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EXECUTIVE SUMMARY

Since 2001, the Alaska Department of Fish and Game Habitat Section completed the aquatic
biomonitoring studies required by the U.S. Forest Service and Alaska Department of
Environmental Conservation for Hecla Greens Creek Mining Company’s Greens Creek Mine. The
aquatic studies include sampling periphyton (for algal biomass), benthic macroinvertebrates,
sediment element concentrations, and juvenile fish abundance and element concentrations in
Greens and Tributary Creeks; several new sampling sites were added in 2025, including in Greens,
Zinc, Fowler, and Cannery Creeks per the 2024 U.S. Forest Service Record of Decision (ROD;
USFS 2024). The reference sampling sites are Greens Creek Site 63 and Zinc Creek 371 and mine
influenced sampling sites include Greens Creek Site 54, Zinc Creek Site 10, and Tributary Creek
Sites 9 and 1847. Sediment samples for monitoring water quality trends are collected from Zinc-
Greens Creek Delta Site 2239, Tributary Creek Site 2232, Fowler Creek Site 2233 and Cannery
Creek Site 37, per the dry-stack tailings disposal facility ROD (USFS 2024).

We completed the 2025 aquatic biomonitoring studies July 7-10. The National Weather Service
(2026) reports that prior to sampling in July, the Juneau area received 28.84 cm precipitation May—
June (10.2 cm above normal) and experienced an average temperature 1.8 °F below normal,
compared to mean values reported 1991-2020, and a lower-than-normal snowpack. Three weeks
prior to sampling in July, Greens Creek daily mean discharge was 98.5 ft*/s, within the middle-
upper range of mean discharges encountered in prior years (2001-2024).

The 2025 mean algal biomass at each site, measured by chlorophyll-a density, ranged 1.07-17.44
mg/m?, the widest range observed and due in part to the new sampling sites. Tributary Creek Site
9 samples resulted in a record high mean density, trending away from the sample results at the
Greens Creek sites which were generally within the middle range of previous years’ results. Zinc
Creek periphyton samples had the lowest chlorophyll-a densities among all sample sites. All
periphyton samples collected generally contained about 90% chlorophyll-a, nearly 0%
chlorophyll-b, and about 10% chlorophyll-c, consistent with previous years.

Benthic macroinvertebrate (BMI) mean densities ranged 587-3,673/m? across sites and were
within the middle range at Greens Creek, the mid-lower range at Tributary Creek, and low at the
Zinc Creek sites. The mean densities of Ephemeroptera, Plecoptera, and Trichoptera (EPT) insects
among sites ranged 384-2,744 EPT/m?; EPT insects at Greens and Tributary Creeks composed
about 75% of samples and about 60—70% at Zinc Creek sites.

The 2025 Dolly Varden Salvelinus malma captures at Greens Creek sites were in the middle ranges
observed 2001-2024, similarly at Tributary Creek Site 9. We captured one juvenile coho salmon
Oncorhynchus kisutch at Greens Creek Site 54—the lowest number since 2017 which were
offspring of the first parent year return after the fish pass was rebuilt in 2016—and two juvenile
coho salmon at Greens Creek Site 63, confirming successful adult coho passage over the Greens
Creek fish pass and infiltration gallery weir. Dolly Varden captures at reference site Zinc Creek
Site 371 were double the number in 2025 compared to 2024, and at Site 10 Dolly Varden presence
declined slightly while juvenile coho salmon increased two-fold. At all sites and in most years, we
captured several age classes of resident Dolly Varden. Mean fish condition ranged 1.0—1.3 for both
Dolly Varden and coho salmon.

Several of the 2025 whole body juvenile Dolly Varden mean element concentrations from
Tributary Creek Site 9 were elevated to levels seen in 2020, and some were higher in the Zinc
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Creek Site 10 samples collected about 1 km downstream. All other mean element concentrations
were generally within the middle ranges observed for Greens Creek and other sites.

Mean sediment element concentrations were similar to previous years at Greens Creek sites, with
Site 54 concentrations higher than the reference Site 63 and nickel concentrations above the
Probable Effects Concentration (PEC) level. At Zinc Creek Site 371 and Fowler Creek Site 2233,
mean concentrations for most elements were similar to Greens Creek Site 54, with some above
the PEC (As, Cr, and Ni) and Threshold of Effects Concentration (TEC; As, Cd, Cu, Hg, Ni, and
Zn). Nickel Concentrations were above the PEC at all sites except Tributary Creek Site 2232 and
Cannery Creek Site 2233. Lead concentrations were below the TEC at all sites.

INTRODUCTION

The Greens Creek Mine is located about 29 km southwest of Juneau by air near Hawk Inlet on the
west side of Admiralty Island in Southeast Alaska, within the Tongass National Forest and the
Admiralty Island National Monument, both administered by the U.S. Forest Service (USFS 2024).
The mine has operated since 1989, except between 1993 and 1996 when the mine temporarily
closed, and produces lead and zinc concentrates that contain silver and gold. Hecla Greens Creek
Mining Company (HGCMC), a subsidiary of Hecla Mining Company of Coeur d’Alene, Idaho,
has owned and operated the mine since April 2008.

Most mine infrastructure is located in two drainages that support resident and anadromous fish:
Tributary Creek, which contains the dry-stack tailings disposal facility (TDF) at the headwaters;
and Greens Creek which contains the mill, mine facilities, and waste rock storage areas (Figure 1).
To document conditions to the surrounding environment, annual monitoring requirements are
included in the General Plan of Operations Integrated Monitoring Plan (IMP; HGCMC 2020)
required by the U.S. Forest Service and Alaska Department of Environmental Conservation
(ADEC) Waste Management Permit (WMP) 2020DB0001. Reports summarizing sampling results
from previous years are in Weber Scannell and Paustian (2002), Jacobs et al. (2003), Durst and
Townsend (2004), Durst et al. (2005), Durst and Jacobs (2006-2010), Kanouse (2011-2012),
Kanouse and Brewster (2013-2014), Kanouse (2015), Brewster (2016), Zutz (2017-2018), Kane
and Legere (2019), Kane (2020-2022), Lindgren and King (2023, 2024), and Lindgren (2025).

Habitat Section staff has completed the aquatic studies required annually for Greens Creek Mine
in Tributary and Greens Creeks since 2001. The WMP and IMP require sampling periphyton,
benthic macroinvertebrates (BMI), and juvenile fish in Greens Creek and Tributary Creek. The
U.S. Forest Service published a Record of Decision (ROD) in 2024 (USFS 2024) detailing
additional aquatic biomonitoring sampling sites in Zinc Creek as well as including sediment
element concentrations for all sites and on Cannery Creek, Fowler Creek, the lower-most Tributary
Creek beaver pond, and the Zinc-Greens Creek delta, which were incorporated into the 2025
aquatic biomonitoring program. We document stream condition using chlorophyll-a density and
pigment composition, BMI density and community composition, juvenile fish abundance, juvenile
fish element concentrations, and sediment element concentrations.

PURPOSE

This technical report summarizes the 2025 aquatic biomonitoring study data and documents the
conditions of biological communities in Greens Creek, Tributary Creek, and Zinc Creek; and
sediment elements in Cannery and Fowler Creeks, near mine development and operations. This
work satisfies the aquatic biological monitoring requirements included in HGCMC’s approved



ADEC Waste Management Permit 2020DB0001 and General Plan of Operations Integrated
Monitoring Plan (HGCMC 2020).
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STUDY AREA

Greens Creek

Greens Creek drains a 58.5 km? watershed with the main channel measuring 16 km from the alpine
headwaters to the mouth in Hawk Inlet (USGS 2021). Gradients range from 2 to 4% at sample
sites, cobble and gravel are the dominant substrate, and large woody debris is common;
characteristic of a medium width moderate grade mixed control channel (Paustian 2010). The
creek is fed by snowmelt in the spring and rain throughout the year. Snowpack influences the
magnitude of peak discharge in early summer; rain events in the fall often cause peak discharge.

The lower 10.6 km of Greens Creek (ADF&G Stream No. 112-65-10232) provides habitat for
chum salmon O. keta, coho salmon, pink salmon O. gorbuscha, and Dolly Varden (Giefer and
Evers 2025). ADF&G Division of Commercial Fisheries staff survey returning chum and pink
salmon in Greens Creek as part of their in-season assessment of salmon run strength (S. Forbes,
Commercial Fisheries Area Management Biologist, ADF&G, Douglas, personal communication).
Juvenile and adult Chinook salmon were documented near the portal in the early 1990s but have
not been observed since 1993; in 2017, USFS staff sampled the stream for Chinook salmon eDNA
and did not detect Chinook salmon eDNA (M. Johnson, Wildlife and Fisheries Biologist, U.S.
Forest Service, Tongass National Forest, Juneau, personal communication).

Greens Creek discharge data are recorded at U.S. Geological Survey (USGS) Gage Site
151014902, downstream of sample sites 48 and 63, 1350 Creek, Cub Creek, and Hecla’s water
withdrawal. The gage is upstream of mining activities and represents about 40% of the watershed
draining to Hawk Inlet.

Greens Creek Site 48 and Site 63

Prior to the river avulsion in fall 2017,> we sampled Greens Creek Site 48 which is located
upstream of mining activities, except exploratory drilling, near 265 m elevation and about 0.8 km
upstream of the mine portal (Figure 2). Due to the ongoing channel instability upstream, including
new streamflow in both channel braids, we completed the aquatic biomonitoring studies beginning
about 3 m downstream of the channel braid confluences at Site 63.

Site 63 is located near 265 m elevation, downstream of Big Sore Creek, and upstream of mining
activities (Figure 3); unlike Site 48, 1350 Creek flows into the Site 63 sampling reach, which was
unavoidable due to the limited suitable sampling areas between Big Sore Creek and the portal. The
data collected at Site 48 and Site 63 are used as reference to compare the data collected downstream
of mining activities at Site 54. Historically, we captured resident Dolly Varden at Sites 48 and 63;
however, we also have captured juvenile coho salmon annually at both sites since 2023.

Prior to February 16, 1999, the gage was located 9 m upstream and at 3 m greater elevation (USGS 2022).
Greens Creek Site 6, located upstream of Site 54 and the Bruin Creek confluence, was sampled as part of the
aquatic biomonitoring program on a 5-year basis in 2001, 2006, and finally in 2011 (Kanouse 2012).

b
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Figure 2.—Greens Creek sampling Sites 48, 63, and 54.
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Figure 3.—Greens Creek Site 63 sample reach, facing upstream July 7,

2025.

Greens Creek Site 54

Site 54 is located near 225 m elevation, downstream of the Bruin Creek confluence, adjacent to
waste rock storage Site 23, and about 1.8 km downstream of the mine portal (Figure 2). Data
collected from 2001 to 2023 at Site 54 are compared to the data at reference Sites 48 and 63 to
detect potential changes, such as changes from waste rock storage areas, storm water ponds, and
the mine site upstream. Between Sites 48/63 and 54, four tributaries drain to Greens Creek: 1350
Creek, 1350 West Drainage, Cub Creek, and Bruin Creek. Gallagher Creek enters Greens Creek
at the upper extent of the Site 54 fish sample reach. Periphyton and benthic macroinvertebrate
sampling occur about 30 m upstream of the fish sample reach in riffles.

Since 2001, at Site 54 we documented coho salmon, Dolly Varden, cutthroat trout O. clarkii, and
rainbow trout O. mykiss.® Since 2017, we have captured juvenile coho salmon, demonstrating
successful adult coho salmon passage through the Greens Creek fish pass, located about 5.6 km
upriver from the stream mouth, which was repaired in 2016.¢

¢ In 2007 and 2008, two cutthroat trout were observed; one rainbow trout was observed in 2020.

4 In 1989, Greens Creek Mining Company installed the engineered fish pass as mitigation for impacts to Tributary
Creek from the TDF. Three weirs provide step pools for adult coho salmon passage through a natural bedrock
chute that prevents upstream fish migration. In November 2005, flood flows caused by a heavy rainstorm damaged
the fish pass, limiting upstream adult fish passage in subsequent years. Hecla repaired and fortified the fish pass
in March 2016 and inspects the structure seasonally. We have observed juvenile coho salmon at Site 54 since 2017,
demonstrating successful adult coho salmon passage occurred the prior fall spawning season.
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Figure 4.—Upper extent of Greens Creek Site 54, facing upstream, July 7, 2025

Tributary Creek

Tributary Creek drains a 1.7 km? watershed (USFS 2013) and the main channel measures about
1.6 km between its headwaters and confluence with Zinc Creek (Figure 5). Tributary Creek
(ADF&G Stream No. 112-65-10232-2001-3003) provides habitat for coho and pink salmon and
Dolly Varden (Giefer and Evers 2025).

The TDF occupies the headwaters of the watershed. Tributary Creek is a lowland stream
characterized as a small flood plain channel type (Paustian 2010). Stream grade varies from 1 to
2%, organic material and sand are the dominant substrates with gravel and large and small woody
debris. Discharge estimates based on field measurements and limited gage data suggest annual
mean discharge is less than 3 ft*/s (USFS 2003).
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Tributary Creek Site 2232

Site 2232 is located in a 1.5-acre beaver pond in Tributary Creek constructed some time in
2017/2018; the upper extent of which is about 600 m downstream of the TDF at about 30 m
elevation (Figure 8). Fish movement into the beaver ponds was flow-dependent due to dam height
until 2025; however, a natural channel established around the series of dams that was not blocked
by beavers, and appeared to allow free fish passage. Sediment is collected from the lower-most
pond for element analysis, as required by the ROD (USFS 2024), to monitor element
concentrations in the beaver pond complex which is about 70 m upstream of Site 9.

Figure 6.—Tributary Creek Site 2232 at the outlet of the beaver pond.
Tributary Creek Site 9

Site 9 is located about 1.0 km downstream of the TDF at 25 m elevation and is sampled to detect
potential changes. We documented coho salmon, Dolly Varden, cutthroat and rainbow trout, and
sculpin Cottus sp. at the site. Periphyton and benthic macroinvertebrate sampling occur within the
juvenile fish sampling reach.

Greens Creek Mine TDF expansions and beaver activity have changed Tributary Creek streamflow
patterns and sediment composition at Site 9 since sampling began in 2001. Tributary Creek
discharge appears to be reducing over time, seemingly more so in recent years. Prior to July 2025
sampling, streamflow established a new outlet around the face of the beaver dam immediately
upstream of Site 9. All sampling occurs about 70 m downstream of the beaver dam.

Since 2018, we also sampled periphyton and benthic macroinvertebrates at Tributary Creek Site
1847, about 0.5 km downstream of Site 9 near the stream mouth, to investigate those communities
in riffle habitats more suitable for sampling than at Site 9. Stream discharge does not increase
much between sampling sites as there are no surface inputs; the main difference between sampling

¢ Kate Kanouse, Habitat Biologist, to Jackie Timothy, Southeast Regional Supervisor, ADF&G Division of Habitat.
Memorandum: GCM Tributary Creek Sampling Site 1847; dated July 17, 2018. Unpublished document can be
obtained from the Southeast Regional Supervisor, ADF&G Habitat Section, 802 3rd Street, Douglas, AK.
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sites is gradient which supports gravel substrate for sampling at Site 1847, compared to small
gravel, sand, and organics at Site 9.

Lo 2 2E

Figure 7.—Tributary Creek Site 9 sample reach, July 9, 2025.

Tributary Creek Site 1847

Site 1847 is located about 1.4 km downstream of the TDF at about 20 m elevation, and about 20 m
upstream of the confluence with Zinc Creek (Figure 7). We sampled periphyton and BMI 2018—
2025 and compare the data to data collected at Site 9. We did not sample fish since Site 9 is
preferred as the most upstream sampling site for Dolly Varden element concentrations.
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Figure 8.—Tributary Creek Site 1847 sample reach.
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Zinc Creek

Zinc Creek drains a 12.4 km? watershed (USFS 2024) and the main channel measures about 15
km between its alpine headwaters and confluence with Greens Creek (Figure 9). Zinc Creek
(ADF&G Stream No. 112-65-10232-2001) provides habitat for chum, coho and pink salmon and

Dolly Varden (Giefer and Evers 2025) up to a barrier falls near the B Road bridge, above which,
resident Dolly Varden are present.

Zinc Creek flows under and adjacent to the B-Road for about 1.3 km, joins with Tributary Creek,
and flows west joining Greens Creek near the Hawk Inlet tidal delta. Downstream of the road, the
stream is characterized as a moderate width flood plain channel type (Paustian 2010). The creek is
fed by snowmelt in the spring and rain throughout the year. Snowpack influences the magnitude
of peak discharge in early summer; rain events in the fall often cause peak discharge events.
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Figure 9.—Zinc Creek watershed sample sites.
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Zinc Creek Site 371

Site 371 is 110 m upstream of the B-Road bridge and provides habitat for resident Dolly Varden,
above a 10 m high barrier falls near the B-Road bridge. Site 371 was added as an aquatic
biomonitoring site in 2025 (USFS 2024) as a reference site to document natural stream conditions.
This reach is a moderate gradient mixed control process group channel type (Figure 10; Paustian
2010) and includes several downed trees and log jams with angular cobble and gravel as the
dominant substrate.

Figure 10.—Zinc Creek site 371, July 10, 2025.

Zinc Creek Site 10

Site 10 is about 30 m downstream of the confluence of Tributary and Zinc Creeks, at about 19 m
elevation, and provides habitat for resident and anadromous fish. Site 10 was added as an aquatic
biomonitoring site in 2025 (USFS 2024) to detect potential changes from mining activities. This
reach is a moderate width flood plain channel type (Figure 11; Paustian 2010) and includes deep
pools, overhanging logs, undercut streambanks, and diverse fish habitat.
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Figure 11.—Zinc Creek Site 10, July 9, 2025.

Zinc-Greens Creek Delta Site 2239

The Zinc-Greens Creek Delta Site 2239 is located on Zinc Creek just above tidal influence and
about 700 m from the intertidal confluence of Greens Creek and Zinc Creek and provides resident
and anadromous fish habitat; the sample site could not be located further downstream as planned
due to tidal influence, and the site could become a Greens Creek natural channel through migration
over time. Sediment sampling began at this site in 2024 but wasn’t required until 2025 (USFS
2024), as part of fugitive dust monitoring upstream of tidal influence in the deposition zone. This
reach is a moderate width flood plain channel type (Figure 12; Paustian 2010) which transitions to
an estuarine environment with relict channel braids. Riparian vegetation is largely an open canopy
with shrubs and herbaceous plants and salmon spawning habitat present.
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Figure 12.—Zinc-Greens Creek Delta Site 2239, July 9, 2025.
Cannery Creek

Cannery Creek provides habitat for rearing coho salmon downstream of the barrier falls at the
camp boardwalk near mean high tide; also, one adult pink salmon carcass was observed in the
intertidal zone in 2018.f Fish are not present upstream of the barrier falls in the high gradient reach
above the barrier, where at least one relict water impoundment structure is present. Cannery Creek
provides freshwater for the project and the water supply impoundment is on the east side and
upstream of the B-Road; and surface streamflow to the ocean ceases during parts of the year as
observed on occasion from camp.

Cannery Creek Site 37

Cannery Creek Site 37 is 75 m upstream of the water supply impoundment on the east side of the
B-Road. Sediment sampling began at this location in 2024 and became required in 2025 as outlined
in the ROD (USFS 2024) as part of fugitive dust monitoring. This reach is a moderate gradient
mixed control channel type (Figure 13; Paustian 2010) with woody debris, pools and cobble
substrate.

f Greg Albrecht, Habitat Biologist, to Jackie Timothy, Southeast Regional Supervisor, ADF&G Division of Habitat.
Memorandum: Tributary and Cannery Creeks fish resource investigations trip report; dated 10/8/2018.

14



Fowler Creek

Fowler Creek originates on the south side of the A-Road; however, streamflow from two tributaries
originates north of the road and flows through culverts, eventually draining to Young Bay on the
east side of Admiralty Island. The drainage area is 20.6 km? and contains a network of 40.5 km
stream channels (USFS 2013). The upper watershed is palustrine channels with beaver activity;
however, the lower reaches are moderate width flood plain channel type (Paustian 2010). Habitat
staff investigated Fowler Creek in 2013, documenting coho salmon, Dolly Varden, Cutthroat trout,
and Brook Lamprey Lampetra planeri.:

Fowler Creek Site 2233

Fowler Creek Site 2233 is about 200 m south of the A-Road and contains resident and anadromous
fish habitat. Sediment sampling at this location was added in 2024 as outlined in the ROD (USFS
2024) to detect potential changes from mining activities. This reach is a narrow low gradient flood
plain channel type (Figure 14; Paustian 2010) and includes woody debris, depositional bars,
spawning and rearing habitat.

¢ Ben Brewster, Habitat Biologist, to Jackie Timothy, Southeast Regional Supervisor. ADF&G Division of Habitat.
Memorandum: Fowler Creek survey; dated 6/25/2013.
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Figure 14.—Fowler Creek Site 2233 sediment sampling site July 9, 2025.
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AQUATIC STUDIES AND LOCATIONS

July 7-10, 2025, we completed the Greens Creek Mine aquatic biomonitoring studies required in
HCGMC’s approved ADEC Waste Management Permit 2020DB0001, General Plan of Operations
Integrated Monitoring Plan (HGCMC 2020), and the U.S. Forest Service ROD (USFS 2024).
Sampling locations and aquatic studies for each sample site are detailed in Table 1.

Table 1.—Aquatic biomonitoring study sample sites, 2025.

Location Biomonitoring reach Latitude Longitude Date Sampled

Greens Creek Site 63 Fish — Upper extent 58.0827  -134.6286 7/7

(2018-2025) Fish — Lower extent 58.0832  -134.6295 77

Periphyton and benthic macroinvertebrates 58.0831  -134.6300 7/7

Sediment 58.0831 -134.6300 717

Greens Creek Site 54 Fish — Upper extent 58.0785  -134.6469 77

(2001-2025) Fish — Lower extent 58.0783  -134.6478 7/7

Periphyton and benthic macroinvertebrates 58.0783  -134.6466 717

Sediment 58.0783  -134.6466 7/7

Tributary Creek Site 9 Fish — Upper extent 58.1055 -134.7450 7/10

(2001-2025) Fish — Lower extent 58.1050  -134.7450 7/10

Periphyton and benthic macroinvertebrates 58.1054  -134.7452 7/10

Sediment 58.1054  -134.7452 7/10

Tributary Creek Site 1847 Periphyton and benthic macroinvertebrates 58.1018  -134.7458 7/9

(2018, 2024-2025) Sediment 58.1018  -134.7458 7/9

Tributary Creek Site 2232  Sediment 58.1059  -134.7445 7/9

(2018, 2024-2025)

Zinc Creek Site 371 Fish — Upper extent 58.0917 -134.7341 7/10

(2018, 2021, 2024-2025)  Fish — Lower extent 58.0918  -134.7347 7/10

Periphyton and benthic macroinvertebrates 58.0918  -134.7347 7/10

Sediment 58.0918  134.7347 7/10

Zinc Creek Site 10 Fish — Upper extent 58.1014  -134.7470 7/9

(2021, 2024-2025) Fish — Lower extent 58.1017  -134.7477 7/9

Periphyton and benthic macroinvertebrates 58.1015  -134.7468 7/9

Sediment 58.1015  -134.7468 7/9

Greens Creek Delta Site 2239 Sediment 58.0999 -134.7512 7/9
(2024-2025)

Cannery Creek Site 37  Sediment 58.1222  -134.7453 7/7
(2024-2025)

Fowler Creek Site 2233 Sediment 58.1534  -134.7282 7/9

(2024-2025)
2 Reference samples were collected at Greens Creek Site 48 2001-2017.

Periphyton Chlorophyll Density and Composition Monitoring

The ADEC WMP (2.3.1.2.3) and IMP (6.3) requires annual monitoring of periphyton chlorophyll-
a density and composition within mining influence at Greens Creek Site 54, Tributary Creek Site
9, Zinc Creek Site 10, and at reference reaches above mine influence at Greens Creek Site 63 and
Zinc Creek Site 371 to monitor changes in primary productivity compared to natural variation due
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to factors such as mineral seeps, climate, and stream migration and streamflow. Annual periphyton
sampling occurs in July and ideally not within three weeks following peak discharge.

Periphyton is composed of primary producing organisms such as algae, cyanobacteria,
heterotrophic microbes, and detritus attached to the submerged surfaces of aquatic ecosystems.
Algal density and community structure are influenced by water and sediment quality through
physical, chemical, and biological factors that change throughout the year (Barbour et al. 1999).

The concentration of chlorophyll-a (Chl-a) pigment in periphyton samples provides an estimate of
active algal biomass (density), while concentrations of chlorophyll-b (Chl-b) and chlorophyll-c
(Chl-c) pigments estimate the composition of algal organisms present, such as green algae that
produce Chl-b, and diatoms and brown algae that produce Chl-c. The chlorophyll data are used to
document primary productivity (e.g., live algal biomass).

Benthic Macroinvertebrate Density and Community Composition Monitoring

The ADEC WMP (2.3.1.2.4) and IMP (6.4) requires annual monitoring of BMI density and
community composition within mining influence at Greens Creek Site 54, Tributary Creek Site 9,
Zinc Creek Site 10, and at reference reaches above mine influence at Greens Creek Site 63, and
Zinc Creek Site 371 to detect changes in secondary productivity compared to natural variation due
to factors such as mineral seeps, climate, stream migration, and streamflow. Annual BMI and
periphyton sampling occur in July. Sampling targets riffle habitats which support greater densities
of EPT taxa than other stream habitat types (Barbour et al. 1999) and generally are sensitive to
environmental changes and have short life cycles. The BMI data are used to document secondary
productivity (e.g. macroinvertebrate density and diversity).

Benthic macroinvertebrates (BMI) classified in the orders Ephemeroptera (mayflies), Plecoptera
(stoneflies), and Trichoptera (caddisflies), collectively known as EPT taxa, many of which are
sensitive to changes in water and sediment quality (Barbour et al. 1999). These organisms are
secondary producers, feed upon periphyton and other macroinvertebrates, and are a food source
for fish.

Juvenile Fish Abundance and Condition Monitoring

The ADEC WMP (2.3.1.2.1) and IMP (6.5) require annual monitoring of abundance and condition
of juvenile fish by species. Fish condition is affected by age, sex, season, maturation, diet, gut
contents, fat reserve, and muscular development (Anderson and Neumann 1996). Length and
weight data are used to assess fish condition.

Juvenile Fish Element Concentrations Monitoring

The ADEC WMP (2.3.1.2.2) and IMP (6.6) requires annual monitoring of whole-body element
concentrations in juvenile Dolly Varden at Greens Creek Site 54, Tributary Creek Site 9, Zinc
Creek Site 10, and at reference reaches above mine influence at Greens Creek Site 63 and Zinc
Creek Site 371 to document element concentrations. Element bioavailability and bioaccumulation
depends on physical and chemical factors and interactions among biological communities
(Tchounwou et al. 2012). Resident Dolly Varden samples are analyzed for whole body
concentrations of silver (Ag), cadmium (Cd), copper (Cu), mercury (Hg), lead (Pb), selenium (Se),
and zinc (Zn) to document concentrations and variability. These elements were selected based on
target elements identified in the ore body. Due to the scarcity of juvenile Dolly Varden of suitable
sampling size in Tributary Creek in recent years, we also collect juvenile coho salmon for whole
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body elements analysis per Monitoring Measure AR-1 from the ROD (USFS 2024), following the
same methods, to build a separate data set.

Sediment Composition and Element Concentrations Monitoring

The ROD (Appendix A, Section SW-1) requires" annual analysis of five fine sediment samples in
Tributary Creek Sites 2232, 9 and 1847; Greens Creek Sites 54 and 63; Cannery Creek Site 37;
Fowler Creek Site 2233; and Zinc Creek Sites 371, 10, and the Zinc-Greens Creek Delta Site 2239.
Annual sediment sampling occurs in July and samples are analyzed for particle size, total solids,
total volatile solids, total sulfide, total organic carbon, and total concentrations of silver (Ag),
aluminum (Al), arsenic (As) cadmium (Cd), chromium (Cr), copper (Cu), mercury (Hg), nickel
(N1i), lead (Pb), selenium (Se), and zinc (Zn).

Sediment element concentrations are influenced by a variety of factors, such as geochemical
composition and weathering within the watershed, sediment grain size, organic content, and
development/disturbance (Tchounwou et al. 2012). Subsequently, sediment element
concentrations influence benthic aquatic productivity, and elements in sediments can affect BMI
taxa richness and alter the composition of BMI communities (Qu et al. 2010).

" Surface water monitoring requirements, along with other requirements in the ROD, will be incorporated into a

new publication of the Waste Management Permit in 2025.
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METHODS

We review data sets annually to ensure accuracy and consistency with modifications to the
methods; corrections and updates are reported in the document and appendices. The most recent
technical report presents the current data sets and should be used to analyze data from previous
years.

Water Quality

Basic water quality data (temperature, conductivity, and pH) were collected with a Hanna HI98194
multiparameter meter; the instrument was calibrated per the manufacturer’s instructions prior to
sampling. In some years, HGCMC measures water quality and we report the data.

Streamflow
Sampling and Analysis

Discharge at sampling sites was measured with a SonTek FlowTracker acoustic doppler
velocimeter' following methods described in SonTek (2007). Continuous discharge and
temperature are measured by Hecla environmental staff at lower Cannery Creek, near Site 1923
and upper Tributary Creek, near Site 9, per Monitoring Measure SW-1 of the ROD. Discharge and
temperature are measured in Zinc Creek between Sites 371 and 10 per Monitoring Measure AR-
1. Rating curves for these gages are still under development and will be used when considering
biomonitoring, water quality, and sediment monitoring.

Data Presentation

Discharge measurements are presented for each site, including the daily mean discharge data
obtained from USGS Site 15101490. Also presented is a figure of Greens Creek daily mean
discharges three weeks prior to the sampling event, including daily mean discharges for the period
three weeks prior to sampling events 2001-2025,’ and a figure presenting the range of Greens
Creek daily mean discharges three weeks prior to sampling, 2001-2025.

Periphyton: Chlorophyll Density and Composition
Sample Collection and Analysis

Sampling methods are adapted from Barbour et al. (1999). Ten smooth, flat, undisturbed, and
perennially wetted rocks were collected from riffle habitats in less than 0.45 m water depth at each
sample site and submerged in the creek near the work area in the same orientation as initially
collected. To collect a sample from each rock, a 5 x 5 cm square of high-density foam was held
on the sample area; the area around the foam was scrubbed with a toothbrush to remove algae and
other organisms outside the sample area. The rock was rinsed by submerging it in the stream while
holding the foam in place; the toothbrush also was rinsed and scrubbed in the stream to remove
remnant periphyton.

A 47 mm diameter Type A/E 1 pm glass fiber filter was placed into a Nalgene® filter receptacle
attached to a vacuum pump with a gauge. The foam square was removed and the underside of the
foam and the sample area were gently scrubbed in a circular pattern with the toothbrush into the

i From 2010-2015, discharge in Greens Creek and Tributary Creek was estimated using a Global Flow Probe Model
FP101 flow meter (Kanouse 2015) and a modification of the methods described in Platts et al. (1983).
i Continuous discharge data are not available for Tributary Creek.
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filter receptacle. Stream water in a wash bottle was used to rinse loosened periphyton from the
foam, sample area of the rock, toothbrush, and the inside of the filter receptacle onto the filter. The
toothbrush was rinsed inside the receptacle, and the sample area was scrubbed a second time and
the rinse cycle was repeated. With most of the water pumped through the filter, maintaining
pressure less than 34 kPa, a few drops" of saturated magnesium carbonate solution was added to
the filter'. The glass fiber filter was removed from the receptacle, folded in half with the sample
inside, and wrapped in a white coffee filter for additional moisture absorption. The samples were
placed in a sealed, labeled plastic bag with desiccant and stored in a light-proof cooler containing
frozen icepacks during transportation; the samples were stored in a -20°C freezer in the ADF&G
Douglas laboratory until processing.

U.S. Environmental Protection Agency (EPA; 1997) protocol was followed for chlorophyll
extraction and measurement, determining instrument and estimated detection limits, and data
analysis.” Samples were removed from the freezer, cut into small pieces, and placed into individual
15 mL screw cap centrifuge tubes containing 10 mL of 90% buffered acetone. The centrifuge tubes
were capped and shaken to ensure complete submersion of the sample. Secured in a vial rack
covered with aluminum foil to reduce light exposure, the samples were stored in a refrigerator for
18 hours to allow for saturation and chlorophyll extraction.

In a dimly-lit laboratory, the samples were removed from the refrigerator and centrifuged for 20
minutes at 500 relative centrifugal force, using a properly balanced centrifuge. Prior to sample
measurement, two cuvettes containing 90% buffered acetone were placed into a Shimadzu UV-
1800 spectrophotometer to calibrate absorbance of the solvent at wavelengths 664 nm, 647 nm,
630 nm, and 750 nm. Each sample supernatant was decanted into an individual cuvette and
absorbance was measured at each wavelength. Each sample was treated with 80 puL of 0.1 N
hydrochloric acid for 90 seconds to convert the chlorophyll to phaeophytin, and absorbance was
measured at wavelengths 665 nm and 750 nm. To minimize stray light and improve resolution,
sample cuvettes were cleaned with a nonabrasive wipe prior to placement in the
spectrophotometer.

Trichromatic equations were used to estimate Chl-a, Chl-b, and Chl-c densities, correcting for
turbidity using the 750 nm absorbance value (APHA 2012, EPA 1997). Chl-a densities were
corrected when phaeophytin was detected. Each year the estimated detection limit (EDL) is
determined by analyzing seven replicate spinach dilution samples; the 2025 EDL for Chl-a
concentration was 0.23 mg/m?. When Chl-a was not detected in a sample, the concentration is
reported as the spectrophotometer EDL and values for Chl-b and Chl-c are not reported.

Data Presentation

For each site and by year, mean Chl-a densities (mg/m?) are presented in a figure. Greens Creek
Site 63 data is presented with Site 48 and annual sample data and summaries are provided in
Appendix A.

This measurement is not exact as the amount of water and magnesium carbonate used to create a saturated solution
varies and does not affect sample integrity; supernatant solution was used to avoid magnesium carbonate solids.
To prevent acidification and conversion of chlorophyll to phaeophytin.

™ Deviations from EPA (1997) include sample storage longer than 3.5 weeks, and cutting sample filters to reduce
acetone exposure for laboratory staff (as opposed to homogenization).
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Benthic Macroinvertebrate Density and Community Composition
Sample Collection and Analysis

Eight BMI samples” were collected from each site using a Hess stream bottom sampler in riftles
and runs with gravel and cobble substrate and varying flow velocities—habitats that support
greater BMI densities and taxonomic richness (Barbour et al. 1999). Other habitat types
(e.g., pools) were excluded to reduce variability.

The Hess stream bottom sampler has a 0.086 m? sample area and material is captured in a 200 mL
cod end and constructed with 300 pum mesh net. After securing the frame on the streambed with
the opening facing the upstream current, rocks within the sample area were scrubbed with a bristle
brush; gravel, sand, and silt were disturbed to about 10 cm depth to dislodge macroinvertebrates
into the net. The net was rinsed in the stream to ensure all organisms drifted into the cod end, and
each sample was transferred from the cod end to a labeled 500 mL plastic bottle. Samples were
preserved in 95% ethanol at a ratio of three parts ethanol to one part sample. Samples exceeding
the capacity of the cod end were discarded in the field to minimize detritus and substrate in samples
and ensure proper sample preservation.

Entire samples were processed with an elutriator system with a 300 um sieve to sort
macroinvertebrates from debris® and identified organisms to the lowest practical taxonomic level”
using Merritt and Cummins (1996) and Stewart and Oswood (2006). Habitat biologists provided
quality control by verifying macroinvertebrate identification of eight samples (more than 10% of
samples).

BMI density was calculated for each sample by dividing the number of macroinvertebrates by
0.086 m>—the Hess sampling area. Mean density was estimated for each site by calculating the
mean density among the eight samples. Taxa richness is reported as the number of taxonomic
groups identified to the lowest practical level; terrestrial® organisms were excluded from all
calculations.

Data Presentation

For each site and by year, mean BMI and EPT density and community composition are illustrated
in figures. Greens Creek Site 63 data are presented with Site 48 and annual data summaries are
provided in Appendix B.

" Prior to 2015, we collected 5 BMI samples each year.

° Claire Delbecq, Habitat Biologist, to Kate Kanouse, Southeast Regional Supervisor, ADF&G Habitat Section.
Memorandum: Region 1 BMI Elutriation Methods; dated 2/4/2026.

P Insects of the orders Ephemeroptera, Plecoptera, Trichoptera, and Diptera to genus, except nonbiting midges to
family Chironomidae, and all others to class or order. Damaged and degraded organisms that cannot be identified
are not reported.

9 Including adult terrestrial insects of the orders Ephemeroptera, Plecoptera, Trichoptera, and Diptera.
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Juvenile Fish Abundance and Condition
Sample Collection and Analysis

Following methods described in Magnus et al. (2006), two-piece 6.35 mm galvanized steel % inch
mesh minnow traps baited with disinfected salmon roe" were deployed throughout a 50 m sample
reach isolated by natural features, such as shallow riffles and debris jams. In areas with high
streamflow, rocks were added to the bottom of each trap for weight and to provide refuge for
captured fish. Bait was contained in a punctured plastic bag to prevent ingestion and reduce the
possibility of sample contamination. Prior to the study, several baited minnow traps were set within
15 m of the upstream and downstream sample reach boundaries to capture potential migrants and
improve sample reach isolation.” After the 1.5-hour trapping event, captured fish were transferred
to a plastic bucket containing aerated stream water. Fish captured in the boundary traps were
excluded from the abundance estimate. Ten Dolly Varden were retained for whole body element
concentration analyses at each sample site, if needed, fish from the boundary traps were retained
as samples.

Biologists anesthetized fish using 9 mg/L* AQUI-S® 20E (10% eugenol), measured and recorded
FL to the nearest 1 mm, and species (Pollard et al. 1997). Fish weight was recorded to the nearest
0.1 g. During recovery, fish were retained in a perforated plastic bucket secured in the creek and
released to the sample reach upon study completion.

Fulton’s condition factor (K) was calculated using the equation given in Anderson and Neumann
(1996), where the weight (W) of each fish is divided by the cubed length (L) of the fish, and the
product multiplied by 100,000:

w
K = i X 100,000

Data Presentation

Juvenile fish abundance and condition are compared by species for each site and year with data
from the historical initial 1.5-hour trapping events and presented in figures." Greens Creek Site 63
data are presented with Site 48. Annual data summaries and length-frequency diagrams are
provided in Appendix C.

Four oz of Betadyne® was added to 3 gal of tap water to saturate roe for 15 min, stirring frequently, then drained.
Greens Creek discharge is usually too high to efficiently and effectively isolate sample reaches using a 6.35 mm
(0.25 in) mesh net across the stream. Though a mesh net could effectively isolate the Tributary Creek Site 9 sample
reach, baited minnow traps were used all years.

The dosage is equivalent to 0.30 mL anesthetic per 1 gal of stream water.

Prior to an approved modification of the IMP in 2020, estimating juvenile fish populations was required—achieved
with a depletion sampling method involving three sequential 1.5-hour minnow trapping events.
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Juvenile Fish Element Concentrations
Sample Collection and Analysis

Wearing latex gloves, 10 juvenile Dolly Varden from the abundance trapping event were retained
in individual clean, labeled plastic bags.”" Fish retained were within the size range 85—-125 mm
FL;* an 85 mm fish provides the minimum weight (about 5 g) required for laboratory analyses,
while the maximum length of 125 mm improves the probability of sampling 2—3 year old resident
fish. FL and weight were measured, correcting for bag weight, and samples were stored in a cooler
with ice packs during transportation to the ADF&G Douglas laboratory, where samples were
stored in a -20°C freezer.

The samples were shipped in a cooler with ice packs to ALS Environmental in Kelso, WA,
maintaining written chain of custody documentation. ALS Environmental individually digested,
dried, and analyzed each sample for total silver (Ag), cadmium (Cd), copper (Cu), mercury’ (Hg),
lead (Pb), selenium (Se), and zinc (Zn) on a dry weight basis following EPA (2002) method 1631E
for Hg, and EPA (1998) method 6020A” for other elements. ALS Environmental provided Tier 11
quality control information, including results for matrix spikes, sample blanks, sample duplicates,
and standard reference materials.

Data Presentation

For each sample site, a figure presents the minimum, mean, and maximum of whole-body
concentrations (mg/kg) for each analyte by year.™” The annual raw data, presenting the mean
value for duplicate sample results, and the 2025 laboratory report are provided in Appendix D.

Sediment Composition and Element Concentrations
Sample Collection and Analysis

Wearing latex gloves, one sample of submerged sand and silt were collected by hand grab at each
site within actively flowing channels. For each sample, the top 4 cm of sediment was retained in
five glass jars provided by the laboratory*. To preserve sulfide in the sample jar designated for
sulfide analyses, 5—10 mL of zinc acetate was added immediately after sample collection to fill the
sample jars; all other samples were filled to the top with stream water to minimize air space.®
Samples were stored in a cooler with frozen icepacks during transport and in an ADF&G Douglas
laboratory fridge until shipment to the ALS Environmental laboratory in Kelso, WA for analyses.

Prior to 2015, 6 samples were collected at each site.

" Due to scarcity of Dolly Varden captured at Tributary Creek Site 9 2019-2022, all fish samples were collected
beyond the sample reach, to achieve a sample size of 10 fish. Six fish were captured via electrofishing on August
15, 2022.

To achieve a minimum sample size, when fish were scarce in some years, we retained fish samples measured less
than the designated length range; when less than 85 mm, two fish were analyzed as a composite sample. We
discontinued this practice.

Y Annual analyses for Hg concentrations began in 2012; Hg data was incidentally received in 2010.

z  EPA (1994) method 200.8 was used for analyses 2001-2010, 20122015, and 2018-2019.

2 The 2011 samples were mistakenly homogenized, resulting in one data point for each element analysis.

% Tn 2012, laboratory contamination in several samples was suspected due to elevated sample results.

In 2015, sieving sediments during collection was discontinued to avoid sample bias.

Per laboratory staff instruction (S. Samy, Kelso Laboratory Senior Project Manager, ALS Environmental, Kelso,
WA, personal communication).

cc

dd
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The samples were shipped in a cooler with frozen icepacks via overnight air freight, maintaining
written chain of custody documentation. ALS Environmental measured particle size, total solids,
total volatile solids, total sulfide, total organic carbon, and total concentrations of Ag, Al, As, Cd,
Cr, Cu, Hg, Ni, Pb, Se, and Zn on a dry-weight basis (Table 2). The laboratory provided Tier IV
quality assurance and quality control information, including results for matrix spikes, sample
blanks, and sample duplicates.

Table 2.—Sediment tests, analytes, and methods used in 2025.

Test Description Analyte Method

Standard test method for particle-size analysis of soils Particle size determination ASTM D422M
Puget Sound Estuary Program sediment total organic carbon Total organic carbon PSEP TOC

Total solids on liquids, modified for solids Total solids EPA 160.3 Modified
Puget Sound Estuary Program sediment sulfide Total sulfide PSEP Sulfide

Total volatile solids, modified for solids Total volatile solids EPA 160.4 Modified
Mercury in solid or semisolid waste Hg EPA 7471B
Determination of trace elements in waters and wastes by Ag, Al, As, Cd, Cr, Cu, EPA 6020B
ICP/MS Nj, Pb, Se, Zn

Data Presentation

For each site and by year, all sediment element concentration data are presented in a figure,
including the mean values. When duplicate data are provided by the lab, we report the mean values.
Sediment element concentrations undetected at the method reporting limit are illustrated as an
empty circle (°) and as a solid circle () for measured element concentrations.

The data are compared with the threshold effects concentrations (TEC) and the probable effects
concentrations (PEC) for inorganics in freshwater sediment guidelines developed by the National
Oceanic and Atmospheric Administration (Buchman 2008). The guidelines are based on results of
controlled laboratory bioassays, where element concentrations below the TECs rarely affect
aquatic life survival and growth, and element concentrations above the PECs can affect aquatic
life survival and growth.

Annual data from 2025 and the 2025 laboratory report are provided in Appendix E.
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RESULTS

Weather and Stream Flow Data

The National Weather Service (2026) reports that prior to sampling in July, the Juneau area
received 28.84 cm precipitation in May—June (10.2 cm above normal) and experienced an average
temperature 1.8 °F below normal, and a lower snowpack compared to mean values reported 1991—
2020.

Three weeks prior to July 2025 sampling, Greens Creek daily mean discharge was 98.5 ft°/s, within
the upper range of mean discharges observed 2001-2024 (Figure 15). Mean daily discharge from
May until sampling July 7-10 was above the long term mean 62% of the time, and peaked twice
during that period (Figure 16). Peak events generally are defined as streamflow at or near bankfull.
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Figure 15.—Greens Creek daily mean discharge three weeks prior to sampling, 2001-2025.
Source: USGS 15101490 (USGS 2026).
Note: Minimum, mean, and maximum discharges presented.
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Figure 16.—Greens Creek daily mean daily discharge, 2025.

Source: USGS 15101490 (USGS 2026).
Note: Sampling dates represented by a black and grey-filled circle.
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Greens Creek Site 48 and Site 63

On July 7, 2025, we sampled Greens Creek Site 63. Hecla environmental staff measured basic
water quality at 0900 hours and the USGS Greens Creek stream gage measured 78.8 ft’/s
streamflow (Table 3).

Table 3.—Greens Creek Site 63 water quality data, 2025.

Sample Temperature Conductivity Discharge
Date (°O) (uS/cm) pH (ft3/s)
07/7/2025 6.4 83.8 7.43 78.8

Periphyton: Chlorophyll Density and Composition

The 2025 Greens Creek Site 63 estimate mean density of Chl-a was 7.50 mg/m?, within the middle
range of mean densities 2001-2024 (Figure 17). The samples contained about 87% Chl-a, 0% Chl-
b, and 13% Chl-c, consistent with composition observed in previous years (Figure 18).
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Figure 17.—Greens Creek Site 48 (2001-2017) and Site 63 (2018-2025) mean, minimum and maximum
chlorophyll a densities.

27



OChl-a mChl-b Chl-c

100% g = ERENERERE T B
i gﬁ HgE THHHEE ENEmE

g 80% |

2

o p— i

8

360%*

8 .

= 40% -

>

'Q |

3

= 20% -

o

p—

= |

0% i T I L L L L L L e e e |
— AN N <t NN O -0 N O A N T VN O~ 0N OO —aAa N T n
O OO OO OO OO e e = = = — = A AN AN A
S OO OO OO O O O OO oo o oo oo oo o o oo
o\l e\l o\ I o\ N e\ Il o\ N o\l o\ I o\ N o\ IlN o\ Il o\ I o\ I o\ I o\ BN o\ N o\ I o\ I o\ I o\ I o\ BN o\ Il o\ Il o\ BN @\ |

Figure 18.—Greens Creek Site 48 (2001-2017) and Site 63 (2018-2025) mean proportions of

chlorophylls a, b, and c.

Benthic Macroinvertebrate Density and Community Composition

The 2025 Greens Creek Site 63 BMI estimate mean density is 3,673 BMI/m? and we identified 32 taxa,
within the upper range of BMI densities observed 2001-2024 (Table 4; Figures 19, 20). We estimate mean
EPT density was 2,744 EPT/m?, within the upper range observed and accounted for 75% of the samples, a
healthy proportion of the community. More Diptera and other macroinvertebrates were found in the 2025
samples, influencing the proportion of EPT. Dominant taxa were Ephemeroptera of the genera Drunella
(19%) and Baetis (18%).

Table 4.—Greens Creek Site 48 and 63 benthic macroinvertebrate data summary, 2001-2025.

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Mean EPT Density (per mz) 2,679 1,509 4905 3,372 2,937 1,486 1,575 2833 2,168 2,674 1,676 1,430 1,760
Mean BMI Density (per mz) 2,753 1,637 5,505 3,905 3,247 1,612 1,705 3,095 2216 2,884 2284 1,612 1,988
Number of EPT Taxa 15 19 17 17 18 12 13 11 13 14 16 16 13
Number of BMI Taxa 25 26 27 30 29 21 24 21 18 23 27 22 20
% EPT 97%  92% 89% 86% 90% 92% 92% 92% 98% 93% 73% 89% 89%
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Mean EPT Density (per mz) 2,223 2,430 2,534 2,111 3,490 4,084 1,956 1,076 1,535 1,574 3,087 2,744
Mean BMI Density (per mz) 2,688 2,948 3,086 2,346 3,737 4,435 2342 1,391 1,690 1,818 3,344 3,673
Number of EPT Taxa 14 16 15 16 17 19 20 17 20 15 16 18
Number of BMI Taxa 24 27 25 25 27 28 33 29 26 23 26 32
% EPT 83% 82% 82% 90% 93% 92% 84% T77% 91% 87% 9N2% T75%

28



---&---EPT —@— BMI
6.000
& 5.000
-
=]
T 4,000
(=1
2
2 3.000
iz
T 2,000
A
1.000
01}}.m.y@_,.(&9&_1,,.,.}1_,._3&.,.,,&9&.1}}1_1&
(=] = = (=] (= [} (=] (=] — — — — — — — — — — o o] -1 =l [ ] =l
(=] [==] = [=] (=] (=) [=] [=] = (=] [=] [=] [=] (=] (=] = [=] [=] (=] (=] = [=] [=] (=] [=]
(o] o~ (] ~ o~ (o] (] ~1 (] o~ o~ 1 ~ ™~ (o] (] 1 (] (o] (o] (] ~ (] (o] (]

Figure 19.—Greens Creek Site 48 (2001-2017) and Site 63 (2018-2025) mean EPT and BMI
densities.
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Figure 20.—Greens Creek Site 48 (2001-2017) and Site 63 (2018-2025) mean BMI community
composition.

Juvenile Fish Abundance and Condition

In 2025 at Greens Creek Site 63, we captured 106 Dolly Varden (50-128 mm FL) and 2 juvenile
coho salmon (83—-85 mm FL), within the upper range of Dolly Varden captured during a single
trapping event 2001-2024 (Figure 21). Historically, we only captured resident Dolly Varden at
Sites 48 and 63, however this was the third year in a row we captured juvenile coho salmon above
the USGS concrete weir stream gage near the mine portal. Construction of the fish pass lower in
the drainage has provided access to the upper watershed and the recent capture of juvenile coho
above the weir suggests flow-dependent adult coho salmon passage is now possible.<

Mean fish condition among the Dolly Varden captured was 1.0, about the same previously
observed at Sites 48 and 63. Mean fish condition among the coho salmon captured also was 1.0.

¢ @Greg Albrecht, Habitat Biologist, to Kate Kanouse, Southeast Regional Supervisor, ADF&G Habitat Section. Trip
Report: Upstream habitat and weir fish passage assessments; dated 11/26/2025. Unpublished documents are
available at the regional office.
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The range of FLs for Dolly Varden suggests at least two age classes present, consistent with
previous years. The two coho salmon captured were of similar size and likely of the 1-year age
class; the 1/4 inch minnow traps we use for the study generally allow young-of-year (less than
about 40 mm) salmonids to escape, including Dolly Varden.
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Figure 21.—Greens Creek Site 48 (2001-2017) and Site 63 (2018-2025) Dolly Varden and coho
salmon captured.

Juvenile Fish Element Concentrations

In 2025 at Greens Creek Site 63, we retained 10 Dolly Varden (88—115 mm FL) for whole body
element analysis. Mean element concentrations were within middle ranges previously observed at
Sites 48 and 63 2001-2025 (Figure 22, 23).
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Figure 22.—Greens Creek Site 48 and Site 63 whole body Dolly Varden Ag, Cd, and Cu
concentrations, 2001-2025, and Hg concentrations, 2010, 2012-2025.

Note: Minimum, mean, and maximum concentrations presented.
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Figure 23.—Greens Creek Site 48 and Site 63 whole body Dolly Varden Pb, Se, and Zn

concentrations, 2001-2025.

Note: Minimum, mean, and maximum concentrations presented.

Sediment Element Concentrations

The 2025 Greens Creek Site 63 sediment samples contained As, Cd, Cu, Ni, and Zn concentrations
above the TEC freshwater sediment toxicity guidelines as in previous years (Figure 24). All other
element concentrations were below the TEC and PEC freshwater sediment toxicity guidelines.
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Figure 24.—Greens Creek Site 63 sediment element concentrations, 2018, 2021, 2024-2025.
Note: Elements undetected (o) are presented at the method reporting limit. TEC and PEC guidelines are not
published for Ag, Al, or Se (Buchman 2008).
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Greens Creek Site 54

On July 7, 2025, we sampled Greens Creek Site 54. We measured stream discharge of 82.8 ft/s
and Hecla environmental staff measured basic water quality at 1230 hours (Table 5).

Table 5.—Greens Creek Site 54 water quality data, 2025.

Sample Temperature Conductivity Discharge
Date (°O) (uS/cm) pH (ft¥/s)
07/7/2025 7.5 88.0 7.62 82.8

Periphyton: Chlorophyll Density and Composition

The 2025 Greens Creek Site 54 estimate mean density of Chl-a was 5.63 mg/m?, within the middle
range of mean densities 2001-2024 (Figure 25). The samples contained about 88% Chl-a, 0% Chl-
b, and 12% Chl-c, consistent with composition observed in previous years (Figure 26).
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Figure 25.—Greens Creek Site 54 mean, minimum, and maximum chlorophyll-a densities, 2001-2025.
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Figure 26.— Greens Creek Site 54 mean proportions of chlorophylls a, b, and ¢, 2001-2025.

Benthic Macroinvertebrate Density and Community Composition

The 2025 Greens Creek Site 54 BMI estimate mean density is 3,266 BMI/m? and we identified 33 taxa,
within the upper range of BMI density and number of taxa observed 2001-2024 (Table 6; Figures 27, 28).
We estimate mean EPT density at 2,939 EPT/m?, within the middle range observed, accounting for 78% of
the samples. Dominant taxa were Ephemeroptera of the genera Baetis (28%) and Drunella (20%).

Table 6.— Greens Creek Site 54 benthic macroinvertebrate data summary, 2001-2025.

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Mean EPT Density (per nt) 3986 3284 4,895 4,040 3,100 1,188 716 2,741 2,191 3042 3871 1503 849
Mean BMI Density (per ) 4,144 3409 5430 4,575 3260 1221 742 2970 2277 3202 4449 1753 1014
Number of EPT Taxa 16 15 15 19 18 10 10 14 16 13 20 21 12
Number of BMI Taxa 28 30 26 32 25 13 15 22 23 21 34 30 20
% EPT 96%  96%  90%  88%  95%  97%  97% 9%  96%  95%  87%  86%  84%
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Mean EPT Density (per m’) 3268 1,547 3334 1469 3437 3,596 3,022 888 1,308 5506 3259 2,939
Mean BMI Density (per m’) 3,737 1,887 3,658 1,651 3,647 4,032 3,634 1,068 1427 6102 3,567 3,266
Number of EPT Taxa 17 15 17 20 18 19 19 12 15 18 15 15
Number of BMI Taxa 26 28 30 31 29 29 31 24 22 31 24 33
% EPT 87%  82%  91%  89%  94%  89%  83%  83%  92%  90%  91%  78%
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Figure 27.—Greens Creek Site 54 mean EPT and BMI densities, 2001-2025.
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Figure 28.—Greens Creek Site 54 BMI community composition, 2001-2025.

Juvenile Fish Abundance and Condition

In 2025 at Greens Creek Site 54, we captured 118 Dolly Varden (52—139 mm FL), an average
catch, and one 75 mm FL juvenile coho salmon (Figure 29) Mean fish condition for Dolly
Varden and coho salmon was 1.1, similar to previous fish captured at Site 54. The range of
captured fish lengths suggests at least two age classes were present for Dolly Varden and one for
coho salmon, consistent with previous years.
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Figure 29.—Greens Creek Site 54 juvenile fish captured, 2001-2025.
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Juvenile Fish Element Concentrations

In 2025 at Greens Creek Site 54, we retained 10 Dolly Varden (97-139 mm FL) for whole body
element analysis. The median element concentrations were within ranges previously observed
2001-2024 (Figures 30, 31).
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Figure 30.—Greens Creek Site 54 whole body Dolly Varden Ag, Cd, and Cu concentrations, 2001—
2025, and Hg concentrations, 2010, and 2012-2025.
Note: Minimum, mean, and maximum concentrations presented.

38



10

Pb (mg/kg)

2;;:;_:-1.,_.;,21;_,2 i 3134

Se (mg/kg)
[#e]
L
7]
(¥
o1
o
e
)
o
e
e
—eo
Lo
Heo—i
rHe—i
TS
ro—1
e
e
e

Zn (mg/kg)
g 8
. .
—e—I
H—1
[
e
e
Lo
ro—i

o

e
)

—e
e
el

—e—i
—eo—i
ro—i
—eo—i
Ho—
—eo—1
—eo—i
e
—eo—i
—e—

100 A
0 T — T — — .
— ]l oo v 0 - 8y o o~ oMo v O 0y o s
o o oo o 2 2 2 2 2 = = ~ ~ ~ ~ ~ ~ ~ < °©o °©o} °©o o o9 ©
L L e e
(o IR o I o B o NN o N o I o I 0 M o D o B o NN o B RN o AN o IR o BN o AU o' I o N 0 NN o NN o NERN o B BN o |

Figure 31.-Greens Creek Site 54 whole body Dolly Varden Pb, Se, and Zn concentrations, 2001—
2025.

Note: Minimum, mean, and maximum concentrations presented.

Sediment Element Concentrations

We sampled sediment at Greens Creek Site 54 and found samples contained As, Cd, Cu, Hg, and Zn
concentrations above the TEC freshwater sediment toxicity guidelines and Ni above the PEC
guideline (Figure 32). All other element concentrations were below the TEC and PEC freshwater
sediment toxicity guidelines.
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Figure 32.—Greens Creek Site 54 sediment element concentrations, 2018, 2021, 2025.
Note: Elements undetected (0) are presented at the method reporting limit. TEC and PEC guidelines are not
published for Ag, Al, or Se (Buchman 2008).

40



Tributary Creek Site 2232

On July 9, 2025, we sampled Tributary Creek Site 2232. Hecla environmental staff measured basic
water quality at 1340 hours (Table 7).

Table 7.—Tributary Creek Site 2232 water quality data, 2025.

Sample Temperature ~ Conductivity
Date (°O) (uS/cm) pH
07/09/2025 11.2 54.2 7.04

Sediment element concentrations

The 2025 Tributary Creek Site 2232 sediment samples contained As, Cd, Cr, Cu, Ni, Pb, and Zn
concentrations near or above the TEC freshwater sediment toxicity guidelines (Figure 33). All other
element concentrations were below the TEC and PEC freshwater sediment toxicity guidelines.
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Figure 33.—Tributary Creek Site 2232 sediment element concentrations, 2021, 2024-2025.
Note: Elements undetected (0) are presented at the method reporting limit. TEC and PEC guidelines are not
published for Ag, Al, or Se (Buchman 2008).
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Tributary Creek Site 9

On July 10, 2025, we sampled Tributary Creek Site 9. We measured stream discharge of 1.3 ft¥/s
and Hecla environmental staff measured basic water quality at 0930 hours (Table 8).

Table 8.—Tributary Creek Sites 9 water quality data, 2025.

Sample Temperature  Conductivity Discharge
Date °O) (uS/cm) pH (ft¥/s)
07/10/2025 10.0 65.8 6.83 1.3

Periphyton: Chlorophyll Density and Composition

The 2025 Tributary Creek Site 9 estimate mean density of Chl-a was 17.44 mg/m?, the highest
mean density observed 2001-2024 (Figure 34). The samples contained about 95% Chl-a, 0% Chl-
b, and 5% Chl-c consistent with composition observed in previous years (Figure 35).
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Figure 34.—Tributary Creek Site 9 mean, minimum, and maximum chlorophyll-a densities, 2001-2025.
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Figure 35.—Tributary Creek Site 9 mean proportions of chlorophylls a, b, and ¢, 2001-2025.
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Benthic Macroinvertebrate Density and Community Composition

The 2025 Tributary Creek Site 9 BMI estimate mean density is 1,788 BMI/m? and we identified
33 taxa, within the middle range of BMI densities and taxa observed 2001-2024 (Table 9; Figures
36, 37). We estimate mean EPT density at 1,390 EPT/m?, within the range observed, accounting
for 78% of the samples, among the highest EPT percentages observed at the site. Dominant taxa
were Ephemeroptera of the genus Cinygmula (50%).

Table 9.—Tributary Creek Site 9 benthic macroinvertebrate data summary, 2001-2025.
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Mean EPT Density (per mz) 634 1,179 3,675 1,705 1,007 1,119 337 1,144 698 246 996 753 1,991
Mean BMI Density (per m2) 1,148 1,740 5,851 2,400 1,228 1,453 507 1,751 1,114 460 1,991 1,416 2,393
Number of EPT Taxa 11 14 16 14 18 10 10 12 13 12 14 14 12
Number of BMI Taxa 21 24 36 26 30 23 21 20 26 22 26 27 20
% EPT 54% 68% 63% T1%  82% T77%  67%  65% 63% 54%  50%  53%  83%

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Mean EPT Density (per i)~ 1,700 432 2,193 1208 400 657 794 919 1,108 3,251 1,500 1,390
Mean BMI Density (per )~ 2,479 749 5,602 2,625 1243 1317 2241 2304 2,330 5625 2,407 1,788

Number of EPT Taxa 12 12 16 15 13 14 15 14 14 19 17 17
Number of BMI Taxa 2 23 29 29 25 28 32 28 26 34 30 33
% EPT 69%  58%  39%  46%  32%  50%  35%  40%  48%  58%  62%  78%
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Figure 36.—Tributary Creek Site 9 mean EPT and BMI densities, 2001-2025.
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Figure 37.—Tributary Creek Site 9 mean BMI community composition, 2001-2025.

Juvenile Fish Abundance and Condition

In 2025 at Tributary Creek Site 9, we captured 17 Dolly Varden (71-105 mm FL) and 49 juvenile
coho salmon (37-95 mm FL), similar numbers for these species during the 2001-2024 period
(Figure 38). Mean fish condition for Dolly Varden was 1.3 and for juvenile coho salmon, within
the documented range of 0.9—1.4. The range of captured fish lengths suggests at least two age
classes were present for Dolly Varden and coho salmon, consistent with previous years. Dolly
Varden trap captures at Site 9 appear to follow a 68 year cycle of abundance.
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Figure 38.—Tributary Creek Site 9 juvenile fish captured, 2001-2025.
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Juvenile Fish Element Concentrations

In 2025 at Tributary Creek Site 9, we retained 10 Dolly Varden (81-105 mm) for whole body
element analysis. The mean element concentrations were within ranges previously observed 2001—
2024; however, the mean Ag, Cd, Cu, Pb, Se, and Zn concentrations increased to values near or
above those observed in 2020 and a few other prior years (Figures 39, 40).
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Figure 39.—Tributary Creek Site 9 whole body Dolly Varden Ag, Cd, and Cu concentrations, 2001—
2025, and Hg concentrations, 2010, 2012-2025.

Note: Minimum, mean, and maximum concentrations presented.
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Figure 40.—Tributary Creek Site 9 whole body Dolly Varden Pb, Se, and Zn concentrations, 2001—
2025.

Note: Minimum, mean, and maximum concentrations presented.

Sediment Element Concentrations

The 2025 Tributary Creek Site 9 sediment samples contained As, Cr, Cu, and Ni concentrations above
the TEC freshwater sediment toxicity guidelines (Figure 41). All other element concentrations were
below the TEC and PEC freshwater sediment toxicity guidelines.
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Figure 41.—Tributary Creek Site 9 sediment element concentrations, 2013, 2018, 2021-2025.

Note: Elements undetected (0) are presented at the method reporting limit. TEC and PEC guidelines are not
published for Ag, Al, or Se (Buchman 2008).
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Tributary Creek Site 1847

On July 9, 2025, we sampled Tributary Creek Site 1847. We measured stream discharge of 2.9
ft’/s and Hecla environmental staff measured basic water quality at 1240 hours (Table 10).

Table 10.—Tributary Creek Site 1847 water quality data, 2025.

Sample Temperature ~ Conductivity Discharge
Date (°O) (uS/cm) pH (ft¥/s)
07/09/2025 10.5 58.4 6.94 2.9

Periphyton: Chlorophyll Density and Composition

The 2025 Tributary Creek Site 1847 estimate mean density of Chl-a was 10.36 mg/m?, within the
middle range of mean densities observed 2018-2024 (Figure 42). The samples contained about

89% Chl-a, 5% Chl-b, and 6% Chl-c, consistent with composition observed in previous years
(Figure 43).
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Figure 42.-Tributary Creek Site 1847 mean, minimum, and maximum chlorophyll-a
densities, 2018-2025.
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Figure 43.—Tributary Creek Site 1847 mean proportions of chlorophylls a, b, and ¢ (2018-2025).

Benthic Macroinvertebrate Density and Community Composition

The 2025 Tributary Creek Site 1847 BMI estimate mean density is 1,580 BMI/m?, the lowest
recorded and slightly less than at Site 9, and we identified 33 taxa, the highest number of taxa
observed 2018-2024 (Table 11; Figures 44, 45). We estimate mean EPT density at 1,202 EPT/m?,
within the lower range observed, and EPT accounted for 76% of the samples. Dominant taxa were
Ephemeroptera of the genus Cinygmula (53%).

Table 11.-Tributary Creek Site 1847 benthic macroinvertebrate data summary, 2018-2025.
2018 2019 2020 2021 2022 2023 2024 2025
Mean EPT Density (per ) 1,161 2,449 1,064 1,932 2,397 2,144 2243 1,202
Mean BMI Density (per m) 2,192 3,555 2,517 2,860 3,653 3,962 3,086 1,580

Number of EPT Taxa 15 13 15 13 16 18 16 17
Number of BMI Taxa 29 28 29 25 28 31 28 33
% EPT 53%  69%  42% 68% 66% 54%  73%  76%
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Figure 44 —Tributary Creek Site 1847 mean EPT and BMI densities 2018-2025.
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Figure 45.—Tributary Creek Site 1847 mean BMI community composition, 2018-2025.

Sediment Element Concentrations

The 2025 Tributary Creek Site 1847 sediment samples contained As, Cr, Ni, and Zn concentrations
above the TEC freshwater sediment toxicity guidelines and one sample contained Ni concentrations
above the PEC (Figure 46). All other element concentrations were below the TEC and PEC freshwater

sediment toxicity guidelines.
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Figure 46.—Tributary Creek Site 1847 sediment element concentrations, 2018, 2024-2025.
Note: Elements undetected (0) are presented at the method reporting limit. TEC and PEC guidelines are not
published for Ag, Al, or Se (Buchman 2008).
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Zinc Creek Site 371

On July 10, 2025, we sampled Zinc Creek Site 371. We measured discharge at 10.1 ft*/s and Hecla
environmental staff measured basic water quality at 1300 hours (Table 12).

Table 12.—Zinc Creek Site 371 water quality data, 2025.

Sample Temperature  Conductivity Discharge
Date °O) (uS/cm) pH (ft¥/s)
07/10/2025 9.4 914 7.08 10.1

Periphyton: Chlorophyll Density and Composition

The 2025 Zinc Creek Site 371 mean Chl-a density was 2.39 mg/m?, lower than in 2024 (Figure
47). Samples contained about 90% Chl-a, 0% Chl-b, and 10% Chl-c, consistent with 2024 (Figure

48).
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Figure 47.—Zinc Creek Site 371 mean, minimum, and maximum chlorophyll-a densities, 2024—2025.
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Figure 48.—Zinc Creek Site 371 mean proportions of chlorophylls a, b, and ¢, 2024-2025.
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Benthic Macroinvertebrate Density and Community Composition

The 2025 Zinc Creek Site 371 BMI mean density estimate is 911 BMI/m? and we identified 24
taxa (Table 13; Figures 49, 50). We estimate mean EPT density at 625 EPT/m? accounting for 69%
of the samples. Dominant taxa were Ephemeroptera (mayflies) of the genera Cinygmula (25%)
and Baetis (19%).
Table 13.—Zinc Creek Site 371 benthic macroinvertebrate data summary, 2024-2025.

2024 2025
Mean EPT Density (per mz) 1,432 625
Mean BMI Density (per mz) 1,625 911

Number of EPT Taxa 15 15
Number of BMI Taxa 23 24
% EPT 88%  69%
- A- EPT —e—BMI
6,000 1
r@g 5,000
g 4,000 -
2 3,000 4
g
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Figure 49.—Zinc Creek Site 371 mean EPT and BMI densities 2024-2025.

3% Ephemeroptera % Plecoptera 8% Trichoptera m % Diptera 3% Other

100%

80% A

60% A

40%

20% A

BMI Community Composition

0%

2024
2025

Figure 50.—Zinc Creek Site 371 mean BMI community composition, 2024-2025.
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Juvenile Fish Abundance and Condition

In 2025 at Zinc Creek Site 371, we captured 89 Dolly Varden (57-142 mm FL; Figure 51). Mean
fish condition factor for Dolly Varden was 1.1. The range of length frequencies observed suggests
at least two age classes are present.

O Dolly Varden
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Juvenile Fish Captured

25 A

2024
2025

Figure 51.—Zinc Creek Site 371 juvenile fish captured, 2024-2025.
Juvenile Fish Element Concentrations

In 2025 at Zinc Creek Site 371, we retained 10 Dolly Varden (100—123 mm FL) for whole body
element analysis (Figures 52, 53).
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Figure 52.—Zinc Creek Site 371 whole body Dolly Varden Ag, Cd, and Cu concentrations, 2021, 2024—
2025.

Note: Minimum, mean, and maximum concentrations presented.
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Figure 53.—-Zinc Creek Site 371 whole body Dolly Varden Pb, Se, and Zn concentrations, 2021, 2024—
2025.

Note: Minimum, mean, and maximum concentrations presented.

Sediment Element Concentrations

The 2025 Zinc Creek Site 371 sediment samples contained Cd, Cu, and Zn concentrations above the
TEC freshwater sediment toxicity guidelines and As, Cr, and Ni concentrations were above the PEC
(Figure 54). All other element concentrations were below the TEC and PEC freshwater sediment
toxicity guidelines.
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Figure 54.—Zinc Creek Site 371 sediment element concentrations, 2018, 2021, 2024-2025.
Note: Elements undetected (0) are presented at the method reporting limit. TEC and PEC guidelines are not
published for Ag, Al, or Se (Buchman 2008).
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Zinc Creek Site 10

On July 9, 2025, we sampled Zinc Creek Site 10. We measured a stream discharge of 38.5 ft¥/s
and Hecla environmental staff measured basic water quality at 0950 hours (Table 14).

Table 14.—Zinc Creek Site 10 water quality data, 2025.

Sample Temperature  Conductivity Discharge
Date (°O) (uS/cm) pH (ft¥/s)
07/9/2025 9.5 73.9 7.37 38.5

Periphyton: Chlorophyll Density and Composition

The 2025 Zinc Creek Site 10 mean Chl-a density was 1.73 mg/m?, lower than in 2024 (Figure 55).
Samples contained about 91% Chl-a, 0% Chl-b, and 9% Chl-c, consistent with the previous year
(Figure 56).
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Figure 55—Zinc Creek Site 10 mean, minimum, and maximum chlorophyll-a
densities, 2024-2025.
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Figure 56.—Zinc Creek Site 10 mean proportions of chlorophylls a, b, and ¢ (2024-2025).
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Juvenile Fish Abundance and Condition

In 2025 at Zinc Creek Site 10, we captured 22 Dolly Varden (71-119 mm FL), 92 juvenile coho
salmon (38—114 mm FL) and 12 sculpin (44-114 TL; Figure 59). Mean fish condition for Dolly
Varden was 1.2 and 1.3 for juvenile coho salmon. The range of length frequencies observed
suggests at least two age classes for Dolly Varden, and two age classes of coho salmon.

100 - ODolly Varden O Coho Salmon

75 4

50 A

Juvenile Fish Captured

25 4

2024
2025

Figure 59.—Zinc Creek Site 10 juvenile fish captured, 2024-2025.

Juvenile Fish Element Concentrations

In 2025 at Zinc Creek Site 10, we retained 10 Dolly Varden (86—-109 mm FL) for whole body
element analysis (Figures 60, 61). Mean values of all elements were higher in 2025 than 2018 and
2024.
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Figure 60.—Zinc Creek Site 10 whole body Dolly Varden Ag, Cd, Cu, and Hg concentrations, 2021,
2024-2025.

Note: Minimum, mean, and maximum concentrations presented.
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Figure 61.—Zinc Creek Site 10 whole body Dolly Varden Pb, Se, and Zn concentrations, 2021, 2024—
2025.

Note: Minimum, mean, and maximum concentrations presented.

Sediment Element Concentrations

The 2025 Zinc Creek Site 10 sediment samples contained As, Cd, Cu, and Zn above the TEC
freshwater sediment toxicity guidelines and Cr and Ni concentrations above the PEC (Figure 62). All
other concentrations of elements were below the TEC and PEC freshwater sediment toxicity
guidelines.
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Figure 62.—Zinc Creek Site 10 sediment element concentrations, 2021, 2024-2025.
Note: Elements undetected (0) are presented at the method reporting limit. TEC and PEC guidelines are not
published for Ag, Al, or Se (Buchman 2008).
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Zinc-Greens Creek Delta Site 2239

On July 9, 2025, we sampled the Zinc-Greens Creek Delta site 2239. Hecla Environmental staff
measured basic water quality at 1015 hours (Table 16).

Table 16.—Zinc-Greens Creek Delta Site 2239 water quality data, 2025.

Sample Temperature ~ Conductivity
Date (°O) (uS/cm) pH
07/09/2025 9.7 74.5 7.76

Sediment Element Concentrations

The 2025 Zinc-Greens Creek Delta Site 2239 sediment samples contained Cd, Cu, and Zn
concentrations near or above the TEC freshwater sediment toxicity guidelines and As, Cr and Ni
above the PEC (Figure 63). Concentrations of other elements were below the TEC and PEC
freshwater sediment toxicity guidelines.
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Figure 63.—Zinc-Greens Creek Delta Site 2239 sediment element concentrations, 2024—2025.
Note: Elements undetected (o) are presented at the method reporting limit. TEC and PEC guidelines are not
published for Ag, Al, or Se (Buchman 2008).
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Cannery Creek Site 37

On July 10, 2024, we sampled Cannery Creek Site 37. Hecla environmental staff measured basic
water quality on July 15 at 1535 hours (Table 17).

Table 17.—Cannery Creek Site 37 water quality data, 2025.

Sample Temperature ~ Conductivity
Date (°O) (uS/cm) pH
07/14/2025 1.4 534 7.42

Sediment Element Concentrations

The 2025 Cannery Creek Site 37 sediment samples contained As, Cu, Ni, and Zn concentrations near
or above the sediment TEC sediment toxicity guidelines (Figure 64). All other element concentrations
were below the TEC and PEC freshwater sediment toxicity guidelines.
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Figure 64.—Cannery Creek Site 37 sediment element concentrations, 2018, 2024-2025.
Note: Elements undetected (0) are presented at the method reporting limit. TEC and PEC guidelines are not
published for Ag, Al, or Se (Buchman 2008).
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Fowler Creek Site 2233

On July 9, 2025, we sampled Fowler Creek Site 2233. Hecla environmental staff measured basic
water quality at 1440 hours (Table 18).

Table 18.—Fowler Creek Site 2233 water quality data, 2025.

Sample Temperature ~ Conductivity
Date (°O) (uS/cm) pH
07/19/2025 11.9 29.0 6.02

Sediment Element Concentrations

The 2025 Fowler Creek Site 2233 sediment samples contained Cd, Cu, and Zn concentrations near
or above the TEC sediment toxicity guidelines and As, Cr, and Ni concentrations above the PEC
(Figure 65). All other element concentrations were below the TEC and PEC freshwater sediment
toxicity guidelines.
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Figure 65.—Fowler Creek Site 2233 sediment element concentrations, 2024-2025.
Note: Elements undetected (0) are presented at the method reporting limit. TEC and PEC guidelines are not
published for Ag, Al, or Se (Buchman 2008).
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COMPARISONS AMONG SITES
Periphyton: Chlorophyll Density and Composition

Mean Chl-a density varied by drainage in 2025; however, trends were similar at sites within
drainages (Figures 66, 67). Mean values at Greens Creek and Zinc Creek sites were lower than in
2024 while values from Tributary Creek sites were higher, constituting a historic peak at Site 9
and the second highest for Site 1847 for the ranges previously observed. Greens Creek mean Chl-
a densities at Sites 48/63 and 54 followed a similar trend since 2001. Despite the environmental,
geomorphic, hydrologic and overall stream characteristic differences between Tributary and
Greens Creeks watersheds, the Tributary Creek Site 9 mean Chl-a densities generally followed the
same trend as the Greens Creek data between 2001 and 2024, but broke from the trend in 2025.

The visual data relationship between precipitation and streamflow three weeks prior to sampling
and periphyton abundance in streams monitored at Greens Creek mine is weak and does not
explain annual variability. However; it is notable that Tributary Creek often flows at only a few
hundred gallons per minute during our sampling and the creek is typically blanketed in a fine
organic silt layer that may occlude periphyton growth. Higher flows in the preceding months may
have kept rocks cleaner and allowed periphyton to flourish. Additionally, many elements in
sediment samples rose to 2020 levels, which could have influenced periphyton growth. Periphyton
samples collected at all sites generally contained about 90% Chl-a, nearly 0% Chl-b, and about
10% Chl-c each year.
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Figure 66.—Greens Creek mean chlorophyll-a densities, 2001-2025.
Note: Site 48 data collected 2001-2017, and Site 63 data collected 2018-2025.
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Figure 67.—Zinc Creek and Tributary Creek mean chlorophyll-a densities, 2001-2025.
Note: Site 48 data collected 2001-2017, and Site 63 data collected 2018-2025.

Benthic Macroinvertebrate Density and Community Composition

For all sites sampled in 2025, EPT density and the number of EPT taxa were lower than in 2024,
though most within the ranges observed since sampling began at each site, except at Zinc Creek
(Figure 68). This was the second year sampling Zinc Creek at two sites, and the 2025 results
were lower among all other sites (Figure 69).
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Figure 68.—Greens Creek, Tributary Creek, and Zinc Creek mean EPT densities, 2001-2025.

Note: Greens Creek Site 48 data were collected 2001-2017, Site 63 data were collected 2018-2025 and Site 54
data were collected 2001-2025. Tributary Creek Site 9 data were collected 2001-2025 and Site 1847 data were
collected 2018-2025. Zinc Creek data were collected in 2024 and 2025.
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Figure 69.—Greens Creek, Tributary Creek, and Zinc Creek BMI taxa richness, 2001-2025.
Note: Site 48 data collected 2001-2017; Site 63 data collected 2018-2025.

Juvenile Fish Abundance and Condition

Dolly Varden captures at Greens Creek sites have historically trended together, likely due to their
close proximity and similar habitat conditions, and 2025 captures were in the middle range of
historic observations (Figure 70). Tributary Creek Site 9 was also in the middle range and the Zinc
Creek sites showed opposite trends. Due to difference in elevation, channel type and anadromous
fish presence, the Zinc Creek sites are not expected to trend together. Coho salmon captures at Site
9 exceeded Dolly Varden, as is normally the case. Coho salmon captures at Greens Creek sites
were low, which has occurred previously and could be a result of flow-dependent passage into the
upper river or natural variations in coho abundance throughout the drainage (Figure 71.).

We captured several age classes of Dolly Varden at all sites. Tributary Creek Site 9 Dolly Varden
were on the higher end of the range of fish condition (1.3) which may be a result of recent improved
access to the beaver ponds just upstream, which are resource rich.
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Figure 70.—Greens Creek, Zinc Creek, and Tributary Creek Dolly Varden captured, 2001-2025.
Note: Site 54 2001-2010 data extrapolated to 50 m sample reach for comparison. Site 48 data collected 2001—
2017, and Site 63 data collected 2018-2025.
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Figure 71.— Greens Creek, Zinc Creek, and Tributary Creek coho salmon captured, 2001-2025.
Note: Site 54 2001-2010 data extrapolated to 50 m sample reach for comparison. Site 48 data collected 2001—

2017, and Site 63 data collected 2018-2025.

Juvenile Fish Element Concentrations

In 2025, mean fish element concentrations varied across sites, with higher concentrations of Ag,
Cd, Hg, Pb, and Se found in the 2025 Tributary Creek Site 9 fish and Zinc Creek Site 10 fish,
which are downstream of mine development (Figure 72). Generally, the greatest mean
concentrations and ranges of element concentrations were found in the Zinc Creek Site 10 fish.
Mean fish element concentrations over time at Sites 48/63 and 54 generally follow a similar trend.
Tributary Creek Site 9 values are similar, though spikes in mean concentrations of Ag, Cd, Hg,
Pb, and Se occasionally occurred, as in 2025. Zinc levels are consistently higher at Greens Creek

sites than at Tributary Creek (Figure 73, 74).
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Figure 72.—Greens Creek, Tributary Creek, and Zinc Creek whole body Dolly Varden element

concentrations, 2025.

Note: Minimum, mean, and maximum concentrations presented.
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Figure 73.—Greens Creek and Tributary Creek whole body Dolly Varden median Ag, Cd, and Cu
concentrations, 2001-2025, and median Hg concentrations, 2012-2025.

Note: Solid line 2001-2017 is Site 48; 2018-2025 is Site 63; data for Cu in 2012 omitted for potential laboratory
contamination.
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Figure 74.—Greens Creek and Tributary Creek whole body Dolly Varden median Pb, Se, and Zn
concentrations, 2001-2025.
Note: Solid line 2001-2017 is Site 48; 2018-2025 is Site 63.

Sediment Element Concentrations

In 2025, among the Greens Creek sites nearly all mean sediment element values were higher at
Greens Creek Site 54 than at Site 63, with Ni values exceeding the PEC at Site 54 (Figure 75).
Tributary Creek results for both sites showed similar means and ranges that were generally lower
than Greens Creek sites, with the exception of Cr, which was higher at Tributary Creek sites and
above the TEC. Concentrations of all elements were either similar to Site 54 or higher;
concentrations of As, Cr, and Ni exceeded the PEC at multiple locations, including reference sites.
Nickel concentrations were above the PEC at all sites except Tributary Creek Site 2232 and
Cannery Creek Site 2233. Lead concentrations were low and below the TEC at all sites.
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Figure 75.—Greens, Tributary, Zinc, Cannery, and Fowler Creek sediment element concentrations, 2025.
Note: Elements undetected (o) are presented at the method reporting limit. TEC and PEC guidelines are not
published for Ag, Al, or Se (Buchman 2008).
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APPENDIX A: CHLOROPHYLL DATA






Appendix A.1.—Greens Creek Site 48 chlorophylls a, b, and ¢ densities, 2001-2017.

7/23/2001 7/23/2002 7/22/2003 7/21/2004

mg/m’ Chla Chlb  Chlc Chla  Chkb  Chlc Chla  Chikb  Chlc Chla  Chlkb  Chlc

1.91 0.01 0.14 5.34 0.00 0.29 1292 0.00 1.26 18.05  0.00 2.03

1.83 0.00 0.18 4.27 0.00 0.21 8.65 0.03 1.57 6.73 0.00 0.69

5.61 0.00 0.69 6.62 0.00 0.71 3.84 0.09 0.39 8.97 0.00 0.90

0.31 0.08 0.06 2.99 0.00 0.25 12.18  0.01 0.64 12.82  0.00 1.45

2.96 0.04 0.36 5.34 0.00 0.75 17.19  0.00 0.72 5.45 0.00 0.62

5.44 0.00 0.62 6.62 0.00 0.75 17.19  0.02 0.86 20.40  0.00 2.15

3.38 0.00 0.47 6.09 0.00 0.73 33.21  0.00 2.14 6.30 0.00 0.45

1.87 0.03 0.15 ND ND ND 2424 0.13 0.99 11.64  0.00 1.38

2.63 0.14 0.14 2.99 0.00 0.36 19.76  0.00 0.57 7.48 0.00 0.65

1.23 0.02 0.16 2.78 0.00 0.15 35.35  0.00 0.89 5.23 0.00 0.55

mean 2.72 0.03 0.30 4.78 0.00 0.47 18.45  0.03 1.00 10.31  0.00 1.09

minimum  0.31 0.00 0.06 2.78 0.00 0.15 3.84 0.00 0.39 5.23 0.00 0.45

maximum  5.61 0.14 0.69 6.62 0.00 0.75 3535 0.13 2.14 20.40  0.00 2.15
7/22/2005 7/20/2006 7/20/2007 7/22/2008

mg/m’ Chl-a  Chlkb  Chl-c Chl-a  Chkb  Chl-c Chl-a  Chikb  Chl-c Chl-a  Chikb  Chl-c

0.85 0.00 0.01 8.33 0.00 0.80 6.62 0.00 0.16 1.50 0.00 0.09

4.70 0.00 0.51 11.43  0.00 0.71 5.55 0.00 0.23 4.70 0.00 0.16

6.62 0.00 0.27 10.68  0.00 1.25 7.48 0.00 0.33 2.67 0.00 0.24

6.19 0.00 0.51 20.08  0.00 2.04 11.64  0.00 1.39 2.14 0.00 0.17

11.11  0.00 0.92 10.57  0.00 0.98 6.94 0.00 0.47 0.85 0.00 0.02

5.66 0.00 0.51 14.10  0.00 1.72 11.11  0.00 0.54 12.60  0.00 0.33

7.69 0.00 0.53 16.98  0.00 1.76 11.75  0.01 0.60 2.78 0.00 0.19

5.13 0.00 0.29 5.23 0.00 1.74 4.81 0.00 0.29 6.30 0.00 0.74

2.46 0.02 0.28 16.87  0.00 1.73 8.12 0.00 1.10 1.28 0.00 0.14

9.08 0.00 0.63 4.38 0.00 0.54 4.06 0.00 0.43 3.20 0.00 0.37

mean 5.95 0.00 0.45 11.87  0.00 1.33 7.81 0.00 0.55 3.80 0.00 0.25

minimum ~ 0.85 0.00 0.01 4.38 0.00 0.54 4.06 0.00 0.16 0.85 0.00 0.02

maximum 11.11  0.02 0.92 20.08  0.00 2.04 11.75  0.01 1.39 12.60  0.00 0.74
7/21/2009 7/20/2010 7/21/2011 7/21/2012

mg/m” Chl-a  Chlkb  Chl-c Chl-a  Chlkb  Chlc Chl-a  Chlkb  Chlc Chla  Chlkb  Chlc

3.20 0.00 0.49 8.54 0.00 0.44 4.49 0.00 0.50 0.36 ND ND

1.50 0.00 0.25 4.59 0.00 0.61 6.51 0.00 0.59 0.69 0.00 0.10

4.17 0.11 0.59 5.13 0.00 0.27 2.88 0.00 0.30 1.29 0.00 0.12

5.66 0.07 0.73 3.10 0.00 0.26 2.59 0.17 0.05 2.56 0.00 0.39

3.42 0.06 0.50 7.58 0.00 0.29 3.31 0.00 0.36 0.85 0.00 0.00

8.22 0.13 0.95 5.55 0.00 0.55 5.13 0.00 0.55 1.60 0.00 0.26

0.43 0.11 0.11 10.68  0.00 0.64 7.16 0.00 1.06 1.82 0.00 0.29

1.39 0.18 0.29 7.69 0.00 0.41 5.66 0.00 0.49 1.92 0.00 0.28

7.80 0.00 0.89 3.63 0.00 0.25 0.85 0.00 0.11 0.32 0.00 0.08

9.18 0.17 1.19 3.10 0.02 0.15 4.81 0.00 0.49 1.60 0.00 0.16

mean 4.50 0.08 0.60 5.96 0.00 0.39 4.34 0.02 0.45 1.30 0.00 0.19

minimum ~ 0.43 0.00 0.11 3.10 0.00 0.15 0.85 0.00 0.05 0.32 0.00 0.00

maximum  9.18 0.18 1.19 10.68  0.02 0.64 7.16 0.17 1.06 2.56 0.00 0.39

Note: Bold values are the spectrophotometer estimated detection limit; chlorophyll-a not detected.

-continued-



Appendix A.1.—Page 2 of 2.

7/24/2013 7/24/2014 7/15/2015 7/12/2016
mg/m>  Chka Chkb  Chlc Chla  Chkb  Chlc Chka  Chkb  Chlc Chla  Chkb  Chlc
203 0.00 0.12 481 000 031 214 0.00 0.8 438  0.00 0.60
150 0.00  0.11 0.60  0.00  0.12 11.96  0.00  0.90 3.84  0.00 043
459 000 033 1.60  0.00 0.10 470 000 031 7.58  0.00  0.88
2.03  0.00 0.19 6.62  0.00 0.0 331 0.00 024 6.51  0.00 0.75
6.94  0.00 038 ND ND ND 555 0.00 0.5 224 000 026
6.62  0.00 039 566  0.00  0.33 246 000 0.8 299 000 047
160 0.00 026 055  0.00  0.02 138 000 0.8 320 0.00 045
139 0.00 007 043 000  0.07 235 0.00  0.05 235 000 031
374 0.00 046 124 000 0.3 299 000 022 267  0.00 031
523 0.00 0.70 502 024 038 043 000  0.03 449  0.00 0.6l
mean 3.57  0.00  0.30 295 0.03  0.15 373 0.00 024 403 000 051
minimum 139 0.00  0.07 043  0.00  0.00 043 0.0  0.03 224 0.00 026
maximum 6,94 0.00  0.70 662 024 038 11.96  0.00  0.90 7.58  0.00 0.8
7/12/2017
mg/ny’ Chl-a Chl-b  Chlc
0.55  0.00  0.02
0.64  0.00 0.07
043 001 004
299 0.00 039
0.96  0.00  0.09
0.64 000 0.16
214 0.00 028
170 0.00 026
0.96  0.00  0.09
0.96 0.00 0.10
mean 120  0.00  0.15
minimum  0.43  0.00  0.02

maximum

2.99 0.01 0.39




Appendix A.2.—Greens Creek Site 63 chlorophylls a, b, and ¢ densities, 2018-2025.

7/11/2018 7/9/2019 7/16/2020 7/12/2021

mg/m’ Chl-a Chl-b  Chl-c Chl-a Chl-b  Chl-c Chl-¢  Chl-b  Chl-c Chl-a Chl-b  Chl-c

ND ND ND 417 0.00 033 310 0.00 038 1.82  0.00 025
545 0.00 0.79 459 0.00 029 0.25 ND ND 384 0.00 0.59
9.29  0.00 1.77 289 0.00 030 2.06 000 025 6.62  0.00 1.00
737 0.00 0.87 473 0.00 035 344 0.00 032 1.60 0.00 0.17
ND ND ND 278 0.00 0.13 374  0.00 0.58 1.39  0.00 0.12
23.07 0.00 4.01 534 0.00 048 032 0.00 0.08 3.63 0.00  0.55

822 0.00 096 2.88 0.00 021 566 0.00 0.71 1.60  0.00 0.26
438 000 0.64 13.03  0.00 1.09 694 0.00 052 1.17  0.00 0.13
15.06 0.00 2.28 598 0.00 0.75 1.88 0.00 021 1.71 0.00 031

14.63 0.00  2.28 833 0.00 047 2.02 0.00 0.28 3.10  0.00 048

mean 1093  0.00 1.70 547  0.00 0.44 294 0.00 037 2.65 000 0.39
minimum 4.38  0.00 0.64 278 0.00 0.13 025 0.00 0.08 1.17  0.00 0.12
maximum 23.07  0.00  4.01 13.03  0.00 1.09 694 0.00 0.71 6.62  0.00 1.00

7/12/2022 7/11/2023 7/9/2024 7/7/2025

mg/m” Chl-a Chl-b  Chl-c Chl-a Chl-b  Chl-c Chl-¢  Chl-b  Chl-c Chl-a Chl-b  Chl-c

294  0.00 029 11.11  0.00 1.30 712 0.00 0.81 854  0.00 1.37
12.02  0.00 1.56 7.48  0.00 1.29 899  0.00 1.28 320 0.00 036
8.01 0.00 1.04 532 0.00 0.73 7.71 0.00 1.00 886  0.00 1.63
7.52  0.00 1.12 385  0.00 0.50 3.11 0.00  0.40 15.70  0.00  2.49
449 000 044 13.35  0.00 1.79 9.50  0.00 1.28 929  0.00 1.49
6.09 0.00 0098 374 0.00 0.62 14.08  0.00 1.61 224 000 0.13
9.61 0.00 1.23 244  0.00 0.26 8.86  0.00 1.64 876  0.00 1.38
13.24  0.00 1.90 352 0.00 054 11.85 0.00 1.45 459 000 0.72
6.73  0.00 0.68 6.19 0.00 0093 406 0.00 057 726 0.00 033
534  0.00 1.08 1.50  0.00 0.21 9.68  0.00 1.19 6.51 0.00 1.04

mean 7.60  0.00 1.03 585 0.00 0.82 8.50  0.00 1.12 7.50  0.00 1.09
minimum 2.94  0.00 0.29 1.50 0.00 0.21 3.11 0.00  0.40 224 0.00 0.13
maximum 13.24  0.00 1.90 13.35  0.00 1.79 14.08 0.00 1.64 15.70  0.00  2.49

Note: Bold values are the spectrophotometer estimated detection limit; chlorophyll-a not detect