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3.24 FiIsSH VALUES

Fish values are described in the Environmental Impact Statement (EIS) analysis area in terms of
aquatic habitat, fish distribution, and aquatic invertebrates, as applicable, for each project
component or variant under each alternative. The results of tissue analyses for trace elements in
fish collected at the mine site and Amakdedori port location are included.

3.24.1 EIS Analysis Area

The EIS analysis area includes watersheds and downgradient aquatic habitats that could be
affected by project activities, from streams to marine waters.

The analysis area for the mine site under all alternatives and variants includes portions of the
North Fork Koktuli (NFK), South Fork Koktuli (SFK), and Upper Talarik Creek (UTC) watersheds.
This area includes all aquatic habitats potentially directly or indirectly affected by permitted mine
site activities (Figure 3.24-1). The geographic extent of the analysis area is driven by the modeled
2 percent reduction in suitable habitat in the NFK and SFK drainages (see Appendix K4.24 for
fish habitat modeling methodology and results).

The analysis area for the port and transportation and natural gas pipeline corridors includes all
aquatic habitats within 0.25 mile of project infrastructure, where potential effects would potentially
occur from construction and operations under all alternatives and variants.

Throughout this section, the reported data on habitat and fish population characteristics are
sometimes presented using imperial units, and at other times in metric units, depending on the
original source of information.

3.24.2 Habitat Function and Value

Fresh and marine waters in the analysis area provide numerous ecosystem functions and values,
including support for a wide array of anadromous and resident fish, aquatic invertebrates, birds,
and mammals. Habitat characterizations for aquatic resources are provided in baseline reports
(ABR 2011a; R2 et al. 2011a) and include detailed information on the baseline survey
methodology, including the identification and characterization of aquatic habitats. Freshwater and
marine waterbodies also provide values associated with subsistence, recreation, commercial and
sport fishing, hunting, and navigation; and retention or drainage of flood flows. lliamna Lake is a
protected water use area.

3.24.2.1 Stream Habitats

Functions and values of stream and river habitats vary greatly in the analysis area depending on
hydrologic regimes, bed and bank structure, floodplain interactions, and other fluvial processes.
The watersheds are relatively undisturbed; floodplain processes, sediment and woody debris
dynamics, and surface and groundwater exchanges have resulted in a large diversity of aquatic
and riparian habitats in the analysis area. This habitat diversity is responsible for the
corresponding large population and genetic diversity of salmonids in the wider Bristol Bay basin
(Rinella et al. 2009). This large population and genetic diversity has been recognized as
contributing to the high productivity and stability of these systems for salmonids (Schindler et al.
2010). Recent genetic analysis has revealed sockeye salmon spawning in the Koktuli River are
considered a separate population in the Alaska Department of Fish and Game (ADF&G) genetic
baseline, and are one of four genetically similar but distinct populations of river-type Sockeye
salmon in the Nushagak River basin (Shedd et al. 2016; Dann et al 2012).
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Streams in the analysis area support five species of anadromous Pacific salmon, at least four
species of non-anadromous salmonids, and numerous non-salmonid fishes (R2 et al. 2011a).
Streams provide migration, spawning, rearing, and overwintering habitats for fish and invertebrate
species. Streams maintain characteristic riparian plant communities and export organic matter to
support aquatic food chains. Riparian trees and shrubs provide shade to regulate stream
temperatures and contribute large and small woody debris, which are important for channel-
forming processes and creation of fish habitat. Aquatic and riparian habitats also have high value
for numerous bird and mammal species, including beaver, which create highly used off-channel
habitat. Streams also facilitate enrichment of riparian and terrestrial ecosystems with marine-
derived nitrogen and other nutrients through the return of spawning salmon. Stream systems in
the analysis area also convey and attenuate flood waters, maintain and purify surface waters,
moderate groundwater flows, and recharge groundwater systems.

Mine site facilities would occur in the headwaters of the NFK, SFK, and UTC subbasins. Headwater
habitats represent one end of a continuum of available stream habitats (Vannote et al. 1980), with
large mainstem channels representing the other end. Headwater habitats serve many important
functions related to the overall health of each subbasin (EPA 2014). Headwaters can provide
spawning and rearing habitats for anadromous and resident fish, and contribute spawning gravels,
invertebrate drift, organic nutrients, cool surface flows, groundwater accretion, and woody debris to
downstream (mainstem) channels. In many basins, headwaters support high densities of fish, and
provide refuge from predators, flood flows, or anthropomorphic impacts. However, many headwater
streams in the mine site area have gradients greater than 3 percent, which are generally less
productive for anadromous salmonids than lower-gradient reaches (EPA 2014).

3.24.2.2 Lake Habitats

Freshwater lentic habitat in the analysis area ranges from very small ponds to large lakes
(approximately 150 acres) and lliamna Lake (1,000 square miles). The majority of waterbodies of
this type in the analysis area are less than 2.5 acres in size (ABR 2011a); however, there is a
great variety in depth and hydrologic regime, shoreline complexity, and connectivity to drainages,
all of which influence functions and values. Some of the larger lakes provide spawning habitat for
sockeye salmon. In addition to fish values, these habitats have been identified as having relatively
high species richness for bird and mammal species, including bird species of conservation
concern (ABR 2011a), the presence of which is a characteristic of regionally important wetlands
(see Section 3.22, Wetlands and Other Waters/Special Aquatic Sites). Water impounded by lakes
and ponds is also important for maintaining summer flows and downstream aquatic habitat
(R2 Resource Consultants et al. 2011).

3.24.2.3 Marine Habitats

Marine and estuarine waters in Cook Inlet also provide important habitat for fish and benthic
invertebrates, as well as numerous birds and marine mammals (see Section 3.23, Wildlife Values;
and Section 3.25, Threatened and Endangered Species, for details on birds and marine mammals
in the analysis area, respectively). Intertidal waters represent approximately 9 percent of marine
waters in the analysis area. Nearshore and estuarine habitats have been investigated in the analysis
area, including Amakdedori Beach for Alternative 1a and Alternative 1, and in lliamna Bay and
Cottonwood Bay for Alternative 2 and Alternative 3 (Pentec Environmental/Hart Crowser 2011a, b).
Several habitat types, including mudflats, were identified, which provide resources for varying life-
stages of numerous fish, including Pacific salmon, nearshore marine species, and several benthic
invertebrates. Nearshore habitats are used as rearing areas, migration corridors, spawning areas,
and places of refuge from deepwater predators. Essential services of estuaries include provision of
food, habitat complexity, buffering from extreme forces of open waters, filtration, sediment trapping,
and refuge from predation, which make them prime rearing or “nursery” habitats for numerous
species of juvenile fish and invertebrates (Hughes et al. 2014).
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3.24.3 Fish Values Baseline Surveys, Habitat Mapping, and Suitability Assessment

3.24.3.1 Fish Values Baseline Surveys

Extensive biological surveying was done in freshwater and marine habitats potentially impacted by
project development. Habitat components were assessed throughout the mainstem, tributary, and off-
channel habitats surrounding the mine site and at proposed road and pipeline crossings. Surveys
focused on characterizing aquatic habitats and verifying the presence, absence, or abundance of fish
and aquatic invertebrates. The information presented in this section and in Section 4.24, Fish Values,
is largely based on these surveys, along with other biological data available for the region. Sampling
in project waters is expected to only identify a proportion of fish that are present; therefore, fish counts,
whether from aerial surveys, electrofishing, netting, or snorkeling, would produce an index of
abundance. Also, due to the high mobility and migratory nature of several fish species in the analysis
area, it is recognized that some habitats surveyed could support fish or specific species even though
fish were not observed when biological surveys were conducted. Similarly, stream areas observed to
support fish during baseline surveys may be infrequently used by such species; however, given the
high intensity of biological sampling in the project area, the survey results are considered
representative of fish distribution and habitats in the analysis area.

3.24.3.2 Fish Values Stream Habitat Mapping

Aquatic habitat was mapped in each mainstem reach and in selected tributaries, and included
assessment of channel type (Paustian et al. 1992), bankfull width/depth, mesohabitat unit type
(Moore et al. 2006; USFS 2001), unit length, width, and depth, presence and amount of instream
cover (e.g., woody debris, undercut banks), dominant and subdominant substrate type, riparian
species, and locations of seeps and spring outflows (R2 et al. 2011a). Habitat mapping study
reaches were selected to represent the continuum of stream characteristics, and resulted in the
identification of 1,984 habitat units. Mesohabitat mapping using aerial imagery was also
performed to expand the scale of habitat suitability estimates basin-wide (PLP 2018-RFI 048).

Stream habitats shown in figures are based on the National Hydrology Database stream layer
and include all fish baseline studies sampling areas and major streams and tributaries. The figures
do not depict the fine-scale project mapping of smaller streams and seeps as presented in
Section 3.22 and Section 4.22, Wetlands and Other Waters/Special Aquatic Sites. It is recognized
that these small-scale watercourses identified in the high-resolution project mapping could
support aquatic resources, and are therefore included in the analysis and quantification of
impacts.

3.24.3.3 Habitat Suitability Assessments

Construction, operations, and closure of the mine is expected to result in changes to surface flows in
streams draining the mine site. Consequently, assessing the effects of modified flows on the quantity
and quality of habitat was necessary to evaluate potential impacts and alternatives. Instream flow
studies were performed to assess the effects of modified flows in the mainstem NFK, SFK, UTC, and
three principal tributaries. The instream flow assessment used the Physical Habitat Simulation
(PHABSIM) component in the Instream Flow Incremental Methodology (IFIM) process. Although
PHABSIM has uncertainties and limitations like all other models (Reiser and Hilgert 2018), IFIM and
PHABSIM represent the most commonly applied and agency-accepted instream flow methodology
employed in North American (IFC 2009). PHABSIM combines a highly standardized hydraulic model
with a biological model (Habitat Suitability Criteria [HSC]) that describes the relative suitability of water
depth, water velocity, and substrate composition for target species and life-stages.

The Pebble PHABSIM model was based on 143 cross-sectional transects throughout the NFK,
SFK, UTC, and three principal tributaries; and included more than 1,300 fish habitat use (HSC)
observations representing seven anadromous and resident fish species for spawning, juvenile
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rearing, and adult rearing (for resident species) life-stages. The PHABSIM-developed
relationships between streamflow and the suitability of habitat were combined with habitat
mapping and simulated daily streamflow time-series data representing wet, normal, and dry water
years to estimate the changes in the area (acreage) of suitable habitat in each study reach during
pre-project (baseline), project operation, and post-closure time periods. Estimated changes in
suitable habitat area were calculated for each species and life-stage based on each species
life-stage periodicity (e.g., July and August for Chinook spawning, year-round for coho juvenile
rearing), and assuming discharge of treated water into each subbasin. The distribution of treated
water into each subbasin was determined by prioritizing species and life-stages (e.g., salmon
generally had higher priority than resident species, spawning had higher priority than juvenile
rearing) to maximize habitat and minimize impacts to the priority species and life-stages. This
instream flow process is more fully described in Appendix K4.24, Fish Values.

3.24.4 Mine Site

Under all alternatives, the mine site would be situated in the NFK, SFK, and UTC watersheds
(Figure 3.24-1; and see Figure 3.16-2). The analysis area for the mine site includes the mainstem
NFK and the mainstem SFK from reaches adjacent to the mine site downstream to their
confluence; the mainstem UTC from the reach adjacent to the open pit downstream to lliamna
Lake; and tributaries directly draining the mine site facilities or expected to be affected by changes
in groundwater accretion (Figure 3.24-2, Figure 3.24-3, and Figure 3.24-4). The 36-mile NFK and
40-mile SFK rivers join to form the Koktuli River, which flows 39 miles downstream into the
Mulchatna River. The Mulchatna River continues 44 miles before joining the Nushagak River,
which then flows another 109 miles into Bristol Bay. UTC flows for approximately 39 miles into
lliamna Lake, which drains into the Kvichak River and flows 50 miles downstream into Bristol Bay.
The NFK, SFK, and UTC subbasins encompass approximately 355 square miles, representing
approximately 0.9 percent of the 39,184-square-mile Bristol Bay watershed. The general
characteristics and features of the NFK, SFK, and UTC drainage basins are described in
Section 3.16, Surface Water Hydrology.

More than 20 fish species are known to inhabit the mine site analysis area, including Pacific
salmon species Chinook salmon (Oncorhynchus tshawytscha), sockeye salmon (O. nerka), coho
salmon (O. kisutch), chum salmon (O. keta), and pink salmon (O. gorbuscha). Resident fish
species in fributaries draining the mine site include rainbow trout (O. mykiss), Dolly Varden
(Salvelinus malma), Arctic grayling (Thymallus arcticus), and sculpins (slimy, Cottus cognatus, or
coastrange, C. aieuticus.) (Table 3.24-11).

Impacted Mine Site Streams—Habitat and Fish Use

e Pacific salmon habitat in the direct mine site footprint is considered to have less high-quality
spawning and rearing habitat characteristics when compared to downstream habitats.

e Streams directly impacted by the mine site tend to have higher gradients, fewer off-channel and
overwintering habitats, lower proportions of spawning gravels, and less woody debris when
compared to downstream habitats.

e The majority of adult fish and spawning observations for all Pacific salmon occurred considerably
downstream of waters directly affected by mine facilities.

e Observed densities of juvenile salmon in streams around the mine site are substantially lower
than in downstream reaches, where more favorable habitat conditions are present.

e Resident fish species documented in the mine site area include: Arctic grayling, slimy sculpin,
Dolly Varden, northern pike, and rainbow trout, among other species.
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3.24.4.1 Aquatic Habitat

Mainstem, tributary, and off-channel aquatic habitats potentially directly and indirectly impacted by
mine site construction and operation are described for the NFK, SFK, and UTC watersheds
(Figure 3.24-2, Figure 3.24-3, and Figure 3.24-4). Aspects of habitat described for each watershed
include mileage, streamflows, groundwater influence, water temperature, and available nutrients.
Pacific Salmon spawning and rearing habitats in the analysis area are also described. The
quantification of streambed habitat was based on the most detailed survey data, whether from PLP,
AWC, or Alaska Freshwater Fish Inventory (AFFI) survey data, to delineate the distribution and
assessment of impacts to resident and anadromous fish species in the mine site analysis area.

North Fork Koktuli River

The majority of the mine site facilities would be in the NFK watershed (Figure 3.24-2), including
most of the bulk tailings storage facility (TSF), pyritic TSF, water management ponds (main and
open pit), millsite/camp, and water treatment plant—north discharge location; (see Chapter 2,
Alternatives, for details on mine site components). The NFK River watershed extends northeast
from the confluence with the SFK River to Groundhog Mountain, approximately 7 miles northeast
of the mine site (Figure 3.24-2). The NFK drains 64.7 miles of currently documented anadromous
stream channels, with a total basin area of about 113 square miles, which represent 0.3 percent
of Bristol Bay’s 39,184-square-mile watershed. Approximately 23 percent of the NFK basin area
and 8.3 miles of mainstem channel are upstream of Tributaries 1.190 and 1.200 and the mine site
footprint (Figure 3.24-2). The ADF&G Anadromous Waters Catalog (AWC) (Johnson and
Blossom 2018) lists 12 anadromous fish-bearing ftributaries entering the NFK, including
Tributaries 1.190 and 1.200, which would contain the majority of the mine site footprint. Overall,
there are numerous first-, second-, and third-order streams that would not be impacted from mine
site development, as shown in Figure 3.24-2.

Mainstem and Tributary Habitat

Throughout most of its length, the mainstem NFK is a low-gradient (mostly 0.1 to 0.8 percent),
unconfined, meandering, single-thread channel bordered by willows (Salix spp.), shrub, and dwarf
shrub riparian species. Habitat typing conducted on foot and via aerial imagery reveals that the
mainstem NFK downstream of the mine site (Reaches A, B and C, Figure 3.24-2) is an alternating
series of riffle and run/glide habitats dominated by riffles (56 to 65 percent) with very few (1 to
2 percent) mainstem pools (Table 3.24-1) (R2 et al. 2011a). Upstream of the mine site in NFK
Reaches D, E, and F, the NFK contains similar proportions of riffle and run/glide habitats, with
increasing frequency of beaver-formed pools in headwater reaches. NFK Reaches A, B, and C have
bankfull widths of 67 feet, 68 feet, and 61 feet, respectively, with bankfull depths ranging from 4.3 feet
in NFK-A to 2.2 feet in NFK-C (Table 3.24-2). Dominant substrate is gravel in NFK-C, with a riparian
wetland composed of willow shrub. The upper 10 miles of the NFK flows through a region with small
(less than 3 acres) shallow lakes, dominated by Big Wiggly Lake (Figure 3.24-2). Table 3.24-2 lists
physical habitat features for mainstem and tributary reaches of the NFK (and SFK and UTC).

Instream cover for fish rearing is relatively scarce in the NFK mainstem because of the absence
of large riparian trees and associated large woody debris (LWD) (Table 3.24-2); but cobble
substrates, undercut banks, and overhanging vegetation provide cover for rearing juvenile
salmon, as well as juvenile and adult resident species (R2 et al. 2011a). Small woody debris
(SWD) and increased depths associated with beaver dams also provide cover for rearing fish in
many off-channel locations. Substrate is dominated by gravel, with low amounts of fine sediments
(less than 10 percent) in reaches downstream of the mine site. The prevalence of non-embedded
gravel substrates and dominance of riffle and run/glide habitats provides spawning habitat for
salmonids. In contrast to the lower river, substrate in the mainstem upstream of the mine site
contains higher amounts of sand and silt derived from glacial lacustrine and lacustrine deposits
underlying the Big Wiggly Lake basin north of the mine site (Schlumberger 2011a).
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Table 3.24-1: Frequency (percent) of Habitat Types in the NFK, SFK, and UTC Mainstem
Reaches in the Mine Site Analysis Area'’

Tributary Mainstem Reach Riffle Run/Glide Pool
NFK A 64% 35% 1%
B 65% 34% 1%

C 56% 42% 2%

D 46% 45% 9% 2

SFK A 65% 32% 3%
B 44% 54% 2%

C 27% 64% 5%

D 55% 24% 3%

uTC A 54% 45% 1%
B 53% 44% 3%

C 24% 74% 2%

D 16% 77% 7%

E 19% 69% 12%

F 20% 51% 22%

Notes:

"Includes habitat from mainstem reaches adjacent to and downstream of the mine site (Figure 3.24-1).
2Includes pools formed by beaver dams.

NFK = North Fork Koktuli
SFK = South Fork Koktuli
UTC = Upper Talarik Creek
Source: R2 et al. 2011a
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Table 3.24-2: Physical Habitat Characteristics in Mainstem and Select Tributary Reaches in the Mine Site Analysis Area

il i Substrate (dominant/ Pool frequenc
Reach Tributary Width Depth Slope (%) . q y Dominant Riparian
subdominant) #/100 meters
(feet) (feet)
NFK-A N/A-mainstem 67 4.31 0.5t01.0 Gravel/cobble/sand 0.3 Willow shrub
NFK-B N/A-mainstem 68 2.6 0.5 Gravel/cobble/sand 0.3 Willow shrub
NFK-C N/A-mainstem 61 2.21 0.5t01.0 Gravel/cobble 0.1 Willow shrub
NFK-C 1.190 6.5 to 30 3.1 2t03 Cobble/gravel 0.8 Willow shrub
NFK-C 1.190.10 5.8 t0 14 16 05103.7 Cobble/boulder/gravel 0.4 Willow shrub, fen, other
herbaceous
NFK-C 1.190.10.03 6.5 1.3 1.5 Sand/silt 0.8 Willow shrub, tundra
NFK-C 1.190.10.20 14.6 1.3 2.8 Sand/silt 0.6 Willow shrub
NFK-C 1.190.30 4.6 1.3 1.5 Gravel/cobble 1.8 other herbaceous
NFK-C 1.190.40 8.5 16 22 Cobble/gravel 145 Willow shrub, other
herbaceous
NFK-C 1.190.40.10 45 16 3.0 Cobble/boulder 18 Willow shrub, other
herbaceous
NFK-C 1.190.20 55 22 15 Sand/silt 06 Willow shrub, other
herbaceous
NFK-C 1.190.20.10 6.5 1.6 6.0 Boulder/cobble 0 other herbaceous
NFK-C 1.190.25 438 13 3.7 Cobble/boulder 10 Willow shrub, other
herbaceous
NFK-C 1.190.30 7.0 1.9 3.0 Cobble/boulder/gravel 14 Viillow Shrub, other
herbaceous
NFK-C 1.190.40 6.510 11 19 18t032 | Sandisilticobble/gravel 10 Willow shrub, other
herbaceous
NFK-C 1.190.40.10 5.9 1.6 3t06.8 Cobble 1.4 other herbaceous
NFK-C 1.190.40.10.10 3.25 1.6 45 Sand/silt 1.7 Willow shrub
NFK-C 1.190.50 6.81013.3 1.95 2.710 11 Gravel/cobble 0.5 Willow shrub, other
herbaceous
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Table 3.24-2: Physical Habitat Characteristics in Mainstem and Select Tributary Reaches in the Mine Site Analysis Area

Sankil Eaghil Substrate (dominant/ Pool frequency
Reach Tributary Width Depth Slope (%) . Dominant Riparian
subdominant) #/100 meters
(feet) (feet)
NFK-C 1.190.50.10 75 16 2.8 Gravel 0 Willow shrub, other
herbaceous
NFK-C 1.190.70 9.75 1.95 3.7t0o11.5 Boulder 0.1 other herbaceous
NFK-C 1.190.75 10.4 1.3 6.3 Cobble 0.5 other herbaceous
NFK-D N/A-mainstem 29 N/A 1.0to 1.5 Gravel/sand N/A Willow shrub
NFK-D 1.200 472 15 1.1 Gravel/cobble 0.7 other herbaceous,
Willow shrub
NFK-D 1.200.10 7.0 17 35 Cobble/sand-silt 03 other herbaceous,
Willow shrub
NFK-E N/A-mainstem 9 N/A 0.5 Sand/gravel/organics N/A Willow shrub
NFK-F N/A-mainstem N/A N/A N/A N/A N/A Willow shrub
SFK-A N/A-mainstem 66 2.6 0.5 Gravel/sand 0.1 Willow shrub
SFK-B N/A-mainstem 60 2.7 0.5 Gravel/cobble 0.1 Willow shrub
SFK-B 1.190 7451033 | 161029 | 25t012 Gravelicobble/boulder 0.42 Willow Shrub/other
herbaceous
SFK-B 1.190.20 113 2.0 6.8to11 | Boulder/gravel/sand-silt 0.57 Willow/aider shrub/other
herbaceous
SFK-B 1.190.20.10 6.5 1.4 4.5 Sand-silt/boulder 1.3 Alder shrub/willow shrub
SFK-B 1.190.20.20 9.1 1.3 11 Boulder/sand-silt 1.25 Alder shrub/willow shrub
SFK-B 1.190.20.30 7.4 1.0 10 Sand-silt, boulder 0.9 Alder shrub/willow shrub
SFK-B 1.190.20.40 5.2 13 8.5 Sand-silt/cobble 0.8 Willow Shrub/other
herbaceous
SFK-B 1.190.20.50 7.8 1.3 24.0 Boulder/cobble 0.5 other herbaceous
SFK-B 1.190.20.60 55 1.3 2.0 Sand-silt 1.2 other herbaceous
SFK-B 1.190.30 6.1 17 15t05.0 Sand-silt/gravel 0.55 Willow Shrub/other
herbaceous
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Table 3.24-2: Physical Habitat Characteristics in Mainstem and Select Tributary Reaches in the Mine Site Analysis Area

il i Substrate (dominant/ Pool frequenc
Reach Tributary Width Depth Slope (%) . q y Dominant Riparian
subdominant) #/100 meters
(feet) (feet)
SFK-B 1.190.30.10 4.8 1.95 5.0 Sand-silt 0.4 Willow Shrub
SFK-B 1.190.40 8.1 1.95 3.4 Cobble/gravel 0.85 other herbaceous
SFK-B 1.190.50 6.7 1.6 2.3t06.3 Cobble/boulder 1.3 Alder shrub
SFK-B 1.190.50.10 3.25 0.97 8.0 Sand-silt 0.6 other herbaceous
SFK-B 1.190.60 8.5t019 1.7 3.3t05.0 Cobble/boulder/sand-silt 0.2 Alder shrub/other shrub
SFK-B 1.190.60.10 94 1.95 7.0t013.3 Boulder/cobble 1.05 Alder shrub/willow shrub
SFK-B 1.190.60.20 7.15 1.3 7.51t012 Boulder/cobble 1.7 Alder shrub/willow shrub
SFK-B 1.190.60.40 6.17 13 11 Gravel/sand-silt 145 Willow shrub/other
herbaceous
SFK-B 1.190.70 11.3 2.11 12 Boulder/Cobble 1.1
SFK-B 1.190.80 9.2 1.95 3.3t013 Cobble/gravel/boulder 0.05 Other shrub
SFK-B 1.190.80.10 6.8 1.3 7.7 Cobble/gavel 0.3 Other herbaceous
SFK-B 1.190.80.20 4.8 1.6 3.0 Gravel/sand-silt 2 Willow shrub
SFK-C N/A-mainstem 26 3.6 0.9 Gravel/sand-silt 2.1 Willow shrub
SFK-C 1.240 481037 0.5 0.8t010.0 |  Gravelicobble/boulder 0.08 Willow/alder shrub,
other herbaceous
SFK-C 1.240.10 9.6 0.8 10 Cobble/sand-silt/gravel 05 Willow/alder shrub,
other herbaceous
SFK-C 1.240.10.20 13 1.3 3.0 Cobble/boulder 04 other herbaceous
SFK-C 1.240.10.25 55 1.0 6.0 Boulder/cobble 2.1 other herbaceous
SFK-C 1.240.10.30 7.4 16 9.3 Cobble/boulder 0.3 Alder/Willow shrub/other
herbaceous
SFK-C 1.240.30 11310 16.5 17 381050 |  Cobble/boulder/gravel 0.03 Willowfother shrub/other
herbaceous
SFK-C 1.240.40 52t010.4 1.3 45t05.2 Cobble/boulder/gravel 0.35 other herbaceous
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Table 3.24-2: Physical Habitat Characteristics in Mainstem and Select Tributary Reaches in the Mine Site Analysis Area

Sankil Eaghil Substrate (dominant/ Pool frequency
Reach Tributary Width Depth Slope (%) . Dominant Riparian
subdominant) #/100 meters
(feet) (feet)
SFK-C 1.240.40.10 3.5 0.65 4.8 Gravel/cobble 0.6 other herbaceous
SFK-C 1.240.70 55 1.0 3.3 Boulder/cobble 0 other herbaceous
SFK-C 1.260 20 to 28 24 1.25 Gravel/sand-silt 27 Alder/Willow shrub/other
herbaceous
SFK-C 1.260.10 2.2 13 10 Organics 0 Willow shrub/other
herbaceous
SFK-D N/A-mainstem 39 1.3 0.5 Gravel 0.9 Alder shrub/Willow
shrub
SFK-E N/A-mainstem 154 2.3 1.3t02.8 Sand-silt/organics 1.0 Willow shrub
SFK-E 1.340 45510 1.86 0.3t02.1 Sand-silt/organics 0.74 Willow shrub, other
14.95 herbaceous
SFK-E 1.340.40 4.8t018.2 2.27 2.1 Organics/sand-silt/gravel 0 Willow shrub, other
herbaceous
SFK-E 1.370 9.8 1.64 1.0 gravel 0 Tundra/other
herbaceous
UT-A N/A-mainstem 99 4.6 14 Gravel/sand-silt 0.3 Willow shrub
UT-B N/A-mainstem 89 4.6 1.2 Gravel/sand-silt 0.1 Willow shrub
UT-C N/A-mainstem 721 2.5 N/A N/A 0.1 N/A
UT-C 1.190 N/A N/A 46 Cobble/gravel 0.6 N/A
UT-D N/A-mainstem 60! 2.31 N/A N/A 0.2 N/A
UT-E N/A-mainstem 561 2.31 N/A N/A 0.5 N/A
UT-F N/A-mainstem 251 2.31 10t02.5 Gravel/sand-silt 1.7 Alder sshr#lubéWillow
UT-F 1.360 6510 14.9 2.1 1710125 Cobble/gravel 0.53 Willow shrublAlder
UT-F 1.360.50 5.85 1.6 15 Cobble/gravel 0.9 Alder shrub
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Table 3.24-2: Physical Habitat Characteristics in Mainstem and Select Tributary Reaches in the Mine Site Analysis Area

il it Substrate (dominant/ Pool frequency
Reach Tributary Width Depth Slope (%) ; Dominant Riparian
subdominant) #/100 meters
(feet) (feet)
0.82 (higher pool .
UT-F 1.410 3510 13.65 0.75 15t04.5 Gravel/sand-silt densities in lower Willow shrub/other
shrub/other herbaceous
reach)
Alder shrub/Willow
UT-F 1.410.10 4.21t012.0 0.53 2.5-38.0 Gravel/boulder/sand-silt 0.1 shrub/other shrub/
Tundra
UT-F 1.410.10.10 55 2.2 1.7 Sand-silt 0.2 Willow shrub
UT-F 1.410.30 8.12 243 3510115 Gravel/boulder 115 Alder shrub/Willow
shrub/other shrub
UT-F 1.410.40 6.18 1.95 1.8t02.7 Gravel/sand-silt 1.2 Tundra
UT-F 1.410.40.10 6.8 1.95 1.8 Sand-silt 1.7 Tundra
UT-F 1.440 9.1 4.55 1.0 Sand-silt 2.9 Other herbaceous
UT-F 1.460 9.9 243 1.0t0 2.0 Gravel 1.3 Other herbaceous
UT-G N/A-mainstem 1.7 0.7 1.7 Organics/sand-silt 23 Willow shrub
Notes:
"pankfull widths and depths are from geomorphology study, remaining data from channel typing study (R2 et al. 2011a)
N/A=data not available
NFK = North Fork Koktuli
SFK = South Fork Koktuli
UTC = Upper Talarik Creek
Source: R2 et al. 2011a
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Tributary 1.190 and its sub-tributaries drain approximately 8 square miles, and are incised coarse
gravel, cobble, and boulder bed streams flowing through moraine and colluvial deposits, with
slopes of 2 percent to greater than 7 percent (Table 3.24-2, Figure 3.24-2). Channel habitat
features are dominated by short rapids/riffle reaches and scour pools irregularly spaced at about
1 pool per 100 meters (/100 m). Vegetation types documented in the 1.190 drainage during
habitat surveys (R2 et al. 2011a) were dominated by willow shrub and other herbaceous species;
alder (Alnus spp.) shrub or other larger woody plants were rarely observed in Tributary 1.190.
Tributary 1.190.10 is the largest sub-tributary of NFK 1.190, with bankfull width of 6 to 14 feet and
depth of approximately 1.5 feet, with a boulder and cobble substrate and a slope of 0.5 to
3.7 percent. Vegetation types documented in the drainage during habitat surveys were dominated
by willow shrub and other herbaceous species. Tributary 1.200 enters the NFK in the lower end
of reach NFK-D, approximately 1 mile upstream of the Tributary 1.190 confluence. This tributary
is 47 feet wide, approximately 1.5 feet deep, with a gravel/cobble substrate and a slope of 1 to
2 percent. Vegetation types documented in the drainage during habitat surveys were dominated
by willow shrub and other herbaceous species.

Both headwater Tributaries 1.190 and 1.200 support rearing habitat for Chinook salmon and coho
salmon. Coho spawning habitat occurs in Tributary 1.190. Resident fish species include Arctic
grayling, Dolly Varden, rainbow trout, and slimy sculpin. Details on fish inhabiting the mine site
area are provided below.

Off-Channel Habitat

Off-channel habitat (OCH) provides important rearing habitat for a variety of fish species (Swales
and Levings 1989; Nickelson et al. 1992; Pollock et al. 2004), particularly species preferring
deeper and slower microhabitats such as that found in beaver complexes (Table 3.24-3). Given
the relative rarity of pool habitats or LWD cover in mainstem reaches of the mine site, OCH may
be particularly important to overwintering juvenile salmonids, which require slow velocities or
dense instream cover during periods of low water temperatures (Allen 2000; Bell 2001; Griffith
and Smith 1993; Huusko et al. 2007).

Table 3.24-3: Percentage by Area of Habitat Types in Off-Channel Habitat Intensive Study Sites’

Tributary Study Site | Beaver Complex P%nhdag::llet Alcove Pgﬁ:ﬁ:&?" Isolated Pond | Side Channel
NFK OCH Sites 85%a 3% 2% 4% 1% 5%
SFK OCH Sites 91% 2% 2% <1% 3% 2%
UTC OCH Sites 93% 1% 1% 1% 1% 3%

Notes:

'Total area at intensive study sites is 3,286 acres (NFK), 3,331 acres (SFK), and 3,763 acres (UTC).
NFK = North Fork Koktuli

OCH = Off-channel habitat

SFK = South Fork Koktuli

UTC = Upper Talarik Creek

Source: PLP 2018b, Appendix 15A

The NFK valley downstream of the mine site contains abundant OCH; almost 90 percent of the
mainstem channel downstream of the mine site is bordered by some degree of OCH (estimate
based on aerial imagery). Four OCH study sites were evaluated in the NFK (Figure 3.24-2) in
2008 and 2012 (PLP 2018b, Appendix 15A). The off channel intensive study site in reach NFK-C
was dominated by beaver complexes (85 percent), but also included beaver pond outlet channels,
side channels, percolation channels, alcoves, and isolated ponds (Table 3.24-3). In general,
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OCHs in the NFK, SFK, and UTC contained more fine sediments than adjacent mainstem
reaches, and summer sampling typically showed OCHs with warmer water temperatures (mostly
less than 1 degree Celsius [°C] difference), and dissolved oxygen levels 1 to 4 milligrams per liter
(mg/L) less than the mainstem. Off-channel habitats are hydrologically connected to the NFK via
surface flows or groundwater upwelling (Schlumberger 2011a). Hydrologic connections between
the mainstem channel and OCHs are abundant, with more than 90 connection points identified in
the 2008 intensive study site. Most connections occurred at alcoves, followed by beaver pond
outlet channels. Streamflows connecting the mainstem channel with OCHs were hydraulically
assessed at multiple locations, and showed connections over a wide variety of flows, ranging from
14 cubic feet per second (cfs) to 490 cfs (R2 et al. 2011a, Appendix 15.1D)]. Approximately
50 percent of OCH area is present with mainstem flows of 20 cfs to 110 cfs, depending on study
site. Near-maximum OCH area is estimated to occur in NFK study sites at flows of approximately
100 cfs to 275 cfs. See Section 3.22, Wetlands and Other Waters/Special Aquatic Sites, for a
description of riverine wetlands in the analysis area.

Spawning and Rearing Habitat

Spawning site selection by Pacific salmon is influenced by a variety of chemical and physical
characteristics such as water depth, substrate particle size and embeddedness, water velocity,
hyporheic flow, dissolved gases, and water temperature (Geist et al. 2002; McHugh and Budy
2004; Quinn 2018; Vincent-Lang et al. 1984). The availability of suitable spawning gravel may
limit both the amount of salmon habitat and resulting productivity in streams. Most fish spawning
and rearing occurs in areas with surface expressions of groundwater (R2 et al. 2011a) that also
have suitable depths, water velocities, and gravel size for spawning (Wolman 1993). These areas
are more prevalent in the middle and lower reaches of the NFK, SFK, and UTC, as evidenced by
the extent of open water during winter surveys (Knight Piésold et al. 2011a) (see Section 4.16,
Surface Water Hydrology; and Section 4.17, Groundwater Hydrology).

Chinook salmon spawning habitat occurs throughout the lower 21 miles of the NFK downstream
of the mine site (Figure 3.24-2) and extends into the upper NFK adjacent to Big Wiggly Lake
(Johnson and Blossom 2018). The majority of spawning habitat occurs in the first 10 miles of the
NFK (reach NFK-A), approximately 20 miles downstream from the mine site (R2 et al. 2011a).
Juvenile Chinook rearing habitat occurs throughout most of the NFK mainstem (Table 3.24-4), as
well as several NFK tributaries, including Tributary 1.400 in the lower reach; Tributary 1.170
downstream of Black Lake; Tributary 1.190 and its primary sub-tributary at the mine site;
Tributary 1.200; and Tributary 1.240, which flows through Big Wiggly Lake. Juvenile Chinook
were most commonly observed in riffles and other mainstem habitats, but were also found to
occupy low-velocity off-channel habitats.

Coho salmon spawning and rearing habitat is widely distributed in the NFK basin (Table 3.24-4).
Preferred coho spawning habitat appears to be in the 10 miles of mainstem immediately
downstream of the mine site (reach NFK-C), based on field observations (R2 et al.
2011a).Sockeye salmon spawning habitat primarily occurs in the lower 10 miles of the NFK (reach
NFK-A), but the run extends upstream to the vicinity of Big Wiggly Lake (R2 et al. 2011a).
Although some spawning habitat has been documented in the upper NFK basin, most juvenile
rearing habitat occurs downstream of the mine site, based on field observations. Rainbow trout
occupy up to 31 miles of habitat in the mainstem NFK and tributaries, including Tributary 1.190.
Dolly Varden and sculpin were reported in 40 miles of stream channel, and Arctic grayling are
present in at least 28 miles of stream channel.

JuLy 2020 PAGE | 3.24-17



PEBBLE PROJECT CHAPTER 3: AFFECTED ENVIRONMENT
FINAL ENVIRONMENTAL IMPACT STATEMENT

Table 3.24-4: Estimated Mileage of Spawning and Rearing Habitat for Pacific Salmon, Resident
Salmonids, and Resident Non-Salmonids in the Mine Site Analysis Area® ?

Subbasin Species Spawning (miles)® Rearing (miles)3 Present (miles)®

NFK Chinook salmon 214 25.6 0.6
NFK Coho salmon 26.4 29.3 0.2
NFK Sockeye salmon 22.5 18.2 0

NFK Chum salmon 19.5 4.8 0

NFK Pink salmon 0 0 0

NFK Rainbow trout* N/A N/A 31

NFK Dolly Varden* N/A N/A 40
NFK Arctic Grayling* N/A N/A 28
NFK Sculpin® N/A N/A 40
SFK Chinook salmon 30.0 33.3 1.4
SFK Coho salmon 31.5 43.5 4.3
SFK Sockeye salmon 194 24 .4 9.0
SFK Chum salmon 19.2 1.9 23
SFK Pink salmon 0 0 0

SFK Rainbow trout* N/A N/A 41

SFK Dolly Varden* N/A N/A 51

SFK Arctic Grayling* N/A N/A 45
SFK Sculpin® N/A N/A 54
uUTC Chinook salmon 30.9 24.6 2.7
uTC Coho salmon 34.7 35.6 0

uUTC Sockeye salmon 324 30.8 1.1
uTC Chum salmon 51.9 0 21
uUTC Pink salmon N/A N/A 3.9
uTC Rainbow trout* N/A N/A 37
uTC Dolly Varden* N/A N/A 42
uTC Arctic Grayling* N/A N/A 37
uTC Sculpin* N/A N/A 38

Notes:
"Includes mileage from mainstem and tributary reaches directly or indirectly affected by the project (Figure 3.24-1).

2Total anadromous mileages per subbasin are 64.7 miles in NFK, 60.0 miles in SFK, and 76.2 miles in UTC, based on AWC and PLP
stream layers.

3Includes AWC listing as “spawning” or “rearing”; Frying Pan Lake not included; additional waters listed as species “present” but not
specified by life-stage.

4Stream mileage based on upstream-most on upstream-most observation for species in AWC, AFFI or PLP sampling data (life-stage
not specified but assume both rearing and spawning). Stickleback and northern pike also present in some locations.

N/A = Not Available NFK = North Fork Koktuli
SFK = South Fork Koktuli UTC = Upper Talarik Creek
Source: Johnson and Blossom 2018 (AWC), Alaska Freshwater Fish Inventory, PLP sampling data
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Streamflow

Fixed hydrologic station (gage) data and multiple surveys from 2004 to 2008 show that the
mainstem NFK remains perennial during base flow levels at all fish-bearing study sites (R2 et al.
2011a). The NFK seasonal hydrograph shows periods of maximum flows during spring snowmelt
and late summer/fall rain events, with low flows during mid-summer, and minimum base flows in
winter/early spring (Knight Piésold et al. 2011a). Mainstem base flows in the NFK at the mine site
(just upstream of the Tributary 1.190 confluence) were typically 15 to 20 cfs in winter, and 40 cfs
in summer, with Tributary 1.190 contributing another 4 to 5 cfs and 20 cfs in winter and summer,
respectively (Figure 3.24-2). Mean monthly base flows in the lower reach of the NFK averaged
60 to 90 cfs during winter months (January through March), 700 cfs during spring snowmelt
(May), 200 cfs during summer base flow (July), and 350 to 450 cfs during fall rains (September
through October). All three tributaries (NFK, SFK, and UTC) display sequences of losing and
gaining reaches due to groundwater percolation and emergence, respectively (Schlumberger
2011a, 2015a). As noted previously, hydrologic connections between OCHs and mainstem
reaches occur at a wide variety of flow levels. Seasonal hydrographs for several reaches of the
mainstem NFK are presented in Section 3.16, Surface Water Hydrology.

Flows in headwater Tributary 1.190 and its sub-tributaries are characterized by flashy runoffs
during snowmelt and rainstorm events due to higher precipitation, steep catchment in the
surrounding uplands, full exposure to incoming storms, and lack of surface flow losses to
groundwater in the lower reaches (R2 et al. 2011a). Tributary 1.190.10 exhibits intermittent flow
upstream of confluence with Tributary 1.190 for approximately 2 miles during the late summer,
which may affect fish production (Figure 3.24-2).

Groundwater Influence

Groundwater inputs are considered important features of salmon habitat, particularly in Alaskan
alluvial systems where they play a significant role in determining the extent and volume of ice-
free winter habitat (Woody and Higman 2011). Surface flows in headwater and mainstem
channels are supported by groundwater accretion, which serves important functions related to
water temperature, dissolved nutrients, and other water quality parameters (Douglas 2006).
Groundwater inputs factor strongly in the distribution of salmon habitat, particularly for spawning
and overwintering life-stages. Chum, Chinook and sockeye salmon have been shown to target
areas of groundwater upwelling for spawning, whereas coho prefer downwelling groundwater
areas (Woody and Higman 2011; EPA 2014; Woody 2018). Stream areas characterized by
emerging groundwater from springs, mainstem upwelling, or headwater tributaries provide
circulation, thermal refuge, ice-free habitats, and consistent flows that are attractive to many
species of fish and contribute to thermal diversity in downstream waters (Woody and Higman
2011). The mixing of groundwater and surface water creates a unique environment known as the
hyporheic zone, an important feature of the stream ecosystem and salmon life history (Douglas
2006; Woody and Higman 2011).

Baseline surveys for assessing fish densities, fish microhabitat use, and developing the
flow:habitat relationships via PHABSIM transects were commonly conducted in the regions of
rising groundwater. Approximately 32 percent of PHABSIM transects in the NFK subbasin were
placed in groundwater areas, and about 60 percent of the salmon spawning HSC observations
and 29 percent of fry, juvenile, and adult HSC observations (all species) were also collected in
such areas (Figure 3.24-2). Likewise, four of the 13 fish abundance index sites were in
groundwater emergence habitat. Environmental baseline adult salmon surveys did reveal a
correlation between the locations of adult chum or sockeye salmon and groundwater-influenced
reaches of the NFK and SFK.
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Groundwater studies indicate that surface waters percolating into the NFK groundwater remain in
the NFK subbasin, and do not transfer to either the SFK or UTC subbasins (Schlumberger 2011a).
Scattered regions of groundwater influence, based on presence of open water during winter
surveys, were apparent in the lowest reach of the mainstem NFK downstream of the mine site,
but open water became more common in reach NFK-B and was prevalent throughout most of
reach NFK-C and in the lower end of Tributary 1.190 (Figure 3.24-2). In contrast, open water
areas were rare in the mainstem NFK upstream of the mine site (Knight Piésold et al. 2011a).

The NFK loses discharge to groundwater where it passes through permeable valley fill of outwash
sands and gravels just downstream from the confluence of Tributary 1.190. Gage station data
(SEBD 2012) show a small basin upstream of the Tributary 1.190 and NFK confluence contributes
a substantial positive flow of 17 to 27 cfs; this trend is reflected in data from a downstream gage.
Approximately 2,500 feet downstream, flows were reduced by 5 to 17 cfs, which confirms that
reach NFK-C is a losing (surface water to groundwater) reach for approximately 4 river miles
downstream of the mine site. Identified losing stream segments are depicted on Figure 3.17-3 in
Section 3.17, Groundwater Hydrology (Knight Piésold 2011a, 2015a).

Three years of alluvium groundwater temperatures were recorded at a monitoring well upgradient
from the Tributary 1.190/NFK confluence (Schlumberger et al. 2011a). Mean annual groundwater
temperatures were 4.0°C; groundwater temperatures from November to May ranged from 2.8°C
to 3.6°C, with a 0.8°C variance and an average of 3.2°C.

Surface Water Temperatures

In many stream reaches, ambient surface water temperatures monitored from 2004 to 2009
sometimes exceeded the ADEC 20°C criteria for growth and propagation of fish, shellfish, other
aquatic life, and wildlife (ADEC 2018b). The recorded water temperatures in the NFK ranged from
a low of 0.3°C to a maximum of 21.9°C (R2 et al. 2011a). Water temperatures in the NFK
downstream of the mine site generally remain cool during the summer and cold during winter
months, with mean daily temperatures typically between 10°C and 15°C during July and August.
In each year of study, the daily maximum water temperature in the NFK immediately upstream of
the mine site exceeded the 20°C criteria on about 28 percent of all instantaneous readings during
the summer months. The lower temperature thresholds for migration and rearing (15°C) were
exceeded on 78 percent of summer readings; and the spawning and egg incubation criteria (13°C)
were exceeded on 89 percent of summer readings. Maximum summer (June through August)
water temperatures recorded at a gage in Tributary 1.190, which drains the main TSF
(Figure 3.24-2), were approximately 5°C colder than the mainstem reach that it flows into
(PLP 2011: Table 15.1 through Table 15.4). This difference was more prominent than in the SFK
subbasin, where maximum summer water temperatures recorded in SFK Tributary 1.190
downstream of the TSF were approximately 2°C colder than the mainstem reach that it flows into
(PLP 2011: Table 15.1 through Table 15.21).

Nutrients and Dissolved Organic Matter

Wipfli and Baxter (2010) describe how the relative importance of energy subsidies from
headwaters, terrestrial inputs, benthic production, and marine sources varies in salmon
watersheds based on spatial and temporal context. For example, food webs in small headwater
streams may be proportionally more dependent on local terrestrial energy subsidies, versus
stream communities in downstream waters that may be more dependent on large seasonal fluxes
of marine-derived nutrients (MDN). Note that this model was developed from a setting of relatively
pristine, old-growth, temperate rainforests in southeastern Alaska, as compared to the open low-
and high-scrub riparian vegetation that characterizes Tributary 1.190 and Tributary 1.200.
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Because of their narrow width, NFK headwater Tributary 1.190, Tributary 1.200, and the other 15
second- to third-order headwater tributaries outside of the analysis area (USGS Hydro Streams
GIS layer) receive proportionally greater inputs of organic material from the surrounding terrestrial
vegetation than larger mainstem channels (Vannote et al. 1980). This material is either used
locally (Tank et al. 2010) or transported downstream as a subsidy to larger streams in the network
(Wipfli et al. 2007). Dissolved organic matter (DOM) in headwater streams is highly variable in
quantity and quality, both temporally and spatially (Kiffney et al. 2000; McArthur and Richardson
2002; Meyer et al. 1998). DOM enters streams primarily with groundwater, although some may
leach directly from leaf litter that drops directly into streams.

Analysis of nutrient data reveals an influence of nutrients from seeps in the downstream reach of
Tributary 1.190 (Schlumberger et al. 2011a). The increased nutrient concentrations recorded at
the seeps appear to attenuate approximately 2,500 feet downstream of the confluence of
Tributary 1.190 and the NFK mainstem. Nutrient concentrations then remain consistent
throughout the mainstem NFK drainage, indicative of either local cycling of nutrient inputs and
uptakes in stream reaches, or dilution from combining with mainstem flows. The difference in
measured nutrient concentrations from Tributary 1.190 to reach NFK-A 15 miles downstream was
0.018 mg/L.

Data from the SFK and UTC suggest similar attenuation of nutrient inputs from tributaries to
mainstem flows. For a more detailed description of surface water and groundwater baseline
conditions in the NFK, see Section 3.16, Surface Water Hydrology; Section 3.17, Groundwater
Hydrology; and Section 3.18, Water and Sediment Quality.

South Fork Koktuli River

The SFK extends approximately 40 miles upstream from the confluence with the NFK to the
headwaters, including 60.0 miles of documented anadromous stream habitat and a 107-square-
mile drainage area, representing 0.3 percent of the Bristol Bay watershed (Figure 3.24-1). Overall,
there are numerous first-, second-, and third-order streams in the SFK subbasin that would not
be impacted from mine site development, as shown in Figure 3.24-3.

Mainstem and Tributary Habitat

The SFK exhibits a repeating sequence of riffle and run/glide habitats, dominated by riffles in
reaches SFK-A and SFK-D (Figure 3.24-3), with run/glides dominant in reaches SFK-B and
SFK-C (Table 3.24-1). Mainstem pools are rare in the SFK, where they represent 5 percent or
less of instream habitat. Like the NFK, the SFK is a low-gradient (0.03 to 0.6 percent), shrub-
dominated meandering stream with an abundance of off-channel habitat (R2 et al. 2011a),
especially in the lower 20 miles downstream of the mine site where the floodplain broadens
(Table 3.24-2). Stream gradient is less than 1 percent in the lower four reaches, but increases to
2.8 percent in the uppermost 1.5 miles of reach SFK-E, just downstream and into the footprint of
the open pit. Bankfull width is almost 70 feet in reach SFK-A, but only averages 26 feet in reach
SFK-C and 15 feet in reach SFK-E. Bankfull depths range from 2.7 to 3.6 feet in the lower three
reaches to 1.3 to 2.3 feet in the upper two reaches. Small, shallow lakes are common adjacent to
the mainstem channel in the upper 10 miles of the watershed. The low-gradient and gravel-
dominated substrate of the mainstem SFK downstream of the mine site provides spawning and
rearing habitat for resident and anadromous salmonids (R2 et al. 2011a). Gravel quality is suitable
for spawning and egg incubation, although the proportion of fines in the mainstem substrate is
somewhat higher than in the NFK and UTC basins. The lack of large riparian tree species along
the SFK mainstem yields little LWD cover; but undercut banks, overhanging vegetation, instream
cobbles, and beaver-related SWD are available as cover for rearing by juvenile salmon and
juvenile or adult resident fish species.
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Instream habitat in the SFK’s major northern tributaries (1.190 and 1.240) typically have bankfull
widths of 5to 20 feet and depths from 1to 2 feet. Channel slopes in Tributary 1.190 were
generally greater than 5 percent, with headwater gradients exceeding 10 percent, and most study
sites were dominated by cobble and boulder substrates (Table 3.24-2). Tributary 1.240 is similar
in character, but with slightly lower gradient with less dominance of boulder substrate. Alder shrub
was a more common component of the riparian community in these tributaries compared to the
NFK tributaries.

Frying Pan Lake is a 150-acre, shallow, warm lake on the SFK 2.5 miles downstream of the open
pit (Figure 3.24-3). Frying Pan Lake provides rearing habitat for juvenile sockeye salmon, Arctic
grayling, whitefish, stickleback, sculpin, and a sizable population of northern pike (Johnson and
Blossom 2018). Juvenile coho salmon migrating upstream or downstream through the 1.3-mile
lake and outlet channel would be subject to predation by the lake’s abundant northern pike
population.

Off-Channel Habitat

Aerial imagery suggests that up to 70 percent of the mainstem SFK downstream of Frying Pan
Lake is bordered by some form of off-channel habitat. Off-channel habitat was assessed at four
locations (Figure 3.24-3) in 2005 and 2012 (PLP 2018b, Appendix 15A). Beaver complexes
dominated the SFK OCH study sites at 91 percent by surface area, with all other habitat types
composing less than 1 to 3 percent of OCH area (Table 3.24-3). More than 100 connection points
were identified in three OCH study areas, mostly associated with alcoves and beaver pond outlet
channels. Streamflows connecting the mainstem channel with OCHs were hydraulically assessed
and showed connections at flows ranging from 5 cfs to 435 cfs. Approximately 50 percent of OCH
area was present at flows of 20 cfs to 50 cfs, depending on study site. Near-total OCH area in
SFK study sites occurred at lower flows than in the NFK study sites, at approximately 75 cfs to
90 cfs.

Salmon Spawning and Rearing Habitat

Chinook salmon spawning habitat has been documented from the SFK/NFK confluence upstream
at least 30 miles to Frying Pan Lake (Table 3.24-4, Figure 3.24-3), although more recent sampling
indicated preferred spawning habitat occurs in the lower 20 miles of the SFK (reaches SFK-A and
SFK-B) (R2 et al. 2011a). The mainstem SFK between SFK Tributary 1.190 and the Frying Pan
Lake outlet routinely dries up during base-flow periods (see Streamflow section for added detail);
consequently, even though the substrate consists of a high percentage of gravel, that reach does
not provide consistent spawning habitat. Chinook habitat does not extend into the upper SFK
basin upstream of Frying Pan Lake or in the footprint of the mine site. However, rearing habitat
occurs throughout the mainstem downstream of Frying Pan Lake (although limited in the
intermittent reach), and in the lower 4 miles of SFK Tributary 1.190, which drains the southern
side of Kaskanak Mountain. Aerial survey data from 2008 showed high concentrations of
spawning Chinook salmon in reach SFK-B downstream of the confluence with Tributary 1.190
(Figure 3.24-3). Substrate in the mainstem downstream of this tributary contains from 68 to
96 percent spawning gravels, and groundwater upwelling is abundant in that reach. Rising
groundwater and the favorable percentage of gravel provide for good spawning habitat that is
reflected in the observations of spawning fish.

Coho spawning habitat in the mainstem SFK extends 31.5 miles almost up to the outlet of Frying
Pan Lake, although spawning habitat is limited in the middle intermittent reach. Most spawning
habitat was observed via aerial surveys in the lower 20 miles of the mainstem (Table 3.24-4,
Figure 3.24-3, reaches SFK-A and SFK-B), and in two tributaries: 1.130 and 1.190 (R2 et al.
2011a). Juvenile coho rearing habitat occurs within at least 43.5 miles of stream channel
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throughout the SFK basin, including the mainstem, tributaries, and headwaters upstream of Frying
Pan Lake. Juvenile coho in the SFK routinely use off-channel habitats, including beaver ponds,
side channels, and alcoves. Juvenile coho overwintering habitat has been documented in reaches
SFK-A and SFK-B.

Sockeye salmon spawning habitat is limited to the lower 20 miles of mainstem reaches (SFK-A,
SFK-B, and SFK-C), but rearing habitat occurs within 24.4 miles of the SFK (Table 3.24-4,
Figure 3.24-3). As described for Chinook salmon, aerial surveys also found concentrations of
spawning coho and sockeye salmon immediately downstream of the confluence with
Tributary 1.190.

Chum spawning habitat is limited to the lower 19 miles of the SFK mainstem, downstream of the
seasonally dry channel (Table 3.24-4). Adult chum salmon appear to target areas of rising
groundwater during redd site selection; consequently, the highest densities of chum salmon redds
occurred in reach SFK-B immediately downstream of the dry channel, where accretion of
groundwater is most evident (R2 et al. 2011a).

Rainbow trout habitat occurs in more than 40 miles of mainstem and tributary reaches of the SFK,
including upstream of Frying Pan Lake and tributaries. (R2 et al. 2011a). Dolly Varden and Arctic
grayling are common in the SFK subbasin, where they occupy from 45 to 51 miles of stream
channel (Table 3.24-4). Non-salmonid species, including sculpin, stickleback, and northern pike,
inhabit at least 54 miles of mainstem and tributary habitat.

Streamflow

Streamflow patterns in the SFK reflect those in the NFK, with two base-flow periods (summer post-
snowmelt and winter) and two high-flow periods (spring snowmelt and fall rain events). Streamflow
just upstream of Frying Pan Lake from 2004-2007 averaged 10 to 24 cfs during summer low flow,
and 3 to 11 cfs during the winter low flow period (Knight Piésold et al. 2011a). Flows averaged 25 to
30 cfs during the snowmelt and fall high flow periods. In the lowest reach, summer and winter low
flows averaged 150 to 300 cfs and 90 to 250 cfs, respectively; with high flows averaging 300 to
600 cfs during snowmelt and 400 to 500 cfs during fall rains. Seasonal hydrographs for several
reaches of the mainstem SFK are presented in Section 3.16, Surface Water Hydrology.

Unlike the NFK, the mainstem SFK has a 10-mile reach (SFK-C, Figure 3.24-3), from 2 miles
downstream of Frying Pan Lake to SFK Tributary 1.190, which frequently exhibits zero or
intermittent flows during winter and summer months (R2 et al. 2011a). Dry or intermittent
conditions were observed in this reach during January (2008, 2009), February (2006-2009),
March (2005-2008, 2010, 2012), April (2007, 2008) and May (2012), as well as in July (2007),
August (2004, 2005, 2007), and September (2004, 2007) (Knight Piésold 2011g). The duration of
intermittent flows varied among years, but sometimes persisted for multiple months in winter and
early spring, and up to 40 consecutive days in August to early September 2007 (R2 et al. 2011a).
Loss of surface flow in this reach is due to thick, permeable glacial deposits and an average
transfer of 22 cfs from the SFK basin into the UTC basin via groundwater exchange. The
downstream extent of the intermittent reach occurs near SFK Tributary 1.190 at the border of
reach SFK-B and reach SFK-C (Figure 3.24-3). In this location, both tributary inflow and
groundwater emergence restores surface flow (Knight Piésold et al. 2011a). Figure 3.17-13 in
Section 3.17, Groundwater Hydrology, depicts identified losing stream segments.

Groundwater Influence

Winter surveys of open-water habitat revealed abundant groundwater emergence throughout
reach SFK-B, as well as extensive portions of reach SFK-A (Figure 3.24-3). As noted previously,
emerging groundwater has important effects on local productivity, including the relative

JuLy 2020 PAGE | 3.24-23



PEBBLE PROJECT CHAPTER 3: AFFECTED ENVIRONMENT
FINAL ENVIRONMENTAL IMPACT STATEMENT

distribution and abundance of spawning and rearing fish. In particular, groundwater exerts a
significant effect on surface water temperatures. Six of the 11 fish abundance index sites were in
mainstem reaches exhibiting groundwater emergence, as well as 35 percent of PHABSIM
transects (Figure 3.24-3), 40 percent of salmon spawning (HSC) observations, and almost
80 percent of juvenile and adult rearing HSC observations.

Surface Water Temperature

Water temperature in the SFK ranged from an observed low of 0.7°C to a maximum of 24.4°C.
Similar to the NFK, water temperatures tended to be warmer in the upper watershed, where lakes
are prevalent; and cooler in the lower reaches, due to emerging groundwater (R2 et al. 2011a).
Average daily temperatures during July and August were typically 13°C to 16°C in the upper half
of the SFK mainstem, but were only 8°C to 12°C in the area downstream of the intermittent reach.
Maximum daily water temperatures exceeded the 20°C criteria for growth and propagation of fish,
shellfish, other aquatic life, and wildlife (ADEC 2018b) in 17 percent of measurements at multiple
stations in the SFK. The daily maximum temperatures also exceeded the migration and rearing
threshold (15°C) on 76 percent of summer readings; and the spawning and egg incubation criteria
(13°C) were exceeded on 93 percent of summer readings.

Upper Talarik Creek

UTC flows south approximately 39 miles from its headwaters upstream of the eastern edge of the
mine site downstream into Iliamna Lake near the town of lliamna (Figure 3.24-4). The UTC
watershed contains 76.2 miles of documented anadromous habitat in a 135-square-mile
watershed, which represents 0.3 percent of the Bristol Bay watershed. Mine site facilities in the
UTC basin would be limited to the mine access road and a water treatment discharge pipe.
However, the eastern edge of the open pit is at the SFK and UTC watershed boundary;
consequently, the open pit (primarily through pit dewatering) and associated roads and facilities,
could affect aquatic habitat in the UTC.

Mainstem and Tributary Habitat

The anadromous waters in the UTC basin include almost the entire mainstem channel, as well as
habitat within 14 tributaries. There are 23 tributaries of second-order or larger that drain into UTC.
Overall, the majority of first-, second-, and third-order tributaries in the UTC subbasin would not
be impacted from mine site development (Figure 3.24-4).

Aquatic habitat in the UTC reveals an alternating sequence of riffles and run/glide habitats, with
riffles dominating the lower two reaches, and run/glides dominating reaches UTC-C, UTC-D,
UTC-E, and UTC-F (Table 3.24-1). Mainstem pools are also rare (1 to 3 percent) in the lower three
reaches, but pools become more prevalent in UTC-E and UTC-F at 12 percent and 22 percent,
respectively (R2 et al. 2011a). Stream channel gradient is steeper in the lower UTC, compared to
the NFK and SFK, with most reaches showing slopes greater than 1 percent, increasing to
2.5 percent in the upper portion of UTC-F (Table 3.24-2). The upper reach and much of the lower
reach of the UTC possess relatively wide floodplains, with associated off-channel habitat; but the
middle reach is more confined, and largely restricted to a single channel. Bankfull widths exceed
90 feet in reach UTC-A, progressively decreasing to an average width of 25 feet in UTC-F. Similarly,
bankfull depths were estimated at 4.6 feetin UTC-A and UTC-B, decreasing to 2.3 feet in the upper
reaches. Unlike the NFK and SFK, this middle reach of the UTC is forested, which contributes LWD
into the stream channel (R2 et al. 2011a); whereas shrub and dwarf shrub species (including willows
[Salix spp.]) dominate the upper and lower reaches of UTC. In addition to LWD, undercut banks,
overhanging vegetation, and SWD associated with beaver dams also provide instream and
overhead cover for juvenile salmon and juvenile or adult resident fish species. The UTC mainstem
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contains an abundance of gravel that dominates the mainstem reaches and is relatively free of fine
sediments, providing quality spawning habitat. Physical habitat in UTC tributaries draining the mine
site have bankfull widths of 5to 15 feet, and depths ranging from 0.5 to 2.5 feet (Table 3.24-2).
Channel slopes typically range from 1 percent to 15 percent, with some steeper headwater reaches.
Alder shrub and willow shrub are the dominant riparian types in tributary reaches. Pool frequency
in UTC tributaries, like the adjacent mainstem reaches, were higher than in the NFK or SFK basins,
with one to three pools per 100 meters in most tributary reaches.

Off-Channel Habitat

Off-channel habitats occur along the UTC in roughly similar proportion to the SFK, at about
70 percent of the UTC mainstem channel length, according to aerial imagery. Off-channel habitat
was assessed at seven locations (Figure 3.24-4) in 2007 and 2012 (PLP 2018b, Appendix 15A]).
As seen in the NFK and SFK, off-channel habitats in the UTC intensive study sites are dominated
by beaver complexes (93 percent), with other off-channel habitat types comprising 1 to 3 percent
(Table 3.24-3). One hundred forty-five connection points were identified in the UTC OCH study
areas, mostly associated with alcoves and beaver pond outlet channels. Hydrologic connections
between off-channel habitats and mainstem reaches occur over a wide variety of flow levels,
ranging from 39 cfs to 455 cfs. Approximately 50 percent of OCH area in UTC study sites
occurred at flows of 10 cfs to 140 cfs, with near-maximum habitat area occurring at flows of
approximately 110 cfs to 225 cfs.

Salmon Spawning and Rearing Habitat

Chinook salmon spawning and rearing habitat is interspersed over 30 miles of the 39-mile
mainstem UTC (Table 3.24-4); however, Chinook spawning habitat in UTC tributaries is limited to
a very short reach of UTC Tributary 1.410, and in UTC Tributary 1.190 (Figure 3.24-4), which
receives groundwater flow from the SFK (R2 et al. 2011a). Juvenile Chinook rearing habitat was
observed in almost 25 miles of mainstem and tributary habitat features such as run/glide, pool,
and riffles in reaches UT-C through UT-E; juvenile Chinook overwintering habitat has been
documented in UTC reaches UT-C, UT-D, and UT-E.

Coho salmon spawning habitat extends 34.7 miles, almost the entire length of the mainstem UTC
and into several UTC tributaries, including 1.600, 1.350, 1.310, and 1.410 (Figure 3.24-4). The
distribution of juvenile coho was similar to that for spawning (35.6 miles), with the addition of
several minor tributaries as quantified in Table 3.24-4. Densities of juvenile coho were generally
similar in mainstem and off-channel habitat; and maximum densities were observed in UTC
Tributary 1.410, which drains the western side of the upper basin immediately proximal to the
open pit (R2 et al. 2011a). Coho were observed in November, and again the following April, in
reaches UT-D through UT-F, suggesting these reaches may provide overwintering habitat.

Sockeye spawning habitat has been documented in most of the mainstem UTC (32.4 miles) up to the
headwaters bordering the mine site, and also encompassed several tributaries, including 1.600,
1.900, 1.350, 1.390, and 1.410 (Table 3.24-4, Figure 3.24-4). Although the spawning habitat is
widespread in the UTC, preferred spawning habitat occurs in reach UTC-A (R2 et al. 2011a); and in
Tributary 1.600, where up to 43 percent of the UTC sockeye run spawned in 2008. Sockeye rearing
habitat is also widespread in the UTC basin, although field observations indicate habitat is somewhat
limited in the mainstem and tributaries, likely due to the early emigration of juveniles into lliamna Lake.

Rainbow trout were more commonly observed in the UTC than in the NFK or SFK, and they
occupied at least 37 miles of habitat in UTC (Table 3.24-4). Rainbow trout were found in multiple
habitats, including riffle, glides, pools, and beaver ponds throughout all reaches of the UTC (R2 et
al. 2011a). Dolly Varden, Arctic grayling, and sculpin are also common in the UTC subbasin,
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where they occupy 37 to 42 miles of stream habitat. Other non-salmonid species include
stickleback, which inhabit much of the mainstem and tributary channels.

Streamflow

The annual hydrograph for the UTC shows the two high-flow and two base-flow periods, similar
to the NFK and SFK (Knight Piésold et al. 2011a). Mean high flows in UTC from 2004 to 2008
just downstream of the mine site were 35 to 70 cfs during spring snowmelt and 40 to 50 cfs during
fall rains. Winter low flows averaged 10 to 30 cfs, with summer low flows of 20 to 25 cfs. In lower
UTC, just downstream of Tributary 1.190, winter and summer low flows averaged 100 to 200 cfs
and 150 to 250 cfs, respectively, with spring and fall high flows of 250 to 450 cfs and 300 to
350 cfs, respectively. An exception to the seasonal pattern is UTC Tributary 1.190
(Figure 3.24-4), which receives groundwater accretion from the SFK. Mean monthly streamflow
in this tributary was consistently 20 to 30 cfs throughout the year. Seasonal hydrographs for
several reaches of the mainstem UTC are presented in Section 3.16, Surface Water Hydrology.

Groundwater Influence

As noted previously, emerging groundwater maintains constant flow in UTC Tributary 1.190, but
evidence of emerging groundwater in the mainstem UTC, based on winter open-water surveys,
is also seen in many areas of the UTC (Figure 3.24-4). Groundwater inflow is particularly evident
in the upper mainstem UTC adjacent to the open pit, and is also apparent in most of Reach UTC-D
and in upper Reach UTC-C, just downstream of Tributary 1.190. Fish sampling in the
groundwater-influenced area included 5 of the 14 mainstem index sites, 44 percent of the
PHABSIM transects (Figure 3.24-4), and 28 percent and 8 percent of salmon spawning and
resident fish rearing HSC observations, respectively.

Surface Water Temperatures

Measured water temperatures in the UTC ranged from a low of 2.5°C to a maximum of 18.8°C
(R2 et al. 2011a). Summer water temperatures did occasionally exceed the ADEC 15°C criteria
for migration and rearing (44 percent of measurements), and 59 percent of the 13°C threshold for
spawning and migration (ADEC 2018b), but UTC water temperatures were generally 3°C to 5°C
cooler than comparable temperatures in the NFK and SFK, due in part to the abundance of
groundwater emergence and the relative lack of inflow from warm, shallow lakes (R2 et al. 2011a).
The groundwater inflow from Tributary 1.190 reduced water temperatures in the lower mainstem
UTC, which generally remained less than 10°C.

3.24.4.2 Anadromous and Resident Fish Distribution

This section describes fish species (and their densities) that have the potential to occur in the
analysis area for the mine site. Expected periodicity for each species and life-stage in the project
area is shown in Table 3.24-5. Other fish life history characteristics are available through the
ADF&G fish webpages (ADF&G 2018u). For a description of Bristol Bay and Cook Inlet
commercial fisheries, refer to Section 3.6, Commercial and Recreational Fisheries. The following
information describing the presence, distribution, and abundance of both anadromous and
resident fish species and life-stages in the analysis area is based on AWC and AFFI data
(Johnson and Blossom 2018), and multiple years (1991, 2004-2009, 2018) of baseline fish
sampling, as described in environmental baseline documents (R2 et al. 2011a, PLP 2018b) and
the Essential Fish Habitat (EFH) assessment (Appendix I) (Owl Ridge 2019). All five species of
Pacific salmon occupy various habitats in the analysis area, as well as sport fish species, including
rainbow trout, Arctic grayling, Dolly Varden, northern pike, and many additional non-game species
(see Resident Fish Species sections below).
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Table 3.24-5: Estimated Life-Stage Periodicities of Select Fish Species in NFK, SFK, and UTC Waterbodies

Species' Life-Stage Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Adult Migration

Spawning®

Chinook

Fry Emergence
salmon Y 9

Juvenile Rearing

Outmigration

Adult Migration

Spawning®

Coho
salmon

Fry Emergence

Juvenile Rearing

Outmigration

Adult Migration

Spawning®

Sockeye
salmon

Fry Emergence

Juvenile Rearing

Outmigration

Adult Migration

Spawning®

Chum

Fry Emergence
salmon i 9

Juvenile Rearing

Outmigration

Adult Migration

Spawning®

Pink salmon

Fry Emergence

Juvenile Rearing
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Table 3.24-5: Estimated Life-Stage Periodicities of Select Fish Species in NFK, SFK, and UTC Waterbodies

Species' Life-Stage Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Outmigration

Adult Rearing

Rainbow | Spawning’ -
trout Fry Emergence --

Juvenile Rearing

Adult Rearing

Dolly Spawning® ]
Varden Fry Emergence --

Juvenile Rearing

Adult Rearing

Arctic Spawning? -
grayling Fry Emergence -

Juvenile Rearing

Adult Rearing

Fry Emergence --

Juvenile Rearing

Adult Rearing

Northern? Spawning® -
pike Fry Hatching -

Juvenile Rearing

Notes:

'Unless otherwise noted, periodicities taken from project baseline data documents or ADF&G recommendations.
%Periodicities estimated from Morrow 1980.

3Egg and alevin incubation extends from beginning of spawning to end of fry emergence.

NFK = North Fork Koktuli SFK = South Fork Koktuli UTC = Upper Talarik Creek

JuLy 2020 PAGE | 3.24-28



PEBBLE PROJECT CHAPTER 3: AFFECTED ENVIRONMENT
FINAL ENVIRONMENTAL IMPACT STATEMENT

North Fork Koktuli River

Figure 3.24-5 shows the relative distribution and composition of anadromous and resident
salmonid species in the NFK analysis area. Blue channels represent anadromous waters; yellow
channels contained resident salmonids (RS), but anadromous fish were not recorded; green
channels only contained resident non-salmonid fish species (NS). Red channels represent
sampled stream reaches where no fish were captured or observed. Note that resident salmonids
and non-salmonids generally occurred throughout the distribution of anadromous species. Also
note that the lack of observations of a particular species is not definitive evidence they do not
exist in that location at other times.

Chinook salmon, coho salmon, sockeye salmon, and chum salmon have been documented in the
NFK watershed (Johnson and Blossom 2018). Pink salmon are documented in the mainstem
Koktuli River and the UTC, but do not occur in the NFK. Other species found in the NFK watershed
include rainbow trout, Dolly Varden, Arctic grayling, threespine stickleback (Gasterosteus
aculeatus), ninespine stickleback (Pungitius pungitius), sculpins (including species such as slimy
and coast range sculpin), northern pike (Esox lucius), and whitefish (various species, including
round whitefish [Prosopium cylindraceum], humpback whitefish [Coregonus pidschian], and least
cisco [Coregonus sardinella]). The approximate stream mileage listed in the AWC (Johnson and
Blossom 2018) for anadromous species and rainbow trout in the NFK by life-stage is given in
Table 3.24-4.

Adult salmon counts in the mine site area were conducted using aerial surveys from July to
October during 2004 to 2008. Where possible, large-scale densities were calculated using stream
segment lengths and fish counts by stream segment. The total peak daily counts from adult
surveys are summarized by river to facilitate run size comparisons across years (Table 3.24-6).
Densities of adult salmon by spawning reach and species were determined most comprehensively
during 2008 aerial surveys; to illustrate the distribution of adult fish throughout each river and its
tributaries, fish observations from the survey demonstrating the most widespread fish distribution
for each species are presented in Table 3.24-7. Additionally, cumulative observations of adult
salmon and densities by stream reach are presented in Table 3.24-8.

Chinook Salmon

The Nushagak drainage, which includes the NFK and SFK, supports the largest run of Chinook
salmon in the Bristol Bay watershed, with annual index averaging about 80,000 fish (ADF&G
2018w). This index represents around 50 percent of the actual king salmon escapement. The
NFK generally supports greater numbers of Chinook and chum salmon than the SFK and UTC,
and is second only to UTC for coho salmon. Adult Chinook salmon have been documented
entering the NFK as early as July 12, with peak documented adult counts occurring between
July 23 and August 4. Comparison of fish densities (adult salmon per kilometer [#/km]) across
relatively similar stream reaches from 2004 to 2008 show that adult Chinook were most abundant
in 2004 and 2005 at 60 to 63 fish/km, with progressively lower densities in the remaining years
(Table 3.24-6).

The majority of adult fish and spawning observations for all adult Pacific salmon occurred
downstream of waters directly affected by mine facilities. In the NFK, most Chinook spawn in the
first 8 miles of the NFK (NFK-A, Table 3.24-7, Table 3.24-8, and Figure 3.24-6), approximately
20 miles downstream from the mine site (R2 et al. 2011a). No adult Chinook were observed in
the mainstem NFK upstream of Tributary 1.190 in 2008, although that was the year with the lowest
returns to the NFK (Table 3.24-8). Although spawning was relatively abundant in NFK-C, few
adults were observed in the upper end of the reach in proximity to the mine site.
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PEBBLE PROJECT CHAPTER 3: AFFECTED ENVIRONMENT
FINAL ENVIRONMENTAL IMPACT STATEMENT

Table 3.24-6: Peak Daily Counts and Densities (Fish per Stream Kilometer) of Adult Salmon by Stream and Year Based on Aerial

Surveys 2004 to 20082
North Fork Koktuli River South Fork Koktuli River Upper Talarik Creek
Densit Survey Length Densit Surve Density (#fish/ Surve
Species | Year Count® (#fishler)“ (I)(,m) 9" | count® (#fishler)“ Length ()I:m) Count® kr¥1)(4 Length ()I:m)
Chinook Salmon
2004 2,800 62.4 449 2,780 82.5 33.7 272 4.5 60.9
2005 2,889 60.4 47.8 1,660 30.3 54.8 100 1.6 60.9
2006 740 16.5 449 327 9.1 35.8 90 1.5 60.9
2007 531 9.6 55.6 387 71 54.8 152 25 60.5
2008 434 7.8 55.5 590 13.5 43.8 102 1.6 62.5
Chum Salmon
2004 435 13.1 33.2 -- -- -- -- -- --
2005 350 7.8 449 361 101 35.8 3 0.1 58.2
2006 753 16.8 449 866 24.2 35.8 9 0.1 60.9
2007 833 18.6 44.9 189 3.4 54.8 10 0.2 60.5
2008 1,432 31.9 449 917 17.9 51.2 44 0.7 62.5
Coho Salmon
2004 378 14.6 25.9 270 4.5 60.3 2,621 43.0 60.9
2005 361 7.6 47.8 565 10.3 54.8 1,041 30.1 34.6
2006 1,074 23.9 449 1,394 38.9 35.8 6,413 110.0 58.3
2007 114 21 55.6 340 5.6 60.3 4,359 72.2 60.4
2008 1,704 30.7 55.5 1,955 34.4 56.9 5,248 90.3 58.1
Sockeye Salmon
2004 563 12.5 449 1,730 48.3 35.8 33,070 543.0 60.9
2005 1,140 254 449 2,051 40.8 50.3 13,698 2249 60.9
2006 1,385 30.8 44.9 2,952 53.9 54.8 11,334 186.1 60.9
2007 2,188 394 55.6 4,112 75.0 54.8 10,557 174.5 60.5
2008 1,907 34.4 55.5 6,133 140.0 43.8 50,317 805.1 62.5
Notes:

"Peak densities for main channel only.

2PLP 2018a — SEBD, Appendix 15B2, densities and fish per river kilometer.

3Count data reflect the highest number of fish of each species observed on a single survey event.
“Density calculated by dividing the number of fish by the survey length.

km = kilometer

Source: Owl Ridge 2019
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PEBBLE PROJECT CHAPTER 3: AFFECTED ENVIRONMENT
FINAL ENVIRONMENTAL IMPACT STATEMENT

Table 3.24-7: Adult Salmon Counts from Mainstem and Tributary Surveys and Mainstem Density (fish/km) Estimates Observed During
the Survey that Had the Most Widespread Adult Distribution in Each Basin, 2008

. Chinook Salmon Chum Salmon Coho Salmon Sockeye Salmon
River km/ Reach Density Density Density Density
Tributary Count (#fishikm) % Count (#fishikm) % Count (#fishikm) % Count (#fishikm) %

North Fork Koktuli River Survey Date: 8/4-5/2008 Survey Date: 7/30-31/2008 Survey Date: 9/28/2008 Sur