵŝŶĞƉůĂŶŝƐĂůŵŽƐƚĐĞƌƚĂŝŶůǇŶŽƚĞĐŽŶŽŵŝĐĂůůǇĨĞĂƐŝďůĞ;ŽƌĚĞŶ/^
ĐŽŵŵĞŶƚůĞƚƚĞƌĚĂƚĞĚDĂƌĐŚϮϴ͕ϮϬϭϵͿ͘dŚĞǀĞƌǇŚŝŐŚĐůŽƐƵƌĞĐŽƐƚƐĐŽƵƉůĞĚǁŝƚŚƚŚĞŵĂƌŐŝŶĂů
ŽǀĞƌĂůůƉƌŽũĞĐƚĞĐŽŶŽŵŝĐƐŵĞĂŶƚŚĂƚƚŚĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶŝƐĂůŵŽƐƚĐĞƌƚĂŝŶůǇŶŽƚƚŚĞ͞ůĞĂƐƚ
ĞŶǀŝƌŽŶŵĞŶƚĂůůǇĚĂŵĂŐŝŶŐƉƌĂĐƚŝĐĂďůĞĂůƚĞƌŶĂƚŝǀĞ͘͟^ŚŽƵůĚŵŝŶŝŶŐďĞŝŶŝƚŝĂƚĞĚ͕ƚŚĞƌĞǁŝůů
ƵŶĚŽƵďƚĞĚůǇďĞŝŶƚĞŶƐĞĨŝŶĂŶĐŝĂůƉƌĞƐƐƵƌĞƚŽĚĞĨĞƌƚŚĞƐĞĐůŽƐƵƌĞĞǆƉĞŶĚŝƚƵƌĞƐďǇĐŽŶƚŝŶƵĞĚ
ŵŝŶŝŶŐĂƐƚŚĞƵŶĞĐŽŶŽŵŝĐϮϬͲǇĞĂƌŵŝŶĞƉůĂŶĂƉƉƌŽĂĐŚĞƐŝƚƐĞŶĚ͘ĨƵƚƵƌĞŵŝŶĞŽƉĞƌĂƚŽƌŵĂǇ
ĂůƐŽĂƚƚĞŵƉƚƚŽĂǀŽŝĚďĂĐŬĨŝůůŝŶŐƚŚĞƉŝƚǁŝƚŚĐŚĞŵŝĐĂůůǇƌĞĂĐƚŝǀĞǁĂƐƚĞƌŽĐŬĂŶĚƚĂŝůŝŶŐƐ;ĚĞƐƉŝƚĞ
ƚŚĞĂďƐŽůƵƚĞŶĞĐĞƐƐŝƚǇĨŽƌĂĐŝĚƌŽĐŬĚƌĂŝŶĂŐĞĐŽŶƚƌŽůĂŶĚƚŽĞŶƐƵƌĞƉĞƌŵĂŶĞŶƚĐŽŶƚĂŝŶŵĞŶƚͿ
ďĞĐĂƵƐĞƚŚŝƐĐŽƵůĚƉƌĞĐůƵĚĞĂŶǇĨƵƚƵƌĞƌĞƐŽƵƌĐĞĚĞǀĞůŽƉŵĞŶƚŝŶƚŚĞƌĞŵĂŝŶŝŶŐƐŚĂůůŽǁĂŶĚ
ŵŽƌĞĂĐĐĞƐƐŝďůĞƉŽƌƚŝŽŶƐŽĨƚŚĞŽƌĞďŽĚǇ͘
/ŶŽƌĚĞƌƚŽĂĚĚƌĞƐƐƚŚĞƐĞŵĂũŽƌĚĞĨŝĐŝĞŶĐŝĞƐŝŶƚŚĞ/^͕ĂZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞƉůĂŶŵƵƐƚ
ďĞĚĞǀĞůŽƉĞĚĨŽƌƚŚĞWĞďďůĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶ͘ƚĂŵŝŶŝŵƵŵ͕ƚŚŝƐƉůĂŶƐŚŽƵůĚƉƌŽǀŝĚĞ
ĂĚĚŝƚŝŽŶĂůĚĞƚĂŝůĂŶĚĂĚĚƌĞƐƐĂůůŽŵŝƐƐŝŽŶƐ͕ĞƌƌŽƌƐĂŶĚƵŶĐĞƌƚĂŝŶƚŝĞƐŚŝŐŚůŝŐŚƚĞĚŝŶƚŚŝƐůĞƚƚĞƌ
ĂŶĚŽƚŚĞƌ/^ĐŽŵŵĞŶƚƐ͘dŽŚĞůƉĞŶƐƵƌĞƚŚĞŝŶƚĞŐƌŝƚǇŽĨƚŚĞ/^ƉƌŽĐĞƐƐĂŶĚŝŶĨĂŝƌŶĞƐƐƚŽ
ůŽĐĂůĐŽŵŵƵŶŝƚŝĞƐ͕ƚŚĞ^ƚĂƚĞŽĨůĂƐŬĂĂŶĚƚŽƐŚĂƌĞŚŽůĚĞƌƐ͕/ĂůƐŽƐƚƌŽŶŐůǇƵƌŐĞƚŚĞWĞďďůĞ
>ŝŵŝƚĞĚWĂƌƚŶĞƌƐŚŝƉƚŽƉƵďůŝƐŚĂƌŝŐŽƌŽƵƐĐůŽƐƵƌĞĐŽƐƚĞƐƚŝŵĂƚĞĂƐƉĂƌƚŽĨƚŚĞ/^ƉƌŽĐĞƐƐ͘

WĞďďůĞ/^^ŝŐŶŝĨŝĐĂŶƚůŽƐƵƌĞͲZĞůĂƚĞĚKŵŝƐƐŝŽŶƐ͕ƌƌŽƌƐĂŶĚhŶĐĞƌƚĂŝŶƚŝĞƐ
dŚĞWĞďďůĞ/^ĨĂŝůƐƚŽĚŝƐĐƵƐƐŽƌƉƌŽǀŝĚĞƐŝŶƐƵĨĨŝĐŝĞŶƚĚĞƚĂŝůĨŽƌƚŚĞĨŽůůŽǁŝŶŐƐƚƌĂƚĞŐŝĐĐůŽƐƵƌĞ
ŝƐƐƵĞƐǁŚŝĐŚǁŽƵůĚďĞŬĞǇĐŽŵƉŽŶĞŶƚƐŽĨĂƌŽďƵƐƚZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞƉůĂŶ͘dŚĞƐĞŝƐƐƵĞƐ
ŵƵƐƚďĞĂĚĚƌĞƐƐĞĚƚŽϭͿĞǀĂůƵĂƚĞƚŚĞůŽŶŐͲƚĞƌŵƉŽƐƚͲĐůŽƐƵƌĞŝŵƉĂĐƚƐĂŶĚƌŝƐŬƐ͕ƐŽŵĞŽĨǁŚŝĐŚ
ĐŽƵůĚƉĞƌƐŝƐƚĨŽƌĐĞŶƚƵƌŝĞƐ͖ϮͿĚĞƚĞƌŵŝŶĞŝĨĞĨĨĞĐƚŝǀĞĐůŽƐƵƌĞŝƐĞǀĞŶƉƌĂĐƚŝĐĂďůĞƵŶĚĞƌƚŚĞĂĐƚƵĂů
ĞŶǀŝƌŽŶŵĞŶƚĂů͕ŽƉĞƌĂƚŝŽŶĂůĂŶĚĨŝŶĂŶĐŝĂůĐŽŶĚŝƚŝŽŶƐŽĨƚŚĞƉƌŽũĞĐƚ͖ϯͿŝŶĨŽƌŵŵŝŶĞĚĞƐŝŐŶƐŽ
ƚŚĂƚWĞďďůĞĐĂŶŝŵƉůĞŵĞŶƚŝƚƐƐƚĂƚĞĚ͞ŚŽůŝƐƚŝĐ͕ĚĞƐŝŐŶͲĨŽƌͲĐůŽƐƵƌĞƉŚŝůŽƐŽƉŚǇ͟;^ĞĐƚŝŽŶϮͿ͖ĂŶĚ
ϰͿĞǀĞŶƚƵĂůůǇĂůůŽǁĐůŽƐƵƌĞĐŽƐƚĞƐƚŝŵĂƚĞƐĨŽƌĨŝŶĂŶĐŝĂůĂƐƐƵƌĂŶĐĞ͘
dŽƉƐŽŝůDĂŶĂŐĞŵĞŶƚĂŶĚĂůĂŶĐĞʹ^ĞĐƚŝŽŶϰ͘ϮϮƐƚĂƚĞƐƚŚĂƚ͞ƚŽƉƐŽŝůĂŶĚŽǀĞƌďƵƌĚĞŶǁŽƵůĚďĞ
ƐĂůǀĂŐĞĚĚƵƌŝŶŐĐŽŶƐƚƌƵĐƚŝŽŶĨŽƌƵƐĞĂƐŐƌŽǁƚŚŵĞĚŝĂĚƵƌŝŶŐƌĞĐůĂŵĂƚŝŽŶ͟ĂŶĚŵŝŶĞƉůĂŶ
ϯ
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ĨŝŐƵƌĞƐĚŽƐŚŽǁƐŽŵĞƚŽƉƐŽŝůƐƚŽĐŬƉŝůĞƐ͘,ŽǁĞǀĞƌ͕ƚŚĞƌĞĂƌĞŶŽĞƐƚŝŵĂƚĞƐŽĨƚŽƉƐŽŝůǀŽůƵŵĞƐ
ƚŚĂƚǁŝůůďĞƐĂůǀĂŐĞĚĚƵƌŝŶŐĐŽŶƐƚƌƵĐƚŝŽŶ͕ŶŽĚŝƐĐƵƐƐŝŽŶŽĨƚŽƉƐŽŝůƐĂůǀĂŐĞŽƌƐƚŽƌĂŐĞƚĞĐŚŶŝƋƵĞƐ
ĂƚƚŚĞŵŝŶĞŽƌĂĐĐĞƐƐĐŽƌƌŝĚŽƌ͕ĂŶĚŶŽĞƐƚŝŵĂƚĞƐŽĨƚŽƉƐŽŝůƌĞƋƵŝƌĞŵĞŶƚƐƚŽƐƵĐĐĞƐƐĨƵůůǇ
ƌĞǀĞŐĞƚĂƚĞƌŽƵŐŚůǇϭϰƐƋƵĂƌĞŵŝůĞƐŽĨĚŝƐƚƵƌďĂŶĐĞ͘dŚĞƐĞĚĂƚĂĂƌĞĂůŵŽƐƚĂůǁĂǇƐŝŶĐůƵĚĞĚŝŶĂ
ZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞƉůĂŶ͘
ZĞǀĞŐĞƚĂƚŝŽŶ^ƚƌĂƚĞŐŝĞƐĂŶĚ'ŽĂůƐʹ^ĞĐƚŝŽŶϮƐƚĂƚĞƐƚŚĂƚ͞ƐŝƚĞƐǁŽƵůĚďĞƐĞĞĚĞĚĨŽƌ
ƌĞǀĞŐĞƚĂƚŝŽŶ͟ĂŶĚ^ĞĐƚŝŽŶϰ͘ϮϮĚŽĞƐƉƌŽǀŝĚĞĂǀĞƌǇŐĞŶĞƌŝĐĚŝƐĐƵƐƐŝŽŶŽĨǁĞƚůĂŶĚƐƌĞͲ
ĞƐƚĂďůŝƐŚŵĞŶƚ͘,ŽǁĞǀĞƌ͕ƚŚĞƌĞĂƌĞŶŽŵĂƉƐŽƌƚĂďůĞƐƐŚŽǁŝŶŐǁŚĂƚƚǇƉĞƐŽĨǀĞŐĞƚĂƚŝŽŶǁŝůůďĞ
ĞƐƚĂďůŝƐŚĞĚǁŚĞƌĞ͕ĂŶĚƚŚĞƌĞŝƐŶŽƚĂŶǇĚŝƐĐƵƐƐŝŽŶŽĨƐĞĞĚŵŝǆĞƐ͕ƐĞĞĚŝŶŐƚĞĐŚŶŝƋƵĞƐŽƌ
ƌĞǀĞŐĞƚĂƚŝŽŶŐŽĂůƐ͘^ƵĐĐĞƐƐĨƵůƌĞǀĞŐĞƚĂƚŝŽŶŽĨƚŚĞƌŽƵŐŚůǇϭϰƐƋƵĂƌĞŵŝůĞƐŽĨĚŝƐƚƵƌďĂŶĐĞŝƐ
ŽŶĞŽĨƚŚĞŬĞǇƌĞƋƵŝƌĞŵĞŶƚƐƚŽƌĞƚƵƌŶƚŚĞůĂŶĚƚŽďĞŶĞĨŝĐŝĂůƉŽƐƚͲŵŝŶŝŶŐƵƐĞ͘
ƌĂŝŶĂŐĞZĞͲĞƐƚĂďůŝƐŚŵĞŶƚĂŶĚZĞǀĞŐĞƚĂƚŝŽŶŽĨYƵĂƌƌŝĞƐʹ^ĞĐƚŝŽŶϰ͘ϭϰƐƚĂƚĞƐƚŚĂƚƋƵĂƌƌǇ
ƐŝƚĞƐ;ϴϳϯĂĐƌĞƐͿ͞ǁŽƵůĚŶŽƚƵŶĚĞƌŐŽƌĞĐůĂŵĂƚŝŽŶ͘͟EŽũƵƐƚŝĨŝĐĂƚŝŽŶŝƐŐŝǀĞŶĨŽƌǁŚǇŽǀĞƌĂ
ƐƋƵĂƌĞŵŝůĞŽĨŚĞĂǀŝůǇŝŵƉĂĐƚĞĚůĂŶĚǁŝůůŶŽƚďĞƌĞĐůĂŝŵĞĚŝŶƚŚŝƐĞǆƚƌĞŵĞůǇƐĞŶƐŝƚŝǀĞ
ĞŶǀŝƌŽŶŵĞŶƚ͘ƚĂŵŝŶŝŵƵŵĂĨƌĞĞĚƌĂŝŶŝŶŐĂŶĚƌĞǀĞŐĞƚĂƚĞĚůĂŶĚĨŽƌŵŶĞĞĚƐƚŽďĞƌĞͲ
ĞƐƚĂďůŝƐŚĞĚ͘dŚŝƐŵĂǇƌĞƋƵŝƌĞƌĞĨŝŶŝŶŐƚŚĞƋƵĂƌƌǇĚĞƐŝŐŶƐƚŽŵŝŶŝŵŝǌĞƚŚĞŝŵƉŽƵŶĚŝŶŐŽĨǁĂƚĞƌ
ĂŶĚŝŵƉŽƌƚĂƚŝŽŶŽĨŐƌŽǁƚŚŵĞĚŝĂƚŽĂůůŽǁǀĞŐĞƚĂƚŝŽŶĞƐƚĂďůŝƐŚŵĞŶƚŽŶƚŚĞůĂƌŐĞůŽǁͲĂŶŐůĞ
ƐƵƌĨĂĐĞƐƚŚĂƚĂƌĞĐƌĞĂƚĞĚ͘
/ŶĨƌĂƐƚƌƵĐƚƵƌĞĞŵŽůŝƚŝŽŶĂŶĚDĂƚĞƌŝĂůŝƐƉŽƐĂůʹ^ĞĐƚŝŽŶϮŽĨƚŚĞ/^ƐƚĂƚĞƐƚŚĂƚ͞ĂůůŵŝůůĂŶĚ
ƐƵƉƉŽƌƚĨĂĐŝůŝƚŝĞƐŶŽƚƌĞƋƵŝƌĞĚĨŽƌƉŽƐƚͲĐůŽƐƵƌĞ͙͙ǁŽƵůĚďĞĨƵůůǇƌĞĐůĂŝŵĞĚŝŶĂĐĐŽƌĚĂŶĐĞǁŝƚŚ
^ƚĂƚĞŽĨůĂƐŬĂƌĞƋƵŝƌĞŵĞŶƚƐ͘͟ǀĞƌǇůĂƌŐĞĂŵŽƵŶƚŽĨŝŶĨƌĂƐƚƌƵĐƚƵƌĞǁŽƵůĚŶĞĞĚƚŽďĞ
ĚĞŵŽůŝƐŚĞĚŝŶĐůƵĚŝŶŐƚƌƵĐŬƐŚŽƉƐ͕ǁĂƌĞŚŽƵƐĞƐ͕ĞǆƉůŽƐŝǀĞƐƐƚŽƌĂŐĞ͕ƌŽĐŬĐƌƵƐŚĞƌƐ͕ƚŚĞ
ĐŽŶĐĞŶƚƌĂƚŽƌ͕ƚĂŝůŝŶŐƐƉŝƉĞůŝŶĞƐ͕ŵŽƌĞƚŚĂŶƚŚƌĞĞƐƋƵĂƌĞŵŝůĞƐŽĨ,WůŝŶĞƌ͕ĞǆĐĞƐƐĞŵƉůŽǇĞĞ
ŚŽƵƐŝŶŐ͕ĞǆĐĞƐƐǁĂƚĞƌƚƌĞĂƚŵĞŶƚĐĂƉĂĐŝƚǇĂŶĚĞǆĐĞƐƐƉŽǁĞƌŐĞŶĞƌĂƚŝŽŶĐĂƉĂĐŝƚǇ͘'ŝǀĞŶƚŚĞ
ƌĞŵŽƚĞŶĞƐƐŽĨƚŚĞƐŝƚĞ͕ĂůŵŽƐƚŶŽŶĞŽĨƚŚĞĐŽŶƐƚƌƵĐƚŝŽŶĚĞďƌŝƐŝƐůŝŬĞůǇƚŽŚĂǀĞƐĂůǀĂŐĞǀĂůƵĞ
ĂŶĚŝƚǁŽƵůĚĂůůŶĞĞĚƚŽďĞĚŝƐƉŽƐĞĚŽĨŽŶƐŝƚĞ͘ůƚŚŽƵŐŚ^ĞĐƚŝŽŶϮĚŽĞƐƐƚĂƚĞƚŚĂƚƚŚĞĚĞďƌŝƐ
ǁŽƵůĚďĞƉůĂĐĞĚŝŶĂƐƉĞĐŝĂůůǇĚĞƐŝŐŶĂƚĞĚůĂŶĚĨŝůůŽƌŝŶƚŽƚŚĞŽƉĞŶƉŝƚ͕ƚŚĞƌĞĂƌĞŶŽƚĞƐƚŝŵĂƚĞƐŽĨ
ĚĞďƌŝƐǀŽůƵŵĞƐŽƌĐŽŶĐĞƉƚƵĂůůĞǀĞůĚĞƐŝŐŶƐĨŽƌŚŽǁŝƚǁŽƵůĚďĞƐĂĨĞůǇĚŝƐƉŽƐĞĚ͘
ƵůŬdĂŝůŝŶŐƐ^ƚŽƌĂŐĞ&ĂĐŝůŝƚǇ;d^&ͿZĞĐŽŶƚŽƵƌŝŶŐʹƐƐƚĂƚĞĚŝŶ^ĞĐƚŝŽŶϮ͘Ϭ͞ƚŚĞďƵůŬd^&ǁŽƵůĚ
ďĞĐůŽƐĞĚďǇƌĞŐƌĂĚŝŶŐŝƚƐƐƵƌĨĂĐĞƐŽƚŚĂƚĂůůĚƌĂŝŶĂŐĞǁŽƵůĚďĞĚŝƌĞĐƚĞĚŽĨĨ͘͟dŚŝƐƌĞŐƌĂĚŝŶŐŝƐ
ĐůĞĂƌůǇƌĞƋƵŝƌĞĚƚŽŵŝŶŝŵŝǌĞŝŶĨŝůƚƌĂƚŝŽŶĂŶĚŚĞůƉĞŶƐƵƌĞůŽŶŐͲƚĞƌŵƚĂŝůŝŶŐƐĐŽŶƚĂŝŶŵĞŶƚ͘
,ŽǁĞǀĞƌ͕ƚŚĞ/^ƉƌŽǀŝĚĞƐŶŽĚĞƚĂŝůŽŶŚŽǁƚŚŝƐůĂƌŐĞĂŶĚĐŽŵƉůĞǆĞŶŐŝŶĞĞƌŝŶŐƉƌŽũĞĐƚǁŝůůďĞ
ĂĐĐŽŵƉůŝƐŚĞĚ͘ƐĐŽŵŵŝƚƚĞĚŝŶdĂďůĞϰ͘ϭϲͲϭƚŚĞd^&ŵƵƐƚďĞĂďůĞƚŽĐŽŶƚĂŝŶƚŚĞƉŽƚĞŶƚŝĂů
ŵĂǆŝŵƵŵƉƌĞĐŝƉŝƚĂƚŝŽŶĞǀĞŶƚƉůƵƐƚŚĞϭŝŶĂϭϬϬͲǇĞĂƌƐŶŽǁƉĂĐŬĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶ͘ƚůĞĂƐƚ
ϮϬϬϬĨĞĞƚŽĨďĞĂĐŚŵƵƐƚĂůƐŽďĞŵĂŝŶƚĂŝŶĞĚďĞƚǁĞĞŶƚŚĞƌĞĐůĂŵĂƚŝŽŶƉŽŶĚĂŶĚƚŚĞ
ĞŵďĂŶŬŵĞŶƚƐ͘dŚĞĨŝŶĞƚĂŝůŝŶŐƐƵŶĚĞƌůǇŝŶŐƚŚĞĚĞĐĂŶƚƉŽŶĚǁŝůůĂůƐŽƐĞƚƚůĞŵƵĐŚŵŽƌĞƚŚĂŶƚŚĞ
ƐĂŶĚƐƵŶĚĞƌůǇŝŶŐƚŚĞďĞĂĐŚĞƐǁŚĞŶƚŚĞǇĐŽŶƐŽůŝĚĂƚĞĂƚĐůŽƐƵƌĞ͘ZĞĐŽŶƚŽƵƌŝŶŐǁŝůůĂůŵŽƐƚ
ĐĞƌƚĂŝŶůǇƌĞƋƵŝƌĞƚĞŶƐŽĨŵŝůůŝŽŶƐŽĨĐƵďŝĐǇĂƌĚƐŽĨŵĂƚĞƌŝĂůŵŽǀĞŵĞŶƚƚŽĐƌĞĂƚĞĂĨƌĞĞĚƌĂŝŶŝŶŐ
ĐŽŶǀĞǆƐƵƌĨĂĐĞ͘:ƵƐƚƚŽĨŝůůƚŚĞĚĞƉƌĞƐƐŝŽŶĐĂƉĂďůĞŽĨŚŽůĚŝŶŐƚŚĞĞǆƚƌĞŵĞƌĂŝŶĨĂůůĚĞƐŝŐŶĞǀĞŶƚ
ϰ
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ǁŝůůƌĞƋƵŝƌĞďĂĐŬĨŝůůŽĨϭϳŵŝůůŝŽŶĐƵďŝĐǇĂƌĚƐ;<ŶŝŐŚƚWŝĞƐŽůĚϮϬϭϴŐͿĂŶĚƚŚĞĂĐƚƵĂůǀŽůƵŵĞǁŝůů
ĂůŵŽƐƚĐĞƌƚĂŝŶůǇďĞŵƵĐŚŚŝŐŚĞƌ͘
ƵůŬd^&ZƵŶŽĨĨŝƐĐŚĂƌŐĞ^ƚƌƵĐƚƵƌĞ;ƐͿʹ^ĞĐƚŝŽŶϮƐƚĂƚĞƐƚŚĂƚ͞ĂƐƉŝůůǁĂǇǁŝůůďĞĐŽŶƐƚƌƵĐƚĞĚ
ĨƌŽŵƚŚĞďƵůŬd^&͘͟dŚŝƐŝƐĂĐƌŝƚŝĐĂůĐůŽƐƵƌĞĐŽŵƉŽŶĞŶƚ͕ďƵƚŶŽĂĚĚŝƚŝŽŶĂůĚĞƚĂŝůŝƐƉƌŽǀŝĚĞĚ͘/Ĩ
ƚŚĞƐƉŝůůǁĂǇĨĂŝůĞĚĚƵƌŝŶŐĂůĂƌŐĞƐƚŽƌŵĞǀĞŶƚŽƌĂƐĞƌŝĞƐŽĨĞǀĞŶƚƐ͕ƐƵďƐĞƋƵĞŶƚĞƌŽƐŝŽŶĐŽƵůĚ
ĚĞƐƚĂďŝůŝǌĞƚŚĞĞŵďĂŶŬŵĞŶƚĂŶĚďĞŐŝŶƚƌĂŶƐƉŽƌƚŝŶŐƚĂŝůŝŶŐƐŝŶƚŽƚŚĞĚŽǁŶͲƐƚƌĞĂŵƌŝǀĞƌ
ƐǇƐƚĞŵƐ͘/ƚǁŝůůďĞĐŚĂůůĞŶŐŝŶŐƚŽĐƌĞĂƚĞĂƐƚĂďůĞ͕ŶŽŶͲĞƌŽƐŝǀĞƐƉŝůůǁĂǇĐĂƉĂďůĞŽĨƚƌĂŶƐŵŝƚƚŝŶŐ
ĞǀĞŶƚŚĞϮϬϬͲǇĞĂƌϮϰͲŚŽƵƌƐƚŽƌŵĞǀĞŶƚǁŝƚŚĨůŽǁƐŐƌĞĂƚĞƌƚŚĂŶϭϬϬ͕ϬϬϬŐĂůůŽŶƉĞƌŵŝŶƵƚĞ
ĚŽǁŶĂƐƚĞĞƉϮϬͲĚĞŐƌĞĞĞŵďĂŶŬŵĞŶƚƐůŽƉĞ͘&ůŽǁƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞƉŽƚĞŶƚŝĂůŵĂǆŝŵƵŵ
ƉƌĞĐŝƉŝƚĂƚŝŽŶĞǀĞŶƚĐŽƵůĚďĞƌŽƵŐŚůǇĨŝǀĞƚŝŵĞƐůĂƌŐĞƌ͘
ƵůŬd^&ŽǀĞƌĞƐŝŐŶĂŶĚŝŶĨŝůƚƌĂƚŝŽŶDŽĚĞůůŝŶŐʹ^ĞĐƚŝŽŶϮƐƚĂƚĞƐƚŚĂƚ͞ƚŚĞƚĂŝůŝŶŐƐƐƵƌĨĂĐĞ
ǁŽƵůĚďĞĐŽǀĞƌĞĚǁŝƚŚƐŽŝůĂŶĚͬŽƌƌŽĐŬĂŶĚƉŽƐƐŝďůǇĂŐĞŽŵĞŵďƌĂŶĞŽƌŽƚŚĞƌƐǇŶƚŚĞƚŝĐ
ŵĂƚĞƌŝĂů͟ĂŶĚƚŚĂƚ͞ĂůŽǁͲƉĞƌŵĞĂďŝůŝƚǇƐŽŝůĐŽǀĞƌǁŝƚŚƚŚĞĂďŝůŝƚǇƚŽƐƵƉƉŽƌƚǀĞŐĞƚĂƚŝŽŶǁŽƵůĚ
ďĞƉůĂĐĞĚŽǀĞƌƚŚĞƐƵƌĨĂĐĞŽĨƚŚĞƚĂŝůŝŶŐƐ͘͟tŚŝůĞƚŚĞWƌŽũĞĐƚĞƐĐƌŝƉƚŝŽŶ;ƉƉĞŶĚŝǆEͿƐƚĂƚĞƐ͞Ă
ĐĂƉŝůůĂƌǇďƌĞĂŬĂŶĚŐƌŽǁƚŚŵĞĚŝĂǁŝůůďĞƉůĂĐĞĚŽǀĞƌƚŚĞƐƵƌĨĂĐĞŽĨƚŚĞƚĂŝůŝŶŐƐ͘͟dŚĞƌĞĂƌĞŶŽ
ĐŽŶĐĞƉƚƵĂůůĞǀĞůĚĞƐŝŐŶƐĂǀĂŝůĂďůĞĨŽƌƚŚĞƉƌŽƉŽƐĞĚĐŽǀĞƌ͖ŶŽƉůĂĐĞŚŽůĚĞƌĞƐƚŝŵĂƚĞƐŽĨĐŽǀĞƌ
ƚŚŝĐŬŶĞƐƐĂŶĚŵĂƚĞƌŝĂůƐďĂůĂŶĐĞƐ͖ĂŶĚŶŽĞƐƚŝŵĂƚĞƐŽĨŚŽǁŵƵĐŚƚŚĞǇǁŽƵůĚ;ŽƌƐŚŽƵůĚͿƌĞĚƵĐĞ
ŝŶĨŝůƚƌĂƚŝŽŶ͘WůĂĐĞŵĞŶƚŽĨĂŐĞŽŵĞŵďƌĂŶĞůŝŶĞƌŽǀĞƌĂϮϰϳϱͲĂĐƌĞĂƌĞĂŝƐůŝŬĞůǇƚŽĐŽƐƚǁĞůůŝŶ
ĞǆĐĞƐƐŽĨΨϭϬϬŵŝůůŝŽŶ͘ƐŽŝůĐŽǀĞƌŝƐůŝŬĞůǇƚŽďĞŵƵĐŚůĞƐƐĐŽƐƚůǇďƵƚŝƐƵŶůŝŬĞůǇƚŽĐƵƚ
ŝŶĨŝůƚƌĂƚŝŽŶƚŽůĞƐƐƚŚĂŶϮϬйŽĨŝŶĐŝĚĞŶƚƉƌĞĐŝƉŝƚĂƚŝŽŶ͘hŶůĞƐƐĂǀĞƌǇĞǆƉĞŶƐŝǀĞĂŶĚĐŽŵƉůĞǆ
ĐŽǀĞƌŝƐĐŽŶƐƚƌƵĐƚĞĚ͕ƐĞĞƉĂŐĞĨƌŽŵƚŚĞďƵůŬƚĂŝůŝŶŐƐƐƚŽƌĂŐĞĨĂĐŝůŝƚǇǁŚŝĐŚƌĞƋƵŝƌĞƐƚƌĞĂƚŵĞŶƚŝƐ
ůŝŬĞůǇƚŽĐŽŶƚŝŶƵĞŝŶĚĞĨŝŶŝƚĞůǇĂƚƌĂƚĞƐŝŶĞǆĐĞƐƐŽĨϭϬϬϬŐƉŵ͘ƐƐƚĂƚĞĚŝŶ^ĞĐƚŝŽŶϮ͞ƐĞĞƉĂŐĞ
ǁĂƚĞƌĨƌŽŵƚŚĞďƵůŬd^&ĞŵďĂŶŬŵĞŶƚ^WƐǁŽƵůĚďĞĐŽůůĞĐƚĞĚĂŶĚĞŝƚŚĞƌƚƌĞĂƚĞĚŝŶƚŚĞtdWƐ
ŽƌĚŝƌĞĐƚĞĚƚŽƚŚĞƉŝƚůĂŬĞƵŶƚŝůĚĞƚĞƌŵŝŶĞĚƚŽďĞƐƵŝƚĂďůĞĨŽƌĚŝƐĐŚĂƌŐĞʹĂŶƚŝĐŝƉĂƚĞĚĂĨƚĞƌ
ĂƉƉƌŽǆŝŵĂƚĞůǇǇĞĂƌϱϬƉŽƐƚͲĐůŽƐƵƌĞ͘͟,ŽǁĞǀĞƌ͕ĞǀĞŶƚŚĞƌĞůĂƚŝǀĞůŽǁƐƵůĨŝĚĞďƵůŬƚĂŝůŝŶŐƐĂƌĞ
ůŝŬĞůǇƚŽĐŽŶƚĂŝŶŝŶĞǆĐĞƐƐŽĨŽŶĞŵŝůůŝŽŶƚŽŶƐŽĨƐƵůĨƵƌĂƚĐůŽƐƵƌĞ;Ϭ͘ϭй^ŝŶϭϭϬϬŵŝůůŝŽŶƚŽŶƐŽĨ
ƚĂŝůŝŶŐƐͿǁŚŝĐŚǁŝůůĂůŵŽƐƚĐĞƌƚĂŝŶůǇƚĂŬĞŵƵĐŚůŽŶŐĞƌƚŚĂŶϱϬǇĞĂƌƐƚŽŽǆŝĚŝǌĞĂŶĚďĞ
ƚƌĂŶƐƉŽƌƚĞĚŽƵƚŽĨƚŚĞƚĂŝůŝŶŐƐŵĂƐƐ͘/ƚŝƐƵŶĐůĞĂƌŝĨƚŚĞ/^ĂĚĞƋƵĂƚĞůǇĂĐĐŽƵŶƚƐĨŽƌƚŚŝƐ
ĐŽŶƚŝŶƵĞĚǁĂƚĞƌƚƌĞĂƚŵĞŶƚůŝĂďŝůŝƚǇĂĨƚĞƌǇĞĂƌϱϬ͘
KƚŚĞƌŵďĂŶŬŵĞŶƚZĞĐŽŶƚŽƵƌŝŶŐƚŽZĞͲƐƚĂďůŝƐŚƌĂŝŶĂŐĞʹ^ĞĐƚŝŽŶϮƐƚĂƚĞƐƚŚĂƚƚŚĞƉǇƌŝƚŝĐ
d^&͕ŵĂŝŶtĂƚĞƌDĂŶĂŐĞŵĞŶƚWŽŶĚ;tDWͿĂŶĚĂƐƐŽĐŝĂƚĞĚƐĞĞƉĂŐĞƉŽŶĚƐ͞ǁŽƵůĚďĞ
ƌĞĐůĂŝŵĞĚ͕ĂŶĚƐƵƌĨĂĐĞǁĂƚĞƌƌƵŶŽĨĨĨƌŽŵƚŚĞĂƌĞĂĚŝƐĐŚĂƌŐĞĚƚŽƚŚĞĚŽǁŶƐƚƌĞĂŵ
ĞŶǀŝƌŽŶŵĞŶƚ͟ĂŶĚ͞ĞŵďĂŶŬŵĞŶƚƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƌĞĐůĂŝŵĞĚĨĂĐŝůŝƚŝĞƐǁŽƵůĚďĞďƌĞĂĐŚĞĚĂŶĚ
ĨůĂƚƚĞŶĞĚ͘͟ƌĞĂĐŚŝŶŐŽĨƚŚĞƐĞĞŵďĂŶŬŵĞŶƚƐŝƐĂŬĞǇĐůŽƐƵƌĞƌĞƋƵŝƌĞŵĞŶƚŽƌƚŚĞǇǁŽƵůĚ
ƌĞŵĂŝŶǁĂƚĞƌŝŵƉŽƵŶĚŝŶŐƐƚƌƵĐƚƵƌĞƐĨŽƌĞǀĞƌĂŶĚǁŽƵůĚĐƵƚŽĨĨŽǀĞƌƚŚƌĞĞͲƐƋƵĂƌĞŵŝůĞƐŽĨ
ƐƵƌĨĂĐĞƌƵŶŽĨĨĨƌŽŵƚŚĞĚŽǁŶƐƚƌĞĂŵƌŝǀĞƌƐǇƐƚĞŵƐ͘hŶĨŽƌƚƵŶĂƚĞůǇ͕ƚŚĞƚĂůůĞƐƚĂŶĚǁŝĚĞƐƚ
ƉŽƌƚŝŽŶŽĨĞĂĐŚĞŵďĂŶŬŵĞŶƚǁŝůůůŝĞĚŝƌĞĐƚůǇŽǀĞƌƚŚĞĞǆŝƐƚŝŶŐŶĂƚƵƌĂůĚƌĂŝŶĂŐĞĐŚĂŶŶĞůƐ͘dŚĞ
ƉŽƌƚŝŽŶŽĨƚŚĞƉǇƌŝƚŝĐd^&ĞŵďĂŶŬŵĞŶƚƚŚĂƚǁŽƵůĚŶĞĞĚƚŽďĞƌĞŵŽǀĞĚǁŝůůďĞϰϮϱĨĞĞƚŚŝŐŚ͕
ĂŶĚƚŚĞŵĂŝŶtDWĞŵďĂŶŬŵĞŶƚǁŽƵůĚďĞϭϵϬĨĞĞƚŚŝŐŚ͘WƌĞůŝŵŝŶĂƌǇĞƐƚŝŵĂƚĞƐŝŶĚŝĐĂƚĞƚŚĂƚ
ϱ
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ĂďŽƵƚϮϬйŽĨƚŚĞƚŽƚĂůĞŵďĂŶŬŵĞŶƚǀŽůƵŵĞǁŝůůŶĞĞĚƚŽďĞƌĞŵŽǀĞĚƚŽĞƐƚĂďůŝƐŚĂƐƚĂďůĞ
ĚƌĂŝŶĂŐĞƉĂƚŚǁĂǇƚŚƌŽƵŐŚƚŚĞĞŵďĂŶŬŵĞŶƚƐ͘dŚĞƐƚĞĞƉϮ͗ϭŚŽƌŝǌŽŶƚĂů͗ǀĞƌƚŝĐĂůƐůŽƉĞƐŽĨƚŚĞ
tDWǁŝůůĂůƐŽůŝŬĞůǇŶĞĞĚƚŽďĞƌĞĚƵĐĞĚƚŽĂƚůĞĂƐƚϮ͘ϱ͗ϭƚŽĞŶƐƵƌĞĞƌŽƐŝŽŶĂůƐƚĂďŝůŝƚǇĂŶĚƚŽ
ĂůůŽǁƚŽƉƐŽŝůƉůĂĐĞŵĞŶƚĂŶĚƌĞǀĞŐĞƚĂƚŝŽŶ͘/ŶƚŽƚĂůƌŽƵŐŚůǇϰϬŵŝůůŝŽŶĐƵďŝĐǇĂƌĚƐŽĨĨŝůůŽƌŵŽƌĞ
ŵĂǇŶĞĞĚƚŽďĞŵŽǀĞĚ͘
DĂŶĂŐĞŵĞŶƚŽĨKƚŚĞƌŵďĂŶŬŵĞŶƚ^ĞĞƉĂŐĞʹdŚĞtDWĂŶĚƉǇƌŝƚŝĐd^&ĞŵďĂŶŬŵĞŶƚƐǁŝůů
ĐŽŶƚĂŝŶĂƉƉƌŽǆŝŵĂƚĞůǇϮϰϬŵŝůůŝŽŶƚŽŶƐŽĨƌŽĐŬĨŝůůĂŶĚĐŽǀĞƌƌŽƵŐŚůǇϵϬϬĂĐƌĞƐ͘>ĂďŽƌĂƚŽƌǇ
ƚĞƐƚŝŶŐĐŽŶĨŝƌŵƐƚŚĂƚƚŚĞƌŽĐŬŝƚƐĞůĨƉŽƐĞƐŵŝŶŝŵĂůƌŝƐŬŽĨĂĐŝĚŝĨŝĐĂƚŝŽŶ͘,ŽǁĞǀĞƌ͕ĞǀĞŶĂƚ
ŶĞƵƚƌĂůƉ,ƐŽŵĞƐŽůƵƚĞƐŝŶƐĞĞƉĂŐĞǁĂƚĞƌƐƵĐŚĂƐƐĞůĞŶŝƵŵ͕ĐŽƉƉĞƌĂŶĚƐƵůĨĂƚĞĂƌĞůŝŬĞůǇƚŽ
ĞǆĐĞĞĚĚŝƐĐŚĂƌŐĞĐƌŝƚĞƌŝĂ;^Z<ϮϬϭϴ͖'ĞŽĐŚĞŵŝĐĂů^ŽƵƌĐĞdĞƌŵƐĨŽƌtĂƚĞƌdƌĞĂƚŵĞŶƚWůĂŶŶŝŶŐͿ͘
ǀĞŶŵŽƌĞƐŝŐŶŝĨŝĐĂŶƚůǇ͕ďĞĐĂƵƐĞƚŚĞĨŝůůŵĂƚĞƌŝĂůǁŝůůďĞĐŽŵƉŽƐĞĚŽĨďůĂƐƚĞĚďĞĚƌŽĐŬ͕ŝƚŝƐ
ĐĞƌƚĂŝŶƚŽĐŽŶƚĂŝŶƌĞƐŝĚƵĂůďůĂƐƚŝŶŐĂŐĞŶƚĂŶĚƚŽƉƌŽĚƵĐĞƐĞĞƉĂŐĞǁĂƚĞƌǁŝƚŚŶŝƚƌĂƚĞ
ĐŽŶĐĞŶƚƌĂƚŝŽŶƐŽŶĞƚŽƚǁŽŽƌĚĞƌƐŽĨŵĂŐŶŝƚƵĚĞĂďŽǀĞǁĂƚĞƌƋƵĂůŝƚǇƌĞƋƵŝƌĞŵĞŶƚƐ͘dŚŝƐŝƐ
ƉĂƌƚŝĐƵůĂƌůǇƚƌƵĞŽĨƚŚĞƐŝŐŶŝĨŝĐĂŶƚƉŽƌƚŝŽŶƐŽĨƚŚĞĞŵďĂŶŬŵĞŶƚƚŚĂƚǁŝůůďĞĐŽǀĞƌĞĚďǇĂŶ,W
ůŝŶĞƌĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶ͘ƐƐƵŵŝŶŐĂϮϬйŝŶĨŝůƚƌĂƚŝŽŶƌĂƚĞĨŽƌƉƌĞĐŝƉŝƚĂƚŝŽŶƚŚĂƚĨĂůůƐŽŶƚŚĞ
ƌĞĐůĂŝŵĞĚĂŶĚƌĞǀĞŐĞƚĂƚĞĚĞŵďĂŶŬŵĞŶƚƐ͕ƌŽƵŐŚůǇϱϬϬŐĂůůŽŶƐƉĞƌŵŝŶƵƚĞŽĨĂĚĚŝƚŝŽŶĂůǁĂƚĞƌ
ĂƌĞůŝŬĞůǇƚŽƌĞƋƵŝƌĞƚƌĞĂƚŵĞŶƚĨŽƌĚĞĐĂĚĞƐĂĨƚĞƌƉŚǇƐŝĐĂůƌĞĐůĂŵĂƚŝŽŶŝƐĐŽŵƉůĞƚĞĚ͘dŚŝƐ
ĐŽůůĞĐƚŝŽŶĂŶĚƚƌĞĂƚŵĞŶƚƌĞƋƵŝƌĞŵĞŶƚĚŽĞƐŶŽƚĂƉƉĞĂƌƚŽďĞŝŶĐůƵĚĞĚŝŶƚŚĞ/^ĂŶĂůǇƐŝƐ͘
tĂƚĞƌdƌĞĂƚŵĞŶƚWůĂŶƚWƌĂĐƚŝĐĂďŝůŝƚǇʹdŚĞƉƌŽƉŽƐĞĚĐůŽƐƵƌĞǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉůĂŶƚĚĞƐŝŐŶŝƐ
ǀĞƌǇĐŽŵƉůĞǆ͕ƐƚŝůůŚĂƐƐŝŐŶŝĨŝĐĂŶƚƵŶĐĞƌƚĂŝŶƚŝĞƐĂŶĚŝƐůŝŬĞůǇƚŽŚĂǀĞǀĞƌǇŚŝŐŚŽƉĞƌĂƚŝŶŐĐŽƐƚƐ͘
dƌĞĂƚŵĞŶƚƐƐƚĞƉƐŝŶĐůƵĚĞŵĞƚĂůƐƉƌĞĐŝƉŝƚĂƚŝŽŶǁŝƚŚůŝŵĞ͕ĨĞƌƌŝĐĐŚůŽƌŝĚĞĂŶĚŽƚŚĞƌƌĞĂŐĞŶƚƐ͕
ƐĞĐŽŶĚͲƐƚĂŐĞŵĞƚĂůƐƉƌĞĐŝƉŝƚĂƚŝŽŶ͕ĐůĂƌŝĨŝĐĂƚŝŽŶ͕ƵůƚƌĂĨŝůƚƌĂƚŝŽŶ͕ŶĂŶŽĨŝůƚƌĂƚŝŽŶ͕ĨŽůůŽǁĞĚďǇ
ŵƵůƚŝƐƚĂŐĞŐǇƉƐƵŵƉƌĞĐŝƉŝƚĂƚŝŽŶǀŝĂůŝŵĞĂĚĚŝƚŝŽŶ͕ƵůƚƌĂĨŝůƚƌĂƚŝŽŶĂŶĚƌĞǀĞƌƐĞŽƐŵŽƐŝƐ͘/ĂŵŶŽƚ
ĂǁĂƌĞŽĨĂƚƌĞĂƚŵĞŶƚĨůŽǁƐŚĞĞƚŽĨƚŚŝƐĐŽŵƉůĞǆŝƚǇďĞŝŶŐĂƉƉůŝĞĚƚŽƐƵĐŚŚŝŐŚĨůŽǁƐĂŶǇǁŚĞƌĞ
ĞůƐĞŝŶƚŚĞǁŽƌůĚ͘ǇŶĞĐĞƐƐŝƚǇƚŚĞĞŶƚŝƌĞǁĂƚĞƌƚƌĞĂƚŵĞŶƚƐƚƌĂƚĞŐǇŝƐĂƚďĞƐƚĐŽŶĐĞƉƚƵĂůŝŶ
ŶĂƚƵƌĞĂŶĚŶŽůĂďŽƌĂƚŽƌǇŽƌƉŝůŽƚƐĐĂůĞƚĞƐƚƐŚĂǀĞďĞĞŶĐŽŵƉůĞƚĞĚ͘ƵƌŝŶŐĂŶŝŶƚĞƌŶĂůƌĞǀŝĞǁŽĨ
ƚŚĞƉƌŽƉŽƐĞĚƚƌĞĂƚŵĞŶƚƉƌŽĐĞƐƐĞƐĐŽŶĚƵĐƚĞĚŝŶKĐƚŽďĞƌ͕ϮϬϭϴ;KDϮϬϭϴŝͿŝƚǁĂƐƐƚĂƚĞĚ
ƚŚĂƚ͞ŝƚŝƐĚŝĨĨŝĐƵůƚƚŽĨƵůůǇĂƐƐĞƐƐƚŚĞƚƌĞĂƚŵĞŶƚƉƌŽĐĞƐƐŝŶĂŵĞĂŶŝŶŐĨƵůǁĂǇǁŝƚŚŽƵƚĐŽŶĨŝĚĞŶĐĞ
ŝŶƌĞůŝĂďŝůŝƚǇŽĨƚŚĞĚĞƐŝŐŶŽĨƚŚĞƚƌĞĂƚŵĞŶƚƉƌŽĐĞƐƐ͘͟'ŝǀĞŶƚŚĞĐƵƌƌĞŶƚƵŶĐĞƌƚĂŝŶƚŝĞƐĂŶĚ
ŝŶĐŽŶƐŝƐƚĞŶĐŝĞƐŝŶƚŚĞƚƌĞĂƚŵĞŶƚƐƚƌĂƚĞŐǇ͕ĂŶĚƚŚĞůĂĐŬŽĨĞǀĞŶƉƌĞůŝŵŝŶĂƌǇĞŶŐŝŶĞĞƌŝŶŐ
ĚƌĂǁŝŶŐƐ͕ĚĞƐŝŐŶƐĂŶĚƐƉĞĐŝĨŝĐĂƚŝŽŶƐ͕ƚŚĞĂďŝůŝƚǇŽĨƚŚĞƉƌŽƉŽƐĞĚƉŽƐƚͲĐůŽƐƵƌĞǁĂƚĞƌƚƌĞĂƚŵĞŶƚ
ƉůĂŶƚƚŽŵĞĞƚƌĞƋƵŝƌĞĚƚŚƌŽƵŐŚƉƵƚƐĂŶĚĚŝƐĐŚĂƌŐĞǁĂƚĞƌƋƵĂůŝƚǇƌĞƋƵŝƌĞŵĞŶƚƐŚĂƐŶŽƚďĞĞŶ
ĚĞŵŽŶƐƚƌĂƚĞĚ͘dŚĞƐĞƐĂŵĞĚĞĨŝĐŝĞŶĐŝĞƐĂůƐŽĞǆŝƐƚĨŽƌƚŚĞŽƉĞƌĂƚŝŽŶĂůǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉůĂŶƚƐ
ǁŚŝĐŚĂƌĞ͕ŝĨĂŶǇƚŚŝŶŐ͕ŵŽƌĞĐŽŵƉůĞǆƚŚĂŶƚŚĞƉƌŽƉŽƐĞĚĐůŽƐƵƌĞĨĂĐŝůŝƚŝĞƐ͘
tĂƚĞƌdƌĞĂƚŵĞŶƚWůĂŶƚZĞƉůĂĐĞŵĞŶƚʹ/ƚŝƐůŝŬĞůǇƚŚĂƚĞǀĞŶǁŝƚŚŐŽŽĚƉƌĞǀĞŶƚĂƚŝǀĞ
ŵĂŝŶƚĞŶĂŶĐĞ͕ƚŚĞǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉůĂŶƚǁŝůůŶĞĞĚƚŽďĞƌĞƉůĂĐĞĚƐĞǀĞƌĂůƚŝŵĞƐǁŝƚŚŝŶƚŚĞĨŝƌƐƚ
ŽŶĞŚƵŶĚƌĞĚǇĞĂƌƐŽĨŽƉĞƌĂƚŝŽŶ͘dŚŝƐǁŽƵůĚďĞĂĐŽŵƉůĞǆĂŶĚĐŽƐƚůǇŽƉĞƌĂƚŝŽŶĂƚƚŚĞƌĞŵŽƚĞ͕
ĐůŽƐĞĚƐŝƚĞĂŶĚŶĞĞĚƐƚŽďĞĐŽŶƐŝĚĞƌĞĚŝŶƚŚĞZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞWůĂŶ͘
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WŝƉĞůŝŶĞĂŶĚWƵŵƉ>ĂǇŽƵƚĨŽƌWĞƌƉĞƚƵĂůtĂƚĞƌDĂŶĂŐĞŵĞŶƚʹWŝƉĞůŝŶĞƐĂŶĚƉƵŵƉŝŶŐ
ŝŶĨƌĂƐƚƌƵĐƚƵƌĞǁŝůůďĞƌĞƋƵŝƌĞĚƚŽƚƌĂŶƐƉŽƌƚĐŽŶƚĂŵŝŶĂƚĞĚǁĂƚĞƌĨƌŽŵƚŚĞŽƉĞŶƉŝƚ͕ĂŶĚďƵůŬ
d^&͕ƉǇƌŝƚŝĐd^&ĞŵďĂŶŬŵĞŶƚĂŶĚŵĂŝŶǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚƉŽŶĚĞŵďĂŶŬŵĞŶƚƚŽƚŚĞǁĂƚĞƌ
ƚƌĞĂƚŵĞŶƚƉůĂŶƚ͘ƐƐƚĂƚĞĚŝŶŚĂƉƚĞƌϮ͞dŚĞĚĞƐŝŐŶŽĨƚŚŝƐƐǇƐƚĞŵǁŽƵůĚŶĞĞĚƚŽďĞĐŽŵƉůĞƚĞĚ
ĂƐƉĂƌƚŽĨƚŚĞĐůŽƐƵƌĞƉůĂŶ͘͟'ŝǀĞŶƚŚĞŝŵƉŽƌƚĂŶĐĞŽĨƚŚŝƐĐůŽƐƵƌĞŝŶĨƌĂƐƚƌƵĐƚƵƌĞ͕ƚŚĞ
ZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞWůĂŶǁŝůůĐĞƌƚĂŝŶůǇŶĞĞĚƚŽŚĂǀĞƉƌĞůŝŵŝŶĂƌǇĚĞƐŝŐŶƐĨŽƌƉŽƐƚͲĐůŽƐƵƌĞ
ƐĞĞƉĂŐĞĐŽůůĞĐƚŝŽŶ͕ƉŝƉĞĂŶĚƉƵŵƉƐƚĂƚŝŽŶůŽĐĂƚŝŽŶƐĂŶĚƌĞƋƵŝƌĞŵĞŶƚƐ͘
^ƵƉƉŽƌƚ/ŶĨƌĂƐƚƌƵĐƚƵƌĞĨŽƌWĞƌƉĞƚƵĂůtĂƚĞƌdƌĞĂƚŵĞŶƚʹ/ŶŽƌĚĞƌƚŽŵĂŝŶƚĂŝŶĂŶĚŽƉĞƌĂƚĞĂůů
ǁĂƚĞƌĐŽůůĞĐƚŝŽŶ͕ƚƌĂŶƐƉŽƌƚĂŶĚƚƌĞĂƚŵĞŶƚŝŶĨƌĂƐƚƌƵĐƚƵƌĞĨŽƌƚŚĞĨŝƌƐƚŽŶĞŚƵŶĚƌĞĚǇĞĂƌƐ͕ĂůĂƌŐĞ
ŶƵŵďĞƌŽĨƐƵƉƉŽƌƚĨĂĐŝůŝƚŝĞƐǁŝůůĂůƐŽďĞƌĞƋƵŝƌĞĚ͘dŚĞƐĞǁŝůůŝŶĐůƵĚĞĂƉŽǁĞƌƉůĂŶƚ͕ĞŵƉůŽǇĞĞ
ŚŽƵƐŝŶŐ͕ǁŽƌŬƐŚŽƉƐ͕ŵŽƌĞƚŚĂŶϲϬŵŝůĞƐŽĨƌŽĂĚ͕ƉŽƌƚƐĂŶĚĂĨĞƌƌǇ͘ůƚŚŽƵŐŚŵĞŶƚŝŽŶĞĚŝŶ
ŚĂƉƚĞƌϮŶŽĚĞƚĂŝůŝƐƉƌŽǀŝĚĞĚĂƐƚŽŚŽǁƚŚŝƐŝŶĨƌĂƐƚƌƵĐƚƵƌĞǁŝůůďĞŵĂŝŶƚĂŝŶĞĚĂŶĚŚŽǁ
ĨƌĞƋƵĞŶƚůǇŝƚǁŝůůŶĞĞĚƚŽďĞƌĞƉůĂĐĞĚ͘WŽƐƚͲĐůŽƐƵƌĞƉŽǁĞƌĚĞŵĂŶĚŝƐůŝŬĞůǇƚŽďĞĂŶŽƌĚĞƌŽĨ
ŵĂŐŶŝƚƵĚĞůŽǁĞƌƚŚĂŶĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶĂŶĚŝƚŝƐŶŽƚĐůĞĂƌƚŚĂƚƚŚĞůĂƌŐĞŐĂƐͲĨŝƌĞĚƉŽǁĞƌƉůĂŶƚ
ǁŝůůďĞĂƉƌĂĐƚŝĐĂďůĞƉŽǁĞƌƐŽƵƌĐĞĂƚĐůŽƐƵƌĞ͘
>ŽŶŐͲdĞƌŵŶǀŝƌŽŶŵĞŶƚĂůDŽŶŝƚŽƌŝŶŐĂŶĚDĂŝŶƚĞŶĂŶĐĞʹĨƚĞƌĐůŽƐƵƌĞƚŚĞƌĞĂƌĞĐĞƌƚĂŝŶƚŽďĞ
ŽŶŐŽŝŶŐůŽŶŐͲƚĞƌŵŵŽŶŝƚŽƌŝŶŐƌĞƋƵŝƌĞŵĞŶƚƐĨŽƌƐƵƌĨĂĐĞĂŶĚŐƌŽƵŶĚǁĂƚĞƌƋƵĂůŝƚǇ͕ĨůŽǁĂŶĚ
ǁĂƚĞƌůĞǀĞůƐ͕ǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉůĂŶƚƉĞƌĨŽƌŵĂŶĐĞ͕ƌĞǀĞŐĞƚĂƚŝŽŶƐƵĐĐĞƐƐ͕ĂƋƵĂƚŝĐĞĐŽƐǇƐƚĞŵ
ŚĞĂůƚŚĂŶĚůĂŶĚĨŽƌŵĞƌŽƐŝŽŶƉĞƌĨŽƌŵĂŶĐĞĂƚŵĂŶǇůŽĐĂƚŝŽŶƐďŽƚŚǁŝƚŚŝŶĂŶĚĚŽǁŶŐƌĂĚŝĞŶƚ
ĨƌŽŵƚŚĞĚŝƐƚƵƌďĞĚĨŽŽƚƉƌŝŶƚ͘dŚĞƌĞǁŝůůĂůƐŽĂůŵŽƐƚĐĞƌƚĂŝŶůǇďĞĨŽůůŽǁͲƵƉƌĞĐůĂŵĂƚŝŽŶ
ƌĞƋƵŝƌĞŵĞŶƚƐĨŽƌĨĂŝůĞĚǀĞŐĞƚĂƚŝŽŶ͕ĞƌŽƐŝŽŶŵŝƚŝŐĂƚŝŽŶĂŶĚƉŽƚĞŶƚŝĂůůǇĨŽƌǁĂƚĞƌƋƵĂůŝƚǇŝƐƐƵĞƐŝŶ
ƐŽŵĞůŽĐĂƚŝŽŶƐ͘,ŽǁĞǀĞƌ͕ŶŽĚĞƚĂŝůŽŶƚŚŝƐůĂƌŐĞďŽĚǇŽĨǁŽƌŬŝƐƉƌŽǀŝĚĞĚŝŶƚŚĞ/^͕ƚŚŽƵŐŚŝƚ
ŝƐĂĐŬŶŽǁůĞĚŐĞĚŝŶŚĂƉƚĞƌϮƚŚĂƚ͞ĨƵƌƚŚĞƌĚĞƚĂŝůǁŽƵůĚďĞĚĞǀĞůŽƉĞĚŝŶƐƵƉƉŽƌƚŽĨ^ƚĂƚĞ
ƉĞƌŵŝƚƚŝŶŐĂŶĚƚŚĞZĞĐůĂŵĂƚŝŽŶWůĂŶƉƉƌŽǀĂůƌĞƋƵŝƌĞŵĞŶƚƐ͘͟
DŽŶŝƚŽƌŝŶŐĂŶĚǆƚƌĂĐƚŝŽŶtĞůůďĂŶĚŽŶŵĞŶƚʹdŚĞƌĞĂƌĞůŝŬĞůǇƚŽďĞŚƵŶĚƌĞĚƐŽĨĚĞǁĂƚĞƌŝŶŐ
ǁĞůůƐ͕ǁĂƚĞƌƐƵƉƉůǇǁĞůůƐ͕ŵŽŶŝƚŽƌŝŶŐǁĞůůƐĂŶĚŽůĚĞǆƉůŽƌĂƚŝŽŶďŽƌĞŚŽůĞƐǁŚŝĐŚǁŝůůŶŽůŽŶŐĞƌ
ďĞŶĞĞĚĞĚĂƚĐůŽƐƵƌĞ͘ůƚŚŽƵŐŚŶŽƚŵĞŶƚŝŽŶĞĚŝŶƚŚĞ/^͕ĂůůŽĨƚŚĞƐĞďŽƌĞŚŽůĞƐǁŝůůŶĞĞĚƚŽ
ďĞƉƌŽƉĞƌůǇƐĞĂůĞĚĂŶĚĂďĂŶĚŽŶĞĚ͘
ŽŶƚĂŵŝŶĂƚĞĚ^ŝƚĞƐDĂŶĂŐĞŵĞŶƚʹĨƚĞƌƐĞǀĞƌĂůǇĞĂƌƐŽĨĐŽŶƐƚƌƵĐƚŝŽŶĂŶĚƚǁĞŶƚǇǇĞĂƌƐŽĨ
ŽƉĞƌĂƚŝŽŶĞǀĞŶĂǁĞůůͲŵĂŶĂŐĞĚŵŝŶĞŵĂǇĐƌĞĂƚĞĐŽŶƚĂŵŝŶĂƚĞĚƐŽŝůĂŶĚŐƌŽƵŶĚǁĂƚĞƌƐŝƚĞƐǀŝĂ
ƐƉŝůůƐŽƌůĞĂŬĂŐĞŽĨƌĞĂŐĞŶƚƐ͕ŚǇĚƌŽĐĂƌďŽŶƐŽƌĐŽŶƚĂŵŝŶĂƚĞĚŵŝŶĞĐŽŶƚĂĐƚǁĂƚĞƌƐĨƌŽŵd^&ƐĂŶĚ
ǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚƉŽŶĚƐ͘

WĞďďůĞDŝŶĞůŽƐƵƌĞŽƐƚƐ
dŚŝƐƐĞĐƚŝŽŶƉƌŽǀŝĚĞƐĂƉƌĞůŝŵŝŶĂƌǇĐŽŶĐĞƉƚƵĂůͲůĞǀĞůĞƐƚŝŵĂƚĞŽĨĐůŽƐƵƌĞĐŽƐƚƐĨŽƌƚŚĞϮϬͲǇĞĂƌ
ŵŝŶĞƉůĂŶĚĞƐĐƌŝďĞĚŝŶƚŚĞWĞďďůĞ/^͘/ƚŝƐďĂƐĞĚƵƉŽŶƚŚĞĂƐƐƵŵƉƚŝŽŶƐĂŶĚĐŽŵŵŝƚŵĞŶƚƐ
ŵĂĚĞŝŶƚŚĞ/^Žƌ͕ǁŚĞƌĞƚŚĞƐĞĂƌĞůĂĐŬŝŶŐƚŽĂĚĚƌĞƐƐĂƐƚƌĂƚĞŐŝĐĞŶǀŝƌŽŶŵĞŶƚĂůƌŝƐŬŽƌ
ϳ
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ŝŵƉĂĐƚ͕ƵƉŽŶŵŝŶŝŶŐŝŶĚƵƐƚƌǇƐƚĂŶĚĂƌĚĐůŽƐƵƌĞƉƌĂĐƚŝĐĞ͘ůŽƐƵƌĞĐŽƐƚƐĂƌĞůĂƌŐĞůǇĚƌŝǀĞŶďǇƚŚĞ
ĞǆĐĞĞĚŝŶŐůǇůĂƌŐĞƉĞƌƉĞƚƵĂůǁĂƚĞƌƚƌĞĂƚŵĞŶƚůŝĂďŝůŝƚǇĐƌĞĂƚĞĚďǇƚŚĞϮϬͲǇĞĂƌŵŝŶĞƉůĂŶ͘dŚĞƐĞ
ĂƌĞƉƌĞĚŝĐƚĞĚƚŽĂǀĞƌĂŐĞŵŽƌĞƚŚĂŶϮϮ͕ϬϬϬŐĂůůŽŶƐƉĞƌŵŝŶƵƚĞŝŶĞĂƌůǇĐůŽƐƵƌĞĚĞĐůŝŶŝŶŐƚŽ
ŵŽƌĞƚŚĂŶϱϬϬϬŐƉŵŝŶƉĞƌƉĞƚƵŝƚǇ;ϱϬ ƚŚƉĞƌĐĞŶƚŝůĞƚƌĞĂƚŵĞŶƚƌĞƋƵŝƌĞŵĞŶƚƐ͕dĂďůĞϰ͘ϭϲͲϯͿ͘&Žƌ
ƚŚĞĐŽŶĐĞƉƚƵĂůĐŽƐƚĞƐƚŝŵĂƚĞǁĂƚĞƌƚƌĞĂƚŵĞŶƚŝƐŽŶůǇĐŽŶƐŝĚĞƌĞĚĨŽƌƚŚĞĨŝƌƐƚŽŶĞŚƵŶĚƌĞĚ
ǇĞĂƌƐ͕ďƵƚŝŶƌĞĂůŝƚǇ͕ŝƚǁŽƵůĚůŝŬĞůǇďĞƌĞƋƵŝƌĞĚĨŽƌŵĂŶǇĐĞŶƚƵƌŝĞƐƐŚŽƵůĚƚŚĞŵŝŶĞďĞ
ĚĞǀĞůŽƉĞĚ͘ŽƐƚĞƐƚŝŵĂƚĞƐĨŽƌŝŶĚŝǀŝĚƵĂůĐůŽƐƵƌĞĐŽŵƉŽŶĞŶƚƐĂƌĞƐƵŵŵĂƌŝǌĞĚŝŶƚŚĞƚĂďůĞ
ďĞůŽǁ͘
dŽƚĂůƵŶĚŝƐĐŽƵŶƚĞĚƉŚǇƐŝĐĂůĐůŽƐƵƌĞĐŽƐƚƐǁŚŝĐŚǁŝůůďĞŝŶĐƵƌƌĞĚŝŶƚŚĞĨŝƌƐƚϮϬǇĞĂƌƐŽĨĐůŽƐƵƌĞ
ĂƌĞĞƐƚŝŵĂƚĞĚƚŽďĞĂƉƉƌŽǆŝŵĂƚĞůǇΨϱϬϬDŝůůŝŽŶ͘dŽƚĂůƵŶĚŝƐĐŽƵŶƚĞĚǁĂƚĞƌƚƌĞĂƚŵĞŶƚĐŽƐƚƐ
ǁŚŝĐŚǁŝůůďĞŝŶĐƵƌƌĞĚŝŶƚŚĞĨŝƌƐƚϭϬϬǇĞĂƌƐŽĨĐůŽƐƵƌĞĂƌĞĞƐƚŝŵĂƚĞĚƚŽďĞĂƉƉƌŽǆŝŵĂƚĞůǇΨϰ
ŝůůŝŽŶ͘tŚĞŶƚŚĞƐĞĐŽƐƚƐĂƌĞĚŝƐĐŽƵŶƚĞĚƚŽƚŚĞǇĞĂƌŽĨĐůŽƐƵƌĞƵƐŝŶŐƐƚĂŶĚĂƌĚŝŶĚƵƐƚƌǇ
ĂĐĐŽƵŶƚŝŶŐƉƌĂĐƚŝĐĞƐ;ĂŐĞŶĞƌŽƵƐƌŝƐŬͲĨƌĞĞĚŝƐĐŽƵŶƚƌĂƚĞŽĨϯ͘ϱйͿƚŚĞƚŽƚĂůĐůŽƐƵƌĞĐŽƐƚĂůŵŽƐƚ
ĐĞƌƚĂŝŶůǇĞǆĐĞĞĚƐΨϭ͘ϱŝůůŝŽŶĂŶĚǁŝůůůŝŬĞůǇĞǆĐĞĞĚΨϮ͘ϬŝůůŝŽŶ͘
dĂďůĞϭʹWƌĞůŝŵŝŶĂƌǇŽŶĐĞƉƚƵĂů>ĞǀĞůůŽƐƵƌĞŽƐƚƐĨŽƌƚŚĞWĞďďůĞϮϬͲzĞĂƌDŝŶĞĂƐĞ
ůŽƐƵƌĞĐƚŝǀŝƚǇ
DŽǀĞƉǇƌŝƚĞƚĂŝůŝŶŐƐƚŽŽƉĞŶƉŝƚ
ƐƚĂďůŝƐŚĚƌĂŝŶĂŐĞƚŚƌŽƵŐŚWǇƌŝƚĞ
d^&ĂŶĚŵĂŝŶtDW
DŽǀĞW'ǁĂƐƚĞƌŽĐŬƚŽŽƉĞŶƉŝƚ
ƵůŬd^&ƌĞĐŽŶƚŽƵƌŝŶŐƚŽ
ƉƌŽŵŽƚĞƌƵŶŽĨĨ
ŽǀĞƌƉůĂĐĞŵĞŶƚŽǀĞƌďƵůŬd^&
ŝŶƚĞƌŝŽƌ
/ŶĨƌĂƐƚƌƵĐƚƵƌĞĞŵŽůŝƚŝŽŶ

ƐƚŝŵĂƚĞĚ
ŽƐƚ
ΨϭϭϬDŝůůŝŽŶ
ΨϲϬDŝůůŝŽŶ
ΨϱϬDŝůůŝŽŶ
ΨϯϬDŝůůŝŽŶ
ΨϮϬDŝůůŝŽŶ
ΨϮϬDŝůůŝŽŶ

dŽƉƐŽŝůƉůĂĐĞŵĞŶƚ͕ƐƵƌĨĂĐĞ
ƉƌĞƉĂƌĂƚŝŽŶĂŶĚƐĞĞĚŝŶŐ
DŽĚŝĨŝĐĂƚŝŽŶŽĨƉŝƚǁĂƚĞƌ
ƚƌĞĂƚŵĞŶƚƉůĂŶƚ
ŶǀŝƌŽŶŵĞŶƚĂůŵŽŶŝƚŽƌŝŶŐĂŶĚ
ŵĂŝŶƚĞŶĂŶĐĞ

ΨϭϬDŝůůŝŽŶ

ĐĐĞƐƐZŽĂĚDĂŝŶƚĞŶĂŶĐĞĂŶĚ
KƉĞƌĂƚŝŽŶ

ΨϰϬDŝůůŝŽŶ

ŝƌĞĐƚWŚǇƐŝĐĂůůŽƐƵƌĞŽƐƚ

ΨϰϭϬDŝůůŝŽŶ

ΨϭϬDŝůůŝŽŶ
ΨϲϬDŝůůŝŽŶ

ϴ


EŽƚĞƐ
ϭϱϱDƚĂƚϭ͘ϯϱƚͬǇĚ ϯĂƚΨϭ͘ϬϬͬǇĚϯĨŽƌ
ĚƌĞĚŐŝŶŐ;ϭͿ
ϮϬйŽĨĞŵďĂŶŬŵĞŶƚĨŝůůŵŽǀĞĚ;ϰϬDǇĚ ϯͿ
ĂƚΨϭ͘ϱϯͬǇĚϯ
ϱϬDƚĂƚϭ͘ϲϲƚͬǇĚ ϯĂƚΨϭ͘ϱϯͬǇĚϯĨŽƌƚƌƵĐŬ
ŚĂƵůŝŶŐ
ϭϳDǇĚϯĂƚΨϭ͘ϱϯͬǇĚϯ
dŚƌĞĞĨƚƐŽŝůĐŽǀĞƌŽǀĞƌϮϰϳϱĂĐƌĞƐĂƚ
Ψϭ͘ϱϯͬǇĚϯ
ĞŵŽůŝƚŝŽŶĐŽƐƚĨƌŽŵŽŶůŝŶ'ŽůĚDŝŶĞ
ϮϬϭϳZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞWůĂŶ;ϮͿ
ϲŝŶĐŚĞƐŽĨƚŽƉƐŽŝůŽŶϳϱϬϬĂĐƌĞƐƉůƵƐ
ΨϯϲϱͬĂĐƌĞĨŽƌƐƵƌĨĂĐĞƉƌĞƉĂŶĚƐĞĞĚŝŶŐ;ϯͿ
DĞĂŶĐĂƉŝƚĂůĐŽƐƚĨƌŽŵDEϮϬϭϯĨŽƌ
ŵĞŵďƌĂŶĞƐĞƉĂƌĂƚŝŽŶƉůĂŶƚƐ;ϰͿ
ϮϬйŽĨƚŚĞĂŶŶƵĂůŽƉĞƌĂƚŝŶŐ
ĞŶǀŝƌŽŶŵĞŶƚĂůďƵĚŐĞƚĨƌŽŵtĂƌĚƌŽƉ
;ϮϬϭϭͿĨŽƌϮϬǇĞĂƌƐ;ϱͿ
ϱϬйŽĨtĂƌĚƌŽƉ;ϮϬϭϭͿĂŶŶƵĂůŽƉĞƌĂƚŝŽŶĂů
ƌŽĂĚŵĂŝŶƚĞŶĂŶĐĞďƵĚŐĞƚƉĞƌŵŝůĞĨŽƌϳϳ
ŵŝůĞƐĂŶĚϮϬǇĞĂƌƐ
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ΨϱϮϬDŝůůŝŽŶ

ŝƌĞĐƚĐŽƐƚƐƉůƵƐϮϴйŝŶĚŝƌĞĐƚĐŽƐƚƐĨŽƌϮϬ
ǇĞĂƌƐŽĨƉŚǇƐŝĐĂůĐůŽƐƵƌĞǁŽƌŬƐ;ϲͿ
ŝƌĞĐƚtĂƚĞƌdƌĞĂƚŵĞŶƚŽƐƚ
ΨϯϮϬϬDŝůůŝŽŶ /^ĞƐƚŝŵĂƚĞĚĨůŽǁƐĨƌŽŵĞĂĐŚƉŚĂƐĞŽĨ
ĐůŽƐƵƌĞǁŝƚŚŵĞĂŶǁĂƚĞƌƚƌĞĂƚŵĞŶƚĐŽƐƚƐ
ĨƌŽŵDEϮϬϭϯ;ϳͿ
dŽƚĂůtĂƚĞƌdƌĞĂƚŵĞŶƚŽƐƚ
ΨϰϭϬϬDŝůůŝŽŶ
ŝƌĞĐƚĐŽƐƚƐƉůƵƐϮϴйŝŶĚŝƌĞĐƚĐŽƐƚƐĨŽƌ
ϭϬϬǇĞĂƌƐŽĨǁĂƚĞƌƚƌĞĂƚŵĞŶƚ
;ϭͿ ZĞĐĞŶƚĂǀĞƌĂŐĞƵŶŝƚĐŽƐƚƐĨŽƌďƵůŬĞĂƌƚŚŵŽǀĞŵĞŶƚŝŶĐůŽƐƵƌĞĂŶĚƌĞĐůĂŵĂƚŝŽŶƉůĂŶƐĂƚ
ƚŚĞŽŶůŝŶDŝŶĞĂŶĚWŽŐŽDŝŶĞ;ďŽƚŚ^Z<͕ϮϬϭϳͿŐĞŶĞƌĂůůǇĞǆĐĞĞĚĞĚΨϮͬŵ ϯ͕ƐŽŵĞƚŝŵĞƐ
ďǇĂĨĂĐƚŽƌŽĨƚǁŽ͘ΨϮͬŵϯĞƋƵĂƚĞƐƚŽΨϭ͘ϱϯͬǇĚϯǁŚŝĐŚŝƐƚŚĞǀĂůƵĞƵƐĞĚĨŽƌĞĂƌƚŚŵŽǀŝŶŐ
ĐŽƐƚĞƐƚŝŵĂƚĞƐŝŶǀŽůǀŝŶŐƚƌƵĐŬŚĂƵůŝŶŐ͘&ŽƌĚƌĞĚŐŝŶŐŽĨƉǇƌŝƚŝĐƚĂŝůŝŶŐƐƚŚŝƐǁĂƐƌĞĚƵĐĞƚŽ
Ψϭ͘ϬϬͬǇĚϯƚŽĂĐĐŽƵŶƚĨŽƌƚŚĞŐĞŶĞƌĂůůǇŐƌĞĂƚĞƌĐŽƐƚĞĨĨŝĐŝĞŶĐŝĞƐŽĨƚŚŝƐŵĞƚŚŽĚ͘;ϮͿdŚĞ
ŽŶůŝŶ'ŽůĚDŝŶĞZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞƉůĂŶŚĂĚĂĐŽƐƚĞƐƚŝŵĂƚĞŽĨΨϮϮŵŝůůŝŽŶĨŽƌ
ĚĞŵŽůŝƚŝŽŶŽĨĂůůŝŶĨƌĂƐƚƌƵĐƚƵƌĞ͘dŚŝƐǁĂƐƵƐĞĚĂƐĂƉƌŽǆǇĨŽƌĚĞŵŽůŝƚŝŽŶĐŽƐƚƐĂƚWĞďďůĞ͘
ĐƚƵĂůĐŽƐƚƐĂƚWĞďďůĞĂƌĞůŝŬĞůǇƚŽďĞƐŝŐŶŝĨŝĐĂŶƚůǇŚŝŐŚĞƌƚŚĂŶĂƚŽŶůŝŶŐŝǀĞŶƚŚĞůĂƌŐĞƌ
ƐĐĂůĞŽĨƚŚĞƌĞƋƵŝƌĞĚŝŶĨƌĂƐƚƌƵĐƚƵƌĞ͘;ϯͿdŚĞĞƐƚŝŵĂƚĞĚƚŽƉƐŽŝůͬŐƌŽǁƚŚŵĞĚŝĂƉůĂĐĞŵĞŶƚ
ƚŚŝĐŬŶĞƐƐŽĨƐŝǆŝŶĐŚĞƐŝƐůŝŬĞůǇĂďĂƌĞŵŝŶŝŵƵŵƌĞƋƵŝƌĞĚĨŽƌƐƵĐĐĞƐƐĨƵůǀĞŐĞƚĂƚŝŽŶ
ĞƐƚĂďůŝƐŚŵĞŶƚĂŶĚƐŽŵĞĂƌĞĂƐƐƵĐŚĂƐƚŚĞƌŽĐŬƋƵĂƌƌŝĞƐǁŝůůĂůŵŽƐƚĐĞƌƚĂŝŶůǇƌĞƋƵŝƌĞ
ŵŽƌĞ͘hŶŝƚĐŽƐƚƐƉĞƌĂĐƌĞĨŽƌƌŝƉƉŝŶŐͬƐĐĂƌŝĨǇŝŶŐĂŶĚƐĞĞĚŝŶŐĂƌĞƚĂŬĞŶĨƌŽŵƚŚĞWŽŐŽ
DŝŶĞZĞĐůĂŵĂƚŝŽŶĂŶĚůŽƐƵƌĞƉůĂŶ͘;ϰͿĂŶĂĚŝĂŶDŝŶĞŶǀŝƌŽŶŵĞŶƚĂůEĞƵƚƌĂůƌĂŝŶĂŐĞ
WƌŽŐƌĂŵ;DEͿϮϬϭϯƌĞƉŽƌƚ͞ZĞǀŝĞǁŽĨDŝŶĞƌĂŝŶĂŐĞdƌĞĂƚŵĞŶƚĂŶĚ^ůƵĚŐĞ
DĂŶĂŐĞŵĞŶƚKƉĞƌĂƚŝŽŶƐ͘͟;ϱͿtĂƌĚƌŽƉ͕ϮϬϭϭ͕WƌĞůŝŵŝŶĂƌǇƐƐĞƐƐŵĞŶƚŽĨƚŚĞWĞďďůĞ
WƌŽũĞĐƚ͕ƉƌĞƉĂƌĞĚĨŽƌEŽƌƚŚĞƌŶǇŶĂƐƚǇDŝŶĞƌĂůƐ>ƚĚ͘;ϲͿ/ŶĚŝƌĞĐƚĐŽƐƚƐŝŶĐůƵĚĞĐŽŶƚƌĂĐƚ
ĂĚŵŝŶŝƐƚƌĂƚŝŽŶ͕ĞŶŐŝŶĞĞƌŝŶŐĚĞƐŝŐŶ͕ŝŶƐƵƌĂŶĐĞ͕ĐŽŶƚƌĂĐƚŽƌŽǀĞƌŚĞĂĚĂŶĚĐŽŶƚŝŶŐĞŶĐǇ͘
/ŶĚŝƌĞĐƚĐŽƐƚƐĂƐƐƵŵĞĚŝŶƌĞĐĞŶƚůǇĐŽŵƉůĞƚĞĚƌĞĐůĂŵĂƚŝŽŶĂŶĚĐůŽƐƵƌĞƉůĂŶƐĂǀĞƌĂŐĞ
ŵŽƌĞƚŚĂŶϯϬйŽĨƚŚĞĚŝƌĞĐƚĐŽƐƚƐ;Ϯϴ͘ϱйĂƚŽŶůŝŶ͕ϯϬйĂƚŚŝŶŽ͕ϯϳйĂƚZŽƐĞŵŽŶƚ͕
ϯϴ͘ϱйĂƚWŽŐŽͿ͘;ϳͿtĂƚĞƌƚƌĞĂƚŵĞŶƚĐŽƐƚĂƌĞďĂƐĞĚƵƉŽŶƚŚĞϱϬ ƚŚƉĞƌĐĞŶƚŝůĞĨůŽǁƐŝŶ
/^ƚĂďůĞϰ͘ϭϲͲϯĨŽƌĞĂĐŚŽĨƚŚĞĨŽƵƌĐůŽƐƵƌĞƉŚĂƐĞƐĂŶĚĂǀĞƌĂŐĞǁĂƚĞƌƚƌĞĂƚŵĞŶƚĐŽƐƚƐ
ƉĞƌƚŚŽƵƐĂŶĚůŝƚĞƌƐĨƌŽŵĂƐƚƵĚǇŽĨŵŽƌĞƚŚĂŶϭϬϬǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉůĂŶƚƐǁŚŝĐŚǁĞƌĞ
ƉƌĞĚŽŵŝŶĂŶƚůǇůŽĐĂƚĞĚŝŶƚŚĞhŶŝƚĞĚ^ƚĂƚĞƐĂŶĚĂŶĂĚĂ;DEϮϬϭϯʹƐĞĞĨŽŽƚŶŽƚĞϰͿ͘
dŚĞĂǀĞƌĂŐĞŽƉĞƌĂƚŝŽŶĐŽƐƚŝŶƚŚĞƐƚƵĚǇǁĂƐΨϭ͘ϱϰƉĞƌϭϬϬϬůŝƚĞƌƐ;Ψϱ͘ϴϮƉĞƌϭϬϬϬ
ŐĂůůŽŶƐͿ͘/ŶƌĞĂůŝƚǇƚŚĞWĞďďůĞǁĂƚĞƌƚƌĞĂƚŵĞŶƚƐƚƌĂƚĞŐǇŝƐŵƵĐŚŵŽƌĞĐŽŵƉůĞǆƚŚĂŶƚŚĞ
ĂǀĞƌĂŐĞƚƌĞĂƚŵĞŶƚƉůĂŶƚŝŶƚŚĞƌĞǀŝĞǁĂŶĚƐŽŝƚƐĐŽƐƚƐĂƌĞůŝŬĞůǇƚŽďĞŚŝŐŚĞƌ͘
dŚŝƐĐůŽƐƵƌĞĐŽƐƚĞƐƚŝŵĂƚĞŝƐĂůŵŽƐƚĐĞƌƚĂŝŶůǇĂŶƵŶĚĞƌĞƐƚŝŵĂƚĞŽĨƚŚĞĂĐƚƵĂůĐůŽƐƵƌĞĐŽƐƚƐĨŽƌ
ƚŚĞƉƌŽƉŽƐĞĚϮϬͲǇĞĂƌWĞďďůĞŵŝŶĞƉůĂŶďĞĐĂƵƐĞŽĨƚŚĞĐŽŶƐĞƌǀĂƚŝǀĞĂƐƐƵŵƉƚŝŽŶƐƚŚĂƚǁĞƌĞ
ŵĂĚĞĂŶĚƚŚĞŵĂŶǇŶĞĂƌͲĐĞƌƚĂŝŶĐůŽƐƵƌĞƌĞƋƵŝƌĞŵĞŶƚƐƚŚĂƚǁĞƌĞŶŽƚŝŶĐůƵĚĞĚ͘WŽƚĞŶƚŝĂůůǇ
ƐŝŐŶŝĨŝĐĂŶƚĐůŽƐƵƌĞĐŽƐƚŝƚĞŵƐǁŚŝĐŚĂƌĞŶŽƚĂĚĚƌĞƐƐĞĚŝŶƚŚŝƐĞƐƚŝŵĂƚĞŝŶĐůƵĚĞ͗
x ŵƉůŽǇĞĞƐĞǀĞƌĂŶĐĞĐŽƐƚƐǁŚĞŶƚŚĞŵŝŶĞŝŶŝƚŝĂůůǇĐůŽƐĞƐĂŶĚǁŚĞŶŵĂũŽƌƉŚǇƐŝĐĂů
ĐůŽƐƵƌĞǁŽƌŬƐĂƌĞĐŽŵƉůĞƚĞĚ͘

ϵ
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x 'ĞŶĞƌĂůĂĚŵŝŶŝƐƚƌĂƚŝŽŶĐŽƐƚƐƚŽƐƚĂĨĨ͕ƐƵƉƉůǇĂŶĚŽǀĞƌƐĞĞŽƉĞƌĂƚŝŽŶƐŝŶĂƌĞŵŽƚĞ
ůŽĐĂƚŝŽŶĨŽƌƚŚĞĨŝƌƐƚŽŶĞŚƵŶĚƌĞĚǇĞĂƌƐ͘
x tĂƚĞƌƚƌĞĂƚŵĞŶƚĂŶĚŵĂŶĂŐĞŵĞŶƚĐŽƐƚƐƚŚĂƚǁŝůůďĞƌĞƋƵŝƌĞĚĂĨƚĞƌŽŶĞŚƵŶĚƌĞĚǇĞĂƌƐ͘
/ŶƌĞĂůŝƚǇǁĂƚĞƌƚƌĞĂƚŵĞŶƚǁŝůůĂůŵŽƐƚĐĞƌƚĂŝŶůǇďĞƌĞƋƵŝƌĞĚĨŽƌƐĞǀĞƌĂůĐĞŶƚƵƌŝĞƐ͘
x WŽǁĞƌƉůĂŶƚŽƉĞƌĂƚŝŶŐĐŽƐƚƐĂŶĚůŽŐŝƐƚŝĐĂůĐŽƐƚƐƚŽƐƵƉƉŽƌƚĂŵŝŶĞĐĂŵƉŝŶĂƌĞŵŽƚĞ
ůŽĐĂƚŝŽŶĨŽƌƚŚĞĨŝƌƐƚŽŶĞŚƵŶĚƌĞĚǇĞĂƌƐ͘
x /ŶĨƌĂƐƚƌƵĐƚƵƌĞƌĞƉůĂĐĞŵĞŶƚĐŽƐƚƐƚŽƉĞƌŝŽĚŝĐĂůůǇďƵŝůĚŶĞǁǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉůĂŶƚƐ͕
ĞŵƉůŽǇĞĞŚŽƵƐŝŶŐ͕ƉŽǁĞƌƉůĂŶƚƐĂŶĚŽƚŚĞƌĨĂĐŝůŝƚŝĞƐƚŽŵĂŝŶƚĂŝŶǁĂƚĞƌƚƌĞĂƚŵĞŶƚĨŽƌƚŚĞ
ĨŝƌƐƚŽŶĞŚƵŶĚƌĞĚǇĞĂƌƐ͘
x ůůĞŶǀŝƌŽŶŵĞŶƚĂůŵŽŶŝƚŽƌŝŶŐĂŶĚŵĂŝŶƚĞŶĂŶĐĞĂĐƚŝǀŝƚŝĞƐĂĨƚĞƌǇĞĂƌͲƚǁĞŶƚǇ͘
x ŽƐƚƐƚŽŽƉĞƌĂƚĞĂŶĚŵĂŝŶƚĂŝŶƚŚĞĂĐĐĞƐƐĐŽƌƌŝĚŽƌĂĨƚĞƌǇĞĂƌͲƚǁĞŶƚǇŝŶĐůƵĚŝŶŐƉŽƌƚƐ͕
ĨĞƌƌŝĞƐĂŶĚŵŽƌĞƚŚĂŶϲϬŵŝůĞƐŽĨƌŽĂĚƐ͘
x /ŶŝƚŝĂůĐĂƉŝƚĂůĐŽƐƚƐĨŽƌĐŽŶƐƚƌƵĐƚŝŽŶĂŶĚƐƵďƐĞƋƵĞŶƚŽƉĞƌĂƚŝŽŶĂůƉƵŵƉŝŶŐĐŽƐƚƐƚŽ
ƚƌĂŶƐƉŽƌƚǁĂƚĞƌĨƌŽŵƚŚĞŽƉĞŶƉŝƚ͕ďƵůŬd^&ĂŶĚƌĞĐůĂŝŵĞĚĞŵďĂŶŬŵĞŶƚƐƚŽƚŚĞǁĂƚĞƌ
ƚƌĞĂƚŵĞŶƚƉůĂŶƚ͘
x ^ƉŝůůǁĂǇĐŽŶƐƚƌƵĐƚŝŽŶĐŽƐƚƐƚŽƐĂĨĞůǇƚƌĂŶƐŵŝƚůĂƌŐĞƐƚŽƌŵĞǀĞŶƚƐŽĨĨŽĨƚŚĞďƵůŬd^&ŝŶĂ
ŶŽŶͲĞƌŽƐŝǀĞŵĂŶŶĞƌ͘
x ŽŶƚĂŵŝŶĂƚĞĚƐŝƚĞƐƌĞŵĞĚŝĂƚŝŽŶĐŽƐƚƐ͘
x ůŽƐƵƌĞĐŽƐƚƐƚŽƐĞĂůĂůůŵŽŶŝƚŽƌŝŶŐ͕ĚĞǁĂƚĞƌŝŶŐĂŶĚǁĂƚĞƌƉƌŽĚƵĐƚŝŽŶǁĞůůƐ͘
x DĂũŽƌĞĂƌƚŚǁŽƌŬƐĐŽƐƚƐƚŽĞŶƐƵƌĞĂĚĞƋƵĂƚĞĚƌĂŝŶĂŐĞĨƌŽŵ͕ĂŶĚǀĞŐĞƚĂƚŝŽŶ
ĞƐƚĂďůŝƐŚŵĞŶƚŽŶ͕ƚŚĞϴϳϯĂĐƌĞƐŝŵƉĂĐƚĞĚďǇƌŽĐŬƋƵĂƌƌǇŝŶŐ͘
x ŶǇĐŽƐƚƐƌĞƋƵŝƌĞĚƚŽƐƚĂďŝůŝǌĞƚŚĞƉŽƐƚͲĨůŽŽĚŝŶŐƉŝƚǁĂůůƐĂŶĚĞŶƐƵƌĞƚŚĞǇĂƌĞŶŽƚƉƌŽŶĞ
ƚŽĨĂŝůƵƌĞĂŶĚƐĞŝĐŚĞǁĂǀĞŐĞŶĞƌĂƚŝŽŶĚƵƌŝŶŐůĂƌŐĞƐĞŝƐŵŝĐĞǀĞŶƚƐ͘

^ŝŶĐĞƌĞůǇ͕


ZŝĐŚĂƌĚ<͘ŽƌĚĞŶ
KǁŶĞƌDŝĚŐĂƌĚŶǀŝƌŽŶŵĞŶƚĂů^ĞƌǀŝĐĞƐ>>
ϰϱϬϳ^ŽƵƚŚ'ŝůĞĂĚtĂǇ
^Ăůƚ>ĂŬĞŝƚǇ͕hƚĂŚϴϰϭϮϰ
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)URP 'DYLG0&KDPEHUV3K'3*HRSDQG6WXDUW/HYLW06










5H )($6,%,/,7<678',(6)25$/$6.$0,1(6





'DWH0DUFK












$ODVND/DUJH0LQH)HDVLELOLW\6WXG\6XPPDU\
0LQH
3HUPLW&RQVWUXFWLRQ 3($3UH)HDVLELOLW\6WXG\ 
1L[RQ)RUN


5HG'RJ

F
*UHHQV&UHHN


)RUW.QR[


3RJR


.HQVLQJWRQ


5RFN&UHHN


'RQOLQ
,QSHUPLWWLQJ

3HEEOH
,QSHUPLWWLQJ


%$&.*5281'±)($6,%,/,7<678',(6
$PLQLQJIHDVLELOLW\VWXG\LVDQHYDOXDWLRQRIDSURSRVHGPLQLQJSURMHFWWRGHWHUPLQHZKHWKHUWKHPLQHUDO
UHVRXUFHFDQEHPLQHGHFRQRPLFDOO\7KHUHDUHWKUHHW\SHVRIIHDVLELOLW\VWXG\XVHGLQPLQLQJ
3UHOLPLQDU\(FRQRPLF$VVHVVPHQW3UHOLPLQDU\)HDVLELOLW\DQGGHWDLOHG)HDVLELOLW\
 3UHOLPLQDU\(FRQRPLF$VVHVVPHQW5HVRXUFH$VVHVVPHQW2UGHURI0DJQLWXGH)HDVLELOLW\
3UHOLPLQDU\$VVHVVPHQWPHDQVDSUHOLPLQDU\HFRQRPLFVWXG\E\D4XDOLILHG3HUVRQWKDWLQFOXGHV,QIHUUHG
0LQHUDO5HVRXUFHV7KH3UHOLPLQDU\$VVHVVPHQWPXVWLQFOXGHDVWDWHPHQWWKDWWKH,QIHUUHG0LQHUDO
5HVRXUFHVDUHFRQVLGHUHGWRRVSHFXODWLYHJHRORJLFDOO\WRKDYHWKHHFRQRPLFFRQVLGHUDWLRQVDSSOLHGWR
WKHPWKDWZRXOGHQDEOHWKHPWREHFDWHJRUL]HGDV0LQHUDO5HVHUYHVRXWOLQHVWKHEDVLVIRUWKH3UHOLPLQDU\
$VVHVVPHQWDQGDQ\TXDOLILFDWLRQVDQGDVVXPSWLRQVPDGHDQGVSHFLILHVWKDWWKHUHLVQRFHUWDLQW\WKDWWKH
3UHOLPLQDU\$VVHVVPHQWZLOOEHUHDOL]HG>DGDSWHGIURP1,6HFWLRQ  @
7KHHFRQRPLFDQDO\VLVE\ZD\RIDSUHOLPLQDU\HFRQRPLFDVVHVVPHQWLVJHQHUDOO\WKHILUVWVLJQDOWRWKH
SXEOLFWKDWDPLQHUDOSURMHFWKDVSRWHQWLDOYLDELOLW\1,GHILQHVDSUHOLPLQDU\HFRQRPLFDVVHVVPHQW
DVDVWXG\RWKHUWKDQD3UH)HDVLELOLW\6WXG\RU)HDVLELOLW\6WXG\ZKLFKLQFOXGHVDQHFRQRPLFDQDO\VLVRI
WKHSRWHQWLDOYLDELOLW\RIPLQHUDOUHVRXUFHV$OWKRXJKWKHVHVWXGLHVJHQHUDOO\DQDO\]HDQGDVVHVVWKHVDPH
JHRORJLFDOHQJLQHHULQJDQGHFRQRPLFIDFWRUVWKHOHYHORIGHWDLOSUHFLVLRQDQGFRQILGHQFHLQWKH
RXWFRPHVLVVLJQLILFDQWO\GLIIHUHQW7KHGHILQLWLRQRISUHOLPLQDU\HFRQRPLFDVVHVVPHQWKDVWZRNH\
HOHPHQWVWKDWGLVWLQJXLVKLWIURPRWKHUVWXGLHV)LUVWE\GHILQLWLRQLWcannotEHDSUHIHDVLELOLW\VWXG\RU
IHDVLELOLW\VWXG\6HFRQGDSUHOLPLQDU\HFRQRPLFDVVHVVPHQWFDQRQO\GHPRQVWUDWHWKHpotentialYLDELOLW\
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RIPLQHUDOUHVRXUFHV3UH)HDVLELOLW\DQG)HDVLELOLW\DUHVWXGLHVWKDWDUHPRUHFRPSUHKHQVLYHDQG
WKHUHIRUHVXIILFLHQWWRGHPRQVWUDWHWKHWHFKQLFDODQGHFRQRPLFYLDELOLW\RIDPLQHUDOSURMHFW
2UGHURIPDJQLWXGHIHDVLELOLW\VWXGLHV VRPHWLPHVUHIHUUHGWRDVVFRSLQJVWXGLHV DUHDQLQLWLDOILQDQFLDO
DSSUDLVDORIDQLQIHUUHGPLQHUDOUHVRXUFH'HSHQGLQJRQWKHVL]HRIWKHSURMHFWDQRUGHURIPDJQLWXGH
VWXG\PD\EHFDUULHGRXWE\DVLQJOHLQGLYLGXDO,WZLOOLQYROYHDSUHOLPLQDU\PLQHSODQDQGLVWKHEDVLV
IRUGHWHUPLQLQJZKHWKHUWRSURFHHGZLWKDQH[SORUDWLRQSURJUDPDQGPRUHGHWDLOHGHQJLQHHULQJZRUN
2UGHURIPDJQLWXGHVWXGLHVDUHGHYHORSHGE\FRS\LQJSODQVDQGIDFWRULQJNQRZQFRVWVIURPH[LVWLQJ
SURMHFWVFRPSOHWHGHOVHZKHUHDQGDUHDFFXUDWHWRZLWKLQ±
 3UHOLPLQDU\)HDVLELOLW\6WXG\
3UHIHDVLELOLW\6WXG\DQG3UHOLPLQDU\)HDVLELOLW\6WXG\PHDQDFRPSUHKHQVLYHVWXG\RIWKHYLDELOLW\RID
PLQHUDOSURMHFWWKDWKDVDGYDQFHGWRDVWDJHZKHUHWKHPLQLQJPHWKRGKDVEHHQHVWDEOLVKHGDQGZKLFKLI
DQHIIHFWLYHPHWKRGRIPLQHUDOSURFHVVLQJKDVEHHQGHWHUPLQHGLQFOXGHVDILQDQFLDODQDO\VLVEDVHGRQ
UHDVRQDEOHDVVXPSWLRQVRIWHFKQLFDOHQJLQHHULQJRSHUDWLQJHFRQRPLFIDFWRUVDQGWKHDVVHVVPHQWRIRWKHU
UHOHYDQWIDFWRUVZKLFKDUHVXIILFLHQWIRUD4XDOLILHG3HUVRQDFWLQJUHDVRQDEO\WRGHWHUPLQHLIDOORUSDUW
RIWKH0LQHUDO5HVRXUFHPD\EHFODVVLILHGDVD0LQHUDO5HVHUYH DGDSWHGIURP1,6HFWLRQ
'HILQLWLRQV 
3UHOLPLQDU\IHDVLELOLW\VWXGLHVRUSUHIHDVLELOLW\VWXGLHVDUHPRUHGHWDLOHGWKDQRUGHURIPDJQLWXGH
VWXGLHV$SUHOLPLQDU\IHDVLELOLW\VWXG\LVXVHGLQGXHGLOLJHQFHZRUNGHWHUPLQLQJZKHWKHUWRSURFHHG
ZLWKDGHWDLOHGIHDVLELOLW\VWXG\DQGDVDUHDOLW\FKHFNWRGHWHUPLQHDUHDVZLWKLQWKHSURMHFWWKDWUHTXLUH
PRUHDWWHQWLRQ3UHOLPLQDU\IHDVLELOLW\VWXGLHVDUHGRQHE\IDFWRULQJNQRZQXQLWFRVWVDQGE\HVWLPDWLQJ
JURVVGLPHQVLRQVRUTXDQWLWLHVRQFHFRQFHSWXDORUSUHOLPLQDU\HQJLQHHULQJDQGPLQHGHVLJQKDVEHHQ
FRPSOHWHG3UHOLPLQDU\IHDVLELOLW\VWXGLHVDUHFRPSOHWHGE\DVPDOOJURXSRIPXOWLGLVFLSOLQHGWHFKQLFDO
LQGLYLGXDOV$3UH)HDVLELOLW\6WXG\LVDWDORZHUFRQILGHQFHOHYHOWKDQD)HDVLELOLW\6WXG\3UHIHDVLELOLW\
VWXGLHVKDYHDQDFFXUDF\ZLWKLQ
 )HDVLELOLW\6WXG\
)HDVLELOLW\6WXG\PHDQVDFRPSUHKHQVLYHVWXG\RIDGHSRVLWLQZKLFKDOOJHRORJLFDOHQJLQHHULQJ
RSHUDWLQJHFRQRPLFDQGRWKHUUHOHYDQWIDFWRUVDUHFRQVLGHUHGLQVXIILFLHQWGHWDLOWKDWLWFRXOGUHDVRQDEO\
VHUYHDVWKHEDVLVIRUDILQDOGHFLVLRQE\DILQDQFLDOLQVWLWXWLRQWRILQDQFHWKHGHYHORSPHQWRIWKHGHSRVLW
IRUPLQHUDOSURGXFWLRQ 1,6HFWLRQ'HILQLWLRQV 
)HDVLELOLW\VWXGLHVDUHWKHPRVWGHWDLOHGDQGZLOOGHWHUPLQHGHILQLWLYHO\ZKHWKHUWRSURFHHGZLWKWKH
SURMHFW$GHWDLOHGIHDVLELOLW\VWXG\ZLOOEHWKHEDVLVIRUFDSLWDODSSURSULDWLRQDQGZLOOSURYLGHWKHEXGJHW
ILJXUHVIRUWKHSURMHFW'HWDLOHGIHDVLELOLW\VWXGLHVUHTXLUHDVLJQLILFDQWDPRXQWRIIRUPDOHQJLQHHULQJ
ZRUNDUHDFFXUDWHWRZLWKLQDQGFDQFRVWEHWZHHQòòRIWKHWRWDOHVWLPDWHGSURMHFW
FRVW








KWWSZZZRVFJRYRQFDHQ6HFXULWLHV/DZBFVDBBBPLQLQJWHFKUSWVKWP
KWWSVHQZLNLSHGLDRUJZLNL0LQLQJBIHDVLELOLW\BVWXG\

KWWSZHEFLPRUJVWDQGDUGVPHQXSDJHFIP"VHFWLRQV  PHQX 

KWWSVHQZLNLSHGLDRUJZLNL0LQLQJBIHDVLELOLW\BVWXG\

KWWSVHQZLNLSHGLDRUJZLNL0LQLQJBIHDVLELOLW\BVWXG\
KWWSVZZZVWDQWHFFRPFRQWHQWGDPVWDQWHFILOHV3')$VVHWV+DUG5RFN0LQHU V+DQGERRN(GLWLRQ
BSGI
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)($6,%,/,7<678',(6)25$/$6.$0,1(6
1,;21)25. 0\VWHU\&UHHN5HVRXUFHV±UHFHQWO\RSHUDWHG"""SUHVHQW 
x &KDQJHRIRZQHUVKLSIHDVLELOLW\VWXG\
x ,QWHUQDOSUHIHDVLELOLW\VWXG\
7KH1L[RQ)RUN0LQHLVDQXQGHUJURXQGFXWDQGILOOVKULQNDJHDQGVXEOHYHORSHQVWRSLQJRSHUDWLRQ
XVLQJJUDYLW\DQGIORWDWLRQSURFHVVHVWRUHFRYHUFRSSHUFRQFHQWUDWHDQGFDUERQLQOHDFKWRUHFRYHUJROG
7KHPLQHLVORFDWHGLQZHVWFHQWUDO$ODVNDPLOHVQRUWKHDVWRI0F*UDWKDQGPLOHVQRUWKRI0HGIUD
RQ%XUHDXRI/DQG0DQDJHPHQWDQG'R\RQ/WG1DWLYH&RUSRUDWLRQODQGV$FFHVVWRWKHPLQHLVYLDDLU
&RQVROLGDWHG1HYDGD*ROGILHOGVUHSRUWHGUHVHUYHVLQDQGRSHUDWHGWKHPLQHIURPZKHQ
WKHSDUHQWFRPSDQ\RI&RQVROLGDWHG1HYDGD*ROGILHOGVGHFODUHGEDQNUXSWF\0\VWHU\&UHHN5HVRXUFHV
,QFOHDVHGWKHSURSHUW\LQHDUO\5HVWDUWLQJPLQLQJZDVSURSRVHGLQDQGWKH%/0SHUPLWWHG
WKHPLQHEDVHGRQD($
7KH1L[RQ)RUN0LQHZHQWLQWRSURGXFWLRQIRUDWKLUGWLPHLQ$VRI)LUH5LYHU*ROGUHSRUWHG
UHVRXUFHLQIRUPDWLRQEXWQRIHDVLELOLW\VWXG\
Since 1984 the Nixon Fork property has been explored by a number of companiesincluding Battle
Mountain Gold (Duval Corporation) from 1984 to 1988 and the Nixon Fork Joint Venture, (NFJV)
with Central Alaska Gold as operator from 1989 through 1993. Exploration included soil and
geophysical surveys, trenching and both reverse circulation and core drilling as listed in Table 1.
Table 1 includes a minor amount of drilling that may have been carried out on adjoining lands not
currently held. Nevada Goldfields Inc. (NGI) a wholly owned subsidiary of Consolidated Nevada
Goldfields Corporation (CNGC) acquired the property in July 1993 and carried out additional
definition drilling and completed a feasibility study.11
7KHPLQHWHPSRUDU\FORVHGLQ-XQH$OVRLQ:DWHUWRQ*OREDO9DOXH/3DIXQGPDQDJHGE\
:DWHUWRQ*OREDO5HVRXUFH0DQDJHPHQWWRRNFRQWURORI0\VWHU\&UHHN5HVRXUFHVIURP)LUH5LYHU*ROG
DVDSDUWRIDILQDQFLDOGHIDXOW
2Q$XJXVW0\VWHU\&UHHN5HVRXUFHV,QFVXEPLWWHGQRWLILFDWLRQWRUHVWDUWWKHSURMHFW0\VWHU\
&UHHNUHFHLYHGLWVDLUSHUPLWIURPWKH$ODVND'HSDUWPHQWRI(QYLURQPHQWDO&RQVHUYDWLRQLQEXWLW
LVQRWFOHDULIWKHPLQHLVRSHUDWLQJDWWKLVWLPH



1L[RQ)RUN3URMHFW)HDVLELOLW\6WXG\3LQFRFN$OOHQ +ROW,QF
3UH)HDVLELOLW\6WXG\IRU1L[RQ)RUN*ROG3URMHFW$ODVND-RQHV3DXO&0LOOHU+XJK%3UHSDUHGIRU0\VWHU\&UHHN
5HVRXUFHV/WG,QWHUQDOFRPSDQ\UHSRUW

6HH³&RQVROLGDWHG1HYDGD*ROGILHOGV&RUS$QQRXQFHV6XFFHVV´'HFDYDLODEOHDW
KWWSZZZGLDPRQGVQHW1HZV3ULQW$UWLFOHDVS["$UWLFOH,'  6KRZ$UWLFOH K(0U9XD%[F6V:$S)<T%N&2O97//

1L[RQ)RUN0LQH(QYLURQPHQWDO$VVHVVPHQW $.($ %XUHDX2I/DQG0DQDJHPHQW$QFKRUDJH)LHOG2IILFH
2FWREHU

KWWSZZZPDUNHWZLUHGFRPSUHVVUHOHDVHILUHULYHUJROGDQQRXQFHVPLQHUDOUHVRXUFHHVWLPDWHIRUQL[RQIRUNJROGPLQH
DODVNDRWFT[IYJFIKWP ³A feasibility study has not been completed and there is no certainty the disclosed targets
will be reached nor that the proposed operations will be economically viable. We seek safe harbor.”)

*HRORJ\DQG0LQHUDOL]DWLRQRIWKH1L[RQ)RUN&RSSHU*ROG3URMHFW0HGIUD4XDGUDQJOH$ODVND3UHSDUHGIRU)LUH5LYHU
*ROG&RUSRUDWLRQ3UHSDUHGE\&XUWLV-)UHHPDQ%$063*HR$YDORQ'HYHORSPHQW&RUS'HFHPEHU




)LUH5LYHU*ROG&RUSRUDWLRQ&RQGHQVHG,QWHULP)LQDQFLDO6WDWHPHQWV-XO\
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5(''2* 7HFN±FRQVWUXFWLRQ 
x ,QLWLDOIHDVLELOLW\VWXG\F13
x )HDVLELOLW\VWXG\LQ14
x 3UHIHDVLELOLW\VWXG\IRU$TTDOXN,QGLFDWHG0LQHUDO5HVRXUFHLQ
7KH5HG'RJ0LQHFXUUHQWO\FRQVLVWVRIDQRSHQSLWPLQHDPLOOIRUSURFHVVLQJRUHDWDLOLQJV
LPSRXQGPHQWZDVWHURFNVWRUDJHDUHDVDQGVXSSRUWIDFLOLWLHV7KHSURFHVVHGRUHLVWUDQVSRUWHGIURPWKH
PLQHIDFLOLWLHVYLDWKHPLOH'H/RQJ0RXQWDLQ5HJLRQDO7UDQVSRUWDWLRQ6\VWHPKDXOURDGWRWKHSRUW
IDFLOLW\ORFDWHGRQWKH&KXNFKL6HD7KHSRUWIDFLOLW\DQGWKH'076DUHERWKRZQHGE\WKH$ODVND
,QGXVWULDO'HYHORSPHQWDQG([SRUW$XWKRULW\&RQJUHVVJUDQWHGD\HDUHDVHPHQWWR1$1$WRPDNH
ODQGDYDLODEOHIRUWKH'076WREHVXIILFLHQWWRVHFXUHILQDQFLQJWRFRQVWUXFWDQGRSHUDWH
7KHPLQHLVFRPSULVHGRIILYHSULPDU\PLQHUDOGHSRVLWV0DLQ$TTDOXN4DQDL\DT$QDUUDDTDQG
3DDODDT0LQHUDOUHVHUYHVDUHGHILQHGDWWKH0DLQ$TTDOXNDQG4DQDL\DTGHSRVLWVEXWWKHUHPDLQLQJ
GHSRVLWVFRQWDLQ,QGLFDWHGDQG,QIHUUHGPLQHUDOUHVRXUFHV3URGXFWLRQFRPPHQFHGIURPWKH0DLQ
'HSRVLWLQ7HFNKDVFRPSOHWHGPLQLQJRIWKH0DLQRUHGHSRVLWDQGKDVVWDUWHGPLQLQJWKH$TTDOXN
SLWDGMDFHQWWRWKH0DLQSLW5HG'RJLVWKHODUJHVW]LQFPLQHLQWKHZRUOGLQWHUPVRI]LQFUHVHUYHVDQG
]LQFFRQFHQWUDWHSURGXFWLRQ
,QDVSDUWRIWKHLUODQGFODLPVHWWOHPHQW1$1$5HJLRQDO&RUSRUDWLRQVHOHFWHGDVTXDUHPLOH
DUHDRIODQGWKDWLQFOXGHGWKH5HG'RJPLQHUDOGHSRVLWDPDVVLYHVXOILGHOHDG]LQFRUHERG\DQGRWKHU
PLQHUDOFODLPVKHOGE\&RPLQFR,QDGHYHORSPHQWDQGRSHUDWLQJDJUHHPHQWEHWZHHQ1$1$DQG
&RPLQFRZDVVLJQHG7KH&RPLQFRDQG7HFNFRUSRUDWLRQVPHUJHGLQ
7HFN$QQXDO5HSRUWUHSRUWVWKDW
Teck’s increasing interest in COMINCO, adding value by expanding reserves and production Teck
acquired an initial 16% interest in Cominco Ltd. from CP Limited in 1986, along with partners
Metallgesellschaft AG and MIM Holdings Limited which each acquired 8%.
The company had just completed a feasibility study on the Red Dog zinc project in Alaska, and one of
the first decisions under the new ownership group was to proceed with mine and mill construction,
which was completed on target.17
*5((16&5((. +HFOD±FRQVWUXFWLRQ 
x ,QLWLDOIHDVLELOLW\VWXG\LQ
7KH*UHHQV&UHHN0LQHRQ$GPLUDOW\,VODQGLVORFDWHGPLOHVVRXWKZHVWRIWKHFLW\RI-XQHDX$ODVND
7KHFOLPDWHLVPDULWLPHZLWKSUHFLSLWDWLRQVLPLODUWRWKDWLQ-XQHDXDYHUDJLQJWRLQFKHVSHU\HDUDW
WKHPLQHVLWHDQGWRLQFKHVSHU\HDUDWWKHIDFLOLWLHVQHDU+DZN,QOHW7KHPLQHDQGSRUWLRQVRIWKH
WDLOLQJVIDFLOLW\DUHZLWKLQWKH$GPLUDOW\,VODQG1DWLRQDO0RQXPHQW,Q&RQJUHVVSURYLGHGIRU



7HFN$QQXDO5HSRUWDW
,G

1,7HFKQLFDO5HSRUW5HG'RJ0LQH$ODVND86$7HFN5HVRXUFHV/LPLWHG)HEUXDU\

,G

7HFN$QQXDO5HSRUWDW

7KH+LVWRU\RI*UHHQV&UHHN([SORUDWLRQE\$QGUHZ::HVW&KDSWHURI*HRORJ\*HRFKHPLVWU\DQG*HQHVLVRIWKH
*UHHQV&UHHN0DVVLYH6XOILGH'HSRVLW$GPLUDOW\,VODQG6RXWKHDVWHUQ$ODVND(GLWHGE\&OLII'7D\ORUDQG&UDLJ$
-RKQVRQ
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PLQLQJZLWKLQWKH0RQXPHQWDWWKH*UHHQV&UHHNVLWHLQ6HFWLRQRIWKH$ODVND1DWLRQDO,QWHUHVW
/DQGV&RQVHUYDWLRQ$FW
*UHHQV&UHHNLVD7ULDVVLFDJHYROFDQRJHQLFPDVVLYHVXOILGH]LQFOHDGJROGDQGVLOYHUGHSRVLW
'HZDWHUHGWDLOLQJVDUHSUHIHUHQWLDOO\SODFHGLQWRWKHXQGHUJURXQGPLQHDVVWUXFWXUDOEDFNILOO7KRVHWKDW
DUHQRWSODFHGXQGHUJURXQGDVEDFNILOODUHSODFHGRQWKHVXUIDFHLQDGU\VWDFNWDLOLQJVSLOH
,Q$SULOPLQLQJRSHUDWLRQVZHUHWHPSRUDULO\VXVSHQGHGGXHWRGHSUHVVHGPHWDOVSULFHV7KHPLQH
UHRSHQHGLQ-XO\DQGFRQWLQXHVLQRSHUDWLRQWRGD\,Q$SULOWKH+HFOD0LQLQJ&RPSDQ\
SXUFKDVHGWKHSURMHFWIURP5LR7LQWR.HQQHFRWWDQG+HFODFRQWLQXHVWRRSHUDWHWKHPLQH
:LWKFRQWLQXHGGLVFRYHU\RIQHZRUHDQGLPSURYHGPHWDOSULFHV+HFODEHOLHYHVWKH\FDQH[WHQGWKHOLIH
RIWKHPLQHIRUDQRWKHUWR\HDUVWKURXJKH[SORUDWLRQWKDWUHVXOWVLQFRQWLQXHGGLVFRYHU\DQG
GHOLQHDWLRQRIQHZRUHUHVHUYHV7KLVKDVEHHQWKHFDVHVLQFHWKHPLQHRSHQHGLQ
)257.12; .LQURVV±($FRPSOHWHGDQGSHUPLWVLVVXHGLQFRQVWUXFWLRQEHJDQLQ
x
x
x
x





3UHIHDVLELOLW\VWXG\FRPSOHWHG
+HDSOHDFKIHDVLELOLW\VWXG\LQ
8SGDWHGSUHIHDVLELOLW\VWXG\IRUKHDSOHDFKRSHUDWLRQ
8SGDWHGKHDSOHDFKSUHIHDVLELOLW\VWXG\LQ

7KH)RUW.QR[PLQHRSHUDWHGE\WKH.LQURVV*ROG&RUSRUDWLRQLQFOXGHVWKHPDLQ)RUW.QR[RSHQSLW
PLQHPLOODQGWDLOLQJVVWRUDJHIDFLOLW\WKH7UXH1RUWKRSHQSLWPLQHZKLFKZDVLQSURGXFWLRQIURP
WKURXJKWKH5\DQ/RGHSURMHFW FORVHG DQGDQRZQHUVKLSLQWHUHVWLQWKH*LOSURSHUW\WKDWLV
VXEMHFWWRDMRLQWYHQWXUHDJUHHPHQWZLWK7HU\O5HVRXUFHV&RUS H[SORUDWLRQ 7UXH1RUWKLQFOXGHVDQ
RSHQSLWJROGPLQHDKHDSOHDFKIDFLOLW\DQGDPLOODQGDVVRFLDWHGWDLOLQJVVWRUDJHIDFLOLW\DWLWV)RUW.QR[
0LQHSURMHFW7KH)RUW.QR[0LQHFRPSOH[LVORFDWHGDSSUR[LPDWHO\URDGPLOHVQRUWKHDVWRI
)DLUEDQNV$ODVND
7KH)RUW.QR[PLQHZDVSHUPLWWHGEDVHGRQDQ(QYLURQPHQWDO$VVHVVPHQWFRQGXFWHGE\WKH$UP\&RUSV
RI(QJLQHHUVDQGWKH6WDWHRI$ODVND'HSDUWPHQWRI1DWXUDO5HVRXUFHV7KH($ZDVFRPSOHWHGLQ
DQGLQPLQHFRQVWUXFWLRQEHJDQ.LQURVVDFTXLUHGWKH)RUW.QR[SURSHUW\IURP$PD[*ROGDVDSDUW
RIDPHUJHULQ
7KHPLQHH[SHFWVWRFORVHLQWKHWLPHIUDPH
7UXH1RUWK([SDQVLRQ .LQURVV±RSHUDWHGIURPWKURXJK





7UXH1RUWKLVDVDWHOOLWHSURSHUW\WRWKH)RUW.QR[PLQH2UHZDVWUXFNHGIURP7UXH1RUWKWREH
SURFHVVHGDW)RUW.QR[3ULRUWR.LQURVVHQJDJHPHQWWKHUHZHUHQRIHDVLELOLW\VWXGLHVDW7UXH1RUWK
DSSDUHQWO\EHFDXVH1HZPRQWWKHQWKHSDUWQHUKDGQRWIRXQGVXIILFLHQWUHVRXUFHVWRIXUWKHU




)RUW.QR[0LQH5HFODPDWLRQDQG&ORVXUH3ODQ)DLUEDQNV*ROG0LQLQJ,QF1RYHPEHU
3UHIHDVLELOLW\6WXGLHV5HSRUW)DLUEDQNV*ROG0LQLQJ,QF)RUW.QR[3URMHFW(%$(QJLQHHULQJ,QF$QFKRUDJH$ODVND

)DLUEDQNV*ROG0LQLQJ,QFDQG.LQURVV*ROG86$)RUW.QR[0LQH:DOWHU&UHHN+HDS/HDFK3URMHFW3URMHFW
)HDVLELOLW\(YDOXDWLRQ

:DOWHU&UHHN9DOOH\)LOO+HDS/HDFK)DFLOLW\([SDQVLRQ3UH)HDVLELOLW\6WXG\.QLJKW3LHVROG'HFHPEHU

9DOOH\)LOO+HDS/HDFK)DFLOLW\([SDQVLRQ3UH)HDVLELOLW\6WXG\5HYLVLRQ.QLJKW3LHVROG$SULO

)RUW.QR[0LQH$QQXDO$FWLYLW\5HSRUW.LQURVV*ROG&RPSDQ\0DUFK
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H[SORUDWLRQPLQHIHDVLELOLW\ZKLFKZDVSDUWRISDUWQHUVKLSDJUHHPHQWZLWK/D7HNR WULJJHULQJQH[WVWHSV
DQGJXLGLQJHDFKSDUWQHU¶VUHTXLUHGH[SHQGLWXUHV 
:KHQ.LQURVVWRRNWKHSURSHUW\LWKDGVXIILFLHQWUHVRXUFHDQGUHVHUYHGDWDWRGHPRQVWUDWHWKDWSURFHVVLQJ
WKHRUHDW)RUW.QR[ZRXOGEHSURILWDEOH
*LOPRUH([SDQVLRQ .LQURVV±SURSRVHG 
,Q.LQURVVFRPPHQFHGDIHDVLELOLW\VWXG\RQDSRWHQWLDOµOD\EDFN¶RIWKHFXUUHQW)RUW.QR[SLWWR
DFFHVVNQRZQPLQHUDOL]DWLRQRQ)RUW.QR[DQG*LOPRUHODQG)XUWKHUGULOOLQJDQGHQJLQHHULQJDUH
SODQQHGDW*LOPRUHWRHYDOXDWHWKHSRWHQWLDORIXSJUDGLQJDVLJQLILFDQWSRUWLRQRIWKHVLWH¶VHVWLPDWHG
PHDVXUHGDQGLQGLFDWHGUHVRXUFHVDQGDGGLQJWRLWVLQIHUUHGUHVRXUFHHVWLPDWH7KH&RPSDQ\H[SHFWVWR
SURYLGHDQXSGDWHRQWKHIHDVLELOLW\VWXG\LQPLGDQGH[SHFWVWRLQLWLDWHWKHSHUPLWWLQJSURFHVVIRU
PLQLQJDW*LOPRUHE\WKHHQGRI
32*2 6XPLWRPR±FRQVWUXFWLRQ 
x ,QLWLDOIHDVLELOLW\VWXG\LQ
x 8SGDWHGSUHIHDVLELOLW\VWXG\LQ
x 8SGDWHGIHDVLELOLW\VWXG\LQ
7KH3RJR*ROG0LQHLVORFDWHGDSSUR[LPDWHO\PLOHVQRUWKHDVWRI'HOWD-XQFWLRQ$ODVNDLPPHGLDWHO\
DGMDFHQWWRWKH*RRGSDVWHU5LYHU9LUWXDOO\DOORIWKHSURMHFW¶VFRPSRQHQWVLQFOXGLQJVXUIDFHDFFHVVLV
ORFDWHGZLWKLQDODUJHEORFNRIPXOWLSOHXVH6WDWHRI$ODVNDODQG
3RJRLVDQXQGHUJURXQGJROGPLQH3RWHQWLDOO\DFLGWDLOLQJVDUHEDFNILOOHGLQWKHXQGHUJURXQGPLQH
1RQDFLGJHQHUDWLQJWDLOLQJVDQGZDVWHURFNDUHGLVSRVHGLQDGU\WDLOLQJVIDFLOLW\
7HFN$QQXDO5HSRUWUHIHUVWRFRPSOHWHGSUHIHDVLELOLW\LQIRXUWKTXDUWHUDQGDQWLFLSDWHGIHDVLELOLW\
VWXG\FRPSOHWHGLQ7HFN$QQXDO5HSRUWLGHQWLILHVWKDW(,6UHYLHZH[SHFWHGDQGXSGDWLQJLWV
IHDVLELOLW\VWXG\3ULRUWRFRQVWUXFWLRQ6XPLWRPRUHOHDVHUHIHUVWRILQDOIHDVLELOLW\VWXG\
,QODWH7HFNDQG6XPLWRPRSXUFKDVHGWKH3RJRFODLPV7KHPLQHEHJDQSURGXFWLRQLQDQG
6XPLWRPRSXUFKDVHG7HFN¶VVKDUHRIWKHPLQHLQ7KHPLQHLVVWLOOLQRSHUDWLRQZLWKQRDQQRXQFHG
FORVLQJGDWH







*URZWKDQGSURJUHVVDW/D7HNR¶V7UXH1RUWK3URSHUW\DUHVWDJQDWLQJEHFDXVH1HZPRQW¶VDQGH[SORUDWLRQ
SURJUDPVDW7UXH1RUWKIDLOHGWRVLJQLILFDQWO\DGGWRWKHJROGUHVRXUFHFRPSRXQGHGE\1HZPRQW¶VUHFHQWGHFLVLRQWRSODFHWKH
SUHIHDVLELOLW\SURJUDPRQLQGHILQLWHKROG1RWLFHRI([WUDRUGLQDU\*HQHUDO0HHWLQJRI6KDUHKROGHUVRI/D7HNR5HVRXUFHV
/WG7R%H+HOG)HEUXDU\

6HHHJ.LQURVV*ROG&RUSRUDWLRQ5HQHZDO$QQXDO,QIRUPDWLRQ)RUPVIURPDQG

KWWSZZZNLQURVVFRPRSHUDWLRQVGHIDXOWDVS[H[SORUDWLRQIRUWNQR[XVDKWWSZZZNLQURVVFRPQHZVDQG
LQYHVWRUVQHZVUHOHDVHVSUHVVUHOHDVHGHWDLOV.LQURVVDFTXLUHVPLQLQJULJKWVWRODQGDGMDFHQW)RUW.QR[PLQHDGGV
PRUHWKDQPLOOLRQRXQFHVWRPLQHUDOUHVRXUFHHVWLPDWHVGHIDXOWDVS[
KWWSVTFGQFRPILOHVGRFBQHZV.*&1HZV5HOHDVH*LOPRUHDQQRXQFHPHQW),1$/3')

7HFNDQQXDOUHSRUWDWDQGSDJHJLYHVGHWDLOVRIDFTXLVLWLRQ

7HFN$QQXDO5HSRUWDW

6XPLWRPR0HWDO0LQLQJ&R/WG3UHVV5HOHDVH-XQH&RQVWUXFWLRQ*HWV8QGHU:D\$W3RJR*ROG0LQH3URMHFW
'RFWLWOHG

7HFN$QQXDO5HSRUWDW
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.(16,1*721 &RHXU±FRQVWUXFWLRQ 
x ,QLWLDOIHDVLELOLW\VWXG\LQ
x 8SGDWHGIHDVLELOLW\VWXG\LQ
x 8SGDWHGSUHIHDVLELOLW\VWXG\LQ
7KH.HQVLQJWRQ3URMHFWLVDQXQGHUJURXQGJROGPLQHORFDWHGDSSUR[LPDWHO\DLUPLOHVQRUWKRI-XQHDX
DQGDLUPLOHVVRXWKRI+DLQHV$ODVNDDWWKHVRXWKHUQHQGRIWKH.DNXKDQ5DQJHRIWKHFRDVWDO
PRXQWDLQVLQWKH7RQJDVV1DWLRQDO)RUHVWRQWKHVPDOOSHQLQVXODIRUPHGEHWZHHQ/\QQ&DQDODQG
%HUQHUV%D\7KHPLQHVLWHLVDFFHVVLEOHRQO\E\IORDWSODQHKHOLFRSWHURUERDW
&RHXU$ODVND,QFDFTXLUHGWKHSURSHUW\IURP3ODFLG2LOLQDQGIRUPHGWKH.HQVLQJWRQ-RLQW
9HQWXUHZLWK(FKR%D\0LQHV7KH.HQVLQJWRQ-RLQW9HQWXUHZLWK(FKR%D\DVRSHUDWRUEURXJKWWKH
SURMHFWWRDIHDVLELOLW\VWXG\OHYHOE\7KHSURMHFWZDVWKHQSODFHGRQFDUHDQGPDLQWHQDQFHGXHWR
GHFOLQLQJJROGSULFHV7KH3URMHFWZDVDSSURYHGDJDLQLQZLWKDGU\WDLOLQJVIDFLOLW\$JDLQLWZDV
QRWFRQVWUXFWHGGXHWRDGHFOLQHLQWKHYDOXHRIWKHFRPPRGLW\DQGRWKHUIHDVLELOLW\FRQVLGHUDWLRQVDQG
HFRQRPLFIDFWRUV$IWHUZLQQLQJD6XSUHPH&RXUWGHFLVLRQ&RHXUVXEPLWWHGDWKLUGSURSRVDOLQWKDW
XWLOL]HG/RZHU6ODWH/DNHDVDWDLOLQJVGLVSRVDOIDFLOLW\7KLVLVWKHILUVWODNHWREHXVHGIRUPLQHZDVWH
GLVSRVDOVLQFHWKH&OHDQ:DWHU$FWZDVSDVVHG
7KHPLQHLVLQRSHUDWLRQZLWKQRDQQRXQFHGFORVXUHGDWH
52&.&5((. 1RYD*ROG±RSHUDWHG 
x 3UHOLPLQDU\)HDVLELOLW\6WXG\
7KH5RFN&UHHN0LQH3URMHFWFRQVLVWVRIWZRFRPSRQHQWVWKH5RFN&UHHN0LQH0LOO&RPSOH[ORFDWHG
DERXWPLOHVQRUWKRI1RPHLQWKH6QDNH5LYHUZDWHUVKHGDQGWKH%LJ+XUUDK0LQHORFDWHGDERXW
PLOHVHDVWRI1RPHLQWKH6RORPRQ5LYHUZDWHUVKHG7KH/DUJH0LQH7HDPDWWKH'HSDUWPHQWRI1DWXUDO
5HVRXUFHVSXWYDULRXVSHUPLWVDQGSODQVRXWIRUFRPPHQWRQ-XQHDIWHUUHFHLYLQJWKHSHUPLW
DSSOLFDWLRQVDWWKHHQGRI0D\7KH6WDWHJDYHLWVILQDODSSURYDORQWKHVWDWHSHUPLWVDQGSODQVRQ$XJXVW
7KH&RUSV¶HQYLURQPHQWDOUHYLHZZDVILQDOL]HGRQ$XJXVWDQGDILQDOSHUPLWLVVXHGRQ
$XJXVW$ODVND*ROG&RPSDQ\EHJDQFRQVWUXFWLRQDFWLYLWLHVDWWKH5RFN&UHHNVLWHLQHDUO\
6HSWHPEHU
7KLVPLQHZDVWRXWHGE\WKHUHJXODWRU\DJHQFLHVDVDQH[DPSOHRIKRZDQDFFHOHUDWHGSHUPLWWLQJSURFHVV
FRXOGZRUN7KHPLQHZHQWIURPDSSOLFDWLRQVWRFRQVWUXFWLRQLQDSSUR[LPDWHO\WKUHHPRQWKV'XULQJ
PLQHFRQVWUXFWLRQWZRFRQWUDFWLURQZRUNHUVZHUHIDWDOO\LQMXUHG06+$ZKLFKFRQGXFWHGDURXWLQH
LQVSHFWLRQRIWKHPLQHRQHZHHNEHIRUHWKHDFFLGHQWEODPHGWKHDFFLGHQWRQLQDGHTXDWHPDQDJHPHQW
SROLFLHVDQGSURFHGXUHV




7KH86*66XPPDUL]HGYDULRXV.HQVLQJWRQUHSRUWVVKRZLQJWKHFRPSDQ\KDGGRQHIHDVLELOLW\VWXGLHVLQWRUHVHUYHVLQ
DQGSULRUWRSHUPLWWLQJKWWSVPUGDWDXVJVJRYDUGIVKRZDUGISKS"DUGIBQXP -8

.HQVLQJWRQ3URMHFW'U\7DLOLQJV)DFLOLW\%DQNDEOH)HDVLELOLW\6WXG\)LQDO'HVLJQ5HSRUW.ORKQ&ULSSHQ)HEUXDU\

.HQVLQJWRQ)HDVLELOLW\6WXG\5HSRUW61&/DYDOLQ-XQH

&RHXUG $OHQH0LQHV.HQVLQJWRQ7HFKQLFDO5HSRUW-DQXDU\3DJHRI

3UHOLPLQDU\(FRQRPLF6WXG\5RFN&UHHN3URMHFW1RPH$ODVNDVXEPLWWHGWR1RYD*ROG5HVRXUFHV,QFE\WKH1RUZHVW
&RUSRUDWLRQ$XJXVW

5HSRUWRI,QYHVWLJDWLRQ)DWDO0DFKLQHU\$FFLGHQW-XO\0LQH6DIHW\DQG+HDOWK$GPLQLVWUDWLRQ0$, 
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$VDSDUWRILWV5RDGVWR5HVRXUFHVSURJUDPWKH6WDWHEXLOWDURDGH[WHQVLRQWRWKHPLQH7KHWRWDO
FRVWZDVLQFOXGLQJXVHGIRUJUDYHO7KHJUDYHOPDWHULDOIRUWKHURDGFDPHIURPWKH
:LQGIDOO3LW±EDFNWKHQRZQHGE\$ODVND*ROG&RDVXEVLGLDU\RI1RYD*ROG±WKH&DSH1RPHTXDUU\
RZQHGE\%61&DQGSLWVQHDUWKH*ODFLHU&UHHN%ULGJH
7KH5RFN&UHHNJROGPLQHUHFHLYHGUHJXODWRU\DXWKRUL]DWLRQVDQGEHJDQFRPPLVVLRQLQJVWDUWXSLQ
6HSWHPEHU7KHPLQHKDGXQDQWLFLSDWHGSUREOHPVZLWKWKHHIILFLHQF\RIWKHSURFHVVDQGUHFRYHU\
FLUFXLWLVVXHVWKDWZHUHFRPSRXQGHGE\WKHHIIHFWVRIH[WUHPHDUFWLFZHDWKHUFRQGLWLRQVH[SHULHQFHGLQ
1RPH$ODVND7KHFRPSDQ\VXVSHQGHGRSHUDWLRQVDWWKHPLQHLQODWH1RYHPEHUDIWHURSHUDWLQJ
DSSUR[LPDWHO\WZRPRQWKV
7KHPLQHKDVEHHQFORVHGDQGUHFODLPHG7KHODQGLVQRZRZQHGE\WKH%HULQJ6WUDLWV1DWLYH
&RUSRUDWLRQ
'21/,1 %DUULFN*ROG±LQSHUPLWWLQJ 
x
x
x
x
x

3UHOLPLQDU\(FRQRPLF$VVHVVPHQW
3UHOLPLQDU\(FRQRPLF$VVHVVPHQW
,QLWLDO)HDVLELOLW\6WXG\
)LUVWXSGDWHRIWKH)HDVLELOLW\6WXG\
6HFRQGXSGDWHG)HDVLELOLW\6WXG\

7KHSURSRVHG'RQOLQ*ROGPLQHZRXOGEHDQRSHQSLWPLQHDQGXVHF\DQLGHSURFHVVLQJWRSURGXFHJROG
GRUH7KHPLQHZRXOGKDYHDFRQYHQWLRQDOWDLOLQJVLPSRXQGPHQWZLWKDOLQHU7KHSURMHFWZRXOGUHTXLUH
WR\HDUVWRFRQVWUXFWDQGKDYHDQDFWLYHPLQHOLIHRIDSSUR[LPDWHO\\HDUV:DWHUWUHDWPHQWGXH
WRVHHSDJHIURPWKHZDVWHURFNDQGSLWZDOOVFRXOGUHTXLUHSHUSHWXDOZDWHUWUHDWPHQW
7KH'RQOLQSURMHFWLVDSSUR[LPDWHO\PLOHVZHVWRI$QFKRUDJHDQGPLOHVQRUWKHDVWRI%HWKHOXS
WKH.XVNRNZLP5LYHU7KHFORVHVWYLOODJHLVWKHFRPPXQLW\RI&URRNHG&UHHNDSSUR[LPDWHO\PLOHV
WRWKHVRXWKRQWKH.XVNRNZLP5LYHU
&DOLVWD&RUSRUDWLRQDQ$ODVND1DWLYH&RUSRUDWLRQKDVKHOGWKHPLQHUDOULJKWVWRWKH3URMHFWVLQFH
3ODFHU'RPHDFTXLUHGD\HDUOHDVHIURP&DOLVWDHIIHFWLYH0D\,Q1RYD*ROG5HVRXUFHV
HDUQHGDLQWHUHVWLQWKH3URMHFW%DUULFN*ROGDFTXLUHGWKH3ODFHU'RPHLQWHUHVWLQ'RQOLQWKURXJKD
PHUJHUZLWK3ODFHU'RPHLQHDUO\,Q1RYD*ROGHQWHUHGLQWRDOLPLWHGOLDELOLW\FRPSDQ\
DJUHHPHQWZLWK%DUULFN*ROG
7KHPRVWUHFHQWIHDVLELOLW\DQDO\VLVLVWKH6HFRQG8SGDWHG)HDVLELOLW\6WXG\HIIHFWLYH1RYHPEHU
DPHQGHG-DQXDU\







7KH1RPH1XJJHW9ROXPH&;,,,1R1RYHPEHU
1RYD*ROG5HVRXUFHV,QF'RQOLQ&UHHN*ROG3URMHFW$ODVND86$1,7HFKQLFDO5HSRUWRQ6HFRQG8SGDWHG
)HDVLELOLW\6WXG\6XEPLWWHGE\7RQ\/LSLHF3(QJ*RUGRQ6HLEHO5060(.LUN+DQVRQ3($0(&$PHULFDV/LPLWHG
(IIHFWLYH'DWH1RYHPEHU$PHQGHG-DQXDU\3URMHFW1XPEHU
KWWSZZZQRYDJROGFRPBUHVRXUFHVSURMHFWVWHFKQLFDOBUHSRUWBGRQOLQBJROGSGI

,G

,G

,G

,G

,G
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3(%%/( 1RUWKHUQ'\QDVW\0LQHUDOV±LQSHUPLWWLQJ 
x 3UHOLPLQDU\$VVHVVPHQWLQ
x 3UHOLPLQDU\$VVHVVPHQWLQ
1RUWKHUQ'\QDVW\DWWKDWWLPHERDVWHGRIWKHHFRQRPLFYLDELOLW\RIWKHSURMHFW
A National Instrument 43-101-compliant Technical Report on a Preliminary Assessment of the Pebble
Copper-Gold-Molybdenum Project … confirms that Pebble is an economically robust project with the
potential to become one of the most important metal producers of the 21st century.47
2QO\5HVRXUFH$VVHVVPHQWVKDYHEHHQFRPSOHWHGIRU3HEEOHGHVSLWHQXPHURXVPHQWLRQVRIWKHQHHGIRU
DQGLQLWLDWLRQRISUHIHDVLELOLW\VWXGLHV
The project warrants a feasibility evaluation to determine if it is an economically viable deposit. At
the time of writing, a feasibility study was underway.48
DQG
Anglo’s staged investment requirements include an initial minimum expenditure of US$125 million to
be expended towards a prefeasibility study (completed as of 2008) …49
DQG
At this time, it is expected that the Pebble Partnership will complete a Prefeasibility Study for the
Pebble Project in 2012, prior to initiating permitting under NEPA
1RUWKHUQ'\QDVW\KDVQRZFKDQJHGLWVDVVHVVPHQWRIWKHHFRQRPLFYLDELOLW\RIWKHPLQH,WQRZVD\VWKDW
WKH3UHOLPLQDU\$VVHVVPHQW³can no longer be relied upon´DQGWKDW3HEEOHLV³no longer an
advanced property for the purposes of NI 43-101´
… the economic analysis included in the 2011 Preliminary Assessment is considered by Northern
Dynasty to be out of date such that it can no longer be relied upon. In light of the foregoing, the
Pebble Project is no longer an advanced property for the purposes of NI 43-101, as the potential
economic viability of the Pebble Project is not currently supported by a preliminary economic
assessment, pre-feasibility study or feasibility study.51
$3UHOLPLQDU\ (FRQRPLF $VVHVVPHQWGRHVQRWUHTXLUHWKHGHJUHHRIDFFXUDF\RID3UH)HDVLELOLW\6WXG\
DQGPD\XVHLQIHUUHGUHVRXUFHVLQWKHHFRQRPLFDQDO\VLV,QIHUUHGUHVRXUFHVFDQQRWEHXVHGLQ
3UH)HDVLELOLW\VWXGLHV




3UHOLPLQDU\$VVHVVPHQWRIWKH3HEEOH3URMHFW6RXWKZHVW$ODVND*KDIIDULHWDO:DUGURS1RUWKHUQ'\QDVW\0LQHUDOV
)HEUXDU\

,G

1RUWKHUQ'\QDVW\5HFHLYHV3RVLWLYH3UHOLPLQDU\$VVHVVPHQW7HFKQLFDO5HSRUWIRU*OREDOO\6LJQLILFDQW3HEEOH&RSSHU
*ROG0RO\EGHQXP3URMHFWLQ6RXWKZHVW$ODVND3UHVV5HOHDVH1RUWKHUQ'\QDVW\0LQHUDOV)HEUXDU\

7HFKQLFDO5HSRUWRQWKH3HEEOH'HSRVLW$ODVND86$SUHSDUHGIRU1RUWKHUQ'\QDVW\0LQHUDOV/WG5RVFRH3RVWOH
$VVRFLDWHV,QF$SULO

7HFKQLFDO5HSRUWRQWKH3URJUDPDQG8SGDWHRQ0LQHUDO5HVRXUFHVDQG0HWDOOXUJ\3HEEOH&RSSHU*ROG0RO\EGHQXP
3URMHFW,OLDPQD/DNH$UHD6RXWKZHVWHUQ$ODVND86$1RUWKHUQ'\QDVW\0LQHUDOV/WG)HEUXDU\

1RUWKHUQ'\QDVW\5HFHLYHV3RVLWLYH3UHOLPLQDU\$VVHVVPHQW7HFKQLFDO5HSRUWIRU*OREDOO\6LJQLILFDQW3HEEOH&RSSHU
*ROG0RO\EGHQXP3URMHFWLQ6RXWKZHVW$ODVND3UHVV5HOHDVH1RUWKHUQ'\QDVW\0LQHUDOV)HEUXDU\

7HFKQLFDO5HSRUWRQWKH3HEEOH3URMHFW6RXWKZHVW$ODVND86$1RUWKHUQ'\QDVW\0LQHUDOV/WG(IIHFWLYH'DWH±
'HFHPEHU,VVXHGDWH)HEUXDU\
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3DJH

7KHUHDUHWZRHVVHQWLDOHOHPHQWVUHTXLUHGIRUDIHDVLELOLW\VWXG\±DQDFFXUDWHHVWLPDWLRQRIWKHPLQHUDO
UHVRXUFHDQGDQDFFXUDWHDVVHVVPHQWRIWKHSURMHFWFRVWV
1RUWKHUQ'\QDVW\H[SODLQVLWVTXDOLILFDWLRQRIWKHSURMHFWHFRQRPLFVE\QRWLQJWKHXQFHUWDLQW\LQWKH
SHUPLWWLQJSURFHVV
... being able to properly assess all of the proposed alternatives that the USACE will be considering
as part of the scoping process conducted during the initial phase of the EIS will provide additional
clarity with respect to the project to be evaluated so that an economic analysis can be completed.52
1RUWKHUQ'\QDVW\LVVXJJHVWLQJWKDWLWZLOOFRQGXFWDIHDVLELOLW\VWXG\RQFHLWNQRZZKLFKDOWHUQDWLYHVWKH
$&2(ZLOODFFHSWIRUDQDO\VLVLQWKH(,6+RZHYHULWLVXQOLNHO\1RUWKHUQ'\QDVW\ZLOOKDOWWKH
SHUPLWWLQJSURFHVVWRFRQGXFWDIHDVLELOLW\VWXG\,WFRXOGFRQFHLYDEO\VLPXOWDQHRXVO\FRQGXFWD
IHDVLELOLW\VWXG\DQGHQYLURQPHQWDODVVHVVPHQWEXWWKHHFRQRPLFµKRUVHPD\KDYHDOUHDG\OHIWWKHEDUQ¶
,IWKH$&2(HQYLURQPHQWDODQDO\VLVSURFHHGVZLWKRXWDIHDVLELOLW\VWXG\3HEEOHZRXOGEHWKHRQO\ODUJH
PLQHLQ$ODVNDWREHSHUPLWWHGZLWKRXWDQHFRQRPLFDQDO\VLVRIDQ\NLQGVLQFHWKH\KDYHGLVDYRZHGWKHLU
3UHOLPLQDU\(FRQRPLF$QDO\VLV:KLOHWKLVLVSULPDULO\DULVNWR1RUWKHUQ'\QDVW\LQYHVWRUVLWDOVR
SRVHVDOHYHORIULVNWRWKHSXEOLFVKRXOGWKHFRPSDQ\EHFRPHLQVROYHQW
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&(17(5IRU6&,(1&(LQ38%/,&3$57,&,3$7,21
1RUWK&KXUFK$YHQXH%R]HPDQ07
Phone (406) 585-9854 / Fax (406) 585-2260 /web: www.csp2.org / e-mail: csp2@csp2.org
“Technical Support for Grassroots Public Interest Groups”

0(025$1'80

CSP

'DWHXSGDWHG-XQH

)URP 'DYLG0&KDPEHUV3K'3*HRS
5H

7HFKQLFDO1RWHRQ8SGDWHVWR3/3¶V3URSRVHG3URMHFW-DPHV)XHJ3HEEOH/LPLWHG
3DUWQHUVKLS0D\

Introductory Note
,QWKLV7HFKQLFDO1RWH3/3KDVRXWOLQHGVHYHUDOFKDQJHVWKDWZLOOKDYHVLJQLILFDQWHFRQRPLFDQG
HQYLURQPHQWDOUHSHUFXVVLRQVRQWKHSURMHFWSURSRVDO,PXVWDOVRHPSKDVL]HWKHWHUP³RXWOLQH´EHFDXVH
DOORIWKHVHFKDQJHVDUHGHVFULEHGLQDGRFXPHQWZLWKMXVWSDJHVRIZLGHO\VSDFHGWH[WDQGZLWKQR
DFFRPSDQ\LQJGLDJUDPV$VDUHVXOW,PXVWVSHFXODWHRQDQXPEHURIWKHLVVXHVGHVFULEHGEHORZ,KDYH
QRGRXEWWKDW3/3KDVPXFKLQIRUPDWLRQRQHDFKRIWKHWRSLFVPHQWLRQHGLQWKH7HFKQLFDO1RWHEXWWKDW
LQIRUPDWLRQKDVQRW\HWEHHQVXSSOLHGWRWKH$&2(7KLVPDNHVGUDZLQJFRQFOXVLRQVRUGHWHUPLQLQJ
SRWHQWLDOFRQVHTXHQFHVRIWKHSURSRVHGSURMHFWFKDQJHVYHU\GLIILFXOW
1) Mining and milling schedule
1(:

2/'

PLQLQJ RUH ZDVWH UDWH

WRQVSHUGD\

WRQVSHUGD\

PLOOLQJ RUH UDWH

WRQVSHUGD\

WRQVSHUGD\

0:

0:

WRWDOPDWHULDOPLQHG

ELOOLRQWRQV

ELOOLRQWRQV

RUHPLQHG

ELOOLRQWRQV

ELOOLRQWRQV

ZDVWHURFNPLQHG

ELOOLRQWRQV

ELOOLRQWRQV

XQNQRZQ

¶O[¶Z[¶G

&RSSHUJROGFRQFHQWUDWH

WRQV

WRQV

0RO\EGHQXPFRQFHQWUDWH

WRQV

WRQV

FHQWHUOLQHIHHW

FHQWHUOLQHIHHW

3\ULWLFWDLOLQJVGDPFRQVWUXFWLRQ W\SHKHLJKW

GRZQVWUHDPIHHW

GRZQVWUHDPIHHW

0DLQZDWHUPDQDJHPHQWSRQGGDP W\SHKHLJKW

GRZQVWUHDPIHHW

GRZQVWUHDPQRWVSHFLILHG

SRZHUJHQHUDWLQJFDSDFLW\

3LWGLPHQVLRQV

%XONWDLOLQJVGDPFRQVWUXFWLRQ W\SHKHLJKW

7KHPLOOLQJUDWHKDVEHHQLQFUHDVHGLQFUHDVH7KLVLVQRPLQDOO\WRDOORZORZJUDGHRUHWREH
SURFHVVHGDVPLQHGLQVWHDGRIEHLQJVWRFNSLOHGIRUSURFHVVLQJODWHLQWKHPLQHOLIH7KHPLQLQJUDWHKDV
EHHQGHFUHDVHGEHFDXVHPLQLQJQRZWDNHVSODFHRYHUWKHHQWLUH\HDUOLIHRIWKHSURMHFWLQVWHDGRIMXVW
WKHILUVW\HDUVDVRULJLQDOO\SURSRVHG7KLVFKDQJHZLOOUHTXLUHLQFUHDVHGFDSLWDOFRVWVIRUPLOOLQJ
HTXLSPHQWDQGSRZHUJHQHUDWLQJFDSDFLW\DQGLQFUHDVHGFRVWVDVVRFLDWHGZLWKWKHLQWHQVLILHGPLOOLQJ
3DJHRI
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RSHUDWLRQVEXWORZHUFDSLWDODQGRSHUDWLQJFRVWVIRUPLQLQJ7KLVFKDQJHDOORZVIRUPRUHHIILFLHQWXVHRI
WKHPLQLQJHTXLSPHQWZKLFKZLOOQRZEHIXOO\XWLOL]HGRYHUWKHHQWLUHRSHUDWLQJOLIHRIWKHPLQHLQVWHDG
RIEHLQJVKXWGRZQWKHODVW\HDUVXQGHUWKHRULJLQDOSURSRVDOZKLOHWKHORZJUDGHRUHZDVEHLQJ
SURFHVVHG
7KHWRWDODPRXQWRIPDWHULDOWREHPLQHGKDVEHHQLQFUHDVHGIURPWRRIWKH3HEEOHUHVRXUFH
3/3GRHVQRWVWDWHKRZPXFKLIDQ\RIWKHZDVWHIRUWKHQHZSURSRVDOLVDFLGJHQHUDWLQJ
,WLVGLIILFXOWWRVSHFXODWHRQWKHHFRQRPLFLPSDFWVRIWKHVHFKDQJHV±KLJKHUFDSLWDOFRVWVYHUVXV
LQFUHDVHGHIILFLHQF\RIWKHPLQLQJHTXLSPHQWDQGLQFUHDVHGDQQXDOUHYHQXHIURPSURGXFW7KHUHPLJKW
DOVREHPRUHHIILFLHQWH[WUDFWLRQRIWKHUHVRXUFHLQWHUPVRIWKHWLPLQJRIWKHZDVWHWKDWLVSURGXFHGIRU
XVHLQFRQVWUXFWLRQRIWKHWDLOLQJVGDPVDQGEOHQGLQJRIORZHUJUDGHDQGKLJKHUJUDGHRUHIRUPRUH
HIILFLHQWUHFRYHU\LQWKHPLOO7KHVHDUHWUDGHRIIVWKDWZRXOGQRUPDOO\EHDQDO\]HGLQDIHDVLELOLW\UHSRUW
ZKLFKLVPLVVLQJIRUWKLVSURMHFW
2) Tailings storage facility layout
7KHWDLOLQJVIDFLOLW\OD\RXWKDVEHHQFKDQJHGVLJQLILFDQWO\,QVWHDGRIKDYLQJWZRFRORFDWHGWDLOLQJV
IDFLOLWLHVWKH\ZLOOKDYHWZRVHSDUDWHWDLOLQJVIDFLOLW\ORFDWLRQVLQWKH1RUWK)RUN.RNWXOLGUDLQDJH)URP
WKHGHVFULSWLRQLQWKH7HFKQLFDO1RWHLWDSSHDUVWKHEXON QRQDFLGJHQHUDWLQJ WDLOLQJVZLOOUHPDLQDWWKH
SUHVHQWORFDWLRQDOWKRXJKZLWKDORZHUGDPGXHWRWKHUHORFDWLRQRIWKHS\ULWLF DFLGJHQHUDWLQJ WDLOLQJV
7KHS\ULWLFWDLOLQJVZRXOGEHUHORFDWHGWRWKHYDOOH\LPPHGLDWHO\HDVWRIWKHSUHVHQWWDLOLQJVIDFLOLW\
ORFDWLRQEXWVWLOOLQWKH1RUWK)RUN.RNWXOLGUDLQDJH
See Figures 1 & 2.
7KHQHZWDLOLQJVGDPVDUHVRPHZKDWORZHUWKDQRULJLQDOO\GHVLJQHG 1HZQRQDFLGJHQHUDWLQJ EXON 
WDLOLQJVGDP IWYVIWDFLGJHQHUDWLQJWDLOLQJVGDP IWYVIW EHFDXVHWKHQHZ
LPSRXQGPHQWVDUHODUJHU WKHQHZDUHDLVDSSUR[LPDWHO\DFUHVODUJHUWKDQWKHRULJLQDOSURSRVDO 
7KHS\ULWLFWDLOLQJVDUHEHLQJSODFHLQDQHZORFDWLRQPDNLQJPRUHRIWKH1).:HVWVLWHDYDLODEOHIRUWKH
SODFHPHQWRIEXONWDLOLQJV,QWHUHVWLQJO\WKHQHZZDWHUPDQDJHPHQWSRQGKDVWZRGDPVWKDWDUHIW
KLJK±VLJQLILFDQWGDPVLQWKHPVHOYHV
8SRQWKHFRPSOHWLRQRIPLQLQJDW\HDUV“… the pyritic tails and PAG waste will be relocated to the
bottom of the open pit for permanent subaqueous storage below ground level.”$WFORVXUHLWZRXOGEH
UHODWLYHO\HDV\EXWQRWQHFHVVDULO\FKHDSWRPRYHWKHS\ULWLFWDLOLQJVWRWKHSLWDVDVOXUU\+RZHYHULI
3$*ZDVWHURFNLVDOVRVWRUHGLQWKH1).(DVWVLWHPRYLQJWKLVPDWHULDOZRXOGEHPRUHGLIILFXOW,Q
UHDOLW\WKLVUHORFDWLRQZRXOGQRWKDSSHQEHFDXVHWKHSLWZLOOEHH[SDQGHGEH\RQGWKH\HDUWLPHIUDPH
DQG3/3DSSHDUVWREHZLOOLQJWRVXEPLWDSURMHFWWKDWPLJKWEHGLIILFXOWDQGH[SHQVLYHEXWZKLFKWKH\
NQRZWKH\ZLOOQRWQHHGWRFRPSOHWH
3) Main water management pond size and location
7KHUHZLOOEHQHZYHU\ODUJHPDLQZDWHUPDQDJHPHQWSRQG See Figure 1 7KHQHZZDWHUPDQDJHPHQW
SRQGZLOOKDYHGDPVIWKLJKDQGZLOOSUREDEO\QRZUHTXLUHUHYLHZE\WKH$ODVND'DP6DIHW\RIILFH
7KHXSGDWHGSURMHFWSURSRVDO 0D\ -XQ LVDFUHVODUJHUWKDQWKHRULJLQDOSURSRVDO
ODUJHO\GXHWRWKHQHZPDLQZDWHUPDQDJHPHQWSRQG




3DJHRI
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4) Natural gas pipeline throughput alignment, and origin
7KHXSGDWHGGHVLJQLQFRUSRUDWHVDLQFKGLDPHWHUOLQHIRUWKHODQGSRUWLRQVRIWKHSLSHOLQH WKHPDULQH
DQGODNHSRUWLRQVZHUHDOUHDG\LQFK 7KHGHHSZDWHU DWOHDVWIHHWRUGHHSHU SRUWLRQVRIWKH
QDWXUDOJDVSLSHOLQHKDVEHHQPRGLILHGWRXVHKHDY\ZDOODQGRUFRQFUHWHFRDWHGSLSHRQH[LVWLQJERWWRP
VXUIDFHUDWKHUWKDQSODFHPHQWRIWKHSLSHLQDWUHQFK
7KHFKDQJHLQWKHGLDPHWHURIWKHSLSHLVSUREDEO\LQVLJQLILFDQW3ODFHPHQWRQWKHERWWRPUDWKHUWKDQLQ
DWUHQFKLVVRPHWKLQJ,DPQRWIDPLOLDUZLWK+RZHYHULWZRXOGEHGLIILFXOWWRGLJDWUHQFKLQZKLFKWR
SODFHWKHSLSHLQZDWHUGHHSHUWKDQIHHW7KDWZRXOGSUREDEO\UHTXLUHVRPHVRUWRIXQGHUZDWHU
H[FDYDWRU
5) Amakdedori port and concentrate loading
7KHFKDQJHLQYROYHVXVLQJEDUJHVWROLJKWHUWKHFRQFHQWUDWHFRQWDLQHUVWRGHHSHUZDWHU&RQFHQWUDWH
FRQWDLQHUVZRXOGEHXQORDGHGGLUHFWO\LQWRWKHKROGRIWKHEXONFDUULHUXVLQJDFUDQHPRXQWHGRQWKH
EDUJH7KHFRQWDLQHUVZRXOGEHSLFNHGXSXVLQJDFUDQHPRXQWHGRQWKHOLJKWHULQJYHVVHOGXPSHGLQWR
WKHKROGRIWKHEXONFDUULHUDQGWKHQUHWXUQHGWRWKHGHFNRIWKHOLJKWHULQJYHVVHO)URPWKH3/3
GHVFULSWLRQWKLVZRXOGLQYROYHDSSUR[LPDWHO\OLJKWHUWULSVSHUGD\
7KLVLVDPDMRUFKDQJHIURPWKHRULJLQDOSURSRVDOZKLFKLQYROYHGGUHGJLQJDQGFRQVWUXFWLRQRIDORQJ
SLHU7KHUHDUHREYLRXVO\SRWHQWLDOLVVXHVZLWKORDGLQJLQPDUJLQDOZHDWKHUDQGZLWKWKHFXPXODWLYH
FRQWDPLQDWLRQHIIHFWVRIPLQRUFRQFHQWUDWHVSLOOVDVVRFLDWHGZLWKGXPSLQJWKHFRQFHQWUDWHFRQWDLQHUVLQWR
WKHKROGRIWKHEXONFDUULHU
5HIHUHQFHV
0D\7HFKQLFDO1RWHRQ8SGDWHVWR3/3¶V3URSRVHG3URMHFW3HEEOH/LPLWHG3DUWQHUVKLSWR6KDQH
0F&R\86$UP\&RUSVRI(QJLQHHUV0D\
-XQ5HVSRQVHWR5),3URMHFW2SWLRQV-DPHV)XHJ3HEEOH/LPLWHG3DUWQHUVKLSWR6KDQH0F&R\
86$UP\&RUSVRI(QJLQHHUV-XQH

3DJHRI





Appendix E, Page 1445 of 2339

Figure 1 – Revised mine layout (as of 5Jun18)
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Figure 2 – Probable locations for NFK West and NFK East waste facilities

Figure 1 – Probable locations for NFK West and NFK East waste fac
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National Park Service(/)
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Crystal Clear:
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Waters Federal
Partnership (/articles
By David M. Chambers

/anacostia-urbanwaters-federalpartnership.htm?utm_sour
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Rise at Muir Beach
(/articles/california-redlegged-frog-numberson-the-rise-at-muirbeach.htm?utm_source=a
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utm_campaign=experience
Monitoring Bacterial
Contamination in
Streams at Capitol Reef

Figure 1a and 1b. Two NASA photos taken one-week apart reveal the massive scope of tailings mud
discharges into Hazeltine Creek, Polley Lake, and Quesnel Lake, following failure of the Mount Polley
Mine’s modern design tailings pond on August 4, 2014

National Park (/articles
/ncpn_careecoli.htm?utm_
utm_medium=website&

NASA

utm_campaign=experience

Large tailings dams, which are built to contain mining waste and are among the largest
dams and structures in the world, must stand in perpetuity. Experience shows that a
catastrophic release of tailings can lead to long-term environmental damage with huge
cleanup costs. The failure rate of tailings dams is also significantly higher than that of

Dr Marie Equi (/people

water supply reservoir dams. The difference probably reflects two factors: (1) the ability

/dr-marie-

to use construction types for tailings dams that are more susceptible to failure, and (2)

equi.htm?utm_source=per

https://www.nps.gov/articles/aps-v13-i2-c8.htm
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the fact that tailings dams are most often constructed in sequential “lifts” over several

utm_medium=website&

years, making quality control more challenging than for water supply dams that are

utm_campaign=experience

constructed all at once. There is a well understood tendency to make assumptions that
favor short-term economic situations, and to assume that present technology can and
will minimize the long-term risks associated with the design, operation, and long-term
closure of tailings facilities. Technology and science have limits, and care must be
exercised not to allow the significant economic incentives associated with present day
decisions about risk to bias our estimates of the magnitude of these risks to be less,

Hernando De Soto
(/people/hernando-desoto.htm?utm_source=per
utm_medium=website&
utm_campaign=experience

rather than more, conservative.

Theophilus Eugene

<br><br>

“Bull” Connor
(1897-1973) (/people
/bullconnor.htm?utm_source=p
utm_medium=website&
utm_campaign=experience

Hakone Historic District
(/places/hakonehistoricdistrict.htm?utm_source=p
utm_medium=website&
utm_campaign=experience
Harada House (/places
/haradaFigure 1a and 1b. Two NASA photos taken one-week apart reveal the massive scope of tailings mud

house.htm?utm_source=p

discharges into Hazeltine Creek, Polley Lake, and Quesnel Lake, following failure of the Mount Polley

utm_medium=website&

Mine’s modern design tailings pond on August 4, 2014

utm_campaign=experience

NASA

Stedman-Thomas
Historic District
(/places/stedmanthomas-historicdistrict.htm?utm_source=p

Engineered tailings impoundments have been around for about a century (MMSD

utm_medium=website&

2002). The construction and care of a tailings dam is a relatively new phenomenon to

utm_campaign=experience

society and to mining, which historically disposed of its waste in the most
advantageous way, including piling wastes adjacent to the mines and discharging into
nearby water bodies. There are more than 3,500 tailings dams located around the
world (Davies 2002) and between 25,420 and 48,000 large water supply dams

https://www.nps.gov/articles/aps-v13-i2-c8.htm
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worldwide (WCOLD 2000). Yet tailings dam failures (events resulting in the escape of
tailings and/or water from the tailings dam) have occurred more frequently than water
supply dam failures. Even with the obvious requirement for long-term stability, the
number of tailings dam failures since 1970 has significantly exceeded the failures for
dams used for water supply (UNEP 1998).
A catastrophic tailings dam failure can have significant financial and environmental
consequences—financial from cleanup and environmental from metals contamination
to surface and ground waters, and to soils.

The scale of such consequences
is demonstrated by the tailings
dam failure at Los Frailes, near
Seville, Spain. The dam failure in
April 1998 released approximately
528 million gallons (2 million cubic
meters) of pyrite sludge and
another 1 billion gallons (4 million
cubic meters) of acid water
containing high concentrations of
heavy metals (zinc, lead, arsenic,

Figure 2. Tailings Dam Failures 1960-2010.
NPS Image

copper, antimony, thallium, and
cadmium) into the Guadiamar
River. A 38.5-mile (62-kilometer) -long section of the river, ranging from 0.3 to 0.6 miles
(500 to 1,000 meters) in width, was affected. Of the area affected by the accident,
6,560 acres (2,656 hectares) were part of the Doñana Nature Park and 242 acres (98
hectares) were within Doñana National Park. Cleanup costs were in excess of $225
million (€215 million at the 2002 conversion rate) (Arenas and Méndez 2002).
Because of the alarmingly high number of tailings dam failures, the International
Commission on Large Dams (ICOLD) convened several studies to investigate tailings
dam failures (ICOLD 2001). In the 10 years since the ICOLD 2001 report, the failure
rate of tailings dams has remained at roughly one failure every eight months, or about
three failures every two years (Figure 2). Over a 10,000-year lifespan (a figure often
used for how long these structures will need to maintain their integrity) (Wieland 2001)
this implies a significant and disproportionate chance of failure for a tailings dam. One
explanation might be the residual effects of outmoded designs and construction
practices, but it has been 15 years since the International Commission on Large Dams
initiated a major effort to investigate tailings dams and change construction and
operational practices, and the rate of tailings dam failures has remained relatively
constant.

https://www.nps.gov/articles/aps-v13-i2-c8.htm
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These dam failures are not limited
to old technology or to countries
with scant regulation. Previous
research indicates that most
tailings dam failures occur at
operating mines and 39 percent of
such failures worldwide occur in
the United States, significantly
more than in any other country
(Rico 2008).

Figure 3. Fish from the Tizsa River in Hungary killed by
Baia Mare Mine Tailings Pond cyanide spill.
Tibor Kocsis

Tailings dams differ from water supply reservoir dams in two significant ways—dam-life
design, and dam-construction design.
First, unlike a dam built for impounding water, which can ultimately be drained if the
structural integrity becomes questionable, a tailings dam must be designed to safely
impound the material behind the dam in perpetuity. This consideration should entail
additional design requirements, especially with regard to the seismic and hydrologic
events the dam might experience.

Tailings dams are not designed to
be free draining after facility
closure. For potentially acidgenerating tailings it is usually the
objective to keep this material
saturated after mine closure,
because saturation is the best way
to limit oxygen and minimize the
acid-generation process.
Figure 4. Types of sequentially raised tailings dams.

Even if tailings dams were

World Information Service on Energy Uranium Project

designed to be free draining, it is
likely there would be some
residual level of saturation (the phreatic level) in the tailings because of their fine
composition and low permeability. The residual phreatic level would likely mean the

https://www.nps.gov/articles/aps-v13-i2-c8.htm
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lowest level of tailings would remain saturated. Should the dam fail due to a large
seismic event, liquefaction of the lowest level of tailings would probably lead to a large
tailings release through a ruptured dam.

Second, while water supply dams
are all of the down-stream-type
construction, the construction of
tailings dam can be either (1)
downstream, (2) centerline, (3)
upstream, or (4) a combination of
any of the previous methods.
Downstream construction is the
safest type of construction from a
seismic standpoint, but is also the

Figure 5. Bingham Canyon Mine tailings pond.

most expensive option.
EcoFlight

Upstream construction is the least
secure because it relies on the stability of the tailings themselves as a foundation for
dam construction (Davies 2002). Tailings, the ground waste rock from the grinding
process, are generally placed behind the dam in water-slurry from the mill, and can
remain saturated for long periods. Saturated, unconsolidated material is susceptible to
liquefaction under seismic loading. But upstream dam construction, often using the
coarse fraction of the tailings, is the least expensive dam construction option, and
remains routinely employed in tailings dam construction.

Centerline construction is a hybrid
of downstream-type dam
construction, and from a seismic
stability standpoint the risk of
failure lies between that of
centerline and upstream types.

Figure 6. Chino Mine tailings impoundment in Arizona.
EcoFlight

The three leading causes for
tailings dam incidents (unexpected
events that occur to a tailings dam that poses a threat to dam safety or the

https://www.nps.gov/articles/aps-v13-i2-c8.htm
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environment and requires rapid response to avoid a likely dam failure) are overtopping,
slope stability failures, and earthquakes (ICOLD 2001). Other long-term failure
mechanisms for tailings dams include cumulative damage (e.g. internal dam erosion
and multiple earthquake events), geologic hazards (landslides, etc.), static load
induced liquefaction (the loss of strength in saturated material due to the buildup of
pore water pressures unrelated to dynamic forces—most typically earthquakes), and
changing weather patterns (ICOLD 2001).
Designing for both overtopping and earthquakes requires a prediction of the largest
hydrologic or earthquake event the tailings dam will potentially experience during its
lifetime, and in each of these instances the required lifetime is almost always
perpetuity. The most conservative design criteria would involve assuming the
maximum magnitude of hydrologic and seismic events a tailings dam could
experience. Better data, better prediction methods, and employing conservative
guidelines for assuming the worst-probable event are needed to remedy these
problems. The time periods of concern are many millennia, but the existing seismic
data collection is often limited to decades, at best.

Figure 7. Gold Quarry Mine tailings impoundment in Nevada.
EcoFlight

Dam incidents in the slope stability, foundation, and structural categories can be
largely attributed to engineering design or construction failures. Rigorous design and

https://www.nps.gov/articles/aps-v13-i2-c8.htm
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construction practices, and adopting larger margins of safety in the designs, could
address these issues, but tailings dam failure statistics indicate that there are still
unresolved issues. Despite a basic understanding of the mechanisms that cause
tailings dam failures and a convincing collection of empirical data on the impact of
these failures, tailings dams have continued to fail at a relatively constant rate over the
last five decades.

The design standards for most
tailings dams are overseen by
state dam safety agencies. There
are no definitive federal
regulations governing the
construction and operation of
metal-mine tailings dams, and
only minimal federal involvement
in the design of metal-mine
tailings dams, usually only when
there is a lack of state oversight

Figure 8. Twin Creeks Mine tailings impoundment in

(Szymanski and Davies 2004).

Nevada.
EcoFlight

Current standards are focused
mainly on water supply reservoir
dams, and often lack guidance for tailings dams. The implementation of the standards
depends largely on the professional judgment and experience of company consultants
and government regulators. The advantage of this approach is that it allows regulatory
and site-specific flexibility for tailings dam permits, but it also means that critical
assumptions and specifications can vary significantly across similar dams in different
locations. For example, one large tailings dam might be designed to withstand a
1-in-2,500-year flood or earthquake event, while a similar structure in another
regulatory jurisdiction might be required to design for the 1-in-10,000-year event, which
is generally assumed to be the largest possible event (ADNR 2005).

When we consider the recorded life of tailings dams structures (a century at most)
compared to the length of time that they must function (millennia), the number of

https://www.nps.gov/articles/aps-v13-i2-c8.htm
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failures observed in the first century of their operation is not comforting. To the author,
the statistics suggest a rather severe underestimation of risk continuing even today in
tailings dam permitting and construction.
Our society still does not fully appreciate the long-term implications of storing billions of
tons of potentially-harmful and semi-fluid waste in large impoundments. Advances to
the technology for designing and identifying the long-term threats to these structures
have usually been prompted after the fact, by dam failures. Post-failure analyses have
identified the need for further analysis, and suggested the need for more conservative
assumptions when specifying design requirements and the magnitude of natural
events, like floods and earthquakes, that these structures must withstand in the long
term (Szymanski and Davies 2004).
Policy direction from an organization with responsibilities to guide the safe construction
and management of large dams, like ICOLD, tells us that we should be making
conservative engineering decisions when designing tailings dams. Yet the failure rates
demonstrate that the design specifications for the tailings dams have not always been
based on the most conservative assumptions about the source and magnitude of the
largest seismic event, and size of the largest hydrologic event, that might be
experienced at a dam site. While these decisions may be rationalized in terms of
defining reasonable risk, we must also acknowledge the very real pressure of present
day economic costs to builders of the dam, if we are to lessen the assumed
magnitudes of risk associated with the design of a tailings dam.
Making reasonable rather than conservative assumptions may increase the long-term
risk to the society that will inherit the dam and the responsibility for managing the
waste, and any future costs associated with the escape of impounded waste due to an
unanticipated event. The potential for an unanticipated event should drive our initial
design assumptions to be more conservative, not less.
Other recent events, such as the Gulf of Mexico oil spill, also demonstrate that we
don’t fully appreciate the potential risks and consequences of some industrial hazards.
The 2011 Honshu, Japan, earthquake released eight times as much energy as the
maximum earthquake estimated by seismic risk experts (CIRES 2011) and caused a
tsunami that crippled the Fukushima nuclear reactors. Our technology and science has
limits; greater consideration should be given to those limits and a precautionary
attitude adopted when making present-day decisions about difficult-to-estimate
magnitudes of risk.

https://www.nps.gov/articles/aps-v13-i2-c8.htm
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Figure 9. On August 4, 2014, a catastrophic dam failure occurred at the Mt. Polley mine in British
Columbia. At this writing the exact cause of the dam failure has yet to be determined, but the impacts
to the stream below the dam are significant.
Chris Blake courtesy of MiningWatch Canada
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CENTER for SCIENCE in PUBLIC PARTICIPATION
224 North Church Avenue, Bozeman, MT 59715
Phone (406) 585-9854 / Fax (406) 585-2260 / web: www.csp2.org / e-mail: csp2@csp2.org
“Technical Support for Grassroots Public Interest Groups”



CSP

June 28, 2013

Office of Environmental Information
(Mail Code: 28221T)
Docket #EPA-HQ-ORD-2013-0189
U.S. Environmental Protection Agency
1200 Pennsylvania Ave., N.W.
Washington, DC 20460
ORD.Docket@epa.gov
Re: Comments on Docket #EPA-HQ-ORD-2013-0189, “An Assessment of Potential Mining Impacts
on Salmon Ecosystems of Bristol Bay, Alaska (Second External Review Draft),” U.S.
Environmental Protection Agency, Washington, DC, 910-R-12-004Ba-c, April 2013
From: David M Chambers, Ph.D., P.Geop.
The Center for Science in Public Participation provides technical advice to public interest groups, nongovernmental organizations, regulatory agencies, mining companies, and indigenous communities on the
environmental impacts of mining. CSP2 specializes in hard rock mining, especially with those issues
related to water quality impacts and reclamation bonding.
GENERAL COMMENTS
Part of my review of the Second External Review Draft involves comparing the responses in the Draft
against the Peer Review Panel criticisms in my area of expertise. I believe EPA has adequately addressed
a majority of the criticisms of the Peer Review Panel (for my area of expertise). I have attached a partial
summary of these responses in Attachment A.1 I have also addressed some of the critiques of the Second
External Review Draft submitted by Northern Dynasty Minerals in Attachment C.2
There are some peer review comments which cannot be addressed by the revised document. For example,
a common critique of those critical of the Assessment is that it does not consider a final mine scenario as
proposed by the mining proponent, and that EPA has released this Assessment in advance of a formal
scientific and regulatory reviews under the National Environmental Policy Act. Even though this has
been adequately addressed (see the Executive Summary – Summary of Uncertainties in Mine Design and
Operation), it will undoubtedly remain a fundamental criticism by mine proponents.
As discussed in the Second External Review Draft, the Assessment is not a mine-specific analysis, but an
effort to assess the potential impacts of mining on a regional basis. The argument for waiting for an
actual mine proposal and accompanying Environmental Impact Statement (EIS) has several fundamental
flaws.
First, it presupposes that an EIS for a mine will provide a detailed analysis of the potential impacts of this
type of mining on the region. An EIS is not designed to provide this level of analysis. An EIS is focused
on a site-specific proposal.

1
2

Attachment A, EPA Watershed Assessment Second Draft Responses to Selected Peer Review Panel Questions & Critiques
Attachment C, Notes on Northern Dynasty Minerals 2nd Watershed Assessment Comments

2
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Second, throughout the 40+ year history of EIS analyses no mine has gone through that process, and been
granted permits to operate, where the EIS/permits predicted that permit limits would not be met, or that
damage to non-mine resources off the minesite would occur. Yet history is replete with examples of
mines that have experienced significant problems in complying with their permits, and that have not met
the predictions for performance that were analyzed in the associated EIS. An EIS must assume that
fundamental predictions made for its analysis are correct (e.g. geochemistry and hydrology related to
ARD contamination), and that mitigation measures will work as designed (e.g. seepage collection
systems). But these EIS-related analyses have too often been proved to be wrong.
The EPA’s approach in the Bristol Bay Watershed Assessment has been to analyze the general
characteristics of this type of mineral deposit (copper porphyry), and the mining methods associated with
the development of these deposits. A site-specific EIS is not designed to provide this type of analysis.
Third, a mine-specific EIS will not provide a detailed analysis of the ultimate buildout of the proposed
mine. For example, the mine proposal for Pebble will analyze the initial mine, which will not utilize the
total mineral resource even as presently defined.3 The EIS would include a cursory analysis of what an
ultimate mine buildout might be in the cumulative effects analysis. However, this ultimate mine buildout
analysis will not be significantly more detailed, or accurate, in its predictions and analysis of the mine
proposals than in the Bristol Bay Watershed Assessment.
Many mines undergo multiple changes over their life histories. (Attachment B4) Furthermore, an EIS is
likely to be less detailed in analyzing and predicting potential long term impacts to non-mining resources
in the Bristol Bay region than the ecological risk assessment framework of the Bristol Bay Watershed
Assessment.
As a final observation on the Second External Review Draft, Chapter 14, Integrated Risk
Characterization, is probably the most concise and important chapter in the Watershed Assessment. If I
didn't read anything else (including the Executive Summary), I would want to read this chapter. Is there
any way to get this chapter to the reader earlier in the document?

VOLUME I – MAIN REPORT – SECTION-SPECIFIC COMMENTS
Executive Summary – Summary of Uncertainties in Mine Design and Operation
“This assessment considers realistic mine scenarios that are based on specific characteristics of the
Pebble deposit and plans proposed by Northern Dynasty Minerals and are generally applicable to
copper deposits in the Bristol Bay watershed. If the Pebble deposit is mined, actual events will
undoubtedly deviate from these scenarios. This is not a source of uncertainty, but rather an inherent
aspect of a predictive assessment.” (p. ES-27 emphasis added)
Perhaps I am not interpreting the meaning of this statement correctly, but I would opine that while
creating mine scenarios is a source of uncertainty, these mine scenarios do not add significantly more to
the uncertainty than a specific mine proposal from a developer, especially when the time frame being
analyzed moves beyond the proposed lifetime of the specific mine proposal.

3

Preliminary Assessment of the Pebble Project, Southwest Alaska, Ghaffari et al., Wardrop-Northern Dynasty Minerals,
February 17, 2011, p. 32, Table 1.6.1
4
Attachment B, Examples of Expansions at Federal or State-Equivalent National Environmental Policy Act (NEPA) at
Hardrock Mines in the United States
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CHAPTER 4. TYPE OF DEVELOPMENT
Box 4-1. Reducing Mining’s Impacts
Recommendation: You might want to reference the GARD Guide (Global Acid Rock Drainage Guide,
International Network for Acid Prevention, http://www.gardguide.com).
The GARD Guide is generally accepted as the state-of-the-art summary of the best practices and
technology to address ARD issues, and is designed to be continuously updated to reflect changing
practices.
4.2.3.4 Tailings Storage
“Full liners beneath TSFs are not always used and may not be practicable for large impoundments;
however,” (p. 4-17)
Liners are certainly technically viable for any size tailings impoundment.
Recommendation: Clarify by saying "Full liners ... may not economical ..." or "... economically
practicable..."

CHAPTER 5. ENDPOINTS
Figure 5-9. Total sockeye salmon run sizes by (A) region
The color scheme chosen for pie chart A makes it very difficult to differentiate. Any chance you can
change the color scheme on this pie chart? Honestly, I can't distinguish Bristol Bay from the Russian
drainages.

CHAPTER 6. MINE SCENARIOS
6.1 Basic Elements of the Mine Scenarios
“These three mine scenarios represent realistic, plausible descriptions of potential mine development
alternatives, consistent with current engineering practice and precedent.” (p. 6-1)
While the Pebble 0.25 mine scenario can be described as a viable mine scenario, it is not a realistic mine
scenario for the Pebble mine – it is much too small to justify the infrastructure required for this large, low
grade deposit. Even the Pebble 2.5 mine scenario is on the small side for this particular deposit, as
evidenced by the designation of the 45-year, 3.8 billion ton scenario, as the “base case” for the Wardrop
Study.5
However, it is emphasized in the Second External Review Draft that:
“The mining of other existing porphyry copper deposits in the region would likely include the same
types of mining activities and facilities evaluated in this assessment for the Pebble deposit … would
likely be most similar to the smallest of the mine scenarios analyzed in this assessment (Pebble 0.25),
because the other ore bodies are believed to be much smaller than the Pebble deposit.” (p. ES-4)
Recommendation: You might clarify that the Pebble 0.25 scenario is likely to be an example of a
nearby mine scenario than a plausible scenario for mine development at Pebble.
5

Ghaffari et al. (2011), p. ES-4
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Table 6-3. Summary of water balance flows (million m3/year) during operations for the three mine
scenarios.
“Cooling Tower Losses” are listed as one of the minor sources for water use/loss. I’m not sure if there
will be significant cooling tower losses, since the mine plans to use waste heat for low temperature on-site
applications.6
6.3.2 Tailings Storage Facilities
In this section there is a discussion of the need to monitor some mine facilities, primarily the tailings
dams, waste rock piles, and the abandoned open pit and underground mine, in potentially in perpetuity.
With regard to the tailings dam and impounded tailings, it is noted:
“… we do not assume that tailings consolidate to a fully stable land form. Thus, the system may
require continued monitoring to ensure hydraulic and physical integrity in perpetuity.” (p. 6-33)
Recommendation: You could also add that another reason for the need to "maintain" the dam is that
even though the tailings themselves may consolidate, they would still be susceptible
to erosion if the integrity of the dam were to be compromised.
6.3.5 Premature Closure
“The Illinois Creek and Nixon Fork mines are examples of mines that closed prematurely in Alaska
(although Nixon Fork has since re-opened).” (p. 6-35)
Both Illinois Creek and Nixon Fork were each "reopened" after spending several years in temporary
closure status. Illinois Creek was closed in 1998 shortly after the mine was opened as the result of the
bankruptcy of the Dakota Mining Corporation. The closure bond for the mine was not adequate to
complete mine reclamation, and after considerable effort the Alaska Department of Natural Resources
was able to contract with a newly formed Alaska corporation, the American Reclamation Group LLC, to
‘operate the mine for closure’ and reclamation was essentially completed in 2002.
6.4.2.3 Chemical Contaminants – Nitrogen Compounds
“We know of no studies of nitrogen deposited at mine sites, and the consequences of a change in
nitrogen/phosphorus ratio for salmonids are unknown and but (sic) judged to be minimal. Thus,
nitrogen deposition is not considered in the assessment.” (p. 6-41)
It has been my experience that nitrates remain significantly elevated for many years after mining ceases,
particularly in discharges from waste rock piles,7 and often above the water quality standard of 10 mg/L.
Also the wording in “Table 6-9 – Stressors considered in the assessment and their relevance to the
assessment’s primary endpoint (salmonids) and USEPA’s regulatory authority”
“Nitrogen compounds are released during blasting and would deposit on the landscape.”
This wording in the table suggests that EPA is envisioning a plume of nitrogen in the air that settles over
the landscape, but doesn't really show up in water. The primary vector for nitrogen releases will be
through groundwater discharge to streams from the waste rock.

6
7

Ghaffari et al. (2011), p. 347
Zortman/Landusky Water Quality Data Base, Montana Department of Environmental Quality, Helena, MT
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6.4.2.5 Dust
“… we do not judge dust from blasting to be an important contributor to risks to salmonids (although
this judgment is highly uncertain), and do not consider it in the assessment.” (p. 6-41)
You might also mention dust from the tailings pond, which is typically an issue, because the tailings
ponds often have a significant amount of "beach" near the dam itself, both to enhance dewatering of the
tailings and to lessen the amount of seepage under/around the dam. An example of the problems dust
from a tailings impoundment can cause can be seen at the Questa mine in New Mexico, where heavy
metals in tailings dust contaminated a high school.8
CHAPTER 8. WATER COLLECTION, TREATMENT, AND DISCHARGE
Table 8-9. Estimated concentration of contaminants of concern in effluents from the wastewater
treatment plant, tailings, non-acid-generating waste rock, and potentially acid generating
waste rock. Values are ȝg/L unless otherwise indicated.
“Mg” is listed as a contaminant in this table. Is this Mg or Mn, which would be a more typical
contaminant of concern (and Mn is not listed in the Table)?
Recommendation: I also suggest including Fe (as well as Mn) in the table.
8.2.2.1 Copper – Copper Exposure-Response Uncertainties
“… copper concentrations are naturally elevated in the highest reaches of the South Fork Koktuli
River so biota in those reaches may be somewhat resistant to copper additions.” (p. 8-31)
Analysis of water quality data collected by CSP2 indicates that the extent of naturally elevated copper
concentrations are limited.9
In addition, it is also possible that the presence of "resistant" biota might suggest the preferential existence
of certain species (or conversely the elimination of non-resistant species), rather than the adaptation of
existing species to high levels of contamination.
8.2.5 Uncertainties
“The tailings test data do not include pyritic tailings, which are strongly acid-generating. This would
tend to underestimate the metal content of tailings leachate, but the effects on leachates from a TSF
are likely to be small due to the relatively small proportion of pyritic tailings.” (p. 8-58)
Pyritic tailings would equal 14% of the mass of the ore mass.10 It could be argued that this is not a
"relatively small proportion" of the tailings.

8

Public Health Assessment for Molycorp, Inc. Questa, Taos County, New Mexico EPA Facility Id: NMD002899094, Agency
for Toxic Substances and Disease Registry, February 28, 2005
9
Investigations of Surface Water Quality in the Nushagak, Kvichak, and Chulitna Watersheds, Southwest Alaska, 2009-2010,
Kendra Zamzow, Center for Science in Public Participation, for The Nature Conservancy, July 2011
10
Ghaffari et al. (2011), p. 354
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CHAPTER 9. TAILINGS DAM FAILURE
9.1.2 Probability of Tailings Dam Failures
"Because 90% of tailings dam failures have occurred in active dams (Table 9-1), the probability of a
tailings dam failure after TSF closure would be expected to be lower than the historical average for
all tailings dams." (p. 9-10)
It might be noted that many, if not most engineered tailings dams are probably 75 years old or less. Since
these dams must function in perpetuity, and we do not have data even closely representative of that length
of time, the assumption that the probability of tailings dam failure after closure "would be expected to be
lower" might be premature.
Box 9-4. Modeling Hydrologic Characteristics of Tailings Dam Failures
“If sufficient freeboard were maintained, it would be possible to capture and retain the expected
volume of the PMF in the TSF. However, to examine potential downstream effects in the event of a
tailings dam failure, we assume that sufficient freeboard would not exist and overtopping would
occur. This may be less likely when the TSF would be actively monitored and maintained, but barring
human error in the near term, may be more representative of post-closure conditions in the future.”
(p. 9-15)
Most tailings ponds have spillways post-closure, and the Pebble Limited Partnership has hinted this may
be a feature of some or all of tailings dams at Pebble. As a result, overtopping of a tailings dam due to a
lack of "sufficient freeboard" would not be a possibility.
It is also likely possible to maintain a small lake on top of the closed tailings facility while still having a
spillway to deal with a probable maximum flood event. That said, the observation that "Tailings dam
failure via overtopping is expected to have similar effects as failures resulting from other causes (e.g.,
slope failure, earthquakes)" is a legitimate concern because, for example, a post-closure breach of the
tailings dam due to a seismic-related failure would release a significant amount of saturated tailings.
9.3.1 Hydrologic Characteristics
“This assessment recognizes that a variety of scenarios could occur that would influence tailings and
debris transport potential. Included here is only one hydrology failure scenario where impoundment
capacity is exceeded, due to either lack of freeboard or bypass infrastructure failure. It should be
noted that a scenario involving failure during fair weather could also occur and cause similar downvalley flows.” (p. 9-16)
Recommendation: It might be more appropriate to say "... a failure involving a non-hydrologic event
..." rather than "... a failure during a fair weather ..."
Box 9-6. Background on Relevant Analogous Tailings Spill Sites
“Soda Butte Creek, Montana and Wyoming. The headwaters of Soda Butte Creek drain the New
World mining district in Montana before entering Yellowstone National Park. From 1870 to 1953,
porphyry deposits were mined for gold and copper with some arsenic, lead, silver, and zinc.” (p. 9-35,
emphasis added)
I am aware of gold mining (not porphyry), lead-zinc mining (not porphyry), and copper mining (not
porphyry) in the New World mining district, but no porphyry deposits.
There is some speculation that a porphyry copper deposit may exist at depth in this area, but I am not
aware of any reports or data that strongly suggest this.
Recommendation: It might be just as relevant to say "deposits" as opposed to "porphyry deposits".

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1466 of 2339

Page #7

CHAPTER 10. TRANSPORTATION CORRIDOR
10.3.3.1 Chemical Contaminants in Stormwater Runoff – Exposure
“… the number of spills over the roughly 25-year life Pebble 2.0 scenario would be 3.9—that is, 4
spills from truck accidents would be expected during mine operations. Over the roughly 78-year life
of the Pebble 6.5 scenario, 12 spills would be expected.” (p. 10-30)
It might be mentioned that there has already been a mine-related truck accident that resulted in a fuel spill
(Pile Bay Road Spill of 6Jun09), and fuel reached surface waters.
There are also some statistics available from the Red Dog mine where there is truck travel along a haul
road that is roughly half the length (52 miles) to that of the road proposed for Pebble.
"Based on the average daily trips in 17 years more than 200,000 concentrate and 10,000 fuel truck
trips have occurred. In that 34 documented spills have resulted in over 1,000 tons of concentrate
being spilled. From 2000 through 2007 one fuel truck spill of 7,000 gallons occurred."11
The documented spill rate at Red Dog is approximately 2/yr. This rate would yield 156 spills over a 78year mine life at Pebble (in addition the road at Pebble would twice as long as the road at Red Dog).
CHAPTER 11. PIPELINE FAILURES
11.5.4.2 Risk Characterization – Duration of Risks
“Diesel and natural gas pipelines would be retained after mine closure as long as fuel was needed at
the mine site (e.g., for monitoring, water treatment, and site maintenance). Therefore, the diesel
pipeline risks would continue for (sic) indefinitely.” (p. 11-30)
It is likely that the requirement for diesel after mine closure would decrease to the point where
operating/maintaining a pipeline would not be economically viable, and on-site diesel requirements would
be met by trucking.
CHAPTER 14. INTEGRATED RISK CHARACTERIZATION
14.1.2.1 Tailings Dam Failure
“Each TSF has multiple dams, but the probability of a spill from a TSF would not increase in
proportion to the number of dams for an individual TSF, because failures would not be independent
events.” (p. 14-7)
Recommendation: Rather than say "... but the probability of a spill from a TSF would not increase in
proportion to the number of dams for an individual TSF, because failures would
not be independent events," I believe it would be more correct to say "... but since
available data on tailings dam failures does not include dam length, the probability
of dam failure as related to dam length cannot be made."

11

Red Dog Mine Extension Aqqaluk Project, Final Supplemental Environmental Impact Statement, Volume 1, Tetra Tech,
October, 2009, p. 3-159
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Attachment A
EPA Watershed Assessment Second Draft Responses
to Selected Peer Review Panel Questions & Critiques
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PEER REVIEW COMMENT (David A. Atkins): I would suggest a broader range of potential mining
scenarios be organized as follows, with the detail of assessment necessarily becoming more speculative
with each subsequent scenario in the list (due to the lack of geologic and engineering information on the
other deposits):
•
•
•
•

Development of one, average-sized porphyry copper deposit (50th percentile or 250 million tonnes
of ore as described in Appendix H) in the location of the Pebble deposit.
Development of a mega-mine in the location of the Pebble deposit (of the range between 2 and 6.5
billion tonnes of ore) that may develop after multiple expansion and permitting cycles.
Development of a mining district consisting of an average-sized Pebble mine and other potential
mines (i.e., those presented in Chapter 7).
Maximum development of all identified potential resources to their most likely ultimate extent.

EPA Response: For the assessment, EPA used information on porphyry copper deposits and mining
practices to develop three mine size scenarios: Pebble 0.25 with 0.25 billion ton (0.23 billion metric tons)
of ore, Pebble 2.0 with 2.0 billion tons (1.8 billion metric tons) of ore, and Pebble 6.5 with 6.5 billion tons
(5.9 billion metric tons) of ore. These three mine scenarios represent realistic, plausible descriptions of
potential mine development alternatives, consistent with current engineering practice and precedent. The
scenarios are not mine plans: they are not based on a specific mine permit application, and are not
intended to be the detailed plans by which the components of a mine would be designed. However, the
scenarios are based on preliminary mine details put forth in Northern Dynasty Minerals’ Preliminary
Assessment of the Pebble Mine (Ghaffari et al. 2011), as well as information from scientific and industry
literature for mines around the world. Thus, the mine scenarios reflect the general activities and processes
typically associated with the kind of large-scale porphyry copper mining development likely to be
proposed once a specific mine application is developed. EPA used these scenarios to benchmark potential
risks resulting from this type of development, to provide decision makers with a better understanding of
potential risks associated with any specific action proposed in the future. (Second External Review Draft,
p. 6-1)
PEER REVIEW COMMENT (Gordon H. Reeves): A major component that is missing from the
report is consideration of the potential impacts of climate change.
EPA Response: Climate change has been addressed in the Second External Review Draft, section 3.8
Climate Change. See also pp. 10-41, 12-17, 14-14, and Box 14-2. Climate Change and Potential Risks of
Large-Scale Mining.
PEER REVIEW COMMENT (Charles Wesley Slaughter): The Assessment does not adequately
address the road/stream crossing/culvert issue. Given the projected transportation corridor, Pebble locale
to Cook Inlet, and the inevitability of a further network of “minor” roads in the mine and TSF locale, plus
additional infrastructure linkages, road/culvert/stream crossings are a major concern for aquatic habitat
and fisheries. Readers of the Assessment should be directed to Frissell and Shaftel’s Appendix G for a
more comprehensive discussion of this important topic.
EPA Response: The Second External Review Draft contains an extensive discussion of culverts in
chapters 6 and 10 (also see Box 10-2. Culvert Mitigation). The Second Draft also includes a revised
appendix “Foreseeable Environmental Impact of Potential Road and Pipeline Development on Water
Quality and Freshwater Fishery Resources of Bristol Bay, Alaska” (Appendix G)
PEER REVIEW COMMENT (Charles Wesley Slaughter): Even though “We do not assess failures of
the natural gas or diesel pipelines…,” (p. 6-30) those pipelines would be equally susceptible to failure as
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the slurry line. Concerns with pipelines crossing streams, watercourses and wetlands are similar to those
earlier expressed for the road corridor.
EPA Response: The risks from failure of product concentrate (Figure 11-1), return water (Figure 11-2),
and diesel (Figure 11-3) pipelines are considered particularly high; these failure scenarios are evaluated in
Chapter 11. Pipeline Failures. Natural gas is lighter than air, so any release due to a natural gas pipeline
failure would rise and dissipate. If the gas cloud ignited, most of the heat would travel upward, but the
initial blast and subsequent radiation heating could affect the road and nearby environment. During dry
periods, a wildfire could result. Such failures were considered to pose relatively low risks to the
assessment endpoints and are not evaluated further in this assessment. (Second External Review Draft, p.
11-1)
PEER REVIEW COMMENT (John D. Stednick): A frequent criticism during the public comment
session was that mine plans presented in the assessment are not representative of current standards. A
compilation of existing world porphyry mine complexes as well as other types of mines specific to Alaska
would better inform the reader of mining processes and potential risks.
EPA Response: A review of 14 operating porphyry copper mines in the United States (including all
operating U.S. porphyry copper mines but two that have been operating for less than 5 years)is referenced
in the report. (Earthworks. 2012. U.S. Copper Porphyry Mines Report: The Track Record of Water
Quality Impacts Resulting from Pipeline Spills, Tailings Failures and Water Collection and Treatment
Failure. Washington, DC.)
PEER REVIEW COMMENT (John D. Stednick): The Pebble Limited Partnership has a large
environmental baseline database (EBD), but does not appear to be cited or used. Justification for the
inclusion or exclusion of these data should be made.
EPA Response: Data from the Environmental Baseline Document 2004 through 2008 (EBD) (PLP
2011) was referenced in the Second External Review Draft – see pp. 3-12, 7-12, 8-23, 9-24, 11-7.
PEER REVIEW COMMENT (John D. Stednick): The TSF would be unlined other than on the
upstream dam face and there would be no impermeable barrier constructed between tailings and
underlying groundwater. Is this correct? I thought I read the whole TSF would be underlain by liner?
EPA Response: At each TSF, a rockfill starter dam would be constructed, with a liner (high-density
polyethylene geomembrane on top of a geosynthetic clay liner) extending up the upstream dam face. The
TSF would be unlined other than on the upstream dam face, and there would be no impermeable barrier
constructed between tailings and underlying groundwater. (Second External Review Draft, p. 6-9)
Chambers Comment: There have been no indications from the mine developers that the tailings
impoundments themselves would have liners. (see Preliminary Assessment of the Pebble Project,
Southwest Alaska, Ghaffari et al., Wardrop-Northern Dynasty Minerals, February 17, 2011; and, Pebble
Project Tailings Impoundments A & G, Knight Piesold Ltd, September 5, 2006)
PEER REVIEW COMMENT (John D. Stednick): Water management. This is confusing. Collect
precipitation for processing, yet divert upstream waters around the mine and not use? Where are the
leachate recovery wells, and are they just a safeguard?
EPA Response: In the Second External Review Draft EPA has created a new chapter on Water
Collection, Treatment, and Discharge (Chapter 8). This chapter begins with a description of the potential
sources of contaminants (Section 8.1) and then describes potential routes and magnitudes of exposure to

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1471 of 2339

contaminated water (Section 8.2). It describes the exposure-response relationships used to screen leachate
constituents and considers toxicology of the major contaminant of concern, copper, in greater detail
(Section 8.3). The chapter ends with a characterization of the potential risks from aqueous effluents
(Section 8.4) and discussions of potential additional remediation and uncertainties (Sections 8.5 and 8.6).
PEER REVIEW COMMENT (John D. Stednick): Is there some chance of “block caving” here? Some
text clarifying this point here would be appropriate.
EPA Response: Block caving is described in the Second External Review Draft, section 4.2.3.1
Extraction Methods.
Chambers Comment: Block caving is the only underground mining method employed worldwide for
mining large low-grade porphyry copper and molybdenum deposits. Approximately half of the Pebble
deposit is too deep to mine economically by the open pit method, and the ore in the Pebble East deposit is
of higher grade that in the Pebble West deposit, which is amenable to mining by the open pit method.
PEER REVIEW COMMENT (Steve Buckley): The assessment does not describe the cumulative
effects of mine development.
EPA Response: The Second External Review Draft contains a discussion of cumulative effects of mine
development in Chapter 13. Cumulative Effects of Large-Scale Mining.
PEER REVIEW COMMENT (William A. Stubblefield): It is unclear why EPA undertook this
evaluation, given that a more realistic assessment could probably have been conducted once an actual
mine was proposed and greater detail about operational parameters available.
EPA Response: Like all risk assessments, this assessment is based on scenarios that define a set of
possible future activities. To assess mining-related stressors that could affect ecological resources in the
watershed, EPA developed realistic mine scenarios that include a range of mine sizes and operating
conditions. These mine scenarios are based on the Pebble deposit because it is the best-characterized
mineral resource and the most likely to be developed in the near term. The mine scenarios draw on plans
developed for Northern Dynasty Minerals, consultation with experts, and baseline data collected by the
Pebble Limited Partnership to characterize the likely mine site, mining activities, and surrounding
environment. Details of any future mine plan for the Pebble deposit or for other deposits in the watershed
will differ from our mine scenarios. However, EPA scenarios reflect the general characteristics of mineral
deposits in the watershed, modern conventional mining technologies and practices, the scale of mining
activity required for economic development of the resource, and the necessary development of
infrastructure to support large-scale mining. Therefore, the mine scenarios evaluated in the assessment
realistically represent the type of development plan that can be anticipated for a porphyry copper deposit
in the Bristol Bay watershed. (Second External Review Draft, p. ES-10)
If the Pebble deposit is mined, actual events will undoubtedly deviate from these scenarios. This is not a
source of uncertainty, but rather an inherent aspect of a predictive assessment. Even an environmental
assessment of a specific plan proposed for permitting by a mining company would be an assessment of a
scenario that undoubtedly would differ from the actual development. (Second External Review Draft, p.
ES-27)
PEER REVIEW COMMENT (Phyllis K. Weber Scannell): Too much emphasis was placed on effects
of catastrophic failures, such as failure of a tailings dam or pipeline, and too little emphasis on the need to
identify and control seepage water, run-off from PAG (potentially acid generating) and NAG (not acid
generating) waste rock areas, and water treatment.
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EPA Response: In the Second External Review Draft, the assessment considers risks from routine
operation of a mine designed using modern conventional mitigation practices and technologies and with
no significant human or engineering failures. The assessment also considers various failures that have
occurred during the operation of other mines and could occur in this case, including failures of a tailings
dam, pipelines, a wastewater treatment plant, and culverts. (Second External Review Draft, p. ES-11)
Included are sections on: Tailings Dam Failure, Pipeline Failures, Common Mode Failures, Wastewater
Treatment Plant Failure.
PEER REVIEW COMMENT (Dirk van Zyl): "It is also inconceivable to me that the company will not
follow “best mining practices” in the design and development of such a mine."
EPA Response: EPA scenarios reflect the general characteristics of mineral deposits in the watershed,
modern conventional mining technologies and practices, the scale of mining activity required for
economic development of the resource, and the necessary development of infrastructure to support largescale mining. Therefore, the mine scenarios evaluated in the assessment realistically represent the type of
development plan that can be anticipated for a porphyry copper deposit in the Bristol Bay watershed.
(Second External Review Draft, p. ES-10)
EPA recognizes that risks could be further reduced by unconventional or even novel mitigation measures,
such as dry stack tailings disposal or the use of armored tanks on the trucks carrying process chemicals to
the site. These practices may be unconventional because they are expensive, unproven, or impractical.
However, these obstacles to implementation might be overcome, as justified by the large mineral resource
and the highly valued natural and cultural resources of the Bristol Bay watershed. (Second External
Review Draft, p. ES-26)
Chambers Comment: Companies and regulatory agencies typically follow some, but by no means all,
"best practices" in designing and regulating a mine.
Examples of “best practices” that will most probably not be applied voluntarily by the mine operator (for
economic reasons), or be required by regulatory agencies at Pebble include:
•
•
•
•
•

a liner for the tailings
co-disposal of waste rock with tailings
dry tailings on a liner (to maximize seismic stability and minimize leakage to groundwater)
bridges over all anadromous stream crossings
use of downstream instead of modified-centerline dam design

Frankly, to claim that best-practice design would always be followed by mine designers, or required by
regulators as a part of the permitting process, is not realistic.
PEER REVIEW COMMENT (Dirk van Zyl): If the mining company is still managing the site, then
they will have responsibilities under all Federal and State Regulations and the dire picture painted by the
EPA Assessment should not come to pass.
EPA Response: Regulations serve to hold an operator accountable for potential future impacts, through
establishment of financial assurance requirements and imposition of fines for non-compliance with permit
requirements. Financial assurance does not address chemical or tailings spills because of the greater
degree of uncertainty related to these accidents. Reclamation and mine closure can be estimated, but the
cost of cleaning up a spill is unpredictable. (Second External Review Draft, Box 4-3. Financial
Assurance, p. 4-10)
See also Box 13-2. Examples of Mine Characterization Errors
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Chambers Comment: As of 2012 Alaska has 10 operating, proposed, or closed large mines (Pebble,
Donlin, Fort Knox, Red Dog, Greens Creek, Kensington, Pogo, Nixon Fork, Rock Creek, and Illinois
Creek mines). Of these one has closed before reaching actual operating status (Rock Creek), and one
went into bankruptcy with inadequate bonding to cover mine closure (Illinois Creek). To put this more
simply, 10% of Alaska large mines have gone into bankruptcy with inadequate reclamation & closure
bonding. While Alaska bond calculation procedures have been updated, it would be folly to presume that
a bankruptcy with accompanying bond deficiencies could never happen again.
PEER REVIEW COMMENT (Dirk van Zyl): In my review, I did not find that any of the references
used in the EPA Assessment refer specifically to mine roads such as those considered for the
transportation corridor at the Pebble Mine scenario.
EPA Response: In the Second External Review Draft, see Chapter 10. Transportation Corridor, and
specifically the discussion of the Pogo mine road on p. 10-30, and pp. 10-35, 36.
PEER REVIEW COMMENT (Dirk van Zyl): The EPA Assessment does not identify the risks, only
the likelihood of occurrence and the consequences. Uncertainties are identified and evaluated for the
likelihoods of occurrence and in some cases for the consequences. However, because the magnitudes of
the risks are not expressed, their uncertainties are also not explicitly expressed. (This generic statement is
made a number of times in the review by Dr. van Zyl.)
The biggest uncertainty/variability in the evaluation of a hypothetical project is associated with the
potential range of design features, waste management options and operational details that could be
included. This was completely overlooked in the analysis by assuming a specific design for the
hypothetical mine.
EPA Response: With the help of regional stakeholders, EPA developed a set of conceptual models to
show potential associations between salmon populations and the environmental stressors that might
reasonably be expected as a result of large-scale mining. Then, following the USEPA’s ecological risk
assessment framework, EPA analyzed the sources and exposures that could occur and the potential
responses to those exposures. Finally, EPA characterized the risks to fish habitats, salmon, and other fish
populations; and the implications of those risks to the wildlife and Alaska Native cultures that use them.
This is not an in-depth assessment of a specific mine, but rather an examination of impacts of reasonably
foreseeable mining activities in the Bristol Bay region, given the nature of the watershed’s mineral
deposits and the requirements for successful mine development. (Second External Review Draft, p. ES-4)
PEER REVIEW COMMENT (Dirk van Zyl): I disagree that “concentrate pipeline failures are
common at a modern copper mine.” It is recommended that such analyses be performed or that the text
be edited to indicate this shortcoming.
EPA Response: EPA provides examples of contemporary concentrate pipeline failures in section
11.3.4.1 Concentrate Pipeline Failure Scenarios, and section 11.3.4.2 Analogous Mines. EPA also
references a recent study of spills from porphyry copper mines, “U.S. Copper Porphyry Mines Report:
The Track Record of Water Quality Impacts Resulting from Pipeline Spills, Tailings Failures and Water
Collection and Treatment Failure,” Earthworks. 2012, Washington, D.C.
PEER REVIEW COMMENT (Dirk van Zyl): A significant improvement in tailings management is
the implementation of an Independent Tailings Dam Review Board (ITRB) for large mining projects
(Morgenstern, 2010). ... I expect that a tailings review board will also be used for the Pebble Mine and the

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1474 of 2339

behavior of a tailings management facility designed and operated under these conditions will be more
representative of the potential failure likelihoods expected for such a facility.
EPA Response: The State of Alaska regulates its dams, including tailings dams, under Alaska
Administrative Code (AAC) Title 11, Chapter 93, Article 3, Dam Safety (11 AAC 93). Each dam is
assigned to a class based on the potential hazards of a tailings dam failure (Table 9-2).
Chambers Comment: Unfortunately there is no requirement Alaska Administrative Code (AAC) Title
11, Chapter 93, Article 3, Dam Safety (11 AAC 93) to convene an independent tailings review board,
hence no guarantee, that and independent review board will be utilized at Pebble. Alaska has not utilized
an Independent Tailings Dam Review Board for a mine in the past.
Alaska code specifies that a qualified engineer is required to assure that a dam is designed, built, and
operated with appropriate concerns for safety. A “qualified engineer” is defined in the Alaska dam safety
regulations under Title 11, Chapter 93, Section 193, of the Alaska Administrative Code (11 AAC 93.193).
To meet the criteria for a qualified engineer, an individual must be a civil engineer currently licensed to
practice in Alaska under the State Board of Registration for Architects, Engineers, and Land Surveyors.
The regulations also state that the qualified engineer must have at least five years of experience as a
licensed or registered professional civil engineer.
Regardless, Pebble is not the only mine that is likely for the Bristol Bay region if the Pebble Mine is
constructed and the transportation infrastructure that would facilitate further development is put into
place. It is likely these secondary mines would not face the same level of scrutiny that a large mine like
Pebble would.
In addition, there are many examples of the dam construction-type changing in later stages of a mining
project. This is perfectly illustrated by the Fort Knox Mine in Alaska where the all but the final stage of
tailings dam construction was downstream, but the final dam lift is upstream - the type of construction
most susceptible to seismic instability.
PEER REVIEW COMMENT (Dirk van Zyl): Cumulative impacts can only be evaluated once further
details about other potential mines and their plans are available. At this time, this section can at best be
seen as speculation. It is impossible to improve this part of the assessment with the information on mine
development currently available; it can only be done when further information is published by the various
mining companies.
EPA Response: This assessment has focused on the effects of a large mine at a single deposit on salmon
and other resources in the Nushagak and Kvichak River watersheds, including the cumulative effects of
multiple stressors associated with that mine. However, multiple mines and associated infrastructure may
be developed in these watersheds. Each mine would pose risks similar to those identified in the mine
scenarios. (Second External Review Draft, p. ES-25)
It is reasonably foreseeable that infrastructure from large scale mining in the watershed, particularly the
transportation corridors could induce further development in the region. Existing communities, the
tourism industry, and the recreational housing market could benefit if large-scale mining expanded
through the watersheds. Unmanaged access to currently roadless wilderness areas also could expand. The
improved access would increase hunting and fishing pressure, as well as competition with existing
subsistence users; increase damage from off-road vehicle, boat, and foot traffic to currently inaccessible
areas; facilitate poaching, dumping, trespassing, and other illegal activities; and lead to scattered
development in the watersheds.
The mines and road systems described herein are not certain, but are part of state planning documents. A
large-scale mine could easily be the trigger that starts this pattern of development in motion. Development
in the Pacific Northwest has followed this pattern for over 100 years and has led to the near complete loss
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of wild salmon. Even in the coastal population centers of Alaska, hatcheries are supplementing the salmon
returns. (Second External Review Draft, p. 13-35)
PEER REVIEW COMMENT (Dirk van Zyl): The EPA Assessment neglects the typical outcomes
resulting from the permitting and regulatory processes for new mines, where permit stipulations may
require specific actions resulting from discussions, public comments and regulatory frameworks.
EPA Response: Any mining company must comply with a number of federal, state, and local laws when
developing and operating a mine. Compliance is facilitated through the regulatory permitting process and
involves multiple state and federal agencies (see Box 4-2 for additional detail on these regulatory
requirements). Regulations also serve to hold an operator accountable for potential future impacts,
through establishment of financial assurance requirements and imposition of fines or compliance orders
upon non-compliance with permit requirements (Box 4-3). (Second External Review Draft, p. 4-6)
EPA notes that in the past, however, financial assurance often has not been adequate, and taxpayers have
been left with substantial cleanup costs (EPA Can Do More to Minimize Hardrock Mine Liabilities.
Washington, DC: U.S. Environmental Protection Agency, Office of the Inspector General. EiDMF6-080016-7100223. June 11, 1997)
PEER REVIEW COMMENT (Dirk van Zyl): The EPA Assessment does not contain any references to
any such materials, which implies to me that the stakeholder process was informal and not robust.
EPA Response: Meaningful engagement with stakeholders was essential during development of the
assessment to ensure that the U.S. Environmental Protection Agency (USEPA) heard and understood the
full range of perspectives on the draft assessment itself and the potential effects of mining in the region.
USEPA used a variety of tools to involve and inform stakeholders prior to and during release of the draft
assessment, including a community involvement plan to ensure that a robust outreach effort is in place
and a project webpage and listserv to ensure that assessment-related information is shared with the public.
(Second External Review Draft, Box 1-1. Stakeholder Involvement in the Assessment, p. 1-6)
Chambers Comment: It is interesting to note that EPA has been criticized for spending funds to bring
EPA staff to Alaska to conduct public meetings and to meet with stakeholders. For example, “The EPA
spent $169,381 sending sixteen people — at $10,586 per person — to hold a peer review meeting on the
environmental assessment to give the public a chance to comment on the mine’s draft assessment.”
http://dailycaller.com/2013/04/09/senate-likely-to-hit-the-epa-nominee-over-expensive-powerplay-withpebble-mine/#ixzz2Sixz0BG9”
The $170,000 will have been well spent whether it leads to the development of a better mine, or to the
avoidance of a mine that could lead to the expenditure of tens or hundreds of millions of dollars of public
funds necessary for cleanup costs and fisheries restoration efforts.
PEER REVIEW COMMENT (Dennis D. Dauble): The assessment deemed that it was “not possible”
to determine how far the initial slurry deposition would extend (due to a potential tailings dam failure),
how far re-suspended sediments would travel, and how long erosion processes would continue. It seems
that information from other mine closure sites could be used by assessment authors to infer effect by
analogy. The statement alluding to potential sediment run out distance at the bottom of page 4-56 of the
main report should be included in the summary of effects. This is an important point.
EPA Response: EPA used the U.S. Army Corps of Engineers Hydrologic Engineering Center’s River
Analysis System (HEC-RAS) to model hydraulic characteristics of tailings dam failures caused by
flooding and subsequent dam overtopping. See Second External Review Draft, section 9.3 Tailings Dam
Failure via Flooding and Overtopping, pp. 9-13-23.
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Attachment B
Examples of Expansions at Federal or State-Equivalent National
Environmental Policy Act (NEPA) at Hardrock Mines in the United States
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Name of Mine

State

Commodity/
Operation Type
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New
Project
EIS/EA

Number of Years of
Expansions Expansions

Fort Knox

AK

Gold / Open Pit /
Vat & Heap Leach

1994

2

2001, 2007

Greens Creek

AK

Gold, Silver, Lead,
Zinc / Underground

1983

3

1988, 1992,
2003, 2012

Kensington

AK

Gold / Underground

1992

2

(modifications of
new project)

Nixon Fork
Pogo
Red Dog

AK
AK
AK

1995
2003
1984

1
1
1

2006
2012
2009

American Girl

CA

1988

1

1994

Castle Mountain

CA

Gold / Underground
Gold / Underground
Zinc, Lead / Open Pit
Gold, Silver / Open Pit
Heap Leach /
Underground Vat
Leach
Gold, Silver / Open Pit
Heap & Vat Leach

1990

1

1997

Mesquite

CA

Gold, Silver / Open Pit
Heap Leach

1984

2

1987, 2000

Black Pine

ID

Gold, Silver / Open Pit
Heap Leach

1988

1

1994

Grouse Creek
(Sunbeam)

ID

Gold / Open Pit Vat
Leach (Sunbeam);
Gold, Silver / Open Pit
Heap & Vat Leach

1984

1

1992

Stibnite

ID

1981

1

1994

Thompson Creek

ID

1980

1

1999 (plan of
operations changes)

Beal Mountain

MT

Golden Sunlight

MT

Kendall

MT

Montana Tunnels
Stillwater

1997, 2004

Gold, Silver / Open Pit
Heap Leach
Molybdenum / Open
Pit
Gold, Silver / Open Pit
Heap Leach
Gold / Open Pit,
Underground Vat
Leach
Gold, Silver / Open Pit
Heap Leach

1988

1

1993

1981

2

1990, 1998

1989

2

1989, 1995

MT

Gold, Silver, Lead,
Zinc / Open Pit

1986, 1990

3

1995, 2008

MT

Platinum Group Metals
/ Underground

1985

2

1992, 1998
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New
Project
EIS/EA

Number of Years of
Expansions Expansions

Zortman and
Landusky

MT

Gold, Silver / Open Pit
Heap Leach

Zortman & Landusky
(together)

MT

Gold, Silver / Open Pit
Heap Leach

Landusky

MT

Gold, Silver / Open Pit
Heap Leach

1979

9

Zortman

MT

Gold, Silver / Open Pit
Heap Leach

1979

10

Copper Flat

NM

Copper / Open Pit

1992

1

1996

Bald Mountain

NV

Gold, Silver / Open Pit
Heap Leach

1986

1

1995

Battle Mountain
Complex

NV

Gold, Silver / Open Pit
Heap & Vat Leach

1989

2

2001, 2002

Cortez

NV

Gold, Silver / Open Pit,
Underground, Heap &
Vat Leach

1969

3

1993, 2008

Cortez Pipeline/
South Pipeline

NV

Gold, Silver / Open Pit
Heap Leach

1996

1

2004

Dee

NV

Gold, Silver / Open Pit
Heap Leach

1984

4

1991, 1993,
1997, 2013

Denton Rawhide

NV

Gold, Silver / Open Pit
Heap Leach

1990

1

1996

Griffon

NV

Jerritt Canyon

NV

Leeville

NV

Lone Tree

1979

21
(total)

(see below)

2

1996, 2001
1980, 1982, 1983,
1984, 1985, 1986,
1988, 1990, 1991
1979, 1980, 1980,
1982, 1983, 1984,
1984, 1987, 1987,
1989

Gold, Silver / Open Pit
Heap Leach
Gold, Silver / Open Pit
Heap Leach,
Underground Vat
Leach
Gold, Silver /
Underground ?

1996

1

1998

1980

1

1994

1991

2

2002, 2003

NV

Gold, Silver / Open Pit
Heap & Vat Leach

1991

1

1996

Marigold

NV

Gold, Silver / Open Pit
Heap & Vat Leach

1988

2

2001, 2003

Robinson (Ruth)

NV

Copper, Gold / Open
Pit Heap & Vat Leach

1993

1

1994

Rochester

NV

Gold, Silver / Open Pit
Heap Leach

2001

1

2003
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New
Project
EIS/EA

Number of Years of
Expansions Expansions

Round Mountain

NV

Gold, Silver / Open Pit
Heap & Vat Leach

1977

2

1987/1992, 1996

Trenton Canyon

NV

Gold, Silver / Open Pit
Heap & Vat Leach

1996

1

1998

Gilt Edge

SD

Gold, Silver / Open Pit
Heap Leach

1986

1

1997
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NOTES on NORTHERN DYNASTY MINERALS
2nd WATERSHED ASSESSMENT COMMENTS
David Chambers, Center for Science in Public Participation, June 2013

GENERAL COMMENTS
Here are NDM’s primary critiques of the Watershed Assessment:
1. EPA has invented its own hypothetical mine;
This is an ongoing criticism that mine proponents continue to raise. EPA has responded: “If the
Pebble deposit is mined, actual events will undoubtedly deviate from these scenarios. This is not a
source of uncertainty, but rather an inherent aspect of a predictive assessment. Even an
environmental assessment of a specific plan proposed for permitting by a mining company would be
an assessment of a scenario that undoubtedly would differ from the actual development.” (Second
External Review Draft, p. ES-27)
Prospective mine plans that have been offered by the owners of the Pebble deposit, which is being
touted as an 11.9 billion ton mineral resource,12 have proposed mine developments ranging from 2
billion tons13 to 6.5 billion tons.14 Even these mine plans do not propose to develop nearly the full
potential of the mineral resource, as is acknowledged by the mine owners.15 So the mine plan that the
Pebble Limited Partnership submits to regulators for NEPA analysis is highly unlikely to be the plan
for the mine that will be ultimately reclaimed and closed.
For examples of the many mines that have had multiple versions of actual mine plans submitted for
NEPA review, see Attachment B “Examples of Expansions at Federal or State-Equivalent National
Environmental Policy Act (NEPA) at Hardrock Mines in the United States,” Chambers, May13.
2. EPA has continued to ignore modern mine engineering practices and regulatory requirements;
including,
a. “Seepage Rates would Never be Permitted”16
NDM reviewer Geosyntec asserts the EPA’s assumption of 50% capture is too low, and is
unsubstantiated. Geosyntec goes on to assert that 100% capture is achievable – but does not
substantiate its assertion with references – the same thing NDM/Geosyntec is critical of EPA of
doing. EPA has used its “professional judgment” in assuming a 50% capture seepage rate, and
lacking good data to substantiate something to the contrary, this assumption is reasonable for the
purpose of a risk analysis.
See the comments for B (3) below.
12

Preliminary Assessment of the Pebble Project, Southwest Alaska, Ghaffari et al., Wardrop-Northern Dynasty Mines,
February 17, 2011, Executive Summary, Section 1.l.2, p. 6.
13
Ghaffari et al, 2011, Executive Summary, Section 1.l.2, p. 4.
14
Ghaffari et al, 2011, Executive Summary, Section 1.l.2, p. 5.
15
"The Pebble deposit is very large, and even the 78-year Resource Case would exploit only 55% of the total resource."
Ghaffari et al, 2011, Executive Summary, Section 1.l2.2, p. 83.
16
Northern Dynasty Minerals Ltd., 2013a, SUMMARY response to US Environmental Protection Agency (EPA) revised draft
Bristol Bay Watershed Assessment (BBWA) report – May 2013
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“Tailings Storage Facility Designed to Fail”17
In the Watershed Assessment EPA has been conservative in its assumptions and analysis of
potential tailings dam failures. Mine supporters would like to EPA to assume that the failure of
the tailings dam at Pebble could not happen. Making such an assumption for a risk assessment
would be both naïve and irresponsible, yet this is indeed what EPA’s critics are proposing. Mine
proponents always assume that failures are due to “old” technologies or to imprudent practices by
less responsible developers, but that these mistakes could never occur on their projects.
See the comments for B (2) below.

b. “Water Treatment Plant Designed to Fail”18
In the Second External Review Draft, the assessment considers risks from routine operation of a
mine designed using modern conventional mitigation practices and technologies and with no
significant human or engineering failures. The assessment also considers various failures that have
occurred during the operation of other mines and could occur in this case, including failures of a
tailings dam, pipelines, a wastewater treatment plant, and culverts. (Second External Review
Draft, p. ES-11)
EPA has also noted:
“Based on a review of historical and currently operating mines, some failure of water
collection and treatment systems would be likely during operation or post-closure periods. A
variety of water collection and treatment failures are possible, ranging from operational
failures resulting in short-term releases of untreated or partially treated leachates to longterm failures to operate water collection and treatment systems in perpetuity. A reasonable
upper bound failure scenario would involve a complete loss of water treatment and release of
untreated wastewater.” (Second External Review Draft, p. ES-15)
It would be negligent for EPA not to assess the potential impacts from a water treatment plant
failure as a part of a risk assessment. It is not appropriate to claim that EPA designed the water
treatment plant to fail. EPA merely looked at a range of potential water treatment plant failures –
an appropriate and necessary set of assumptions for a risk assessment.
c. “Road Culverts Designed to Fail”19
EPA addressed culvert failures in the Second External Review Draft thusly:
“Extended blockage of fish passage at road crossings is unlikely during operation in our
scenarios, which specify daily inspection and maintenance. However, after mine operations
cease, the road may be maintained less carefully by the operator or may be transferred to a
government entity that likely would not be able to support daily inspection and maintenance.
In either case, the proportion of culverts that are impassable would be expected to revert to
levels found in published surveys of public roads (range of 30 to 58%, mean of 47%). Of the
approximately 46 culverts that would be required, 35 would be on streams that are believed to
support salmonids. Hence, over the long term, 10 to 20 streams would be expected to lose
17

Northern Dynasty Minerals Ltd., 2013a
Northern Dynasty Minerals Ltd., 2013a
19
Northern Dynasty Minerals Ltd., 2013a
18
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passage of salmon, rainbow trout, or Dolly Varden for an indefinite period of time, and some
proportion of those streams would have degraded downstream habitat resulting from
sedimentation from washout of the road.” (Second External Review Draft, p. ES-16-17)
EPA did not take a catastrophic approach toward risk analysis in the Second External Review
Draft. As can be seen from the quote above EPA attempted to outline a reasonable long term risk
scenario. Unlike the permit-related EIS process, where all of the risks are assumed to be
mitigated, in the risk assessment EPA looks at what is likely to happen in the long term based on
the actual performance of these facilities.
3. EPA has shunned the best available scientific and environmental data at its disposal20
It is difficult to see how NDM can assert that EPA has not considered available scientific and
environmental data that is publically available. This material is well-referenced in the Watershed
Assessment.
NDM is critical of the use of reports from “Environmental Organizations and paid Anti-Pebble
Activists.” These reports were independently commissioned and produced, and have been peer
reviewed – unlike the NDM’s expert reports which were commissioned by and paid for by NDM, and
which were not peer reviewed.
NDM is also referring to the use of data from the PLP Environmental Baseline Document, to which
there are numerous references in the Watershed Assessment Second Draft. It should be noted that
NONE of the Pebble Limited Partnership’s data has been peer reviewed, and that the data made
available to the public and EPA in the PLP Environmental Baseline Document is in a raw, undigitized
format with little or no interpretation, so that it is extremely difficult and time consuming to use. In its
data release PLP did not publish and data on geochemistry or fisheries, although that data was
available. They also released only data collected from 2004 – 2008, and have not made subsequent
data available. So, although NDM claims $150 million has been spent on data collection, most of the
data and interpretation is not available to EPA or the public, and none of it has been peer reviewed.
See the comments for A (2) below.
4. EPA has created a public and peer review process designed to minimize scientific scrutiny of its
work21
It is difficult to follow the rationale of this criticism. EPA has presented is second public draft of the
document, and has extended the comment period at the request of mine supporters, including the State
of Alaska.
It might actually be more appropriate to turn this criticism around, and ask the Pebble Partnership why
it purposely chose to release its data in the Environmental Baseline Document in a form that was not
easily usable by technical reviewers; why it chose not to include data on geochemistry, potential fault
locations for regional earthquakes, and fisheries; and, why it did not include data more recent than

20

http://www.northerndynastyminerals.com/ndm/BristolBay.asp?ReportID=586793&_Type=Bristol-Bay-WatershedAssessment&_Title=Northern-Dynasty-calls-EPAs-Bristol-Bay-Watershed-Assessment-process-biased
21
http://www.northerndynastyminerals.com/ndm/BristolBay.asp?ReportID=586793&_Type=Bristol-Bay-WatershedAssessment&_Title=Northern-Dynasty-calls-EPAs-Bristol-Bay-Watershed-Assessment-process-biased
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2008 in a 2011 release, even though this data was available. PLP has not released any additional data
subsequent to the 2004-2008 data released in 2011.
5. Throughout the 400 square mile area surrounding Pebble, there are tremendous opportunities
to undertake fish mitigation projects that would substantially increase the productive capacity
of the area for both salmon and resident fish species.22
Northern Dynasty proposes to compensate and mitigate for lost salmon and fish production from
Pebble Mine by "improving" upon Bristol Bay's already productive natural rivers by bulldozing "new"
habitat, adding boulders and logs to rivers, and altering water quality to "improve productivity". Such
techniques rarely show scientifically defensible increases in salmon production over the long term,
require long-term maintenance and monitoring, and if done improperly can adversely affect salmon
habitat and salmon production.

DOCUMENT-SPECIFIC COMMENTS
A. Northern Dynasty Letter to Bob Perciasepe, Acting Administrator, USEPA, from Ron Thiessen,
Northern Dynasty Minerals, May 30, 2013
(1) "A review of the revised 2013 Draft BBWA gives NDM no reason to believe their (the panel's)
views or those of PLP received any consideration." (Letter, p. 4)
When a project proposed by a proponent that stands to gain significantly from the project is criticized by a
government report it is understandable that the proponents will feel slighted. However, the assertion the
EPA did not give the comments and suggestions of the review panel any consideration has little basis in
fact for anyone that has reviewed the Second External Review Draft. The Second External Review Draft
addresses the critical comments/suggestions of the Peer Review Panel. For some examples of EPA
responses to the Peer Review Panel comments see Attachment A “Examples of Expansions at Federal or
State-Equivalent National Environmental Policy Act (NEPA) at Hardrock Mines in the United States,”
Chambers, May13.
(2) x a review of four third-party peer review summaries of seven studies submitted by environmental
organizations and anti-Pebble activists as commissioned by EPA, which concludes that none of
these studies provide a sound scientific basis for the conclusions reached in the 2013 Draft BBWA
(Attachment B). (Letter, p. 6)
The reports referenced in the 2013 Draft BBWA, Attachment B, were not “commissioned” by EPA.
This statement both misrepresents of the intent of the authors of the reports, of whom I am one, and shows
bias toward the Pebble project and against EPA and the “Environmental Organizations and paid AntiPebble Activists”.23 The reports being criticized were independently commissioned and produced, and
have been peer reviewed. These peer review comments, some from consultants who work for the mining
industry, do level some criticisms, as would be expected in all peer reviews. The goal for most peer
reviewers is to make a report better. However, even if a reviewer says that a report is flawed, that does
not make it so. Differences of opinion are common in the scientific community, and ultimately the

22
23

Northern Dynasty Minerals Ltd., 2013a
http://www.northerndynastyminerals.com/ndm/BristolBay.asp?ReportID=586269 (accessed 5Jun13)

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1485 of 2339

conclusions of a report must be assessed at face value. After all, there are some that think global warming
is a hoax, and it was once commonly accepted that the world was flat, but that did not make it so.
It should also be noted that NONE of the Pebble Limited Partnership’s (PLP) data has been peer
reviewed, and that the data made available to the public and EPA is in a raw, undigitized format with little
or no interpretation, so that it is extremely difficult and time consuming to use. In its data release PLP did
not publish any data on geochemistry or fisheries, although that data was available. PLP also released
only data collected from 2004 – 2008, and has not made subsequent data available. So, although NDM
claims $150 million has been spent on data collection,24 most of the data and interpretation is not
available to EPA or the public, and none of it has been peer reviewed.
It is interesting to note that while the “Environmental Organizations and paid Anti-Pebble Activists” have
nothing to gain financially if the Pebble project is not approved, consultants who are being paid by
Northern Dynasty to review the Second External Review Draft are being described as “NDM's experts
and independent consultants”.25 NDM’s experts and independent consultants have an obvious financial
relationship with NDM, yet are still professed by NDM to be “independent” while outside groups with no
potential for financial gain are being depicted as biased. The absurdity of such a position would be
humorous if it were not so often successfully employed.
B. "Assessment of USEPA Response to Geosyntec’s Comments on the Bristol Bay Watershed
Assessment," Geosyntec Consultants, Letter to Thomas C. Collier, Steptoe & Johnson, LLP,
Washington, DC, May 22, 2013, (Attachment C to Northern Dynasty Letter to Bob Perciasepe,
Acting Administrator, USEPA, from Ron Thiessen, Northern Dynasty Minerals, May 30, 2013)
(1) "In both 2012 and 2013, the authors failed to consider that modern mining practices are designed
to reduce the probability of failures of these engineered systems to some established standard of
safety, and to minimize the consequences of any failure scenario with the use of modern
monitoring systems, contingency planning as part of a mining operations plan, and the
establishment of response systems and strategies to control quickly any releases of hazardous
materials at the mine site. By omitting the application of modern mine operating best practices
designed to reduce the probability of failures and to mitigate quickly the consequences of such
failures, the BBWA is clearly biased towards influencing decisions on the fate of the project by
implicitly assuming “worst case” outcomes for operation of most of the engineered systems at the
future mine site are inevitable." (Geosyntec, p. 2, emphasis added)
It would be negligent for a risk assessment not to assess the potential impacts from a worst case scenario.
Of course, it is the goal of modern mining practices “to reduce the probability of failures of these
engineered systems”, but as is stated the possibility of these failures can only be ‘reduced’ not
‘eliminated’. For risk assessment purposes it would be negligent for EPA not to assume that a failure of
mitigation measures might occur.

24

“Although EPA's 'hypothetical mine' is sited at the location of the Pebble deposit, BBWA authors continue to refuse to
consider the most extensive scientific data set available on the region -- environmental baseline data collected by the Pebble
Limited Partnership (the "Pebble Partnership" or "PLP") at a cost of some $150 million.” (Northern Dynasty calls EPA's
Bristol Bay Watershed Assessment process 'biased and manipulative',
http://www.northerndynastyminerals.com/ndm/BristolBay.asp?ReportID=586793&_Type=Bristol-Bay-WatershedAssessment&_Title=Northern-Dynasty-calls-EPAs-Bristol-Bay-Watershed-Assessment-process-biased) (accessed 5Jun13)
25
http://www.northerndynastyminerals.com/ndm/BristolBay.asp (accessed 5Jun13)
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This statement suggests that modern mining has solved all of the potential worst case problems. This
arrogance ignores a well-documented history of unpredicted failures, and also relies on a definition of
modern mining that arbitrarily rules out any unpredicted failure at a mine as being old technology.
(2) "Use of case studies of past failures of engineered systems to predict the probabilities of future
failures is inherently flawed, because of different project histories, variability in site
characteristics and the evolution and application of improved engineering practices based on
“lessons learned.” The use of past failures to predict future probabilities of failures is thus
inherently biased toward older technical strategies, past maintenance and inspection failures
and/or unique failure modes for the individual case studies." (Geosyntec, p. 4)
Ignoring case studies of past failures would be irresponsible. This assumes that predictions based on
present knowledge and existing tools will address all potential major failures. One only has to look at the
recent failure to predict the size and extent of the pit wall collapse at Bingham Canyon, which was being
monitored with the latest technology, to see the folly in this logic. As Winston Churchill is famously
quoted: "Those who fail to learn from history are doomed to repeat it." History is replete with examples
of unanticipated failures at mines.
In the Watershed Assessment EPA has been conservative in its assumptions and analysis of potential
tailings dam failures. Mine supporters would like to EPA to assume that the failure of tailings dam at
Pebble could not happen, as is evidenced by the comment above. Making such an assumption for a risk
assessment would be both naïve and irresponsible, yet this is indeed what EPA’s critics are proposing.
Mine proponents ALWAYS assume that failures will not occur on their projects.
(3) “The statement that half (50%) of the leachate from waste rock outside of the leachate zone will
escape and flow to surface waters is unsubstantiated.… In tandem with proper management of
potentially acid generating (PAG) waste rock to maximize its placement within the drawdown
zone, the capture of PAG waste rock leachate can be close to 100%.” (Geosyntec, pp. 10-11,
emphasis added)
Given the criticism that EPA’s assumption is “unsubstantiated,” it would be interesting to know if
Geosyntec’s assertion that “capture of PAG waste rock leachate can be close to 100%.” can be
substantiated, especially for a mine similar to Pebble. Geosyntec provides no reference to substantiate its
claim of ‘close to 100%’ capture.
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Re: PLP White Paper No. 1: Mitigating Risk in the Design and Construction of Tailings Dams in
Alaska – Jeremy P. Haile, P.E. and Ken J. Brouwer, P.E., Knight Piésold Ltd., July 20, 2012
Subj: Peer Review Comments
Fm:

David M. Chambers, Ph.D., P. Geop.

Date: October 23, 2012
The main claim of White Paper No. 1 is that if a tailings dam is designed by an experienced engineering
firm, goes through the proper regulatory review, and is operated by a responsible mining company, there
is little or no possibility of dam failure. To accept this line of logic would require a revisionist view of the
design and operation of tailings dams. Engineers, regulators, and miners would not only need to have
learned about all the possible failure modes for tailings dams, but they must also never again allow the
conditions or decisions that led to such failures. Similarly, this revisionist view would seem to ignore the
recent history of preventable tailings dam construction and operating errors, such as the dam failures at
Omai and Baia Mare, as well as the unpredicted system failures at large industrial operations, like that at
the Fukushima Daiichi nuclear power plant.
There is risk associated with the best-designed and operated tailings dam, and the real argument is not
about the magnitude of this risk, but about how much risk each individual – some who would be impacted
positively, some negatively – is willing to assume.
Specific Comments:
1. White Paper No. 1, Abstract, p. 1
“A key conclusion of these analyses is that the performance of tailings dams constructed by the
centerline or downstream methods has been markedly better than dams constructed by the historically
common upstream method. Additionally, embankments constructed with compacted earthfill and
rockfill materials have a proven performance record during seismic loading conditions. There are
relatively few incidences of dam instability for downstream and centerline constructed tailings dams
and none of these instances include dams exceeding 500 ft in height. Accordingly, downstream and
centerline constructed tailings dams are the current preferred methods of construction.”
Although downstream and centerline construction are the preferred methods for tailings dam construction,
upstream design for dams and for lifts on top of downstream/centerline dams are still routinely employed
(including the final lift on the Fort Knox tailings dam in Alaska, designed by Knight Piésold).1
As is pointed out on page 7 of this report, "The upstream construction technique has been used
extensively for many tailings embankments worldwide, largely because of the relatively low construction
costs associated with this method."
Although the authors strongly emphasize the relative safety of the downstream dam construction design,2
upstream construction design continues to be utilized worldwide, even in the US, including Alaska. Even

1

“Tailing Storage at the Fort Knox Mine – An Innovative Expansion to Continue a History of Success,” Thomas F. Kerr and
Peter D. Duryea, Knight Piésold, Denver, CO, and David T. Quandt, Fairbanks Gold Mining, Proceedings Tailings and Mine
Waste 2011, Vancouver, BC, November 6 to 9, 2011
2
While a majority of tailings dam failures are associated with the upstream construction method, there have been a significant
number of failures of downstream-type constructed tailings dams. See: “Tailings Dams - Risk of Dangerous Occurrences,
Lessons learnt from practical experiences,” Bulletin 121, Published by United Nations Environmental Programme (UNEP)
Division of Technology, Industry and Economics (DTIE) and International Commission on Large Dams (ICOLD), Paris 2001,
144 p. [compilation of 221 tailings dam incidents mainly from the above two publications, and examples of effective remedial
measures]
Page 1 of 6
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though downstream construction may not be planned for a project, its use cannot be ruled out at any
project in the future, as the Fort Knox mine example points out.
2. White Paper No. 1, Abstract, p. 1
“It is important to note that it is incorrect to imply that any particular proposed or actual dam
structure is more or less likely to fail based solely on the extrapolation of general dam failure
statistics.”
This statement suggests that statistical analysis or data review is meaningless in assessing what might
happen on a future project, simply because the exact conditions of the future project might differ from
past projects Although the available statistics for the total number and types of tailings dams, as well as
an accurate number of tailings dam failures, are disappointingly incomplete, it would be equally
“incorrect” to ignore existing statistics, since these are the only quantitative data available on tailings dam
failures. It’s obvious that we cannot depend purely on predictions of how individual tailings dams will
perform.
Dam failures continue to occur despite engineering predictions, and regulatory approvals, saying that they
won’t. It is not reasonable to assume that all new tailings dams will be designed, constructed, and
operated in a manner that will prevent all future dam failures.3
In fact, even Knight Piesold has had some involvement with relatively recent tailings dams that failed
(Aurul S.A. plant in Baia Mare,4 Romania, January 30, 2000; and, Omai Gold Mine,5 Guyana, August 19,
1995).
3. White Paper No. 1, p. 3
Table 1 – Hazard Potential Classification Summary

3

Knight Piesold has submitted preliminary Pebble dam designs to the Alaska Department of Natural Resources. (Pebble
Project Tailings Impoundment A, Initial Application Report, Ref. No. VA101-176/16-13, Knight Piesold Ltd, Vancouver, BC,
September 5, 2006) It goes against human nature to assume that one’s own design could fail – failures are usually someone
else’s responsibility.
4
http://www.wise-uranium.org/mdafbm.html, 23Oct12
5
Stabroek News, “Omai Group to Seek Extension,” Wednesday, December 6, 1995
Page 2 of 6
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It might be noted that all present and proposed tailings dams in Alaska, including those at Pebble and
Donlin, are located in areas classified as “Hazard Class II” where “No loss of life (is) expected, ...”
At these same locations there is “Probable loss of or significant damage to waters ….”
All present and proposed Alaska tailings dams, including Pebble, require only a rating of Hazard Class II.
This means that although there is the potential for ‘loss of or significant damage to waters,’ the
classification of large tailings dams in Alaska as the safest Hazard Class I category is not required, and is
therefore discretionary, and it is possible that a large tailings dam would only be required to be engineered
with a corresponding maximum design earthquake of 1,000 to 2,500 years – see Table 2 below.
4. White Paper No. 1, p. 3
Table 2 – Operating and Safety-Level Seismic Hazard Risk

The International Commission on Large Dams (ICOLD) recommends the 10,000 year seismic event as
the Maximum Credible Earthquake.6 Even if a tailings dam were to be deemed Class I by the Alaska
Dam Safety Office, this classification still only requires a Maximum Design Earthquake within a range of
2,500 years to the Maximum Credible Earthquake.
There will always be pressure to use less than the Maximum Credible Earthquake for the Maximum
Design Earthquake because as the size of the Maximum Design Earthquake gets larger, the cost of the
dam rises significantly. Since there is no regulatory requirement that a tailings dam be deemed Class I, or
that if deemed Class I that the Maximum Credible Earthquake would be required as the Maximum Design
Earthquake, there will always be the potential (usually related to economic pressure) for large tailings
dams to be designed and built using less than the most conservative design seismic event – as has indeed
happened in many cases in the past.
5. White Paper No. 1, p. 4
"All events classified as seismic, hydrologic, failure or breaching, deterioration, mis-operation, or
activation of the Emergency Action Plan (EAP), require reporting for a Class I or Class II dam."
There are 3 large tailings dams presently operating in Alaska (Fort Knox, Red Dog, Nixon Fork) and three
large mines without a large tailings dam (Greens Creek and Pogo with dry tailings, and Kensington with
lake-disposal).
Despite all of the engineering design, regulatory, and operator controls, there was an overtopping of the
Nixon Fork tailings dam on March 9, 2012. The Nixon Fork tailings dam is by far the smallest of the
‘large’ dams (approximately 75’ high).7 However, the implication clearly being made in section

6

“Large Dams the First Structures Designed Systematically Against Earthquakes,” Martin Wieland, ICOLD, The 14th World
Conference on Earthquake Engineering, Beijing, China, October 12-17, 2008, p. 7
7
“Nixon Fork Mine Environmental Assessment,” Bureau Of Land Management, Anchorage Field Office, October 2005,
Figure 2-8
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“2.2.Regulatory and Permitting Process” is that engineering design, regulatory, and operator controls, in
combination, will prevent any dam failure.
As the Nixon Fork incident clearly points out, accidents can happen, and there is risk associated with
these structures, despite the best efforts of all involved.
6. White Paper No. 1, p. 7
"The technology of tailings dam design is based on the same principles as water dams; however, the
presence of saturated tailings solids as the stored medium, versus water only, presents unique
challenges and design considerations. ... The long term post closure objective for a tailings
impoundment usually involves transitioning the solids retention facility into a stable landform,
whereas the final closure plan for a water dam would typically involve dam removal."
There are several important differences between tailings dam design and water dam design that are not
mentioned. Tailings dams utilize downstream, centerline, and upstream construction. Earthen water
dams use essentially one construction method – downstream – with an occasional centerline lift.
Another important difference between tailings dams and water supply reservoir dams is the design life of
the dam - water supply dams have a finite life, while tailings dams must impound the tailings in
perpetuity.
These are significant differences given the fact that a majority of tailings dam failures are associated with
upstream construction (which is legal, and in use, in Alaska), and that we have relatively little experience
with the long term performance of tailings dams (50-100 years of operating experience with tailings dams,
compared with a tailings dam design life of perpetuity). It is not appropriate, in terms of the long term life
of a tailings pond, to assume that it will be “converted” to a solid landform. It might happen, especially
over several millennia, but to assume that it would take place without engineered compaction that would
provide some assurance of long term stability would be inappropriate.
7. White Paper No. 1, p. 10
“The current data set is insufficient to show that there is a trend towards increasing tailings dam
failures over time or that high height dams have a greater or lower risk of failure.”
Likewise, it should also be noted that current data is insufficient to show there is a trend toward
“decreasing” tailings dam failures.
Yet, given the ‘insufficient’ nature of the available data, it is mentioned on page 1 that "... none of these
instances (of dam instability/failure) include dams exceeding 500 ft in height." This observation, while
correct, does not honor the author’s criticism of ‘insufficient’ data for tailings dam failures in general.
Data on the total number of tailings dams is not available, although we could probably find out the
number of dams over 500 feet because they are so large – but the authors do not know, or do not present,
that number
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8. White Paper No. 1, p. 10
“In fact, Chilean regulations prohibit the use of the upstream construction method for tailings dams.”
Much of the argument in this paper relies on the assumption that downstream or centerline dam
construction will be employed. Unlike Chile, Alaska regulations DO NOT prohibit the use of the
upstream construction method for tailings dams. Under Alaska regulations specific dam construction type
can neither be required nor prohibited, only a review of the overall safety of a proposed dam is
authorized.8
9. White Paper No. 1, p. 11
“It is noted that there are only three failures reported for tailings dams constructed using the
centerline method and seven failures for tailings dams constructed using the downstream method. The
statistical significance of this observation is difficult to ascertain due to the relatively few failures that
have occurred for either embankment construction technique.”
While there is no disagreement with the general conclusion that downstream and centerline construction is
much safer than upstream construction, there should be some mention that the lack of adequate data on
the total number of upstream, downstream, and centerline tailings dams is also significant to this
discussion.
It is extremely unfortunate that we do not have an accurate number for either the total number,
distribution, and types of tailings dams, or the number and type of failures for tailings dams. Collecting
accurate data on tailings dams would seem to be a neglected issue, but the need for and difficulty of
international coordination and cooperation in collecting reliable data is recognized.
10. White Paper No. 1, p. 13
"... it is incorrect to imply that any particular proposed or actual dam structure is more or less likely
to fail based solely on extrapolation of general dam failure statistics."
Unfortunately “general dam statistics” represent the best information we have on the nature and frequency
of tailings dam failures. If we were to ignore empirical data by claiming that "competent professionals"
will design, regulate, and operate all of these dams, we would only perpetuate the fundamental problems
with tailings dam failures, as well as sustain unnecessary risk to the public safety and public financial
liability.
11. White Paper No. 1, p. 16
“The final design of a large embankment includes detailed dynamic modeling under the Operating
Basis Earthquake and the Maximum Design Earthquake.”
Unfortunately, the stability analysis for some large and most small tailings dam analysis still employs the
less-expensive pseudo-static analysis for analyzing dam seismic stability.9 Alaska Dam Safety
Regulations are not clear about when dynamic modeling must be used,10 but it is certainly possible for the
less expensive pseudostatic modelling to be employed for Alaska Class II dams.

8

See: Guidelines for Cooperation with the Alaska Dam Safety Program, Prepared by Dam Safety and Construction Unit, Water
Resources Section, Division of Mining, Land and Water, Alaska Department of Natural Resources, June 30, 2005
9
For example, see Draft EIS for the Montanore Project, Montana, 2009
10
See “Guidelines for Cooperation with the Alaska Dam Safety Program,” prepared by Dam Safety and Construction Unit,
Water Resources Section, Division of Mining, Land and Water, Alaska Department of Natural Resources, June 30, 2005,
Section 6.3.3 Seismic Study Phases.
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12. White Paper No. 1, p. 20
"The upstream construction method must be avoided for the dams. … The Fort Knox tailings dam is
an example of a large dam that has been constructed and continues to be operated in Alaska. This
tailings dam will be raised to its ultimate height of 360 ft in 2013, …”
The final lift on the Fort Knox dam, designed by Knight Piesold, will be an upstream lift.1 It is difficult to
give credibility to the author’s recommendation of ‘avoiding’ upstream dam construction when the Fort
Knox dam, designed by the author’s company, will employ this construction method.
#####
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COMPARISON of the PEBBLE MINE with OTHER ALASKA LARGE HARD ROCK MINES
Stuart Levit and David Chambers
Center for Science in Public Participation
February, 2012
Summary
If permitted, the Pebble mine will be North America’s, and one of the world’s largest mines. It has been
suggested that in spite of its size the Pebble mine is comparable to other Alaska mining projects.
The amount of ore mined and the area that would be disturbed by development at the Pebble mine is on a
scale entirely of its own in Alaska, and even enormous on a global scale. Size alone does not determine
impacts, but based on other factors such as acid producing potential, easy movement of water away from
the mine, a world class fishery, wet climate regime, etc., the mine’s potential impacts could be significant
and irreparable.

Several of Alaska’s large mines have potentially acid producing ore, but none are truly comparable with
the size of the proposed Pebble mine. The Pebble Mine is unique compared to Alaska’s other large, hard
rock mines when looking at characteristics such as size, geochemistry, geomorphology, fisheries, and
hydrology. When viewed through the aggregate of these factors, the Pebble mine is distinctly different
from any other present or past hard rock mine in Alaska.
More important is Pebble’s massive potential to impact the pristine lands with industrial development.
The Bristol Bay watershed is unique in Alaska because it comprises Alaska’s, and one of the world’s,
greatest salmon fisheries. It supports cultural, subsistence, commercial, recreational, economic, and
environmental values that are unparalleled.
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Mineral Resource
Type / Ore Mineralization
(Million Tonnes)

Alaska Mine
Pebble Mine1

10,780

Donlin Mine2
3

Fort Knox Mine
Red Dog Mine
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4
5

Greens Creek Mine
6

Kensington Mine
7

Pogo Mine

Open Pit & Underground - Copper/Gold/Molybdenum

634

Open Pit - Gold

442

Open Pit - Gold

190

Open Pit - Zinc/Lead

32

Underground - Silver/Zinc/Lead/Gold

27

Underground - Gold

10

Underground - Gold

5

Underground - Copper

8

Kennecott Mine

Alaska Mine

Precipitation

Terrain

Pebble Mine

average 36 inches per year, most as rain

interior Alaska, low mountains

Donlin Mine

average 15 to 30 inches per year

interior Alaska, low mountains

Fort Knox Mine

approximately 20 inches per year

interior Alaska, low mountains

Red Dog Mine

approximately 18.4 inches per year

interior Alaska, low mountains

Greens Creek Mine

approximately 40-50 inches per year

coastal Alaska, steep mountains

Kensington Mine

approximately 63 to 81 inches annually

coastal Alaska, steep mountains

Pogo Mine

less than 20 inches per year

interior Alaska, low mountains

The Pebble Mine and its host environment are not comparable with other Alaska mines or their
environments. That Pebble poses a greater threat to the environment or fishery does not mean that the
practices at other, less threatening mines are not problematic. It simply implies that Pebble poses greater
qualitative and quantitative threats than any other Alaska mine to fisheries, the environment, and cultural
and economic resources.
This report is divided into two main sections. The first, PEBBLE MINE CHARACTERISTICS, looks at
particular characteristics that are important in reviewing the Pebble Mine. The second section, PEBBLE
MINE COMPARED TO OTHER ALASKA MINES, discusses large Alaska mines with key common and
distinguishing features.
1

Preliminary Assessment of the Pebble Project, Southwest Alaska, Wardrop-Northern Dynasty Mines, February 17, 2011.
Donlin Creek Gold Project, Alaska, USA, NI 43-101 Technical Report, Nova Gold Resources Inc., April 1, 2009, p. 1-1.
3
Technical Report for the Fort Knox Mine, Kinross Gold Corporation. March 31, 2008
4
Environmental Information Document for the Aqqaluk Extension, SRK Consulting, Apr07, Tables 2.1.2, 2.1.3.
5
Probable, Indicated, and Inferred Resources as of 31Dec10 from:
http://www.hecla-mining.com/operations/operations_greenscreek_reservesresources.php;
Production as of Sep11 from: Investor Fact Sheet, Hecla Mining Company, January 2012, downloaded from:
http://www.hecla-mining.com/investors/investors_investor_package.php
6
Maximum buildout based on 1992 EIS.
7
Based on amount of tailings produced, Final Environmental Impact Statement Pogo Gold Mine Project, USEPA Region 10,
September 2003, p. 2-15.
8
Winkler, G, A Geologic Guide to Wrangell–Saint Elias National Park and Preserve, Alaska, U.S. Geological Survey
Professional Paper 1616, 2000.
2
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PEBBLE MINE CHARACTERISTICS
The proposed Pebble Mine is a low grade, high-volume copper mine located on state land in the Bristol
Bay Region of southwest Alaska. It lies at a confluence of rivers that are critical to the salmon fisheries
of Bristol Bay; the nearest communities are Nondalton and Illiamna/Newhalen.
The Pebble Mine’s ore contains only scattered specks and tiny veins of copper mineralization:
approximately 0.34% copper, 0.023% molybdenum, and 0.01 ounces of gold per ton.9 Extracting one
pound of Pebble’s copper requires pulverizing and chemically processing 294 pounds of ore. Pebble is
principally a copper deposit, with copper representing approximately 95 percent of recoverable metal by
volume and 60 percent by value. The mine also seeks to dig an open pit and underground mine to remove
copper, molybdenum, and gold.10
Geology
Pebble’s near-surface geology has thick layers of highly permeable glacial gravels. The water table lies
near the surface resulting in seeps and springs that recharge both surface and substrate. Most mines have
leaks and spills, both small and large, but at Pebble any leak has a particularly high potential to cause
contamination because of the potential to migrate offsite.
Deposits of glacial permeable sediments are largely unconfined and mine spills or leaks could be difficult
to contain. Pebble’s highly permeable glacial gravels will present difficult design and management
problems for both waste contaminant discharge and spill containment.
Mine Type
Pebble will employ both open pit mining and underground block caving during its long lifetime of
approximately 100 years. The mining rate for ore at Pebble is projected to be between 100,000 and
200,000 tons of ore per day. The stripping ratio of waste:ore at Pebble 12, using the 45-year Reference
Case, is projected to be 2.13:1.11 This means that waste rock, much of which will contain subeconomic
amounts of sulfide mineralization, will be generated/mined at a rate of 213,000 to 426,000 tons per day.
The mining rate could potentially reach as much as 1,000,000 tons/day (ore and waste).12 Open pit mines
produce far more waste rock than underground mines.
According to the most recent technical report, Pebble’s 45-year pit would be approximately 2500 feet
deep and 13,000 feet long, and the 78-year pit would be approximately 4000 feet deep and 17,000 feet
long.13 The largest of the tailings dams at Pebble will be approximately 700 feet in height.14
Underground block caving, a bulk mining method, while producing far less waste rock than open pit
mining, has the disadvantage of causing subsidence at the surface due to the removal of large amounts of
ore. Once the surface is ruptured, water can percolate down through the rubble-rock material remaining
in the mine. Contaminants in the rock related to the decomposition of sulfide minerals, heavy metals (e.g.
copper, zinc, lead, cadmium, or mercury) or neutral drainage metalloids (e.g. arsenic, selenium, thallium
or antimony) can migrate with groundwater and eventually reach surface waters.
9

Calculated from resource information given in Table 21.1, “Technical Report on the 2009 Program and Update on Mineral
Resources and Metallurgy Pebble Copper-Gold- Molybdenum Project Iliamna Lake Area Southwestern Alaska, U.S.A.,” J.
David Gaunt, et al., for Northern Dynasty Minerals Ltd, March 17, 2010.
10
The Pebble Partnership, http://www.pebblepartnership.com/project/faqs#mineral_breakdown., Internet website FAQs.
11
Preliminary Assessment of the Pebble Project, Southwest Alaska, Wardrop-Northern Dynasty Mines, 17Feb11, p.
12
Preliminary Assessment of the Pebble Project, Southwest Alaska, Wardrop-Northern Dynasty Mines, 17Feb11, p. 39 (using
the 45-year Reference Case)
13
Preliminary Assessment of the Pebble Project, Southwest Alaska, Wardrop-Northern Dynasty Mines, 17Feb11, p. 37.
14
Preliminary Assessment of the Pebble Project, Southwest Alaska, Wardrop-Northern Dynasty Mines, 17Feb11, p. 52.
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Geochemistry
Most of the world’s copper comes from porphyry deposits. In this regard, the Pebble mine is not unique.
Porphyry mines have a poor record of environmental degradation because of their low buffering capacity
and tendency to leach contaminating metals into groundwater from waste rock, tailings, and from pit and
underground workings.
Most porphyry deposits/mines are large and low grade, leading to the production of large quantities of
waste rock and tailings. Porphyry deposits are of volcanic origin. The metal mineralization is in the form
of metal sulfides, but these deposits typically contain few acid-neutralizing minerals. In dry environments
the contaminants associated with porphyry deposits are not as likely to form and/or escape from the mine
site. In wet environments, however, the environmental risks at porphyry mines are higher.
The geochemistry at the Pebble mine indicates that much of the mined rock will be potentially acid
generating (PAG), and that the primary metal contaminant will be copper.15 Geomorphology suggests
that leaked contaminants will be difficult to contain.16 Pebble’s relatively wet environment increases the
likelihood that these contaminants will become mobile. There could be a significant horizontal and
vertical distribution of contaminants, and the nature of the contaminants, most significantly copper which
is especially toxic to salmonids, is of concern.
At Pebble, sulfur mineralization is typically between 1 and 5 percent, with maximum concentrations near
9 percent sulfur.17 There are significant amounts of iron (the most common sulfide mineral), with some
antimony, arsenic, selenium, and zinc. These metals are not present in large enough quantities to justify
economic recovery, so they will remain in the waste. In addition, mine rock that does not contain enough
economic mineralization, but still has elevated levels of sulfide minerals, will become waste rock. This
PAG waste rock must be identified and segregated from the non-PAG waste rock. If this material were to
be erroneously placed in the normal waste rock piles, oxygen and water would be readily available, and
metals could leach from the waste.
A significant portion of Pebble's tailings and waste rock will be PAG material, and will require special
storage and monitoring. Preliminary geochemical information indicates that some of the PAG material at
Pebble might generate acid even under water.18 Mitigation techniques employed at porphyry mines have
been notoriously ineffective to slow acid production and to prevent it from leaving the minesite. Pebble’s
extremely large size means that any acid rock drainage (ARD) problem could be difficult to control.
Pebble’s many billions of tons of waste rock and tailings, and the abandoned pit and underground mines
pose a formidable source of ARD, particularly with its climatic and geomorphologic environment.

15

Pebble Project Environmental Baseline Document, 2004 through 2008 (with updates in 2010), Chapter 11 Geochemical
Characterization, Bristol Bay Drainages, prepared by: SRK Consulting Inc., Section 11.7.1.10 Conclusions.
16
Hamilton, T.D. and R.F. Klieforth, Report of Investigations 2009-4, Surficial Geologic Map of Parts of the Iliamna D-6 and
D-7 Quadrangles, Pebble Project Area, Southwest Alaska, Published by State of Alaska, Department of Natural Resources,
Division of Geologic & Geophysical Surveys, 2010
17
“Draft Environmental Baseline Studies 2004 Progress Reports, Chapter 8, Geochemical Characterization & Metals
Leaching/Acid Rock Drainage,” Northern Dynasty Mines, Inc., June 2005, p. 8-10.
18
“Status of Kinetic Test Program and Proposed Modifications, Pebble Project, DRAFT 2”, Claire Linklater and Stephen Day,
SRK, September 14, 2009.
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Long Term Waste Storage
The storage of billions of tons of waste at Pebble poses two significant issues.
First, the science of predicting the contamination from, and impacts of, the mine waste and the abandoned
open pit and underground workings, is not well developed.19 Predictions of the onset (timing) and
amount of contaminants from mines, and of the mitigation techniques that will prevent the offsite
migration of these contaminants, have not met with much success, especially for the type of deposit at
Pebble (sulfide minerals with surface and groundwater in the immediate vicinity).20 Most problems with
contaminants from acid mine drainage don’t become apparent until after mine closure.
Second, the Pebble mine will need to construct very large dams to contain the billions of tons of tailings
produced by processing the ore. Over 99% of the material mined (ore and waste rock) will remain on the
mine site. The tailings dams will be among the largest in the world, and must withstand climatological
and seismic events in perpetuity. Floods and earthquakes are the two most common causes of tailings
dam failures,21 which occur at a worldwide rate of roughly one failure every 8 months.22 Although the
probability of such a catastrophic failure is low, the consequences, should it occur, are very high.
Reclamation bonds held by regulatory agencies do not cover cleanup costs for mine accidents. Cleanup
costs are often paid by taxpayers. If the tailings are not cleaned up, the long term environmental and
social costs would then be borne by the public. A tailings dam failure at the Pebble mine could spread
tailings all the way from the mine site to Bristol Bay itself.23
Fisheries
The Bristol Bay Watershed supports three important salmon fisheries – the world’s greatest commercial
salmon fishery, a significant non-resident recreational fishery, and an important subsistence fishing for
Alaska Natives that is critical from both a cultural and economic perspective.
The Pebble project seeks to mine on top of the world’s largest wild sockeye salmon fishery. No other
Alaska mine site’s fishery approaches the quantity of fish or the number of people culturally or
economically dependent on that fishery.
The commercial fishing industry value is unparalleled; estimated to be worth $350 million per year.24
Recreational fishing (guiding and tourism) draws over 15,000 non-resident anglers to travel to Bristol Bay
for blue-ribbon waters supporting rainbow trout, five salmon species, char, and Dolly Varden.25
Subsistence fishing is important from both a cultural and economic perspective in the entire Bristol Bay
region. Alaska Natives feed their families by fishing the Bristol Bay watershed. Sixty-five percent of the

19

Predicting Water Quality at Hardrock Mines, Methods and Models, Uncertainties, and State-of-the-Art, Ann S. Maest, James
R. Kuipers, Constance L. Travers, and David A. Atkins, 2005
20
Comparison of Predicted and Actual Water Quality at Hardrock Mines, Kuipers et. al., 2006.
21
Tailings Dams, Risk of Dangerous Occurrences, Lessons Learnt from Practical Experiences, Bulletin 121, International
Commission on Large Dams, 2001.
22
Long Term Risks of Tailings Dam Failure, Chambers and Higman, 2011.
23
An Assessment of Ecological Risk to Wild Salmon Systems from Large-scale Mining in the Nushagak and Kvichak
Watersheds of the Bristol Bay Basin, Ecology & Environment, October 2010.
24
Commercial Fisherman for Bristol Bay. Internet Website: http://fishermenforbristolbay.org/.
25
American Rivers’ Bristol Bay Fact Sheet. http://act.americanrivers.org/MER/factsheets/factsheet-2.pdf.
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borough’s residents are Alaska Natives, and many/most continue to practice traditional subsistence
fishing activities.26
The ecologic value of the fishery means that many other species depend on Bristol Bay’s fishery for their
survival.
Road
The Pebble mine is located in a remote area, and would require construction of an industrial road roughly
104 miles long to supply construction and operating materials. The road and accompanying stream
crossings, dust (the road would not be paved), secondary roads, and multiple stream crossings would
lead to major changes to the area around and leading to the mine. The road and associated infrastructure
needs at Pebble could cause socioeconomic and environmental impacts due to the present undeveloped
nature of the Lake Iliamna area, and the comparatively large size of the Pebble mine.
PEBBLE MINE COMPARED TO OTHER ALASKA MINES
Red Dog
Red Dog is one of the largest zinc mines in the world. It lies in the foothills of the DeLong Mountains in
the Brooks Range, approximately 90 miles north of Kotzebue and 52 miles from the Chukchi Sea. The
land encompassing the mine is owned by the NANA Regional Corporation.
Red Dog's low, rolling mountains are similar to those at Pebble. However, Red Dog's mountains are
mainly tundra-covered, and permafrost lies only a few feet below the surface. Like Pebble, Red Dog is
located high in the drainage, and several small streams feed into the main stream system draining the area.
The Middle Fork of Red Dog Creek cuts through the ore body, and the water quality of this stream was
significantly degraded before any mining started due to natural ARD from the ore body. There was no
previous development on the site.
The South Fork of Red Dog Creek has been converted into a tailings impoundment, and the North Fork of
Red Dog Creek is relatively pristine. Red Dog Creek flows into Ikalukrok Creek, which in turn flows into
the Wuluk River, a major salmonid spawning stream in the area. The value of the Wuluk fisheries is very
low compared to that of Bristol Bay.
The Red Dog deposit contains very high grade ore with proportionally high levels of sulfide minerals.
The waste rock and tailings have high acid producing potential. Some of the waste rock has potential
future value as low grade ore.
The deposits at Red Dog contain approximately 190 million tons of ore,27 compared with Pebble's 10.78
billion tons28 (more than 50 times more).
The permafrost underlying the site has a thickness from less than 100 feet to over 660 feet.29 The
permafrost strongly controls Red Dog's groundwater - there is no regional scale shallow groundwater flow
system in upland areas.30 Shallow flow only occurs in local areas for short periods of time.31 This is
26

Tim Woody. The Wilderness Society, September 2011. Pebble Mine makes ballot; Will Alaskans save Bristol Bay from
open-pit mine? http://wilderness.org/content/pebble-mine-makes-ballot-will-alaskans-save-bristol-bay-open-pit-mine.
27
Environmental Information Document for the Aqqaluk Extension, SRK Consulting, Apr07, Tables 2.1.2, 2.1.3.
28
The Pebble Partnership, Internet website FAQs http://www.pebblepartnership.com/project/faqs.
29
Red Dog Mine Extension – Aqqaluk Project Supplemental Environmental Impact Statement, Tetra Tech Inc., Oct09, p. 3-74
30
Red Dog Mine Extension – Aqqaluk Project Supplemental Environmental Impact Statement, Tetra Tech Inc., Oct09, Section
3.6 Water Resources – Groundwater
31
Ibid.
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almost exactly the reverse of the groundwater situation at Pebble, where thick beds of glacial sediments
provide a high-volume conduit for groundwater to move away from the mine.
The tailings dam at Red Dog is being raised to 208 feet high, and was designed to operate as a “zerodischarge” facility.32 Seepage under and around a tailings dam is typical of all dams. The pumpback rate
for seepage under the Red Dog tailings dam is on the order of 0.5 billion gallons per year, equivalent to an
average annual rate of 950 gpm.33
Water treatment will be required in perpetuity at Red Dog. The State of Alaska holds a closure bond of
over $305 million, most of which is for long term water treatment.34 Pebble could face a similar
requirement for long term (perhaps perpetual) water treatment. Although the material at Pebble is not as
potentially acid generating as that at Red Dog, there is far more of it.
The Red Dog area had historic/background contaminants related to naturally occurring acid drainage and
metals contamination. Pre-mine/baseline water quality studies indicate that, prior to mining, acid rock
drainage and metal leaching from natural exposures of sulfide minerals associated with the Red Dog
deposits resulted in acidic pH's and elevated concentrations of aluminum, cadmium, iron, lead and zinc in
the Mainstem, Middle Fork and South Fork of Red Dog Creek, and tributaries of the Middle Fork of Red
Dog Creek. Aquatic organisms were adversely affected.
No such pre-mining contamination exists at Pebble – the area is essentially pristine with naturally pure
water and healthy, unimpacted aquatic organisms.
Donlin
The Donlin mine is being proposed by a joint partnership between the Barrick Gold Corporation and
NovaGold Resources, both Canadian companies. The Calista Corporation, an Alaskan regional native
corporation, owns most of the subsurface rights, and The Kuskokwim Corporation, a village corporation,
owns some of the surface rights for the mine. The Donlin mine would pay annual royalty/property
payments to the native corporations.
The Donlin project is located near the Kuskokwim River about 15 miles north of the village of Crooked
Creek. The Kuskokwim contains a fishery that supports both subsistence and commercial fishing, which
is important because of mine’s proximity to the river. However, the Kuskokwim’s fishery is significantly
smaller in scope, scale, use, and economic value compared to that of the Nushagak and Kvichak Rivers
and the Bristol Bay fishery.
If permitted, the proposed Donlin gold mine, which would utilize two open pits, will be the largest mine
in Alaska after the Pebble mine,. Donlin will process approximately 53,000 tons of ore per day,
compared to Pebble’s proposed 100,000 to 200,000 tons per day of ore.35 The Donlin mine is projected to
operate for 25 years,36 while Pebble could operate for more than a century.
Donlin has potential for neutral drainage (primarily arsenic),37 but the likelihood of ARD is less than at
Pebble because of the presence of carbonate rocks. Mercury is present in significant quantities in the
Donlin ore, and mercury release to the air is a potential issue because the Donlin ore will be subjected to
32

Red Dog Mine Extension, Aqqaluk Project, Final Supplemental Environmental Impact Statement, Oct09, p. 2-5
SRK Consulting, April 2007, Project Reference Number SRK 1CT006.004. Sections 2.1 and 2.2 Environmental Information
Document for the Aqqaluk Extension. p. 2-10.
34
Waste Management Permit No. 0132-BA002, Red Dog Mine, Alaska Department of Environmental Conservation, 2Dec09.
35
Preliminary Assessment of the Pebble Project, Southwest Alaska, Wardrop-Northern Dynasty Mines, 17Feb11, p. 9
36
Donlin Gold Project, Alaska, NI 43-101 Technical Report on Second Updated Feasibility Study, AMEC, 18 Nov11, p. 1-19.
37
Donlin Gold Project, Alaska, NI 43-101 Technical Report on Second Updated Feasibility Study, AMEC, 18 Nov11, p. 18-11
33
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high temperature processing which will vaporize mercury.38 Donlin will utilize cyanide in a vat leach
process to extract gold. Pebble might also use cyanide in lesser amounts for the direct extraction of gold
from a secondary (to copper) processing circuit, and perhaps as a minor constituent of floatation
processing.39
Fort Knox
The Fort Knox mine is located on Gilmore Dome, 25 miles northeast of city of Fairbanks, Alaska's second
largest metropolitan area. It is adjacent to an existing road system, and the necessary supporting
infrastructure, including housing and power, is available in Fairbanks.
Fort Knox is a medium-sized open pit mine, producing 36,000 - 50,000 tons/day of ore, and an equal
amount of waste rock.40 The open pit at Fort Knox is projected be cover approximately 0.4 square miles
at mine closure. The tailings dam at Fort Knox is 366 feet in height,41 and will impound 200 million tons
of tailings, and the tailings dam and pond will cover approximately 1.75 square miles.42
The ore is crushed and ground, then processed using cyanide to extract gold. Part of the ore is processed
using flotation, and tailings from the cyanide vat processing are pumped to a tailings pond. A heap leach
pad was recently opened at the mine for processing low grade ore. The ore at Fort Knox is relatively low
in sulfur with little other non-gold mineralization, and neither the tailings nor the waste rock at Fort Knox
are potentially acid generating.43
Greens Creek
The Greens Creek Mine is a zinc, lead, silver, and gold mine located on Admiralty Island, 18 miles
southwest of Juneau. Dense forests cover the mountain slopes up to an elevation of 2500 feet, above
which the vegetation is alpine. The mine and mill facilities are located over 6 miles up Greens Creek
from Hawk Inlet tidewater. The maritime climate averages 60 to 70 inches of precipitation per year at the
mine and waste rock site, and 45 to 55 inches per year at the tailings facility near Hawk Inlet.44
Greens Creek is a drift and fill underground mine. Long-hole stoping is also utilized in select ore zones
conducive to this mining method. Cemented tailings and production rock generated by the mining
operations are used as backfill in mined-out areas to support vehicles and equipment and to provide
structural ground support, allowing subsequent mining of adjacent ore. During normal production
Greens Creek mines an average of approximately 2,000 tons of ore per day.45
Greens Creek uses a flotation milling process similar to that proposed at Pebble, which would produce
several concentrates to be shipped off site for final processing. Tailings not used underground are placed
on the surface in a “dry-stack” tailings pile at the Tailings Disposal Facility.
Greens Creek's tailings are classified as potentially acid generating.46 The dry-stack tailings facility is
lined to prevent the escape of contaminants to groundwater. There is no present plan for lined tailings
facilities at Pebble.
38

Donlin Gold Project, Alaska, NI 43-101 Technical Report on Second Updated Feasibility Study, AMEC, 18 Nov11, p. 13-4
Preliminary Assessment of the Pebble Project, Southwest Alaska, Wardrop-Northern Dynasty Mines, 17Feb11, p. 50.
40
Technical Report for the Fort Knox Mine, Kinross Gold Corporation, March 31, 2008, p.9.
41
Fort Knox TSF & WSR Dam Failure Analysis, SRK Consulting (U.S.), Inc, Mar10, p. i.
42
Water Management Consultants, Inc., Fort Knox Mine Tailing Facility Closure Management Plan, June 2006, p. 8.
http://dnr.alaska.gov/mlw/mining/largemine/fortknox/pdf/tailingclose.pdf.
43
Five-Year Environmental Audit, Fort Knox Mine, True North Mine and Twin Creek Road, Golder Associates Inc., 1Mar04
44
Greens Creek Tailings Disposal Final Environmental Impact Statement, USDA Forest Service, Nov03, Section 3.3 – Climate
45
Greens Creek Tailings Disposal Final Environmental Impact Statement, USDA Forest Service, Nov03, p. 1-2
46
Greens Creek Tailings Disposal Final Environmental Impact Statement, USDA Forest Service, Nov03, p. 1-11
39

Page 8 of 12

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1503 of 2339

Kensington
The Kensington Gold Project is an underground gold mine approximately 45 miles north-northwest of
Juneau. Kensington is processing 1,250 tons per day.47 The rock at Kensington has a low potential for
ARD because of the presence of carbonate.
Kensington employs underground stope mining with cemented paste tailings backfill. As a part of the
Forest Service Plan of Operations, Kensington has committed to preventing surface subsidence. Surface
subsidence is probable at Pebble due to the block caving mining method that will be employed.
Kensington is located near commercial, recreational, and subsistence fisheries. Kensington’s relatively
small size, the physical characteristics of the local topography (steep mountainous terrain with shallow
aquifers), and waste storage facilities at the mine (small tailings dam) suggest that it poses a manageable
level of threat to the Berners Bay and Lynn Canal fisheries.
The primary controversy at Kensington is the conversion of Slate Lake into a tailings facility. This is the
first time since the passage of the Clean Water Act that a lake has been used for mine waste disposal. The
regulatory change that allowed this conversion applies nationwide, and also applies to the potential
disposal of mine waste in the ocean, streams and rivers.
Pogo
The Pogo mine is located on the Goodpaster River near Delta Junction, about 85 miles east-southeast of
Fairbanks. Pogo is an underground mine, using drift and fill underground mining techniques with a
capacity of 2,500 tons per day.48 Tailings and waste rock are backfilled into the mined out stopes. The
mine is located next to the Goodpaster River, a salmon producing river, but the local fishery is primarily
recreational and subsistence-based.
Pogo is a gold mine, and uses cyanide to leach gold from a concentrate produced by floatation processing.
The flotation tailings that have not come into contact with cyanide are pressure-filtered and placed into a
drystack tailings facility. Tailings from the cyanide process circuit are detoxified, mixed with cement and
flotation tailings, and then placed underground as cemented paste-fill.
The tailings and waste rock at Pogo contain high levels of arsenic. Selectively handled waste rock is
segregated into mineralized and non-mineralized classes. Mineralized waste rock (>0.5% sulfur or 600
mg/L arsenic) is placed in the core of a lined drystack tailings facility, and non-mineralized waste rock
(<0.5% sulfur and 600 mg/L arsenic) is placed in the shell of the drystack tailings facility.49
Kennecott
The historic Kennecott mine was a world-class copper deposit. The Kennecott mine is sometimes used as
an example of where copper mining and salmon can coexist, but to use Kennecott as an example of the
potential development impacts of Pebble is inappropriate.50
The Kennecott mine was a contact metamorphic skarn-type deposit, with both native copper and high
grade copper sulfide mineralization. The proposed Pebble mine is a porphyry deposit with low grade ore.
47

Response to Comments for Coeur Alaska, Inc. Kensington Gold Mine Juneau, Alaska APDES Permit No. AK0050571
Public Noticed April 25, 2011 – June 9, 2011. Page 2.
http://dnr.alaska.gov/mlw/mining/largemine/kensington/ak0050571commentresponse.pdf.
48
Teck-Pogo Mine 5-Year Environmental Audit. Golder Associates Inc. July 28, 2009. # 083-81546.
http://dnr.alaska.gov/mlw/mining/largemine/pogo/pdf/pogoaudit2009.pdf.
49
Teck-Pogo Mine 5-Year Environmental Audit. Golder Associates Inc. July 28, 2009. # 083-81546.
http://dnr.alaska.gov/mlw/mining/largemine/pogo/pdf/pogoaudit2009.pdf.
50
Also see: Copper River and Bristol Bay: Comparison of Salmon and Mineral Resources, Woody and Chambers, Sep11.
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The Kennecott mine’s sulfides were associated with limestone (carbonate) mineralization. The
combination of acid generating sulfides and large amounts of acid neutralizing carbonates reduced the risk
of ARD. The Pebble mine deposit lacks this neutralizing carbonate. It has elevated concentrations of
sulfides (1-9%)51 and would depend mainly on silicate minerals with low neutralizing capacity to counter
acid production.
Kennecott had a high copper concentration, which averaged almost 13% copper over the life of the
mine.52 Kennecott shipped much of its ore with minimal onsite processing and minimal waste. Over its
lifetime approximately 5 million tons of ore were mined at Kennecott.53 Because it was an underground
mine the waste:ore ratio at Kennecott was significantly less that that at Pebble, or any open pit mine. But
just in comparing the amount of ore produced at each mine, and ignoring the waste rock, it would take
over 2000 Kennecott mines to produce the same amount of ore as projected for Pebble.
Kennecott sourced its water for mine production from a non-salmon bearing stream. The proposed
Pebble mine will use large quantities of water for processing. Its 2006 permit applications for water
totaled approximately 34 billion gallons per year, and water sought by Pebble directly supports salmon
and other fisheries in the area of the Pebble mine.54
Kennecott was located next to an active glacier with no salmon spawning in the immediate area, and was
mined (1911-1938) by selective stope mining. Alaska Department of Fish and Game records show coho
salmon currently use the Kennecott River, but no other species are documented as spawning or rearing
downstream of Kennecott in the Nizina or Chitina rivers, although those waters are salmon migration
corridors.55
In sharp contrast, Pebble ore lies directly under salmon streams that drain to the Nushagak River and to
Iliamna Lake/Kvichak River. Salmon use the headwaters of the Nushagak, and Kvichak Rivers during
the freshwater phase of their life history. From 1956 to 2010, these two river systems produced over 678
million sockeye salmon - representing approximately 40% of total Bristol Bay sockeye production.56
Upper Talarik Creek, originating in Pebble claims, flows about 20 miles from the Pebble ore body into
Iliamna Lake, the world’s largest sockeye salmon rearing lake, where millions to billions of sockeye fry
from over 48 different spawning populations rear.57

51

“Draft Environmental Baseline Studies 2004 Progress Reports, Chapter 8, Geochemical Characterization & Metals
Leaching/Acid Rock Drainage,” Northern Dynasty Mines, Inc., June 2005, p. 8-10.
52
A Geologic Guide to Wrangell–Saint Elias National Park and Preserve, USGS Professional Paper 1616,11Jun99, p.92
53
A Geologic Guide to Wrangell–Saint Elias National Park and Preserve, USGS Professional Paper 1616,11Jun99, p.90
54
Calculated from Surface (July 7, 2006) and Groundwater (September 21, 2006) Rights Applications submitted by Northern
Dynasty Mines to the Alaska Department of Natural Resources, for the North Fork Koktuli River, South Fork Koktuli River,
and Upper Talarik Creek.
55
Alaska Department of Fish and Game fish distribution database: http://gis.sf.adfg.state.ak.us/AWC_IMS/viewer.htm
56
ADFG anadromous waters catalogue for Iliamna region available at
http://www.adfg.alaska.gov/sf/SARR/AWC/index.cfm?ADFG=maps.display&LocationID=ILI250.PDF&region=swt
57
Personal communication, Dr. Carol Ann Woody, Fisheries Research & Consulting, Anchorage, AK
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Details about the Pebble Mine and Kennecott, Donlin, Fort Knox, Greens Creek, Kensington, Pogo, and Red Dog mines are presented in Table 1. Additionally, the following
mines were considered and rejected from further analysis because they were deemed substantially different or otherwise not relevant to this report: Illinois Creek, Nixon Fork,
Rock Creek, Niblack, and True North (a satellite mine of Fort Knox).

Table 1 – Comparison of Primary Characteristics of Alaska Large Mines
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(continued)
Pogo
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LONG TERM RISKS OF TAILINGS DAM FAILURE
David M Chambers1, Bretwood Higman2
October, 2011
Abstract
“Tailings storage facilities typically represent the most significant environmental liability associated with
mining operations.” (MMSD, 2002, p. 2)
Large tailings dams built to contain mining waste, among the largest dams and structures in the world,
must stand in perpetuity. A catastrophic release of a large amount of tailings could lead to long term
environmental damage with huge cleanup costs. Tailings dams have failed at a rate that is significantly
higher than the failure rate for water supply reservoir dams. The causes for the higher incidence of
tailings dam failures between tailings and water supply reservoir dams are probably shaped by two
factors: (1) the ability to use construction types for tailings dams that are more susceptible to failure; and,
(2) the fact that tailings dams are most often constructed in sequential ‘lifts’ over several years that make
quality control more challenging relative to water supply dams that are constructed all at once.
We know that our technology and science has limits, and that there are significant economic incentives to
make present day decisions about risk less, rather than more, conservative about the magnitude of these
risks. In looking at the long term risk from tailings impoundments to other resources, policy makers
should view the risks from a conservative probabilistic perspective rather than relying on assumptions
about specific hazards that are likely flawed.
Long Term Tailings Dam Stability
Tailings impoundments have been around for about a century.3 The construction and care of a tailings
dam is a relatively new phenomenon to society and to mining, which historically disposed of its waste in
the most convenient way. Tailings dams are also fundamentally different from water supply dams in
several respects.
“Conventional dams generally do not need to be designed to last forever, as they have a finite life.
Tailings dams have a closure phase as well as an operational phase. They have to be designed and
constructed to last “forever”, and require some degree of surveillance and maintenance long after the
mining operation has shut down, and generation of cash flow and profit has ceased.” (MMSD, 2002,
p. 8)
“Conventional dams are viewed as an asset. As a result, their construction, operation, and
maintenance receives a high standard of care and attention from owners, who often retain in-house
dam engineering expertise. Contrast this to tailings dams, which have until recently been viewed by
their owners as an unprofitable, money-draining part of the mining operation. The significance of
this aspect is that with such attitudes a mining operation would be naturally less inclined to expend
effort in the management of its tailings facility than the owner of a conventional dam.” (MMSD, 2002,
p. 8)
Tailings dams differ from water supply reservoir dams in two significant ways – dam design life, and dam
construction design.
1

Center for Science in Public Participation, 224 North Church Avenue, Bozeman, MT 59715, Ph. 406-585-9854, email:
dchambers@csp2.org
2
Ground Truth Trekking, PO Box 164, Seldovia, AK 99663, Ph: (907) 399 5530, email: hig314@gmail.com
3
See MMSD, 2002, for a short summary of the history of modern mining.
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First, unlike a dam built for impounding water, which can ultimately be drained if the structural integrity
becomes questionable, a tailings dam must be built to stand in perpetuity. This consideration should
impose additional design requirements, especially with regard to the seismic and hydrologic events the
dam might experience. These issues will be addressed in more detail in this paper.
Second, while water supply dams are all of the downstream-type construction, the construction of tailings
dam can be either (1) downstream; (2) centerline; (3) upstream; or, (4) a combination of any of the
previous methods.

Downstream construction is the safest type of construction from a seismic standpoint, but is also the most
expensive option.
"In general, dams built by the downstream or centreline method are much safer than those built by the
upstream method, particularly when subject to earthquake shaking." (ICOLD, 2001, p. 24)
"Dams built by the upstream method are particularly susceptible to damage by earthquake shaking.
There is a general suggestion that this method of construction should not be used in areas where there
is risk of earthquake." (ICOLD, 2001, p. 47)
Upstream construction is the least secure because it relies on the stability of the tailings themselves as a
foundation for dam construction (Davies, M.P., 2002, p. 35). Tailings are generally placed behind the
dam in a slurry from the mill, and can remain saturated for long periods. Saturated, unconsolidated
material is very susceptible to liquefaction under seismic loading.
But upstream dam construction, often using the coarse fraction of the tailings, is the cheapest option, and
is still routinely employed in tailings dam construction today.
Centerline construction is a hybrid of downstream-type dam construction, and from a seismic stability
standpoint the risk is lies between that of centerline and upstream types.
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Tailings Dam Failure Incidents
Even with an obvious requirement for long term stability, since 1970 the number of tailings dam failures
has significantly exceeded the failures for dams used for water supply. See the figure below.

Tailings Dam and Water Supply Dam Failures (UNEP, 1998)
There are more than 3500 tailings dams located around the world (Davies, M.P. and T.E. Martin, 2000).
There are between 25,420 and 48,000 large dams worldwide4 (World Commission on Large Dams, 2000,
Annex V Dams, Water and Energy – A Statistical Profile, Table V.5 Summary of regional statistics on
large dams). Tailings dam failures have occurred more frequently than water supply dam failures
(Davies, M.P., 2002, p. 32). This is probably due to two factors: (1) the ability to use construction types
4

Data from 1998. The potential variation in the total number is due in large part to the unreliability in data from China, the
country with the largest number of dams in world.
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for tailings dams that are more susceptible to failure; and, (2) the fact that tailings dams are most often
constructed in sequential ‘lifts’ over several years that make quality control more challenging relative to
water supply dams that are constructed all at once.
Because of the alarmingly high number of tailings dam failures, the International Commission on Large
Dams (ICOLD) convened several studies to investigate tailings dam failures.
"Satellite imagery has led us to the realisation that tailings impoundments are probably the largest
man-made structures on earth. Their safety, for the protection of life, the environment and property, is
an essential need in today's mining operations. These factors, and the relatively poor safety record
revealed by the numbers of failures in tailings dams, have led to an increasing awareness of the need
for enhanced safety provisions in the design and operation of tailings dams. The mining industry has a
less than perfect record when tailings dam failures are reviewed." (ICOLD, 2001, p. 15)
“Unfortunately the number of major incidents continues at an average of more than one a year.
During the last 6 years the rate has been two per year.” (ICOLD, 2001, p. 8)
In the 10 years since the
ICOLD 2001 report the
failure rate of tailings dams
has remained at roughly
one failure every 8 months
(i.e. three failures every
two years).5 Over a 10,000
year lifespan (a
conservative estimate for
how long these structures
will need to maintain
integrity) this implies a
significant and
disproportionate chance of
failure for a tailings dam.
One explanation might be
that we are still
experiencing the effects of
old technology and practices, but it has been 15 years since the International Commission on Large Dams
initiated a major effort to investigate tailings dams and change construction and operational practices, and
the rate of tailings dam failures has remained relatively constant.
These dam failures are not limited to old technology or to countries with scant regulation. Previous
research pointed out that most tailings dam failures occur at operating mines, and that 39% of the tailings
dam failures worldwide occur in the United States, significantly more than in any other country (Rico, et.
al., 2008a, p. 848).

5

Data from http://www.wise-uranium.org/mdaf.html “Chronology of major tailings dam failures” as of March 22, 2011
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Why Tailings Dams Fail
Some of the long-term failure mechanisms for tailings dams include cumulative damage (e.g. internal dam
erosion and multiple earthquake events), geologic hazards (landslides, etc.), static load induced
liquefaction,6 and changing weather patterns.
In ICOLD, 2001, (Figure 9) the three leading causes for tailings dam incidents7 are ‘overtopping’, ‘slope
stability’, and ‘earthquakes’.8 Designing for both overtopping and earthquakes requires a prediction of
the largest hydrologic or earthquake
“event” the tailings dam will see during
its lifetime, and in each of these instances
the required lifetime is almost always
perpetuity. Better data, better prediction
methods, and following conservative
guidelines for assuming the worstprobable event are needed to remedy
these problems.
Getting better data is a significant issue
for both hydrologic event and earthquake
prediction. The time periods we are
concerned with are many millennia, but
in the best case data collection is limited
to decades.
Assumptions must be made as to
magnitude of hydrologic and seismic
“maximum” events. There is a well
understood tendency to make
assumptions that favor short-term
economic situations, and to assume that
present technology can and will minimize
the long-term risks associated with the
design, operation, and long-term closure
of tailings facilities.9 The statistics of
tailings dam failures strongly suggest that
these issues have still yet to be
adequately addressed.
Dam incidents in the ‘slope stability’, ‘foundation’, and ‘structural’ categories can be largely attributed to
engineering design or construction failures. Better design and construction practices, and adopting larger
margins of safety in the designs, are needed to tackle these problems.

6

Static liquefaction refers to the loss of strength in saturated material due to the buildup of pore water pressures unrelated to
“dynamic” forces (most typically earthquakes).
7
A “dam incident” is an unexpected event that occurs to a tailings dam that poses a threat to dam safety or the environment and
requires rapid response to avoid a likely dam failure. (ICOLD, 2006, p. 63) Note: The dam incidents in Figure 9, ICOLD,
2001, include “dam failures” – an event resulting in the escape of tailings and/or water from the tailings dam.
8
“This figure (Fig.9) also indicates that the leading causes for incidents are slope instability, earthquake and overtopping:
particularly so for dams constructed by the upstream method.” (ICOLD, 2001, p. 20)
9
One leading tailings dam design expert has noted: “As time goes on, the largest event to have been experienced can always be
exceeded but can never be made smaller.” (European Commission, 2001, "Stability Aspects of Long-Term closure for Sulfide
Tailings", Steven G. Vick)
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“In the early 1970’s, most of the tailings dam structural technical issues (e.g. static and earthquake
induced liquefaction of tailings, seepage phenomena and foundation stability) were fairly well
understood and handled in designs. Probably the only significant geotechnical issue not recognised
by most designers was the static load induced liquefaction (e.g. the reason for many previously
"unexplained" sudden failures). However, issues related to geochemical stability were not as well
recognised, and tailings impoundments were rarely designed and operated with reclamation and
closure in mind.” (MMSD, 2002, p. 4)
When Tailings Dams Fail
Findings from research associated with tailings dam failures show estimates can be made both for the
volume of tailings that could be released from a tailings dam, and the distance downstream/downgradient
from the failure the waste could be expected to move.10

Rico, 2008b, p. 81

Rico, 2008b, p. 82

The researchers that developed these graphs noted that:
“… key hydrological parameters associated with dam failures (e.g., outflow volume, peak discharge,
mine waste run-out distance) can be estimated from pre-failure physical characteristics of the dam
(dam height, reservoir volume, etc.), based on reported historic dam failures.” (Rico, 2008b, p. 80)11
“The reports on tailings dam failures are incomplete and heavily biased. There is no (complete)
worldwide database of all historical failures. ... The majority of tailings dam incidents remain
unreported, especially in developing countries. ... To date, 250 cases of tailings dam failures in the
world have been compiled.” (Rico, 2008b, p.80)
In spite of a basic understanding of the mechanisms that cause tailings dam failures, and a convincing
collection of empirical data on the impact of these failures, we have continued to see tailings dams fail at
a relatively constant rate over the last five decades.
"Failures of tailings dams continue to occur despite the available improved technology for the design,
construction and operation. The consequences of these failures have been heavy economic losses,
environmental degradation and, in many cases, human loss." (ICOLD, 2001, p. 53)

10

This research was initiated largely in response to the tailings dam failure at Los Frailes, near Seville. Spain, in 1998
It is somewhat unsettling to realize that there is more than enough data on actual tailings dam failures to establish the
empirical relationships presented in these graphs.

11
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Regulatory Framework
The design standards for most tailings dams are determined by state dam safety agencies. Although there
are hazard classification and earthquake analysis guidelines for dams published by the Federal Emergency
Management Agency (FEMA), these guidelines are oriented toward water reservoirs, and do not
specifically address tailings dams.12
Closely following the FEMA recommendations are guidelines for coal tailings dams, but these guidelines
do not address the much larger and potentially more damaging metal-mine tailings dams.13 There are no
definitive federal regulations governing the construction and operation of metal-mine tailings dams, and
only minimal federal involvement in the design of metal-mine tailings dams, usually only when there is a
lack of state oversight.14
The standards that do exist often lack specificity, and implementation of the standards depend in large
part on the professional judgment and experience of company consultants and government regulators.
While this builds regulatory and site-specific flexibility into permits for tailings dams, it also means that
critical specifications are often left for company consultants to define, and regulators to approve.
Hydrology-Related Risk
“Lack of control of the hydrological regime is one of the most common causes of failure. Of the cases
reported here, the majority of failures were due to overtopping, slope instability, seepage and erosion;
all caused by a lack of control of the water balance within the impoundments.” (ICOLD, 2001, p. 31)
The water storage capacity of a tailings dam and the water release capacity, via a spillway, is governed by
the choice of the maximum hydrologic event (storm and/or snow melt) that the facility will experience
over its life. Guidance for determination of the design flood event to be used for mine closure has been
evolving, and is still in flux. In 1995, the International Commission on Large Dams suggested that the
Probable Maximum Flood be used as the design standard, but left the possibility of utilizing a lesser event
open to consideration.
“As in the case for the operating dam, hydrological criteria for safety of the dam after closure must be
carefully considered. The Probable Maximum Flood should be considered for this evaluation
although the 100-year design flood is often accepted for this purpose.” (ICOLD, 1995c, p. 81)
Six years later the International Commission on Large Dams took a stronger stand, recommending that
the Probable Maximum Flood, not a lesser event, be used as the design event for mine closure.
"All impoundments and their retaining dams need to be able to accommodate extreme hydrologic
events, up to the Probable Maximum Flood." (ICOLD, 2001, p. 31)
Yet even today the design hydrologic event for dam construction may not be the Probable Maximum
Flood, but a lesser event. The choice of a lesser event makes dam construction less expensive, and is
often justified by evaluating the risk of potential impacts of dam failure. The risks evaluated are most
often focused on the potential for loss of human life and damage to existing infrastructure. Long-term
environmental impacts and cleanup costs are not emphasized, and often not considered.

12

Federal Emergency Management Agency (FEMA), 2005, Federal Guidelines for Dam Safety, Earthquake Analyses and
Design of Dams, FEMA 65, U.S. Department of Homeland Security, FEMA, Washington, DC.; and, Federal Emergency
Management Agency (FEMA), 2004, Federal Guidelines for Dam Safety: Hazard Potential Classification System for Dams,
FEMA 333, Interagency Committee on Dam Safety (ICODS), Washington, DC
13
Mine Safety and Health Administration (MSHA), 2009, Engineering and Design Manual, Coal Refuse Disposal Facilities,
prepared by D'Appolonia Engineering, May 2009
14
For example the Army Corps of Engineers, the US Forest Service, or Bureau of Land Management might be involved in
tailings dam design if there is no state oversight of dam design for a mining project that requires a federal permit.
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Meteorological events led to most of the tailings dam failures, with seismic events triggering the second
most failures (Rico, et. al., 2008a, p. 846). Upstream-type dam construction was involved with more of
these incidents than any other type (Rico, et. al., 2008a, p. 849).
Seismic Safety Standards for Tailings Dams
There is a risk that a large earthquake might cause catastrophic failure of a tailings dam, with the release
of a large amount of tailings, and could lead to long term environmental damage with huge cleanup costs.
The probability of such a catastrophic failure is low, but the consequences should it occur are very high.
Cleanup costs are usually borne by the public, and if the tailings are not cleaned up, then the long term
environmental and social costs would also be borne by the public.
When planning a dam, the design seismic event is often described with two terms, the Operating Basis
Earthquake and the Maximum Design Earthquake. The Operating Basis Earthquake (OBE) represents the
ground motions or fault movements from an earthquake considered to have a reasonable probability of
occurring during the functional life-time of the project (Alaska Department of Natural Resources, 2005, p.
6-6). The Maximum Design Earthquake (MDE) represents the ground motions or fault movements from
the most severe earthquake considered at the site, relative to the acceptable consequences of damage in
terms of life and property (Alaska Department of Natural Resources, 2005, p. 6-6, 6-7). Since a tailings
dam must stand in perpetuity, the Operating Basis Earthquake should be equivalent to the Maximum
Design Earthquake.
The estimated largest earthquake that could occur at any given location is called the Maximum Credible
Earthquake. The Maximum Credible Earthquake (MCE) is defined as the greatest earthquake that
reasonably could be generated by a specific seismic source, based on seismological and geologic evidence
and interpretations (Alaska Department of Natural Resources, 2005, p. 6-6). The Maximum Credible
Earthquake is often associated with a recurrence interval of 10,000 years.15
Existing regulatory guidelines for the choice of the location of the Maximum Design Earthquake or
Maximum Credible Earthquake, which do not specifically consider metal-mine tailings dams, leave the
final location of these seismic events for project-related experts to determine. For most projects
engineering experts from consulting firms, hired by mining companies, use deterministic or probabilistic
methods to select the location and size of the Maximum Credible Earthquake and/or Maximum Design
Earthquake. This is a complex process, and regulators are typically involved only at an approval level,
not in the detailed analysis.
Engineering consultants are not experts on determining the amount of risk that is appropriate in
determining public policy. Public policy determinations on risk are typically reflected in regulatory
requirements, but for the determination of the size of the Maximum Credible Earthquake and/or
Maximum Design Earthquake for a tailings dam there is a great deal of regulatory flexibility, often
exercised by one regulator.
Choice of the “Design Event” – How Large and How Far Away?
For tailings dams the Maximum Design Earthquake is a key variable, since the facility (dam) must
provide perpetual containment for the waste. The choice of the MDE should reflect the largest event that
the dam would be expected to experience during its functional lifetime, and survive the shaking produced
by this event. Because tailings dams are structures that must impound waste with chemical properties
and/or physical properties that pose long term risk to the public and the environment, assumptions related
to critical design parameters for these structures should be the most conservative in order to protect public
interests and public safety.
15

Large Dams the First Structures Designed Systematically Against Earthquakes, Martin Wieland, ICOLD, The 14th World
Conference on Earthquake Engineering, Beijing, China, October 12-17, 2008
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The Maximum Design Earthquake is a predicted maximum earthquake described in terms of size and
distance from the dam. The MDE is typically used in computer models to evaluate how a dam will
respond to earthquakes. The science used to determine the MDE, while sophisticated, has limits. The
physical properties of seismic events have only been recorded since the early 1900’s (Introduction to
Seismology, Peter Shearer, Cambridge University Press). On most faults, no earthquake has happened
within that time frame, so paleoseismology techniques must be used to estimate earthquake size in the
more distant past. In many areas, the faults are not mapped or analyzed, further reducing the confidence
in these determinations. There is still a great deal of uncertainty over the potential size, and more
importantly the location, of future seismic events.
The choice of the Maximum Design Earthquake for a tailings dam becomes important not only from the
perspective of determining the largest seismic event that dam can withstand and still hold back the
material it is impounding, but also because there is a direct correlation between the size of the MDE and
the cost of constructing the dam – the larger the MDE, the greater the cost of the dam. Tailings dam
construction costs generally run from tens to hundreds of millions of dollars. Tailings dam construction
cost is one of several significant factors in determining the cost of mining, and the competiveness of the
mine in the international markets.16
Estimating Earthquake Size and Location
Probabilistic Method: In order to estimate the earthquake potential of a given region, geologists use data
from historic earthquakes, combined with studies of known faults. For well-studied faults, there are both
historic measurements, and prehistoric earthquake estimates gleaned from paleosismic studies. A
probability distribution over time is created based on the recurrence interval (how frequently an
earthquake occurs) and the distribution of earthquake sizes on that fault. To account for the potential of
earthquakes on unknown faults, this distribution is combined with information from smaller, historic
earthquakes across the region. Seismic instruments can measure earthquakes down to a very small size,
and record many earthquakes for which no fault is known. Statistical methods can be used to take the
occurrence and size of these small earthquakes and estimate a probability distribution that includes larger
earthquakes as well. In order to choose a Maximum Design Earthquake, a time frame and a probability
are specified. For example, you might decide to design for the largest earthquake with at least a 2%
chance of occurrence, over the next 1,000 years.
Deterministic (Fault Length) Method: Another method for determining earthquake potential is to
estimate the maximum energy that could be released for a given fault. Earthquake energy in a given event
is closely related to the length of rupture. Therefore, a rupture across the entire length of a fault will
produce the maximum possible energy on that fault. This can be calculated if the fault length is known.
The advantage of this method is that it gives a true maximum, rather than a probability, for a known fault,
eliminating the uncertainties in estimating recurrence interval and earthquake size prior to instrumental
measurement. The disadvantage of this method is that it does not account for unknown faults, or faults of
unknown length.
If the deterministic (fault length) method is used to estimate the maximum earthquake size, location can
be described simply as the closest point on the measured fault. In the probabilistic method a statistical
analysis is done to determine the largest earthquake that might occur in a given geographic area.
"Strictly speaking, the MCE is a deterministic event, and is the largest reasonably conceivable
earthquake that appears possible along a recognized fault or within a geographically defined tectonic
province, under the presently known or presumed tectonic framework. But in practice, due to the
problems involved in estimating of the corresponding ground motion, the MCE is usually defined
16

Other significant cost factors for a mine include the construction of the mine and mill facilities, power generation, and
operating costs (labor, materials, fuel, etc.).
Page 9

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1517 of 2339

statistically with a typical return period of 10,000 years for countries of low to moderate seismicity."
(Wieland, M, ICOLD, 2008, p.7)
However, probabilistic methods can be viewed as inclusive of all deterministic events with a finite
probability of occurrence (McGuire, c1999, p. 1).
"Deterministic and probabilistic seismic hazard analyses should be complementary. The strength of
one over the other depends on the earthquake mitigation decisions to be made, on the seismic
environment, and on the scope of the project. In general, more complex decisions and subtler, detailed
seismic environments strongly suggest the probabilistic analysis, whereas simpler decisions and wellunderstood seismicity and tectonics point toward deterministic representations.” (McGuire, c1999, p.
6)
The “Design Earthquake” – How Large and How Far Away?
The choice of the Maximum Credible Earthquake as the Maximum Design Earthquake for a tailings dam
is an appropriately conservative choice for the design seismic event. For most structures, including the
design of buildings and other structures that are designed with finite lifetimes, the choice of a Maximum
Design Earthquake is often one with a recurrence interval significantly less than that of the Maximum
Credible Earthquake, since these structures will not be used indefinitely.
Tailings dams, however, require a very conservative choice of design event. Once these structures are
built, it is not economically or environmentally viable to move the waste that is impounded behind the
dam. The dam must hold this waste safely in perpetuity. We don’t know how long ‘perpetuity’ means,
but 10,000 years (e.g. the approximate time since the last ice age) is a minimum approximation.
"According to the current ICOLD guidelines, large dams have to be able to withstand the effects of
the so-called maximum credible earthquake (MCE). This is the strongest ground motion that could
occur at a dam site. In practice, the MCE is considered to have a return period of several thousand
years (typically 10’000 years in countries of moderate to low seismicity)." (Wieland, ICOLD, 2001)
The unintended release of the waste behind a tailings dam imposes real costs on society. There is a direct
economic cost associated with cleaning up the waste that would escape from a failed impoundment, which
can run into the hundreds of millions of dollars.17 If there is no cleanup the long term environmental costs
will be borne by local communities, both natural and human, and could be even larger than the direct
cleanup costs.
Tailings dams, which must impound the waste behind the dam in perpetuity, should use the Maximum
Credible Earthquake as the Maximum Design Earthquake. However, because cost is a significant factor
in the economic viability of mining projects, the Maximum Credible Earthquake is considered, but often
not required as the Maximum Design Earthquake for tailings dams in many regulatory jurisdictions.18
Although much progress has been made on designing large dams to withstand seismic events, there is still
much progress to be made.
"Dams are not inherently safe against earthquakes. In regions of low to moderate seismicity where
strong earthquakes occur very rarely, it is sometimes believed (i) that too much emphasis is put on the
seismic hazard and earthquake safety of dams, and (ii) that dams designed for a seismic coefficient of
0.1 are sufficiently safe against earthquakes as none of them has failed up to now. Such arguments are
not correct.

17

For example the Los Frailes dam break (near Seville, Spain), April 1998. As of August 2002 the cleanup cost was 276
million Euros (El País/El Mundo, August 3, 2002)
18
For example, the State of Alaska does not require the use of the Maximum Credible Earthquake for tailings dam design.
(Alaska Department of Natural Resources, 2005, Table 6-2. Operating- and Safety-Level Seismic Hazard Risk)
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For the earthquake safety evaluation the same criteria (dam must withstand the MCE ground motion)
as for the hydrological safety (PMF must be released safely) have to be considered." (Wieland, M,
ICOLD, 2008, p.7)
Once the size of the design seismic event has been determined, it must be given a location. The further
away the tailings dam is from the location of the earthquake, the less energy the tailings dam will need to
withstand in order to maintain its structural integrity. The closer the location of the earthquake to the
tailings dam, the higher the cost of building the dam, because the closer the earthquake the more energy
the dam will have to withstand.
Seismologists know that there are many active faults that have not been mapped or have been mapped
inaccurately, that some faults believed to be inactive may actually be active, and that there are many
inactive faults that may become active again.19 Because of these considerations, probabilistic methods are
the more conservative way to determine the magnitude of a Maximum Credible Earthquake for dam
analysis.
For tailings dams the most conservative choice for the location of the Maximum Design Earthquake
would be what is sometimes referred to as a ‘floating earthquake’ on an undiscovered fault that passes
very near the site of the dam. This is a way of recognizing that we do not know the present, future, and
even the past locations of significant faulting, and associated earthquakes (National Research Council,
1985, pp. 67-68). The conservative choice for a Maximum Design Earthquake would be a Maximum
Credible Earthquake that ruptures the ground surface on which the dam is built.
Post Closure Monitoring and Maintenance
Even when the reclamation process has been completed for a tailings facility, there is still need for
ongoing monitoring and maintenance.
“Experience regarding the long term behavior of tailings storage facilities (TSFs) is limited. Most
are still in the phase of after care. Our knowledge is constantly increasing, but the closed and
remediated tailings dams today (2006) are less than one or two decades old i.e. most experience of the
long term stability of tailings dams after closure is still limited. In this case the long term is defined
as 1000 years, or more.” (ICOLD, 2006, p. 39)
The International Commission on Large Dams/United Nations Environmental Program publications
describe some of the factors driving the need for long term monitoring and maintenance. These include
dam stability, which requires monitoring for (ICOLD, 1996b, p. 21):
x
x
x
x

seepage discharges through the dam, foundation, or abutments;
phreatic surface20 in the tailings pond and dam;
pore pressures in the dam;
horizontal and vertical movements in the dam

In addition to these conventional risks to dams, the need to confine tailings behind the constructed dam
impose additional long-term monitoring concerns, including progressive processes that degrade dam
stability over time, including (ICOLD, 2006, p. 44):
x
x
x
x
19

weathering of materials
water and wind erosion
ice and frost forces
intrusion by vegetation and animals

Faults, and the corresponding earthquakes, are most often very deep structures. The major source of the energy associated
with an earthquake is usually located a significant distance below the earth’s surface.
20
The phreatic surface is the surface of the water-saturated part of the ground, i.e. the groundwater level.
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To meet these and any additional needs financial provision for not only perpetual monitoring, but also for
any repairs that may be required to correct any deficiencies detected as a result of the monitoring
activities, monies must be provided as a part of the financial surety for the mine.
The uncertainty in estimating the long-term monitoring and maintenance costs, and especially in
providing adequate monies for repairs that may be required, is obvious.
Case Study: Seismic Risk in the Area of the Pebble Mine
The tectonic deformation of southern Alaska is driven by collision of the Pacific Plate with the North
American Plate. Faults in the area around Lake Iliamna, along with most of Western Alaska, have not
been studied in detail. Lake Iliamna straddles the west edge of the band of earthquakes and volcanoes that
comprises the Pacific 'Ring of Fire'. It's the sort of place where active faults are likely, but little fieldwork
has been done and few instruments have been deployed to measure plate motion or earthquakes.
There is good evidence
that most of southcentral
Alaska, called the
'Southern Alaska Block'
(Haeussler, 2008) is a
section of the earth's
crust that is moving
westward relative to the
rest of North America.
The Denali Fault, in the
Alaska range, is the main
fault that this block
moves along, but there
are other faults,
including the Castle
Mountain Fault just
north of Anchorage, that
allow it to deform and
move westward.
Additionally, there is
evidence that the crust
beneath the Bering Sea
(called the 'Bering
Block', Mackey et al.,
1997), is rotating
The tectonic deformation of southern Alaska is driven by collision of the Pacific Plate
clockwise relative to
with the North American Plate. This map shows some of the prominent known faults
that bound different fragments of crust in southern Alaska. Arrows depict how the
North America and
pieces are moving relative to North America (longer arrows mean faster motion).
eastern Russia. And the
Pacific Plate, which
extends all the way from the Gulf of Alaska down into the South Pacific, is sliding northwards, beneath
continental crust that forms Alaska.
At the Pebble prospect, to the east is the Southern Alaska Block, to the northwest is the Bering Block, and
to the south is the Pacific Plate. It is unclear whether the Lake Iliamna region is part of the Bering Block
or Southern Alaska Block. It may even be that the Bering Block and Southern Alaska Block have no
distinct boundary between them (Redfield et al., 2007).
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Also, there are known faults in the area that were once active, and which may or may not currently be
active. The Lake Clark Fault, an extension of the Castle Mountain Fault, extends southwest from Lake
Clark Pass down through Lake Clark (Haeussler et al. 2004). The Bruin Bay Fault branches from the
Castle Mountain and Lake Clark faults near Tyonek, and runs south along the Cook Inlet coast into
Katmai National Park.
Given the lack of instruments and geological fieldwork in the area it is very possible that subtle evidence
of activity on these faults and others has simply been missed.
There are several potential sources of earthquakes that might affect Pebble. The source for the largest
potential earthquake comes from the subduction zone along the Aleutian Trench south of the coast in the
Gulf of Alaska. This was the source of the famous 1964 magnitude 9.2 Alaska earthquake.
There are also a series of fault systems that parallel the Aleutian Trench on the Alaska mainland north of
the subduction zone. One of these faults is the Denali Fault zone. A magnitude 7.9 earthquake occurred
along the Denali Fault in 2002. Another of these parallel faults is the Lake Clark Fault. This is the fault
that comes closest to Pebble.
A final seismic threat is what is generally termed as a “floating’ earthquake, that is, one that is not
associated with a known fault. It is generally assumed that this floating earthquake would occur very near
to the site being evaluated, but could also be of a lesser magnitude than an earthquake associated with a
known fault system. Any actual earthquake will occur on a fault, but the "floating" earthquake is a
statistical construct used to estimate the risk of an earthquake on an unknown fault.
The energy from an earthquake dissipates as it radiates from the source (the source is a planar surface
extending into the earth rather than a point). So, the further away a location is from the source of the
earthquake, the less energy is available to cause motion at the dam location. The 1964 earthquake
ruptured to within approximately 125 miles from the Pebble site, while the 2002 rupture extended to
within about 260 miles. The Lake Clark Fault (an extension of the Castle Mountain Fault) is less than 20
miles from Pebble. Therefore, the Lake Clark Fault is much more likely to be the source of the Maximum
Credible Earthquake at the Pebble Mine site.
This is especially problematic, because the location of the Lake Clark Fault is not known, and it is
possible that it runs directly through the area of proposed development at Pebble (Haeussler et. al., 2004).
The Lake Clark Fault is almost certainly less active than the Denali Fault, meaning that it has a longer
recurrence interval between earthquakes. However, in the long time span that a tailings dam is required to
maintain integrity, it has a significant chance of producing an earthquake of 7.9 or similar magnitude. A
difference of only a mile in the location of this fault could have a dramatic impact on the potential ground
acceleration at the tailings dam, and hence on the engineering constraints for the dam. The larger the
earthquake, the more energy, and the longer the period of shaking that will take place at the dam site.
Alaska Regulatory Requirements
Alaska dams fall into one of three classes:
(1) Class I - Probable loss of one or more lives
(2) Class II - No loss of life expected, although a significant danger to public health may exist
(3) Class III - Insignificant danger to public health
(Alaska Department of Natural Resources, 2005, Section 2.4 Hazard Potential Classification,
Table 2-1. Hazard Potential Classification Summary, in Appendix B of this paper)
The Alaska dam classification system is designed primarily for water retention dams. Tailings dams are
not specifically mentioned in the Alaska regulations, yet tailings dams are the largest dam structures in the
state. From a classification standpoint the main difference between a Class I and Class II dam is
essentially that people are directly at risk below a Class I dam, but there are no human habitations directly
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below a Class II dam. However, from a performance standpoint the most significant difference in dam
safety requirements between a Class I and Class II dam is the size of the earthquake the dam is required to
withstand (see Alaska Department of Natural Resources, 2005, Section 6.3.2 Design Earthquake Levels, T
able 6-2. Operating- and Safety-Level Seismic Hazard Risk, in Appendix B of this paper).21 Class II
dams must withstand seismic events with return periods of 1,000 – 2,500 years, and Class I dams 2,500
years to the Maximum Credible Earthquake (Alaska Department of Natural Resources, 2005, T able 6-2).
Note that it is not mandatory to use the Maximum Credible Earthquake as the Maximum Design
Earthquake for a Class I dam.
Choice of MCE & MDE at Pebble
As discussed in Knight-Piesold, 2006, under Alaska dam classification regulations a tailings dam would
be classified as a Class II dam (Knight Piesold Ltd., 2006, Section 3.2.3 Design Earthquakes).
The most recent information about seismic considerations for tailings dams (Tailings Storage Facility TSF,) at the Pebble site comes from the Preliminary Assessment of the Pebble Project, Southwest Alaska,
Wardrop-Northern Dynasty Mines, February 17, 2011, p. 52:
“Recognizing the seismic characteristics of Alaska, particular attention has been paid to
understanding seismic risk factors in the TSF design. The embankment design parameters conform to
Alaska Dam Safety regulations, under which they would be classified as Class II structures. Extensive
research has been conducted into historical seismic events, in Alaska generally and in southwest
Alaska in particular, to support an assessment of the probability and magnitude of seismic events that
might affect Pebble.
Analysis of public domain literature was undertaken to determine the location of likely sources for
seismic events near Pebble, with the most likely candidate identified as the Lake Clark Fault. The
location of this fault has been identified as part of a geophysical survey of the region. Using these
data, as well as public domain information, the energy that might be released if a major earthquake
were to occur along the Lake Clark Fault has been determined.
The parameters used in this analysis are extremely conservative. For instance, while there is no
evidence of movement along the Lake Clark Fault since the last glaciers receded some 10,000 years
ago, TSF seismic design criteria assume that it is an active fault. Further, sections of the Lake Clark
Fault nearest the Pebble Project are actually splays of the main fault and thus unlikely to release the
same energy as if the entire fault was to move. Nonetheless, TSF seismic design criteria have
conservatively assumed that the Lake Clark Fault is both active and capable of a seismic event
equivalent to slippage along the entire fault.”
This 2011 summary appears to reflect earlier work done by Knight-Piesold Ltd., for Northern Dynasty in
2006. In the sections on seismic risk from the Knight-Piesold Ltd., 2006, Report.22
“Consistent with current design philosophy for geotechnical structures such as dams, two levels of
design earthquake have been considered: the Operating Basis Earthquake (OBE) for normal
operations; and the Maximum Design Earthquake (MDE) for extreme conditions (ICOLD, 1995a).

21

This points to a fundamental flaw in the Alaska Dam Classification Seismic Stability Regulations, where large tailings dams
could be regulated as Class II dams with significantly less seismic safety requirements than Class I, even though they are the
largest dams in Alaska, and have an infinite lifetime. The author has discussed this situation with officials in the Alaska
Department of Natural Resources, and while sympathetic they point to the difficulty in changing regulations, and the flexibility
of the State to require some dams to be Class I. However, some large Alaska tailings dams have been classified as Class II in
the past (Red Dog, although it is voluntarily being upgraded to Class I), and the possibility for this happen again still
unnecessarily exits.
22
See Appendix A of this paper for these sections in their entirety.
Page 14

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1522 of 2339

Values of maximum ground acceleration and design earthquake magnitude have been determined for
both the OBE and MDE.
Appropriate OBE and MDE events for the facilities are determined based on a hazard classification
of the facility, with consideration of the consequences of failure. The hazard classification was
carried out using the criteria provided by the document “Guidelines for Cooperation with the Alaska
Dam Safety Program” (2005). Classification of the facilities is carried out by considering the
potential consequences of failure, including loss of life, economic loss and environmental damage.
The hazard classification has been assessed as at least Class II (Significant). The OBE and MDE are
selected based on the dam hazard classification and an appropriate earthquake return period, as
defined by the “Guidelines for Cooperation with the Alaska Dam Safety Program” (2005).
For a Class II hazard classification, the OBE is selected from a range of return periods from 70 to
200 years, depending on the operating life of the facility, the frequency of regional earthquakes and
the difficulty of quickly assessing the site for repairs. The impoundment would be expected to remain
functional during and after the OBE and any resulting damage should be easily repairable in a
limited period of time.
The MDE is typically selected from a range of return periods from 1,000 to 2,500 years for a Class II
hazard classification. However, the MDE for the Pebble TSF has been conservatively based on a
Class I hazard classification making it equivalent to the Maximum Credible Earthquake (MCE),
which has a bedrock acceleration of 0.30 g corresponding to a magnitude M7.8 earthquake,
occurring along the nearby Castle Mountain Fault system.” (Knight Piesold Ltd. 2006, Section 2.5
Seismicity and Embankment Stability)
Although the Pebble NDM consultants have decided to base their calculations on the “Maximum Credible
Earthquake”, their use of the deterministic method for the MDE/MCE does not appear to meet ICOLD
standards for locating the MDE/MCE. The Pebble NDM consultants assume the Lake Clark Fault is 18
miles from the minesite, and using this deterministic location ignores the risks from unknown or poorlymapped faults, and could also lead to underestimating the amount of energy that could impact a tailings
dam at the Pebble minesite.23
Although Knight-Piesold considers that Maximum Design Earthquake for the Pebble dam design to be the
Maximum Credible Earthquake, an examination of Table 3.1 of the report reveals that the calculations for
maximum horizontal acceleration are based on a 1-in-5000 year earthquake, not the 1-in-10,000 year
event recommended by the International Commission on Large Dams (Knight Piesold Ltd., 2006, Section
3.2.2 Seismic Hazard Analyses, Table 3.1, in Appendix A of this paper). The choice for the magnitude of
the Maximum Credible Earthquake for Pebble is not the same, and not as conservative, as that
recommend by International Commission on Large Dams.
Because a return period of 5000 years has been chosen instead of the 10,000 years recommended by
ICOLD, it is unlikely that the horizontal acceleration of the 1 in 3,000 – 5,000 year event (0.3 g – Knight
Piesold Ltd., 2006, Section 3.2.2 Seismic Hazard Analyses, Table 3.1, in Appendix A of this paper) is as
large as that of the horizontal acceleration for a 1 in 10,000 year event would be.
Using a seismic event with a return period of 5000 years implies that the dam will experience an
earthquake of this magnitude sometime during the 5000 year period. Over 10,000 years the dam could
experience an earthquake of this size twice. Using an earthquake with a return period of 10,000 years
would probably mean that the dam would have to be designed to withstand more energy and longer

23

Table 3.2, Section 3.2.2 Seismic Hazard Analyses, Knight Piesold Ltd., 2006, in Appendix A of this paper, shows the
deterministic locations and associated magnitudes of the Maximum Design Earthquakes analyzed for Pebble in 2006. A
probabilistic floating earthquake is not included in this analysis.
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shaking. This means more expense in building the dam, but it would make the dam less likely to partially
or fully fail over the long term.
Another factor affecting the size of the Maximum Design Earthquake is the location of the Maximum
Credible Earthquake. Knight-Piesold has not chosen to locate its Maximum Credible Earthquake as a
floating earthquake near the dam site, but picked a location for the Maximum Credible Earthquake
deterministically18 miles away (Knight Piesold Ltd., 2006, Section 3.2.2 Seismic Hazard Analyses, Table
3.2, in Appendix A of this
paper). As mentioned, fault
locations in this area are
imprecise. The potential for an
earthquake occurring in a
different place than expected is
the major downfall of this
deterministic method of risk
estimation, particularly in
places, like the Pebble area,
where faults have been poorly
mapped.
It is very possible that an active
fault could be located closer to
the mine-site than assumed by
Knight-Piesold. KnightPiesold has made statements
assuring that they have done
"extensive research" into
seismic potential in the area,
but the lack of fieldwork or
peer reviewed research on
these faults suggests this
research may not be adequate.
The choice of the location for
the Maximum Design
Earthquake, on the Lake Clark
Fault 18 miles from the minesite may be inaccurate, which
could lead to a dramatic
underestimation the peak
ground acceleration that could
impact a tailings dam at the
Pebble mine-site (Knight
Piesold Ltd., 2006, Section
3.2.2 Seismic Hazard
Analyses, Table 3.2, in
Appendix A of this paper).
In fact, there was a small earthquake on July 12, 2007, located approximately 20 miles from the Pebble
location. This earthquake had a preliminary magnitude of 4.4 and was located at a depth of about 6.2 km
(approximately 4 miles) (Alaska Earthquake Information Center, Information Release, as of 2May11,
www.aeic.alaska.edu). This earthquake was not located on a known fault, but it is potentially in line with
Page 16
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one of the splays of the Lake Clark Fault. This type of earthquake suggests either the extension of a
known fault or an unmapped fault, either of which may pass closer to the Pebble site than the current
estimate.
Picking the Maximum Design Earthquake using a deterministic method when the location of the fault is
uncertain is insufficiently conservative to protect public safety over the life of the tailings dam. Lacking
more accurate mapping, a probabilistic method that locates a ‘floating earthquake’ very near the facility
should be used.
Conclusions
As a society we still don’t fully understand the long term implications of storing billions of tons of
potentially harmful waste in large impoundments. We have been building large tailings dams for about a
century, but these structures must maintain their integrity in perpetuity, so we have only a relatively short
history of their performance.
What we do know is that the technology for designing and identifying the long term threats to these
structures has been advancing steadily during this same time. These advances to the technology have
usually been prompted by dam failures that have identified the need for further analysis, as well as the
need for more conservative assumptions for design specifications and in the magnitude of natural events
like floods and earthquakes that pose long term risks for these structures.
When we consider the recorded life of these structures (a century at most) to the length of time that they
must function (millennia) the number of failures we have experienced in the first century of their
operation is not comforting. The International Commission on Large Dams (ICOLD) summarized some
of the underlying causes for these failures in 2001 Bulletin (Tailings Dams, Risk of Dangerous
Occurrences, Lessons Learnt from Practical Experiences, Bulletin 121, International Commission on
Large Dams, 2001):
"Causes (for dam failure) in many cases could be attributed to lack of attention to detail. The slow
construction of tailings dams can span many staff changes, and sometimes changes of ownership.
Original design heights are often exceeded and the properties of the tailings can change. Lack of
water balance can lead to “overtopping”: so called because that is observed, but may be due to rising
phreatic levels causing local failures that produce crest settlements." (ICOLD, 2001, p. 53)
"... the technical knowledge exists to allow tailings dams to be built and operated at low risk, but that
accidents occur frequently because of lapses in the consistent application of expertise over the full life
of a facility and because of lack of attention to detail." (ICOLD, 2001, p. 55)
"By highlighting the continuing frequency with which (dam failures) are occurring and the severe
consequences of many of the cases, this Bulletin provides prima facie evidence that commensurate
attention is not yet being paid by all concerned to safe tailings management." (ICOLD, 2001, p. 55)
"... the mining industry operates with a continual imperative to cut costs due to the relentless
reduction in real prices for minerals which has been experienced over the long term, plus the low
margins and low return on capital which are the norm. The result has been a shedding of manpower
to the point where companies may no longer have sufficient expertise in the range of engineering and
operational skills which apply to the management of tailings." (ICOLD, 2001, p. 56)
The Pebble case study provides interesting insight into preliminary design choices for the technical,
environmental, and economic factors that drive decisions today and may affect future generations that will
inherit the responsibility and liability for managing these structures. Policy guidance from an
organization with responsibilities to guide the safe construction and management of large dams (ICOLD)
tell us that we should be making ‘conservative’ engineering decisions when designing tailings dams. But
we can also see that the recommended design specifications for the tailings dams at Pebble (and at other
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mines) are not based on the most conservative assumptions about the source and proximity of the largest
seismic event that might be experienced at the dam site.
While these decisions may be rationalized in terms of defining ‘reasonable’ risk, we must also
acknowledge that lessening the assumptions about the amount of risk associated with the design of the
tailings dam may be motivated by lessening the present day economic cost to the builders the dam.
One well published author, in discussing mine waste disposal, has noted:
“… a well intentioned corporation employing apparently well-qualified consultants is not adequate
insurance against serious incidents” (Morgenstern, N.R., 1998)
By making ‘reasonable’ rather than ‘conservative’ assumptions we may be increasing the long term risk
to the society which will inherit the dam and the responsibility for managing the waste, and any future
costs associated with the escape of impounded waste due to an unanticipated event.
“The likelihood of extreme events is proportionally large in the long-term phase.” (ICOLD, 1996a, p.
35)
The potential for an ‘unanticipated’ event should drive our initial design assumptions to be more
conservative, but there is ever present economic pressure to limit the extent of these conservative
assumptions.
As present day events (the Gulf oil spill, which the oil industry repeatedly said couldn’t happen)
demonstrate that we don’t fully understand the nature of industrial hazards. And, as the nuclear reactor
accident that accompanied the Japan earthquake (which released 11 times as much energy as the
maximum earthquake estimated by today’s seismic risk experts) and tsunami have shown, we don’t even
know some of the critical questions we should be addressing about these hazards.
In looking at the long term risk from tailings impoundments to other resources – the economic and
environmental risks to future generations, or the long term risk to a renewable fishery in Bristol Bay –
policy makers should view the risks from a conservative probabilistic perspective rather than relying on
assumptions about specific hazards that are likely flawed. We know that our technology and science has
limits, and that there are significant economic incentives to make present day decisions about risk less,
rather than more, conservative about the magnitude of these risks.24
#####

24

One professional in this field has described this situation thusly:

“I have concluded from all these failures that the only way is extreme conservatism, no reliance on the opinions of others—
however reputable—and full site characterization and detailed analyses. For even now I am involved in the design of a tailings
facility in a part of the world where the design earthquake is 8.5. That is big and could send everything down the valley and the
experts say there is no problem and I think they are deluded.
I have written that I believe those who focus on single causes of failure are deluded. There is no single reason for failure of a
mine geowaste facility. All failures that I have known are the result of a string of minor incidents. If but one of this string of
incidents had been dealt with, no failure would have occurred. This is pretty much standard accident theory these days,
although it seems not to have entered the otherwise bright minds of those who write on the failure of mine geowaste facilities.
Pity them, and pity the profession for remaining so ignorant and failure oriented through failing to keep up with modern ideas
and theories.
So the failure of mine geowaste facilities will keep on happening. It is inevitable. The professionals are blind and behind times.
The operators are greedy and careless. Nobody reads the guidelines. The peer reviewers are old and sleepy. The pressures to
profit are intense.” (Slimes Dam - aka Tailings Storage Facility - Failure and what it meant to my mining mindset, April 19,
2011 by Jack Caldwell, http://ithinkmining.com)
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APPENDIX A
KNIGHT PIESOLD PEBBLE PROJECT SEISMICITY
REPORT EXCERPTS

Northern Dynasty Mines Inc. Pebble Project, Tailings Impoundment A
Initial Application Report (Ref. No. VA101-176/16-13), Knight Piesold
Ltd., September 5, 2006
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3.2 SEISMICITY
3.2.1 Regional Seismicity
Alaska is the most seismically active state in the United States and in 1964 experienced the second
largest earthquake ever recorded worldwide. Both crustal earthquakes in the continental North
American Plate and subduction earthquakes affect the Alaska region. Historically, the level of
seismic activity is highest along the south coast, where earthquakes are generated by the Pacific
Plate subducting under the North American plate. This seismic source region, known as the
Alaska-Aleutian megathrust, has been responsible for several of the largest earthquakes recorded,
including the 1964 Prince William Sound magnitude 9.2 (M9.2) earthquake. There is potential for
a future large subduction earthquake (M9.2+) along the southern coast of Alaska, and this seismic
source zone is located approximately 125 miles from the project site.
Several major active faults in Alaska have generated large crustal earthquakes within the last
century. A magnitude 7.9 earthquake occurred along part of the Denali fault in 2002,
approximately 44 miles south of Fairbanks. The western portion of the Denali Fault trends in a
northeast-southwest direction, approximately 125 miles north of the project site. Approximately 19
miles northeast of the project site is the western end of the northeast-southwest trending Castle
Mountain Fault, which terminates approximately at the northwest end of Lake Clark. A magnitude
7.0 earthquake associated with this fault occurred in 1933. The Denali and Castle Mountain faults
are capable of generating large earthquakes with magnitudes in the range of M7.5 to M8.0.
3.2.2 Seismic Hazard Analyses
The seismic hazard for the Pebble project has been examined using both probabilistic and
deterministic methods of analysis.
Maximum bedrock accelerations have been determined based on the published USGS probabilistic
seismic hazard model for Alaska. This was developed by the USGS to produce their latest seismic
hazard maps for Alaska. Maximum horizontal acceleration values have been determined for return
periods ranging from 100 years to 5000 years. The results have been summarized in Table 3.1, in
terms of earthquake return period, probability of exceedance and maximum acceleration. The
calculated probabilities of exceedance assume a design operating life of 20 years. For a return
period of 475 years the corresponding maximum acceleration is 0.14g, implying a moderate seismic
hazard.
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A deterministic analysis has been carried out by considering known seismic sources and fault
systems in the region and applying a maximum earthquake magnitude to each potential source. The
resulting deterministic acceleration at the study site for each source is considered to be the
maximum credible acceleration that can occur, on the basis of available geologic and tectonic
information. The maximum accelerations were calculated using the mean plus one standard
deviation values with appropriate ground motion attenuation relationships. The ground motion
attenuation relationships used are applicable to western North American earthquakes, and are
consistent with those used by the USGS. As indicated by the review of regional seismicity
summarized above, the three most prominent seismic sources in the region of southwestern Alaska
are the Denali Fault, Castle Mountain Fault and the Alaska-Aleutian megathrust. The results of the
deterministic analysis are presented in Table 3.2, including the potential maximum magnitude for
each of these seismic sources, the estimated minimum epicentral distance and the calculated
maximum acceleration at the project site. Based on these results a Maximum Credible Earthquake
(MCE) of M7.8 causing a maximum bedrock acceleration of 0.3g has been selected for the Pebble
project site.
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3.2.3 Design Earthquakes
Consistent with current design philosophy for geotechnical structures such as dams, two levels of
design earthquake have been considered: the Operating Basis Earthquake (OBE) for normal
operations; and the Maximum Design Earthquake (MDE) for extreme conditions (ICOLD, 1995a).
Appropriate OBE and MDE events for the facilities are determined based on a hazard classification
of the facility, with consideration of the consequences of failure. The hazard classification was
carried out using the criteria provided by the document “Guidelines for Cooperation with the
Alaska Dam Safety Program” (2005). Classification of the facilities is carried out by considering
the potential consequences of failure, including loss of life, economic loss and environmental
damage. The hazard classification has been assessed as at least Class II (Significant). The OBE
and MDE are selected based on the dam hazard classification and an appropriate earthquake return
period, as defined by the “Guidelines for Cooperation with the Alaska Dam Safety Program”
(2005).
For a Class II hazard classification, the OBE is selected from a range of return periods from 70 to
200 years, depending on the operating life of the facility, the frequency of regional earthquakes and
the difficulty of quickly assessing the site for repairs. The impoundment would be expected to
remain functional during and after the OBE and any resulting damage should be easily repairable in
a limited period of time.
The MDE is typically selected from a range of return periods from 1,000 to 2,500 years for a Class
II hazard classification. However, the MDE for the Pebble tailings storage facilities embankments
have been conservatively based on a Class I hazard classification making it equivalent to the MCE,
which has a bedrock acceleration of 0.30 g corresponding to a magnitude M7.8 earthquake,
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occurring along the nearby Castle Mountain Fault system. 25 The MCE is considered to be the
seismic event with the highest possible maximum ground acceleration at the project site. A M9.2+
megathrust earthquake does not impose the highest maximum ground acceleration at the Pebble site
(predicted maximum acceleration of 0.17 g), but the event is also considered in seismic design
analyses due to the very long duration of ground shaking associated with earthquakes of this
magnitude.
The tailings storage facility embankments will be designed to meet or exceed the Alaska Dam
Safety requirements to ensure the embankment will remain stable without release of tailings or
process water for all loading cases, including the MDE and the M9.2+ megathrust event.
5.2 DESIGN OBJECTIVES
The principal objectives of the design and operation of the tailings storage facility are to provide
secure containment for tailings solids, potentially reactive waste rock and impounded process water.
The design and operation of the tailings storage impoundment is integrated with the overall water
management objectives for the entire mine development in that surface runoff from disturbed areas
within the mine site is controlled, collected, and contained. An additional requirement is to allow
effective reclamation of the tailings impoundment and associated disturbed areas at closure to meet
end use land objectives.
Preliminary studies have been conducted to develop feasible options that satisfy these fundamental
objectives at this stage of design, but additional investigation and design work will be necessary as
contemplated in the Alaska Dam Safety Program. The preliminary Design Basis for the
impoundment is included in Table 5.1.

25

Author’s note: This statement does not agree with the information provided in Table 5.1, but does agree with Table
3.1
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APPENDIX B

ALASKA DAM CLASSIFICATION
SEISMIC STABILITY REGULATIONS

Guidelines for Cooperation with the Alaska Dam Safety Program,
Prepared by Dam Safety and Construction Unit, Water Resources
Section, Division of Mining, Land and Water, Alaska Department of
Natural Resources, June 30, 2005, Sections 6.2, 6.3, 6.4
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2.4 Hazard Potential Classification


The hazard potential classification is the main parameter for determining the level of attention
that a dam requires throughout the life of the project, from conception to removal. The hazard
potential classification represents the basis for the scope of the design and construction effort, and
dictates the requirements for certain inspections and emergency planning. The ADSP uses three
classifications for dams based on the potential impacts of failure or improper operation of a dam:


Ɗġġġġ Class I

(high)



Ɗġġġġ Class II

(significant)



Ɗġġġġ Class III (low)


The hazard potential classifications are explained in detail in 11 AAC 93.157 and are
summarized in Table 2-1.


Dams are classified based on theoretical estimates of the potential impact to human life and
property if the dam were to fail in a manner that is typical for the type of dam under review, or if
improper operation of the dam could result in adverse impacts. The actual or perceived quality of
design and construction and the condition of the dam are irrelevant for the classification, but may
influence other requirements such as the frequency of monitoring, the scope of PSIs, and the
content of O&M manuals and EAPs.


To determine the hazard potential classification consistently and equitably for projects, Dam
Safety developed the Hazard Potential Classification and Jurisdictional Review Form in
Appendix A, as previously mentioned. This form should be completed by a qualified engineer
based on the existing or proposed configuration of the dam, and submitted to Dam Safety for
review and concurrence.



Table 2-1. Hazard Potential Classification Summary


Hazard Class

Effect on Human Life

Effect on Property







I (High)

Probable loss of one or
more lives

Irrelevant for classification, but may include the same losses
indicated in Class II or III





No loss of life expected,
although a significant
danger to public health
may exist

Probable loss of or significant damage to homes, occupied
structures, commercial or high-value property, major
highways, primary roads, railroads, or public utilities, or other
significant property losses or damage not limited to the owner
of the barrier
Probable loss of or significant damage to waters identified
under 11 AAC 195.010(a) as important for spawning, rearing,
or migration of anadromous fish



II (Significant)










III (Low)











Insignificant danger to
public health



Limited impact to rural or undeveloped land, rural or
secondary roads, and structures
Loss or damage of property limited to the owner of the barrier
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The form presented in Appendix A is designed as a “tickler” to remind the engineer of important
aspects that should be considered in the review. In addition, the form is designed to be
progressive. Three levels of review are available:


ġġġ ġ

Preliminary – An initial, conservative
assignment based on a visual inspection of the
dam, the reservoir, the downstream reach, and
other limited, readily available information such
as aerial photography and topographic maps
Qualitative – A limited engineering evaluation
that may involve crude hydrological estimates,
simplistic peak discharge calculations for a
dam failure or mis-operation, open-channel
flow calculations, elevation or cross-section
surveys, and simplistic data used with
conservative assumptions
that includes failure mode evaluation,
computerized dam-break and hydraulicrouting models, detailed hydrological
estimates, and good-quality input data



Potential Future Development
and Hazard Potential
Classification
A hazard potential classification
determines the standard for the
design, construction, and
operation of the dam during the
life of the project. If additional
downstream development is likely,
the dam should be designed and
constructed to standards for the
higher classification, although the
dam may be classified and
managed for existing conditions
until the future development
occurs.



The higher levels of analyses and detail carry more credibility in the assignment of the
classification. For example, a preliminary assignment of a Class II (significant) hazard potential
could be overruled if a qualitative or quantitative review demonstrates that the potential for
adverse impacts is actually low. In another example, if new development occurs below an
existing Class III (low) hazard dam, a qualitative analysis may be used to upgrade the dam to a
Class I (high) hazard, whereas a quantitative analysis may demonstrate that a Class II
(significant) hazard is the appropriate classification. Additional information about dam failure
analysis is presented in Section 9.3.


The ADSP hazard potential classifications were modified in the current regulations to be
consistent with guidance contained in the following source:


Federal Guidelines for Dam Safety: Hazard Potential Classification System for Dams, published
by the Federal Emergency Management Agency (1998b)


Admittedly, much of the terminology used in 11 AAC 93.157 is not specific; for example,
“probable” is not currently defined. Dam Safety will consider arguments presented by dam
owners for hazard potential classifications that are in dispute, including risk assessments that
quantitatively assign probabilities to certain outcomes. Nevertheless, those arguments should be
cooperatively developed, technically sound, and justifiable. Additional information about risk
assessments is presented in Section 12.3. The following references may also be helpful in
assigning the hazard potential classification:


Evaluation Procedures for Hydrologic Safety of Dams, published by the American Society of
Civil Engineers (1988)


“Dam Break Inundation Analysis and Downstream Hazard Classification,” Technical
Note 1, in Dam Safety Guidelines, published by the Washington State Department of
Ecology (WSDOE) (1992)
……………..
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6.2 Stability


Stability must be demonstrated for all types and hazard potential classification dams under a
variety of loading conditions. Many acceptable empirical and numerical methods are available for
evaluation of the stability of dams. The scope of the stability analysis should be defined in the
design scope memorandum, including methods of analysis and verification and references for
proposed safety factors, or objectives of deformation analyses or finite element analyses.


The general guidance shown in Table 6-1 should be considered when defining the scope of the
stability analysis in the design scope proposal. (See Section 5.1.7.)


The stability analysis requirements for hazard potential classification dams are summarized
below.


Class I (high) hazard potential dams – Detailed stability analysis is required. All computer
stability analyses must be verified with manual calculations or other approved methods.


Class II (significant) hazard potential dams – Detailed stability analysis is required.
Graphical or empirical evaluations may be used to verify computer results.


Class III (low) hazard potential dams – Published empirical or graphical methods may be
adequate for small embankment dams less than 25 feet in height. Embankment dams greater
than 25 feet in height should be evaluated in the same manner as Class II dams. Other types of
dams, such as concrete, steel, or timber frame dams, may require a combination of methods.


For any given analysis, all input data and results must be clearly documented, including
assumptions, sources of information, references, and computer outputs.

Table 6-1. General Guidance for a Stability Analysis






Graphical or
Empirical
Analysis

Hazard
Potential



Class I

All

P

Class II

All

P

Class III

Earth and rock fill, <25 feet tall

Class III

Earth and rock fill, 25 feet or
taller

P

V

Class III

All others

S

O

Dam Type

Computer
Analysis

O, S

Finite
Element
Analysis

Manual
Analysis



V
V

S



P

S
O






O

S

P = Primary method of analysis
S = May be required under special circumstances
V = Verification of primary method
O = Optional method of analysis


6.3

Seismicity



Evaluation and design of all new dams, or major modifications of existing dams should consider
the effects of seismicity on the stability and performance of the facility, including appurtenant
structures, reservoir, and associated equipment. A study to assess the seismicity is required for all
dams. Depending on the complexity of the project, this study may require an interdisciplinary
team that includes seismic, geologic, geotechnical, and structural engineering specialists.
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6.3.1 Minimum Scope


The scope and detail of each seismic study will depend on the dam hazard potential
classification and location, the regional seismic environment, and the site-specific geologic and
topographic conditions. However, each study should address the following four key elements:


Define the seismic environment such as regional earthquake sources, historical activity, and
recurrence rates, and characterize the levels of potential ground motions such as duration,
frequency, amplitude and predominant period of ground vibrations, and peak ground
accelerations, as needed for design and monitoring during operation


Evaluate the potential for fault movements rupturing the surface at or near the dam,
liquefaction, lateral ground spreading and cracking, and overtopping caused by seiches or
waves induced by slope failures around the reservoir


Analyze the dynamic response of the dam to inertial forces and potential reductions or loss
of strength and stiffness in the foundation and dam materials as a function of the design
ground motions


Analyze the facility to verify that each element, including embankments, foundations,
appurtenances, and reservoir, will adequately resist translational (sliding wedge or block),
rotational or flow-type slides, or excessive settlements and deformations during the design
earthquakes


6.3.2 Design Earthquake Levels
Two levels of design earthquake must be established:


Operating basis earthquake (OBE) represents the
ground motions or fault movements from an
earthquake considered to have a reasonable
probability of occurring during the functional lifetime of the project. All critical elements of the project
(such as dam, appurtenant structures, reservoir rim,
and equipment) should be designed to remain
functional during the OBE, and any resulting damage
should be easily repairable in a limited time. The OBE
can be defined based on probabilistic evaluations,
with the level of risk (probability that the magnitude
of ground motion will be exceeded during a particular
length of time) being determined relative to the
hazard potential classification and location of the
dam.


ġ Maximum design earthquake (MDE)

represents the
ground motions or fault movements from the most
severe earthquake considered at the site, relative to
the acceptable consequences of damage in terms of
life and property. All critical elements of the dam
and appurtenant structures for which the collapse or
failure could result or precipitate an uncontrolled






Maximum Credible Earthquake
The terminology used for
describing various design
earthquakes and seismic hazards
is inconsistent in the various
references. The maximum
credible earthquake (MCE) is
defined herein as the greatest
earthquake that reasonably
could be generated by a specific
seismic source, based on
seismological and geologic
evidence and interpretations. The
MDE and OBE are defined in the
text. Other terminology may be
acceptable, but specific
references and definitions must
be included.
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release of the reservoir must be designed to resist the MDE. In addition, the dam and
appurtenances must be designed to resist the effects of the MDE on the reservoir and reservoir
rim. The MDE may be defined based on either deterministic or probabilistic evaluations, or
both.


Table 6-2 provides a range of probabilistic return periods (risk) considered appropriate for
defining the OBE and MDE, as a function of the hazard potential classification of the dam. Within
the context of these ranges, the OBE return period for a given project should be selected in direct
correlation with the frequency of regional earthquakes, the useful life span of the facility, and the
difficultly of quickly accessing the site for repairs. The return period selected for the MDE should
be selected in direct correlation with the magnitude of the maximum credible earthquake (MCE)
for the known or suspected regional sources; the dam type, size, and geometry; and the reservoir
capacity. Further guidelines for selecting the ground motions associated with these two levels of
seismic hazard are provided in Dobry et al. (1999) and USCOLD (1999).



Table 6-2. Operating- and Safety-Level Seismic Hazard Risk



Dam Hazard
Classification

Return Period, Years



Operating Basis Earthquake

I

150 to >250


II
III

Maximum Design Earthquake
2,500 to MCE


70 to 200


1,000 to 2,500


50 to 150

500 to 1,000






6.3.3 Seismic Study Phases


Seismic studies for new dam design should be conducted in two phases, which are described
below.


Seismic report phase – This phase should occur early in the planning of the project and be
included with the Preliminary Design Package submittals described in Subsection 5.2.5. The
seismic report will include preliminary evaluations as needed to establish an understanding
of the potential influence of the OBE and MDE on the type, geometry, and size of the dam
and reservoir. Given the preliminary nature of this phase, evaluations can generally be based
on published information and simplified methods. After the risks have been established,
preliminary values for the OBE and MDE parameters can be estimated based on regional
geologic mapping (for example, USGS publications and Plafker and Berg, 1994) and
seismological studies (for example, Wesson et al., 1999; and USGS National Seismic Hazard
Mapping Project – Interactive Deaggregation, 2003). Evaluations of the potential for
liquefaction should be presented based on the local geology, historical record, and simplified
methods with the use of standard penetration test values from the geotechnical evaluation
(for example, Seed et al., 2001; and Youd and Idriss, 1997). Evaluations of the response and
stability of the dam should be presented by using limit-equilibrium or linear-elastic analysis
and generic response spectra found in applicable design codes or standards (see methods in
Kramer, 1996).
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The seismic report phase should also refine the scope and detail of the evaluations to be performed
during the subsequent design evaluations of the facility conducted in the second phase of the
seismic evaluation of the dam. If the associated risks are high because of the location of the dam and
its hazard potential classification, more sophisticated analyses may be required (USCOLD, 1999); for
example, with deterministic and probabilistic evaluations or acceleration time histories.


Seismic design phase – This phase should occur during the detailed design of the project and be
included in the engineering design report submitted as part of the Detailed Design Package and
described in Subsection 5.3.1. The seismic design phase of the seismic study will include formal
evaluations of each critical element of the dam as needed to assure that the facility meets the
performance requirements under the OBE and MDE. The effort and sophistication of the work
conducted during this phase of the seismic study will depend on the hazard potential classification
of the dam, and the magnitude of the OBE and MDE. For example, the dynamic and stability
evaluations for all Class I and II dams located in a highly seismic region (with peak ground
accelerations greater than about 30% to 40% of gravity or peak shear strains greater than about t2%)
should utilize advanced one- and two-dimensional site response analysis techniques (for example,
Lee & Finn, 1978; and Idriss et al., 1973) to more accurately model the nonlinear behavior of soil
subject to earthquake loading. On the other hand, the dynamic stability evaluations for Class III
dams or Class II dams located in regions with low seismicity (with peak ground accelerations less
than about 5% to 10% of gravity) can utilize the same simplified methods followed in the seismic
report phase, and no additional detailed evaluation may be required. However, the simplified
methods presented in the seismic report should be reviewed with respect to the final design of the
dam, and should be revised if necessary. Evaluations of Class I and II dams located in regions of
moderate seismicity can utilize techniques between these ranges, such as equivalent-linear, onedimensional, site response analysis (for example, Idriss and Sun, 1992).



6.4 Seepage


Seepage must be considered for all hazard potential classification dams; however, the scope of the
analysis depends on a number of factors, including the size and type of dam and the foundation and
construction materials. The following are conditions and suggested levels of evaluation based on the
hazard potential classification of the dam.


All hazard potential class dams


The material properties, including permeability, must be estimated for both the foundation
and construction materials.


Filters must be included in all embankment dams between core materials and drains.
Soil filter criteria must be demonstrated based on actual gradation tests. References to filter
criteria standards must be included.
Appropriate seepage cutoff or reduction measures must be included to limit gradients and
prevent piping and erosion.
All dams must include the appropriate drainage features to control seepage pressures and
gradients, including uplift.
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Phreatic surfaces must not daylight on the downstream face of embankment dams.
Appropriate measures to control seepage along penetrations through the dam or at contact
planes between different materials, such as the interface between concrete and soil fill, must be
included.
Class III (low) hazard potential dams
Empirical evaluations combined with engineering controls may be used to address
seepage.
Published values for material properties may be used in lieu of laboratory testing to a
limited extent; however, sufficient index testing must be completed to accurately classify
all materials to be used in construction.
Class II (significant) hazard potential dams
Foundation conditions must be thoroughly evaluated in the geotechnical program,
including rock coring and packer testing, as appropriate.
Laboratory testing must be used to determine
permeability and index properties of the core, filter,
and drainage materials. Published permeability
values may be used for coarse- grained drainage
materials. In situ soil and rock, excavated material to
be reused, and borrow sources must be tested.
Appropriate foundation preparations, such as
cleaning, slush grouting, pressure grouting, and
dental concrete, must be included in the construction
specifications.
A numerical analysis may be required for certain
Class II dams for which seepage control is a primary
performance parameter.
Class I (high) hazard potential dams
All Class II conditions apply.
Geotextile filters may not be used as primary filters in
critical components of Class I dams.
A numerical analysis must be completed.

Seepage Monitoring
All dams should be
monitored for seepage.
Increases in seepage rates or
turbidity can be key
indicators of a developing
failure situation. Seepage
monitoring requirements
should be specified by the
engineer and included in the
operations and maintenance
manual discussed
in Chapter 8. Seepage
monitoring software is
available from the Federal
Emergency Management
Agency’s National Safety
Program. Contact Gene
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I.

INTRODUCTION

In May 2012, the U.S. Environmental Protection Agency (EPA) released a draft report entitled
An Assessment of Potential Mining Impacts on Salmon Ecosystems of Bristol Bay, Alaska. The
purpose of this report was to put forth a prospective risk assessment of large-scale mining in the
Bristol Bay watershed, focusing on a specific case study for a hypothetical but realistic mine
scenario at the Pebble deposit. Specifically, the assessment examines how future large-scale
mining may affect water quality, habitat, and salmon fisheries in the Bristol Bay watershed.
During preparation of this draft assessment, EPA identified the following two reports developed
by non-EPA scientists that contained information relevant to this topic, but were not included
because they had not been peer-reviewed: Long Term Risks of Tailing Dam Failure (Chambers
and Higman 2011) and Comparison of the Pebble Mine with other Alaska Large Hard Rock
Mines (Levit and Chambers 2012).
The purpose of this letter peer review is to determine if the information contained in these reports
is of sufficient scientific quality and credibility to be incorporated into EPA’s revised Bristol Bay
report.
PEER REVIEWERS
David Brett, M.E., FIE Aust
GHD Pty Ltd
Hobart Tasmania 7000, Australia
Andy Fourie, Ph.D.
University of Western Australia
Crawley, WA 6009, Australia
Robert Kleinmann, Ph.D.
Independent Consultant
Pittsburgh, PA 15217
Natalia Ruppert, Ph.D.
University of Alaska Fairbanks
Fairbanks, AK 99775
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II.
II.1

PEER REVIEW OF CHAMBERS AND HIGMAN 2011 REPORT
Charge Questions

1. Are the conclusions of the report well-supported by the evidence provided? Why or why not?
2. What are the strengths and weaknesses of the Chambers and Higman 2011 report, in terms of:
a. Methodology?
b. Results and conclusions?
3. Are there important limitations or uncertainties associated with applying results from the
Chambers and Higman 2011 report to the EPA assessment? If so, what are they?

2
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II.2

General Impressions

David Brett
Quite a good overview of tailings dam risks, but some statistical interpretation is misleading.
However, overall conclusions are mostly appropriate. In particular:
1. It is true that tailings dams have a poor safety record judged by historic statistics and that
upstream construction has poorer record than downstream, but there has been a rapid
development of understanding related to earthquake design and liquefaction in recent years
and this is reflected in more recent statistics as reported by myself to the ICOLD tailings
dams committee last meeting (2012). The Australian committee (ANCOLD) has updated the
2001 data. Results are presented in Figure 1.

Figure 1. Tailings Failure Statistics 1
This shows a reduced total failure rate over the last decade, but still over two per year. As can
be seen, the number of earthquake related failures and slope stability appear to have been less
over the past 20 years. The recent work has included an assessment of the failure rate in
terms of the annual tonnage of tailings produced with clear indication of improvement as
shown in Figure 2.

1

Citation was not provided. Figure from unpublished data presented to ICOLD Committee on Tailings Dams in
2012.

3
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Figure 2.

2.

3.

4.

5.

TSF Failures/Mtpa tailings production 2

The major ongoing cause of TSF failure can be seen to be overtopping. This is due to
ongoing failure to recognize the appropriate design parameters and also failure to understand
and train site personnel in proper water management. Recent failures in China that I have
personal knowledge of are due to inappropriate flood design parameters and lack of
emergency spillway provisions. These cases affect the statistics and do not allow modern
design practices and operations in well regulated environments to be fully appreciated.
Page 3 – It is believed that the number of tailings dams far exceeds 3,500 quoted from Davis
and Martin. This figure only accounts for “industrial scale” mines. There are understood to
be over 13,000 tailings dams in China alone, many from small operations. Nevertheless,
failure of these is likely to be included in the statistics.
Page 4 – The “alarming” data relating to the high rate of failure of tailings dams in USA is
distorted by the fact that the USA has had, for many years, one of the best reporting systems,
so the ICOLD data is skewed towards the USA.
Despite some references used being slightly dated and misinterpreted, the conclusions are
valid and are completely in line with Guidelines used in some advanced mining regulations.
This includes the new 2012 ANCOLD Guidelines for Tailings Dams – Planning, Design,
Construction, Operation and Closure. These require, for example, that tailings dams at
closure are designed for Probable Maximum Floods and Maximum Credible Earthquakes.
The commentary on seismic event determination is considered to be a good summary.
However, the precise determination of the design earthquake event may not end up being
particularly critical. The most important issue, if upstream construction is contemplated, is to

2

Citation was not provided. Figure from unpublished data presented to ICOLD Committee on Tailings Dams in
2012.
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determine if liquefaction is possible, either during operation or at closure, and if it is, then
what is the residual post liquefaction shear stress that should be used in design. In cases of
upstream construction in my experience, liquefaction is likely to occur at earthquakes smaller
than the Maximum Design Earthquake, so allowing a larger earthquake is unlikely to make
significant change to the dam stability. More important will be an estimation of postearthquake deformation as this could have significant impact on surface drainage.
Conclusions on pages 17 and 18 are reasonable and appropriate. This is not to say that a safe
tailings dam cannot be designed but to agree that conservative design parameters need to be
established and include a long-term closure plan considering maximum credible design floods
and earthquakes and also the impact of multiple such events.
Andy Fourie
The report is based on consolidation of information relating to the performance of tailings
storage facilities. The information has been sourced from reputable sources, including a number
of international journals and conferences of high quality, as well as reports from agencies such as
ICOLD (International Commission on Large Dams). The information presented is thus not
derived from the authors’ own research or investigations, but is based on a discussion and
interpretation of information that has already (largely) been independently vetted.
The report is clearly presented and is logically laid out. The conclusions are consistent with the
information presented, although it may be possible to draw somewhat different conclusions if
one were a strong proponent of the proposed Pebble mine. The potential impacts of a mine the
size of the proposed Pebble operation is undoubted; it is the ability to prevent these impacts and
ensure safe and environmentally sound operation of the facility that is in question. The authors of
the report accurately and clearly spell out potential risks and hazards. What cannot be clearly
established is the ability of current legislation to ensure such risks are made negligible.
Robert Kleinmann
The subject report is a well-reasoned discussion of tailings dams and concerns about their longterm safety. It nicely introduces the various aspects that underlie the potential hazards and
explains the various rationales that lie behind potentially using more conservative standards,
especially at sites where the potential risks, if failure should occur, are very serious. It then
examines the proposed Pebble Mine in particular, and argues that risk-based standards, although
by definition reasonable, are not conservative enough.
Natalia Ruppert
The report is well written with appropriate illustrations, tables, and appendices. A large portion
of the report deals with describing seismic risk at the proposed Pebble Mine location, how
characteristic earthquake was chosen for identifying seismic hazard of the area. To the best of
my knowledge, facts presented in this report are correct, at least in the sections dealing with
seismic assessments. The authors describe in great detail long-term risks of tailing dams. Their
main argument is that ‘worst case’ scenarios should be considered for design of the dams. These

5
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are more conservative assumptions than ‘credible’ scenarios may present. The authors identify
‘worst case’ seismic risk for the Pebble mine – a ‘floating earthquake’ very near the proposed
facilities. While this scenario is possible, it remains very unlikely.

6
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II.3

Response to Charge Questions

Question 1. Are the conclusions of the report well-supported by the evidence provided? Why or
why not?
David Brett
The data are slightly dated, but nevertheless the final conclusions are supported and are
reasonable.
Andy Fourie
Yes, the conclusions are well supported. A key recommendation is to utilize a ‘conservative,
probabilistic perspective’ in evaluating the impact of the Pebble project. It would be possible to
draw other conclusions, such as the use of conventional, deterministic approaches being
appropriate, but the key recommendation remains valid. The observation that upstream
constructed facilities are much more susceptible to seismically induced damage or failure than
downstream constructed facilities is irrefutable. Other key suggestions are that the extended time
periods over which tailings storage facilities must perform satisfactorily are of the order of
millennia, as opposed to decades for most other engineered structures.
The suggestion for using probabilistic approaches for evaluating the long-term stability of
tailings storage facilities is likely to meet with some resistance, particularly as current legislation
appears to allow a purely deterministic approach. Nevertheless, the suggestion that the
uncertainty in estimating long-term monitoring and maintenance costs, especially in providing
adequate monies for repairs that may be required, is appropriate. Although there have been a
number of catastrophic failures of tailings facilities, requiring extensive clean-up activities, the
true costs of such clean-ups are not well-documented.
Robert Kleinmann
Yes, the conclusions are well considered and well supported. The authors first introduce the
reader to the fact that far too many tailings dams fail, and make the case that because tailings
dams must last for many centuries longer than the mines, they must be built to last. They then
demonstrate that, in general, mining companies and regulatory agencies are making decisions
about construction methods that are based too much on short-term economics rather than longterm dam safety. The authors then go on to discuss how difficult it is to make accurate
predictions of seismic activity/magnitude in regions that are known to experience severe
earthquakes, but are not very well studied in terms of fault locations. Based on this uncertainty
and the high level of risk associated with dam failure, the authors argue effectively that the most
conservative standards should be applied.
Natalia Ruppert
The main conclusion of this report is that design features of a tailing dam, in general and Pebble
in particular, should be guided by most ‘conservative’ assumptions about the risks involved

7
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(seismic, hydrological, etc.), not by simply ‘reasonable’ assumptions. Design under most
‘conservative’ risk assumptions would undoubtedly cost more. The conclusion logically follows
discussion of seismic and hydrological risks in the report. Dam failures do happen with some
frequency and not all risks are always anticipated, as with other natural disasters.

8
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Question 2. What are the strengths and weaknesses of the Chambers and Higman 2011 report,
in terms of:
a. Methodology?
b. Results and conclusions?
David Brett
a. Methodology?
Strengths - The report has reviewed a considerable number of appropriate references.
Weaknesses – Has not fully understood the data from ICOLD 2001 (see general comments
above).
b. Results and conclusions?
I concur with the conclusions that conservative design parameters should be applied in a case
such as Pebble Mine. This approach is consistent with current international Guidelines such as
the 2012 ANCOLD Guidelines for Tailings Dams.
Andy Fourie
a. Methodology?
The report draws extensively on published research papers and reports. This is entirely
appropriate as there is a wealth of relevant information available. The work is not speculative or
subjective, although it clearly assumes a particular stance, namely that a conservative approach is
appropriate.
A particular strength is that it avoids sourcing information from individuals, whether these are
people who might potentially be affected by the proposed mine, or people who advocate the
project. By relying on factual, published information, the authors retain a detached perspective in
their discussion.
b. Results and conclusions?
The work of Rico et al. 2008 is perhaps over-emphasized. Although the work by Rico et al. 2008
is very valuable, it is misleading to draw inferences on risks associated with other facilities using
their data. This is because every tailings facility is unique, with widely varying operating
conditions, water balance parameters, management strategies and material properties (amongst
others). Without detailed knowledge of these parameters for the cases reported by Rico et al.
2008, it is not considered appropriate to use these data to make projections about the possible
impact or likelihood of failure of the Pebble project.
The discussion of the appropriate design earthquake is an important contribution. It discusses the
use of a deterministic approach when information is available on existing faults, but emphasizes
the importance of carrying out probabilistic analyses when uncertainties exist. This is a very
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sound suggestion, and its relevance is confirmed by the recent earthquake in Christchurch, New
Zealand, where the devastating earthquake of 2010/11 occurred beneath the city on a fault that
had not previously been deemed a risk (if it had in fact even been recognized). The report further
suggests that there is fundamental flaw in the Alaska Dam Classification Seismic Stability
Regulations, principally because categorization of a facility as Class II facility means that the
design return period is less than or equal to 2,500 years. This topic is certainly worthy of more
deliberation, as it is key to adequately quantifying the risk of a facility in perpetuity.
Robert Kleinmann
a. Methodology?
Strengths: The report bases its conclusions on the high level of potential environmental danger
and financial risk associated with dam failure and the known seismic activity in the region, along
with the fact that exact locations of faults are not known in the immediate vicinity of the
proposed mine site. The reasoning is well-explained. It then examines the proposed Pebble Mine
in particular, and argues that the risk-based standards, although reasonable, are not conservative
enough.
Weaknesses: None noted.
b. Results and conclusions?
The authors argue, given the environmental and economic damage that would accompany dam
failure, that it is sensible to err on the side of conservatism, and to assume that an unknown fault
might exist in the immediate vicinity of the proposed mine and that the magnitude of the
earthquake that might result from movement along that unknown fault would be as great as what
would be associated with a maximum credible earthquake at the nearest known fault.
The authors then point out that the mine operators decided to assume a maximum credible
earthquake as their design standard, but assumed that the earthquake would occur at the closest
known location of a fault (18 miles away) and assumed that the planned-for earthquake might
occur sometime during the next 5,000 years, thus generating a certain rate of acceleration. The
authors disagreed with this assumption and felt that mine operators should assume that the
earthquake might not occur for 10,000 years, and would therefore generate more force for a
longer period of time. They then also argue that the mine operators should assume that it might
occur immediately under the mine site. Although the authors make a very credible case for being
conservative, are they perhaps urging too much conservatism?
Natalia Ruppert
a. Methodology?
Authors write in great detail about tectonic setting, seismicity, and faults in the area. They cite
peer-reviewed scientific articles written on the subject and generally correct in their assessments
of tectonic features. However, much about tectonic features of Western Alaska (such as what
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tectonic blocks compose western and southern Alaska) remains speculative at best. Lake Clark
fault (major tectonic feature nearest to the proposed mine location) remains a point of contention.
Most recent map of active faults in Alaska produced by the Alaska Division of Geological and
Geophysical Surveys (ADGGS) does not show this fault as presently active structure. Therefore,
question remains as to whether this fault is capable of generating significant earthquakes.
Perhaps with more geological mapping in the area, this question can be answered as well as
whether other active faults are present in the region of interest, as the authors suggest. Without
detailed geological studies, all arguments for or against present geological activity of the faults in
area remain speculative.
Another point of contention is choice of the ‘Maximum Design Earthquake’ (MDE). The authors
site recommendation of ICOLD (International Commission on Large Dams) to define return
interval for such an event is 10,000 years. The Alaska Dam Safety Program, however, does not
follow such stringent requirements (Appendix B). The Knight Piesold Pebble Project Seismicity
Report (Appendix A) adheres to the Alaska Dam Safety Program requirements and its selection
of MDE seems to be appropriate.
b. Results and conclusions?
Paraphrasing the main conclusion of the report is that society should always consider worst risks.
Tailing dams should be built to withstand these risks for eternity. In my opinion, this is a noble
goal, but may not be achievable in the real world. The authors site a few recent examples of
unforeseen disasters (the Gulf oil spill, nuclear disaster following major earthquake and tsunami
in Japan). The report draws a distinction between ‘credible’ risks and ‘worst case scenarios’. The
latter ones are probable, but less likely. The authors identify ‘worst case scenarios’ for the Pebble
project, such as ‘floating’ earthquake under or very near future tailing dams. I have to admit,
everything is possible, however, with limited amount of resources one has to be careful not to
over-spend on design features that may never come into play. It’s a careful balancing act.
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Question 3. Are there important limitations or uncertainties associated with applying results
from the Chambers and Higman 2011 report to the EPA assessment? If so, what are they?
David Brett
No – suggest EPA review the ANCOLD Guidelines, a copy of which can be provided on request
or sourced by email to ancold@leishman-associates.com.au.
Andy Fourie
The report could have included a discussion of design approaches and relevant legislation in
other countries and jurisdictions. Clearly the governing Alaskan legislation is what counts, but
reference to other countries approaches would have provided a valuable comparison. Concepts of
stewardship of tailings storage facilities and associated design approaches are evolving rapidly
and a predominantly risk-based approach is gaining increasing traction.
The discussion of design seismic loading concentrates on the magnitude of the design earthquake
and the maximum horizontal ground acceleration. This approach is consistent with accepted
practice internationally, but additional discussion on the added value of carrying out dynamic
computer-based modeling studies using representative seismic input records (e.g., from previous,
recorded earthquakes) would have been valuable.
Robert Kleinmann
Arguing for the most conservative approach -- in terms of location of a potential earthquake (at
the mine site) and the magnitude (the worst case possible, assuming that the nearest known fault
is extended to the mine site) -- may be over the top, but the report certainly convinced this reader
that regulatory authorities should err on the side of conservatism. However, it is also reasonable
to consider economics and to decide if the extra measures of conservatism urged by the authors
puts too much of a burden on the mine operators and whether imposing one of the two more
conservative assumptions would sufficiently mirror the risks associated with the uncertainties of
the site.
Natalia Ruppert
There are big uncertainties in how seismic risk is identified for any region. The same remains
true for proposed Pebble mine site. Detailed geological mapping would help in identifying these
risks more accurately. As it stands now, tectonic models for western and southern Alaska remain
speculative at best.
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III. PEER REVIEW OF LEVIT AND CHAMBERS 2012 REPORT
III.1 Charge Questions
1. Are the conclusions of the report well-supported by the evidence provided? Why or why not?
2. What are the strengths and weaknesses of the Levit and Chambers 2012 report, in terms of:
a. Methodology?
b. Results and conclusions?
3. Are there important limitations or uncertainties associated with applying results from the Levit
and Chambers 2012 report to the EPA assessment? If so, what are they?
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III.2 General Impressions
David Brett
A well-presented paper with clear information about overall characteristics of the proposed
Pebble Mine and other Alaskan mines. I am unable to comment on the accuracy of the data
presented, but there was no information that I would consider inaccurate in terms of the scientific
statements and conclusions, apart from statistics of tailings dam failures which is discussed
below.
There is no specific “Conclusion” but rather a range of conclusions spread throughout the paper.
These are dealt with as follows:
x

Size- There seems no doubt that Pebble Mine will be a large mine by international standards,
let alone Alaskan. The proposed mining rate of 30 to 60 million tonnes per annum is large,
but this is the trend of modern mining as lower grade ores are targeted. There are larger
mines, such as Escondida in Chile, which has a mill throughput of 120 million tonnes per
annum, i.e., 2 to 4 times bigger. The proposed size is not unusual in terms of projects being
developed or considered around the world.

x

Potential Impact – The data provided does indicate that the size and location of the
proposed mine will mean that there will be a potential for environmental impact that will
need to be carefully addressed and managed in the approval and future regulatory process.

x

Hydro-Geology - The presence of permeable gravels and apparently high water-table will
mean that waste storages will need to take into account the potential for groundwater impact.

x

Mine Type – The paper describes the potential impact of large waste rock stockpiles and
block-caving that are essentially correct, but this can highlight the areas to be attended to in
design and operation rather than being fatal flaws.

x

Geo-Chemistry – The conclusions that waste materials, including tailings and waste rock,
will contain residual mineral levels is likely to be correct due to the normal practice of
establishing an economic cut-off grade to divide ore for processing from the “waste rock”
and the fact that the process is selective in the minerals extracted and is not 100% efficient.
There are technologies that can be used to classify the waste materials and allow separation
and appropriate management to reduce the risks discussed in this paper. This can apply to
both waste-rock material and also tailings, which will vary depending on the details of the
mill process. It is possible that low-sulphide tailings could be produced, at least for part of
the waste stream.
The precise nature of the porphyry deposit is unclear, but it is reasonable to conclude that
there will be a risk of ARD from the waste materials and that there can be a shortage of
neutralizing materials. On the other hand, it is likely that there will be a range of Potentially
Acid Generating (PAG) rock types and Non-Acid Generating (NAG) rock types that can be
separated and used in different ways to design and construct appropriate waste dumps with
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reduced risk of ARD. It is agreed that prevention of ARD from other mines has been
“notoriously ineffective,” but there is a growing understanding of this issue and there are
effective methods that can be implemented, given the will and economic feasibility.
It is not agreed that the climate is necessarily problematic. In fact having a wet climate can be
a significant benefit in developing conditions which reduce the risk of oxidation of sulphides
by maintaining saturated or near-saturated conditions.
x

Long-Term Waste Storage – This section is a little misleading as firstly it is not clear yet
what the final plans for waste dumps and tailings storages are, but it is likely that there will
be scope for landform design that could include pit-lakes and water covered tailings storages
that could provide safe, long term storage opportunities. It is unreasonable to quote tailings
dam failure rates as 1 every 8 months. This relates to historic data that is out of context.
Virtually every tailings dam failure can be attributed to several simple causes that have
engineering solutions. Conservatively designed, properly constructed, and appropriately
operated tailings dams have very low risk of failure. This comes down to either the
conditions of approval or if these are not stringent enough, the attitude of the mining
company itself, for which there is a growing trend for the more reputable miners to properly
evaluate their own risks and develop appropriate strategies.

x

Fisheries – I am not particularly qualified to comment on the fishery aspect other than to
agree that relatively low levels of copper contamination can have a significant impact on fish.
My experience includes knowledge of the historical impact of copper mining at Mount Lyell
Mine in Tasmania, where 26 km of the Queen and King River have been impacted to the
extent where I believe that 99.9% of the soluble copper load in the rivers would need to be
removed to restore fish life to those streams. On the other hand a viable salmon farming
operation exists in Macquarie Harbour into which the King River discharges.

x

Road – A road will have impacts so these should be assessed and may influence design and
operation requirements.

Andy Fourie
The document is clearly written and easily read and assimilated. It consists primarily of a brief
summary of a range of hard rock mines in Alaska and draws some comparison with the proposed
Pebble Mine. The primary references that are used are freely available reports, mostly accessed
from the internet, with all relevant references given in footnotes. I cannot comment on the
veracity of the information in these reports, but must assume that because they are publically
available for scrutiny, the information must be as correct as is possible.
The summary table at the end of the document provides a useful indication of the magnitude of
the difference between Pebble and other Alaskan mines listed. Whether or not the differences
represent ‘distinctly different’ conditions (as stated in the document) will depend on
interpretation of the word ‘distinct’. Without wishing to indulge in semantics, the factual data
presented in the summary table does support the authors’ claims, in my opinion. The proposed
Pebble mine life is at least twice as long as the other mines listed, the mining rate is at least one
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order of magnitude higher than most of the other mines, the tailings volume is similarly much
larger than the others, and it has acknowledged potential acid mine drainage issues. It is also
listed as being, ‘on top of’ fishery resources, these resources apparently being amongst the most
valuable in North America. Therefore, using the concept of Consequence Category, which is
outlined in the recently revised Australian Guidelines on the Design, Construction, Operation
and Storage of Tailings Dams (ANCOLD, 2012), this facility would certainly rate as a High
category facility, whereas some of the others listed in the document by Levit and Chambers may
not. A more definitive categorization of the various operations listed would only be possible if
more detailed information were available.
Robert Kleinmann
The subject report provides an introductory overview of the proposed Pebble Mine and compares
it to other Alaskan (proposed and operating) mines. It begins by effectively making the case that
the Pebble Mine is far larger than any of the other mines in the state and that it potentially
threatens an extremely valuable fishing area. These aspects are undisputed. The report then
provides a superficial listing of negative aspects associated with the Pebble Mine before going on
to once again compare it to other Alaska mines. However, the impression this report leaves is
that the authors would have argued just as strenuously against any mining activity, including the
mines that they compare the proposed Pebble Mine to.
Natalia Ruppert
My first impression is that the report is not what I would have expected based on its title. I
expected a technical document highlighting similarities and differences between the proposed
Pebble Mine and other past/existing/future mine projects in Alaska. Instead, it seems that the
whole point of this report was to emphasize how much more threatening Pebble project’s impact
would be to the environment overall and to the fisheries in particular. Therefore, the report lacks
impartiality. I am not familiar with the charge that was given to the authors, if any. Therefore, I
remain suspicious as to soundness of the conclusions presented in this report. While I do not
doubt discovery facts presented in this report, I am suspicious of what the authors chose not to
mention in order to maintain their perception of the Pebble mine threats.
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III.3

Response to Charge Questions

Question 1. Are the conclusions of the report well-supported by the evidence provided? Why or
why not?
David Brett
The report addresses the comparison question well but does tend to go into a relatively shallow
commentary of potential impacts from the particular mine.
Andy Fourie
The primary conclusions of the report are that the Pebble mine is, ‘on a scale entirely of its own
in Alaska’ and that its potential impact could be significant and irreparable. The latter conclusion
is certainly supported by the data summarized in the document. It could, without doubt I believe,
potentially have impacts that are extremely severe and even irreparable. Whether it is in a class
of its own once again comes down to semantics. How is the ‘class’ being defined? What
constitutes an ‘order of magnitude’ greater risk? The difficulty in answering this question comes
not from the Levit and Chambers report, which does a good job of summarizing factual
differences between Pebble and other hard rock mines in Alaska, but from the apparent lack of a
sufficiently robust system for designating differences in the potential impact of different
facilities. A more refined categorization strategy, in which the potential scale of impact were
more clearly defined, would greatly aid in evaluations of the type being discussed in the
document.
Robert Kleinmann
This report includes a very brief summary but few conclusions as such. The authors do provide
evidence that the proposed mine is much larger than the other Alaskan mines and quite
reasonably makes the claim that the Bristol Bay fishery (which would be affected by adverse
effects downstream of the mine, should they occur) is indeed very valuable. It then goes on to
state that, “Size alone does not determine impacts, but based on other factors such as acid
producing potential, easy movement of water away from the mine, a world class fishery, wet
climate regime, etc., the mine’s potential impacts could be significant and irreparable.” Indeed,
the mine’s potential impacts could be significant, though the authors provide little quantitative
information with which the reader can judge how significant their impact would likely be and
provides no basis for the claim that such damage will be irreparable.
Natalia Ruppert
The main conclusion of the report is that there is no past/existing mine project in Alaska that
bears all the same characteristics (size, environment, geology and geochemistry) as the proposed
Pebble project. This is a correct conclusion. However, some characteristics are shared and I wish
that the authors devoted more time to exploring these similarities and how these were mitigated
at past/existing projects. The authors also conclude that “Pebble poses greater qualitative and
quantitative threats than any other Alaska mine to fisheries, the environment, and cultural and
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economic resources.” Every mining project poses certain threats to the surrounding environment
and communities. There is no justification in this report to make the conclusion that the Pebble
project poses greater threats. If these potential threats are properly mitigated, they may become
smaller threats than those in other existing projects but that were poorly mitigated.
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Question 2. What are the strengths and weaknesses of the Levit and Chambers 2012 report,
in terms of:
a. Methodology?
b. Results and conclusions?
David Brett
a. Methodology?
Good and clear comparison of the size and technical differences of Alaskan mine sites that will
assist in appreciation of the issues by readers. Use of tables is good. Also, the highlighting of
potential issues is a good starting point, but some of the language used is a bit alarmist and not
based on presented data.
b. Results and conclusions?
As above – comparisons are clear. Conclusions are spread throughout text and some are out of
context or not supported by data.
Andy Fourie
a. Methodology?
It is difficult to comment on the adequacy of the methodology used without knowing what the
brief was for the document, and what resources were made available. It is an objective summary
of facts and figures, and avoids emotive language. It would have been useful to have
comparative data from other North American and international mining operations of similar scale
(if available), but perhaps this was outside the scope of the brief.
b. Results and conclusions?
The results are a brief description of individual mining operations and a detailed summary table
of these operations, with apparently sound quality data included in the table wherever possible.
This summary table provides an extremely useful and accessible summary of a number of key
features of the mining operations discussed, and should form a valuable aid to discussions about
the proposed Pebble project. The conclusions are backed up by the data presented, although as
already mentioned, it could be relatively easy to quibble about the semantics used, for example,
the use of the phrase, ‘distinctly different’.
Robert Kleinmann
a. Methodology?
Strengths: The authors provide a nice introduction to how the proposed Pebble Mine could
potentially cause environmental problems to the Bristol Bay fishery.
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Weaknesses: Methodology is not really applicable in this case since the report is just a
comparison of the proposed Pebble Mine with other Alaskan mining operations. It discusses
potential problem areas but generally in a superficial way that relies, to a large extent, on nonpeer reviewed literature.
b. Results and conclusions?
Although the report has no results and conclusions, it is clearly intended to convince the reader
that the Pebble Mine should not be permitted to operate, primarily because it: is much larger than
other Alaskan mines, will disturb much more potentially acid-generating rock than other Alaskan
mines, and is located in a valuable and potentially sensitive watershed that houses a valuable
fishery. Other aspects (the nature of the mining operation, the length of the proposed road
construction, the regional hydrology, etc.) are also addressed but in a far less convincing manner.
The claims of the authors may indeed be true with respect to these points, but there is insufficient
evidence provided in this report to convincingly make this case to anyone who does not already
have an opinion that these aspects will have the adverse impact that the authors claim.
Natalia Ruppert
a. Methodology?
The authors did thorough job compiling information on all major past/existing mining projects in
Alaska. They considered type of mining and waste disposal, geology and geochemistry of the
rock formations, and other factors. I did not check facts in the referenced literature, but trust that
these are correct. The authors documented in great detail differences between Pebble and other
mine projects. However, I wish they explored more what are the similarities between Pebble and
other mines.
b. Results and conclusions?
The main conclusion of the report is that the proposed Pebble Mine is different from all other
past/existing mine project in Alaska when considering all factors together, such as environment,
geology/geochemistry, size and waste disposal, level of development in the region, climate, etc. I
feel that all comparisons were drawn to support authors’ statement that the Pebble project poses
greater threat than the other mines. No fair discussion was given on similarities between Pebble
and other projects, and how these threats were mitigated.
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Question 3. Are there important limitations or uncertainties associated with applying results
from the Levit and Chambers 2012 report to the EPA assessment? If so, what are they?
David Brett
I think the benefit of the Levit and Chambers report is to put the size of the Pebble Mine into
perspective and to indicate high level topics that need to be addressed in assessment. These
include hydrological conditions of the site, geo-chemistry of the wastes and water quality as the
major ones.
Andy Fourie
There do not appear to be any obvious uncertainties. The data listed in the summary table are
complete and apparently accurate. Having undertaken similar studies myself, I believe that in
order to populate the summary table as extensively as they did, the authors would have had to
work through a very large number of documents. This summary table is, as already mentioned,
extremely valuable.
The primary limitation I would suggest is the lack of any comparative studies that discuss the
magnitude of a particular mining operation and the actual, reported impact of that operation.
Although each site is unique, and it is not really possible to draw conclusive comparisons
between various sites, some indication of ‘predicted versus actual’ impact would have added
greatly to the value of this document. However, once again, the brief under which the document
was prepared may well have excluded this opportunity
Robert Kleinmann
Yes. This report provides no new information that the EPA has not already considered; it simply
restates arguments that have appeared in previous testimony and in previously published
documents. Its intended audience is clearly the general public rather than informed scientists and
administrators. As such, it provides a concise, understandable summary of the arguments against
permitting the mine to operate, but provides no guidance on what regulatory agencies or the
mining company can do to mitigate potential adverse effects, should the mine be permitted to
open.
Natalia Ruppert
No fair discussion was given on similarities between Pebble and other projects, and how these
threats were mitigated. The emphasis was given to differences. Therefore, I remain skeptical
about what the authors chose not to mention in the report in order to maintain their concluding
remarks of the greater Pebble mine threats when compared to other mine projects in Alaska.
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Executive Summary
Concern 1: Neither the Pebble Limited Partnership’s (PLP) Pebble Project Description nor the
U.S. Army Corps of Engineers’ (ACOE) Draft Environmental Impact Statement (DEIS)
and supporting documentation analyzes or discusses the economic feasibility of the
proposed Pebble Project. Despite promises from PLP that an economic feasibility study
would be produced in 2018, no study was ever produced to inform the DEIS.
Summary: In order to resolve environmental concerns associated with past Pebble
Project designs, PLP has made many changes in the project design including reducing
the project footprint and changing the on-site processing of the metallic minerals. The
DEIS accepts PLP’s current mining proposal as a project that is economically feasible
and could be built and profitably operated for 20 years if permitted. However, PLP has
not carried out and submitted such an economic feasibility analysis of the “smaller
footprint” version of the Project for which PLP currently seeks a permit. This leaves the
proposal and its environmental impacts speculative.
Northern Dynasty’s 2019 first quarter financial report and its 2018 Technical Report make this
clear:
x

“The Pebble Partnership’s Mineral Property Interests Do Not Contain Any Ore
Reserves or Any Known Body of Economic Mineralization
Although there are known bodies of mineralization on the Pebble Project, and the
Pebble Partnership has completed core drilling programs within, and adjacent to, the
deposits to determine measured and indicated resources, there are currently no known
reserves or body of commercially viable ore and the Pebble Project must be considered
an exploration and feasibility evaluation project only. Extensive additional work is
required before Northern Dynasty or the Pebble Partnership can ascertain if any
mineralization may be economic and hence constitute ‘ore’.” 1

x

x

“Northern Dynasty cautions that the current Project Description may not be the ultimate
development plan for the Pebble Project and that a final project design has not been
selected.” 2
“Northern Dynasty completed a Preliminary Assessment on the Pebble Project in
February 2011 and, as noted above, since that time after considering stakeholder
feedback, the Pebble Partnership has submitted an application for a CWA 404 permit for
the Pebble Project on the basis of a substantially smaller mine facility footprint and with
other material revisions as are described in detail in Section 16.5 of this Report. As a
result, the economic analysis included in the 2011 Preliminary Assessment is considered

1

Northern Dynasty Minerals Ltd., Condensed Consolidated Interim Financial Statements for the three
months ended March 31, 2019 and 2018. Page 24

https://www.northerndynastyminerals.com/site/assets/files/4762/first_quarter_2019_financial_re
port_for_the_period_ending_march_31-_2019.pdf.
2

Ibid. p. 6.
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by Northern Dynasty to be out of date such that it can no longer be relied upon. In light
of the foregoing, the Pebble Project is no longer an advanced property for the purposes
of NI 43-101, as the potential economic viability of the Pebble Project is not currently
supported by a preliminary economic assessment, pre-feasibility study or feasibility
study.” 3
Concern 2: The DEIS incorrectly assumes that the permitting and construction of a new mine
assures a steady flow of significant net economic benefits to residents and governments.
Summary: The DEIS regularly makes statements asserting the proposed Pebble Project
will provide steady, long-term, and significant benefits to local communities and the state
if government agencies issue the permits for its construction.
Although significant employment and income opportunities are the hoped-for outcomes of the
construction and operation of a new metal mine, Alaska has had enough experience in the case
of Pebble and in its early Anglo-American history as well as its recent experience with the oil
industry to know that it is not only benefits that are associated with mineral extraction. There are
other negative characteristics, i.e. costs, associated with mineral-dependent economies that
often keep communities and states from prospering from those mineral extraction activities.
The discussion in the Pebble Project DEIS of the socioeconomic impacts associated with the
building and operation of the proposed Pebble Mine provides a naively optimistic and seriously
misleading projection of the mine producing significant and widely distributed economic benefits
across both rural communities in the vicinity of the proposed mine and Alaska’s largest urban
centers.
Such projected high flows of payments from mining operations to workers, other businesses,
and governments are the economic benefits that usually are presented to make it appear that
mining proposals such as Pebble are “an offer that appears to be too good to refuse.” Yet most
mining areas are not known for their prosperity and economic vitality. That is because there are
other characteristics associated with mining that dilute or overwhelm the projected benefits
emphasized and touted by mine proponents. The DEIS is silent on these negative aspects of
economic dependence on mining even though Alaska in recent years has been an excellent
case study of these off-setting negative characteristic of mineral-dependent economies. This is
a very serious flaw in the DEIS socioeconomic presentation.
It is important to note that substantial increases in copper mine production across the U.S. have
not always brought increased copper mining employment. In fact, between 1982 and 1997,
when copper mine production increased by 69 percent, the copper mining workforce was cut by
40 percent or 8,800 jobs. Between 1974 and 2003, copper employment fell from 28,000 jobs to
5,900 jobs. Almost 80 percent of copper jobs were lost. This was not due to falling demand for
copper and, therefore, for copper workers. It was primarily due to changes in the technology
used to mine copper ore and convert it to metallic copper.
This labor-displacing technological change, mainly in the form of automation and mechanized
equipment, has helped copper mining companies control costs and remain competitive while
processing lower and lower grade ores. The downside of this growth in labor productivity for
workers and communities is that the dramatic decline in the labor required per unit of copper
3

2018 Technical Report on the Pebble Project, Southwest Alaska, USA, Northern Dynasty Minerals Ltd.,
Effective Date-December 22, 2017. Issue date February 22, 2018. J. David Gaunt, et al. p. 1-2.
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production substantially reduced the number of jobs associated with the industry. Thus, even if
production and sales are stable, employment can continuously fall. In that setting only
constantly expanding mineral development can maintain stable employment, and this is rarely
possible over the long run in any particular area.
A new wave of technological change built around robotics and increased computer-controlled
automation is developing in metal mining. Soon self-driving trucks, remote-controlled loading
equipment, and explosive placement will reduce the blue-collar mining workforce further while
increasing the employment of highly skilled computer programmers and electronic maintenance
and repair workers.
Another potential source of fluctuating employment and earnings in mining is that mineral
deposits are always, ultimately, exhausted, and the industry has to shift to new geographic
areas. That is the usual source of mining “ghost towns”: After the economically viable ore has
been extracted, the mine shuts down, and, with nothing else there to hold the population, almost
everyone migrates away.
Concern 3: With no empirical support, the DEIS projects relatively large local employment and
income impacts associated with the Pebble Project.
Summary: The DEIS provides no formal economic analysis of the likely impacts of the
proposed Pebble Project on the local economies in the vicinity of the Pebble Mine site.
Instead it engages in an informal discussion of how large projects might have “ripple” or
“multiplier” impacts on residents and businesses not directly involved in the new project.
Although the DEIS describes the local socioeconomic context, it does not link that to the
ability of the local economies to absorb and benefit from those indirect impacts. In
addition, the DEIS misinterprets the local employment information associated with
Pebble’s exploration activities 2007-2013. The result is an exaggeration of the positive
local economic impacts that can be expected from the operation of the proposed Pebble
Mine.
The “ripple” or “multiplier” effects associated with mining activity are tied to where the mining
company purchases its supplies and equipment and where its employees spend their wages
and salaries. If the mine is located in a relatively isolated rural area, there are unlikely to be
much local commercial infrastructure where the mine could purchase the inputs it needs or
where employees and their families could spend their mine earnings. The Pebble Mine plans to
import the supplies it needs via private roads, private ice-breaking transport ships, private
pipelines, etc. This will largely limit the positive economic impact on the local communities from
the mining company’s purchases of basic supplies. The isolated, self-sufficient character of the
mining camp will also limit the opportunities for the miners to spend their money in the local
communities, and so will provide almost no ripple or multiplier impacts. And besides, it is
unlikely that very many locals will actually be hired by the mine.
The DEIS relies on a study analyzing data related to Pebble’s hiring trends associated with its
exploration and environmental assessment in the 2009 to 2012 period to develop its projections
of how many of the future Pebble Mine operational jobs would be filled by residents of local
communities in the vicinity of the mine. But such extrapolations are inappropriate given the
differences in the type of work and economic activities between mine exploration and
production. Moreover, the exploration and environmental assessment employment numbers fail
to support the conclusions made in the DEIS. During that period, PLP spent between $70 and

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1573 of 2339

$100 million a year on these pre-mining exploration activities. In the peak year of expenditure on
exploration, 2008, PLP reported 232 full- or part-time exploration employees, 130 of whom
resided in local communities.
According to that UAA study, the most common jobs associated with exploration and
environmental assessment from 2009 to 2012 were support positions appropriate for entry-level
employees that required limited pre-employment training, such as drill helper, bear guard,
skilled laborer, kitchen assistant, housekeeper, reclamation tech, van driver, observer, etc.
Almost all of these exploration jobs were also seasonal, not full-time. Finally, the worker living
quarters for the exploration employees were located in Iliamna. That community along with
nearby Newhalen and Nondalton provided about two-thirds of the average employment hours of
the exploration workers whose homes were in one of the local communities. In that sense, many
of the exploration workers were not as isolated from their homes as the employees at the
operating mine site will be.
One would expect to see this increased exploration work activity by residents of local
communities to be visible in the wage income earned by private workers in these communities.
But analysts pointed out that “the data do not show an increase in total private wages
proportional to the total increase in hours worked.” 4 The analysts suggested that this was
“because some people who worked at Pebble probably choose to work at Pebble rather than at
other jobs” 5 and the only increase it total wages was the difference in the wages paid by Pebble
compared to what they otherwise would have earned in other employment available. This
indicates that when self-employment, subsistence activities, and household production are
taken into account along with wage-based employment, there are not high rates of un- or under
employment in the Lakes communities. The Intergroup socioeconomic analysis done for the
Lake and Peninsula Borough, 6 confirms high employment rates in the Lakes Area Villages.
Concern 4: The DEIS contains unreliable estimates of the impact of the proposed Pebble
Project on local and state government revenues.
Summary: The DEIS obtains its estimates of the likely impact of the proposed Pebble
Project from a study commissioned by PLP and carried out by the IHS Insight consulting
firm in the 2011-2013 period. The Pebble Project design that was the basis of those IHS
impacts was a “conceptual” Pebble Project outlined for IHS by PLP and was entirely
different than the current proposed Pebble Mine Project for which PLP seeks approval
and the impacts of which the current DEIS sought to analyze. The DEIS did not seek to
study the impacts of the actual proposed Pebble Project on government revenues. The
result was seriously exaggerated “financial benefits” to local and state governments and
a failure of the ACOE to properly analyze this issue with the best data.
The Pebble Project proposal currently seeking federal permitting and the subject of the ACOE
DEIS is not the conceptual Pebble Mine analyzed by IHS in the 2011-2013 period. In that
sense, the dollar values that the DEIS presented as measures of the economic benefits to state
and local governments of the current Pebble proposal are of completely unknown provenance.

4 “The Economic and Employment Contributions of a Conceptual Pebble Mine to the Alaska and United
States Economies,” IHS Global Insight, prepared for the Pebble Limited Partnership, May 2013, p. 22.
5 Ibid.
6 Lake and Peninsula Borough: Socioeconomic and Fiscal Impact Assessment for the Pebble Project:
Report and Recommendations. Table 3.4-1, Page 38, Appendix A, May 2019 Draft
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While the 2013 IHS report may have been relevant to what PLP was considering proposing in
the 2011-2013 period, since that time much has changed in the design of the proposed Pebble
Mine. The PLP project description of the Pebble Mine, for which PLP is currently seeking
permits, has changed considerably from PLP’s earlier descriptions including that used by IHS as
the basis of its 2013 study.
The usefulness of the estimated impacts of an earlier, 2011-2013, Pebble Project design to the
evaluation of the impacts of a scaled-back 2019 Pebble Project design depends on the
similarity, or lack of it, between those two Pebble Project designs. The DEIS provides no
indication that ACOE tested of the validity of transferring information from an earlier project
design to the analysis of the current project design. To explore this question, we present a basic
comparison of the few metrics that allow a head-to-head or apples-to-apples comparison of the
2013 and 2019 versions of the Pebble Project.
Both Appendix N in the DEIS 7 and Appendix D in the IHS report 8 present total volumes of metal
that will be produced on an annual basis from the two different Pebble mine designs. The
annual production of those metals (copper, gold, silver, and molybdenum) can be compared to
see if the projected Pebble Mine production under the two different mining design proposals are
at least in the same ballpark. Table EX-1. below shows that direct comparison. It can be seen
from Table EX-1 that indeed the two mines are not comparable.
Table EX-1.

.

If we assume for the moment that we could rely on the fiscal and tax impacts from the 2013 IHS
report that are presented in the DEIS, it helps to present some context for evaluating the
importance of those impacts. Much like the employment impacts which can seem rather large,
until they are compared to the total number of employed workers in Alaska, we need some
reference point to evaluate the potential impacts of Pebble operations on the flow of revenues to
local and state governments. Combined, the state of Alaska, according to the DEIS, will receive
$134 million dollars annually while the mine is in full operation. Assuming that $134 million is the
amount that the Alaska state government would receive, that would represent about 1.25
percent of the total operating and capital appropriations (total funds) for Alaska in 2017.
As mentioned above in the discussion of the potential for the LPB Borough to see mining tax
revenues that substantially increase the net revenues available to fund public services and as
7

Pebble DEIS. Appendix N. Page 31. 2019
IHS. The Economic and Employment Contributions of a Conceptual Pebble Mine to the Alaska and
United States Economies. May 2013. Page 54-61.
8
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discussed more completely in the first section of these DEIS comments, it is misleading to
suggest that increased government revenues due to the operation of the Pebble Mine would
flow in a steady and uninterrupted stream for the full planned time span of the mine. Mine
production, employment, and mine-related government revenues can be expected to fluctuate
substantially, causing financial crises to governments that are dependent on those revenue
streams. As also pointed out above, this is not a speculative possibility. Alaska has only recently
recovered from an extended recession and state government fiscal crisis due to the fluctuation
in oil prices. There is a certain amount of instability (flicker) in mine dependent economies that is
not avoidable. The economic impact of new mining ventures should not be discussed as if they
will operate smoothly indefinitely into the future.
The main conclusion from this analysis is that the DEIS does not provide a reliable estimate of
one of the more important socioeconomic impacts associated with the operation of the proposed
Pebble Mine, namely, the impacts on the revenues available to governments to support the
provision of public services.
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Concern 1: Neither PLP’s Pebble Project Description nor the DEIS analyzes or
discusses the economic feasibility of the proposed Pebble Project.
Summary: In order to resolve environmental concerns associated with past Pebble
Project designs, PLP has made many changes in the project design including reducing
the project footprint and changing the on-site processing of the metallic minerals. The
DEIS accepts PLP’s current mining proposal as a project that is economically feasible
and could be built and profitably operated for 20 years if permitted. However, PLP has
not carried out and submitted such an economic feasibility analysis of the “smaller
footprint” version of the Project for which PLP currently seeks a permit. Despite promises
from PLP that an economic feasibility study would be produced in 2018, no study was
ever produced to inform the DEIS. 9 This leaves the proposal and its environmental
impacts speculative.
Northern Dynasty’s 2019 first quarter financial report and its 2018 Technical Report
make this clear:
x

“The Pebble Partnership’s Mineral Property Interests Do Not Contain Any Ore
Reserves or Any Known Body of Economic Mineralization
Although there are known bodies of mineralization on the Pebble Project, and the
Pebble Partnership has completed core drilling programs within, and adjacent to, the
deposits to determine measured and indicated resources, there are currently no known
reserves or body of commercially viable ore and the Pebble Project must be considered
an exploration and feasibility evaluation project only. Extensive additional work is
required before Northern Dynasty or the Pebble Partnership can ascertain if any
mineralization may be economic and hence constitute ‘ore’.” 10

x

“Northern Dynasty cautions that the current Project Description may not be the ultimate
development plan for the Pebble Project and that a final project design has not been
selected.” 11

x

“Northern Dynasty completed a Preliminary Assessment on the Pebble Project in
February 2011 and, as noted above, since that time after considering stakeholder
feedback, the Pebble Partnership has submitted an application for a CWA 404 permit for
the Pebble Project on the basis of a substantially smaller mine facility footprint and with
other material revisions as are described in detail in Section 16.5 of this Report. As a
result, the economic analysis included in the 2011 Preliminary Assessment is considered
by Northern Dynasty to be out of date such that it can no longer be relied upon. In light
of the foregoing, the Pebble Project is no longer an advanced property for the purposes
of NI 43-101, as the potential economic viability of the Pebble Project is not currently

9

: http://www.alaskajournal.com/2018-04-11/pebble-owners-working-refine-economics-smaller-plan.
Northern Dynasty Minerals Ltd., Condensed Consolidated Interim Financial Statements for the three
months ended March 31, 2019 and 2018. Page 24
10

https://www.northerndynastyminerals.com/site/assets/files/4762/first_quarter_2019_financial_re
port_for_the_period_ending_march_31-_2019.pdf.
11

Ibid. p. 6.
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supported by a preliminary economic assessment, pre-feasibility study or feasibility
study.” 12

Concern 2: The DEIS incorrectly assumes that the permitting and construction of a new
mine assures a steady flow of significant net economic benefits to residents and governments.
Summary: The DEIS regularly makes statements asserting the proposed Pebble Project
will provide steady, long-term, and significant benefits to local communities and the state
if government agencies issue the permits for its construction: E.g.:
x

“Overall, the project would provide long-term beneficial impacts on the economy from
employment and income in the region and state. These benefits would be
expected over the life of the project and would be certain to occur if the project
is permitted and built.” (DEIS, p. 4.3-8, emphasis added)

x

“In general terms, developments like the [Pebble] project provide economic benefits
to individuals, families, and communities in increased and steady income.” (DEIS,
4.3-7 emphasis added)

Although significant employment and income opportunities are the hoped-for outcomes of the
construction and operation of a new metal mine, Alaska has had enough experience, most
recently, with the Pebble Project and stretching back to Alaska’s early Anglo-American mining
history. Alaska’s recent experience with the oil industry should have imprinted the lesson that it
is not only benefits that are associated with mineral extraction. There are other negative
characteristics, i.e. costs, associated with mineral-dependent economies that often keep
communities and states from prospering from those mineral extraction activities.
Chief among those negative characteristics of economic dependence on mineral extraction is
the volatility of international commodity prices and the regular “flicker” in the level of
employment, size of payroll, purchases from within the local and state economies, and revenue
flows to local and state governments. This economic instability can discourage private and
public investment in infrastructure and limit widespread economic vitality.
Note that this phenomenon is different from the “boom-bust” scenario presented in the DEIS. 13
The DEIS version of this historical source of instability in the Alaskan economy was the
exhaustion of economically viable ore to mine and process, leading to the permanent shut down
of large, important, parts of the economy. The “flicker” in mineral production, employment,
payroll, supply purchases from local and state businesses, revenues to governments, etc. are
tied to the periodic strengthening and weakening of international commodity markets. 14 When
12 2018 Technical Report on the Pebble Project, Southwest Alaska, USA, Northern Dynasty Minerals Ltd.,
Effective Date-December 22, 2017. Issue date February 22, 2018. J. David Gaunt, et al. p. 1-2.
13 DEIS p. 3.3-2.
14 Steven Deller was one of the first economists to focus on the economic “flicker” associated with mining.
See “Does Mining Influence Rural Economic Growth? The Journal of Regional Analysis & Policy, 44(1):
36-48, 2014.
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markets weaken, investment in new and old projects weakens too and mines may try to stay
profitable by focusing on higher quality, lower cost ores with a reduced workforce. Without
widespread permanent closures of mines, there can still be disruptive economic fluctuations that
disrupt worker households, businesses that supply the mines and revenues flowing to state and
local governments.
The Lakes communities close to the Pebble Mine site have had experience with the impacts of
such metal market fluctuations even before the Pebble Mine has been built. Changes in metal
mining prospects have impacted the employment associated with exploration activities and
environmental studies associated with the Pebble Project. Between 2007 and 2013, $40 to $140
million was spent each year on Pebble exploration, engineering, and environmental studies.
In 2013, Northern Dynasty’s partner in the Pebble Project, Anglo American, withdrew from the
Project after spending $541 million on exploration and development. It cited a “worldwide
contraction in mining funding,” among other things, for its abandonment of the Pebble project. 15
PLP proceeded to ramp down exploration spending, terminating, ultimately, the exploration
activities, laying off a workforce that at its peak employed 232 full- or part-time workers. An
estimated 130 of these exploration workers were residents in the rural communities closest to
the mining site and the exploration headquarters in Iliamna. Following Anglo’s withdrawal from
the Pebble Project there has been little exploration or environmental activity in the field. 16 After
the exploration project ended in 2013, almost all site-related work and local employment
stopped as well. Income from the project therefore stopped as well. 17

Discussion:

A. The Economic Promise and Economic Reality of Mining
1. The Economic Promise of Mining as Depicted in the DEIS
The discussion in the Pebble Project DEIS of the socioeconomic impacts associated with the
building and operation of the proposed Pebble Mine provides a naively optimistic and seriously
misleading projection of the mine as producing significant and widely distributed economic
benefits across both rural communities in the vicinity of the proposed mine and Alaska’s largest
urban centers.
DEIS Promise #1:
The Pebble Mine would create thousands of high-paying jobs during construction and nearly a
thousand high-paying mining jobs during the decades of its operation.
x

“Under Alternative 1, the magnitude of the project’s impact on local employment would
be an increase of 2,000 direct hire project employees during the construction phase, and
850 during the operations phase.” (DEIS, p. 4.3-3)

15 “Local Jobs and Income from Mineral Exploration: A Case Study of the Pebble Exploration Project,”
January 2017, Bob Loeffler and Jennifer Schmidt, Institute of Social and Economic Research, UAA, pp. 7
16. Ibid.
17 Ibid. p. 30. “The Aftermath.”
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x

“On average, mining jobs pay much higher than most industry categories. The average
monthly wage in Alaska for the mining industrial classification in the third quarter of 2017
was $9,047…which was higher than the average for Alaska of $4,414.” In fact, over
twice as high.…” For example, income from mining could be double the median
household income in the [Lake and Peninsula Borough] of about $45,000.” (DEIS, p. 4.38)

x

“It is estimated that during [the Pebble Mine] operations, 250 employees would come
from surrounding communities, and the remaining 600 would be flown to the project
areas from Anchorage or Kenai. (DEIS, p. 4.3-3)

DEIS Promise #2:
In addition, the Pebble Mine would generate tens of millions of dollars in revenues for local and
state government:
x

Pebble Mine “construction and operations would generate revenues for local
governments and the state of Alaska. The revenue sources would potentially include
mining license taxes, corporate income taxes, property taxes, sales taxes, borough
severance taxes, and production royalty payments…” (DEIS, p. 4.3-8)

x

The collection of state royalty payments on project net income would have a beneficial
long-term…effect on state government revenues. IHS (2013) estimates the magnitude of
the benefit would be $21 million annually (2011 $s) in state royalty payments during the
operations phase. The duration of this benefit would be long term…” (DEIS, p 4.3-9)

x

“Mining operations are subject to severance taxes on resource extractions in a taxing
jurisdiction, which would be the [Lake and Peninsula Borough]. IHS (2013) estimates
that the magnitude and extent of project benefits would be $29 million annually in
severance taxes paid to [Lake and Peninsula Borough] during the [Pebble Mine]
operations phase.” (DEIS, 4.3-9)

DEIS Promise # 3:
These very positive “economic benefits” would be “steady,” “long-term,” and “certain to occur if
the [Pebble] project is permitted and built.”
x

“Overall, the project would provide long-term beneficial impacts on the economy from
employment and income in the region and state. These benefits would be expected over
the life of the project and would be certain to occur if the project is permitted and built.”
(DEIS, p. 4.3-8, emphasis added)

x

“In general terms, developments like the [Pebble] project provide economic benefits to
individuals, families, and communities in increased and steady income.” (DEIS, 4.3-7
emphasis added)
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Under Alternative 1, the magnitude of the project’s impact on local employment would be
an increase of 2,000 direct hire project employees during the construction phase, and
850 during the operations phase. (DEIS, p. 4.3-3)

Discussion:
Such projected high flows of payments from mining operations to workers, other businesses,
and governments are the economic benefits that usually are presented to make it appear that
mining proposals such as Pebble are “an offer that appears to be too good to refuse.” Yet most
mining areas are not known for their prosperity and economic vitality. That is because there are
other characteristics associated with mining that dilute or overwhelm the projected benefits that
are emphasized by mine proponents. The DEIS is silent on these negative aspects of economic
dependence on mining even though Alaska in recent years has been an excellent case study of
these off-setting negative characteristic of mineral-dependent economies. This is a very serious
flaw in the DEIS socioeconomic presentation.
2. The Economic Reality of Mining
High pay and revenue flows to governments are not the only characteristics associated with
mining. In addition to those positive characteristics, there are several important negative
characteristics that also have to be taken into account when evaluating the economic promise of
mining from a public interest point of view. Here we simply list them and then discuss each in
more detail below.
i.

The instability of mine production, employment, payroll, and payments to
government units. Changes in oil prices recently pitched Alaska into an extended
recession and budget crisis. Looking back over a century, gold prices also had a
major impact on Alaska’s metal mining employment during the 20th century.

ii. The impact of ongoing labor-displacing technological change that constantly
reduces the workforce required for any given level of mine production. A century
ago it was shifts from individual small operations to larger corporate operations
using “new” mechanized equipment that dramatically cut Alaska mining
employment. The shift from underground mining to open pit operations has also
reduced mining employment. Contemporary metal mines are increasingly
planning to adopt automation and robotics to reduce labor costs.
iii. Mines, ultimately, always deplete their economically viable ore deposits and shut
down. The average life of a metal mine has declined significantly in recent
decades. For instance, the copper mining activities in Butte, Montana, have
lasted 125 years, albeit, employing a drastically reduced workforce. Pebble
Limited Partnership’s (PLP’s) current Project Description for the Pebble deposit is
to mine for only 20 years, extracting only about 11 percent of the total 12 billion
tons of metal ore resource that has been identified. (DEIS Appendix N, Project
Description, p. 12)
iv. Mining is land intensive and as a result can have nearly permanent impacts on
the natural environment. Environmental degradation can significantly reduce the
attractiveness of a mining area as a place to live, work, and raise a family.
Depending on the size of the mining operation that PLP ultimately actually
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pursues, its impact on the Bristol Bay watershed could be substantial. Even the
“mini-version” of the Pebble Project that has been proposed for consideration in
the current permitting process, perpetual maintenance and water pumping will be
required to protect the watershed from acid mine drainage.
v. Metal mining usually takes place in rural, relatively isolated, areas. That certainly
is true of the Pebble Project. The mining site and most of the human settlements
in the larger region are not accessible by road. Access is by plane or boat. Most
of the communities in the larger region around the mine site have populations of
only a few hundred residents or less. Rural areas, by definition do not have large
trade or manufacturing centers that produce the equipment or provide the
supplies that technologically sophisticated mining operations need. Rural areas
also cannot provide workers and their families with many of the provisions
associated with life in the early 21st century. All of these provisions have to come
from large metropolitan areas some distance from the mining operation. This
leads much of the spending associated with the operation of the mine, including
payroll, to “leak” relatively rapidly from the small town and rural areas where the
mine is likely to be located.
vi. Experienced miners are very mobile, commuting long distance to work while
maintaining their residences outside of the area immediately impacted by the
mining and milling. PLP proposes to transport their workforce to the mine site for
extended work shifts of a week or two. The workers will stay in worker housing at
the mine sites, be provided with their meals and limited recreational opportunities
and, typically, will not be allowed to leave the mine site except when shifts
change and the mining company transports one group of workers out and
another group in. As a result, little or none of the worker payroll associated with
the mine will impact the local area. It “leaks” out of the rural area where the mine
is located and flows to the communities where the workers’ residences and
families are located.
We discuss each of these negative features of metal mining in turn below and develop the
economic implications of each.
3. The Unstable History of the Alaskan Mineral Economy
The Pebble Project DEIS very briefly acknowledges that Alaska’s natural resource economy has
not only been the source of relatively high wages and other revenues to households,
businesses, and governments, but, also, the source of economic instability:
“Alaska has a long history of boom-bust cycles associated with resource extraction
(e.g., oil and gold) that have impacted … tax revenue and the state economy…Local
communities and regions can also experience boom-bust cycles related to projects that
occur in their area. These cycles can occur from…the loss of a major employer in the
area after closure.” 18

18

DEIS, page 3.3-2.
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This very brief acknowledgement of the economic instability associated with mining,
however, focuses on only one part of the economic problems associated with
dependence on mineral extraction: The ultimate abandonment of particular mines.
Having incompletely defined the problem, the DEIS goes on to suggest that the Alaska
mining industry in recent years has avoided the boom-bust cycles of the past.
“With regard to the mining industry, cyclical metal prices can affect mining industry
investment. However, most of the large operating mines in Alaska have been
successful in finding additional reserves adjacent to their mine, extending their
operating life and postponing a potential ‘bust’ cycle.” (p. 3.3-2)
This DEIS statement confuses two quite different mining phenomena. The first focuses on the
cyclical fluctuation of metal prices that can change the profitability of an operating mine and/or
can change the long-run profitability of investing in the exploration for and development of new
sources of a mineral. Such mineral price fluctuations can lead to partial shutdowns or temporary
complete shutdowns of mines. The second issue mentioned in the above quote is associated
with the fact that all mines, ultimately, will exhaust the ore that is economically feasible to mine,
leading to the permanent shutdown of the mine.
The constant fluctuations in mineral prices and the accompanying fluctuation in production of
that mineral leads to fluctuations in mining employment, payroll, and revenues to governments
for decades before a mine is permanently shut down. This fluctuation in the level of production
activity at mines has come to be referred to as the economic flicker associated with mining. See
Figures 2, 3, and 4 below.
This volatility in economic impacts is not tied to resources being exhausted and/or mines being
abandoned. It is tied, instead, to the fluctuations in international supply and demand that makes
the profitability of mining certain mineral deposits fluctuate leading to worker layoffs and rehires.
This type of volatility in mineral markets is difficult, if not impossible, to avoid. Unfortunately, it
creates and maintains a level of economic uncertainty that discourages other, non-mineral,
economic activities, retarding economic vitality.
4. Alaska’s Recent Experience with Mineral Extraction
The Pebble DEIS very briefly mentions the fact that one of Alaska’s most important natural
resources, oil, has been the source not only of funds to the state government to support basic
public services and annual dividends paid to each resident, but also has been the source of
periodic economic decline:
“In Alaska as a whole, recent recessions have more typically been triggered by a drop
in oil prices, resulting in slowdown of spending in the oil industry and a drop in state
revenues.” (p. 3.3-2)
Oil extraction, transportation, and export has been a significant part of the Alaskan economy
since 1977 when oil began flowing through the Trans Alaskan Pipeline to deliver North Slope oil
to the export terminal at Valdez, Alaska. The profitability of oil development and export as well
as the revenues that flow to the Alaskan state government depend on the international market
value of that oil. As oil price fluctuates, so does the level of investment and employment in the
oil fields as well as the spending of state government.
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When we compare the taxes that were collected by the state of Alaska in 2018 from Oil and Gas
Production Taxes, 19 compared to Mining License Taxes, 20 we see that Oil and Gas accounted
for a little over $800 million while the Mining License Tax were about $47 million, or not quite 6
percent of Oil and Gas tax revenues. One need only look back to 2016 to see the size of the
fluctuations that can occur over time when such a large percentage of state taxes is tied to oil
and gas production. In 2016 the State of Alaska collected about $244 million from the Oil and
Gas Production Tax which was about 30% of the 2018 tax oil and gas tax collections. At the
same time, in 2016, the state of Alaska collected a little over $11 million in Mining License Tax
revenues which was about 24 percent of the mining taxes collected in 2018. So in the very
recent past the state tax revenues from oil and gas as well as mineral extraction have been
exceedingly volatile.
Figure 1 below shows the relationship between the fluctuating price of oil and the petroleum
revenue available to support the state of Alaska’s government programs.
Note that the flow of oil revenues to the state government plunged from about $10 billion to
about $1 billion between 2008 and 2017 as oil prices fell from over $100 per barrel to about $35
per barrel. This created a budget crisis for the state government that relies heavily on oil
revenues to fund public services.
Those fluctuations in the market price of oil do not just create state government budget crises,
they can plunge the Alaskan economy into a recession all on its own, regardless of what the
national economy may be doing. Alaska is only now escaping a recession that began in 2015
and lasted for over three years. The state lost between 12,500 and 13,000 jobs between 2015
and 2018 as employment declined for 39 straight months. 21 There was net out-migration from
Alaska totaling 35,000 people between 2013 and 2018. 22 The state of Alaska faced very serious
budget shortfalls and had to dip into the State’s “permanent fund” to try to balance the State’s
budget. 23 Accordingly, fluctuating mineral commodity prices can clearly have substantial
negative impacts on economic wellbeing.
5. The Volatility of Alaska Metal Mining in the Past: Metal Prices and Technology
It has not only been the negative impacts of uncertainty about oil prices that Alaska has had to
cope with. Alaska also has had a long history with metal mining and its inherently unstable
character. Beginning in the 1860s, Alaska was the site of a whole series of different “gold
rushes.” Discovery of gold in one location would lead to a speculative rush of prospectors and
miners to that location. Often the new discovery would play out relatively quickly, and the
prospectors and miners would move on to the next “big strike” elsewhere in Alaska or the
Yukon. These mining “rushes” to an area and then the abandonment of that area continued in

19

http://www.tax.alaska.gov/programs/programs/reports/AnnualData.aspx?60650
http://www.tax.alaska.gov/programs/programs/reports/AnnualData.aspx?60610
21 “Budget options: What are the short term effects,” Mouhcine Guettabi, Institute of Social and Economic
Research, University of Alaska Anchorage, 3/7/2019. Also, Alaska Economic Trends, February 2019
(Vol. 39, No. 2)
22 Ibid.
23 http://www.alaskajournal.com/2019-04-03/legislators-turn-dividend-spend-plug-deficit
20
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Alaska until the early 1900s. 24 These mining “rushes” to an area and then the abandonment of
that area continued in Alaska until the early 1900s. 25
Figure 1.

In the late 19th and early 20th centuries, small scale mining operations began to give way to
much larger scale operations that made use of more machinery and required larger capital
investments. This included dredging and hydraulic mining. It also included the building of copper
smelters so that copper ore concentrates did not have to be shipped to Tacoma, WA, for
processing. That led to a copper boom and bust between 1915 and 1930 as the smelting in
Alaska turned out to be unprofitable and the smelters were abandoned. 26

24

Overview of Mining in Alaska, Legislative Research Report, Report Number 13.156, January 30, 2013,
Brief History of Mining in Alaska, pp. 2-8.

http://www.akleg.gov/basis/get_documents.asp?session=28&docid=1137
25

Overview of Mining in Alaska, Legislative Research Report, Report Number 13.156, January 30, 2013,
Brief History of Mining in Alaska, pp. 2-8.

http://www.akleg.gov/basis/get_documents.asp?session=28&docid=1137
26

Ibid.
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For Alaskan metal mining, the 20th century was “a century of ups and downs.” 27 Mining
employment peaked in Alaska in 1916 at 8,590. 28 Alaska has not seen this level of metal mining
employment in the full century that has passed since then. By 1919 the demand for metals
sparked by the First World War had disappeared and Alaska metal mining employment dropped
below 4,000. See Figure 2 below. By 1923 employment had fallen to 3,600, a loss of about 60
percent of the 1916 jobs. With some volatility, Alaska metal mining jobs continued at about that
level until1933 when President Roosevelt raised the price at which the Federal Reserve System
would purchase gold to $35 per ounce from the previous level of approximately $21 per ounce.
That increase in the price of gold spurred an expansion in gold mining in Alaska. Between 1933
and 1940 metal mining employment almost doubled in Alaska, from 3,300 to 6,200.
With the end of the Second World War, metal mining in Alaska did not strongly rebound. About
1,100 jobs were added between 1945 and 1948, but then metal mining went into a long decline
between 1947 and 1976. By that time metal mining had effectively shut down in Alaska. There
was a slow recovery between 1976 and 1997, partly due to President Nixon taking the nation off
the gold standard and allowing gold prices to rise or fall as dictated by market forces. Gold
prices shot up. By 1980 the price of gold was almost twenty times higher than the previous
government set price of $35 per ounce. Gold mining in Alaska increased sharply in response,
and metal mining employment rose from near zero to about 2,400 in 1997, returning metal
mining employment back to its 1942 level of 55 years earlier. Between 1997 and 2003,
however, about 1,000 metal mining jobs were lost as gold prices dipped. 29
After 2005 metal prices rose across the board, the price of gold, copper, tin, lead, etc. all rose
steeply and metal mining employment in Alaska increased rapidly. In 2012 about 3,700 were
employed in Alaskan metal mining, about where Alaska metal mining employment had been
eighty years earlier, in 1931. However, between 2012 and 2015 about a thousand metal mining
jobs were lost in another industry downturn. See Figure 2 below.

27

“Alaska’s Mining Industry, Mali Abrahamson, Alaska Economic Trends, May 2013, p. 4.
“Mining employment” does not have a standard definition. Oil and gas exploration and development, for
instance, is part of “mining” in the federal economic accounts. Others limit “mining” to the extraction of
solid minerals from the earth. Metal mining is a narrower category: It not only excludes oil and gas
extraction but also coal mining and the extractions of construction materials such as sand and gravel.
Sometimes employment is reported in “full-time-equivalents,” with multiple part-time jobs being combined
into a “full-time-equivalent.” Most federal data on employment actually reports on jobs, both full- and parttime, counting both in the same way. In addition, some federal employment statistics report only on jobs
that are covered by federal unemployment insurance. This “covered” employment does not include selfemployed individuals. Some metal mining jobs are classified as “services supporting mining” and may not
be reported as mining jobs but as professional service jobs. Finally, exploration and development jobs
may or may not be reported as mining jobs. They may be treated as construction or professional services
jobs. Because of these differences in how mining employment is reported, the metal mining employment
information provided in this study has to be considered estimates with a significant error range. The
trends and fluctuations, however, can be considered a reasonably accurate depiction of the instability of
metal mining employment over time.
29 Ibid.
28
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Figure 2.

Since 1980 metal mining in Alaska has experienced an ongoing disruptive “flicker” effect with
rapid growth in metal mining jobs and then significant and sudden declines of 500 to 1,000
metal mining jobs. This ongoing “flicker” in metal mining jobs is tied to international metal market
conditions that lead metal prices to fluctuate widely, gaining or losing 50 percent or more of their
value over relatively short periods of time, undermining or enhancing profitability. Figure 3 below
shows this for copper prices. The same volatility in commodity price exists to the other metals
that the Pebble Mine would produce: gold, silver, and molybdenum.
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Figure 3.

Since 1980 metal mining in Alaska has experienced an ongoing disruptive “flicker” effect with
rapid growth in metal mining jobs and then significant and sudden declines of 500 to 1,000
metal mining jobs. This ongoing “flicker” in metal mining jobs is tied to international metal market
conditions that lead metal prices to fluctuate widely, gaining or losing 50 percent or more of their
value over relatively short periods of time, undermining or enhancing profitability. Figure 3
above shows this for copper prices. The same volatility in commodity price exists to the other
metals that the Pebble Mine would produce: gold, silver, and molybdenum.
The volatility of the demand for copper can also be seen in Figure 4 below that shows the
fluctuating levels of U.S. primary copper production since the beginning of the 20th century and
into the 21st century. Note the periodic dramatic declines (“flicker”) in U.S. primary copper
production.
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Figure 4.

These repeated and substantial fluctuations in copper employment, prices, and employment
have an unavoidable negative impact on local communities and economies. Workers and their
families do not know how long their jobs will last or how long the relatively high pay will circulate
within the local economy. That discourages investments by mine workers in the areas around
the mines as well as the discouragement of investments by other businesses in the local
commercial infrastructure. Because tax payments by mining companies fluctuate with the price
of copper and the level of copper production, state and local governments also do not know
what tax base they can rely on when contemplating investments in public infrastructure. The
result of that volatility in the revenues associated with copper mining is a hesitation across the
board to investment in the local economy. That partially explains the relatively run down and
depressed character of mining communities despite the high levels of pay in mining and the
huge volume of wealth extracted from those mines. Those negative economic consequences
are part of the costs associated with relying on mining for local economic vitality and well-being.

6. The Relative Importance of Metal Mining in the Alaskan Economy
There were 454,100 jobs in the Alaskan economy in 2017. Over the last 20 years, including the
prolonged Alaskan recession from 2015 to 2018, on average, 4,050 jobs have been added to
the Alaskan economy each year. As reported in the DEIS, PLP projects that during the
operation of the proposed Pebble Mine 850 workers will be employed, the majority of which, at

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1590 of 2339

least 425, PLP projects, will go to Alaskan residents. 30 The DEIS, however, does not put this
number of jobs in a context in which their relative importance to the wellbeing of Alaskans can
be evaluated.
This would not represent a major increase in Alaskan employment. Each year the Alaskan
economy has been adding about ten times that number of jobs. Put slightly differently, the
Alaskan economy creates the number of direct mining jobs that PLP projects for Alaskans
approximately each month. In fact, those 4,050 jobs added to the Alaskan economy each year
were 30 percent greater than the sum of all metal mining jobs in Alaska in 2017. That is, ninemonths of the 20-year historical annual growth of the Alaskan economy would create the same
number of jobs as all of the metal mining jobs in Alaska in 2017.
If we look at total employment associated with metal mining in Alaska in 2017, those 3,100 jobs
directly associated with all metal mining represented only about two-thirds of one percent of the
454,100 Alaskan jobs in 2017. See Figure 5 below.
Figure 5.

As discussed above, wages in metal mining are well above average, being among the best-paid
jobs in the Alaskan economy. For that reason, they should not be treated the same as the
typical job. The higher pay improves the economic wellbeing of the workers and households,
and the expenditures supported by those higher wages have a larger stimulating impact on the
30

DEIS p. 4.3-3.
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local and state economy. At the same time, it is important to put the number of these jobs as
well as the level of the associated wages in a larger economic context when evaluating their
socioeconomic impact.

B. The Impact of Technological Change on Copper Mining Employment
It is important to note that substantial increases in copper mine production across the U.S. have
not always brought increased copper mining employment. In fact, between 1982 and 1997,
when copper mine production increased by 69 percent, the copper mining workforce was cut by
40 percent or 8,800 jobs.
Figure 6.

Sources: Copper production data from USGS Arizona Minerals Yearbook. Copper industry employment and
production from annual reports (The Economic Impact of the Arizona Copper Industry) by George F. Leaming,
Western Economic Analysis Center. State metal mining employment from U.S. Bureau of Economic Analysis,
Regional Economic Information System.

In order to detail the decline in the number of jobs associated with copper production, we use
data from the largest copper producing state in the U.S., Arizona. 31 Figure 6, above, charts the
31 Alaska has not been a significant producer of copper for seventy years. During the 1910 to 1938 period
Alaska was included in the top 10 copper producers in the United States. (“Alaska Mineral Resources
1981-1982,” T.K. Bundtzen et al., p. 36, Division of Geological and Geophysical Surveys, Alaska
Department of Natural Resources. http://dggs.alaska.gov/webpubs/dggs/ar/text/ar1981-82.pdf Because
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decline in the total number of jobs in the Arizona copper industry between 1970 and 2016. The
total number of copper jobs is shown in the solid blue line.
Between 1974 and 2003, copper employment fell from 28,000 jobs to 5,900 jobs.
Almost 80 percent of copper jobs were lost. This was not due to falling demand for copper and,
therefore, for copper workers. It was primarily due to changes in the technology used to mine
copper ore and convert it to metallic copper. Those technological changes were labor-displacing
changes: Then need for workers per unit of copper produced fell dramatically. In 1974, 35
workers were needed to produce a thousand tons of copper. In 2003 it took only 7 workers to
produce the same amount of copper. The labor requirements for copper production were cut to
a fifth of what they had been earlier. The job-generating capacity of copper production, its labor
intensity, is shown in by the red dashed line in Figure 6. Note that total copper industry jobs
move with the labor-displacing technological change. As worker productivity improves and
copper industry labor intensity declines, so does the employment potential of the copper
industry.
This labor-displacing technological change has helped copper mining companies control costs
and remain competitive while processing lower and lower grade ores. The higher labor
productivity also supports the very high wages paid. The downside of this growth in labor
productivity for workers and communities is that the dramatic decline in the labor required per
unit of copper production substantially reduced the number of jobs associated with the industry.
Thus, even if production and sales are stable, employment can continuously fall. In that setting
only constantly expanding mineral development can maintain stable employment, and this is
rarely possible over the long run in any particular area.
As shown in Figure 6 above, in 2002 the labor intensity of copper production began a five-year
rise along with overall copper industry employment. This was followed by a decade of labor
intensity trending downward again. The last quarter of the 20th century saw the shift to open-pit
mining from underground mining, the adoption of larger and larger ore shovels and haul trucks,
the increased use of chemical extraction of copper from the ore, and other technological
improvements that made copper mining less and less labor intensive. Pushing in the opposite
direction is the lower and lower grade ores that the copper industry faces. Of course, it is difficult
to predict future technological change and its impact on copper industry employment.

C. Depletion of Mineral Deposits
Another potential source of fluctuating employment and earnings in mining is that mineral
deposits are always, ultimately, exhausted, and the industry has to shift to new geographic
areas. That is the usual source of mining “ghost towns”: After the economically viable ore has
been extracted, the mine shuts down, and, with nothing else there to hold the population, almost
everyone migrates away.
The DEIS points out this potential source of “boom and bust” with a mineral deposit
development: A large workforce comes in to construct the mine. Then a smaller workforce
operates the mine until the economically viable ore has been exhausted and then the local area
loses one of its only major employers. The DEIS, however, asserts that “most of the large
of the absence of current information on Alaska copper production, we use Arizona data to document the
impact of labor displacing technological change.
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operating mines in Alaska have been successful in finding additional reserves adjacent to their
mine, extending their operating life and postponing a potential “bust” cycle.” 32 This possibility,
however, depends on metal prices remaining sufficiently high and mining costs sufficiently low.
The life of contemporary copper mining operations can be relatively short when market
conditions change or the physical characteristics of the new deposit turn out to be more costly
than expected. The Carlota Mine in the Miami-Globe mining district of Arizona began producing
copper ore from its open pit operations at the end of 2008. The mine was expected to operate
through 2020 (12 years). In actual operation the mine did not prove to be as profitable as
expected and in mid-2013 it was scheduled for closure and reclamation after less than five
years of operation. 33
Of course, PLP’s current proposal for the Pebble Project is for a life of only 20 years.
The Pebble Project has been described in several different ways. The current proposal
presented by PLP for permitting to the ACOE envisions a twenty-year mining and ore
processing operation. That is a relatively short duration mine compared to, say, the 2011
“Preliminary Assessment of the Pebble Project” prepared by WARDROP for Northern Dynasty
Minerals Ltd. that described three successive development cases: An initial 25-year open pit, 45
years of open pit mine production, and 78 years of open pit mine production. 34
The DEIS also raises doubts about whether PLP actually plans only a 20-year operation as
proposed in its application and description of the project. As one of the “reasonably foreseeable
future actions,” the DEIS very briefly describes a “Pebble Mine Expanded Development
Scenario” 35 That scenario “would extend the life of the project to recover more of the estimated
reserves.” That Expanded development scenario would have mine operations continue for 78
years. Under that scenario, the DEIS envisions that “Employment and income impacts, as well
as tax revenue and cost of living reductions, realized from the Pebble Project would continue
through the 78-year expansion period.” In that sense it would be implementing, in broad terms,
the WARDROP 78-year operation alternative mentioned above.
PLP and its stockholders certainly would like to operate their proposed mine continuously at its
full design level of production for 78 years. However, the actual costs of operating the mine as
mining proceeds, the fluctuating market price of copper and the other metals being pursued,
and developments in mining technology may lead to a quite different, more irregular and
abbreviated, outcome, as they have regularly in the past. The size of the ore deposit does not
dictate the life of the mine. The market context, the value of the extracted minerals and the
costs of extracting the minerals, are the primary determinants of the life of the mine. The
physical quantity of ore in the ground does not identify a practical business opportunity. Evolving
market conditions determine what the commercial opportunities will be and metal markets in the
past have demonstrated considerable volatility in production, mineral prices, and operation
costs.

32

Page 3.3-2.
Geology, State Geologist of Arizona, November 15,2011,
http://arizonageology.blogspot.com/2011/11/carlota-copper-mine-to-wind-down.html . Also see KGHM
International website which lists the “status” of the mine as “Nearing Closure and in reclamation.”
34 Preliminary Assessment of the Pebble Project, WARDROP, 2011, pp. 4-5
35 DEIS, page 4.3-16.
33Arizona
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Concern 3: With no empirical support, the DEIS projects relatively large local employment
and income impacts associated with the Pebble Project.
Summary: The DEIS provides no formal economic analysis of the likely impacts of the
proposed Pebble Project on the local economies in the vicinity of the Pebble Mine site.
Instead it engages in an informal discussion of how large projects might have “ripple” or
“multiplier” impacts on residents and businesses not directly involved in the new project.
Although the DEIS describes the local socioeconomic context, it does not link that to the
ability of the local economies to absorb and benefit from those indirect impacts. In
addition, the DEIS misinterprets the local employment information associated with
Pebble’s exploration activities 2007-2013. The result is an exaggeration of the positive
local economic impacts that can be expected from the operation of the proposed Pebble
Mine.
DEIS Statements:
x

“In addition, indirect employment would increase from the services that would be
needed to support [mine] construction and operation activities…These activities
could potentially create a large number of direct and indirect jobs in the region,
relative to the population providing a measurable beneficial impact over both the
short-term construction phase and long-term life of the project. These impacts
would be certain to occur if the project is permitted and built.” (p. 4.3-3)

x

“Indirect employment that is developed to support the construction and
operations of the project would provide additional opportunities for community
residents.” (p. 4.3-8)

x

“The largest impacts [on community population] could occur in Iliamna,
Kokhanok, Newhalen, and potentially Nondalton, which may see an increase in
population related to any businesses that are developed to support the [Pebble]
project.” (p. 4-3-7)

x

“…any increase in the number of jobs would help the local communities. Loeffler
and Schmidt…found that during the pre-development phase of the Pebble
Project (2009 to 2012), community members from the region accounted for about
43 percent of the project’s seasonal workforce. Communities near the mine site
were found to provide a much higher percentage of local labor than more distant
communities. (p. 4.3-7)

x

“Under Alternative 1, the magnitude of the project’s impact on local employment
would be an increase [of] 850 during the operations phase…It is estimated that
during operations, 250 employees would come from surrounding communities…”
(p. 4.3.-3)

Discussion:
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A. The Local Communities in the Pebble Project Area Will Not Be Able to
Supply the Mine’s and Workforce’s Needs
The “ripple” or “multiplier” effects associated with mining activity are tied to where the mining
company purchases its supplies and equipment and where its employees spend their wages
and salaries. In the lexicon of economic impact analysis, these are the “indirect” and “induced”
impacts that the DEIS simplifies to simply “indirect” impacts.
If the mine is located in a relatively isolated rural area, there is unlikely to be much local
commercial infrastructure where the mine could purchase the inputs it needs or where
employees and their families could spend their mine earnings. The Pebble Mine plans to import
the supplies it needs via private roads, private ice-breaking transport ships, private pipelines,
etc.
In addition, the mining company plans to build living facilities, including lodging, food service,
recreation, and health care at the isolated mine site. In this situation there may be no possibility
for local “induced impacts” associated with employees spending their income. Employees will be
transported in and out and not allowed to leave the mine site to access services in local
communities, even if such services were available. As the DEIS described it:
“The temporary and long-term camps housing workers would be self-contained, and
operated and maintained by PLP throughout the project. The work camps would be in
remote areas, and employees would not have access to services in local communities.
Therefore, local community services would not be adversely impacted by additional
workforce population needs. In addition to housing facilities, the camps would be
equipped with appropriate emergency medical facilities, electrical power generation, fuel
storage, and facilities for sewage treatment and solid waste disposal and management.
Potable water for the camps would be trucked in or sourced from on-site wells.” (p. 4.34)
PLP projects that the vast majority (71 percent) of the employees of the mine would not be
residents of the local communities. When the employees are off-shift and flown back to where
they reside, they will spend their pay in that location or the closest urban trade center to their
residence. As the DEIS said: “It is estimated that during operations, 250 employees would come
from surrounding communities and the remaining 600 would be flown to the project area from
Anchorage or Kenai” (p. 4.3-3)
“Many communities [in the Pebble Project area] have been exploring small business
opportunities for residents to increase local employment. However, most communities in the
region have too small of a population to support a single service provider, so new businesses
will often have to plan for a regional market to be successful.” (DEIS p. 3.3-5) The high cost of
transportation in this largely unroaded area works against the pursuit of such regional markets
from these isolated communities.
As Appendix N of the DEIS, the Project Description, pointed out:
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“The Pebble Deposit is located in southwest Alaska’s Lake and Peninsula Borough,
home to an estimated 1,600 people in 18 local villages. At more than 30,000 square
miles, the Lake and Peninsula Borough is among the least densely populated
boroughs or counties in the country. There are no roads into the borough, and few
roads within it, contributing to an extremely high-cost of living and limited job and other
economic opportunities for local residents.” (p. 23)
There are only very small towns in the vicinity of the Pebble Mine: “Residential and
commercial land use in the vicinity of the mine site is limited and includes the
communities of Newhalen (population 230), Nondalton (population 144) and Iliamna
(population 100), each located approximately 17 miles from the mine site.” (DEIS, p. 32.16)
Those towns do not have significant numbers of commercial businesses. A study of
employment associated with Pebble’s exploration activities, quoted several times by the DEIS
socioeconomic sections, described the “local economy” in the following terms.
“The economy of the region is often characterized as a mixed cash-subsistence
economy. The cash sector is dominated by government employment, generally local
government. The largest employer is typically the school district. There are significant
air taxi operators in Port Alsworth and Iliamna. Also, Lake Clark National Park
employees live in Port Alsworth and Nondalton, with possibly a few also in Iliamna. A
few other small businesses exist in some communities.” (emphasis added). 36
In this setting, the local “multiplier” impacts of the construction and operation of the Pebble
Project are likely to be near zero. Effectively that means that the economic impacts are shifted
to those locations where the mine can purchase its supplies and worker households can shop
for what they need. Through this “leakage” of payroll and other mine expenditures away from
the local communities, the multiplier impacts shift to the larger, more diverse, and more densely
settled areas such as the Anchorage and Kenai Peninsula area.
These long-distance mineworker commuting patterns from Alaska’s urban areas and areas
outside of Alaska to isolated rural areas shift the “economic impact” of the mining away from
rural Alaska to urban centers both in and outside Alaska. This can reduce the local economic
impact of a mine in a rural area to near zero as well as limit the positive impact on Alaska as a
whole.
These low positive impacts on local employment and income are not just a metal mining
phenomenon. The same is true of almost any industrial activity at an isolated geographic
location, whether it be a mine, mill, or timber harvest and processing facility. A 2003 study of
small forest communities in Southeast Alaska documented the absence of a reliable impact
associated with the rise and fall in forest products production and other export-oriented
activities. The impact of fluctuations in export industry employment and income in 15 small
36

“Local Jobs and Income from Mineral Exploration: A Case Study of the Pebble Exploration Project,”
Bob Loeffler and Jennifer Schmidt, Institute of Social and Economic Research, UAA, January 2017, p. 11.
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communities on locally-oriented employment and income were studied to see if there was a
reliable positive correlation between them. That is, to see if a positive multiplier effect could be
detected. In general, there was no such positive multiplier effect of the extractive activity on the
rest of the local economy when that economic activity took place in isolated locations. The
primary explanation offered for this result was the one suggested above: “…an extremely high
degree of income leakage in small communities means that impacts from changes in [exportoriented] employment and income may appear outside the community in question.” 37 That is,
the indirect and induced multiplier impacts are felt outside of the area where the industrial facility
and its jobs are located.

B. The Local Communities Will Have Difficulty Filling Many of the Pebble
Mining Jobs
The DEIS relies on a study of Pebble’s hiring trends associated with its exploration and
environmental assessment in the 2009 to 2012 period to develop its projections of how many of
the future Pebble Mine operational jobs would be filled by residents of local communities in the
vicinity of the mine. 38 But such extrapolations are inappropriate given the differences in the type
of work and economic activities between mineral exploration and mine operation. Moreover, the
exploration and environmental assessment employment numbers fail to support the conclusions
made in the DEIS.
During that period PLP spent between $70 and $100 million a year on these pre-mining
exploration activities. In the peak year of expenditure on exploration, 2008, PLP reported 232
full- or part-time exploration employees, 130 of whom resided in local communities. 39
According to that study, the most common jobs associated with the exploration and
environmental assessment of the Pebble Project site from 2009 to 2012 were support positions
appropriate for entry-level employees that required limited pre-employment training such as: drill
helper, bear guard, skilled laborer, kitchen assistant, housekeeper, reclamation tech, van driver,
observer, etc. 40 Almost all of these exploration jobs were also seasonal, not full-time. Finally, the
worker living quarters for the exploration employees were located in Iliamna. That community
along with nearby Newhalen and Nondalton provided about two-thirds of the average
employment hours of the exploration workers whose homes were in one of the local
communities. 41 In that sense, many of the exploration workers were not as isolated from their
homes as the employees at the operating mine site will be.
Employees hired to operate the Pebble Mine and ore processing facilities are likely to have to
meet more stringent requirements in terms of technical experience and training that might
exclude many working-age residents of the villages in the Pebble Project area. As the 2013 IHS
study of the economic impacts the operation of a Pebble Mine put it in discussing “Workforce
Training”:
37

“A Test of the Economic Base Hypothesis in the Small Forest Communities of Southeast Alaska,” Guy
C. Robertson, General Technical Report NSW-GTR-592, Summary, December 2003,
38 Op. cit. Loeffler and Schmidt, January 2017.
39 Ibid. p. 7. This indicates that in that particular year, 56 percent of the exploration employees came from
local communities in the Bristol Bay-Pebble area.
40 Ibid. Table 7, p. 18.
41 Ibid. Figure 12, p. 23. Years 2009 to 2012.
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“Thus, the demand for new workers, new skills, and new certifications that meet
requisite environmental, health, and safety compliance standards, present both
opportunities and challenges. On one hand, the mine’s operations in the area could
create new career and employment opportunities in the local region and encourage
local companies to make upgrades that will benefit everyone. At the same time, as
locals may not be prepared immediately to participate in the labor force and it will take
time to train and educate workers into the more skilled and professional positions, local
competition for skilled employees will likely increase, and some talent will likely have to
be brought in from outside the region.” 42
Not all of the jobs associated with the Pebble Mine will be technical in character. For instance,
since the Mine will operate a residence facility for workers that provides rooms, meals, and
entertainment opportunities, some of the hires will be in the hospitality occupations. Others will
be for drivers ferrying supplies and people to the mine site. Relatively brief training and on-thejob experience may prepare people in local communities to fill some of these jobs.

C. Misinterpreting the Pebble Exploration Hiring during the Pre-Mining
Period
As discussed above, between 2007 and 2013, PLP hired people to carry out pre-mining
exploration and environmental analysis in the area around the proposed mine site.
Between $40 million and $140 million was spent each year during this time period. 43
PLP had four years, 2009 to 2012, of complete employment information for this on-site
work. This included information on where the worker’s homes would be located. This
allowed the identification of the exploration jobs that were filled by residents of the small
communities in the Bristol Bay-Pebble Project study area.
The Institute of Social and Economic Research at the University of Alaska Anchorage,
with assistance from PLP, analyzed this Pebble exploration employment data. 44 One of
the conclusions reached in that study was that during 2009-2012, 43 percent of
exploration workers resided in one of the nineteen Bristol Bay communities that the
analysts considered to be in the Pebble Project study area. 45 The analysts commented
on “this high local-hire rate,” saying that that local hire rate “is high by global
standards.” 46 They credited PLP’s efforts to hire local residents and training programs
that were in place to help qualify local residents for jobs. 47 The DEIS takes this to be an
indication that operational jobs at the proposed mine could have similar success in hiring
local residents. 48

42

“The Economic and Employment Contributions of a Conceptual Pebble Mine to the Alaska and United
States Economies,” IHS Global Insight, prepared for the Pebble Limited Partnership, May 2013, p. 22.
43 Op. cit. Loeffler and Schmidt, 2017, p. 7.
44 Ibid.
45 Ibid. pp. 1 and 4.
46 Ibid. p. 20.
47 Ibid, p. 4
48 Page 4.3-3 and 4.3-7
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This is a misinterpretation of what the 43 percent local hire conclusion actually meant.
As the analysts made clear when they introduced this local hire estimate at the very
beginning of their report, what they found was that of all of the people who were
employed by PLP at the mine site anytime between 2009 through 2012, 43 percent
stated that their home community was in the Bristol Bay-Pebble study area. The analysts
looked at a list of the names of all of the people who worked at least one day on PLP
exploration during this four-year period and counted all of the names that listed a “local”
home community. They found “about 300 local residents who worked at the site some
time during the [four-year] study period.” Those who may have worked one day in one
year were counted the same as those who worked for four full seasons as “local”
employees. 49 Each was counted as one employee.
If, instead of counting the number of different names of people employed at some time
over four years, we look at the average annual number of employees engaged in
exploration work who list one of the Bristol Bay communities as home, the annual
number of “local” workers who were employed in exploration comes to 130. That is less
than half of the 301 local exploration workers obtained when one adds up all of the local
people who spent some time working on exploration during the four-year study period.
Going year-by-year and averaging, filters out local residents who did very little
exploratory work. That is why the assertion that 43 percent of exploration workers had
homes in the Bristol Bay-Pebble Project study area is of questionable accuracy.
The point here is that measuring employment over a four-year period by summing
names of people who worked sometime during that period is not a good measure of
employment since it ignores how much the individuals worked and does not state
employment in annual terms.
During the four-year study period, the annual number of local community exploration
workers increased significantly, by 59 percent. The annual hours worked by the local
community exploration workers increased even more over the four years: The hours
worked more than doubled. 50
One would expect to see this increased exploration work activity by residents of local
communities to be visible in the wage income earned by private workers in these
communities. But the analysts pointed out that “the data do not show an increase in total
private wages proportional to the total increase in hours worked.” 51 The analysts
suggested that this was “because some people who worked at Pebble probably choose
to work at Pebble rather than at other jobs” and the only increase it total wages was the
difference in the wages paid by Pebble compared to what they otherwise would have
earned in other employment available. 52
This is not to suggest that total wage earnings did not increased in the group of Bristol
Bay communities studied. Total wage income did increase, but the increase was
significantly less than what one might have expected given that the number of hours
being worked for Pebble more than doubled and them moved quickly to zero. Some of
the impact of the decline in direct employment in Pebble exploration appears to have
49

Ibid. p. 19.
Ibid. Figure14.
51 Ibid p. 25.
52 Ibid.
50
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been offset by other changes in the Lakes Communities and Lake and Peninsula
Borough economies.
Recall that Pebble Project’s employment of workers to assist with the exploration of the
mineral potential and environmental assessment ended in 2013 when Anglo American
withdrew from the PLP and further exploration and environmental assessment work was
canceled, laying off hundreds of workers. Employment data for 2016 after PLP reduced
its pre-mining workforce for the Lakes area communities indicated that the percentage of
residents age 16 and over that was employed was 70 percent. For the seven individual
communities the percentage employed ranged from 81 percent in Newhalen and 76
percent in Iliamna to 62 percent in Pedro Bay and 60 percent in Nondalton. For Alaska
as a whole the percentage of people age 16 and above employed was below that in
these communities close to the Pebble Project site. For the total Lake and Peninsula
Borough, the percentage employed was 69 percent. 53 That is, despite the Pebble Project
layoffs in 2013, the employment rate in the communities closest to the Project site, had
better employment rates than Alaska as a whole.
Rather than evaluating potential socioeconomic impacts of the proposed Pebble Mine
using past seasonal employment from the 2009-2012 period, a closer analysis of more
recent 2016-2018 economic data on community labor force characteristics, employment
rates, etc. would be more informative and reliable.

Concern 4: The DEIS contains unreliable estimates of the impact of the proposed Pebble
Project on local and state government revenues.
Summary: The DEIS obtains its estimates of the likely impact of the proposed Pebble
Project from a study commissioned by PLP and carried out by the IHS Insight consulting
firm in the 2011-2013 period. The Pebble Project design that was the basis of those IHS
impacts was a “conceptual” Pebble Project outlined for IHS by PLP that was entirely
different than the current Pebble Project for which PLP seeks approval and the
environmental impacts of which the current DEIS sought to analyze. The DEIS did not
seek to study the impacts of the actual proposed Pebble Project on government
revenues. The result was seriously exaggerated “financial benefits” to local and state
governments.

Discussion:

A. The Lack of an Analysis of the Impacts Associated with the Actual Proposed
Project
Part of the DEIS discussion of the socioeconomic impacts of the Pebble Project, appropriately
considered the impact on the flow of revenues to state and local governments to support public
services. In the DEIS, the ACOE concluded that the impact of the construction and operation of
the Pebble Mine on the collection of mining license tax and corporate income tax would be a
53“

Lake and Peninsula Borough: Socioeconomic and Fiscal Impact Assessment for the Pebble Project
Report and Recommendations,” InterGroup Consultants, May 2019, Appendix A, Socioeconomic and
Fiscal Impacts for the Pebble Project, page 38, Table 3.4-1.
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“beneficial effect” on state government revenues and provided a quantitative dollar estimate of
the magnitude and extent of that benefit. The DEIS came to similar conclusions about royalty
payments to the state: Those payments would have a “beneficial long-term…effect” on state
government revenues. Similarly, the revenues from borough severance taxes would produce
“project benefits” on the Lake and Peninsula Borough. The construction of the Pebble Project
would also have “beneficial impacts” due to the expanded property tax base. Finally, as an
alternative to local property and severance taxes on mines, a borough could collect Payments in
Lieu of Taxes that would have a “beneficial effect [that] would be expected to last over the life of
the project.” (DEIS p. 4.3-9)
Table 1 below shows the DEIS’s assertions about the quantitative size of the “positive”
“beneficial” impacts of the proposed Pebble Project on the annual revenues received by local
and state governments. The revenue flows to local (borough) governments are especially large:
$29 million per year for the Lake and Peninsula Borough (L&P Borough) from the Borough
Severance Tax. As the DEIS points out, this would be 6 times the total of approximately $5
million in revenue from external sources that the L&P borough received in fiscal year 2019.
(DEIS p. 4.3-9)
Table 1.

/^ĐŽŶŽŵŝĐĞŶĞĨŝƚƐŽĨdĂǆĂŶĚZŽǇĂůƚǇWĂǇŵĞŶƚƚŽ^ƚĂƚĞΘ>ŽĐĂů'ŽǀĞƌŶŵĞŶƚ
^ŽƵƌĐĞŽĨZĞǀĞŶƵĞ
/^ƐƚŝŵĂƚĞƐŽĨĐŽŶŽŵŝĐĞŶĞĨŝƚƐ
>ŽĐĂƚŝŽŶŝŶ
ŽŶƐƚƌƵĐƚŝŽŶWŚĂƐĞ WƌŽĚƵĐƚŝŽŶWŚĂƐĞ /^
DŝŶŝŶŐ>ŝĐĞŶƐĞdĂǆ
E
ΨϰϰŵŝůůŝŽŶͬǇĞĂƌ Ɖ͘ϰ͘ϯͲϴ
ŽƌƉŽƌĂƚĞ/ŶĐŽŵĞdĂǆ
ΨϮϳŵŝůůŝŽŶͬǇĞĂƌ
ΨϲϵŵŝůůŝŽŶͬǇĞĂƌ Ɖ͘ϰ͘ϯͲϴ
^ƚĂƚĞZŽǇĂůƚǇWĂǇŵĞŶƚƐ
E
ΨϮϭŵŝůůŝŝŽŶͬǇĞĂƌ Ɖ͘ϰ͘ϯͲϵ
>ΘWŽƌŽƵŐŚ^ĞƌǀĞƌĂŶĐĞdĂǆ
E
ΨϮϵŵŝůůŝŽŶͬǇĞĂƌ Ɖ͘ϰ͘ϯͲϵ
dŽƚĂů
ΨϮϳŵŝůůŝŽŶͬǇĞĂƌ
ΨϭϲϯŵŝůůŝŽŶͬǇĞĂƌ
^ŽƵƌĐĞ͗KWĞďďůĞWƌŽũĞĐƚ/^͕ƉƉ͘ϰ͘ϯͲϴĂŶĚͲϵ͘
It is important to understand, however, that the ACOE did not carry out the data gathering or
analysis that supports these “government revenue benefits” reported in the DEIS. Without
justification or comment, the DEIS simply copied these numbers from a report written for PLP in
the 2012-2013 time period by the consulting firm IHS Global Insight. 54 That IHS report did not
analyze the current Pebble Project proposal that is the subject of the DEIS. Instead it analyzed
the impacts of a “conceptual” Pebble Mine based on proprietary information provided by PLP
personnel to IHS at that time.
“Project planning at the Pebble Limited Partnership is an ongoing process, such that a
definitive mine plan has yet to be completed. To facilitate this [IHS] study, PPL shared
with IHS a planning iteration from its ongoing engineering work for a conceptual mine
that is typical of the size and scale of operation that Pebble intends to permit, build and
operate. This conceptual mine plan is indicative only, rather than determinative.” (p. 6)
“PLP has requested that all of the physical and operating parameters associated with
this conceptual mine plan not be presented in this study to avoid any confusion about
the specific project design that will ultimately be proposed for permitting.” (p. 6)
54

IHS. “The Economic and Employment Contributions of a Conceptual Pebble Mine to the Alaska and
United States Economies.” May 2013.
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IHS sought to assure readers that a study of the Pebble Project based on an as yet
undeveloped mining plan would not mislead decision-makers or the public because:
“Any proposed mining plan will be subject to an exhaustive, multi-year regulatory
review process involving multiple state and federal agencies, and an extensive public
comment period. Thus, additional comprehensive economic studies will be needed as
the development plan becomes more refined and finalized.” (p. 1)
It is very important to note that, although IHS considered additional economic studies “needed,”
the DEIS provides no such “additional comprehensive economic studies.” The DEIS obtained
some of the most basic socioeconomic impact information by lifting those results from the very
document that indicated that “additional comprehensive economic studies would be needed….”
before a full evaluation of the actual proposed Pebble Project could be carried out. Six years
later, that economic analysis has still not been provided. As the “2018 Technical Report on the
Pebble Project,” commissioned by Northern Dynasty Minerals, pointed out in early 2018, PLP
“has not completed a current comprehensive economic analysis of the Pebble Project but
anticipates…the EIS [process] will provide additional clarity with respect to the project to be
evaluated so that an economic analysis can be completed.” 55 Note that it has still not been
completed.
The Pebble Project proposal currently seeking federal permitting and the subject of the ACOE
DEIS is not the conceptual Pebble Mine analyzed by IHS in the 2011-2013 period. In that
sense, the dollar values that the DEIS presented as measures of the economic benefits to state
and local governments of the current Pebble proposal are of completely unknown provenance.
While the 2013 IHS report may have been relevant to what PLP was considering proposing in
the 2011-2013 period, since that time much has change in the design of the proposed Pebble
Mine. The PLP project description of the Pebble Mine 56, for which PLP is currently seeking
permits, has changed considerably from PLP’s earlier descriptions including that used by IHS as
the basis of its 2013 study. As the 2018 Technical Report on the Pebble Project by J. David
Gaunt et al. (Gaunt Report) commissioned by PLP said 57:
“…in light of stakeholder and regulatory feedback, Northern Dynasty has initiated a
broad review of the Pebble Project that took place in 2016 and 2017 to consider among
other things, a smaller project footprint and improved environmental and safety
enhancements and has incorporated these and other improvement into a new
proposed development project for Pebble.” (page 1.)
“…the Pebble Partnership has submitted an application for a CWA 404 permit for the
Pebble Project on the basis of a substantially smaller mine facility footprint and with
other material revisions…As a result, the economic analysis included in the 2011
Preliminary Assessment is considered by Northern Dynasty to be out of date such that
it can no longer be relied upon. (page 2.)

55

J. David Gaunt, et al., issued date February 22, 2018, p. 2.
Pebble DEIS, Appendix N, Project Description.
57 Prepared for Northern Dynasty Minerals Ltd. Effective date: December 22, 2017, Issue date: February
22, 2018.
56
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It is that revised project for which PLP now seeks a federal permit and on which the DEIS
should have been focused. The IHS 2013 report based on PLP project designs in the 20112013-time frame is a questionable source of information for the Pebble Project as now
configured.
The project description has continued to change after PPL applied for a federal permit on
December 22, 2017. PLP’s Project Description attached to the DEIS (Appendix N) was dated
December 2018. PLP informed the ACOE of those changes in a memo dated May 11, 2018. 58


B. Comparing the Current Pebble Proposal and the 2011-2013 “Conceptual”
Proposal
The usefulness of the estimated impacts of an earlier, 2011-2013, Pebble Project design to the
evaluation of the impacts of a scaled-back 2019 Pebble Project design depends on the
similarity, or lack of it, between those two Pebble Project designs. That is, the DEIS should have
compared the two different project designs to determine whether the estimated impacts on
government revenues of the 2011-2012 design was an appropriate proxy for what the impact of
the 2019 design would be. The DEIS provides no indication that this test of the validity of
transferring information from an earlier project design to the analysis of the current project
design was ever carried out. Without that comparison of the project describe in the DEIS and
the project described in the IHS report, the tax and fiscal impacts that are presented in the DEIS
could potentially have no relation to the current proposed mine design. We need to know that
the two project descriptions are at least in the same ballpark if we are going to rely, as the DEIS
did, on the tax and fiscal impacts presented in the IHS study even though the Pebble Project
now has a completely different design. To explore that, we present a basic comparison of the
few metrics that allow a head-to-head or apples-to-apples comparison of the 2013 and 2019
versions of the Pebble Project.
Before the information the DEIS lifted from the 2011-2013 IHS study on the likely impact of the
Pebble Project on the flow of revenues to state and local government can even be considered
as useful or reliable in this NEPA process, there has to be evidence that the 2011-2012
conceptual plan for the Pebble Mine is quite similar to the specific mining proposal for which
PLP currently is seeking federal permits.
The IHS estimates of the impact of the 2011-2012 conceptual Pebble Mine on government
revenues, as well as other economic impacts, are built around estimates of the market value of
the metal concentrates that the Pebble Mine would produce. Two variables will primarily
determine the market value of Pebble Mine’s output: The quantity of each metal contained in
the metal concentrates and the international market price of each of the metals. The product of
these two variables largely determines the market value of the production from the mining and
concentrating. 59 For that reason, we compared the Pebble Project annual output of the four
metals as laid out in the DEIS and in the IHS 2013 study. We also compare the assumed metal

58 PPL memo from James Fueg to Shane McCoy of the US ACOE. “Technical Note on Updates to PLP’s
Proposed Project.”
59 The cost of transporting the concentrates to refineries or smelters and the cost of producing pure
metals will also impact the value of the concentrates. IHS estimates that these additional processing
costs reduce the per unit value of the contained metals by 12 percent. IHS 2013 Study, p. iii, footnote 2.
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prices used in the IHS study to what has actually happened to the relevant metal prices over the
last 10 years.
The only direct comparisons that we were able to find in the IHS report and the DEIS were for
the total metal that would be extracted from the proposed Pebble mine on an annual basis. Both
Appendix N in the DEIS 60 and Appendix D in the IHS report 61 present total volumes of metal that
will be produced on an annual basis from the two different Pebble mine designs. The annual
production of those metals (copper, gold, silver, and molybdenum) can be compared to see if
the projected Pebble Mine production under the two different mining design proposals are at
least in the same ballpark. Table 2. below shows that direct comparison.
Table 2.

.

What is clear from this comparison is that the fiscal and tax impacts in the DEIS are based on
an IHS report that assumed significantly more contained metal would be produced each year by
the mine than is assumed by the DEIS for the current proposed Pebble mine design. Since the
level of production from the mine will have a significant impact on the likely economic impacts of
the proposed mine these differences indicated that the production levels associated with the
IHS “conceptual mine” is not a good proxy for the impacts associated with the current mine
design. The output of silver is the closest that the Pebble DEIS comes to the projected IHS
mineral outputs at 114 percent of the Pebble DEIS production level, and the molybdenum is the
furthest at 173 percent of the Pebble DEIS level. This indicates that the IHS study is not a good
surrogate for the contained meta associated with the current Pebble design, since there was
significantly more metal production projected in the IHS study, when compared to the current
Pebble Project design that was analyzed in the Pebble DEIS.
One of the other potential differences between the 2011-2013 “conceptual” design and the
current proposed design is the market price of the four different metals that would be produced
by the proposed mine. If, for example, we look at the monthly price of copper over the last 9
years expressed in constant 2018 dollars, we can see that it has fluctuated from a low of
$2.13/lb. to a high of $5.10/lb. See Figure 7 below.

60

Pebble DEIS. Appendix N. Page 31. 2019
IHS. The Economic and Employment Contributions of a Conceptual Pebble Mine to the Alaska and
United States Economies. May 2013. Page 54-61.
61
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Figure 7.

The 2013 IHS study forecasted copper prices (and the other three metal prices) for a 25-year
time frame: 2024-2048. The forecast copper prices, expressed in dollars of 2018 purchasing
power, were very close to $3.17 per pound throughout that period, varying by only fractions of
one percent from that level. Thus, IHS’s forecast copper price is a flat line while the actual real
copper price fluctuated considerably over the last 10 years. See Figure 7 above.
IHS, of course, was not trying to explain how 2010 to 2019 copper prices developed. IHS was
focusing on projecting copper and other metal prices for a future time period, e.g. 2024 to 2048,
when the mine construction would be finished and the mine would had entered its Initial
Production Phase. IHS’s projected long-run real copper price was added to Figure 7 above to
contrast that future projection of stability in international copper markets with the very significant
instability experienced over the last decade as real copper prices declined in a saw-tooth
fashion between 2011 and 2016, recovered between 2016 and 2018, only to tumble down again
beginning in 2018. It is these volatile price changes that any new copper mine will face.
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Figure 8.

To provide a longer-run view of real copper prices, Figure 8, above, shows the fluctuations in
the annual real copper prices since the beginning of the 20th century. Again, IHS’s projected
long-run real copper price is contrasted with how real copper prices actually behaved. Note that
for the vast majority of years, 71 percent of them, the actual real price of copper was below
IHS’s projected real price in the future. In that sense, IHS’s real copper price projections are
optimistic, projecting that future real copper prices will be higher than those of the past.
It is not clear exactly what construction and operating schedule IHS was assuming for the
conceptual Pebble Project back in 2013. The actual date of beginning of construction was never
specified. Unspecific years, 1 through 5, for instance, for construction and 6-29 for the Initial
Production Phase were used. Assuming that the time frame for mining in the IHS report was
that construction would begin in 2014 and that PLP would be able to meet its 5-year
construction period, then the Pebble Project would now be in its Initial Production Phase. If we
compare the copper price forecast by IHS for the Initial Production Period to what actually
happened to copper prices between 2010 and early 2019, IHS’s projection that real copper
prices will remain constant in real terms at a relatively high level 62 is startling. Historically this is
not how copper prices have behaved. See Figure 8, above. IHS’s forecast was too high by 50
62

IHS forecast the real price of copper expressed in 2011 $s, would remain within a fraction of one
percent of $3.17 per pound (or $6,264.7 per metric ton) for 25 years (p. 56). We have converted this
projection to 2018 $s.
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percent for the low prices during the decade (or $1.04 per lb. in 2018 dollars) or too low by 61
percent ($1.93 cents per lb. in 2018 dollars).
The point of this review of actual versus projected metal prices is to show that copper prices, as
well as all the other metal prices, fluctuate widely even over a 10-year period. Stating what the
tax and other government revenue impacts associated with the current design of the Pebble
Project will be based on a price forecast from 2011 that covers 30 years into the future is not a
reliable way to establish expected future impacts of the Pebble Project now proposed. The
ACOE approach of reporting the results of someone else’s calculation without reference to the
assumptions made, the character of the mine design on which it was based, and the speculative
nature of the forecast is egregious. But it is not just the DEIS’s assumption about price of the
copper and the other metals, that does not match up with current economic conditions and
Pebble Project design. We have already laid out above the fact that the level of production of
metal concentrates associated with the 2013 IHS study is also not consistent with the current
Pebble Project design.
We know that the time frames that are presented do not match up. In the IHS report the mine
will be in its “Initial Production Phase” for 25 years (which will be followed by a much longer
series of the “Potential Subsequent Development Phases”) while in the DEIS the time frame is
20 years. The IHS report forecasted copper, gold, silver, and molybdenum prices 50 years into
the future on which they based their estimated annual value of output. Whether or not those
forecasts are still applicable to today, let alone projecting them 30 years further into the future, is
a fairly serious concern as shown above.
Our conclusion is that the 2013 IHS report based on a “conceptual” design of the Pebble Project
is a poor representation of the currently proposed Pebble mine as far as tax and fiscal impacts
are concerned. As a result, the fiscal and tax impacts that are assumed in the DEIS, which
came directly from the IHS report, are not reliable.

C. How Big is Big? Establishing a Context for Evaluating Fiscal and Tax Impacts
If we assume for the moment that we could rely on the fiscal and tax impacts from the 2013 IHS
report that are presented in the DEIS, it helps to present some context for evaluating the
importance of those impacts. Much like the employment impacts, which can seem rather large,
until they are compared to the total number of employed workers in Alaska, we need some
reference point to evaluate the potential impacts of Pebble operations on the flow of revenues to
local and state governments. The DEIS, using the 2013 IHS study, for example, stated that
Alaska was projected to receive $69 million annually in state and corporate taxes, $44 million in
state mining and license tax, and $21 million in state royalty payments from the proposed
Pebble mine. Combined, the state of Alaska, according to the DEIS, will receive $134 million
dollars annually while the mine is in full operation. We are not suggesting that this is a value that
should be dismissed outright, although it is a value that we seriously question since it is not
based on the actual design of the current Pebble Project. But assuming that $134 million is the
amount that the Alaska state government would receive, that would represent about 1.25
percent of the total operating and capital appropriations (total funds) for Alaska in 2017. 63
63

The total operating and capital appropriations for Alaska, including the permanent fund dividend for
2017 was $10.7453 billion. State of Alaska. SLA2017 Enacted Fiscal Summary. Operating, Capital, and
Mental Health Bills.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1608 of 2339

The same small impact will not be seen in the Lake & Peninsula Borough (LPB) in which the
Pebble Mine would be located. The LPB, has a 1.5 percent severance tax, 64 which, according to
the 2013 IHS Report would annually give the Borough $29 million dollars. 65 When this is
compared to the most recent budget of just over $5 million dollars, it would appear that this
severance tax would increase their budget almost six-fold. Even without the possibility of
Payment in Lieu of Taxes (PILT) that is mentioned in the DEIS, 66 the budget the LPB had to
work with would dramatically increase.

D. The Stability of Tax and Other Government Revenues
As mentioned above in the discussion of the potential for the LPB Borough to see mining tax
revenues substantially increase the net revenues available to fund public services and as
discussed more completely in the first section of these DEIS comments, it is misleading to
suggest that increased government revenues due to the operation of the Pebble Mine would
flow in a steady and uninterrupted stream throughout the planned life of the mine. Mine
production, employment, and mine-related government revenues can be expected to fluctuate
substantially, causing financial crises to governments that are dependent on those revenue
streams. As also pointed out above, this is not a speculative possibility. Alaska has only recently
recovered from an extended recession and state government fiscal crisis due to the fluctuation
in oil prices. There is a certain amount of instability (flicker) in mine dependent economies that is
not avoidable. The economic impact of new mining ventures should not be discussed as if they
will operate smoothly indefinitely into the future.
The main conclusion from this analysis is that the DEIS does not provide a reliable estimate of
one of the more important socioeconomic impacts associated with the operation of the proposed
Pebble Mine, namely, the impacts on the revenues available to governments to support the
provision of public services.

64 Agnew Beck Consulting. Lake and Peninsula Borough Comprehensive Plan Update. Public Draft
Review. September 2012.
65 Pebble DEIS. February 2019. Page 4.3-9.
66 Pebble DEIS. February 2019. Page 4.3-9.
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Executive Summary

For visitors worldwide, coming to view the majesty of Alaskan brown bears flourishing
in their natural habitat is something very special. It is quite literally an Alaskan safari.
The majority of bear viewing occurs in the summertime near the coasts surrounding the
Cook Inlet in Southcentral Alaska. Optimum bear viewing opportunities coincide with
the great Alaskan salmon runs which begin in late May and peak in July.1 Given the
quality of habitat and vibrancy of local ecosystems, Southcentral Alaska is home to the
largest concentration of brown bears found anywhere on earth (NPS ).
This study examines the economic contribution of remote-access bear viewing to the
regional economy of Southcentral Alaska. Bear viewing opportunities are inextricably
linked to McNeil River State Game Sanctuary (SGS), Katmai National Park & Preserve
(NP&P), and Lake Clark National Park & Preserve (NP&P). The predictability of brown
bear congregations has influenced the development of permanent bear viewing sites
within all three parks, which allows visitors to plan trips in advance (NPS ; ADF&G

1 North American Pacific Ocean adult salmon population in  was estimated to be more than  million; only Pink,
Sockeye, and Chum Salmon were evaluated, therefore even this massive figure is an underestimation of the total North
American salmon population (Ruggerone & Irvine ). Also, more than . Billion juveniles are released annually by Alaska
salmon hatcheries (Stopha ).

ii
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). In order to reach these remote-access bear viewing sites, businesses in local
communities have been providing services, such as air/boat taxis, wildlife guides and
sleeping accommodations, to visitors for well over  years.2
Two approaches were taken to determine the economic significance of bear viewing in
the region. The first approach examines existing research, which has assessed the
regional economic contributions associated with wildlife viewing activities and
visitation to Katmai NP&P, Lake Clark NP&P, and McNeil River SGS. This approach
not only outlines the contribution of visitor spending to the regional economy in terms
of employment and total economic output, but also identifies studies that estimate the
economic benefits associated with the individual parks. The second approach taken
utilizes primary data obtained from an online survey of bear viewing service providers
who supplied proprietary financial information in order to estimate the economic
contribution of bear viewing activities to the regional economy. The survey asked
respondents to identify the proportion of their business attributable to bear viewing
services they provide. The proprietary financial data reported by service providers was
then extrapolated to account for all  bear viewing-associated service providers
originally contacted to participate in the survey. The final data set was then used to
estimate the economic contribution of service providers to the regional economy using
IMPLAN. 3
Alaska is often referred to as the “last frontier”, where wildlife continues to thrive in
pristine environmental conditions. Many Alaskan residents and non-residents alike
believe it is in our economic interest to maintain and protect these natural
environments. A service or good (i.e. bear viewing) that has no established dollar value
is no less valuable to society than a good or service with one. As competing uses of
natural resources grow, it is necessary to incorporate an unbiased economic framework
in which monetary values are determined for those goods and services that do not have
an established dollar value (Thomas, Miller, Pamplin ).4 To this end, it is critical
for resource and land use management to consider all aspects of societal benefit
(welfare) in the decision-making process. This report highlights the economic

% of survey respondents report opening their business between  and .
See Sections IV and V for detailed description of IMPLAN analysis
4 This concept is often referred to as ‘non-market valuation’
2

3
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contribution of bear viewing opportunities in Southcentral Alaska, as these
opportunities serve a strong foundation for economic viability of local service providers
in the region.

       !

Key insights from previous research:
The McNeil River State Game Sanctuary (SGS) has been the subject of two studies
estimating the willingness to pay (WTP) for bear viewing permits. Hill ()
estimates that the WTP for a McNeil River SGS bear viewing permit ranges from
$to $. A second examination by Clayton and Mendelsohn () provide
WTP estimates for site access ranging from $ to $ on average, and even
$ for a guaranteed permit. These values represent expenditures permit lottery
participants were willing to pay beyond the existing costs associated with
accessing the location.
There are also two recent examinations of the economic benefits derived from
bear viewing at Katmai NP&P. Richardson, Huber, & Loomis () draw on
visitor survey data to estimate the consumer surplus (economic benefit) derived

iv
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from bear viewing at Brooks Camp in Katmai NP&P. Measured as a per person
trip value their estimates range from $ to $. Consumer surplus is a
traditional measure of economic benefit which represents the difference between
what an individual is willing to pay and what they actually pay for a good or
service.
Similarly, Loomis et al. () evaluate the economic benefit of virtual bear
viewing opportunities made possible by the presence of cameras at Katmai NP&P.
This thoughtful use of technology makes remote bear viewing opportunities more
accessible, increasing the exposure of brown bears beyond Alaska. Their study
notes that there were approximately . million hours spent viewing bears at
Brooks Camp online. They estimate an economic benefit of approximately $
million is associated with watching Katmai bears online.
In evaluating the economic significance of visitor related spending to Katmai NP&P and
Lake Clark NP&P two studies stand out. It is important to note that the economic
significance studies focus on individual parks rather than any one particular activity.
Fay and Christensen () provide an assessment of the economic significance
of visitor spending associated with Katmai NP&P to the regional economy of
Southcentral Alaska (Municipality of Anchorage, Bristol Bay Borough, Lake and
Peninsula Borough, Kodiak Borough, Kenai Peninsula Borough). Their
assessment indicates that visitor spending associated with Katmai NP&P
supported approximately  jobs and approximately $ million in total output.
While this study does not specifically focus on bear viewing related expenditures
it does provide estimates localized to the same region examined here.
Most recently, Thomas et al. () provide a modelling framework used to
calculate the statewide economic contributions associated with visitor spending
related to Katmai NP&P and Lake Clark NP&P. For Katmai NP&P, they find that
visitor spending related to the park supports  jobs and approximately $.
million in total economic output. For Lake Clark NP&P these values are  jobs
and approximately $. million. While these results aren’t isolated to the
Southcentral region, they highlight the importance of overall visitation to Katmai
NP&P and Lake Clark NP&P.

v
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Estimates of the economic contribution of bear viewing related
service providers to Southcentral Alaska:
A total of  businesses providing bear viewing related services participated in the
survey, providing information about sales, employee payroll, the number of employees,
costs, and the proportion of their business activity linked to bear viewing operations. A
total of  businesses were contacted.
Survey respondents indicated that % of their business related spending was
made in the Southcentral region. Over half of respondents indicate -% of
spending is regional.
Bear viewing related activities were an important component of respondent
revenues in . By area of operation the average proportion of revenues
associated with bear viewing is % for respondents operating accommodations,
% for firms offering guide services, and % for scenic and sightseeing

vi
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transportation (boat and air taxis). The lowest proportion reported was %, and
% of businesses report that -% of their business sales are associated with
bear viewing.
Scaled to the sample frame of  service providers, bear viewing related service
providers generated $ million in sales. Service providers paid approximately
 million in wages and benefits and filled  jobs (average).
Using a multi-region by-parts approach, spending by service providers and
households is estimated to support  million in production and contribute 
million in value added to the Southcentral region.
Spending by service providers and households supports approximately 
million in labor income and  MREV in the Southcentral region. These figures
include the direct wages and benefits of  million paid and  positions filled
by service providers.
These figures are conservative given that they do not include expenditures by local food
and grocery providers, commercial airfares to King Salmon, or national lodging chains
that may be related to bear viewing activity by visitors.

vii
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I. Introduction & Purpose of Study
The Significance of Bear Viewing in Southcentral Alaska
The Alaska Department of Fish & Game (ADF&G) reports that Alaska supports over %
of the brown bear (Ursus arctos) population found within the United States, and about % of
the population in all of North America. In fact, both Alaska State and U.S. National
government agencies affirm Southcentral Alaska supports the world’s largest concentration of
brown bears (ADF&G ; NPS ). While bears in general are omnivores and
opportunistic, eating whatever is most easily accessible, the sight of brown bears gorging on
salmon as they migrate upriver to spawn is a defining image for many individuals when they
imagine Alaska. Bears are also frequently seen munching on a wide variety of abundant
vegetation and shellfish such as sedges, berries, clams, and mussels. Having a steady supply
of food means less competition among the bears, and population densities in this region have
been reported to be as high as one bear per square mile (ADF&G ). The quality of the
natural habitat found in this region creates a truly unique experience for bear-viewers, the
associated local service providers, and the bears themselves.
According to the  National Survey of Fishing, Hunting, and Wildlife-Associated
Recreation, there were  total non-consumptive wildlife-viewing participants in the State
of Alaska including both residents and non-residents. It is reported that these wildlife-viewers
spent a total of more than $ Billion in , with the average participant spending about
$. Although the analysis does not identify the distinct species of wildlife being viewed, it
does distinguish between broad classes of animals viewed. The “large land mammals” category
specified includes bears, bison, deer, moose, and elk. The survey reports that % of wildliferelated recreation participants were non-consumptive users, which surpasses the % that
report consumptive wildlife recreation uses, such as hunting and fishing. According to these
numbers, about % of survey participants report engaging in a combination of nonconsumptive and consumptive activities in Alaska during  (U.S. Census Bureau ).
The purpose of this study is twofold. First, to review prior research which has examined
the economic significance and contribution of non-consumptive wildlife viewing (including
bear viewing) to visitor welfare and the regional economy. Second, to estimate the economic
significance of businesses in the local economy of the Southcentral region of Alaska that results
from carefully managed remote-access bear viewing. The map shown in Section II, Figure 
details the region of focus throughout the report. The subsequent data, unless otherwise
noted, was primarily developed through a survey conducted by the Resource and Applied

1
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Economics Program housed within the School of Management at the University of Alaska
Fairbanks. To better isolate the specific contribution of bear viewing to the regional economy,
we surveyed service providers located around the region explicitly offering services associated
with bear viewing. These services include lodging and hospitality as well as air taxis and guide
services. The majority of providers originate from the communities of Homer and Anchorage,
and the main bear viewing locations include Katmai National Park & Preserve, Lake Clark
National Park & Preserve, and McNeil River State Game Sanctuary.
This study contributes to a broader body of research identifying the significant linkage
between conservation of renewable resources in southcentral Alaska and the economic wellbeing of local communities in the region. The estimated economic contribution provides a
lower bound measure of the total value of bear viewing in Southcentral Alaska since it only
accounts for monetary expenditures by service providers. Total economic value is the sum of
many different use components and is generally difficult to determine. Naturally, many visitors
would be willing to spend additional funds beyond what is currently required to engage in bear
viewing activities. Estimates of additional willingness-to-pay (WTP) and indirect, offsite use
values such as TV programs, photographs, and books are key components to a total economic
value framework. It would also be necessary to include nonuse values, such as existence and
bequest values, which are likely to be quite large given the unique opportunities of bear viewing
in Alaska. Existence values reflect the value that people receive knowing that the bear
population is thriving in their natural habitat and that others are able to view the bears, even
if they do not intend to travel to Alaska personally. Bequest value is an intergenerational
concept referring to the WTP to ensure bear viewing will be available to future generations
(Swanson, Bergstrom, Trent ). We do not suggest that economic research alone should be
cause of resource and land use allocation, but rather it is a valuable tool to include in
considerations of conservation policy and management evaluation.

Lake Clark National Park & Preserve. Photo by: NPS/Kevyn Jalone
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II. Overview of Bear Viewing in Alaska
Alaska is home to more than  individual brown bears, which
supports a multitude of unique bear viewing opportunities in the State
for both residents and non-residents (ADF&G ).

A. Region of Analysis
The majority of opportunities for bear viewing in Alaska are predominantly located near
the west coast of Cook Inlet, and include: Katmai National Park & Preserve (NP&P), McNeil
River State Game Sanctuary (SGS), Lake Clark National Park & Preserve (NP&P), and locations
in between. We define our region of analysis as ‘Southcentral Alaska’. The following economic
analysis encompasses the entire Cook Inlet Region, including but not limited to Homer, Kenai,
Soldotna, Anchorage, Kodiak Island, King Salmon, and Iliamna. The reason that this particular
region was chosen for our analysis is because it is where the large majority of bear viewing
participants originate, and in turn, where bear viewing services. In , there was a total of 
and CUAs issued to service providers for Katmai NP&P and Lake Clark NP&P, respectively,
indicating bear viewing as their primary purpose. Forty-six (%) of the Katmai NP&P bear
viewing CUAs originated from Anchorage, Homer, or Kodiak, and half (%) of the Lake Clark
NP&P bear viewing CUAs originated from one of these three local communities (G. Irvine, NPS,
personal communication, April ).
Miller, Miller, and McCollum (), note that % of all brown bears had been locally
extinct from their original range south of Canada due to human intolerance and habitat
destruction, with fewer than  bears remaining in all of the contiguous U.S. (Miller, Miller,
and McCollum (). This statistic is congruent with that of ADF&G’s current estimates of the
population proportion that Alaska supports (%). Although there are opportunistic brown
bear viewing sites around North America, such as in Yellowstone National Park and British
Columbia, Alaska is the only place in North America with well-developed, permanent bearviewing sites (Penteriani et al. ). Given the availability of bear viewing infrastructure and
the viability of local bear populations, the uniqueness of the bear viewing experience helps drive
visitation to the region.

3
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FIGURE .
Region of Analysis

Adapted from: U.S. Geological Survey ()

B. Bear Viewing Locations & Visitor Participation
Brown bears inhabit nearly the entire state of Alaska, but the largest concentrations are
found near the west coast of Cook Inlet (ADF&G ). As mentioned previously, the majority
of bear viewing related visitation occurs within Katmai NP&P, McNeil River SGS, and Lake
Clark NP&P. All locations are remote and are accessed by air taxi or boat taxi. Katmai NP&P
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and Lake Clark NP&P visitor participation data is primarily quantified using reported data by
operators who obtain National Park Service (NPS) Commercial User Authorization (CUA). 5
Each service provider that obtains a CUA to enter NPS property is required to report total visitor
use days (VUD) as well as primary reason for the visit (e.g. bear viewing, sportfishing,
flightseeing, etc.) (NPS ).6 While Katmai NP&P continues to be the most widely accessed
area to view bears, Lake Clark NP&P has seen the most rapidly increasing visitor participation
over the last ten years (Southwest AK IM Network ; ADF&G ). Redoubt Bay Critical
Habitat Area and Trading Bay, Goose Bay, and Susitna Flats State Game Refuges are State
protected areas located along the west coast of Cook Inlet, all of which also support critical
brown bear habitat (ADF&G ).

McNeil River Falls, McNeil River State Game Sanctuary. Photo by: WikiMedia Commons/Drew H.

i.

McNeil River State Game Sanctuary & Refuge

Originally established in , the McNeil River State Game Sanctuary (SGS) is one of
Alaska’s most distinctive bear viewing locations. The Sanctuary was expanded in  and it
protects portion of the region known to support the largest concentration of wild brown bears
in the entire world. A record  bears have been viewed at one time, and approximately 

5

For information about CUA policies, visit: https://www.nps.gov/locations/alaska/commercial-authorizations.htm
A visitor use day (VUD) is defined as total number of people at a location multiplied by the number of days
at that location. VUD underreports actual visitor use due to two major caveats: ) Unguided overnight drop-offs and pickups in a park are reported as one-day trips, and ) If a lodge or other operation is located on private property in a park, clients
of the lodge can explore the park without a CUA, and their visit/trip to the park is not recorded. Source: T. Shepherd, NPS,
personal communication, March .
6

5
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individual bears viewed in one season at the Sanctuary. The McNeil River State Game
Sanctuary & Refuge complex encompasses nearly  acres. Brown bears are protected
throughout the McNeil River SGS&F complex borders, which is located south of Lake Clark
NP&P and it shares a border with Katmai NP&P to the south (Griffin & Weiss, various years).7
Bear viewing access to McNeil River SGS is solely granted through a visitor permit lottery
administered annually by ADF&G. The permit lottery was developed to provide the public with
unique bear viewing opportunities while concurrently minimizing negative impacts to bears and
the fragile ecosystem. Since the permit program was enacted, there has not been any reported
human injury by bear, and no bears have been killed (Griffin & Weiss, various years). To ensure
this record, visitor participation at the Sanctuary is closely managed and evaluated.

TABLE .
McNeil River SGS Bear Viewing Permit Time Blocks

Adapted from: McNeil River SGS Permit Application , Alaska Department of Fish & Game

Over the last five years, a total of  applications have been received by ADF&G. Each
bear viewing permit applicant may apply for up to four preferred time blocks for both a Guided
Permit and a Camp-Standby Permit (Table ) (ADF&G ). The McNeil River SGS bear
viewing lottery generates interest from both Alaska residents and visitors from outside of the
state. On average, lottery applicants are split , resident/non-resident. This proportion
generally holds for permit winners as well. Over the last five years, bear viewing participants

7 McNeil River State Game Refuge was created in , at the same time that the Sanctuary was expanded. While the Refuge
also protects the brown bear population, it was not included in this analysis because a majority of activity in the Refuge is
consumptive wildlife recreation, such as fishing, trapping, and hunting.

6
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at MRSGS have come from  countries, including Australia, Austria, Canada, France, Germany,
Great Britain, Israel, Japan, Netherlands, New Zealand, Poland, Slovenia, Spain, Switzerland,
Turkey, and the United States (Griffin & Weiss, various years).
There are two types of non-transferable, -day Viewing Access Permits: Guided and
Camp-Standby. Annually,  Guided Permits and  Camp-Standby Permits are issued. The
permit lottery program limits the number of guided visitors to  individuals per -day time
block between June  and August . These are the only dates that visitors are able to visit the
Sanctuary (Griffin & Weiss, various years). The current application fee to enter into the lottery
is $, which was increased from $ beginning in March . When an applicant is drawn in
the lottery, they are required to pay an additional permit fee which varies by permit type and
Alaska residency (Table ). Guided Viewing Access Permits guarantee a campsite and
opportunity to view bears where they are likely to be most concentrated that day, with a
professional wildlife guide, during the selected time block. Camp-Standby Permits guarantee a
campsite and a placement on the Guided Viewing standby list. Should a visitor with a Guided
Viewing Permit choose not to use their permit, a Camp-Standby permittee is offered the
opportunity. It is exceptionally common for Camp-Standby permitees to see bears feeding on
shellfish and vegetation along the coast, even if they are never granted access to join the Guided
Viewing group of visitors (ADF&G ).

TABLE .
McNeil River SGS Permit Fees, Historic and Present

Adapted from: ADF&G, accessible at: https://www.adfg.alaska.gov/index.cfm?adfg=mcneilriver.main

The number of permit applicants and odds of winning a specific permit is generally
influenced by the perceived quality of bear viewing associated with a given time block. The
daily average number of bear sightings peaks around mid-July. Last summer between July 
and ,an average of more than  bears were counted daily(Griffin & Weiss,). The peak
of bear sightings naturally coincides with the peak of salmon runs (Figure ).

7

.
Source: Alaska Department of Fish & Game,  McNeil River State Game Sanctuary Annual Management Report ()

McNeil River SGS Mean Daily Bear Count Per Period Compared to Hourly High
Counts and Historic Means

Figure .
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In addition to the bear-viewing benefits that visitors receive, there is also a financial
advantage of the McNeil River SGS lottery permit allocation system. McNeil River SGS is able
to generate revenues while minimizing human impacts. Revenues generated through bear
viewing lottery application and permit fees help to fund McNeil River SGS operations and
management. Between  and , the bear viewing permit lottery has generated close to
$, in revenue, which is deposited annually into the State of Alaska Fish and Game Fund
(Griffin & Weiss, various years). During the first year of increased fees in  revenues
increased by about %, totaling $,. Beyond the monetary aspect, there are also significant
social benefits produced by the McNeil River SGS.8

ii.

Katmai National Park & Preserve

Katmai National Monument was officially established in  by President Woodrow
Wilson to preserve the Novarupta Volcano, which generated the largest volcanic eruption of the
twentieth century, and formed the Valley of Ten Thousand Smokes. It was not until  that
the Alaska National Interest Lands Act (ANILCA) was signed into law, which expanded the
Monument to include more than four million acres creating what is now known as Katmai
National Park & Preserve. The National Park Service states that:
“The purpose of Katmai National Park & Preserve is to protect, study, and
interpret … habitats surrounding a high concentration of salmon and
brown bears, and an ongoing story of humans integrated with a dynamic
subarctic ecosystem.” (NPS, )

Topographically, Katmai NP&P is situated in the northern-most part of the Aleutian
Range, with the Cook Inlet to the north and Pacific Ocean to the east of the park. Glaciation,
both past and present, influences the surrounding area as evidenced by sharp mountain ridges,
rivers, streams, broad U-shaped valleys, and narrow lakes such as Naknek Lake. The region also
continues to be seismically active, and earthquakes are frequent. Native inhabitants of the
Katmai NP&P region are known as the Alutiiq/Sugpiaq peoples; Central Yup’ik natives are also
present in the surrounding region (Nowaki, ). Native societies in the region continue to use
natural resources for subsistence and recreation.

8

See Section III for detailed discussion of various McNeil River SGS social benefit estimations
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The State-owned airport located in the community of King Salmon is the main point of
entry for most visitors to Katmai NP&P, and the location of Park Headquarters (NPS ). To
further illustrate the economic importance of the region of analysis as it relates to bear viewing,
summary statistics from a visitor study conducted in Katmai NP&P asking respondents to list
where their group stayed the night before their visit to the park, and the night after, are listed
in Table  (Strawn & Le ).

TABLE .
Locations of Visitor Stays Before & After Trip to Katmai NP&P

In , fifty-nine CUAs were issued to operators offering bear viewing services. Service
providers originating from Homer, Anchorage, and Kodiak reported a combined total of ,
bear viewing Visitor Use Days (G. Irvine, NPS, personal communication, April ). Most
visitors to Katmai NP&P appear in July and August, with July visitation consistently growing
(Southwest AK IM Network ). Strawn and Le () reported that out of  visitor groups
surveyed, % listed bear viewing as the primary reason for visiting the park. Of these visitor
groups, % consisted of - people, and % were in groups of  or more.

Brooks Falls Viewing Platform, Katmai National Park & Preserve. Photo by: NPS/R. Taylor
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Over the last ten years, sportfishing has been the most popular ‘primary’ activity
reported by commercial operators, with the exception of  and , when bear viewing
tallies surpassed it. Bear viewing and air taxi services are the second and third most popular
activities annually reported, and account for nearly % of all VUDs combined in ; see figure
below. It is also important to consider that these three activities are not mutually exclusive
(Southwest AK IM Network ).

FIGURE .
Katmai NP&P Visitor Use Days by Primary Activity (-)

Source: Southwest Alaska Inventory and Monitoring Network, Katmai National Park & Preserve Visitor Use ()

The main NPS Visitor Center is located in Brooks Camp, which may be the most
photographed and well-known location to view bears in the wild. This location comprises
approximately one-third of all VUD within the park. Unlike the McNeil River SGS, Katmai
NP&P does not strictly limit the number of visitors to the park. However, all visitors are
required to attend bear orientation and the Brooks Falls Platform is limited to  viewers at a
time, with a time limit of one-hour if there are others waiting to use the platform (NPS ).
Other major locations within the park that visitors can view coastal bears include: Hallo Bay,
Moraine Drainage, Amalik Bay, and Kulik River, among many others (NPS ).
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iii. Lake Clark National Park & Preserve
The first float plane to land on Lake Clark was in . Lake Clark NP&P was dedicated
as a National Monument in  by President Carter. Two years later, the park was included in
the  Alaska National Interest Lands Act (ANILCA), which created and expanded the
Monument to include over four million acres (NPS ). Lake Clark NP&P is comprised of the
Lime Hills and Alaska Range ecoregions. Topographically, the Lime Hills ecoregion is located
southwest of the Alaska Range where the surface transitions into rolling landscape. Heavy
glaciation has significantly influenced this ecoregion as evidenced by thin deep lakes such as
Lake Clark, sharp mountain ridges, and broad U-shaped valleys (Nowaki et al. ). The
Dena’ina Athabascan name for Lake Clark is Qizhjeh Vena, meaning ‘a place where people
gather’ (NPS ). Native inhabitants settled the region thousands of years ago, mainly that
of Dena’ina Athabascan, Central Yup’ik and Alutiiq/Sugpiak peoples. Subsistence living is still
widespread throughout native communities within and around the park. Today, Port Alsworth
and Nondalton are the largest human communities (Nowaki et al. ).

Crescent Lake, Lake Clark National Park & Preserve. Photo by: NPS

Port Alsworth Visitor Center is the only public information center, but there are many
independently operating lodges, campsites, and dining facilities. Over the last ten years, total
visitation reported by commercial operators to Lake Clark NP&P has more than quadrupled
from approximately , total VUD to nearly ,! The majority of this increased visitation
has been occurring on the coast of the Cook Inlet, with Crescent Lake reportedly seeing a sevenfold increase since . In , Crescent Lake, Silver Salmon Creek, and Chinitna Bay
accounted for more than % of total visitation to the park (Southwest AK IM Network ).

12

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1634 of 2339

FIGURE .
Lake Clark NP&P Total Visitor Use Days by Location (-)

Source: Southwest Alaska Inventory and Monitoring Network, Lake Clark National Park & Preserve Visitor Use ()

In , twenty-eight CUAs were issued to operators offering bear viewing services.
Service providers originating from Homer and Anchorage reported a combined total of ,
bear viewing VUD (G. Irvine, NPS, personal communication, April ). Similarly to Katmai
NP&P, Lake Clark NP&P is visited most heavily in July and August. In the last five years, the
number of visitors indicating bear viewing as their primary activity has surpassed that of
sportfishing, increasing from about , total VUD in  to , in . The number of
reported VUD for sportfishing and photography, the second and third most common activities
reported, has tripled during the same ten-year period. In recent years, park biologists have
counted well over 200 individual bears within a -square mile area (NPS ).

FIGURE .
Lake Clark NP&P Visitor Use Days by Primary Activity (-)

Source: Southwest Alaska Inventory and Monitoring Network, Lake Clark National Park & Preserve Visitor Use ()
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C. Industries Supported by Bear Viewing Opportunities
Almost all of the businesses offering bear viewing services are locally owned & operated.
This is an extremely important fact to consider when analyzing the economic opportunities that
the activity of bear viewing influences. Service providers surveyed indicate approximately %
of business expenditures, on average, are made locally in the Southcentral region of Alaska
(Figure ), and more than half of these businesses report -% of expenditures as such. These
statistics indicate that the majority of money operators receive from bear viewing visitors is
injected back into the local economy.
There are many different business industries that are directly impacted as a result of the
non-consumptive opportunities to view brown bears in southcentral Alaska. There are lodges
and hotels, air taxi providers, guided photography workshops, guided wildlife viewing, boat taxi
providers, and dining facilities, to name a few. These different business entities are not
mutually exclusive, and quite often are combined into horizontally integrated business models.
For example, many lodges offer their own air taxis and guest meals, and air taxis often work
jointly with professional wildlife guides or even double as guides themselves. All bear viewing
locations require air taxi or boat taxi and most of these places do not offer any food stores which
means meals must be taxied out. With the exception of King Salmon having a handful of public
dining options, no other bear viewing entryway has food stores or dining facilities for public
use. As you can imagine, bears are attracted to any kind of food they can get their paws on and
this would cause unnecessary human-bear conflicts. Therefore, many visitors may opt for a
package tour that includes meals. Package tours may include any combination of lodging, meals
and drinks, transportation, professional guides, or equipment. In order for this to be possible,
a company must independently offer all of these services or there may be multiple operators
that work jointly to provide a full visitor package, further demonstrating the integration among
service operators that offer bear viewing opportunities.
Consequently, the origin of a visitor’s trip has a significant impact on the local grocers
and dining facilities in the community. It would not be feasible to survey grocers or dining
facilities in order to capture bear viewing-related revenues because they naturally do not collect
this kind of information from customers. Nevertheless, we know that all of the service operators
also live and recreate in their local communities, so it is extremely likely that a significant
portion of their incomes generated from bear viewing associated services are then pumped back
into the local economies.
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III. Prior Research of Economic Values
Two notable visitor surveys concerning Katmai NP&P were conducted in the summers
of  and  (Littlejohn & Hollenhorst ; Strawn & Le ). A number of analyses have
utilized the final data from these two studies to analyze economic effects of tourism associated
with the individual parks. The two main aspects of economic values analyzed among the studies
are referred to as ‘economic significance or contribution’ and ‘consumer surplus’ (i.e. visitor
welfare accounted for above and beyond actual cost). Economic significance or contribution
typically examines how spending ripples through an economy, impacting employment and total
output. Measures of economic benefit (e.g. consumer surplus) highlight the value an individual
derives from a particular good or service. While related, these two economic measures tell us
different things about any given allocation of resources, goods, or services. If we are concerned
with identifying the potential impact a given change in spending has on employment in a local
economy an economic impact or significance analysis is warranted. If we are concerned with
conducting a cost-benefit analysis measures of economic welfare such as consumer surplus are
also necessary to include. As noted by Richardson, Huber, & Loomis () a full portrait of the
economic importance of any activity can be evaluated using both of these frameworks. The
following studies discussed do not focus on any one particular visitor activity (i.e. bear viewing),
but rather analyze the economic effects of each individual park as a whole.

A.

Visitor Welfare (Benefits) Estimations

Hill () assessed visitor welfare associated with the McNeil River State Game
Sanctuary permit lottery as a case study to highlight the economics of a lottery mechanism for
distributing a good or service, as opposed to “market-like” mechanisms such as price. The
general assertion is that a visit to McNeil River SGS is a scarce economic good, and the current
distribution mechanism (lottery) does not provide the highest societal benefits. 9 Hill ()
argues that one reason for considering a market-like alternative would be raising revenues to
cover the cost of the bear viewing program, “given the State budget outlook”. Related to that, it
may be in the interest of Alaska residents, as State resource owners, to maximize the return of
this scarce resource by allowing the permits to be distributed in a way that minimizes economic

9 Scarcity is present when demand for a good is much higher than the limited supply of that good; e.g. there are not enough
McNeil River SGS bear viewing permits to satisfy the overall demand for the permits. Therefore, a distribution mechanism
(i.e. lottery, queue, price) is necessary.
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losses.10 The report presents economic impacts of the lottery mechanism using a  survey of
McNeil River SGS lottery participants. 11 A linear demand curve for Guided Viewing permits
was derived from the survey data, and indicated that if bear viewing permits were sold or
auctioned in some fashion, the “market” price would generate $ per permit at minimum, and
could significantly exceed $ (Hill ).12 Based on these estimates, if the maximum 
Guided Viewing permits were allocated and paid for, a conservative range of annual revenue
could be from $ to $.13 Although the lottery mechanism is still used by ADF&G to
distribute McNeil River SGS bear viewing permits, the agency most recently increased the fee
schedule significantly in  (Table ). Revenues generated in  from the permit program
were approximately $ – an increase of more than $ from the prior year revenues of
$ – even with  less permit applicants and  less payments received for all permit types
(Griffin & Weiss,  and ). Assuming all applicants would pay for the permit they apply
for, we can discern that  individuals are willingly to pay, at minimum, the increased fees.
This suggests that the total economic significance of bear viewing at McNeil River SGS is well
beyond the revenues generated by the permit program.
Clayton & Mendelsohn () estimate visitor willingness-to-pay (WTP) for access to
McNeil River SGS using the contingent valuation method (CVM).14 Four CV questions were
asked in order to minimize wording-bias and confirm consistency among responses. 15 An
intercept survey was administered in  at McNeil River SGS, to approximately % of all
visitors that year. Table  below summarizes the results from data adjusted to eliminate protest
bids of $ from Question  and all responses in excess of $ ( dollars). The average price
people would be willing to pay is estimated to be about $ per permit ( dollars). Echoing
the analysis by Hill (), the authors suggest that increasing user fees has the potential to
generate significant additional revenues. Particularly, the survey data indicated that if there
was a mixed-mode mechanism of distribution involving a guaranteed-permit auction and the
current lottery,  guaranteed-permits would sell for about $ each ( dollars), which
would still allow for the vast majority of permits to be allocated by lottery. Extrapolating these
reported figures, revenues generated from the McNeil River SGS bear viewing permit program

10 Economic losses discussed in Hill () include transaction (e.g. time) costs, non-transferability of permits, unused
permits (“no shows”), and societal losses resulting from permits not necessarily being used where they are valued the highest.
11  out of  surveys were returned (% response rate)
12 Dollar figures adjusted from  dollars to  dollars using the BLS CPI Inflation Calculator accessed at:
https://www.bls.gov/data/inflation_calculator.htm
13 This range does not include additional permit fees collected from visitor transport authorizations or special access permits.
14 Willingness to pay (WTP) represents the maximum amount of money an individual is willing to pay to acquire one unit of a
good or service.
15 Two of the CV questions used to estimate the value of a McNeil River SGS visit were open-ended, direct WTP questions and
two were presented in a discrete choice framework. Summary of results are presented in Table .
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would hypothetically approximate $.16 This figure lies directly mid- range of the
estimates derived by Hill (), and is only slightly higher than the current permit program
revenues of $ (Griffin & Weiss ).

TABLE .
Visitor Welfare Estimates of Bear Viewing at McNeil River SGS*

*All figures reported in  dollars, based on BLS CPI
**Bids of $ and in excess of $ have been removed
Adapted from Clayton & Mendelsohn ()

The most recent estimates of consumer surplus (visitor welfare) pertaining to remote
access wildlife viewing in Alaska focuses on Katmai NP&P (Richardson, Huber, & Loomis ).
The visitor survey by Strawn & Le () served as the primary source of data for the travel cost
model developed in the study.17 The travel cost variable in the model was constructed using the
round-trip distance (in miles) from the respondent’s home ZIP code to Anchorage International
Airport multiplied by an estimate of average airfare cost per mile. Opportunity cost in the form
of lost wages during the trip and the average cost of an air taxi to arrive in King Salmon is added
to the travel cost variable previously derived. The consumer surplus (visitor welfare) estimation
also includes  other explanatory variables such as other wildlife viewed and hiring a
professional guide. The visitor benefit estimations are shown in Table  below.

TABLE .
Visitor Welfare Estimates of Bear Viewing
at Brooks Camp (Katmai NP&P)

Adapted from Richardson et al. ()

16  permits auctioned at $ = $ plus  (remaining) permits randomly distributed by lottery at $ (the average
WTP reported) = $, totals $
17 Travel cost method is used as a tool to value goods or services that do not have an established dollar value, i.e. used for nonmarket valuation. It is derived from the amount visitors spend traveling to a specific site (Haab & McConnell ).
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Similarly, Loomis, Richardson, and Huber () evaluate the economic benefit of virtual
bear viewing opportunities made possible by the presence of live-feed cameras at Katmai NP&P.
This thoughtful use of technology makes remote bear viewing opportunities more accessible,
increasing the exposure of brown bears beyond Alaska. Their study notes that viewers spent
approximately 2.4 million hours watching bears at Brooks Camp online. They estimate an
economic benefit of approximately $27 million is associated with watching Katmai bears online.

B. Economic Significance Estimations
Fay and Christensen () provided a comparative assessment of IMPLAN modeling
versus the NPS’s Money Generating Model (MGM) methodology typically used to estimate
economic contributions of U.S. National Parks. One of critiques explicitly mentioned is that
the MGM approach uses secondary data and a national model, which severely underestimates
impacts in Alaska. The authors use adjusted figures from visitor spending surveys, secondary
data from government statistic databases, economic base models, input-output models and
multipliers to estimate the economic significance of Katmai NP&P. The visitor survey used to
estimate visitor group expenditures was conducted in . The combined estimated data for
visitor group expenditures and total visitors were then used to model the economic effects in
. Two separate models were estimated: statewide impacts in Alaska as a whole, and a
localized model encompassing the Municipality of Anchorage, Bristol Bay, Kodiak Island, Lake
and Peninsula, and Kenai Peninsula Boroughs (Fay & Christensen ). Table  below
summarizes the localized modeling results, adjusted to  dollars.

TABLE .
Katmai NP&P Visitor Economic Effects –  


Adapted from Fay & Christensen ()
*Results from the local model, includes only Katmai NP&P visitor spending in the five-borough region, in dollars (BLS )
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The Natural Resource Stewardship and Science division of the National Park Service
most recently released a comprehensive report of all U.S. National Parks –  National Park
Visitor Spending Effects. Data was collected between  and  and the analysis was built
using  IMPLAN models. While this study does include economic contributions to ‘local’
economies for both Katmai NP&P and Lake Clark NP&P, the data may be somewhat skewed
due to the economic regions for parks in Alaska being defined as the entire state of Alaska. In
contrast, all other parks in the same study were analyzed using a -mile radius around a park’s
borders, except Hawaii which also is analyzed as a statewide region only (Thomas, Koontz, &
Cornachione ). This unfortunately translates into an analysis that includes many areas not
intrinsically linked to either Katmai NP&P or Lake Clark NP&P. It is also noted in the final
report that visitor characteristics and spending averages are not primary data, and were adapted
using national averages for each park type. In fact, trip characteristics and spending profiles
are adapted from two reports: a  report on the economic impacts of visitors to Southeast
Alaska (McDowell Group ) and Fay and Christensen () (Thomas et al. ). Their
estimates are shown in Table  below; all $ figures are reported in  dollars.

TABLE .
Visits, Spending, and Economic Contributions of Katmai NP&P
and Lake Clark NP&P to Local Economies – *

Adapted from Thomas et al. ()
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IV. Methods of Assessment
A variety of data sources were used in this assessment. Information about the number
of visitors to both Katmai NP&P and Lake Clark NP&P was drawn from Commercial Use
Authorization (CUA) reports prepared by the NPS. CUA data () obtained includes
community origin of operators, how many visitors each operator hosts, and the primary
interest (i.e. bear viewing) for visiting the park(s). Visitor data for McNeil River SGS was
accessed through publically available annual management reports. Along with detailing
annual management activities at McNeil SGS the reports provide information about the
number of permit lottery applicants and recipients. The annual reports also outline the
revenues generated by the permit program and provide a count of visitors to the McNeil River
Falls viewing area for July -August  of each season (ADF&G, various years).
The primary source of data used to determine the final results of economic effects in the
local region is proprietary financial data that was collected from service providers through an
online survey. This data includes information on firm revenues, costs, payroll, and visitor
volume related to bear viewing activities. Service operators offering services associated with
bear viewing located within  air miles of the Cook Inlet were identified through a variety of
sources such as local Chambers of Commerce and the NPS website. The Alaska State
Department of Commerce, Community, and Economic Development business license
database was used to verify official NAICS codes listed for each service provider and crosslisted with the corresponding IMPLAN industrial sector.
Given the proprietary nature of this information, all statistics have been broadly
aggregated across the three following sectors:  ‘Scenic and Sightseeing Transportation and
Support Activities for Transportation’,  ‘Other Amusement and Recreation Industries’, and
 ‘Other Accommodations’. The model includes the Municipality of Anchorage, and four
boroughs: Kenai Peninsula, Lake and Peninsula, Bristol Bay, and Kodiak Island. All service
provider expenditure and payroll data is annually aggregated and bridged to appropriate
IMPLAN sectors. Each respondent was also asked how they allocated their expenditures
among  different sectors, which closely correlate or are exact matches to IMPLAN sectors.
See Figure  below for a summary of business expenditures among these sectors, adjusted to
reflect activities directly associated with bear viewing based on respondent’s indicating the
proportion of business sales that are associated with bear viewing. The data obtained from the
service provider survey was then used to aggregate to the total number of service providers
who were contacted for the survey.

20

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1642 of 2339

Impact Analysis for Planning (IMPLAN) software was used to carry out the economic
significance analysis of bear viewing in Southcentral Alaska. IMPLAN is a regional inputoutput (I-O) model with a basic assumption that the fundamental information in I-O analysis
involves the flow of products or services from each industrial (producer) sector to each of the
industrial (consumer) sectors. IMPLAN allows internal customization including the
development of multiplier tables, changing components of production functions and trade
flows, and creating custom analysis by entering final demand changes, among others (Bonn &
Harrington ).

A.

Service Provider Survey & Data

The service provider survey was administered to  individual businesses that offer
bear viewing related services, such as air taxis, wildlife guides, and lodges in Southcentral
Alaska. The online survey was designed using Qualtrics software and responses were recorded
electronically between  March  and  April . The primary source of service provider
contact information came from the NPS website, local Chambers of Commerce, and Katmai
Service Providers, Inc. A total of  service providers completed the survey and the data
provided by each business was separated based on their original NAICS code, and then
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extrapolated to the sample frame. Respondents were asked information pertaining to the 
bear viewing season such as home-base location, number of employees, aggregated employee
wages, annual revenues, expenditures, and net revenues, percentage of bear-viewing related
operations, percentage of Alaska resident employment, and how many trips were made
to/within specific parks.18 Fifty-percent of all service providers indicate -% of all
businesses sales were associated with bear viewing in .
The extrapolation of data was accomplished using the following steps. First, as noted
earlier, all original survey responses were apportioned to account for only bear viewing specific
activity, based on the proportion of business sales associated as indicated by each individual
respondent.19 Second, separating each business into the appropriate IMPLAN sector as
delineated by official NAICS code obtained from the Alaska State DOCCED Business License
database (). Averages were calculated amongst each sector, and then extrapolated to
account for all non-respondent service providers. After extensive research of individual
service provider offerings, the survey response rate of % is deemed representative of the
known population due to the homogeneity of business make up in terms of locational distances
and commonality of horizontally integrated business models. 20 Also, the responses of the four
different sectors used for analysis was generally even split, allowing representative means to
be calculated to apply to the non-respondent service providers.

B.

Types of Economic Effects

A direct effect is the observed amount of commodity input spending required to
produce a dollar of the primary industry’s output. The direct effects measure the dollar
amount of spending it takes to produce one dollar worth of bear viewing related services. To
provide an example, in the case of an air taxi or other flight seeing service a direct effect would
be measured by the service operator’s spending on fuel and other inputs needed to conduct
the service. Indirect effects are derived from the production requirements of all other
industries needed to meet the industry’s initial demand for a dollar of its output. For example,

18

Data from  is used because many businesses had not yet validated their  data and/or completed  tax filings
One very large outlier indicated business expenditures made within the local region of only 10%; therefore, all data coming
from this respondent was multiplied by . to account for the documented leakages. All other respondents’ data is assumed to
follow the default IMPLAN local purchase coefficients built-in the software.
20 Further justification for assuming survey respondents as representative of the entire population rests on a report
estimating the economic value of wildlife watching tourism in Africa that was conducted by the World Tourism Organization
agency of the United Nations, using a survey of tour operators which also received a % response rate (159 tour operators
from 34 countries replied out of  operators from more than  countries contacted).
19
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direct input requirements to produce bear viewing related services may include fuel,
maintenance costs, and insurance. Indirect effects measure the production requirements of
all industries necessary to support the demand for input goods and services used to produce
bear viewing operations. Additional spending by employees and businesses who earn money
as a result of increased demand in the primary industry generates induced effects. An
example would be the jobs and benefits produced in the retail food industry which results from
increased spending by service operators providing bear viewing services.

Silver Salmon Creek, Lake Clark National Park & Preserve, Photo by: K. Lewandowski/NPS
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V. Economic Modeling & Results
Contribution analyses estimate the importance of an activity or industry to a specified
region by modeling monetary flows from the final activity or service up through to the point of
origination for all production requirements necessary. The results are interpreted as the
economic contribution rather than an economic impact because tax revenues were not included
(Fay & Christensen ). For detailed description of economic modeling terminology see
Appendix A.
Each operator indicated the proportion of their business sales associated with bear
viewing as well as the proportion of business expenditures made within the region of study.
These two data points were critical for determining the economic significance of bear viewing
specifically as they highlight the contribution of the bear viewing to their overall business
activity. The number of employees, total wages & benefits ($), sales ($), and approximate value
added ($) were individually weighted to accurately reflect each business’ proportion of business
sales associated with bear viewing.
To capture the potential level of total sales the survey data was aggregated to reflect the
total sample frame of  firms. A by-parts approach was used and an ‘Industry Spending
Pattern’ for each of the three sectors was imported directly from IMPLAN. Total service
operator sales less wages and benefits were aggregated and bridged to the corresponding
IMPLAN sector and then entered as the spending level. Labor income and proprietor income
were incorporated as separate activities. Induced effects associated with labor and proprietor
income have been included in the estimates.
All four boroughs and the municipality of Anchorage were analyzed jointly in IMPLAN
as part of the Southcentral region. Employment, labor income, valued added, and output
estimates are modeled and reported in  dollars, using SAM-type multipliers. The values
derived for direct, indirect, and induced impacts to the region resulting from bear viewingassociated service provider expenditures are summarized in Table  below. Scaled to the
sample frame of  service providers, bear viewing related business activity resulted in
approximately  million in sales and  million in direct wages and benefits.
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TABLE .
Bear Viewing Economic Contribution Estimates (GROODUV

Direct purchases by service providers and household spending by supports
approximately  million in intermediate economic production in the region. Spending by
bear viewing related service providers and households contributes approximately  million in
value added.21 Finally, bear viewing related service providers and households also support
approximately  million in labor income and  jobs (average) in the Southcentral region
(Municipality of Anchorage, Kenai Peninsula Borough, Lake and Peninsula Borough, Kodiak
Borough, and Bristol Bay Borough).22
For a rough comparison of bear viewing associated economic contributions from Katmai
NP&P based on Littlejohn & Hollenhorst (), approximately % of visitors to the park
indicated that bear viewing was the primary purpose of their trip. If we were to use this
proportion to roughly estimate the effects using the Katmai NP&P economic analysis by Fay &
Christensen (), which used the same visitor study as their primary data, we would find that
about  jobs and $. million in intermediate production and $ million in value added
would be associated with Katmai NP&P alone.23
The data used in the Fay and Christensen () analysis was obtained directly from
visitors and includes dining expenditures, which make up a significant portion of economic
effects estimated and cannot be accounted for in our estimates. Our economic contribution
estimates are a reflection of spending by the service providers and households, therefore the
spending by visitors that does not go to service providers directly associated with bear viewing
such as air/boat taxis, lodges, and wildlife guides, is not accounted for. Our assessment
identifies $ million in intermediate production and  million bear viewing related value

21

Tax contributions are not included. Respondents reported approximately $600k in federal, state, and local taxes.
Standard IMPLAN multipliers were used to model labor income effects.
23 reported in  dollars
22
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added. While conservative the estimates presented here help to illustrate the economic
importance of bear viewing related services to the Southcentral region. Spending by visitors
on bear viewing opportunities helps to diversify the regional economy and supports the
financial well-being of many local businesses and households.

Photo Courtesy of Mark Emery

Photo by Alaska Ultimate Safaris
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VI. Final Remarks
The remote aspect of bear viewing in Alaska presents major challenges to developing a
comprehensive economic significance analysis. Drawing on proprietary data provided by local
businesses this study provides an assessment of the economic contribution of bear viewing
opportunities and related services provide to Southcentral Alaska.
Bear viewing in Southcentral Alaska is unquestionably unique. The original brown bear range
in the U.S. has been substantially reduced due to habitat destruction, with fewer than  bears
remaining in all of the contiguous U.S. (Miller, Miller, and McCollum ). The complex
interdependent relationship between wildlife and humans has only recently begun to be
understood and taken into account. Constant human development around the world is being
realized as a major pressure on wildlife. As a consequence, the conservation of brown bears in
Alaska is not only desired, but also economically wise.
As the supply of unique wildlife viewing opportunities decline worldwide, the distinctive
opportunities available in Southcentral Alaska will become more valuable. Not only in terms of
future economic activity, but also in terms of the social welfare derived from bear viewing by
visitors and residents alike. Our examination paints only a portion of the economic picture
since we examined economic significance and did not estimate the total economic value of bear
viewing. To better guide decision making, future research should be directed towards
enhancing our understanding of how Alaskan brown bears contribute to the economic wellbeing of our state. Along with calculating the willingness-to-pay (WTP) of visitors for actual
viewing trips, Loomis et al. () found that online viewing opportunities for Alaska brown
bears provide $ million in individual welfare. Research examining the relationship between
online viewing opportunities and potential impacts on actual visitation would be a worthwhile
effort. As it stands Alaskan brown bears are a financially valuable natural asset which positively
contribute to the economic vitality of the Southcentral economy and contribute to the positive
perceptions of Alaska outside of the state.
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APPENDIX A
Glossary of Terminology

Economic Significance Analysis evaluates the contribution of sector importance of an
industry or activity to a region, usually including spending by both local residents and visitors
from outside the region.
Impact Analysis estimates the extent of change in income, employment, payroll, and taxes
from a change in spending coming from outside a region.
Region represents the geographic area for which economic changes are calculated. In this
analysis, the region includes the Municipality of Anchorage and the three boroughs of: Lake and
Peninsula, Kenai Peninsula, and Kodiak Island.
Sector defines a set of industries whose product or service output is roughly similar. Sectors
are commonly coded using the North American Industrial Classification System (NAICS).
Input-output model is a representation of the flows of economic activity between sectors
within a region. The model captures what each business or sector must purchase from every
other sector in order to produce a dollar’s worth of goods or services.
IMPLAN is an input output modeling software system. The current version uses  sectors
and includes procedures for generating multipliers and estimating impacts by applying final
demand (expenditure) changes to the model.
Final Demand is the term for sales to final consumers (households or government). Sales
between industries are termed intermediate sales. Economic impact analysis generally
estimates the regional economic impacts of final demand changes.
Direct effects are the changes in economic activity which results from the initial change in
spending.
Indirect effects are the changes in sales, income or employment for firms providing goods
and services to the primary businesses.
Induced effects are the further changes in economic activity which occur as a result of the
change in laborers and payroll of directly and indirectly affected businesses.
Total effects are the sum of direct, indirect and induced effects.
Multipliers describe how much secondary impact (indirect and induced) are generated from
each dollar of initial spending. The size of a multiplier shows the extent to which initial spending
circulates throughout a region.
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Measures of economic activity:
Total Industry Output (TIO): IMPLAN uses input/output accounting to assess the value of
production by industry for a calendar year. Output can also be thought of as a value of sales plus
or minus inventory. Output associated with bear viewing visitation is mainly in the form of
services (e.g., travel, guides, food, accommodations).
Sales or output is the dollar volume of a good or service produced or sold.
Jobs or employment is a measure of the number of individuals required to produce a given
volume of sales/production. Jobs include full time, part time and seasonal positions.
Value Added is the aggregation of net income across all proprietors. It avoids double counting
of intermediate sales.
Willingness-to-pay (WTP) is the maximum amount of income an individual is willing to
exchange in order to keep circumstances (attributes) of a service (good) the same.
Consumer Surplus is the net value of a good or service above and beyond the price paid.
Total Economic Value is the sum of use (onsite) and nonuse (offsite).
Use (onsite) value is any participation of activity using a service or good, including nonconsumptive uses (e.g. wildlife-watching, hiking, or photography) and consumptive uses (e.g.
hunting, trapping, or fishing). Option value is a subset of use value and is defined as the value
an individual holds for the future availability of a good or service.
Nonuse (offsite) value is the passive, non-physical consumption of a resource, and includes
existence value. Existence value is the value of a resource for an individual just knowing that
it exists, and/or knowing that the resource is available to be used by others. Bequest value is
a subset of existence value and refers to the value derived from knowing that the resource will
be available for future generations even if the individual has no intentions of ever using the
resource themselves. Intrinsic value is another type of existence value and is the value derived
from knowing that the resource is undisturbed and able to flourish without negative
intervention.
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APPENDIX B
Input-Output Modeling Limitations & Assumptions

Input output modelling is a useful tool but there are a number of assumptions and limitations
which guide interpretation of the outputs and constrain what can be stated about the economic
efficiency of any specific allocation of resources. I/O models assume constant returns to scale
in production which, by extension, ensures a linear cost function and equal marginal and
average costs of production. Output is assumed to be homogenous (identical). The approach
also assumes that there is no input substitution and that there are no supply constraints. Put
simply, firms can readily change output to meet demand and do so using existing input ratios.
Within the IMPLAN platform modelled economies are assumed to be in full employment,
likewise, technology and trade relations are assumed.
I/O models are useful for outlining the potential employment and output impacts associated
with a particular change in expenditures. These models differ from a cost-benefit framework
since they do not comment on the social welfare associated with any underlying distribution of
economic endowments.
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EXECUTIVE SUMMARY
Bristol Bay, Alaska is home to the most valuable wild salmon fishery in the world. Each year,
a fleet of roughly 2,350 small vessels hand-pick more than 25 million salmon from nets
during a brief summer season. In a state known for salmon, the Bristol Bay fishery accounts
for 41 percent of total salmon permit value and is truly the crown jewel of the state’s
commercial salmon fishing portfolio. The region’s immense wild sockeye salmon run
supports three of the top 10 U.S. commercial fishing ports and produces substantial
economic benefits at a regional, statewide, and national level.

ECONOMIC BENEFITS OF BRISTOL BAY SALMON INDUSTRY
The Bristol Bay salmon industry directly employs approximately 14,800 people, most of
whom work in the industry on a seasonal basis. Including multiplier effects, the fishery
creates an estimated $1.2 billion in economic output and $658 million in labor income per
year, resulting in 12,537 average jobs. Like any fishery, harvest volume and value vary from
year to year. Therefore, economic benefit estimates have been developed using averages
from the five most recent years with available data.

TABLE 1
Economic Benefits of Bristol Bay Salmon Industry, 2013-2017 Annual Average
Number of Direct
Resident Workers

Average
Jobs

Total Labor
Income ($M)

Economic
Output ($M)

Bristol Bay Region

1,567

4,217

$220

$493

Alaska Total

4,537

5,216

$272

$573

U.S. Total

14,765

12,537

$658

$1,235

Study Area

Note: Average jobs refers to the total number direct and secondary jobs created by area, regardless of
residency. See page 45 for average job methodology. Job and dollar figures include multiplier effects.
Source: Wink Research estimates.

The industry’s economic benefits are widely dispersed, yet still form the backbone of the
regional economy. Non-Alaskan residents make up 69 percent of the direct workforce
(primarily fishermen and processors) and residents of 41 U.S. states own commercial Bristol
Bay salmon fishing permits. However, it is estimated that approximately one-third of working
age regional residents are directly employed in the industry on at least a seasonal basis.
Including multiplier effects, labor income created by the Bristol Bay salmon industry
accounts for roughly 1 percent of total labor income earned in Alaska and the fishery directly
employs about twice as many Alaska residents as the state’s (non-oil/gas) mining sector.

WINK RESEARCH & CONSULTING
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Upstream activities, including fishery management, harvesting, processing, and shipping
Bristol Bay salmon out of Alaska, account for the 78 percent of total labor income identified
in this study. While other downstream jobs such as fishmongers, secondary processing
workers, and chefs may still exist without Bristol Bay salmon, the majority of jobs created by
the resource are highly sensitive to its productivity. See Chapter 5 for additional metrics
about the economic benefits of the Bristol Bay commercial salmon fishery.

TABLE 2
Allocation of Economic Benefits Derived from Bristol Bay Salmon Industry
Place of Residence

Bristol Bay Salmon
Permit Holders (2016)

Direct Industry
Workers

Total Average
Jobs

Regional Residents

680 (24%)

1,567 (11%)

775 (6%)

Other Alaska Residents

763 (27%)

2,970 (20%)

1,536 (12%)

1,377 (49%)

10,228 (69%)

10,221 (82%)

2,820

14,765

12,537

Residents of Other U.S. States
Total U.S. Residents

Note: Figures may not sum due to rounding. Total average job figures include multiplier impacts.
Source: Wink Research estimates & calculations.

Economic benefits quantified in this analysis are substantial but are conservative in that they
do not include: 1) the impact of roughly $235 million in exports (e.g. effects on trade balance
or jobs created in other countries), 2) Bristol Bay salmon caught in other commercial
fisheries, 3) economic contributions of the subsistence and sportfishing sectors, or 4) the
health benefits people enjoy when eating one of the world’s healthiest proteins. Quantifying
these aspects were not possible within the scope of this study but are likely large in their
own right. In addition, these figures are based on a five-year study period average. Fishery
productivity and harvest value has trended up in recent years, as the ex-vessel value of fish
landed in 2017 was 31 percent higher than the 2013-2017 average.

RESOURCE & INDUSTRY VALUE
Abundant regional salmon runs have nourished Alaska Native peoples for millennia and
supported a commercial salmon industry for more than 130 years. Since 1884, commercial
fishermen have sustainably harvested 2.1 billion salmon from Bristol Bay waters, with
several of the largest harvests on record coming in recent years. Applying actual and
estimated historical prices to these harvests produces a cumulative, inflation-adjusted
fishery value of $34 billion, in first wholesale terms. An evaluation of Bristol Bay commercial
salmon fishing and processing assets places their collective value at $1.2 billion.

WINK RESEARCH & CONSULTING
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INTRODUCTION
This study examines the scale and value of the region’s salmon resource and quantifies the
economic benefits sustainably derived from commercial salmon harvests. The report
contains six chapters providing a comprehensive assessment of the fishery’s economic value
in current and historical terms.
x Chapter 1 profiles the Bristol Bay salmon resource itself, as well as the economic
sectors which rely upon it.
x Chapter 2 places the Bristol Bay salmon resource into context, versus other wild
and farmed salmon resources.
x Chapter 3 examines the remarkable historical performance of the Bristol Bay
salmon fishery.
x Chapter 4 explains the supply chain which is responsible for turning a wild
resource in sustainable economic benefits.
x Chapter 5 quantifies the economic impacts of the Bristol Bay commercial salmon
fishery at a regional, statewide, and national level.
x Chapter 6 analyzes the costs and revenues associated with managing the region’s
commercial salmon fishery.
x Appendices includes information about data sources, glossary of terms, study
methodology, and supplementary data.
Fully assessing the scale, value, and economic impacts of this resource involves a great deal
of data and careful construction of economic impact models. These data and assumptions
are critical elements of achieving the goals of the research project; however, the sheer
volume of data and complexities of impact modeling are significant. Therefore,
supplementary data, key assumptions, explanations about model assumptions, and other
reference information has been placed into an Appendices section. This arrangement makes
it easier for readers to understand key research findings while also providing important
documentation about data sources, study terms, and necessary assumptions. Finally, it
should be noted that while extreme care has been taken to be consistent with respect to
data sources, often times different data sets within state agencies will provide slightly
different totals for a variety of reasons. Therefore, volume and value totals may not match
exactly depending on the underlying data set or when that data was accessed.
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GLOSSARY OF TERMS & ABBREVIATIONS
Average Jobs: A construct used in this report to calculate how many average year-round
jobs are created in a largely seasonal industry and as a result of multiplier effects. The
Number of average jobs equals labor income / average annual earnings per wage & salary
job from the QCEW data series.
Bristol Bay: Alaska fishery area, defined as land contained in the Bristol Bay Borough,
Dillingham Census Area, Lake and Peninsula Borough, and waters from east of Cape
Newenham to north of Cape Menshikof.
Direct benefit/impact: an economic consequence that is a direct result of the study
industry/topic. Direct impacts in this report refer to those occurring in the management,
fishing, tendering, and processing industries.
Downstream activities: Downstream activities in the context of this report refers to the
transportation, secondary processing, exporting, distributing, and retailing (including food
service operators) of processed Bristol Bay salmon products.
Economic output: Quantity of goods or services produced in given time period by a firm,
industry, or country.
Ex-vessel value: The value of salmon upon sale from fisherman to processor, in round
weight terms.
First-wholesale value: The value of processed fishery products upon the sale from primary
processor to a buyer outside of its affiliate network. First wholesale value includes the exvessel value of underlying raw material.
Indirect benefit/impact: economic contributions in other economic sectors resulting from
business spending of a selected industry or group of industries.
Induced benefit/impact: economic contributions in various economic sectors resulting
from household spending occurring from direct or indirect impacts.
Industry: a study term used to encompass the Bristol Bay salmon industry, including fishery
management, commercial harvesting, processing, and tendering activities.
Secondary benefit/impact: sum of indirect and induced benefits or impacts.
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Upstream activities: Upstream activities in the context of this report refers to the
management, harvesting, tendering, and primary processing of Bristol Bay salmon.
Value added: the difference between an industry or establishment’s total output and the
cost of its intermediate inputs. It equals gross output (sales/receipts) minus intermediate
inputs purchased from other industries.

ADEC
ADF&G
ADOR
ADOWLD
AMR
BB
BBFC
BBRSDA
BEA
CFEC
COAR
EST
EV
FOB
FW
H&G
ISER
$M
NMFS
NPAFC
QCEW
SAFE

Alaska Department of Environmental Conservation
Alaska Department of Fish & Game
Alaska Department of Revenue
Alaska Department of Workforce and Labor Development
ADF&G annual regional management report
Bristol Bay (used as shorthand where needed)
Bristol Bay Fisheries Collaborative
Bristol Bay Regional Seafood Development Association
U.S. Bureau of Economic Analysis
Commercial Fisheries Entry Commission
Commercial Operators Annual Report (ADF&G data set)
Estimate or estimated
Ex-vessel value
Free on-board (value not including shipping/transport costs)
First wholesale value
Headed and gutted product
Institute of Social and Economic Research, University of Alaska,
Anchorage
Millions of dollars
National Marine Fisheries Service
North Pacific Anadromous Fish Commission
Quarterly Census of Wages & Earnings
Stock Assessment and Fishery Evaluation report
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1. RESOURCE PROFILE
All economic benefits covered in this document are a consequence of the region’s salmon
productivity. The manner in which those benefits are sustainably derived from the resource,
is a function of resource abundance and industry structure. Therefore, this economic
analysis begins with a profile of the resource.

RESOURCE USE IN THE COMMERCIAL FISHERY
The Bristol Bay watershed sustains the largest sockeye salmon run in the world. Each river
system has escapement goals unique to that river’s history to ensure the resource remains
abundant. Excess sockeye and other salmon species are harvested in commercial,
subsistence, and sport fisheries. The commercial salmon fishery accounts for the vast
majority of user group harvests. The commercial fishery averaged harvests of 31.5 million
sockeye from 2013 to 2017, while total upriver escapement averaged 14.7 million fish. Sport
and subsistence harvests for the most recent, available five-year period (2012-2016)
averaged 114 thousand sockeye.

TABLE 3
Bristol Bay Sockeye Salmon Run Composition, 2008-2017
in Millions of Fish
Year

Commercial Harvest

Escapement*

Total Inshore Run

2008

27.67

12.74

40.42

2009

30.89

9.55

40.44

2010

29.05

11.60

40.65

2011

22.10

8.45

30.56

2012

20.92

9.45

30.37

2013

15.43

8.73

24.16

2014

29.13

12.03

41.16

2015

36.72

22.37

59.09

2016

37.59

14.06

51.65

2017

38.78

16.45

55.23

5-YR AVG.

31.53

14.73

46.26

10-YR AVG.

28.83

12.54

41.37
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* Subsistence and sport harvests are not included in the data set, due to different in the fish accounting
system. However, subsistence and sport harvests are relatively minor, typically amounting to 100,000 to
125,000 sockeye per year, combined.
Source: ADF&G (2017 AMR).

The Bristol Bay commercial fishery management area includes all coastal and inland waters
eastward from Cape Newenham to Cape Menshikof (see Figure 2). The area includes nine
major river systems: Naknek, Kvichak, Alagnak, Egegik, Ugashik, Wood, Nushagak, Igushik,
and Togiak. Sockeye accounted for 95 percent of harvest volume over the past 10 years and
98 percent of ex-vessel value.

TABLE 4
Harvest Composition of Bristol Bay Salmon, 2008-2017 Average
Salmon
Species

Harvest Volume
(000s lbs.)

Ex-Vessel Value
($000s)

Percent of
Volume

Percent of
Value

Sockeye
Chum

162,076
6,313

$164,653
$1,732

94.7%
3.7%

98.2%
1.0%

758

$518

0.4%

0.3%

397
1,615

$371
$464

0.2%
0.9%

0.2%
0.3%

171,159

$167,737

-

-

Coho
Chinook
Pink
Avg. Harvest

Note: 2017 data used in averages are preliminary.
Source: ADF&G (COAR).

The region’s natural sockeye productivity is unparalleled and unlike other prolific salmonproducing regions in Alaska, salmon production is not supplemented with hatcheries.
Commercial salmon fisheries in Bristol Bay have averaged harvests of 171 million pounds
and $166 million in ex-vessel value over the past 10 years.
Sockeye salmon are typically the most valuable of the five Pacific salmon species caught in
Alaska, in terms of total value. Chinook salmon fetch the highest prices and harvest volumes
of pink salmon are often greater than sockeye, but the combination of value and abundance
make sockeye the most economically important salmon species in Alaska.
Sockeye can grow up to 31 inches and 15 pounds, but most fish caught in commercial
fisheries range from four to nine pounds. The average weight consistently falls between five
to seven pounds. Immature, sea-going sockeye have a metallic green-blue color on their top
side. As the fish return to rivers during spawning, their bodies turn a bright red color and
their heads turn dark green. This appearance forms the basis for the moniker “red salmon.”
WINK RESEARCH & CONSULTING
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Sockeye also have the darkest flesh color of any salmon species, ranging from bright orange
to a deep red color.
Like other salmon species, sockeye return
from ocean waters to spawn in rivers
during

warmer

months.

After

approximately one year, the small fry
(measuring about 1 inch) typically migrate
to lakes where the fish will spend one to
three

years

eating

a

diet

primarily

consisting of zooplankton. The time spent
in freshwater lakes is unique to sockeye. In
systems without lakes, sockeye will migrate
to ocean waters soon after emerging from gravel beds during the spring following the
spawning season. Sockeye enter saltwater habitat weighing only a few ounces but grow
quickly during its 1 to 3 years in ocean waters. After reaching an age of three to seven years
and traveling thousands of miles as an adult salmon, sockeye return to the same freshwater
system where they hatched to spawn and die soon after. Nutrients from decomposing
salmon carcasses support habitat conditions for numerous plants and aquatic species,
thereby providing a better rearing environment for its offspring.
Bristol Bay’s large salmon runs have sustained local residents for millennia. The commercial
fishery has a long, rich history predating statehood, manned flight, and the automobile. The
first recorded commercial harvest of Bristol Bay salmon occurred in 1884 and catches have
exceeded one million salmon every year since 1893. The scale and longevity of Bristol Bay
salmon production is a testament to the area’s unique salmon habitat and stakeholders’
commitment to sustainable fishery management.
The number of salmon commercially harvested in Bristol Bay since the fishery began totals
2.07 billion fish, weighing an estimated 12.1 billion pounds. Harvests in recent years have
been especially large. The 2015-2017 Bristol Bay salmon harvest is the second-largest, threeyear harvest on record, just below the 1993-1995 harvest.

See table on following page.

WINK RESEARCH & CONSULTING

8

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1669 of 2339

- CHAPTER 1: RESOURCE PROFILE

FIGURE 1
Commercial Harvest of Bristol Bay Salmon, 1884-2017
in Thousands of Fish
50,000
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45,000

Total Pounds of Salmon Harvested: 12.1 Billion

40,000
35,000
30,000
25,000
20,000
15,000
10,000
5,000

2015

2010

2005

2000

1995

1990

1985

1980

1975

1970

1965

1960

1955

1950

1945

1940

1935

1930

1925

1920

1915

1910

1905

1900

1895

1890

1885

0

Source: ADF&G (1884-1974: Bristol Bay Comprehensive Salmon Plan – 1989, 1975-2016: COAR, 2017:
Preliminary Salmon Season Summary).

The commercial fishery has evolved over more than a century of harvests, benefitting from
emerging technology. Vessel size has been limited to 32 feet since the 1920s. Small sailboats,
typically crewed by a pair of men, employed gillnets to harvest salmon until the early 1950s.
In the early 1950s, a restriction on using gas and diesel engines was lifted and the fleet
quickly converted from sail to combustion power. Beginning in the 1970s and accelerating in
the 1980s, fishermen transitioned from wood boats to vessels made of fiberglass and, later,
aluminum. In the late 2000s, a greater emphasis on fish quality and processor bonuses
incentivized fishermen to chill fish using on-board refrigerated seawater systems (RSW) or
slush ice. Although hydraulics have expanded harvesting capacity for the driftnet fleet,
harvesting salmon in Bristol Bay has not changed substantially since the fishery’s early days.
Fish are still hand-picked from nets by fishermen aboard relatively small vessels.
Regional salmon harvests have averaged 171 million pounds over the past ten years. As
usual, sockeye comprise the majority of the harvest. Harvests declined from 2009 through
2013, but have more than doubled since then. As previously mentioned, recent harvests
(2015-2017) have been among the best stretch in the fishery’s 135-year history.
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The Bristol Bay salmon fishery is divided into five fishing districts: Egegik, Naknek-Kvichak,
Nushagak, Togiak, and Ugashik (see Figure 2). Harvests vary across districts from year to
year, but often a portfolio effect occurs which makes regional harvests less variable. The
Naknek-Kvichak district usually produces the largest harvest, averaging 10.6 million sockeye
over the past 10 years (2008-2017). Egegik and Nushagak districts averaged 7.5 million and
6.6 million sockeye, respectively. The Ugashik and Togiak districts, which are located further
from the most productive rivers systems, tend to produce relatively smaller harvests. These
systems averaged 3.3 million and 568 thousand sockeye, respectively (See Table 5).

FIGURE 2
Map of Bristol Bay Commercial Salmon Fishery Districts

Cape
Newenham

Cape
Menshikof

Source: ADF&G.

See table on following page.
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TABLE 5
Commercial Sockeye Harvest by Fishery District, 2008-2017
in Thousands of Fish
Year

NaknekKvichak

Egegik

Nushagak

Ugashik

Togiak

Total

2008

10,382

7,404

6,903

2,334

651

27,674

2009
2010

8,515
10,858

11,527
5,071

7,730
8,424

255
4,032

559
668

28,587
29,053

2011

9,016

4,810

4,887

2,643

745

22,101

2012
2013

10,153
4,853

5,062
4,779

2,663
3,164

2,419
2,168

623
467

20,920
15,432

2014

13,791

6,929

6,448

1,507

443

29,118

2015
2016

16,531
13,466

8,750
8,740

5,593
8,110

5,474
6,630

372
646

36,719
37,592

2017

8,256

11,981

12,323

5,706

516

38,782

Average

10,582

7,505

6,625

3,317

569

28,598

Note: 2017 values are estimated based on differences observed in previous years between preliminary and
final data.
Source: ADF&G (2008-2016: COAR, 2017: Bristol Bay Salmon Fishery Annual Management Report).

RESOURCE USE IN OTHER FISHERIES
The commercial fishery harvests the largest number of Bristol Bay salmon and creates the
greatest economic benefit by a wide margin, but other fisheries also rely on the resource.

SUBSISTENCE FISHERIES
Subsistence fisheries are a critical resource for residents of the Bristol Bay region. Food costs
significantly more in this remote area of Alaska, as non-local food sources must be
transported to sparsely populated areas by barge or airplane (the region is not connected to
the road system). Abundant local salmon resources provide a valuable source of protein and
nutrition for regional residents.
In 2017, a total of 1,128 subsistence permits were issued to residents in the Bristol Bay
region. Subsistence harvesters collected an estimated 116,537 salmon (ADF&G, 2017 AMR).
Based on average weights of salmon caught in commercial fisheries, this volume of fish was
equal to approximately 743,700 pounds of salmon. This works out to 99 round pounds of
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subsistence salmon per capita (among regional residents of the area, based on 2017
population estimates from the Alaska Department of Labor and Workforce Development).

RECREATIONAL FISHERIES
Sport fisheries for Bristol Bay salmon provide access for recreational anglers and create
additional economic benefits for the region. In 2016, a total of 102 sport fish guiding
businesses, employing 563 guides, completed 16,041 sportfishing trips for salmon in the
Bristol Bay area. Sportfishing clients caught a total of 85,353 salmon (retaining 28,366) and
nonresidents accounted for 90 percent of the days fished. This means that most of the
money generated by guided sportfishing for Bristol Bay salmon came from outside Alaska.
Unguided sportfishing activity is also significant in the region. ADF&G estimates that
approximately 43,800 salmon were harvested (and retained) by anglers in the Bristol Bay
region during 2016. Most anglers target Chinook and coho salmon.
Sportfishing impacts go far beyond creating jobs for guides. Lodges, airlines, restaurants,
stores, and other local businesses all benefit from the additional influx of people looking to
enjoy the natural beauty of the area and hook up with a Bristol Bay salmon. In addition,
license sales to nonresident anglers provide revenue for the State of Alaska.
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2. SUPPLY CHAIN & MARKET PROFILE
This chapter profiles the Bristol Bay salmon supply chain and markets for its products. The
supply chain dictates how economic benefits are derived from the resource, as well as how
they are distributed across the economy. Therefore, it is important to understand the
general supply chain structure, its functions, and the role each link plays in adding value to
the resource.

FISHERY MANAGEMENT
Fishery management provides a foundation for all the economic sectors which rely upon the
Bristol Bay salmon resource. The Alaska Department of Fish & Game (ADF&G) is tasked with
regulating the fishery according to the principles of maximum sustained yield. The
Department

seeks

to

achieve

escapement goals for area river systems
thus

ensuring

future

salmon

production.1 Commercial fisheries are
able to harvest salmon in excess of these
escapement targets. Managers balance
escapement

versus

harvest

by

selectively opening and closing fishing in
different districts during the season. Inseason escapement is tracked by ADF&G
staff operating weirs, salmon “counting
towers”, and sonar equipment. Harvest
data is compiled via “fish tickets”, which
is essentially a delivery receipt of the
number, weight, and variety of salmon
sold to a processor by a fisherman.

An ADF&G employee tracks migrating salmon.
Photo credit: KDLG.

Escapement refers to the number of salmon which “escape” the commercial fishery to reach
spawning grounds in rivers and streams.
1
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FY2017, fishery management functions employed an estimated 85 seasonal workers and fulltime equivalent positions. While several ADF&G biologists and a few other positions are fulltime employees dedicated to Bristol Bay management, the fishery utilizes a portion of other
full-time agency staff (leading to partial full-time equivalent counts). Teams of more than six
dozen seasonal workers collect much of the in-season data needed to manage the fishery.
Total labor income of Bristol Bay management workers in FY2017 was $2.05 million. The
number of management workers and their earnings has been relatively stable in recent
years.

TABLE 6
Bristol Bay Salmon Management Employment Profile
Full-time Workers & Equivalents

10

Seasonal Workers

75

Total Full-time Equivalents & Seasonal Workers
Total Labor Income (includes wage/salary earnings & benefits)

85
$2.05 million

Source: ADF&G (Central Region Staff) and Wink Research estimates.

HARVESTING SECTOR

Photo credits (left to right): BBRSDA, Corey Arnold.

Bristol Bay salmon are harvested using gillnets. Salmon returning to spawn get their heads
stuck in the net. Fishermen “pick” fish from the net as it is being retrieved from the water.
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setnet. Drift gillnets are deployed from vessels with a maximum length of 32 feet. These
vessels use gillnet gear that drifts in the water while remaining attached to the vessel. Fishing
crews then use a hydraulic drum to reel in the net. Setnet operations are fixed. Here, a gillnet
is attached to a fixed point on the shoreline and extends to an anchored buoy offshore.
Setnet fishermen use skiffs to pick fish from the net or pick fish from the beach or shallow
water, then return to shore to store their harvest in totes.
Access to commercial salmon fisheries in Alaska controlled through a “limited entry” system,
which allows fishermen to operate as independent entities and access commercial fisheries
through ownership of limited entry permits. The State of Alaska’s Commercial Fisheries Entry
Commission (CFEC) is based in Juneau and administers access to state-managed commercial
fisheries. In order, to participate in commercial fisheries in Bristol Bay, fishermen must own
a limited entry permit allowing them to fish driftnet or setnet gear in the region. All driftnet
fishermen and some setnet fishermen must register their vessel with CFEC. All fishermen
must pay annual permit renewal fees, which are relatively minor compared to the cost of the
permits themselves. At the end of 2017 Bristol Bay salmon driftnet permits had an estimated
value of $133,300 while setnet permits were worth an estimated $39,300 a piece. There are
approximately 1,860 driftnet permits and 970 setnet permits in the region’s commercial
fishery. Crew members need not own limited entry permits but must buy commercial crew
licenses to participate (or own a limited entry permit themselves).
Driftnet operations typically harvest greater volumes, and account for roughly 80 percent of
the total commercial salmon harvest in Bristol Bay. Most Bristol Bay fishermen sell their
harvest to processing companies located in the area, but some process their own catch or
contract with processing companies to produce finished products they will sell directly to
customers. These operations are known as “direct marketers.”
Most Bristol Bay permit owners employ two or three crew members meaning there are
typically three to four fishermen per boat. However, some boats employ additional crew
members. Crew are paid a share of the operation’s harvest value, often after deductions for
fuel and food. Most crew shares are on the order of 10 to 12 percent, but greenhorns (i.e.
inexperienced crew) may earn lower shares while highly skilled crew may earn higher shares.
Permit owners’ earnings come from fishing profits consisting of fishing revenues less
operating and capital expenses. Operating expenses include payments to crew, fuel, food,
nets, maintenance, and transportation. Capital expenses include payments for boats,
permits, and any interest needed to acquire those assets.
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TABLE 7
Bristol Bay Commercial Salmon Fishing Fleet & Permit Profile, 2017
Category

Total

Resident

Nonresident

Total Bristol Bay Salmon Permits
Number Permits Actively Fished

2,835
2,411

1,464
1,241

1,371
1,170

Total Bristol Bay Salmon Driftnet Permits

1,863

834

1,029

Number Permits Actively Fished
Total Bristol Bay Salmon Setnet Permits

1,532
972

679
630

853
342

879

562

317

5,836
8,247

2,409
3,650

3,427
4,597

221

95

127

177
44

68
27

109
17

$247

$101

$146

$205
$42

$75
$26

$130
$16

2,348

1,271

1,077

1,469
879

709
562

760
317

Number Permits Actively Fished
Estimated Number of Crew Members
Number of Total Estimated Fishermen
Total Salmon Harvest Volume (Millions lbs.)
Driftnet Salmon Harvest Volume
Setnet Salmon Harvest Volume
Total Ex-Vessel Salmon Earnings ($Millions)*
Driftnet Ex-Vessel Earnings
Setnet Ex-Vessel Earnings
Estimated Number of Fishing Vessels
Number of Driftnet Vessels
Number of Setnet Vessels**

* Final figures from CFEC are not available at this time. Figures shown here have been estimated based on
previous relationships between preliminary and final data.
** It is estimated that each active setnet permit operates one setnet skiff, as vessel registration data for
setnet vessels is incomplete.
Note: Figures may not sum due to rounding.
Source: CFEC with compilations and estimates performed by Wink Research.

The Bristol Bay salmon fishery produces relatively large harvests in a short amount of time.
Most fishing activity occurs during late June to late July, and the vast majority of sockeye are
typically harvested during the first three weeks of July. While spring herring fisheries and
salmon fishing targeting other species later in the summer contribute to the region’s seafood
industry, it is based around harvesting and processing large sockeye harvests during a few
weeks in July. This hyper-seasonality presents challenges and opportunities, and also has a
significant effect on how economic benefits stemming from the regional salmon resource
are distributed.
Bristol Bay fishermen sell salmon to processors. The price of that fish is based on the round
weight of fish delivered to processors and is known as the ex-vessel price. The total amount
of money paid from processors to fishermen is known as the ex-vessel value. In Bristol Bay,
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is well underway. Large processors also pay bonuses based on fish quality. Fishermen who
chill fish, bleed them, and employ tactics to minimize bruising can earn bonuses typically
ranging from 15 to 30 cents per pound. Some large processors also pay production bonuses
on the order of 2 to 12 cents per pound based on a fisherman’s total harvest volume
delivered to the processor. Table 8 summarizes harvest volume and ex-vessel value earned
from 2013 to 2017.

TABLE 8
Harvest Volume & Value of Bristol Bay Salmon, 2013-2017
Category

2013

2014

2015

2016

2017

Avg.

Harvest Volume (Millions lbs.)

100.6

171.4

200.0

210.8

219.4

180.5

92.3

161.7

192.6

201.0

207.8

171.1

8.3
$151.4

9.7
$221.5

7.4
$125.1

9.9
$195.9

11.6
$247.4

9.4
$188.3

$148.4

$217.2

$122.7

$192.9

$243.1

$184.9

$3.0

$4.3

$2.4

$3.0

$4.3

$3.4

Sockeye Salmon
Other Salmon Species
Ex-Vessel Value ($Millions)
Sockeye Salmon
Other Salmon Species
Source: ADF&G (COAR).

Although most Bristol Bay fishermen reside in Alaska, the fleet comes from all over the
United States. In 2017, there were only nine states which did not contain at least one Bristol
Bay salmon permit owner among its residents. Nonresidents are more common in the
driftnet fleet and have higher average harvests in each gear type. As a result, gross fishing
revenues skew somewhat towards nonresidents. Nonresidents accounted for 49 percent of
the permits fished in 2017 but earned 59 percent of gross revenues (see Table 7 for more
information).

DIRECT MARKETERS
Some Bristol Bay salmon fishermen sell processed products during the offseason. These
individuals are known as direct marketers. In other areas of the state, fishermen will
occasionally process fish aboard their vessel and sell products directly to customers. The
State of Alaska requires a license for processing fish on-board. However, in Bristol Bay most
direct marketers will have salmon custom processed via contracts with regional processors
or will buy processed products back from processors after the season. Fishermen do not
need a license from the State if they are buying product back from the processor. As a result,
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sell processed products directly to consumers or other retail/restaurant customers.
Despite the lack of hard data, anecdotal reports suggest the practice is fairly common—
especially among fishermen residing in other states. Direct marketing allows Bristol Bay
fishermen to realize a greater share of the resource value and form a connection with
customers, although it also brings additional responsibilities involved with marketing,
storing, and transporting product.

PROCESSING SECTOR
Processing operations are a critical part of the Bristol Bay salmon industry, transforming raw
material (i.e. dead fish) into valuable products. The region contains 16 large salmon
processing plants, several floating processors, and more than a dozen smaller processing
companies and direct market operations. Large companies often buy from hundreds of
boats and several have multiple plants in the region, while small companies generally
support direct market operations. Most Bristol Bay salmon are processed in shoreside
facilities, but processing companies also bring in several floating processors for the season.

TABLE 9
Bristol Bay Salmon Processing Facilities
Base of
Operations

Approximate
Workforce

Plant Location

Kenmore, WA

640

Naknek

Big Creek Fisheries

Everett, WA

35

Egegik

Cape Greig & Sea Bird

Seattle, WA

90

Floating Processor

Coffee Point Seafoods

Seattle, WA

135

Egegik

Copper River Seafoods

Anchorage, AK

100

Naknek

Copper River Seafoods

Anchorage, AK

70

Togiak

Seattle, WA

200

Ekuk

Anchorage, AK

N/A

Naknek

Icicle Seafoods

Seattle, WA

315

Egegik

Icicle Seafoods

Seattle, WA

350

Dillingham

Icicle Seafoods

Seattle, WA

190

Floating Processor

Vancouver, BC

400

Naknek

Company
Alaska General Seafoods

Ekuk Fisheries
Great Ruby Fish Company

Leader Creek Fisheries
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King Salmon, AK

N/A

King Salmon

Naknek Family Fisheries

Naknek, AK

N/A

Naknek

North Pacific Seafoods

Seattle, WA

225

Pederson Point

North Pacific Seafoods

Seattle, WA

450

Naknek

North Pacific Seafoods

Seattle, WA

150

Togiak

Ocean Beauty Seafoods

Seattle, WA

400

Naknek

Peter Pan Seafoods

Seattle, WA

320

Dillingham

Peter Pan Seafoods

Seattle, WA

500

King Cove

Peter Pan Seafoods

Seattle, WA

140

Port Moller

Silver Bay Seafoods

Sitka, AK

700

Naknek

Seattle, WA

700

Naknek

King Salmon, AK

25

King Salmon

Trident Seafoods
Wild AK Salmon & Seafood

Note: Worker totals may not match employment figures as plants do not always staff at capacity.
Source: ADF&G (2017 AMR), processor interviews, and company websites.

Bristol Bay processors employ a network of independent and company-owned tender
vessels to transport salmon from the fishing grounds to processing plants (see images
below). Tender vessels allow plants to source fish from a wider area and reduce offloading
times for fishermen, which allows the fleet to spend more time fishing.

Photo credits: BBRSDA (Bob Waldrop).

Once the salmon reach the plant, fish are processed into one of three main product forms:
headed/gutted (H&G), canned, or fillets. Frozen H&G is the dominant product form, but
processors produce significant volumes of the other product forms, too. The vast majority
of headed/gutted production in Bristol Bay is frozen, though fresh volumes have increased
in recent years. Table 10 summarizes salmon production by product form.
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TABLE 10
First Wholesale Volume of Bristol Bay Sockeye Products, by Type, 2013–2017
IN MILLIONS LBS.

2013

2014

2015

2016

2017

AVG.

Headed/Gutted

25.8

54.6

81.3

93.8

96.5

70.4

Canned
Fillets

23.4
9.7

34.0
12.3

28.4
13.3

23.1
20.5

18.3
23.0

25.5
15.7

Roe

2.4

3.4

5.0

5.6

5.1

4.3

Total

61.3

104.3

128.1

142.9

142.9

115.9

BY PCT.

2013

2014

2015

2016

2017

AVG.

Headed/Gutted

42%

52%

63%

66%

67%

42%

Canned
Fillets

38%
16%

33%
12%

22%
10%

16%
14%

13%
16%

38%
16%

Roe

4%

3%

4%

4%

4%

4%

Note: Canned production for 2017 estimated based on statewide totals due to unavailable data. Does not
include production of meal/oil or other ancillary product forms which comprise a minor share of overall
production. Figures above refer to processed volumes produced in region.
Source: ADF&G (COAR), ADOR Production Reports, and Wink Research estimates.

Photo credits (clockwise from top/left): Silver Bay Seafoods, Peter Pan Seafoods, Costco Wholesale, Orca
Bay Seafoods, Trident Seafoods.

Decisions about which product forms to produce are influenced by many factors, such as
market demand, pricing, and plant capacity. Periods of good fishing often produce harvests
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respect to the amount of fish they will buy from them for that day.
In general, demand for canned salmon has declined while increasing for frozen products
over the past 15 years. This has led processors to make significant investments aimed at
expanding freezing capacity.
Since the Bristol Bay salmon run is so massive, occurs in a remote area, and does so within
a short time frame, relatively little fish is sold as a fresh product. Getting fresh fish to market
requires sending product out on airplanes, greatly increasing shipping costs and logistical
risk for both buyers and sellers. However, the volume of fresh sales out of Bristol Bay has
trended up in recent years.

Photo credits (left to right): Silver Bay Seafoods, Peter Pan Seafoods.

Large salmon processing companies require thousands of seasonal workers. The vast
majority of workers come from other states and live in bunkhouse facilities for the duration
of the season. The scale of the fishery and the fact that many local residents are busy
participating in the fishery or working other full-time jobs creates a significant need to import
labor from outside the region. This results in a broader distribution of economic benefits
associated with the fishery and affords local, unemployed residents with abundant job
opportunities for at least a few months during the year.

See table on following page.
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TABLE 11
Economic Profile for Bristol Bay Processing Sector, 2013-2017 Average
Number of Large Processing Facilities (100 or more workers)*
Estimated Seasonal Employment

16
5,600

Estimated Wages & Salaries (in $Millions)

$58.0

First Wholesale Production (Processed Weight in Millions lbs.)
First Wholesale Value of Salmon (Processed Value in $Millions)

124.7
$431.6

Net Processing Revenue of Salmon** (in $Millions)

$244.1

*Based on most recent available workforce data.
**Equal to first wholesale value less ex-vessel payments to salmon fishermen.
Note: Employment and wages/salaries estimates are based on AKDOLWD employment data but were
adjusted to include an additional plant in the Aleutians East Borough which processes Bristol Bay salmon.
Source: ADF&G, AKDOLWD, and Wink Research estimates.

The Bristol Bay processing sector employs approximately 5,600 workers in seasonal jobs
each year. Processors paid out an estimated $58.0 million in wages and salaries to regional
processing workers and support staff per year from 2013 to 2017. Nonresidents account for
roughly 90 percent of the processing workforce and labor income. Alaska residents from
outside the region comprise the majority of resident processing employment in Bristol Bay;
however, available data suggests approximately 90 local Bristol Bay residents earn the
majority of their wage/salary income from working in regional processing plants.
Hourly wages for most processing laborers are relatively low on average; however, workers
can earn a substantial amount of “take home” pay through overtime and the fact that food
and housing are provided. Managerial and specialized positions receive significantly higher
wages. The average earnings per processing worker was estimated to be $10,400 during the
study period.2 Although these earnings appear modest in annual terms, the vast majority of
workers spent only two to six weeks working in the Bay.

Chapter continues on following page.

This is an average of all processing workers across all regional processing jobs, not just wages from
workers on the production lines.
2
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TRANSPORTATION SECTOR

Photo credits (left to right): KDLG, Alaska Airlines.

The Bristol Bay salmon industry relies heavily on barge companies and airlines to transport
people, inputs, and products. These services provide jobs for local residents and the scale of
the region’s salmon industry greatly reduces the cost of accessing these services for Bristol
Bay residents. Without the salmon industry, barge and air service would be more infrequent
and more expensive.
The Bristol Bay salmon fishery yields approximately 2,500 forty-foot containers worth of
processed product each year (2013-2017 average). Many containers carry goods needed by
processors and fishermen on the northbound route, but the influx of containers is also used
by local residents and non-seafood businesses. Once the season is underway, barges begin
shipping Bristol Bay salmon products to markets around the world.
Airlines are a key logistical cog in the salmon supply chain. Thousands of fishermen and
processing workers fly to Bristol Bay each summer. In addition, airlines fly several million
pounds of fresh salmon out of the Bay each summer. Fresh salmon sells for a premium price
compared to frozen or canned products, and it speeds up the cash flow process for
processors. As a result, air cargo capacity and service have a direct effect on salmon value.

TABLE 12
Bristol Bay Transportation Companies
Transportation Company
Abba Joy’s Taxi Service
Alaska Airlines

Type

Employees in Alaska

Taxi Service

N/A

Passenger/Cargo Air Service

1,800
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Air Cargo

135

Alaska Eagle Eye

Transportation Rentals

N/A

Alaska Logistics

Marine Cargo

5

Alaska Marine Lines (Lynden)

Marine Cargo

240 (sea only)

Air Cargo

287

Grant Aviation

Passenger/Cargo Air Service

200

King Salmon Ground Service

Freight Forwarding/Handling

N/A

Kodiak Cab

Taxi Service

N/A

Ling Ling Taxi

Taxi Service

N/A

Northern Air Cargo

Air Cargo

395

Northland Services

Marine Cargo

N/A

Taxi Service

N/A

Peninsula Airways (Pen Air)

Passenger/Cargo Air Service

500

Ravn Alaska

Passenger/Cargo Air Service

1,000

Redline Taxi

Taxi Service

N/A

Everts Air Cargo

Nushagak Cab Company

Source: VisitBristolBay.com, Alaska Business Monthly, and Wink Research.

DISTRIBUTORS & SECONDARY PROCESSORS
Most Bristol Bay salmon is sold to seafood distributors or secondary processing companies.
Often times, a single company performs both secondary processing and local distribution
services. Seafood distributors buy intermediate and finished products from around the
world in bulk and sell products to retailers and restaurants in their local market in smaller
quantities. This allows retailers and restaurants to access a wide variety of products in a
manageable order size. Many distributors will also import fresh and frozen fish in a whole,
dressed, or H&G format, then fillet the fish according to customer specifications.
The majority of Bristol Bay sockeye production is exported to foreign countries; however, the
supply chain functions are typically the same. For instance, a secondary processor in Japan
may import Bristol Bay sockeye roe in bulk, marinate it, package it, and sell it to retailers or
a specialty distributor. Sockeye salmon smoked in Europe follows a similar path.
In some cases, primary processors may sell products directly to retailers, or fishermen may
even sell processed products directly to consumers. However, the necessary supply chain
functions remain in place. Raw material or intermediate products still need to be
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Many large retailers have their own distribution network, but some Alaska processors also
have distribution services as well.

Photo credits (left to right): Santa Monica Seafoods, The Fish Guys, Inc.

RETAIL & FOOD SERVICE SECTORS
Retailers and food service outlets are the final link in the supply chain before salmon
products are consumed. Retail and food service account for a sizeable portion of the total
value of Bristol Bay salmon products due to the fact they incur significant costs to reach a
large number of customers or transform fish into tasty recipes for diners.

Photo credits (left to right): Kowalski’s Markets and Nick Karvounis.

Direct marketers and online retailers can circumvent different links of the supply chain, but
again, the basic functions of harvest, processing, distribution, and consumer sales remain
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demand to handle the large scale of Bristol Bay salmon production. Millions of customers
are needed each year to consume supply, and while supply chains are always evolving to
become more efficient, the traditional links/functions will likely remain in place for the
foreseeable future.

SUPPLY CHAIN SUMMARY
The diagram shown to the right was

FIGURE 3

developed to summarize the Bristol
Bay sockeye salmon supply chain.
While most fish harvested eventually
go through each link, there are
situations in which salmon products
by-pass different parts of the supply
chain. Regardless of whether fish are
sold

by

a

direct

marketer

to

consumers, or via retailers, many of
the

same

performed:

functions
processing,

must

be

packaging,

marketing, shipping, etc. Also, this
example does not distinguish between
domestic and exports markets. Many
distributors and secondary processors
are located overseas and import
Bristol Bay sockeye from primary
processors.

Domestic & Foreign

MARKETS FOR BRISTOL BAY SOCKEYE
Bristol Bay sockeye is sold throughout the United States and U.S. sockeye products, which
largely consists of Bristol Bay fish, were exported to 69 other countries during the study
period. The U.S. is the largest market for Bristol Bay sockeye, based on a disappearance
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accounted for an estimated 42 percent of Bristol Bay sockeye market share by volume and
38 percent by value during the study period.
Export markets comprised 58 percent of production volume during the study period and
accounted for 61 percent of value. Canada, Japan, South Korea, United Kingdom, and
Australia accounted for 45 percent of market share by value, while all other export markets
accounted for about 14 percent.

TABLE 13
Estimated Market Share for Bristol Bay Sockeye Products, 2013-2017 Avg.
Estimated Share
of Volume

Estimated Share
of Value

U.S. Market

42%

38%

Export Markets (Total)

58%

62%

Canada, UK, & Australia (Mostly Canned)*
Japan (Mostly H&G and Roe)*

22%
21%

24%
21%

Other Export Markets*

17%

15%

Markets

Processed Volume of Bristol Bay Sockeye (in Millions lbs.)
First Wholesale Value of Bristol Bay Sockeye (in $Millions)

124.7
$431.6

*Export figures do not sum because frozen sockeye fillet exports could not be attributed to markets, but an
estimate is included within the total figure for all export markets. Foreign trade data does not provide a
specific classification for sockeye fillets (only all Pacific salmon species combined).
Notes: Export data was adjusted to reflect differences in volume reporting (i.e. product weight vs. net weight).
U.S. estimates do not include products which are exported and may be re-imported back to the U.S., for
example frozen sockeye filleted in China. China imported an estimated 7.9 million pounds, on average
during the study period.
Source: Wink Research estimates & calculations based on NMFS Foreign Trade Data and ADOR (ASPR).

The amount of product going to the U.S. has trended up over the past decade, evidenced by
the growing gap between the volume frozen H&G sockeye produced in Alaska and the
volume of product exported from the U.S. The difference between production and exports
of frozen H&G Alaska sockeye averaged 11.8 million pounds from 2008 to 2012 but averaged
31.6 million pounds from 2013 to 2017, a nearly three-fold increase. Much of this additional
frozen H&G sockeye is slacked out by secondary processors and distributors during the
offseason and sold as chilled fillets to grocery stores and restaurants. This is a high-quality,
once-frozen product which allows U.S. consumers to enjoy sockeye on a year-round basis
without needing to defrost frozen product.
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sockeye production. Frozen, vacuum-packed sockeye fillets are largely consumed in the U.S.
market. Increasing consumption of Bristol Bay sockeye in U.S. markets, which largely
displaces imported farmed salmon, increases the multiplier effect of the resource in the U.S.
economy.

BRISTOL BAY SALMON VALUE CHAIN
All parts of the supply chain play a role in adding value to Bristol Bay salmon products until
it is ultimately purchased by a consumer. Examining the amount of value added at each level
allows for a more complete valuation metric than ex-vessel or first wholesale value. After all,
a considerable amount of value is added to Bristol Bay salmon products after they leave the
region.
The example in this section deals with sockeye and uses some assumptions in order to create
a realistic valuation estimate based on available data. Most sockeye caught in Bristol Bay are
headed, gutted, frozen and sold to secondary processors and/or distributors, who in turn
sell fillets to retailers or restaurants. Roe from the females is also frozen and sold into export
markets. A relatively small amount of revenue is earned from producing by-products. The
calculations below use data from ADF&G, ADOR, BBRSDA, the Alaska Sea Grant program,
and other sources to estimate the combined retail value of sockeye fillets and roe.
The final value of Bristol Bay sockeye is roughly equal to four times that of the ex-vessel
price/value. In 2017, the average final price for Bristol Bay sockeye was estimated to be
$1.17/lb. (including bonuses and retroactive payments made prior to 4/1/18). The final value
of fillets and roe sold at retail resulted in an estimated value of $4.98 per round pound.

TABLE 14
Estimated Value of Bristol Bay Sockeye Through the Supply Chain, 2017
Cumulative Resource Value by Supply Chain Level

Value Per Round Pound

Final Harvested Value: Bristol Bay Sockeye (Ex-Vessel)

$1.17

Primary Processing: Frozen H&G (First Wholesale)
Primary Processing: Frozen Roe (First Wholesale)

$2.67
$0.13

Secondary Processing: Warehoused Frozen Fillet

$3.22

Secondary Wholesale Value: Distributed Frozen Fillet
Fillet Retail Value at $10.50/lb. Average Retail Price*

$3.70
$4.73
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Share of Resource Value by Supply Chain Segment

$4.98
Percent of Final Value

Commercial Fishermen
Processors, Distributors, & Tenders

24% ($1.17/Round lb.)
53% ($2.67/Round lb.)

Retailers & Restaurants

23% ($1.15/Round lb.)

*Assumes 50% percent recovery rate and 10% retail shrink.
Note: Value per round pound of later supply chain links includes value of previous segments (i.e. $2.67 of
primary processing value includes $1.17 in ex-vessel value).
Source: Wink Research estimates & calculations.

Based on these conservative assumptions and calculations, Bristol Bay produced an
estimated $1.03 billion of final salmon product value in 2017. The example used in this
section estimates the value of sockeye roe and frozen sockeye fillets sold into the domestic
market; however, the actual mix of products and markets is far more complex. However, a
large percentage of production is sold as frozen or canned product into export markets, and
a significant share of frozen sockeye is eventually converted into smoked product. These
markets and specialty products likely add more value than the simplistic example used
above due to additional shipping, handling, and processing costs. Therefore, this is a
relatively conservative estimate of final annual value.
Many Bristol Bay sockeye are also sold in restaurants, where the average price per portion
typically far exceeds retail prices. The 4x multiplier would be too conservative for products
sold at restaurants, but it is difficult to assess how much value produced by food service
operators should be attributed to the raw material (sockeye) as there are more variables
involved than in retail sales.
Although Bristol Bay sockeye fillets routinely sell for more than $12 per pound at retail, after
adjusting for shrink and the reduction in weight as fish move from a round basis to a fillet
basis, fishermen receive an estimated 24 percent of the final value. Processors, distributors,
and tender operators receive an estimated 53 percent of the value, while the retail and food
service segments receive 23 percent.
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3. VALUE OF RESOURCE & ASSETS
Chapter 3 examines the value of Bristol Bay salmon resources used in commercial fisheries.
There are several ways in which this resource value can be quantified, providing an
understanding of annual values, the asset value associated with the regional industry, and
the value of the commercial resource as a whole.
KEY FINDINGS:
x The average value of Bristol Bay salmon in real, ex-vessel value terms over the past
five years (2013-2017) was $188 million, and the average first wholesale value was
$431 million.
x The value of major commercial salmon fishing and processing assets in the Bristol
Bay region was estimated to be $1.17 billion, as of 2017. This figure includes permits,
fishing vessels, and processing facilities/equipment.
x The commercial Bristol Bay salmon fishery has produced an estimated $18 billion in
real, ex-vessel terms since its inception through 2017, and an estimated $34 billion in
first wholesale terms.

EX-VESSEL & FIRST WHOLESALE VALUE
The commercial fishery creates value for fishermen and processors. The value paid to
fishermen by processors is known as the ex-vessel value. The value paid to processors is
known as the first wholesale value and is equal to the value of processed products sold to
customers or other affiliates outside of the processor’s network. First wholesale value also
includes the ex-vessel value of the fish.
Additional value is added to sockeye products as they move to distributors, import/export
businesses, retailers, and restaurants; however, the aforementioned metrics are commonly
used to approximate the value of seafood upon leaving the state of Alaska.
The ex-vessel value of Bristol Bay salmon was worth an estimated $247 million in 2017. The
2017 season was one of the most valuable harvests ever in Bristol Bay, due to the large
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value has averaged $168 million per year, in nominal terms.
It is estimated that the first wholesale value of Bristol Bay salmon was $563 million in 2017.
Over the past 10 years, first wholesale value has averaged $381 million per year. The exvessel share of first wholesale value has averaged 44 percent over the past decade, meaning
fishermen have received 44 percent of the resource value (at the first wholesale level).

TABLE 15
Ex-Vessel & First Wholesale Value of Bristol Bay Salmon, 2008-2017
in $Millions
Year

Ex-Vessel Value

First Wholesale Value

2008
2009

$121
$148

$280
$302

2010

$165

$404

2011
2012

$159
$143

$364
$299

2013

$151

$323

2014
2015

$222
$125

$408
$382

2016

$196

$482

2017E
5-Year Average

$247
$188

$563
$432

10-Year Average

$168

$380

Source: ADF&G (COAR).

ESTIMATED ASSET VALUE
Bristol Bay fishermen and processors have made substantial investments in assets used to
catch and process salmon. These assets primarily include limited entry permits, fishing
boats, and processing facilities. In addition, operators buy materials, equipment, fishing gear,
food, fuel, and hire crew and plant staff. The State of Alaska collects data regarding the value
of permits and boats, making it possible to estimate the value of the lion’s share of fishery
assets.
Bristol Bay permits and fishing vessels are estimated to be worth $531 million, as of
December 2017. Permits comprised 57 percent of the asset value at $303 million, while all
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summarizes the historical value of Bristol Bay salmon permits and can be found in the
appendices on page 83.
Driftnet fishermen catch the most fish and this gear group makes up the majority of the
fishing assets as well. Bristol Bay driftnet assets were worth an estimated $461 million in
2017. Driftnet permits were worth $142,400 apiece as of December 2017, resulting in a total
value of $265 million. Driftnet vessels were estimated to be worth $196 million in total, based
on 2017 vessel registration data.
Setnet assets were estimated to be worth $70 million in 2017. Setnet permits comprised $32
million of the value, while setnet skiffs were worth an estimated $38 million.

TABLE 16
Estimated Value of Selected Assets in Bristol Bay Salmon Industry, 2017
in $Millions
Asset Type

Driftnet

Setnet

Total

Limited Entry Permits

$265

$38

$303

Fishing Vessels

$196

$32

$228

Fishing Sector Total

$461

$71

$532

Processing Plants & Assets

-

-

$638

Fishing & Processing Total

-

-

$1,170

Note: Figures may not sum due to rounding.
Source: Wink Research estimates & calculations.

Commercial fishing assets are only a part of the regional commercial salmon industry.
Processing companies also own substantial portfolio of regional assets and play a critical role
in transforming a natural resource into a saleable product. Unfortunately, the value of
processing plants is not reported and plants are rarely sold. However, by applying some
reasonable assumptions about expected cash flows to first wholesale value, it is possible to
approximate the asset value of the processing sector as a whole.

Many fishermen self-report vessel value as part of their annual vessel registration. In a few cases, the valuation
was obviously incorrect due to misreporting or data entry errors. Those errors were omitted from the data. While
the majority of driftnet fishermen report vessel value, about 30 percent do not. Data from reported vessel
valuations was used to estimate missing values based on the age and type of vessel (aluminum, fiberglass, etc.).
Most Bristol Bay setnet fishermen are not required to register their skiffs with CFEC, but just over 100 are
registered and provided a valuation for their fishing vessel. This sample was used to approximate the value of all
setnet skiffs with the assumption that each active permit operated one skiff in 2017.
3

WINK RESEARCH & CONSULTING

32

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1693 of 2339
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of any expenses) versus the risk involved in receiving those cash flows. There are numerous
methods to estimate asset values based on these factors, but the most straightforward proxy
is to evaluate the sector similar to an annuity. Annuities are financial assets that consist of a
series of promised cash flows (for a fixed period or in perpetuity) in exchange for an upfront
cost.
Valuing a perpetual annuity (that is one which provides static payments with no expiration)
is done by dividing the periodic cash flow by a periodic discount rate. The discount rate is a
percentage that describes the risk related to the promised cash flows. Lower risk annuities
have lower discount rates and are therefore more valuable than riskier annuities promising
the same amount. Estimating the value of Bristol Bay processing assets then requires an
estimate of cash flows divided by a reasonable discount rate.
Net margins of food and beverage manufacturers tend to fall between 3 and 10 percent,
depending on the year and sub-sector. Given that the Bristol Bay salmon industry is a niche
sector, an average net margin of 8.5 percent was used for this estimation. Therefore, the
expected cash flow would be 8.5 percent of first wholesale value. Using the 10-year inflationadjusted first wholesale figure from above, this results in an annual after-tax cash flow of
$34.5 million for the entire Bristol Bay processing sector.
The yield index on corporate Baa-rated bonds was approximately 4.4 percent as of
December 2017.4 Bristol Bay salmon is a relatively volatile natural resource serving as the
key raw material for these plants. In addition, Bristol Bay processors generally face greater
risks than the average manufacturing company. As such, it would be prudent to account for
that additional risk by adding to the 4.4 percent proxy rate. Using a modified discount rate
of 5.4 percent, Bristol Bay processing assets are valued at an estimated $638 million as of
2017.5 This figure would apply to land, buildings, and equipment, but would generally not
include tender vessels.
Additional examination suggests this is a reasonable valuation of the sector assets, in terms
of enterprise value. In 2014, Silver Bay Seafoods built a new plant in Bristol Bay. According
to company officials, the project cost $37 million including land and buildings.6 The company
https://fred.stlouisfed.org/series/BAA.
10-Year Average Real First Wholesale Value of BB Sockeye * 8.5% net margin / Annual Discount
Rate = Estimated Asset Value (($405.34*0.085)/0.064 = $538.34 million).
6
http://www.akbizmag.com/Alaska-Business-Monthly/July-2014/Bristol-Bays-New-Player/
4
5
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- CHAPTER 3: RESOURCE VALUE has also made millions of dollars of additional investments at its facility since that time.
Dividing the total processing asset valuation by the thirteen large processing facilities in the
region results in an average value of roughly $41 million per processing facility.
Collectively, the assets of Bristol Bay fishermen and processors were worth an estimated
$1.17 billion, as of 2017. While this is a substantial sum within any context, the total value of
assets & businesses dependent upon the Bristol Bay sockeye resource is greater still.
Support sectors companies, regional infrastructure, and local government agencies are
heavily dependent upon a vibrant Bristol Bay salmon fishery. Although quantifying the value
of other resource-dependent assets is beyond the scope of this analysis, a measure of
relative scale can be deduced from economic impact analyses conducted for this report.
Fishing and processing assets in the Bristol Bay salmon industry support an estimated $803
million in secondary and downstream economic output, on average, each year, which creates
approximately 8,600 jobs in the U.S. economy.

TOTAL RESOURCE VALUE
A fishery’s value is typically quoted in annual terms but many other natural resources are
often valued in terms of their total lifetime value. This leads to the question of what is the
value of the Bristol Bay salmon resource, not just in annual terms but rather in its totality?
With multiple user groups accessing a sustainable resource, the question is difficult to fully
quantify. However, data from the commercial fishery can be used to estimate the total value
of the commercial fishery resource.
Before considering the present value of future fishery returns, a look back at the commercial
fishery’s historical value is warranted. Commercial salmon fishing operations in Bristol Bay
began in 1884 and have produced harvests exceeding one million pounds every year since
the 1890s. Commercial fishermen have harvested 2.07 billion salmon in Bristol Bay since the
fishery’s inception for an estimated harvest volume of 12.1 billion pounds.
The ex-vessel value of the commercial Bristol Bay salmon fishery from its inception to 2017
is estimated to be $18.2 billion, in real terms. The first wholesale value of the fishery is
estimated to be $34.0 billion, in real terms.7 These estimates are derived from historical data

First wholesale estimated based on average relationship between first wholesale value and ex-vessel
value from 1984-2017.
7
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- CHAPTER 3: RESOURCE VALUE and assumptions about past prices (where valuation data was unavailable). Table 45 in the
appendices provides more detail and information about data sources and methodology
used to estimate or source these figures.
The Bristol Bay salmon resource is one of the most valuable natural fish resources on the
planet. However, analyzing the importance of resource value isn’t only about scale. The
manner in which a resource is extracted/managed, the number of people it employs, the
purpose it serves, its ability to replenish itself, and the number of people who use it are
equally as important as the question of how much the resource is worth in current value
terms.
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4. BRISTOL BAY SALMON IN CONTEXT
Chapter 4 places the Bristol Bay salmon resource in context within Alaska fisheries and
salmon fisheries around the world.
KEY FINDINGS:
x The Bristol Bay sockeye fishery is the most valuable wild salmon fishery in the world.
x The region accounts for 45 percent of global sockeye harvests, and about 8 percent
of all commercial wild salmon harvests (over the past 10 years with available data).
x Bristol Bay sockeye generated an average of $235 million worth of U.S. exports each
year from 2013-2017; accounting for 22 percent of all U.S. salmon exports and 4.1
percent of all U.S. seafood exports.
x Three of the top-10 U.S. commercial fishing ports, by landed value, depend upon
Bristol Bay salmon.
x Bristol Bay accounted for 31 percent of Alaska’s total ex-vessel salmon value from
2013-2017. Sockeye salmon is the second-most valuable species caught in Alaska
fisheries, in terms of total ex-vessel value, and Bristol Bay is responsible for
approximately two-thirds of statewide sockeye harvests.
x Bristol Bay accounted for about a third of all active commercial salmon fishing permits
in Alaska during 2016, and 41 percent of total salmon permit value in 2017.
x The average Bristol Bay commercial fisherman (including crew) catches 4,000 salmon
per season (in an average year), enough salmon to produce roughly 30,000 fillet
portions.
x The average driftnet boat hauls in about 100,000 pounds of salmon per season, and
averages exceed 120,000 pounds in years with large harvests. Some producing boats
can even exceed 200,000 pounds per year.
x During the busiest three weeks of the season, driftnet boats average harvests of 783
salmon per day, or 33 salmon per hour.
x Bristol Bay fishermen produced $22,957 of ex-vessel value per year during the study
period.
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REGIONAL
Salmon and herring are the only marine species commercially harvested on a large scale in
the Bristol Bay region.8 From 2013 to 2016, salmon comprised 99 percent of the regional exvessel value and 79 percent of the harvest volume, while herring accounted for the balance
(not including halibut).
Large fisheries for groundfish and crab exist in the adjacent Bering Sea. These fisheries
account for the lion’s share of all groundfish and crab harvested in the United States.
However, the impact of these fisheries on the Bristol Bay region is significant, as royalties
collected by the local CDQ corporation do help fund community development projects, and
fisheries support.

STATEWIDE
Alaska salmon is a world-famous resource and the Bristol Bay region is the crown jewel.
Easily the most valuable salmon fishery in the state, the region accounted for 19 percent of
total Alaska salmon harvest volume and 31 percent of ex-vessel salmon value from 20132017.
Sockeye salmon are critically important to the Alaska seafood industry as a whole. Sockeye
are the second-most valuable commercial species behind pollock (in most years), and far
more valuable than cod, the third-most valuable species. Sockeye comprised 17 percent of
total ex-vessel value derived from harvests of all species during 2013-2016. Sockeye typically
account for more than half of the state’s total salmon value and the Bristol Bay region
supplies two-thirds of Alaska’s sockeye.
A total of 2,441 Bristol Bay salmon fishermen made landings on permits in 2017. These
fishermen accounted for approximately one-third of all active Alaska salmon fishermen that
year (who made landings on a commercial permit). Bristol Bay salmon permits were worth

Despite the name, the Bristol Bay red king crab fishery actually occurs in waters well outside the Bristol Bay
region as defined by the salmon management area or the three borough and census areas (Dillingham CA, Bristol
Bay Borough, and Lake and Peninsula Borough). Virtually all vessels participating in the red king crab fishery work
out of Dutch Harbor or Akutan. Relatively small volumes of halibut are landed in the region, as a result, regional
halibut landings are confidential.
8
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- CHAPTER 4: BRISTOL BAY SALMON IN CONTEXT $286 million, on average, in 2017, comprising 41 percent of the total value of all commercial
salmon permits in Alaska.
Not only does Bristol Bay salmon drive virtually all commercial harvest activity in the region,
the fishery is a true cornerstone of the entire Alaska seafood industry.

TABLE 17
Bristol Bay Salmon in Context of Statewide Industry, 2013-2017
in Millions
Year

BB
Sockeye

Share of Total
Alaska Sockeye

BB
Salmon

Share of Total
Alaska Salmon

All Alaska
Species

CY

POUNDS

PCT. OF POUNDS

$EX-VESSEL

PCT. OF $EV

$EX-VESSEL

2013

92

52%

$151

20%

$2,017

2014

162

66%

222

36%

1,935

2015

193

67%

125

25%

1,796

2016

201

71%

192

40%

1,751

2017

208

72%

247

33%

-

AVG.

171

67%

$188

31%

$1,875

Note: Statewide averages for all species do not include 2017, where the final ex-vessel value is not yet
available.
Source: ADF&G (COAR) and NMFS (SAFE).

NATIONAL
Ports that process Bristol Bay salmon ranked fourth, seventh, and tenth, nationwide in
landed value during 2016, based on NMFS data.9 These ports accounted for 20 percent, or
one-fifth, of all value landed in the top-10 U.S. commercial fishing ports (see Table 18). As
Alaska typically produces over 95 percent of the country’s salmon harvest, Bristol Bay
comprises a significant percentage of the national salmon harvest.
It is estimated that the Bristol Bay salmon fishery produced an average of 67 million pounds
of processed product sold into export markets worth $235 million per year, during the study
period. Exports of U.S. seafood products averaged $5.8 billion during the study period,

9

Link: https://www.st.nmfs.noaa.gov/pls/webpls/MF_LPORT_YEARD.RESULTS
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- CHAPTER 4: BRISTOL BAY SALMON IN CONTEXT including $1.1 billion in salmon exports. Bristol Bay salmon comprised an estimated 21.9
percent of all salmon exports and 4.1 percent of total U.S. seafood exports.

TABLE 18
Top 10 U.S. Commercial Fishing Ports, by Landed Harvest Value, 2016
Landing Figures in Millions
Port

Pounds (M lbs.)

Dollars ($M)

Value Rank

New Bedford, MA

106.6

326.5

1

Dutch Harbor, AK

770.0

198.0

2

Empire-Venice, LA

440.0

122.0

3

Naknek, AK

170.0

108.0

4

Kodiak, AK

417.0

107.0

5

Honolulu, HI

32.3

106.0

6

Aleutian Islands (Other), AK

508.0

105.0

7

Alaska Peninsula (Other), AK

243.0

85.0

8

Cape May-Wildwood, NJ

46.6

84.7

9

Bristol Bay (Other), AK

54.0

76.0

10

Source: NMFS (OST).

GLOBAL
The Bristol Bay sockeye fishery is the most valuable wild salmon fishery in the world (see
Table 19). Bristol Bay sockeye accounts for approximately 8 percent of all wild salmon caught
in commercial fisheries around the world and makes up 45 percent of global sockeye
harvests.10
Bristol Bay is unique, globally, in that it produces substantial volumes of salmon without
hatcheries. In terms of volume, pink and chum fisheries in Alaska, Russia, and Japan are also
among the world’s largest producing wild salmon fisheries. Pink and chum account for about
80 percent of global wild capture salmon harvests. However, sockeye are often two to four
times more valuable than pink or chum salmon. Also, many pink/chum begin their life in a
hatchery where they are less dependent on regional ecosystems than Bristol Bay sockeye,
whose survival is linked to rivers and lakes in western Alaska. Despite the smoothing effects

10

Over the past 10 years with available data (2007-2016).
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- CHAPTER 4: BRISTOL BAY SALMON IN CONTEXT of hatchery production, actual pink and chum salmon harvests in many large fisheries have
been more erratic in recent years, compared to Bristol Bay sockeye.

TABLE 19
Most Valuable Wild Salmon Fisheries in the World, 2015-2016 Average
Rank

Fishery – Species - Area

2015-2016
Average $EV
($Millions)

2015-2016
Average Harvest
(Millions lbs.)

$158
$125

197
217

1
2

Bristol Bay Sockeye Salmon (Alaska)
Hokkaido Chum Salmon (Japan)

3

Western Kamchatka Sockeye Salmon (Russia)

$62

66

4
5

Eastern Kamchatka Pink Salmon (Russia)
Prince William Sound Pink Salmon (Alaska)

$51
$50

175
184

6

Southeast Chum Salmon (Alaska)

$50

84

Notes: Salmon fisheries in Russia and Japan do not report ex-vessel value, as the structure of these fisheries
are different than those in Alaska. Average statewide Alaska ex-vessel prices were applied to 2015 and 2016
harvests in Russia/Japan and used as a proxy for ex-vessel value.
Source: Wink Research estimates based on ADF&G (COAR) and NPAFC harvest data.

Even within the context of all the wild salmon in the world, the Bristol Bay region is a critical
part of the global population and market supply.

NUMBER OF SERVINGS PRODUCED FROM BRISTOL BAY SOCKEYE
Bristol Bay salmon, largely comprised of sockeye salmon, is a substantial wild food source.
Harvests are often quantified in millions of fish, metric tons, or millions of pounds. However,
greater context is required to understand just how many people can be fed by the resource.
Over the past five years (2013-2017), the commercial fishery produced an average harvest of
31.5 million sockeye weighing 171.1 million pounds. Regional processors converted this into
113.9 million pounds of processed sockeye product. This production, in total, amounts to
nearly 404 million servings of Bristol Bay sockeye products (see Table 20). Such a volume is
enough to feed every man, woman, and child in the U.S. a single serving of Bristol Bay
sockeye. Of course, a large portion of the production is exported and many consumers eat
sockeye many times throughout the year, but still the conversion to servings provides useful
context about just how much food is created by the commercial fishery and the regional
sockeye resource. Including other salmon species caught in Bristol Bay, the total number of
servings would increase by several million.
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TABLE 20
Servings Derived from Bristol Bay Sockeye Production, 2013-2017 Avg.
Average Production
(Millions lbs.)

Yield
Pct.

Portion Size
(Oz.)

Millions of
Servings

Canned

23.7

100%

3.00

126.2

Frozen H&G

66.4

72%

5.00

152.9

Fresh H&G

4.1

72%

5.00

9.4

Frozen Fillets

15.7

100%

5.00

50.4

Roe

4.1

100%

1.00

65.0

113.9

-

-

403.9

Product Form

Total

Note: Figures may not sum due to rounding.
Source: Wink Research estimates & calculations based on ADOR (ASPR Production Reports).

WORKER PRODUCTIVITY
This report largely focuses on the overall production and value of the fishery, but it is
important to remember it is all the product of a few men and women hand-picking fish
onboard small boats or at setnet sites. This subsection dissects fishery production totals into
operator/worker level statistics, in order to add important context regarding how the fishery
is able to produce such impressive results.
The average Bristol Bay fisherman (including crew) catches more than 4,000 salmon per
season and nearly 5,000 in a big year. Even in an average year, that’s enough salmon fillets
to produce approximately 30,000 portions. Meanwhile, each Bristol Bay processing worker
also works long hours and packs almost enough seafood to fill a 20’ reefer container, on
average.
Bristol Bay’s sockeye salmon run is known for its size and intensity. Typically, 85 to 95 percent
of the salmon harvest occurs within a three-week period. Most districts are open for
commercial fishing continuously during this period as fishermen try to maximize their ratio
of fish caught-to-hours slept. The average driftnet boat caught 783 salmon per day during
the peak run (from 2013 to 2017). That works out to an average of 33 salmon per hour of
every day during the three-week peak; including time spent sleeping, delivering to tenders,
eating, bleeding fish, cleaning the boat, fixing gear, waiting out the weather, and calling home
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- CHAPTER 4: BRISTOL BAY SALMON IN CONTEXT to tell everyone you’re ok. And that’s the average driftnet boat. The top boats in the fleet
averaged 78 salmon per hour (1.3 fish per minute!) during the peak season in 2017.11

TABLE 21
Dissection of Bristol Bay Salmon Production & Value
2013-2017
AVG.

2017 Season
(Large Harvest)

Pounds Caught per Fisherman

22,007

26,603

Number of Salmon Caught per Fisherman

4,031

4,916

Ex-Vessel Value Created per Fisherman

$22,872

$29,996

Pounds Processed per Regional Processing Worker

22,264

26,895

Avg. Labor Income per Regional Processing Worker

$10,364

$11,107

Average Driftnet Boat (Pounds per Season)

100,236

120,520

Average Driftnet Boat (Salmon per Season)

18,276

22,100

Average Driftnet Boat (Pounds per Peak Day)

4,296

5,165

Average Driftnet Boat (Salmon per Peak Day)

783

947

33

39

Average Setnet Permit (Pounds per Season)

39,114

50,108

Average Setnet Permit (Salmon per Season)

7,145

9,189

306

394

Per Season

Per Fishing Business

Avg. Driftnet Boat (Salmon per Hour during Peak)

Average Setnet Permit (Salmon per Peak Day)

Notes: Peak period is equal to three weeks, which generally produces 85% to 95% of the harvest volume.
Skippers and crew are counted as fishermen, skippers are assumed to be permit owners.
Source: ADF&G, CFEC, and Wink Research estimates.

Each season, thousands of hearty men and women join local residents to harvest a truly
unique renewable resource. Several weeks later, millions of pounds of salmon products
leave Bristol Bay for markets and dinner tables around the world. This bounty is the collective
result of extraordinary skill, risk, and endurance on the part of nearly 15,000 people, each
trying to add one more sockeye to the supply chain with each passing minute before the run
is over.

11

Based on estimates involving CFEC quartile data for 169 of the top earning driftnet boats.
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5. ECONOMIC BENEFITS
OF BRISTOL BAY SALMON
Chapter 5 quantifies the economic benefits of Bristol Bay salmon caught in commercial
fisheries at a regional, statewide, and national level. An estimate regarding the number of
Americans who depend upon the resource is also provided, including sport and subsistence
users.
KEY FINDINGS:
x The Bristol Bay salmon fishery directly employed an estimated 14,765 workers in
seasonal jobs per year during the 2013-2017 study period. Including multiplier effects,
the fishery generated a total of 12,537 average jobs per year.
x The fishery created an estimated $658 million of labor income and $1.23 billion of
economic output on average during the study period.
x While downstream activity has increased due to Americans eating more Bristol Bay
sockeye salmon, 78 percent of total labor income stems from management,
harvesting, processing, tendering, and other industry-related sectors. These are jobs
that would disappear without the fishery.
x Economic benefits of the Bristol Bay salmon industry are widely distributed. While the
industry accounts for the majority of employment in the Bristol Bay region and
creates approximately one percent of all labor income in Alaska, it is estimated that
82 percent of all average jobs created by the fishery are held by residents of other
U.S. states.
x Residents of 41 U.S. states hold commercial Bristol Bay salmon fishing permits.
x Bristol Bay salmon accounts for an estimated 5,216 FTE jobs and $272 million of labor
income in Alaska, nearly half of which is earned by Alaska residents.
x At a statewide level, the Bristol Bay commercial salmon fishery directly employs
nearly twice as many Alaska residents (4,537) as the non-oil/gas mining industry
(2,626) (Kreiger, 2018). The total amount of Alaska resident labor income generated
by the fishery is approximately equal to all wages and salaries in Sitka’s private sector
economy.
WINK RESEARCH & CONSULTING

43

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1704 of 2339

- CHAPTER 5: ECONOMIC BENEFIT ANALYSIS x The commercial salmon fishing industry is the basis for most jobs in the Bristol Bay
region. The region has approximately 4,700 working-age adult residents and it is
estimated that one-third of these local residents are employed in the industry at some
point during the year.
x The economic benefits presented in this chapter do not include those which occur in
other countries, or exchange rate benefits as a result of Bristol Bay salmon being
exported abroad. However, these benefits are significant. It is estimated that roughly
60 percent of all Bristol Bay salmon production was exported during the study period,
worth approximately $235 million per year (on average).

INTRODUCTION
This chapter focuses on several metrics to quantify economic benefits created by the Bristol
Bay commercial salmon fishery. Those metrics are number of workers, employment (i.e.
“Average Jobs”), labor income, economic output, and value added (see Glossary on page 4
for definitions). These metrics are calculated for direct impacts and secondary impacts. Direct
activity refers to economic activities which are directly tied to the execution of the
commercial fishery and regional salmon processing. Direct activity includes commercial
fishing, seafood processing, and fishery management operations. Secondary impacts refer to
activities that support or result from direct activities, in this case the Bristol Bay commercial
salmon fishery. Secondary activities are the result of business or household spending
stemming from commercially-harvested Bristol Bay salmon.
The supply chain is divided into upstream and downstream activities. Upstream activities
include fishery management, harvesting, tendering, regional processing, and (generally)
transport ports in the Pacific Northwest. Direct, upstream activities are also referred to
generically as the “industry” in this report. Air freight shipments of fresh product to market
are also included in upstream activities. Downstream activities include domestic
warehousing and product storage, transport from storage or port facilities, secondary
processing, canned salmon labeling, distributing, and retailing. Downstream activities are
not unique to Bristol Bay salmon and would likely exist in roughly the same scale if not for
the fishery’s production. However, upstream activities are wholly dependent upon Bristol
Bay salmon production and resource health.
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QUANTIFYING EMPLOYMENT USING AN AVERAGE JOB APPROACH
The Bristol Bay salmon fishery is a seasonal affair. The fishery directly employs fishermen,
processors, and tenders for a few weeks to a couple months during the season, though
fishermen may also be involved in offseason work (e.g. boat maintenance/upgrades,
marketing, administrative duties). Therefore, there is a significant distinction between the
number of workers directly employed in seasonal jobs and a typical full-time equivalent job.
This is a common issue when it comes to quantifying employment in the fishing industry,
where some workers may spend a few weeks in the industry while others may work on boats
or in plants nearly year-round. Typically, the number of workers is far greater than if
employment was calculated based on fishing days. However, most fisheries are seasonal,
the working hours at sea are typically much longer than a typical business day, and a
considerable amount of employment/work activity takes place before or after the season. A
more realistic and comparable employment figure would fall somewhere between the
number of workers employed by commercial fisheries and average monthly employment
calculated by time spent fishing.
Therefore, this analysis quantifies employment using a calculated statistic called “Average
Jobs.” This approach is straightforward and provides a more relatable employment figure,
from an economic evaluation standpoint. All direct and secondary job figures quoted in this
report are calculated as follows:
Average Jobs = Labor Income / Average Earnings per Wage & Salary Job
Where,
Labor Income = Labor income of the economic sector or group (e.g. commercial fishing or
downstream effects). Note: estimated pre-tax profits are included in labor income for the
commercial fishing and tendering sectors, as it is assumed that skippers own and operate
the vessels/permits.
Average Earnings per Wage & Salary Job = Total calendar year wage & salary earnings
divided by average monthly wage and salary employment, calculated for Alaska and U.S.
(jobs occurring in Alaska use the Alaska average while jobs occurring in rest of the U.S. use
the U.S. average). This is a proxy figure for earnings in an average job occurring in Alaska
and the U.S. The average earnings per Alaska wage & salary job during the study period
was $52,143 while the U.S. average was $52,649.
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employment figures may differ from the average job approach. However, from an overall
economic evaluation standpoint, the average job proxy is a very useful metric and addresses
problems associated with quantifying employment in the commercial fishing industry.
Additionally, it is important to understand economic benefits in a geographic sense. The
Bristol Bay salmon supply chain creates jobs throughout the nation and even the world.
Economic benefits are further dispersed due to the fact that many Americans travel to work
in the Bristol Bay salmon industry each year, then return home to their communities after
the season. This chapter analyzes not only the scale of total economic benefits, but also the
geographic allocation in terms of labor activity (where work occurs) and residency (where
people live).
See the Appendices chapter (pages 64-73) for more information about the methodology used to
estimate direct and secondary economic benefits. Definitions of economic terms can be found in
the Glossary of Terms on page 4.

REGIONAL ECONOMIC BENEFITS
The Bristol Bay salmon industry is the region’s economic foundation. The industry directly
employs roughly one-third of working-age, regional residents and the large influx of summer
workers more than doubles the regional population. The vast majority of private sector
activity in the region is derived from the salmon resource, which in turn funds most local
government operations.
The industry directly employs approximately 14,500 workers in the region earning an
estimated $220 million per year (on average from 2013-2017). Business and household
spending (resulting from the fishery) generate an estimated 542 average secondary jobs and
an additional $28 million of labor income. All told, the commercial salmon industry creates
an estimated 4,217 average jobs, $220 million of labor income, and $493 million of economic
output per year in the region.

See table on following page.
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TABLE 22
Regional Economic Benefits of the Bristol Bay Salmon Industry, 2013-2017 Avg.
ALL REGIONAL WORKERS (RESIDENT & NONRESIDENT)
Number of
Workers

Average
Jobs

Labor Income
($Millions)

Output
($Millions)

Commercial Fishing

8,201

2,411

$125.7

$187.6

Salmon Processing

5,600

1,113

$58.0

$244.1

Management & Tendering

737

151

$7.9

-

Direct Regional Benefits

14,537

3,675

$192

$432

Secondary Regional Benefits

-

542

$28

$62

Total Regional Benefits

-

4,217

$220

$493

Industry Sector

Note: Figures may not sum due to rounding.
Source: Wink Research estimates & calculations.

The majority of the economic activity shown above is created in Bristol Bay, but the actual
economic gains are widely distributed throughout Alaska and the nation. Due to the
enormous scale and short window of the salmon fishery, many industry participants come
from other places to work in the Bay each summer. These workers return home after the
season where Bristol Bay salmon earnings stimulate hundreds of local economies.
Nonresident impacts will be incorporated into statewide and regional estimates presented
later in this chapter.
Although regional residents would seemingly have an upper hand in participating in the
commercial salmon industry, there are unique hurdles for regional residents. The seasonal
nature of the fishery prevents many local workers with inflexible, full-time work schedules
from participating. Many industry workers need or want to supplement Bristol Bay salmon
earnings, but there are only so many regional employment opportunities during the
offseason. Therefore, the pool of regional residents who have the ability to participate in the
fishery is somewhat limited.
However, the regional salmon industry does not rely solely on nonresident labor. Many local
residents are employed by the industry, particularly in the commercial fishing and support
sectors. Although regional residents comprise just 6 percent of all average jobs created by
the commercial fishery, no other group of stakeholders depends more upon the resource
than local residents.
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- CHAPTER 5: ECONOMIC BENEFIT ANALYSIS The commercial fishery creates an estimated 775 average jobs for regional residents and
directly employs approximately 1,600 people in seasonal jobs each year. This means roughly
one-third of all working-age, regional residents directly participate in the commercial salmon
industry and many other regional residents can trace at least part of their job back to the
salmon resource.12 In addition, sport and subsistence salmon fisheries create hundreds of
seasonal jobs for other regional residents.

TABLE 23
Regional Economic Benefits of the Bristol Bay Salmon Industry, 2013-2017 Avg.
REGIONAL RESIDENTS ONLY
Number of
Workers

Average
Jobs

Labor Income
($Millions)

Output
($Millions)

Commercial Fishing

1,275

339

$17.7

$29.3

Salmon Processing

110

27

$1.4

$5.8

Management & Tendering

182

37

$1.9

-

1,567

402

$21

$35

Secondary Benefits

-

373

$19

$43

Total Benefits

-

775

$40

$78

Industry Sector

Direct Benefits

Note: Figures may not sum due to rounding.
Source: Wink Research estimates & calculations.

Confidentiality restrictions on regional economic data and the relative scale of the salmon
industry make it virtually impossible to accurately quantify the percentage of the local
economy dependent upon the commercial salmon industry. However, available data
suggests it makes up the vast majority of regional jobs, either directly or indirectly. In 2016,
regional average monthly employment was approximately 4,600, plus the U.S. Bureau of
Economic Analysis lists 1,450 active sole proprietors in the region (many of which are
probably fishermen). The commercial salmon industry, by comparison, creates an estimated
4,217 average jobs in the region.13
Available data regarding wage and salary earnings in the construction, health services,
business/professional services, and leisure/hospitality sectors show combined labor
earnings of $55 million in 2016 (ADOLWD, QCEW). These sectors have a relatively lower
Based on DOLWD population figures, it is estimated that the region contained an average of 4,684 residents
between the ages of 18 and 69 during the study period.
13 Comparing these figures still does not provide an accurate portrayal of regional employment, as the average
job calculation is based on income, not the length of employment. Also, there are likely many fishermen which
are not included in the regional sole proprietor employment figure.
12
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- CHAPTER 5: ECONOMIC BENEFIT ANALYSIS connection to the commercial salmon industry, but pale in comparison to the estimated $220
million of labor income attributable to the commercial salmon industry.

STATEWIDE ECONOMIC BENEFITS
At a statewide level, the Bristol Bay salmon industry creates an estimated 5,216 average jobs,
$272 million in labor income, and $573 million in economic output per year, including direct
and secondary effects. Direct impacts are largely unchanged, outside of some additional
processing of Bristol Bay sockeye which occurs primarily in Anchorage and a few fishery
management jobs that are performed by non-regional staff. At a statewide level, the fishery
directly creates seasonal jobs for an estimated 14,669 people. Most of these workers are
employed in seasonal jobs harvesting or processing Bristol Bay sockeye.
Secondary impacts from the industry are more expansive at the statewide level, as business
and household spending experience less economic leakage than the regional level.
Secondary impacts at the statewide level are also bolstered by the spending of other Alaska
residents who participate in the industry and business spending which occurs outside the
region, such as boat building in Homer.
For context, total statewide economic benefits of the Bristol Bay salmon industry are roughly
on par with average monthly employment and total wage/salary income in the ValdezCordova Census Area (ADOLWD, QCEW). Including secondary effects, the Bristol Bay salmon
industry accounts for roughly one percent of total employment and labor income in Alaska
(BEA). One percent may not sound significant, but it is a substantial figure in the context of
Alaska’s economy, which is large and diverse. For instance, (direct) labor earnings in the
trucking, non-oil/gas mining, and utilities sectors each contribute approximately one percent
to the state’s total labor income.
Table 24 summarizes the total, annual economic benefits of the Bristol Bay salmon industry
in the Alaska economy.

See table on following page.
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TABLE 24
Statewide Economic Benefits of the Bristol Bay Salmon Industry, 2013-2017 Avg.
STATEWIDE ACTIVITY (ALASKA RESIDENTS AND NONRESIDENTS)
Number of
Workers

Average
Jobs

Labor Income
($Millions)

Output
($Millions)

Commercial Fishing

8,201

2,411

$125.7

$187.6

Salmon Processing

5,725

1,171

$61.1

$244.1

Management & Tendering

744

162

$8.4

-

Direct Regional Benefits

14,669

3,744

$195

$432

Secondary Regional Benefits

-

1,473

$77

$141

Total Statewide Benefits

-

5,216

$272

$573

Industry Sector

Note: Figures may not sum due to rounding.
Source: Wink Research estimates & calculations.

Table 24 quantifies the total amount of economic activity occurring within the Alaska
economy stemming from the Bristol Bay salmon industry, including contributions from
residents and nonresidents. Table 25, shown below, summarizes economic benefits which
accrue to Alaska residents.

TABLE 25
Statewide Economic Benefits of the Bristol Bay Salmon Industry, 2013-2017 Avg.
ALASKA RESIDENTS ONLY (INCLUDING BRISTOL BAY RESIDENTS)
Number of
Workers

Average
Jobs

Labor Income
($Millions)

Output
($Millions)

Commercial Fishing

3,375

948

$49.5

$76.8

Salmon Processing

745

85

$7.9

$31.54

Management & Tendering

417

95

$4.9

-

4,537

1,128

$62

$108

Secondary Benefits

-

1,184

$62

$124

Total Resident Benefits

-

2,312

$124

$232

Industry Sector

Direct Benefits

Note: Figures may not sum due to rounding.
Source: Wink Research estimates & calculations.

It is estimated that the Bristol Bay salmon industry creates a total of 2,312 average jobs and
$124 million in labor income for Alaska residents. The industry directly employs an estimated
4,537 Alaska residents each year in seasonal jobs. For context, this is only about 400 fewer
workers than all Alaska residents employed in the Arts, Entertainment, and Recreation
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- CHAPTER 5: ECONOMIC BENEFIT ANALYSIS sector.14 Put another way, the total amount of Alaska resident labor income generated by
the Bristol Bay salmon industry is roughly equal to all wages and salaries earned in Sitka’s
private sector (Kreiger, 2018).15

NATIONAL ECONOMIC BENEFITS
The Bristol Bay commercial salmon fishery directly employs 14,765 workers in seasonal jobs;
and creates an estimated 12,537 average jobs and $658 million of labor income in the U.S.
economy each year, based on an analysis of data spanning from 2013 to 2017. The fishery
generated total economic output of $1.23 billion, on average per year, during the study
period. See Table 26 for a summary of direct, secondary, and total economic benefits.

TABLE 26
National Economic Benefits of the Bristol Bay Salmon Industry, 2013-2017 Avg.
Number of
Workers

Average
Jobs

Labor Income
($Millions)

Output
($Millions)

Commercial Fishing

8,201

2,411

$125.7

$187.6

Salmon Processing

5,821

1,335

$69.7

$244.1

Management & Tendering

744

162

$8.4

-

Direct Upstream Benefits

14,765

3,908

$204

$432

Secondary Upstream Benefits1

-

5,823

$306

$531

Total Upstream Benefits

-

9,731

$510

$962

Total Downstream Benefits

-

2,806

$148

$272

Total Benefits in U.S. Economy

-

12,537

$658

$1,235

Industry Sector

2

Refers to secondary benefits of commercial harvesting, primary processing, tender operations, and
fishery management.
2
Includes secondary processors, food distributors, exporters & trading companies, retailers, and food
service operators.
Note: Figures may not sum due to rounding.
Source: Wink Research estimates & calculations.
1

This analysis demonstrates that while commercial fisheries are often valued in terms of exvessel payments or the number of fishermen employed, the complete impacts of that
production often extend far beyond the ports where fish landed. In the case of Bristol Bay
14
15

Based on calculations from Table 5 of the Nonresidents Working in Alaska, 2016 report published by AKDOLWD.
Not including sole proprietor or self-employed earnings.
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- CHAPTER 5: ECONOMIC BENEFIT ANALYSIS salmon, commercial fishermen hailing from 41 different states account for only 19 percent
of total labor income and just 15 percent of total economic output. Each dollar of Bristol Bay
salmon sold by commercial fishermen created an additional $2.49 of labor income for other
American workers, and an additional $5.58 in economic output within the U.S. economy.
See page 44 in the Appendices for a count of Bristol Bay commercial salmon fishing permits
owned by state of residence.

ALLOCATION OF ECONOMIC BENEFITS
The allocation of economic benefits derived from a public resource, like Bristol Bay salmon,
is an important consideration often ignored in standard economic assessments. Not only are
economic impacts associated with the Bristol Bay salmon fishery significant in scale, they are
both substantial at a regional and statewide level and widely distributed across the U.S.
economy.
Each driftnet boat and setnet operation is an independent small business owned by a U.S.
resident. Fishery entry is regulated to preserve the ability of independent U.S. fishermen to
access the resource. Fishermen and processors alike come from all over the U.S. to
participate in the industry. With only a few exceptions, the vast majority of Bristol Bay salmon
processors and downstream companies are also owned by U.S. residents. This means that
both profits and labor income derived from the industry largely stay in the U.S. economy.
Finally, business and household spending resulting from the fishery creates an enormous
amount of fractional jobs throughout many local economies in the U.S.

TABLE 27
Allocation of Economic Benefits Derived from Bristol Bay Salmon Industry
BY PLACE OF RESIDENCE
Place of Residence

Bay Salmon
Permit Holders1

Direct Industry
Workers

Total
Average Jobs

Regional Residents

680 (24%)

1,567 (11%)

775 (6%)

Other Alaska Residents

763 (27%)

2,970 (20%)

1,536 (12%)

1,377 (49%)

10,228 (69%)

10,221 (82%)

2,820

14,765

12,537

Residents of Other U.S. States
Total U.S. Residents

Permit figures shown are for calendar year 2016, ownership totals do not fluctuate significantly from
year to year.
Note: Figures may not sum due to rounding. Total average job figures include multiplier impacts.
Source: Wink Research estimates & calculations.
1
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- CHAPTER 5: ECONOMIC BENEFIT ANALYSIS In relative terms, the fishery’s economic significance is greatest within the Bristol Bay region,
where it accounts for the majority of regional employment. It is estimated that the industry
directly employs 1,567 regional residents in seasonal jobs and creates a total of 775 average
jobs for regional residents. Although a relatively small share of total impacts, they are
significant figures considering the working-age resident population in the region was
approximately 4,700 during the study period (ADOLWD, Population & Census).16 The
presence of a vibrant industry and healthy resource provides significant potential for even
greater participation in the future by regional residents.
Alaska residents, including regional residents, comprise approximately half of all fishery
permit holders and 18 percent of all average jobs resulting from the industry. The industry
is an important source of employment for Alaska residents and not just those residing in the
Bristol Bay region. Other Alaska residents own 27 percent of Bristol Bay salmon permits and
comprised 20 percent of all direct workers associated with the industry.
While this is a quintessential Alaska fishery, most of the economic benefits accrue to
residents of other U.S. states. This occurs for a few reasons. First, the fishery is a seasonal
affair that captures large volumes of salmon in a remote area. There simply are not enough
local residents to prosecute the fishery and execute necessary processing operations. Even
if all industry participants lived in the region year-round, there is not enough offseason
employment opportunities to accommodate such a large number of people at this time.
Secondly, Alaska’s population is very small compared to the rest of the U.S., therefore many
people who do fly in to participate in the industry are from other states. The share of
secondary jobs created outside the state is relatively high for virtually all Alaska industries.
Finally, the products produced from the fishery are sold across the U.S., where they create
jobs in many local economies. Residents of other U.S. states own approximately half of all
Bristol Bay salmon permits, account for 69 percent of direct industry workers, and comprise
82 percent of total average jobs (including multiplier effects) created by the fishery. Due to
supply chain and multiplier effects, the famous Alaska salmon fishery creates many jobs
across the country.

ADDITIONAL DISCUSSION: EXPORT BENEFITS
Commercial fishermen in Bristol Bay are only the first link in a supply chain that touches
every U.S. state and reaches around the world. In fact, estimates about the amount of U.S.

16

Working-age is defined as individuals between the ages of 18-64.
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- CHAPTER 5: ECONOMIC BENEFIT ANALYSIS jobs and income resulting from the fishery greatly understate its contributions to the global
economy. It is estimated that 60 percent of Bristol Bay sockeye production is exported to
foreign countries, a figure including approximately 69 million pounds of processed product
worth roughly $235 million per year. These exports create a significant number of jobs in
other countries, and export revenue benefits the U.S. by injecting new money into the
economy. Quantifying the extent of these benefits is beyond the scope of this analysis, but
given the scale and value of exports, they are certainly substantial.

ADDITIONAL DISCUSSION: ECONOMIC BENEFIT TRENDS
Economic benefits generated by the fishery increased substantially in 2017 and the scale of
total economic benefits quantified in future studies is likely to increase if current trends
continue, due to a couple factors. Wild capture fisheries are more variable than many other
economic sectors, which is why this analysis deviated from the typical economic assessment
approach of using a single base year and instead averaged data/impacts across a five-year
period (2013-2017). As usual, the study period encompassed a range of good and bad
seasons, in terms of harvest volume and value. However, Bristol Bay salmon runs have been
extremely robust in recent years and prices are trending up, largely as a result of better
quality and market development efforts. The ex-vessel value of the 2017 Bristol Bay sockeye
harvest was 34 percent higher than the 2013-2017 average, and while it’s foolish to believe
each new year will produce higher values than the last, there are good reasons to believe
that performance in the next five years will exceed the 2013-2017 study period.
An expectation of increasing economic benefits in future years is also informed by anecdotal
and quantifiable evidence which suggests a larger share of the Bristol Bay sockeye harvest
is being consumed in the U.S. This leads to more jobs/income for distributors, retailers,
restaurants, and other support industries, thereby increasing the scale of downstream
activities and associated multiplier effects.
In short, the amount of benefits accruing to the U.S. economy in 2017 were significantly
higher than the five-year study period average, and the fishery’s multiplier effect is trending
up. Economic benefits of the 2013-2017 study period are also greater than similar metrics
published in the 2013 ISER study (which used 2010 as the base study year), due to a higher
resource value and expanding U.S. consumption of Bristol Bay salmon.
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ADDITIONAL DISCUSSION: BRISTOL BAY SALMON CAUGHT IN OTHER
FISHERIES
This study does not attempt to quantify the number of salmon which originate in Bristol Bay
river systems but are intercepted by commercial fisheries in the Alaska Peninsula (Area M)
fishery. Located to the south of the Bristol Bay fishery region, a significant percentage of
sockeye caught in the Area M fishery likely originate (and are returning) to Bristol Bay rivers
according to discussion with ADF&G biologists. Unfortunately, it was not possible to
determine exactly how many salmon caught in the southern part of the Alaska Peninsula are
dependent upon habitat productivity in the Bristol Bay region. However, the Area M fishery
averaged sockeye harvests of 28.8 million pounds during the study period. The economic
benefits of Bristol Bay’s commercial salmon industry would be even greater if it was possible
to accurately estimate how many sockeye harvested in the south Peninsula and Area M
originated in Bristol Bay.

ADDITIONAL DISCUSSION: HEALTH BENEFITS
This study does not consider the health benefits of Bristol Bay salmon, which are numerous.
The fact that Americans are eating more Bristol Bay salmon likely means U.S. consumers are
reaping health benefits which they may not have otherwise enjoyed. This saves money which
would otherwise have been spent on health care measures, but most important contributes
to a healthier population. Obviously, quantifying the effect wild sockeye consumption has on
health outcomes is beyond the scope of this study; however, it is an aspect which should not
be overlooked when considering the total value of the Bristol Bay salmon resource. At its
core, Bristol Bay salmon is a uniquely healthy, wild protein.

ADDITIONAL DISCUSSION: SUBSTITUTION EFFECT
The substitution effect resulting from downstream sales is also not quantified in this analysis.
The issue of substitution goes like this: if buyers did not purchase Bristol Bay salmon, would
they not simply purchase another wild or farmed salmon to meet their food needs? People
have to eat. This calls into question the dependence of some downstream jobs upon the
resource. Substitution effects can be difficult to measure but are important considerations
in assessing the economic value of any resource.
However, in the case of Bristol Bay salmon, the alternatives are generally less productive,
from a U.S. economic standpoint. Virtually all farmed salmon consumed in the U.S. is
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- CHAPTER 5: ECONOMIC BENEFIT ANALYSIS imported. While the role of distributing and retailing farmed salmon is similar to Bristol Bay
salmon, much of the product value leaves the U.S. economy when consumers eat farmed
salmon. As Bristol Bay comprises roughly half the world’s sockeye salmon, there would be
significantly less wild sockeye available in the absence of the Bristol Bay resource.
Like many other studies, this analysis quantifies downstream economic benefits attributable
to the resource but that does not mean those downstream jobs would cease to exist if not
for the resource. In this situation, the substitution issue is not a great concern. Direct and
secondary labor income stemming from the harvest, processing, and shipping of Bristol Bay
sockeye accounts for 78 percent of total labor income, while downstream impacts account
for the balance of total labor income.
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6. FISHERY COST/REVENUE ANALYSIS
Natural resources can provide public revenue but managing the extraction and allocation of
natural resources also creates costs for government. Chapter 6 analyzes the costs incurred
by the State of Alaska compared to local and state government revenue created by the Bristol
Bay commercial salmon fishery.

FISHERY MANAGEMENT COSTS
The Bristol Bay commercial salmon fishery costs approximately $3 million per year to
manage. This figure is based on a FY2018 estimate; however, ADF&G staff indicate the annual
fishery management costs have been stable in recent years. Approximately 60 percent of the
operating costs are needed to pay for full-time and seasonal labor. Most costs stem from
payments to staff located in the Bristol Bay area or local supplies/services. However, the
fishery does receive support (and bears cost) from regional management staff, most of
whom are located in Anchorage.

TABLE 28
Estimated Management Costs for Bristol Bay Commercial Salmon Fishery
in $Thousands
Management Category

Annual Cost ($000s)

Regional Management Staff & IT/Administrative Support

$300

Area Management Staff, Infrastructure, & Expenses
Catch Monitoring & Stock Origin Allocation

$1,256
$230

In-Season & Post-Season Assessments of Runs & Escapement

$1,209

Total Fishery Management Costs

$2,995

Note: Costs are based on FY18 estimates. ADF&G staff report that management costs for previous recent
years were very similar to those listed above.
Source: BBFC and ADF&G (Central Region Staff).

Chapter continues on following page.
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PUBLIC REVENUES DERIVED FROM FISHERY
The Bristol Bay commercial salmon fishery creates substantial revenues for state and local
government. These revenues are derived from the following taxes and fees:
x Shared Business Tax: a three to five percent tax based on ex-vessel value, shared
evenly between state and local government
x Local Fish Taxes: some communities and boroughs levy an additional tax based on
the ex-vessel value of fish landed in the community/area.
x CFEC Vessel and Permit Fees: the Commercial Fisheries Entry Commission collects
annual fees for renewing licenses for limited entry permits and fishing vessels, a large
portion of these costs are used to fund ADF&G management activities
x Property taxes: local governments levy property taxes on land used to process fish
and store vessels/gear, some local governments also collect taxes on vessels/nets
stored in the area
The fishery directly generated an estimated $19.3 million per year for state and local
governments during the study period (2013-2017), based on a conservative estimate of tax
and fee data. In years with more valuable harvests, such as 2017, the amount of revenue
increases because fish taxes are based on the value of landed fish. Public revenues totaled
an estimated $24.4 million in 2017. It is assumed that property taxes and CFEC fees remain
relatively stable from year to year.

TABLE 29
Estimate of Selected State and Local Revenues Derived from Fishery
in $Thousands
Tax/Fee Type

2013-2017 AVG.

2017

Shared Fisheries Business Tax
Municipal & Borough Fish Taxes

$7,106
$6,955

$9,239
$9,922

CFEC Permit & Vessel Fees & ADF&G Crew Licenses

$1,417

$1,417

$4,180
$19,658

$4,180
$24,758

Local Government Revenues

$14,688

$18,722

State Government Revenues

$4,970

$6,037

Bristol Bay Borough & Dillingham Property Taxes
Total Public Revenues

Notes: Self-assessments, such as marketing taxes for ASMI and BBRSDA, are not included. Local sales taxes
are also not included.
Source: Wink Research estimates.
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- CHAPTER 6: FISHERY COST/REVENUE ANALYSIS Local government received approximately three-quarters of the total state/local revenue
during the study period, while state government received the remaining one-quarter.
Commercial fisheries have been criticized for not contributing greater revenues to State
coffers in comparison to the oil/gas industry. However, as this conservative calculation
illustrates, commercial fisheries do contribute significantly to local government revenues
across much of coastal Alaska. Without these revenues derived from commercial fisheries,
local governments would need to raise taxes on residents and other businesses or receive
greater funding assistance from state government.
These estimates were calculated by applying applicable fish tax rates to regional salmon
harvest values, multiplying permits/vessels by corresponding CFEC fees, and apportioning
local property taxes. This figure does not include employment taxes for processors or local
sales tax levied on purchases by fishermen and processors. This figure only applies to state
and local revenue and does not include sizeable federal income tax revenues.

MANAGEMENT COSTS & PUBLIC REVENUES
It can be instructive to compare fishery management costs and public revenues in order to
determine whether a resource is covering the costs government incurs to manage and
monetize it. The University of Alaska Anchorage’s Institute of Social and Economic Research
analyzed this subject at a statewide level in a 2015 report entitled Fiscal Effects of Commercial
Fishing, Mining, and Tourism – What does the Alaska receive in revenue? What does it spend? The
report found State revenues derived from all commercial fisheries did not cover operational
costs, based on an analysis of 2010-2014 data. However, when shared tax revenue allocated
to local governments was included, State and local revenues from commercial fisheries
exceeded the State’s cost to manage/execute the fishery.
Thanks to its large scale, Bristol Bay’s commercial salmon fishery typically produces more
revenue for the State of Alaska than the state expends on fishery management,
enforcement, and other related governance costs. From 2013 to 2017, the State of Alaska
received an average of $4.97 million per year in revenues derived from the Bristol Bay
commercial salmon fishery. All costs associated with managing and executing the fishery
totaled $4.09 million, creating a difference of $879,000 per year or $4.40 million during the
five-year period (see Table 30 on following page).
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TABLE 30
Estimate of State Government Costs & Revenues Associated with Fishery
in $Thousands
State Government Costs

2013-2017 AVG.

2017

ADF&G (Commercial Fisheries Division)

$2,995

$2,995

Other (Enforcement, ADEC, CFEC, and Board of Fish)*

$1,096

$1,096

Total State Costs

$4,091

$4,091

2013-2017 AVG.

2017

Fisheries Business Tax (50%)

$3,553

$4,619

CFEC Permit & Vessel Fees & ADF&G Crew Licenses
Total State Revenues

$1,417
$4,970

$1,417
$6,037

$879

$1,946

State Government Revenues

Revenue-Cost Difference

*Estimates based on relationship between ADF&G Commercial Fisheries Division costs and other State of
Alaska commercial fishery administration/management costs found in Loeffler, B. and Colt, S. (2015).
Note: Additional industry contributions, to avoid a cost recovery fishery, for example, are not included.
Source: BBFC (Michael Link), ADF&G (Central Region Staff), and Wink Research estimates.

Assuming a relatively static amount of State revenue for CFEC permit/vessel fees and crew
licenses sold to Bristol Bay fishermen, the Bristol Bay fishery has failed to exceed the $4.09
million breakeven threshold just one time since 2010. That was during the 2015 season,
when the base ex-vessel price fell to $0.50/lb. Since 2010, estimated State revenues (from
the Bristol Bay commercial salmon fishery) have exceeded estimated State costs by $5.3
million.
It should be noted that the figures shown above are estimates. While every reasonable effort
has been made to be rigorous and complete in their compilation, there simply isn’t sufficient
data or scope in this project to allow for a comprehensive review. However, the costs were
derived with input from ADF&G staff and the Bristol Bay Fisheries Collaborative (BBFC). It is
assumed that State government costs have been relatively static over time (again, based on
input from ADF&G staff), with budgetary pressures offsetting the typical course of inflation.
License and fee revenue was estimated for 2016 and assumed to be static for the periods
mentioned, as the differences in actual changes would have been immaterial.
Based on analyses found in this report and Loeffler & Colt (2015), it is clear that Bristol Bay
salmon fisheries more than pay their way, in terms of costs borne by the State, while this is
generally not true of other Alaska fisheries. The Bristol Bay revenue surplus from 2010-2014
was not enough to make up for shortfalls in other areas, resulting in an overall revenue
shortfall (versus operating costs) detailed in the Loeffler and Colt report.
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- CHAPTER 6: FISHERY COST/REVENUE ANALYSIS The State of Alaska had been dealing with significant budgetary pressures for several years,
stemming from a decline in oil tax revenue. So, it was not a total surprise when the FY2016
budget did not sufficiently cover management costs in the Bristol Bay commercial fishery.
The only recourse for ADF&G was to significantly expand a cost recovery fishery in order to
raise additional revenue for critical fishery management functions. Fishermen and
processors quickly realized that a cost-recovery fishery would result in lower revenues for
both parties. BBRSDA and Bristol Bay processors ended up donating $250,000 to ADF&G to
avoid a cost recovery fishery in 2016. The Bristol Bay Fisheries Collaborative (BBFC) was
formed in October 2016 to provide a mechanism to raise funds across a spectrum of Bristol
Bay stakeholders in order to preserve core fishery management programs, while not
incentivizing further budget cuts by the State. In 2017, BBRSDA contributed $91,000 towards
a BBFC goal of $482,000 to support salmon management in the Bay. In 2018, BBFC
supporters, including BBRSDA, pledged a total of $815,000 to support core management
functions for the 2018 season (see www.bbsri.org/bbfc for more details). In summary,
stakeholders will have provided $815,000 (27%) in 2018 of the $3.0 million needed to manage
the fishery.17
While industry realizes the State of Alaska is under continued budgetary pressure, there is
concern that 1) accessing additional funding assistance from industry will become status quo
moving forward and 2) that potential legislation to alter fishery taxes rates would also be
applied to Bristol Bay operators, which already generate more state general fund revenue
than is needed to manage and execute Bristol Bay salmon fisheries. Both of these outcomes
would appear unfair, given the fishery’s track record of exceeding its operating costs and the
taxation structure of commercial fisheries as a whole in Alaska.

17

This paragraph was amended in August 2018 to better clarify contributions made to BBFC.
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APPENDICES
APPROACH TO ECONOMIC MODELING
This study uses a multi-year approach to quantify economic benefits derived from Bristol
Bay salmon caught in the region’s commercial fishery because wild salmon runs and market
prices can vary significantly from year to year. As a result, the amount of secondary economic
benefits created from the resource can vary substantially from year to year. Direct jobs,
income, and output was averaged over a five-year study period from 2013 to 2017. Indirect
and induced benefits were estimated based on these annual averages and applied to 2016
BEA multipliers.

UPSTREAM IMPACTS
Data pertaining to direct-upstream operations (i.e. fishery management, harvesting, and
primary processing) was compiled from several government agencies, including ADF&G,
ADOR, CFEC, ADOLWD, and NOAA-NMFS. Management employment and activity was based
on data supplied by the department. See Tables 39-42 for economic statistics pertaining to
the commercial fishing, salmon processing, and tendering sectors. Compiling public data for
use in this study’s economic models required some modification. Modifications made to data
covering direct activities is explained on pages containing the tables mentioned above. Most
data for 2017 was either preliminary or unavailable. However, it is possible to accurately
estimate final 2017 figures based on the adjustments made in previous years. These 2017
estimates were included in the study period average.
Worker counts are only available for direct-upstream activities. This is because many
thousands of other support sector workers and direct-downstream jobs owe a part of their
employment to the fishery, whereas direct-upstream workers are fully employed (seasonally
or full-time equivalent) by their involvement in the industry. Therefore, it is not possible to
compile an accurate count of workers for other sectors.
Indirect upstream benefits (based on business spending) were estimated by creating a
spending model informed by previous studies and interviews with fishermen, processors,
boat/permit sales representatives, and a local accountant who does taxes for many
commercial fishermen. Information gathered through interviews was used to alter and
updated previous assumptions about spending patterns.
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TABLE 31
Upstream Business Spending & Income Assumptions, 2013-2017 Average
in $Millions
Category

Total

Bristol Bay
Region

Rest of
Alaska

Alaska
Total

Lower
48

Total FW Value (FOB BB)

$431.6

-

-

-

-

Value Added by BB Processors
EV Payments to Fishermen

244.1
187.6

-

-

-

-

-

-

-

Processor Spending/Income

$244.1

$45.1

$27.0

$71.3

$172.9

Labor
Tendering

60.1
11.4

1.4
1.8

5.6
3.9

7.0
5.7

51.0
5.7

Maintenance

31.9

2.4

0.8

2.4

29.5

Packaging
Fishermen’s Support Services

18.6
19.8

3.0

3.0

5.9

18.6
13.9

Fixed & Variable Supplies

14.3

1.5

1.1

2.5

11.8

State & Local Taxes
Fuel & Utilities

19.7
15.7

14.7
15.7

7.1
-

21.8
15.7

-

Insurance

5.9

-

-

-

5.9

Food
Air Travel

5.1
7.7

0.5
2.6

2.5

0.5
5.1

4.6
2.6

Rents & Leases

1.3

1.3

-

1.3

-

32.4
$187.6

0.2
$22.8

3.1
$7.4

3.2
$30.2

29.2
$30.5

Crew Shares

44.6

5.3

11.8

17.1

27.5

Maintenance
Vessel and Gear Replacement

8.3
19.3

3.4
2.6

3.4
1.1

6.9
3.7

1.4
15.6

Insurance

5.7

-

-

-

5.7

Fuel, Oil, and Lubricants
Miscellaneous Gear & Supplies

5.6
5.5

5.6
3.2

-

5.6
3.2

2.3

Transportation

5.6

1.1

1.7

2.8

2.8

Food
Moorage, Storage, & Haul-Out

4.5
3.3

3.0
3.3

-

3.0
3.3

1.5
-

Administrative Services

1.9

0.4

0.4

0.8

1.1

Property Tax & Permit/Lic. Fees
Retained by Permit Holders

1.6
79.2

0.8
12.4

0.8
20.0

0.8
32.4

46.8

Other & Returns to Investment
Fishermen Spending/Income

Notes: See Glossary on page 4 for abbreviation definitions.
Source: Wink Research estimates, based on industry interviews and ISER 2013.
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- APPENDICES Spending on freight and handling was estimated based on processed production data and
the author’s knowledge about general freight costs. Air cargo shipments of fresh salmon
(annual average of 5.2 million pounds) products were assumed to generate $1.50 of
spending per pound, with $0.50 per pound going to the regional economy and $1.00 per
pound going into the rest of the Alaska economy. Marine cargo shipments of frozen and
canned salmon to domestic ports (annual average of 89.8 million pounds) were assumed to
generate $0.30 of spending per pound, divided equally between the regional economy and
rest of the Alaska economy. This split was done to capture residual impacts of marine cargo
activity in the rest of Alaska.
Business spending and initial transportation costs were applied to sets of 2016 multipliers
purchased from the U.S. Bureau of Economic Analysis (BEA). Specifically, the model applied
spending to equivalent industry sectors to calculate Type II labor income and value-added
impacts. Type II impacts include the indirect effects of changes in output (i.e. business
spending) and the induced effects of household spending created by the original industry
business spending.
Induced impacts stemming from direct-upstream household income had to be modeled
separately. This household income was applied to household sector multipliers provided by
BEA. Residency matters a great deal with it comes to the induced impacts. BEA multipliers
are computed to adjust for study area residency patterns but if the sector in question varies
significantly from the study area as a whole, the analysis can produce unrealistic results.
Therefore, residency data from DOLWD was used to adjust BEA household multipliers for
the Bristol Bay region and the State of Alaska. The adjustment produced a multiplier which
was more accurate in capturing the induced impacts of resident household income. Resident
income, at a regional and statewide level was then applied to the adjusted resident
household multipliers. A conservative assumption about nonresident spending in the Bristol
Bay region and Alaska economy was made, and also applied to the household multiplier.
Original BEA household multipliers and the adjusted regional/Alaska resident multipliers are
provided on the following page.
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TABLE 32
BEA and Adjusted Household Multipliers Used in this Study
Changes in Metric (in $Millions) per $1 Million Change in Direct Income
------------ BEA -----------Study Area

Labor
Income

Value
Added

Pct.
Nonres.
$Wages

Region (Bristol Bay)
State (Alaska)

0.1069
0.2812

0.2577
0.5394

Lower 48 States

0.5824

1.109

------ ADJUSTED -----Labor
Income

Value
Added

62.4%
15.5%

0.1714
0.3328

0.4132
0.6383

N/A

0.5824

1.109

Source: BEA, ADOWLD (Nonresidents Working in Alaska, 2016), and Wink Research estimates.

The process of quantifying and modeling upstream activities is straightforward, though can
be difficult to explain through text or data alone. The diagram below conceptualizes the steps
taken to quantify direct and secondary impacts created by upstream activities.
PROCESS OF QUANTIFYING DIRECT AND SECONDARY UPSTREAM ACTIVITIES

UPSTREAM ACTIVITIES

EST. BUSINESS
SPENDING

EST. HOUSEHOLD
SPENDING

COMPILE DATA,
INTERVIEW, CREATE
NECESSARY ESTIMATES,
ADJUST PRELIMINARY
DATA, AVERAGE ANNUAL
FIGURES

EST. SPENDING BY
AREA & SECTOR

EST. INCOME BY
RESIDENCY

DIRECT BENEFITS

APPLY TYPE II
HOUSEHOLD
MULTIPLIERS

APPLY TYPE II
SECTOR
MULTIPLIERS

INDIRECT
BENEFITS

+

INDUCED
BENEFITS

+
SECONDARY BENEFITS

TOTAL BENEFITS
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- APPENDICES It was not assumed that all secondary jobs created in Bristol Bay or elsewhere in Alaska were
filled by regional or Alaska residents. Residency assumptions pertaining to secondary
economic benefits (indirect and induced) were based on 2016 nonresident wage and salary
earnings versus total wage and salary earnings for the regional and statewide study areas.
As shown above, nonresident earnings data was also used to make necessary adjustments
to induced multipliers.

DOWNSTREAM IMPACTS
Bristol Bay salmon creates additional jobs in the U.S. economy based on secondary
processing/manufacturing, shipping, and retailing (in grocery stores and restaurants).
Downstream activities include domestic warehousing and product storage, transport from
storage or port facilities, secondary processing, canned salmon labeling, distributing, and
retailing. Downstream activities are not unique to Bristol Bay salmon and would likely exist
in roughly the same scale if not for the fishery’s production, assuming consumers chose to
eat some other type of seafood.
An updated national supply chain model was created for this study to quantify the amount
of Bristol Bay salmon which is sold at retail in the U.S. The supply chain model is a critical
component of national estimates, as downstream activities involving shipping, secondary
processing, and retailing (at grocery stores and food service operators) are the basis for
many economic benefits derived from the resource. The amount of Bristol Bay salmon sold
and consumed in the U.S. was estimated using statewide data on production of sockeye
products, subtracting foreign exports of relevant products, and apportioning the remaining
supply to the amount which likely came from Bristol Bay.

TABLE 33
Estimate of U.S. Market Supply of Bristol Bay Salmon Products
in Millions lbs.
ISER 2013
(Study Year: 2010)

Wink Research
(2013-2017 Avg.)

Total Processed Production

116.7

124.6

Exported Directly from Alaska
Shipped to Other States

44.3
72.4

35.1
89.6

Exported from Other States

52.2

39.0

Total Exports
Volume into the U.S. Market

96.5
20.2

74.1
50.6
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- APPENDICES Note: Pink and chum salmon caught in Bristol Bay are assumed to be exported while Chinook and coho
salmon are assumed to be sold/consumed in the domestic market.
Source: ISER 2013 and Wink Research estimates.

Downstream economic benefits were quantified based on estimates about business
spending and/or the amount of value added to each sector, as a result of Bristol Bay sockeye
entering downstream sectors. Business spending and value-added amounts were applied to
BEA RIMS II multipliers to calculate the total amount of direct and secondary labor income
and residual economic output created by each activity (e.g. labeling canned salmon,
retailing).
Downstream economic benefits primary stem from activity in the retailing and distribution
sectors, secondary processing, trucking, and canned salmon labeling/warehousing.
Estimates used to quantify economic benefits of Bristol Bay sockeye in these sectors are
explained in greater detail below.

Labeling and Warehousing Canned Salmon
First wholesale data and foreign trade figures were used to estimate the value and volume
of canned Bristol Bay salmon which is shipped to other places in the U.S. ISER 2013 estimates
regarding warehousing and labeling costs were adjusted for inflation and volume and
applied to the study period average. Inbound transportation costs were not tallied in this
segment as they were already captured as part of upstream activities. The data was applied
to multipliers for equivalent sectors in the BEA RIMS II database.

TABLE 34
Downstream Impacts Estimate: Warehousing & Labeling Canned Salmon
2013-2017 Annual Average
Estimated Canned Product Value Shipped to Other States ($Millions)

$99.6

Canned Production Shipped to Other States (Millions lbs.)
Handling & Storage Costs ($0.023/lb. x 23.7 M lbs.)

23.7
$686,867

Labeling & Ink Jetting Costs ($0.034/lb. x 23.7 M lbs.)

$1,010,641

Total Average Jobs (direct + secondary)
Total Estimated Labor Income (direct + secondary)

24
$1,274,770

Total Estimated Value Added (direct + secondary)

$2,167,409

Source: Wink Research estimates based on ISER 2013, ADF&G, and BEA RIMS II multipliers.
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Truck Transportation
Virtually all Bristol Bay salmon consumed in the domestic market is transported to market
via truck (even fresh fish flown in must be trucked to retail locations). Trucking costs vary
depending on numerous factors: shipment volume, distance, refrigeration, and fuel prices.
Creating a sophisticated model capable of reflecting actual product movement was outside
the scope of this analysis and would be very difficult given the lack of available data.
However, after surveying a variety of trucking rates and drawing on industry resources, it
was estimated that $0.08 per pound would be a reasonable proxy for trucking costs. For
some routes, this would appear to be a high figure; however, a great deal of product is
shipped twice (once from port to warehouse and again from warehouse to customer). In
addition, smaller shipments to customers typically incur higher transportation costs per
pound.

TABLE 35
Downstream Impacts Estimate: Truck Transportation
2013-2017 Annual Average
Bristol Bay Salmon Products Sent into U.S. Market (in Millions lbs.)

50.6

Estimated Truck Transport Costs per Pound

$0.08

Estimated Total Truck Transportation Costs
Total Average Jobs (direct + secondary)

$4,046,978
68

Total Estimated Labor Income (direct + secondary)

$3,556,889

Total Estimated Value Added (direct + secondary)

$6,039,305

Source: Wink Research estimates based on ADF&G and BEA RIMS II multipliers.

Secondary Processing
It is estimated that 26.7 million pounds/year of fresh and frozen H&G sockeye was sent into
the U.S. market during the study period. The vast majority of this fish is filleted and sold to
retailers or restaurants, but a smaller portion is also smoked or used in a variety of
consumer-packaged goods. Filleting and selling all this fish creates jobs in the domestic
market. Again, estimates began with first wholesale data about fresh/frozen H&G production
volume and value. The headed/gutted volume was converted into an equivalent fillet weight,
then applied a price of $6.20/lb – a price reflected in study period averages. Filleting
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- APPENDICES headed/gutted salmon was used as a straightforward proxy for estimating total additional
economic output.

TABLE 36
Downstream Impacts Estimate: Secondary Salmon Processing
2013-2017 Annual Average
Estimated Value of H&G Bristol Bay Salmon into U.S. Market
(including freight costs to secondary processor, $Millions)
Estimated Volume of H&G Bristol Bay Salmon into U.S. Market
(Millions lbs.)
Estimated New Fillet Production Volume (Millions lbs.)

$97.3
26.7
19.1

Estimated New Fillet Wholesale Value ($Millions)

$118.7

Total Average Jobs (direct + secondary)
Total Estimated Labor Income (direct + secondary, $Millions)

341
$17.9

Total Estimated Value Added (direct + secondary, $Millions)

$32.7

Source: Wink Research estimates based on ADF&G, ADOR, and BEA RIMS II multipliers.

Distribution & Retailing
Distributing, retailing, and serving tens of millions of pounds of Bristol Bay salmon to U.S.
consumers each year creates a significant number of jobs. These impacts are widely
dispersed within the domestic economy, as Bristol Bay sockeye may account for a small
fraction of a fishmonger’s revenue or comprise one of three dozen menu items at a
restaurant. However, these sales form the basis for many direct and secondary jobs.
This analysis sought to estimate a wholesale CIF value (cost including insurance and freight)
and applied a markup to account for operating costs and profit involved in distribution and
retail. The markup amount (after debiting trucking costs) was used as a proxy for value added
by the retail and distribution sector. It should be noted that, in this context, the term retail
includes restaurants. A markup of 60 percent was used because it was believed to be an
accurate representation of the difference between first wholesale prices and average
grocery store prices. Unfortunately, it was not possible to ascertain how much Bristol Bay
salmon is sold in grocery stores versus restaurants. The markup in restaurants is no doubt
much higher; however, there are many more factors that go into creating the value of the
product (i.e. menu item) as opposed to a grocery store. Therefore, all sales were applied to
the food and beverage store sector. Further research would be needed to understand how
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- APPENDICES much Bristol Bay sockeye products are sold in grocery stores versus restaurants or other
markets.
One final note, the multipliers used include the impacts of distributors. So even though no
separate analysis was conducted to quantify their activities, they are included in the figures.

TABLE 37
Downstream Impacts Estimate: Distribution & Retailing
2013-2017 Annual Average
Estimated Wholesale Value of Bristol Bay Salmon Products Sold into
the Domestic Market ($Millions)
Estimated Trucking Costs (from above, $Millions)

$244.7
$4.0

Estimated CIF* Value ($Millions)

$248.7

Estimated Retail Markup of 60% ($Millions)
Total Average Jobs (direct + secondary)

$149.2
2,374

Total Estimated Labor Income (direct + secondary, $Millions)

$125.0

Total Estimated Value Added (direct + secondary, $Millions)

$231.4

CIF = cost, insurance, and freight (generally, the total price/value of the product delivered to the buyer).
Source: Wink Research estimates based on ADF&G, ADOR, and BEA RIMS II multipliers.

Value Added vs. Economic Output
The methodology used in this analysis takes care not to double count economic output
stemming from supply chain business activities. For instance, a value-added approach is
used to quantify the effects of a fisherman’s spending on boat maintenance. The output
figure in this case represents the amount of value added, directly and secondarily, to the
economy by the boat maintenance activities. Therefore, it does not include the fishermen’s
spending itself in the output figure, as that revenue was earned through ex-vessel payments
and is already included in economic output of the commercial fishing sector. Due to
differences in how economic output was handled in this study, the alternative approach to
counting average jobs, and differences in economic models across years, the relationship
between jobs, income, and output may differ somewhat in this report compared to previous
years.
In 2013, economists from the University of Alaska-Anchorage’s Institute of Social Economic
Research (ISER) analyzed the economic impacts of the Bristol Bay salmon fishery. Despite
some methodological differences, a few comparable ratios were found to be similar in this
study versus the ISER analysis (see table on following page). These similarities suggest that
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- APPENDICES each study found a relatively consistent relationship between: 1) resource value and
secondary labor income (i.e. multiplier impacts) created from upstream activities and 2) the
total amount of labor income generate per pound of Bristol Bay salmon sold into the
domestic market.

TABLE 38
Comparison of ISER and Wink Research Studies
Comparison

ISER 2013

Wink 2018

Total Labor Income to Ex-Vessel Value Ratio

2.01

2.49

Upstream Labor Income to Ex-Vessel Value Ratio

1.75

1.83

FW Value to Secondary Upstream Labor Income Ratio
Total Distribution/Retail Labor Income per Pound of
Product Sold into Domestic Market*

0.69

0.71

$2.27

$2.47

$542

$660

Total Direct + Secondary Labor Income ($Millions)*

* ISER figure adjusted for inflation. Other ratios do not require inflation adjustment.
Source: Wink Research and ISER 2013.

The differences which arise with respect to labor income ratios are largely due to more
product being sold into the U.S. market versus 2010 (the base year of the ISER 2013 study)
and inflationary effects. The amount of upstream impacts, relative to the resource value was
found to be relatively consistent—roughly $1.80 of total upstream labor income created for
each dollar of ex-vessel value. Total labor income figures are generally higher in this study
due to the fact that more product is now being sold into the domestic distribution and retail
sectors and real resource value was slightly higher during the 2013-2017 study period than
2010. In addition, this study uses a slightly higher value-added assumption for this sector
than the ISER 2013 study (60% vs. 50%).

REFERENCE TABLES
Tables in this section provide additional detail for many of the statistics and findings
contained in this report.
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TABLE 39
Bristol Bay Salmon Commercial Fishery Statistics
2013-2017 Annual Average
Permits
Fished

Est. Crew
Members

Gross
Earnings ($M)

Gross per
Active Permit

Est. Labor
Income ($M)

1,529

3,631

$155.6

$101,757

$102.7

Local Resident

297

N/A

$18.1

$61,078

$12.0

Alaska Resident

689

N/A

$57.2

$83,068

$37.8

Nonresident

840

N/A

$98.3

$117,082

$64.9

869

2,172

$32.0

$36,826

$23.0

Local Resident

318

N/A

$11.2

$35,211

$8.1

Alaska Resident

558

N/A

$19.5

$35,005

$14.1

Nonresident

310

N/A

$12.4

$40,102

$9.0

Combined Total

2,398

5,803

$187.6

$78,228

$125.7

Local Resident

615

660*

$29.3

$47,699

$17.7

Alaska Resident

1,247

2,128

$76.8

$61,549

$49.5

Nonresident

1,150

3,428

$110.8

$96,311

$74.3

Gear & Residency
Driftnet Total

Setnet Total

Note: Adjustments were made to preliminary 2017 CFEC data in order to reflect final totals, which were
not available at the time of analysis.
*Figure sourced from crew member license database, other crew member figures are estimated based on
crew factors & gross earnings by fishery/residency (see further explanation below).
Source: CFEC and Wink Research estimates.

TABLE 40
Bristol Bay Salmon Commercial Fishery Assumptions
2013-2017 Annual Average
Estimated Driftnet Labor Income (as Pct. of Gross Earnings)

66%

Estimated Setnet Labor Income (as Pct. of Gross Earnings)

72%

Estimated Crew Members per Active Driftnet Permit*

2.375

Estimated Crew Members per Active Setnet Permit*

2.500

Estimated Crew Shares in Driftnet Fishery (as Pct. of Gross Earnings)

23.75%

Estimated Crew Shares in Setnet Fishery (as Pct. of Gross Earnings)

30.00%

* Crew factors were only used to calculate total crew. Local resident crew totals were based on adult crew
license sales to local residents, with the assumption that all local residents who purchased crew licenses
during the study period participated in the Bristol Bay salmon fishery. Crew estimates in other residency
categories were estimated based on gross earnings by fishery/residency with the assumption that gross
earnings by residency within each fishery is likely a good proxy for overall crew residency patterns. There
is no way to link crew licenses sales to the fishery (or fisheries) in which they participate.
Source: Wink Research estimates based on interviews with industry members.
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TABLE 41
Bristol Bay Salmon Processing Sector Statistics & Assumptions
2013-2017 Annual Average
Regional Seafood Processing Workforce in July (Avg. Number of Workers)
Assumed Number of Workers at King Cove Plant*

5,176
424

Estimated Total Number of Salmon Processing Workers

5,600

Regional Seafood Processing Labor Income (including King Cove estimate, $M)

$58.0

Estimated Pct. of Labor Income earned by Local Residents

2.4%

Estimated Pct. of Labor Income earned by Other Alaska Residents

9.7%

Estimated Pct. of Labor Income earned by Nonresidents

87.9%

Estimated Number of Workers in Other Alaska Regions Processing BB Salmon

125

Estimated Labor Income ($M)

$1.30

Pct. Alaska Resident

50%

* The Peter Pan Seafoods plant in King Cove lies outside the Lake and Peninsula Borough but processes a
significant volume of Bristol Bay salmon. Therefore, estimates about employment and labor income at
the plant were added to processing sector data aggregated for the Bristol Bay Borough, Dillingham
Census Area, and Lake and Peninsula Borough.
Note: Residency percentages are based on past nonresident hire analyses performed by ADOLWD.
Source: Wink Research estimates based on ADOLWD.

TABLE 42
Bristol Bay Salmon Tendering Assumptions
2013-2017 Annual Average
Regional Salmon Tender Vessel Count (from ADF&G)

164.8

Estimated Daily Tender Vessel Rate

$1,900

Estimated Additional Fuel Costs per Boat/Day

$300

Estimated Active Days

30

Estimated Crew per Tender (Including Skipper)

4.0

Estimated Share of Daily Rate (not including fuel) Crew+Skipper / Boat Expenses
Estimated Number of Tender Workers

75% / 25%
659

Note: Tender residency percentages used in calculations were derived from 2017 CFEC vessel ownership
file.
Source: Wink Research estimates based on ADF&G, CFEC, and industry interviews.
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TABLE 43
U.S. Consumer Price Index, 1984-2017
Year
1984

Monthly Index Average
103.9

Year
2001

Monthly Index Average
177.1

1985

107.6

2002

179.9

1986
1987

109.6
113.6

2003
2004

184.0
188.9

1988

118.3

2005

195.3

1989
1990

124.0
130.7

2006
2007

201.6
207.3

1991

136.2

2008

215.3

1992
1993

140.3
144.5

2009
2010

214.5
218.1

1994

148.2

2011

224.9

1995
1996

152.4
156.9

2012
2013

229.6
233.0

1997

160.5

2014

236.7

1998
1999

163.0
166.6

2015
2016

237.0
240.0

2000

172.2

2017

245.1

2013-2017 Average: 238.4
Note: All Urban Consumers Current Series, Monthly Average.
Source: U.S. Bureau of Labor Statistics.
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TABLE 44
Permit Ownership by Gear Type & State of Residence, 2017
in Bristol Bay Commercial Salmon Fishery
State

Driftnet

Setnet

Total

TOTAL

2,545

1,358

3,093

AK

1,150

901

2,051

WA
CA

841
157

182
61

1,023
218

OR

137

48

185

MT
MN

18
23

30
21

48
44

CO

21

18

39

ID
UT

27
22

12
10

39
32

AZ

17

5

22

FL
HI

16
19

4
1

20
20

NC

13

1

14

MI
TX

6
10

5
1

11
11

NY

5

4

9

NV
WY

6
1

2
7

8
8

NM

3

4

7

SD
KY

1
2

6
5

7
7

MA

5

1

6

MD
PA

1
4

5
2

6
6

TN

3

3

6

VA
MO

2
3

2
1

4
4

ME

3

1

4

IN
WI

2
3

2
1

4
4

OH

1

3

4

NH
IL

3
1

0
2

3
3
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AL

2
3

1
0

3
3

DC

2

0

2

SC
CT

1
1

1
1

2
2

IA

1

0

1

NE
MS

1
0

0
1

1
1

OK

0

1

1

Unknown

8

2

10

Source: CFEC (2017 permit ownership file).
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TABLE 45
Historical Bristol Bay Salmon Harvest Volume and Value, 1884- 2017
Year

Salmon
Harvested
(000s lbs.)

Estimated
Real $EV
($Millions)

Year

Salmon
Harvested
(000s lbs.)

Estimated
Real $EV
($Millions)

1884

4

<$0.05

1951

4,566

$26.0

1885

146

$0.3

1952

11,588

$65.5

1886

509

$0.9

1953

6,546

$35.9

1887

758

$1.3

1954

5,236

$29.9

1888

937

$1.6

1955

4,858

$29.8

1889

1,210

$2.1

1956

9,419

$64.3

1890

1,235

$2.1

1957

6,695

$49.0

1891

1,391

$2.4

1958

4,718

$30.3

1892

662

$1.1

1959

5,192

$41.5

1893

1,058

$11.8

1960

15,451

$128.1

1894

1,293

$13.3

1961

12,752

$97.4

1895

1,520

$15.8

1962

6,433

$48.7

1896

2,362

$29.9

1963

3,345

$28.7

1897

3,523

$35.9

1964

8,124

$60.7

1898

5,063

$51.2

1965

24,738

$215.4

1899

5,268

$54.1

1966

12,262

$87.3

1900

8,613

$88.4

1967

4,979

$40.7

1901

10,562

$107.4

1968

5,290

$18.0

1902

13,614

$136.5

1969

7,163

$62.2

1903

16,708

$169.0

1970

22,051

$174.7

1904

12,566

$126.2

1971

10,397

$84.0

1905

15,379

$155.6

1972

3,283

$23.9

1906

13,329

$122.7

1973

1,547

$19.0

1907

11,313

$112.3

1974

2,678

$32.4

1908

17,286

$171.4

1975

5,301

$53.2

1909

16,188

$163.8

1976

8,108

$94.7

1910

12,797

$125.3

1977

6,718

$108.2

1911

9,498

$96.1

1978

16,525

$208.0

1912

22,024

$210.6

1979

22,847

$446.9

1913

21,433

$212.6

1980

28,070

$249.6
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Year

Salmon
Harvested
(000s lbs.)

Estimated
Real $EV
($Millions)

Year

Salmon
Harvested
(000s lbs.)

Estimated
Real $EV
($Millions)

1914

21,527

$212.7

1981

27,748

$358.1

1915

15,794

$158.9

1982

18,453

$200.6

1916

20,094

$192.7

1983

39,331

$351.1

1917

25,060

$253.1

1984

30,776

$244.0

1918

24,651

$242.6

1985

25,055

$270.6

1919

7,615

$80.5

1986

17,680

$316.3

1920

11,658

$103.4

1987

17,739

$299.5

1921

16,213

$164.1

1988

16,662

$399.7

1922

24,672

$246.2

1989

30,274

$413.4

1923

18,443

$186.9

1990

35,215

$400.6

1924

10,803

$108.5

1991

27,259

$207.2

1925

8,255

$84.4

1992

33,560

$363.5

1926

20,116

$201.1

1993

41,460

$283.0

1927

11,352

$115.5

1994

36,525

$325.6

1928

20,224

$203.4

1995

45,398

$315.4

1929

13,019

$131.7

1996

30,589

$237.2

1930

4,874

$48.6

1997

12,604

$105.0

1931

13,474

$133.8

1998

10,721

$106.9

1932

16,093

$158.0

1999

26,392

$168.4

1933

24,030

$242.6

2000

21,070

$120.1

1934

21,024

$211.4

2001

15,055

$56.6

1935

3,101

$31.0

2002

11,200

$43.6

1936

21,416

$211.6

2003

15,790

$64.5

1937

21,598

$217.4

2004

27,286

$100.4

1938

25,296

$253.7

2005

26,077

$122.9

1939

14,301

$140.2

2006

31,069

$136.2

1940

5,318

$50.6

2007

31,830

$139.5

1941

7,743

$76.2

2008

29,366

$137.9

1942

6,733

$66.3

2009

32,547

$169.3

1943

17,750

$178.3

2010

31,537

$185.7

1944

11,957

$119.1

2011

22,404

$173.2

1945

7,979

$77.8

2012

22,642

$152.3
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Year

Salmon
Harvested
(000s lbs.)

Estimated
Real $EV
($Millions)

Year

Salmon
Harvested
(000s lbs.)

Estimated
Real $EV
($Millions)

1946

8,407

$84.0

2013

16,770

$159.3

1947

18,909

$190.8

2014

31,205

$229.4

1948

15,155

$151.2

2015

36,687

$129.4

1949

6,796

$68.4

2016

39,452

$196.5

1950

7,410

$33.4

2017

40,542

$247.4

2,069,961

$18,236.3

1884-2017 Total:

Note: inflation adjustments were made using the U.S. Consumer Price Index for All Urban Consumers,
Current Series, not seasonally adjusted.
Sources: Harvest figures: non-sockeye 1884-1974: ADF&G 1989 Bristol Bay Comprehensive Salmon
Plan, non-sockeye 1975-2017: ADF&G (COAR), sockeye 1894-2015: ADF&G (Personal communication
with area biologist Tim Sands), sockeye 2016-2017: ADF&G (COAR); Estimated real ex-vessel value:
1884-1950: real average ex-vessel price/species from 1950-2000 * annual harvest volume, 1950-1975:
real NMFS (OST) price by species * annual harvest volume, 1975-2017: ADF&G (COAR).
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1,424

1,411
1,447

1,475

1,468
1,469

1,444

1,494
1,524

1,513

1,488
1,541

1,545

1,538
1,532

Year

2003

2004
2005

2006

2007
2008

2009

2010
2011

2012

2013
2014

2015

2016
2017

858
879

885

847
875

883

861
878

843

835
850

844

795
829

760

Active
Setnet
Permits

201
208

193

92
162

119

170
135

183

173
159

164

148
155

93

Sockeye
Harvest
M-LBS.

Note: All dollar figures are shown in nominal terms.
Source: CFEC & ADF&G (COAR).

Active
Driftnet
Permits

$189
$243

$123

$148
$217

$139

$161
$157

$146

$116
$119

$109

$76
$96

$48

Sockeye
Ex-Vessel Value
($M)

$0.94
$1.17

$0.64

$1.61
$1.35

$1.18

$1.07
$1.17

$0.80

$0.67
$0.75

$0.66

$0.51
$0.62

$0.51

$467
$542

$374

$312
$396

$284

$390
$352

$293

$249
$268

$238

$177
$220

$116

Sockeye
First Wholesale Value
($M)
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Sockeye Average
$EV Price
($$/LB.)

TABLE 46
Participation in Bristol Bay Salmon Fisheries and Economic Value of Bristol Bay Sockeye, 2003-2017
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TABLE 47
Historical Permit Value in Bristol Bay Commercial Salmon Fishery
Year

Driftnet Permit Value

Setnet Permit Value

1995

$195,000

$42,200

1996

$171,800

$41,100

1997

$153,800

$39,000

1998

$99,500

$30,400

1999

$89,700

$31,300

2000

$80,500

$32,400

2000

$34,700

$25,300

2001

$19,700

$12,100

2002

$29,300

$12,600

2003

$37,000

$14,300

2004

$51,200

$15,100

2005

$75,000

$22,400

2006

$79,400

$24,000

2007

$89,800

$27,400

2008

$78,300

$28,200

2009

$102,100

$28,700

2010

$143,900

$35,900

2011

$110,800

$40,300

2012

$100,400

$39,900

2013

$149,500

$38,600

2014

$148,200

$38,500

2015

$109,300

$33,700

2016

$133,300

$38,700

2017

$195,000

$42,200

Note: All dollar figures are shown in nominal terms.
Source: CFEC.
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THE ECONOMIC IMPORTANCE OF THE BRISTOL BAY SALMON INDUSTRY
EXECUTIVE SUMMARY
By any measure, the Bristol Bay sockeye salmon fishery is very large and valuable. It is the world’s most
valuable wild salmon fishery, and typically supplies almost half of the world’s wild sockeye salmon. In
2010, harvesting, processing, and retailing Bristol Bay salmon and the multiplier effects of these activities
created $1.5 billion in output or sales value across the United States.
In 2010, Bristol Bay salmon fishermen harvested 29 million sockeye salmon worth $165 million in direct
harvest value alone. That represented 31% of the total Alaska salmon harvest value, and was greater
than the total value of fish harvests in 41 states. Salmon processing in Bristol Bay increased the value by
$225 million, for a total first wholesale value after processing of $390 million. The total value of Bristol
Bay salmon product exports in 2010 was about $250 million, or about 6% of the total value of all U.S.
seafood exports.
In 2010, the Bristol Bay sockeye salmon fishery supported 12,000 fishing and processing jobs during the
summer salmon fishing season. Measuring these as year-round jobs, and adding jobs created in other
industries, the Bristol Bay salmon fishery created the equivalent of almost 10,000 year-round American
jobs across the country, and brought Americans $500 million in income. For every dollar of direct output
value created in Bristol Bay fishing and processing, more than two additional dollars of output value are
created in other industries, as payments from the Bristol Bay fishery ripple through the economy. These
payments create almost three jobs for every direct job in Bristol Bay fishing and processing.
United States domestic consumption of Bristol Bay frozen sockeye salmon products has been growing
over time as a result of sustained and effective marketing by the industry, new product development and
other factors. This growth is likely to continue over time, which will result in even greater output value
figures for the industry’s economic impacts across the U.S.
The economic importance of the Bristol Bay salmon industry extends far beyond Alaska, particularly to
the West Coast states of Washington, Oregon and California.
Bristol Bay fishing boats

» About one-third of Bristol Bay fishermen and two-thirds of
Bristol Bay processing workers live in West Coast states.
» Almost all major Bristol Bay processing companies are
based in Seattle.
» Most of the supplies and services used in fishing and
processing are purchased in Washington state.
» Significant secondary processing of Bristol Bay salmon
products occurs in Washington and Oregon.
The economic importance of the Bristol Bay salmon industry
goes well beyond the value, jobs, and income created by the
fishing and processing which happens in Bristol Bay. More
value, jobs and income are created in downstream industries as

| 1 |
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Bristol Bay salmon are shipped to other states, undergo further processing, and are sold in stores and
restaurants across the United States. Still more jobs, income and value are created in other industries
through multiplier impacts as Bristol Bay fishermen and processors and downstream industries purchase
supplies and services, and as their employees spend their income.

Economic Impacts of the Bristol Bay Salmon Industry in 2010
Annual average
employment: 9,800 jobs

Output value: $1.5 billion

Income: $500 million

Fishing & processing in Bristol Bay
12,000 seasonal jobs
(=2,000 annual jobs)

$390 million

$140 million

Shipping, secondary processing & retailing after Bristol Bay
1,000 jobs

$110 million

$40 million

Multiplier impacts in other industries
6,800 jobs

$970 million

$320 million

Overview of the Bristol Bay Salmon Industry
Bristol Bay is located in southwestern Alaska. Each year tens of
millions of sockeye salmon return to spawn in the major river
systems which flow into Bristol Bay. The large lakes of the Bristol
Bay region provide habitat for juvenile sockeye salmon during their
first year of life.

A Bristol Bay salmon fisherman

For well over a century, Bristol Bay salmon have supported a major
salmon fishing and processing industry. Most of the harvest occurs
between mid-June and mid-July. At the peak of the fishing season,
millions of salmon may be harvested in a single day.
Only holders of limited entry permits (issued by Alaska’s state
government) and their crew are allowed to fish in Bristol Bay. There
are permits for two kinds of fishing gear: drift gillnets (operated
from fishing boats) and set gillnets (operated from shore). There are
approximately 1,860 drift gillnet permits and approximately 1,000 set net permits. Drift gillnet
permits average much higher catches and account for most of the total catch. About one-third of
the permit holders are from West Coast states.
Bristol Bay Salmon Industry Permit Holders, by State of Residence, 2010
Permit
Type

Alaska

Washington

Oregon

California

Other
States &
Countries

Total

Drift
Gillnet

845

642

98

109

156

1,850

Set Gillnet

629

127

38

34

99

927

Total

1,474

769

136

143

255

2,777
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For each permit holder, who is usually a captain, there are typically two to three additional crew
members. About 7,000 fishermen fished in Bristol Bay in 2010.
The Bristol Bay salmon harvest is processed by about 10 large processing companies and 20 smaller
companies employing about 5,000 processing workers at the peak of the season in both land-based and
floating processing operations. Most of the workers are from other states and live in bunkhouse facilities
at the processing plants.
Bristol Bay salmon are processed into four major primary products: frozen salmon, canned salmon,
fresh salmon, and salmon roe. Frozen salmon includes both headed and gutted (H&G) salmon as well as
salmon fillets.

Frozen and canned salmon account for most of the volume and value of Bristol Bay salmon production.
Volume of
Bristol Bay Salmon Production, 2010

First Wholesale Value of
Bristol Bay Salmon Production, 2010

90.0

250.0

40.0

4.0

10.0

2.9

20.0

29.9

30.0

Fresh

Roe

150.0
100.0
50.0

0.0

19.9

50.0

200.0

6.1

60.0

105.4

millions of dollars

80.0

millions of pounds

70.0

258.3

300.0

80.0

Fresh

Roe

0.0
Frozen Canned

Frozen Canned
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About half of Bristol Bay frozen salmon is exported directly from Bristol Bay, primarily to Japan and
China. Most of the remaining frozen salmon is shipped to Washington state where much of it is
repackaged and/or reprocessed into secondary products such as fillets, portions and smoked salmon.
Some of these products are exported while the rest are sold in the US domestic market.
Bristol Bay canned salmon is shipped to warehouses in Washington and Oregon where it is stored,
labeled, and sold by processors over the course of the year, mostly to the United Kingdom and other
export markets.
The total value of Bristol Bay salmon product exports in 2010 was about $252 million, or about
6% of the total value of all U.S. seafood exports.
Distribution of
Bristol Bay Salmon Production, 2010
90.0

millions of pounds

80.0
70.0
60.0
50.0
40.0
30.0

Sold in US domestic market

20.0

Exported from other states

10.0
Exported directly from Bristol Bay

0.0
Frozen Canned

Fresh

Roe

The value of Bristol Bay salmon increases at each stage in the distribution chain. Because a large share
is exported, most of the increase in value in the United States occurs in Bristol Bay fishing and
processing. About one-fifth of the total increase in value occurs in later stages of the distribution chain.

Containers for shipping Bristol Bay salmon products
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Increase in value of Bristol Bay Salmon in the
United States by Distribution Chain Stage, 2010
400.0

millions of dollars

350.0
300.0
250.0
200.0

Retail and distribution

150.0

Secondary processing in other states

100.0
Shipping to other states

50.0

Bristol Bay fishing and processing

0.0
Frozen Canned

Fresh

Roe

Economic Impacts of the Bristol Bay Salmon Industry
Economic impacts of the Bristol Bay salmon industry are the jobs, income and output value created
by the fishery—or the jobs, income and output value that would not exist if the industry did not exist.
Economic impacts include:
» Direct economic impacts: Jobs, income and output value in businesses directly involved in
harvesting, processing, and retailing Bristol Bay salmon.
» Multiplier economic impacts: Jobs, income and output value created in other industries as
Bristol Bay fishermen, processors and downstream industries purchase supplies and services,
and as their employees spend their income.
We estimated both direct and indirect economic impacts for three stages of the distribution or
value chain for Bristol Bay salmon in the United States:
» Fishing and primary processing in Bristol Bay
» Shipping to other states and secondary processing
» Distribution and retailing (nationwide transportation, wholesaling and retailing of Bristol Bay
salmon products in stores and restaurants throughout the United States)1

1

The economic effects of distribution and retailing of Bristol Bay salmon are technically economic contributions
rather than economic impacts, because if Bristol Bay salmon did not exist stores would sell other products instead,
which would still create jobs, income and output value. Because no data are available for Bristol Bay salmon retail
volumes and prices, our estimates of economic contributions for this stage are based on the simple assumption
that distribution and retailing increases the value of Bristol Bay salmon products by an average of 50%.

| 5 |
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We estimated economic impacts for the United States as well as for Alaska, Washington, Oregon and
California in 2010. To estimate economic impacts, we used IMPLAN input-output modeling software
which tracks the ripple effects of payments between industries at both the national level as well as
within individual states.
Our economic impact estimates do not account for the fact that Bristol Bay salmon fishing and
processing helps to cover a significant share of the fixed costs of many Alaska and Pacific Northwest
fishermen and processors, or for the economic benefits of Bristol Bay salmon exports in helping to offset
the large United States seafood trade deficit. Thus our estimates of the economic importance of the
Bristol Bay seafood industry are conservative.
In 2010, almost 12,000 people worked in the Bristol Bay salmon industry during the fishing season,
which occurs primarily in June and July. Of these, about 4,400 were Alaska residents, while most of the
others were residents of West Coast states.
To compare Bristol Bay
seasonal jobs lasting about
two months with other yearround employment impacts,
we converted them to annual
average employment by
dividing seasonal employment
by six. Expressed as annual
average employment, in 2010,
almost 10,000 American jobs
were created in harvesting,
processing, and retailing Bristol
Bay salmon and through the
multiplier effects of these
activities.

In 2010, Americans earned
$500 million from harvesting,
processing, and retailing Bristol
Bay salmon and the multiplier
effects of these activities.

Seasonal Jobs in the Bristol Bay Salmon Industry, by State of Residence, 2010
Total US

Alaska

Washington

Oregon

California

Other
States

Fishing

7,035

3,734

1,948

362

345

646

Processing

4,886

635

1,279

1,781

208

983

Total

11,921

4,369

3,227

2,143

553

1,629

| 6 |
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Employment Impacts of the Bristol Bay Salmon Industry, Total US, 2010
Impacts of fishing & primary processing in Bristol Bay
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Income Impacts of the Bristol Bay Salmon Industry, Total US, 2010
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Output Value Impacts of the Bristol Bay Salmon Industry, Total US, 2010
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In 2010, $1.5 billion
in output value was
created in the United
States in harvesting,
processing, and
retailing Bristol Bay
salmon and the
multiplier effects of
these activities.

| 7 |
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The tables below provide additional details of our economic impact estimates. A large share of the
impacts occur in West Coast states—reflecting the fact that about one-third of Bristol Bay fishermen
and two-thirds of Bristol Bay processing workers live in West Coast states; almost all major Bristol
Bay processing companies are based in Seattle; most of the supplies and services used in fishing and
processing are purchased from Washington; and significant secondary processing of Bristol Bay salmon
products occurs in Washington and Oregon.

Employment Impacts of the Bristol Bay Salmon Industry, 2010 (annual average employment)
Total US

AK

WA

OR

CA

Other
States

Direct impacts*

1,987

728

538

92

357

271

Multiplier impacts

5,852

1,338

2,237

163

249

1,865

2,066

606

2,137

Impact Driver
Fishing and primary
processing in
Bristol Bay
Shipping to other
states and secondary processing

Total impacts

7,839

2,775

255

Direct impacts

191

156

15

Multiplier impacts

563

229

24

Total impacts

Total impacts
Nationwide
distribution and
retailing**

754

385

39

8,592

3,160

294

Direct contributions

787

Multiplier
contributions

425

Total contributions

1,212

Total impacts & contributions

9,804

Note: Total US may exceed sum of estimates shown for
individual states; see report for technical explanation.
*Direct employment impacts of fishing and processing in
Bristol Bay were calculated by dividing seasonal employment by 6. **Based on conservative assumption that
distribution and retailing increases value by 50%.

Income Impacts of the Bristol Bay Salmon Industry, 2010 (millions of dollars)
Total US

AK

WA

OR

CA

Other
States

Direct impacts

144

50

48

8

19

18

Multiplier impacts

268

62

98

7

12

90

112

31

108

Impact Driver
Fishing and primary
processing in
Bristol Bay
Shipping to other
states and secondary processing

Total impacts

412

146

15

Direct impacts

13

11

1

Multiplier impacts

30

12

1

Total impacts

Total impacts
Nationwide
distribution and
retailing*

43

23

2

455

169

17

Direct contributions

23

Multiplier
contributions

20

Total contributions
Total impacts & contributions

42

Note: Total US may exceed sum of estimates shown for
individual states; see report for technical explanation.
*Based on conservative assumption that distribution and
retailing increases value by 50%.

497

| 8 |
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Output Value Impacts of the Bristol Bay Salmon Industry, 2010 (millions of dollars)
Total US

AK

WA

OR

CA

Other
States

Direct impacts

390

127

198

13

19

32

Multiplier impacts

801

161

288

19

37

297

288

56

329

Impact Driver
Fishing and primary
processing in
Bristol Bay
Shipping to other
states and secondary processing in
WA & OR

Total impacts

1,191

486

32

Direct impacts

68

56

4

Multiplier impacts

111

37

3

Total impacts

179

93

6

1,370

580

38

Total impacts
Nationwide
distribution and
retailing*

Direct contributions

46

Multiplier
contributions

61

Total contributions
Total impacts & contributions

106
1,476

Note: Total US may exceed sum of estimates shown for
individual states; see report for technical explanation. Output value allocated among states based on the residency
of fishing and processing workers and business locations.
* Based on conservative assumption that distribution and
retailing increases value by 50%.

Conclusions
The Bristol Bay salmon fishery is the world’s most valuable wild salmon fishery. It contributes well
over $1 billion in value and about 10,000 jobs to the United States economy every year, across
multiple industries and states. It has operated continuously for more than 120 years and can
continue to provide significant and widespread economic benefits across multiple industries and
states for the foreseeable future.

| 9 |
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I. INTRODUCTION
Alaska’s Bristol Bay salmon fishery is the world’s most valuable salmon fishery. The 2010 Bristol Bay
salmon harvest had a value of $165 million. Processing increased the value by $225 million to a total first
wholesale value of $390 million for the salmon products produced in Bristol Bay. The Bristol Bay salmon
industry employed about 7,000 fishermen and about 4,900 processing workers during the intense June
and July fishing season.
This study describes and quantifies the economic importance of the Bristol Bay salmon industry for the
United States and for the four west coast states—Alaska, Washington, Oregon and California—which are
home to most of the fishermen and processing workers as well as most of the processing companies
and the businesses which supply the industry. We estimate “economic impact” measures of the annual
average employment, income, and output value (sales value) which the Bristol Bay salmon industry
created in 2010 in the United States and in these four states.
Chapter II of this report provides an overview of the Bristol Bay salmon industry. Chapter III describes
our methodology for estimating economic impacts. Chapter IV discusses the direct economic impacts of
Bristol Bay salmon fishing and processing: the employment, income and output value created in Bristol
Bay in fishing and processing. Chapter V discusses the multiplier economic impacts of Bristol Bay
salmon fishing and processing: the jobs, income and output value created in other industries through the
ripple effects of Bristol Bay fishing and processing on the rest of the economy. Chapter VI discusses the
downstream economic effects of the Bristol Bay salmon industry: the jobs, income and output value
created in transportation, secondary processing, warehousing, distribution and retailing after salmon
products leave Bristol Bay. Chapter VII summarizes major conclusions of the report.
Estimating economic impacts of the Bristol Bay salmon industry is a technically complex task which
required developing numerous assumptions about the payments made by fishermen and processors and
in downstream industries as inputs to national and state-level IMPLAN input-output models. To make
the report accessible to non-technical readers, in the body of the report we focus on describing our
findings. The appendixes provide full technical documentation of our analysis.

Bristol Bay fishing boats

A Bristol Bay fish processing plant
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II. OVERVIEW OF THE BRISTOL BAY SALMON INDUSTRY
Bristol Bay is located in southwestern Alaska. Each year tens of millions of sockeye salmon return to
spawn in the major river systems which flow into Bristol Bay. The large lakes of the Bristol Bay region
provide habitat for juvenile sockeye salmon during their first year of life.

Source: Environmental Protection Agency

For well over a century, Bristol Bay salmon have supported a major salmon fishing and processing
industry. During the 118 years between 1895 and 2012, Bristol Bay fishermen harvested more than 1.7
billion sockeye salmon, with an annual average harvest of 15 million sockeye salmon. Harvests have
been particularly strong since 1980, with an annual average harvest of 24.6 million sockeye salmon
during the period 1980-2012.
Figure II-1
Bristol Bay Sockeye Salmon Harvests, 1895-2012
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Source: ADFG. Note: the black line shows the average annual catch for the preceding 10 years.
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Bristol Bay commercial salmon harvests are overwhelmingly sockeye salmon, although the other four
species of Pacific salmon are also caught in Bristol Bay in much smaller numbers. Except where
otherwise noted, references in this report to Bristol Bay salmon are specifically for Bristol Bay sockeye
salmon.
Figure II-2
Bristol Bay Commercial Salmon Harvests
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Source: Commercial Fisheries Entry Commission; Alaska Department of Fish and Game

Bristol Bay salmon runs vary widely from year to year and over longer periods of time, due to variations in
the freshwater and marine environments which affect salmon survival rates over their life-cycle. The
Alaska Department of Fish and Game (ADF&G) manages the fishery to achieve “escapement” goals for
the number of fish which “escape” the commercial fishery and enter the different Bristol Bay river
systems to spawn, by opening and closing fishing in different districts multiple times over the season.

Bristol Bay fishermen fished from sailboats until the 1950s

Source: “Sailing for Salmon” exhibition of historic Bristol Bay photographs
at Anchorage Museum, summer 2011 (http://www.anchoragemuseum.org)
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Most of the Bristol Bay salmon harvest occurs between mid-June and mid-July. In early July, at the peak
of the fishing season, millions of salmon may be harvested in a single day. During this time, Bristol Bay
is a frenzy of activity, with many thousands of fishermen and fish processors working around the clock.
Bristol Bay Fishing
Bristol Bay salmon are harvested using gillnets. Gillnets hang in the water perpendicular to the direction
in which returning salmon are swimming. The fish get their heads stuck in the nets and are “picked”
from the net as it is pulled from the water.
There are two types of gillnet fishing operations in Bristol Bay: drift gillnet and set gillnet. Drift gillnet
fishing is done from fishing boats, which are limited to 32 feet in length. Fishermen let the net out
behind the boat, and after a period of time pull it back into the boat to pick the fish. In set gillnet fishing,
one end of the net is attached to the shore, while the other is attached to an anchor in the water.
Fishermen pick the fish from a skiff or from the beach at low tide.

Picking salmon on a Bristol Bay drift gillnet boat

A set-net fishing operation

Like all Alaska salmon fisheries, the Bristol Bay salmon fishery is managed under the state of Alaska’s
limited entry management system. Only holders of “limited entry permits” and their crew are allowed to
fish in Bristol Bay. There are approximately 1,860 drift gillnet permits and approximately 1,000 set net
permits. Average drift gillnet catches are higher than average set gillnet catches, and drift gillnet
fishermen catch about four-fifths of the Bristol Bay sockeye salmon harvest.
When the limited entry system was implemented in the 1970s, permits were allocated for free to
fishermen with a history of participation in the fishery. Since then, fishermen have gotten permits only
by gift, inheritance or (most commonly) buying them from other fishermen. Permit prices vary with
economic conditions in the fishery. In 2010, the average price of a drift net permit was about $102
thousand and the average price of a set net permit was about $29 thousand.
Bristol Bay permit holders fish with an average of about two crew members (larger operations have more
crew members), so the total number of Bristol Bay fishermen is approximately three times the number
of permit holders. Crew are paid a share of the catch value after deducting food and fuel costs (typically
about 10%). Permit holders net earnings depend on the value of their catch minus crew shares and a
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variety of other operating costs (the largest of which include food, fuel, nets, maintenance, and
transportation) and capital costs (payments for boats and permits).
In 2010, Alaska residents owned 53% of Bristol Bay permits but caught only 42% of the fish. This is
because Alaskans owned a smaller share of the drift gillnet permits, and had lower average catches in
the drift gillnet fishery. The fact that well over half of the value of Bristol Bay catches goes to residents
of other states is a major reason why a large share of the economic impacts of the fishery occur in other
states.
Table II-1
Bristol Bay Limited Entry Permit Holders, Catches and Gross Earnings, by State, 2010
Fishery
Total
Alaska
Washington
Oregon
California
Drift
Number of
permit holders

Other

1,850

845

642

98

109

156

927

629

127

38

34

99

Total
% of total

2,777
100%

1,474
53%

769
28%

136
5%

143
5%

255
9%

Set

Drift

1,494

650

538

87

87

138

Number of
permits fished

Set
Total
% of total

861
2,355
100%

566
1,216
52%

124
662
28%

40
127
5%

35
122
5%

100
238
10%

Average catch
per permit
fished (lbs)

Drift
Set
Total

98,542
39,495
76,954

84,562
38,077
62,925

112,538
36,323
98,262

103,907
44,486
85,192

99,132
44,233
83,382

101,788
46,215
78,438

Drift

147.2

55.0

60.5

9.0

8.6

14.0

Set

34.0

21.6

4.5

1.8

1.5

4.6

Total
% of total

181.2
100%

76.5
42%

65.0
36%

10.8
6%

10.2
6%

18.7
10%

Drift
Set
Total
% of total

134.1
31.0
165.2
100%

49.5
19.5
69.0
42%

55.3
4.2
59.5
36%

8.4
1.6
10.0
6%

8.1
1.4
9.5
6%

12.9
4.2
17.1
10%

Total catch
(million lbs)

Total gross
earnings
($ millions)

Source: CFEC Permit and Fishing Activity Data.

Bristol Bay drift gillnet boats fishing
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Bristol Bay Salmon Processing
Fish processing is an integral part of the Bristol Bay salmon industry, employing approximately half as
many people as fish harvesting and more than doubling the value of the fish. Bristol Bay salmon are
processed by about 10 large processing companies (most of which have multiple processing facilities)
and 20 smaller companies employing about 5,000 processing workers at the peak of the season. Almost
90% of the processing workers are from other states and live in bunkhouse facilities at the processing
plants.
Bristol Bay salmon are processed in both land-based processing facilities and on floating processors.
Salmon are canned only in large land-based facilities, which also have salmon freezing capacity. Floating
processors produce only frozen salmon.

A land-based processing plant

A floating processor

In 2010, six companies operated salmon canning facilities in Bristol Bay. These included some of the
largest seafood processing companies operating in Alaska. Most of these companies have both landbased and floating processing operations in many parts of Alaska, which process not only salmon but
other major Alaska species as well, such as pollock, crab and halibut. The home offices of all of the large
Bristol Bay processors are in or near Seattle.
Table II-2
L arge Bristol Bay Salmon Processors and Buyers, 2010
Type of
processor
Major
processors
with both
canning and
freezing
capacity

Other large
processors

Company

Home Office
Location

Types of processing capacity
Canned Frozen
Fresh
Cured

Peter Pan Seafoods, Inc.

Seattle, WA

X

X

X

X

X

Icicle Seafoods, Inc.

Seattle, WA

X

X

X

X

X

Ocean Beauty Seafoods, Inc.

Seattle, WA

X

X

X

X

X

Trident Seafoods

Seattle, WA

X

X

X

X

X

Seattle, WA
Kenmore, WA

X
X

X
X

X

X

X

X

Yard Arm Knot Fisheries, LLC
Alaska General Seafoods
Leader Creek Fisheries, LLC

Seattle, WA

X

Snopac Products, Inc.

Seattle, WA

X

Pederson Point

Seattle, WA

X

X

Shipping*
Air
Sea

X
X
X
X

Togiak Fisheries
Seattle, WA
X
X
Ekuk Fisheries
Seattle, WA
X
X
X
X
Note: Other Bristol Bay processors in 2010 included seven buyers with both frozen and fresh capacity; nine buyers with
only frozen capacity, and eight buyers with only fresh or cured capacity.
*How processors/buyers shipped products from Bristol Bay
Source: Alaska Department of Fish and Game, Bristol Bay Annual Management Report 2010, Table 25.
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Workers cleaning salmon

Fish account for the largest share of costs of Bristol Bay processors. Other important costs include
labor, fish tendering, packaging (boxes and cans), transportation of products and workers, utilities,
maintenance, and capital costs of equipment and buildings. Processing costs per pound vary between
product forms and from year to year as fixed costs are spread over different volumes of salmon.
Processing costs: salmon cans (stacked in tubes), boxes, processing machinery

Most larger Bristol Bay salmon processors contract with tender vessels to transport salmon from fishing
vessels at or near the best fishing areas to land-based or floating processing facilities. Tendering
represents a significant cost for the industry.

Fish are transferred from fishing boats to tenders in brailer bags or are pumped through large hoses.
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Bristol Bay Salmon Products
Bristol Bay salmon are processed into four major primary products: frozen salmon, canned salmon, fresh
salmon, and salmon roe. Frozen salmon includes both headed and gutted (H&G) salmon as well as
salmon fillets.

Canned salmon

Headed and gutted salmon

Bristol Bay sockeye salmon fillet

Processing Bristol Bay sockeye salmon roe

In 2010, frozen salmon accounted for 69% of Bristol Bay production volume, followed by canned salmon
(26%), salmon roe (3%) and fresh salmon (2%). The shares of different product forms in Bristol Bay
production vary from year to year, reflecting variations in harvests as well as variations in the relative
prices of different products.
Bristol Bay Salmon Prices and Value
Two kinds of prices and values matter for the Bristol Bay salmon industry. Ex-vessel prices are the
prices processors pay fishermen for their fish. The ex-vessel value is the ex-vessel price times the
harvest volume, or fishermen’s gross earnings. First wholesale prices are the prices customers (typically
large retail chains, wholesalers, and importers in other countries) pay processors for the frozen, canned,
fresh and other products they produce. The first wholesale value is the sum of the different wholesale
prices times the product volumes sold, or processors’ gross earnings.
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Bristol Bay salmon prices and value can vary widely from year to year and over longer periods of time,
reflecting changes in salmon market conditions and in harvests. Prices rose dramatically during the
1980s because of strong Japanese market demand. From the late 1980s to the early 2000s prices fell
dramatically. The main cause of the decline was competition from rapidly growing production of farmed
salmon. Other factors included a slowdown in the Japanese economy and competition from Russian and
Japanese wild salmon—as well as large Alaska harvests.
Figure II-3
Average Ex-Vessel and First Wholesale Prices of Bristol Bay Sockeye Salmon
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Figure II-4 1
Ex-Vessel and First Wholesale Value of Bristol Bay Sockeye Salmon
Harvests and Production, 1984-2010
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1

ADF&G and CFEC report different ex-vessel values for Bristol Bay salmon in 2010. Our economic impact analysis
is based on CFEC data. The data in this figure and in Table II-3 below are based on ADF&G data. For discussion, see
Appendix A, Ex-Vessel Value of Bristol Bay Salmon Harvests.
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Since 2002, Bristol Bay salmon prices have rebounded dramatically, due to growing world salmon
demand, development of new product forms such as salmon fillets and portions, improved fish handling
and quality, diversification of markets, and sustained and effective marketing by Alaska processors and
the Alaska Salmon Marketing Institute. These favorable market trends are likely to continue, although
global economic conditions and global salmon supply will continue to affect market conditions, leading to
lower prices in some years (as occurred in 2012).
Both prices and catches affect the ex-vessel and first-wholesale value of Bristol Bay salmon. Both lower
prices and lower catches contributed to the decline in value during the 1990s. Both higher prices and
higher catches contributed to the recovery in value since 2002. (Data for 2011 and 2011 were not yet
available, but first wholesale value likely fell due to lower catches in both years, and lower prices in
2012).
Bristol Bay Salmon End Markets
End markets for Bristol Bay salmon vary widely for different product forms. Prior to the mid-1990s,
almost all Bristol Bay frozen salmon was shipped to Japan, and the industry was very dependent on
Japanese salmon market conditions. Since then the Japanese market share has declined dramatically.
Major markets for Bristol Bay frozen salmon now include not only Japan but also the United States, the
European Union, and China (where frozen salmon is reprocessed into value-added products and reexported to global markets).
Currently about half of Bristol Bay frozen salmon is exported directly from Bristol Bay, primarily to Japan
and China. Most of the remaining frozen salmon is shipped to Washington where much of it is
repackaged and/or reprocessed into secondary products such as fillets, portions and smoked salmon.
Some of these products are exported while the rest are sold in the US domestic market.
Bristol Bay canned salmon is shipped to warehouses in Washington and Oregon where it is stored,
labeled, and sold by processors over the course of the year, mostly to the United Kingdom and other
export markets. Small volumes of fresh salmon are shipped by air to the Lower 48 states and Canada.
Almost all sockeye salmon roe is exported, mostly to Japan and Russia.
Figure II-5
Distribution of Bristol Bay Salmon Production, 2010
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Major US sockeye salmon retail products
Canned sockeye salmon
Salmon fillet

Containers for shipping Bristol Bay salmon products at the Bristol Bay port of Naknek

Bristol Bay Salmon Support Industries
The Bristol Bay salmon industry is much more than fishing and processing. A wide range of industries
provide supplies and services to the industry. Some of these, such as those pictured above and below,
are based in Bristol Bay. Most are based in other states—particularly Washington—such as marine
transportation companies, boat builders, machinery and electronics suppliers, packaging manufacturers,
banks and insurance companies. As a Bristol Bay processor told us, “Bristol Bay banks in Seattle.”
More generally, Bristol Bay shops in Seattle—which is another reason why a large share of the economic
impacts of the Bristol Bay salmon industry occur in Washington.

Net hanging & mending

Boat storage and repair

Air freight
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Located in Washington—but part of the Bristol Bay salmon industry

Relative Scale of Bristol Bay Salmon Industry
The Bristol Bay salmon fishery is a world-scale commercial salmon fishery. Between 2005 and 2010,
Bristol Bay averaged 67% of total Alaska sockeye salmon harvests (by volume), 50% of world sockeye
salmon harvests, 21% of all Alaska wild salmon harvests, and 8% of all world wild salmon harvests. It
accounted for 31% of the ex-vessel value of all Alaska wild salmon harvests, 13% of the ex-vessel value
of all world wild salmon harvests, and 3% of the value of all United States fish and shellfish harvests. In
2010, the ex-vessel value of Bristol Bay salmon harvests exceeded the total ex-vessel value of fish
harvests in all but nine states (not counting Alaska).
These numbers are inadequate to convey the scale of the Bristol Bay salmon industry. It is difficult to
appreciate the scale of the industry without seeing it in person—thousands of fishing boats spread out
across vast fishing districts, hundreds of other vessels ranging from tenders to floating processors and
ocean freighters, and dozens of processing operations with thousands of workers processing tens of
millions of fish.
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Table II-3
Selected Indicators of the Relative Scale of the Bristol Bay Salmon Industry
Measure
Bristol Bay
sockeye
salmon
harvest
volume as a
share of:
Bristol Bay
sockeye
salmon exvessel value
as a share of:

2005

2006

2007

2008

2009

2010

Average

Alaska sockeye salmon

58%

69%

62%

71%

71%

70%

67%

World sockeye salmon

47%

49%

47%

52%

55%

Alaska wild salmon (all species)

16%

22%

18%

23%

25%

World wild salmon (all species)

7%

8%

7%

9%

7%

30%

32%

28%

27%

36%

15%

15%

14%

12%

11%

2%

3%

3%

3%

4%

Alaska wild salmon ex-vessel value
(all species)
World wild salmon ex-vessel value
(all species) *
United States fish & shellfish
landed value (all species)

50%
21%

21%
8%

31%

31%
13%

4%

3%

* Valued at average prices of Alaska wild salmon, by species.
Note: Complete world wild salmon supply data not available for 2010.
Sources: Alaska data: ADFG Alaska Commercial Salmon Harvests and Ex-vessel Values Reports and CFEC
Basic Information Tables data. Other wild salmon supply data: FAO FishstatJ database (Canada, Japan,
Russia), National Marine Fisheries Service (US Pacific Northwest data).

Table II-4
Ex-Vessel Value of Total Fishery Landings for Selected States
Compared with the Ex-Vessel Value of Bristol Bay Salmon Harvests, 2010
Ex-vessel value Ratio of total state ex- Ratio of Bristol Bay ex(millions of
vessel value to Bristol
vessel value to total
State
dollars)
Bay ex-vessel value
state ex-vessel value
Alaska
1584.0
9.59
0.10
Massachusetts
478.5
2.90
0.35
Maine
375.1
2.27
0.44
Washington
272.3
1.65
0.61
Louisiana
247.9
1.50
0.67
Texas
204.1
1.24
0.81
Virginia
198.8
1.20
0.83
California
189.3
1.15
0.87
Florida
184.4
1.12
0.90
New Jersey
177.9
1.08
0.93
Bristol Bay salmon
165.2
1.00
1.00
Oregon
104.6
0.63
1.58
Maryland
95.9
0.58
1.72
Hawaii
84.0
0.51
1.97
North Carolina
79.9
0.48
2.07
Rhode Island
62.6
0.38
2.64
All other states
180.0
1.09
0.92
Total, all states
4519.5
27.36
0.04
Source: National Marine Fisheries Service, Fisheries of the United States, 2010.

Data sources for this chapter
Historical salmon catches (1878-1997) are from Byerly et al (1999). Other salmon harvest data are from
ADFG Alaska Commercial Salmon Harvests and Ex-vessel Values Reports. Numbers of permits and
average 2010 permit prices are from CFEC Basic Information Tables. Ex-vessel prices are from ADFG
Salmon Ex-Vessel Price Time Series by Species 1984-2008. Ex-vessel value is from ADFG Alaska
Commercial Salmon Harvests and Ex-vessel Values Reports. First wholesale prices and value are from
ADFG COAR data. World salmon harvest data used to calculate shares of world harvests are from FAO
FishstatJ database and NMFS Commercial Fishery Landings database. For details of these data sources,
refer to Appendix F.
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III. OVERVIEW OF STUDY METHODOLOGY
The economic impacts of an industry are the jobs, income and output value (sales) created by the
industry—or the jobs, income and output value that would not exist if the industry did not exist. For this
study, we estimated economic impacts of the Bristol Bay salmon industry for the United States nationally
and for the four west-coast states of Alaska, Washington, Oregon and California. This chapter provides
an overview of our methodology for estimating economic impacts.
Types of Economic Impacts
Economic impacts may be divided into direct economic impacts and multiplier economic impacts.
x

Direct economic impacts of the Bristol Bay salmon industry are the jobs, income and output
value created in those businesses directly involved in fishing for, processing, distributing and
retailing Bristol Bay salmon.

x

Multiplier economic impacts are the jobs, income and output value created in other industries.

Multiplier economic impacts include both indirect impacts and induced impacts. Indirect economic
impacts are the jobs, income and output value created by the ripple effects of business purchases.
Induced economic impacts are the jobs, income and output value created by the ripple effects of
household purchases.
When Bristol Bay fishermen buy nets, they create indirect impacts in the net manufacturing industry.
When Bristol Bay fishermen get haircuts, they create induced impacts in the hair-cutting industry.
Distribution Chain Stages for Which We Estimated Economic Impacts
We estimated direct and multiplier economic impacts for three stages of the distribution chain for Bristol
Bay salmon in the United States:
x

Fishing and primary processing in Bristol Bay

x

Shipping and secondary processing. This included:
o
o
o
o

x

Marine transportation of frozen salmon to Washington state
Secondary processing of Bristol Bay frozen salmon in Washington State.
Marine transportation of canned salmon to Washington and Oregon
Warehousing and labeling of canned salmon in Washington and Oregon

Distribution and retailing. This included nationwide transportation, wholesaling and retailing of
Bristol Bay salmon products in stores and restaurants throughout the United States, including
frozen salmon, canned salmon and fresh salmon. Technically, as discussed below, the economic
effects of distribution and retailing are economic contributions rather than economic impacts.
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We refer to the stages of the distribution chain after Bristol Bay (shipping and secondary processing, and
distribution and retailing) as downstream stages of the distribution chain, and we refer to their economic
impacts as downstream economic impacts.
Geographic Regions for Which We Estimated Economic Impacts
As shown in Table III-1, we estimated economic impacts of these three stages of the Bristol Bay salmon
distribution chain for different combinations of geographic regions. We estimated economics impacts of
fishing and primary processing in Bristol Bay for the United States nationally as well as for the four west
coast states of Alaska, Washington, Oregon and California. We estimated economic impacts for “other
states” by subtracting estimated economic impacts for the four west coast states from estimated
national economic impacts.
We estimated economic impacts of shipping to and secondary processing in Washington and Oregon for
the United States as well as for the states of Washington and Oregon. We estimated economic
contributions of nationwide distribution and retailing only for the United States as a whole, because we
lacked sufficient data to develop estimates of these contributions for individual states.
Table III-1
T ypes of Economic Impacts and Contributions of the Bristol Bay Salmon Industry Estimated in This Report
Types of Impacts
United
Other
Impact driver
Alaska
Washington Oregon
California states**
& Activity
States
Direct impacts
Indirect impacts
Fishing and processing
Induced impacts
in Bristol Bay
Multiplier impacts*
Total impacts
Direct impacts
Shipping to and
Indirect impacts
secondary processing in Induced impacts
Washington & Oregon Multiplier impacts*
Total impacts

Nationwide distribution
and retailing

Direct contribution
Indirect contribution
Induced contribution
Multiplier contribution*
Total contribution

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

* Multiplier impacts are the sum of indirect and induced
impacts. **Estimated by subtracting impacts estimated for
the four western states from impacts estimated for the US.

Estimation of Economic Impacts for 2010
The economic impacts of the Bristol Bay salmon fishery vary from year to year due to variation in Bristol
Bay salmon catches, prices, the mix of products produced, fishery participation, employment and other
fishery characteristics. For this report, we estimated economic impacts of the Bristol Bay salmon
industry in 2010. We chose 2010 because it was the most recent year for which comprehensive
economic data were available at the time we began this study.
In the recent past, Bristol Bay salmon harvests, prices and value—and the economic impacts they
drive—have been both higher and lower than they were in 2010. Similarly, in the future, there will likely

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1774 of 2339

be years when harvests, prices, value and economic impacts of the Bristol Bay salmon industry will be
higher and lower than they were in 2010. The economic impacts of the Bristol Bay salmon industry are
not equal every year to the impacts we estimated for 2010. However, the economic impacts of the
Bristol Bay salmon industry in 2010 do provide a reasonable illustration of the overall scale and nature of
the economic impacts of the industry and the distribution of those impacts between states.
Methodology for Estimating Economic Impacts
Direct Economic Impacts of Bristol Bay Salmon Fishing and Processing
The direct economic impacts of Bristol Bay salmon fishing and processing are the employment, income
and output value created in fishing and processing operations in Bristol Bay. To estimate direct
economic impacts, we relied primarily on data and estimates published by several Alaska state agencies,
including the Alaska Commercial Fisheries Entry Commission (CFEC), the Alaska Department of Fish and
Game (ADF&G), and the Alaska Department of Labor and Workforce Development (ADLWD). Chapter IV
describes our estimates of these direct economic impacts, and Appendix A provides technical details of
our data, assumptions and analysis.
Multiplier Economic Impacts of Bristol Bay Salmon Fishing and Processing
The multiplier economic impacts of Bristol Bay salmon fishing and processing are the indirect and
induced employment, income and output value resulting from the fishing and processing that occurs in
Bristol Bay. We followed a three-stage process to estimate multiplier economic impacts.
First, we estimated how the value created by the Bristol Bay salmon industry in 2010 was divided up. In
2010, Bristol Bay salmon processors were paid a total first wholesale value of $390 million for the
salmon products they produced in the Bristol Bay fishery. All of this money was paid to someone for
something: either for the labor of fishing crew and processing workers, for fishermen’s and processors’
purchases from other businesses, or as returns to the investments of permit holders and processing
company owners in fishing permits, fishing gear and processing plants.
As discussed in Chapter V, we estimated that in 2010 processors paid $165 million to salmon permit
holders. Of the remaining $225 million, we estimated that processors paid $34 million for labor, $23
million for packaging, $7 million for insurance, and so on for many other types of payments. Of the $165
million paid to salmon permit holders, we estimated that they paid $37 million to fishing crew, $5 million
for transportation, and so on for many other types of payments.
Second, we estimated what states each type of payment went to. For example, we estimated that of
the $34 million processors paid for labor, $4 million went to residents of Alaska, $9 million went to
residents of Washington, and so forth. We estimated that of the $23 million processors spent for
packaging, they spent $14 million in Washington and $9 million in California. We estimated that of the
$5 million fishermen spent for transportation, they spent $2 million in Alaska, $2 million in Washington,
and $1 million in other states.
Our estimates for these first two steps—estimating how the $390 million in value created by the Bristol
Bay salmon industry was divided up, and what states it went to—were based on State of Alaska data for
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permit holders’ and processing workers’ earnings, earlier studies of permit holders’ costs, discussions
with industry sources, and our best judgment.
Third, we used IMPLAN input-output models to estimate the multiplier economic impacts (indirect and
induced impacts) resulting from different types of payments to different states to calculate the multiplier
economic impacts of Bristol Bay salmon and fishing nationally and in the four west coast states. The
input-output models track the ripple effects of payments as money flows through the economy. For
example, when salmon processors buy cans for canning salmon, it creates jobs and income in the can
manufacturing industry. In turn the can manufacturers buy metal and machines to make the cans, which
creates jobs in the metal mining and machine manufacturing industries. Input-output models track and
add-up all of these effects to calculate multiplier impacts.
Chapter V describe our estimates of the multiplier economic impacts of Bristol Bay salmon fishing and
processing, and Appendix B provides technical details of our data, assumptions and analysis. Appendix D
provides technical details of our use of IMPLAN input-output models.
Downstream Economic Impacts
The downstream economic impacts of the Bristol Bay salmon industry are the economic impacts
resulting from transporting, processing and retailing Bristol Bay salmon products within the United States
after they leave Bristol Bay. We followed a three-stage process to estimate downstream economic
impacts.
First, we estimated end-markets for Bristol Bay salmon products. A large share of Bristol Bay salmon is
exported. We subtracted estimated exports from total production to estimate how much Bristol Bay
salmon is transported within, processed in and sold in the United States. Second, we estimated the
increase in value in the “downstream” industries involved in transporting, processing and retailing Bristol
Bay salmon products in the United States. Third, we used IMPLAN input-output models to estimate the
multiplier economic impacts (indirect and induced impacts) resulting from payments by downstream
industries. Chapter VI describe our estimates of downstream economic impacts of Bristol Bay salmon,
and Appendix C provides technical details of our data, assumptions and analysis.
In estimating national economic contributions of distribution and retailing, we had no data on the costs
associated with distribution and retailing or the prices at which products were sold at retail. It was far
beyond the scope of this project to collect this kind of information. For this reason, for our analysis we
made the simple and conservative assumption that distribution and retailing increases the value of Bristol
Bay salmon products by an average of 50%. Our estimates of the economic contribution of the
distribution and retailing of Bristol Bay salmon should be interpreted as estimates of what the associated
jobs, income and output value would have been if the average increase in value were 50%, rather than
as a precise estimate of what they were. It is likely that the actual economic contributions associated
with distribution and retailing in 2010 were at least as high as our estimates, and possible that they were
significantly higher.
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Definitions for Selected Economic Terms Used in this Report
Economic contribution and economic impact. Economists distinguish between two closely related
concepts: economic contribution and economic impact. Economic contribution is the jobs, income and
output value associated with an industry. It is sometimes called economic activity. Economic impact is
the net jobs, income and output value associated with an industry—or how total jobs, income and output
value in the economy would change if the industry didn’t exist.
As a simple example, if the movie theaters in a town employ 100 people, their direct economic
contribution is 100 jobs. But if closing the movie theaters would cause people to spend more time
bowling, resulting in 40 new bowling alley jobs, then the economic impact of the movie theaters is only
60 jobs. For some industries, it can be much harder to estimate economic impacts than economic
contribution, because it’s hard to know how the economy might change if the industries didn’t exist.
All of the fishing and processing jobs in Bristol Bay, and their multiplier effects, are economic impacts,
because they would all disappear if the fishery didn’t exist. But not all of the jobs in the retail stores
which sell Bristol Bay salmon products are economic impacts, because consumers would buy more of
other kinds of fish (and other products) if they couldn’t buy Bristol Bay salmon. In this report, we
estimate the economic impacts of fishing and processing in Bristol Bay, as well as transportation of
Bristol Bay products to other states and secondary processing in other states. We estimate the
economic contribution of distribution and retailing of Bristol Bay salmon. We use the term economic
impacts to describe the combined effects of all the distribution stages of Bristol Bay salmon, although
technically the distribution and retail stage is economic contribution rather than economic impact.
Payments. In discussing our economic impact modeling assumptions we use the term payments to
describe payment flows between industries. Economists usually call these expenditures.
Output value. We use the term output value to mean the total value of the output of an industry, as
measured by its total sales. Economists often use the terms output or sales to refer to the total sales of
an industry.
Value increase. We use the term value increase or increase in value to mean the increase in value of fish
or fish products associated with a particular stage of the harvesting, processing and distribution chain for
Bristol Bay salmon. For example, we say that the “increase in value in processing” for Bristol Bay
salmon in 2010 was $225 million, or the difference between the total first wholesale value paid to
processors ($390 million) and the total ex-vessel value paid to fishermen ($165 million). Occasionally we
use the term value added or adds to value with the same meaning. This differs from the technical
economic definition of “value added” used in the US national income accounting system and in the
IMPLAN economic output models. Technically, “value added” refers only to the labor income, proprietor
income (profit), and indirect business taxes generated by an industry, and excludes payments to other
businesses.
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Data Limitations and Assumptions
Reliable data are available for some of the most important measures of the economic importance of the
Bristol Bay salmon industry. These include, in particular, data for the “ex-vessel” value of fish catches
(the value paid to fishermen), the first wholesale value of fish production, numbers and residency of
fishing permit holders, and fish processing employment and wages. These data alone are sufficient to
conclusively show that the Bristol Bay salmon industry is very large and economically important, not only
for Alaska but also for other states—particularly Washington—and for the United States.
However, data are not publically available for the payments by the fishing and processing industries to
other industries, the distribution of these payments among different states, the volumes of salmon
entering different “downstream” distribution channels, or the payments from downstream industries. It
was far beyond the scope of this study to undertake the kinds of detailed surveys of fishermen,
processors and downstream industries which would have been necessary to develop statistically reliable
estimates for these types of data.
Given this lack of data, to estimate economic impacts of Bristol Bay fishing and processing for the four
west coast states, and to estimate downstream economic impacts, we needed to make numerous
assumptions about payments by fishermen, processors and downstream industries. To do this we relied
on our best judgment, based on many years of observing and studying the industry and on discussions
with fishermen, processors and industry suppliers and previous surveys of Bristol Bay fishing permit
holders. We document and discuss these assumptions in Appendixes A-D.
It is important to note that not all of our assumptions are equally important for our analysis. For example,
if payments by the processing industry to two supplier industries have similar economic impacts in the
same location, then it doesn’t particularly matter if our assumptions about the allocation of payments
between these the two industries are accurate. Similarly, our assumptions about relatively small
payments (such as for local Bristol Bay property taxes) matter less than our assumptions about large
payments (such as payments to fishing crew and processing workers).
Given the many assumptions we had to make, how accurate are our estimates of economic impacts of
the Bristol Bay salmon industry? They are not precise. It would be impossible to measure the
magnitude of each kind of economic impact of the Bristol Bay salmon industry in 2010 exactly.
However, our estimates are reasonable measures of the relative scale of the economic impacts of the
Bristol Bay salmon industry in 2010, as well as the relative scale of the economic impacts on different
states and at different stages of the distribution chain. More importantly, because Bristol Bay salmon
catches and prices vary from year to year, the ex-vessel and first wholesale value—which are the key
drivers of economic impacts—also vary from year to year (as shown by Figure II-4 in the previous
chapter). Given this variability, having more precise estimates of the economic impacts in 2010 would
not be particularly helpful in thinking about the longer-term economic importance of the industry. We can
be highly confident the economic impacts of the Bristol Bay salmon industry in 2015 will be similar in
scale to what they were in 2010. But even if we knew exactly what these economic impacts were in
2010, we couldn’t know what its exact economic impacts will be in 2015.
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Other Ways in Which the Bristol Bay Salmon Industry is Economically Important
Our analysis for this report applies standard input-output modeling methodology to estimate economic
impacts of the Bristol Bay salmon industry. However, standard economic impact analysis does not
account for all the ways the Bristol Bay salmon industry is economically important nationally and to west
coast states.
The estimated value of Bristol Bay salmon exports in 2010 was $252 million. Although exported Bristol
Bay salmon products do not create “downstream” economic impacts in the United States, they
contribute significantly to the United States balance of trade, helping to maintain the value of the dollar
and pay for imports.
The Bristol Bay salmon industry is a major part of the broader Alaska and Pacific Northwest seafood
industry, and pays for an important share of the fixed costs of many fishing and processing operations.
Without the Bristol Bay salmon industry, fixed costs would be higher and profits lower in the rest of the
seafood industry.
The Bristol Bay salmon industry is a major supporter of infrastructure and utilities in the Bristol Bay
region, a major taxpayer, and a very important source of local jobs and income.

A Bristol Bay salmon fisherman

Bristol Bay fishing boats at anchor, Naknek River

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1779 of 2339

IV. DIRECT ECONOMIC IMPACTS OF BRISTOL BAY
SALMON FISHING AND PROCESSING
The direct economic impacts of Bristol Bay salmon fishing and processing are the employment, income
and output value created in Bristol Bay every summer in the fishing and processing industries. Table IV-1
shows our estimates of these direct economic impacts. In this chapter, we discuss these impacts.
Appendix A provides technical details of how we estimated them, as well as sources for all of the data
and estimates in this chapter.
Table IV-1
Estimated Direct Economic Impacts of Bristol Bay Salmon Fishing and Processing, 2010
Total
US

AK

WA

OR

CA

Other
states

Seasonal employment

11,921

4,369

3,227

553

2,143

1,629

Annual average employment

1,987

728

538

92

357

271

Income ($ million)
Output value ($ million)

143.7
389.7

50.1
126.7

48.2
198.5

8.1
13.4

18.9
19.4

18.4
31.7

Sources: See discussion in Appendix A. Note: Direct employment and income impacts are allocated to the
states in which workers were residents. Direct output value impacts are allocated to the states to which
payments were made.

Bristol Bay Fishing and Processing Employment
Almost 12,000 people worked in Bristol Bay salmon fishing and processing during the 2010 salmon
season (Table IV-2 and Figure IV-1). About 7000 worked in fishing and almost 5,000 worked in
processing.
Direct employment in the Bristol Bay salmon industry is widely spread across several states, employing
large numbers of not only Alaska residents but also Washington, Oregon and California residents. Alaska
residents held the most fishing jobs (about 4400) followed by Washington residents (about 3200). In
contrast, California residents held the most processing jobs (about 1800) followed by Washington
residents (about 1300).
Table IV-2

Estimated Seasonal Jobs in Bristol Bay Salmon Fishing & Processing, 2010
Total
AK
WA
Fishing
7,035
3,734
1,948
Processing
4,886
635
1,279
Total
11,921
4,369
3,227
Note: Estimates are by workers' state of residence.

OR
345
208
553

CA
362
1,781
2,143

Other states
646
983
1,629
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Figure IV-1
Estimated Seasonal Jobs in Bristol Bay Fishing and Processing, 2010
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Employment impacts are generally expressed in terms of annual average employment. To estimate
annual average employment in Bristol Bay salmon fishing and processing, we assumed that fishing and
processing jobs last two months on average. Thus our annual average employment estimates (Table IV3) are simply one-sixth of our seasonal employment estimates.
Table IV-3
Estimated Annual Average Employment in Bristol Bay Salmon Fishing & Processing, 2010
Total
AK
WA
OR
CA
Other states
Fishing
1,173
622
325
57
60
108
Processing
814
106
213
35
297
164
Total
1,987
728
538
92
357
271
Note: Estimates are by workers' state of residence.

Workers at a Bristol Bay fish processing plant
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Bristol Bay Fishing and Processing Income
Bristol Bay fishermen and processing workers earned a total of about $144 million in 2010. Fishermen
earned much more on average (about $15,600 per seasonal job) than processing workers (about $6,950
per seasonal job). Fishermen’s earnings include earnings of both crew (who earn relatively less on
average) and permit holders (who earn relatively more on average).
Table IV-4
Estimated Income Earned in Bristol Bay Salmon Fishing and Processing, 2010 ($ millions)
Total

AK

WA

OR

CA

Other states

Fishing crew

37.1

15.5

13.4

2.2

2.1

3.8

Permit holders*

72.7

30.8

25.8

4.4

4.2

7.6

Fishermen, total

109.7

46.2

39.2

6.6

6.3

11.4

34.0

3.9

9.0

1.5

12.6

6.9

1 43.7

50.1

48.2

8.1

18.9

18.4

Processing workers
Total

*Estimated permit holder net income after expenses. Note: Estimates are by state of residence of income recipients.

Even though fewer Washington residents worked in Bristol Bay, Washington residents earned almost as
much income working in Bristol Bay—almost $50 million—as Alaska residents. This is because
Washington residents earned much more on average from fishing ($20,100) than Alaska residents
($12,400). (Appendix Table A-3 provides more details about gross earnings of permit holders, by state).
Figure IV-2
Estimated Income Earned in Bristol Bay Fishing and Processing, 2010
60

millions of dollars
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40
Processing workers
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Fishing crew
Permit holders
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Bristol Bay Output Value
The total output value of Bristol Bay fishing and processing in 2010—equal to the first wholesale value
paid to processors for all the salmon products produced in Bristol Bay—was $390 million.
Table IV-5
Estimated Direct Output Value of Bristol Bay Salmon Fishing and Processing, 2010 (millions of dollars)
Total

AK

WA

OR

CA

Other states

Fishing

165.2

83.3

55.6

7.2

6.8

12.3

Processing

224.5

43.4

142.9

6.3

12.6

19.4

Total

389.7

126.7

198.5

13.4

19.4

31.7

Note: Impacts are allocated to the states to which estimated payments from output value were made.

Of this, fishing contributed $165 million in output value—the ex-vessel value paid to fishermen.
Processing contributed the remaining $225 million.
From one perspective, because Bristol Bay fishing and processing occurs in Alaska, all of this output
value was created in Alaska. From a different perspective, however, it was created in the states that
provided the fishermen, processing workers, supplies and services that created the value. Both
perspectives are useful. For the purposes of this study, we adopted the second perspective, and
allocated output value to the states to which estimated payments from output value were made—a
measure of their contribution to output value.
Note that defined in this way, Washington contributed the greatest share of output value, primarily
because of its contributions to the value created in processing. Although Bristol Bay salmon processing
takes place in Alaska, it is (from our second perspective) more a Washington industry than an Alaska
industry—because all of the large processing companies are based in Washington, such a large share of
their supplies and services are purchased from Washington, and many of the fishermen are from
Washington.
Figure IV-3
Estimated Output Value of Bristol Bay Fishing and Processing, 2010
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V. MULTIPLIER ECONOMIC IMPACTS OF
BRISTOL BAY SALMON FISHING AND PROCESSING
The multiplier economic impacts of Bristol Bay salmon fishing and processing are the indirect and
induced impacts on other industries driven by payments of fishermen and processors to businesses and
households. This chapter describes our estimates of multiplier economic impacts. Appendix B provides
technical details of how we estimated them and sources for all of the data and estimates in this chapter.
Estimated Payments of Bristol Bay Fishermen and Processors
In 2010, Bristol Bay salmon processors were paid $390 million for the salmon products they produced in
the Bristol Bay fishery. Estimating the payments from this value, and what states they went to, was the
first step in our analysis of multiplier impacts. Table V-1 summarizes these estimates, which we based
on State of Alaska data for processing workers’ and permit holders’ earnings, earlier studies of permit
holders’ costs, discussions with industry sources, and our best judgment.
Table V-1
Assumed Direct Payments from Bristol Bay Fishing and Processing, by State, 2010 ($ millions)
Payments by State
AK
WA
OR
CA
Total
Total first wholesale value FOB Bristol Bay (a)
389.7
Value added in Bristol Bay by processors (a)
224.5
Ex-vessel value paid to permit holders (a)
165.2
Payments by processors (b)
224.5
43.4
142.9
6.3
12.6
Labor
34.0
3.9
9.0
1.5
12.6
Tendering
31.5
6.3
22.1
3.2
Maintenance
29.2
2.9
26.3
Packaging
23.3
0.0
14.0
Fishermen's support services
18.1
5.4
11.1
1.6
Variable supplies
10.5
2.1
7.4
State & local taxes
9.9
9.9
Fuel
7.4
1.9
5.6
Utilities
7.0
7.0
Insurance
5.4
0.0
5.4
Food
4.7
0.5
4.2
Air travel
4.7
0.2
4.4
Fixed supplies
3.5
0.4
2.8
Rents & leases
1.2
1.2
Other payments and returns to investment
34.1
1.7
30.7
165.2
83.3
55.6
7.2
6.8
Payments by permit-holders (c)
Crew shares (excluding skipper)
37.1
15.5
13.4
2.2
2.1
Maintenance (routine & unexpected)
7.6
6.3
1.3
Nets (hanging, repair, and web)
6.4
5.3
1.1
Vessel and gear replacement
6.1
0.5
5.6
Insurance (P&I, hull, lay-up)
5.2
2.0
2.7
0.2
0.2
Fuel, oil, & lubricants
5.1
5.1
Miscellaneous gear & supplies
5.0
2.9
2.1
Transportation
4.9
2.2
1.7
0.3
0.3
Raw fish tax
4.8
4.8
Food
4.1
2.7
1.4
Moorage, storage, and haul-out
3.0
3.0
Administrative services
1.7
0.7
0.6
0.1
0.1
Property tax

0.7

0.7

Annual permit fee

0.6

0.6

Annual vessel license fee

0.2

0.2

72.7

30.8

Retained by permit holders (d)

25.8

4.4

(a) Estimated direct output value reported in Table IV-5.
(b) Payments from value added in Bristol Bay by processors, excluding payments to permit holders for fish.
(c) Payments from ex-vessel value paid to permit holders.
(d) Returns to permit holders' labor, management and investment

4.2

Other

19.4
6.9

9.3
1.1

0.4

12.3
3.8

0.3

0.4

0.2

7.6
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Figures V-1 and V-2 show how the amounts and composition of payments differed between states.
Washington received the largest share of the payments, primarily because most processing costs and
processors’ returns to investment went to Washington. Alaska received the second largest share of the
payments, mostly for fishing crew, other fishing costs, permit holder net earnings, and processing costs.
Figure V-1
Estimated Payments of the Bristol Bay Salmon Industry in 2010
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Figure V-2
Estimated Distribution of Payments of the Bristol Bay Salmon
Industry in 2010, by State (%)
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The estimates of payments by state shown in Figure V-1 are among the most important analysis and
findings of this report, because it is these payments which drive the multiplier impacts of Bristol Bay
fishing and processing. The fact that such a large share of the payments from fishing and processing
goes to Washington helps to explain why the economic impacts of the Bristol Bay salmon fishery are so
large and important for Washington.
Estimated Multiplier Impacts of Bristol Bay Fishing and Processing
We used IMPLAN input-output models to estimate the multiplier economic impacts (indirect and induced
impacts) resulting from payments to different states to calculate the multiplier economic impacts of
Bristol Bay salmon fishing and processing in the United States and in the four west coast states. Table
V-2 and Figures V-3 through V-5 summarize these estimates.
Table V-2
Estimated Economic Impacts of Bristol Bay Salmon Fishing and Processing, 2010
Total US
Alaska
Washington
Oregon
California
Other states
Measure Type of impact
Direct impact
1,987
728
538
92
357
271
Annual
Indirect impact
2,370
761
1,212
57
4
336
average
Induced impact
3,482
578
1,025
106
245
1,529
employment Multiplier impact
5,852
1,338
2,237
163
249
1,865
Total impact
7,839
2,067
2,775
255
606
2,137
Direct impact
143.7
50.1
48.2
8.1
18.9
18.4
Indirect impact
111.6
38.0
54.0
2.7
0.3
16.7
Income
Induced impact
156.4
24.0
43.7
4.0
11.9
72.9
($ millions)
Multiplier impact
268.0
62.0
97.6
6.7
12.1
89.6
Total impact
411.7
112.1
145.8
14.8
31.0
108.0
Direct impact
389.7
126.7
198.5
13.4
19.4
31.7
Output
Indirect impact
310.7
88.4
155.5
7.1
0.7
58.9
value
Induced impact
490.5
72.6
132.2
11.7
35.8
238.2
($ millions) Multiplier impact
801.2
161.0
287.8
18.9
36.5
297.0
Total impact
1190.9
287.7
486.3
32.3
55.9
328.7

We estimated that, for the United States nationally, Bristol Bay salmon fishing and processing generated
multiplier impacts in other industries totaling 5800 jobs (annual average employment), $268 million in
income, and $801 million in output value. The distribution of multiplier impacts between states was
similar to the distribution of the spending which drove the multiplier impacts (Figure V-1). The multiplier
impacts were greatest in Washington (more than one-third of total multiplier impacts), followed by Alaska
(about one-fourth).
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Figure V-3
Estimated Employment Impacts of Bristol Bay Fishing and Processing, 2010
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Figure V-4
Estimated Income Impacts of Bristol Bay Fishing and Processing, 2010
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Figure V-5
Estimated Output Value Impacts of Bristol Bay Fishing and Processing,
2010
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Economic Multipliers for Bristol Bay Fishing and Processing
Economists use the term “multiplier” to refer to the ratio of indirect, induced, or multiplier (indirect +
induced) output value impacts to direct output value impacts. The output value multipliers show how
much indirect, induced or multiplier (indirect + induced) output value is created in the economy for every
dollar of direct output value.
Table V-3 shows the output value multipliers for Bristol Bay salmon fishing and processing implied by our
economic impact analysis for 2010. Looking at the bottom row, every dollar of direct output value in
Bristol Bay salmon fishing and processing created an estimated additional $2.06 in multiplier impacts.
The output value multipliers are highest for the United States and lowest for Alaska. This is because the
output value multipliers measure the additional output value created as payments ripple through the
economy. In general, the larger an economy, the greater this ripple effect of payment flows within the
economy.
The output value multipliers are smallest for Alaska because a greater share of the payments of
businesses and households in Alaska go outside the state than in than in larger states or for the United
States as a whole.
Table V-3
Estimated Output Value Multipliers for Bristol Bay Salmon Fishing and Processing, 2010
US

AK

WA

OR

CA

Ratio of indirect impacts to direct impacts

0.80

0.70

0.78

0.53

0.04

Ratio of induced impacts to direct impacts

1.26

0.57

0.67

0.87

1.85

Ratio of multiplier impacts to direct impacts

2.06

1.27

1.45

1.41

1.88

Multiplier

Figure V-3
Estimated Output Value Multipliers for the Bristol Bay Salmon Industry:
Ratio of Indirect, Induced and Multiplier Impacts to Direct Impacts
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Table V-4 shows the ratio of nationwide (total US) multiplier employment to direct employment in Bristol
Bay salmon fishing and processing. For every direct job created by the Bristol Bay salmon fishing and
processing, almost three multiplier jobs are created in other industries across the United States.
Table V-4
Ratio of Nationwide Multiplier Employment to Direct Employment
in Bristol Bay Salmon Fishing & Processing, 2010
Type of impact

Ratio

Ratio of indirect impacts to direct impacts

1.19

Ratio of induced impacts to direct impacts

1.75

Ratio of multiplier impacts to direct impacts

2.95

Helicopter transportation to Bristol Bay floating processors
Is a multiplier impact of Bristol Bay salmon processing
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VI. SELECTED DOWNSTREAM ECONOMIC IMPACTS
OF THE BRISTOL BAY SALMON INDUSTRY
The downstream economic impacts of the Bristol Bay salmon industry are those driven by the
transportation, secondary processing, warehousing, distribution and retailing of Bristol Bay salmon which
occurs in the United States. For this study, we estimated the following downstream economic impacts:
x

Shipping to other states and secondary processing: We estimated economic impacts of marine
transportation of frozen and canned salmon, secondary processing of frozen salmon, and
warehousing and labeling of canned salmon for the United States, Washington and Oregon.

x

Distribution and retailing: We estimated economic contributions of nationwide transportation,
wholesaling and retailing of Bristol Bay salmon products in stores and restaurants.

This chapter discusses our estimates of downstream economic impacts. Appendix C provides technical
details of how we estimated them, as well as sources for the data and estimates of economic impacts in
this chapter. Appendix E discusses the estimates presented in this chapter of Bristol Bay salmon export
value and United States consumption of frozen salmon.
End Markets for Bristol Bay Salmon Products
The first step in our analysis of downstream economic impacts of the Bristol Bay salmon industry was to
estimate end markets for Bristol Bay salmon. In 2010, about half of Bristol Bay frozen salmon was
exported directly from Bristol Bay, primarily to Japan and China. We assumed the rest was shipped to
Washington for secondary processing, including filleting, portioning, re-boxing and smoking. About threefifths of these products were also exported. The rest—about one-fifth of total Bristol Bay frozen salmon
production—was sold in the US market.
Figure VI-1
Estimated Distribution of Bristol Bay Salmon Production, 2010
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All Bristol Bay canned salmon is shipped to warehouses in Washington and Oregon where it is stored,
labeled and sold by processors over the course of the year, mostly to the United Kingdom and other
export markets. We assumed that most of the small volume of Bristol Bay fresh salmon is sold in the
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United States, and that all of the roe production is exported. Overall, about 83% of the total volume of
Bristol Bay salmon production (all products combined) is exported, and about 17% is sold in the United
States market.
Table VI-1
Assumed End-Markets for Bristol Bay Salmon Production, 2010

Millions of
pounds

Frozen

Canned

Fresh

Roe

Total

Total production

80.0

29.9

2.9

4.0

116.7

Exported directly from Bristol Bay

39.8

0.0

0.5

4.0

44.3

Shipped to other states
Exported from other states

40.2

29.9

2.4

0.0

72.4

25.2
15.0

26.9
3.0

0.2
2.2

0.0
0.0

52.2
20.2

100%
50%

100%
0%

100%
19%

100%
100%

100%
38%

Shipped to other states
Exported from other states

50%

100%

81%

0%

62%

31%

90%

6%

0%

45%

Sold in US domestic market

19%

10%

76%

0%

17%

Mode of transportation to other
states

Sea

Sea

Air

100% to
Washington

50% to Washington
50% to Oregon

Filleting,
portioning,
reboxing,
smoking

Warehousing &
labeling

Sold in US domestic market
Total production
Share of
production

Exported directly from Bristol Bay

Assumed states to which
products were initially shipped
Other
assumptions
Types of secondary processing
and other handling prior to
distribution to retailers

Sources: Alaska production data, US export data, and discussions with industry sources, as discussed in Appendix C.

Until the late 1990s, almost all Bristol Bay frozen salmon was exported, mostly to Japan. Since then,
although the share of Bristol Bay frozen salmon sold in the United States market remains relatively small,
it has been gradually rising over time (Figure VI-2). Factors contributing to the growth in the domestic
market for Bristol Bay sockeye have included the development of new product forms, particularly fillets
and portions, and sustained and effective marketing by Alaska processors and the Alaska Seafood
Marketing Institute (ASMI). As these continue, it is likely that the share of Bristol Bay salmon consumed
by Americans will continue to grow—increasing the downstream economic impacts and contributions of
Bristol Bay salmon.

Downstream jobs supported partly by Bristol Bay salmon
Forklift operator at Salmon Terminals canned
salmon warehouse, Auburn, Washington

Retail fish counter
employee
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Figure VI-2
Estimated Domestic Consumption of Bristol Bay Sockeye Salmon
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As shown in Figure VI-3, the estimated value of Bristol Bay salmon exports has risen dramatically since
2002 as prices for Bristol Bay sockeye salmon have risen. In 2010, the estimated total value of Bristol
Bay salmon exports was $252 million, or approximately 74% of the value of total US sockeye salmon
exports, 28% of the value of total US salmon exports (all species), and 6% of the value of total US edible
fish exports (all species).
Figure VI-3
Estimated Value of Bristol Bay Salmon Exports
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The high export share of Bristol Bay sockeye salmon reduces its downstream economic contribution in
domestic distribution and retailing. But Bristol Bay salmon exports are economically important to the
United States in a different way: they contribute to the United States balance of trade, helping to
maintain the value of the dollar and pay for imports. In particular, they help to offset the United States’
massive seafood trade deficit (US seafood imports in 2010 totaled $14.8 billion compared with total
exports of $4.4 billion).
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Downstream Increases in Value of Bristol Bay Salmon
The economic impacts of the Bristol Bay salmon industry are driven by the payments associated with
each distribution chain stage which go to businesses and to households (as payments to workers and
profits of owners). Collectively these payments are equal to the increase in value associated with each
stage. Figure VI-4 and Table VI-2 show our estimates of these increases in value.
Figure VI-4
Estimated Increase in Value of Bristol Bay Salmon in the
United States, by Distribution Chain Stage, 2010
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Table VI-2
Estimated Increase in Value of Bristol Bay Salmon in the United States, by Distribution Chain Stage, 2010
Distribution chain stage
Bristol Bay fishing and processing

Product volume
Shipping to other states
entering stage
(millions of lbs, primary Secondary processing in other states
product weight basis) Retailing and distribution
Increase in value/lb
in stage
(primary product
weight basis)

Increase in value
in stage
($ millions)

Bristol Bay fishing and processing
(= first wholesale price)

80.0

Primary product form
Canned Fresh
Roe
29.9

2.9
2.9

40.2

29.9

40.2

29.9

15.0

3.0

2.2

$3.23

$3.52

$2.11
$0.50

Shipping to other states

$0.26

$0.13

Secondary processing in other states

$1.25

$0.10

$2.37

$1.88

Bristol Bay fishing and processing

258.3

105.4

6.1

Shipping to other states

10.4

4.0

1.4

Secondary processing in other states

50.4

3.1

Retailing and distribution
Bristol Bay fishing and processing
Shipping to other states
Secondary processing in other states
Retailing and distribution
Total

4.0

Total
116.7
72.4
70.1

Retailing and distribution

Total

Share of total
increase in value

Frozen

20.2
$5.03

19.9

389.7
15.9
53.5

35.6

5.6

2.9

354.7

118.1

10.4

19.9

503.1

44.1

73%

89%

59%

100%

77%

3%

3%

14%

0%

3%

14%

3%

0%

0%

11%

10%

5%

27%

0%

9%

100%

100%

100%

100%

100%

Note that 77% of the total estimated increase in value—and the corresponding payments—occurs in
Bristol Bay fishing and processing. Only about 23% of the estimated increase in value occurs in
downstream stages of the distribution chain. For this reason, the estimated downstream economic
impacts and contribution are much smaller than the estimated economic impacts of Bristol Bay salmon
fishing and processing.
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Estimated Downstream Economic Impacts of
Marine Transportation and Secondary Processing
Table VI-3 summarizes the estimated payments generated in marine transportation and selected
secondary processing activities of Bristol Bay sockeye salmon in 2010. The largest of these are in
secondary processing of frozen salmon, mostly in Washington.
Table VI-3
Estimated Payments Generated in Selected
Shipping and Secondary Processing, 2010 ($ millions)
Activity

US

WA

OR

Marine transportation of frozen salmon

10.4

10.4

Frozen salmon secondary processing

50.4

42.2

Marine transportation of canned salmon

4.0

2.0

2.0

Canned salmon warehousing and labeling
Total

3.1
67.9

1.6
56.1

1.6
3.5

We used IMPLAN input-output models to estimate the multiplier economic impacts (indirect and induced
impacts) resulting from these estimated payments in the United States, Washington and Oregon. Table
VI-4 summarizes these estimates.
Table VI-4
Estimated Downstream Economic Impacts of
Selected Shipping and Secondary Processing, 2010
Total US
Washington
Oregon
Measure Type of impact
Direct effect
191
156
15
Annual
Indirect effect
243
103
12
average
Induced effect
319
126
12
employment Multiplier effect
563
229
24
Total effect
754
385
39
Direct effect
13.1
11.0
0.9
Indirect effect
15.8
6.3
0.5
Income
Induced effect
14.3
5.4
0.4
($ millions)
Multiplier effect
30.1
11.7
1.0
Total effect
43.2
22.7
1.8
Direct effect
67.8
56.0
3.5
Output
Indirect effect
66.2
21.1
1.3
value
Induced effect
44.8
16.3
1.3
($ millions) Multiplier effect
111.0
37.4
2.6
Total effect
178.8
93.5
6.2
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Estimated Downstream Economic Contributions of
Distribution and Retailing of Bristol Bay Sockeye Salmon Products
Table VI-5 summarizes the estimated payments generated by nationwide distribution and retailing of
Bristol Bay salmon products in 2010. Recall, as discussed in Chapter III, that these estimates are based
on the simple and conservative assumption that distribution and retailing increases the value of Bristol
Bay salmon products by an average of 50%.
Table IV-5
Estimated Payments Generated in Nationwide Distribution and
Retailing of Bristol Bay Salmon Products, 2010 ($ millions)
Activity

US

Distribution & retailing of frozen salmon

35.6

Distribution & retailing of canned salmon

5.6

Air transportation of fresh salmon

1.4

Distribution & retailing of fresh salmon

2.9

We used the national IMPLAN input-output model to estimate the multiplier economic contributions
(indirect and induced contribution) resulting from these estimated payments. Table IV-6 summarizes
these estimates. They should be interpreted as estimates of what the associated jobs, income and
output value would have been if the average increase in value were 50%, rather than as a precise
estimate of what they were. It is likely that the actual economic contributions associated with
distribution and retailing in 2010 were at least as high as our estimates, and possible that they were
significantly higher. Recall that these are estimated economic contributions rather than impacts, because
not all of the economic activity currently associated with distribution and retailing Bristol Bay sockeye
salmon would necessarily disappear if Bristol Bay salmon didn’t exist–because consumers would buy
more of other kinds of fish and other products if they couldn’t buy Bristol Bay salmon.
Table IV-6
Estimated Downstream Economic Contributions of Distribution and
Retailing of Bristol Bay Salmon Products in the United States, 2010
Activity
Measure
Type of contribution
Direct contribution
787
Annual
Indirect contribution
112
average
Induced contribution
312
employment Multiplier contribution
425
Total contribution
1,212
Direct contribution
22.7
Indirect contribution
5.6
Income
Induced contribution
14.0
($ millions)
Multiplier contribution
19.6
Total contribution
42.3
Direct contribution
45.5
Output
Indirect contribution
16.9
value
Induced contribution
43.8
($ millions) Multiplier contribution
60.8
Total contribution
106.3
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VIII. CONCLUSIONS
The Bristol Bay sockeye salmon fishery is the world’s most valuable wild salmon fishery, and
typically supplies almost half of the world’s wild sockeye salmon. In 2010, Bristol Bay salmon
fishermen harvested 29 million sockeye salmon worth $165 million in direct harvest value alone. That
represented 35% of the total Alaska salmon harvest value, and was greater than the total value of fish
harvests in 41 states. Salmon processing in Bristol Bay increased the value by $225 million to a total first
wholesale value after processing of $390 million. The total value of Bristol Bay salmon product exports in
2010 was about $250 million, or about 6% of the total value of all U.S. seafood exports.
In 2010, Bristol Bay salmon fishing and processing and its downstream and multiplier impacts
created annual average employment of almost 10,000, more than $500 million in income, and $1.5
billion in output value in the United States. The figures and tables at the end of this chapter provide
details of our estimates of the direct and multiplier impacts and contributions of the Bristol Bay salmon
industry in 2010.
During the 2010 salmon season, almost 12,000 people worked in Bristol Bay salmon fishing and
processing. About 7,000 worked in fishing and almost 5,000 worked in processing.
The economic importance of the Bristol Bay salmon industry goes well beyond the jobs, income and
output value created by the fishing and processing which happens in Bristol Bay. More jobs, income
and output value are created in other industries as Bristol Bay fishermen and processors purchase
supplies and services and spend the money they earn. Still more jobs, income and output value are
created in downstream industries as Bristol Bay salmon are shipped to other states, undergo further
processing, and are sold in stores and restaurants across the United States.
Although Bristol Bay fishing and processing take place in Alaska, about four-fifths of the economic
impacts and contributions occur outside Alaska; about one-third occur in Washington. This is
because almost two-thirds of the people working in Bristol Bay are from other states; the major
processors are all based in Washington; most of the supplies and services are purchased from
Washington; most of the multiplier or ripple effects occur in other states; and downstream economic
impacts occur in other states, and are concentrated in Washington.
Because most of the total economic impacts of the Bristol Bay salmon industry occur outside
Alaska, previous studies which focused only on impacts which occur in Alaska greatly understated
its national economic importance. It is natural and reasonable for economic studies done by and for
Alaskans to focus on the economic importance of the industry for Alaska. But from a national
perspective, it is the national economic impacts which matter.
Multiplier economic impacts of Bristol Bay fishing and processing account for the largest share of
the total economic impacts of the Bristol Bay salmon industry. For every dollar of direct output value
created in Bristol Bay fishing and processing, more than two additional dollars of output value are created
in other industries, as payments from the Bristol Bay fishery ripple through the economy. These
payments create almost three jobs for every direct job in Bristol Bay fishing and processing.
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The downstream economic impacts of the Bristol Bay salmon industry currently represent less than
one-fifth of the total impacts. This is because only about 17% of Bristol Bay salmon is consumed in
the United States: almost two-fifths is exported directly from Bristol Bay and another two-fifths is
exported from other states.
The downstream economic impacts of Bristol Bay sockeye salmon are likely to grow over time..
United States domestic consumption of Bristol Bay frozen sockeye salmon products has been growing—
and is likely to continue to grow—as a result of sustained and effective marketing by the industry, new
product development and other factors.
Exports of Bristol Bay salmon benefit the United States economy. They contribute to the United
States balance of trade, helping to maintain the value of the dollar and pay for imports. In particular, they
help to offset the United States’ massive seafood trade deficit.
What matters in this report are not the specific estimates of economic impacts for 2010, but their
relative scale and distribution. Future economic impacts of the Bristol Bay salmon industry will vary
from year to year with catches and prices, but will remain similar in relative scale and distribution among
states and stages of the distribution chain to those we estimated in this report.
The economic importance of the Bristol Bay salmon industry goes beyond the economic impacts and
contributions which we estimated for this report. The Bristol Bay salmon industry is a major part of
the broader Alaska and Pacific Northwest seafood industry, and pays for an important share of the fixed
costs of many fishing and processing operations. Without the Bristol Bay salmon industry, fixed costs
would be higher and profits lower in the rest of the seafood industry. The Bristol Bay salmon industry is a
major supporter of infrastructure and utilities in the Bristol Bay region, a major taxpayer, and a very
important source of local jobs and income.
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Figure VIII-1
Estimated Employment Impacts and Contributions of the Bristol Bay Salmon Industry, 2012
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Figure VIII-2
Estimated Income Impacts and Contributions of the Bristol Bay Salmon Industry, 2012
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Figure VIII-3
Estimated Output Value Impacts and Contributions of the Bristol Bay Salmon Industry, 2012
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Table VIII-1
Estimated Employment Impacts and Contributions of the Bristol Bay Salmon Industry, 2010 (annual average employment)
Impact Driver
Fishing and
primary
processing in
Bristol Bay
Marine
transportation
& secondary
processing

Direct impacts*

AK

WA

OR

CA

Other states

1,987

728

538

92

357

271

Multiplier impacts

5,852

1,338

2,237

163

249

1,865

Total impacts

7 ,839

2,067

2,775

255

606

2,137

Direct impacts

191

156

15

Multiplier impacts

563

229

24

Total impacts

7 54

385

39

8 ,592

3,160

294

T otal impacts
Nationwide
distribution
and retailing

Total
US

Direct contributions

787

Multiplier contributions

425

Total contributions

T otal impacts & contributions

1 ,212
9 ,804

Table VIII-2
Estimated Income Impacts and Contributions
of the Bristol Bay Salmon Industry, 2010 (millions of dollars)
ota
Impact Driver
US
AK
WA
OR
CA
Other states
Fishing and
Direct impacts
144
50
48
8
19
18
primary
268
Multiplier impacts
62
98
7
12
90
processing in
Total impacts
4 12
112
146
15
31
108
Bristol Bay
Marine
13
11
1
Direct impacts
transportation
30
12
1
Multiplier impacts
& secondary
43
23
2
Total impacts
processing
Total impacts
Nationwide
distribution
and retailing

455
Direct contributions
Multiplier contributions

20

Total contributions

42

Total impacts & contributions

169

17

23

497

Table VIII-3
Estimated Output Value Impacts and Contributions
of the Bristol Bay Salmon Industry, 2010 (millions of dollars)
ota
US
AK
WA
OR
CA
Other states

Impact Driver
Fishing and
primary
processing in
Bristol Bay
Marine
transportation
& secondary
processing

Direct impacts
Multiplier impacts

127

198

13

19

32

801

161

288

19

37

297

Total impacts

1 ,191

288

486

32

56

329

Direct impacts

68

56

4
3

Multiplier impacts

111

37

Total impacts

179

93

6

1,370

580

38

Total impacts
Nationwide
distribution
and retailing

390

Direct contributions

46

Multiplier contributions

61

Total contributions

Total impacts & contributions

106
1,476
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APPENDIX A:
ESTIMATION OF DIRECT ECONOMIC IMPACTS OF BRISTOL BAY
SALMON FISHING AND PROCESSING
The direct economic impacts of Bristol Bay salmon fishing and processing are the employment, income
and output value created in Bristol Bay every summer in the fishing and processing industries. Table A-1
summarizes our estimates of these direct economic impacts. This appendix discusses how we
developed these estimates.
Table A-1
Estimated Direct Economic Impacts of Bristol Bay Salmon Fishing and Processing, 2010
Total
US

AK

WA

OR

CA

Other
states

Seasonal employment

11,921

4,369

3,227

553

2,143

1,629

Annual average employment

1,987

728

538

92

357

271

Income ($ million)
Output value ($ million)

143.7
389.7

50.1
126.7

48.2
198.5

8.1
13.4

18.9
19.4

18.4
31.7

Sources: See discussion in Appendix A. Note: Direct employment and income impacts are allocated to the
states in which workers are residents; direct output value impacts are allocated to the states to which
payments from total output value are made (including wage payments).

Challenges in Measuring Bristol Bay Salmon Industry Employment
Measuring employment in the Bristol Bay salmon industry is complicated by several factors. First, no
employment data are collected for commercial fishing comparable to the employment data collected for
most other industries. This is because commercial fishermen (both permit holders and crew) are
considered self-employed, and they do not pay unemployment insurance. Employment data for most
industries (including fish processing) are based on unemployment insurance reporting forms filed by
employers. To make up for this significant gap in Alaska employment data, the Alaska Department of
Labor and Workforce Development (ADLWD) Research and Analysis Division estimates monthly
commercial fishing employment by multiplying the number of permits for which fish landings are
reported each month by assumed average employment per permit fished (crew factors).
Second, the Bristol Bay salmon industry is highly seasonal. Most of the fishing and processing occurs
between the middle of June and the middle of July, with smaller numbers of fishermen and processing
workers engaged in smaller-scale fishing and processing as well as start-up and close-down activities
earlier and later in the year. Thus a Bristol Bay fishing or processing job which typically lasts about two
months is not directly comparable to a year-round job in another industry. To provide a basis for
comparing employment in the Bristol Bay salmon industry with year-round employment in other
industries, we estimate “annual average employment,” calculated as the total number of months worked
divided by 12.
Third, the “Bristol Bay Region” for which ADLWD reports fish processing employment and estimated
salmon fishing employment includes the Chignik salmon fishery—an important Alaska salmon fishery
although much smaller than the Bristol Bay fishery. By way of comparison, between 2006 and 2010,
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expressed as a percentage of the Bristol Bay salmon fisheries, total pounds landed in the Chignik salmon
fishery were 7.7% of Bristol Bay, earnings were 6.3% of Bristol Bay, and total permits fished were 2.4%
of Bristol Bay. Thus ADLWD fish harvesting and processing employment estimates and data for the
“Bristol Bay region” slightly overestimate employment for the Bristol Bay salmon fishery.
Fourth, estimates of fish processing employment are not available by fishery—because in reporting
employment fish processing plants do not distinguish between the species of fish that their workers
were processing during the reporting period. Thus fish processing employment estimates for the Bristol
Bay region include some employment in processing other species such as herring. However, it is likely
that fish processing employment data for the Bristol Bay region are overwhelmingly dominated by Bristol
Bay salmon. For a comparison of the relative scale of the two fisheries, between 2006 and 2010,
expressed as a percentage of the Bristol Bay salmon fisheries, total pounds landed in the Bristol Bay
(Togiak) herring seine and gillnet fisheries were 22.6% of pounds landed in the Bristol Bay salmon
fisheries, earnings were 2.1% of earnings in the salmon fisheries, and the total permits fished were
2.6% of permits fished in the salmon fisheries (CFEC Basic Information Tables). Note also that Bristol
Bay herring processing is much less labor intensive than salmon processing because Bristol Bay herring
are entirely frozen round for export.
Estimation of Direct Employment Impacts
The direct employment impacts of Bristol Bay salmon and fishing are the seasonal jobs created every
summer in Bristol Bay. The starting point for our estimates of direct employment impacts were the data
shown in Tables A-2 and A-3 below. Table A-2 shows Alaska Department of Labor and Workforce
Development (ADLWD) estimates of Bristol Bay salmon harvesting and processing employment and
wages in 2010. Note that the harvesting employment estimate of 7035 is are for the peak harvesting
employment month of July (by way of comparison, estimated 2010 Bristol Bay salmon harvesting
employment was 6573 for June, 1065 for August, 68 for September, and 0 for all other months).
Table A-2
A laska Department of Labor and Workforce Development Estimates of
Bristol Bay Salmon Fishing and Processing Employment and Wages, 2010
Estimated salmon harvesting employment, July
7035
Bristol Bay region seafood processing total worker count
4886
Bristol Bay region seafood processing percent nonresident workers
87.0%
Bristol Bay region seafood processing wages
$33,963,492
Bristol Bay region percent nonresident wages
88.5%
Sources: ADLWD Bristol Bay Region Fishing Employment Estimates; ADLWD Bristol
Bay Region Seafood Processing Employment and Earnings Data.

Table A-3 shows Commercial Fisheries Entry Commission (CFEC) 2010 data for Bristol Bay limited entry
permit holders, pounds landed, and estimated gross earnings by state. These data are the basis for
much of our estimation of economic impacts of Bristol Bay fishing by state. Note that while Alaska
accounted for 53.1% of Bristol Bay permit holders, it accounted for only 41.8% of gross earnings—partly
because Alaskans had lower average gross earnings in both fisheries, and partly because Alaskans
accounted for a relatively higher share of permits in the set gillnet fishery, in which average earnings are
lower than for the drift gillnet fishery. In contrast, Washington accounted for only 27.7% of permits but
for 36.0% of gross earnings.
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Table A-3
Bristol Bay Limited Entry Permit Holders, Pounds Landed, and Estimated Gross Earnings, by State, 2010
Fishery
Total
Alaska
Washington
Oregon
California
Other
1,850
927

845
629

642
127

98
38

109
34

156
99

2,777
100.0%

1,474
53.1%

769
27.7%

136
4.9%

143
5.1%

255
9.2%

1,863
982

854
665

644
135

98
39

110
37

157
106

Total
% of total

2,845
100.0%

1,519
53.4%

779
27.4%

137
4.8%

147
5.2%

263
9.2%

Drift
Number of
Set
fishermen who
Total
fished
% of total

1,510
816

660
535

538
118

87
39

87
32

138
92

2,326
100.0%

1,195
51.4%

656
28.2%

126
5.4%

119
5.1%

230
9.9%

1,494

650

538

87

87

138

861
2,355
100.0%

566
1,216
51.6%

124
662
28.1%

40
127
5.4%

35
122
5.2%

100
238
10.1%

Drift
Set

147,221,522
34,004,833

54,965,123
21,551,668

60,545,242
4,504,097

9,039,937
1,779,431

8,624,445
1,548,168

14,046,775
4,621,469

Total
% of total

181,226,355
100.0%

76,516,791
42.2%

65,049,339
35.9%

10,819,368
6.0%

10,172,613
5.6%

18,668,244
10.3%

Number of
permit holders

Number of
permits issued

Drift
Set
Total
% of total
Drift
Set

Drift
Number of
permits fished

Total pounds
landed

Set
Total
% of total

Drift
$134,136,756 $49,465,892 $55,341,651 $8,383,182
Estimated gross Set
$31,022,079 $19,527,908 $4,178,869 $1,617,831
earnings
Total
$165,158,835 $68,993,800 $59,520,520 $10,001,013
% of total
100.0%
41.8%
36.0%
6.1%
Drift
$89,784
$76,101
Set
$36,030
$34,502
Total
$70,131
$56,738
Source: CFEC Permit and Fishing Activity Data.
Average gross
earnings per
permit fished

$102,866
$33,701
$89,910

$96,358
$40,446
$78,748

$8,058,292 $12,887,739
$1,448,873 $4,248,599
$9,507,165 $17,136,338
5.8%
10.4%
$92,624
$41,396
$77,928

$93,389
$42,486
$72,001

Table A-4 shows how we estimated seasonal and annual average employment in Bristol Bay salmon

fishing in 2010. We started with the ADLWD estimate of 7035 for seasonal employment, and allocated
this among states based on the distribution of limited entry permits. In doing this, we in effect assumed
that fishing crew live in the same states as permit holders, and that the average number of crew per
fishing operation is the same across states. Although neither of these assumptions is completely
accurate, we had no other data with which to develop a better way of allocating crew among states.
As also discussed in Appendix B, in November 2012 we conducted a short online survey of 21
Washington residents who held Bristol Bay permits (20 drift gillnet permits and 1 set gillnet permit) about
their fishing operations, primarily to learn more about their expenditures associated with the fishery. Of
these, 13 responded that all of their crew were from Washington, and another 5 responded that some of
their crew were from Washington. This suggests that most though not all Bristol Bay crew are likely to
be from the same states as the permit holders with whom they fish. Moreover, to the extent that they
are not, California residents hired as crew by Washington residents may be partially “balanced” by
Washington residents hired as crew by California residents—and so forth for other states considered in
our study.
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Table A-4
Estimated Employment in Bristol Bay Salmon Fishing, 2010
Sources
Total
AK
WA
OR
CA
& notes
Assumed total seasonal
fishing employment

a

Assumed share of fishing
employment, by state

b

Assumed seasonal fishing
employment, by state

c

Other
states

7035
100.0% 53.1%
7035

3734

27.7%

4.9%

5.1%

9.2%

1948

345

362

646

Assumed annual average
d
1173
622
325
57
60
108
fishing employment, by state
(a) Estimated salmon harvesting employment, July, from Table IV-2.
(b) Share of total permit holders, by state, from Table IV-3.
(c) Calculated by multiplying assumed total seasonal employment by the assumed share of
fishing employment by state.
(d) Calculated by dividing assumed seasonal employment by 6, based on the assumption
that Bristol Bay seasonal fishing jobs represent 2 months employment on average.

Table A-5
Responses of Washington residents who hold Bristol Bay permits to the
question "What state did the people who worked for you live in?"
State(s)
Number of responses
Washington
13
Washington & California
2
Washington & Alaska
1
Washington & Utah
1
Washington, Alaska & New Mexico
1
Oregon & Alaska
1
Texas & Colorado
1
Maine
1
Total
21
Source: November 2012 survey of Washington permit holders. See discussion
in Appendix B.

Table A-6 shows how we estimated seasonal and annual average employment in Bristol Bay salmon

processing in 2010. We begin with the ADLWD figure for the Bristol Bay region 2010 seafood
processing worker total count of 4866, which we assume as a measure of total 2010 seasonal
employment in Bristol Bay salmon seafood processing. The same data source reports that 87% of these
workers were non-Alaska residents, which implies that 4251workers were non-Alaska residents and 635
were Alaska residents.
ADLWD did not report what states the non-resident workers lived in. To estimate this, we used
unpublished data provided to us by ADLWD for Alaska unemployment payments to non-resident
manufacturing workers (most of whom work in fish processing) to calculate the percentage of these
unemployment insurance payments received by residents of Washington, Oregon, California, and other
states. We assumed—in the absence of an alternative better approach—that Bristol Bay nonresident
processing employment was distributed in the same proportions.
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Table A-6
Estimated Employment in Bristol Bay Salmon Processing, 2010
Notes

Total

Bristol Bay region seafood
processing total worker count

a

4886

Percent of Bristol Bay region
seafood processing workers,
by residency

a

100.0%

Assumed Alaska and nonAlaska worker count

b

Alaska unemployment
payments to manufacturing
workers, 2010, by state to
which payments were sent

c

Share of non-Alaska
unemployment payments
Assumed non-Alaska worker
count by state

AK

WA

OR

CA

Other
states

Total NonAlaska

13.0%

87.0%

635

4251

$8,198,281 $1,334,785 $11,411,708 $6,298,954 $27,243,728

d

30.1%

4.9%

41.9%

23.1%

100.0%

e

1279

208

1781

983

4251

Assumed seasonal
employment in Bristol Bay
processing

f

4886

635

1279

208

1781

983

Assumed annual average
employment in Bristol Bay
processing

g

814

106

213

35

297

164

(a) Source: ADLWD Bristol Bay Region Seafood Processing Employment and Earnings Data; (b) Calculated from (a); (c) Source:
Unpublished data provided by Alaska Department of Labor and Workforce Development, Research and Analysis Section, for payments to
workers in NAICS code 31 (Manufacturing) which is dominated in Alaska by fish processing; (d) Calculated from (c); ((d) Calculated from
percentages of workers by residency; (e) Assumed based on (d): assumes that Bristol Bay non-Alaska processing employment and
processing wages were distributed geographically in the same proportion as statewide non-Alaska manufacturing unemployment
insurance payments; (f) Values calculated in rows above; (g) Calculated by dividing estimated seasonal employment by 6, based on the
assumption that Bristol Bay seasonal processing jobs represent 2 months employment, on average.

Note that this method of allocating non-resident processing employment assumed that all Bristol Bay
processing workers lived in the United States. This was clearly not the case, given the fact that some of
the workers were foreigners working in Alaska under the J-1 summer work travel visa program. In 2010,
a total of 4383 workers in Alaska held J-1 summer work travel visas (http://j1visa.state.gov/basics/factsand-figures/). Many but not all of these worked in the seafood processing industry: some worked in
other industries such as tourism. This compares with a total worker count of 23,432 for the Alaska
statewide seafood processing industry (http://laborstats.alaska.gov/seafood/statewide/AKSFPOver.pdf). If
all J-1 visa holders had worked in the seafood industry, they would have represented 19% of the
statewide processing workforce. Their share in the Bristol Bay processing workforce could have been
the same, higher or lower. Had it been the same, actual employment of residents of states other than
Alaska would have been about 81% of our estimates in Table A-6.
The J-1 summer work travel visa program is being phased out. Within a few years, it is likely that almost
all Bristol Bay workers will be US residents.
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Map in a Bristol Bay processor’s cafeteria with pins showing where the workers were from

Table A-7 summarizes our estimates of seasonal employment in Bristol Bay salmon and fishing derived in
Tables A-5 and A-7. The totals, which correspond to the first line of Table A-1 at the beginning of this
chapter, are the estimated direct seasonal employment impacts of Bristol Bay salmon fishing and
processing in 2010.
Table A-7
Estimated Seasonal Employment in Bristol Bay Salmon Fishing & Processing, 2010
Total
AK
WA
OR
Fishing
7,035
3,734
1,948
345
Processing
4,886
635
1,279
208
Total
11,921
4,369
3,227
553
Sources: Estimates in Tables IV-5 (fishing) and IV-6 (processing).
Note: Estimates are by workers' state of residence.

CA
362
1,781
2,143

Other states
646
983
1,629

Table A-8 shows our estimates of annual average employment in Bristol Bay fishing and processing.
These estimates are simply the seasonal estimates shown in Table A-7 divided by 6—based on the
assumption that each seasonal fishing and processing job in Bristol Bay represents, on average, the
equivalent of two months of work. The totals, which correspond to the second line of Table A-1 at the
beginning of this chapter, are the estimated direct annual average employment impacts of Bristol Bay
salmon fishing and processing in 2010.
Table A-8
Estimated Annual Average Employment in Bristol Bay Salmon Fishing & Processing, 2010
Total
AK
WA
OR
CA
Other states
Fishing
1,173
622
325
57
60
108
Processing
814
106
213
35
297
164
Total
1,987
728
538
92
357
271
Sources: Estimates in Tables IV-5 (fishing) and IV-6 (processing). Calculated by dividing
assumed seasonal employment by 6, based on the assumption that Bristol Bay seasonal
fishing jobs represent 2 months employment on average.
Note: Estimates are by workers' state of residence.
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Estimation of Direct Income Impacts
The direct income impacts of Bristol Bay salmon and fishing are the income people earn from fishing and
processing in Bristol Bay. As shown in Table A-9, we estimated three components of these direct
income impacts: the income earned by fishing crew, the income of permit holders (after subtracting
their operating expenses from their gross income), and the income of processing workers.
Table A-9
Estimated Direct Income Impacts of Bristol Bay Salmon Fishing and Processing, 2010
Total
AK
WA
OR
CA
Other states
Payments to fishing crew (a)

$37,074,363

$15,451,313

$13,399,581

$2,246,435

$2,135,997

$3,841,037

Permit holder income net of
operating expenses (a)

$72,668,608

$30,760,455

$25,758,280

$4,384,347

$4,162,374

$7,603,152

$1,472,653

$12,590,406

$6,949,563

Processor payments to
$33,963,492
$3,905,802
$9,045,069
processing workers (b)
$ 143,706,463 $50,117,570 $48,202,930
Total
Note: Estimates are by state of residence of income recipients.
(a) Source: Appendix B, Table B-5.
(b) Source: Table A-8.

$8,103,434

$18,888,777 $18,393,752

We discuss our estimates of the income of fishing crew and permit holders in Appendix B. Table A-10
shows how we estimated wage earnings of processing workers, starting with total Bristol Bay
processing wage earnings reported by the Alaska Department of Labor and Workforce Development, and
allocating these by states based on the geographic distribution of unemployment insurance payments, in
the same way as we estimated the geographic distribution of processing employment in Table A-6.
Table A-10
Estimated Wage Earnings in Bristol Bay Salmon Processing, 2010

Alaska unemployment
payments to manufacturing
workers, 2010, by state to
which payments were sent
Share of non-Alaska
unemployment payments
Total Bristol Bay processing
industry wage payments
Percent of Bristol Bay
processing wage payments,
by residency
Bristol Bay processing
industry wage payments, by
residency
Assumed non-Alaska wage
payments, by state
Assumed Bristol Bay
payments to processing
workers, by state

Notes

Total

a

$41,585,887

AK

30.1%

c

$33,963,492

c

100.0%

h

OR

CA

Other
states

Total NonAlaska

$14,342,159 $8,198,281 $1,334,785 $11,411,708 $6,298,954 $27,243,728

b

4.9%

41.9%

23.1%

100.0%

11.5%

88.5%

$3,905,802

$30,057,690

e
f

WA

$9,045,069 $1,472,653 $12,590,406 $6,949,563
$33,963,492

$3,905,802

$9,045,069 $1,472,653 $12,590,406 $6,949,563

Sources and notes: (a) Source: Unpublished data provided by Alaska Department of Labor and Workforce Development, Research and
Analysis Section, for payments to workers in NAICS code 31 (Manufacturing) which is dominated in Alaska by fish processing; (b)
Calculated from (a); (c) Source: ADLWD Bristol Bay Region Seafood Processing Employment and Earnings Data; (d) Calculated from
percentages of workers by residency; (e) Assumed based on (b): assumes that Bristol Bay non-Alaska processing employment and
processing wages were distributed geographically in the same proportion as statewide non-Alaska unemployment insurance payments;
(f) Values calculated in rows above; (g) Calculated by dividing estimated seasonal employment by 6, based on the assumption that Bristol
Bay seasonal processing jobs represent 2 months employment, on average; (h) Calculated from percentages of wage payments by
residency.
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Estimation of Direct Output Value Impacts
The output value of Bristol Bay salmon fishing and processing includes the output value created in fishing
(the ex-vessel value paid to fishermen) and the additional value increases in primary processing (the total
first wholesale value of Bristol Bay production minus the ex-vessel value).
Ex-Vessel Value of Bristol Bay Salmon Harvests
The ex-vessel value of Bristol Bay salmon harvests is the total amount paid to Bristol Bay permit holders
by processors; it is equivalent to permit holders gross earnings. Two sources of data are available for exvessel value:
x

CFEC data: Data published by the Alaska Commercial Fisheries Entry Commission (CFEC) in
several places on the CFEC website at www.cfec.state.ak.us. The data distinguish between the
ex-vessel value of harvests in the drift gillnet and set gillnet fisheries, but do not distinguish
between ex-vessel value by species.

x

ADF&G data: Data published by the Alaska Department of Fish and Game (ADF&G) on the
ADF&G website in annual “Alaska Commercial Salmon Harvests and Ex-Vessel Values” tables at
http://www.adfg.alaska.gov/index.cfm?adfg=commercialbyfisherysalmon.salmoncatch. The data
distinguish between the value of harvests by species, but do not distinguish between the value
of harvests in the drift gillnet and set gillnet fisheries.

As shown in Table A-11, these two data sources provide different estimates of the total value of the
Bristol Bay salmon harvest. In most years the estimates are fairly close, but in 2010—the year for which
we prepared our economic impacts—they differed significantly, by $20 million. It is not clear why they
differ, or which estimate is more accurate. In this report, for our analysis of economic impacts, we used
the lower CFEC estimate of $165 million (shown in the shaded cell of the table) as our assumption for
the 2010 ex-vessel value, because we were also relying on CFEC data for our assumptions about the
distribution of permit holders and permit holder earnings by state. In Chapter II, for our discussion of
trends over time in Bristol Bay sockeye salmon prices and value (Figure II-4) and our discussion of the
relative share of Bristol Bay sockeye salmon in Alaska and world salmon harvest value (Table II-3) we
used ADF&G data because they are specific to sockeye salmon.
Table A-11
CFEC & ADF&G Estimates of the Ex-Vessel Value of the Bristol Bay Salmon Harvest
Data
2008
2009
2010
2011
source Species or fishery
Drift gillnet fishery
$100,139,700
$122,005,800
$134,136,756
$131,544,714
CFEC
Set gillnet fishery
$20,955,694
$26,211,898
$31,022,079
$27,365,503
data
T otal
$121,095,394
$148,217,698
$165,158,835
$158,910,217
Sockeye salmon
$116,717,000
$144,200,000
$180,818,000
$158,383,000
ADFG
Other species
$2,221,000
$2,075,000
$4,210,000
$2,107,000
Data
T otal
$118,938,000
$146,275,000
$185,028,000
$160,490,000
Sources: CFEC Basic Information Tables and CFEC Permit and Fishing Activity Data; ADF&G Alaska
Commercial Salmon Harvests and Ex-vessel Values Reports.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1807 of 2339

Increase in Value in Primary Processing
The increase in value in primary processing of Bristol Bay salmon is the total first wholesale value minus
the ex-vessel value. Reliable data on first wholesale value are available from the Commercial Operator
Annual Reports filed every year by processors, in which they report their total production and total first
wholesale value (FOB Bristol Bay) by product and species. The total first wholesale value of Bristol Bay
production in 2010 was $389,667,996 (the shaded cell in Table A-12). This is one of the most important
numbers reported in this study. It clearly shows that the total direct output value impact of Bristol Bay
salmon fishing and processing in 2010 was very large—measured in the hundreds of millions of dollars.
As will be apparent from Appendixes B and D, estimating the multiplier impacts of Bristol Bay fishing and
processing required us to make numerous “best judgment” assumptions, based on discussions with
industry sources and our own knowledge of the industry, about how payments from first wholesale value
are allocated across industries and states. The uncertainty associated with these assumptions imparts
uncertainty to our estimates of multiplier impacts. However, regardless of how payments from first
wholesale value are allocated by industry or among states, the scale of direct output value impacts
means that the national multiplier impacts of Bristol Bay salmon and processing were also very large.
Table A-12
Volume, First Wholesale Value and Average First Wholesale Price
of Bristol Bay Salmon Primary Production, 2010
Total
Frozen
Canned
Fresh

Volume (pounds)
Value ($)
Average price ($/lb)

Roe

116,718,352

79,961,576

29,895,751

2,899,396

3,961,628

$ 389,667,996

$258,255,152

$105,376,086

$6,119,811

$19,916,948

$3.23

$3.52

$2.11

$5.03

Source: Alaska Department of Fish and Game, Commercial Operator Annual Reports database.
Note: Excludes small volumes and values of other products for which data were confidential.
Table A-13 summarizes our direct output value assumptions. The direct output value in processing is the
difference between the total first wholesale value of $389,667,996 (from Table A-11) and total ex-vessel
value of $165,158,835 (from Table A-10), or $224,509,160. Output value is allocated by the states to
which payments from output value are made. For example, if a processor buys $1,000,000 of cans from
a company in California, that portion of output value is allocated to California. If a permit holders pays
$50,000 to a crew member from Washington, that portion of output value is allocated to Washington.
We discuss our assumptions about the allocation of payments among states in detail in Appendix B.
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Table A-13
Estimated Direct Output Value Impacts of Bristol Bay Salmon Fishing
Total
AK
WA
OR
Fishing
$165,158,836 $83,306,625 $55,577,935
$7,163,324
Processing
$224,509,160 $43,355,550 $142,913,670 $6,257,029
Total
$389,667,996 $126,662,175 $198,491,605 $13,420,353

and Processing, 2010
CA
Other states
$6,807,849
$12,303,103
$12,590,406 $19,392,506
$19,398,255 $31,695,609

Note: Impacts are allocated to the states to which payments are made.
Sources: See Table A-11 for discussion of total output value created in fishing (= total ex-vessel value). See
Table A-12 for discussion of total direct output value (= total first wholesale value). Total direct output value
in processing (= total value increase in processing) was calculated by substracting total ex-vessel value
from total first wholesale value. See Appendix B, and particularly Tables B6 and B8, for discussion of the
allocation of total ouput value (total payments) among states.
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APPENDIX B:
ESTIMATION OF MULTIPLIER ECONOMIC IMPACTS OF
BRISTOL BAY SALMON FISHING AND PROCESSING
The multiplier economic impacts of Bristol Bay salmon fishing and processing are the indirect and
induced impacts on other industries driven by payments of fishermen and processors to businesses and
households. In this appendix, we discuss our estimation of these impacts. We organize our discussion
as follows:
x
x
x

Estimation of permit holder payments by industry and state
Estimation of processor payments by industry and state
Estimation of multiplier impacts using IMPLAN models
Estimation of Permit Holder Payments by Industry and State

We estimated permit holder payments separately for each fishery based on surveys conducted by the
Commercial Fisheries Entry Commission (CFEC) for the 2001 set gillnet fishery and by Northern
Economics for the 2001 set gillnet fishery.
The CFEC survey was conducted in 2002 and received responses from 310 Bristol Bay drift gillnet permit
holders (Schelle, 2002; Carlson, 2002). Subsequently, CFEC used the survey responses and other CFEC
data to estimate nominal average gross earnings, costs and net returns of drift gillnet permit holders for
the years 1983-2003 (Schelle et al, 2004). Table B-1 shows how we used these CFEC estimates of
nominal costs for the years 1983-2003 to estimate total payments of the drift gillnet fishery by category
in 2010.
Note that we could not simply adjust average 1983-2003 payments for inflation, because both catches
and prices varied widely over this period and from 2010. For most payment categories, we assumed,
based on our best judgment, either that average real expenditures remained constant, real expenditures
per pound remained constant, the share of payments in total expenditures remained constant, or a
weighted combination of these assumptions. 2

2

As shown in footnote f of Table B-1, crew share was calculated as 22.55% of total earnings. This percentage was

based on the average for the years 1983-2003 of the CFEC estimated crew payment as a percentage of total
earnings minus estimated payments for food and fuel. To be exactly consistent with the CFEC estimates, our
estimated crew payments for 2010 should have been 22.55% of total earnings minus estimated 2010 payments for
food and fuel. This would have resulted in slightly lower estimates of $19,031 for average crew payments and
$28,432,674 for total crew payments--and correspondingly higher estimates of average returns to labor,
management and investment. However, this would not have made any difference in our economic impact
calculations, because payments to crew and payments to permit holders (as average returns to labor, management
and investment) are assumed to have the same economic impacts and to be allocated among states in the same
way.
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Table B-1
D erivation of Payment Assumptions
for the Drift
g
g
g Gillnet Fisheryp
2010 payment assumptions (b)
CFEC estimates of
Inflationaverage real costs
Inflationadjusted
per drift gillnet
average
permit holder, 1983- adjusted
CFEC cost Share of
2003, expressed in average
Other
CFEC
CFEC cost per pound
2010 dollars
(f)
costs (e)
(c)
(d)
Payment category
(a)
Food
$2,299
1
Fuel, oil and lubricants
$2,395
0.5
0.5
Crew payments
$21,824
1
Maintenance
$3,570
0.5
0.5
Nets
$3,010
0.5
0.5
Misc. gear & supplies
$1,884
0.5
0.5
Raw fish tax
$2,174
1
Transportation
$2,957
1
Moorage, gear, storage and haulout
$1,900
1
Insurance
$3,347
1
Administrative services
$973
1
Permit renewal fees
$586
1
Vessel license fees
$45
1
Property Tax
$466
1
Depreciation
(= Replacement payments for
vessels & gear) (i)
Avg. Returns to Labor, Management,
and Investment
(= Retained by permit holders) (j)
Average and total earnings

$3,078

1

Assumed total
Assumed
payments per payments by
drift gillnet
drift gillnet
permit holder permit holders
in 2010
in 2010
(h)
(g)
$2,299
$3,433,982
$3,089
$4,615,528
$20,247
$30,249,506
$4,305
$6,431,725
$3,782
$5,651,033
$2,314
$3,457,811
$2,213
$3,305,851
$2,957
$4,417,459
$1,900
$2,838,262
$3,347
$5,000,299
$973
$1,454,133
$300
$448,200
$45
$67,377
$466
$696,336

$3,078

$4,598,642

$51,255

$38,468

$57,470,613

$101,763

$89,784

$134,136,756

(a) Calculated from K. Schelle, K.Iverson, N. Free-Sloan and S. Carlson, Bristol Bay Salmon Drift Gillnet Fishery Optimum Number Report
(2004), Table 3.2a: Bristol Bay Salmon Drift Gillnet Fishery, 1983-2003: Estimated (nominal $) Average Gross Earnings, Costs and Net
Returns . Annual payments converted to real (2010) dollars prior to averaging based on the United States Consumer Price Index.
(b) Relative weight given to four different methods of calculating assumed payments per permit holder in 2010, as described in notes (b)(f).
(c) Assumes that 2010 average payments per permit holder were the same as average of CFEC estimated payments for 1983-2003,
expressed in real (2010) dollars.
(d) Assumes that 2010 average payments per pound were the same as average of CFEC estimated payments per pound for 1983-2003,
expressed in real (2010) dollars.
(e) Assumes that 2010 payments were the same share of gross earnings as average of CFEC estimated payments for 1983-2003,
expressed in real (2010) dollars
(f) Assumes total crew share of 22.55% of gross earnings; average permit renewal fee is actual 2010 permit renewal fee.
(g) Weighted average of four alternative methods of calculating assumed average payments per permit holder in 2010.
(h) Calculated by multiplying average payments per permit holder in 2010 by the total number of permits fished in 2010 (1494).
(i) Depreciation was assumed to equal replacement payments for vessels and gear.
(j) Calculated as the residual after deducting all other payments from average and total earnings. Average returns to labor, management
and investment were assumed to equal payments retained by permit holders.

The CFEC cost estimates included depreciation. For our analysis, we assumed that depreciation was
equal to replacement expenditures for vessels and gear. Note that this assumption smooths out wide
variation from year to year in actual replacement expenditures. 3
3

This variation is apparent from wide variation in the number of Bristol Bay drift gillnet boats in use in the fishery that
were built in different years, which we estimated from the permit and vessel files posted on the CFEC website
(http://www.cfec.state.ak.us/) by matching 2011 permit holders’ vessel ADF&G numbers with the vessel file to get
the year of construction of vessels. Of those 2011 permit holders whose permit file reported vessel ADF&G
numbers, 223 had vessels built in 1980; 102 had vessels built in 1989, and 62 had vessels built in 1996. In dramatic
contrast, only 2 had vessels built in 2001, only 1 had a vessel built in 2002, and none had a vessel built in 2003.
Clearly, during the period 2001-2003, when economic conditions in the fishery were very poor, very little vessel
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Note also that our assumption that replacement expenditures for vessels and gear equals depreciation
does not account for new investment for upgrading (as opposed to simply replacing) vessels and gear,
such as investment in larger boats or refrigeration capacity. Thus our analysis understates the economic
impacts of the Bristol Bay fishery on the boat building and boat gear industries, which are based primarily
in Washington State.
As a check on the reliability of our payment assumptions shown in Table B-1, in November 2012 we
conducted a short online survey of 21 Washington residents who held Bristol Bay permits. Of these, 19
responded to questions about their costs in 2011. Note that our survey sample was not random and had
higher average gross earnings ($101,292) than the average reported by CFEC ($85,315) for all drift permit
holders in 2011 (CFEC Basic Information Tables). Thus, to the extent that higher-than-average-earning
fishermen also have higher-than-average costs, we would expect responses of our survey respondents
to be slightly higher than our average payment assumptions for the fishery as a whole. In general, this
appears to have been the case. While our survey size was too small and non-representative to provide a
reliable measure of average payments for the fishery as a whole, nothing in our survey results suggests
that our average payment assumptions for the 2010 fishery, as derived in Table B-1, are unreasonable.
Table B-2
Comparison of Drift Gillnet Permit Holder Average Payment Assumptions with Survey Responses

Payment category
Food
Fuel, oil and lubricants
Crew payments
Maintenance
Transportation
Insurance
Other expenses (c)

Assumed
payments per
drift gillnet permit
holder in 2010 (a)
$2,299
$3,089
$20,247
$4,305
$2,957
$3,347
$11,994

Nets

$3,782

Misc. gear & supplies

$2,314

Raw fish tax

$2,213

Moorage, gear, storage and haulout

$1,900

Administrative services

$973

Permit renewal fees

$300

Vessel license fees

$45

Property Tax

$466

Minimum
$1,000
$1,580
$12,000
$1,200
$1,580
$1,000
$0

Survey Responses (b)
Average
Maximum
$2,213
$4,312
$30,512
$16,526
$4,312
$2,372
$9,490

$4,500
$8,000
$77,500
$85,000
$8,000
$5,000
$27,500

Depreciation
$3,078
Avg. Returns to Labor, Management,
$38,468
and Investment
Average and total earnings
$89,784
$75,000
$101,292
$180,000
(a) Table B-1.
(b) Responses of 19 Washington State drift gillnet permit holders to an informal survey about operating
expenses during the 2011 salmon season.
(c) Excludes depreciation and average returns to labor, management and investment.

replacement took place. As economic conditions in the fishery improved in recent years, so did the number of boats
being built. Of 2011 permit holders, 6 had boats built in 2009, 15 had boats built in 2010, and 18 had boats built in
2011.
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We based our estimates of 2010 payments from the set gillnet fishery on estimates of average
payments per set net permit holder in 2001, based on the data shown in Table B-3. These data were
reported in an analysis done by Northern Economics (NE) for a 2003 analysis of options for restructuring
the Bristol Bay salmon fishery (Northern Economics, Assessment of Wealth in the Status Quo Fishery,
2003). NE estimated payments for permit holders from three geographic areas (local, other Alaska, and
non-Alaska) and three revenue rankings (low, medium, and high), using data supplied by the Commercial
Fisheries Entry Commission (CFEC) for the number of permits, catches and gross earnings for each
permit group. Note that these should be considered very approximate estimates. As described by
Northern Economics:
“Costs were estimated by Northern Economics through a series of telephone interviews
with set net operators. A total of 15 operators were interviewed in October 2001, and
the results from those interviews along with a set of assumptions on the part of the
analysts were used to estimate typical costs in the set net fishery. Because of the very
limited sample from the set net fishery, the information in the estimates of net revenues
and wealth carries additional uncertainty. It should also be noted that the limited sample
precluded stratification by residence and average catch. None-the-less, adjustments for
residence and catch size were developed by the analysts based on their experience and
judgment.”
Table B-3
N orthern Economics' Estimates of Average Earnings and Payments per Permit Holder in the Bristol Bay Set Gllnet Fishery, by Class, 2001,
and Estimation of Average Payments per Permit Holder

Item

Local permit holders
Other Alaska permit holders Non-Alaska permit holders
LR-Low LR-Med LR-High OA-Low Med. OA-High NA-Low Med. NA-High

Estimated
Estimated total,
average
all classes
payments per
combined
permit holder
(a)
(b)
842
20,801,625
$8,490,824
$10,084

Number of permits
78
124
143
56
94
112
53
95
87
Total catch per permit (lbs)
$8,604 $21,929 $40,662 $8,553 $19,948 $37,788 $6,274 $18,191 $33,904
Gross earnings per permit
$3,498 $8,798 $16,450 $3,501 $8,229 $15,476 $2,597 $7,553 $13,984
Payments per permit
Crew payments
$166
$418
$782
$167
$391
$736
$123
$359
$665
$403,623
Transportation
$0
$0
$0
$500
$500
$500 $1,000 $1,000 $1,000
$366,000
Food
$575
$619
$683
$575
$614
$675
$567
$609
$663
$530,378
Fuel, oil and lubricants
$126
$318
$595
$127
$297
$559
$94
$273
$506
$306,922
Maintenance
$675
$817 $1,022
$675
$801
$996
$650
$783
$956
$716,757
Nets
$461
$558
$699
$461
$548
$681
$445
$536
$654
$490,110
Misc. gear & supplies
$879 $1,065 $1,332
$879 $1,045 $1,298
$848 $1,021 $1,246
$934,269
Insurance
$161
$173
$191
$161
$172
$189
$159
$170
$185
$148,347
Moorage, gear, storage and haulout
$105
$157
$232
$105
$152
$223
$96
$145
$208
$142,937
Raw fish tax
$175
$440
$822
$175
$411
$774
$130
$378
$699
$424,491
Vessel license fees
$100
$100
$100
$100
$100
$100
$100
$100
$100
$84,200
Permit renewal fees
$312
$312
$312
$312
$312
$312
$312
$312
$312
$262,704
Administrative services
$65
$165
$308
$66
$154
$290
$49
$141
$262
$159,012
Fixed costs
$2,765 $3,278 $4,019 $3,265 $3,723 $4,425 $3,678 $4,158 $4,780
$3,231,065
Variable costs
$1,036 $1,864 $3,060 $1,036 $1,775 $2,908
$895 $1,669 $2,674
$1,738,714
Total costs
$3,801 $5,142 $7,079 $4,301 $5,498 $7,332 $4,573 $5,827 $7,455
$4,969,754
Net returns
-$302 $3,656 $9,371
-$800 $2,731 $8,144 -$1,975 $1,726 $6,530
$3,521,288
Source: Northern Economics, Assessment of Wealth in the Status Quo Fishery (2003), Table 21.
(a) Total payments estimated by multiplying average payments per permit by the number of permits for each class, and summing across classes.
(b) Average payments per permit holder estimated by dividing total payments by the total number of set net permit holders.

$479
$435
$630
$365
$851
$582
$1,110
$176
$170
$504
$100
$312
$189
$3,837
$2,065
$5,902
$4,182
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Table B-4 shows how we estimated 2010 payments based on the NE estimates of average payments
per permit holder in 2001. We could not simply adjust all 2001 payments for inflation, because both
catches and prices were significantly higher in 2010 than in 2001. For most payment categories, we
assumed either that real expenditures remained constant, real expenditures per pound remained
constant, the share of payments in total expenditures remained constant, or a weighted combination of
these assumptions.
Table B-4
D erivation of Payment Assumptions for the Set-Net Fishery

Payment category
Food
Fuel, oil and lubricants
Crew payments
Maintenance
Nets
Misc. gear & supplies
Raw fish tax
Transportation
Moorage, gear, storage and haulout
Insurance
Administrative services
Permit renewal fees
Vessel license fees

Estimated
average
payments
per permit
holder in 2001
(a)

$630
$365
$479
$851
$582
$1,110
$504
$435
$170
$176
$189
$312
$100

Estimated
average
payments per
permit holder in
2001,
expressed in
2010 dollars
(b)

$776
$449
$590
$1,048
$717
$1,366
$621
$535
$209
$217
$233
$384
$123

Property Tax
Depreciation
(= Replacement payments for
vessels & gear) (j)
Avg. Returns to Labor, Management,
and Investment
(= Retained by permit holders) (k)

Weighting of methodologies used to develop
2010 payment assumptions (c)
InflationInflationadjusted
adjusted
average
Share of
average
2001
2001
2001
payment
Other
payment
per pound payments
(g)
(f)
(d)
(e)

Assumed
Assumed total
payments per payments by
permit holder set-net permit
in 2010
holders in 2010
(h)
(i)

1
0.5

$776
0.5
1

$499,151

$7,927

$6,824,857
$1,165,671

0.5

0.5

$1,354

0.5

0.5

$926

$797,072

0.5

0.5

$1,765

$1,519,413

$1,784

$1,536,135

1

1

$535

$460,810

1

$209

$179,964

1

$217

$186,775

1

$233

$200,203

1

$150

$129,150

1

$123

$106,011

1

$0

$0

$1,802

$1,551,104

$17,652

$15,197,995

1

$4,279

$667,769

$580

$5,268

(a) Source: Table B-3. Estimated from data in Northern Economics, Assessment of Wealth in the Status Quo Fishery (2003), Table 21.
(b) Estimated by multiplying 2001 estimates by the ratio of the US CPI in 2010 to the ratio of the US CPI in 2001 (218.056/177.1 = 1.231).
(c) Relative weight given to four different methods of calculating assumed payments per permit holder in 2010, as described in notes (d)-(g).
(d) Assumes that average payments per permit holder were the same as in 2001, after adjusting for inflation.
(e) Assumes that average payments per pound were the same as in 2001, after adjusting for inflation.
(f) Assumes that payments were the same share of gross earnings as in 2001.
(g) Assumes crew shares of 10% of earnings per crew for an average of 2.2 crew per permit holder (= 22% of average earnings of $36,030 per permit
holder or 22% of total earnings of $31,022,079); assumes depreciation of 5% of average and gross earnings.
(h) Weighted average of four alternative methods of calculating assumed average payments per permit holder in 2010.
(i) Calculated by multiplying average payments per permit holder in 2010 by the total number of permits fished in 2010 (861).
(j) Depreciation was assumed to equal replacement payments for vessels and gear.
(k) Calculated as the residual after deducting all other payments from average and total earnings. Average returns to labor, management and investment
were assumed to equal payments retained by permit holders.

Table B-5 shows our combined payment assumptions for both the drift gillnet and set gillnet fishery, by
the state of residency of the permit holders. The “Total” column of Table B-5 combines our total
payment assumptions for the drift gillnet fishery (from Table B-1) and the set gillnet fishery (from Table B4). The gross earnings rows of the table are CFEC data reported in Table A-3. We assumed that the
share of residents of each state in each type of payment is proportional to their share of earnings. For
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example, since Washington residents accounted for 41.3% of gross earnings in the drift gillnet fishery,
we assume that they also accounted for 41.3% of food payments, fuel payments, and so forth. 4
Table B-5
Assumed Total Expenditures of Permit Holders, by Residency of Permit Holders
Total
Alaska
Washington
Oregon
California
G ross Earnings
Food
Fuel, oil, & lubricants

Drift gillnet fishery

Crew shares (excluding skipper)

Other States

$8,058,292 $12,887,739
$206,297
$329,934

$4,615,528

$1,702,078

$1,904,258

$288,458

$277,279

$443,456

$30,249,506

$11,155,174

$12,480,230

$1,890,512

$1,817,245

$2,906,345

$6,431,725

$2,371,841

$2,653,577

$401,965

$386,387

$617,954

Nets (hanging, repair, and web)

$5,651,033

$2,083,943

$2,331,483

$353,174

$339,487

$542,946

Miscellaneous gear & supplies

$3,457,811

$1,275,144

$1,426,611

$216,104

$207,729

$332,223

Raw fish tax

$3,305,851

$1,219,105

$1,363,916

$206,607

$198,600

$317,623

Transportation

$4,417,459

$1,629,036

$1,822,539

$276,079

$265,380

$424,426

Moorage, storage, and haul-out

$2,838,262

$1,046,672

$1,171,000

$177,384

$170,509

$272,698

Insurance (P&I, hull, lay-up)

$5,000,299

$1,843,971

$2,063,005

$312,505

$300,394

$480,424

Administrative services

$1,454,133

$536,244

$599,941

$90,879

$87,357

$139,712

$448,200

$165,284

$184,917

$28,011

$26,926

$43,063

$67,377

$24,847

$27,798

$4,211

$4,048

$6,473

$696,336

$256,789

$287,292

$43,519

$41,833

$66,903

$4,598,642

$1,695,851

$1,897,291

$287,403

$276,264

$441,833

Annual vessel license fee
Property Tax
Vessel and gear replacement
Retained by permit holders
G ross Earnings

$57,470,613 $21,193,558 $23,711,015
$3,591,757
$3,452,558
$5,521,725
$31,022,079 $19,527,908 $4,178,869 $1,617,831 $1,448,873 $4,248,599

Food

$667,769

$420,350

$89,953

$34,825

$31,188

Fuel, oil, & lubricants

$499,151

$314,208

$67,239

$26,031

$23,313

$68,361

Crew shares (excluding skipper)

$6,824,857

$4,296,140

$919,351

$355,923

$318,752

$934,692

Maintenance (routine & unexpected)

$1,165,671

$733,771

$157,023

$60,791

$54,442

$159,643

$797,072

$501,744

$107,371

$41,568

$37,227

$109,162

Nets (hanging, repair, and web)
Set gillnet fishery

$8,383,182
$214,615

Maintenance (routine & unexpected)

Annual permit fee

$91,454

Miscellaneous gear & supplies

$1,519,413

$956,446

$204,674

$79,239

$70,964

$208,090

Raw fish tax

$1,536,135

$966,972

$206,927

$80,111

$71,745

$210,380

Transportation

$460,810

$290,072

$62,074

$24,032

$21,522

$63,110

Moorage, storage, and haul-out

$179,964

$113,284

$24,242

$9,385

$8,405

$24,647

Insurance (P&I, hull, lay-up)

$186,775

$117,572

$25,160

$9,741

$8,723

$25,580

Administrative services

$200,203

$126,025

$26,969

$10,441

$9,350

$27,419

Annual permit fee

$129,150

$81,298

$17,397

$6,735

$6,032

$17,688

Annual vessel license fee

$106,011

$66,733

$14,280

$5,529

$4,951

$14,519

$0

$0

$0

$0

$0

$0

$1,551,104

$976,395

$208,943

$80,892

$72,444

$212,430

$15,197,995

$9,566,897

$2,047,265

$792,590

$709,816

$2,081,427

Property Tax
Vessel and gear replacement
Retained by permit holders
G ross Earnings

Total: drift gillnet and set gillnet fisheries

$134,136,756 $49,465,892 $55,341,651
$3,433,982
$1,266,357
$1,416,780

$165,158,835 $68,993,800 $59,520,520 $10,001,013

$9,507,165 $17,136,338

Food

$4,101,750

$1,686,706

$1,506,732

$249,439

$237,485

$421,387

Fuel, oil, & lubricants

$5,114,679

$2,016,286

$1,971,496

$314,489

$300,591

$511,817
$3,841,037

Crew shares (excluding skipper)

$37,074,363

$15,451,313

$13,399,581

$2,246,435

$2,135,997

Maintenance (routine & unexpected)

$7,597,395

$3,105,612

$2,810,601

$462,756

$440,829

$777,598

Nets (hanging, repair, and web)

$6,448,105

$2,585,687

$2,438,853

$394,742

$376,714

$652,108

Miscellaneous gear & supplies

$4,977,224

$2,231,591

$1,631,286

$295,343

$278,692

$540,313

Raw fish tax

$4,841,985

$2,186,078

$1,570,843

$286,718

$270,344

$528,003

Transportation

$4,878,269

$1,919,108

$1,884,613

$300,111

$286,902

$487,535

Moorage, storage, and haul-out

$3,018,226

$1,159,956

$1,195,242

$186,769

$178,914

$297,344

Insurance (P&I, hull, lay-up)

$5,187,074

$1,961,543

$2,088,165

$322,246

$309,117

$506,004

Administrative services

$167,130

$1,654,336

$662,268

$626,909

$101,320

$96,708

Annual permit fee

$577,350

$246,582

$202,314

$34,747

$32,958

$60,750

Annual vessel license fee

$173,388

$91,579

$42,078

$9,739

$8,999

$20,992

Property Tax
Vessel and gear replacement
Retained by permit holders

$696,336

$256,789

$287,292

$43,519

$41,833

$66,903

$6,149,746

$2,672,246

$2,106,234

$368,294

$348,708

$654,263

$72,668,608

$30,760,455

$25,758,280

$4,384,347

$4,162,374

$7,603,152

Note: Gross earnings are CFEC data reported in Table A-3. Total payments for each fishery are estimates from Tables B-1 and B-4. All
payments are allocated among permit holders from different states in proportion to their share of gross earnings.

4

Probably non-Alaska residents should account for a larger share of transportation payments, but we had no clear
way of estimating how much larger. Recall also that many Alaska residents who live in other parts of Alaska also
face high transportation costs to get to Bristol Bay.
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For the purposes of estimating economic impacts, what matters is not where the permit holders who
made the payments lived, but what states they made payments to. Table B-6 shows our assumptions
about how permit holders allocated payments among states, by permit holder residency and type of
payment. A key assumption was that where permit holders made payments to depends upon where
they lived. For example, as shown in the first row of the table, we assumed that Alaska residents spent
100% of their payments for food in Alaska, while residents of other states spent 57% of their payments
for food in Washington (based on reported responses of Washington State residents to our November
2012 survey of drift gillnet permit holders).
Table B-6
Assumed Distribution of Expenditures by State, by Residency of Permit Holders

Type of payment
Food*
Fuel, oil, & lubricants
Crew shares (excluding skipper)
Maintenance (routine & unexpected)*
Nets (hanging, repair, and web)*
Miscellaneous gear & supplies
Raw fish tax
Transportation
Moorage, storage, and haul-out
Insurance (P&I, hull, lay-up)
Administrative services
Annual permit fee
Annual vessel license fee
Property Tax
Vessel and gear replacement
Retained by permit holders

Alaska
permit
holders
AK
WA

Washington
permit
holders
AK
WA

Oregon permit
holders
AK
WA
OR

California permit
holders
AK
WA
CA

Other permit
holders
AK
WA
OS

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.20
1.00

0.43
1.00

0.43
1.00

0.57

0.43
1.00

0.57

0.43
1.00

0.57

0.71
0.71
0.25
1.00
0.10
1.00

0.29
0.29
0.75

0.71
0.71
0.25
1.00
0.10
1.00

0.29
0.29
0.75

0.71
0.71
0.25
1.00
0.10
1.00

0.29
0.29
0.75

0.71
0.71
0.25
1.00
0.10
1.00

0.57
1.00
0.29
0.29
0.75
0.90

1.00

1.00
1.00
1.00
1.00
1.00
0.80

0.90
0.50

0.50
1.00

1.00
1.00
1.00
1.00
1.00

1.00

0.90
0.50

0.50
1.00

1.00
1.00
1.00
1.00

0.90
0.50

0.50
1.00

1.00
1.00
1.00
1.00

1.00

1.00

1.00
1.00

1.00

*Allocation of payments by state for food, maintenance and nets based on November 2012 survey of 21 Washington State
permit holders. Other allocations based on authors' judgment and discussions with industry sources.

Table B7, which is calculated based on the assumptions in Tables B-6 and B-7, shows estimated permit
holder payments by the states to which payments were made. Note that it is the geographical
distribution of these payments among states which drives the geographical distribution of economic
impacts of Bristol Bay fishing.
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Table B-7
Assumed Permit Holder Payments by State
AK
G ross Earnings

Drift gillnet fishery

$62,868,393 $50,354,315

CA

Other states

$5,977,872

$5,746,199

$2,196,411

$1,237,570

$0

$0

$0

Fuel, oil, & lubricants

$4,615,528

$0

$0

$0

$0

$9,189,977

$11,155,174

$12,480,230

$1,890,512

$1,817,245

$2,906,345

Maintenance (routine & unexpected

$5,271,758

$1,159,967

$0

$0

$0

Nets (hanging, repair, and web)

$4,631,865

$1,019,169

$0

$0

$0

Miscellaneous gear & supplies

$1,820,811

$1,637,000

$0

$0

$0

Raw fish tax

$3,305,851

$0

$0

$0

$0

Transportation

$1,907,878

$1,640,285

$248,471

$238,842

$381,983

Moorage, storage, and haul-out

$2,838,262

$0

$0

$0

$0

Insurance (P&I, hull, lay-up)

$1,843,971

$2,609,667

$156,253

$150,197

$240,212

Administrative services

$536,244

$599,941

$90,879

$87,357

$139,712

Annual permit fee

$448,200

$0

$0

$0

$0

$67,377

$0

$0

$0

$0

$696,336

$0

$0

$0

$0

$339,170

$4,259,471

$0

$0

$0

$21,193,558

$23,711,015

$3,591,757

$3,452,558

$5,521,725
$3,113,126

Annual vessel license fee
Property Tax
Vessel and gear replacement
Retained by permit holders
G ross Earnings

$20,438,233

$5,223,620

$1,185,452

$1,061,650

Food

$526,611

$141,157

$0

$0

$0

Fuel, oil, & lubricants

$499,151

$0

$0

$0

$0
$934,692

Crew shares (excluding skipper)

$4,296,140

$919,351

$355,923

$318,752

Maintenance (routine & unexpected

$1,042,271

$123,400

$0

$0

$0

$712,693

$84,379

$0

$0

$0

Miscellaneous gear & supplies

$1,097,188

$422,225

$0

$0

$0

Raw fish tax

$1,536,135

$0

$0

$0

$0

$307,146

$55,867

$21,628

$19,370

$56,799

Nets (hanging, repair, and web)
Set gillnet fishery

OR

Food
Crew shares (excluding skipper)

Transportation
Moorage, storage, and haul-out

$179,964

$0

$0

$0

$0

Insurance (P&I, hull, lay-up)

$117,572

$47,181

$4,870

$4,362

$12,790

Administrative services

$126,025

$26,969

$10,441

$9,350

$27,419

Annual permit fee

$129,150

$0

$0

$0

$0

Annual vessel license fee

$106,011

$0

$0

$0

$0

Property Tax
Vessel and gear replacement

$0

$0

$0

$0

$0

$195,279

$1,355,825

$0

$0

$0

$9,566,897

$2,047,265

$792,590

$709,816

$2,081,427

$83,306,625 $55,577,935

$7,163,324

Retained by permit holders
G ross Earnings

Total: drift gillnet and set gillnet fisheries

WA

$6,807,849 $12,303,103

Food

$2,723,023

$1,378,728

$0

$0

$0

Fuel, oil, & lubricants

$5,114,679

$0

$0

$0

$0

Crew shares (excluding skipper)

$15,451,313

$13,399,581

$2,246,435

$2,135,997

$3,841,037

Maintenance (routine & unexpected

$6,314,029

$1,283,367

$0

$0

$0

Nets (hanging, repair, and web)

$5,344,557

$1,103,548

$0

$0

$0

Miscellaneous gear & supplies

$2,917,999

$2,059,225

$0

$0

$0

Raw fish tax

$4,841,985

$0

$0

$0

$0

Transportation

$2,215,024

$1,696,152

$270,100

$258,211

$438,782

Moorage, storage, and haul-out

$3,018,226

$0

$0

$0

$0

Insurance (P&I, hull, lay-up)

$1,961,543

$2,656,848

$161,123

$154,559

$253,002

Administrative services

$662,268

$626,909

$101,320

$96,708

$167,130

Annual permit fee

$577,350

$0

$0

$0

$0

Annual vessel license fee

$173,388

$0

$0

$0

$0

Property Tax
Vessel and gear replacement

$696,336

$0

$0

$0

$0

$534,449

$5,615,296

$0

$0

$0

$30,760,455

$25,758,280

$4,384,347

$4,162,374

$7,603,152

Retained by permit holders

Source: Calculated from Tables B5 and B6.
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Estimation of Processor Payments by Industry and State
Almost no data are publically available for Bristol Bay processors’ costs or their payments by state,
except for payments for labor, taxes and fish. Our other assumptions about processor payments are
based almost entirely on discussions with industry sources and our best judgment about processors’
average processing costs per pound.
The largest payment by processors is to fishermen to purchase fish. This payment is the ex-vessel
value. We omit ex-vessel value from this discussion of processor payments. Our focus is on payments
from the increase in value by processors, or total first wholesale value minus ex-vessel value.
Table B-8 shows the increase in value by Bristol Bay salmon processors in 2010, expressed both in
dollars and also on a per pound basis. Note that value increase per pound may be expressed either as
value increase per round (harvested) pound or as value increase per processed pound. Value increase
per processed pound is smaller, because processed volume is smaller than harvested volume, as parts of
the fish (heads, guts, etc.) are discarded during processing.
Table B-8
Increase in Value by Bristol Bay Salmon Processors, 2010
Total first wholesale value FOB Bristol Bay

Source or calculation
ADG&G COAR database data reported in Table A-12

$389,667,996

Ex-vessel value paid to permit holders

CFEC data reported in Table A-3

$165,158,835

Increase in value by Bristol Bay processors

First wholesale value - Ex-vessel value

$224,509,161

Production volume
Harvest volume

ADG&G COAR database data reported in Table A-12
CFEC data reported in Table A-3

116,718,352
181,226,355

Value increase per processed pound

Value increase/ Production volume

$1.92

Value increase per round (harvested) pound

Value increase / Harvest volume

$1.24
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Table B-9 summarizes the assumptions which we used to estimate processor payments. We discussed
our assumptions about payments to labor (wage payments to processing workers) in Table A10. For all
other payment types, we assumed average total costs (payments) either per round pound or per
processed pound, as shown in the table, based on discussions with processors and our best judgment. 5
Similarly, we allocated payments among states based on discussions with processors and our best
judgment. Note that we allocated most payments to Washington, where all the large Bristol Bay
processors are headquartered, and where most processing supplies and services are purchased.
Table B-9
Assumptions Used to Calculate Estimated Processor Payments in 2010
(expressed in dollars per round or processed pound)
Assumptions about total payments
Assumed total
Assumed total
payments per
payments per
round lb
processed lb

Payment type
Total payments by processors (a)
$1.24
$1.92
Labor
Estimates derived in Table A-10
Tendering
$0.17
Maintenance
$0.25
Packaging
$0.20
Fishermen's support services
$0.10
Variable supplies
$0.09
State & local taxes
$0.06
Fuel
$0.06
Utilities
$0.06
Insurance
$0.03
Food
$0.04
Air travel
$0.04
Fixed supplies
$0.03
Rents & leases
$0.01
Total payments minus other assumed
Other payments and returns to
payments
investment
(a) Source: Table B-8.

5

Assumed shares of payments, by state

WA

AK

OR

CA

Estimates derived in Table A-10
70%
10%
90%
60%
30%
61%
9%
20%
70%

Other
States

20%
10%

25%
100%
10%
5%
10%
100%
5%

40%
10%

75%
100%
90%
95%
80%

10%

90%

5%

Note that it is a very difficult task, even for processors, to estimate total costs or costs per pound in processing.
Costs per pound vary, sometimes widely, by product, by year, and between processors. Labor costs depend on the
timing and volume of the fish run, which affects the extent to which processors need to pay overtime to keep up
with the volume of fish that must be processed, or alternatively pay food and housing costs for workers who are not
working because there are no fish to be processed. To different extents and in different ways, processors allocate
fixed costs between Bristol Bay salmon processing operations and other operations in Alaska and other states. Even
where data are available about the costs for particular operations, it is difficult to generalize from these to the costs
of the entire industry.
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Table B-10 summarizes our assumptions about direct payments generated by Bristol Bay fishing and
processing in 2010, based on the data, assumptions and analysis reported earlier in this appendix.
Table B-10
Assumed Direct Payments from Bristol Bay Fishing and Processing, by State, 2010
State to which payments were made
Total
Total first wholesale value FOB Bristol Bay (a)
Value increase in Bristol Bay by processors (a)
Ex-vessel value paid to permit holders (a)

Alaska

Washington

Oregon

California

Other States

$389,667,996
$224,509,160
$165,158,836
$224,509,160

$43,355,550 $142,913,670
Payments by processors (b)
Labor
$33,963,492
$3,905,802
$9,045,069
Tendering
$31,533,386
$6,306,677
$22,073,370
Maintenance
$29,179,588
$2,917,959
$26,261,629
Packaging
$23,343,670
$0
$14,006,202
Fishermen's support services
$18,122,636
$5,436,791
$11,054,808
Variable supplies
$10,504,652
$2,100,930
$7,353,256
State & local taxes
$9,909,530
$9,909,530
$0
Fuel
$7,409,027
$1,852,257
$5,556,770
Utilities
$7,003,101
$7,003,101
$0
Insurance
$5,436,791
$0
$5,436,791
Food
$4,668,734
$466,873
$4,201,861
Air travel
$4,668,734
$233,437
$4,435,297
Fixed supplies
$3,501,551
$350,155
$2,801,240
Rents & leases
$1,167,184
$1,167,184
$0
Other payments and returns to investment
$34,097,086
$1,704,854
$30,687,377
$165,158,836 $83,306,625 $55,577,935
Payments by permit-holders (c)
Crew shares (excluding skipper)
$37,074,364
$15,451,313
$13,399,581
Maintenance (routine & unexpected)
$7,597,395
$6,314,029
$1,283,367
Nets (hanging, repair, and web)
$6,448,105
$5,344,557
$1,103,548
Vessel and gear replacement (d)
$6,149,746
$534,449
$5,615,296
Insurance (P&I, hull, lay-up)
$5,187,074
$1,961,543
$2,656,848
Fuel, oil, & lubricants
$5,114,679
$5,114,679
$0
Miscellaneous gear & supplies
$4,977,224
$2,917,999
$2,059,225
Transportation
$4,878,269
$2,215,024
$1,696,152
Raw fish tax
$4,841,985
$4,841,985
$0
Food
$4,101,750
$2,723,023
$1,378,728
Moorage, storage, and haul-out
$3,018,226
$3,018,226
$0
Administrative services
$1,654,336
$662,268
$626,909
Property tax
$696,336
$696,336
$0
Annual permit fee
$577,350
$577,350
$0
Annual vessel license fee
$173,388
$173,388
$0
Retained by permit holders (e)
$72,668,608
$30,760,455
$25,758,280
(a) Source: Table B-8; derived from data reported in Tables A-3 and A-12.

$6,257,029

$12,590,406

$19,392,506

$1,472,653
$3,153,339
$0
$0
$1,631,037
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$7,163,324
$2,246,435
$0
$0
$0
$161,123
$0
$0
$270,100
$0
$0
$0
$101,320
$0
$0
$0
$4,384,347

$12,590,406
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$6,807,849
$2,135,997
$0
$0
$0
$154,559
$0
$0
$258,211
$0
$0
$0
$96,708
$0
$0
$0
$4,162,374

$6,949,563
$0
$0
$9,337,468
$0
$1,050,465
$0
$0
$0
$0
$0
$0
$350,155
$0
$1,704,854
$12,303,103
$3,841,037
$0
$0
$0
$253,002
$0
$0
$438,782
$0
$0
$0
$167,130
$0
$0
$0
$7,603,152

(b) Payments from value increase in Bristol Bay by processors (excludes payments to permit holders for fish). Calculated based on
assumptions shown in Table B-9. Total payments by state are sums of payments estimated for payment categories.
(c) Payments from ex-vessel value paid to permit holders, from Table B-8.
(d) Assumed to equal depreciation
(e) Returns to permit holders' labor, management and investment
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Estimation of Multiplier Economic Impacts of Bristol Bay Salmon Fishing and Processing
As discussed in Appendix D, we used the payment assumptions in Table B-10 as inputs to the national
IMPLAN model as well as the state-level IMPLAN models for Alaska, Washington, Oregon and California
to estimate multiplier (indirect and induced) economic impacts of Bristol Bay salmon fishing and
processing in 2010. Table B-11 shows our resulting economic impact estimates.
Table B-11
Estimated Economic Impacts of Bristol Bay Salmon Fishing and Processing, 2010
Total US
Alaska
Washington
Oregon
California
Measure Type of impact
Direct effect
1,987
728
538
92
357
Annual
Indirect effect
2,370
761
1,212
57
4
average
Induced effect
3,482
578
1,025
106
245
employment Multiplier effect
5,852
1,338
2,237
163
249
Total effect
7,839
2,067
2,775
255
606
Direct effect
$143,706,464
$50,117,570
$48,202,930
$8,103,434
$18,888,777
Indirect effect
$111,622,227
$37,988,890
$53,955,158
$2,704,107
$266,830
Income
Induced effect
$156,420,295
$23,975,329
$43,666,690
$3,982,928
$11,854,314
Multiplier effect
$268,042,522
$61,964,219
$97,621,848
$6,687,035
$12,121,144
Total effect
$411,748,986 $112,081,789 $145,824,779
$14,790,469
$31,009,921
Direct effect
$389,667,996 $126,662,175 $198,491,605
$13,420,353
$19,398,255
Indirect effect
$310,685,906
$88,414,231 $155,525,182
$7,149,132
$742,553
Output
Induced effect
$490,516,601
$72,592,909 $132,244,901
$11,707,734
$35,799,082
value
Multiplier effect
$801,202,507 $161,007,140 $287,770,083
$18,856,865
$36,541,636
Total effect
$1,190,870,503 $287,669,315 $486,261,688
$32,277,218
$55,939,890

Other states

271
336
1,529
1,865
2,137
$18,393,752
$16,707,242
$72,941,034
$89,648,276
$108,042,028
$31,695,609
$58,854,809
$238,171,974
$297,026,783
$328,722,392
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APPENDIX C:
ESTIMATION OF DOWNSTREAM ECONOMIC IMPACTS OF
THE BRISTOL BAY SALMON INDUSTRY
The downstream economic impacts of the Bristol Bay salmon industry are those driven by the
transportation, secondary processing, warehousing, distribution and retailing of Bristol Bay salmon which
occurs in other states. Table C-1 summarizes our estimates of the volumes of Bristol Bay salmon
shipped to other states, the volumes sold in the U.S. domestic market, and selected other assumptions
for our downstream economic impact analysis.
Table C-1
Assumed End-Markets for Bristol Bay Salmon Production, 2010
Total production
Millions of
pounds

Canned

Fresh

Roe

Total

80.0

29.9

2.9

4.0

116.7

Exported directly from Bristol Bay

39.8

0.0

0.5

4.0

44.3

Shipped to other states
Exported from other states

40.2

29.9

2.4

0.0

72.4

25.2
15.0

26.9
3.0

0.2
2.2

0.0
0.0

52.2
20.2

100%
50%

100%
0%

100%
19%

100%
100%

100%
38%

Shipped to other states
Exported from other states

50%

100%

81%

0%

62%

31%

90%

6%

0%

45%

Sold in US domestic market

19%

10%

76%

0%

17%

Mode of transportation to other
states

Sea

Sea

Air

100% to
Washington

50% to Washington
50% to Oregon

Filleting,
portioning,
reboxing,
smoking

Warehousing &
labeling

Sold in US domestic market
Total production
Share of
production

Frozen

Exported directly from Bristol Bay

Assumed states to which
products were initially shipped
Other
assumptions
Types of secondary processing,
warehousing and labeling prior to
distribution to retailers

Sources: ADF&G COAR Data; NMFS Fisheries Trade Data, and discussions with industry sources, as discussed in Appendix C.

In this appendix, we discuss our estimation of selected downstream economic impacts associated with
transportation, secondary processing and other value adding, and distribution and retailing of Bristol Bay
salmon. We organize our discussion as follows:
x
x
x
x

Estimation of payments for marine transportation and secondary processing of frozen salmon
Estimation of payments for marine transportation, warehousing and labeling of canned salmon
Estimation of payments for distribution and retailing of Bristol Bay salmon products
Estimation of economic impacts and contributions using IMPLAN models
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Estimation of Payments for Marine Transportation and Secondary Processing of Frozen Salmon
Table C-2 documents our estimation of end-markets for Bristol Bay frozen salmon production. We based
our estimates on data for total Alaska frozen sockeye production, total Bristol Bay frozen sockeye
production, total US exports of frozen sockeye salmon and US exports of frozen sockeye directly from
Alaska. Note that no data are available on exports of frozen sockeye salmon specifically from Bristol Bay.
We assumed that the share of Bristol Bay frozen sockeye salmon which is exported directly is the same
as the share of Alaska frozen sockeye salmon which is exported directly.
Table C-2
E stimation of End-Markets for Bristol Bay Frozen Sockeye Salmon, 2010
Primary production
of frozen sockeye
salmon
Exports of frozen
sockeye salmon

Assumed end
markets for total
Alaska production

Assumed end
markets for Bristol
Bay production

Total Alaska production
Bristol Bay production
Bristol Bay share
Total US exports
Exports from Alaska
Exports from other states
Exported from Alaska
Exported from other
states
Consumed in the United
States
Exported from Alaska
Shipped to other states
Exported from other
states
Consumed in the United
States
Exported from Alaska

Source
a
b
c
c
c
c

Volume (lbs)
113,360,944
79,961,576
71%
92,087,890
56,428,432
35,659,458
56,428,432

c

35,659,458

d

21,273,054

e
f

39,803,007
40,158,570

e

25,153,164

e

15,005,406

g

49.8%

Shipped to other states
g
50.2%
Exported
from
other
Assumed endg
31.5%
states
market shares for
Consumed in the United
Bristol Bay
g
18.8%
States
production
Share of shipments to
other states consumed in
h
37.4%
the US
(a) Source: Alaska Department of Fish and Game, Commercial Operator Annual
Reports, data provided by ADF&G December 5, 2012.
(b) Source: Alaska Department of Fish and Game, Commercial Operator Annual
Reports, data provided by ADF&G August 2, 2011.
(c ) National Marine Fisheries Service, Foreign Trade in Fisheries Products
website, http://www.st.nmfs.noaa.gov/st1/trade/
(d) Total Alaska production minus total exports
(e) Calculated as Bristol Bay share of total production x assumed end markets
for total Alaska production. Assumes that markets for Bristol Bay sockeye
salmon are the same, proportionally, as for all Alaska frozen sockeye.
(f) Total Alaska production minus volume exported from Alaska.
(g) Calculated from assumed end market volumes
(h) Volume consumed in the United States / Volume shipped to other states
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Table C-3 documents our estimation of expenditures associated with marine transportation of Bristol Bay
frozen sockeye salmon in 2010. Key assumptions are that the average cost of shipping frozen salmon to
the United States was $.26/lb, and that all frozen salmon not exported directly was shipped to
Washington State.
Table C-3
Estimation of Expenditures Associated with
Marine Transportation of Bristol Bay Frozen Sockeye Salmon, 2010
Line
Assumption or calculation
Notes
Total
Washington
Volume of frozen Bristol Bay salmon shipped to other
a
40,158,570
1
states (lbs)
Average first wholesale price of frozen Bristol Bay
b
$3.23
2
salmon (FOB Bristol Bay)
3 Value of frozen salmon shipped to other states
c
$129,701,765
4 Marine transportation cost per pound
d
$0.26
Total expenditures for marine transportation = value
e
$10,441,228
5
increase in marine transportation
6 Total value after shipping to other states
f
$140,142,993
7 Average value per pound after shipping
g
$3.49
Assumed allocation of marine transportation
d
100.0%
100.0%
8
expenditures, by state
Assumed marine transportation expenditures, by
h
$10,441,228
$10,441,228
9
state
(a) Source: Table C-2; (b) Source: Table A-11; (c ) Line 1 x Line 2; (d) Assumed based on
discussions with industry sources; (e ) Line 1 x Line 4; (f) Line 3 + Line 5; (g) Line 2 + Line 4; (h)
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Table C-4 documents our estimation of the increase in value associated with secondary processing of
Bristol Bay frozen sockeye salmon in other states. Key assumptions included the relative share of
primary product forms produced in Bristol Bay (Line 3), the types of secondary processing in other states
(Lines 6 and 7); the increase in value per pound for each type of secondary processing (Line 12), and the
share of secondary processing occurring in Washington State (line 14). Note that all of these
assumptions were based on discussions with industry sources. We had no independent source of data
for these assumptions, and neither did our industry sources, except for their own costs and product
allocations. Thus these assumptions should be considered reasonable approximations of the types of
secondary processing which occurred and the extent of value added, but not precise estimates.
Table C-4
E stimation of Expenditures Associated with Secondary Processing of Bristol Bay Frozen Sockeye Salmon in Other States
Line Assumption or calculation

Notes

1

Total value of frozen Bristol Bay salmon shipped to
other states, after shipping

a

$140,142,993

2

Primary product forms produced in Bristol Bay

b

All

Vaccum-pack
fillets

Vacuumpack
portions

IQF fillets

Headed & Gutted

3

Assumed share of frozen salmon shipped to other
states, by primary product form

b

100%

15%

5%

20%

60%

4

Volume of frozen salmon shipped to the Lower 48
for secondary processing, by primary product form

c

40,158,570

6,023,785

2,007,928

8,031,714

24,095,142

5

Average value per pound after shipping

a

$3.49

$3.49

$3.49

$3.49
Portions
(includes
cutting,
reglazing,
boxing &
bagging)

6

Types of secondary processing in other states

Assumed share of secondary processing type, by
primary product form
8 Volume before secondary processing
9 Value before secondary processing
10 Assumed secondary processing yield
11 Secondary product volume
Assumed increase in value per pound
12
(secondary product weight basis)
7

b

All

b
d
e
b
f

40,158,570
$140,142,993
32,126,856

b

13 Increase in value in secondary processing
Assumed share of increase in value which occurs
14
in Washington

g

$50,390,974

21 Estimated increase in value in Washington

i

$42,160,073

26 Value after secondary processing

j

$190,533,966

b

Re-Boxing

Re-Boxing

100%

100%

100%

$3.49
Fillets
(includes
thawing,
filleting,
refreezing)
90%

6,023,785
2,007,928
8,031,714
21,685,628
$21,021,449 $7,007,150 $28,028,599 $75,677,216
100%
100%
90%
70%
6,023,785
2,007,928
7,228,543
15,179,939

Smoking

10%
2,409,514
$8,408,580
70%
1,686,660

$0.25

$0.25

$1.00

$2.10

$5.50

$1,505,946

$501,982

$7,228,543

$31,877,873

$9,276,630

100.0%

100.0%

100.0%

80.0%

80.0%

$1,505,946

$501,982

$7,228,543

$25,502,298

$7,421,304

(a) Source: Table C-3; (b) Assumed based on discussions with industry sources; (c ) Total volume from Table C-2, volume by secondary processing type
allocated by shares in line 7; (d) Headed & gutted volume allocated by shares in line 7; (e ) Line 5 x Line 11; (f) Line 8 x Line 10; (g) Line 11 x Line 12; (h)
20% non-Washington share allocated to other states in proportion their share of the total 2010 United States population excluding Washington state; (i)
Line 13 x Line 14; (j) Line 13 x Lines 16-19.

Note that we only estimated the increase in value associated with secondary processing which occurs
nationally and in Washington. Our estimates of downstream economic impacts for Oregon do not
include impacts of secondary processing which occurs in Oregon.
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Estimation of Payments for Marine Transportation, Warehousing and Labeling of Canned Salmon
All Bristol Bay canned salmon production is shipped to warehouses in Washington and Oregon where it
is stored and labeled prior to shipments as sales are made over the course of the year. Table C-5
documents our estimation of payments associated with shipping, warehousing, storing and labeling
canned salmon. 6
Table C-5
Estimated Expenditures of Bristol Bay Processors for Canned Salmon
Shipments to Warehouses, Storage, and Labeling, 2010
Storage
Freight
Handling (assumes
Handling
5 months)
south
in
Out
Labeling
Ink Jetting
Rates paid per case*
Talls
Halves
Quarters & Four-Pound
Total cost ($)**
Talls
Halves

$2.790
$1.500
$0.960

$0.169
$0.096
$0.048

$0.370
$0.295
$0.145

$0.700
$0.700
$0.720

$0.180
$0.107
$0.054

$0.044
$0.044
$0.044

$673,070
$3,177,266

$40,770
$203,345

$89,260
$624,862

$168,870
$1,482,724

$43,424
$226,645

$10,615
$93,200

All cost
categories
combined

$1,026,009
$5,808,043

Quarters & Four-Pound
$124,372
$6,219
$18,785
$93,279
$6,996
$5,700
$255,351
All sizes combined
$3,974,708 $250,334 $732,908
$1,744,874 $277,065 $109,515 $7,089,402
Assumed share of
payments by state
Washington
50%
50%
50%
50%
50%
50%
Oregon
50%
50%
50%
50%
50%
50%
Estimated
expenditures by state
Washington
$1,987,354 $125,167 $366,454
$872,437 $138,532
$54,757 $3,544,701
Oregon
$1,987,354 $125,167 $366,454
$872,437 $138,532
$54,757 $3,544,701
Rates paid per case based on discussions with industry sources. **Assumes, based on discussions with
processors and other industry sources, that 100% of Bristol Bay canned salmon was shipped to other states, and
that 2010 production was 241,244 cases of talls, 2,118,117 cases of halves, and 129,554 cases of quarters and
four-pound cans (24-can case basis).

6

We consider these assumptions relatively reliable. The distribution of canned product by can sizes is based on a
reliable industry data source, and the rates paid per case were provided by a Bristol Bay canned salmon processor.
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Estimation of Payments for Distribution and Retailing of Bristol Bay Salmon Products
We next discuss, in turn, our assumptions for payments associated with the distribution and retailing in
the United States of Bristol Bay frozen salmon, canned salmon, and fresh salmon. As discussed in
Appendix D, we use these payment assumptions as inputs to the IMPLAN national model to estimate
national economic contributions of retailing and distribution of Bristol Bay salmon products.
We had no data on the costs associated with distribution and retailing or the prices at which products
were sold at retail. Costs and prices of Bristol Bay salmon products vary widely depending upon the
geographic region, product form, and types of retail or food service outlet. It was far beyond the scope
of this project to collect this kind of information.
For this reason, our assumptions about payments for distribution and retailing of Bristol Bay salmon are
based upon a single simple assumption: that distribution and retailing increases the value of Bristol Bay

salmon products by 50% over their value after transportation to the United States and initial secondary
processing and/or warehousing/labeling. We consider this a conservative assumption based on retail
prices we have observed for Bristol Bay salmon products in many parts of the United States, but it is not
based on any formal data collection or analysis of sockeye salmon retail prices. 7
Because they are based on this single simple but conservative assumption, our estimates of economic
activity associated with distribution and retailing of Bristol Bay salmon products in the United States
should be considered estimates of what the associated jobs, income and output value would be if the
average increase in value were 50%, rather than estimates of what the jobs, income and output value
actually are. Put differently, they may be viewed as a conservative estimate or low estimate of the
potential jobs, income and output value associated with US distribution and retailing of Bristol Bay
salmon products.
Tables C-6, C-7 and C-8 show how we estimated the increase in value in US distribution and retailing of
Bristol Bay frozen, canned and fresh salmon, respectively.

7

In estimating the total increase in value in 2010 value for all commercial marine fishery products in the United
States, the National Marine Fisheries Service (NMFS, 2011) assumed a 62.7% mark-up of fishery inputs in secondary
wholesale and processing of edible fishery products, a 33.4% markup of fishery inputs in retail trade from stores,
and a 182.4% markup of fishery inputs in retail trade from food service (NMFS, Fisheries of the United States, 2010
(2011, page 79).
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Table C-6

Line
1
2
3
4
5
6

E stimation of Increase in Value in United States Distribution
and Retailing of Bristol Bay Frozen Sockeye Salmon
Assumption or calculation
Notes
Amount
Assumed value of Bristol Bay frozen sockeye
salmon after secondary processing
Share of secondary production consumed in the
United States
Value of secondary production consumed in the
United States
Assumed % increase in value from secondary
wholesale value to retail
Total value increase in distribution and retailing
Total value after retail markup

a

$190,533,966

b

37.4%

c

$71,193,756

d

50.0%

e
f

$35,596,878
$106,790,634

(a) Source: Table C-4; (b) Source: TableC-2; (c ) Line 1 x Line 2; (d) Conservative
assumption for average total markup percentage from wholesale value after
secondary processing to retail value for sockeye products sold in the United States;
(e ) Line 3 x Line 4; (f) Line 3 + Line 5.

A challenge in estimating US consumption of Bristol Bay canned salmon is that reported United States
exports of canned sockeye salmon significantly exceed reported Alaska production of canned sockeye
salmon, as shown in Figure C1. We are unable to explain this. Clearly, the United States cannot
continuously export more canned sockeye salmon than it produces. Possibly the Alaska production data
are under-reported, the US export data are miscoded, or the two data sources calculate volume
differently. In any case, the data suggest that most canned Alaska sockeye salmon are probably
exported. However, the fact that canned sockeye salmon can readily be found on US retail shelves
shows that clearly some canned sockeye salmon is consumed domestically. For the purposes of our
analysis, we made the simple assumption that 90% of Bristol Bay canned sockeye salmon is exported,
and 10% is consumed domestically (Table C-7).
Figure C-1
US Exports and Alaska Production: Canned Sockeye Salmon
28,000
26,000

Total US
exports, as
reported by
NMFS

24,000
20,000
18,000
16,000
14,000
12,000

Sources: ADFG COAR database; NMFS trade data

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

10,000

2001

metric tons

22,000

Total Alaska
production, as
reported in
Commercial
Operator
Annual
Reports
Note: Export data
are for the period
May of the production
year to April of the
following year.2011
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Table C-7
Estimation of Increase in Value in United States Distribution
and Retailing of Bristol Bay Canned Sockeye Salmon
Assumption or calculation
Notes
Line
Total first wholesale value of Bristol Bay canned salmon
1
a
production FOB Bristol Bay
2 Share of Bristol Bay canned salmon shipped to other states
b
3 Estimated increase in value in shipping
c
4 Estimated increase in value in warehousing/labeling
c
5 Total value after shipping and warehousing/labeling
d
6 Assumed share sold in the United States
e
7 Total value FOB warehouse of product sold in the United States
f

Amount
$105,376,086
100.0%
$3,974,708
$3,114,695
$112,465,488
10%
$11,246,549

8 Assumed increase in value in distribution and retailing (%)
g
50%
9 Assumed increase in value in distribution and retailing ($)
h
$5,623,274
10 Assumed retail value
10
$16,869,823
(a) Source: Table A-12; (b) Assumed based on US trade data and discussions with industry
sources; (c) Calculated from Table C-4; (d) Sum of Lines 1, 3 and 4; (e) Assumed: see
discussion in text; (f) Line 5 x Line 6. (g) Assumed: see discussion in text; (h) Line 7 x Line 8;
(i) Line 7 + Line 9.

C-8 shows how we estimated the increase in value in US distribution and retailing of Bristol Bay fresh
salmon. The table includes an assumption that the air freight rate for all Bristol Bay fresh salmon
averages $.50/lb. We have no data for average air freight rates, but consider this a reasonable
assumption. Alaska Airlines’ Seafood Express Rate Sheet (rates and destinations effective September
14, 2011) lists a rate of $.52/lb for 1000-lb shipments from Dillingham and King Salmon (Zone 1C) to
Seattle (Zone 4) (http://www.alaskaair.com/~/media/Files/PDF/Cargo/FZ-27-Seafood-Express-201303.pdf).
We include this payment for air freight with our assumptions for payments driving the economic
contribution of retailing and distribution of Bristol Bay salmon.
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Table C-8
Analysis of End-Markets for Bristol Bay Fresh Salmon Production and Estimation of Increase
in Value in US Distribution and Retailing of Bristol Bay Fresh Salmon, 2010

Fresh sockeye salmon
production (lbs)

Bristol Bay fresh salmon first
wholesale value & price
Exports of fresh sockeye
salmon (lbs)
Assumed end markets for
total Alaska production (lbs)
Assumed end market shares
for Bristol Bay production
Assumed end markets for
Bristol Bay production (lbs)

Notes

Volume (lbs)

Total Alaska production

a

17,463,319

Bristol Bay production

b

2,899,396

Bristol Bay share of total Alaska
production
Bristol Bay first wholesale value
Bristol Bay average first wholesale price
($/lb)
Total US exports
Exports from Alaska
Exports from other states

17%
b

$6,119,811

b

$2.11

c
c

4,242,182
3,236,734

c

1,005,448

Exports from Alaska

3,236,734

Exports from other states

1,005,448

US domestic consumption

d

13,221,138

Exported from Bristol Bay
Exported from other states
US domestic consumption

e
e
e

19%
6%
76%

Exported from Bristol Bay
Exported from other states

f
f

537,388
166,932

US domestic consumption

f

2,195,076

Assumed air freight rate for all Bristol Bay
g
$0.50
fresh salmon ($/lb)
Air freight expenditures
Estimated air freight expenditures
$1,449,698
Average first wholesale price after air
$2.61
freighting ($/lb)
Assumed retail markup percentage for
US domestic production over Bristol Bay
h
50%
wholesale value and air freight
Retail increase in value
Assumed retail increase in value for
Bristol Bay fresh salmon consumed in
i
$2,865,364
the United States
(a) Source: Alaska Department of Fish and Game, Commercial Operator Annual Reports, data
provided by ADF&G December 5, 2012.
(b) Source: Alaska Department of Fish and Game, Commercial Operator Annual Reports, data
provided by ADF&G August 2, 2011.
(c ) National Marine Fisheries Service, Foreign Trade in Fisheries Products website,
http://www.st.nmfs.noaa.gov/st1/trade/
(d) Alaska production minus total exports
(e) Assumes the same end market shares for Bristol Bay fresh sockeye are for all Alaska
sockeye
(f) Calculated from Bristol Bay production and assumed end market shares
(g) Assumed based on Alaska Airlines Seafood Express Rate Sheet
(http://www.alaskaair.com/~/media/Files/PDF/Cargo/FZ-27-Seafood-Express-201303.pdf)
(h) Conservative assumption for average total markup percentage from wholesale value after airfreighting to retail value for sockeye products sold in the United States
(i) 2,195,076 lbs consumed domestically x $2.61 wholesale price x 50% markup.
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Estimation of Economic Impacts and Contributions Using IMPLAN Models
Table C-9 summarizes our assumptions of the payments generated by selected “downstream”
economic activities in the United States utilizing Bristol Bay salmon in 2010.
Table C-9
Summary of Assumptions for Payments Generated in Selected
Bristol Bay Salmon "Downstream" Economic Activities, 2010
Source
table United States

Activity

Washington

Oregon

Assumptions used to
estimate economic
impacts of shipping to
other states and
secondary processing

Marine transportation of frozen salmon

C-3

$10,441,228

$10,441,228

Frozen salmon secondary processing

C-4

$50,390,974

$42,160,073

Marine transportation of canned salmon

C-5

$3,974,708

$1,987,354

$1,987,354

Canned salmon warehousing and labeling

C-5

$3,114,695

$1,557,347

$1,557,347

Assumptions used to
estimate economic
contributions in
nationwide distribution
and retailing

Distribution & retailing of frozen salmon

C-6

$35,596,878

Distribution & retailing of canned salmon

C-7

$5,623,274

Air transportation of fresh salmon

C-8

$1,449,698

Distribution & retailing of fresh salmon

C-8

$2,865,364

As discussed in Appendix D, we used the payment assumptions in the top half of Table C-9 as inputs to
the national IMPLAN model and the state-level IMPLAN models for Washington and Oregon, to estimate
downstream economic impacts of marine transportation of frozen and canned salmon, secondary
processing of frozen salmon, and warehousing and labeling of canned salmon. Table C-10 shows our
estimates of the combined economic impacts of these activities.
Table C-10
Estimated "Downstream" Economic Impacts of Marine Transportation of
Frozen and Canned Salmon, Secondary Processing of Frozen Salmon, and
Warehousing and Labeling of Canned Salmon
Total US
Washington
Oregon
Measure Type of impact
Direct effect
191
156
15
Annual
Indirect effect
243
103
12
average
Induced effect
319
126
12
employment Multiplier effect
563
229
24
Total effect
754
385
39
Direct effect
$13,110,295
$10,968,827
$854,146
Indirect effect
$15,750,564
$6,340,422
$518,616
Income
Induced effect
$14,312,471
$5,388,473
$443,453
Multiplier effect
$30,063,035
$11,728,895
$962,070
Total effect
$43,173,329
$22,697,723
$1,816,216
Direct effect
$67,813,775
$56,014,272
$3,513,633
Indirect effect
$66,205,592
$21,131,321
$1,346,748
Output
Induced effect
$44,774,640
$16,309,863
$1,302,219
value
Multiplier effect
$110,980,232
$37,441,185
$2,648,967
Total effect
$178,794,007
$93,455,456
$6,162,600
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As discussed in Appendix D, we used the payment assumptions in the bottom half of Table C-9 as inputs
to the national IMPLAN model to estimate nationwide economic activity associated with distribution and
retailing. These estimates are shown in Table C-11.
Table C-11
Estimated Economic Contributions of Distribution and Retailing
of Bristol Bay Salmon Products in the United States, 2010
Activity
Measure
Type of effect
Direct contribution
787
Annual
Indirect contribution
112
average
Induced contribution
312
employment Multiplier contribution
425
Total contribution
1,212
Direct contribution
$22,691,854
Indirect contribution
$5,625,023
Income
Induced contribution
$14,006,490
Multiplier contribution
$19,631,513
Total contribution
$42,323,367
Direct contribution
$45,535,217
Indirect contribution
$16,938,512
Output
Induced contribution
$43,815,952
value
Multiplier contribution
$60,754,465
Total contribution
$106,289,681

Summary of Estimated Direct, Multiplier and Downstream Economic Impacts and Contributions
Tables C-12, C-13 and C-14 on the following page summarize all of the direct, multiplier and downstream
economic impacts and contributions we estimated for this study.
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Table C-11
Estimated Employment Impacts and Contributions of the Bristol Bay Salmon Industry, 2010 (annual average employment)
Total US
Alaska
Washington
Oregon
California
Other states
Impact driver Type of impact
Fishing and Direct impact
1,987
728
538
92
357
271
primary
Indirect impact
2,370
761
1,212
57
4
336
processing Induced impact
3,482
578
1,025
106
245
1,529
in Bristol Multiplier impact
5,852
1,338
2,237
163
249
1,865
Bay
Total impact
7,839
2,067
2,775
255
606
2,137
Shipping to Direct impact
191
156
15
other states Indirect impact
243
103
12
and
Induced impact
319
126
12
secondary Multiplier impact
563
229
24
processing Total impact
754
385
39
Direct contribution
787
Nationwide Indirect contribution
112
distribution Induced contribution
312
and retailing Multiplier contribution
425
Total contribution
1,212
Total impacts and contributions
9,804

Table C-12
Estimated Income Impacts and Contributions of the Bristol Bay Salmon Industry,
Total US
Alaska
Washington
Oregon
Impact driver Type of impact
Fishing and Direct impact
$143,706,464
$50,117,570
$48,202,930
$8,103,434
primary
Indirect impact
$111,622,227
$37,988,890
$53,955,158
$2,704,107
processing Induced impact
$156,420,295
$23,975,329
$43,666,690
$3,982,928
in Bristol Multiplier impact
$268,042,522
$61,964,219
$97,621,848
$6,687,035
Bay
Total impact
$411,748,986 $112,081,789 $145,824,779
$14,790,469
Shipping to Direct impact
$13,110,295
$10,968,827
$854,146
other states Indirect impact
$15,750,564
$6,340,422
$518,616
and
Induced impact
$14,312,471
$5,388,473
$443,453
secondary Multiplier impact
$30,063,035
$11,728,895
$962,070
processing Total impact
$43,173,329
$22,697,723
$1,816,216
Direct contribution
$22,691,854
Nationwide Indirect contribution
$5,625,023
distribution Induced contribution
$14,006,490
and retailing Multiplier contribution
$19,631,513
Total contribution
$42,323,367
Total impacts and contributions
$497,245,682

2010 ($)
California

Other states

$18,888,777
$266,830
$11,854,314
$12,121,144
$31,009,921

$18,393,752
$16,707,242
$72,941,034
$89,648,276
$108,042,028

Table C-12
Estimated Output Value Impacts and Contributions of the Bristol Bay
Total US
Alaska
Washington
Impact driver Type of impact
Fishing and Direct impact
$389,667,996 $126,662,175 $198,491,605
primary
Indirect impact
$310,685,906
$88,414,231 $155,525,182
processing Induced impact
$490,516,601
$72,592,909 $132,244,901
in Bristol Multiplier impact
$801,202,507 $161,007,140 $287,770,083
Bay
Total impact
$1,190,870,503 $287,669,315 $486,261,688
Shipping to Direct impact
$67,813,775
$56,014,272
other states Indirect impact
$66,205,592
$21,131,321
and
Induced impact
$44,774,640
$16,309,863
secondary Multiplier impact
$110,980,232
$37,441,185
processing Total impact
$178,794,007
$93,455,456
Direct contribution
$45,535,217
Nationwide Indirect contribution
$16,938,512
distribution Induced contribution
$43,815,952
and retailing Multiplier contribution
$60,754,465
Total contribution
$106,289,681
Total impacts and contributions
$1,475,954,191

Salmon Industry, 2010 ($)
Oregon

$13,420,353
$7,149,132
$11,707,734
$18,856,865
$32,277,218
$3,513,633
$1,346,748
$1,302,219
$2,648,967
$6,162,600

California

Other states

$19,398,255
$742,553
$35,799,082
$36,541,636
$55,939,890

$31,695,609
$58,854,809
$238,171,974
$297,026,783
$328,722,392
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APPENDIX D:
USE OF IMPLAN MODELS FOR ECONOMIC IMPACT ANALYSIS
We estimated economic impacts of the Bristol Bay salmon industry using the IMPLAN impact
assessment modeling system. IMPLAN was originally developed by the US Forest Service and is now
made available by subscription through MIG, Inc. (http://implan.com/V4/Index.php). It is widely used for
economic impact analyses by federal, state, and local governments, universities, and private consultants.
At the center of IMPLAN is a set of national, state level and country level input-output models
constructed with region specific data derived primarily from government sources including the Bureau of
Economic Analysis, the Bureau of Labor Statistics, and the US Census.
Each input output model is a matrix representation of the inter-industry monetary flows within the region
(including governments and households). This matrix can be used to estimate the total employment
(measured as annual average jobs), income, gross receipts (output value), and value added (output minus
the cost of intermediate inputs) generated by the introduction of a new economic activity into a region (or
of an activity currently taking place within the region). The model takes as input a set of industry specific
expenditures and tracks the flow of those dollars as they are re-spent through the other industries within
the region (the multiplier effect). The output of the model is a series of estimates (employment, income,
gross receipts, and value added by industry) of the total economic activity in the region attributable to the
new activity.
These estimates include both the indirect and the induced effects of the activity. The indirect effect is a
measure of effects of the business to business purchases while the induced effect is a measure of
effects of purchases by households from income generated by the business expansion.
For this analysis we used the IMPLAN national input output model to estimate the total economic
significance of Bristol Bay salmon fishing and processing, as well as downstream activities, for the entire
nation.
We used state level models for the four western states—Alaska, Washington, Oregon, and California-- to
generate estimates of economic impacts of Bristol Bay salmon fishing and processing in each of these
states. 8
We also used the Washington model to estimate economic impacts of marine transportation, secondary
processing of frozen salmon, and canned salmon warehousing and labeling in Washington. Similarly, we
8

Note that the multiplier (induced and indirect) impacts estimated for the four western states reflect only
those driven by the direct effects in each state. For example, the multiplier effects estimated for
California are only those resulting from payments made to California households or California businesses,
as those payments generate additional payments within California. They exclude those resulting from
payments made to Washington households or businesses which generate payments to California
households or businesses. Thus, by using state level models, we understate the multiplier effects of
Bristol Bay salmon fishing and processing within the four western states. To address this concern, we
created a separate model that combined the models for the four western states. This four-state model
contained a set of inter-regional trade flow matrices which captured the interstate flow of purchases by
an industry in one state from each of the others. However, the difference in estimated multiplier impacts
was so small that we only report the estimates based on the state level models.
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also used the Oregon model to estimate economic impacts of canned salmon warehousing and labeling
in Oregon.
We estimated direct, indirect and induced economic impacts of Bristol Bay salmon fishing and
processing for other states as the difference between national economic impacts and estimated
economic impacts for each of the four western states.
Allocation of Payments to IMPLAN Industries
The inputs that generate the model results are payments associated with fishing, primary processing,
transportation, secondary processing, marine transportation of frozen and canned salmon, air
transportation of fresh salmon, secondary processing of frozen salmon, warehousing and labeling of
canned salmon, and distribution and retailing of Bristol Bay salmon products. To use the IMPLAN model,
we needed to allocate these payments to IMPLAN industry sectors.
Tables D-1 shows our allocations from payment categories to IMPLAN industries for Bristol Bay fishing.
Where there was not an obvious match these allocations were necessarily somewhat subjective. Note
however that payments to all industries have multiplier effects, and particularly for smaller payments the
allocations have relatively little effect on the overall estimated impacts of the Bristol Bay salmon industry.
Table D-1
Allocation of Bristol Bay Fishing Payments to IMPLAN Industries
IMPLAN
commodity
Fishing payment category
IMPLAN Industry
code
Maintained and repaired nonresidential
Maintenance (routine & unexpected)
3039
structures
Nets (hanging, repair, and web)
3085
All other textiles
Fuel, oil, & lubricants
3115
Refined petroleum products
Depreciation (boat building & repair)
3291
Boats
Miscellaneous gear & supplies
3311
Sporting and athletic goods
Food
3324
Retail services-food and beverage
Transportation
3332
Air transportation services
Moorage, storage, and haul-out
3340
Warehousing and storage services
Insurance (P&I, hull, lay-up)
3357
Insurance
Administrative services
3386
Business support services
Raw fish tax
3437
State & local government ,non-education
Annual permit fee
3437
State & local government ,non-education
Annual vessel license fee
3437
State & local government ,non-education
Property tax
3437
State & local government ,non-education
We allocated crew share payments and returns to labor, management and investment to household
categories. IMPLAN has nine different income groupings with each of these categories having a distinct
spending pattern based on the National Income and Product Accounts (NIPA) and the personal
consumption expenditure. We allocated crew share payments to households who earn between 25,000
and 35,000 (sector 10004). We allocated permit holder net earnings to households who earn between
75,000 and 100,000 (sector 10007).
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Tables D-2 shows our allocations from payment categories to IMPLAN industries for Bristol Bay primary
processing. We allocated processing labor payments to households who earn between 25,000 and
35,000 (sector 10004). We allocated processor profits to households who earn more than 150,000
(sector 10009).
Table D-2
Allocation of Bristol Bay Processing Payments to IMPLAN Industries
Processing payment category
Utilities

IMPLAN commodity
code
3031

Maintenance

3039

Fuel
Food
Air travel
Tendering
Insurance

3115
3324
3332
3334
3357

Rents & leases

3365

Fishermen's support services
State & local taxes

3386
3437
33%: 3149

Fixed supplies
67%:
62%:
38%:
88%:
12%:

Variable supplies
Packaging

3236
3014
3061
3190
3142

IMPLAN Industry
Elctricity and distribution services
Maintained and repaired nonresidential
structures
Refined petroleum services
Retail services-food and beverage
Air transportation Services
Water transportation Services
Insurance
Commercial and Industrial machinery and
equipment rental
Business support services
State & local government, non education
Other plastic products & computer
terminals
Other computer peripheral equipment
Animal products
Seafood products
Metal cans ,boxes,etc & plastics
Packaging materials.

Table D-3 shows our allocations of payments from downstream industries to IMPLAN industries.
Table D-3
Allocation from Downtream Industries to IMPLAN Industries
Downstream industry

IMPLAN commodity
code

IMPLAN Industry

Marine transportation

3334

Water transportation services

Air transportation

3332

Air transportation services

Frozen salmon secondary
processing
Canned salmon warehousing
& labeling
Distribution and retailing of
salmon products

50%: 3228
50%: 3142

Material handling equipment
Plastics packaging materials and
unlaminated films & sheets

50%: 3061
50%: 3389

Seafood products
Other suport services

3324

Retail services-food and beverage
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APPENDIX E:
ESTIMATION OF EXPORT VALUE AND DOMESTIC CONSUMPTION
OF BRISTOL BAY SOCKEYE SALMON
Chapter VI includes estimates of the value of Bristol Bay sockeye salmon exports and of domestic
consumption of Bristol Bay sockeye salmon.
To develop these estimates, we began by calculating the share of Bristol Bay production in total Alaska
production of frozen sockeye salmon, canned sockeye salmon, fresh sockeye salmon and sockeye
salmon roe, using ADF&G COAR data. To estimate export volumes and value of Bristol Bay sockeye
salmon products, we multiplied these shares by the total US export volumes and values of the
corresponding products, as reported in NMFS Fisheries Trade data.
We estimated total US domestic consumption of frozen sockeye salmon as total Alaska production
minus total US exports of frozen sockeye salmon, as reported in NMFS Fisheries Trade data. We
estimated US domestic consumption of frozen Bristol Bay sockeye salmon by multiplying estimated total
US domestic consumption by the Bristol Bay share of Alaska frozen sockeye production.
We estimated the Bristol Bay share of selected US seafood product exports as shown in the Table E-1.
Table E-1
Value of Bristol Bay Sockeye Salmon Exports as a Percentage of Value
of Selected US Fish Exports and Import Product Categories, 2010
Bristol Bay sockeye
export value as a % of
Export or Import Category
Source
Value
value
Total Bristol Bay sockeye salmon exports (estimated)
a
$252,284
Frozen
a
134,937
Canned
a
95,702
Fresh
a
1,728
Roe
a
19,917
Total US sockeye salmon exports, all products
b
$341,977
74%
Frozen
b, e
$191,299
71%
Canned
b, e
$109,190
88%
Fresh
b, e
$10,409
17%
Roe
c, e
$31,078
64%
Total US salmon exports, all species and products
d
$898,790
28%
Fresh and frozen salmon
d, e
$591,587
23%
Canned salmon
d, e
$179,424
53%
Salmon roe
d, e
$127,779
16%
Total US edible fish exports, all species
d
$4,379,760
6%
Total US salmon imports (all species and products)
d
$1,755,481
14%
Total US edible fish imports (all species and products)
d
$14,807,678
2%
(a) Estimates in Table E-1. Note: Value is for calendar year exports.
(b) NMFS fisheries trade data reported in Table E-1. Note: Export value shares correspond to shares of
Bristol Bay production in total Alaska production.
(c) Sockeye salmon roe production as reported in ADFG COAR data; assumed to be 100% exported.
(d) NMFS, Fisheries of the United States, 2010.
(e) Percentage is % of corresponding Bristol Bay sockeye salmon export product.
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APPENDIX F:
COMPARISONS WITH OTHER RECENT ECONOMIC IMPACT
ANALYSES OF THE BRISTOL BAY SALMON INDUSTRY
Two recent analyses, listed in the box below, estimated economic impacts of the Bristol Bay salmon
industry. We refer to these as the “Goldsmith” and “Schwoerer” analyses. 9
Both the Goldsmith and Schwoerer analyses were relatively small parts of larger studies, involving other
authors, which examined a much wider range of economic topics related to Bristol Bay salmon, including
economic impacts of sport and subsistence fisheries and net economic values of Bristol Bay salmon
resources. Our discussion here is limited solely to these studies’ analyses of economic impacts of the
commercial salmon fishery.
Table F-1 (on the following page) compares the employment and income impact estimates of the
Goldsmith and Schwoerer analyses with those of this report. For those impacts for which all three
studies estimated comparable types of impacts, the estimated economic impacts were fairly close and
certainly consistent with each other, given the fact that the analyses were done for three different years.
The major difference between the studies is that the Goldsmith and Schwoerer analyses estimated only
those multiplier impacts which occurred in Alaska. They did not attempt to estimate the multiplier
impacts which occurred in other states. Since the multiplier impacts which occur outside Alaska (the
shaded cells in the table) are large—this study estimates they are two to three times as large as those
which occur in Alaska—the total economic impacts estimated in the Goldsmith and Schwoerer analyses
are much smaller.
The Goldsmith and Schwoerer analyses also did not estimate downstream economic impacts and
contributions of the Bristol Bay salmon industry, as was done for this study.
Recent Economic Impact Analyses of the Bristol Bay Salmon Industry
Goldsmith, Scott. 2007. Economic Significance. Pages 92-105 of Duffield, J., D. Patterson, and C.
Neher, Economics of Wild Salmon Watersheds: Bristol Bay, Alaska (Report prepared for Trout Unlimited,
Alaska, February 2007).
http://www.bber.umt.edu/pubs/survey/Economics%20of%20Wild%20Salmon%20
Ecosystems%20in%20Bristol%20Bay_2007.pdf
Schwoerer, Tobias. Economic Significance of Healthy Salmon Ecosystems in the Bristol Bay Region.
Pages 171-198 of Bristol Bay Wild Salmon Ecosystem Baseline Levels of Economic Activity and Values,
in Volume 3, Appendix E of Environmental Protection Agency, An Assessment of Potential Mining
Impacts on Salmon Ecosystems of Bristol Bay, Alaska, External Review Draft, EPA 910-R-12-004d, May
2012. http://www2.epa.gov/bristolbay.

9
Dr. Scott Goldsmith is one of the authors of this study, and a colleague of the other authors at the University of
Alaska Anchorage Institute of Social and Economic Research (ISER). Tobias Schwoerer is also an ISER colleague of
the authors.
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Table F-1
Comparison of Selected Recent Economic Impact Analyses of the Bristol Bay Salmon
Type of
impact

Year for which impacts were estimated
Pages reporting economic estimates
Seasonal
employment

Goldsmith

Schwoerer

This report

2005

2009

2010

98

183

21, 74

4,177
8,308

4,341
7,231

4,369
7,552

1,008
1,968

707
1,190

728
1,259

1,263

1,586

1,338
4 ,514

2,271

2,293

2,066
5 ,773

26,527
52,693

40,307
94,233

50,118
93,589

41,371

54,705

61,694
2 06,348

Direct impacts
Alaska
Other states

Direct impacts
Alaska
Other states
Estimated
economic
impacts of
Bristol Bay
salmon and
processing

Annual
average
employment

Multiplier impacts
Alaska
Other states

Total impacts
Alaska
Other states

Direct impacts
Alaska
Other states
Income
($000)

Multiplier impacts
Alaska
Other states

Total impacts
Alaska
67,797
95,102
112,082
Other states
2 99,667
Downstream Total annual average employment
1 ,212
impacts
Total income ($000)
4 2,323
Note: Shaded cells are impacts estimated in this report which were not estimated in the Goldsmith
and Schwoerer analyses.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1839 of 2339

APPENDIX G:
DATA SOURCES FOR THE BRISTOL BAY SALMON INDUSTRY
A rich variety of data exists for the Bristol Bay salmon industry. However, the data can be difficult and
confusing to work with, for a number of reasons. Some data are not published, and are available only
upon request from Alaska state government agencies. Many data series are available only for limited
periods of time: some have been discontinued and are not available for recent years; others have been
collected or published only beginning relatively recently and are not available for earlier years. Many data
series are inconsistent: reports published by the same agency in different years may provide different
data for the same series. Preliminary data (particularly for prices and values) are often revised later,
sometimes substantially. Some kinds of data are confidential except when aggregated for minimum
threshold numbers of permit holders, processors or other firms. Some kinds of data are proprietary
(particularly price data gathered by private market information services). What data mean, how they
were collected or estimated, and how reliable they are is often undocumented and unclear. For all these
reasons, technical economic analysis of Bristol Bay salmon industry data can be confusing for both the
analyst and for the reader.
This appendix describes the major data sources we used for this analysis, and a few other useful
sources, in alphabetical order of the names used to refer to them (shown in bold font).
ADFG Commercial Operator Annual Report (COAR) Data. In April of every year, all Alaska fish
processors are required to submit “Commercial Operator Annual Reports” to the Alaska Department of
Fish and Game. In these reports they are required to report the total volume of fish purchased, by
species and area; the total amount paid for fish purchased, by species and area; the total volume (weight)
of production, by product, species and area; and the total first wholesale value of production. Information
about the COAR reporting forms is at:
http://www.adfg.alaska.gov/index.cfm?adfg=fishlicense.coar
The COAR data are not posted on the internet or published regularly by ADF&G (which is unfortunate),
but are available by special request from ADF&G. The data used for this report were provided on August
2, 2011 to Gunnar Knapp and were saved as Excel file “Statewide and regional COAR production 19842011 provided by ADFG 8-2-11.xls.” Average “first wholesale prices” were calculated by dividing first
wholesale value by production volume.
ADFG Alaska Commercial Salmon Harvests and Ex-vessel Values Reports. These reports provide
summary annual data for each of 11 Alaska salmon harvest areas. The data include average fish weight,
average price per pound, numbers of fish, harvest volume in pounds, and estimated value in dollars.
Prices for the most recent year are generally preliminary estimates based on fish tickets and reports from
area managers. Prices for earlier years are generally based on “Commercial Operators Annual Report
and area staff reports.” The reports are available at:
http://www.adfg.alaska.gov/index.cfm?adfg=commercialbyfisherysalmon.salmoncatch
ADFG Salmon Ex-Vessel Price Time Series by Species 1984-2011. This is a two-page table of exvessel prices by species, 1984-2011, for the following areas: Cook Inlet, Kodiak, Alaska Peninsula, Bristol
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Bay, Prince William Sound, Southeast, and Statewide. The original source is cited as the Commercial
Operator Annual Reports database.
http://www.adfg.alaska.gov/static/fishing/PDFs/commercial/84-11exvl.pdf
ADLWD Bristol Bay Region Fishing and Seafood Industry Data.. The Alaska Department of Labor and
Workforce Development (ADLWD) Research and Analysis Division posts a variety of economic
information for the Bristol Bay Seafood Industry on its “Bristol Bay Region Fishing and Seafood Industry
Data” website at:
http://labor.alaska.gov/research/seafood/seafoodbristol.htm.
ADLWD Bristol Bay Region Fishing Employment Estimates. These are fish harvesting employment
estimates posted on the ADLWD Bristol Bay Region Fishing and Seafood Industry Data website as
Alaska Department of Labor and Workforce Development, Fish Harvesting Employment by Species and
Month, 2001-2011, Bristol Bay Region,
http://laborstats.alaska.gov/seafood/BristolBay/BBAvgMonthlyRegSpc.pdf.
ADLWD Bristol Bay Region Seafood Processing Employment and Earnings Data. These are data for
the years 2001-2011 for Bristol Bay region seafood processing total worker count, percent nonresident
workers, wages, and percent nonresident wages, posted on the ADLWD Bristol Bay Region Fishing and
Seafood Industry Data website as Alaska Department of Labor and Workforce Development, Bristol Bay
Region Seafood Industry, 2001-2011, Processing, at:
http://laborstats.alaska.gov/seafood/BristolBay/BBSFPOver.pdf.
ADOR Annual Salmon Price Reports. Every year, “large” Alaska salmon processors (those with sales
exceeding 1 million pounds in the previous calendar year) are required to report sales volumes and first
wholesale values for major salmon product categories to the Alaska Department of Revenue. Annual
statewide summary reports of these data are available on the Alaska Department of Revenue’s Tax
Division Reports website at:
http://www.tax.alaska.gov//programs/reports.aspx
Once on this page, click on “Alaska Salmon Price/Production.” Note that the “Annual Salmon Price
Reports” differ from (and sometimes are inconsistent with the “Annual Salmon Production Reports” and
“Monthly Salmon Price Reports” which are also available at the same website.
ADOR Monthly Salmon Price Reports. Every four months, large Alaska salmon processors (those with
sales exceeding 1 million pounds in the previous calendar year) are required to submit salmon price
reports to the Alaska Department of Revenue for the following four-month periods: January-April, MayAugust , and September-December.
The reports include sales volumes and first wholesale values for major salmon product, by area and
month. Summaries of the data from these reports, for each four-month period, are available on the
Alaska Department of Revenue’s Tax Division Reports website at:
http://www.tax.alaska.gov//programs/reports.aspx.
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Once at this page, click on “Alaska Salmon Price/Production.” Note that these “Monthly Salmon Price
Report” differ from (and sometimes are inconsistent with the “Annual Salmon Price Reports” and the
“Annual Salmon Production Reports” which are also available at the same website. Data are not
reported for product-area-month combinations for which fewer than three processors reported sales.
CFEC Basic Information Tables.. The Commercial Fisheries Entry Commission (CFEC) posts “Basic
Information Tables” for each Alaska salmon fishery on its website at:
http://www.cfec.state.ak.us/bit/MNUSALM.htm
These tables provide a useful summary of trends since 1975 in each salmon fishery for numbers of
permits issued/renewed, numbers of permits fished, total pounds harvested, average pound harvested,
gross earnings, average earnings, and average annual permit prices. The most recent data currently
available are for 2010.
CFEC Data for Alaska Salmon Harvests 1980-2005. 1980-2005: CFEC Alaska Salmon Summary Data
1980-2005 061113. These are Commercial Fisheries Entry Commission data for Alaska commercial
salmon harvest (number of fish, pounds, earnings, and price), by species, for the years 1980-2005. This
file was prepared by the Commercial Fisheries Entry Commission on March 31, 2005, in response to a
request by Professor Gunnar Knapp of the University of Alaska Anchorage Institute of Social and
Economic Research (ISER). The data was provided as an Excel file named SWPrices.xls, containing the
worksheet of this file named "Original data." Professor Knapp maintains a copy of the file named
“CFEC_Alaska_Salmon_Summary_Data _1980-2005.xls.” The data were calculated from CFEC fish
ticket database. The harvest and earnings figures include set and drift gill net, test fishing, confiscated
and educational permit harvests, and any other harvest where the product was sold.
CFEC Data for Bristol Bay Salmon Harvests 1975-2003. These are Commercial Fisheries Entry
Commission data for Bristol Bay commercial salmon harvests for the years 1975-2003, provided by Kurt
Iverson, June 9, 2004, as file BBayEarnHarv1.xls. The data were calculated from CFEC fish ticket
database. The harvest and earnings figures include set and drift gill net, test fishing, confiscated and
educational permit harvests, and any other harvest where the product was sold.
CFEC Permit and Fishing Activity Data. The Commercial Fisheries Entry Commission (CFEC) posts
annual data on permit and fishing activity by year, state, census area and Alaska city on its website at:
http://www.cfec.state.ak.us/fishery_statistics/earnings.htm
For each state, census area and city in which permit holders reside, and for each fishery for which
residents held permits, data include the number of permits issued, number of permit holders, number of
permits with recorded landings, total pounds landed and estimated gross earnings. Earnings data are
confidential for fisheries in which fewer than four permit holders in a census area or community had
landings.
FAO FishstatJ Database. FAO FishstatJ is software for fishery statistical time series developed by the
Food and Agricultural Organization of the United Nations (FAO) Fisheries and Aquaculture Department,
based in Rome. The software is designed to be used with global datasets for capture (wild) fisheries
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catches and aquaculture production, by species, country and year. The software and the global datasets
can be downloaded from the FAO Fisheries and Aquaculture Department website at:
http://www.fao.org/fishery/statistics/software/fishstatj/en
NMFS Commercial Fishery Landings Database.. The National Marine Fisheries Service (NMFS) Office of
Science and Technology maintains an online database of US Commercial Fishery Landings (volume and
value) by state, species and year. Customized datasets for Alaska and other states may be downloaded
from NMFS Commercial Fishery Landings website at:
http://www.st.nmfs.noaa.gov/st1/commercial/index.html
NMFS Foreign Trade in Fisheries Products Data. The National Marine Fisheries Service posts very
detailed data online about U.S. exports and imports of fisheries products at:
http://www.st.nmfs.noaa.gov/st1/trade/
The export data in this report were calculated from the “Monthly Trade Data by Product,
Country/Association” option at this website.
NMFS Major Ports Data. The National Marine Fisheries Service publishes an annual report entitled
Fisheries of the United States which provides a wide variety of useful data on United States fisheries. A
regular table in this report (on page 7 in recent years), entitled “Commercial Fishery Landings and Value
at Major U.S. Ports,” lists the value and volume of landings for the top 50 United States ports (ranked by
value). The Fisheries of the United States reports are available at:
http://www.st.nmfs.noaa.gov/st1/publications.html
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Executive Summary
This report provides estimates of the economic values associated with sustainable use of
wild salmon ecosystem resources, primarily fisheries and wildlife, of the major
watersheds of the Bristol Bay, Alaska region. Both regional economic significance and
social benefit-cost accounting frameworks are utilized. This study reviews and
summarizes existing economic research on the key sectors in this area and reports
findings based on original survey data on expenditures, net benefits, attitudes, and
motivations of the angler population.
The major components of the total value of the Bristol Bay area watersheds include
subsistence use, commercial fishing, sportfishing and other recreation, and the
preservation values (or indirect values) held by users and the U.S. resident population.
The overall objectives of this proposed work are to estimate the share of the total regional
economy (expenditures, income and jobs) that is dependent on these essentially pristine
wild salmon ecosystems, and to provide a preliminary but relatively comprehensive
estimate of the total economic value (from a benefit-cost perspective) that could be at risk
from extractive resource development in the region.
The rivers that flow into the Bristol Bay comprise some of the last great wild salmon
ecosystems in North America (Figure 1). The Kvichak River system supports the world’s
largest run of sockeye salmon. While these are primarily sockeye systems, all five species
of Pacific salmon are abundant, and the rich salmon-based ecology also supports many
other species, including Alaska brown bears and healthy populations of rainbow trout.
The Naknek, Nushagak, Kvichak, Igushik, Egegik, Ugashik, and Togiak watersheds are
all relatively pristine with very few roads or extractive resource development.
Additionally, these watersheds include several very large and pristine lakes, including
Lake Iliamna and Lake Becherof. Lake Iliamna is one of only two lakes in the world that
supports a resident population of freshwater seals (the other is Lake Baikal in Russia).
The existing mainstays of the economy in this region are all wilderness-compatible and
sustainable in the long run: subsistence use, commercial fishing, and wilderness
sportfishing. The commercial fishing is largely in the salt water outside of the rivers
themselves and is closely managed for sustainability. The subsistence, sportfish and other
recreation sectors are relatively low impact (primarily personal use and catch and release
fishing, respectively). Additionally, there are nationally-important public lands in the
headwaters, including Lake Clark National Park and Preserve, Katmai National Park and
Preserve, Togiak National Wildlife Refuge, and Wood-Tikchick State Park (the largest
state park in the U.S.).
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Figure 1. Map of Bristol Bay Study Area
A complete economic analysis would be conducted in several phases. The current study
focuses on: 1) an overview of values based on existing data and previous studies, 2)
original data collection focused on the sportfish sector, including angler surveys, and 3)
estimation of both the regional economic significance (focusing on jobs and income) of
these ecosystems using an existing regional economic model, as well as total value in a
social benefit-cost framework. The objective is to provide a preliminary but relatively
comprehensive estimate of the range of fishery-related values in this region (Figure 1).
This summary provides a brief characterization of each of the major sectors, followed by
the primary economic findings.
The Bristol Bay economy is a mixed cash-subsistence economy. The primary features of
these socio-economic systems include use of a relatively large number of wild resources
(on the order of 70 to 80 specific resources in this area), a community-wide seasonal
round of activities based on the availability of wild resources, a domestic mode of
production (households and close kin), frequent and large scale noncommercial
distribution and exchange of wild resources, traditional systems of land use and
occupancy based on customary use by kin groups and communities, and a mixed
economy relying on cash and subsistence activities (Wolfe and Ellanna, 1983; Wolfe et
al. 1984). The heart of this cash-subsistence economy is the resident population of 7,611
individuals (in the year 2000) located in 25 communities (Table 1) spread across this
primarily un-roaded area (Figure 2). Archeological evidence indicates that Bristol Bay
has been continuously inhabited by humans at least since the end of the last major glacial
period about 10,000 years ago. Three primary indigenous cultures are represented here:
10
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Aleuts, Yupik Eskimos, and the Dena’ina Athapaskan Indians. The share of the
population that is Alaska Native is relatively high at 70 percent, compared to Alaska as a
whole, with 16 percent.
Table 1. Bristol Bay Area Communities, Populations, and Subsistence Harvest
Bristol Bay Area Community
/year of harvest data
Aleknagik 1989
Clark's Point 1989
Dillingham 1984
Egegik 1984
Ekwok 1987
Igiugig 1992
Iliamna 2004
King Salmon 1983
Kokhanok 1992
Koliganek 1987
Levelock 1992
Manokotak 1985
Naknek 1983
New Stuyahok 1987
Newhalen 2004
Nondalton 2004
Pedro Bay 2004
Pilot Point 1987
Port Alsworth 2004
Port Heiden 1987
South Naknek 1992
Ugashik 1987
Togiak City
Portage Creek
Twin Hills
Total communities
Unincorporated areas
Total (interpolated to include
unincorporated areas)

Population
(2000 census)
221
75
2,466
116
130
53
102
442
174
182
122
399
678
471
160
221
50
100
104
119
137
11
809
36
69
7,447
164

Per Capita
Harvest
379
363
242
384
797
725
508
220
1,013
830
884
384
188
700
692
358
306
384
133
408
297
814
------

7,611

315

Total Annual
Harvest
54,079
20,325
494,486
37,450
85,260
33,915
51,816
81,261
175,639
154,705
97,677
118,337
72,110
247,494
110,720
79,118
15,300
24,783
13,832
41,985
39,893
8,144
-----2,397,970

% Native
Population
81.9%
90.7%
52.6%
57.8%
91.5%
71.7%
50.0%
29.0%
86.8%
87.4%
89.3%
94.7%
45.3%
92.8%
85.0%
89.1%
40.0%
86.0%
4.8%
65.6%
83.9%
72.7%
86.3%
86.1%
84.1%
--69.6%

Sources: US Census Bureau (2000 census statistics), and ADF&G Division of Subsistence Community Profile Data Base. & Fall et al.
2006. Note: % native indicates those who classify themselves as Native only.

Wild renewable resources are important to the people of this region and many residents
rely on wild fish, game and plants for food and other products for subsistence use. Total
harvest for these 25 communities is on the order of 2.4 million pounds based largely on
surveys undertaken in the late 1980’s and early 1990’s, as summarized in the Alaska
Division of Subsistence community profile data base. A new round of surveys is now
underway to update this data. Estimates for the 2004 study year (Fall et al. 2006) for five
communities (Newhalen, Nondalton, Iliamna, Pedro Bay, and Port Alsworth) are
included in the data presented in Table 1. Per capita harvests averaged about 315 pounds.
Primary resources used include salmon, other freshwater fish, caribou, and moose.
Subsistence use continues to be very important for communities of this region, based on
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these recent surveys, and participation in subsistence activity, including harvesting,
processing, giving and receiving is quite high. Compared to other regions of Alaska, the
Bristol Bay area has some characteristic features, including the great time depth of its
cultural traditions, its high reliance on fish and game, the domination of the region’s
market economy by the commercial salmon fishery, and the extensive land areas used by
the region’s population for fishing, hunting, trapping and gathering. (Wright, Morris, and
Schroeder, 1985).

Figure 2. Bristol Bay Area Location and Major Communities

The primary private source of cash employment for participants in Bristol Bay’s mixed
cash-subsistence economy is the commercial salmon fishery. The compressed timing of
this fishery’s harvesting activity makes it a good fit with subsistence in the overall Bristol
Bay cash-subsistence economy. Many commercial fishing permit holders and crew
members, as well as some employees in the processing sector, are residents of Bristol
Bay’s dominantly-native Alaskan villages. In 2004, there were 952 resident commercial
fishing permit holders in the Bristol Bay study area, as well as 920 crew members. This is
a significant share of the area’s total adult population. An ADF&G summary of
subsistence activity in Bristol Bay (Wright, Morris, and Schroeder 1985) noted that as of
the mid-1980’s traditional patterns of hunting, fishing, and gathering activities had for the
most part been retained, along with accommodations to participate in the commercial
fishery and other cash-generating activities. In the abstract to this 1985 paper, the authors
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characterize the commercial salmon fishery as “a preferred source of cash income
because of its many similarities to traditional hunting and fishing, and because it is a
short, intense venture that causes little disruption in the traditional round of seasonal
activities while offering the potential for earning sufficient income for an entire year.”
Commercial fishing is a form of self employment requiring many of the same skills, and
allowing nearly the same freedom of choice as traditional subsistence hunting and
fishing. (Wright, Morris, Schroeder 1985; p. 89).

Figure 3. Bristol Bay Area Commercial Salmon Fishery Management Districts
The Bristol Bay commercial fisheries management area encompasses all coastal and
inland waters east of a line from Cape Menshikof to Cape Newhenham (Figure 3). This
area includes eight major river systems: Naknek, Kvichak, Egegik, Ugashik, Wood,
Nushagak, Igushik and Togiak. Collectively these rivers support the largest commercial
sockeye salmon fishery in the world (ADF&G, 2005). This is an interesting and unique
fishery, both because of its scale and significance to the local economy, but also because
it is one of the very few major commercial fisheries in the world that has been managed
on a sustainable basis.
The five species of pacific salmon found in Bristol Bay are the focus of the major
commercial fisheries. Sockeye salmon is the primary species harvested both in terms of
pounds of fish and value. Annual commercial catches between 1984 and 2003 averaged
nearly 24 million sockeye salmon, 69,000 chinook, 971,000 chum, 133,000 coho, and
593,000 (even year only) pink salmon (ADF&G, 2005). Prices for sockeye salmon are
typically higher than for other salmon species, making the Bristol Bay fishery the most
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valuable of Alaska’s salmon fisheries (CFEC, 2004). Nearly one-third of all earnings
from Alaska salmon fishing come from the Bristol Bay fishery (Table 2). This is also the
largest Alaska fishery in terms of the number of permit holders. In 2004, there were 1,857
potentially active entry permits in the drift gillnet fishery and 992 in the set gillnet fishery
(CFEC, 2004).
Table 2. Bristol Bay and Alaska Commercial Fishery Permits, Harvest, and Gross
Earnings, 2002
Sector
Bristol Bay Salmon
Drift gillnet
Set gillnet
All Alaska Salmon
All Alaska Fisheries
Source: Derived from ADFG (2005)

# permit
holders
2,850
1,862
988

# permits

Pounds

Gross earnings

2,276
1,447
829

165,582,203
135,549,944
30,032,259

$94,571,755
$77,243,936
$17,327,819

10,594
14,318

7,508
13,463

872,577,336
3,842,853,863

$293,147,368
$990,099,365

The fishery is organized into five major districts (Figure 3) including Togiak, Nushagak,
Naknek-Kvichak, Egegik, and Ugashik. Management is focused on discrete stocks with
harvests directed at terminal areas at the mouths of the major river systems (ADF&G,
2005). The stocks are managed to achieve an escapement goal based on maximum
sustained yield. The returning salmon are closely monitored and counted and the
openings are adjusted on a daily basis to achieve desired escapement. Having the
fisheries near the mouths of the rivers controls the harvest on each stock, which is a good
strategy for protection of the discrete stocks and their genetic resources. The trade-off is
that the fishery is more congested and less orderly, and the harvest is necessarily more of
a short pulse fishery, with most activity in June and early July. This has implications for
the economic value of the fish harvest, both through effects on the timing of supply, but
also on the quality of the fish. Most fish are canned or frozen, rather than sold fresh. The
fishery is quite cyclical in terms of run size and potential harvest. For example, harvests
were as low as only several million fish in the early 1970’s, but exceeded 45 million fish
in the early 1990’s. Prices have also varied quite dramatically historically. In real terms
(constant 2005 dollars) prices peaked at $3.15 per pound in 1989 and reached a recent
historical low of about $0.40 a pound in 2002. Prices are currently low because of
competition with farmed salmon and other factors. For the period 1985 to 2005, total
production value for processors averaged about $288 million, with a low of $95 million
in 2002. Total production value in 2005 was $225 million. According to the Commercial
Fish Entry Commission (2004) the total salmon return to Bristol Bay is strongly
influenced by sockeye returns to the Kvichak River, which is historically the largest
salmon resource in the region, and perhaps the largest in the world. The sockeye return
to the Kvichak is highly variable, and exhibits a pattern of oscillating cycles. In recent
years the Kvichak sockeye return has been weaker, and the river has been classified as a
“stock of management concern” by the Alaska Department of Fish and Game and the
Alaska Board of Fisheries.
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Next to commercial fishing and processing, recreational angling is the most important
private economic sector in the Bristol Bay region. The 2005 Bristol Bay Angler Survey,
which was undertaken for purposes of this report, confirmed that the fresh water rivers,
streams, and lakes of the region are a recreational resource equal or superior in quality to
other world renowned fisheries.
In their survey responses Bristol Bay anglers consistently emphasized the importance of
Bristol Bay’s un-crowded, remote, wild setting in their decisions to fish the area.
Additionally, a significant proportion of respondents to the survey specifically traveled to
the region to fish the world-class rainbow fisheries. These findings indicate that Bristol
Bay sport fishing is a relatively unique market segment, paralleling the findings of
Romberg (1999) that angler motivation and characteristics vary significantly across
Alaska sport fisheries.
Recreational fishing use of the Bristol Bay region is roughly divided between 65% trips
to the area by Alaska residents and 35% trips by nonresidents. These nonresidents
(approximately 13,000 trips in 2005 (personal communication, ADF&G, 2006)) account
for the large majority of total recreational fishing spending in the region. It is estimated
that in 2005 approximately $48 million was spent in Alaska by nonresidents specifically
for the purpose of fishing in the Bristol Bay region. In total, it is estimated that $61
million was spent in Alaska in 2005 on Bristol Bay fishing trips.
While sport fishing within the Bristol Bay region comprises the largest share of
recreational use and associated visitor expenditures, several thousand trips to the region
each year are also made for the primary purpose of sport hunting and wildlife viewing.
Table 3 through 8 detail the summary results of the analysis of economic values. Table 3
shows estimated direct expenditures in Alaska related to harvest or use of Bristol Bay
area renewable resources. Total estimated direct expenditures (that drive the basic sector
of the economy) were estimated to be $324 million in 2005. The largest component is
commercial fishing harvesting and processing. These estimates were obtained from the
Alaska Department of Revenue and the Commercial Fishing Entry Commission. The
range shown of low and high estimates reflects the cyclical nature of this sector, and is
based on a 95 percent confidence interval for total earnings in this sector between 1985
and 2005. The next most significant component is sportfishing at $61 million in 2005.
This estimate is derived from original survey data as described below, and a 95 percent
confidence interval for this 2005 estimate is relatively imprecisely estimated at zero to
$123.2 (this broad range reflects the statistical uncertainty within a number of estimated
parameters used to estimate spending, including average spending per angler and average
number of trips per year per angler). Sport hunting and wildlife viewing / tourism are less
important economically. The wildlife viewing and tourism estimates are approximate,
and reflect a small share of the visitation at Katmai National Park. Most of the visitation
at Katmai is expected to be picked up in the sportfishing use estimates and is excluded
here to avoid double-counting.
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Table 3. Summary of Regional Economic Expenditures Based on Wild Salmon

Ecosystem Services (Million 2005 $)
Estimated direct
expenditures /
sales per year
$226.0
$61.2
$12.4
$17.1
$7.2
$323.90

Ecosystem Service
Commercial fish wholesale value
Sport fisheries
Sport hunting
Wildlife viewing / tourism
Subsistence harvest expenditures
Total direct annual economic impact

Low estimate

High estimate

$226.0
0
$12.4
$17.1
$7.2
$262.70

$346.0
$123.2
$12.4
$17.1
$7.2
$505.90

Table 4 provides additional detail on recreation expenditures, including number of trips
and spending by residence of the participants. A large share of sportfish expenditures,
and hence of total recreation expenditures, is by nonresident anglers ($48 of $61 million).
This reflects the high quality of this fishery, in that it is able to attract participants from a
considerable distance in the lower 48 states as well as foreign countries.
Table 4. Total Estimated Recreational Direct Spending in Alaska Attributable to

Bristol Bay Wild Salmon Ecosystems, 2005
Sector

(A) TRIPS
Sport fishing
Sport hunting
Wildlife
viewing /
tourism
Total
(B)
SPENDING
Sport fishing
Sport hunting
Wildlife
viewing /
tourism
Total

Alaska Residents

Nonresidents

Total

Local residents

Non-local
residents

Total
Alaska

19,488
-

4,450
1,538

23,938
1,538

12,966
2,310

60,842
3,848

-

1,000

1,000

9,000

10,000

19,488

6,988

26,476

24,276

50,752

$6,397,747
$2,214,720

$13,004,179
$2,214,720

$48,207,588
$10,870,860

$61,211,767
$13,085,580

-

$970,010

$970,010

$16,168,280

$17,138,290

$6,606,432

$9,582,477.00

$16,188,909

$75,246,728.00

$91,435,637.00

$6,606,432
-

Table 5 summarizes the full time equivalent employment associated with the sectors of
the Bristol Bay economy that are dependent on wild salmon ecosystems. A total of 5,540
full time equivalent jobs are supported, with an estimated 1,598 of these held by local
residents of Bristol Bay, 1,829 by non-local Alaskans (for a total of 3,430 Alaska jobs)
and 2,110 by nonresidents. Three-fourths of these jobs are in the commercial fish sector
(4,239) and about one-fourth in recreation. A small number of jobs (49) are also shown
for subsistence, based on expenditures made by subsistence participants for supplies and
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equipment to support subsistence activity. However, this perspective on subsistence is
somewhat misleading, as it is only from the cash side of the mixed cash-subsistence
economy. The level of full-time equivalent subsistence jobs was estimated for a similar
sized population of Bristol Bay residents by Goldsmith et al. (1998) at 762 jobs. This is
based on the approximation that the average Alaska Native (3,048 in Goldsmith’s
population) participates in subsistence activities a total of three months a year, and that
non-natives participate not at all. Unfortunately there is not much evidence to support or
refute this estimate, but it does indicate the possible significance of subsistence
employment from a broader perspective than that of just the cash economy as shown in
Table 5.
Table 5. Total Full Time Equivalent (FTE) Employment in Alaska Dependent on

Bristol Bay Wild Salmon Ecosystems, 2005
Sector

Commercial fishing
Commercial processing
Sport fishing
Sport hunting
Wildlife viewing / tourism
Subsistence
Total FTE jobs

Alaska Residents
Local
residents
689
465
288
60
82
14
1598

Non-local
residents
667
449
435
105
139
34
1829

Total
FTE
jobs

Nonresidents
Total
Alaska
1,357
914
723
165
222
49
3,430

1,172
796
123
2
17
0
2,110

2,529
1,710
846
167
239
49
5,540

A related perspective is that angler effort in the sport fishery is on the order of 100,000
angler days (for example, 106,000 in the year 2000), mostly in the June-September
period. From the theoretical economic “household production” perspective of anglers
utilizing capital and labor resources to produce themselves a good outdoor experience,
this is the equivalent of about 400 full time equivalent jobs. An interesting feature of the
sportfish sector, and one that limits its economic impact relative to the commercial
fishery, is that there is essentially no (or only a very limited) processing sector in this
dominantly catch and release fishery.
The overall structure of the Bristol Bay economy is shown in Table 6. This estimate was
derived by starting from the official employment data reported by the U.S. Bureau of
Economic Analysis and the Alaska Department of Labor. These sources miss some of
the wage and salary employment in the region as well as non local resident proprietors
(self employed). Revised employment data developed for this study shows that the annual
average employment in the Bristol Bay economy was 7,691 jobs in 2004. The private
sector basic employment in this economy is currently almost totally dependent on Bristol
Bay’s wild salmon ecosystems with mining contributing a small amount. The only other
basic driver is government employment (here including hospitals and other non profit
enterprises which are publicly funded). As a share of all basic employment, the salmon
ecosystem-dependent sectors account for 64 percent of all the basic employment that
drives this cash economy. A good share of the non-basic employment is also derived
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through induced and indirect effects (multiplier effect) from the ecosystem sectors as
well. Furthermore, although government is here considered a BASIC sector activity
because it brings money into the local economy, in the absence of the salmon ecosystem,
regional population would surely be smaller and the government presence would also
shrink.
Table 6. Structure of the Bristol Bay Economy, 2004
ANNUAL
AVERAGE
JOBS BY PLACE OF WORK

SUMMER
(July)

WINTER
(January)

SWING
(JanJuly)

7,691

16,631

3,640

12,991

BASIC

6,251

15,028

2,304

12,724

Fish Harvesting
Fish Processing
Recreation
Government / Health
Mining
NON-BASIC

2,552
1,150
311
2,098
150
1,440

7,657
4,193
933
1,795
450
1,603

0
200
0
2,104
0
1,336

7,657
3,993
933
(309)
450
267

64
642
127
180
427

80
765
118
213
427

56
580
116
157
427

24
185
2
56
0

4,233
3,458

5,741
10,890

3,640
0

2,101
10,890

Construction
Trade/Transport/Leisure
Finance
Other Wage and Salary
Other Proprietors
JOBS BY PLACE OF RESIDENCE
Local Resident
All Non Local

Table 6 also shows the extreme seasonal nature of this economy. From a winter low of
3,640 jobs, employment climbs by almost 13 thousand jobs to a total of 16,631 in
summer. Since the total resident population (including children and the elderly) is only
about 7,600 a large share of the seasonal increase must be filled by non local residents.
The most seasonally stable component of the economy is government, which actually
declines by about 300 jobs in summer, reflecting the academic year schedules of teachers.
The winter employment pattern reveals the bare bones of the local cash economy, absent
almost all of the cash employment jobs associated with fishing and recreation, except for
about 200 jobs in commercial fish processing.
Subsistence users are not the only hunter-gatherers in this economy. Essentially the entire
private economy is “following the game” (or, in this case, the fish), with many
commercial fishers, processors, sport anglers, sport hunters and wildlife viewers coming
from elsewhere in Alaska or the lower 48 to be part of this unique economy at the time
that fish and game are available.
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The estimated payroll associated with the salmon ecosystem-dependent jobs is shown in
Table 7. The total is $161 million in 2005, including $46.8 million to Bristol Bay
residents and a total of $103.4 million to all Alaska residents.
Table 7. Total Alaska Payroll Associated with Use of Bristol Bay Wild Salmon

Ecosystems, 2005 (Million 2005 dollars)
Payroll paid to:
Local residents
Non-local residents
All Alaska Residents
Non Residents
TOTAL

Commercial
fishing
$34.554
$33.242
$67.796
$52.694
$120.490

Sport
Fishing
$8.180
$14.491
$22.671
$4.303
$26.974

Hunting
$1.536
$3.392
$4.929
$.087
$5.016

Other
Recreation
$2.015
$4.235
$6.250
$.597
$6.847

Subsistence
$0.525
$1.183
$1.707
$0
$1.707

Total
$46.810
$56.543
$103.353
$57.681
$161.034

The preceding discussion has focused on a regional economic accounting framework.
Table 8 introduces the net economic value measures for evaluation of the renewable
Bristol Bay resources. Commercial salmon fishery net economic values are derived by
annualizing permit values, which are exchanged in an open market and reported by the
Commercial Fish Entry Commission. These are on the order of $51,200 for a drift gillnet
permit in 2005 in total, but have been as high as $200,000 as recently as 1993.
Subsistence harvests are valued based on the willingness-to-pay revealed through
tradeoffs of income and harvest in choice of residence location (Duffield 1997).
The sportfish net economic value is based on original data collected for purposes of this
study, as reported below. These estimates are consistent with values from the extensive
economic literature on the value of sportfishing trips. Sport hunting and wildlife viewing
values are based on studies conducted about fifteen years ago in Alaska, and which need
to be updated. Direct use values total from $104 million to $179 million.
A major unknown is the total value for existence and bequest (also called passive use
values). Goldsmith et al. (1998) estimated the existence and bequest value for the federal
wildlife refuges in Bristol Bay at $2.3 to $4.6 billion per year (1997 dollars). There is
considerable uncertainty in these estimates, as indicated by the large range of values.
Goldsmith’s estimates for the federal wildlife refuges are based on the economics
literature concerning what resident household populations in various areas (Alberta,
Colorado) (Adamowicz et al. 1991; Walsh et al. 1984; Walsh et al. 1985) are willing to
pay to protect substantial tracts of wilderness. Similar literature related to rare and
endangered fisheries, including salmon, could also be appealed to here. It is possible that
from a national perspective the Bristol Bay wild salmon ecosystems and the associated
economic and cultural uses are sufficiently unique and important to be valued as highly
as wilderness in other regions of the U.S. Goldsmith et al’s (1998) estimates assume that
a significant share of U.S. households (91 million such households) would be willing to
pay on the order of $25 to $50 per year to protect the natural environment of the Bristol
Bay federal wildlife refuges. The number of these households is based on a willingness to
pay study (the specific methodology used was contingent valuation) conducted by the
State of Alaska Trustees in the Exxon Valdez oil spill case (Carson et al. 1992). The
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findings of this study were the basis for the $1 billion settlement between the State and
Exxon in this case. These methods are somewhat controversial among economists, but
when certain guidelines are followed, such studies are recommended for use in natural
resource damage regulations (for example, see Ward and Duffield 1992). They have also
been upheld in court (Ohio v. United States Department of Interior, 880 F.2d 432-474
(D.C. Cir.1989)) and specifically endorsed by a NOAA-appointed blue ribbon panel (led
by several Nobel laureates in economics) (Arrow et al. 1993).
Goldsmith’s estimates for just the federal refuges may be indicative of the range of
passive use values for the unprotected portions of the study area. However, there are
several caveats to this interpretation. First, Goldsmith et al. estimates are not based on
any actual surveys to calculate the contingent value specific to the resource at issue in
Bristol Bay. Rather, they are based on inferences from other studies (benefits transfer
method). Second, these other studies date from the 1980’s and early 1990’s and the
implications of new literature and methods have not been examined. Additionally, the
assumptions used to make the benefits transfer for the wildlife refuges may not be
appropriate for the Bristol Bay study area. This is an area for future research.
Table 8. Summary of Bristol Bay Wild Salmon Ecosystem Services, Net Economic

Value per Year (Million 2005 $)
Ecosystem Service
Commercial salmon fishery
Sport fishing
Sport hunting
Wildlife viewing / tourism
Subsistence harvest
Total Direct Use Value
Existence and Bequest Value

Low estimate
$9.4
$13.5
$1.8
$1.8
$77.8
$104.30
Not estimated

High estimate
$18.8
$13.5
$1.8
$1.8
$143.1
$179.00
Not estimated

The estimates in Table 8 are for annual net economic values. Since these are values for
renewable resource services that in principle should be available in perpetuity, it is of
interest to also consider their present value (e.g. total discounted value of their use into
the foreseeable future). Recent literature (EPA 2000; Weitzman 2001) provides some
guidance on the use of social discount rates for long term (intergenerational) economic
comparisons. A rate as low as 0.5% has been recommended by EPA (2000). Weitzman,
based on an extensive survey of members of the American Economic Association,
suggests a declining rate schedule, which may be on the order of 4 percent (real) in the
near term and declining to near zero in the long term. He suggests a constant rate of
1.75% as an equivalent to his rate schedule. Applying this parameter to the net economic
values shown in Table 8 results in a net present value of $6.0 billion to $10.2 billion for
just the direct uses.
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1.0 Introduction
This report provides information on the importance of wild fisheries and the natural
environment in the Bristol Bay region to the economies of the Bristol Bay region, the
State of Alaska and the U.S. as a whole.

1.1 Study Objectives
This report provides estimates of the economic values associated with sustainable use of
wild salmon ecosystem resources, primarily fisheries and wildlife, of the major
watersheds of the Bristol Bay, Alaska region. Both regional economic significance and
social benefit-cost accounting frameworks are utilized. This study reviews and
summarizes existing economic research on the key sectors in this area and reports on
original survey data on expenditures, net benefits, attitudes and motivations of the angler
population.
The major components of the total value of the Bristol Bay area wild salmon ecosystems
include subsistence use, commercial fishing and processing, sportfishing, and the
preservation values (or indirect values) held by users and the U.S. resident population.
The overall objectives of this work are to estimate the share of the total regional economy
(expenditures, income and jobs) that is dependent on these essentially pristine wild
salmon ecosystems, and to provide a preliminary but relatively comprehensive estimate
of the total economic value (from a benefit-cost perspective) associated with the
ecosystem.

1.2 Definition of Study Area
The Bristol Bay region is located in southwestern Alaska. The area is very sparsely
populated and the large majority of its population is comprised of Alaskan Natives (Table
9). The region, which includes Bristol Bay Borough, the Dillingham Census Area, and a
large portion of Lake and Peninsula Borough contains a relatively small number of
communities, the largest of which are shown in Figure 4. Although median household
income varies among census areas within the region, outside of the relatively small
Bristol Bay Borough, income is somewhat lower than for the state of Alaska as a whole.
As noted, Alaskan Natives make up over two-thirds of the total population within the
region as compared to approximately 16% for the entire state (Table 9)
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Table 9. Demographic and Socioeconomic Characteristics of the Bristol Bay Region
Area

Population
2004

Percent
Alaska
native
Bristol Bay Borough
1,103
43.7%
Dillingham Census Area
4,924
70.1%
Lake & Peninsula Borough
1,584
73.5%
Total Bristol Bay Region
7,611
67.0%
State of Alaska
655,435
15.6%
Source: US Census Quickfacts. Quickfacts.census.gov

Percent
18 or over

Number of
households

68.7%
61.9%
62.2%
62.9%
69.6%

490
2,341
588
3,419
221,600

Median household
income 1999
$
$
$
$
$

52,167
43,079
36,442
43,015
51,571

Table 10. Bristol Bay Area Communities and Populations
Bristol Bay Area Community
Aleknagik
Clark's Point
Dillingham
Egegik
Ekwok
Igiugig
Iliamna
King Salmon
Kokhanok
Koliganek
Levelock
Manokotak
Naknek
New Stuyahok
Newhalen
Nondalton
Pedro Bay
Pilot Point
Port Alsworth
Port Heiden
South Naknek
Ugashik
Togiak City
Portage Creek
Twin Hills

Population
(2000 census)
221
75
2,466
116
130
53
102
442
174
182
122
399
678
471
160
221
50
100
104
119
137
11
809
36
69

% Native
Population
81.9%
90.7%
52.6%
57.8%
91.5%
71.7%
50.0%
29.0%
86.8%
87.4%
89.3%
94.7%
45.3%
92.8%
85.0%
89.1%
40.0%
86.0%
4.8%
65.6%
83.9%
72.7%
86.3%
86.1%
84.1%
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Figure 4. Bristol Bay Area Location and Major Communities

This study focuses on the economic contributions of the Bristol Bay ecosystem. The
rivers that flow into the Bristol Bay comprise some of the last great wild salmon
ecosystems in North America (Figure 5). All five species of Pacific salmon are abundant,
and the rich salmon-based ecology also supports many other species, including healthy
populations of rainbow trout. The Naknek, Nushagak-Mulchatna, and Kvichak-Lake
Iliamna watersheds are relatively pristine with very little roading or extractive resource
development. The existing mainstays of the economy in this region are all wildernesscompatible and sustainable in the long run: subsistence use, commercial fishing, and
wilderness sportfishing. The commercial fishing is largely in the salt water outside of the
rivers themselves and is closely managed for sustainability. The subsistence and sportfish
sectors are relatively low impact (primarily personal use and catch and release fishing,
respectively). Additionally, there are important pubic lands in the headwaters, including
Lake Clark National Park and Preserve, Katmai National Park and Preserve, and Togiak
National Wildlife Refuge.
The Bristol Bay area includes the political designations of Bristol Bay Borough, the
Dillingham census area, and most of Lake and Peninsula Borough. The largest town in
the area is Dillingham. In 2004 the Dillingham census area had an estimated population
of 4,294 (US Census, Quick Facts).
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Figure 5. Map of Bristol Bay Study Area

1.3 Focus of Study-Economic Uses
The current research focuses on the ecosystem services provided by the Bristol Bay
Region. These services are broad and substantial and include, but are not limited to
commercial, aesthetic, recreational, cultural, natural history, wildlife and bird life, and
ecosystem services.
A primary dichotomy of economic values is the division of values into those that are, or
can be traded within existing economic markets, and those for which no developed
market exists. Examples of resource services specific to the Bristol Bay region that are
traded in markets are commercial fish harvests and guided fishing trips. While a number
of services provided by the Bristol Bay natural resources can be classified as market
services (with associated market-derived values), there are many services provided by
this area that are classified as non-market services. These non-market resource services
include noncommercial fishing, wildlife watching, subsistence harvests, protection of
cultural sites, and aesthetic services.
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A second dichotomy of resource services and associated values is that of direct use and
passive use services and values. The most obvious type, direct use services, relates to
direct onsite uses. The second type of resource services are so-called passive use
services. These services have values that derive from a given resource and are not
dependent on direct on-site use. Several of the possible motives for passive use values
were first described by Weisbrod (1964) and Krutilla (1967), and include existence and
bequest values. Existence values can derive from merely knowing that a given natural
environment or population exists in a viable condition. For example, if there were a
proposal to significantly alter the Bristol Bay natural ecosystem, many individuals could
experience a real loss, even though they may have no expectation of ever personally
visiting the area.
While use services may or may not have associated developed markets for them, passive
use services are exclusively non-market services.
When passive use and use values are estimated together, the estimate is referred to as
total valuation. This concept was first introduced by Randall and Stoll (1983) and has
been further developed by Hoehn and Randall (1989).
The National Research Council in their 2005 publication “Valuing Ecosystem Services:
Toward Better Environmental Decision Making” provided an outline of ecosystem
services. Table 11 provides an application of the NRC outline to Bristol Bay resources,
and details examples of the ecosystem services, both use and passive use, that are
produced by natural resources such as those found in the Bristol Bay region.
Additionally, Figure 6 diagrams the flow of ecosystem services.
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Table 11: Types of Ecosystem Services
Direct

Use Values
Indirect

Commercial and recreational
fishing

Nutrient retention and
cycling

Aquaculture

Flood control

Transportation

Storm protection

Wild resources

Habitat function

Potable water

Shoreline and river bank
stabilization

Nonuse Values
Existence and Bequest
Values
Cultural heritage
Resources for future
generations
Existence of charismatic
species
Existence of wild places

Recreation
Genetic material
Scientific and educational
opportunities

Figure 6. Flows of Ecosystem Services ( Adapted from NRC 2005)
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A comprehensive economic evaluation of these Bristol Bay wild salmon ecosystems
needs to include two accounting frameworks. One is regional economics or economic
significance, focused on identifying cash expenditures that drive income and job levels in
the regional economy. The other is a net economic value framework that includes all
potential costs and benefits from a broader social (usually national) perspective. The
latter necessarily includes nonmarket and indirect benefits, such as the benefits anglers
derive from their recreational activity, over and above their actual expenditure. Both
perspectives are important for policy discussions and generally both accounting
frameworks are utilized in evaluating public decisions, for example through the NEPA
process (such as environmental impact statements) or in informing public opinion.
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2.0 Methods
This section provides information on the statistical methods and modeling procedures
utilized in the following analysis.

2.1 Sample Design Methods
The sample for the 2005 Alaska sportfish angler internet survey (and random mail
survey) was designed as a random sample of a large share of Alaska Department of Fish
and Game 2005 fishing license sales in South-central Alaska. The pool of possible
license holders was sampled through a stratified random sample design to increase the
probability of sampling freshwater anglers who had fished Bristol Bay streams or lakes in
2005. Respondents were weighted appropriately in analysis to reflect the actual
distribution of license sales among the subset of South-central Alaska license vendors
that were sampled.
In addition to population weighting, survey responses were also weighted to correct for
potential non-response bias using methods developed by Kanninan, Chapman and
Hanemann (1992).
The survey procedure followed a standard Dillman (2000) survey methodology using
initial contact and repeat follow-ups. Further detail is presented below in Section 4. An
example of the angler survey instrument is included as Attachment A.
All analysis and data manipulation was completed using SAS statistical software, and
Microsoft Excel.

2.2 Net Economic Value Analysis Methods
The estimation of willingness to pay models described below (see Table 33) was derived
using a maximum likelihood interval approach (Welsh and Poe 1998). Respondents were
asked to choose the highest amount he or she was willing to pay from a list of possible
amounts. It was inferred that the respondent’s true willingness to pay was some amount
located in the interval between the amount the respondent chose and the next highest
amount presented. Let X iL
be the maximum amount that the ith person would be
willing to pay and X iU be the lowest presented amount that person would not pay.

>

Given this, WTP must lie in the interval X iL , X iU

@ If F

X i ; E is the statistical

distribution function for WTPi, with parameter vector E then the probability that WTPi
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lies between two given payment bid amounts is F X iU ; E  F X iL ; E and the
associated log-likelihood function is:

ln( L )

¦

n

i 1

>

ln F X iU ; E  F X iL ; E

@

The SAS statistical procedure LIFEREG was used to estimate the parametric model of
willingness to pay based on the underlying payment card responses.

2.3 Regional Economic Modeling Methods
Calculations of the economic significance of the various uses of the Bristol Bay
ecosystem were carried out using the ISER regional Input-Output Model (Goldsmith,
2000). This model has been specifically designed and constructed using Alaska data to
calculate the employment, wage, value added, and sales effects on Alaska regional
economies from different activities including commercial fishing, recreational spending,
and household spending.
Dollars spent in the Bristol Bay region and elsewhere in Alaska by the commercial
fishing sector, by recreational visitors, or by subsistence users are input into the model,
and the indirect and induced effects of those expenditures are calculated. The indirect
effect is the increase in jobs and wages that results from local businesses supplying goods
and services to the commercial fishing businesses, visitors, or subsistence hunters. The
induced effect is the increase in jobs and wages from consumer purchases by households
working for these various businesses. The sum of these effects provides a measure of the
importance of these activities to the economy of the region.
The model incorporates a number of structural features that account for unusual
characteristics of the regional economies of Alaska. In particular it tracks the residence
of workers in different industries and “leakages” of expenditures. Large shares of the
workers in both the commercial fishing and recreation industries move into the Bristol
Bay region during the summer but live either in other parts of Alaska or outside the state.
The model divides the economic effect of the worker payroll between their place of work
and their place of residence. Much of the spending by businesses and households in the
Bristol Bay region occurs in other parts of Alaska or outside the state. The model tracks
where this spending “hits the street” and its impact on jobs and wages is calculated at that
location.
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3.0 Data Collection
A major emphasis of this study was to update in part the previous data collection efforts
that provide information on recreational angling in the Bristol Bay region (Ackley 1988,
Romberg 1999). To this end, the current study designed and implemented a suite of
surveys in the region. The three populations surveyed included licensed anglers,
destination fishing lodge owners within Bristol Bay, and Bristol Bay fishing lodge
clients.
Section 4 of this report details the design and implementation of the Bristol Bay angler
survey. The main objectives of the survey were to measure angler expenditures,
preferences and attitudes, net economic values, and demographic characteristics. The
Bristol Bay angler survey was designed to collect a stratified random sample of anglers
that would support extrapolation of the survey results to a good share of the population of
licensed anglers in south central Alaska. The primary population sampled was anglers
who had purchased a 2005 Alaska Sportfishing license. Table 12 shows the populations
surveyed, and data collected. The primary survey sample used for analysis was the
sample of 2,400 licensed anglers. These anglers were asked questions relating to their
fishing trips, expenditures, opinions, and preferences.
A second sample of Bristol Bay fishing lodge owners was asked detailed questions
regarding their lodge operations as well as financial information on payroll and other
business expenditures.
Finally, a third population, a sample of Bristol Bay fishing lodge clients, was also
contacted and surveyed on their fishing trips, expenditures, opinions, and preferences.
Table 12: Bristol Bay Surveys: Sample Frame and Design
Population
Licensed Alaska
Anglers

Source/sample size
Alaska F&G License
database – 2,400 anglers

Data Collected
Trip information
Opinions and preferences
Expenditures
Net economic value estimates
Preservation value estimates

Destination fishing
lodge owners

Listing of major lodges in
Bristol Bay – 45 Lodges

Services provided
Rates and occupancy
Business expenditure patterns

Bristol Bay Lodge
clients

Lodge client information
supplied by cooperating
lodges (330 lodge clients)

Same as for licensed Alaska
anglers
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3.1 Survey and Sampling Design
The design of the 2005 Bristol Bay angler and lodge owners surveys followed the Dilman
total design survey method (Dillman 2000). Table 13 details the methods employed in
surveying the anglers and lodge owners.
Table 13: Bristol Bay Angler Survey and Sample Design
Population

Subpopulation/
wave
Jan – July licenses

Number of
contacts
4 mail

Survey
method
Internet

Licensed
Alaska Anglers

Aug – Sept licenses

4 mail

Internet

Jan – July licenses

4 mail

Mail

Monetary
incentive
932 of 1,400
(66%)
1,000 of 1,000
(100%)
none

Bristol Bay
Lodge Owners

One sample of 46
lodges

2 mail
2 email

Mail

none

Bristol Bay
Clients

One sample of 330
lodge clients

4 mail

Mail

none

A stratified sample of licensed anglers was drawn from a pool of 2005 Alaska sportfishing licenses sold by four different groups of vendor locations in south-central Alaska:
Bristol Bay, Anchorage, Matanuska/Susitna, and Kenai. The sampling was designed to
increase the probability of sampling anglers who had fished in Bristol Bay in 2005, yet at
the same time sampling the primary possible south-central Alaska license vendor
locations for anglers likely to fish in Bristol Bay.
This sample was drawn in two stages. First a sample of 1,400 license-holders was drawn
from the January-July license base. Because there is a lag in the development of the
computer-based data base of license sales, a sample was drawn from this first pool of
licenses as soon as available from Alaska Department of Fish and Game, in order to
minimize potential recall bias. A second sample of 1,000 license holders from the license
sale pool for August 1 to September 30 was drawn and surveyed subsequently. The
stratified sampling design required that the survey results be weighted to reflect the entire
license pool from which they were drawn.
The angler samples received four mail contacts asking potential respondents to
participate in the 2005 Bristol Bay Angler Survey and directing them to a survey website
at the University of Montana, Bureau of Business and Economic Research. Respondents
were provided with unique passwords, giving them access to their survey. The mailings
sent to potential respondents included: 1) initial contact letter, 2) reminder postcard, 3)
2nd reminder letter, and 4) 3rd reminder letter. To increase response rates and to test the
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effect of an incentive, 932 (or two-thirds) of the 1,400 initial letters contained $2 in cash
as a token of appreciation for participation in the survey. Based on preliminary analysis
of the response to the incentive, all 1,000 anglers in the second wave mailing received the
$2 incentive.
In addition to the sample of 2,400 licensed anglers asked to complete an internet survey,
a smaller sample of 300 anglers from the January through July license pool received the
same survey in a mail form. The purpose of this sub-sample was to test response rates
across survey modes. This sub-sample also received four mail contacts, two of which
included a printed survey instrument.
The lodge owner survey was sent to a sample of 46 Bristol Bay lodge owners. These
lodges received an initial email notice of the mail survey, the mail survey packet, a
reminder email notification, a second survey by mail, and a final email reminder. The
lodge survey asked owners to supply detailed information on the operation of their
lodges, including rates and occupancy for several years, capital expenditures in recent
years, and detailed business expenses and payroll information for 2005 season. The data
collected from the lodge owner sample was intended to provide a snapshot of the typical
distribution of revenues from lodge operations within the Bristol Bay and Alaska
economies.
The 2005 Bristol Bay lodge client survey was a sample of 330 anglers. This was a
convenience sample (not a probability sample) in that a limited number of Bristol Bay
lodges provided contact information for a sample of their client lists. This sub-sample
also received four mail contacts including 1) an initial letter, 2) survey package, 3)
reminder postcard, and 4) 2nd survey package. This survey provided additional
information primarily on Kvichak River lodge client anglers.

3.1.1 Structure of Bristol Bay Angler Survey
The angler survey instrument was organized into four primary groupings of questions.
Section I of the survey asked general questions about the angler’s sport fishing level of
experience and preferences in types of fishing and locations for fishing. Section II asked
specifically about the number and location of 2005 Alaska fishing trips taken to Bristol
Bay waters (mail surveys) and Bristol Bay plus other south central Alaska waters
(internet survey). Section III narrowed the focus of the survey down to the most recent
trip the respondent had taken to fish in south central Alaska. In this section respondents
were asked detailed questions on the location, dates, cost and characteristics of this most
recent Alaska fishing trip. In Section III anglers were also asked about fish species they
targeted and caught on their trip, how they rated several aspects of their experience, and
how the trip compared to other destinations they have fished in recent years. Section III
also included a series of questions related to current policy issues on road building and
development in Bristol Bay. The final section of the survey, Section IV, asked a series of
questions on the demographic characteristics of the respondent.
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3.1.2 Bristol Bay Angler Survey Sample Allocation Design
As noted above, the 2005 Bristol Bay Angler Survey was designed as a stratified sample
of Alaska 2005 sportfish license holders. The strata were based on where anglers had
purchased their licenses (specifically, four south central Alaska regions: Anchorage, the
Kenai Peninsula, Matanuska/Susitna, and Bristol Bay (RST), and two different purchase
periods: January-July and August-September). Some specific vendors within each
location were excluded to increase the probability of sampling freshwater (not saltwater)
anglers. The following series of tables (Table 14 through Table 19) provide detail on the
size and distribution of the license population as well as that of the sample drawn for this
survey. Additionally, information on the distribution of survey responses across the
sample strata are supplied for both all survey respondents and for sub-samples of
respondents supplying information on trips to the Bristol Bay area and the Kenai
Peninsula.
Table 14 shows the distribution of the total population of 2005 sportfish licenses as
supplied by Alaska Department of Fish and Game. The license pool was separated into
two waves. Wave 1 included licenses sold between January 1 and July 31, 2005. Wave 2
included licenses sold between August 1 and September 30, 2005. Two waves were
sampled in order to minimize recall bias among those respondents whose most recent trip
might have been earlier in the fishing year.
Table 14. 2005 Actual ADF&G Sportfish License Sales
Wave 1 Actual
License Pool
SampleArea
Anchorage
Kenai Peninsula
MatSu/West Cook
RST (Bristol Bay)
Total

2005 ADF&G Sportfish Licenses
sold

Distribution of License sales
across sample populations

RESIDENCY
NON
RES
32,050
54,624
38,821
22,031
8,851
18,908
3,116
1,694
82,838
97,257

Total
86,674
60,852
27,759
4,810
180,095

RESIDENCY
NON
RES
15.1%
25.7%
18.2%
10.4%
4.2%
8.9%
1.5%
0.8%
38.9%
45.7%

Total
40.7%
28.6%
13.0%
2.3%
84.6%

RESIDENCY
NON
RES
10,087
4,566
10,414
1,485
2,992
1,632
1,251
257
24,744
7,940

Total
14,653
11,899
4,624
1,508
32,684

RESIDENCY
NON
RES
4.7%
2.1%
4.9%
0.7%
1.4%
0.8%
0.6%
0.1%
11.6%
3.7%

Total
6.9%
5.6%
2.2%
0.7%
15.4%

Wave 2 Actual
License Pool
SampleArea
Anchorage
Kenai Peninsula
MatSu/West Cook
RST (Bristol Bay)
Total

Overall, the license pools contained 180,095 anglers for the Wave 1 sample and 32,684
anglers in Wave 2. Table 14 also shows the proportional distribution of all licenses in the
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pool across the 16 sample strata (2 waves x 2 residency classes x 4 sample areas). The
sample distribution was designed to increase the probability of sampling Bristol Bay
anglers, and to obtain approximately equal samples of nonresident anglers in wave 1 and
wave 2.
Table 15 shows the actual distribution of randomly drawn licenses across the 16 sample
strata. As in the previous table, this table also shows the proportional distribution of the
license sample across the strata.
Table 15. Distribution of Sample of License Holders Drawn from ADF&G License
Pool
Wave 1 Sample
distribution

SampleArea
Anchorage
Kenai Peninsula
MatSu/West Cook
RST (Bristol Bay)
Total

Licenses sampled from total pool

RESIDENCY
NON
RES
83
164
142
105
71
176
442
217
738
662

Distribution of License
sample across sample
populations

Total
247
247
247
659
1,400

RESIDENCY
NON
RES
3.5%
6.8%
5.9%
4.4%
3.0%
7.3%
18.4%
9.0%
30.8%
27.6%

Total
10.3%
10.3%
10.3%
27.5%
58.3%

Total
175
175
175
475
1,000

RESIDENCY
NON
RES
4.8%
2.5%
6.3%
1.0%
4.5%
2.8%
16.3%
3.5%
32.0%
9.7%

Total
7.3%
7.3%
7.3%
19.8%
41.7%

Wave 2 Sample
distribution
SampleArea
Anchorage
Kenai Peninsula
MatSu/West Cook
RST (Bristol Bay)
Total

RESIDENCY
NON
RES
116
59
152
23
108
67
392
83
768
232

Table 16 presents the ratios of the proportion of the entire sample in each strata to the
proportion of the total license pool in each of the 16 strata. For comparison, a ratio of 1.0
in this table would indicate that the proportion of the sample in a stratum was exactly
equal to the proportion of the total number of licenses in that stratum. Ratios of less than
1.0 indicate that the strata are under-sampled relative to the share of all licenses in those
strata. Conversely, a ratio of over 1.0 indicates that a stratum is over-sampled relative to
the entire population.
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Table 16. Ratio of Sportfishing License Sample Sizes to Population Sizes
Wave 1
Anchorage
Kenai Peninsula
MatSu/West Cook
RST (Bristol Bay)

NON
0.23
0.32
0.71
12.58

RES
0.27
0.42
0.83
11.36

Wave 2
Anchorage
Kenai Peninsula
MatSu/West Cook
RST (Bristol Bay)

NON
1.02
1.29
3.20
27.78

RES
1.15
1.37
3.64
28.63

Note: a ratio of less than one indicates the sample strata is under-sampled relative to the population size. A sample of
over one indicates the strata is over-sampled relative to the population size.

Table 16 shows that for Wave 1 the RST (Bristol Bay) license sales are significantly
over-sampled relative to the population of license sales. In this first wave licenses from
the remaining three strata were under-sampled relative to the license population. In
Wave 2 the Bristol Bay strata are also significantly over-sampled relative to the pool.
This over-sampling of the Bristol Bay license sales was included in the sample design in
order to maximize the probability that information on 2005 fishing trips to the Bristol
Bay area would be included in the survey responses, and to balance the number of
nonresident anglers between waves. Within purchase location and time of purchase
strata, residents and nonresidents were sampled as the same proportion as the license
population for that strata.
Table 17 shows the distribution of internet survey responses across the 16 sample strata.
While this table shows a distribution of responses that is relatively representative of the
distribution of the sample across the strata, Table 18 shows that the pattern changes
dramatically when only responses containing information on trips to the Bristol Bay are
included. Table 18 shows that 95% of survey responses in our sample that contained
information on a Bristol Bay 2005 fishing trip were from licenses sold in the Bristol Bay
area.
While this was expected, and was the basis of the sample design which significantly
over-sampled the Bristol Bay license sales, the degree to which Bristol Bay trips would
be under-represented in the non-Bristol Bay license strata was unexpected. While 70% of
respondents who bought their licenses in the Bristol Bay area reported information on a
Bristol Bay fishing trip, only 3.7% of those buying licenses in the other three areas
reported on Bristol Bay trips. The response proportions shown in Table 17 and Table 18
suggest that had the sample design been random across all four license areas rather than
stratified with over-sampling of the Bristol Bay area, the survey could have expected to
only receive information on 30 to 35 Bristol Bay angling trips rather than the 301 trips
reported in the final survey responses. The sampling achieved the appropriate balance of
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nonresident Bristol Bay respondents between the early summer and late summer license
pools.
Table 17. Distribution of all Survey Responses to Internet Survey
Sample Area
(License Purchase)
Anchorage
Kenai
Matanuska/Susitna
RST (Bristol Bay)
Total

Wave 1 (Jan.-July licenses)
Residents
Nonresidents
43
25
32
57
35
32
55
180
165
294

Wave 2 (Aug. – Sept. licenses)
Residents
Nonresidents
10
43
8
66
15
44
13
185
46
338

The distribution of Bristol Bay trip responses in Table 18 is so completely dominated by
licenses sold in the Bristol Bay region that the decision was made to limit analysis of
Bristol Bay trip characteristics to responses from this major strata. The small number of
observations from other license sales areas were excluded to eliminate the possibility of a
grossly disproportional impact associated with one or two observations contained in
heavily weighted strata.
Table 18. Distribution of Survey Responses with Information on a Bristol Bay
Fishing Trip
Sample Area
(License
Purchase)
Anchorage
Kenai
Matanuska/Susitna
RST (Bristol Bay)
Total

Wave 1 (Jan.-July
Wave 2 (Aug. – Sept.
licenses)
licenses)
Residents Nonresidents Residents Nonresidents
3
1
1
1
1
1
1
2
1
1
0
2
45
121
10
125
50
124
12
130

Sum

6
5
4
301
316

The only other south-central Alaska fishing destination that was reasonably well
represented in the current trip responses was Kenai Peninsula. Table 19 shows the
distribution of survey responses including information on trips to Kenai Peninsula waters.
Consistent with the pattern shown in Table 18, the large majority of these Kenai area trips
were from licenses sold in either the Kenai region or the nearby Anchorage area.
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Table 19. Distribution of Survey Responses with Information on a Kenai Area
Fishing Trip
Sample Area
Anchorage
Kenai
Matanuska/Susitna
RST (Bristol Bay)
Total

Wave 1 (Jan.-July licenses)
Residents
Nonresidents
11
8
20
31
2
3
2
2
35
44

Wave 2 (Aug. – Sept. licenses)
Residents
Nonresidents
2
16
2
39
3
3
0
2
7
60
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4.0 Survey Response Rates and Weighting
The response rates detailed in Table 20 are final rates for all populations. Table 20 shows
a breakout of response rates by survey type. All survey results specific to Bristol Bay
fishing were derived from the sample responses associated with licenses bought in the
Bristol Bay area. Therefore, individual responses from each of 4 strata (2 waves x 2
residency classes) were weighted to reflect the actual distribution of licenses sold among
these 4 strata.
Table 20: Bristol Bay Survey Response Rates
Population
Angler (License
Holder) Internet
Survey
Resident
Nonresident
License holders (mail)
Lodge owners
Lodge clients

Sample Size

Un-deliverables
143

Completed
surveys
843

Response
Rate
37.4%

2,400

886
1,514
300
46
330

62
81
14
2
13

211
632
103
14
126

25.6%
44.1%
36%
32%
39.7%

Note: an additional 6 mail survey responses were received from the internet survey sample.

The response rates shown in Table 20, while somewhat lower than those generally
experienced by the authors in survey research conducted in other states, are consistent
with response rates from previous economic surveys of ADF&G fishing license holders
(Duffield, Merritt and Neher, 2002). The overall internet response rate for this survey of
about 37% (excluding undeliverable surveys) is nearly identical to overall response rates
from an ADF&G-sponsored survey of grayling fishing (37%) and an ADF&G-sponsored
survey if salmon fishing (39%). Additionally, the difference between resident and nonresident response rates in the current internet survey is consistent with response rates
from a third ADF&G-sponsored survey of attitudes related to Alaska Rod and Reel
fishing. This survey had a response rate for Alaska residents of 25% to 31% (depending
on Alaska region sampled). The nonresident response rate for the rod and reel survey
was 46%.

4.1 Results of Survey Incentive Experiment
As noted above, the anglers invited to participate in the internet-based survey were
randomly placed into either a group receiving a $2 cash incentive for participating, or a
group receiving no incentive. These two treatments were included to 1) encourage
increased participation by the 80% of anglers in our sample who received the incentive,
and 2) to test the impact of the incentive on response rates. Table 21 shows the
comparison of response rates between those anglers receiving the incentive and those not
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receiving the incentive. For both the resident and non-resident samples the $2 incentive
had a positive impact on final response rates. Given the response rates shown in Table 21
and associated sample sizes, the difference between the two treatments (incentive and no
incentive) is statistically significant at the 99% level of confidence for both the resident
and non-resident samples.
Table 21. Comparison of Response Rates between those Respondents Receiving an
Incentive Payment, and those receiving No Incentive
Population

Received no incentive
15.7%
n=223

Received $2
incentive
26.23%
n=671

Absolute change in
Response Rate
+10.53%

Residents

Non Residents

35.1%
n=245

43.3%
n=1,261

+8.2%

4.2 Sample Population and Non-response Weighting
One consequence of a stratified sampling plan with unequal sampling rates across strata
is that it necessitates the weighting of individual responses to correct for over or undersampling.
In addition to weighting so the sample reflected the actual population, responses were
also weighted to correct for possible non-response bias. While the response rates to the
survey were representative of rates from similar Alaska angling surveys, it is possible that
non-respondents are significantly different in some characteristics from survey
respondents. In order to test for and correct for any such non-response bias a comparison
of respondents and the total sample of potential respondents was conducted using three
variables available in the ADF&G database for all license holders: age, type of fishing
license, and gender.
The differences between the survey respondents and the entire sample drawn are not
large for the three variables examined. Respondents to the survey tended to be slightly
older and more heavily dominated by males then did the entire license sample. However,
only one of six comparisons of mean values for the three variables and 2 residency
classes showed a statistically significant difference. Nonetheless, an analysis was
undertaken to develop a respondent sample that was weighted to represent the same age,
gender, and license type characteristics as the overall license sample. The approach used
is based on methods developed by Kanninan, Chapman and Hanemann (1992).
As noted, information was available on three characteristics of the entire license sample:
age, gender, and type of license purchased (length of license period). These three
variables were transformed into dichotomous variables based on the individual
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distributions of each variable for the entire sample. These three dichotomous variables
were, in turn, combined into one variable with 8 levels (one for each of the 8 possible
combinations of the three dichotomous variables). The number of observations at each of
these levels was then compared between the survey respondents and the total license
sample, and a set of 8 weights were computed to equalize the two. This process was
undertaken for each population strata.
Table 22 details the impact of the non-response weighting procedure on each population
strata. Comparison of the un-weighted respondents and the entire pool of 2,400 possible
respondents showed only small differences. The only cells with differences between the
entire pool and the survey respondents were the age variable for nonresident anglers.
Nonresident respondents were significantly older on average than were the entire pool of
nonresident anglers. Following the non-response weighting process, there were no
statistically significant differences among the analysis variables.
Table 22. Nonresponse weighting results, by population strata
Un-weighted
respondents

Entire sample

Weighted
respondents

Wave 1 -Nonresidents
License type dummy
Gender dummy
Age
Sample size

70.7%
84.0%
50.39
294

66.7%
82.8%
47.88
738

67.1%
83.8%
49.43
294

Wave 1 – Residents
License type dummy
Gender dummy
Age
Sample size

97.6%
67.9%
40.88
165

98.0%
68.4%
39.40
662

99.0%
66.7%
39.30
165

Wave 2 - Nonresidents
License type dummy
Gender dummy
Age
Sample size

69.2%
81.1%
50.85
338

66.7%
79.4%
48.96
768

67.7%
80.5%
49.44
338

Wave 2 – Residents
License type dummy
Gender dummy
Age
Sample size

87.0%
63.0%
38.57
46

90.1%
62.5%
37.62
232

92.3%
63.2%
36.61
46

843
2,400
843
Total sample size
Note: bolded entries indicate means are significantly different at the 95% level of confidence
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5.0 Bristol Bay Sport Fishing
Section 5 of this report details the results from two surveys of Bristol Bay anglers: 1)
results from the 843 anglers who responded to the Bristol Bay Region – 2005 angler
internet survey administered by the University of Montana, Bureau of Business and
Economic Research, and 2) the 126 responses from Bristol Bay remote lodge clients
sampled using a repeat contact mail survey.
As noted in Section 4, these two surveys had overall 37% to 40% response rates. In
general, nonresident anglers participated in the internet survey in higher proportions than
did Alaska resident anglers (44% as compared to 26% response rates, respectively).
The following discussion of sport-fishing angler survey results is divided into two general
sections. First is a detailed discussion of responses to the internet survey of a random
sample of all licensed Alaska anglers. The second part contains a discussion of the
results from the mail survey of 2005 Bristol Bay remote lodge clients. This survey
sample provides an expanded view of angler and trip characteristics specific to trips to
the Kvichak River, which for nonresident anglers is a primarily rainbow trout fishery
destination.
The following discussion of the results from the 2005 Bristol Bay angler survey generally
reflects the responses of those internet survey respondents who reported taking a fishing
trip to the Bristol Bay Region in 2005, and answered questions about that trip to the
Bristol Bay area. The exception to this presentation is in the case of estimation of the
mean contribution to a Bristol Bay protection fund. In this case, all responses to the
survey were included.
The results in this section are presented using several sub-sample breakouts.
Comparisons of sub-samples are presented to highlight similarities as well as differences
between sample groups. Primary sub-samples examined include nonresident anglers and
Alaska residents, and non-local Alaska resident anglers. In some cases, nonresident
anglers who reported staying at a remote Bristol Bay fishing lodge are highlighted for
comparisons to other sub-samples. Some comparisons are also provided for fishing
destinations, primarily the Kenai and Russian Rivers, on the Kenai Peninsula.
The analysis examines angler responses to a wide range of questions on their opinions,
preferences, and experiences relating to fishing in the Bristol Bay area. While the pool of
respondents for this survey was drawn from a large share of all south-central Alaska
licensed anglers, only those anglers who reported taking a trip to fish the Bristol Bay area
in 2005 were utilized in analysis of many questions relating specifically to Bristol Bay
fishing. Because of this, the sample of Alaska resident responses is heavily dominated
by responses from Alaskans living within the Bristol Bay region. A limitation of this
study is that the sample under represents out-of-Bristol Bay Alaska residents.

41

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1887 of 2339

5.1 Fishing Experience and Attitudes for Alaska Resident and
Non-resident Anglers
The first section of the 2005 Bristol Bay angler survey asked respondents a series of
questions pertaining to their fishing habits and preferences. Additionally, respondents
were asked to rate the importance of certain fishing and site attributes in selecting where
they sport-fished in Alaska. Table 23 shows results both for resident and nonresident
Bristol Bay anglers (e.g. anglers whose “recent trip” was to Bristol Bay waters). Overall,
about 85% of resident and non-resident respondents reported that they had been fishing
for 10 years or more. Nonresidents were more likely to prefer fly fishing compared to
residents (65% vs. 47%). About 28% of non-residents but only 5% of residents said that
fishing was their favorite outdoor activity. Table 23 also shows a clear preference for
stream fishing over lake fishing for nonresident anglers while local residents are more
evenly divided in their preferences.
Table 23: Bristol Bay Angler Experience and Preferences
Question/statistic
Percent who have fished for 10 years
or more
Percent who prefer fly fishing
Percent who prefer stream fishing
from bank or w/waders
Percent who prefer lake fishing
Percent who rate fishing as their
favorite outdoor activity
Percent who rate their expertise as
an angler as "advanced"
Sample Size

Population
Non-residents

Alaska Residents

85.0%

84.4%

65.0%
64.7%

46.5%
58.3%

26.1%
28.0%

59.4%
4.5%

40.6%

34.0%

246

55

Table 24 reports summary results for residents and non-residents on the importance of
different factors in their decisions of where to fish. Specifically, the questions asked:
“What factors are important to you in selecting where to sport fish in Alaska. For
each characteristic below, please rate its importance from least important (1) to
most important (5).”
Both resident and non-resident anglers rated the same five attributes as their top five in
selecting an angling area. These attributes are “natural beauty of the area”, “being in an
area with few other anglers”, “being in a wilderness setting”, “chance to catch wild fish”,
and “opportunities to view wildlife.” Both resident and non-resident anglers rated being
in an area with few other anglers as a very important site attribute (85% and 87%
respectively). Consistent with this, strong majorities of both resident and nonresident
anglers also said fishing in remote, off-the-road locations was an important fishing
location attribute (64% and 70%, respectively).
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Table 24: Bristol Bay Angler Ratings of Importance of Selected Angling and Area
Attributes.
Percent rating as "most important" (4 or 5)

Fishing experience attribute
Fishing easily accessible site
near a road
Fishing in remote, off-the-road
locations
Harvesting fish
Catching and releasing large
numbers of fish
Chance to catch large or trophysized fish
Natural beauty of the area
Catching wild stock rainbows
Being in an area with few other
anglers
Being in a wilderness setting
Chance to catch wild fish
Opportunities to view wildlife
Sample size

Bristol Bay Anglers
Non-residents Residents
4.5%
9.4%

Kenai Peninsula Anglers
Non-residents
Residents
36.6%
45.7%

70.2%

64.2%

29.9%

26.0%

21.4%
63.0%

41.3%
28.7%

29.7%
40.1%

38.8%
9.4%

72.2%

40.6%

60.9%

32.8%

89.6%
55.5%
87.0%

82.8%
48.3%
85.4%

84.4%
20.7%
71.7%

89.5%
22.1%
50.5%

84.4%
85.3%
87.5%
238

89.5%
83.2%
75.2%
54

70.1%
69.7%
76.8%
101

61.1%
80.8%
66.5%
41

Table 24 also shows a comparison of responses from anglers fishing both Bristol Bay and
those whose most recent trip was to fish the Kenai Peninsula. Generally those anglers
fishing the Kenai were less concerned with issues of angler crowding and fishing remote
roadless areas than were Bristol Bay anglers. These findings are consistent with the
general finding from Romberg (1999), that there are different market segments of
Alaskan sportfishing, and that different types of waters attract different types of anglers.

5.2 Bristol Bay Area Trip Characteristics and Angler Attitudes
Those survey respondents who reported taking a fishing trip to the Bristol Bay area in
2005 were asked a series of questions about that trip. Table 265 and Figure 7 show how
survey respondents described the type of Bristol Bay angling trip they took. For nonresident anglers the most common trip type was staying at a remote lodge and flying or
boating with a guide (35.2%). For resident anglers, the most common types of Bristol
Bay fishing trips were accessing the area with their own plane or boat (49.9%), driving to
area by motor vehicle (11.3%), and “other” type of trips (24%). Those who reported
driving to access Bristol Bay fisheries were primarily residents and nonresidents staying
in the King Salmon and Dillingham area, where a few local roads exist and provide some
access to nearby fisheries.
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Table 25. Bristol Bay Angler Distribution across Trip Types, by Residency
Trip Type
Stayed at a remote lodge and flew or boated with a
guide to fishing sites most days
Stayed at a tent or cabin camp and fished waters
accessible from this base camp
Hired other lodging in an area community and either
fished on own or contracted for travel on a daily
basis
Floated a section of river with a guided party
Hired a drop-off service and fished and camped on
our own
Accessed the area with my own airplane or boat
Drove to the area by motor vehicle
Other
Sample Size

Non-residents (%)
35.2

Alaska Residents (%)
-

23.7

7.8

6.4

4.2

3.9
4.3

2.8
2.2

8.3
4.3
14.0
246

49.9
11.3
24.0
55

Note: sample size for resident sample is not large enough to divide into local and non-local sub-samples

24%

Other

14%
11%

Drove to area

4%

Accessed area with own
boat or plane

50%
8%

Hired float, drop off, or
other lodging

9%
15%

Stayed at a tent or cabin
camp
Stayed at a remote
lodge

8%
24%
0%

0.00%

35%
10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

Percent of respondents

Nonresidents

Residents

Figure 7. Comparison of Resident and Nonresident Bristol Bay Angler Trip Types

Respondents to the Bristol Bay survey were asked what the primary purpose of their trip
to the Bristol Bay area was. While a majority of nonresidents (73%) reported fishing as
their major purpose, only 30% of resident anglers reported fishing as the main purpose of
their most recent Bristol Bay trip. Table 26 also shows that a much larger proportion of
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non-residents (45%) than residents (11.4%) were on their first trip to their primary fishing
destination.
Table 26: Bristol Bay Angler Trip Characteristics.
Statistic
Major purpose of trip
was for fishing
Trip was first trip to
primary destination

Nonresidents
(sample size)
72.7%
(246)

Residents

45.2%
(245)

11.4%
(48)

29.5%
(54)

Survey respondents were asked what fish species they targeted on their most recent trip to
Bristol Bay. Table 27 reports these results. Overall, king salmon and rainbow trout were
the most frequently targeted species for both residents and non-residents. Among the
two sub-populations, residents were most likely to say they would have taken their trip
even if their primarily targeted species had not been available (67%). Conversely, 45%
of non-resident anglers said they would have still made the trip absent their primarily
targeted species. Overall, 28% of non-residents and 32% of residents reported catching a
rainbow trout larger than 26 inches on their most recent Bristol Bay trip.
Anglers fishing the Kenai Peninsula more often targeted Sockeye, and were less likely to
target, or catch large, rainbows.
Table 27: Bristol Bay Angler Survey, Targeted Species and Associated Trip
Characteristics.
Primary species
targeted on trip /
statistic
Rainbow Trout
King Salmon
Silver Salmon
Sockeye Salmon
Other Species
Would have still taken trip
if primary species not
available
% catching a rainbow
larger than 26 inches
Sample size

Bristol Bay Anglers
Residents
Nonresidents

Kenai Anglers
Residents
Nonresidents

31.3%
29.8%
16.5%
0%
22.4%

30.6%
35.2%
16.3%
9.1%
8.8%

12.2%
14.6%
25.3%
45.4%
2.6%

9.9%
36.1%
15.8%
28.1%
10.1%

66.9%

45.0%

55.6%

68.1%

31.8%

28.4%

5.4%

10.6%

48

235

38

94

Table 28 shows the same statistics presented in Table 27 for the subset of non-resident
anglers who reported taking a trip to a remote fishing lodge in Bristol Bay. The primary
difference between this subset of non-residents and all non-resident anglers is that remote
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lodge clients are more likely to target rainbow trout and to have caught a rainbow over 26
inches.

Table 28. Bristol Bay Angler Survey, Targeted Species and Associated Trip
Characteristics : Remote Lodge Sub-sample
Primary species targeted on
trip / statistic
Rainbow Trout
King Salmon
Silver Salmon
Sockeye Salmon
Other Species

Nonresident
Remote Lodge Clients
38.9%
29.0%
22.6%
4.9%
4.4%

Would have still taken trip if
primary species not available

45.5%

% catching a rainbow larger
than 26 inches
Sample Size

43.0%
103

Respondents to the Bristol Bay angler survey were presented with a series of statements
regarding fishing conditions on their Bristol Bay area trip. They were asked to indicate
their level of agreement or disagreement with each statement. Table 29 shows the
percent of residents and non-residents who either “agreed” or “strongly agreed” with each
statement. Across all of the statements presented in the survey, majorities of both
resident and non-resident respondents agreed with the positive statements about their
fishing experience. The highest levels of agreement for both nonresidents and Alaska
resident anglers were with the statements “there was a reasonable opportunity to catch
fish”, “there was minimal conflict with other anglers”, and “fishing was in a wilderness
setting.”

Table 29: Bristol Bay Angler Rating of Selected Attributes of Fishing Trip
Statement

Fishing conditions were un-crowded
There was a reasonable opportunity to catch fish
There was minimal conflict with other anglers
Fishing was in a wilderness setting
There was opportunity to catch trophy sized fish
There was opportunity to catch and release large # of fish
Sample Size

% of respondents who either
"agree" or "strongly agree"
Nonresidents
Local Residents
87.2%
75.4%
96.5%
93.0%
93.3%
90.7%
92.4%
95.0%
81.4%
70.0%
87.3%
76.6%
235
47
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Table 30 and Figure 12 show the survey question results from Table 29 for three specific
subgroups: 1) non-resident Bristol Bay lodge clients, 2) all non-resident Bristol Bay
anglers, and 3) all non-resident anglers whose most recent trip was to a Kenai Peninsula
destination. This comparison shows a clear trend across several statements. In general
Bristol Bay lodge client anglers felt their fishing experience was less crowded, in a more
wilderness setting, and more productive in terms of number and size of fish caught than
did both the sample of all Bristol Bay non-residents, and the Kenai Peninsula nonresident anglers.
Table 30. Angler Rating of Selected Attributes of Fishing Trip: Selected
Subsamples.
Statement

Fishing conditions were un-crowded
There was a reasonable opportunity to catch fish
There was minimal conflict with other anglers
Fishing was in a wilderness setting
There was opportunity to catch trophy sized fish
There was opportunity to catch and release large # of fish
Sample Size

% of Nonresident respondents who
either "agree" or "strongly agree"
Bristol Bay
All Bristol
Kenai
Lodge clients
Bay NonNonRes.
Residents
92.8%
87.2%
59.9%
98.6%
96.5%
89.0%
97.4%
93.3%
89.7%
98.6%
92.4%
57.8%
89.5%
81.4%
55.6%
94.0%
87.3%
51.0%
102
235
93

There was opportunity to
catch and release large #
of fish
There was opportunity to
catch trophy sized fish
Fishing was in a
wilderness setting
There was minimal
conflict with other anglers
There was a reasonable
opportunity to catch fish
Fishing conditions were
un-crowded
0.00%

20.00%

Bristol Bay Lodge clients

40.00%

60.00%

All Bristol Bay Non-Res.

80.00%

100.00%

120.00%

Kenai Non-Residents

Figure 8. Bristol Bay and Kenai angler rating of selected fishing trip attributes.
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The percent of Bristol Bay anglers who reported minimal conflict with other anglers
shown in Table 29 (between 91% and 93%) is confirmed by responses to a follow-up
survey question that asked anglers to rate the level of crowding they experienced on their
trip from 0 (not at all crowded) to 10 (extremely crowded). Table 31 shows that a
significant percentage of both resident and non-resident anglers rated crowding
conditions on their trip as very low. This table also shows the survey crowding rating for
the sample of trips taken to the Kenai Peninsula by nonresident anglers. This group
showed a lower percentage of respondents who rated the level of crowding on their Kenai
fishing trip as between 0 and 2 on the 10-point scale.
Table 31: Bristol Bay Angler Rating of Angler Crowding on Trip.
Most recent trip
crowding rating
0 – not at all crowded
1
2
3
4
5 – moderately crowded
6
7
8
9
10 – extremely crowded
Sample Size

Bristol Bay Anglers
Nonresidents
Residents
34.4%
30.9%
12.5%
16.5%
16.5%
8.6%
10.5%
14.6%
8.7%
3.0%
10.8%
16.2%
2.7%
3.8%
2.5%
3.8%
0.9%
2.8%
0.7%
0
0
0
235
44

Kenai Anglers
Nonresidents
Residents
15.3%
9.7%
8.7%
0
7.9%
4.8%
9.4%
6.9%
9.4%
3.0%
27.3%
38.1%
2.9%
3.0%
14.9%
13.9%
2.5%
8.8%
1.7%
11.9%
0
0
89
36

5.3 Bristol Bay Angler Expenditures and Trip Value
Respondents to the 2005 Bristol Bay angler survey were asked a series of questions
relating to the amount of money they spent on their fishing trips. They were also asked a
question designed to measure the net economic value (or willingness to pay) for their trip
over and above what they actually spent. The following three tables detail average
spending by resident and non-resident anglers associated with their Bristol Bay area trips.
Table 32 shows the average total expenditures per trip for resident and nonresident and
resident angler trips to Bristol Bay. As a point of comparison, estimates are also shown
for trips to Kenai Peninsula freshwater sites. As would generally be expected, Alaska
resident anglers spend much less than non-resident anglers on their trips to Bristol Bay
fisheries. The table also shows average total expenditures for fishing trips to Kenai
Peninsula waters. These trips follow a similar pattern to the Bristol Bay trips--residents
spend much less than nonresidents on their trips. Among nonresident anglers, almost
twice as much is spent on average to trips to the Bristol Bay region ($3,969) compared to
trips taken to the Kenai area ($2,243).
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Table 32. Comparison of Reported Average Trip Spending across Populations and
Area
Area
Bristol Bay

Kenai

Nonresidents
(sample size)
$3,969
(203)

Alaska residents

$2,243
(75)

$457
(20)

$393
(27)

Table 33 breaks out average expenditures by impact region and type of fishing trip for the
nonresident angler sample. Where money is spent on a trip determines local economic
impacts. For instance, a given amount of money spent within the very small Bristol Bay
economy has a much greater relative impact on this area than the same amount of money
spent in, for instance, Anchorage. Table 33 shows that the largest per-trip spending is
made by nonresident anglers who stay at a remote lodge with daily guiding services
($6,327/trip). This compares to the lowest spending levels per trip of about $1,300 for
driving to the fishing site, accessing the area with own plane or boat, and hiring a dropoff service and fishing or camping on own.
The first two rows of Table 33 show that a large portion of Alaska trip costs for remote
lodge or tent or cabin camp trips is associated with the cost of a sport-fishing package or
tour.
Table 33. Nonresident trips to Bristol Bay waters, mean expenditure per trip
estimates by trip type
Trip type

Stayed at a remote lodge and flew or boated with
a guide to fishing sites most days
Stayed at a tent or cabin camp and fished waters
accessible from this base camp
Hired other lodging in an area community and
either fished on own or contracted for travel on a
daily basis
Floated a section of river with a guided party
Hired a drop-off service and fished and camped
on our own
Accessed the area with my own airplane or boat
Drove to the area by motor vehicle
Other

Total
spending

Bristol Bay
spendinga

Package sportfishing trip
spending

Sample
size

$6,327

$1,730

$5,543

92

$3,785

$1,235

$3,202

43

$2,406

$1,655

$2,345

18

$1,991
$1,379

-$1,042

---

6
10

$1,308
$1,323
$2,033

$1,175
$967
$953

0
-$2,205

9
5
23

a

all spending in Bristol Bay except package sportfishing trip expenditures.
Note: cells with less then 5 observations are left blank. Category values are the average values for those respondents
reporting an expense in that category. Bristol Bay spending and Package sport-fishing tour spending will not
necessarily sum to Total spending due to varying sample sizes.
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Table 34 details the distribution of Bristol Bay trip spending across expenditure
categories. For non-residents visitors, the largest three spending categories within the
Bristol Bay area were for commercial and air taxi service and for lodging or camping fees
(totaling about 66% of all spending in Bristol Bay). For non-local Alaska residents the
three largest categories of spending were “gas and other Alaska travel costs,” camping
fees, and commercial air travel (totaling about 58% of all Bristol Bay spending).

Table 34: Distribution of Trip Expenditures across Spending Categories, by
Residency and Area
Nonresidents
In Bristol Bay

In rest of AK

non-local AK
residents
In Bristol Bay

Commercial air travel
Air taxi service
Transportation by boat
Boat or vehicle rental
Gas or other travel costs in AK
Lodging or camping fees
food or beverages
Guide fees
Fishing supplies
Other non-fish package tours
Other

31.1%
20.5%
0.0%
5.3%
4.1%
13.9%
9.2%
6.2%
4.1%
0.1%
5.4%

51.9%
1.3%
0.0%
4.8%
1.4%
11.9%
19.3%
0.6%
5.2%
0.7%
2.9%

18.1%
11.1%
0.0%
7.5%
16.3%
23.6%
16.7%
0.0%
6.7%
0.0%
0.0%

Total

100.0%

100.0%

100.0%

Expenditure category

5.3.1 Aggregate Direct Sport fishing Expenditures in Bristol Bay
One of the major goals of this study was to estimate annual levels of spending in the
Bristol Bay area that are attributable to freshwater sport fishing. In order to derive this
estimate two primary pieces of information were needed: 1) the number of angler trips
per year to the region by Alaska residents and nonresidents, and 2) the average spending
per trip by resident and nonresident anglers. A trip is defined here as a roundtrip visit
from home, and return. Estimates of the number of anglers who fished in the Bristol Bay
region in 2005 were derived by ADF&G staff (Table 35). The average number of trips
per angler, estimated from responses to the Bristol Bay angler survey, are also shown in
Table 35. In total an estimated 37,000 fishing trips are taken annually to Bristol Bay
freshwater fisheries. These trips are split between 13,000 nonresident trips, 19,000
Bristol Bay resident trips, and 4,500 trips by Alaskans living outside of the Bristol Bay
area.
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Table 35. Estimated 2005 Bristol Bay area angler trips, by Angler Residency
Statistic

Nonresidents

Out-of-area AK
residents

BB Residents

10,044

3,017

1,614

1.29
(0.71)

1.47
(0.40)

12.07
(12.98)

12,966
(7,121)

4,450
(1,211)

19,488
(20,950)

Annual Anglers
fishing Bristol Bay
waters
Average trips per
angler for 2005
(std.err.)
Estimated total trips
(std.err.)

Table 36 presents the aggregation of total angler expenditures within the Bristol Bay
region. This table shows average and aggregate estimated expenditures for three angler
groups: 1) nonresident anglers, 2) local-area resident anglers (those who live in the
Bristol Bay area), and 3) non-local resident anglers (those Alaska residents living outside
of the Bristol Bay region). This table also shows average and total annual spending by
nonresident anglers for package sportfishing trips in the Bristol Bay region.
Overall, the large majority of angler spending in the region is attributable to nonresident
anglers. Additionally, the majority of nonresident spending is due to the purchase of
sportfishing packages such as accommodation and angling at one of the areas remote
fishing lodges. Estimates of variability in the estimates were derived for average
expenditure levels, and total visitation estimates. It is estimated that annually Bristol Bay
anglers spend approximately $58 million within the Bristol Bay economy. Given the
variability in the components of this estimate, the 95% confidence interval for Bristol
Bay area spending by anglers from outside the area ranges from $0 to $123 million
annually. The vast majority of this spending (approximately $45 million annually) is
spent by nonresident anglers.
Table 36. Estimated Aggregate Spending Associated with Sportfishing in the Bristol
Bay Region
Nonresidents
All Non
Residents
Mean expenditures in Bristol Bay region
Estimated trips 2004

$

Total Bristol Bay direct expenditures

$

out-of-area AK
residents

BB Residents

Total

Remote Lodge
Increment

1,339
12,966

$4,277
6,431

17,360.898

$ 27,526,683

$

1,440
4,450
$

6,407,597

$

$

339
19,488

36,904

6,611,878

$ 57,907,057
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Table 37 presents total estimated direct angler expenditures by residency, and location of
spending. Again, among all direct spending related to Bristol Bay angling, the large
majority is associated with nonresidents traveling to Alaska. Additionally, the large
majority of this spending is reported to have occurred within the Bristol Bay economy.

Table 37. Bristol Bay Sportfishing: Aggregate in and out of Region and State
Spending
Population

In Bristol Bay Spending
Total spending in
Bristol Bay

In Alaska Spending

Total spending
from outside
Bristol Bay

Total in-state
spending

Spending from
outside Alaska

NONRESIDENT Base trip spending

$

17,360,898

$

17,360,898

$

19,628,058

$

19,628,058

NONRESIDENT Sportfish package
spending

$

27,526,683

$

27,526,683

$

27,526,683

$

27,526,683

$

44,887,582

$

44,887,582

$

47,154,741

$

47,154,741

RESIDENTS
OUT-OF-BB RESIDENT base trip
spending

$

6,407,597

$

6,407,597

$

6,407,597

$

-

BB RESIDENT base trip spending

$

6,611,878

$

$

6,611,878

$

-

ALASKA RESIDENT TOTAL

$

13,019,475

$

6,407,597

$

13,019,475

$

-

$

57,907,057

$

51,295,178

$

60,174,216

$

NONRESIDENT TOTAL

TOTAL

-

47,154,741

5.3.2 Estimation of Net Willingness to Pay for Bristol Bay Fishing
Trips
A measure of the net economic value of sport fishing trips is the amount anglers are
willing to pay over and above the costs of their trips. This willingness to pay is also
referred to as net economic benefit. There is a large economics literature on estimating
sport fishing net economic benefits (Rosenberger and Loomis 2001). The method for
estimating these benefits here is contingent valuation using the so called “payment card”
question format.
Following questions on their trip expenditures, survey respondents were asked whether
they felt their trip was worth more than the amount they actually spent. Those who
answered “yes” were then asked, “What is the largest increase over and above your actual
costs that you would have paid to be able to fish your primary destination?” Respondents
were presented with a series of dollar amounts ranging from $10 to $2,000. Table 38
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shows the percentage of both resident and nonresident Bristol Bay anglers who responded
that they would have paid the various additional amounts to take their Bristol Bay fishing
trip.

Table 38. Responses to Current Trip Net Economic Value Question

Willing to Pay More
$
10
$
25
$
50
$
100
$
250
$
500
$
750
$
1,000
$
1,500
$
2,000
Other amount
Sample Size

NONRESIDENTS
Percent
63.0%
1.1%
0.3%
0.2%
6.2%
16.2%
15.9%
2.5%
9.1%
3.7%
2.3%
4.3%
204

RESIDENTS
Percent
73.3%
0%
2.1%
3.6%
16.5%
20.5%
7.5%
3.6%
0%
0%
3.6%
15.7%
38

The estimates of willingness to pay models based on the Table 38 data were developed
using a maximum likelihood interval approach (Welsh and Poe 1998). As noted,
respondents were asked to choose the highest amount he or she was willing to pay from a
list of possible amounts. It was inferred that the respondent’s true willingness to pay was
some amount located in the interval between the amount the respondent chose and the
next highest amount presented. The SAS statistical procedure LIFEREG was used to
estimate the parametric model of willingness to pay based on the underlying payment
card responses.
Table 39 shows the estimated parametric willingness to pay for trips to Bristol Bay
fisheries. Nonresident anglers state their trip was worth approximately $450 more, on
average, than they actually paid. Resident Bristol Bay anglers stated they were willing on
average to pay an additional $320 for their most recent trip. These estimates are similar
to other estimates for Alaska sport fishing (Duffield et al. 2002; Jones and Stokes 1987).
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Table 39: Estimated Mean Willingness to Pay for Anglers’ Recent Trip to Bristol
Bay
Statistic
Estimated mean willingness to pay in addition to trip
costs for those willing to pay more
Percent of respondents willing to pay more for their
trip
Net willingness to pay for Bristol Bay fishing trips for
all anglers
Sample Size

Non-residents

Residents

$722.18
63.0%

$437.05
73.3%

$454.90

$320.45

204

38

The net economic value per trip estimates shown in Table 39 were calculated from the
results of a bivariate statistical model of the payment card response data using a variant
of survival analysis to examine censored interval data. The chi-square test of significance
for the key parameters from these models show the estimated coefficients to be
statistically significant.
As a check on the bivariate willingness to pay modeling results shown above, a
multivariate model of the payment card data was also done. This model included a
number of explanatory variables in addition to the different payment levels. Table 40
shows the results of a multivariate model of current trip willingness to pay for
nonresidents fishing in the Bristol Bay area. The model’s explanatory variables are all
statistically significant at least at the 90% level of confidence, and most variables are
significant at the 99% level. The model was specified with a normal distribution.
The signs of the explanatory variables in the following multivariate model of willingness
to pay are generally consistent with a priori expectations. The sign on the income
variable is positive, indicating that as income rises, so does willingness to pay. Other
variables with positive coefficients are variables indicating 1) the angler caught a rainbow
trout over 26 inches on their trip, 2) the angler’s trip was un-crowded, 3) the angler rates
fishing as their favorite outdoor activity, 4) the angler prefers fly-fishing when fishing in
Alaska, and 5) the main purpose of the respondent’s most recent trip was for fishing. The
remaining variables had negative coefficients, indicating that a “yes” response for those
bivariate variables is associated with a decrease in willingness to pay for the angler’s
most recent Alaska fishing trip. These results indicate the pattern of responses is
consistent with what would be predicted by economic theory.
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Table 40. Multivariate explanatory model of willingness to pay for nonresident
Bristol Bay fishing trips
Parameter
Intercept
Income ($1,000)
Lodge client (1=yes, 0=no)
Caught large rainbow (1=yes, 0=no)
Targeted rainbows (1=yes, 0=no)
Fishing uncrowded (1=yes, 0=no)
Advanced angler )1=yes, 0=no)
Fishing favorite activity (1=yes, 0=no)
Prefers flyfishing (1=yes, 0=no)
First trip to area (1=yes, 0=no)
Main purpose of trip fishing (1=yes, 0=no)
Scale parameter
Sample size

Estimate
-297.6
0.47
-404.7
220.3
-254.4
412.8
-90.7
190.5
249.1
-235.4
349.2
791.9

Chi-Square
21.34***
3.09*
62.62***
19.97***
28.14***
78.53***
4.83**
17.82***
28.39***
30.98 ***
44.43***
-167

Note: * = significant at 90% level of confidence; ** = 95%; *** = 99%.

5.4 Package Fishing Trip Characteristics
Section 4 detailed estimated total annual angler spending associated with Bristol Bay
angling. A large majority of this estimated spending is made by nonresident anglers
(approximately 80%). Additionally, nearly half of all estimated annual Bristol Bay
freshwater angler expenditures is spent on nonresident purchases of sportfishing package
trips. Because of the relative importance of this sector, this section focuses on that
substantial market segment of the Bristol Bay sport fishing sector.
Figure 9 presents information on the sub-sample of non-resident trips to Bristol Bay that
include a stay at a remote lodge that provided guided fly-out or boat fishing services.
Figure 9 shows the distribution of nights spent at the lodge. The most common trip
length was seven nights (37%), followed by six nights (24%) and greater than seven
nights (14%). A total of 75% of nonresident lodge stays were at least six nights long.
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4 nights
9%
5 nights
9%

7 nights
37%

6 nights
24%

Figure 9. Distribution of Trip Length, Bristol Bay Package Fishing Trips

Respondents who had purchased a “package” sportfishing trip to Bristol Bay were asked
what services were included in their package price. Figure 10 details the percentage of
respondents who indicated each type of service that was included in their package price.
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10.0%

Transportation to lodge from
local community

60.6%

Full guide service

74.2%

Daily fly-out service for fishing

40.0%

Daily guided boat service for
fishing

60.9%

Lodging

78.7%

Full meals

78.8%

All fishing equipment

56.1%

Rain gear

13.6%

Fish processing and shipping

56.4%

lodging in a tent camp
0.0%

25.7%
10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%

Figure 10. Bristol Bay Package Fishing Trips, Services Provided

5.4.1 Estimated Explanatory Model of Sportfishing Package
Expenditures
In order to further examine which of the sportfishing package services listed by survey
respondents were most important in determining the price of the fishing package, a
multivariate model regressing price on a series of services offered was constructed. The
estimated model (linear specification) is shown in Table 41. Consistent with
expectations, the most significant variable in the model was the use of daily fly-out
service from the lodge for fishing. Package tours including daily fly-out service on
average cost $3,005 more than those not offering this service. Additionally, those
packages supplying all fishing equipment were significantly more expensive than those
not supplying this equipment. Finally, the model predicts that the package price
increases by $465 dollars for every additional night’s stay included in the package.
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Table 41. Explanatory model of reported sportfishing package trip prices:
nonresident Bristol Bay anglers
Parameter / Statistic
Intercept
Daily fly-out services
All fishing equipment
Number of nights
Adjusted R-square
Sample Size

Coefficient
-228
3,005
1,221
465

Standard Error
1,612
721
725
258
0.357
75

T-statistic
-0.14
4.17***
1.68*
1.80**

Note: * = significant at 90% level of confidence; ** = 95%; *** = 99%.

5.5 Bristol Bay Development Issues and Resource Values
Table 29 and Table 30, above, indicate that anglers experience the Bristol Bay area as an
uncrowded, wilderness setting, with seasonally good fishing for large rainbows.
Questions in the survey on crowding were followed by a set of policy questions directly
addressing potential development within the area that could impact access (and thus
crowding and size and abundance of rainbows) and the pristine, undeveloped nature of
the region.
Respondents were first asked the following question:
Fishing in the Bristol Bay region is currently generally characterized by a
wilderness setting, relatively un-crowded fishing, and good opportunities to catch
large rainbow trout. Suppose that good road access was developed from
Anchorage to Bristol Bay by ferry from Homer across Cook Inlet and then along
a corridor including the Newhalen River, Lake Illiamna, the Kvichak River, and
the lower Nushagak River to Dillingham, King Salmon, and Aleknagik. How do
you anticipate this would affect your future sportfishing, if at all?
Figure 11 shows responses to this question about the impact of hypothetical Bristol Bay
road access for survey respondents who reported fishing a Bristol Bay water. The largest
category of respondents (both resident and non-resident) indicated a road would not
impact their sport fishing. Conversely, the smallest category of responses for both
samples indicated they would fish more often in the Bristol Bay area, given road access.
However, the final 2 categories of responses combined indicate that 45.4% of nonresidents and 30.5% of residents feel that the road access would cause them to either stop
fishing in the Bristol Bay area (and fish other areas of Alaska) or stop fishing in Alaska
entirely.
In contrast to these responses of anglers who had recently fished Bristol Bay waters,
those survey respondents who reported taking their most recent trip to a Southcentral
Alaska water outside of Bristol Bay (for example, the Kenai R.) seemed more favorable
58

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1904 of 2339

to fishing Bristol Bay waters were road access improved. While nonresident anglers in
this group were still on balance less likely to fish in Bristol Bay with improved road
access (12% would take more trips and 29.4% would take fewer trips), Alaska resident
anglers were much more favorable to improved access. Among this group of resident
anglers who reported fishing streams outside of Bristol Bay, 50.4% said they would take
more trips to Bristol Bay with improved road access while 13.5% said they would take
fewer trips.
Interpretation of the long run implications of possible Bristol Bay road development for
use and demand is complex. Improved access would tend to increase congestion on
Bristol Bay waters and impact the current high quality of the fishing experience.
Determining the net impact of any such changes on angler use and expenditures would
require further research.

I would not fish in
Alaska

11.6%
17.9%

I would choose to fish
another area of
Alaska

18.9%
27.5%

58.4%

No effect

I would fish more
frequently in Bristol
Bay
0.0%

44.8%

11.1%
Nonresidents

9.9%

10.0%

20.0%

30.0%

40.0%

Residents

50.0%

60.0%

70.0%

Figure 11. Bristol Bay Angler Responses to Impact of Bristol Bay Road Access on Sportfishing.

Figure 12 shows the percentage of resident and non-resident anglers who reported fishing
Bristol Bay waters who favor, oppose, or were not sure of their position on the
development of future possible road access to Bristol Bay (as outlined in the question
above). Non-resident anglers show a very strong opposition to road access with 68.6%
opposing, 14.8% favoring, and 16.5% not sure. Alaska resident anglers are more divided,
but still primarily in opposition to road access with 57.2% opposing, 34.8% favoring, and
8.0% not sure.
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Again, those anglers who reported fishing waters outside of Bristol Bay were more
supportive of road development than those anglers who most recently fished Bristol Bay
waters. Among nonresident anglers who reported fishing a South-central Alaska water
outside of Bristol Bay, a plurality still opposed the road (24.3% favor, 43.4% oppose,
32.3% not sure). Among residents, however, a majority (52.3%) favored road
development while 26.9% opposed it and 20.2% were not sure.

8.0%

Residents

57.2%
34.8%

16.5%

Nonresidents

68.6%
14.8%

0.0%

10.0%

20.0%

I would favor developing such a road

30.0%

40.0%

50.0%

60.0%

I would oppose developing such a road

70.0%

80.0%

Not sure

Figure 12. Bristol Bay Angler Support and Opposition to Bristol Bay Road Access

Table 42 presents the information contained in the preceding figures and adds the results
for the sub-sample of nonresident Bristol Bay anglers who stayed at remote lodges on
their recent trip. This last group of lodge clients is more likely than the entire group of
nonresident anglers to both oppose road development in the region, and to say they would
fish other areas in the event of the proposed development. Table 42 also includes sample
sizes and estimated 95% confidence intervals for the estimates. The sample of Alaska
residents who fished Bristol Bay is relatively small, and this is reflected in the relatively
larger confidence interval around the estimates.

60

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1906 of 2339

Table 42. Comparison of responses to Bristol Bay road development policy
questions: Bristol Bay angler residents, non-residents, and non-resident lodge clients
Question/statistic

% who would not fish Bristol Bay area
if good road access were developed in
the area
% who oppose developing road access
in Bristol Bay area
Sample Size

Alaska
Residents
(95% C.I.)
30.5%

Nonresidents
(95% C.I.)
45.4%

Nonresident
lodge clients
(95% C.I.)
58.8%

(+/- 13.0%)

(+/- 6.4%)

(+/- 9.6%)

57.2%

68.6%

76.8%

(+/- 14.0%)

(+/- 5.9%)

(+/- 8.2%)

48

234

101

5.6 Bristol Bay Angler Survey Demographic Characteristics
A final section of the 2005 Bristol Bay angler survey asked respondents a series of
demographic questions. Table 43 and Table 44 show selected statistics from this section
of the survey. The survey indicates that most Bristol Bay anglers are males, at 90% for
non-residents and 71% for residents. Survey responses indicated that nonresidents on
average had higher incomes and were more likely to be college graduates, compared to
residents. Overall, 20% of non-residents but only 4% of residents reported incomes over
$200,000. Differences between resident and non-resident anglers were also seen in level
of respondent education. Proportionally, twice as many non-residents as residents
reported they had at least a college degree (66.4% v. 32.7%).

Table 43: Socioeconomic Characteristics of Bristol Bay Anglers, by Residency.
Statistic

Non-residents

Residents

Median Age

49

42

Percent Male

89.5%

70.6%

Percent college graduates

66.4%

32.7%

Percent employed full time

63.1%

77.3%
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Table 44. Bristol Bay Angler Household Income Levels, by Residency
Household Income
Less than $24,999
$25,000 to $49,999
$50,000 to $74,999
$75,000 to $99,999
$100,000 to $124,999
$125,000 to $149,999
$150,000 to $199,000
$200,000 to $299,999
Over $300,000

Non-residents
9.5%
17.2%
15.9%
12.1%
10.6%
6.6%
8.3%
7.4%
12.5%

Residents
4.5%
19.6%
24.6%
22.3%
10.5%
12.5%
2.1%
1.2%
2.7%

5.7 Results of Mail Survey of Bristol Bay Remote Lodge Clients.
As noted in Section 3, above, one population surveyed for this study was 2005 clients of
remote Bristol Bay lodges. This sample was largely a convenience sample, rather than a
probability sample. Bristol Bay lodges were asked to randomly sample their 2005 client
lists and provide that sample to the survey researchers. In actuality, the sample drawn
consisted of a census of clients from one area lodge and random samples from 3 others.
The resulting sample primarily included responses from anglers who had fished the
Kvichak River, a largely rainbow trout fishery located downstream of the proposed area
of mine development. As such, these survey responses highlight both similarities and
some key differences between angling on the Kvichak and in other areas of Bristol Bay.
Table 45 presents a comparison of responses from two groups of 2005 Bristol Bay
anglers who stayed at remote area lodges on their trips. The first group in the table is the
sub-sample of internet survey respondents who reported both fishing Bristol Bay waters
on their most recent trip, and reported staying at a remote area fishing lodge on that trip.
The second is respondents to the mail survey of 2005 remote lodge clients.
A comparison of the responses from the two independent lodge client samples shows a
significant degree of agreement across a wide range of survey question responses. Lodge
clients from the two samples spent similar amounts of money on their trips and were
demographically similar. The largest differences between the 2 groups shown in Table
45 are in regard to the percentage of respondents targeting rainbow trout on their recent
trip, the percent who reported catching a rainbow 26 inches long or longer, and the
percentage saying they would still have made their trip if their primarily targeted species
had not been available. Additionally, smaller differences were also seen in the percent of
respondents who said they would reduce their trips to Bristol Bay if road access to the
area were improved, and the percent who oppose development of road access in the
region.
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Table 45. Comparison of Lodge Mail and Lodge Internet Sample Responses for
Selected Survey Questions
Survey question/statistic
Internet responses from Mail responses
from Bristol
sample of licensed
Bay Remote
anglers who visited
remote lodges
Lodge Clients
(A) Demographic Comparisons
Median age
% employed full time
% male
% with over $200,000 household income
(B) Expenditure Comparisons
Average amount spent on package fishing tour
Average amount spent in Bristol Bay (besides
package tour cost)
Average amount spent in rest of Alaska (besides
package tour cost)
% saying that the trip was worth more than they
had to pay for it
(C) Trip Characteristic Comparisons
% agreeing that fishing conditions were uncrowded
% who primarily targeted rainbow trout
% who caught a rainbow over 26 inches
% who would have still made the trip if their
primarily targeted species had not been available
(D) Response to Policy Questions Comparisons
% who would reduce trips to Bristol Bay if
improved road access were to be built
% who oppose development of road access

55
60.4%
86.7%
38.4%

57
60.0%
98.4%
47.0%

$5,543

$6,134

$1,729

$1,550

$529

$917

54.8%

54.5%

92.8%

91.6%

38.9%
43.0%

72.3%
75.4%

45.5%

29.7%

58.2%

66.1%

76.4%

88.0%

These specific differences across the two samples are consistent with what might be
expected due to the composition of trips in the samples. Table 46 shows that while the
responses from Bristol Bay lodge clients taken from the pool of 2005 fishing license
holders show a distribution of trips across a number of major Bristol Bay drainages, the
remote lodge client sample supplied by lodge owners is heavily dominated by anglers
who took their trip to the Kvichak River drainage. This river is a renowned rainbow trout
fishery (Gunn 2006), and the Kvichak is also located downstream of potential mine and
road development in the region. It is logical, then that respondents within this heavily
Kvichak River sample would be more likely to both target rainbows and catch large
rainbows, and to have strong opinions on future development in the region.
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Table 46. Comparison of Drainages/waters Fished: Internet vs. Mail Lodge Client
Samples
Drainage/water

Internet Lodge Client
Sample
16.6%
23.3%
37.6%
22.5%
12.0%

Naknek River Drainage
Nushagak-Mulchatna Drainage
Kvichak-Lake Iliamna
Other Bristol Bay
Kvichak River (specifically)

Mail Lodge Client
Sample
0.9%
7.4%
90.7%
0.9%
88.0%

5.7.1 Bristol Bay Conservation Trust Fund Contribution Responses
The mail and web surveys of Bristol Bay lodge clients included a series of questions
asking respondents how much they would be willing to contribute to a conservation trust
fund designed to protect the area in its current pristine, primarily unroaded condition.
The text of this question is as follows:
There is the potential for significant future extractive resource development and roading in the
Bristol Bay area. For example, a large mine has been proposed in the headwaters of the Nushagak
and Kvichak Rivers near Lake Iliamna, and a road has been proposed linking Anchorage and
Bristol Bay.
Suppose that you had an opportunity to support a fund whose aim was to keep the main Bristol
Bay drainages in their current relatively pristine and un-roaded condition. Assume that the
successful development of such a fund would actually result in the protection of Bristol Bay from
roading and extractive resource development.
As this survey is part of a research project, we are not asking you to make a donation.
Nonetheless, we would like you to answer the following question as you would a solicitation
for an actual donation. If you were asked today. how much would you be willing to donate,
if anything, to keep the Bristol Bay region in its current relatively pristine and unroaded
condition? (Please check one)
$25

$50

$100

$250

$500

$1000

$2000

$____ other

I would choose to not make a donation at this time

A cash and contingent valuation experiment was undertaken to measure
willingness to pay into this trust fund. The “payment card” format used in the question
tends to be conservative and understates the true referendum values recommended by
Arrow et al. (1993). Web survey participants in response to the contingent valuation
question indicated an average willingness to pay of $19.62 for Alaska residents and
$37.04 for nonresidents. For a sub-sample of nonresident Bristol Bay anglers who stayed
at remote lodges, the average willingness to pay was $156.50 per respondent. In general
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the literature indicates these willingness to pay estimates are likely conservative for not
mentioning a referendum, and for use of the “payment card” rather than a dichotomous
choice format.
A small cash experiment was also conducted using just the nonresident lodge
client anglers. This-subsample was asked to make an actual contribution to the trust fund
for protection of the Bristol Bay area. Average contributions to this survey were $20.63.
These results are not consistent with the literature in that the average cash donation is a
small fraction of the contingent valuation response (Champ and Bishop 2006). This result
may be due to “free riding” or the respondent unfamiliarity with the trust fund and its
sponsors.
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6.0 Commercial Fisheries
6.1 Introduction
This chapter provides an overview of the commercial fisheries sector in Bristol Bay. The
focus is on identifying total earnings in the harvesting and processing sectors, and on
providing the historical context for these estimates. Since commercial fishing is the
largest commercial sector in the Bristol Bay economy, this data is an essential input for
the regional economic modeling reported below. Information is also summarized on
costs, and on the residence of commercial fishing permit holders and others employed in
this sector.
This chapter draws on a number of recent studies including: the most recent annual
fishery management report for Bristol Bay (Alaska Department of Fish and Game, 2005),
the Bristol Bay Salmon Drift Gillnet Fishery Optimum Number Report (Commercial
Fisheries Entry Commission, 2004), Projections of Future Bristol Bay Salmon Prices
(Knapp 2004), and data available on the websites of the management agencies.

6.2 Overview of the Bristol Bay Fishery
The Bristol Bay commercial fisheries management area encompasses all coastal and
inland waters east of a line from Cape Menshikof to Cape Newhenham (Figure 1). This
area includes eight major river systems: Naknek, Kvichak, Egegik, Ugashik, Wood,
Nushagak, Igushik and Togiak. Collectively these rivers support the largest commercial
sockeye salmon fishery in the world (ADF&G, 2005). This is an interesting and unique
fishery, both because of its scale and significance to the local economy, but also because
it is one of the very few major commercial fisheries in the world that has been managed
on a sustainable basis.
The five species of pacific salmon found in Bristol Bay are the focus of the major
commericial fisheries. Sockeye salmon are the primary species harvested both in terms of
pounds of fish and value. Annual commercial catches between 1984 and 2003 averaged
nearly 24 million sockeye salmon, 69,000 Chinook, 971,000 chum, 133,000 coho, and
593,000 (even year only) pink salmon (ADF&G, 2005). Prices for sockeye salmon are
typically higher than for other salmon species, making the Bristol Bay fishery the most
valuable of Alaska’s salmon fisheries (CFEC, 2004). This is also the largest Alaska
fishery in terms of the number of permit holders. In 2004, there were 1,857 potentially
active entry permits in the drift gillnet fishery and 992 in the set gillnet fishery (CFEC,
2004). There is also a herring roe on kelp fishery. The focus in this chapter is on the
salmon fishery, particularly sockeye, since this fishery is dependent on the same
freshwater ecosystems as the sport and subsistence fisheries.
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The fishery is organized into five major districts (Figure 13) including Togiak, Nushagak,
Naknek-Kvichak, Eggegik, and Ugashik. Management is focused on discrete stocks with
harvests directed at terminal areas at the mouths of the major river systems (ADF&G,
2005). The stocks are managed to achieve an escapement goal based on maximum
sustained yield. The returning salmon are closely monitored and counted and the
openings are adjusted on a daily basis to achieve desired escapement. Having the
fisheries near the mouths of the rivers controls the harvest on each stock, which is a good
strategy for protection of the discrete stocks and their genetic resources. The trade-off is
that the fishery is more congested and less orderly, and the harvest is necessarily more of
a short pulse fishery, with most activity in June and early July. This has implications for
the economic value of the fish harvested, both through effects on the timing of supply,
but also on the quality of the fish.

Figure 13. Bristol Bay Area Commercial Salmon Fishery Management Districts (ADFG 2005)

The most lucrative market for salmon is as high quality fresh fillets or whole fish. For
example, Copper River kings and sockeye are available early in the season and are
relatively close to the U.S. domestic market. These fish can go for up to $10 per pound
wholesale in recent years. The Bristol Bay harvest comes on when there is already a glut
in the market and prices may only average 50 cents a pound. Most Bristol Bay salmon are
canned or frozen, as detailed below.
An interesting aspect of this fishery is that the compressed timing of the harvesting
activity makes commercial fishing a good fit with subsistence in the overall Bristol Bay
cash-subsistence economy. As detailed below, many commercial fishing permit holders
and crew members, as well as some employees in the processing sector, are residents of
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Bristol Bay’s dominantly-native Alaskan villages. In 2004, there were 952 resident
commercial fishing permit holders in the Bristol Bay study area, as well as 920 crew
members. This is a significant share of the area’s total adult population. An ADF&G
summary of subsistence activity in Bristol Bay (Wright, Morris, and Schroeder 1985)
noted that as of the mid-1980’s traditional patterns of hunting, fishing, and gathering
activities had for the most part been retained, along with accommodations to participate
in the commercial fishery and other cash-generating activities. In the abstract to this 1985
paper, the authors characterize the commercial salmon fishery as “a preferred source of
cash income because of its many similarities to traditional hunting and fishing, and
because it is a short, intense venture that causes little disruption in the traditional round of
seasonal activities while offering the potential for earning sufficient income for an entire
year.” Commercial fishing is a form of self employment requiring many of the same
skills, and allowing nearly the same freedom of choice as traditional subsistence hunting
and fishing. (Wright, Morris, Schroeder 1985; p. 89).
In 2002, Bristol Bay commercial salmon fishing accounted for about 19% of all Alaska
salmon harvest, by weight, and nearly 32% of all Alaska salmon harvest by earnings
(Table 47). Harvest by set gillnet accounts for approximately 18% of Bristol Bay
commercial harvest while drift gillnet harvest accounts for 82% of salmon harvest.
Among all 5 species of salmon, sockeye account for over 98% of the ex vessel value of
salmon harvests in the Bristol Bay region (
Table 48).
Table 47. Bristol Bay and Alaska Commercial Fishery Permits, Harvest, and Gross
Earnings (2002)
Sector
Bristol Bay Salmon
Drift gillnet
Set gillnet
All Bristol Salmon
All Alaska Salmon
All Alaska fisheries

# permit
holders

# permits

Pounds

Gross earnings

1,862
988
2,850
10,594
14,318

1,447
829
2,276
7,508
13,463

135,549,944
$77,243,936
30,032,259
$17,327,819
165,582,203
$94,571,755
872,577,336
$293,147,368
3,842,853,863 $990,099,365

Source: derived from ADFG (2005)

Table 48. Bristol Bay Salmon Harvest and Ex Vessel Value
Species

Total Catch
Mean Weight
(lbs)
(lbs)
Sockeye
148,394,331
5.77
Chinook
1,707,696
15.35
Chum
4,932,731
6.57
Pink
212,527
4.07
Coho
473,380
6.84
Total
155,720,665
Source: derived from CFEC website data

Mean Price
($/lb)
$0.50
$0.38
$0.09
$0.05
$0.34

Ex-vessel Value ($)
$
$
$
$
$
$

74,197,166
648,924
443,946
10,626
160,949
75,461,611
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In the following pages, Figure 14 through Figure 21 and Table 49 present time series data
on harvest and ex vessel values for Bristol Bay salmon fishing. These graphs and tables
illustrate the extreme variability in both harvest levels and prices paid to commercial
fishermen over several decades.

Figure 14. Time Series of Bristol Bay Salmon Harvest, pounds (Source: Knapp 2004).
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Figure 15. Time Series of Bristol Bay Salmon Harvest, Number of Fish (Source: Knapp 2004).

Figure 16. Time Series, Ex Vessel Price of Bristol Bay Sockeye Salmon (Source: Knapp 2004).
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Table 49. Time Series Average Annual Ex Vessel Prices for Bristol Bay Salmon: Real and Nominal

Source: Knapp (2004).
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Figure 17. Time Series, Real and Nominal Ex Vessel Value. (Source: Knapp 2004)

Table 50. 2004 and 2005 Bristol Bay Harvest and Earnings
# Permits fished

Pounds

Gross earnings

1,411

131,219,518

$

65,669,641

795

23,995,687

$

11,663,522

2,206

155,215,205

$

77,333,163

1,447

135,549,944

$

77,243,936

829

30,032,259

$

17,327,819

2,276

165,582,203

$

94,571,755

Derived $/lb.

2004

Drift gillnet
Set gillnet
Total

$

0.50

$

0.57

2005

Drift gillnet
Set gillnet
Total

Derived from CFEC Website data.
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Table 51. 1999-2003 Bristol Bay Drift Gillnet Earnings, Costs, and Net Returns.

Source: CFEC (2004).

Table 52 through Table 54 present the composition and trends of Bristol Bay salmon
fishing permit ownership and harvest. The trend in Bristol Bay commercial salmon
permit ownership between 1995 and 2004 is a slight movement from Alaska resident
ownership of permits to nonresident ownership. The trend toward nonresident ownership
is consistent for both drift and set gillnet permits.
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Table 52. Bristol Bay Region Fishing Permits and Crew Members, 2005
Permit Holders
(A) Census Area
Bristol Bay Borough
Dillingham Census Area
Lake & Penn. Borough
Total for Bristol Bay Residents
(B) Total Permits by Alaskan Residency
Drift gill net
Alaska Residents
Nonresidents
Set gill net
Alaska Residents
Nonresidents
Total Alaska Residents
Total Nonresidents
Source: Derived from CFEC website data

187
650
115
952

Crew Members

Permits fished

175
608
137
920

900
959

700
747

697
291

571
258

1,597
1,250

1,271
1,005
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Table 53. Distribution of Commercial Fishing Permit Holders by Residency and
2005 Harvest and Earnings
Residence

Permits

Permits
fished

Total pounds

Estimated gross earnings

(1) Bristol Bay Borough
Drift gill net
60
Set gill net
116
Subtotal
176
(2) Dillingham C.A.
Drift gill net
283
Set gill net
205
Subtotal
488
(3) Lake & Penn.
Borough
Drift gill net
68
Set gill net
48
Subtotal
116
(4) Total Bristol Bay
780
(5) Alaska Total
Drift gill net
902
Set gill net
697
Subtotal
1,599
(6) Non-Bristol Bay
819
resident
(7) Nonresident
Drift gill net
960
Set gill net
291
Subtotal
1,251
(8) Total
Drift gill net
1,862
Set gill net
988
Subtotal
2,850
Source: Derived from CFEC website data

52
112
164

4,833,791
4,413,494
9,247,285

$
$
$

2,814,821
2,566,112
5,380,933

233
155
388

14,582,744
4,678,691
19,261,435

$ 7,638,519
$ 2,523,764
$ 10,162,283

56
34
90
642

3,740,545
777,362
4,517,907
33,026,627

$ 1,912,675
$
387,096
$ 2,299,771
$ 17,842,987

700
571
1,271
629

55,209,565
20,072,497
75,282,062
42,255,435

$
$
$
$

747
258
1,005

80,234,379
9,959,762
90,194,141

$ 46,371,874
$ 5,840,805
$ 52,212,679

1,447
829
2,276

135,443,944
30,032,259
165,476,203

$ 77,243,935
$ 17,327,819
$ 94,571,754

30,872,061
11,487,014
42,359,075
24,516,088
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Table 54. Comparison of 1995 and 2004 Permit Ownership
Method/Residency
Drift Gillnet
Resident
Nonresident

1995

2004

Number

Percent

Number

Percent

910
903
1813

50.2%
49.8%

900
959
1859

48.4%
51.6%

758
253
1011

75.0%
25.0%

697
291
988

70.5%
29.5%

59.1%
40.9%

1597
1250
2847

56.1%
43.9%

Set Gillnet
Resident
Nonresident
Total
Resident
Nonresident

1668
1156
2824
Source: Derived from CFEC website data

Table 55 and Table 56 (from the Commercial Fish Entry Commission website
www.cfec.state.ak.us ), detail recent trends in Bristol Bay salmon fishing permits,
harvest, earnings, and average permit price. These tables show that market permit prices
have dropped significantly in recent years off of highs seen in the early 1990’s for both
drift and set gillnet permits.
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Table 55. Time Series, Bristol Bay Drift Gillnet Basic Information Table

Source: CFEC website
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Table 56. Time Series, Bristol Bay Set Gillnet Basic Information Table

Source: CFEC website
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Table 57 shows a listing of commercial salmon processors and buyers operating in the
Bristol Bay region in 2004 (ADFG 2004). Production of salmon (processing, freezing,
and canning) is a value added industry in the area. This production value is highly
dependent on the harvest levels and associated harvest value (Figure 18). The
composition of the salmon processing industry in the Bristol Bay region is also dependent
on end-buyer demand for salmon.
Table 57. Commercial Salmon Processors and Buyers Operating in Bristol Bay,
2004

Source: ADF&G (2005)
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Figure 18. Time Series, Bristol Bay Sockeye Salmon Harvest and Production. (Source: Knapp 2004)

Table 58 shows that over the past 15 years the demand for U.S. sockeye salmon has
changed dramatically. During the 1989-1994 period 80% of demand was for frozen
sockeye for the Japanese market. By 2002 this market segment had dropped to 44% of
demand for U.S. sockeye production. Between 1994 and 2002 other markets including
markets for canned salmon, and other markets for frozen fish had replaced the Japanese
frozen sockeye market.
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Table 58. Changes in Estimated End-markets for United States Sockeye Salmon
(Source: Knapp 2004)

Table 59 through Table 61 detail the final accounting of current and recent total Bristol
Bay salmon processing output. Table 60 shows that in 2005 the total earnings from
Bristol Bay salmon processing was $225 million. The total earnings from salmon harvest
in 2005 were approximately $95 million. Table 61 shows the net weight, price, and
wholesale value by end product for 2002-2005. Figure 19 shows the historical
distribution for 1984-2002 by end product (frozen vs. canned). Clearly, both harvest and
processing play important roles in the Bristol Bay economy, with one industry closely
tied to and dependent on the other for economic success.

Table 59. 2005 Bristol Bay Salmon Fishery Processing and Gross Earnings
Count

Price per unit

Sockey
Tall Cans (cases)
237,369 $
90.06
Halves (cases)
906,843 $
59.25
Fresh Headed & Gutted (lbs)
2,342,212 $
2.65
Frozen Headed & Gutted (lbs)
57,132,488 $
2.05
Frozen and fresh Fillet (lbs)
2,239,781 $
3.90
Roe (lbs)
3,609,918 $
3.55
Subtotal
66,468,611
Chinook
Fresh Headed & Gutted (lbs)
315,414 $
4.36
Frozen Headed & Gutted (lbs)
493,726 $
2.57
Roe (lbs)
35,243 $
3.86
Subtotal
844,383
Chum
Frozen Headed & Gutted (lbs)
4087138 $
0.72
Total
Source: Personal Communication, Alaska Department of Revenue, 2006.

Gross Earnings (2005$)
$
$
$
$
$
$

21,377,452
53,730,448
6,206,862
117,121,600
8,735,146
12,815,209
219,986,717

$
$
$

1,375,205
1,268,876
136,038
2,780,119

$
$

2,942,739
225,709,575

81

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1927 of 2339

Table 60. Comparison of Bristol Bay Harvest and Processing Total Earnings (2005)
sector
Harvest
Processing

Pounds
165,582,203
114,665,676

Earnings
$
94,571,755
$ 225,709,575

Table 61. 2003-2005 Total Bristol Bay Fishery Salmon Production Value, by Endproduct Type
Year
2002
2002
2002
2002
2003
2003
2003
2003
2004
2004
2004
2004
2005
2005
2005
2005

Type
Canned
Fresh
Frozen
Other
Canned
Fresh
Frozen
Other
Canned
Fresh
Frozen
Other
Canned
Fresh
Frozen1
Other

Net Weight
22,097,595
212,571
22,686,595
Confidential
21,936,035
1,129,280
34,296,062
1,575,092
31,080,841
6,404,391
54,471,049
1,451,444
30,567,479
2,342,212
59,372,269
3,609,918

Wholesale Value
$/pound
55,275,886
$2.50
327,357
$1.54
39,698,079
$1.75
Confidential Confidential
51,488,596
$2.35
1,531,488
$1.36
55,823,648
$1.63
7,086,321
$4.50
68,610,956
$2.21
8,054,856
$1.26
95,680,315
$1.76
4,815,510
$3.32
75,107,900
$2.46
6,206,862
$2.65
125,856,746
$2.12
12,815,209
$3.55

1

indicates “frozen and fresh fillets”. Fresh excludes “fresh filets” for 2005 data from Alaska
Department of Revenue.
Source: Knapp (2004) and Alaska Department Of Revenue.

Figure 20 shows historical real prices per round pound for 1984 to 2004 for three
different related markets for sockeye salmon: Bristol Bay ex vessel, Bristol Bay frozen
production price, and Japan August wholesale price. The price differences are indicative
of markups, and show how the relative shares of total value received by harvesters and
processors has changed over time, and in response to rising or falling market price
conditions.
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Figure 19. Time Series, Frozen and Canned Production of Bristol Bay Sockeye Salmon (Source:
Knapp 2004)

Figure 20. Time Series, Average Prices of Bristol Bay Sockeye Salmon. (Source: Knapp 2004)
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7.0 Subsistence Harvest
The subsistence harvest within the Bristol Bay region generates regional economic impacts
when Alaskan households spend money on subsistence-related supplies. Goldsmith (1998)
estimated that Alaskan Native households that use Bristol Bay wildlife refuges for
subsistence harvesting spend an average of $2,300 per year on subsistence-related equipment
to aid in their harvesting activities. Additionally, Goldsmith estimated that Non-Native
households spend $600 annually for this purpose. Correcting for inflation from 1998 to 2005
implies annual spending for subsistence harvest of about $2,780 for Native households and
$725 for Non-Native households.
Figure 21 shows the general distribution of subsistence harvest by Bristol Bay residents.
Overall, salmon make up the largest share of all harvest (on a basis of usable pounds), and
accounts for over one-half of all harvest. Another nearly one third of harvest come from land
mammals (31%), and non-salmon fish comprise another 10% of harvest.

Salmon
52%

Land Mammals
31%
Non-Salmon Fish
Birds and Eggs
10%
2%
Vegetation
3%

Marine Invertebrates
0%
Marine Mammals
2%

Figure 21. Distribution of Bristol Bay Subsistence Harvest

Table 62 shows average per capita and total estimated community subsistence harvest for the
Bristol Bay communities. In total, individuals in these Bristol Bay communities harvest
about 2.4 million pounds of subsistence harvest per year for an average of 315 pounds per
person annually. Table 63 and Table 64 detail Bristol Bay area subsistence harvest by
salmon species and location.
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Table 62. ADF&G Division of Subsistence Average Per Capita Subsistence Harvest for
Bristol Bay Communities
Bristol Bay Area Community /year
of harvest data
Aleknagik 1989
Clark's Point 1989
Dillingham 1984
Egegik 1984
Ekwok 1987
Igiugig 1992
Iliamna 2004
King Salmon 1983
Kokhanok 1992
Koliganek 1987
Levelock 1992
Manokotak 1985
Naknek 1983
New Stuyahok 1987
Newhalen 2004
Nondalton 2004
Pedro Bay 2004
Pilot Point 1987
Port Alsworth 2004
Port Heiden 1987
South Naknek 1992
Ugashik 1987
Togiak City
Portage Creek
Twin Hills
Total communities
Unincorporated areas
Total (interpolated to include
unincorporated areas)

Population
(2000 census)
221
75
2,466
116
130
53
102
442
174
182
122
399
678
471
160
221
50
100
104
119
137
11
809
36
69
7,447
164

Per Capita
Harvest
379
363
242
384
797
725
508
220
1,013
830
884
384
188
700
692
358
306
384
133
408
297
814
------

7,611

315

Total Annual
Harvest
54,079
20,325
494,486
37,450
85,260
33,915
51,816
81,261
175,639
154,705
97,677
118,337
72,110
247,494
110,720
79,118
15,300
24,783
13,832
41,985
39,893
8,144
-----2,397,970

% Native
Population
81.9%
90.7%
52.6%
57.8%
91.5%
71.7%
50.0%
29.0%
86.8%
87.4%
89.3%
94.7%
45.3%
92.8%
85.0%
89.1%
40.0%
86.0%
4.8%
65.6%
83.9%
72.7%
86.3%
86.1%
84.1%
--69.6%
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Table 63. Historical Subsistence Harvest for Bristol Bay, Alaska. (Knapp et al. 2004)
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Table 64. Bristol Bay Subsistence Salmon Harvests by Location, 2003. (Knapp et al. 2004)

In 2000 the US Census reported an estimated 2,290 Native and 1,129 non-native households
in the Bristol Bay Region (Bristol Bay Borough, Lake and Peninsula Borough, and
Dillingham). Based on the Goldsmith (1998) estimate of direct expenditures related to
subsistence harvest, this implies an annual direct subsistence-related expenditure of
approximately $7.2 million in the Bristol Bay region (Table 65).
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Table 65. Estimated Total Annual Bristol Bay Area Subsistence-Related Expenditures
Area

Bristol Bay Borough
Dillingham Census Area
Lake & Penninsula Borough
Total Bristol Bay Region
Annual Spending/ household
Total Estimated
Subsistence Spending
Total

Population
2004
1,103
4,924
1,584
7,611

Percent Alaska native

43.7%
70.1%
73.5%
67.0%

Number of
households

Number of
Native
Households

Number of
non-native
Households

490
2,341
588
3,419

214
1,641
432
2,290

276
700
156
1,129

$2,780

$725

$6,366,487
$ 818,450
$
7,184,937
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8.0 Sport Hunting
In addition to sport fishing, sport hunting also plays a significant (but smaller) role in the
local economy of the Bristol Bay region. While not a large share of the economy, sport
hunting in the Bristol Bay area offers high quality hunting opportunities for highly valued
species. Bristol Bay sport hunting provides hunting opportunities for caribou, moose, and
brown bear, among other species. Table 66 shows reported hunter numbers for the most
recently reported representative years for several species hunted in the region.
Table 66. ADF&G Reported Big Game Hunting in Bristol Bay and Alaska Peninsula
Game Management Units
Most recent Big Game Hunting Estimates from ADF&G Wildlife Management Reports
(Number of hunters)
Alaska Peninsula
Bristol Bay
(GMU 9)
(GMU 17)
Non-local
Residents

146
23
90
259

Moose
Caribou
Brown bear

NR

184
0
319
503

Non-local
Residents

NR

140
1115
24
1279

294
1439
74
1807

All hunters 2002
All hunters 2003-04
most recent available 5-year average

The caribou estimate for GMU 17 is for the Mulchatna herd and extends beyond
the GMU 17 borders
Shaded cells

include both non-local residents and local residents

Sources: Alaska Wildlife Harvest Summary (2003-04); ASDF&G Species-specific Wildlife Management Reports

Table 67 outlines the estimation of total annual expenditures for big game hunting within the
Bristol Bay region. These estimates are based on an assumption of one trip per hunter per
year for a species, and utilizes estimates of hunter expenditures per trip developed by Miller
and McCollum (1994) adjusted to 2005 price levels.
Table 67. Estimated annual big game hunting expenditures for Bristol Bay region
Statistic
Estimated trips
Expenditure per trip
Total estimated direct
expenditure
Total

Nonresidents
2,310
$4,706
$10,870,860
$12,365,796

Non-local residents
1,538
$972
$1,494,936

In total, it is estimated that Bristol Bay area big game hunters living outside of the area spend
about $12.4 million per year in direct hunting-related expenditures. The expenditure estimate
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above may include some caribou hunting of the Mulchatna herd outside of the closely
defined Bristol Bay region game management units.
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9.0 Wildlife Viewing / Tourism
Many of the sport fishing and sport hunting visitors to the Bristol Bay region also engage in
other activities while there such as kayaking, canoeing, wildlife viewing or bird watching.
However an estimated 10,000 visitors to the region come expressly to view wildlife or
engage in other non-consumptive outdoor recreation activities.
The Bristol Bay region has a number of nationally recognized special management areas for
wildlife. These include Katmai and Lake Clark National Parks, the Togiak and Becherof
National Wildlife Refuges, and Wood-Tikchick State Park. The most accessible and popular
destination for visitors interested in non-consumptive recreation activities is Katmai National
Park, and in particular Brooks Camp on Naknek Lake which is world famous as a site for
bear viewing. The camp accommodates both day and overnite visitors who are there to view
the bears, as well as sport fishermen.
Information on the number of non-consumptive use visitors, their itineraries and activities
while in the region, and their expenditures is extremely limited. Unlike sport fishing and
sport hunting, no license is required for these other activities so there is no consistent and
comprehensive record documenting these trips.
In particular, the visitation numbers collected by the park service in Katmai cannot be used as
a guide to the number of non-consumptive recreational visitors to the region because they
include sport fishermen as well as large numbers of visitors to the eastern portion of the park
where the waters flow into Shelikof Strait and Cook Inlet.
Our estimate of non-consumptive recreational visitation is based on adjusted visitation data
collected for Brooks Camp (available through 1999). Our estimate assumes that Brooks
Camp receives most of the non-consumptive visits to the region and that about 1/3 of total
visitors to Brooks Camp engage in sport fishing while in the region. Based on these
assumptions, there are approximately 1,000 non-local Alaska residents and 9,000
nonresidents who visit the Bristol Bay region for wildlife viewing/tourism (and not to fish).
Total expenditure for this group is estimated to be $17,138,290, using expenditure data from
McCollum and Miller (1994). This is an approximate estimate based on limited and outdated
information, and is an area for further research.
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10.0 Economic Significance
Economic significance is a measure of the number of jobs and the amount of income within a
region that can be attributed to particular activities. It is the answer to the question of how
may jobs, or what share of all the jobs, in a region exist due to that activity. In this section
we report on the economic significance of the commercial salmon industry, recreational, and
subsistence activities that occur in the Bristol Bay region. We show results for the local
region and for the rest of Alaska. Economic effects occurring outside the state are not
included. We also describe the overall structure of the economy of the Bristol Bay region.

10.1 Summary
We estimate that 5,490 annual average jobs in Alaska in 2005 were attributable to the wild
salmon ecosystem in the Bristol Bay region. Slightly over 1/3 of these jobs were filled by
non-residents. About equal shares of the jobs taken by Alaska residents went to residents of
the Bristol Bay region and the rest of the state. At the peak of the summer season, there were
13,248 jobs in Alaska associated with the commercial salmon harvest (including processing)
and providing services to recreational visitors and subsistence harvesters.
$161 million in payroll was associated with these jobs. $103 million of this payroll went to
Alaska residents, with more than half going to Alaskans living in other locations outside the
Bristol Bay region. $58 million in payroll was collected by non-residents working seasonally
in the commercial fishery or the recreation industry.
Table 68. Economic Significance of Bristol Bay Ecosystems
TOTAL

DIRECT JOBS
PEAK
ANNUAL AVG
MULTIPLIER JOBS
TOTAL JOBS (ANN AVG)
DIRECT WAGES ($000)
MULTIPLIER
TOTAL

RESIDENTS

NON-RESIDENTS

TOTAL

LOCAL

NONLOCAL

13,248
3,230
2,260
5,490

4,513
1,120
2,260
3,380

2,161
528
1,057
1,585

2,352
592
1,204
1,795

8,735
2,110

$88,028

$30,349
$73,005
$103,354

$14,061
$32,750
$46,811

$16,288
$40,256
$56,544

$57,680

$161,033

2,110

$57,680

SOURCE: ISER.
NOTE: All direct jobs are in Bristol Bay region.
Multiplier jobs divided between Bristol Bay and Southcentral Alaska.
Multiplier jobs are all taken by residents of region where they occur.
Peak and annual average direct wages are equal.
This summary excludes subsistence and ecosystem management.
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10.2 Regional Economic Overview
The economy of the Bristol Bay region depends on three main types of activities—publicly
funded services (government plus non-profits), activities associated with the commercial
exploitation of the natural resources of the region (commercial fishing and recreation), and
subsistence. Public services and exploitation of natural resources are BASIC activities that
bring money into the economy and provide the impetus for a modest level of support (NONBASIC) activities—local businesses that sell goods and services to the commercial fishing
sector, recreational service providers, government (including non-profits), and subsistence
participants. Subsistence is a non-market activity but it does have an economic dimension.
Residents commit significant economic resources to participate in subsistence and the
products of subsistence activity have considerable economic value. Recently mining
exploration has been an additional small source of basic employment.
Annual average employment in the region (the sum of the Bristol Bay Borough, Lake and
Peninsula Borough, and Dillingham labor market areas) provides one way to measure the
relative importance of government and resource exploitation to the regional economy. Of
total basic jobs in 2004, 2,098 were directly dependent on government spending (federal,
state, and local). Resource exploitation (commercial fishing and recreation) accounted for
4,013, or 64 percent of the total.
NON-BASIC jobs depend on the money that comes into the economy from BASIC activity.
We have not assigned any particular percent of these NON-BASIC jobs to dependence on
government or resource exploitation, and to do so would be difficult. The difficulty stems
primarily from the fact that the number of government jobs is stable throughout the year,
while resource exploitation jobs have an extremely seasonal pattern. The more stable
government jobs, and payroll, are likely to support more NON-BASIC jobs in the region than
their share of BASIC jobs.
One indicator of the importance of government money in the regional economy is the amount
of federal spending in the region. In 2004 $141 million in federal spending flowed into the
three labor market areas of this region.
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Table 69. Employment in the Bristol Bay Region, 2004
ANNUAL AVERAGE

SUMMER

WINTER

SWING
(SUMMER
MINUS
WINTER)

TOTAL JOBS BY PLACE OF WORK

7,691

16,631

3,640

12,991

BASIC

6,251

15,028

2,304

12,724

Fish Harvesting

2,552

7,657

0

7,657

Fish Processing

1,150

4,193

200

3,993

311

933

0

933

2,098

1,795

2,104

-309

150

450

0

450

1,440

1,603

1,336

267

64

80

56

24

642

765

580

185

Recreation
Government + Health
Mining
NON-BASIC
Construction
Trade/Transport/Leisure
Finance

127

118

116

2

Other Wage and Salary

180

213

157

56

Non-Basic Self Employed

427

427

427

0

JOBS BY PLACE OF RESIDENCE
Local Resident

4,233

5,741

3,640

2,101

All Non Local

3,458

10,890

0

10,890

Source: ISER.

Table 70. Federal Spending in the Bristol Bay Region 2004 ($000)
Bristol Bay
TOTAL

Dillingham

Lake & Pen

Total

$38,812

$78,596

$23,351

$140,759

Retirement

$4,734

$10,667

$2,890

$18,291

Other direct to individuals

$1,142

$1,599

$2,573

$5,314

$146

$8,760

$1,732

$10,638

$24,704

$52,976

$3,843

$81,523

$19,813

$25,867

$0

$45,680

Impact Aid

$2,669

$4,259

$0

$6,928

Other

$2,222

$22,850

$3,843

$28,915

Procurement

$4,676

$1,645

$10,703

$17,024

$2,948

$1,610

$7,968

Direct to others
Grants
Medical Asst

Wages
$3,410
Source: US Department of Commerce, Consolidated Federal Funds Report.
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The extreme seasonality of the market based economy is reflected in contrasting snapshots of
employment in the region taken in the summer (July) and in the winter (January) of 2004, as
well as the change or “swing” between the seasons. In the summer total employment peaked
at 16,631, while in the winter it was 3,640. (These figures are derived from Alaska
Department of Labor wage and salary employment data and US Department of Commerce
self employment numbers. They have been augmented with independent information on the
number of commercial fish harvesters, recreation industry workers, and mining exploration
employees that are not reflected in the official statistics.) The “swing” between the seasons
was 12,991. This is the increase in jobs in the summer over the winter.
The employment data shows that all the “swing” occurs in the jobs in the commercial fishery,
the recreation sector, and mining. The number of government jobs actually falls, primarily
due to schools closed for the summer. In both the winter and summer the number of NON
BASIC jobs is modest, concentrated mostly in transportation, retail trade, and leisure
services. In January there were 1,336 such jobs, increasing 267 to peak at 1,603 in July.
We assume that the winter jobs are taken by the 7,485 residents who live in the Bristol Bay
region throughout the year (ADOL, 2005). But during the summer most of the “swing” jobs
are taken by non-local residents—either Alaskans from other regions or workers from outside
the state who come to Alaska for the summer to work in commercial fishing, recreation, or
mining jobs.
One measure of the residency of workers in the region is reported each year by the Alaska
Department of Revenue. For 2002 they found in a count of private sector wage and salary
workers in the region that 33 percent were local residents, 16 percent were from elsewhere in
Alaska, and 51 percent were from outside the state. Statewide seafood processing and visitor
related businesses had some of the highest rates of non-resident employment of all sectors.
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Table 71. Residence of Workers in the Bristol Bay Region, 2002
LOCAL

OTHER AK

OUTSIDE

TOTAL

BRISTOL BAY

State Govt
Local Govt
Private
Sum

24

13

11

48

119

19

11

149

322

306

1,308

1,936

465

338

1,330

2,133

81

27

4

112

920

90

72

1,082

1,036

295

385

1,716

2,037

412

461

2,910

6

6

2

14

514

130

60

704

122

145

622

889

642

281

684

1,607

1,480

746

2,315

4,541

33%

16%

51%

100%

DILLINGHAM

State Govt
Local Govt
Private
Sum
LAKE AND PEN

State Govt
Local Govt
Private
Sum
TOTAL PRIVATE
SHARE

Source: Alaska Department of Labor, Alaska Economic Trends, February 2004.
Note: This is a count of workers and not of FTE jobs or annual average jobs

Personal income in the region, measured for residents, was $229 million in 2004, or $30,105
per capita. Net earnings from labor was $159 million, or 69 percent of total personal income.
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Table 72. Personal Income in the Bristol Bay Region, 2004 (000$)
Bristol Bay

Dillingham

Lake & Pen

$46,766

$79,794

$17,628

$144,188

$14,995

$22,093

$5,764

$42,852

$9,409

$16,595

$2,465

$28,469

$71,170

$118,482

$25,857

$215,509

-$7,286

-$10,880

-$2,628

-$20,794

-$30,875

-$3,794

-$736

-$35,405

$33,009

$103,808

$22,493

$159,310

$5,995

$14,650

$4,939

$25,584

$8,782

$26,484

$9,059

$44,325

= Personal Income

$47,786

$144,942

$36,491

$229,219

Population
Per Capita Income

1,093
$43.720

4,938
$29.352

1,583
$23.052

7,614
$30.105

+
+
=
+
+
=
+
+

Wages
Supplements to wages
Proprietor income
Earnings by place of work
Contributions for
government social insurance
Residence adjustment
Net earnings by place of
residence
Dividends
Transfers

Total

Source: US Department of Commerce.

10.3 Commercial Fisheries
The commercial salmon fishery generates the largest share of the jobs and income associated
with commercial resource exploitation in the Bristol Bay region, although the amount varies
considerably from year to year with the size and value of the harvest. In 2005 the harvest
was 166 million pounds with an ex vessel value of $95 million. After processing the
wholesale value of the 115 million pounds of product was $226 million.
An estimated 1,485 local residents were joined by 6,167 seasonal workers from outside the
region to participate in the harvest. About 4,000 non-local processing workers also came for
the season. At the peak of the season 12,484 workers were directly employed in harvesting
and processing the catch. Of these 4,177 were Alaska residents and 8,308 were from outside
the state.
Spending in the region and the rest of the state by these workers—both residents and nonresidents—as well as instate purchases by the harvesters and processors for fuel, supplies,
equipment, and services, generated additional jobs in other sectors of the economy through
the multiplier process. (We did not estimate employment associated with management of the
fishery.) We estimate that 1,263 annual average jobs were created through this process, 651
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locally and 612 in the rest of the state, in trade, services, finance and other support industries.
(Jobs created outside the state are not included in these estimates.)
The 12,484 jobs during the summer peak is equivalent to 2,975 average annual jobs directly
attributable to the commercial fishery. Adding the 1,263 jobs generated within Alaska by the
multiplier results in total annual average jobs in Alaska attributable to the commercial fishery
of 4,239.
Table 73. Economic Significance of Commercial Fishing—Harvest and Processing
TOTAL
TOTAL
DIRECT JOBS
PEAK
ANNUAL AVG
MULTIPLIER JOBS
TOTAL JOBS (ANN
AVG)
DIRECT WAGES ($000)
MULTIPLIER
TOTAL

NONRESIDENTS

RESIDENTS
LOCAL

NONLOCAL

12,484
2,975
1,263

4,177
1,008
1,263

2,088
504
651

2,088
504
612

8,308
1,968

4,239

2,271

1,155

1,116

1,968

$79,119
$41,371
$120,490

$26,427
$41,371
$67,797

$13,213
$21,341
$34,555

$13,213
$20,029
$33,243

$52,693
$52,693

SOURCE: ISER.
NOTE: All direct jobs are in Bristol Bay region.
Multiplier jobs divided between Bristol Bay and Southcentral Alaska.
Multiplier jobs are all taken by residents of region where they occur.
Peak and annual average direct wages are equal.

A similar analysis results in an estimate of an annual payroll associated with the commercial
fishery of $120 million.

10.4 Recreation: Total
In 2005 an estimated 50,752 recreational visitors to the Bristol Bay region spent about $91
million on trip related expenditures in Alaska. Non-residents comprised nearly half of the
total number of recreational visitors, 24,276 (48%), and accounted for the majority of
spending at $75 million (82%). Alaskans from outside the Bristol Bay region made 6,988
trips and local residents made 19,488 trips. Alaskans from outside the region spent $10
million on their trips and local residents spent the smallest amount, $7 million.
Most trips and spending were related to sport fishing, although both hunting and nonconsumptive use trips (wildlife viewing, kayaking, bird watching, mountain climbing, hiking,
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etc.) were also popular and accounted for significant spending. Many recreational visitors
combined sport fishing with some non-consumptive use activities as well. We include those
visitors in the sport fish category for this analysis.
The figures in the table include only expenditures directly related to trips--transportation,
food, lodging, guiding services, supplies, licenses, etc. They exclude equipment purchases
such as fishing rods, hunting rifles, boats, and kayaks that may have been purchased during
the trip but that can be used for subsequent recreational or other kinds of trips. For most nonresidents, all in-state travel expenditures are included, based on the assumption that the
primary reason for the travel to Alaska is the visit to the Bristol Bay region. The
expenditures related to travel to Alaska for non-residents are not included in the figures in the
table, but we do include them in the economic significance calculations.
A portion of the non-resident visitor expenditures related to trips to the Bristol Bay region are
made outside the region. We assume all these expenditures take place in South Central
Alaska as the entry and exit point for non-residents.
Table 74 Recreational Trips and Expenditures in the Bristol Bay Region, 2005
LOCAL
RESIDENT
TRIPS
SPORT FISH
SPORT HUNTING
WILDLIFE VIEWING/
TOURISM
SPENDING PER TRIP
SPORT FISH
SPORT HUNTING
WILDLIFE VIEWING/
TOURISM
TOTAL SPENDING (000$)
SPORT FISH
SPORT HUNTING
WILDLIFE VIEWING/
TOURISM
SOURCE: ISER.

NON-LOCAL
RESIDENT

NONRESIDENT

TOTAL

19,488

6,988

24,276

50,752

19,488
0

4,450
1,538

12,966
2,310

36,904
3,848

0

1,000

9,000

10,000

$339

$1,440
$1,440

$3,637
$4,706

$2,421
$3,401

$970

$1,796

$1,714

$9,582.4
$6,397.7
$2,214.7

$75,246.7
$48,207.6
$10,870.9

$91,435.6
$61,211.8
$13,085.6

$970.0

$16,168.3

$17,138.3

$6,606.4
$6,606.4

Some visitors combine fishing with passive use activities. These visitors are included here in sportfishing.
Cost of travel to Alaska for non-residents not shown

Most recreational visits occur during the summer months creating a peak in economic
activity that largely coincides with the peak created by the commercial fishery. The
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recreational visitors outnumber workers in the commercial fishery, but their average length
of stay in the region is much shorter. And unlike the workers in the commercial fishery, their
presence is not directly counted as part of the employment in the region. The economic
impact of these recreational visitors occurs primarily through their local purchases of goods
and services and is captured in our calculations in the multiplier effect. The direct jobs,
1,570 at the peak, and 523 when converted to annual average jobs, are the workers that are
clearly identifiable as providing services to recreational visitors, mostly guides and lodge
employees. The workers in other sectors like transportation, lodging, food services, and
retail trade, who are directly serving the visitor industry, are included in the multiplier
numbers in this analysis. This definitional difference explains why the “multiplier” appears
to be so much higher for recreational activity compared to commercial fishing. As with the
commercial fishery (particularly processing), only a small portion of these jobs are filled by
local residents. More than half are taken by non-residents.
Recreational visitor spending creates a large number of jobs indirectly (multiplier jobs),
particularly in the transportation, accommodation, and trade sectors of the economy. A large
share of these jobs are located outside the Bristol Bay region in South Central Alaska where
most of the goods and services originate that are purchased by businesses and households in
the Bristol Bay region. The jobs in these industries are much more likely to be filled by
Alaska residents who live where they work, and they are also more likely to be year-round
rather than seasonal jobs as well.
Total jobs (annual average) in Alaska traceable to recreational visits to the Bristol Bay region
were 1,252 in 2005. Only 430 of those jobs were taken by local residents. The largest share
was taken by other Alaskans, either because they moved into the region to fill a job during
the summer season, or because the job attributable to recreation in the Bristol Bay region was
located in South Central Alaska. A smaller share of total jobs, all within the Bristol Bay
region, was taken by non-residents. (Some of the indirect jobs in transportation, trade, and
accommodations were undoubtedly filled by non-residents rather than residents. We have no
data at this time to quantify the number. The data for calculating the resident vs. non resident
split of jobs in the recreation sector is sketchy. Limited aggregate data by industry is
available, and some specific data on the residency of workers in certain segments of the
recreation sector such as lodges and guiding services is available from limited surveys. For
this reason the total employment and payroll numbers are more robust than their distribution
by residence of the job holder. When making comparisons about worker residence between
different types of activities, it is important to keep this limitation in mind.)
Because many of the goods and services consumed in Alaska are produced outside the state,
the effects of recreational spending (similar to commercial fishing spending) spill over to the
rest of the US. The share of the economic effects that occurs outside the state of Alaska is
not included in this analysis.
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Table 75. Economic Significance of All Recreational Trips
TOTAL
TOTAL
DIRECT JOBS
PEAK
ANNUAL AVG
MULTIPLIER JOBS
TOTAL JOBS (ANN
AVG)
DIRECT WAGES ($000)
MULTIPLIER
TOTAL

NONRESIDENTS

RESIDENTS
LOCAL

NONLOCAL

764
255
997

336
112
997

73
24
406

264
88
591

427
142

1,252

1,109

430

679

142

$8,909
$29,927
$38,836

$3,922
$29,927
$33,849

$848
$10,884
$11,731

$3,075
$19,044
$22,118

$4,987
$4,987

SOURCE: ISER.
NOTE: All direct jobs are in Bristol Bay region.
Multiplier jobs divided between Bristol Bay and Southcentral Alaska.
Multiplier jobs are all taken by residents of region where they occur.
Peak and annual average direct wages are equal.

The total payroll paid in Alaska that is traceable to recreational expenditures in the Bristol
Bay region is $39 million.

10.5 Recreation: Sport Fishing
Most of the expenditures for recreation in the Bristol Bay region are related to sport fishing,
either as the only, or as the primary, activity of the visitor. $48 million of the $61 million
total sport fishing expenditures are made by the one-third of sport fishermen who are nonresidents (12,966). Non-residents are the more likely to stay at a lodge and employ the
services of a guide. Alaska residents from outside the region made 4,450 trips and had
expenditures of $6 million. Local residents made 19,488 trips and had spending of $7
million. We include local resident sport fishing trip spending in the calculation of economic
significance to present a complete picture of the importance of sport fishing, even though this
spending by local residents is not new money that comes into the economy. (In the absence
of sport fishing opportunities locally, some of this spending could possibly shift outside the
region.)
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Table 76. Economic Significance of Sport Fishing
TOTAL
TOTAL
DIRECT JOBS
PEAK
ANNUAL AVG
MULTIPLIER JOBS
TOTAL JOBS (ANN
AVG)
DIRECT WAGES ($000)
MULTIPLIER
TOTAL

NONRESIDENTS

RESIDENTS
LOCAL

NONLOCAL

657
219
627

288
96
627

62
21
267

226
75
360

369
123

846

723

288

435

123

$7,666
$19,308
$26,974

$3,363
$19,308
$22,671

$723
$7,456
$8,180

$2,639
$11,852
$14,491

$4,303
$4,303

SOURCE: ISER.
NOTE: All direct jobs are in Bristol Bay region.
Multiplier jobs divided between Bristol Bay and Southcentral Alaska.
Multiplier jobs are all taken by residents of region where they occur.
Peak and annual average direct wages are equal.

Total jobs associated with the sport fishery were 846. The total payroll paid in Alaska that is
traceable to sportfishing expenditures in the Bristol Bay region was $27 million.

10.6 Recreation: Sport Hunting
Sport hunting accounts for a smaller share of total recreational visits but spending by hunters
is still significant. All of the trips we include in this analysis originate outside the Bristol
Bay region, either elsewhere in Alaska or outside the state. These trips from outside the
region are involve more travel costs and are more likely to use guiding services and other
commercial facilities. Of the 167 total annual average jobs in Alaska attributable to sport
hunting, most are taken by residents of the state with the majority outside the local region.
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Table 77. Economic Significance of Sport Hunting
TOTAL
TOTAL
DIRECT JOBS
PEAK
ANNUAL AVG
MULTIPLIER JOBS
TOTAL JOBS (ANN
AVG)
DIRECT WAGES ($000)
MULTIPLIER
TOTAL

NONRESIDENTS

RESIDENTS
NONLOCAL

LOCAL

14
5
163

6
2
163

1
0
60

5
2
103

7
2

167

165

60

105

2

$158
$4,857
$5,016

$71
$4,857
$4,929

$16
$1,521
$1,536

$55
$3,337
$3,392

$87
$87

SOURCE: ISER.
NOTE: All direct jobs are in Bristol Bay region.
Multiplier jobs divided between Bristol Bay and Southcentral Alaska.
Multiplier jobs are all taken by residents of region where they occur.
Peak and annual average direct wages are equal.

The total payroll paid in Alaska that is traceable to sport hunting expenditures in the Bristol
Bay region is $5 million.

10.7 Recreation: Wildlife Viewing and Other Non-consumptive
Uses
Although the majority of recreational visitors come to the Bristol Bay region to fish or hunt,
many engage in other activities, and neither fish nor hunt. Most of these visitors come for
wildlife viewing, and in particularly to see the bears. The number of these visitors, their
activities while in the region, and their expenditures are all difficult to trace because unlike
sportfishing or hunting, no license is generally required for these activities. No consistent and
comprehensive administrative mechanism currently exists to determine overall visitation in
the region for these purposes. Some limited information is collected on visits to specific
sites, but this does not capture information about activities or expenditures.
One recent study has estimated that Western Alaska receives 30,000 non-resident overnight
visitors in a tourist season, with most coming to fish (McDowell, 2006). Using this
information as a general guideline together with limited visitor information from the National
Parks in the region as well as an earlier study of the National Wildlife Refuges in western
Alaska (Goldsmith et al., 1998), we estimate that about 9,000 trips were made into the region
for recreational purposes that did not include either fishing or hunting. Most of these
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involved an at least one overnight in the region, but a portion were day trips from Anchorage
for bear viewing. To be consistent with the expenditure data for sport fishing and hunting,
we assume that the visit to the Bristol Bay region was the primary reason for their visit to
Alaska for visitors who overnight in the region. For these visitors we include all their instate
expenditures in the calculation of the economic significance of this activity. For visitors who
do not overnight in the region, we include only the expenditures related to this “side trip” and
exclude both their other instate expenditures and their expenditures to travel to Alaska.
We estimate 239 annual average jobs associated visits involving only non-consumptive
wildlife viewing/tourism use to the Bristol Bay region and a payroll of $7 million.
Table 78. Economic Significance of Non-consumptive Recreational Use Visits
TOTAL
TOTAL
DIRECT JOBS
PEAK
ANNUAL AVG
MULTIPLIER JOBS
TOTAL JOBS (ANN
AVG)
DIRECT WAGES ($000)
MULTIPLIER
TOTAL

NONRESIDENTS

RESIDENTS
NONLOCAL

LOCAL

93
31
208

42
14
208

9
3
79

33
11
128

51
17

239

222

82

139

17

$1,085
$5,762
$6,847

$488
$5,762
$6,250

$108
$1,907
$2,015

$380
$3,855
$4,235

$597
$597

SOURCE: ISER.
NOTE: All direct jobs are in Bristol Bay region.
Multiplier jobs divided between Bristol Bay and Southcentral Alaska.
Multiplier jobs are all taken by residents of region where they occur.
Peak and annual average direct wages are equal.

10.8 Subsistence
Subsistence is an important component of the regional economy dependent on the wild
salmon ecosystem, but it is not part of the market economy. Consequently there is no direct
measure of the labor effort (like employment) in pursuit of subsistence resources, and there is
no market measure of the return to that labor (payroll). However we can quantify the link
that exists between subsistence and the market economy based on the purchases of supplies
and equipment that households make in support of their subsistence activities. Typically
these purchases include boats, snowmachines, fuel, nets, traps, rifles, and a broad range of
other items, some used exclusively for subsistence, and others used not only for subsistence,
but for other purposes as well.
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Information on the level of these purchases by households engaged in subsistence is nearly
non-existent. We rely on a survey conducted by the North Slope Borough for an estimate of
these expenditures, recognizing not only differences in the circumstances between these
different parts of the state, but also how difficult it is to determine what household
expenditures can appropriately be attributed to subsistence rather than other activities.
For simplicity we assume that every Native household in the region practices subsistence in
one form or another, although not necessarily every year, and that none of the non-Native
households practice subsistence.
Because of these very simple assumptions, our estimate of the economic significance of
subsistence (significance here narrowly defined to mean only jobs and payroll in businesses
that provide the supplies and equipment used in subsistence) is merely a rough
approximation. It is quite small in comparison to commercial fishing and recreation
spending, both in terms of market jobs and payroll generated. A large share of the jobs
created by spending on inputs to subsistence related activities are in urban Alaska, a
reflection of the limited capacity of the businesses in the communities within the region to
supply the goods and services that residents purchase.
Table 79. Economic Significance of Subsistence
TOTAL
TOTAL
DIRECT JOBS
PEAK
ANNUAL AVG
MULTIPLIER JOBS
TOTAL JOBS (ANN
AVG)
DIRECT WAGES ($000)
MULTIPLIER
TOTAL

NONRESIDENTS

RESIDENTS
NONLOCAL

LOCAL

0
0
49

0
0
49

0
0
14

0
0
34

0
0

49

49

14

34

0

$0

$0
$1,707
$1,707

$0
$525
$525

$0
$1,183
$1,183

$0

$1,707

$0

SOURCE: ISER.
NOTE: All direct jobs are in Bristol Bay region.
Multiplier jobs divided between Bristol Bay and Southcentral Alaska.
Multiplier jobs are all taken by residents of region where they occur.
Peak and annual average direct wages are equal.
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11.0 Net Economic Values
As noted in Section 1, the second general accounting framework under which ecosystem
services can be measured is the Net Economic Value framework. Net economic value is the
value of a resource or activity that is over and above regular expenditures associated with
engaging in a activity or visiting a resource area.

11.1 Commercial Fisheries
In addition to the regional economic impact of commercial fish harvest in the Bristol Bay, the
commercial fishery has a net economic value related to the expected differences over time
between the ex vessel revenues and the costs of participating in this fishery. One method for
approximating this value is to look at the market prices for commercial fishing permits in the
Bristol Bay. These market prices reflect the value that commercial operators place on their
right to fish the region. There were 1,860 salmon drift net permits in the fishery in 2005, and
the average market value for permits that changed hands was $64,300, implying a total value
to the fishery of $119,600,000 in 2005. Historically, these permits have been much more
valuable, on the order of $250,000 each in the late 1980’s. The decreased value of permits
reflects in part the effect on farmed salmon on the market price for Bristol Bay salmon,
which has dropped from over $2.00 per pound to around $0.50 per pound. Table 80 presents
an approximation of total commercial permit values for Bristol Bay.
Table 80. Current Bristol Bay Salmon Fishing Permit Numbers and sale prices, 2005
Current market
value

Total estimated value

Salmon (Drift net)
1860
$64,300
Salmon (Set net)
988
$14,700
Total
Implied annual value (at 7% real discount rate)
(at 14% real discount rate)

119,600,000
14,500,000
134,100,000
$9,387,000
$18,774,000

Permit type

Number
of permits

Including salmon set nets, and based on current permit sales prices and numbers for salmon
fishing permits in Bristol Bay, we estimate that the current net economic value of
commercial salmon fishing in the Bay is approximately $134 million, or an implied
annualized value of between $9.4 million using a real 7% amortization rate into perpetuity
and $18.8 million using a 14% discount rate.
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11.2 Subsistence Harvest
The Alaska Department of Fish and Wildlife, Division of Subsistence reports that most rural
families in Alaska depend on subsistence fishing and hunting. ADF&G surveys of rural
communities find that from 92% to 100% of sampled households used fish, 79% to 92% used
wildlife, 75% to 98% harvested fish, and 48% to 70% harvested wildlife. Because
subsistence foods are widely shared, most residents of rural communities make use of
subsistence foods during the course of the year. The subsistence food harvest in rural areas
constitutes about 2% of the fish and game harvested annually in Alaska. Commercial
fisheries harvest about 97% of the statewide harvest, while sport fishing and hunting take
about 1%. Though relatively small in the statewide picture, subsistence fishing and hunting
provide a major part of the food supply of rural Alaska (Subsistence in Alaska, a 2000
Update http://www.subsistence.adfg.state.ak.us/download/subupd00.pdf ).
The Alaskan subsistence harvest is not traditionally valued in the marketplace. Duffield
(1997) estimated the value per pound of Alaskan subsistence harvest though use of a crosssectional hedonic model of community-specific harvest per capita and community per capita
income levels. This model estimated the value of a pound of subsistence harvest (willingness
to pay) at $32.46. Adjusting this value to current (2005) values using Alaska statewide
trends in per capita income yields an estimate of $59.68 per pound in terms of current income
and dollars. These models have not been estimated with current data. For this reason, a
range of values is employed in this analysis utilizing the original $32.46 per pound as a lowend estimate and the inflation adjusted $59.68 per pound as a high-end estimate.
Table 81 shows the accounting of ADF&G Division of Subsistence estimates of total annual
subsistence harvest in most communities in Bristol Bay. This total has been adjusted to
include population in the region not included in the ADF&G subsistence harvest estimates.
In total, we estimate that about 2.4 million usable pounds of subsistence harvest per year
occur in the Bristol Bay region. Valued at an estimated range of $32.46 to $59.68 per pound,
this harvest results in an estimated net economic value annually of subsistence harvest of
between $78 and $143 million.
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Table 81. Estimated Net Economic Annual Value of Bristol Bay Area Subsistence
Harvest
community name/statistic
Aleknagik 1989
Clark's Point 1989
Dillingham 1984
Egegik 1984
Ekwok 1987
Igiugig 1992
Iliamna 1991
King Salmon 1983
Kokhanok 1992
Koliganek 1987
Levelock 1992
Manokotak 1985
Naknek 1983
New Stuyahok 1987
Newhalen 1991
Nondalton 1983
Pedro Bay 1996
Pilot Point 1987
Port Alsworth 1983
Port Heiden 1987
South Naknek 1992
Ugashik 1987
Total ADF&G Pounds Harvest
Population adjustment
Total usable pounds
Value per pound
Total annual subsistence value

Usable pounds of harvest
54,079
20,325
494,486
37,450
85,260
33,915
51,816
81,261
175,639
154,705
97,677
118,337
72,110
247,494
110,720
79,118
15,300
24,783
13,832
41,985
39,893
8,144
2,058,329
1.165
2,397,970
$32.46
to
$59.68
$77.8 million to $143.1 million

11.3 Sport Fishing Net Economic Value
In addition to the direct expenditures that Bristol Bay area anglers make each year (reported
in Section 4), there is substantial net economic value attached to the trips these anglers take
to the region. The 2005 Bristol Bay angler survey asked respondents a series of questions
relating to what they spent on their fishing trip, and how much, if any, more they would have
been willing to spend to have the same experience. Respondents were presented with a set of
amounts ranging from $0 to $2,000, and asked to mark the greatest additional increase in
spending they would have made to take the same trip. Table 82 shows the mean willingness
to pay estimate for the two groups. The net economic value from the survey data was
estimated using an interval estimation model.
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Based on an estimated annual use level of 12,966 trips for nonresidents, and 23,938 trips for
Alaska residents, we estimate that the annual net economic value of fishing trips in the
Bristol Bay region is approximately $13.6 million.

Table 82. Estimated Willingness to Pay for Sportfishing Fishing in the Bristol Bay
Region
Residents
Estimated mean net willingness to pay
Estimated number of trips/year
Total estimated Net Economic Value
Total annual value

$

Nonresidents

320.45
$
454.90
23,938
12,966
$7,670,932
$5,898,233
$13,569,165

11.4 Sport Hunting Net Economic Value
As in the case of sport fishing, there is additional value associated with sport hunting, above
what is actually spent on the activity. Table 83 details the estimation of annual net economic
value of big game hunting in the Bristol Bay region. Table 83 utilizes ADF&G estimates of
hunter numbers in the game management units associated with the Bristol Bay area, and on
estimates of net willingness to pay per trip for hunting (from Miller and McCollum 1994,
adjusted to current, 2005 dollars). It is estimated that nonresident net economic value of
Bristol Bay hunting is approximately $1.4 million annually. The annual net economic value
of big game hunting in the Bristol Bay region for Alaska residents is estimated at about
$360,000. Therefore the total estimated net economic value of big game hunting in this
region is $1.8 million.
Table 83. Estimated annual big game hunting net economic value for Bristol Bay region
Nonresidents

Species / Statistic
Moose
Caribou
Brown bear
Total

Non-local residents

trips

Value/
trip

NEV

Trips

Value/ trip

NEV

478
1439
393

$529
$583
$817

$283,000
$839,000
$321,000
$1,443,000

286
1138
114

$244
$228
$280

$70,000
$260,000
$32,000
$362,000
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11.5 Wildlife Viewing and Tourism Net Economic Value
The 1991 study by McCollum and Miller estimated the net economic value of wildlife
watching trips in Alaska. These values adjusted to current dollars results in an estimated
value per trip of $181. Using the 10,000 visitor trips to the region we estimate an annual net
economic value of wildlife watching of about $1.8 million.

11.6 Existence Value
A major unknown is the total value for existence and bequest (also called passive use values).
Goldsmith et al. (1998) estimated the existence and bequest value for the federal wildlife
refuges in Bristol Bay at $2.3 to $4.6 billion per year (1997 dollars).
There is considerable uncertainty in these estimates, as indicated by the large range of values.
Goldsmith’s estimates for the federal wildlife refuges are based on the economics literature
concerning what resident household populations in various areas (Alberta, Colorado)
(Adamowicz et al. 1991; Walsh et al. 1984; Walsh et al. 1985) are willing to pay to protect
substantial tracts of wilderness. Similar literature related to rare and endangered fisheries,
including salmon, could also be appealed to here. It is possible that from a national
perspective that the Bristol Bay wild salmon ecosystems and the associated economic and
cultural uses are sufficiently unique and important to be valued as highly as wilderness in
other regions of the U.S.
Goldsmith et al’s (1998) estimates assume that a significant share of U.S. households (91
million such households) would be willing to pay on the order of $25 to $50 per year to
protect the natural environment of the Bristol Bay federal wildlife refuges. The number of
such households is based on a willingness to pay study (the specific methodology used was
contingent valuation) conducted by the State of Alaska Trustees in the Exxon Valdez oil spill
case (Carson et al. 1992). The findings of this study were the basis for the $1 billion
settlement between the State and Exxon in this case. These methods are somewhat
controversial among economists, but when certain guidelines are followed, such studies are
recommended for use in natural resource damage regulations (for example, see Ward and
Duffield 1992). They have also been upheld in court (Ohio v. United States Department of
Interior, 880 F.2d 432-474 (D.C. Cir. 1989) and specifically endorsed by a NOAA-appointed
blue ribbon panel (led by several Nobel laureates in economics) (Arrow et al. 1993).
Goldsmith’s estimates for just the federal refuges may be indicative of the range of passive
use values for the unprotected portions of the study area. However, there are several caveats
to this interpretation. First, Goldsmith et al. estimates are not based on any actual surveys to
calculate the contingent value specific to the resource at issue in Bristol Bay. Rather, they
are based on inferences from other studies (benefits transfer method). Second, these other
studies date from the 1980’s and early 1990’s and the implications of new literature and
methods have not been examined. Additionally, the assumptions used to make the benefits
transfer for the wildlife refuges may not be appropriate for the Bristol Bay study area.
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11.7 Total Net Economic Value and Present Value and Intertemporal Issues
Table 84 shows the estimated annual net economic value associated with direct use of the
natural resource services provided by the Bristol Bay ecosystem. Commercial salmon
fishery net economic values are derived by annualizing permit values, which are exchanged
in an open market and reported by the Commercial Fish Entry Commission. These are on the
order of $51,200 for a drift gillnet permit in 2005 in total, but have been as high as $200,000
as recently as 1993. Subsistence harvests are valued based on the willingness-to-pay revealed
through tradeoffs of income and harvest in choice of residence location (Duffield 1997).
Table 84: Summary of Bristol Bay Ecosystem Services, Net Economic Value per Year
(Million 2005 $)
Ecosystem Service

Commercial salmon fishery
Subsistence harvest
Sport fisheries
Sport Hunting
Wildlife viewing / tourism
Total Direct Use Value

Low estimate, net
economic value per
year
$9.4
$77.8
$13.5
$1.8
$1.8
$104.30

High estimate, net
economic value per
year
$18.8
$143.1
$13.5
$1.8
$1.8
$179.00

Existence and Bequest Value

Not estimated

Not estimated

Sportfisheries net economic values are based on original data collected for purposes of this
study, as reported below. These estimates are consistent with values from the extensive
economic literature on the value of sportfishing trips. Sport hunting and wildlife viewing
values are based on studies conducted about fifteen years ago in Alaska, and which need to
be updated. Direct use values total from $104 million to $179 million.
These are annual net economic values. Since these are values for renewable resource services
that in principle should be available in perpetuity, it is of interest to also consider their
present value (e.g. total discounted value of their use into the foreseeable future). Recent
literature (EPA 2000; Weitzman 2001) provides some guidance on the use of social discount
rates for long term (intergenerational) economic comparisons. Rates as low as 0.5% have
been recommended by EPA (2000). Weitzman, based on an extensive survey of members of
the American Economic Association, suggests a declining rate schedule, which may be on
the order of 4 percent (real) in the near term and declining to near zero in the long term. He
suggests a constant rate of 1.75% as an equivalent to his rate schedule. Applying this
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parameter to the net economic values shown in Table 76 implies a net present value of $6.0
billion to $10.2 billion for the measured uses.
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Attachment A: Angler Survey Instrument
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Bristol Bay Region
2005 Angler Survey

Bureau of Business and Economic Research
University of Montana

The purpose of this survey is to obtain information about angler use of the Bristol Bay Area.
We anticipate that this information could have a significant impact on future management of
these fisheries.
We are particularly interested in your use of wild stocks of rainbow trout and salmon, so
several questions will be directed towards these species. We very much appreciate your
participation in this survey, and hope you enjoy answering our questions and reflecting on your
recent fishing experience.
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Section I. General questions about your sport fishing.

1. How many years have you been sport fishing?
_____ years
2. About how many days per year do you spend sportfishing?
_____days
3. How many days have you sportfished in Alaska so far in 2005?
______days fished in Alaska in 2005
4. How many separate trips from home did you take for the primary purpose of fishing Alaska
freshwater sites so far this year?
_______ number of separate trips from home
5. Please check the types of fishing you most prefer when fishing in Alaska (check all that apply):
fly fishing
lure fishing
bait fishing
stream fishing from a bank or with waders
stream fishing from a boat
lake fishing from a shore or boat
salt water fishing from shore or boat
other (please specify)___________________________
6. How would you rate fishing as compared to your other outdoor recreation activities? (please check
one)
It’s my favorite outdoor recreation activity
It’s one of my favorite outdoor recreation activities
It’s just one of several outdoor recreation activities that I do
I prefer other outdoor recreation activities
7. Are you a member of a fishing club or an organization that supports fishery conservation?
Yes

No

8. How would you rate your expertise as an angler? (please check one)
Beginner

Intermediate

Advanced

Don’t know
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9. What factors are important to you in selecting where to sport fish in Alaska. For each
characteristic below, please rate its importance (circle the number) from least important (1) to most
important (5).

Fishing Experience

Importance
least
most

Fishing easily accessible site near a road
Fishing in remote, off-the-road locations
Harvesting fish
Catching and releasing large numbers of fish
Chance to catch large or trophy-sized fish
Natural beauty of the area
Catching wild stock rainbows
Being in an area with few other anglers
Being in a wilderness setting
Chance to catch wild fish
Opportunities to view wildlife

1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5

II. Where you have fished in Bristol Bay and Southcentral Alaska so far in 2005
10. With reference to the map on the next page highlighting the Bristol Bay area, did you fish any
freshwater sites in the Bristol Bay area in 2005?
Yes

No (If “NO” please skip to Question 39)

(IF YES) How many separate trips from home did you make to fish one or more specific sites in the
Bristol Bay area so far in 2005?
_____ number of separate trips from home
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BRISTOL BAY REGION
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11. Which of the following specific Bristol Bay area freshwater fishing sites did you visit so far in
2005? Please check yes for each site and indicate how many days you fished, for at least part of a day,
on each specific water you fished. (See map)

Fishing Site
Area A. Naknek River Drainage
Naknek River
Brooks River
Brooks Lake
Other Freshwater(please list)
___________________________________
Area B. Nushagak-Mulchatna Drainage
Nushagak River
Wood River Lakes System
Mulchatna River
Other Freshwater (please list)
___________________________________
Area C. Kvichak-Lake Iliamna
Alagnak (Branch) River
Newhalen River
Kvichak River
Talarik Creek
Lake Clark Drainage
Other Freshwater (please list)
__________________________________
Area D. Other Bristol Bay
Togiak River
Egegik River
King Salmon River
Ugashik River
Other Freshwater (please list)
__________________________________

“Yes” fished
this year

Days fished
on each water

___
___
___

_____
_____
_____

___

_____

___
___
___

_____
_____
_____

___

_____

___
___
___
___
___

_____
_____
_____
_____
_____

___

_____

___
___
___
___

____
____
____
____

___

____
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Section III. In this section, we would like to ask you about your most recent fishing trip
to the Bristol Bay area.
The rest of the questions in this section are about this most recent fishing trip from home to
Bristol Bay.
12. What specific fishing site (river, lake, or drainage) did you spend most of your time at on this
recent trip?
_____________________________________ name of fishing site
13. What was the approximate date of your most recent fishing trip to this specific fishing site?
(please circle all the days of your most recent trip)

S

M

5
12
19
26

6
13
20
27

June
W
1
7
8
14 15
21 22
28 29

S

M
1
8
15
22
29

T
2
9
16
23
30

7
14
21
28

T

T
2
9
16
23
30

August
W
T
3
4
10 11
17 18
24 25
31

F
3
10
17
24

S
4
11
18
25

F
5
12
19
26

S
6
13
20
27

S

M

T

July
W

T

3
10
17
24
31

4
11
18
25

5
12
19
26

6
13
20
27

S

M

4
11
18
25

5
12
19
26

7
14
21
28

F
1
8
15
22
29

S
2
9
16
23
30

September
T
W
T
1
6
7
8
13 14 15
20 21 22
27 28 29

F
2
9
16
23
30

S
3
10
17
24

13a. If your trip was not in June through September, please indicate the beginning and end dates for
your trip.
____________ (Begin date)
_______________ (End date)

14. What was the major purpose of your trip to Alaska? (check one).
 To fish
 To hunt
 For business
 For general vacation
 To visit friends and relatives
 Other (please specify) ____________________________
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15. On your most recent trip to Bristol Bay how many days were spent:
In total? (e.g. round trip from home)
__________days
In the Bristol Bay area?
__________days
In Anchorage?
__________days
In the rest of Alaska?
__________days
Traveling to and from Alaska?
__________days

16. If you spent time in the rest of Alaska, what were your primary other destinations?
________________________________________________________________

17. Was this trip your first fishing trip ever to the Bristol Bay?
 Yes
 No

If NO, how many years have you been fishing this area? ______ years
18. What kind of fishing trip were you on? (please check one)









 Stayed at a remote lodge and flew or boated with a guide to fishing sites most days
 Stayed at a tent or cabin camp and fished waters accessible from this base camp
 Hired other lodging in the area and contracted for fly-out or boat-out travel on a daily
basis
Hired other lodging in an area community and fished on own
 Floated a section of river with a guided party
 Hired a drop-off service and fished and camped on our own
 Accessed the area with my own airplane or boat
 Other:(please describe)________________________________

19. If you stayed at a remote lodge or camp, how many nights were you there?
______ number of nights stayed at remote lodge or camp

20. What was the actual physical location of the remote lodge or camp?
_______________________nearest river, lake, drainage, or community
21. What was the name of the remote lodge or camp where you stayed?
____________________________ name of lodge or camp

122

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1968 of 2339

Questions about your Trip Expenditures
22. If you were not already living in Alaska this past fishing season, which of the following modes of
transportation did you use to come to Alaska? (Please check as many as apply).
Commercial airplane
Private airplane

Cruise ship
Private boat/Ferry

Car, truck, RV
Other

23. If you were not already living in Alaska this past fishing season, how much did you spend on
transportation to and from Alaska on this recent trip? $___________
24. If you purchased a “packaged” sportfishing trip to the Bristol Bay area, what was the total price
per person of the package? (Please enter the dollar amounts you paid for yourself below on this recent
trip).
Package base price
Miscellaneous rental or services
Gratuity to staff

$__________
$__________
$__________

Total spent at remote sportfish lodge or camp: $__________
25. If you purchased a “packaged” sportfishing trip to the Bristol Bay area, what services were
included in the base price at the remote lodge where you stayed? (check all that apply)
Transportation to the lodge from Anchorage
Transportation to the lodge from a local community (community?):________________________
Full guide services
Daily flyout service to specific fishing sites
Other level of flyout service to specific fishing sites (# of days _____)
Daily guided boat access to specific fishing sites
Lodging
Full meals
All fishing equipment
Flies or other terminal tackle
Rain gear
Fish processing and shipping
Lodging in a full service lodge
Lodging in cabins
Lodging in a tent camp
Other (please list):______________________________________
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26. Please fill out the following table, listing all of your expenses which were Not included in the
price of a package sportfishing trip . The expenditures should be only those spent while in Alaska.
Approximately how much did you spend on:

Expenditures not included in the price of your
package sportfishing trip

Spent in Bristol
Bay

Spent in rest of
Alaska

Commercial air travel
Air taxi service
Transportation by boat
Boat or vehicle rental
Gasoline or other travel costs within Alaska
(not rentals)
Lodging or camping fees
Food and beverages
Guide fees
Fishing supplies (tackle, clothing, etc.)
Other non-fishing package tours (list)
________________________________
Other (please specify)
__________________________

$
$
$
$

$
$
$
$

$
$
$
$
$

$
$
$
$
$

$

$

$

$

27. Counting yourself, how many people were included on this total cost?
____________ people

28. What is the total of all costs you incurred on the trip that are specifically attributable to travel to,
and time spent, at your primary fishing destination area? (For example, this might include a package
sportfishing trip, airfare or other expenses incurred specifically to include fishing in your trip
itinerary)
$________________
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The costs of visiting and recreating on Alaska’s rivers and lakes change over time. For example, gas
prices and other travel costs rise and fall

29. Was this trip to fish your primary destination area worth more to you than what you actually
spent (for example, on a package sportfishing trip plus airfare or other expenses incurred specifically
to include fishing in your trip itinerary)?
 Yes

 No

If YES, what is the largest increase over and above your actual costs that you would have
paid to be able to fish your primary destination area? (please choose one)
$10
$ 25
$50
$100

$250
$500
$750

$1,500
$2,000
Other $_________________

$1,000

30. What is the most important reason for your answer to Question 29?
_________________________________________________________________________________
_________________________________________________________________________________
________

31. On a scale of 1 to 5 where 1 means “very uncertain” and 5 means “very certain,” how certain are
you that you would actually be willing to pay the additional costs you indicated in Question 29, to
have included fishing at your primary destination in you trip itinerary? (please circle one number)

1
very uncertain

2

3

4
5
very certain

Questions about Your Fishing Experience
32. What was the primary species of fish you intended to catch on this trip? (check one)






Rainbow Trout
King Salmon
Silver Salmon
Sockeye Salmon
Other________________







Chum
Arctic Char
Steelhead
Arctic Grayling
No specific species was targeted

33. Would you still have chosen to make this trip if, for some reason, the primary species of fish you
intended to catch on this trip was unavailable?
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Don’t know

34. Which of the following fish were you trying to catch on this trip? For each type of fish you
targeted, please check the box that shows your evaluation of the quality of fishing for that type of
fish.
Species

Targeted?
Yes No

Rainbow Trout
King Salmon
Silver Salmon
Sockeye Salmon
Chum Salmon
Arctic Char
Steelhead
Arctic Grayling
Other

Excellent Good Fair

Poor

Fishing was:
Fishing was:
Fishing was:
Fishing was:
Fishing was:
Fishing was:
Fishing was:
Fishing was:
Fishing was:

35. Did you catch any rainbow trout larger than 26 inches?
 No

 Yes

36. For each item below, please check the box that shows how strongly you agree or disagree with
the following statements about the fishing you experienced on your recent trip.
Statement

Strongly Agree
Agree

Not Disagree Strongly
Sure
Disagree

Fishing conditions were uncrowded
There was a reasonable opportunity
to catch fish
There was minimal conflict with
other anglers
Fishing was in a wilderness setting
There was opportunity to catch
trophy-sized fish
There was opportunity to catch and
release large numbers of fish
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37. In general, how crowded were your primary fisheries on this trip? (circle one number)
1 2 3 4 5 6 7 8 9 10
-------------------------------------------------------------not at all
moderately
extremely
crowded
crowded
crowded

Questions about Other Areas You Fish
38. Please list the states, provinces, or countries where you have taken sport fishing trips in the last
three years that you believe are roughly comparable to your recent trip to Bristol Bay. Please include
information on the specific water fished and your target species.
Year

State/Prov./ Country

Name of Water

Target Species

2005
2004
2003

39. How did these trips compare to your recent fishing trip to Bristol Bay? (please circle a category
below for each year)
Year

Poorer than
Bristol Bay

About the Same

Better than
Bristol Bay

2005
2004
2003
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Questions about Management-related Issues
40. Fishing in the Bristol Bay region is currently generally characterized by a wilderness setting,
relatively un-crowded fishing, and good opportunities to catch large rainbow trout. Thinking
back on your recent 2005 fishing trip to Alaska, suppose that good road access was developed from
Anchorage to Bristol Bay by ferry from Homer across Cook Inlet and then along a corridor
including the Newhalen River, Lake Illiamna, the Kvichak River, and the lower Nushagak River to
Dillingham, King Salmon and Alekngik. How do you anticipate this would affect your future sport
fishing, if at all? (Please mark one box)
 I would fish more frequently in Bristol Bay: ___________ number of additional trips per
year
 No effect
 I would choose to fish another area in Alaska (please
list):_____________________________
 I would not fish in Alaska

41. Would you generally favor or oppose developing good road access from Anchorage to Bristol
Bay (including a ferry from Homer across Cook Inlet). Such a road would connect from a ferry
terminal on Cook Inlet and then on to Lake Illiamna and on to King Salmon, Dillingham and
Aleknagik. (Please check one)
I would favor developing such a road
I would oppose developing such a road
Not sure

42. In various parts of the country, funds have been set up to conserve natural resources and wildlife
habitat. The Nature Conservancy, Rocky Mountain Elk Foundation, and Trout Unlimited are
examples of the types of groups that can do this. How familiar are you with these kinds of efforts?
Never heard of them
I have heard of them

Know a fair amount about them
I know a great deal about them
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43. There is the potential for significant future extractive resource development and roading in the
Bristol Bay area. For example, a large mine has been proposed in the headwaters of the Nushagak
and Kvichak Rivers near Lake Iliamna, and a road has been proposed linking Anchorage and Bristol
Bay.
Suppose that you had an opportunity to support a fund whose aim was to keep the main Bristol Bay
drainages in their current relatively pristine and un-roaded condition. Assume that the
successful development of such a fund would actually result in the protection of Bristol Bay from
roading and extractive resource development.
As this survey is part of a research project, we are not asking you to make a donation. Nonetheless,
we would like you to answer the following question as you would a solicitation for an actual
donation. Hypothetically, if your were asked today, how much would you be willing to donate, if
anything, to keep the Bristol Bay region in its current relatively pristine and unroaded
condition? (Please check one)
$10

$25

$50

$100

$250

$500

$1000

$____ other

I would choose to not make a donation at this time

44. Could you please comment on the main reason you would or would not support such a
fund?______________________________________________________________________

45. On a scale of 1 to 5 where 1 means “very uncertain” and 5 means “very certain,” how certain are
you that you would pay the amount you checked in Question 42 to protect Bristol Bay from roading
and extractive resource development? (please circle one number)

1
very uncertain

2

3

4
5
very certain

IV. These last few questions will help us to compare respondents to the general population.

46. Where do you live? City: _________________________ State: ______ Zip:
_______________
Country (if not U.S.)

________________________-

_____________

47. How old were you on your last birthday? ________
48. Are you:

 male

 female
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49. What is the highest level of formal education you have completed? (Circle one)
 Some college
 Some grade school
 Finished grade school  Finished college
 Some high school
 Some postgraduate work
 Finished high school
 Finished postgraduate
50. During the fishing season this year, you were:





Employed full time
Employed part time
Unemployed
Retired

 Homemaker
 Student
 Other: ______________

51. Please check your household's expected income before taxes for 2005:






Less than $24,999
$25,000 to $49,999
$50,000 to $74,999
$75,000 to $99,999
$100,000 to $124,999






$100,000 to $149,999
$150,000 to $199,999
$200,000 to $299,999
$over $300,000

Thanks for your time and assistance!
Is there anything else you’d like to tell us about your trip or how you feel your primary fishing
destination area should be managed in the future?

130

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

8JMEMJGF5FDIOJDBM3FQPSUT

Appendix E, Page 1976 of 2339

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1977 of 2339

4VSJOH -PXFMM) 5IF1FCCMF1SPKFDUBOE.D/FJM3JWFS
#SPXO#FBST "QSJM

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1978 of 2339

7KH3HEEOH3URMHFWDQG0F1HLO5LYHU
%URZQ%HDUV
Ǉ
>ŽǁĞůů,͘^ƵƌŝŶŐ
WƌŝŶĐŝƉĂůtŝůĚůŝĨĞĐŽůŽŐŝƐƚ
EŽƌƚŚĞƌŶĐŽůŽŐŝĐ>͘>͘͘
ϭϬϲϴϱŽƵŶƚǇZŽĂĚ
^ƵƌŝŶŐ͕tŝƐĐŽŶƐŝŶϱϰϭϳϰ
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
7KHVXJJHVWHGFLWDWLRQIRUWKLVGRFXPHQWLV
6XULQJ/+7KH3HEEOH3URMHFWDQG0F1HLO5LYHU%URZQ%HDUV1RUWKHUQ
(FRORJLF//&7HFKQLFDO%XOOHWLQ±
&RYHUSKRWRJUDSK%URZQEHDUVDW0F1HLO5LYHU)DOOVLQ-XO\ 3KRWRJUDSKIURP:LNLPHGLD
&RPPRQVE\'UHZ++ 
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV

dĂďůĞŽĨŽŶƚĞŶƚƐ
7KH3HEEOH3URMHFWDQG0F1HLO5LYHU%URZQ%HDUV 
,QWURGXFWLRQ 
0F1HLO5LYHU 
3HEEOH3URMHFW 
2EMHFWLYH 
(YDOXDWLRQRI3RWHQWLDO(IIHFWV 
,VVXH$QDO\VLVRI,PSDFW 
6FRSLQJ&RPPHQWV 
5HVSRQVHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6  
(YDOXDWLRQRI2YHUDOO$QDO\VLVRI,PSDFWLQWKH'(,6 
,VVXH1RLVH 
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6  
(YDOXDWLRQRI$QDO\VLVRI,PSDFWRI1RLVHLQWKH'(,6 
,VVXH0RUWDOLW\RI%URZQ%HDUVLQ'HIHQVHRI/LIHRU3URSHUW\ '/3  
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6  
(YDOXDWLRQRI$QDO\VLVRI,PSDFWRI'/3.LOOVLQWKH'(,6 
,VVXH+DELWXDWLRQDQG)RRGFRQGLWLRQLQJ 
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6  
(YDOXDWLRQRI$QDO\VLVRI,PSDFWRI+DELWXDWLRQDQG)RRGFRQGLWLRQLQJLQWKH'(,6 
,VVXH'HQV 
5HVSRQVHWRWKH,VVXHVLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6  
(YDOXDWLRQRI$QDO\VLVRI,PSDFWWR'HQVLQWKH'(,6 
,VVXH5RDGV DQGDVVRFLDWHGSLSHOLQHFRUULGRU  
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6  
(YDOXDWLRQRI$QDO\VLVRI,PSDFWRI5RDGVLQWKH'(,6 
,VVXH&XPXODWLYH(IIHFWV 
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6  
(YDOXDWLRQRI$QDO\VLVRI&XPXODWLYH(IIHFWVLQWKH'(,6 
,VVXH0LWLJDWLRQ 
LL
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6  
(YDOXDWLRQRI0LWLJDWLRQLQWKH'(,6 
,VVXH%DVHOLQH6WXGLHVRQ%URZQ%HDUV 
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6  
(YDOXDWLRQRI%DVHOLQH6WXGLHVRQ%URZQ%HDUVLQWKH'(,6 
&RQFOXVLRQ 
$FNQRZOHGJHPHQWV 
/LWHUDWXUH&LWHG 
$SSHQGL[ 
5HIHUHQFHVLQ3HEEOH3URMHFW'(,6WR%URZQ%HDUV 




LLL
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV

7KH3HEEOH3URMHFWDQG0F1HLO5LYHU%URZQ%HDUV
/RZHOO+6XULQJ1RUWKHUQ(FRORJLF//&&RXQW\5RDG$6XULQJ:LVFRQVLQ
86$

,QWURGXFWLRQ
0F1HLO5LYHU
0F1HLO5LYHUORFDWHGLQVRXWKZHVWHUQ$ODVND )LJXUH VXSSRUWVWKHZRUOG¶VODUJHVW
FRQJUHJDWLRQRIEURZQEHDUV Ursus arctos  *ULIILQDQG:HLVV ,Q±LQGLYLGXDO
EURZQEHDUVZHUHREVHUYHGSHUGD\DW0F1HLO5LYHUIDOOVWKURXJKRXW-XO\7KH$ODVND6WDWH
/HJLVODWXUHHVWDEOLVKHGWKH0F1HLO5LYHU6WDWH*DPH6DQFWXDU\ 6DQFWXDU\ LQWR
 SURYLGHSHUPDQHQWSURWHFWLRQIRUEURZQEHDUVDQGRWKHUILVKDQGZLOGOLIHSRSXODWLRQVDQG
WKHLUKDELWDWVVRWKDWWKHVHUHVRXUFHVPD\EHSUHVHUYHGIRUVFLHQWLILFDHVWKHWLFDQG
HGXFDWLRQDOSXUSRVHV
 PDQDJHKXPDQXVHDQGDFWLYLWLHVLQDZD\WKDWLVFRPSDWLEOHZLWKWKHSHUPDQHQW
SURWHFWLRQRIEURZQEHDUVDQGHQKDQFHWKHXQLTXHEHDUYLHZLQJRSSRUWXQLWLHVZLWKLQWKH
6DQFWXDU\DQG
 SURYLGHRSSRUWXQLWLHVIRUZLOGOLIHYLHZLQJILVKHULHVHQKDQFHPHQWILVKLQJWHPSRUDU\VDIH
DQFKRUDJHDQGRWKHUDFWLYLWLHV $6 D +XQWLQJWUDSSLQJDQGPLQHUDOHQWU\
DUHSURKLELWHGLQWKHVDQFWXDU\
7KH6DQFWXDU\ZDVH[SDQGHGDQGWKHDGMRLQLQJ0F1HLO5LYHU6WDWH*DPH5HIXJH 5HIXJH ZDV
FUHDWHGLQ )LJXUH 7KH5HIXJHZDVFUHDWHGIRUSXUSRVHVVLPLODUWRWKRVHRIWKH
6DQFWXDU\+RZHYHUEODFNEHDUDQGVPDOOJDPHKXQWLQJDQGWUDSSLQJDUHDOORZHGLQWKH5HIXJH
EXWKXQWLQJIRUEURZQEHDUVLVSURKLELWHG $6 $GGLWLRQDOO\KXPDQXVHLQWKH5HIXJH
LVPDQDJHGWRPDLQWDLQDQGHQKDQFHWKHXQLTXHEURZQEHDUYLHZLQJRSSRUWXQLWLHVZLWKLQWKH
DGMRLQLQJ6DQFWXDU\,QWKH$ODVND'HSDUWPHQWRI)LVKDQG*DPH $') * UHFHLYHG
DSSOLFDWLRQVIRU0F1HLO5LYHUJXLGHGDQGVWDQGE\EHDUYLHZLQJSHUPLWV *ULIILQDQG:HLVV
 2YHUDOOSHUPLWVZHUHLVVXHGDQGSHUPLWKROGHUVYLVLWHGWKH6DQFWXDU\UHVXOWLQJ
LQYLVLWRUXVHGD\VDQGJHQHUDWLQJ!LQSHUPLWLQFRPHIRU$') *&OD\WRQDQG
0HQGHOVRKQ  GHWHUPLQHGWKDWYLVLWRUVWRWKH6DQFWXDU\ZHUHZLOOLQJWRSD\XSWR
GROODUV LQIHHVWRYLVLWWKLVVLWH6RXWKZHVW$ODVNDUHVLGHQWVDQGYLVLWRUVZHUHHVWLPDWHGWR
VSHQGQHDUO\ GROODUV DQQXDOO\WRYLHZZLOGOLIH (&21RUWKZHVW 
7KHVHH[SHQGLWXUHVJHQHUDWHGPRUHWKDQDQDGGLWLRQDOLQDVVRFLDWHGDQQXDO
HFRQRPLFDFWLYLW\LQVRXWKZHVW$ODVND (&21RUWKZHVW 0XFKRIWKHZLOGOLIHYLHZLQJ
DFWLYLW\LQVRXWKZHVW$ODVNDLVFHQWHUHGRQREVHUYLQJEURZQEHDUV 0DWWDQG6XULQJ 
7KH6DQFWXDU\DQGWKH5HIXJHDUHDSSUR[LPDWHO\NP PL LQVL]H *ULIILQDQG:HLVV
 7KHVHDUHDVDUHLQFOXGHGLQDODUJHUDUHDRIDSSUR[LPDWHO\NP  PL WKDW
LQFOXGHV.DWPDL1DWLRQDO3DUNDQGWKH.DPLVKDN6SHFLDO8VH$UHD $ODVND'HSDUWPHQWRI
1DWXUDO5HVRXUFHV LQZKLFKEURZQEHDUVDUHSURWHFWHGIURPKXQWLQJ,QWKH3HEEOH
/LPLWHG3DUWQHUVKLSVXEPLWWHGDSSOLFDWLRQVWRWKH86$UP\&RUSVRI(QJLQHHUV $&2( IRU
GHYHORSPHQWRIWKH3HEEOH0LQHLQ%ULVWRO%D\LQFOXGLQJRQHDOWHUQDWLYHWKDWZRXOGSODFHDURDG
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
DQGDQDWXUDOJDVSLSHOLQHFORVHUWKDQ±P ±IW DQGDQLQGXVWULDOSRUWIDFLOLW\
ZLWKLQNP PL RIWKHQRUWKHUQERUGHURIWKH5HIXJH3ROLFLHVZLWKLQWKH5HIXJHDQG
6DQFWXDU\GRQRWDOORZDFWLYLWLHVWKDWZRXOGFRPSURPLVHWKHHFRORJLFDOLQWHJULW\RIWKHDUHD
6FKHPSIDQG0HHKDQ 7KLVLQFOXGHVFRQVWUXFWLRQRIQHZSHUPDQHQWURDGVSLSHOLQHV
XWLOLW\OLQHVRUGRFNVSULPDULO\WRSUHYHQWGLVWXUEDQFHWREURZQEHDUV
:KLOHHVVHQWLDOO\DOOEURZQEHDUVDUHPDQDJHGDWWKHSRSXODWLRQOHYHOWKHEURZQEHDUVDW0F1HLO
5LYHUDUHXQLTXHLQWKDWLQGLYLGXDOEURZQEHDUVKDYHVSHFLILFLPSRUWDQFHWRWKHFRQWLQXHG
VXFFHVVRIWKHYLVLWRUH[SHULHQFHWKDWWKH6DQFWXDU\SURYLGHV
3HEEOH3URMHFW
3HEEOH/LPLWHG3DUWQHUVKLSLVSURSRVLQJWRGHYHORSWKH3HEEOHFRSSHUJROGPRO\EGHQXP
SRUSK\U\GHSRVLW 3HEEOHGHSRVLW DVDVXUIDFHPLQHLQ6RXWKZHVW$ODVNDQHDU,OLDPQD/DNH
DSSUR[LPDWHO\NP PL VRXWKZHVWRI$QFKRUDJHDQGNP PL ZHVWRI&RRN,QOHW
)LJXUH 7KHFORVHVWFRPPXQLWLHVDUHWKHYLOODJHVRI,OLDPQD1HZKDOHQDQG1RQGDOWRQHDFK
DSSUR[LPDWHO\NP PL IURPWKH3HEEOHGHSRVLW
,QWKH3HEEOH/LPLWHG3DUWQHUVKLSVXEPLWWHGDSSOLFDWLRQVWRWKH$&2(IRUGHYHORSPHQWRI
WKH3HEEOH0LQHLQ%ULVWRO%D\7KHSUHIHUUHGDOWHUQDWLYHIRUWKH3HEEOH3URMHFWFRPSULVHV
SULPDU\HOHPHQWV  WKHPLQHVLWHDWWKH3HEEOHGHSRVLWORFDWLRQ  SRUWVLWHLQ.DPLVKDN
%D\LQ&RRN,QOHWDQGIHUU\WHUPLQDOVLQ,OLDPQD/DNH  DURDGFRUULGRUFRQQHFWLQJWKHPLQH
VLWHIHUU\WHUPLQDOVDQGSRUWDQG  DQDWXUDOJDVSLSHOLQHFRQQHFWLQJWRH[LVWLQJLQIUDVWUXFWXUH
RQWKH.HQDL3HQLQVXOD )LJXUH  7KH3HEEOH3DUWQHUVKLSD 
7KHSURSRVHGWUDQVSRUWDWLRQFRUULGRUZLOOFRQQHFWWKHPLQHVLWHWRWKHSURSRVHG$PDNGHGRUL3RUW
RQ&RRN,QOHWDQGLQFOXGHVPDLQFRPSRQHQWV  DSULYDWHGRXEOHODQHURDGH[WHQGLQJNP
PL VRXWKIURPWKHPLQHVLWHWRDIHUU\WHUPLQDORQWKHQRUWKVKRUHRI,OLDPQD/DNHDQG  D
SULYDWHGRXEOHODQHURDGH[WHQGLQJNP PL VRXWKHDVWIURPWKHVRXWKIHUU\WHUPLQDOWRWKH
$PDNGHGRUL3RUWRQ.DPLVKDN%D\7KHSRUWVLWHZLOOEHORFDWHGQRUWKRIWKH$PDNGHGRUL
&UHHNRXWIORZLQWR.DPLVKDN%D\RQWKHZHVWHUQVKRUHRI&RRN,QOHW7KHSRUWVLWHZLOOLQFOXGH
VKRUHEDVHGDQGPDULQHIDFLOLWLHVIRUWKHWUDQVIHUVKLSPHQWDQGWHPSRUDU\VWRUDJHRI
FRQFHQWUDWHIUHLJKWDQGIXHOIRUWKH3URMHFW7KLVDOWHUQDWLYHZRXOGSODFHDURDGDQGQDWXUDOJDV
SLSHOLQHFORVHUWKDQ±P ±IW DQGDQLQGXVWULDOSRUWIDFLOLW\ZLWKLQNP PL 
RIWKHQRUWKHUQERUGHURIWKH5HIXJH
2EMHFWLYH
7KHSULPDU\REMHFWLYHRIWKLVGRFXPHQWLVWRUHYLHZWKHSRWHQWLDOLPSDFWVRIWKHSURSRVHGURDG
QDWXUDOJDVSLSHOLQHDQGURDGFRUULGRUIURPWKHVRXWKIHUU\WHUPLQDORQ,OLDPQD/DNHWRWKHSRUW
IDFLOLW\RQ.DPLVKDN%D\DQGWKHSRUWIDFLOLW\RQEURZQEHDUV3RWHQWLDOLPSDFWVRQEURZQEHDUV
DVVRFLDWHGZLWKWKH6DQFWXDU\ZLOOEHRISDUWLFXODULQWHUHVW$VHFRQGDU\REMHFWLYHLVWRUHYLHZ
JHQHUDOSRWHQWLDOLPSDFWVRIWKHZKROH3HEEOH3URMHFWRQEURZQEHDUV
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV


)LJXUH/RFDWLRQRIWKH0F1HLO5LYHU6WDWH*DPH6DQFWXDU\DQG0F1HLO5LYHU6WDWH*DPH
5HIXJHLQ6RXWKZHVW$ODVND IURP6FKHPSIDQG0HHKDQ 
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV


)LJXUH2YHUYLHZRIWKHSUHIHUUHGDOWHUQDWLYHIRUWKH3HEEOH3URMHFW IURP7KH3HEEOH
3DUWQHUVKLSE 

(YDOXDWLRQRI3RWHQWLDO(IIHFWV
,VVXH$QDO\VLVRI,PSDFW
6FRSLQJ&RPPHQWV
&RPPHQWVIURPWKHSXEOLFGXULQJWKHVFRSLQJSURFHVVIRUWKH3URMHFWLQFOXGHGWKHIROORZLQJ
UHJDUGLQJZLOGOLIHZLWKDVSHFLILFHPSKDVLVRQEURZQEHDUV 7KH3HEEOH3DUWQHUVKLSF 
1RLVH
&RQVLGHUQRLVHLQWKHZDWHUFUHDWHGE\WKHSURSRVHGLFHEUHDNHUIHUU\DQGWKHLPSDFWVWR
ILVKbearsDQGRWKHUZLOGOLIH 3DJH 
:LOGOLIHDQG1RQ7KUHDWHQHGDQG(QGDQJHUHG%LUGVDQG0DPPDOV
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
$QDO\]HKRZQRLVHOHYHOVIURPFRQVWUXFWLRQRUODUJHYHVVHOWUDIILFPD\GHWHUbearsIURP
FRPLQJWRMcNeil River Fallsor could affect bear behavior and change or end the use of
McNeil River by bears
7KHSURSRVHGURDGDQG$PDNGHGRUL3RUWFRXOGFKDQJHbrown bear migration and result
in brown bear mortalities
$QDO\]HLPSDFWVWKDWKDELWDWIUDJPHQWDWLRQIURP$PDNGHGRUL3RUWDQGWKHPLQHDFFHVV
URDGZRXOGKDYHRQbear movements
([DPLQHKRZLQFUHDVHGFRQWDFWEHWZHHQbears that use the McNeil RiverDQGKXPDQV
FRXOGUHVXOWLQIRRGFRQGLWLRQLQJRIEHDUVRUGLUHFWEHDUPRUWDOLW\E\KXPDQV 3DJH 
6RFLRHFRQRPLF,PSDFWV
$QDO\]HLPSDFWVRQWKHbear viewingLQGXVWU\QHDUWKHSURSRVHG$PDNGHGRUL3RUW 3DJH
 
5HFUHDWLRQ
&RPPHQWVZHUHUHFHLYHGRQLPSDFWVWRUHFUHDWLRQDQGWRXULVPUHFUHDWLRQDOKXQWLQJDQG
ILVKLQJXVDJHQHDUWKHPLQHDORQJULYHUV\VWHPVDQGLQWUDQVSRUWDWLRQSLSHOLQHFRUULGRU
GXULQJFRQVWUXFWLRQDQGRSHUDWLRQ7KLVLQFOXGHVFRPPHQWVRQGLVUXSWLRQRIUHFUHDWLRQDO
H[SHULHQFHV bear viewingVSRUWILVKLQJ 
'LVSODFHPHQWRIZLOGOLIHZRXOGLPSDFWWKHH[SHULHQFHRISHRSOHWKURXJKRXWWKHSURSRVHG
SURMHFWDUHDEXWZRXOGVSHFLILFDOO\LPSDFWWKHUHFUHDWLRQLVWVDWMcNeil State Game
Refuge 3DJH 
5HVSRQVHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6 
7KH'(,6DFNQRZOHGJHGWKHLVVXHVUDLVHGLQWKHVFRSLQJFRPPHQWV VXPPDUL]HGDERYH DQGWR
DQH[WHQWGHVFULEHGWKHSRWHQWLDOLPSDFWRIWKHVHLVVXHVRQEURZQEHDUV%XWWKH'(,6GLGQRW
FRPSOHWHO\DGGUHVVWKHfactors of analysis
(YDOXDWLRQRI2YHUDOO$QDO\VLVRI,PSDFWLQWKH'(,6
*HQHUDOO\WKHUHZDVQRWDQDQDO\VLVRIWKHLPSDFWRIWKHLVVXHVUDLVHGGXULQJWKHVFRSLQJSURFHVV
RQEURZQEHDUVWKDWFRPSOHWHO\DGGUHVVHGWKHIDFWRUVRIDQDO\VLV )DFWRUVRI$QDO\VLV±
3DJH XVHGWRHYDOXDWHHQYLURQPHQWDOFRQVHTXHQFHV LHPDJQLWXGHRULQWHQVLW\GXUDWLRQ
JHRJUDSKLFH[WHQW MagnitudeRUintensityRIWKHSRWHQWLDOHIIHFWVDVVRFLDWHGZLWKWKHVHLVVXHV
ZDVQRWDGGUHVVHGIRUEURZQEHDUV0DJQLWXGHRIHIIHFWZRXOGEHEHVWGHVFULEHGIRUEURZQ
EHDUVDVHVWLPDWHGFKDQJHVLQGLVWULEXWLRQSRSXODWLRQGHQVLW\DQGGHPRJUDSKLFIDFWRUV1RQHRI
WKRVHZHUHVSHFLILFDOO\DGGUHVVHGDurationRIWKHHIIHFWRIPRVWLVVXHVZDVJHQHUDOO\
DGHTXDWHO\DGGUHVVHG LHWKHHIIHFWZRXOGODVWWKHOLIHRIWKHSURMHFW 
$QDO\VLVRIWKHGeographic extentRIWKHHIIHFWZDVSUREOHPDWLFIRUEURZQEHDUVLQWKDWWKH
DQDO\VLVDUHDIRUHIIHFWVRQWHUUHVWULDOPDPPDOV LQFOXGLQJEURZQEHDUV UHVXOWLQJIURPDFWLRQV
ZLWKLQWKHWUDQVSRUWDWLRQFRUULGRUDQGDWWKHSRUWZDVOLPLWHGWRDNP PL UDGLXV%URZQ
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
EHDUVDUHDODQGVFDSHVSHFLHVEHFDXVHWKHLUKDELWDWLVQRWDVSHFLILFYHJHWDWLRQW\SHEXWUDWKHUDQ
LQWHUVSHUVLRQRIYDULRXVIRRGUHVRXUFHVDQGODQGVFDSHIHDWXUHV 6FKRHQ 7KHQRUPDO
PRYHPHQWVRIEURZQEHDUVDUHVRH[WHQVLYHWKDWDSRSXODWLRQ¶VKDELWDWPXVWIUHTXHQWO\EH
HYDOXDWHGDQGPDQDJHGRQDODQGVFDSHVFDOHRIWHQH[FHHGLQJVRINP  VRIPL *OHQQ
DQG0LOOHU  GHVFULEHGWKHPRYHPHQWRIEURZQEHDUVRQWKH$ODVND3HQLQVXODDQGUHSRUWHG
WKDWEURZQEHDUVPRYHGJUHDWHUGLVWDQFHVSHUXQLWRIWLPHGXULQJVSULQJWKDQGXULQJRWKHU
VHDVRQVRIWKH\HDU6XPPHUPRYHPHQWVZHUHUHVWULFWHGDVEURZQEHDUVFRQFHQWUDWHGDORQJ
VWUHDPVWRIHHGRQVDOPRQ'LVSHUVDODZD\IURPVWUHDPVEHJDQLQODWHVXPPHUHYHQWXDOO\WR
GHQVLWHV7KHVHDVRQDOUDQJHVRIDGXOWIHPDOHVDYHUDJHGNP  PL  DQGWKRVHRI
DGXOWPDOHVDYHUDJHGNP>PL@ 7KHVHDVRQDOUDQJHRIVXEDGXOWPDOHVDQGRI
VXEDGXOWIHPDOHVDYHUDJHGNP PL DQGNP PL UHVSHFWLYHO\&ROOLQVHWDO
 UHSRUWHGWKDWDGXOWIHPDOHEURZQEHDUVLQVRXWKZHVWHUQ$ODVNDKDGKRPHUDQJHVL]HV
WKDWUDQJHGIURPNP PL  [ NP>PL@ &OHDUO\DQ\SRWHQWLDO
QHJDWLYHHIIHFWVWREURZQEHDUVWKDWPD\RFFXULQWKHYLFLQLW\RISURMHFWDFWLYLWLHVZLOOKDYH
FRQVHTXHQFHVIRUWKHEURZQEHDUSRSXODWLRQDFURVVDODUJHDUHD
/LPLWHGLQIRUPDWLRQLVDYDLODEOHWRGHVFULEHPRYHPHQWRIEURZQEHDUVVSHFLILFDOO\DVVRFLDWHG
ZLWKWKH6DQFWXDU\DQG5HIXJH7KHDQHFGRWDOHYLGHQFHWKDWLVDYDLODEOHLQGLFDWHVWKDWEURZQ
EHDUVWKDWIUHTXHQWWKH6DQFWXDU\DQG5HIXJHPRYHH[WHQVLYHO\LQFOXGLQJZLWKLQWKH
WUDQVSRUWDWLRQFRUULGRUDQGWKHYLFLQLW\RIWKHSRUWORFDWLRQ )LJXUH 
,VVXH1RLVH
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6 
4.19 NOISE
6FRSLQJFRPPHQWVZHUHUHFHLYHGRQLPSDFWVRIQRLVHSROOXWLRQDVDUHVXOWRISURMHFW
FRQVWUXFWLRQDQGPLQLQJRSHUDWLRQV6SHFLILFDOO\FRPPHQWHUVUHTXHVWHGWKDWWKH(,6
GLVFXVVQRLVHLPSDFWVRIEODVWLQJLQWKHSURMHFWDUHDGHVFULEHWKHEODVWLQJPHWKRGVWKDW
ZRXOGEHXVHGDQGFRQVLGHUQRLVHLQWKHZDWHUFUHDWHGE\WKHSURSRVHGLFHEUHDNHUIHUU\
DQGWKHLPSDFWVWRILVKbearsDQGRWKHUZLOGOLIH 3DJH 
4.19.3.1 Mine Site
$OWKRXJKWKHUHDUHFDULERXPRRVHbearDQGRWKHUZLOGOLIHLQWKH%ULVWRO%D\$UHD3ODQ
0DQDJHPHQW8QLW5HJLRQ $'15D DUHDWKDWVXUURXQGVWKHPLQHVLWHWKHUHDUH
QRXQLTXHUHVRXUFHVRUUHVRXUFHVSURWHFWHGE\OHJLVODWLRQZLWKUHVSHFWWRQRLVH,PSDFWV
IURPQRLVHRQWHUUHVWULDOZLOGOLIHDUHDGGUHVVHGLQ6HFWLRQ:LOGOLIH9DOXHV 3DJH
 
4.23.2.2 Terrestrial Wildlife
Behavioral Disturbance
Noise
«brown bearsPD\QRW>DGDSWWRQRLVH@DQGPD\DYRLGDUHDVRUPRYHDZD\DVSHRSOH
DQGHTXLSPHQWDSSURDFK 3DJH 
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
7KHH[WHQWZRXOGLQFOXGHWKHSURMHFWFRPSRQHQWVDQGDQDYRLGDQFHEXIIHUZKLFKZRXOG
OLNHO\YDU\GHSHQGLQJRQQRLVHDQGDFWLYLW\OHYHOV%HFDXVHWKHDUHDKDVDKLJKGHQVLW\RI
EHDUV SHU6HFWLRQ:LOGOLIH9DOXHV VRPHLQGLYLGXDOVZRXOGH[SHULHQFHGLVWXUEDQFH
EXWLPSDFWVZRXOGQRWEHH[SHFWHGWRUHVXOWLQSRSXODWLRQOHYHOLPSDFWV 3DJH 
(YDOXDWLRQRI$QDO\VLVRI,PSDFWRI1RLVHLQWKH'(,6
7KH'(,6SURYLGHVYHU\OLWWOHHYDOXDWLRQRIWKHSRWHQWLDOLPSDFWRIQRLVHJHQHUDWHGE\WKHSURMHFW
RQEURZQEHDUV7KHOLPLWHGGLVFXVVLRQUDQJHVIURPEURZQEHDUVDUHQRW³«SURWHFWHGE\
OHJLVODWLRQZLWKUHVSHFWWRQRLVH´WRFRQMHFWXUHWKDWEURZQEHDUVPD\QRWDGDSWWRQRLVHEXWWKDW
ZRXOGQRWUHVXOWLQ³«SRSXODWLRQOHYHOLPSDFWV´VWDWHPHQWVPDGHZLWKRXWDQ\VXSSRUWLQJ
HYLGHQFH


)LJXUH0RYHPHQWRIEURZQEHDUVDVVRFLDWHGZLWKWKH0F1HLO5LYHU6WDWH*DPH6DQFWXDU\
IURP$') * 
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
,VVXH0RUWDOLW\RI%URZQ%HDUVLQ'HIHQVHRI/LIHRU3URSHUW\ '/3 
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6 
7KHUHZRXOGEHDSRWHQWLDOIRUEHDUPRUWDOLW\GXHWRGHIHQVHRIOLIHDQGSURSHUW\%HDUV
WKDWEHFRPHKDELWXDWHGDQGIUHTXHQWWKHPLQHVLWHIHUU\WHUPLQDOV$PDNGHGRULSRUWRU
RWKHUSURMHFWORFDWLRQVPD\EHFRPHDVDIHW\ULVN6RPHRIWKHVHEHDUVPD\H[SHULHQFH
KD]LQJDQGRWKHUQHJDWLYHKXPDQLQWHUDFWLRQVDQGWKHQWUDYHOWRDUHDVVXFKDV.DWPDL
1DWLRQDO3DUNDQG3UHVHUYHDQG0F1HLO5LYHU6WDWH*DPH5HIXJHDQG6DQFWXDU\%HDUV
WKDWDUHQHJDWLYHO\KDELWXDWHGWRWKHSURMHFWRUKDYHEHFRPHIRRGFRQGLWLRQHGPD\
EHFRPHDGDQJHUWRWKHSXEOLFDWEHDUYLHZLQJDUHDV,PSOHPHQWDWLRQRID:03ZRXOGEH
DQWLFLSDWHGWRPLQLPL]HWKHSRWHQWLDOIRUFRQIOLFWEHWZHHQZLOGOLIHDQGKXPDQV
(YDOXDWLRQRI$QDO\VLVRI,PSDFWRI'/3.LOOVLQWKH'(,6
)RRGFRQGLWLRQHGEURZQEHDUVDQGKDELWXDWHGEURZQEHDUVGRKDYHLQFUHDVHGYXOQHUDELOLW\WR
PRUWDOLW\WKURXJKGHIHQVHRIOLIHRUSURSHUW\ '/3 NLOOV7KLVLVWUXHIRUIRRGFRQGLWLRQHG
EURZQEHDUVEHFDXVHWKH\ZLOODSSURDFKSHRSOHWRVHHNIRRGDQGKDELWXDWHGEURZQEHDUVEHFDXVH
WKH\ZLOOWHQGWRQRWDYRLGSHRSOHGXULQJWKHLUQRUPDOGDLO\DFWLYLWLHV7KHPDMRULW\RI
SUHYLRXVO\UHFRUGHG'/3NLOOVLQ$ODVNDUHVXOWHGIURPLQWHUDFWLRQVXQUHODWHGWRIRRG
FRQGLWLRQLQJ 0LOOHUDQG&KLKXO\0LOOHUDQG7XWWHUURZ6XULQJDQG'HO)UDWH 
,QFUHDVLQJGHQVLWLHVRIURDGVDQGWUDLOVDQGKLJKTXDOLW\KDELWDWVZHUHDVVRFLDWHGZLWKDQ
LQFUHDVHGOLNHOLKRRGWKDWEURZQEHDUVZRXOGEHNLOOHGLQ'/3 6XULQJDQG'HO)UDWH  
5RDGVDQGWUDLOVLQFUHDVHKXPDQDFFHVVWREURZQEHDUKDELWDWVDQGIDFLOLWDWHWKHXVHRIDGMDFHQW
ODQGVLQFUHDVLQJWKHOLNHOLKRRGRIHQFRXQWHUVEHWZHHQKXPDQVDQGEURZQEHDUV7KHLQFUHDVHG
LQIUDVWUXFWXUHDQGLQFUHDVHGKXPDQSRSXODWLRQDVVRFLDWHGZLWKWKLVSURMHFWZLOOOLNHO\UHVXOWLQ
LQFUHDVHGHQFRXQWHUVEHWZHHQSHRSOHDQGEURZQEHDUVPDQ\RIZKLFKPD\EHKDELWXDWHGWR
KXPDQVEDVHGRQWKHLUH[SHULHQFHDW0F1HLO5LYHU7KHVHHQFRXQWHUVPD\WXUQGHDGO\IRUWKH
EURZQEHDUVEHFDXVHRISHUFHLYHGULVNRQWKHSDUWRIKXPDQV7RPLWLJDWHWKHSRWHQWLDORI
KXPDQEURZQEHDUHQFRXQWHUVURDGVGHYHORSHGIRUWKLVSURMHFWVKRXOGDYRLGKLJKTXDOLW\
KDELWDWVIRUEURZQEHDUV0LWLJDWLRQPHDVXUHVUHODWLYHWRXVHRISURMHFWURDGVVKRXOGIROORZ
WKRVHLPSOHPHQWHGIRUWKH*UHHQV&UHHN0LQHLQ6RXWKHDVW$ODVND 6FKRHQDQG%HLHU 
x SXEOLFDFFHVVWRURDGVVKRXOGEHSURKLELWHGDQGVWULFWO\HQIRUFHG
x SURMHFWSHUVRQQHOVKRXOGQRWEHDOORZHGWRFDUU\ILUHDUPVZKLOHXVLQJSURMHFWURDGV
x SURMHFWSHUVRQQHOVKRXOGQRWEHDOORZHGRIIRIWKHURDGEHGH[FHSWIRUSURMHFWDFWLYLWLHV
LHWKH\VKRXOGQRWEHDOORZHGWRXVHWKHURDGWRDFFHVVKXQWLQJDQGRWKHUUHFUHDWLRQ
DFWLYLWLHV DQG
x ZKHQURDGVDUHQRORQJHUQHFHVVDU\IRUSURMHFWSXUSRVHVWKH\VKRXOGEHSHUPDQHQWO\
UHPRYHGRUPDGHLPSDVVDEOHWRPRWRUL]HGYHKLFOHV
,VVXH+DELWXDWLRQDQG)RRGFRQGLWLRQLQJ
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6 
%HDUVWKDWEHFRPHKDELWXDWHGDQGIUHTXHQWWKHPLQHVLWHIHUU\WHUPLQDOV$PDNGHGRUL
SRUWRURWKHUSURMHFWORFDWLRQVPD\EHFRPHDVDIHW\ULVN6RPHRIWKHVHEHDUVPD\
H[SHULHQFHKD]LQJDQGRWKHUQHJDWLYHKXPDQLQWHUDFWLRQVDQGWKHQWUDYHOWRDUHDVVXFKDV
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
.DWPDL1DWLRQDO3DUNDQG3UHVHUYHDQG0F1HLO5LYHU6WDWH*DPH5HIXJHDQG6DQFWXDU\
%HDUVWKDWDUHQHJDWLYHO\KDELWXDWHGWRWKHSURMHFWRUKDYHEHFRPHIRRGFRQGLWLRQHGPD\
EHFRPHDGDQJHUWRWKHSXEOLFDWEHDUYLHZLQJDUHDV,PSOHPHQWDWLRQRID:03ZRXOGEH
DQWLFLSDWHGWRPLQLPL]HWKHSRWHQWLDOIRUFRQIOLFWEHWZHHQZLOGOLIHDQGKXPDQV
(YDOXDWLRQRI$QDO\VLVRI,PSDFWRI+DELWXDWLRQDQG)RRGFRQGLWLRQLQJLQWKH'(,6
+DELWXDWLRQLVDFKDQJHLQEHKDYLRUWKDWUHVXOWVLQIDPLOLDULW\ZLWKRXWDGYHUVHFRQVHTXHQFHV
$XPLOOHUDQG0DWW6XULQJDQG%DUEHU :KHQEURZQEHDUVDUHUHSHDWHGO\H[SRVHG
WRDQHXWUDOVLWXDWLRQVXFKDVDSHUVRQREVHUYLQJWKHPIURPDFORVHGLVWDQFHWKH\FRQVHUYH
HQHUJ\E\PXWLQJWKHLUUHDFWLRQ&RQVHTXHQWO\KDELWXDWLRQRIWHQLVDVVXPHGWRKDYHRFFXUUHG
ZKHQEURZQEHDUVWROHUDWHSHRSOHDWFORVHGLVWDQFHVDQGYLFHYHUVD$ODUJHSRSXODWLRQRIKLJKO\
KDELWXDWHGEURZQEHDUVKDVRFFXUUHGDWWKH6DQFWXDU\WKDWSHUFHLYHKXPDQVDVQHXWUDODQGQRW
WKUHDWHQLQJDQGWKHUHIRUHOHVVGDQJHURXV$VLQRWKHUDUHDVKDELWXDWHGEURZQEHDUVFRPH
FORVHUWRKXPDQVDQGH[KLELWIHZHUVLJQVRIVWUHVVWKDQGRQRQKDELWXDWHGEURZQEHDUV +HUUHUR
 +LJKO\KDELWXDWHGEURZQEHDUVDWWKH6DQFWXDU\URXWLQHO\DSSURDFKKXPDQVWRZLWKLQ
P IW EHIRUHVKRZLQJDYRLGDQFHEHKDYLRU $XPLOOHUDQG0DWW $PDMRUSRLQWLV
WKDWKDELWXDWHGEURZQEHDUVGRQRWSRVHDVDIHW\ULVN
$ODUJHQXPEHURIWKHVHKDELWXDWHGEURZQEHDUVIURPWKH6DQFWXDU\DQG5HIXJHDUHOLNHO\WR
RFFXULQWKHYLFLQLW\RIWKH3URMHFW¶VWUDQVSRUWDWLRQFRUULGRUDQG3RUWVLWHZKHUHWKH\PD\
HQFRXQWHUQRQKDELWXDWHGSHRSOHZKRZRXOGSHUFHLYHWKHEURZQEHDUVDVDWKUHDW0LWLJDWLRQ
PHDVXUHVZLOOQHHGWRLQFOXGHLQGHSWKWUDLQLQJVRWKDW3URMHFWSHUVRQQHOZLOOEHDEOHWRLQWHUSUHW
WKHEHKDYLRURIEURZQEHDUVDQGUHFRJQL]HZKHQDWKUHDWLVDFWXDOO\RFFXUULQJ$OVRSRVVHVVLRQ
DQGDFFHVVWRILUHDUPVZLOOQHHGWREHUHVWULFWHGVRWKDWXVHRIGHDGO\IRUFHLVQRWWKHILUVW
UHFRXUVHWRWKHSUHVHQFHRIDEURZQEHDU7UDLQLQJLQDQGDFFHVVWRQRQOHWKDODYHUVLRQ
WHFKQLTXHVVXFKDVEHDUGHWHUUHQWVSUD\ZLOOQHHGWREHLPSOHPHQWHGZLWKSHQDOWLHVIRUQRQ
FRPSOLDQFH%HDUGHWHUUHQWVSUD\LVDQHIIHFWLYHWRROIRUGHIXVLQJEURZQEHDU±KXPDQFRQIOLFWLQ
DQRQOHWKDOPDQQHU 6PLWKHWDO :LGHVSUHDGXVHRIEHDUGHWHUUHQWVSUD\E\3URMHFW
SHUVRQQHOZLOOSURPRWHKXPDQVDIHW\DQGFRQVHUYDWLRQRIEURZQEHDUVZKLOHUHOLDQFHRQILUHDUPV
ZRXOGEHOHVVHIIHFWLYH 6PLWKHWDO 
+DELWXDWLRQRIEURZQEHDUVWRKXPDQV DVRFFXUVZLWKLQWKH6DQFWXDU\DQG5HIXJH ZLOOLQFUHDVH
WKHSUREDELOLW\RIIRRGFRQGLWLRQLQJE\EURZQEHDUVWKDWHQFRXQWHU3URMHFWSHUVRQQHODQG
IDFLOLWLHV)RRGFRQGLWLRQLQJLVDOHDUQHGDVVRFLDWLRQRIKXPDQVZLWKDYDLODEOHIRRG +HUUHUR
0DWWVRQ 3RVLWLYHFRQGLWLRQLQJRIEURZQEHDUVWRKXPDQSURYLGHGIRRGVRXUFHV
RFFXUVZKHQHLWKHURUERWKRIWZRFLUFXPVWDQFHVH[LVW
x EURZQEHDUVKDYHIHGRQKXPDQSURYLGHGIRRG
x EURZQEHDUVOHDUQWRDVVRFLDWHKXPDQVDQGRUKXPDQGHYHORSPHQWDVSRWHQWLDOVRXUFHVRI
IRRG *LOEHUW 
+HUUHUR  KDVGRFXPHQWHGWKDWIRRGFRQGLWLRQHGEHDUVDUHPRUHOLNHO\WRVHHNIRRGIURP
SHRSOHWRGDPDJHSURSHUW\DQGWREHNLOOHGWKDQQRQFRQGLWLRQHGEHDUV:LOGHUHWDO  
DQDO\]HGEHDUKXPDQLQFLGHQWVRYHU\HDUVLQ/DNH&ODUN1DWLRQDO3DUNDQG3UHVHUYH
7KH\IRXQGWKDWEURZQEHDUVUHFHLYHGIRRGDVDUHVXOWRIHQFRXQWHUVZLWKKXPDQVLQRIWKH
LQFLGHQWVDQGWKDWEURZQEHDUVZHUHNLOOHGLQRIWKHLQFLGHQWV)RRGFRQGLWLRQHGEHDUV
KDYHEHHQIRXQGWREHWRWLPHVPRUHOLNHO\WREHNLOOHGE\KXPDQVWKDQQRQIRRGFRQGLWLRQHG
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
EHDUV 0DWWVRQHWDO 7KLVLVHVSHFLDOO\SUREOHPDWLFEHFDXVHEURZQEHDUVSUHYLRXVO\
KDELWXDWHGWRKXPDQVLQWKH6DQFWXDU\DQG5HIXJHWKDWEHFRPHIRRGFRQGLWLRQHGRQWKH3URMHFW
VLWHZLOOUHWXUQWRWKH6DQFWXDU\DQGEHPRUHDJJUHVVLYHWRZDUGVSHRSOH7KH$') *FRQFXUUHG
ZLWKWKLVILQGLQJLQWKHLUFRPPHQWVRQWKH3UHOLPLQDU\'(,6 $') *&RQVHUYDWLRQ&RPPHQW
1XPEHU 
8QIRUWXQDWHO\WKHPRVWGLUHFWDQGPRVWHIIHFWLYHDSSURDFKWRGHDOLQJZLWKIRRGFRQGLWLRQHG
EURZQEHDUVLVWRKDYHDJHQF\SHUVRQQHONLOOWKHP :LWPHUDQG:KLWWDNHU 7RDYRLGWKHVH
VLWXDWLRQVLWZLOOEHQHFHVVDU\WRKDYHLQGHSWKWUDLQLQJRQIRRGKDQGOLQJIRUDOO3URMHFWSHUVRQQHO
VRWKH\XQGHUVWDQGDQGDSSUHFLDWHWKHVHULRXVQHVVRISUHYHQWLQJIRRGFRQGLWLRQLQJLQEURZQ
EHDUV$OVRRUJDQLFZDVWHVKRXOGEHGLVSRVHGRIGDLO\WKURXJKLQFLQHUDWLRQWKDWPHHWV$ODVND
'HSDUWPHQWRI(QYLURQPHQWDO&RQVHUYDWLRQVWDQGDUGVIRUFRPEXVWLRQUHVLGXH LH
XQEXUQHGFRPEXVWLEOHV 
$OVRZKHQHYHUKXPDQPDGHLWHPVDUHLQEURZQEHDUKDELWDWWKH\DUHVXVFHSWLEOHWRGDPDJH
IURPEURZQEHDUV$EURZQEHDUZLOOLQYHVWLJDWHRIWHQE\FKHZLQJDQLWHPRUVWUXFWXUHWKDWLW
KDVQRWSUHYLRXVO\HQFRXQWHUHGLQWKDWORFDWLRQ +HUUHUR 1HZVLJQVDQGRWKHUVWUXFWXUHV
DUHFRPPRQO\GDPDJHG%URZQEHDUVPD\DOVRVKRZLQWHUHVWLQSHWUROHXPSURGXFWVSDLQWDQG
RLOVVXFKDVOLQVHHG .DWPDL1DWLRQDO3DUNDQG3UHVHUYH 3UHFDXWLRQVVKRXOGEHWDNHQWR
H[FOXGHYHKLFOHVDQGFRQVWUXFWLRQDQGPDLQWHQDQFHPDWHULDOVIURPEURZQEHDUV HJIHQFHG
VWRUDJHDUHDV 
,VVXH'HQV
5HVSRQVHWRWKH,VVXHVLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6 
$VHULHVRIWKUHHVXUYH\VIRUEHDUVZDVFRQGXFWHGDORQJWKHSRUWDFFHVVURDGLQWKHVSULQJ
DQGVXPPHURI $%5SNR 7KHILUVWDHULDOVXUYH\VZHUH
FRQGXFWHGWRORFDWHEHDUGHQVZLWKLQPLOHRIWKHSRUWDFFHVVURDGDQGDVHSDUDWH
FRUULGRUDURXQGWKHZHVWHUQHQGRI,OLDPQD/DNH,QWRWDOWKHVXUYH\DUHDZDVVTXDUH
PLOHV$HULDOVXUYH\VZHUHIORZQIURP$SULOWR0D\DQG0D\WR
DVVHVVGHQHPHUJHQFH'XULQJWKHVHVXUYH\ZLQGRZVVQRZZDVODUJHO\JRQHRUSDWFK\LQ
WKHVXUYH\DUHDZKLFKOLPLWHGWKHDELOLW\WRWUDFNEHDUV6XUYH\VORFDWHGEHDUGHQV
WKURXJKRXWWKHVXUYH\DUHDEXWRQO\DSRUWLRQRIWKHVHGHQVZHUHLQWKHVXUYH\DUHD
DURXQGWKHSRUWDFFHVVURDG6SHFLILFWRWKHSRUWDFFHVVURDGGHQVZHUHORFDWHGLQWZR
PDLQDUHDV6HYHUDOGHQVZHUHIRXQGIURP*LEUDOWDU/DNHZHVWWR,OLDPQD/DNHDQGWKH
UHPDLQLQJZHUHFOXVWHUHGQHDU&RRN,QOHWQRUWKRI$PDNGHGRUL&UHHN )LJXUH 
6XUYH\VGRFXPHQWHGDFRQFHQWUDWLRQRIEURZQEHDUGHQVRQHDFKVLGHRIWKHSRUWDFFHVV
URDGDQGDURXQG$PDNGHGRULSRUW )LJXUH 6HYHUDORIWKHGHQVZHUHFORVHWRWKH
SRUWDFFHVVURDGZLWKWKHFORVHVWDSSUR[LPDWHO\IHHWQRUWKRIWKHURDG $%5S 
5HVXOWVLQGLFDWHGWKDWEHDUGHQVZHUHORFDWHGDWORZHUHOHYDWLRQVVWHHSHUVORSHVKLJKHU
WRSRJUDSKLFSRVLWLRQDOLQGLFHVKLJKHUUXJJHGQHVVPRUHQRUWKDQGZHVWIDFLQJDVSHFWV
DQGPRUHRIWHQLQVKUXEV $%5S 7KLVLQGLFDWHVWKDWEHDUVLQWKH,OLDPQDDUHDDUH
PRUHOLNHO\WRGHQLQVKUXEE\DUHDVZLWKVWHHSVORSHV$PRGHOZDVFUHDWHGWRHVWLPDWH
GHQVLW\XVLQJWKHUHODWLYHSUREDELOLW\RIGHWHFWLQJDEHDUGHQEDVHGRQUHVRXUFHVHOHFWLRQ
IXQFWLRQDQDO\VLV7KHPRGHOSUHGLFWHGWKDWWKHVTXDUHPLOHVXUYH\DUHDKDGDQ
HVWLPDWHGGHQVLW\RIGHQVSHUVTXDUHPLOHV $%5S 
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
(YDOXDWLRQRI$QDO\VLVRI,PSDFWWR'HQVLQWKH'(,6
'LVFXVVLRQRIEURZQEHDUGHQVLWHVZLWKLQWKHDUHDWKDWPD\EHDIIHFWHGE\WKH3URMHFWZDV
OLPLWHGWRDGHVFULSWLRQRIWKHILQGLQJVRIDQDHULDOVXUYH\RIGHQORFDWLRQV3ULFKDUG  :LWK
WKHSRWHQWLDOIRULQFUHDVHGKXPDQDFWLYLWLHVLQWKLVDUHDDVDUHVXOWRIUHVRXUFHH[WUDFWLRQDQG
KXPDQDFFHVVDVVRFLDWHGZLWKWKH3URMHFWJDLQLQJDIXOOHUXQGHUVWDQGLQJRIVSHFLILFGHQQLQJ
UHTXLUHPHQWVZLOOEHHVVHQWLDOIRUGHYHORSLQJIXWXUHPDQDJHPHQWDFWLRQVWKDWGRQRWMHRSDUGL]H
WKHEURZQEHDUSRSXODWLRQ 0DQJLSDQHHWDO 
6HFXUHGHQQLQJKDELWDWLVYLWDOIRUIXWXUHFRQVHUYDWLRQRIEURZQEHDUSRSXODWLRQVDVWKH\DUH
VHQVLWLYHWRGHQVLWHGLVWXUEDQFHZKLFKFDQUHVXOWLQORZHUUHSURGXFWLYHVXFFHVV 6ZHQVRQHWDO
 DQGUHGXFHGVXUYLYDORIGHSHQGHQW\RXQJ /LQQHOOHWDO IROORZLQJGHQ
DEDQGRQPHQW$GXOWPDOHEURZQEHDUVLQ'HQDOL1DWLRQDO3DUNDQG3UHVHUYHVHOHFWHGGHQVLWHV
LQDUHDVZLWKDEXQGDQWKLJKTXDOLW\IRRGDYDLODEOHDWGHQHPHUJHQFH /LEDOHWDO 5LVNRI
LQIDQWLFLGHDSSHDUHGWRLQIOXHQFHDGXOWIHPDOHGHQVLWHVHOHFWLRQZLWKDGXOWIHPDOHVVHOHFWLQJ
KLJKHUHOHYDWLRQVDQGVWHHSHUVORSHVWKDQDGXOWPDOHV6RGHQVLWHVHOHFWLRQFDQEHFRPSOH[
ZLWKLQDSRSXODWLRQ :LOVRQDQG6FKPLGW 
7KHZRUNRI*ROGVWHLQHWDO  LQGLFDWHGWKDWEURZQEHDUVRQWKH.HQDL3HQLQVXODVHOHFWHG
ORFDWLRQVIRUGHQVLWHVDZD\IURPURDGVDQGWUDLOV6FKRHQDQG%HLHU  DVVHVVHGWKHHIIHFW
RIWKH*UHHQ¶V&UHHNPLQHVLWHGHYHORSPHQWRQ$GPLUDOW\,VODQGRQGHQQLQJEHDUV7KHPHDQ
GLVWDQFHEURZQEHDUVGHQQHGIURPWKHPLQHVLWHWKHILUVW\HDURIREVHUYDWLRQZDVNP PL 
7KH\GHQQHGVLJQLILFDQWO\IDUWKHUIURPWKHPLQHVLWHDIWHUFRQVWUXFWLRQZDVLQLWLDWHG PHDQ 
NP>PL@ 7KHVHUHVXOWVLQGLFDWHWKDWWKHUHLVOLNHO\WREHDQLQIOXHQFHRQGHQQLQJ
EHKDYLRURIEURZQEHDUDVDUHVXOWRIFRQVWUXFWLRQDQGRSHUDWLRQVLQWKH3URMHFWDUHDDQGWKDW
LQIOXHQFHPD\QHJDWLYHO\DIIHFWWKHEURZQEHDUSRSXODWLRQ
)LQGLQJVIURPLQGHSWKVWXGLHVVKRXOGEHXVHGWRGHYHORSJXLGHOLQHVWRPLQLPL]HKXPDQ±EURZQ
EHDULQWHUDFWLRQVDQGWKHSRWHQWLDOLPSDFWVRIODQGXVHDFWLYLWLHVRQRFFXSLHGDQGSRWHQWLDO
GHQQLQJKDELWDWIRUEURZQEHDUV 3LJHRQHWDO 3UHVHUYLQJKLJKTXDOLW\KDELWDWIRUGHQQLQJ
FDQEHDFFRPSOLVKHGWKURXJKSODQQLQJDQGPDQDJHPHQWEHFDXVHEURZQEHDUVSUHIHUDQGDYRLG
VSHFLILFODQGVFDSHDQGODQGFRYHUIHDWXUHVZKHQVHOHFWLQJGHQV
,VVXH5RDGV DQGDVVRFLDWHGSLSHOLQHFRUULGRU 
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6 
,QVXPPDU\WKHPDJQLWXGHRILPSDFWVZRXOGLQFOXGHSRWHQWLDOIRUDYRLGDQFHRIWKHPLQH
VLWHWKHWUDQVSRUWDWLRQFRUULGRUDQGWRDOHVVHUH[WHQWWKHIHUU\WHUPLQDOVDQGSRUW
%HFDXVHWKHUHDUHQRHVWDEOLVKHGURDGVLQWKHPLQHVLWHDORQJWKHWUDQVSRUWDWLRQFRUULGRU
DQGDW$PDNGHGRULSRUWWKHDFFHVVURDGVPLQHSRUWDQGIHUU\WHUPLQDOVUHSUHVHQWQRYHO
VRXUFHVRIGLVWXUEDQFHWRWKHODQGVFDSH7KHGXUDWLRQZRXOGODVWIRUWKHOLIHRIWKHSURMHFW
DQGORQJHUGHSHQGLQJRQKRZWKHURDGVDUHPDQDJHGSRVWFORVXUH7KHH[WHQWZRXOG
LQFOXGHWKHSURMHFWFRPSRQHQWVDQGDQDYRLGDQFHEXIIHUZKLFKZRXOGOLNHO\YDU\
GHSHQGLQJRQQRLVHDQGDFWLYLW\OHYHOV%HFDXVHWKHDUHDKDVDKLJKGHQVLW\RIEHDUV SHU
6HFWLRQ:LOGOLIH9DOXHV VRPHLQGLYLGXDOVZRXOGH[SHULHQFHGLVWXUEDQFHEXW
LPSDFWVZRXOGQRWEHH[SHFWHGWRUHVXOWLQSRSXODWLRQOHYHOLPSDFWV 3DJH 
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
%URZQEHDUVDUHFRPPRQLQWKHDUHDDORQJWKHSRUWDFFHVVURDGDQG$PDNGHGRULSRUW
HVSHFLDOO\DORQJFRDVWDOSODLQVLQWKHHDUO\VXPPHUDQGWKHQDORQJVDOPRQVSDZQLQJ
VWUHDPVODWHULQWKHVXPPHUDQGIDOO7KLVZDVGRFXPHQWHGLQDORQJWKHSRUWDFFHVV
URDGZLWKEHDUVDORQJWKHFRDVWLQWKHVSULQJDQGHDUO\VXPPHUDQGDORQJVDOPRQ
VWUHDPVODWHULQWKHVXPPHU7KHUHIRUHEHDUVPRYHDURXQGLQUHODWLRQWRVHDVRQDOO\
DYDLODEOHIRRGUHVRXUFHV%HDUVZRXOGEHH[SHFWHGWRFURVVWKHSRUWDFFHVVURDGDVSDUWRI
WKHLUUHJXODUPRYHPHQWSDWWHUQVEXWPD\VKRZLQLWLDOFDXWLRQRUDYRLGDQFH%HFDXVHWKH
URDGZRXOGEHDQRYHOLWHPLQWKHODQGVFDSHEHDUVPD\EHZDU\RIFURVVLQJLWLQLWLDOO\
$VGHWDLOHGDERYHXQGHU³%HKDYLRUDO'LVWXUEDQFH´EURZQEHDUVLQSDUWLFXODUZRXOG
OLNHO\DYRLGWKHWUDQVSRUWDWLRQFRUULGRUGXULQJSHULRGVRIKLJKYHKLFXODUWUDIILF,QWHUPV
RIPDJQLWXGHRIWKHLPSDFWWKHQXPEHURIEHDUVWKDWPD\SRWHQWLDOO\VXIIHULQMXU\RU
PRUWDOLW\DORQJWKHWUDQVSRUWDWLRQFRUULGRUDFURVVWKHOLIHRIWKHSURMHFWZRXOGOLNHO\
IOXFWXDWHLQUHODWLRQWRWKHORFDWLRQRIUHVRXUFHVPRYHPHQWFRUULGRUVWLPHRIGD\DQG
VHDVRQ 3DJH 
(YDOXDWLRQRI$QDO\VLVRI,PSDFWRI5RDGVLQWKH'(,6
7KHHYLGHQFHLVFOHDUWKDWPRWRUL]HGDFFHVVLQWREURZQEHDUKDELWDWVFDQKDYHVLJQLILFDQW
QHJDWLYHFRQVHTXHQFHVRQEURZQEHDUV 3URFWRUHWDO 5RDGVFDXVHIXQFWLRQDOKDELWDWORVV
DOWHUPRYHPHQWSDWWHUQVDQGFDQEHFRPHHFRORJLFDOWUDSVIRUZLOGOLIH 1RUWKUXSHWDO 
3URFWRUHWDO  IRXQGWKDWURDGFRQVWUXFWLRQLPSDFWHGEURZQEHDUVDWWKHLQGLYLGXDODQG
SRSXODWLRQOHYHOVWKURXJKHIIHFWVRQEURZQEHDUV¶KDELWDWXVHKRPHUDQJHVHOHFWLRQPRYHPHQWV
SRSXODWLRQIUDJPHQWDWLRQVXUYLYDODQGUHSURGXFWLYHVXFFHVVWKDWXOWLPDWHO\ZHUHUHIOHFWHGLQ
SRSXODWLRQGHQVLW\WUHQGDQGFRQVHUYDWLRQVWDWXV
+RZHYHUPDQ\RIWKHQHJDWLYHHIIHFWVRIURDGVDUHOLNHO\WREHDIXQFWLRQRIWKHKXPDQXVHRI
URDGVQRWWKHURDGLWVHOI6XULQJHWDO  VKRZHGWKDWUHODWLYHSUREDELOLW\RIXVHE\IHPDOH
EURZQEHDUVRQWKH.HQDL3HQLQVXODGHFOLQHGDVURDGGHQVLWLHVLQFUHDVHG2WKHUZRUNVKRZHG
WKDWRQWKH.HQDL3HQLQVXODWKHSUREDELOLW\RIEURZQEHDUVEHLQJNLOOHGLQGHIHQVHRIOLIHRU
SURSHUW\LQFUHDVHGDVWKHGHQVLW\RIURDGVLQFUHDVHG 6XULQJDQG'HO)UDWH 6FKRHQDQG
%HLHU  HYDOXDWHGWKHLPPHGLDWHHIIHFWRIURDGFRQVWUXFWLRQRQ$GPLUDOW\,VODQGRQEURZQ
EHDUV3ULRUWRURDGFRQVWUXFWLRQWKH\FRXQWHGGD\EHGVZLWKLQP IW RIHLWKHUVLGHRI
=LQN&UHHN$\HDUDIWHUURDGFRQVWUXFWLRQDORQJWKHFUHHNWKH\FRXQWHGGD\EHGVLQWKH
VDPHDUHD%HFDXVHWKH\WHQGWRXVHODUJHDUHDVODUJHFDUQLYRUHVOLNHEHDUVDUHSDUWLFXODUO\
VXVFHSWLEOHWRWKHHIIHFWVRIURDGV *XFLQVNLHWDO 5RDGFRQVWUXFWLRQDQGXVHKDV
VXEVWDQWLDOO\UHGXFHGKDELWDWHIIHFWLYHQHVVIRUEURZQEHDUVLQRWKHUDUHDV %RXODQJHUDQG
6WHQKRXVH 7KHDQDO\VLVRI%RXODQJHUDQG6WHQKRXVH  GHPRQVWUDWHGWKDWURDG
GHQVLW\DIIHFWVERWKWKHGLUHFWGHPRJUDSK\DQGWUHQGRIEHDUSRSXODWLRQVDQGDOVRLQWURGXFHV
DGGLWLRQDOULVNLQWRUHSURGXFWLRQDQGUHFUXLWPHQW
$FFHVVPDQDJHPHQWWKHOLPLWLQJRIURDGDFFHVVLVRIWHQVXJJHVWHGDVDPHDQVWRUHGXFH
PRUWDOLWLHVEXWUHTXLUHVGHWDLOHGNQRZOHGJHRIWKHUHVSRQVHRIEURZQEHDUVWRURDGWUDIILF
1RUWKUXSHWDO 6RPHKDELWDWYDOXHPD\EHPDLQWDLQHGQHDUURDGVLIWUDIILFDQGILUHDUPV
DUHUHVWULFWHGGXULQJUHVRXUFHH[WUDFWLRQDQGURDGVDUHFORVHGWRDOOXVH LQFOXGLQJDOOWHUUDLQ
YHKLFOHV DIWHUUHVRXUFHH[WUDFWLRQKDVEHHQFRPSOHWHG %RRQHDQG+XQWHU:LHOJXVHWDO
:LHOJXVDQG9HUQLHU 
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
0RWRUL]HGDFFHVVPDQDJHPHQW²ZKHUHURDGVDUHIXOO\FORVHGRUUHVWULFWHGWRWKHPRWRUL]HG
SXEOLFEXWPD\UHPDLQDFFHVVLEOHWRVKRUWWHUPLQGXVWU\XVH²LVDQHIIHFWLYHPLWLJDWLRQDQG
VKRXOGEHLQWHJUDWHGLQWRODQGXVHDQGZLOGOLIHPDQDJHPHQWDFWLYLWLHVSDUWLFXODUO\ZKHUHEURZQ
EHDUFRQVHUYDWLRQLVDSULRULW\ 3URFWRUHWDO 
$FFHVVPDQDJHPHQWZLOOKHOSWRUHGXFHPRUWDOLWLHVRIEURZQEHDUVDGMDFHQWWRURDGV+RZHYHU
LWGRHVQRWDGGUHVVPRUWDOLWLHVRIEURZQEHDUVUHVXOWLQJIURPFROOLVLRQVZLWK3URMHFWYHKLFOHVRQ
WKHURDG DVH[SHULHQFHGDWWKH*UHHQ¶V&UHHNPLQHRQ$GPLUDOW\,VODQG>86'$)RUHVW6HUYLFH
@ RUWKHIUDJPHQWDWLRQRIKDELWDWGXHWRWKHUHOXFWDQFHRIEURZQEHDUVWRFURVVWKHURDG
ZKHQLWLVLQVHUYLFH6SHFLILFDOO\URDGVPD\IRUPDEDUULHUWRPRYHPHQW 3URFWRUHWDO
 RUFRQWULEXWHWRGLUHFWPRUWDOLW\IURPFROOLVLRQVZLWKYHKLFOHV &ROOLQVDQG.D\V
 1RUWKUXSHWDO  UHSRUWHGWKDWEURZQEHDUVDYRLGHGFURVVLQJURDGVUHFHLYLQJ!
YHKLFOHVSHUKSHULRG7KH3URMHFWURDGLVVFKHGXOHGWRKDYHDWUXFNGHQVLW\RIYHKLFOHVSHU
KSHULRG YHKLFOHHYHU\PLQXWHV 7KLVGHQVLW\GRHVQRWLQFOXGHPDLQWHQDQFHYHKLFOHV
DQGDGPLQLVWUDWLYHWUDIILF7RPDLQWDLQPRYHPHQWRIEURZQEHDUVLQWKHDUHDLWZLOOEH
QHFHVVDU\WRGHVFULEHPRYHPHQWFRUULGRUVIRUEURZQEHDUVLGHQWLI\SUREDEOHORFDWLRQVIRUEURZQ
EHDUVWRFURVVWKHURDGDQGIDFLOLWDWHFURVVLQJDFWLYLW\ HJ6XULQJHWDO ([FOXVLRQ
IHQFLQJDQGZLOGOLIHRYHUSDVVHVDQGXQGHUSDVVHVKDYHEHHQVXFFHVVIXOO\XVHGWRIDFLOLWDWHWKH
VDIHPRYHPHQWRIDQLPDOVDFURVVURDGV &RUODWWLHWDO%HFNPDQQHWDO)RUGHWDO
 
,VVXH&XPXODWLYH(IIHFWV
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6 
x BearsPD\FKDQJHWKHLUIRUDJLQJDUHDVDQGKDYHLQFUHDVHGPRUWDOLW\IURPQHZURDGVDQG
PRUWDOLW\IURPGHIHQVHRIOLIHDQGSURSHUW\ 3DJH 
x ,QLVNLQ%D\KDVDODUJHVHDVRQDOFRQFHQWUDWLRQRIbrown bearsDWWKHHQGRIWKHED\
ZKLFKZRXOGEHGLUHFWO\LPSDFWHG 3DJH 
x /DUJHUWHUUHVWULDOPDPPDOVVXFKDVbears (UrsusVSHFLHV «DUHXQOLNHO\WREHLPSDFWHG
E\DWHUUHVWULDOGLHVHOVSLOOEHFDXVHLWLVXQOLNHO\WKH\ZRXOGEHLQWKHLPPHGLDWHYLFLQLW\
GXULQJWKHVSLOODQGDUHOLNHO\WRYDFDWHWKHDUHDGXULQJDFWLYHVSLOOFOHDQXS)RU
WHUUHVWULDOPDPPDOVWKDWPLJKWEHH[SRVHGQXPEHUVRILQGLYLGXDOVDUHH[SHFWHGWREH
VPDOOZLWKQRSRSXODWLRQOHYHOHIIHFWV 3DJH 
x 0RVWWHUUHVWULDOVSHFLHVGRQRWXVHWKHPDULQHWHUUHVWULDOLQWHUIDFHH[WHQVLYHO\DOWKRXJK
VRPHODUJHPDPPDOVVXFKDVbrown bears (Ursus arctos)DQGRWKHUPDPPDOVSHFLHV
PD\RFFDVLRQDOO\IRUDJHDORQJH[SRVHGWLGDOIODWVLQ.DPLVKDN%D\,Q.DPLVKDN%D\
WKHUHLVDVPDOODUHDRIUD]RUFODP Siliqua species EHGVDWWKHPRXWKRI$PDNGHGRUL
&UHHN *HR(QJLQHHUV EXWWKHUHVWRI.DPLVKDN%D\GRHVQRWVXSSRUWH[WHQVLYH
UD]RUFODPEHGV 12$$ DQGWKHUHIRUHLWLVQRWDPDMRUFODPPLQJDUHDIRUbears
3DJH 
x ,IDFRQFHQWUDWHVSLOORFFXUVDQGHQWHUVIORZLQJZDWHUFRQFHQWUDWHZRXOGEHFDUULHG
UDSLGO\GRZQVWUHDPDQGGLVSHUVHG/HDFKLQJRIPHWDOVIURPFRQFHQWUDWHZRXOGOLNHO\
UHTXLUH\HDUVWRGHFDGHV VHH³)DWHDQG%HKDYLRURI6SLOOHG&RQFUHWH´VHFWLRQDERYH 
$GGLWLRQDOO\FRSSHUGRHVQRWELRDFFXPXODWH (3$ DQGWKHUHIRUHGRHVQRWSRVHD
FRQVXPSWLRQULVNWRbears UrsusVSHFLHV JUD\ZROYHV Canis lupus DQGRWKHU
WHUUHVWULDOZLOGOLIHthat consume salmon 3DJH 
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
x $Q\LPSDFWVWRILVKSRSXODWLRQVGHWDLOHGLQWKHILVKVHFWLRQEHORZZRXOGGLUHFWO\LPSDFW
WHUUHVWULDOVSHFLHVWKDWSUH\RQILVKVXFKDVbrown bears (Ursus arctos)DQGJUD\ZROYHV
&DQLVOXSXV  3DJH 
x 7KHUHDUHDIHZVFDWWHUHGbear densRQVORSHVDERYHWKH6).ZKLFKZRXOGQRWEH
GLUHFWO\LPSDFWHG7KHDUHDGRHVQRWDSSHDUWRFRQFHQWUDWHPRRVHRUFDULERXDOWKRXJK
WKHRFFDVLRQDObrown bearKDVEHHQGHWHFWHGLQWKHDUHD 3DJH 
x %HFDXVHILVKDUHDQLPSRUWDQWSDUWRIWKHIRRGFKDLQIRUWHUUHVWULDOPDPPDOVVXFKDV
brown bearsZROYHVDQGRWKHUVLPSDFWVWRILVKSRSXODWLRQVPD\UHVXOWLQLPSDFWVWR
WKHVHVSHFLHV,PSDFWVPD\LQFOXGHDOWHUHGIRUDJLQJORFDWLRQV LIILVKOHYHOVDUHUHGXFHG 
DQGSRWHQWLDOIRULQFUHDVHGFRPSHWLWLRQDQGGHFUHDVHGILWQHVVWKURXJKLQFUHDVHGHQHUJ\
H[SHQGLWXUHWRILQGUHVRXUFHV 3DJH 
x 6SHFLHVVXFKDVULYHURWWHUVDQGbearsFDQELRDFFXPXODWHPHUFXU\IURPILVK 0DQQHWDO
in6iQFKH]%D\RHWDO  3DJH 
(YDOXDWLRQRI$QDO\VLVRI&XPXODWLYH(IIHFWVLQWKH'(,6
$QDQDO\VLVRIWKHFXPXODWLYHHIIHFWVRQEURZQEHDUVZRXOGFHUWDLQO\LQFOXGHWKHFRPELQDWLRQRI
FKDQJHVWRWKHEURZQEHDUV¶HQYLURQPHQWWKDWDUHFDXVHGE\3URMHFWDFWLRQVLQFRPELQDWLRQZLWK
RWKHUSDVWSUHVHQWDQGIXWXUHKXPDQDFWLRQV:KDWLVLQFOXGHGLQWKH'(,6XQGHUFXPXODWLYH
HIIHFWVDQDO\VLVIRUEURZQEHDUVLVDVHULHVRIXQUHODWHGVWDWHPHQWVPRVWO\DVVRFLDWHGZLWK
SRWHQWLDOLPSDFWVRIVSLOOVDQGXQSODQQHGUHOHDVHVRIPDWHULDOVWKDWPD\FRQWDPLQDWHWKH
HQYLURQPHQW
-RKQVRQHWDO  SURYLGHGDV\QRSVLVRIWKHSRWHQWLDOLQGLYLGXDOHIIHFWVWKDWPD\
FXPXODWLYHO\LPSDFWDSRSXODWLRQRIEURZQEHDUV
x 7KHFRQVWUXFWLRQRIIDFLOLWLHVVXFKDVURDGVWUDLOVRUEXLOGLQJVDQGLQFUHDVHGSUHVHQFHRI
KXPDQVEH\RQGVRPHWKUHVKROGZLOOUHVXOWLQDGLUHFWORVVRIKDELWDWVRULQGLUHFWO\
IROORZLQJDYRLGDQFHEHKDYLRURIDIIHFWHGEURZQEHDUV
x +XPDQIDFLOLWLHVHVSHFLDOO\URDGVWUDLOVSLSHOLQHVDQGRWKHUOLQHDUGHYHORSPHQWVDOVR
FDQIUDJPHQWDQGLVRODWHKDELWDWV
x ,QDGGLWLRQWRDORVVRUUHGXFWLRQLQWKHHIIHFWLYHQHVVRIKDELWDWVGLVWXUEDQFHPD\UHVXOWLQ
UHVSRQVHEHKDYLRUVZLWKQHJDWLYHVRFLDORUSK\VLRORJLFDOFRQVHTXHQFHV
x 'LVUXSWLRQRIEUHHGLQJRUUHDULQJDFWLYLWLHVFDQUHGXFHIHFXQGLW\DQGUHFUXLWPHQW
x 7KHQXWULWLRQDORUKRUPRQDOFRVWVRIDYRLGLQJRUUHVSRQGLQJWRDGLVWXUEDQFHPD\KDYH
FXPXODWLYHDQGLPSRUWDQWLPSOLFDWLRQVIRULQGLYLGXDOILWQHVVDQGSRSXODWLRQSURGXFWLYLW\
x 0RUHGLUHFWO\KXPDQDFFHVVFDQLQFUHDVHPRUWDOLW\WKURXJKQRQPRQLWRUHGDQG
FRQWUROOHGKXQWLQJYHKLFOHFROOLVLRQVRUWKHUHPRYDORUGHVWUXFWLRQRISUREOHPEURZQ
EHDUV
6XULQJHWDO  GHYHORSHGDPRGHOWRDQDO\]HWKHHIIHFWVRIFXPXODWLYHDFWLRQVRQEURZQ
EHDUVRQWKH.HQDL3HQLQVXODWKDWLQFRUSRUDWHGPDQ\RIWKHVHIDFWRUV7KHLUPRGHOHYDOXDWHG
FKDQJHVLQTXDOLW\RIKDELWDWIRUEURZQEHDUVDVDUHVXOWRIKDELWDWPRGLILFDWLRQ KDELWDW
VXEPRGHO DQGWKHUHGXFWLRQLQWKHHIIHFWLYHQHVVRIWKDWKDELWDWDVDUHVXOWRIGLVWXUEDQFHDQG
PRUWDOLW\ KXPDQDFWLYLWLHVVXEPRGHO $VLPLODUDQDO\VLVLVQHHGHGIRUWKH3URMHFWWRGRFXPHQW
DQGPDNHFOHDUWKHFXPXODWLYHLPSDFWVDOODVSHFWVRIWKLV3URMHFWZLOOKDYHRQEURZQEHDUV7KH




BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 1996 of 2339

7KH3HEEOH3URMHFWDQG%URZQ%HDUV
$') *FRQFXUUHGZLWKWKLVILQGLQJLQWKHLUFRPPHQWVRQWKH3UHOLPLQDU\'(,6 $') *
&RQVHUYDWLRQ&RPPHQW1XPEHU 
,VVXH0LWLJDWLRQ
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6 
$:LOGOLIH0DQDJHPHQW3ODQ :03 ZRXOGEHGHYHORSHGIRUWKHSURMHFWSULRUWR
FRPPHQFHPHQWRIFRQVWUXFWLRQDQGWKHSURMHFWZRXOGXVH%03VIRUZLOGOLIH
PDQDJHPHQW7KH:03ZRXOGGHVFULEHWKHHTXLSPHQWPHWKRGRORJ\WUDLQLQJDQG
DVVHVVPHQWWHFKQLTXHVWKDWZRXOGEHXVHGWRPLQLPL]HWKHSRWHQWLDOIRUZLOGOLIH
LQWHUDFWLRQZLWKSURMHFWDFWLYLWLHVDQGWRPLQLPL]HLPSDFWVWRZLOGOLIHLQWKHSURMHFWDUHD
3DJH 
(YDOXDWLRQRI0LWLJDWLRQLQWKH'(,6
7KH3HEEOH/LPLWHG3DUWQHUVKLSKDVWKHRSSRUWXQLW\WRDGGUHVVWKHFRQVHUYDWLRQRIEURZQEHDUV
XVLQJVHSDUDWHFRQVHUYDWLRQVWUDWHJLHV  SUHVHUYDWLRQDQGSURWHFWLRQRIH[LVWLQJVRXUFH
KDELWDWVDQGVHFXUHDUHDVWRLPSHGHKDELWDWGHJUDGDWLRQDQGHFRORJLFDOGLVUXSWLRQDQG  
PLWLJDWLRQRIVLWHVZKHUHULVNRIPRUWDOLW\DQGHFRORJLFDOGLVUXSWLRQLVKLJKDQGPDQDJHDEOH
1LHOVHQHWDO ,WLVDSSDUHQWWKDWULVNRIPRUWDOLW\DQGHFRORJLFDOGLVUXSWLRQDVVRFLDWHG
ZLWKWKH3URMHFWLVKLJKDQGWKDWDQLQWHJUDOSDUWRIPDQDJLQJWKH3URMHFWZLOOEHWKHGHYHORSPHQW
DQGIXOOLPSOHPHQWDWLRQRIDFRPSUHKHQVLYHPLWLJDWLRQSODQ
:LOGOLIHFRUULGRUVDQGPLWLJDWLRQSDVVDJHVZLOOSOD\DFULWLFDOUROHLQHQVXULQJWKDWODQGVFDSH
SDWWHUQVDUHPDLQWDLQHG &OHYHQJHUHWDO 0LWLJDWLRQSODQQLQJZLOOSURYLGHWKHPHDQVDQG
RSSRUWXQLW\WRLQWHJUDWHHFRORJLFDOSURFHVVHVLQWRWKHGHVLJQDQGLPSOHPHQWDWLRQRIWKH3URMHFW
7KHUHIRUHLWLVFULWLFDOWKDWWKHFRPSOHWHPLWLJDWLRQSODQEHDYDLODEOHIRUUHYLHZDQGHYDOXDWLRQ
SULRUWRDSSURYDORIWKH3URMHFW7KH$') *FRQFXUUHGZLWKWKLVILQGLQJLQWKHLUFRPPHQWVRQ
WKH3UHOLPLQDU\'(,6 $') *&RQVHUYDWLRQ&RPPHQW1XPEHU 
,VVXH%DVHOLQH6WXGLHVRQ%URZQ%HDUV
5HVSRQVHWRWKH,VVXHLQWKH'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6 
7KHEDVHOLQHVWXGLHVRQEURZQEHDUVSHUIRUPHGE\$%5 $%5,QF(QYLURQPHQWDO
5HVHDUFK 6HUYLFHV IRUWKHSURMHFWZHUHVXPPDUL]HGLQWKHVHFWLRQRIWKH'(,6
RQ$IIHFWHG(QYLURQPHQW 3DJH 
7KHVWDWHGREMHFWLYHVIRUWKHEDVHOLQHVWXGLHVZHUHWR
x 3URYLGHDGHTXDWHEDVHOLQHLQIRUPDWLRQQHHGHGIRUWKHDIIHFWHGHQYLURQPHQWSRUWLRQRI
1DWLRQDO(QYLURQPHQWDO3ROLF\ 1(3$ GRFXPHQWV
o 7KLVLQFOXGHGDVVHVVLQJWKHVHDVRQDOGLVWULEXWLRQDQGDEXQGDQFHRIEURZQ
EHDUVWKURXJKILHOGVXUYH\VLQWKHPLQHDUHDDQGLQLWLDOWUDQVSRUWDWLRQFRUULGRU
WRSURYLGHEDFNJURXQGIRULPSDFWDQDO\VHV
x &KDUDFWHUL]HWKHGLVWULEXWLRQDQGDEXQGDQFHRIEURZQEHDUV $%5,QF
(QYLURQPHQWDO5HVHDUFK 6HUYLFHV 
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
o 7KLVLQFOXGHGGHWHUPLQLQJGLVWULEXWLRQDQGDEXQGDQFHDWELRORJLFDOO\
LPSRUWDQWWLPHVRIWKH\HDULQFOXGLQJHVWLPDWHVRISRSXODWLRQGHQVLWLHVRI
EURZQEHDUV
(YDOXDWLRQRI%DVHOLQH6WXGLHVRQ%URZQ%HDUVLQWKH'(,6
+DELWDWYDOXHDVVHVVPHQWVZHUHSUHSDUHGIRUEURZQEHDU $%5,QF(QYLURQPHQWDO5HVHDUFK 
6HUYLFHV± 7KHDVVHVVPHQWZDVEDVHGRQVLJKWLQJVPDGHGXULQJ
VXSHUILFLDODHULDOVVXUYH\V LHFRQYHQLHQFHVXUYH\VRI$QGHUVRQ DQGOLPLWHGUHYLHZVRI
WKHVFLHQWLILFOLWHUDWXUH7KHDHULDOVXUYH\VFRQGXFWHGWRGHVFULEHWKHGLVWULEXWLRQDQGKDELWDW
XVHGE\EURZQEHDUVKDGVHULRXVOLPLWDWLRQVPDQ\RIZKLFKZHUHDFNQRZOHGJHGE\WKH
LQYHVWLJDWRUV HJGLIILFXOWREVHUYDELOLW\QRQUHSUHVHQWDWLYHVDPSOH>$%5,QF(QYLURQPHQWDO
5HVHDUFK 6HUYLFHV@ 7KHGHVFULSWLRQRIKDELWDWXVHE\EURZQEHDUVDVUHSRUWHG
LQWKHOLWHUDWXUHLVDGHTXDWHEXWOLPLWHG LHDOOUHOHYDQW$ODVNDEDVHGVWXGLHVDUHQRWLQFOXGHG
DQGUHFHQWZRUNIURPRWKHUDUHDVLVRIWHQPLVVLQJ  $%5,QF(QYLURQPHQWDO5HVHDUFK 
6HUYLFHV± $VDUHVXOWWKHKDELWDWYDOXHDVVHVVPHQWVIRUEURZQEHDUVLQ
WKHYLFLQLW\RIWKH3HEEOH0LQH3URMHFWSURYLGHDOLPLWHGYLHZRIWKHXVHDQGYDOXHVRIKDELWDWV
$SRSXODWLRQHVWLPDWHZDVFRQGXFWHGIRUEURZQEHDUVLQ0D\IROORZLQJSURFHGXUHV
SXEOLVKHGDQGLPSOHPHQWHGE\$') * %HFNHUDQG4XDQJ%HFNHU 7KH
PHWKRGRORJ\IRUWKHVHSRSXODWLRQHVWLPDWHVIROORZHGWKRVHGHYHORSHGE\WKH$') *DQGLV
FRQVLGHUHGWREHVFLHQWLILFDOO\VRXQG
&RQVLGHULQJWKHDERYHWKHIROORZLQJUHFRPPHQGDWLRQVDUHPDGH
x 6XSSOHPHQWFXUUHQWOLWHUDWXUHUHYLHZVRQKDELWDWXVHSDWWHUQVRIEURZQEHDUVZLWKDPRUH
WKRURXJKH[DPLQDWLRQRIWKHDYDLODEOHOLWHUDWXUHLQFOXGLQJPRUHUHFHQWOLWHUDWXUH
x 3UHSDUHDPRUHFRPSUHKHQVLYHV\QWKHVLVRIWKHOLWHUDWXUHWREHWWHUHVWDEOLVKWKHELRORJLFDO
IRXQGDWLRQIRUVWDWHPHQWVPDGHLQWKHOLWHUDWXUHUHYLHZVUHODWLYHWRKDELWDWXVHLQWKH
SURMHFWDUHD
x &RPSOHWHSHULRGLF HJHYHU\\HDUV SRSXODWLRQHVWLPDWHVIRUEURZQEHDUVZLWKLQWKH
SURMHFWDUHDXVLQJPHWKRGVSUHYLRXVO\XVHGXSWRWKHSRLQWZKHQGHYHORSPHQWRIWKH
PLQHEHJLQV(QVXUHWKDWGDWDFROOHFWLRQLVUREXVWHQRXJKWROLPLWYDULDELOLW\LQWKHGDWD
DQGWRUHVXOWLQHVWLPDWHVZLWKKLJKFRQILGHQFHRIDFFXUDF\7KH$') *FRQFXUUHGZLWK
WKLVILQGLQJLQWKHLUFRPPHQWVRQWKH3UHOLPLQDU\'(,6 $') *&RQVHUYDWLRQ
&RPPHQW1XPEHU 
x &ROOHFWGDWDRQODQGVFDSHXVHSDWWHUQVE\EURZQEHDUVDQGXVHWKRVHGDWDWRFRQGXFW
DQDO\VHVRIKDELWDWXVHLQWKHSURMHFWDUHD HJ5HVRXUFH6HOHFWLRQ)XQFWLRQV>&LDUQLHOOR
HWDO@ 'DWDEDVHGGHVFULSWLRQVRIKDELWDWXVHE\EURZQEHDUVZLWKLQWKHSURMHFW
DUHDDUHFXUUHQWO\QRWDYDLODEOHDQGZRXOGSURYLGHDQHVVHQWLDOEDVLVIRUHYDOXDWLRQRIWKH
HIIHFWVRISURSRVHGPLQHGHYHORSPHQWRQEURZQEHDUV7KH$') *FRQFXUUHGZLWKWKLV
ILQGLQJLQWKHLUFRPPHQWVRQWKH3UHOLPLQDU\'(,6 $') *&RQVHUYDWLRQ&RPPHQW
1XPEHUVDQG 
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV

&RQFOXVLRQ
%URZQEHDUVDVVRFLDWHGZLWK0F1HLO5LYHU)DOOV.DWPDL1DWLRQDO3DUNDQG3UHVHUYHDQG/DNH
&ODUN1DWLRQDO3DUNDQG3UHVHUYHDUHDUHVRXUFHWKDWKDVKLJKHFRORJLFDOHFRQRPLFDQGVRFLDO
YDOXHLQ$ODVNDWKH1DWLRQDQGWKURXJKRXWWKHZRUOG HJ:DONHUDQG$XPLOOHU $Q\
LPSDFWRQWKLVUHVRXUFHWKURXJKLPSOHPHQWDWLRQRIDODUJHVFDOHPLQLQJSURMHFWZRXOGKDYH
VLJQLILFDQWUDPLILFDWLRQV7KHGDWDDQGDQDO\VLVSURYLGHGLQWKH$IIHFWHG(QYLURQPHQWDQGWKH
(QYLURQPHQWDO&RQVHTXHQFHVVHFWLRQVRIWKH'(,6DUHQRWDGHTXDWHWRIXOO\XQGHUVWDQGDQG
HYDOXDWHWKHHIIHFWVRISRWHQWLDOPDQDJHPHQWDOWHUQDWLYHVRQEURZQEHDUKDELWDWDQGSRSXODWLRQV
LQWKLVDUHD
2WKHUPDMRUPLQHGHYHORSPHQWSURMHFWVLQ$ODVND HJ*UHHQV&UHHN>6FKRHQDQG%HLHU@
5HG'RJ>%DOODUGHWDO@ DQGHOVHZKHUH -RKQVRQHWDO ZHUHSUHFHGHGE\LQGHSWK
VWXGLHVRIWKHHFRORJLFDOUHODWLRQVKLSVRIEURZQEHDUVLQWKHSURMHFWDUHDVWRSURYLGHLQIRUPDWLRQ
IRUFRQVHUYDWLRQDQGPDQDJHPHQW6LPLODUDQDO\VHVRQEURZQEHDUVRIKDELWDWXVHSDWWHUQV
GHQQLQJHFRORJ\PRYHPHQWSDWWHUQVDQGGHPRJUDSKLFV HJFXESURGXFWLRQOLWWHUVL]HFXE
VXUYLYDODGXOWVXUYLYDODJHRIZHDQLQJHVWLPDWHGDJHRIILUVWUHSURGXFWLRQLQWHUELUWKLQWHUYDO
SRSXODWLRQVL]HVH[DQGDJHUDWLRVDQQXDOQDWXUDOPRUWDOLW\UDWH VKRXOGEHFRPSOHWHGSULRUWR
LQLWLDWLRQRIWKLV3URMHFW7KLVZLOOSURYLGHDGHTXDWHEDVHOLQHGDWDWRLQIRUPDQDO\VHVRIHIIHFWV
RIWKH3URMHFWRQEURZQEHDUVZKLFKZLOOLQWXUQOHDGWRGHYHORSPHQWRIDFRPSUHKHQVLYH
PLWLJDWLRQVWUDWHJ\7KH$') *FRQFXUUHGZLWKWKLVILQGLQJLQWKHLUFRPPHQWVRQWKH
3UHOLPLQDU\'(,6 $') *&RQVHUYDWLRQ&RPPHQW1XPEHU 
:LOGOLIHFRUULGRUVDQGPLWLJDWLRQSDVVDJHVDUHFULWLFDOWRWKHFRQVHUYDWLRQRIEURZQEHDUV
HVSHFLDOO\LQHQVXULQJWKDWODQGVFDSHXVHSDWWHUQVRIEURZQEHDUVDUHPDLQWDLQHG0LWLJDWLRQ
SODQQLQJSULRUWRSURMHFWGHVLJQZLOOSURYLGHWKHPHDQVDQGRSSRUWXQLW\WRLQWHJUDWHHFRORJLFDO
SURFHVVHVLQWRWKHGHVLJQDQGLPSOHPHQWDWLRQRIWKH3URMHFW7KH$') *FRQFXUUHGZLWKWKLV
ILQGLQJLQWKHLUFRPPHQWVRQWKH3UHOLPLQDU\'(,6 $') *&RQVHUYDWLRQ&RPPHQW1XPEHU
 $OVRXSRQLQLWLDWLRQRIWKH3URMHFWDULJRURXVPRQLWRULQJSODQDOVRQHHGVWREHLPSOHPHQWHG
WRHYDOXDWHWKHDFFXUDF\RIHIIHFWVDQDO\VHVDQGWKHHIIHFWLYHQHVVRIWKHPLWLJDWLRQVWUDWHJ\WR
HQVXUHWKHFRQWLQXHGZHOOEHLQJDQGOLNHO\VXUYLYDORIWKHVHEURZQEHDUV

$FNQRZOHGJHPHQWV
7KLVHYDOXDWLRQZDVIXQGHGE\WKH)ULHQGVRI0F1HLO5LYHU$QHDUOLHUGUDIWRIWKLVPDQXVFULSW
EHQHILWHGIURPUHYLHZVE\'UHZ+DPLOWRQDQGVHYHUDORWKHUDQRQ\PRXVUHYLHZHUV

/LWHUDWXUH&LWHG
$%5,QF(QYLURQPHQWDO5HVHDUFK 6HUYLFHV3HEEOHSURMHFWHQYLURQPHQWDOEDVHOLQH
GRFXPHQWWKURXJK&KDSWHU:LOGOLIHDQGKDELWDW%ULVWRO%D\GUDLQDJHV
$%5,QF(QYLURQPHQWDO5HVHDUFK 6HUYLFHV)DLUEDQNV$ODVND86$
$ODVND'HSDUWPHQWRI1DWXUDO5HVRXUFHV.DPLVKDN6SHFLDO8VH$UHDDQGVLWHVSHFLILF
SODQ$ODVND'HSDUWPHQWRI1DWXUDO5HVRXUFHV-XQHDX$ODVND86$
$QGHUVRQ'57KHQHHGWRJHWWKHEDVLFVULJKWLQZLOGOLIHILHOGVWXGLHV:LOGOLIH6RFLHW\
%XOOHWLQ±
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
$XPLOOHU/'DQG&$0DWW0DQDJHPHQWRI0F1HLO5LYHU6WDWH*DPH6DQFWXDU\IRU
YLHZLQJRIEURZQEHDUV,QWHUQDWLRQDO&RQIHUHQFHRQ%HDU5HVHDUFKDQG0DQDJHPHQW
±
%DOODUG:%/$$\UHV'-5HHG6*)DQF\DQG.(5RQH\'HPRJUDSK\RI
JUL]]O\EHDUVLQUHODWLRQWRKXQWLQJDQGPLQLQJGHYHORSPHQWLQQRUWKZHVWHUQ$ODVND
8'6,1DWLRQDO3DUN6HUYLFH6FLHQWLILF0RQRJUDSK13615$521560
%HFNHU()3UHOLPLQDU\ILQDOUHSRUWRQPRQLWRULQJWKHEURZQEHDUSRSXODWLRQDIIHFWHG
E\GHYHORSPHQWDVVRFLDWHGZLWKWKHSURSRVHG3HEEOH0LQH3URMHFW$ODVND'HSDUWPHQWRI
)LVKDQG*DPH$QFKRUDJH$ODVND86$
%HFNHU()DQG3;4XDQJ$JDPPDVKDSHGGHWHFWLRQIXQFWLRQIRUOLQHWUDQVHFW
VXUYH\VZLWKPDUNUHFDSWXUHDQGFRYDULDWHV-RXUQDORI$JULFXOWXUDO%LRORJLFDODQG
(QYLURQPHQWDO6WDWLVWLFV±
%HFNPDQQ-3$3&OHYHQJHU0+XLMVHU-$+LOW\DQG577)RUPDQ6DIH
SDVVDJHVKLJKZD\VZLOGOLIHDQGKDELWDWFRQQHFWLYLW\,VODQG3UHVV:DVKLQJWRQ'&
86$
%RRQH5%DQG0/+XQWHU-U8VLQJGLIIXVLRQPRGHOVWRVLPXODWHWKHHIIHFWVRIODQG
XVHRQJUL]]O\EHDUGLVSHUVDOLQWKH5RFN\0RXQWDLQV/DQGVFDSH(FRORJ\±
%RXODQJHU-DQG*%6WHQKRXVH7KHLPSDFWRIURDGVRQWKHGHPRJUDSK\RIJUL]]O\
EHDUVLQ$OEHUWD3OR6RQHH
&LDUQLHOOR/006%R\FH'&+HDUGDQG'56HLS&RPSRQHQWVRIJUL]]O\EHDU
KDELWDWVHOHFWLRQGHQVLW\KDELWDWVURDGVDQGPRUWDOLW\ULVNV-RXUQDORI:LOGOLIH
0DQDJHPHQW±
&OD\WRQ&UHHGDQG5REHUW0HQGHOVRKQ7KHYDOXHRIZDWFKDEOHZLOGOLIH$FDVHVWXG\
RI0F1HLO5LYHU-RXUQDORI(QYLURQPHQWDO0DQDJHPHQW±
&OHYHQJHU$3-:LHU]FKRZVNL%&KUXV]F]DQG.*XQVRQ*,6ဨJHQHUDWHGH[SHUWဨ
EDVHGPRGHOVIRULGHQWLI\LQJZLOGOLIHKDELWDWOLQNDJHVDQGSODQQLQJPLWLJDWLRQSDVVDJHV
&RQVHUYDWLRQ%LRORJ\±
&ROOLQV&DQG5.D\V&DXVHVRIPRUWDOLW\LQ1RUWK$PHULFDQSRSXODWLRQVRIODUJHDQG
PHGLXPVL]HGPDPPDOV$QLPDO&RQVHUYDWLRQ±
&ROOLQV*+6'.RYDFKDQG07+LQNHV+RPHUDQJHDQGPRYHPHQWVRIIHPDOH
EURZQEHDUVLQVRXWKZHVWHUQ$ODVND8UVXV±
&RUODWWL/.+DFNO¼DQGHUDQG))UH\5RRV$ELOLW\RIZLOGOLIHRYHUSDVVHVWRSURYLGH
FRQQHFWLYLW\DQGSUHYHQWJHQHWLFLVRODWLRQ&RQVHUYDWLRQ%LRORJ\±
(&21RUWKZHVW7KHHFRQRPLFLPSRUWDQFHRI$ODVND¶VZLOGOLIHLQ(&21RUWKZHVW
$ODVND'HSDUWPHQWRI)LVKDQG*DPH&RQWUDFW,+33RUWODQG2UHJRQ86$
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
)RUG$70%DUUXHWRDQG$3&OHYHQJHU5RDGPLWLJDWLRQLVDGHPRJUDSKLFILOWHU
IRUJUL]]O\EHDUV:LOGOLIH6RFLHW\%XOOHWLQ±
*LOEHUW%.%HKDYLRUDOSODVWLFLW\DQGEHDUKXPDQFRQIOLFWV3DJHV±in0%URPOH\
HGLWRU%HDUSHRSOHFRQIOLFWVSURFHHGLQJVRIDV\PSRVLXPRQPDQDJHPHQWVWUDWHJLHV
1RUWKZHVW7HUULWRULHV'HSDUWPHQWRI5HQHZDEOH5HVRXUFHV<HOORZNQLIH1RUWKZHVW
7HUULWRULHV&DQDGD
*OHQQ/3DQG/+0LOOHU6HDVRQDOPRYHPHQWVRIDQ$ODVND3HQLQVXODEURZQEHDU
SRSXODWLRQ,QWHUQDWLRQDO&RQIHUHQFHRQ%HDU5HVHDUFKDQG0DQDJHPHQW±
*ROGVWHLQ0,$-3RH/+6XULQJ501LHOVRQDQG7/0F'RQDOG%URZQ
EHDUGHQKDELWDWDQGZLQWHUUHFUHDWLRQLQVRXWKFHQWUDO$ODVND-RXUQDORI:LOGOLIH
0DQDJHPHQW
*ULIILQ70DQG(::HLVV0F1HLO5LYHU6WDWH*DPH6DQFWXDU\DQQXDO
PDQDJHPHQWUHSRUW$ODVND'HSDUWPHQWRI)LVKDQG*DPH6SHFLDO$UHDV
0DQDJHPHQW5HSRUW$') *':&6$05-XQHDX
*XFLQVNL+0-)XUQLVV55=LHPHUDQG0+%URRNHVHGLWRUV)RUHVWURDGVD
V\QWKHVLVRIVFLHQWLILFLQIRUPDWLRQ8QLWHG6WDWHV'HSDUWPHQWRI$JULFXOWXUH)RUHVW
6HUYLFH*HQHUDO7HFKQLFDO5HSRUW31:*753RUWODQG2UHJRQ86$
+HUUHUR6%HDUDWWDFNVWKHLUFDXVHVDQGDYRLGDQFH:LQFKHVWHU3UHVV3LVFDWDZD\1HZ
-HUVH\86$
+HUUHUR67KHUROHRIOHDUQLQJLQVRPHIDWDOJUL]]O\EHDUDWWDFNVRQSHRSOH3DJHV±
in0%URPOH\HGLWRU%HDU±SHRSOHFRQIOLFWVSURFHHGLQJVRIDV\PSRVLXPRQ
PDQDJHPHQWVWUDWHJLHV1RUWKZHVW7HUULWRULHV'HSDUWPHQWRI5HQHZDEOH5HVRXUFHV
<HOORZNQLIH1RUWKZHVW7HUULWRULHV&DQDGD
-RKQVRQ&-06%R\FH5/&DVH+'&OXII5-*DX$*XQQDQG50XOGHUV
&XPXODWLYHHIIHFWVRIKXPDQGHYHORSPHQWVRQDUFWLFZLOGOLIH:LOGOLIH0RQRJUDSKV
.DWPDL1DWLRQDO3DUNDQG3UHVHUYH%HDUKXPDQFRQIOLFWPDQDJHPHQWSODQ.DWPDL
1DWLRQDO3DUNDQG3UHVHUYH.LQJ6DOPRQ$ODVND86$
/LEDO16-/%HODQW%'/HRSROG*:DQJDQG3$2ZHQ'HVSRWLVPDQGULVN
RILQIDQWLFLGHLQIOXHQFHJUL]]O\EHDUGHQVLWHVHOHFWLRQ3OR6RQHH
/LQQHOO-'&-(6ZHQVRQ5$QGHUVHQDQG%%DUQHV+RZYXOQHUDEOHDUHGHQQLQJ
EHDUVWRGLVWXUEDQFH":LOGOLIH6RFLHW\%XOOHWLQ±
0DQJLSDQH/6-/%HODQW''*XVWLQH*9+LOGHUEUDQGDQG%$0DQJLSDQH
6H[VSHFLILFYDULDWLRQLQGHQQLQJE\EURZQEHDUV0DPPDOLDQ%LRORJ\±
0DWW&$DQG/+6XULQJ%URZQEHDUV3DJHV±in&$:RRG\HGLWRU
%ULVWRO%D\$ODVNDQDWXUDOUHVRXUFHVRIWKHDTXDWLFDQGWHUUHVWULDOHFRV\VWHPV-5RVV
3XEOLVKLQJ3ODQWDWLRQ)ORULGD86$
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
0DWWVRQ'-+XPDQLPSDFWVRQEHDUKDELWDWXVH,QWHUQDWLRQDO&RQIHUHQFHRQ%HDU
5HVHDUFKDQG0DQDJHPHQW±
0DWWVRQ'-%0%ODQFKDUGDQG55.QLJKW<HOORZVWRQHJUL]]O\EHDUPRUWDOLW\
KXPDQKDELWXDWLRQDQGZKLWHEDUNSLQHVHHGFURSV-RXUQDORI:LOGOLIH0DQDJHPHQW
±
0LOOHU6'DQG0$&KLKXO\&KDUDFWHULVWLFVRIQRQVSRUWEURZQEHDUGHDWKVLQ
$ODVND,QWHUQDWLRQDO&RQIHUHQFHRQ%HDU5HVHDUFKDQG0DQDJHPHQW±
0LOOHU6'DQG9/7XWWHUURZ&KDUDFWHULVWLFVRIQRQVSRUWPRUWDOLWLHVWREURZQDQG
EODFNEHDUVDQGKXPDQLQMXULHVIURPEHDUVLQ$ODVND8UVXV±
1LHOVHQ6(*%6WHQKRXVHDQG06%R\FH$KDELWDWEDVHGIUDPHZRUNIRUJUL]]O\
EHDUFRQVHUYDWLRQLQ$OEHUWD%LRORJLFDO&RQVHUYDWLRQ±
1RUWKUXS-0-3LWW7%0XKO\*%6WHQKRXVH00XVLDQLDQG06%R\FH
9HKLFOHWUDIILFVKDSHVJUL]]O\EHDUEHKDYLRXURQDPXOWLSOHဨXVHODQGVFDSH-RXUQDORI
$SSOLHG(FRORJ\±
3LJHRQ.(6(1LHOVHQ*%6WHQKRXVHDQG6'&{Wp'HQVHOHFWLRQE\JUL]]O\
EHDUVRQDPDQDJHGODQGVFDSH-RXUQDORI0DPPDORJ\±
3ULFKDUG$.%HDUGHQVXLWDELOLW\PDSSLQJLQSRWHQWLDOWUDQVSRUWDWLRQFRUULGRUVIRUWKH
SURSRVHG3HEEOH0LQH$%5,QF±(QYLURQPHQWDO5HVHDUFK 6HUYLFHV)DLUEDQNV
$ODVND86$
3URFWRU0)%10F/HOODQ&6WUREHFNDQG50%DUFOD\*HQHWLFDQDO\VLVUHYHDOV
GHPRJUDSKLFIUDJPHQWDWLRQRIJUL]]O\EHDUV\LHOGLQJYXOQHUDEO\VPDOOSRSXODWLRQV
3URFHHGLQJVRIWKH5R\DO6RFLHW\RI/RQGRQ%%LRORJLFDO6FLHQFHV±
3URFWRU0)'3DHWNDX%10F/HOODQ*%6WHQKRXVH.&.HQGDOO5'0DFH:)
.DVZRUP&6HUYKHHQ&//DXVHQ0/*LEHDX:/:DNNLQHQ0$+DUROGVRQ
*0RZDW&'$SSV/0&LDUQLHOOR505%DUFOD\06%R\FH&&6FKZDUW]
DQG&6WUREHFN3RSXODWLRQIUDJPHQWDWLRQDQGLQWHUHFRV\VWHPPRYHPHQWVRI
JUL]]O\EHDUVLQ:HVWHUQ&DQDGDDQGWKH1RUWKHUQ8QLWHG6WDWHV:LOGOLIH0RQRJUDSKV

3URFWRU0)6(1LHOVHQ:).DVZRUP&6HUYKHHQ7*5DGDQGW$*0DFKXWFKRQ
DQG06%R\FH*UL]]O\EHDUFRQQHFWLYLW\PDSSLQJLQWKH&DQDGD8QLWHG6WDWHV
WUDQVERUGHUUHJLRQ-RXUQDORI:LOGOLIH0DQDJHPHQW±
3URFWRU0)%0F/HOODQ*%6WHQKRXVH*0RZDW&7/DPEDQG06%R\FH
5HVRXUFHURDGVDQGJUL]]O\EHDUVLQ%ULWLVK&ROXPELDDQG$OEHUWD&DQDGD&DQDGLDQ
*UL]]O\%HDU0DQDJHPHQW6HULHV5HVRXUFH5RDG0DQDJHPHQW7UDQVERUGHU*UL]]O\
%HDU3URMHFW.DVOR%ULWLVK&ROXPELD&DQDGD
6FKHPSI-+DQG-0HHKDQ0F1HLO5LYHU6WDWH*DPH5HIXJHDQG6WDWH*DPH
6DQFWXDU\PDQDJHPHQWSODQ$ODVND'HSDUWPHQWRI)LVKDQG*DPH6SHFLDO3XEOLFDWLRQ
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
6FKRHQ-:%HDUKDELWDWPDQDJHPHQWDUHYLHZDQGIXWXUHSHUVSHFWLYH,QWHUQDWLRQDO
&RQIHUHQFHRQ%HDU5HVHDUFKDQG0DQDJHPHQW±
6FKRHQ-:DQG/5%HLHU%URZQEHDUKDELWDWSUHIHUHQFHVDQGEURZQEHDUORJJLQJ
DQGPLQLQJUHODWLRQVKLSVLQ6RXWKHDVW$ODVND$ODVND'HSDUWPHQWRI)LVKDQG*DPH
)HGHUDO$LGLQ:LOGOLIH5HVWRUDWLRQDQG5HVHDUFK)LQDO5HSRUW:-RE
6PLWK766+HUUHUR&6WURQJ/D\WRQ57/DUVHQDQG.5-RKQVRQ(IILFDF\RI
ILUHDUPVIRUEHDUGHWHUUHQFHLQ$ODVND-RXUQDORI:LOGOLIH0DQDJHPHQW±
6PLWK766+HUUHUR7''HEUX\QDQG-0:LOGHU(IILFDF\RIEHDUGHWHUUHQW
VSUD\LQ$ODVND-RXUQDORI:LOGOLIH0DQDJHPHQW±
6XULQJ/+DQG*'HO)UDWH6SDWLDODQDO\VLVRIORFDWLRQVRIEURZQEHDUVNLOOHGLQ
GHIHQVHRIOLIHRUSURSHUW\RQWKH.HQDL3HQLQVXOD$ODVND86$8UVXV±
6XULQJ/+DQG.5%DUEHU0DQDJHPHQWRIEURZQEHDUVDQGKXPDQXVHDWWKH
5XVVLDQ5LYHU.HQDL3HQLQVXOD$ODVND86$1RUWKHUQ(FRORJLF//&7HFKQLFDO
%XOOHWLQ±
6XULQJ/+-6%HJOH\DQG:/*DLQHV0RYHPHQWSDWWHUQVDQGSRWHQWLDOFRUULGRUV
IRUEURZQEHDUVRQWKH.HQDL3HQLQVXOD$ODVND86$3DJHV±in/+6XULQJ:
/*DLQHVDQG-6%HJOH\HGLWRUV+DELWDWXVHDQGPRYHPHQWSDWWHUQVRIIRFDOVSHFLHV
RQWKH.HQDL3HQLQVXOD$ODVND86$1RUWKHUQ(FRORJLF//&7HFKQLFDO5HSRUW

6XULQJ/+.5%DUEHU&&6FKZDUW]71%DLOH\:&6KXVWHUDQG0'7HWUHDX
$QDO\VLVRIFXPXODWLYHHIIHFWVRQEURZQEHDUVRQWKH.HQDL3HQLQVXOD$ODVND
8UVXV±
6XULQJ/+6')DUOH\*9+LOGHUEUDQG0,*ROGVWHLQ6+RZOLQDQG:3(ULFNVRQ
3DWWHUQVRIODQGVFDSHXVHE\IHPDOHEURZQEHDUVRQWKH.HQDL3HQLQVXOD$ODVND
-RXUQDORI:LOGOLIH0DQDJHPHQW±
6ZHQVRQ-()6DQGHJUHQ6%UXQEHUJDQG3:DEDNNHQ:LQWHUGHQDEDQGRQPHQW
E\EURZQEHDUV8UVXVDUFWRVFDXVHVDQGFRQVHTXHQFHV:LOGOLIH%LRORJ\±
7KH3HEEOH3DUWQHUVKLSD3HEEOH3URMHFW'5$)7&RQFHSWXDO&RPSHQVDWRU\0LWLJDWLRQ
3ODQ3HEEOH3URMHFW'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW$SSHQGL[0
7KH3HEEOH3DUWQHUVKLSE3HEEOH3URMHFW'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW
([HFXWLYH6XPPDU\7KH3HEEOH3DUWQHUVKLS
7KH3HEEOH3DUWQHUVKLSF3HEEOH3URMHFW'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW6FRSLQJ
5HSRUW7KH3HEEOH3DUWQHUVKLS
86'$)RUHVW6HUYLFH*UHHQV&UHHN7DLOLQJV'LVSRVDO)LQDO(QYLURQPHQWDO,PSDFW
6WDWHPHQW86'HSDUWPHQWRI$JULFXOWXUH)RUHVW6HUYLFH7RQJDVV1DWLRQDO)RUHVW
.HWFKLNDQ$ODVND86$
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
:DONHU7DQG/$XPLOOHU5LYHURI%HDUV9R\DJHXU3UHVV0LQQHDSROLV0LQQHVRWD
86$
:LHOJXV5%DQG359HUQLHU*UL]]O\EHDUVHOHFWLRQRIPDQDJHGDQGXQPDQDJHG
IRUHVWVLQWKH6HONLUN0RXQWDLQV&DQDGLDQ-RXUQDORI)RUHVW5HVHDUFK±
:LHOJXV5%359HUQLHUDQG76FKLYDWFKHYD*UL]]O\EHDUXVHRIRSHQFORVHGDQG
UHVWULFWHGIRUHVWU\URDGV&DQDGLDQ-RXUQDORI)RUHVW5HVHDUFK±
:LOGHU-07''H%UX\Q766PLWKDQG$6RXWKZRXOG6\VWHPDWLFFROOHFWLRQRI
EHDU±KXPDQLQWHUDFWLRQLQIRUPDWLRQIRU$ODVND V1DWLRQDO3DUNV8UVXV±
:LOVRQ7/DQG-+6FKPLGW6FDOHGHSHQGHQFHLQRFFXSDQF\PRGHOVLPSOLFDWLRQV
IRUHVWLPDWLQJEHDUGHQGLVWULEXWLRQDQGDEXQGDQFH(FRVSKHUH±
:LWPHU*:DQG'*:KLWWDNHU'HDOLQJZLWKQXLVDQFHDQGGHSUHGDWLQJEODFNEHDUV
:HVWHUQ%ODFN%HDU:RUNVKRS±
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV

$SSHQGL[
5HIHUHQFHVLQ3HEEOH3URMHFW'(,6WR%URZQ%HDUV
([HFXWLYH6XPPDU\
([SHFWHG(IIHFWV (QYLURQPHQWDO&RQVHTXHQFHV RI$OWHUQDWLYHV
6RFLRHFRQRPLFV
6FRSLQJFRPPHQWVIRFXVHGRQWKHHFRQRPLFIHDVLELOLW\RIWKHSURMHFWEHQHILFLDOLPSDFWVRI
DGGLWLRQDOHPSOR\PHQWRSSRUWXQLWLHVHFRQRPLFLPSDFWVWRUHFUHDWLRQDQGFRPPHUFLDOILVKHULHV
LPSDFWVRQWKHXVHRI,OLDPQD/DNHIRUVSRUWILVKLQJDQGUHFUHDWLRQimpacts on the bear viewing
industry near the Amakdedori PortHFRQRPLFEHQHILWVWRWKH6WDWHRI$ODVNDDQGKRZULVNVWR
WKHHQYLURQPHQWFRXOGRXWZHLJKVKRUWWHUPEHQHILWV
6HFB/DQGVB2ZQHUVKLSB0JPWB8VH
/DQG0DQDJHPHQW
6WDWH0DQDJHPHQW
.HQDL$UHD3ODQ
7KH.HQDL$UHD3ODQGLYLGHVWKH&RRN,QOHWDUHDLQWRUHJLRQVZLWKPDQDJHPHQWXQLWV
$PDNGHGRULSRUWDQG'LDPRQG3RLQWSRUWZRXOGEHORFDWHGLQ5HJLRQDQGSDUWVRIWKHQDWXUDO
JDVSLSHOLQHFRPSRQHQWIRUDOODOWHUQDWLYHVZRXOGEHLQ5HJLRQDQG5HJLRQ6WDWHRZQHG
ODQGVLQWKHVHUHJLRQVDUHLGHQWLILHGWREHUHWDLQHGLQSXEOLFRZQHUVKLSDQGPDQDJHGIRUPXOWLSOH
XVHVThe area around Amakdedori port is managed as habitat for bear spring feedingPRRVH
'ROO\9DUGHQ$UFWLFFKDUGXFNVDQGJHHVH&RRN,QOHWZDWHUVDW$PDNGHGRULDUHPDQDJHGIRU
UHFUHDWLRQ$W'LDPRQG3RLQWWKHSURMHFWIDFLOLWLHVZRXOGEHRQODQGVWKDWDUHSULYDWHRURZQHG
E\1DWLYH&RUSRUDWLRQVEXWVWDWHODQGVDQGZDWHUVDUHGHVLJQDWHGLQWKHSODQIRUKDELWDWDQG
UHFUHDWLRQ7KHSODQKDVPDQDJHPHQWJXLGHOLQHVIRUWKHGHYHORSPHQWRIWUDQVSRUWDWLRQDQG
XWLOLWLHVZKLFKLQFOXGHFXOWXUDOVXUYH\VDQGSURWHFWLRQRIK\GURORJLFV\VWHPVDQGURDGVQHDU
ZHWODQGV7KHSODQDOVRSURYLGHVJXLGHOLQHVIRUZDWHUIURQWGHYHORSPHQWIRUVRLOHURVLRQDQGIXHO
VWRUDJH $'15 
6HFB5HFUHDWLRQ
5HFUHDWLRQ0DQDJHPHQW
6WDWH/DQGV
$ODVND'HSDUWPHQWRI)LVKDQG*DPH
McNeil River State Game Refuge and Sanctuary
7KH0F1HLO5LYHU6WDWH*DPH6DQFWXDU\ 056*6 DQG5HIXJH 056*5 DUHORFDWHG
LPPHGLDWHO\VRXWKRIWKH$PDNGHGRULSRUWVLWHDQGSRUWDFFHVVURDG7KH\H[WHQGQRUWKDQGHDVW
IURP.DWPDL1DWLRQDO3DUNDQG3UHVHUYHWRWKHVKRUHVRI.DPLVKDN%D\7KHUHIXJHSRUWLRQLV
ORFDWHGQRUWKRIWKHVDQFWXDU\7KH056*6KRVWVYLVLWRUIDFLOLWLHV FDPSJURXQGYLVLWRUVXSSRUW
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
EXLOGLQJVWUDLOV DQGa brown bear viewing programZKLFKSULPDULO\RFFXUVDW0F1HLO5LYHU
0LNILN&UHHNDQGDORQJWKHFRDVW7KH056*5GRHVQRWKDYHDQ\GHYHORSHGYLVLWRUIDFLOLWLHV
DQGLVORFDWHGQRUWKRIWKH056*6Most bear-viewing activities within the refuge occur near
Chenik Creek. Guided bear viewing and private visitor bear viewing occurs during the month of
July7KHERXQGDU\RIWKHUHIXJHSRUWLRQZRXOGEHZLWKLQPLOHRIWKH$OWHUQDWLYH
WUDQVSRUWDWLRQFRUULGRU IHHWDWLWVQHDUHVWSRLQW DQGPLOHVIURP$PDNGHGRULSRUW,WZRXOG
EHPRUHWKDQPLOHVIURP$OWHUQDWLYHRUFRPSRQHQWV7KH0F1HLO5LYHU6WDWH*DPH
5HIXJHDQG6DQFWXDU\ZHUHHVWDEOLVKHGIRUWKHSXUSRVHRISUHVHUYLQJZLOGOLIHKDELWDWVDQGXQLTXH
EURZQEHDUFRQFHQWUDWLRQV7KH0DQDJHPHQW3ODQLQFOXGHVSROLFLHVWKDWVXSSRUWORZ
LQWHQVLW\UHFUHDWLRQDOXVHVVXFKDVLQIRUPDWLRQDQGHGXFDWLRQFDPSLQJERDWLQJKXQWLQJ
WUDSSLQJILVKLQJKLNLQJSKRWRJUDSK\DQGZLOGOLIHYLHZLQJ $') *D 7KH056*6LV
FORVHGWRDOOKXQWLQJDQGWUDSSLQJwhile the MRSGR is closed to brown bear huntingEXWRSHQ
WRRWKHUKXQWLQJDQGWUDSSLQJ)LVKLQJLVDOORZHGLQSRUWLRQVRIWKHUHIXJHDQGVDQFWXDU\
$ODVND'HSDUWPHQWRI1DWXUDO5HVRXUFHV
.HQDL$UHD3ODQ
7KHHDVWHUQHQGRIWKH$OWHUQDWLYHWUDQVSRUWDWLRQFRUULGRUDQGDSRUWLRQRIWKH$PDNGHGRULSRUW
ZRXOGEHORFDWHGLQ8QLW±%UXLQ%D\8SODQGVZKLFKLVGHVLJQDWHG+DELWDWThis unit
contains habitat for brown bear (spring feeding)PRRVH'ROO\9DUGHQ$UFWLFFKDUVHDELUG
QHVWLQJGXFNVDQGJHHVHDQGKHUULQJVSDZQLQJ 3DJH 
7KH'LDPRQG3RLQWSRUWXQGHU$OWHUQDWLYHVDQGZRXOGEHORFDWHGZLWKLQ5HJLRQ8QLW
±,QLVNLQ3HQLQVXODDQG%D\7LGHODQGVDQG8QLW$ GHVFULEHGDERYH 7KH,QLVNLQ%D\
OLJKWHULQJORFDWLRQZRXOGDOVREHORFDWHGLQ8QLWZKLFKLVGHVLJQDWHG+DELWDW7KLVXQLW
FRQWDLQVKDELWDWIRUZDWHUIRZOKDUERUVHDOV3DFLILFKHUULQJVSDZQLQJDQGPLJUDWLRQMXYHQLOH
ILVKVKHOOILVKUHDULQJDQDGURPRXVILVKDQGbears&RPPHUFLDOILVKLQJRFFXUVLQWKLVXQLWDQG
WKHUHPD\EHSRWHQWLDOUHTXHVWVIRUPRRULQJEXR\VIRUVKLSVWRXVHGXULQJORJORDGLQJ $'15
 7KHUHLVOLNHO\UHFUHDWLRQDOILVKLQJDQGZLOGOLIHYLHZLQJXVHZLWKLQ8QLW 3DJH 
)HGHUDO/DQGV
1DWLRQDO3DUN6HUYLFH
.DWPDL1DWLRQDO3DUNDQG3UHVHUYH
7KHSXUSRVHRI.DWPDL1DWLRQDO3DUNDQG3UHVHUYHLV³WRSURWHFWVWXG\DQGLQWHUSUHWDFWLYH
YROFDQLVPVXUURXQGLQJWKH9DOOH\RI7HQ7KRXVDQG6PRNHVH[WHQVLYHFRDVWDOUHVRXUFHV
KDELWDWVVXSSRUWLQJDKLJKFRQFHQWUDWLRQRIVDOPRQDQGbrown bearsDQGDQRQJRLQJVWRU\RI
KXPDQVLQWHJUDWHGZLWKDG\QDPLFVXEDUFWLFHFRV\VWHP´ 136G  3DJH 
6SRUW+XQWLQJDQG7UDSSLQJ
Hunting, primarily for moose, caribou, and bear, is a major recreation activity in the region
(Kevin Waring and Associates 2011b).0XFKRIWKHUHJLRQLVRSHQWRVSRUWKXQWLQJH[FHSW/DNH
&ODUN1DWLRQDO3DUN.DWPDL1DWLRQDO3DUNDQG0F1HLO5LYHU6WDWH*DPH6DQFWXDU\+RZHYHU
KXQWLQJDQGWUDSSLQJDUHDOORZHGE\WKH136DQG6WDWHRI$ODVNDLQWKH/DNH&ODUN1DWLRQDO
3UHVHUYH.DWPDL1DWLRQDO3UHVHUYHDQG0F1HLO5LYHU6WDWH*DPH5HIXJH excluding brown



BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2006 of 2339

7KH3HEEOH3URMHFWDQG%URZQ%HDUV
bears in the refuge  $') *H136JD +XQWLQJDQGWUDSSLQJDUHDOVRDOORZHG
LQWKH$ODJQDN:LOG5LYHUDQGRQFHUWDLQLVODQGVLQWKH$ODVND0DULWLPH1:5 136D
86):6D 6WDWHODQGVDUHRSHQWRKXQWLQJXQOHVVRWKHUZLVHUHVWULFWHGE\WKH$') *
ZKLFKPDQDJHVKXQWLQJLQ$ODVND+XQWLQJRQSULYDWHSURSHUW\LQFOXGLQJRQYLOODJHFRUSRUDWLRQ
ODQGVDQG1DWLYHDOORWPHQWVUHTXLUHVODQGRZQHUSHUPLVVLRQ
7KH136DQG6WDWHRI$ODVNDFRRSHUDWLYHO\PDQDJHZLOGOLIHUHVRXUFHVLQWKHWKUHHUHJLRQDO136
XQLWV /DNH&ODUN.DWPDL$ODJQDN:LOG5LYHU DQGKXQWHUVLQWKHVHXQLWVPXVWIROORZFXUUHQW
VWDWHDQGIHGHUDOKXQWLQJUHJXODWLRQVDQGPXVWKDYHDOOUHTXLUHGOLFHQVHVDQGSHUPLWV 136
DJD 7KH/DNH&ODUN1DWLRQDO3UHVHUYHLVGLYLGHGLQWRWKUHHDXWKRUL]HGKXQWLQJ
JXLGHDUHDVDQGWKHUHDUHFXUUHQWO\WZRFRQFHVVLRQHUVDXWKRUL]HGWRJXLGHVSRUWKXQWHUVLQWKHVH
DUHDVDQG$ODVNDUHVLGHQWVPD\KXQWZLWKRXWDJXLGH 136J 7KHUHDUHDOVRWZR
FRQFHVVLRQHUVDXWKRUL]HGWRJXLGHVSRUWKXQWHUVDW.DWPDL1DWLRQDO3UHVHUYH 136D The
McNeil River State Game Refuge is open to hunting and trapping of species except brown bears
(ADF&G 2018e 
7KHUHJLRQLVLQ*DPH0DQDJHPHQW8QLWV *08V  PRVWRIWKHUHJLRQ % ZHVWHUQSRUWLRQ
RI(,6DQDO\VLVDUHD DQG& .HQDL3HQLQVXOD 7KH(,6DQDO\VLVDUHDLVVSHFLILFDOO\LQ*08V
%%DQG&The species hunted in GMU 9 include brown bear,FDULERX'DOOVKHHS
PRRVHZROIDQGZROYHULQHSpecies hunted in GMU 17B include black bear, brown bear
HPSHURUJRRVHPRRVHZROIDQGZROYHULQHSpecies hunted in GMU 15 include black bear,
brown bearFDULERX'DOOVKHHSPRRVHPRXQWDLQJRDWZROIDQGZROYHULQHIn Alaska,
nonresidents who hunt for brown bear, mountain goat, and Dall sheep need to be personally
accompanied by a licensed hunting guide or an Alaska resident\HDUVRUROGHUZKRLVDFORVH
UHODWLYH7KRXJKQXPEHUVRIKXQWHUVE\*08DUHQRWDYDLODEOH7DEOHEHORZVKRZV
KDUYHVWLQIRUPDWLRQE\DQLPDOVSHFLHVDQG*08 $') *5),  3DJH 
:LOGOLIHDQG1DWXUH9LHZLQJ
Bear viewingLVHVSHFLDOO\SRSXODUDW/DNH&ODUNDQG.DWPDLQDWLRQDOSDUNVDQG0F1HLO6WDWH
*DPH5HIXJHDQG6DQFWXDU\3RSXODUORFDWLRQVIRUbear viewingDW/DNH&ODUN1DWLRQDO3DUNDQG
3UHVHUYHLQFOXGH&KLQLWQD%D\&UHVFHQW/DNH6LOYHU6DOPRQ&UHHN6KHOWHU&UHHNDQG7X[HGQL
%D\ 136F .DWPDLKDVPDQ\IRRGULFKDUHDVwhere bears tend to congregateVXFKDV
%URRNV&DPSLQWKHSUHVHUYHDQGDORQJWKH&RRN,QOHWFRDVWBears can be found in the Katmai
backcountry 136D 
McNeil State Game Refuge and Sanctuary was designated a wildlife sanctuary in 1967 to protect
the world’s largest concentration of wild brown bears. McNeil River Falls are located about a
mile from the mouth of McNeil River; the falls slow the movement of salmon heading upstream to
spawning grounds, causing salmon to congregate. Large numbers of brown bears can be seen at
McNeil State Game Refuge and Sanctuary in early July through mid-August (ADF&G 2018b)
7KRXJKbear viewing opportunities are world-class within the regionRSSRUWXQLWLHVIRUYLHZLQJ
RWKHUZLOGOLIHVSHFLHVDUHDOVRDYDLODEOHDWDOORIWKHUHFUHDWLRQDUHDVZLWKLQWKHUHJLRQ
2IWHQWKHVHDFWLYLWLHVDUHFRPELQHGZLWKDFWLYLWLHVVXFKDVbear viewing 3DJH 
5HFUHDWLRQ6HWWLQJV
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
$SDUWIURPDIHZGHYHORSHGVLWHVSUHYLRXVO\GHVFULEHGWKHUHJLRQDOSXEOLFUHFUHDWLRQDUHDV
JHQHUDOO\SURYLGHDSULPLWLYHUHPRWHUHFUHDWLRQVHWWLQJZKHUHVROLWXGHLVFRPPRQDQGWKHUHDUH
QROLJKWVRUVRXQGVIURPKXPDQGHYHORSPHQW,QSRSXODUDUHDV primarily popular bear viewing
locations WKHIHZGHYHORSHGVLWHVVXFKDV/DNH&DPSDQG%URRNV&DPSDQGDUHDVFORVHUWR
YLOODJHVWRZQVWKHUHFUHDWLRQVHWWLQJPD\LQFOXGHYLHZVRIOLPLWHGKXPDQGHYHORSPHQWDQGRWKHU
YLVLWRUVWKRXJKWKHVHWWLQJLVVWLOOSULPDULO\UHPRWHDQGSULPLWLYH
9LVLWRUXVHDW/DNH&ODUN1DWLRQDO3DUNDQG3UHVHUYHKDVEHHQLQFUHDVLQJRYHUWKHODVW\HDUV
WRDOPRVWYLVLWRUXVHGD\VZLWKWKHQXPEHURIYLVLWRUXVHGD\VLQFUHDVLQJGUDPDWLFDOO\IRU
bear viewing« 3DJH 
7KH/RQJ5DQJH,QWHUSUHWLYH3ODQIRU.DWPDL1DWLRQDO3DUNDQG3UHVHUYHQRWHVWKDWPRVWRIWKH
SDUN¶VYLVLWRUVSDUWLFLSDWHLQWZRSULPDU\DFWLYLWLHVbear viewingDQGVSRUWILVKLQJWKHUHDUH
YLUWXDOO\QRGURSLQYLVLWRUVGXHWRWKHHIIRUWQHHGHGWRUHDFKWKHSDUN 136D 
7KHQXPEHUof bear-viewing visitorsDW0F1HLO5LYHU&DPSZDVDQDYHUDJHRISHRSOHSHU
\HDUEHWZHHQDQG7KHQXPEHURIbear-viewing visitorsDW0F1HLO5LYHU&DPSLV
FDSSHGDWYLVLWRUVSHU\HDU,QWKHUHZHUHXVHUGD\V LHWKHSDUWLFLSDWLRQLQD
UHFUHDWLRQDODFWLYLW\DWDJLYHQUHVRXUFHGXULQJDKRXUSHULRGE\RQHSHUVRQ DVVRFLDWHGZLWK
the bear-viewing programDW0F1HLO5LYHU&DPSLQ0F1HLO6WDWH*DPH5HIXJHDQG6DQFWXDU\
DQGDQRWKHUXVHUGD\VUHSRUWHGE\JXLGHVRUWKHSXEOLFXVLQJWKH.DPLVKDN5LYHUDQG&KHQLN
&UHHNDUHDVRIWKHUHIXJHDQGVDQFWXDU\SULPDULO\IRUILVKLQJDQGbear viewing $') *D 
7KHDQQXDOYLVLWDWLRQWRWKH.DPLVKDN5LYHUDQG&KHQLN/DNHDUHDVOLNHO\YDULHVGXHWRWKH
QXPEHURIFRPPHUFLDOWUDQVSRUWHUSHUPLWVLVVXHGDQGXVHGDWHDFKRIWKHVHDUHDVHDFK\HDU
7KHUHDUHQRYLVLWDWLRQHVWLPDWHVDYDLODEOHIRUWKH$ODJQDN:LOG5LYHU$ODVND0DULWLPH1:5
RUVWDWHODQGVSDUNVLWHV 3DJH 
5HFUHDWLRQDO8VHDW3URMHFW&RPSRQHQWV
$PDNGHGRUL3RUW
6FRSLQJFRPPHQWVPHQWLRQHGlocal bear hunting use at the port site7KHUHLVQRH[LVWLQJ
HVWLPDWHRIUHFUHDWLRQDOXVHDWWKHSRUWVLWHWKRXJKWKHUHLVVRPHERDWLQJXVHRQWKH&RRN,QOHW
'XHWRWKHODUJHVL]HRIWKHLQOHWDQGRWKHUQHDUE\ORFDWLRQVZLWKNQRZQILVKLQJDQGZLOGOLIH
YLHZLQJRSSRUWXQLWLHVWKHUHLVSUREDEO\ORZXVHRIWKHSRUWVLWHLWVHOIIRUUHFUHDWLRQRWKHUWKDQ
some local bear hunting use 3DJH 
'LDPRQG3RLQW3RUW
7KHUHDUHDOVRRSSRUWXQLWLHVIRUZLOGOLIHYLHZLQJLQ,OLDPQD%D\DVWKHUHDUHODUJHFRORQLHVRI
VHDELUGVDWWKHPRXWKRIWKHED\as well as brown bearsPRRVHDQGVKRUHELUGVLQWKHDUHD
$'15 
$OWHUQDWLYHVDQG1DWXUDO*DV3LSHOLQH&RUULGRU
8UVXV&RYHLVDknown bear hunting location + +$ODVNDQ2XWILWWHUV « 3DJH 
6HFB&XOWXUDOB5HVRXUFHV
7UDQVSRUWDWLRQ&RUULGRU
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,QWHUYLHZ,GHQWLILHG&XOWXUDO5HVRXUFHV
&RPPXQLW\VXEVLVWHQFHGDWDVKRZKDUYHVWDUHDVIRUSODQWVPRRVHFDULERXbrown bearDQG
RWKHUUHVRXUFHVVXSSRUWLQJWKHQHDUE\YLOODJHVVXFKDV,OLDPQD.RNKDQRN,JLXJLJDQG
1HZKDOHQ 3DJH 
6HFB6XEVLVWHQFH
3HGUR%D\
7KH\REVHUYHGWKDWPRRVHZHUHEHLQJDGYHUVHO\DIIHFWHGE\LQFUHDVHGSRSXODWLRQVRIZROYHVDQG
bears )DOOHWDO  3DJH 
1RQGDOWRQ
8VHDUHDVIRUFDULERXPRRVHEODFNEHDUDQGbrown bearKXQWLQJZHUHIURPWKHKHDGZDWHUVRI
WKH0XOFKDWQD5LYHUDQGWRZDUGVWKH.RNWXOL5LYHUV\VWHP )DOOHWDO  3DJH 
.RNKDQRN
7KHODQGVWRWKHVRXWKRI.RNKDQRNDUHRYHUODSSLQJXVHDUHDVIRUFDULERXPRRVHbearILVK
ZDWHUIRZOXSODQGELUGVEHUULHVDQGSODQWV 3DJH 
6HFB$HVWKHWLFV
(,6$QDO\VLV$UHD
0LQH6LWH
9LVLWRUVDUHIORZQLQWRVXUURXQGLQJSDUNVDQGRWKHUGHVWLQDWLRQVRYHUWKHSURSRVHGSURMHFWDUHDWR
DFFHVVbear viewing locations along the coastlineLQWKHHVWXDULHVDQGXSWKHVWUHDPFRUULGRUV
DQGRYHUWKHJODFLHUVRI)RXU3HDNV0RXQWDLQ 3DJH 
7UDQVSRUWDWLRQ&RUULGRUV
7KH0F1HLO5LYHU6WDWH*DPH5HIXJHLVORFDWHGLQWKH(,6DQDO\VLVDUHDIRUWKH$OWHUQDWLYH
SRUWDFFHVVURDGDQG$PDNGHGRULSRUW$VGHVFULEHGLQ6HFWLRQ5HFUHDWLRQWKH0F1HLO6WDWH
*DPH5HIXJHDQG6DQFWXDU\LVDSUHPLHUGHVWLQDWLRQIRUbear viewing and is home to one of the
largest congregations of brown bears in Alaska. Large numbers of brown bears come to McNeil
RiverWRIHHGRQVRFNH\HFKXPDQGFRKRVDOPRQBrown bears are present in the McNeil State
Game Refuge and SanctuaryWKURXJKRXWWKH\HDUDQGFRQJUHJDWHDW0F1HLO5LYHUODWH0D\
WKURXJKWKHHQGRI$XJXVW7KH$ODVND'HSDUWPHQWRI)LVKDQG*DPH $') * RSHUDWHVD
visitor bear viewing programDW0F1HLO5LYHUIURPHDUO\-XQHWKURXJKODWH$XJXVW6PDOOHU
QXPEHUVRIbrown bears congregate at Chenik Creek in Chenik LagoonGXULQJODWH-XQHWKURXJK
ODWH-XO\GHSHQGLQJRQWKHWLPLQJRIWKHVRFNH\HUXQGuided bear viewing and private visitor
bear viewing occursGXULQJWKHPRQWKRI-XO\ $') *E  3DJH 
6HFB:HWODQGVB$TXDWLFB6LWHV
2WKHU:DWHUV)XQFWLRQVDQG9DOXHV
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
5LYHUV6WUHDPV
$TXDWLFDQGULSDULDQKDELWDWVDOVRKDYHKLJKYDOXHIRUELUGDQGPDPPDOVSHFLHVLQFOXGLQJ
KDUOHTXLQGXFNEDOGHDJOH Haliaeetus leucocephalus DUFWLFWHUQULYHURWWHUbrown bear Ursus
arctos DQGEHDYHU 3DJH 
6HFB:LOGOLIHB9DOXHV
:,/'/,)(9$/8(6
/DUJH0DPPDOV
$JHQHUDObear (Ursus species) surveyLQDQGPRRVH Alces alces VXUYH\LQZHUH
GHVLJQHGWRHVWLPDWHWKHGHQVLW\RIWKRVHVSHFLHVZKLOHDGGLWLRQDODHULDOVXUYH\VZHUHLQWHQGHG
WRJDWKHUGLVWULEXWLRQUHODWLYHDEXQGDQFHDQGJHQHUDOSDWWHUQVRIXVHRIWKH(,6DQDO\VLVDUHD
3DJH 
x $HULDOOLQHWUDQVHFWVXUYH\VWRHVWLPDWHWKHGHQVLW\RIbearsLQWKH,OLDPQD/DNHUHJLRQ
x $HULDOsurveys of brown bears (Ursus arctos)DORQJVDOPRQVSDZQLQJVWUHDPVDQGDQ
H[DPLQDWLRQRIEURZQEHDUDQGJUD\ZROI Canis lupus GHQVLQDQGDURXQGWKHPLQH
VXUYH\DUHD
$VHULHVRIDHULDOVWULSWUDQVHFWVXUYH\VZHUHIORZQWRFRLQFLGHZLWKVHDVRQDOWLPLQJWRGHWHFW
ODWHZLQWHUPRRVHDQGFDULERXGLVWULEXWLRQspring bear locationsFDULERXDQGPRRVHFDOYLQJ
FDULERXSRVWFDOYLQJbear locations along salmon streamsFDULERXUXWDQGHDUO\ZLQWHUPRRVH
DQGFDULERXGLVWULEXWLRQ 3DJH 
Brown Bear
%URZQEHDUVDUHZLGHVSUHDGDQGFRPPRQLQWKH%ULVWRO%D\DQG&RRN,QOHWGUDLQDJHVSULPDULO\
EHFDXVHRIODUJHVDOPRQUXQVWKDWSURYLGHDQDEXQGDQWVRXUFHRISURWHLQ%URZQEHDUVDUH
UHODWLYHO\FRPPRQWXQGUDLQKDELWDQWVLQWKHPLQHVXUYH\DUHD )LJXUH  $%5D 
6WDQGDUGL]HGVXUYH\VVSHFLILFDOO\IRUWKHPLQHVLWHZHUHFRQGXFWHGLQE\$%5DQGWKH
$') * %HFNHU $HULDOOLQHWUDQVHFWVXUYH\VIORZQLQ0D\XVHGWZRVLPLODU
DQDO\WLFDOPHWKRGVWRGHWHUPLQHWKHGHQVLW\RIEURZQEHDUVLQWKHVXUYH\DUHDVXUURXQGLQJWKH
PLQHVLWHZKLFKLQFOXGHGDOORI,OLDPQD/DNH ZKLFKRYHUODSVZLWKWKHWUDQVSRUWDWLRQDQGQDWXUDO
JDVSLSHOLQHFRUULGRUV 2QHDQDO\WLFDOPHWKRG GRXEOHFRXQWPHWKRG UHVXOWHGLQDSRSXODWLRQ
GHQVLW\RIEURZQEHDUVSHUVTXDUHPLOHV %HFNHU DQGWKHVHFRQGPHWKRG XVLQJ
WKHSODQHPRGHO UHVXOWHGLQEURZQEHDUVSHUVTXDUHPLOHV $%5D 8VLQJWKH
GRXEOHFRXQWPHWKRGWKHVXUYH\DUHDVXSSRUWHGDSSUR[LPDWHO\EURZQEHDUV3HU%HFNHU
 WKHHVWLPDWHRIEURZQEHDUVSHUVTXDUHPLOHVLVVLPLODUWREURZQEHDU
SRSXODWLRQHVWLPDWHVIRURWKHUQHDUE\DUHDV6XUYH\VQRUWKRIWKH,OLDPQDVXUYH\DUHDDURXQG
/DNH&ODUN1DWLRQDO3DUNDQG3UHVHUYHLQDQG %HFNHU%XWOHUD \LHOGHG
HVWLPDWHVRIEURZQEHDUVSHUVTXDUHPLOHVDQGWRWKHVRXWKLQ*08& LQVSULQJ
DQG GHQVLWLHVZHUHHVWLPDWHGWREHEURZQEHDUVSHUVTXDUHPLOHV 2OVRQDQG
3XWHUD 2YHUDOOEURZQEHDUVZHUHQRWFRPPRQLQWKHPLQHVLWHIRRWSULQWLWVHOIEXWZHUH
GLVWULEXWHGWKURXJKRXWWKHPLQHVXUYH\DUHDSULPDULO\DORQJVWUHDPVDQGZDWHUZD\V
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
+HOLFRSWHUVXUYH\VRIVDOPRQVSDZQLQJVWUHDPVDURXQGWKHPLQHVLWHRQ$XJXVWDQG
UHFRUGHGEURZQEHDUVPDLQO\WRPLOHVVRXWKDQGVRXWKHDVWRIWKHPLQHVLWH'HQVH
YHJHWDWLRQDORQJVWUHDPVOLPLWHGYLVLELOLW\DQGWKHUHIRUHWKHQXPEHURIEHDUVUHSRUWHGLVOLNHO\
XQGHUHVWLPDWHG7KHVXUYH\DUHDLQFOXGHGWKH1).DQG6).ULYHUVDQGWKHPLQHVXUYH\DUHD
VRXWKWR,OLDPQD/DNHDQGHDVWWRWKH1HZKDOHQ5LYHU $%5D 0RUHUHFHQWVXUYH\VRIEHDU
XVHDWVHOHFWVDOPRQVSDZQLQJVWUHDPVIURP-XO\WR6HSWHPEHUXVHGWLPHODSVHUHPRWH
VHQVRUZLOGOLIHFDPHUDVSRVLWLRQHGDWRQHORFDWLRQLQ87& )LJXUH 2YHUDOOORZEHDU
DFWLYLW\ZDVUHFRUGHG SHUFHQWRIXVHDEOHSKRWRJUDSKVFRQWDLQHGEHDUV ZLWKPRVWDFWLYLW\
LQWKHODWHDIWHUQRRQLQ-XO\DQG$XJXVW1REHDUVZHUHUHFRUGHGGXULQJ6HSWHPEHU%HDUVVSHQW
OLWWOHWLPHILVKLQJDWWKHORFDWLRQYLVLEOHWRWKHFDPHUD $%5D 
6XUYH\VRIEHDUGHQVDQGLQFLGHQWDOO\GHWHFWHGEURZQEHDUGHQV GXULQJRWKHUELRORJLFDOVXUYH\V 
IURPWKURXJKLQGLFDWHGVXLWDEOHGHQQLQJKDELWDWZDVFRPPRQLQWKHPLQHVXUYH\DUHD
DQGGHQVZHUHJHQHUDOO\IRXQGLQORZHOHYDWLRQZRRGHGVLWHVDQGKLJKHOHYDWLRQVFUHHVORSHV
%URZQEHDUGHQVZHUHQRWIRXQGLQWKHPLQHVLWHIRRWSULQW 3DJH 
7UDQVSRUWDWLRQ&RUULGRUDQG1DWXUDO*DV3LSHOLQH&RUULGRU
:LOGOLIHUHVRXUFHVLQWKHDUHDDUHUHSUHVHQWDWLYHRIWKHZLOGOLIHLQWKHUHJLRQLQFOXGLQJbrown
and black bearsPRRVHDQGVPDOOHUWHUUHVWULDOZLOGOLIH 3DJH 
7HUUHVWULDO0DPPDOV
7KHUHDUHQRFDULERXKHUGVLQWKHLPPHGLDWHYLFLQLW\DQGFRPPRQWHUUHVWULDOPDPPDOVRQWKH
.HQDL3HQLQVXODLQWKLVDUHDLQFOXGHPRRVHbearsDQGVPDOOHUWHUUHVWULDOYHUWHEUDWHV 3DJH
 
/DUJH0DPPDOV
%URZQEHDUGHQVLW\HVWLPDWHVIURPWKHEHDUSRSXODWLRQVXUYH\LQ0D\UDQJHGIURPWR
EURZQEHDUVSHUVTXDUHPLOHV %HFNHU 7KHDUHDFRYHUHGE\WKHVXUYH\LQFOXGHG
WKHVRXWKHUQSRUWLRQRI*08%SOXVDVPDOOVHFWLRQRIWKHHDVWHUQSDUWRI*08%$OOEXW
RQHRIWKHEODFNEHDUVLJKWLQJVRFFXUUHGHDVWRI1RQGDOWRQDQGQRUWKRI.RNKDQRN7KHUHIRUH
EODFNEHDUVDSSHDUHGWREHPRUHFORVHO\WLHGWRIRUHVWHGHQYLURQPHQWVZLWKEURZQEHDUV
RFFXUULQJLQPRUHRSHQWHUUDLQDQGDURXQGVDOPRQVWUHDPVGXULQJSHULRGVRIVDOPRQVSDZQLQJ
6SHFLILFWRDUHDVRXWVLGHWKHWUDQVSRUWDWLRQDQGQDWXUDOJDVSLSHOLQHFRUULGRUVEURZQEHDUVZHUH
FRQFHQWUDWHGDURXQGWKHQRUWKHUQSRUWLRQRI.DWPDL1DWLRQDO3DUNDQG3UHVHUYHVRXWKRI
*LEUDOWDU/DNH %HFNHU  )LJXUH 
6XUYH\VFRQGXFWHGE\WKH136LQ0D\XVLQJDQDHULDOOLQHWUDQVHFWGRXEOHFRXQWWHFKQLTXH
HVWLPDWHGWKDWLQ*08$WKHEURZQEHDUGHQVLW\ZDVEHDUVSHUVTXDUHPLOHVZLWKD
VWDQGDUGHUURURIEHDUVDQGIRUEODFNEHDUVWKHGHQVLW\ZDVEHDUVSHUVTXDUH
PLOHV7KLVFRUUHVSRQGVWRDSRSXODWLRQRIEURZQEHDUVDQGEODFNEHDUVLQ
*08$ 2OVRQDQG3XWHUD 1RVXUYH\VZHUHFRQGXFWHGLQWRGHWHUPLQHDGHQVLW\
HVWLPDWHIRU*08%7KHDHULDOVXUYH\VE\%HFNHU  LQFOXGHG*08%WKHUHIRUHLQ
FRQMXQFWLRQZLWKWKH1DWLRQDO3DUN6HUYLFHVXUYH\LQ 2OVRQDQG3XWHUD IRU*08
$WKHHQWLUHWUDQVSRUWDWLRQDQGQDWXUDOJDVSLSHOLQHFRUULGRUVKDVEHHQVXUYH\HG2YHUDOO
EURZQEHDUVZHUHPRUHFRPPRQDORQJWKHFRDVWDQGDURXQGWKHVRXWKHUQSDUWRI,OLDPQD/DNH
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
ZLWKEODFNEHDUVPRUHFRPPRQWRWKHHDVWRI,OLDPQD/DNHDQGDUHDVDGMDFHQWWR/DNH&ODUN
1DWLRQDO3DUNDQG3UHVHUYH 3DJH 
)LJXUH%($52%6(59$7,216'(1/2&$7,216$1',/,$01$/$.(6($/
+$8/2876$5281'7+(3257$&&(6652$'$1'$0$.'('25,3257 3DJH
 
$VHULHVRIWKUHHVXUYH\VIRUEHDUVZDVFRQGXFWHGDORQJWKHSRUWDFFHVVURDGLQWKHVSULQJDQG
VXPPHURI $%5SNR 7KHILUVWDHULDOVXUYH\VZHUHFRQGXFWHGWRORFDWH
EHDUGHQVZLWKLQPLOHRIWKHSRUWDFFHVVURDGDQGDVHSDUDWHFRUULGRUDURXQGWKHZHVWHUQHQG
RI,OLDPQD/DNH,QWRWDOWKHVXUYH\DUHDZDVVTXDUHPLOHV$HULDOVXUYH\VZHUHIORZQIURP
$SULOWR0D\DQG0D\WRDVVHVVGHQHPHUJHQFH'XULQJWKHVHVXUYH\
ZLQGRZVVQRZZDVODUJHO\JRQHRUSDWFK\LQWKHVXUYH\DUHDZKLFKOLPLWHGWKHDELOLW\WRWUDFN
EHDUV6XUYH\VORFDWHGEHDUGHQVWKURXJKRXWWKHVXUYH\DUHDEXWRQO\DSRUWLRQRIWKHVHGHQV
ZHUHLQWKHVXUYH\DUHDDURXQGWKHSRUWDFFHVVURDG6SHFLILFWRWKHSRUWDFFHVVURDGGHQVZHUH
ORFDWHGLQWZRPDLQDUHDV6HYHUDOGHQVZHUHIRXQGIURP*LEUDOWDU/DNHZHVWWR,OLDPQD/DNH
DQGWKHUHPDLQLQJZHUHFOXVWHUHGQHDU&RRN,QOHWQRUWKRI$PDNGHGRUL&UHHN )LJXUH 
6XUYH\VGRFXPHQWHGDFRQFHQWUDWLRQRIEURZQEHDUGHQVRQHDFKVLGHRIWKHSRUWDFFHVVURDGDQG
DURXQG$PDNGHGRULSRUW )LJXUH 6HYHUDORIWKHGHQVZHUHFORVHWRWKHSRUWDFFHVVURDG
ZLWKWKHFORVHVWDSSUR[LPDWHO\IHHWQRUWKRIWKHURDG $%5S 
5HVXOWVLQGLFDWHGWKDWEHDUGHQVZHUHORFDWHGDWORZHUHOHYDWLRQVVWHHSHUVORSHVKLJKHU
WRSRJUDSKLFSRVLWLRQDOLQGLFHVKLJKHUUXJJHGQHVVPRUHQRUWKDQGZHVWIDFLQJDVSHFWVDQGPRUH
RIWHQLQVKUXEV $%5S 7KLVLQGLFDWHVWKDWEHDUVLQWKH,OLDPQDDUHDDUHPRUHOLNHO\WRGHQ
LQVKUXEE\DUHDVZLWKVWHHSVORSHV$PRGHOZDVFUHDWHGWRHVWLPDWHGHQVLW\XVLQJWKHUHODWLYH
SUREDELOLW\RIGHWHFWLQJDEHDUGHQEDVHGRQUHVRXUFHVHOHFWLRQIXQFWLRQDQDO\VLV7KHPRGHO
SUHGLFWHGWKDWWKHVTXDUHPLOHVXUYH\DUHDKDGDQHVWLPDWHGGHQVLW\RIGHQVSHU
VTXDUHPLOHV $%5S 7KHVHFRQGVHWRIDHULDOVXUYH\VDVVHVVHGWKHSUHYDOHQFHRIEHDUV
XVLQJFRDVWDOVHGJHPHDGRZVRURWKHUDUHDVDORQJWKHFRDVWRI&RRN,QOHW7KHVHVXUYH\VZHUH
FRQGXFWHGRQ0D\DQG-XO\ $%5N %HDUREVHUYDWLRQVZHUHZLGHO\
GLVSHUVHGDQGQRFRQFHQWUDWLRQDUHDVZHUHREVHUYHG )LJXUH 2QO\RQHEURZQEHDUZDV
GHWHFWHGLQWKHSRUWDFFHVVURDGDQDO\VLVDUHDRQ0D\%URZQEHDUVZHUHPRUHDEXQGDQW
IXUWKHUQRUWKDURXQG%UXLQ%D\DQG8UVXV&RYH
7KHWKLUGVHWRIVXUYH\VZDVIRFXVHGRQEHDUXVHRIVDOPRQVWUHDPV7KUHHVXUYH\VZHUH
FRQGXFWHGGXULQJ-XO\$XJXVWDQG6HSWHPEHU $%5R 'XULQJ
HDFKVXUYH\DOOVWUHDPVDQGULYHUVLQWKH$') *DQDGURPRXVZDWHUVFDWDORJZLWKLQPLOHVRI
WKHWUDQVSRUWDWLRQFRUULGRURXWVLGHRIWKHPLQHVLWHZHUHVXUYH\HG7ZRUHSOLFDWHVXUYH\VRIWKH
HQWLUHDUHDZHUHIORZQRQHDFKWULS $%5R 6SHFLILFWRWKHSRUWDFFHVVURDGGXULQJWKH
-XO\VXUYH\EHDUVFRQJUHJDWHGDWWKHPRXWKRI$PDNGHGRUL&UHHNZLWKDIHZLQGLYLGXDOVDORQJ
VWUHDPVDURXQG*LEUDOWDU/DNH'XULQJWKH$XJXVWVXUYH\VEHDUVZHUHSULPDULO\QHDUWKH
VRXWKHUQVKRUHRI,OLDPQD/DNHDWWKHHDVWHUQHQGRI*LEUDOWDU/DNHILVKLQJLQWKHULYHUIORZLQJ
LQWR%UXLQ%D\DQGDIHZEHDUVZHUHXSVWUHDPLQ$PDNGHGRUL&UHHN'XULQJ6HSWHPEHU
VXUYH\VEHDUVZHUHFRQFHQWUDWHGDURXQGWKHVWUHDPIORZLQJLQWR%UXLQ%D\DWWKHHDVWHUQHQGRI
*LEUDOWDU/DNHDORQJWKHZHVWHUQVVKRUHRI,OLDPQD/DNHDQGDURXQG.RNKDQRN7KHVHVXUYH\V
RIEURZQEHDUDFWLYLW\LQWKHDUHDDURXQGWKHSRUWDFFHVVURDGLOOXVWUDWHEHDUXVHRI$PDNGHGRUL
&UHHN*LEUDOWDU/DNHDQGRWKHUDQDGURPRXVVWUHDPVLQWKHDUHD )LJXUH  3DJH
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
,QVXPPDU\WKHWUDQVSRUWDWLRQDQGQDWXUDOJDVSLSHOLQHFRUULGRUVFRQWDLQPRUHVXLWDEOHFDULERX
DQGEURZQEHDUKDELWDWFRPSDUHGWRKDELWDWIRUPRRVHDQGEODFNEHDUV7KHSRUWDFFHVVURDGLVLQ
DQDUHDNQRZQIRUKLJKEURZQEHDUGHQVLWLHVEHFDXVHLWLQFOXGHVERWKFRDVWDOYHJHWDWLRQ
FRPPXQLWLHVDQGVDOPRQVWUHDPV 3DJH 
$PDNGHGRUL3RUW
/DUJH0DPPDOV
/DUJHPDPPDOVSHFLHVDURXQGWKHSRUWDUHVLPLODUWRWKRVHLQWKHPLQHVLWHDQGDORQJWKH
WUDQVSRUWDWLRQDQGQDWXUDOJDVSLSHOLQHFRUULGRULQFOXGLQJFDULERXbrown and black bearDQG
PRRVH
$PDNGHGRULSRUWZRXOGEHDSSUR[LPDWHO\PLOHVQRUWKRI0F1HLO5LYHU)DOOVDW0F1HLO5LYHU
6WDWH*DPH6DQFWXDU\ZKLFKLVDZRUOGIDPRXVEURZQEHDUYLHZLQJORFDWLRQGXHWRWKHZRUOG¶V
ODUJHVWFRQFHQWUDWLRQRIZLOGEURZQEHDUV $') *J 'XULQJEHDUVXUYH\VLQ0D\
IRUWKHPLQHVLWHEURZQEHDUVZHUHFRPPRQRQWKHVRXWKHUQVLGHRI,OLDPQD/DNHQHDU*LEUDOWDU
/DNH6XUYH\VIRUEHDUVDURXQGVDOPRQVSDZQLQJVWUHDPVLQVXPPHUGRFXPHQWHGEURZQ
EHDUVILVKLQJLQ$PDNGHGRUL&UHHNLQ-XO\DQG$XJXVW $%5R  )LJXUH  3DJH
 
$OWHUQDWLYH±1RUWK5RDGDQG)HUU\ZLWK'RZQVWUHDP'DPV
7HUUHVWULDO0DPPDOV
/DUJH0DPPDOV
7KHWUDQVSRUWDWLRQFRUULGRUVXUYH\DUHDLVLQDQDUHDRIWUDQVLWLRQEHWZHHQVXEVWDQWLDOO\KLJKHU
FRDVWDOGHQVLWLHVRIEURZQEHDUVDQGORZHULQODQGGHQVLWLHV+LVWRULFDOVXUYH\VKDYHHVWLPDWHG
EHDUVSHUVTXDUHPLOHVLQ*08% H[FOXGLQJ/DNH&ODUN1DWLRQDO3DUNDQG3UHVHUYHDQG
.DWPDL1DWLRQDO3DUNDQG3UHVHUYHODQGV  %XWOHU $PRUHULJRURXVVXUYH\IURP0D\
WRHVWLPDWHGEURZQEHDUVSHUVTXDUHPLOHVLQ*08%1RUWKLQFOXGLQJWKH
DUHDHDVWRI,OLDPQD/DNHDQG/DNH&ODUN1DWLRQDO3DUNDQG3UHVHUYH %HFNHU%XWOHU
D 7KHOLQHWUDQVHFWEHDUVXUYH\LQ0D\ %HFNHU ZKLFKHQFRPSDVVHGWKH
WUDQVSRUWDWLRQFRUULGRUVXUYH\DUHD SOXVDODUJHDUHDDURXQG,OLDPQD/DNH UHVXOWHGLQWZR
GLIIHUHQWEURZQEHDUHVWLPDWHVEDVHGRQGLIIHUHQWPRGHOVDQGUDQJHGEHWZHHQDQG
EURZQEHDUVSHUVTXDUHPLOHV
%HDUVXUYH\VDURXQGWKHHDVWHUQSDUWRI,OLDPQD/DNHWR'LDPRQG3RLQWDQG,OLDPQDDQG,QLVNLQ
ED\VEHWZHHQDQGGRFXPHQWHGKLJKGHQVLWLHVRIEURZQEHDUVSDUWLFXODUO\DORQJWKH
,QLVNLQ5LYHUDQGWKHHQGRI,QLVNLQ%D\ )LJXUH$%5F %URZQEHDUVZHUHDOVR
GHWHFWHGDURXQG&RWWRQZRRGDQG,OLDPQDED\VEXWLQORZHUQXPEHUV/DUJHDJJUHJDWLRQVRI
EURZQEHDUVZHUHREVHUYHGLQWKHVHGJHPHDGRZVDQGPXGIODWVDWWKHKHDGVRI,QLVNLQDQG
&KLQLWQDED\VGXULQJVSULQJDQGVXPPHUHDFK\HDUZLWKKLJKHVWQXPEHUVLQ-XQH $%5F 
%URZQEHDUVVKLIWHGWRVDOPRQVSDZQLQJVWUHDPVODWHULQ-XO\DQG$XJXVWZKLFKDUHSULPDULO\LQ
WKHHDVWHUQSRUWLRQRIWKHVXUYH\DUHD $%5D /LWWOHHYLGHQFHZDVIRXQGIRUEHDUVGLJJLQJ
FODPVZLWKRQO\RQHREVHUYDWLRQRIWKLVEHKDYLRULQ0D\%URZQEHDUVZHUHREVHUYHG
ILVKLQJIRUVDOPRQLQ,QLVNLQ5LYHUDQG3RUWDJH&UHHNLQ,QLVNLQ%D\2YHUDOOEURZQEHDUVZHUH
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
FRQFHQWUDWHGIRUDJLQJRQYHJHWDWLRQHDUO\LQWKHVXPPHUDQGWUDQVLWLRQHGWRVDOPRQODWHULQWKH
VXPPHUDQGIDOOIROORZLQJWKHVHDVRQVDOPRQUXQVLQWKHDUHD
)URP-XO\WKURXJK6HSWHPEHU$%5FRQGXFWHGDVWXG\RIEHDUDFWLYLW\XVLQJWLPHODSVH
FDPHUDVSODFHGQHDUWKHORFDWLRQZKHUHWKHWUDQVSRUWDWLRQFRUULGRUDQGQDWXUDOJDVSLSHOLQH
ZRXOGFURVV87&WRFDSWXUHEHDUDFWLYLW\DORQJWKHVWUHDP2YHUDOOOLWWOHEHDUXVHZDVUHFRUGHG
RQSKRWRJUDSKVEXWEHDUDFWLYLW\SHDNHGIURPODWH-XO\WRHDUO\$XJXVW7KHKLJKHVWOHYHORI
DFWLYLW\RFFXUUHGODWHLQWKHHYHQLQJ'HVSLWHWKHDEXQGDQFHRIVDOPRQLQ87&LWGLGQRWDSSHDU
WKDWWKHORFDWLRQZKHUHWKHFDPHUDZDVSODFHGZDVLPSRUWDQWWRIRUDJLQJEHDUVGXULQJGD\OLJKW
DQGWZLOLJKWKRXUV $%5D $GGLWLRQDOFDPHUDVZHUHSODFHGDORQJVHYHQDQDGURPRXV
VWUHDPVDORQJWKHQRUWKHUQVKRUHRI,OLDPQD/DNHIURP5RDGKRXVH0RXQWDLQWRWKH3LOH5LYHU
%HDUXVHUHIOHFWHGVDOPRQUXQWLPLQJZLWKWKHKLJKHVWDFWLYLW\IURPODWH-XO\WRHDUO\$XJXVW
6PDOOVKDOORZVWUHDPVZLWKKLJKQXPEHUVRIVSDZQLQJVDOPRQZHUHWKHSUHIHUUHGIRUDJLQJ
DUHDV7KHKLJKHVWOHYHORIDFWLYLW\RFFXUUHGGXULQJHDUO\PRUQLQJDQGODWHHYHQLQJEXWEHDUV
VSHQWOLPLWHGWLPHILVKLQJLQWKHSRUWLRQVRIWKHULYHULQWKHFDPHUD¶VYLHZVKHGDFFRUGLQJWRWKH
WLPHODSVHSKRWRJUDSK\ $%5D  3DJH 
6HFB6RFLR(FRQ
1(('6$1':(/)$5(2)7+(3(23/(²62&,2(&2120,&6
6FRSLQJFRPPHQWVUHODWHGWRVRFLRHFRQRPLFVIRFXVHGRQEHQHILFLDOLPSDFWVRIDGGLWLRQDO
HPSOR\PHQWRSSRUWXQLWLHVDGYHUVHHFRQRPLFLPSDFWVWRUHFUHDWLRQDQGFRPPHUFLDOILVKHULHV
LPSDFWVRQWKHXVHRI,OLDPQD/DNHIRUVSRUWILVKLQJDQGUHFUHDWLRQimpacts on the bear viewing
industry near the Amakdedori portHFRQRPLFEHQHILWVWRWKHVWDWHRI$ODVNDDQGKRZULVNVWRWKH
HQYLURQPHQWFRXOGRXWZHLJKVKRUWWHUPEHQHILWV 3DJH 
6HFB5HFUHDWLRQ
7UDQVSRUWDWLRQ&RUULGRU
7KHSURMHFWPD\DOVRKDYHORZPDJQLWXGHHIIHFWVRQLQFLGHQWDOZLOGOLIHYLHZLQJDORQJWKH
WUDQVSRUWDWLRQFRUULGRUDOWKRXJKWKHSULPDU\UHFUHDWLRQXVHLQPRVWRIWKHWUDQVSRUWDWLRQFRUULGRU
LVOLNHO\IURPRWKHUDFWLYLWLHVVXFKDVILVKLQJ0RYHPHQWDQGGLVWULEXWLRQRIEHDUVDQGRWKHU
WHUUHVWULDOPDPPDOVWKURXJKWKHWUDQVSRUWDWLRQFRUULGRUWRWKH0F1HLO5LYHU6WDWH*DPH5HIXJH
DQG.DWPDL1DWLRQDO3DUNDQG3UHVHUYHPD\EHGLVUXSWHGWKHUHIRUHFRQVWUXFWLRQDQGRSHUDWLRQV
DFWLYLWLHVLQWKHVRXWKDFFHVVFRUULGRUPD\KDYHVRPHLQGLUHFWDGYHUVHLPSDFWVRQLQFLGHQWDO
ZLOGOLIHYLHZLQJLQERWKRIWKRVHUHFUHDWLRQDUHDV7KHVHLPSDFWVZRXOGRFFXUWKURXJKRXWWKHOLIH
RIWKHSURMHFW6HH6HFWLRQ:LOGOLIH9DOXHVIRUPRUHLQIRUPDWLRQRQLPSDFWVWREHDU
PRYHPHQWDQGGLVWULEXWLRQ 3DJH 
$PDNGHGRUL3RUW
7KHUHLVNQRZQbear huntingDWWKHSRUWVLWHZKLFKZRXOGEHHOLPLQDWHGIRUWKHGXUDWLRQRIWKH
SURMHFWGXHWRSRUWDFWLYLWLHVDQGQRLVH+XQWHUVZRXOGEHGLVSODFHGWRRWKHUQHDUE\bear hunting
ORFDWLRQVVXFKDV6WDWHODQGVIXUWKHUQRUWK7KHVHLPSDFWVZRXOGEHRIORZWRPHGLXP
PDJQLWXGHVLQFHRSSRUWXQLWLHVIRUNQRZQUHFUHDWLRQDODFWLYLWLHVZRXOGEHUHGXFHGEXWWRD
OLPLWHGJHRJUDSKLFH[WHQW$GGLWLRQDOO\VLPLODUDFWLYLWLHVFRXOGEHH[SHULHQFHGLQQHDUE\
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
ORFDWLRQV,PSDFWVZRXOGEHORQJWHUPODVWLQJIRUWKHGXUDWLRQRIWKHSURMHFWDQGWKH\ZRXOGEH
FHUWDLQWRRFFXULIWKHSRUWLVSHUPLWWHGDQGEXLOW
,QDGGLWLRQSURMHFWUHODWHGQRLVHDQGDFWLYLWLHVGXULQJFRQVWUXFWLRQRSHUDWLRQVDQGFORVXUHDW
$PDNGHGRULSRUWZRXOGDGYHUVHO\DIIHFWWKHUHFUHDWLRQDOH[SHULHQFHVRIYLVLWRUVZLWKLQYLVXDO
DQGDXGLWRU\GLVWDQFHRIWKHSRUWVLWHGXHWRWKHFKDQJHIURPDTXLHWXQGHYHORSHGDUHDWRD
GHYHORSHGVLWHZLWKYLVLEOHIDFLOLWLHVJHQHUDWRUVDQGLQZDWHUIDFLOLWLHV7KHH[WHQWRIWKHLPSDFW
ZRXOGEHZLWKLQYLVXDODQGDXGLWRU\GLVWDQFHRIWKHSRUW)RUWKHGXUDWLRQRIWKHSURMHFWWKH
DGYHUVHHIIHFWVZRXOGGLVSODFHYLVLWRUVSUHIHUULQJDTXLHWXQGLVWXUEHGUHFUHDWLRQVHWWLQJRUZKR
SDUWLFLSDWHLQUHFUHDWLRQRSSRUWXQLWLHVVXFKDVZLOGOLIHYLHZLQJKXQWLQJDQGILVKLQJZKLFK
W\SLFDOO\UHTXLUHDTXLHWXQGLVWXUEHGUHFUHDWLRQVHWWLQJ0DJQLWXGHRILPSDFWVZRXOGEHKLJKHU
GXULQJVXPPHUPRQWKVGXULQJWKHSHDNYLVLWDWLRQSHULRGRIMcNeil River State Game RefugeDQG
WKH$ODVND0DULWLPH1DWLRQDO:LOGOLIH5HIXJH7KHOLNHOLKRRGRIWKHLPSDFWRFFXUULQJZRXOGEH
GHILQLWHLIWKHSRUWLVSHUPLWWHGDQGEXLOW
2YHUDOOEHFDXVHUHFUHDWLRQDOXVHRIWKH$PDNGHGRULSRUWVLWHLVHVWLPDWHGWREHORZSURMHFW
UHODWHGZLOGOLIHDQGILVKGLVSODFHPHQWQRLVHDQGDFWLYLWLHVZRXOGKDYHORZPDJQLWXGHLPSDFWV
IURPGLVSODFHPHQWRIWKHIHZXVHUVRIWKHDUHDIRUZLOGOLIHYLHZLQJKXQWLQJDQGILVKLQJXVHVWR
RWKHUQHDUE\VKRUHOLQHDUHDV
7KHSRUWVLWHLQFOXGLQJFRQVWUXFWLRQRSHUDWLRQVDQGFORVXUHDFWLYLWLHVZRXOGEHYLVLEOHIURPWKH
&RRN,QOHWVKRUHOLQHDUHDIXUWKHUQRUWKRIWKHSRUWEXWYLVLELOLW\ZRXOGGHFUHDVHZLWKGLVWDQFHRXW
WRDERXWPLOHV7KHSRUWZRXOGEHYLVLEOHIURPVRPHSRUWLRQVRIWKHMcNeil River State Game
RefugeDQG$ODVND0DULWLPH1DWLRQDO:LOGOLIH5HIXJHLVODQGVDQGPD\EHYLVLEOHIURPIOLJKWV
RYHUWKHVLWHWRUHJLRQDOUHFUHDWLRQGHVWLQDWLRQVVXFKDV.DWPDL1DWLRQDO3DUNDQG3UHVHUYHRU
WRZQVIDUWKHUZHVWVXFKDV.LQJ6DOPRQRU1DNQHN7KHSRUWVLWHZRXOGEHYLVLEOHIURPWKH
Chenik Creek area of the McNeil River State Game Refuge and would affect views from this
recreation areaHowever, the port would not be visible from McNeil River Camp (see Appendix
K4.11), the main recreation area in the McNeil River State Game Sanctuary, and would
therefore not affect views from this recreation site, though vessel traffic may be evident and may
intermittently affect the recreation setting at the camp during project construction and
operations.7KHSRUWZRXOGQRWEHYLVLEOHIURP$XJXVWLQH,VODQGEXWPD\DIIHFWYLHZVIURP
&RRN,QOHWVKRUHOLQHDUHDVVXUURXQGLQJWKHSRUWImpacts to night sky affecting visibility of stars
and could affect a small portion of McNeil River State Game Refuge (about 2 percent).
7KHVHLPSDFWVRQYLHZVZRXOGEHORQJWHUPDQGFHUWDLQWRRFFXULIWKHSRUWLVSHUPLWWHGDQG
EXLOW2QZDWHUVLJKWVHHLQJDQGRUZLOGOLIHYLHZLQJPD\RFFXULQWKHVHORFDWLRQVEXWUHFUHDWLRQDO
XVHRIMcNeil River State Game RefugeVKRUHOLQHDUHDVLVOLPLWHGE\SHUPLWQXPEHUV
&RQVWUXFWLRQRSHUDWLRQVDQGFORVXUHDW$PDNGHGRULSRUWFRXOGDGYHUVHO\DIIHFWWKHUHFUHDWLRQDO
H[SHULHQFHIRUYLVLWRUVSDUWLFLSDWLQJLQVLJKWVHHLQJRUZLOGOLIHYLHZLQJRSSRUWXQLWLHVLQWKHVH
VXUURXQGLQJDUHDVE\FDXVLQJDFKDQJHLQWKHUHFUHDWLRQDOVHWWLQJWRDPRUHGHYHORSHGDQGOHVV
UHPRWHSULPLWLYHDUHD,PSDFWVKRZHYHUZRXOGEHRIORZPDJQLWXGHGXHWRORZQXPEHURI
YLVLWRUV
7KHSURMHFWZRXOGQRWUHVXOWLQFKDQJHVLQDFFHVVWRMcNeil River State Game RefugeRU
Sanctuary9LVLWRUVIO\LQWRWKHVDQFWXDU\ZKHUHWKHPDLQUHFUHDWLRQDOXVHDUHDVDUHORFDWHG
McNeil River CampWKHPDLQDFFHVVSRLQWWRWKHVDQFWXDU\DQGUHIXJHLVORFDWHGPLOHVVRXWK
RIWKH$PDNGHGRULSRUWVLWH 3DJH 
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
$OWHUQDWLYH±1RUWK5RDGDQG)HUU\ZLWK'RZQVWUHDP'DPV
7UDQVSRUWDWLRQ&RUULGRU
7KHUHDUHopportunities for hunting bearDQGPRRVHLQDQGDGMDFHQWWRWKHWUDQVSRUWDWLRQ
FRUULGRU0DJQLWXGHRILPSDFWVRQVSRUWKXQWLQJRSSRUWXQLWLHVDQGH[SHULHQFHVIURPSURMHFW
UHODWHGQRLVHDQGDFWLYLWLHVZRXOGEHVLPLODUWRWKRVHGHVFULEHGDERYHIRUWKHPLQHVLWHXQGHU
$OWHUQDWLYHDQGJHRJUDSKLFH[WHQWRILPSDFWVZRXOGEHVOLJKWO\OHVV 3DJH 
+RZHYHUthe movement and distribution of bearsDQGRWKHUPDULQHDQGWHUUHVWULDOPDPPDOV
WKURXJKRXWWKHWUDQVSRUWDWLRQFRUULGRUPD\EHGLVUXSWHGE\SURMHFWDFWLYLWLHVRYHUWKHORQJWHUP
7KXVFRQVWUXFWLRQDQGRSHUDWLRQVDFWLYLWLHVPD\KDYHVRPHLQGLUHFWDGYHUVHLPSDFWVRQZLOGOLIH
YLHZLQJLQFOXGLQJYLHZLQJRIWKH,OLDPQD/DNHKDUERUVHDOVLQWKHWUDQVSRUWDWLRQFRUULGRU
7KHVHLPSDFWVZRXOGRFFXULI$OWHUQDWLYHLVFKRVHQSHUPLWWHGDQGEXLOW6HH6HFWLRQ
:LOGOLIH9DOXHVIRUPRUHLQIRUPDWLRQRQLPSDFWVWRZLOGOLIHPRYHPHQWDQGGLVWULEXWLRQ 3DJH
 
1DWXUDO*DV3LSHOLQH
8UVXV&RYHLVDNQRZQbear hunting location + +$ODVNDQ2XWILWWHUV « 3DJH 
$OWHUQDWLYH±1RUWK5RDG2QO\
Movement and distribution of bearsDQGRWKHUWHUUHVWULDOPDPPDOVWKURXJKWKHFRUULGRUPD\EH
GLVUXSWHGWKXVFRQVWUXFWLRQDQGRSHUDWLRQVDFWLYLWLHVPD\KDYHVRPHDGYHUVHLPSDFWVRQZLOGOLIH
YLHZLQJDORQJWKHWUDQVSRUWDWLRQFRUULGRU7KHVHLPSDFWVZRXOGEHORQJWHUPDQGZRXOGRFFXULI
$OWHUQDWLYHLVSHUPLWWHGDQGEXLOW6HH6HFWLRQ:LOGOLIH9DOXHVIRUPRUHLQIRUPDWLRQRQ
impacts to bear movement and distribution 3DJH 
12,6(
6FRSLQJFRPPHQWVZHUHUHFHLYHGRQLPSDFWVRIQRLVHSROOXWLRQDVDUHVXOWRISURMHFWFRQVWUXFWLRQ
DQGPLQLQJRSHUDWLRQV6SHFLILFDOO\FRPPHQWHUVUHTXHVWHGWKDWWKH(,6GLVFXVVQRLVHLPSDFWVRI
EODVWLQJLQWKHSURMHFWDUHDGHVFULEHWKHEODVWLQJPHWKRGVWKDWZRXOGEHXVHGDQGFRQVLGHUQRLVH
LQWKHZDWHUFUHDWHGE\WKHSURSRVHGLFHEUHDNHUIHUU\DQGWKHLPSDFWVWRILVKbearsDQGRWKHU
ZLOGOLIH 3DJH 
$OWHUQDWLYH±$SSOLFDQW¶V3URSRVHG$OWHUQDWLYH
0LQH6LWH
$OWKRXJKWKHUHDUHFDULERXPRRVHbearDQGRWKHUZLOGOLIHLQWKH%ULVWRO%D\$UHD3ODQ
0DQDJHPHQW8QLW5HJLRQ $'15D DUHDWKDWVXUURXQGVWKHPLQHVLWHWKHUHDUHQRXQLTXH
UHVRXUFHVRUUHVRXUFHVSURWHFWHGE\OHJLVODWLRQZLWKUHVSHFWWRQRLVH,PSDFWVIURPQRLVHRQ
WHUUHVWULDOZLOGOLIHDUHDGGUHVVHGLQ6HFWLRQ:LOGOLIH9DOXHV 3DJH 
6HFB:LOGOLIHB9DOXHV
:,/'/,)(9$/8(6
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
6FRSLQJFRPPHQWVZHUHUHFHLYHGUHODWHGWRSRWHQWLDOLPSDFWVWRZLOGOLIH«6SHFLILFFRPPHQWV
UHODWHGWRbearsLQFOXGHGFRQFHUQVIRUKXPDQVDIHW\IURPEHDUVWKDWPRYHEHWZHHQ$PDNGHGRUL
SRUWDQGMcNeil River State Game Refuge and SanctuaryWKDWWKHSURSRVHGURDGDQG
$PDNGHGRULSRUWDQGWKHPLQHDFFHVVURDGVFRXOGFKDQJHbrown bear Ursus arctos PLJUDWLRQ
DQGUHVXOWLQEURZQEHDUKDELWDWIUDJPHQWDWLRQDQGPRUWDOLWLHVDQGEHDUVFRXOGEHFRPHIRRG
FRQGLWLRQHGUHVXOWLQJLQEHDUPRUWDOLW\ 3DJH 
7HUUHVWULDO:LOGOLIH
%HKDYLRUDO'LVWXUEDQFH
1RLVH
«brown bearsPD\QRW>DGDSWWRQRLVH@DQGPD\DYRLGDUHDVRUPRYHDZD\DVSHRSOHDQG
HTXLSPHQWDSSURDFK 3DJH 
:DVWH0DQDJHPHQWDQG'LVSRVDO
6RPHVSHFLHVVXFKDVbearsDQGUHGIR[HV 9XOSHVYXOSHV WKDWEHFRPHKDELWXDWHGWRIRRG
UHVRXUFHVPD\EHFRPHDQXLVDQFHDQGVDIHW\KD]DUG$OWKRXJKWKHODQGILOOZRXOGEHRSHUDWHG
DFFRUGLQJWRSHUPLWFRQGLWLRQV LILVVXHG WKH:03ZRXOGGHWDLODGGLWLRQDOPHDVXUHVVKRXOG
IRRGFRQGLWLRQHGZLOGOLIHEHFRPHDSUREOHP 3DJH 
%HKDYLRUDO$YRLGDQFH
)RUVSHFLHVZLWKODUJHKRPHUDQJHVRUVSHFLHVWKDWWUDYHOVHDVRQDOO\EHWZHHQZLQWHUDQGVXPPHU
UDQJHVVXFKDVFDULERXPRRVHbrownDQGEODFNbears Ursus americanus DQGJUD\ZROYHVD
EDUULHUWRPRYHPHQWFRXOGIUDJPHQWDQGGHFUHDVHWKHVL]HRISUHIHUUHGKDELWDW7UDIILFRQWKH
DFFHVVURDGGXULQJWKHRSHUDWLRQVSKDVHZRXOGEHVXEMHFWWRVSHHGUHVWULFWLRQVEXWLQWHUPVRI
GXUDWLRQZRXOGODVWIRUWKHOLIHRIWKHSURMHFWDQGSRWHQWLDOO\ORQJHU$VGHWDLOHGLQ&KDSWHU
$OWHUQDWLYHVURDGVZRXOGUHPDLQDVORQJDVQHHGHGIRUORQJWHUPSRVWFORVXUHZDWHUWUHDWPHQW
DQGPRQLWRULQJ7KHVSHFLILFIDWHRIWKHDFFHVVURDGVSRVW±ORQJWHUPFORVXUHLVXQGHWHUPLQHG
%HFDXVHWKHDFFHVVURDGVZRXOGEHFRQVWUXFWHGLQDQDUHDZLWKQRSUHYLRXVO\HVWDEOLVKHGURDGV
WKLVZRXOGUHVXOWLQDQHZYLVXDODQGDXGLWRU\VRXUFHRIGLVWXUEDQFH7KHOHYHORIWUXFNWUDIILF
ZRXOGEHRQHWUXFNSDVVLQJDSSUR[LPDWHO\HYHU\PLQXWHV
6RPHVSHFLHVDUHSDUWLFXODUO\VHQVLWLYHDWFHUWDLQWLPHVRI\HDU HJFDULERXFDOYLQJLQVSULQJ
bearDQGZROIdenning in winterDQGPRRVHUXWWLQJLQIDOO  3DJH 
%HDU
%URZQDQGEODFNEHDUVPD\H[SHULHQFHDUDQJHRISRWHQWLDOLPSDFWVIURPWKHSURMHFW7KLV
LQFOXGHVORVVRIKDELWDWGXHWRODQGFRQYHUVLRQLQFUHDVHGPRUWDOLW\IURPYHKLFXODUFROOLVLRQVDQG
GHIHQVHRIOLIHDQGSURSHUW\DQGEHKDYLRUDOFKDQJHVEDVHGRQDYRLGDQFHRIKXPDQV%HFDXVH
EURZQEHDUVDUHFRPPRQDURXQGDOOFRPSRQHQWVRIWKHSURMHFW VHH6HFWLRQ:LOGOLIH
9DOXHVIRUVSHFLILFEHDUGHQVLWLHV DQGEODFNEHDUVRQO\RFFXUDWDORZGHQVLW\LQWKHDUHDWKLV
LPSDFWVVHFWLRQIRFXVHVSULPDULO\RQLPSDFWVWREURZQEHDUV
%URZQEHDUVKDYHEHHQVKRZQWRDYRLGURDGVUHJDUGOHVVRIWUDIILFYROXPH 0F/HOODQDQG
6KDFNOHWRQ DQGPD\DYRLGPLQHIDFLOLWLHV0F/HOODQDQG6KDFNOHWRQIRXQGWKDWPRVW
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
EHDUVXVHGKDELWDWZLWKLQIHHWRIURDGVOHVVWKDQH[SHFWHGUHVXOWLQJLQDGGLWLRQDOKDELWDWORVV
7KH\IRXQGWKDWURDGVDQGDGMDFHQWDUHDVZHUHXVHGPRUHDWQLJKWDQGZHUHDYRLGHGGXULQJWKH
GD\$GGLWLRQDOO\\HDUOLQJVDQGIHPDOHVZLWKFXEVXVHGKDELWDWVQHDUURDGVPRUHWKDQRWKHU
EHDUVOLNHO\EHFDXVHURDGVZHUHDYRLGHGE\DGXOWPDOHEHDUV+RZHYHUVRPHEURZQEHDUVDWD
FRDOPLQHLQ$OEHUWD&DQDGDKDYHDSSHDUHGWRDGDSWWRGLVWXUEDQFHIURPWKHPLQH &ULVWHVFXHW
DO %DVHGRQWKHVWXG\IHPDOHEURZQEHDUVZLWKFXEVDSSHDUHGPRVWDGDSWDEOHWRPLQLQJ
GLVWXUEDQFH WKHLUKRPHUDQJHVRYHUODSSHGZLWKDUHDVRIDFWLYHPLQLQJ ZKLOHPDOHEURZQEHDUV
DSSHDUHGWROHDYHWKHDUHDGXULQJDFWLYHPLQLQJ7KLVVWXG\FRQFOXGHGWKDWDFWLYHPLQLQJ
LQIOXHQFHGWKHLQFLGHQFHRIHQFRXQWHUVEHWZHHQPDOHEHDUVDQGIHPDOHVZLWKFXEVZKLFKPD\
LQFUHDVHWKHOLNHOLKRRGRIFXEV¶VXUYLYDOZKLOHDFWLYHPLQLQJZRXOGEHWDNLQJSODFH2QFHPLQLQJ
VWRSSHGDQGWKHDUHDZDVUHVWRUHGPDOHEHDUVDSSHDUHGWRUHWXUQWRWKHDUHDDQGIHPDOHV
LQGLFDWHGVRPHIOLJKWUHVSRQVH &ULVWHVFXHWDO 
,Q'HQDOL1DWLRQDO3DUNEHWZHHQDQGDVWXG\ZDVFRQGXFWHGWKDWFRPSDUHGEURZQ
EHDUFDULERXDQGPRRVHGHQVLWLHVLQSUR[LPLW\WRWKHJUDYHOURDGLQWKHSDUNZLWKEDFNFRXQWU\
DUHDV <RVWDQG:ULJKW 2YHUDOOEURZQEHDUDQGFDULERXGLVWULEXWLRQVLQGLFDWHGQRSDWWHUQ
RIWUDIILFDYRLGDQFHZKLOHPRRVHGLVWULEXWLRQVXJJHVWHGSRVVLEOHWUDIILFDYRLGDQFH FRQIRXQGHG
E\SUHIHUUHGIRUDJHIDUWKHUIURPWKHURDG 
5RDGVFDQDOVRFDXVHIXQFWLRQDOKDELWDWORVVLIEHDUVDYRLGWKHPGXHWRSUR[LPLW\WRQHDUE\
UHVRXUFHV SUHIHUUHGIRUDJLQJDUHDVVXFKDVVDOPRQVWUHDPVDQGGHQQLQJORFDWLRQV $OWKRXJK
URDGVFDQFDXVHKDELWDWDYRLGDQFHDOWHUPRYHPHQWSDWWHUQVDQGEHFRPHHFRORJLFDOWUDSVPDQ\
RIWKHQHJDWLYHHIIHFWVRIURDGVDUHUHODWHGWRKXPDQXVHRIURDGVDQGQRWWKHURDGVWKHPVHOYHV
1RUWKUXSHWDO ,QDVWXG\LQ$OEHUWD&DQDGD1RUWKUXSHWDO  IRXQGWKDWWUDIILF
SDWWHUQVFDXVHGDFOHDUEHKDYLRUDOVKLIWLQEURZQEHDUVZLWKLQFUHDVHGXVHRIDUHDVQHDUURDGV
DQGPRYHPHQWDFURVVURDGVGXULQJWKHQLJKWZKHQWUDIILFZDVORZ7\SLFDOO\EURZQEHDUVLQ
DUHDVRIORZKXPDQSRSXODWLRQDUHPRVWDFWLYHGXULQJWKHGD\ZLWKQRGDLO\SDWWHUQRIURDGXVH
%R\FHHWDO 1RUWKXSHWDO  IRXQGWKDWYHKLFXODUDFWLYLW\VKLIWHGWKHVHSDWWHUQV
%HDUVVHOHFWHGDUHDVQHDUURDGVWUDYHOHGE\IHZHUWKDQYHKLFOHVSHUGD\DQGZHUHPRUHOLNHO\
WRFURVVWKHVHURDGVDYRLGLQJURDGVUHFHLYLQJPRGHVWWUDIILF LHWRYHKLFOHVSHUGD\ 
7KH\VWURQJO\DYRLGHGKLJKXVHURDGV LHPRUHWKDQYHKLFOHVSHUGD\ DWDOOWLPHV$V
GHWDLOHGSUHYLRXVO\WKHPDJQLWXGHRIWUXFNWUDIILFRQWKHWUDQVSRUWDWLRQFRUULGRUURDGVZRXOGEH
H[SHFWHGWREHDSSUR[LPDWHO\RQHWUXFNSDVVLQJLQHLWKHUGLUHFWLRQHYHU\PLQXWHV LQFOXGLQJ
DWQLJKW GXULQJRSHUDWLRQVDQGWKHUHIRUHEHDUVPD\DYRLGFURVVLQJWKHPLQHDFFHVVURDG
HVSHFLDOO\GXULQJGD\WLPHKRXUV
,QWHUPVRIH[WHQWEHDUPRYHPHQWSDWWHUQVDURXQGWKHPLQHVLWHDORQJWKHWUDQVSRUWDWLRQ
FRUULGRUDWWKHIHUU\WHUPLQDOVDQGDW$PDNGHGRULSRUWZRXOGEHLPSDFWHGE\WKHSURMHFW7KH
PDJQLWXGHRIWKHHIIHFWZRXOGEHWKDWVRPHDJHDQGJHQGHUJURXSVRIEHDUVPD\DYRLGWKHPLQH
VLWHVSHFLILFDOO\GXULQJRSHUDWLRQV VXFKDVDGXOWPDOHEHDUV DQGRWKHUVPD\EHOHVVDIIHFWHGRU
EHFRPHKDELWXDWHGWRPLQHVLWHGLVWXUEDQFH9HKLFXODUWUDIILFDORQJWKHWUDQVSRUWDWLRQFRUULGRU
LQSDUWLFXODUWKHSRUWDFFHVVURDG ZRXOGEHDQWLFLSDWHGWRDOWHUPRYHPHQWSDWWHUQVEHFDXVH
WKHUHDUHFXUUHQWO\QRURDGVLQWKHPDMRULW\RIWKHWUDQVSRUWDWLRQFRUULGRU6RPHEHDUVPD\DYRLG
WKHWUDQVSRUWDWLRQFRUULGRURUVKLIWWKHLUPRYHPHQWSDWWHUQVGXULQJSHULRGVRILQFUHDVHGYHKLFXODU
XVH$GGLWLRQDOO\DLUFUDIWGLVWXUEDQFHDW$PDNGHGRULSRUWGXULQJFRQVWUXFWLRQRIWKHSRUWDFFHVV
URDGZRXOGOLNHO\FDXVHEHDUVWRPRYHDZD\IURPWKHDUHD%HFDXVHEHDUVZHUHGHWHFWHGILVKLQJ
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
LQ$PDNGHGRUL&UHHNWKH\PD\EHGLVWXUEHGE\FRQVWUXFWLRQDQGRSHUDWLRQRIWKHSRUWDQG
YDFDWHWKHDUHD7KH:03ZRXOGGHWDLOVSHFLILFSDUDPHWHUVWRSUHYHQWGLVWXUEDQFHWREHDUV
,QVXPPDU\WKHPDJQLWXGHRILPSDFWVZRXOGLQFOXGHSRWHQWLDOIRUDYRLGDQFHRIWKHPLQHVLWH
WKHWUDQVSRUWDWLRQFRUULGRUDQGWRDOHVVHUH[WHQWWKHIHUU\WHUPLQDOVDQGSRUW%HFDXVHWKHUHDUH
QRHVWDEOLVKHGURDGVLQWKHPLQHVLWHDORQJWKHWUDQVSRUWDWLRQFRUULGRUDQGDW$PDNGHGRULSRUW
WKHDFFHVVURDGVPLQHSRUWDQGIHUU\WHUPLQDOVUHSUHVHQWQRYHOVRXUFHVRIGLVWXUEDQFHWRWKH
ODQGVFDSH7KHGXUDWLRQZRXOGODVWIRUWKHOLIHRIWKHSURMHFWDQGORQJHUGHSHQGLQJRQKRZWKH
URDGVDUHPDQDJHGSRVWFORVXUH7KHH[WHQWZRXOGLQFOXGHWKHSURMHFWFRPSRQHQWVDQGDQ
DYRLGDQFHEXIIHUZKLFKZRXOGOLNHO\YDU\GHSHQGLQJRQQRLVHDQGDFWLYLW\OHYHOV%HFDXVHWKH
DUHDKDVDKLJKGHQVLW\RIEHDUV SHU6HFWLRQ:LOGOLIH9DOXHV VRPHLQGLYLGXDOVZRXOG
H[SHULHQFHGLVWXUEDQFHEXWLPSDFWVZRXOGQRWEHH[SHFWHGWRUHVXOWLQSRSXODWLRQOHYHOLPSDFWV
3DJH 
,QMXU\DQG0RUWDOLW\
7KH:03ZRXOGRXWOLQHZD\VWRUHGXFHWKHSRWHQWLDOIRUZLOGOLIHPRUWDOLW\DORQJWKHURDG
KRZHYHUYDU\LQJZHDWKHUDQGVHDVRQDOFRQGLWLRQVZRXOGOLNHO\FDXVHSHULRGVRILQFUHDVHG
PRUWDOLW\IRUVRPHVSHFLHV VXFKDVLQFUHDVHGPRRVHPRUWDOLW\GXULQJZLQWHUPRQWKVDQG
reduced bear mortality during hibernation 7KHGXUDWLRQRIWKHVHLPSDFWVZRXOGEHORQJWHUP
ODVWLQJWKURXJKWKHOLIHRIWKHSURMHFW 3DJH 
%HDU
$FURVVWKHVSHFLHV¶UDQJHRQHIDFWRUFDXVLQJUHGXFWLRQLQEURZQEHDUSRSXODWLRQVKDVEHHQWKH
DYDLODELOLW\RIKXPDQDFFHVVLQWREURZQEHDUKDELWDWE\URDGVEXLOWIRUUHVRXUFHH[WUDFWLRQ
%RXODQJHUDQG6WHQKRXVH 2QHVWXG\LQ$OEHUWD&DQDGDE\%RXODQJHUDQG6WHQKRXVH
 DWWHPSWHGWRHVWLPDWHWKHGLUHFWGHPRJUDSKLFLPSDFWRIURDGVRQVXUYLYDOUDWHV
UHSURGXFWLYHUDWHVDQGRWKHUGHPRJUDSKLFSDUDPHWHUVIRUEURZQEHDUV7KH\IRXQGWKDWVH[DQG
DJHFODVVVXUYLYDOZDVUHODWHGWRURDGGHQVLW\ZLWKVXEDGXOWEHDUVEHLQJPRVWYXOQHUDEOHWR
URDGEDVHGPRUWDOLW\$GGLWLRQDOO\IHPDOHVZLWK\RXQJRIWKH\HDUDQGRU\HDUOLQJFXEVKDG
ORZHUVXUYLYDOUDWHVFRPSDUHGWRIHPDOHVZLWK\HDUROGVRUQRFXEV %RXODQJHUDQG6WHQKRXVH
 
7KHSRUWDFFHVVURDGZRXOGEHORFDWHGLQDQDUHDZLWKKLJKEURZQEHDUGHQVLWLHVDQGRFFXUV
GLUHFWO\QRUWKRI.DWPDL1DWLRQDO3DUNDQG3UHVHUYHDQG0F1HLO5LYHU6WDWH*DPH5HIXJHDQG
6DQFWXDU\,QWHUPVRIPDJQLWXGHDQGH[WHQWWKHVHDUHDVKDYHWKHKLJKHVWGRFXPHQWHG
FRQFHQWUDWLRQRIZLOGEURZQEHDUVLQWKHZRUOGDQGLQFOXGHSRSXODUEHDUYLHZLQJORFDWLRQV
$') *E $FFRUGLQJWR$ODVND'HSDUWPHQWRI)LVKDQG*DPH $') * QRRQHKDV
HYHUEHHQLQMXUHGE\DEHDUDW0F1HLO5LYHUDQGQREHDUVKDYHEHHQNLOOHGE\YLVLWRUVZKRIHOW
WKUHDWHQHGVLQFHWKHSHUPLWSURJUDPWRDFFHVVWKHVDQFWXDU\ZDVLQLWLDWHG $') *E 
$PDNGHGRULSRUWDQGWKHSRUWDFFHVVURDGZRXOGEHORFDWHGDSSUR[LPDWHO\PLOHVQRUWKRI
0F1HLO5LYHU)DOOV
%URZQEHDUVDUHFRPPRQLQWKHDUHDDORQJWKHSRUWDFFHVVURDGDQG$PDNGHGRULSRUWHVSHFLDOO\
DORQJFRDVWDOSODLQVLQWKHHDUO\VXPPHUDQGWKHQDORQJVDOPRQVSDZQLQJVWUHDPVODWHULQWKH
VXPPHUDQGIDOO7KLVZDVGRFXPHQWHGLQDORQJWKHSRUWDFFHVVURDGZLWKEHDUVDORQJWKH
FRDVWLQWKHVSULQJDQGHDUO\VXPPHUDQGDORQJVDOPRQVWUHDPVODWHULQWKHVXPPHU7KHUHIRUH
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
EHDUVPRYHDURXQGLQUHODWLRQWRVHDVRQDOO\DYDLODEOHIRRGUHVRXUFHV%HDUVZRXOGEHH[SHFWHGWR
FURVVWKHSRUWDFFHVVURDGDVSDUWRIWKHLUUHJXODUPRYHPHQWSDWWHUQVEXWPD\VKRZLQLWLDO
FDXWLRQRUDYRLGDQFH%HFDXVHWKHURDGZRXOGEHDQRYHOLWHPLQWKHODQGVFDSHEHDUVPD\EH
ZDU\RIFURVVLQJLWLQLWLDOO\$VGHWDLOHGDERYHXQGHU³%HKDYLRUDO'LVWXUEDQFH´EURZQEHDUVLQ
SDUWLFXODUZRXOGOLNHO\DYRLGWKHWUDQVSRUWDWLRQFRUULGRUGXULQJSHULRGVRIKLJKYHKLFXODUWUDIILF
,QWHUPVRIPDJQLWXGHRIWKHLPSDFWWKHQXPEHURIEHDUVWKDWPD\SRWHQWLDOO\VXIIHULQMXU\RU
PRUWDOLW\DORQJWKHWUDQVSRUWDWLRQFRUULGRUDFURVVWKHOLIHRIWKHSURMHFWZRXOGOLNHO\IOXFWXDWHLQ
UHODWLRQWRWKHORFDWLRQRIUHVRXUFHVPRYHPHQWFRUULGRUVWLPHRIGD\DQGVHDVRQ
7KHUHZRXOGEHDSRWHQWLDOIRUEHDUPRUWDOLW\GXHWRGHIHQVHRIOLIHDQGSURSHUW\%HDUVWKDW
EHFRPHKDELWXDWHGDQGIUHTXHQWWKHPLQHVLWHIHUU\WHUPLQDOV$PDNGHGRULSRUWRURWKHUSURMHFW
ORFDWLRQVPD\EHFRPHDVDIHW\ULVN6RPHRIWKHVHEHDUVPD\H[SHULHQFHKD]LQJDQGRWKHU
QHJDWLYHKXPDQLQWHUDFWLRQVDQGWKHQWUDYHOWRDUHDVVXFKDV.DWPDL1DWLRQDO3DUNDQG3UHVHUYH
DQG0F1HLO5LYHU6WDWH*DPH5HIXJHDQG6DQFWXDU\%HDUVWKDWDUHQHJDWLYHO\KDELWXDWHGWRWKH
SURMHFWRUKDYHEHFRPHIRRGFRQGLWLRQHGPD\EHFRPHDGDQJHUWRWKHSXEOLFDWEHDUYLHZLQJ
DUHDV,PSOHPHQWDWLRQRID:03ZRXOGEHDQWLFLSDWHGWRPLQLPL]HWKHSRWHQWLDOIRUFRQIOLFW
EHWZHHQZLOGOLIHDQGKXPDQV7KHUHZRXOGEHDOVRDSRWHQWLDOIRULQFUHDVHGKXQWLQJSUHVVXUH
IURPLQFUHDVHGDFFHVVLELOLW\WRDUHDVHVSHFLDOO\DORQJWKHWUDQVSRUWDWLRQFRUULGRU7KHSURMHFW
ZRXOGKDYHDQRKXQWLQJILVKLQJRUJDWKHULQJSROLF\IRUQRQORFDOHPSOR\HHVWRPLQLPL]H
FRPSHWLWLRQIRUORFDOUHVRXUFHV
,QVXPPDU\WKHPDJQLWXGHRILPSDFWVZRXOGEHH[SHFWHGWREHWKDWLQGLYLGXDOEHDUVPD\EH
NLOOHGDORQJWKHDFFHVVURDGVDQGGXULQJGHIHQVHRIOLIHDQGSURSHUW\RUIURPRWKHUQHJDWLYH
KXPDQLQWHUDFWLRQV7KHGXUDWLRQZRXOGODVWIRUWKHOLIHRIWKHSURMHFWDQGSRWHQWLDOO\ORQJHU
GHSHQGLQJRQWKHORQJWHUPPDQDJHPHQWRIWKHDFFHVVURDGV7KHH[WHQWZRXOGLQFOXGHDOO
SURMHFWFRPSRQHQWVEXWFRXOGH[WHQGLQWRDGMDFHQWDUHDVLIQHJDWLYHO\KDELWXDWHGEHDUVPRYH
LQWRSXEOLFEHDUYLHZLQJDUHDV7KHUHZRXOGEHDOLNHOLKRRGRIRFFXUUHQFHEHFDXVHEHDUVPD\EH
LQMXUHGRUNLOOHGDORQJWKHWUDQVSRUWDWLRQFRUULGRUDQGWKHUHZRXOGEHDSRWHQWLDOIRUDIRRG
FRQGLWLRQHGEHDUWREHFRPHDVDIHW\KD]DUG 3DJH 
+DELWDW&KDQJHV
6RPHRIWKHODUJHPDPPDOVSHFLHVVXFKDVFDULERXPRRVHEHDUVDQGJUD\ZROYHVRFFXS\WKH
KDELWDWLQWKHPLQHVLWHDWYDU\LQJGHQVLWLHVDQGDWGLIIHUHQWWLPHVRIWKH\HDU,QWHUPVRIWKH
GXUDWLRQRIHIIHFWVDODUJHSRUWLRQRIWKLVKDELWDWZRXOGEHUHYHJHWDWHGRQFHWKHSURMHFWZRXOGEH
FRPSOHWHGDQGWKHVSHFLHVZRXOGEHDQWLFLSDWHGWRUHWXUQRYHUWLPHDVWKHYHJHWDWLRQDQGKDELWDW
PDWXUHWRFRQGLWLRQVVXLWDEOHIRUHDFKVSHFLHV 3DJH 
%HDU
,QWHUPVRIPDJQLWXGHDQGH[WHQWRILPSDFWVWKHGLUHFWORVVRIDSSUR[LPDWHO\DFUHVRI
KDELWDWIURPFRQVWUXFWLRQDQGRSHUDWLRQVRIWKHSURMHFW LQFOXGLQJWKHPLQHVLWH$PDNGHGRUL
SRUWIHUU\WHUPLQDOVDQGWUDQVSRUWDWLRQDQGQDWXUDOJDVSLSHOLQHFRUULGRUV ZRXOGEHH[SHFWHGWR
GLVSODFHEHDUVWKDWXVHWKHKDELWDWIRUIRUDJLQJGHQQLQJDQGDVSDUWRIWKHLUKRPHUDQJH7KHUH
ZRXOGEHDGGLWLRQDOKDELWDWDURXQGPLQHFRPSRQHQWVWKDWZRXOGEHLQGLUHFWO\UHPRYHGE\
DYRLGDQFHGXHWREHKDYLRUDOGLVWXUEDQFH$YRLGDQFHDUHDVPD\LQFOXGHVDOPRQVSDZQLQJVWUHDPV
DQGSUHIHUUHGGHQQLQJKDELWDW VXFKDVQHDU$PDNGHGRULSRUW DQGRWKHUORFDWLRQVRIVHDVRQDO
IRRGVRXUFHV%HDUVWKDWH[SHULHQFHKDELWDWORVV HLWKHUGLUHFWO\RULQGLUHFWO\ ZRXOGEH
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
DQWLFLSDWHGWRXVHWKHVXUURXQGLQJKDELWDWDOWKRXJKWKH\PD\HQFRXQWHULQFUHDVHGFRPSHWLWLRQ
ZLWKRWKHUEHDUV%URZQEHDUVDUHGLVWULEXWHGWKURXJKRXWWKHODQGVFDSHDQGDUHVHDVRQDOO\
FRQFHQWUDWHGDURXQGUHVRXUFHVVXFKDVKLJKTXDOLW\YHJHWDWLRQVRXUFHV VHGJHVJUDVVHVEHUU\
VRXUFHV DQGVDOPRQVSDZQLQJVWUHDPV,QSDUWLFXODUEURZQEHDUVPD\DYRLGORFDWLRQVRUDOWHU
IRUDJLQJSDWWHUQVZKHUHWKHWUDQVSRUWDWLRQFRUULGRUFURVVHVDQDGURPRXVVWUHDPV+DELWDWORVV
PD\DOVRUHVXOWLIVRPHEHDUVDUHKHVLWDQWWRFURVVPLQHDFFHVVURDGVLQSDUWLFXODUWKHSRUWDFFHVV
URDG7KHSRUWDFFHVVURDGPD\LQKLELWPRYHPHQWSDWWHUQVDQGFDXVHEHDUVWRVHHNRXWRWKHU
ORFDWLRQVIRUIRUDJLQJDQGGHQQLQJ$VPHQWLRQHGDERYHXQGHU%HKDYLRUDO'LVWXUEDQFHEURZQ
EHDUVKDYHEHHQVKRZQWRDYRLGKDELWDWZLWKLQIHHWRIURDGVUHVXOWLQJLQDGGLWLRQDOKDELWDW
ORVV 0F/HOODQDQG6KDFNOHWRQ %DVHGRQWKHORFDWLRQRIKLJKHVWEHDUGHQVLW\DIRRW
UDGLXVEXIIHUDURXQGWKHSRUWDFFHVVURDGVRXWKIHUU\WHUPLQDODQG$PDNGHGRULSRUWZRXOG
UHVXOWLQDQDGGLWLRQDODFUHVRIKDELWDWORVVWKURXJKDYRLGDQFH,QWHUPVRILPSDFW
PDJQLWXGHDQGGXUDWLRQDODUJHSRUWLRQRIWKHSURMHFWZRXOGEHUHVWRUHGIROORZLQJFORVXUHRIWKH
PLQHWKHUHIRUHWKHDFWXDODPRXQWRISHUPDQHQWKDELWDWORVVZRXOGEHOHVV
,QVXPPDU\WKHPDJQLWXGHRIKDELWDWORVVPD\UHDFKDFUHV DFUHVRIGLUHFWLPSDFWV
SOXVDFUHVRIKDELWDWWKDWZRXOGEHDYRLGHGDORQJWKHSRUWDFFHVVURDG 7KHUHPD\EH
DGGLWLRQDOKDELWDWDYRLGDQFHDURXQGWKHPLQHVLWHPLQHDFFHVVURDGDQGQRUWKIHUU\WHUPLQDO
7KHLQGLUHFWKDELWDWORVVWKURXJKDYRLGDQFHPD\LQFOXGHORVVRIIRUDJLQJDQGGHQQLQJORFDWLRQV
DQGPD\UHVXOWLQLQFUHDVHGLQWHUVSHFLILFFRPSHWLWLRQ7KHGXUDWLRQZRXOGODVWIRUWKHOLIHRIWKH
SURMHFWDQGORQJHUEHFDXVHWKHSLWODNHZRXOGUHSUHVHQWDSHUPDQHQWORVVRIKDELWDW7KHH[WHQW
ZRXOGLQFOXGHDOORIWKHPLQHFRPSRQHQWVDQGLQSDUWLFXODUWKHSRUWDFFHVVURDG*LYHQWKHKLJK
GHQVLW\RIEURZQEHDUVLQWKHDUHDLPSDFWVZRXOGEHH[SHFWHGWRRFFXULIWKHSURMHFWLVSHUPLWWHG
DQGFRQVWUXFWHG 3DJH 
9DULDQWV,PSDFW$QDO\VLV
.RNKDQRN(DVW)HUU\7HUPLQDO9DULDQW
,QWHUPVRIPDJQLWXGHWKLVZRXOGUHGXFHLPSDFWVWRZLOGOLIHVSHFLHV VXFKDVbrown bears 
DURXQG*LEUDOWDU/DNHDQGDORQJ*LEUDOWDU&UHHNEHFDXVHWKHSRUWDFFHVVURDGZRXOGOHDGQRUWK
WR.RNKDQRNDQGDYRLG*LEUDOWDU/DNH 3DJH 
$OWHUQDWLYH±1RUWK5RDGDQG)HUU\ZLWK'RZQVWUHDP'DPV
7HUUHVWULDO:LOGOLIH
,QWHUPVRIPDJQLWXGHDQGH[WHQWLPSDFWVWRPRRVHbrownDQGEODFNbearsJUD\ZROYHVDQG
RWKHUWHUUHVWULDOZLOGOLIHZRXOGEHSULPDULO\UHODWHGWREHKDYLRUDOGLVWXUEDQFH WKURXJKLQFUHDVHG
QRLVHYHKLFXODUWUDIILFDQGKXPDQLQWHUDFWLRQ LQMXU\DQGPRUWDOLW\DQGORVVRIKDELWDW ERWK
GLUHFWO\WKURXJKYHJHWDWLRQUHPRYDODQGDYRLGDQFHRIDUHDVQHDUWKHWUDQVSRUWDWLRQDQGQDWXUDO
JDVSLSHOLQHFRUULGRUV  3DJH 
%HKDYLRUDO'LVWXUEDQFH
0RRVHKDYHEHHQNQRZQWRDYRLGURDGVE\XSWRIHHWDQGbears would be anticipated to
alter feeding patterns in salmon-spawning streams adjacent to the transportation and natural
gas pipeline corridors7UDIILFYROXPHVDWURXQGWULSWUXFNWULSVSHUKRXUGD\ RQHYHKLFOH
HYHU\PLQXWHV ZRXOGEHDQWLFLSDWHGWRWHPSRUDULO\GLVWXUEZLOGOLIHZKLOHYHKLFOHVDUH
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
SDVVLQJ7KHPDJQLWXGHRIWKHYLVXDODQGQRLVHGLVWXUEDQFHIURPSDVVLQJYHKLFOHVZRXOGEH
UHGXFHGGXHWRWKHIRUHVWKDELWDWWKDWPRVWRIWKHWUDQVSRUWDWLRQFRUULGRUSDVVHVWKURXJK7KH
H[WHQWRIEHKDYLRUDOGLVWXUEDQFHWRZLOGOLIHZRXOGEHDQLPSDFWRQLQGLYLGXDOVDORQJWKH
WUDQVSRUWDWLRQFRUULGRU6RPHVSHFLHVPD\DYRLGWKHWUDQVSRUWDWLRQFRUULGRUHVSHFLDOO\ZKHUHLW
RYHUODSVZLWKIDYRUHGIRUDJLQJDUHDVVXFKDVDORQJVDOPRQVWUHDPV$VGHWDLOHGLQ6HFWLRQ
:LOGOLIH9DOXHVZLOGOLIHFDPHUDVZHUHSODFHGDORQJVHYHQDQDGURPRXVVWUHDPVDORQJWKH
QRUWKHUQVKRUHRI,OLDPQD/DNHIURP5RDGKRXVH0RXQWDLQWRWKH3LOH5LYHU $%5D Bear
use reflected salmon run timing, with the highest activity from late July to early August. Small,
shallow streams with high numbers of spawning salmon were the preferred foraging areas. The
highest level of activity occurred during early morning and late evening, but bears spent little
time fishing in the portions of the river in the camera’s viewshed, according to the timelapse
photography (ABR 2015a). Conversely, this finding may not fully represent the extent of bear use
at these locations throughout the year, but provides a snapshot of activity levels during one
summer7KHGXUDWLRQRIEHKDYLRUDOGLVWXUEDQFHLPSDFWVZRXOGH[WHQGIRUWKHOLIHRIWKHSURMHFW
DQGWKHH[WHQWZRXOGLQFOXGHDOOSURMHFWFRPSRQHQWV,WZRXOGEHOLNHO\WKDWEHKDYLRUDOLPSDFWV
ZRXOGRFFXUWRVRPHVSHFLHVDQGLQGLYLGXDOVHVSHFLDOO\WKRVHWKDWZRXOGQRWEHDFFXVWRPHGWR
YHKLFXODUWUDIILFDSDUWIURPRFFDVLRQDOXVHRIWKH:LOOLDPVSRUW3LOH%D\5RDG 3DJH 
,QMXU\DQG0RUWDOLW\
0RRVHbearsZROYHVDQGVPDOOHUWHUUHVWULDOZLOGOLIHWKDWFURVVWKHURDGKDYHDSRWHQWLDOWR
FROOLGHZLWKWUXFNWUDIILFZKLFKZRXOGHQWDLODWUXFNSDVVLQJE\DSSUR[LPDWHO\HYHU\
PLQXWHV 3DJH 
+DELWDW&KDQJHV
,I$OWHUQDWLYHLVVHOHFWHGSHUPLWWHGDQGFRQVWUXFWHGLPSDFWVIURPORVVDQGDYRLGDQFHRI
KDELWDWZRXOGEHH[SHFWHGIRUDUDQJHRIWHUUHVWULDOVSHFLHVVXFKDVPRRVHbearsZROYHVDQG
VPDOOHUWHUUHVWULDOZLOGOLIH 3DJH 
7DEOH6XPPDU\RI.H\,VVXHVIRU:LOGOLIH5HVRXUFHV
,QMXU\DQGPRUWDOLW\

3RWHQWLDOIRUbearsWREHNLOOHGLQGHIHQVHRIOLIHDQGSURSHUW\ DOO
DOWHUQDWLYHV



PD\LQFUHDVHFROOLVLRQVIRUZLOGOLIHVSHFLHV VXFKDVbrown bears 
DOODOWHUQDWLYHVDQGYDULDQWV  3DJH 

&XPXODWLYH(IIHFWV
3DVW3UHVHQWDQG5HDVRQDEO\)RUHVHHDEOH$FWLRQV
7HUUHVWULDO:LOGOLIHDQG%LUGV
BearsPD\FKDQJHWKHLUIRUDJLQJDUHDVDQGKDYHLQFUHDVHGPRUWDOLW\IURPQHZURDGVDQG
PRUWDOLW\IURPGHIHQVHRIOLIHDQGSURSHUW\ 3DJH 
$OWHUQDWLYH±$SSOLFDQW¶V3URSRVHG$OWHUQDWLYH
3HEEOH0LQH([SDQGHG'HYHORSPHQW6FHQDULR
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
,QLVNLQ%D\KDVDODUJHVHDVRQDOFRQFHQWUDWLRQRIbrown bearsDWWKHHQGRIWKHED\ZKLFKZRXOG
EHGLUHFWO\LPSDFWHG 3DJH 
6HFB6SLOO5LVN
$IIHFWHG(QYLURQPHQWRIWKH$QDO\VLV$UHDVIRUWKH%XONDQG3\ULWLF7DLOLQJVDQG
8QWUHDWHG&RQWDFW:DWHU5HOHDVHV
%LRORJLFDO5HVRXUFHV
7KHDUHDSURYLGHVTXDOLW\KDELWDWIRUQXPHURXVWHUUHVWULDOPDPPDOVLQFOXGLQJPRRVHbrownDQG
EODFNbears« 3DJH 
'LHVHO6SLOO6FHQDULRV
3RWHQWLDO,PSDFWVRID'LHVHO6SLOOIURP7DQNHU7UXFN5ROORYHU
:LOGOLIH
/DUJHUWHUUHVWULDOPDPPDOVVXFKDVbears (Ursus species)«DUHXQOLNHO\WREHLPSDFWHGE\D
WHUUHVWULDOGLHVHOVSLOOEHFDXVHLWLVXQOLNHO\WKH\ZRXOGEHLQWKHLPPHGLDWHYLFLQLW\GXULQJWKH
VSLOODQGDUHOLNHO\WRYDFDWHWKHDUHDGXULQJDFWLYHVSLOOFOHDQXS)RUWHUUHVWULDOPDPPDOVWKDW
PLJKWEHH[SRVHGQXPEHUVRILQGLYLGXDOVDUHH[SHFWHGWREHVPDOOZLWKQRSRSXODWLRQOHYHO
HIIHFWV 3DJH 
3RWHQWLDO,PSDFWVRID'LHVHO6SLOOIURP0DULQH7XJ%DUJH$OOLVLRQ VLF 
:LOGOLIH
0RVWWHUUHVWULDOVSHFLHVGRQRWXVHWKHPDULQHWHUUHVWULDOLQWHUIDFHH[WHQVLYHO\DOWKRXJKVRPH
ODUJHPDPPDOVVXFKDVbrown bears (Ursus arctos)DQGRWKHUPDPPDOVSHFLHVPD\
RFFDVLRQDOO\IRUDJHDORQJH[SRVHGWLGDOIODWVLQ.DPLVKDN%D\,Q.DPLVKDN%D\WKHUHLVD
VPDOODUHDRIUD]RUFODP Siliqua species EHGVDWWKHPRXWKRI$PDNGHGRUL&UHHN
*HR(QJLQHHUV EXWWKHUHVWRI.DPLVKDN%D\GRHVQRWVXSSRUWH[WHQVLYHUD]RUFODPEHGV
12$$ DQGWKHUHIRUHLWLVQRWDPDMRUFODPPLQJDUHDIRUbears 3DJH 
3RWHQWLDO,PSDFWVRID&RQFHQWUDWH6SLOOIURP7UXFN5ROORYHU
:LOGOLIH
,IDFRQFHQWUDWHVSLOORFFXUVDQGHQWHUVIORZLQJZDWHUFRQFHQWUDWHZRXOGEHFDUULHGUDSLGO\
GRZQVWUHDPDQGGLVSHUVHG/HDFKLQJRIPHWDOVIURPFRQFHQWUDWHZRXOGOLNHO\UHTXLUH\HDUVWR
GHFDGHV VHH³)DWHDQG%HKDYLRURI6SLOOHG&RQFUHWH´VHFWLRQDERYH $GGLWLRQDOO\FRSSHUGRHV
QRWELRDFFXPXODWH (3$ DQGWKHUHIRUHGRHVQRWSRVHDFRQVXPSWLRQULVNWRbears Ursus
VSHFLHV JUD\ZROYHV &DQLVOXSXV DQGRWKHUWHUUHVWULDOZLOGOLIHthat consume salmon 3DJH
 
3RWHQWLDO,PSDFWVRID%XON7DLOLQJV'HOLYHU\3LSHOLQH5XSWXUH
:LOGOLIH
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
$Q\LPSDFWVWRILVKSRSXODWLRQVGHWDLOHGLQWKHILVKVHFWLRQEHORZZRXOGGLUHFWO\LPSDFW
WHUUHVWULDOVSHFLHVWKDWSUH\RQILVKVXFKDVbrown bears (Ursus arctos)DQGJUD\ZROYHV &DQLV
OXSXV  3DJH 
3RWHQWLDO,PSDFWVRID3\ULWLF7DLOLQJV6RXWK(PEDQNPHQW5HOHDVHLQWRWKH6).
:LOGOLIH
7KHUHDUHDIHZVFDWWHUHGbear densRQVORSHVDERYHWKH6).ZKLFKZRXOGQRWEHGLUHFWO\
LPSDFWHG7KHDUHDGRHVQRWDSSHDUWRFRQFHQWUDWHPRRVHRUFDULERXDOWKRXJKWKHRFFDVLRQDO
brown bearKDVEHHQGHWHFWHGLQWKHDUHD 3DJH 
3RWHQWLDO,PSDFWVRI&RQWDFW:DWHU5HOHDVHIURPWKH0DLQ:03
:LOGOLIH
%HFDXVHILVKDUHDQLPSRUWDQWSDUWRIWKHIRRGFKDLQIRUWHUUHVWULDOPDPPDOVVXFKDVbrown
bearsZROYHVDQGRWKHUVLPSDFWVWRILVKSRSXODWLRQVPD\UHVXOWLQLPSDFWVWRWKHVHVSHFLHV
,PSDFWVPD\LQFOXGHDOWHUHGIRUDJLQJORFDWLRQV LIILVKOHYHOVDUHUHGXFHG DQGSRWHQWLDOIRU
LQFUHDVHGFRPSHWLWLRQDQGGHFUHDVHGILWQHVVWKURXJKLQFUHDVHGHQHUJ\H[SHQGLWXUHWRILQG
UHVRXUFHV 3DJH 
6SHFLHVVXFKDVULYHURWWHUVDQGbearsFDQELRDFFXPXODWHPHUFXU\IURPILVK 0DQQHWDOin
6iQFKH]%D\RHWDO  3DJH 
&KB0LWLJDWLRQ
7DEOH$SSOLFDQW¶V3URSRVHG0LWLJDWLRQ,QFRUSRUDWHGLQWRWKH3URMHFW
'HVFULSWLRQRI0HDVXUH
$:LOGOLIH0DQDJHPHQW3ODQ :03 ZRXOGEHGHYHORSHGIRUWKHSURMHFWSULRUWR
FRPPHQFHPHQWRIFRQVWUXFWLRQDQGWKHSURMHFWZRXOGXVH%03VIRUZLOGOLIHPDQDJHPHQW7KH
:03ZRXOGGHVFULEHWKHHTXLSPHQWPHWKRGRORJ\WUDLQLQJDQGDVVHVVPHQWWHFKQLTXHVWKDW
ZRXOGEHXVHGWRPLQLPL]HWKHSRWHQWLDOIRUZLOGOLIHLQWHUDFWLRQZLWKSURMHFWDFWLYLWLHVDQGWR
PLQLPL]HLPSDFWVWRZLOGOLIHLQWKHSURMHFWDUHD 3DJH 
$SS$B6FRSLQJ5HSRUW
1RLVH
&RQVLGHUQRLVHLQWKHZDWHUFUHDWHGE\WKHSURSRVHGLFHEUHDNHUIHUU\DQGWKHLPSDFWVWRILVK
bearsDQGRWKHUZLOGOLIH 3DJH 
:LOGOLIHDQG1RQ7KUHDWHQHGDQG(QGDQJHUHG%LUGVDQG0DPPDOV
$QDO\]HKRZQRLVHOHYHOVIURPFRQVWUXFWLRQRUODUJHYHVVHOWUDIILFPD\GHWHUbearsIURPFRPLQJ
WRMcNeil River Fallsor could affect bear behavior and change or end the use of McNeil River
by bears
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7KH3HEEOH3URMHFWDQG%URZQ%HDUV
7KHSURSRVHGURDGDQG$PDNGHGRUL3RUWFRXOGFKDQJHbrown bear migration and result in
brown bear mortalities
$QDO\]HLPSDFWVWKDWKDELWDWIUDJPHQWDWLRQIURP$PDNGHGRUL3RUWDQGWKHPLQHDFFHVVURDG
ZRXOGKDYHRQbear movements
([DPLQHKRZLQFUHDVHGFRQWDFWEHWZHHQbears that use the McNeil RiverDQGKXPDQVFRXOG
UHVXOWLQIRRGFRQGLWLRQLQJRIEHDUVRUGLUHFWEHDUPRUWDOLW\E\KXPDQV 3DJH 
6RFLRHFRQRPLF,PSDFWV
$QDO\]HLPSDFWVRQWKHbear viewingLQGXVWU\QHDUWKHSURSRVHG$PDNGHGRUL3RUW 3DJH 
5HFUHDWLRQ
&RPPHQWVZHUHUHFHLYHGRQLPSDFWVWRUHFUHDWLRQDQGWRXULVPUHFUHDWLRQDOKXQWLQJDQGILVKLQJ
XVDJHQHDUWKHPLQHDORQJULYHUV\VWHPVDQGLQWUDQVSRUWDWLRQSLSHOLQHFRUULGRUGXULQJ
FRQVWUXFWLRQDQGRSHUDWLRQ7KLVLQFOXGHVFRPPHQWVRQGLVUXSWLRQRIUHFUHDWLRQDOH[SHULHQFHV
bear viewingVSRUWILVKLQJ 
'LVSODFHPHQWRIZLOGOLIHZRXOGLPSDFWWKHH[SHULHQFHRISHRSOHWKURXJKRXWWKHSURSRVHG
SURMHFWDUHDEXWZRXOGVSHFLILFDOO\LPSDFWWKHUHFUHDWLRQLVWVDWMcNeil State Game Refuge 3DJH
 
5HVHDUFKDQG(YDOXDWLRQ1HHGV
$QH[WHQVLYHDQGWKRURXJKEDVHOLQHVWXG\RQbear populationsLQFOXGLQJQXPEHUVPRYHPHQW
GLHWDQGIHHGLQJDUHDVVKRXOGEHGRQH 3DJH 
$SS1B3URMHFWB'HVFULSWLRQ
 352-(&76(77,1*
0,1(6,7(
(FRORJ\
7KHUHDUHPRGHUDWHGHQVLWLHVRIbrown bear« 3DJH 
75$163257$7,21&255,'25
(FRORJ\
Brown bear densityLVVRPHZKDWKLJKHULQWKHWUDQVSRUWDWLRQFRUULGRUZLWKGHQVLWLHVLQFUHDVLQJ
DVWKHFRUULGRUDSSURDFKHVWKHFRDVW 3DJH 
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Potential environmental impacts to brown bears (Ursus arctos)
with development of the Pebble Mine, Southwest Alaska

Report by: Dr. Natalie Dawson
Research professor, University of Montana
For: National Parks Conservation Association

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2027 of 2339

Introduction
ǡȋUrsus arctosȌ   
 Ǥ  ǡ  ͶͷΨ 
ȋʹͲͲͶȌǡ 
ǤǤͳͻͷǤ
ǡ  Ǧ  ȋǤǤ
 ǡǣȀȀʹǤȀȀǦǦ
 Ȁ Ǧ Ǧ Ȍ ǡǡ   
ǡ 
Ǥ ǡǲǳ ǡ 
 
ȋʹͲͲͶȌǤ 
    ǡ
    
Ǥ
Ǧ  ǡ
    Ǥ 
  ǡ  
ȋ
ǤͳͻͻȌǤ 
ȋǤͳͻͻǡʹͲͲͳǡʹͲͲȌǡ
ǡ Ǥ 
ȋȋȌȋȌȌ
 ȋ   ȋ ȌȌ 
 ǡ ǡ
ǡ ǡǤ
 ǡ Ǧǯ
 ǡǤ 
  Ǥ
ǡ ǡ
ȋ ʹͲͲȌǤ 
 ǡ
   ȋǤʹͲͳ͵ȌǤ
 
 Ǥ ǡ
     
ȋ ʹͲͲ͵ȌǤ 

  ȋǤǤǡ
ȌȋǤʹͲͳʹȌǤ


Population information


ȋʹͲͲȌǡ 
  Ǥǡ
    ǡ 


ʹ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2028 of 2339

 ǡǡ Ǥǡ 
 ȋǤͳͻͻȌǤȋʹͲͲͳȌʹǡͲͲͲǦ
ʹǡͷͲͲͲǤ
ʹͲͳʹǡʹǡͲͲͲǦʹǡͷͲͲ   
 ǡǡ
ȋʹͲͳͷȌǤͻǡ 
 ǡͳȀ͵ǤͷʹǡͲͲͲǦǡͺͲͲ
ȋʹͲͳͷȌǤ
ǡ   ǡǡ
ǡ 
Ǥ ǲ ǳ
ȋʹͲͳͳȌͳͺǤͶʹʹǤͷȀͳͲͲͲʹǤ
   
Ǥ  
 Ǥ ǡ
ǤȋͳͻͻȌͷͷͳȀͳǡͲͲͲʹȋʹͲͲȌ
ͳͷȀͳͲͲͲʹǤ ͳͻͻ 
  
ǤʹͲͳͷ 
  ǦǤ
The Pebble Mine and Brown Bears
 ǡ ͷΨ
ǯ   ȋ
  ʹͲͲͶȌ      Ǥ
ǯ ǡ  
  ȋʹͲͲͶȌǤ ǡ 
    
  ǡ  ǡ ǡǤ
    
Ǥ  ǡ ǡ  
  
ǤͳȌ  
ǡʹȌ 
ǡ͵Ȍ Ȁ  
    ȋǤǤ
  ǡ
Ȁ  ǡ
 ȌǤ
      
  Ǥ 
ȋ ǤʹͲͳͲȌ  
   Ǥ
ǡ ǡ 
ǡ    
ȋ ǤʹͲͳȌǤǡΦ


͵

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2029 of 2339

ͳͲͲǤ
  ȋǤǡǤǦ
ͳȌǤ  
 ǡǡǡǤ 
 ǡ  ǡ 
  Ǥ
Ǧ 
    
 ȋǤʹͲͳͷȌǡ    ǡ
 Ǥ
   
  ǡ
  ȋǤʹͲͲͶǢ ǤʹͲͲͷȌǤ 
    
Ǥ  ȋȀ  ǡ 
 ȌȋǤʹͲͳ͵ȌǤ  
 ȋǤʹͲͳʹȌǤ 
    ǡ ȋ ǤʹͲͳʹȌǤ
  ͵ǦǡǦ 
ǡ  
͵ͲͲ Ǥ
ʹͲǦͳͲͲʹǡͳͲͲ
 Ǥǡ 
 ȋǤǡǤ ȌǤ
 
 ȋǤʹͲͳͺȌǡ  
 ȋȌ 
ǡ    
Ǥ
  
 Ǥ ǡ ͷΨ
Ǥ  ǡ ͺͻΨ
 ȋ ͳͻͻͺȌǤ  ǡ
   ȋǤʹͲͳȌǤ
  Ǧ
  ǡ  
   ȋǤʹͲͳͺȌǤ
ǡ 
ǡǡǦ  
     
 ȋ ͳͻͻͺȌǤ 
ǡ    
ǡǡ Ǥ   
Ǧ Ǥ 
  ȋȌ  
ǡ    


Ͷ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2030 of 2339

ȋǤʹͲͲȌǤ   
ǡǡ ǡȀ 
   Ǥ  
 ǡȀ   ʹͲΨȋǤʹͲͳȌǤ
ȋȌǡ 
Ǧ ȋ Ȍͻǡ  ǡ
ǡ ȋʹͲͳͷȌǤ 
Ǧ Ȁ  
 ȋǤʹͲͳͺȌǤǡ 
   
 Ǥ

     
  Ǥ 
    ȋǤͳͻͻͺȌǤ

Cumulative Risks
ǡ   
    
 Ǥǡ  
  
ǡǤ
  ǣ
ͳȌ
Habitat simplificationǤ  
  Ǥ 
Ǥ
   
ȋǤǤ Ȍǡ  
ǡ ǡ Ǥ
ʹȌ
Climate ChangeǤ
 ǡ  ǡ 
 Ǥ
   ǡ 
 ǡ  
Ǧ  Ǥ 
  Ǥ
͵Ȍ
Bear/Human conflictsǤ ǡ
 Ȁ  Ǧ
  ǡ   Ǥ
ǡ ǡǡǡ  
 ǡ  ǲ  ǳǦ 
  
  Ǥ
 ǡ  
Ǥ
ͶȌ
Increasing footprint of the Pebble Mine projectǤ ǲǳ
     


ͷ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2031 of 2339

 Ǥ ǡ  
  
 Ǧ 
 Ǥǡ 
  ǡ
ǲ ǳ  Ǥ 
  ǡ  
  
Ǥ ǡ
 ǡ 
 ǲǳǤ
Brown bears and protected areas on the Alaska Peninsula

Ǧ      
  ȋǤʹͲͳͶȌǤ  
    
ǡǡ  
 Ǥ  ǡ  
  ǣ
ͳȌ
  
 Ǥ
   
Ǥ
ʹȌ

 ǡ
 ǡǡ  ǡ
 Ǥ
  Ǧ
 Ǥ
͵Ȍ
 
 
  ȋ
Ȍȋʹ͵ǡȌ 
 Ǥ    
Ǥ
ͶȌ
   ǡ ǡ
 Ȁ  ǡ
ǡ   ǡ  Ǥ
ͷȌ
  
   
 ǡ  
 ǡ
 Ǧ Ǥ

Fundamental research needs





BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2032 of 2339


     
ǡǡǦ  
   ǡ
ǡ ǤǦ 
  ǡ 
 
ȋǤǤ ǤʹͲͳʹȌǤ 
 ǡ 
  ǡ 
 ǡ 
 Ǥ  
 ǡǡǤ

    
  ǡ  
ǡǡ
Ǥ 
  
 Ǥ 
Ǧ    Ǥ
ǡǡ  
 Ǥ  Ǧ
 Ǥ 
     ǡ 
ǡ     
Ǥ

Ǧ     
 
  Ǥ   
 ǣͳȌǡǡ ǡ 
   ǡʹȌ
ȀȀ ǡ͵Ȍ
  ǡǡͶȌ 
  ǡ  
Ǥ


Conclusion
 ǡ ǡ
 ǡ ǡ
Ǧ 
 ȋǡʹͲͳͶȌ Ǥ 
    
 Ǥ ǡ 
      
  ǡ
ȋǡʹͲͳͶȌǤ   
ǦǦ Ǥ




BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2033 of 2339

ǲǳ 
ȋǤʹͲͲȌǤǡǦǡ
  
ȋ ǤʹͲͳͲȌǡ
  Ǥ
 Ǥ
ǡ
 ǡ  
ȋ ǤʹͲͲͻȌǡ 
ǡǡ   
Ǥ   
  Ǥ    
   Ǥ



Literature Cited
ǡǤǤǡǡǤǤǡǡ ǤǤǡǡǤǤǡǡǤǤǡƬǡǤǤ
ʹͲͳǤ   ǣ Ǧ 
Ǥ  6ǣʹͷͻ͵ǤǣȀȀǤȀͳͲǤͳͲ͵ͺȀʹͷͻ͵

ǡ ǤʹͲͲͶǤǣǤAnnu. Rev. Environ.
Resour. 29: ʹͲͷȂʹͷͻǤ

ǡ ǤǡǡǤǡǡǤǤǡǡ Ǥǡǡ ǤʹͲͳ͵ǤǦ
  ǡǡ
ǤͳͻǣʹͶȂʹͺͺǤ

ǡ ǤǤǡǡǡǦǡ  ȋʹͲͳ͵Ȍ
     
   ǤͺȋͳͳȌǣͺͲͷ͵Ǥ
ǣȀȀǤȀͳͲǤͳ͵ͳȀǤǤͲͲͺͲͷ͵

 ǡǤǤʹͲͳ.  
 ǤSci. Rep. 6ǡͳͻͳǢǣͳͲǤͳͲ͵ͺȀͳͻͳǤ

ǡǤǤǡǤǤʹͲͳͷǤͻǤͺǡͺǦͳͺǦ
ͳʹȏInȐǤ ǤǤ ǡǤ
 ͳ ʹͲͳʹȂ͵Ͳ ʹͲͳͶǤ  ǡ
  Ƭ ȀȀǦʹͲͳͷǦͳǡ Ǥ

ǡǤǤǡǤǤǡǤǤǡ ǤǤǡǤǤǡǤǤ  ǤʹͲͳʹǤ
ǡ ǡ 
   ǡǤ  
Ǥ Ƭ ȀȀǦʹͲͳʹǦͲͶǤ  ǡ ǡǤ
Ǥ



ͺ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2034 of 2339

ǡǤǡ ǤǤʹͲͲ͵Ǥ
ǣͳͻͻͺǦʹͲͲʹǤǡ
 ǡǡǤ

ǡ ǤǤǡǤǤ ǤʹͲͲǤ  ǣ
ȋUrsus arctosȌ  Ǥ
  ʹͶǣͳͳʹͷǦͳͳ͵ͷǤ

ǡǤǤǡ ǤǡǤǤ ǡǤǤǡǤǤʹͲͳǤ  ǣ
   Ǥ
 ͺǣͷͷǦͷǤ

ǡǤ ǤǤǡǡ ǤǤƬǡǤǤȋʹͲͳͷȌǤ 
 ǤOikos ͳʹͶǡ͵ʹȂͶͲǤ

ǡǤǤǡǤ ǤǤʹͲͲͶǤ    
Ǥ  ͷͶǣͳʹ͵Ǧͳ͵ͺǤ

ǡǤǡǡǤǤǡ ǡǤǡǡǤǡǡǤǡƬǡǤǤȋʹͲͳʹȌǤ
 Ǧ  ǤPLoS
Biologyǡ10ȋͶȌǡͳͲͲͳ͵Ͳ͵ǤǣȀȀǤȀͳͲǤͳ͵ͳȀǤǤͳͲͲͳ͵Ͳ͵

ǡǤǤǡ ǤǤǡǤǤ ǡǤǤǡǤǤ ǡǤǤǡ ǤǤ
ǤʹͲͳͺǤ   Ǧ
ǤͺͺǣͳǦǤ

ǡǤǤǡǤ ǡǤǤ ǡǤǤ ǡǤǡǤʹͲͲͶǤ
Ǧ   
Ǥ ͳʹͲǣͳͲͳȂͳͳ͵Ǥ

ǡ ǤǤǡ ǤǡǤǡ ǤǡǤ ǡǤʹͲͳʹǤ  
Ǧ Ǥ  Ǥ

ǡǤǡǡǤǤǡǡǤǡ ǡǤǡǡǤǡǡ ǤǡǦǡǤ
ǡ ǤȋʹͲͳͺȌǡ  Ursus arctos
Ǧ ǤǡͶͺǣͳͺͲǦͳͻ͵Ǥ

ȋȌǤʹͲͳͳǤPebble Project Environmental Baseline Document
2004 through 2008.  ǡǤǣ
ǣȀȀǤǤȀ ȀʹȀȀʹͲͲͶǦʹͲͲͺ ǤǤ

 Ǥ ǤǡǤǡǤǤ ǡ ǤǤǡǤǤǡǤʹͲͳʹǤ
Ǧ 
Ǥ  Ʋ  
 ƲǤ
ͳͺͲǣͳȂͶǤ


ͻ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2035 of 2339


ǡǤ Ǥǡ ǤǤǡǤǤ ǡǤǤǡǤ Ǥ ǡǤʹͲͳͶǤ
   ǯ Ǥ  ͵Ͷ͵ǣͳʹͶͳͶͺͶǤ

ǡ ǤǤǤǤʹͲͲͶǤ   
ǤͳͺǣǦͺͷǤ

ǡǤǤǡ ǡǤǤǡǤǤʹͲͲǤǡ 
ǡ  Ǥ ǡͺǣʹ͵Ǧ
ʹͶǤ

 ǡǤǤǡǤ ǡǤ ǡǤǤǡǤǤǡǤǤǡǤǤ
ǤʹͲͳͲǤ  Ǥ
465ǣͲͻǦͳͲʹǤ

 ǡǤǤǡǤǤ ǡ ǤǤǡǤǤ ǡǤǡǤʹͲͲͷǤǡ
ǡ   
 ǤͳͳǣͳǦͺǤ

ȋǤǤ  ȌǤʹͲͳͶǤ
  ǡǤͳͲǡǡǤͻͳͲǦǦ
ͳͶǦͲͲͳǤ

ǡ ǤǤǡǤǤǡǤ ǤǤͳͻͻǤ  
 ǤͳͲǣͻͶǦͻǤ

ǡǤǡ ǤǤ ǤͳͻͻͺǤ  
 Ǥ  ʹͺͲǣʹͳʹǦʹͳʹͺǤ







ͳͲ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2036 of 2339


ͳǣ  ǤǦ 
Ǥ Ǧ
 Ǥ   
ǤȗǤ

ͳͳ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2037 of 2339

ʹǣ  ǡ
ǡǤǤ






ͳʹ

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2038 of 2339

͵ǣ  Ǥ
Ǥ

ͳ͵

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2039 of 2339

4VCTJTUFODFBOE$VMUVSBM3FTPVSDFT3FQPSUT

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2040 of 2339

$BMMBXBZ %PO "4UBUJTUJDBM%FTDSJQUJPOPGUIF"GGFDUFE
&OWJSPONFOUBTJU1FSUBJOTUPUIF1PTTJCMF%FWFMPQNFOU
PGUIF1FCCMF.JOF 

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2041 of 2339

A Statistical Description of the Affected Environment as it Pertains to the
Possible Development of the Pebble Mine – 17 Communities in Bristol Bay
Introduction
In order to study the socioeconomic environment in the communities that are near the proposed
Pebble mine site, data were aggregated and two programs were developed into a Statistical
Package for the Social Sciences (SPSS) format. These two SPSS files were structured as a
“Household Master File” and a “Demographic Master File”. The files aggregated data collected
from 1,710 individuals living in 510 households across 17 communities in the Bristol Bay
region.
The Household Master File contains 381 variables that encompass information relating to: 1) the
composition, size, age, length of residence, and other social attributes of households, 2)
household income, including sources of wage and unearned income, 3) the industries and types
of employment experienced by household members, and 4) the extent to which individuals and
households relied on and shared subsistence resources.
The Demographic Master File, contains 174 fields that describe individual attributes. These
fields (or variables) contain information about age, ethnicity, participation in subsistence
activities, type of job (or jobs), wage income, length of employment, work schedule and so
forth. 1
Summary Findings
Demographic:
Of the 510 households contacted in this survey research effort in 17 communities in the Bristol
Bay region, about 80% (1,361) of the respondents were self-identified as Alaska Native, while
349 or about 20% consisted of a variety of non-Native ethnicities, but mostly Caucasian. As
mentioned in the text, households were identified as Alaska Native if either spouse was Alaska
Native. Using this criterion, about 80% of the households contained in this data set were
identified as Alaska Native.
The average age for non-Natives in this sample was 34.8 years of age, whereas the average age
of Alaska Native individuals was 31 years of age. About 40% of the Alaska Native population in
this sample was under 18 years of age, compared to 30% of the non-Native population. In
general, the Alaska Native residents of Bristol Bay present a younger age profile than other
residents, with the exception of the 62+ population cohort which at 10% is almost double the
proportion of non-Natives of a similar age.
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With respect to the length of residency, when measuring the individual in the household who has
lived in the region the longest, Alaska Natives average almost 43 years (nearly two and a half
times the average residency of non-Natives [16.22 years]). On average, Alaska Native
households have 3.5 residents, whereas all others average 2.81 persons.
Subsistence:
Although Alaska Native and non-Native households seem to participate in many subsistence
activities in similar proportions, the intensity of effort varies considerably between the two
groups. On average, Alaska Native households harvest many more species of wildlife than do
non-Native households; 65% of non-Native households harvest less than 13 species of wildlife
while two-thirds of Alaska Native households harvest more than 13 species, with about 1 in 5
households harvesting more than 25 species. In addition, Alaska Native individuals have per
capita harvests of about twice the amount of salmon (roughly 300 pounds (lbs) versus 150 lbs)
and more than twice the per capita harvest of all species (roughly 500 lbs versus 200 lbs) when
compared to non-Native individuals. Also while Alaska Native households harvest high
amounts of a broad range of species, more than three quarters of non-Native harvest come from
salmon stocks. Alaska Native households also share a greater variety and amount of subsistence
resources than do their non-Native congeners.
Income:
There are dramatic differences in income between non-Native and Alaska Native households and
individuals and significant differences between Bristol Bay Alaska Native households and the
average income for households within the state of Alaska. Table 1 and Table 2 highlight some of
these differences.
Table 1
Bristol Bay 17 Communities – Average Household Income by Source and Ethnicity
Source of Income
Total Wages

Native
Households

Non-Native
Households

$29,349

$64,043

Income - Entitlements (AFDC, APA)

$2,551

$495

Income - Dividends (PFD, Longevity)

$5,283

$3,247

Income - Retirement (including Soc. Sec.)

$2,826

$2,305

Total Amount of Unearned Income

$10,737

$6,134

Total Earned & Unearned Income

$39,869

$68,857

410

97

Approximate Number of Households (n)
Notes:
AFDC
APA
PFD

=
=
=

Aid to Families with Dependent Children
Adult Public Assistance
Alaska Permanent Fund Dividend
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Table 2
Bristol Bay 17 Communities – Per Capita Income by Ethnicity
Alaska Native
Individuals

Non-Native
Individuals

Percent
Difference*

Per Capita Wage Income

$8,776

$17,433

50%

Per Capita Unearned Income

$3,234

$1,705

190%

$11,901

$19,138

62%

Total Per Capita Income
*% difference = Alaska Native per capita/non-Native per capita

In addition, more than a third of Alaska Native households were below the poverty line, and
nearly 1 in 6 non-Native households were in a similar position. These rates are far higher than
the state of Alaska at 9.1%, with the U.S. national rate at 7.6%.
Employment:
Two sectors, local government and commercial fishing, account for 70% of all employment for
Alaska Natives in the Bristol Bay sample. Although non-Native commercial fishers earn high
incomes, they represent only around 10% of the total employment by sector.
Conclusion:
Alaska Native households in the Bristol Bay region are particularly vulnerable to any impacts
that the Pebble mine may bring to salmon stocks. With low incomes and high rates of poverty,
and high dependency on employment in commercial fisheries, high harvests, and salmon for
subsistence needs, these households have very little buffer or resources to adapt if significant
interruptions in salmon runs occur.
The mining industry provided few local jobs, only ten in the data aggregated and analyzed in this
study. Average remuneration for those mining jobs is $15,000 per year, which is slightly better
on average than for fishing ($14,000/year). However, the fishing sector accounts for nearly $2
million in revenue (only for this sample, regional population figures will be considerably higher),
while mining currently provides about $150,000 in income (may be considerably more if results
from Dillingham were available).
Potential income losses from commercial fishing and canneries in the communities in the Alaska
Department of Fish and Game sample would be approximately $2.5 million. The potential loss of
the subsistence salmon resource would exceed $5 million (685,210 lbs salmon across all
communities priced at $7.50/lb). Accordingly, the potential dollar loss of salmon to these
communities exceeds $7.5 million.
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A Baseline Description of 17 Bristol Bay Communities 2004-2008
Background and Research Design
About seven years ago, the National Park Service (NPS) provided funding to the Alaska
Department of Fish and Game (ADF&G) subsistence division to implement a subsistence harvest
survey in three communities associated with Lake Clark National Park and Preserve. These
surveys were part of an overall effort to collect subsistence and other baseline data for 18
communities in the Bristol Bay region. These 18 communities all have the potential to be
affected by the proposed Pebble mine. The Canadian mining company, Northern Dynasty
Minerals Ltd., through their contractor Stephen R. Braund and Associates (SBA), funded the
collection of a substantial amount of Geographic Information System (GIS) data on subsistence
use areas for these 18 communities. However, like the NPS, SBA subcontracted harvest and
associated social and economic data collection to the ADF&G subsistence unit, which has
considerable experience collecting and processing these types of surveys.
In addition, the NPS, under a separate purchase agreement, paid the ADF&G, to convert the
harvest surveys obtained in the initial fourteen communities from an Access database format
(where each harvest event is a record) to a spreadsheet format (where each record represents the
summary harvest for each household) as input for the Statistical Package for the Social Sciences
(SPSS). All of this information (minus identifying characteristics of individual respondents)
remains in the public domain because public funding was involved in both efforts. Table 3
details the number of household interviews conducted each year between 2004 and 2007 in the
Bristol Bay region.
Table 3
Household Subsistence Surveys Conducted in the Bristol Bay Region by
ADF&G 2004-2008.
Study Year

Number of
Interviews

Percent

2004

116

22.7

2005

138

27.3

2007

152

29.7

2008

104

20.3

Total

510

100.0

Following the initial phases of the Pebble interviews in 14 communities, six other communities
were contacted by the Pebble Limited Partnership to participate in this baseline research. One of
these communities, Ekwok, declined to participate. Another community, Portage Creek, had too
few residents to comprise a statistical sample. Three other communities, Aleknagik, Clark’s
Point, and Manokotak, have had harvest surveys completed and are now integrated in this write-
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up. Dillingham, the final community, has been surveyed but data files may not be available until
July of 2012.
ADF&G Technical Paper No 3682 for the communities of Aleknagik, Clark’s Point and
Manokotak will be available at the beginning of 2012 and the information from this report
(e.g., sampling frame and research design) will be included in this report should the information
be available prior to this report’s mid-January deadline.
Research Design – Sampling
Table 4 groups the communities to be described in this paper by the year they were surveyed,
and include the number of households that were interviewed, the number of households in the
community during the survey year, the proportion of households interviewed, and the intended
sampling proportion. Although some of this information is now outdated, these data still remain
the empirical standard for analyzing the potential impacts of the Pebble mine on subsistence,
economic, and social issues.
The 2004 research design focused on communities closest to the proposed Pebble mine site.
Subsequent years saw an expansion of research to other communities in the region that may also
experience impacts. Geographical proximity is a feature of all phases of this subsistence research
as it facilitates reduced logistical costs in the collection of the survey data.
In general, the ADF&G tried to interview every household in the smaller, rural, and mostly
indigenous communities to achieve the 100% intended sampling proportion for the 2004
research. However, these intended sampling proportions are seldom met for a variety of reasons,
including that the research was conducted during very narrow windows of opportunity, a
household’s refusal to participate in the research, a household’s absence from the community at
the time of interview (e.g., due to medical appointments, part-time wage employment, 02or
subsistence activities). Nevertheless, a very high sampling proportion, averaging 66%, was
accomplished for Iliamna, Newhalen, Nondalton, Pedro Bay, and Port Alsworth. In addition,
Nondalton, the largest community, had a sampling proportion of nearly 80%.
However, once communities have more than about 50 households, the ADF&G employs a
random sampling technique, most often attempting a random representative sample of about half
the number of households. Another threshold is reached once communities become much larger
than 100-120 households (perhaps 500 people), at which point the ADF&G employs a random
and/or stratified sampling procedure, e.g., Dillingham.

2

Holen, D., T. Krieg, J. Stariwat, and D. Koster. Subsistence harvests and uses of wild resources in Aleknagik,
Clark’s Point, and Manokotak. Alaska Department of Fish and Game, Division of Subsistence Technical Paper
No.368, Alaska.
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Table 4
Seventeen Bristol Bay Communities – Sample and Sampling Design.
#HH's
Interviewed

#HH's in
Community

% Interviewed

Intended
Sample %

Iliamna

13

23

57%

100%

Newhalen

25

39

64%

100%

Nondalton

38

48

79%

100%

Pedro Bay

18

29

62%

100%

Port Alsworth

22

36

61%

100%

Subtotal

116

175

66%

Igiugig

12

13

92%

100%

Kokhanok

35

42

83%

100%

Koliganek

28

42

67%

100%

Levelock

14

19

84%

100%

New Stuyahok

49

96

51%

50%

Subtotal

138

212

66%

King Salmon

49

109

45%

50%

Lime Village

7

11

64%

100%

Naknek

75

222

34%

66%

South Naknek

21

27

78%

100%

Subtotal

152

369

41%

Aleknagik

32

47

68%

50%

Clarks Point

11

18

61%

100%

Manokotak

61

96

64%

50%

Subtotal

104

161

65%

Community/Year
2004

2005

2007

2008

Notes:
HH = household

Slightly above 70% (12/17) of the communities in this report had sampling strategies which
attempted to contact and interview everyone in the community. The remaining communities had
sampling goals of 66% (Naknek) or 50% (New Stuyahok, King Salmon, Aleknagik, and
Manokotak). As we shall see, the size of a community can be an influence on its social
organization, including ethnic composition, economic opportunity, and subsistence pursuits. In
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addition, sample size often speaks to how confident we can be about the results of our
generalizations.
Demography
Ethnicity
The Bristol Bay demographic file aggregates specific characteristics of each household member
in the sample. Each of the 1,710 individuals that were living in 512 households surveyed in 17
communities has a row (record) of information containing up to 95 variables associated with
them. Thus we know for every individual in this data set their age, ethnicity, employment, wage
income, and participation in subsistence activities. From this data set, as presented in Table 5,
below we can see that nearly 80% of all individuals in our sample are Alaska Native.
Table 5
Bristol Bay Demographic File 17 Communities; Ethnic Affiliation of Sample Population
Ethnicity

Frequency

Percent

Non-Native

349

20.4%

Alaska Native

1361

79.6%

Total

1,710

100%

Using a separate file, where households are the unit of analysis, provides information across a far
broader range of topics (355 variables). In the household file, for example, the ethnicity for the
household heads and their spouses is included. Table 6 below provides a proportional
breakdown of households in each community by ethnicity. Based on the previously discussed
criteria, Table 7 shows the proportion of Alaska Native households by community and survey
year. For the purposes of this report, and consonant with ADF&G practices, a Native household
is defined as any household where the household head and/or a spouse is self-identified as an
Alaska Native. Table 6 shows that 14 of the communities are predominantly Native, with 80+
percent of the households having at least one of the household heads as a self-identified Alaska
Native. Eight of the communities (Clark’s Point, Igiugig, Kokhanok, Koliganek, Levelock,
Lime Village, New Stuyahok, and Newhalen), using the definition from above, are 100% Alaska
Native with Nondalton, at 97%, nearly so. The very large community of Naknek, with more than
200 households is about two-thirds Alaska Native. Naknek, with a long history of fish
processing, has historically had a significant non-Native population.
Finally, two of the communities, King Salmon and Port Alsworth, for a variety of historical and
economic circumstances, have non-Native households in the majority. Ethnicity plays an
important role in outcomes such as subsistence use, employment, and income, as seen later in
this analysis.
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Table 6
17 Bristol Bay Communities - Ethnic Composition of Survey Households
Community

Non-Native

Native

Total

Percent Native

Aleknagik

5

27

32

84%

Clarks Point

0

11

11

100%

Igiugig

0

12

12

100%

Iliamna

4

9

13

69%

King Salmon

34

15

49

31%

Kokhanok

0

35

35

100%

Koliganek

0

28

28

100%

Levelock

0

13

15

100%

Lime Village

0

7

7

100%

Manokotak

5

56

61

92%

Naknek

27

48

75

64%

New Stuyahok

0

49

49

100%

Newhalen

0

25

25

100%

Nondalton

1

37

38

97%

Pedro Bay

2

16

18

89%

Port Alsworth

17

5

22

23%

South Naknek

2

19

21

90%

Total

99

412

511

81%
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Table 7
17 Bristol Bay Communities – Population Size and
Ethnic Composition of Survey Households
Estimated
Population

#HH's in Community

Percent* HH's Alaska
Native

Iliamna

90

23

69%

Newhalen

183

39

100%

Nondalton

205

48

97%

Pedro Bay

47

29

89%

Port Alsworth

113

36

23%

Subtotal

638

175

Igiugig

50

13

100%

Kokhanok

179

42

100%

Koliganek

167

42

100%

Levelock

54

19

100%

New Stuyahok

461

96

100%

Subtotal

911

212

King Salmon

246

109

31%

Lime Village

27

11

100%

Naknek

533

222

64%

South Naknek

52

27

90%

Subtotal

858

369

Community/Year
2004

2005

2007

2008
Aleknagik

219

84%

Clarks Point

62

100%

Manokotak

442

92%

Subtotal

723

Note:
*Based on sample results from household file, where a household is classified as Alaska Native if either a household head or
his/her spouse is self-identified as Alaska Native.
HH= household
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With respect to the 17 communities contained in this analysis we can see some rough dimensions
on which to structure our analysis. First are the eleven small predominantly Native communities
with populations of about 200 people or less that are also 90-100% Alaska Native (Newhalen,
Nondalton, Pedro Bay, Igiugig, Kokhanok, Koliganek, Levelock, Lime Village, South Naknek,
Aleknagik and Clark’s Point). A second tier, represented by New Stuyahok and Manokotak, are
larger with populations of around 450 people, yet are still predominantly Alaska Native. Of the
remaining four communities, two are predominantly non-Native (King Salmon and Port
Alsworth) and two are about two-thirds Alaska Native (Iliamna and Naknek). These latter four
communities range in size from small (Iliamna) to substantial (Naknek).
We could also organize our analysis of communities by proximity to the proposed Pebble mine
site or by overlap of subsistence use areas and the proposed mine site. Some of these
considerations will be analyzed in the next deliverable; however, a caution should be made that
the strength of impacts may not be very well correlated with geographical or distance
considerations. For example, impacts to salmon stocks may reverberate in communities far
removed from the proposed mine site.
Ethnicity, Age and Gender
Chart 1 provides a population pyramid for all non-Native individuals in the sample for 17
communities in the Bristol Bay region. Note the low representation of girls in the 15-24 age
intervals; this is probably an artifact of chance as there are about equal proportions of males and
females under the age of 24 in this pyramid. The average age for a non-Native individual in the
ADF&G Pebble sample was 34.8 years of age (n=349, SD= 19.4). In Table 8 below, the 65+ age
distribution of non-Native individuals comprise less than 5% (16/342) of their total population.
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Chart 1
17 Bristol Bay Communities – non-Native Population Pyramid
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Table 8
17 Bristol Bay Communities non-Native Age Distribution by Gender
Gender
Population
Pyramid

Male

Female

Count

Row %

Count

Row %

0-4

12

66.7%

6

33.3%

5-9

11

42.3%

15

57.7%

10-14

16

42.1%

22

57.9%

15-19

14

73.7%

5

26.3%

20-24

4

44.4%

5

55.6%

25-29

8

47.1%

9

52.9%

30-34

9

39.1%

14

60.9%

35-39

19

52.8%

17

47.2%

40-44

14

53.8%

12

46.2%

45-49

23

60.5%

15

39.5%

50-54

18

51.4%

17

48.6%

55-59

14

53.8%

12

46.2%

60-64

11

73.3%

4

26.7%

65-69

6

75.0%

2

25.0%

70-74

5

71.4%

2

28.6%

75-79

1

100.0%

0

.0%

80-84

0

.0%

0

.0%

85+

0

.0%

0

.0%

Total

185

54.1%

157

45.9%
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Chart 2
17 Bristol Bay Communities – Alaska Native Population Pyramid

The population pyramid (Chart 2) for Alaska Native individuals in the ADF&G Pebble sample
has a more symmetrical “Christmas Tree” appearance when compared to the non-Native
population pyramid. Distributions for 65+ individuals who compose nearly 8% (102/1286) of
the total population are noticeable. In addition, there are only 4 non-Native women over the age
of 65 and they form only 25% of the population for this age cohort. In contrast, a clear majority
of Alaska Natives are females over the age of 65. The average age for an Alaska Native
individual is 31 years of age (n=1355, SD=21.1). Table 9 is a detailed description of Chart 2.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2054 of 2339

Table 9
17 Bristol Bay Communities Alaska Native Age Distribution by Gender
Gender
Population
Pyramid

Male

Female

Count

Row %

Count

Row %

0-4

52

51.5%

49

48.5%

5-9

53

52.0%

49

48.0%

10-14

75

49.7%

76

50.3%

15-19

94

56.3%

73

43.7%

20-24

46

53.5%

40

46.5%

25-29

41

64.1%

23

35.9%

30-34

44

55.0%

36

45.0%

35-39

44

57.9%

32

42.1%

40-44

47

49.5%

48

50.5%

45-49

56

52.3%

51

47.7%

50-54

33

55.0%

27

45.0%

55-59

27

43.5%

35

56.5%

60-64

18

54.5%

15

45.5%

65-69

15

37.5%

25

62.5%

70-74

14

60.9%

9

39.1%

75-79

11

44.0%

14

56.0%

80-84

2

28.6%

5

71.4%

85+

4

57.1%

3

42.9%

Total

676

52.6%

610

47.4%

Dependency Ratios
Dependency ratios are a statistical yardstick used by many analysts to summarize the relationship
between the proportion of individuals in the labor force and their ability to support the dependent
and elder cohorts in their community and region. High dependency ratios indicate that
considerable amounts of the labor force productivity may be needed to support the more
dependent cohorts of the population. In some sense, these measures don’t make sense for small
indigenous communities, in that, cultural mechanisms, such as extensive sharing of subsistence
resources, may smooth out many of the potential inequalities possible in the demographic
context. Nevertheless, these measures may provide some insight in a situation where dramatic
changes in the environment, e.g., access to subsistence resources or considerable social and
cultural impacts, may be in the near future.
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Table 10 below compares the proportion (%) of the total Bristol Bay population that falls into
various age intervals (cohorts). These age intervals are selected to create a total dependency
ratio; in the case of our calculations this is represented by the following equation:
individuals 0-14 \HDUVRIDJHLQGLYLGXDOVLQGLYLGXDOV5-64 x 100

When initially formulated, and the current standard for the worldwide index, the childdependency ratio was calculated by dividing the number of individuals 0-14 by the number of
individuals 15-64 (times 100). Similarly the age-dependency ratio is calculated by dividing the
number of individuals’ ш 65 by the number of individuals 16-64 (times 100). The intention of
these ratios is to try and understand how many labor force participants (15-64) are available to
support the supposedly dependent age cohorts of the community population, i.e., children (0-14)
and elderly (ш65).
Undeniably, there are problems with this measure. In Western countries, the 0-14 year-old age
category seems to ignore the fact that in our society most children are in school (and thus
dependent financially on their parents) until at least 18 years of age. Thus many U.S. and British
statistics use a 0-18 year-old age cohort in their calculations. We will present results from both
approaches, the first will allow us to make national and international comparisons. However,
given that 0-18 seems the most realistic threshold, we will also provide calculations for this
index.
The dependency ratio also fails in other areas. In our society, many 65-year-old individuals are
still in the workforce. In addition, many commentators note that the ш65 age cohort, due to
medical costs and so forth, are actually much more expensive to support. In some indices, the
elder cohort are weighted (i.e., equal 1.5 times the number of individuals in the child cohort).
We have not weighted our indices.
In comparison, the U.S. and Alaska dependency ratios, using the 15-64 interval for labor force
participants, is between 45-50. Thus Alaska Native Bristol Bay families with an index of 55
have a higher dependency on the existing labor force (i.e., fewer workers supporting more
dependents) than do non-Native Bristol Bay families (who have very low dependency ratios) or
the U.S./Alaska population as a whole. The 55 score is comparable to Mexico (which also has a
very young population) and Europe and Scandinavia (which have much higher age dependency
ratios). Using the more realistic labor cohort of 19-64 year olds our calculations show a high
dependency ratio of nearly 85, which is comparable to countries in Sub-Saharan Africa.
However, without calculations from Africa, using a 19-64-worker cohort, this is to some extent
comparing apples to oranges.
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Table 10
Bristol Bay – Age Cohorts and Dependency Ratios – non-Native and Native
Bristol Bay NonNative

Bristol Bay Alaska
Native

% 14 Years & Under

23.8%

27.5%

% 18 Years & Under

28.9%

38.3%

% 18-24 Years of Age

2.9%

9.0%

% 55-64 Years of Age

11.7%

7.5%

% 62 Years and Older

6.6%

9.7%

% 65 Years and Older

4.6%

7.9%

%15-64 Years of Age
% 19-64 Years of Age

71.6%
66.5%

64.6%
53.8%

Youth Dependency Ratio (0-14)

33.2

42.5

Youth Dependency Ratio (0-18)

43.5

70.2

Age Dependency Ratio/(15-64)

6.4

12.2

Age Dependency Ratio/(19-64)

6.9

14.5

Total Dependency Ratio/(15-64)

39.6

54.7

Total Dependency Ratio/(19-64)

50.4

84.7

Sample Size (n)

349

1355

Household Size/Length of Residency:
As indicated in Table 11 and Table 12, Alaska Native households are far larger and have lived in
the region far longer than their non-Native congeners. With respect to the United States as a
whole, the average household size is 2.59 people, with Alaska (heavily influenced by its
indigenous population) having a slightly higher average at 2.74. Only two states in the United
States (California and Utah) have average household sizes as high as 3.14. Three-quarters of the
non-Native households in Bristol Bay have three or fewer persons. In contrast, almost two-thirds
of Alaska Native households have three or more persons.
It is also clear, indicated by the average of four decades of residency, that Alaska Native
households are long-term residents of the region and indigenous inhabitants of the landscape.
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Table 11
17 Bristol Bay Communities – Average Household Size and Maximum
Length of Residency By Ethnicity
Non-Native households (n=97)

Alaska Native households (n=412)

2.81

3.49

16.22 years

42.8 years

Average household size
Average Maximum
Residency

Table 12
17 Bristol Bay Communities – Household Size by Ethnicity
Household Ethnicity

Number of People in
Household

Non-Native

Native

1 person

23 (24%)

68 (17%)

91

2 people

30(31%)

92 (22%)

122

3 people

17 (18%)

66 (16%)

83

4 people

12 (12%)

76 (18%)

88

5 people

7 (7%)

41 (10%)

48

6 people

5 (5%)

33 (8%)

38

7 people

1 (1%)

21 (5%)

22

8 people

0

8 (2%)

8

9 people

1 (1%)

3 (1%)

4

10 people

1 (1%)

2 (.5%)

3

11 people

0

2 (.5%)

2

Total

97 (100%

412 (100%)

509

Total

Subsistence
Introduction
While much of the following description will focus on harvest amounts for subsistence or
commercial use, one should not be mislead that the economic and dietary impact of subsistence
activities is necessarily, as viewed by rural indigenous people, the most important outcome of
these endeavors. Subsistence resources do provide sustenance and are a major portion of the diet,
especially in small communities where transportation costs make the purchase of store-brought
foods prohibitive. However, subsistence resources and the activities associated with the harvest
of these resources provide more than food. Participation in family and community subsistence
activities, whether it is clamming, processing fish at a fish camp, or caribou hunting with a father
or brother, provide the most basic memories and values in an individual’s life. These activities
define and establish the sense of family and community. These activities teach how a resource
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can be identified, methods of harvest, efficient and non-wasteful processing of the resource, and
preparation of the resource as a variety of food items.
The distribution of these resources establishes and promotes the most basic ethical values in
Native and rural culture - generosity, respect for the knowledge and guidance of elders, selfesteem for the successful harvest of a resource, and family and public appreciation in the
distribution of the harvest. No other set of activities provides a similar moral foundation for
continuity between generations.
Food preferences are the most conservative behaviors in any culture. The unique preparation
and special taste of foods encountered by children as they grow up stays with them forever.
Years later, the taste and smell of certain foods evoke memories of family and belonging.
However, discussion about to the contribution of subsistence activities to the cultural and social
well-being of rural Alaska communities will mostly be considered in the next report in this
series, which focuses on the social, economic, and cultural impacts that occur should access to
these resources and activities be interrupted or severely impacted.
In much of the following description, contrasts will be made between non-Native and Alaska
Native households. This comparison is not intended to diminish the importance of the natural
landscape and its resources for many non-Native households, nor the potential impacts to these
households from the development of the proposed Pebble mine. Nevertheless, as empirical
research into the impacts of the Exxon Valdez Oil Spill (EVOS) indicates, there are substantial
residential, subsistence, economic, employment, and cultural differences between the two
groups. Again, this is not to say there is and can be substantial overlap in behaviors, attitudes,
values, and activities between the two groups, especially non-Native households that have long
residential histories in the area. However, to fully comprehend the potential impacts to
communities in the region from the possible development of such a large-scale mine, these issues
have to be addressed.
To highlight this point, we will include a brief digression to show how these differences played
out in consequences of the EVOS to communities in the Prince William Sound. One aspect of a
multi-method research methodology designed to study the social and cultural impacts of the
EVOS involved interviewing (and re-interview) some 2,728 informants from communities in the
Gulf of Alaska. This research indicated that personal, psychological, and community impacts
resulting from EVOS varied dramatically depending on values imputed to the landscape.
In a telling analysis of the consequences of the EVOS, Joseph G. Jorgensen, in a 1995 article 3,
demonstrates empirically that Natives and Non-Natives, with respect to environmental ethics
(among other ethics), are organized very differently on key social features – ideas, sentiments,

3

Jorgensen, J. G. 1995. Ethnicity, Not Culture? Obfuscating Social Science in the Exxon Valdez Oil Spill Case.
American Indian Culture and Research Journal 19(4):1-124. University of California, Los Angeles.
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and acts. These differences had an important affect on how the outcomes of the spill were
perceived.
Jorgensen notes that in the same environment, natives have greater knowledge about species
within that landscape than do non-Natives, that natives more frequently identify spiritual values,
rather than commodity values as the preeminent attribute of the environment (1995:Table K29),
and finally that Natives more frequently report that places in the environment have special
meanings for them and their kinspersons (past and present) (1995:Table Q7).
Table 13 and Table 14 below, based on over 2,700 initial and follow-up interviews, contrast
indigenous versus Western values and attitudes toward the environment (and inherently views
and perspectives on ethnographic landscapes). Note that no culture exhibits a homogenous
response from all its members. The understanding is implicit when cultures come in contact with
each other; members of both cultures may acquire new values and attitudes. In fact, for some
behaviors related to traditional communitarian values, long-term non-Natives seem to adopt
many traditional indigenous values.
What is clear from the survey research results is that nearly half the Native respondents viewed
the landscape as possessing only spiritual values whereas less than 6% of the Non-Natives felt
the same way (1995: Table K29 reproduced below).
Table 13
Results from Survey Research after the Exxon Valdez Oil Spill in Several Communities
Within Prince William Sound
(Jorgensen 1995:Table K29. Ethics and Significant Symbols Attached to Environment)
Ethics and Significant Symbols Attached to Environment*

Natives (%)

Non-Natives
(%)

1. The environment, or features of it (rivers, forests, coal seams, oil
deposits, fish, and sea mammals etc.), is viewed as commodities, that
is, items whose values are established in the marketplace and are
available for purchase or sale.

0%

31%

2. Combination of commodity and spiritual views.

54%

60%

3. The environment, or features of it, is viewed as being endowed with
spirits to which significant cultural symbols are attached (e.g.
helpfulness). The general environment is not conceptualized as a
commodity.

46%

6%

*Percentages based on approximately 2,700 respondents

Another question (Q7) asked:
Does the respondent have special memories about the wildlife or the places, such as springs,
lakes, bays, lagoons, in his/her area that the respondent's family likes to recount?
As the table below indicates, members of both cultural traditions have strong symbolic
attachments to the landscape; the clear difference is that traditional indigenous households have
many more such symbols that have accumulated over time.
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Table 14
Jorgensen 1995 Question Q7: Significant Symbols Attached to
Places in Local Environment
Significant Symbols Attached to Places in Local
Environment.*

Natives (%)

Non-Natives (%)

1. None

4%

7%

2. A Few

24%

44%

3. Many

28%

44%

4. Many that have accumulated over two or more generations

44%

5%

*Percentages based on approximately 2,700 respondents

As noted above, none of these responses are a 100% for either group. Multivariate analysis
seems to indicate that long-term non-Native residents and high-income Native residents seemed
to have borrowed more heavily from the other culture’s repertoire.
Participation in Subsistence Activities by Ethnicity and Gender
Table 15, below indicates a high degree of similarity in participation in subsistence activities by
Native and non-Native individuals. In addition, there are gender differences that also seem to be
similar between the two groups. Males, regardless of ethnicity, seem to hunt and fish in similar
proportions and at rates more than three times that of females. Surprisingly, and in contrast with
traditional Native expectations for division of labor, men and women tend to process these
resources at similar percentages, although Native women tend to have slightly higher processing
proportions than do their non-Native congeners. In addition, Native women tend to collect and
process berries and plants at slightly higher proportions than anyone else. Of course, this
question asks only participation, not intensity of participation, i.e., how often or how many
resources are harvested and processed.
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Table 15
Bristol Bay 17 Communities – All Individuals Participation in Subsistence Activities by
Ethnicity and Gender
Ethnicity
Subsistence
Activity

Non-Native

Alaskan Native

Gender

Gender

Male

Female

Male

Female

Count Column % Count Column % Count Column % Count
Attempt to Hunt

Column %

No

87

46.0%

138

86.3%

302

42.6%

532

82.6%

Yes

102

54.0%

22

13.8%

407

57.4%

112

17.4%

No

84

44.4%

98

61.3%

331

46.7%

326

50.6%

Yes

105

55.6%

62

38.8%

378

53.3%

318

49.4%

No

27

14.3%

50

31.3%

193

27.2%

239

37.2%

Yes

162

85.7%

110

68.8%

516

72.8%

403

62.8%

No

30

15.9%

40

25.0%

239

33.8%

198

30.8%

Yes

159

84.1%

120

75.0%

469

66.2%

444

69.2%

No

139

73.9%

155

96.9%

493

69.6%

592

92.4%

Yes

49

26.1%

5

3.1%

215

30.4%

49

7.6%

No

142

75.1%

143

89.4%

507

71.7%

516

80.5%

Yes

47

24.9%

17

10.6%

200

28.3%

125

19.5%

No

60

31.7%

41

25.6%

188

26.5%

96

14.9%

Yes

129

68.3%

119

74.4%

521

73.5%

547

85.1%

No

63

33.9%

40

25.2%

233

33.0%

111

17.3%

Yes

123

66.1%

119

74.8%

474

67.0%

532

82.7%

Game or Birds?

Process Game
or Birds?

Attempt to
Harvest Fish?

Process Fish?

Attempt to Hunt
Furbearers?

Process
Furbearers?

Gather Plants?

Process Plants?
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Sustainability
Selecting only for Alaska Native respondents, Table 16 provides a breakdown by age and gender
of participation in the hunting and processing of subsistence game species. Of the valid 1,283
responses, 795 (62%) said no; although, nearly a quarter of these negative responses were
individuals who were under the age of 10. Of the 488 (38%) individuals who responded yes,
about 80% were males. Of the 385 males who responded positively, about 40% are between the
ages of 5 to 24, slightly more than 40% are between the ages of 25-49, and the remaining 20%
are 50+ years of age. By gender, Alaska Native males hunt at a ratio of about 4:1 when
compared to females. An important conclusion that can reached from this distribution is that
younger cohorts of males are being trained and participate in this subsistence activity in
proportions that ensure a sustainable group of hunters for the community for at least five decades
into the future.
The distribution of female participants is more skewed. Over half of all women who participate
in hunting are between the ages of 25-49. Women in younger age cohorts comprise only about
one-third of the total participants. It might seem that some shortfall exists for female
participation in this subsistence activity in the long run. However, consonant with traditional
expectations of division of labor, we can see (Table 17) that three times as many Native females
process the harvest of game as actually help harvest, it and their recruitment for this activity by
age cohort is proportional to male hunters.
Confidence about recruitment for both male and female Alaska Natives into subsistence
activities is shown in the abbreviated table below (Table 17). Although there is some traditional
division of labor in hunting, high numbers of men and women, at all ages, participate in the
harvesting of fish, which is, by far the most important subsistence resource. Nearly triple the
numbers of women engage in fishing when compared to hunting. In addition, the younger
cohorts of women who fish appear to be similar in proportion as men and to have the same
potential for sustainable recruitment.
Table 16
Bristol Bay 17 Communities – Alaska Native Individuals Who Hunt and Fish
by Aggregated Age Cohort
Age Cohort

Male Hunting

Female Hunting

Male Fishing

Female Fishing

5-24 years

40%

31%

42%

39%

25-49 years

42%

56%

41%

39%

50+ Years

18%

13%

17%

22%

n=

385

103

492

382
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Table 17
Bristol Bay 17 Communities – Participation in Hunting Game & Birds by Alaska Native
Individuals by Age Cohort and Gender
Attempt to Hunt Game or Birds?
Age
Recoded
in 5yr.
Intervals

No

Yes

Male

Female

Count

Column
%

Count

Column
%

Count

Column
%

Count

Column
%

0-4

50

17.2%

47

9.3%

2

.5%

1

1.0%

5-9

33

11.4%

45

8.9%

20

5.2%

4

3.9%

10-14

39

13.4%

66

13.1%

36

9.4%

10

9.7%

15-19

34

11.7%

60

11.9%

60

15.6%

13

12.6%

20-24

12

4.1%

36

7.1%

33

8.6%

4

3.9%

25-29

19

6.6%

18

3.6%

22

5.7%

5

4.9%

30-34

16

5.5%

27

5.3%

28

7.3%

9

8.7%

35-39

11

3.8%

23

4.6%

33

8.6%

9

8.7%

40-44

15

5.2%

34

6.7%

32

8.3%

14

13.6%

45-49

10

3.4%

34

6.7%

46

11.9%

16

15.5%

50-54

11

3.8%

21

4.2%

22

5.7%

6

5.8%

55-59

11

3.8%

31

6.1%

16

4.2%

4

3.9%

60-64

5

1.7%

12

2.4%

13

3.4%

3

2.9%

65-69

4

1.4%

23

4.6%

11

2.9%

2

1.9%

70-74

9

3.1%

6

1.2%

5

1.3%

3

2.9%

75-79

9

3.1%

14

2.8%

2

.5%

0

.0%

80-84

1

.3%

5

1.0%

1

.3%

0

.0%

85+

1

.3%

3

.6%

3

.8%

0

.0%

Total

290

100.0%

505

100.0%

385

100.0%

103

100.0%

Table 18 below details participation in the harvesting of fish by Alaska Native individuals based
on their age and gender.
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Table 18
Bristol Bay 17 Communities – Participation in Harvesting Fish by Alaska Native
Individuals by Age Cohort and Gender
Attempt to Harvest Fish
Age
Recoded
in 5yr.
Intervals

No

Yes

Male

Female

Count

Column
%

Count

Column
%

Count

Column
%

Count

Column
%

0-4

42

23.0%

37

16.5%

10

2.0%

11

2.9%

5-9

20

10.9%

22

9.8%

33

6.7%

27

7.1%

10-14

23

12.6%

35

15.6%

52

10.6%

41

10.7%

15-19

18

9.8%

28

12.5%

76

15.4%

44

11.5%

20-24

11

6.0%

13

5.8%

34

6.9%

26

6.8%

25-29

6

3.3%

9

4.0%

35

7.1%

14

3.7%

30-34

12

6.6%

13

5.8%

32

6.5%

23

6.0%

35-39

3

1.6%

5

2.2%

41

8.3%

27

7.1%

40-44

11

6.0%

7

3.1%

36

7.3%

41

10.7%

45-49

9

4.9%

9

4.0%

47

9.6%

41

10.7%

50-54

5

2.7%

4

1.8%

28

5.7%

23

6.0%

55-59

6

3.3%

15

6.7%

21

4.3%

20

5.2%

60-64

2

1.1%

4

1.8%

16

3.3%

11

2.9%

65-69

2

1.1%

8

3.6%

13

2.6%

17

4.5%

70-74

5

2.7%

1

.4%

9

1.8%

8

2.1%

75-79

6

3.3%

9

4.0%

5

1.0%

5

1.3%

80-84

1

.5%

3

1.3%

1

.2%

2

.5%

85+

1

.5%

2

.9%

3

.6%

1

.3%

Total

183

100.0%

224

100.0%

492

100.0%

382

100.0%

Total Number of Subsistence Species Used
Table 19 below clearly indicates that while all ethnicities in the Bristol Bay region engage in the
harvest of wildlife resources, the traditional commitment to harvest a wide variety of resources is
certainly emphasized in Alaska Native households, although not exclusively. About two-thirds
of non-Native households harvest 13 resources or less, in contrast about two-thirds of Alaska
Native households harvest more than this number of species. In addition, about one in five
Alaska Native households harvest more than 25 species.
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Table 19
Bristol Bay 17 Communities – Total # of Subsistence Species
Used by Households by Ethnicity
Household Ethnicity
Total Number of
Subsistence Species
Used by Household

Non-Native

Native

Count

Column %

Count

Column %

0-8

37

38.1%

71

17.2%

9-13

27

27.8%

87

21.1%

14-17

12

12.4%

73

17.7%

18-24

15

15.5%

94

22.8%

25-59

6

6.2%

87

21.1%

Total

97

100.0%

412

100.0%

In Table 20 below, values in the bottom row totals run like a pendulum starting with non-Native
households heavily represented in the 0-13 species utilized categories and gradually decreasing
until they meet the Alaska Native households at the bottom. These Native households gradually
gain amplitude until nearly half the households are contained in the 18-59 species-used interval.
Six communities (Clark’s Point, Igiugig, Koliganek, Lime Village, Manokotak, and New
Stuyahok) stand out in their extensive harvest of a broad range of wildlife resources.
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Table 20
Bristol Bay 17 Communities – Number of Subsistence Species Used
By Community and Ethnicity
Household's Ethnicity

Community

Non-Native

Native

Number of Species Used

Number of Species Used

0-8

9-13

14-17

18-24

25-59

0-8

9-13

14-17

18-24

25-59

Row%

Row%

Row%

Row%

Row %

Row%

Row%

Row%

Row%

Row%

Aleknagik

80%

0%

0%

20%

0%

15%

30%

22%

19%

15%

Clark's Point

0%

0%

0%

0%

0%

0%

9%

9%

36%

46%

Igiugig

0%

0%

0%

0%

0%

0%

33%

8%

17%

42%

Iliamna

50%

50%

0%

.0%

0%

22%

22%

44%

11%

0%

King Salmon

47%

35%

6%

9%

3%

40%

13%

7%

27%

13%

Kokhanok

0%

0%

0%

0%

0%

20%

31%

23%

14%

11%

Koliganek

0%

0%

0%

0%

0%

7%

4%

18%

43%

29%

Levelock

0%

0%

0%

0%

0%

23%

15%

23%

23%

15%

Lime Village

0%

0%

0%

0%

0%

0%

14%

29%

14%

43%

Manokotak

.0%

0%

40%

40%

20%

9%

11%

16%

30%

34%

Naknek

26%

22%

11%

26%

15%

21%

13%

25%

25%

17%

New Stuyahok

0%

0%

0%

0%

0%

10%

20%

14%

27%

29%

Newhalen

0%

0%

.0%

0%

0%

24.%

32%

16%

12%

16%

Nondalton

0%

100 %

0%

0%

0%

30%

35%

5%

16%

14%

Pedro Bay

0%

0%

50%

50%

0%

38%

38%

25%

0%

0%

Port Alsworth

47%

29%

18%

6%

0%

20%

20%

20%

20%

20%

South Naknek

0%

50%

50%

0%

0%

16%

26%

16%

26%

16%

Total

38%

28%

12%

16%

6%

17%

21%

18%

23%

21%

Harvest Quantities
Alaska Native households, on a per capita basis, harvest about twice (Table 21) the salmon and
nearly two and a half times the total of all wildlife resources (Table 22) when compared to nonNative individuals in the region. A typical U.S. individual would consume slightly over 200
pounds of meat, fish, and poultry products in a year, almost all of which is purchased.
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Table 21
Bristol Bay 17 Communities – Per Capita Harvest Wildlife Resources by Ethnicity
Alaska Native Individuals

Non-Native Individuals

Per Capita Salmon Harvest

289.4 lbs.

153.1 lbs.

Per Capita Harvest – All Species

481.3 lbs.

203.4 lbs.

Table 22
Bristol Bay 17 Communities - Average Household Harvest in Pounds
Various Resource Categories by Ethnicity
Harvest in Pounds - Wildlife Species

Native

Non-Native

% Difference in Harvest

Salmon Harvested

956

553

58%

Finfish Harvested

126

41

33%

6

8

130%

Big Game Harvested

316

89

28%

Small Game Harvested

13

5

35%

Caribou Harvested

117

34

29%

Moose Harvested

186

39

21%

Marine Mammals Harvested

39

3

7%

Birds and Eggs Harvested

32

3

9%

Plants and Berries Harvested

100

23

23%

All Resources Harvested

1590

732

46%

Shellfish Harvested

The big differences in consumption between Alaska Native and non-Native households in Bristol
Bay occur in the salmon, finfish, and big game categories. In addition, non-Native families
consume almost no marine mammals, or wild birds or their eggs. Of course, Non-Native
households have almost no legal access to marine mammals, unless these resources are gifted to
them. It is key to realize that Alaska Native households, which average slightly under four
household members, would have to replace a considerable proportion of their diet should their
access to wildlife resources be interrupted. Animal protein, given shipping and other expenses,
is extremely expensive to purchase in small rural communities. For example, to replace their
salmon consumption by purchasing store-bought meat at $7.50/lb would be $7,500 for a typical
family. As we shall see in a later section, average household income for Alaska Native families
in the Bristol Bay region is a little under $40,000. So the replacement cost for salmon would be
about 20% of their total household budget. The average household income for non-Native
families is nearly $70,000. Replacement cost for non-Native households would be slightly over
$4,000, which represents about 6% of their total household budget. Of course, at this point, none
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of these calculation currently fold into the budgetary impacts to household income from
commercial fishing losses should salmon populations face substantial impacts.
Pie charts 3 and 4 below graphically illustrate dietary dependence on the harvest of wildlife
resources. Nearly three quarters of all non-Native household harvest of wildlife resources is
salmon.
Chart 3
Bristol Bay 17 Communities – Ave. Pounds of Harvest by Resource Type
Alaska Native Households (Total = 1,590 lbs.)

Proportion of Harvest by ResourceType
Alaskan Native Households

ͳΨ

͵Ψ ʹΨ Ψ

Lbs. Salmon
Lbs. Finfish .

ʹͲΨ
ͺΨ

Lbs. Big Game
ͲΨ

Lbs. Small Game
Lbs. Marine Mammals.
Lbs. Birds/Eggs
Lbs. Plants/Berries
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Chart 4
Bristol Bay 17 Communities – Ave. Pounds of Harvest by Resource Type
Non-Native Households (Total = 732 lbs.)

ͲΨ

Proportion of Harvest by Resource Type
Non-Native Households.
ͳΨ

Ψ
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Ψ

Lbs. Small Game
Lbs. Marine Mammals.
Lbs. Birds/Eggs
Lbs. Plants/Berries


Table 23 and Table 24 illustrate the household dependency on total wildlife harvests by
community and ethnicity. Table 23 shows that the majority of the harvesting for the households
of the three communities with substantial non-Native households (King Salmon, Naknek and
Port Alsworth) is less than 500 pounds of wildlife resources.
Table 24 deals with Alaska Native households by community. As one might expect the six
communities identified as harvesting the widest diversity of wildlife species - Clark’s Point,
Igiugig, Koliganek, Lime Village, Manokotak, and New Stuyahok - also harvest large amounts
of wildlife resources. Interestingly, however, we now add the communities of Kokhanok,
Newhalen and Nondalton, and their species range, while somewhat attenuated, also harvest large
amounts of fewer species.
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Table 23
Bristol Bay 17 Communities – Non-Native Households
Harvest Distributions by Community
Recode of Total Lbs. Harvested by Household
Community

0-121 lbs.

122-473 lbs.

494-1077 lbs. 1078-2223 lbs.

2224+ lbs.

Total

Count Row % Count Row % Count Row % Count Row % Count Row % Count Row %
Aleknagik

0

0%

3

60%

1

20%

1

20%

0

0%

5

100%

Clark's Point

0

0%

0

0%

0

0%

0

0%

0

0%

0

0%

Igiugig

0

0%

0

0%

0

0%

0

0%

0

0%

0

0%

Iliamna

0

0%

0

0%

3

75%

1

25%

0

0%

4

100%

King Salmon

16

47%

9

27%

4

12%

4

12%

1

3%

34

100%

Kokhanok

0

0%

0

0%

0

0%

0

0%

0

0%

0

0%

Koliganek

0

0%

0

0%

0

0%

0

0%

0

0%

0

0%

Levelock

0

0%

0

0%

0

0%

0

0%

0

0%

0

0%

Lime Village

0

0%

0

0%

0

0%

0

0%

0

0%

0

0%

Manokotak

0

.0%

3

60%

1

20%

1

20%

0

0%

5

100%

Naknek

9

33%

8

30%

8

30%

1

4%

1

4%

27

100%

New Stuyahok

0

0%

0

0%

0

0%

0

0%

0

0%

0

0%

Newhalen

0

0%

0

0%

0

0%

0

0%

0

0%

0

0%

Nondalton

0

0%

0

0%

1

100%

0

0%

0

0%

1

100%

Pedro Bay

0

0%

1

50%

0

0%

0

0%

1

50%

2

100%

Port Alsworth

3

18%

8

47%

5

29%

1

6%

0

0%

17

100%

South Naknek

0

0%

1

50%

1

50%

0

0%

0

0%

2

100%

Total

28

29%

33

34%

24

25%

9

9%

3

3%

97

100%
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Table 24
Bristol Bay 17 Communities – Alaska Native Households
Harvest Distributions by Community
Recode in Five Intervals of Total Lbs. Harvested by Household
Community

0-121 lbs.

122-473 lbs.

494-1077 lbs. 1078-2223 lbs.

2224+ lbs.

Total

Count Row % Count Row % Count Row % Count Row % Count Row % Count Row %
Aleknagik

4

15%

4

15%

8

30%

6

22%

5

19%

27

100%

Clark's Point

0

0%

1

9%

2

18%

3

27%

5

45%

11

100%

Igiugig

2

17%

2

17%

1

8%

3

25%

4

33%

12

100%

Iliamna

1

11%

0

0%

0

0%

6

67%

2

22%

9

100%

King Salmon

9

60%

0

0%

1

7%

4

27%

1

7%

15

100%

Kokhanok

4

11%

3

9%

7

20%

5

14%

16

46%

35

100%

Koliganek

2

7%

3

11%

2

7%

10

36%

11

39%

28

100%

Levelock

2

15%

4

31%

2

15%

4

31%

1

8%

13

100%

Lime Village

1

14%

1

14%

0

0%

3

43%

2

29%

7

100%

Manokotak

8

15%

14

25%

13

24%

10

18%

10

18%

55

100%

Naknek

14

29%

11

23%

14

29%

5

10%

4

8%

48

100%

New Stuyahok

9

18%

7

14%

4

8%

10

20%

19

39%

49

100%

Newhalen

1

4%

2

8%

3

12%

9

36%

10

40%

25

100%

Nondalton

5

14%

5

14%

11

30%

7

19%

9

24%

37

100%

Pedro Bay

3

19%

3

19%

6

38%

3

19%

1

6%

16

100%

Port Alsworth

2

40%

1

20%

1

20%

1

20%

0

0%

5

100%

South Naknek

6

33%

6

33%

2

11%

4

22%

0

0%

18

100%

Total

73

18%

67

16%

77

19%

93

23%

100

24%

410

100%

Sharing
About 40% of non-Native households in the Bristol Bay sample give away no subsistence
resources. This is about twice the proportion of Alaska Native households who give away no
subsistence resources. Of those households that do share subsistence resources, all but one NonNative household (i.e., 99%) share less than 8% (.08) of the total available resource species
(Table 25). In contrast, more than a quarter of the Alaska Native households share 8% (.08) or
more of the available subsistence resources. Although the total of available resources varies by
community, i.e., coastal communities usually have access to a greater number of resources, the
total number of resources (as enumerated on the ADF&G questionnaire) available to any one
community is about 125, so 8% represents about 10 species of fish (salmon, finfish), mammals
(moose or caribou), marine invertebrates, berries, and so forth.

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2072 of 2339

Table 25
Bristol Bay 17 Communities – Percent of Subsistence Species
Given Away by Ethnicity
Household's Ethnicity
Percent of Available Resource
Species Given Away

Non-Native

Native

Count

Column %

Count

Column %

.00

36

37.1%

68

16.9%

.01

6

6.2%

33

8.2%

.02

16

16.5%

44

10.9%

.03

9

9.3%

37

9.2%

.04

1

1.0%

32

7.9%

.05

13

13.4%

25

6.2%

.06

8

8.2%

26

6.5%

.07

6

6.2%

16

4.0%

.08

1

1.0%

22

5.5%

.09

0

.0%

11

2.7%

.10

0

.0%

20

5.0%

.11

0

.0%

8

2.0%

.12

0

.0%

10

2.5%

.13

0

.0%

10

2.5%

.14

0

.0%

3

.7%

.15

0

.0%

6

1.5%

.16

0

.0%

3

.7%

.17

0

.0%

6

1.5%

.18

0

.0%

3

.7%

.19

1

1.0%

6

1.5%

.20

0

.0%

3

.7%

.21

0

.0%

2

.5%

.23

0

.0%

3

.7%

.24

0

.0%

1

.2%

.26

0

.0%

1

.2%

.27

0

.0%

2

.5%

.28

0

.0%

1

.2%

.31

0

.0%

1

.2%

Total

97

100.0%

403

100.0%
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Table 26, below, indicates that far more households receive (are gifted) subsistence resources
than give them away. Whereas, about 40% of the non-Native households did not give away
resources, this proportion drops to less than a quarter for the reception of wildlife resources. On
the Alaska Native household side, the proportion of non-givers, at around 17%, drops to 6% for
the proportion of recipients. This means that more than 80% of non-Native households and
nearly 95% of Alaska Native households are gifted wildlife resources (most often fish) by some
other households in their community. What these variables do not measure is the amount of
subsistence resources that are shared.
Table 26
Bristol Bay 17 Communities – Percent of Subsistence Species
Received by Ethnicity
Household's Ethnicity

Percent of Available
Resource Species
Received



Non-Native

Native

Count

Column %

Count

Column %

.00

23

23.7%

25

6.2%

.01

5

5.2%

25

6.2%

.02

17

17.5%

54

13.3%

.03

14

14.4%

48

11.9%

.04

7

7.2%

34

8.4%

.05

8

8.2%

31

7.7%

.06

7

7.2%

41

10.1%

.07

4

4.1%

23

5.7%

.08

6

6.2%

17

4.2%

.09

3

3.1%

19

4.7%

.10

0

.0%

21

5.2%

.11

0

.0%

9

2.2%

.12

0

.0%

12

3.0%

.13

0

.0%

6

1.5%

.14

0

.0%

9

2.2%

.15

1

1.0%

8

2.0%

.16

0

.0%

5

1.2%

.17

2

2.1%

2

.5%

.18

0

.0%

4

1.0%

.19

0

.0%

3

.7%
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Table 26
Bristol Bay 17 Communities – Percent of Subsistence Species
Received by Ethnicity (continued)
Percent of Available
Resource Species
Received

Household's Ethnicity
Non-Native

Native

Count

Column %

Count

Column %

.20

0

.0%

2

.5%

.22

0

.0%

3

.7%

.23

0

.0%

1

.2%

.26

0

.0%

2

.5%

.30

0

.0%

1

.2%

Total

97

100.0%

405

100.0%

The ADF&G, given time constraints and an already extensive questionnaire, often find it
difficult to ascertain the amount of subsistence shared. In addition, documenting sharing
networks requires an additional module to the questionnaire and an increased burden on
community respondents. However, several ADF&G studies in other parts of the state have
addressed the issue of sharing networks in great detail. The results of this research and a more
detailed consideration of the importance of sharing in Alaska Native and rural American culture
will be contained in the second and final report in this series. In general, this other research
indicates that considerable quantities of wildlife resources are shared between households in
rural communities. In these rural communities, and especially among Alaska Native households,
about 70% of the resources gifted are harvested by about 30% of the households. The research
also indicates that non-Native households tend to be recipients and that Alaska Native
households tend to share a far greater amount of a wider variety of resources than do their nonNative congeners.
Although the issue of sharing subsistence resources will be addressed in much greater detail in
the next deliverable, Table 27 seems to suggest an expected pattern. For Alaska Native
households, priority in sharing subsistence resources first goes to the elderly and then to
households headed by younger women or other individuals who lack active harvesters in their
household. Nearly three-quarters of households headed by younger non-Native women receive
little if any subsistence resources, while nearly 80% of Alaska Native households headed by
younger women with their children receive high numbers of subsistence species.
Households with older Alaska Native women (61+) receive by far the highest amount of
subsistence species, with nearly 80% of these households receiving 10-40 different species. In
contrast, no non-Native household with elderly females receives this amount, although as Table
28 indicates, the sample size is quite small for this cohort.
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Table 27
Bristol Bay 17 Communities – Percent of Total Species Received
By Ethnicity and Age of Female Household Head
% of Total Species Received
Female Household Head
Age and Ethnicity

0

.01 -.02

.03 -.05

.06 -.10

.11 - .33

Count Row % Count Row % Count Row % Count Row % Count Row %
19-35

Ethnicity

36-45

Ethnicity

46-50

Ethnicity

51-60

Ethnicity

61+

Ethnicity

Non-Native

8

47%

4

24%

2

12%

3

18%

0

0%

Native

4

6%

17

25%

26

39%

16

24%

4

6%

Non-Native

5

21%

6

25%

8

33%

5

21%

0

0%

Native

7

8%

23

28%

22

27 %

20

24%

11

13%

Non-Native

1

9%

4

36 %

3

27%

3

27%

0

0%

Native

4

8%

10

21%

12

25%

16

33%

6

13%

Non-Native

3

19%

3

19 %

6

38%

4

25%

0

0%

Native

3

4%

10

15%

20

29%

24

35%

12

17%

Non-Native

1

20%

2

40%

2

40%

0

0%

0

0%

Native

0

0%

3

5%

14

22%

25

39%

22

34%

Table 28, below indicates there are only 5 non-Native female household heads 61+, whereas
there are 54 Alaska Native Households headed by women 61+. Of these 54 Alaska Native
households 47 (87%) receive substantial numbers of subsistence species while none of the
non-Native female 61+ households receive this high proportion of subsistence species.
Table 28
Bristol Bay 17 Communities – Distribution by Age of Female Household Heads
(or Spouses) by Household Ethnicity
Age

Non-Native Female Household
Heads

Alaska Native Female Household
Heads

19-35

17

67

36-45

24

83

46-50

11

49

51-60

16

69

61+

5

54

Total

73

323

Income
A more detailed analysis of the potential impacts to income and employment to Bristol Bay
households from the establishment of the Pebble mine will be demonstrated in the next
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deliverable. However, Tables 29 through 33 and Charts 5 through 8 provide a substantial
descriptive picture of the economic characteristics of households in Bristol Bay. As a standard
for comparison, the median income for households in Anchorage in 2009 was about $73,000,
while the per capita income was about $33,500. The mean household income in Anchorage was
an astounding $87,500, but some truly wealthy households skew this figure so we will use the
“median” for our comparisons. Similar parameters for the state of Alaska show a median
household income of $67,000 and a per capita income of around $29,000.
Table 29
Bristol Bay 17 Communities – Per Capita Income
by Ethnicity
Alaska Native
Individuals

Non-Native
Individuals

Percent
Difference*

Per Capita Wage Income

$8,776.

$17,433

50%

Per Capita Unearned Income

$3,234

$1,705

190%

Total Per Capita Income

$11,901

$19,138

62%

*% difference= Alaska Native Per capita/non-Native per capita

In summary, the following tables and charts indicate that Alaska Native households in Bristol
Bay have slightly more than half the incomes of Anchorage households and about 60% of a
typical statewide Alaska household. Non-Native households do slightly better than the typical
Alaska household and slightly worse than an Anchorage household. This of course does not
factor in the higher cost of living for households in the Bristol Bay region, where fuel and energy
costs and access to retail stores and so forth are quite restricted. Some indices have the cost of
living in rural Alaska twice that of Anchorage.
In addition, these summary parameters disguise some other economic disparities both for Alaska
Native and non-Native households. For example, Alaska Native per capita income in Bristol
Bay is about $12,000, is only about 40% of the per capita income for Alaska as a whole. NonNative individuals have only about two-thirds the per capita income of a typical Alaskan.
Finally, slightly more than 9% of households in Alaska are below the poverty level (Anchorage =
7.6%). Bristol Bay households, using incomes measured earlier than these parameters and thus
may be a slight overestimation of the actual proportion by no more than 5% has dramatically
different proportions. Nearly 40% of Alaska Native households are below the poverty threshold
and nearly 18% of non-Native households find themselves in a similar situation (see Table 33).
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Table 30
Bristol Bay 17 Communities – Average Household Income by Source and Ethnicity
Native
Households

Source of Income
Total Wages

Non-Native
Households

$29,349

$64,043

Income - Entitlements (AFDC,APA)

$2,551

$495

Income - Dividends (PFD, Longevity)

$5,283

$3,247

Income - Retirement (including Soc. Sec.)

$2,826

$2,305

Total Amount of Unearned Income

$10,737

$6,134

Total Earned & Unearned Income

$39,869

$68,857

410

97

Approximate Number of Households (n).
Notes:
AFDC
APA
PFD

=
=
=

Aid to Families with Dependent Children
Adult Public Assistance
Alaska Permanent Fund Dividend

Chart 5, below graphically illustrates the considerable contrast in wage income between Alaska
Native and non-Native households. In addition, non-Native total household income is more than
40% greater the Alaska Native households.
Chart 5
Bristol Bay 17 Communities – Average Household Wage, Unearned & Total
Income by Ethnicity
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As noted in Table 31, below, while two-thirds of non-Native households have incomes greater
than $44,000, nearly 60% of Alaska Native households have incomes of less than $44,000. In
addition, as indicated in charts 6 and 7 below, non-Native households depend on wage income
for more than 90% of their total income, whereas Alaska Native households have a greater
dependence on entitlements and other sources of unearned income. Non-wage sources of income
often provide a steady source of cash in extended families, which helps support these households
where wage income is seasonal or part-time. In current national economic circumstances, state
and national programs that provide transfer payments can also be brittle in the sense that they
seldom keep pace with inflation and are at the funding whim of political and budgetary forces far
beyond local control.
Table 31
Bristol Bay 17 Communities – Distribution of Total
Household Income by Ethnicity
Household's Ethnicity
Total Household Income

Non-Native

Native

Total

Count Column% Count Column% Count Column%
$0-13,000

15

15.6%

85

20.8%

100

19.8%

$13,001-26,000

5

5.2%

95

23.3%

100

19.8%

$26,001-44,000

12

12.5%

94

23.0%

106

21.0%

$44,001-73,000

28

29.2%

73

17.9%

101

20.0%

$75,001+

36

37.5%

61

15.0%

97

19.2%

Total

96

100.0%

408

100.0%

504

100.0%
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Chart 6
Bristol Bay 17 Communities – Alaska Native Households
Proportion of Total Household Income by Source (Total = $39,869)

Alaska Native Households
Proportion of Total Income by Source

Ψ
ͳ͵Ψ
Ψ

Total Wages
Entitlements
͵Ψ

Dividends
Retirement
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Chart 7
Bristol Bay 17 Communities – Non-Native Households
Proportion of Total Household Income by Source (Total = $68,857)

Non-Native Households
Proportion of Total Income by Source
ͳΨ

ͷΨ ͵Ψ

Total Wages
Entitlements
Dividends
ͻͳΨ

Retirement



As Table 32, below indicates the eight communities identified either as harvesting a wide
diversity of wildlife species (Clark’s Point, Igiugig, Koliganek, Lime Village, Manokotak, and
New Stuyahok - and/or also harvesting large amounts of wildlife resources - Kokhanok,
Newhalen and Nondalton) have, with the exception of Manokotak, modest household incomes,
with the vast majority of their households falling in the first three columns (i.e., with household
incomes of less than $44,000). These communities with the highest dependence on wildlife
resources, while at the same time having the most modest of backup financial resources, are most
likely to suffer substantial impacts should the Pebble mine, in a variety of ways, limit their
access to wildlife resources. Analysis of this topic is one of the primary subjects of the next
report.
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Table 32
Bristol Bay 17 Communities – Distribution of Total Household Income by Community
Recode of Total Household Income
$0-13,000

$13,00126,000

$26,00144,000

$44,00173,000

$75,001+

Total

Count

Count

Count

Count

Count

Count

Aleknagik

3

11

5

7

6

32

Clark's Point

9

0

0

1

1

11

Igiugig

4

3

2

2

1

12

Iliamna

1

3

1

3

5

13

King Salmon

4

2

7

9

27

49

Kokhanok

6

10

13

5

1

35

Koliganek

7

6

8

4

3

28

Levelock

5

2

4

3

0

14

Lime Village

3

1

2

1

0

7

Manokotak

10

6

19

18

7

60

Naknek

19

9

10

15

21

74

New Stuyahok

9

20

11

3

4

47

Newhalen

2

3

8

6

6

25

Nondalton

7

16

7

7

0

37

Pedro Bay

2

4

3

6

3

18

Port Alsworth

3

2

5

7

5

22

South Naknek

6

2

2

4

7

21

Community

Poverty Threshold
Table 33 shows the number of households below the poverty threshold (for a household of their
size) highlighted in yellow. Alaska Native household counts are in parenthesis.
We have sufficient economic data to determine poverty levels for a total of 507 households out
of 510. Out of the 507 households in this table, 409 were Alaska Native and 98 were nonNative. Of the 507 households captured in the Table 33 below, 35.5% (180 households) were
below the poverty line. Of the 409 Alaska Native households, 162 or 39.6% were below the
poverty line, while 18/98 non-Native households, or 18% were below the poverty line. Given
that households were interviewed over a five-year period and the thresholds are from only a oneyear period (2008) these proportions may overestimate Alaska Native rates at the time of their
interview by a maximum of 5% and the non-Native rate by 2%.
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Table 33
Bristol Bay 17 Communities – Household Size by Poverty Threshold
All Households
Recode Household Size for Poverty Comparison
Household Income
by Poverty Level

1

2

3

Count

Count

Count

Count Count Count Count Count Count

34 (30)

31 (27)

10 (8)

15 (11)

7 (7)

5 (5)

0

1 (1)

1

13,351-18,210

12

7 (7)

11 (10)

8 (8)

1 (1)

2 (2)

1 (1)

0

0

18,211-22,890

10

7

6 (6)

5 (5)

1 (1)

3 (3)

1 (1)

0

0

22.891-27,570

5

7

5

7 (7)

3 (3)

2 (2)

1 (1)

0

0

27,571-32,250

2

5

4

5

1 (1)

1 (1)

1 (1)

1 (1)

2 (2)

32,251-36,930

5

6

7

5

7

2 (1)

2 (2)

2 (2)

1

36,931-41,610

4

5

7

4

0

3

2 (2)

0

2 (2)

41,611-46,290

2

7

1

7

4

1

2

0

0

46,291-50,970

1

3

1

0

0

2

1

0

0

50,971-55,650

3

2

3

6

3

2

1

1

0

55,651-60,330

1

5

2

4

1

1

0

1

1

60,331-65,010

3

1

3

3

0

1

1

1

0

65,011+

9

35

23

19

20

13

8

1

2

Total

91

121

83

88

48

38

21

8

9

0-13,530

4

5

6

7

8

9+

Employment
The description of the employment profile for the 17 communities in Bristol Bay is complex.
Table 34 below is derived from the Demographic Master File, where each row of 174 variables
in the data matrix represents an individual person. However, using a script within the SPSS
program, many of these details are aggregated and transferred to the Household Master File.
The intent of this transfer is to take advantage of the much more comprehensive information
within the household file that contains extensive variables on harvest, income, and population
characteristics.
Table 34 shows age in five-year intervals and provides some numerical standard as to who could
be in the workforce. Utilizing the discussion of dependency ratios mentioned in an earlier
section, we subtract the 0-14 years of age cohort and those individuals 65+. This leaves 244
non-Native individuals and 835 Alaska Native individuals 15-64 years of age (see Table 35).
Now there are some difficulties with this breakdown of age cohorts. We could have used the age
interval 18-64, however we chose not to for two reasons: 1) there are Alaska Native individuals
15-19 who are in the workforce (usually as crew members on commercial fishing boats) and 2)
to be consistent with the standard worldwide dependency ratios discussed earlier in this report.
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Also, we recognize that there are a number of individuals 65+ who are still in the workforce, and
many 15-64 who are not (perhaps for reasons of school attendance or health etc.).
So of the 1633 individuals in this sample for which we have both age and ethnicity data, about
900 (actual 896) are in the workforce in some capacity. Table 34 shows the distribution of
individuals in five-year intervals by ethnicity. Table 35 summarizes Table 34 and shows the
breakdown of the population into traditional “workforce” (15-64) and “dependency” cohorts
(0-14 & 65+).
Table 34
Bristol Bay 17 Communities – Age Breakdown by Ethnicity
Demographic Master File
Ethnicity
Age Recoded in 5yr. Intervals
Alaska Native

0-4

18

101

119

5-9

26

102

128

10-14

38

151

189

15-19

19

167

186

20-24

9

86

95

25-29

17

64

81

30-34

23

81

104

35-39

36

77

113

40-44

26

95

121

45-49

38

108

146

50-54

35

61

96

55-59

26

63

89

60-64

15

33

48

65-69

8

40

48

70-74

7

23

30

75-79

1

25

26

80-84

0

7

7

85+

0

7

7

342

1291

1633

Total



Total
Non Native
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Table 35
Bristol Bay 17 Communities – Summary of Age Distribution into
“Workforce” and “Dependency” Cohorts
Non-Native
Individuals

Alaska Native Individuals

0-14 years of age

82

354

65+ years of age

16

102

98

456

244

835

342

1291

Sub-total
Individuals 15-64
Total

Table 36 is derived from Tables 34 and 35 above, and from additional statistical runs not
included in this report. Essentially, this table reconciles the 15-64 “labor force” status between
that reported in the Household Master File with Tables 34 and 35, which are derived from the
Demographic Master File. In addition, the final row in Table 36 calculates the unemployment
rate by ethnicity. If these rates seem unrealistically low, this is partially due to a definitional
outcome. Anyone reporting any employment during the year was coded as employed. However,
as indicated in Table 37, the majority of Alaska Native employment was part-time or seasonal
(“irregular”) and perhaps “underemployment,” rather than “unemployment” characterizes the
Alaska Native demographic.
Table 36
Bristol Bay 17 Communities – Workforce Status of Individuals by Ethnicity
Non-Native
Individuals

Alaska Native
Individuals

Individuals in workforce Table x.1

189

707

Adults Unemployed

16

56

Adults not in workforce

3

32

~36

~40

~55

~128

~244

~835

16/189=8.5%

56/707=7.9%

15-19 not working/missing information*
Sub-total
Total

Formal % Unemployment
*Derived from tables not included in this report.

Essentially Table 37 shows that about 60% of all non-Native employment is full time, with the
other 40% of the workforce employed either as part-time or seasonal work. These proportions
are reversed for Alaska Native individuals, where only 40% have found or have chosen to work a
full-time job.
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Table 37
Bristol Bay 17 Communities – Work Schedule of Employed Adults
by Ethnicity
Ethnicity
Work Schedule
Full Time (35+hrs)

Part Time (<35hrs)

Irregular (Comm. fish)

Total
Non-Native

Alaska Native

Count

115

224

339

% Ethnicity

60%

32%

38%

Count

36

212

248

% Ethnicity

19%

30%

28%

Count

38

260

298

% Ethnicity

21%

38%

34%

Count

189

707

896

% Ethnicity

100%

100%

100%

Total

Employment by Sector
Table 38 clearly demonstrates the dependence of Alaska Natives on employment in local
government and commercial fishing as the two most critical industrial sectors, and accounts for
over 70% of all their employment. These two sectors, as will be developed in the next report, are
also extremely vulnerable to the impacts of industrial mining. Non-Native employment is
concentrated in three industrial sectors: local government, transportation, communication and
utilities, and services which also account for about 70% of all non-Native employment. Note
that these sample results do not include data from Dillingham, which is the community hub for
the region and its results might strongly affect the generalizations made in this section.
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Table 38
Bristol Bay 17 Communities – Demographic Master File Employment by
SIC (recoded) and Ethnicity
Non-Native
Total SIC

Alaska Native Total
SIC

Total SIC

Federal Government

27

40

67

State Government

15

28

43

Local Government

69

345

414

Agriculture, Forestry & Fishing

27

210

237

Mining

0

11

11

Construction

8

26

34

Manufacturing

2

14

16

Transportation, Communication & Utilities

48

35

83

Retail Trade

3

25

28

Finance, Insurance & Real Estate

1

5

6

Services

71

63

134

271

802

1073

Standard Industrial Classification

Total
Note:
SIC = Standard Industrial Classification

Note that the totals differ between Table 38 above and Table 39 below. These discrepancies are
the result of coding, programming and data entry incongruities between the various waves of
survey research. The five Standard Occupational Classification (SOC) categories highlighted in
the Alaska Native column account for about 70% of all employment. The three SOC codes
highlighted under the non-Native column account for slightly less than 50% of all their
employment. Note the high dependence on fishing occupations for Alaska Natives which is not
reflected in non-Native employment; although, non-Natives employed in the fishing industry
have, on average, substantially higher incomes.
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Table 39
Bristol Bay 17 Communities – Demographic Master File
SOC by Ethnicity
NonNative
Total
SOC.

Alaska
Native
Total SOC

Total SOC

Executive, Administrative, and Managerial

30

81

111

Engineers, Surveyors and Architects

2

0

2

Natural Scientists and Mathematicians

5

1

6

Social Scientists, Social Workers, Religious Workers and Lawyers

10

13

23

Teachers, Librarians, and Counselors

31

62

93

Health Diagnosing and Treating Practitioners

3

10

13

3

3

Standard Occupational Classification.

Registered Nurses, Pharmacists, Dietitians, Therapists and PAs
Writers, Artists, Entertainers, and Athletes

1

9

10

Health Technologists and Technicians

1

12

13

Technologists and Technicians, Except Health

9

6

15

Marketing and Sales Occupations

3

27

30

Administrative Support Occupations, Including Clerical

17

56

73

Service Occupations

41

127

168

Agricultural, Forestry, and Fishing Occupations

13

234

247

Mechanics and Repairers

15

27

42

Construction and Extractive Occupations

8

36

44

Precision Production Occupations

2

20

22

3

3

Production Working Occupations
Transportation and Material Moving Occupations

19

42

61

Handlers, Equipment Cleaners, Helpers, and Laborers

10

88

98

Military Occupations

2

2

Miscellaneous Occupations

4

4

863

1083

Total

220

Notes:
PAs – physicians’ assistants
SOC = Standard Occupational Classification

Wage Income
A brief discussion of wage income was included in the introductory paragraphs to the income
section. What is most striking about Table 40 is the great disparity between Alaska Native and
non-Native wage income, with Alaska Native households, on average, receiving less than half
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the wage income of non-Native households. Of more concern, as indicated in Table 41, is that
these discrepancies occur in the same occupational categories.
In the most important employment industries for Alaska Natives their income is one-third that of
non-Natives in fishing and less than half in local government and services. Table 42 and Chart
8, below, details these differences by ethnicity for each Standard Industrial Classification (SIC)
code.
There may be a number of reasons for these discrepancies, including differentials in education,
high proportions of part-time and seasonal employment, and the skill set and experience required
for higher paid administrative and technical positions. The data set contains the specific name of
most occupations for each individual, but they have not been included here for reasons of time
and concerns about anonymity; although, details from this variable may be included in the next
report should a reasonable way (i.e., through re-aggregation) be found to protect anonymity. An
interesting aspect of Table 41 is the results from the mining sector. All ten jobs in this sector are
held by Alaska Natives with remuneration slightly better on average than fishing. However, the
fishing sector accounts for nearly two million dollars in revenue (for the sample, the amount for
the regional population will be considerably higher) while mining currently provides about
$150,000 in income.
Table 40
Bristol Bay 17 Communities – Total Wage Income by Ethnicity
Average Wage Income

Sum of Wage Income

Non-Native Household

$64,043

$6,084,130

Alaska Native Household

$29,349

$11,944,930

Total

$18,052,060
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Table 41
Bristol Bay 17 Communities – Household Master File
Wage Income by SIC Sector and Ethnicity
Number of Households/Ave. Wage/%Wages Per Sector

Non-Native

Alaska Native

Count

Column
%

Ave
Wage

Sum
Wages

%
Wages
per
Sector

Count

Column
%

Ave.
Wage

Sum
Wages

%
Wages
per
Sector

Fishing

10

9%

$42,562

$425,626

8%

133

25%

$14,112

$1,876,993

21%

Mining

0

-

-

-

-

10

2%

$15,179

$151,789

2%

Construction

5

5%

$44,250

$221,253

4%

29

6%

$15,622

$453,049

5%

Cannery (Food)

0

-

-

-

-

7

1%

$31,500

$220,500

2%

Trans./Comm./Util.

19

17%

$65,810

$1,250,407

24%

22

4%

$30,863

$678,999

8%

Trade

9

8%

$28,695

$258,262

5%

38

7%

$8,393

$318,960

4%

Finance/Insur./RE.

0

-

-

-

-

5

1%

$30,271

$151,357

2%

Services

20

18%

$34,615

$692,308

13%

47

9%

$16,678

$783,884

9%

Federal Govt.

14

13%

$62,660

$877,253

17%

19

4%

$25,481

$484,154

5%

State Govt.

10

9%

$49,486

$494,865

10%

15

3%

$9,238

$138,577

2%

Local Govt.
Admin.

16

15%

$45,998

$735,981

14%

152

29%

$20,043

$3,046,605

34%

Local Govt. Educ.

6

6%

$32,686

$196,120

4%

49

9%

$15,242

$746,870

8%

109

100%

$5,152,079

100%

526

100%

$9,051,742

100%

SIC Jobs Sector

Total

Finally, Table 41 and Chart 8 also provide the sum total of wages for each SIC code an
aggregation that will prove useful for the analysis should the initiation of the Pebble mine have a
substantial impact on salmon fisheries in the region. For example, loss of income from
commercial fishing and canneries ($2.5 million in the ADF&G sample), plus the replacement
cost of subsistence salmon (well above $5 million for just the 17 communities included in this
report), may make it difficult to justify the mine on strictly economic terms for local residents.
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Table 42
Bristol Bay 17 Communities – Average Wage Income by Ethnicity
and Proportion of Non-Native/Alaska Native Income by SIC Sector
Jobs Sector
Fishing

Non-Native Ave. Wage

Alaska Native Ave.
Wage

%Native/Non-Native

$42,562.68

$14,112.73

33%

Mining

$15,179.00

Construction

$44,250.73

$15,622.39

35%

-

$31,500.00

-

Trans./Comm./Util.

$65,810.91

$30,863.59

47%

Trade

$28,695.87

$8,393.71

29%

-

$30,271.53

-

Services

$34,615.42

$16,678.39

48%

Federal Govt.

$62,660.98

$25,481.81

41%

State Govt.

$49,486.50

$9,238.49

19%

Local Govt. Admin.

$45,998.87

$20,043.46

44%

Local Govt. Educ.

$32,686.67

$15,242.25

47%

Cannery (Food)

Finance/Insur./RE.

Chart 8
Bristol Bay 17 Communities – Average Wage Income by Sector and Ethnicity
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Review of Chapter 21 Socioeconomics-Bristol Bay Region
Pebble Project Environmental Baseline Document
By
Don Callaway, Ph.D.

Executive Summary
This document provides a technical evaluation of Chapter 21, Socioeconomics, of the Pebble
Project Environmental Baseline Document (EBD). The demographic data on which many of the
descriptions are based are outdated and most of the economic and other descriptions are too
general to be informative or useful. It is unclear why the authors relied on many of these data
sources, given the Pebble Limited Partnership (PLP) funded a very detailed survey in 18
communities that contained not only subsistence harvest data, but detailed demographic,
employment, and income information both at the household and individual level. The PLPfunded survey is contained in a number of ADF&G technical papers, especially Technical Paper
No. 302 (Fall et al. 2006), which although briefly cited is used sparingly in this chapter.
Utilizing the ADF&G primary survey data set would provide a powerful tool not only to describe
the communities, households, and individuals contained in the survey, but to statistically
disaggregate and analyze the entities most likely to be impacted by the Pebble Project. By not
utilizing the AFD&G data set, the authors are working in units of analysis that are far too general
to provide a clear understanding of the potential impacts. Consequentially, this would force
future analysts who use these baseline descriptions to use per capita income for a community or
proportions of households below the poverty line, rather than a detailed description of those
households with low income and elderly Native populations that depend on wild salmon
harvests. This chapter also fails to evaluate the considerable economic contributions that
subsistence resources make to household budgets and the interdependence between income and
subsistence, especially to Alaska Native households. In addition, many of the generalizations
and conclusions, even at the community level, are shown to be inaccurate because they are often
based on statistical interpolations rather than the more recent primary data.
In addition, Chapter 21 did not include information or discussion about essential components of
a Social Impact Assessment (SIA), which often have increased negative outcomes following the
initiation of large mining or energy projects. These components include, but are not limited to:
cost of living; inflation; replacement cost of subsistence foods; social pathologies (suicide,
alcoholism, drug abuse, and/or domestic violence); estimates of potential employment for local
workforce; impacts to local governments, often overwhelmed by increasing demands; and lacks
the needed details on infrastructure, such as sewer, schools, and law enforcement, which also
may be overwhelmed.
Finally, most disconcerting about Chapter 21 is a succinct discussion about how commercial
fishing and tourism, the two most important non-government economic sectors, are owned and
1
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profited by non-local interests. This leads to the conclusion that Pebble offers the most
substantial opportunity for economic development in the region (page 21-231). How ingenuous
is this given that the subsequent Pebble Project employment data indicates total pay and mandays (sic) employment only at the regional level. How this proposed project can benefit small
local subsistence-dependent communities, which are anticipated to bear the brunt of the
consequences of the Pebble Project, remains unclear. Utilizing results from the ADF&G
research survey project seem to offer more clarity. In the survey, 1,711 individuals, albeit of all
ages, were interviewed and 11 individuals were employed in the mining sector during the period
of data collection between 2004 – 2008.
Statement of Qualifications: Don Callaway, Ph.D., University of Michigan (anthropology), was
also a post-doctoral fellow in statistics at the University of California, Berkeley. Dr. Callaway
served as Senior Cultural Anthropologist, National Park Service for 27 years in the Alaska
region. He conducted extensive fieldwork in over 50 Alaska rural indigenous communities and
nearly a dozen indigenous communities in the Russian Far East. Dr. Callaway's research focuses
on subsistence issues, climate change, and the social and cultural impacts of regulatory, mining,
and energy initiatives. Based on training and practical experience, he employs a variety of
methodologies in his research, including ethnographic case studies, survey research and
multivariate statistical analysis, oral history, and formal social network analysis.
Section One – General Comments
In general, the data used in the Environmental Baseline Document (EBD) chapter on
socioeconomics are very poor because they rely on secondary data collected by entities that
restrict access to their primary data. In addition, most of the data presented in this chapter are
outdated, lack specificity on crucial topics, and, most importantly, neglect the single best source
of available information on these communities, which is the Alaska Department of Fish and
Game (ADF&G) survey research funded by the Pebble Limited Partnership (PLP). One
consequence of using outdated and/or poorly disaggregated data is that it deprives future
analysts, during a potential future environmental impact statement (EIS) process, of the ability to
ascertain the impacts of Pebble on small rural communities and especially the most vulnerable
sectors of these communities, the elderly, the ill, and the poor.
An illustration of this point is the information collected for Nondalton. The EBD socioeconomic
chapter relies on substantially outdated data collected in 1999 for the decennial census. The data
is also incomplete both in its topical coverage and in the presentation of the information. For
example, we do have a breakdown by age interval for Nondalton for 1990 and 2000. In 1999,
there were 16 individuals over the age of 65, but this description omits critical information as to
their gender, ethnicity, income or salmon consumption. While the write-up does contain per
capita income estimates for the community (e.g., $8, 411), these data are outdated and more than
likely incorrect (see detailed comments Section Two below). In addition, the write-up provides a
parameter indicating the proportion of families below the poverty threshold (e.g., 37%) which is
also probably incorrect given sampling problems inherent in the decennial census in rural Alaska

2

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2094 of 2339

and more critically the more valid data contained in the PLP-sponsored ADF&G surveys (see
Section Two below) which indicates that nearly half the households are below the poverty level.
In the subsistence chapter of the EBD, data on salmon harvests is provided, however these
harvest measures are not associated with age, gender, ethnicity, or any other demographic
measure. Aside from the validity of this data, there is no way to associate these disparate facts.
How many elderly, by gender and ethnicity, have low incomes and have high dependencies on
salmon in Nondalton?
A brief correlation that was run between income and subsistence harvests 1, demonstrated that
about two-thirds of the lowest income households have high dependency on salmon, thus the
ADF&G survey can better inform the question posed in the paragraph above. However, the
EBD consultants only rely on a few tables taken from the ADF&G technical papers. For
unexplained reasons, the EBD consultants did not utilize the full ADF&G survey data set. That
data, even in Excel format, would have allowed them to query (using Boolean operations) the
data set for a more refined analysis.
Why is it important to discriminate at this level of detail? It is important because experience has
taught us that large mining projects bring increased inflation to nearby communities. In addition,
the Pebble project brings the risk of substantial impacts on subsistence salmon. Thus one could
realistically hypothesize that Alaska Native elderly in nearby rural communities face reduced
purchasing power on low, fixed incomes and an interruption to their culturally preferred
nutrition.
In fact, having only aggregated community data, such as average household income, allows the
EBD to ignore the impacts to the most vulnerable segments of the community and focus only on
potential benefits such as employment. 2
The EBD also lacks integration between chapters. As an organizing principle it may seem
reasonable to have separate chapters on subsistence and socioeconomics; however, the
descriptions involved in both these chapters fundamentally ignore the intrinsic link between
these two topics. In addition, while Chapter 23 on subsistence has (or will have) 18 individual
community write-ups, Chapter 21 on socioeconomics has only 8 individual community
write-ups.
Historical context regarding the Bristol Bay region helps explain the relationship between
income and subsistence activities. During the first decades of the twentieth century, most
indigenous families in the Bristol Bay region harvested resources seasonally as they became
available in different parts of their traditional use area. This movement of families from winter
camps to fish camps and other sites continued despite dramatic and traumatic changes in their
lives and cultures due to contact with Western Culture, including missionaries, diseases and

1

Using the BBNC-funded Statistical Package for Social Sciences (SPSS) data set of the ADF&G surveys.
In general in the Bristol Bay region, non-Native households have about double the average income of Alaska
Natives households in the region (see Callaway 2011).
2

3
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epidemics, commercial fishing, and so forth. However, by the 1950s Western bureaucracies
intervened in this traditional pattern of movement in substantial ways. The mandate by the
Bureau of Indian Affairs and other agencies that children live in fixed settlements to receive an
education was the most dramatic of these interventions. Faced with the very real possibility of
having their children taken from them, or giving up their traditional seasonal movement, most
families started to employ new strategies to harvest resources. Although new technologies and
commodities such as guns and other foods had been readily adopted, a new emphasis was placed
on obtaining (expensive) transportation technology that allowed harvesters to live in fixed
settlements, but travel out on the land for brief periods to harvest resources and then return to the
community. As a consequence, technology has become an integral part of a subsistence lifestyle.
In fact, it is now impossible to sustain a subsistence economy without substantial purchases of a
variety of technologies. Although some of this history is briefly mentioned in the EBD chapters,
there is no conscious effort to present the baseline data in such a way that these relationships can
be fully analyzed.
The sustainability of rural indigenous communities in the Bristol Bay region hinges on the
balancing a number of factors not addressed in the EBD baseline measures. For example, the
economic viability of rural households in the Bristol Bay region depends on harvesting wildlife
resources.3 Yet there does not appear to be any discussion of cost of living differentials both
between the communities within the Lake and Peninsula Borough and between these
communities and other communities, e.g., Anchorage, Seattle, or nationwide averages. A rural
community like Nondalton will have a cost of living coefficient perhaps two and a half times that
of Anchorage. This is of course because of transportation costs of goods, failure in economies of
scale, and so forth. Thus gasoline to fuel skiffs, four-wheelers, and other subsistence and
transportation technology will cost twice that of Anchorage (e.g., $9/gallon). Similarly the cost
of energy to heat homes, the cost of food, and the purchase of major items, such as outboard
motors, are much more expensive in Nondalton. Some ADF&G research indicates up to a half
of a household’s disposable income can go to the purchase of subsistence technology (including
maintenance and gas). Given low income and high-cost subsistence foods play a huge part in a
household’s sustainability, replacing subsistence foods with store-bought foods would require
spending a huge proportion of most households’ total income.
In addition, all new large-mining or energy developments bring with them the almost certainty of
inflation as rising demand for housing, food4, energy, and services increases costs across the
board. There are many measures about housing, existing services, and infrastructure that are not
addressed in the EBD.

3

This is not to undervalue the enormous impact of cultural values such as sharing, respect or elders and other
cultural behaviors that integrate and sustain these communities.
4
Although, it may be the case that the transportation sector of the regional economy may improve to the point that
economies of scale bring down the costs for some commodities such as food.

4

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2096 of 2339

The socioeconomic chapter of the EBD provides no cost of living measures, no measures of the
replacement cost of subsistence foods, and no avenue or awareness linking the two EBD chapters
on the vulnerability of rural households to an interruption of access to subsistence foods such as
salmon. The precarious economic nature of rural households are also masked by aggregate
measures that don’t differentiate the huge differences in per capita income between non-Native
and most Alaska Native households in the region (e.g., per capita income of $11,901 for Alaska
Natives versus $19,138 for non-Natives 5). The EBD provides no means to assess the influence
of age, ethnicity, subsistence dependence, or income on possible impacts from the proposed
Pebble Mine.
There are other measures missing from the socioeconomic chapter. The following list is brief
and not all-inclusive. These are measures that are usually mentioned in the social impact
assessment literature6 as key data needed for a baseline assessment. This literature, based on
research that studies the impacts of large energy and mineral projects, indicates large increases in
alcoholism, drug abuse, suicides, domestic violence, and child abuse. All of these impacts are
thought to be associated with the huge social and psychological stresses that these developments
initiate. Baseline information on rates of these social problems are lacking in the EBD.
In addition, depending on how the workforce is housed during the construction and production
phases, there can be enormous pressures on community services such as water, sewer, public
safety, 7 and education from a new large development. 8
There are brief descriptions of community infrastructure and governance in the EBD
socioeconomic chapter, but they lack the level of detail necessary to analyze the potential
impacts of the proposed Pebble Mine. For example, in Nondalton the EBD describes flooding of
the sewage lagoon several times during recent years and notes that plans have been made to

5

Callaway (2011:3)
For example, the Social Assessment Manual by Abt Associates, Indian SIA edited by Charles Geisler et. al., and
The Socioeconomic Impact of Resource Development: Methods for Assessment by Leistritz and Murdock.
7
For example, the EBD section on Nondalton does mention that there are no troopers or Village Public Safety
Officers’ resident.
8
For example, if the workforce during both phases resides in an enclave (e.g., North Slope Borough) many of these
pressures are reduced. If, however, during the construction or production phases there is a huge influx of workers,
perhaps doubling the population of the region, and these individuals and/or their families move into local
communities as opposed to a separate enclave, then it is easy to imagine the pressures that this brings. Without
careful planning strategies, or mitigation plans and the monies needed to implement them, the fabric and quality of
life of these communities can be turned upside down, as the literature describes for Indian lands in the Rocky
Mountain West and for small communities in Prince William Sound after the Exxon Valdez Oil Spill, as described in
the literature where the entire city and/or IRA councils resigned as they faced the inundation, the paperwork, the
service demands and the complete evisceration of local decision-making. Traditional communities have consensusbased processes of assigning jobs or apportioning resources. These were completely ignored by VECO creating
such dissatisfaction among local administrators that they resigned en masse (in fairness some resigned to take
lucrative jobs on the oil spill recovery). Jobs were apportioned by VECO with no consideration of local dynamics
or mores leading to factionalism within the community. Other communities, after years of working to attain a high
degree of sobriety were completely devastated and had high levels of alcoholism.
6

5
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upgrade the system. However, a baseline study requires details for each community about
current capacities and the possible costs to increase these capacities.
In short, it is anticipated that construction of the Pebble Mine will bring new and significant
demands on local and regional government for services. There will be a dramatic increase in
demand for local governments to coordinate with new public and private entities, including a
huge increase in paperwork.
There are numerous other potential social issues that are not addressed in the socioeconomic
chapter, which seems to focus mostly on economic issues. Extremely important social issues
with respect to how people behave and relate to family and friends, cultural measures related to
sharing, obligations, customs and values, and the integral nature of subsistence are not addressed.
Section Two – Detailed Comments
How good is the EBD socioeconomic data?
Beginning on page 21-3, the authors detail the main sources of data on which they based their
analysis.
2000 U.S. Decennial Census
For much of the analysis, the authors rely on the results of the 2000 U.S. Decennial Census,
which they admit, “data from this source may become less accurate towards the end of each 10year period”.
There are several puzzling issues with this utilization; first, despite the fact that the publication
date on this chapter is 03/14/2011 and many of the results of the 2010 Decennial Census are and
have been available online, none of these results are included. It appears that the EBD
consultants did not take the opportunity to incorporate the most recently available information.
During the webinar presentations the speaker for this chapter did say that there are plans to
incorporate some 2010 information. The socioeconomic analysis and discussion would benefit if
this were done.
Regrettably, the 2010 Decennial Census does not incorporate a sample of the “long form” in its
survey, and finding matching data from descriptions based on the 2000 survey will prove
difficult for other than the most basic demographic measures. The Census Bureau plans to rely
on the “American Community Survey” for many topics previously covered by the long form
questionnaire. However, the applicability of results from the American Community Survey for
rural Alaska is problematic because a critical mass of the”5 year” (i.e., results for communities
less than 20,000) surveys have not been completed, the questionnaire lacks key variables
pertinent to Alaska and the sampling of rural Alaska villages seems problematic.
Alaska Department of Labor and Workforce Development
While socioeconomic chapter of the EBD neglects to utilize recent 2010 Census data, it does
utilize very recent information from the Alaska Department of Labor Workforce Development
(ADOLWD) estimates for unemployment, employment, and earnings, and non-resident

6
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employment in Alaska for various dates as recently as 2007. However, the authors note several
deficiencies for these data sets, especially the unemployment figures because they only count
individuals who apply for unemployment benefits when the reality of rural Alaska is that many
unemployed workers have used up their benefits or for a variety of reasons are ineligible to apply
for them. Rural Alaska has a high proportion of discouraged workers as so few jobs exist that it
is pointless to seek jobs as a member of the “workforce”.
Commercial Fisheries Entry Commission
In addition, some employment information in the socioeconomic chapter is gleaned from the very
problematic 9 Commercial Fisheries Entry Commission (CFEC) payroll data. Like other data, the
utility of this information is compromised because it is available only in aggregate form due to
confidentiality restrictions.
Alaska Department of Fish and Game Household Survey
Finally, on page 21-4 the authors mention their use of ADF&G household survey of select Lake
and Peninsula Borough communities. Unfortunately the authors’ only use of this material is to
incorporate survey data concerning place of employment.
Comments on Data Sources
The use of the 2000 Decennial Census data is not comprehensible because it has three major
short comings. First, the data is considerably outdated. Second, in small communities where
there are a limited number of respondents, there are many questions where responses are
suppressed by the U.S. Census Bureau due to confidentiality concerns. Third, and most
important, the ability to do multivariate statistical analysis of the data is non-existent. The best
the census does is to occasionally provide what is called “partial table analysis,” e.g., the
distribution of age by ethnicity. It is of limited use to know the proportion of Alaska Natives in a
community if it is unknown whether they are employed, their employment by age and gender, or
other details.
This is a serious omission not only for the census data but also for the ADOLWD and CFEC
data. With properly constructed files, only the ADF&G survey data allow for in-depth analysis.
Although the EBD used ADF&G technical papers in a very limited fashion (see above), the
information for these technical papers was derived from an Access database. These Access files
need further manipulation (e.g., to be translated from a flat file format to a hierarchical file).
Without this transition, the process lacks a critical dimension in understanding the impacts to
these communities. For example, the existing ADF&G flat files can provide a list of salmon
harvests, ethnicity and age of household heads, and income for households in a community, but
the files cannot link these pieces of information together (i.e., co-vary).

9

Among the many problems noted by the authors on pages 21-3 and 21-4 must be added the issue of the skewed
non-response rate which calls into question the representativeness of the data itself.

7
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These are important links. The key to understanding social and subsistence impacts is the ability
to differentiate the potential impacts to vulnerable populations. For example, in the case of the
four variables mentioned above (salmon harvest, age, ethnicity, and income), it is important to
know what the impacts of interrupted salmon harvests might have for low income, elderly
households that consume salmon as a large part of their diet. This analysis can only be
efficiently provided by the SPSS (or their statistical equivalents) data sets.
Community Write-ups
Looking at the community write-up for Nondalton is an illustrative way to assess the EBD
community write-ups as a whole. Beginning on page 21-20 of the socioeconomic chapter, the
EBD presents a series of bar graphs displaying the total population of Nondalton from1990
through 2009. This distribution is derived from the Alaska Department of Labor Workforce
Development Division of Research and Analysis (ADOLWD DRA) {no date}. Based on my
recent experience with these numbers, it is critical to understand that they are based on using the
latest decennial census numbers as fact and then interpolating the number of individuals for
intervening years using equations with inputs from the Alaska Permanent Fund numbers and
other sources. In fact, the U.S. Census often does a poor job in rural Alaska and these numbers
need to be viewed with some suspicion. For example, the 2004 estimate for Nondalton is
considerably inflated in this instance by this process.
PLP’s own sponsored research through ADF&G provides a specific, more empirical estimate. In
Technical Paper No. 302 (Fall et al. 2004), which has been available online for the last five
years, the estimate of total population in 2004 is 164 in contrast to the EBD estimate of 206. The
ADF&G study, rather than using a linear estimator, actually went out and surveyed inhabited
structures and interviewed all but five households. This is a far more exact methodology.
Using the SPSS files derived from the ADF&G research, it is possible to pose a number of useful
questions of this data set.10
For example, consider the Table 1 below, derived from recent analysis of the Nondalton SPSS
program. Any number, greater than zero, highlighted in yellow is a household, which given a
specific number of family members is below the poverty level. There are 18 highlighted
households which, when divided by the 38 household samples, yields a proportion of 47%
households below the poverty line. In contrast, the EBD writes that “Thirty-seven percent of
families and 45 percent of individuals in the community lived below poverty level in 1999,
according to 2000 Census” (page 21-25). This conclusion is at odds with the data collected in
the ADF&G study which found 47% of families and 54% of individuals were below the federal
poverty threshold in 2004. In addition, all but one of the families below the poverty line was
Alaska Native.

10

For a detailed example of what can be accomplished with an integrated SPSS data set see Callaway 2011 (copy
attached).

8
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Table 1 Percentage of Nondalton Households
Below the Poverty Threshold 2004.
Recode Household Size for Poverty Comparison
Recode Total
Income Poverty
Threshold 2004

1

2

3

4

5

6

7

8

9+

Count

Count

Count

Count

Count

Count

Count

Count

Count

0–11,630

2

1

0

1

1

1

0

0

1

11,631–15,610

1

1

2

1

0

1

0

0

0

15,611–19,590

0

1

1

1

0

1

0

0

0

19,591–23,570

0

2

1

1

0

1

1

0

0

23,571–27,550

0

0

0

0

0

0

0

0

0

27,551–31,530

0

0

1

0

0

0

0

0

0

31,531–35,510

0

0

0

2

1

0

0

0

0

35,511–39,490

0

0

1

1

0

0

0

0

0

39,491+

0

1

3

2

2

0

1

0

0

Total

3

6

9

9

4

4

2

0

1

Similarly, the EBD socioeconomic chapter asserts that the annual per capita income in
Nondalton was “$8,411” in 2000. However, more current analysis using the ADF&G SPSS data
set reveals a per capita income of $7,753 in Nondalton in 2004, effectively $6,838 in year 2000
constant dollars (Callaway 2011). So the EBD overestimates the per capita wealth in this
community by about 20% using its more limited data sources.
The relationship between income and harvest amount is critical in small rural communities.
Community members need cash to purchase the technology they use in harvesting wildlife
resources, especially salmon. Boats, four-wheeler transportation, gas, nets, and other equipment
require a sizeable proportion of household income to amortize subsistence activities. 11 In
addition, the socioeconomic chapter omits the simple fact that the harvest of subsistence species

11

ADF&G has incorporated the cost of subsistence activities in some of their surveys (e.g., see Fall et al. 2009), but
this critical issue was not addressed in any of the Pebble surveys, nor is it mentioned in this chapter.

9
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provides a huge input into household economics because salmon or other resources that are
consumed, don’t have to be purchased at the high prices that community stores charge for animal
protein (e.g., pork, beef or chicken).
No mention is made in the EBD socioeconomic chapter of replacement costs of wildlife
resources, especially salmon, the most important subsistence resource and the resource most
likely to be impacted by the Pebble Mine. Recent analysis of the ADF&G SPSS data set
(Callaway 2011) calculates that it would take about $7,500 per Alaska Native household per year
to purchase the salmon utilized in their diet. For Nondalton, in 2004 this represents more than
one-fourth of a household’s income just to replace the salmon in their diet.
Other results of that same analysis are summarized in Table 2 below. That analysis found that 14
out of the 23 (i.e., 61%) lowest income households in Nondalton depend on 500 pounds or
(considerably) more of subsistence resources per year. This finding is key to understanding that
the possible impacts of the Pebble Mine on salmon resources will differentially impact the lowest
income households, those least likely to adapt to such an impact.
Traditions, ethics, and behaviors of sharing subsistence resources will mitigate much of this
impact. Nevertheless, this certainly would be a key element to be considered in any
environmental justice section, a topic completely omitted from consideration by the
socioeconomic chapter and a serious oversight. More disconcerting is the realization that even
should issues of environmental justice surface, the chapter provides no baseline information to
assess the implications.
There is no meaningful cross-reference between the socioeconomic and subsistence sections. In
addition, and as pointed out throughout this review, the information sources used to complete
both chapters have not been used to derive the most meaningful insight into Pebble’s impact on
rural indigenous communities
The employment topic is too complex to be considered even peripherally in this review;
however, a brief study of pages 21-28 through 21-30, reveals a paucity of useful baseline
descriptive information on the employment and job experience of Nondalton residents. The
overly general census occupation categories provide no insight as to the potential for Nondalton
residents to seek employment at Pebble. In contrast, the ADF&G SPSS data set provides much
more detail, such as “job title” 12 (e.g., for Nondalton - Fire Fighter (5), CHAT, Tribal Council,
Library Aide, Cook, PE Aide, Store Manager, Comm. Fisherman (2), Laborer, Health Aide).

12

Unfortunately the educational question on the ADF&G questionnaire’s demographic section was omitted, a
serious oversight, and an impediment into understanding how a jobs/educational bank in the community might
provide a realistic understanding of how community members might benefit from Pebble employment.

10
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Nondalton 2004 – Household Total Income by
Total Subsistence Resources Harvested.
Total Lbs. Harvested by Household

Total Household
Income $’s

0-121

122-473

494-1077

1078-2223

2224+

Total

Count

Count

Count

Count

Count

Count

0–13,000

1

1

4

1

0

7

13,001–26,000

3

4

4

3

2

16

26,001–44,000

1

0

2

1

3

7

44,001–73,000

0

0

2

2

3

7

75,001+

0

0

0

0

0

0

Total

5

5

12

7

8

37

Finally, on page 21-31 the authors note:
“The percentage of all Pebble Project employment going to residents of the
Bristol Bay region grew from 29% in 2005, to 41% in 2006 to 37% in 2007…”

These are substantial proportions, yet the ADF&G survey, for seventeen mostly very small rural
communities (Dillingham is not available yet), interviewed between 2004 and 2007, indicate
only 11 Alaska Native individuals employed in the “Mining” Standard Industrial Classification
(SIC). So it appears these percentage increases reflect only a small number of actual jobs.
Conclusion:
The intent of the Pebble Project Environmental Baseline Document 2004-2008 is linked to one
of the crucial steps in the EIS process, namely description of the (potentially) affected
environment. The intent of this step in the EIS process is to describe the affected environment
for resources that would be affected by the proposed action (the Pebble Mine) and the
alternatives (yet to be determined, but including “no action”) to the proposed action. This
description is critical because it provides the baseline information on which the analyses of
potential impacts are based. Such a description has two basic requirements, it must be valid and
representative and it must be comprehensive with respect to describing all the resources that have
the potential for substantial consequences.
This socioeconomic baseline description fails in both requirements. As we have detailed above,
the data used is outdated, inadequate in its topical coverage, lacks key analysis of the factors

11
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leading to changes in the environment over time, but most importantly, it fails to describe in
sufficient detail the social and economic environment, namely small indigenous rural
communities and households, most likely to bear the brunt of the cost of the proposed action.
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Final Report

November 2011

Celebrating Our Unity

O

ver the past year, the residents of the Bristol Bay region have engaged in a dialog about the future. In schools and community
halls across the region, we spoke about our values and shared our
hopes for our families and communities. The Vison that emerged is one of
optimism and common values.
Throughout the region people said the foundation of their lives is strong
families connected to the land and waters of the area. We want excellent
schools, safe and healthy families, local jobs, access to subsistence resources,
and a strong voice in determining the future direction of the region. We are
willing to work together so our grandchildren can live successful lives here.
The Vision we created will become a guiding document for communities,
regional organizations and all entities that have an interest in the Bristol
Bay region. It is time to celebrate all that unites us!

A PROJECT OF
Bristol Bay Native Association
Bristol Bay Native Corporation
Bristol Bay Area Health Corporation
Bristol Bay Housing Authority
Bristol Bay Economic Development
Corporation
WITH SUPPORT FROM
Gordon and Betty Moore Foundation
Alaska Conservation Foundation
Oak Foundation
Rasmuson Foundation (through
Bristol Bay Housing Authority)
Tiffany & Co. Foundation
Bristol Bay Native Corporation
PREPARED BY
Information Insights, Inc.
www.iialaska.com

© Kristen Kemerling

Safe &
Healthy Families

© Clark Mishler

Subsistence
& Culture

© Bob Waldrop

Land
& Waters

Shared Values

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

The Bristol Bay Regional Vision Project convened over
50 meetings in 26 communities. Participants in every
community were asked the same questions about their
vision for the future. Many common themes emerged.
Culture & Subsistence






Family, connection to the land and
water, and subsistence activities are
the most important parts people’s
lives today and in the future
Maintaining a subsistence focus by
teaching children how to engage in
subsistence activities and encouraging good stewardship practices is important.
Gatherings that include instruction by
Elders about culture-based skills are
important tools in maintaining cultural values.

Economic Development






2
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People welcome sustainable economic development that is based largely
on renewable resources. Any large development must not threaten land and
waters.
True economic development will require a regionally coordinated approach to reduce energy costs, provide business training, and ensure
long-term fish stock protection.
Residents want to see increased access to limited entry permits, continued quality improvement of fish, and
regional efforts to expand markets.
Young people need to be able to afford entry into the fishing business.

Safe & Healthy Families


People would most like to change alcohol/drug abuse and/or fear of domestic violence.



Strengthening wellness efforts is a
strong way to reduce substance abuse
and family violence.



Community gatherings help to create
stronger families and healthier communities.



The vast majority believe, “We can live
healthy and productive lives here in
the next 25 years.”

Education


Education should prepare youth with
skills needed for success in college or
vocational schools.



To create success for our students,
adults need to model the values and
behaviors we expect from them.
Modeling how to live is the most important factor for creating successful
students.



Families and communities need to
communicate values and priorities to
the schools.

Fostering Cooperation


To create community-wide agreement on initiatives or projects there
should be joint planning meetings
among tribes, local governments and
corporations.

OUR HOME – OUR VALUES – OUR FUTURE
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We believe future generations can live healthy and productive lives here.
Across our region, we share common values of community, culture, and
subsistence.
We see a future of educated, creative people who are well prepared for life.
This requires:





Excellent schools
Safe and healthy families
Local jobs
Understanding our cultural values and traditions

We assert the importance of local voices in managing our natural
resources to continue our way of life.
We welcome sustainable economic development that advances the
values of Bristol Bay people. Our future includes diverse economic
opportunities in businesses and industries based largely on renewable
resources. Large development based on renewable and non-renewable
resources must not threaten our land, our waters, or our way of life.
We foster cooperation among local and regional entities to coordinate
infrastructure planning for stronger, more aơordable communities.
Investments in energy, housing and transportation promote sustainable
communities and spur economic development.
We recognize the need to locate new sources of capital to
implement this vision with a goal of generating
self-sustaining regional economies.
We are uniƤed to secure a prosperous future.

The Vision reflects the common hopes and values expressed
by Bristol Bay residents in community meetings across the
region. It was endorsed by 89 percent of residents who
participated in a second round of community meetings.
It now carries the authority of the people of Bristol Bay.

The Vision

The foundation of the Bristol Bay Region is committed families,
connected to our land and waters.
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“ When we have similarities we should be partners. We’re more eơective if we
can work together.”
— Naknek resident

T

he Bristol Bay Partners invited nine
well-respected leaders from across
the region to serve as commissioners for the project. The commissioners
became the “eyes and ears” of the project:
they convened community meetings and
listened to residents’ aspirations for the
future of their region.
Members of the commission included:










Hjalmar “OƤ” Olson, Dillingham
Luki Akelkok, Ekwok
Molly Chythlook, Dillingham
Annie Christensen, Port Heiden
Helen Gregorio, Togiak
John D. Nelson, Kokhanok
Erin Peters, Naknek
AlexAnna Salmon, Igiugig
Annie Fritze, Dillingham

Round 1: Fall/Winter 2010-11
Between September 2010 and January
2011, visioning meetings were held in 26
communities. Small teams consisting of
one or two commissioners, BBNA project staơ, and facilitators from the Alaska
public policy and management consulting Ƥrm of Information Insights, traveled
throughout the region to meet with residents. In each community, participants
responded to an identical set of questions
designed to encourage meaningful dialog
and to track opinions across the region in
a consistent format.

Residents of all ages attend a community meeting
and potluck in New Stuyahok.

To ensure every participant had an equal
voice in the conversation, Consensor™ audience polling was used to capture individual responses to questions. Participants
used handheld keypads to vote for their
Ƥrst, second and, in some cases, third
priorities from a set of choices developed
by commissioners and project staơ. Meeting facilitators then engaged community
members in discussions about key issues.
Nearly 1,400 participants attended the
community meetings. Every age group was
well represented, with the greatest participation (23 percent) among residents 46 to
55 years of age, followed by 16 percent aged
56 to 65. The lowest participation rate (9
percent) was for residents over age 65. Forty-Ƥve percent of participants were male,
and 55 percent female. Commissioners
also met with secondary school students

Nine commissioners became the “eyes and ears” of the
project. They traveled to villages and listened to residents’
aspirations for the future of their region.
4

OUR HOME – OUR VALUES – OUR FUTURE

© Bob Waldrop

Visioning Process

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2109 of 2339

Nearly 1,400 participants attended
meetings in their community.
Electronic polling ensured each had
an equal voice in the conversation.
in four communities to hear about their
values, hopes and visions for the future.
Project teams left behind paper surveys so those who missed the community
meeting could mail in their viewpoints.
An online survey was also available to residents of the region who could not attend
a local meeting. Polling results and summaries of community conversations were
posted throughout the project on the
project website at bristolbayvision.org.

Round 2: Spring 2011
Following the Ƥrst round of meetings,
commissioners met in Anchorage with
project staơ and consultants from Information Insights to review the Ƥndings and
draft a Vision statement that reƪected the
shared hopes and values expressed by Bristol Bay residents from across the region.

© Bob Waldrop
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Commissioners returned to communities
in the spring to share the Vision and discuss
how best to implement it in the community
and the region. Audience polling was again
used to gather input on the best actions to
take in Ƥve key areas identiƤed in the Vision: Safe and Healthy Families, Subsistence, Education, Economic Development
and Fostering Cooperation. Choices oơered
within each area were taken from the suggestions made by Bristol Bay residents during the Ƥrst round of community meetings.
Following the second round of meetings, members of the Bristol Bay Regional
Vision commission again met to consider
what they had heard. They drafted recommendations for implementing the Vision,
based on Ƥndings from the entire process.
They forwarded their recommendations to
the Bristol Bay Partnership.

“ You might have a community that works together, but we’re up against
challenges at the regional, state, and federal level.” — Igiugig resident
Below: Bristol Bay Regional Vision commissioners at work. Top of page: Young participants at a meeting in Levelock.

bbristolbayvision
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A sampling of the responses of Bristol Bay region residents to questions
asked at community meetings appears on the following pages. The numbers represent totals across all communities. The top responses to each
question are shown (those totaling 75% or more of the vote). Complete
results, including polling and discussion summaries for individual communities, are available at:

www.bristolbayvision.org/downloads

89%

Yes

11%

No

Some of the most important parts of my life now are:
43%

My Family

18%

Subsistence activities

10%

Connection to the land and water

10%

My work

Things about this community I want to maintain in the future are:
23%

Access to subsistence resources

22%

My children / grandchildren growing up here

16%

Opportunities to make a living

12%

Educational opportunities

10%

My Native language

Values & Visioning

Do you feel the Vision Statement expresses the values people of the Bristol Bay Region hold?

Some things I would most like to change about my community are:
19%

Alcohol/drug abuse and/or fear of domestic violence

14%

How much it costs to live here

13%

Disagreements or division among people in the community

12%

Improve education and youth activities

12%

Lack of paid work

8%

Expand cultural and Native language activities

I hope my children and grandchildren will:
46%

Experience living somewhere else and come back

25%

Live in this community 25 years from now

18%

Live in the Bristol Bay Region 25 years from now

Where I will live:
41%

I plan to live here the rest of my life

26%

I may move away, but I plan to return

16%

I don’t know

Of people I know who have moved away from here, I think they left because of:

6

39%

A job

23%

Cost of living

19%

School/education

OUR HOME – OUR VALUES – OUR FUTURE
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Fishing/hunting/picking berries/camping

12%

Family meals and celebrations

12%

Community gatherings and celebrations

11%

Visiting relatives, friends, and elders

What is the best way for us to share and pass along culture, values and traditions?
37%

Organize opportunities for Elders to teach traditional ways of knowing

25%

Teach Native language, arts and crafts in school

23%

Make it a priority to teach language and Native ways of knowing in the home

CULTURE

42%

How important is access to subsistence uses of fish, animals, birds and renewable resources to you today?
51%

My highest priority

39%

One of my top priorities

How important is it that 25 years from now residents have access to subsistence uses of fish, animals,
birds and other renewable resources?
53%

My highest priority

38%

One of my top priorities

7%

Culture & Subsistence

I hope the following activities will be the most important to people in my community in 25 years:

Important, but not essential

I hope my family will want to go to fish camp, even if they live somewhere else.
91%

Yes

9%

No

I think the best way to protect our subsistence lifestyle and resources is to:
41%

Teach our children how to fish and hunt

34%

Be good stewards when we are on the land and waters

25%

Participate in public processes about fish, wildlife, and habitat

87%

Yes

13%

No

My top choice for promoting healthy families in this community is to:
33%

Create community get-togethers with food and cultural celebrations

27%

Promote healthy eating and physcial fitness

25%

Strengthen wellness efforts

My top choice for promoting safety is to:
55%

Strengthen wellness efforts to reduce substance abuse and family violence

26%

Vote to limit alcohol in our community

19%

Increase the number of public safety officers

Today there are new costs associated with securing care for elders and families. How concerned are you
about being able to secure care for your family in the future?
71%

Very concerned

22%

Somewhat concerned

6%

Safe & Healthy Families

I believe we can live healthy and productive lives in this community in the coming 25 years.

Not concerned

bbristolbayvision
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21%

Small business, customary trade, trapping, arts & crafts, etc.

19%

Fishing commercially

16%

A job with government, tribe, or nonprofit organization

13%

Retirement (Social Security, pension, etc.)

7%

Tourism or eco-tourism activities

7%

Teaching or other work at the School

What do you want in the future as the basis of economic development in the Bristol Bay Region?
63%

Grow businesses and industries based on renewable resources

31%

A mix of renewable and non-renewable resource based growth

What prevents local development projects here?
34%

Lack of access to money

24%

High cost of energy

17%

Lack of infrastructure

3%

Divisions among local people about a project

When I think about any kind of new large or small development, I get most excited about:
41%

More jobs in our region

30%

Economic growth in my community

15%

More/improved infrastructure

The top strategy to create a sustainable economy should be:
32%

Reduce energy costs

29%

Train more local people in how to start a business

27%

Protect our fish stocks

Economic Development... continued on next page

In ten years I want my cash income to come from:

Because I am concerned about high energy costs, I support:
43%

Active investment in renewable energy sources, such as wind and solar power

36%

Conserving energy – like turning off lights and insulating my house

I work or someone in my family works as a commercial fisher, either as a permit owner or a deck hand.
Yes

29%

No

© Joseph Davis

71%

Port Heiden

8

Ekwok
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© Joseph Davis

Togiak

67%

True

22%

Don't know

11%

False

What commercial fishing strategy will have the biggest impact on creating jobs or increasing income?
32%

Increase access to limited entry permits for local residents

29%

Improve commercial fish quality by icing and bleeding to increase price

24%

Expand regional marketing efforts

... Economic Development

If our kids are going to be active in commercial fishing, the most important strategy is to increase our
local access to limited entry permits.

What is the biggest barrier to creating cooperation about future projects?
36%

Planning joint meetings of all local councils for infrastructure planning

27%

Getting agreement of the local people who need to be involved

22%

Getting appropriate councils to approve: village, city, corporation, borough

37%

Graduating with skills needed for success in college or vocational schools

30%

Developing adaptable skills for living and working anywhere

20%

Knowing how to think things through and solve problems

Families are our children’s first teachers. My top choice for creating successful students is to:
44%

Teach, show, and live what we expect for them

21%

Get our children to school on time, fed and well-rested

18%

Read to our children at home every day, especially from birth to age 5

Education

What is the most important way education should prepare the youth in this community for their lives?

The best way to create excellent schools is:
41%

We communicate with our schools to reflect local values and priorities

30%

Schools/districts offer higher-level courses to prepare students for college

17%

Families and community members welcome school staff to the community

bbristolbayvision

9

From Vision to Reality

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2114 of 2339

Share the Vision:
ENGAGE LEADERSHIP ACROSS THE REGION

T

he Vision is a bold beginning. It will
take the work of both local and regional leaders to help make it a reality.
Commissioners recommend that Bristol Bay Partners add presentations about
the Vision to their board or annual meetings and to meetings with villages and
other local and regional entities, including boroughs, school districts, the UAF
Bristol Bay Campus, and others.

Response to the Vision should include
coordinated and collaborative initiatives.
To make it a reality, we must focus on
communication between community residents, community leaders and regional
organizations, and cultivate leadership
within our communities, village corporations, tribal councils, and local governments. Bristol Bay Partners should take a
leadership role in these efforts.

Partner for Success:
COORDINATE AND SUPPORT CAPACITY-BUILDING

T

he Vision will succeed with individual commitment, local and regional
collaboration, and the participation of
many organizations and agencies. Communities must define their priorities for
addressing the issues highlighted during
the meetings, but support from regional
organizations and policy-makers is also
essential to success.
Commissioners recommend developing a collaborative, regional approach to
capacity building, including seeking financial assistance to enhance existing oppor-

tunities and explore new initiatives in training and technical assistance, particularly in
grantwriting and strategic planning.
Building capacity will require training
and supporting new leaders, especially
young people, and strategically integrating results of the Bristol Bay Regional Vision project into existing programs like
health and safety initiatives.
Good assessment and communication
of what is happening with implementation of the Vision will be essential to longterm capacity building across the region.

While there is strong consensus across the region about values
and hopes for the future, communities varied on the best ways
to achieve the goals outlined in the Vision. Commissioners met in
May 2011 to discuss ideas for implementing the Vision and made
these recommendations to the Bristol Bay Partners.
10
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Implement the Vision:
PROGRAMS AND INFRASTRUCTURE

Culture and Subsistence

See detailed recommendations on pages 14-15



Ensure effective participation from the Bristol Bay Region in all state and federal
regulatory processes that effect subsistence resources.



Encourage celebration of our cultures through community gatherings, culture
camps, and exchanges between youth and elders. Explore creating community
culture centers.



Establish a Bristol Bay Regional Elders Council

Safe and Healthy Families


Address alcohol/drug abuse and domestic violence through community wellness teams in every community.



Coordinate public health and public safety efforts in communities to strengthen
families

Economic Development


Explore job development opportunities by drawing from the Comprehensive
Economic Development Strategy (CEDS) and local village plans to increase sustainability in our communities



Identify investment opportunities from BBNC and other businesses to create sustainable job opportunities in the region



Collaborate with regional entities, such as BBEDC, Boroughs and the UAF Bristol
Bay campus to identify economic development opportunities throughout the
region. Emphasize training in business development



Coordinate infrastructure development across the region to reduce energy costs
and enhance broad band communication systems



Increase access to limited entry permits for local residents so young people can
enter commercial fishing



Enhance the quality of fish so price of the product can increase

Education


Create excellent schools by applying practices of successful schools, such as
Manakotak



Increase opportunities for student internships, and increase dual credit opportunities so students can earn college credit for high school classes



Implement Fisheries Education Kits and collaborate with UAF Marine Advisory
Program to expand interest in fisheries

bbristolbayvision
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© Thomas Woods, BBNA

Vision Summit
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A

regional summit on November 3
and 4 brought over 150 people to
the Dillingham elementary school
to celebrate shared values revealed through
the Bristol Bay Regional Vision project.
Participants were invited from all communities of the region. They were joined by
seven project Commissioners, leaders of
the region, state and federal agency representatives, local government and school
district oƥcials, and a state legislator.
Summit participants heard results of
the 16-month Bristol Bay Regional Vision
project. Throughout the region people
said the foundation of their lives is strong
families who are connected to the land and
waters of the region. They want continued
access to subsistence resources, a strong
voice in determining the future direction
of the region, excellent schools, local jobs

and preservation of cultural values. Overwhelmingly, the 1,400 participants in 26
communities believe future generations
can live healthy and productive lives here.
During the Summit, people identiƤed
steps to implement key aspects of the Vision. Beginning with the Ƥve essential
themes that emerged from over 50 community meetings during the regional vision
process, summit participants used Consensor™ audience polling technology to narrow the topics for small group discussions.
Wide-ranging discussions in small
groups tackled how to make a diơerence
in the next year and brainstormed lists of
people and groups that need to be involved.
Each small group also brought questions
back to the full summit audience.
The evening of November 3 featured a
community potluck dinner, which includ-

From left: Ralph Andersen, BBNA; Sandra Moller, AEA; Peter Crimp, AEA; Karen Johnson, Denali Commission

12
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Summit participants identified steps to implement key
aspects of the Vision, beginning with the five essential
themes that emerged from community meetings.
ed many kinds of salmon, agutaq, herring
eggs, beaver feet and moose. Native dancing topped oơ the celebratory evening.
On November 4th participants reassembled for a panel on energy projects that may
transform the region, followed by thoughts
presented by the CEOs of BBNA, BBNC,
BBAHC, BBHA and BBEDC. They committed to use the Vision to guide the programs
of their agencies and corporations.
Above all, people took the opportunity
to talk with each other about how to foster

collaboration and cooperation within and
among communities and with government
agencies. When asked “Will you commit
to carrying the Vision to your community
or organization?”, 96 percent of participants said yes. Evaluations at the Summit
showed that participants valued the process and are personally committed to take
action to implement the Bristol Bay Regional Vision.
Full results of the project can be reviewed
on the website at bristolbayvision.org.

Small Group Discussion Topics
safe and healthy families/cultural expression: Teaching about, encouraging,
and supporting healthy relationships. Addressing alcohol and drug abuse.

subsistence and resource management: Protecting fish stocks and habitat with
effective management practices. Increasing local participation in land and watershed
planning projects.

economic development: Creating a more diversified economy; expanding renewable
resource, and other opportunities in addition to fishing.

education: Making sure students are prepared for post-secondary education and training.

energy: Exploring and developing renewable energy resources to generate electricity
including wind, solar, hydro, tidal and geothermal resources.

housing, transportation, and infrastructure: Improving infrastructure coordi-

© Thomas Woods, BBNA

nation (roads, electrical, housing water/sewage) among agencies (HUD, BIA, IHS/ANTHC/
VSW, AEA, Boroughs, Cities, tribes and BBHA).

From left: Rep. Bryce Edgmon; Rosie Ricketts, AHFC; Tom Marsik, UAF Bristol Bay Campus; BBNA staff distribute doorprizes

bbristolbayvision
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SAFE AND HEALTHY FAMILIES

1
2
3
4

The foundation of the region is committed families.
Teach children and young adults
how to have healthy relationships.

Address alcohol/drug abuse and
domestic violence through community wellness teams in every community.
Provide support for community
wellness teams in every community. Include village resource people to
assess and implement prevention action,

CULTURE AND SUBSISTENCE

1
2
3

Ensure continued access to subsistence
resources for residents of the region.
Celebrate and preserves the cultures and languages of the region.

Ensure effective outreach and public notice for any state or federal
advisory council and other meetings affecting resource management. Meetings
need to be held in region.

4
5
6

Maintain participation on regional
advisory councils and boards. Advise residents why their involvement is
important.
Residents should be good stewards
when using the land and waters of
the region.

14

Establish a Bristol Bay Regional Elders Council .
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share information, work together and
provide intervention.

5
6
7
8

Increase public safety officers in
communities.

Coordinate public health and public safety efforts in communities to
strengthen families.
Encourage Native families to become foster parents.

Provide children with safe and caring places to go after school, where
they can do homework.

7
8

Encourage and support Culture
Camps.

Get more people involved in Environmental Impact Study processes by collaborating with the Bristol
Bay Campus for classes to assist with understanding the National Environmental
Protection Act (NEPA) processes and new
developmental efforts.

9

Encourage celebration of our cultures through community gatherings and exchanges between youth and
elders. Explore creating community culture centers.

10

Insist that managers gather
sound scientific data to guide
land and water management of fish,
game and habitat ( like the Nushagak River Watershed Traditional Use Area Conservation Plan).

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

ECONOMIC DEVELOPMENT
AND ENERGY

1
2

Encourage economic development
based largely on renewable resource
development.

Create jobs by drawing from the
Comprehensive Economic Development Strategy (CEDS) and local village
plans to increase sustainability in our
communities.

3
4
5
6
7

Reduce the cost of energy by encouraging renewable, such as solar,
wind and geothermal sources.
Teach communities how to conserve electricity.
Weatherize houses and businesses
across the region.
Construct energy efficient buildings.

Identify investment opportunities
from BBNC and other businesses to
create economic opportunities in the region.
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8
9
10
11
12

Increase access to limited entry
permits for local young people.
Enhance the quality of fish so the
price of the product can increase.

Create internships and apprenticeships in our communities. Expand VISTA opportunities for
villages.
Expand Broadband to remaining
communities in the region. BBs
upgrade software to meet new systems
requirements.
Support and encourage group
projects to plan and launch businesses, such as Laundromats, arts & crafts
stores with web-based sales, recycling,
gardening, and fly-tying.

13

Collaborate with regional entities, such as BBEDC, Boroughs
and the UAF Bristol Bay campus to identify economic development opportunities
throughout the region. Emphasize training in business development.
Continued on page 16.

Final recommendations of the project cover 5 key areas.
They include those forwarded to the Bristol Bay Partnership
by Commissioners following two rounds of
community meetings and others suggested
by local, state and federal agency staff.
These recommendations were later
affirmed by participants at the regional
Vision Summit in November 2011.

15
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EDUCATION AND YOUTH

1

Create excellent schools by applying
practices of successful schools, such
as Manokotak. (Manokotak earned recognition as top Title I school in the nation:
use their methods in other communities.)

2
3
4
5
6

Get kids to school well rested, fed
and on time.

Create open communication between the community and the
school teachers and administrators.
Offer challenging science and math
classes so kids who strive to go to
college and vocational school may be
successful.
Offer more vocational choices in
high school.
Increase opportunities for student
internships, increase career path-

ways for students, and increase dual credit opportunities so students can earn college credit for high school classes.

7

Continue seeking involvement of
young people, especially ages 1425. School board and other committees
can offer more than one youth seat.

8
9

Implement Fisheries Education Kits
curriculum assistance for all Bristol
Bay schools. Collaborate with UAF Marine
Advisory Program.

Encourage celebration of our cultures through community gatherings and exchanges between youth and
elders. Explore creating community culture centers.

10

Encourage bilingual/bicultural
and other programs in schools
to help children learn about subsistence
and stewardship of resources.

COLLABORATION AND
INFRASTRUCTURE

tance in grant writing and grant management.

Foster collaboration among tribes,
corporations and cities to maximize
infrastructure development.

Link regional Vision to Comprehensive Economic Development Strategies (CEDS) and Individual Development
Accounts (IDAs). Develop Capital Improvement Projects lists in community meetings
consisting of tribes and local governments.

1
2
3
4

Coordinate infrastructure planning
and development across the region to reduce energy costs and enhance
broad band communication systems.

16
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Partner with state and federal agencies on infrastructure development.
Expand capacity building of communities through technical assis-

5

6
7

Collaborative as subregions on transportation and housing projects.

Prioritize transportation projects
to maximize connectivity between
communities.
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Vision Summit Response
I am personally ready to
commit my energy to
implementing the regional
Vision.

We are collectively willing
to coordinate multi-village
projects to maximize the
available funding.

95%

88%

Agreed

I am personally willing to
get involved and be committed to work on substance abuse issues.

74%

Agreed

We should explore how to
use our fisheries as an
economic engine for our
region (i.e. own processing
plants)?

93%

Agreed

I will commit to carrying
the Vision to my
community or organization.

96%

Agreed

Agreed

A group of Commissioners from across the region
should carry implementation of the Vision forward.

90%

Agreed

Combining support of all
6 advisory committees in
the region is the best way
to strengthen our voice in
fisheries management.

52%

Agreed

As a stakeholder in the region, my voice was heard
in the Visioning process
and reflected in the
Summit.

80%

Strongly Agreed / Agreed

The best place to put
our emphasis to improve
education is planning
and implementing career
pathways.

52%

Agreed

A region-wide working
group should be
empowered to address
energy needs.

91%

Agreed

State law should be
changed to give local advisory committees regulatory power.

75%

Agreed

I participated in a visioning meeting in my
community.

58%
Agreed

For complete results, go to www.bristolbayvision.org/docs/BBRV-Summit-Consensor.pdf
bbristolbayvision
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Community Meeting

Participation

18
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I

n spring 2010, Ƥve regional organizations
in Bristol Bay Alaska partnered to design
a process through which residents could
envision the future of their region.
By engaging residents in meaningful dialog
about their values and hopes for their families and communities and for the land and
resources of the region, the partners sought
to develop a long-range vision that truly reƪects the shared values and aspirations of the
people of the region.
Working together as the Bristol Bay Partnernship, the organizations include the
Bristol Bay Native Association (BBNA), Bristol Bay Native Corporation (BBNC), Bristol
Bay Economic Development Corporation
(BBEDC), Bristol Bay Housing Authority

Project Staff
BBNA
Ralph Andersen, CEO
Patty Heyano, Project Director
Norman Anderson, Project Manager
Joyce “Pinky” Armstrong,
Community Meeting Coordinator
Gwen Wilson, Media Outreach

(BBHA), and Bristol Bay Area Health Corporation (BBAHC).
The Alaska Conservation Foundation and
the Gordon and Betty Moore Foundation
made the project possible through generous
grants. Additional funding was generously
provided by the Oak Foundation, Rasmuson
Foundation (through BBHA), Tiơany & Co.
Foundation and BBNC.
The Vision statement that emerged from
the project received very strong endorsement
from residents of the region. It now carries
the authority of the people of Bristol Bay. It
is presented here as a guiding document for
communities and regional organizations and
for all entities that have an interest in the
Bristol Bay region.

Information Insights
Cady Lister, Project Manager
Facilitation Team: Sherry Modrow,
Jane Angvik, Jessica Holden,
Jana Peirce, Sylvan Robb, Chris Rogers
Emma Funk, Intern
Joseph Davis, Videographer
Dr. Steven Langdon, Anthropologist

About the Projecct

© Bob Waldrop
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A critique of the transportation corridor spill risk estimates of
diesel, ore concentrate, and chemical reagents in the Pebble Project
draft environmental impact statement

May 20, 2019
Susan C. Lubetkin, PhD
for Cook Inletkeeper
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ĐƌŝƚŝƋƵĞŽĨƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌƐƉŝůůƌŝƐŬĞƐƚŝŵĂƚĞƐ 



yhd/s^hDDZz
Spill risks of diesel, ore concentrate, and mine reagents are framed incorrectly throughout the
Pebble Limited Partnership (PLP) Draft Environmental Impact Statement (DEIS) Section 4.27.
For each potential scenario type, an example is given that would be toward the very high end of
what has been historically been seen in volume for an individual spill. The largest spills are the
most infrequent, and so the logic is circular: If the only scenarios that are considered are the
really rare ones, the calculations show they don't happen very often.
We don't only need to know the probability of large scale, dramatic incidents. Medium and
small spills also accumulate and need to be considered explicitly. We need to know what to
expect, from dribs and drabs to dumps. Therefore,

1. Volumes of small, medium, large, and very large spills of potentially hazardous
substances should be defined, possibly with different volumes for different substances
spilled.
2. The rates of spills in each of those size classes should be estimated for each substance (or
class of substances ± LILWLVQ¶WSRVVLEOHWRGR this for every single reagent for example).
3. The expected frequencies and total spill volumes of each substance should be shown and
evaluated explicitly based on the PLP project size and considering all spill size classes.
Considering all the possible sources together for each substance (or substance class)
forms a fault tree of potential spills for that substance.
4. The biological/environmental/socioeconomic consequences of those spills, both
frequency and size, should be discussed.
5. The PLP DEIS should include not only the single probability that a large diesel spill
doesn't happen, or that there isn't a sizable ore concentrate spill due to a truck rollover,
but also the cumulative probability that there will be no significant impacts from spills
individually or collectively.








ŝ
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ĐƌŝƚŝƋƵĞŽĨƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌƐƉŝůůƌŝƐŬĞƐƚŝŵĂƚĞƐ 



In other DEISs, large spills of crude or refined petroleum products and hazardous materials
are defined as those >1,000 gallons. The PLP DEIS never defines what a "large" spill is. For
diesel spills, estimates of risks are based on a spill scenario of >300,000 gallons from marine
barges or from ferries, and spills >3,000 gallons from tanker trucks. The ore concentrate spill
scenarios are for an 80,000lb spill from a tanker truck or a 54,000lb spill from a pipeline. Those
are the only spill rates used in the PLP DEIS for the transportation corridor, which means any
spills smaller than the specific volumes shown or other than those specific transportation modes
were not considered.
The PLP DEIS also ignores possible spills from storage facilities at the port, the ferry, or
the mine site, or any of the transfers between all the transportation modes and storage facilities as
too small or too unlikely to be concerned with. Overall, that seriously underestimates the number
of spills that can occur along the transportation corridor. The question of spill risks as presented
in the PLP DEIS falls into the broken cookie fallacy. When examining the risk spills, they should
be as a class, comprised of the myriad ways that diesel (or ore concentrate or chemical reagents)
could be spilled and the different size classes (think of measuring the number of calories in a
whole cookie). Breaking that overall risk into very tiny risks (the crumbs) and asserting that all
the individual pieces are too small to care about is like a dieter declaring that all the calories leak
out if the cookie is broken. Finally, not only were very few spill rates estimated, but the ones that
were modeled were done so based on very limited data and with questionable mathematical
justification.












ŝŝ
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ĐƌŝƚŝƋƵĞŽĨƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌƐƉŝůůƌŝƐŬĞƐƚŝŵĂƚĞƐ 



dĂďůĞŽĨŽŶƚĞŶƚƐ

yhd/s^hDDZz͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ŝ
dĂďůĞŽĨŽŶƚĞŶƚƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ŝŝŝ
>ŝƐƚŽĨdĂďůĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ǀ
>ŝƐƚŽĨ&ŝŐƵƌĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ǀŝ
/ŶƚƌŽĚƵĐƚŝŽŶ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭ
ĂĐŬŐƌŽƵŶĚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯ
dƌĂŶƐƉŽƌƚĂƚŝŽŶŽƌƌŝĚŽƌĞƐĐƌŝƉƚŝŽŶ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯ
ƐƚŝŵĂƚŝŶŐƐƉŝůůƌŝƐŬƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰ
DĂƚŚĞŵĂƚŝĐĂůŵŽĚĞů͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲ
DĞƚŚŽĚƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϳ
ŝĞƐĞů͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϴ
ŝĞƐĞůƐƉŝůůĨĂƵůƚƚƌĞĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϬ
^ĐĞŶĂƌŝŽƐŵŽĚĞůĞĚ͕ĚĂƚĂƵƐĞĚĂŶĚĂǀĂŝůĂďůĞ͕ĂŶĚĐĂůĐƵůĂƚĞĚƌŝƐŬĞƐƚŝŵĂƚĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϭ
dĂŶŬĞƌƚƌƵĐŬƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϮϮ
>ĂŬĞ/ůŝĂŵŶĂ&ĞƌƌǇ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϬ
^ƚŽƌĂŐĞŽĨĚŝĞƐĞůĂƚŵĂŬĚĞĚŽƌŝƉŽƌƚ͕ĨĞƌƌǇƚĞƌŵŝŶĂůƐ͕ĂŶĚŵŝŶĞƐŝƚĞƚƌƵĐŬƐŚŽƉ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϮ
dƌĂŶƐĨĞƌŽĨĚŝĞƐĞůďĞƚǁĞĞŶŵĂƌŝŶĞďĂƌŐĞƐĂŶĚƉŽƌƚƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϲ
dƌĂŶƐĨĞƌŽĨĚŝĞƐĞůďĞƚǁĞĞŶƉŽƌƚƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐĂŶĚƚĂŶŬĞƌƚƌƵĐŬƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϲ
dƌĂŶƐĨĞƌŽĨƚĂŶŬƐƚŽĂŶĚĨƌŽŵƚŚĞ>ĂŬĞ/ůŝĂŵŶĂ&ĞƌƌǇĂŶĚƚĂŶŬĞƌƚƌƵĐŬƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϲ
KƌĞŽŶĐĞŶƚƌĂƚĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϳ
ŽƉƉĞƌͲŐŽůĚŽƌĞĐŽŶĐĞŶƚƌĂƚĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϳ
DŽůǇďĚĞŶƵŵŽƌĞĐŽŶĐĞŶƚƌĂƚĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϴ
KƌĞĐŽŶĐĞŶƚƌĂƚĞƐƉŝůůĨĂƵůƚƚƌĞĞ;ĐŽƉƉĞƌͲŐŽůĚŽƌĞĐŽŶĐĞŶƚƌĂƚĞͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϵ
^ĐĞŶĂƌŝŽƐŵŽĚĞůĞĚ͕ĚĂƚĂƵƐĞĚĂŶĚĂǀĂŝůĂďůĞ͕ĂŶĚĐĂůĐƵůĂƚĞĚƌŝƐŬĞƐƚŝŵĂƚĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϬ
dĂŶŬĞƌƚƌƵĐŬƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϬ
>ĂŬĞ/ůŝĂŵŶĂĨĞƌƌǇ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϳ
>ŝŐŚƚĞƌŝŶŐďĂƌŐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϳ
DĂƌŝŶĞďĂƌŐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϴ
KƌĞƉŝƉĞůŝŶĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱϬ
dƌĂŶƐĨĞƌŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞďĞƚǁĞĞŶŵĂƌŝŶĞďĂƌŐĞƐĂŶĚƉŽƌƚƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱϴ




dƌĂŶƐĨĞƌŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞƚŽĂŶĚĨƌŽŵƚŚĞ>ĂŬĞ/ůŝĂŵŶĂ&ĞƌƌǇĂŶĚƚĂŶŬĞƌƚƌƵĐŬƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱϴ
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ĐƌŝƚŝƋƵĞŽĨƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌƐƉŝůůƌŝƐŬĞƐƚŝŵĂƚĞƐ 


dƌĂŶƐĨĞƌŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞĨƌŽŵƚĂŶŬĞƌƚƌƵĐŬƐƚŽůŝŐŚƚĞƌŝŶŐďĂƌŐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱϴ
dƌĂŶƐĨĞƌŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞĨƌŽŵƉŝƉĞůŝŶĞƚŽůŝŐŚƚĞƌŝŶŐďĂƌŐĞƐ;ůƚĞƌŶĂƚŝǀĞϯͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱϴ
dƌĂŶƐĨĞƌŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞĨƌŽŵůŝŐŚƚĞƌŝŶŐďĂƌŐĞƐƚŽŵĂƌŝŶĞďĂƌŐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱϴ
ŚĞŵŝĐĂůƌĞĂŐĞŶƚƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱϵ
ŚĞŵŝĐĂůƌĞĂŐĞŶƚƐƐƉŝůůĨĂƵůƚƚƌĞĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϬ
^ĐĞŶĂƌŝŽƐŵŽĚĞůĞĚ͕ĚĂƚĂƵƐĞĚĂŶĚĂǀĂŝůĂďůĞ͕ĂŶĚĐĂůĐƵůĂƚĞĚƌŝƐŬĞƐƚŝŵĂƚĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϭ
DĂƌŝŶĞďĂƌŐĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϳ
dĂŶŬĞƌƚƌƵĐŬƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϳ
>ĂŬĞ/ůŝĂŵŶĂ&ĞƌƌǇ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϳ
^ƚŽƌĂŐĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϳ
dƌĂŶƐĨĞƌŽĨƌĞĂŐĞŶƚƐďĞƚǁĞĞŶŵĂƌŝŶĞďĂƌŐĞƐ;ĂŶĚƉŽƌƚƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐ͍ͿĂŶĚƚĂŶŬĞƌƚƌƵĐŬƐ͘͘͘͘͘͘͘͘͘ϲϳ
dƌĂŶƐĨĞƌŽĨƌĞĂŐĞŶƚƐƚŽĂŶĚĨƌŽŵƚŚĞ>ĂŬĞ/ůŝĂŵŶĂ&ĞƌƌǇĂŶĚƚĂŶŬĞƌƚƌƵĐŬƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϳ
dƌĂŶƐĨĞƌƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϴ
KƚŚĞƌWŽƌƚĐƚŝǀŝƚŝĞƐDĞŶƚŝŽŶĞĚƵƚEŽƚ/ŶĐůƵĚĞĚ/Ŷ^ƉŝůůDŽĚĞůŝŶŐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϳϬ
ŽŶĐůƵƐŝŽŶƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϳϯ
ŽŶƐŝĚĞƌĂƚŝŽŶƐŽĨƵŵƵůĂƚŝǀĞZŝƐŬ;ǁŝƚŚŝŶƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌŽĨƚŚĞƉƌŽƉŽƐĞĚƉƌŽũĞĐƚͿ͘͘͘͘͘͘͘͘ϳϯ
^ĐŽƌŝŶŐƚŚŝƐƌŝƐŬĂƐƐĞƐƐŵĞŶƚĂŐĂŝŶƐƚĂďĞƐƚƉƌĂĐƚŝĐĞƐůŝƐƚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϳϳ
^ƵŵŵĂƌǇ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϴϬ
ZĞĨĞƌĞŶĐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϴϮ
ƉƉĞŶĚŝĐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϴϰ
͘ĐŽůƵŵŶŚĞĂĚŝŶŐƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϴϰ
͘ǆĐĞůĨŝůĞƐ;KŶĞǁŽƌŬďŽŽŬĨŽƌĞĂĐŚŽĨƚŚĞϭϬƐƵďƌĞŐŝŽŶƐͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϴϱ
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ĐƌŝƚŝƋƵĞŽĨƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌƐƉŝůůƌŝƐŬĞƐƚŝŵĂƚĞƐ 



>ŝƐƚŽĨdĂďůĞƐ

dĂďůĞϭ͘^ƉŝůůƐŝǌĞĐůĂƐƐĚĞĨŝŶŝƚŝŽŶƐĨŽƌƉĞƚƌŽůĞƵŵƉƌŽĚƵĐƚƐĂŶĚŽƚŚĞƌŚĂǌĂƌĚŽƵƐŵĂƚĞƌŝĂůƐĨƌŽŵŽƚŚĞƌ
/^Ɛ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰ
dĂďůĞϮ͘/ŶĨĞƌƌĞĚƉŽƚĞŶƚŝĂůƐƉŝůůƐŝǌĞĐůĂƐƐĚĞĨŝŶŝƚŝŽŶƐĨƌŽŵƚŚĞW>W/^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϵ
dĂďůĞϯ͘ǀĞƐƐĞůƐƉŝůůƐŽĨĚŝĞƐĞůĨƌŽŵϭϵϵϱͲϮϬϭϴďǇƐƵďĂƌĞĂ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϯ
dĂďůĞϰ͘ǀĞƐƐĞůƐƉŝůůƐŽĨĚŝĞƐĞůĨƌŽŵϭϵϵϱͲϮϬϭϴďǇǀĞƐƐĞůƐƵďƚǇƉĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϰ
dĂďůĞϱ͘^ƉŝůůƐŽĨхϭ͕ϬϬϬďĂƌƌĞůƐ;хϰϮ͕ϬϬϬŐĂůůŽŶƐͿŽĨƉĞƚƌŽůĞƵŵĨƌŽŵƚĂŶŬĞƌƐĂŶĚďĂƌŐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϲ
dĂďůĞϲ͘^ƉŝůůƐŽĨхϭϬ͕ϬϬϬďĂƌƌĞůƐ;хϰϮϬ͕ϬϬϬŐĂůůŽŶƐͿŽĨƉĞƚƌŽůĞƵŵĨƌŽŵƚĂŶŬĞƌƐĂŶĚďĂƌŐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϲ
dĂďůĞϳ͘^ƉŝůůƐŽĨхϮϱ͕ϬϬϬďĂƌƌĞůƐ;хϭ͕ϬϱϬ͕ϬϬϬŐĂůůŽŶƐͿŽĨƉĞƚƌŽůĞƵŵĨƌŽŵƚĂŶŬĞƌƐĂŶĚďĂƌŐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϳ
dĂďůĞϴ͘^ƉŝůůƐŽĨϭ͕ϬϬϬƚŽϭϬ͕ϬϬϬďĂƌƌĞůƐ;ϰϮ͕ϬϬϬƚŽϰϮϬ͕ϬϬϬŐĂůůŽŶƐͿŽĨƉĞƚƌŽůĞƵŵĨƌŽŵƚĂŶŬĞƌƐĂŶĚ
ďĂƌŐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϳ
dĂďůĞϵ͘^ƉŝůůƐŽĨϭϬ͕ϬϬϬƚŽϮϱ͕ϬϬϬďĂƌƌĞůƐ;ϰϮϬ͕ϬϬϬƚŽϭ͕ϬϱϬ͕ϬϬϬŐĂůůŽŶƐͿŽĨƉĞƚƌŽůĞƵŵĨƌŽŵƚĂŶŬĞƌƐĂŶĚ
ďĂƌŐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϴ
dĂďůĞϭϬ͘WŽŝŶƚƐƵƐĞĚŝŶKD;ϮϬϭϵĂͿĨŽƌĨŝƚƚŝŶŐƉŽǁĞƌĂŶĚĞǆƉŽŶĞŶƚŝĂůĨƵŶĐƚŝŽŶƐƚŽĨŝŶĚƚŚĞƐƉŝůůƌĂƚĞ
ĨŽƌƐƉŝůůƐхϯϬϬ͕ϬϬϬŐĂůůŽŶƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϴ
dĂďůĞϭϭ͘^ƵŵŵĂƌǇƐƚĂƚŝƐƚŝĐƐĂďŽƵƚƐƉŝůůƐĨƌŽŵǀĞŚŝĐůĞƐĞǆƚƌĂĐƚĞĚĨƌŽŵƚŬŝŶ;ϮϬϬϲͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϯ
dĂďůĞϭϮ͘ǀĞŚŝĐůĞƐƉŝůůƐŽĨĚŝĞƐĞůĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϰ
dĂďůĞϭϯ͘ĐŽŵƉĂƌŝƐŽŶŽĨĂůƚŽŶ,ŝŐŚǁĂǇĂŶĚZŝĐŚĂƌĚƐŽŶZŽĂĚĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϲ
dĂďůĞϭϰ͘dĂŶŬĞƌƚƌƵĐŬĚŝĞƐĞůƐƉŝůůƌŝƐŬƌĂƚĞƐŐŝǀĞŶŝŶƚŚĞŽŶůŝŶ/^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϴ
dĂďůĞϭϱ͘^ƵŵŵĂƌǇƐƚĂƚŝƐƚŝĐƐĂďŽƵƚƐƉŝůůƐĨƌŽŵǀĞƐƐĞůƐĞǆƚƌĂĐƚĞĚĨƌŽŵƚŬŝŶ;ϮϬϬϲͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϭ
dĂďůĞϭϲ͘^ƵŵŵĂƌǇƐƚĂƚŝƐƚŝĐƐĂďŽƵƚƐƉŝůůƐĨƌŽŵƐƉŝůůƉƌĞǀĞŶƚŝŽŶĐŽŶƚƌŽůĂŶĚĐŽƵŶƚĞƌŵĞĂƐƵƌĞ;^WͿ
ĨĂĐŝůŝƚŝĞƐĞǆƚƌĂĐƚĞĚĨƌŽŵƚŬŝŶ;ϮϬϬϲͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϯ
dĂďůĞϭϳ͘ďƵůŬĨƵĞůƚĞƌŵŝŶĂůƐƉŝůůƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϰ
dĂďůĞϭϴ͘ĚŝĞƐĞůƐƉŝůůƐĨƌŽŵĐƌƵĚĞŽŝůƚĞƌŵŝŶĂůƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϱ
dĂďůĞϭϵ͘ŽƌĞĐŽŶĐĞŶƚƌĂƚĞǀĞŚŝĐůĞƐƉŝůůĚĂƚĂĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϮ
dĂďůĞϮϬ͘ƐƚŝŵĂƚĞĚƌĂƚĞƐŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞƚĂŶŬĞƌƚƌƵĐŬƐƉŝůůƐĨƌŽŵĚŝĨĨĞƌĞŶƚĚĂƚĂƐŽƵƌĐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϲ
dĂďůĞϮϭ͘^ƵŵŵĂƌǇƐƚĂƚŝƐƚŝĐƐĂďŽƵƚƐƉŝůůƐĨƌŽŵĐƌƵĚĞĂŶĚƌĞĨŝŶĞĚŽŝůƉŝƉĞůŝŶĞƐĞǆƚƌĂĐƚĞĚĨƌŽŵƚŬŝŶ
;ϮϬϬϲͿ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱϬ
dĂďůĞϮϮ͘ƚƌĂŶƐŵŝƐƐŝŽŶƉŝƉĞůŝŶĞƐƉŝůůƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱϭ
dĂďůĞϮϯ͘ŵŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐƐƉŝůůƐĨƌŽŵƉŝƉĞƐŽƌůŝŶĞƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱϮ
dĂďůĞϮϰ͘,ĂǌĂƌĚŽƵƐĂŶĚĞǆƚƌĞŵĞůǇŚĂǌĂƌĚŽƵƐƐƵďƐƚĂŶĐĞƐƐƉŝůůĞĚĨƌŽŵƉŝƉĞƐŽƌůŝŶĞƐĚƵƌŝŶŐŵŝŶŝŶŐ
ŽƉĞƌĂƚŝŽŶƐŝŶƚŚĞEŽƌƚŚǁĞƐƚƌĐƚŝĐĂŶĚ/ŶƚĞƌŝŽƌůĂƐŬĂƐƵďĂƌĞĂƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱϯ
dĂďůĞϮϱ͘WŝƉĞůŝŶĞƐƉŝůůƌĂƚĞĞƐƚŝŵĂƚĞƐĨƌŽŵǀĂƌŝŽƵƐƐŽƵƌĐĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱϳ
dĂďůĞϮϲ͘ƐƉŝůůƐďǇƐƵďƐƚĂŶĐĞĐůĂƐƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϮ
dĂďůĞϮϳ͘ǀĞƐƐĞůƐƉŝůůƐďǇǀĞƐƐĞůƐƵďƚǇƉĞĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϰ
dĂďůĞϮϴ͘ǀĞŚŝĐůĞƐƉŝůůƐŽĨĞǀĞƌǇƚŚŝŶŐĞǆĐĞƉƚĚŝĞƐĞůĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϱ
dĂďůĞϮϵ͘ĨƌŽŵĐŚĞŵŝĐĂůƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϲ
dĂďůĞϯϬ͘ŚĂƌďŽƌ͕ƉŽƌƚ͕ĂŶĚŵĂƌŝŶĂƐƉŝůůƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϵ
dĂďůĞϯϭ͘ƉŽǁĞƌŐĞŶĞƌĂƚŝŽŶƐƉŝůůƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϳϭ
dĂďůĞϯϮ͘ŵĂŝŶƚĞŶĂŶĐĞĨĂĐŝůŝƚǇƐƉŝůůƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϳϮ
dĂďůĞϯϯ͘^ƵŵŵĂƌǇůŝƐƚŽĨĂůůZŝũǀĂůƵĞƐƚŚĂƚƐŚŽƵůĚŚĂǀĞďĞĞŶĞƐƚŝŵĂƚĞĚ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϳϰ
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ĐƌŝƚŝƋƵĞŽĨƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌƐƉŝůůƌŝƐŬĞƐƚŝŵĂƚĞƐ 


dĂďůĞϯϰ͘dŝũĨŽƌƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌĐŽŵƉŽŶĞŶƚƐĐŽŶƐŝĚĞƌĞĚŝŶƚŚĞĐƌŝƚŝƋƵĞŽĨƐƉŝůůƐƌŝƐŬƐĨŽƌ
ƉƌŽƉŽƐĞĚĂůƚĞƌŶĂƚŝǀĞƐϭ͕Ϯ͕ĂŶĚϯ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϳϱ
dĂďůĞϯϱ͘ǀĂůƵĂƚŝŶŐƚŚĞKD͛Ɛ;ϮϬϭϵĂͿǁŽƌŬƵƐŝŶŐƵƌŵĂƐƚĞƌĂŶĚŶĚĞƌƐŽŶ͛Ɛ;ϭϵϵϰͿ͞WƌŝŶĐŝƉůĞƐŽĨ
ŐŽŽĚƉƌĂĐƚŝĐĞĨŽƌƚŚĞƵƐĞŽĨDŽŶƚĞĂƌůŽƚĞĐŚŶŝƋƵĞƐŝŶŚƵŵĂŶŚĞĂůƚŚĂŶĚĞĐŽůŽŐŝĐĂůƌŝƐŬ
ĂƐƐĞƐƐŵĞŶƚƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͟ϳϴ


>ŝƐƚŽĨ&ŝŐƵƌĞƐ
&ŝŐƵƌĞϭ͘ŽŶĐĞƉƚƵĂůĚŝĂŐƌĂŵŽĨƚŚĞĨĂƵůƚƚƌĞĞŵŽĚĞůŽĨƚŚĞŽǀĞƌĂůůƐƉŝůůƌŝƐŬĨŽƌĚŝĞƐĞů͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϬ
&ŝŐƵƌĞϮ͘KD;ϮϬϭϵĂͿĐƵƌǀĞĨŝƚƚŝŶŐĨŽƌŵĂƌŝŶĞďĂƌŐĞĚŝĞƐĞůƐƉŝůůƐхϯϬϬ͕ϬϬϬŐĂůůŽŶƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘Ϯϭ
&ŝŐƵƌĞϯ͘ŽŶĐĞƉƚƵĂůĚŝĂŐƌĂŵŽĨƚŚĞĨĂƵůƚƚƌĞĞŵŽĚĞůŽĨƚŚĞŽǀĞƌĂůůƐƉŝůůƌŝƐŬĨŽƌĐŽƉƉĞƌͲŐŽůĚŽƌĞ
ĐŽŶĐĞŶƚƌĂƚĞ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϯϵ
&ŝŐƵƌĞϰ͘ŽŶĐĞƉƚƵĂůĚŝĂŐƌĂŵŽĨƚŚĞĨĂƵůƚƚƌĞĞŵŽĚĞůŽĨƚŚĞŽǀĞƌĂůůƐƉŝůůƌŝƐŬĨŽƌĐŚĞŵŝĐĂůƌĞĂŐĞŶƚƐ͘͘͘͘͘͘͘ϲϬ









ǀŝ


BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2133 of 2339

ĐƌŝƚŝƋƵĞŽĨƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌƐƉŝůůƌŝƐŬĞƐƚŝŵĂƚĞƐ 



/ŶƚƌŽĚƵĐƚŝŽŶ
The Office of Management and Budget (OMB) recognizes that peer review is essential.
OMB has published guidelines to ensure information quality and establish standards for peer
review (OMB 2002, 2005), including the importance of scientific quality, utility, objectivity and
integrity, as well as reproducibility of the results by qualified third parties. The stringency of the
review is determined in part by how influential the information, including data, synthesis of
facts, models, analyses, and assessments, is and may extend past peer review for journals (OMB
2002). Significant decisions about projects that may have $500 million in regulatory or private
sector impact, that are new or precedent setting, or that could be relevant to multiple agencies are
supposed to receive the most serious scrutiny (Ruhl and Salzman 2006). Reviewers are to be
selected based on expertise, balance, independence, and in avoidance of conflicts of interest
(OMB 2005). Unless the data have already been subject to peer review through journal
publication, the agency is required to apply review internally or externally by unaffiliated peers
with relevant expertise, and the review and the agency response (or a summary thereof) are to be
made public (Ruhl and Salzman 2006).
I have the requisite expertise to review the spill risks as presented in the PLP DEIS. I
earned a PhD in Quantitative Ecology and Resource Management from the University of
Washington, where I also taught applied statistics. Based on my review, I have major concerns
with the data handling, assumptions, and math used in spill risk estimates for the transportation
corridor as they are presented in the PLP DEIS. Until those problems are addressed, I believe the
DEIS impact assessments and the other considerations of the risks from spills are based on faulty
estimates. Policy decisions based on bad scientific and statistical research doubtless face the
same problem that statistical analysis does: Garbage in, garbage out. Before making a decision of
this magnitude that will have repercussions for decades, please take the time to make sure the
underlying analyses can withstand rigorous peer review.
In this critique I review the spill risk models used to estimate the number of diesel, ore
concentrate, and reagent spills if the Pebble Mine project goes forward. I show how the
component spill risks are part of a larger spill fault tree model, examine the data used, how they
were handled, the assumptions of the models and how they compare with previously estimated
spill risk rates, the mathematical accuracy of the calculations, and how well the work adheres to
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best practices of scientific publication of risk assessments regarding the environment and human
health.

ĂĐŬŐƌŽƵŶĚ
dƌĂŶƐƉŽƌƚĂƚŝŽŶŽƌƌŝĚŽƌĞƐĐƌŝƉƚŝŽŶ
As described in the PLP DEIS, the 83 mile long transportation corridor from the mine site
to a port on Cook Inlet consists of:
x

A 30-mile private two-lane unpaved road from the mine site to a ferry
terminal on the north shore of Iliamna Lake.
x An 18-mile lake crossing utilizing an ice breaking ferry to a ferry terminal
on the south shore of Iliamna Lake.
x A 35-mile private two-lane unpaved road from the south ferry terminal to
the Amakdedori Port.
x Lightering of concentrate between Amakdedori Port and offshore
lightering locations for loading onto bulk carriers.
(Pebble Project DEIS Appendix N: Project Description, page 1)
The transportation corridor consists of a road from the mine site to a ferry
terminal on the north shore of Iliamna Lake, a ferry route across Iliamna Lake to a
landing on the south shore near the village of Kokhanok, and a road continuing
southeast to the Amakdedori Port. Additional surface roads will connect the mine
site to the villages of Iliamna, Newhalen, and Kokhanok.... The gas pipeline will tie
in to existing gas supply infrastructure at Anchor Point on the Kenai Peninsula,
cross Cook Inlet, and parallel the transportation corridor to the mine site.
(Pebble Project DEIS Appendix N: Project Description, page 4)
A port facility and jetty with docking for lightering and supply barges.
o Annual vessel traffic of up to 27 concentrate vessels and 33 supply barges.
(Pebble Project DEIS Appendix N: Project Description, page 2)
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The port site will include shore-based and marine facilities for the shipment of
concentrate, freight, and fuel for the Project. The shore-based facilities will
include separate facilities for the receipt and storage of containers for
concentrate and freight. Other facilities will include fuel storage and
transfer facilities, power generation and distribution facilities, maintenance
facilities, employee accommodations, and offices.
(Pebble Project DEIS Appendix N: Project Description, page 4)
Copper-gold concentrate containers will be loaded onto lightering barges at the
Amakdedori Port and then transported to one of two lightering locations (Figure
1-5) for transfer to bulk carriers. The primary lightering location is approximately
12 miles offshore due east of the proposed Amakdedori port, the alternative
lightering location is approximately 18 miles east-northeast of the proposed
Amakdedori port between Augustine Island and the mainland. Wave heights in
this area are reduced by Augustine Island and it would be used when required by
sea conditions.
(Pebble Project DEIS Appendix N: Project Description, page 5)
• A 188-mile gas pipeline from the Kenai Peninsula across Cook Inlet to the
Project site with a compressor station on the Kenai Peninsula.
(Pebble Project DEIS Appendix N: Project Description, page 2)
A natural gas pipeline and gas-fired electrical generation are being used to power
the Project, thereby eliminating the need to transport and store large amounts of
diesel fuel for power generation.
(Pebble Project DEIS Appendix N: Project Description, page 3)
The natural gas pipeline from the Kenai Peninsula will come ashore at the
Amakdedori Port. An offtake will distribute natural gas to the port power
generation facility.
(Pebble Project DEIS Appendix N: Project Description, page 4)
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ƐƚŝŵĂƚŝŶŐƐƉŝůůƌŝƐŬƐ
In broad strokes, smaller spills are more frequent than larger spills. The consequences of
those individual smaller spills can have much less serious consequences, depending on the
substance and circumstances. Still, it is important to know the expected number of spills and
cumulative amount of material spilled from all size classesZKHWKHULW¶VGLHVHOQDWXUDOJDVRUH
concentrate, chemical reagents, or produced water. Spills along the proposed PLP transportation
corridor that come from vehicles, vessels, and pipelines are components of those totals; there
may also be spills from other sources and processes associated with the Pebble Project, such as
power generation, maintenance of the mining equipment, bulk storage of the fuel and reagents,
and other activities, all of which are expected at Amakdedori Port.
One important failure in the PLP DEIS is the lack of spill size class definitions. In other
DEISs where petroleum (crude and refined products), hazardous materials, and produced water
spills are a concern, spill sizes are given in ranges, and spill risk rates and expected numbers are
shown for all size classes (Table 1). For example, the Bureau of Land Management (BLM) used
the following spill size class definitions for the Alpine Satellite (Greater Mooses Tooth (BLM
2004) and Greater Mooses Tooth 2 (BLM 2018a) DEISs, and the Coastal Plain DEIS. The same
definitions were used in the Donlin Gold DEIS (USACE 2018):
dĂďůĞϭ͘^ƉŝůůƐŝǌĞĐůĂƐƐĚĞĨŝŶŝƚŝŽŶƐĨŽƌƉĞƚƌŽůĞƵŵƉƌŽĚƵĐƚƐĂŶĚŽƚŚĞƌŚĂǌĂƌĚŽƵƐŵĂƚĞƌŝĂůƐĨƌŽŵŽƚŚĞƌ
/^Ɛ͘
^ŝǌĞĐůĂƐƐ
sĞƌǇƐŵĂůů
^ŵĂůů
DĞĚŝƵŵ
>ĂƌŐĞ
sĞƌǇůĂƌŐĞ

sŽůƵŵĞƌĂŶŐĞ;ŐĂůůŽŶƐͿ
фϭϬ
ϭϬͲϵϵ
ϭϬϬͲϵϵϵ
ϭ͕ϬϬϬͲϭϬϬ͕ϬϬϬ
хϭϬϬ͕ϬϬϬ

Spill classes go up in order of magnitude (or more) increments. This is about making the
math and statistics work by having a sufficient number of spills in each size class, rather than any
environmental or biological thresholds. Not all large spills are created equal in terms of
biological impacts. Impacts of spills depend on size, frequency, location, seasonal timing,
availability of remediation infrastructure, and other factors. Specifically, the characterization of
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the impacts of a large spill will vary widely depending on the assumed volume from a range of
5,000 to 300,000 gallons, even if all other factors are the same. Taking the continuous variable
volume and segmenting it into discrete size categories may be a mathematical necessity, but it
makes characterizing the effects of different spill sizes ± even if all the other factors were to
match ± very difficult. Spills of 5,000 gallons, 10,000 gallons, and 100,000 gallons, will not have
the same impacts, even if they all qualify as large spills, and modeling the impacts of an average
large spill is meaningless in a category that has such a broad volume range. Furthermore, the
frequency of the spills in different size classes varies dramatically, so even if the impacts of a
single small or medium spill may not appear significant alone, it is worthwhile to consider how
many such spills might occur and their aggregated and cumulative effects over time and space.
Because the USACE does not ever specify spill size classes, I will refer to the definitions
used by the BLM and given in Table 1 for the remainder of this document. Thus, large spills are
those of at least 1,000 gallons, and very large spills are those of at least 100,000 gallons. Note:
Based on the volumes used, transported, and stored, and on their level of toxicity of other
negative effects on the environment, spill size classes might be better described in substancespecific volumes for some pollutants.
The framework of this review is first a definition of the fault tree model for spills in the
Pebble Mine transportation corridor, and then an evaluation of the steps in 3/3¶V spill risk
estimate process. There are four main transportation corridor scenarios covered in Section 4.27
of the PLP DEIS. This analysis does not address potential spills at the mine site or from tailing
ponds. I show the risk model, the data used to estimate the risk rate, and some of the available
data for each scenario. (This deviates from the order the material is presented in the DEIS.) I
conclude my critique by scoring the spill risk assessment in the PLP DEIS against a generalized
adaptation of the 14 best practices listed by Burmaster and Anderson (1994) for using
quantitative methods to assess human health and environmental risk.
The quantitative estimates of spill risks along the transportation corridor were all
calculated and presented in AECOM (2019). The objective of $(&20¶V  work was to use
existing spill data from ADEC and other sources to estimate the probability of spills of diesel,
ore concentrate, and chemical reagents in the Pebble Mine transportation corridor from several
modes of transportation: marine barges, tanker trucks, the Lake Iliamna ferry, and potentially an
ore concentrate pipeline. AECOM (2019) considered each risk individually. AECOM (2019) did
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not explicitly unite substance-specific spill risks (ex. the additive risks of diesel spills across all
transportation and handling modes along the transportation corridor) into a fault tree to describe
the overall spill risk. Nonetheless, considering the risks of spills along the transportation corridor
as one component of the overall proposed Pebble Mine project requires not only estimating each
potential substance- and source-specific spill but also their cumulative effects along the whole
transportation system.

DĂƚŚĞŵĂƚŝĐĂůŵŽĚĞů
$OWKRXJKLWZDVQ¶WVKRZQDVVXFKZHFDQFRQVWUXFWWKHunderlying fault trees for
transportation corridor spills in a straightforward manner. The number of large spills expected if
this project scenario were to be carried out is
்ܰ ൌ    ܴ ܶ




where
NT = number of large spills along the transportation corridor,
Rij = risk of spilling >1,000 gallons of substance i per unit exposure for source j (ex. risk
of spilling diesel from a tanker truck per truck mile-year), and
Tij = total units of exposure for substance i from spill source j (ex. number of truck mileyears diesel will be transported).
The fault tree model takes the component risks of each substance from each transportation mode
calculated per unit exposure (ex. large spills per truck mile-year or per billion barrels diesel) and
then converts them to a project specific overall risk of spills in the transportation corridor.
(Mathematical notation explanation: 6 is a summation sign. It just means add them all up. Here
ZH¶UHDGGLQJDOOWKHH[SHFWHGQXPEHUVRIVSLOOVRIHDFKVXEVWDQFHDFURVVDOOWKHways that
substance is moved7KHUHDUHWZRVXPPDWLRQVLJQVEHFDXVHZH¶UHDGGLQJDFURVVVXEVWDQFHW\SHV
(diesel, ore concentrate, and chemical reagents, subscripted by i) and across transportation
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methods (marine barges, trucks, ferries, etc., subscripted by j).) Similar fault trees can be
constructed for medium and small spills.
PLP (through AECOM (2019)) needed to estimate the substance and transportation mode
specific risk rates (Rij), multiply them by their associated exposure variables (Tij), and find their
cumulative expected number of large spills and/or the probability of there being no such large
spills over the course of the proposed project. The Tij values vary across the proposed
alternatives and result in different overall estimates of spill risks. If a substance is not moved by
a specific transportation type, then its Tij = 0. For example, in this DEIS diesel is expected to be
moved via tanker trucks, a lake ferry, and marine barges, but not via pipeline. Therefore, Tdiesel,
pipeline

= 0 and Rdiesel, pipeline GRHVQ¶WQHHGWREHHVWLPDWHG.

DĞƚŚŽĚƐ
For each substance class (diesel, ore concentrate, and chemical reagents), I present a fault
tree showing the relevant modes of transportation, storage (if any) along the transportation
corridor, and transfer points and processes between them. I then show which of the spill rates
received quantitative treatment in the PLP DEIS, compare the data used as a subset of the data
available, and evaluate the mathematical and statistical accuracy of the spill rates used in the PLP
DEIS.
I used two main data sources in this work, both cited by AECOM (2019) in their
computation of spill probabilities. The first source LV'U'DJPDU(WNLQ¶V³5LVN$VVHVVPHQWRI
2LO6SLOOVWR86,QODQG:DWHUZD\V´,QWKDWZRUNEtkin (2006) studied 51,829 spills that
occurred in the United States between 1980-2003. The spills were at least 50 gallons in size and
had at least 1 gallon of the pollutant enter an inland navigable waterway. Spills were catalogued
by substance spilled, source spilled from, and location (EPA region), as well as average and
cumulative spill volumes. The second source is the ADEC spill database. I downloaded all the
spills from all ten Alaskan subareas from 1995-2018. Each spill had up to 26 characteristics
given (Appendix A). I removed duplicate spill listings (that is, spills that matched across all
characteristics except Columns W, X, Y, and Z). Many spills in the ADEC database show a
released volume of 0-1 gallons. ³:DWHU´VSLOOVLQFOXGHSURFHVVZDWHUSURGXFHGZDWHUVHDZDWHU
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and source water spills. Appendix B is a set of Excel workbooks, one for each subarea, with
spills sorted by facility type relevant to the PLP DEIS.
The number of spill incidents in Alaska (oUWKH86RULQWHUQDWLRQDOO\ FDQ¶WEHWXUQHGLQWR
spill risk rates without exposure variable information. Those data may be available from sources
such as the Federal or Alaskan Department of Transportation, the Bureau of Transportation
Statistics, MARAD, FMSCA, or PHMSA. Working from the incident list in ADEC is
insufficient to calculate risk rates, so I have included links to some further information sources.

ŝĞƐĞů
According to the PLP DEIS (p. 4.27-6), an estimated 16 million gallons of diesel are to
be used annually at the Pebble Project. Instead of coming by pipeline, that fuel will be
transported by marine tanker barge, then trucks, then the Lake Iliamna Ferry, and then trucks to
the mine site. The marine barges are slated to be double-hulled marine barges, with four
deliveries per year of 4 million gallons each. Unloading those deliveries will take an expected
three days each. The diesel will be transported in 6,350-gallon tanks and stored in four holding
tanks of 1.25 million gallons. Trucks bringing diesel to the mine can carry three tanks each, or
19,050 gallons per trip. Getting 16 million gallons to the mine every year will require
approximately 840 driving trips each year. Under Alternative 1, which includes using the Lake
Iliamna Ferry, the road lengths for the trucks are 35 miles from Cook Inlet to Lake Iliamna, and
30 miles from Lake Iliamna to the mine site.
As stated in the PLP DEIS, there have been more 15,000 spills of diesel in Alaska since
1995, with most of those spills in the 1-10 JDOORQUDQJH6WLOO³>I@URPWRGLHVHO
spills in Alaska were considered to have the potential to significantly impact human health,
SXEOLFVDIHO\RUWKHHQYLURQPHQW«´(PLP DEIS, p. 4.27-6). Spill size classes are never formally
defined in this section, but we can make a rough inference about some of the spill size class
categories implied in this DEIS. The PLP DEIS includes the phrases ³GLHVHOIURPDVPDOOVSLOO
OHVVWKDQJDOORQV «´DQG³For a large spill on the order of 300,000 galloQV«´ S5). If those values are the cut off points for the spill size category ranges, the spill size definitions
might look something like:
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dĂďůĞϮ͘/ŶĨĞƌƌĞĚƉŽƚĞŶƚŝĂůƐƉŝůůƐŝǌĞĐůĂƐƐĚĞĨŝŶŝƚŝŽŶƐĨƌŽŵƚŚĞW>W/^͘
^ŝǌĞĐůĂƐƐ
sĞƌǇƐŵĂůů
^ŵĂůů
DĞĚŝƵŵ
>ĂƌŐĞ

sŽůƵŵĞƌĂŶŐĞ;ŐĂůůŽŶƐͿ
фϭϬ
ϭϬͲϰϵϵϵ
ϱϬϬϬͲϮϵϵ͕ϵϵϵ
хϯϬϬ͕ϬϬϬ

which are very different range than other risk analyses have used (BLM2004 and BLM2018a, b;
Table 1). The inferred ranges in Table 2 might not be how the USACE is defining risk, but there
is no way to know based on the information presented.
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ŝĞƐĞůƐƉŝůůĨĂƵůƚƚƌĞĞ

ŝĞƐĞůƐƉŝůůƌŝƐŬ

ZďĂƌŐĞ

dϭ͕dϮ͕Žƌdϯ

ZďǆƚŬƌ

dϭ͕dϮ͕Žƌdϯ

ZƚĂŶŬĞƌ

dϭ͕dϮ͕Žƌdϯ

ZƚŬƌǆĨ

dϭ͕dϮ͕Žƌdϯ

ZĨĞƌƌǇ

dϭ͕dϮ͕Žƌdϯ

ZƐƚǆƚŬƌ

dϭ͕dϮ͕Žƌdϯ

ZƐƚŽƌĂŐĞ

dϭ͕dϮ͕Žƌdϯ

&ŝŐƵƌĞϭ͘dŚŝƐĐŽŶĐĞƉƚƵĂůĚŝĂŐƌĂŵŽĨƚŚĞĨĂƵůƚƚƌĞĞŵŽĚĞůŽĨƚŚĞŽǀĞƌĂůůƐƉŝůůƌŝƐŬĨŽƌĚŝĞƐĞůĂůŽŶŐƚŚĞ
ƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌŝŶĐůƵĚĞƐƌŝƐŬƐĨƌŽŵŵĂƌŝŶĞďĂƌŐĞƐ;ZďĂƌŐĞͿ͕ƚĂŶŬĞƌƚƌƵĐŬƐ;ZƚĂŶŬĞƌͿ͕ƚŚĞĨĞƌƌǇ;ZĨĞƌƌǇͿ͕
ĂŶĚƐƚŽƌĂŐĞĨĂĐŝůŝƚǇůĞĂŬƐ;ZƐƚŽƌĂŐĞͿ͕ĂŶĚƚƌĂŶƐĨĞƌƐďĞƚǁĞĞŶƚŚŽƐĞ;ZďǆƚŬƌ͕ZƚŬƌǆĨ͕ZƐƚǆƚŬƌͿĂŶĚƚŚĞĂƐƐŽĐŝĂƚĞĚ
ĂŵŽƵŶƚŽĨƵƐĞŝŶĞĂĐŚŽĨƚŚĞůƚĞƌŶĂƚŝǀĞƐ;dϭ͕dϮ͕ĂŶĚdϯĨŽƌĞĂĐŚƐƚĞƉĂůŽŶŐƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶ
ĐŽƌƌŝĚŽƌͿ͘EŽƚĂůůƚƌĂŶƐĨĞƌƐĂƌĞƐŚŽǁŶŝŶƚŚŝƐĚŝĂŐƌĂŵ͘ZŝƐŬƐŝŶǇĞůůŽǁǁĞƌĞŵŽĚĞůĞĚƋƵĂŶƚŝƚĂƚŝǀĞůǇŝŶ
KD;ϮϬϭϵĂͿ͘ZŝƐŬƐŝŶŽƌĂŶŐĞǁĞƌĞĚŝƐĐŽƵŶƚĞĚĨƌŽŵƋƵĂŶƚŝƚĂƚŝǀĞŵŽĚĞůŝŶŐĂĨƚĞƌĐŽŵƉĂƌŝƐŽŶƚŽŽƚŚĞƌ
ƐƉŝůůƌŝƐŬƌĂƚĞƐ͘ZŝƐŬƐŝŶƌĞĚǁĞƌĞŶŽƚƋƵĂŶƚŝƚĂƚŝǀĞůǇĚŝƐĐƵƐƐĞĚŽƌĞǀĂůƵĂƚĞĚŝŶƚŚĞW>W/^͘
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^ĐĞŶĂƌŝŽƐŵŽĚĞůĞĚ͕ĚĂƚĂƵƐĞĚĂŶĚĂǀĂŝůĂďůĞ͕ĂŶĚĐĂůĐƵůĂƚĞĚƌŝƐŬĞƐƚŝŵĂƚĞƐ
The number of expected large diesel spills, Ndiesel, can be modeled as
ܰௗ௦ ൌ   ܴௗ௦ǡ ܶௗ௦ǡ


where j includes tanker trucks, marine barges, the Lake Iliamna Ferry, storage at the port, and
transfers between the marine barges and storage at the port, transfers between the port storage
and tanker trucks going to the ferry, transfers between trucks and the ferry, and between the ferry
and trucks going to the mine (Figure 1). This does not consider offloading the tanker trucks at the
mine, or bulk storage at the mine site. The PLP DEIS only included quantitatively modeled spills
risks for marine barges and for tanker trucks (Figure 1). I consider each of those in turn.
DĂƌŝŶĞďĂƌŐĞƐ

Step 1. Define the spill scenario

The risk of a large diesel spill from a marine barge in the PLP DEIS is based on a
scenario in which a marine tug barge releases >300,000 gallons of diesel. The DEIS cites BOEM
(2016), Owl Ridge (2018c), and AECOM (2019) to give an estimate that such spills would
happen with a frequency of 1.5 x 10-4 per year. Recalling Table 1, this scenario describes a spill
that is 300 times larger than necessary to be considered large in other DEISs. More details about
the calculations of the risk rate are given in AECOM (2019), Section 1.1 and Appendix pages
16-29. (Note: AECOM (2019) did not include page numbers.)

Step 2. Compile the data

The PLP DEIS cites several sources about the rates of spills from marine tanker vessels
(PLP DEIS 4.27-7, 8):
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ADEC: between 2003-2018 there were 5 diesel spills from barges that could have
³VLJQLILFDQWO\LPSDFW>HG@KXPDQKHDOWKSXEOLFVDIHW\RUWKHHQYLURQPHQW´ 4 small
spills (size class undefined) and one spill of ~6000 gallons of diesel.
AECOM (2019): diesel spills would probably be of low volume
BOEM (2016): minor diesel spills from marine tanker vessels are common, but high
volume releases are rare. (This is just one instance where the risks are given in vague
and qualitative ways throughout the PLP '(,6(YHQLIWKHYROXPHVDUH³JHQHUDOO\
ORZ´IRUZKDWHYHUWKDWPHDQVWKH\DUHQRWXQLYHUVDOO\ORZ7KHUHIRUHTXDQWLWDWLYH
estimates are required, not just of spills rates or probabilities but of the expected
numbers of spills in each size class.) The risk of spills between 42,000-420,000
gallons for the 16 million gallons of diesel expected to be used annually at Pebble
Mine is 2.5 x 10-4 per year.
ERM (2017): There were no spills of >10,000 gallons from Alaskan barges between 1995
and July 2013.
Nuka and Pearson (2015): the risk of an oil spill release in Cook Inlet is low
Owl Ridge (2018b): with the increased use of double-hulled barges, the oil spill rate has
decreased
Owl Ridge (2018c): the risk oID³VLJQLILFDQW´PDULQHVSLOOLQ/RZHU&RRN,nOHWLV³ORZ´
with the highest risk coming from incidents of allision and errors during transfer
operations.

In looking at the ADEC database, there have been 54 large and very large spills of diesel
between 1995 and 2018 (Tables 3 and 4). Large diesel spills were most likely to occur in the
Southeast Alaska, Kodiak Islands, and Aleutians subareas (Table 3). Fishing vessels under 400
GT accounted for 38 of the large spills (Table 4). There were 171 spills of incidents of diesel
spills from barges in Alaska, including 2 large spills between 1995 and 2018. More than 600,000
gallons of diesel were spilled from marine vessels in Alaska between 1995 and 2018.
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dĂďůĞϯ͘ǀĞƐƐĞůƐƉŝůůƐŽĨĚŝĞƐĞůĨƌŽŵϭϵϵϱͲϮϬϭϴďǇƐƵďĂƌĞĂ͘ŶŝƐƚŚĞŶƵŵďĞƌŽĨƐƉŝůůƐŝŶĞĂĐŚ
ƐƵďĂƌĞĂĂŶĚƐƉŝůůƐŝǌĞƌĂŶŐĞ͕ĂŶĚ6sŽůŝƐƚŚĞƚŽƚĂůǀŽůƵŵĞŽĨƚŚĞƐƉŝůůƐŝŶƚŚĂƚƐƵďĂƌĞĂĂŶĚƐŝǌĞ
ƌĂŶŐĞ͘EŽƚĞƚŚĂƚƚŚĞƌŽǁƚŽƚĂůƐĂŶĚĐŽůƵŵŶƚŽƚĂůƐƐƵŵƚŽƚŚĞƐĂŵĞŐƌĂŶĚƚŽƚĂůƐĨŽƌŶƵŵďĞƌŽĨƐƉŝůůƐĂŶĚ
ƐƉŝůůǀŽůƵŵĞ͘
^ƉŝůůƐŝǌĞƌĂŶŐĞ;ŐĂůůŽŶƐͿ
sĞƌǇ
ƐŵĂůů

^ƵďĂƌĞĂ

^ŵĂůů

ϴ͘tĞƐƚĞƌŶ
ůĂƐŬĂ

ϵ͘EtƌĐƚŝĐ

ϭϬ͘EŽƌƚŚ
^ůŽƉĞ

dŽƚĂů

sĞƌǇ
ůĂƌŐĞ

>ĂƌŐĞ

Ŷ
6sŽů

ϵ
Ϯϱ

ϰ
ϭϯϳ

Ŷ
6sŽů

ϲϵϳ
Ϯ͕ϯϯϮ

Ϯϭϴ
ϵ͕ϬϮϳ

ϴϯ
Ϯϵ͕ϱϲϳ

ϭϬ
ϯϬ͕ϵϬϬ

ϭ
ϭϱ͕ϬϬϬ

Ϭ
Ϭ

ϭ͕ϬϬϵ
ϴϲ͕ϴϮϲ

Ŷ
6sŽů

ϭϭϭ
Ϯϯϯ͘ϲ

ϯϰ
ϭ͕ϱϮϬ

Ϯϱ
ϭϬ͕ϬϭϬ

ϲ
ϭϵ͕ϱϭϰ

ϭ
ϯϱ͕ϬϬϬ

Ϭ
Ϭ

ϭϳϳ
ϲϲ͕Ϯϳϴ

Ŷ
6sŽů

ϭϵϭ
ϱϮϬ

ϰϵ
Ϯ͕Ϭϵϱ

ϭϭ
ϰ͕ϬϮϱ

ϰ
ϮϬ͕ϬϬϬ

Ϭ
Ϭ

Ϭ
Ϭ

Ϯϱϱ
Ϯϲ͕ϲϰϬ

Ŷ
6sŽů

ϭϱϰ
ϯϴϳ

ϯϲ
ϭ͕ϲϳϴ

Ϯϲ
ϭϭ͕ϭϯϬ

ϭϭ
ϰϮ͕ϭϲϯ

Ϭ
Ϭ

Ϭ
Ϭ

ϮϮϳ
ϱϱ͕ϯϱϴ

Ŷ
6sŽů

Ϯϲϱ
ϴϮϭ

ϵϯ
ϰ͕Ϭϳϵ

Ϯϱ
ϵ͕ϬϵϮ

ϭϭ
ϯϳ͕ϵϳϬ

ϰ
ϭϱϮ͕ϭϯϲ

Ŷ
6sŽů

Ŷ
6sŽů

ϱϳ
ϭϰϳ

Ϯϳ
ϭ͕ϯϲϴ

ϴ
Ϯ͕ϴϭϬ

ϰ
ϭϰ͕ϱϲϯ

Ϭ
Ϭ

Ϭ
Ϭ

ϵϲ
ϭϴ͕ϴϴϴ

ϯϭ
ϭϭϮ

ϭϰ
ϱϯϵ

ϰ
Ϯ͕ϮϬϬ

ϭ
ϯ͕ϬϬϬ

Ϭ
Ϭ

Ϭ
Ϭ

ϱϬ
ϱ͕ϴϱϭ͘ϯ

Ŷ
6sŽů

Ŷ
6sŽů

ϭϴ
ϰϴ

ϱ
ϮϮϭ

Ϯ
ϱϵϬ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϯϱ
ϴϱϵ

ϲ
ϭϮ

ϯ
ϴϱ

ϭ
ϯϬϬ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϭϬ
ϯϵϳ

ϭ͕ϱϯϵ
ϰ͕ϲϯϴ

ϰϴϯ
ϮϬ͕ϳϰϵ

ϭϴϲ
ϲϵ͕ϵϳϰ

ϰϳ
ϭϲϴ͕ϭϭϬ

ϲ
ϮϬϮ͕ϭϯϲ

Ŷ
6sŽů

хϭ͕ϬϬϬͲ
ϭϬ͕ϬϬϬ
Ϭ
Ϭ

dŽƚĂů

хϭϬϬͲ
ϭ͕ϬϬϬ
ϭ
ϮϱϬ

ϬͲϭϬ хϭϬͲϭϬϬ
ϭ͘/ŶƚĞƌŝŽƌ
ůĂƐŬĂ

Ϯ͘^ŽƵƚŚĞĂƐƚ
ůĂƐŬĂ

ϯ͘WƌŝŶĐĞtŵ
^ŶĚ

ϰ͘ŽŽŬ/ŶůĞƚ


ϱ͘<ŽĚŝĂŬ
/ƐůĂŶĚ

ϲ͘ůĞƵƚŝĂŶƐ


ϳ͘ƌŝƐƚŽůĂǇ


DĞĚŝƵŵ

хϭϬ͕ϬϬϬͲ
хϭϬϬ͕ϬϬϬ
ϭϬϬ͕ϬϬϬ
Ϭ
Ϭ
Ϭ
Ϭ

ϭϰ
ϰϭϮ

ϭ
ϯϵϵ
ϭϰϱ͕ϬϬϬ ϯϰϵ͕Ϭϵϴ

ϭ
Ϯ͕ϮϲϮ
ϭϰϱ͕ϬϬϬ ϲϭϬ͕ϲϬϲ
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dĂďůĞϰ͘ǀĞƐƐĞůƐƉŝůůƐŽĨĚŝĞƐĞůĨƌŽŵϭϵϵϱͲϮϬϭϴďǇǀĞƐƐĞůƐƵďƚǇƉĞ͘dŚĞĐŽůƵŵŶƚŽƚĂůƐĂŶĚ
ŐƌĂŶĚƚŽƚĂůƐŵĂƚĐŚƚŚŽƐĞŝŶdĂďůĞϯ͘
^ƉŝůůƐŝǌĞƌĂŶŐĞ;ŐĂůůŽŶƐͿ

sĞƐƐĞů^ƵďƚǇƉĞ

ĂƌŐĞƐ


ĂƌŐŽ
;хϰϬϬ'dͿ

ĂƌŐŽ
;фϰϬϬ'dͿ

dĂŶŬĞƌƐ


KƚŚĞƌ
;хϰϬϬ'dͿ

KƚŚĞƌ
;фϰϬϬ'dͿ

&ŝƐŚŝŶŐ
;хϰϬϬ'dͿ

&ŝƐŚŝŶŐ
;фϰϬϬ'dͿ

WĂƐƐĞŶŐĞƌ
;хϰϬϬ'dͿ

WĂƐƐĞŶŐĞƌ
;фϰϬϬ'dͿ

dŽƚĂů





sĞƌǇ
ƐŵĂůů

^ŵĂůů

DĞĚŝƵŵ

sĞƌǇ
ůĂƌŐĞ

>ĂƌŐĞ

dŽƚĂů

ϰϰ
ϭ͕ϲϴϮ

хϭϬϬͲ
ϭ͕ϬϬϬ
ϭϱ
ϱ͕ϲϰϬ

хϭ͕ϬϬϬͲ
ϭϬ͕ϬϬϬ
Ϯ
ϴ͕ϲϬϰ

ϵ
Ϯ͘Ϯ

Ϯ
ϰϱ

ϭ
ϳϱϬ

ϭ
ϴ͕ϬϬϬ

ϭ
ϭϰ͕ϲϴϬ

Ϭ
Ϭ

ϭϰ
Ϯϯ͕ϰϳϳ͘Ϯ

Ŷ
6sŽů

ϯϰ
ϴϰ

ϭϭ
ϱϰϱ

ϯ
ϰϵϱ

ϭ
ϲ͕ϬϬϬ

Ϭ
Ϭ

Ϭ
Ϭ

ϰϵ
ϳ͕ϭϮϰ͘Ϭ

Ŷ
6sŽů

ϴ
Ϯ͘ϳ

ϭ
ϮϮ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϵ
Ϯϰ͘ϳ

Ŷ
6sŽů

ϯϬ
ϯϴ͘ϯ

ϯ
ϭϯϴ

Ϯ
ϰϮϬ

ϭ
ϭ͕Ϭϭϯ

Ϭ
Ϭ

Ϭ
Ϭ

ϯϲ
ϭ͕ϲϬϵ͘ϯ

Ŷ
ϰϬϬ
6sŽů ϭ͕ϯϱϭ͘Ϯ

ϴϵ
ϯ͕Ϭϯϲ͘ϵ

ϯϮ
ϭϭ͕ϬϳϬ

ϰ
ϭϵ͕ϬϭϬ

Ϯ
ϯϬ͕ϬϬϬ

Ϭ
Ϭ

ϱϮϳ
ϲϰ͕ϰϲϳ͘ϭ

ϭϴ
ϰϱ͘ϭ

ϴ
Ϯϳϲ

ϰ
ϭ͕ϱϳϵ

Ϭ
Ϭ

ϭ
ϴϳ͕ϬϬϬ

ϭ
ϭϰϱ͕ϬϬϬ

ϯϮ
Ϯϯϯ͕ϵϬϬ

Ŷ
ϴϬϯ
6sŽů Ϯ͕ϰϵϯ͘ϵ

ϯϬϰ
ϭϰ͕Ϭϭϭ

ϭϮϲ
ϰϵ͕ϱϮϬ

ϯϲ
ϭϮϮ͕Ϯϴϯ

Ϯ
ϳϬ͕ϰϱϲ

Ϭ
Ϭ

ϭϮϳϭ
Ϯϱϴ͕ϳϲϯ͘ϵ

ϬͲϭϬ

хϭϬͲϭϬϬ

Ŷ
6sŽů

ϭϭϬ
ϯϮϵ͘ϯ

Ŷ
6sŽů

Ŷ
6sŽů

хϭϬ͕ϬϬϬͲ
хϭϬϬ͕ϬϬϬ
ϭϬϬ͕ϬϬϬ
Ϭ
Ϭ
Ϭ
Ϭ

ϭϳϭ
ϭϲ͕Ϯϱϱ͘ϯ

Ŷ
6sŽů

ϭϮ
ϭϯ͘Ϯ

Ϯ
ϴϯ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϭϰ
ϵϲ͘Ϯ

Ŷ
6sŽů

ϭϭϱ
Ϯϳϳ͘ϰ

ϭϵ
ϵϭϬ

ϯ
ϱϬϬ

Ϯ
ϯ͕ϮϬϬ

Ϭ
Ϭ

Ϭ
Ϭ

ϭϯϵ
ϰ͕ϴϴϳ͘ϰ

Ŷ
ϭϱϯϵ
6sŽů ϰ͕ϲϯϳ͘ϯ

ϰϴϯ
ϮϬ͕ϳϰϴ͘ϵ

ϭϴϲ
ϲϵ͕ϵϳϰ

ϰϳ
ϭϲϴ͕ϭϭϬ

ϲ
ϮϬϮ͕ϭϯϲ

ϭ
ϭϰϱ͕ϬϬϬ

Ϯ͕ϮϲϮ
ϲϭϬ͕ϲϬϲ͘ϯ
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Step 3. Estimate analogous spill rate, Rdiesel, barge

The work from AECOM (2019) draws on BOEM (2016) and Owl Ridge (2018c). In
Table 30 of BOEM (2016) (as shown on p. 22 in AECOM 2019), there is a listing of the number
of spills per year in size categories ranging from 1,000-9,999 barrels, 10,000-24,999 barrels, and
>25,000 barrels from 1974 to 2013, as well as the volume transported each year in billion barrels
(Bbbl). A barrel contains 42 gallons, so even the smallest spill category here has a minimum
volume of 42,000 gallons, which is well above the 1,000 gallon threshold to be considered large.
This table lists 178 spills of >42,000 gallons from 1974-2013, during which time 66.71Bbbl were
transported.
Table 36 in BOEM (2016) gives estimated rates of petroleum spills from barges in US
waters. Based on data from 1992-2013, spills >1000 barrels are expected to occur at a rate of
0.79 per Bbbl transported, with a confidence interval of (0.51, 1.08), and spills >10,000 barrels
are estimated to occur at a rate of 0.14 per Bbbl transported, with a confidence interval of (0.02,
0.26) (AECOM 2019, p. 18). The expected spills per year match the values in bold in Tables 5
and 6 which were calculated based on Table 30 from BOEM (2016).
7KHXQGHUO\LQJLGHDLQ$(&20¶V  HVWLPDWHRIthe spill rate for spills >300,000
gallons is that the rate they want to model, R>300,000 gal, is sandwiched between two rates
estimated by BOEM:
ܴவସଶǡ ൏ ܴவଷǡ ൏ ܴவସଶǡ

or
ͲǤͳͶ ൏ ܴவଷǡ ൏ ͲǤͻ
where the risk rate is measured in spills per billion barrels of oil (BBO) transported (Tables 5 and
6). AECOM (2019) had an additional rate estimate to use because the number of spills >25,000
barrels (1,050,000 gallons) was also calculable from BOEM (2016) (Table 7).
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dĂďůĞϱ͘^ƉŝůůƐŽĨхϭ͕ϬϬϬďĂƌƌĞůƐ;хϰϮ͕ϬϬϬŐĂůůŽŶƐͿŽĨƉĞƚƌŽůĞƵŵĨƌŽŵƚĂŶŬĞƌƐĂŶĚďĂƌŐĞƐ͘;ĚĂƉƚĞĚĨƌŽŵ
KD;ϮϬϭϲͿdĂďůĞƐϯϬĂŶĚϯϳĂƐƐŚŽǁŶŝŶKDϮϬϭϵ͘Ϳ
dŝŵĞƉĞƌŝŽĚ

ϭϵϳϰͲϮϬϭϯ
;ϰϬǇĞĂƌƐ͕
ŝŶĐůƵƐŝǀĞůǇͿ
ϭϳϴ
ϲϲ͘ϳϭ
ϲ͕ϲϱϱ
Ϯ͕ϵϱϰ
ϰ͘ϰϱ

Ϯ͘ϲϳ


ϭϵϵϮͲϮϬϭϯ
;ϮϮǇĞĂƌƐ͕
ŝŶĐůƵƐŝǀĞůǇͿ
Ϯϵ
ϯϲ͘ϱϮϰ


ϭ͘ϯϭϴ

Ϭ͘ϳϵ
;Ϭ͘ϱϭ͕ϭ͘ϬϴͿ

͞>ĂƐƚϭϱzĞĂƌƐ͟
;ƉƌĞƐƵŵĂďůǇ
ϭϵϵϵͲϮϬϭϯͿ
ϭϳ
Ϯϰ͘ϵϵϵ
ϴ͕ϰϲϴ
ϯ͕ϬϬϬ
ϭ͘ϭϯϯ

Ϭ͘ϲϴϬ


ϭϵϳϰͲϮϬϭϯ
Ϯϵ
ϲϲ͘ϳϭ
Ϯϱ͕Ϭϳϯ
ϮϬ͕ϬϬϬ
Ϭ͘ϳϮϱ

ϭϵϵϮͲϮϬϭϯ
ϱ
ϯϲ͘ϱϮϰ


Ϭ͘ϮϮϳ

Ϭ͘ϭϰ
;Ϭ͘ϬϮ͕Ϭ͘ϮϲͿ

͞>ĂƐƚϭϱzĞĂƌƐ͟
ϯ
Ϯϰ͘ϵϵϵ
ϯϰ͕ϵϮϬ
ϮϬ͕ϬϬϬ
Ϭ͘Ϯ

EƵŵďĞƌŽĨƐƉŝůůƐ
sŽůƵŵĞƚƌĂŶƐƉŽƌƚĞĚ;ďďůͿ
ǀĞƌĂŐĞƐƉŝůůƐƐŝǌĞ;ďĂƌƌĞůƐͿ
DĞĚŝĂŶƐƉŝůůƐŝǌĞ;ďĂƌƌĞůƐͿ
^ƉŝůůƐƉĞƌǇĞĂƌ
^ƉŝůůƐƉĞƌďďůƚƌĂŶƐƉŽƌƚĞĚ
DĞĂŶĞƐƚŝŵĂƚĞ
;ůŽǁĞƌďŽƵŶĚ͕ƵƉƉĞƌďŽƵŶĚͿ
^ƉŝůůƐƉĞƌϭϲŵŝůůŝŽŶŐĂůůŽŶƐ
ƚƌĂŶƐƉŽƌƚĞĚΎ

DĞĂŶĞƐƚŝŵĂƚĞ
ϭ͘ϬϭϳǆϭϬͲϯ
Ϭ͘ϯϬǆϭϬͲϯ
Ϭ͘ϮϲǆϭϬͲϯ
;ůŽǁĞƌďŽƵŶĚ͕ƵƉƉĞƌďŽƵŶĚͿ
;Ϭ͘ϭϵǆϭϬͲϯ͕Ϭ͘ϰϭǆϭϬͲϯͿ
ΎϭϲŵŝůůŝŽŶŐĂůůŽŶƐсϯϴϬ͕ϵϱϮďĂƌƌĞůƐсϬ͘ϬϬϬϯϴϬϱϵϮďďů͘dŚĞƐƉŝůůƌĂƚĞƉĞƌϭϲŵŝůůŝŽŶŐĂůůŽŶƐсƐƉŝůůƌĂƚĞ
ƉĞƌďďůǆϬ͘ϬϬϬϯϴϬϱϵϮ͘


dĂďůĞϲ͘^ƉŝůůƐŽĨхϭϬ͕ϬϬϬďĂƌƌĞůƐ;хϰϮϬ͕ϬϬϬŐĂůůŽŶƐͿŽĨƉĞƚƌŽůĞƵŵĨƌŽŵƚĂŶŬĞƌƐĂŶĚďĂƌŐĞƐ͘dŚĞƐƉŝůůƐ
ƐŚŽǁŶŝŶƚŚŝƐƚĂďůĞĂƌĞĂƐƵďƐĞƚŽĨƚŚĞƐƉŝůůƐƐŚŽǁŶŝŶdĂďůĞϱ͘;ĚĂƉƚĞĚĨƌŽŵKD;ϮϬϭϲͿdĂďůĞƐϯϬĂŶĚ
ϯϴĂƐƐŚŽǁŶŝŶKDϮϬϭϵ͘Ϳ
dŝŵĞƉĞƌŝŽĚ
EƵŵďĞƌŽĨƐƉŝůůƐ
sŽůƵŵĞƚƌĂŶƐƉŽƌƚĞĚ;ďďůͿ
ǀĞƌĂŐĞƐƉŝůůƐƐŝǌĞ;ďĂƌƌĞůƐͿ
DĞĚŝĂŶƐƉŝůůƐŝǌĞ;ďĂƌƌĞůƐͿ
^ƉŝůůƐƉĞƌǇĞĂƌ
^ƉŝůůƐƉĞƌďďůƚƌĂŶƐƉŽƌƚĞĚ
DĞĂŶĞƐƚŝŵĂƚĞ
;ůŽǁĞƌďŽƵŶĚ͕ƵƉƉĞƌďŽƵŶĚͿ
^ƉŝůůƐƉĞƌϭϲŵŝůůŝŽŶŐĂůůŽŶƐ
ƚƌĂŶƐƉŽƌƚĞĚ
DĞĂŶĞƐƚŝŵĂƚĞ
;ůŽǁĞƌďŽƵŶĚ͕ƵƉƉĞƌďŽƵŶĚͿ






Ϭ͘ϰϯϱ


ϭ͘ϲϲǆϭϬͲϰ


Ϭ͘ϱϮǆϭϬͲϰ
;Ϭ͘ϬϴǆϭϬͲϰ͕Ϭ͘ϵϵǆϭϬͲϰͿ

Ϭ͘ϭϮϬ

Ϭ͘ϰϲǆϭϬͲϰ
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dĂďůĞϳ͘^ƉŝůůƐŽĨхϮϱ͕ϬϬϬďĂƌƌĞůƐ;хϭ͕ϬϱϬ͕ϬϬϬŐĂůůŽŶƐͿŽĨƉĞƚƌŽůĞƵŵĨƌŽŵƚĂŶŬĞƌƐĂŶĚďĂƌŐĞƐ͘;ĚĂƉƚĞĚ
ĨƌŽŵKD;ϮϬϭϲͿdĂďůĞϯϬĂƐƐŚŽǁŶŝŶKDϮϬϭϵ͘ͿdŚĞƐƉŝůůƐƐŚŽǁŶŝŶƚŚŝƐƚĂďůĞĂƌĞĂƐƵďƐĞƚŽĨƚŚĞ
ƐƉŝůůƐƐŚŽǁŶŝŶdĂďůĞϲ͘
dŝŵĞƉĞƌŝŽĚ
EƵŵďĞƌŽĨƐƉŝůůƐ
sŽůƵŵĞƚƌĂŶƐƉŽƌƚĞĚ;ďďůͿ
^ƉŝůůƐƉĞƌǇĞĂƌ
^ƉŝůůƐƉĞƌďďůƚƌĂŶƐƉŽƌƚĞĚ
^ƉŝůůƐƉĞƌϭϲŵŝůůŝŽŶŐĂůůŽŶƐ
ƚƌĂŶƐƉŽƌƚĞĚ

ϭϵϳϰͲϮϬϭϯ
ϭϭ
ϲϲ͘ϳϭ
Ϭ͘Ϯϳϱ
Ϭ͘ϭϲϱ

ϭϵϵϮͲϮϬϭϯ
Ϯ
ϯϲ͘ϱϮϰ
Ϭ͘Ϭϵϭ
Ϭ͘Ϭϱϱ

͞>ĂƐƚϭϱzĞĂƌƐ͟
Ϯ
Ϯϰ͘ϵϵϵ
Ϭ͘ϭϯϯ
Ϭ͘ϬϴϬ

ϲ͘ϮϴǆϭϬͲϱ

Ϯ͘ϬϵǆϭϬͲϱ

ϯ͘ϬϱǆϭϬͲϱ




dĂďůĞϴ͘^ƉŝůůƐŽĨϭ͕ϬϬϬƚŽϭϬ͕ϬϬϬďĂƌƌĞůƐ;ϰϮ͕ϬϬϬƚŽϰϮϬ͕ϬϬϬŐĂůůŽŶƐͿŽĨƉĞƚƌŽůĞƵŵĨƌŽŵƚĂŶŬĞƌƐĂŶĚ
ďĂƌŐĞƐ͘;ĚĂƉƚĞĚĨƌŽŵKD;ϮϬϭϲͿdĂďůĞϯϬĂƐƐŚŽǁŶŝŶKDϮϬϭϵ͘ͿEŽƚĞƚŚĂƚƚŚĞŶƵŵďĞƌŽĨƐƉŝůůƐ͕
ƐƉŝůůƐƉĞƌǇĞĂƌ͕ĂŶĚƐƉŝůůƐƉĞƌǀŽůƵŵĞƚƌĂŶƐƉŽƌƚĞĚǀĂůƵĞƐŝŶdĂďůĞƐϲĂŶĚϴĂĚĚƚŽƚŚĞĐŽƌƌĞƐƉŽŶĚŝŶŐ
ǀĂůƵĞƐŝŶdĂďůĞϱ͘
dŝŵĞƉĞƌŝŽĚ
ϭϵϳϰͲϮϬϭϯ
ϭϵϵϮͲϮϬϭϯ
͞>ĂƐƚϭϱzĞĂƌƐ͟
EƵŵďĞƌŽĨƐƉŝůůƐ
ϭϰϵ
Ϯϰ
ϭϰ
sŽůƵŵĞƚƌĂŶƐƉŽƌƚĞĚ;ďďůͿ
ϲϲ͘ϳϭ
ϯϲ͘ϱϮϰ
Ϯϰ͘ϵϵϵ
^ƉŝůůƐƉĞƌǇĞĂƌ
ϯ͘ϳϮϱ
ϭ͘Ϭϵ
Ϭ͘ϵϯ
ǀĞƌĂŐĞƐƉŝůůƐƐŝǌĞ;ďĂƌƌĞůƐͿ
ϯ͕ϬϳϬΎ

Ϯ͕ϵϱϳΎ
DĞĚŝĂŶƐƉŝůůƐŝǌĞ;ďĂƌƌĞůƐͿ



^ƉŝůůƐƉĞƌďďůƚƌĂŶƐƉŽƌƚĞĚ
Ϯ͘Ϯϯϯ
Ϭ͘ϲϱϳ
Ϭ͘ϱϲϬ
^ƉŝůůƐƉĞƌϭϲŵŝůůŝŽŶŐĂůůŽŶƐ
ϴ͘ϱϭǆϭϬͲϰ
Ϯ͘ϱϬǆϭϬͲϰ
Ϯ͘ϭϴǆϭϬͲϰ
ƚƌĂŶƐƉŽƌƚĞĚ
ΎĂůĐƵůĂƚĞĚĨƌŽŵdĂďůĞƐϱĂŶĚϲ͘dŚŝƐĞǆĂŵƉůĞƵƐĞƐƚŚĞĚĂƚĂĨŽƌϭϵϳϰͲϮϬϭϯ͘dŚĞƌĞǁĞƌĞϭϳϴƐƉŝůůƐŽĨ
хϭ͕ϬϬϬďĂƌƌĞůƐ͕ǁŝƚŚĂŶĂǀĞƌĂŐĞƐƉŝůůƐŝǌĞŽĨϲ͕ϲϱϱďĂƌƌĞůƐ;dĂďůĞϱͿ͕ĨŽƌĂƚŽƚĂůŽĨϭϳϴƐƉŝůůƐǆϲ͕ϲϱϱ
ďĂƌƌĞůƐͬƐƉŝůůсϭ͕ϭϴϰ͕ϱϵϬďĂƌƌĞůƐƐƉŝůůĞĚ͘dŚĞƌĞǁĞƌĞϮϵƐƉŝůůƐŽĨхϭϬ͕ϬϬϬďĂƌƌĞůƐ͕ǁŝƚŚĂŶĂǀĞƌĂŐĞ
ƐƉŝůůƐƐŝǌĞŽĨϮϱ͕ϬϳϯďĂƌƌĞůƐ͕ĨŽƌĂƚŽƚĂůǀŽůƵŵĞŽĨϮϵƐƉŝůůƐǆϮϱ͕ϬϳϯďĂƌƌĞůƐͬƐƉŝůůсϳϮϳ͕ϭϭϳďĂƌƌĞůƐ
ƐƉŝůůĞĚ;dĂďůĞϲͿ͘dŚŝƐŵĞĂŶƐƚŚĞƌĞǁĞƌĞϭϳϴʹϮϵсϭϰϵƐƉŝůůƐŽĨϭ͕ϬϬϬͲϭϬ͕ϬϬϬďĂƌƌĞůƐ͕ĂŶĚϭ͕ϭϴϰ͕ϱϵϬ
ʹϳϮϳ͕ϭϭϳсϰϱϳ͕ϰϳϯďĂƌƌĞůƐƐƉŝůůĞĚŝŶƚŚŽƐĞŝŶĐŝĚĞŶƚƐ͘dŚĞƌĞĨŽƌĞ͕ϰϱϳ͕ϰϳϯďĂƌƌĞůƐൊϭϰϵƐƉŝůůƐс
ϯ͕ϬϳϬďĂƌƌĞůƐͬƐƉŝůůĨŽƌƚŚĞĂǀĞƌĂŐĞƐƉŝůůǀŽůƵŵĞŽĨƐƉŝůůƐďĞƚǁĞĞŶϭ͕ϬϬϬͲϭϬ͕ϬϬϬďĂƌƌĞůƐ͘dŚĞ͞>ĂƐƚϭϱ
zĞĂƌƐ͟ĐĂůĐƵůĂƚŝŽŶĐĂŶďĞƉĞƌĨŽƌŵĞĚƐŝŵŝůĂƌůǇ͘

AECOM (2019) wanted to find the function that best fit the following relationship
between the rates of differently sized spills:
ܴவଵǡହǡ  ൏ ܴவସଶǡ ൏ ܴவଷǡ ൏ ܴவସଶǡ
where numerical estimates of all the rates except R>300,000gal were available (Tables 5, 6, and 7).
However, those are not the data used in the trend line fit by AECOM (2019). Instead, the rates







ϭϳ
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used were R42,000 to 419,500gal (Table 8), R420,000 to 1,050,000gal (Table 9), and R>1,050,000gal (Table 10 and
Figure 2).

dĂďůĞϵ͘^ƉŝůůƐŽĨϭϬ͕ϬϬϬƚŽϮϱ͕ϬϬϬďĂƌƌĞůƐ;ϰϮϬ͕ϬϬϬƚŽϭ͕ϬϱϬ͕ϬϬϬŐĂůůŽŶƐͿŽĨƉĞƚƌŽůĞƵŵĨƌŽŵƚĂŶŬĞƌƐĂŶĚ
ďĂƌŐĞƐ͘;ĚĂƉƚĞĚĨƌŽŵKD;ϮϬϭϲͿdĂďůĞϯϬĂƐƐŚŽǁŶŝŶKDϮϬϭϵ͘ͿEŽƚĞƚŚĂƚƚŚĞŶƵŵďĞƌŽĨƐƉŝůůƐ͕
ƐƉŝůůƐƉĞƌǇĞĂƌ͕ĂŶĚƐƉŝůůƐƉĞƌǀŽůƵŵĞƚƌĂŶƐƉŽƌƚĞĚǀĂůƵĞƐŝŶdĂďůĞƐϳĂŶĚϵĂĚĚƚŽƚŚĞĐŽƌƌĞƐƉŽŶĚŝŶŐ
ǀĂůƵĞƐŝŶdĂďůĞϲ͘
dŝŵĞƉĞƌŝŽĚ
EƵŵďĞƌŽĨƐƉŝůůƐ
sŽůƵŵĞƚƌĂŶƐƉŽƌƚĞĚ;ďďůͿ
^ƉŝůůƐƉĞƌǇĞĂƌ
^ƉŝůůƐƉĞƌďďůƚƌĂŶƐƉŽƌƚĞĚ
^ƉŝůůƐƉĞƌϭϲŵŝůůŝŽŶŐĂůůŽŶƐ
ƚƌĂŶƐƉŽƌƚĞĚ

ϭϵϳϰͲϮϬϭϯ
ϭϴ
ϲϲ͘ϳϭ
Ϭ͘ϰϱ
Ϭ͘ϮϳϬ

ϭϵϵϮͲϮϬϭϯ
ϯ
ϯϲ͘ϱϮϰ
Ϭ͘ϭϯϲ
Ϭ͘ϬϴϮ

͞>ĂƐƚϭϱzĞĂƌƐ͟
ϭ
Ϯϰ͘ϵϵϵ
Ϭ͘Ϭϲϳ
Ϭ͘ϬϰϬ

ϭ͘ϬϮϴǆϭϬͲϰ

Ϭ͘ϯϭϯǆϭϬͲϰ

Ϭ͘ϭϱϮǆϭϬͲϰ



dĂďůĞϭϬ͘WŽŝŶƚƐƵƐĞĚŝŶKD;ϮϬϭϵͿĨŽƌĨŝƚƚŝŶŐƉŽǁĞƌĂŶĚĞǆƉŽŶĞŶƚŝĂůĨƵŶĐƚŝŽŶƐƚŽĨŝŶĚƚŚĞƐƉŝůůƌĂƚĞ
ĨŽƌƐƉŝůůƐхϯϬϬ͕ϬϬϬŐĂůůŽŶƐ͘dŚĞĂǀĞƌĂŐĞƐƉŝůůƌĂƚĞƐƉĞƌϭϲŵŝůůŝŽŶŐĂůůŽŶƐƚƌĂŶƐƉŽƌƚĞĚĂƌĞƐŚŽǁŶŝŶďŽůĚŝŶ
dĂďůĞƐϳ͕ϴ͕ĂŶĚϵ͘
^ƉŝůůƐŝǌĞƌĂŶŐĞ
;ďĂƌƌĞůƐ͖ŐĂůůŽŶƐͿ

ϭ͕ϬϬϬͲϵ͕ϵϵϬďĂƌƌĞůƐ͖
ϰϮ͕ϬϬϬͲϰϭϵ͕ϱϴϬŐĂůůŽŶƐ

ϭϬ͕ϬϬϬͲϮϰ͕ϵϵϬďĂƌƌĞůƐ͖
ϰϮϬ͕ϬϬϬͲϭ͕Ϭϰϵ͕ϱϴϬŐĂůůŽŶƐ

хϮϰ͕ϵϵϬďĂƌƌĞůƐ͖
хϭ͕Ϭϰϵ͕ϱϴϬŐĂůůŽŶƐ

хϮϱ͕ϬϬϬďĂƌƌĞůƐ͖
хϭ͕ϬϱϬ͕ϬϬϬŐĂůůŽŶƐ


ǀĞƌĂŐĞƐƉŝůůǀŽůƵŵĞ
;ďĂƌƌĞůƐ͖ŐĂůůŽŶƐͿ

ǀĞƌĂŐĞƐƉŝůůƌĂƚĞ
;ƉĞƌϭϲŵŝůůŝŽŶŐĂůůŽŶƐͿ

ϱ͕ϰϵϱďĂƌƌĞůƐ͖
ϮϯϬ͕ϳϵϬŐĂůůŽŶƐ

Ϯ͘ϱϬǆϭϬͲϰ

ϭϱ͕ϰϵϱďĂƌƌĞůƐ͖
ϲϱϬ͕ϳϵϬŐĂůůŽŶƐ

Ϭ͘ϯϮǆϭϬͲϰ

Ϯϰ͕ϵϵϬďĂƌƌĞůƐ͖
ϭ͕Ϭϰϵ͕ϱϴϬŐĂůůŽŶƐ

Ϭ͘ϮϭǆϭϬͲϰ

Ϯϱ͕ϬϬϬďĂƌƌĞůƐ͖
ϭ͕ϬϱϬ͕ϬϬϬŐĂůůŽŶƐ

Ϭ͘ϮϭǆϭϬͲϰ

AECOM (2019) fit power and exponential functions with two parameters each using
estimated spill sizes and spill rates (Table 10, Figure 2). Unfortunately, both the average spill
sizes and the spill rates were chosen with little to no justification. For the average spill size, it
appears that AECOM (2019) did not find the volumes of individual spills in each size category
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DQGWKHQFRPSXWHWKHLUPHDQV,QVWHDGWKHYDOXHIRUWKHVPDOOHVWVSLOOFODVV³DYHUDJHVSLOOVL]H´
is just the middle of the two end-points:
ସଶǡାସଵଽǡହ଼
ଶ

ൌ ʹ͵ͲǡͻͲ݈݈݃ܽݏ݊

which has no relationship to the volumes of the 24 spills that fell in that class between 19922013 (Table 8). Table 8 VKRZVWKDWIRUWKHHQWLUH\HDUGDWDVHWDQGIRUWKH³/DVW\HDUV´WKH
average spill size for spills that fall in the 1,000-10,000 barrel spill size category is
approximately 3,000 barrels (126,000 gallons), so picking the midpoint of the range does not
FDSWXUHWKHEHKDYLRURIWKHGDWD7KH³DYHUDJH´YDOXHIRUWKHQH[WVSLOOVL]HFODVVYROXPHLVMXVW
EDUUHOV JDOORQV PRUHWKDQWKH³DYHUDJH´YDOXHRIWKHVPDOOHVWFODVV

230,790 + 420,000 = 650,790 gallons

which again is not derived from the spill volumes of the three spills that fell in the 10,000-25,000
barrel spill category (Table 9). The spill volumes for the next two points are just the boundaries
of the spill classes.
The spill rates for each size class are no more justifiable than the average spill volumes
are because it is unclear why the time period of 1992-2013 was chosen (AECOM 2019). Unless
there is an a priori reason for using data from those years, it would make more sense to either
XVHWKHHQWLUH\HDUUHFRUGSURYLGHGLQWKH%2(0  UHSRUWRUWKH³ODVW\HDUV´GDWDVHW
that BOEM (2016) used in some of the tables shown. The only rationale I can think of for using
the 1992-2013 data is that it results in lower estimates of spill rates than using the full data set
but avoids the increase in estimated spill rate from the 10,000-25,000 barrel spill class (1.52 x
10-5 spills per 16 million gallons transported, Table 9) to the >25,000 barrel spill class (3.05 x
10-5 spills per 16 million gallons transported, Table 7 WKDWVKRZVXSLQWKH³/DVW<HDUV´VSLOO
rate estimates. (That increase does not align well the power or exponential curves fitted in
AECOM (2019).)
The goal of the model fitting is to draw a curve that goes through (or nearly through) all
the points shown. The height of that curve at a value of 300,000 gallons can be used as an
estimate of the spill rate (that is, where the curve crosses the black vertical line in Figure 2).
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AECOM (2019) did come up with two fitted curves and then two estimated rates for >300,000
gallon spills, 1.48 x 10-4 per year using the power function and 1.63 x 10-4 per year using the
exponential function. AECOM (2019) then found the geometric mean of these two values as 1.55
x 10-4 per year. These rates are comparable to other spill rates estimated by BOEM and Owl
5LGJHXVLQJWKHVDPHGDWD ,WZRXOGEHQHZVLIWKH\ZHUHQ¶W 6WLOOWKHUHLVOLWWOHSRVLWLYHWRVD\
about the way this estimate was derived. The x-values (the average spill volumes) used in the
curve fitting have little to no relationship to the data. The y-values (the estimated spill rates for
each size class) used in the curve fitting were chosen from a larger subset with no explanation
and calculated incorrectly. The curve fitting was overparameterized given the paucity of data
used. (In general, statistics are performed on raw data, not averages, which allows for the part of
the model with more information to carry more weight than the part with fewer observations.
Additionally, if there are only one or two degrees of freedom left after a model is fit (as is the
case here), it is over-parameterized.) Also, estimating the frequency of spills of >300,000 gallons
is not the question that should be addressed in this section. Based on the definitions of large
spills in other DEISs, the rate that should have been estimated is the expected number of spills
>1,000 gallons (blue vertical line in Figure 2). AECOM (2019) found a poorly estimated value of
R>300,000gal when they should have estimated R>1000gal to compute the expected number of large
diesel spills from marine barges. Overall, the modeling for the Rdiesel, barge answers the wrong
question with the wrong data using the wrong technique.
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^ƉŝůůƌĂƚĞƉĞƌϭϲD
ŐĂůůŽŶƐƚƌĂŶƐƉŽƌƚĞĚ

Ϭ͘ϬϬϬϰ
Ϭ͘ϬϬϬϯ
Ϭ͘ϬϬϬϮ
Ϭ͘ϬϬϬϭ
Ϭ
Ϭ

ϮϬϬ͕ϬϬϬ ϰϬϬ͕ϬϬϬ ϲϬϬ͕ϬϬϬ ϴϬϬ͕ϬϬϬ ϭ͕ϬϬϬ͕ϬϬϬ ϭ͕ϮϬϬ͕ϬϬϬ
^ƉŝůůƐŝǌĞ;ŐĂůůŽŶƐͿ

a.
^ƉŝůůƌĂƚĞƉĞƌϭϲD
ŐĂůůŽŶƐƚƌĂŶƐƉŽƌƚĞĚ

Ϭ͘ϬϬϬϰ
Ϭ͘ϬϬϬϯ
Ϭ͘ϬϬϬϮ
Ϭ͘ϬϬϬϭ
Ϭ
ϭϬϬ

ϭ͕ϬϬϬ

ϭϬ͕ϬϬϬ

ϭϬϬ͕ϬϬϬ

ϭ͕ϬϬϬ͕ϬϬϬ

ϭϬ͕ϬϬϬ͕ϬϬϬ

^ƉŝůůƐŝǌĞ;ŐĂůůŽŶƐͿ

KD;ϮϬϭϵĂͿƐƉŝůůƌĂƚĞĞƐƚŝŵĂƚĞƐ
ŽƌƌĞĐƚKDƐƉŝůůƌĂƚĞĞƐƚŝŵĂƚĞƐ
хϯϬϬ͕ϬϬϬŐĂůůŽŶƐƉŝůůƌĂƚĞĞƐƚŝŵĂƚĞƐ
хϭϬϬϬŐĂůůŽŶƐƉŝůůƌĂƚĞĞƐƚŝŵĂƚĞƐ
WŽǁĞƌ;ŽƌƌĞĐƚKDƐƉŝůůƌĂƚĞĞƐƚŝŵĂƚĞƐͿ
b.
&ŝŐƵƌĞϮ͘WŽŝŶƚƐƵƐĞĚďǇKD;ϮϬϭϵĂͿŝŶĐƵƌǀĞĨŝƚƚŝŶŐ;ŽƉĞŶĐŝƌĐůĞƐͿĂŶĚƚŚĞŽŶĞƐƚŚĞǇƐŚŽƵůĚŚĂǀĞ
ƵƐĞĚ;ƉůƵƐƐŝŐŶƐͿŽŶĂ͘>ŝŶĞĂƌƐĐĂůĞĨŽƌƐƉŝůůƐŝǌĞĂŶĚď͘>ŽŐϭϬĨŽƌƐƉŝůůƐŝǌĞ͘dŚĞǀĞƌƚŝĐĂůůŝŶĞĂƚϯϬϬ͕ϬϬϬ
ŐĂůůŽŶƐƐŚŽǁƐƚŚĞƌĂƚĞKD;ϮϬϭϵĂͿƚƌŝĞĚƚŽĞƐƚŝŵĂƚĞĂŶĚƚŚĞďůƵĞǀĞƌƚŝĐĂůůŝŶĞĂƚϭ͕ϬϬϬŐĂůůŽŶƐƐŚŽǁ
ƚŚĞƌĂƚĞƚŚĂƚƐŚŽƵůĚŚĂǀĞďĞĞŶĞƐƚŝŵĂƚĞĚƚŽĨŝŶĚƚŚĞĞǆƉĞĐƚĞĚŶƵŵďĞƌŽĨůĂƌŐĞƐƉŝůůƐ͕ǁŚŝĐŚŝƐŝŵƉŽƐƐŝďůĞ
ƚŽĚŝƐƚŝŶŐƵŝƐŚĨƌŽŵϬŽŶƚŚĞůŝŶĞĂƌƐĐĂůĞŝŶƉĂƌƚĂ͘
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dĂŶŬĞƌƚƌƵĐŬƐ
Step 1. Define the spill scenario

In the PLP DEIS scenario, there is a release of 3,000 gallons of diesel from a truck
rollover incident. The DEIS cites AECOM (2019) to give an estimate that such spills would
happen with a frequency of 2.0 x 10-7 per truck-mile traveled. Recalling Table 1, this scenario
describes a spill that is three times larger than necessary to be considered large in other DEISs.
More details about the calculations of the risk rate are given in AECOM (2019), Section 1.2 and
Appendix pages 39-42.

Step 2. Compile the data
7KH3HEEOH3URMHFW'(,6FLWHV(WNLQ  LQVD\LQJWKDW³WKHSUREDELOLW\RIRLOVSLOOVLV
hLJKEXWWKHYROXPHVDUHJHQHUDOO\ORZ´ 6HHQRWHXQGHU³Marine barges´DERXWYDJXH
qualitative statements characterizing spill size and frequency.) Furthermore, Etkin (2006) goes
on to say that based on the 51,829 spills she catalogued, ³>Y@HKLFXODUWUDQVSRUW>RIUHILQHG
SHWUROHXPSURGXFWV@UHVXOWVLQRYHUWLPHVPRUHVSLOODJHWKDQSLSHOLQHWUDQVSRUW´ (Table 11).
Narrowing the focus to spills in Alaska from 1995-2018, there were 1,853 diesel spills from
vehicles, with individual volumes ranging from 0 to 13,750 gallons, releasing a total of more
than 165,000 gallons (Table 12). (The vehicle spills of diesel do not include spills at gas
stations, which are catalogued separately.) Of those, 24 spills were large spills of more than
1,000 gallons (1.3% of the spills). Nine spills were larger than 3,000 gallons (0.5% of the spills).
Modeling the risk of spills >3,000 gallons is modeling the spills in the 99.5th percentile by
volume.
Vehicle spill data from ADEC could be combined with information from the Alaska
Department of Transportation, which maintains data about crashes. Reports from 2001 to 2011
are available at ŚƚƚƉ͗ͬͬĚŽƚ͘ĂůĂƐŬĂ͘ŐŽǀͬƐƚǁĚƉůŶŐͬƚƌĂŶƐĚĂƚĂͬĐƌĂƐŚ͘ƐŚƚŵů. National data are available
from the Bureau of Transportation Statistics atŚƚƚƉƐ͗ͬͬǁǁǁ͘ďƚƐ͘ŐŽǀͬƉƌŽĚƵĐƚͬŶĂƚŝŽŶĂůͲ
ƚƌĂŶƐƉŽƌƚĂƚŝŽŶͲƐƚĂƚŝƐƚŝĐƐ͕including estimates of the amount of petroleum products transported by

motor carriers;ŚƚƚƉƐ͗ͬͬǁǁǁ͘ďƚƐ͘ŐŽǀͬĐŽŶƚĞŶƚͬĐƌƵĚĞͲŽŝůͲĂŶĚͲƉĞƚƌŽůĞƵŵͲƉƌŽĚƵĐƚƐͲƚƌĂŶƐƉŽƌƚĞĚͲƵŶŝƚĞĚͲ
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ƐƚĂƚĞƐͲŵŽĚĞͲŵĞƚƌŝĐͿ͘There are also estimates of tons and ton-miles of freight flow in Alaska (such

as atŚƚƚƉƐ͗ͬͬǁǁǁ͘ďƚƐ͘ŐŽǀͬƐŝƚĞƐͬďƚƐ͘ĚŽƚ͘ŐŽǀͬĨŝůĞƐͬůĞŐĂĐǇͬĂůĂƐŬĂ͘ƉĚĨͿ͘These data about the amount of
shipping that occurs by road in Alaska could be used in conjunction with the data from ADEC to
estimate risk rates per truck mile or per amount transported.

dĂďůĞϭϭ͘^ƵŵŵĂƌǇƐƚĂƚŝƐƚŝĐƐĂďŽƵƚƐƉŝůůƐĨƌŽŵǀĞŚŝĐůĞƐĐĂŶďĞĞǆƚƌĂĐƚĞĚĨƌŽŵƚŬŝŶ;ϮϬϬϲͿĂŶĚďĂƐĞĚŽŶ
ĚĂƚĂĨƌŽŵϱϭ͕ϴϮϵƐƉŝůůƐŽĨĂƚůĞĂƐƚϱϬŐĂůůŽŶƐ͕ŽĨǁŚŝĐŚхϭŐĂůůŽŶƌĞĂĐŚĞĚĂŶŝŶůĂŶĚŶĂǀŝŐĂďůĞǁĂƚĞƌǁĂǇ
ĨƌŽŵϭϵϴϬͲϮϬϬϯ͘
dĂďůĞƐŝŶ
ƚŬŝŶ;ϮϬϬϲͿ
ϭ

ϯ

ϱ͕ϲ

ϳ
ϴ

ϵ







^ƵŵŵĂƌǇƐƚĂƚŝƐƚŝĐƐ

ϭϭ͕ϱϵϯ EƵŵďĞƌŽĨƐƉŝůůƐĨƌŽŵǀĞŚŝĐůĞƐ;ϮϮ͘ϰйŽĨƚŚĞƚŽƚĂůŶƵŵďĞƌŽĨƐƉŝůůƐͿ
 ǀĞƌĂŐĞŶƵŵďĞƌŽĨƐƉŝůůƐĨƌŽŵǀĞŚŝĐůĞƐƉĞƌǇĞĂƌ
ϰϴϯ dŽƚĂůŐĂůůŽŶƐƐƉŝůůĞĚĨƌŽŵǀĞŚŝĐůĞƐ
ϳ͕ϴϯϴ͕ϰϵϵ ǀĞƌĂŐĞŶƵŵďĞƌŽĨŐĂůůŽŶƐƐƉŝůůĞĚĨƌŽŵǀĞŚŝĐůĞƐĞĂĐŚǇĞĂƌ
ϯϮϲ͕ϲϬϰ ǀĞƌĂŐĞŶƵŵďĞƌŽĨŐĂůůŽŶƐƉĞƌƐƉŝůů
ϲϳϲ 
Ϯϭ͕ϮϮϬ EƵŵďĞƌŽĨƐƉŝůůƐŽĨůŝŐŚƚĨƵĞů;ůŝŐŚƚĨƵĞůсĚŝĞƐĞů͕EŽ͘ϮĨƵĞů͕ŶĂƉŚƚŚĂͿ͖
ƚŚŝƐƌĞƉƌĞƐĞŶƚƐϰϬ͘ϵϰйŽĨƚŚĞƚŽƚĂůŶƵŵďĞƌŽĨƐƉŝůůƐ

 
ϴϴϰ ǀĞƌĂŐĞŶƵŵďĞƌŽĨůŝŐŚƚĨƵĞůƐƉŝůůƐƉĞƌǇĞĂƌ;сϮϭ͕ϮϮϬƐƉŝůůƐͬϮϰǇĞĂƌƐͿ
 dŽƚĂůŐĂůůŽŶƐŽĨůŝŐŚƚĨƵĞůƐƉŝůůĞĚ
ϰϱ͕ϲϲϯ͕ϵϲϯ ǀĞƌĂŐĞŶƵŵďĞƌŽĨŐĂůůŽŶƐŽĨůŝŐŚƚĨƵĞůƐƉŝůůĞĚƉĞƌƐƉŝůů
Ϯ͕ϭϱϮ ǀĞƌĂŐĞŶƵŵďĞƌŽĨŐĂůůŽŶƐŽĨůŝŐŚƚĨƵĞůƐƉŝůůĞĚƉĞƌǇĞĂƌ
ϭ͕ϵϬϮ͕ϲϲϱ 
ϵ͕Ϭϲϯ ŽĨƚŚĞϮϭ͕ϮϮϬƐƉŝůůƐŽĨůŝŐŚƚĨƵĞůǁĞƌĞĨƌŽŵǀĞŚŝĐůĞƐ;ϰϮ͘ϳйͿ
ϵ͕Ϭϲϯ ŽĨƚŚĞϭϭ͕ϱϵϯƐƉŝůůƐĨƌŽŵǀĞŚŝĐůĞƐǁĞƌĞŽĨůŝŐŚƚĨƵĞů;ϳϴ͘ϮйͿ

ϯ͕Ϭϭϳ͕ϭϲϲ ŽĨϳ͕ϴϯϴ͕ϰϵϵŐĂůůŽŶƐƐƉŝůůĞĚĨƌŽŵǀĞŚŝĐůĞƐǁĞƌĞŽĨůŝŐŚƚĨƵĞů;ϯϴ͘ϱйͿ

ϭ͕ϬϮϴ sĞŚŝĐůĞƐƉŝůůƐŽĐĐƵƌƌĞĚŝŶWZĞŐŝŽŶϭϬ;<͕t͕/͕ĂŶĚKZͿ͖ƚŚŝƐŝƐ
ϴ͘ϴϳйŽĨĂůůǀĞŚŝĐůĞƐƉŝůůƐ

Ϯϳ͘ϴϴй ŽĨƐƉŝůůƐǁŝƚŚŝŶWZĞŐŝŽŶϭϬǁĞƌĞĨƌŽŵǀĞŚŝĐůĞƐ͘
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dĂďůĞϭϮ͘ǀĞŚŝĐůĞƐƉŝůůƐŽĨĚŝĞƐĞůĨƌŽŵϭϵϵϱͲϮϬϭϴ͘

^ƵďĂƌĞĂ

sĞƌǇƐŵĂůů
ϬͲϭϬ

ϭ͘/ŶƚĞƌŝŽƌ
ůĂƐŬĂ

Ϯ͘^ŽƵƚŚĞĂƐƚ
ůĂƐŬĂ

ϯ͘WƌŝŶĐĞtŵ
^ŽƵŶĚ

ϰ͘ŽŽŬ/ŶůĞƚ


ϱ͘<ŽĚŝĂŬ/ƐůĂŶĚ

ϲ͘ůĞƵƚŝĂŶƐ


ϳ͘ƌŝƐƚŽůĂǇ


ϴ͘tĞƐƚĞƌŶ
ůĂƐŬĂ

ϵ͘EtƌĐƚŝĐ


ϭϬ͘EŽƌƚŚ^ůŽƉĞ

dŽƚĂů




^ƉŝůůƐŝǌĞƌĂŶŐĞ;ŐĂůůŽŶƐͿ

^ŵĂůů
DĞĚŝƵŵ
>ĂƌŐĞ
хϭϬϬͲ
хϭ͕ϬϬϬͲ
хϭϬͲϭϬϬ
хϯ͕ϬϬϬ
ϭ͕ϬϬϬ
ϯ͕ϬϬϬ
ϭϰϱ
Ϯϳ
ϲ
ϲ
ϲ͕Ϭϱϱ͘ϴ
ϴ͕Ϭϴϯ
ϭϰ͕ϱϭϯ
ϰϳ͕ϰϰϴ

dŽƚĂů

Ŷ
6sŽů

Ϯϳϳ
ϭ͕ϭϯϵ͘ϭ

Ŷ
6sŽů

ϭϱϮ
ϱϮϴ͘ϳ

ϱϴ
Ϯ͕Ϭϱϳ

ϲ
ϭ͕ϲϱϬ

Ϯ
ϯ͕ϬϬϬ

Ϭ
Ϭ

Ϯϭϴ
ϳ͕Ϯϯϱ͘ϳ

Ŷ
6sŽů

ϱϭ
ϭϴϱ͘ϲ

Ϯϵ
ϭ͕ϭϵϲ

ϳ
Ϯ͕ϰϴϵ

Ϯ
ϰ͕ϯϬϬ

ϭ
ϰ͕ϰϬϬ

ϵϬ
ϭϮ͕ϱϳϬ͘ϲ

Ŷ
6sŽů

Ϯϲϰ
ϭ͕ϮϬϮ͘ϴ

ϮϬϵ
ϳ͕ϯϵϵ

ϯϰ
Ϯϰ͕ϲϲϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϱϬϳ
ϯϯ͕ϮϲϮ͘ϴ

Ŷ
6sŽů

Ŷ
6sŽů

ϯϮ
ϭϰϴ͘ϱ

ϭϮ
ϱϰϮ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϰϰ
ϲϵϬ͘ϱ

ϭϳ
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ϳ
ϮϮϬ

ϭ
ϮϬϬ

Ϭ
Ϭ

Ϭ
Ϭ

Ϯϱ
ϰϴϮ͘ϱ

E
6sŽů

ϱ
ϭϳ

ϭϯ
ϱϭϱ

ϭ
ϱϬϬ

ϭ
ϭ͕ϰϬϬ

Ϭ
Ϭ

ϮϬ
Ϯ͕ϰϯϮ

Ŷ
6sŽů

Ϯϰ
ϭϯϰ

ϭϵ
ϳϱϳ

ϯ
ϳϴϱ

ϭ
ϯ͕ϬϬϬ

Ϭ
Ϭ

ϰϳ
ϰ͕ϲϳϲ

Ŷ
6sŽů

ϲϴ
ϮϮϯ

Ϯϭ
ϱϳϱ

ϱ
ϭ͕ϰϰϰ

ϭ
ϭ͕ϭϭϴ

Ϭ
Ϭ

ϵϱ
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Ŷ
6sŽů

Ŷ
6sŽů

Ϯϰϱ
ϵϰϭ͘ϳ

ϵϬ
Ϯϵϰϲ

ϳ
Ϯ͕ϯϯϮ

Ϯ
ϰ͕ϳϰϵ͘ϱ

Ϯ
ϭϮ͕ϭϰϳ

ϯϰϲ
Ϯϯ͕ϭϭϲ͘Ϯ

ϭ͕ϭϯϱ
ϰ͕ϱϴϮ͘ϵ

ϲϬϯ
ϮϮ͕ϮϲϮ͘ϴ

ϵϭ
ϰϮ͕ϭϰϰ

ϭϱ
ϯϮ͕ϬϴϬ͘ϱ

ϵ
ϲϯ͕ϵϵϱ

ϭ͕ϴϱϯ
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In the PLP DEIS, transportation of diesel along the Dalton Highway was used as an
analog to transporting diesel to the mine, making the assumption that

RPebble = RDalton

for large diesel spills in units of truck miles per year. According to the PLP DEIS, Dalton
Highway is a 414 mile long, rough, two-lane, gravel and paved highway. The transport loads are
limited to single trailers. In the PLP DEIS, the ADEC database is listed as showing that there
were 22 trucking related diesel spills between 1995 and 2017, with a volume range of 1-3,000
gallons and an average spill volume of 400 gallons. (Dalton Highway is in the Interior Alaska
subarea for ADEC regional classification.) The PLP DEIS then cites Colville Transport as
moving 15-20 million gallons of diesel annually in approximately 2,000 trips per year, stating
that only 2 spills occurred on the Dalton Highway between 2011 and 2017. Those spills were of
100 gallons and of 2,800 gallons.
AECOM (2019) presents the Dalton Highway spill data slightly differently than the DEIS
does. In AECOM (2019), it is stated that there were 22 spills on the Dalton Highway in the
ADEC database from 1995-2017, which is consistent with the DEIS. AECOM (2019) notes,
WKRXJKWKDWWKRVHVSLOOVDOORFFXUUHGEHWZHHQDQGZKLFKLV³RQO\\HDUV«RI
DSSDUHQWO\UHOLDEOHUHFRUG´DQGWKHUHIRUHGRQRWUHFRPPHQGXVLQJWKRVHVSLOOVDVDZD\WR
characterize the spill rate for 1995-³7KHUHZHUHQRVpills listed in the ADEC database for
years 1995 through 2010, which was considered implausible and therefore not used in the data
DQDO\VLV´ $(&20IRRWQRWHRQS $Q\HVWLPDWHVIURPWKLVDUHWKHQPLQLPXPVSLOO
rates per year. AECOM (2019) also explored using data from the Richardson Highway from July
1995-August 2018 (p. 40) (Table 13). Note that that a comparison of the 22 spills listed on
Dalton Highway between 2011-2017 and the 27 shown in Table 13 means that there were 5 spills
on the Dalton Highway in 2018, which would have led to a slightly higher annual spill rate
estimate for spills of all volumes, if not for spills of >3,000 gallons. AECOM (2019) noted that
the data from ADEC are reported as spills per year, not per road mile or per operating time, and
that the ADEC database is subject to inconsistent reporting and underreporting (p. 40).
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dĂďůĞϭϯ͘ĐŽŵƉĂƌŝƐŽŶŽĨĂůƚŽŶ,ŝŐŚǁĂǇĂŶĚZŝĐŚĂƌĚƐŽŶZŽĂĚĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ͘
ŚĂƌĂĐƚĞƌŝƐƚŝĐ
zĞĂƌƐŽĨĚĂƚĂ
EƵŵďĞƌŽĨƐƉŝůůƐ
^ƉŝůůǀŽůƵŵĞƌĂŶŐĞ;ŐĂůůŽŶƐͿ
^ƉŝůůƐƉĞƌǇĞĂƌ
ZŽĂĚůĞŶŐƚŚ;ŵŝůĞƐͿ
dƌŝƉƐƉĞƌǇĞĂƌ

ĂůƚŽŶ,ŝŐŚǁĂǇ
ϮϬϭϭͲϮϬϭϴ
Ϯϳ
ϭͲϯ͕ϬϬϬ
ϯ͘ϳϭ
ϰϭϰ
ϮϬϬϬ;ĂƐƉĞƌŽůǀŝůůĞdƌĂŶƐƉŽƌƚͿ

ZŝĐŚĂƌĚƐŽŶ,ŝŐŚǁĂǇ
ϭϵϵϱͲϮϬϭϴ
ϴϴ
Ϭ͘ϱͲϭϯ͕ϳϱϬ
ϯ͘ϲϱ
ƵŶƐƉĞĐŝĨŝĞĚ
ƵŶƐƉĞĐŝĨŝĞĚ

Step 3. Estimate analogous spill rate, Rdiesel, tanker

The PLP DEIS cites ARCADIS (2013) as stating that no studies have been done to
analyze the fuel spill rate on private, controlled access, industrial roads. This is given as a
justification to use the Dalton Highway spill rate as an analog to the roads built to bring materials
to Pebble Mine. The scenario volume was set at the maximum observed spill volume that
occurred along Dalton Highway between 1995 and 2017, and the probability of seeing a spill of
at least 3,000 gallons was estimated. The model used in AECOM (2019) and cited in the PLP
DEIS based its rate on a single spill of 3,000 gallons from the Dalton Highway between 20112017.
In addition to the difficulties presented by basing a rate estimate on a single spill, there
are at least two further reasons why the Dalton Highway scenario may be an unrealistic analog to
the Pebble Mine road. That is, RDalton may be a poor estimate of RPebble. First, the Dalton
Highway is 414 miles long. The Pebble Project will have two roads of 30 and 35 miles in length
(Alternative 1). In general, it would have strengthened the argument for using either Dalton or
Richardson Highways as analogs to the Pebble Mine roads if more detail about terrain, weather,
ice coverage, other traffic had been described. Depending on the choice of exposure variable
(spills per quantity of diesel transported, or spills per distance traveled), the same number of
accidents could have a very different spill numbers estimated. Risks measured per mile-year may
not translate easily to risk per gallons transported if the transported volume GRHVQ¶Wtravel the
same distance (Stewart and Leschine 1986 and equation following):
௦

௧௩ௗ௦௧

௦

ൈ ௧௦௧ௗ௩௨ ൌ ௧௦௧ௗ௩௨
௧௩ௗ௦௧
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Furthermore, if the risk of collisions and rollovers is higher when trucks pass one another, it may
be that traffic density is an important variable in assessing risk, too. Both the distance traveled
and the probability of encountering one or more other vehicles on a trip should be considered.
Transportation of diesel accounts for only a small fraction of the use that the Pebble Mine roads
would experience. Bringing the contents of four barges of diesel to the mine is estimated to
require 840 one-way truck trips per year (AECOM 2019). In comparison, there are to be an
estimated 7,684 one-way trips per year carrying copper-gold ore concentrate away from the mine
(AECOM 2019), which will then be transported out of Cook Inlet on 27 concentrate vessels. An
additional 29 supply barges (33 supply barges expected at Amakdedori Port (PLP DEIS) less the
four bringing diesel) will also need to have their various contents brought to the mine. If those
supplies are brought on triple trailers, we would expect at least as many one-way trips (another
~8,000) per year. If they are brought up in smaller single truck loads, there could be at least three
times as many trucks bringing supplies as transporting ore (>24,000 one-way trips per year).
Dalton Highway could have a lower risk of spills on a per mile basis than the Pebble Mine roads
would, based on the frequency of interactions between trucks and on the terrain.
Second, Dalton Highway has a restriction on the load of diesel that can be carried, and
only single tankers carrying up to 10,000 gallons are allowed (PLP DEIS, p. 4.27-7). While
3,000 gallons represents the maximum spill size observed in this data set, it is important to note
that the trucks in the proposed Pebble Project DEIS will be hauling three times the volume that
the Dalton Highway trucks are. The potential for larger spills is therefore greater for the
proposed Pebble Project. (Richardson Highway may have a better representation of spill volumes
that are possible (Table 13).) Finding the probability that a spill releases a certain percentage of
transported volume (5%, 20%, 90%, or other value) would be a way to account for the different
load sizes being hauled on the different highways. A spill of >1,000 gallons is >5.2% of the
19,050 gallons that would be hauled to Pebble Mine. A >5.2% spill for the Dalton highway
tankers (carrying 10,000 gallons) is a spill of at least 520 gallons.
AECOM (2019) quotes the Donlin EIS (Table 3.24-1) as showing the spill risk rates for
truck spills as shown in Table 14:
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dĂďůĞϭϰ͘dĂŶŬĞƌƚƌƵĐŬĚŝĞƐĞůƐƉŝůůƌŝƐŬƌĂƚĞƐŐŝǀĞŶŝŶƚŚĞŽŶůŝŶ/^͘
^ŝǌĞĐůĂƐƐ
sĞƌǇƐŵĂůů
^ŵĂůů
DĞĚŝƵŵ
>ĂƌŐĞ

sŽůƵŵĞƌĂŶŐĞ;ŐĂůůŽŶƐͿ
фϭϬ
ϭϬͲϵϵ
ϭϬϬͲϵϵϵ
ϭ͕ϬϬϬͲϭϬϬ͕ϬϬϬ

ǆƉĞĐƚĞĚƌĂƚĞ
sĞƌǇŚŝŐŚ
;ŶŽƚƐƚĂƚĞĚͿ
sĞƌǇůŽǁ
sĞƌǇůŽǁ

As little as these qualitative rates tell us, at least the spill size classes are defined. The Donlin
(,6GLGQRWVKRZDQ\TXDQWLWDWLYHULVNHVWLPDWHVDQGPHUHO\GHILQHG³YHU\KLJK´ULVNDVQHDU
DQG³YHU\ORZ´ ULVNDVQHDU]HUR$OVRKDYLQJD³ORZ´RU³YHU\ORZ´ULVNUDWHGRHVQRWPHDQWKDW
expected number of incidents (and therefore consequences) is negligible. The expected number
of spills will depend on the risk rate (per day, per truck-mile, per year, per ton or gallon
transported, etc.) and the amount of exposure (days, truck-miles, years, tons or gallons
transported, etc.). Both quantities are necessary to estimate the number of expected spills. Even if
the risks per truck-mile are the same, if the quantities of diesel (and other materials) to be
transported are greater at Pebble Mine than at Donlin, the expected number of spills will also be
proportionally larger. Furthermore, the scenario cited by AECOM (2019, p. 4) as comparable,
taken from the Donlin EIS, is a poor model for Pebble Mine conditions. In the Donlin scenario,
two trucks, each carrying 6,350 gallons of diesel, rollover or collide, thus spilling up to 13,500
gallons of diesel. Because each truck in that scenario would have to rollover and release its
contents, the chances that both trucks release their contents will be lower than a single truck
accident and release. (Side note: Trucks carrying diesel to Donlin should be going the same
direction when loaded. This would make a collision less likHO\EHFDXVHWKH\¶GEHJRLQJWKHVDPH
way.) Each truck proposed in the Pebble Project will carry 3 x 6,350 = 19,050 gallons of diesel,
and so there is no need for two trucks to interact to get a spill of more than 10,000 gallons, and
the scenario and associated qualitative risk rates from the Donlin DEIS scenario are not
comparable to what could happen at the Pebble Project.
The PLP DEIS cites AECOM (2019) and arrives at a spill rate of 2 x 10-7 spills per mile
traveled for spills of 3,000 gallons or greater. The PLP DEIS also notes that EPA used a risk rate
per mile of 1.9 x 10-7 spills per truck mile, in which EPA (2014) cites Harwood and Russell
(2000). Based on an estimated 66 truck miles per trip x 840 trips per year, AECOM (2019)
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estimates there would be 55,400 miles per year, and that the annual spill risk rate is 0.011088
spills of >3,000 gallons per year.
While AECOM (2019) includes a risk rate of 2.0 x 10-7 spills >3,000 gallons per year,
they also note that the spill rate for spills of all sizes will be 22 times higher, or 4.4 x 10-6 per
year. The long term impacts listed in the DEIS are for 78 years of truck traffic and do not match
the calculations in AECOM (2019), which are for 72 years. (There are inconsistencies between
the calculations in the AECOM (2019) appendix and the main text.) Basing a risk estimate on
only one spill over six years of data for one highway that might not be a true analog to the
driving conditions at Pebble Mine is statistically weak, even if the risk rate for spills >3,000
JDOORQVLVVLPLODUWRZKDW(3$  FLWHG$VQRWHG³>W@KHVHFDOFXODWHGSUREDELOLWLHVand
expected values are conditional on the selected base rate«ZKLFKis based on very limited data
and is both fundamentally uncertain and hypothetical«,WVKRXOGEHQRWHGWKDWWKH>WDQNHUWUXFN
collision/rollover diesel spill scenario], like all scenarios, identify spill rates that are precise
numbers to help define the scenario, they are not precise quantities in reality´ $(&20
p.5; emphasis added).
In summary, the Rdiesel, tanker used in the PLP DEIS relies on the questionable assumption
that RDalton = RPebble, estimates RDalton for spills >3,000 gallons instead of for spills >1,000 gallons,
basing that rate on a single spill from a small data set. Furthermore, the Dalton Highway
collision scenario described to result in a spill of >3,000 gallons is different than the risks for the
Pebble Mine because the Pebble Mine will use triple tankers with larger total fuel loads than the
single tankers used on Dalton.
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>ĂŬĞ/ůŝĂŵŶĂ&ĞƌƌǇ
Step 1. Define the spill scenario
$VJLYHQLQ$(&20 S ³DODUJH WUDQVSRUWHG GLHVHOVSLOOIRUWKHODNHIHUU\
was considered so unlikely as to be a worst-case situation and was therefore eliminated as a
UHDOLVWLFVFHQDULR«>7@KHSUREDELOLW\RIDODUJHVSLOORIWUDQVSRUWHGGLHVHOfrom the proposed lake
IHUU\ZDVMXGJHGWREHVLJQLILFDQWO\OHVVWKDWWKHKLVWRULFVSLOOSUREDELOLW\IRUPDULQHEDUJHV´
This description implies that, just like for marine barges, the spill size being considered (or not!)
is >300,000 gallons, rather than the risk of one meeting the >1,000 gallon threshold for large
spills.

Step 2. Compile the data

According to the DEIS (p. 4.27-8), there were no spills from lake ferries during the
period of record, and three representative ferries are being used in locations in Canada without
incident. A spill from the Iliamna Lake ferry could result from collision, sinking, loss of power
or steering capabilities, grounding, fires, or flooding of the engine room or other area. Human
error can play a role in any of those. According to the PLP '(,6³>W@KHUHDUHKLVWRULFDOO\ORZ
rates of spills of any kind from ferries. The statistical rates of incidence for spills from ferries,
DUHORZHUWKDQWKRVHRIPDULQHEDUJHV«$ODUJHU-volume release of diesel from the Iliamna Lake
ferry was considered to be so improbable as to have negligible risk, was therefore eliminated as a
VFHQDULRLQWKH(,6´ 3HEEOH3URMHFW'(,6S-31).
According to Etkin (2006) there were 789 spills of light fuel (diesel, No. 2 fuel, naphtha)
from vessels to inland waterways from 1980 to 2003, for a total of 1,562,612 gallons of light fuel
spilled (Table 15). The average spill size of light fuel from vessels was 1,980 gallons.
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dĂďůĞϭϱ͘^ƵŵŵĂƌǇƐƚĂƚŝƐƚŝĐƐĂďŽƵƚƐƉŝůůƐĨƌŽŵǀĞƐƐĞůƐĐĂŶďĞĞǆƚƌĂĐƚĞĚĨƌŽŵƚŬŝŶ;ϮϬϬϲͿĂŶĚďĂƐĞĚŽŶ
ĚĂƚĂĨƌŽŵϱϭ͕ϴϮϵƐƉŝůůƐŽĨĂƚůĞĂƐƚϱϬŐĂůůŽŶƐ͕ŽĨǁŚŝĐŚхϭŐĂůůŽŶƌĞĂĐŚĞĚĂŶŝŶůĂŶĚŶĂǀŝŐĂďůĞǁĂƚĞƌǁĂǇ
ĨƌŽŵϭϵϴϬͲϮϬϬϯ͘
dĂďůĞƐŝŶ
ƚŬŝŶ;ϮϬϬϲͿ
ϭ

ϱ͕ϲ
ϳ
ϴ

ϵ


^ƵŵŵĂƌǇƐƚĂƚŝƐƚŝĐƐ

ϭ͕ϱϳϯ EƵŵďĞƌŽĨƐƉŝůůƐĨƌŽŵǀĞƐƐĞůƐ;ϯйŽĨƚŚĞƚŽƚĂůŶƵŵďĞƌŽĨƐƉŝůůƐͿ
ϲϲ ǀĞƌĂŐĞŶƵŵďĞƌŽĨƐƉŝůůƐĨƌŽŵǀĞƐƐĞůƐƉĞƌǇĞĂƌ
ϰ͕ϳϭϯ͕Ϯϯϰ dŽƚĂůŐĂůůŽŶƐƐƉŝůůĞĚĨƌŽŵǀĞƐƐĞůƐ
ϭϵϲ͕ϯϴϱ ǀĞƌĂŐĞŶƵŵďĞƌŽĨŐĂůůŽŶƐƐƉŝůůĞĚĨƌŽŵǀĞƐƐĞůƐĞĂĐŚǇĞĂƌ
Ϯ͕ϵϵϲ ǀĞƌĂŐĞŶƵŵďĞƌŽĨŐĂůůŽŶƐƉĞƌƐƉŝůů

ϳϴϵ ŽĨƚŚĞϭϱϳϯƐƉŝůůƐĨƌŽŵǀĞƐƐĞůƐǁĞƌĞŽĨůŝŐŚƚĨƵĞů;ϱϬ͘ϮйͿ


ϭ͕ϱϲϮ͕ϲϭϮ ŽĨϰ͕ϳϭϯ͕ϮϯϰŐĂůůŽŶƐƐƉŝůůĞĚĨƌŽŵǀĞƐƐĞůƐǁĞƌĞŽĨůŝŐŚƚĨƵĞů;ϯϯ͘ϮйͿ

ϵϴ sĞƐƐĞůƐƉŝůůƐŽĐĐƵƌƌĞĚŝŶWZĞŐŝŽŶϭϬ;<͕t͕/͕ĂŶĚKZͿ͖ƚŚŝƐŝƐ
ϲ͘ϮϯйŽĨĂůůǀĞƐƐĞůƐƉŝůůƐ

Ϯ͘ϲϲй ŽĨƐƉŝůůƐǁŝƚŚŝŶWZĞŐŝŽŶϭϬǁĞƌĞĨƌŽŵǀĞƐƐĞůƐ͘

)RU$ODVNDIHUULHVPD\EHDFRPSRQHQWRIWKH³RWKHU´YHVVHOV 7DEOH 0RUHGDWDDERXW
spills may also be available from Department of Transportation, especially MARAD, databases.

Step 3. Estimate the spill rate Rdiesel, ferry

Based on the work of AECOM (2019), it is assumed that probability of a spill from a
ferry in the lake is much less than the probability of a spill of the same volume and substance
from a marine barge in Cook Inlet. The following lower bounds of spills rates were listed:
Rlake ferry, > 42,000 gallons = 1.9 x 10-4 per year
Rlake ferry, >420,000 gallons = 0.08 x 10-4 per year
where the rates DUHEDVHGRQ%2(0¶V  ORZHUERXQGVRIVSLOOUDWHVSHU%EEOWUDQVSRUWHG
and scaled for the 16 million gallons expected to be transported per year for the Pebble Project
(Tables 5 and 6). The geometric mean spill rate is then given as 0.38 x 10-4 per year with a
geometric mean volume of 325,000 gallons, but the rate of 1.5 x 10-4 spills >300,000 gallons per
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year (matching the marine barge rate) is given as a conservative worst-case scenario. The
DVVHUWLRQWKDW³WKH%2(0ORZHU-ERXQGVSLOOUDWHVIRURFHDQEDUJHV«LVDUJXDEO\DQXSSHU
ERXQGIRUSRWHQWLDOIHUU\VSLOOUDWHV´ $(&20S KDVQRGDWDWREDFNLWHYHQLIWKH
ferry is to be custom built, highly regulated, and the weather and water conditions in the lake and
in Cook Inlet differ. Furthermore, as noted in the critique of the spill from a marine barge
scenario, estimating the probability of a spill of >300,000 gallons is answering the wrong
question. Overall, the estimate for the Rdiesel, ferry is a weak stab at the wrong spill rate with no
data.

^ƚŽƌĂŐĞŽĨĚŝĞƐĞůĂƚŵĂŬĚĞĚŽƌŝƉŽƌƚ͕ĨĞƌƌǇƚĞƌŵŝŶĂůƐ͕ĂŶĚŵŝŶĞƐŝƚĞƚƌƵĐŬƐŚŽƉ
As described in the PLP DEIS, diesel is to be stored at tank farms in three locations: the
mine site truck shop, Amakdedori port, and the ferry terminals. Tanks will range in size from
10,000 gallons to 1.25 million gallons. Those containers will be in secondary containment areas
that have the capacity of 110% oIWKHODUJHVWWDQN³7DQNIDUPVSLOOVDUHusually small volume
and are generally FRQWDLQHGLQWKH>VHFRQGDU\FRQWDLQPHQWDUHDV@´ 3HEEOH3URMHFW'(,6S32, emphasis added). A risk assessment is an important step in being specific about what
qualitatLYHZRUGVVXFKDV³XVXDOO\´³VPDOO´DQGJHQHUDOO\´PLJKWPHDQLQWKLVVSHFLILFLQVWDQFH
It is suggested in the PLP DEIS that any spill caused by a valve seal leak, human error (such as
over-filling) or a tank rupture would be completely contained by the secondary containment area,
except any material lost through evaporation.
The above description raises important questions: Do the secondary containment areas
have 110% of the capacity of an individual tank? Are multiple tanks of the same size ever stored
together? If so, does the secondary containment have to be 110% of the largest individual tank or
110% of the combined volume of all tanks stored together?

Step 1. Define the spill scenario

No scenario considered.
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Step 2. Compile the data

In contrast with the assurance shown in the Pebble Project DEIS, Etkin (2006) notes that
³>W@KHODUJHVWRLOVSLOOVRXUFHVLQWRLQODQGZDWHUZD\VDUH[spill prevention control and
countermeasure;SPCC)] facilities and pipelines. Ninety-four percent of the oil spilled during
1980-2003 came from these two source types. SPCC facilities were also the source of the largest
QXPEHURIVSLOOV´ (WNLQS  63&&IDFLOLWLHVDUH³WKRVHRLOVWRULQJDQGKDQGOLQJ
facilities that are subject to the regulations in 40 &)53DUW«1RQ-SPCC facilities are those
IDFLOLWLHVWKDWDUHQRWVXEMHFWWRWKHVHUHJXODWLRQVEDVHGRQWKHLUVPDOOHUVL]HRURWKHUFULWHULD´
dĂďůĞϭϲ͘^ƵŵŵĂƌǇƐƚĂƚŝƐƚŝĐƐĂďŽƵƚƐƉŝůůƐĨƌŽŵƐƉŝůůƉƌĞǀĞŶƚŝŽŶĐŽŶƚƌŽůĂŶĚĐŽƵŶƚĞƌŵĞĂƐƵƌĞ;^WͿ
ĨĂĐŝůŝƚŝĞƐĐĂŶďĞĞǆƚƌĂĐƚĞĚĨƌŽŵƚŬŝŶ;ϮϬϬϲͿĂŶĚďĂƐĞĚŽŶĚĂƚĂĨƌŽŵϱϭ͕ϴϮϵƐƉŝůůƐŽĨĂƚůĞĂƐƚϱϬŐĂůůŽŶƐ͕
ŽĨǁŚŝĐŚхϭŐĂůůŽŶƌĞĂĐŚĞĚĂŶŝŶůĂŶĚŶĂǀŝŐĂďůĞǁĂƚĞƌǁĂǇĨƌŽŵϭϵϴϬͲϮϬϬϯ͘
dĂďůĞƐŝŶ
ƚŬŝŶ;ϮϬϬϲͿ
ϭ

ϱ͕ϲ
ϳ

ϴ

ϵ


^ƵŵŵĂƌǇƐƚĂƚŝƐƚŝĐƐ

Ϯϲ͕ϯϳϱ EƵŵďĞƌŽĨƐƉŝůůƐĨƌŽŵ^WĨĂĐŝůŝƚŝĞƐ;ϱϬ͘ϵйŽĨƚŚĞƚŽƚĂůŶƵŵďĞƌŽĨ
ƐƉŝůůƐͿ

ϭ͕Ϭϵϵ ǀĞƌĂŐĞŶƵŵďĞƌŽĨƐƉŝůůƐĨƌŽŵ^WĨĂĐŝůŝƚŝĞƐƉĞƌǇĞĂƌ
ϭϱϱ͕ϵϮϮ͕ϭϯϬ dŽƚĂůŐĂůůŽŶƐƐƉŝůůĞĚĨƌŽŵ^WĨĂĐŝůŝƚŝĞƐ
ϲ͕ϰϵϲ͕ϳϱϱ ǀĞƌĂŐĞŶƵŵďĞƌŽĨŐĂůůŽŶƐƐƉŝůůĞĚĨƌŽŵ^WĨĂĐŝůŝƚŝĞƐĞĂĐŚǇĞĂƌ
 ǀĞƌĂŐĞŶƵŵďĞƌŽĨŐĂůůŽŶƐƉĞƌƐƉŝůů
ϱ͕ϵϭϮ 
ϲ͕ϵϬϬ ŽĨƚŚĞϮϲ͕ϯϳϱƐƉŝůůƐĨƌŽŵ^WĨĂĐŝůŝƚŝĞƐǁĞƌĞŽĨůŝŐŚƚĨƵĞů;Ϯϲ͘ϭϲйͿ

ϯϯ͕Ϭϳϰ͕ϲϱϳ ŽĨϭϱϱ͕ϵϮϮ͕ϭϯϬŐĂůůŽŶƐƐƉŝůůĞĚĨƌŽŵ^WĨĂĐŝůŝƚŝĞƐǁĞƌĞŽĨůŝŐŚƚĨƵĞů
;ǆйͿ

Ϯ͕ϭϬϱ ^WĨĂĐŝůŝƚŝĞƐƐƉŝůůƐŽĐĐƵƌƌĞĚŝŶWZĞŐŝŽŶϭϬ;<͕t͕/͕ĂŶĚKZͿ͖
ƚŚŝƐŝƐϳ͘ϵϴйŽĨĂůů^WĨĂĐŝůŝƚŝĞƐƐƉŝůůƐ

ϱϳ͘Ϭϵй ŽĨƐƉŝůůƐǁŝƚŚŝŶWZĞŐŝŽŶϭϬǁĞƌĞĨƌŽŵ^WĨĂĐŝůŝƚŝĞƐ͘

Diesel spills account for more than 50% of all the spills from bulk storage facilities from
1995-2018 in ADEC by number and by volume (Table 17). When combined with other noncrude oil products, those spills account for 91.9% of the number of spills and 99.1% of the
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volume (more than 400,000 gallons of refined petroleum products spilled). Spills of non-crude
oil (including diesel) had an average volume of 825 gallons during that time.

dĂďůĞϭϳ͘ďƵůŬĨƵĞůƚĞƌŵŝŶĂůƐƉŝůůƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘

ƌƵĚĞŽŝů

ŝĞƐĞů

EŽŶĚŝĞƐĞů͕
ŶŽŶͲĐƌƵĚĞ

ǆƚƌĞŵĞůǇ
ŚĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

,ĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

tĂƚĞƌ͕
hŶŬŶŽǁŶ

dŽƚĂů
ŶƵŵďĞƌŽĨ
ƐƉŝůůƐ

Ŷ
6sŽů

Ϭ
Ϭ

ϰϴ
Ϯϴ͕ϲϳϲ

ϭϴ
ϳ͕ϱϱϲ

Ϭ
Ϭ

Ϯ
Ϯϵ

Ϭ
Ϭ

ϲϴ
ϯϲ͕Ϯϲϭ

Ŷ
6sŽů

Ϭ
Ϭ

ϰϭ
ϭ͕ϴϵϴ

ϯϯ
ϱ͕ϭϵϱ

Ϭ
Ϭ

ϯ
ϯ

ϰ
ϭ͘Ϯ

ϴϭ
ϳ͕Ϭϵϳ

Ŷ
6sŽů

ϭ
Ϭ͘Ϭϲ

ϳ
ϳϳϬ͘ϱ

ϵ
ϰϰ͘ϲ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϭϳ
ϴϭϱ͘Ϯ

Ŷ
6sŽů

ϭ
ϭϮϲ

ϭϰ
ϯ͕ϳϬϮ

ϯϳ
ϭϴ͕Ϯϰϵ

ϭϰ
Ϭ

ϭϰ
ϭ͕ϯϲϬůď

Ϯ
ϮϬϬ

ϴϮ
ϮϮ͕Ϯϵϰ

Ŷ
6sŽů

Ϭ
Ϭ

ϯ
ϳϮ

ϭ
ϯϬϬ

Ϭ
Ϭ

ϭ
Ϭ͘ϱ

Ϭ
Ϭ

ϱ
ϯϳϮ͘ϱ

Ŷ
6sŽů

Ϭ
Ϭ

ϭϴ
ϳϱ͕ϳϬϯ

ϭϵ
ϭ͕ϭϵϱ

ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϯϴ
ϳϲ͕ϴϵϴ

Ŷ
6sŽů

Ϭ
Ϭ

ϭϱ
ϯ͕ϱϬϭ

ϳ
ϭϵ͕ϵϱϲ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϮϮ
Ϯϯ͕ϰϱϲ

Ŷ
6sŽů

Ϭ
Ϭ

ϰϯ
ϭϬ͕ϱϱϭ

Ϯϯ
ϮϮ͕ϲϲϴ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϲϲ
ϯϯ͕Ϯϭϵ

Ŷ
6sŽů

Ϭ
Ϭ

ϰϲ
ϳϬ͕ϲϳϰ

ϭϱ
ϵϮ͕ϱϳϵ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϲϭ
ϭϲϯ͕Ϯϱϯ

Ŷ
6sŽů

Ϭ
Ϭ

ϯϴ
Ϯϱ͕ϭϳϵ

ϭϳ
ϭϮ͕Ϯϳϲ

Ϯ
ϵ

ϯ
ϭϮϭ

ϭ
ϯϯϲ

ϲϭ
ϯϳ͕ϵϮϭ

Ŷ
6sŽů

Ϯ
ϭϮϲ͘ϭ

Ϯϳϯ
ϮϮϬ͕ϳϮϲ

ϭϳϵ
ϭϴϬ͕Ϭϭϴ

ϮϬ
ϳϰ

Ϯϯ
хϭϱϯ͘ϱ

ϳ
ϱϯϳ͘Ϯ

ϱϬϭ
ϰϬϭ͕ϱϴϲ

^ƵďĂƌĞĂ

ϭ͘/ŶƚĞƌŝŽƌ
ůĂƐŬĂ

Ϯ͘^ŽƵƚŚĞĂƐƚ
ůĂƐŬĂ

ϯ͘WƌŝŶĐĞtŵ
^ŽƵŶĚ

ϰ͘ŽŽŬ/ŶůĞƚ


ϱ͘<ŽĚŝĂŬ
/ƐůĂŶĚ

ϲ͘ůĞƵƚŝĂŶƐ


ϳ͘ƌŝƐƚŽůĂǇ


ϴ͘tĞƐƚĞƌŶ
ůĂƐŬĂ

ϵ͘EtƌĐƚŝĐ


ϭϬ͘EŽƌƚŚ
^ůŽƉĞ

dŽƚĂů






^ƵďƐƚĂŶĐĞ;ƐͿƐƉŝůůĞĚ
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In addition to bulk fuel terminals, ADEC also lists spills from crude oil terminals. There
were nearly the same number of diesel spills from crude oil terminals as there were from bulk
fuel terminals (282, as shown in Table 18, and 273, as shown in Table 17, respectively), and the
spill volumes reached into the large size class.

dĂďůĞϭϴ͘ĚŝĞƐĞůƐƉŝůůƐĨƌŽŵĐƌƵĚĞŽŝůƚĞƌŵŝŶĂůƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘
sŽůƵŵĞ;ŝŶŐĂůůŽŶƐͿ

^ƵďĂƌĞĂ

EƵŵďĞƌŽĨƐƉŝůůƐ

ZĂŶŐĞ

dŽƚĂů

ϭ͘/ŶƚĞƌŝŽƌůĂƐŬĂ

ϳ

ϭͲϲϬ

ϭϭϳ

Ϯ͘^ŽƵƚŚĞĂƐƚůĂƐŬĂ

Ϯϴ

ϬͲϯϬϬ

ϭ͕Ϯϵϯ

ϯ͘WƌŝŶĐĞtŵ^ŽƵŶĚ

ϳϮ

ϬͲϴ͕ϰϬϬ

ϭϯ͕ϴϬϯ͘ϰ

ϰ͘ŽŽŬ/ŶůĞƚ

Ϯϰ

ϬͲϮ͕ϬϬϬ

ϱ͕ϲϯϱ

ϱ͘<ŽĚŝĂŬ/ƐůĂŶĚ

ϯ

ϳϱͲϮϬϬ

ϯϵϵ

ϲ͘ůĞƵƚŝĂŶƐ

ϭϬ

ϭͲϭ͕ϱϮϵ

ϰ͕ϱϱϴ

ϳ͘ƌŝƐƚŽůĂǇ

ϮϬ

ϭͲϰ͕ϬϬϬ

ϴ͕ϳϲϭ

ϴ͘tĞƐƚĞƌŶůĂƐŬĂ

ϵϭ

ϭͲϱ͕ϬϬϬ

Ϯϰ͕ϮϲϬ

ϵ͘EtƌĐƚŝĐ

ϭϴ

ϭͲϱϬϬ

ϭ͕ϲϵϱ

ϭϬ͘EŽƌƚŚ^ůŽƉĞ

ϵ

ϮͲϱϬϬ

ϭ͕ϭϬϭ

dŽƚĂů

ϮϴϮ



ϲϭ͕ϲϮϮ͘ϰ

Step 3. Estimate the spill rate, Rdiesel, storage

Not modeled.
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dƌĂŶƐĨĞƌŽĨĚŝĞƐĞůďĞƚǁĞĞŶŵĂƌŝŶĞďĂƌŐĞƐĂŶĚƉŽƌƚƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐ
No scenario considered. No data compiled. Not modeled.

dƌĂŶƐĨĞƌŽĨĚŝĞƐĞůďĞƚǁĞĞŶƉŽƌƚƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐĂŶĚƚĂŶŬĞƌƚƌƵĐŬƐ
No scenario considered. No data compiled. Not modeled.

dƌĂŶƐĨĞƌŽĨƚĂŶŬƐƚŽĂŶĚĨƌŽŵƚŚĞ>ĂŬĞ/ůŝĂŵŶĂ&ĞƌƌǇĂŶĚƚĂŶŬĞƌƚƌƵĐŬƐ
No scenario considered. No data compiled. Not modeled.

The transfer spill data could be approached by looking at the spill data from crude oil
terminals and harbor/port/marina facility types in ADEC. This can be done for diesel spills, ore
concentrate, and chemical reagent spills. (See Transfers.)
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KƌĞŽŶĐĞŶƚƌĂƚĞ
The following background information about copper-god ore concentrate and
molybdenum ore concentrate was drawn from the PLP DEIS:
Copper-gold and molybdenum concentrates would contain sulfide materials and
other heavy metals, and would be considered potentially acid-generating (PAG),
and capable of metals leaching (ML). Concentrates may also contain residues of
chemical reagents.
(Pebble Project DEIS, p. 4.27-33).
[T]he chemical characteristics of concentrates are both potentially acidgenerating and metals leaching due to the presence of sulfides and other metallic
minerals. In the long term, over several years to decade depending on conditions,
spilled concentrates would have the potential to produce acid and leach metals
into the environment.
(Pebble Project DEIS, pp. 4.27-36)

ŽƉƉĞƌͲŐŽůĚŽƌĞĐŽŶĐĞŶƚƌĂƚĞ
x
x
x

97.5% of the ore concentrate would be copper-gold concentrate
2,400 wet tons transported from the mine site per day by truck and ferry
876,000 wet tons transported from the mine site per year by truck and
ferry
x Containers will hold 724 ft3 of concentrate, weighing 76,000lbs (38 tons)
x Trucks will haul 3 containers at a time, carrying a total of 228,000lbs (114
tons) of concentrate per trip.
(Pebble Project DEIS, p. 4.27-34).

Alternatives 1 and 2: Trucks go to the north ferry terminal, and then across Lake Iliamna
by ferry, and then to the drive to the marine port.
Alternative 3: Trucks go to Diamond Point, and then concentrate would move through an
ore concentrate pipeline.
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At marine port, containers go from trucks to lightering vessels and then onto bulk carrier
vessels.
A total of 10 trips by lightering vessel would be required to load each bulk carrier,
which would remain at anchor for 4 to 5 days… The peak production rate of
copper-gold concentrate would require transporting a total of approximately
22,800 specialized bulk shipping containers by truck, ferry, and barge each year.
Annually, there would be an estimated 27 bulk marine vessels anchored at the
lightering locations, for a total of 108 to 135 days.
(Pebble Project DEIS, pp. 4.27-34)

DŽůǇďĚĞŶƵŵŽƌĞĐŽŶĐĞŶƚƌĂƚĞ
x

2.5% of the ore concentrate would be molybdenum concentrate

x

107 wet tons transported from the mine site per day by truck and ferry

x

39,300 wet tons transported from the mine site per year by truck and ferry

x

Concentrate would be carried in flexible intermediate bulk container bulk bags

x

Trucks will haul 3 containers at a time, carrying a total of 228,000lbs (114 tons)
of concentrate per trip.

(Pebble Project DEIS, pp. 4.27-36)

Alternatives 1, 2, and 3: Trucks go to the north ferry terminal, and then across Lake Iliamna
by ferry, and then to the drive to the marine port.

At marine port, containers go from trucks to barges.
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KƌĞĐŽŶĐĞŶƚƌĂƚĞƐƉŝůůĨĂƵůƚƚƌĞĞ;ĐŽƉƉĞƌͲŐŽůĚŽƌĞĐŽŶĐĞŶƚƌĂƚĞͿ

KƌĞĐŽŶĐĞŶƚƌĂƚĞ
ƐƉŝůůƌŝƐŬ

ZďĂƌŐĞ

dϭ͕dϮ͕Žƌdϯ

ZďǆƚŬƌ

dϭ͕dϮ͕Žƌdϯ

ZƚĂŶŬĞƌ

dϭ͕dϮ͕Žƌdϯ

ZƚŬƌǆĨ

dϭ͕dϮ͕Žƌdϯ

ZĨĞƌƌǇ

dϭ͕dϮ͕Žƌdϯ

ZƐƚǆƚŬƌ

dϭ͕dϮ͕Žƌdϯ

ZƉŝƉĞůŝŶĞ

ZůŝŐŚƚĞƌŝŶŐ

dϯ

dϭ͕dϮ͕Žƌdϯ

&ŝŐƵƌĞϯ͘dŚŝƐĐŽŶĐĞƉƚƵĂůĚŝĂŐƌĂŵŽĨƚŚĞĨĂƵůƚƚƌĞĞŵŽĚĞůŽĨƚŚĞŽǀĞƌĂůůƐƉŝůůƌŝƐŬĨŽƌĐŽƉƉĞƌͲŐŽůĚŽƌĞ
ĐŽŶĐĞŶƚƌĂƚĞĂůŽŶŐƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌŝŶĐůƵĚĞƐƌŝƐŬƐĨƌŽŵŵĂƌŝŶĞďĂƌŐĞƐ;ZďĂƌŐĞͿ͕ƚĂŶŬĞƌƚƌƵĐŬƐ
;ZƚĂŶŬĞƌͿ͕ƚŚĞĨĞƌƌǇ;ZĨĞƌƌǇͿ͕ůŝŐŚƚĞƌŝŶŐďĂƌŐĞƐ;ZůŝŐŚƚĞƌŝŶŐͿ͕ĂŶĚĂƉŽƐƐŝďůĞŽƌĞĐŽŶĐĞŶƚƌĂƚĞƉŝƉĞůŝŶĞ;ZƉŝƉĞůŝŶĞͿŝŶ
ůƚĞƌŶĂƚŝǀĞϯ͕ĂŶĚƚƌĂŶƐĨĞƌƐďĞƚǁĞĞŶƚŚŽƐĞ;ZďǆƚŬƌ͕ZƚŬƌǆĨ͕ZƐƚǆƚŬƌ͕ZůŝŐŚƚĞƌŝŶŐͿĂŶĚƚŚĞĂƐƐŽĐŝĂƚĞĚĂŵŽƵŶƚŽĨ
ƵƐĞŝŶĞĂĐŚŽĨƚŚĞůƚĞƌŶĂƚŝǀĞƐ;dϭ͕dϮ͕ĂŶĚdϯĨŽƌĞĂĐŚƐƚĞƉĂůŽŶŐƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌͿ͘EŽƚĂůů
ƚƌĂŶƐĨĞƌƐĂƌĞƐŚŽǁŶŝŶƚŚŝƐĚŝĂŐƌĂŵ͘ŽůŽƌĐŽĚŝŶŐĂƐŝŶ&ŝŐƵƌĞϭ͘
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^ĐĞŶĂƌŝŽƐŵŽĚĞůĞĚ͕ĚĂƚĂƵƐĞĚĂŶĚĂǀĂŝůĂďůĞ͕ĂŶĚĐĂůĐƵůĂƚĞĚƌŝƐŬĞƐƚŝŵĂƚĞƐ
The number of expected large ore concentrate spills, Nore conc, can be modeled as
ܰ ൌ   ܴǡ ܶǡ


where j includes tanker trucks, the Lake Iliamna Ferry, lightering barges, and marine barges, as
well as transfers between trucks and the Lake Iliamna ferry, between the ferry and trucks to
Cook Inlet, between trucks and lightering barges, and finally from lightering barges to marine
barges (Figure 3). Alternative 3 has an ore concentrate pipeline that is 82.3 mi (133km) long.

dĂŶŬĞƌƚƌƵĐŬƐ
Step 1. Define the spill scenario

The truck rollover-ore concentrate spill scenario modeled in the PLP DEIS:
addresses the probability and consequences of a spill of 80,000 pounds of
copper-gold concentrate into the environment due to a truck rollover along one
of the proposed access roads. In this scenario, a truck hauling three trailers, each
with a full container of 76,000 pounds of concentrate, rolls over onto the side of
the road corridor…. A total of 80,000 pounds of concentrate is released onto the
roadside area…. The probability of this scenario is …based on available historic
spill data from transport of ore concentrate along the 52-mile haul road used by
Red Dog mine…
(Pebble Project DEIS, pp. 4.27-42)
Step. 2 Compile the data

Unlike the tanker truck spill risk rate that was modeled using data from the Dalton
Highway, the risk of trucks spilling ore concentrate was based on data collected from Red Dog
Mine.
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The Red Dog zinc and lead mine in northwestern Alaska is an appropriate analog
for the proposed Pebble mine, based on similar transport of ore concentrate from
the mine site by truck trailer to a port. Red Dog concentrate spills data are
therefore used in determining spill probabilities for the proposed project. Zinc
and lead concentrates are trucked from the Red Dog mine site on a 52-mile-long
haul road (DeLong Transportation System) to … port facilities… The ADEC Spills
Database lists 18 trucking-related reported concentrate spills along the Red Dog
haul road between July 1995 and August 2018. A media report notes the mine
operator as having reported approximately 30 trucking-related concentrate spills
since the mine opened in 1989. Trucking related concentrate spills recorded in
the database range in size from 10 to 145,000 pounds (from a truck rollover); …
most spills are in the range of 20,000 to 80,000 pounds, with an average of
43,000 pounds. Most spills have been recorded as impacting land only… In 2002,
Red Dog converted their operations to include hard-covered trailers with lids and
dust generation was subsequently reduced.
(Pebble Project DEIS, pp. 4.27-38)

(AECOM (2019) used a spill history of 17 spills in 23 along the Red Dog Mine haul road instead
of the 18 listed in the paragraph above.)
The Red Dog Mine haul road, like the Dalton Highway used to model the tanker truck
diesel spill risk, may not be comparable to the roads associated with Pebble Mine. The lack of
spills from Red Dog mine reaching wetlands or navigable waterways may only be a feature of
the road location and topography, which might be quite different from what is proposed for the
Pebble Project. In addition, Teck Alaska InFRUSRUDWHG¶V)XJLWLYH'XVW5LVN0DQDJHPHQW3ODQ
from 2014 showed three incidents of zinc concentrate spills (on 3/15/2011, 1/20/2014, and
8/20/2014). Only the last two are listed in the ADEC database. The spill on January 20, 2014,
was a 3,000 pound release caused by human error. The spill on August 20, 2014, which was
80,000 pounds due to a rollover, LVQ¶WOLVWHGXQGHUvehicle spills but under mining operations in
the ADEC database. $VQRWHGLQ$(&20  ³WKH$'(&GDWDEDVH«PD\EHDQLQFRPSOHWH
KLVWRU\RIDOOWKHWUXFNUHODWHGVSLOOVDORQJWKH>5HJ'RJ0LQH@KDXOURDG´
I tabulated the number of spills of zinc concentrate, zinc, lead, mill slurry, and drilling
muds under vehicles as the facility type and under mining operations where the cause was listed
as cargo not secure, rollover/capsize, or collision/allision (Table 19). I counted drilling muds as
a proxy of other trucking related spills to increase the sample size of incidents, volumes lost,
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truck miles traveled, and gallons transported. If drilling muds are included in the data set, there
were 66 spills to use in modeling the spill rate. If drilling muds are not counted, there are 25
spills to use.

dĂďůĞϭϵ͘ŽƌĞĐŽŶĐĞŶƚƌĂƚĞǀĞŚŝĐůĞƐƉŝůůĚĂƚĂĨƌŽŵϭϵϵϱͲϮϬϭϴ͘dŚĞƐĞƐƉŝůůƐĂƌĞŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞ͕
ƐůƵƌƌǇ͕ŽƌĚƌŝůůŝŶŐŵƵĚǁŝƚŚ&ĂĐŝůŝƚǇdǇƉĞсǀĞŚŝĐůĞŽƌǁŝƚŚ&ĂĐŝůŝƚǇdǇƉĞсŵŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐǁŚĞŶƚŚĞ
ĂƵƐĞǁĂƐĐĂƌŐŽŶŽƚƐĞĐƵƌĞ͕ĐŽůůŝƐŝŽŶͬĂůůŝƐŝŽŶ͕ŽƌƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ͘Ύ>ƵďĞƚŬŝŶ͛ƐďĞƐƚĂƉƉƌŽǆŝŵĂƚŝŽŶŽĨƚŚĞ
ϭϳƐƉŝůůƐƵƐĞĚŝŶKD;ϮϬϭϵͿĂŶĂůǇƐŝƐ͘
^ƵďĂƌĞĂ

^ƵďƐƚĂŶĐĞ

ĂƚĞ

sŽůƵŵĞ &ĂĐŝůŝƚǇƚǇƉĞ͗ĂƵƐĞ

/ŶƚĞƌŝŽƌůĂƐŬĂ
DŝůůƐůƵƌƌǇ

ϳͬϭͬϮϬϬϴ

ϭϱŐĂůůŽŶƐ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ĐĂƌŐŽŶŽƚƐĞĐƵƌĞ

ŽŽŬ/ŶůĞƚ
ƌŝůůŝŶŐŵƵĚƐ ϭϬͬϭϯͬϮϬϬϬ

ϱϬŐĂůůŽŶƐ sĞŚŝĐůĞ



ϰͬϭϵͬϮϬϬϮ

ϯŐĂůůŽŶƐ sĞŚŝĐůĞ



ϮͬϭϴͬϮϬϭϰ

ϯϬŐĂůůŽŶƐ sĞŚŝĐůĞ



ϭͬϱͬϮϬϬϴ

ϯŐĂůůŽŶƐ sĞŚŝĐůĞ



ϴͬϭϰͬϮϬϭϴ

ϳϬϬŐĂůůŽŶƐ sĞŚŝĐůĞ

EŽƌƚŚǁĞƐƚƌĐƚŝĐ
ŝŶĐĐŽŶĐĞŶƚƌĂƚĞ ϭϮͬϭϬͬϭϵϵϲ


ϭͬϮͬϭϵϵϳ

ϰϬ͕ϬϬϬůďƐΎ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ



ϴͬϭϵͬϭϵϵϳ

ϳϬ͕ϬϬϬůďƐΎ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ



ϴͬϮϭͬϭϵϵϳ

ϳϬ͕ϬϬϬůďƐΎ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ



ϯͬϭϬͬϭϵϵϴ

ϮϬϬůďƐΎ sĞŚŝĐůĞ



ϳͬϭϮͬϭϵϵϴ

Ϯϲ͕ϱϬϬůďƐΎ sĞŚŝĐůĞ

 ϭϭͬϮϭͬϭϵϵϴ

ϳϬ͕ϬϬϬůďƐΎ sĞŚŝĐůĞ

 ϭϮͬϮϴͬϮϬϬϬ

ϴϬ͕ϬϬϬůďƐΎ sĞŚŝĐůĞ



ϮͬϲͬϮϬϬϭ

ϭϮ͕ϬϬϬůďƐΎ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ



ϳͬϮϬͬϮϬϬϭ

 ϭϭͬϭϯͬϮϬϬϭ






ϰ͕ϬϬϬůďƐΎ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ

ϮϬ͕ϬϬϬůďƐΎ sĞŚŝĐůĞ
ϮϱϬŐĂůůŽŶƐ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ĐĂƌŐŽŶŽƚƐĞĐƵƌĞ
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dĂďůĞϭϵ͘ĐŽŶƚŝŶƵĞĚ͘
^ƵďĂƌĞĂ



^ƵďƐƚĂŶĐĞ

 

ĂƚĞ

sŽůƵŵĞ &ĂĐŝůŝƚǇƚǇƉĞ͗ĂƵƐĞ

EŽƌƚŚǁĞƐƚƌĐƚŝĐ;ĐŽŶƚŝŶƵĞĚͿ
ŝŶĐĐŽŶĐĞŶƚƌĂƚĞ

ϵͬϮϭͬϮϬϬϱ

ϲϬ͕ϬϬϬůďƐΎ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ



ϲͬϮϯͬϮϬϬϲ

ϭϮϱůďƐ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ĐĂƌŐŽŶŽƚƐĞĐƵƌĞ

 ϭϬͬϭϳͬϮϬϬϲ

ϭ͕ϬϬϬůďƐΎ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ

 ϭϬͬϭϴͬϮϬϬϲ

Ϯ͕ϬϴϴůďƐΎ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ



ϴͬϭϮͬϮϬϭϮ

ϮϱϬ͕ϬϬϬůďƐΎ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ



 
ŝŶĐĐŽŶĐĞŶƚƌĂƚĞ

ϴͬϮϬͬϮϬϭϰ

ϴϬ͕ϬϬϬůďƐΎ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ



ϭϬͬϯͬϮϬϭϱ

ϭϰϱ͕ϬϬϬůďƐΎ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ

 ϭϮͬϯϭͬϮϬϭϲ

ϭϰϱ͕ϮϬϬůďƐΎ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ


ŝŶĐ

ϯͬϳͬϮϬϬϵ

ϭϭ͕ϬϮϯůďƐ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ĐŽůůŝƐŝŽŶͬĂůůŝƐŝŽŶ


DŝůůƐůƵƌƌǇ

ϴͬϮϱͬϮϬϬϵ

ϭŐĂůůŽŶ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ĐĂƌŐŽŶŽƚƐĞĐƵƌĞ


>ĞĂĚ

ϭϬͬϵͬϮϬϬϬ

ϲϬ͕ϬϬϬůďƐ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ƌŽůůŽǀĞƌͬĐĂƉƐŝǌĞ



ϲͬϮϯͬϮϬϬϲ

ϭϮϱůďƐ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ĐĂƌŐŽŶŽƚƐĞĐƵƌĞ

ϯͬϳͬϮϬϬϵ

ϮϬϬůďƐ DŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐ͗ĐŽůůŝƐŝŽŶͬĂůůŝƐŝŽŶ


EŽƌƚŚ^ůŽƉĞ
ƌŝůůŝŶŐŵƵĚƐ



 
ϭϵϵϱͲϮϬϭϴ ϭʹϯ͕ϬϯϬŐĂůůŽŶƐ

ϯϲsĞŚŝĐůĞƐƉŝůůƐ;ƚŽƚĂůǀŽůƵŵĞсϲ͕ϯϯϭ͘ϲ
ŐĂůůŽŶƐͿ
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Step 3. Estimate the spill rate, Rore conc., tanker

Again, it would be far better to specify spill size ranges a priori based on what sizes
would cause different levels of environmental damage than to just set them based on spill sizes
near the top of the observed range. Even with that caveat, this is a large number of potential
spills. Before assuming that Red Dog Mine and Pebble mine ore concentrate spill volumes would
have the same magnitude, it would be important to know how much ore concentrate each Red
Dog truck/trailer is hauling. As with the diesel spill scenario on the Dalton Highway, the spill
YROXPHVDUHQ¶WFRPSDUDEOHLIWKHKDXOYROXPHVDUHQ¶WWKHVDPH The densities of zinc
concentrate and copper-gold concentrate are also relevant because ore concentrate spill amounts
are listed by weight, but spill risks are defined by volume.)
Each container holds 76,000lb of concentrate in 724ft3. We can translate this to gallons
using the fact that 1ft3 = 7.481 gallons. Containers hold
724 ft3 x 7.481 gallons/ft3 = 5,416.24 gallons.

Each gallon of ore concentrate weighs

76,000lb/5,416.24 gallons = 14.032 lbs.

An 80,000lb spill is therefore 5,701.3 gallons. A 1,000 gallon spill is 14,032lbs, or 6.2% of the
volume being hauled by a truck carrying a total of 228,000lbs in three 76,000lb containers.
AECOM (2019) compares their concentrate risk estimates to qualitative rates from the
Donlin Gold EIS (Table 14 ³DVVXPLQJGLHVHOVSLOOGDWDDVUHOHYDQWWRFRQFHQWUDWHVSLOOV´
)XUWKHU³>H@VWLPDWHVRIWKHSRWHQWLDOVSLOOUDWHIRUWKH3HEEOH3URMHFW7DQNHU>WUXFN
collision/rollover concentrate spill] scenario was primarily based on interpretation of available
historic data for the Tech (sic) Alaska Red Dog Mine. Based on interpretation of the [Red Dog
Mine] data, along with consideration of the Donlin Gold DEIS and EPA information, «WKHEHVW
point estimate for the potential annual spill rate for the assumed Pebble Project TCS Scenario
was set at 0.78 x 10-6 VSLOOVSHUWUXFNPLOHWUDYHOHG«7KHVHOHFWHGDQQXDOVSLOOUDWHSHUWUXFNPLOH
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WUDYHOHG«ZDVFDOFXODWHGEDVHGRQWKH>5HG'RJ0LQH@FRQFHQWUDWHVSLOOKLVWRULHVRIVSLOOVLQ
23 years, as listed in the ADEC database for 1995-2018´ $(&20DS .
AE&20  ³VHOHFWHG´WR³VHW´

RPebble = R RedDogMine, 1995-2018

instead of the rates for REPA or RRedDogMine, Alaska Journal, or the geometric mean of the two Red Dog
Mine rate estimates (Table 19). While it is true that the rate used in AECOM (2019) is higher
than the rate used in EPA (2014), there are some important caveats to consider. First, the EPA
(2014) cited a rate from an analysis and model created by Harwood and Russell (1990). This
means that the data, which came from California, Michigan, and Illinois, are at least 20 years
old. They were the only data used when the plan for the Pebble Project included four pipelines to
bring diesel, natural gas, processed water, and ore concentrate to and from the mine site. Now
that diesel and ore concentrate will be moved by truck, a more careful look at tanker truck risks
is required than the EPA considered at that time.
Second, there are four different accident rates considered in AECOM (2019) (Table 20).
AECOM (2019, p. 37) notes (emphasis added):

ADEC spills database has a record of 17 trucking-related concentrate releases along the
52 mile road from 1995-«'DWDEDVHLVSUHWW\JRRGEXWKDVVRPHLQFRQVLVWHQFLHV
and does not always provide much location detail. It appears that there are truckingrelated spills that are not included in the database. ADEC database does not appear to
have a complete record of trucking-related concentrate spills«'XHWRLQFRQVLVWHQF\LQ
the spill record and different haul truck capacity over the years, it may be difficult to
come up with accurate statistics on the incidents per year/incidents per mile traveled with
currently available data.
The rate that was used in the DEIS was the lowest possible of the potential estimated risk rates
from Alaska (highlighted row in Table 20), even though the appendix in AECOM (2019)
DFNQRZOHGJHVWKDWWKLVLVOLNHO\DQXQGHUHVWLPDWHRIWKHDFWXDOULVN,QGHHG³>W@KHVHFDOFXODWHG
probabilities and expected values are conditional on the selected base rate of 0.78 x 10-6 spills
per truck mile traveled, which is fundamentally uncertain and hypothetical´ $(&20S
7; emphasis added).
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Based on the ADEC record of spills at Red Dog, the estimated annual spill rate for
a trucking related concentrate spill in the proposed project is 0.78 x 10-6, which
equates to an average of 0.4 trucking related concentrate spills per year for the
66 miles of Alternative 1 road transport… This equates to a 33 percent probability
of such a spill in any given year, and a 100 percent probability in 10 years or
more; or an average of one spill every 2.5 years (AECOM 2019a). The spill size of
80,000 pounds is representative of the range of typical concentrate spills from
Red Dog between 1995 and 2017.
(Pebble Project DEIS, pp. 4.27-42; emphasis added)

dĂďůĞϮϬ͘ƐƚŝŵĂƚĞĚƌĂƚĞƐŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞƚĂŶŬĞƌƚƌƵĐŬƐƉŝůůƐĨƌŽŵĚŝĨĨĞƌĞŶƚĚĂƚĂƐŽƵƌĐĞƐ͘
ǆƉĞĐƚĞĚŶƵŵďĞƌ
ĐĐŝĚĞŶƚƌĂƚĞ
ŽĨĂĐĐŝĚĞŶƚƐŝŶϮϬ
;ƐƉŝůůƐƉĞƌŵŝůĞͿ
ǇĞĂƌƐ

^ŽƵƌĐĞ

ĂƚĂƵƐĞĚ

ϭ͘WϮϬϭϰ͕ĐŝƚŝŶŐ
,ĂƌǁŽŽĚĂŶĚZƵƐƐĞůů
ϭϵϵϬ

ĐĐŝĚĞŶƚƌĂƚĞƐĨƌŽŵƚǁŽͲůĂŶĞ
ƌƵƌĂůƌŽĂĚƐŚŝŐŚǁĂǇƐ;ŝŶ
ĂůŝĨŽƌŶŝĂ͕DŝĐŚŝŐĂŶ͕ĂŶĚ/ůůŝŶŽŝƐͿ͖
ĚĂƚĂĐĂŶ͛ƚďĞĂŶǇŵŽƌĞƌĞĐĞŶƚ
ƚŚĂŶϭϵϵϬ


Ϭ͘ϭϵǆϭϬͲϲ

ϭ͘ϵϯ

ΕϯϬƐƉŝůůƐŝŶΕϭϮǇĞĂƌƐ;DŝŶĞ
ŽƉĞŶĞĚŝŶϭϵϴϵ͖ĚĂƚĂŽĨϯϬƐƉŝůůƐ
ǁŽƵůĚƐƉĂŶϭϵϴϵͲϮϬϬϮĂƚŵŽƐƚͿ


Ϯ͘ϲǆϭϬͲϲ

Ϯϲ͘ϳϮ

ϭϳƐƉŝůůƐŝŶϮϯǇĞĂƌƐ

Ϭ͘ϳϴǆϭϬͲϲ

ϳ͘ϵϬ

'ĞŽŵĞƚƌŝĐŵĞĂŶŽĨZĞĚŽŐ
DŝŶĞŚĂǀŝŶŐϯϬƐƉŝůůƐŝŶϭϮǇĞĂƌƐ
ĂŶĚĚĂƚĂďĂƐĞƐŚŽǁŝŶŐZĞĚ
ŽŐDŝŶĞŚĂǀŝŶŐϭϳƐƉŝůůƐŝŶϮϯ
ǇĞĂƌƐ

ϭ͘ϰǆϭϬͲϲ

ϭϰ͘ϱϯ

Ϯ͘ůĂƐŬĂ:ŽƵƌŶĂůĂƌƚŝĐůĞ
ĨƌŽŵϮϬϬϮĐŝƚŝŶŐŵŝŶĞ
ŽƉĞƌĂƚŽƌdĞĐŬ
ŽŵŝŶĐŽĂďŽƵƚZĞĚ
ŽŐDŝŶĞ

ϯ͘ĚĂƚĂĨŽƌZĞĚ
ŽŐDŝŶĞ;ϭϵϵϱͲϮϬϭϴͿ

ϰ͘ZĞĚŽŐDŝŶĞ͗
ŐĞŽŵĞƚƌŝĐŵĞĂŶŽĨ
ǀĂůƵĞƐϮĂŶĚϯĂďŽǀĞ

Overall, the estimate of Rore conc., tanker is based on a limited amount of available data that
may not accurately capture the risk of spills >80,000 gallons, much less serve as a useful
estimate of large spills more than 1,000 gallons.
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>ĂŬĞ/ůŝĂŵŶĂĨĞƌƌǇ
Step 1. Define the spill scenario

No scenario considered.
³%DVHGRQWKHVSLOOUDWHDQDO\VLVIRU>PDULQHEDUJHUXSWXUH@GLHVHOVSLOOVDQGIROORZLQJ
the rationale in the [National Marine Fisheries Service draft Biological Assessments] (Section
6.1.3), non-worst-case scenarios for a marine barge reagents spill or a marine barge concentrate
spill were qualified and dismissed as nominal risk, being very low probability and relatively low
consequence (i.e., de minimis risk). Potentially higher probability but limited, lower consequence
spills were also dismissed as nominal or de minims >VLF@ULVN´ $(&20, pp 12-13).
Step 2. Compile the data

No data were compiled other than the case studies given in earlier discussions regarding
risks of spills from the proposed ferry.

Step 3. Estimate spill rate Rore conc., ferry
The probability of a spill of concentrate from the proposed ferry is similar to or
less than that of a marine vessel, and is therefore very low.
PLP DEIS p. 4.27-57.

Not modeled.

>ŝŐŚƚĞƌŝŶŐďĂƌŐĞƐ
Step 1. Define the spill scenario

No scenario considered.

Step 2. Compile the data
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There are an estimated 27 concentrate vessels that will operate each year. It will take 10
lightering vessel trips to load each concentrate barge, for 270 annual lightering barge one-way
trips of 12 or 18 miles to either of the lightering sites, depending on the weather and sea
conditions.

Step 3. Estimate spill rate Rore conc., lightering
The probability of a spill of concentrate from a marine vessel would be very
low…A spill of concentrate from a lightering vessel (barge) could occur if an
entire container of concentrate were to fall overboard.
PLP DEIS p. 4.27-57

Not modeled.

DĂƌŝŶĞďĂƌŐĞƐ
Step 1. Define the spill scenario
No scenario considered.
³%DVHGRQWKHVSLOOUDWHDQDO\VLVIRU>PDULQHEDUJHUXSWXUH@GLHVHOVSLOOVDQGIROORZLQJ
the rationale in the [National Marine Fisheries Service draft Biological Assessments] (Section
6.1.3), non-worst-case scenarios for a marine barge reagents spill or a marine barge concentrate
spill were qualified and dismissed as nominal risk, being very low probability and relatively low
consequence (i.e., de minimis risk). Potentially higher probability but limited, lower consequence
spills were also dismissed as nominal or de minims >VLF@ULVN´ $(&20, pp 12-13).
Step 2. Compile the data
The probability of a spill of concentrate from a marine vessel would be very
low…A concentrate spill from a bulk vessel would be very unlikely, because
concentrate would be held deep within the hold of the ship.
PLP DEIS p. 4.27-57
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An estimated 876,000 wet tons of copper-gold concentrate are to be moved by 27 marine
barges every year, meaning each marine barge would carry 32,444 tons of ore concentrate.
Converting from tons to pounds to gallons, we see that

34,222 tons = 65,000,000 pounds = 4,624,350 gallons

per marine barge, a volume that exceeds the 4 million gallons of diesel that are proposed to be
brought in by marine barges coming to Amakdedori Port. Since the PLP DEIS contains the
assurance the fugitive dust will be mitigated E\HPSW\LQJWKHRUHFRQFHQWUDWHFRQWDLQHUV³GHHS
ZLWKLQWKHKROGRIWKHVKLS´WKHVKLS¶VKROGFDSDFLW\DQGGLPHQVLRQV and the dimensions of the
ore concentrate containers that will have to be lowered in and emptied should be explicitly
compared. How much clearance height will there be? How much empty volume will there be in
the holds of marine ore concentrate barges?

Step 3. Estimate spill rate Rore conc., barge

Not modeled.
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KƌĞƉŝƉĞůŝŶĞ
Step 1. Define the spill scenario
In this scenario, the [6.25 inch diameter steel] slurry pipeline attached to bridge
infrastructure is ruptured during an earthquake, and concentrate begins to flow
from the pipe…. This scenario includes a total release of 900 ft3 (54,000lbs; 27
tons) of slurry from the pipeline.
(Pebble Project DEIS, pp. 4.27-50)

Recall from the truck rollover concentrate spill scenario that each gallon of slurry weighs
14.032 lbs. This 54,000lb ore concentrate spill is then 3,848 gallons of ore concentrate.

Step 2. Compile the data

Comparing the number of spills from vehicles, vessels, and pipelines (Tables 11, 15, and
21) shows that pipeline spills have been more common than vessel spills but less frequent than
vehicle spills (although that does not take into account the relative volumes of products
transported). Also, pipeline spills have larger average volume releases. As shown in the data
from ADEC (Tables 22, 23, and 24), spills of hazardous and extremely hazardous substances
from transmission lines (Table 22) and pipes and lines in mining operations (Table 23) are
dĂďůĞϮϭ͘^ƵŵŵĂƌǇƐƚĂƚŝƐƚŝĐƐĂďŽƵƚƐƉŝůůƐĨƌŽŵĐƌƵĚĞĂŶĚƌĞĨŝŶĞĚŽŝůƉŝƉĞůŝŶĞƐĐĂŶďĞĞǆƚƌĂĐƚĞĚĨƌŽŵƚŬŝŶ
;ϮϬϬϲͿĂŶĚďĂƐĞĚŽŶĚĂƚĂĨƌŽŵϱϭ͕ϴϮϵƐƉŝůůƐŽĨĂƚůĞĂƐƚϱϬŐĂůůŽŶƐ͕ŽĨǁŚŝĐŚхϭŐĂůůŽŶƌĞĂĐŚĞĚĂŶŝŶůĂŶĚ
ŶĂǀŝŐĂďůĞǁĂƚĞƌǁĂǇĨƌŽŵϭϵϴϬͲϮϬϬϯ͘
dĂďůĞŝŶƚŬŝŶ
;ϮϬϬϲͿ
ϭ





^ƵŵŵĂƌǇƐƚĂƚŝƐƚŝĐƐ

ϲ͕ϵϲϳ EƵŵďĞƌŽĨƐƉŝůůƐĨƌŽŵƉŝƉĞůŝŶĞƐ;ϭϯ͘ϰйŽĨƚŚĞƚŽƚĂůŶƵŵďĞƌŽĨƐƉŝůůƐͿ
 ǀĞƌĂŐĞŶƵŵďĞƌŽĨƐƉŝůůƐĨƌŽŵƉŝƉĞůŝŶĞƐƉĞƌǇĞĂƌ
ϮϵϬ dŽƚĂůŐĂůůŽŶƐƐƉŝůůĞĚĨƌŽŵƉŝƉĞůŝŶĞƐ
ϭϭϬ͕ϯϵϳ͕ϱϭϭ ǀĞƌĂŐĞŶƵŵďĞƌŽĨŐĂůůŽŶƐƐƉŝůůĞĚĨƌŽŵƉŝƉĞůŝŶĞƐĞĂĐŚǇĞĂƌ
ϰ͕ϱϵϵ͕ϴϵϲ ǀĞƌĂŐĞŶƵŵďĞƌŽĨŐĂůůŽŶƐƉĞƌƐƉŝůů
ϭϱ͕ϴϰϲ
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common. Spills of hazardous substances from pipelines can be quite large (Table 23). Slurry
spills up to 200,000 gallons are listed in ADEC (Table 24).

dĂďůĞϮϮ͘ƚƌĂŶƐŵŝƐƐŝŽŶƉŝƉĞůŝŶĞƐƉŝůůƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘

Ŷ
6sŽů
Ŷ
6sŽů
Ŷ
6sŽů
Ŷ
6sŽů
Ŷ
6sŽů
Ŷ
6sŽů
Ŷ
6sŽů
Ŷ

ϭϰϰ

ϭϯϵ
ϮϬ͕ϲϬϲ

Ϭ
Ϭ

ϰϬ
ϭϲ͕ϯϴϰ

ϭϮ
ϴϯϳ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϵ
ϭ͕ϲϬϬ

ϮϯϬ
ϲϳ͕ϵϰϵ


ϱϬϯ

ϴ

ϰϯϬ

ϯ
ϯϮ


Ϭ
Ϭ

ϭ
Ϯϱ

ϰϴ
Ϯϲ͕Ϯϳϯ


ϭ
ϱ

Ϭ
Ϭ

ϭ
Ϭ

ϰ
Ϯϯ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϯ
ϯϬ


ϯϬϱ


ϭϮ


ϭϱϱ


ϴϭ


ϭ


ϵ


ϯ


ϳ


Ϯϭ


ϱϱϱ



ϱϱ

ϵ

ϭ͕ϭϰϵ

tĂƚĞƌ

ϳ
ϭϱϳ

ϭϭ
ϭϲϮ

ϭϵϱ
ϲϰ͕ϱϲϰ


ϱ
ϰ͘ϳϱ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϯ
Ϯ͘Ϯϱ


dŽƚĂů
ŶƵŵďĞƌ
ŽĨƐƉŝůůƐ

Ŷ
6sŽů

ϭϯϭ
ϳ͕ϴϳϱ

ϭϮ
ϭϳϯ

ϵϲ
ϵϲϮ

ϯϴ
ϭϮϴ͕ϯϲϳ

ϭ
ϮϬ

ϵ
ϭ͕Ϯϰϲ


hŶŬŶŽǁŶ

Ŷ
6sŽů

Ϯϵ
ϯϵϰ͕Ϯϱϰ

Ϭ
Ϭ

ϭϴ
ϯϰ͕ϯϱϯ

Ϯϭ
ϭ͕ϳϳϮ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϳϲ
Ϯϱ͕ϵϬϬ


,ĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

dŽƚĂů

Ŷ
6sŽů

ǆƚƌĞŵĞůǇ
ŚĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

ϭ͘/ŶƚĞƌŝŽƌ
ůĂƐŬĂ

Ϯ͘^ŽƵƚŚĞĂƐƚ
ůĂƐŬĂ

ϯ͘WƌŝŶĐĞtŵ
^ŽƵŶĚ

ϰ͘ŽŽŬ/ŶůĞƚ


ϱ͘<ŽĚŝĂŬ
/ƐůĂŶĚ

ϲ͘ůĞƵƚŝĂŶƐ


ϳ͘ƌŝƐƚŽůĂǇ


ϴ͘tĞƐƚĞƌŶ
ůĂƐŬĂ

ϵ͘EtƌĐƚŝĐ


ϭϬ͘EŽƌƚŚ
^ůŽƉĞ


ƌƵĚĞŽŝů

^ƵďĂƌĞĂ

EŽŶͲĐƌƵĚĞ
Žŝů

^ƵďƐƚĂŶĐĞ;ƐͿƐƉŝůůĞĚ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϲ
ϭϬ͕ϴϲϳ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ
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dĂďůĞϮϯ͘ŵŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐƐƉŝůůƐĨƌŽŵƉŝƉĞƐŽƌůŝŶĞƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘

ŝĞƐĞů

EŽŶͲĐƌƵĚĞ͕
ŶŽŶͲĚŝĞƐĞů

ǆƚƌĞŵĞůǇ
ŚĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

,ĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

tĂƚĞƌĂŶĚ
ƵŶŬŶŽǁŶ

dŽƚĂůŶƵŵďĞƌ
ŽĨƐƉŝůůƐ

^ƵďƐƚĂŶĐĞ;ƐͿƐƉŝůůĞĚ

Ŷ
6sŽů

ϵ
ϭϭϵ

ϯϳ
ϯϲϯ͘ϱ

ϭ
Ϭ͘ϱ

ϯϭ
ϮϮϳ͕ϯϵϱ

ϰϭ
ϱϴ͕ϲϳϯ

ϭϭϵ


Ŷ
6sŽů

ϭϲ
ϵϴϬ

ϯϰ
ϰϬϬ͘ϲ

Ϭ
Ϭ

ϯ
хϵ

ϯ
ϭ͕ϮϬϬ

ϱϲ


Ŷ
6sŽů

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ


Ŷ
6sŽů

Ϭ
Ϭ

ϭ
ϱ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϭ


Ŷ
6sŽů

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ


Ŷ
6sŽů

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ


Ŷ
6sŽů

Ϯ
ϭϯ

ϲ
ϲϵ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

ϴ


Ŷ
6sŽů

ϰ
ϯϭϵ

Ϯ
ϵ͘ϱ

Ϭ
Ϭ

ϭ
ϯ

Ϭ
Ϭ

ϳ


Ŷ
6sŽů

ϭϳ
ϭϵϰ͘ϲ

ϰϴ
ϰϲϮ

Ϯ
ϭ͘ϭ

ϭϭϬ
Ϯϲϵ͕ϵϮϰ

ϴϵ
ϰϱϰ͕ϵϵϲ

Ϯϲϲ


Ŷ
6sŽů

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ
Ϭ

Ϭ


Ŷ

ϰϴ

ϭϮϴ

ϯ

ϭϰϱ

ϭϯϯ

ϰϱϳ

^ƵďĂƌĞĂ

ϭ͘/ŶƚĞƌŝŽƌ
ůĂƐŬĂ

Ϯ͘^ŽƵƚŚĞĂƐƚ
ůĂƐŬĂ

ϯ͘WƌŝŶĐĞtŵ
^ŽƵŶĚ

ϰ͘ŽŽŬ/ŶůĞƚ


ϱ͘<ŽĚŝĂŬ
/ƐůĂŶĚ

ϲ͘ůĞƵƚŝĂŶƐ


ϳ͘ƌŝƐƚŽůĂǇ


ϴ͘tĞƐƚĞƌŶ
ůĂƐŬĂ

ϵ͘EtƌĐƚŝĐ


ϭϬ͘EŽƌƚŚ
^ůŽƉĞ

dŽƚĂů
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dĂďůĞϮϰ͘,ĂǌĂƌĚŽƵƐĂŶĚĞǆƚƌĞŵĞůǇŚĂǌĂƌĚŽƵƐƐƵďƐƚĂŶĐĞƐƐƉŝůůĞĚĨƌŽŵƉŝƉĞƐŽƌůŝŶĞƐĚƵƌŝŶŐŵŝŶŝŶŐ
ŽƉĞƌĂƚŝŽŶƐŝŶƚŚĞEŽƌƚŚǁĞƐƚƌĐƚŝĐĂŶĚ/ŶƚĞƌŝŽƌůĂƐŬĂƐƵďĂƌĞĂƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘ůůƐƉŝůůǀŽůƵŵĞƐŝŶ
ŐĂůůŽŶƐƵŶůĞƐƐŽƚŚĞƌǁŝƐĞŶŽƚĞĚ͘
^ƵďĂƌĞĂ

^ƵďƐƚĂŶĐĞ;ƐͿ

EŽƌƚŚǁĞƐƚƌĐƚŝĐ

^ƉŝůůǀŽůƵŵĞ;ŐĂůůŽŶƐͿ

ŽĨƐƉŝůůƐ

ZĂŶŐĞ

dŽƚĂů

ĂƐĞƐ

ϱ

ϭϬͲϰ͕ϮϬϬ

ϰ͕ϲϭϬ

ĂƵƐƚŝĐĂůŬĂůŝůŝƋƵŝĚƐ

ϭ

ϭ

ϭ

ŵƵůƐŝŽŶďƌĞĂŬĞƌ

ϭ

ϮϱůďƐ

ϮϱůďƐ

ƚŚǇůĞŶĞŐůǇĐŽů

ϭϯ

ϭͲϮϬ

ϲϰ

'ůǇĐŽů͕ŽƚŚĞƌ

Ϯ

ϯϱͲϱϬ

ϴϱ

>ĞĂĚ

ϯ

Ϭ͘ϬϲϯͲϮϱϬŐĂů͕ϴůďƐ

хϮϱϬ

DĂŐŶĞƐŝƵŵŽǆŝĚĞ;ƐůƵƌƌǇͿ

ϯ

ϰͲϭϬϬ

ϭϭϰ

DŝůůƐůƵƌƌǇ

ϲ

Ϭ͘ϱͲϭ͕ϱϬϬ

ϯ͕ϱϮϱ͘ϱ

KƚŚĞƌ

ϯϬ

Ϭ͘ϮϱͲϮϵ͕ϬϬϬŐĂů͖Ϭ͘ϱͲϱůďƐ

хϯϳ͕ϵϮϭ͘ϱ

WƌŽƉǇůĞŶĞŐůǇĐŽů

ϰ

ϭͲϭ͕ϱϬϬ

ϰ͕Ϭϭϭ

^ŽĚŝƵŵĐǇĂŶŝĚĞ

ϭ

ϭ

ϭ

^ŽĚŝƵŵŚǇƉŽĐŚůŽƌŝƚĞ

ϭ

ϭ

ϭ

^ƵůĨƵƌŝĐĂĐŝĚ

ϭ

Ϭ͘ϭϮϱ

Ϭ͘ϭϮϱ

ŝŶĐĐŽŶĐĞŶƚƌĂƚĞ

ϭϳ

Ϭ͘ϭϮͲϮϬϬŐĂů͕ϭϮůďƐ

хϭ͕Ϭϰϲ͘ϭϮ

ŝŶĐƐůƵƌƌǇ

Ϯϯ

Ϭ͘ϮϱͲϮϬϬ͕ϬϬϬ

Ϯϭϴ͕ϭϰϰ͘ϱ

^ƵďĂƌĞĂdŽƚĂů

ϭϭϮ











ƌŝůůŝŶŐŵƵĚƐ

ϭ

Ϭ͘ϱ

Ϭ͘ϱ

ƚŚǇůĞŶĞŐůǇĐŽů

ϲ

Ϭ͘ϮϱͲϯϬ

ϰϳ͘Ϯϱ

'ůǇĐŽů͕ŽƚŚĞƌ

ϭ

ϱ

ϱ

,ǇĚƌŽŐĞŶĐǇĂŶŝĚĞ

ϭ

Ϭ͘ϱ

Ϭ͘ϱ

DŝůůƐůƵƌƌǇ

ϯ

ϭϬͲϭϯϱ͕ϬϬϬ

ϭϱϬ͕ϬϭϬ

KƚŚĞƌ

ϭϲ

ϭͲϰϬ͕ϬϬϬ

ϳϭ͕ϭϳϯ

WƌŽƉǇůĞŶĞŐůǇĐŽů

ϰ

ϭϬͲϱϱ

ϭϲϬ

^ƵďĂƌĞĂdŽƚĂů

ϯϮ






/ŶƚĞƌŝŽƌůĂƐŬĂ




EƵŵďĞƌ
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Step 3. Estimate spill rates, Rore conc., pipeline
According to AECOM 2019 (pp 9-10):
The pipeline failure rate [of 0.001 per km-yr] used in EPA 2014 appears significantly
higher than would be interpreted from the Cunha 2012 statistical and interpretive analysis
RISLSHOLQHIDLOXUHUDWHV«&XQKDVKRZVDQDYHUDJHIDLOXUHIUHTXHQF\IRUOiquid
pipelines for all causes of 0.48 x 10-3NP«EDVHGRQDOOH[DPLQHGGDWDDQGGURSSLQJWR
0.28 x 10-3NP«IRUWKHILYHPRVWUHFHQW\HDUVLQWKHGDWDEDVHV&RQVLGHULQJRQO\WKH
Canadian [National Energy Board] data, Cunha reports a historic failure rate of 0.10 x
10-3/km«%DVHGRQHYDOXDWLRQRIWKH&XQKDDQG(3$GDWDDQGDVVXPLQJDSLSHOLQHZLWK
a suitably heavy-duty wall thickness operating for 20 years in the remote project area, the
(3$DQQXDOIDLOXUHUDWHRINP«ZDVUHGXFHGE\DIDFWRURIWHn to 0.10 x 10-3/km.

That is, AECOM (2019) and the PLP DEIS assume that
Rore conc, pipeline = RCanadian NEB = 0.10REPA 2014 = 0.0001 failures per km-yr
in part because pipeline failures due to third causes are expected to be low in rural areas. While
Cunha¶V (2012) Table 10 shows that rates for pipeline failures due to third parties drop between
urban, suburban and industrial KHUHDIWHU³XUEDQ´ areas and rural ones, failures due to third
parties are only one way pipelines can fail. The decreases in failure rates between urban and rural
areas compared in the United Kingdom and Brazil ranged from 0.085 to 0.184 x 10-3 per km-yr
(Table 10 in Cunha 2012), which made the rural third party failure rates 23-53% the magnitude
of the urban third party failure rates. In the US, failure rates due to third party causes range from
0.008 to 0.063 x 10-3 per km-yr, depending on the nominal diameter of the pipeline (Table 12 in
Cunha 2012). Failure rates due to internal corrosion, external corrosion, material/construction,
FUDFNLQJDQGQDWXUDOFDXVHVZRQ¶WFKDQJHEDVHGRQSRSXODWLRQGHQVLW\(For an analogous
comparison, see Table 4.10 in Muhlbauer 2004 showing that increasing pipeline burial depth
decreases the risk of external impacts causing failures, but has no effect on the rates due to other
causes.)
The base rate calculated by EPA was estimated based on multiple independent rates that
were chosen to characterize the scenario at Pebble Mine. If none of those rates already account
for the remoteness of the mine site, the EPA rate could be decreased by the pipeline diameter-
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specific expected decrease between urban and rural areas. There are at least two ways to model
this mathematically. First,

RPebble = REPA ± aRThird party, diameter

where a is between 40 and 80% to proportionally reduce the third party rate in rural areas and
RThird party, diameter is between 0.008 and 0.063 x 10-3 per km-yr. The maximum reduction in rate to
account for the rural location would then be 0.063 x 10-3 per km-yr reduced by 80% for a
pipeline with a nominal dimeter of 4-10 inches. In that case

RPebble = REPA ± aRThird party, diameter
= 0.0010 ± 0.80(0.000063) failures per km-yr
= 0.0010 ± 0.00005 failures per km-yr
= 0.00095 failures per km-yr.

Alternatively, Cunha¶V (2012) Table 3 cites DOT-API as attributing 41% of failures to third
party incidents, based on data from 1986-1996. If that proportion remains valid, we could
estimate

RPebble = (1 - a)0.41REPA + 0.59REPA

where 0.41REPA is the third party spill rate (assumed to be urban), 0.59REPA is the spill rate due to
all other causes and (1 - a) is the relative proportion of failures in rural locations compared to
urban ones. If a is an 80% drop in third party rates, then
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RPebble = (1 - a)0.41REPA + 0.59REPA
= (1 ± 0.8)(0.41)(0.001) + 0.59(0.001) failures per km-yr
= 0.000082 + 0.00059 failures per km-yr
= 0.000672 failures per km-yr.

7KH$(&20  UHSRUWGRHVQRWVD\KRZWKHUHGXFWLRQRIWKH(3$¶VHVWLPDWHG
pipeline spill rate is justified mathematically, other than assuming the pipeline will have a heavyduty wall thickness and operate in a remote area. The calculations in the appendix (pp 30-31 of
AECOM 2019) show that the authors tested reducing the EPA rate by a factor of four as well as
by a factor of 10, but there is no further explanation for why the factor of 10 reduction was
chosen. It is worth noting that the reduction by a factor of ten does adjust the EPA rate to match
lowest cited rate in Table 25 (Canadian NEB data, shaded row).
Reducing the estimated pipeline spill rate from EPA could be justified if more recent spill
GDWDDUHDYDLODEOHDQGLIWKHUDWHVWKDWZHUHSDUWRIWKH(3$¶VFDOFXODWLRQGLGQRWLQFRUSRUDWHWKH
difference between rural and urban pipeline failure rates. However, as shown here, if a reduction
based on the relative risk of third party impacts in rural areas is necessary, the data available in
Cunha (2012) OHDGWRHVWLPDWHVWKDWDUHRURIWKH(3$¶VUDWHLQVWHDGRI of it.
The preceding discussion completely ignores that the EPA pipeline failure rate and the
one from AECOM (2019) cited in the PLP DEIS do not adjust the failure rate to account for
differences between petroleum products and ore concentrate. This is an important omission that
may significantly underestimate the rate of ore concentrate spills relative to liquid petroleum
product spills. (3$  QRWHV³LWLVSRVVLEOHWKDWWKHHURVLYHRUFRUURVLYHQDWXUHRIWKHSURGXFW
concentrate slurry would increase IDLOXUHUDWHV´$FFRUGLQJWR&XQKD  ³>L@QWKHFDVHRI
liquid pipelines, the failure rate depends on the type of product and its corrosiveness. Pipelines
that transport heated products present much higher failure rate, mostly caused by external
corrRVLRQ´ )XUWKHU³>F@HUWDLQQRQK\GURFDUERQIOXLGVFDQLQFUHDVHWKHOLNHOLKRRGRIIDLOXUH
WKURXJKVSHFLILFPHFKDQLVPV´ZKLFKFRXOGEHDFFRXQWHGIRUE\FKRRVLQJDQDSSURSULDWH
multiplicative factor to increase the estimated failure rate (OGP 2010). As shown in Muhlbauer
(2004), the failure rate for hazardous liquids was almost 30% higher than the failure rate for
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pipelines transporting refined oil products (reference to Table 14.1 in Table 25). Without having
the length of pipeline data available, it is hard to make an apples-to-apples comparison of
pipeline failure rates for those carrying refined petroleum and those carrying ore concentrate.
dĂďůĞϮϱ͘WŝƉĞůŝŶĞƐƉŝůůƌĂƚĞĞƐƚŝŵĂƚĞƐĨƌŽŵǀĂƌŝŽƵƐƐŽƵƌĐĞƐ͘
^ŽƵƌĐĞ
K'WϮϬϭϬ

WŝƉĞůŝŶĞĚĞƚĂŝůƐ
ŝĂŵĞƚĞƌфϮϬĐŵ



KŶƐŚŽƌĞŐĂƐƉŝƉĞůŝŶĞƐ
KŶƐŚŽƌĞŐĂƐƉŝƉĞůŝŶĞƐ

&ĂŝůƵƌĞƌĂƚĞ
Ϭ͘ϬϬϭϬƉĞƌŬŵͲǇƌ



Ϭ͘ϬϬϬϰϭƉĞƌŬŵͲǇƌ
Ϭ͘ϬϬϬϭϳƉĞƌŬŵͲǇƌ

hZ^ϮϬϬϬ

ZϮϬϭϯ;ĐŝƚĞĚ
ŝŶWϮϬϭϰͿ

ϭϬƐŵĂůůĞƐƚŽƉĞƌĂƚŽƌƐ

Ϭ͘ϬϬϬϲϮƉĞƌŬŵͲǇƌ

ůďĞƌƚĂ͕ĂŶĂĚĂ

WϮϬϭϰ



Ϭ͘ϬϬϭϱƉĞƌŬŵͲǇƌ
Ϭ͘ϬϬϭϱƉĞƌŬŵͲǇƌ
Ϭ͘ϬϬϭϲƉĞƌŬŵͲǇƌ
Ϭ͘ϬϬϮϭƉĞƌŬŵͲǇƌ
Ϭ͘ϬϬϮϮƉĞƌŬŵͲǇƌ

Ϭ͘ϬϬϭϬƉĞƌŬŵͲǇƌ

ƵŶŚĂϮϬϭϮ

>ŝƋƵŝĚƐ͕ĂůůĐĂƵƐĞƐ

Ϭ͘ϬϬϬϰϴƉĞƌŬŵ





Ϭ͘ϬϬϬϮϴƉĞƌŬŵ

ĂŶĂĚŝĂŶE



Ϭ͘ϬϬϬϭϬƉĞƌŬŵ

DƵŚůďĂƵĞƌϮϬϬϰ
dĂďůĞϭϰ͘ϭ


h^͕ĐƌƵĚĞŽŝů
h^͕ƌĞĨŝŶĞĚƉƌŽĚƵĐƚƐ
h^͕ŚĂǌĂƌĚŽƵƐůŝƋƵŝĚƐ

dĂďůĞϭϰ͘Ϯ

ƌƵĚĞŽŝůĂŶĚƌĞĨŝŶĞĚ
ƉƌŽĚƵĐƚƐ
>ŝƋƵŝĚƐ


Ϭ͘ϬϬϬϭϭƉĞƌŵŝͲǇƌ
Ϭ͘ϬϬϬϲϴƉĞƌŵŝͲǇƌ

Ϭ͘ϬϬϬϴϵƉĞƌŵŝͲǇƌ
Ϭ͘ϬϬϬϴϵƉĞƌŵŝͲǇƌ͖

Ϭ͘ϬϬϬϴϲƉĞƌŵŝͲǇƌ͖

dĂďůĞϭϰ͘ϯ








ĂƚĂƵƐĞĚ
ZĞĐŽŵŵĞŶĚĞĚƌĂƚĞĂƐƉĞƌ
ƚŚĞ/ŶƚĞƌŶĂƚŝŽŶĂů
ƐƐŽĐŝĂƚŝŽŶŽĨKŝůĂŶĚ'ĂƐ
WƌŽĚƵĐĞƌƐ
'/'ĚĂƚĂďĂƐĞϭϵϳϬͲϮϬϬϰ
'/'ĚĂƚĂďĂƐĞϮϬϬϬͲϮϬϬϰ

ĐŝƚĞĚŝŶWϮϬϭϰ
ϮϬϭϭ
ϮϬϭϬ
ϮϬϬϵ
ϮϬϬϴ
ϮϬϬϳ
'ĞŽŵĞƚƌŝĐŵĞĂŶŽĨK'W
ϮϬϭϬ͕hZ^ϮϬϬϬ͕ĂŶĚ
ZϮϬϭϯƌĂƚĞƐŝŶŝƚĂůŝĐƐ

DĞĂŶŽĨƌĂƚĞƐĨƌŽŵƵƌŽƉĞ
ϭϵϳϭͲϮϬϭϬ͕ĂŶĂĚĂϮϬϬϬͲ
ϮϬϬϴ͕ĂŶĚƌĂǌŝůϭϵϳϴͲ
ϮϬϭϬ
DĞĂŶŽĨŵŽƐƚƌĞĐĞŶƚϱǇĞĂƌƐ
ĨƌŽŵƵƌŽƉĞ͕ĂŶĂĚĂ͕
ĂŶĚƌĂǌŝů

ϮϬϬϬͲϮϬϬϴĚĂƚĂ


ϭϵϳϱͲϭϵϵϵ

h^ĂǀĞƌĂŐĞ͕ϭϵϳϱͲϭϵϵϵ
h^ĂǀĞƌĂŐĞ͕ϭϵϵϬͲϭϵϵϳ
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dƌĂŶƐĨĞƌŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞďĞƚǁĞĞŶŵĂƌŝŶĞďĂƌŐĞƐĂŶĚƉŽƌƚƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐ
No scenario considered. No data compiled. Not modeled.

dƌĂŶƐĨĞƌŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞƚŽĂŶĚĨƌŽŵƚŚĞ>ĂŬĞ/ůŝĂŵŶĂ&ĞƌƌǇĂŶĚƚĂŶŬĞƌƚƌƵĐŬƐ
No scenario considered. No data compiled. Not modeled.

dƌĂŶƐĨĞƌŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞĨƌŽŵƚĂŶŬĞƌƚƌƵĐŬƐƚŽůŝŐŚƚĞƌŝŶŐďĂƌŐĞƐ
No scenario considered. No data compiled. Not modeled.

dƌĂŶƐĨĞƌŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞĨƌŽŵƉŝƉĞůŝŶĞƚŽůŝŐŚƚĞƌŝŶŐďĂƌŐĞƐ;ůƚĞƌŶĂƚŝǀĞϯͿ
No scenario considered. No data compiled. Not modeled.

dƌĂŶƐĨĞƌŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞĨƌŽŵůŝŐŚƚĞƌŝŶŐďĂƌŐĞƐƚŽŵĂƌŝŶĞďĂƌŐĞƐ
Concentrate would be transferred between lightering vessels and bulk carriers as
an over-water operation at lightering locations. Procedures for reducing the
potential for spills and fugitive dust for the over water transfers…are considered
robust. The probability of a large volume release from over-water transfer is so
low as to rule out the scenario as extremely unlikely.
PLP DEIS p. 4.27-57.

No scenario considered. No data compiled. Not modeled.

The transfer spill data could be approached by looking at the spill data from crude oil
terminals and harbor/port/marina facility types in ADEC. This can be done for diesel spills, and
then for ore concentrate and chemical reagents. (See Transfers.)
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ŚĞŵŝĐĂůƌĞĂŐĞŶƚƐ
The chemical reagents listed that would require transportation to the proposed mine site
are calcium oxide, sodium ethyl xanthate, diesel, sodium hydrogen sulfide, carboxy methyl
cellulose, methyl isobutyl carbinol, sodium silicate, and anionic polyacrylamide (PLP DEIS, pp.
4.27-58-61). The quantities in which they would be used were not specified but are large enough
WKDW³UHDJHQWVZRXOGEHWUDQVSRUWHGWRWKHPLQHVLWH«LQ-ton VKLSSLQJFRQWDLQHUV´ 3/3
DEIS, p. 4.27-58). It is expected that the proposed project would have an annual vessel traffic of
up to 27 concentrate vessels and 33 supply barges (Pebble Project DEIS Appendix N: Project
Description, page 2). Four of those supply barges may be bringing in 4 million gallons of diesel
each, so the quantities of reagents to be transported would still require about 30 barge loads per
year.
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ŚĞŵŝĐĂůƌĞĂŐĞŶƚƐƐƉŝůůĨĂƵůƚƚƌĞĞ

ŚĞŵŝĐĂůƌĞĂŐĞŶƚ
ƐƉŝůůƌŝƐŬ

ZďĂƌŐĞ

dϭ͕dϮ͕Žƌdϯ

ZďǆƚŬƌ

dϭ͕dϮ͕Žƌdϯ

ZƚĂŶŬĞƌ

dϭ͕dϮ͕Žƌdϯ

ZƚŬƌǆĨ

dϭ͕dϮ͕Žƌdϯ

ZĨĞƌƌǇ

dϭ͕dϮ͕Žƌdϯ

ZƐƚǆƚŬƌ

dϭ͕dϮ͕Žƌdϯ

ZƐƚŽƌĂŐĞ

dϭ͕dϮ͕Žƌdϯ

&ŝŐƵƌĞϰ͘dŚŝƐĐŽŶĐĞƉƚƵĂůĚŝĂŐƌĂŵŽĨƚŚĞĨĂƵůƚƚƌĞĞŵŽĚĞůŽĨƚŚĞŽǀĞƌĂůůƐƉŝůůƌŝƐŬĨŽƌĐŚĞŵŝĐĂůƌĞĂŐĞŶƚƐ
ĂůŽŶŐƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌŝŶĐůƵĚĞƐƌŝƐŬƐĨƌŽŵŵĂƌŝŶĞďĂƌŐĞƐ;ZďĂƌŐĞͿ͕ƚĂŶŬĞƌƚƌƵĐŬƐ;ZƚĂŶŬĞƌͿ͕ƚŚĞ
ĨĞƌƌǇ;ZĨĞƌƌǇͿ͕ĂŶĚƐƚŽƌĂŐĞĨĂĐŝůŝƚǇůĞĂŬƐ;ZƐƚŽƌĂŐĞͿ͕ĂŶĚƚƌĂŶƐĨĞƌƐďĞƚǁĞĞŶƚŚŽƐĞ;ZďǆƚŬƌ͕ZƚŬƌǆĨ͕ZƐƚǆƚŬƌͿĂŶĚƚŚĞ
ĂƐƐŽĐŝĂƚĞĚĂŵŽƵŶƚŽĨƵƐĞŝŶĞĂĐŚŽĨƚŚĞůƚĞƌŶĂƚŝǀĞƐ;dϭ͕dϮ͕ĂŶĚdϯĨŽƌĞĂĐŚƐƚĞƉĂůŽŶŐƚŚĞ
ƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌͿ͘EŽƚĂůůƚƌĂŶƐĨĞƌƐ͕ƐƵĐŚĂƐƚŚŽƐĞŝŶĂŶĚŽƵƚŽĨƐƚŽƌĂŐĞ͕ĂƌĞƐŚŽǁŶ͘ZŝƐŬƐŝŶƌĞĚ
ǁĞƌĞŶŽƚƋƵĂŶƚŝƚĂƚŝǀĞůǇĚŝƐĐƵƐƐĞĚŽƌĞǀĂůƵĂƚĞĚ͘
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^ĐĞŶĂƌŝŽƐŵŽĚĞůĞĚ͕ĚĂƚĂƵƐĞĚĂŶĚĂǀĂŝůĂďůĞ͕ĂŶĚĐĂůĐƵůĂƚĞĚƌŝƐŬĞƐƚŝŵĂƚĞƐ
The number of expected large reagent spills, Nreagent, can be modeled as
ܰ௧ ൌ   ܴ௧ǡ ܶ௧ǡ


where j includes tanker trucks, marine barges, the Lake Iliamna Ferry, storage at the port, and
transfers between the marine barges and trucks going to the ferry, transfers between trucks and
the ferry, and between the ferry and trucks going to the mine (Figure 4). This does not consider
offloading the tanker trucks at the mine, or bulk storage at the mine site.
The ADEC spills database has no records specific to spills of reagents from
trucking, marine, or ferry transport. Spill rates of hazardous materials in general
are lower than spills of substances such as diesel fuel or gasoline, because they
are not often handled by the general public. From 1995 to 2017, only 3 percent of
spills in Alaska released hazardous or very hazardous substance besides fuel oil
(ADEC 2018h). USCG and PF/PHMSA databases contain no records of marine
vessel spills specific to reagents…Because reagents would be transported in
relatively small volumes in secondary containment, the probability of a marine
spill of reagents in lower Cook Inlet is very low. The statistical probability of such
a release from the ferry into Iliamna Lake is even lower than that of a marine spill,
as described above for diesel spills.
(Pebble Project DEIS, pp. 4.27-61)

/HW¶VWDNHWKDWDSDUWVHQWHQFHE\VHQWHQFH
1. From 1995 to 2017, only 3 percent of spills in Alaska released hazardous or very
hazardous substance besides fuel oil (ADEC 2018h).
There have been more than 8,900 spills of hazardous and extremely hazardous substances
between 1995 and 2018, including 1,073 spills of extremely hazardous substances (Table 26).
Together, spills of hazardous and extremely hazardous substances represent 16.9% of the 52,919
spills in the ADEC database (Table 26).
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dĂďůĞϮϲ͘ƐƉŝůůƐďǇƐƵďƐƚĂŶĐĞĐůĂƐƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘,ĂǌĂƌĚŽƵƐĂŶĚĞǆƚƌĞŵĞůǇŚĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐƐƉŝůůĞĚĨƌŽŵƉŝƉĞƐŽƌůŝŶĞƐĚƵƌŝŶŐŵŝŶŝŶŐŽƉĞƌĂƚŝŽŶƐŝŶƚŚĞEŽƌƚŚǁĞƐƚƌĐƚŝĐĂŶĚ/ŶƚĞƌŝŽƌ
ůĂƐŬĂƐƵďĂƌĞĂƐĨƌŽŵϭϵϵϱͲϮϬϭϴĂƌĞŐŝǀĞŶŝŶdĂďůĞϮϰ͘

EŽŶͲĐƌƵĚĞ
Žŝů

ǆƚƌĞŵĞůǇ
ŚĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

,ĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

tĂƚĞƌ

hŶŬŶŽǁŶ

ϭ͘/ŶƚĞƌŝŽƌůĂƐŬĂ

Ϯ͘^ŽƵƚŚĞĂƐƚůĂƐŬĂ

ϯ͘WƌŝŶĐĞtŵ^ŽƵŶĚ

ϰ͘ŽŽŬ/ŶůĞƚ

ϱ͘<ŽĚŝĂŬ/ƐůĂŶĚ

ϲ͘ůĞƵƚŝĂŶƐ

ϳ͘ƌŝƐƚŽůĂǇ

ϴ͘tĞƐƚĞƌŶůĂƐŬĂ

ϵ͘EtƌĐƚŝĐ

ϭϬ͘EŽƌƚŚ^ůŽƉĞ

dŽƚĂů

ϳϴ

ϴ͕ϯϮϱ

ϳϳ

Ϯ͕ϭϲϱ

ϭϲϳ

ϭϭϯ

ϭϬ͕ϵϮϱ

Ϭ

ϴ͕Ϭϯϵ

Ϯϭϲ

ϯϳϵ

ϭϮ

ϴϱϲ

ϵ͕ϱϬϮ

ϭϮϱ

ϭ͕ϲϯϱ

ϯϰ

Ϯϭϭ

ϱ

ϴϱ

Ϯ͕ϬϵϮ

ϰϮϬ

ϵ͕Ϯϯϰ

ϮϴϮ

ϭ͕Ϭϭϱ

ϮϴϮ

ϭϴϭ

ϭϭ͕ϰϭϰ

Ϭ

ϭ͕Ϯϳϭ

ϰϵ

ϰϴ

Ϭ

ϰϲ

ϭ͕ϰϭϰ

Ϭ

ϭ͕ϱϵϮ

Ϯϰϯ

ϱϯ

Ϭ

ϰϲ

ϭ͕ϵϯϰ

Ϭ

ϲϯϵ

Ϯϲ

ϭϴ

ϭ

ϭϮ

ϲϵϲ

ϭ

ϭ͕ϰϬϭ

ϰ

Ϯϳ

Ϭ

ϭϰ

ϭ͕ϰϰϳ

Ϭ

Ϯ͕Ϯϲϳ

ϭϱ

ϴϵϲ

Ϯϭϲ

ϮϮ

ϯ͕ϰϭϲ

ϵϰϲ

ϱ͕ϭϵϭ

ϭϮϳ

ϯ͕Ϭϱϯ

ϳϮϭ

ϰϭ

ϭϬ͕Ϭϳϵ

ϭ͕ϱϳϬ

ϯϵ͕ϱϵϭ

ϭ͕Ϭϳϯ

ϳ͕ϴϲϱ

ϭ͕ϰϬϰ

ϭ͕ϰϭϲ

ϱϮ͕ϵϭϵ

dŽƚĂů

^ƵďĂƌĞĂ

ƌƵĚĞŽŝů



^ƵďƐƚĂŶĐĞ;ƐͿƐƉŝůůĞĚ

2. Spill rates of hazardous materials in general are lower than spill of substances such as
diesel fuel or gasoline, because they are not often handled by the general public.

The number of spill incidents involving hazardous materials might be expected to be
lower than that of gasoline or diesel spills. However, according to ADEC, between 1995 and
2018 there were 3,064 spills of diesel or gasoline at gas stations in Alaska, releasing over 62,000
gallons (data not shown). Those spills are not included in any of the transportation mode specific
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tables in this critique (ex. the vessel and vehicle diesel spill risks in Tables 3, 4, and 12) but are
part of Table 26.
3. USCG and PF/PHMSA databases contain no records of marine vessel spills specific
to reagents…

According to ADEC, there have 122 spills of hazardous or extremely hazardous
substances from vessels in Alaskan waters between 1995 and 2018 (Table 27). Vessel spills
UHSUHVHQWRIWKHWRWDOVSLOOVWKDWKDYHDUHSDUWRI$'(&¶V-2018 record. A small
proportion of those spills were of hazardous and extremely hazardous substances, but with added
exposure, those numbers would be expected to increase.
,WLVSRVVLEOHWKDWWKH86$&(PHDQWWKDWWKH86&*DQG3)3+06$GDWDEDVHVGLGQ¶W
contain records of vessel spills of the specific reagents listed in the PLP DEIS. If that is the
correct interpretation of the lack of records of reagent spills, we would also need to know how
much of those specific materials were transported by vessels.
4. The ADEC spills database has no records specific to spills of reagents from trucking,
marine, or ferry transport.

There have been 122 spills of hazardous and extremely hazardous substances by vessels,
including 34 spills of extremely hazardous substances (Table 27). There have been more than
950 spills of hazardous and extremely hazardous substances from vehicles between 1995 and
2018, including 33 spills of extremely hazardous substances (Table 28). Combining spills from
vehicles and vessels, there were 122 + 954 = 1,076 spills of hazardous and extremely hazardous
materials between 1995-2018, which represent 2% of the total recorded spills in ADEC. As in
point 3, it is possible that the correct interpretation of the comment about a lack of record of
reagent spills in ADEC is that there are no spills of the specific reagents proposed for use in the
PLP DEIS.
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dĂďůĞϮϳ͘ǀĞƐƐĞůƐƉŝůůƐďǇǀĞƐƐĞůƐƵďƚǇƉĞĨƌŽŵϭϵϵϱͲϮϬϭϴ͘




EŽŶͲĐƌƵĚĞŽŝů

ǆƚƌĞŵĞůǇ
ŚĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

,ĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

tĂƚĞƌ

hŶŬŶŽǁŶ

ĂƌŐĞƐ

ĂƌŐŽ;хϰϬϬ'dͿ

ĂƌŐŽ;фϰϬϬ'dͿ

dĂŶŬĞƌƐ

KƚŚĞƌ;хϰϬϬ'dͿ

KƚŚĞƌ;фϰϬϬ'dͿ

&ŝƐŚŝŶŐ;хϰϬϬ'dͿ

&ŝƐŚŝŶŐ;фϰϬϬ'dͿ

WĂƐƐĞŶŐĞƌ;хϰϬϬ'dͿ

WĂƐƐĞŶŐĞƌ;фϰϬϬ'dͿ

dŽƚĂů

ϭ

ϯϮϴ

ϭ

ϭϲ

Ϭ

ϵ

ϯϱϱ

Ϭ

ϯϱ

Ϭ

ϱ

Ϭ

ϭ

ϰϭ

Ϭ

ϵϯ

Ϭ

ϭ

Ϭ

ϯ

ϵϳ

ϯϬ

ϲϯ

ϭ

ϭ

Ϭ

ϰ

ϵϵ

Ϭ

ϵϵ

ϭ

ϭ

Ϭ

ϰ

ϭϬϱ

Ϭ

ϭ͕ϭϱϬ

ϰ

Ϯϰ

Ϭ

ϰϭ

ϭ͕Ϯϭϵ

Ϭ

ϲϴ

ϭϭ

Ϯ

Ϭ

Ϯ

ϴϯ

Ϭ

Ϯ͕ϭϰϵ

ϭϲ

ϭϲ

ϭ

ϯϭ

Ϯ͕Ϯϭϯ

Ϭ

ϭϳϲ

Ϭ

ϵ

Ϯ

ϭϯ

ϮϬϬ

Ϭ

ϯϯϬ

Ϭ

ϭϯ

Ϭ

ϭϵ

ϯϲϮ

ϯϭ

ϰ͕ϰϵϮ

ϯϰ

ϴϴ

ϯ

ϭϭϳ

ϰ͕ϳϳϱ





dŽƚĂů

sĞƐƐĞůƐƵďƚǇƉĞ

ƌƵĚĞŽŝů



^ƵďƐƚĂŶĐĞ;ƐͿƐƉŝůůĞĚ
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dĂďůĞϮϴ͘ǀĞŚŝĐůĞƐƉŝůůƐŽĨĞǀĞƌǇƚŚŝŶŐĞǆĐĞƉƚĚŝĞƐĞůĨƌŽŵϭϵϵϱͲϮϬϭϴ͘ŝĞƐĞůƐƉŝůůƐĨƌŽŵǀĞŚŝĐůĞƐĂƌĞ
ƐŚŽǁŶŝŶdĂďůĞϭϮ͘

EŽŶͲĐƌƵĚĞ͕
ŶŽŶͲĚŝĞƐĞů

ǆƚƌĞŵĞůǇ
ŚĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

,ĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

tĂƚĞƌ

hŶŬŶŽǁŶ

ϭ͘/ŶƚĞƌŝŽƌůĂƐŬĂ

Ϯ͘^ŽƵƚŚĞĂƐƚůĂƐŬĂ

ϯ͘WƌŝŶĐĞtŵ^ŽƵŶĚ

ϰ͘ŽŽŬ/ŶůĞƚ

ϱ͘<ŽĚŝĂŬ/ƐůĂŶĚ

ϲ͘ůĞƵƚŝĂŶƐ

ϳ͘ƌŝƐƚŽůĂǇ

ϴ͘tĞƐƚĞƌŶůĂƐŬĂ

ϵ͘EtƌĐƚŝĐ

ϭϬ͘EŽƌƚŚ^ůŽƉĞ

dŽƚĂů

ϰ

ϵϲϵ

ϵ

Ϯϵϯ

Ϭ

Ϭ

ϭ͕Ϯϳϱ

Ϭ

ϲϰϳ

ϭ

ϱϯ

Ϭ

ϮϬ

ϳϮϭ

Ϯ

ϭϭϳ

Ϯ

ϯϭ

Ϭ

Ϭ

ϭϱϮ

ϳ

ϵϮϴ

ϴ

ϭϱϵ

ϰ

ϱ

ϭ͕ϭϭϭ

Ϭ

ϵϰ

ϭ

ϵ

Ϭ

ϭ

ϭϬϱ

Ϭ

ϱϯ

Ϭ

ϲ

Ϭ

Ϭ

ϱϵ

Ϭ

Ϯϱ

Ϭ

Ϭ

Ϭ

Ϭ

Ϯϱ

Ϭ

ϳϴ

Ϭ

ϱ

Ϭ

Ϭ

ϴϯ

Ϭ

Ϯϭϵ

Ϭ

ϲϳ

Ϯ

Ϭ

Ϯϴϴ

Ϯϳ

ϱϴϲ

ϭϮ

Ϯϵϴ

Ϯϯ

ϯ

ϵϰϵ

ϰϬ

ϯ͕ϳϭϲ

ϯϯ

ϵϮϭ

Ϯϵ

Ϯϵ

ϰ͕ϳϲϴ

dŽƚĂů

^ƵďĂƌĞĂ

ƌƵĚĞŽŝů



^ƵďƐƚĂŶĐĞ;ƐͿƐƉŝůůĞĚ
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Spills from chemical storage facilities comprise less than 1% of the spills in the ADEC
database (Table 29). Only 0.3% of the 8,938 spills of hazardous and extremely hazardous
substances (Table 26) listed in ADEC occurred at chemical storage facilities.

dĂďůĞϮϵ͘ĨƌŽŵĐŚĞŵŝĐĂůƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘

EŽŶͲĐƌƵĚĞ

ǆƚƌĞŵĞůǇ
ŚĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

,ĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

tĂƚĞƌ

hŶŬŶŽǁŶ

ϭ͘/ŶƚĞƌŝŽƌůĂƐŬĂ

Ϯ͘^ŽƵƚŚĞĂƐƚůĂƐŬĂ

ϯ͘WƌŝŶĐĞtŵ^ŽƵŶĚ

ϰ͘ŽŽŬ/ŶůĞƚ

ϱ͘<ŽĚŝĂŬ/ƐůĂŶĚ

ϲ͘ůĞƵƚŝĂŶƐ

ϳ͘ƌŝƐƚŽůĂǇ

ϴ͘tĞƐƚĞƌŶůĂƐŬĂ

ϵ͘EtƌĐƚŝĐ

ϭϬ͘EŽƌƚŚ^ůŽƉĞ

dŽƚĂů

Ϭ

ϭ

ϯ

ϲ

Ϭ

Ϭ

ϭϬ

Ϭ

ϭ

Ϭ

Ϭ

Ϭ

Ϭ

ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

ϵ

ϭϰ

Ϯ

Ϭ

ϭ

Ϯϲ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

ϭ

ϭ

Ϭ

Ϭ

Ϭ

Ϯ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

Ϭ

ϭ

ϭ

Ϭ

Ϭ

Ϭ

Ϯ

Ϭ

ϭϯ

ϭϵ

ϴ

Ϭ

Ϭ

ϰϭ

dŽƚĂů

^ƵďĂƌĞĂ

ƌƵĚĞŽŝů



^ƵďƐƚĂŶĐĞ;ƐͿƐƉŝůůĞĚ
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DĂƌŝŶĞďĂƌŐĞ
No scenario considered. No data compiled. Not modeled.

dĂŶŬĞƌƚƌƵĐŬƐ
No scenario considered. No data compiled. Not modeled.

>ĂŬĞ/ůŝĂŵŶĂ&ĞƌƌǇ
No scenario considered. No data compiled. Not modeled.

^ƚŽƌĂŐĞ
No scenario considered. No data compiled. Not modeled.

dƌĂŶƐĨĞƌŽĨƌĞĂŐĞŶƚƐďĞƚǁĞĞŶŵĂƌŝŶĞďĂƌŐĞƐ;ĂŶĚƉŽƌƚƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐ͍ͿĂŶĚƚĂŶŬĞƌƚƌƵĐŬƐ


No scenario considered. No data compiled. Not modeled.


dƌĂŶƐĨĞƌŽĨƌĞĂŐĞŶƚƐƚŽĂŶĚĨƌŽŵƚŚĞ>ĂŬĞ/ůŝĂŵŶĂ&ĞƌƌǇĂŶĚƚĂŶŬĞƌƚƌƵĐŬƐ
No scenario considered. No data compiled. Not modeled.

The transfer spill data could be approached by looking at the spill data from crude oil
terminals and harbor/port/marina facility types in ADEC. This can be done for diesel spills, and
then for ore concentrate and chemical reagents. (See Transfers.)
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dƌĂŶƐĨĞƌƐ
As Figures 1, 3, and 4 illustrate, there are multiple transfer points for diesel, ore
concentrate, and chemical reagents. The number of transfers is dependent on the number of
models of transportation used, the use of storage facilities along the transportation corridor, and
the amount of material to be moved. As shown in Table 30, nearly 2% of the 52,919 spills in
Alaska from 1995-2018 occurred in harbors, ports, or marinas. These are separate from the
counts of spills from vessels and may be partial count of transfer spills related to vessels. Crude
oil terminal data could also be extracted from ADEC to further estimate the number of spills due
to transferring product (data not shown).
:LWKLQWKLVFULWLTXH,KDYHVWDWHG³No scenario considered. No data compiled. Not
modeled´ after each substance and mode specific transfer listed. There are at least 10 transfer
VFHQDULR³FRRNLHFUXPEV´ WKUHHOLVWHGIRUGLHVHOILYHIRURUHFRQFHQWUDWHDQGWZRIRUFKHPLFDO
reagents) that have been ignored within the PLP DEIS. This may be an incomplete list of transfer
processes if there are more intermediate storage points along the transportation corridor than
explicitly listed here.
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dĂďůĞϯϬ͘ŚĂƌďŽƌ͕ƉŽƌƚ͕ĂŶĚŵĂƌŝŶĂƐƉŝůůƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘


ŝĞƐĞů

EŽŶͲĐƌƵĚĞ͕
ŶŽŶͲĚŝĞƐĞů

ǆƚƌĞŵĞůǇ
ŚĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

,ĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

tĂƚĞƌĂŶĚ
ƵŶŬŶŽǁŶ

Ϭ

ϳ

ϰ

Ϭ

Ϭ

Ϭ

ϭϭ

Ϭ

ϭϵϳ

Ϯϰϴ

Ϭ

ϭϳ

ϭϳϳ

ϲϯϵ

Ϭ

Ϯϵ

ϱϰ

ϭ

ϭ

ϭϰ

ϵϵ

ϯ

ϯϳ

ϱϭ

Ϭ

ϴ

ϭϱ

ϭϭϰ

Ϭ

ϴ

ϵ

Ϭ

Ϭ

ϱ

ϮϮ

Ϭ

ϯϱ

ϯϲ

Ϭ

Ϯ

ϯ

ϳϲ

Ϭ

ϲ

ϰ

Ϭ

Ϭ

Ϭ

ϭϬ

Ϭ

ϵ

ϲ

Ϭ

ϭ

ϭ

ϭϳ

Ϭ

ϭϯ

ϱ

Ϭ

Ϭ

Ϭ

ϭϴ

Ϭ

ϲ

Ϯ

Ϭ

Ϭ

ϭ

ϵ

ϯ

ϯϰϳ

ϰϭϵ

ϭ

Ϯϵ

Ϯϭϲ

ϭ͕Ϭϭϱ

^ƵďĂƌĞĂ

ϭ͘/ŶƚĞƌŝŽƌůĂƐŬĂ

Ϯ͘^ŽƵƚŚĞĂƐƚůĂƐŬĂ

ϯ͘WƌŝŶĐĞtŵ^ŽƵŶĚ

ϰ͘ŽŽŬ/ŶůĞƚ

ϱ͘<ŽĚŝĂŬ/ƐůĂŶĚ

ϲ͘ůĞƵƚŝĂŶƐ

ϳ͘ƌŝƐƚŽůĂǇ

ϴ͘tĞƐƚĞƌŶůĂƐŬĂ

ϵ͘EtƌĐƚŝĐ

ϭϬ͘EŽƌƚŚ^ůŽƉĞ

dŽƚĂů








dŽƚĂů

ƌƵĚĞ

^ƵďƐƚĂŶĐĞ;ƐͿƐƉŝůůĞĚ
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KƚŚĞƌWŽƌƚĐƚŝǀŝƚŝĞƐDĞŶƚŝŽŶĞĚƵƚEŽƚ/ŶĐůƵĚĞĚ/Ŷ^ƉŝůůDŽĚĞůŝŶŐ
The port site will include shore-based and marine facilities for the shipment of
concentrate, freight, and fuel for the Project. The shore-based facilities will
include separate facilities for the receipt and storage of containers for
concentrate and freight. Other facilities will include fuel storage and
transfer facilities, power generation and distribution facilities, maintenance
facilities, employee accommodations, and offices.
(Pebble Project DEIS Appendix N: Project Description, page 4)

None of these activities were considered in the spill risk calculations. Still, when
considered together, the 501 bulk fuel storage spills (Table 17), 41 chemical storage spills (Table
29), 1,015 harbor/port/marina spills (Table 30), the 328 power generation spills (Table 31), and
1,179 maintenance yard operation spills (Table 32), add to 2,736 spills, account for 5% of the
spills in ADEC from 1985-2018. (Again, recall the cookie crumb analogy from the introduction.)
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dĂďůĞϯϭ͘ƉŽǁĞƌŐĞŶĞƌĂƚŝŽŶƐƉŝůůƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘


EŽŶͲĐƌƵĚĞ͕
ŶŽŶͲĚŝĞƐĞů

ǆƚƌĞŵĞůǇ
ŚĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

,ĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

tĂƚĞƌĂŶĚ
ƵŶŬŶŽǁŶ

ϰϱ

ϳϴ

Ϭ

ϯϯ

ϯ

ϭϱϵ

Ϯϴ

Ϯϯ

ϭ

ϰ

ϭ

ϱϳ

ϭϯ

ϭϬ

Ϭ

ϯ

Ϭ

Ϯϲ

Ϯϲ

ϭϳϭ

Ϯ

ϭϳ

ϭ

Ϯϭϳ

ϭ

ϭϭ

Ϭ

Ϭ

Ϭ

ϭϮ

ϭϭ

ϴ

Ϭ

Ϭ

Ϭ

ϭϵ

ϭϲ

ϯ

ϭ

ϭ

Ϭ

Ϯϭ

ϰϯ

ϭϱ

Ϭ

ϭ

Ϭ

ϱϵ

ϭϲ

ϱ

Ϭ

ϯ

Ϭ

Ϯϰ

ϭϳ

ϰ

ϭ

ϭϭ

ϭ

ϯϰ

Ϯϭϲ

ϯϮϴ

ϱ

ϳϯ

ϲ

ϲϮϴ

^ƵďĂƌĞĂ

ϭ͘/ŶƚĞƌŝŽƌůĂƐŬĂ

Ϯ͘^ŽƵƚŚĞĂƐƚůĂƐŬĂ

ϯ͘WƌŝŶĐĞtŵ^ŽƵŶĚ

ϰ͘ŽŽŬ/ŶůĞƚ

ϱ͘<ŽĚŝĂŬ/ƐůĂŶĚ

ϲ͘ůĞƵƚŝĂŶƐ

ϳ͘ƌŝƐƚŽůĂǇ

ϴ͘tĞƐƚĞƌŶůĂƐŬĂ

ϵ͘EtƌĐƚŝĐ

ϭϬ͘EŽƌƚŚ^ůŽƉĞ

dŽƚĂů

dŽƚĂů

ŝĞƐĞů

^ƵďƐƚĂŶĐĞ;ƐͿƐƉŝůůĞĚ
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dĂďůĞϯϮ͘ŵĂŝŶƚĞŶĂŶĐĞĨĂĐŝůŝƚǇƐƉŝůůƐĨƌŽŵϭϵϵϱͲϮϬϭϴ͘


ŝĞƐĞů

EŽŶͲĐƌƵĚĞ͕
ŶŽŶͲĚŝĞƐĞů

ǆƚƌĞŵĞůǇ
ŚĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

,ĂǌĂƌĚŽƵƐ
ƐƵďƐƚĂŶĐĞƐ

tĂƚĞƌĂŶĚ
ƵŶŬŶŽǁŶ

ϭ

ϭϭϬ

ϭϲϵ

ϱ

ϳϳ

ϭϳ

ϯϳϵ

Ϭ

ϯϳ

ϯϰ

Ϭ

ϭϬ

ϵ

ϵϬ

Ϭ

ϭϬ

Ϯϱ

Ϭ

ϯ

Ϭ

ϯϴ

ϭ

ϳϴ

ϭϲϰ

ϭ

ϯϬ

ϰ

Ϯϳϴ

Ϭ

ϭϭ

ϭϮ

Ϭ

ϯ

Ϭ

Ϯϲ

Ϭ

ϭϬ

ϲ

Ϭ

ϯ

Ϯ

Ϯϭ

Ϭ

ϳ

ϴ

Ϭ

Ϭ

Ϯ

ϭϳ

Ϭ

ϭϬ

ϭϮ

Ϭ

Ϭ

Ϯ

Ϯϰ

Ϭ

ϮϬ

ϭϭ

Ϭ

ϯ

Ϭ

ϯϰ

ϯ

ϴϬ

ϭϬϭ

ϭϱ

ϳϭ

Ϯ

ϮϳϮ

ϱ

ϯϳϯ

ϱϰϮ

Ϯϭ

ϮϬϬ

ϯϴ

ϭ͕ϭϳϵ

^ƵďĂƌĞĂ

ϭ͘/ŶƚĞƌŝŽƌůĂƐŬĂ

Ϯ͘^ŽƵƚŚĞĂƐƚůĂƐŬĂ

ϯ͘WƌŝŶĐĞtŵ^ŽƵŶĚ

ϰ͘ŽŽŬ/ŶůĞƚ

ϱ͘<ŽĚŝĂŬ/ƐůĂŶĚ

ϲ͘ůĞƵƚŝĂŶƐ

ϳ͘ƌŝƐƚŽůĂǇ

ϴ͘tĞƐƚĞƌŶůĂƐŬĂ

ϵ͘EtƌĐƚŝĐ

ϭϬ͘EŽƌƚŚ^ůŽƉĞ

dŽƚĂů

dŽƚĂů

ƌƵĚĞ

^ƵďƐƚĂŶĐĞ;ƐͿƐƉŝůůĞĚ
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ŽŶĐůƵƐŝŽŶƐ
ŽŶƐŝĚĞƌĂƚŝŽŶƐŽĨƵŵƵůĂƚŝǀĞZŝƐŬ;ǁŝƚŚŝŶƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌŽĨƚŚĞƉƌŽƉŽƐĞĚ
ƉƌŽũĞĐƚͿ
As shown in Figures 1, 3, and 4 and accompanying fault tree equations, estimating the
spill risks for each potential pollutant requires having an estimate of the spill rate for each spill
size class (Rsubstance, source) and an estimate of the amount of exposure to each risk rate (T). The
PLP DEIS does not have a complete list of spill risk rates for spill size classes as they are
commonly defined in other DEISs (Table 33). The few risks that have been quantitatively
estimated are based on the use of very limited data, selected without justification, or
mathematically suspect, even as they address spill sizes that are well past the minimum volume
to fall in the large spill category. Given the large amounts of materials being transported to and
from the mine and the multiple modes of transportation and transfers between those modes
(Table 34), even seemingly small risk rates can lead to significant expected numbers of spills.
The additive risks across all spill sizes and potential spill sites are the true measure of
environmental risk.
Within the AECOM (2019) probability estimates, the authors tried to find analogs to very
specific spill criteria, and match substance, location, and spill size before trying to estimate a
spill rate. With rare incidents and few data to work from, this can make models worse rather than
better. A more appropriate approach would have two modeling steps. In the first, all the rates of
all spills would be modeled for a given transportation model or process and substance class. That
very generalizable estimate could then be modified with more details, such that a specific rate of
interest can be a function of a base rate that is adjusted up or down, additionally or
proportionally, based on the data. After finding the overall incidence rate, a spill size distribution
can be used to estimate the risk rates for specific spill size classes by substance and by
transportation mode. That is, first model how often spills of all sizes happen, then break that
down by spill size class.
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dĂďůĞϯϯ͘^ƵŵŵĂƌǇůŝƐƚŽĨĂůůZŝũǀĂůƵĞƐƚŚĂƚƐŚŽƵůĚŚĂǀĞďĞĞŶĞƐƚŝŵĂƚĞĚ͘









Ͳ

Ͳ

Ͳ

Ͳ

dĂŶŬĞƌƚƌƵĐŬ

Ͳ

Ͳ

Ͳ

Ͳ


&ĞƌƌǇ


Ͳ


Ͳ


Ͳ


Ͳ

^ƚŽƌĂŐĞ
DĂƌŝŶĞďĂƌŐĞǆƐƚŽƌĂŐĞ
^ƚŽƌĂŐĞǆƚĂŶŬĞƌƚƌƵĐŬ
dĂŶŬĞƌƚƌƵĐŬǆĨĞƌƌǇ

Ͳ
Ͳ
Ͳ
Ͳ


Ͳ

Ͳ
Ͳ
Ͳ
Ͳ


Ͳ

Ͳ
Ͳ
Ͳ
Ͳ


Ͳ

Ͳ
Ͳ
Ͳ
Ͳ


Ͳ

Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ

Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ

Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ

Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ

Ͳ


Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ

Ͳ


Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ

Ͳ


Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ

Ͳ


Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ

dĂŶŬĞƌƚƌƵĐŬ
&ĞƌƌǇ
>ŝŐŚƚĞƌŝŶŐďĂƌŐĞ
DĂƌŝŶĞĐŽŶĐ͘ďĂƌŐĞ
dĂŶŬĞƌƚƌƵĐŬǆĨĞƌƌǇ
dƌƵĐŬǆůŝŐŚƚ͘ďĂƌŐĞ
>ŝŐŚƚďĂƌŐĞǆŵĂƌŝŶĞďĂƌŐĞ
WŝƉĞůŝŶĞ
WŝƉĞůŝŶĞǆůŝŐŚƚ͘ďĂƌŐĞ

ŚĞŵŝĐĂůƌĞĂŐĞŶƚƐ
DĂƌŝŶĞďĂƌŐĞ
dƌƵĐŬ
&ĞƌƌǇ
^ƚŽƌĂŐĞ
DĂƌŝŶĞďĂƌŐĞǆƐƚŽƌĂŐĞ
^ƚŽƌĂŐĞǆƚƌƵĐŬ
dƌƵĐŬǆĨĞƌƌǇ

^ĐĞŶĂƌŝŽĚĞƐĐƌŝďĞĚŝŶƚŚĞ
W>W/^͖ĞƐƚŝŵĂƚĞĚĂŶŶƵĂů
ƌŝƐŬƌĂƚĞ




DĂƌŝŶĞďĂƌŐĞ


KƌĞĐŽŶĐĞŶƚƌĂƚĞ



ǆƚƌĂůĂƌŐĞ
;хϭϬϬ͕ϬϬϬͿ

^ƉŝůůƐŽƵƌĐĞ

ŝĞƐĞů

DĞĚŝƵŵ
;ϭϬϬͲϭ͕ϬϬϬͿ

^ŵĂůů
;ϭϬͲϭϬϬͿ

^ƵďƐƚĂŶĐĞ

>ĂƌŐĞ
;ϭ͕ϬϬϬͲϭϬϬ͕ϬϬϬͿ

ƐƚŝŵĂƚĞĚƌŝƐŬƌĂƚĞ
^ƉŝůůǀŽůƵŵĞ;ƌĂŶŐĞŝŶŐĂůůŽŶƐͿ

хϯϬϬ͕ϬϬϬŐĂůůŽŶƐ͖
ϭ͘ϱǆϭϬͲϰƉĞƌǇƌ

хϯ͕ϬϬϬŐĂůůŽŶƐ͖
Ϯ͘ϬǆϭϬͲϳƉĞƌƚƌƵĐŬͲŵŝůĞ

хϯϬϬ͕ϬϬϬŐĂůůŽŶƐ͖
фϭ͘ϱǆϭϬͲϰƉĞƌǇƌ
Ͳ
Ͳ
Ͳ
Ͳ


ϴϬ͕ϬϬϬůď;ϱ͕ϳϬϭ͘ϯŐĂůůͿ͖Ϭ͘ϳϴǆ
ϭϬͲϲƉĞƌƚƌƵĐŬͲŵŝůĞ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
ϱϰ͕ϬϬϬůď;ϯ͕ϴϰϴŐĂůůͿ͖
Ϭ͘ϭϬǆϭϬͲϯƉĞƌŬŵ
Ͳ


Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
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dĂďůĞϯϰ͘dŝũĨŽƌƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌĐŽŵƉŽŶĞŶƚƐĐŽŶƐŝĚĞƌĞĚŝŶƚŚĞĐƌŝƚŝƋƵĞŽĨƐƉŝůůƐƌŝƐŬƐĨŽƌ
ƉƌŽƉŽƐĞĚĂůƚĞƌŶĂƚŝǀĞƐϭ͕Ϯ͕ĂŶĚϯ
^ƵďƐƚĂŶĐĞ
WŽƚĞŶƚŝĂůƐƉŝůůƐŽƵƌĐĞ
ŝĞƐĞů

ǆƉŽƐƵƌĞǀĂƌŝĂďůĞƐ

ϭϲŵŝůůŝŽŶŐĂůůŽŶƐƉĞƌǇĞĂƌ

ϰƉĞƌǇĞĂƌ͕ĞĂĐŚďƌŝŶŐŝŶŐϰŵŝůůŝŽŶŐĂůůŽŶƐ

dƌŝƉůĞƚĂŶŬĞƌƐ͖ĞĂĐŚƚĂŶŬŚŽůĚƐϲ͕ϯϱϬŐĂůůŽŶƐ͕ƐŽĂůŽĂĚĞĚƚƌŝƉůĞ
ƚĂŶŬĞƌƚƌƵĐŬŚĂƵůƐϭϵ͕ϬϱϬŐĂůůŽŶƐ
ϴϰϬŽŶĞͲǁĂǇƚƌŝƉƐĨƌŽŵƚŚĞƉŽƌƚƚŽƚŚĞŵŝŶĞ;ϲϲŵŝůĞƐŝŶůƚĞƌŶĂƚŝǀĞ
ϭ͖ϱϯŵŝůĞƐŝŶůƚĞƌŶĂƚŝǀĞϮ͖ϴϮŵŝůĞƐŝŶůƚĞƌŶĂƚŝǀĞϯͿ

ϭϴŵŝůĞůĂŬĞĐƌŽƐƐŝŶŐŝŶůƚĞƌŶĂƚŝǀĞϭ͖ϮϵŵŝůĞůĂŬĞĐƌŽƐƐŝŶŐŝŶ
ůƚĞƌŶĂƚŝǀĞϮ͖ůƚĞƌŶĂƚŝǀĞϯŚĂƐŶŽĨĞƌƌǇ

sĂƌŝĞƐďǇůŽĐĂƚŝŽŶ͖ϭϬ͕ϬϬϬƚŽϭ͘ϮϱŵŝůůŝŽŶŐĂůůŽŶƚĂŶŬƐ

ϰĚĞůŝǀĞƌŝĞƐŽĨϰŵŝůůŝŽŶŐĂůůŽŶƐĞĂĐŚƉĞƌǇĞĂƌ͕ĞĂĐŚƌĞƋƵŝƌŝŶŐϯĚĂǇƐ
ƚŽƵŶůŽĂĚ

ϴϰϬŽŶĞͲǁĂǇƚƌŝƉƐǁŝƚŚϯƚĂŶŬƐƉƵůůĞĚďǇĞĂĐŚƚƌƵĐŬŝƐϮ͕ϱϮϬƚƌĂŶƐĨĞƌ
ŽƉĞƌĂƚŝŽŶƐĨƌŽŵƐƚŽƌĂŐĞĂƚƚŚĞƉŽƌƚƚŽƚĂŶŬĞƌƚƌƵĐŬƐƉĞƌǇĞĂƌ

Ϯ͕ϱϮϬƚƌĂŶƐĨĞƌƐŽĨĨƵůůƚĂŶŬƐĨƌŽŵƚƌƵĐŬƐŽŶƚŚĞĨĞƌƌǇƚŽĐƌŽƐƐ>ĂŬĞ
/ůŝĂŵŶĂ͕ĂŶĚƚŚĞŶĂŶŽƚŚĞƌϮ͕ϱϮϬƚƌĂŶƐĨĞƌƐŽĨƚĂŶŬƐŽĨĨƚŚĞĨĞƌƌǇ
ĂŶĚŽŶƚŽƚƌƵĐŬƐŐŽŝŶŐƚŚĞƌĞŵĂŝŶŝŶŐĚŝƐƚĂŶĐĞƚŽƚŚĞŵŝŶĞƐŝƚĞ
;ϱ͕ϬϰϬƚƌĂŶƐĨĞƌƐƉĞƌǇĞĂƌͿ

ϴϳϲ͕ϬϬϬǁĞƚƚŽŶƐƉĞƌǇĞĂƌ;ĐŽƉƉĞƌͲŐŽůĚŽƌĞĐŽŶĐĞŶƚƌĂƚĞͿ

ϳϲ͕ϬϬϬůďĐĂƉĂĐŝƚǇ;ϱ͕ϰϭϲŐĂůůŽŶƐͿ
ΕϮϯ͕ϬϬϬďƵůŬĐŽŶƚĂŝŶĞƌƐŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞƉĞƌǇĞĂƌ

,ĂƵůϯďƵůŬĐŽŶƚĂŝŶĞƌƐ;ϮϮϴ͕ϬϬϬůď;ϭϲ͕ϮϰϵŐĂůůŽŶͿĐĂƉĂĐŝƚǇͿ
ϳ͕ϲϴϰŽŶĞͲǁĂǇƚƌƵĐŬƚƌŝƉƐƉĞƌǇĞĂƌ;ϲϲŵŝůĞƐŝŶůƚĞƌŶĂƚŝǀĞϭ͖ϱϯ
ŵŝůĞƐŝŶůƚĞƌŶĂƚŝǀĞϮ͖ϴϮŵŝůĞƐŝŶůƚĞƌŶĂƚŝǀĞϯͿ

ϭϴŵŝůĞůĂŬĞĐƌŽƐƐŝŶŐŝŶůƚĞƌŶĂƚŝǀĞϭ͖ϮϵŵŝůĞůĂŬĞĐƌŽƐƐŝŶŐŝŶ
ůƚĞƌŶĂƚŝǀĞϮ͖ůƚĞƌŶĂƚŝǀĞϯŚĂƐŶŽĨĞƌƌǇ

ϭϬůŝŐŚƚĞƌŝŶŐďĂƌŐĞůŽĂĚƐĨŽƌĞĂĐŚŵĂƌŝŶĞĐŽŶĐ͘ďĂƌŐĞ
ΕϴϱďƵůŬĐŽŶƚĂŝŶĞƌƐƉĞƌůŝŐŚƚĞƌŝŶŐďĂƌŐĞƚƌŝƉ
ϯ͕ϮϰϱƚŽŶƐƉĞƌůŝŐŚƚĞƌŝŶŐďĂƌŐĞƚƌŝƉ



DĂƌŝŶĞďĂƌŐĞƐ
dĂŶŬĞƌƚƌƵĐŬƐ

&ĞƌƌǇ

^ƚŽƌĂŐĞ
DĂƌŝŶĞďĂƌŐĞǆƐƚŽƌĂŐĞ

^ƚŽƌĂŐĞǆƚĂŶŬĞƌƚƌƵĐŬ

dĂŶŬĞƌƚƌƵĐŬǆĨĞƌƌǇ

KƌĞĐŽŶĐĞŶƚƌĂƚĞ
ƵůŬĐŽŶƚĂŝŶĞƌƐ

dĂŶŬĞƌƚƌƵĐŬƐ

&ĞƌƌǇ

>ŝŐŚƚĞƌŝŶŐďĂƌŐĞ
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ĐƌŝƚŝƋƵĞŽĨƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌƐƉŝůůƌŝƐŬĞƐƚŝŵĂƚĞƐ 


dĂďůĞϯϰ͘;ĐŽŶƚŝŶƵĞĚͿ

^ƵďƐƚĂŶĐĞ
WŽƚĞŶƚŝĂůƐƉŝůůƐŽƵƌĐĞ
KƌĞĐŽŶĐĞŶƚƌĂƚĞ

DĂƌŝŶĞĐŽŶĐ͘ďĂƌŐĞ



ǆƉŽƐƵƌĞǀĂƌŝĂďůĞƐ



ϮϳĐŽŶĐĞŶƚƌĂƚĞǀĞƐƐĞůƐƉĞƌǇĞĂƌ͕ĞĂĐŚŝŶƉŽƌƚĨŽƌϰͲϱĚĂǇƐ
ϴϱϰďƵůŬĐŽŶƚĂŝŶĞƌƐůŽĂĚĞĚŝŶƚŽĞĂĐŚďƵůŬĐĂƌƌŝĞƌ
ϯϮ͕ϰϰϰƚŽŶƐŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞƉĞƌďƵůŬĐĂƌƌŝĞƌ
ΕϲϱŵŝůůŝŽŶƉŽƵŶĚƐŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞƉĞƌďƵůŬĐĂƌƌŝĞƌ
ϰ͘ϲϮŵŝůůŝŽŶŐĂůůŽŶƐŽĨŽƌĞĐŽŶĐĞŶƚƌĂƚĞƉĞƌďƵůŬĐĂƌƌŝĞƌ

dĂŶŬĞƌƚƌƵĐŬǆĨĞƌƌǇ ϳ͕ϲϴϰŽŶĞͲǁĂǇƚƌƵĐŬƚƌŝƉƐƉĞƌǇĞĂƌǁŝƚŚϯƚĂŶŬƐƉƵůůĞĚďǇĞĂĐŚƚƌƵĐŬ
ŝƐϮϯ͕ϬϱϮƚƌĂŶƐĨĞƌŽƉĞƌĂƚŝŽŶƐĨƌŽŵƚĂŶŬĞƌƚƌƵĐŬƐƚŽƚŚĞĨĞƌƌǇ
ĞĂĐŚǇĞĂƌ͕ĂŶĚƚŚĞŶĂŶŽƚŚĞƌϮϯ͕ϬϱϮƚƌĂŶƐĨĞƌƐŽĨƚĂŶŬƐŽĨĨƚŚĞ
ĨĞƌƌǇĂŶĚŽŶƚŽƚƌƵĐŬƐŐŽŝŶŐƚŚĞƌĞŵĂŝŶŝŶŐĚŝƐƚĂŶĐĞƚŽƚŚĞƉŽƌƚ
;ϰϲ͕ϭϬϰƚƌĂŶƐĨĞƌƐƉĞƌǇĞĂƌͿ

dƌƵĐŬǆůŝŐŚƚ͘ďĂƌŐĞ ϳ͕ϲϴϰŽŶĞͲǁĂǇƚƌƵĐŬƚƌŝƉƐƉĞƌǇĞĂƌǁŝƚŚϯƚĂŶŬƐƉƵůůĞĚďǇĞĂĐŚƚƌƵĐŬ
ŝƐϮϯ͕ϬϱϮƚƌĂŶƐĨĞƌŽƉĞƌĂƚŝŽŶƐĨƌŽŵƚĂŶŬĞƌƚƌƵĐŬƐƚŽƚŚĞ
ůŝŐŚƚĞƌŝŶŐďĂƌŐĞƐĞĂĐŚǇĞĂƌ

>ŝŐŚƚďĂƌŐĞǆŵĂƌŝŶĞďĂƌŐĞ ϮϳϬŽǀĞƌǁĂƚĞƌƚƌĂŶƐĨĞƌŽƉĞƌĂƚŝŽŶƐƉĞƌǇĞĂƌ
ΕϴϱĐŽŶƚĂŝŶĞƌƐƚƌĂŶƐĨĞƌƌĞĚŝŶĞĂĐŚŽƉĞƌĂƚŝŽŶ
ΕϮϯ͕ϬϬϬďƵůŬĐŽŶƚĂŝŶĞƌŽǀĞƌǁĂƚĞƌƚƌĂŶƐĨĞƌƐƉĞƌǇĞĂƌ

WŝƉĞůŝŶĞ ůƚĞƌŶĂƚŝǀĞϯ͗ϴϮ͘ϯŵŝůĞƐ;ϭϯϯŬŵͿ

WŝƉĞůŝŶĞǆůŝŐŚƚ͘ďĂƌŐĞ 
 
ŚĞŵŝĐĂůƌĞĂŐĞŶƚƐ͕ŽƚŚĞƌĐĂƌŐŽ
DĂƌŝŶĞďĂƌŐĞ ΕϮϵ;сϯϯƐƵƉƉůǇďĂƌŐĞƐͲϰĚŝĞƐĞůďĂƌŐĞƐͿŵĂƌŝŶĞďĂƌŐĞƐƉĞƌǇĞĂƌ
ůŽĂĚĞĚǁŝƚŚϮϬͲƚŽŶƐŚŝƉƉŝŶŐĐŽŶƚĂŝŶĞƌƐ

dƌƵĐŬ /ĨĐŽŵƉĂƌĂďůĞƚŽƚƌŝƉůĞƚĂŶŬĞƌŚĂƵůŝŶŐĐĂƉĂĐŝƚǇ͕ƚŚŝƐǁŽƵůĚƌĞƋƵŝƌĞ
Εϴ͕ϬϬϬƚĂŶŬĞƌƚƌƵĐŬŽŶĞͲǁĂǇƚƌŝƉƐƉĞƌǇĞĂƌ͖ŝĨƐŝŶŐůĞƚĂŶŬĞƌ
ĐĂƉĂĐŝƚǇ͕ƚŚĞŶƵŵďĞƌŽĨŽŶĞͲǁĂǇƚƌŝƉƐǁŽƵůĚƚƌŝƉůĞƚŽΕϮϰ͕ϬϬϬ
ƉĞƌǇĞĂƌ͘;dŚĞƐĞĞƐƚŝŵĂƚĞƐĚŽŶŽƚĂĐĐŽƵŶƚĨŽƌĂŶǇƵƐĞŽĨ
ĂŝƌƉůĂŶĞƐƚŽƚƌĂŶƐƉŽƌƚĐŚĞŵŝĐĂůƌĞĂŐĞŶƚƐŽƌŽƚŚĞƌĐĂƌŐŽ͘Ϳ

&ĞƌƌǇ ϭϴŵŝůĞůĂŬĞĐƌŽƐƐŝŶŐŝŶůƚĞƌŶĂƚŝǀĞϭ͖ϮϵŵŝůĞůĂŬĞĐƌŽƐƐŝŶŐŝŶ
ůƚĞƌŶĂƚŝǀĞϮ͖ůƚĞƌŶĂƚŝǀĞϯŚĂƐŶŽĨĞƌƌǇ
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ĐƌŝƚŝƋƵĞŽĨƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌƐƉŝůůƌŝƐŬĞƐƚŝŵĂƚĞƐ 


dĂďůĞϯϰ͘;ĐŽŶƚŝŶƵĞĚͿ


^ƵďƐƚĂŶĐĞ
ǆƉŽƐƵƌĞǀĂƌŝĂďůĞƐ
WŽƚĞŶƚŝĂůƐƉŝůůƐŽƵƌĐĞ 
ŚĞŵŝĐĂůƌĞĂŐĞŶƚƐ͕ŽƚŚĞƌĐĂƌŐŽ
 
^ƚŽƌĂŐĞ sĂƌŝĞƐ

DĂƌŝŶĞďĂƌŐĞǆƐƚŽƌĂŐĞ sĂƌŝĞƐ

^ƚŽƌĂŐĞǆƚƌƵĐŬ sĂƌŝĞƐ

dƌƵĐŬǆĨĞƌƌǇ ϴ͕ϬϬϬƚŽϮϰ͕ϬϬϬŽŶĞͲǁĂǇƚƌƵĐŬƚƌŝƉƐǁŝƚŚƚƌĂŶƐĨĞƌƐŽŶĂŶĚŽĨĨƚŚĞ
ĨĞƌƌǇŝƐϭϲ͕ϬϬϬƚŽϰϴ͕ϬϬϬƚƌƵĐŬͲĨĞƌƌǇƚƌĂŶƐĨĞƌƐƉĞƌǇĞĂƌ


^ĐŽƌŝŶŐƚŚŝƐƌŝƐŬĂƐƐĞƐƐŵĞŶƚĂŐĂŝŶƐƚĂďĞƐƚƉƌĂĐƚŝĐĞƐůŝƐƚ
The risk rates in Table 33 are shown as constant values, incorporating neither uncertainty
about the estimates or the fact that risks evolve over time. In engineering, risk rates are often
WKRXJKWWRIROORZD³EDWKWXEFXUYH´(Muhlbauer 2004) in which both the early phase and later
operations have higher risks than a middle period when things run more smoothly. For
mathematical simplicity, that is often ignored when modeling, especially if there are relatively
few data, especially those relating to equipment age, to work with. That has been the case here.
Furthermore, no simulations (for example: Monte Carlo) have been attempted to see how
sensitive the estimated risk rates or numbers of spills are to the assumptions and data selected,
nor were any variances or confidence intervals about the estimated rates presented.
Burmaster and Anderson (1994) listed 14 criteria for best practices in evaluating health
and environmental risks, specifically using Monte Carlo methods. Although that paper is focused
on a specific technique, many of the best practices apply to quantitative risk assessments in
general. The PLP DEIS does not include a Monte Carlo analysis or estimate of variability about
the potential number of spills. Clearly, the analyses presented here will not score well on those
criteria. However, there are several basic practices of risk modeling that are also listed in
Burmaster and Anderson (1994) that we can compare the PLP DEIS against (Table 35).
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ĐƌŝƚŝƋƵĞŽĨƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌƐƉŝůůƌŝƐŬĞƐƚŝŵĂƚĞƐ 


dĂďůĞϯϱ͘ǀĂůƵĂƚŝŶŐƚŚĞKD͛Ɛ;ϮϬϭϵͿǁŽƌŬƵƐŝŶŐƵƌŵĂƐƚĞƌĂŶĚŶĚĞƌƐŽŶ͛Ɛ;ϭϵϵϰͿ͞WƌŝŶĐŝƉůĞƐŽĨ
ŐŽŽĚƉƌĂĐƚŝĐĞĨŽƌƚŚĞƵƐĞŽĨDŽŶƚĞĂƌůŽƚĞĐŚŶŝƋƵĞƐŝŶŚƵŵĂŶŚĞĂůƚŚĂŶĚĞĐŽůŽŐŝĐĂůƌŝƐŬĂƐƐĞƐƐŵĞŶƚƐ͘͟
ƵƌŵĂƐƚĞƌĂŶĚŶĚĞƌƐŽŶ;ϭϵϵϰͿWƌŝŶĐŝƉůĞ
;ůŝŐŚƚůǇĞĚŝƚĞĚĨŽƌůĞŶŐƚŚĂŶĚŐĞŶĞƌĂůŝǌĞĚͿ
ϭ͘^ŚŽǁĂůůƚŚĞĨŽƌŵƵůĂĞƵƐĞĚƚŽĞƐƚŝŵĂƚĞƌŝƐŬƐ͘

Ϯ͘ĂůĐƵůĂƚĞĂŶĚƉƌĞƐĞŶƚĂƉŽŝŶƚĞƐƚŝŵĂƚĞŽĨƌŝƐŬƵƐŝŶŐĂ
ĚĞƚĞƌŵŝŶŝƐƚŝĐƌŝƐŬĂƐƐĞƐƐŵĞŶƚ͘

ϯ͘ŽŶĚƵĐƚĂƐĞŶƐŝƚŝǀŝƚǇĂŶĂůǇƐĞƐŽĨƚŚĞĚĞƚĞƌŵŝŶŝƐƚŝĐƌŝƐŬ
ĂƐƐĞƐƐŵĞŶƚƚŽŝĚĞŶƚŝĨǇǁŚŝĐŚǀĂƌŝĂďůĞƐƐŚŽƵůĚƌĞĐĞŝǀĞ
ƉƌŽďĂďŝůŝƐƚŝĐƚƌĞĂƚŵĞŶƚŝŶƐŝŵƵůĂƚŝŽŶƐ͘

ϰ͘/ŶƚŚĞŝŶƚĞƌĞƐƚŽĨƐĂǀŝŶŐƚŝŵĞĂŶĚƌĞƐŽƵƌĐĞƐ͕ďĞũƵĚŝĐŝŽƵƐŝŶ
ƐĞůĞĐƚŝŶŐǁŚŝĐŚǀĂƌŝĂďůĞƐƚŽƚƌĞĂƚƉƌŽďĂďŝůŝƐƚŝĐĂůůǇ͘


ϱ͘WƌŽǀŝĚĞĚĞƚĂŝůĞĚŝŶĨŽƌŵĂƚŝŽŶĂďŽƵƚŝŶƉƵƚĚŝƐƚƌŝďƵƚŝŽŶƐ͕
ŝŶĐůƵĚŝŶŐĂϱͲƚŽϭϬͲƉĂŐĞũƵƐƚŝĨŝĐĂƚŝŽŶŽĨƚŚĞƐĞůĞĐƚĞĚ
ĚŝƐƚƌŝďƵƚŝŽŶďĂƐĞĚŽŶƌĞƐƵůƚƐŝŶĂƌĞĨĞƌĞĞĚƉƵďůŝĐĂƚŝŽŶ͕
ĨƌŽŵŶĞǁĚĞǀĞůŽƉŵĞŶƚƐ͕ŽƌĨƌŽŵĞůŝĐŝƚĂƚŝŽŶŽĨĞǆƉĞƌƚ
ũƵĚŐŵĞŶƚ͘

ϲ͘^ŚŽǁŚŽǁƚŚĞŝŶƉƵƚĚŝƐƚƌŝďƵƚŝŽŶƐĐĂƉƚƵƌĞĂŶĚƌĞƉƌĞƐĞŶƚ
ďŽƚŚƚŚĞǀĂƌŝĂďŝůŝƚǇĂŶĚƚŚĞƵŶĐĞƌƚĂŝŶƚǇŝŶƚŚĞŝŶƉƵƚ
ǀĂƌŝĂďůĞ͘

ϳ͘hƐĞŵĞĂƐƵƌĞĚĚĂƚĂƚŽŝŶĨŽƌŵƚŚĞĐŚŽŝĐĞŽĨŝŶƉƵƚ
ĚŝƐƚƌŝďƵƚŝŽŶƐǁŚĞŶĞǀĞƌƉŽƐƐŝďůĞ͕ĂĨƚĞƌŵĂŬŝŶŐƐƵƌĞƚŚĂƚƚŚĞ
ĚĂƚĂĂƌĞƌĞůĞǀĂŶƚĂŶĚƌĞƉƌĞƐĞŶƚĂƚŝǀĞƚŽƚŚĞƉŽƉƵůĂƚŝŽŶ͕
ƉůĂĐĞ͕ĂŶĚƚŝŵĞŝŶƚŚĞƐƚƵĚǇ͘

ϴ͘ŝƐĐƵƐƐƚŚĞŵĞƚŚŽĚƐĂŶĚƌĞƉŽƌƚƚŚĞŐŽŽĚŶĞƐƐͲŽĨͲĨŝƚ
ƐƚĂƚŝƐƚŝĐƐĨŽƌĂŶǇƉĂƌĂŵĞƚƌŝĐĚŝƐƚƌŝďƵƚŝŽŶƐĨŽƌŝŶƉƵƚ
ǀĂƌŝĂďůĞƐƚŚĂƚǁĞƌĞĨŝƚƋƵĂŶƚŝƚĂƚŝǀĞůǇƚŽŵĞĂƐƵƌĞĚĚĂƚĂ͘

ϵ͘ŝƐĐƵƐƐƚŚĞƉƌĞƐĞŶĐĞŽƌĂďƐĞŶĐĞŽĨŵŽĚĞƌĂƚĞƚŽƐƚƌŽŶŐ
ĐŽƌƌĞůĂƚŝŽŶƐďĞƚǁĞĞŶŽƌĂŵŽŶŐƚŚĞŝŶƉƵƚǀĂƌŝĂďůĞƐ͘











ǀĂůƵĂƚŝŽŶŽĨKD;ϮϬϭϵͿ
EŽƚƐŚŽǁŶŝŶƌĞƉŽƌƚƚĞǆƚ͘^ĞĞ
DĂƚŚĞŵĂƚŝĐĂůŵŽĚĞů͘

KŶůǇƉƌŽǀŝĚĞĚĨŽƌĨŽƵƌŽĨƚŚĞ
ƉŽƐƐŝďůĞĐŽŵƉŽŶĞŶƚƐŽĨƚŚĞĨĂƵůƚ
ƚƌĞĞŝŶĚŝǀŝĚƵĂůůǇ͘

EŽƚƐŚŽǁŶ͘

EŽƚƐŚŽǁŶ͖ƉƌŽďĂďůǇůĞƐƐ
ŝŵƉŽƌƚĂŶƚŶŽǁƚŚĂƚĐŽŵƉƵƚŝŶŐ
ƉŽǁĞƌŚĂƐŝŶĐƌĞĂƐĞĚƐƵďƐƚĂŶƚŝĂůůǇ
ŝŶĐŽŵƉĂƌŝƐŽŶƚŽǁŚĂƚǁĂƐ
ĂǀĂŝůĂďůĞŝŶϭϵϵϰ͘

dŚĞŵĂŝŶƚĞǆƚŽĨKD;ϮϬϭϵͿŝƐ
ϭϰƉƉůŽŶŐ͘dŚĞĂƉƉĞŶĚŝĐĞƐƐŚŽǁĂ
ǀĂƌŝĞƚǇŽĨƉŽƚĞŶƚŝĂůĚĂƚĂƚŽƵƐĞŝŶ
ŵŽĚĞůŝŶŐǁŝƚŚŶŽĞǆƉůĂŶĂƚŝŽŶĨŽƌ
ƚŚĞƐĞƚƐĞůĞĐƚĞĚ͘
EŽƚƐŚŽǁŶ͘

KD;ϮϬϭϵͿƚƌŝĞĚĨŝŶĚŝŶŐĂŶĂůŽŐƐ
ƚŽƚŚĞW>WƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌ
ďƵƚĐŽŶƐƚƌŝĐƚĞĚƚŚĞŝƌƐĞůĞĐƚŝŽŶƚŽ
ƚŝŶǇƐĂŵƉůĞƐŝǌĞƐ͘
EŽƚƐŚŽǁŶ͘

EŽƚƐŚŽǁŶ͘
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dĂďůĞϯϱ͘;ĐŽŶƚŝŶƵĞĚͿ

ϭϬ͘WƌŽǀŝĚĞĚĞƚĂŝůĞĚŝŶĨŽƌŵĂƚŝŽŶĂŶĚŐƌĂƉŚƐĨŽƌĞĂĐŚŽƵƚƉƵƚ
ĚŝƐƚƌŝďƵƚŝŽŶ͕ŝŶĐůƵĚŝŶŐĂĐŽŵƉĂƌŝƐŽŶĂŐĂŝŶƐƚƚŚĞ
ĚĞƚĞƌŵŝŶŝƐƚŝĐƉŽŝŶƚĞƐƚŝŵĂƚĞ͘

ϭϭ͘WĞƌĨŽƌŵƉƌŽďĂďŝůŝƐƚŝĐƐĞŶƐŝƚŝǀŝƚǇĂŶĂůǇƐĞƐĨŽƌĂůůŽĨƚŚĞŬĞǇ
ŝŶƉƵƚƐƌĞƉƌĞƐĞŶƚĞĚďǇĂĚŝƐƚƌŝďƵƚŝŽŶŝŶƚŚĞĂŶĂůǇƐŝƐŝŶƐƵĐŚ
ĂǁĂǇĂƐƚŽĚŝƐƚŝŶŐƵŝƐŚƚŚĞĞĨĨĞĐƚƐŽĨǀĂƌŝĂďŝůŝƚǇĨƌŽŵƚŚĞ
ĞĨĨĞĐƚƐŽĨƵŶĐĞƌƚĂŝŶƚǇŝŶƚŚĞŝŶƉƵƚƐ͘

ϭϮ͘/ŶǀĞƐƚŝŐĂƚĞƚŚĞŶƵŵĞƌŝĐĂůƐƚĂďŝůŝƚǇŽĨƚŚĞ;ŝͿĐĞŶƚƌĂů
ŵŽŵĞŶƚƐ;ŵĞĂŶ͕ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶ͕ƐŬĞǁŶĞƐƐ͕ĂŶĚ
ŬƵƌƚŽƐŝƐͿĂŶĚ;ŝŝͿƚŚĞƚĂŝůƐŽĨƚŚĞŽƵƚƉƵƚĚŝƐƚƌŝďƵƚŝŽŶŽĨƚŚĞ
ƐŝŵƵůĂƚŝŽŶ͘dŚĞĂŶĂůǇƐƚƐŚŽƵůĚƌƵŶĞŶŽƵŐŚŝƚĞƌĂƚŝŽŶƐ
;ĐŽŵŵŽŶůǇхϭϬ͕ϬϬϬͿƚŽĚĞŵŽŶƐƚƌĂƚĞƚŚĞŶƵŵĞƌŝĐĂů
ƐƚĂďŝůŝƚǇŽĨƚŚĞƚĂŝůƐŽĨƚŚĞŽƵƚƉƵƚƐ͘

ϭϯ͘WƌĞƐĞŶƚƚŚĞŶĂŵĞĂŶĚƚŚĞƐƚĂƚŝƐƚŝĐĂůƋƵĂůŝƚǇŽĨƚŚĞƌĂŶĚŽŵ
ŶƵŵďĞƌŐĞŶĞƌĂƚŽƌƵƐĞĚ͘

ϭϰ͘ŝƐĐƵƐƐƚŚĞůŝŵŝƚĂƚŝŽŶƐŽĨƚŚĞŵĞƚŚŽĚƐĂŶĚŽĨƚŚĞ
ŝŶƚĞƌƉƌĞƚĂƚŝŽŶŽĨƚŚĞƌĞƐƵůƚƐ͘


dŚĞƉŝƉĞůŝŶĞƐƉŝůůƌŝƐŬƌĂƚĞƐƌĞƐƵůƚŝŶŐ
ĨƌŽŵĚŝĨĨĞƌĞŶƚƌĞĚƵĐƚŝŽŶĨĂĐƚŽƌƐŽĨ
ƚŚĞW;ϮϬϭϰͿƌĂƚĞĂƌĞƐŚŽǁŶŽŶ
Ɖ͘ϯϯ͘
EŽƚƐŚŽǁŶ͘

EŽƚƐŚŽǁŶ͘

EŽƚƐŚŽǁŶ͘

dŚĞƌĞŝƐƐŽŵĞĂĐŬŶŽǁůĞĚŐŵĞŶƚŝŶ
KD;ϮϬϭϵͿƚŚĂƚƚŚĞĞƐƚŝŵĂƚĞĚ
ƌŝƐŬƐĂƌĞďĂƐĞĚŽŶǀĞƌǇůŝŵŝƚĞĚĚĂƚĂ
ĂŶĚƌĞƐƚƌŝĐƚĞĚƚŽƚŚĞƐƉĞĐŝĨŝĐ
ƐĐĞŶĂƌŝŽƐůŝƐƚĞĚ͘dŚŽƐĞĐĂǀĞĂƚƐĂƌĞ
ŶŽƚďƌŽƵŐŚƚĨŽƌƚŚŝŶƚŚĞW>W/^͘
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^ƵŵŵĂƌǇ
I examined the transportation corridor spill risks from marine barges, lightering barges,
the lake ferry, and trucks proposed to move diesel, ore concentrate, and chemical reagents
presented in the PLP DEIS.

1. In other DEISs, spill risks are evaluated by defined size classes small, medium, large, and
extra large. "Large" is often defined as 1,000-100,000 gallons of petroleum product or other
hazardous material. The PLP DEIS didn't do that and instead only defined 4 scenarios: >3,000
gallons of diesel from a tanker truck; ~3,850 gallons of copper-gold ore concentrate from a
pipeline; 5,700 gallons of copper-gold ore concentrate from a tanker truck; and >300,000 gallons
of diesel from a marine barge. The spills they modeled are well above the threshold to qualify as
large, so the spill rates and probabilities are underestimated.

2. The spill rates of diesel and of ore concentrate from tanker trucks use different roads as
analogs, both of which have tiny sample sizes (partly because of the geographic specificity and
partly because they only consider spills with exceptionally large volumes). The diesel spill risk
rate tries to equate risks on Dalton Highway with the proposed Pebble Mine roads and bases the
estimated spill rate on a single spill. The spill risk of ore concentrate was based on 17 spills in 23
years of data in ADEC from Red Dog Mine. Even though those data result in the smallest of
several estimated risk rates per truck-mile, the result is that AECOM (2019) estimates that a spill
of 5,700 gallons of ore concentrate from a truck is expected ~2.5 years.

3. The pipeline spill risk estimates were based on spill risks rates of petroleum products, which
may have entirely different characteristics than ore concentrate. AECOM (2019) took the EPA's
rate and multiplied it by 10% to make it match the Canadian NEB's rate, claiming that being in a
remote area would lead to far fewer spills due to third party accidents.

4. The modeling to find the risk rate for spills >300,000 gallons from a marine barge uses the
Bureau of Ocean Energy Management's estimated rates of spills >42,000 gallons, >420,000








ϴϬ


BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2213 of 2339

ĐƌŝƚŝƋƵĞŽĨƚŚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐŽƌƌŝĚŽƌƐƉŝůůƌŝƐŬĞƐƚŝŵĂƚĞƐ 



gallons, and >1,050,000 gallons in an overly complicated and mathematically unjustified attempt
at curve fitting.

5. All other potential spills were dismissed as unlikely or not consequential. This means spill
sizes less than the volumes shown here were not considered quantitatively as risk rates, expected
numbers of spills, or cumulative volumes over the course of the proposed project. Among the
issues that were ignored are potential spills from lightering barges, spills at any of the transfers
between transportation modes, and spills from activities at the port, such as storage facility spills,
power generation, or during maintenance activities.

In short, the PLP DEIS ignores many potential spill risks along the transportation
corridor, only modeled the largest possible volumes from a small number of possible sources,
and the estimates they have are not statistically justified.
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͘ǆĐĞůĨŝůĞƐ;KŶĞǁŽƌŬďŽŽŬĨŽƌĞĂĐŚŽĨƚŚĞϭϬƐƵďƌĞŐŝŽŶƐͿ
ĂĐŚǁŽƌŬďŽŽŬĐŽŶƚĂŝŶƐĂůůƚŚĞƐƉŝůůƐƌĞĐŽƌĚĞĚŝŶĨƌŽŵϭϵϵϱͲϮϬϭϴ͘ƵƉůŝĐĂƚĞƐǁĞƌĞƌĞŵŽǀĞĚŝĨ
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Comments on Draft EIS for Proposed Pebble Mine
Submitted to Cook InletKeeper and SalmonState
by Nuka Research and Planning Group, LLC
May 20, 2019
This document identifies gaps and errors in the Draft Environmental Impact Statement (DEIS)
for the proposed Pebble Mine project. Our review is related to the following issues associated
with the proposed mine and associated infrastructure: (1) shipping hazards and risks in Cook
Inlet, (2) tsunamis and proposed port infrastructure, (3) natural gas pipeline, and (4) Lake
Iliamna operations.
1. Shipping Hazards and Spill Risks in Cook Inlet
The DEIS lacks key information regarding navigational risks, spill risks, and tsunami hazards for
the two proposed ocean port sites of Amakdedori and Diamond Point. To characterize the
shipping hazards, and the consequent environmental impact of accidents and spills, USACE
needs to provide detailed metocean data or models for all potential port and lightering sites,
operating parameters for all vessels, and a response viability analysis for oil spill responses to all
modeled oil spills. These analyses are technologically practical, and have been done for many
other waterways and industrial projects in Alaska and elsewhere. Without this information it is
impossible to determine the environmental impact of shipping operations, and impossible to
evaluate the relative impact of the two proposed port sites. The proposed shipping activity poses
significant hazards to humans and the environment not addressed in the DEIS.
1.1 Existing Cook Inlet data on vessel traffic, incidents, and spill risks is not an adequate
analog
PLP asserts that the vessel traffic associated with the mining operation would not represent a
significant change in Cook Inlet vessel traffic, and uses Cook Inlet spill data to predict future
spills. However, the proposed mine would bring more traffic, more bulk carriers, and deep draft
vessel activity to an area of Cook Inlet where such vessels do not currently operate.
No significant shipping activity currently occurs in Kamishak Bay. AIS data shows nearly all
traffic of ships greater than 300 tons occurs in Eastern and Upper Cook Inlet, and the limited
bulk carrier traffic seen today is entirely on the east side of the Inlet. (See Figure 1, which shows
2016 vessel tracks based on Automated Identification System signals received via the Marine
Exchange of Alaska.)
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Bulk carriers of the type PLP would use to
carry ore are almost absent from the Inlet. In
2016, 5 bulk carriers spent less than 7 days
in Cook Inlet combined.1 PLP proposes to
add approximately 130 days of bulk carrier
traffic.
The DEIS states that marine mammals are
known to change behavior, and avoid areas
of high vessel traffic, with reactions
occurring up to a mile away in some cases
(DEIS 4.23-27). However, it incorrectly
states that this effect will be insignificant for
project operations: "Because there is
existing oil and gas infrastructure in Cook
Inlet, as well as numerous shipping routes
and large amounts of vessel traffic, it is
unlikely that the addition of physical
presence as part of this project would
change marine mammals’ behavioral
patterns." and "Cook Inlet has historical and
Figure 1. 2016 vessel traffic in Cook Inlet based on AIS
current high use from fishing- and tourismdata (Nuka Research and Planning Group and Marine
related vessel traffic, and the incremental
Exchange of Alaska presentation to Cook Inlet Harbor
addition of vessels associated with the
Safety Committee, October 2017)
project would be unlikely to result in
increased impacts to marine mammals." Minke whales, Steller's sea lions, harbor seals, harbor
porpoises, and the threatened southwestern population of sea otters have all been documented in
the area of one or both ports, and both are within the critical habitat area of the southwestern sea
otter population. None of these animals (particularly ones with small geographic home ranges
like sea otters) are currently exposed or habituated to shipping traffic, as none exists in Kamishak
Bay. The DEIS does not analyze this impact of this shipping traffic, nor quantify how many
marine mammals would be impacted by this increased activity, and is inadequate (DEIS 4.2327).
Similarly, both proposed port areas are within the molting and wintering area of threatened
Steller's eiders, and numerous other sea birds and shorebirds. "Avoidance behaviors have been
documented for multiple avian species, resulting in less time spent foraging and avoidance of
areas, increased energetic expenditure, potential for predation,
and other indirect impacts." (DEIS 4.23). Birds using these areas are also not currently exposed
to shipping traffic.
The stated increase in traffic (adding 110 transits or port calls to a baseline of 480) is 23%.
Twenty-three percent is a significant, not "incremental" increase. More importantly, Kamishak
Bay is currently an area with near-zero vessel traffic, which would be converted to an area of


1

Nuka Research and Planning Group and Marine Exchange of Alaska presentation to Cook Inlet Harbor Safety
Committee, October 2017.
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high vessel traffic. Behavioral patterns of marine mammals in Kamishak Bay are likely to
change. To evaluate this impact, USACE needs to analyze how many animals are likely to be
impacted by the increased traffic, and whether suitable equivalent habitats exist in other areas
with capacity to absorb any displaced population.
The increased difficulty of Kamishak Bay conditions in comparison to broader Cook Inlet
conditions makes accidents more likely. Calculated oil spill risks in the DEIS are based on
calculated incident rates for existing Cook Inlet traffic. Since the traffic this project is proposing
is not similar to existing traffic in type or location, these incident rates are not an adequate
analog.To account for this USACE must analyze a broader array of spill scenarios, including fuel
spills from bulk carriers, transferring errors, and a larger spill from an oil tanker. The scenario
already analyzed should be assumed to be higher risk than stated.
1.2 Vessel traffic information does not include transits necessary to pick up or drop off
marine pilots
The proposed port and lightering areas are included in a compulsory pilotage area (12 AAC
56.100). The availability of sufficient capacity among Southwest Alaska Pilot Association pilots
to attend to deep draft vessels calling at or lightering near the proposed Amakdedori port, must
be analyzed, including the need to have pilot on board the entire time the vessel is in Cook Inlet
engaged in or between lightering loads. USACE must determine where these pilots will be
picked up and dropped off, and analyze any additional vessel traffic required for these
operations. This is necessary for quantifying the hazards and environmental impact of shipping,
because it creates additional shipping traffic that is not analyzed in the DEIS, potentially in
locations not analyzed in the DEIS.
1.3 Environmental impacts of vessel traffic must include intentional discharges from
vessels, both waste and ballast
Invasive species or pollutants may be introduced in ballast water. Ore carriers for the Pebble
Project will discharge large amounts of ballast water into Cook Inlet. Tankers and ore carriers
that load cargo in Alaska discharge large amounts of ballast water into Alaskan waters, including
in the port of Valdez and at Red Dog Mine. Most of this ballast water has not been exchanged at
sea and originates at foreign ports or U.S. ports already contaminated by invasive organisms. The
risk of invasive species introduction should be analyzed based on the amount of ballast water to
be discharged and the likely ports of origin. Assuming that the ships will be obtained by charter,
it is likely that they may originate at many different ports depending on the vessel and the
voyage.
Sewage, greywater, and garbage from vessels may also pose hazards to the marine environment.
Lightering locations are within or near 12nm from shore. Expected discharges of sewage,
greywater, garbage, or other residues should be evaluated for their quantity, and the likelihood of
introducing contaminants to Cook Inlet.

3
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1.4 Environmental impacts to nearshore ecosystem need to be adequately analyzed
USACE must analyze the potential for the proposed port to impact the behavior and population
of both juvenile and adult salmon. Salmon frequently move along the shore, and man-made
structures such as the causeway proposed by Pebble can impede that movement and influence
their behavior.2
1.5 Kamishak Bay is a dangerous operating environment, and PLP has not adequately
analyzed that environment and the risks it poses or responded to requests for information
Risk of shipping accidents is highly dependent on metocean conditions, with around 30% of
accidents globally attributable to poor weather.3
Kamishak Bay is an exceptionally difficult operating environment, even by Alaska standards,
and is subject to worse weather than the areas of Cook Inlet where shipping is currently
prevalent.
Kamishak Bay is subject to the Kamishak Gap wind -- where strong winds blow from the Lake
Iliamna region through a gap in the mountains into Kamishak Bay. These northwesterly winds
can be over 20 meters per second4. Kamishak Gap winds are the most frequent and long-lasting
wind jets in Cook Inlet5. The DEIS does not mention or analyze these winds, the hazard they
pose to shipping operations, how they affect oil spill risk, or oil spill cleanup capabilities. Fetch
is limited between the shore and mooring sites, but these winds can create heavy spray, which
can to superstructure icing. Models exist for predicting superstructure icing, that would allow a
better assessment of shipping hazards6. High winds may prevent or impact on-vessel operations,
such using cranes to transfer containers of ore concentrate. High winds increase the chance that a
vessel which has lost power runs aground. Additionally, due to the lack of protection from the
Kenai Peninsula, Kamishak Bay is also subject to stronger winds and waves in southeasterly
winds than the rest of Cook Inlet.
Kamishak Bay is shallow, with numerous reefs. Shallow water increases shoaling, and combined
with the severe weather conditions, reefs create a significant allision hazard. The handysize
bulkers that will be used to transport ore concentrate have an approximate draft of 33 feet (5.5
fathoms)7, while large areas of Kamishak Bay are shallower than this, including numerous reefs
just offshore of Amakdedori, and all of Iliamna Bay (NOAA chart 16648). A ship in distress
would have very little opportunity to arrest before running aground with many different wind

2

Impacts of Ferry Terminals on Juvenile Salmon Movement along Puget Sound Shorelines June 2006 Prepared for
the Washington State Department of Transportation. Project Number 46820.
3
Faulkner, D., Shipping Safety: A Matter of Concern, in: Proceedings- Institute of Marine Engineering Science and
Technology Part B Journal of Marine Design and Operations, 5, 37–56, 2004.
4
The Kamishak Gap wind as depicted in DMSP OLS and SSM/I data, International Journal of Remote Sensing, vol
14, no 3, 403-423
5
Liu, H., Olsson, P. Q., Volz, K. P., & Yi, H. (2006). A climatology of mesoscale model simulated low-level wind
jets over Cook Inlet and Shelikof Strait, Alaska. Estuarine, Coastal and Shelf Science, 70(4), 551–566.
6
Poots G., et. al. Computer simulation of marine ice accretion. vol 358 issue 1778. Philosophical Transactions of the
Royal Society of London. Series A. 2000.
7
https://en.wikipedia.org/wiki/Handysize
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directions. All of Kamishak Bay is within the Cook Inlet "Zone of No Save," where existing tug
resources would not be able to reach a vessel in distress before it ran aground8.
Multiple experts and groups have expressed concern over the safety of shipping operations at
Amakdedori, and called for analysis of metocean conditions.
From the Cook Inlet Harbor Safety Committee, a non-profit organization comprised of maritime
operators and other Cook Inlet stakeholders9:
1. A complete study/analysis should be conducted of all environmental conditions that a
ship might expect in this port, including but not limited to:
• tidal currents directions and velocities,
• sea floor conditions, including mud, sand, and gravel sediment fill rates, and
• prevailing and maximum wind and sea conditions that could be encountered in this
port.
2. Once the above data has been collected and compiled, the proposed ports’ wind, sea state,
and current profiles should be programmed into a state-of-the-art ships simulator.
Multiple simulations should be performed by an independent 3rd party, for the entire
range of conditions which might be encountered by each ship type (size, hull design, and
horse power) which might be transiting to/from this port. The results of these simulations
should be considered before approving any permit to construct the port.
In the EIS, the USACE indicates that PLP has failed to respond to requests for information
regarding navigational risks. USACE cites RFI 39 as containing information about ocean
conditions at Amakdedori. In that document, four things were requested.
1) Provide additional available in-house data or anecdotal information regarding:
Amakdedori and Kamishak Bay maximum wave height, wave period, bathymetry,
shoreline erosion, and ice coverage/seasons, thickness, and movement.
2) Provide information on how local bathymetry transforms waves by shoaling and refraction
as they enter port area, how the transformed waves would affect port operations and
shoreline stability, and the likelihood of being able to operate year-round.
3) Provide design criteria for port facilities and operations, including bathymetry and wave
parameters (height and period), design tsunami wave/flood height, seabed and shoreline
composition, and expectations for ice conditions.
4) Provide additional information on barges/ lightering vessels, such as what type of tug
would be used to move barges, draft, speed, tug/vessel propeller size, wake height, and
potential for shoreline or bottom erosion from these vessels.


8

Cook Inlet Risk Assessment 2015 http://www.cookinletriskassessment.com/
Cook Inlet Harbor Safety Committee letter to the Captain of the Port
https://docs.wixstatic.com/ugd/21ed65_96a6e3f0eb29488c861847e6e916d6c2.pdf

9
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Of these requests, only ice coverage and vessel size were provided. No information on wave
height, wave period, bathymetry, ice movement, or wave shoaling was provided. No mention
was made of how waves would affect port operations, or whether the port could operate yearround. No design criteria for waves or tsunamis were presented.
1.6 PLP’s data on metocean conditions is inadequate
USACE analysis in the EIS has provided wind rose data for two buoys in Cook Inlet -- near the
Barren Islands and near the mouth of Kachemak Bay. Neither is near the proposed port site
(DEIS 3.16-30,31).
SWAN10 model outputs provide information on how waves from either the East Northeast or
East Southeast will behave in approach to Amakdedori Port. The resolution of this study is low,
showing the entirety of Cook Inlet, without details around either port or any of the lightering
locations. However it does show significantly larger wave heights in Kamishak Bay, where
significant new ship traffic and would be introduced, in comparison to the rest of Cook Inlet,
where current ship traffic is concentrated.
These models do not analyze the impact of Kamishak Bay's strong north to west winds,
exacerbated by the funnel effect of the mountains and common after mid-August, which build
high, choppy waves during a flood tide currents or a “significant swell.” When a flood current
occurs with an east wind, significant swell develops.
Neither do they analyze the tidal rips which are present in some areas depending on wind
conditions.11
The DEIS maps locations of two data buoys (Figure 3.16-8) they have placed much closer to the
proposed port site, but mentions that their data collection is not yet complete. The DEIS is
incomplete without this analysis and should not have been put forward.
1.7 PLP must provide port-specific information that quantifies the conditions that may be
encountered by its ships, and safe operating criteria for lightering and loading/unloading
The USACE gives no rationale for choosing their primary lightering location. Their alternate
lightering location is behind Augustine Island, and they say that “Wave heights in this area are
reduced by Augustine Island and it would be used when required by sea conditions.”
This reduction in wave heights can be seen in the SWAN models, but there is no fine-grained
analysis specific to either lightering site, nor to the primary lightering site in Alternatives 2 and
3. The propagation of distantly-generated waves is not the only factor that can impact safety.


10

SWAN is a modeling approach that stands for "Simulating waves nearshore." DEIS 3.16-31 and 3.16-32
United States Coast Pilot 9 Alaska: Cape Spencer to Beaufort Sea, Chapter 4, 35th Edition, U.S. National Oceanic
and Atmospheric Administration, 2017.
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The DEIS must analyze the effect of sea state, the shoaling and transformation of waves based
on specific local bathymetry, the impact of winds, tidal currents, rip currents, visibility, and the
potential for superstructure icing at all proposed port and lightering sites.
Given the strong winds, waves, ice, and currents common to the area, an analysis of the
suitability of lightering locations is warranted, including the wind speed and direction, ice
conditions, and sea state conditions (wave height and period) at the port, port approach, and
intended anchoring locations for lightering vessels. To accurately analyze shipping hazards, the
metocean analysis should be specific to the berths, mooring locations, and shipping routes
proposed, and include an analysis of how the conditions will impact the ability to perform
loading and lightering tasks12.
Vessel superstructure icing occurs in conditions with strong winds, sub-freezing air
temperatures, and water at or near freezing temperatures.13 Icing can make a vessel unstable or
prevent or preclude the use of on-deck equipment. While this does not present a direct
environmental impact, the resulting unsafe vessel operations could increase the possibility of
spill or the impede a response. The potential for vessel superstructure icing to impact the ships,
tugs, and barges (including mooring lines, tow lines, and on-deck safety equipment) should be
analyzed based on historic windspeed and water temperature data.
With an expected traffic of 60 barges per year (33 supply and 27 concentrate), and a stated
timing of 4-5 days loading for concentrate barges and 3 for unloading fuel barges (presumably
similar for other supply barges), barges will be operating in Kamishak Bay for more than half the
days of the year (DEIS 2-69). This adds up to approximately 200 to 230 days per year.
Operations are year-round, so operations during extreme winter and/or storm conditions in
Kamishak Bay appear to be likely.
PLP must provide an analysis that estimates how many days per year loading operations would
be possible at the primary and alternate lightering sites for all identified alternatives, based on
expected metocean conditions. This must include what procedures will ensure operators are not
incentivized to work when conditions are unsafe, and what procedures lightering vessels and
barges will use to wait out the hazardous conditions. It is common practice in Alaska to specify
conditions such as winds, sea state, and visibility in which lightering operations would be
precluded or halted. Without clear safety guidelines, scheduling and economic incentives could
push operators to operate in marginal conditions, increasing the chances of accidents and spills
that would impact wildlife and other resources, as well as personnel safety.
1.8 PLP has not sufficiently analyzed all the reasonably probable and impactful marine
spills
The only marine scenario carried forward for analysis was a 300,000-gallon spill of diesel due to
allision of a fuel barge. Oil spills may occur from ore carriers, supply barges, lightering vessels,


12

Metocean forecasting for ports and terminals, DHI ports and offshore technology, J Kirkegaard, H KofoedHansen, P Sloth, E Tacher – 2010.
13
David Feit, An Operational Forecast System for Superstructure Icing, National Oceanic and Atmospheric
Administration, 1987.
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and during fuel transfers at the port. A potential spills analysis should consider, at minimum, all
vessel types, age, construction (including the use of double hulls), and flag state. It should also
consider the potential spill frequency from different parts of the operation, spill size, and spill
type (including what type of fuel the self-propelled vessels will use). If any vessels use heavy
fuel oil for propulsion, this has very different properties than the diesel analyzed in the current
spill scenario. Each analysis should include potential spill fate and trajectory, including
considering the product(s) that may be spilled and prevailing conditions in different seasons of
operations.
1.9 PLP must perform a Response Viability Analysis for all spill scenarios analyzed.
A response viability analysis is necessary for Pebble’s marine oil spill scenario. The DEIS
presents an analysis of the fate and behavior of a 300,000 gallon diesel spill, but the DEIS does
almost nothing to discuss response capabilities. They state they would contact Alaska Chadux,
an oil spill response organization, for assistance, but “due to the remote location of Kamishak
Bay, response times are unknown.” Estimated response times are regularly calculated for
potential response scenarios throughout Alaska under the state’s response planning regulations
(18 AAC 75 Chapter 4). Response times, the potential spread of diesel or heavy fuel oil (used to
propel the ships), and potential spill impacts should be analyzed for Kamishak Bay. The DEIS
also states that, “oil spill response efforts could be delayed by adverse sea conditions.” This is
clearly true, but the prevalence of such conditions is hugely important for determining whether a
response effort is likely to be successful. In order to determine this, Pebble needs to do a
response viability analysis which would estimate how much the year conditions in Kamishak
Bay would be viable for the deployment of spill response operations.
A response viability analysis assesses the percentage of time a set of environmental conditions
would have prevented or severely limited the ability to mount an oil spill response. Given the
winds, waves, sea ice, and other conditions common in port/lightering areas, an analysis should
be conducted for any response measures that may be deployed. This should include the potential
for sea ice to preclude or hamper an on-water spill response effort. These response viability
analyses are a standard procedure, and have been performed for remote locations across Alaska
and the world.
A corresponding response capacity analysis should be conducted to analyze the volume of a spill
that could possibly be recovered or treated based on potential product(s) spilled, spill response
resources available, time it will take to mount a response to the incident, and the potential for
adverse conditions to delay or preclude a response (including the frequency with which these
occur).
Current tug resources in Cook Inlet would be unlikely to assist a deep draft vessel before it
grounded in Kamishak Bay based on the Cook Inlet Risk Assessment analysis. The Cook Inlet
Risk Assessment analysis considered the areas that may be able to be reached prior to a container
ship (as an example deep draft vessel) grounded based on current and hypothetical rescue tug
resources.14 While tug/barge lightering operations would bring more tugs to the port area, both

14

Cook Inlet Risk Assessment Final Report, Rev 1, January 2015, by Nuka Research and Planning Group and
Pearson Consulting
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their availability and suitability to assist a drifting deep draft vessel should be analyzed. It may
also not be possible for a tug attending a barge to safely position the barge and attend to a
distressed ship even if it did have the capabilities to provide this aid. Availability should be
considered based on the time a tug (or tug type) will spend in the area, how long it would take to
safely release a barge under tow, and whether liability or other contractual and regulatory issues
would allow them to do this. Suitability for rescue should consider minimum tug characteristics
that would be required to assist a ship in severe winds/waves (bollard pull and other performance
requirements); equipment requirements; crew capabilities; and the time it would take to
mobilize, transit, and deploy from usual location. This information should be used to determine
the likelihood of a successful tug rescue from the lightering location vicinity based on the
resources available and the ships that will be present.
1.10 Pebble's oil spill response equipment is inadequate
As described in the DEIS, the response equipment that will be housed at the port sites and in
Lake Iliamna is inadequate. Pebble states that they will maintain oil spill response and recovery
equipment at the mine site, the ferry terminals, and the port site, including booms, sorbents,
pumps and hoses, recovery and disposal containers, personal protective equipment (PPE), and a
skiff (DEIS 4.27-8). Adequate response equipment should include, at minimum, a skimmer, and
no mention is made of what the "spill response kits" on the tugs and ferry would include. It is
unclear what will be deployed from the referenced skiff and where this will be based. Response
equipment should be tailored to the different fuel types that may be spilled, including diesel and
heavy fuel oil if the latter will be used in the bulk carriers that will frequent the area. Equipment
must also be suited to the range of anticipated conditions.
1.11 PLP needs to do more specific analysis of oil spill impacts
The possible effects of spilled oil on different wildlife groups are mentioned, but an
Environmental Sensitivity Index was not applied. An environmental sensitivity index is a
standardized color-coded map with detailed information on shoreline sensitivity to oil spills, and
biological and human resources in the area15. It is a standard used across Alaska and the rest of
the country, and is necessary to determine the environmental risks of an oil spill and to mitigate
those risks by prioritizing key areas in a response plan. Advance planning reduces the harmful
consequences of oil spills and cleanup.
1.12 PLP needs to analyze the impact of a concentrate spill in the nearshore environment,
and provide a spill response plan
The DEIS lacks sufficient analysis of the impact of an ore concentrate spill in the
nearshore/intertidal environment. As containers of concentrate are being loaded and lightered,
there is a potential for one or more to be lost overboard and spill. The DEIS states that harmful
metals in the concentrate could leach out over years to decades, but claims that that the dilution
in Cook Inlet would prevent measurable impacts (DEIS 4.27-57). It also states that no acid will

15

NOAA. "What is an environmental sensitivity index map?" https://oceanservice.noaa.gov/facts/esimap.html
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be generated from the sulfide minerals due to lack of oxygenation. This is the extent of the
impact analysis, and it is inadequate.
Both metal leaching and acid production could impact the intertidal and nearshore wildlife, and
should be analyzed. In the nearshore and intertidal environments near the port, surf oxygenates
the entire water column. Acid generation can be expected. The intertidal reefs on either side of
Amakdedori port are exceptionally biologically rich areas, and metal leaching and sedimentation
may have significant impacts in that localized environment.
The response plan for a potential spill of concentrate is also inadequate. The DEIS states that "A
spill of concentrate into Kamishak Bay between the port and the lightering locations could be
recoverable, due to the shallow (diveable) water depths. Extreme tides, currents, winds, and
difficult logistics, however, could create too great of a safety risk involved in salvaging the
spilled material, and the action may not be justified." (DEIS 4.27-57).
2. Tsunamis and Port Infrastructure
2.1 The Amakdedori port facilities and Diamond Point port facilities are not high enough
to withstand a tsunami.
The DEIS points out that industry standards require facilities to be designed to withstand a
“maximum considered tsunami” with a 2,500-year return period (ASCE 2017a), which is
equivalent to a 1 in 35 chance within the life of the port (DEIS 3.15-13). Recent tsunami
modeling for Lower Cook Inlet places this at 42 feet above mean lower low water (ASCE
2017b). Port facilities are proposed at an elevation of 35 feet above mean lower low water
(Figure 2-18). The DEIS states that "the predicted run-up elevation could exceed the design
elevation of the terminal by about 7 feet, potentially affecting facilities such as fuel tanks and
concentrate container storage. Assuming the causeway and wharf elevations are the same as the
35-foot terminal elevation, equipment and activities on top of these structures would also be
affected." (DEIS 4.15-12)
This is unacceptable. A tsunami overtopping the facilities poses a significant hazard to both
humans and the environment. Tsunamis carry large debris at high velocity, such as trees,
boulders, ships, and pieces of destroyed facilities. Impact with debris-filled and turbulent water
could rupture fuel tanks and ore concentrate containers, potentially releasing millions of gallons
of diesel and tons of ore concentrate into the environment. Despite recognizing this, Pebble has
not provided a tsunami-robust design.
The stated plan in the DEIS is to produce a tsunami-robust design at a later date. The DEIS is
incomplete and unacceptable without this analysis. From the DEIS "A detailed tsunami analysis
would be conducted in accordance with American Society of Civil Engineers (ASCE) (2017a)
standards prior to final port design that would include a probabilistic assessment of tsunami
sources (from both earthquakes and landslides) and numerical modeling to provide site-specific
maximum run-up, inundation, and current velocity that would be incorporated into final design."
Similarly: "A risk analysis would be undertaken for other port components" and "Impacts to
vessels at the two lightering locations would be analyzed during the tsunami studies.” (DEIS
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4.15-12-13). There is no reason the study cannot be done now. Without this study, the current
port design is incomplete.
The stated 2,500 year event of 42 feet above mean low low water (28.5 feet above mean high
water) may not be large enough. The DEIS mentions that landslide tsunamis generated by
Augustine volcano can be in the range of 5 to 60 feet (Waythomas 2006). The larger landslide
tsunamis are much higher than the event mentioned above, and a detailed analysis of the
probability and consequence is required.
The DEIS states that vessels would move to safer locations if volcanic activity is predicted or a
tsunami warning is issued (DEIS 4.15-13). “Volcanic activity” may last for months. It should be
clearly stated what alert level will trigger a shut-down of operations.
Also, landslides on Augustine will not necessarily be preceded by volcanic activity16. Significant
eruptions are not always predicted, even on AVO-monitored volcanoes.17 In the event of a
subduction zone earthquake, there is not necessarily enough time for an official tsunami warning,
and operators will need to act with the earthquake as a warning, acting within a matter of
minutes18.
Given the potential for a large tsunami to arrive with little or no warning, an analysis needs to be
provided outlining procedures for moving ships to safer waters, including how long this
procedure takes, and what would be done not just with the large barges, but with the small
lightering barges at the dock or in transit. Due to tsunami-induced currents and collisions with
structures, any ship in port would be likely to suffer damage and may spill cargo.
2.2 Insufficient data is provided to determine which port site will be least impactful
The DEIS addresses some of the variables relevant for choosing between the alternative ports,
including the need for dredging at Diamond Point, and the proximity of wildlife areas to both
sites. To complete this analysis, PLP must provide an assessment of relative metocean conditions
in both locations (as poor conditions are a prime cause of shipping accidents), and an assessment
of oil spill response capabilities in both locations.
3. Natural Gas Pipeline
3.1 USACE must analyze the impacts of a pipeline leak into the Inlet or Lake Iliamna
Pipeline leaks have occurred in Cook Inlet and may be difficult to repair due to conditions there.
As one example, in 2017, a damaged subsea pipeline leaked gas into the Inlet at a rate of 200,000

16

Hazards from Alaska Volcanoes, Alaska Volcano Observatory https://avo.alaska.edu/volcanoes/hazards.php
Larsen, J.F., Neal, C.A., Schaefer, J.R., Kaufman, A.M., and Lu, Zhong, 2015, The 2008 phreatomagmatic
eruption of Okmok Volcano, Aleutian Islands, Alaska: Chronology, deposits, and landform changes: Alaska
Division of Geological & Geophysical Surveys Report of Investigation 2015-2, 53
18
National Tsunami Hazard Mitigation Program, Tsunami Information Guide, 2019,
https://nws.weather.gov/nthmp/guide/nthmptsunamiinfoguide.pdf
17

11

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2230 of 2339

to 300,000 cubic feet per day for around 4 months before it was stopped because ice conditions
prevented the safe deployment of divers to plug the leak.19
In deeper water, much of the methane that leaks dissolves into the water, while in shallow water
or on-land releases, methane will enter the atmosphere directly. Natural gas that enters the
atmosphere will contribute to climate change, while dissolved gas changes local water chemistry
and may impact wildlife.
Methane entering the atmosphere is a potent greenhouse gas, with more than 25 times the climate
impact of CO2. Climate change is an important environmental impact, and needs to be assessed
at all levels of the DEIS. PLP needs to analyze the climate change consequences of a natural gas
pipeline leak scenario, including the amount of gas that might be released, the CO2 equivalent
values of that gas, and its contribution to the total climate change impact of the Pebble project.
Methane dissolved into water can create a bloom of methane-consuming microbes. As these
microbes grow and respire, they consume oxygen, leading to an oxygen-depleted area near the
spill. This lack of oxygen can impact fish and other aquatic organisms. In the Deepwater Horizon
spill, nearly all of the methane released was consumed by microbes, leading to a low oxygen
anomaly.20 It is unclear how this would translate to the colder environment of Cook Inlet, but
USACE needs to analyze potential biological consequences of a natural gas pipeline leak
scenario, including the amount of gas that might be released, dissolved oxygen and methane
levels, and the effects these might have on aquatic life.
Both of these analyses--for greenhouse gas impacts and dissolved methane consumed by
microbes--should be performed for a leak scenario in Lake Iliamna as well as in Cook Inlet.
3.2 PLP must include its plans for protecting pipeline integrity
Pipeline integrity management and leak detection options are not analyzed in the DEIS, and are
necessary to analyze spill risks. Erosion due to Cook Inlet's strong tidal currents can leave
pipelines vulnerable. The methods that will be used to maintain pipeline integrity, including
corrosion control, should be clearly described and options analyzed. A similar analysis should be
conducted for leak detection methods.
3.3 USACE must evaluate the socioeconomic impacts of natural gas use on the Kenai
Peninsula and Southcentral Alaska
Natural gas demand by the Pebble operation will be a significant additional demand on the Cook
Inlet gas supplies, increasing prices for other users, including electric customers on the Railbelt
grid from the Kenai Peninsula to Fairbanks, and customers of the Enstar gas utility. A state study
suggests that due to the greater expense of developing additional gas reserves, minimum gas

Alaska Department of Environmental Conservation spill report, retrieved from:
http://dec.alaska.gov/spar/ppr/spill-information/response/2017/04-hilcorp/
Kessler et. al, A Persistent Oxygen Anomaly Reveals the Fate of Spilled Methane in the Deep Gulf of Mexico,
Science 21 Jan 2011: Vol. 331, Issue 6015, pp. 312-315. DOI: 10.1126/science.1199697
20
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prices will increase significantly within a decade,21 which will be exacerbated by additional
demands from large projects such as Pebble.
USACE must analyze the socioeconomic impacts of these price increases.
4. Lake Iliamna Operations
4.1 USACE needs to analyze an oil spill scenario in Lake Iliamna
In the DEIS, only three analogs for its proposed icebreaking ferry are provided, all of which
operate in different environments and conditions, with different cargo. While none of the three
have been involved in an oil spill, there is far too little data to determine the real risk of these
operations. Stated risk probabilities for ferry spills do not represent analogous operations, and
cannot be relied upon to be "negligible." Since the real risk is impossible to determine, PLP must
be conservative, and analyze a scenario in which an allision of the ferry leads to an oil spill
within the lake. An oil spill in Lake Iliamna could impact salmon, salmon eggs and fry,
freshwater seals, human health, and other wildlife.
4.2 USACE needs to analyze weather conditions at Lake Iliamna
The DEIS mentions that weather data is available for the Iliamna airport back to 1940. Data is
also available from other airports in the area. The DEIS mentions that "no statistical summary is
available," which means that PLP is obliged to create one. Wave heights were estimated for
60mph winds, but anecdotal reports of much larger wind speeds were received and referenced in
the DEIS. PLP should analyze all available weather data for the lake, including the extent to
which airport stations may be more sheltered than the open water of the lake.
4.3 USACE needs to provide a response viability analysis for responding to a spill in Lake
Iliamna
While the DEIS states that PLP would contact Alaska Chadux for a spill in Lake Iliamna in a
similar protocol to that used for a marine spill, no mention is made of how response resources
would be transported to the lake. PLP needs to provide a response gap analysis that includes both
the conditions in which a response could successfully be mounted, and the time it would take to
get response equipment and personnel to the lake.
4.4 PLP needs to provide info on exactly what response equipment will be staged at Lake
Iliamna, and ensure those resources are sufficient to respond without additional resources
for an extended amount of time
Currently no resources exist in Lake Iliamna to assist a vessel in distress, or respond to a spill.
Lake Iliamna is an isolated water body which is not reachable by oil spill response vessels
located in Alaska marine waters.


21

Redlinger, M., John Burdick, and Laura Gregersen With Contributions from Chirag Raisharma and Don
Krouskop, “Cook Inlet Natural Gas Availability,” State of Alaska Department of Natural Resources Division of Oil
& Gas. March 2018.
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The response equipment that will be housed at the port sites on the ocean and in Lake Iliamna, as
described in the DEIS is inadequate. Pebble states that they will maintain oil spill response and
recovery equipment at the mine site, the ferry terminals, and the port site, including booms,
sorbents, pumps and hoses, recovery and disposal containers, personal protective equipment
(PPE), and a skiff (DEIS 4.27-8). Adequate response equipment should include, at minimum, a
skimmer, and no mention is made of what the "spill response kits" on the tugs and ferry would
include. It is unclear what will be deployed from the referenced skiff and where this will be
based. Response equipment should be tailored to the different fuel types that may be spilled,
including diesel and heavy fuel oil if the latter will be used in the bulk carriers that will frequent
the area. Equipment must also be suited to the range of anticipated conditions.
PLP needs to provide a list of exactly what response equipment will be located at the ferry
terminals, and the capabilities of that equipment. Additional equipment may need to be brought
in by plane, or by road from Williamsport, delaying and limiting the response. The equipment
staged by Pebble should be sufficient to respond to a spill without aid of other vessels, since any
additional resources will need to be transported by air, particularly in the winter, when the lake is
inaccessible even via the Williamsport road and the Kvichak River.
No oil spill planning analysis (identifying areas of environmental concern or potential places of
refuge) exists for the lake. This analysis should be done.
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Fig. 1 Geologic map from the EBD (2012) showing faults in the Pebble Prospect.
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Explore reasonable extrapolations of the Lake Clark Fault
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    Ǥ̶The Bruin Bay
Fault extends along the western shore of Cook Inlet near the Amakdedori port site. Although
there is no evidence for Holocene offset at the surface, this fault is associated with several small
to moderate earthquakes up to M7.3 in 1943 (Stevens and Craw 2003).̶  
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Study geologic evidence of past earthquakes
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 ǤOur evidence shows that the area has experienced extraordinarily
strong shaking, and the distribution of liquefaction is consistent with
earthquakes generated on the Lake Clark Fault, along an extension of the fault
that passes very near the mine site.
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Figure 2: Sketches showing the bluff outcrop with a sand volcano. A was based on field
sketches and photos from 2012, while B was based on photos taken in 2013 after some
bluff erosion had altered the outcrop.
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Fig. 3: Deformation is widespread along an outcrop near 59.629° N, 155.4865° W. The
deformation primarily affects a 5-10 m thick unit of sub-lacustrine sand and silt, but
sometimes incorporates overlying gravels and sands that are similar to beach deposits
capping sub-lacustrine deposits elsewhere.
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ǡ 
 
ǡȂ  Ǥ


Figure 4: The Lake Clark Fault may well extend far closer to the prospect than PLP
assumes. On this map, traces from two different efforts to map the Lake Clark Fault are
shown (Nelson, 1983, and Haeussler & Saltus, 2004) near the northeast corner of the
map. The DEIS assumes that earthquakes are limited to these mapped traces, and the
DEIS ȋǤͶǤͳͷǦʹȌan epicenter at the red circle. However, if an earthquake
were to occur closer to the mine, it would produce much stronger shaking since the
shaking tapers quickly away from the fault. PLP discovered a number of faults within the
prospect area – the most prominent one mapped here ("South Graben" - see Fig. 1,
reproduced from the 2012 EBD.) We identified a broad area of liquefaction southwest of
the mine prospect. Given these field data, it seems plausible that the Lake Clark Fault
continues near or beneath the proposed facilities, and has produced strong shaking in
the geologically recent past. If so, it is critical that mine facilities be designed for much
stronger shaking than they currently consider.
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Specify Lake Clark Fault earthquake source
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Pebble advocates have a history of questionable seismic hazard assessment
 ǡǡ
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   ǡ
 ʹͲͲͺǤȂ
  ǡ
 ǡ   Ǥ
ǡ 
   Ǥ  ǡ 
 ͶǤͳͷǣ
̶As presented in Section 3.15, Geohazards, the closest potentially active fault to the mine site, the
Lake Clark fault, is about 15 miles to the northeast. Recent mapping at the mine site and vicinity
has not shown evidence of offset of surficial deposits along faults or lineaments in the area
(Hamilton and Klieforth 2010; Haeussler and Waythomas 2011; Koehler 2010). This conclusion
is further supported by Light Detection and Ranging (LiDAR) data that were collected in 2004 in
the mine site area. The LiDAR-derived image was reviewed for possible indications of faultrelated movement in surficial deposits. No lineaments were observed that suggest possible
Quaternary fault-related movement southwest of the mapped termination (AECOM 2018m).̶
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Ǥ̶ȋPebble EIS-Phase Failure Modes and Effects Analysis Workshop
Report, AECOM RFI 055, December 2018, Appendix B – Power Point
Presentation From Pebble Limited PartnershipȌͷͺǡ ͳ͵
ǡ 
 ǤͷǤ

Fig. 5: Excerpt from RFI 055DR - AECOM 2018l_FMEA Final Report.pdf (p. 58) showing
speculative locations of the Lake Clark Fault. Red circles indicate radii in 5 mile
increments from a proposed dam location.
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ƉƌŽũĞĐƚĂŶĚƚŚĞ/^͛ŝŶƚĞŶƚŝŽŶĂůĨĂŝůƵƌĞƚŽĞǀĂůƵĂƚĞƚŚĞŝŵƉĂĐƚƐŽĨĂŶǇĐĂƚĂƐƚƌŽƉŚŝĐƌĞůĞĂƐĞ
ĞǀĞŶƚƐĐĂŶŶŽƚďĞũƵƐƚŝĨŝĞĚ͘ǀĞŶĂƌĞůĞĂƐĞŽĨũƵƐƚĨŝǀĞƉĞƌĐĞŶƚŽĨƚŚĞďƵůŬŽƌƉǇƌŝƚŝĐƚĂŝůŝŶŐƐŝƐ
ůŝŬĞůǇƚŽŚĂǀĞƉƌŽĨŽƵŶĚ͕ƉĞƌŵĂŶĞŶƚŶĞŐĂƚŝǀĞŝŵƉĂĐƚŽŶĚŽǁŶƐƚƌĞĂŵĂƋƵĂƚŝĐĞĐŽƐǇƐƚĞŵƐĂŶĚ
ĨŝƐŚĞƌŝĞƐ͘
/ŶƉĂƌƚŝĐƵůĂƌ͕ďǇŝŐŶŽƌŝŶŐĂůůƉŽƚĞŶƚŝĂůĐĂƚĂƐƚƌŽƉŚŝĐĨĂŝůƵƌĞĞǀĞŶƚƐ͕ƚŚĞƌĞůĞĂƐĞƐĐĞŶĂƌŝŽƐ
ĞǀĂůƵĂƚĞĚďǇƚŚĞ/^ĂƌĞĂŶŽŵĂůŽƵƐůǇƐŵĂůů͕ƌĞƉƌĞƐĞŶƚŝŶŐŽŶůǇϭͿϬ͘ϬϬϰйŽĨƉƌŽĚƵĐĞĚďƵůŬ
ƚĂŝůŝŶŐƐǁŚŝĐŚŵƵƐƚďĞĐŽŶƚĂŝŶĞĚŽŶͲƐŝƚĞĨŽƌĞǀĞƌ͖ϮͿϬ͘ϲйŽĨƉƌŽĚƵĐĞĚƉǇƌŝƚŝĐƚĂŝůŝŶŐƐǁŚŝĐŚ
ŵƵƐƚďĞĐŽŶƚĂŝŶĞĚŽŶͲƐŝƚĞĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶ͖ĂŶĚϯͿϬ͘ϰйŽĨƵŶƚƌĞĂƚĞĚƉƌŽĐĞƐƐǁĂƚĞƌǁŚŝĐŚ
ŵƵƐƚďĞĐŽŶƚĂŝŶĞĚŽŶͲƐŝƚĞĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶ͘dŚĞŽŶůǇďƵůŬƚĂŝůŝŶŐƐƌĞůĞĂƐĞƐĐĞŶĂƌŝŽƚŚĂƚŝƐ
ĞǀĂůƵĂƚĞĚďǇƚŚĞ/^ĂƐƐƵŵĞƐĂďƌŝĞĨƐŝǆͲŚŽƵƌƉŝƉĞůŝŶĞďƌĞĂŬĂŶĚƚŚĞƌĞĨŽƌĞĚŽĞƐŶŽƚĞǀĞŶ
ĐŽŶƐŝĚĞƌĐŽŶƚĂŝŶŵĞŶƚĨĂŝůƵƌĞĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞƚĂŝůŝŶŐƐƐƚŽƌĂŐĞĨĂĐŝůŝƚǇŝƚƐĞůĨ͘dŚĞƌĞŝƐĂůƐŽŶŽ
/^ĞǀĂůƵĂƚŝŽŶŽĨƚŚĞƐŝŐŶŝĨŝĐĂŶƚƉĞƌƉĞƚƵĂůĐůŽƐƵƌĞƌŝƐŬŽĨƉŽƐƚͲĨůŽŽĚŝŶŐƉŝƚǁĂůůĨĂŝůƵƌĞǁŚŝĐŚ
ĐƌĞĂƚĞƐĂƐĞŝĐŚĞǁĂǀĞƚŚĂƚǁŽƵůĚĚĞƐƚƌŽǇǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚŝŶĨƌĂƐƚƌƵĐƚƵƌĞ͕ĐŽƵůĚƌĞƐƵůƚŝŶ
ĞŵƉůŽǇĞĞĨĂƚĂůŝƚŝĞƐĂŶĚĐŽƵůĚƌĞůĞĂƐĞďŝůůŝŽŶƐŽĨŐĂůůŽŶƐŽĨƵŶƚƌĞĂƚĞĚƉŝƚůĂŬĞǁĂƚĞƌƚŽƚŚĞ
ĞŶǀŝƌŽŶŵĞŶƚ͘
/ƚŝƐĐĞƌƚĂŝŶůǇĂĐŬŶŽǁůĞĚŐĞĚƚŚĂƚ͕ŝĨŝŵƉůĞŵĞŶƚĞĚĂƐĚĞƐŝŐŶĞĚ͕ƚŚĞƉƌŽƉŽƐĞĚĐĞŶƚĞƌůŝŶĞĂŶĚ
ĚŽǁŶƐƚƌĞĂŵĐŽŶƐƚƌƵĐƚŝŽŶƚĞĐŚŶŝƋƵĞƐ;ǁŝƚŚƐůŽƉĞƐŽĨϮ͘ϲ͗ϭŽƌůĞƐƐͿǁŝůůƌĞĚƵĐĞďƵƚŶŽƚĞůŝŵŝŶĂƚĞ
ƚŚĞůŝŬĞůŝŚŽŽĚŽĨĞŵďĂŶŬŵĞŶƚŐĞŽƚĞĐŚŶŝĐĂůĨĂŝůƵƌĞ͘dŚĞůĂƌŐĞͲƐĐĂůĞĐĂƚĂƐƚƌŽƉŚŝĐƌĞůĞĂƐĞŽĨ
ƚĂŝůŝŶŐƐĂŶĚͬŽƌŽĨƵŶƚƌĞĂƚĞĚŵŝŶĞĐŽŶƚĂĐƚǁĂƚĞƌǁŽƵůĚƚŚƵƐƌĞƉƌĞƐĞŶƚĂůŽǁƉƌŽďĂďŝůŝƚǇďƵƚǀĞƌǇ
ŚŝŐŚĐŽŶƐĞƋƵĞŶĐĞĞǀĞŶƚ͘dŚĞƐĞƐŽƌƚƐŽĨƌŝƐŬƐĂƌĞƌŽƵƚŝŶĞůǇŝĚĞŶƚŝĨŝĞĚĂŶĚĂŶĂůǇǌĞĚǁŝƚŚŝŶƚŚĞ
ϭ
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ŵŝŶŝŶŐŝŶĚƵƐƚƌǇƐŽƚŚĂƚĂƉƉƌŽƉƌŝĂƚĞĐŽŶƚƌŽůƐĐĂŶďĞŝŵƉůĞŵĞŶƚĞĚ͘dŚĞŝŶƚĞŶƚŝŽŶĂůŽŵŝƐƐŝŽŶŽĨ
ůĂƌŐĞͲƐĐĂůĞĐĂƚĂƐƚƌŽƉŚŝĐŐĞŽƚĞĐŚŶŝĐĂůĨĂŝůƵƌĞƐĐĞŶĂƌŝŽƐĨƌŽŵƚŚĞWĞďďůĞĞǀĂůƵĂƚŝŽŶŝƐƉĂƌƚŝĐƵůĂƌůǇ
ĚŝĨĨŝĐƵůƚƚŽũƵƐƚŝĨǇŐŝǀĞŶƚŚĞϭͿĂĐŬŶŽǁůĞĚŐĞĚ͞ĞĂƌůǇƉŚĂƐĞĐŽŶĐĞƉƚƵĂůůĞǀĞů͟ŽĨƚŚĞĞŵďĂŶŬŵĞŶƚ
ĚĞƐŝŐŶƐ;/^^ĞĐƚŝŽŶϰ͘Ϯϳ͘ϲͿĂŶĚϮͿůĂĐŬŽĨĂŶǇŐĞŽƚĞĐŚŶŝĐĂůĞǀĂůƵĂƚŝŽŶŽĨƐĞŝƐŵŝĐĞǀĞŶƚƐ
ƐƉĞĐŝĨŝĐƚŽƚŚĞƉƌŽƉŽƐĞĚĞŵďĂŶŬŵĞŶƚĚĞƐŝŐŶƐŽƌƚŽƚŚĞĨƵůůǇͲĨůŽŽĚĞĚŽƉĞŶƉŝƚŝŶƚŚŝƐĞǆƚƌĞŵĞůǇ
ĂĐƚŝǀĞƐĞŝƐŵŝĐƐĞƚƚŝŶŐ͘'ŝǀĞŶƚŚĞĞǆƚƌĞŵĞůǇǁĞƚĐůŝŵĂƚĞĂŶĚŚŝŐŚůǇǀĂƌŝĂďůĞƉƌĞĐŝƉŝƚĂƚŝŽŶĂƚ
WĞďďůĞ͕ƚŚĞůĂĐŬŽĨĂŶǇĐĂƚĂƐƚƌŽƉŚŝĐŽǀĞƌƚŽƉƉŝŶŐƌĞůĞĂƐĞƐĐĞŶĂƌŝŽƐƌĞůĂƚĞĚƚŽŝŶƐƵĨĨŝĐŝĞŶƚǁĂƚĞƌ
ƐƚŽƌĂŐĞĐĂƉĂĐŝƚǇŝƐĂůƐŽŶŽƚũƵƐƚŝĨŝĞĚ͘

WƌŽĨĞƐƐŝŽŶĂůĂĐŬŐƌŽƵŶĚ
/ĂŵĂŶĞŶǀŝƌŽŶŵĞŶƚĂůƐĐŝĞŶƚŝƐƚĂŶĚŵĂŶĂŐĞƌǁŝƚŚŽǀĞƌƚŚŝƌƚǇǇĞĂƌƐŽĨĞǆƉĞƌŝĞŶĐĞŝŶƚŚĞŵŝŶŝŶŐ
ĂŶĚĐŽŶƐƵůƚŝŶŐŝŶĚƵƐƚƌŝĞƐ͘ƵƌŝŶŐŵǇϮϯǇĞĂƌƐǁŝƚŚƚŚĞŐůŽďĂůŵŝŶŝŶŐĐŽŵƉĂŶǇZŝŽdŝŶƚŽ/
ƉĂƌƚŝĐŝƉĂƚĞĚŝŶƚĂŝůŝŶŐƐƌĞǀŝĞǁďŽĂƌĚƐĂŶĚǁĂƐĂƉƌŝŵĂƌǇŽƌĐŽŶƚƌŝďƵƚŝŶŐĂƵƚŚŽƌŽŶƐĞǀĞƌĂů
ŵŝŶĞƌĂůǁĂƐƚĞĂŶĚƚĂŝůŝŶŐƐŵĂŶĂŐĞŵĞŶƚƐƚĂŶĚĂƌĚƐĂŶĚŐƵŝĚĂŶĐĞĚŽĐƵŵĞŶƚƐ͘/ŚĂǀĞƉĞƌĨŽƌŵĞĚ
ĞŶǀŝƌŽŶŵĞŶƚĂůĂŶĚƉĞƌŵŝƚƚŝŶŐǁŽƌŬĂƚŽǀĞƌĨŝĨƚǇŵŝŶĞƐ͕ƉƌŽũĞĐƚƐĂŶĚŽƉĞƌĂƚŝŽŶƐ͘dŚŝƐŝŶĐůƵĚĞĚ
ŽǀĞƌƐĞǀĞŶǇĞĂƌƐĂƐ,ĞĂĚŽĨŶǀŝƌŽŶŵĞŶƚĨŽƌZŝŽdŝŶƚŽ͛ƐŽƉƉĞƌ͕ŽƉƉĞƌΘŝĂŵŽŶĚƐĂŶĚ
ŽƉƉĞƌΘŽĂůWƌŽĚƵĐƚ'ƌŽƵƉƐ͘/ŚĂǀĞƉƵďůŝƐŚĞĚŶƵŵĞƌŽƵƐƉĂƉĞƌƐŽŶŵŝŶĞĞŶǀŝƌŽŶŵĞŶƚĂů
ƉĞƌĨŽƌŵĂŶĐĞĂŶĚŵĂŶĂŐĞŵĞŶƚŝŶƉĞĞƌƌĞǀŝĞǁĞĚƐĐŝĞŶƚŝĨŝĐũŽƵƌŶĂůƐ͕ĐŽŶĨĞƌĞŶĐĞƉƌŽĐĞĞĚŝŶŐƐ
ĂŶĚďŽŽŬƐ͘/ĂŵĞǆƉĞƌŝĞŶĐĞĚŝŶƚŚĞŵĂŶĂŐĞŵĞŶƚŽĨĞŶǀŝƌŽŶŵĞŶƚĂůĐŚĂůůĞŶŐĞƐ͕ŝƐƐƵĞƐĂŶĚĐŽƐƚƐ
ƉŽƐĞĚďǇƚŚĞƌĞƐƉŽŶƐŝďůĞĚĞƐŝŐŶ͕ŽƉĞƌĂƚŝŽŶĂŶĚĐůŽƐƵƌĞŽĨůĂƌŐĞƚĂŝůŝŶŐƐĂŶĚǁĂƚĞƌƐƚŽƌĂŐĞ
ĨĂĐŝůŝƚŝĞƐ͘

WĞďďůĞWƌŽũĞĐƚ͛Ɛ,ŝŐŚ/ŶŶĂƚĞ'ĞŽƚĞĐŚŶŝĐĂůZŝƐŬ
WĞďďůĞ͛ƐĂĐƚŝǀĞƐĞŝƐŵŝĐƐĞƚƚŝŶŐ͕ǁĞƚĐůŝŵĂƚĞ͕ƐĞŶƐŝƚŝǀĞƌĞĐĞŝǀŝŶŐĞŶǀŝƌŽŶŵĞŶƚĂŶĚůĂƌŐĞŵĂƐƐŽĨ
ĐŚĞŵŝĐĂůůǇƌĞĂĐƚŝǀĞƚĂŝůŝŶŐƐĂůůĐŽŶƚƌŝďƵƚĞƚŽĂǀĞƌǇŚŝŐŚŝŶŶĂƚĞƌŝƐŬŽĨĐĂƚĂƐƚƌŽƉŚŝĐƌĞůĞĂƐĞ͘
ƐŶŽƚĞĚŝŶƉƉĞŶĚŝǆ<;ϰ͘ϭϱͿĂŶĚŚĂƉƚĞƌϯ͘ϭϱŽĨƚŚĞ/^͗͞ƚŚĞŵŝŶĞƐŝƚĞŝƐƐŝƚƵĂƚĞĚŝŶĂ
ƐĞŝƐŵŝĐĂůůǇĂĐƚŝǀĞĂƌĞĂ͟ĂŶĚ͞ďŽƚŚƐŚĂůůŽǁĐƌƵƐƚĂůĞĂƌƚŚƋƵĂŬĞƐĂŶĚĚĞĞƉĞƌĞĂƌƚŚƋƵĂŬĞƐ
ĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞƐƵďĚƵĐƚŝŽŶǌŽŶĞŵĞŐĂƚŚƌƵƐƚĂĨĨĞĐƚƚŚŝƐƌĞŐŝŽŶ͘͟dŚĞĂĐƚŝǀĞ>ĂŬĞůĂƌŬͲ
ĂƐƚůĞDŽƵŶƚĂŝŶ&ĂƵůƚŝƐŽŶůǇϭϱŵŝůĞƐĂǁĂǇĂŶĚƚŚĞƌĞĂƌĞƐĞǀĞƌĂůƉŽƚĞŶƚŝĂůƐĞŝƐŵŝĐĞǀĞŶƚƐ
ǁŚŝĐŚĐŽƵůĚƚƌŝŐŐĞƌĞĂƌƚŚƋƵĂŬĞƐŽĨŵĂŐŶŝƚƵĚĞϳ͘ϱŽƌŐƌĞĂƚĞƌ͘dŚĞŵĂǆŝŵƵŵĐƌĞĚŝďůĞ
ĞĂƌƚŚƋƵĂŬĞŚĂƐďĞĞŶĞƐƚŝŵĂƚĞĚƚŽƉƌŽĚƵĐĞŐƌŽƵŶĚĂĐĐĞůĞƌĂƚŝŽŶƐŽĨϬ͘ϲϭŐĂƚƚŚĞŵŝŶĞ͘
ĐĐŽƌĚŝŶŐƚŽƚŚĞhŶŝƚĞĚ^ƚĂƚĞƐ'ĞŽůŽŐŝĐ^ƵƌǀĞǇ͕ŐƌŽƵŶĚĂĐĐĞůĞƌĂƚŝŽŶƐŽĨϬ͘ϯϰƚŽϬ͘ϲϱŐǁŝůů
ƚǇƉŝĐĂůůǇƉƌŽĚƵĐĞƐĞǀĞƌĞƐŚĂŬŝŶŐĂŶĚŵŽĚĞƌĂƚĞƚŽŚĞĂǀǇĚĂŵĂŐĞ͘
dŚĞŵŝŶĞƐŝƚĞƌĞĐĞŝǀĞƐďĞƚǁĞĞŶϱϬĂŶĚϱϳŝŶĐŚĞƐŽĨƉƌĞĐŝƉŝƚĂƚŝŽŶŽŶĂǀĞƌĂŐĞĞĂĐŚǇĞĂƌǁŚŝĐŚŝƐ
ĂƚůĞĂƐƚĨŽƵƌƚŝŵĞƐŐƌĞĂƚĞƌƚŚĂŶƚŚĞĂŶŶƵĂůĞǀĂƉŽƌĂƚŝŽŶ͘dŚŝƐĞǆƚƌĞŵĞůǇǁĞƚĐůŝŵĂƚĞƉƌŽĚƵĐĞƐ
ĂďƵŶĚĂŶƚĞǆĐĞƐƐǁĂƚĞƌĨŽƌƌƵŶŽĨĨĂŶĚŝŶĨŝůƚƌĂƚŝŽŶ͘ĐĐŽƌĚŝŶŐƚŽƚŚĞWĞďďůĞƉƌŽũĞĐƚĚĞƐĐƌŝƉƚŝŽŶ
;ƉƉĞŶĚŝǆEͿ͕ƚŚĞŵŝŶĞǁŝůůŶĞĞĚƚŽƚƌĞĂƚĂŶĚƌĞůĞĂƐĞĂŶĂǀĞƌĂŐĞŽĨϭϯ͕ϬϬϬŐĂůůŽŶƐƉĞƌŵŝŶƵƚĞ
Ϯ
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ŽĨĞǆĐĞƐƐǁĂƚĞƌ͘WƌĞĐŝƉŝƚĂƚŝŽŶŝƐĂůƐŽŚŝŐŚůǇǀĂƌŝĂďůĞǁŝƚŚĂůŵŽƐƚŚĂůĨŽĐĐƵƌƌŝŶŐŝŶƵŐƵƐƚ
ƚŚƌŽƵŐŚKĐƚŽďĞƌ͘ǀĂŝůĂďůĞĞŶǀŝƌŽŶŵĞŶƚĂůďĂƐĞůŝŶĞĚĂƚĂƐŚŽǁŵŽŶƚŚůǇƉƌĞĐŝƉŝƚĂƚŝŽŶĂƐŚŝŐŚĂƐ
ϭϮ͘ϮŝŶĐŚĞƐŵĞĂƐƵƌĞĚŝŶ^ĞƉƚĞŵďĞƌ͕ϮϬϬϳ;ŚĂƉƚĞƌϮ͕WĞďďůĞŶǀŝƌŽŶŵĞŶƚĂůĂƐĞůŝŶĞ
ŽĐƵŵĞŶƚϮϬϬϰͲϮϬϬϴͿ͘DƵĐŚůŽŶŐĞƌͲƚĞƌŵƉƌĞĐŝƉŝƚĂƚŝŽŶƌĞĐŽƌĚƐĂƚ/ůŝĂŵŶĂŝŶĚŝĐĂƚĞƚŚĂƚĂŶŶƵĂů
ƉƌĞĐŝƉŝƚĂƚŝŽŶŵĂǇǀĂƌǇďǇĂůŵŽƐƚĂĨĂĐƚŽƌŽĨƚŚƌĞĞĨƌŽŵǇĞĂƌƚŽǇĞĂƌ͘dŚŝƐǀĞƌǇǁĞƚĂŶĚŚŝŐŚůǇ
ǀĂƌŝĂďůĞĐůŝŵĂƚŝĐƐĞƚƚŝŶŐǁŝůůŵĂŬĞŝƚǀĞƌǇĐŚĂůůĞŶŐŝŶŐĨŽƌWĞďďůĞƚŽĐŽŶƐŝƐƚĞŶƚůǇĐŽŶƚĂŝŶĐŽŶƚĂĐƚ
ǁĂƚĞƌŽŶͲƐŝƚĞƐŽƚŚĂƚŝƚĐĂŶĂůǁĂǇƐďĞƚƌĞĂƚĞĚĂŶĚƌĞůĞĂƐĞĚŝŶĂĐŽŶƚƌŽůůĞĚŵĂŶŶĞƌ͘/ƚĂůƐŽ
ĞŶƐƵƌĞƐƚŚĂƚƚŚĞŵĂũŽƌŝƚǇŽĨƚŚĞďƵůŬƚĂŝůŝŶŐƐǁŝůůƌĞŵĂŝŶƐĂƚƵƌĂƚĞĚŝŶƉĞƌƉĞƚƵŝƚǇĂĨƚĞƌĐůŽƐƵƌĞ͘
ŶǇƵŶƚƌĞĂƚĞĚǁĂƚĞƌŽƌƚĂŝůŝŶŐƐƌĞůĞĂƐĞĚĨƌŽŵƐŝƚĞǁŝůůĚŝƐĐŚĂƌŐĞĚŝƌĞĐƚůǇŝŶƚŽƚŚĞEŽƌƚŚĂŶĚͬŽƌ
^ŽƵƚŚ&ŽƌŬƐŽĨƚŚĞ<ŽŬƚƵůŝZŝǀĞƌ͘ůƚŚŽƵŐŚƚŚŝƐƌĞůĞĂƐĞǁŽƵůĚŽĐĐƵƌŶĞĂƌƚŚĞƌŝǀĞƌ͛ƐŚĞĂĚǁĂƚĞƌƐ͕
ďŽƚŚŚĂǀĞƐƵďƐƚĂŶƚŝĂůĨůŽǁǁŚŝĐŚĐŽƵůĚƌĂƉŝĚůǇƚƌĂŶƐƉŽƌƚƌĞůĞĂƐĞĚƚĂŝůŝŶŐƐĚŽǁŶƐƚƌĞĂŵ͘
/ŵŵĞĚŝĂƚĞůǇĚŽǁŶƐƚƌĞĂŵŽĨƚŚĞƉƌŽƉŽƐĞĚŵŝŶĞ͕ďŽƚŚƌŝǀĞƌƐ͛ĂŶŶƵĂůĂǀĞƌĂŐĞĨůŽǁŝƐŵŽƌĞƚŚĂŶ
ϭϬϬĐƵďŝĐĨĞĞƚƉĞƌƐĞĐŽŶĚ;хϰϱ͕ϬϬϬŐĂůůŽŶƐƉĞƌŵŝŶƵƚĞͿĂŶĚƉĞĂŬĨůŽǁƐŝŶĞǆĐĞƐƐŽĨϳϬϬĐĨƐ
;хϯϬϬ͕ϬϬϬŐƉŵͿŚĂǀĞďĞĞŶƌĞĐŽƌĚĞĚ;^ĞĐƚŝŽŶϯ͘ϭϲͿ͘dŚĞƐĞƌŝǀĞƌƐ͕ǁŚŝĐŚĂƌĞĂƚƚŚĞŚĞĂƌƚŽĨƚŚĞ
ƌŝƐƚŽůĂǇĞĐŽƐǇƐƚĞŵĂŶĚĨŝƐŚĞƌǇ͕ǁŽƵůĚďĞƵŶĂǀŽŝĚĂďůǇŝŵƉĂĐƚĞĚďǇĂŶǇƌĞůĞĂƐĞĚƵĞƚŽ
ƐĞĚŝŵĞŶƚĂƚŝŽŶĂŶĚǁĂƚĞƌƋƵĂůŝƚǇĚĞŐƌĂĚĂƚŝŽŶ͘hŶĨŽƌƚƵŶĂƚĞůǇ͕ĂƋƵĂƚŝĐĞĐŽƐǇƐƚĞŵƐŝŶŐĞŶĞƌĂů
ĂŶĚƐĂůŵŽŶŝŶƉĂƌƚŝĐƵůĂƌĂƌĞǀĞƌǇƐĞŶƐŝƚŝǀĞƚŽĚŝƐƐŽůǀĞĚĐŽƉƉĞƌ͘ŶǇƵŶƚƌĞĂƚĞĚǁĂƚĞƌƌĞůĞĂƐĞ
ǁŝůůĂůŵŽƐƚĐĞƌƚĂŝŶůǇĐŽŶƚĂŝŶĚŝƐƐŽůǀĞĚĐŽƉƉĞƌĐŽŶĐĞŶƚƌĂƚŝŽŶƐƚŚĂƚĂƌĞƚĞŶƐƚŽŚƵŶĚƌĞĚƐŽĨƚŝŵĞƐ
ŐƌĞĂƚĞƌƚŚĂŶĂůůŽǁĂďůĞůŝŵŝƚƐ;ƉƉĞŶĚŝǆ<͕ϰ͘ϭϴͿ͘^ŝŵŝůĂƌůǇ͕ĂŶǇƚĂŝůŝŶŐƐƌĞůĞĂƐĞǁŝůůĂůŵŽƐƚ
ĐĞƌƚĂŝŶůǇĐŽŶƚĂŝŶĐŽƉƉĞƌĐŽŶĐĞŶƚƌĂƚŝŽŶƐƚŚĂƚĂƌĞĂŶŽƌĚĞƌŽĨŵĂŐŶŝƚƵĚĞŐƌĞĂƚĞƌƚŚĂŶƐĞĚŝŵĞŶƚ
ƋƵĂůŝƚǇŐƵŝĚĞůŝŶĞƐ͘^ƵůĨŝĚĞŵŝŶĞƌĂůƐŝŶĂŶǇƌĞůĞĂƐĞĚƚĂŝůŝŶŐƐĂƌĞůŝŬĞůǇƚŽďĞĐŽŵĞŚǇĚƌŽůŽŐŝĐĂůůǇ
ƐŽƌƚĞĚŝŶƚŚĞƌŝǀĞƌƐǇƐƚĞŵĂŶĚŵĂǇďĞĐŽŵĞĐŽŶĐĞŶƚƌĂƚĞĚŽŶďĂƌƐĂŶĚďĞĂĐŚĞƐǁŚĞƌĞƚŚĞǇ
ǁŽƵůĚďĞŵŽƌĞƉƌŽŶĞƚŽƌĂƉŝĚĂĐŝĚŝĨŝĐĂƚŝŽŶĂŶĚŵĞƚĂůƐƌĞůĞĂƐĞ͘
dŚĞWĞďďůĞƚǁĞŶƚǇͲǇĞĂƌŵŝŶĞƉůĂŶǁŝůůŐĞŶĞƌĂƚĞϭϭϬϬŵŝůůŝŽŶƚŽŶƐŽĨďƵůŬƚĂŝůŝŶŐƐĂŶĚϭϱϱ
ŵŝůůŝŽŶƚŽŶƐŽĨƉǇƌŝƚŝĐƚĂŝůŝŶŐƐ͘ůŵŽƐƚϰϬϬŵŝůůŝŽŶĂĚĚŝƚŝŽŶĂůƚŽŶƐŽĨƐƉĞĐŝĂůůǇƋƵĂƌƌŝĞĚƌŽĐŬǁŝůů
ďĞƌĞƋƵŝƌĞĚƚŽĐŽŶƐƚƌƵĐƚĂůůŶĞĐĞƐƐĂƌǇĞŵďĂŶŬŵĞŶƚƐĨŽƌƚĂŝůŝŶŐƐĂŶĚĐŽŶƚĂĐƚǁĂƚĞƌĐŽŶƚĂŝŶŵĞŶƚ
ŽŶƐŝƚĞ;ƉƉĞŶĚŝǆ<͕ϰ͘ϭϱͿ͘'ŝǀĞŶƚŚĞƚŽƉŽŐƌĂƉŚŝĐĐŽŶƐƚƌĂŝŶƚƐƚŚŝƐǁŝůůŶĞĐĞƐƐŝƚĂƚĞĐŽŶƐƚƌƵĐƚŝŽŶ
ŽĨĂϱϰϱĨƚƚĂůůŵĂŝŶĞŵďĂŶŬŵĞŶƚƚŽĐŽŶƚĂŝŶƚŚĞďƵůŬƚĂŝůŝŶŐƐ͘dŚŝƐǁŝůůďĞĂŵŽŶŐƚŚĞƚĂůůĞƐƚ
ƚĂŝůŝŶŐƐƐƚŽƌĂŐĞĨĂĐŝůŝƚŝĞƐŽŶĂƌƚŚĂŶĚǁŝůůĂůŵŽƐƚĐĞƌƚĂŝŶůǇďĞƚĂůůĞƌƚŚĂŶϵϵйŽĨƚŚĞƚĂŝůŝŶŐƐ
ŝŵƉŽƵŶĚŵĞŶƚƐĐŽŶƐƚƌƵĐƚĞĚƚŽĚĂƚĞ͘dŚĞƉǇƌŝƚŝĐƚĂŝůŝŶŐƐŝŵƉŽƵŶĚŵĞŶƚǁŝůůďĞƵƉƚŽϰϮϱĨĞĞƚƚĂůů
ĂŶĚǁŝůůĂůƐŽĂůŵŽƐƚĐĞƌƚĂŝŶůǇďĞƚĂůůĞƌƚŚĂŶϵϬйŽĨĞǆŝƐƚŝŶŐƚĂŝůŝŶŐƐŝŵƉŽƵŶĚŵĞŶƚƐ͘dŚĞƚŽƚĂů
ůĞŶŐƚŚŽĨĂůůŵĂũŽƌĞŵďĂŶŬŵĞŶƚƐǁŝůůƵůƚŝŵĂƚĞůǇĞǆĐĞĞĚϭϮŵŝůĞƐ͘dŚĞĐŽŶƐƚƌƵĐƚŝŽŶ͕ŵŽŶŝƚŽƌŝŶŐ
ĂŶĚŵĂŝŶƚĞŶĂŶĐĞŽĨƚŚĞƐĞĞŵďĂŶŬŵĞŶƚƐǁŝůůƌĞƉƌĞƐĞŶƚĂŚƵŐĞĞŶŐŝŶĞĞƌŝŶŐ͕ŽƉĞƌĂƚŝŽŶĂůĂŶĚ
ĨŝŶĂŶĐŝĂůĐŽŵŵŝƚŵĞŶƚ͘dŚĞůĞǀĞůŽĨĞĨĨŽƌƚƌĞƋƵŝƌĞĚĨŽƌƚŚĞĞŵďĂŶŬŵĞŶƚƐŝƐĂƉĂƌƚŝĐƵůĂƌĐŽŶĐĞƌŶ
ŐŝǀĞŶEŽƌƚŚĞƌŶǇŶĂƐƚǇDŝŶĞƌĂůƐ͛ĐŽŵƉůĞƚĞůĂĐŬŽĨĞǆƉĞƌŝĞŶĐĞŝŶƚŚŝƐĂƌĞĂ͕ĂŶĚƚŚĞĂůŵŽƐƚ
ĐĞƌƚĂŝŶŵĂƌŐŝŶĂůĞĐŽŶŽŵŝĐƐŽĨƚŚĞ/^ŵŝŶĞƉůĂŶ;ŽƌĚĞŶWĞďďůĞ/^ĐŽŵŵĞŶƚƐůĞƚƚĞƌĚĂƚĞĚ
DĂƌĐŚϮϴ͕ϮϬϭϵͿ͘
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dĂŝůŝŶŐƐĂŶĚtĂƚĞƌ^ƚŽƌĂŐĞ&ĂĐŝůŝƚǇĂƚĂƐƚƌŽƉŚŝĐŽŶƚĂŝŶŵĞŶƚ&ĂŝůƵƌĞ
ƐŶŽƚĞĚŝŶ^ĞĐƚŝŽŶϰ͘Ϯϳ͘ϲŽĨƚŚĞ/^͕ƚŚĞƌĞĂƌĞƚǇƉŝĐĂůůǇŽŶĞƚŽƚǁŽŵĂũŽƌƚĂŝůŝŶŐƐĚĂŵĨĂŝůƵƌĞƐ
ƉĞƌǇĞĂƌĂƌŽƵŶĚƚŚĞǁŽƌůĚĂŶĚĨƵƌƚŚĞƌŵŽƌĞƚŚĂƚ͞ŽƚŚĞƌƌĞĐĞŶƚƚĂŝůŝŶŐƐĚĂŵĨĂŝůƵƌĞƐŝŶŚŝŶĂ͕
DĞǆŝĐŽĂŶĚƵƐƚƌĂůŝĂĚĞŵŽŶƐƚƌĂƚĞƚŚĂƚŵŽĚĞƌŶ͕ǁĞůůͲĞŶŐŝŶĞĞƌĞĚƚĂŝůŝŶŐƐĨĂĐŝůŝƚŝĞƐĂƌĞƐƵďũĞĐƚƚŽ
ĨĂŝůƵƌĞ͘͟dŚĞĨŝǀĞůĂƌŐĞƐƚĂŶĚďĞƐƚĚŽĐƵŵĞŶƚĞĚƚĂŝůŝŶŐƐĚĂŵĨĂŝůƵƌĞƐŽǀĞƌƚŚĞƉĂƐƚĨŝǀĞǇĞĂƌƐĂƌĞ
ůŝƐƚĞĚŝŶƚŚĞƚĂďůĞďĞůŽǁĂŶĚĂƌĞĐŽŵƉĂƌĞĚƚŽƚŚĞĂŶŽŵĂůŽƵƐůǇƐŵĂůůďƵůŬƚĂŝůŝŶŐƐƌĞůĞĂƐĞ
ƐĐĞŶĂƌŝŽĞǀĂůƵĂƚĞĚŝŶƚŚĞ/^͗
EĂŵĞ

ĂƚĞ

>ŽĐĂƚŝŽŶ

ZĞƐƉŽŶƐŝďůĞ
ŽŵƉĂŶǇ

DŽƵŶƚWŽůůĞǇ

ƵŐ͕ϮϬϭϰ

ĂŶĂĚĂ

/ŵƉĞƌŝĂů
DĞƚĂůƐ
,WͬsĂůĞ
DŝŶĞƌĂZŝŽ
dŝŶƚŽϮ
EĞǁĐƌĞƐƚ
DŝŶŝŶŐ
sĂůĞ

^ĂŵĂƌĐŽ
ŝĞŶĞŐƵŝƚĂ
ĂŶĚŝĂ

EŽǀ͕ϮϬϭϱ
ƌĂǌŝů
:ƵŶĞ͕
DĞǆŝĐŽ
ϮϬϭϴ
DĂƌ͕ϮϬϭϴ ƵƐƚƌĂůŝĂ

sŽůƵŵĞ
ZĞůĞĂƐĞĚ
;ŵϯͿϭ
ϮϱŵŝůůŝŽŶ

sŽůƵŵĞŽŵƉĂƌĞĚ
ƚŽ/^ƵůŬdĂŝůŝŶŐƐ
ZĞůĞĂƐĞ^ĐĞŶĂƌŝŽ
ϱϲϬƚŝŵĞƐůĂƌŐĞƌ

ϯϮŵŝůůŝŽŶ
Ϭ͘ϰϰŵŝůůŝŽŶ

ϳϮϬƚŝŵĞƐůĂƌŐĞƌ
ϭϬƚŝŵĞƐůĂƌŐĞƌ

ϭ͘ϯŵŝůůŝŽŶ

ϯϬƚŝŵĞƐůĂƌŐĞƌ

ŽƌƌĞŐŽĚŽ
:ĂŶ͕ϮϬϭϵ
ƌĂǌŝů
ϭϮŵŝůůŝŽŶ
ϮϳϬƚŝŵĞƐůĂƌŐĞƌ
&ĞŝũĂŽ
ϭ/ŶĐůƵĚĞƐďŽƚŚƚĂŝůŝŶŐƐƐŽůŝĚƐĂŶĚƵŶƚƌĞĂƚĞĚĐŽŶƚĂĐƚǁĂƚĞƌ͖ ϮEŽƚĞƚŚŝƐŝƐĂĚŝĨĨĞƌĞŶƚĐŽŵƉĂŶǇ
ƚŚĂŶƚŚĞůĂƌŐĞŐůŽďĂůŵŝŶŝŶŐĐŽƌƉŽƌĂƚŝŽŶZŝŽdŝŶƚŽ>>͘
^ĞǀĞƌĂůŽĨƚŚĞƐĞůĂƌŐĞŝŶĐŝĚĞŶƚƐĂƌĞŶŽƚĚĞƐĐƌŝďĞĚŝŶƚŚĞ/^ĚŝƐĐƵƐƐŝŽŶŽĨƌĞĐĞŶƚƚĂŝůŝŶŐƐĚĂŵ
ĨĂŝůƵƌĞƐĚĞƐƉŝƚĞƚŚĞŝƌĐůĞĂƌƉĞƌƚŝŶĞŶĐĞƚŽƚŚĞƌŝƐŬƐĂƚWĞďďůĞ͘ůůĨŝǀĞĞǀĞŶƚƐĂƌĞŽŶĞƚŽƚǁŽ
ŽƌĚĞƌƐŽĨŵĂŐŶŝƚƵĚĞůĂƌŐĞƌƚŚĂŶƚŚĞĂŶŽŵĂůŽƵƐůǇƐŵĂůůďƵůŬƚĂŝůŝŶŐƐƐĐĞŶĂƌŝŽĞǀĂůƵĂƚĞĚĂƚ
WĞďďůĞ͕ĚĞƐƉŝƚĞƚŚĞĨĂĐƚƚŚĂƚƚŚĞƉƌŽƉŽƐĞĚďƵůŬƚĂŝůŝŶŐƐĚĂŵĂƚWĞďďůĞǁŝůůďĞůĂƌŐĞƌƚŚĂŶƚŚĞ
ĚĂŵƐĂƚƚŚĞƐĞŽƚŚĞƌůŽĐĂƚŝŽŶƐ͘^ĞǀĞƌĂůŽĨƚŚĞƐĞŝŶĐŝĚĞŶƚƐĂůƐŽƌĞůĞĂƐĞĚƚĂŝůŝŶŐƐŝŶƚŽƌŝǀĞƌ
ƐǇƐƚĞŵƐǁŝƚŚƐŝŵŝůĂƌŝƚŝĞƐƚŽWĞďďůĞ͛ƐƐĞƚƚŝŶŐ͕ĂŶĚƚŚĞƚĂŝůŝŶŐƐǁĞƌĞƌĂƉŝĚůǇƚƌĂŶƐƉŽƌƚĞĚĨĂƌ
ĚŽǁŶƐƚƌĞĂŵ͘/ŶƚŚĞĐĂƐĞŽĨ^ĂŵĂƌĐŽ͕ƚĂŝůŝŶŐƐƌĞĂĐŚĞĚƚŚĞŽĐĞĂŶϰϬϬŵŝůĞƐĂǁĂǇǁŝƚŚŝŶƚŚƌĞĞ
ǁĞĞŬƐ͘
ĞƐƉŝƚĞƚŚĞƐŝŐŶŝĨŝĐĂŶƚƐĞŝƐŵŝĐŚĂǌĂƌĚƐĂƚWĞďďůĞ͕ƚŚĞƌĞŚĂƐďĞĞŶŶŽƐĞŝƐŵŝĐƐƚĂďŝůŝƚǇĂŶĂůǇƐŝƐ
ĐŽŶĚƵĐƚĞĚĨŽƌƚŚĞƐƉĞĐŝĨŝĐĞŵďĂŶŬŵĞŶƚĚĞƐŝŐŶƐƉƌŽƉŽƐĞĚŝŶƚŚĞ/^͘dŚĞ/^ŝŶƐƚĞĂĚƌĞůŝĞƐ
ƵƉŽŶĂŶŽůĚϮϬϭϭƉƐĞƵĚŽͲƐƚĂƚŝĐĂŶĂůǇƐŝƐƉĞƌĨŽƌŵĞĚŽŶĂŶŽƵƚĚĂƚĞĚĚĞƐŝŐŶĨŽƌƚŚĞŵĂŝŶďƵůŬ
ƚĂŝůŝŶŐƐŝŵƉŽƵŶĚŵĞŶƚĂůŽŶĞ͘EŽƐĞŝƐŵŝĐƐƚĂďŝůŝƚǇĂŶĂůǇƐŝƐĂƉƉĞĂƌƐƚŽŚĂǀĞďĞĞŶĐŽŵƉůĞƚĞĚŽŶ
ƚŚĞĐƵƌƌĞŶƚďƵůŬƚĂŝůŝŶŐƐŝŵƉŽƵŶĚŵĞŶƚĚĞƐŝŐŶƐŽƌƚŚĞĞŵďĂŶŬŵĞŶƚƐƌĞƋƵŝƌĞĚƚŽĐŽŶƚĂŝŶƚŚĞ
ƉǇƌŝƚŝĐƚĂŝůŝŶŐƐĂŶĚƵŶƚƌĞĂƚĞĚĐŽŶƚĂĐƚǁĂƚĞƌ͘ƐƐƚĂƚĞĚŝŶƉƉĞŶĚŝǆ<͕^ĞĐƚŝŽŶϰ͘ϭϱ͗͞ƐƚŝŵĂƚĞƐ
ŽĨŚŽƌŝǌŽŶƚĂůĂŶĚǀĞƌƚŝĐĂůĚŝƐƉůĂĐĞŵĞŶƚĨŽƌŵŝŶĞƐŝƚĞĞŵďĂŶŬŵĞŶƚƐǁŽƵůĚďĞĂŶĂůǇǌĞĚĨƵƌƚŚĞƌ
ĨŽƌĐƵƌƌĞŶƚĞŵďĂŶŬŵĞŶƚĚĞƐŝŐŶƐĚƵƌŝŶŐĨƵƚƵƌĞƐĞŝƐŵŝĐĂŶĂůǇƐŝƐĂƐƉĂƌƚŽĨƚŚĞĚĞƚĂŝůĞĚĚĞƐŝŐŶ
ǁŽƌŬƵŶĚĞƌƚĂŬĞŶŝŶĨƵůĨŝůůŵĞŶƚŽĨƚŚĞ^WƌĞǀŝĞǁƉƌŽĐĞƐƐ͘dŚĂƚǁŽƌŬŝƐĂŶƚŝĐŝƉĂƚĞĚƚŽďĞ
ƉĞƌĨŽƌŵĞĚĂĨƚĞƌƚŚĞ/^ŝƐĐŽŵƉůĞƚĞ͘͟&ƵƌƚŚĞƌŵŽƌĞ͕ĂĐĐŽƌĚŝŶŐƚŽ<ŶŝŐŚƚWŝĞƐŽůĚ;ϮϬϭϴĐͿ͞dŚĞ
ϰ


BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2260 of 2339

ĞŵďĂŶŬŵĞŶƚĚĞƐŝŐŶƐĂŶĚƐƚĂďŝůŝƚǇĂŶĂůǇƐĞƐǁŝůůďĞƵƉĚĂƚĞĚĂĐĐŽƌĚŝŶŐůǇƚŽƌĞĨůĞĐƚĂĐƚƵĂů
ĨŽƵŶĚĂƚŝŽŶĐŽŶĚŝƚŝŽŶƐ͘͟dŚƵƐ͕ƚŚĞƐƚĂďŝůŝƚǇŽĨĂůůŬĞǇĐŽŶƚĂŝŶŵĞŶƚƐƚƌƵĐƚƵƌĞƐŝŶƌĞƐƉŽŶƐĞƚŽ
ƐĞŝƐŵŝĐĞǀĞŶƚƐĂŶĚĂĐƚƵĂůĨŽƵŶĚĂƚŝŽŶĐŽŶĚŝƚŝŽŶƐŚĂƐŶŽƚďĞĞŶĚĞĨŝŶŝƚŝǀĞůǇĚĞŵŽŶƐƚƌĂƚĞĚĂŶĚ
ƚŚĞƌĞĂƌĞŶŽƉůĂŶƐƚŽĚŽƐŽĨŽƌƚŚĞ/^͘dŚŝƐŝƐĂƉŽƚĞŶƚŝĂůĨĂƚĂůĨůĂǁĨŽƌĂůůŝŵƉŽƵŶĚŵĞŶƚƐ͕ďƵƚ
ĨŽƌƚŚĞďƵůŬƚĂŝůŝŶŐƐŝŵƉŽƵŶĚŵĞŶƚŝŶƉĂƌƚŝĐƵůĂƌ͕ďĞĐĂƵƐĞŝƚŵƵƐƚĞŶƐƵƌĞĐŽŶƚĂŝŶŵĞŶƚĨŽƌĞǀĞƌ͕
ŶŽƚũƵƐƚĚƵƌŝŶŐŽƉĞƌĂƚŝŽŶ͘'ŝǀĞŶŝƚƐůŽŶŐĚĞƐŝŐŶůŝĨĞ͕ŝƚŝƐŵƵĐŚŵŽƌĞůŝŬĞůǇƚŽĞǆƉĞƌŝĞŶĐĞĂǀĞƌǇ
ůĂƌŐĞƐĞŝƐŵŝĐĞǀĞŶƚǁŚŝĐŚĂƉƉƌŽĂĐŚĞƐƚŚĞŵĂǆŝŵƵŵĐƌĞĚŝďůĞĞĂƌƚŚƋƵĂŬĞŝŶŝƚƐŝŶƚĞŶƐŝƚǇ͘ůƐŽ
ŐŝǀĞŶƚŚĞĞǆƚƌĞŵĞůǇǁĞƚĐůŝŵĂƚĞŽĨƚŚĞƐŝƚĞĂŶĚůŝŬĞůǇŚŝŐŚŝŶĨŝůƚƌĂƚŝŽŶƌĂƚĞƐƚŚƌŽƵŐŚƚŚĞƉůĂŶŶĞĚ
ƐŽŝůĐŽǀĞƌ͕ŵŽƐƚŽĨƚŚĞďƵůŬƚĂŝůŝŶŐƐŵĂƐƐŝƐĂůŵŽƐƚĐĞƌƚĂŝŶƚŽƌĞŵĂŝŶƐĂƚƵƌĂƚĞĚŝŶƉĞƌƉĞƚƵŝƚǇ͘
dŚĞƌŝƐŬƉŽƐĞĚďǇĂĐĂƚĂƐƚƌŽƉŚŝĐŐĞŽƚĞĐŚŶŝĐĂůĨĂŝůƵƌĞŝƐƵŶůŝŬĞůǇƚŽĚĞĐůŝŶĞĂƐƐŝŐŶŝĨŝĐĂŶƚůǇĂƐ
ŝŵƉůŝĞĚďǇƚŚĞƚĞƌŵ͞ĚƌǇĐůŽƐƵƌĞ͟ƵƐĞĚŝŶƚŚĞ/^͘
ƐƐƚĂƚĞĚŝŶ^ĞĐƚŝŽŶϰ͘Ϯϳ͘ϲŽĨƚŚĞ/^͗͞DĂƐƐŝǀĞĐĂƚĂƐƚƌŽƉŚŝĐƌĞůĞĂƐĞƐƚŚĂƚǁĞƌĞĚĞĞŵĞĚ
ĞǆƚƌĞŵĞůǇƵŶůŝŬĞůǇǁĞƌĞĂůƐŽƌƵůĞĚŽƵƚĨŽƌĂŶĂůǇƐŝƐŝŶƚŚĞ/^͘͟/ƚŝƐƵŶĐůĞĂƌŚŽǁƚŚŝƐƐƚĂƚĞŵĞŶƚ
ĐĂŶďĞũƵƐƚŝĨŝĞĚŐŝǀĞŶϭͿƚŚĞŚŝŐŚŝŶŶĂƚĞƌŝƐŬƉŽƐĞĚďǇƚŚĞƐŝƚĞ͖ϮͿƚŚĞĂĐŬŶŽǁůĞĚŐĞŵĞŶƚƚŚĂƚ
ůĂƌŐĞͲƐĐĂůĞƚĂŝůŝŶŐƐĨĂŝůƵƌĞƐƌĞŐƵůĂƌůǇŽĐĐƵƌĞǀĞŶĨŽƌƌĞĐĞŶƚůǇĐŽŶƐƚƌƵĐƚĞĚĨĂĐŝůŝƚŝĞƐ͖ϯͿƚŚĞůĂĐŬŽĨ
ĂŶǇƐĞŝƐŵŝĐŐĞŽƚĞĐŚŶŝĐĂůĂŶĂůǇƐŝƐƐƉĞĐŝĨŝĐƚŽƚŚĞĐƵƌƌĞŶƚ/^ĞŵďĂŶŬŵĞŶƚĚĞƐŝŐŶƐ͖ĂŶĚϰͿƚŚĞ
ĐƵƌƌĞŶƚůŽǁůĞǀĞůŽĨĨŽƵŶĚĂƚŝŽŶŬŶŽǁůĞĚŐĞĂŶĚĞŶŐŝŶĞĞƌŝŶŐĚĞƐŝŐŶĂĐƚƵĂůůǇĂǀĂŝůĂďůĞĨŽƌƚŚĞ
ĞŵďĂŶŬŵĞŶƚƐ͘ƐƐƚĂƚĞĚŝŶƚŚĞWĞďďůĞ/^ͲWŚĂƐĞ&ĂŝůƵƌĞDŽĚĞƐĂŶĚĨĨĞĐƚƐŶĂůǇƐŝƐtŽƌŬƐŚŽƉ
ZĞƉŽƌƚ;KDϮϬϭϴ/Ϳ͗͞dŚĞĐƵƌƌĞŶƚWĞďďůĞWƌŽũĞĐƚĞŵďĂŶŬŵĞŶƚĚĞƐŝŐŶƐĂƌĞĂƚĂŶĞĂƌůǇƉŚĂƐĞ
ĐŽŶĐĞƉƚƵĂůůĞǀĞů͕ǁŝƚŚŐĞŽƚĞĐŚŶŝĐĂůŝŶǀĞƐƚŝŐĂƚŝŽŶƐƐƚŝůůƵŶĚĞƌǁĂǇĂƚƚŚĞŵĂũŽƌĞŵďĂŶŬŵĞŶƚ
ƐŝƚĞƐ͘dŚŝƐĐƵƌƌĞŶƚĐŽŶĐĞƉƚƵĂůĚĞƐŝŐŶůĞǀĞůŝŶŚĞƌĞŶƚůǇƌĞƐƵůƚƐŝŶƵŶĐĞƌƚĂŝŶƚŝĞƐ͘͟^ŝŵƉůǇƐƚĂƚŝŶŐ
ƚŚĂƚŶŽĐĂƚĂƐƚƌŽƉŚŝĐĨĂŝůƵƌĞƐĐĞŶĂƌŝŽƐŶĞĞĚƚŽďĞĞǀĂůƵĂƚĞĚďĞĐĂƵƐĞƚŚĞĨĂĐŝůŝƚŝĞƐǁŝůůŶŽƚďĞ
ĚĞƐŝŐŶĞĚŽƌďƵŝůƚƚŽĨĂŝůŝƐŝŶĂĚĞƋƵĂƚĞũƵƐƚŝĨŝĐĂƚŝŽŶĨŽƌŝŐŶŽƌŝŶŐŽŶĞŽĨƚŚĞŐƌĞĂƚĞƐƚƌŝƐŬƐƉŽƐĞĚďǇ
ƚŚĞƉƌŽũĞĐƚ͘
/ŶŽƌĚĞƌƚŽĨŝůůƚŚĞƐĞƐƵďƐƚĂŶƚŝĂůĚĞĨŝĐŝĞŶĐŝĞƐ͕ƚŚĞ/^ƉƌŽĐĞƐƐŵƵƐƚĂƚĂŵŝŶŝŵƵŵ͗
ϭͿ ŽŶĚƵĐƚƐĞŝƐŵŝĐĂŶĂůǇƐŝƐĨŽƌƚŚĞďƵůŬƚĂŝůŝŶŐƐ;ďŽƚŚŶŽƌƚŚĂŶĚƐŽƵƚŚĞŵďĂŶŬŵĞŶƚƐͿ͕
ƉǇƌŝƚŝĐƚĂŝůŝŶŐƐĂŶĚĂůůǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚƉŽŶĚƐŝŶŽƌĚĞƌƚŽĐŽŶĨŝƌŵƚŚĞĚĞƐŝŐŶƐĐĂŶ
ǁŝƚŚƐƚĂŶĚƚŚĞŽƉĞƌĂƚŝŽŶĂůďĂƐŝƐĞĂƌƚŚƋƵĂŬĞĂŶĚĨŽƌƚŚĞďƵůŬƚĂŝůŝŶŐƐŝŵƉŽƵŶĚŵĞŶƚƚŚĞ
ŵĂǆŝŵƵŵĐƌĞĚŝďůĞĞĂƌƚŚƋƵĂŬĞ͘
ϮͿ WĞƌĨŽƌŵĂĚĚŝƚŝŽŶĂůĞŶǀŝƌŽŶŵĞŶƚĂůĐŽŶƐĞƋƵĞŶĐĞƐĂŶĂůǇƐŝƐŽŶůĂƌŐĞƌďƵůŬƚĂŝůŝŶŐƐ͕ƉǇƌŝƚŝĐ
ƚĂŝůŝŶŐƐĂŶĚƵŶƚƌĞĂƚĞĚĐŽŶƚĂĐƚǁĂƚĞƌƐƉŝůůƐ͘/ŶƉĂƌƚŝĐƵůĂƌƚŚĞŝŵƉĂĐƚŽĨĂĐĂƚĂƐƚƌŽƉŚŝĐ
ďƵůŬƚĂŝůŝŶŐƐĚĂŵĨĂŝůƵƌĞŝŶƌĞƐƉŽŶƐĞƚŽĂůĂƌŐĞƉŽƐƚͲĐůŽƐƵƌĞĞĂƌƚŚƋƵĂŬĞŶĞĞĚƐƚŽďĞ
ĞǀĂůƵĂƚĞĚ͘ůĂƌŐĞͲƐĐĂůĞŽǀĞƌƚŽƉƉŝŶŐĞǀĞŶƚǁŚŝĐŚƌĞůĞĂƐĞƐƵŶƚƌĞĂƚĞĚŵŝŶĞĐŽŶƚĂĐƚ
ǁĂƚĞƌĚƵƌŝŶŐĂŶĞǆĐĞĞĚŝŶŐůǇǁĞƚǇĞĂƌŽƌǇĞĂƌƐǁŽƵůĚĂůƐŽďĞĂĐƌŝƚŝĐĂůĨĂŝůƵƌĞƐĐĞŶĂƌŝŽƚŽ
ĞǀĂůƵĂƚĞ͘
ϯͿ dŚĞƉŽƐƚͲĐůŽƐƵƌĞŚǇĚƌŽŐĞŽůŽŐŝĐďĞŚĂǀŝŽƌŽĨƚŚĞďƵůŬƚĂŝůŝŶŐƐƐƚŽƌĂŐĞĨĂĐŝůŝƚǇĂůƐŽŶĞĞĚƐ
ƚŽďĞĞǀĂůƵĂƚĞĚ͘dŚŝƐǁŝůůƌĞƋƵŝƌĞŵƵĐŚŵŽƌĞĚĞƚĂŝůĞĚĚĞƐŝŐŶƐŽĨŚŽǁƚŚĞƵƉƉĞƌƐƵƌĨĂĐĞ
ŝƐƚŽďĞƌĞĐŽŶƚŽƵƌĞĚƚŽĂǀŽŝĚƉŽŶĚŝŶŐ͕ŚŽǁǁĂƚĞƌŝƐƚŽďĞƚƌĂŶƐŵŝƚƚĞĚŽĨĨƚŚĞƚĂŝůŝŶŐƐŝŶ
ĂŶŽŶͲĞƌŽƐŝǀĞŵĂŶŶĞƌĂŶĚŚŽǁƚŚĞĐŽǀĞƌǁŝůůďĞĐŽŶƐƚƌƵĐƚĞĚĂŶĚŵĂŝŶƚĂŝŶĞĚŝŶ
ϱ
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ƉĞƌƉĞƚƵŝƚǇ͘EĞƚŝŶĨŝůƚƌĂƚŝŽŶĂŶĚŝƚƐŝŵƉĂĐƚŽŶďƵůŬƚĂŝůŝŶŐƐƐĂƚƵƌĂƚŝŽŶǁŝůůƚŚĞŶŶĞĞĚƚŽ
ďĞŵŽĚĞůůĞĚ͘
ϰͿ ĂƐĞĚŽŶƚŚĞƌĞƐƵůƚƐŽĨƚŚĞŐĞŽƚĞĐŚŶŝĐĂůĂŶĚĞŶǀŝƌŽŶŵĞŶƚĂůĐŽŶƐĞƋƵĞŶĐĞƐĂŶĂůǇƐĞƐĨŽƌ
ĐĂƚĂƐƚƌŽƉŚŝĐĨĂŝůƵƌĞƐ͕ĞŵďĂŶŬŵĞŶƚĚĞƐŝŐŶƐŵĂǇŶĞĞĚƚŽďĞƌĞĨŝŶĞĚ͘ǀĞŶĂƌĞůĞĂƐĞŽĨ
ũƵƐƚĨŝǀĞƉĞƌĐĞŶƚŽĨƚŚĞďƵůŬƚĂŝůŝŶŐƐ;ŐƌĞĂƚĞƌƚŚĂŶϱϬŵŝůůŝŽŶƚŽŶƐͿŝƐůŝŬĞůǇƚŽŚĂǀĞ
ƉƌŽĨŽƵŶĚ͕ƉĞƌŵĂŶĞŶƚŶĞŐĂƚŝǀĞŝŵƉĂĐƚŽŶĚŽǁŶƐƚƌĞĂŵĂƋƵĂƚŝĐĞĐŽƐǇƐƚĞŵƐĂŶĚĨŝƐŚĞƌŝĞƐ͘
ůŽǁůŝŬĞůŝŚŽŽĚĞǀĞŶƚǁŚŝĐŚŚĂƐƐƵĐŚĐĂƚĂƐƚƌŽƉŚŝĐĐŽŶƐĞƋƵĞŶĐĞƐŵĂǇǁĂƌƌĂŶƚ
ĂĚĚŝƚŝŽŶĂůĐŽŶƚƌŽůƐƐƵĐŚĂƐƵƐŝŶŐĚŽǁŶƐƚƌĞĂŵĐŽŶƐƚƌƵĐƚŝŽŶƚĞĐŚŶŝƋƵĞƐĨŽƌĂůůƚĂŝůŝŶŐƐ
ĞŵďĂŶŬŵĞŶƚƐ;ĐƚŝŽŶůƚĞƌŶĂƚŝǀĞϮͿ͕ƉĂƐƚĞŽƌĚƌǇƐƚĂĐŬĞĚƚĂŝůŝŶŐƐ͘

ĂƚĂƐƚƌŽƉŚŝĐWŝƚtĂůů&ĂŝůƵƌĞĂŶĚ^ĞŝĐŚĞtĂǀĞ'ĞŶĞƌĂƚŝŽŶ
dŚĞ/^ŚĂƐĨĂŝůĞĚƚŽƉƌŽǀŝĚĞĂŶǇĂŶĂůǇƐŝƐŽĨƉŽƐƚͲĐůŽƐƵƌĞĨƵůůǇͲĨůŽŽĚĞĚƉŝƚǁĂůůƐƚĂďŝůŝƚǇĂŶĚƚŚĞ
ƉŽƚĞŶƚŝĂůĨŽƌƐĞŝĐŚĞǁĂǀĞŐĞŶĞƌĂƚŝŽŶ͘KŶĐĞǁĂƚĞƌůĞǀĞůƐŝŶƚŚĞƉŝƚĂƌĞĂůůŽǁĞĚƚŽƌĞĐŽǀĞƌƚŽƚŚĞ
ƚĂƌŐĞƚĞůĞǀĂƚŝŽŶ͕ĂƉŝƚůĂŬĞǁŝůůĨŽƌŵƚŚĂƚĐŽǀĞƌƐĂďŽƵƚϱϬϬĂĐƌĞƐ͕ŝƐŽǀĞƌϱϬϬĨĞĞƚĚĞĞƉĂŶĚǁŝůů
ĐŽŶƚĂŝŶŽǀĞƌϲϬďŝůůŝŽŶŐĂůůŽŶƐŽĨƵŶƚƌĞĂƚĞĚǁĂƚĞƌ͘dŚĞƐƵƌĨĂĐĞŽĨƚŚŝƐƉŝƚůĂŬĞǁŝůůŽŶůǇďĞĂďŽƵƚ
ϭϱϬĨĞĞƚďĞůŽǁƚŚĞƐƉŝůůƉŽŝŶƚĨŽƌƚŚĞƉŝƚ͘ůĂƌŐĞͲƐĐĂůĞĨĂŝůƵƌĞŽĨƚŚĞƉŝƚǁĂůů͕ůŝŬĞůǇƚƌŝŐŐĞƌĞĚďǇ
ĂƐĞŝƐŵŝĐĞǀĞŶƚ͕ǁŽƵůĚĐƌĞĂƚĞĂůĂƌŐĞƐĞŝĐŚĞǁĂǀĞ͘^ƵĐŚĂǁĂǀĞǁŽƵůĚĂůŵŽƐƚĐĞƌƚĂŝŶůǇĚĂŵĂŐĞ
ƚŚĞǁĂƚĞƌŵĂŶĂŐĞŵĞŶƚŝŶĨƌĂƐƚƌƵĐƚƵƌĞƌĞƋƵŝƌĞĚƚŽŵĂŝŶƚĂŝŶƉŝƚǁĂƚĞƌůĞǀĞůƐ͕ĐŽƵůĚƌĞƐƵůƚŝŶ
ǁŽƌŬĞƌĨĂƚĂůŝƚŝĞƐĂŶĚĐŽƵůĚŝŶƐƚĂŶƚĂŶĞŽƵƐůǇƌĞůĞĂƐĞďŝůůŝŽŶƐŽĨŐĂůůŽŶƐŽĨƵŶƚƌĞĂƚĞĚǁĂƚĞƌŝŶƚŽ
ƚŚĞ<ŽŬƚƵůŝZŝǀĞƌƐǇƐƚĞŵ͘
dŚŝƐŝƐŶŽƚĂŚǇƉŽƚŚĞƚŝĐĂůƐĐĞŶĂƌŝŽ͘dŚĞĨůŽŽĚĞĚĞƌŬĞůĞǇŽƉĞŶƉŝƚŝŶƵƚƚĞDŽŶƚĂŶĂŚĂƐ
ĞǆƉĞƌŝĞŶĐĞĚĂƚůĞĂƐƚƚǁŽůĂƌŐĞƐĞŝĐŚĞǁĂǀĞĞǀĞŶƚƐ͘dŚĞĨŝƌƐƚŝŶϭϵϵϴĚĞƉŽƐŝƚĞĚƚŚĞƉŝƚůĂŬĞ
ƐĂŵƉůŝŶŐďŽĂƚƌŽƵŐŚůǇϰϬĨĞĞƚĂďŽǀĞƚŚĞůĂŬĞƐƵƌĨĂĐĞĂŶĚƚŚĞƐĞĐŽŶĚŝŶϮϬϭϯĚĞƐƚƌŽǇĞĚƉŝƚ
ƉƵŵƉŝŶŐŝŶĨƌĂƐƚƌƵĐƚƵƌĞ͘ĞĐĂƵƐĞŽĨƚŚĞŚŝŐŚŽŶŐŽŝŶŐĚĂŶŐĞƌŽĨŶĞǁƐĞŝĐŚĞǁĂǀĞƐ͕ĂĐĐĞƐƐƚŽ
ƚŚĞƉŝƚŝƐŶŽǁƐĞǀĞƌĞůǇƌĞƐƚƌŝĐƚĞĚĂŶĚĂůůǁĂƚĞƌƐĂŵƉůĞƐĂƌĞĐŽůůĞĐƚĞĚĨƌŽŵĂŶĞŶƚŝƌĞůǇƌĞŵŽƚĞͲ
ĐŽŶƚƌŽůůĞĚƐĂŵƉůŝŶŐǀĞƐƐĞů͘DŽĚĞůůŝŶŐŽĨƉŽƐƚͲĨůŽŽĚŝŶŐƉŝƚǁĂůůƐƚĂďŝůŝƚǇĂŶĚƐĞŝĐŚĞǁĂǀĞ
ŐĞŶĞƌĂƚŝŽŶŝƐďĞĐŽŵŝŶŐĂĐŽŵŵŽŶƉƌĂĐƚŝĐĞǁŝƚŚŝŶƚŚĞŵŝŶŝŶŐŝŶĚƵƐƚƌǇĨŽƌƉůĂŶŶĞĚůĂƌŐĞƉŝƚ
ůĂŬĞƐ͘ďƌŝĞĨŝŶƚĞƌŶĞƚƐĞĂƌĐŚƐŚŽǁƐƉŝƚǁĂůůĨĂŝůƵƌĞͬƐĞŝĐŚĞǁĂǀĞƉƌĞĚŝĐƚŝǀĞĂŶĂůǇƐĞƐƌĞĐĞŶƚůǇ
ƉĞƌĨŽƌŵĞĚĂƚƚŚĞDĂƌƚŚĂDŝŶĞƉŝƚŝŶEĞǁĞĂůĂŶĚ͕ƚŚĞůĂĐŬ>ĂŬĞƉŝƚŝŶYƵĞďĞĐ͕ƚŚĞDŝƚĐŚĞůů
ƉŝƚŝŶƌŝƚŝƐŚŽůƵŵďŝĂĂŶĚĨŽƌĂůĂƌŐĞƵŶͲŶĂŵĞĚƉŝƚĂƐĚĞƚĂŝůĞĚĂƚƚŚĞ'ŽůĚĞƌƐƐŽĐŝĂƚĞƐ
ǁĞďƐŝƚĞ͘
ůƚŚŽƵŐŚďŽƚŚƐƚĂƚŝĐĂŶĚƐĞŝƐŵŝĐŐĞŽƚĞĐŚŶŝĐĂůŵŽĚĞůůŝŶŐŚĂƐďĞĞŶƉĞƌĨŽƌŵĞĚĨŽƌƚŚĞŽƉĞŶƉŝƚ͕
ŝƚŝƐŶŽƚĂƉƉůŝĐĂďůĞƚŽĞǀĂůƵĂƚŝŽŶŽĨƚŚĞƉŝƚǁĂůůĨĂŝůƵƌĞͬƐĞŝĐŚĞƐĐĞŶĂƌŝŽŚŝŐŚůŝŐŚƚĞĚĂďŽǀĞ
ďĞĐĂƵƐĞ͗
x KŶůǇĞĂƌůǇĐůŽƐƵƌĞĐŽŶĚŝƚŝŽŶƐǁĞƌĞĞǀĂůƵĂƚĞĚǁŚĞŶƚŚĞŽƉĞŶƉŝƚĂŶĚƐƵƌƌŽƵŶĚĞĚ
ďĞĚƌŽĐŬǁĞƌĞŽŶůǇĂďŽƵƚŚĂůĨͲǁĂǇƌĞĨůŽŽĚĞĚ͘,ŽǁĞǀĞƌ͕ĐƵƌƌĞŶƚƉůĂŶƐĂƌĞƚŽĂůůŽǁƚŚĞ
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ƉŝƚůĂŬĞƚŽƌĞĨůŽŽĚƚŽǁŝƚŚŝŶĂďŽƵƚϭϱϬĨĞĞƚŽĨƚŚĞƉƌĞͲŵŝŶŝŶŐƐƵƌĨĂĐĞ͘dŚŝƐǁŝůůĂůƐŽƌĂŝƐĞ
ƚŚĞǁĂƚĞƌƚĂďůĞŝŶƚŚĞƐƵƌƌŽƵŶĚŝŶŐďĞĚƌŽĐŬĂŶĚĐŽƵůĚůĞĂĚƚŽŝŶĐƌĞĂƐŝŶŐǁĂůůŝŶƐƚĂďŝůŝƚǇ͘
x dŚĞ/^ƉŝƚǁĂůůŐĞŽƚĞĐŚŶŝĐĂůĞǀĂůƵĂƚŝŽŶƐĨŽƌƐĞŝƐŵŝĐĞǀĞŶƚƐŽŶůǇĐŽŶƐŝĚĞƌĞĚŐƌŽƵŶĚ
ĂĐĐĞůĞƌĂƚŝŽŶƐŽĨϬ͘ϭϰĂŶĚͬŽƌϬ͘ϮŐ;ƚŚĞƌĞĂƌĞŝŶĐŽŶƐŝƐƚĞŶĐŝĞƐďĞƚǁĞĞŶƉƉĞŶĚŝǆ<͕ϰ͘ϭϱ
ĂŶĚƚŚĞŽƌŝŐŝŶĂů^Z<ŵĞŵŽĚĂƚĞĚƵŐƵƐƚϵ͕ϮϬϭϴͿ͘dŚĞƐĞǀĂůƵĞƐŵĂǇďĞĂƉƉƌŽƉƌŝĂƚĞĨŽƌ
ĂŶĂƐƐĞƐƐŵĞŶƚŽĨƌŝƐŬƐĚƵƌŝŶŐƚŚĞϮϬͲǇĞĂƌŽƉĞƌĂƚŝŽŶĂůƉĞƌŝŽĚ͕ďƵƚĂƌĞĐůĞĂƌůǇŝŶĂĚĞƋƵĂƚĞ
ĨŽƌĂĐůŽƐƵƌĞĂƐƐĞƐƐŵĞŶƚǁŚĞŶĐŽŶƚĂŝŶŵĞŶƚŝƐƌĞƋƵŝƌĞĚĨŽƌĐĞŶƚƵƌŝĞƐ͘/ƚǁŽƵůĚďĞŵƵĐŚ
ŵŽƌĞĂƉƉƌŽƉƌŝĂƚĞƚŽƉĞƌĨŽƌŵƚŚĞĂŶĂůǇƐŝƐƵƐŝŶŐƚŚĞŵĂǆŝŵƵŵĐƌĞĚŝďůĞĞĂƌƚŚƋƵĂŬĞĨŽƌ
ĐůŽƐƵƌĞǁŚŝĐŚŚĂƐĂŶĞƐƚŝŵĂƚĞĚŐƌŽƵŶĚĂĐĐĞůĞƌĂƚŝŽŶŽĨϬ͘ϲϭŐ͘
x WŚǇƐŝĐĂůĂŶĚĂĐĐĞůĞƌĂƚĞĚĐŚĞŵŝĐĂůǁĞĂƚŚĞƌŝŶŐŽĨĂĐŝĚŝĨŝĞĚ͕ƉǇƌŝƚĞͲďĞĂƌŝŶŐǁĂůůƌŽĐŬĐŽƵůĚ
ƐŝŐŶŝĨŝĐĂŶƚůǇůŽǁĞƌŝŶƐŝƚƵƌŽĐŬƐƚƌĞŶŐƚŚŝŶƚŚĞĚĞĐĂĚĞƐĂĨƚĞƌĐůŽƐƵƌĞ͘
x dŚĞ^Z<ŐĞŽƚĞĐŚŶŝĐĂůĂŶĂůǇƐŝƐǁĂƐŽŶůǇĐŽŵƉůĞƚĞĚŽŶƚŚƌĞĞĐƌŽƐƐƐĞĐƚŝŽŶƐŝŶƚŚĞƉŝƚ͘
dŚĞŐĞŽƚĞĐŚŶŝĐĂůƐƚĂďŝůŝƚǇŽĨƚŚĞƌĞůĂƚŝǀĞůǇƐŚĂůůŽǁǌŽŶĞŽĨǁĞĂŬƌŽĐŬŽŶƚŚĞǁĞƐƚƐŝĚĞŽĨ
ƚŚĞƉŝƚǁĂƐŶŽƚĞǀĂůƵĂƚĞĚƵŶĚĞƌƐƚĂƚŝĐŽƌĚǇŶĂŵŝĐĐŽŶĚŝƚŝŽŶƐ͘
dŚŝƐŝƐƐƵĞŚĂƐƐƚƌĂƚĞŐŝĐŝŵƉůŝĐĂƚŝŽŶƐĨŽƌŵŝŶĞĚĞƐŝŐŶ͕ŽƉĞƌĂƚŝŽŶƐĂŶĚĐůŽƐƵƌĞĂŶĚŶĞĞĚƐƚŽďĞ
ĂĚĚƌĞƐƐĞĚďǇƚŚĞ/^ƉƌŽĐĞƐƐ͘/ĨƚŚĞƉŝƚǁĂůůƐĂƌĞŶŽƚƐƚĂďůĞƵŶĚĞƌƚŚĞŵĂǆŝŵƵŵĐƌĞĚŝďůĞ
ĞĂƌƚŚƋƵĂŬĞƚŚĞŶĐŽŶƚĂŝŶŵĞŶƚŽĨƚŚĞŵŽƌĞƚŚĂŶϲϬďŝůůŝŽŶŐĂůůŽŶƐŽĨƵŶƚƌĞĂƚĞĚƉŝƚůĂŬĞǁĂƚĞƌ
ĐĂŶŶŽƚďĞĞŶƐƵƌĞĚĂĨƚĞƌĐůŽƐƵƌĞ͘dŚŝƐǁŽƵůĚĂůŵŽƐƚĐĞƌƚĂŝŶůǇŶĞĞĚƚŽďĞŵŝƚŝŐĂƚĞĚďǇŽŶĞŽĨ
ƚŚĞĨŽůůŽǁŝŶŐƐƚƌĂƚĞŐŝĞƐ͗
x DĂŝŶƚĂŝŶŝŶŐƚŚĞƉŝƚůĂŬĞƐƵƌĨĂĐĞĂƚĂŵƵĐŚůŽǁĞƌĞůĞǀĂƚŝŽŶƐŽƚŚĞƌĞŝƐĂĚĚŝƚŝŽŶĂů
ĨƌĞĞďŽĂƌĚƚŽĐŽŶƚĂŝŶĂƐĞŝĐŚĞǁĂǀĞ͘,ŽǁĞǀĞƌ͕ƚŚŝƐǁŽƵůĚŝŶĐƌĞĂƐĞƚŚĞŝŶƉĞƌƉĞƚƵŝƚǇ
ƉƵŵƉŝŶŐƌĂƚĞĂŶĚ͕ďĞĐĂƵƐĞŵŽƌĞŽĨƚŚĞĂĐŝĚͲŐĞŶĞƌĂƚŝŶŐƉŝƚŚŝŐŚǁĂůůƐǁŽƵůĚďĞ
ĞǆƉŽƐĞĚ͕ǁŽƵůĚĐĂƵƐĞƉŝƚůĂŬĞǁĂƚĞƌƋƵĂůŝƚǇƚŽďĞǁŽƌƐĞƚŚĂŶĐƵƌƌĞŶƚůǇƉƌĞĚŝĐƚĞĚ͘
x WĞƌĨŽƌŵŝŶŐŝŶƐŝƚƵƚƌĞĂƚŵĞŶƚŽĨƚŚĞĞŶƚŝƌĞƉŝƚůĂŬĞƐŽƚŚĂƚŝĨǁĂƚĞƌǁĞƌĞƌĞůĞĂƐĞĚďǇĂ
ƐĞŝĐŚĞǁĂǀĞ͕ŝƚǁŽƵůĚŚĂǀĞůĞƐƐŽĨĂŶĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚ͘,ŽǁĞǀĞƌ͕ƚŚŝƐǁŽƵůĚďĞ
ǀĞƌǇĐŽƐƚůǇ͕ƚĞĐŚŶŝĐĂůůǇĐŽŵƉůĞǆĂŶĚǁŽƵůĚůŝŬĞůǇƉƵƚǁŽƌŬĞƌƐŝŶŚĂƌŵ͛ƐǁĂǇ͘
x WĞƌƉĞƚƵĂůƉŽƐƚͲĐůŽƐƵƌĞĚĞǁĂƚĞƌŝŶŐĂŶĚĚĞƉƌĞƐƐƵƌŝǌĂƚŝŽŶŽĨǁĞĂŬĞƌƉŽƌƚŝŽŶƐŽĨƚŚĞƉŝƚ
ǁĂůůƚŚĂƚĂƌĞƉƌŽŶĞƚŽĨĂŝůƵƌĞ͘,ŽǁĞǀĞƌ͕ƚŚŝƐǁŽƵůĚŝŶĐƌĞĂƐĞƚŚĞŝŶƉĞƌƉĞƚƵŝƚǇƉƵŵƉŝŶŐ
ƌĂƚĞĂŶĚƌĞƋƵŝƌĞĐŽŶƐƚĂŶƚĂĐƚŝǀĞŝŶƚĞƌǀĞŶƚŝŽŶĨŽƌĐĞŶƚƵƌŝĞƐ͘
x ZĞĨŝŶŝŶŐĂĐŝĚͲĨŽƌŵŝŶŐǁĂƐƚĞƌŽĐŬƉůĂĐĞŵĞŶƚŝŶƚŚĞƉŝƚƐŽƚŚĂƚŝƚƌĞŵĂŝŶƐďĞůŽǁƚŚĞůĂŬĞ
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Executive Summary
On February 20, 2019, the US Army Corps of Engineers released the draft environmental impact statement
(DEIS) for the Pebble Project, a proposed copper-gold-molybdenum mine in the headwaters of the Bristol Bay
watershed. The DEIS describes the potentially affected environment, the proposed project and its alternatives,
and makes an effort to evaluate the environmental effects of those alternatives. While the DEIS does evaluate a
number of impacts of the mine during normal operations, it does not consider the potential environmental impacts
of a tailings dam failure like the ones that have recently occurred in British Columbia (Mt Polley, 2014) and Brazil
(Samarco and Brumadinho, 2015 and 2019). In justifying this decision, United States Army Corps of Engineers
86$&( QRWHVWKDW³The probability of a full breach of the bulk or pyritic TSF tailings embankments was
assessed to be extremely low´ '(,6S- $VDUHVXOW³0DVVLYHFDWDVWURSKLFUHOHDVHVWKDWZHUHGHHPHG
H[WUHPHO\XQOLNHO\ZHUH«UXOHGRXWIRUDQDO\VLVLQWKH(,6´ DEIS, p. 4.27-75).
7KHVHVWDWHPHQWVLQWKH'(,6UHO\HQWLUHO\RQWKHRXWFRPHVIURPDZRUNVKRSWKDW86$&(¶VWKLUGSDUW\FRQWUDFWRU
AECOM, hosted in October of 2018, which included two representatives of USACE, one dam safety engineer
from Alaska, and four representatives of the Pebble Limited Partnership (PLP). That workshop very narrowly
constrained the failure analysis to consider only failures that had a reasonable chance of occurring during the 20year operational life of the mine: ³>DIXOOWDLOLQJVEUHDFKZDV@UXOHGRXWDVUHPRWHduring the 20-year operational life
due to likelihood of successful detection and intervention´ $(&20 7KHSUREOHPZLWKFRQVWUDLQLQJWKH
failure analysis this narrowly is that a TSF dam failure could occur at any point during the life of the dam; not just
during the 20-year operational mining period.
When considering the full operational life of the tailings storage facility (TSF) impoundments, many of the aspects
RIWKHSURSRVHGWDLOLQJVIDFLOLW\DW3HEEOHVXJJHVWWKDWVXFKDIDLOXUHLVQRW³H[WUHPHO\XQOLNHO\´DQGWKHUHfore the
EIS review must consider a broader range of low probability-high consequence scenarios to be compliant with
National Environmental Policy Act (NEPA) guidelines. These aspects include the following:
x

The northern embankment of the larger, bulk TSF north, is approximately 164 meters high and uses the
FHQWHUOLQHFRQVWUXFWLRQPHWKRGHYHQWKRXJK³Gams designed with downstream construction methods are
less likely to fail than dams using centerline construction methods, especially under seismic shaking´
(DEIS, p. 4.27-73).

x

The bulk TSF is approximately ten times larger than the facilities that failed at Mt. Polley and Samarco,
and is nearly unprecedented in scale relative to historical dam failures (Rico et al., 2008).

x

The Pebble site receives more than 1.3 meters (52 inches) of precipitation each year, which suggests
that the tailings and dam are very likely to remain wet and unstable after mine operations cease.

x

There are substantial risks of seismicity at the site that could destabilize the facility via dam failure or
liquefaction.

Given these clear risk factors, a full dam failure analysis falls within the NEPA mandate for understanding lowprobability, high-consequence events. As the lead federal agency and the project proponent, respectively, the
responsibility to conduct this analysis ultimately rests with USACE and PLP. However, in an effort to provide the
public with relevant information during the DEIS public comment period, Lynker undertook a modeling study to
estimate the downstream impacts of a TSF failure, if it were to occur.
We used publicly available data describing the physiography and hydrology of the region, and data published by
PLP describing the proposed TSF design and other mine site characteristics, to build a model of tailings release
and downstream transport. We developed our model using the FLO-2D software package, one of the few flood
modeling packages capable of simulating the non-Newtonian flows that characterize tailings failures, and one that
is commonly utilized by the mining industry for similar purposes (e.g., Knight Piesold, 2014; Tetra Tech, 2015).
We used a comprehensive sensitivity analysis to evaluate how outcomes vary with different model parameters,
and we developed a set of failure scenarios to bracket the range of potential downstream impacts for different
release volumes and durations. Our results provide regulators and the public with information that will be valuable
during the public comment period for the DEIS.
Under all of the scenarios tested, our model results indicate that the tailings from a dam breach would travel more
than 75 kilometers (~50 miles) downstream, beyond the confluence with the Mulchatna River, where the majority

Lynker Technologies, LLC
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of our simulations end. Over the entire modeled reach, the mudflow fills the valley bottoms, spreading tailings
across the off-channel habitat in the floodplains. The tailings within this limited model domain alone would be
deposited in approximately 250 kilometers (155 miles) of streams that are mapped as salmon habitat (Johnson
and Blossom, 2018), and approximately 700 kilometers (435 miles) of streams that have been identified as
potentially suitable for salmon spawning and/or rearing (Woll et al., 2012). In these simulations, up to 80% of
tailings are still moving through the downstream boundary of the model.
In the limited number of simulations where we expanded our model domain, the results indicate that the tailings
under most scenarios would continue beyond the confluence with the Nushagak River, more than 130 kilometers
(~80 miles) downstream. In these simulations, approximately 50% of the tailings are still moving through the
downstream boundary of this model. Given the fine-grained nature of the material, it is extremely likely that these
tailings would continue to Bristol Bay, where they would eventually settle out in the Nushagak River estuary.
While we do not simulate the long-term fate of these tailings after the initial flood wave passes, the DEIS itself
acknowledges that clean-up would be unrealizable in the event of a large-scale failure, and that natural
attenuation would likely take decades.
With more than 130 years of sustainable harvest, Bristol Bay ranks among the most important wild salmon
fisheries on earth (Hilborn etal. 2003, Knapp etal 2013). Yet the risks associated with a large-scale failure of the
proposed tailings storage facility at Pebble have not been evaluated in the Draft Environmental Impact Statement
that is currently under review (USACE 2019). Based on our analysis, the impacts of such a failure could be
catastrophic to salmon habitat in the Nushagak watershed and should not be ignored in the EIS process.

Figure ES-1. Model results from 24-hour TSF breach releasing 41.7% of tailings.

Lynker Technologies, LLC
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1

Introduction and Background

In February of 2019, the US Army Corps of Engineers (USACE) released a draft environmental impact statement
(DEIS) describing the direct, indirect and cumulative impacts of mining the Pebble Deposit in southwestern
Alaska, one of the largest undeveloped copper deposits in the world. Mining this resource would require perpetual
storage of billions of tons of mining waste, including tailings. These tailings would be stored in tailings storage
facilities (TSFs) behind massive earthen dams, which must maintain their integrity in perpetuity to prevent
contamination of the rivers downstream. A failure of one of these earthen dams could potentially cause significant
harm to salmon spawning and rearing habitat in the headwaters of the Nushagak-Mulchatna River system, an
important part of the Bristol Bay salmon fishery.

1.1 Regulatory Requirements
As part of the EIS process, the National Environmental Policy Act (NEPA) requires that project proponents take a
³KDUGORRN´DWWKHSRWHQWLDOenvironmental impacts of their proposed action and the alternatives. NEPA requires a
complete investigation into potential environmental impacts and acknowledgement of potential environmental
harms. As described in NEPA (40 C.F.R. § 1502.22), WKH(,6¶VFXPXODWLYHLPSDFWVDQDO\VLVPXVWLQFOXGH
quantified and detailed information about paVWSUHVHQWDQGUHDVRQDEO\IRUHVHHDEOHIXWXUHDFWLRQV³5HDVRQDEO\
IRUHVHHDEOH´LQFOXGHVLPSDFWVZKLFKKDYHFDWDVWURSKLFFRQVHTXHQFHVHYHQLIWKHLUSUREDELOLW\RIRFFXUUHQFHLV
low.
Despite these requirements, the draft EIS for the Pebble Mine does not consider the possibility of a complete
WDLOLQJVGDPIDLOXUHDWDQ\RIWKHSURSRVHGIDFLOLWLHVQRWLQJWKDW³The probability of a full breach of the bulk or
pyritic TSF tailings embankments was assessed to be extremely low´ '(,6S-72). This assessment of the
low level of risk UHOLHVRQWKHRXWFRPHVRID³)DLOXUH0RGHVDQG(IIHFWV$QDO\VLV´ )0($ ZRUNVKRSZKHUHLQWKH
participants very narrowly constrained the failure analysis to consider only failures that had a reasonable chance
of occurring during the 20-year operational life of the mine: ³>DIXOOWDLOLQJVEUHDFKZDV@UXOHGRXWDVUHPRWHduring
the 20-year operational life due to likelihood of successful detection and intervention´ $(&20 

Other information contained in the DEIS further
underscores the need for a detailed study of a TSF
failure. These aspects include the following:
x

The northern embankment of the bulk TSF is
approximately 164 meters high and uses the
centerline construction method. The DEIS states
that ³Gams designed with downstream construction
methods are less likely to fail than dams using
centerline construction methods, especially under

WƌŽďĂďŝůŝƚǇŽĨΗϭŝŶϮϬϬϬΗǀĞŶƚǀƐ>ŝĨĞŽĨ
Ăŵ
ϰϱй
ϰϬй

WƌŽďĂďŝůŝƚǇŽĨ&ĂŝůƵƌĞ

Elsewhere in the DEIS, USACE cites a number of
studies that demonstrate the probability of a TSF failure
to be approximately 1 failure per 2000 dam years
(Davies et al., 2000; Chambers and Higman, 2011;
Peck, 2007). Based on this 1:2000 probability in any
given year, Figure 2 shows how the probability of failure
increases with dam lifetime. By this analysis, the
probability of a tailings dam failure is approximately 1%
over the 20-year operational life of the mine, and
approximately 5% over a 100-year operational and
post-closure timeframe (Figure 1). Because of the
potentially catastrophic impacts to the fishery, these
probabilities should fall well within the threshold of
analysis for low-probability, high-consequence events
that NEPA requires.

ϯϱй
ϯϬй
Ϯϱй
ϮϬй
ϭϱй
ϭϬй
ϱй
Ϭй
ϮϬ

ϱϬ

ϭϬϬ

ϮϬϬ

ϱϬϬ

ϭϬϬϬ

>ŝĨĞŽĨĚĂŵ;ǇƌƐͿ
Figure 2. Probability of dam failure throughout time
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seismic shaking´ (DEIS, p. 4.27-73). Thus, despite the acknowledged risks, PLP is not proposing the most
stable dam design for the TSF.
x

The bulk TSF is approximately ten times larger than the facilities that failed at Mt. Polley and Samarco, and is
nearly unprecedented in scale relative to historical dam failures (Rico et al., 2008).

x

The Pebble site receives more than 1.3 meters (52 inches) of precipitation each year, which suggests that the
tailings and dam are very likely to remain wet and potentially unstable after mine operations cease.

1.2 Historical Tailings Dam Failures
The most recent tailings dam failures in British Columbia and Brazil have demonstrated that even modern dams
built to present-day engineering specifications can fail. Depending on the type of tailings released and the setting
in which the failure occurs, these failures can have potentially disastrous effects on humans and the environment.
At the Samarco mine, for example, tailings were transported more than 600 km (370 miles) downstream, leaving
behind a trail of iron-rich mud that will most likely continue to be a source of contamination for decades. At the
Feijao Mine, the tailings dam failure killed more than 200 people, with approximately 100 others unaccounted for
at the time of this writing. While the Mt. Polley failure was limited in spatial extent because it emptied into nearby
Lake Quesnel, this failure nonetheless destroyed salmon spawning habitat along Hazeltine Creek, and its full
effects on the aquatic ecosystem at Quesnel Lake are not yet known.
Furthermore, while both of the recent failures in Brazil occurred RQGDPVEXLOWXVLQJWKHOHVVVWDEOH³XSVWUHDP´
method, the Mt. Polley dam was built using D³PRGLILHGFHQWHUOLQH´PHWKRGwhich is considered to be more stable.
Despite this higher standard of safety, the Mt. Polley tailings dam still failed, due to geologic factors that were
unknown at the time it was designed. These factors should have been recognized by Knight Piesold but were
missed even under the extensive review and permitting process for the Mt. Polley mine. Knight Piesold now is the
same engineering firm hired by PLP to design the tailings dam at the Pebble mine, under a dramatically
accelerated EIS scheduling process compared to other mines of its size.
Finally, none of these recent tailings dam failures were ³one-off´ events. The Feijao dam failure was the 11th
serious tailings dam failure in the last decade, and such catastrophic events are becoming more frequent,
according to researchers at the non-profit World Mine Tailings Failures (WMTF, 2019). The number of incidents is
projected to rise without major changes to law, regulation, and industry practices, and without new technology that
substantially reduces risk aQGLQFUHDVHVORVVFRQWURO:07)¶VFXUUHQWSUHGLFWLRQLVIRUµYHU\VHULRXV¶IDLOXUHV
between 2018 and 2027

1.3 Previous Work at the Pebble Site
As part of the Bristol Bay Watershed Assessment (USEPA, 2014), the US Environmental Protection Agency
simulated downstream transport of tailings from a breach of a tailings dam at the Pebble site. In that analysis,
EPA used the hydraulics package HEC-RAS to simulate the flood wave and downstream transport of tailings from
a conceptual mine scenario consistent with the information available at the time. The model domain extended
approximately 30 km downstream from the tailings storage facility. That analysis found that tailings would be
transported far beyond the model boundary, and that the effects would likely be long-lasting:
Deposited tailings and their leachate would persist at toxic levels for decades. The acute effects
of a tailings spill would extend far beyond the modeled 30-km (18.6 mi) distance downstream
(USEPA, 2014, p. 9-45)
Although the USEPA analysis indicated far-reaching impacts from a TSF dam failure, the Draft EIS does not
consider the possibility of a dam failure occurring. Instead, the DEIS contains a very narrow spill analysis that is
based entirely on decisions made during an October 2018 FMEA workshop.1 At that workshop, it was determined
that a complete breach of a TSF dam would not be analyzed because its probability of occurrence was too remote
ϭdŚĞ͞&ĂŝůƵƌĞDŽĚĞƐĂŶĚĨĨĞĐƚƐŶĂůǇƐŝƐ͟ǁŽƌŬƐŚŽƉŝŶŶĐŚŽƌĂŐĞŽŶKĐƚŽďĞƌϮϰͲϮϱ͕ϮϬϭϴǁĂƐƌƵŶďǇKD͘/ŶĂĚĚŝƚŝŽŶƚŽ
KDƉĞƌƐŽŶŶĞů͕ƚŚĞŵĞĞƚŝŶŐŝŶĐůƵĚĞĚƚǁŽƌĞƉƌĞƐĞŶƚĂƚŝǀĞƐŽĨh^͕ŽŶĞĚĂŵƐĂĨĞƚǇĞŶŐŝŶĞĞƌĨƌŽŵůĂƐŬĂ͕ĂŶĚĨŽƵƌƌĞƉƌĞƐĞŶƚĂƚŝǀĞƐ
ŽĨW>W͘dŚĞǁŽƌŬƐŚŽƉǀĞƌǇŶĂƌƌŽǁůǇĚĞĨŝŶĞĚƚŚĞĂŶĂůǇƐŝƐƚŽĐŽŶƐŝĚĞƌŽŶůǇƉŽƚĞŶƚŝĂůĨĂŝůƵƌĞƐƚŚĂƚŚĂĚĂƌĞĂƐŽŶĂďůĞĐŚĂŶĐĞŽĨŽĐĐƵƌƌŝŶŐ
ŽǀĞƌƚŚĞϮϬͲǇĞĂƌŽƉĞƌĂƚŝŽŶĂůůŝĨĞŽĨƚŚĞŵŝŶĞ͘
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during the 20-year operational life of the mine. Instead, Knight Piesold, on behalf of PLP, simulated the impacts of
two very limited failures: one failure of the tailings delivery pipeline to the bulk TSF (Knight Piesold, 2018o) and a
IRRWEUHDFKRIWKH¶GDPLPSRXQGLQJWKHpotentially acid generating (PAG) tailings facility that was assumed
to stop after a small amount of tailings and water drained from the PAG TSF (Knight Piesold, 2018p). The pipeline
breach described in Knight Piesold (2018o) does not represent a true TSF failure; as shown below, the volume of
tailings released in this scenario is approximately 10,000 times smaller than what would be expected from a full
tailings dam failure. Similarly, the 0.87 million tons released in the pyritic TSF failure simulation is approximately
60 times smaller than the approximately 52 million tons that empirical data would indicate could be released from
an impoundment of this size (Rico et al., 2008; Laurrali and Lall, 2018).
As the lead federal agency and the project proponent, respectively, the responsibility to conduct an analysis of the
impacts of a TSF dam failure event ultimately rests with USACE and PLP. However, in an effort to provide the
public with relevant information during the DEIS public comment period, Lynker undertook this modeling study to
estimate the downstream impacts of a TSF failure, if it were to occur. Our modeling extends the USEPA (2014)
analysis in two important ways. First, because the USEPA model domain was not large enough to simulate the
fate of tailings more than 30km downstream, we extended our modeling domain approximately 140 km down the
Koktuli river system, to just below the confluence between the Mulchatna and the Nushagak River. And second,
because the material released from a tailings dam failure typically has a very high sediment concentration with a
substantially different rheology than a clear flood flow, we simulated the TSF failures at Pebble as a nonNewtonian flow using the modeling package FLO-2D (e.g., Orman et al., 2017; Knight Piesold, 2014). USEPA
(2014) used HEC-RAS for their modeling, while acknowledging the limitations of using HEC-RAS for highly
sediment-laden/non-Newtonian flows.
As with the USEPA (2014) study, the goal of our modeling is not to predict exactly where sediment released from
a TSF failure would go; uncertainties related to both model parameters and the failure scenario itself are both too
broad to develop a predictive model. Rather, our goal is to simulate a range of plausible failure scenarios based
on both site-specific characteristics and general observations from other TSF failures in the recent past, and to
use this range of parameters and scenarios to bracket the types of impacts that might be expected. Our modeling
provides a more complete analysis of the direct, indirect and cumulative impacts of a TSF failure at the proposed
mine than what is currently included in the DEIS. USACE could incorporate our results directly into the DEIS and
develop a more robust consequence analysis that acknowledges these impacts, or they could develop their own
model to simulate a TSF failure. In either case, based on the outcomes of our study, the current DEIS clearly
requires more analysis that acknowledges the potential impacts of a tailings dam failure.
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2

Model Setup

We built our TSF failure and transport model using the FLO-2D software package, a two-dimensional hydrologic
and hydraulic model that can be used to simulate sediment transport, urban hydrology, and mudflows from dam
failures. We selected this code due to its ability to simulate non-Newtonian flows, which are created by landslides,
mud flows, debris flows, and other sediment laden flows, including spills from tailings ponds. Because the physics
of non-Newtonian flows are fundamentally different than those for clearwater flows, most of the other
hydrodynamic codes available are not well-suited to these types of simulations (e.g., Orman et al., 2017). FLO-2D
has also recently been used by mining companies and their consultants to simulate tailings dam failures in other
settings (e.g., Knight Piesold, 2014; Tetra Tech, 2015), demonstrating that the code is well-regarded by the
mining industry.
We parameterized the model using publicly available information for the Pebble deposit area, information
FRQWDLQHGLQ3/3¶VPLQHSHUPLWDSSOLFDWLRQDQGVXEVHTXHQWLQIRUPDWLRQUHOHDVHGDVSDUWRIWKHRQJRLQJPLQH
permitting process. Figure 3 provides a map of the proposed mining infrastructure outlined in the current PLP
permit application. This report largely focuses on modeling the potential impacts of dam failure from the bulk TSF
North. The sections below summarize the model inputs, parameters, and scenarios we developed to explore the
range of potential impacts from a tailings dam failure.

Figure 3. Map of the currently proposed PLP tailings storage facilities and mining features
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2.1 Tailings Dam Failure
This section summarizes the parameters used for the tailings dam failure modeling. It includes both physical
properties of the tailings releases (e.g., size of the impoundment, volume released) and the properties of the
release itself (e.g., the release flow rate through time as the tailings are released).

2.1.1 TSF Physical Properties
The mine site layout for the preferred alternative is shown as Figure 2-4 in the DEIS. To calculate the dam height
and storage capacity of the proposed tailings storage facilities, The Nature Conservancy developed a digitized
polygon shapefile of the bulk TSF and the pyritic TSF. Using the contour lines as control, the horizontal geometry
of each TSF was generated in ArcGIS. Next, the volume computations were produced in QT modeler using dam
elevations derived from the elevation contours in the PDF map in RFI062. Calculations were derived using the
EAGLE_Lattice_v011 DEM provided by PLP. This is a 12-foot resolution (horizontal) DEM covering the mine site
footprint and projected to AK State Plane. Before deciding to use it for the TSF volume computations, the Pebble
DEM was compared with other publicly-DYDLODEOH'(0¶V available at the time and was found to be the most
appropriate for the volume calculations in terms of coverage and resolution. The contours we generated with the
Pebble DEM appear to have the same detail and artifacts as those presented in 3/3¶VPDSV, likely indicating that
PLP was using the same Eagle_Lattice DEM for their own TSF computations. Shortly after starting this modeling
project, a 5-meter IfSAR DEM data became available for the study area. The IfSAR DEM has a much larger
coverage area which provided a more expansive and detailed (finer spatial resolution) surface for input to the
project FLO-2D model domain.
Table 1 summarizes the calculated physical specifications of the mining storage facilities based on the information
available from PLP at the time of this study. Note that this modeling study only explores the TSF failure results
from the Bulk Tailings North facility; however, it is important to note the other facilities proposed in the current
permit, as well as in a full buildout scenario. A failure at any of these facilities carries its own set of downstream
consequences and should be fully explored.
Table 1. Summary of the calculated specifications for the PLP mining storage facilities

Dam
Elevation
Height
(meters)
(meters)

Surface
Area
(km2)

Facility

Buildout
Scenario

Bulk Tailings North*
Bulk Tailings South

Current Permit
Full Buildout

164.6
279.5

533.4
571.5

10.93
13.62

Current Permit
Full Buildout

109.4
190.2

502.9
502.9

3.22
5.98

PAG Tailings North
PAG Tailings South

Volume
Capacity
Freeboard
top of dam
(meters)
(m3)
8.53E+08
3
1.77E+09
3
2.06E+08
4.04E+08

3
3

Adj Volume
Capacity
(m3)1
8.20E+08
1.73E+09
1.96E+08
3.86E+08

*All modeling scenarios developed in this study were generated for the Bulk Tailings North TSF
1Adjusted volume capacity = top of dam volume capacity ± estimated freeboard volume

2.1.2 TSF Release Volume
Based on an extensive literature review of tailings dam breach calculations, we developed a range of feasible
breach variables to bound the uncertainty of the impacts from a tailings dam failure. Rather than relying on a
single deterministic breach, we examined a range of breach scenarios by varying characteristics such as total
volume released, breach duration, hydrograph shape, and sediment concentration.
To generate a range of possible breach scenarios, we used the database of tailings dam failures outlined in
Concha Larrauri & Lall, (2018), which expands on the database originally published by Rico et al. (2008). This
database outlines the estimated tailings volumes released from 28 historical TSF breach events, including the Mt.
Polley and Samarco spills. This database provided the framework for determining a feasible range of breach
release volumes (Figure 4).
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To calculate an initial estimate of TSF breach release volume, we used the empirically derived equation from Rico
et al. (2008) that examined the relationship between the total tailings impoundment volume and the total released
tailings volume:
Vf = 0.354Vt1.008

(Eqn. 1)

Here Vf is the total breach release volume; and Vt is the impoundment capacity. Depending on the size of the
impoundment, this equation implies that the expected tailings release volume from a TSF failure is approximately
35-45% of the total tailings impoundment volume.
For the proposed bulk TSF at Pebble, this equation results in an expected breach volume of 41.7% of the
impoundment capacity. This 41.7% breach volume is used as our baseline release volume throughout many of
our model simulations in the sections that follow. Figure 4 below shows this estimated breach volume equation
based on historical breach events, plotted on a logarithmic scale. The estimated breach event for the bulk TSF is
plotted in the upper right corner of this figure, and represents a tailings release that would be approximately 10
times larger than either Samarco or Mt. Polley. Also shown in Figure 2 are the minimum and maximum breach
volumes analyzed in this study as part of our scenario analysis. Note that the ³SLSHOLQHUXSWXUH´scenario chosen
as the TSF failure scenario in the DEIS is approximately 10,000 times smaller than what would be indicated by
the Rico et al. (2008) empirical data.

Figure 4. Comparison of tailings pond capacity and calculated/observed release volume for historical breach events
(historical breach data obtained from Concha Larrauri & Lall, 2018)

A secondary empirical analysis of dam failure flood run-out distance is provided in Figure 5 below. This analysis
can be used to approximate the distance downstream that tailings discharge would be expected to travel. Using
the dam height and breach volume (referred to as ³dam factor´), Concha Larrauri & Lall, (2018) derived the
empirical equation shown in Figure 5 for historical dam failures. Using this equation, the estimated run-out
distance calculated for the bulk TSF facility is approximately 680km. Bristol Bay is approximately 340km
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downstream from the BTN, so this estimate indicates that tailings released from a full bulk TSF dam failure would
be expected to reach Bristol Bay (for reference: the bulk TSF is 336 km from Bristol Bay).

Figure 5. Comparison of dam factor and observed breach run-out distance for historical breach events (historical
breach data obtained from Concha Larrauri & Lall, 2018) and the estimated Pebble bulk TSF run-out distance. Orange
horizontal line shows distance to Bristol Bay for reference

2.1.3 Developing Breach Hydrographs
To generate the TSF failure inflow input files compatible with FLO-2DZHXVHGWKH³7DLOLQJV'DP)DLOXUH9ROXPH
(VWLPDWH7RRO´ 7')9(7 GHYHORSHGE\2¶%ULHQHWDO  WRJHQHUDWHscalable unit hydrograph and sediment
concentration time series data. We then scaled each unit hydrograph with a prescribed total breach volume, to
generate the full suite of failure scenarios for our analysis. Starting with the total breach volumes as summarized
in Section 3.1.2, we examined a range of feasible peak outflow rates and breach duration times. As a starting
point, we used the Rico et al. (2008) relationship between peak discharge and dam factor to calculate a set of
peak discharge values to define the inflow hydrograph:
Qmax = 10.5 H1.87

(Eqn. 2)

where Qmax is the peak discharge and +LVWKHGDPIDFWRU ³GDPKHLJKW´[³UHOHDVHYROXPH´ . Equation 2 results in
an estimated peak discharge of 32,100 m3/s for a bulk TSF failure that releases 41.7% of the total volume, as
calculated in Section 3.1.2. Based on a combination of this peak discharge rate and the total release volume, the
TDFVET unit hydrograph requires an 11-hour breach duration to match both the peak flow and the total flow. To
further explore the sensitivity of the breach duration to the downstream impacts, we also developed alternative
scenarios using a range of prescribed event durations (i.e. 6-hr, 11-hr, 24-hr, 48-hr, 96-hr).
We also developed a range of sediment concentration timeseries corresponding to the breach volume
hydrograph. We explored the maximum and average sediment concentrations for TSF breach mudflows based on
a literature review of historical events and field experiments (Julien & Leon S., 2000; Major & Pierson, 1992; J. S.
2¶%ULHQHWDO-LP 62¶%ULHQ -XOLHQ . The FLO-2D reference manual also states that ³)RUD
mudflow event, the average sediment concentration generally ranges between 20% and 35% by volume with
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SHDNFRQFHQWUDWLRQVDSSURDFKLQJ´ and ³)RUFRQFHQWUDWLRQVOHVVWKDQ 20% by volume, the flow will behave
OLNHDZDWHUIORRG´.
Figure 6 outlines three different sediment concentration scenarios that were developed for the sensitivity analysis.
The sediment concentration model input is defined as the ratio of the total discharge made up of tailings material
with water comprising the remaining portion. Figure 7 illustrates a sample of the bulked (sediment + water)
hydrograph scenarios (variable breach durations) that were developed from the processes outlined above.

Figure 6. Range of sediment concentration time series
scenarios developed for input to the FLO-2D model

Figure 7. Range of TSF failure bulked hydrograph time
series scenarios (variable breach durations)
developed for input to the FLO-2D model

2.1.4 Dam Breach Scenarios
Using the information outlined above, we developed a series of breach failure hydrographs to be input to the FLO2D model as the breach discharge. These scenarios were developed to examine both a reasonable range of
potential dam failure scenarios and to examine the FLO-2D model output sensitivity to variable flow
characteristics. Table 2 summarizes the different breach discharge hydrographs we developed, each of which will
be summarized in the following sections.
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Breach
Volume as
percent of
Dam
Capacity (%)
Peak Flow
of Bulked
Discharge
(m3/s)
Breach
Duration
(hours)

Max
Sediment
Conc (%)

Total
Sediment
Conc (%)

Discharge
Water Vol
(million
m3)

Discharge
Sed Vol
(million
m3)

Pebble TSF Failure Model

Page 9

likely outcome given the currently available data and assumptions.
1The 6-hr breach scenario was configured with a more dramatic rising limb and peak which results in a different water/sediment composition compared to the
event hydrograph used for the 11-hr to 96-hr simulations.

Variable Breach Durations
6-hr Breach1
342
41.7
108,540
6
50
37
213.8
128.2
11-hr Breach*
342
41.7
31,027
11
50
28
246.2
95.7
24-hr Breach*
342
41.7
14,867
24
50
28
246.2
95.7
48-hr Breach
342
41.7
7,434
48
50
28
246.2
95.7
96-hr Breach
342
41.7
3,717
96
50
28
246.2
95.7
Variable Max Sediment Concentration
35% max sediment concentration
342
41.7
7,434
48
35
20
275.0
67.0
50% max sediment concentration
342
41.7
7,434
48
50
28
246.2
95.7
Variable Breach Volumes
10% of Rico
82
10
3,560
24
50
28
59.0
23.0
60% of Rico
491
60
21,385
24
50
28
354.2
137.7
Variable Sediment Concentration Composition
standard sediment concentration
342
41.7
7,434
48
50
28
246.2
95.7
increased sediment concentration
342
41.7
7,434
48
50
49
174.4
167.5
*Empirical estimates of breach release volume and peak discharge from the bulk TSF dam failure indicate the 11-hr to 24-hr event scenarios would be the most

Scenario

Breach
Volume
(million
m3)

Table 2. Summary of all breach discharge scenarios developed for input to FLO-2D
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2.2 FLO-2D Model Setup
This section summarizes the setup and configuration of the overland flood model FLO-2D. FLO-2D represents
physical properties of the land surface (e.g. surface roughness, topography) to simulate mud and debris flow
progression between model grid elements.

2.2.1 Model Domain
FLO-2D uses a grid network over the model study area to perform cell-to-cell flow calculations. We developed the
initial model domain boundary by using the full extent of the best available topographic data. The model domain
was further refined through an iterative process of reducing the boundary to maximize computation time while
also ensuring all flood simulations are contained with the extent of the domain (i.e., ensuring that inundation does
not reach the edge of the model boundary). Our initial model domain was built from the headwaters of the North
and South Fork Koktuli Rivers to the confluence with the Mulchatna River (red boundary in Figure 8). In each of
the TSF failure scenarios developed using this model domain, tailings transport continued beyond the
downstream edge of this model boundary. As a result, we developed a larger model domain that extended further
downstream to the confluence between the Mulchatna and the Nushagak (yellow boundary in Figure 8), to
estimate the fate of tailings transport beyond the Koktuli/Mulchatna confluence. As summarized below, limitations
to the available topographic data required that we use different base topographic data for these two model
domains.

Pebble TSF Failure Model
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Figure 8. Model domain for the Koktuli River watershed model (red) and the Nushagak River watershed model (yellow) model cross-sections numbered
upstream to downstream (blue circles)
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2.2.2 Topography and Hydrography
FLO-2D uses a gridded computation solver to distribute flows over the model land surface, which means the
quality of the underlying terrain dataset influences the accuracy of the modeled outputs. For the smaller ³1).
0RGHO'RPDLQ´, we used a 5-meter resolution digital elevation model (DEM) generated from interferometric
synthetic aperture radar (IfSAR) as the underlying topography for the FLO-2D model. The processing steps
undertaken for this DEM were as follows. First, because we
required a relatively coarse FLO-2D grid in order to simulate
failures over our full model domain, we down-sampled this
DEM to a 30-meter resolution, using nearest neighbor
resampling. To define channels that were consistent with the
model topography, we then filled pits in this 30-meter DEM and
generated flow direction and flow accumulation arrays from the
filled DEM. We then selected a flow accumulation area
threshold of 1 km2 and assigned all flow accumulation values
larger than this to be defined as ³FKDQQHOV´The IfSAR DEM is
limited in that the data does not represent the bathymetry
within river channels; therefore, to ensure that these channels
created conduits for flow in the model, ZHWKHQ³EXUQHG-LQ´
each of these cells to the model topography by subtracting 0.5
Figure 9. Sample grid view of the model
meters from the DEM value for each of those cells. Finally, we
domain
with calculated flow accumulation
re-gridded the DEM within the FLO-2D model domain to a 60channels
meter resolution using a minimum value re-sampling algorithm
to ensure hydrologic connectivity is maintained.
A 2-meter DEM mosaic for Alaska, called ArcticDEM, is also available at the Polar Geospatial Center, a
collaboration between the National Geospatial-Intelligence Agency and the National Science Foundation 2. The
modeled DEM is a product of stereo pairs of 2-meter resolution imagery obtained by DigitalGlobe commercial
satellites. We obtained the 32-meter mosaiced dataset for the study area. To use this DEM, we filled depressions,
calculated flow direction, and flow accumulation from the dataset to ensure hydrologic connectivity. We identified
small data gaps in the grid (typically located in areas of open water) and filled these pits using a raster statistics
function to average the grid cell values within a 120-meter radius. We then followed the same processing steps
used for the 5-meter IfSAR data, as summarized above. The primary disadvantage of the ArcticDEM is the top of
canopy imagery return - which means the elevation data represents the height of any vegetation and not a true
³EDUHHDUWK´HOHYDWLRQThis limitation plays a role in the higher resolution details of the modeled flood extent;
however, we retained the results from this model to provide a qualitative analysis of impacts from a TSF failure on
the broader Nushagak watershed.

2.2.3 Flow Resistance
The hydrography of the Pebble deposit area is characterized by wide, vegetated alluvial valleys with sinuous,
gravel and sand-bedded channels winding through the valley bottoms. To simulate this hydrologic condition in the
PRGHOGRPDLQZHDVVLJQHGDVPRRWKHUURXJKQHVVYDOXH 0DQQLQJ¶VQ WRWKH³FKDQQHO´FHOOVthan the
surrounding cells$0DQQLQJ¶VQYDOXHRIZDVVHOHFWHGIRUWKH³FKDQQHO´FHOOVZKLFKPDWFKHVWKHYDOXHXVHG
for Pebble planning studies (Knight Piesold Ltd., 2018b,F 0DQQLQJ¶VQYDOXHVIRUWKHUHPDLQLQJPRGHOIORRGSODLQ
were selected based on land use classification for Alaska from the National Land Cover Database (NLCD) 2011
dataset (Homer et al., 2015). Land within the model domain was classified as either dwarf shrub, shrub/scrub,
open water or forest, and assigned the appropriate MDQQLQJ¶VQYDOues. Other land cover types within the model
domain (barren land, sedge/herbaceous, emergent herbaceous wetlands, and woody wetlands) were ignored due
to their small percentage of land cover within the model domain. Since FLO-2D is a 2D model, and the Manning
equation assumes steady, uniform flow, MDQQLQJ¶VQYDOXHVXVHGIRURYHUODQGIORZDORQJWKHIORRGSODLQDUHKLJKHU
than typical Manning n values. The values used for the model were recommended from the FLO-2D
documentation as adapted from U.S. Army Corps of Engineers HEC-1 manuals, as summarized in Table 3 (FLOϮdŚĞƌĐƚŝĐDǁĂƐƉƌŽǀŝĚĞĚďǇƚŚĞWŽůĂƌ'ĞŽƐƉĂƚŝĂůĞŶƚĞƌƵŶĚĞƌE^&ͲKWWĂǁĂƌĚƐϭϬϰϯϲϴϭ͕ϭϱϱϵϲϵϭ͕ĂŶĚϭϱϰϮϳϯϲ
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2D, 2017 Table 1, chapter 4). The final roughness values assigned to the smaller model domain are shown in
Figure 10.
Table 3: Land Use Classification and Manning’s n Values

NLCD 2011 Land
Class

NLCD
ID

NLCD Description1

0DQQLQJ¶V
n Value

Dwarf shrub

51

Shrubs less than 20 centimeters tall

0.15

Shrub/scrub

52

Shrubs less than 5 meters tall

0.25

Open water

11

Open water

0.04

Deciduous forest

41

Trees greater than 5 meters tall with seasonal change

0.30

Evergreen forest

42

Trees greater than 5 meters tall that maintain their
leaves all year

0.30

Mixed forest

43

Trees generally greater than 5 meters tall that is a mix
of deciduous and evergreen trees

0.30

Figure 10. Map of Manning’s roughness polygons developed for the North Fork Koktuli to Mulchatna River model
domain
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In the case of high sediment concentrations (mudflows) the dispersive stress increases due to increased particle
interactions, which increases the flow resistance (ntd). FLO-2D estimates this increased flow resistance by
modifying the turbulent flow resistance n value (nt) with an exponential function that includes the sediment
concentration (Cv) as shown in Equation 3 (FLO-2D, 2017):

(Eqn. 3)
where ntd.is the modified flow resistance, nt is the turbulent flow resistance n value, b is a coefficient (0.0538), m is
an exponent (6.0896), and Cv is the sediment concentration. Thus, the modified flow resistance parameter (ntd)
reflects turbulent and dispersive stresses arising from high sediment concentrations. This modified n value
replaces the typical n value in the calculation of the turbulent-dispersive slope (Std) approximated from the
0DQQLQJ¶V(TXDWLRQas shown in Equation 4 (FLO-2D, 2017):

(Eqn. 4)
where V is the velocity, and h is the hydraulic radius. The turbulent-dispersive slope is one part of a three-part
formula for the calculation of shear stress by the FLO-2D model. The total friction slope (Sf) is the sum of the yield
slope (Sy), the viscous slope (Sv) and the turbulent-dispersive slope (Std) as shown in Equation 5(FLO-2D, 2017).

(Eqn. 5)
In its expanded form, the total frictional slope has the following components (see Equation 6) (FLO-2D, 2017):

(Eqn. 6)
where Ĳy is the yield stress (see Section 2.2.5), Ȗm is the specific weight of the fluid matrix, K is the laminar flow
resistance (see Section 2.2.5), and Ș is the viscosity (see Section 2.2.5).

2.2.4 Mine infrastructure
3/3¶VSermit application specifies a 1.1 billion ton bulk tailings storage facility in the upper reaches of the North
Fork Koktuli, with a 155 million ton pyritic tailings storage cell immediately to the east. However, the scenario for
which PLP has submitted its permits represents only a small fraction of the total mineable resource at Pebble.
Thus, it is likely that the full mine buildout will include substantially larger tailings impoundments than what is
contained in the initial permit application. Over the course of the EIS preparation, USACE requested further
information from PLP on what a full mine buildout scenario would look like. In this scenario, there are two
additional tailings impoundments, with a larger bulk TSF and a larger pyritic TSF than those in the initial proposal.
Because the ³%XON7DLOLQJVNorth´ facility does not change between the mine plan in the permit application and
the full buildout scenario, we focused our modeling on simulating failures from this bulk TSF (which could occur in
either the permit mine or in the full mine buildout). Note that while we do not assign a probability to the potential
failure of this tailings dam, the probability of failure for the mine site as a whole must increase in the full buildout
scenario where there are four tailings storage facilities rather than two.
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2.2.5 Tailings Characteristics
For mudflow simulations in FLO-2D, the tailings are characterized as a non-Newtonian fluid. Fluid motion for
these non-Newtonian fluids is controlled both by the fluid stresses that dominate in clear water flows, and by the
interactions among fine-grained sediment particles within the fluid. As a result, the equations of motion for these
fluids are dependent on the sediment concentration, which is tracked dynamically within the model. The sediment
concentration-dependent parameters describing the fluid properties in the model are the yield stress, ߬௬ , and the
Bingham viscosity, KB or Ș. Based on laboratory experiments, both of these fluid properties can be expressed as
exponential functions of the sediment concentration, with two parameters, Į and ȕ, defining the shape of this
relationship (Equations 7 and 8):
߬௬ ൌ  ߙଶ ݁ ఉమ ೡ

(Eqn. 7)

݊ ൌ  ߙଵ ݁ ఉభೡ

(Eqn. 8)

FLO-2D includes a table with a set of experimentally-derived values for Į and ȕ, based on experiments with a
range of different materials. For our modeling, we included runs that used average parameter values from these
laboratory experiments, as well as site-specific results from PLP representing Bulk Tails-East, G and Bulk TailsEast 80G + 20Y (Knight Piesold, 2018p; Figure 10) to ensure that our modeling results explored a wide range of
parameter space. Table 4 summarizes the parameter values estimated from Figure 11 as well as the modified
values used within the sensitivity simulations.

Figure 11. Relationships between yield stress and Bingham viscosity and sediment concentration for Pebble tailings
(source: PLP, 2018p)
Table 4: Mudflow Parameters

Parameter

1

Estimated PLP
Values

2

Sensitivity Test 2

Viscosity vs Sediment
Concentration
Yield Stress vs Sediment
Concentration
Sediment specific gravity
Laminar flow resistance

Coefficient: 0.011
Exponent: 8.5
Coefficient: 0.4
Exponent: 17
2.65
2480

Coefficient: 0.015
Exponent: 6.0
Coefficient: 0.17
Exponent: 14.5
2.65
2480

Coefficient: 0.011
Exponent: 8.5
Coefficient: 0.4
Exponent: 17
2.65
4960

1Represents
2Represents

Sensitivity Test 1

estimates from PLP site-specific results: Bulk Tails-East, G
estimates from PLP site-specific results: Bulk Tails-East, 80G + 20Y
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2.2.6 FLO-2D Runtime Settings
An analysis of discharge hydrographs and flow accumulation
calculations throughout the model domain was used to
identify the model runtime needed to reach a steady state
(discharge through the model outlet approaches zero as
illustrated in Figure 12). The smaller model domain (bulk
TSF to Mulchatna) simulations were configured with a 200hour runtime and the larger model domain (bulk TSF to
Nushagak) was configured with a 500 hour runtime. Within
each simulation the bulk TSF breach discharge hydrograph
is input at the start of the simulation. The only exception to
the runtime configuration was the baseflow + breach
simulation for the smaller model domain which used a 300hour runtime to allow baseflow to reach a steady state within
the channel network (0-200 hours) prior to introducing the
bulk TSF breach discharge. Model outputs from each
simulation were evaluated to ensure the model maintained
the mass balance and numerical stability throughout. FLO2D uses an internal variable timestep calculation, and we
configured all simulations to generate 0.5-hour tabulated
outputs for all post-simulation analysis.

3

Figure 12. Cross section flow accumulation plot
for the 24-hour breach simulation

Model Sensitivity Analysis

The FLO-2D modeling was conducted in two stages: model sensitivity testing and dam break scenario analyses.
The sensitivity analysis attempts to define the most sensitive model parameters to understand their range of
impact on the final model results. The dam break scenario analysis attempts to define or bracket the uncertainty
around what a tailings dam breach might look like, considering both the timing and volume of the breach.
The model sensitivity analysis involved changing parameters within the FLO-2D model to evaluate the impacts of
those changes on the model output or model results. The parameter sensitivity was evaluated by comparing
model outputs with several different metrics including floodplain storage (tailings stored on the floodplain at the
end of the model run), total outflow volume (tailings exiting the model domain), and maximum inundated area or
areal extent of the tailings breach. We also analyzed the results at two cross-sections in the model, the Koktuli
River above the Swan River (downstream of the confluence of the north and south fork of the Koktuli River) and
the Mulchatna River (downstream of the confluence with the Koktuli River). These cross-sections are shown as
cross-section number 4 and number 6, respectively, in Figure 8. The cross-sections were used to show the
tailings discharge hydrograph progression, which provide a summary of the timing and magnitude of the
floodwave as it travels downstream.
The model sensitivity tests that were completed are listed in Table 5, along with their relative sensitivity
classification determined from the model outputs characterized above. The sensitivity tests are discussed in more
detail throughout Section 3, with some tests located within the report appendix.
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Table 5: FLO-2D Model Sensitivity Tests

% Difference
in Inundated
Area

% Difference
in Outflow
Volume

Sensitivity

Location in
Report

DEM

0.7%

6.5%

Moderately sensitive

Section 4.1

0DQQLQJ¶VQYDOXHV

19.7%

12.2%

Highly sensitive

Section 4.2

River baseflow

6.2%

NA1

Slightly sensitive

Section 4.3

Sediment concentration
distribution (sed composition)

10.4%

170.0%

Highly sensitive

Section 4.4

Mudflow yield stress (Bingham
parameters)

2.3%

13.1%

Moderately sensitive

Section 4.5

Maximum sediment
concentration

3.0%

12.7%

Moderately sensitive

Appendix

Laminar flow resistance

1.0%

4.6%

Insensitive

Appendix

Sensitivity Test

1River

baseflow simulations are comparing models with differing inflow volume

3.1 Sensitivity to Digital Elevation Model (DEM)
The initial model domain extended from the bulk TSF to just downstream of the confluence of the Koktuli and
Mulchatna rivers (approximately 83 river km total). This model domain was chosen because it was approximately
the extent of the available high resolution IfSAR DEM3. However, our initial model runs demonstrated that the
majority of the tailings were flowing beyond the limits of this domain. Thus, it became clear that in order to better
characterize the risks of a TSF failure, a larger DEM was needed. We extended our initial model to the Nushagak
River (to a total of approximately 142 km downstream of the bulk TSF. We used the lower-resolution ArcticDEM
(see Section 2.2.2) for this larger FLO-2D model domain.
To evaluate the sensitivity of our results to the DEM, we ran identical TSF failure scenarios over the IfSAR and
ArcticDEMs and compared model outcomes. A sensitivity analysis comparing the performance of the two model
domains showed that they behaved similarly, but the IfSAR DEM simulation produced more distinguished channel
reaches, with slightly less flow stored on the floodplain (Table 6). Although the timing and magnitude of the peak
flow was similar between the two models at the Koktuli River upstream of Swan River, the peak of the flow in the
ArcticDEM model is approximately 680 m3/s or 25% less than that of the IfSAR DEM model at the Mulchatna
River (see Table 7 and Figure 14). A comparison of the two maximum flow inundation maps shows that the IfSAR
DEM more clearly defines the braided channel network, noted by the deeper colors of red along the channel (see
Figure 13).

ϯdŚĞůĂƐŬĂh^'^ŝƐŝŶƚŚĞƉƌŽĐĞƐƐŽĨƉƌŽĐĞƐƐŝŶŐ/Ĩ^ZĚĂƚĂƚŽĐƌĞĂƚĞĂϱͲŵĞƚĞƌƐĞĂŵůĞƐƐDĂĐƌŽƐƐƚŚĞĞŶƚŝƌĞƐƚĂƚĞ͘ƚƚŚĞƚŝŵĞŽĨ
ƚŚŝƐǁƌŝƚŝŶŐ͕ƚŚĞƐƉĂƚŝĂůůŝŵŝƚƐŽĨƚŚĞŚŝŐŚͲƌĞƐŽůƵƚŝŽŶDǁĞƌĞũƵƐƚďĞůŽǁƚŚĞ<ŽŬƚƵůŝͲDƵůĐŚĂƚŶĂĐŽŶĨůƵĞŶĐĞ͘
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Table 6: DEM Sensitivity Analysis – Model Output

Bulked
Breach
Volume
(million m3)

Bulked
Floodplain
Storage
(million m3)

Bulked
Outflow
Volume
(million m3)

Storage as
a % of
Inflow

Outflow
as a % of
Inflow

IfSAR DEM

341.9

69.6

272.4

20.4%

79.7%

255.9

ArcticDEM

341.9

86.3

255.7

25.2%

74.8%

257.6

Model Run

Maximum
Inundated
Area (km2)

Table 7: DEM Sensitivity Analysis – Hydrograph Output

Koktuli River upstream of Swan River

Model Run

IfSAR DEM
ArcticDEM

Mulchatna River

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

Maximum
Discharge
(m3/s)

Time to
Maximum
Discharge
(hours)

9,788

17.6

328.4

2,723

38.0

274.7

10,054.6

17.0

326.2

2,043

40.4

257.6

Maximum
Discharge
(m3/s)
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Figure 13: Model Sensitivity to the DEM

Figure 14: DEM Sensitivity Analysis – Hydrographs
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Figure 15. Histogram of maximum flow depth with the ArcticDEM (left) and the IfSAR DEM (right)

3.2 Sensitivity to 0DQQLQJ¶VQ
0DQQLQJ¶V n is a simplified metric that represents how rough a landscape is: a smoother landscape (lower
0DQQLQJ¶VQDQH[WUHPHH[DPSOHZRXOGEHDFRQFUHWHFKDQQHO ZLOOFRQYH\IORZPRUHHDVLO\ZKHUHDVDURXJKHU
ODQGVFDSH KLJKHU0DQQLQJ¶VQDQH[WUHPHH[DPSOHZRXOGEHDPRXQWDLQVWUHDPFKRNHGZLWKERXOGHUVDQGORJV 
will provide more resistance to flow. T\SLFDOO\0DQQLQJ¶VQLVGHULYHGE\REVHUYLQJWKHIHDWXUHVRQWKHODQGVFDSH
and using lookup tables from hydraulics textbooks to assign values. While we used this approach for the majority
of our model runs (see Figure 9), we also explored model sensitivit\WRWKHFKRLFHRI0DQQLQJ¶VQ
Based on the landscape features in the Nushagak-0XOFKDWQDZDWHUVKHGDQDSSURSULDWHUDQJHRI0DQQLQJ¶VQ
values is between approximately 0.04 (low roughness assigned to channel flow) and 0.30 (high roughness
assigned to denser floodplain vegetation). We developed two model runs that were identical in all respects except
0DQQLQJ¶VQLQWKHILUVWUXQall grid cells were assigned a 0DQQLQJ¶Vn value of 0.04, and in the second run all
JULGFHOOVZHUHDVVLJQHGD0DQQLQJ¶VQYDOXe of 0.30. 0DQQLQJ¶VQYDOXHVRISURGXFHGDIDVWK\GURJUDSKZLWK
DKLJKSHDNIORZ+RZHYHU0DQQLQJ¶VQYDOXHVRIGHSRVLWHGPRUHVHGLPHQWVWRUDJHRQWKHIORRGSODLQDVOHVV
mudflow was transported out of (downstream) the model domain. The changes LQ0DQQLQJ¶VQYDOXHVDIIHFWHGWKH
timing and magnitude of the tailings floodwave, as well as the floodplain inundation area. With a MDQQLQJ¶Vn
value of 0.04, 82% of the outflow left the model (18% stored on the floodplain) leaving an inundated area of 219
km2. With a MDQQLQJ¶Vn value of 0.30, 72% of the outflow left the model (28% stored on the floodplain), leaving a
larger inundated area of 262 km 2 (see Table 8). The difference in inundated areas and flow depths are shown in
Figure 16, while the difference in hydrographs is shown in Table 9 and Figure 17. The maximum flow depth
histograms show the ManninJ¶VQRISURGXFHGVKDOORZHUGHSWKVZLWKDQDYHUDJHGHSWKRI3.5 meters. The
MDQQLQJ¶VQRISURGXFHGgreater depths (maximum of 4.8 meters) and a higher average depth of 4.6 meters
(see Figure 18).
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Table 8: Manning’s n Sensitivity Analysis – Model Output

Bulked
Breach
Volume
(million m3)

Bulked
Floodplain
Storage
(million m3)

Bulked
Outflow
Volume
(million m3)

Storage as
a % of
Inflow

Outflow
as a % of
Inflow

0DQQLQJ¶VQ 

341.9

62.5

279.4

18.3%

81.7%

219.2

0DQQLQJ¶VQ 

341.9

96.5

245.4

28.2%

71.8%

262.2

Model Run

Maximum
Inundated
Area (km2)

Table 9: Manning’s n Sensitivity Analysis – Hydrograph Output

Koktuli River upstream of Swan River

Model Run

Maximum
Discharge
(m3/s)

Mulchatna River

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

Maximum
Discharge
(m3/s)

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

0DQQLQJ¶VQ 

20,800

9.2

335.3

6,910

17.0

280.5

0DQQLQJ¶VQ 

5,780

25.1

319.5

1,280

63.1

249.5
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Figure 16: Model Sensitivity to Manning’s n Values

Figure 17: Hydrograph Comparison of Manning’s n Values
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Figure 18. Histograms of the max flow depth cell values for the 0.04 (left) and 0.30 (right) Manning’s n value
simulations

3.3 Sensitivity to River Baseflow
To ensure a physically realistic model representation, we developed a baseflow hydrology scenario for the major
channels throughout the model domain. We calculated average daily streamflow throughout the existing channel
network using the USGS gage records for three gages in the model domain. Using the observed streamflow data
and drainage area values, we estimated inflow magnitudes for the Swan River as well as the ungaged portion of
the Koktuli River. This we accomplished by area-weighting the average flows from the North Fork and South Fork
gages. We also modified the average daily inflow value for the Mulchatna River USGS gage to determine the
Mulchatna inflow above the confluence with the Koktuli River (the Mulchatna USGS gage is located ~20km
downstream of the confluence). We estimated the upstream Mulchatna inflow by subtracting the total estimated
flow from the Koktuli system from the gaged flow on the Mulchatna.

Table 10: Drainage area and average streamflow for study area sub-basins

Inflow Name

Data Source

Drainage Area
(sq. mi)

Average Streamflow
(cms)

North Fork Koktuli Headwater

USGS Gage

106

7.0

South Fork Koktuli Headwater

USGS Gage

69.1

5.3

Koktuli Local Inflow (DS of NFK &
SFK Confluence)

Area-weighted flow
calculation

279.3

19.65 (distributed among
3 tributary reaches)

Swan River

Area-weighted flow
calculation

180

12.7

Mulchatna River (US of Koktuli &
Mulchatna Confluence)

USGS Gage (areaweighted adjustment)

2650.6

124.1
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The tailings breach model was run with underlying baseflow included in the rivers prior to the breach to analyze
how sensitive the model results were to baseflow conditions in the river network. Using the climatological
estimates of streamflow from the North Fork Koktuli, South Fork Koktuli, mainstem Koktuli, Swan, and Mulchatna
Rivers, we incorporated 7 additional inflow points throughout the model domain to account for the baseline
streamflow in the system. A model simulation was configured to run for 200 hours with constant streamflow inputs
from the inflow points. After 200 hours the dam breach hydrograph was injected into the model and the simulation
continued RQIRUDQDGGLWLRQDOKRXUV WRWDOVLPXODWLRQWLPHRIKRXUV 5HVXOWVIURPWKLV³breach with
baseflow´VLPXODWLRQZHUHHYDOXDWHGDJDLQVWWKHVLPXODWLRQZLWKRXWDQ\EDVHOLQHK\GURORJLFLQSXWV± ³breach
without baseflow´ To better understand the effects of baseflow in the river on the transport of the tailing breach, a
model run of ³baseflow only´ was also completed. This was a 300-hour simulation of only the 7 inflow points
flowing through the model grid. The ³baseflow only´ scenario was subtracted from the ³breach with baseflow´
scenario to isolate the effects river baseflow has on the transport of the tailings breach. The ³breach without
baseflow´ and the ³EUHDFKZLWKVXEWUDFWHGEDVHIORZ´show the model sensitivity to including baseflow in the rivers.
The results of the baseflow sensitivity test show that the model is slightly sensitive to having baseflow
incorporated into the model run. The breach with baseflow subtracted has 84 million m 3 of tailings stored on the
floodplain and 258 million m 3 of tailings flowing out of the model domain, while the breach without baseflow has
87 million m3 of tailings stored on the floodplain and 255 million m3 of tailings flowing out of the model domain
(see Table 11).

Table 11: Baseflow Sensitivity Analysis – Model Output

Model Run

Bulked
Breach
Volume
(million m3)

Bulked
Floodplain
Storage
(million m3)1

Bulked
Outflow
Volume
(million m3)

Storage
as a % of
Inflow

Outflow
as a % of
Inflow

Maximum
Inundated
Area
(km2)

Model Sensitivity Runs
Baseflow only

182.1

27.7

154.4

15.2%

84.8%

53.9

Breach with baseflow

524.0

111.3

412.7

21.2%

78.8%

272.9

Breach without baseflow

341.9

87.1

254.8

25.5%

74.5%

255.9

Breach with subtracted
baseflow

341.9

83.6

258.3

24.4%

75.6%

---

Baseflow Sensitivity Comparison

1

Bulked floodplain storage includes all volume that remains in the model domain (within both the channel and floodplain).
Note that the baseflow model includes additional flow volume from the baseflow component compared to the breach only simulation (no
baseflow). This introduces differences to the floodplain storage and outflow volume comparisons.

The hydrographs are very similar for the ³breach without baseflow´ VFHQDULRDQGWKH³EUHDFKZLWKVXEWUDFWHG
EDVHIORZ´VFHQDULRZLWKWRWDOGLVFKDUJHYROXPHVRI328 million m3 and 330 million m3, respectively at the Koktuli
River upstream of Swan River. The total discharge volume is also very similar at the Mulchatna River, with 259
million m3 IRUWKH³EUHDFKZLWKRXWEDVHIORZ´VFHQDULRDQG260 million m 3 IRUWKH³EUHDFKZLWKVXEWUDFWHGEDVHIORZ´
scenario (see Table 12).
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Table 12: Baseflow Sensitivity Analysis – Hydrograph Output

Koktuli River upstream of Swan River

Mulchatna River

Maximum
Discharge
(m3/s)

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

Maximum
Discharge
(m3/s)

Time to
Maximum
Discharge
(hours)

26

298.6

21.8

169

210.0

158.9

9,670

217.7

352.3

2,770

238.7

418.7

Breach without baseflow

9,790

17.6

327.9

2,720

38.0

258.7

Breach with subtracted
baseflow

9,650

17.7

330.5

2,600

38.7

259.9

Model Run

Total
Discharge
Volume
(million m3)

Model Sensitivity Runs
Baseflow only
Breach with baseflow
Baseflow Sensitivity Comparison

Figure 19: Hydrograph Comparison of Baseflow Hydrology

Pebble TSF Failure Model

Page 25

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2297 of 2339

The Nature Conservancy
Pebble TSF Failure Model
March 12, 2019

Figure 20: Hydrograph Comparison of Breach without Baseflow vs Breach with Subtracted Baseflow

Figure 21. Histograms of the max flow depth cell values for the baseflow (left) and no-baseflow (right) simulations

3.4 Sensitivity to Sediment Concentration Composition
A second sensitivity analysis was developed to examine the impacts of modifying the sediment concentration
distribution. By altering the time series distribution of the sediment concentration values, the total sediment portion
of bulked discharge is modified. By applying a more sustained sediment concentration hydrograph (Figure 6 ±
blue vs. red line), the average composition of the bulked discharge was increased to 49% from the standard value
of 28%. Both scenarios have a peak sediment concentration value of 50%, and both scenarios represent a total
discharge volume of 341 million m 3 distributed over a 48-hour breach event.
Results in Table 13 show significantly more breach volume stored in the floodplain for the increased sediment
concentration simulation (240.2 million m 3) compared to the standard sediment concentration simulation (67.2
million m3). Peak discharge values and time to maximum discharge values in Table 14 indicate the increased
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sediment concentration simulation results in a slower moving flow and more prolonged discharge hydrograph
(Figure 23). Overall the maximum flow depth inundation map (Figure 22) shows similar a similar footprint of the
inundated area apart from the area below the Koktuli and Mulchatna River confluence.
Table 13: Sediment Curve Sensitivity Analysis – Model Output

Bulked
Breach
Volume
(million m3)

Bulked
Floodplain
Storage
(million m3)

Bulked
Outflow
Volume
(million m3)

Storage as
a % of
Inflow

Outflow
as a % of
Inflow

Maximum
Inundated
Area (km2)

Increased sediment
concentration distribution

341.9

240.2

101.8

70.2%

29.8%

206.5

Standard sediment
concentration distribution

341.9

67.2

274.7

19.7%

80.4%

228.0

Model Run

Table 14: Sediment Curve Sensitivity Analysis – Hydrograph Output

Koktuli River upstream of Swan River

Model Run

Maximum
Discharge
(m3/s)

Mulchatna River

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

Maximum
Discharge
(m3/s)

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

Increased sediment
concentration distribution

5267

26.6

299.9

409

91.6

109.2

Standard sediment
concentration distribution

7869

23.5

332.3

2658

46.1

276.8
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Figure 22: Max flow depth map of model sensitivity to sediment concentration distribution of breach discharge

Figure 23: Sediment Concentration Distribution Sensitivity Analysis – Hydrograph
Pebble TSF Failure Model

Page 28

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2300 of 2339

The Nature Conservancy
Pebble TSF Failure Model
March 12, 2019

Figure 24. Histograms of the max flow depth cell values for the less viscous (left) and PLP-derived parameters (right)
simulations

3.5 Sensitivity to Bingham Parameters
We examined two scenarios with variable mudflow parameters to examine the sensitivity of the model outputs to
the yield stress properties of the non-Newtonian flow. Both sets of parameters were estimated using information
provided in PLP reports (see section 4.2.4). This section outlines the model results from a ³PLP-estimated´
parameter simulation alongside D³OHVVYLVFRXV´model simulation.
The FLO-2D model results using the less viscous mudflow parameters results in less volume stored within the
floodplain while also producing a slightly larger area of inundation when compared to the PLP-estimated yield
stress parameters. The inundated areas are similar in both model runs (261 km2 for the less viscous simulation
and 235 km2 for the PLP yield stress simulation). The inundation maps also show that the model results have
similar flow depths along the Koktuli River (Figure 25). The floodplain hydrographs also show very similar results
for the discharge hydrographs upstream and downstream of the Swan River confluence (Figure 26). Therefore,
the model is largely considered to be insensitive to the range of yield stress parameters evaluated.

Table 15: Yield Stress Sensitivity Analysis – Model Output

Model Run

Bulked
Breach
Volume
(million m3)

Bulked
Floodplain
Storage
(million m3)

Bulked
Outflow
Volume
(million m3)

Storage as
a % of
Inflow

Outflow
as a % of
Inflow

Less viscous

341.9

28.4

313.6

8.3%

91.7%

261.9

PLP parameters

341.9

69.6

272.4

20.4%

79.7%

255.9

Maximum
Inundated
Area (km2)

Table 16: Yield Stress Sensitivity Analysis – Hydrograph Output
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Koktuli River upstream of Swan River
Maximum
Discharge
(m3/s)

Model Run

Mulchatna River

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

Maximum
Discharge
(m3/s)

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

Less viscous

9,140

17.4

335.9

2,710

36.9

315.5

PLP parameters

9,800

17.6

328.4

2,720

38.0

274.7

Figure 25: Max flow depth map of model sensitivity of breach discharge viscosity
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Figure 26: Mudflow Viscosity Sensitivity Analysis – Hydrograph

Figure 27. Histograms of the max flow depth cell values for the less viscous (left) and PLP-derived parameters (right)
simulations

4

Dam Break Scenario Analysis

We developed dam break scenarios to characterize a suite of plausible different potential dam failure
mechanisms. The failure scenarios are represented by two key parameters: the total volume of tailings released
and the total duration of the dam breach. There is a significant amount of research into the volume of tailings dam
releases, as discussed in Section 2.1. The Rico et al. (2008) curve (Figure 4) shows the likely release volume of
41.7%, but additional dam break releases of 10% and 60% were also tested to determine their impacts to the
Nushagak River watershed. As discussed in Section 2.1.3, there is very little information available regarding the
timing or duration of tailings releases from historical tailings dam breaches. We have relied on the 11-hour and
24-hour breaches as the most likely scenarios, and our results primarily illustrate the 24-hour breach, as it is a
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more conservative estimate with a significantly lower peak flow compared with the 11-hour breach. The 11 hour
breach is considerably more impactful.
Finally, we ran our scenarios over two model domains built and tested for this work: a higher resolution Koktuli
River watershed model and a lower resolution Nushagak River watershed model (see section 2.2.1 for discussion
of model domains). The model results are discussed within their FLO-2D model domains of the Koktuli and
Nushagak Rivers.

4.1 Koktuli River Model Results
The Koktuli River FLO-2D model (see Figure 8) was tested on five different breach duration hydrographs (6hours, 11-hours, 24-hours, 48-hours, and 96-hours) and two different breach volumes (10% of Rico and 60% of
Rico) as shown in Table 17. Additional information regarding the development and calculation of these scenarios
can be found in Section 2.1.

Table 17: Dam Break Scenario Analysis

Breach Release
Volume (million m3)

Peak Flow
(cfs)

Duration of
Breach Release
(hours)

Maximum
Sediment
Concentration

Breach Duration Scenarios (Rico estimate volume)
340

108,000

6

0.5

340

33,000

11

0.5

340

15,000

24

0.5

340

7,000

48

0.5

340

3,700

96

0.5

82 (10%)

3,600

24

0.5

340 (42%)

15,000

24

0.5

490 (60%)

21,000

24

0.5

Breach Volume Scenarios

4.1.1 Breach Volume
Among the scenarios we evaluated, the volume of the tailings dam breach is the most significant factor in
determining the spatial extent of deposited tailings from the bulk TSF. The 10% breach volume results in a total
breach volume of 82 million m3, while the 60% breach volume results in breach of 492 million m 3 of mine tailings.
The 10% scenario inundates 158 km 2 of the watershed while the 60% breach scenario inundates 286 km 2, nearly
double the area (Table 18). For reference, the dam breach volume predicted by the Rico et al. (2008) equation
breach over 24 hours (41.7% of TSF storage capacity) results in a simulated inundated area of 256 km 2.
A map depicting the difference in inundated area and maximum depth for the 10% and 60% breach is shown in
Figure 28. The difference in the depths of the inundated area between the three volume scenarios is depicted in
the histograms showing maximum flow depths (Figure 29). The 10% breach has an average maximum flow depth
of 2.3 meters, the 42% breach has an average maximum flow depth of 4.3 meters, and the 60% breach has an
average maximum flow depth of 4.5 meters, with a maximum flow depth of 21 meters.
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Table 18: Breach Volume Scenario Analysis – Model Output

Bulked
Breach
Volume
(million m3)

Bulked
Floodplain
Storage
(million m3)

10% of TSF storage
capacity (24-hr breach)

82.0

28.9

42% of TSF storage
capacity (24-hr breach)

341.9

60% of Rico breach
volume (24-hr breach)

491.8

Model Run

Bulked
Outflow
Volume
(million m3)

Storage
as a % of
Inflow

Outflow
as a % of
Inflow

Maximum
Inundated
Area (km2)

53.1

35.3%

64.7%

158

69.6

272.4

20.4%

79.7%

256

89.8

402.1

18.3%

81.8%

286

Figure 28. Breach volumes scenario analysis of max flow depth – 10% breach volume (green) vs. 60% breach volume
(orange)
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Figure 29. Histograms of the max flow depth cell values for the 10% (top left), 42% (top right), and 60% (bottom)
breach volume simulations

The differences in impacts between the 10%, 42% and 60% release are readily observed from the cross-section
hydrographs. The 10% breach has peak flow of 1,670 cfs, the 42% breach has a peak flow of 9,790 cfs, and the
60% breach has a peak flow of 14,000 cfs at the Koktuli River upstream of the Swan River. The results are shown
in Table 19 and Figure 30. The hydrograph cross-section locations are shown in Figure 28.
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Table 19: Breach Volume Scenario Analysis – Hydrograph Output

Koktuli River upstream of Swan River
Maximum
Discharge
(m3/s)

Time to
Maximum
Discharge
(hours)

10% Breach Volume

1,670

24.6

41.7% Breach Volume

9,790
14,270

Model Run

60% Breach Volume

Total
Discharge
Volume
(million m3)

Mulchatna River
Maximum
Discharge
(m3/s)

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

74.3

483

60.7

55.1

17.6

328.4

2,724

38.0

274.7

16.5

478.4

4,140

34.0

404.2

Figure 30: Hydrographs at the Koktuli and Mulchatna Rivers comparing breach volume scenarios

4.1.2 Breach Duration
A literature review of historical breach events yielded limited estimates of breach release duration (length of time
from start of failure to end of breach release). The EPA assessment for mining impacts to Bristol Bay (U.S. EPA,
2014) examined a series for breach failure events ranging from 30-minutes to 4-hours in duration. The limited
record of breach failure release duration data generally indicates that TSF breach events commonly occur quickly
with event durations measured in hours (Wahl, 1998). Given the large scale of the planned Bulk TSF, we
examined both short breach scenarios consistent with the observations from Wahl (1998), as well as much longer
breaches. For these sensitivity analyses, we developed a series of inflow scenarios using a consistent release
volume and altered the discharge hydrograph durations to generate a 6-hour, 11-hour, 24-hour, 48-hour and 96hour events. Results from these simulations provides an overall assessment of the range of impacts that could be
expected given the uncertainty surrounding what a possible failure might look like for the bulk TSF.
The results of the breach duration scenario analysis show a wide range of outcomes, in terms of the volume of
tailings stored on the floodplain and the maximum watershed area inundated by the tailings breach. The 11-hour
breach stores 99 million m 3 on the floodplain with an inundated area of 272 km 2 while the 96-hour breach stores
66 million m3 on the floodplain with an inundated area of 203 km 2 (Table 20). A map comparing the maximum
depth and the extent of the 6-hr and 96-hour breach events is shown in Figure 31. The 6-hour event has larger
maximum flow depths (noted by more dark red coloring) as well as a larger inundation extent, which can be seen
by a spill into the South Fork of the Koktuli River and a greater inundation in the Swan River basin to the north.
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The difference in the flow depths of the inundated area between the 6-hour and 96-hour duration events is
depicted in the histograms showing maximum flow depths (Figure 32). The 6-hour breach has an average
maximum flow depth of 5.2 meters; the 24-hour breach has an average maximum flow depth of 4.3 meters; and
the 96-hour breach has an average maximum flow depth of 3.6 meters.
Table 20: Breach Duration Scenario Analysis – Model Output

Model Run

Bulked
Breach
Volume
(million m3)

Bulked
Floodplain
Storage
(million m3)

Bulked
Outflow
Volume
(million m3)

Storage
as a % of
Inflow

Outflow
as a % of
Inflow

Maximum
Inundated
Area (km2)

6-hr 1

341.8

60.3

281.4

17.7%

82.4%

298

11-hr

341.9

98.8

243.1

28.9%

71.1%

272

24-hr breach

341.9

69.6

272.4

20.4%

79.7%

256

48-hr breach

341.9

67.2

274.7

19.7%

80.4%

228

96-hr breach

341.9

66.3

275.7

19.4%

80.6%

203

1

The 6-hr breach scenario was configured with an enhanced rising limb and peak which results in a different water/sediment composition
compared to the event hydrograph used for the 11-hr to 96-hr simulations

Figure 31: Breach Duration Scenario Comparison – 96-hr event (top) compared to a 6-hr event (bottom)

Pebble TSF Failure Model

Page 36

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2308 of 2339

The Nature Conservancy
Pebble TSF Failure Model
March 12, 2019

Figure 32. Histograms of the max flow depth cell values for the 6-hr (top left), 24-hr (top right), and 96-hr (bottom)
breach duration simulations

The difference in tailings releases are shown for two floodplain cross-sections at the Koktuli River upstream of the
Swan River and the Mulchatna River (cross section locations are shown in Figure 31). The 6-hour breach has a
peak flow of 10,400 cfs at the Koktuli River upstream of the Swan River and a peak flow of 2,400 cfs at the
Mulchatna River. The 96-hour breach has a peak flow of 5,200 cfs at the Koktuli River upstream of the Swan
River and a peak flow of 2,300 cfs at the Mulchatna River. The similarities in the hydrographs at the Mulchatna
River cross section are most likely caused by the wide flat valley at the confluence of the Swan River and the
Koktuli River, which dampens the flow in both scenarios. As a result of this wide valley that gets filled with tailings
in all scenarios, the magnitude of the peak flow is no longer sensitive to the initial conditions of the breach
duration by the time the tailings dam breach reaches the Mulchatna River. However, the time of arrival of the
breach floodwave is still sensitive to the initial conditions. The peak flow for the 6-hour breach reaches the
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Mulchatna River in 33 hours, while the peak flow for the 96-hour breach reaches the Mulchatna River in 62 hours.
The results of the hydrograph cross-section analysis are shown in Table 21 and Figure 33.

Table 21: Breach Duration Scenario Analysis – Hydrograph Output

Koktuli River upstream of Swan River
Maximum
Discharge
(m3/s)

Time to
Maximum
Discharge
(hours)

6-hr Breach Duration

10,420

12.1

24-hr Breach Duration

9,788

96-hr Breach Duration

5,218

Model Run

Total
Discharge
Volume
(million m3)

Mulchatna River
Maximum
Discharge
(m3/s)

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

326.1

2,409

32.9

283.4

17.6

328.4

2,724

38.0

274.7

34.6

334.4

2,340

61.9

278.0

Figure 33. Floodplain Hydrographs showing different breach durations

4.2 Nushagak River Model Results
The Nushagak River watershed model domain spans from the bulk TSF in the Nork Fork of the Koktuli River to
the Nushagak River approximately 142 km downstream. This larger model domain was run for two scenarios, a
41.7% breach volume (Rico volume) and a 10% breach volume. We selected these scenarios because our
sensitivity analysis indicated that floodplain impacts were most sensitive to the breach release volume. The TSF
breach volumes for the two scenarios are shown in Table 22.
As discussed in the DEM sensitivity analysis (Section 3.1), the Nushagak River watershed model uses a different
DEM than was used in the Koktuli River watershed model. The ArcticDEM was the highest resolution DEM
available for the full model domain. However, because of the way it was generated, the ArcticDEM is a ³first-
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return´ rather than ³bare-earth´UHSUHVHQWDWLRQ
of the land surface, meaning the elevations in
the DEM can represent the tops of trees and
shrubs in vegetated areas (Figure 34). This
has implications for the quality of the results
from the Nushagak River watershed model
compared to that of the Koktuli River
watershed model: particularly in the more
vegetated river reaches further downstream,
the ArcticDEM generates an artificially rough
surface that could significantly influence the
tailings transport results. Given these data
constraints, the results from the Nushagak
Figure 34. Example comparison of top of canopy first return vs. bare
River watershed model should be interpreted
earth DEM
with significant caution. However, the coarser
ArcticDEM also creates a conservative bias in terms of impacts: since the ArcticDEM JHQHUDWHVD³URXJKHU´ODQG
surface by including the tops of vegetation, the tailings breach loses energy more quickly than it should as it
moves downstream. These effects are evaluated in Section 3.1, where the ArcticDEM is shown to have peak flow
25% less than the higher resolution IfSAR DEM and a total flow release 6% less than the higher resolution IfSAR
DEM at the Mulchatna River (bottom of the Koktuli model domain). For these reasons the modeled output of the
Nushagak model are likely conservative and underestimate the flow downstream to the Nushagak River.
Table 22: Nushagak River Watershed Model Scenarios

Breach Release
Volume (million m3)

Peak Flow
(cfs)

Duration of
Breach Release
(hours)

Maximum
Sediment
Concentration

82 (10%)

3,600

24

0.5

340 (42%)

15,000

24

0.5

In the Nushagak model, the 10% of dam capacity release has a total model boundary outflow of 18 million m3
whereas the 42% of dam capacity release has an outflow of 196 million m3 (Table 23). In the 10% release
scenario, most of the tailings release (78%) is deposited on the floodplain, while 22% continues downstream via
the Nushagak River. In the 42% release scenario, 43% of the tailings release is deposited on the floodplain while
57% continues downstream via the Nushagak River. The maximum inundated area of the 42% release scenario
is approximately double that of the 10% release scenario (480 km 2 compared to 260 km2, respectively). The
model results are presented in Table 23. The maximum flow depths for the two release volume scenarios are
shown in Figure 35.
Due to the lower resolution of the underlying ArcticDEM, there is lower confidence in the flow depths and areal
extent of the tailings release in the Nushagak model. However, both model scenarios show the tailings release
continuing downstream to the Nushagak River. Therefore, despite the limitations from the ArcticDEM, there is
high confidence that a breach of the bulk TSF would result in mine tailings reaching the Nushagak River. The
difference in the flow depths of the inundated area between the 10% release and 42% release is depicted in the
histograms showing maximum flow depths (Figure 36). The 10% breach has an average maximum flow depth of
1.8 meters, and the 42% breach has an average maximum flow depth of 3.1 meters.
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Table 23. Model Results for Nushagak Model Runs

Model Run

10% of Volume
41.7% of Volume

Bulked
Breach
Volume
(million m3)

Bulked
Floodplain
Storage
(million m3)

Bulked
Outflow
Volume
(million m3)

Storage as
a % of
Inflow

Outflow
as a % of
Inflow

Maximum
Inundated
Area (km2)

82.0

64.0

17.9

78.1%

21.9%

261.7

341.9

145.5

196.4

42.6%

57.4%

480.2

Figure 35. Max flow depth comparison between the 10% breach volume (green) and the 41.7% breach volume
(orange) simulations
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Figure 36. Histograms of the max flow depth cell values for the 41.7% breach volume (left) and 10% breach volume
(right) for the Nushagak model domain simulations

4.3 Impacts to Salmon Habitat
Using the results of the simulated flood inundated area, we can infer potential impacts to downstream salmon
habitat that would result from a TSF dam failure. The Anadromous Waters Catalog (AWC)
(https://www.adfg.alaska.gov/sf/SARR/AWC/index.cfm?ADFG=main.home) specifies streams, rivers, and lakes
that are identified as important to anadromous fish spawning, rearing, and migration (Johnson & Blossom, 2018).
Water bodies identified in the catalog are afforded protection under AS 16.05.871. It is important to note that the
AWC documentation (Johnson & Blanche, 2012) VWDWHVWKDW³DQDdromous fish often rear in small tributaries, flood
FKDQQHOVLQWHUPLWWHQWVWUHDPVDQGEHDYHUSRQGV´EXW³Gue to the remote location, small size, or ephemeral
nature of these systems, most have not been surveyed and are not included in the Catalog or Atlas´ Because
the AWC does not account for the abundant off-channel habitat within the floodplains of the Nushagak watershed
(see Figure 37), estimates of salmon habitat impacted by tailings releases are likely to be significant
underestimates of true impacts.
Although the AWC is a very coarse representation of salmon habitat in the Nushagak watershed, as described
above, the inundated areal extent from the 24-hour, 42% bulk TSF breach model directly impacts approximately
219 miles of AWC protected river reaches (Figure 38).
In addition to the AWC reaches and the off-channel habitat that would be directly impacted by a TSF breach,
there are also hundreds of miles of river reaches that may become inaccessible to salmonids as an indirect result
of a tailings dam failure. For example, the concentration of copper in water contacting bulk tailings is projected to
be approximately 0.01 mg/L (DEIS, Table K4.18-2). This concentration is approximately 20 times higher than the
concentration shown to create olfactory inhibition and avoidance behavior in salmonids (approximately 0.0005
mg/L in water collected from the Pebble site; see Morris et al., 2019). Although a complete analysis of copper
concentrations in tailings and downstream waters is beyond the scope of this study, these data indicate that a
tailings dam breach could potentially cause migrating salmonids to avoid the abundant habitat in the upper
Nushagak and Mulchatna systems. More detailed study of the nature and long-term fate of tailings after
deposition is warranted to evaluate whether migrating salmonids would respond to a tailings breach by avoiding
up-migration into the Mulchatna-Nushagak system altogether, potentially eliminating salmon spawning and
rearing habitat from a substantial fraction of the Bristol Bay fishery.
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Figure 37. Example of potential off-channel reaches (dashed blue line) visible from
satellite imagery that are not represented by the AWC designated reach (solid blue
line)

Figure 38. Map of the simulated max flow depth (41.7% breach volume) and the inundated protected anadromous fish
reaches
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Recent work using strontium isotopes from Pacific salmon otoliths (ear stones) to recreate the freshwater portion
of the salmon lifecycle demonstrates the importance of the Nushagak-Mulchatna system to both Chinook and
sockeye salmon (Brennan et al., 2019). The study analyzed data from 2011, 2014, and 2015 to explore how
salmon populations are distributed across the watershed, and how these patterns shift year-to-year. The results
demonstrate a high degree of inter-annual variability in which streams are most utilized during the freshwater
parts of the salmon lifecycle, but also highlight the importance of the upper Nushagak-Mulchatna system as part
of the habitat mosaic of Bristol Bay. As an example, Figure 39 and Figure 40 show relative salmon production
metrics from 2015 from Brennan et al. (2019), overlaid with the simulated 24-hr bulk TSF flood inundation area.
The production metrics indicate that there are numerous moderate to high production stream reaches that would
be directly impacted from the simulated bulk TSF failure, as well as significant upstream high production reaches
that may become inaccessible to salmon if copper concentrations create avoidance behavior as described above.

Figure 39. 2015 relative production of Sockeye salmon
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Figure 40. 2015 relative production of Chinook salmon

4.4 Long-term fate of tailings
The results of our modeling illustrate the maximum spatial extent of tailings across the floodplains of the Koktuli,
Mulchatna and Nushagak rivers resulting from a range of tailings failure scenarios. While some of these tailings
would be deposited within the channels of the major rivers, the majority of them would be spread across the
floodplain, draping the landscape with fine-grained mineral matter. As shown in Figure 41 and in our simulation
results, while some of the tailings from TSF breaches are deposited in the active stream channel, the majority of
the area affected is on the floodplain and valley side slopes.
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Figure 41. Example of the landscape effects of a TSF failure in Brazil

Photo credit: https://slate.com/news-and-politics/2015/12/brazil-mining-dam-disaster-toxic-sludge-and-irreversibleenvironmental-damage.html
A quantitative evaluation of the long-term fate of the tailings deposited across the floodplain would require
development of a distributed hydrologic model with high-resolution topographic data to simulate local processes
such a rain splash, overland flow, and sediment transport in small channels across the landscape. While such an
exercise would require topographic and climatic data that are not currently available, the DEIS describes in
qualitative terms what the long-term fate of these materials might be.
First, because of the remoteness of the area, the DEIS notes that ³5HFRYHU\RIDPDVVLYHUHOHDVHHVSHFLDOO\RQH
WKDWUHDFKHVIORZLQJZDWHUZRXOGEHH[WUHPHO\GLIILFXOW´ (DEIS, p. 4.27-65). There are no roads leading to the
vast majority of the streams that would be affected, and even if access were possible, it is not clear what sorts of
remedial activities could be undertaken that would not cause further damage to the vegetation and the landscape.
Furthermore, because the majority of the tailings deposition would occur in off-channel areas, natural attenuation
would also likely take a very long time: naturally high river discharge events in the spring and fall may gradually
flush tailings out of active channels through time, but the tailings deposited on the floodplain and off-channel
habitat would take much longer to recover, and could also be a long-term source of contamination. As described
in the DEIS:
³8QUHFRYHUHGWDLOLQJVWKDWDUHH[SRVHGWRR[\JHQFRXOGJHQHUDWHDFLGRQDWLPHVFDOHRI\HDUVWRGHFDGHV«DFLG
and heavy metals that accumulate in streambed sediments, wetland soils, or isolated waterbodies could impact
ZDWHUTXDOLW\RQDWLPHVFDOHRIGHFDGHV´ (DEIS, page 4.27-65).
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5

Summary

With more than 130 years of sustainable harvest, Bristol Bay ranks among the most important wild salmon
fisheries on earth (Hilborn etal. 2003, Knapp etal 2013): the region contains thousands of miles of mainstem and
off-channel salmon habitat, with virtually no imprint of human activity. Based on our analysis, a tailings dam failure
at the proposed Pebble Mine would directly impact hundreds of miles of this habitat, and could indirectly impact
many hundreds of miles more. These impacts were documented using the best available information from the
Pebble Partnership and the Draft EIS, using hydrologic and hydraulic modeling software well-known and used by
the mining industry.
Despite these potential impacts, and the public availability of data and software to model them, the Draft
Environmental Impact Statement that is currently under review ignores the risk of a TSF dam failure. In doing so,
the DEIS cites the low likelihood of dam failure in just the first 20-years of dam life, for a structure that must
maintain its integrity forever. As described in NEPA (40 C.F.R. § 1502.22), WKH(,6¶VFXPXODWLYHLPSDFWVDQDO\VLV
must include quantified and detailed information about past, present and reasonably foreseeable future actions.
Importantly, ³rHDVRQDEO\IRUHVHHDEOH´LQFOXGHVLPSDFWVthat would have catastrophic consequences, even if their
probability of occurrence is low. Our analysis provides the quantified and detailed information that the DEIS is
lacking, and that we believe should be repeated by USACE and incorporated into the final EIS.
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7

Appendices

7.1 Additional Model Sensitivity Assessments
7.1.1 Sensitivity to Maximum Sediment Concentration
The FLO-2D model was found to be moderately sensitive to the sediment concentration of the inflow breach
hydrograph. Model results using a maximum sediment concentration of 50% were compared to results using a
maximum sediment concentration of 35%. A literature review of dam failure mudflow events results in
hyperconcentrated sediment flows are typically characterized by sediment concentration by volume values
ranging from 10% to 55% -XOLHQ /HRQ60DMRU 3LHUVRQ-62¶%ULHQHWDO-LP6
2¶%ULHQ -XOLHQ . The FLO-2D Reference Manual and Mudflow Guidelines documentation (FLO-2D, 2017)
also defines hyperconcentrated sediment flows as flows with average sediment concentrations greater than 20%
by volume. Therefore, all simulations implemented breach hydrographs with greater than 20% average sediment
concentration to adequately represent a breach from a tailings pond. As described in section 4.2, the breach
hydrograph includes both a water and sediment component over a given time. Just as water discharge changes
over time, so does the sediment concentration. We use the term maximum sediment concentration for clarity,
since the breach inflow hydrograph does not have a static sediment concentration over time.
The FLO-2D model results using a maximum sediment concentration of 50% distribute more sediment on the
floodplain compared to the 35% results (67 million m 3 versus 27 million m3, respectively). However, the inundated
areas are similar in both model runs (228 million m 2 for 50% and 235 million m 2 for 35%). The inundation maps
show that the 50% model results have deeper flow depths for more cells along the Koktuli River (Figure 42). The
floodplain hydrographs are different from the dam breach until the Swan River, where the large, flat topography
allows the floodwave to dissipate across the valley. The flood hydrograph for the 50% maximum sediment
concentration has a larger peak flow than the 35% hydrograph (Figure 43). The cross section hydrographs are
very similar at the Mulchatna River. Thus, the model is sensitive to the maximum sediment concentration, but this
sensitivity decreases in importance from upstream to downstream.

Table 24: Maximum Sediment Concentration Sensitivity Analysis – Model Output

Model Run

35% max sediment
concentration
50% max sediment
concentration

Bulked
Breach
Volume
(million m3)

Bulked
Floodplain
Storage
(million m3)

Bulked
Outflow
Volume
(million m3)

Storage as
a % of
Inflow

Outflow
as a % of
Inflow

341.9

27.3

314.6

8.0%

92.0%

235.1

341.9

67.2

274.7

19.7%

80.4%

228.0

Maximum
Inundated
Area (km2)

Table 25: Maximum Sediment Concentration Sensitivity Analysis – Hydrograph Output

Koktuli River upstream of Swan River
(XS-7)

Model Run

35% max sediment
concentration

Maximum
Discharge
(m3/s)
6,600

Mulchatna River (XS-4)

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

Maximum
Discharge
(m3/s)

Time to
Maximum
Discharge
(hours)

23.0

337.4

2,540

44.0
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Discharge
Volume
(million m3)
316.6
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50% max sediment
concentration

7,900

23.5

332.3

2,660

46.1

276.8

Figure 42: Max flow depth map of model sensitivity to sediment concentration of breach discharge
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Figure 43: Sediment Concentration Sensitivity Analysis – Hydrograph

Figure 44. Histograms of the max flow depth cell values for the 50% (left) and 35% (right) max sediment concentration
simulations

7.1.2 Laminar Flow Resistance Sensitivity
We examined two scenarios to examine the sensitivity of the model outputs to the variable laminar flow resistance
properties of the non-Newtonian flow. An initial estimate of the laminar flow resistance (K = 2,480) was developed
from Table 8 in the FLO-2D Reference Manual based on the surface vegetation coverage. A second value (K =
4,960) was implemented for the sensitivity comparison simulation. This section outlines the model results from the
³VWDQGDUG´laminar flow resistance parameter simulation alongside the ³increased´ laminar flow resistance model
simulation.
The FLO-2D model results using the increased laminar flow resistance results in increased bulked breach volume
stored within the floodplain. The inundated areas are similar in both model runs (253.4 km2 for the increased
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laminar flow simulation and 255.9 km2 for the standard laminar flow simulation). The floodplain hydrographs also
show very similar results for the discharge hydrographs upstream and downstream of the Swan River confluence
(Figure 45). Therefore, the model is largely considered to be insensitive to the range of yield stress parameters
evaluated.

Table 26: Laminar Flow Sensitivity Analysis – Model Output

Bulked
Breach
Volume
(million m3)

Bulked
Floodplain
Storage
(million m3)

Bulked
Outflow
Volume
(million m3)

Storage as
a % of
Inflow

Outflow
as a % of
Inflow

Increased laminar
flow resistance

341.9

81.6

260.3

23.9%

76.1%

253.4

Standard laminar
flow resistance

341.9

69.6

272.4

20.4%

79.7%

255.9

Model Run

Maximum
Inundated
Area (km2)

Table 27: Laminar Flow Sensitivity Analysis – Hydrograph Output

Koktuli River upstream of Swan River

Model Run

Maximum
Discharge
(m3/s)

Mulchatna River

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

Maximum
Discharge
(m3/s)

Time to
Maximum
Discharge
(hours)

Total
Discharge
Volume
(million m3)

Increased laminar
flow resistance

9,580

17.7

325.6

2,630

39.2

262.6

Standard laminar
flow resistance

9,800

17.6

328.4

2,720

38.0

274.7

Figure 45: Laminar Flow Resistance Sensitivity Analysis – Hydrograph
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Figure 46. Histograms of the max flow depth cell values for the increased laminar flow (left) and default laminar flow
(right) simulations

7.2 Potential Human Impacts
Although watersheds of Bristol Bay are largely uninhabited, there are a number of native allotments downstream
of the Pebble Deposit that could potentially be impacted by a tailings dam breach. We obtained a shapefile of
Native Allotments from the Bureau of Land Management at https://sdms.ak.blm.gov/sdms/download.html, and
overlaid those native allotments onto our 24-hour breach scenario results for the median tailings dam failure
scenario. Based on this spatial overlay, there are 62 native allotments between the mine site and the NushagakMulchatna River confluence that would be directly affected by TSF dam failure (Figure 47). Aerial imagery
confirms that many of these native allotments have cabins or other structures on them, indicating that they are at
least occasionally inhabited; however, we did not complete an exhaustive analysis of how many structures are
present, nor do we know how often or during what times of the year these structures are inhabited.
Based on this screening-level analysis, however, a more detailed study of the potential human impacts from a
TSF failure may be warranted.
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Figure 47. Map of Native Allotments in the Nushagak-Mulchatna system, overlaid with outputs from a 24-hour dam
breach releasing the median tailings volume

7.3 Reach-Scale Analysis of Salmon Habitat Characteristics
A TNC study of the relative distribution and abundance of salmon by species and life state developed a reachscale analysis of salmon habitat characteristics and estimates of salmon abundance throughout the Nushagak
watershed (Woll et al., 2012). The study used a multitude of reach-scale properties from satellite imagery,
topographic data, and hydrography data (e.g. stream order, elevation, gradient, mean annual flow, channel width,
etc.) to develop a database of salmon habitat characteristics. The maps on the following pages illustrate the
spawning and rearing habitat suitability classifications for Chinook, Sockeye, and Coho Salmon developed in the
TNC study. Reach segments are ranked from 1 (low suitability) to 4 (high suitability) to identify important salmon
habitat areas as well as estimates of potential salmon abundance.
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Figure 48. Map of 24-hr breach inundation and Chinook Salmon spawning (top) and rearing (bottom) habitat
suitability reach scores.
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Figure 49. Map of 24-hr breach inundation and Sockeye Salmon spawning (top) and rearing (bottom) habitat
suitability reach scores.
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Figure 50. Map of 24-hr breach inundation and Coho Salmon spawning (top) and rearing (bottom) habitat suitability
reach scores.
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Figure 51. Map of 24-hr breach inundation and Pink Salmon spawning (top) and Chum Salmon spawning (bottom)
habitat suitability reach scores.
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7.4 Report Authors and Funding
This study was conducted under contract # LYNK-2018-179 from the Nature Conservancy (TNC) to Lynker, with
funding provided to TNC by the Bristol Bay Regional Seafood Development Authority (BBRSDA). The model
setup, breach hydrographs, and model runs were conducted by Ryan Spies, MS, and Bill Szafranski, MS, under
the direction of Cameron Wobus, PhD. Mr. Spies, Mr. Szafranski and Dr. Wobus are all employees of the Water
and Environmental Resources division at Lynker. Mapping and technical support were provided by James
DePasquale, MS and Dave Albert, MS, both of TNC. Biographies of the three modeling leads are summarized
below.
Ryan Spies, MS, is a hydrologic scientist with Lynker Technologies in Boulder, CO. He is experienced in
hydrometeorological data analysis, statistical hydrology assessments, and surface water modeling applications
using spatially-distributed hydrologic modeling tools. With experience spanning both the public and private
sectors, Mr. Spies has conducted hydrologic and hydraulic modeling studies throughout the United States
including river forecast model development and calibration for the National Weather Service Alaska-Pacific River
Forecast Center. Recent project experiences also include developing and optimizing automated flood warning
systems, flood inundation mapping applications, and reservoir water supply optimization studies.
Bill Szafranski, MS, is a water resources scientist at Lynker with experience in hydrology, water resources
engineering, watershed and water quality modeling, and watershed planning. Mr. Szafranski is passionate about
using modeling tools to help local, state and federal organizations improve their understanding of their water
supply and better quantify their vulnerability to extreme events such as drought. This includes developing a more
robust understanding of system reliability and resilience using synthetic hydrology, paleohydrology data, and
climate-adjusted hydrology. Mr. Szafranski has developed numerous reservoir operations models for the National
Weather Service (NWS) River Forecast Centers, completed hydrologic analyses evaluating projected impacts
from climate change, and worked with diverse multi-stakeholder agencies to develop modeling solutions for their
watersheds.
Cameron Wobus, PhD, is a broadly trained Earth scientist with specific expertise in geomorphology, surface and
groundwater hydrology, and numerical modeling and data analysis. For approximately 10 years, he has supported
Federal, State and nongovernmental clients on topics including environmental impacts of hard rock mining,
climate change impact analyses, and environmental litigation. Between 2010 and 2015, Dr. Wobus served as an
expert supporting the State of Louisiana in its natural resource claims related to the Deepwater Horizon oil spill,
leading a team of academic experts to provide data-driven solutions to support inter-agency discussions and
settlement negotiations. Prior to his career in consulting, Dr. Wobus was a research scientist at the University of
Colorado, where he led a field-based, multi-investigator study of climate change and coastal erosion on the North
Slope of Alaska. Dr. Wobus holds a PhD in earth sciences from MIT, an MS in hydrology from Dartmouth College,
and a BA in geology and economics from Bowdoin College.
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Critique of Pebble Limited Partnership’s Seismic Hazard Assessment
Dr. Bretwood Higman, Ground Truth Trekking

Executive Summary
The seismic hazard assessment presented in Pebble Limited Partnership’s Environmental Baseline Document (PLP
&K LVÀDZHG,WGUDZVVWURQJRSWLPLVWLFFRQFOXVLRQVIURPZHDNHYLGHQFHDQGUHOLHVRQJHRORJLFDUJXPHQWV
LQFRQVLVWHQWZLWKREVHUYHGHYLGHQFH,WPLVUHSUHVHQWVH[LVWLQJUHVHDUFKDQGIDLOVWRXVHNH\GDWDVHWVWKDW3/3KDVLQKDQG
WRLQIRUPWKHDQDO\VLV$PDMRUIDXOWWKH/DNH&ODUN)DXOWSDVVHVQHDUWKH3HEEOHSURVSHFW1RSXEOLVKHGVWXGLHVHVWDEOLVK
WKLVIDXOW¶VORFDWLRQRUVHLVPLFDFWLYLW\QHDUWKHSURVSHFWDQGWKHKD]DUGDVVHVVPHQWSUHVHQWVQRHIIRUWWRSRVLWLYHO\
GHWHUPLQHLWVORFDWLRQ7KHKD]DUGDVVHVVPHQWIDLOVWRFRQVLGHUPLQRUIDXOWVRULQGXFHGVHLVPLFLW\:LWKRXWIXUWKHUVWXG\
WKHKD]DUGSRVHGE\HDUWKTXDNHVLVLPSRVVLEOHWRGHWHUPLQH

Introduction
0LQHUDOH[SORUDWLRQDQGPLQLQJFODLPVKDYHUHFHQWO\H[SDQGHGDJUHDWGHDOLQWKH%ULVWRO%D\DUHD2IWKHVHWKH3HEEOH
SURVSHFWLVWKHPRVWDGYDQFHGH[SORUDWLRQSURMHFW7KLVZRUOGFODVVFRSSHUJROGDQGPRO\EGHQXPRUHERG\FRQWDLQV
DQHVWLPDWHGELOOLRQWRQVRIRUH :DUGURS1'0 DQGZLOOOHDYHEHKLQGELOOLRQVRIWRQVRIZDVWHPDWHULDOWKDW
ZLOOUHTXLUHUHOLDEOHFRQWDLQPHQWLQSHUSHWXLW\ZLWKVWDQGLQJQDWXUDOKD]DUGVVXFKDVÀRRGVDQGHDUWKTXDNHV7DLOLQJVZLOO
OLNHO\EHVWRUHGEHKLQGDQHWZRUNRIHDUWKHQGDPVVRPHSRVVLEO\RYHUIHHWWDOO '15:DUGURS1'0 .
)XWXUHHDUWKTXDNHULVNDWWKH3HEEOHSURVSHFWLVXQNQRZQ6LPLODUIDFLOLWLHVDUHXVXDOO\HQJLQHHUHGWRZLWKVWDQGWKH
VWURQJHVWHDUWKTXDNHOLNHO\LQ\HDUV ,&2/' DOWKRXJKHYHQODUJHUHDUWKTXDNHVPD\EHUHOHYDQWWR
HQJLQHHULQJSHUSHWXDOVWRUDJHIDFLOLWLHV%HFDXVHRIWKHORQJWLPHIUDPHVLQYROYHGKD]DUGDVVHVVPHQWPXVWLQFOXGHIDXOWV
WKDWSURGXFHHDUWKTXDNHVRQO\YHU\LQIUHTXHQWO\ZKHUHIDXOWDFWLYLW\LVPRUHGLI¿FXOWWRVWXG\7KHVHVWXGLHVKDYHQRW
been conducted in the Pebble area. 7KHSURSRVHGRSHQSLWPLQHEXLOGLQJVSLSHOLQHDQGSRUW :DUGURS1'0 ZRXOG
DOOEHYXOQHUDEOHWRDSRWHQWLDOHDUWKTXDNH7KHLUIDLOXUHFRXOGFDXVHORVVRIOLIHDQGHQYLURQPHQWDOKDUP+RZHYHUWKH
JUHDWHVWSRWHQWLDOWKUHDWWRWKHUHJLRQZRXOGEHIDLOXUHRIDWDLOLQJVGDP$GDPIDLOXUHFRXOGUHOHDVHDSOXPHRIDFLGLF
PHWDOODGHQZDWHUDQGPLQHWDLOLQJVLQWRGRZQVWUHDPZDWHUZD\VWKUHDWHQLQJGULQNLQJVXSSOLHVDQG¿VKHULHVUHVRXUFHV
71& .
7KHVHYHULW\RIVKDNLQJGXULQJDQHDUWKTXDNHGHSHQGVERWKRQWKHVL]HDQGSUR[LPLW\RIWKHHDUWKTXDNH,IWKHSRVVLELOLW\
RIDODUJHHDUWKTXDNHFORVHWRPLQHIDFLOLWLHVFDQQRWEHUXOHGRXWWKHUHLVDWKUHDWRIH[FHSWLRQDOO\VWURQJVKDNLQJDQG
GDPIDLOXUH7KHUHIRUHLWLVFULWLFDOWRORFDWHDOOWKHIDXOWVLQWKHDUHDDQGDVVHVVWKHLUDFWLYLW\VRWKDWVWUXFWXUHVFDQEH
HQJLQHHUHGIRUWKHDFWXDOWKUHDW/DFNLQJDFFXUDWHGDWDWKHFRQVHUYDWLYHDVVXPSWLRQPXVWEHWKDWDODUJHDFWLYHIDXOW
SDVVHVGLUHFWO\EHQHDWKPLQHIDFLOLWLHV
Regional Geology
$ODVNDLVWKHPRVWVHLVPLFDOO\DFWLYHVWDWHLQWKHQDWLRQ7KH3DFL¿F3ODWHLVGLYLQJEHQHDWK$ODVNDGULYLQJIUHTXHQW
HDUWKTXDNHVDQGIHHGLQJYROFDQRHVLQ6RXWKFHQWUDO$ODVNDDORQJWKH$ODVND3HQLQVXODDQGWKURXJKWKH$OHXWLDQ,VODQGV
7KH1RUWK$PHULFDWHFWRQLFSODWHLVIUDJPHQWHGLQ$ODVNDZLWKRQHEORFNRIFUXVWLQ6RXWKFHQWUDO$ODVND +DHXVVOHU
 DQGDQRWKHULQWKH%HULQJ6HD 0DNH\HWDO 7KHVHEORFNVDSSHDUWREHPRYLQJLQGHSHQGHQWO\IURPWKH
UHVWRI1RUWK$PHULFDIUDFWXULQJDQGGHIRUPLQJWKHFUXVWEHWZHHQWKHP7KHFRPSOH[UHODWLYHPRWLRQRIWKHVHFUXVWDO
IUDJPHQWVGULYHVHDUWKTXDNHVRQIDXOWVEHWZHHQWKHP
7KHUHJLRQDURXQG3HEEOHVLWVEHWZHHQWKHVHVKLIWLQJEORFNVRIFUXVWVRVWUHVVWKDWFRXOGWULJJHUHDUWKTXDNHVLVOLNHO\
DFFXPXODWLQJLQWKHUHJLRQ7KLVLVVXSSRUWHGE\WKHIDFWWKDWDIHZVKDOORZHDUWKTXDNHVKDYHEHHQREVHUYHGZLWKLQD
IHZWHQVRIPLOHV3HEEOHRYHUWKHSDVWIHZGHFDGHV 86*6(DUWKTXDNH+D]DUG3URJUDPFDWDORJ 7KRXJKQRQHRIWKHVH
ZHUHODUJHWKH\LQGLFDWHIRUFHVDUHLQSODFHWRGULYHHDUWKTXDNHV
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50 miles

Figure 1: PLP (2012 Ch 6) concludes that
the Lake Clark Fault is inactive, and veers
away from the mine site. This conclusion is
not supported by either PLP’s work, or
existing literature - the fault’s location near
Pebble, and its activity, are unknown.

The document contains some 30,800 pages, but the section dealing
ZLWKVHLVPLFKD]DUGDVVHVVPHQWLVRQO\IRXUSDJHVORQJ,WLVIRXQGLQ
6HFWLRQ VXPPDU\DQGFRQFOXVLRQVLQ RIWKH(%',WUHIHUVWRWKUHH¿JXUHV )LJXUHVWKURXJK 
7KHDVVHVVPHQWVXIIHUVIURPWKHIROORZLQJÀDZV
1.

2

3/3 &K FRQFOXGHVWKH/DNH&ODUN)DXOWFDQQRWSDVVQHDUWKHPLQHVLWH7KLVFRQFOXVLRQLVGUDZQIURP
VHYHUDOÀDZHGOLQHVRIUHDVRQLQJ
a.

7KH/DNH&ODUNIDXOWPD\HQGQRUWKZHVWRIWKHPLQHSURVSHFW

b.

,IWKHIDXOWFRQWLQXHVLWLVDVVXPHGWRIROORZJODFLDOÀRZ

c.

%HGURFNQHDUWKHSURVSHFWLVDVVXPHGWREHWRRVWURQJIRUDPDMRUIDXOWWREUHDNLW

2.

/DFNRIHYLGHQFHRIDFWLYLW\LVFRQIXVHGZLWKHYLGHQFHRILQDFWLYLW\

3.

.H\GDWDDUHQRWH[DPLQHG

4.
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1. Where is the Lake Clark Fault?
3/3 &K FRQFOXGHV“The seismic hazard associated with crustal faults in the mine study area is not considered to
EHVLJQL¿FDQWDVWKHJURXQGDFFHOHUDWLRQVJHQHUDWHGE\HDUWKTXDNHVGHFUHDVHWKHIDUWKHUWKHGLVWDQFHIURPWKHHSLFHQWHU´
6LQFH3/3 &K LGHQWL¿HVWKH/DNH&ODUN)DXOWDVWKHPDMRUVHLVPLFKD]DUGLQWKHDUHD3/3PXVWEHDVVXPLQJWKDW
WKH/DNH&ODUN)DXOWLVIDUIURPWKH3HEEOHSURVSHFWWKRXJKWKLVLVQRWH[SOLFLWO\VWDWHG6HYHUDOÀDZHGOLQHVRIUHDVRQLQJ
presented in the EBD appear to support this conclusion.
1a. Where Does the Lake Clark Fault End?
7KH/DNH&ODUN)DXOWLVDPDMRUIDXOWFRQQHFWHGWRWKHZHOONQRZQ&DVWOH0RXQWDLQIDXOWLQVRXWKFHQWUDO$ODVND
,WWUHQGVQRUWKHDVWWRVRXWKZHVWIURPQHDU%HOXJDWKURXJKWKH7OLNDNLOD5LYHUYDOOH\DQGWKHQDORQJ/DNH&ODUN
1HOVRQHWDO 7KHIDXOWKDVQRWEHHQPDSSHGIXUWKHUVRXWKZHVWWKDQWKLV7DNLQJWKHVLPSOHVWDVVXPSWLRQ
WKDWWKHIDXOWFRQWLQXHVRQLWVPDSSHGFRXUVHLWZRXOGSDVVWKURXJKRUQHDUWKH3HEEOHSURVSHFW )LJXUH 
3/3 &K  “3XEOLVKHGLQIRUPDWLRQLQGLFDWHVWKDWWKH/DNH&ODUNIDXOWWHUPLQDWHVDWWKHZHVWHUQHQGRI
/DNH&ODUNRYHUPLOHVIURPWKHHDVWHUQHGJHRIWKHPLQHVWXG\DUHD7KLVGLVWDQFHLVEDVHGRQDUHFHQWVWXG\
E\+DHXVVOHUDQG6DOWXV  ZKRXVHGDHURPDJQHWLFGDWDWRUH¿QHWKHSRVLWLRQRIWKHZHVWHUQHQGRIWKH
IDXOW´
7KLVLVLQDFFXUDWH+DHXVVOHU 6DOWXV  VWRSSHGPDSSLQJWKHIDXOWZKHUHWKHLUVXUYH\GDWDHQGHG7KH\
GLGQRWVXJJHVWWKDWWKHIDXOWHQGHGDWWKLVSRLQW3/3 &K DFNQRZOHGJHVWKHIDXOWPD\FRQWLQXHEXW
LPSOLFDWLRQVDUHQRWGLVFXVVHG+DHXVVOHU 6DOWXV  VKRZWKH/DNH&ODUN)DXOWKDVPRYHGPLOHV
DW/DNH&ODUN7KLVPRWLRQRQWKHIDXOW RIIVHW FDQQRWVLPSO\HQG±WKHIDXOWPXVWHLWKHUH[WHQGIXUWKHURU
WUDQVLWLRQLQWRVRPHRWKHUIDXOW
1b. Do Faults Follow Glaciers?
3/3 &K ³7KHPDSSHGGLUHFWLRQRISULPDU\JODFLDODGYDQFHVKRZQRQ)LJXUHVXJJHVWVWKDWDQ\
SRWHQWLDOH[WHQVLRQRIWKH/DNH&ODUNIDXOWPD\SDVVQRUWKDQGRUHDVWRIWKHPLQHVWXG\DUHDDQGZRXOGQRW
FURVVWKHPLQHVWXG\DUHD´
3/3 &K LQIHUVWKLVIURP+DPLOWRQDQG.OLHIRUWK¶V  VXU¿FLDOJHRORJ\VWXG\RIWKHDUHDZKLFK
PHQWLRQVWKDW3OHLVWRFHQHJODFLHUVIROORZHGWKH/DNH&ODUNIDXOWDORQJSDUWRILWVOHQJWK+DPLOWRQDQG
.OLHIRUWK¶VZRUNGRHVQRWLPSO\WKDWIDXOWVDOZD\VIROORZJODFLDOSDWKV
*ODFLHUVIUHTXHQWO\FURVVIDXOWVLQFOXGLQJWKH/DNH&ODUN)DXOWIXUWKHUWRWKHQRUWKHDVW0DQ\DFWLYHIDXOWVDUH
QRWSDUDOOHOZLWKODQGVFDSHIHDWXUHV VXFKDVULGJHVDQGYDOOH\V WKDWW\SLFDOO\FRQWUROJODFLDOÀRZ HJWKH6HDWWOH
)DXOW6KHUURGHWDO )RUWKH/DNH&ODUN)DXOWWRWUDFNZLWKJODFLDODGYDQFHLWZRXOGKDYHWRPDNHDQ
DEUXSWXQXVXDOWXUQ )LJXUH 3/3SUHVHQWVQRHYLGHQFHWKDWWKHIDXOWDFWXDOO\PDNHVWKLVWXUQ
1c. Can Faults Cut Through Volcanic Bedrock?
3/3 &K “7KHPLQHVWXG\DUHDLVORFDWHGRQSOXWRQLFRXWFURSV VRPHRIEDWKROLWKLFVFDOH WKDWOLNHO\
SURYLGHUHVLVWDQFHWRFUXVWDOIUDFWXUH´
7KLVVWDWHPHQWVXJJHVWVWKDWQRODUJHIDXOW VXFKDVWKH/DNH&ODUN)DXOW FRXOGSDVVQHDUWKHPLQHEHFDXVHWKHUH
DUHODUJHFRQWLQXRXVERGLHVRIURFN7KLVLVLQDFFXUDWH0DMRUIDXOWVLQFOXGLQJWKH/DNH&ODUN)DXOWIXUWKHU
QRUWKHDVWDQGWKH'HQDOLIDXOWLQWKH$ODVND5DQJHFXWWKURXJKSOXWRQLFYROFDQLFURFNV
1HDUWKH3HEEOHSURVSHFW3/3  PDSSHGDQXPEHURIIDXOWVGHPRQVWUDWLQJWKDWWKHURFNLVVXVFHSWLEOH
WRIDXOWLQJ'HWDLOHGLQIRUPDWLRQRQWKHVHIDXOWVFDQEHIRXQGLQWKH(%'FKDSWHU7KH\DUHGHSLFWHGLQ¿JXUH
D
2. Is the Lake Clark Fault Active?
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3/3 &K FODLPVWKH/DNH&ODUN)DXOWLVLQDFWLYH,QUHDOLW\YHU\OLWWOHUHVHDUFKKDVEHHQGRQHRQ/DNH&ODUN
)DXOW¶VDFWLYLW\
3/3 &K ³7KH/DNH&ODUNIDXOWLVFRQVLGHUHGLQDFWLYHE\WKH86*6´
7KH86*6GRHVQRWFODVVLI\/DNH&ODUN)DXOWDVLQDFWLYH,QIDFWWKH86*6PDLQWDLQVQRGDWDEDVHRILQDFWLYHIDXOWV
)DXOWVDUHJHQHUDOO\FODVVL¿HGEDVHGRQWKHPRVWUHFHQWHYLGHQFHRIDFWLYLW\RQWKHIDXOW HJ3ODINHUHWDO VLQFH
LWLVQHDUO\LPSRVVLEOHWRHVWDEOLVKWKDWDIDXOWLV
WRWDOO\LQDFWLYHDQGLQFDSDEOHRISURGXFLQJIXWXUH
HDUWKTXDNHV
,QVXSSRUWRIWKLVFODLPWKDWWKHIDXOWLVFODVVL¿HG
DVLQDFWLYH3/3 &K UHIHUHQFHVD86*6
SXEOLFDWLRQWKDWUHYLHZVLQIRUPDWLRQRQWKH/DNH
&ODUN)DXOWEXWGRHVQRRULJLQDOZRUNRQWKHIDXOW
7KH86*6SXEOLFDWLRQLWVHOILVDPELYDOHQWLQLWV
FRQFOXVLRQ³LIIXUWKHUJHRORJLFVWXGLHV¿QGQR
HYLGHQFHIRUVXUIDFHIDXOWLQJLWZRXOGEHGLI¿FXOWWR
FRQFOXGHWKDWDVLJQL¿FDQWVHLVPLFKD]DUGH[LVWVIURP
FUXVWDOIDXOWVLQWKHDUHD´
7KHPRVWUHFHQWSXEOLVKHGUHVHDUFKRQWKHDFWLYLW\
OHYHORIWKH/DNH&ODUN)DXOWLVE\.RHKOHUDQG
5HJHU  7KH\VWXGLHGDORFDWLRQPLOHV
IURPWKH3HEEOHSURVSHFWRQWKHQRUWKHDVWHUQVHFWLRQ
RIWKHIDXOW7KLVSUHOLPLQDU\UHFRQQDLVVDQFHUHSRUW
VXJJHVWVQRPRWLRQLQWKHSDVWWHQWRVL[W\WKRXVDQG
\HDUVEXWSRVVLEOHPRWLRQLQWKHODVWRQHKXQGUHG
WKLUW\WKRXVDQG\HDUV7HFWRQLFSURFHVVHVFKDQJH
RQWLPHVFDOHVRIPLOOLRQVWRKXQGUHGVRIPLOOLRQV
RI\HDUVVRDQ\IDXOWDFWLYHLQWKHSDVWIHZKXQGUHG Figure 2 (PLP 2012 3.7.3, figure 3-6a): PLP maps the
WKRXVDQG\HDUVLVOLNHO\DFWLYHWRGD\7KHDXWKRUV
bedrock near Pebble Prospect. Blue lines are small faults in
H[SOLFLWO\DFNQRZOHGJHWKHOLPLWDWLRQVRIWKHZRUN the area. The deposit is outlined in yellow near the
³GLVWULEXWHGVOLSRQXQUHFRJQL]HGVWUXFWXUHVDQG
northeast corner of the map.
GHQVHYHJHWDWLRQWKDWPLJKWREVFXUHWHFWRQLFIHDWXUHV
DORQJWKH/DNH&ODUNIDXOWFRXOGOLPLWDVVHVVPHQW
RIWHFWRQLFDFWLYLW\´7KH\DOVRQRWH“7KHSDOHRVHLVPLFKLVWRU\RIWKHZHVWHUQSDUWRIWKH/DNH&ODUNIDXOWUHPDLQV
XQNQRZQ´7KLVSDUWZLWKQRNQRZQKLVWRU\RUDFWLYLW\LVWKHVHFWLRQRIWKHIDXOWWKDWSDVVHVQHDURUWKURXJKWKH3HEEOH
prospect.
6WXG\LQJPXOWLSOHDUHDVRQDIDXOWDQGFKRRVLQJVWXG\VLWHVQHDUDQDUHDRIFRQFHUQLVLPSRUWDQW(YLGHQFHRIPDMRU
HDUWKTXDNHVFDQEHPLVVHGOHDGLQJDFWLYHIDXOWVWRDSSHDULQDFWLYH6RPHHDUWKTXDNHVGRQ¶WUXSWXUHWKHJURXQGVXUIDFH
DWDOODQGWKHUHIRUHGRQ¶WOHDYHREYLRXVVXUIDFHHYLGHQFH0DQ\HDUWKTXDNHVOHDYHVXUIDFHHYLGHQFHWKDWLVYHU\VXEWOH
DQGFDQEHPLVVHGHYHQLQGHWDLOHGVWXG\)RUH[DPSOHLQDQ³LQDFWLYH´IDXOWLQVRXWKHUQ&DOLIRUQLDSURGXFHGD
PDJQLWXGHHDUWKTXDNHDQGUXSWXUHGWKHGHVHUWJURXQGVXUIDFHIRUPLOHV 5\PHUHWDO 5HFHQWO\DQRWKHUIDXOW
LQ&DOLIRUQLDWKH.HUQ&DQ\RQ)DXOWORQJWKRXJKWLQDFWLYHZDVVKRZQWRKDYHSURGXFHGODUJHHDUWKTXDNHVLQWKHSDVWIHZ
WKRXVDQG\HDUV 1DGLQDQG6DOHHE\ 
([LVWLQJUHVHDUFKGRHVQRWSURYLGHDGHTXDWHHYLGHQFHWRHVWLPDWHWKHDFWLYLW\OHYHORIWKH/DNH&ODUN)DXOWDWWKH3HEEOH
SURVSHFWZKHUHWKHIDXOWKDVQRWEHHQPDSSHGRUVWXGLHG
3. Key Data are Not Examined
6RPHRIWKHVHTXHVWLRQVUHJDUGLQJWKH/DNH&ODUN)DXOWFRXOGSRWHQWLDOO\EHDGGUHVVHGXVLQJGDWD3/3KDVLQKDQG3/3
KDVFROOHFWHG/L'$5 KLJKUHVROXWLRQWRSRJUDSKLFGDWD DQGDHURPDJQHWLFVXUYH\VLQWKHDUHDRIWKHPLQHVLWH%RWKDUH
XVHIXOIRUVHLVPLFKD]DUGLQYHVWLJDWLRQ$HURPDJQHWLFVXUYH\VVRPHWLPHVVKRZWKHORFDWLRQRIIDXOWVDQGZHUHXVHGWR
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PDSWKHSRUWLRQRIWKH/DNH&ODUN)DXOWLPPHGLDWHO\WRWKHQRUWKHDVWRIWKHDUHDLQTXHVWLRQ +DHXVVOHUDQG6DOWXV 
/L'$5GDWDKDVRIWHQSURYHQFULWLFDOIRULGHQWLI\LQJVXEWOHGHIRUPDWLRQRIWKHJURXQGVXUIDFHFDXVHGE\SDVWHDUWKTXDNHV
HJ6KHUURGHWDO.HOVH\HWDO 'HVSLWHFROOHFWLQJWKDWGDWD3/3 &K GLGQRWSUHVHQWDWHFWRQLF
DQDO\VLVRIHLWKHUGDWDVHWLQWKH(%'DQGWKLVGDWDLVQRWDYDLODEOHIRULQGHSHQGHQWUHYLHZ
4. Minor Faults are Not Considered
3/3¶V  JHRORJLFPDS )LJ VKRZVDQXPEHURIVPDOOIDXOWVFXWWLQJEHGURFNLQWKHYLFLQLW\RIWKHPLQH
7KHVHIDXOWVDUHQRWGLVFXVVHGLQWKH3/3 &K VHLVPLFKD]DUGDVVHVVPHQW
0LQRUIDXOWVDUHXQOLNHO\WRFUHDWHYHU\VWURQJHDUWKTXDNHVEXWLIDQHDUWKTXDNHKDSSHQHGRQDIDXOWORFDWHGGLUHFWO\
underneath tailings dams or other structures, it could be damaging.
,QDGGLWLRQWRQDWXUDOHDUWKTXDNHVRQWKHVHIDXOWVWKHUHLVWKHSRVVLELOLW\WKDWLQFUHDVHGZHLJKWDQGJURXQGZDWHUSUHVVXUH
LPSRVHGE\DWDLOLQJVLPSRXQGPHQWRUZDVWHURFNVWRUDJHFRXOGFKDQJHWKHVWUHVV¿HOGLQWKHHDUWKHQRXJKWRFDXVHDORFDO
HDUWKTXDNH$QDQDO\VLVRISDVWPDQPDGHHDUWKTXDNHV 0F*DUUHWDO shows that structures spanning multiple
NLORPHWHUVOLNHWKRVHSURSRVHGDW3HEEOH '15:DUGURS1RUWKHUQ'\QDVW\ FDQUHVXOWLQHDUWKTXDNHV
RYHUPDJQLWXGH7KHVHHDUWKTXDNHVDUHPRVWOLNHO\LQFDVHVZKHUHWKHIRUFHH[HUWHGE\KXPDQDFWLYLWLHVOLQHVXSZLWK
JHRORJLFVWUHVVHVDQGH[LVWLQJIDXOWV 0F*DUUHWDO 
3/3  PDSVVHYHUDOSDUDOOHOVPDOOIDXOWVWKDWKDYHDOORZHGDZHGJHRIEHGURFNWRVKLIWGRZQZDUGD³JUDEHQ´
ZLWKLQWKHPLQHDUHD,QWKHLUPLQHSODQ '15 DWDLOLQJVGDPLVSODQQHGGLUHFWO\RYHUWKLVJUDEHQ7KLVLVD
VFHQDULRZKHUHDIDXOWPLJKWEHDFWLYDWHGE\DKXPDQDFWLYLW\*UDEHQVIRUPZKHUHWKHHDUWKVWUHWFKHVDQGODUJHEORFNVRI
EHGURFNVLQNGRZQZDUGVDORQJIDXOWV6LQFHWKHZHLJKWRIDWDLOLQJVIDFLOLW\ZRXOGDSSO\LQFUHDVHGGRZQZDUGSUHVVXUHWR
WKLVJUDEHQLWKDVDQLQFUHDVHGFKDQFHRIWULJJHULQJDQHDUWKTXDNH 0F*DUUHWDO 

Conclusions
7KHVHLVPLFKD]DUGDVVHVVPHQWFRQWDLQHGLQWKH3/3(%'PLVUHSUHVHQWVH[LVWLQJZRUNDQGUHOLHVRQIDXOW\DUJXPHQWV
7KH/DNH&ODUN)DXOWLVDPDMRUFUXVWDOIDXOWWKDWLVOLNHO\WRSDVVQHDURUWKURXJKWKH3HEEOH0LQHSURVSHFW%RWKWKH
ORFDWLRQDQGDFWLYLW\RIWKLVIDXOWDUHOLWWOHVWXGLHG:LWKRXWIXUWKHUVWXG\WKHOLNHOLKRRGRIDQHDUWKTXDNHDQGWKHSRWHQWLDO
LQWHQVLW\RIVKDNLQJDUHLPSRVVLEOHWRGHWHUPLQH'XHWRWKHQDWXUHRIWKHSURSRVHGSURMHFWWKHVHLVPLFKD]DUGDVVHVVPHQW
PXVWFRQVLGHUHDUWKTXDNHVWKDWDUHUDUHDQGZLWKRXWSUHFHGHQWLQWKHLPPHGLDWHSDVW
3/3¶V &K DVVHVVPHQWSURYLGHVQRQHZUHVHDUFKRQWKLVLVVXH,WGRHVQRWDQDO\]HUHOHYDQWH[LVWLQJGDWD7KH
FRQFOXVLRQVFRQVLVWHQWO\GRZQSOD\SRWHQWLDOVHLVPLFKD]DUGVDQGWKH\GRQRWSURYLGHFRQYLQFLQJHYLGHQFHLQVXSSRUWRI
WKRVHFRQFOXVLRQV2ULJLQDOZRUNLVQHFHVVDU\WRDFFXUDWHO\DVVHVVVHLVPLFULVNDWWKHSURVSHFW

5

BBNC Comments on Pebble 404 Permit Application and Draft EIS (POA-2017-271)

Appendix E, Page 2337 of 2339

Annotated Bibliography
Referenced publications plus additional publications that specifically bear on seismicity in the Pebble area.
Publication

Referenced in
Seismic Hazards
section of EBD*

Notes

R. L. Detterman, B. L. Reed, 1980: Stratigraphy,
Structure, and Economic Geology of the Iliamna
Quadrangle, Alaska; Geological Survey Bulletin 1368B.

No

Maps several faults of unknown significance
near the Pebble Prospect. No information on
the location of the Lake Clark Fault.

DNR (Dept. of Natural Resources), 2006: Pebble
project initial application for certificate of approval to
construct a dam. Tailings impoundment A and Tailings
impoundment G.

N/A

Provides specific engineering diagrams of
dams from Northern Dynasty's 2006 mine
plan. Includes 3 dams, with heights of about
400 feet (impoundment G), and two over 600
feet (impoundment A).

No

Outlines a model for southern Alaska tectonics
wherein southcentral Alaska rotates
counterclockwise, driven by subduction of the
Yakutat Microplate.

Yes

Maps the Lake Clark Fault based on
Aeromagnetic data, showing 26 km (16 mi.)
offset.

P. J. Haeussler and C. F. Waythomas, 2011: Review of
the Origin of the Braid Scarp near the Pebble Prospect,
Southwestern Alaska; USGS Open-file Report 20111028.

Yes

Primarily presents evidence that a single
trench near on the Braid Scarp does not show
evidence of an active fault. Also presents a
review of existing literature on the Lake Clark
Fault.

T.D. Hamilton, R.F. Klieforth, 2010: Surficial Geologic
Map of parts of the Iliamna D-6 and D-7 Quadranagles,
Pebble Project Area, Southwestern Alaska, DNR
DGGS Report of Investigations 2009-4.

Yes

Maps surficial geology near Pebble, including
several lineaments interpreted as unrelated to
seismic activity.

ICOLD (International Commission on Large Dams),
M. Wieland, 2008: Large Dams the First Structures
Designed Systematically Against Earthquakes, 2008
World Conference on Earthquake Engineering.

N/A

Reviews history and criteria for designing
dams against earthquakes. States that
typically the "Maximum Credible Earthquake"
is defined as having a statistical return period
of 10,000 years. Note this is looking at all
dams – it may be that higher standards would
apply to tailings facilities that must stand for
longer than 10,000 years.

http://www.dnr.state.ak.us/mlw/mining/largemine/pebb
le/water-right-apps/index.cfm
P. J. Haeussler, 2008: An Overview of the Neotectonics
of Interior Alaska: Far-Field Deformation From the
Yakutat Microplate Collision; Geophysical monograph
vol. 179, p. 83-108.

P. J. Haeussler, R. W. Saltus, 2004: 26 km of Offset on
the Lake Clark Fault Since Late Eocene Time; U.S.
Geological Survey Professional Paper 1709–A.
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D. S. Kaufman, K. B. Stilwell, 1997: Preliminary
evaluation of emergent postglacial shorelines, Naknek
and Iliamna lakes, Southwestern Alaska; J. A.
Dumoulin and J. E. Gray Eds., Geological studies in
Alaska by the US Geological Survey, 1995: USGS
Professional Paper 1574, p. 73-81.

No

Studies elevated shorelines along L. Iliamna at
two points and finds no evidence of isostatic
or tectnoic deformation.

H.M. Kelsey, B.L. Sherrod, A.R. Nelson, T.M.
Brocher, 2008: Earthquakes generated from bedding
plane-parallel reverse faults above an active wedge
thrus, Seattle fault zone, GSA Bulletin 120 no. 11-12,
pp 1581-1597.

N/A

Presents detailed geomorphic, LiDAR, and
seismic data depicting the complex
deformation on the Seattle Fault.

R. D. Koehler, R. D. Reger, 2011: Reconnaissance
Evaluation of the Lake Clark Fault, Tyonek Area,
Alaska; DGGS Preliminary Interpretive Report 2011-1.

K. G. Mackey, K. Fujita, L. V. Gunbina, V. N.
Kovalev, V. S. Imaev, B. M. Koz'min, L. P. Imaeva,
1997: Seismicity of the Bering Strait region: Evidence
for a Bering block; Geology vol. 25, no. 11, p. 979-982.

Yes (2009 draft)

Documents study of the Lake Clark Fault 150
miles northeast of Pebble near Tyonek. No
evidence for offset of late Pleistocene
moraines.

No

Provides evidence for rotation of the
continental crust underlying the Bering Sea.

N/A

Presents paleoseismological and seismological
evidence of normal earthquakes on the Kern
Canyon Fault.

No

Shows the Lake Clark Fault as inferred,
splaying along both NW and SE shores of
Lake Clark. Maps a splay joining the main
fault from the north.

N/A

Describes the bedrock geology near the Pebble
Prospect, including major rock units, faults,
and mineralized areas.

N/A

Sections 6.6.2 and 6.7 Describe PLP's
assessment of the faults in the region
surrounding the Pebble Prospect.

G. Plafker, L. M. Gilpin, J. C. Lahr, 1994: Neotectonic
Map of Alaska, from Geology of Alaska – Vol G-1 of
the Geology of North America (GNA-G1).

No

Overview of Alaska tectonics that includes
notes on tectonic status of mapped faults.
Notes offset on the Lake Clark Fault in the
neogene, but no more recent evidence.

M.J. Rymer, G.G. Seitz, K.D. Weaver, A. Orgil, G.
Faneros, J.C. Hamilton, C. Goetz, 2002: Geologic and
Peleoseismic Study of the Lavic Lake Fault at Lavic
Lake Playa, Mojave Desert, Southern California,
Bulletin of the Seismological Society of America 92 (4)
pp. 1577-1591.

N/A

Describes post-earthquake study of Lavic
Lake Fault, showing that there is evidence of a
past earthquake, though it was missed prior to
the 1999 earthquake.

E.S. Nadin, J.B. Saleeby, 2010: Quaternary reactivation
of the Kern Canyon fault system, southern Sierra
Nevada, California, Geologic Society of America
Bulletin 122 (9-10) pp 1671-1685.
W.H. Nelson, C. Carlson, J.E. Case, 1983: Geologic
Map of the Lake Clark Quadrangle, Alaska, USGS
Miscellaneous Field Studies Map 1114-A.

PLP (Pebble Limited Partnership), 2012, (3.7.3):
Bedrock Geology in the Mine Study Area, Pebble
Project Environmental Baseline Document 2004-2008,
Chapter 3.7.3.
http://www.pebbleresearch.com/download/
PLP (Pebble Limited Partnership), 2012, (Ch 6):
Geotechnical Studies, Seismicity, and Volcanism,
Bristol Bay Drainages, Pebble Project Environmental
Baseline Document 2004-2008, Chapter 6.
http://www.pebbleresearch.com/download/
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B.L. Sherrod, T.M. Brocher, C.S. Weaver, R.C.
Bucknam, R.J. Blakely, H.M. Kelsey, A.R. Nelson, R.
Haugerud, 2004: Holocene fault scarps near Tacoma,
Washington, USA.

N/A

Uses LiDAR and aeromagnetic data to
identify an active fault, then presents results of
trenching that fault.

W.C. Steele, 1985: Map Showing Interpretations of
Landsat Imagery of the Lake Clark Quadrangle,
Alaska, USGS Miscellaneous Field Studies Map 1114F.

No

Maps lineaments and other features
interpreted as faults in the Lake Clark
quadrangle. Shows lineaments parallel to the
Lake Clark structure further to the northwest.

TNC (The Nature Conservancy), 2010: An Assessment
of Ecological Risk to Wild Salmon Systems from
Large-scale Mining in the Nushagak and Kvichak
Watersheds of the Bristol Bay Basin.

N/A

Extensive analysis of potential impacts of
mine development. Includes modeling of
tailings dam failure.

N/A

Provides an economic analysis of several mine
scenarios. It includes a 25 year mine plan
with a version of tailings impoundment G with
two dams, the taller of which is about 675 feet
tall.

http://www.nature.org/ourinitiatives/regions/northameri
ca/unitedstates/alaska/explore/ecological-riskassessment-nushagak-kvichak.pdf
Wardrop-NDM (Northern Dynasty Minerals), 2011:
Preliminary Assessment of the Pebble Project,
Southwest Alaska. Web version:
http://www.northerndynastyminerals.com/ndm/Prelim_
A.asp

*Only papers that directly bear on seismicity at the Pebble site are marked Yes/No. Other referenced papers are
marked N/A.

8

