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Abstract: The purpose and need for the environmental impact statement includes
evaluating the impacts associated with an expansion of the tailings disposal facility
associated with an active lead/zinc mine located within the Admiralty Island National
Monument (Monument) in Southeast Alaska. The analysis includes four alternatives: the
proposed action which calls for a 30 to 50-year expansion of facilities within the
Monument; a no action alternative under which an expansion would not be authorized; an
alternative that provides an equal amount of waste disposal capacity while reducing the
footprint within the Monument; and an alternative that would a allow expansion into the
Monument but would avoid direct impacts to Tributary Creek, an anadromous stream in
the project area. The scoping process identified water quality, aquatic resources,
wetlands, and Monument values as significant issues.
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Summary

SUMMARY

This environmental impact statement (EIS) was developed in support of the Tongass
National Forest’s proposal to modify the existing General Plan of Operations (GPO) for
the Greens Creek Mine. The Greens Creek Mine is located on Admiralty Island
approximately 18 miles southwest of Juneau, Alaska. The mine has been in operation
since 1988 with periods of temporary closure. Major mine facilities include the
underground mine, mill, waste rock disposal areas, tailings disposal facility (TDF), a port
site and camp, roads and power infrastructure among the mine components. The mine
produces lead and zinc concentrates that also contain silver. The Greens Creek Mine is
operated by Hecla Greens Creek Mining Company (HGCMC).

HGCMC has proposed a modification to its GPO to expand the TDF so that it can
accommodate an additional 30 to 50 years’ worth of tailings and waste rock. Tailings are
disposed via dry stacking along with co-disposed waste rock. The TDF is currently
approved to hold 5.3 million cubic yards of tailings and waste rock and cover
approximately 62 acres. At the current mining rate, the TDF will be filled to capacity in
2014. In order to continue operations, HGCMC has requested an expansion of the TDF
to hold an additional 9.7 million cubic yards of tailings and waste rock.

Major portions of the mine are located on National Forest System lands and most of the
TDF is located in the Admiralty Island National Monument (Monument). The U.S.
Department of Agriculture (USDA), Forest Service, Tongass National Forest (Forest
Service) developed the first EIS for the Greens Creek Mine in 1983 and approved the
original GPO in 1984. As common with large mines, there have been changes to the
GPO since mine development. The Forest Service has approved various GPO
modifications and developed documents under the National Environmental Policy Act
(NEPA), where applicable, for these approvals. The NEPA background is described in
Chapter 1 of this EIS.

This EIS focuses on evaluation of the environmental effects associated with expansion of
the TDF and alternatives. The Forest Service is the lead agency in preparing this EIS.
The cooperating agencies participating in the EIS process include the U.S. Army Corps
of Engineers (USACE), the U.S. Environmental Protection Agency, the State of Alaska
(represented by the departments of Natural Resources, Environmental Conservation, and
Fish and Game) and the City and Borough of Juneau. These agencies are cooperating
agencies because they also need to comply with NEPA, or they are using the NEPA
analysis for their own decisions, or they bring special expertise to assist the Forest
Service in developing the EIS. Chapter 1 provides information on the permits and
approvals required by the cooperating agencies and other agencies for expansion of the
TDF.

Purpose and Need and Federal Decisions to be Made

The purpose and need for the federal actions covered by this EIS is to act on HGCMC’s
proposed modification to the GPO to expand the TDF. Specifically, HGCMC is
proposing to extend the footprint of the existing TDF south into the Monument providing
capacity for an additional 9.7 million cubic yards of tailings and waste rock
(approximately 64 acres beyond the current permitted footprint). In addition to increased
disposal TDF capacity and disturbance footprint, the proposed action would include an
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increase of the HGCMC’s existing lease area by 114 acres. Ancillary facilities associated
with the TDF, combined with the TDF expansion itself, would result in a total of 143
acres of new disturbance under the proposed action.

The Forest Service will make a decision on HGCMC’s GPO modification proposal and
will decide whether to select the proposed action or another alternative for
implementation. In addition, the Forest Service could add stipulations or require
additional mitigation measures.

Expanding the TDF or creation of a new TDF would require the discharge of fill material
into waters of the U.S. This activity requires a Clean Water Act (CWA) Section 404
permit. Therefore, the USACE’s decision is whether to issue or deny the CWA 404
permit. The USACE could also add stipulations or require additional mitigation
measures.

Scoping and Significant Issues

The Notice of Intent (NOI) to prepare the EIS for the Greens Creek Mine TDF Expansion
Project was published in the Federal Register on October 5, 2010. The publication of the
NOI initiated the scoping process and a public review and comment period required
under NEPA. Scoping is a process intended to assist the Forest Service and the
cooperating agencies in identifying areas and issues of concern associated with the
proposed TDF expansion, and is designed to ensure that all significant issues are fully
addressed during the course of the EIS process.

Public scoping meetings were held on October 14, 2010, in Juneau and on October 15,
2010, in Angoon. Oral and written comments were accepted at the public scoping
meetings and throughout the scoping process. The Forest Service collected additional
comments sent from the public; local, state, and federal agencies; non-governmental
organizations; professional and trade organizations; and native corporations and tribal
organizations. The formal scoping period ended on November 19, 2010.

Scoping comments were distilled into significant issues that were used to develop
alternatives to the proposed action and identify key areas that need to be addressed in the
environmental impacts analysis. The following significant issues of public concern were
identified by the Forest Service as key issues to be addressed in this EIS.

Issue 1: Water quality may be impacted directly by runoff from acid-generating material
or by direct impacts of the expanded facilities or by marine discharges of mine water.
The impacts to water quality could adversely impact aquatic life.

Issue 2: Expansion of the mine tailings disposal facility may cause direct and indirect
impacts to wetlands. Loss of wetlands can affect migrating and resident birds as well as
other wildlife species. Any impacts to wetlands must be mitigated.

Issue 3: Construction of the tailings and waste rock disposal facility, contact water ponds,
and roads along or over creeks could negatively impact anadromous and resident
salmonids and other fish species.

Issue 4: The Greens Creek Mine and proposed expansion occurs partially within the
Admiralty Island National Monument. The Monument was established for the purpose of
protecting objects of ecological, cultural, geological, historical, prehistorical, and
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scientific interests. Any lease of Monument lands for mining must not cause irreparable
harm to Monument values.

Other Issues: Other issues were identified during the scoping process as important, but
did not influence the development of alternatives. These issues were taken into
consideration in the impact analysis and development of mitigation measures. These
issues included air quality and dust concerns, adequacy of financial assurance for mine
closure and long-term water treatment, and potential impacts to transportation and utility
corridors.

Chapter 1 of the EIS describes these issues in more detail and metrics that guided the
impact analysis in relation to the issues.

Alternatives

Based on the proposed action and the significant issues, the Forest Service and
cooperating agencies developed the following alternatives for analysis in this EIS:

= Alternative A (No Action): Under this alternative, tailings disposal (and therefore
mining) would cease in approximately 2014 when the currently approved TDF
reaches its full capacity. The TDF would be reclaimed and closed.

= Alternative B (Proposed Action): Under this alternative, the tailings lease area and
TDF footprint would be extended south into the Monument providing capacity to
dispose of an additional 9.7 million cubic yards of tailings and waste rock. This
equates to an additional 30—50 years of mine life.

= Alternative C (TDF located outside the Monument): The existing TDF would be
expanded to accommodate an additional 1 million cubic yards of tailings
(approximately three additional years of capacity). A new, separate TDF would be
built outside the Monument with capacity to accommodate an additional 9 million
cubic yards of tailings and waste rock.

= Alternative D (Modified Proposed Action): The existing TDF would be expanded to
accommodate an additional 3 million cubic yards of tailings (approximately 10 years
of capacity). A new, separate TDF would be built outside the Monument to
accommodate an additional 7 million cubic yards of tailings and waste rock disposal
corresponding to a total mine life of an additional 30-50 years.

The major difference among the alternatives is the location and configuration of the TDF
(or TDFs). The type of tailings disposal (dry stack), TDF construction methods, water
management and treatment, and reclamation and closure plans are the same for all
alternatives. In addition, mining, milling, and concentrate transport are the same for all
alternatives.

Each of the action alternatives (B through D) also includes construction of water
treatment ponds, access roads, and laydown areas for storage of reclamation materials. In
addition, rock quarries would be needed to obtain materials to construct the TDF
extension (or new TDF). Table ES-1 provides the estimated disturbance areas for the
alternatives. The alternatives are described in detail in Chapter 2.
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Table ES-1. Estimated TDF Disturbance for No Action and Action Alternatives (in Acres).

Project Component Alternative A | Alternative B | Alternative C | Alternative D

Tailings —a 64.2 101.7 103.1
Reclamation Material Storage —3 17.0 10.3 14.5
Quarry -2 17.6 8.6 16.4
Ponds —a 12.0 7.1 6.7

Roads, including ditches and pipelines - 19.1 115 19.5
Truck Wheel Wash -2 0.1 0.1 0.1

Ancillary Disturbance -2 12.8 17.5 17.6
Total New Disturbance —2 142.8 156.8 177.9
Total Disturbance 65.3° 208.1 2221 243.2

Notes:

a. Component of the existing disturbance associated with tailings disposal.
b. Total disturbance following the 2003 ROD.

Environmentally Preferable and Preferred Alternatives

NEPA requires the lead federal agency to identify both an Environmentally Preferable
Alternative and a Preferred Alternative. The Forest Service will identify these

alternatives in the final EIS and its Record of Decision (ROD).

Affected Environment and Environmental Consequences

Chapter 3 of the Draft EIS describes the affected environment and environmental
consequences for each alternative. Because this EIS is focused on expanding tailings
disposal capacity, the project area for the impact assessment includes the areas and
watersheds of the proposed TDF expansion. Areas beyond the TDF are also described
and consequences evaluated if they could be subject to indirect or cumulative effects for a

particular resource.

Chapter 3 is divided into separate sections for each resource considered in the EIS (e.g.,
air, wetlands, water quality, cultural resources, etc.). Each resource section is further
divided into subsections that provide the following information:

Pre-mining environment: An overview of the pre-mining environment is provided
based on information in the 1983 EIS. This information is simply summarized since the

reader can refer to the 1983 EIS for more detail.

Current (baseline) conditions: The current (baseline) conditions for each resource are
described. Since the mine has been in operation for more than 20 years, the baseline
conditions include impacts that have occurred as a result of existing operations.

Environmental consequences of each alternative: The environmental consequences
sections consider the future impacts that would occur for each of the alternatives based on
the current conditions. When the EIS identified potential impacts, mitigation measures
were identified to reduce impacts. In addition, monitoring is identified to assess the
effectiveness of mitigation measures and allow for adaptive management decisions to
revise the measures. In addition, monitoring is identified where there is some uncertainty
associated with the impacts analysis.

A summary of the predicted environmental effects for each resource area for the
proposed action and alternatives is presented in Table ES-2.

vi
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Table ES-2. Summary of Potential Impacts of Each Alternative by Resource.

Impact Alternative A Alternative B Alternative C Alternative D
General Duration of Mine Life Through 2014 30-50 More Years 30-50 More Years 30-50 More Years
Air Quality Uncontrolled: PM1o.25 tons per | 142 170 229 230
year (tpy)
PMz.5 tpy 17 22 30 30
Controlled: PM1o-25 tpy 77 97 125 129
PM2 5 tpy 9 13 16 16
Water Percent of watersheds Tributary Creek: 1 Tributary Creek: 20 Tributary Creek: 3 Tributary Creek: 4
ger?fourcss_t affected by new disturbance | cannery Creek: 0 Cannery Creek: 0 Cannery Creek: 0 Cannery Creek: 0
urtace yvater Fowler Creek: 0 Fowler Creek: 0 Fowler Creek: 0 Fowler Creek: 0
Reduction in stream flow Minor reduction of flow in two | Minor reduction in flow | Minor reduction in flow in | Similar to Alternative C
creeks (Tributary and in two creeks (Tributary |three creeks (Tributary, although effects in Fowler
Cannery) and Cannery) but more | Cannery, and Fowler) Creek would be delayed
than Alternative A by approximately 12—15
years
Additional water management |Yes as TDF expands to Yes; more water Yes; more total Similar to Alternative C
infrastructure such as currently approved size management infrastructure required although additional water
diversions, groundwater slurry infrastructure required | than Alternative B; management for new TDF
walls, and water management than Alternative A additional water would not be put in place
ponds management until construction began in
infrastructure required for |approximately 12—-15
new TDF years
Need for long-term water Yes Yes Yes Yes
treatment
Water Change in flow or quality Minimal effect on local Similar to Alternative A | Similar to Alternative A Similar to Alternative C
Resources— hydrogeology; no impacts to but new TDF located in
Groundwater groundwater quality additional groundwater

area
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Table ES-2. Summary of Potential Impacts of Each Alternative by Resource.

Impact Alternative A Alternative B Alternative C Alternative D
General Duration of Mine Life Through 2014 30-50 More Years 30-50 More Years 30-50 More Years
Aquatic Habitat Class | Tributary: 0 Tributary: 1,646 Tributary: 0 Tributary: 0
Resources %Zggane””y lost Fowler: 0 Fowler: 0 Fowler: 34 Fowler: 34
Class Il | Tributary: 0 Tributary: 2,400 Tributary: 0 Tributary: 0
Fowler: O Fowler: O Fowler: 1,044 Fowler: 1,044

Risk of chemical or mining
product spill

Low, due to best
management practices
(BMPs) and Spill Prevention,
Control, and Countermeasure
Plan requirements

Similar to Alternative A,
although operations
would continue over 30
to 50 years, increasing
the chance of a spill

Similar to Alternative B
except increased risk in
Fowler Creek drainage

Similar to Alternative C

Geochemistry

Likelihood of TDF ARD
developing

Low due to very low
permeability, low availability
of oxygen and closure and
reclamation of TDF

Same as Alternative A
although a pile contains
a larger volume of
tailings

Same as Alternative B

Same as Alternative B

Geotechnical

Likelihood of TDF failure

Very low probability of TDF

Same as Alternative A

Same as Alternative A

Same as Alternative A

Stability failure due to design
measures
Soils New loss in soil productivity 0 141 156 169
(measured in acres disturbed)
Vegetation Acres of disturbance 0 Productive old growth POG: 130 acres POG: 140 acres

(POG): 109 acres
Non-forested: 99 acres

Non-forested: 91 acres

Non-forested: 95 acres

Off-site effects

Elevated metals levels in
lichens may continue through
life of operations; duration of
effects would depend on the
effectiveness of control
measures

Similar to Alternative A;
however, off-site effects
may continue longer
due to longer mine life

Similar to Alternative B

Similar to Alternative B

viii
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Table ES-2. Summary of Potential Impacts of Each Alternative by Resource.

Impact Alternative A Alternative B Alternative C Alternative D
General Duration of Mine Life Through 2014 30-50 More Years 30-50 More Years 30-50 More Years

Wetlands Acres and types disturbed 0 Bog: 54.8 Bog/Bog Woodland: 11.7 | Bog/Bog Woodland: 13.6
Forested: 43.3 Forested: 75.4 Forested: 76.9
Fen: 0.5 Sedge Fen/Fen: 24.9 Sedge Fen/Fen: 32.5
Marsh: 0.4 Marsh: 1.1 Marsh: 1.9
Total: 99 Total: 114.2 Total: 124.9

Wildlife New decrease in brown bear |None 23 <1 1

buffers (acres)

Duration of activities that could
disturb wildlife and marine
mammals

Through 2014

Additional 30-50 years

Additional 30-50 years

Additional 30-50 years

New removal of POG habitat | None 109 130 140
(acres)

New reduction in deer winter | None 109 130 140
range habitat (acres)

Result in “take” of Endangered | No No No No
Species Act (ESA)-listed

species

Number of goshawk nests 0 0 1 1

potentially affected

Threatened (FT)
and endangered
(FE) species /
Forest Service
Sensitive
Species (FSS)

Humpback whale (FE)

Not likely to adversely affect

Stellar sea lions (FE)

May affect, but is not likely to adversely affect

Yellow-billed loon (candidate
and FSS)

May impact individuals but is not likely to cause a trend to federal listing or loss of viability

Chinook salmon; sockeye
salmon; steelhead (FT or FE,
depending on the run)

No effect

Queen Charlotte goshawk
(FSS)

May impact individuals but is not likely to cause a trend to federal listing or loss of viability

Black oystercatcher (FSS)

May impact individuals but is not likely to cause a trend to federal listing or loss of viability
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Table ES-2. Summary of Potential Impacts of Each Alternative by Resource.

Impact Alternative A Alternative B Alternative C Alternative D
General Duration of Mine Life Through 2014 30-50 More Years 30-50 More Years 30-50 More Years
Land Use Meet management Yes Yes Yes Yes
prescriptions
Recreation Duration of operations (when | Through 2014 plus Additional 30-50 years | Same duration as Disturbance at new TDF
public may be excluded from | reclamation period plus reclamation period |Alternative B; disturbance |not initiated until
areas) at new TDF initiated in approximately year 12
approximately 2—3 years
Scenic Compliance with applicable Yes Yes Yes Yes
Resources scenic integrity objective (SIO)

Duration of visual effects

Around 2014 plus
reclamation establishment
period

Additional 30-50 years
plus reclamation
establishment period

Reclamation at existing
TDF to begin in
approximately 2—3 years;
reclamation of new TDF at
end of mining activity (30—
50 years); reclamation
establishment period
applies to both facilities

Reclamation at existing
TDF to begin in
approximately 12 years;
additional 30-50 years of
mining activity at new
TDF; reclamation
establishment period
applies to both facilities

Location of TDF

Current location

Expanded at current
location

Minimal expansion at
current location and new
site to the north

Moderate expansion at
current location and new
site to the north

Subsistence

Duration of mine life

Through 2014

30-50 more years

30-50 more years

30-50 more years

New reduction in deer winter

range habitat (acres)

None

109

130

140

Location of TDF

Current location

Expanded at current
location

Minimal expansion at
current location and new
site to the north

Moderate expansion at
current location and new
site to the north

Cultural
Resources

Effects on historic properties

Historic properties not
adversely affected; Hawk
Inlet identified as a sacred
place by Angoon affected
over the long term.

Same as Alternative A

Same as Alternative A

Same as Alternative A

Socioeconomics

Duration of annual economic
and employment benefit from

operations

Through 2014

30-50 more years

30-50 more years

30-50 more years
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Table ES-2. Summary of Potential Impacts of Each Alternative by Resource.

Impact Alternative A Alternative B Alternative C Alternative D
General Duration of Mine Life Through 2014 30-50 More Years 30-50 More Years 30-50 More Years
Monument New disturbance within 0 109 9 27
Values Monument (acres)

Post mining condition

Near-natural condition
following reclamation

Similar to Alternative A

Similar to Alternative A

Similar to Alternative A

Environmental
Justice

Disproportionately affect
minority or low income
populations

No

No

No

No
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1.1 Background

CHAPTER 1. PURPOSE AND NEED FOR THE
PROPOSED ACTION

1.1 Background

The Greens Creek Mine is an underground metals mine (primarily lead, zinc, and silver)
located near Hawk Inlet on northern Admiralty Island. It is located approximately 18
miles southwest of Juneau, Alaska (refer to Figure 1.1-1). The mine access and
processing facilities are situated in the Greens Creek watershed while the tailings disposal
facility (TDF) is located in portions of the Tributary Creek, South Hawk Inlet, and
Cannery Creek watersheds. The mine and portions of the TDF are within the Admiralty
Island National Monument (Monument); at its nearest point, the Kootznoowoo
Wilderness is less than 2 miles from the mine’s mill and mine portal. In 1980, Congress
provided for mining within the Monument at the Greens Creek site in Section 503 of the
Alaska National Interest Lands Conservation Act (ANILCA). On an annual basis,
production from the Greens Creek Mine yields approximately 10 million ounces of silver,
65,000 ounces of gold, and a total of 200,000 tons of zinc, lead, and bulk concentrates.

Before mining operations began, the U.S. Department of Agriculture (USDA), Forest
Service, Tongass National Forest (Forest Service), published the Greens Creek Final
Environmental Impact Statement (EIS) (USFS 1983) and issued its Record of Decision
(ROD) for overall development and operation of the mine. In early 1984, the Forest
Service approved a General Plan of Operations (GPO) for Noranda Mining, Inc., the
owner and operator at that time.

That original 1984 GPO called for underground mining with ore crushed and
concentrated via flotation in a mill near the mine portal. Under the plan, the ore
concentrate was to be trucked approximately nine miles to a port on Hawk Inlet at a
former cannery facility (Cannery); from there, it was to be shipped to smelters outside
Alaska for processing and refining. The tailings—the material left after most of the
target metal minerals have been removed—were to be piped along the road corridor as a
slurry, or watery mixture, to a site near the Cannery for disposal. While planning was
still going on, ownership of the mine changed, and in early 1986, Amselco assumed
control of operations. The new owner changed some aspects of the GPO, particularly the
method of tailings disposal. Instead of disposing the tailings as a slurry, Amselco
proposed to remove most of the water from the tailings via thickening and filtration and
truck the dry tailings to a smaller area at the same site near the Cannery for disposal. In
July 1987, the Forest Service determined that this and other proposed changes to the GPO
required a review under the National Environmental Policy Act (NEPA). The following
year, the Forest Service published the Environmental Assessment for Proposed Changes
to the General Plan of Operations for the Development and Operation of the Greens
Creek Mine (USFS 1988).
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Figure 1.1-1. Greens Creek Project — General Location Map.
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1.1 Background

Full-scale development of the mine began in
1987. Workers excavating for the mill site found
a large, unanticipated volume of porous soil that 1.8 tons of tailings = 1 cubic yard
had to be removed in order to provide a suitable
foundation for the mill. Because this soil was

Tailings and waste rock conversion:

1.7 tons of waste rock = 1 cubic yard

placed in the mine’s approved waste rock disposal
site, higher volumes of waste rock than anticipated were disposed of at the TDF, which
decreased available capacity for tailings. Also, ongoing exploration had identified
additional ore reserves. In response to these changed circumstances, in 1990 the project’s
operator, then Kennecott Greens Creek Mining Company (KGCMC), sought approval for
additional waste rock disposal capacity. As a result, in 1991 the Forest Service began a
third NEPA review and the following year published the Environmental Assessment for
Additional Waste Rock Disposal Capacity at Greens Creek Mine (USFS 1992).

In April 1993, KGCMC temporarily suspended mining operations due to depressed
metals prices. On April 1, 1996, Congress passed Greens Creek Land Exchange Act,
which granted Greens Creek title to the subsurface of 7,500 acres of public land
immediately adjacent to their claims. As a result of the implementation of the agreement
ratified by the act, the United States acquired 139 acres of private inholdings in the
Admiralty Island National Monument and 50 acres of private inholdings in the Misty
Fjords National Monument. Upon completion of mining and after reclamation, the
exchanged 7,500 acres, as well as all lands currently owned or yet to be acquired by
KGCMC on Admiralty Island, will revert to the United States and will be included in the
Admiralty Island National Monument, Tongass National Forest. KGCMC reopened the
project in July 1996, and in conjunction with the resumption of mining operations, the
Forest Service approved an amendment to the GPO. Based on the need for additional
surface tailings disposal, in January 2001, KGCMC submitted a proposal to the Forest
Service requesting a modification of the existing GPO for expansion of both the area and
the disposal capacity of the TDF existing at that time. In November 2003, the Forest
Service released the Greens Creek Tailings Disposal Final Environmental Impact
Statement (USFS 2003). The ROD resulting from the 2003 EIS approved an expansion
of the TDF to accommodate an additional 3.3 million cubic yards of tailings storage
capacity which was intended to address KGCMC'’s tailings disposal needs through 2025.
Figure 1.1-2 illustrates the general locations of existing facilities at the site, which were
previously authorized. Figure 1.1-3 illustrates a detailed aerial view of the existing TDF
disturbance.

In April 2008, the Hecla Greens Creek Mining Company (HGCMC) purchased the
project from KGCMC and assumed control of the mine’s operation. In April 2009,
HGCMC submitted a request to the State of Alaska and the Forest Service to co-dispose
waste rock that was being stored at “Site E,” with tailings at the TDF. The co-disposal
request resulted from concerns about the formation of acid rock drainage (ARD) at Site
E, which was unlined and without adequate drainage control. Site E contains
approximately 365,000 cubic yards of material, of which approximately 270,000 cubic
yards is waste rock that had been placed into the facility between 1988 and 1994. The
remaining 95,000 cubic yards is glacial till from the original mill site excavation. The
proposal involved the removal of waste rock from Site E, disposing of the waste rock at
the TDF, and storage of the till material for use in later reclamation. Plans for
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Figure 1.1-2. Greens Creek Project General Location of Existing Facilities.
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Figure 1.1-3. Greens Creek Tailings Facility.
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reclamation of Site E require HGCMC to consolidate, hydroseed, and stabilize the till
within the existing footprint of Site E, control drainage and recontour slopes.

Ultimate reclamation of the site once the till material is removed will include regrading
the site to match, as closely as possible, original contours. HGCMC’s submittal included
documentation supporting the geotechnical stability of co-disposal of the waste rock
within the TDF. The Forest Service conducted a change analysis on the submittal and
determined that the modifications did not represent a substantial change requiring a
revision or supplement to the 2003 Tailings Expansion FEIS and ROD. The Forest
Service approved the modification in June 2009. Additionally, the Alaska Department of
Environmental Conservation (ADEC) reviewed the proposal for co-disposal and
approved the modification in April 2009. Reclamation of Site E removal will be as
described in Hecla’s Site E Removal Plan (HGCMC 2009); subject to annual removal
plans approved by the USFS and ADEC.

HGCMC has revisited the approved capacity of the TDF. Based on current production
levels, HGCMC estimates that the TDF has the capacity to accommodate tailings and
waste rock placement through approximately 2014. The apparent “loss” in disposal
capacities and volumes anticipated in the 2003 EIS and GPO compared to current
calculations results from two sources. The first is a reduction in capacity of the approved
TDF. Capacity is reduced because geotechnical conditions (i.e., steep slopes and
unstable material) prevented the safe use of some of the areas that had been approved for
tailings disposal in 2003. The second reason is an increase in the average annual
production of tailings and waste rock being placed into the TDF. While the 2003 EIS
volumes reflect a tailings disposal rate of approximately 150,000 cubic yards per year,
the metered volume over the last 10 years has been closer to 167,000 cubic yards of
tailings plus an additional 30,000 cubic yards of waste rock annually.

With continued discovery of new ore and improved metal prices, HGCMC believes they
can extend the life of the mine for another 30 to 50 years. Consequently, to process the
known ore reserves, additional disposal capacity of approximately 15 million cubic yards
is needed for tailings and waste rock material. Based on that need, in February 2010,
HGCMC submitted a letter to the Forest Service requesting a modification of the existing
GPO for expansion of both the area and the disposal capacity of the existing TDF.
HGCMC'’s request for the “Stage 3” tailings expansion noted that all other aspects of the
operation, including production rates, employment levels, and shipping procedures would
remain the same.

The Forest Service reviewed the HGCMC proposal and developed a proposed action to
carry forward. The Forest Service determined that an EIS should be prepared. In
October 2010, the Forest Service issued a Notice of Intent (NOI) to prepare an EIS to
analyze and discuss the effects of proposed changes to the TDF. In the process of
preparing the analysis, the Forest Service encouraged public comment through the
scoping process (initiated October 5, 2010). Based on the input gathered during scoping,
the Forest Service identified significant issues—those issues related to the proposed
action that cannot be mitigated and are likely to cause impacts to the environment.
Through the consideration of these significant issues, the Forest Service formulated
alternatives to the proposed action, including a No Action Alternative. This EIS analyzes
the proposed action and alternatives to the proposed action and their effects on pertinent
physical, biological, and social resources in the area of the proposed expansion.
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1.2 Purpose and Need

The purpose of this EIS is for the Forest Service to consider certain changes to the
approved HGCMC GPO regarding tailings and waste rock disposal and related
infrastructure.

The proposed action, which is the action proposed by HGCMC, is to extend the TDF
footprint south into the Monument providing capacity for tailings and waste rock disposal
for an additional 30 to 50 years. With continued exploration identifying additional ore,
improved metal prices, and ongoing operational efficiencies, there is a need for additional
tailings and waste rock disposal capacity and related infrastructure at the Greens Creek
Mine to allow for continuous site operations in a safe, environmentally sound, technically
feasible, and economically viable manner, while remaining in compliance with regulatory
requirements.

This EIS analyzes impacts that could result from expansion of the TDF. Other mine
project components (e.g., the underground mine, mine road, waste rock disposal site,
Hawk Inlet terminal, etc.) are not addressed because they were analyzed in previous EISs.

1.3 Proposed Action

Annual exploration activity by the Greens Creek
Mine has continued to maintain its proven reserves at
the 10-year life-of-mine level. Therefore, the mine
has operated as a “10-year” mine for the last 20 years Proven resources have been
with the likelihood that new reserves will continue to
be identified well into the future. The combination of
new proven reserves and high metal prices has driven
the need for additional tailings disposal capacity to

Proven, Inferred, and Probable
Resources

defined clearly enough to report
to stockholders based on
requirements established by the

allow for the continued operations of the Greens Securities Exchange
Creek Mine. HGCMC has estimated that pre-tailings Commission. Inferred and
construction work would need to begin in 2012 to probable resources are on a less
prepare the site for tailings placement in 2014. robust level of sampling and
The TDF at the Greens Creek Mine is built and reflect either other portions of
operated using the dry stack tailings disposal the ore body or new ore bodies.

technique. This technique allows less ground
disturbappe thap either convent.ional slurry tailings or based on these inferred and
paste tailings disposal by reducing the overall volume ,
of waste material. HGCMC proposes to extend the probable reserves and HGCMC's
existing TDF in a southward direction for the targeted belief that they will be
additional capacity. economical to mine in the future.

The request of the expansion is

The TDF expansion would accommodate an

estimated additional 15 million cubic yards of tailings and waste rock. This expansion
would include capacity for ongoing operations and project reserves, and provide volume
for waste rock co-disposal and an expanded resource base being defined by ongoing on-
site exploration activities. Based on these assumptions the expanded TDF could provide
enough capacity for the next 30-50 years of mine operations. Waste rock co-disposed
could include material generated in the mining process as well as waste rock currently
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located in existing on-site disposal facilities. The planned expansion would also meet
HGCMC management direction to design and permit a “long-term” TDF capable of
handling projected operational requirements. HGCMC proposes to use the same tailings
disposal techniques, environmental management procedures, and reclamation measures
that were analyzed in the 2003 EIS for the site. The expanded TDF proposed by
HGCMC would add roughly 60 acres to the TDF, essentially doubling the size of the
currently approved facility. Based on preliminary engineering analyses, the tailings
expansion would increase the height of the overall facility.

As part of the proposed expansion, HGCMC would incorporate additional supporting
infrastructure, including storm water facilities, quarry sites, reclamation material storage
areas, new access roads, a new truck wash facility, a new or expanded water treatment
plant, and an upgraded water discharge outfall line into Hawk Inlet.

As the TDF expanded, HGCMC would have the ability to initiate interim or concurrent
reclamation on sections of the TDF as they reached full design capacity. In addition,
HGCMC would continue to use the operational, maintenance, and monitoring techniques
for tailings that the operator has employed since the late 1980s, as well as the more
recently approved procedures which allow co-disposal of waste rock into the TDF. The
company would continue to meet the requirements set forth under the State Waste
Management Permit and the Alaska Pollutant Discharge Elimination System (APDES)
permit.

1.4 Decisions to Be Made

The Forest Supervisor of the Tongass National Forest is the responsible official for
deciding whether to select the proposed action or another alternative for implementation.
In addition to increased disposal capacity and disturbance footprint, the proposed action
would include an increase of the HGCMC’s existing lease area to accommodate
additional tailings disposal'.

The U.S. Army Corps of Engineers (USACE) will decide whether to issue permits under
Section 404 of the Clean Water Act (CWA). Section 404 permits are required for some
of the activities related to expansion of the TDF. Section 1.8 provides additional
information on the USACE’s responsibilities; Appendix A presents the USACE’s public
notice and HGCMC’s section 404 permit application. The Alaska District Engineer is the
responsible official for the USACE. The USACE is a cooperating agency in developing
the EIS.

The Forest Supervisor and Alaska District Engineer will identify any additional
mitigation measures and monitoring required for this project. The Forest Supervisor and
Alaska District Engineer will document their respective decisions in records of decision,
which will include the reasons applicable within their respective authorities for their
decision based on the analyses presented in the Final EIS. It should be noted that in the
case of this document, the No Action Alternative is not a “no-build” alternative.
Selection of the No Action Alternative as a result of the EIS would deny the proposed

" The Forest Service issued Lease No. 4050-10 for the Greens Creek Mine in 1988 covering approximately
40 acres for the construction, operations and maintenance of a tailings disposal facility. In 2004, the Forest
Service amended the lease to cover a total of 123 acres.
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changes to the currently approved GPO but would allow the company to continue mining
operations and placement of tailings and waste rock under the terms of the ROD for the
2003 EIS and the approved operating plan. A No Action Alternative that considered the
effects of no mining in the project area was evaluated under NEPA in the 1983 FEIS.

1.5 Scoping and Public Involvement

The NOI to prepare the EIS for the Greens Creek Mine Tailings Disposal Facility
Expansion was published in the Federal Register on October 5, 2010. The publication of
the NOI initiated the scoping process and a public review and comment period required
under NEPA at 40 CFR Part 1501.7. The formal scoping period ended on November 19,
2010.

Scoping is a process intended to assist the Forest Service and the cooperating agencies in
identifying issues of concern associated with the proposed project, and is designed to
ensure that all significant issues are fully addressed during the course of the EIS process.
The main objectives of the scoping process are to:

= Provide the public, stakeholders, and regulatory agencies with a basic understanding
of the proposed project;

* Provide a framework for the public to ask questions, raise concerns, and identify
specific issues with the proposed options; and recommend options other than those
currently proposed;

= Ensure that potentially significant issues from the public, tribes, and agencies are
identified and fully addressed during the course of the EIS process; and

= Explain where to find additional information about the project.

The scoping document for the Greens Creek Mine Tailings Disposal Facility Expansion
EIS was distributed along with the NOI. The scoping document was distributed to a
mailing list generated from previously completed similar projects and with input from the
cooperating agencies. The scoping document provided a brief background on the Greens
Creek Mine; a description of the proposed action, agency involvement, permits and
authorizations, and the scoping process; an EIS preparation schedule; and information
sources. In addition to the NOI, the Forest Service placed a public notice in the
Ketchikan Daily News and the Juneau Empire on October 8, 2010, which ran for four
days, and also used email to advertise public meetings. Public meetings were held in
Juneau on October 14, 2010, and in Angoon on October 15, 2010. The purposes of the
scoping meetings were to listen to and record the public’s comments about the project
and to respond to the public’s requests for background information needed to fully
understand the project description and proposed scope of the EIS.

Throughout the scoping process, the Forest Service collected comments from the public;
local, state, and federal agencies; non-governmental organizations; professional and trade
organizations; and Native corporations and tribal organizations. Fifteen people signed
the attendance sheets at the public meeting in Juneau, and 20 signed in at the Angoon
meeting.

The scoping process produced 16 individual comment submittals, which are traditional
letters, emails, or written comment forms. Many comment submittals included more than
one comment. An interdisciplinary team, consisting of resource experts, reviewed the
comment submittals to identify and catalog individual comments. A total of 155
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comments were identified. The Forest Service released a Scoping Summary Document’
that summarized the nature of the scoping comments received during this process and
identified in which part of the Draft EIS the comments will be addressed.

1.6 Government-to-Government Consultations

The Forest Service conducts ongoing consultations with Alaska Native groups to comply
with Executive Order 13175, which addresses consultation and coordination with Indian
tribal governments. The Forest Service conducted government-to-government
consultations to solicit comments on the project from the Angoon Community
Association and Kootznoowoo Incorporated on October 15, 2010, and held a follow up
meeting with Kootznoowoo on November 10, 2010. Additional consultation occurred
with the Angoon Community Association on October 13, 2011. The purpose of the
meetings was to explain the nature of the project and to solicit comments and concerns.
The Sealaska Corporation declined the Forest Service offer to consult on a government-
to-government basis. Results of this consultation are discussed in Section 3.21,
Environmental Justice.

1.7 Significant Issues

With respect to an EIS, issues are points of discussion, debate, or dispute about the
environmental impacts of the proposed action. Issues may be determined to be
significant based on the extent, duration, or magnitude of the environmental effect.
Significant issues focus the environmental analyses in the EIS on the aspects of the
project that are of the greatest concern to the public or regulatory agencies or have the
most potential for producing adverse environmental effects. Alternatives to the proposed
action or specific mitigation measures are developed in response to significant issues. By
associating measures with individual issues, the public and decision-makers are better
able to differentiate among different alternatives in terms of environmental impacts. The
significant issues summarized below are based on public, tribal, and agency comments
made during the scoping process. The measures to be used to assess each of the issues
across alternatives are provided at the end of each item.

Issue 1: Water quality may be impacted directly by runoff from acid-generating tailings
and waste rock, or by direct impacts of the expanded facilities or by marine discharges of
mine water. The impacts to water quality could adversely impact aquatic life.

This issue was identified after considering scoping comments including the following
comments:

= Alternative and mitigation measures that minimized adverse impacts to groundwater
and surface water should be analyzed, especially in areas that may be hydrologically
connected;

= The geochemical stability of the tailings and compliance with Alaska water quality
standards should be investigated;

= The EIS should discuss past and current monitoring of the marine habitat and water
quality;

2 The Scoping Summary Document is available online at:
http://www.fs.fed.us/r10/tongass/projects/nepa_project.shtml?project=32662.

1-10 Greens Creek Mine Tailings Disposal Facility Expansion EIS



1.7 Significant Issues

= Potential impacts to surface waters, even from seepage, should be clearly discussed;
and

= Water quality monitoring plans for Tributary Creek, whose headwaters contain
portions of the TDF, should include biological components such as fish populations,
macrobenthic invertebrates, and periphyton. These organisms are common indicators
of water quality. Additionally a suite of toxicology tests should be employed to
determine if the biological community is adversely affected by any exceedences of
water quality standards.

Assessment Measures:

= Percent of drainage area and flow lost in area streams;

= Ability of effluent and storm water discharges to meet applicable Alaska Water
Quality Standards in marine and fresh water;

= Potential for acid rock drainage conditions developing in the TDF;

= Ability to control or prevent discharges of TDF drainage to surface and groundwater;
and

= Extent and complexity of water management and treatment infrastructure (e.g.,
surface and groundwater diversions, water management ponds, pipelines, treatment
and wheel wash facilities) required to protect surface and groundwater and manage
storm water.

Issue 2: Expansion of the mine tailings disposal facility may cause direct and indirect
impacts to wetlands. Loss of wetlands can affect migrating and resident birds as well as
other wildlife species. Any impacts to wetlands must be mitigated.

This issue was identified after considering scoping comments including the following
specific comments:

= An approved delineation showing all of the proposed activities that may result in
impacts to waters of the United States relative to pertinent jurisdictional boundaries
(i.e., wetland boundaries). Wetland delineation should clearly depict all proposed
impacts in both linear feet and acreage for streams, and acreage for other waters.
Both direct and indirect impacts to waters and wetlands should be described in the
EIS;

= The loss of wetlands could be mitigated by considering creating shallow water
wetlands in reclaimed areas to provide habitat for migrating and resident birds as well
as other wildlife species;

= Concern for the temporal loss of wetlands was expressed and it was recommended
that mitigation by habitat restoration or fees be considered to offset impacts of the
project;

= Design criteria should include reasonable options for a new remote tailings disposal
site, predominately an upland site to avoid impacting wetlands; and

= Impacts to anadromous streams and wetlands that support unique plant or animal
communities should be avoided and adequate buffers should be established.

Assessment Measures:

= Acres of wetlands affected;
= Type of wetlands affected; and
= Habitat functions of areas affected.
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Issue 3: Construction related to expansion of the tailings and waste rock disposal facility,
contact water ponds, and roads along or over creeks could negatively impact anadromous
and resident salmonids and other fish species.

This issue was identified after considering scoping comments including the following
specific comments:

= Potential impacts of situating storm water collection ponds, tailings disposal sites, and
a road crossing along/over a tributary to Greens Creek should be considered.
Infrastructure may have negative implications for water quality and natural
hydrologic function of a tributary, which will impact anadromous and resident
salmonids in the tributary and main stem of Greens Creek;

= Impacts to surface water or groundwater could impacts fish or fish habitat in
Tributary and Zinc Creek;

= Tributary and Zinc creeks provide habitat for anadromous and resident salmonids as
well as other fish species; and

= Given the anadromous fish in Greens Creek, alternative sites not adjacent to a
tributary should be used for tailings disposal and infrastructure.

Assessment Measures:

= Length of anadromous (class 1) and resident (class II) streams lost, by watershed;

= Area of facilities that could affect groundwater discharge (wetland fills); and

= Potential flow reduction due to basin fill and water capture (percent of watersheds
affected by new disturbance).

Issue 4: The Greens Creek Mine and proposed expansion occurs partially within
Admiralty Island National Monument. The Monument was established for the purpose of
protecting objects of ecological, cultural, geological, historical, prehistorical, and
scientific interests. Any lease of Monument lands for mining must not cause irreparable
harm to Monument values.

This issue was identified after considering scoping comments including the following
specific comments:

= Requests for the feasibility criteria used to determine the relationship of alternative
sites and impacts on Monument lands as well as alternative sites not located in
Monument lands;

= Requests for baseline conditions for the Monument including the community of
Angoon as well as current structure and function; and

= The EIS should disclose any reasonable foreseeable activities that would encroach on
the intrinsic and ecological values of the Monument.

Assessment Measures:

= Availability of suitable lands within existing mine claims, HGCMC controlled lands,
or off of the Monument;

= The potential for reclamation of impacted areas to pre-project conditions;

*  Whether or not surface waters within the Monument will be impacted in the long
term; and

= Acres disturbed within the Monument.
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Other Issues: Other issues were identified during the scoping process as important, but
did not drive the alternatives for this EIS. However these other issues are taken into
consideration for the impact analysis and for potential mitigation measures. Other issues
include the following:

= Current operation plans used to minimize/restrict air emissions and fugitive dust and
how they may be revised upon expansion should be disclosed;

= High levels of contaminants in lichens are a concern in light of expansion plans.
Fugitive dusts have a potential to be released over a greater surface area, with a
possibility of reaching the Kootznoowoo Wilderness and beyond. Contaminant
concentrations in lichens are above Tongass thresholds in all of the locations at the
Greens Creek Mine. Many of the contaminants were the highest found in lichens on
the Tongass National Forest, including lead, cadmium and sulfur;

» Impacts to seafloor flora and fauna as a result of the marine discharge of treated mine
water should be considered. The EIS should disclose all monitoring results of
seafloor sediment and biota, as well as contaminated sediments at the loading dock;

= Adequacy of the reclamation and closure bond. Closure bonds should be re-evaluated
in context of HGCMC'’s obligation to protect the environment, including the
Monument, from significant damage. Adequate bonding for long term water quality
management, monitoring and treatment should be examined; and

= Potential impacts to transportation and utility corridors should be considered.
Alternatives should take into consideration impacts on transportation and utility
corridors and easements created by Congress and the Angoon Community
Association.

1.8 Agency Responsibilities, Approvals, and
Compliance

This section describes the primary roles of each agency involved in developing the EIS.
The Forest Service is the lead NEPA agency. The USACE, U.S. Environmental
Protection Agency (USEPA), State of Alaska, and City and Borough of Juneau (CBJ) are
cooperating agencies. The Forest Service coordinated with the cooperating agencies in
developing the EIS. The Forest Service consulted with the other agencies identified in
this section.

This section also includes a description of the major permits and authorizations required
for the project. It addresses how this document or the TDF expansion itself complies
with environmental laws as they pertain to each of the responsible agencies.

1.8.1 Applicable Laws, Statutes and Ordinances

The following list presents some of the laws, statutes, and ordinances applicable to
operation of the Greens Creek Mine:

= (Clean Water Act (CWA);

= (Clean Air Act (CAA);

= General Mining Law of 1872;

= Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA);
= National Historic Preservation Act (NHPA);

= National Environmental Policy Act (NEPA);
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Migratory Bird Treaty Act (MBTA);

Fish and Wildlife Coordination Act;

Bald and Golden Eagle Protection Act;

Marine Mammal Protection Act (MMPA);

Endangered Species Act (ESA);

Alaska National Interest Lands Conservation Act (ANILCA);

Greens Creek Land Exchange Act;

Wilderness Act of 1964;

Alaska Administrative Code Title 18, Chapters 50, 60, 70, 72, and 97;
Alaska Administrative Code Title 83;

Alaska Statute AS 16.05.841, AS 16.05.871, AS 27.19 and 46.17;
City and Borough of Juneau Exploration and Mining Ordinance (CBJ Title 49,
Chapter 49.65, Article I); and

= 2008 City and Borough of Juneau Comprehensive Plan.

1.8.2 Permits and Decisions for Continued Operation
of the Greens Creek Mine

The Forest Service, USACE, State of Alaska, and CBJ must all issue permits,
authorizations, or approvals for the HGCMC to expand the TDF. These permits and
authorizations include the following:

EIS Record of Decision — Forest Service and USACE;

Approval of expansion of the lease of National Forest lands — Forest Service;
Approval of changes to the GPO — Forest Service;

Readjustment of the Reclamation Bond — Forest Service, ADEC, Alaska Department
of Natural Resources (ADNR), and CBJ;

Section 404 permit for discharge of fill into waters of the United States — USACE;
Waste Management Permit — ADEC;

Reclamation and closure plan approval — ADNR; and

Large Mine Permit — CBJ.

1.8.3 Federal Agencies

1.8.3.1 Forest Service

The Forest Service is responsible for NEPA compliance and issuing a ROD for the Final
EIS. The Forest Service is also responsible for the following:

Approval of 2010 Amended General Plan of Operations (GPO);

Approval of a lease expansion

Compliance with Section 106 of the NHPA;

Compliance with Sections 313 and 319 of the CWA;

Compliance with Section 7 of the Endangered Species Act;

Compliance with Section 305 of the MSFCMA, including consultation with the
National Marine Fisheries Service (NMFS) on essential fish habitat (EFH);

= Compliance with applicable Executive Orders (specifically 11988, Floodplain
Management; 11990, Protection of Wetlands; 12088, Federal Compliance with
Pollution Control Standards; 12898, Federal Actions to Address Environmental
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Justice in Minority Populations and Low-Income Populations; 12962, Recreational
Fisheries; and 13175, Consultation and Coordination with Indian Tribal
Governments); and

= Consistency with 2008 Tongass National Forest Land and Resource Management
Plan.

The Forest Service is the lead agency in the preparation of the Greens Creek Mine
Tailings Disposal Facility Expansion EIS. The Forest Service’s authority to require,
evaluate, and approve or modify the operator’s GPO is based on the Organic Act of 1897
and on the Mining Law of 1872, which is described in 36 CFR Part 228, Subpart A. If
another agency cannot meet its regulatory responsibilities, the Forest Service is ultimately
responsible for ensuring that federal and state regulations are implemented on National
Forest System lands.

All alternatives are consistent with the 2008 Tongass National Forest Land and Resource
Management Plan (USFS 2008). The site is in an area with the following designated
land uses: Non-wilderness National Monument and Semi-remote Recreation. The goals
for management in the Non-wilderness National Monument are as follows:

* To manage Admiralty Island National Monument for public access and uses
consistent with ANILCA;

= To facilitate the development of significant mineral resources located within portions
of Admiralty Island National Monument, as specified by ANILCA;

= To protect objects of ecological, cultural, geological, historical, pre-historical, and
scientific interest, as specified by ANILCA, and the GPO, as well as minimize effects
on non-mineral resources to the extent feasible. In the long term, when mining is
completed, to reclaim areas disturbed by mining to a near-natural condition; and

* To limit mining activities to claims with valid existing rights, and to the land area
actually needed to carry out mining operations.

The goals for management of the Semi-remote Recreation areas are as follows:

= To provide predominantly natural or natural-appearing settings for semi-primitive
types of recreation and tourism, and occasional enclaves of concentrated recreation
and tourism facilities; and

= To provide opportunities for a moderate degree of independence, closeness to nature,
and self-reliance in environments requiring challenging motorized or non-motorized
forms of transportation.

Forest Plan Objectives
Forest Plan objectives include:

= Ensure that the Plan of Operations for each mineral development specify the activities
to be conducted, the location and timing of those activities, and how the environment
and resources in each area will be protected through compliance with federal and
state requirements. (page 3-26)

= In areas affected by mining, manage activities to maintain the productivity of
anadromous fish and other foodfish habitat to the maximum extent feasible. Stress
protection of fish habitat to prevent the need for mitigation. (page 3-26)

= In areas affected by mining, manage public recreation use as directed in the Plan of
Operations. Outside these areas, manage recreation use and activities to meet the
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appropriate levels of social encounters on-site developments, methods of access, and
visitor impacts indicated for the adopted or existing Recreation Opportunity Spectrum
(ROS), as appropriate. (page 3-26)

= Locate and manage trails to direct the public away from mining operations. (page 3-
27)

= Develop reclamation plans prior to project initiation. Include, as needed,
rehabilitation of fish and wildlife habitats, soil resources, and the scenery. (page 3-27)

The process of alternatives development described in Chapter 2 took these objectives into
account.

Standards and Guidelines for Minerals and Geology

Standards and guidelines are designed so that all activities are integrated to meet land
allocation objectives. Standards and guidelines are intended to be used in conjunction
with national and regional policies, and direction contained in Forest Service manuals
and handbooks. Forest-wide Standards and Guidelines apply to all or most areas of the
Forest and provide for the protection and management of forest resources. They are used
in conjunction with the additional standards and guidelines given in the management
prescriptions for each Land Use Designation (LUD). Forest-wide Standards and
Guidelines for Minerals and Geology that applicable to this analysis are provided below
(MG2 [, II, II1, and VI, USFS 2008).

Minerals and Geology Administration MG2:
I.  Forest Lands Withdrawn from Mineral Entry

A. Claimants with claims located in areas withdrawn from mineral entry retain
valid existing rights, if such rights are established prior to the withdrawal
date.

B. Conduct on-the-ground validity examinations by a certified minerals
examiner to establish or reject valid existing rights on active mining claims
within Wilderness areas and other areas withdrawn from mineral entry.

C. Permit reasonable access to mining claims in accordance with the provisions
of an approved Plan of Operations. Motorized access to sites may be
authorized as part of the Plan of Operations. Use of off-highway vehicles
may be allowed and must be in accordance with 36 CFR 212, 251, and 261 —
Travel Management; Designated Routes and Areas for Motor Vehicle Use.

II. Forest Lands Open to Mineral Entry

A. Encourage the exploration, development, and extraction of locatable, salable,
and leasable minerals and energy resources.

B. Assure prospectors and claimants their right of ingress and egress granted
under the General Mining Law of 1872, ANILCA, and the National Forest
Mining Regulations (36 CFR 228).

C. Permit reasonable access to mining claims and mineral leases in accordance
with the provisions of an approved Plan of Operations.
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ITII. Locatable Mineral Operations

A. A Notice of Intent and/or a Plan of Operations is required for locatable
operations (Consult FSM 2810 and 36 CFR 228).

1.

A Plan of Operations will receive prompt evaluation and action within
the time frames established in 36 CFR 228.

Conduct an environmental analysis with appropriate documentation for
all operating plans.

Locatable mineral exploration and/or development situated in areas
identified in the Forest Plan for intensive development (minerals
overlay) must be consistent with standards and guidelines for mineral
development.

Following locatable mineral exploration and/or development site
rehabilitation and restoration will be designed to return the site to as near
as practicable to a condition consistent with the underlying non-mineral
LUD.

B. Work with claimants to develop a Plan of Operations that adequately
mitigates adverse impacts to LUD objectives. Include mitigation measures
for locatable actions that are compatible with the scale of proposed
development and commensurate with potential resource impacts.

1.

VI. Bonds

Maintain the habitats, to the maximum extent feasible, of anadromous
fish and other foodfish, and maintain the present and continued
productivity of such habitats when such habitats are affected by mining
activities. Assess the effects on populations of such fish in consultation
with appropriate state agencies (consult ANILCA, Section 505(a)).

Apply appropriate Transportation Forest-wide Standards and Guidelines
to the location and construction of mining roads and facilities.

Reclaim disturbed areas in accordance with an approved Plan of
Operations. Apply approved seed mixtures as needed (Consult
Standards and Guidelines for Plants and FSH 2080).

Apply Best Management Practices (BMPs) to maintain water quality for
the beneficial uses of water (Consult FSH 2509.22).

Periodically inspect minerals activities to determine if the operator is
complying with the regulations of 36 CFR 228 and the approved Plan of
Operations.

A. A bond will be required for locatable, leasable, and salable mineral

operations to ensure operator performance and site reclamation are completed
(Consult 36 CFR 228).

Pursuant to the Organic Administration Act and 36 CFR 228, Subpart A, the Forest
Service requires that mine operators submit a reclamation bond, or financial assurance,
prior to approval or modification of the GPO. The purpose of the reclamation bond is to
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assure reclamation of surface disturbances to prevent or control damage to the
environment, to control erosion, landslides, water runoff and toxic materials and to
provide for rehabilitation of fish and wildlife habitat.

The State of Alaska requires financial assurance from mines in accordance with Alaska
Statutes 27.19 (Reclamation) and 38.05 (Alaska Land Act) and the Alaska Administrative
Code, Title IT and Chapter 97 (Mining Reclamation). The CBJ also requires financial
warranties to be in place for mining operations prior to issuance of the Large Mine Permit
(CBJ 49.65.140). For large mine operations, the reclamation bond is usually in the form
of a surety or irrevocable letter of credit because of the significant obligation that
reclamation typically represents.

Because the Greens Creek Mine already exists, the Forest Service and State of Alaska
jointly hold a reclamation bond to assure reclamation of the currently approved
operations. At this time, the reclamation bond value is being recalculated as part of its
regular review cycle. The current reclamation bond value is over $26 million.

As required by 36 CFR 228.13 (c¢), if the approved plan of operations is modified, the
agencies would review the initial bond for adequacy and, if necessary, would adjust the
bond to conform to the operations plan as modified. The modification will only be
approved when the required bond is received. After the Forest Service selects an
alternative and issues its ROD, HGCMC may, depending on the alternative selected,
submit an updated reclamation plan and cost estimate for the first stage of expansion of
the TDF to the Forest Service and State of Alaska. Agency engineers and Certified
Locatable Mineral Examiners would review the plan and cost estimate to ensure it was
adequate. If the Forest Service and State of Alaska conclude that an increase in the bond
amount would be necessary, HGCMC must submit the additional bond amount before the
approved modifications can be executed. The bond amount is the agencies’ estimated
cost to complete full reclamation of the site in the event the operator cannot or will not
perform the required reclamation. Reclamation is not only defined as surface
reclamation; it can also include long-term water management and treatment. The
reclamation plan and bond would be developed and reviewed in stages consistent with
the staged TDF expansion and commensurate with actual disturbances. HGCMC would
not be required to post bond for reclamation of facilities that would not be built for
decades.

See Appendix B for additional detailed information on reclamation bond requirements.
National Historic Preservation Act

Prior to approving a revision to the existing GPO, the Forest Service must comply with
Section 106 of the NHPA. Compliance with NHPA generally involves the following:

= Identification of historic features that may be affected;

= Assessment of effects to those features;

= Consultation with the State Historic Preservation Officer (SHPO) and interested
parties; and

= Consideration of comments by the Advisory Council on Historic Preservation if
historic features could be affected.
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The Forest Service has initiated consultation with the SHPO and will continue the
process through development of the EIS. Review comments provided by the SHPO have
been incorporated into this document.

Clean Water Act

Under agreement between the Forest Service and the ADEC, the Forest Service is
committed to ensuring that activities on National Forest System lands are consistent with
the requirements of the CWA, Sections 319(b)(2)(f); 319(k); 313; and Executive Order
12088. Section 319 addresses nonpoint source pollution, and Section 313 and Executive
Order 12088 require the Forest Service to adhere to the goals set forth in state WQS.

Magnuson-Stevens Fishery Conservation and Management Act and
Recreational Fisheries Executive Order

The MSFCMA requires the Forest Service to consult with the NMFS regarding the
protection of EFH prior to approving the GPO. Executive Order 12962 requires federal
agencies to evaluate the potential effects of proposed federal actions on recreational
fisheries. This EIS complies with Executive Order 12962 by considering the potential
mining and transportation impacts of each alternative on water quality, habitat, and fish
populations. An EFH assessment is being prepared for consultation with the NMFS.

Wetlands and Floodplains Executive Orders

Executive Orders 11988 and 11990 address minimizing impacts on the nation’s wetlands
and/or floodplains are discussed below in Section 1.8.3.2, U.S. Army Corps of Engineers.

Tribal Consultation Executive Order

Executive Order 13175 requires federal agencies to establish a consultation process for
interactions with Indian tribes in the development of regulatory policies that have tribal
implications. Executive Order 13175 is addressed by ongoing consultation with Alaska
Native groups, as discussed in Section 1.6, Government-to-Government Consultations,
Section 3.21, Environmental Justice, and Section 4.2, Federal Consultation.

Environmental Justice Executive Order

Executive Order 12898 requires federal agencies to identify and address
disproportionately high and adverse human health or environmental effects of proposed
activities on minority and low-income populations. This document addresses Executive
Order 12898 by considering the potential impacts of each alternative on minority and
low-income populations in the discussions of recreation, socioeconomic impacts, and
environmental justice.

1.8.3.2 U.S. Army Corps of Engineers

The USACE is responsible for deciding whether to issue the CWA Section 404 permit for
the discharge of fill needed to construct the TDF expansion. The USACE is a
cooperating agency in developing this EIS since the USACE has an independent
requirement to comply with NEPA before making its 404 decision. The USACE’s
decision will be documented in a ROD. The USACE responsibilities include the
following:

= Participation as a NEPA cooperating agency in development of the EIS;
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= NEPA compliance for issuance of the Section 404 permit;

= Jssuance of a ROD;

= Issuance of a Section 404 Permit: CWA (Dredge and Fill);

= Compliance with all executive orders (specifically 11988, 11990, 12088, 12898,
12962, 13045, and 13175);

= Compliance with Section 106 of the NHPA; and

= Compliance with the MSFCMA.

CWA Section 404 authorizes the USACE to issue permits for discharge of dredged or fill
material into waters of the United States. The CWA prohibits such a discharge except
pursuant to a Section 404 permit. Various activities undertaken by HGCMC in
connection with the proposed action and alternatives have the potential to affect waters of
the United States, including expansion of the TDF and construction and operation of
access roads, truck wash facility, contact water facilities, quarry sites, disposal areas, a
water treatment plant, and a water discharge outfall line into Hawk Inlet. To the extent
that these activities would involve the placement of fill in waters of the United States,
including jurisdictional wetlands, a Section 404 permit would be required. The USACE
is responsible for determining whether an action complies with CWA Section 404(b)(1)
guidelines; a Section 404 permit may not be issued without such compliance.

All federal agencies, including the USACE, must comply with Executive Orders 11990
and 11988, which address minimizing impacts on the nation’s wetlands and floodplains,
respectively. The USACE’s regulatory program provides some flexibility when
considering the national goal of “no net loss” of wetlands. Because the “no net loss” goal
cannot always be achieved on an individual project-by-project basis, the Alaska District
of the USACE may consider site-specific conditions and impacts when determining the
extent of compensatory mitigation required for wetland losses. Under Executive Order
11988, any bridges proposed under each of the alternatives would need to be constructed
to ensure public safety and minimize impacts on the floodplain.

The MSFCMA requires the USACE to consult with NMFS regarding the protection of
EFH before a Section 404 permit may be issued. The previous section described the
MSFCMA requirements and how this EIS includes the MSFCMA evaluation.

Like the Forest Service, the USACE needs to comply with the NHPA and executive
orders requiring tribal consultation and environmental justice considerations. The
USACE is relying on this EIS and is cooperating with the Forest Service on these issues.

1.8.3.3 U.S. Environmental Protection Agency

The USEPA has a range of responsibilities related to the proposed TDF expansion at
Greens Creek including the following:

= Participation as a NEPA cooperating agency;

= Compliance with the CWA (review of the CWA 404 permit public notice and
oversight of the CWA 402 permit developed by ADEC);

= Compliance with the CAA (oversight of the ADEC air permit and review and
comment on the EIS); and

= Notification of hazardous waste activity.

The USEPA is a cooperating agency with the Forest Service on this EIS. The USEPA
has primary responsibility for implementing CWA Sections 301, 306, 311, and 402. The

1-20 Greens Creek Mine Tailings Disposal Facility Expansion EIS



1.8 Agency Responsibilities, Approvals, and Compliance

USEPA shares responsibility for Section 404 with the USACE. Sections 301 and 306 of
the CWA require that USEPA develop wastewater effluent standards for specific
industries, including metals mines. These standards are established for both existing
sources and new sources.

The USEPA initially issued a National Pollutant Discharge Elimination System permit
for the Greens Creek mine in 1987; the permit was re-issued in 1998 and again in 2005.
The ADEC is in the process of reissuing the permit for the Greens Creek Mine under the
APDES permit program. During the effective period of the new APDES permit, the
Permittee will be authorized to discharge pollutants from outfalls 002 and 003 to Hawk
Inlet, outfall 004 to wetlands, outfall 005.2 to Zinc Creek, and outfalls 005.3, 005.4,
005.5, 006, 007, 008, and 009 to Greens Creek, within the limits and subject to the
conditions set forth in the APDES permit. The APDES permit authorizes the discharge
of only those pollutants resulting from facility processes, waste streams, and operations
that have been clearly identified in the permit application process.

The USEPA also has authority under CWA Section 404 to review project compliance
with Section 404(b)(1) guidelines and Section 404(c) guidelines. Under Section
404(b)(1) the USEPA must ensure that the USACE has selected the least damaging
practicable alternative. Under Section 404(c), the USEPA may prohibit or withdraw the
specification (permitting) of a site upon determination that use of the site would have an
unacceptable adverse effect on municipal water supplies, shellfish beds, fishery areas, or
recreational areas.

Section 311 of the CWA establishes requirements related to discharges or spills of oil or
hazardous substances. Under 40 CFR Part 112, the USEPA requires each facility that
handles substantial quantities of oil to prepare a Spill Prevention, Control and
Countermeasures plan. A registered engineer must certify the Spill Prevention, Control
and Countermeasures plan. The USEPA Regional Administrator would make a
determination regarding whether a Facility Response Plan is required.

The most basic goals of the CAA are to protect public health and welfare. The CAA
Section 309 requires the USEPA to review and comment on EISs. In addition, the
USEPA approves state implementation plans for air quality and reviews Air Quality
Control Permit to Operate applications, including requirements for prevention of
significant deterioration.

1.8.3.4  U.S. Fish and Wildlife Service

The U.S. Fish and Wildlife Service (USFWS) is responsible in this process for the
following:

= Consultation on the ESA;
= Compliance with the Bald Eagle Protection Act; and
= (Coordination under the Fish and Wildlife Coordination Act.

The USFWS administers the ESA, as reauthorized in 1982, the Bald Eagle Protection Act
of 1940, as amended, and the Fish and Wildlife Coordination Act. The Forest Service
must consult with USFWS regarding any threatened or endangered species that may be
impacted by the proposed project. If any impacts are projected, specific design measures
must be developed to protect the affected species. The Fish and Wildlife Coordination
Act provides a procedural opportunity for the USFWS to coordinate with the Forest
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Service and offers means and measures to benefit fish and wildlife resources through
mitigation of impacts to water resources and associated fish and wildlife. A combined
biological assessment and biological evaluation (BA/BE) is being prepared for
consultation with the USFWS and NMFS on Threatened and Endangered Species.

1.8.3.5  National Marine Fisheries Service
The NMFS is responsible in this process for the following:

= Consultation on threatened and endangered species;
=  Consultation on EFH;

= (Consultation on the MMPA; and

= Consultation on the Research and Sanctuaries Act.

The Forest Service must consult with the NMFS. If any impacts are projected to any
threatened or endangered marine species or EFH, specific design measures must be
developed to protect the affected species.

1.8.4 State and Local Government

1.8.4.1 State Authorities

The State of Alaska is a cooperating agency. Below, the responsibilities of ADNR,
ADEC, and Alaska Department of Fish and Game (ADF&G) are presented.

Alaska Department of Natural Resources

The ADNR has a range of responsibilities in the process of approving the proposed
expansion at Greens Creek, including the following:

= Coordination of all State of Alaska agency reviews;

= Water rights authorizations;

= Right-of-way authorization; and

= Reclamation Plan approval, including financial assurance adequacy.

The ADNR is the lead State of Alaska agency involved in permitting mining projects in
the State of Alaska. In addition to ADNR, State of Alaska agencies involved in
permitting or oversight of the Greens Creek Mine include ADEC, ADF&G, and Alaska
Department of Law. The State or Alaska established a large mine project team from
these agencies to coordinate permitting activities for the Greens Creek Mine TDF
expansion.

The ADNR is responsible for issuing water rights authorizations for the use of surface
and subsurface waters of the State of Alaska. These permits require compliance with
instream flow requirements. The ADNR Division of Mining, Land and Water is
responsible for approval of the reclamation and closure plan.

Alaska Department of Environmental Conservation
The ADEC is responsible for the following decisions related to the TDF expansion:

= Waste Management Permit covering disposal of mine tailings, waste rock,
overburden, and solid waste, management of groundwater, storage and containment
of hazardous chemicals, facility reclamation and facility closure;
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= Air Quality Permit to Operate;

=  CWA Section 401 certifications of reasonable assurance for USACE Section 404
permit; and

= Alaska Pollutant Discharge Elimination System Permit (including storm water).

The ADEC is responsible for issuing an integrated waste management permit that
includes requirements for solid waste disposal, groundwater protection, mine reclamation
and closure, financial assurance, and monitoring.

The ADEC is responsible for issuing the facility’s air quality permits for construction
activities and operations at the port and the mine. The ADEC will evaluate the changes
to emissions sources associated with development of the Greens Creek Mine and, based
on the review, require new permits or modification of existing permits as applicable.

The ADEC is responsible for issuance of water quality and air quality permits. Under
Section 401 of the CWA, ADEC responsibilities include certification of the USACE
Section 404 permit. The ADEC must certify that the requirements of these permits
comply with state WQS.

On October 31, 2008, the ADEC assumed initial authority over permitting, compliance,
and enforcement of the APDES under Section 402 of the CWA; ADEC’s authority over
mining APDES permits began on October 31, 2010. APDES permit limits and other
requirements are established to ensure compliance with state WQS for both marine water
and freshwater. The New Source Performance Standards specifically include effluent
limits applicable to discharges of mine drainage; they also prohibit the discharge of
process water (including tailings effluent). An exception is provided for excess flows
associated with net precipitation where the discharge of such flow is subject to the
comparable effluent limits for mine drainage. USEPA is authorized to oversee ADEC’s
implementation of the program and can intervene on any permit issued, renewed, or
modified by the State of Alaska. The Greens Creek Mine’s National Pollutant Discharge
Elimination System permit was assigned the designation of APDES when it transferred
from USEPA to ADEC under Phase III of the National Pollutant Discharge Elimination
System transfer of authority program. This permit is in the process of being reissued.
The permit establishes water quality based effluent limits and monitoring requirements
for treated process water being discharged to Hawk Inlet. It also establishes storm water
monitoring requirements at 10 locations throughout the Greens Creek Mine area.

Alaska Department of Fish and Game

The ADF&G’s authority to issue permits covers a variety of activities (water removal,
instream work, water diversions, etc.) in anadromous water bodies and in resident fish
streams. The ADF&G’s statutory permitting authority at Alaska Statute 16.05.841
requires fish passage for in-stream activities in resident and uncataloged’ anadromous
fish-bearing waters. Alaska Statute 16.05.871 requires protection of anadromous fish and
their habitats for in-stream activities occurring in waters listed in ADF&G’s Catalog of
Waters Important for Spawning, Rearing, or Migration of Anadromous Fishes.

3 “Uncataloged” means fish-bearing waters not listed in ADF&G’s Catalog of Waters Important for
Spawning, Rearing, or Migration of Anadromous Fishes.
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1.8.4.2  Local Authorities: City and Borough of Juneau

The Greens Creek Mine is located within the CBJ which is responsible in this process for
the following:

= Participation as a cooperating agency in the NEPA/EIS process; and
= [ssuance of a Large Mine Permit.

The City and Borough of Juneau Code of Ordinances addresses large mine permitting
under land uses addressed in Title 49, Chapter 49.65, establishing requirements for both
operations and financial assurance. City and Borough of Juneau Land Use Code also
establishes 50-foot no-development setbacks from anadromous streams; 330-foot no-
development buffer from eagle nests; building and grading permits; and compliance with
the August 2010 City and Borough of Juneau Manual of Storm Water Best Management
Practices. The CBJ is participating as a cooperating agency and will use information
from the EIS to determine if changes are needed to the Large Mine Permit related to
expansion of the TDF.
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2.1 Greens Creek Mine Overview

CHAPTER 2. DESCRIPTION OF PROPOSED
ACTION AND OTHER ALTERNATIVES

Chapter 2 describes the proposed action for the Greens
Creek Mine Tailings Disposal Facility Expansion and a
range of alternatives. The chapter describes how the

Tailings Disposal Facility —
for simplicity, the text refers to

alternatives were developed as well as the similarities the tailings disposal facility
and the differences among them. The alternatives (TDF). However, while the
described focus on whether, where, and how to develop majority of material placed
additional tailings disposal capacity to accommodate into the TDF is tailings, waste

resources identified by Hecla Greens Creek Mining
Company (HGCMC or the operator). The comparison
of the proposed action with alternatives is a requisite of

the National Environmental Policy Act (NEPA). and solid wastes are also
placed into the facility.

rock, sludge from the
wastewater treatment plant,

This chapter begins with a brief overview of mining

activities at the Greens Creek Mine that would be similar

under all alternatives to provide context as to how each alternative would fit within the
existing operation. The subsequent subsections discuss alternatives development within
the NEPA process, detailed descriptions of the alternatives themselves, the components
of mining operations, alternatives considered but eliminated from further analysis,
mitigation and monitoring opportunities and requirements, and summary tables briefly
comparing the effects of each alternative across the range of resources areas analyzed in
detail in Chapter 3.

2.1 Greens Creek Mine Overview

The Greens Creek Mine is located approximately 18 miles southwest of Juneau, Alaska,
on Admiralty Island. The existing operation is shown in Figure 1.1-3. The existing
tailings disposal facility (TDF) is located entirely on National Forest System lands,
including parts of both the Juneau Ranger District and the Admiralty Island National
Monument (Monument). Many aspects of the day-to-day operations of the Greens Creek
Mine would remain the same under all alternatives or would need to be maintained in
some fashion under each alternative. These components include the mining activity
itself, mineral processing, concentrate transport, waste disposal, and water management.
This subsection provides a brief overview of these various components of the mining
operations.

Underground mining methods are used to remove ore from the mine. Ore is removed
from the mine and placed in stockpiles near the mill building. Ore moving through the
mill ultimately becomes either concentrate, which is trucked to the port facility and
shipped to smelters around the world, or tailings. The mill at the Greens Creek Mine
yields a silver/gold product (dor¢), and zinc, lead, and bulk concentrates.
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Waste material produced at the site principally consists of tailings and waste rock. Waste
rock is synonymous to non-mineralized material or rock that has mineral values below
those that can be economically processed. Waste rock must be removed to gain access to
the ore. As part of the mining activity, waste rock and tailings are backfilled into some of
the voids created by the mining process to provide structural stability within the mined
out areas. Tailings that are not backfilled are trucked to the TDF where they are placed in
a series of layers (lifts) within discrete disposal locations (cells).

All water coming in contact with mine-related activities is collected and either recycled
back to the mill or discharged into Hawk Inlet as authorized in the Alaska Pollutant
Discharge Elimination System (APDES) permit. The flow of water is controlled using a
series of ditches, ponds, and sumps located around all the facilities.

The water treatment plant at the mill treats water used in the milling process, mine water,
and contact water collected in the immediate vicinity of the mill. Water discharged from
this treatment plant can be directed back to the mill for re-use or to a water management
pond from which it passes through a second water treatment plant prior to discharge to
Hawk Inlet.

No changes to the mining or mineral processing are being considered in this analysis;
alternatives focus on tailings disposal.

2.2 Issues and Alternative Development

The proposal to develop additional tailings disposal capacity requires approval from the
U.S. Department of Agriculture Forest Service, Tongass National Forest (Forest Service)
for a modification in the General Plan of Operations (GPO). The Forest Service’s
decision regarding whether or not to approve modification of the GPO is a major federal
action that requires a NEPA review, including development of an environmental impact
statement (EIS). The Forest Service conducted the scoping process to determine the
range of issues to be addressed in the EIS. The significant issues (see Chapter 1) derived
from the scoping process shaped the development of the alternatives and forms the
comparison of the proposed action and alternatives.

The following describes how the significant issues (water quality, wetlands, fish habitat,
and Monument values) influenced the alternatives development process:

Water Quality: After assessing the potential benefit of incorporating additives to
the tailings to modify the TDF’s geochemical behavior as assessed in the 2003
EIS, any alternative would require similar water management and long-term
treatment. There are no fundamental differences between the alternatives with
respect to water management measures (e.g., clean water diversions, minimizing
contact water, controlling runoff) and treatment (long term treatment required)
needs. Alternatives C and D, however, would expand tailings disposal into new
watersheds, Fowler Creek, and North Hawk Inlet.

Wetlands: During alternatives development, an emphasis was placed on avoiding
wetlands with the highest priority placed on wetlands located in the headwaters of
anadromous streams. Two alternatives (C and D) were developed that would
limit impact to Tributary Creek wetlands by creation of a new TDF outside of the
Tributary Creek watershed. Alternative C minimizes expansion in the Tributary
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Creek wetlands. Alternative D also reduces impacts to Tributary Creek wetlands
compared to the proposed action. Development of a new TDF site, however,
requires more space and would ultimately affect more wetlands (by acres).

Fish Habitat: During alternatives development, an emphasis was placed on
avoiding impacts to fish habitat. The north TDF site (alternatives C and D) was
identified early on because, in part, there were no known fish streams (resident
fish habitat was later determined to be present at the site). Alternative C
minimizes expansion in the Tributary Creek watershed.

Monument Values: Two alternatives (C and D) were developed that limit
expansion within the Monument by creation of a new TDF outside of the
Monument. Alternative C would allow a smaller expansion footprint within the
Monument than Alternative D.

Appendix C provides additional detail on the alternative screening and selection process.

2.3 Alternatives

The proposed action is the basis for conducting the NEPA analysis and for the
development of alternatives. In addition to the proposed action three alternatives were
developed for detailed analysis in this EIS. NEPA requires the consideration of a No
Action Alternative reflecting the outcome should the lead agency chose not to move
forward with the action under consideration. Other alternatives developed in response to
the significant issues, must meet the purpose and need of the project and present
reasonable approaches for implementing the proposal. Another set of alternatives
described below are those that were considered in the planning stages but not carried
forward for detailed analysis.

Under the No Action Alternative (Alternative A), mining would cease in approximately
2014 when the currently approved TDF reaches its full capacity. The proposed action
(Alternative B) would extend the tailings lease area and TDF footprint south into the
Monument providing capacity for tailings and waste rock disposal for an additional 30 to
50 years. Alternatives C and D address the need for the same volume of waste disposal
(tailings and rock) but would result in a smaller increase in the footprint of the existing
TDF within the Monument; however, they would require construction of a new TDF
located approximately 3 miles to the north of the existing TDF. Alternatives B through D
would be sized to accommodate tailings and waste rock (see Section 2.4.3) generated at
current production rates for a period of approximately 30 to 50 years of operation.
Alternatives B through D would also allow for disposal of waste rock currently stored at
other locations. A detailed description of each alternative is provided below. Under
alternatives B through D, the development would be incremental with the Forest Service
approving each step or phase in the process of reaching the full build out depicted in the
figures (also see Section 2.6.4, Adaptive Management). Appendix D presents figures of
each alternative at the end of the first 10 years of operation along with figures of
reclaimed facilities at the end of 50 years of operation.
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Chapter 2. Description of Proposed Action and Other Alternatives

2.3.1 Alternative A: No Action Alternative

The 2003 Record of Decision (ROD) for the previous
expansion approved an additional disturbance footprint of
65.3 acres, bringing the total approved tailings footprint to
62 acres and 123 total acres in the tailings lease area. The
2003 ROD authorized 3.3 million cubic yards of new
tailings disposal capacity increasing the total capacity to
5.3 million cubic yards. Under the No Action Alternative,
tailings would continue to be placed in the approved,

Alternative A: No Action
Alternative — Mining
activities and tailings
disposal would continue
until 2014 when the
existing permitted TDF will
reach its tailings capacity.

existing TDF until 2014. Tailings would be generated at a
rate of approximately 360,000 cubic yards per year with approximately half (about
180,000 cubic yards per year) used as backfill underground. The remaining tailings
would continue to be placed in the existing TDF along with other wastes and waste rock
relocated from “Site E” (see Section 2.4.4). No new rock quarries or reclamation
material storage areas would be developed under Alternative A. Disposing of tailings at
current rates and waste rock disposal from Site E would result in the approved TDF
reaching its capacity in 2014 (see Table 2.3-1 and Figure 2.3-1). HGCMC would employ
temporary stabilization during operations, allowing them to conduct final reclamation
using the best technology available at the time of final closure. As discussed further in
Section 2.4.8 below, it is anticipated that drainage from the TDF will require treatment
for hundreds of years after closure. While it is not anticipated, in the absence of active
water management, the outfall from the TDF would be designed at closure to drain to

Hawk Inlet, rather than to Tributary Creek, which supports anadromous fish.

Table 2.3-1. Estimated TDF Disturbance for No Action and Action Alternatives (in Acres).

Project Component Alternative A | Alternative B | Alternative C | Alternative D

Tailings —a 64.2 101.7 103.1
Reclamation Material Storage —3 17.0 10.3 14.5
Quarry -2 17.6 8.6 16.4
Ponds - 12.0 7.1 6.7

Roads, including ditches and pipelines —a 19.1 11.5 19.5
Truck Wheel Wash —a 0.1 0.1 0.1

Ancillary Disturbance —° 12.8 17.5 17.6
Total New Disturbance — 142.8 156.8 177.9
Total Disturbance 65.3° 208.1 222.1 243.2

Notes:

a. Component of the existing disturbance associated with tailings disposal.
b. Total disturbance following the 2003 ROD.
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Chapter 2. Description of Proposed Action and Other Alternatives

2.3.2 Alternative B: Proposed Action

The proposed action includes expansion of the existing TDF
from its currently permitted capacity of 5.3 million cubic
yards of tailings and waste rock to a total capacity of 15

Alternative B: Proposed
Action — The existing TDF

million cubic yards of tailings and waste rock, an increase would be expanded south,
in capacity of approximately 9.7 million cubic yards. Under farther into the Monument
this alternative, HGCMC proposed construction for the to accommodate an
expansion of the existing TDF beginning in 2012. Figure additional 30-50 years of

2.3-2 illustrates the facility layout at the final stage of

tailings di. L.
expansion. The final TDF expansion would extend the life Gngs aposa

of the mine for approximately 30 to 50 years at current production and disposal rates.
The 30-50 year timeframe reflects the variable nature of production and backfill rate.

During the southward extension of the existing TDF (years 1-30), contact water from
disturbed sites would be routed into water management ponds, including new ponds
down-gradient of the proposed tailings expansion, and then pumped to the existing

Pond 7 where the water would be treated before being discharged to Hawk Inlet. Interim
stages of development would require a series of collection ponds that would eventually
be covered by tailings. As part of expansion proposed during years 31-50, HGCMC
would construct a new water treatment plant and a new water management pond to
replace Pond 7 (refer to Figure 2.3-1), although HGCMC plans to maintain the treated
water discharge point at the same location in Hawk Inlet.

Maintaining surface water drainage is and would continue to be an ongoing activity that
would be adapted as needed as the active tailings placement area moved within the TDF
and as the TDF expanded in size. HGCMC would implement sediment control measures
to limit tailings erosion. Directing runoff to armored/rocked areas or diversion tubes',
maintaining road ditches and outside slopes, and cleaning ditches as sediment
accumulates are among the techniques that HGCMC uses and would continue to use to
control erosion at the site. A new truck wheel wash facility would be constructed at an
appropriate location to prevent tracking of tailings and waste materials away from the
TDF. A new “West” road would be constructed to the west of the TDF providing access
to new reclamation material storage areas and rock quarries. New reclamation material
storage areas would be developed around the existing TDF (see Figure 2.3-2). The
expansion would occur in stages that would involve the development of a series of
quarries, reclamation material storage sites, water management ponds, and diversion
ditches. Table 2.3-1 summarizes the final acreage disturbed associated with development
of the project. HGCMC would employ temporary stabilization of all ancillary
disturbances during operations. Final reclamation would be the same as Alternative A,
but over the larger area disturbed under this alternative. Similar to Alternative A, it is
anticipated that drainage from the TDF would require treatment for hundreds of years
after closure. While it is not anticipated, in the absence of active water management, the
outfall from the TDF would be designed at closure to drain to Hawk Inlet, rather than to
Tributary Creek, which supports anadromous fish.

! Diversion tubes are flexible, water filled tubes used for storm water diversion and erosion control. They
are similar in function to the use of sandbags to manage runoff.
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Chapter 2. Description of Proposed Action and Other Alternatives

2.3.3 Alternative C: New TDF Located Outside
Monument

Under Alternative C, the capacity of the existing TDF

would be expanded by 8.1 acres with the capacity to store Alternative C: New TDF

approximately 1 million cubic yards, for a total of located outside the
6.3 million cubic yards, providing disposal capacity for Monument — The existing
an additional 3 years. Under this alternative, a new TDF TDF would be expanded to

would be developed north of the existing TDF, outside of
the Monument (see figures 2.3-3a, 2.3-3b, and 2.3-3¢).
The new TDF would be developed to accommodate the
remaining 8.7 million cubic yards, providing adequate
capacity to contain the same amount of tailings and waste

accommodate an additional 3
vears of tailings disposal. A
new TDF would be built to
the north to accommodate

rock considered under the proposed action. The additional tailings disposal,
development of the new TDF to the north would require extending the life of the mine
2 to 3 years for site preparation and construction. As an additional 30—50 years.

with the proposed action, the 30-50 year timeframe

reflects the variable nature of production and backfill rate.

Expansion of the existing TDF would occur in a similar manner as proposed under
Alternative B except to a lesser extent. Contact water from disturbed sites would be
routed into water management ponds, including an expanded Pond 9 (see Figure 2.3-3c¢),
and then pumped to the existing Pond 7, from where it would be pumped to the water
treatment plan for treatment before being discharged to Hawk Inlet. An existing
reclamation material storage site located near Pond 7 would be expanded. The new TDF
would be developed in the same manner as the existing TDF, including the design and
construction and operation of the sub-drains, liner, and tailings placement. New finger
and blanket drains would be placed to form the facility underdrain system. The
underdrains would be built on a pad of unreactive material. The underlying pad would be
graded and the underdrain system designed so that, in the absence of active management,
contact water from the new TDF would drain toward Hawk Inlet and avoid Fowler
Creek, which supports anadromous fish populations. New diversions would also be
construction to route non-contact surface water runoff around the facility. Non-contact
ground and surface waters diverted around the TDF would be routed to their original
drainage basin, Hawk Inlet or Fowler Creek.

All drainage and runoff from within the new TDF would be captured and routed to a new
settling pond before being pumped to the existing water treatment plant and discharged
through the existing outfall. A pipeline would be constructed following the existing road
network to transport contact water from the new TDF to the existing water treatment
plant (see figures 2.3-3a and 2.3-3b). The expansion of the existing TDF and the
construction of the new TDF would make use of the existing water treatment plant for
approximately 30 years, after which a replacement to the water treatment plant would be
necessary (due to normal operational lifetime of the water treatment plant). There would
be no water treatment plant at the new TDF site.
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Construction of the new TDF would also involve developing a reclamation material
storage area and two new rock quarries, one of which would ultimately be used for
tailings disposal at the new TDF. Rock from the quarries would be used for the
construction of internal roads in the new TDF.

A new truck wheel wash facility and associated water collection system would also be
constructed at the new TDF to prevent tracking of tailings and waste materials away from
the TDF. The A Road would be upgraded to accommodate construction traffic and haul
truck use (see figures 2.3-3a and 2.3-3 b).

Maintaining drainage would be an ongoing activity at both TDF sites. HGCMC would
implement sediment control measures to limit tailings erosion. Directing runoff to
armored/rocked areas or diversion tubes”, maintaining road ditches and outside slopes,
and cleaning ditches as sediment accumulates are among the techniques that HGCMC
uses to control erosion at the site. Because the expansion at the existing TDF would be
less than under the proposed action, less contact water capacity would be necessary and
fewer basins and ponds would be built at the existing TDF.

Alternative C would involve placement of the final cover and revegetation of the existing
TDF with closure of the final active disposal areas as soon as possible following tailings
placement (beginning in approximately 3 years). Under this alternative, portions of the
new TDF would be reclaimed in the interim as conditions allowed, until final reclamation
occurred. Final reclamation would be conducted at the end of tailings disposal and would
include covering, revegetation, and ongoing water management.

Table 2.3-1 summarizes the additional acreage of disturbance associated with the
development and the final footprint of the project.

2.3.4 Alternative D: Modified Proposed Action

Under Alternative D the capacity of the existing TDF Alternative D: Modified
would be expanded by 24.2 acres with the capacity to , e
hold approximately 3 million cubic yards of tailings and Proposed Action — The existing

waste rock. The expansion would result in an overall TDF would be expanded to
capacity of 8.3 million cubic yards of tailings and waste = accommodate an additional 10
rock in the existing TDF over the 10-year extension in years of tailings disposal. A
operations. Under this alternative, a new TDF would new TDF would be built to the

be developed north of the existing TDF, outside of the
Monument at approximately the same location as the

new TDF in Alternative C (see figures 2.3-4a, 2.3-4b, ) i )
and 2.3-4c). The new TDF would be developed to extending the life of the mine
accommodate the remaining 6.7 million cubic yards, an additional 30-50 years.

north to accommodate
additional tailings disposal,

providing adequate capacity to contain the same
amount of tailings and waste rock considered under the proposed action. As with the
proposed action, the 3050 year timeframe reflects the variable nature of production and
backfill rate.

? Diversion tubes are flexible, water filled tubes used for storm water diversion and erosion control. They
are similar in function to the use of sandbags to manage runoff.
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Expansion of the existing TDF would occur in a similar manner as proposed under
alternatives B and C, except the extent of disturbance at the existing location would be
less than Alternative B and greater than Alternative C. Contact water from disturbed
sites would be routed into water management ponds, including an expanded Pond 9 and a
new pond south of the TDF (see Figure 2.3-4c). Contact water would then be pumped to
the existing Pond 7 before it would be treated, and then it would be discharged to Hawk
Inlet. The existing truck wash would be moved or replaced to make room for tailings
placement. Alternative D would require developing a new rock quarry north of the
existing TDF, and expanding one and creating a new reclamation material storage area
near the existing TDF.

The new TDF would be developed in the same manner as the existing TDF, including the
design and implementation, design, construction, and operation of the sub-drains, liner,
and tailings placement. The underdrains would be built on a pad of unreactive material
graded so that, in the absence of active management, contact water from the new TDF
would drain toward Hawk Inlet and avoid Fowler Creek. New diversions would also be
required to route non-contact surface water runoff around the facility. Non-contact
ground and surface waters diverted around the new TDF would be routed to their original
drainage basin, Hawk Inlet or Fowler Creek.

All drainage and runoff from within the new TDF would be captured and routed to a new
settling pond before being pumped to the existing water treatment plant and discharged
through the existing outfall. A water management pond would be constructed adjacent to
the new TDF and a pipeline would be constructed following the existing road network to
transport contact water from the new TDF to the existing water treatment plant (see
figures 2.3-4a and 2.3-4b). The expansion of the existing TDF and the construction of
the new TDF would make use of the existing water treatment plant for approximately 30
years, after which a replacement to the water treatment plant would be necessary (due to
normal operational lifetime of the water treatment plant). As with Alternative C, there
would be no water treatment plant at the new TDF site.

Construction of the new TDF would involve developing a reclamation material storage
area at the new site and a rock quarry in an area that would partially be used for tailings
disposal in later stages. Rock from the quarry would be used for the construction of
internal roads in the new TDF. A new truck wheel wash facility and associated water
collection system would also be constructed at the new TDF. The A Road would be
upgraded to accommodate construction traffic and haul truck use (see figures 2.3-4a and
2.3-4b).

Maintaining drainage would be an ongoing activity at both TDF sites. HGCMC would
implement the same sediment control measures to limit tailings erosion as with the other
alternatives. Because the expansion at the existing TDF would be less than under the
proposed action, less contact water capacity would be necessary and fewer basins and
ponds would be built at the site.

Alternative D would involve placement of the final cover and revegetation of the existing
TDF as soon as possible following tailings placement (beginning in approximately

10 years). Under this alternative, portions of the new TDF would be reclaimed in the
interim as conditions allowed, until final reclamation occurs. Final reclamation would be
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conducted at the end of tailings disposal and would include covering, revegetation, and
ongoing water management.

Table 2.3-1 summarizes the additional acreage of disturbance associated with the
development and the final footprint of the project.

2.4 Project Component Details

2.4.1 Mining Activities

Underground mining methods are used to remove ore from the mine. The HGCMC
employs a combination of open stope and block mining methods to remove ore and waste
rock. As part of the mining process waste rock and tailings are backfilled into some of
the voids created by the mining process to provide structural stability within the mined
out areas. The waste rock brought to the surface is placed into a disposal facility (Site
23), or, based on need, used in the TDF to build roads that serve as the working surface
for tailings placement. No changes to the mining process are being considered in this
analysis. Alternatives focus on tailings disposal. Mining activities are guided by the
GPO.

2.4.2 Mineral Processing

Ore is removed from the mine and placed in stockpiles near the mill building at a rate of
approximately 2,200 tons per day. Ore is fed into the mill where it is crushed and mixed
with liquid reagents to form a slurry. The slurry is then pumped into a series of tanks that
are used to separate the valuable metals-bearing materials (concentrate) from the non-
valuable waste product (tailings). No changes to the mineral processing are being
considered in this analysis. Concentrate is trucked to the port facility and shipped to
smelters; tailings are either trucked to the TDF or used to make paste backfill and
disposed of underground.

24.3 Waste Disposal

Waste material consists mainly of tailings and waste rock. As noted above, tailings and
waste rock may be either placed back underground or disposed of on the surface.

Tailings brought to the surface for disposal may only be placed in the TDF. Waste rock
disposed of above ground is primarily placed at the approved disposal facility (Site 23) or
used in the TDF for erosion control or to build roads that serve as the working surface for
tailings placement. Table 2.4-1 depicts typical disposal options for waste generated at the
mine.
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Table 2.4-1. Waste Disposal at Greens Creek Mine?.

Waste Underground | TDF | Site 23 | Off Site
Tailings® X X
Waste Rock X X° X
Relocated Site E Waste Rock X
Hazardous Materials X
Other Materials
Pressed sludge from sewage and water treatment © X
Incinerator Ash' X
Sediments removed from settling ponds, ditches, and basins X
Tires and miscellaneous refuse ® X

Notes:

a. Per Waste Management Permit and GPO.
b. Approximately half of tailings generated are backfilled underground.

c. Waste rock is permitted in the TDF for co-disposal, including rock used for internal roads and erosion
control.

d. Co-disposal of waste rock was authorized by the Forest Service and State of Alaska in 2009.
Annually, about 40,000 cubic yards of waste rock from Site E is moved to the TDF (based on 2009
and 2010 records).

e. Respectively, about 50 and 500 cubic yards of sewage and water treatment plant sludge are
disposed of at the TDF annually.

f.  About 6 cubic yards of incinerator ash is disposed of at the TDF annually.

g. About 5,350 cubic yards of tires and other refuse were disposed of underground in 2010, in
accordance with the Waste Management Permit.

2.4.3.1 Tailings

Tailings are the non-valuable waste product of mineral processing. Approximately half
of the tailings generated are backfilled into underground voids created by the mining
process. The remainder of the tailings (about 180,000 cubic yards annually) are filtered
and then transported by covered haul truck to the TDF for permanent disposal. Tailings
are placed into the TDF as a series of 1-foot layers (lifts) within discrete disposal
locations (cells) to provide for control over compaction, drainage, and pore-pressure
dissipation. As part of site reclamation, an engineered soil cover will be placed over the
TDF; this is discussed further in sections 2.4.8.2 and 2.4.8.3. Appendix E provides a
detailed depiction of the tailings placement within the TDF.

The construction design for the existing TDF is similar to that used for a landfill. Much
of the TDF is underlain by naturally occurring low permeability materials or a liner
system designed to prevent groundwater from flowing into the facility as well as water
leaching from the facility into the local groundwater system. Details on liner

construction are provided in Appendix E. Clean surface waters are diverted around the
TDF.
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2.4.3.2 Waste Rock

Waste rock is rock that has metals concentrations
below those that can be economically processed.
Waste rock must be removed to gain access to the ore
material. Waste rock excavated during underground
operations is either directly backfilled underground
into areas that have been mined out or hauled from the
mine to the surface and stockpiled.

Waste rock hauled to the surface from ongoing
operations is permitted to be permanently placed at
Site 23. From 2008 through 2010, an average of about
17,000 cubic yards of waste rock was placed at Site 23
annually, ranging from about 12,000 cubic yards in
2010 to 24,400 cubic yards in 2008. Waste rock is
also placed at the TDF for use as erosion control and
internal road material. These roads are known as
“dirty roads” and are needed to prevent rutting of
tailings material, especially during wet weather (The
roads discussed in Section 2.4.7 are considered “clean
roads.”). HGCMC also uses waste rock or quarry rock
to define the disposal cells.

2.4.3.3

Waste Rock Classification —
HGCMC classifies waste rock
based on its geochemical
reactivity. The material most
subject to acid formation and
metals leaching is placed back
into mined out areas (voids)
within the mine without being
brought to the surface. Less
reactive material is disposed of
on the surface. For operational
production rock management,
visual classification based on
geology and periodic sampling
and analysis are performed.

Co-Disposal (Tailings and Waste Rock)

Co-disposal refers to the placement of a mixture of waste rock and tailings within the

TDF. The primary purpose of co-disposal is to allow potentially acid-generating material
at Site E to be moved to the TDF for permanent disposal. Co-disposal would reduce the
rates of pyrite oxidation and metal leaching from waste rock by surrounding it with the
tailings. The tailings provide a fine-grained bedding material which reduces the amount
of waste rock surface area exposed to oxygen. The benefit of co-disposal of waste rock
with tailings at the TDF include:

= Lowering oxidation rates in the waste rock and extending its acid neutralization
capacity;

* [Improving pore water chemistry relative to that of tailings and waste rock disposed of
separately;

» Improved drainage quality at sites where waste rock is removed; and,

= Consolidation of waste sites reduces the overall number of sites needing engineered
covers at closure.

Waste rock is authorized to be co-disposed of with tailings at the TDF. Sources of waste
rock for co-disposal include rock used for erosion control, internal roads, delineating
disposal cells and relocated rock from inactive waste rock storage sites. Between 2009
and 2010, about 54,000 cubic yards of waste rock were co-disposed of at the TDF
annually.
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2.4.3.4 Other Wastes

Other non-hazardous wastes that must be managed include sludge generated in the
wastewater treatment process and ash generated in the process of incinerating wastes
such as paper and food wastes. Sediments removed from settling ponds, ditches, and
basins may also be placed into the TDF. All these materials are placed into the TDF
under a waste management permit issued by the Alaska Department of Environmental
Conservation (ADEC). Hazardous wastes are collected and shipped off site to an
approved facility.

24.4 Water Management

All water coming in contact with mine-related activities must be controlled and
discharged under the mine’s APDES permit. The flow of water is controlled using a
series of ditches located around all the facilities. Collection ditches gather water that has
come in contact with mining operations and direct it to ponds or sumps where it can be
pumped to the appropriate locations for treatment. Diversion ditches around the outside
of facilities and disturbances are used to divert clean water away from facilities to
minimize the amount of “contact” water. Water from the diversion ditches is directed
into the adjacent landscape. Collection and diversion ditches are included as components
of all alternatives.

Wastewater treatment is currently accomplished in one of two wastewater treatment
plants (WWTPs) located on the site. The WWTP at the mill treats water used in the
milling process, mine water, and contact water collected in the immediate vicinity of the
mill. Water discharged from this treatment plant can be directed back to the mill for re-
use or to Pond 7, which collects water from the TDF. A second WWTP located at Pond 7
treats all runoff from the TDF and any other water directed to Pond 7; the plant
discharges to Outfall 002 located in the marine waters of Hawk Inlet.

The APDES permitting program establishes a series of conditions that apply to both
storm water and mine water at defined outfalls, including Outfall 002. Storm water
outfalls are located at a number of locations throughout the facility. Collected process
wastewaters are treated at the Pond 7 WWTP to meet effluent limits identified in the
APDES permit prior to discharge through a diffuser outfall located in Hawk Inlet. The
Pond 7 process wastewater includes runoff and seepage from the TDF and runoff from
mine facility areas. These waters are collected by a series of wastewater management
ponds. Seepage through the TDF flows to the TDF underdrain collection system and is
collected by a series of wells at the base of the TDF. A conceptual drawing of the TDF
and contact water collection system is provided in Figure 2.4-1 in Section 2.4.8.3. After
mining is completed, it is expected that seepage from the TDF will not meet Alaska
Water Quality Standards (WQS) and therefore water treatment will be needed in order to
meet WQS. However, surface water runoff from the engineered final cover would not
require treatment and the collection ponds would be reclaimed and runoff would be
allowed to go to natural drainages. A more detailed discussion of the APDES permitting
requirements and treatment needs is provided in Section 3.5.
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The wastewater discharge outfall location and permit requirements would be the same for
all of the alternatives. The location of ponds, ditches, and storm water outfalls would
change over time and could occur in different locations under each of the alternatives.
The WWTP at the existing TDF may need to be relocated at some point in the future
depending on the alternative.

Storm water controls include diversion ditches, culverts, storm water detention basins,
and storm water collection ponds. Runoff from undisturbed areas is and would continue
to be routed around disturbed areas through ditches and culverts.

2.4.5 Rock Quarries

Approximately 20,000 to 30,000 cubic yards of rock
material are required annually for the internal roads at the
TDF. Several bedrock areas associated with each of the

Rock Quarries — Rock is
quarried onsite to develop

proposed TDF expansion areas have been identified as internal roads within the
possible rock quarries (see figures 2.3-2, 2.3-3a, 2.3-4a, TDF. Local quarry rock
and 2.3-4c). These quarries would serve as rock sources contains pyrite, which can

for the internal tailings roads. Given the potential for acid  yeqsher 1o produce acid rock
generation, none of this rock material would be used
external to the TDF. Spur roads, constructed of imported,
non-acid forming material, would connect the rock

drainage and is therefore
restricted to use within the

quarries to the A Road, B Road, or West Road (see IDF. External roads
Section 2.4-7 and Figure 2.3-2 for West Road connecting facilities are built
information) depending on alternative and stage of with imported rock.
development.

Materials for the clean roads are imported to the site from off-site quarries. These
materials are tested for leachability and acid-generating capacity according to HGCMC’s
Production Rock Environmental Characterization Standard Operating Procedures prior to
their placement. The volume of clean materials imported to the site is approximately
16,000 cubic yards on an annual basis.

2.4.6 Truck Wheel Wash Facility

All vehicles that travel on the TDF are and would continue to be required to pass through
a truck wheel wash facility prior to exiting the TDF. The truck wheel wash facility
reduces tracking of tailings material onto the clean roads.

2.4.7 Support and Service Roads

Under all alternatives, the existing B Road would be maintained and continue to be the
connection from the 920 portal (mine and mill) to the marine terminal area at Hawk Inlet.
This road would continue to serve as the route for the transport of tailings and waste rock
material from the mill and mine respectively to the TDF. A small portion of the B Road
immediately east of the tailings expansion would be relocated to accommodate tailings
placement under alternatives B and D.
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Under the proposed action, the West Road would be constructed on the west side of the
TDF and would serve as access to future rock quarries, reclamation material storage
areas, water management ponds, and the existing and future water treatment plant (see
Figure 2.3-2). This external road would connect to the Hawk Inlet marine terminal
facility and would be used primarily for light vehicle traffic and for trucks hauling
reclamation storage material or internal quarry rock. The West Road would be of similar
design as the existing B Road. In addition, perimeter service roads would be maintained
and installed at the toe of the expanded TDF. These roads would be the same as currently
exist, that is, single-lane (minimum top width of 19 feet) all-weather roads, constructed
on prepared foundations and surfaced with crushed rock and or gravel obtained from off-
island sources. Similar roads would be built under alternatives C and D surrounding the
expanded existing TDF as well as the new TDF to the north.

Safety berms or barriers (guard rails) would be added
as appropriate to all roads to comply with the safety
requirements of the Mine Safety and Health
Administration (MSHA). the existing B Road to

Roads on the TDFs themselves (dirty roads) would accommodate the TDF" exp answl’q.
be constructed internal to the TDF as discussed in A new West Road would be built
Section 2.4.3.1, Tailings Disposal. These roads to access future TDF facilities.
would be constructed of waste rock, quarry rock, or
off-island rock.

New Roads and Upgrades —
Alternative B requires relocating

Similar roads and upgrades
would be needed for
Under alternatives C and D, the A Road would be alternatives C and D; additionally
upgraded from its junction with the B Road to the
new TDF site, approximately 3 miles. Upgrades to
the A Road would be needed to accommodate TDF

the A Road would be upgraded up
to the new TDF.

construction activities and use by haul trucks as well

as the installation of a wastewater pipeline from the facility back to the existing WWTP.
Under Alternative C, a short segment of new road would also be needed to access the
new rock quarry near the north TDF. These new and upgraded roads are shown in
figures 2.3-3a, 2.3-3b, and 2.3-3¢ and figures 2.3-4a, 2.3-4b, and 2.3-4c. Additionally,
Alternative D includes a new road that would be constructed from a new quarry just north
of the existing TDF to the Hawk Inlet marine terminal (Figure 2.3-4c). This is similar to
the West Road under the proposed action; however it is shorter in length and would not
go around the expanded TDF under Alternative D.

Currently tailings are transported from the mill to the TDF in 45-ton capacity covered
tractor/trailer trucks. Approximately 20 round trips from the mill to the TDF are made
daily, delivering an average of 1,000 tons to the TDF. Round trip travel time for each
truck is approximately one hour. Tailings transport is only conducted during the day shift
with two to four trucks in use at any given time.
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2.4.8 Reclamation and Closure

Reclamation and closure techniques would be the same

: . ) ) ) . Reclamation and Closure —
for all the alternatives. This section describes interim and !

final reclamation and closure planned for the TDF and T h.e oyer all goc?l .Of
TDF expansion. Reclamation growth medium material reclamation is to stabilize
(consisting of soil and peat) would be removed from the disturbed areas and return
areas disturbed by enlargement or construction of any of vegetated conditions for
the TDF structures and placed into stockpiles. This long-term protection of

material would be used for reclamation and site closure. surrounding land and water

Stockpiles would be protected from erosion; the existing resources.
mitigation measures to prevent wind erosion of the TDF

and stockpiles include hydro-seeding, the installation of wind breaks, surface water
diversions, and armoring of slopes with rip-rap when necessary.

The current land use at and surrounding the existing TDF is primarily for fish and
wildlife habitat. The overall purpose of reclamation is to stabilize disturbed areas and
return them to vegetated conditions to ensure long-term protection of land and water
resources in the area and to obtain near-natural conditions.

HGCMC'’s current reclamation objectives include the following:

= Reclaim disturbed areas as soon as practical after disturbance;

= Minimize disturbance by maintaining a small footprint;

= Complete final reclamation upon permanent cessation of operations;

= Return the disturbed areas to near-natural conditions to the extent practical;

= Ensure long-term stability;

= Protect water quality;

= Protect employee and public health and safety;

= Minimize or eliminate the need for long-term active management;

= Reclaim for land uses consistent with Monument values and the Forest Plan; and,

= Ensure reclamation is consistent with the approvals and permits from the Forest
Service, ADEC, Alaska Department of Natural Resources (ADNR), Alaska
Department of Fish and Game (ADF&G), U.S. Army Corps of Engineers (USACE),
and other regulatory agencies.

Reclamation practices and technology are ever evolving and improving. Although
HGCMC already has an approved reclamation and closure plan, HGCMC will be
required to regularly update the reclamation plan to take advantage of future
improvements in reclamation technologies and implement improved reclamation
measures.

In GPO Appendix 14, Reclamation Plan (included in part as Appendix F here), HGCMC
identified the following four stages of reclamation that are applicable to the tailings
facility expansion:

= Interim reclamation;

= Temporary cessation;

= Final reclamation; and

=  Post-closure care and maintenance.
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HGCMC is in the process of updating its current reclamation plan. After an alternative
has been selected for implementation and a ROD or decision is issued by the applicable
agencies, HGCMC will be required to revise its reclamation plan and financial assurance
cost estimate based on the selected alternative and submit these revisions to the agencies.
Agency staff will review the revised reclamation plan and cost estimate to ensure that the
reclamation and closure requirements of each agency are met. The Forest Service
requires submittal of a bond for reclaiming disturbances before approval of a plan of
operations and implementation of the action. See Appendix B for additional information.

2.4.8.1 Interim Reclamation

Interim reclamation includes actions taken to stabilize areas that have been disturbed by
mine operations. The focus of interim reclamation is twofold:

1. Reduce erosion and sedimentation of waterways; and
2. Protect water quality.

Interim reclamation at the site currently includes placement of growth medium, hydro-
seeding, as well as the construction of berms, slope drains, slope armoring, rock check
dams, silt fences, jute mats, detention basins, and water management ponds. Under all
alternatives, interim reclamation of the TDF(s) would continue to occur throughout their
operational life prior to final reclamation which would be initiated upon permanent
cessation of tailings disposal.

Facility-wide interim reclamation measures are reported annually to the agencies. For
example, potentially reactive berm material (pyritic rock) associated with an inactive
waste site was removed and replaced with clean fill in 2010 and waste rock relocation to
contained facilities is ongoing. Additional opportunities for interim reclamation are
identified on an ongoing basis.

2.4.8.2 Final Reclamation

At the time of permanent cessation of project activities, HGCMC would implement final
reclamation on the TDF(s) and associated infrastructure that would involve a number of
steps:

= Decommissioning and removal of unnecessary structures and facilities (water
treatment facilities and electric power utility lines would remain);

= Establishing surface contours conducive to natural revegetation or consistent with an
alternate post-mining land use(s);

= Reclamation within the Monument will be to as near a natural condition as
practicable. This would include restoring original surface drainage, removal of all
structures, and re-contouring where possible;

= Placement of an engineered soil cover over TDF(s);

= Implementation, maintenance and monitoring of reclamation;

= Revegetation of all disturbed areas; and

* Maintaining wastewater management and treatment as required by permits.

The TDF final contours may be formed to establish natural drainage patterns, with the
objective of long-term stability and environmental performance of the covers. Reclaimed
facilities would be maintained in a free-draining condition, allowing water to shed from
the facility without ponding or causing erosion, to the extent practical.
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At permanent cessation of mining operations, seepage from the TDF would continue to
be treated and an APDES discharge permit would be required for hundreds of years,
perhaps in perpetuity; as long as the TDF seepage does not meet Alaska WQS. During
permit review and reissuance cycles, depending on the actual effluent quality, tailings
seepage would continue to be treated and discharged to Hawk Inlet (where it would need
to meet marine WQS) or to a surface water stream (where it would need to meet fresh
WwQyS).

HGCMC has submitted revisions to its approved reclamation and closure plan to the
Forest Service and the State of Alaska. HGCMC assumes that a substantial amount of
site-specific reclamation experience and performance data would be available at final
closure. At that time, and based on information related to closure gleaned from
experience at the site. The Forest Service and the State or Alaska will decide whether to
approve the reclamation and closure plan revisions. It is expected that additional
revisions will be made to the reclamation and closure plan in the future to take into
account performance data based on interim site-specific reclamation experience and to
take into account future advances in reclamation and closure technology. The current
reclamation and closure plan is included in Appendix F.

As stated above, HGCMC will be required to update its reclamation plan and associated
financial assurances to reflect the alternative selected based on this EIS.

2.4.8.3  Engineered Tailings Soil Cover

As required by the 2003 ROD, HGCMC would place an
engineered four-layer soil cover over the TDF to
minimize the amount of air and water that might enter the
tailings after permanent closure. This cover design would tailings pile will be covered
be the same for all alternatives. The performance of the  with an engineered four-layer
engineered four-layer soil test cover at Site 23 (waste soil cover, to minimize air
rock disposal site near the 920 portal) has been monitored and water exposure to the
since 2000 and data from the program will be
incorporated into the final cover design at mine closure.
The components and characteristics of the proposed

Tailings Cover — Upon
closure of the mine, the

tailings and reduce the
potential for acid drainage.

engineered four-layer soil cover over the tailings are as
follows:

Lower Capillary Break: The first layer directly on top of the tailings material
would consist of drain rock. Capillary breaks are created by layers of rock
through which water can drain from the layers above. The small gaps between
the rocks also keep water within the tailings from wicking up through the cover
by capillary action. This layer would function as a lower capillary break to drain
seepage from above layers and to remove water that might wick up through the
tailings. The rock used for this layer would be mine waste rock, quarry rock, or
rock imported to the site from an off-island source.

Compacted (Barrier) Layer: The second layer would be composed of a clay
soil. This layer would be a compacted, low permeability barrier layer that would
minimize water and oxygen infiltration into the tailings pile. This layer is
designed to stay 85% saturated to minimize air and water infiltration.
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Upper Capillary Break: The third layer would consist of another layer of drain
rock. The layer would function as an upper capillary break in a similar fashion as
the lower capillary break and drain seepage from the growth layer.

Growth Layer: The fourth or top layer would be composed of reclamation
growth material. This material would support vegetation, as well as provide a
small amount of recharge water to the underlying compacted (barrier) layer to
maintain saturation. This material would support the forest vegetation, such as
western hemlock and Sitka spruce that would be allowed to naturally regenerate
on the reclaimed tailings. According to HGCMC’s Proposed TDF Expansion
Stage 3 (Hecla 2011), the plant growth layer would be between 24 and 36 inches.
Figure 2.4-1 shows the engineered soil cover.

Reclamation System

(Conceptual; not to scale)

Precipitation
: 8- 12" Capillary Break
with filter fabric on top
Re-vegetation 24" Compacted Barrier Layer

24" Growth Layer

8"-12"Capillary Braak

Tailings

Clean Runoff and Drainage Water

Figure 2.4-1. Conceptual Drawing of TDF at Closure with Typical 4 Layer Engineered
Cover for Reclamation Placed on a 3:1 Slope.

Runoff and drainage water from the upper capillary break layer from the surface cap
would not be a regulated discharge if it were not allowed to comingle with the tailings
contact waters. Once the vegetation on the surface cap matures, these waters would be
allowed to flow to surface water or infiltrate to groundwater. A detailed discussion of the
management of tailings contact water and non-contact waters after closure is provided in
Section 3.5.3.1.
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2.4.8.4  Site Revegetation

Disturbed areas would be reclaimed to one of three vegetation types including upland
meadows, upland forest, or wetlands. Specific seed mixtures, woody seedling density,
and maps showing each vegetation type would be part of a detailed reclamation plan
submitted to the Forest Service prior to closure.

Acknowledging that the Greens Creek Mine is located in the temperate coastal rain
forests of southeast Alaska, where forest vegetation regenerates quickly and profusely,
HGCMC plans to allow natural regeneration to be the primary method of forest re-
vegetation (GPO Appendix 14, Reclamation Plan).

2.5 Alternatives Considered but
Not Carried Forward

Expansion of the capacity to dispose of tailings and waste rock are the focus of this EIS.
Since the Greens Creek Mine is already in operation, a number of aspects of the mining
process, including mining methods, processing technologies, production levels, and
power supply were not addressed as they are already authorized and currently in place.
However, in developing the alternatives evaluated in detail, a number of other
alternatives were considered but ultimately not selected to be carried forward. The
following subsection describes the rationale for developing these alternatives along with
the reasoning for not carrying them forward.

Submarine tailings disposal (in Hawk Inlet or Chatham Straight in this case) has been
considered previously for other southeast Alaskan mine projects and would require a
change to the National Pollutant Discharge Elimination System regulations under the
Clean Water Act (CWA). While the fact that this approach to tailings disposal is not
currently allowed under the law does not necessarily eliminate it from further
consideration, the permitting pathway could not reasonably be accommodated in the
timeframe spelled out within the purpose and need.

Shipping wastes off site was identified during scoping as a potential alternative but was
also eliminated because it would have been uneconomical. The following subsections
describe the rationale for developing other alternatives along with the reasons for not
carrying them forward. Additional discussion is provided in Appendix C.

2.5.1 Alternative Facility Locations

Following the identification of significant issues, the Forest Service hosted a meeting of
the cooperating agencies to discuss alternative locations for a TDF that would be located
outside the Monument. Locations within the Monument were eliminated from
consideration because of the significant issues (minimize effects to Monument values).
Screening criteria were developed to provide an initial focus on other potential locations
for tailings disposal and included slope steepness, presence of wetlands, and drainages
supporting anadromous streams. Hillsides having a slope greater than 30 percent were
eliminated from consideration for a tailings facility because of geotechnical stability
concerns. The CWA requires that impacts to wetlands and other waters of the United
States be avoided or minimized. Further, wetlands and drainages supporting anadromous
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fish were identified as significant issues in the scoping process, providing additional
reason for avoidance or minimization.

The Forest Service and cooperating agency team, including biologists, engineers, and
regulators, used a map that highlighted these areas in an effort to identify suitable
alternative locations. The topography of the area presented particular challenges in
identifying suitable sites since most areas that did not exceed the maximum slope
restrictions were wetlands. No sites were identified that would avoid steep slopes,
wetlands, and anadromous streams.

The interagency working group eliminated a number of sites from further consideration
because of their location within the Fowler Creek drainage. Fowler Creek drains a
substantial portion of northeastern Admiralty Island and supports a large anadromous fish
population. One location was eliminated because of the difficulties in managing storm
water running onto the site since the site straddled the Fowler Creek drainage as well as a
number of small, unnamed drainages that eventually discharge to Hawk Inlet. The
facility location identified for alternatives C and D reflects a compromise where (1) the
portion of drainage within the Fowler Creek drainage could be redirected to the unnamed
stream draining to the head of Hawk Inlet (minimizing potential long-term effects on an
anadromous stream) and (2) the facility could be constructed maximizing the amount of
upland use for the design while minimizing impacts to wetlands and anadromous streams.

2.5.2 Alternative Facility Designs

Disposal of tailings in a slurry form within a tailings impoundment was evaluated in the
original EIS finalized in 1989. The technology exists for this approach to tailings
disposal although placement opportunities for an impoundment are limited. In addition, a
tailings impoundment would result in greater land disturbance and higher volumes of
water to be managed in comparison to dry-stack technology. Therefore, construction of a
tailings impoundment was not carried forward for detailed analysis. The approach to
using submarine tailings disposal (into Hawk Inlet or Chatham Strait) have been
considered previously in other southeast Alaskan mine projects and would require a
change to the CWA. While the fact that this approach to tailings disposal is not currently
allowed under the law does not necessarily eliminate it from further consideration, the
permitting pathway could not be accommodated with the time frame spelled out within
the purpose and need.

Alternate TDF designs were also considered. Placement of a narrowed and elongated
TDF expansion west of the design described under the proposed action could potentially
reduce the extent of wetland impacts to Tributary Creek wetlands. This type of design
was put forth in the early phases of alternative development. In order to sufficiently shift
the TDF to the west out of emergent and scrub-shrub wetlands, a buttress would need to
be constructed to ensure stability of the western slope of the tailings pile. While
technically feasible, the design would involve the placement of substantial volumes of
clean fill (approximately 3.6 million cubic yards) to form a buttress along the slope that
leads to Hawk Inlet. Because of the reactive chemical behavior of most of the rock on
Admiralty Island, this fill would have to be shipped to the site by barge. Construction of
such a buttress would represent substantial costs to the operation. Contributing to the
cost factor would be the necessity to construct a new water treatment plant in the
immediate future since the staging of this design would require placing tailings into the
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Not Carried Forward

area currently occupied by the water treatment plant in the immediate (less than 10 years)
future, well before its planned service life. In order to develop this design cost
effectively, growth material stockpiles would have needed to be placed into wetlands
similarly to the proposed action. Ultimately, the costs and logistical complexity of this
approach, combined with the wetlands impacts within the Tributary Creek drainage and
its presence within the Monument resulted in this alternative being eliminated from
further consideration.

2.5.3 Reduction of the Pyrite Concentration in the
Tailings

The 2003 EIS identified the reduction of pyrite concentrations within the tailings as an
alternative considered but not carried forward. The potential for changes in technology
since that time warranted a reevaluation of the 2003 conclusion for this analysis.

The alternative would consist of employing an additional flotation circuit to remove most
of the pyrite from the tailings. Pyrite separated from the tailings would require special
handling prior to disposal in either specially prepared cells within the TDF or being
backfilled into the mine. Existing flotation circuits in the mill could not be used for
pyrite flotation without reducing the production rates of lead and zinc concentrates. For
this reason, a separate pyrite plant would need to be constructed adjoining the existing
mill at the 920 mine site. The pyrite concentration process uses sulfuric acid which
would require an additional sulfuric acid storage area. A pyrite concentrate storage
facility would also need to be built in order to coordinate disposal to either surface or
underground operations.

The 2003 EIS estimated that the pyrite plant would require approximately 1 acre. That
analysis also estimated that a sulfuric acid storage and handling facility could require an
additional 0.5 acres and a concentrate handling and temporary storage facility could
occupy an additional acre. All three facilities would need to be located in the mill site
which is a highly congested area with steep topography. The feasibility of locating these
facilities in this area is low.

The storage of sulfuric acid would greatly add to the inventory of hazardous materials at
the mine, and would require a high level of spill prevention and pollution controls. There
would also be increased risk of hazardous material spills during shipping, both by barge
to the mine and by truck to the mill. Spills could directly and severely impact water
quality, aquatic life, and Monument values.

The pyrite concentrate would be highly reactive with the potential for spontaneous
combustion. The 2003 EIS estimated that the pyrite concentrate would have the potential
to oxidize within one year. Like the sulfuric acid storage facility, a pyrite storage facility
would require a high level of spill prevention, special material handling, and pollution
controls.
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This alternative was eliminated from further consideration for the following reasons:

= The difficult logistics and operational constraints of placing the required facilities at
the current mill site; and

= The unreasonable level of risk to water quality, aquatic life, and Monument values as
well as human health that would be associated with the shipping and storage of
sulfuric acid, and the handling of pyrite concentrate because of its potential reactivity.

2.6 Mitigation and Monitoring

The descriptions of baseline conditions and impact assessments presented in Chapter 3
identify a number of mitigation measures to address potential impacts and adaptive
management and monitoring for areas where there are uncertainties. The following
measures have also been included to address mitigation of potential effects.

2.6.1 Alternative B Mitigation

Significant issues identified in the scoping process drove the development of alternatives
C and D (see Appendix C, Alternatives Development). Additional mitigation measures,
in the form of design modifications, were developed to address the significant issues as
they apply to the proposed action. The approach to mitigation includes relocating some
of the proposed facilities associated with the TDF expansion outside of high-value
wetlands, the Tributary Creek drainage, and the Monument.

Mitigation under Alternative B includes a slight reconfiguring of the TDF and modifying
proposed reclamation material storage areas and quarries. The TDF reconfiguration
would involve extending tailings placement to the northeast of the existing facility.
Approximately 2 million cubic yards of material would be placed in this area with half
being placed during the initial expansion phase and half during the final stage. Tailings
placement in this area would require the construction of another water management pond.
The overall result would be a small reduction in the volume of tailings placed in the
Monument and Tributary Creek drainage. As discussed above in Section 2.4.8, it is
anticipated that drainage from the TDF will require treatment for hundreds of years after
closure. While it is not anticipated, in the absence of active water management, the
outfall from the TDF would be designed at closure to drain to Hawk Inlet, rather than to
Tributary Creek. While the volume of tailings stored in the Tributary Creek drainage and
Monument would be reduced, the tailings footprint would be slightly larger because the
geometry of the pile would not support as much height as the proposed action.

The reclamation material storage areas and one of the quarries currently proposed at the
southern end of the TDF and inside the Monument would instead be developed to the
north of the existing TDF reducing the disturbance within the Monument (see Table 2.6.1
and Figure 2.6-1). Rather than developing a quarry in the southeastern portion of the
Tributary Creek drainage, as is currently proposed under Alternative B, the quarry
immediately north of the existing TDF would be deepened.
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Table 2.6-1. Comparison of Acreage Disturbance within the Monument between the
Proposed Action (Alternative B) and Mitigated Alternative B.

Alternative B Final Mitigated Alternative B

Project Component (acres) (acres)
Tailings 64.2 64.5
Reclamation material storage 17.0 13.6
Quarry 17.6 15.1
Ponds 12.0 14.8
Roads, including ditches and pipelines 19.1 19.1
Truck wheel wash 0.1 0.1
Ancillary Disturbance 12.8 9.1
Total New Disturbance 142.8 136.3
Total new disturbance within the Monument 109.3 86.2

2.6.2 Contemporaneous Reclamation

Contemporaneous reclamation (also termed concurrent reclamation) would involve
placing the final cover on portions of the TDF that have achieved their ultimate height
and slope. As currently described, the design of the proposed action and Alternatives C
and D would support the placement of the cover in some portions of the TDF without the
need to wait until the final stages of tailings placement. In addition to the benefits note
above, contemporaneous reclamation could serve as a test facility in which to monitor
vegetation establishment and succession, soil building processes and the performance and
overall effectiveness of the cover itself.

2.6.3 Mitigation and Monitoring

The severity of impacts associated with any particular alternative depends to some extent
on the mitigation that would be implemented. Monitoring can be used to evaluate the
effectiveness of a particular mitigation measure or to assess whether impacts may be
occurring to a particular resource. Changes in monitoring results outside an expected
range can guide adjustments to, or changes in, specific mitigation measures (see Section
2.6.4, Adaptive Management). All of the mitigation measures that require monitoring are
expected to have an adaptive management component, whereby the results of monitoring
will be used to evaluate the effectiveness of the mitigation measures and make
improvements as needed.
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Figure 2.6-1. Facility Locations of Mitigation Options under Alternative B.
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2.6.3.1 Mitigation

Table 2.6-2 presents a summary of mitigation measures that were identified for each of
the resource areas. The Responsibility column describes which entity would be
responsible for overseeing or requiring that the measure was actually implemented. To
the extent possible, the cooperating agencies have worked together to incorporate
mitigation measures into their permitting requirements. Other measures may be beyond
regulatory authority but could be put in place by HGCMC. Table 2.6-2 also includes
mitigation measures that are either ongoing or have been implemented according to the
GPO (Kennecott 2004), standard operating procedures, or the 2010 Annual Report.

Table 2.6-2. Mitigation Measures by Resource.

Section in
Resource Measure this EIS Comment Responsibility
Air Ongoing dust abatement 3.2 All alternatives. HGCMC
and monitoring. Interim slopes not being

used are covered with
rock, outer slopes of the
TDF are hydro-seeded,
and snow fences and
concrete blocks installed
on the crest of the TDF to
serve as a wind break.

Total suspended 3.2.3 All alternatives HGCMC
particulates, lead, zinc and
PM1o monitored per State
Quality Assurance Manual.
Equipment failing
performance audit
recalibrated and re-tested
prior to being placed back in

service.
Air and Water |Inspect trailers hauling 3.2,3.5 |All alternatives HGCMC
Quality tailings/ waste rock; ensure

covers are in place and
secure and tailgate latched
and secured against

spillage.

Spray roads if notable dust 3.2 All alternatives HGCMC
observed.

Truck wash at Concentrate 3.5 All alternatives HGCMC

Storage Building. Vehicles
must have the wheels
cleaned prior to leaving the
Concentrate Storage
Building; runoff directed to
settling pond for handling.

Implement additional fugitive 3.2.3 All alternatives HGCMC
dust control measures.
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Table 2.6-2. Mitigation Measures by Resource (continued).

Section in
Resource Measure this EIS Comment Responsibility
Geotechnical | Tailings pile must be 3.3, 3.5 |All alternatives HGCMC per ADEC

Stability

constructed with compacted
outside side slopes that are
no steeper than 3H:1V;
slopes during operation may
be less than 3:1 if future
operation or slope work is
planned or approval is
obtained.

Waste Management
Permit

Geochemistry

Implement standard
operating procedures to
evaluate risk of acid rock
drainage (ARD) and other
geochemical concerns prior
to developing quarries.

N/A

All alternatives

HGCMC

Water
Resources /
Water Quality

Maintain culverts and
ditches; inspect facilities
twice each year to maintain
functionality. Clean culverts
when more than 4” of
sediment accumulates (6” in
ditches).

3.5

All alternatives Additional
inspections after
significant runoff events

HGCMC

Install a storm water
detention structure or
detention pond at the
confluence of surface water
runoff diversions and natural
channels.

3.5

All alternatives

HGCMC

Water management
detention basins and ponds
would continue to be
operated with low storage
volumes to maintain
adequate contact water
capacity in the pond
systems; the maintenance
of adequate contact water
capacity is required by
ADEC.

3.5

All alternatives

HGCMC

Collect and route direct
runoff from tailings facility.

3.5

All alternatives

HGCMC

Collect and route direct
runoff from mill area tailings
and storage and transfer
facilities.

3.5

All alternatives.

Surface water runoff from
tailings stored in mill
building routed into a
settling pond prior to
being pumped to tailings
facility for treatment.
Runoff from the tailings
loading area is routed
collected and contained.

Tailings contact water not
allowed directly into
Greens Creek or any
other water body

HGCMC
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Table 2.6-2. Mitigation Measures by Resource.

Resource

Measure

Section in
this EIS

Comment

Responsibility

Water
Resources /
Water Quality
(continued)

Prevent contact water runoff
into surface water bodies.

3.5

All alternatives

HGCMC

Truck wash at Concentrate
Storage Building.

Vehicles exiting the
Concentrate Storage
Building must have the
wheels cleaned; runoff
directed to settling pond for
handling.

3.5

All alternatives

HGCMC

Truck wash at mill building
concentrate room.

Vehicles exiting the mill
building concentrate room
must have the wheels
cleaned; runoff water from
the truck wash collects in
the sump and is pumped to
the bulk thickener; no runoff
water from the concentrate
loading area leaves the
building.

3.5

All alternatives

HGCMC

Spill response and reporting
procedure. Detailed
Contingency Plan outlines
spill response and reporting
procedures in the event of a
spill of a hazardous
substance.

3.5

All alternatives

HGCMC

Establish vegetative cover
and moderate slopes to
manage surface water
flows. Most slopes will be
constructed with a 3H:1V
slope; use straw bales, silt
fences, and swales to slow
the water and reduce
erosion while vegetation
becomes established.

3.5

All alternatives

HGCMC

Straw bales must be
certified as weed free.

N/A

All alternatives

HGCMC

Stabilization of channels
and channel banks.
Hydroseeding used on
channel banks to aid in
stabilization; channels will
be stabilized with
degradable fiber mat to
establish vegetation; riprap
used to stabilize the
constructed channels in
areas that are subject to
highly erosive stream flows.

3.5

All alternatives

HGCMC
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Table 2.6-2. Mitigation Measures by Resource.

Section in
Resource Measure this EIS Comment Responsibility
Water Hydroseeding slopes for 3.5 All alternatives HGCMC
Resources / stability. Monitor road cuts
Water Quality | for exposed soils and use
(continued) hydroseeding as
appropriate.
During operations, drainage 3.5 | Al alternatives HGCMC
channels designed to
handle flows from a 24
hour/25-year storm event.
Applies to all drainage
channels and diversion
structures during
reclamation.
Ensure that clean water 3.5 All alternatives HGCMC
remains clean. Surface
runoff is intercepted and
diverted around the mill
area. Clean water intercept
"B" Pond was developed to
channel all uncontaminated
water, from the diversion
ditch, into Greens Creek.
Minimize tailings contact 3.6 All alternatives HGCMC
with groundwater by
installing liners and under
drains beneath the tailings;
install slurry walls
surrounding the facility.
Maintain or increase water 3.5 All alternatives HGCMC per ADEC
management infrastructure APDES Permit
to contain and treat tailings
contact water and manage
industrial storm water.
Aquatic Fisheries Mitigation 3.7 All alternatives. HGCMC [ HGCMC per previous
Resources has replaced lost fishery | NEPA documents
habitat through and ADF&G
modification of the mitigation
waterfall barrier on the B | requirements
Road and through
creation of at least five
jump pools for salmon
passage. Proper
functioning of the fish
pass is assessed semi-
annually. HGCMC will
repair and maintain the
existing fish pass in
Greens Creek.
Soils Salvage topsoil in stockpile. 3.84 All alternatives HGCMC per GPO
Establish test plots to study 3.84 All action alternatives HGCMC
the optimum depth of the
plant growth layer.
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Table 2.6-2. Mitigation Measures by Resource.

Resource

Measure

Section in
this EIS

Comment

Responsibility

Vegetation

Establish test plots to verify
that vegetative roots would
not extend into the barrier
layer, and develop an
appropriate seed or planting
mix.

3.9.3.1

All action alternatives

HGCMC

Baseline survey for weeds.

3.9.3.1

All action alternatives

Forest Service

Assure that all vehicles and
heavy equipment
transported to the project
area are free of invasive
plant propagules and
contaminated soil.

3.9.31

All action alternatives

Forest Service

Use of erosion control
materials that are weed
seed free.

3.9.3.1

All action alternatives

HGCMC

Avoidance or removal of
existing invasive plant
populations in order to
reduce the risk of spread.

3.9.31

All action alternatives

HGCMC

Eradication or control of any
newly introduced high
priority invasive plant
populations in the project
area for the life of the
project.

3.9.3.1

All action alternatives

HGCMC

Biennial monitoring of the
existing and new TDF areas
for high priority invasive
plant introductions for the
life of the project, and for at
least 3 years following
closure of the sites.

3.9.31

All action alternatives

HGCMC

Wetlands

Mitigation for wetlands will
be determined by the
Section 404 permit.

3.10.4

All action alternatives

HGCMC

Wildlife

HGCMC employees
prohibited from hunting.

3.10

All alternatives

HGCMC

To reduce the potential for
impacts to nesting migratory
birds, ground disturbing
activities and tree clearing
should be conducted
outside the nesting season
in the region (late May
through early July).

3.11.4

Alternatives B, C, and D

HGCMC

2.6.3.2

Monitoring

Monitoring programs currently in place provide a means to assess the effectiveness of
mitigation measures. Monitoring requirements are established in the GPO, permits, and
approvals. Table 2.6-3 summarizes relevant monitoring requirements and authority.
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2.6.4 Adaptive Management

Adaptive management provides a mechanism for agencies to determine if and when it is
necessary or advisable to require adjustment of operating procedures, mitigation
measures, and/or monitoring in response to concerns identified through monitoring.
Adaptive management approaches are effective in ensuring that permit and authorization
requirements are met while providing sufficient flexibility to take preventative or
remedial action if environmental concerns arise.

Adaptive management starts with review and oversight of ongoing activities and evolves
as needs or concerns are identified. On a daily basis, HGCMC staff visually observes
and responds accordingly to conditions at the TDF, including erosion control measures.
Several times a year, Forest Service, State or Alaska, or other agencies inspect the site for
compliance with the GPO or permit conditions. The oversight provides frequent
opportunity to confirm compliance or identify and respond to concerns.

HGCMC would implement the mitigation measures listed in Table 2.6-2 and monitoring
actions and programs listed in Table 2.6-3. If unanticipated adverse conditions are
discovered, the Forest Service or another agency would require additional investigations
and corrective actions, as appropriate. The ADEC Waste Management Permit includes
notification and response requirements should monitoring indicate environmental damage
has or is likely to occur. For example, if a statistically significant change in water quality
is detected or a water quality standard is exceeded at any surface water point of
compliance or down-gradient groundwater monitoring well, the Waste Management
Permit requires prompt notification, investigation, and development of an action plan.

HGCMC is required to report the results of its monitoring annually and present the
findings at an annual meeting which is open to the public. This provides an opportunity
for the agencies and public to review monitoring results, identify issues, and consider
corrective actions, including modification of management requirements.

The Waste Management Permit requires that an independent auditor complete a facility-
wide environmental audit every 5 years. The purpose of the audit is to determine if both
the facility management and regulatory controls and oversight of the facility provide
reasonable assurances that the facility and controls are functioning as intended. This
audit is an objective, systematic, documented review of the conditions, operations, and
practices at the mine. The audit evaluates regulatory compliance, HGCMC’s compliance
with its own environmental practices, reliability of facility reporting, adequacy of agency
oversight, bond adequacy, and other components. The results of this audit assist the
agencies in updating plans, procedures, and permit requirements; determining compliance
with the GPO and Waste Management Permit; and determining adequacy of the
reclamation bond.

If alternatives B, C, or D are selected as a result of this analysis, the Forest Service will
require detailed construction plans from the operator for the first phase of development,
not to exceed 10 years of development. For future phases, the Forest Service will prepare
supplemental information reports to evaluate received phased construction plans in light
of existing conditions and information known at the time. Supplemental review may also
be required if changing conditions or new information indicates that such a review is
necessary.
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Table 2.6-3. Monitoring Requirements and Authority.
Resource /
Item to be Responsible
Monitored Method of Measurement | Frequency of Measurement | Threshold of Variability Action to be Taken Authority Party
Air Quality Visual observation of Ongoing Notable dust levels Watering the roads GPO Operator
fugitive dust
Air quality monitoring at One 24-hr sample every 6" Assess statistical trends Report to Air Program
mine site and Hawk Inlet day Manager
Marine Terminal Facility for
total suspended
particulates, lead, zinc, and
particulate matter less than
10 microns (PMo)
Geotechnical | Visual inspections Daily visual inspections and | Structural change or Stop water inflow from GPO Operator
Stability compaction testing, water | recording of volumes by damage to a facility such | all managed sources,
level measured tailings pile operators; visual | that environmental notify Forest Service,
inspections every two years | damage is likely to occur | ADNR, create map of
and following an earthquake, | or any violation of a inundation
major storms, or over flow for | permit condition is
structure by qualified observed
engineer; monthly visual
inspection of seepage from
the pile and of leachate
collection and surface water
diversion systems
Inspection of cover during
reclamation
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Table 2.6-3. Monitoring Requirements and Authority (continued).

Resource /
Item to be Responsible
Monitored Method of Measurement | Frequency of Measurement | Threshold of Variability Action to be Taken Authority Party
Geochemistry | pH, leach testing Monthly As stated in Plan of GPO/ Tailings | Operator
Operation Internal
Environmental
Monitoring
Program
Net neutralization potential | Quarterly As stated in Plan of An expert in ARD will
and paste pH Operation review the info, and
develop a management
plan if necessary. Notify
Forest Service and
ADEC
Water in contact with Quarterly No specific compliance Trends reported to
tailings sampled for levels — looking at trends | Forest Service, ADEC,
chemistry, water level and ADNR
measured
Water Freshwater sampled at Monthly and Quarterly to Compliance with Alaska Compare to up-gradient | GPO Operator
Resources — various sites for chemistry | conduct statistical trend WQS and APDES permit, | reference sites, notify
Surface Water analysis and storm water permit. Forest Service, ADEC,
conduct confirmation
sampling, prepare
monitoring plan to
Forest Service and
ADEC
Marine water sampled for | Quarterly Compliance with
chemistry applicable standards of
ADEC APDES Permit
Water Chemistry Twice a year Compliance with Alaska Compare to up-gradient | GPO Operator
Resources — wWaQs reference sites, notify
Groundwater Forest Service, ADEC,
conduct confirmation
sampling, prepare
monitoring plan to
Forest Service and
ADEC
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Table 2.6-3. Monitoring Requirements and Authority (continued).

Resource /
Item to be Responsible
Monitored Method of Measurement | Frequency of Measurement | Threshold of Variability Action to be Taken Authority Party
Aquatic Juvenile fish sampled for Annually for 5 years, then Significant change as Increase the number of | GPO Operator
Resources abundance and review compared to baseline or | parameters analyzed in
distribution. Subsamples reference site water samples
analyzed for chemistry.
Water samples for temp
and toxicity texting.
Periphyton samples
collected for estimates on
biomass. Invertebrates
sampled for abundance
and community structure.
Inspection of fish ladder to | Annual inspection Determined not passable | Clear of debris and
determine it is clear and follow maintenance
passable program
Marine sediment and biota | Semi-annually Detect changes in
for chemistry background levels
Soils Roads monitored for ruts Ongoing High levels of sediment Additional mitigation GPO Operator
and accumulations of fines; production measures such as
landslides or washouts carrying lighter loads,
reduced air pressure in
tires, or enhanced
sediment removal and
sediment control
devises used.
Vegetation Visual inspection of Biennial Existing Removal GPO Operator
existing and new TDF (to be
areas for high priority included)
invasive plant species
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Table 2.6-3. Monitoring Requirements and Authority (continued).
Resource /
Item to be Responsible
Monitored Method of Measurement | Frequency of Measurement | Threshold of Variability Action to be Taken Authority Party
Reclamation/ | Visual inspection for Annually Per Waste Management | Per Waste Management | GPO Operator
Post Closure subsidence and Permit Permit
movement,
Visual inspection of Semi-annual for 5 years
infiltration / barrier, root
zone layers and
establishment of growth
and vegetation
Groundwater monitoring, Semi-annual
surface water seeps and
leachate water monitoring,
biological monitoring
Net neutralization potential | Every 5 years
and paste pH
Marine water sampling Per National Pollutant
Discharge Elimination
System, if tailings underdrain
water is discharged through
marine outfall
Overall Conduct facility wide 5 years Observed environmental | Require corrective GPO, Waste | Forest
Management | environmental audit harm or operations not in | actions Management | Service,
compliance with the GPO Permit ADEC
or permit conditions
Conduct regular site Variable (several per year)
inspections
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2.7

Comparison of Alternatives

Table 2.7-1. Summary of Potential Impacts of Each Alternative by Resource.

Impact Alternative A Alternative B Alternative C Alternative D
General Duration of Mine Life Through 2014 30-50 More Years 30-50 More Years 30-50 More Years
Air Quality Uncontrolled: PM+o.25 tons per | 142 170 229 230
year (tpy)
PM_ 5 tpy 17 22 30 30
Controlled: PM1o-25 tpy 77 97 125 129
PM2 s tpy 9 13 16 16
Water Percent of watersheds Tributary Creek: 1 Tributary Creek: 20 Tributary Creek: 3 Tributary Creek: 4
gersfourcss_t affected by new disturbance | cannery Creek: 0 Cannery Creek: 0 Cannery Creek: 0 Cannery Creek: 0
uriace yvater Fowler Creek: 0 Fowler Creek: 0 Fowler Creek: 0 Fowler Creek: 0
Reduction in stream flow Minor reduction of flow in two | Minor reduction in flow | Minor reduction in flow in | Similar to Alternative C
creeks (Tributary and in two creeks (Tributary |three creeks (Tributary, although effects in Fowler
Cannery) and Cannery) but more | Cannery, and Fowler) Creek would be delayed
than Alternative A by approximately 12—15
years
Additional water management |Yes as TDF expands to Yes; more water Yes; more total Similar to Alternative C
infrastructure such as currently approved size management infrastructure required although additional water
diversions, groundwater slurry infrastructure required | than Alternative B; management for new TDF
walls, and water management than Alternative A additional water would not be put in place
ponds management until construction began in
infrastructure required for |approximately 12—-15
new TDF years
Need for long-term water Yes Yes Yes Yes
treatment
Water Change in flow or quality Minimal effect on local Similar to Alternative A | Similar to Alternative A Similar to Alternative C
Resources— hydrogeology; no impacts to but new TDF located in
Groundwater groundwater quality additional groundwater

area
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Table 2.7-1. Summary of Potential Impacts of Each Alternative by Resource (continued).

Impact Alternative A Alternative B Alternative C Alternative D
General Duration of Mine Life Through 2014 30-50 More Years 30-50 More Years 30-50 More Years
Aquatic Habitat Class | Tributary: 0 Tributary: 1,646 Tributary: 0 Tributary: 0
Resources E‘Zrerga”e“”y lost Fowler: 0 Fowler: 0 Fowler: 34 Fowler: 34
Class Il | Tributary: 0 Tributary: 2,400 Tributary: 0 Tributary: 0
Fowler: O Fowler: O Fowler: 1,044 Fowler: 1,044

Risk of chemical or mining
product spill

Low, due to best
management practices
(BMPs) and Spill Prevention,
Control, and Countermeasure
Plan requirements

Similar to Alternative A,
although operations
would continue over 30
to 50 years, increasing
the chance of a spill

Similar to Alternative B
except increased risk in
Fowler Creek drainage

Similar to Alternative C

Geochemistry

Likelihood of TDF ARD
developing

Low due to very low
permeability, low availability
of oxygen and closure and
reclamation of TDF

Same as Alternative A
although a pile contains
a larger volume of
tailings

Same as Alternative B

Same as Alternative B

Geotechnical

Likelihood of TDF failure

Very low probability of TDF

Same as Alternative A

Same as Alternative A

Same as Alternative A

Stability failure due to design
measures
Soils New loss in soil productivity 0 141 156 169
(measured in acres disturbed)
Vegetation Acres of disturbance 0 Productive old growth POG: 130 acres POG: 140 acres
(POG): 109 acres Non-forested: 91 acres Non-forested: 95 acres
Non-forested: 99 acres
Off-site effects Elevated metals levels in Similar to Alternative A; | Similar to Alternative B Similar to Alternative B
lichens may continue through | however, off-site effects
life of operations; duration of | may continue longer
effects would depend on the | due to longer mine life
effectiveness of control
measures
Wetlands Acres and types disturbed 0 Bog: 54.8 Bog/Bog Woodland: 11.7 | Bog/Bog Woodland: 13.6
Forested: 43.3 Forested: 75.4 Forested: 76.9
Fen: 0.5 Sedge Fen/Fen: 24.9 Sedge Fen/Fen: 32.5
Marsh: 0.4 Marsh: 1.1 Marsh: 1.9
Total: 99 Total: 114.2 Total: 124.9
2-44 Greens Creek Mine Tailings Disposal Facility Expansion EIS




2.7

Comparison of Alternatives

Impact Alternative A Alternative B Alternative C Alternative D
General Duration of Mine Life Through 2014 30-50 More Years 30-50 More Years 30-50 More Years
Wildlife New decrease in brown bear | None 23 <1 1

buffers (acres)

Duration of activities that could
disturb wildlife and marine
mammals

Through 2014

Additional 30-50 years

Additional 30-50 years

Additional 30-50 years

New removal of POG habitat |None 109 130 140
(acres)

New reduction in deer winter None 109 130 140
range habitat (acres)

Result in “take” of Endangered | No No No No
Species Act (ESA)-listed

species

Number of goshawk nests 0 0 1 1

potentially affected

Threatened (FT)
and endangered
(FE) species /
Forest Service
Sensitive
Species (FSS)

Humpback whale (FE)

Not likely to adversely affect

Stellar sea lions (FE)

May affect, but is not likely to adversely affect

Yellow-billed loon (candidate
and FSS)

May impact individuals but is not likely to cause a trend to federal listing or loss of viability

Chinook salmon; sockeye
salmon; steelhead (FT or FE,
depending on the run)

No effect

Queen Charlotte goshawk
(FSS)

May impact individuals but is not likely to cause a trend to federal listing or loss of viability

Black oystercatcher (FSS)

May impact individuals but is not likely to cause a trend to federal listing or loss of viability

Land Use Meet management Yes Yes Yes Yes
prescriptions
Recreation Duration of operations (when | Through 2014 plus Additional 30-50 years | Same duration as Disturbance at new TDF

public may be excluded from
areas)

reclamation period

plus reclamation period

Alternative B; disturbance
at new TDF initiated in
approximately 2—-3 years

not initiated until
approximately year 12

Greens Creek Mine Tailings Disposal Facility Expansion EIS
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Chapter 2. Description of Proposed Action and Other Alternatives

Impact Alternative A Alternative B Alternative C Alternative D
General Duration of Mine Life Through 2014 30-50 More Years 30-50 More Years 30-50 More Years
Scenic Compliance with applicable Yes Yes Yes Yes
Resources scenic integrity objective (SIO)

Duration of visual effects

Around 2014 plus
reclamation establishment
period

Additional 30-50 years
plus reclamation
establishment period

Reclamation at existing
TDF to begin in
approximately 2—3 years;
reclamation of new TDF at
end of mining activity (30—
50 years); reclamation
establishment period
applies to both facilities

Reclamation at existing
TDF to begin in
approximately 12 years;
additional 30-50 years of
mining activity at new
TDF; reclamation
establishment period
applies to both facilities

Location of TDF

Current location

Expanded at current
location

Minimal expansion at
current location and new
site to the north

Moderate expansion at
current location and new
site to the north

Subsistence

Duration of mine life

Through 2014

30-50 more years

30-50 more years

30-50 more years

New reduction in deer winter
range habitat (acres)

None

109

130

140

Location of TDF

Current location

Expanded at current
location

Minimal expansion at
current location and new
site to the north

Moderate expansion at
current location and new
site to the north

Cultural
Resources

Effects on historic properties

Historic properties not
adversely affected; Hawk
Inlet identified as a sacred
place by Angoon affected
over the long term.

Same as Alternative A

Same as Alternative A

Same as Alternative A

Socioeconomics

Duration of annual economic

and employment benefit from

operations

Through 2014

30-50 more years

30-50 more years

30-50 more years

Monument
Values

New disturbance within
Monument (acres)

109

27

Post mining condition

Near-natural condition
following reclamation

Similar to Alternative A

Similar to Alternative A

Similar to Alternative A

Environmental
Justice

Disproportionately affect
minority or low income
populations

No

No

No

No
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3.1 Introduction

CHAPTER 3. AFFECTED ENVIRONMENT AND
ENVIRONMENTAL CONSEQUENCES

3.1 Introduction

Environmental impact statements (EISs) often separate the discussions of the affected
environment (baseline conditions) and environmental consequences into separate
chapters. This EIS combines these two chapters because the affected environment has
already experienced environmental consequences from previous mining activities.

Chapter 3 describes each resource, beginning with an overview of that resource, a brief
summary of pre-mining conditions (based on the 1983 EIS), a description of the current
conditions, and finally, a description of the environmental consequences that would result
from each tailings disposal facility (TDF) alternative. Current conditions, including
effects that have already occurred as a result of mine-related activities, will serve as the
baseline conditions against which environmental impacts from the alternatives will be
compared. Where applicable, the environmental consequences sections describe effects
that are common to all alternatives followed by descriptions of effects that are unique to
each alternative. The discussions include descriptions of measures that could be
implemented to avoid, minimize, or mitigate impacts.

Analyses conducted under the National Environmental Policy Act (NEPA) focus on
assessing effects (positive and adverse) to a suite of resources and consider the frequency,
duration, and spatial distribution of those effects. One objective is to identify
“significant” effects in an attempt to avoid or minimize them to the extent possible. The
Council on Environmental Quality in its NEPA regulations (40 CFR 1508.27) defines
significance in terms of both context and intensity. Context refers to the setting of the
project and how individual resources may be affected to a local or regional extent.
Intensity refers to the severity of the impact and includes considerations of the
uniqueness of the resource, whether affects are positive or adverse, whether federal, state,
or local laws may be violated, and the degree of risk or uncertainty involved. A project
could exhibit extreme intensity to particular individuals (e.g., mortality) while having a
low intensity level when considered on the basis of a local population; the significance of
an effect would be different if an endangered species was involved compared to a species
that occurs commonly. The impact analysis for each resource, therefore, considers the
magnitude of the impacts, their frequency, likelihood, extent, duration, and intensity.

The EIS also considers cumulative effects of the proposed action and alternatives when
combined with other past, present, and reasonably foreseeable activities. The cumulative
effects discussion is provided in Section 3.23.

For this project, the project area is defined as a one-half-mile buffer around the proposed
TDF expansion areas and the portions of the A and B Roads extending from the existing
lease boundary north to the TDF expansion under alternatives C and D (Figure 3.1-1).
The study area for each resource may vary from the project area and in some cases may
be much larger. The study area for each resource is described in Table 3.1-1. In some
cases, study areas for cumulative effects may extend beyond the study area for direct and
indirect effects; these are described in selection criteria identified in Table 3.22-2 in the
cumulative effects discussion.
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Chapter 3. Affected Environment and Environmental Consequences
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Figure 3.1-1. Project and Study Areas.
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3.2 Air Quality

Table 3.1-1. Study Areas for Direct and Indirect Effects.

Resource

Study area for direct and indirect effects

Air Quality

Combined watershed area in Figure 3.1-1

Geotechnical Stability

Direct footprint of the TDF(s)

Geochemistry

Direct footprint of the TDF(s)

Water Resources

Combined watershed area in Figure 3.1-1

Aquatic Resources

Combined watershed area in Figure 3.1-1 and Hawk Inlet

Soils Project area
Vegetation Project area
Wetlands Combined watershed area in 3.1-1

Threatened and Endangered Species

Project area

Land Use

Project area

Scenic Resources

Viewshed from Hawk Inlet (Figure 3.14-4)

Recreation

Project area and Hawk Inlet

Subsistence

Project area and Hawk Inlet

Cultural Resources

Project area

Socioeconomics

City and Borough of Juneau (CBJ)

Monument Values

Admiralty Island National Monument

Environmental Justice

City and Borough of Juneau and Hoonah-Angoon
Census Area

3.2 Air Quality

Air quality and permitting for industrial air emission
sources is regulated under the federal Clean Air Act

Air quality was not identified as a
significant issue during the

(CAA). Industrial air emission sources include
stationary (point) sources, fugitive sources, and mobile
sources. The U.S. Environmental Protection Agency
(USEPA) has approved the Alaska Department of
Environmental Conservation (ADEC) Title 1 and Title
5 State Implementation Plan programs. The ADEC
administers the air permit program for industrial
emission sources in Alaska. To obtain an air permit
from ADEC the industrial source must identify all air
emissions associated with the operation and
demonstrate compliance with ambient air quality
standards. National Ambient Air Quality Standards

scoping process. Comments
received during the scoping
process regarding air quality
related to dust generated by
mining activities are addressed in
this section. Measures of air
quality include fugitive dust levels
in the project area and metal
concentrations in established
lichen monitoring plots.

(NAAQS) and Alaska Ambient Air Quality Standards which the Greens Creek Mine

must comply are listed in Table 3.2-1.
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Chapter 3. Affected Environment and Environmental Consequences

Table 3.2-1. National and Alaska Ambient Air Quality Standards.

Primary Standards Secondary Standards
Pollutant Level Averaging Time Level Averaging Time
Carbon Monoxide 9 ppm 8- hour None
(10 mg/m°)
35 ppm 1-hour
(40 mg/m3)
Lead 0.15 pg/m?® Rolling 3-month Same as Primary
average
Nitrogen Dioxide 53 ppb Annual Same as Primary
(Arithmetic Average)
100 ppb 1-hour None
Particulate Matter (PM1q) 150 pg/m3 24-hour Same as Primary
Particulate Matter (PMys) | 15.0 ug/m’ Annual Same as Primary
(Arithmetic Average)
35 pg/m® 24- hour
Ozone 0.075 ppm 8-hour Same as Primary
Sulfur Dioxide 0.03 ppm Annual 0.5 ppm 3-hour
(Arithmetic Average)
0.14 ppm 24-hour
75 ppb 1-hour None

The NAAQS, developed by USEPA and adopted by the State of Alaska, are implemented
to protect public human health and welfare. Primary standards are intended to protect
public health. Secondary standards are in place to protect public welfare. NAAQS and
Alaska Ambient Air Quality Standards have been established for six criteria pollutants
which include; sulfur dioxide (SO;), carbon monoxide (CO), lead, ozone, nitrogen
dioxide (NO,), and particulate matter with a diameter less than 10 microns in size (PM)
and less than 2.5 microns in size (PM;s). For areas that attain the NAAQS, the USEPA
has developed Prevention of Significant Deterioration (PSD) regulations. Within the
PSD regulations, the PSD increment is defined as the amount of pollution a source is
allowed to emit and is based on the specific baseline (ambient) concentration at the time
that the first complete PSD permit application affecting the area was submitted. The key
purpose of PSD regulations is to protect air quality and keep attainment areas in
compliance with the NAAQS. Greens Creek Mine is located in an area classified as PSD
Class II, which allows for moderate industrial growth in the area; Greens Creek Mine is
considered a major source under PSD regulations, because it has the potential to emit
more than 205 tons per year (tpy) of NOy.

3.21

Before mining, air pollutant concentrations in the vicinity of the Greens Creek Mine are
expected to have been well below the NAAQS. Prior to mine development,
concentrations of criteria pollutants were not directly measured. Levels of pollutants
were expected to be lower than observed in Juneau and similar to levels of surrounding
remote areas.

Air Quality — Pre-mining Environment
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3.2 Air Quality

The climate at the Greens Creek Mine is a coastal marine environment. Topography
largely influences wind patterns in the area. The terrain at the project site channels the
wind, producing a flow from the north-northeast. Based on site data between 2000 and
2010, the wind at the project site was from the north-northeast about 39 percent of the
time and from the south about 12 percent of the time. The highest wind speed recorded
near the project site between 2000 and 2010 was 72.6 miles per hour (mph). The average
wind speed was 6.6 mph. Figure 3.2-1 graphically represents wind direction and speed
(in knots) near the project site from January 1, 2000 through December 31, 2010 (1 knot
is equal to 1.15 miles per hour).

WEST EAST

WIND SPEED
(Knots)

- >= 11
SOUTH -

B -7
R

Calms: 0.00%

Figure 3.2-1. Annual Prevailing Wind Speed and Direction.

The potential for dispersion of airborne pollutants at the mine site is dependent on several
environmental factors: wind speed, precipitation, and the depth of the atmospheric
mixing zone. High winds can dilute pollutants in the atmosphere as well as lead to higher
fugitive dust emissions. Low wind speeds reduce pollutant dispersion and can increase
localized ambient concentrations of pollutants.
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Chapter 3. Affected Environment and Environmental Consequences

3.2.2 Air Quality — Baseline Conditions

Air quality measurements have been conducted for PM; at the mine site and are below
NAAQS standards. Concentrations of other commonly monitored air pollutants
including nitrogen dioxide, carbon monoxide, and sulfur dioxide have not been directly
measured at the mine site.

The ADEC has issued air permits that serve as a framework for the operation of the mine
site. Active permits are currently in place to regulate air emissions at the mine site (Title
V Operation Permit No. AQ0302TVP02, Owner Request Limit No. AQ08530RL02 and
Minor Permit No. AQ0302MSSO01). Operational guidelines and restrictions are identified
in the active permits to ensure air quality standards are maintained at the Greens Creek
Mine property boundary during ongoing mining activities. The regulations and
restrictions put in place by the ADEC are monitored through ongoing reporting
requirements and inspections by ADEC personnel (Table 3.2-2).

Table 3.2-2. Alaska Department of Environmental Conservation Air Quality Site
Inspections.

Inspection Date Summary of Inspection Findings

May 22, 2001 = Clean Air Act Notice of Violation
= Failure to obtain a permit for a generator installed in 1998

December 31, 2007 | = Facility found to be in compliance with all air quality permits

April 29, 2010 = Request air quality monitoring for particulate at the western and southwestern
portions of the TDF

Follow-up with ADEC Air Quality Monitoring group to develop this program is
recommended

PM;y monitoring was conducted at the Greens Creek Mine from April 20, 1995 to March
30, 1996. Two co-located PM,( monitors were installed on the slope behind the mill.
Concentrations of PM,, were well below the ADEC established standard of 150 pg/m’.
However, the mine was not in operation during this period. Therefore concentrations of
PM, were representative of ambient air conditions. No onsite PM;, monitoring has been
conducted while the mine has been in production.

Fugitive Dust and Deposition

Based on observation, dust is lost from the TDF during dry and windy conditions. These
conditions typically occur between mid-December and late February when high pressure
systems commonly create strong northern winds and dry, cold conditions. Since 2007,
snow samples have been collected prior to spring melt. The samples collected were
analyzed to quantify the amount of tailings dust accumulated in the surrounding snow
pack. Lead loading was observable up to 1,695 feet from the TDF, with loading
concentrations decreasing due to dust mitigation measures put in place by Hecla Greens
Creek Mining Company (HGCMC) since initial sampling in 2007 (KGCMC 2009).

The Tongass National Forest and the Alaska Regional Soil, Water, and Air Program of
the Forest Service initiated the use of lichens as biomonitors of air pollution in the
Tongass National Forest (Geiser et al. 1994). Lichen samples were collected from plots
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3.2 Air Quality

at the mine portal and TDF that are exposed to road dust, vehicle emissions, and other
airborne particulates related to mining activities.

Lichens collected at the Greens Creek Mine contained more elements above threshold
than any other monitoring site in the Tongass National Forest. Nineteen elements were
above natural background levels including sulfur (S), nitrogen (N), aluminum (Al),
barium (Ba), cadmium (Cd), copper (Cu), iron (Fe), lead (Pb), vanadium (V), zinc (Zn),
cobalt (Co), lithium (L1), and nickel (Ni). The presence of these elevated element counts
are suspected to be from fugitive dust or vehicle emissions, and volitization from surface
disturbances created during the mining process. This study is discussed in further detail
in Section 3.9.3.1, Vegetation.

Dust Control Improvement Methods

In an effort to reduce dust loss from the TDF, HGCMC has employed a variety of
voluntary abatement measures. Interim slopes not being used are covered with rock,
outer slopes of the TDF are hydro-seeded, and snow fences and concrete blocks were
installed on the crest of the TDF to serve as a wind break. Current dust control
methodologies are not required under permit terms and conditions, but are expected to
achieve NAAQS standards.

3.2.3 Air Quality — Environmental Consequences

This section addresses the expected changes in air quality and emissions associated with
the alternatives and the relative differences among alternatives in terms of air emissions.
The stationary sources of air emissions included in the proposed action are compared to
potential sources of air emissions associated with each alternative. Stationary source
emission units will remain virtually the same for all activities associated with mining and
mineral processing with only a difference in duration at various sites. Fugitive dust
emissions for activities associated with the TDF operations and development will vary by
alternative. A summary of emissions units currently permitted at the Greens Creek Mine
is listed in Table 3.2-3.

Table 3.2-3. Summary of Emission Units Currently Permitted at the Greens Creek Mine.

Allowable Tons of Pollutants Emitted Per Year
Volatile Organic
Air Emission Source NOy co PM1o SO, Compounds
Ruston Diesel Engine 535.7 100.0 7.2 9.5 27.3
Ruston Diesel Engine
Ruston Diesel Engine
CAT 3516B Diesel Engine 15.6 1.0 11.4 15.2
CAT 3516B Diesel Engine
Diesel Solar Taurus Turbine 1.7 0.8 21.0 8.6
Sullair Air Compressor 36.1 7.8 2.6 0.7 2.9
Volcano Oil Boiler 1.6 0.4 0.1 0.9 0.0
Propane-fired Furnace 0.6 0.2 0.0 0.0 0.0
All Units (Total) 574.0 125.7 11.7 43.5 54.0
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Chapter 3. Affected Environment and Environmental Consequences

3.2.3.1 Effects Common to All Alternatives

The baseline conditions described previously are the current conditions of the mining
operation. Under all identified alternatives, air emissions would continue from mining
and support activities already underway. Air emission sources associated with the mine
include non-combustion sources such as fuel tanks, fugitive dust-generating sources;
other miscellaneous sources; and combustion sources such as mining equipment, heaters,
diesel generators, and boilers.

Compliance with all ADEC air quality permits would continue. As noted in Section
3.2.2, elevated concentrations of metals have been observed in lichens adjacent to the
TDF. These elevated metals levels are likely to continue into the immediate future under
all alternatives and would decrease following closure of the TDF. To the extent that
emissions (or deposition) are from TDF operations, the duration of future effects would
depend on the effectiveness and implementation schedules of control measures that could
be put in place.

Each alternative has the potential for increased fugitive dust emissions due to wind
erosion of the TDF and truck hauling on unpaved roads. Emissions generated by wind
erosion are dependent upon the frequency and size of disturbances of the erodible
surface; each time the surface is disturbed, fresh surface material is exposed to wind.

Stationary source emission units (i.e., generators, boilers, etc.) will not measurably
change under all action alternatives. Mobile emissions from vehicle miles traveled and
number of vehicles will change by alternative.

Fugitive Dust Emissions

Estimations for the maximum annual uncontrolled and controlled PM;y and PM; s fugitive
dust emissions for alternatives A-D are listed in Table 3.2-4. Total maximum emissions
incorporate fugitive dust from travel on unpaved roads and wind erosion on the TDF.
Fugitive emissions due to travel on unpaved roads were estimated using methods outlined
in the Western Regional Air Partnership’s fugitive dust handbook. Fugitive emissions
due to wind erosion of the surface area of the TDF were estimated using standard
methods (Air and Waste Management Association).

Table 3.2-4. Estimated Maximum Fugitive Dust Emissions.

Maximum Maximum Max Tailings Unpaved
Emissions Emissions Footprint Roundtrip Road
Alternative PM_ 5 (tpy) PM; (tpy) (acres)* Length (miles)
A 17 159 49 15.6
B 22 192 64.2 15.6
C 30 259 101.7 21.2
D 30 260 103.1 21.2

* This number represents the footprint of the tailings only.
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Unpaved Roads: Fugitive PM;o and PM, s emissions for alternatives A-D from travel on
unpaved haul roads are summarized in figures 3.2-2 and 3.2-3. Fugitive PM, dust
emissions from unpaved roads were estimated given the number of dry working days per
year, length of unpaved road to TDF from the mine, silt content of the road material, and
average vehicle weight. Fugitive PM; s emissions from unpaved roads were estimated
using a PM; 5:PM ratio of 0.1. Control efficiencies (44 percent) are based on existing
limitations on traffic speeds on haul roads of 25 mph (MRI 2006).

Wind Erosion: Fugitive PM o and PM; s emissions from wind erosion at the TDF were
calculated by establishing an erosion potential of the TDF based on an average peak wind
speed observed near the TDF during the period between January 1, 2000 and November
30, 2008. Other variables used to establish the PM; and PM, 5 emissions from wind
erosion include working dry days per year and the maximum height and surface area of
the TDF. The disturbed portion of the TDF was estimated as 50 percent of the total
footprint acreage based on existing dust management procedures including re-seeding
unused portions of the TDF. Control efficiencies (55 percent) are based on existing dust
management procedures, which include watering the TDF as needed. Western Regional
Air Partnership guidance indicates a watering frequency of twice per day to obtain this
efficiency; however, it was assumed due to the wet conditions of the area that this
efficiency is still accurate. The Hawk Inlet Meteorological Station at the Greens Creek
Mine indicates an average of 219 wet days per year based on daily precipitation data
from 2000 to 2010. Figures 3.2-2 and 3.2-3 summarize the maximum uncontrolled and
controlled emissions from the TDF as a result of wind erosion for alternatives A—D.
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Figure 3.2-2. Maximum Controlled and Uncontrolled PM,, Emissions for TDF and Roads.
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Figure 3.2-3. Maximum Controlled and Uncontrolled PM, s Emissions for TDF and Roads.

Mitigation and Monitoring

Currently, the existing mitigation measures to prevent wind erosion of the TDF include
hydro-seeding on disturbed areas of the TDF, installation of wind breaks, and covering
slopes with rock. Additional dust control measures taken for controlling emission
sources other than wind erosion are discussed in Section 3.2.3.1 as part of existing
conditions.

Sampling has indicated elevated levels of metals in snow and lichen adjacent to the TDF.
The extent and source of elevated concentrations of lead, zinc, and other metals would be
characterized through a formal monitoring program implemented by HGCMC. In order
to address a data gap, the Forest Service will require that additional sampling for fugitive
dust in the air specifically is conducted using Federal Reference Methods for dust
monitoring devices.

If monitoring indicates that fugitive dust emissions related to TDF activities are the
source of elevated concentrations of lead, zinc, and other metals, a mitigation plan would
be developed to identify control measures. Such a plan would include an adaptive
management approach would allow improvements to trigger more or less future control
measures.

Additional control measures included in the mitigation plan should be considered by
evaluating the significance of the impact and control efficiencies of control and
mitigation measures limit fugitive dust. Acceptable and effective mitigation measures
can be found within local and state regulatory standards in dry regions of the continental
U.S. and include those as noted in the Western Regional Air Partnership’s Fugitive Dust
Handbook and are summarized in Table 3.2-5.
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Table 3.2-5. Regulatory Formats to Control Fugitive Dust on Unpaved Roads and Open

Areas.
Control Measure Goal Threshold Agency

Wind Erosion of Open Sources

Watering, fencing, paving, Maintain soil moisture | Construction sites; Arizona,

graveling, dust suppressant, content min 12%; or fences 3 feet — 5 feet, Maricopa

vegetative cover, restrict 70% min of optimum adjacent to County Rule

vehicular access soil moisture content; roadways/urban areas 310 04/07/2004
reduce windblown
emissions

Cease ops (wind speed >25 Reduce amt of Wind speed must be >25 | Arizona,

mph); applying dust suppressant | windblown dust mph for 60 minute Maricopa

two times per hour; watering and | leaving site; maintain average; fencing must be | County Rule

fencing (as above); for after soil moisture content 3 feet — 5 feet with <50% | 310 04/07/2004

work hours: gravel, water three
times per day (possibly four
times per day)

12%

porosity; watering for
after work, holidays,
weekends increase to
four times per day during
wind event

Use of one of following for dust
control on all disturbed soil to

Prevent visible fugitive
dust from exceeding

NA

Nevada, Clark
County Section

maintain in damp condition: soil | 20% opacity, and 94 Air Quality
crusted over by watering or prevent dust plume Regulation
other, or graveling or treated from extending more 06/22/2000
with dust suppressant than 100 yards
Requires application of water or | NA For operations that California,
chemical stabilizers prior to wind remain inactive for not SCAQMD Rule
event three times per day more than four 403 12/11/1998
(possible increase to four times consecutive days
per day if evidence of wind
driven dust), or establish a
vegetative cover within 21 days
after active operations have
ceased to maintain a stabilized
surface for six months

Unpaved Roads
Requires annual treatment of NA Set applicability California,
unpaved public roads by standard: SCAQMD
implementing one of the = unpaved road must be Rule 1186
following: 9/10/1999

® Paving at least 1 mile with
roadway material;

= Applying chemical stabilizers
to at least 2 miles;

= Implementing at least one of
the following on at least 3
miles of road surface:

Installing signage at 0.25-
mile intervals limiting speed
to 15 mph;

Installing speed control
devices every 500 feet; or
Maintaining roadway to 15
mph.

more than 50 feet wide
at all points or must not
be within 25 feet of
property line, or have
more than 20 vehicle
trips per day

= all roads with average
daily traffic greater than
average of all unpaved
roads within its
jurisdiction must be
treated

Greens Creek Mine Tailings Disposal Facility Expansion EIS
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Table 3.2-5. Regulatory Formats to Control Fugitive Dust on Unpaved Roads and Open
Areas.

Control Measure Goal Threshold Agency
Pave, apply dust palliative, or Complies with All unpaved roads with Nevada, Clark
other stabilization standard: | vehicular traffic 150 County
limit visible dust vehicles or more per day | Hydrographic
emissions to 20% Basins 212,
opacity, limit silt 216, 217
loading to 0.33 ounce Section 91 Air
per square foot, and Quality
limit silt content to 6% Regulation
06/22/2000

Y ear-round monitoring would be implemented to better characterize potential fugitive
dust issues and determine the source (i.e., activities at the TDF, mining operations,
vehicle emissions, or other). Monitoring programs are put in place to ensure efforts are
being made to mitigate fugitive dust onsite. These efforts include record keeping of soil
stabilization methods; dates and frequencies of hydro-seeding tailings piles; times and
date of watering; and establishment/maintenance of wind breaks. Site inspections and
monitoring of the crust strength and erodibility should be documented and scheduled
regularly as well. The TDF crust strength can be determined using drop ball tests, as well
as observations of operational dust suppressant systems, and inspections of heights and
porosities of wind breaks.

3.2.3.2 Effects of Alternative A, No Action

Under Alternative A, mining operations would continue through 2014. Impacts similar to
those associated with ongoing mining activities would continue until mining ceased,
disturbed sites were reclaimed, and human activity in the area reduced. The TDF would
be built to the maximum footprint and height evaluated in the 2003 EIS (USDA 2003).
After the TDF is fully constructed in 2014, reclamation would begin as proposed under
the currently approved reclamation plan.

The average annual emissions for each decade following the implementation of
Alternative A were assessed. The values presented in figures 3.2-4 and 3.2-5 reflect the
conservative assumption of full re-vegetation of the TDF by 2020. This conservative
assumption predicts zero fugitive dust emissions six years after reclamation begins in
2014.

3.2.3.3 Effects of Alternative B, Proposed Action

Under Alternative B, mining activities would extend an additional 30-50 years, and the
TDF would be expanded immediately adjacent to the existing TDF. The expanded TDF
and associated infrastructure would add to fugitive and mobile emission sources during
development beyond the impacts of Alternative A. The extended life of the mine would
additionally increase the amount of fugitive dust from the TDF, emissions from
stationary source emission units would remain the same under this alternative.
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Figure 3.2-4. Average Annual PM,, Emissions, Years 1-10.
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Expansion of the TDF could also potentially result in localized impacts on visibility,
vegetation, and soils in the immediate area as a result of fugitive dust. These effects
would range from short term (visibility) to long term (soils).

Mitigated Alternative B

Under mitigated Alternative B, the expansion of the TDF would result in about 2 million
cubic yards of tailings and waste rock being placed in the northeast corner of the existing
TDF. Approximately half of the material would be placed in the initial phase of the
expansion with the remaining volume being placed in the final phase. In addition, the
reclamation material storage area and quarry to the south of the TDF would be relocated
out of the Admiralty Island National Monument (Monument). The result would be a new
reclamation material storage area located near the junction of the A and B roads; moving
the quarry out of the Monument would require deepening the quarry at the north end of
the existing TDF. Enlarging the quarry rather than developing a new one south of the
existing TDF would reduce the areal extent of fugitive dust sources although the
activities conducted in the quarry(ies) including blasting, sorting and loading would result
in similar overall levels of fugitive dust. Overall, impacts resulting from mitigated
Alternative B would be similar to Alternative B although with a slight reduction in
deposition within the Monument.

The average annual emissions for each decade following the implementation of
Alternative B were assessed. The values presented in figures 3.2-6 and 3.2-7 reflect the
conservative assumption that the exposed surface area of the TDF will increase linearly
with time over the projected 50-year extended life of the mine.
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Figure 3.2-6. Average Annual PM,, Emissions, Years 1-50.
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Figure 3.2-7. Average Annual PM, 5 Emissions, Years 1-50.

3.2.3.4 Effects of Alternative C, New TDF Located Outside Monument

Alternative C would involve a 3-year expansion of the existing TDF, construction and
operation of a new TDF, and upgrading the A Road to handle haul truck traffic to the new
TDF. Alternative C would extend the operating period of the mine by 30-50 years.
Effects to ambient air quality would be more widely spread than in alternatives A and B
due to the development of a new TDF. Development of new facilities would increase
mobile, fugitive, and construction air emissions. A quarry would be developed for the
construction of the new TDF and road upgrades would add to fugitive and mobile air
emissions. An increase in mobile, fugitive, and construction produced air emissions
would be expected for the duration of the construction of the new TDF, emissions from
stationary source units would remain the same.

The average annual emissions for each decade following the implementation of
Alternative C were assessed. The values presented in figures 3.2-8 and 3.2-9 reflect the
conservative assumption that the exposed surface area of the TDF will increase linearly
with time over the projected 50-year extended life of the mine.
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Figure 3.2-8. Average Annual PM,, Emissions, Years 1-50.
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Figure 3.2-9. Average Annual PM, s Emissions, Years 1-50.
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3.2.3.5 Effects of Alternative D, Modified Proposed Action

Alternative D would involve the expansion of the existing TDF and the construction of a
new TDF. Like alternatives B and C, Alternative D would extend the operating period of
the mine by 30-50 years. The expansion of the existing TDF would be substantially
smaller than under Alternative B and larger than under Alternative C. Effects to ambient
air quality would be similar to Alternative C. The air quality impacts of this alternative
would be more widespread than alternatives A and B due to development of a new TDF.

A quarry would be developed for the construction of the new TDF and road upgrade
adding to dust and mobile air emissions. An increase in mobile, fugitive, and
construction produced air emissions are expected for the duration of the construction of
the new TDF, emissions from stationary source units would remain the same under this
alternative.

The average annual emissions for each decade following the implementation of
Alternative D were assessed. The values presented in figures 3.2-10 and 3.2-11 reflect
the conservative assumption that the exposed surface area of the TDF will increase
linearly with time over the projected 50-year extended life of the mine.
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Figure 3.2-10. Average Annual PM,, Emissions, Years 1-50.
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Figure 3.2-11. Average Annual PM, ;5 Emissions Years, 1-50.

3.2.4  Air Quality — Summary

Under all alternatives, air emissions would continue from mining and support operations
until reclamation has been completed. Air emission sources associated with the mine
include combustion related emission sources including mobile equipment like trucks and
other heavy equipment and non-combustion sources including fugitive dust generated by
road traffic and wind. Under Alternative A fugitive dust emissions and mobile source
emissions would be minimized after closure in 2014. Using minimal control techniques,
the total uncontrolled PM;, emissions under Alternative A from fugitive emissions due to
the TDF expansion and haul road extensions could reach 159 tpy by 2014 while the
uncontrolled PM, s emissions could reach 17 tpy. Using existing control efforts, the
controlled PM;, and PM, s emissions would be 86 and 9 tpy respectively.

Under Alternative B, fugitive dust and mobile emissions would increase over the
extended life of the mine. The expanded TDF and associated infrastructure would add to
fugitive and mobile emission sources during development beyond the impacts of
Alternative A. Using minimal control techniques, the total uncontrolled PM;y emissions
under Alternative B from fugitive emissions due to the TDF expansion and haul road
extensions could reach 212 tpy by 2062 while the uncontrolled PM; s emissions could
reach 25 tpy. Using existing control efforts, the controlled PM, and PM; s emissions
would be 110 and 13 tpy respectively.

Under Alternative C, effects to ambient air quality would be more widespread than in
alternatives A and B due to the development of a new TDF to the north. Development of
new facilities would increase mobile, fugitive, and construction air emissions. A quarry
would be developed for the construction of the new TDF adding to fugitive and mobile
air emissions. Using minimal control techniques, the total uncontrolled PM;( emissions
under Alternative C from fugitive emissions due to the TDF expansion and haul road
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extensions could reach 265 tpy by 2062 while the uncontrolled PM; 5 emissions could
reach 30 tpy. Using existing control efforts, the controlled PM;y and PM; s emissions
would be 141 and 16 tpy respectively.

Under Alternative D effects to ambient air quality would be similar to Alternative C in
that both alternates would create more widespread impacts to air quality as a direct result
of the development of the new TDF. The air quality impacts of this alternative would be
more widespread than alternatives A and B due to development of a new TDF. Using
minimal control techniques, the total uncontrolled PM;( emissions under Alternative D
from fugitive emissions due to the TDF expansion and haul road extensions could reach
273 tpy by 2062 while the uncontrolled PM; s emissions could reach 31 tpy. Using
existing control efforts, the controlled PM;y and PM, s emissions would be 145 and 16 tpy
respectively.

Limited monitoring of snow and lichens has shown metals deposition adjacent and at
distance from the TDF. Additional monitoring and development of a mitigation plan will
be required to better characterize the source, extent, and nature of the contamination and
determine the need for additional mitigation measures. Mitigation measures are listed in
Section 3.2.3.1.

3.3 Geotechnical Stability

3.3.1  Geotechnical Stability — Pre-mining Environment

This section briefly describes the local stratigraphy
and seismicity at the mine site to establish a baseline
for the geotechnical conditions that may affect
stability of the TDF alternatives. The local
stratigraphy generally consists of peat followed by
various thicknesses and combinations of gravel, sand,
silt, and clay. These sediments were deposited as a
result of marine, fluvial, and glacial processes. Till addresses the long-term
and other sedimentary materials are underlain by geotechnical stability of the TDF.

The resource analysis of
geotechnical stability does not have
any issues directly tied to significant
issues. There are no specific
measures to address the significant
issues; the analysis in this section

metamorphic bedrock, typically schist, phyllite, and/or
argillite. The depth to bedrock varies greatly in the area. In some places, bedrock is
present at or near the ground surface, but in other areas may be covered by more than 100
feet of peat, sand, silt, and till. Depth to bedrock is generally assumed to be quite shallow
on steep slopes.

Greens Creek Mine is located in a region of moderate to high seismicity, and is within
regional proximity to the active Fairweather-Queen Charlotte Fault, potentially active
portions of the Denali Fault, and the Chatham Strait Fault, which is generally not
considered active. A site-specific hazard analysis was performed in 1998 by Klohn
Crippen. Based on regional active faults and other potential sources zones, this study
recommended a maximum design earthquake peak ground acceleration of 0.3 g
(gravitational force) and a design basis earthquake peak ground acceleration of 0.15 g for
the site to ensure an adequate level of geotechnical stability.
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3.3.2 Geotechnical Stability — Baseline Conditions

Overall stability of the TDF was addressed by Klohn Crippen in 2004 and 2005. These
analyses were conducted for five critical locations, and addressed the potential for failure
in the tailings, foundation soils, and along the liner. Klohn Crippen design criteria
required a minimum factor of safety against slope instability of 1.5 for static long-term
conditions, and a minimum factor of safety of 1.3 for static short-term conditions.

Stability modeling included the results of Klohn Crippen’s 2004/2005 field investigation
and laboratory testing program, as well as re-analyzed laboratory data from previous
investigations. In addition, Klohn Crippen’s laboratory testing program included
interface strength testing on the geosynthetics used for the liner materials. Peak and
residual strengths for the liner materials were used in the models, as well as water levels
established according to piezometer readings from within the tailings and beneath the
underdrainage system.

In general, stability analyses through the foundation materials indicated the pile was
stable under normal operating conditions. However, the stability analyses performed
using residual liner strengths resulted in a minimum factor of safety below 1.5, and
inclusion of a small toe berm at the base of the tailings was recommended by Klohn
Crippen. A safety factor above 1 is an indication of geotechnical stability and below 1
indicates a potential for instability under certain conditions. Engineers attempt to design
facilities with safety factors well above 1 to assure geotechnically stable conditions.
Pseudo-static seismic deformation predictions were also shown to be significantly
improved by emplacement of a berm at the toe of the pile.

Klohn Crippen performed a sensitivity analysis to determine if higher groundwater levels
or a higher phreatic surface (water pressures) would cause instability in the TDF. They
determined that the phreatic surface would need to be much higher than the current
groundwater levels to reduce the factor of safety from 1.1 to 1.3 or to potentially affect
TDF stability.

Ground response analyses conducted by Klohn Crippen Berger, and summarized in their
2007 draft report, indicated liquefaction is not a concern at the facility.

3.3.3 Geotechnical Stability — Environmental Consequences
3.3.3.1  Effects Common to All Alternatives
TDF Stability

Stability analyses of the TDF for all alternatives were conducted using the Slope/W
component of GeoStudio 2007. Slope/W was used to conduct limiting equilibrium
analyses using the general limit equilibrium method, which satisfies both force and
moment equilibrium. The Slope/W program incorporates a search routine to locate those
failure surfaces with the least factor of safety within user-defined search limits. Trial
failure surfaces were defined with “entry and exit” parameters, resulting in a range of
possible locations within which the most critical (lowest factor of safety) potential failure
surface may be found.
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Preliminary stability analyses for the alternatives were modeled using the material
properties and design criteria established by Klohn Crippen in their 2004/2005 reports.
These initial analyses indicate that the tailings and foundation materials are likely to be
stable, assuming conditions are similar for all alternatives. However, there is the
potential for instability on natural slopes of 40 percent (2.5 horizontal units to 1 vertical
unit) or steeper, and tailings placed adjacent to these slopes may be impacted by minor
quantities of sloughing materials. These stability analyses did not include a study of
consolidation in peat layers or soft clays that may be present in the alternative locations,
nor did they include pseudo-static analyses.

Stability of TDF Engineered Cover

Maintaining the physical integrity of the barrier layer is the key to maintaining the critical
hydrologic functions of the engineered closure cover (OSU 2010). The stability of the
engineered cover was modeled independently of the main TDF also using Slope/W. The
hydraulic conductivity and relative saturation design criteria for the barrier layer may not
be met if inadequate compaction of the barrier layer, slope failure, or tree wind throw
were to lead to differential settling, slumping, erosion or exposure of the barrier layer to
freeze/thaw or wetting/drying cycles. If fractures develop in the barrier layer, roots could
penetrate through the resulting fracture planes. This could lead to increased flux of
precipitation and oxygen through the engineered closure cover and into the TDF. The
effects of increased flux of water and oxygen in the stability of the TDF would not be
sufficient to result in geotechnical concerns; however, the implications of breaching the
cover in terms of geochemistry are discussed in Section 3.4.3.

Four scenarios were modeled to evaluate the geotechnical stability of the engineered
closure cover under different seismic loading conditions and saturation levels. The
Nevada Division of Water Resources recommends the minimum factors of safety shown
in Table 3.3-1 for heap leach facilities (which is a comparable design to the TDF).

Table 3.3-1. Minimum Safety Factors for Slope Stability Analyses.

Design Condition Minimum Factor of Safety
End of Construction; Static Loading (normal conditions) 1.3
End of Construction; Pseudo-Static Loading (earthquake) 1.05

The following slope stability scenarios were evaluated:
Static Conditions, Average Pore Pressure Conditions
Pseudo-Static Conditions, Average Pore Pressure Conditions

Static Conditions, Storm Event Pore Pressure Conditions

b=

Static Conditions, Storm Event, Forced Failure Surface at Cover and Tailings
Interface

The results of the analyses indicate that the cover is stable under the design conditions,
and exceeds the minimum factors of safety recommended by Nevada Division of Water
Resources for heap leach facilities. These results indicate that for the conditions modeled
the engineered cover is stable as designed. Table 3.3-2 shown the results of the analyses
compared to the minimum State of Nevada factor of safety.
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Table 3.3-2. Summary of Factors of Safety for TDF Cover Stability.

Seismic Loading Pore Water Pressure Factor of
Condition Conditions Minimum FS Safety
Static Average Climate Year 1.3 3.2
Pseudo-Static Average Climate Year 1.05 1.7
Static Storm Event 1.3 3.2
Static Storm Event 1.3 22.1*

* Failure Surface Forced at Cover and Tailings Interface.

Under all alternatives, a stable dry stack (or stacks) can be built using standard
engineering practices. Under these conditions, slope failures are not anticipated.

Monitoring and Mitigation

Changes in predicted water levels and pore pressures within the TDF(s) may change
stability parameters over the life of the project. Therefore, the Forest Service and ADEC
will require monitoring of the TDF(s) under all alternatives over the life of the project so
that any changes to the anticipated conditions within the facilities can be addressed by
design modifications necessary to maintain the target factor of safety.

3.3.3.2 Effects of Alternative A, No Action

Under Alternative A, the TDF is stable under current conditions. As discussed in Section
3.3.2, arise in the phreatic surface within the TDF could result in an unstable condition.
Assuming the phreatic levels remain the same, the pile is expected to remain stable.
Higher levels are not expected to develop in the future.

3.3.3.3

Analyses performed for the proposed action indicate the required factors of safety will
continue to be met (Klohn Crippen Berger 2011). However, as discussed in Section
3.3.3.1, natural slopes greater than 2.5H:1V may experience some sloughing, and tailings
placed adjacent to these slopes may be slightly impacted.

Mitigated Alternative B

Under mitigated Alternative B, the expansion of the TDF would result in about 2 million
cubic yards of tailings and waste rock being placed in the northeast corner of the existing
TDF. Approximately half of the material would be placed in the initial phase of the
expansion with the remaining volume being placed in the final phase. In addition, the
reclamation material storage area and quarry to the south of the TDF would be relocated
out of the Monument. The result would be a new reclamation material storage area
located near the junction of the A and B roads; moving the quarry out of the Monument
would require deepening the quarry at the north end of the existing TDF. No aspects of
mitigated Alternative B apply to the geotechnical stability of the existing TDF and the
required factors of safety would continue to be met.

Effects of Alternative B, Proposed Action
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3.3.3.4 Effects of Alternative C, New TDF Located Outside Monument

Two sections through the maximum TDF height were analyzed for the new TDF under
Alternative C, one from the northwest to the southeast, and one perpendicular to the slope
along the north-northeast edge of the alternative pile, oriented northeast-southwest. The
analyses assumed a lined pile and similar geology and pore pressure conditions to the
existing TDF. The results indicated that Alternative C can be expected to behave
similarly to the existing TDF. As with the slopes to the east of the existing TDF, the
upper natural slopes to the north-northeast of the site have the potential for minor
sloughing. Room to accommodate some sloughed materials between the slope and the
TDF is included in the layout, though further analyses would be required at later design
stages. If native materials from the upper slopes do accumulate on the TDF edge, some
clean up and maintenance may be necessary. However, this potential accumulation is not
expected to cause major damage to the TDF or final cover.

3.3.3.5 Effects of Alternative D, Modified Proposed Action

Analyses performed for the proposed action indicate the required factors of safety would
continue to be met at both facilities.

3.3.4 Geotechnical Stability - Summary

Slope stability is not expected to pose a credible risk to the current expansion
alternatives. While consolidation of peat and/or clay, earthquake induced accelerations,
pile pore pressures, and proximity to potentially unstable native slopes are aspects of the
expansion that require due consideration and design, they are not insurmountable or
substantially different for the alternatives discussed, based on the current analyses.
However, it should be noted that these results are preliminary and based on several
simplifying assumptions.

3.4 Geochemistry

3.41 Geochemistry — Pre-Mining Environment

Surface geochemistry is largely the result of the bedrock geology in an area. The
fundamental geology associated with the pre-mining environment is described in detail in
the 2003 EIS. The pre-mining environment did not include any appreciable occurrences
of sulfide minerals such as pyrite (FeS,), sphalerite (ZnS), or galena (PbS) that are
associated with the Greens Creek ore deposit and tailings as they are unstable at surface
conditions and degrade if exposed. Other minerals associated with the deposit may have
been present, as they are relatively stable. These minerals would include dolomite and
calcite (carbonates) and a host of generally unreactive silicate minerals.

The inferred relative absence of sulfide minerals present at the surface in the pre-mining
environment is supported by negligible chemical loading to surface or groundwater. The
chemical quality of water in the pre-mining environment would have been controlled
more by precipitation interacting with organic material on the forest floor and limited
interaction with relatively unreactive bedrock minerals.
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3.4.2 Geochemistry — Existing Conditions

Since the 2003 EIS, tailings have been added to the TDF. The overall footprint has
increased, as has the total mass of tailings.

The driving geochemical consideration at the Greens
Creek Mine is the water quality associated with tailings.
Some of this water is process water entrained in tailings
when they leave the mill and some is affected by the
result of weathering reactions that occur after
placement. Water discharged from the TDF can be
described as contact water, which is the result of
combining process waters and meteoric precipitation
with the products of weathering reactions.

Since the 2003 EIS for the Greens Creek Mine, mineral
processing has remained essentially unchanged, the

The resource analysis of
geochemistry is related to Issue 1,
water quality and long-term
geochemical stability of tailings.
Measurements of geochemical
impacts include the ability to meet
Alaska Water Quality Standards
(WQS) by designing the TDF to
reduce the rate of geochemical
reactions within the tailings pile.

geochemical characteristics of tailings to the present

are, therefore, expected to be essentially unchanged. The geochemical characteristics of
Greens Creek Mine tailings are thoroughly presented in the 2003 EIS, and are
summarized here with more recent information.

The Greens Creek Mine tailings are silt-sized and composed primarily of pyrite,
dolomite, quartz, and barite. Tailings composition was reported by Waterloo (2011) for
an average of 14 samples. Ten of these samples were taken from several depths (0.5-2.5
meters) within test cells studied by Lindsay (2009) and are estimated to have been
produced in the mid- to late- 1990s. The mineral composition of the tailings by percent
weight reported by Lindsay (2009) is listed in Table 3.4-1. The standard deviation for
each mineral is relatively small. Within this assortment of minerals the ratio between
pyrite and dolomite drive the overall leachate geochemistry and the potential to generate
acidic drainage and release chemical constituents of concern.

Table 3.4-1. Tailings Mineral Composition by Weight.

Mineral Type Chemical Formula Percent by Weight (%) | Standard Deviation
pyrite FeS; 34.3 4.3
dolomite CaMg(COs), 27.2 3.0
quartz SiO; 12.1 3.6
barite BaSO4 12.3 3.8
muscovite KAILAISiz019(OH)2 3.8.3 25
calcite CaCOs3 34.3 0.8
sphalerite Zn,FeS 253 1.0
cymrite BaAl,Si>(0,0H)8-H,0 213 0.6
K-feldspar KAISi3Og 1.5.3 0.6
chlorite (Mg,Fe)5Al(SisAl)O10(OH)s 1.5.3 0.4
hydroxylapatite Cas(PO4)3(OH) 1.2.3 0.3
galena PbS 0.7.3 0.2
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The tailings associated with the Greens Creek Mine have a net capacity to produce acidic
drainage known as acid rock drainage (ARD). That is, the capacity to generate acidity
through the oxidation of pyrite exceeds the capacity to neutralize it. ARD is an acidic
(low pH) iron sulfate solution containing various trace metals that is produced by the
geochemical weathering (oxidation) of sulfide minerals, primarily pyrite. If carbonate
minerals (e.g., calcite, dolomite) are present with pyrite, the acidity associated with ARD
can be neutralized, and iron, trace metal and sulfate concentrations lowered. But even
with neutralization, chemical contaminants can still be released, but far lower than that
associated with ARD.

Figure 3.4-1 (Lindsay and Blowes 2011, Figure 5.6) is a graph of the acid generating
potential of tailings versus the acid neutralizing potential of tailings. The top graph in
Figure 3.4-1 shows acid-base accounting data from 1994-2004 and data initially
measured by Lindsay and Blowes (2011) and the lower graph in Figure 3.4-1 shows the
raw data of Lindsay and Blowes (2011) shown in (a) as well as recalculated data that
more accurately represent the acid potential. The dashed box in (b) corresponds to the
range of data in (a) for the years 1994-2004. Data presented in the figure span ages from
1994 to 2008 and provide a representation of the variability of the acid-base balance in
Greens Creek tailings. The acid-base accounting data from 1994 (Condon 1995) was
obtained from 15 borings within the tailings, distributed to cover the entire pile. Acid-
base accounting samples were prepared by compositing over the length of the core
obtained, which penetrated the thickness for the pile. The 2008 data were produced from
samples taken from four borings transecting the pile east-west and one boring at the
southern margin of the pile (Lindsay and Blowes 2011). Together, these samples should
be considered representative of the acid-base accounting characteristics of tailings.
Although variable, there is no apparent trend in composition over time. Any points that
plot above the sloping line that represents an equal balance of acid generating potential
and acid neutralizing potential are interpreted as having a net capacity to generate ARD,
as acid generating potential exceeds acid neutralizing potential for these data points. All
samples that have been taken of Greens Creek Mine tailings are net acid generating. To
the extent that waste rock is co-disposed in the tailings pile, the overall acid-base balance
of the pile could be altered. This is because waste rock has only 75 percent of the acid
neutralizing capacity of tailings. However, the relatively large size of waste rock relative
to tailings will mitigate any broad changes in expected acid-base accounting generation
because large particles react more slowly than the small tailings particles. Because co-
disposed waste rock will be placed within the tailings, where oxygen is restricted, the
overall effects on acid-base chemistry of the tailings facility can be anticipated to be
negligible.
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Figure 3.4-1. Acid-base Accounting of Greens Creek Tailings.
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Although tailings are shown to have a net capacity to generate ARD, the rates at which
geochemical weathering reactions occur control eventual water quality of tailings pore
water and tailings drainage. Pyrite will be oxidized at rates dictated by site conditions.
This oxidation will only occur at locations that provide ample water and oxygen. In the
pile, only tailings that are located near the outer surface are exposed to abundant oxygen
and it is only at these locations that pyrite oxidation is supported. At depth, the tightly
packed small tailings grains retard availability of oxygen. Thus, pyrite oxidation can be
anticipated to be only a localized occurrence and not widespread throughout the entire
pile at any given time. The resulting localized acidity will be neutralized until carbonate
minerals are consumed. At that point, acid neutralization is consumed and ARD may
form in these localized areas. The key to this sequence is the rate of pyrite oxidation.

The rate at which pyrite oxidizes is related to its grain size (reactive surface area),
available oxygen, water, and temperature. Grain size remains essentially constant for
Greens Creek Mine tailings and water is present in excess of that required by the
oxidation reaction. Pyrite oxidation generates heat. Because there is limited observed
pyrite oxidation in the TDF, the internal temperature is expected to stay cool and
approximately the annual average temperature of the project site. Currently temperature
is not monitored. Ultimately, the rate of oxidation of Greens Creek Mine tailings has
been and will continue to be driven by the rate at which oxygen can be supplied to
tailings in the pile. Information is available to predict the oxidation of pyrite in Greens
Creek Mine tailings from several sources, all with varying degrees of oxygen availability.

The oxidation of Greens Creek Mine tailings:

* has been measured using bench scale laboratory tests

= has been measured in field test plots,

= calculated using empirically determined rate equations, and
= can be estimated for post-closure scenarios.

Laboratory testing of Greens Creek Mine tailings has been conducted using humidity cell
testing. This style of testing is conducted in a column where the tailings are exposed to
moist oxygenated air for three days, followed by exposure to dry oxygenated air for three
days, concluding with a full rinse on the seventh day. The test is then repeated for as
many weeks as desired to observe changes in the release of soluble constituents over
time. The rate of oxidation is expressed as milligrams (mg) of sulfate (product of pyrite
oxidation) released per kilogram (kg) of tailings per week. The humidity cell testing
protocol supplies excess water and oxygen to enable the most rapid reaction rates. Other
than the pyrite oxidation component, which is well understood within the Greens Creek
Mine setting (see below), the specific rate of reaction may be variable, depending upon
the geochemical reactions occurring in the test apparatus.

The rate of sulfate release for Greens Creek Mine tailings, for a single random sample
taken in 1990 (Vos 1990), through an 18-month study changed from a high of 374
mg/kg/week for the first 6 months to 37 mg/kg/week for the next six months, decreasing
to 25 mg/kg/week the final six months (Vos 1990). In the 2003 EIS, the diminishing rate
was attributed to a combination of sulfate release caused by the dissolution of gypsum
which formed from previous oxidation reactions; and because oxidation of pyrite
particles forms a shrinking core over time. A shrinking core can be described as a
progressively shrinking unoxidized sulfide mineral core that is surrounded by an ever-
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growing oxidized rind (layer) that restricts or reduces pyrite oxidation in the center. A
second random sample of tailings was submitted for humidity cell testing work in 2009.
Although it differed in the beginning and the ultimate measured concentrations, the trend
of the sulfate release rate for this sample was similar to that observed for the 1990 sample
(see Table 3.4-2).

Table 3.4-2. Pyrite Oxidation Estimates for Greens Creek Tailings.

Early Rate Long-Term Rate
Source mg/kg/week mg/kg/week
1990 Greens Creek HCT (Vos 1990) 374 25
2009 Greens Creek HCT 529 233
2010 Sulfate Reduction Monitoring No data 9.6
Program
Laboratory Rate 200 200

Note: HCT= humidity cell test.

The rate of pyrite oxidation of tailings in field test plots has also been measured (Lindsay
and Blowes 2011). These measurements were made as part of a study to assess the
effects of amending tailings with organic material to support biological sulfate reduction
as a mechanism to attenuate chemical constituents of concern in tailings pore water. For
these field test plots, the pyrite oxidation rate was estimated using measurements of easily
leachable iron, which is one product from the oxidation of pyrite. As presented in
Condon (2011), easily leachable iron was present at concentrations of approximately
1,500 mg/kg. This mass was accumulated over a four-year time span and correlates to a
pyrite oxidation rate of 9.6 mg/kg/week.

Laboratory rate equations have also been established for oxidation of pyrite at the Greens
Creek Mine site (Williamson and Rimstidt 1994). These equations incorporate grain size,
oxygen dissolved in contact water, and pH and yield an anticipated rate of pyrite
oxidation of 200 mg/kg/week. This calculation (assuming general conditions of water
saturated with dissolved oxygen, a pH of 7, with an average grain size for Greens Creek
tailings and a temperature of 25 degrees centigrade) provides a simple gauge of measured
lab rates from humidity cell tests and indicates that the rates observed are consistent with
theoretical expectations. Measured rates are slightly higher than the calculated rate and
are attributed to variability in grain size as well as the documented variation of sulfide
content in tailings. The difference between lab/theoretical estimates of rate and those
determined in field test plots is related to limited availability of oxygen at depth in
tailings.

The summary of the results of estimates of pyrite oxidation for Greens Creek Mine
tailings is presented in Table 3.4-2. The rate of oxidation in humidity cell tests and for
the laboratory rate equations, where oxygen is not limited, are comparable, although the
1990 long-term rate is much slower than the 2009 results. This difference may be due to
differences in sulfide sulfur content. However, the most significant finding is that the
oxidation rate measured in the field test plots is appreciably lower. This is because the
ingress of oxygen is limited at depth within the tailings (see Table 3.4-2).
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Humidity cell testing in 1993 and 1994 (reported in 2003 EIS) concluded, “Static testing
of tailings from the Greens Creek deposit (Figure 3-15) indicates that they have the
potential to become acidic. However, owing to the abundance of calcium carbonate and
dolomite in the samples (generally ranging from 10 to 60 percent), a long period of
weathering, estimated at more than 10 to 33 years in lab tests conducted on siliceous
waste rock samples, would have to occur prior to development of acidic conditions.”
Products of pyrite oxidation have been observed in limited and restricted seeps associated
with the tailings immediately before and since the 2003 EIS. This observation is
consistent with the projected delay time of 10 to 33 years for the potential onset of ARD
in areas where unlimited water and oxygen were available for a substantial period of
time.

3.4.2.1 Solutions Associated with Tailings

The fine-grained, silt-sized nature of Greens Creek Mine tailings greatly restricts the
infiltration of incident precipitation. Thus, the time required to replace a pore volume of
water within the tailings is substantial. Condon (2011) reports an estimated time of 80
years for an average pile thickness of 150 feet. Very slow movement of water in the TDF
means that water quality will change very slowly. This time estimate is consistent with
earlier estimates made during the 2003 EIS.

Despite the relatively slow rate of infiltration, the tailings contain several aqueous
solutions that are discharged ultimately to wet wells associated with the tailings facility
(see Section 3.5.2.2). Solutions associated with the tailings include the following:

= Near surface seeps;
= Deeper seated unsaturated portions of the tailings; and
= Saturated tailings.

The near surface seeps are characteristic of water that results from the oxidation of pyrite
that is neutralized by carbonate minerals (e.g., dolomite and calcium-magnesium
carbonate) and has relatively elevated concentrations of several trace metals. The
solution associated with the unsaturated portion of the tailings contains lower
concentrations of metals than the surface seeps, but shows a similarity with near-surface
solutions. The interpretation is that these neutralized solutions started near the surface
and have percolated to lower depths within the pile. In moving deeper into the pile, they
experienced attenuation of some constituents in response to the chemically reducing
conditions that exist with increasing depth within the pile. The deepest portions of the
tailings are saturated. The chemical composition of this zone is consistent with, although
not identical to, the zones above it. This lack of interaction is reasonable, as the
reactivity (oxidation) of pyrite and other sulfide minerals is negligible because saturated
conditions exclude oxygen. A comparison of the chemical composition of solutions
associated with the tailings impoundment in presented in Table 3.4-3 (Condon 2012).
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Table 3.4-3. Chemical Composition of Solutions Associated with Greens Creek Tailings.

Near Surface Seep | Reduced Unsaturated Zone Saturated Zone
Standard Standard Standard
Constituent Unit Average Deviation Average Deviation | Average | Deviation
Alkalinity mg/l 209 13 403 68 287 46
Field Conductivity pS/cm 3150 573 3833 423 4107 601
Field pH su 6.9 0.17 7.3 0.2 7.9 04
Total dissolved solids mg/l 2943 850 3258 360 3609 655
SO, mg/l 2067 371 2230 425 2419 531
Ca mg/l 532 22 522 56 190 41
Mg mg/l 241 108 185 62 424 96
Hardness mg/l 2500 536 2062 299 2331 435
Na mg/l 22 13 309 122 226 72
K mg/l 17 12 19 4 45 12
Cl mg/l 10 4 10 6 28 6
Al mg/l 0.025 NA No measurements NA 0.10 0.14
Ag mg/l 0.0001 NA 0.0008 0.0011 0.002 NA
As mg/l 0.0542 0.0761 0.0800 0.0779 0.008 0.007
Ba mg/l 0.0071 NA 0.0062 0.0002 0.0152 0.0061
Cd mg/l 0.0066 0.0053 0.0015 0.0021 0.0040 NA
Cu mg/l 0.0013 0.0005 0.0074 0.0054 0.0037 0.0018
Crlin mg/l 0.0022 0.0025 0.0047 0.0060 0.0021 0.0021
Fe mg/l 16.6 18.6 8.1 44 2.2 NA
Hg mg/l 0.00020 NA 0.002 NA 0.00003 NA
Mn mg/l 55 45 0.21 0.06 0.25 0.19
Mo mg/l 0.0028 NA 0.0086 0.0023 0.134 0.281
Ni mg/I 0.4490 0.1870 0.0217 0.0041 0.0064 0.0027
Pb mg/l 0.0100 0.0114 0.0027 0.0022 0.0006 0.0005
Se mg/l 0.00827 NA 0.0053 0.0045 0.043 0.119
Sb mg/l 0.0033 NA 0.0009 0.0005 0.031 0.039
Zn mg/l 23.6 11.2 1.5 0.8 0.0100 0.0081

Note: For each water type presented, several constituents were either always undetected, or had less than
about 10 percent detectable concentrations. For constituents always undetected, the largest reported
detection limit value is shown in underlined italics. For constituents with few detections, the highest
observed concentration is shown in italics. NA = not applicable; the constituent was undetected.

3.4.2.2  Sulfate Reduction Monitoring Program

The 2003 Greens Creek EIS concluded that there was merit to conducting an
investigation into the potential benefit of amending tailings with organic additives to
facilitate microbially mediated sulfate reduction. This chemical reduction of sulfate
results in the production of sulfide, which forms very low solubility compounds with
metals such as zinc. Thus, from 2006 through 2010, Greens Creek conducted a study in
conjunction with the University of Waterloo (Ontario, Canada) to prepare and monitor
several test plots constructed in the field. Trials evaluated several organic amendments
where the geochemical evolution of associated solutions (and solids) was monitored.
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As expected, the addition of organic amendments resulted in sulfate reduction, with the
attendant decrease in sulfate concentrations as well as a decrease in sulfide mineral
forming metals (e.g., zinc). These metals react with the sulfide produced by sulfate
reduction to precipitate metal sulfide solids and remove the metal from solution. The
decrease in zinc concentration in solution was appreciable, resulting in a representative
concentration of 0.2 mg/L compared with 33.5 and 1.52 mg/L in near surface seep
solutions and solutions associated with the unsaturated portion of the tailings,
respectively (see Table 3.4-3).

However, the addition of organic amendments produced some adverse effects in terms of
water quality. Samples collected from trials where previously oxidized waste rock was
incorporated in the tailings (co-disposal) showed an increase in arsenic concentrations.
The increase in arsenic concentrations was interpreted as being caused by the dissolution
of arsenic-containing iron oxyhydroxides in the chemically reducing environment. The
iron oxyhydroxides would have formed during the previous weathering of the waste rock.
A chemically reducing environment is created when sulfate reducing bacteria consume
the organic amendments. Under these conditions, the iron oxyhydroxides dissolve,
releasing absorbed arsenic. For this reason, Lindsay and Blowes (2011) conclude that
establishing sulfate reduction in combination with co-disposal of waste rock is not
recommended at the Greens Creek Mine.

3.4.3 Geochemistry — Environmental Consequences

Water quality changes within the tailings pile and in water seeping or discharging from
the tailings pile are the most obvious manifestation of geochemical effects. Since
preparation of the 2003 EIS for the Greens Creek Mine (USFS 2003), observations of
water quality, water balance, and flow characteristics in the tailings pile have improved
the understanding of the relationships among geochemistry, water quality, and fate
(chemical changes) and transport in the Greens Creek TDF as discussed above. As a
result, the proponent has created a new conceptual and numerical model, which is
consistent with these observations and data (Condon 2011). The model estimates the
weathering of placed tailings, geochemistry, and effluent quality that could be expected
over time. This initial model was created with the intent of continuously updating it and
recalibrating it using observed site data obtained in future years. A recommended
mitigation measure is to regularly update and recalibrate the model so that predictions of
effluent quality and TDF geochemical behavior can be refined and improved as time
progresses.

3.4.3.1 Effects Common to All Alternatives

The closure plan for all the TDF alternatives at Greens Creek prescribes an engineered
soil cover specifically designed to reduce available oxygen below the cover in the
tailings. The cover is primarily designed to prevent diffusion of oxygen in a vapor state
into the tailings. The water-saturated layer incorporated into the proposed cover design is
intended to limit the flux of oxygen into tailings to that which can be dissolved in water
and infiltrated. Ultimately, the rate of water flux through the cover at closure would
determine the rate of oxygen ingress to tailings, which in turn would dictate the rate of
pyrite oxidation.
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Condon (2011) used the designed flux rate of water through the engineered cover with a
dissolved oxygen content of 12 mg/L to calculate the rate of pyrite oxidation and
carbonate mineral depletion in the TDF. At the conditions of limited oxygen supply,
approximately 1,000 years would be required to deliver enough oxygen to oxidize the
pyrite contained in a 0.4-inch thick layer of tailings. Approximately 300 years would be
required to consume the acid-neutralizing carbonate minerals in the same size layer.
These calculated times are a minimum time, as they assume complete and rapid reaction
of all oxygen that reports to tailings under the reclamation cover. In reality, the oxidation
of pyrite is likely to be slower as the oxidation rate would slow as ferrous iron (Fe*",
released from the oxidation of pyrite) would likely also compete for oxygen to form ferric
iron (Fe*). Further, this ferric iron would precipitate at the neutral pH conditions
maintained by the available carbonate minerals and coat existing pyrite. The ferric
coating would be expected to further depress the rate of oxidation. Hence, timeframes
required to oxidize pyrite, and subsequently consume acid-neutralizing carbonates, are
expected to be very long. Because of the sluggish rate of pyrite oxidation, it is unlikely
that ARD would form in the entire TDF at any given time. Rather, ARD products are
anticipated to only be able to form in thin layers at any given time, depending on the
extent of pyrite coating by iron precipitates. These reactive layers would slowly progress
deeper within the TDF but leave behind previously reacted acid neutral layers. In this
manner only a small volume of the TDF could be producing ARD at any given time. In
general, any ARD solutions produced in localized areas are anticipated to become
neutralized or diluted by other pore waters as it percolates through the pile.

Condon (2011) constructed a mixing model to calculate the potential water quality in this
system associated with discharge from tailings under various discharge scenarios. Unlike
the model used in the 2003 Greens Creek EIS, as discussed above, the 2011 model has
the benefit of incorporating the geochemical characterization of solids and solutions
based on observations conducted over the intervening years. Thus, the 2011 model is
based upon actual site data and conditions, whereas the 2003 model required
consideration of future effects on a theoretical basis.

The model constructed by Condon (2011) assigned water quality compositions for
solutions associated with the tailings as well as associated flows such as surface runoff
and background groundwater. These flows were iteratively blended as a calibration
exercise to determine the relative proportions required to replicate the existing water
quality representative of discharge (wet well data) from the tailings facility. This
calibration determined that water reporting to a monitoring wet well from the tailings
themselves was comprised of approximately 2 percent shallow surface seep water, 31
percent unsaturated zone solution, 10 percent saturated zone water and 57 percent
groundwater. In areas of the TDF that were unlined, groundwater intermingles with
tailings effluent in the underdrains of the TDF. These underdrains flow to the wet-wells
where it is captured and treated. For comparative purposes, background groundwater
quality is provided in Section 3.6.2.3.

Condon (2011) offers a full description of the construction of the water quality model, in
terms of characterization of various flows as well as estimates for water quality of tailings
solutions post closure. Predictions are produced for the anticipated period of operation,
as well as transition time to long-term performance and lastly, long-term estimates. The
time domain for the calculations is 2,000 years into the future. Overall, the modeled
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estimates for future water quality discharging from the tailings impoundment is very
similar to the estimates made in 2003. The agreement between model results generated
on a theoretical basis (2003) and an empirical, field data basis serves to reinforce
confidence in the estimates produced by Condon (2011).

The model results reported by Condon (2011) show very minor differences among
alternatives. As shown in Figure 3.4-2 (taken from Condon 2011), numerical differences
exist between concentrations of zinc for each alternative, but the differences are
inconsequential for comparison purposes. The inherent uncertainty of model predictions
for trace metals many years in the future is comparable to, or greater than, the anticipated
precision of measurements. In other words, the inherent error of the points associated
with each model line overlaps every other line. Thus, there is no statistically significant
difference observed among the model results for the various alternatives.

Comparison of Alternatives

Wet Wells/Floor Drains - Average Zinc Concentration
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Figure 3.4-2. Model Results for Zinc over Time, for each Alternative.

Although the specific time-dependent concentrations for sulfate differ from those of zinc,
the fundamental conclusions are similar. No appreciable difference among alternatives
appears to be present. The model results for sulfate are shown in Figure 3.4-3.

The inclusion of organic amendments to establish sulfate reduction results in lower zinc
and sulfate concentrations in the relative near term, but does not represent a long-term
solution. Although the effect of organic amendment is appreciable, the effect can only be
maintained so long as organic material is continually added. Thus, in time, organic
materials are consumed through microbial activity and the model results for sulfate
reduction become identical to other alternatives.
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Figure 3.4-3. Model Results for Sulfate over Time, for each Alternative.

Chemical constituents other than zinc and sulfate illustrated previously show similar
relative trends, with no appreciable difference among alternatives, save for the
application of organic amendments. Results for all constituents are presented by Condon
(2011).

3.44 Geochemistry — Summary

Weathering (oxidation) is the primary geochemical reaction that would affect the tailings
post closure and reclamation. The influx of oxygen and water would be governed by the
ingress of oxygen and water through the compacted (barrier) layer of the engineered
cover and movement through the tailings themselves. The rates of geochemical reactions
would be the same under all TDF alternatives and the low permeability of the tailings
would result in the “shrinking core” behavior of the pile, where complete oxidation
would require thousands of years. The rate of reaction is unlikely to result in a buildup of
ARD although water draining from the TDF under all alternatives would exceed WQS
and therefore would require water treatment for at least 100 years after closure and
perhaps in perpetuity. The geochemical behavior of the tailings among alternatives
would be indistinguishable over the long term. Potential effects on water quality and
treatment requirements are discussed in more detail in Section 3.5.3.1.
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3.5 Water Resources — Surface Water

Impacts associated with Waters of the United States are evaluated in Section 3.5, Water
Resources — Surface Water; Section 3.7, Aquatic Resources; and Section 3.10, Wetlands.

3.5.1 Water Resources — Surface Water — Pre-mining
Environment

3.5.1.1 Climate

Between 1997 and 2000, the average annual precipitation at the site was 53.0 inches
(USFS 2003). At the TDF, the average annual precipitation from January 2000 through
November 2008 was 60.4 inches. This precipitation amount is larger than the average
from 1997 through 2000; however, it is consistent with other meteorological
measurements in the project area. The meteorological station at Hawk Inlet had an
average precipitation of 40.1 inches from 2000 through 2010. The Hawk Inlet station is
located less than 1 mile north of the TDF and at approximately sea level. The
meteorological station at the mill site had an average precipitation of 66.6 inches from
2000 through 2010. The mill site station is located approximately 5.5 miles southeast of
the tailings station and at an elevation of approximately 920 feet. In general, the site is
the wettest during the fall and driest during the spring. Table 3.5-1 shows the monthly
and annual precipitation for the 11-year period from 2000 through 2010.

From 2000 through 2008, the average annual temperature at the TDF ranged between
approximately 30 °F and 56 °F. From 2000 through 2010, the average annual
temperature at the Mill site ranged between approximately 28 °F and 54 °F.

From 2000 through 2010, the average annual temperature at the Hawk Inlet site ranged
between 31 °F and 55 °F. In general, the site is coldest during the winter and warmest
during the summer and the close proximity to the marine environment has a moderating
effect on temperature extremes.

3.5.1.2 Surface Water

Several drainage basins make up the Greens Creek
Mine area. The major drainage basins are Cannery
Creek, Fowler Creek, Tributary Creek, Zinc Creek,
Greens Creek, and several small creeks that drain to
Hawk Inlet (Figure 3.5-1). Fowler Creek drains o
much of the area east of the A Road. An additional ~ Measures of water quality include the

Water resources are directly
connected to significant Issue 1.
Water quality concerns raised during
scoping are addressed in this section.

small drainage basin north of the Fowler Creek ability to discharge water that meets
watershed that drains north to Hawk Inlet is referred Alaska WOS as well as managing
to as the “North Hawk Inlet watershed.” pathways of discharged surface water.

The Cannery Creek drainage basin is approximately 690 acres located on relatively steep
terrain and primarily covered by timber. The creek is a perennial drainage whose upper
reaches flow north and northwest and discharges to Hawk Inlet near the cannery
buildings. Cannery Creek is also classified as a State Public Water System. The
withdrawal point is located immediately east of the B Road crossing near the existing
TDF site.
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Table 3.5-1. Monthly and Annual Precipitation, 2000—2010.

Month 2000 2001 | 2002 | 2008 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 Average
Tailings Site Monthly Precipitation (inches)

January 3.02 5.78 3.04 5.07 5.92 1238 | 3.85 5.89 47 NA NA 5.52
February 0.94 3.27 5.31 2.21 3.87 5.24 1.57 3.58 479 NA NA 3.42
March 3.67 2.67 1.11 3.62 6.16 3.87 092 | 2966 3.9 NA NA 6.18
April 4.32 3.15 0.42 0.72 2.54 2.73 345 | 1774 | 457 NA NA 4.40
May 2.47 3.65 2.66 3.1 114 1.56 3.81 3.34 3.17 NA NA 2.77
June 3.8 186 3.2 3.68 1.49 3.68 5.27 16 2.82 NA NA 3.04
July 4.02 3.24 4.46 2.45 4.24 6.64 3.45 4.35 5.93 NA NA 4.31

August 4.47 3.08 7.64 411 1.89 6.45 7.74 217 3.8 NA NA 4.59
September 8.32 7.88 506 | 10.91 7.94 9.62 9.46 6.46 6.6 NA NA 8.03
October 5.98 4.97 7.69 5.74 6.33 7.53 9.99 8.88 9.85 NA NA 7.44
November 4.34 3.16 6.59 4.88 6.71 1173 | 2.74 2.67 4.93 NA NA 5.31

December 3.49 3.39 6.27 475 | 10.04 5 10.97 43 NA NA NA 6.03
Total 48.84 4610 | 5345 | 5124 | 5827 | 7643 | 6322 | 90.64 | 55.06 NA NA 60.36

Hawk Inlet Site Monthly Precipitation (inches)

January 2.35 4.30 2.05 3.03 3.71 3.39 2.04 3.85 2.62 4.45 2.60 3.13
February 0.76 2.34 3.78 1.46 3.20 3.58 118 2.20 1.93 2.24 0.97 2.15
March 3.02 2.09 0.73 2.39 417 2.84 0.59 2.21 2.36 1.90 3.70 2.36
April 3.62 2.48 0.34 0.55 1.98 2.19 3.08 1.90 3.33 0.98 2.01 2.04
May 1.92 3.11 2.09 2.60 0.98 1.30 3.47 2.54 2.55 143 1.08 2.10
June 3.10 1.67 2.69 2.99 1.09 3.22 474 135 2.12 1.73 3.49 2.56
July 3.33 2.67 412 1.97 3.27 5.95 3.32 5.69 4.92 0.81 2.56 3.51

August 3.21 257 5.39 3.04 1.60 6.14 7.08 1.83 2.07 5.49 3.26 3.79
September 2.66 7.27 3.98 7.47 6.26 9.35 7.53 5.16 5.22 5.94 5.34 6.02
October 2.66 4.28 6.44 3.96 475 5.46 7.42 7.46 0.00 4.52 6.33 4.84
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Table 3.5-1. Monthly and Annual Precipitation, 2000—2010.

Month 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 Average
November 3.58 245 5.24 4.61 5.06 8.80 0.83 1.86 4.58 3.54 4.95 4.14
December 2.66 2.34 4.65 3.21 7.33 3.72 5.02 2.95 3.43 2.44 0.06 3.44
Total 32.87 37.57 41.50 37.28 43.40 55.94 46.30 39.00 35.13 35.47 36.35 40.07

Mill Site Monthly Precipitation (inches)
January 4.39 7.82 3.48 5.77 5.53 4.90 3.75 6.15 3.40 6.65 3.57 5.04
February 1.08 4.55 5.87 1.63 5.37 4.73 2.60 2.74 3.74 1.96 2.26 3.32
March 5.45 4.14 1.63 3.66 7.03 4.82 1.06 11.73 5.15 2.24 6.73 4.88
April 4.78 3.39 0.67 1.16 3.88 2.93 4.10 8.24 5.45 1.47 2.81 3.53
May 2.51 6.04 2.56 4.09 1.40 1.27 5.10 3.33 3.80 2.10 1.57 3.07
June 4.95 2.30 3.07 4.28 1.72 3.54 6.55 2.64 2.45 3.05 4.49 3.55
July 6.01 5.19 4.62 2.66 4.29 6.56 4.48 6.58 7.14 1.25 3.25 4.73
August 5.47 4.50 9.87 4.97 2.54 6.08 9.07 2.65 4.77 6.94 5.07 5.63
September 9.84 11.01 6.20 11.64 9.86 12.66 10.51 9.42 9.99 9.10 7.44 9.79
October 8.09 8.07 9.71 5.54 8.26 9.89 11.37 11.76 15.74 6.16 11.61 9.65
November 6.47 4.62 8.42 8.09 9.72 15.26 2.52 3.31 5.99 7.66 9.6 7.42
December 5.06 3.64 7.60 6.33 13.37 6.79 10.23 4.30 4.02 3.67 0.97 6.00
Total 64.10 65.27 63.70 59.82 72.97 79.43 71.34 72.85 71.64 52.25 59.37 66.61
Note: NA = Data not recorded or unavailable.
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Figure 3.5-1. Surface Water.
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Greens Creek would not be directly affected by the proposed TDF expansion; however,
the watershed was included in the study area for surface water due to its proximity to
ongoing activities and the potential for indirect effects. Like Cannery Creek, it is a
classified as a Public Water System. The withdrawal point is located well upstream of
and outside of the project area, upstream of the mill facilities and mine portal.

Prior to mining, the Tributary Creek drainage basin was about 482 acres sloping south
towards Zinc Creek and primarily consisting of muskeg vegetation interspersed with
stands of timber. The headwaters of Tributary Creek were the slopes east of the TDF and
part of the muskeg area where the current TDF is located. Tributary Creek flows to Zinc
Creek, which flows into Hawk Inlet near the mouth of Greens Creek.

The South Hawk Inlet drainage basin lies immediately west of the Tributary Creek basin.
Several small streams make up this basin, which originally drained approximately 76
acres. The drainage has a northern aspect and is primarily made up of muskeg that
occurs on terraces and timber that occurs on steeper slopes. The streams are known as
CC Creek, Proffett Creek, and Further Creek. CC Creek and Further Creek drain directly
to Hawk Inlet. Proffett Creek flows for a few hundred feet but becomes intermittent and
eventually sinks into the underlying strata. Another surface stream occurs about 100 feet
down-gradient to where Proffett Creek disappears, and appears (based on similar water
chemistry and physiographic position) to be the same water flow. This lower stream is
known locally as Franklins Creek, which discharges directly to Hawk Inlet. Water flow
in these streams fluctuates seasonally in response to rainfall and snowmelt events.
However, all of these drainage features have very low flows, with average flows ranging
between less than one gallon per minute (gpm) and approximately 10 gpm. One
particular seep of interest is called Further Seep, an intermittent seep with a flow of
approximately one gpm.

The Fowler Creek drainage basin is approximately 5,090 acres located on flat to
moderately steep terrain and primarily covered by timber and forested wetlands. Fowler
Creek has a number of small tributaries and eventually drains to Young Bay. Many
northern small tributaries contain beaver dams and drain muskeg and forested wetlands.
The central and southern tributaries are relatively low gradient and also contain beaver
dams and bog wetlands.

The North Hawk Inlet watershed is approximately 260 acres. The drainage contains two
primary unnamed streams that drain muskeg and forested wetlands to Hawk Inlet.

3.5.2 Water Resources — Surface Water - Baseline Conditions

The TDF occupies a gently sloping terrace that straddles the drainage divide between the
Tributary Creek drainage basin, the Cannery Creek drainage basin, and the Hawk Inlet
drainage area. A steep, timbered mountain slope rises to the east of the TDF, while to the
west a muskeg area steepens as it approaches Hawk Inlet. On the northwest side of the
TDF, a bedrock knob rises to nearly 300 feet above sea level.

In 1998, a stabilizing berm (known as the West Buttress) was constructed on a prepared
foundation on the western edge of the existing TDF site to allow additional height and
capacity to the TDF, without a major increase in site surface disturbance. From 2000 to
late 2002, tailings were placed in an area known as the East Expansion, taking advantage
of the additional room allotted by the construction of the West Buttress.
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An additional surface water feature has resulted from mining activities. Duck Blind
Drain is a human-induced spring that resulted from construction of the pipeline that
discharges treated water into Hawk Inlet. Water that naturally collects within the pipeline
trench alignment is allowed to discharge to the surface through a pipe at the location of a
pipeline valve vault. This vault contains a flow meter that monitors flow through the
pipeline; the discharge pipe is used to keep the vault from becoming flooded. The flow
from this source is less than 5 gpm. The streams and seeps in the South Hawk Inlet
catchment were sampled during baseline data collection efforts in 2001. Samples were
collected in Proffett and Franklin creeks, CC Creek (two sites), Further Creek (four sites),
Further Seep, and the Duck Blind Drain.

Water quality and flow samples in area streams, creeks, and other water features have
been collected and monitored since 1985. As mining has progressed, the Fresh Water
Monitoring Program (FWMP) has expanded to provide monitoring of additional stations
and creeks. Figure 3.5-1 depicts the area streams. Under the FWMP, an annual report is
produced as a part of the operations plan. This report documents trends in water quality
in all project drainage features and creeks. This annual FWMP report is sent to the Forest
Service and ADEC for review.

Water quality is usually evaluated in relation to Alaska WQS. Alaska WQS include use
classifications, numeric and/or narrative water quality criteria, and an anti-degradation
policy. The use classification system designates the beneficial uses that each water body
within the State of Alaska (such as Tributary Creek, Greens Creek, and Cannery Creek) is
expected to provide. The numeric and/or narrative water quality criteria are the criteria
deemed necessary by the State of Alaska to support the beneficial use designation.

Beneficial uses for waters within the Greens Creek area are freshwater industrial water
supply use, contact recreation, secondary recreation, water supply for drinking, culinary
and food processing, and for the growth and propagation of fish, shellfish, other aquatic
life, and wildlife. The most stringent water quality criteria across these designated uses
applies to area streams. For most parameters and metals, the most stringent criteria are
for the propagation of fish and aquatic life. However, the most stringent water quality
criteria for manganese is for the human health consumption of water plus fish, and the
most stringent criteria for arsenic and sulfate are for drinking water (ADEC 2009).

Some of the fresh WQS for metals are hardness-based. Hardness is the measure of
polyvalent cations (ions with a charge greater than +1) in water. Hardness generally
represents the concentration of calcium (Ca®") and magnesium (Mg?") ions in solution,
because these are the most common polyvalent cations. Other ions, such as iron (Fe*")
and manganese (Mn”"), may also contribute to the hardness of water, but are generally
present in much lower concentrations. Hardness mitigates metals toxicity because
polyvalent cations (Ca>” and Mg”") help keep fish and other aquatic organisms from
absorbing metals such as cadmium, copper, and lead into their bloodstream through their
gills. The greater the hardness of the water, the harder it is for toxic metals to be
absorbed into the gills. For this reason, a higher measured hardness in the receiving
water results in a higher (less stringent) WQS for hardness-based metals. A lower
measured hardness results in more stringent WQS for hardness-based metals. In this
manner, the metals WQS applied to area creeks are based on measured hardness of the
receiving water. Table 3.5-2 shows WQS for aquatic life (also see Figure 3.5-2). As an
example, standards for the hardness based metals are based on the long-term average

3-40 Greens Creek Mine Tailings Disposal Facility Expansion EIS



3.5 Water Resources — Surface Water

hardness of 46 mg/L measured as calcium carbonate (as CaCO3) in lower Tributary
Creek.

Table 3.5-2. Applicable Water Quality Standards for Area Streams.

waQs
Parameter (in pg/L unless noted otherwise) Acute Chronic
Aluminum, Total 750 87
Arsenic 340 10
Cadmium — Dissolved * 0.95 0.14
Copper — Dissolved ® 6.5 46
Cyanide® 22 5.2
Iron — Total - 1000
Lead — Dissolved * 27 1.07
Manganese © - 50
Mercury — Dissolved © 1.4 0.012
Nickel — Dissolved © 243 27
Selenium — Total 20 5
Silver — Dissolved © 0.91 -
Zinc — Dissolved © 61 61
Sulfate (mg/L)*® - 250
Total Dissolved Solids (mg/L)® - 500
pH 6.5-8.5
Notes:

mg/L = milligrams per liter or parts per million; y/L = micrograms per liter or

parts per billion.

a. based on the long-term average hardness of 46 mg/L as CaCOs in
Tributary Creek.

b. the cyanide standard is for free cyanide sampled as weak acid dissociable.

c. based on the human health criteria for consumption of water and fish.

d. based on the drinking water standard.

There are no streams listed as impaired under Section 303(d) of the CWA at the Greens
Creek project site. Table 3.5-3 shows cumulative results of the FWMP at major area
streams near the TDF. These data show average and maximum concentrations of metals,
pH, and other important parameters taken between 1989 when the program was first
initiated, and 2010. In general, surface water in Greens Creek, Tributary Creek, and
Cannery Creek have near-neutral pH with low levels of metals and sulfate. The water
quality generally meets Alaska WQS for aquatic life. Some water quality samples with
concentrations above the Alaska WQS for dissolved cadmium, and to a lesser extent
copper, mercury and zinc were reported in Tributary Creek in the 1990s. Reported
concentrations appear to be anomalous values that were not associated with parallel
increases in sulfate, reduced pH, or elevations of non-trace metals, such as iron, calcium,
or magnesium. Since 1990, these parameters have returned to low levels that meet the
Alaska WQS for aquatic life.
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® TDF Monitoring Sites
[T Existing Disturbance
~—— Existing Road

Figure 3.5-2. Surface Water Quality Monitoring Sites.

3-42 Greens Creek Mine Tailings Disposal Facility Expansion EIS



3.5 Water Resources — Surface Water

Table 3.5-3. Summary of Surface Water Quality Monitoring Stations.

Hard-

: Flow pH TDS T8 504 Al Ag Cd Cu Fe Ha Mg Mn Mi Pb Se Zn
i oigteim Statistic ness
{gpm) (s.u) | (mg/L) | (mgll) | (mgil) | (mg/L) (pgll} | (mgfl) (ug/L) (ugil) g/l | (ugl) (mg/L) (pg/L) (ng/L) (pg/L) (ng/L) (ugil)
Average 495 | 6.27 174 | <118 | 533 118 363 | <057 | <040 | <162 | <539 | <0.0 4.37 114 237 | <0.49 <2.02 8.98
Althea - | Maximum 300 | 7.82 524 | 440 262 326 | na 1.57 na 4.19 300 0.22 18.3 34.0 8.86 1.04 2.80 17.8
Upper . .
9 7
4 4
Average 740 | 6.38 134 | <3.94 | <514 104 500 | <022 | <040 | <151 | <608 | <0.04 5.59 142 | <219 | <0.29 <0.98 8.03
g“m'? Maximum 300 | 7.77 481 5.40 285 375 594 1.04 0.02 11.8 | 2,060 0.02 18.3 53.0 6.08 0.95 215 48.7
ree
11 19
10 9
<
Average 661 | 560 | 7.8| <392 | 122 4.9 263 | <070 | <0.090 | <0.872 | 568 0.0002 1.38 132 | <1.03| <0.37 <1.62 <6.37
CC Creek,
lower Maxi 350 | 618 141 210 | 408 125 | na 2.48 0.09 1.46 | 1,290 na 2.75 34.2 2.64 0.58 219 12.9
reach
12 6
11 i 3 5
=
— Average 499 | 585 | 706 | <390 | 185 484 1290 | <058 | <0.000 | <0984 358 | 0.0002 1.59 7.75 | <095 | <041 <1.75 <501
um;:f Maxi 350 | 6.29 143 | na 481 120 | na 1.63 0.10 3.57 516 na 2.96 18.9 2.65 0.62 2.76 13.1
reach 11 6
11 3
=
Average 030 | 7.28 407 | <873 302 800 11.0 | <0.05 | <0478 237 | 1099 | <0.200 28.9 | 1,383 184 | <0.29 <211 26.2
Duck Bind | payimum 3.00 | 742 | 593| 990 | 350 | na na na 0.44 4.04 | 2,700 na 307 | 2,420 25.6 0.38 3.21 153
4 2
2 1
<
Average 1045 | 745 134 | <366 | 517 86.8 900 | <031 | <0.092 | <0.763 430 | 0.0002 5.13 273 | <129 | <0377 <1.67 <6.42
Era":’;'; Maximum 50.0 | 7.90 181 2.00 94.0 144 na na 0.1 1.73 699 na 8.00 5.82 2.53 1.79 2.51 33.0
reei
10 : 6
9 5
Further |_Average 7.62 | 5.64 163 | <378 | 820 148 132 | <031 | <040 | <2.82 | 1,059 <0.02 7.00 73.0 421 | <115 <2.05 54.0
E;:;"r [ 159 | 6.59 305 | 400 182 265 | na na 0.19 9.87 | 2,010 0.09 12.5 117 9.40 2.82 6.78 147
Reach 10 5 [}
8 4
<
Furth Average 0.949 | 6.63 394 | <153 219 335 480 | <020 | <041 5.33 367 | 0.0002 18.7 58.0 5814 | <0.64 5.02 38.5
u er
Creek Maxi 3.00 | 742 740 | 420 424 585 | na na 0.23 17.7 832 na 323 224 12.6 1.45 13.7 7.0
Morth Fork 9 5
1 0
<
Further | Average 253 | 6.08 31 | <298 195 283 48.0 | <035 | <041 | <158 354 | 0.0002 15.6 20.1 3.36 | <0.709 <245 106
Creek Maxi 100 | 6.54 708 | na 451 400 | na na 0.20 2.80 340 na 37.8 38.8 8.55 1.32 551 214
South Fork - - - - -
#136 [} 3
6 3
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Table 3.5-3. Summary of Surface Water Quality Monitoring Stations.

Hard-

< Flow H TDS TSS sS04 Al A Cd Cu Fe H Mn Ni Pb Se Zn
Loote o | statistic E ness g 2 Mg
{gpm) (s.u) | (mo/l) | (mgfL) | (mgi) | (mg/l) (ngfl) (ma/L) (ug/l) (pg/l) g/l | (ugl) (maiL) (pglL) (pg/L) (pgll) (pg/L) (ugiL)
<
Fiithar Average 0.234 6.74 477 | <103 2895 436 < 0.35 <1.28 5.35 214 0.0002 20.8 21.6 6.26 2.95 < 5.79 369
Creek, Maximum 1.00 7.36 996 3.0 651 735 na na 3.05 12.6 470 na 42.5 411 13.3 5.12 9.92 8§72
NFSS 115"
7 4
3 1
<
Average 223 | 592 209 | <5.87 115 190 84.0 <031 <012 2.62 887 | 0.0002 9.53 73.6 4.50 <1.27 <281 76.9
Further
Creek, Maximum 7.00 6.85 432 13.0 270 3rs na na 0.22 101 | 1,600 0.0002 18.9 122 12.3 3.08 9.23 234
upper "
10 6
3 1
=
0.0000
Average 0.83 | 3.59 147 | <5.22 98.8 101 1.11 <033 <0.28 246 | 1,108 1 5.75 160 4.92 2.09 <1.66 94.8
Further
Seep Maximum 2.00 3.78 187 13.0 120 185 na na 0.63 3.33 | 2,040 na 7.50 388 7.67 3.78 na 144
10 5
6 5
Average 025 | 577 156 2 38.5 554 37.0 <0.05 <017 <1.65 63.9 | 0.0009 4.70 49.3 <225 | <0.603 0.99 67.3
Further Maximum na 7.59 na na 93.0 56.0 na na 0.40 2.80 110 na 6.60 145 5.20 1.70 1.08 193
Seep 2.0 1 2
1] [1]
<
Further Average 1.61 5.01 197 | <6.52 109 162 137 < 0.31 < 0.09 <1.77 | 440 0.0002 9.60 33.8 2.57 <0.59 <1.93 50.7
So g::';‘ork Maximum 5.00 5.99 519 18.6 2 30 na na 0.10 4.50 | 1,060 na 274 104 6.05 1.00 3.98 114
115 10 &
7 4
<
Gilbert Average 9.20 8.09 196 | <10.9 534 257 < 0.22 <013 < 0.52 < 50 0.0002 5.5 < 0.3 <1.09 <0.11 <1.1 <2.40
Creek- | Maximum 30.0 83 912 | 474 380 710 na na 0.47 114 | na na 6.20 0.79 1.57 0.07 0.57 6.50
middle 9 4
5 <
GR Average 14.6 6.87 | <411 | <505 2.38 153 <0.20 < 0.09 <1.69 <136 <0.20 0.941 16.1 <1.03 <0.33 <0.81 4.87
“Golden Maximum 40.0 7.7 57.6 6.30 3.40 161 s na na 3.51 250 na 1.20 58.3 1.16 0.66 0.48 6.32
Road"
Creek L 4
5 1
Average 36.3 742 | <780 | <7.33 25.3 < 0.82 2.96 123 3.49 333 5.67 <.64 41.1
Herman's .
Gulcl; East Maximum 100 7.24 108 10.0 35.0 na na na 0.27 4.70 191 na 4.30 40.7 7.44 0.56 na 58.5
3
1
Average 0.677 | 812 525 18.0 278 386 141 704 | 1,173 29.5 | 1,610 53.5 16.7 2910
Herman's
Gulch Maximum 114 6.53 682 29.0 292 na na na 26.8 142 | 1,250 na 33.9 | 2450 82.5 338.5 na 4,960
South? 3 .
g
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Table 3.5-3. Summary of Surface Water Quality Monitoring Stations.

Site . Flow pH TDS TSS sS04 Harxis Al Ag Ccd Cu Fe Hg Mg Mn Ni Pb Se Zn
Location Statistic ness
{gpm) (s.0) | (mg/L) | (mgil) | (mg/L) | (mgfl) (pglL) {mgiL) {ngfL) (ngiL) (/L) | (ngll) (mgfL) (/L) (ngfL) (ng/L) (ng/L) (pgiL)
<
Average 564 | 704 | 219 | <390 | 809 179 150 | <030 | <042 | <087 | 366 0.0002 8.51 3.8 226 | <027 | <179 <644
Frofett | Maximum 300 | 763 35| ma 170 236 | na na 0.09 2.60 | 1,400 na 14.0 147 4.42 0.4 316 1.3
11 ) ' ; | 6
11 ( 4
Tributary . |-Average 423 6.67 | <64.7 | <149 | <1756 458 | <277 | <898 | <573 | <944 | <682 | <070 | <209 | <101 | <103 | <117 | <488 | <315
m|53:§?nc Maximum | 2,985 800 | 4126 | 100 ] s20 266 700 31.0 185 55.0 | 6,200 0.70 9.90 620 30.0 64.0 1.5 550
Creek 43 101 1 101
8 . 87 ;
Average 388 | 703 | 973 | <124 | 316 £0.0 520 | <005 | <0.32 231 | <104 | <003 3.87 23.4 150 | <0.85 | <0.0 26.8
Tributary - | Maximum 100 | 727 | 13a] 400 489 na na na 0.14 624 | 200| na 5.00 50.7 2.19 3.02 na 34.0
Upper ?
6 1
4 1
Tributary | Average 124 | 707 | 164 | <718 | 797 119 130 | <0.08 | <0.383 1.88 | <683 | <0115 7.32 120 3.00| <057 | <030 32.9
Creek -
headwaters | Maximum 300 | 741 | 214| 190| 169 123 | na na 0.06 6.70 | 4,090 na 9.75 643 4.32 1.25 na 63.0
at _Blue 8 2
Line
& 2
Notes:

Noted Excursions above WQS for hardness based metals are based on
the average hardness for each stream or drainage.

1 Assume 400 mg/L for Total Hardness for calculating Hardness
Dependent Metals Criteria.

2 Assume 100 mg/L for Total Hardness for calculating Hardness
Dependent Metals Criteria.

Exceeds Dissolved Chronic Criteria
Exceeds Dissolved Acute Criteria
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The water quality in the Further Creek, Further Seep, and Duck Blind Drain is generally
of lower quality than that of Greens Creek, Tributary Creek, and Cannery Creek. In
general these drainages and seeps have elevated sulfate, lower pH, and elevated dissolved
zinc as well as some other metals; but are higher in hardness. As a result of these data, an
action plan was designed by the operator in 2001 in consultation with the Forest Service
and other agencies to conduct a rigorous study of surface water, seeps, and groundwater
in the areas near the TDF. As a part of this action plan, an annual report that documents
sampling and water quality trend analysis is submitted annually to ADEC and the Forest
Service (HGCMC 2009). The action plan sets water quality triggers for these drainage
features that require the proponent to notify ADEC and identify mitigation measures if
the trigger is exceeded. Results from this action plan has shown that the lower pH and
elevated sulfate and metals in these drainage features were not caused by contact with
placed tailings but rather were from other pyritic sources such as waste rock or
production rock that were outside the slurry walls of the TDF (EDE 2002a and

KGCMC 2003).

The elevated levels in Further Seep, including Herman’s Gulch was found to be residual
effects from an old access road constructed in 1988 that contained pyritic rock. The road
was located along the perimeter of the West Buttress and removed during the slurry wall
construction in 1996. As a result, the water quality in Further Seep has improved but
remains slightly acidic (HGCM 2009). This seep will continue to be monitored under the
action plan. Over time it is expected to become less acidic and show decreasing levels of
sulfate (HGCM 20009).

Elevated metals levels in the North Fork of Further Creek were reported to be caused by a
thin veneer of tailings residue at the toe of the West Buttress that accumulated from the
removal of the temporary tailings cover in 1999, and from residual tailings found in the
Northwest Diversion Ditch. The Kennecott Greens Creek Mining Company (KGCMC)
removed these tailings sources in 2002 which resulted in improved water quality.
Elevation of metals was noted in Further Creek as a result of disturbances during the
2007 and 2008 construction seasons. Subsequent monitoring has indicated that Further
Creek is returning to pre-construction conditions (HGCMC 2009a).

Slightly elevated metal concentrations in Duck Blind Drain were attributed to pyritic
materials used in an access road and trench construction materials that were used for the
permitted discharge pipeline. Water quality in this drain has improved since 2008 and
continues to be monitored.

3.5.2.1 Wastewater Management

Freshwater intake diversions are located at Greens Creek near the mine portal and at
Cannery Creek near the Hawk Inlet camp, shipping dock, and office facilities. These
water sources provide water for milling operations, domestic use, equipment wash-down,
underground mining activities, and fire suppression.

Non-contact surface runoff from native areas is diverted from contacting disturbance
areas or the TDF using upslope ditches. Depending on the location, these ditches direct
the runoff to either Cannery Creek or Tributary Creek. The diversion ditches are
designed to convey the flow that would occur from the 25-year, 24-hour precipitation
event.
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Mining activities produce a variety of wastewaters. Wastewaters consist of spent
domestic use water (grey water), sanitary wastewater, process water (water used in
processing ore), equipment wash-down water, and contact waters, which consist of
surface water or groundwater originating within or passing through mining disturbance or
the TDF. Contact water includes precipitation and runoff that contacts rock quarries with
the potential to develop ARD. Monitoring of these waters is addressed via ambient
groundwater monitoring as specified by the FWMP.

The four primary wastewater management areas at the site are the Hawk Inlet camp/load-
out facilities area, the waste rock storage, mine and mill area, (Pond C, Pond D, Area 23,
and Area 920), and the tailings facility area, consisting of the TDF, water containment
and storage, and the Pond 7 wastewater treatment plant (WWTP). The primary
wastewater containment and treatment facilities are located in the southwest corner of the
TDF. These facilities consist of Pond 7 and the Pond 7 WWTP. There are two sewage
treatment plants located at the site, one at the Hawk Inlet facilities, and one at the mine
and mill area. Wastewater discharges, including treated sewage effluent that originates
from the Hawk Inlet facilities and the mine and mill area report to Pond 7 and are treated
at the Pond 7 WWTP. The WWTP reduces the levels of metals in the wastewater by
precipitation with calcium carbonate. Sewage sludge is co-disposed in the TDF. A
detailed description of these water management facilities is provided by EDE (2010).

Collected wastewaters are treated at the Pond 7 WWTP to meet effluent limits identified
in an Alaska Pollutant Discharge Elimination System (APDES) permit prior to discharge
through a diffuser outfall located in Hawk Inlet. The current APDES permit restricts the
maximum allowable daily discharge to 4.6 million gallons per day (mgd) [3,190 gpm]
and a monthly average discharge of 3.0 mgd (2,080 gpm). The permit limits assure
compliance with all Alaska marine WQS. The permit also allows ten non-contact storm
water discharge outfalls in Greens Creek, Zinc Creek, and Hawk Inlet. Figure 3.5-3
depicts a flow diagram of the mine water balance for current baseline conditions (EDE
2010).

Surface contact water treated at the Pond 7 WWTP is primarily runoff generated from the
TDF or from mine facility areas. Groundwater contact water is a combination of
infiltration through the TDF (within containment boundaries) to the underdrain collection
system and native groundwater. The majority of native groundwater at the site is
intercepted or routed around the TDF by perimeter up-gradient groundwater diversions
and barriers. This water does not require containment or treatment.

3.5.2.2 Tailings Contact Water Management

Contact surface runoff is captured via a series of perimeter toe ditches around the TDF.
Four primary ditch segments make up the toe ditch network and are designated according
to their location around the base of the TDF. The ditches are all designed to convey the
runoff that would occur from the 25-year, 24-hour storm event. All runoff water
collected by the ditches reports to Pond 7 and is treated by the Pond 7 WWTP.
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Figure 3.5-3. Water Balance Model - Existing.
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Tailings contact groundwater is captured via an underdrain network beneath the TDF.
The underdrain network is composed of a combination of French drains, finger drains,
high-density polyethylene liner placements, and wet wells. Different phases of the
tailings placement expansion have different underdrain configurations based on the order
of expansion and the underlying native materials. The wet wells collect water from the
underdrain system as collection sumps that direct the water to Pond 7 for surge storage
and redistribution for treatment. The TDF currently has three wet wells within the
underdrain network. Underdrain discharges are directed to the toe ditches surrounding
the tailings pile or directly to Pond 7, depending on their location under the TDF.

3.5.2.3  Hawk Inlet

Hawk Inlet is a marine inlet formed during the late Holocene. The inlet extends seven
miles north from Chatham Strait to a tidal mudflat estuary about 0.6 miles in diameter.
The narrow channel connecting the Inlet to Chatham Strait, located between the top of
the Greens Creek delta and the western shore of Hawk Inlet, has a minimum low tide
depth of 35 feet. The mid-channel depth ranges from 35 feet to 250 feet. The Inlet has
regular, twice-daily tides, with a maximum tidal variation of 25 feet. On the flood tide,
the surface 35-foot layer contains the bulk of the water transport entering the Inlet and is
then flushed out on the ebb tide. Flushing describes the rate and extent to which a body
of water is replenished by tidal or other currents. Flushing rates are also indicative of the
length of time that mining effluent may remain in a water body and become incorporated
into the physical and biological ecosystem through ingestion, adsorption, or other means.
In 1981, dispersion dye testing in Hawk Inlet determined that over each tidal cycle, an
average of 13 billion gallons of water is flushed from the Inlet. At that rate, it is
estimated that the Inlet will completely flush at least once every five tidal cycles. Based
on the mine output up through 1995, the input of effluent from the mining operations
over this flushing period represents approximately 0.009 percent of the total flushing
volume (Ridgeway 2003).

Prior to development of the Greens Creek Mine, baseline studies were conducted to
document marine life and to characterize existing levels of heavy metals in sediments and
marine biota in Hawk Inlet. Currently the APDES permit requires monitoring for water
quality, sediment quality, and bio-assays of mussels and worms. The primary objective
of the monitoring program is to document the water quality, sediment quality, and metals
levels in marine organisms that could be potentially impacted by mining operations. Sea
water is sampled quarterly at three locations in Hawk Inlet, and sediment and invertebrate
samples are taken at several locations each year in the spring and fall. Figure 3.5-4
shows the location of the APDES outfall and water quality monitoring stations in Hawk
Inlet. Table 3.5-4 shows Alaska marine WQS for selected parameters and Table 3.5-5
shows average marine water quality data for selected metals for 2005 through 2009
(HGCMC 2009). The permit requires reporting of any identified impacts, reporting of
incidents or spills and descriptions of corrective actions taken, if any were required.
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Figure 3.5-4. Marine Water, Mussel, and Sediment Sampling Sites.
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Table 3.5-4. Alaska Marine Water Quality Standards (Adjusted to Total Values).

Parameter Units waQs
Total Cadmium Mg/l 8.85
Total Copper Mg/l 3.73
Total Lead pg/L 8.47
Total Manganese ® ug/L 100
Total Mercury Mg/l 1.1
Total Zinc Mg/l 86
pH s.u. 6.5-8.5

Notes:

s.u. = standard pH units.

a. WQS for manganese is based on the
human health consumption standard of
aquatic organisms.

Table 3.5-5. Average Marine Water Quality in Hawk Inlet for 2005-2009.

Total Cadmium | Total Copper | Total Lead | Total Mercury Total Zinc

Site (Hg/L) (ng/L) (Hg/L) (ng/L) (ng/L)
106 0.068 0.42 0.074 0.00056 0.58
Background
Location
107 0.074 0.55 0.13 0.00064 1.08
Near Ore

Loading Dock

108 0.070 0.44 0.091 0.00063 0.86

Near Diffuser
Outfall

3.5.3 Surface Water — Environmental Consequences
3.5.3.1 Effects Common to All Alternatives
Fugitive Dust

Each alternative has the potential for continued or increased fugitive dust emissions due
to wind erosion of the TDF and truck hauling on unpaved roads. Emissions generated by
wind erosion are dependent upon the frequency and size of disturbances of the erodible
surface; each time the surface is disturbed, fresh surface material is exposed to wind and
climatic conditions (e.g., wind, precipitation). The extended life of the mine would
increase the amount of fugitive dust from the TDF. Fugitive dust could adversely affect
water quality by either direct deposition on streams or accumulated dust on vegetation
and soils being carried into stream in runoff. Best management practices (BMPs) are
currently employed to minimize fugitive dust from blowing off the TDF. Additional
BMPs may be added if monitoring indicates this is necessary. BMPs to reduce fugitive
dust are included in Section 3.2.3. HGCMC would continue to implement its FWMP to
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identify effects to water quality, including effects potentially associated with fugitive
dust. After successful reclamation fugitive dust would no longer occur.

Freshwater Sources

Potential indirect impacts to fresh and drinking water sources in Greens Creek and
Cannery Creek, respectively, could occur due to continued operation of mine operations.
Indirect impacts to water quality could occur from fugitive dust as well as from other
non-specific operations. These potential impacts are monitored through the FWMP and
trend analyses are conducted annually.

APDES Discharge

Wastewater that comes into contact with the tailings (TDF runoff and seepage) and other
industrial wastewater is treated in a WWTP and discharged into Hawk Inlet under the
terms and conditions of the APDES permit. The treated effluent is discharged through a
diffuser outfall near monitoring location 108. All discharges are required to meet the
effluent limits established in the APDES permit. The current permit includes effluent
limits for flow, cadmium, copper, lead, mercury, zinc, total suspended solids, and pH.
These effluent limits are based on a mixing zone of 79.4 parts receiving water to 1 part
effluent. The permit also requires monitoring of cyanide, temperature, biological oxygen
demand, and fecal coliform bacteria. The effluent limits established by the APDES
permit are provided in Table 3.5-6.

Table 3.5-6. APDES Effluent Limits Established for the Hawk Inlet APDES Outfall.

Effluent Limit
Parameter Units Daily Maximum Monthly Average

Flow mgd 4.6 3
Total Cadmium Mg/l 100 50
Total Copper pg/L 300 150
Total Lead Mg/l 600 300
Total Mercury Mg/l 2 1
Total Zinc ug/L 1,000 500
Total Suspended Solids mg/L 30 20
pH s.u. 6.0-9.0
Notes:

mgd = million gallons per day mg/L = milligrams per liter or parts per million

Mg/L = micrograms per liter or parts per billion s.u. = standard pH units

Under all alternatives, tailings contact water, or any other industrial contact water, would
be captured, treated, and discharged under the APDES discharge permit. The APDES
permit limit is scheduled to be reissued on a five-year basis. When a permit is reissued,
all water quality monitoring data and effluent quality data are reviewed, as is the need for
a mixing zone. Changes are made as necessary under provisions established by the Clean
Water Act (CWA) and the State of Alaska. An APDES discharge permit would be
required as long as the effluent does not meet Alaska WQS. As discussed in the following
section, drainage from the TDF is expected to be of poor quality and exceed Alaska WQS
for at least the next 100 years and likely much longer. Therefore, active water treatment

3-52 Greens Creek Mine Tailings Disposal Facility Expansion EIS



3.5 Water Resources — Surface Water

and an APDES permit to discharge will continue to be needed. Each time the permit is
reissued, surface water and effluent monitoring data is reviewed to determine if permit
conditions need to be revised to be protective of Alaska WQS. In addition, there could be
changes to Alaska WQS in the future. For example, post-closure as TDF discharge
volumes decrease, so might the size of the mixing zone, outfall location, etc. This EIS
analysis can predict that the TDF discharge will exceed Alaska WQS and require a
permit, but it cannot predict the conditions of a permit so far in the future.

Water Quality of Tailings Effluent

Since preparation of the 2003 EIS for the Greens Creek Mine (USFS 2003), observations
of water quality, water balance, and flow characteristics in the TDF have improved the
understanding of the relationships among geochemistry, water quality, and fate and
transport in the Greens Creek TDF. As a result, the operator has created a new conceptual
and numerical model, which is consistent with these observations and data (Condon
2011). This initial model was created with the intent of continuously updating it and
recalibrating it using observed site data obtained in future years. In this manner
predictions of effluent quality and TDF geochemical behavior can be refined and
improved as time progresses. The model estimates the weathering of placed tailings,
geochemistry, and effluent quality that could be expected over time. A detailed
description of the predicted geochemistry of placed tailings and the conceptual and
predictive models is provided in detail in Section 3.4, Geochemistry.

The conceptual and predictive models suggest three phases (or time periods) that affect
the geochemistry and quality of wastewater from placed tailings:

= An operational period where the tailings are being actively placed;

= A transitional period after closure where oxidation products such as sulfate, calcium,
and magnesium, as well as trace metals, such as, cadmium, nickel, manganese, and
zinc are flushed through the TDF; and

= A steady-state period.

During the operational period, some oxidation occurs on the surface of the placed tailings
because it is temporarily exposed to air. The oxidation of pyrite causes several products
to form such as calcium sulfate (gypsum) and some metals to become elevated, such as
cadmium, nickel, manganese, and zinc. Acid is also produced, but is neutralized by
carbonates that are also present. After a permanent cover is placed on the TDF at closure,
these oxidation products begin flushing through the system during the transitional period.
Depending on the exact thickness of tailings, the observed hydrologic monitoring data in
the existing TDF indicates that it would take between 60 and 140 years for a single pore
volume to be replaced by infiltration and drainage. Condon (2011) estimated that the
transitional phase would last 350 years, assuming an average tailings thickness of 150
feet. After the oxidation products formed during the operational phase are flushed from
the system, a steady-state period will exist with very slow levels of pyrite oxidation,
neutralization, and drainage of effluent (Condon 2011). Pyrite oxidation is slow and
limited where it occurs within the TDF because the ingress of oxygen is also limited.
These processes are discussed in more detail in Section 3.4.

Contact water in the existing TDF comes from three sources, surface runoff, seepage
through the TDF, and upwelling groundwater in areas of the TDF that overlay glacial
marine deposits. The original permitting of the TDF did not require a liner in these areas.
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Upwelling groundwater does not directly contact the tailings; however, it mixes with
tailings seepage in the underdrain system prior to collection in the wet wells. The
management of contact waters was discussed in Section 3.5.2.2.

Tables 3.5-7 through 3.5-10 show predicted water quality for selected parameters of
concern for water reporting at the TDF boundary and at the wet wells. Data are provided
for current or initial operation, immediately after closure, and one hundred years
following closure (Condon 2011). The applicable Alaska fresh WQS and Alaska marine
WQS are also shown for comparative purposes. The predicted concentration at the
“facility boundary” represents a relative mixture of runoff water and water collected from
the underdrains in the wet wells. During operation and after closure, the volume of runoff
water is much higher than the volume of seepage water. Data for the wet wells show
predicted water quality in the underdrains only.

Table 3.5-7. Average Predicted Water Quality for Tailings Wastewaters for Alternative A.

Current 2016
Condition Condition at 50 Years After 100 Years After
2011 Closure Closure (2064) Closure (2164)
Alaska | Alaska
Chronic | Chronic Wet Wet Wet
Fresh Marine Facility | Wells/ | Facility | Wells/ | Facility | Wells/ | Facility
Parameter® was”® waQs Boundary |Drains | Boundary | Drains | Boundary | Drains | Boundary
Cadmium pg/l 0.12 8.8 24.6 0.2 0.1 0.1 0.1 0.1 0.1
Copper pg/l 3.8 3.1 9.0 3.0 2.0 3.0 2.0 3.0 2.0
Iron ug/l 1,000 - 2,500 5,400 3,300 6,100 3,500 2,900 2,300
Lead ug/l 0.84 8.1 52.2 1.1 0.7 1.2 0.7 1.2 0.7
Manganese® | ug/l 50 100 2,400 900 800 800 800 800 800
Mercury yg/l 0.012 1.1 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Nickel pg/l 22 8 140 10 10 10 10 10 10
Selenium pg/l 5 71 3.8 2.8 1.4 3.1 1.5 3.0 1.4
Zinc pg/l 50 81 8,180 570 220 470 180 470 180
Sulfate ¢ mg/L 250 - 1,455 772 298 810 312 810 312
Total 1,256 531 511
dissolved mg/l 500 — 2,164 517 1,294 1,241
solids
pH s.u. | 6.5-8.5 | 6.5-8.5 7.5 7.3 6.4 7.2 6.4 7.2 6.4
Notes:

The water quality at the wet wells represent drainage collected in the underdrains only

The water quality at the Facility Boundary is a relative mixture of drainage from the underdrains and surface water
runoff.

a. All metals are expressed as totals.

b. Based on the long-term average hardness of 37 mg/L as CaCO;. This value is consistent with that used to develop
the FWMP.

c. Fresh WQS for manganese is based on the human health consumption standard for water + fish; the marine WQS
for manganese is based on the human health consumption standard for consumption of aquatic organisms only.

d. Fresh WQS for sulfate and total dissolved solids are based on the drinking water standard.
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Table 3.5-8. Average Predicted Water Quality for Tailings Wastewaters for Alternative B.

Current N 100 Years After
Condition Condition at Closure Closure
2011 2064 2164
Alaska Alaska
Chronic Chronic Wet Wet
Fresh Marine Facility Wells/ Facility Wells/ Facility
Parameter® was® waQs Boundary Drains | Boundary | Drains | Boundary
Cadmium pg/l 0.14 8.8 24.6 0.2 0.1 0.1 0.1
Copper ug/l 4.6 3.1 10 3.0 2.0 3.0 2.0
Iron ug/l 1,000 - 2,500 3,800 2,600 2,900 2,300
Lead pg/l 1.1 8.1 52.2 1.0 0.6 1.1 0.7
Manganese ° pg/l 50 100 2,400 1,000 900 900 800
Mercury ug/l 0.012 1.1 0.01 0.01 0.01 0.01 0.01
Nickel pg/l 27 8 140 10 10 10 10
Selenium pg/l 5 71 3.8 2.7 1.3 2.9 14
Zinc pg/l 61 81 8,180 550 210 450 170
Sulfate ¢ mg/L 250 - 1,455 785 303 824 317
Total 1,239 1,251
dissolved mg/l 500 - 2,164 510 515
solids
pH s.u. 6.5-8.5 6.5-8.5 7.5 7.2 6.4 7.1 6.4
Notes:

The water quality at the wet wells represents drainage collected in the underdrains only.
The water quality at the Facility Boundary is a relative mixture of drainage from the underdrains and surface runoff.

a. All metals are expressed as totals

b. Based on the long-term average hardness of 37 mg/L as CaCOj;. This value is consistent with that used to

develop the FWMP.

c. Fresh WQS for manganese is based on the human health consumption standard for water + fish; the marine
WQS for manganese is based on the human health consumption standard for consumption of aquatic organisms

only.

d. Fresh WQS for sulfate and total dissolved solids are based on the drinking water standard.
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Table 3.5-9. Average Predicted Water Quality for Tailings Wastewaters for Alternative C —
North Stack.

Initial 100 Years After
Condition Condition At Closure Closure
2024 2064 2164
Alaska Alaska
Chronic Chronic Wet Wet
Fresh Marine Facility Wells/ Facility Wells/ Facility
Parameter® was”® waQs Boundary | Drains Boundary Drains Boundary
Cadmium pg/l 0.14 8.8 24.6 0.2 0.1 0.1 0.1
Copper ug/l 4.6 3.1 9 3.0 2.0 3.0 2.0
Iron ug/l 1,000 - 700 2,100 2,000 2,700 2,200
Lead ug/l 1.1 8.1 52.2 1.1 0.7 1.2 0.7
Manganese ° ug/l 50 100 2,500 900 800 800 800
Mercury ug/l 0.012 1.1 0.01 0.01 0.01 0.01 0.01
Nickel ug/l 27 8 140 10 10 10 10
Selenium ug/l 5 71 3.9 29 1.4 3.2 15
Zinc ug/l 61 81 8,160 540 210 450 170
Sulfate ¢ mg/L 250 - 1,482 799 308 837 322
Total 1,236 1,274
dissolved mgl/l 500 - 2,163 509 523
solids
pH s.u. 6.5-8.5 6.5-8.5 7.5 7.3 6.4 7.3 6.4
Notes:

The water quality at the wet wells represents drainage collected in the underdrains only.
The water quality at the Facility Boundary is a relative mixture of drainage from the underdrains and surface runoff.

a. All metals are expressed as totals

b. Based on the long-term average hardness of 37 mg/L as CaCOs;. This value is consistent with that used to

develop the FWMP.

c. Fresh WQS for manganese is based on the human health consumption standard for water + fish; the marine
WQS for manganese is based on the human health consumption standard for consumption of aquatic organisms

only.

d. Fresh WQS for sulfate and total dissolved solids are based on the drinking water standard.
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Table 3.5-10. Average Predicted Water Quality for Tailings Wastewaters for Alternative D —
North Stack.

Initial 100 Years After
Condition Condition at Closure Closure
2034 2064 2164
Alaska Alaska Condition
Chronic Chronic Wet At Closure: Wet
Fresh Marine Facility Wells/ Facility Wells/ Facility
Parameter® was® waQs Boundary Drains Boundary Drains Boundary
Cadmium pg/l 0.14 8.8 24.6 0.2 0.1 0.1 0.1
Copper pg/l 4.6 3.1 9 3.0 2.0 3.0 2.0
Iron pg/l 1,000 - 700 2,000 1,900 2,600 2,200
Lead pg/l 1.1 8.1 52.2 1.0 0.6 1.1 0.7
Manganese ° pg/l 50 100 2,500 1,100 900 1,000 900
Mercury pg/l 0.012 1.1 0.01 0.01 0.01 0.01 0.01
Nickel ug/l 27 8 140 10 10 10 10
Selenium ug/l 5 71 3.9 3.1 1.5 3.4 1.6
Zinc ug/l 61 81 8,160 520 200 420 160
Sulfate® mg/L 250 - 1,482 832 320 870 335
Total 1,270 1,308
dissolved mgl/l 500 - 2,163 522 536
solids
pH s.u. 6.5-8.5 6.5-8.5 7.5 7.3 6.4 7.2 6.4
Notes:

The water quality at the wet wells represents drainage collected in the underdrains only.
The water quality at the Facility Boundary is a relative mixture of drainage from the underdrains and surface runoff.
a. All metals are expressed as totals

b. Based on the long-term average hardness of 37 mg/L as CaCO;. This value is consistent with that used to
develop the FWMP.

c. Fresh WQS for manganese is based on the human health consumption standard for water + fish; the marine
WQS for manganese is based on the human health consumption standard for consumption of aquatic organisms
only.

d. Fresh WQS for sulfate and total dissolved solids are based on the drinking water standard.

A comparison of these data show there would only be small differences in water quality
of the TDF runoff and drainage between all alternatives. For example, predicted zinc
concentration at the facility boundary immediately after reclamation and closure ranges
between 200 micrograms per liter (ug/L) for the TDF in Alternative D to 220 pg/L in
Alternative B. Similarly, predicted sulfate concentration in the wet wells ranges between
810 milligrams per liter (mg/L) for Alternative B and 335 mg/L for the TDF in
Alternative D, one hundred years after closure. Condon (2011) attributes these minor
differences to build-out acreage, specific tailings depth, and the proportion of co-disposed
waste-rock material in the alternatives. However, these differences do not result in an
appreciable difference in predicted water quality effects between alternatives.

Further evaluation of these data show that water quality at the facility boundary and in
the wet wells would drastically improve after reclamation and final closure. For example,
the predicted concentration of zinc at the facility boundary for Alternative A lowers from
8,180 ng/L during operation to 180 pg/L after closure (Table 3.5-7). Similar large
reductions in concentration can be noted for other parameters and across all alternatives.
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This effect would be caused by placement of the final engineered cover. Runoff water
mixing at the TDF boundary would no longer be in contact with tailings. Runoff would
now be in contact with reclaimed forest soils and vegetation. The final engineered cover
would also affect pH. The pH of the tailings contact water is relatively neutral (7.5
standard pH units [s.u.]). The natural pH of forest soils is acidic (6.4 s.u.), primarily
caused by the decomposition of organic matter. Because runoff is the largest component
of water at the facility boundary, the pH of the natural soils of the surface cover would
dominate pH.

A comparison of the predicted water quality of the tailings wastewater at the TDF
boundary and in the wet wells with the Alaska fresh WQS indicates that the Alaska fresh
WQS would not be met for iron, manganese, zinc, sulfate, and total dissolved solids even
several years after closure. It also indicates that the wastewater at the TDF boundary
would not meet the Alaska marine WQS for manganese and zinc. These data indicate
that water treatment would be required at least 100 years after closure of the TDF(s),
perhaps in perpetuity. As discussed above, treatment and an APDES discharge permit
will be required as long as the effluent does not meet Alaska WQS. If treatment is
required after closure, the operator would separate the mixing of surface water runoff
from the engineered cover and the seepage water discharging from the underdrains.
Runoff from the surface cap would not be a regulated discharge if it is not allowed to
comingle with the tailings contact waters in the underdrains. This would drastically
reduce the volume of water requiring treatment and would allow clean runoff from the
TDF to return to Tributary Creek, Cannery Creek, and other respective drainages in the
Middle Hawk Inlet drainage or Further Creek.

3.5.3.2 Effects of Alternative A, No Action

Since construction of the TDF (Figure 2.3-1), the
headwaters of Tributary Creek have become
small seeps and numerous small channels
flowing through bog vegetation. Additionally,
surface runoff from east of the TDF is captured
and routed in diversions to Cannery Creek and

Under Alternative A, the existing TDF
would expand to its permitted footprint of
65.3 acres. The existing tailings contact
water management and infrastructure
would remain in place. Additional

Tributary Creek. The final build out under infrastructure would be required to divert
Alternative A with supporting infrastructure non-contact surface runoff from
would reduce the total 409-acre watershed area undisturbed areas around the tailings
for Tributary Creek an additional one percent Jacility. The series of toe drains used to
over current conditions. The seeps and channels collect and route surface runoff on the
lying south of the TDF are fed from the shallow tailings facility would expand as
groundwater regime in the peat and sand necessary as the TDF expands. Additional
substrate (Bosworth 2011). The series of slurry liners, finger and blanket drains beneath
walls installed around the TDF essentially route the tailings and slurry walls constructed
clean groundwater back to Cannery Creek and could also be required to divert
Tributary Creek that would normally be stored groundwater around the TDF.

as shallow groundwater in the bog wetland. As a

result of the surface and groundwater diversions and only an additional one percent loss
in drainage area, only minor impacts to both base and storm flows in Tributary Creek
would be expected. However, because non-contact surface runoff would be routed
directly in diversion channels, peak flow velocities could increase in the natural stream
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channel during large storm events. This could potentially cause erosion of channel
substrates and impact channel geomorphology. These potential impacts would be
mitigated by a Forest Service requirement to use a storm water detention structure or
detention pond at the confluence of the diversions and the natural channels.

3.5.3.3

Under Alternative B (Figure 2.3-2), surface
runoff from the east side of the TDF will
continue to be diverted around the TDF to
Tributary Creek. Groundwater flow will also
continue to be diverted to Tributary Creek by
the slurry walls and drain curtains. The
expansion of the TDF footprint under this
alternative would reduce the 409-acre
watershed by an additional 22 percent

(Figure 3.5-5). While some minor impacts to
the flow of Tributary Creek could be expected
by the loss of drainage area, it is not anticipated
that it would result in a 22 percent reduction of
flow. This is because the primary area impacted
by the expansion is principally wetland with
intermittent braided channels. These types of
wetlands principally act as storage during
precipitation events. Additionally, most of the
groundwater that previously fed the wetland
would continue to be diverted back to Tributary
Creek.

Effects of Alternative B, Proposed Action

Under Alternative B, the existing TDF
would expand from its current footprint.
The existing site industrial water and
tailings contact water management and
infrastructure would remain in place.
Additional infrastructure will be required
to continue to divert non-contact surface
runoff from undisturbed areas around the
tailings facility. The series of toe drains
used to collect and route surface runoff on
the tailings facility would expand as
necessary as the TDF expands. Additional
liners, finger and blanket drains beneath
the tailings and slurry walls constructed
could also be required to divert
groundwater around the TDF.
Infrastructure to manage water would be
more than that required for the
Alternative A footprint.

Similar to Alternative A, diverting non-contact runoff could increase peak flow velocities
in the natural stream channel during large storm events. This could potentially cause
erosion of channel substrates and impact channel geomorphology. While it is anticipated
that a storm water detention structure would mitigate the effects of the increased flow
velocities, the Forest Service and ADEC may require HGCMC to conduct habitat and/or
geomorphic surveys in Tributary Creek downstream of the TDF expansion area to detect
unanticipated effects, if any. This program would be developed and incorporated into the
General Plan of Operations (GPO) as it is updated to reflect the selected alternative.

The current treatment capacity of the Pond 7 WWTP to the outfall in Hawk Inlet is 3.1
mgd, although it is permitted to discharge a maximum daily discharge of 4.6 mgd. Under
the full expansion of the TDF, the existing WWTP would be upgraded or a new WWTP
would be constructed to accommodate the full 4.6 mgd. The additional treatment capacity
is needed in order to accommodate the additional volume of tailings wastewater. To
evaluate extreme storm events, EDE (2010) estimated that containment and treatment of
two back-to-back 10-year, 24-hour precipitation events would require containment and a
treatment capacity of 2.76 mgd over a 30-day period.
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Figure 3.5-5. Impacts to Watersheds and Streams by Alternative (South).
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Mitigated Alternative B

Under mitigated Alternative B, the expansion of the TDF would result in about 2 million
cubic yards of tailings and waste rock being placed in the northeast corner of the existing
TDF. Approximately half of the material would be placed in the initial phase of the
expansion with the remaining volume being placed in the final phase. In addition, the
reclamation material storage area and quarry to the south of the TDF would be relocated
out of the Monument. The result would be a new reclamation material storage area
located near the junction of the A and B roads; moving the quarry out of the Monument
would require deepening the quarry at the north end of the existing TDF. Enlarging the
quarry rather than developing a new one south of the existing TDF would reduce the
footprint within the Monument. Mitigated Alternative B would reduce the acreage impact
to the Tributary Creek watershed from 22 percent to 17 percent, when compared with
HGCMC'’s proposed action, Alternative B (Figure 3.5-5). The slight difference in
wetlands impacted may produce a very minor improvement in flow attenuation and
groundwater discharge to Tributary Creek compared to Alternative B. The relocated
reclamation material storage area may have a similar minor adverse effect on flow in the
unnamed watershed in its new location.

Potential impacts to stream channel substrates and channel geomorphology would be the
same as described for Alternative B. These potential impacts could be mitigated by using
a storm water detention structure or detention pond at the confluence of the diversions
and the natural channels. While it is anticipated that a storm water detention structure
would mitigate the effects of the increased flow velocities, the Forest Service and ADEC
may require HGCMC to conduct habitat and/or geomorphic surveys in Tributary Creek
downstream of the TDF expansion area to detect unanticipated effects, if any. This
program would be developed and incorporated into the GPO as it is updated to reflect the
selected alternative.

3.5.3.4 Effects of Alternative C, New TDF Located Outside Monument

Under Alternative C (see figures 2.3-3a, 2.3-3b, and
2.3-3c in Chapter 2), the existing TDF would be
slightly larger than the currently permitted footprint.
In addition to the expansion of the existing TDF, a
new TDF would be constructed to the north of the

Monument boundary (see Figure 2.3-3a in
Chapter 2). some minor impacts to the flow of

Tributary Creek could be expected by

The additional expansion of the
existing TDF footprint to the south
site would reduce the Tributary
Creek watershed by an additional
3 percent. Similar to Alternative B,

The expansion of the existing TDF under Alternative
C would require construction of water management
infrastructure similar to that described for
alternatives A and B. At the new TDF, new runoff
diversions would be required to divert non-contact
surface water runoff from the TDF. New finger and
blanket drains, and groundwater curtain and slurry

the loss of drainage area; however, it
is not anticipated that it would result
in a 3 percent reduction of flow. Most
of the groundwater that previously
fed the wetland is being diverted back
to Tributary Creek.

walls would be required to divert groundwater flow
around the TDF. Effluent seepage and runoff from the TDF would be collected and
pumped to the WWTP for treatment. The amount of water management infrastructure
would expand as the new TDF is expanded.
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The total footprint of the two TDFs would be larger than the total TDF footprint of
Alternative B. The increased requirement for the amount of water management
infrastructure required under this alternative would be proportional to the increased
acreage and the increased amount of total perimeter of the two facilities. Effects to the
mine site water balance should be similar to those presented for Alternative B. However,
a larger water treatment capacity could be required because of increased volume of runoff
from the two TDFs.

An additional pond to contain surface runoff from the new TDF to the north would need
to be designed and built. Additional pumps and a pipe system would be required to pump
captured tailings contact water to the existing Pond 7 for treatment and discharge to the
Hawk Inlet APDES outfall. Additional storm water controls could also be necessary to
control runoff from roads and other required facilities. At closure, captured TDF effluent
from the northern TDF would be pumped to the wastewater treatment plant located near
the existing TDF.

The new TDF footprint would reduce a portion of the Fowler Creek watershed by
approximately 2 percent. The Tributary Creek watershed would be reduced by an
additional 2.8 percent and the Cannery Creek watershed by 3.5 percent. Only minor
impacts to both the base flow and storm flows of Fowler Creek and the other drainages
would be expected, because groundwater and non-contact surface water would also be
routed around the new TDF down gradient to Fowler Creek (figures 3.5-5 and 3.5-6).

Potential impacts to stream channel substrates and channel geomorphology from non-
contact diversions would be the same as described for alternatives A and B. While it is
anticipated that a storm water detention structure would mitigate the effects of the
increased flow velocities, the Forest Service and ADEC may require HGCMC to conduct
habitat and/or geomorphic surveys in Tributary Creek downstream of the TDF expansion
area to detect unanticipated effects, if any. This program would be developed and
incorporated into the GPO as it is updated to reflect the selected alternative.

Establishing a new TDF would potentially allow fugitive dust to adversely affect water
quality in a new watershed. BMPs would be employed to minimize fugitive dust from
blowing off the tailings stack.

3.5.3.5 Effects of Alternative D, Modified Proposed Action

Under Alternative D, the existing TDF would be enlarged to a greater extent than under
Alternative C but less than under Alternative B. In addition to the expansion of the
existing TDF, a new TDF (see figures 2.3-3a, 2.3-3b, and 2.3-3¢ and figures 2.3-4a,
2.3-4b, and 2.3-4c in Chapter 2) would be constructed in the same location as under
Alternative C.

Additional water management infrastructure at the expansion of the existing TDF would
be similar to that described for alternatives A and B. At the new TDF, new runoff
diversions would be required to divert non-contact surface water runoff from the facility.
New finger and blanket drains, and groundwater curtain and slurry walls would be
required to divert groundwater flow around the facility. The amount of water
management infrastructure would expand as the TDF expanded. Effects to the mine site
water balance would be similar to those presented for Alternative C.
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Figure 3.5-6. Impacts to Watersheds and Streams by Alternative (North).
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The total footprint of the two TDFs would be larger
than the total footprint of Alternative B and slightly
larger than the footprint of Alternative C. The
increased requirements for the amount of water
management infrastructure required under this

Alternative would be the same as that described for
Alternative C. to the flows in Tributary Creek and

The additional expansion of the
current TDF footprint at the south
site would reduce the 408 acre
Tributary Creek watershed by an
additional 4 percent. The impacts

to Fowler Creek would be similar
to those described for Alternative C
(figures 3.5-5 and 3.5-6).

Potential impacts to stream channel substrates and
channel geomorphology from non-contact diversions
would be the same as described for Alternative C.

While it is anticipated that a storm water detention structure would mitigate the effects of
the increased flow velocities, the Forest Service and ADEC may require HGCMC to
conduct habitat and/or geomorphic surveys in Tributary Creek downstream of the TDF
expansion area to detect unanticipated effects, if any. This program would be developed
and incorporated into the GPO as it is updated to reflect the selected alternative. As with
Alternative B, additional monitoring is being considered to detect unanticipated habitat
and/or geomorphic effects.

Establishing a new TDF would potentially allow fugitive dust to adversely affect water
quality in a new watershed. BMPs would be employed to minimize fugitive dust from
blowing off the tailings stack.

3.5.4  Surface Water — Summary

Geochemical modeling conducted by HGCMC indicates that there is very little difference
in the expected water quality of tailings seepage and runoff between alternatives. It also
suggests that water treatment may be required for at least 100 years after closure, perhaps
in perpetuity.

Some small changes to the flow regime would occur to base flows and storm flows in
affected drainages (Tributary Creek under all alternatives; Fowler Creek under
alternatives C and D) under all alternatives. However these changes would not be out of
the realm of normal fluctuations and would not result in changes to stream
geomorphology, sediment loads or fish habitat. Potential impacts to stream
geomorphology from non-contact diversions would be mitigated using storm water
detention structures or detention ponds.

The requirements for increased water management infrastructure and the complexity
associated with maintaining those facilities to contain tailings contact water and manage
industrial storm water would be highest for alternatives C and D. For alternatives C and
D, captured TDF effluent from the northern facility may be required to be pumped to a
central wastewater treatment facility.
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3.6 Water Resources — Groundwater

Groundwater in the Greens Creek project area is found in several aquifers. These include:
a shallow peat/sand aquifer underlain by a silt confining unit, a till aquifer, and a deeper
bedrock aquifer. The following subsections describe these resources and the potential
effects that may occur under the various alternatives.

3.6.1  Water Resources - Groundwater — Pre-mining
Environment

There is no known regional aquifer system in the project area. However, the aquifer
systems in this area are typical of those in the glaciated environment of southeast Alaska.
Regionally, the irregular topography and geology make for numerous small-scale
aquifers and groundwater flow systems. Groundwater can be found in peat, glacial,
marine, fluvial sediments, and fractured bedrock aquifers. Where bedrock is exposed or
near the land surface, the sedimentary aquifers and confining materials are absent. The
existing tailings facility is located on a beach terrace formed by deposition of marine
sediments.

3.6.1.1 Hydrogeologic Units
Hydrogeologic units present at the site occur in layers (or units) and are described below.

Peat: Peat is dense organic matter, often containing root masses and stumps. It was found
widely throughout project area prior to development and remains a commonly occurring
substrate outside disturbed areas, except on some of the steeper sloping areas. The peat
varies in thickness, with a maximum thickness of approximately 20 feet. Peat deposits
developed during recent geologic times on gently sloping areas.

Oxidized Sand: Sand occurs as a relatively thin layer across much of the project area
directly beneath the peat. The sand is generally coarse and gravelly, with a moderate
amount of silt and traces of marine shell fragments. The sand layer resulted from beach or
alluvial deposits during periods of higher sea levels. In places, the sand is over 20 feet
thick, but in most areas of the project area, it is about 2 to 10 feet thick.

Marine Sand with Silt and Clay: Directly beneath the sand layer that covers most of the
site is a relatively continuous layer of marine sand with silt and clay. This layer reaches
50 feet in thickness in places, and it is sometimes inter-layered with the underlying
glacio-marine unit. Analyses of this layer indicate that it is made up of approximately 40
percent silt, 30 percent clay, and 30 percent sand.

Glacio-Marine Unit (formerly considered till): This unit, thought to be primarily
marine in origin, is characterized by high silt and clay content, glacial dropstones, and
reworked glacial sediments or till. Isolated pockets of stratified sand and gravel from
glacial activity are also found within this unit. The unit lies beneath the marine sand layer
and directly above bedrock; it is present throughout much of the area except where
shallow bedrock occurs. The thickness averages about 15 feet, but it is up to 60 feet deep
in places.
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Bedrock: Bedrock in the area consists of hard, banded schist, phyllite, and argillite.
These rocks are metamorphosed from volcanic and marine sedimentary rocks. The
bedrock surface is highly irregular—in some places it stands out with minimal soil cover;
in others, basins are filled with layers of glacio-marine silt and clay, marine sand and silt,
oxidized sand, and peat. The bedrock in the project area is not highly fractured.

3.6.1.2 Groundwater Flow

Groundwater flow is strongly influenced by local geological features and surface water
drainages and is driven by local precipitation, snowmelt, and the local terrain. With
average annual precipitation at the site of approximately 60 inches, groundwater recharge
is large, above 10 percent of average annual precipitation. Flow is generally from the
ridge to the east of the existing TDF to Hawk Inlet on the west. The steep ridge to the east
is a bedrock recharge area, with Hawk Inlet the major discharge area. More locally, the
TDF straddles a three-way divide, with groundwater flow components draining towards
Cannery Creek to the north, Tributary Creek to the south, and Hawk Inlet to the west. A
minor bedrock recharge area is the bedrock knoll at the northwest corner of the site.

Groundwater is found in several aquifers, listed from top to bottom:

= Peat/Sand Aquifer: Peat and sand units are physically adjacent and function as a
single aquifer. The peat/sand aquifer is underlain by a silt layer that functions in
places as a confining unit between the peat/sand aquifer and the underlying aquifer
that occurs within the glacio-marine layer (EDE 2007). Flow in the peat/sand aquifer
is unconfined, with a water table close to the land surface. The water table fluctuates
seasonally.

= Glacio-Marine Deposit Aquifer: This aquifer includes groundwater present in the
marine sand and the glacio-marine units. Groundwater in these undifferentiated
deposits occurs mainly in isolated small sand and gravel lenses within the deposits.
The majorities of the deposits are of relatively low permeability and are intermediate
in permeability between sandy units and silt/clay units at the site. On a local scale, the
more silty portions of the deposits serve as confining units for sand and gravel units
within the aquifer (EDE 2007). Flow in this aquifer is confined and wells exhibit
artesian conditions in the discharge areas for Tributary and Cannery creeks.

= Bedrock Aquifer: The entire area is underlain by bedrock that contains groundwater
in fractures. In areas where bedrock is near the surface, groundwater is considered to
be unconfined; in areas where the bedrock is covered by other materials, groundwater
is considered to be confined (EDE 2007). Artesian conditions occur in areas where
bedrock is overlain by glacial and marine deposits, (e.g., in the discharge areas for
Tributary and Cannery Creek).

Groundwater discharges to the surface from the peat/sand aquifer on all sides of the
groundwater divide. Groundwater discharge forms a bog near Cannery Creek. The bog
and Cannery Creek are a discharge area for groundwater whose sources are the peat and
the gravelly sand underlying the peat. The sand source may indirectly discharge to the
creek via the peat, as the sand and the peat are in hydraulic communication. As a
discharge area for shallow groundwater, Cannery Creek controls groundwater levels in
the peat and gravelly sand along the north and northeast side of the groundwater divide
(EDE 2002a).
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On the south side of the groundwater divide, groundwater feeds Tributary Creek during
base flow conditions. Tributary Creek is a perennial stream. Flow/wet conditions are
observed in this headwater area during relatively dry periods without visible surface
tributaries, which indicates that Tributary Creek is a local groundwater discharge area for
the aquifers south of the groundwater divide (EDE 2002a).

On the west side of the groundwater divide, peat discharges into several small
intermittent and ephemeral channels, particularly after a recharge event (rainfall or
snowmelt) (EDE 2002a).

Groundwater flow within the bedrock appears to follow the topography down-gradient,
with a general east to west gradient toward the ocean at Hawk Inlet. The northwest
bedrock knob is a local groundwater recharge area, with flows following the topography
and not adhering to the principal east to west gradient.

3.6.1.3  Groundwater Quality

Groundwater in and around the project area is exposed to variable geologic materials:
decomposition of peat creates acidic muskeg water, while groundwater in contact with
marine sediments is more alkaline in nature. Bedrock composition is also variable. A
series of wells are completed in various strata in and around the project area.
Examination of the field data shows that the specific conductance values of background
water are relatively low, ranging from 95 uS/cm (micro Siemens per centimeter) to

258 uS/cm. Specific conductance is a measurement of total dissolved solids and salts and
is used as an indicator of sulfate and other salt concentrations. The pH values are
generally neutral or lower, ranging from 5.2 to 7.5. The alkalinity ranges from 30 to 160
mg/l as CaCOs. Groundwater in the peat/sand aquifer is at least slightly reducing (as
opposed to oxidizing) (EDE 2002b).

Pre-mining groundwater quality for four wells in peat, glacio-marine sediment, and
bedrock is shown in tables 3.6-1 and 3.6-2. Water quality for the peat/sand aquifer and
glacio-marine aquifers was measured from 1988 to the present and, thus, 1988 data was
used as representative pre-mining baseline data. However, no bedrock water quality data
exists until 2000; thus, bedrock wells upstream of the tailings facility were selected to
represent pre-mining water. Because shallow groundwater supports a majority of base
flow in area streams, applicable surface Alaska WQS are shown for comparison to
groundwater quality for the peat/sand aquifer and the glacio marine aquifer. Surface
Alaska WQS were discussed in Section 3.5.
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Table 3.6-1. Pre-mining Groundwater Quality in Peat/Sand Aquifer (Data from 1988).

Most
MW-1S MW-2S MW-3S MW-4 MW-5 Stringent
Water
Quality
Parameter | Avg [ Min | Max | Avg | Min | Max | Avg | Min | Max | Avg | Min | Max | Avg |Min| Max | Standard
Total 132.4{102.7(153.9|148.2(119.7|171.0{136.8|119.7{171.0| 92.3 | 85.5 |102.6{112.9(85.5| 136.8 Not
Alkalinity, mg/| applicable
as CaCos
Specific 240 | 140 | 338 | 380 | 165 (1801|208 | 138 | 252 | 190 | 100 | 458 | 202 |125| 310 Not
Conductance applicable
(MS/cm @
25¢)
pH, lab, s.u. 6.46 16.30(6.70|6.29 |6.00 |6.50 | 5.99|5.90 {6.40 |7.47|7.20|7.60 | 5.78 [5.30| 5.90 6.5-8.5
Arsenic, <5 | <5 | <5 |<5|<5|<5 |13 | 8 |20 | <5 |<5| 6 8 |<5| 37 10
dissolved, pg/l
Barium, 130 | 80 | 190 | 128 | 37 | 260 | 140 | <20 | 390 | 45 | <20 | 100 | 106 | 40 | 170 100
dissolved, pg/l
Cadmium, <2 | <2 | <2 8 <2 | 88 | <2 | <2 3 <2 | <2 | <2 <2 | <2 <2 0.09
dissolved, pgl/l
Copper, 13 5 36 | 10 | <2 | 22 4 <2 9 5 <2 | 20 14 | <2 | 49 2.7
dissolved, pg/l
Lead, 125 <10 | 30 | 18 [ <10 | 110 [ <10 | <10 [ <10 [ <10|<10| <2 | <10 [<10| <2 0.54
dissolved, pg/l
Selenium, <5 | <5 | <5 | <5 | <5 |<5|<5|<5|<5|<5|<5|<5| <5 |<5| <5 5
dissolved, ugl/l
Silver, <2 | <2 | <2 | <2 | <2 | <2 | <2|<2|<2|<2|<2|<2| <2 |<2| <2 0.32
dissolved, ugl/l
Sulfate, mgl/l 2 1 3 3 2 8 3 1 9 5 4 6 18 [ 10| 34 250
Zinc, 74 | 35 [ 180|438 | 49 |2900| 81 | 55 | 150 | 27 9 94 81 | <2 | 130 36

dissolved, pg/l

Notes:

Averages are calculated using half detection limit.

In the peat/sand aquifer, pH values regularly fall below the aquatic life standard lower limit of 6.5. Barium,
copper, lead, and zinc concentrations also exceed the WQS.
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Table 3.6-2. Pre-mining Groundwater Quality in Glacio-Marine Aquifer (Data from 1988).

MW-1D MW-2D MW-3D Most
Stringent
Water Quality
Parameter Avg | Min | Max | Avg | Min | Max | Avg | Min | Max Standard
Total Alkalinity, mg/l as 329.2 (307.8| 342 | 102.6 |102.6| 102.6 |273.6|239.4 | 307.8 |Not applicable
CaCos
Specific Conductance 616 55 | 910 | 197 | 125| 330 | 448 | 299 | 500 |Not applicable
(uS/em @ 25c¢)
pH, lab, s.u. 8.69 |850(8.80| 824 |8.10| 8.40 |8.53|8.30 | 8.80 6.5-8.5
Arsenic, dissolved, pg/l 75 69 81 68 64 71 32 <5 40 10
Barium, dissolved, ug/l 244 70 | 740 | 36 |<20| 90 186 | 73 720 100
Cadmium, dissolved, ug/I <2 <2 <2 <2 <2 <2 <2 <2 <2 0.09
Copper, dissolved, pg/l 17 <2 | 66 <2 <2 4 6 3 10 2.7
Lead, dissolved, pg/l 1 <10 | 30 | <10 | <10| 10 <10 | <10 | <10 0.54
Selenium, dissolved, ug/l <5 <5 | <5 <5 <5 <5 <5 <5 <5 5
Silver, dissolved, pg/l <2 <2 | <2 <2 <2 <2 <2 <2 <2 0.32
Sulfate, mg/l 26 22 | 45 10 9 11 3 2 4 250
Zinc, dissolved, pg/l 20 <5 | 120 8 <2 21 21 <2 92 36
Notes:

Averages are calculated using half detection limit.
In the glacio-marine aquifer, arsenic and barium concentrations commonly exceed WQS. Copper, lead
and zinc concentrations also exceed the WQS occasionally.

3.6.2 Water Resources — Groundwater — Baseline Conditions

The initial discovery of the Greens Creek deposit was made in 1975. In 1989, site
construction and development work began, and the mine has operated almost
continuously since that time. Thus, current conditions include the existing TDF and
supporting infrastructure.

3.6.2.1 Hydrogeologic Units

In addition to the hydrogeologic units described in the pre-mining environment section,
the existing TDF is also a water bearing unit. In the tailings, depths to water range from
about 33 to 102 feet below the top of the tailings. In the northern part of the pile, the
tailings water-table surface indicates flow in a generally radial pattern away from the
southern part of the existing TDF and towards the perimeter of the pile. A mound in the
phreatic surface corresponds generally to the thickest part of the tailings in the oldest part
of the TDF. A generally east-to-west flow gradient also appears to exist within the
tailings, as in the other hydrogeologic units in the area (EDE 2011).

3.6.2.2 Groundwater Flow

The existing TDF has not altered the principal pre-mining groundwater flow system, but
some local changes are apparent.
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To ensure groundwater does not mix with water that has been in contact with tailings
(contact water), groundwater control structures were put in place around the TDF. These
include a bentonite/soil slurry wall and french drain along the eastern margin of the
tailings facility to divert up-gradient groundwater to Cannery Creek (north) and Tributary
Creek (south). Slurry walls also exist along the northern, western, and southern margins
of the facility. Contact water collected by these slurry walls flows into french drains, wet
wells, and containment ponds for treatment. Part of the tailings area is lined with
polyethylene liners to prevent contact water mixing with groundwater. The original
permitted tailings disposal allowed for the facility to be unlined in areas that were
overlying a Glacio-Marine Clay formation. It was also not lined in areas overlying
bedrock in the northwest corner of the original facility. Since 2003, all new disposal areas
are lined. Contact water in the underdrains is a combination of leachate that has drained
through the TDF (within the containment boundaries) and groundwater that upwells to
the underdrain collection system in areas that were originally unlined. This upwelling
occurs because the flow gradient from the Glacio-Marine formation is upward.

It was found that originally unlined bedrock outcrops protruding under the northwest
corner of the TDF may have allowed contact water to mix with groundwater. Excavation
of materials in the northwest corner of the TDF allowed installation of an underdrain to
convey surface and contact water from the northern to the southwestern part of the TDF,
in order to reduce flows to a retention pond in the northern portion of the TDF area and
facilitate long-term closure drainage. One area in the initial location of tailings placement
is underlain directly by bedrock and is still unlined (EDE 2011). A network of blanket
drains and finger drains at the base of the tailings collects a mixture of contact water and
upwelling groundwater. Water from these underdrains is pumped or flows by gravity to
Pond 7 (EDE 2007).

Water flow in the aquifers has changed as follows:

= Tailings: Water moves in the tailings as both saturated flow and unsaturated flow.
Precipitation in the form of rain and snow enters the tailings. Infiltration occurs even
though the TDF is sloped and compacted to promote runoff and minimize infiltration.
Infiltrating water percolates through the upper tailings under unsaturated flow
conditions, eventually reaching the water table within the tailings. Tailings water
eventually exits the TDF via the system of under-drains. The drainage water is then
pumped to Pond 7 for treatment. The flow gradient is toward the blanket drains and
toward the pumped wet well sumps (EDE 2002).

= Peat/Sand Aquifer: Excavation of peat and sand underneath the tailings facility has
removed the peat/sand aquifer underneath parts of the TDF (EDE 2011). Where peat
was not removed beneath the tailings, it has been compacted and may act as a natural
liner and hydraulic barrier (EDE 2011). Bentonite slurry walls partially divert
groundwater flow in this aquifer around the tailings facility.

= Glacio-Marine Deposit Aquifer: This aquifer is still present in its original extent
underneath the TDF, and flow is confined underneath the tailings (EDE 2011).

= Bedrock Aquifer: The bedrock aquifer is confined in areas where it is overlain by
tailings facility deposits. The tailings act as a confining unit. Recharge to the original
bedrock outcrop area in the northwest of the tailings facility is reduced where the
tailings facility covers the bedrock, which has lead to a fall in the potentiometric
surface in that area.
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Groundwater originally surfaced in muskeg areas to form Tributary Creek. A portion of
the muskeg area is now covered by the existing tailings facility, and groundwater comes
to the surface as small perennial seeps and streams to the south of the tailings
contributing to the flow of Tributary Creek.

The groundwater control structures remove and divert groundwater from the underground
flow system. An extensive network of monitoring wells and piezometers is in place to
observe if groundwater heads (pressures) are falling due to groundwater removal. Several
bedrock wells exhibit trends of falling groundwater levels. Bedrock wells located in the
Northwest/Pit 5 expansion area of the TDF (MW-T-96-03, MW-T-01-07, MW-T-01-09,
MW-T-04-13, MW-T-04-14, MW-T-05-01, and MW-T-05-04) show a drop in heads
around 2008, during the time when excavation and lining in the Northwest/Pit 5 occurred.
Piezometric water levels appear steady since 2009, and it is likely that a new steady-state
flow system with lower heads has been created in the northwest area of the tailings
facility. Bedrock well MW-T-02-11 near the center of the TDF shows a similar trend,
with a drop in heads occurring in 2007. Heads in bedrock also show a declining trend in
the East Ridge expansion area. A bedrock well in the southwest tailings facility area
(MW-T-96-02) exhibits a drop in water levels. A trend of declining water levels cannot
be confirmed for the southern part of the TDF, partially due to a lack of long term
established monitoring wells there. To the northeast of the tailings facility, groundwater
control structures seem to divert water from the peat/sand and glacio-marine aquifers into
the bedrock aquifer, as evidenced by water levels increasing in bedrock well MW-T-96-
04, and declining in peat/sand wells MW-T-95-05B and C, and glacio-marine well MW-
T-95-05A.

3.6.2.3  Groundwater Quality

Current groundwater quality is monitored by the operator in accordance with the mine’s
FWMP for six groundwater monitoring wells surrounding the tailings facility (MW-2S,
MW-2D, MW-3S, MW-5S, MW-T-00-01A, and MW-T-001C) (Hecla 2009). Additional
groundwater data was collected for the Stage II Tailings Expansion Hydrologic Analysis
Update (EDE 2007a).

Four of the wells (MW-2S, MW-3S, MW-5S, and MW-T-001C) monitored in accordance
with the FWMP are completed in the shallow peat/sand aquifer, and two (MW-2D and
MW-T-00-01A) are completed in the glacio-marine deposit aquifer. None are completed
in bedrock.

Tables 3.6-3 and 3.6-4 show groundwater quality measured in 2009 for the FWMP for
peat/sand aquifer and the glacio-marine unit.
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Table 3.6-3. Groundwater Quality in Peat/Sand Aquifer Wells (after Hecla 2009).

Most
MW-T-00-01C MW-2S MW-3S MW-5 Average | Stringent
Water
Quality
Sample Date/Parameter 5/5/2009 | 9/22/2009 | 5/5/2009 | 9/22/2009 | 5/5/2009 | 9/22/2009 | 5/5/2009 | 9/22/2009 2009 Standard
Specific Conductance 61 69 89 127 74 69 65 58 77 Not
(uS/em @ 25c¢) applicable
pH, lab, s.u. 6.12 6.13 5.61 6.35 5.18 5.29 4.99 5.05 5.59 6.5-8.5
Total Alkalinity, mg/l as 21.2 28.2 18.5 26.5 26.4 27 16.7 14.7 22.4 Not
CaCos applicable
Sulfate, mg/l 14 2.6 14.4 35.4 0.3 0.2 0.3 0.3 6.9 250
Hardness (mg/l) 24.6 29.6 28.3 544 29.1 30.5 10 10.3 271 None
Arsenic, dissolved, ug/l 0.184 0.277 4.29 7.02 11.8 11.7 7.84 5.91 6.13 10
Barium, dissolved, pg/l 11.9 18.1 257 46 12.9 12 15.6 171 19.9 100
Cadmium, dissolved, pg/l <0.002 <0.006 0.006 <0.006 0.013 0.014 0.025 0.029 0.012 0.09
Chromium, total, pg/l 1.49 1.17 2.2 1.21 114 2.77 11.6 343 4.41 100
Copper, dissolved, pgl/l 0.069 0.131 0.168 0.212 0.335 0.429 0.748 0.876 0.371 2.7
Lead, dissolved, pg/l 0.0272 0.109 0.224 0.253 0.963 1 1.79 2.63 0.875 0.5
Nickel, dissolved, pg/l 0.425 0.525 1.66 1.65 1.6 1.55 3.77 3.74 1.87 16
Silver, dissolved, pg/l <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.006 <0.003 <0.003 0.32
Zinc, dissolved, pg/l 2.66 0.71 274 2.89 10.1 10.9 12.7 14.4 7.1 36
Selenium, dissolved, pg/l 0.167 0.211 0.14 0.142 0.29 0.19 0.586 0.222 0.244 5
Mercury, dissolved, pg/l 0.000566 | 0.000774 | 0.000815 | 0.00177 | 0.000446 | 0.00102 | 0.000858 | 0.00172 0.00100 0.012
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Table 3.6-4. Groundwater Quality in Glacio-Marine Deposit Aquifer Wells (after Hecla 2009).

MW-T-00-01A MW-2D Average | Most Stringent
Sample Water Quality
Date/Parameter 5/5/2009 | 9/22/2009 | 5/5/2009 | 9/22/2009 2009 Standard

Specific Conductance .
(uSlcm @ 25¢) 115 107 213 202 159 Not applicable
pH, lab, s.u. 6.62 6.52 8.18 8.3 7.41 6.5-8.5
Total Alkalinity, mg/l as 44.2 425 76 75.5 59.6 | Notapplicable
CaCos
Sulfate, mgl/l 5.4 5.6 11.3 7.4 250
Hardness (mg/l) 51.5 49.5 74.9 77.6 63.4 None
Arsenic, dissolved, g/l 0.158 0.148 82.3 72.4 38.75 10
Barium, dissolved, ug/| 7.2 7.3 6.5 6.4 6.9 100
Sgﬁm'“m’ dissolved, 0.016 0012 | 0004 | <0006 | 0.009 0.09
Chromium, total, pg/l 4.22 4.51 1.21 1.57 2.88 100
Copper, dissolved, pg/l 0.082 0.059 0.083 0.054 0.070 2.7
Lead, dissolved, ug/l 0.0059 0.0166 <0.0030 <0.0030 0.006 0.54
Nickel, dissolved, ug/l 1.11 0.871 0.861 0.559 0.85 16
Silver, dissolved, pg/l <0.003 <0.003 <0.003 <0.003 <0.003 0.32
Zinc, dissolved, ug/l 0.52 0.54 0.13 0.29 0.4 36
ﬁg,'le“i“m' dissolved, 0.418 0.322 0.109 0.138 0.247 5
Mercury, dissolved, b/l | 4 50017 | 0.000128 0'0%010 0.000133 | 0.00013 0.012

In 2006, groundwater in several bedrock wells had elevated sulfate concentrations and
conductivity. These wells are down-gradient and in close proximity to the TDF. Tailings
contact water from the old unlined portion of the TDF likely seeped into the bedrock
aquifer. This is also shown by the increasing (albeit very slowly) sulfate concentration in
MW-2S. MW-28 is located in an area where groundwater has an upward gradient and
bedrock water may discharge to the shallow aquifers and surface water. Since then, the
northwestern part of the tailings facility was excavated to install a liner, before re-
depositing tailings. Currently, sulfate concentrations are still elevated above background
levels but are decreasing in all but two wells measured. Sulfate concentrations increased
in wells MW-T-04-14 and MW-T-05-04 in the most recent sampling event. It is possible
that construction for the liner installation temporarily caused the increases. Trends in
groundwater quality data are analyzed according to the FWMP and reported annually to
ADEC and the Forest Service.

Both MW-3S and MW-5S have higher than background lead and zinc levels. Fugitive
tailings dust may be contributing to the elevated metal levels monitored at these sites
(Hecla 2009).

High dissolved arsenic values have been detected in MW-2D since before mining began,
and are considered background values.
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Specific conductance and sulfate concentrations for bedrock wells as monitored between
2004 and 2010 are listed in Table 3.6-5. All available data for sulfate for 2010 are listed.

Table 3.6-5. Sulfate Concentration and Specific Conductance in Bedrock Aquifer Wells
(adapted from EDE 2007).

Site Id Sample Date Specific Conductance, Field (uS/cm) | Sulfate, Total (Mg/L)
MW-T-00-02B 4/12/2005 297 19.7
3/16/2010 266 12.2
MW-T-01-01A 12/7/2005 47.2 1.61
MW-T-01-02A 6/30/2004 858 66.4
9/28/2010 87.3 27.3
MW-T-01-03A 3/24/2005 604 122
MW-T-01-04 5/13/2004 1332 566
MW-T-01-05 8/26/2004 284 11.8
MW-T-01-06A 3/18/2004 366 40.7
MW-T-01-06B 3/18/2004 426 58.4
MW-T-01-07 2/22/2006 1459 645
5/26/2010 1142 294
MW-T-01-08 7/2/2004 731 295
MW-T-01-09 2/22/2006 1358 591
5/26/2010 1320 424
MW-T-01-15A 6/30/2004 118.4 5.97
MW-T-02-07 4/21/2005 799 220
MW-T-02-08 7/22/2004 878 104
MW-T-02-11 4/18/2006 404 25.3
4/26/2010 9.5
MW-T-04-12 2/23/2006 971 139
MW-T-04-13 2/8/2006 644 148
5/27/2010 604 64.3
MW-T-04-14 2/8/2006 599 27.6
5/26/2010 629 98.6
MW-T-05-01 4/18/2006 1739 621
5/27/2010 907 255
MW-T-05-04 4/18/2006 500 28.7
6/30/2010 1054 304
MW-T-05-06A 2/8/2006 544 158
MW-T-07-01 5/27/2010 1133 277
MW-T-07-02 5/26/2010 626 50.4
MW-T-96-3 6/6/2005 491 9.2
MW-T-96-04 2/8/2006 893 323
4/25/2010 524 186
MW-T-98-01 6/6/2005 293 22.5
4/7/2010 103.4 11.9
MW-T-98-4 6/6/2005 74.2 43

3-74 Greens Creek Mine Tailings Disposal Facility Expansion EIS



3.6 Water Resources — Groundwater

3.6.3 Water Resources — Groundwater — Environmental
Consequences

There are several ways in which the project may affect groundwater.

Changes of groundwater flow patterns could occur from the construction or expansion of
tailings disposal facilities and groundwater control structures. Groundwater quality could
be affected by mixing of contact water with groundwater, spills from concentrate and
tailings haul trucks, or seepage from the tailings pile itself. Additionally, fugitive dust
from the tailings may contaminate ground and surface water. Thus, project actions that
affect the following factors are of most concern in assessing potential effects to
groundwater resources:

= Changes in groundwater flow patterns that cause changes in groundwater discharge to
surface waters;

= Water quality changes caused by contact water seeping into groundwater, or fugitive
dust contaminating near-surface groundwater.

3.6.3.1 Effects Common to All Alternatives

Under all alternatives mining activities would continue through at least 2014.
Groundwater monitoring would continue to be required by the Forest Service and ADEC
under all alternatives to monitor groundwater levels and determine if groundwater
contamination occurs so that it can be remedied.

3.6.3.2 Effects of Alternative A, No Action

Under Alternative A, mining operations would continue through 2014. Impacts similar to
those associated with ongoing mining activities would continue until mining ceased,
disturbed sites were reclaimed, and human activity in the area reduced. The existing TDF
would continue to be built out to the maximum footprint and height permitted in the 2003
EIS (USDA 2003). After the TDF was fully built out in 2014, reclamation would begin as
described in the 2003 EIS (USDA 2003). Impacts to groundwater would be similar to
current conditions. The TDF would continue to divert groundwater from the Tributary
Creek and Cannery Creek drainages through the groundwater management structures
after closure. Heads in bedrock would remain at a lower level, where a new steady-state
flow system has established itself, and heads would keep falling in other areas, where a
decline is currently occurring until a new steady-state system is achieved. The up-
gradient groundwater would continue to be diverted around the existing TDF to Cannery
Creek to the north and Tributary Creek to the south.

Decreases of elevated sulfate concentrations in bedrock aquifer monitoring wells would
continue to be monitored, and the effectiveness of excavating and relining sections of the
originally unlined TDF determined.

BMPs are currently employed to minimize fugitive dust from blowing off the TDF.
Additional BMPs may be added if monitoring indicates this is necessary. BMPs to reduce
fugitive dust are included in Section 3.2.3. After successful reclamation fugitive dust
would no longer occur.
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3.6.3.3 Effects of Alternative B, Proposed Action

Under Alternative B, mining activities would extend an additional 30—50 years, and the
TDF would be expanded immediately adjacent to the existing TDF and south into the
Tributary Creek drainage.

Groundwater flow would be impacted through the presence of the TDF, which would be
much larger than under Alternative A. The TDF expansion would be constructed with a
liner and tailings underdrains atop and below the liner. Groundwater collected in the
tailings underdrains would also be contained, treated, and discharged under the APDES
permit. This includes both groundwater originating from infiltration through the pile and
groundwater passing immediately beneath and contacting the placement location as it
moves through the local water table. This groundwater would be collected in order to
avoid potential groundwater contamination from contact with tailings and to promote the
geotechnical stability of the TDF. The required contact groundwater collection volume
would increase proportionally to the area of tailings placement, as the TDF was
expanded. Condon (2011) estimates a drainage from the TDF to be between 107 and 163
gpm after closure. Additional and increased lowering of groundwater heads in bedrock in
the expansion area would likely occur. However, similar to Alternative A, up-gradient
groundwater flow would continue to be diverted around the TDF to Cannery Creek and
Tributary Creek.

Groundwater quality could be affected by spills or contact water seeping into
groundwater. With the extended operating period, the chance of chemical, fuel, or
concentrate spills introducing contaminants into groundwater would increase, though it is
still expected to be unlikely. Operational procedures and BMPs are intended to reduce the
likelihood and severity of a spill so the chance of these effects would be limited.
Expanding the TDF with a liner and complete set of groundwater control structures
would limit the probability of contact water entering and contaminating groundwater. The
groundwater monitoring system will be used to catch unanticipated ground water
contamination early enough to allow for it to be mitigated. No pyritic rocks would be
used in the construction of roads or other facilities, to avoid sulfate leaching into
groundwater.

The longer time period of an active TDF would allow more fugitive dust to escape the
tailings stack. Best management methods would be employed to minimize fugitive dust
from blowing off the tailings stack. This could reduce the metal concentrations in
groundwater potentially contributed by fugitive dust. After reclamation fugitive dust
would no longer occur.

Mitigated Alternative B

Under mitigated Alternative B, the expansion of the TDF would result in about 2 million
cubic yards of tailings and waste rock being placed in the northeast corner of the existing
TDF. Approximately half of the material would be placed in the initial phase of the
expansion with the remaining volume being placed in the final phase. In addition, the
reclamation material storage area and quarry to the south of the TDF would be relocated
out of the Monument. The result would be a new reclamation material storage area
located near the junction of the A and B roads; moving the quarry out of the Monument
would require deepening the quarry at the north end of the existing TDF. Relocation of
these facilities out of wetlands in the area could have a very minor effect on shallow
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groundwater flows and discharge into Tributary Creek. The relocated reclamation
material storage area could produce very minor effects on the shallow groundwater
system at its new location.

3.6.3.4 Effects of Alternative C, New TDF Located Outside Monument

Alternative C would involve the initial short-term expansion of the existing TDF and the
construction of a new TDF located approximately three miles north of the existing TDF
in a portion of the Fowler Creek drainage. Alternative C would also extend the operating
period of the mine by 3050 years. Effects to surface and groundwater would be more
widely spread than in alternatives A and B due to the development of a new TDF and
supporting infrastructure.

Disturbances of groundwater from construction and placement of a new TDF would
occur in a small portion of the previously undisturbed watershed of Fowler Creek and a
small drainage basin that empties in Hawk Inlet. Groundwater control structures
including liner and diversion structures similar to the control structures under Alternative
B would have to be constructed under the new TDF, resulting in minor changes in
groundwater flow patterns in Fowler Creek drainage and potentially in the North Hawk
Inlet drainage. Lowering of groundwater heads in bedrock in the expansion area would
likely occur. Reduction in groundwater discharge to both drainages could occur.

Expansion of the original TDF in the Tributary Creek watershed would also require
additional liner and water control structures. Effects on groundwater flow in the Tributary
Creek watershed would be similar to Alternative A.

With the development of a new TDF, groundwater contamination is also possible in this
area. However, proper construction techniques and BMPs would reduce the likelihood of
impacts on groundwater quality in the Fowler Creek and the North Hawk Inlet drainage.

Establishing a new TDF in a new watershed would potentially allow fugitive dust to
contaminate ground and surface water in this area. BMPs would be employed to
minimize fugitive dust from blowing off the tailings stack. This would decrease metal
concentrations in groundwater caused by fugitive dust. After reclamation fugitive dust
would no longer occur. Adverse impacts from fugitive dust near the existing TDF would
be smaller.

3.6.3.5 Effects of Alternative D, Modified Proposed Action

Alternative D would involve the expansion of the existing TDF and the construction of
the new TDF. Like alternatives B and C, Alternative D would extend the operating period
of the mine by 3050 years. The expansion of the existing TDF would be substantially
smaller than Alternative B; however, larger than the footprint under Alternative C.
Effects to surface and groundwater would be similar to Alternative C. The TDF would be
developed similar to alternatives B and C, with a line and underdrain system to capture
any contact water and groundwater monitoring surrounding the TDF to ensure that
contact water is not escaping the system. Should unanticipated contamination occur, it
has the potential to be more widespread than alternatives A and B because the TDF area
is greater under this alternative.
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Disturbances of groundwater due to construction and placement of a new TDF would
occur in the same location as Alternative C. Groundwater control structures including
liner and diversion structures similar to the control structures under Alternative C would
have to be constructed under the new TDF, potentially resulting in changes in
groundwater flow patterns in the Fowler Creek and the North Hawk Inlet drainage.
Lowering of groundwater heads in bedrock in the expansion area would likely occur.

With the development of a new area, groundwater contamination is also possible.
However, proper construction techniques and BMPs would reduce the likelihood of
impacts on groundwater quality in these drainages.

Establishing a new TDF in a new watershed would allow fugitive dust to contaminate
ground and surface water in this area. Best management methods should be employed to
minimize fugitive dust from blowing off the tailings stack. This would decrease metal
concentrations in groundwater that could result from fugitive dust. After reclamation
fugitive dust would no longer occur. Adverse impacts from fugitive dust near the original
TDF would be smaller.

3.6.4 Groundwater — Summary

The largest impact under all alternatives would be the capture and collection of
groundwater through groundwater control structures necessary to protect the groundwater
quality. Groundwater would thus be removed from the groundwater flow system and
discharged to Hawk Inlet. This ensures that groundwater contamination will not occur,
but it also reduces the availability of groundwater to recharge surface waters. Based on
groundwater level monitoring and observed changes at the existing TDF, impacts on
groundwater hydrology under all alternatives would occur, but would be minimal. The
implementation of groundwater control structures would protect the groundwater quality.

3.7 Aquatic Resources

Impacts associated with waters of the United States
are evaluated in Section 3.5, Water Resources —
Surface Water; Section 3.7, Aquatic Resources; and
Section 3.10, Wetlands. Aquatic resources in the
project area occur in the freshwater and marine
environment. Freshwater aquatic resources are
present in the streams surrounding the mine,

Aquatic resources are directly
connected to significant Issues 1
and 3. Impacts to anadromous and
resident fish streams are addressed
in this section. Measures of impacts
to aquatic resources include length

associated facilities, and project roads. Marine of anadromous and resident fish
aquatic resources of interest are those found in Hawk  streams impacted and acres of fish-
Inlet and adjacent Chatham Strait, which may be bearing watersheds impacted.

influenced by treated water discharge as well as
concentrate and supply transport.
3.7.1  Aquatic Resources — Pre-mining Environment

The historical conditions are presented separately for the freshwater and marine
environment.
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3.7.1.1

A total of five major streams or tributaries are present in the project area, including
Greens, Zinc, Tributary, Cannery, and Fowler creeks (Figure 3.5-1). A few other streams
also enter Hawk Inlet outside of the project area (Table 3.7-1). The length of each stream,
by watershed and stream class, is presented in Table 3.7-1. The streams are classified
based on the Forest Service stream value class or Aquatic Habitat Management Unit
class. The stream class generally relates to fish type and presence and whether the stream
can affect the water quality of downstream fish. The classification is based on the Forest
Service GIS stream layer, where available. Some additional stream channels were added
from high resolution LiDAR data interpretation near potential areas of disturbance.
Streams identified by LiDAR interpretation that were within potential areas of
disturbance were field verified in the summer of 2011. Streams identified as
“Unclassified” have not been field verified and are outside the area of potential
disturbance.

Pre-mining Aquatic Resources — Freshwater

Table 3.7-1. Project Area Major Stream and Watershed Characteristics.

Stream Length (ft)

Watershed Unclassified
Watershed Name Acres Total (ft) | Class| | Class Il | Classlll | Class IV Area’®
Greens Creek 14,429 211,340 61,323 60,249 89,768 0 Not mapped
Zinc Creek 3,084 48,849 7,973| 32,479 8,397 0| Not mapped
Tributary Creek” 409 10,040 5,169 2,991 0 1,880 Not mapped
Cannery Creek 689 12,761 0 7,420 4,721 0 620
Fowler Creek” 5,089 132,719 38,388| 36,208 12,062 1,486 44,575
North Hawk Inlet® 261 7,660 0 4,517 0 703 2,440

Notes:
Class | = Anadromous fish stream, Class |l = resident fish stream, Class Ill = non-fish stream with

potential to transport sediment to a fish stream, Class IV = non-fish stream less than 5 feet wide that
would not affect downstream fish stream water quality.

a. Mapped from LiDAR data as very small streams; not in Forest Service GIS stream layer.

b. Portions of these watersheds were surveyed in greater detail due to proximity to project area.

Physical characteristics and water quality of the key streams and watersheds in the area
are discussed in Section 3.5, Water Resources — Surface Water. Overall, the freshwater
aquatic resources in the project area prior to development would be considered typical of
Tongass National Forest, containing resident and anadromous fish species common to the
region and water quality conditions not markedly different from unaffected stream
environments of this region. As discussed in Section 3.5.2, the water quality of area
streams generally meets Alaska WQS for aquatic life, exhibiting near neutral pH and low
concentrations of metals. Some values exceeded Alaska WQS for dissolved cadmium,
and to a lesser extent copper, mercury, and zinc were reported in Tributary Creek in the
1990s. Reported concentrations appear to be anomalous values that were not associated
with parallel increases in sulfate, reduced pH, or elevations of non-trace metals, such as
iron, calcium, or magnesium. Since 1990, these parameters have returned to levels below
Alaska WQS for aquatic life.
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Benthic macroinvertebrates were noted as consisting of a diverse population in Zinc,
Greens, and Cannery creeks. Common cold mountain stream families of insects were
present, dominated by mayflies and stoneflies, followed by less abundant caddisflies and
dipterans, and occasionally stream worms (Oligochaetes) were also present (USFS 1983).

As shown in Table 3.7-2, anadromous and resident salmonid species are common in many
of the project area streams. Coho (Oncorhynchus kisutch), pink (O. gorbuscha) and chum
(O. keta) salmon were widely distributed in these streams prior to development. Greens
Creek and Fowler Creek had the largest amount of habitat in stream miles for fish resources
in the project area.

Table 3.7-2. Fish Species Found in Streams in or near the Greens Creek Mine Project Area.

Juveniles / resident adults Anadromous adults
c x c c
- [} o
© o o
o5| 85| E | 38| 5| S | £ || § | g6
cE| £° > % E E] = » 2 > c E
°F|E-|l 2z 88| 8| E|g|°| 2“4
Creek a n o a
Greens Creek ++ + ++ 0 ++ + ++ ++ + +
Zinc Creek ++ + ++ 0 ++ + ++ ++ + +
Tributary Creek ++ + ++ 0 ++ 0 ++ 0 + +
Fowler Creek ++ + ++ 0 ++ + ++ + ++ +
Lower Fowler Tributary ++ + ++ 0 ? 0 0 0 ? +
Upper Fowler Tributary 0 0 0 0 0 0 0 0 0 +
Lower Greens Creek
Tributary 0 0 0 0 0 0 0 0 0 0
Upper Hawk Tributaries + ? + 0 ++ ++ + ? ? ?
Cannery Creek 0 ? ? 0 0 0 0 0 0 0

Note: Abundance indicators: ++ = abundant; + = moderate occurrence or few; 0 = not found; ? = presence
strongly suspected but not confirmed. Observations were made in the early 1980s, except recently updated
for Tributary Creek juvenile and resident fish.

Chinook salmon (O. tshawytscha), which are rare in island streams of southeast Alaska,
were also noted to be found in Greens Creek, although its presence may be incidental.
Resident cutthroat trout (O. clarki clarki) and the more abundant Dolly Varden
(Salvelinus malma) were also present in most streams, and rarely rainbow trout (O.
mykiss). Cannery Creek has a large natural fall at the mouth preventing anadromous fish
from entering this basin. While it is classified as a Class II stream (non-anadromous fish
stream) by the Forest Service, documentation of fish presence within this stream prior to
project development had not occurred. Tributary Creek, a relatively small and low-
gradient stream that originates near the existing TDF, also contains anadromous fish.

Monitoring of metals in fish was very limited prior to mining, including only juvenile
coho salmon in Tributary Creek. Because of limited data and lack of comparability to
current studies, results are not reported here.
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Management Indicator Species

The use of management indicator species (MIS) is directed by the National Forest
Management Act for forest planning. They are used to represent habitat types that occur
within the National Forest boundary and/or because they are thought to be sensitive to
National Forest System management activities. In the Tongass National Forest MIS fish
species include coho and pink salmon, Dolly Varden char, and cutthroat trout. Coho
salmon represent anadromous fish that are generally limited in their freshwater life period
by rearing areas. Pink salmon serve as an indicator of spawning gravel habitat conditions
as this is their limiting habitat condition in freshwater. Dolly Varden char were chosen
because of their common distribution in many freshwater systems including high gradient
streams. Cutthroat trout were selected because of their dependency on small freshwater
streams, areas often affected by development actions.

General Historical Stream Habitat Conditions

The stream conditions prior to mine development were presented in the 1983 EIS.
Specific stream data was based on surveys by Buell (1981). The information below is
primarily from these documents. However some recent survey results from 2010 and
2011 have been added where relevant.

Greens Creek

Greens Creek is one of the larger streams with a watershed area of 14,429 acres. The total
channel length of Greens Creek is about 10 miles, originating from an elevation of over
4,600 feet. The stream empties into Hawk Inlet at a large river delta shared with Zinc
Creek. The stream has a set of natural falls approximately 4 and 5 miles up from the
mouth that are considered barriers to fish passage including salmon. The channel consists
of a Forest Service MMM (medium moderate gradient contained) channel type (Paustian
2010). The area below the falls is considered to contain good to excellent spawning
habitat for pink, chum, and coho salmon as well as Dolly Varden char. Rearing habitat is
generally fair to good for salmonids in the mainstream, and excellent where the channel
is braided.

Zinc Creek

Zinc Creek is just north of Greens Creek where it shares the delta area at its mouth in
Hawk Inlet, with a watershed of 3,084 acres. In its lower reaches, its channel meanders in
the flat meadows area. The gradient is generally low, less than 2 percent. A natural
upstream barrier occurs at about river mile 2.2. Good to excellent spawning habitat
occurs in the lower reaches for salmon, Dolly Varden char, and cutthroat trout.
Additionally coho salmon, trout, and char rearing habitat is considered good in the lower
reaches. The mouth of this stream is a Forest Service FPS channel type which is a small
floodplain channel, typical of valley bottom and flat low lands.

Tributary Creek

Tributary Creek is small; about 7,400 feet long with a watershed area of about 409 acres.
Its drainage area begins near the existing TDF and flows south before it intersects Zinc
Creek at river mile 0.8. The channel has not been characterized by the Forest Service;
however, it is likely floodplain (FPS) or palustrine (PA) channel type. The stream is
narrow, low gradient (<2 percent), and deeply incised with few pools, typical of valley
bottoms or low land flat muskeg regions. Channel widths are up to 7 to 10 feet in its
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downstream reaches. Flow may be intermittent near its headwaters. The substrate is
organic in the upstream portions with gravel and sand in the lower parts. Large woody
debris is present in some areas helping to form pools and retain gravel. The downstream
portion provides good rearing habitat for coho salmon and Dolly Varden char. The lower
5,600 feet of this stream is accessible to salmon with limited spawning habitat available
for coho, chum, and pink salmon as well as cutthroat and rainbow trout.

Cannery Creek

Cannery Creek is a non-anadromous stream that was the historical water source for the
local cannery, located just north of the existing TDF. It has a moderate watershed area of
about 689 acres. A 15 foot high falls 50 feet from tidewater blocks anadromous fish entry
to the system. A reservoir dam is present 0.6 miles upstream from tidewater. Between the
falls and the dam, the substrate is primarily cobble with some bedrock. Water depth was
measured ranging from about 0.1 to 1 foot with no spawning or good rearing habitat
identified for salmonids. Cannery Creek is a Forest Service HCV3 channel type, which is
a high gradient upper valley channel (6 to >15 percent slopes). This channel type has
deeply incised streams that may supply fish habitat but are often non-fish streams.
Anecdotal information suggests resident fish presence in Cannery Creek; however, fish
were not detected during limited sampling efforts in August 2011.

Fowler Creek

Fowler Creek enters Young Bay after draining a large area fed by several major
tributaries. Fowler Creek watershed area is approximately 5,089 acres. Two palustrine
stream channels drain from near the A Road. These are small streams with low gradient
(0 to 1 percent) containing beaver ponds (PAB channel types). The other main tributaries
of Fowler Creek include low and moderate gradient channel types including floodplain
(FPS), and low gradient contained (LCM — medium low gradient contained) channels in
the lower portion. Further up the main tributaries moderate gradient channels are present
including alluvial fan (AFM — moderate gradient) moderate gradient (MCM — medium
moderate gradient Contained), and some smaller high gradient channels (HCV — high
gradient upper valley) found further up the drainage. Salmon including pink, chum, and
coho salmon, use this system, as well as Dolly Varden char and cutthroat trout. The low-
gradient habitat supplies good habitat for rearing coho salmon that use pool areas formed
by large woody debris and beaver dams. The upper areas with moderate and higher
gradients would be more suitable for resident fish rearing and spawning.

Unnamed Tributary to Fowler Creek and North Hawk Inlet Drainage

The area contains two small unnamed tributaries to Fowler Creek and two additional
small unnamed tributaries that drain directly to Hawk Inlet (Figure 3.5-1). One of the
small Fowler Creek tributaries drains a very large flat area just west of the A Road in the
central western most area of Fowler Creek (Figure 3.5-1). This drainage includes an area
of flats with bogs and old and new beaver ponds; the area is heavily vegetated area with
poorly defined channels, but near the eastern edge supports a flow rate of approximately
one cfs (USFS 2003). The substrate is composed of mud and organic debris. In the
eastern region the channel slope increases to 2 to 3 percent. Spot sampling using
electrofishing, conducted in July 1981, found no fish. The area was considered suitable
for a small number of fish but was absent any spawning habitat in the upper portion of
the drainage. This stream does not occur in either the Forest Service or Alaska
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Department of Fish and Game (ADF&G) database. The other (northern) Fowler Creek
tributary drains an area of muskegs, beaver ponds, and some forests. Recent surveys of
these channels found cutthroat trout present above the road. Downstream of the A Road,
these unnamed tributaries intersect a Forest Service Class I, palustrine beaver dam/pond
channel type (USFS 2010). This channel is considered an anadromous fish stream
containing beaver dams and low gradient (typically less than 1 percent). These PAB
channels would normally have fine substrate and organic matter bottoms. These channel
types are considered good rearing habitat for fish.

Two channels flowing north to Hawk inlet are small and drain muskeg areas.
Observations in 2011 found no fish present in these channels, but the sampling effort was
limited.

3.7.1.2  Pre-mining Aquatic Resources — Marine

Marine aquatic resources, including habitat and biota, were discussed in both the 1983
and 2003 EISs. A more detailed description of habitat and environment is provided in the
Review of Essential Fish Habitat in Hawk Inlet (Oceanus 2003). Information in the
following sections is primarily from these documents.

Physical Environment

Hawk Inlet is a long narrow bay located on the northwest portion of Admiralty Island
running almost due north and south (Figure 3.5-1) with a narrow inlet opening to
Chatham Strait to the west. The inlet is about 7 miles long and ranges from 0.3 to 1.1
miles wide. The midchannel depth ranges from 35 feet at the shallow sill near the mouth
to 250 feet. The sill area is near a large stream delta area formed on the eastern side of the
inlet by outwash from Greens and Zinc creeks. The head of the inlet opens into a large
cove containing large mudflats.

With a tidal range of about 25 feet, large tidal exchange of water and strong currents
occur within the inlet, especially near the entrance. Wind and freshwater inflow also
influence flows, speed, and vertical mixing, especially near the surface. Currents near the
sill, where the existing mine Outfall 002 discharge site is located, are about 2.3 ft/sec
maximum on a flood tide and about 1.3 ft/sec on an ebb tide and in other areas of the inlet
near the surface (Oceanus 2002). Highest tidal currents occur near the surface and
decrease with increasing water depth. Below depths of approximately 100 feet the tidal
velocities are less than 10 percent of the surface velocities. However, the velocities and
exchange flows are sufficient to provide mixing of the near bottom layers of the inlet and
good water exchange between the inlet and Chatham Strait.

Habitat and Biota

A variety of intertidal shoreline, subtidal benthic and demersal, and pelagic habitats and
organisms occur within Hawk Inlet and nearby Chatham Strait. Bottom areas are varied,
including muddy, sandy, cobble, and bedrock conditions depending on location, depth,
and flow within the inlet. Due to currents and wave actions much of the area consists of
gravel and cobble. High current areas scour some regions to bedrock. The muddy sand
habitat is primarily at the head of the inlet. The bed of the central deep areas consist of
muds with high organic matter, whereas submerged rocky areas occur along the banks of
the inlet.
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Hard bottom organisms included anemones (Metridium), large snails (Polinices,
Nucella), green sea urchins, starfish, sea cucumber, sponges, bryozoans, and variety of
attached algae. Soft bottom areas support populations of polychaete worms, clams, and
small crustaceans. The soft and hard bottom tidal and subtidal organisms are similar in
Young Bay and Chatham Strait but of greater abundance and variety due to greater
current velocity. The pre-mine development composition of benthic organisms in Hawk
Inlet is shown in Table 3.7-3.

Table 3.7-3. Features of Major Marine Habitat Types in Hawk Inlet, Admiralty Island.

Number Density
Area of Organisms per Location in

Habitat Type (hectare) | Species square meter Dominant species Hawk Inlet
Protected (estuarine) 226.4 36 49,480 Gastropods, Head of Inlet
intertidal muddy sands bivalves, polychaetes
Protected subtidal 147.3 41 7,596 Bivalves, Head of Inlet
muddy sands polychaetes
Protected intertidal 48.8 52 13,776 Polychaetes, Piledriver Cove
and subtidal muddy foramanifera,
sands bivalves, copepods.
Unprotected intertidal 41.3 36 99,900 Foramaniferans Greens Creek
sand (sponges) Delta
Intertidal and subtidal 66.3 — — (samples from Shoreline and
rocky Chatham) mouth of Inlet
Deep subtidal muds 321.8 52 14,061 Polychaetes, Basin --

bivalves Cannery
Submerged sill of 187.2 80 30,526 Polychaetes, Greens Creek
sand-gravel-cobble gastropods, Delta/002
amphipods

Nereocystis kelp beds 1254 69 67,352 Polychaetes, Interspersed
(sand) amphipods, bivalves
Transition areas 168.5 — — — Interspersed

Source: Holland et al. 1981.

Fish and Shellfish Resources

A variety of commercial and noncommercial, sport, and subsistence species of fish and
shellfish resources are present in Hawk Inlet and the surrounding area. Based on surveys
conducted prior to mine development known commercial fish resources included halibut
(Hippoglossus stenolepis), flathead (Hippoglossoides elassodon), yellow-fin (Limanda
aspera) and rock sole (Lepidopsetta bilineata), arrowtooth (Atheresthes stomias) and
starry flounder (Platichthys stellatus), and Pacific cod (Gadus macrocephalus).
Noncommercial fish include whitespotted (Hexagrammos stelleri) and masked greenling
(Hexagrammos octogrammus), shortfin eelpout (Lycodes brevipes), snake prickelback
(Lumpenus sagittal), stargeon poacher (Podothecus accipenserinus), staghorn
(Leptocottus armatus) and great (Myoxocephalus polyacanthocephalus) and spinyhead
(Dasycottus setiger) sculpins, Pacific sandlance (4Ammodytes hexapterus), daubed shanny
(Leptoclinus maculatus), and copper rockfish (Sebastes caurinus). Some Pacific herring
(Clupea pallasii) had been reported spawning near the inlet entrance, but overwinter use
was unknown. Young Bay use was likely similar.
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Marine-rearing early juvenile and subadult stages of salmon and anadromous stages of
trout and Dolly Varden char were also common in Hawk Inlet. Juvenile rearing in the
inlet would occur for juvenile chum and pink salmon that spend their early rearing
periods (about 40 days) in waters near their stream of origin.

Commercial crab including Dungeness (Metacarcinus magister), tanner (Chionocetes
tanneri), and red king crab (Paralithodes camtchatica) would also have been present, as
well as noncommercial hermit crabs (Pagurus spp.). Extensive beds of clams including
littlenecks (Protothaca staminea), cockles (Clinocardium nuttallii), soft shell (Mya
arenaria), and horse clams (Tresus nuttallii), as well as mussels (Mytilus trossulus) were
present.

Metals in Sediment in Hawk Inlet

Metals have been monitored in Hawk Inlet sediment and selected marine organisms prior
to and during mining operations. Pre-mining sampling was conducted to provide a
baseline condition to help determine if metals were potentially causing adverse
conditions to native biota and to compare to future conditions once mining operations
began. Originally 10 parameters were sampled in sediment and marine organism tissues:
silver (Ag), arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), mercury (Hg),
nickel (Ni), lead (Pb), selenium (Se), and zinc (Zn). Various studies assessing metals in
water, sediment, and organisms were conducted prior to full production beginning in
1989 including (IEC 1980), Holland et al. (1981), and Oceanographic Institute of Oregon
(OIO 1984-1988) (all as cited in Oceanus 2003). The OIO studies set the parameters for
the monitoring program that would be conducted once the project began; the program
identified the metals and biota to be sampled as well as the sample locations. The
sampling stations established for this study and carried on through project development
and operations are shown in Figure 3.5-2. Some modifications to the sampled parameters
and sample locations have occurred over time to adapt to changing conditions and
operations (Oceanus 2003; HGCMC 2011).

Oceanus (2003) summarized and compared sediment and tissue data for the 10 monitored
metals against a variety of national standards to help compare baseline and operating
conditions in Hawk Inlet and assess the level of concern for metals in this environment.
For pre-mining condition comparisons, only stations S-1, S-2, and S-3 were consistently
monitored prior to mine development. Comparisons of the average metals concentrations
in Hawk Inlet sediment prior to mine development indicated that many metals at various
locations exceeded the National Status and Trends levels for low level effects to
organisms. Average chromium and nickel values were exceeded at all Hawk Inlet sites.
The arsenic and copper values were slightly above these guideline levels at station S-3.

3.7.2 Aquatic Resources — Baseline Conditions

Existing conditions for the freshwater and marine environments are summarized below.
The characterization is based primarily on monitoring selected streams and Hawk Inlet as
part of the mine’s monitoring program. The monitoring results for Hawk Inlet are
compared between the pre-mining environmental conditions to the conditions following
the initiation of mining activities that began in 1989.
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3.7.2.1 Baseline Conditions — Aquatic Resources — Freshwater

Greens Creek Mine operations include roads; process, storage, and transport facilities;
and instream structures that affect the freshwater environment of the project area. The A
and B roads include multiple stream crossings in the Greens, Zinc, Tributary, Cannery,
and Fowler Creek watersheds. A total of two Class I, four Class II, and two Class III
stream crossings occur along these roads. The existing TDF intercepts some drainage
area and flow from the Cannery Creek and Tributary Creek drainages, but has not
directly impacted fish bearing stream channels. As discussed in Section 3.5.2.1, non-
contact surface runoff from native areas is diverted from contacting disturbed area or the
TDF using upslope ditches. Depending on the location, the ditches direct the runoff to
either Cannery Creek or Tributary Creek. A weir installed on upper Greens Creek, near
the mine and mill facilities, blocks upstream passage of fish including anadromous fish
although anadromous fish could not naturally access this area. However, in 1989, the
mine operator developed a fish passage facility in a rock chute at river mile 3.6 at a
naturally impassible stream segment (Scannell and Paustian 2002). Since the mine has
been in operation multiple monitoring activities have been conducted in the affected area
including an assessment of water quality conditions (see Section 3.7.1.1, Aquatic
Resources — Freshwater) and an aquatic biomonitoring program at several of the site area
streams beginning in 2001. Aquatic biomonitoring is conducted annually, including three
sites on Greens Creek. The aquatic biomonitoring program includes measurements of
stream periphyton, benthic macroinvertebrates, and fish (Scannell and Paustian 2002;
Durst and Jacobs 2010, and others). One site on Greens Creek (Site 48) is located
upstream of all mine activity and is monitored annually. The second site (Site 6) is
downstream of the mine portals and mill facilities but upstream of the waste rock storage
area (Site 23); Site 6 is sampled every five years. The third site on Greens Creek (Site 54)
is located below all mining activities and waste rock storage and is sampled annually.
Tributary Creek (Site 9) is downstream of the TDF and is sampled annually.

Periphyton

The periphyton abundance and trends, based on chlorophyll pigment analysis, was
similar among the Greens Creek sites sampled (sites 54 and 48) (Kanouse 2011).
Periphyton abundance was lowest during 2001, 2002 and 2008. Peak values occurred
from 2003 to 2006 when stream flow was low. Tributary Creek (Site 9) had similar trends
with the highest abundance during 2001 to 2005 and lower values during 2006 to 2010.
Based on pigment composition, the Tributary Creek site showed more variability than the
two Greens Creek sites. The differences in site specific natural environmental conditions
relating to flow, stream cover, and morphology correspond to the observed differences in
species distributions.

Benthic Macroinvertebrates

Benthic monitoring studies have presented data on
abundance (as measured by number of insects per net),
density (number of insects per cubic meter of water),
richness (as measured by the number of taxa represented),
and the percentage of Ephemeroptera, Plecoptera, and
Trichoptera versus Chironomidae within the project area.

Generally high Ephemeroptera,
Plecoptera, and Trichoptera
levels indicate a relative
abundance of taxa intolerant to
pollutants.

The benthic community of the Greens Creek sites was
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similar being dominated by mayflies (Ephemeroptera) and much fewer stoneflies
(Plecoptera) and aquatic true flies (diptera consisting of midge and black fly larvae)
(Durst and Jacobs 2010). Overall the Ephemeroptera, Plecoptera, and Trichoptera levels
on all three monitoring sites were high, especially at both Greens Creek sites. Tributary
Creek was dominated less by mayflies and contained more non-insect taxa than other
sites. Densities for all sites were lower statistically in 2005, 2006, 2007, 2008, and 2009
compared to 2003 when all sites showed a peak in overall density. Taxa richness, which
can be an indicator of water quality conditions, was also statistically higher in 2003 and
2004 compared to 2009. As with periphyton, the differences among stations likely result
from differences in channel morphology, riparian cover, flow rate, and flood frequency.
The higher flow peaks in Greens Creek relative to Tributary Creek may contribute to
lower taxa richness in the two Greens Creek sites (sites 48 and 6). Overall the high
portion of taxa intolerant to pollution present in all streams, well developed complex
community structure, and similarity between the control and treatment sites on Greens
Creek provide an indication that no marked adverse effects have occurred to stream
ecology in these systems.

Fish

As noted previously, historical accounts describe fish presence and relative abundance in
local streams. Additionally, streams in the project area have had varied composition and
abundance of adult salmon. The current aquatic monitoring program examines fish
abundance, composition, and metals concentration in whole body fish tissue.

Anadromous Fish Escapement

Salmon use of the project area streams is common with an index number of spawning
fish, based on observed peak count escapement, ranging from 0 to about 100,000 fish
depending on stream and fish species. Peak escapement counts are available for seven of
the project area streams, including Greens, Zinc, and Fowler creeks, which could be
directly affected by the mine’s activities. Survey records are variable among the streams
so complete comparisons among streams are not possible. Greens Creek has been
consistently surveyed since 1960, while surveys of other streams were more spotty.
Aerial surveys have also been the most consistent method of surveying, although foot
surveys are more accurate, especially for species composition.

The purpose of most spawning surveys has been primarily to index pink salmon, so
information on chum salmon was secondary (Geiger and McPherson 2004). However,
some general conditions are apparent. Overall, escapement peak count for pink salmon in
Greens Creek was typically about 7,400 pink salmon and has been as high as 100,000
pink salmon. Other streams in the area have had typical peak escapement counts of about
1,000 to 2,000 pink salmon. Based on a 47-year aerial survey period, the median peak
escapement for Greens Creek has been about 1,200 chum salmon with observations
ranging as high as 11,500 fish. Chum salmon escapement peak counts are much lower in
other area streams. These peak count numbers are much less than the total number of
escaped salmon attributed to these systems because they represent a point in time and do
not account for missed fish.
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Fish Monitoring

Dolly Varden char density as monitored by minnow traps in the three annual monitoring
sites have continued to follow similar abundance patterns over the nine-year sampling
period (2001-2009) (Durst and Jacobs 2010) (see Figure 3.7-1). In 2010 Dolly Varden
densities were higher at Site 48 than Site 54 for the first time in ten years of monitoring
(Kanouse 2011). Based on comparisons with densities of the same channel type in the
Tongass National Forest, the 2009 Dolly Varden char density at the upper site was about
equal to the average density of Dolly Varden char in the forest, whereas the lower site on
Greens Creek was about 20 percent lower than the average forest value. The Tributary
Creek Site 9 has been more variable over the years but generally lower in Dolly Varden
char density than Greens Creek sites (Figure 3.7-2).

Coho abundance has remained low at Greens Creek Site 54, and has been noticeably
lower the last three years (2007-2009) (Figure 3.7-2), remaining low in 2010 (Kanouse
2011). The density at this site was only one-ninth of the forest average for this channel
type. Coho salmon density in the Tributary Creek site has been highly variable with no
distinct trends, but with values much higher than the Greens Creek site in nearly all years
of the study, having highest ever density in 2010 (Kanouse 2011). In 2009, density was
greater than 1.5 times the regional average for this channel type.
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Source: Durst and Jacobs 2010 et al.

Figure 3.7-1. Dolly Varden Char Density at Biomonitoring Sites on Greens and Tributary
Creeks.
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Figure 3.7-2. Coho Salmon Juvenile Density at Biomonitoring Sites on Greens and
Tributary Creeks.

The change in patterns of Dolly Varden char may relate to high flows in 2005 that greatly
modified channel conditions in Greens Creek and resulted in continued channel
modification of pools, gravel, and large woody debris conditions of this system (Durst
and Jacobs 2010). As a result, habitat in local areas may have become less suitable for
spawning and rearing Dolly Varden char. The low abundance of coho salmon juveniles at
the Greens Creek site may be partly related to these habitat changes. Damage to the fish
passage structure sometime around 2005 may have resulted in adult coho salmon having
difficulty passing the downstream falls area, as suggested by the low juvenile numbers in
the last five years (2006-2010) (Kanouse 2011).

Dolly Varden Metals Concentration

The biomonitoring that began in 2001 has included an assessment of whole body metals
concentrations at Site 48 (control — upstream of mining activities) and Site 54 (treatment
— downstream of mining activities) noted above. Monitoring of fish tissues metals
concentrations is intended as an indicator of whether mining activity may be affecting
metals concentrations in stream biota. The tissue metals monitoring was not intended to
indicate direct effects to fish but to provide an indicator of how mining operations may
influence metal uptake and trends in the biological environment.

Overall, monitoring results of Site 48 and Site 54 on Greens Creek provide an indication
that relative metal concentrations in fish are similar above and below the direct mining
activity. Comparisons between Site 48 (control) and Site 54 (treatment) indicate that
nearly every year no statistically significant difference was apparent between the fish at
the two sites for each of the six metals monitored (Durst and Jacobs 2011) (Table 3.7-4).
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Table 3.7-4. Number of Years Dolly Varden Char Total Body Metals Concentration Ranked
Relative to Indicated Sites (2001-2009).

Greens Creek Site 54 (treatment) Relative to Site 48 (control)

Relative to Silver Cadmium Copper Lead Selenium Zinc
Higher 0 1 0 1 2 0
Same 9 7 9 7 7 9
Lower 0 1 0 1 0 0

Tributary Creek Site 9 Relative to Greens Creek Sites (54 and or 48)

Relative to Silver Cadmium Copper Lead Selenium Zinc
Higher 6 1 0 8 2 0
Same 3 6 6 1 6 2
Lower 0 2 3 0 1 7

Source: Durst and Jacobs 2010 et al.

One exception was an increase in lead at the Greens Creek downstream site in 2009
relative to the upstream site, but lead levels observed in fish tissue have been higher in
the past at both sites. A dedicated control for the Tributary Creek site was not available
but comparison with the Greens Creek sites suggests some differences in metals in the
fish. Most often silver and lead concentrations are higher in Tributary Creek Dolly
Varden char than in Greens Creek fish, while zinc levels are often lower. The other
metals including cadmium, copper, and selenium are usually similar between sample sites
at these creeks. The reasons for these trends are not readily apparent but could be caused
by metals composition of natural drainage to Tributary Creek or possibly some form of
input (groundwater, or surface runoff) from the TDF area. Water quality samples taken
from the Greens and Tributary creeks in 2010 tend to mirror these differences with
relatively higher lead and silver concentrations in Tributary Creek samples than in Greens
Creek (HGCMC 2010; also see Section 3.5, Water Resources — Surface Water). Metals
concentrations in Dolly Varden have remained relatively consistent from year to year
with little evidence of any trends (increasing or decreasing) over the nine years of
sampling.

In summary, the biological conditions at Greens Creek and Tributary Creek have
remained fairly robust, as measured by the diversity and productivity during the study
period. No trends in reduced ecological function have been observed. However, reduced
coho abundance in Greens Creek and reduced benthic abundance in Tributary Creek are
conditions that would continue to be monitored by the operator and ADEC.

3.7.2.2 Baseline Conditions — Aquatic Resources — Marine

The general marine physical, habitat and biota conditions, and overall fish and shellfish
species noted in the pre-mine conditions in Hawk Inlet area remain unchanged under
current conditions. However, past and current harvest of commercial and sport marine
species may have changed. Additionally, historic and existing metals concentrations in
the marine environment and their uptake by marine organisms may have changed from
pre-mining conditions. Local harvest of marine fish and shellfish, and metals
concentrations in tissues of these species relative to pre-mine production conditions are
discussed in this section.
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Commercial and Sport Fish and Shell Fish Harvest

Information on amount of harvest by sport, commercial, and subsistence fishing in the
Hawk Inlet area has not been well documented. Some commercial halibut fishing
between 1914 and 1976 produced large catches. Apparently between that period and
mine opening in 1987, little commercial halibut fishing occurred in the inlet. Also, some
commercial crab and shrimp fishing occurred in the inlet. Shrimp and scallop of
commercial value have been found in or at the mouth of the inlet.

The Chatham Strait area of southeast Alaska supports substantial harvest of fish and
shellfish. Salmon is the largest local harvest. Current harvest in or near Hawk Inlet has
also been substantial for some species (Table 3.7-5). Information on harvest within the
inlet is limited but it is known to be a popular crabbing area for recreational and
commercial fishing.

Table 3.7-5. Commercial Fish and Shellfish Harvest in Hawk Inlet Area, 2001-2010.

Statistical Area 112-16 Statistical Area 112-65
West Mansfield Peninsula (part of
Chatham Strait) Hawk Inlet

Species Years Number Pounds Years Number Pounds
King Salmon 2001-2010 291 4,264
Sockeye Salmon 2001-2010 39,163 222,954
Coho Salmon 2001-2010 25,084 168,410 2001-2010 475 3,158
Pink Salmon 2001-2010 2,452,447 | 8,640,254
Chum Salmon 2001-2010 147,278 1,167,476
Spot Shrimp 2001-2010 Yes 2001-2010 Yes
Sea Cucumber 2002, 2005, 22,718 2002, 2005, 27,483

2008 2008

Dungeness Crab 2001-2010 12,227 2001-2010 15,793
Tanner Crab 2003—-2008 Slight 2003-2008 8,547
Golden King 2001-2010 11,215 2001-2010 None
Crab
Red/Blue King 3 Years Slight 3 Years 329
Crab

Sources: ADF&G Personal Contacts May 18, 2010: Adam Messmer, David Harris.

Notes:

Salmon pounds are approximate based on average seasonal weights.
All values are yearly average.
Coho Salmon: only troll fishery in Hawk, area 112-16 include troll and seine fishing.

Spot Shrimp: harvest but less than 3 permit holders so no information can be released.
Sea Cucumber: only open these years in last 10 years.
Dungeness Crab: one year had no effort in 112-16 so average for 9 years.

Tanner Crab: no harvest 2001, 2002, 2009, 2010, and limited permit holders using Chatham.

Golden King Crab: Hawk Inlet too shallow for species.
Red/Blue King Crab: only three years in 10 did fishing occur in this area, king crab closed since 2006.
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Monitoring for metals was modified when the parameter list was reduced to five based on
the EPA National Pollutant Discharge Elimination System permit requirements issued in
2005: cadmium (Cd), copper (Cu), mercury (Hg), lead (Pb), and zinc (Zn). Sediment
metal concentrations have been monitored for these five metals allowing levels to be
compared at selected sites. Currently only sites S-1 and S-2 are not affected by actions
outside of potential mine effects, so only these sites can be compared to pre-mine
conditions. A landslide of sediment related to historic mining activities (pre-Greens
Creek Mine) located near Site S-3 at the head of Hawk Inlet was thought to potentially
affect values at this location. The average and range of values for these five metals for
sites S-1 and S-2 are shown in Table 3.7-6. Overall, the average metals concentrations
observed during mining operations have been lower than samples from pre-mining.
However, some values recorded since mining began are higher than pre-mining years,
especially near the Outfall 002 discharge site (HGCMC 2011).

Table 3.7-6. Hawk Inlet Sediment Data: Pre-Production Baseline, Production Period and
Current Year Comparison.

Pre-Production Past Production Current
(6/1984-8/1989) (9/1989-9/2009) 2010
Metal Avg Min Max Avg Min Max Avg Min Max
Cd 0.245 0.03 0.87 0.206 0.06 0.89 0.118 0.11 0.13
Cu 18.75 11.9 33 14.8 7.5 39.5 10.2 7.5 13.5
Pb 6.72 22 13 5.7 <0.02 237 3.94 1.6 6.5
Hg 0.035 0.002 0.094 0.02 0.02 0.14 0.0307 0.02 0.04
Zn 96 52.8 155 74 26.1 185 62.4 33.8 101

Source: HGCMC 2010 Hawk Inlet Monitoring Program Report.
Note: Data are compilation of results from Stations S-1 and S-2.

Two events may have effected metals concentrations at two of the sampling sites, S-4 and
S-5 (Figure 3.5-2). Debris from a fire in 1974 at the old cannery affected metals
concentrations at sites S-4 and S-5, which were selected to monitor metals near the
concentrate loading dock. A concentrate spill occurred in 1989 near Site S-5; although
clean-up efforts in 1995 included the use of a suction dredge, pockets of concentrate are
still observed throughout the area. Propeller wash from concentrate ships and associated
tugboats continues to resuspend these pockets and mix them with natural sediments.
Based on sampling results, a rapid increase in metals concentrations occurred after the
spill and sample values have been highly varied but remain high relative to metals
concentration in other inlet sites. Following attempted cleanup in 1995, Site S-5 was split
into two sites: S-5N (at original Site S-5) and S-5S, which now bracket the original spill
area (HGCMC 2011). Site S-4 is in the intertidal beach area.

Average concentrations at Site S-4 have increased for all five metals for a time after
mining operations began relative to pre-mining concentrations. However, the average
concentrations for this station have been decreasing since at least 2002 with the averages
for all five parameters in 2009 less than they were in 2002 (Oceanus 2003; HGCMC
2011; Table 3.7-7). Recent average concentrations at the S-5N and S-58 sites were much
higher than at S-4 (Table 3.7-7). At Site S-5S, concentrations of cadmium, copper, and
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lead have remained about the same from 2002 to 2009 while mercury concentrations
have increased, and zinc concentrations have decreased.

Table 3.7-7. Average and Standard Deviation Values for Preproduction and Production
Sediment Data.

S-1 S-2
Metal Pre-production Production Pre-production Production
(mg/kg (9/1984 — 8/1989) (9/1989 — 9/2009) (9/1984 — 8/1989) (9/1989 — 9/2009)
dw) avg stdev avg stdev avg stdev avg stdev
Cd 0.253 0.222 0.248 0.186 0.236 0.119 0.174 0.083
Cu 22.50 5.19 17.9 7.3 15.0 2.68 121 4.15
Pb 8.175 2.628 8.80 4.58 5.26 2.16 2.85 1.79
Hg 0.0441 0.0209 0.0317 0.0341 0.0253 0.0150 0.0086 0.0204
Zn 129.18 11.55 102.9 313 62.9 6.7 46.4 13.9
S-4 S-5N S-58
Metal Pre-production Production Post spill Post spill
(mglkg (9/1984 — 8/1989) (9/1989 — 9/2009) (9/1989 — 9/2009) (6/1995 — 9/2009)
dw) avg stdev avg stdev avg stdev avg stdev
Cd 0.761 1.097 0.933 0.909 13.3 41.4 3.85 3.90
Cu 49.0 19.3 54.4 57.0 260.4 394.8 84.6 43.6
Pb 108.2 136.8 120.3 138.6 1062 2424 260.2 202.8
Hg 0.115 0.083 0.216 0.612 2.09 5.75 0.391 0.311
Zn 179.2 125.5 190.6 189.3 2141 5643 804.1 785.4

Note: Underlined averages are higher than pre-production averages. Pre-production data are not available
for sites S-5N and S-5S.

Oceanus (2003) noted that metals concentrations at S-4, S-5N, and S-5S often exceeded
the lower ERL (effects range low) guideline levels' and occasionally exceeded the higher
effects ERM (effects range medium) guidelines through 2002. For station S-4, ERL
guidelines for sediment metal concentrations were exceeded during the whole motoring
period for all ten parameters and most often for copper, lead, nickel, and zinc. The higher
level effects ERM guidelines were exceeded most often for lead and zinc. Exceedences of
the sediment concentrations guidance levels occurred both before and after mining began
for all of the metals, but with greater frequency and for more parameters from the time
mining production began through 2002.

! National Status and Trends (non-regulatory) numerical sediment quality guidelines (NOAA 1999) relating
to ranges of biologic effects of various metals in sediment:

Effects Range Low (ERL) = Based on the 10th percentile of effects observations — ERL is indicative of
concentrations below which adverse effects rarely occur.

Effects Range Median (ERM) = Based on the 50th percentile of effects observations — ERM are
representative of concentrations above which effects frequently occur.
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The metals levels observed through 2002 could be toxic to bivalves amphipods and
burrowing organisms in Hawk Inlet. However the decrease in metals concentrations from
2002 to 2009 is expected to continue.

Metals in Mussels

Mussels were collected at four sample sites (1, 2, 3, and ESL; see Figure 3.5-4) for metal
analysis. These sites were selected to monitor the metal accumulation in close proximity
to the Outfall 002 discharge location. Oceanus (2003) compared trend data for ten metals
compared to Alaska Mussel Watch values at these same four sites. Alaska Mussel Watch
values are average values collected from various stations in Alaska and are only used for
comparison purposes; values are not indicators of metal effects in mussels. Oceanus
noted that average arsenic, chromium, copper, lead, mercury, nickel, and selenium
concentrations increased from the pre-mine period to the production period; however,
increases were slight except for chromium, copper, and lead. Average concentrations
during mine production did not deviate substantially from the Mussel Watch averages;
concentrations at the sites overall were markedly higher for cadmium, slightly higher for
lead and nickel, and lower for arsenic, copper, mercury, selenium, and zinc though 2002.

Updated data through 2010 show a slightly different trend for the five metals being
surveyed in mussels (HGCMC 2011). Average values for cadmium, copper, and zinc are
similar to pre-mining averages, and the value for mercury has decreased. However, the
average for lead increased and is now about 5 times higher than pre-mining average.
Average production-period lead in mussel tissue also exceeded the Mussel Watch value
for Alaska reported in 2002. A potential increasing trend of lead throughout Hawk Inlet
was suggested by Oceanus (2003). The Oceanus study noted that data from the U.S. Fish
and Wildlife Service (USFWS) study showed increases in lead at Hawk Inlet similar to
those observed at the outfall sampling area; so these increases may be naturally
occurring. Overall, of the five metals currently being monitored, only lead concentrations
in mussels appear to have increased since mine production began.

Metals in Polychaete Worms

The polychaete worm (Nephtsy procera), which inhabits soft sediment, had been
historically sampled at stations S-1, S-2, S-3, and S-4. But as noted for sediment metals,
Site S-3 was dropped from sampling after 2004. Oceanus (2003) reported results and
trends in metals monitoring in this worm through 2002. The study noted that
concentration averages of S-1, S-2 and S-3 increased most noticeably for chromium, lead,
and nickel, with other metals remaining unchanged or decreasing from pre-mining levels.
Station S-4 showed metal concentrations increases for arsenic, chromium, copper, lead,
nickel, and silver, with only lead and silver showing large increases (more than 5 times
higher). Data through 2010 show similar trends (HGCMC 2011). During the production
period, average values of cadmium and zinc decreased from pre-mining concentrations
for worms at stations S-1 and S-2, and increased for copper, lead, and mercury, with the
largest relative change for lead (about twice pre-mine values). 2010 results show a
marked reduction in the lead values. For Site S-4, near the loading dock, mining period
levels remained elevated from pre-mining for cadmium, copper, and lead, but lower for
mercury and zinc. Again the most noticeable difference is in lead, which is about three
times greater than pre-mining levels. The lead levels in the worm at S-4 increased
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dramatically from 1990 to 1993 and have been gradually decreasing since 1995 with
levels after about 2003 near pre-mining concentrations in worms (HGCMC 2011).

The levels of toxicity of lead or other metals in these or other worms are unknown.
However, even shortly after the 1989 spill when concentrations were at their highest,
these worms were present near Site S-4. The worms also continue to be present in the
area. The level of harm, if any, of the metals being passed into the local food chain is
unknown, but benthic polychaetes are a common food source for many marine fish
species. Fish species in Hawk Inlet most likely to be present in the project area that
would consume polychaetes and many other benthic organisms would include rock sole,
yellowfin sole, starry flounder, and arrowtooth flounder. Most individuals, however,
undergo local, seasonal (e.g., spawning), and regional movements and migration, so the
chance of individual fish feeding specifically on local organisms to a level causing
marked bioaccumulation or direct toxicity appears remote.

Overall Marine Conditions

While specific information is not available for Hawk Inlet, the inlet appears to be
supplying an abundant and diverse environment for marine sport, non-sport, commercial,
and recreational fisheries resources. The common use of this area for harvest of marine
resources including crab, shrimp, demersal fish, and salmon; abundant production of
salmon in the local streams; and anecdotal observations by fishermen suggest Hawk Inlet
has remained productive since mining operations began. Systematic monitoring of
biological and sediment resources indicate that there have been increases in some
locations in some metal concentrations in sediment and benthic resources. The levels of
these metals appear to be influenced heavily by natural conditions in the area; the region
is a natural supplier of metals from the surrounding stream basins. However, some
increases have occurred since mine production began, which appear to be local such as
near the loading dock. There are no distinct indications of direct effects of metals to this
environment although some degradation of the overall habitat is possible. Previous whole
effluent toxicity tests of mine effluent did not detect levels of adverse effects to tested
marine organisms (as a result, the testing was discontinued in 2005) (HGCMC 2011).
The level of transfer of metals into the higher levels of the food chain is unknown.
Overall, however, monitoring results indicate that the marine system in the vicinity is
healthy.

The current project facilities including the dock and transit of concentrate shipping
vessels may have some effect on local conditions. The dock facility would affect local
habitat (e.g., shading) and possibly local shoreline fish movements. Ship traffic for
concentrate transfer can cause local disturbance of fish from boat wakes, movement, and
noise.

3.7.3 Aquatic Resources — Environmental Consequences

Factors that affect freshwater and marine resources relative to the TDF expansion
alternatives are varied. Project-related habitat alterations and water quantity or quality
changes may affect aquatic resources.

Impacts to freshwater resources could occur from loss of habitat resulting from
modifications or reductions in flow to those habitats. Water quality could be affected by
spills from concentrate and tailings haul trucks. Additionally, land disturbance near
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streams or from road surface runoff could increase sediment in streams. Construction of
roads over fish streams can affect fish passage success, including upstream passage of
adult and juvenile fish. Land clearing near streams can influence stream habitat in the
short and long term. Thus, project actions that affect the following factors are of most
concern in assessing potential effects to freshwater resources:

= Flow reductions to stream systems;
= Water quality changes;

= Sedimentation of stream habitat;

= Fish passage and habitat access;

= Instream habitat modifications; and
= Permanent habitat loss.

Concerns differ from freshwater to the marine environment. Permitted discharges of
treated wastewater could potentially affect fish, shellfish, and other organism survival
and production. Suspended matter in discharges and actions near piers could affect local
area habitat conditions. Transportation activity has the potential to cause harm should a
major spill of concentrate or fuels occur. Thus, the following indicators are used to
evaluate potential effects to marine resources:

=  Water quality modifications that affect resources of concern; and
= Habitat modifications.

3.7.3.1 Effects Common to All Alternatives

The common effects to freshwater and the marine system are those that would occur from
ongoing operations, reclamation/closure and ongoing site maintenance following closure
of the TDF (e.g., continued operation of the Pond 7 WWTP). While the overall duration
and location of TDF operations and the location of subsequent closure and reclamation
would vary among alternatives, types of effects and general magnitude would be similar
among alternatives. Since mining would continue to some degree before closure began
under any alternative, operational-related effects are discussed in the separate alternatives
subsections.

Freshwater

The construction of the TDF reclamation cover at closure would include hauling material
along the roadway possibly from off-site areas and some additional road work within the
lease area. This action poses a slight risk of sediment runoff to freshwater fish streams
including Greens, Fowler, Zinc, and Tributary creeks. Sediment increases in streams
could affect periphyton and benthic organism production and fish spawning success.

The risk of a fuel and other hazardous substance spill to streams from road transport
exists should an accident result in the release of concentrate, fuel, or a hazardous
substance near streams. Such hazardous substance spills into streams could cause local
mortalities of aquatic resources including fish with some short- and long-term effects
depending on magnitude and location of the spill and the effectiveness of the response
and clean up. However, past operations including fuel and chemical transport have had a
few small (less than 100 gallon) incidents of fuel or other materials entering streams.
Greens Creek Mine has a detailed Spill Prevention Control and Countermeasures (SPCC)
Plan addressing procedures to be followed to prevent spillage of all hazardous liquids to
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water systems. With the SPCC Plan in place, including personnel training, the chance of
impacts to streams from spills of this type would be limited.

Because seepage and runoff from the tailings is captured, treated, and discharged to
Hawk Inlet, it is removed from the system and does not impact freshwater aquatic
resources. Treatment of tailings contact water will be required for at least 100 years and
likely longer to ensure Alaska WQS are not exceeded. Currently, treated water goes to
the marine discharge.

Monitoring of stream biota and water quality similar to the monitoring currently
occurring in Greens and Tributary creeks would continue until such time that ADEC is
confident that the discharges would meet Alaska WQS and no future impacts would be
anticipated. The actual schedule and criteria for termination of monitoring would be
determined through agency coordination as set forth in GPO Appendix 14, Reclamation
Plan.

Diverting non-contact runoff around the TDF could increase peak flow velocities in the
natural stream channel during large storm events. This could potentially cause erosion of
channel substrates and impact channel geomorphology. These potential impacts could be
mitigated by using a storm water detention structure or detention pond at the confluence
of the diversion and the natural channel. While it is anticipated that a storm water
detention structure would mitigate the effects of the increased flow velocities, the Forest
Service and ADEC may require HGCMC to conduct habitat surveys in Tributary Creek
downstream of the TDF expansion area to detect unanticipated effects, if any. This
program would be developed and incorporated into the GPO as it is updated to reflect the
selected alternative.

Mitigation

During the 1983 EIS process, the mine operator reached agreement with agencies about
mitigation for potential lost fish production by creating upstream fish passage on Greens
Creek at river mile 3.6. This passage improvement was constructed in 1989 to supply
about 6.5 acres of spawning and rearing habitat for anadromous fish. This fish passage
facility, however, has not been properly functioning since at least 2005. This facility will
be repaired and maintained to again provide adult fish passage (ADF&G October 26,
2011, Draft Fish Habitat Permit FH11-I-0123). The fish passage project was constructed
despite the fact that the project that it was considered mitigation for was never developed
and therefore can still be mitigation for the lost habitat associated with the proposed
action or the either alternative. An estimate of benefit of this passage facility relative to
potential coho salmon smolt production can be developed using the Tongass Forest
Aquatic Habitat Management Handbook FSH 2090.21 (43 - Exhibit 01). When repaired,
the passage facility will allow access of anadromous species to about 18,400 feet of
stream. Based on the channel type, this method assumes that 0.10 coho smolts are
produced per linear foot of stream length. Applied to the length of anadromous habitat
currently available above the fish passage facility, the potential production is estimated to
be about 1,840 coho salmon smolts. This benefit would be present for any alternative as
long as the fish passage is maintained as required.

However, the Forest Plan (USDA 2008) emphasizes protection of habitat over mitigation.
The Forest Plan states “Stress the protection of fish and wildlife resources habitat to
prevent or minimize the need for mitigation.” Thus, actions that can be taken to eliminate
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the need for mitigation are preferred. Due to the ubiquitous nature of fish habitat within
the project area and the size of the project (TDF footprint and associated facilities), No
Action Alternative completely avoids direct or indirect effects to aquatic habitat. The
selection of the north TDF site proposed under alternatives C and D was partly influenced
by the fact that no ADF&G or Forest Service streams were mapped at the north site and
previous studies (Buell 1981) had not identified fish bearing streams in the area. Ground
truthing in 2011, however, identified resident fish in some previously unmapped streams.

Marine Waters

As noted for freshwater, predicted discharge water would not meet Alaska WQS without
treatment; thus treatment would be required for hundreds of years, perhaps in perpetuity,
in order to meet Alaska WQS. Meeting water quality discharge requirements would
ensure the protection of beneficial uses of the waters, including aquatic life. With
cessation of concentrate transport, the risk of concentrate spills near the loading facility
affecting the marine environment would be eliminated. Other types of marine spill
hazards from fuel or other chemical delivery to the marine environment would also be
eliminated or substantially reduced compared to current conditions. Overall, the risk and
related impacts would not be substantial after closure.

3.7.3.2 Effects of Alternative A, No Action

Under Alternative A, mining operations would continue through 2014. Impacts similar to
those associated with ongoing mining activities would continue until mining ceases,
disturbed sites are reclaimed, and human activity in the area is reduced. The TDF would
continue to be built out to the maximum footprint and height permitted in the 2003 EIS
(USFS 2003). After the TDF is fully built out in 2014, reclamation would begin as
described in USFS 2003.

Since mining would cease in about two years under this alternative, sources of impact are
primarily those related to closure as described in Section 3.7.3.1, Effects Common to All
Alternatives.

Freshwater

The potential for higher concentrations of metals such as lead and silver in Tributary
Creek Dolly Varden could continue during the remaining two years of operations. These
elevated metals levels in fish, though higher than Greens Creek, have not shown any
increasing trends over the ten years of monitoring. Thus, they are expected to remain
similar over the remaining years of operation. Additionally, adverse effects to periphyton,
benthic macroinvertebrates, or fish have not been observed as a result of the higher
metals concentrations in fish. Potential changes in some metals levels in Greens Creek, if
related to mining, may continue in the short term; however, metals levels have remained
relatively consistent in the control and treatment sites, so short-term changes for the
remaining operating period appear unlikely. Also, the aquatic environment has not shown
effects or changes from the ongoing mining operations that differ noticeably from natural
conditions.

As discussed in Section 3.5.3.2, completion of the TDF under Alternative A would
reduce the watershed area approximately one percent. Flows in Tributary Creek would
only be slightly affected because upper basin surface runoff and up-gradient groundwater
is diverted around the TDF back to the creek. Non-contact surface runoff would continue
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to be routed directly in diversion channels, potentially increasing peak flow velocities in
natural stream channels during large storm events. This could potentially cause erosion of
channel substrates and impact channel geomorphology and habitat. These potential
impacts could be mitigated by using a storm water detention structure or detention pond
at the confluence of the diversions and the natural channels. While it is anticipated that a
storm water detention structure would mitigate the effects of the increased flow
velocities, the Forest Service and ADEC may require HGCMC to conduct habitat and or
surveys in Tributary Creek downstream of the TDF expansion area to detect
unanticipated effects, if any. This program would be developed and incorporated into the
GPO as it is updated to reflect the selected alternative.

Only minor impacts to both anadromous and freshwater fish would be expected from
reduced stream flow. These impacts would be similar to current conditions. No direct loss
of stream habitat and corresponding potential fisheries production from burial of stream
channels would occur with this alternative (Table 3.7-8 shows loss by habitat, Figure
3.5-5).

Table 3.7-8. Stream Habitat and Estimated Coho Salmon Smolt Potential Production lost
by Stream Class.

Estimated Stream Length Lost and Modeled Coho Salmon Smolt
Potential Lost

Tributary Fowler Grand

Alternative Parameter Class| | Classll | Total | Class| | Class Il | Total Total
Alt A Length (ft) 0 0 0 0 0 0 0
Coho Smolts 0 NA 0 0 NA 0 0

AltB Length (ft) 1,646 2,400 4,046 0 0 0 4,046
Coho Smolts 66 NA 66 0 NA 0 66

Mitigated Alt B | Length (ft) 1,248 1,169 2,416 0 0 0 2,416
Coho Smolts 66 NA 66 0 NA 0 66

AltC Length (ft) 0 0 0 0 1,044 1,044 1,044
Coho Smolts 0 NA 0 0 NA 0 0

AltD Length (ft) 0 0 0 0 1,044 1,044 1,044
Coho Smolts 0 NA 0 0 NA 0 0

Source: Aquatic Habitat Management Handbook FSH 2090.21 (43 - Exhibit 01), for coho smolt production
model.

Class I= anadromous fish streams; Class lI=resident fish streams.

Marine Waters

Beyond the expected life of the mine and closure in 2014, effects to marine biota and
habitat for this alternative would be the same as described in Section 3.7.3.1, Effects
Common to All Alternatives. Operational effects would be similar to those discussed
below for Alternative B but for a shorter duration (about 2 years).
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3.7.3.3 Effects of Alternative B, Proposed Action

Under Alternative B, mining activities would extend an additional 30—50 years, and the
existing TDF would be expanded southward. The expanded TDF and associated
infrastructure (water management ponds, quarries, and new support roads) would result
in impacts to aquatic resources including the filling of portions of Tributary Creek and
adjoining wetlands (see Section 3.10, Wetlands).

Freshwater

Monitoring data show that mine operations have not affected aquatic organisms including
periphyton, benthic macroinvertebrates, or fish. These conditions would likely remain
similar in the future under Alternative B. With continued operations, road runoff near
streams may add cumulative sediment to these systems along Greens, Zinc, and Fowler
creeks. Sediment increases to Greens Creek based on all mine operations were previously
estimated to be about 7 to 12 percent per year above baseline conditions, which was
considered to be within annual natural variability of sediment supply (USFS 1983, 1988).
Since the amount of roads within the basins is low and traffic volumes are restricted,
sediment input should remain below levels that would cause substantial effects and
annual peak flow levels are expected to continue to remove fine substrate from these
systems.

As discussed in Section 3.5.3.3, the Tributary Creek watershed would be reduced
approximately 22 percent under this alternative. However, the flow reduction to Tributary
Creek is expected to be less than 22 percent because surface water runoff east of the TDF
will be diverted back to the groundwater system through the use of a slurry wall and
underground drainage system (see Section 3.5.3.3). The flow reduction has the potential
to reduce the quantity of habitat in Tributary Creek even if it is less than the overall
portion of the basin area diverted. Slight effects to flows in the lower portion of Zinc
Creek could also occur. Flow in Tributary Creek, however, is only 17 percent of the
combined flows of the Zinc Creek and Tributary Creek basins so the flow reduction in
Tributary Creek would have little or no perceptible change in flow in lower Zinc Creek.
Additionally, the change in Tributary Creek headwater flow timing, volume, and pathway
could affect stream temperature. However the direction and magnitude of change cannot
be estimated as the relative contribution of flow (i.e., surface water, which responds more
rapidly to air temperature, compared to groundwater, which has more moderate changes)
is not known. Once flows reach the stream they typically equilibrate to local stream
temperatures which are the result of shading and air temperatures (Hetrick et al. 1998;
Poole et al. 2001), so adverse effects of temperature changes are unlikely. Some loss of
food source to the stream may occur from loss of upstream non-fish habitat. While
organic fish food sources from non-fish stream segments upstream of fish reaches
contribute to downstream areas, this contribution is generally a small portion of total food
sources (Wipfli and Baxter 2010). Also, because of the low gradient in this basin, nearly
all stream segments affected would be fish bearing. Thus, the loss of non-fish bearing,
food supplying, stream segments would be minimal.

Similar to Alternative A, diverting non-contact runoff could increase peak flow velocities
in the natural stream channel during large storm events. This could potentially cause
erosion of channel substrates and impact channel geomorphology and habitat. These
potential impacts could be mitigated by using a storm water detention structure or
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detention pond at the confluence of the diversion and the natural channel. While it is
anticipated that a storm water detention structure would mitigate the effects of the
increased flow velocities, the Forest Service and ADEC may require HGCMC to conduct
habitat and or surveys in Tributary Creek downstream of the TDF expansion area to
detect unanticipated effects, if any. This program would be developed and incorporated
into the GPO as it is updated to reflect the selected alternative.

About 4,000 feet of Class I and II streams in the Tributary Creek watershed (Table 3.7-8)
would be directly lost to the TDF expansion. This represents about 50 percent of fish
habitat in Tributary Creek by length. Fill from past development in the Tributary Creek
watershed was limited to non-stream areas. The proposed activities for this alternative
would reduce spawning and rearing habitat and ultimately anadromous and resident fish
production in these streams. The loss would be primarily of small resident fish stream
habitat. Overall, potential production of coho salmon smolts from direct habitat burial
loss is estimated to be about 66 smolts for the 1,600 feet of class I stream that would be
lost. The maximum loss of this habitat from burial would occur at full build-out with
most of the changes occurring gradually over a 30- to 50-year period. The maximum loss
would occur at mine closure and would be permanent. Depending on the drainage
patterns reestablished at reclamation and the success in meeting Alaska WQS for
freshwater, near natural flows could be returned to Tributary Creek sometime after
closure. If WQS could not be met and TDF runoff could not be restored to near natural
conditions, flows in Tributary Creek would continue to be reduced, continuing habitat
reduction in Tributary Creek and, to a lesser extent, Zinc Creek (Figure 3.5-5).

Marine Waters

Several metrics were used to assess likely effects of the existing discharge and loading
operations on the marine biotic environment. It is expected that past patterns of metals in
the environment and organisms would continue during the operating life of the project
under Alternative B and, in the vicinity of Outfall 002, beyond.

With continued operation for another 30 to 50 years, the chance of accidental spills of
concentrate during loading or transport would continue. However, since the 1989 spill, no
observed spills or leakage of concentrate to the marine environment have been
documented. While the monitoring program has indicated some metals have remained
elevated near the loading dock, there is no indication of a trend of increasing metals
concentrations and such a trend is not anticipated to develop under Alternative B.

Large fuel spills from offloading to the terminal or during transit of the fuel vessel is also
a risk that would continue for the duration of operations (30-50 years). Typical fuel barge
offloading to a 200,000-gallon storage facility occurs about every 10 days. The largest
reported spill to marine waters at the site was 3,000 gallons and occurred in 1989 during
an offloading. In the entire project area all other documented spills were less than 100
gallons. The Greens Creek Mine has a detailed SPCC Plan addressing procedures to be
followed to prevent spillage of all hazardous liquids to water systems. While the risk of
spills at the dock seems remote, effects of a spill near the dock could have substantial
short-term adverse effects and some potential long-term effects. The effect would depend
on weather, tides, size, location, and material involved in the spill. While there is
substantial water exchange locally, Hawk Inlet is a confined bay and the confined nature
of this area would aid in retaining much of a spill in the inlet where it could impact
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shoreline intertidal areas. Depending on the season and where a spill occurred, various
resources could be affected. For example, during early spring pink and chum salmon rear
in shallow shoreline areas. With the substantial salmon runs into several of the Hawk
Inlet tributaries the number of early rearing fish potentially exposed to hydrocarbons
could be high. But these fish may actively move away from toxic concentrations thereby
reducing effects. There is a substantial intertidal community; especially at the head of the
inlet where extensive shallow areas could be affected by a spill. Dissipation and
evaporation of oil and fuel would limit effects over time. However, spill control plans and
rapid response to spills would be the primary mitigation measures to avoid or minimize
adverse spill effects to marine resources. The confined nature of Hawk Inlet aids cleanup
and response actions compared to unsheltered waters, potentially retaining much of a
spill within a smaller area and reducing effects outside of the inlet. HGCMC maintains
marine spill response equipment onsite and fuel barge unloading is closely monitored by
trained employees to ensure rapid response in the event of a spill. Additionally, HGCMC
maintains an active membership in the Southeast Alaska Petroleum Resource
Organization. This membership makes available substantial quantities and types of
response equipment and personnel in the event of a petroleum spill as well as training and
support.

Mitigated Alternative B

Under mitigated Alternative B, the expansion of the TDF would result in about 2 million
cubic yards of tailings and waste rock being placed in the northeast corner of the existing
TDF. Approximately half of the material would be placed in the initial phase of the
expansion with the remaining volume being placed in the final phase. In addition, the
reclamation material storage area and quarry to the south of the TDF would be relocated
out of the Monument. The result would be a new reclamation material storage area
located near the junction of the A and B roads; moving the quarry out of the Monument
would require deepening the quarry at the north end of the existing TDF. The relocation
would moderately reduce the amount of fish habitat directly lost from direct burial of
Tributary Creek stream channels. Compared to Alternative B without mitigation, this
measure would preserve about 1,230 feet of class II resident fish streams in the Tributary
Creek watershed (Table 3.7-8). Loss of anadromous fish stream channel would be
reduced by 400 feet. Mitigated Alternative B would reduce the acreage impact to the
Tributary Creek watershed from 22 percent to 17 percent (Figure 3.5-5). The slight
difference in wetlands impacted may produce a very minor improvement in flow
attenuation and groundwater discharge to Tributary Creek compared to Alternative B.
Relocation of the reclamation material storage area may also provide a small
improvement in shallow groundwater discharge to Tributary Creek compared to
Alternative B. Other effects would remain similar to Alternative B (Figure 3.5-5).

3.7.3.4 Effects of Alternative C, New TDF Located Outside Monument

Alternative C would involve the initial short-term expansion of the existing TDF and the
construction of a new TDF located adjacent to the Fowler Creek drainage. Additionally,
the A Road would be upgraded for about 3 miles and additional facilities would be
constructed. Alternative C would also extend the operating period of the mine by 30-50
years. Effects to aquatic resources would be more widely spread than in alternatives A
and B due to the development of a new TDF and supporting infrastructure.
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Freshwater

Conditions in Greens and Tributary creeks relative to metals, sediment, and flow would
remain the same as alternatives A and B for the first few years because tailings disposal
would continue in this area while the new TDF site was being developed.

Effects to Tributary and Zinc creeks would be similar to those described for Alternative
A, the No Action Alternative. The Tributary Creek watershed would be reduced by an
additional 2.8 percent and the Cannery Creek watershed would be reduced by 3.5 percent.
The diversion of flows would continue to slightly reduce spawning and rearing habitat
and ultimately anadromous fish production in these streams similar to Alternative A.
Expansion of the TDF in the Tributary Creek watershed would be completed within
about 3 years beyond that of Alternative A. The habitat loss in the Tributary Creek and
Zinc Creek watersheds from flow reduction would occur at that time and may be
permanent depending on the amount of flow that would continue to be diverted and the
duration that contact water would continue to need treatment. No direct stream burial
would occur in Tributary Creek with this alternative, so no direct loss of anadromous
habitat would occur in these watersheds (Figure 3.5-5).

The north TDF footprint would reduce the area of the Fowler and North Hawk Inlet
watersheds. The new TDF footprint would reduce a portion of the Fowler Creek
watershed by approximately 2 percent. Only minor effects to both the base flow and
storm flows of Fowler Creek would be expected. Up-gradient groundwater would be
routed to Fowler Creek. One effect would be the burial of about 1,080 feet of stream
channel determined to be resident fish bearing (based on sampling in the summer of 2011
[Tetra Tech 2011]) and a few small beaver ponds (Table 3.7-8). About 1,044 feet of small
class II resident fish streams would be lost. This would result in permanent loss of mostly
rearing and some spawning habitat of resident fish. Overall, stream channel loss is a
small portion of Fowler Creek, which has over 132,000 feet (estimated) of channels in the
watershed. Fowler Creek has the potential to support anadromous fish downstream of the
north TDF site (see Section 3.7.1.1 for North Hawk Inlet for stream characteristics).
Additionally, reduced flow to the downstream channel in Fowler Creek would result in
some loss of rearing habitat from minor flow reductions.

The proposed new TDF may slightly reduce flows in two small stream channels that
drain north to Hawk Inlet. These channels are not indicated on ADF&G or Forest Service
stream databases. No fish were observed during limited surveys in summer 2011 (Tetra
Tech 2011); however, one of these streams (furthest west), was determined to potentially
provide resident fish habitat. Because of the limited habitat in the area, effects to
freshwater aquatic resources in the streams draining north to Hawk Inlet would be minor
(Figure 3.5-7).

Potential impacts to stream channel substrates and channel geomorphology from non-
contact diversions would be the same as described for alternatives A and B, except that
impacts could also occur in the Fowler Creek watershed. These potential impacts could
be mitigated by using a storm water detention structure or detention pond at the
confluence of the diversions and the natural channels. As with Alternative B, additional
monitoring is being considered to detect unanticipated habitat and/or geomorphic effects.
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It is expected that the existing Greens Creek fish passage structure, when repaired, will
provided adequate mitigation for lost habitat in project area creeks, or other project
related activities.

The upgrade of the A Road and additional truck traffic have the potential to increase
sediment runoff to streams. Traffic on the A Road would be equivalent to current levels
on the B Road. Generally, forest roads with high use have greater sediment discharge to
streams than those with light use (Reid and Dunn 1984; Kahklen and Hartsog 1999). The
route has few stream crossings with most of the draining area flowing to Young Bay
through Fowler Creek. The stream channels near this crossing are small, low-gradient,
often having beaver ponds and bottoms consisting of fines and organic matter. The
limited road length that would contribute sediment to this area, small size of streams, and
the presence of ponds containing fine sediment, would result in the potential increase in
sediment to the streams having slight or no effect to the aquatic system and likely no
adverse effect to anadromous fish segments of Fowler Creek.

A pipeline would be built to carry runoff from the TDF to the existing water treatment
facility. Water from the TDF would contain some elevated metals and possibly other
chemicals that could cause adverse effects to aquatic systems. A break in this pipeline
could result in spillage entering Hawk Inlet or Fowler Creek resulting in impacts to
fishery habitat. With procedures in place to reduce the magnitude of a potential spill and
lack of proximity of the pipeline to major stream resources, effects from a pipeline break
would likely be short term and not substantial.

Effects of a tailings spill would be similar to Alternative B except there would be the
possibility of effects of a tailings truck spill occurring in the Fowler Creek drainage as
well either spill type in Zinc or Greens creeks.

Marine Waters

Effects would be the same as Alternative B because all major project actions relative to
the marine environment including: location, chemical concentrations and amount of
discharge are essentially the same as Alternative B under Alternative C.

3.7.3.5 Effects of Alternative D, Modified Proposed Action

Alternative D would involve both the expansion of the existing TDF and the construction
of a new TDF to the north. Like alternatives B and C, Alternative D would extend the
operating period of the mine by 30—50 years. The expansion of the existing TDF would
be substantially smaller than Alternative B but larger than the footprint under Alternative
C. The disturbance footprint of the new TDF would be similar to that of Alternative C.
Effects to aquatic resources in the northern drainages, including Fowler Creek, would be
similar to Alternative C but would not occur for an additional 10 years. Development of
new facilities could further impact aquatic resources. The aquatic impacts of this
alternative would be more widespread than alternatives A and B as a result of the
development of a new TDF.

Freshwater

Conditions in Tributary Creek relative to metals, sediment, and flow would remain the
same as Alternative B for up to 20 years because tailings disposal would continue in this
area during the operational life of the water treatment facility.

3-104 Greens Creek Mine Tailings Disposal Facility Expansion EIS



3.7 Aquatic Resources

With the reduction in future tailings disposal the Tributary Creek watershed, compared to
Alternative B, effects to Tributary and Zinc creeks would be intermediate between
alternatives B and C. This alternative would increase the existing TDF area to 73 acres.
The total basin area that would have flow diversion would be 98 acres of Tributary Creek
and Zinc Creek basins. However, no length of Tributary Creek would be directly lost due
to the tailings pile expansion. The design would also require the placement of tailings as
well as the construction of a water management pond within the Cannery Creek drainage.
Flow reductions would reduce spawning and rearing habitat and ultimately anadromous
fish production in each of these streams. The full loss would be permanent depending on
future flow diversions, similar to Alternative C (Figure 3.5-5).

With the movement of a portion of the tailings to the new TDF, effects to the Fowler
drainage and small creeks draining north to Hawk Inlet would be similar to Alternative C.
The direct loss of fish bearing streams from direct burial would be about 1,044 feet, the
same as Alternative C (Table 3.7-8). The main difference is the duration of effects would
be shorter because fill would begin 15 years later, reducing the period of effect. The
magnitude of effect would be similar to the TDF under Alternative C since the total area
disturbed would be similar. Overall, effects from TDF development would be permanent.
The effect of flow reduction from flow interception of the tailings pile on fish habitat
downstream in Fowler Creek drainage would also be the same as Alternative C, resulting
in some loss of rearing habitat from minor flow reductions (Figure 3.5-7).

Potential impacts to stream channel substrates and channel geomorphology from non-
contact diversions would be the same as described for Alternative C. These potential
impacts could be mitigated by using a storm water detention structure or detention pond
at the confluence of the diversions and the natural channels. As with Alternative B,
additional monitoring is being considered to detect unanticipated habitat and/or
geomorphic effects.

Effects of a tailings spill would be similar to Alternative C. There would be the
possibility of a tailings spill occurring in the Fowler Creek drainage as well as either spill
type in Zinc or Greens creeks watersheds. The period of time during which a spill could
affect the Fowler Creek drainage would be less under Alternative D than under
Alternative C because of when the construction of the new TDF would begin.

Marine Waters

Effects would be the same as Alternative B because all major project actions relative to
the marine environment including location, chemical concentrations, and amount of
discharge are essentially the same as Alternative B.

3.7.4 Aquatic Resources — Summary

Aquatic life conditions in the freshwater streams project area and Hawk Inlet appear to
remain healthy and similar to pre-mining conditions. Metals concentrations in stream
Dolly Varden char have shown some variability between control and downstream sites
but generally, trends of increases resulting from mining activity have not been apparent.
Some tissue metals concentrations are higher in areas potentially affected by mine
activity. The Forest Service and ADEC require ongoing monitoring of freshwater aquatic
resources, including bioassessment and fish tissue monitoring. The ongoing monitoring
will be used to assess whether future impacts occur.
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Monitoring in Hawk Inlet has shown some increased concentrations of metals near the
port site and also near Outfall 002. There may be localized impacts, however, monitoring
has not indicated that there has been any adverse effect on the overall marine
environment of Hawk Inlet. The TDF wastewater is treated before it is discharged and
there is a large amount of flushing and dilution that occurs in Hawk Inlet. Marine
organisms (mussels and polychaete worms) have shown increased metals concentrations
near the marine loading facility and near the APDES discharge site, with some decrease
in metals concentrations in more recent results. Alternative A would continue current
conditions though about 2014 when the TDF would become full and mining operations
would cease. Alternative B would reduce fish habitat for both freshwater species and
anadromous salmon and trout in the Tributary Creek drainage through TDF expansion by
about 4,000 feet (stream length), or about 50 percent. Alternatives C and D would be
similar in their effect and would include a small loss of stream habitat accessible to
anadromous and resident fish in the Fowler Creek drainage. Alternative D would also
include a small additional loss of anadromous and resident fish habitat in the Tributary
Creek drainage and to a minor extent in the Fowler Creek drainage. Other than
Alternative A, which has mining terminated in about 2014, none of the alternatives would
change conditions in the marine environment from current operations. Mitigation for all
alternatives would include improving anadromous fish passage facilities on Greens
Creek. In addition, the Forest Service and ADEC will require that monitoring programs
continue in order to identify potential impacts to freshwater and marine resources.

3.8 Soils

Soil characteristics provide the basis for the productivity
of plant communities present on a particular site.
Microbes function to break down organic matter within
the soil and influence chemical and geochemical
reactions. Thus soil characteristics have a strong

Soil productivity is not identified
as a significant issue. Measures
of soil productivity include acres
and types of soils impacted.

influence on ecosystem structure and function. Soil

productivity is related to numerous factors including the nature of the parent material,
how the soil layers (horizons) are formed, temperature, and moisture conditions.
Disturbances can range from simply removing vegetation from the surface (e.g., wind
thrown trees) to complete removal of surficial material above bedrock.

The description of the soils resource also forms the basis for the establishment of
reasonable reclamation performance standards and identification of effective mitigation
measures, which are designed to prevent, reduce, or eliminate impacts to soils. More
detail is provided in Appendix G.

The purpose of this section is to discuss the following:

= Baseline soils conditions as they relate to existing vegetation communities;

= Impact evaluation criteria;

= Soil conditions as they relate to TDF closure and reclamation goals, current closure
cover design and existing research.
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3.8.1  Soils — Pre-mining Environment

The pre-mining description of the soils resource is extremely limited. The following
section is based primarily on the Greens Creek Final Environmental Impact Statement,
Admiralty Island National Monument, Alaska (USFS 1984).

The 1984 Final EIS described soils as thick, silty, and granular with occasional peat and
organic deposits up to 10 feet thick. Soils were described as having low nutrient status
and not demonstrating elevated metal or salt concentrations. Soils immediately adjacent
to the TDF were subsequently mapped and characterized and likely represent soils that
existed prior to initial construction of the TDF (NRCS 2011; Bosworth 2011). The NRCS
(2011) described soil pore water pH ranging from 4.0 to 6.0. The observed soil pore
water pH of less than 6.0 in these soils is likely the result of organic matter
decomposition into compounds including organic acids.

The 1984 Final EIS identified the need to salvage and stockpile existing soils, redistribute
soil at the time of final reclamation, and install and maintain erosion and sediment
controls.

3.8.2 Soils — Baseline Conditions

This section describes the properties of the dominant soil map units as they relate to the
development and structure of existing and possible reclaimed vegetation communities.
The soils map unit delineations, descriptions, and engineering properties summarized in
this section were derived from the Chatham Area Soils Survey (NRCS 2011).

Based on the data available regarding the type and distribution of soil map units, Table
3.8-1 presents the extent of existing disturbance as a result of existing operations and
those activities that have already been approved.

Table 3.8-1. Acres of Disturbance to Soil Map Units based on Existing Operations.

Soil Map Disturbanc
Unit ID Map Unit Name e (Acres)
3624E Foad-Traitors complex, broken, 76 to 140 percent slopes 5.7
4442C Kaikli-Chuck River complex, smooth hills, 36 to 55 percent slopes 12.7
4454E Traitors-McGilvery complex, smooth hills, 76 to 120 percent slopes 4.4
5121B Kupreanof gravelly silt loam, 6 to 35 percent slopes 12.4
5145B Mitkof loam, footslopes, 6 to 35 percent slopes 8.0
6141B Kasiana-Kushneahin complex, sloping lowlands, 6 to 35 percent slopes 34.1
6174B Kina-Kasiana association, sloping lowlands, 6 to 35 percent slopes 17.7
6290A Kina peat, 0 to 5 percent slopes 7.5
Total 102.5

Of the soil series represented in the project area, bedrock restricts rooting depths in seven
of the soils series and glacial till restricts rooting depths in two series. The depths of these
root-restricting layers range from eight to 44 inches with an average maximum depth of
the root restricting layer of 29 inches. The dominant vegetation on all but one of these
soil series is Sitka spruce or western hemlock.
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Based on soil series descriptions in the Soil Survey for Chatham Area, Alaska (NRCS
2011) the following may be concluded:

= The growth of Sitka spruce or western hemlock is not inhibited by rooting restricting
layers at depths of eight to 44 inches; and

= Sitka spruce-western hemlock vegetation communities proliferate in well-drained to
poorly-drained soils (also see Viereck et al. 1992).

3.8.3 Soils — Environmental Consequences
3.8.3.1 Effects Common to All Alternatives

The description of the soils resource provided below forms the basis by which to assess
the intensity, duration, and magnitude of soils impacts associated with the proposed
action and alternatives. The primary impact to the soils resources associated with all
alternatives would be loss in soil productivity in large part caused by stripping the topsoil
and organic layers.

Anaerobic conditions within growth media stockpiles are a major cause of soil
productivity loss. Soils placed in stockpiles below a depth of approximately three feet for
extended periods of time exhibit reduced organic matter cycling, microbial activity and
mycorrhizae inoculation potential (Stark and Redente 1987; Gould and Liberta 1981;
Rives et al. 1980). The anticipated reduction in soil productivity would be limited to the
period between soil salvage and storage and the initial vegetation establishment period at
the time of reclamation. Soil erosion potential would increase due to the increased
exposure of soil to rain drop impact and concentrated overland flow during the clearing
and grubbing of vegetation and soil salvage, stockpiling and redistribution activities.

Common soil management practices could be used to enhance the success of re-
establishing native plant communities by improving productivity at closure and
minimizing erosion from soil salvage through re-application during reclamation. The
practices to mitigate the extent of potential effects under all alternatives include:

= Separate salvage and stockpiling of suitable soils prior to the initiation of tailings
disposal activities;

= Build storm water runoff diversions on and around soil stockpiles and reclaimed areas
to minimize soil exposure to concentrated overland flow;

= Install and maintain erosion and sediment control BMPs on soil stockpiles and at the
time of final reclamation;

= Handling soils during dry periods (to the extent possible) to reduce the potential for
soil compaction;

= Construct stable soil stockpiles;

» Eliminate soil stockpiling through soil salvage and direct placement of soils on
portions of the TDF that are ready for reclamation;

= Construct stable reclaimed slopes;

= Redistribute salvaged soil at the time of final reclamation; and

= Scarifying compacted soils.
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Closure Cover Design

The TDF closure cover design (from bottom to top) according to Hecla’s proposed TDF
Expansion - Stage 3 (Hecla 2011) is as follows:

= Lower Capillary Break — Thickness = 8—12 inches; Material Source = mine waste
rock, quarry rock, or rock imported to the site from an off-island source; Material
Properties = undefined.

= Compacted (Barrier) Layer — Thickness = 24 inches; Material Source =
unidentified; Material Properties = capable of compaction to a permeability of 10
cm/sec.

= Filter fabric

= Upper Capillary Break — Thickness = 8—12 inches; Material Source = rock imported
to the site from an off-island source; Material Properties = non-mineralized.

= Plant Growth Layer — Thickness = 24-36 inches; Material Source = stockpiled
growth media; Material Properties = undefined.

While not all of the cover materials sources, types, properties, volumes and mass balance
have been finalized at this time, the barrier and plant growth layers are currently planned
to be supplied from on-site sources which may include reclamation material stockpiles.
The materials that will serve as the capillary break are planned to be imported from an
off-island source (Kennecott 2008).

To assess the TDF closure cover and reclamation potential in terms of functionality,
performance, constructability, design complexity, materials availability, and
uncertainties, the impact analysis criteria used for the evaluation of alternatives A
through D are as follows:

= Maintain static and pseudo-static geotechnical stability (see Section 3.4.3,
Geotechnical Stability)

= Probability of establishing a predominant vegetation of mature Sitka spruce and
western hemlock on the surface of the reclaimed TDF (see Section 3.8.3, Vegetation);

= Minimize the penetration (flux) of water and oxygen through the closure cover and
into tailings to reduce and manage the generation of acidic/metal-bearing waters in
the TDF.

These criteria were developed based in part on reclamation guidance provisions in the
Tongass Land and Resource Management Plan (USFS 2008) provided below.

To function as designed, the engineered closure cover must balance percolation of
meteoric waters through the cover and into tailings, while providing adequate water
storage and nutrient supply capacity to establish the desired vegetation cover. The cover
must function to avoiding exposure of tailings due to erosion and slope failure.

Mitigation

Site 23 is currently being used to assess the overall performance of the TDF engineered
closure cover and to establish feasible cover design basis and criteria. The growth media
depth at Site 23 is 24 inches. Information on the growth layer can be extrapolated from
this study site; however, additional test plots should be established on the mine site to
specifically evaluate depths up to 36 inches (which reflects the upper bounds documented
in the literature) and determine the optimum depth of the plant growth layer for the
desired plant communities. This would provide opportunities to evaluate the performance
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of full-scale implementation of the engineered closure covers and plant growth layer on
tailings. Future investigations should be combined with past and ongoing observations at
Site 23 to allow the operator to demonstrate the adequacy of the design and performance
of the cover and evaluate potential refinements prior to final closure and reclamation of
the TDF.

Net Flux of Precipitation and Oxygen through TDF Engineered Closure Cover

The measured average flux of precipitation through the test cover at Site 23 has been
approximately 15 to 20 percent of annual precipitation (Hecla 2007 through 2009).

The rate and magnitude of oxygen diffusion through the engineered closure cover and
into the underlying TDF is a consideration in the prediction of tailings oxidation rates.
Given that oxygen diffusion through water is approximately 10 fold slower than in air
(Reddy et al. 2000), the diffusion of oxygen through a saturated medium will be
substantially less than if the same medium was dry or well below saturation with respect
to water. Therefore, the resistance the downward diffusion of atmospheric oxygen, one of
the design criteria for the engineered closure cover currently includes the installation and
maintenance of the barrier layer at a relative saturation above 85 percent (OSU 2010).

The consumption of oxygen and production CO, within the plant growth layer that results
from plant and soil microbial respiration should be high due to the relatively high
biomass productivity potential of the proposed cover (See discussion below). As plant
and microbial respiration doubles, soil oxygen is depleted by approximately 2.5 percent
at a depth of one meter (39 inches) (Currie 1962). This should contribute to lowering the
rate of oxygen diffusion into the underlying capillary break and barrier layers.

3.8.3.2 Effects of Alternative A, No Action

Under Alternative A, mining operations would continue through 2014. Impacts similar to
those associated with ongoing mining activities would continue until mining ceases,
disturbed sites are reclaimed, and human activity in the area is reduced. The TDF would
continue to be built out to the maximum footprint and height permitted in the 2003 EIS
(USDA 2003). After the TDF is fully built out in 2014, reclamation would begin as
described in the 2003 EIS (USDA 2003). The soil productivity of existing soil stockpiles
would be improved within 4 to 5 years following placement as growth material over the
TDF. The plant growth layer under Alternative A would be maximized up to 36 inches
where spruce-hemlock forest is to be re-established.

3.8.3.3 Effects of Alternative B, Proposed Action

Under Alternative B, mining activities would extend an additional 30-50 years, and the
TDF would be expanded immediately adjacent to the existing TDF. The expanded TDF
and associated infrastructure (water management ponds, quarries, and new support roads)
would impact additional acres with an effect to soil productivity of a minimum of 30-50
years since no concurrent reclamation and long-term stockpiling of soil is proposed under
this scenario. Alternative B also includes new roads and upgrades to existing roads that
would cause further soil disturbance.
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Mitigated Alternative B

Under mitigated Alternative B, the expansion of the TDF would result in about 2 million
cubic yards of tailings and waste rock being placed in the northeast corner of the existing
TDF. Approximately half of the material would be placed in the initial phase of the
expansion with the remaining volume being placed in the final phase. In addition, the
reclamation material storage area and quarry to the south of the TDF would be relocated
out of the Monument. The result would be a new reclamation material storage area
located near the junction of the A and B roads; moving the quarry out of the Monument
would require deepening the quarry at the north end of the existing TDF. Eliminating the
quarry would result in a smaller overall footprint and thus slightly reduce the of soil
productivity compared to Alternative B; moving the reclamation material storage area
would simply shift disturbance footprint from one location to another. Mitigation
recommended under Alternative B, would be the same under mitigated Alternative B.

3.8.3.4 Effects of Alternative C, New TDF Located Outside Monument

Alternative C would involve the initial short-term expansion of the existing TDF and the
construction of a new TDF located approximately three miles north of the existing TDF.
Once tailings placement in the existing TDF was completed in approximately 2015, the
site would be regraded and the closure cover installed. Final reclamation could occur in
approximately 2017 after the final cover was put in place.

Soil disturbance would be more widely spread than in alternatives A and B due to the
development of a new TDF and supporting infrastructure. Development of new facilities,
including reclamation material storage areas, quarries, water management ponds; linear
drain features and pipelines; and truck wheel wash would further impact soil
productivity. While final reclamation could occur relatively quickly following the
completion of tailings placement on the existing TDF, contemporaneous reclamation of
the new TDF may be difficult because of the configuration of the TDF’s footprint. The
current design and phasing of the TDF may require modification to accommodate
development and concurrent reclamation.

3.8.3.5 Effects of Alternative D, Modified Proposed Action

Alternative D would involve both the expansion of the existing TDF and the construction
of the new northern TDF. Like alternatives B and C, Alternative D would extend the
operating period of the mine by 3050 years. The expansion of the existing TDF would
be substantially smaller than under Alternative B, however the footprint of the new TDF
would be similar in size to that built under Alternative C. Overall, the total soil
disturbance would be similar to Alternative C; however, the disturbance would be phased
to a greater extent since the area associated with the new TDF would not be disturbed
until approximately 2030. Development of new facilities, including reclamation material
storage areas, quarries, water management ponds; linear drain features and pipelines; and
truck wheel wash would further impact soil productivity in disturbed areas.
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3.8.4 Soils - Summary

The primary impact to the soils associated with all alternatives would be loss in soil
productivity caused by stripping the topsoil and organic layers. The anticipated reduction
in soil productivity would be limited to the period of soil salvage and storage and the
initial vegetation establishment period at the time of concurrent or final reclamation.

The greatest difference between the action alternatives is the spatial extent of
disturbances and the period of time in which mining would continue, and the time until
reclamation occurs. Soil disturbance would be more widely spread under alternatives C
and D, compared to alternatives A and B, due to the development of a new TDF and
supporting infrastructure. Under alternatives A and C, the placement of growth media on
the existing TDF would occur in the relative near-term; reclamation of the existing TDF
under Alternative D would begin in approximately 10 years, compared to Alternative B
which would not include final closure of the existing TDF until 30 to 50 years from the
present. Under each alternative, common soil management practices would be used to
mitigate the extent of potential effects to soil productivity, as described in Section 3.8.3.1.
Additionally, mitigation would be recommended under all action alternatives to establish
test plots to determine the optimum depth of the plant growth layer for the desired plant
communities.

3.9 Vegetation

This section describes vegetation resources within the
vicinity of the mining operation beginning with the pre-
mining environment, the baseline conditions that include
current mining operations, and the effects of each
alternative under consideration. Concerns raised during
public scoping include the effects of tree roots on the
closure cover, use of native wildflowers during
reclamation, and contamination of lichens. types of vegetation impacted.

The resource analysis of
vegetation is related to Issue 2
impacts to wetlands through
removal of wetland vegetation.
Measures of affects to
vegetation include acres and

3.9.1 Vegetation — Pre-Mining Environment

Prior to mining, vegetation in the vicinity of the mine was similar to the existing
vegetation elsewhere on Admiralty Island. The area consists primarily of upland forests,
Sitka spruce-western hemlock interspersed with a mosaic lowland, non-forested plant
communities, including peat wetlands, shrub wetlands, and sedge meadows (USFS 2003).
The well-drained slopes of the bedrock ridges and mountain slopes are mostly upland
vegetation, and the flatter basin and terrace areas, underlain by uplifted marine silts and
glacial tills that perch the water table, support wetland vegetation of various types
(Bosworth 2010). Pre-mining descriptions of vegetation follow the Viereck et al. (1992)
level IV classification system.

Sitka Spruce-Western Hemlock Forest

Sitka spruce (Picea sitchensis)-western hemlock (Tsuga heterphylla) forests are common
in southeast Alaska. They occur mostly at low elevations on alluvial fans, floodplains,
footslopes, and uplifted beaches. Sitka spruce-western hemlock forests are at a climax or
near-climax successional stage. The spruce provides 35 to 60 percent cover and
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constitutes most of the overstory. Mature spruces are generally 95 to 145 feet tall and 20
to 40 inches diameter breast height (dbh). Hemlock provides an understory 80 to 125 feet
high with 30 to 60 percent cover. Average diameter of mature hemlock is 15 to 25 inches
dbh. Other tree species are uncommon.

A well-developed shrub layer 3- to 5-feet tall is usually present and consists of
combinations of devil’s club (Oplopanax horridus), Vaccinium spp., and salmonberry
(Rubus spectabilis). Common ferns and herbs include oak fern (Gymnocarpium
dryopteris), spiny wood fern (Dryopteris dilatata), goldthread (Coptis aspleniifolia),
dogwood (Cornus spp.), trailing raspberry (Rubus pedatus), deer berry (Maianthemum
dilatatum), skunk cabbage (Lysichiton americanus), and foamflower (Tiarella trifoliate).

No other upland vegetation communities occur in the vicinity of the project area. The
various wetland types are discussed in Section 3.10, Wetlands.

3.9.2 Vegetation — Baseline Conditions

The baseline condition for vegetation describes the current condition that has resulted
from the construction and operation of the Greens Creek Mine. The construction and
operation of the mine has resulted in changes from pre-mining conditions, including
direct impacts to vegetation communities. To date, approximately 65 acres of vegetation
have been directly disturbed by the existing TDF and associated facilities. The majority
of this disturbance occurred within Sitka spruce-western hemlock forests, but a small
amount of disturbance occurred within wetland communities (USFS 1983).

Bosworth Botanical Consulting conducted a biological survey for sensitive plant species
for Alternative B in July 2010 (Bosworth 2010). The biological survey grouped the
vegetation in the area into five communities: Sitka spruce-western hemlock forest
(upland); and bogs, fens, forested wetlands, and marshes (wetland) (Figure 3.9-1). The
upland vegetation on the slopes of the western bedrock ridges and the hill slopes along
the eastern edge of the project area is a Sitka spruce and western hemlock forest with an
understory of Early blueberry and Alaska blueberry (Vaccinium ovalifolium and V.
alaskaense), spiny wood fern, and dwarf dogwood (Cornus canadensis). A section of
steep hillside just east of the B Road has been clear cut. This area was previously a Sitka
spruce-western hemlock forest.

3.9.3 Vegetation — Environmental Consequences

Direct effects to vegetation would include primarily long-term impacts. Long-term
impacts are defined as those that would last beyond the project lifetime. Short-term
impacts are defined as those expected to last less than or as long as the lifetime of the
project. An example of a long-term impact would be a vegetative community disturbed
for placement of the TDF. This would be considered a long-term impact because the
vegetation would not be fully regenerated for a number of years beyond the lifetime of
the project.
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