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Reply To: OWW-135
September 24, 2009

To:  Residents and Communities, Government Officials, Public Officials, and Groups
Interested in the Red Dog Mine Extension Aqgaluk Project Supplemental Environmental
Impact Statement (SEIS)

From: Patty McGrath, Red Dog Mine SEIS Project Manager
U.S. Environmental Protection Agency, Region 10

RE: Red Dog Mine Extension Aqgaluk Project Final SEIS

Please find enclosed the U.S. Environmental Protection Agency’s (EPA) Final
Supplemental Environmental Impact Statement (FSEIS) for the Red Dog Mine Extension
Aqgaluk Project. This document is available for a 30-day review period, beginning October 9,
2009, with the announcement of the availability of the FSEIS in the Federal Register. EPA, the
lead federal agency for the SEIS process, will not issue our Record of Decision (ROD) or final
National Pollutant Discharge Elimination System (NPDES) permit until after the 30-day period,
which ends on November 9, 2009. Any input received will be considered by EPA in developing
our ROD.

EPA has worked with the following cooperating agencies to develop the FSEIS: U.S.
Army Corps of Engineers, National Park Service, State of Alaska Department of Natural
Resources, Northwest Arctic Borough, and the tribal governments representing the Native
communities of Buckland, Kiana, Kivalina, Kobuk, Kotzebue, Noatak, Noorvik, Selawik, and
Shungnak. The tribal governments authorized the Maniilag Association to represent their
cooperating agency interests.

During the 60-day comment period on the Draft SEIS (DSEIS), numerous comments
were received in writing, via email, and orally at the public hearings. The comments and
responses to comments are found in Appendix H of the FSEIS. As noted in the responses to
comments in Appendix H, some of the comments resulted in changes between the DSEIS and
FSEIS.

The public notice of an application for a Department of Army Clean Water Act Section
404 permit has been published by the U.S. Army Corps of Engineers. The public notice is
included in Appendix A of the FSEIS. The public notice establishes a concurrent 30-day public
review along with the FSEIS, and also ends on November 9, 2009. Comments on the 404
permit application will be accepted by the U.S. Army Corps of Engineers at the following
address:



Department of the Army
U.S. Army Corps of Engineers
Regulatory Branch
P.O. Box 6898
Elmendorf Air Force Base, Alaska 99506-6898
Attention: Don Kuhle
Don.p.kuhle@poa02.usace.army.mil

Input on the FSEIS, and requests for copies of the FSEIS in executive summary, CD, and
paper bound format, are to be mailed, e-mailed, or faxed to me at the following contact
information:

Patty McGrath
Red Dog Mine SEIS Project Manager
U.S. Environmental Protection Agency, Region 10

1200 Sixth Avenue, Suite 900, OWW-135

Seattle, WA 98101
E-mail: mcgrath.patricia@epa.gov

Fax: (206) 553-0165

Phone: (206) 553-0979 or (800) 424-4372

EPA greatly appreciates the input from the cooperating agencies in developing the DSEIS
and FSEIS. We also appreciate the public interest in the SEIS and comments submitted on the
DSEIS. Please feel free to contact me per the information above if you have questions.



Abstract

The Red Dog Mine is an open pit zinc and lead mine, located in northwestern Alaska on private land owned
by the NANA Regional Corporation with some support facilities located on lands owned by the state of
Alaska and U.S. Department of Interior. Teck Cominco Alaska Incorporated (Teck) has been mining and
processing ore from the Red Dog Mine Main Deposit since 1989. An EIS developed under the National
Environmental Policy Act (NEPA) by the U.S. Environmental Protection Agency (EPA) and the U.S.
Department of the Interior in 1984 evaluated the initial development of the mine. This final supplemental
EIS (SEIS) supplements the 1984 EIS in evaluating the environmental effects associated with
development of a new ore deposit (Aqgaluk Deposit) while considering the environmental effects of
activities that have occurred since the 1984 EIS was finalized.

The Red Dog Mine currently consists of an open pit mine, a mill for processing ore, a tailings
impoundment, waste rock storage areas, and support facilities. Processed ore (lead and zinc concentrates)
is transported from the mine facilities via the 52-mile DeL.ong Mountain Regional Transportation System
(DMTS) road to a port facility located on the Chukchi Sea.

The purpose and need for the federal actions covered by this SEIS is to act on permit applications and
new information that Teck submitted to EPA under Clean Water Act (CWA) Section 402 and to the U.S.
Army Corps of Engineers (Corps) under CWA Section 404. The purpose of the applications is to seek
federal authorization for certain discharges and activities in connection with ongoing and future mining
operations at the Red Dog Mine, including the Aqgaluk Deposit. The cooperating agencies participating
in the SEIS process include the Corps, National Park Service, the State of Alaska, the Northwest Arctic
Borough, and the tribal governments representing the Native communities of Buckland, Kiana, Kivalina,
Kobuk, Kotzebue, Noatak, Noorvik, Selawik, and Shungnak. The tribal governments authorized the
Maniilag Association to represent their cooperating agency interests and responsibilities.

Significant issues identified during scoping focused on concerns about: (1) water quality in Red Dog
Creek and downstream; (2) the storage capacity and stability of the tailings impoundment; (3) mine-
related fugitive dust contamination of resources resulting from the DMTS; and, (4) the mine’s impact on
subsistence resources.

The final SEIS evaluates the proposed action and three alternatives, including the no action alternative.
The proposed action includes developing the Aqgaluk Deposit which would extend existing operations
for another 20 years; the proposed action includes reissuing the NPDES permit for the Red Dog Mine
with the inclusion of additional treatment of the discharge, during certain time periods, to meet water
quality standards. The no action alternative would involve no reissuance of the NPDES permit or issuance
of 404 permits and no extension of mining operations. Other action alternatives would address water
quality, fugitive dust, and subsistence issues by employing a combination of pipelines to move
wastewater and, under one alternative, concentrates from the mine to the port facilities. Temporary
closure of the DMTS road and port during caribou and beluga migrations and use of additional truck
washing are components of one of the alternatives.

Fugitive dust from mine operations, primarily concentrate haul truck traffic, has affected soils, vegetation,
and wetlands along the DMTS. EXisting operations have also affected subsistence resources including
caribou, beluga, and berries for subsistence users in Kivalina.

Impacts to various resources would occur under all alternatives. The mine provides a large socioeconomic
contribution to the region and closure under the no action would result in substantial financial losses for
employees and the region. Alternatively, the continuance of operations under the other alternatives would
provide economic benefit for an additional 20 years. Ongoing operations would extend effects on
subsistence through mine closure although two alternatives include project components that would reduce
these impacts.
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Executive Summary
1.0 Purpose and Need For the Proposed Action

Background

The Red Dog Mine is an open pit zinc and lead mine, located in northwestern Alaska, approximately 46
miles inland from the coast of the Chukchi Sea, and 82 miles north of Kotzebue (see Figure ES-1). The
mine is on private land owned by the NANA Regional Corporation (NANA), while some of the support
facilities for the mine are located on both state and NANA lands. Teck Cominco Alaska Incorporated
(Teck) operates the mine under a 1982 Operating Agreement with NANA, and has been mining and
processing ore from the Red Dog Mine Main Deposit since 1989.

The U.S. Environmental Protection Agency (EPA) and the U.S. Department of the Interior developed an
environmental impact statement (EIS) for the Red Dog Mine in 1984. The Red Dog Mine Main Deposit is
expected to be depleted between 2011 and 2012. Teck proposes to begin mining the Aggaluk Deposit,
which is adjacent to the Main Deposit, by 2010, to ensure continuing operations through 2031. This
Supplemental EIS (SEIS) supplements the 1984 EIS in evaluating the environmental effects associated
with development of the Aggaluk Deposit while considering the environmental effects of activities that
have occurred since the 1984 EIS was finalized. The Red Dog Mine Extension Agqaluk Project (Aggaluk
Project) encompasses the activities required to develop and mine the Aqgaluk Deposit.

The Red Dog Mine currently consists of an open pit mine, a mill for processing ore, a tailings
impoundment, waste rock storage areas, and support facilities (see Figure ES-2). The processed ore (lead
and zinc concentrates) is transported from the mine facilities via the 52-mile DeLong Mountain Regional
Transportation System (DMTS) haul road to the DMTS port facility located on the Chukchi Sea. Lead
and zinc concentrates are shipped to markets in North America, Europe, and Asia.

The cooperating agencies participating in the SEIS process include the U.S. Army Corps of Engineers
(Corps), National Park Service (NPS), the state of Alaska (Department of Natural Resources [ADNR] as
lead for the State), the Northwest Arctic Borough, and the tribal governments representing the Native
communities of Buckland, Kiana, Kivalina, Kobuk, Kotzebue, Noatak, Noorvik, Selawik, and Shungnak.
The tribal governments authorized the Maniilag Association to represent their cooperating agency
interests and responsibilities.

Purpose and Need

The purpose and need for the federal actions covered by this SEIS is to act on permit applications and
new information that Teck submitted to EPA under Clean Water Act (CWA) Section 402 and to the
Corps under CWA Section 404, seeking federal authorization for certain discharges and activities in
connection with ongoing and future mining operations at the Red Dog Mine.

Decisions to Be Made

EPA will make a decision on Teck’s application to reissue the CWA Section 402 National Pollutant
Discharge Elimination System (NPDES) permit for the Red Dog Mine. EPA’s decision will be
documented in a Record of Decision (ROD), which will include the reasons for the decision based on the
analysis presented in this SEIS. The Corps needs to make decisions to issue or deny 404 permits for
placement of fill material in jurisdictional wetlands associated with mining the Aggaluk Deposit and
increasing the height of the tailings impoundment to hold additional tailings and wastewater from the
Aggaluk Deposit.

Supplemental Environmental Impact Statement ES-1
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Figure ES.1 General Project Area
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Figure ES.2 Existing Facilities and Aqqaluk Deposit
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Scoping and Public Involvement

The Notice of Intent (NOI) to prepare the SEIS for the Red Dog Mine Aqgaluk Project was published in
the Federal Register on August 31, 2007. 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. Scoping is a process
intended to assist EPA and the cooperating agencies in identifying areas and issues of concern associated
with the proposed Aggaluk Project, and is designed to ensure that all significant issues are fully addressed
during the course of the SEIS process. Scoping meetings were held on October 2 through October 5,
2007, in Anchorage, Kotzebue, Noatak, and Kivalina. Throughout the scoping process, EPA collected
comments 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 October 15, 2007.

EPA published a notice of availability for the Red Dog Mine Extension Aqgaluk Project Draft SEIS on
December 5, 2008 and simultaneously delivered the draft SEIS to parties that had expressed interest in
receiving a copy. Post cards were also mailed to all parties who had expressed interest in the project or
submitted scoping comments, and all post office box holders in Noatak and Kivalina. The post card noted
that the draft SEIS was available for viewing on the project website and offered paper or digital versions
on request. EPA and the cooperating agencies hosted public meetings to solicit comments on the draft
SEIS in Kivalina on January 12, 2009, Noatak on January 13, 2009, Kotzebue on January 14, 2009 and
Anchorage on January 15, 2009. Public comments and EPA’s responses are presented in Appendix H. As
noted in the comment responses, some comments resulted in changes to the text in the final SEIS
although EPA does not consider any of the changes substantive.

Significant Issues
The following significant issues of public concern were identified by EPA for developing this SEIS.

Issue 1: Discharges from the mine during operations and after closure can affect water quality
downstream in Red Dog Creek, Ikalukrok Creek, and the Wulik River. These effects could cause adverse
impacts on aquatic life and the drinking water supply for the village of Kivalina.

Issue 2: The water management system must have adequate storage capacity during operations and
closure under all climatic conditions, including potential long-term changes in permafrost. Water storage
requirements could have impacts on geotechnical stability of the main tailings dam and ground and
surface water resources.

Issue 3: Metals have been carried in dust from the Red Dog Mine, DMTS, and the port onto adjacent
lands, including property within the Cape Krusenstern National Monument. These metals have the
potential to affect vegetation, wildlife, water quality (i.e., aquatic habitat), fish, and people.

Issue 4: Mining operations may be affecting subsistence users in the Northwest Arctic Borough, who
have expressed concerns about the availability and quality of subsistence resources (such as caribou, fish,
beluga, waterfowl, seal, walrus, bowhead whale, and berries).

2.0 Alternatives

Significant issues derived from the scoping process shaped the content of the alternatives and the
comparison among the Applicant’s proposed action, no action alternative, and other “action” alternatives.
Each alternative is made up of a number of components related to wastewater management, closure,
concentrate transport, etc.

The issues drove the development of individual components in a number of ways. Wastewater
management components, including a pipeline to the Chukchi Sea, are considered because of concerns
with the quality of the effluent being discharged into Red Dog Creek and concerns with the tailing
impoundment water balance. Long-term stability of engineered structures and water quality issues led to
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the inclusion of different closure options. Concerns about the effect of the operation on subsistence
resources and contamination of areas surrounding the DMTS resulted in a consideration of changes in
operations during caribou and beluga whale migrations as well as the use of a pipeline (in lieu of haul
trucks along the DMTS road) to transport slurried concentrate. The use of a concentrate pipeline and truck
washes are also included as alternative components to address concerns about fugitive dust.

Alternative A - No Action Alternative

The no action alternative represents no reissued NPDES permit for the Red Dog Mine and no new Section
404 permits associated with development of the Aggaluk Project. The no action alternative includes
continued mining in the Main Pit until the projected closure date of 2012 but does not include
development of the Aqgaluk Project. The facility would continue to operate under the 1998 NPDES
permit. In order to meet the total dissolved solids (TDS) wastewater discharge limitations in the 1998
permit, the wastewater treatment system would need to be modified to include pre-treatment followed by
reverse osmosis. The discharge would continue to be to Red Dog Creek. The site would be reclaimed
beginning in 2012 and the closure plan put in place.

At mine closure, a shallow (two-foot) layer of water would be maintained over the tailings. Seepage from
the waste rock dump and tailings impoundment would be pumped to the Main Pit. Water in both the Main
Pit and tailings impoundment would be treated and discharged to Red Dog Creek. Wastewater treatment
processes would need to continue in perpetuity with discharges of approximately 1.5 billion gallons
annually to Red Dog Creek, similar to the existing discharge volume.

Alternative B - Applicant’s Proposed Action

The proposed action alternative includes reissuing the Red Dog Mine NPDES permit and issuing a
Section 404 permit for fill placement associated with development of the Aggaluk Project. Stripping of
waste material overlying the Aggaluk Deposit would begin in 2010. Mining operations in the Main Pit
would be completed while developing the initial stages of the Aqgaluk Deposit. After the Main Deposit
was mined out, waste rock removed from the Agqgaluk Deposit would be placed in the Main Pit. Ore from
the Aggaluk Deposit would be processed in the existing mill and tailings would be disposed in the
existing impoundment. The height of the tailings impoundment would be raised 16 feet to accommodate
the additional tailings. Wastewater from the tailings impoundment would be treated via the existing high
density sludge process to reduce metals concentrations with additional treatment (e.g., barium hydroxide
precipitation), as necessary, to reduce TDS levels in the discharge. The wastewater discharge location
would remain in Red Dog Creek. All other activities would continue to occur consistent with current
operations for the life of the operation with final closure occurring in 2031.

At mine closure, the tailings impoundment would be managed to keep a shallow layer of water over the
tailings. Seepage from mine facilities including waste rock dump and tailings impoundment would be
pumped to the Aggaluk Pit and water in both the Aggaluk Pit and tailings impoundment would be treated
and discharged to Red Dog Creek. Wastewater treatment processes would need to continue in perpetuity.

Alternative C - Concentrate and Wastewater Pipelines

Under Alternative C, mining operations would be the same as Alternative B. However, instead of using
haul trucks, zinc and lead concentrates would be transported from the mill to the port through a 52-mile
slurry pipeline. Filter presses at the port would separate the concentrate from wastewater. The
concentrates would continue to be stored at the port site. Concentrate wastewater would be treated via
lime precipitation to reduce metals concentrations. Wastewater from the tailings impoundment water
treatment facility would also be transported to the port site via a pipeline. The treated concentrate and
tailings wastewaters would be combined at the port site and discharged to the Chukchi Sea. Alternative C
also includes a third pipeline to carry diesel fuel from the port to the mine. All pipelines would be buried
in a berm built adjacent to the DMTS.

Supplemental Environmental Impact Statement ES-5
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The filter plant and diesel pump would require approximately three megawatts of additional power. While
additional generators would need to be installed, the increased energy demand would be supplemented
with installation of a 100 kilowatt (kW) wind turbine.

The closure scenario is different from Alternative B and is designed to minimize long-term wastewater
treatment needs. Closure would include regrading the waste rock dump to a 5:1 slope with excess material
moved back into the Aggaluk Pit beginning in 2031. A synthetic liner would be installed over the dump to
minimize long-term seepage. Water remaining over the tailings would be drawn down and a dry cover,
including a synthetic liner, would be placed over the tailings. All pipelines would be removed, at closure,
including the wastewater discharge to the Chukchi Sea. Wastewater would still be generated after closure
that would be treated in perpetuity and discharged into Red Dog Creek.

Alternative D - Wastewater Pipeline and Additional Measures

Alternative D would include some components from alternatives B and C. Alternative D includes one
pipeline; a wastewater pipeline that would transport treated wastewater from the tailings impoundment to
the Chukchi Sea (instead of Red Dog Creek). Haul trucks would carry concentrates from the mine to the
port, per current operations, although year-round vehicle washes would be added at each end of the road
to reduce fugitive dust. To address subsistence concerns, the DMTS road would be closed in the fall
during the caribou migration and the port site would be opened in summer after the June migration of
beluga whales.

Reclamation and closure of the mine facilities would be the same as described in Alternative B. However,
rather than discharging treated wastewater to Red Dog Creek, as would occur under Alternative B, the
wastewater pipeline and discharge to the Chukchi Sea under Alternative D would remain for as long as
the need for water treatment remained.

Environmentally Preferable and Preferred Alternatives

NEPA requires the lead federal agency to identify both an Environmentally Preferable Alternative and a
Preferred Alternative. Based on the results of the SEIS impact analysis, EPA identified the
Environmentally Preferable Alternative as Alternative C, except for the mine closure component. Under
Alternative C, the concentrate pipeline would eliminate concentrate truck traffic on the DMTS and,
therefore, reduce fugitive dust emissions and future effects on soils, vegetation, and wetlands along the
DMTS. Elimination of concentrate truck traffic could also reduce effects on caribou movement and
Kivalina’s subsistence harvest of caribou. It would also reduce the potential for caribou mortality as well
as risk to ptarmigan and small mammals. Moving the wastewater discharge from Red Dog Creek to the
Chukchi Sea will allow Teck to discharge more wastewater and better maintain the site-wide water
balance. EPA has determined that the environmental benefits associated with Alternative C outweigh the
impacts on wetlands from construction of the pipeline bench and the potential affects on aquatic life in
Main Stem Red Dog Creek associated with loss of the dilution provided by the treated discharge.
Although aquatic life would be impacted in Red Dog Creek, impacts are not expected to occur
downstream in Ikalukrok Creek or the Wulik River.

The determination of the Preferred Alternative takes into account other factors beyond environmental
impacts, including an agency’s statutory mission and responsibilities. In this case, EPA’s responsibility is
to approve or deny Teck’s application for reissuance of its NPDES permit for the discharge to Red Dog
Creek. EPA has determined that Teck can meet the draft NPDES permit limits under Alternative B for the
Red Dog Creek outfall, therefore Alternative B is EPA’s Preferred Alternative. EPA does not have the
authority to require construction of the concentrate or wastewater pipelines include in Alternative C.

A number of mitigation and monitoring measures were identified in the SEIS analysis. These measures
and a summary of whether/how they can be implemented by EPA and the cooperating agencies is
included in Chapter 2 of the SEIS.
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3.0 Affected Environment and Environmental Consequences

Chapter 3 of the Draft SEIS describes the pre-mining environment, current (baseline) condition, and
environmental consequences for each resource considered in the analysis. The description of the pre-
mining environment generally summarizes information presented in the 1984 EIS. Since the mine has
been in operations for 20 years, the baseline conditions include impacts that have occurred as a result of
existing operations in comparison to the effects that were projected in the 1984 EIS. The environmental
consequences sections consider the future impacts that would occur for each of the alternatives based on
current conditions. A summary of the environmental effects for each resource area predicted for the
proposed action and alternatives is presented in Table ES-1.

Supplemental Environmental Impact Statement ES-7
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Table ES-1 Summary of Potential Impacts of Each Alternative by Resource

Resource Impact Alternative A Alternative B Alternative C Alternative D
Air quality Stack and fugitive |Higher stack emissions due |Stack emissions comply Same stack emissions as Same stack emissions as
emissions to 10MW generator for with all Federal and State | Alternative B. Alternative B.
reverse 0Smosis system; will |air quality standards. Fugitive dust emissions Fugitive dust emissions
continue to be required after Fugitive dust emissions associated with DMTS road associated with DMTS road
closure. along DMTS road continue |traffic largely eliminated by greater than Alternative C
Duration of fugitive at current levels through pipeline construction. but less than Alternative B.
emissions minimized after 2031, unless controls Additional fugitive dust
end of mining in 2011. impleme.nlted through the emissions associated with the
draft fugitive dust risk dry cover over the tailings
management plan. Elevated impoundment and cover
metals levels in soils extend material stockpiles
>50 miles.
Geochemistry Acid rock Acid drainage will continue |Same as Alternative A for | Dry closure of waste rock and |Same as Alternative A for

drainage and
metal loadings

during operations. After
closure, wet cover over
tailings should minimize acid
generation potential and
could lead to reduced
wastewater treatment
requirements over long term.

acid generation potential
although a larger volume of
source material.

Metals loadings from
fugitive dust emissions
continue through 2031 with
increased metals
concentrations in downwind
soils and plants.

tailings impoundment would
reduce flow volumes requiring
treatment but acid generation
expected over long term.

Metals loadings to soils and
plants from fugitive dust
emissions along DMTS road
greatly reduced.

acid generation.

Metals loadings from
fugitive dust emissions
along DMTS road reduced
more than Alternative B, but
less than alternatives A and
C.

Geotechnical
stability

Probability of
failure

Risk of failure of tailings dam
low. However, long-term
concerns due to the level of
the phreatic surface and
dam design below proposed
safety factor. ADNR will
implement mitigation
measures during final dam
design to remedy concerns
and ensure long-term
stability. Stability of waste
rock pile also ensured
through permitting and
ongoing oversight by ADNR.

Same as Alternative A.

Same as Alternative A.

Same as Alternative A.

Alewiwns aAlInNoax3y
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Resource

Impact

Alternative A

Alternative B

Alternative C

Alternative D

Water Resources
— Surface Water

Stream flow

No changes from current
conditions.

Stream flow in Red Dog
Creek may be slightly
greater than current
conditions since additional
wastewater can be
discharged during times
when barium hydroxide is
used to lower TDS in the
effluent and increase
discharge rates.

Changing to marine discharge
reduces stream flow in Main
Stem Red Dog Creek by 18 to
38 percent during operations.
In Ikalukrok Creek average
flows would be reduced by less
than 5 percent below the
confluence with Red Dog
Creek.

Same as Alternative C
except stream flow
reductions continue after
closure.

Water Quality

TDS levels in Main Stem
Red Dog Creek reduced to

below 170 mg/L. Lower TDS

levels in lkalukrok Creek.

No change at Kivalina water
supply intake; meets drinking

water standards.

For metals and cyanide; no
change from current
conditions.

No change from current
conditions for metals,
cyanide, and TDS

Kivalina water supply intake
meets drinking water
standards.

For DMTS streams, no
water quality impacts
identified, although
additional monitoring is
warranted.

Change to marine discharge
during operations will decrease
TDS concentrations to below
water quality standard levels in
Red Dog Creek. Lower TDS
levels in Ikalukrok Creek.

No detectable change in metals
or TDS concentrations at
Kivalina's water supply.

Metals levels in Main Stem Red
Dog Creek, which are already
above aquatic life standards,
will increase, although levels
will be lower than pre-mining
conditions. Small (less than 10
feet) marine mixing zone
around the Chukchi Sea
discharge. After closure, same
as Alternative B.

Reduced risk of metal loadings
to DMTS streams from dust as
compared to other alternatives.

Same as Alternative C
during operations; effects
continue after closure.

Risk of metals loadings from
dust along DMTS lower than
Alternative B but higher than
Alternative C.

Spills

Spill risk associated with
vehicle transport greater

than Alternative C but lower

than alternatives B and D
considering the shorter
duration of operations.

Similar to Alternative A,
except longer duration of
risk.

Lower risk of a truck transport
related spill with pipeline.
However, a pipeline rupture
could have impacts, depending
upon location and duration.

Similar to Alternative B.
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Resource Impact Alternative A Alternative B Alternative C Alternative D
Water Reverse osmosis treatment |Continued use of existing Continued use of existing water | Same as Alternative C
Management system needed until closure |[water management and management system and during operations with
and in perpetuity to meet treatment systems with treatment of tailings pipeline to ocean; pipeline
TDS limits. addition of enhanced impoundment wastewater, maintained after closure.
At closure, tailings treat'm.ent. (barium except the wastewatgr would Closure plan for.
impoundment and Main Pit precipitation) t_o re_duce TDS |be plped to t_he port site, impoundment, p|t§ and
used for water management. levels and maintain water |combined with treated waste rock_stockplles same
Water discharge would balance, as needed. cpncentrate wastewater a_nd as Alternative B.
continue in perpetuity. Wet closure involves water |discharged to the Chukchi Sea.
management in the Aqqaluk A new treatment _plant would be
Pit and tailings built at the port site for
impoundment. Water quality treatment of concentrate
in tailings impoundment wastewater.
expected to improve over  |After dry closure of the tailings
the long term although impoundment, the wastewater
perpetual treatment and pipeline would be removed with
discharge still expected. contaminated water managed
in the Aqgaluk Pit. Reduced
volume of water (compared to
other alternatives) would
require treatment in perpetuity.
Water Resources |Groundwater Limited and localized Similar to Alternative A, Same as Alternative B, Same as Alternative B.
-Groundwater hydrology and impacts on ground water, except Main Pit backfilled |although permafrost could be
quality including loss of permafrost. |and pit lake forms in restored more quickly under
Pit lake created in Main Pit. |Aqqaluk Pit. tailings impoundment (with dry
closure).
Vegetation Acres of 28 acres of new disturbance [406.5 acres of hew Similar to Alternative B with Similar to Alternative C,

Disturbance

associated with the
expansion of the waste rock
dump and roads/ditches.
Reclamation begins in 2011,
including revegetation where
practicable.

disturbance associated with
developing Aqgaluk Deposit
including tailings
impoundment expansion
and new roads/ditches.
Closure in 2031, although
ongoing reclamation of
main waste rock dump
when backfilling begins.

145 acres of additional
disturbance associated with

pipeline bench, reclaimed after

closure. Stockpiles for the
tailings impoundment cover
material would affect 80 acres
until reclamation was
completed.

except for pipeline bench
remains after closure.

No additional stockpiles
would be required for
reclamation.

Dust impacts

Fugitive dust emissions and
vegetation impacts, primarily
to mosses and lichens,
would continue at current
levels through 2011.

At mine site, additional dust
impacts (changes in
species composition/cover)
from Aggaluk Pit
development. Along DMTS

Same as Alternative B at mine
site. Along DMTS road, fugitive

emissions greatly reduced by
concentrate pipeline. Future
metals loadings lowered but

Similar to Alternative B
except some reductions in
fugitive emissions and metal
loadings along DMTS road
resulting from truck washes.
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Resource Impact Alternative A Alternative B Alternative C Alternative D
road, emissions and effects |effects on previously impacted
continue through 2031. vegetation uncertain.

Wetlands Acres and Types |No impacts beyond currently |Additional 144.9 acres Same as Alternative B at mine |Same as Alternative B at
Disturbed permitted levels. disturbed at mine site. No |site. 125.5 acres of additional |mine site. Same as
additional impacts along wetlands disturbed by pipeline |Alternative C along DMTS
DMTS road. Loss of bench — function may already |road except pipeline bench
function and value minor at |be affected by fugitive dust. remains after closure.
regional level. Some level of function would
be recovered after closure.

Wildlife Impacts No impacts beyond current |Similar in magnitude to Lower risk to ptarmigan and Risk to ptarmigans and
levels, some risk from dust | Alternative A except longer |small mammals from reduced |small mammals from
emissions to ptarmigan and |duration of operational dust emissions as compared to |fugitive dust emissions
small mammals. Localized |impacts. alternatives B and D. Reduced |lower than Alternative B but
impacts on beluga whale caribou mortality as compared |higher than Alternative C.
movements and caribou to alternatives B and D due to  |Impacts on caribou
migration. elimination of truck traffic as migration and beluga whale

well as less impact on caribou | movement reduced by road
migration. closure and delayed port
Localized impacts to beluga ~ [OPening. Caribou migration
due to port activities similar to  |Impact lower than
Alternative B. Alternative B, but not as low
) . as Alternative C. Beluga

No impacts to marine movement impact lower
mammals from wastewater then other action
discharge. alternatives.

No impacts to marine

mammals from wastewater

discharge.

Aquatic Freshwater No change from current Same as Alternative A. The |Removal of discharge from Same as Alternative C

Resources conditions. Lowered TDS difference in TDS levels Red Dog Creek would result in |except impacts to Red Dog

levels in the discharge will
not have an affect on aquatic
life. Metals concentrations
and arctic grayling spawning
in Red Dog Creek are
improved compared to pre-
mining conditions.

Based on current data, no
change from current
conditions in streams along
DMTS road, although
additional monitoring is

between alternatives would
not result in effects on
aquatic life downstream.
Metals concentrations and
arctic grayling spawning in
Red Dog Creek are
improved compared to pre-
mining conditions.

Based on current data, no
change from current
conditions in streams along
DMTS road, although

impacts to aquatic life during
operations because of

increased metal concentrations
and reduced flow. Water quality

will be better than pre-mining
conditions but worse than
current conditions (except for
reduction in TDS levels). No
changes in Ikalukrok Creek or
Waulik River.

No impacts on DMTS road

observed in fish monitoring, but

Creek from the loss of
dilution from the outfall
would continue after
closure.

Impacts on aquatic life in
DMTS streams similar to
Alternative B although less
risk of exposure to
concentrate within fugitive
dust.
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Resource

Impact

Alternative A

Alternative B

Alternative C

Alternative D

warranted.

additional monitoring is
warranted.

sporadic tissue concentrations
above effects levels warrant
future monitoring. Any future
impacts due to truck traffic less
under Alternative C than other
alternatives.

Marine

No discharges from mining
operations and no impacts
beyond current conditions.

Same as Alternative A.

Short-term, adverse impacts on
algae, invertebrates, and fish
during pipeline construction
and removal. Construction
should be timed to avoid fish
migration periods (through
Corps’ Section 10 permit).

Because of limited mixing zone
size (10 feet around outfall)
and discharge would meet
marine water quality standards
at edge of mixing zone; no
impacts from marine discharge.

Same as Alternative C.

Land Use and
Recreation

Land Use

Site reclamation begins in
2011.

Site reclamation begins in

2031.

Similar to Alternative B.

Similar to Alternative B.

Recreation

No direct impacts on
recreational use because of
limited access to site. Some
visual impacts to hikers and
recreationists flying over site
on way to destinations.

Similar to Alternative A
although development of
the Aqqgaluk Pit would result
in additional disturbance.

Similar to Alternative B,
although pipeline bench could
slightly increase visual effects.

Similar to Alternative C.
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Resource

Impact

Alternative A

Alternative B

Alternative C

Alternative D

Health

Public Health

Existing operations affect
presence of caribou and
beluga whale in vicinity of
Kivalina with some reduction
in harvest levels. Harvest
change could affect diet and
health; therefore, a diet
survey is recommended.

Adverse impacts related to
employment and income
could occur with mine
closure in 2011. Some
benefits from reduced
impacts on subsistence, less
employee separation, and
potential for reduced spread
of infectious disease. Effects
of contaminant exposure are
limited under all alternatives.

Allows for continued mining
through 2031 and
associated economic and
employment benefits with
more time to plan for
eventual mine closure.

Continued effects of dust
emissions on some
subsistence resources to
users in Kivalina. Mine
activities have similar effect
on subsistence in Kivalina
as under current conditions
but extend through 2031.

Similar to Alternative B, except
subsistence impacts are
reduced by lower dust
emissions and elimination of
concentrate truck traffic (less
displacement of caribou).

Similar to Alternative C,
although less reduction in
dust emissions, subsistence
benefits associated with
road closure during caribou
migration and delayed port
opening during whale
movement.

Industrial Health

Current accident rates and
worker exposure would
continue through 2011. Teck
would continue to implement
and refine, as necessary, its
health and safety program to
prevent exposure and
monitor worker health.

Current accident rates and
worker exposure would
continue through 2031.
Teck would continue to
implement and refine, as
necessary, its health and
safety program to prevent
exposure and monitor
worker health.

Similar to Alternative B, except
reduced exposure to the
contaminants in dust from
workers associated with
concentrate transport (minor
effect).

Similar to Alternative B.

Subsistence

Land Mammals

Mine has not caused effects
on overall caribou migration
patterns, but localized
changes primarily from mine
activities (including the
DMTS road) have occurred
and subsistence harvest has
decreased. Such impacts
should be greatly decreased
after closure with traffic
reductions. Effects mitigated
by management practices to
stop traffic when large-scale
caribou herd movement has

Similar in magnitude to
Alternative A, except
operational impacts would
continue through 2031.

Construction of the concentrate
pipelines would substantially
reduce truck traffic and thereby
lessen impacts on caribou and
subsistence harvest in terms of
displacement.

Closure of the road during
the caribou migration may
lessen impacts (though not
as much as Alternative C)
on subsistence by reducing
localized displacement of
caribou.

Arewuwins aAinoax3



¥1-S3

198l01d Mnpebby — uoisuaix3 auln Boqg pay

Resource Impact Alternative A Alternative B Alternative C Alternative D
right-of-way.

Marine Mammals |Localized displacement of Similar in magnitude to Similar to Alternative B in terms | Impacts to whale movement
beluga whales at port site Alternative A except of port site activity displacing and subsistence reduced by
could be contributing to operational impacts beluga whales. closing the port during the
red_l(ched haltrvests bfy Kivalina | continue through 2031. Impacts from construction of annua! June beluga whale
residents. rlr:jpgctsl_ro_m po(;t the discharge pipeline outfall migration.
a?tthlt)I/ would be € Iminate could be minimized by timing  |Impacts related to
after closure in 2011. restrictions. Discharge should |construction of marine

not affect marine mammals. outfall is the same as
Alternative C.

Fugitive Dust No actual risk identified but |Same as Alternative A in Reduced fugitive emissions, Less dust emissions than
perceived contamination of |magnitude except fugitive |since traffic would be alternatives A and B, but
berries leading to changes in |emissions continue through |eliminated due to concentrate |more than Alternative C.
use areas and reduced 2031. pipeline, could lead to increase |Effects on subsistence
harvest from pre-mining in berry harvest and less uncertain.
conditions. concern about dust

contamination of other
resources.
Cultural Effects on historic |At mine site, up to 17 sites  |Development of Aqgaluk Pit | Similar to Alternative B. Similar to Alternative B.
Resources properties have been affected by could impact 2 additional
existing activities or will be  |sites, direct and indirect
affected by additional effects mitigated by
operations through 2011. No ||ntegrated Plan.
sites identified along DMTS
road. All effects mitigated by
Integrated Plan for the
Management of
Cultural Resources in
the Red Mine Project
Areas, 2006 (Integrated
Plan).
Transportation Traffic Marine and DMTS road Same traffic levels as Traffic along DMTS road Same as Alternative B

traffic continues at current
levels through 2011.

Alternative A except
operational impacts extend
through 2031.

greatly reduced by concentrate

pipeline (36 fewer round trips

per day by concentrate trucks).

Number of diesel fuel trucks
also reduced. Traffic greatly
reduced compared to
alternatives B and C.

except reduced fugitive
emissions from truck traffic.

Also, although same
number of trips, traffic
frequency per month differs
from Alternative B due to
road closure during caribou
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CHAPTER 1 PURPOSE AND NEED FOR THE
PROPOSED ACTION

1.1 Background

The Red Dog Mine is an open pit zinc and lead mine, located in northwestern Alaska, approximately 46
miles inland from the coast of the Chukchi Sea, and 82 miles north of Kotzebue (Figure 1.1). The mine is
situated in the DeLong Mountains of the Western Brooks Range, near Middle Fork Red Dog Creek. The
mine is on private land owned by the NANA Regional Corporation (NANA), while some of the support
facilities for the mine are located on U.S. Department of the Interior National Park Service (NPS), State
of Alaska, and NANA lands. Teck Alaska Incorporated (Teck) operates the mine under a 1982 Operating
Agreement with NANA, and has been mining and processing ore from the Red Dog Mine Main Deposit
since 1989.

The U.S. Environmental Protection Agency (EPA) and the U.S. Department of the Interior developed an
environmental impact statement (EIS) for the Red Dog Mine in 1984. The Red Dog Mine Main Deposit is
expected to be depleted between 2011 and 2012. Teck proposes to begin mining the Aggaluk Deposit,
which is adjacent to the Main Deposit, by 2010, to ensure continuing operations through 2031. This
supplemental EIS (SEIS) supplements the 1984 EIS in evaluating the environmental effects associated
with development of the Aggaluk Deposit while considering the effects of activities that have occurred
since the 1984 EIS was finalized. The Red Dog Mine Extension Aggaluk Project (Aggaluk Project)
encompasses the activities required to develop and mine the Aggaluk Deposit (Figure 1.2).

The Red Dog Mine currently consists of an open pit mine, a mill for processing ore, a tailings
impoundment, waste rock storage areas, and support facilities. The processed ore is transported from the
mine facilities via the 52-mile DeLong Mountain Regional Transportation System (DMTS) road to the
DMTS port facility located on the Chukchi Sea. From the port facility, the ore concentrates are shipped to
markets in North America, Europe, and Asia. The DMTS road and port facility are both owned by the
Alaska Industrial Development and Export Authority (AIDEA). Congress granted to NANA, a 100-year
easement through Cape Krusenstern National Monument to make land available for the DMTS to be
sufficient to secure financing to construct, operate, maintain, and expand the transportation system by the
State of Alaska and the AIDEA (Public law 99-96 of September 25, 1985 [Statute 460]).

Prior to mine development, in the early 1980s, Teck first submitted an application to EPA for a Clean
Water Act (CWA) Section 402 National Pollutant Discharge Elimination System (NPDES) permit for the
discharge of mining related wastewater to Middle Fork Red Dog Creek. The Red Dog Mine was
considered a new source in accordance with CWA Section 306 and Title 40 of the Code of Federal
Regulations (CFR), Section 122.2. EPA and the U.S. Department of Interior prepared an EIS on the
potential environmental impacts of the proposed operation in compliance with the National
Environmental Policy Act (NEPA) and the Council on Environmental Quality’s and EPA’s implementing
regulations (43 U.S.C. § 4321, et seq., 40 CFR 88 1500-1508, and 40 CFR 8§ 6). The final EIS was issued
in 1984, and EPA issued the first NPDES permit in 1985.

The original NPDES permit expired in 1990, and was reissued with revisions on August 28, 1998. This
permit was subsequently modified on July 17, 2003. The NPDES permit was again reissued on March 7,
2007. Prior to each permit reissuance and modification, EPA, in compliance with NEPA, prepared an
environmental assessment (EA) that evaluated the potential impacts of the permit action, and each
resulted in a Finding of No Significant Impact (FONSI). Following appeals of the 2003 and 2007 permit
actions to EPA’s Environmental Appeals Board, EPA withdrew the 2007 NPDES permit on September
27, 2007, to revise the NEPA analysis associated with that permit. As a result of the appeals, the permit
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actions did not take effect and Teck has in the meantime been discharging under the conditions of the
1998 NPDES permit, which has been administratively extended.

On April 16, 2007, Teck submitted an environmental information document (EID) to EPA, in support of a
request to modify the NPDES permit for the Red Dog Mine to include the Aggaluk Project. Teck
submitted a formal modification request on May 4, 2007. On March 15, 2008, Teck withdrew the permit
modification submissions and requested that EPA consider the Aggaluk Project EID an addendum to
Teck’s earlier (February 23, 2003) permit reissuance application. EPA will make a decision on Teck’s
pending permit application for the Red Dog Mine, including the Aggaluk Project.

In a letter dated April 18, 2008, Teck requested EPA approval for a plan to use barium hydroxide either
alone or in conjunction with their existing water treatment system to reduce total dissolved solids (TDS)
in the discharge. Teck proposed to use the barium hydroxide treatment for selected seasons or portions of
discharge seasons as necessary to achieve discharge needs. EPA subsequently approved Teck’s proposal
to implement the barium hydroxide treatment process.

The proposed Aqgaluk Project (project) includes new impacts on wetland areas, and therefore would
require modification of the facility’s existing permit or issuance of new permits by the U.S. Army Corps
of Engineers (Corps) under CWA Section 404. The existing Section 404 permit was originally issued in
November 1985 and has been modified numerous times since. If the project would require work below
the high tide line in the Chukchi Sea, the Corps would also need to issue a Rivers and Harbors Act
Section 10 permit. The Corps is participating as a cooperating agency for this SEIS.

On May 17, 2007, EPA entered into a Memorandum of Understanding (MOU) with Teck that sets out the
terms of cooperation between Teck and EPA in the development of this SEIS. The MOU sets forth the
third-party arrangement whereby EPA directs the preparation of this Aggaluk Project SEIS by a third-
party contractor while the contractor fees are paid by Teck. EPA selected Tetra Tech as the third-party
contractor.

In addition to the Corps, other cooperating agencies participating in the SEIS process include NPS, the
State of Alaska (Department of Natural Resources [ADNR] as lead for the State), the Northwest Arctic
Borough (NWAB), and the tribal governments representing the Native communities of Buckland, Kiana,
Kivalina, Kobuk, Kotzebue, Noatak, Noorvik, Selawik, and Shungnak. The tribal governments authorized
the Maniilagq Association to represent their cooperating agency interests and responsibilities. An MOU
outlining the roles and responsibilities of the lead and cooperating agencies was finalized in September
2007.

On October 23, 2008, Teck entered into a Consent Decree (CD) in Alaska District Court with individuals
that had filed a CWA complaint against Teck for numerous violations of the Red Dog Mine NPDES
permit. The CD settles the plaintiff’s claims and requires, among other conditions, that Teck construct and
operate a pipeline to carry Red Dog Mine effluent from the mine site through the DMTS corridor right-of-
way to an outfall to be constructed in the Chukchi Sea at or near the DMTS port facility. The CD includes
conditions whereby Teck may elect not to proceed with the pipeline. The schedule attached to the CD
indicates that Teck will submit an NPDES application for the Chukchi Sea outfall after this SEIS is
completed and the Red Dog Mine NPDES permit is reissued and in effect. Because Teck has not yet
applied for the wastewater discharge pipeline and Chukchi Sea outfall, the wastewater discharge pipeline
is not the proposed action in this SEIS. The wastewater pipeline is, however, evaluated as a component of
two alternatives in this SEIS. Additional NEPA analysis of the pipeline may be needed in the future.
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The purpose and need for the federal actions covered by this SEIS is to act on permit applications and
new information (the EID) that Teck submitted under CWA sections 402 and 404. These applications
seek federal authorization for certain discharges and activities in connection with ongoing and future
mining operations at the Red Dog Mine. In acting on these applications, EPA and the Corps need to take
into account new information about mining operations, including the proposed Aggaluk Project, and its
effects on the environment, which neither EPA nor the Corps had considered in prior actions.

As discussed in Section 1.1, the Red Dog Mine is defined as a new source by the NPDES regulations, and
NPDES permit reissuance is subject to compliance with NEPA. EPA has determined that its permit
decision is a major federal action with the potential to significantly affect the quality of the human
environment. Therefore, EPA, as the lead federal agency, is preparing this SEIS to analyze the impacts of
reissuing the NPDES permit for the Red Dog Mine, including development of the Aqgaluk Project, and
reasonable alternatives. This SEIS supplements the 1984 EIS, and also evaluates new circumstances and
information relevant to environmental concerns that have arisen since the 1984 EIS.

1.3 Decisions to Be Made

EPA will make a decision on Teck’s application to reissue the NPDES permit for the Red Dog Mine. The
currently effective permit was issued in 1998. In reissuing the permit, EPA will consider updated permit
conditions based on new information and analysis about the mine’s wastewater discharges and
environmental effects, and also will determine whether the Aqgaluk Project warrants any new or different
permit conditions. The 1998 permit and EA did not take into consideration development and mining of
the Aqgaluk Deposit. The EPA Region 10 Administrator, or as delegated to the Director of EPA’s Office
of Water and Watersheds, is the responsible official for deciding whether to select the no action
alternative, the proposed action, or another alternative for implementation. The Administrator’s decision
will be documented in a Record of Decision, which will include the reasons for the decision based on the
analysis presented in this SEIS.

The Corps needs to make decisions to issue or deny Section 404 permits for placement of fill material in
jurisdictional wetlands associated with mining the Aggaluk Deposit and for increasing the height of the
tailings impoundment dam to hold additional tailings and wastewater from processing the Aqgaluk ore.
The Section 404 permit application to develop the Aggaluk Pit has been submitted to the Corps. The
permit to further raise the tailings dam would not be necessary until approximately 2016; therefore, an
application for that action would be submitted at some point in the future. The Corps would need to make
a decision to issue or deny a Rivers and Harbor Act Section 10 permit for any work or structures in or
over navigable waters of the U.S. The Corps official with responsibility for making these decisions is the
District Engineer. The District Engineer will decide whether to issue permits under Rivers and Harbors
Act Section 10 and CWA Section 404. As a cooperating agency, the Corps participated in identification
of alternatives and development of the SEIS. The Corps’ decision whether to issue the 404 permit for fill
deposition from the Aqgaluk Deposit will be based upon the analysis in the SEIS. The Corps may also use
this SEIS for its future Section 404 permit decision for fill associated with increasing the tailings dam.

The no action alternative in this SEIS represents no NPDES permit reissuance, which means continuation
of the administratively extended 1998 NPDES permit, and no new Section 404 permits associated with
development of the Aggaluk Deposit. Since the development of the Aqgaluk Project would require new
Section 404 permits, and possibly changes to the NPDES permit as well, the impacts analysis for the no
action alternative assumes no development of the Aggaluk Project. The proposed action represents
development of the Aqgaluk Project as proposed by Teck and reissuance of the Red Dog Mine NPDES
permit and issuance of Section 404 permits for Aqgaluk Project related construction. Other alternatives
consist of project modifications to address significant issues identified during SEIS scoping that also
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include development of the Aqgaluk Deposit. EPA and the Corps will further identify any mitigation
measures and monitoring requirements for this project that would be required through permit conditions.

1.4 Scoping and Public Involvement

The Notice of Intent (NOI) to prepare the SEIS for the Red Dog Mine Aqgaluk Project was published in
the Federal Register on August 31, 2007. The publication of the NOI initiated the scoping process and a
public review and comment period required under NEPA at 40 CFR § 1501.7. The Scoping Document for
the Red Dog Mine Extension — Aggaluk Project Supplemental Environmental Impact Statement was
distributed at the same time. The scoping document was distributed to a mailing list developed in
conjunction with the cooperating agencies and to residences in Noatak and Kivalina with assistance from
the Maniilaq Association. The formal scoping period ended on October 15, 2007.

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

o Provide the public, regional stakeholders, and regulatory agencies with a basic understanding of
the existing Red Dog Mine and proposed Aqgaluk Project;

e 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; and

e Explain where to find additional information about the project.

The scoping document provided a brief background on the Red Dog Mine; discussions on the proposed
action, agency involvement, permits and authorizations, and the scoping process; an SEIS preparation
schedule; and information sources. In addition to the NOI, EPA placed a public notice in the Arctic
Sounder on September 6, 2007, and used email to advertise the scoping meetings. The scoping meetings
included open-house information sessions followed by public hearings. The scoping meetings were held
from October 2 through October 5, 2007, in Anchorage, Kotzebue, Noatak, and Kivalina. The purposes of
the scoping meetings were to listen to and record the public’s comments about the Aggaluk Project and to
respond to the public’s requests for background information needed to fully understand the project
description and proposed scope of the SEIS.

Throughout the scoping process, EPA collected comments from the public; local, state, and federal
agencies; non-governmental organizations; professional and trade organizations; and native corporations
and tribal organizations. Attendance at the public meetings varied, and most, but not all, adults signed in.
The following presents the minimum number of attendees at each of the meetings:

Anchorage 21

Kotzebue 29
Noatak 116
Kivalina 57

The scoping process produced 23 comment submittals in the form of letters, emails, or written comment
forms. Many comment submittals included more than one comment. Oral testimony through the public
hearing process was provided by 18 speakers who identified themselves, and at least one speaker who did
not identify him/herself. The speakers often provided more than one comment. The Tetra Tech
interdisciplinary team worked with EPA to review the comment submittals and transcripts of testimony to
identify and catalog individual comments. A total of 229 comments were identified. EPA released a
document that summarized the nature of the scoping comments received during this process and in which
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part of the draft SEIS the comments will be addressed. The scoping responsiveness summary is available
on the project website (www.reddogseis.com).

EPA published a notice of availability for the Red Dog Mine Extension Aggaluk Project Draft SEIS on
December 5, 2008 and simultaneously delivered the draft SEIS to parties that had expressed interest in
receiving a copy. Post cards were also mailed to all parties on the mailing list, including individuals who
had submitted scoping comments and all post office box holders in Noatak and Kivalina. The post card
noted that the draft SEIS was available for viewing on the project website and offered paper or digital
(compact disk) versions on request. EPA and the cooperating agencies hosted public meetings to solicit
comments on the draft SEIS in Kivalina on January 12, 2009, Noatak on January 13, 2009, Kotzebue on
January 14, 2009 and Anchorage on January 15, 2009. EPA received 585 written comments from 59
commenters representing the general public, industry groups, non-governmental organizations, and other
agencies. Twenty-two commenters at the four public meetings provided an additional 44 comments.
Public comments and EPA’s responses are presented in Appendix H.

1.4.1 Government-to-Government Consultations

Pursuant to Executive Order 13175 (Consultation and Coordination with Indian Tribal Governments),
EPA undertook a concerted effort by contacting the tribal governments (Indian Reorganization Act [IRA]
council and traditional councils) of each Native village in the NWAB to determine if the tribal
governments were interested in engaging in government-to-government consultation and/or participation
as a cooperating agency in developing the SEIS. EPA considered that each of the 11 villages (IRA
council: Buckland, Deering, Kivalina, Kotzebue, Noatak, Noorvik, Selawik, Shugnak; traditional council:
Ambler, Kiana, Kobuk) within the NWAB could potentially be affected by the proposed action. The nine
tribal villages listed in Section 1.1 expressed interest in participating as cooperating agencies.

In addition, the Kivalina IRA council requested government-to-government consultation. EPA, NPS, and
the Corps met with the Kivalina IRA council on October 5, 2007, before the Kivalina public scoping
meeting and on January 12, 2009, before the Kivalina public meeting on the draft SEIS and draft NPDES
permit. Comments received during the scoping meeting were used to develop the significant issues and
alternatives for evaluation in the SEIS. None of the other NWAB villages requested government-to-
government consultation.

Following issuance of the draft SEIS, the Point Hope IRA council requested government-to-government
consultation in a comment letter on the draft SEIS and draft NPDES permit submitted on its behalf by
Trustees for Alaska. EPA responded by letter and email agreeing to a consultation meeting and requested
that the council contact EPA regarding possible meeting dates. In June, EPA was sent an email by the
Point Hope Indian General Assistance Program coordinator requesting EPA’s attendance at a meeting two
days hence. EPA was unable to attend the meeting and requested that EPA and the Point Hope council
work together to set up another date. To date there has been no response to that communication.

1.5 Significant Issues

The scoping process was used to determine the range of actions, alternatives, and impacts that are
considered in this SEIS. Significant issues identified during scoping often present the issues of the
greatest concern or complexity and may involve multiple resource areas. Significant issues may also drive
some or all action alternatives considered in the analysis. After considering scoping comments, public
testimony, and government-to-government consultation, the following significant issues of public concern
were identified by EPA for developing this SEIS.
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Issue 1: Discharges from the mine during operations and after closure can affect water quality
downstream in Red Dog Creek, Ikalukrok Creek, and the Wulik River. These effects could cause adverse
impacts on aquatic life and the drinking water supply for the village of Kivalina.

Issue 2: The water management system must have adequate storage capacity during operations and
closure under all climatic conditions, including potential long-term changes in permafrost. Water storage
requirements could have impacts on geotechnical stability of the main tailings dam and ground and
surface water resources.

Issue 3: Metals have been carried in dust from the Red Dog Mine, DMTS road, and the port onto adjacent
lands, including property within the Cape Krusenstern National Monument. These metals have the
potential to affect vegetation, wildlife, water quality (i.e., aquatic habitat), fish, and people.

Issue 4: Mining operations may be affecting subsistence users in the NWAB, who have expressed
concerns about the availability and quality of subsistence resources (such as caribou, fish, beluga whale,
waterfowl, seal, walrus, bowhead whale, and berries).

1.6 Agency Responsibilities, Approvals, and Compliance

This section describes the primary roles of each agency involved in the Aggaluk Project. The discussion
includes a description of the major permits and authorizations required for the project. It also addresses
applicable environmental laws as they pertain to the responsible agencies and the SEIS process.

1.6.1 Federal Agencies

U.S. Environmental Protection Agency
e Lead NEPA agency

e NEPA compliance for new source NPDES permits

e Issuance of CWA Section 402 (NPDES) permit

o Review of the Corps CWA Section 404 (dredge and fill) permit

e CWA Section 311 oversight (Spill Prevention, Containment, and Countermeasure Plan)

e Coordination with U.S. Fish and Wildlife Service (USFWS) and National Marine Fisheries
Service (NMFS) under the Endangered Species Act (ESA)

¢ National Historic Preservation Act (NHPA) Section 106 Historical and Cultural Resources
Protection

e Coordination with NMFS under the Magnuson-Stevens Fishery Conservation and Management
Act

In accordance with CWA Section 511(c)(1), NPDES permit actions for new sources, including the Red
Dog Mine, may be defined as major federal actions subject to NEPA. Under this authority, EPA
determined that preparation of this SEIS was necessary in order to support reissuance of the NPDES
permit for the Red Dog Mine; this includes evaluating new information and circumstances since the 1984
EIS was issued and evaluating impacts of the Aggaluk Project.

EPA has primary responsibility for implementation of Sections 301, 306, 311, and 402 of the CWA. EPA
shares responsibility for Section 404 with the Corps. Sections 301 and 306 of the CWA require EPA to
establish numeric limits or criteria for discharges of water pollutants. Section 301 specifically requires
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EPA to establish technology-based effluent guidelines for new sources. These guidelines must be met at
the “end of pipe” where the discharge occurs. The new source performance standards applicable to this
facility are described in 40 CFR 8 440.104. In addition, Section 301 requires that all NPDES permits
include effluent limitations protective of water quality.

Section 311 of the CWA establishes requirements relating to discharge or spills of oil or hazardous
substances. EPA requires defined facilities to prepare a Spill Prevention, Containment, and
Countermeasure (SPCC) Plan and/or a Facility Response Plan (FRP)

Section 402 of the CWA established the NPDES program. This program authorizes EPA to permit point
source discharges of pollutants included in wastewater and storm water. Discharges must meet all effluent
limitations, including ensuring compliance with water quality standards.

EPA has authority under CWA Section 404 for reviewing compliance with the Section 404(b)(1)
guidelines, 40 CFR § 230. In addition, under Section 404(c), EPA may prohibit or withdraw the
specification (permitting) of a site upon determination that the use of the site would have an unacceptable
adverse effect on municipal water supplies, shellfish beds, fishery areas, wildlife, or recreational areas.

Section 110 of the Clean Air Act designates the approval authority to EPA for state implementation plans
for air quality. EPA reviews Air Quality Control Permit to Operate applications, including prevention of
significant deterioration requirements.

Section 106 of the NHPA and its implementing regulations (36 CFR 800) require federal agencies to
consider the effects of their undertakings on cultural resources that are eligible for the National Register
of Historic Places and consult with the State Historic Preservation Office (SHPO) regarding the means to
avoid, minimize, or mitigate any impacts. The term “undertaking” includes issuance of federal permits or
other authorizations. The SEIS analyzed the impacts of the Red Dog Mine permit reissuance on historical,
cultural, and archaeological resources. As the lead federal agency, EPA is consulting with SHPO.

The Magnuson-Stevens Fishery Conservation and Management Act requires EPA to consult with NMFS
prior to issuance of an NPDES permit if the permit could impact essential fish habitat (EFH).

In accordance with the ESA, EPA must coordinate and consult with NMFS and USFWS if the NPDES
permit could impact listed threatened and endangered species.

U.S. Army Corps of Engineers
e Participation as a cooperating agency in preparation of the SEIS

o NEPA compliance for Section 404 permit

o Issuance of the CWA Section 404 (dredge and fill) permit
o Rivers and Harbor Act Section 10 permit, if necessary

e Coordination with USFWS and NMFS under the ESA

o National Historic Preservation Act (NHPA) Section 106 Historical and Cultural Resources
Protection

e Coordination with NMFS under the Magnuson-Stevens Fishery Conservation and Management
Act

o Alaska National Interest Lands Conservation Act (ANILCA)
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Because of its NEPA responsibilities, the Corps is a cooperating agency on this SEIS. Section 404 of the
CWA authorizes the Corps 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. To the
degree that they affect waters of the United States, various activities undertaken in connection with
mining operations could require a Section 404 permit (see Appendix A for details on the permitting and
review process). Such activities associated with the Aggaluk Project include placement of fill in
jurisdictional wetlands or other waters of the U.S. associated with stripping of overburden and subsequent
mining, placement of fill to increase the height of the tailings dam, and fill placed for stream diversions
and various construction activities that would be required to support ongoing operations.

The Corps is responsible for determining whether an action complies with the CWA Section 404(b)(1)
guidelines that require the Corps to evaluate alternatives and permit the least environmentally damaging
practicable alternative. A Section 404 permit cannot be issued without such compliance.

Some of the SEIS alternatives entail construction of pipelines that would require Section 404 permits.
Since the pipelines would cross a “conservation system unit” (Cape Krusenstern National Monument), the
Corps would also need to comply with transportation and utility line requirements under ANILCA Title
X1 (discussed in more detail below). In addition, these alternatives may require Section 10 permits under
the Rivers and Harbors Act. Activities requiring Rivers and Harbors Act Section 10 permits include
construction of any structure in or over any navigable water of the U.S., the excavation from or deposition
of material in such waters, or those activities otherwise affecting the course, location, condition, or
capacity of such waters.

Similar to EPA, the Corps needs to comply with Section 106 of the NHPA and consider the effects of it’s
issuance of the Section 404 permit on cultural resources and consult with SHPO. EPA and the Corps are
coordinating efforts, with EPA taking the lead in consultation with SHPO.

The Magnuson-Stevens Fishery Conservation and Management Act requires the Corps to consult with
NMPFS regarding the protection of EFH prior to issuance of a Section 10 or Section 404 permit. In
addition, the ESA requires consultation with NMFS and USFWS if the 404 permit issuance could impact
listed threatened and endangered species.

National Park Service
e Participation as a cooperating agency in preparation of the SEIS

e ANILCA Title XI and Section 810 requirements, if necessary

NPS is participating as a cooperating agency because of area expertise and management responsibility for
the Cape Krusenstern National Monument through which the DMTS road passes. NPS has authority to
monitor effects to the monument along the DMTS road pursuant to P.L. 99-96, Section 34(h)(2), which
states, “... the Secretary of the Interior through NPS ... shall monitor the construction, operation,
maintenance, expansion and reclamation of the transportation system as provided in the (Road)
Agreement.” NPS involvement relates to effects on natural resources (including vegetation and fauna),
cultural resources, and subsistence use within Cape Krusenstern National Monument.

If an alternative involving a pipeline across Cape Krusenstern National Monument were to be selected,
NPS has stated that it would need to receive a formal application for the pipeline under ANILCA Title XI.
Title XI, and its implementing regulations at 43 CFR § 36, establish specific NEPA requirements. NPS
has indicated that should a pipeline alternative be selected, these NEPA requirements would need to be
met under a separate NEPA action with NPS as lead (or co-lead) agency. The Title X1 application would
also require an ANILCA Section 810 evaluation of effects of the pipeline on subsistence resources
including a hearing held in the vicinity of the area involved.
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National Marine Fisheries Service
e Threatened and Endangered Species Consultation under ESA

e Marine Mammal Protection Act

e EFH consultation

EPA must consult with NMFS regarding reissuance of the Red Dog Mine NPDES permit in accordance
with the ESA and the Marine Mammal Protection Act. Likewise, the Corps must consult with NMFS
regarding issuance of its 404 permit. At this time, the polar bear (Ursus maritimus), is the only threatened
and endangered species known to occur at the Red Dog Mine Project site (mine site, DMTS port site, and
DMTS road). While the polar bear is considered a marine mammal, it is managed by USFWS. In addition
to the polar bear, other marine mammals occur in the vicinity of the port; however, most activity by these
species occurs outside the summer shipping season while the port is closed. Therefore, activities at the
port are consistent with Marine Mammal Protection Act requirements which prohibit the “take” of marine
mammals (“take” is defined as “harass, hunt, capture, Kill, or collect, or attempt to harass, hunt, capture,
kill, or collect”). The Magnuson-Stevens Fishery Conservation and Management Act establishes
consultation responsibilities for NMFS for projects that could impact EFH. If any impacts are projected to
any threatened or endangered marine species, marine mammals, or EFH, specific design measures must
be developed to protect the affected species.

U.S. Fish and Wildlife Service
e Threatened and Endangered Species Consultation under ESA

EPA and the Corps must consult with USFWS regarding any threatened or endangered species under
USFWS jurisdiction that might be impacted by reissuance of the Red Dog Mine NPDES permit or
issuance of a 404 permit. If any impacts are projected, specific design measures must be developed to
protect the affected species. The polar bear has been listed as threatened and has been observed near the
port when sea ice was present. No other threatened or endangered species under USFWS jurisdiction
occur either at the port or in the vicinity of the Red Dog Mine itself.

1.6.2 State and Local Government
Alaska Department of Natural Resources
o Participation as a cooperating agency in preparation of the SEIS
e Water rights authorizations
o Tideland leases for marine facilities
e Coastal zone consistency review certificates of approval to construct and operate a dam
e Reclamation and closure plan approval

e Reclamation, closure, and post-closure financial assurance approval

ADNR is the lead State agency involved in permitting mining projects in the State of Alaska. In addition
to ADNR, State agencies involved in the Aggaluk Project include the departments of Environmental
Conservation (ADEC), Fish and Game (ADF&G), and Law. The State established a large mine project
team from these agencies to coordinate permitting activities for the Aqgaluk Project.

ADNR is responsible for issuing water rights authorizations for the use of surface and subsurface waters
of the State. These permits require compliance with instream flow requirements. ADNR is also
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responsible for issuing tideland leases for permanent improvements to tidelands such as marine terminals,
fuel transfer facilities, and concentrate transfer facilities.

In accordance with ADNR and ADEC statutory and regulatory requirements, Teck must provide financial
assurance that reclamation work and post-closure care and maintenance, including water treatment, can be
adequately funded. The closure and post-closure activities, including reclamation and long-term water
treatment, and the financial assurance for these activities are addressed in Teck’s Proposed Reclamation
and Closure Plan for the Red Dog Mine Including Development of the Aggaluk Deposit, which is
currently under review by the State of Alaska. Once approved, the plan, including the level of financial
assurance, will be reviewed and subject to modification every five years, or at any time that the State
determines that the financial assurance is inadequate. ADNR will also need to issue Certificates of
Approval for construction and operation of any dams.

The type of financial assurance will be the subject of an agreement between Teck, the State of Alaska,
and NANA (as the landowner), but will likely be a combination of letters of credit and a trust fund to
finance long-term closure costs such as water treatment. The agreement will be subject to state law, which
specifies the types of financial assurance that are legally allowed. Currently, the State of Alaska holds an
interim financial assurance from Teck in the amount of $154.9 million in letters of credit. This amount
will be adjusted once the closure and reclamation plan is complete. On June 11, 2009, the State issued a
draft reclamation plan approval and a draft waste management permit for public comment. The State also
proposed a revised financial assurance amount of $304,520,000.

ADNR’s Division of Coastal & Ocean Management will conduct the Coastal Zone Consistency Review.

Alaska Department of Environmental Conservation
o CWA Section 401 certification of the Corps CWA Section 404 permit

o CWA Section 401 certification of the EPA CWA Section 402 permit

e Integrated waste management permit regulating solid waste disposal, groundwater quality,
financial responsibility, mine reclamation and closure, and monitoring

o Approval of Oil Discharge Prevention and Contingency Plan

e Air quality control permit

e Engineering review/approval of the sanitary wastewater treatment and disposal systems
e Engineering review and operating approval of the drinking water system

o Food safety permit

e Public facility permit for lodging facilities

ADEC is responsible for certain water quality issues and air quality permits. Under Section 401 of the
CWA, ADEC responsibilities include certification of EPA’s NPDES permit and the Corps’ Section 404
permit. ADEC must certify that the requirements of these permits comply with state water quality
standards. These standards protect designated water uses through numerical and narrative water quality
criteria.

ADEC is responsible for issuing the facility’s air quality permits for construction activities and operations
at the port and the mine. ADEC will evaluate the changes to emissions sources associated with
development of the Aqgaluk Project and, based on the review, require new permits or modification of
existing permits as applicable.
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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 facility is in the process of applying for a waste management permit, and the Aggaluk
Project is being considered in that permit action. The waste management permit is currently under review
by the State of Alaska and should be in place by the fall of 20009.

From September 2005 to December 2007, ADEC and Teck had a memorandum of understanding relating
to dust originating from the Red Dog Mine Site. The MOU addressed baseline monitoring, evaluation of
control options, and measurement of improvements. The voluntary fugitive dust risk management plan
discussed in Section 1.7 will include follow-up actions related to the MOU.

Alaska Department of Fish and Game
o Alaska Statutes, Title 16 authorizations for fish passage and fish habitat

The ADF&G does not anticipate that any Title 16 permits will be needed for the Aqgaluk Project. There
are no known fish resources in Middle Fork Red Dog Creek or its tributaries in the immediate vicinity of
the Aqgaluk ore body. The ADF&G’s authority to issue permits covers a variety of activities (instream
work, water removal, etc.) in anadromous water bodies and in resident fish streams.

Northwest Arctic Borough
e Participation as cooperating agency in preparation of the SEIS

e Title 9 zoning permits under the NWAB code

e Master Plan or Revised Master Plan compliance

NWAB is participating as a cooperating agency. The borough exercises land use planning and related
zoning powers under the terms of state law and the borough home rule charter. The borough permitting
process is codified in Title 9 of the NWAB code, which intends to promote and protect the public health,
safety, morals, and general welfare, as well as the historic, economic, social, and cultural interests of the
borough’s residents, particularly as these are related to the subsistence way of life of the great majority of
the borough residents.

The Red Dog Mine, Aqgaluk Project, and DMTS road and port are within the municipal boundaries of the
NWAB and subject to borough permitting under Title 9 as an amendment to Teck’s master plan for mine
development and operations. The borough planning commission will approve the amendment to the
master plan permit for the project.

Tribal Governments of Buckland, Kiana, Kivalina, Kobuk, Kotzebue, Noatak,
Noorvik, Selawik, and Shungnak, and the Maniilaq Association

Nine tribal governments are participating in the SEIS process as cooperating agencies: the Native Village
of Buckland, the Native Village of Kiana, the Native Village of Kivalina, the Native Village of Kobuk,
the Native Village of Kotzebue, the Native Village of Noatak, the Noorvik Native Community, the Native
Village of Selawik, and the Native Village of Shungnak. The tribal governments have authorized the
Maniilag Association to represent their cooperating agency interests and responsibilities. The Maniilaq
Association provides health, social, and tribal services to the region. Each individual entity provides
expertise to the SEIS process, and the information in the SEIS may inform their decisions regarding the
Aggaluk Project.
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1.6.3 Compliance with Executive Orders

All federal agencies must comply with Executive Orders 11990 and 11988, which address minimizing
impacts to the Nation’s wetlands and/or floodplains respectively. Executive Order 12962 requires federal
agencies to evaluate the potential effects of proposed federal actions on recreational fisheries.
Recreational fishing (along with subsistence fishing) occurs downstream from the mine in Ikalukrok
Creek and the Wulik River. This SEIS complies with these Executive Orders by considering the potential
impacts of each alternative on wetlands and floodplains, as well as water quality and fish habitat
downstream of the mine.

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. The NWAB native villages consist of minority and low-income populations in terms of
populations within the U.S. The Native villages of Noatak and Kivalina are closest to the mine site. This
SEIS complies with Executive Order 12898 since impacts to people in the villages have been considered
for each alternative across a range of resource areas including subsistence, socioeconomics, public health,
and environmental justice.

1.7 DMTS Risk Assessment and Fugitive Dust Risk Management
Plan

On a voluntary basis, Teck undertook a human health and ecological risk assessment for the areas around
the DMTS road and port and is in the process of voluntarily preparing a fugitive dust risk management
plan that addresses fugitive emissions from the mine and the DMTS.

DMTS Risk Assessment

A human health and ecological risk assessment (DMTS risk assessment) (Exponent 2007a, 2007b) was
conducted to estimate possible risks to human and ecological receptors posed by exposure to metals in
soil, water, sediments, and biota in areas surrounding the DMTS, and in areas surrounding the Red Dog
Mine ambient air/solid waste permit boundary associated with fugitive dust emissions along the DMTS.
The human health component of the DMTS risk assessment evaluated potential exposure to DMTS
related metals through incidental soil ingestion, water ingestion, and subsistence food consumption under
three scenarios: (1) child subsistence use; (2) adult subsistence use; and (3) combined worker/subsistence
user. The ecological component of the DMTS risk assessment evaluated potential risks to ecological
receptors inhabiting terrestrial, freshwater stream and pond, coastal lagoon, and marine environments
from exposure to DMTS related metals. The conclusions of the DMTS risk assessment (see sections 3.2,
3.7, and 3.9) led to the development of an overall goal for the fugitive dust risk management plan to
minimize risk to human health and the environment surrounding the DMTS and Red Dog Mine over the
life of the mine and post-closure operations.

Draft Fugitive Dust Risk Management Plan

In August 2008, a draft fugitive dust risk management plan was released for public comment (TCAK
2008). The fugitive dust risk management plan is part of a process intended to minimize risks associated
with fugitive dust emissions from operations at Red Dog Mine. The fugitive dust risk management plan
addresses issues identified by several different studies and programs, including the DMTS risk
assessment, the mine-area ecological risk evaluation conducted as part of the closure and reclamation
planning process, the MOU between ADEC and Teck, and this SEIS. The fugitive dust risk management
plan also incorporates stakeholder input obtained during a three-day risk management workshop held in
Kotzebue, Alaska.
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The fugitive dust risk management plan identifies and describes seven fundamental risk management
objectives that address the overall goal of minimizing risk to human health and the environment
surrounding the mine, road, and port, over the life of the mine and post-closure operation. These include

Obijective 1: Continue reducing fugitive metals emissions and dust emissions
Objective 2: Conduct remediation or reclamation in selected areas
Obijective 3: Verify continued safety of caribou, other representative subsistence foods, and water

Obijective 4: Monitor conditions in various ecological environments and habitats, and implement
corrective measures when action levels are triggered

Obijective 5: Conduct research or studies to reduce uncertainties in the assessment of effects to
humans and the environment

Objective 6: Improve collaboration and communication among all stakeholders to increase the
level of awareness and understanding of fugitive dust issues

Obijective 7: Protect worker health

The fugitive dust risk management plan also identifies and evaluates risk management options to achieve
those objectives, and describes a process for developing implementation plans to achieve the fundamental
objectives. Part of that process is the development of six individual risk management implementation
plans that will incorporate high-priority actions identified in the fugitive dust risk management plan to
more specifically describe how the fundamental objectives will be met. The plans to be developed include
the following:

Communication plan (addressing Objective 6, and integral to all efforts)
Dust emissions reduction plan (addressing Objective 1)

Remediation plan (addressing Objective 2)

Monitoring plan (addressing Objectives 1, 3, and 4)

Uncertainty reduction plan (addressing Objective 5)

Worker dust protection plan (addressing Objective 7).

The draft communication plan was released for public review in summer 2009. Other draft plans are
planned for public review in fall 20009.
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CHAPTER 2 PROPOSED ACTION AND ALTERNATIVES

The Applicant (Teck) plans to develop an ore deposit (the Aggaluk Deposit) adjacent to the Main
Deposit, which is currently being mined. As discussed in Chapter 1, EPA will make a decision whether to
reissue the Red Dog Mine NPDES permit authorizing discharges for the Red Dog Mine including the
Aqggaluk Project. The Corps will make decisions whether to issue new permits for fill activities associated
with development of the Aggaluk Project. EPA determined, in consultation with the Corps, that an SEIS
is needed to evaluate the environmental impacts of these decisions. NEPA requires an evaluation of the
agencies’ decisions on the Applicant’s proposed action to extend the life of the Red Dog Mine with the
Aqgaluk Project, including an evaluation of all reasonable alternatives.

The proposed action, including issuance of permits related to development of Aggaluk Project, the no
action alternative, and two additional alternatives are described in this chapter and evaluated in Chapter 3.
Each alternative consists of a number of components that reflect different aspects of the mining operation.
Components include items such as wastewater treatment technologies and transportation methods. Some
components of various alternatives were developed to address public comments received during the
scoping process. Logical combinations of components are grouped together to form alternatives.

EPA received a number of comments on the draft SEIS. The components and alternatives were not
fundamentally revised based on the comments, although some of the alternative descriptions were
expanded or clarified.

The following sections describe how various components and alternatives were developed, details of
individual components, and how components are bundled into alternatives. The final sections provide a
description of components considered but not carried forward, a tabular comparison of alternatives, and
summaries of monitoring and mitigation measures.

2.1 Issues and Component Development

Significant issues (see Section 1.5) derived from the scoping process shaped the content of the
alternatives and the comparison among the Applicant’s proposed action, no action alternative, and other
action alternatives. The issues drove the development of individual components in a number of ways.
Wastewater management components, including a pipeline to the Chukchi Sea, are considered because of
concerns with the quality of the effluent being discharged into Red Dog Creek and maintenance of the site
water balance. Long-term stability of engineered structures and water quality issues led to the inclusion of
different closure options. Concerns about the effect of the operation on subsistence resources and
contamination of areas surrounding the DMTS resulted in consideration of changes in operations during
caribou and beluga whale migrations, as well as the use of a pipeline to transport slurried concentrate. The
use of a concentrate pipeline and truck washes are also included as alternative components to address
concerns about fugitive dust.

2.2 Overview of Project Alternatives

Since the Red Dog Mine has been in operation for nearly 20 years, the range of alternatives is limited.
Facilities, including the DMTS port and road, mill, and personnel accommodations complex (PAC) have
already been built and are in operation (Figures 2.1 through 2.3). The analysis, therefore, does not
consider alternative locations for any of these facilities.
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2.2 Overview of Project Alternatives

2.2.1 Alternative A — No Action Alternative

The no action alternative represents no reissued NPDES permit for the Red Dog Mine and no new Section
404 permits associated with development of the Aggaluk Project. Therefore, the no action alternative
includes continued mining in the Main Pit until the projected closure date of 2011 but does not include
development of the Aggaluk Project (Figure 2.4). The facility would continue to operate under the 1998
NPDES permit. This alternative involves completion of open pit mining of the Main Pit (including the
continued removal and disposal of waste rock, storage of ore, and milling). The tailings would be
deposited in the existing tailings impoundment. Concentrate would continue to be transported from the
mill to the port by concentrate trucks. In order to meet the TDS discharge limitations in the 1998 permit,
the wastewater treatment system would need to be modified to include pre-treatment by aluminum or
barium precipitation followed by reverse osmosis. The discharge would continue to be to Red Dog Creek.
Upon completion of mining activities, the site would be reclaimed beginning in 2011 and the State-
approved closure plan would be implemented. Closure would include regrading the slopes of the waste
rock dump (Figure 2.4) and covering the waste rock with an engineered soil cover.

The tailings impoundment would be managed to keep a shallow (two-foot) layer of water over the
tailings. Seepage from the waste rock dump and tailings impoundment would be pumped to the Main Pit.
Water in the Main Pit would not be allowed to rise above the 845-foot level to prevent an overflow into
Red Dog Creek. Water in the Main Pit and tailings impoundment would be treated and discharged to Red
Dog Creek. The treatment system would incorporate the existing treatment system reengineered to
include barium or aluminum precipitation, as well as reverse osmosis. The treated wastewater discharge is
estimated to be approximately 1.5 billion gallons annually to Red Dog Creek. Sludge from the barium or
aluminum precipitation process would be disposed of in the Main Pit. Brine from the reverse osmosis
system would be dried and then encapsulated in a lined waste facility, also within the Main Pit. Water
treatment is expected to be necessary into the foreseeable future.

2.2.2 Alternative B — Applicant’s Proposed Action

The proposed action alternative includes reissuing the Red Dog Mine NPDES permit and issuing a
Section 404 permit for fill placement associated with development of the Aggaluk Project. Following is a
description of the proposed action based on information in the Applicant’s EID. The Applicant proposes
stripping waste material overlying the Aggaluk Deposit beginning in 2010. The project would involve
finishing open-pit mining operations in the Main Pit while starting the initial stages of developing the
Aggaluk Deposit. After the Main Deposit is mined out (in 2012 if the Aggaluk Deposit is developed),
waste rock removed from the Aggaluk Deposit would be disposed in the mined-out Main Pit. Ore storage,
milling of ore, and tailings disposal would continue to occur consistent with current operations and the
wastewater discharge would continue in Red Dog Creek. Wastewater treatment would include the
existing high-density sludge process, which effectively treats metals. An additional treatment step,
consisting of barium hydroxide precipitation, would be used as needed to reduce TDS and metals levels in
the discharge. Mine water from the Aqgaluk Pit would be pumped to the tailings impoundment. Zinc and
lead concentrates would be trucked from the mill to the port as is currently done. Reclamation of the
existing waste rock dump would occur throughout the life of the operation. Final closure according to a
State-approved closure plan would occur after mining of the Aggaluk Deposit was finished in 2031
(Figures 2.5 and 2.6).

Tailings from processing Agqgaluk ore would be placed in the existing tailings impoundment. The dam for
the tailings impoundment is currently in the process of being raised from an elevation of 965 feet to

970 feet (dam height of 182 to 192 feet). To accommodate tailings from milling the Aggaluk ore, the dam
would ultimately be raised to 986 feet (dam height of 208 feet) with tailings deposited to the 976-foot
elevation.

Supplemental Environmental Impact Statement 2-5



CHAPTER 2 PROPOSED ACTION AND ALTERNATIVES

2-6 Red Dog Mine Extension — Aqqaluk Project



2.2 Overview of Project Alternatives

Supplemental Environmental Impact Statement 2-7



CHAPTER 2 PROPOSED ACTION AND ALTERNATIVES

2-8 Red Dog Mine Extension — Aqqaluk Project



2.2 Overview of Project Alternatives

Closure of the waste rock dump would involve regrading it to a slope of 3:1 (horizontal:vertical) and
covering the waste rock with an engineered soil cover (Figure 2.7). Tailings impoundment closure would

include maintaining a shallow (two-foot) water cover. After closure, the Aggaluk Pit would fill with water
and also be used to manage other impacted water from the site. Water would be pumped from both the
Aggaluk Pit and the tailings impoundment to the wastewater treatment system and discharged to Red Dog
Creek. Water treatment is always expected to be necessary. Table 2.2-1 summarizes the additional
disturbance areas of the Applicant’s proposed action.

Figure 2.7 Engineered Soil Cover

Table 2.2-1 Disturbance Areas of Alternatives

Disturbance Additional Disturbance (Acres)
Area Alternative A | Alternative B | Alternative C | Alternative D
(Acres) | 2006- | 2012—
Facility 2006 2012 | 2031 | 20092031 | 2009-2031 | 2009-2031
Main Pit 189 - - - - -
Aqgaluk Pit N/A - - 135 135 135
Disturbance Area around Pit N/A - - 111 111 111
Waste Rock Dump 245 15 - 15 15 15
Tailings Area (includes 6052 - - 142° 142° 142°
pumpback)
Overburden Stockpile 62 - - - 80°¢ -
Mill Site 49 - - - - -
Red Dog Creek 63 - - - - -
Airport 34 - - - - -
Freshwater Supply 31 - - - - -
Ore Stockpiles 41 - - - - -
Ancillary 112 - - - - -
Borrow Area 65° - - - - -
Mine Site Roads and Ditches 35 35°| - 3.5° 3.5° 35°
DMTS Road and Port' 616 — — — 145 145
Total 2,147 18.5 - 406.5 631.5 551.5
# Includes permitted raise to 965 feet in elevation
® Area between an elevation of 965 and 978 feet
¢ Cover material stockpiles for tailings impoundment closure
9Based on extent of permitted disturbance.
°Based on an estimated increase of 10 percent over current areas.
"Includes estimated increase of 10 percent over current areas not included in pipeline disturbance.
— = no additional disturbance predicted
Source:  Unpublished AutoCAD files provided by Teck
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2.2.3 Alternative C — Concentrate and Wastewater Pipelines

Alternative C is different from Alternative B in four regards: concentrate would be transported to the port
site via a slurry pipeline instead of concentrate trucks, tailings impoundment wastewater would be
discharged at the port site instead of Red Dog Creek through a separate wastewater pipeline, diesel would
be pumped from the port to the mine via a third pipeline, and closure would be designed to minimize
water treatment needs at the mine site by placing a dry cover over the tailings.

Stripping waste material overlying the Aqgaluk Deposit, mining the deposit, waste rock handling, milling
operations, and tailings disposal would be the same as described in Alternative B; however, cover
material stockpiles would need to be developed (Figure 2.8). As in Alternative B, tailings would continue
to be placed in the existing tailings impoundment and the dam for the tailings impoundment would be
raised to 986 feet in elevation (208 feet tall) to account for the increased volume of tailings and water.

Under Alternative C, the NPDES permit would be revised to change the discharge location from Red Dog
Creek to the Chukchi Sea at the port site as well as incorporating any changes associated with
development of the Aqgaluk Deposit. Changing the discharge location would result in a change in the
permit limits (discussed in more detail in section 3.5). Section 404 permits would be needed from the
Corps to authorize placement of fill for construction of the pipeline routes, raising the tailings dam, and
filling wetlands in the process of developing the Aqgaluk Deposit.

Under Alternative C, wastewater from the tailings impoundment water treatment facility would be
transported to the port site via a 52-mile pipeline. Wastewater in the pipeline would move from the mine
site to the port by gravity. The existing high-density sludge treatment would be needed to reduce metals,
but enhanced treatment for TDS removal (per Alternative B) would not be required since TDS limits
would not apply to the discharge. A Corps Section 10 permit would be required for installation of the
treated wastewater outfall.

The zinc and lead concentrates would be transported from the mill to the port through a slurry pipeline
(Figure 2.9). The slurry pipeline would require a high-pressure pump to move the concentrate from the
mill to the port. The lead and zinc concentrates would be filtered at the port site in a new building
adjacent to the concentrate storage building (CSB) that would cover less than one acre. The filtered
concentrates would be stored in the port site CSBs. The concentrate wastewater remaining after the filter
process would be treated by a new high-density sludge wastewater treatment system also located adjacent
to the CSB. The treated concentrate filtrate wastewater would be combined with the treated tailings
impoundment wastewater. The combined wastewater stream would be subject to a pH adjustment step
and then discharged to the Chukchi Sea. Sludge from the wastewater treatment process would be
combined with the concentrates and stored in the CSBs.

Alternative C also includes a pipeline to carry diesel fuel from the port to the mine. Power demands for
the filter plant and diesel pump would be approximately three megawatts. While additional generators
would need to be installed to ensure that the demands were met year-round, the increased energy demand
at the port would be supplemented with installation of a 100 kilowatt (kW) wind turbine, which would
reduce demand for diesel fuel up to an estimated 60,000 gallons annually during operations.

All three pipelines would be buried in a bench incorporated into the DMTS road.

The closure scenario for Alternative C differs from Alternative B because the waste rock dump would be
temporarily reclaimed throughout the life of the operation. Beginning in 2031, the waste rock dump
would be regraded to a 5:1 slope with excess material moved back into the Aqgaluk Pit (Figure 2.10). The
water in the tailings impoundment would be drawn down and a dry cover would be placed over the
tailings. All pipelines would be removed, at closure, including the wastewater discharge to the Chukchi
Sea. Removal of the pipeline bench would reduce the long-term impact on wetlands and eliminate the
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need to maintain the wastewater discharge pipeline into the future. Wastewater from the mine and tailings
impoundment generated after closure would be treated and discharged into Red Dog Creek. Water
treatment is always expected to be necessary. Table 2-1 summarizes the additional disturbance areas
resulting from Alternative C.

2.2.4 Alternative D — Wastewater Pipeline and Additional Measures

Alternative D is different from Alternative B in three regards: tailings impoundment wastewater would be
discharged to the Chukchi Sea via a wastewater pipeline instead of to Red Dog Creek (similar to
Alternative C), enhanced dust control measures would be implemented, and the road and port site would
be closed during certain times of year to reduce subsistence impacts.

Stripping of waste material overlying the Aggaluk Deposit, waste rock handling, milling operations, and
tailings disposal would be the same as described in Alternative B. Zinc and lead concentrates would
continue to be trucked from the mill to the port. To accommaodate closure of the DMTS road during
caribou migration, the size of the mine site CSB would need to be increased four fold. The analysis
assumes this would be done within the existing disturbance footprint. As in Alternative B, tailings would
continue to be placed in the existing tailings impoundment and the dam for the tailings impoundment
would be raised to 986 feet in elevation (208 feet tall) to account for the increased volume of tailings and
water.

Under Alternative D, the NPDES permit would be revised to change the discharge location from Red Dog
Creek to the Chukchi Sea at the port site and to incorporate any changes from mining the Aggaluk
Deposit. Section 404 permits would be needed from the Corps authorizing placement of fill for
construction of the pipeline route, raising the tailings dam, and authorizing fill associated with developing
the Aqgaluk Deposit. Wastewater treatment would be the same as described in Alternative B, except that
enhanced treatment for TDS removal would not be required. The discharge would be via a gravity-fed
pipeline to the Chukchi Sea. The pipeline would be buried in a bench incorporated into the DMTS road
(Figure 2.11) and would remain there in perpetuity.

Fugitive dust emissions would be reduced by the installation of two “enhanced” truck washes, one at the
mine site, located near the contractor PAC and the other near the exit from the CSBs at the port site
(Figure 2.12). All vehicles leaving the mine site would be required to drive through the truck wash;
vehicles passing through the truck unloading building at the port would be required to pass through the
truck wash prior to returning to the mine. The truck washes would include high pressure jets directed at
the top, sides and undercarriage of the trucks and trailers. During the winter, a drying shed would be
operated to ensure that water from the truck wash did not cause icing of brakes or other hydraulic systems
on the trucks.

A “subsistence component” is incorporated into this alternative, requiring the closure of the port
throughout the annual June beluga whale migration (through July 1) and closure of the DMTS road
during the fall caribou migration. Reclamation and closure of the mine facilities would be the same as
described in Alternative B. However, rather than discharging treated wastewater to Red Dog Creek, as in
Alternative B, the discharge to the Chukchi Sea under Alternative D would remain for as long as the need
for water treatment remained (Figure 2.13). Water treatment is always expected to be necessary.

Table 2-1 summarizes the additional disturbance areas of Alternative D.
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2.3 Project Components in Detail

2.3.1 Project Location/Duration

The Red Dog Mine is located in northwest Alaska in the DeLong Mountains, an area that is remote and
otherwise undeveloped. The location is approximately 82 miles north of the town of Kotzebue, and

46 miles inland from the coast of the Chukchi Sea. Figure 2.3 shows the location of the Aqgaluk Deposit
in reference to existing mine operations. The Aggaluk Deposit is immediately adjacent to the Main
Deposit (the deposit currently being mined) to the northeast.

The Red Dog Mine began operations in 1989. At the current mining rate, the Applicant projects that the
Main Deposit will be mined out in 2012 if mining extends into the Aggaluk Deposit and in 2011 if the
Aggaluk Deposit is not developed. Development of the Aqgaluk Deposit is projected to begin in 2010 and
end in 2031.

The overall location of the project would remain the same under all alternatives. However, the Aqgaluk
Pit would not be developed under Alternative A and mining would end with the removal of the final ore
from the Main Pit in approximately 2011.

2.3.2 Mining Methods

Mining at Red Dog currently occurs in the Main Pit. The Main Pit is an open pit mine where ore and
waste rock are removed by a typical blast-shovel-truck operation. The pit is developed as a series of
benches where waste material is removed to access the ore. Diesel-powered drills are used to drill a series
of holes in either waste rock or ore. Depending on the objective, blasts may range from just a few drill
holes to 350 holes. Blasting is carried out by filling the drill holes with a mixture of ammonium
nitrate/fuel oil and emulsion blasting agents. The subsequent blast loosens the material, which is then
loaded by a front-end loader into a haul truck. The current mining fleet consists of two drills, three 12-
yard loaders, and seven 100-ton haul trucks. Ore is initially hauled to ore stockpiles within the Main Pit.
The stockpiles allow the ore from different parts of the pit to be blended prior to being fed into the milling
process. From the stockpile, haul trucks carry ore to a gyratory crusher, which is connected to the coarse-
ore stockpile building via an enclosed conveyor. At the end of 2007, the Main Pit was approximately
5,200 feet long and 3,000 feet wide, extending to a depth of 220 feet below Middle Fork Red Dog Creek.
At the end of mining in the Main Pit in 2011 or 2012 (depending on alternative), it will cover
approximately the same area; however, the Main Pit will be deepened to 400 feet below Middle Fork Red
Dog Creek.

The Aqggaluk Deposit would be mined using the same approach used in the Main Pit. Stripping waste
material would begin in late 2009, after which an initial pit would be developed in 2010 within an area
containing a high-grade zinc ore. Mining operations would use existing facilities and equipment with the
exception of the addition of one drill, one loader, and two haul trucks that would be necessary to handle
the increase in waste rock production. Ultimately, the Aggaluk Pit would be approximately 3,400 feet
wide by 2,950 feet long and 435 feet below Middle Fork Red Dog Creek.

The projected total tonnage of ore mined from the Aggaluk Deposit is 61.4 million short tons (tons). The
project would result in the production of approximately 94.7 million tons of waste rock. No additional
mining method components are being considered.

2.3.3 Waste Material Disposal

Waste material is defined as rock with sub-economic value, meaning that it may contain lead and zinc
minerals but the concentrations are too low to be processed economically. Currently, waste material is
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hauled to the waste rock dump (see Figure 2.3). The waste rock dump would remain in operation until
mining in the Main Pit is completed. Under the action alternatives, waste rock would continue to be
placed into the waste rock dump during initial phases of developing the Aqgaluk Pit and then backfilled
into the Main Pit. During the first two years of mining of the Aqgaluk Deposit, waste rock with a high
metal leaching potential (i.e., material with greater than 6 percent sulfides based on drill core samples)
would be placed in the northeast end of the Main Pit below an elevation of 850 feet. (The groundwater
level in the backfilled Main Pit would ultimately reach an elevation of 850 feet.)

At the end of operations in the Main Pit in 2011 or 2012 (depending on alternative), the waste rock dump
would contain approximately 61.7 million tons of waste rock and encompass 260 acres (SRK 2007).
Under alternatives B and D, closure (discussed in more detail in Section 2.3.18) of the waste rock dump
would begin as soon as possible so that areas no longer receiving waste material would be regraded,
covered, and revegetated while areas actively receiving new waste rock would remain open. Since the
Aqgaluk Pit would be partially backfilled under Alternative C, some waste material would need to be
moved from the waste rock dump to the Aggaluk Pit at the end of mining operations. In this case, the
dump would not be reclaimed until the backfilling operations were completed.

Low grade ore would be placed in the existing low grade ore stockpile (see Figure 2.3), for future
processing if economically feasible. An estimated 94.7 million tons of waste rock and 7.7 million tons of
low grade ore would be produced over the duration of mining of the Aggaluk Deposit.

The overburden stockpile is located at the south end of the tailings impoundment. This waste material
dump was created during the initial stripping of the Main Deposit. The approximately 8.6 million tons of
material in the overburden stockpile has weathered and is a potential source of growth media for
reclamation of the waste rock dump and other disturbed areas. The overburden stockpile was regraded in
1998/1999 and seeded with native grasses from 1999 through 2001. No additional material would be
added to the overburden stockpile under any alternative.

The oxide stockpiles (see Figure 2.3) consist of oxidized ore and oxidized waste that may have future
value, although the processing technology needed to produce a concentrate is not currently available. The
oxide ore stockpile contains approximately 4.2 million tons of material. No additional material is
expected to be added to this stockpile under any alternative.

2.3.4 Ore Processing

Initially, ore from the Aqgaluk Deposit would be blended with ore from the Main Deposit for processing
until the Main Deposit had been depleted in 2012. From that point until mine closure, all ore would be
from the Agqgaluk Deposit.

Under alternatives B, C, and D, processing ore from the Aggaluk Deposit is proposed to be the same as in
current operations. Ore would continue to be hauled from stockpiles to the gyratory crusher. The gyratory
crusher is fit with an apron feeder and a conveyor belt to transport the crushed ore to the coarse ore
stockpile building, where the crushed ore is stored until milling. The crushed ore is processed at the mill,
which uses grinding and conventional froth flotation to recover sphalerite (zinc sulfide) and galena (lead
sulfide) that contains silver. In the primary grinding circuit, the crushed ore is mixed with process water
and wet ground in semi-autogenous mills or ball mills to particles less than 65 microns in size (220
mesh). Several stages of froth flotation are employed to maximize recovery and allow efficient separation
of the lead and zinc minerals. Chemicals are added during the froth flotation process to enhance recovery
of the lead and zinc minerals. The undesired minerals, or tailings, are discharged as a slurry to the tailings
impoundment for permanent disposal.
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The resulting zinc and lead mineral concentrates are thickened and filtered to a moisture content of about
9 percent, then moved to the mill site CSB by an enclosed conveyor belt. The mill site CSB has a capacity
to hold 32,000 tons of the concentrate. Concentrates are loaded onto concentrate trucks in a structure
adjacent to the CSB. The trucks enter and exit the building through doors that are closed when not in use.
About 120 tons of concentrate is loaded onto the truck by a front-end loader. The trucks deliver the
concentrate to the port site where it is stored in two large CSBs until shipment. Currently, mineral
concentrates are shipped to markets outside the State of Alaska. Under Alternative C, the concentrates
would not be thickened and filtered for hauling to the port; instead the concentrate slurry would be piped
to the port where filter presses would remove excess water prior to storage. This process is described in
more detail in Section 2.3.9.

It is expected that the Aggaluk ore hardness will increase after the first several years of mining, such that
two of the semi-autogenous grinding mills would require upgrading to increase the motor size from
2000 horsepower (hp) to 2750 hp.

2.3.5 Tailings Disposal

Tailings are currently pumped from the mill to the tailings impoundment via a 6,500-foot pipeline. The
tailings impoundment is located in South Fork Red Dog Creek, and is bordered on the north end by the
main dam and on the south end by the overburden stockpile. A concrete curtain, which will function as a
back dam, is under construction as of summer 2008; final construction to an elevation of 970 feet is
anticipated in 2010. The main dam is currently being raised to an elevation of 970 feet, which
corresponds to a total height of 192 feet. The upstream face of the dam is covered with 100-mil high-
density polyethylene geomembrane to minimize seepage loss. A gravel drain that follows a former stream
channel lies beneath the dam. The tailings disposal pipeline follows along the dam from the east to the
west. The location of the tailings deposition is changed frequently to allow for the uniform subaqueous
filling of the impoundment.

A seepage collection and pumpback system is located about 250 feet downstream from the main dam.
The system is an impoundment created by a small lined dam and three pumps connected in parallel to a
14-inch high-density polyethylene pipe that discharges to the tailings impoundment. Any water from the
dam underdrain and precipitation that collects in the seepage collection system is pumped back to the
tailings impoundment. A secondary pumpback system composed of a sump and a well is situated
downstream from the seepage collection system and pumps water from the well back to the seepage
collection system.

Under alternatives B through D, tailings created from mining of the Aggaluk Deposit would be placed in
the existing tailings impoundment. To accommodate the additional tailings volume, and a freeboard
requirement of five feet, the main dam would need to be raised 16 feet to an elevation of 986 feet

(208 feet tall at its maximum). The maximum water level in the impoundment would reach an elevation
of 978 feet with the final tailings level (“struck level”) reaching an elevation of 976 feet. The mine
access/haul road and the access road around the tailings impoundment would also need to be raised to
accommodate the higher water levels in the impoundment.

2.3.6 Wastewater and Storm Water Management

Water management practices include diversion of clean runoff and drainage areas to natural water courses
to prevent contamination. The Red Dog Creek Diversion diverts Middle Fork Red Dog Creek (the main
drainage in the mine area) and tributary creeks around the mine area. The diversion consists of three
sections (see Figure 2.3). The first section channels clean water from Middle Fork Red Dog Creek and
Rachel Creek around the east and northeast sides of the Main Pit in a 72-inch culvert that extends to the
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confluence with Connie Creek. A 96-inch culvert extends from that point to the confluence with Shelly
Creek between the Main Pit and the Aqgaluk Deposit. The third diversion section is a lined channel that
runs from the mouth of the 96-inch culvert to the Red Dog Creek Diversion dam, where it re-enters the
original stream bed. Sulfur Creek enters the diversion within the third section. The Red Dog Creek
Diversion can accommodate in excess of 100-year flows.

Any contaminated or potentially contaminated water from the mine is directed to the tailings
impoundment, which is currently holding approximately 4.2 billion gallons of water. Sources of water
that are directed to the impoundment include mine drainage from the Main Pit, runoff from the waste rock
dump, and process water entrained in the tailings slurry.

Water that enters the Main Pit becomes contaminated with suspended solids, dissolved solids, and metals
via contact with mined materials and surfaces. The water collects in low areas of the pit, or sumps, and is
pumped to the mine water sump, from which it is pumped to the tailings impoundment. The mine water
sump contains eight pumps to pump water to the tailings impoundment.

The mine water collection system also collects water from Hilltop Creek, which drains the east side of the
ridge below the oxide ore stockpile and drains to the mine water sump by a ditch. Leakage from the Red
Dog Creek Diversion and areas downstream of the diversion intake points for Connie Creek and Shelly
Creek are directed to the collection system either by gravity flow, or by French drains under the
diversions that direct the water that is not captured to the mine water sump. Storm water that drains from
the exploration areas associated with the Aggaluk Deposit is collected by French drains that pass
underneath the Red Dog Creek Diversion and is directed to the mine water sump.

Runoff from stockpile areas originates from the area of the waste rock dump, the low-grade ore stockpile,
the oxide-ore stockpile, and portions of the Qanaiyaq Deposit. The runoff contains elevated levels of
TDS, sulfate, and metals. The majority of this runoff is directed to the tailings impoundment, but during
the summer months, a portion is collected and treated at Water Treatment Plant 3 (see description below)
prior to discharge to the tailings impoundment.

Three water treatment plants treat contaminated water at the mine site. Water Treatment Plant 1 treats
water reclaimed from the tailings impoundment for use in the mill. At the treatment plant, lime (alkaline)
is added to reclaimed water to elevate the pH levels and precipitate out metal hydroxides and gypsum.
Sludge from the treatment plant is disposed in the tailings impoundment.

Water Treatment Plant 2 treats water from the tailings impoundment prior to discharge to Red Dog Creek
at Outfall 001 during the summer months. Metals are removed using a high density sludge system.
Sodium sulfide is first added to the feed water to enhance cadmium precipitation. The feed water is mixed
with flocculant in agitator tanks and the precipitate is separated from the treated water in a clarifier. Lime
is added to raise the pH and precipitate metal hydroxides. Most of the clarifier sludge is recycled back to
the inlet, although a small portion of the sludge is discharged to the tailings impoundment. The treated
water is passed through sand filters for further removal of zinc hydroxide and other suspended solids prior
to discharge.

Water Treatment Plant 3 treats runoff and seepage from the waste rock dump and mine sump before
discharge to the tailings impoundment during the summer months. Treatment of the runoff is expected to
reduce TDS and sulfate levels in the tailings impoundment, and improve the performance of the first two
treatment plants. Lime is added to raise pH and precipitate metal hydroxides and gypsum (sulfate).
Treatment plant sludge is disposed in the tailings impoundment.

The Applicant has been collecting the storm water runoff associated with the Aggaluk Pit since 1991.
During development at the Agqgaluk Pit, storm water and seepage from the area would be collected and
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pumped to the tailings impoundment. As the depth of the pit descends below the permafrost level, there is
potential for seepage of the underlying groundwater. Water that enters the pit and contacts pit walls is
expected to have high concentrations of dissolved salts and metals. The infiltrating groundwater would be
collected and pumped to the tailings impoundment for treatment. A diversion of Sulfur Creek would be
necessary at some point in the process of developing the Aggaluk Deposit.

Partial covering of the waste rock dump would occur during mining of the Aqgaluk Deposit, which would
reduce the amount of contaminated mine water needing to be managed. Water management for all other
areas of the site would continue as currently practiced. The following sections describe the differences in
wastewater treatment for the alternatives.

2.3.6.1 Alternative A — No Action Alternative

Under Alternative A, the no action alternative, the NPDES permit would not be reissued. Therefore, Teck
would need to comply with the limits in the 1998 permit. Teck’s existing water treatment is capable of
producing an effluent that complies with the metal limits in the 1998 permit. However, the water
treatment plant is not adequate to meet the low TDS limits. The TDS limits in the 1998 permit are

170 milligrams per liter (mg/L) monthly average and 198 mg/L daily maximum. Alternative A includes
installation of a modified water treatment process adequate to meet these limits. TDS is comprised of a
range of different materials that dissolve in water. In the Red Dog Mine tailings impoundment, the TDS
primarily consists of sulfate, magnesium, and calcium although other materials are also found. The viable
treatment processes must remove each of these materials at sufficient levels to ensure compliance with the
1998 permit limits. Reverse osmosis with pretreatment for gypsum removal is the only proven treatment
option that can achieve this requirement.

Reverse osmosis is a membrane treatment process in which wastewater is forced through a semi-
permeable membrane under pressure. The pressure required depends on the TDS concentration and must
be greater than the osmotic pressure for the solution. Typical pressures for reverse osmosis applications
range from 300 to 1,200 pounds per square inch to create a flow of clean water from low TDS
concentration to high TDS concentration through the membrane. Reverse osmosis systems have been
operated at sizes much greater than what is required for the Red Dog Mine and should be capable of
removing up to 98 percent of the TDS, so discharge limits can be achieved.

The current high TDS concentrations in the tailings reclaim water (4,000 mg/L), would reduce the
effectiveness of a reverse osmosis system alone. As noted above, the mine has been disposing of sludge
generated from Water Treatment Plant 2 in the tailings impoundment since the start of operations,
contributing to gypsum levels near saturation in the pond water. Using gypsum saturation as the design
point for the reverse osmosis process, the maximum recovery of clean water would likely be in the range
of 30 to 50 percent. Therefore, to discharge 15 million gallons per day (MGD) of treated water during the
discharge season, 30 to 50 MGD would need to be processed creating a brine wastestream of 15 to 35
MGD. With the reverse osmosis influent at the gypsum saturation concentration, the membranes are
highly likely to foul or clog, resulting in unreliable performance. A form of pretreatment to reduce TDS
levels influent to the reverse osmosis system would be necessary for the system to function properly.

Pretreatment would consist of adding barium hydroxide or aluminum hydroxide to remove gypsum from
the reverse osmosis influent. Assuming pretreatment of the entire discharge, TDS levels would be reduced
to 1,500 mg/L in the influent to the reverse osmosis system. At this level, maximum recovery would be
increased to approximately 75 percent, i.e., to discharge 15 MGD, 20 MGD would need to be treated
resulting in a brine wastestream of approximately 5 MGD.
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Sludge from the barium or aluminum hydroxide pretreatment process would be chemically stable and
would be disposed in the tailings impoundment during operations and in the Main Pit after closure for the
reasonably foreseeable future.

To permanently reduce TDS levels in the impoundment, the brine wastestream cannot be disposed of in
the tailings impoundment. Disposal of brine in the waste rock dump and Main Pit would present similar
challenges because the brine could be resolublized into the water draining from these disposal facilities,
which is pumped to the tailings impoundment. Therefore, an encapsulated disposal area able to contain
100 tons per day of brine during the operating discharge season and for the foreseeable future after
closure would be built in a portion of the Main Pit. The Main Pit would have the capacity to hold more
than 50 years of both precipitation sludge and brine.

The use of barium or aluminum hydroxide and reverse osmosis would require a larger footprint for the
treatment plant. The required space is not available at the mill. Under this alternative, it is assumed that a
new treatment facility would be constructed at the northeast edge of the impoundment. This would
include a thermal evaporation system to consolidate reverse osmosis solids in the brine prior to disposal.
Based on the conceptual design, the new facility is estimated to encompass an area of 250 by 150 feet.
This area, however, could vary greatly depending on the final design configuration.

Reverse osmosis systems are in place at other mines and other industrial facilities, and are used on
wastewaters with metals loadings comparable to the Red Dog Mine. However, the specific reverse
0smosis treatment system combined with barium hydroxide pretreatment proposed for the Red Dog Mine
has not been used at other locations. While it is technically feasible, the high TDS levels in the influent
and the adverse climatic conditions will present challenges for successful design and operation. The
system would, therefore, require an extended timeframe for pilot-testing and full-scale optimization.

The treated wastewater would be discharged to Red Dog Creek seasonally, when there is flow in the
Creek. The discharge season typically begins in May and ends in October.

2.3.6.2 Alternative B — Applicant’s Proposed Action

Under Alternative B, the reissued NPDES permit requires compliance with instream TDS limits of

1,500 mg/L in Main Stem Red Dog Creek, 1,000 mg/L in Ikalukrok Creek immediately downstream of
the confluence with Red Dog Creek and, after July 25 of each discharge season, 500 mg/L approximately
10 miles downstream of the confluence. The water treatment facilities would be unchanged from the
current system. However, Teck has proposed to use additional treatment using barium hydroxide, in place
of calcium hydroxide, as needed throughout the discharge season to lower TDS levels and ensure that
there is no excess water accumulating in the impoundment.

Both calcium and barium hydroxide are added as reagents to produce insoluble calcium and barium
sulfate; the precipitation of which reduces TDS. Because barium sulfate is more insoluble than calcium
sulfate, it is more easily removed from the wastewater and therefore more effective in TDS removal. Use
of barium hydroxide would reduce sulfate levels in the Outfall 001 discharge from 2,500 mg/L to
approximately 800 mg/L with a corresponding decrease in TDS concentrations. Barium precipitation
would increase the sludge volume requiring disposal by as much as 50 to 100 tons per day. Barium
sludges are generally stable and would be placed in the tailings impoundment during operations and the
pits after closure for the reasonably foreseeable future without a concern about metals release. Under
Alternative B, the Main Pit would have the capacity to store 50 years of sludge generated at a rate of
100 - 200 tons per day after mine closure. Beyond this time, the Aqgaluk Pit would also provide long-
term capacity.
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For the past 10 years, Teck has investigated a range of different operational and water treatment measures
to reduce TDS levels in the tailings impoundment and the discharge from Outfall 001. These studies led
to the design and installation of Water Treatment Plant 3 to pretreat waste rock dump seepage that has the
highest TDS concentrations. During 2007, Teck changed the intake location from the surface of the pond
to the bottom of the pond. This resulted in a higher TDS feed to the water treatment plant and a higher
amount of TDS discharged from the tailings impoundment. Other ongoing studies include ways to
optimize the volume of effluent that is discharged during high-flow periods (when the highest dilution is
available) and measures to reduce gypsum saturation in the impoundment.

In the near term, the use of barium hydroxide treatment provides a proven approach to increase discharge
volumes and reduce water levels in the impoundment. The reissued NPDES permit for this alternative
includes a special condition that requires Teck to develop and implement a plan to permanently ensure
compliance with TDS limits while maintaining a positive water balance, i.e., the annual discharge from
the impoundment is at least as great as the inflows to the impoundment. EPA will review the plan prior to
implementation. EPA anticipates that the plan will include a combination of source control and water
treatment measures, including barium hydroxide addition.

Per current operations, the treated wastewater would be discharged to Red Dog Creek when there is flow
in the Creek.

2.3.6.3 Alternative C — Concentrate and Wastewater Pipelines

Under Alternative C, treated wastewater from the tailings impoundment would be transported to the port
site via a pipeline, combined with the concentrate filtrate, and discharged to the Chukchi Sea. The
reissued NPDES permit would change the outfall location from Red Dog Creek to a location in the
Chukchi Sea and would include limits protective of marine aquatic life.

Tailings impoundment wastewater would continue to be treated in Water Treatment Plant 2; however the
use of barium hydroxide to reduce TDS levels would not be necessary. Wastewater would be transported
to the port site in an 18-inch diameter pipeline that would be built in a bench incorporated into the DMTS
road. Wastewater would be carried through the pipeline at a rate of approximately 3,000 gallons per
minute.

As described below in Section 2.3.9, under Alternative C the lead and zinc concentrates would be
transported to the port site via a slurry pipeline. The concentrate slurry would be pumped to a filter where
the dry concentrates would be collected and the wastewater sent to a new treatment plant constructed at
the port site. The estimated volume of concentrate wastewater generated in the filtration process is 800
gallons per minute. The treatment system would be comparable to the existing high-density sludge system
at the mine site. The treated concentrate wastewater would be combined with the treated tailings
impoundment wastewater and subjected to a pH adjustment step to meet the pH limits in the NPDES
permit. The combined wastewater would be discharged to the Chukchi Sea. Unlike alternatives A and B,
the discharge would be year-round.

Sludge from the concentrate wastewater treatment process at the port would be mixed with the
concentrate. At the mine, tailings impoundment wastewater treatment sludge would continue to be
disposed in the tailings impoundment during operations and would be disposed of in the Main Pit after
closure.

2.3.6.4 Alternative D — Wastewater Pipeline and Additional Measures

Alternative D includes the pipeline transport of treated tailings impoundment wastewater to the port site
as described for Alternative C. Therefore, under Alternative D the reissued NPDES permit would change
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the outfall location from Red Dog Creek to a location in the Chukchi Sea and permit limits would be
revised based on marine water quality standards. As in Alternative C, the discharge would be year-round.
Under this alternative, concentrate would continue to be transported to the port site via trucks. Therefore,
this alternative does not include the concentrate wastewater treatment component as described for
Alternative C. Wastewater sludge management would be the same as described in Alternative B.

2.3.7 Sanitary Wastewater

Domestic wastewater from the mill, mine site PAC, and the services complex is currently collected and
treated at the sewage treatment plant by solids/liquids separation and disinfection prior to discharge to the
tailings impoundment. The average annual flow is approximately 17 millions gallons (47,000 gallons per
day). A similar water treatment plant located at the port site treats domestic wastewater from the port site
PAC. The port site water treatment plant discharges between 6,000 to 7,500 gallons per day to the
Chukchi Sea during the shipping season and averages about 2,500 gallons per day during the winter. The
design capacity is 12,000 gallons per day (approximately 4.4 million gallons per year). No changes in
either system are expected under any of the alternatives during operations. The volume of discharge at
both locations would decrease dramatically following closure in all cases.

2.3.8 Water Supply

Potable water is provided by a potable water treatment plant. Raw water is provided from the Bons Creek
Reservoir near the contractor PAC. The reservoir was created by building a small dam across Bons Creek;
water is replenished in the reservoir each spring by snow melt and precipitation. Water is pumped to the
potable treatment plant through insulated, heat-traced pipes and treated with a polymer addition for
flocculation, a two-stage sand filter, and calcium hypochlorite for disinfection. The treated water is
pumped from a holding tank within the treatment plant to the mine site PAC, mill complex, services
complex, and to other small buildings on the mill site. At the port site, drinking water is generated using a
desalinization unit consisting of a filter, reverse osmosis, and chemical treatment. No changes in either
system are expected with implementation of any of the alternatives. Like the sanitary wastewater system,
the demand for fresh water at both locations would decrease following closure under all alternatives.

2.3.9 Concentrate Transportation

Concentrate is moved from the mine site to the port site in 130-ton concentrate trucks (Figure 2.14). The
trucks consist of tandem self-rotating trailers equipped with hydraulically operated covers. Unloading of
the trailers is accomplished by opening the cover and rotating the trailer sideways on its long axis. A fleet
of 11 trucks operates at the mine although only seven or eight trucks are active at any one time. On
average, the eight trucks complete a total of 36 round trips per day. Trucking is scheduled 24 hours a day,
365 days a year, although weather conditions occasionally close the DMTS road for varying periods of
time. The DMTS road may also be closed for caribou crossings.
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Figure 2.14 Concentrate Truck

Supplemental Environmental Impact Statement 2-25



CHAPTER 2 PROPOSED ACTION AND ALTERNATIVES

The loading process consists of trucks entering and exiting a separate loading area attached to the mill site
CSB. Trucks pass into the loading area through doors that are closed while the loading process is
underway. A front end loader loads the concentrate into each trailer. During the summer, trucks exit the
CSB and drive through a truck wash that sprays water on the top and sides of the truck and trailer.
Washing is not used in the winter because of safety concerns associated with freezing brakes and
hydraulics. The concentrate is then hauled down the DMTS road to the port site where the trailers are
emptied one at a time in the truck unloading building. The truck unloading building is designed to
minimize the escape of concentrate during the unloading process. The unloading building includes an
enclosed dumping area where a bag house and a negative air system create enough negative air pressure
to ensure that airborne particles are deposited within the building. The hopper receiving the concentrate is
connected to the port site CSBs through an enclosed conveyor system.

Concentrate trucks operating along the haul road would continue to be used to transport concentrates from
the mill area to the port under alternatives A, B, and D. Alternative C includes concentrate transport via
slurry pipeline as described below.

Under Alternative C, concentrates would be moved as a slurry (55 percent solids) from the mine to the
port site via a 9-inch diameter pipeline located in a pipeline bench that would be incorporated into the
DMTS road (see Figure 2-9). The lead and zinc concentrate slurries would be carried as alternating
“slugs.” Two inches of insulation would encase the slurry pipeline to protect it from freezing as well as
minimizing the influence of the pipeline on permafrost. The top of the bench would need to be
approximately 20 feet wide so that adequate space could be maintained between the pipelines to allow
maintenance. The bench would also need to be wide enough that equipment could operate on it during
construction (a total disturbance footprint approximately 24 feet wide in a bench incorporated into the
DMTS road). The bench would impact approximately 145 acres. Approximately 976,000 cubic yards of
fill material would be required. Similar to the DMTS road construction methods, a ggomembrane material
would be placed over the tundra and backfilled to a height of three feet. The pipes would be placed on the
bench and then an additional two feet of material placed on top of the pipes to serve as an insulating layer
and also to protect the pipes from traffic. A Section 404 permit from the Corps would be required to
authorize placement of fill for construction of the pipeline bench within jurisdictional wetlands.

Where the pipeline would cross streams with bridges, the pipes would be cantilevered from the bridges.
Where the pipeline would cross streams carried by culverts, the culverts would be extended and the
pipeline placed on fill on top of the culverts. This approach would also be used for the wastewater
pipelines under alternatives C and D and the diesel pipeline under Alternative C.

Under Alternative C, the concentrate slurry would be filtered at the port site. Concentrates would be
stored in the port site CSBs prior to shipping. The wastewater filtered from the concentrates would be
managed as described in Section 2.3.6.3.

Alternative D includes the installation of two high pressure truck washes, one at the mine site, located
near the contractor PAC and the other near the exit from the CSBs at the port site (see Figure 2.12). The
truck washes would include high pressure jets directed at the top, sides and undercarriage of the trucks
and trailers. The truck washes would be paired with dryers designed to remove all the moisture from the
trucks and trailers in the winter to avoid problems of freezing brakes and hydraulics. Also under
Alternative D, concentrate truck traffic would need to be increased from 36 to 54 round trips per day for a
period of 60 days prior to DMTS road closure during caribou migration.

2.3.10 Power Supply

Electric power to the site is provided with eight 5-megawatt diesel-powered generators that are housed
within two power houses. The power houses are located next to the mill. The generators use No. 1 and
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No. 2 diesel fuel, and small quantities of used oil. Three 650-kW diesel generators supply emergency
power. The power generators are equipped with air pollution control measures to reduce emissions of
nitrogen oxides.

Heat for mine site buildings is generated by heating a glycol/water mixture with recovered diesel engine
heat and circulating the mixture by pumps to mine site buildings. Emergency heat is provided by three
standby glycol/water heaters rated at 8,000,000 British Thermal Units (BTUs).

Under Alternative A, the use of a reverse osmosis wastewater treatment system is expected to increase
power demand by an additional 10 megawatts. The increase in power demand would require the
construction of an additional power distribution system and installation of three 5-megawatt generators.
Two of the new generators would be in operation at any given time with the third available as a back-up.

Power requirements under alternatives B and D are similar to current conditions and would continue
through mining of the Aqgaluk Deposit. Under Alternative C, pipelines would transport concentrates
from the mine to the port, and fuel from the port to the mine. Transporting the concentrates as a slurry
would require an active pumping system, filtering of the ore concentrate at the port facility, and treatment
of the contaminated water prior to discharge into the Chukchi Sea. The pipeline for treated wastewater
from the mine to the port would be gravity fed, but transporting fuel to the mine would require active
pumping. Under Alternative C, power requirements would increase from current conditions by
approximately three megawatts because of the power required to pump the concentrate slurry and diesel,
filter the concentrate at the port, and operate the wastewater treatment plant at the port.

Wind power would supplement power under Alternative C to reduce the amount of diesel fuel needed.
Alternative C would include the initial installation of one 100-kW turbine with additional turbines being
added as they could be practicably integrated into the power supply and distribution system. The wind
turbine would be located at the port site at a location to be determined. The disturbance footprint would
be less than one acre.

Under all alternatives, power would be required after closure for the wastewater treatment system. The
amount of generation capacity needed at that point would be substantially less than during operations.

2.3.11 Fuel Use and Storage

Diesel fuel is used daily for power generation, equipment operation, and vehicle use. Jet A fuel is used for
air transportation services. Diesel fuel is shipped to the port facility each summer by barges directly and
by tanker with lightering to the port by barge. Fuel is pumped from the barge to the storage tanks and
transported daily from the tanks to the mine site by a 25,000-gallon tanker truck. Diesel fuel is stored at
the mine site in two single-walled tanks, with a combined holding capacity of 2.3 million gallons, set
within a lined basin for secondary containment. Jet A fuel is stored on site in two double-walled tanks,
which have a storage capacity of 200,000 gallons each. Approximately 46,000 gallons of diesel fuel are
used daily, and 150,000 gallons of jet fuel are used annually. Table 2.3-1 presents the average volume of
diesel fuel consumed at the Red Dog Mine under current conditions.

Alternative A would require an increase in the annual use of approximately 6 million gallons to supply
the additional generators for the reverse osmosis system. The additional fuel would require two additional
200,000-gallon storage tanks to be installed at the port. That rate of fuel consumption would continue
until closure in 2011. Under alternatives B through D, an increase in the mining equipment required
because of the increase in waste rock generation would correspond to an increase of fuel required, at least
for the two years when the Main Pit and the Aggaluk Pit would be mined concurrently. Daily fuel use
would then be similar to current fuel consumption. However, under alternatives C and D, additional fuel
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would be necessary for the installation of the pipeline benches, which would involve transport of
construction materials, and the equipment required for pipeline installation.

Table 2.3-1 Average Volume of Diesel used in Existing Operations

Volume of Diesel Consumed

Application (gallons/year*)
Generators, Mine 13,353,820
Generators, Port 1,950,675

Mobile Sources, Mine 741,694

Material Transportation (concentrate, fuel,

supplies) P ( 664,691

Total 16,710,880

*Numbers represent the average use between 2000 and 2006
Source: Teck 2008 (Fuel)

Under Alternative C, the use of pipelines would eliminate the concentrate truck and fuel tanker truck
traffic between the mine and the port, and reduce traffic related fuel use during the life of the operation.
As discussed above under power supply, additional power would be necessary for the pumps, filter
presses, and water treatment that would be necessary with a concentrate slurry pipeline. The fuel needed
to provide the power for these uses would offset the fuel saved by not using concentrate trucks to move
the concentrate. Similar to pipeline construction under Alternative C, additional fuel would be required
during construction of the pipeline bench under Alternative D. The estimated fuel consumption by
alternative is presented in Table 2.3-2.

Table 2.3-2 Projected Annual Diesel Use during Operations

Alternative Volume of Diesel Consumed (gallons/year)
Alternative A 22,710,880

Alternative B 16,710,880

Alternative C 16,710,880 *°

Alternative D 16,710,880°

? Diesel consumption would increase during construction of the pipe bench

® Data provided by Teck indicates that diesel saved by eliminating the concentrate
trucks would be offset by additional demand in generators.

The subsistence closure of the DMTS road during the fall caribou migration would require the
construction of an additional 200,000-gallon diesel storage tank at the mine site. The additional storage
capacity would allow diesel transportation between the port and the mine to cease for 30 days.

2.3.12 Handling and Storage of Reagents and Hazardous Materials

The majority of chemicals used on the site are required for the froth flotation process. The reagents used
in the froth flotation processes are summarized in Table 2.3-3. The reagents are stored in the reagent
building, located west of the mill. The mill and reagent building are connected by an enclosed walkway.
The reagent building provides temporary storage of reagents and facilities to mix the reagents. The
reagents are mixed with water in mixing tanks, and transferred to day tanks, where they flow to holding
tanks in the mill. The reagents are transferred to the mill by pipeline through the enclosed walkway. No
changes in reagent use are expected.
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Table 2.3-3 Reagents used in Froth Flotation Processes

Consumption
Reagent (tons/year) Use
Lime 8,400 pH moadifier, water treatment
Copper Sulfate (CuSOs) 4,900 Activator in the zinc circuit
Sodium Isobutyl Xanthate (SIBX) 660 Collector in the zinc circuit
Potassium Ethyl Xanthate (PEX) 450 Collector in lead circuit
Zinc Sulfate (ZnSOy) 360 Depressant in the lead circuit
Sodium Meta Bi-Sulfite (SMBS) 310 Scavenger
Sodium Sulfide (Na,S) 250 Precipitation agent
Sodium Cyanide (NaCN) 200 Depressant
Dextrin 127 Organic depressor
Methyl Isobutyl Carbinol (MIBC) 77 Frother
Magnafloc 69 Clarification in water treatment and thickening
Antiscalent 38 Dispersant for process water

Under Alternative B, assuming treatment of 30 percent of water using barium hydroxide, lime usage
would be reduced by about 600 tons per year. This corresponds to the amount of barium hydroxide that
would be used.

Hazardous wastes are shipped offsite for disposal at a permitted treatment, storage and disposal facility.
Glycols are either cleaned or recycled when possible, and used oil is mixed with diesel fuel and burned on
site for energy recovery. Byproducts of the used oil recovery process are stored in shipping containers
prior to shipping off site as used oil.

2.3.13 Non-process Waste Disposal

Two on-site landfills are used for solid waste disposal. Solid waste is initially segregated between
putrescible waste, such as kitchen wastes, and other waste. Putrescible waste is collected in closed
dumpsters and incinerated. Qil contaminated solid waste is collected separately and incinerated. Ash from
the incinerator, other solid waste, construction waste, and burn pit ash are disposed of in the two
permitted landfills on site. One landfill is near the incinerator and the other is in the waste rock dump.

2.3.14 Borrow Areas

The borrow areas (material sites) used to raise the tailings impoundment dam and build the DMTS road
and conduct ongoing maintenance activities were assessed in the 1984 EIS. While additional material
would need to be removed from them in developing the pipeline benches under alternatives C and D, they
would not need to be expanded beyond the boundaries initially covered in the 1984 EIS. Currently Teck
estimates that cover material for reclamation and closure can be obtained from material stripped in
developing the Aqgaluk Pit. Therefore no additional borrow areas are expected to be developed for this
project. Refer to Section 2.3.18 for a discussion of mine reclamation and closure.

2.3.15 Roads

Internal roads provide access to all major facilities on the site. The DMTS road is a 52-mile long, gravel
surfaced access road from the mine site to the port facility for the transportation of concentrates, fuel, and
supplies. It was built over geotextile material covered by a minimum of five feet of fill plus an additional
12 inches of 1-inch minus surface material. The DMTS road is treated annually with calcium chloride to
reduce the amount of traffic-generated fugitive dust. Teck conducts ongoing testing with different dust

Supplemental Environmental Impact Statement 2-29



CHAPTER 2 PROPOSED ACTION AND ALTERNATIVES

control agents in an effort to minimize both dust generation and road maintenance. The road includes nine
bridges, four major culvert crossings and 451 minor culvert crossings (PN&D undated).

The road to the tailings impoundment and the DMTS road between the mine and the airstrip would be
slightly realigned to accommaodate the higher water level of the tailings impoundment associated with
raises of the tailings dam that would occur under alternatives B through D. Table 2.3-4 presents the extent
of daily traffic expected on the DMTS road.

Table 2.3-4 Daily DMTS Road Traffic Estimate

Number of
Units in Average Percentage of

Use/Day per Trips/Day per Maximum Total Average Total Daily
Traffic Category Unit* Unit Trips/Day Trips/Day* Trips
Concentrate Trucks 70r8 5 6 36 73.6
Fuel Trucks Upto 2 1.7 4 1.7 3.5
Supply Trucks 1to2 1.2 4 1.2 25
Maintenance Upto5 N/A N/A N/A N/A
Equipment
Light Vehicles 3to 10 1 2 10 20.4
Total 48.9 100

*Based on NANA/Lynden shipping records for 2003.
N/A = not applicable. Maintenance equipment generally does not make “trips,” but remains in its working area.

2.3.16 Mine Site Employee Housing and Transportation

The mine site PAC can accommodate up to 365 employees. The complex includes kitchen, laundry, and
recreation facilities. It is located next to the mill and connects to the mill by an elevated enclosed
walkway. A contractor PAC is available for construction contractors, and is operated when construction
and exploration activity is ongoing. The contractor PAC was decommissioned in 2001, but was reopened
in 2007 and is used for housing in the summer season. The mine currently provides employment for
approximately 360 people. Under alternatives B and D, employment would be extended with
approximately the same number of employees for an additional 20 years. Under Alternative C, the
number of drivers employed by NANA/Lynden, a contractor, would decrease since trucking of
concentrate and diesel fuel would be eliminated in favor of pipeline transportation.

Year-round transportation to and from the mine site for personnel, equipment, supplies, and perishables is
provided by an airstrip with capabilities to handle commercial jet aircraft. The paved airstrip is located
approximately three miles south-southwest of the mill (see Figure 1.2). Unpaved roads provide access to
each of the major facilities on site.

2.3.17 Port Facility

The DeLong Mountain Terminal (port site) is located on the Chukchi Sea, nearly 52 miles from the mine
site. The facility, owned by AIDEA and managed by Teck, consists of a housing unit (PAC), six diesel
storage tanks, two CSBs, a laydown area, and a concentrate conveyor/ship loading system. Shipping of
the concentrate is only possible for a few months when the waters are not ice-covered (generally July
through October). The concentrate is transported year-round from the mine site to the CSBs, which can
store up to nine months of concentrate production. The concentrate conveyor system that transfers the
concentrates from the CSBs to the barge loader is fully enclosed. The canvas tube that directs concentrate
from the conveyor to the barge, combined with curtains and bag houses on the barges limit the amount of
fugitive dust released during loading operations. Once filled, tug boats tow the barge from the shallow
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water of the port to deep sea cargo ships anchored approximately three miles offshore. Barges use a built
in conveyor (also equipped with a bag house) to transfer the concentrates to the cargo ships. The port site
includes a small domestic wastewater treatment system that discharges to the Chukchi Sea under a
separate NPDES permit (see Section 2.3.7).

Up to 1.5 million tons of concentrate are shipped from the port site annually. The annual volumes would
not change under any of the alternatives. Under Alternative A, Teck’s concentrate loading activities
would only continue through 2011, after which the only annual shipping requirements would be those
necessary to maintain the long-term wastewater treatment operations at the mine. Under alternatives B
and D, operations at the port site would remain the same as under current conditions and concentrate
shipments would continue through 2031. Under Alternative C, a filter press operation would be installed
at the port site to dewater the slurried concentrates. A new conveyor would carry concentrates from the
filter press to the CSBs. Wastewater collected from the filter press would be treated, combined with the
tailings impoundment wastewater, and discharged to the Chukchi Sea as described in Section 2.3.6. A
100-kW wind turbine would initially be added to the port facilities under Alternative C to offset some of
the three megawatts of power required for the filter press operation and the pumps (see Section 2.3.10).

2.3.18 Reclamation and Closure

Teck developed a draft detailed reclamation and closure plan that is being reviewed for approval by the
State of Alaska that includes the reclamation and closure of the Aqgaluk Deposit. According to Teck’s
plan, the waste rock dump will be reclaimed during operations, and the remainder of the closure plan
would be implemented after the end of mining operations in 2031. The plan describes closure procedures
for the waste material dumps, tailings impoundment, and water management systems (SRK 2008).
Alternatives A, B, and D reflect the reclamation and closure plans developed by Teck. The Alternative C
closure plan was developed by EPA to minimize the amount of water needing treatment over the long
term after closure. The State of Alaska currently holds a $154.6 million financial assurance to ensure
reclamation and post-closure activities, including long-term water treatment. The State is proposing to
increase the financial assurance amount to $304.5 million.

Under Alternative A, the Aggaluk Deposit would not be developed so closure includes facilities
associated with the Main Pit, existing waste rock dump, and the tailings impoundment. The waste rock
dump, including waste rock placed and any contaminated soil excavated from the tailings and mill areas,
would be covered with two-layer soil covers graded to 3:1 (horizontal:vertical) to reduce infiltration and
contamination of runoff. Covers would be constructed using unmineralized materials that are non-acid
generating and with a zinc content of less than 0.1 percent. An 18-inch layer of shale would be spread
over the waste rock dump, graded, and compacted. Depending on the level of weathering of shale, the
first layer may be allowed further weathering time prior to final grading and compaction of the first layer.
A second 18-inch layer of the shale would be placed as the growth media. If necessary, borrow areas
would be developed to provide the volume of soil needed, and vegetation would be established on the
upper layer to reduce erosion consistent with surrounding vegetation coverage (SRK 2007). Contaminated
seepage from the covered stockpiles would be directed to the Main Pit. Water levels in the Main Pit
would be maintained at an elevation of 850 feet by pumping it through the treatment system prior to
discharge to Red Dog Creek. A shallow water cover would be maintained over the tailings impoundment.
The beaches of the tailings impoundment would be covered with a geosynthetic liner and soil cover
(Figure 2.15). All excess water from the tailings impoundment would be treated for the foreseeable future
prior to discharge.
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Figure 2.15 Conceptual Tailings Impoundment Closure Design

Berms and reflectors would be placed on the pit rim to prevent humans and wildlife from entering the pit.
Buildings, equipment, yards, and roads no longer necessary for long-term maintenance could be
decommissioned, and either buried or removed from the site. Disturbed areas would be covered if
necessary and revegetated. NANA, as the land owner, will decide on the final dispensation of the
buildings.

Under Alternative B, reclamation of the mine site would be similar to that proposed under Alternative A
for the tailings impoundment, waste rock dump, and outfall location. Covers on the oxide stockpile and
portions of the waste rock dump would be placed during operations, with completion expected by 2020.
Covers would be installed so that final surfaces would have slopes of approximately 3:1. Waste rock from
the Aqgaluk Pit would be placed in the Main Pit with the Main Pit eventually being fully backfilled.
Material from the Aggaluk Pit containing high sulfide concentrations would be placed below the ultimate
water level in the Main Pit, with less reactive material making up the remainder of the backfill. Following
the end of mining in the Aqgaluk Pit, the pit would be used for water storage prior to treatment and
discharge. A shallow water cover would be maintained over the tailings impoundment to minimize the
potential for metal leaching and generation of acid mine drainage. Contaminated seepage from the waste
rock dump, the tailings dam, and other covered waste material would be intercepted and directed to the
Aggaluk Pit until long-term monitoring indicated the water quality allows for direct discharge.
Periodically, contaminated water from the Main Pit would be withdrawn and transferred to the Aqgaluk
Pit for seasonal storage. The water level of the Aggaluk Pit would be maintained below an elevation of
760 feet to prevent possible contamination of the Red Dog Creek Diversion. Water would be withdrawn
seasonally and treated to applicable permit limitations with either currently existing water treatment
facilities or new facilities before discharge to Red Dog Creek. The anticipated discharge volume is 1.5
billion gallons per year.

Closure plans under Alternative C would focus on reducing the volume of water that would need long-
term treatment. The main waste rock dump would be regraded to a 5:1 slope so that the area could be
covered with a geosynthetic liner before soil-cover placement. The Aqgaluk Pit would be partially
backfilled with the material that would need to be removed from the existing waste rock dump to achieve
the 5:1 regrading. Approximately 40 million tons of waste rock would remain in the waste rock dump and
30 million tons would be backfilled. Under Alternative C, the Main Pit, backfilled with waste rock from
the Aqgaluk Pit, would be covered with two layers of shale as described under Alternative A. The volume
of water requiring treatment would be reduced from approximately 1,400 to 700 gallons per minute. Upon
closure, the water cover over the tailings would be drawn down and the surface of the tailings would be
hydraulically resloped to achieve the desired final slopes. A geosynthetic liner would be installed over the
tailings. A dry soil cover would then be placed over the liner. The soil material would consist of
overburden from the Aqgaluk Pit, which would be stockpiled in the two locations shown on Figure 2.8.
The stockpiles would disturb approximately 80 acres of previously undisturbed ground. After placement,
the cover would be revegetated. In addition to eliminating water on top of the tailings, the dry cover over
the tailings impoundment would also reduce the potential for the tailings to become exposed to wind
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erosion. The anticipated life span of the geosynthetic liner is more than 400 years. After this period the
liner may need to be replaced.

Dry closure of the tailings impoundment and waste rock pile presents several technical challenges that
could affect the performance of the covers in reducing infiltration and seepage and minimizing long-term
oxidation. The placement of a liner and soil cover over the tailings would present construction challenges.
After the impoundment was drained, the liner and soil cover would likely have to be placed during winter
when the tailings surface was frozen. In addition, the tailings would consolidate over time. While such
consolidation would be taken into account during facility design, it is uncertain how settling of the
underlying material could affect the integrity of the geomembrane liner. Settling could continue to occur
for decades after closure until a final configuration is reached. A monitoring program would need to be
conducted to ensure the liner and soil cover remained intact. In the main waste rock dump, the surficial
materials are highly reactive, which creates very high temperature conditions in some parts of the waste
rock dump. While the liner should ultimately reduce oxidation and reactivity, the near-term integrity of
the liner could be affected by these reactive materials.

The backfilled Aggaluk Pit would include a lake to contain contaminated water from both pits and
seepage from the waste rock dump and tailings impoundment. Because of the backfilling under this
alternative, the maximum elevation of the lake would be 836 feet (compared to the Red Dog Creek
Diversion elevation of 850 feet) with a capacity of over 900 acre-feet. This capacity is sufficient to hold
the average flows from each source plus the flow from the estimated probable maximum flood within the
diversion (a total of approximately 750 acre-feet). The contributing flows are expected to decrease over
time after closure as the covered waste rock and tailings would continue to drain, reducing the volume of
seepage.

Under Alternative C, the pipeline used for discharging treated wastewater to the Chukchi Sea would be
removed at closure with treated wastewater being discharged through the Red Dog Creek outfall. The
concentrate and diesel pipelines would also be removed. This approach would avoid long-term
maintenance issues associated with the pipelines and allow for the removal of fill from 125.5 acres of
wetlands. The volume of wastewater discharged to Red Dog creek would be less than current volumes
and less than the volumes under the other alternatives.

Under Alternative D, the discharge of treated wastewater from the Aqgaluk Pit lake would continue
through the wastewater pipeline to the Chukchi Sea outfall.

Under all alternatives the wastewater would require long-term treatment and the discharge would need to
meet NPDES permit limits.

2.4 Project Alternatives and Components Considered But Not
Studied in Detail

A number of components were considered in developing alternatives for the SEIS, including mining
methods, water treatment, tailings disposal methods, and concentrate transportation. The following
discussion provides details on each component considered and why those components were not carried
forward.

2.4.1 Mining Method

Mining the Agqgaluk Deposit using underground mining methods would have reduced the potential for
fugitive dust generation, one of the issues identified during the scoping process. However, underground
mining methods would not be appropriate for the Aqgaluk Deposit since it lies so close to the surface.
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There would be insufficient structure in the overlying material to support underground mining methods,
therefore this component was not carried forward for consideration in detail.

2.4.2 \Wastewater Treatment

A range of wastewater treatment options were considered for inclusion in Alternative A to achieve
discharge limits established in the 1998 NPDES permit. These included membrane processes, ion
exchange, and biological treatment.

Membrane Processes. As discussed in Section 2.3.6, a reverse 0smosis system alone (without treatment)
could not be reliably used to meet the 1998 permit limits for TDS. The current level of gypsum saturation
in tailings reclaim water would cause fouling and clogging of the membranes. In addition, a high
percentage of waste, 50 to 70 percent of the influent flow, would require evaporation and disposal in an
isolated facility. Reverse osmosis without pretreatment, therefore, was not evaluated in detail.

A modified reverse osmosis treatment system has been developed for use on waters with high scaling
potential and can be used to improve water recovery rates, lower fouling potential, and reduce energy
consumption. This process, known as the slurry precipitation and recycle reverse osmosis (SPARRO)
system, uses a slurry of gypsum seed crystals to force the precipitation of gypsum and other materials in
solution rather than on the membrane surfaces. These seed crystals are introduced to the feed water
upstream of the reverse osmosis unit and can then be recycled. There is virtually no full-scale experience
with the SPARRO system and pilot-scale testing has shown issues with membrane fouling that would
affect long-term reliability and performance. As a result, operation of such a system at the scale required
is not proven to be feasible and has not been evaluated in detail.

Nanofiltration is a membrane process similar to reverse osmosis except the membrane has a higher
particle size cutoff; up to 0.005 um for nanofiltration compared to less than 0.002 um for reverse osmosis.
Typical pressures for nanofiltration applications range from 50 to 200 pounds per square inch.
Nanofiltration membranes can be effective for calcium and sulfate removal but removal levels are lower
than reverse osmosis. Such systems are unlikely to ensure compliance with the 1998 NPDES permit
limits. Nanofiltration has, therefore, not been considered in detail.

Electrodialysis is another membrane treatment technology where electricity is used as the driving force
for separation instead of pressure. An electrical current is used to move the ions through a series of anion
and cation selective membranes. The consecutive membranes concentrate the ions in a wastestream and
away from the treated water. Electrodialysis reversal is a modification of the process that switches
charges during operation to promote cleaning. This technology is applicable for treatment of high TDS
water because it is less susceptible to plugging and is easily cleaned. The downside to this process is the
high energy use and the large volume of concentrate requiring disposal (typically more volume than
reverse osmosis). Electrodialysis does not have a unique advantage over the proposed reverse 0smosis
system with pretreatment included in Alternative A, would demand more power, and would generate
more waste. Therefore, electrodialysis was not evaluated in detail.

lon Exchange. lon exchange is a process where water flows through an ion exchange resin and
undesirable ions in the water are exchanged for more benign ions on the resin. The ion exchange process
would be a sequential process with strong acid cation resin to remove calcium followed by weak base
anion resin to remove sulfate. The columns would be regenerated with sulfuric acid and caustic material,
so the process would be removing TDS in exchange for water. Since there is no experience operating ion
exchange systems of this type at the anticipated volumes (15 MGD), and because of the large amount of
sulfuric acid and caustic required, ion exchange was not evaluated in detail.
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Biological Treatment. Biological processes are used for sulfate removal in mine wastewaters by
reducing sulfate to sulfide. The result is a change from calcium sulfate to calcium carbonate; however,
both of these compounds contribute to TDS. Biological processes change the form of sulfur but do not
provide for TDS removal and were not evaluated in detail.

2.4.3 Concentrate Transport Methods

A small number of mining operations move concentrate from mill to smelter in sealed containers. The use
of containers would substantially reduce the potential for release of fugitive dust outside the loading area
assuming the exterior of the container was clean before starting the transportation process. Implementing
use of containers to ship ore from the Red Dog Mine would require a complete redesign of the current
loading facility which handles bulk concentrate using conveyor belts. A change in shipping methods
would also require a shift from bulk carriers to barges and ultimately, container ships for moving the
concentrate to smelters. Use of containers to transport concentrate from the mill to cargo ships was
assessed but not carried forward.

Weight restrictions would limit the use of standard shipping containers to the 20-foot variety. Each
20-foot (20 x 8.5 x 8.5 feet) container would have the capacity to hold approximately 24 tons of
concentrate. Hauling the equivalent amount of concentrate over an annual basis would require
65,700 containers while additional empty containers would need to be stored at the site prior to being
filled.

Based on the capacity of the CSBs (nine months of concentrate production), more than 49,000 containers
would be necessary to hold the volume of concentrate normally stored in the port CSBs. The CSBs are
140 feet high and designed for bulk (non-containerized) storage. Standard shipping containers can
generally be stacked eight high (70 feet) for storage. Assuming the CSBs would be reconfigured with an
overhead crane system, fewer than half of the containers could be stored within the CSBs. The remaining
containers full of concentrate would need to be stored outside or additional storage facilities would need
to be built, creating a minimum additional disturbance of 13 acres. Empty containers would be stored
outdoors and managed using fork lifts rather than a crane. Since fork lifts can only stack containers

4 high, the area needed for an empty container yard would cover approximately an additional 13 acres.

A crane system would need to be used to move empty containers off of and loaded containers onto sea-
going barges. Barges would carry the concentrate to Anchorage where containers could be transferred to
container ships. Supply barges currently servicing the site have a maximum capacity of 14,000 tons or
600 containers. Moving the 65,700 containers during the shipping season (100 days) would require
offloading 600 empty containers from 1.125 barges each day followed by loading of 600 full containers to
the barges. Loading at this rate would require handling 50 containers each hour throughout the entire
shipping season. Meeting these logistical constraints is unrealistic in the arctic environment.

Moving the containers between the port and the mine site would more than double the amount of traffic
on the DMTS road. Based on the design of the road and the weight of the containers, concentrate trucks
would be limited to carrying two containers in tandem. Transporting containerized concentrate at a level
equal to existing operations would require 180 containers (90 round trips) per day with trucks moving full
containers from the mine to the port and returning to the mill load-out storage area with empty containers.
While concentrate related fugitive dust would be reduced with the use of containers, traffic-induced dust
would increase with the number of concentrate truck round trips increasing from 36 to 90. Since the
existing level of traffic was identified as a concern because of potential impacts to wildlife along with
concerns about the generation of fugitive dust, increasing the volume of traffic on the DMTS road would
not address these significant issues.
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The alternative is not considered for detailed analysis for two reasons. First, moving the containers
between the port and mine site would generate additional traffic on the DMTS road. Second, the logistical
requirements involved with containerized shipping are unlikely to meet the needs of the operation. While
the use of containers may provide an incremental improvement in concentrate related fugitive dust, the
increase in traffic would exacerbate the concerns related to traffic.

The use of sealed containers just between the mine and port site CSBs was also considered. The trailers
currently in use employ hydraulic covers but are still subject to attracting dust during the loading and
unloading process. Containers that could be loaded and emptied within the CSBs where the exterior could
be cleaned prior to loading onto trailers for the trip to the port could reduce the amount of concentrate
dust tracked outside of the loading facilities and onto the DMTS road. The difference in dust control
between using sealed containers compared to using the two truck washes proposed in Alternative D
would be indistinguishable in terms of the NEPA analysis. Since Alternative D includes the trucks and
trailers that are already in use at the site, that approach is considered in detail for this analysis while the
use of containers between the mine site and port is not.

2.4.4 Paving the DeLong Mountain Regional Transportation System

The dust generated as a result of traffic on the existing gravel surface of the DMTS road could be reduced
by paving the road. Paving the road surface would also prevent any contaminants that may already be
present in the surface from being entrained in the wind and carried into the adjacent landscape. In terms
of use and management, a paved surface would reduce wear and tear on the concentrate trucks and reduce
the frequency of maintenance. The drawbacks of a paved road include an increased concern about winter
maintenance when ice could accumulate more readily on pavement compared to a gravel surface. While
road maintenance would be less frequent, repairing a paved surface would be more complicated and
expensive than the relatively simple process of grading a gravel road.

Regardless of the pros and cons of paving the DMTS road, the design of the existing roadway would
preclude paving it without substantial reconstruction of the entire road bed. For pavement to be effective,
it must be placed over a firm roadbed. Much of the DMTS road was built by placing construction
materials on top of geosynthetic fabric which in turn was placed directly on tundra soils. The result is that
the road “floats” on the tundra surface and is subject to vertical movement under traffic. The 400 plus
culverts under the DMTS road also contribute to differential heating and cooling of the road that results in
vertical and horizontal movement. The appropriate method to build a road with a paved surface would
involve stripping the upper layers of soil to bedrock (or permafrost) and then building up from a solid
base.

Teck attempted to pave approximately five miles of the DMTS road near the port facility. The paving
effort was short-lived because of the development of cracks and potholes. An alternative that would
involve paving the road was considered as a method to reduce the amount of dust generated by
transportation activities along the road. However, the alternative is not carried forward because of the
significant redesign and reconstruction activities required to pave the road and the associated maintenance
issues.

2.4.5 Tailings Disposal Methods

A concern over water chemistry in the tailings impoundment led to a consideration of alternative tailings
disposal methods, including paste tailings and dry stack tailings. Paste tailings disposal is a method that
involves mixing thickened tailings with cement to form a paste. The paste, which solidifies similarly to
concrete, allows wet tailings to be disposed of outside a traditional impoundment. No technological
reasons exist to prevent paste tailings disposal at the Red Dog Mine; however, paste tailings disposal does
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not appear to provide any benefit in terms of addressing significant issues. A disposal site would need to
be located for the paste tailings. With waste rock from the Aqgaluk Pit filling the Main Pit, there would
be no room in the Main Pit for disposal of paste tailings. Adding paste tailings to the waste rock dump
would increase the size of the waste rock dump while only minimally reducing the amount the tailings
impoundment would need to be increased. Both materials (waste rock and tailings) are reactive and would
need to be covered at closure. Seepage from the waste rock dump would need to be directed to the tailings
impoundment for treatment prior to discharge. Since this alternative tailings disposal method would not
bring a demonstrated reduction in environmental impacts nor address the significant issues, it is not
carried forward for detailed consideration.

Alternative tailings disposal locations have also been considered as a method of reducing water
management concerns within the existing tailings impoundment. Construction of either a second wet
tailings impoundment or some type of dry (or paste) tailings facility could potentially ease the operational
constraints on management of the existing impoundment. However, a new tailings facility would require
the disturbance of new ground, result in additional surface area and potentially the need to capture
additional precipitation, and require long-term management similar to other existing facilities. While the
current operating scenario has resulted in water level increases within the impoundment, the proposed
action using enhanced treatment (Alternative B) or marine discharge (alternatives C and D) would address
the issue using the existing facilities. Since the existing range of alternatives addresses the concerns about
the long-term water balance within the system, without the additional surface area and facility
requirements of a paste or dry tailings disposal facility or a new tailings impoundment, these alternative
tailings disposal methods were not carried forward for detailed analysis as alternatives.

2.4.6 Waste Disposal

The possibility of shipping the ore and contaminated waste materials (i.e., waste rock and tailings) off site
was identified as a potential option to reduce the volume of tailings to be treated, long-term water
treatment requirements, and the volume of potentially reactive materials that would need to be stored at
the site over the long term. While off-site ore processing is possible for some operations, this approach
would be prohibitively expensive at Red Dog Mine. The port facility already runs at near capacity to keep
up with the current level of concentrate production. Adding additional shipment capacity to handle the ore
alone would require more than doubling traffic (barge and truck) and storage capacity at the port. Further,
exporting ore for processing off site would export the environmental concern to another location rather
than eliminate it. Finally, unless all existing tailings and waste rock were removed from the site, reactive
materials would still need to be handled at the site over the long term. For this combination of reasons,
off-site processing of ore and management of tailings and waste rock was not considered in detail.

Backfilling the waste rock dump into the Aggaluk Pit after mining would be a way of eliminating the
footprint impacted by waste facilities at the mine site, improving post-mining habitat, and reducing the
amount of wastewater needing treatment over the long term. Most of the waste rock generated during the
process of developing the Aggaluk Pit would be placed in the mined-out Main Pit. At the end of mining, a
void will remain in the Aggaluk Pit. However, based on calculations of the volume of material in the
waste rock dump, there would be insufficient space to backfill all the material from the dump into the
Aggaluk Pit. Backfilling the Aggaluk Pit was therefore not carried forward as an alternative evaluated in
detail.

2.4.7 Above-Ground Pipelines

Pipelines for the concentrate, diesel, and wastewater, under alternatives C and D could potentially be
elevated above ground rather than being buried. Above-ground pipelines would typically result in a
smaller overall footprint and reduction in impacts on wetlands and wildlife habitat. The use of above-
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ground pipelines was not considered as part of the analysis for a number of reasons. The NWAB’s Title 9
Areawide Standards require that onshore uses within areas of caribou or other species migration shall not
significantly interfere with subsistence activities. Concerns about the road and its effect on caribou
migration have been identified through the scoping process and in subsistence interviews (see Section
3.12). The addition of above-ground pipelines would exacerbate this issue. Each of the pipelines would be
critical to operation of the mine and providing adequate insulation for an above-ground pipeline to assure
reliable year-round performance is considered much more difficult than insulating pipes buried within a
bench. For this combination of reasons, the use of an above-ground pipeline was not considered for
detailed analysis.

2.4.8 Reduction in Production Rates

A reduction in production rates was suggested as a method to address concerns about the water balance in
the tailings impoundment and the increase in TDS concentrations. A reduction in production rates was not
considered further for three reasons. First, the production rate represents a minor contribution to the TDS
levels in the impoundment. The highest TDS concentrations are associated with seepage collected from
the waste rock dump and Main Pit, conditions that would not change with a reduction in the mining rate.
Second, operation of the mill at reduced production rates decreases efficiency of the mill, resulting in an
increased cost of operations, increased diesel consumption and increased particulate emissions on a per
unit basis with no measurable reduction in TDS levels over the long term. Finally, the existing range of
alternatives including enhanced treatment and Chukchi Sea discharge options address the water balance
concern without requiring a modification of production rates.

2.5 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 monitoring for areas where there are
uncertainties. Table 2.5-1 summarizes the mitigation measures identified in the analysis. As noted in the
table, EPA and the cooperating agencies have limited authority to incorporate some of these measures
into their permits and/or decisions.

Teck currently undertakes a complex monitoring program in support of its existing permits and
authorizations. Teck is also in the process of finalizing a fugitive dust risk management plan, as an
outcome of their ecological and human health risk assessment (DMTS risk assessment) completed in
2008, to address issues related to fugitive dust. Once completed, the plan may include additional
monitoring objectives, some of which would be applicable to monitoring needs identified in the SEIS.
Table 2.5-2 presents selected monitoring measures that were identified through the process of reviewing
baseline data and conducting the impact analyses. Again, some of these measures would be required by
new or existing permits while others would be voluntary. All monitoring measures identified would be in
addition to the ongoing Red Dog Mine monitoring programs.
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Table 2.5-1 Mitigation Measures by Resource

Resource Measure Section Comment Authority ? / Likelihood of Implementation

Air Install truck washes at both ends of the |3.2.4 Applicable to alternatives A | None / Under evaluation as part of the draft fugitive
DMTS road. and B (included as part of | dust risk management plan; likelihood of

Alternative D). implementation uncertain.

Geotechnical Evaluate dam design prior to final raise | 3.4.2.5 All alternatives. ADNR’s Dam Safety Program / Reviews of dam

Stability to address potential long-term stability raises would be conducted under all alternatives.
concerns.

Conduct engineering study to determine | 3.4.3.3 Alternatives C and D None / Likelihood of implementation unknown.
amount of movement that could occur

within berm and incorporate into

pipeline design parameters accordingly.

Water Resources | Use BMPs (e.g., silt fences) at road 3.5.3.3and | Alternatives C and D. NPDES Permit (Storm water) / Measure would be
crossings during construction of 3.5.34 required for construction under all alternatives.
pipeline bench to minimize sediment
input at DMTS road/pipeline bench
stream crossings.

Develop long-term TDS management 3.5.3.2 Applicable to alternatives A | Red Dog Mine NPDES Permit / Included under
plan. and B and included in the alternatives A and B; unnecessary with marine
draft NPDES permit. discharge (alternatives C and D).
Additional TDS control
would not be necessary
with a marine outfall.

Wetlands Develop mitigation plan for wetlands 3.8.3.3 Applicable to alternatives Section 404 Permit / Mitigation required under Corps
loss associated with development of B, C, and D. regulations. Extent of proposed mitigation for
Aqgaluk Deposit and fill to raise tailings Aqgaluk impacts disclosed in the SEIS although
dam. specific mitigation plans for dam raises would be

determined in the future.

Wildlife Continue to implement a hazing 3.9.3.2, All alternatives (applies to | None / Teck has committed to continuing the current
program to keep wildlife from using the |3.9.3.3, tailings impoundment only | hazing program being implemented voluntarily and
tailings impoundment and Aqqaluk Pit | 3.9.3.3, and | under Alternative A and will reevaluate the need at closure.
lake. 3.9.34 Aqgaluk Pit lake under

Alternative C).
Construction of marine outfall should 3.9.34 Applies to alternatives C Sections 10 and 404 permits / Would be required for
avoid conflict with marine mammal use and D. construction of the marine outfall under either
of the area. alternative.
Construction of pipeline bench should 3.9.34 Applies to alternatives C Section 404 Permit / Would be required for

avoid major migratory movements of
caribou.

and D.

construction of the pipeline bench under either
alternative.
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Resource Measure Section Comment Authority ® / Likelihood of Implementation

Subsistence The Subsistence Committee should re- |3.12.3.1 Applies to all alternatives. None / Likelihood of implementation unknown.
examine its procedures on minimizing Function and responsibilities of the Subsistence
the mine’s effect on subsistence Committee are established in an agreement
resources. between Teck and NANA.
Have an “independent observer” party | 3.12.3.1 Applies to alternatives A, B, | None / Unlikely to be implemented as Teck has
(not truck drivers) be responsible for and D. indicated it will not undertake the use of independent
determining when traffic should stop observers. Teck will develop additional
because of the proximity of caribou to documentation of caribou-related road closures in
the DMTS road. the future.
Communicate how subsistence is 3.12.2.7 Applies to all alternatives. None / Likely to be implemented as Teck has
addressed in existing company leave committed to reviewing its existing policy including
policy. how it is communicated to its workers within the

region.
Socioeconomics Initiate a regional long-term economic 3.174.1 Applies to all alternatives None / The NWAB has an Economic Development

planning process to promote economic
stability in the region beyond the
closure of the Red Dog Mine.

and should involve
community input.

Commission that includes Teck as a formal member.
This commission may meet the long-term planning
needs identified in the socioeconomics section.

@ “None” means that EPA and the cooperating agencies have not identified a regulatory authority or permit under their jurisdiction that can be utilized to require
the mitigation measure.
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Table 2.5-2 Selected Monitoring by Resource

Resource Measure Section Comment Authority ? / Likelihood of Implementation °

Air Implement operational monitoring 3231 Applicable to all ADEC-Teck MOU / A specific Dust Emissions
program to evaluate effectiveness of alternatives. Reduction Plan is to be incorporated into the fugitive
dust control measures. dust risk management plan to address operational

monitoring.

Geochemistry Monitor changes in mobility and 3324 Applicable to all ADEC-Teck MOU / Based on comments from Teck,
migration of metals from oxidation or alternatives. the Terrestrial Monitoring Plan to be incorporated
other changes in forms of minerals. into the fugitive dust risk management plan will

include monitoring of vegetation tissue (see below
under Vegetation).

Surface Water Monitor water quality in streams at 3.5.22 Applicable to Alternatives ADEC-Teck MOU / Per Teck, monitoring for metals
DMTS crossings to determine if DMTS A, B, and D. in DMTS streams will be part of the Operational
is impacting water quality. Monitoring Plan to be developed under the fugitive

dust risk management plan.
Monitor Red Dog Creek and lkalukrok | 3.5.3.3 Applicable to Alternatives C | ADEC Waste Management Permit / Monitoring to be
Creek for changes in water quality from and D. conducted under ADEC’s Waste Management
relocation of Outfall 001 from Red Dog Permit.
Creek to the Chukchi Sea.

Groundwater Assess capability of existing 3.6.3.1 and Applicable to all ADEC Waste Management Permit / The existing
meteorological, groundwater and 3.6.3.2 alternatives. plan will be reviewed and modified periodically

permafrost monitoring system to detect
changes due to climate change. Modify
the plan, if needed, so that changes in
the relationship between permafrost
and groundwater behavior can be
detected.

under the ADEC’s Waste Management Permit.
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Resource Measure Section Comment Authority ? / Likelihood of Implementation °
Vegetation Develop and implement monitoring plan | 3.7.2 Applicable to all None / Teck does not currently plan to conduct this
to determine whether dust deposition alternatives. monitoring.
from the Red Dog Mine is occurring
within Noatak National Preserve.
Monitor for changes in mobility and 3.7.2 Applicable to all ADEC-Teck MOU / Per Teck, monitoring will be
availability for the uptake of metals in alternatives. included in the Terrestrial Monitoring Plan to be
tundra and underlying soils. developed under the fugitive dust risk management
plan and will consist of monitoring vegetation tissue
concentrations and plant community parameters.
Monitor tissue concentrations in shrubs, | 3.7.2 Applicable to all ADEC-Teck MOU / Per Teck, this will be included in
herbaceous plants, mosses and lichens alternatives. the Terrestrial Monitoring Plan to be developed
to track rate of changes (data collected under the draft fugitive dust risk management plan.
at regular intervals).
Monitor composition of shrub, 3.7.2 Applicable to all ADEC-Teck MOU / Per Teck, this will be included in
herbaceous, moss, and lichen alternatives. the Terrestrial Monitoring Plan to be developed
communities to evaluate community under the fugitive dust risk management plan.
health and identify changes in
community composition.
Monitor remediated or reclaimed areas | 3.7.3.1 Applicable to all ADEC-Teck MOU / Per Teck, monitoring of
to ensure long-term effectiveness (at alternatives. remediated/reclaimed sites will be included in the
rollover sites and sites covered in the Remediation Plan to be developed under the fugitive
DMTS risk assessment). dust risk management plan.
Wildlife Monitor health of local populations of 3.9.21 Applicable to all ADEC-Teck MOU / ADEC has suggested this be
voles, shrews, and ptarmigan. alternatives. included in the fugitive dust risk management plan
to supplement vegetation tissue monitoring data
identified above. Uncertain if it will be included in the
final fugitive dust risk management plan.
Develop turbine-related mortality 3.9.34 Applicable to Alternative C | None / No regulatory authority to require this, but
monitoring plan for birds. — applicable to the wind commonly undertaken to advance database on
turbine at the port. effects to bird populations.
Aquatic Resources | Monitor Red Dog Creek and lkalukrok | 3.10.3.4 Applicable to Alternatives C | ADEC Waste Management Permit / Some
Creek for changes in fish habitat based and D. monitoring to be conducted under ADEC’s Waste
on changes from relocation of Qutfall Management Permit.
001 from Red Dog Creek to the
Chukchi Sea.
Monitor health of local populations of 3.10.3.2 Applicable to all ADEC-Teck MOU / Per Teck, monitoring of DMTS

fish at DMTS road crossings that tend
to be resident in the area (e.g., slimy
sculpin).

alternatives.

creeks will be included as part of the Operational
Monitoring Plan to be developed under the fugitive
dust risk management plan.

SIAILVYNHILTY ANV NOILOY d3SOd0dd ¢ 431dVHD



Juswialels 1edw| eluswuoliAug [eauswalddng

ev-¢

Resource Measure Section Comment Authority ? / Likelihood of Implementation °
Health Characterize the current nutritional 3.13.2 Applicable to all None / No regulatory authority to require this and
health baseline by conducting a dietary alternatives. Data could be | Teck has indicated that they will not fund such a
survey to quantify the contribution of reviewed by Stakeholder study. Therefore, implementation is unlikely.
subsistence resources to the diet of Participatory Monitoring
residents of Kivalina. and Review Committee
(see below).
Monitor metals concentrations in 3.13.2 Applicable to all ADEC-Teck MOU / According to Teck, caribou
caribou to reduce uncertainty in the alternatives. tissue monitoring for metals will be conducted under
DMTS risk assessment regarding safe the Monitoring Plan to be developed under the
consumption levels. fugitive dust risk management plan.
Recommend safe levels of
consumption based on study results.
Form a Stakeholder Participatory 3.13.3 Applies to all alternatives None / No regulatory authority to require this and

Monitoring and Review Committee to
coordinate and collaborate on ongoing
health efforts and initiatives in the area,
including those related to mining.

although not driven solely
by concerns related to
operations at the Red Dog
Mine.

Teck has indicated they will not form the
Stakeholder Committee. Teck is willing to expand
the existing Ikayugqtit Team to include other groups.
However, uncertain that this will address the health
concerns.

% “None” means that EPA and the cooperating agencies have not identified a regulatory authority or permit under its jurisdiction that can be utilized to require the

monitoring.

® Based on comments and a letter from Teck, some of the monitoring measures will be included in implementation plans developed under the fugitive dust risk
management plan (which was developed per the ADEC-Teck MOU). However, until the implementation plans are finalized and approved by ADEC, the likelihood
that these measures will be implemented as described in the SEIS is uncertain.
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2.6 Comparison of Alternatives

Table 2.6-1 summarizes the various components associated with each alternative facilitating a side-by-
side comparison of alternatives.

Table 2.6-1 Comparison of Alternatives

Alternative A

Alternative B

Alternative C
Concentrate and

Alternative D
Wastewater Pipeline
and Additional

Component No Action Proposed Action Wastewater Pipelines | Measures
Mining Method | No Aqgaluk Project. Aqgaluk Open Pit. Same as Alternative B. | Same as Alternative B.
Waste Rock Waste rock dump. Waste rock dump/Main | Main Pit backfilled with | Same as Alternative B.
Disposal Pit backfilled with Aqgaluk Pit waste
Aqgaluk Pit waste rock. | rock/Agqgaluk Pit
partially backfilled from
existing waste rock
dump.
Wastewater Aluminum or barium Existing high-density Existing high-density Existing high-density
Treatment hydroxide sludge/lime sludge/lime sludge/lime
pretreatment, followed | precipitation plus, as precipitation for mine. | precipitation for mine.
by reverse osmosis. needed, barium Barium hydroxide Barium hydroxide
hydroxide precipitation. | precipitation or other precipitation or other
enhanced TDS enhanced TDS
treatment not needed. | treatment not needed.
New sludge/lime
system at port
(different water quality
permit limits for marine
outfall).
Wastewater Red Dog Creek. Same as Alternative A. | Chukchi Sea during Chukchi Sea.

Outfall Location

operations. Red Dog
Creek after closure.

Concentrate Concentrate truck. Same as Alternative A | Slurry pipeline. Same as Alternative B
Transport (longer duration). (plus truck washes).
Power Additional 10 No change from Additional three No change from

megawatts of power
demand for wastewater

existing operations.

megawatts of power at
port for filter presses

existing operations.

treatment. and pumps

(supplemented with

wind power).
Subsistence None. None. None. Late opening of port
Closures (July 1) and closure of

DMTS road in fall.

New New water treatment Aqgaluk Pit Same as Alternative B | Same as Alternative C
Construction plant and generator. Development. plus new pipeline plus truck washes at

bench incorporated into
the DMTS road.

contractor PAC and
port site CSBs.

Fugitive Dust

Per draft fugitive dust

Per draft fugitive dust

Per draft fugitive dust

Per draft fugitive dust

Control risk management plan. | risk management plan. |risk management plan. | risk management plan
Pipeline would plus enhanced truck
eliminate concentrate | washes.
truck and fuel truck
traffic.
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Alternative D
Alternative C Wastewater Pipeline
Alternative A Alternative B Concentrate and and Additional
Component No Action Proposed Action Wastewater Pipelines | Measures
Reclamation/ Pit lake in Main Pit Main Pit backfilled; pit | Main pit backfilled,; Same as Alternative B
Closure (below 850 feet); wet lake in Agqaluk Pit; wet | partial backfill Aggaluk | except continued
cover over tailings; soil | cover over tailings; soil | Pit; geosynthetic dry wastewater pipeline
cover over waste rock | cover over waste rock | liner cover over tailings | and discharge to the
dumps (3:1 dumps (3:1 grading) impoundment and Chukchi Sea. Long-
[horizontal:vertical] (oxide ore stockpile waste rock dump term wastewater
grading). Long-term and waste rock dump | (regraded waste rock treatment required.
wastewater treatment | % reclaimed by 2017, | dump to 5:1). Long-
required. fully reclaimed by term wastewater
2020). Long-term treatment required.
wastewater treatment
required.
2.7 ldentification of the Environmentally Preferable and Preferred

Alternatives

EPA’s Record of Decision must identify a preferred alternative and an environmentally preferable
alternative (40 CFR 88 1502.14(e), 1505.2(b)). The preferred alternative takes into account various
considerations including such factors as the agency’s statutory mission and responsibilities and economic,
environmental, technical, and other factors (CEQ 1981: Forty most asked questions, No. 4a). NEPA also
requires that the lead agency identify an environmentally preferable alternative, which ordinarily means
“the alternative that causes the least damage to the biological and physical environment; it also means the
alternative which best protects, preserves, and enhances historic, cultural, and natural resources” (CEQ
1981: Forty most asked questions, No. 6a). The environmentally preferable alternative can be the same as
the preferred alternative or differ in some respects, depending on the analysis in the SEIS.

This section presents EPA’s basis for determination of the preferred alternative and environmentally
preferable alternative. As discussed below, these alternatives can be comprised of different components of
each of the alternatives evaluated in the SEIS.

Preferred Alternative

As noted above, the determination of the Preferred Alternative may take into account other factors beyond
environmental impacts, including an agency’s statutory mission and responsibilities. In this case, EPA’s
responsibility is to approve or deny Teck’s application to reissue the NPDES permit for the discharge to
Red Dog Creek. The SEIS analysis indicates that Teck can meet the limits and conditions in the draft
NPDES permit developed based on Teck’s permit reissuance application, which is Alternative B in this
SEIS. Even though EPA has identified the three pipelines and Chuckchi Sea discharge components of
Alternative C as part of the environmentally preferable (best) alternative, EPA does not have the authority
to require Teck to implement Alternative C. EPA’s Preferred Alternative is, therefore, Alternative B. This
will be discussed further in EPA’s Record of Decision.

Teck has entered into a Consent Decree and Settlement Agreement to resolve a lawsuit regarding
discharges to Red Dog Creek in exceedence of the existing NPDES permit limits. The Settlement
Agreement includes construction of a pipeline similar to that under consideration under Alternative D.
The impact analysis SEIS includes an assessment of impacts that would result from construction and
operation of the pipeline; a pipeline is also considered reasonably foreseeable in terms of cumulative
effects. Since EPA must act on the NPDES permit application that has been submitted, the preferred
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alternative is Alternative B as described above. The extent of permits and approvals for constructing and
operating the wastewater discharge pipeline process has not been identified although it is likely that
additional NEPA action would need to be completed in the future, at minimum for a revision to the
existing Section 404 permit governing wetland fills. Once Teck finalizes its plans and submits an
application to build and operate a wastewater pipeline; any future NEPA action could tier off of this Final
SEIS.

Environmentally Preferable Alternative

Table 2.7-1 (Summary of Potential Impacts of Each Alternative) summarizes the results of the impact
analysis for each alternative. Based on these results, EPA has identified Alternative C as the
Environmentally Preferable Alternative, except for the closure component. EPA believes that wet closure
included under Alternative B is environmentally preferable to the Alternative C dry closure.

Alternative C differs from Alternative B in that it includes construction and implementation of a
wastewater discharge pipeline (instead of ongoing discharge to Red Dog Creek) and construction of a
concentrate pipeline to transport concentrates (instead of concentrate trucks). As discussed below, EPA
believes that these components of Alternative C are environmentally preferable to Alternative B and the
other alternatives.

Alternative A is not the Environmentally Preferable Alternative because it would have broad, adverse
economic and social impacts that outweigh the reduced environmental effects associated with ceasing
mining in 2012. In addition, these effects would have negative impacts on human health in the NWAB.
Specifically, more than 500 full- and part-time jobs would be lost with over $40 million in payroll,
including more than 100 jobs and $8 million in payroll of NWAB residents. In addition, NANA
businesses would forgo $71.3 million in revenue, other businesses would forgo $29 million revenue and
the NWAB would forgo $8 million in PILT.

One primary difference between Alternative C and alternatives B and D is the construction of the
concentrate pipeline under Alternative C, which would limit truck traffic on the DMTS road. While this
would not address past effects associated with dust already in the environment, it would greatly reduce
future dust emissions. In addition, eliminating concentrate truck traffic would have positive effects on
impacts to caribou harvest and, potentially, berry harvests by Kivalina residents. It would also reduce the
potential for caribou mortality from traffic, as well as risk to ptarmigan and small mammals from fugitive
dust. Future impacts to vegetation from dust emissions would largely be eliminated.

Construction of the pipeline bench under Alternative C would cause the temporary loss of 125.5 acres of
moderate value wetlands. Much of these wetlands have already been contaminated because of fugitive
dust from the haul road and truck traffic. These wetlands could be restored after closure, although a
mitigation plan has not yet been developed. These losses would be permanent under Alternative D, since
the marine discharge pipeline would remain after closure.

Replacing the Red Dog Creek discharge with the marine discharge under alternatives C and D would
cause TDS levels in Red Dog Creek to return to approximately pre-mining conditions in the downstream
drainages. Moving the discharge from Red Dog Creek to the Chukchi Sea would also result in higher
metals concentrations in Red Dog Creek, since the diluting effect of the treated effluent discharge would
be lost. The higher metals concentrations would likely adversely affect water quality and aquatic life in
Main Stem Red Dog Creek, including impacts on grayling spawning. The exact magnitude of these
effects is unknown; however, as discussed in sections 3.5 and 3.10, conditions would be better than pre-
mining conditions. Impacts should not extend to Ikalukrok Creek. Moving the discharge to the Chukchi
Sea would allow Teck to discharge more wastewater, which would facilitate easier maintenance of the
site-wide water balance and a safe water level behind the tailings impoundment dam. Under Alternative
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C, the treated discharge would be returned to Red Dog Creek after closure and the stream would return to
current conditions. This would not occur under Alternative D. No adverse effects on aquatic life in
Ikalukrok Creek or the Wulik River are predicted under any of the alternatives.

Because of the limited size of the mixing zone (estimated at less than 10 feet) needed to meet water
quality standards protective of aquatic life, the SEIS concluded that the discharge to the Chukchi Sea
under alternatives C and D would not cause adverse impacts to aquatic life or marine mammals.
Construction would be timed to avoid fish and mammal migration periods, although there would be
localized, short-term impacts on invertebrates, algae, and fish.

Under Alternative D, the construction of the year-around truck washes would only eliminate some of the
current dust emissions associated with truck transport of concentrate. Closure of the port during marine
mammal migration may reduce subsistence impacts associated with beluga harvest. However, port closure
would adversely impact Teck’s ability to economically ship concentrate during the open water season,
and may not be feasible. Teck currently opens the port only after being notified by the local Native
Subsistence Committee that whale hunting activities have ceased. Economic and logistical effects would
also arise from closing the DMTS road during caribou migration.

The impacts analysis indicated that the tailings dam is stable over the short term. The SEIS identified that
a rise in the wetted level within the dam and a lower than accepted safety factor could impact the stability
of the dam over the long term. ADNR has indicated that they will address these issues during their
process for approving the final dam designs. In addition, the final dam design needs to account for the
ways climate change and permafrost thawing would affect stability and water management requirements.
The assumption that these concerns would be addressed under all alternatives is part of the
environmentally preferred alternative.

EPA believes that the wet closure plan under Alternative B is environmentally preferable to the dry
closure plan developed under Alternative C. While dry closure of the tailings impoundment under
Alternative C could reduce the volume of water requiring long-term treatment, wet closure of the
impoundment may lead to improved discharge quality. In addition, dry closure poses specific technical
challenges, including a long and uncertain tailings compaction time and the difficulties in keeping the
cover dry.
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Table 2.7-1 Summary of Potential Impacts of Each Alternative by Resource

Resource Impact Alternative A Alternative B Alternative C Alternative D
Air quality Stack and fugitive |Higher stack emissions due |Stack emissions comply Same stack emissions as Same stack emissions as
emissions to 10MW generator for with all Federal and State | Alternative B. Alternative B.
reverse 0Smosis sy§tem; will |air quality standards. Fugitive dust emissions Fugitive dust emissions
continue to be required after |g,qitive dust emissions associated with DMTS road associated with DMTS road
closure. along DMTS road continue |traffic largely eliminated by greater than Alternative C
Duration of fugitive at current levels through pipeline construction. but less than Alternative B.
emissions minimized after 2031, unless controls Additional fugitive dust
end of mining in 2011. impleme.n‘ted through the emissions associated with the
draft fugitive dust risk dry cover over the tailings
management plan. Elevated impoundment and cover
metals levels in soils extend material stockpiles
>50 miles.
Geochemistry Acid rock Acid drainage will continue |Same as Alternative A for | Dry closure of waste rock and |Same as Alternative A for

drainage and
metal loadings

during operations. After
closure, wet cover over
tailings should minimize acid
generation potential and
could lead to reduced
wastewater treatment
requirements over long term.

acid generation potential
although a larger volume of
source material.

Metals loadings from
fugitive dust emissions
continue through 2031 with
increased metals
concentrations in downwind
soils and plants.

tailings impoundment would
reduce flow volumes requiring
treatment but acid generation
expected over long term.

Metals loadings to soils and
plants from fugitive dust
emissions along DMTS road
greatly reduced.

acid generation.

Metals loadings from
fugitive dust emissions
along DMTS road reduced
more than Alternative B, but
less than alternatives A and
C.

Geotechnical
stability

Probability of
failure

Risk of failure of tailings dam
low. However, long-term
concerns due to the level of
the phreatic surface and
dam design below proposed
safety factor. ADNR will
implement mitigation
measures during final dam
design to remedy concerns
and ensure long-term
stability. Stability of waste
rock pile also ensured
through permitting and
ongoing oversight by ADNR.

Same as Alternative A.

Same as Alternative A.

Same as Alternative A.
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Resource

Impact

Alternative A

Alternative B

Alternative C

Alternative D

Water Resources
— Surface Water

Stream flow

No changes from current
conditions.

Stream flow in Red Dog
Creek may be slightly
greater than current
conditions since additional
wastewater can be
discharged during times
when barium hydroxide is
used to lower TDS in the
effluent and increase
discharge rates.

Changing to marine discharge
reduces stream flow in Main
Stem Red Dog Creek by 18 to
38 percent during operations.
In Ikalukrok Creek average
flows would be reduced by less
than 5 percent below the
confluence with Red Dog
Creek.

Same as Alternative C
except stream flow
reductions continue after
closure.

Water Quality

TDS levels in Main Stem
Red Dog Creek reduced to

below 170 mg/L. Lower TDS

levels in Ikalukrok Creek.

No change at Kivalina water
supply intake; meets drinking

water standards.

For metals and cyanide; no
change from current
conditions.

No change from current
conditions for metals,
cyanide, and TDS

Kivalina water supply intake
meets drinking water
standards.

For DMTS streams, no
water quality impacts
identified, although
additional monitoring is
warranted.

Change to marine discharge
during operations will decrease
TDS concentrations to below
water quality standard levels in
Red Dog Creek. Lower TDS
levels in Ikalukrok Creek.

No detectable change in metals
or TDS concentrations at
Kivalina’'s water supply.

Metals levels in Main Stem Red
Dog Creek, which are already
above aquatic life standards,
will increase, although levels
will be lower than pre-mining
conditions. Small (less than 10
feet) marine mixing zone
around the Chukchi Sea
discharge. After closure, same
as Alternative B.

Reduced risk of metal loadings
to DMTS streams from dust as
compared to other alternatives.

Same as Alternative C
during operations; effects
continue after closure.

Risk of metals loadings from
dust along DMTS lower than
Alternative B but higher than
Alternative C.

Spills

Spill risk associated with
vehicle transport greater

than Alternative C but lower

than alternatives B and D
considering the shorter
duration of operations.

Similar to Alternative A,
except longer duration of
risk.

Lower risk of a truck transport
related spill with pipeline.
However, a pipeline rupture
could have impacts, depending
upon location and duration.

Similar to Alternative B.
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Resource Impact Alternative A Alternative B Alternative C Alternative D
Water Reverse osmosis treatment |Continued use of existing  |Continued use of existing water | Same as Alternative C
Management system needed until closure |water management and management system and during operations with
and in perpetuity to meet treatment systems with treatment of tailings pipeline to ocean; pipeline
TDS limits. addition of enhanced impoundment wastewater, maintained after closure.
At closure, tailings treatment (barium except the wastewater would _Closure plan for_
impoundment and Main Pit precipitation) to re_duce TDS |be plped to t_he port site, impoundment, pits and
used for water management. levels and maintain water |combined with treated waste rock_stockplles same
Water discharge would balance, as needed. concentrate wastewater a_nd as Alternative B.
continue in perpetuity. Wet closure involves water discharged to the Chukchi Sea.
management in the Aqgaluk A new treatment _plant would be
Pit and tailings built at the port site for
impoundment. Water quality treatment of concentrate
in tailings impoundment wastewater.
expected to improve over |After dry closure of the tailings
the long term although impoundment, the wastewater
perpetual treatment and pipeline would be removed with
discharge still expected. contaminated water managed
in the Aqgaluk Pit. Reduced
volume of water (compared to
other alternatives) would
require treatment in perpetuity.
Water Resources |Groundwater Limited and localized Similar to Alternative A, Same as Alternative B, Same as Alternative B.
-Groundwater hydrology and impacts on ground water, except Main Pit backfilled |although permafrost could be
quality including loss of permafrost. |and pit lake forms in restored more quickly under
Pit lake created in Main Pit. |Aqqaluk Pit. tailings impoundment (with dry
closure).
Vegetation Acres of 28 acres of new disturbance |406.5 acres of new Similar to Alternative B with Similar to Alternative C,

Disturbance

associated with the
expansion of the waste rock
dump and roads/ditches.
Reclamation begins in 2011,
including revegetation where
practicable.

disturbance associated with
developing Aqgaluk Deposit
including tailings
impoundment expansion
and new roads/ditches.
Closure in 2031, although
ongoing reclamation of
main waste rock dump
when backfilling begins.

145 acres of additional
disturbance associated with

pipeline bench, reclaimed after

closure. Stockpiles for the
tailings impoundment cover
material would affect 80 acres
until reclamation was
completed.

except for pipeline bench
remains after closure.

No additional stockpiles
would be required for
reclamation.

Dust impacts

Fugitive dust emissions and
vegetation impacts, primarily
to mosses and lichens,
would continue at current
levels through 2011.

At mine site, additional dust
impacts (changes in
species composition/cover)
from Aggaluk Pit
development. Along DMTS
road, emissions and effects
continue through 2031.

Same as Alternative B at mine
site. Along DMTS road, fugitive

emissions greatly reduced by
concentrate pipeline. Future
metals loadings lowered but

effects on previously impacted

vegetation uncertain.

Similar to Alternative B
except some reductions in
fugitive emissions and metal
loadings along DMTS road
resulting from truck washes.
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Resource Impact Alternative A Alternative B Alternative C Alternative D

Wetlands Acres and Types [No impacts beyond currently | Additional 144.9 acres Same as Alternative B at mine |Same as Alternative B at

Disturbed permitted levels. disturbed at mine site. No |site. 125.5 acres of additional |mine site. Same as
additional impacts along wetlands disturbed by pipeline |[Alternative C along DMTS
DMTS road. Loss of bench — function may already |road except pipeline bench
function and value minor at |be affected by fugitive dust. remains after closure.
regional level. Some level of function would
be recovered after closure.

Wildlife Impacts No impacts beyond current |Similar in magnitude to Lower risk to ptarmigan and Risk to ptarmigans and
levels, some risk from dust  |Alternative A except longer |small mammals from reduced |small mammals from
emissions to ptarmigan and |duration of operational dust emissions as compared to |fugitive dust emissions
small mammals. Localized |impacts. alternatives B and D. Reduced |lower than Alternative B but
impacts on beluga whale caribou mortality as compared |higher than Alternative C.
movements and caribou to alternatives B and D due to  |Impacts on caribou
migration. elimination of truck traffic as migration and beluga whale

well as less impact on caribou | movement reduced by road
migration. closure and delayed port
Localized impacts to beluga | °Pening. Caribou migration
due to port activities similar to  |Impact lower than
Alternative B. Alternative B, but not as low
. . as Alternative C. Beluga

No impacts to marine movement impact lower
rr_lammals from wastewater then other action
discharge. alternatives.

No impacts to marine

mammals from wastewater

discharge.

Aquatic Freshwater No change from current Same as Alternative A. The |Removal of discharge from Same as Alternative C

Resources conditions. Lowered TDS difference in TDS levels Red Dog Creek would result in |except impacts to Red Dog

levels in the discharge will
not have an affect on aquatic
life. Metals concentrations
and arctic grayling spawning
in Red Dog Creek are
improved compared to pre-
mining conditions.

Based on current data, no
change from current
conditions in streams along
DMTS road, although
additional monitoring is
warranted.

between alternatives would
not result in effects on
aquatic life downstream.
Metals concentrations and
arctic grayling spawning in
Red Dog Creek are
improved compared to pre-
mining conditions.

Based on current data, no
change from current
conditions in streams along
DMTS road, although
additional monitoring is
warranted.

impacts to aquatic life during
operations because of
increased metal concentrations
and reduced flow. Water quality
will be better than pre-mining
conditions but worse than
current conditions (except for
reduction in TDS levels). No
changes in Ikalukrok Creek or
Wulik River.

No impacts on DMTS road
observed in fish monitoring, but
sporadic tissue concentrations
above effects levels warrant
future monitoring. Any future
impacts due to truck traffic less
under Alternative C than other
alternatives.

Creek from the loss of
dilution from the outfall
would continue after
closure.

Impacts on aquatic life in
DMTS streams similar to
Alternative B although less
risk of exposure to
concentrate within fugitive
dust.
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Resource Impact Alternative A Alternative B Alternative C Alternative D
Marine No discharges from mining |Same as Alternative A. Short-term, adverse impacts on | Same as Alternative C.
operations and no impacts algae, invertebrates, and fish
beyond current conditions. during pipeline construction
and removal. Construction
should be timed to avoid fish
migration periods (through
Corps’ Section 10 permit).
Because of limited mixing zone
size (10 feet around outfall)
and discharge would meet
marine water quality standards
at edge of mixing zone; no
impacts from marine discharge.
Land Use and Land Use Site reclamation begins in Site reclamation begins in | Similar to Alternative B. Similar to Alternative B.
Recreation 2011. 2031.
Recreation No direct impacts on Similar to Alternative A Similar to Alternative B, Similar to Alternative C.
recreational use because of |although development of although pipeline bench could
limited access to site. Some |the Aqgaluk Pit would result |slightly increase visual effects.
visual impacts to hikers and |in additional disturbance.
recreationists flying over site
on way to destinations.
Health Public Health Existing operations affect Allows for continued mining |Similar to Alternative B, except |Similar to Alternative C,

presence of caribou and
beluga whale in vicinity of
Kivalina with some reduction
in harvest levels. Harvest
change could affect diet and
health; therefore, a diet
survey is recommended.

Adverse impacts related to
employment and income
could occur with mine
closure in 2011. Some
benefits from reduced
impacts on subsistence, less
employee separation, and
potential for reduced spread
of infectious disease. Effects
of contaminant exposure are
limited under all alternatives.

through 2031 and
associated economic and
employment benefits with
more time to plan for
eventual mine closure.

Continued effects of dust
emissions on some
subsistence resources to
users in Kivalina. Mine
activities have similar effect
on subsistence in Kivalina
as under current conditions
but extend through 2031.

subsistence impacts are
reduced by lower dust
emissions and elimination of
concentrate truck traffic (less
displacement of caribou).

although less reduction in
dust emissions, subsistence
benefits associated with
road closure during caribou
migration and delayed port
opening during whale
movement.
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Resource

Impact

Alternative A

Alternative B

Alternative C

Alternative D

Industrial Health

Current accident rates and
worker exposure would
continue through 2011. Teck
would continue to implement
and refine, as necessatry, its
health and safety program to
prevent exposure and
monitor worker health.

Current accident rates and
worker exposure would
continue through 2031.
Teck would continue to
implement and refine, as
necessary, its health and
safety program to prevent
exposure and monitor
worker health.

Similar to Alternative B, except
reduced exposure to the
contaminants in dust from
workers associated with
concentrate transport (minor
effect).

Similar to Alternative B.

Subsistence

Land Mammals

Mine has not caused effects
on overall caribou migration
patterns, but localized
changes primarily from mine
activities (including the
DMTS road) have occurred
and subsistence harvest has
decreased. Such impacts
should be greatly decreased
after closure with traffic
reductions. Effects mitigated
by management practices to
stop traffic when large-scale
caribou herd movement has
right-of-way.

Similar in magnitude to
Alternative A, except
operational impacts would
continue through 2031.

Construction of the concentrate
pipelines would substantially
reduce truck traffic and thereby
lessen impacts on caribou and
subsistence harvest in terms of
displacement.

Closure of the road during
the caribou migration may
lessen impacts (though not
as much as Alternative C)
on subsistence by reducing
localized displacement of
caribou.

Marine Mammals

Localized displacement of
beluga whales at port site
could be contributing to
reduced harvests by Kivalina
residents. Impacts from port
activity would be eliminated
after closure in 2011.

Similar in magnitude to
Alternative A except
operational impacts
continue through 2031.

Similar to Alternative B in terms

of port site activity displacing
beluga whales.

Impacts from construction of
the discharge pipeline outfall
could be minimized by timing
restrictions. Discharge should
not affect marine mammals.

Impacts to whale movement
and subsistence reduced by
closing the port during the
annual June beluga whale
migration.

Impacts related to
construction of marine
outfall is the same as
Alternative C.

Fugitive Dust

No actual risk identified but
perceived contamination of
berries leading to changes in
use areas and reduced
harvest from pre-mining
conditions.

Same as Alternative A in
magnitude except fugitive
emissions continue through
2031.

Reduced fugitive emissions,
since traffic would be
eliminated due to concentrate
pipeline, could lead to increase
in berry harvest and less
concern about dust
contamination of other
resources.

Less dust emissions than
alternatives A and B, but
more than Alternative C.
Effects on subsistence
uncertain.
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Resource Impact Alternative A Alternative B Alternative C Alternative D
Cultural Effects on historic |At mine site, up to 17 sites | Development of Agqgaluk Pit | Similar to Alternative B. Similar to Alternative B.
Resources properties have been affected by could impact 2 additional

existing activities or will be  |sites, direct and indirect
affected by additional effects mitigated by
operations through 2011. No |Integrated Plan.

sites identified along DMTS

road. All effects mitigated by

Integrated Plan for the

Management of Cultural

Resources in the Red Mine

Project Areas, 2006

(Integrated Plan).

Transportation Traffic Marine and DMTS road Same traffic levels as Traffic along DMTS road Same as Alternative B
traffic continues at current Alternative A except greatly reduced by concentrate |except reduced fugitive
levels through 2011. operational impacts extend |pipeline (36 fewer round trips  |emissions from truck traffic.

through 2031. per day by cpncentrate trucks). Also, although same
Number of diesel fL_JeI trucks number of trips, traffic
also reduced. Traffic greatly frequency per month differs
reduceq compared to from Alternative B due to
alternatives B and C. road closure during caribou
migration.
Noise Effects on Infrequent (once per day) Similar in magnitude to Similar to Alternative B except |Similar to Alternative B
recreational users |blasting would be the Alternative A except pipeline noise would be less except (1) limited noise
and wildlife primary impact. Could affect |operational effects occur than truck traffic on DMTS disturbance along DMTS

the limited number of
recreational users and
subsistence activities. Noise
levels greatly reduced after
closure in 2011.

through 2031.

road. Some additional blasting
would occur in material borrow
sites during bench
construction. The additional

facilities at the port would result

in only a minimal increase in
noise levels.

road during caribou
migration; and (2) reduced
noise at port during high
subsistence harvest period
for marine mammals.
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Resource Impact Alternative A Alternative B Alternative C Alternative D
Socioeconomic | Effects on Mining would end in 2011 Economic effects of closure |Similar to Alternative B, except |Similar to Alternative B
Resources employment and |with the reduction from 543 |described under Alternative |that approximately $72 million |except that approximately

revenues full- and part-time jobs to A would be delayed until of NANA royalty payments $22 million of NANA royalty

about 25 required for post-  [2031. would be directed instead to payments would be directed
closure activities, including pipeline construction costs and |instead to the costs of
loss of 103 NWAB jobs. approximately 40 implementing dust control
Payroll would be reduced transportati(_)n_-related jobs measures and wastewater
from $45.8 million annually would be eliminated. pipeline.
to approximately $2 million,
including $8.3 million paid to
NWAB residents.
NANA businesses would
forgo $71.3 million in
revenue, other businesses
would forgo $29 million, and
the NWAB would forgo $8
million annually in PILT.

Environmental Effects on No significant Same as Alternative A. Same as Alternative A. Same as Alternative A.

Justice

Environmental
Justice
Populations

disproportionate effects.
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CHAPTER 3 AFFECTED ENVIRONMENT/
ENVIRONMENTAL CONSEQUENCES

3.1 Introduction

Environmental impact statements often separate the discussions of the affected environment (baseline
conditions) and environmental consequences into separate chapters. This SEIS combines these two
chapters into one since 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 1984 EIS), a description of the current conditions (which is
sometimes referred to as the current baseline), and finally, a description of the environmental
consequences that would result from each 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.

3.2 Air Quality

Air quality and associated permitting for industrial air emission sources are regulated under the federal
Clean Air Act. Industrial air emission sources may include stationary (or point) sources, mobile sources,
and fugitive sources. EPA has delegated authority to ADEC to administer the air permit program for
industrial emission sources. As such, emissions from regulated sources in the State of Alaska are
addressed through air quality permits issued by ADEC. To obtain an air permit in the State of Alaska, an
industrial source must identify all regulated air emissions associated with its operations and demonstrate
compliance with ambient air quality standards. The National Ambient Air Quality Standards (NAAQS)
and Alaska Ambient Air Quality Standards (AAAQS) with which the Red Dog Mine must comply are
listed in Table 3.2-1. Units for the standards are micrograms per cubic meter of air (ug/m?®).

The NAAQS, developed by EPA and adopted by the State of Alaska, are intended to protect public health
and welfare. Primary standards represent air quality levels, with an adequate safety margin, required to
protect public health. Secondary standards represent air quality levels necessary to protect public welfare.
These standards must be met outside a facility’s property boundary. NAAQS and AAAQS have been
established for nitrogen dioxide (NO,), sulfur dioxide (SO,), carbon monoxide (CO), particulate matter
with a diameter less than 10 microns in size (PMy), lead, and ozone. The NAAQS also include a standard
for particulate matter with a diameter less than 2.5 microns in size (PM, ). The AAAQS include
standards for reduced sulfur compounds and ammonia. Reduced sulfur compounds include hydrogen
sulfide (H,S), carbon disulfide (CS;), and carbonyl sulfide (COS).

In addition to the NAAQS, EPA has developed Prevention of Significant Deterioration (PSD) increment
standards that limit the incremental increase in air pollutant concentrations above the concentrations as of
a specific date, called a baseline date. Baseline dates are established when a PSD major source permit
application is deemed complete by the permitting authority. The Red Dog Mine is located in an area
designated by EPA as PSD Class Il. This designation means that EPA allows moderate industrial growth
in the area, yet protects the area from substantial industrial growth. PSD increments have been established
for PMy, SO,, and NO,. The Red Dog Mine is located in the Northern Alaska Intrastate Air Quality
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Control Region, where baseline dates have been established for PMyo, SO,, and NO,. Thus, the
incremental increases of PMyg, SO,, and NO, must be below the levels set by EPA, shown in Table 3.2-2.

The minor source baseline dates for the Northern Alaska Intrastate Air Quality Control Region are:
o NO;,: February 8, 1988
e SO, Junel, 1979
e PMjo: November 13, 1978

As with the NAAQS, the PSD increments must be met outside a facility’s property boundary.

Table 3.2-1 National and Alaska Ambient Air Quality Standards

National Standards
. . . Primary Standard Secondary
Pollutant Averaging Period AAAQS (pug/m) (ng/m®) Standard (pg/m°)
NO, Annual 100 100 100
3-Hour 1,300% N/A 1,300%
24-Hour 365° 365% N/A
SO, Annual 80 80 N/A
24-Hour 150° 150° 150?
PMio° Annual 50 Revoked® Revoked®
24-Hour 35 35
PM_.s" Annual N/A 15 15
1-Hour 40,000% 40,000% N/A
CO 8-Hour 10,000% 10,000% N/A
Lead 3-Month 0.15 0.15 0.15
1-Hour 235" 235" 235°
Ozone 8-Hour N/A 150¢ 150¢
Reduced Sulfur
Compounds 30-Minute 50° N/A N/A
Ammonia 8-Hour 2,1002 N/A N/A

 Not to be exceeded more than once per calendar year

® Not to be exceeded more than one day per calendar year

° Federal standard was 50 pg/m® before revocation

¢ Based on the 3-year average of the fourth highest daily maximum 8-hour average

N/A denotes that a standard is not applicable for that averaging period.

Table 3.2-2 Prevention of Significant Deterioration Increments

PSD Class Il
Pollutant Averaging Period Increment (pg/m3)
PMio 24-Hour 30*
Annual 17
NO, Annual 25
SO, 3-Hour 512*
24-Hour 91*
Annual 20

*Not to be exceeded more than once per calendar year
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3.2 Air Quality

3.2.1 Air Quality — Pre-mining Environment

The study area was almost entirely undeveloped before mining activities began at the Red Dog Mine.
Prior to mining, no significant air emission sources existed in northwestern Alaska and, as a result, air
quality in the study area was good (EPA 1984). Although pre-mining air pollutant monitoring was not
conducted prior to commencement of mining operations, background pollutant concentrations were
assumed to be negligible. Some elevated particulate concentrations were expected from natural sources
because of occasional strong winds in the area and a lack of vegetation that would protect surface soils
from becoming airborne. Still, air pollutant concentrations were likely well below established ambient air
quality standards.

The climate at the Red Dog Mine site is continental. The port site is dominated by a polar maritime
climate when the Chukchi Sea is mostly ice-free but is similar to the mine site’s continental climate
during winter months (EPA 1984). Temperatures at the mine site are characterized by large diurnal
variations, with very cold nighttime temperatures and moderate daytime high temperatures.
Meteorological data have been collected at the Bons Creek station located on the mine site (SRK 2007).
The 1996 to 2005 dataset shows that the average annual temperature was 25 degrees Fahrenheit (°F).
Winter temperatures generally range from lows of —23 to —7 °F, with highs near 30 °F. Summer high
temperatures are in the upper 60s to low 70s °F, while the lows are typically around 30 °F (SRK 2007).

The mine site receives approximately 18.5 inches of measured precipitation annually (data measured at
Bons Creek station from July 1991 through March 2005) (SRK 2007). Most of the annual precipitation
occurs in the summer months, with August receiving approximately 25 percent of the yearly total.

Winds in the area are influenced by topography and local circulation patterns. At the mine site, winds are
predominantly from the north through northeast in winter months and variable in summer months (SRK
2007). Winds at the port site are typically easterly in winter months. In summer, port site winds are
variable with strong winds occurring from the south through southwest directions (Corps 2005).
Predominant winter winds are channeled by the valleys of the Wulik River, Ikalukrok Creek, and North
Fork and South Fork Red Dog Creek (SRK 2007). Windy conditions in the winter result in blowing and
drifting snow around the mine site.

The potential for dispersion of airborne pollutants at the mine site depends on several factors, including
atmospheric turbulence, precipitation, wind speed and direction, and the depth of the atmospheric mixing
zone. Low atmospheric turbulence and low wind speeds tend to reduce pollutant dispersion and increase
ambient concentrations. High wind speeds and high turbulence dilute pollutants in the atmosphere but
also can lead to higher fugitive dust emissions due to wind erosion.

3.2.2 Air Quality - Baseline Conditions

Air quality measurements have been made for PMy, at the mine site and are below levels set by EPA to
protect human health and the environment. Concentrations of other common air pollutants such as sulfur
dioxide and nitrogen dioxide have not been measured at the mine site. However, an air quality impact
analysis (modeling) was conducted by Teck to demonstrate that these constituents would be in
compliance with standards. Any area that does not meet ambient air quality standards is designated non-
attainment by EPA and is subject to additional restrictions on industrial development.

ADEC has issued air quality permits to Teck that provide a framework for how Teck may operate the
mine. ADEC has issued both construction permits and operating permits for the mine. Title VV Operating
Permit No. 9332-AA003 Amendment 2 and Air Quality Construction Permits 0032-AC018 Rev. 1 and
9932-AC005 Rev. 2 are currently in place to regulate air emissions at the mine. In addition, minor source
permits AQ0290MSS01, AQ0290MSS02, AQ0290MSS03, AQ0290MSS05, and AQ0290MSS06 have
been issued by ADEC. Operational restrictions are identified in the permits to ensure that air quality
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standards continue to be met at the Red Dog Mine property boundary while mining activities are ongoing.
These restrictions are monitored through reporting requirements and inspections by ADEC personnel.

ADEC has conducted site inspections at the Red Dog Mine regularly throughout the life of the mine.
Table 3.2-3 provides a list of ADEC inspections since 1999 and summarizes ADEC findings.

Table 3.2-3 Summary of ADEC Site Inspections at Red Dog Mine

Inspection Date Summary of Inspection findings
March 16-17, 1999 — Facility found to be in compliance with all air quality permits
August 8-10, 2000 — Sources MG-4, MG-5 exceeded CO emission limit

— Source MG-13 exceeded annual operation hours limit

— Complete record-keeping not provided for several emission sources

— Fuel sulfur content not provided on a monthly basis

— Sources MG-2, MG-3, and MG-5 exceeded PM emission limit

— Source MG-3 exceeded NOx emission limit

— Visible emission observations were not made for some sources prior to the required
deadline

— Required source emission tests were not made on several sources prior to the
deadline

— Source tests for source MC-6 were not conducted with the source operating at full
capacity

— Excess emission reports were not filed in several cases where emissions exceeded

permit limits

Failed to notify EPA of the installation and/or operation of the sewage sludge

incinerator (PI-2).

Facility found to be in compliance with all air quality permits

MG-17 found to be exceeding ammonia permitted emission limit
MI-2 visible emission limit exceeded; missed visible emission scheduled reading

October 14-15, 2005
October 22-24, 2007

Air monitoring for PMy, was conducted at the Red Dog Mine property boundary in 2001 and 2002.
Results from this monitoring demonstrate that the maximum measured PMyq concentrations at the
monitor site are below the PM, ambient air quality standards. Table 3.2-4 presents the measured PMy,
concentrations (TCAK 2005a) and applicable air quality standards at the mine site. These results
represent contributions from both non-anthropogenic (e.g., unvegetated areas) and anthropogenic sources
(e.g., mining facilities). Air monitoring locations for PM, and total suspended particulate matter (TSP)
are presented in Figure 3.1.

Table 3.2-4 Baseline Particulate Matter Monitored Concentrations

PM3io Concentration PMio NAAQS/AAAQS
Averaging Period (ng/m?) (ng/m?)
24-Hour 61.2 150
Annual 28.2 50

Air monitoring was conducted in 2003 and 2004 to determine airborne lead concentrations in the villages
of Noatak and Kivalina. Results from the one-year monitoring program show that the maximum three-
month lead concentration in Noatak was 0.0078 pg/m?, and the maximum three-month lead concentration
in Kivalina was 0.0062 pg/m? (TCAK 2005a). These measured values are below the three-month National
and Alaska ambient air quality standard (NAAQS and AAAQS) for lead of 1.5 pg/m®.
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Zinc concentrations have not been measured in ambient air outside the Red Dog Mine site. The air permit
boundary depicted in Figure 3.1 is the boundary at which ambient air quality standards must be met. The
air permit boundary is identical to the mine site’s solid waste permit boundary (TCAK 2005a). The air
monitoring locations shown in Figure 3.1 were positioned near mine emission sources to increase
understanding of mine operations.

Compliance with PSD increment standards is evaluated using computer modeling, which simulates the
transport and dispersion of emitted pollutants and estimates downwind concentrations in the air. PSD
increments cannot be directly compared to monitored air concentrations because only a portion of emitted
pollutants are counted against the PSD increment consumption. Air monitoring equipment cannot
distinguish between anthropogenic and non-anthropogenic sources of air pollutants.

A PSD increment modeling analysis was conducted for the Red Dog Mine in 2002. The modeling was
associated with minor permit modifications requested by Teck. EPA’s Industrial Source Complex Short-
Term (ISCST3) model was used to estimate potential impacts from the air emission sources at the Red
Dog Mine. At the time the modeling was completed, ISCST3 was the EPA-recommended model for
evaluating industrial source air emissions. Model receptor points (where ambient impacts are calculated in
the model) were identified along the air permit boundary line, and in a grid surrounding the mine site at
locations outside the air permit boundary. Modeling was completed assuming the highest potential engine
operations were occurring at the mine so that worst-case modeled impacts were calculated (Hoefler
Consulting Group 2002). The modeling evaluated SO,, NO,, and PMyg increments and found that
modeled concentrations were below the PSD increment levels (Hoefler Consulting Group 2002). Table
3.2-5 shows the PSD increment modeling results and compares them with PSD increment standards.

Table 3.2-5 Summary of PSD Increment Modeling Results

Modeled Increment
Averaging Consumption PSD Class Il Increment
Pollutant Period (mg/m®) (mg/m®)
PMio 24-Hour 254 30*
Annual 6.0 17
NO2 Annual 24.2 25
SO, 3-Hour 243.0 512*
24-Hour 67.6 91*
Annual 105 20

*Not to be exceeded more than once per calendar year

Compliance with other ambient standards (NAAQS/AAAQS) has also been demonstrated by Teck
through computer modeling. Output from the model simulations is added to background concentrations,
which represent pollutant concentrations from both anthropogenic and non-anthropogenic non-modeled
sources. The sum of modeled and background concentrations for a given pollutant is compared to the
applicable ambient air quality standard to evaluate the compliance status of the emission source. Table
3.2-6 shows the results from the most recent modeling completed for the Red Dog Mine (TCAK 2005a).
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Table 3.2-6 Summary of Air Modeling Results

Total Ambient Impact NAAQS/AAAQS
Pollutant Averaging Period (ng/m3) (ng/m3)
NO; Annual 34.9 100
3-Hour 357.2 1,300%
24-Hour 91.3 365%
SO, Annual 14.9 80
24-Hour 55.0 1502
PMig° Annual 9.5 50
24-Hour Not modeled 65
PM;s Annual Not modeled 15
1-Hour 1,071 40,000%
CcO 8-Hour 782 10,000%
Lead 3-Month 0.02 0.15
Ozone® 1-Hour Not modeled 235°
Reduced Sulfur Compounds® 30-Minute Not modeled 50°
Ammonia 8-Hour 1.12 2,100%

 Not to be exceeded more than once per calendar year
® Not to be exceeded more than one day per calendar year
°Reduced sulfur compounds, PM, s, and ozone modeling were not required

3.2.2.1 Existing Mining Operations

The Red Dog Mine is located in a remote area of northwestern Alaska with little industrial development
other than the mine itself. Mining operations result in air emissions from both point sources and fugitive
sources. Point sources are those that emit air pollutants through a stack, vent, or other defined opening.
Examples of point sources are generators, incinerators, and dust collectors. Fugitive air emission sources
are those that emit air pollution in a way that cannot reasonably be routed through a stack or vent.
Examples of fugitive air emission sources are vehicle traffic on unpaved haul roads, mining pit operations
such as blasting, and wind erosion from exposed ore and waste rock piles. A summary of the air emission
sources at the Red Dog Mine is shown in Table 3.2-7 (ADEC 2003a; Hoefler Consulting Group 1998).
Annual emission limits are listed for PMy,, SO,, nitrogen oxides (NO,), CO, and volatile organic
compounds (VOC). “N/A” indicates the category is not applicable. Note that the VOC emissions listed
for MG-17 and MG-18 were not included in the 2003 Title V permit; to provide an estimate of what VOC
emissions may be, these emissions were calculated using EPA AP 42 emission factors.

3.2.2.2 Fugitive Dust and Deposition

Although air monitoring and modeling have demonstrated that the mine operations meet the applicable
ambient air quality standards, elevated metals concentrations on vegetation and in surface soils have been
identified in areas surrounding the Red Dog Mine and the DMTS road (Exponent 2007a). The elevated
metals concentrations result from fugitive dust deposition from mining operations (Exponent 2007a).
Fugitive dust contains heavy metals, primarily lead, zinc, and cadmium. Elevated concentrations of all
three metals have been identified in and around the Red Dog Mine Main Deposit site, including near the
Main Pit, ore and waste stockpiles, the mine site CSB, tailings beaches, and along the DMTS road
(TCAK 2005a).

Fugitive dust emissions from pit operations, material handling, milling, and ore transport can be carried
by the wind outside the mine boundaries. Several sampling efforts have been completed to evaluate
deposition of metals in dust surrounding the mining operations, as discussed below.
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Table 3.2-7 Summary of Air Pollution Sources at the Red Dog Mine*

Annual Emission Limits
(tons per year)

Air Emission Source Rating/Size | pm,, | S0, | NOy | co | VOC
Diesel Generators and Pumps

Wartsila Primary Power #1 (MG-1) 5,000 kw 12.9 33.5 |[531.3 23.4 15.7
Wartsila Primary Power #2 (MG-2) 5,000 kW 20.5 53.5 |531.3 37.2 26.7
Wartsila Primary Power #3 (MG-3) 5,000 kW 12.9 33,5 |457.0 23.4 15.7
Wartsila Primary Power #4 (MG-4) 5,000 kW 20.5 53.5 |531.3 37.2 26.7
Wartsila Primary Power #5 (MG-5) 5,000 kW 12.9 33.5 531.3 23.4 15.7
Wartsila Primary Power #6 (MG-6) 5,000 kW 20.5 53.5 531.3 37.2 26.7
Wartsila Primary Power #7 (MG-17) 5,000 kw 114 | 106.9 79.7 35.0 20.7
Wartsila Primary Power #8 (MG-18) 5,000 kw 114 |106.9 |531.3 35.0 20.7
Cat 3508TA #1 Supplemental Power (MG-7) 650 kKW 0.3 0.7 10.3 2.1 0.3
Cat 3508TA #2 Supplemental Power (MG-8) 650 kKW 0.3 0.7 10.3 2.1 0.3
Cat 3508TA #3 Supplemental Power (MG-9) 650 kW 0.3 0.7 10.3 2.1 0.3
Detroit Diesel ConPAC Backup Power (MG-10) 275 kW 1.1 2.9 50.0 8.9 2.8
Cat 3126 Diesel Backup Fire-Water Pump (MG-11) 195 hp 1.9 2.1 27.2 5.9 2.2
Detroit Diesel Reclaim Barge Backup Power (MG-12) 55 kw 0.6 0.5 9.1 2.0 0.7
Cat 3208TA Concrete Batch Plant Power (MG-13) 150 kW 0.5 0.4 7.5 1.6 0.6
Cat 3406 Portable Generator (MG14) 250 kW 3.2 2.7 45.5 9.8 3.6
Cat 3406 Portable Generator (MG-15) 250 kW 3.2 2.7 45.5 9.8 3.6
Cummins GCTA8.3 Portable Power (MG-16) 188 kwW 2.4 2.0 34.2 7.4 2.7
Cat 3406 TA Seepage Pond Backup Power (MG-19) 260 kW 0.2 0.3 2.7 0.6 0.2
Cat 3406B Red Dog Creek Backup Power (MG-20) 250 kW 0.2 0.3 2.6 0.6 0.2
Cat 3304 Kivalina Backup Power (MG-21) 90 kW 0.1 0.1 0.94 0.2 0.1
Cummins/Onan New Reclaim Barge Power (MG-22) 100 kW 0.1 0.1 1.0 0.2 0.1
Cummins/Onan Portable Generator (MG-23) 30 kw 0.05 0.1 0.6 0.1 0.05
Cummins/Onan Portable Generator (MG-24) 125 kwW 1.3 1.9 18.2 3.9 1.4
John Deere Portable Generator (MG-25) 50 kW 0.5 0.7 6.2 1.3 0.5
Cat 3508 Portable Rock Crusher Generator

(MXG-100) 850 kw 12 5.6 53.0 11.4 4.2
Heaters

ABCO Standby Glycol/Water Heater (MH-1) 250 hp 1.1 16.8 11.0 2.7 0.3
ABCO Standby Glycol/Water Heater (MH-2) 250 hp 1.1 16.8 11.0 2.7 0.3
ABCO Standby Glycol/Water Heater (MH-3) 250 hp 1.1 16.8 11.0 2.7 0.3
Facility-Wide Small Heater Group (MH-4) 9.5 MMBtu/hr 1.0 14.1 8.5 2.1 0.3
Incinerators and Soil Remediation Unit

John-Zink Comptro Incinerator (MI-2) 900 pounds/hr | 29.6 5.7 13.0 39.4 29.6
Advanced Combustion Incinerator (MI-3) 625 pounds/hr | 20.5 3.9 2.7 27.4 20.5
United Soil Recycling, ETC Unit (SRU-1) 2.2 MMBtu/hr 0.02 0.6 0.2 0.0 0.0
Dust Collectors

\F’,\iihnig'r";‘/b;;t/\c/’rcfﬁgkt‘:r”(sﬁ 5_51\;\’825 7000ACFM | 19 |NA |NA |[NA |NA
Emtrol Wetscrubber 66W40

#1 Coarse Ore Conveyor A (MD-2) 12,500 ACFM 47 | N/A N/A N/A N/A
qugﬁgﬂitéﬁre”%%?viw‘é’ MD-3) 12500ACFM | 47 |N/A  |NA  |[NA  |N/A
Xéﬁfy"ﬁgﬁégﬁﬁﬂ%?ffm% D-4) 3700ACFM | 14 |N/A |[NA [NA |[NA
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Annual Emission Limits
(tons per year)

Air Emission Source Rating/Size | py,, S0, NOx co VOC
Mikropul Baghouse 48N4-B
Reagent Mix Lime Room (MD-5) 1,200 ACFM 0.5 |N/A N/A N/A N/A
Wheelabrator Baghouse 46WCC
Gyratory Crusher (MD-6) 9,000 ACFM 34 | NA N/A N/A N/A
Tanks
Diesel No.1 & 2 Fuel Storage Tank (MT-1) 230,000 N/A N/A N/A N/A 0.1

gallons )
Diesel No.1 & 2 Fuel Storage Tank (MT-2) 230,000 N/A N/A N/A N/A 0.1

gallons )
Diesel No.1 & 2 Fuel Storage Tank (MT-3) 1,200,000

gallons N/A N/A N/A N/A 0.1
Diesel No.1 & 2 Fuel Storage Tank (MT-4) 1,140,000 N/A N/A N/A N/A 0.1

gallons )
Fugitive and Miscellaneous
Mill Building Exhausts and Vents (MF-1) N/A N/A 18.6 N/A N/A 1.25
Ore Truck Unloading Station at Primary Jaw
Crusher Drop Box (MF-2) N/A 0.8 | N/A N/A N/A N/A
Ore Truck Unloading Station at Gyratory
Crusher Drop Box (MF-3) N/A 0.8 |N/A N/A N/A N/A
CSB, Truck Loading
Bay Exterior Doors and Vents (MF-4) N/A 0.0 | N/A N/A N/A N/A
Mine Roads Fugitive Dust within the Ambient
Air Boundary (MF-5) Area Source |105.8 | N/A N/A N/A N/A
Quarry Operations Fugitives (Dust and
Methanol) within the Ambient Air Boundary (MF-6) Area Source 12.2 | NIA N/A N/A N/A
Stockpiles and Exposed Areas within the
Ambient Air Boundary (ME-7) Area Source 254 | N/A N/A N/A N/A
Open Burning of Wood for Disposal and/or
Fire-Fighter Training (MF-8) Area Source 2.92 0.18 11 155 5.48
Fuel for Fire-Fighter Training Purposes (MF-9) Area Source 0.0 0.01 0.01 0.0 0.0
Concrete Batch Plant Feed Material Fugitive
Dust (MC-1) N/A 4.71 | N/A N/A N/A N/A

Sources: ADEC 2003a; Hoefler Consulting Group 1998
N/A = not applicable

MMBTU/hr = million British thermal units per hour
ACFM = actual cubic feet per minute

*This table represents a list of the larger sources of emissions at the site but is not comprehensive.

Mine Area Tundra Moss Study

Tundra soil and moss concentrations were evaluated inside and outside the mine boundary in 2003 and
2004. The focus of the study was to evaluate lead and zinc concentrations on the surface of the tundra soil
(TCAK 2005a). Approximately 478 soil and 73 moss samples were collected over the two-year period
and analyzed to determine the amount of lead and zinc deposition that had taken place (TCAK 2005a).

The highest tundra soil concentrations were measured west of the accommodations complex and north of
the tailings impoundment. Most of the high lead and zinc concentrations were measured inside the mine
boundary and adjacent to mining operations. Elevated zinc concentrations were observed deeper in the soil
than lead. The results suggest that zinc may be leaching into the soil more readily than lead. Vegetation
within some of the sampled areas inside the mine boundary shows signs of stress. Teck has suggested that
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leaching zinc (and possibly cadmium) may be responsible for the stressed vegetation (TCAK 2005a). Lead
and zinc concentrations in tundra soils decrease with distance from the mining operations.

Snow Drift Sampling

In April 2005 a sampling effort was completed to analyze metals concentrations in snow drift areas and
non-drift areas surrounding the mining activities. As expected, lead and zinc concentrations in samples
were the highest downwind of mining activities that generate fugitive dust. The highest calculated
accumulation rates occurred near the tailings pond and were 51.7 milligrams per square meter per day
(mg/m? per day) for zinc, and 13.1 mg/m? per day for lead. Lead and zinc concentrations were higher in
non-drift snow samples than drift snow samples. This result is believed to be caused by higher dilution of
the drift samples because of higher snow accumulation (Clark 2005). However, the total loading of metals
was higher in snow drift areas.

Dustfall Jar Deposition

Dustfall jar deposition sampling began in 1999 and continues as an ongoing sampling effort. Dustfall jars
are passive collectors of settling dust. Jar samples are typically collected over a 30-day period, but some
have been collected for several months. Three separate dustfall jar sampling programs have been
conducted at the mine. The first program collected samples from 1999 to 2003 in quadrants spaced within
the mine boundary. The second program collected samples from 2001 to 2003 at locations west of the
tailings impoundment.

The current sampling program includes 25 jars spread out over the mine site (see Figure 3.1). Sample
results can be valuable for identifying deposition distributions, but results can be variable because of wind
scouring of the jars and inconsistencies caused by precipitation.

Dustfall results indicate that the primary areas of fugitive dust deposition are near the pit, ore, and waste
stockpiles; the mine site CSB; and the tailings beaches (TCAK 2005a). Metals accumulation rates from
dustfall jars are lower than the non-drift snow samples collected near the dustfall jars (Clark 2005). The
highest calculated accumulation rate for lead was 27.2 mg/m? per day and occurred near the main pit
(TCAK 2005a).

A comparison of total dust deposition results between 2005 and 2006 was conducted to evaluate the
change in particulate deposition over the one-year period (TCAK 2007). The results indicate a reduction
in total deposition at 24 of the 25 sampling locations. One sampling location had an increase in deposition
from 2005 to 2006. The dustfall jar with a deposition increase is the western-most location in the
sampling network and located adjacent to an access road west of the mill site facilities. This sample site
also had lower zinc and lead concentrations than most of the other sample sites.

The tundra moss study, snow drift sampling, and dustfall jar deposition sampling were designed to
characterize the distribution and amount of metals contamination occurring around the mine site. The
tundra moss study also evaluated the effect of contamination on the tundra moss at and around the mine
site. Teck has used these studies to better understand air emission impacts at the site and to give focus to
the dust control improvement efforts.

DeLong Mountain Regional Transportation System Deposition

In addition to metals deposition around the mine site, there is concern that metals deposition around the
DMTS road and port from concentrate handling is causing adverse impacts to vegetation (see Section
3.7.2) and some wildlife species (see Section 3.9.2) occurring in the vicinity of the DMTS. The study area
includes the DMTS corridor extending from the Red Dog Mine to the port, including the road, port
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facilities, and outlying tundra areas. Approximately 20 miles (32 kilometers) of the DMTS road passes
through the Cape Krusenstern National Monument before reaching the port facility.

NPS conducted a moss study in 2000 to evaluate metals concentrations in tundra located near the DMTS
road. Elevated concentrations of lead and zinc were identified in tundra and moss along the DMTS road
(Ford and Hasselbach 2001). The primary source of elevated metals concentrations is deposition of
fugitive dust generated during the transportation of zinc and lead ore concentrate from the mine
(Exponent 2007a). NPS attributed the elevated metals concentrations to ore concentrate escapement from
concentrate trucks as well as from residue on the outside surfaces of the trucks (Hasselbach et al. 2005).

A second moss study conducted by NPS in 2001 with publication of a technical paper in 2005 extended
the sampling grid to 43 miles (70 kilometers) north and south of the DMTS road where the road passes
through Cape Krusenstern National Monument. Results of this study suggest that lead deposition from the
road may extend 15 miles (25 kilometers) north of the road and possibly further (Hasselbach et al. 2005).
The study noted that lead concentrations on moss decreased more quickly on the south side of the DMTS
road compared to the north side. Figure 3.2 illustrates lead concentrations in moss in the greater vicinity
of the project area reported by Hasselbach et al. (2005) where measured lead concentrations ranged from
1.1 mg/kg to over 912.5 mg/kg (Hasselbach et al. 2005). Ford et al. (1995) estimated background lead
concentrations on moss in the Alaskan arctic at 0.6 mg/kg. What the figure shows is that the
concentrations of lead on moss in the immediate vicinity of the DMTS port and road are higher than
concentrations on moss further from those facilities. All measured lead levels were above the level
identified as background. Studies have not established a relationship between lead concentrations
observed in moss compared to those observed in soils.

Mine Site Dust Deposition

Improvements made to mining operations have reduced fugitive dust emissions around the mine site
(Table 3.2-8). It is uncertain when the majority of lead and zinc deposition occurred around the mine site.
Mining operations continue to result in some levels of fugitive dust generation and subsequent deposition
of metals within and outside the mine site. Stressed vegetation has been observed adjacent to mining
activities within the mine site. The greatest degree of effects resulting from deposition have been
observed within the mine’s ambient air permit boundary. Figure 3.3 shows the general location of the air
permit boundaries for the mine and port. Monitored PMyo concentrations at the mine air permit boundary
are within air permit requirements.

Risk Assessment Sampling

The DMTS risk assessment was designed to evaluate whether metal-laden dust found in the tundra within
and around the DMTS port and road, and outside the Red Dog Mine air permit boundary was likely to
have adverse impacts on human health or the environment. The DMTS risk assessment, completed in
2007, estimates potential risks to human and ecological receptors resulting from fugitive dust impacts
(Exponent 2007a, 2007b).

The DMTS risk assessment confirmed that metals concentrations were highest in soils within the mine
and port air permit boundaries. Concentrations were lower along the DMTS road. Moss samples in the
tundra showed the highest metals concentrations near the mine and DMTS port and road. The highest
metals concentrations were found to the north and west of the CSBs, road, and mine, which is the
prevailing downwind direction. Metals concentrations decrease with distance from these dust sources.
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Table 3.2-8 Dust Control Improvement Efforts*

Road Controls

1992 — Calcium chloride applications intensified for mine site roads and laydown areas
1992 — Addition of a water truck for roads; intensified watering of site

2001 — Addition of new design for concentrate trailers

2006 — New water truck fill station increases watering cycles

Crushers

1993 — Water sprays on jaw crusher drop box (abandoned due to freezing)

1995 — Jaw crusher baghouse replaced

2002 — Gyro crusher drop box stilling curtains installed

2002 — Crusher feed stockpiles moved into the pit

2006 — Installed stilling curtains, walls and baghouse on gyratory crusher

2006 — Installed stilling curtains, walls and baghouse on jaw crusher

Coarse Ore Stockpile

1991 — Coarse ore stockpile partially enclosed

1991-1992 Tarping installed (periodically repaired) to enclose stockpile

1992 — Water spray bar installed on belts dumping into enclosed ore stockpile

1992 — Permanent hard-sided coarse ore stockpile enclosure completed

2007 - Installed baghouse to generate negative pressure during truck loading
Concentrate Storage and Loadout

1992 — Concentrate truck loading bay fully enclosed

2001 — Summer concentrate truck wash system installed

2001 — Stilling curtains installed in concentrate truck loadout bay

2004 — Fans installed to draw entrained particulate matter from concentrate loadout bay
2008 — Installed baghouse to generate negative pressure throughout truck unloading building
Tailings Basin

2001 — Eight "windrows" of waste rock installed to mitigate wind erosion
2001 — Soil-Cement palliative added to a portion of the tailings beach
2003 — Tailings beach flooded

2005 — Some exposed tailings beach flooded

*Additional detail on dust control improvements are found in Exponent 2007a

Additional detail on the DMTS risk assessment findings is presented under applicable resource areas
including vegetation (Section 3.7.2), wildlife (Section 3.9.2), and public health (Section 3.12.2).

3.2.3 Air Quality - Environmental Consequences

This section discusses the expected changes in air emissions associated with the Applicant’s proposed
action and alternatives, and the potential impact of these emissions. The existing sources of fugitive dust
identified in Section 3.2.2 are compared to proposed sources of fugitive dust associated with each
alternative. Expected changes in fugitive dust deposition patterns and the extent to which deposition of
additional fugitive dust generated may impact off-site receptors are discussed. The analysis qualitatively
describes the impacts associated with changes in the concentrations of various emissions and estimates
the associated compliance with ambient air quality standards.

3.2.3.1 Effects Common to All Alternatives

Existing baseline conditions are described in Section 3.2.2. These baseline conditions describe current
conditions of the mining operations. Under all alternatives identified, air emissions would continue from
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mining and support operations. Air emission sources associated with the mine include combustion sources,
such as diesel generators, heaters, boilers, and mining equipment, and non-combustion sources including
fugitive dust generating sources, dust collectors, fuel tanks, and other miscellaneous sources. Based on
average annual consumption figures for diesel, annual CO, emissions from the operation account for
0.0027 percent of the annual U.S. CO, emissions and 0.34 percent of Alaska’s annual CO, emissions.

Fugitive dust generation and subsequent deposition will continue as long as mining operations are
ongoing. Teck has made efforts to reduce fugitive dust emissions at the Red Dog Mine. Teck and ADEC
entered into an MOU in 2005. The MOU was updated in 2007, prior to the start of the SEIS process. The
MOU describes the process Teck used to evaluate potential impacts from fugitive dust emissions and
measures that can be implemented to reduce emissions. Under the MOU, Teck developed a draft fugitive
dust risk management plan that was released by ADEC for comment on August 26, 2008. The draft
fugitive dust risk management plan lists potential actions that Teck may take to reduce fugitive dust
emissions. The plan identifies actions that Teck will develop to identify specifically which actions will be
implemented. According to the MOU, the fugitive dust risk management plan will include the following
information (ADEC 2007).

e Conduct tundra soil sampling to characterize possible effects of metals deposition on vegetation.

e Continue collecting ambient concentrations of particulates, lead, and zinc at the tailings
impoundment and conPAC sampling sites. Teck and ADEC will work together to correlate
historic ambient measurements with current measurements.

e Continue ongoing effort to study and implement engineered controls for dust generating activities
at the mine.

o Develop historic and current source fugitive dust inventory.
e Conduct particle deposition modeling.

e Provide quarterly reports and attend semiannual meetings (and make reports available on the
ADEC Red Dog Mine Website).

The MOU outlines the studies and potential improvements that have been made or may be made in the
future to reduce impacts from fugitive dust. Efforts to incorporate these improvements would continue
under all the alternatives. Specific areas of evaluation and potential upgrades include the crusher, coarse
ore stockpile, concentrate storage area, concentrate truck loading dust control system, and the coarse ore
stockpile building dust collection system (SRK 2007). Because the plan is a draft, it is not clear which
dust reduction measures will be implemented. Regardless of the steps taken to reduce fugitive dust
emissions, the plan should include a monitoring approach that (1) is adequate to quantify changes in
emissions/deposition in response to the new dust control measures to determine whether they are having
an effect; and (2) allows results to be shared with local communities so that they can be aware of changes
in the status of fugitive dust from future operations.

3.2.3.2 Effects of Alternative A — No Action Alternative

Under the no action alternative, the existing mining conditions would continue through 2011. Currently,
Teck employs eight 5-MW Wartsila diesel engines as the site’s primary power source. Under

Alternative A, three 5-MW engines (only two would be operational at any given time) would be added to
the site’s generating capacity to supply power for the reverse osmosis water treatment system. The reverse
osmosis treatment system itself would not result in air emissions. Since the Aqgaluk Deposit would not be
developed, fugitive dust sources would be limited to those associated with the continuation of existing
operations through 2011. Table 3.2-9 includes an estimate of annual emissions associated with power
generation.
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Elevated concentrations of lead and zinc have been identified in and around the Red Dog Mine Main
Deposit, including near the pit, ore and waste stockpiles, the mine site CSB, and the tailings beaches,
primarily as a result of fugitive dust deposition (TCAK 2005a). Fugitive dust would continue to be
generated and deposited throughout the mine’s operational life. After mining is complete in 2011,
reclamation activities would commence. It is anticipated that NAAQS will continue to be met based on
historical monitoring results. The site would remain a source of fugitive dust until vegetation was re-
established on disturbed areas.

Ongoing dust control measures presented in Table 3.2-8 will serve to reduce future adverse impacts from
deposition of metal-bearing dust around the mine site and along the DMTS road. Fugitive dust and tailpipe
emissions will continue to be generated along the DMTS road by concentrate trucks as well as other
vehicles. Table 3.2-9 summarizes the estimated emissions that would be generated under each alternative by
various vehicles along the DMTS road and by the main generators operating at the mine site. The values
for mobile sources presented in Table 3.2-9 were estimated using EPA guidance for industrial unpaved
roads and EPA’s Mobile6 software for tailpipe emissions (EPA 1995; EPA 2003a). The dust emission
calculations include the effects of fugitive dust mitigation efforts.

3.2.3.3 Effects of Alternative B - Applicant’s Proposed Action

The Aqgqgaluk Deposit is located within the current ambient air boundary and north of the Main Pit. The
nature of the effects on air quality from Alternative B will extend the duration and extent of impacts
compared to Alternative A. However, operations at the Red Dog Mine would extend through 2031, or

20 years beyond the mine life under Alternative A. Mining operations would transition from the Main Pit
to the Aqgaluk Deposit. The Aggaluk expansion would result in approximately 406.5 additional acres
being disturbed at the mine site over the life of the mine. Areas downwind of the pits subject to fugitive
dust deposition would extend slightly to the north with the opening of the Aggaluk Deposit.

No additional stationary equipment is proposed and mobile equipment is expected to increase only
slightly. One new drill, two loaders, and two additional trucks would be needed initially for developing
the Aqgaluk Pit in addition to existing equipment (SRK 2007). After the transition to the Aggaluk Pit is
complete, the extent of mobile equipment needed would return to the existing levels.

Stationary source effects would not change notably. Air emission sources associated with the Main Pit
include drilling, blasting, dozer activity in the blast area, loader activity in the blast area, haul truck
loading, and haul truck activity from the pit to the ore stockpile and waste rock area (SENES 2007).
These operations would shift from the Main Pit to the Aggaluk Pit, approximately 2,000 feet (910 meters)
north of the Main Pit. Waste rock management from the Aggaluk Pit would move from its existing
location east of the tailings impoundment to the current Main Pit.

Construction of the Aqgaluk Project may result in a short-term adverse impact on ambient air quality
from increased fugitive dust emissions during construction. Mining in the new location would produce a
long-term adverse impact in terms of ambient air quality as fugitive dust would be produced for a longer
period of time.

Since the Agqgaluk Pit lies partially in the prevailing upwind direction from existing mining operations, a
portion of fugitive dust produced during Aggaluk mining operations is expected to be deposited on areas
that are already affected by dust from current mining operations. Based on prevailing wind directions and
depositional patterns, additional areas in the vicinity of the mine site may experience fugitive dust
deposition (Exponent 2007a; TCAK 2005a).

3-16 Red Dog Mine Extension — Aqqaluk Project



3.2 Air Quality

Table 3.2-9 Summary of Annual Emissions

Annual Emissions (tons per year)
Particulate
Vehicle Type Load Type Matter CO VOC SO, NOx
Concentrate Trucks | -6ad and Zinc 730.29 294 | 065 | 002 | 1051
Concentrate
Fuel Trucks Diesel/Gasoline 27.01 0.14 0.03 0.00 0.50
. Supply Trucks Miscellaneous 12.01 0.07 0.02 0.00 0.28
Alternative A Fy-intenance Vehicles | N/A 34.03 0.17 0.06 0.00 0.79
Light Vehicles N/A 53.01 10.63 0.50 0.00 0.50
Stationary Power ° Diesel 86 232 158 169°¢ | 2,859 ¢
Total 942.35 24595 | 159.26 | 169.02 |2,871.58
Concentrate Trucks Lead and Zinc 730.29 2.94 0.65 002 | 1051
Concentrate
Fuel Trucks Diesel/Gasoline 27.01 0.14 0.03 0.00 0.50
Alternative B Supply Trucks Miscellaneous 12.01 0.07 0.02 0.00 0.28
Maintenance Vehicles | N/A 34.03 0.17 0.06 0.00 0.79
Light Vehicles N/A 53.01 10.63 0.50 0.00 0.50
Stationary Power® Diesel 67 206 150 151 2,800
Total 923.35 219.95 | 151.26 | 151.02 |2,812.58
Concentrate Trucks Lead and Zinc — — — — —
Concentrate
Fuel Trucks Diesel/Gasoline — — — — —
Alternative C Supply Trucks Miscellaneous 12.01 0.07 0.02 0.00 0.28
Maintenance Vehicles | N/A 34.03 0.17 0.06 0.00 0.79
Light Vehicles N/A 53.01 10.63 0.50 0.00 0.50
Stationary Power' Diesel 87 211 153 166 © 2,893
Total 186.05 221.87 | 153.58 166.0 |2,894.57
Concentrate Trucks Lead and Zinc 592.96 2.94 0.65 002 | 1051
Concentrate
Fuel Trucks Diesel/Gasoline 22.29 0.14 0.03 0.00 0.50
Alternative D Supply Trucks Miscellaneous 10.01 0.07 0.02 0.00 0.28
Maintenance Vehicles N/A 27.03 0.17 0.06 0.00 0.79
Light Vehicles N/A 43.01 10.63 0.50 0.00 0.50
Stationary Power® Diesel 67 206 150 151 2,800
Total 762.3 219.95 | 151.26 | 151.02 |2,812.58

? Particulate matter = total suspended particulate matter

® Based on 10 Wartsila diesel engines using average data for eight Wartsila diesel engines operating in 2008.

¢ SO, calculated using mass balance with average diesel sulfur content of 0.12% by weight.
¢ Assumes new engines will be fitted with selective catalytic reduction systems for NOx control.
¢ Based on data for 8 Wartsila diesel engines operating in 2008.

" Additional power (3 MW) provided by three 1.5-MW diesel generators, two in continuous operation. Emission factors for PM, NOXx,
VOC, and CO obtained from manufacturer specifications. SO, calculated using mass balance.

N/A = not applicable
— = not available

For example, during the summer and fall months when southwesterly winds are common, deposition may
occur to the northeast of the Aggaluk Pit. Because the Aqgaluk Pit is approximately 2,000 feet north of
the current Main Pit, deposition of metals would be expected to extend roughly the same distance further
north than current depositional patterns. However, because the predominant annual wind direction at the
mine site is from the northeast, the majority of deposition would occur to the southwest in the area of the
current Main Pit.
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Trucks would travel along the DMTS road for a longer time period, though would not increase in volume;
annual vehicle emissions would be similar to Alternative A (Table 3.2-9). The longer time frame of
concentrate truck traffic may result in a long-term adverse impact on surrounding ambient air quality. The
effects of heavy metals deposition near the DMTS road are described in sections 3.7 (Vegetation) and 3.9
(Wildlife). Concentrate hauling would continue for an additional 20 years under Alternative B, resulting
in additional lead, zinc, cadmium, and sulfur deposition along the DMTS corridor. These metals would
remain in the environment beyond the life of the mine and some could be re-entrained into the air through
wind erosion along the road or other disturbed soil areas, and redistributed downwind from the original
depositional area.

Additional ore would be placed in the low-grade ore stockpiles, which could result in additional fugitive
emissions from the piles until they are reclaimed. The closure plan calls for reclamation of the waste rock
dump beginning in 2012. Revegetation would minimize or eliminate future emissions from this area once
vegetation was re-established.

Air effects from the port facility would be similar to those presently experienced; however, these effects
would continue for a longer duration. Past investigations of the port facility identified elevated metal
concentrations associated with fugitive dust emissions, which resulted in extensive equipment and
operational improvements to reduce these emissions. It is anticipated that dust control efforts will
continue to reduce the rates of dust release.

Other ongoing dust control measures presented in Table 3.2-8 will serve to reduce future emissions and
deposition of metal-bearing fugitive dust. It is anticipated that NAAQS will continue to be met based on
historical monitoring results and the fact that future emissions are not predicted to increase substantially,
but current emission levels would occur for a longer period of time.

3.2.3.4 Effects of Alternative C — Concentrate and Wastewater Pipelines

Alternative C differs from Alternative B in that concentrate would be transported to the port site via a
slurry pipeline instead of concentrate trucks. The pipeline would result in a long-term positive impact on
surrounding ambient air quality from reduced fugitive dust emissions. Additional generators (point
sources) would be necessary to meet the power demands of the filter presses and water treatment facilities
that would be added at the port facility. This could reduce the power demands for the comparable
facilities at the mine. However, additional power would be required for the concentrate and diesel
pipelines. Building the pipeline bench would produce fugitive dust during construction but these effects
would be localized and limited to 1 to 2 years. Since borrow materials are not known to contain elevated
levels of metals, effects on adjacent vegetation would be related to dust deposition rather than metals
contamination (see Section 3.7). Fugitive emissions associated with truck traffic would be greatly reduced
as daily traffic on the DMTS road would be reduced from approximately 49 round trips per day to
approximately 15, with most of those being light-duty vehicles. The light-vehicle traffic (e.g., pickup
trucks) would increase by an estimated three round trips compared to alternatives A and B because of the
need to monitor the pipelines. Table 3.2-9 summarizes the estimated emissions that would be generated
under Alternative C by various sources. The dust emission calculations include the effects of fugitive dust
mitigation efforts.

The additional power to operate the port site wastewater treatment plant and the diesel and slurry pumps
would be provided by three 1.5-MW diesel generators with one reserve as backup. Point source emissions
(e.g., exiting a stack or vent) would increase because of the additional generators that would be needed for
the port site. These sources would need to meet PSD requirements and would not be expected to create an
adverse long-term impact on ambient air quality. Also, fugitive dust emissions may increase temporarily
during construction of the pipeline, causing a short-term adverse impact on surrounding ambient air
quality.
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Ongoing dust control measures presented in Table 3.2-8 will serve to reduce future adverse impacts from
deposition of metal-bearing dust around the mine site and along the DMTS road. It is anticipated that
NAAQS will continue to be met based on historic monitoring results and the fact that future emissions are
not predicted to increase substantially (rather, emissions would occur for a longer period of time).
Additionally, the application of water during pipeline construction may reduce fugitive dust emissions.

3.2.3.5 Effects of Alternative D — Wastewater Pipeline and Additional Measures

Alternative D is similar to Alternative C in that the outfall would be moved from Red Dog Creek to the
Chukchi Sea. Alternative D, however, does not include diesel or concentrate pipelines. Dust control
would be enhanced using two enclosed, year-round truck washes to reduce fugitive dust emissions. The
truck washes would result in a long-term positive impact on ambient air quality by reducing the
concentrate component of fugitive dust emissions. Fugitive emissions associated with truck traffic would
be slightly higher than Alternative B because of the need to monitor the pipeline. However, fugitive dust
along the road would be slightly lower because the truck wash stations would reduce some of the mud/dirt
trackout along the DMTS road. EPA recommends adjusting road emission calculations when mud/dirt
trackout is a concern. Because mud/dirt trackout would be reduced by the wash stations, this adjustment
was not made in the Alternative D haul road emission calculations. Table 3.2-9 summarizes the estimated
fugitive emissions that would be generated under Alternative D by various vehicles along the DMTS
road. The values presented in Table 3.2-9 were estimated using EPA guidance for industrial unpaved
roads and EPA’s Mobile6 software for tailpipe emissions (EPA 1995; EPA 2003a). The dust emission
calculations include the effects of fugitive dust mitigation efforts. The waste rock dump would be
revegetated as soon as possible, which would minimize or eliminate future emissions from the waste rock.

3.2.4 Air Quality - Summary

Under all alternatives, air emissions would continue from mining and support operations. Air emission
sources associated with the mine include combustion sources such as diesel generators, heaters, boilers,
and mining equipment, and non-combustion sources including fugitive dust generating sources, dust
collectors, fuel tanks, and other miscellaneous sources. Under Alternative A, the reverse osmosis
wastewater treatment system would require an additional 10-MW of power and thereby increase air
emissions from the mine site. Emissions associated with water treatment would continue in perpetuity but
fugitive dust emissions would be minimized after closure in 2011.

Under Alternative B, air emissions from mobile sources could have short-term increases because of
activity in both pits but would return to levels comparable to existing conditions when mining of the Main
Pit ceased. Mining in the Aggaluk Pit would continue to produce fugitive dust that could affect other
resources downwind. However, the new pit would be partially in the prevailing upwind direction from
existing mining operations, suggesting that a portion of the fugitive air emissions would fall on areas
already impacted by existing mine operations. Fugitive emissions along the DMTS road would continue
at current levels through 2031 unless additional controls are implemented through the draft fugitive dust
risk management plan currently in development.

Under Alternative C, concentrates would be transported to the port facility through a pipeline. Fugitive
dust emissions may increase temporarily for a year or two during construction of the pipeline, causing a
short-term adverse impact on surrounding vegetation and ambient air quality. Over the longer term, the
pipeline would be expected to substantially diminish fugitive dust emissions along the DMTS road by
reducing truck traffic. Approximately 36 round trips per day of concentrate truck traffic would be
eliminated. Under this alternative, traffic would consist of two supply trucks and 13 round trips by light
vehicles. Additional generators would be needed at the port facility to power the filter plant and diesel
pump (approximately 3.0 MW) with associated increases in air emissions. Alternative C includes
construction of a 100 kW wind turbine to reduce diesel fuel use by the generators.
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Emissions under Alternative D would be comparable to Alternative C except that additional generators
would not be needed at the port and no wind generators would be constructed. Fugitive emissions along
the DMTS road under Alternative D would be higher than Alternative C but slightly less than
Alternative B.

The truck washes at the port and mine loadout facility under Alternative D would reduce the amount of
concentrate dust that could be released by the concentrate trucks. Implementing truck washes under
alternatives A and B as a mitigation measure would also reduce the potential for releasing additional
concentrate dust under those alternatives. While Teck could voluntarily establish year-round truck washes
at both ends of the DMTS road, none of the cooperating agencies has indicated that they have the
authority to require their construction and operation. Therefore, the effectiveness of this mitigation
measure is based upon Teck’s willingness to implement it.

3.3 Geochemistry

Geochemistry describes the distribution, movement, and chemical reactions of elements in the
environment as well as the processes affecting distribution, movement and reactivity. Ore and non-ore
minerals associated with a deposit weather in the presence of water and oxygen to release elements

(e.g., lead, zinc, cadmium, and sulfur as sulfate [in the case of the minerals at and surrounding the Red
Dog Mine]) to water resources. Such weathering also affects the bioavailability of these elements.
Weathering of exposed minerals in outcrops occurred before the Red Dog Mine was developed and
continues to occur both within the active mining areas (pit, waste rock dumps, and tailings impoundment)
and in undisturbed mineralized areas surrounding the mine.

Water resources are affected when ore and non-ore minerals degrade in the presence of oxygen and water,
and the weathering products are rinsed from those minerals by incidental precipitation, snow melt, surface
water flows, or groundwater. This is evidenced by the red staining present in Red Dog Creek even before
mining began and in Cub Creek, a mineralized but undisturbed watershed northwest of the Red Dog
Mine. Active-zone groundwater as well as surface water may be affected (Dames & Moore 1983a).

The bioavailability of various elements of concern (e.g., lead, zinc, and cadmium) associated with ore and
non-ore minerals is affected when minerals degrade to release those elements to water resources or
transform from relatively less bioavailable forms (e.g., zinc sulfide) to relatively more bioavailable forms
(e.g., zinc adsorbed onto soil particles). At the Red Dog Mine, this geochemistry analysis addresses short-
and long-term water quality effects associated with the weathering of pit walls (Main and Aggaluk pits),
waste rock, tailings, and naturally occurring rock outcrops. Additionally, this evaluation addresses
weathering of lead-, zinc-, and cadmium-containing fugitive dust over time, potentially altering the
bioavailability of these elements.

3.3.1 Geochemistry — Pre-mining Environment

Before mining, there was obvious and pronounced weathering of sulfide minerals, including pyrite (iron
sulfide [FeS;]), galena (lead sulfide [PbS]) and sphalerite (zinc sulfide [ZnS]). The ore deposit was first
described by Tailleur (1970) who was pointed to the Red Dog Deposit by a bush pilot who observed from
the air the extensive red staining resulting from the oxidation and degradation of pyrite. The ore deposit
was exposed at the earth’s surface.

Pre-mining baseline characterization by Dames & Moore (1983a) documented metals concentrations in
surface water surrounding the mine site. The concentrations in Red Dog Creek were observed to vary
seasonally along with stream flow with maximum measurements reaching 2.25 mg/L for lead, 272 mg/L
for zinc, and 0.8 mg/L for cadmium (Runnells et al. 1992; Dames & Moore 1983a). Such concentrations
are high with respect to the range encountered for natural waters and are due to the weathering (oxidation)
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of minerals associated with the Red Dog Deposit. Section 3.5.1 provides more detailed information on
pre-mining water quality in Red Dog and Ikalukrok creeks and the Wulik River. Physical weathering of
the ore deposit may also have contributed to an uncharacterized wind dispersion of these elements in the
vicinity of the deposit.

3.3.2 Geochemistry — Baseline Conditions

Baseline conditions refer to the current conditions at the site. In terms of geochemistry, current conditions
represent materials that have been exposed to air and water as a result of mining activities. Materials
subject to geochemical activity include the waste rock dump, Main Pit, tailings, and the mineral
component of fugitive dust deposited adjacent to the mine site and throughout the DMTS corridor.

Overall, the rock associated with the Red Dog Deposit has a geochemical character that is likely to
generate acidic drainage. Table 3.3-1 summarizes, in a very general manner, the types of rock occurring at
the Red Dog Deposit, the total tonnages for each relative to the current mine plan, the average net
neutralization potential (NNP) for each unit and a weighted NNP for each. Lastly, the composite weighted
average for all rock is presented. NNP is calculated as the difference of laboratory measurements of
neutralization potential (NP) and acid producing potential (AP), or NP-AP. Negative values for NNP
indicate that there is more acid producing potential than neutralizing potential.

Table 3.3-1 Summary Acid-Base Accounting for the Red Dog Deposit

Ultimate Tonnage Net Neutralization

(Current Permit) Potential Unit Weighted
Rock Unit Millions of U.S. tons % of Total (NNP) NNP?
Silicious, Baritic and
Sulfidic Ikalukrok 8.5 46.4 -100 -46
Siksikpuk Shale 3.5 19.1 -32 -6
Okpikruak Shale 2.4 13.1 35 5
Ikalukrok Shale 0.3 1.6 -160 -3
Kivalina Shale 2.0 10.9 206 23
Upper Melange 0.0 0 40 0
Basal Melange 1.6 8.7 48 4
Total’ 18.3 100 -23

2 Product of percent tonnage and NNP
® Total NNP calculated as sum of unit weighted NNP

3.3.2.1 Mine Rock Stockpiles
Several types of stockpiles occur at the mine:
e Ore,
e Overburden,
e Waste (sub-economic material in the waste rock dump, oxide ore or oxide waste piles), and

e Low-grade ore.

The ore stockpile contains the principal ore minerals from the Red Dog Deposit, galena and sphalerite.
Since it consists of ore, this stockpile is a transient and dynamic feature. Because the material in the
stockpile does not sit long enough to undergo a substantial degree of weathering, runoff and seeps from
the ore stockpile are not monitored or chemically analyzed.
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The overburden stockpile contains material that has less than 1 percent zinc, and is comprised of highly
weathered rock and organic material. A survey of the stockpile surface in 2006 found it to be
approximately 35 percent Kivalina shale, 25 percent melange, 20 percent Ikalukrok shale, 10 percent
Okpikruak shale, and 10 percent Siksikpuk shale (SRK 2008). This material does have some iron sulfide
content, but also contains excess neutralizing capacity as indicated by neutral pH seepage. Seeps from the
overburden stockpile material show that the materials in solution are neutral in pH, are relatively high in
TDS (1,700 mg/L), and contain some zinc (7.5 mg/L). Owing to the non-acidic, neutral pH, lead and
cadmium should not be an issue as they have limited solubility at neutral pH.

Material in the waste rock dump contains primarily acid generating material. As documented in SRK
2007, waste dump seepage is typically strongly acidic (pH typically less than 3), with highly elevated
TDS (typically 20,000 to 50,000 mg/L), sulfate (typically 20,000 to 35,000 mg/L), and metals (zinc is
typically 5,000 to 10,000 mg/L) as illustrated in Figure 3.4. Since 1998, the quality of seepage from the
waste rock dump has generally worsened, with concentrations of lead, zinc, iron, and TDS approximately
doubling (SRK 2003, 2007a) over the period from 1998 through 2006.

In terms of TDS, sulfate, iron, and zinc, seep water quality does not generally appear to have reached a
steady state composition, which would be reflected by the horizontal lines in Figure 3.4. Although the
scatter in the data in Figure 3.4 obscures trends over time, there can be considerable differences in
composition between seeps.

Oxide ore contains economic concentrations of zinc, but current metallurgical processes are unable to
recover this resource, thus the material is stockpiled until such time that it might be processed. Oxide
waste is rock with sub-economic zinc concentrations, and previous geologic weathering has depleted
much or all of its sulfide mineral content. Because of their oxide nature and limited size (relative to waste
stockpiles), neither of these materials would be expected to affect water quality, although specific data for
this material is not available.

Low-grade ore is ore that does not currently meet process specifications for recovery of the resource. This
material is stockpiled for potential use should economic conditions become more favorable.

3.3.2.2 Mine Pit Water

Currently the Main Pit does not recharge with groundwater and the water accumulating in the pit results
from incidental precipitation, surface runoff, and leakage from the Red Dog Creek diversion. No pit lake
is present. The chemical composition of the water that accumulates in the Main Pit sump reflects
weathering of the minerals that are contained in the exposed surfaces of the pit, seepage from any
materials that are placed in the pit, and anything dissolved in surface runoff.

Since 1998 when monitoring of the water quality of the Main Pit sump began, the water quality has
always reflected elevated TDS (7,000 to 14,000 mg/L), zinc (1,000 to 2,000 mg/L) and iron (250 to
1,000 mg/L), as illustrated in Figure 3.5. The pH has typically been on the order of 3.5 and all parameters
appear to vary seasonally, and are highest in June. Owing to the inflow of surface runoff, the water
quality in the pit sump is better than if it contained only water seeping from the pit walls. The runoff is
typically better quality and tends to dilute the contributions from the Main Pit walls. Since 1998, water
quality in the pit sump has worsened. The worsening of water quality over time is believed to have two
main causes. First, water quality would be expected to degrade with more active weathering of sulfide
minerals in pit walls, additional exposed surfaces, and possible contributions from materials stockpiled in
the pit. Second, improvements to the Red Dog Creek diversion have increased its conveyance efficiency
during the operational life of the mine, which has reduced the amount of fresh water leaking into the pit.
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Figure 3.4 Waste Rock Dump Seepage Geochemical Composition
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Figure 3.5 Geochemical Composition of Water Collected in the Mine Pit Sump

Not all sulfide minerals weather (oxidize) at the same rate (Rimstidt et al. 1993). In environments such as
the Red Dog Deposit where pyrite occurs with other abundant sulfide minerals (e.g., sphalerite), there is
the potential for one mineral to weather preferentially to another. In the specific case of Red Dog,
sphalerite may oxidize preferentially to pyrite and provide a measure of protection against the
development of low pH conditions. This (galvanic) protection is primarily offered when the sulfide
minerals are in direct electrical contact with one another, either touching or through water saturated
conditions.

When sphalerite oxidizes, zinc and sulfate are released but acidity is not generated. When pyrite oxidizes,
low pH solutions are produced (acid rock drainage). At the Red Dog Mine, the widespread occurrence of
low pH iron-bearing solutions is indicative of pronounced pyrite oxidation and any potential galvanic
protection that may be offered by other sulfide minerals (such as sphalerite and galena) is either absent or
undetectable. Various studies show mixed reports of the occurrence or significance of galvanic effects in
mine waste. Regardless, the chemical quality of water associated with the mine rocks at the Red Dog
Mine is driven by the rate of oxidation of sulfide minerals and results in low pH, which produces metal-
bearing solutions that have an elevated TDS content.

3.3.2.3 Tailings

The tailings have been geochemically characterized as highly reactive material that has little acid NP
(SRK 2003). Table 3.3-2 presents analyses for four tailings samples and shows that the tailings are very
high in AP and very low in NP. The tailings are on the order of 10 percent sulfide, a very high value with
respect to acid potential reflected in the AP values shown in Table 3.3-2. Correspondingly, the NNP is
negative and the NP/AP ratio is less than one. Material with an NP/AP ratio less than one and an NNP
less than —20 is considered likely to generate acid. Thus, the test results indicate a high likelihood of acid
production from this material unless placed in unreactive settings (e.g., under a water cover; see below).
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Table 3.3-2 Acid-Base Accounting on Red Dog Mine Tailings

Acid-Base Accounting
Neutralization Net Neutralization
Sample* Acid Potential (AP) Potential (NP) Potential (NNP) NP/AP
RDPI-48 155 9.4 -146 0.06
RDPI-49 226 0.4 -226 0.002
RDPI-50 235 8 -227 0.034
Red Dog Mine Tailings 240 1 -239 0.005

* Data reported in SRK 2003

In laboratory humidity cell weathering tests, the sulfide mineral component of the tailings has been shown
to rapidly oxidize to produce sulfate. The pH of leachate from the room temperature unsaturated
experiments dropped rapidly to about 2, indicating a highly reactive, acid producing material (red dots in
Figure 3.6). Tests at refrigerated temperatures showed a much slower pH drop, reaching a value as low as
4 (dark squares in Figure 3.6). Sulfate concentrations of the corresponding leachate showed consistent
trends, with the lower temperature test producing sulfate at a lower rate than the room temperature test.
The difference in the tests at different temperatures is consistent with the highly temperature dependent
nature of sulfide mineral oxidation reactions (Williamson and Rimstidt 1994; Rimstidt et al. 1993). As
temperature increases, sulfide mineral oxidation reaction rates increase.
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Figure 3.6 Humidity Cell pH Values for Red Dog Mine Tailings

In contrast to the unsaturated humidity cell tests, alternative subaqueous tests have also been conducted.
Because the rate at which tailings may weather is defined by the site-specific conditions where the material
occurs, these subaqueous tests are appropriate and useful. In these tests, about 10 pounds (5 kg) of tailings
were covered by 20 inches (50 cm) of water, which was continuously aerated. The pH of the overlying
water was shown to decrease rapidly to below 3.5 (Figure 3.7). The overlying water sulfate reached a long-
term value of about 50 mg/L in room temperature tests and about 7 mg/L in refrigerated tests (Figure 3.8).
The corresponding sulfate concentration in seepage leachate collected from the bottom of the subaqueous
columns reached long-term values of 200 mg/L and 90 mg/L respectively (Figure 3.8) (SRK 2003).

Supplemental Environmental Impact Statement 3-25



CHAPTER 3 AFFECTED ENVIRONMENT/ ENVIRONMENTAL CONSEQUENCES

7.0

—&— Ambient - Leachate
—B8— Ambient - Surface Water
—e— Fridge - Leachate

—o— Fridge - Surface Water

0 20 40 60 80 100 120 140 160 180

Time Eapsed (weeks)

Figure 3.7 Subaqueous Tailings Test pH Results
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Figure 3.8 Subaqueous Tailings Test Sulfate Results

The contrast between the unsaturated and subaqueous tests is meaningful. Subaqueous tests demonstrated
lower weathering rates. This is consistent with the relatively limited availability of oxygen to the sulfide
minerals in the tailings in subaqueous conditions. Oxygen in the atmosphere (unsaturated tests) is
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21 percent (210,000 parts per million [ppm]), while oxygen in the subaqueous tests is on the order of

10 ppm, several orders of magnitude less. The rate of weathering of the sulfide minerals proceeds in
direct proportion to the concentration/availability of oxygen (Williamson and Rimstidt 1994; Williamson
et al. 2006).

The present setting of the tailings below a water cover would, in light of the lab testing results, suggest that
tailings are not currently weathering to a noticeable degree nor contributing to observed TDS increases in
the tailings impoundment. Since the tailings impoundment receives contaminated seepage and runoff from
the mine property in addition to the tailings, the water quality in the impoundment does not appear to
directly reflect the chemical character of the tailings themselves. Although sulfate (proportional to TDS) is
released to water overlying tailings through weathering reactions, the subaqueous tests have shown that such
reactions produce only a few tens of parts per million of sulfate (TDS). This is a minor contribution relative
to the thousands of parts per million of sulfate (TDS) in the water of the tailings impoundment water. Thus,
any contributions from the tailings themselves to the overlying water in the impoundment appear to be
minimal and masked by the contributions from other sources to the impoundment. The reactive tailings are
under water, a cover that greatly restricts, or eliminates contact of the tailings with atmospheric oxygen. In
such isolation from atmospheric oxygen, little geochemical degradation of submerged tailings occurs
relative to the potential to degrade under a cycle of wet and dry conditions.

3.3.2.4 Fugitive Dust

Fugitive dust containing lead, zinc, cadmium, and sulfur as well as other metals and constituents, occurs
around the mine site and along the haul road to the port. The dust generally comes from three sources: (1)
relatively unmineralized material, including soils and road base; (2) mineralized materials including ore and
some waste materials; and (3) concentrates produced by milling of the ore. Fugitive dust in the vicinity of
the mine site includes a mixture of unmineralized materials, mineralized material from the Main Pit, waste
material dumps, and concentrates. Along the DMTS corridor where concentrate is trucked from the mine to
the port, fugitive dust sources include the unmineralized material in the road surface and ore concentrates
from spills, the outside surfaces of the trucks, tracking, and releases from the CSBs at the port. All forms of
fugitive dust have been dispersed as a result of wind as discussed in Section 3.2.2.

Teck conducted two studies of soil samples from the vicinity of the mine, evaluating mineral weathering
by observing leachate and undertaking a microscopic examination. The Brienne 2007 microscopic
examination showed the main zinc- and lead-bearing minerals were sphalerite and galena. Limited
alteration products were observed on galena implying limited weathering in the samples examined. Jensen
and Brienne (2007) performed simple leaching tests and kinetic humidity cell testing, comparable to those
discussed in Section 3.3.2.3 for tailings. This study demonstrated that lead was less leachable than zinc;
consistent with the known limited solubility of lead. Kinetic testing indicated relatively low metal
leaching, which provides support for slow weathering of galena and sphalerite in soil environments.

NPS conducted a moss study in 2000 to measure metals concentrations in tundra located near the DMTS
road (Ford and Hasselbach 2001). Subsequent studies have confirmed that elevated concentrations of lead
and zinc occur in tundra and moss along the DMTS corridor (Hasselbach et al. 2005; Exponent 2007a).

Hasselbach et al. (2005) report analyses of moss and subsurface soil. Their data are presented in Table
3.3-3. As shown, Hasselbach et al. (2005) collected data for five elements: cadmium, lead, zinc,
aluminum, and iron. While cadmium, lead, and zinc are closely tied to the Red Dog Mine, aluminum and
iron are common soil-forming elements, as revealed in their elevated concentrations in soil compared to
moss. Because aluminum and iron are common in unmineralized soils, the reported occurrence of these
elements cannot be conclusively attributed to Red Dog Mine ore or concentrate.
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Table 3.3-3 Elemental Analysis of Soil and Moss along the DMTS Road

Standard

Substrate (n) Element Median Mean Deviation Range

Moss (n=151) | Cadmium (Cd) 0.56 1.86 3.54 0.08-24.30
Lead (Pb) 16.2 68.1 141.1 1.1-912.5
Zinc (Zn) 92 292 518 2-3,207
Aluminum (Al) 773 4,850 10,243 46-45,749
Iron (Fe) 580 3,063 6,242 168-28,630

Soil (n=46) Cadmium (Cd) 0.27 0.27 0.13 0.07-0.75
Lead (Pb) 15.3 17.8 11.7 7.8-83.8
Zinc (Zn) 96 96 24 49-164
Aluminum (Al) 61,350 60,760 11,518 25,900-86,600
Iron (Fe) 39,750 39,339 12,559 14,400-71,800

Source: Hasselbach et al. 2005
Units = mg/kg dry weight

Data are available for total concentrations of cadmium, lead, zinc, aluminum, and iron associated with
moss and soil along the DMTS road. In general the geochemical forms of the weathering products of
these metals are also known; however, the concentrations of these individual products have not been
measured. The geochemical form of these elements strongly affects their bioavailability. The lead-, zinc-,
and cadmium-containing dust is comprised primarily of the ore minerals galena and sphalerite, which also
contains cadmium. In the terrestrial environment, in the presence of oxygen and moisture, these minerals
oxidize to release lead, zinc, cadmium, and sulfate from the sulfide mineral structure. These elements are
then redistributed among other forms and may be adsorbed onto clay minerals, taken up by plants, move
into the soil pore water, or may form other discrete mineral phases such as lead carbonate. A better
understanding of the site-specific geochemical behavior of the lead-, zinc- and cadmium-containing dust
would improve the ability to predict and detect potential problems associated with weathering in the
future. A one-time study of the geochemical weathering process would reduce the uncertainty associated
with these materials in the environment. Since this type of study can be included within the ADEC Waste
Management Permit, this data should be available for future analyses and therefore fill an existing data
gap. USGS 2003 documents methodologies that can be used to distinguish naturally dispersed minerals
from those originating from anthropogenic, fugitive dust emissions. These methodologies could also be
incorporated into future dust studies. Teck has proposed to address this issue indirectly through vegetation
monitoring in the draft fugitive dust risk management plan.

Lead and zinc sulfides will degrade at differing rates and to differing extents. Most of the lead sulfide will
oxidize to lead sulfate (anglesite) and lead carbonate (cerrusite). These minerals have limited solubilities
and may form a coating on the galena particle, having the effect of insulating the galena from water and
oxygen and markedly slowing the rate of its further oxidation (Plumlee 1999; Nordstrom and Alpers 1999).
USGS 2003 further notes that galena associated fugitive dust exhibits physical properties that limit
weathering and oxidation.

Compared to the lead minerals, the sphalerite and its weathering products, including zinc sulfates and zinc
carbonates, are relatively soluble and will not impede the weathering/oxidation process. Therefore,
depending on how frequently they are exposed to precipitation, the zinc sulfide grains will tend to
decompose in the soil environment more rapidly than lead sulfide.

The rate of oxidation of sphalerite has been measured in warm, moist air (Stegers and Desjardins 1980).
Using this literature reported rate to provide scale, the typical lifetime of a sphalerite grain consistent with
the size of fugitive dust (55 microns) can be estimated at about 14 years at the cold (average)
temperatures of the project site (-4 °C). The rates of oxidation of galena are not as clear as with sphalerite,
but the relatively insoluble coating of sulfate and carbonates likely to form would cause complete
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oxidation of galena particles to be longer. The weathering of metals-containing fugitive dust has already
occurred and will continue to occur to the material already present in the environment and any new
material added to the environment over time.

The oxidation products of the lead and zinc sulfides have different levels of bioavailability, as noted
above. While metals held in low solubility phases are somewhat unavailable relative to more soluble
(bioavailable) phases such as lead carbonate, the existing load of these constituents will alter to more
bioavailable forms over time. Because of the limited precipitation in the area, there is little evidence that
these chemical constituents would be transported far from their original site of deposition. The reservoir
of more bioavailable forms of cadmium, lead and zinc can reasonably be expected to increase over time,
although the specific forms of these elements and their concentrations in the soil environment cannot be
accurately predicted based on the information currently available. In terms of baseline conditions, the size
of the “pool” of more bioavailable cadmium, lead and zinc is limited to the total load incurred to date.
The DMTS risk assessment estimated potential exposures and risks of zinc and cadmium, among other
contaminants, by assuming, conservatively, that the metals, with the exception of lead, were 100 percent
bioavailable (Exponent 2007a). Risks associated with lead were determined using model default and site-
specific values. Results of the risk assessments are further discussed in the following sections of this
SEIS: 3.9.2.1 (Wildlife), 3.10.2.1 (Aquatic Resources), and 3.13.2.1 (Public Health).

3.3.3 Geochemistry — Environmental Consequences

Sulfide minerals associated with the Red Dog Deposit weather (oxidize) and lead, zinc, cadmium, other
metals, sulfate, and TDS are released to water resources or to other forms in the soil environments. The
more of these materials that are exposed to oxygen and water, the greater the potential environmental
consequences. Therefore, the potential geochemical environmental consequences associated with each
alternative may be assessed in terms of the amount of sulfide minerals that are exposed to weathering
during operations and after closure. The accounting of exposure applies to pit wall surface areas, waste
rock, tailings, and fugitive dust.

Although potential impacts may increase with increased exposure (material disturbance), real impacts may be
limited by mitigation efforts and material handling. For example, expanding the size of the pit and the
exposed area of pit walls can lead to increased oxidation of sulfide minerals. However, if the water contacting
the exposed walls is collected and treated, impacts to the environment may be reduced or eliminated. Thus,
assessment of geochemical impacts on the environment must take into consideration increased disturbance
caused by material production, as well as the extent to which weathering products are contained, treated,
naturally transformed, or are benign. Since the changes that would occur from the weathering process,
including increased availability of metals and lower pH levels, are reflected in water quality, the effects of
geochemical changes are discussed in greater detail under water quality (Section 3.5.3).

Geochemical environmental consequences are tied to several prominent components of the Red Dog
Project, specifically the following:

e Main Pit

e Aggaluk Pit

e Waste rock dump

e Overburden stockpile
e Tailings impoundment

o Fugitive dust
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Each of these components is considered below relative to each alternative. It is important to note that
under all alternatives, wastewater treatment will be required to meet NPDES permit limits during
operations and over the long term after closure.

3.3.3.1 Effects Common to All Alternatives

Most facilities would experience somewhat different geochemical activity under each of the alternatives
and are therefore discussed individually below. The overburden stockpile would behave similarly under
all alternatives. During operation and closure, effects from the overburden stockpile will be similar. Water
quality is anticipated to be essentially unchanged compared to current conditions. Under all alternatives,
fugitive dust already deposited in the vicinity of the mine and DMTS corridor would weather as discussed
above under the description of baseline conditions. While the amount of fugitive dust deposited in the
future under each alternative would be somewhat different, the geochemical behavior of the material with
respect to weathering would be similar under all alternatives. Water from the pit(s), waste rock dump,
overburden stockpile, and tailings impoundment would need to be treated for the foreseeable future after
closure.

3.3.3.2 Effects of Alternative A — No Action Alternative

Main Pit

Under Alternative A, water that accumulates in the pit sump during production would be pumped and
transported to the tailings impoundment. As described in Section 3.3.2, water currently reporting to the mine
pit sump is of very low quality. The overall quality of this water has deteriorated somewhat with time.

Post-closure, water would be allowed to accumulate in the Main Pit and would come principally from
incidental precipitation, pit wall runoff, waste rock dump seepage, overburden stockpile seepage, and
tailings impoundment seepage. The quality of the water accumulating in the Main Pit post-closure can
reasonably be expected to be of poor quality as it would combine current low-quality contributions
accumulating in the pit with flows that report to the tailings impoundment during operations that also
have poor-quality water in that facility.

Post-closure, the water quality of the dominant flow to the Main Pit is expected to be represented by the
water quality associated with the mine sump during operations, as this is the dominant flow into the Main
Pit. This water quality is near steady-state composition. The precise concentrations of chemical
constituents of concern cannot be predicted exactly, but the most recent measurements of the Main Pit
sump provide reasonable estimates. Estimates for selected constituents are shown in Table 3.3-4.

Table 3.3-4 Representative Constituent Concentrations in the Main Pit Sump

Chemical Constituent Concentration, mg/L except pH
Arsenic (total) ND-0.98

Cadmium (total) 3-99

Copper (total) 0.19-3.8

Lead (total) 0.5-47

Zinc (total) 336-11,200

Sulfate 1,910-7,380

Total Dissolved Solids 3,300-11,200

pH (s.u.) 3-5

s.u. = standard units
ND = non detect
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Aqqaluk Pit

Under this alternative, the Aggaluk Pit would not be developed. Runoff from the area would continue to
carry metals, released by weathering, from the deposit to Red Dog and Sulfur creeks.

Waste Rock Dump

During mining operations, the waste rock dump would continue to receive waste rock and can be
expected to continue to produce low-quality water. The composition would be very similar to that
currently observed and collected, but may deteriorate somewhat with additional waste rock. To the extent
that the footprint of this facility would remain essentially the same, only slight increases in flow would be
anticipated.

Upon closure, the waste rock dump would be covered with soil and vegetation to ultimately reclaim the
surface. As a result, less water would be expected to infiltrate the waste rock (from precipitation) and
seepage flow would diminish correspondingly over time. With the decrease in flow it is possible that
water quality would deteriorate somewhat. However, the combination of reduced flow with potentially
lower quality should not substantially alter the net mass flux of dissolved chemical constituents from the
pile. As described in Section 3.3.2, the chemical composition of seeps associated with the waste rock
dump vary and have worsened over the time period for which data has been collected.

Tailings Impoundment

As described in Section 3.3.2, tailings do not appear to be a major contributor to the TDS concentrations
in the tailing impoundment water. This condition is anticipated to persist as long as a water cover is in
place over the tailings. Therefore, the effects on the water quality in the tailings impoundment will be
consistent with the quality of the various project site waters that are routed to the impoundment. Under
this alternative, flows from the waste rock dump, overburden stockpile and Main Pit continue to report to
the impoundment during operation.

Mass balance modeling of the tailings impoundment has been conducted by SRK (2007a) to evaluate the
geochemical evolution of the water quality in the impoundment. The model incorporates the flow rate and
associated chemical composition of all water directed to and discharged from the tailings impoundment. It
is therefore capable of calculating water quality in the impoundment over time, under a range of user-
specified scenarios such as the alternative considered here.

The forward-looking nature of such a mass balance model requires prediction/estimation of future flows
and their associated chemical concentrations. The chemical compositions of flows that comprise the mass
balance model for the Red Dog Mine were derived from review and evaluation of historic water quality
data associated with various sources at the project site. As described in Section 3.5.2, water quality
associated with principal components of the Red Dog Mine shows some variations that may be seasonal
effects. Although water quality for the Main Pit sump and the waste rock dump has worsened over time, it
appears to be approaching a steady state. Thus, the mass balance model establishes representative water
quality characteristics for various sources.

In the short term, during operations, the mass balance analysis of the tailings impoundment indicates that
under Alternative A, the water quality in the tailings impoundment will remain consistent with current
conditions, but it is projected to rapidly improve after closure. Improved water quality post closure derive
from diversion of current inflows to the tailings impoundment (e.g., waste rock dump seepage) to the Main
Pit. Also, water that accumulates in the mine pit sump will be retained in the Main Pit rather than being
pumped out and transferred to the tailings impoundment. The diversion of these flows restrict the chemical
mass reporting to the impoundment. Table 3.3-5 summarizes the short-term values (during operations) and
the long-term values (post closure) for chemical constituents in the impoundment under Alternative A.
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Table 3.3-5 Short-term and Long-term Estimates of Chemical Concentrations in the Tailings
Impoundment Derived from Mass Balance Modeling

Constituent Concentration (in mg/L)

During Operations Post Closure
TDS 4,000 1,000
Sulfate 2,600 650
Cadmium (total) 3.75 0.02
Zinc (total) 300 25

There is, however, uncertainty in these predictions and actual concentrations will only be known after
closure when ongoing monitoring is conducted. Regardless, under Alternative A, it is assumed that the
tailing impoundment water will continue to require water treatment for the long term after closure.

Fugitive Dust

Under Alternative A, fugitive dust emissions during operations along the transportation corridor would
remain at levels that reflect the current level of dust control plus whatever measures are put in place as a
result of the fugitive dust risk management plan. The net loading of cadmium, lead, zinc and sulfur would
proceed at the present rate until the end of mining and transport activities, at which point fugitive dust
loading would begin to decline. Loading of metals in the post-mining environment would occur at much
lower rates than during operations as concentrates would no longer be conveyed along the DMTS road,
eliminating further loading of cadmium, lead and zinc. Future concentrate-related sulfur loadings would
likewise be reduced.

In the short term (during active operations) and in the long term (following closure) the mineralized
material deposited along the DMTS corridor as fugitive dust will weather. As noted in the discussion of
baseline conditions above, the cadmium, lead and zinc associated with the sulfides in the concentrate will
not disappear, but rather continue to exist in different forms of varying bioavailability. Generally, the
various weathering products will continue to undergo geochemical (and biogeochemical) processes and
behave in various ways including becoming adsorbed onto solid phase soil components or being
dissolved into water that might be taken up by plants or carried deeper into the soil profile.

The specific geochemical forms of cadmium, lead and zinc resulting from the oxidation of galena and
sphalerite in soil environments are dependent on the actual soil conditions, such as temperature, pH, clay
mineral content, types of soil minerals, organic matter content, moisture, etc. Sulfide minerals are, in
general, unstable in soil environments and, by the same token, other minerals are very stable. Thus, as
sulfide minerals weather, the metals that are released are taken up in stable minerals and adsorbed onto
either organic material or soil minerals. For example, when galena weathers, the lead that is released can
form anglesite (lead sulfate), cerrusite (lead carbonate), or litharge (lead oxide), or adsorb onto organic
matter, iron oxides in soil or clay minerals. Predicting what forms will result, in a quantitative manner, is
speculative. However, the types of forms described here are likely and routinely observed.

3.3.3.3 Effects of Alternative B - Applicant’s Proposed Action

Main Pit

Under Alternative B, the Main Pit would be backfilled and no lake would form. Runoff from exposed pit
walls can be expected to contribute to filling the voids within the waste rock that is placed there. Those
voids would also be filled with water derived from precipitation that falls on the waste rock placed in the
pit. That water is expected to be similar to water emanating from the current waste rock dump. Overall,
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the water reporting to fill the voids of waste rock placed in the Main Pit would be of low quality and
similar to water currently pumped from the mine sump.

Aqqaluk Pit

Under Alternative B, given the similarity in wall rock composition and setting to the Main Pit, during
mine operations the quality of water in the pit sump is expected to be similar to the water projected to
accumulate in the Main Pit under Alternative A (see Table 3.3-5). This water will report to the tailings
impoundment during operations.

At closure, a pit lake will ultimately form in the Aqgaluk Pit because of incidental precipitation, pit wall
runoff, diversion of seepage from the waste rock dump and overburden stockpile, and groundwater
inflow. Seepage from the tailings impoundment will also be pumped to the Aqgaluk Pit lake. The long-
term water quality in the Aqgaluk Pit is expected to be very similar to the water quality associated with
the current mine sump in the Main Pit.

Waste Rock Dump
Under this alternative the effects are the same as Alternative A.

Tailings Impoundment

Under this alternative, mass balance modeling indicates that water quality in the tailings impoundment is
expected to remain similar to current conditions throughout operations. Some slight improvement is
anticipated as the capacity of Water Treatment Plant 3 is increased in the year 2025.

Post closure, water quality in the tailings impoundment is projected to improve, which is similar to
Alternative A. This improvement is associated with diversion of flows from the waste rock dump, the
Aggaluk Pit and other facilities away from the tailings impoundment and into the Aqgaluk Pit. Post-
closure TDS are projected to decrease to about 1,000 mg/L (see Table 3.3-5 for water quality operational
and post-closure estimates).

Fugitive Dust

Under this alternative, the rate of metals loading from fugitive dust would be the same as projected under
Alternative A although the duration of the loading would extend for the additional life of operations. The
additional loadings, resulting from the longer duration of mining activity, would mean a greater amount
of mineralized material being deposited on plants and within the top layers of the soil than would occur
under Alternative A. The greater amount of fugitive dust would mean higher concentrations of ore and
concentrate minerals and their breakdown products, including bioavailable forms of lead, zinc, and
cadmium. Increased metals concentrations would primarily occur in areas downwind of the mine and
DMTS.

Similar to Alternative A, loading rates would be reduced after closure and continue to drop until
reclamation activities have been completed.

3.3.3.4 Effects of Alternative C - Concentrate and Wastewater Pipelines

Main Pit
Under this alternative the effects would be the same as Alternative B.
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Aqqaluk Pit

During operations, the effects on the Agqgaluk Pit would be very similar to the effects on the Main Pit
under Alternative A. While there are some differences between waste rock seepage and mine drainage,
both are acidic and have elevated levels of TDS and metals (see Sections 3.3.2.1 and 3.3.2.2). The partial
backfill under Alternative C should not, therefore, substantially impact the quality of water in the pit
compared to other alternatives.

Waste Rock Dump

Under this alternative, a low permeability cover over the waste rock dump would severely restrict the
infiltration of precipitation. Although water quality cannot be expected to improve substantially, the flow
of seeps and springs from this facility would decrease markedly. Overall, therefore, the net mass flux of
chemicals of concern from this facility would decrease.

Tailings Impoundment

Under this alternative, effects related to the tailings impoundment would remain the same as all
alternatives during operation. Mass balance modeling indicates that during operations, water quality can
be expected to remain similar to current conditions.

Under this alternative, the tailings impoundment would have a dry cover post closure, rather than the
water cover specified in alternatives A, B, and D. Following closure and installation of the dry cover,
tailings would slowly drain. In time, accelerated weathering of tailings would be possible as tailings
would not be as well isolated from oxygen as they would with a water cover. Tailings have been shown to
rapidly oxidize when moist and exposed to air (Section 3.5.2). Ultimately, the release of chemical
constituents of concern from the tailings would be driven by the effectiveness of the dry cover to restrict
or eliminate infiltration of rain and snow melt which would pass through the tailings.

Fugitive Dust

Under this alternative ore concentrate would be transported by pipeline rather than by truck. The net
effect would be the elimination of additional concentrate loading from the concentrate trucks. With the
exception of spills from pipeline ruptures, loading to the landscape along the DMTS road would be
limited to contaminants distributed by service vehicles. Loadings from mine related sources would
continue at the same rate and duration as would occur under Alternative B. The rates of geochemical
changes of materials already deposited in the environment would be the same as all other alternatives.
Post-closure effects would be similar to Alternative B, with increases in more bioavailable forms of
cadmium, lead, and zinc, although the total loading along the DMTS road would be lower than under
alternatives B or D.

3.3.3.5 Effects of Alternative D — Wastewater Pipeline and Additional Measures
Main Pit

Under this alternative the effects would be the same as Alternative B.

Aqqaluk Pit
Under this alternative the effects would be the same as Alternative B.

Waste Rock Dump
Under this alternative the effects would be the same as Alternative A.
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Tailings Impoundment
Under this alternative the effects would be the same as Alternative B.

Fugitive Dust

Under Alternative D, enhanced truck washes would be installed. Loadings from mine related sources and
rates of decomposition of materials already in the environment would again be the same as alternatives B
and C. The short-term effect during mine life would be that loading along the DMTS corridor would be
expected to be greater than Alternative C, but less than Alternative B. Post closure, effects would be
similar to Alternative B, with increases in more bioavailable cadmium, lead, and zinc although the initial
loads would be lower than Alternative B, corresponding to the overall decrease in net loading.

3.3.4 Geochemistry - Summary

During operations, the geochemistry of the mine workings, waste rock runoff, and tailings impoundment
would be comparable to current conditions. Under alternatives A, B, and D, wet closure of the tailings
impoundment would eventually lead to improvements in the impoundment water quality over time
although long-term treatment would still be required. With dry closure under Alternative C, tailings
seepage water quality would reflect current conditions over the long term although less water would
require treatment. Under alternatives A and B, continued fugitive emissions from the mine and road
would cause increasing concentrations of metals (some bioavailable) in the surrounding soils and
vegetation. Deposition would continue through 2011 under Alternative A and 2031 under Alternative B.
Under Alternative C, future loadings along the road would be minimized by the concentrate pipeline.
Under Alternative D, fugitive emissions and metals levels would be lower than Alternative B but higher
than Alternative C.

3.4 Geotechnical Stability

3.4.1 Geotechnical Stability — Pre-mining Environment

This section briefly summarizes the native materials and seismic conditions at the Red Dog Mine site to
establish the baseline for the geotechnical resource evaluation presented in the followings sections.
Surface and subsurface materials consist of native soil overburden over shale and siltstone bedrock.
Native soils include organics; ice-rich soils; silty, clayey soils; and sandy, gravelly soils. The organics are
fibrous peat, organic silt, and peat. Ice-rich soil is silty and clayey with visible ice inclusions. Sandy and
gravelly soils consist of silty sands and gravels to poorly graded sands and gravels. The latter could be
completely weathered bedrock and/or alluvium. Bedrock is typically highly to moderately weathered
shale that becomes more durable with depth.

The Red Dog Mine is located in a region that has low seismicity and no known active faults. A site-
specific probabilistic seismic hazard analysis was performed by URS and described in their 2008 report
(URS 2008). An operating basis earthquake and maximum design earthquake were both determined. The
operating basis earthquake has a 10 percent probability of exceedance in 50 years and the maximum
design earthquake has a 2 percent probability of exceedance in 50 years. The probable ground
accelerations from these events would be 0.11 g and 0.24 g, respectively. These values are used in the
engineering design process to ensure that slope stability would be maintained if a seismic event were to
occeur.
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3.4.2 Geotechnical Stability — Baseline Conditions

3.4.2.1 Background

At the Red Dog Mine, the tailings impoundment holds tailings and water in the South Fork Red Dog
Creek valley that is now primarily filled with tailings. The main dam of the tailings impoundment consists
of two parts: an embankment located in an approximately west-to-east alignment across the South Fork
Red Dog Creek and a wing wall to the southeast that extends from the east end of the embankment.

The back dam is located at the southern end of the tailings impoundment near the top of the hydrologic
divide between the South Fork Red Dog Creek and Bons Creek. The back dam became necessary to retain
water from the tailings impoundment after the water level reached the divide between the Red Dog Creek
catchment and the Bons Creek catchment. A new back dam is currently being constructed. The new back
dam will control potential seepage from the tailings mass from entering the Bons Creek drainage basin
with a vertical concrete barrier (cut-off wall) that extends into the underlying bedrock. The back dam is to
be built to an elevation of 970 feet (295 meters), and subsequently raised to an elevation similar to the top
of the final raise of the main dam (986 feet).

The overburden stockpile straddles the divide between the South Fork Red Dog Creek and Bons Creek
drainages and reaches a maximum elevation of about 1,020 feet (310.9 meters). Prior to the stockpile
construction, the lowest point of the divide was at an elevation of approximately 937.5 feet (285.8 meters).
A system of ditches, sumps, and wells downstream of the overburden stockpile captures runoff from the
overburden stockpile and seepage through the active zone above permafrost. Average flow rates from the
overburden stockpile runoff collection system are 34 million gallons per year.

The waste rock dump is located on a hillside between the tailings impoundment and the Main Pit,
adjacent to the access road to the mine facilities. The dump has been built in a series of lifts from waste
materials removed from the Main Pit.

3.4.2.2 Main Tailings Dam Construction

The design and construction of the dam can be divided in two discrete phases: original stages I to VI and
recently designed and constructed stages VII-A and B. Stages | to VI of the tailings main dam were
constructed in phases between 1988 and 1993. The original design included a cutoff trench to bedrock, a
geomembrane liner system, seepage collection system, permafrost freezeback, and a tailings beach for
seepage control (URS 2007a).

The ice-rich soils in the starter dam footprint were removed before construction started and the starter
dam was built on moderately weathered bedrock. Improved foundation conditions were encountered in
the stage Il to VI footprints. Therefore, the stage Il to VI raises, except the cutoff system, were built
directly on native ground.

The starter dam was completed in July 1988. The diversion pipe was plugged with grout in September 1988.
As the tailings impoundment started to fill with water, more seepage through the main dam was observed
flowing into the downstream seepage collection pond than was estimated during the design. Milling was not
scheduled to start in time for tailings to be placed ahead of the rising water to help reduce the seepage.
Methods to reduce seepage were developed in the winter of 1988/1989 for implementation in 1989.

Two methods of reducing seepage were developed. A blanket of shale was placed in the water over the

cutoff trench upstream of the starter dam and a grouted high-density polyethylene geomembrane cutoff wall
was installed below the cutoff trench for the future stage 11 to 1V raises. A seepage cutoff wall was designed
during the winter of 1988/1989 for the stage Il to IV raises and the seepage collection dam. The same cutoff
wall system was designed for the seepage collection dam. A gravel underdrain was installed downstream of
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the starter dam under stages Il through VI, and the pumpback structures were increased from one to three.
The stage V to VI design relied on a tailings beach to control seepage with no cutoff wall.

A 10-foot stage VII raise of the tailings main dam was planned in the mid-1990s to increase the dam
height to 182 feet (55.5 meters) at the crest elevation of 960 feet (292.6 meters). URS completed stability
analyses using geotechnical data from earlier dam and mill site investigations, and concluded that the
stage VIl embankment could have a steeper slope than stage VI, resulting in a “hinge” or slope change at
the 960-foot elevation (292.6 meters) (URS 2007a).

The 10-foot stage VII concept was changed in 2003 to two 5-foot raises (VII-A and VII-B) because of
construction window time constraints. Stage VI1-A would raise the dam to 177 feet (53.9 meters) high at
the crest elevation of 955 feet (291.1 meters). Stage VI1I-B would raise the dam to 182 feet (55.5 meters)
high at the crest elevation of 960 feet (292.6 meters). The design included extending the seepage cutoff
wall from its stage IV west and east terminations as an added seepage control measure because a tailings
beach could not be continually maintained while tailings were deposited away from the dam.

The dam was constructed using conventional downstream methods. Stability analyses of the tailings main
dam were completed during the design of stages I to VI, including modifications such as the pipe bench
and dust control structures and the stages VII-A and B raises. Upstream and downstream slope
configurations of the dam at various stages of construction were selected after verifying that the dam
would be stable under long-term static and seismic stability loading conditions and at the short-term end-
of-construction stability condition (URS 2008). Table 3.4-1 summarizes the downstream and upstream
slopes for each stage of the dam and Figure 3.9 shows a cross section of the main dam.

The main dam seepage is controlled through two control systems: a primary system and a secondary
system. The primary seepage control system in the tailing main dam system includes:

e Liner system over the entire upstream face of the dam, protected by a rock buttress and
continuing down to a cutoff trench to prevent seepage through the dam.

o Foundation cutoff (barrier) system consisting of a cutoff trench and a cutoff wall along the
upstream toe of the dam to reduce seepage under and around the dam to Red Dog Creek.

e Curtain wall system consisting of a curtain wall embedded in a trench along the wing wall
alignment to reduce the potential for seepage under the wing wall toward the mill.

¢ Drainage system consisting of a perforated pipe toe drain and a main pipe and blanket drain under
the dam in the original creek channel to collect seepage from within and under the dam. The
36-inch diameter main pipe was plugged under the starter dam and was not extended as originally
designed.

¢ Tailings management by beaching tailings along the upstream face of the dam and thereby
keeping the impounded water away from the dam.

e Three seepage pumpback chambers that remove seepage from the blanket drain.

The secondary seepage control system for the tailings main dam is the seepage collection dam and
seepage pumpback well located between the seepage collection dam and Red Dog Creek. The secondary
seepage control system at the seepage collection dam was improved in 1989 by adding a vertical high-
density polyethylene geomembrane cast into a grout cutoff wall installed in the same way as the
improvement to the main tailings dam as described above.
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Table 3.4-1 Summary of Upstream and Downstream Slopes of the Dam

Downstream Slope
Upstream Slope Hinge Elevation
Dam Stage (H:V) Above hinge (H:V) (feet [meters]) Below Hinge (H:V)
| (Starter dam) 3:1 2:1 no hinge 2:1
1l 251 31 877.5 (267.5) 4:1
1 2.5:1 31 877.5 (267.5) 4:1
Y, 251 31 895.0 (272.8) 4:1
\% 251 31 902.5 (275.1) 4:1
VI 251 31 907.5 (276.6) 4:1
VII-A 2.5:1 31 880.0 (268) 4:1
VII-B 251 31 852.5 (259.8) 4:1

Source: URS 2007a
Figure 3.9 Cross Section of Main Dam

According to URS (2007a), a design seepage rate of 10 to 20 gallons per minute was estimated for a full
tailings dam. When the dam initially filled, seepage rates up to 2,250 gallons per minute were observed,
which is 112 to 225 times higher than estimated. When the water level had dropped by one foot, the
seepage decreased to about 700 gallons per minute, or 35 to 70 times the estimate for a full dam. Based on
their investigation, URS believed the primary seepage path existed between the geomembrane and the
underlying, permanently frozen bedrock. They concluded that the upper bedrock contact had thawed, and
water flowed through the rock joints under the contact and into the embankment rock fill. URS also
concluded that the geomembrane was sound because of the construction controls. Figure 3.10 shows the
pumpback records that reflect the total seepage reporting to the downstream dam from the tailings
impoundment.

Before the tailings beach was started in 1997, the pumpback rates ranged from 850 to 1,600 gallons per
minute. The average winter pumpback rate, or lower bound of the seepage range, was 1,050 gallons per
minute. The average summer pumpback rate, or upper bound of the seepage range, was 1,600 gallons per
minute. The average impoundment water level during this period was approximately 930 feet

(283.5 meters) in elevation.

3-38 Red Dog Mine Extension — Aqqaluk Project



3.4 Geotechnical Stability

Moving Average

Source: URS 2007b
Figure 3.10 Seepage Pumpback Records

A 600- to 700-foot (182.9- to 213.3-meter) wide exposed tailings beach was developed by the year 2000
along the full length of the main dam. From December 2000 to May 2003, the pumpback rate dropped to
an average of 400 gallons per minute. From April to September 2002, the average pumpback rate was
130 gallons per minute. The pumpback data shows that the average summer and winter seepage rates
were about 750 and 300 gallons per minute, respectively. The average impoundment water level during
this time was approximately 935 feet (285 meters) in elevation. Records show that the presence of the
beach reduces seepage.

3.4.2.3 Tailings Impoundment Operation

The tailings impoundment provides storage for tailings, surface water runoff from the mill site, nearby
developed areas, and surface water runoff from the Main Pit that is collected at the mine water diversion
dam and pumped to the impoundment. The impoundment also receives seepage from the tailings facility
itself and from the waste rock dump, and near-surface seepage from the overburden stockpile.

According to SRK (2007a), the in-situ dry bulk density of the tailings, after deposition, settling, and
consolidation, has been estimated to range from 94.3 to 98.6 pounds per cubic foot. The value of

94.3 pounds per cubic foot, derived from the most recent bathymetric data, has been used for determining
future storage requirements. The specific gravity of the tailings solids has been estimated at 2.93, based
on composite samples generated from Main Deposit ore. The tailings are considered to be potentially acid
generating, and react rapidly in laboratory tests. However, the water cover currently maintained over the
tailings is preventing oxidation of sulfides and release of acidity and metals (see Section 3.5).

Water is removed from the tailings impoundment by a barge-mounted reclaim pump system located on
the east side of the impoundment. This water passes through a treatment plant and sand filter before being
discharged to Red Dog Creek.
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3.4.2.4 Monitoring

Instrumentation has been installed throughout the tailings main dam to monitor pore pressures for dam
stability and hydrologic characterization. The piezometers consist of 21 vibrating wire type transducers.
Monitoring of the soil and rock temperature in the bedrock below or around the tailings impoundment is
provided by eight thermistor strings. Piezometer properties, including tip depth, material properties, and
tip thermal conditions, are summarized in Table 3.4-2 (URS 2007a).

Properties for each piezometer were obtained by consolidating data from several sources, including the
geotechnical investigations, as-built drawings, stability analyses, and Teck’s piezometer monitoring data.
The tip soil formation was estimated from boring logs, if there was a log for the piezometer, or by using
data from nearby borings, and design and construction reports (URS 2007a).

The piezometer tip thermal condition was determined by using the transducer temperature and checking it
against the data notes included with the dataset URS has on file. In some cases there was a pressure
reading for a piezometer when the transducer indicated that it was frozen.

Section 5.3.1.2 of the Operating and Maintenance Manual requires that the piezometer readings for dam
stability should be checked if the following observations are made:

e Water level at piezometer P-10 exceeds elevation 813
o Water level at piezometer P-09 exceeds elevation 817

e Water level at piezometer P-08 exceeds elevation 825

None of the piezometer readings have exceeded these levels.

Table 3.4-2 Summary of Piezometer Information

Surface

Piezometer elevation Piezometer tip
Piezometer group (feet) elevation (feet) Tip condition
P-08A underdrain 947.1 795.0 Always thawed
P-08B underdrain 947.1 770.0 Always thawed
P-09A underdrain 867.5 790.1 Always thawed
P-09B underdrain 867.3 766.1 Always thawed
P-10A underdrain 823.1 790.3 Always thawed
P-10B underdrain 823.6 765.3 Always thawed
P-11 crest 949.4 900.2 Always thawed
P-12A crest 947.7 829 Frozen from Oct to Dec 2003
P-12B crest 947.6 808.2 Frozen since installed in Aug 1997
P-13 crest 948.8 830.9 Always thawed
P-14A crest 947.7 881.2 Frozen since installed in Sep 1997
P-97-028 east buttress 809.4 760.9 Always thawed
P-97-029 east buttress 824.1 793.9 Frozen since Jan 2001
P-97-030 east buttress 862 809.0 Always thawed
P-97-031 east buttress 894.2 879.5 Periodically thawed from 2002 to 2006
P-05-62 (SS-05-05) | 2005 piezometer 811.3 787.9 Always thawed
P-05-63 (SS-05-05) | 2005 piezometer 970.3 929.6 Always thawed
P-05-65 (SS-05-05) | 2005 piezometer 956.8 929.0 Always thawed
P-05-67 (SS-05-05) | 2005 piezometer 983.2 954.9 Always thawed
P-05-68 (SS-05-05) | 2005 piezometer 989.6 961.4 Always thawed
P-05-69 (SS-05-05) | 2005 piezometer 831.3 823.6 Always thawed

3-40 Red Dog Mine Extension — Aqqaluk Project



3.4 Geotechnical Stability

3.4.2.5 Stability Evaluation

Tailings Impoundment

Overall, the risk of failure of the existing tailings embankments is considered to be low, given that
embankments have been designed to meet commonly accepted standards of care for similar facilities. A
comprehensive assessment of the static and dynamic stability of the main tailings embankment is
described in URS 2007c.

Several potential concerns related to the stability of the main embankment follow. These concerns will be
addressed during the final design and will be reviewed and approved by ADNR under the dam safety
review and permitting process:

e The main embankment has an area near the toe that is discharging a substantial quantity of
oxygen depleted water. As the water exits the toe of the embankment it comes in contact with
oxygen in the atmosphere, and reacts immediately to form a ferricrete (iron oxide). This iron
oxide precipitate ultimately seals the rock voids through which water flows, causing the phreatic
(water) surface in the embankment to steadily rise as a new open discharge area is required. This
will result in a phreatic surface in the embankment higher than was assumed in the original design
and which could lead to instability.

The level of risk of failure from a higher-than-expected water level in the dam is moderate.
Stability analyses in the URS 2007c report demonstrate that the stability of the embankment is
sensitive to the phreatic level in the downstream slope. The rise in the phreatic surface in the
embankment should be easily detected via the installed piezometers and by observing the exit
point on the downstream slope. Thus, the risk of non-detection is low. However, if the situation is
not addressed, the embankment could experience a mass slope instability, leading to a loss of
containment of both solids and tailings water. The corrective action likely would be to install a
horizontal drain pipe with a water trap at the end to limit oxygen ingress in the toe of the
embankment.

¢ In performing stability analyses for dams, a factor of safety is generally calculated to represent
the risk of failure. As documented in URS 2007c, a stability analysis of the main tailings dam,
assuming that the geomembrane liner has fully degraded, which is appropriate for long-term
(e.g., post-closure) conditions, shows that the dam would have a factor of safety of 1.36. This
would be below the minimum factor of safety of 1.5 that was proposed by URS. The degradation
of the liner can be addressed by the placement of a wide tailing beach behind the dam, which
Teck has done.

e The continued loss of permafrost could impact soil conditions underlying the dam. As such, this
could cause settling of the existing dam and may cause additional settlement of future raises. As
discussed in URS 2008, this settling potential has been taken into account in the design and
stability calculations for the most recently proposed raises, Stages Vllla and VIl1b (to 965 and
970 feet elevation respectively). The State of Alaska Dam Certification Program is reviewing the
designs and calculations as part of approving the proposed raises. Because of this, EPA assumes
that the effects of permafrost thawing will be considered and accounted for by Teck and the State
in future raises to the proposed final elevation.

Dam stability is monitored by the Dam Certification Program under ADNR,; therefore, the above concerns
identified with the main dam will be addressed through ADNR’s regulatory process. The back dam is also
under the authority of ADNR and is considered to be stable under all conditions, assuming the overburden
stockpile is not removed.
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Waste Rock Dump

The waste rock dump is considered generally stable, and has a low probability of failure. The stability of
the main waste rock pile has been evaluated several times during the history of the project. Most recently,
this was assessed in 2002 by Golder & Associates (Golder 2003) as summarized in SRK 2005. The
stability evaluation addressed both static and dynamic (seismic) conditions. The evaluation showed the
pile was stable at the time of the analysis and provided recommendations to ensure stability in future
construction. These recommendations have been adopted by Teck as the pile expands.

3.4.3 Geotechnical Stability — Environmental Consequences

3.4.3.1 Effects of Alternative A — No Action Alternative

Tailings Impoundment

Under Alternative A, the main tailings dam is stable under current conditions. As described in Section
3.4.2.5, there are concerns with long-term stability due to the rise in the phreatic surface within the dam
and a lower than accepted safety factor. ADNR has indicated that they will address these issues in their
dam safety approval process for the final lifts of the dam. Assuming these issues are addressed, the dam is
expected to be stable over the long term.

Waste Rock Dump

The waste rock dump would continue to grow laterally and vertically as additional waste rock is placed
into storage. At closure, the pile would be covered with soil and revegetated, limiting infiltration into the
waste material. The pile would be stable throughout operations and after closure.

3.4.3.2 Effects of Alternative B — Applicant’s Proposed Action

Tailings Impoundment

The dam for the tailings impoundment is currently in the process of being raised from 960 feet to 970 feet
in elevation. To accommodate the Aggaluk Deposit, the dam would need to be raised to 986 feet in
elevation.

Under Alternative B, the existing tailings facility would be expanded to approximately 986 feet in
elevation for a total height of 208 feet (63.4 meters) to provide adequate storage of the tailings and
overlying water pool. During operations, water from the surface of the tailings facility would be treated
under the reissued NPDES permit and discharged into Middle Fork Red Dog Creek. The tailings
impoundment closure includes maintaining a two-foot water cover. After closure, the Aggaluk Pit would
fill with water and would be used to manage other impacted water from the site. Water would be pumped
from both the Aggaluk Pit and the tailings impoundment to the wastewater treatment system and
discharged to Red Dog Creek. Assuming the issues identified in Section 3.4.2.5 are addressed through the
State’s Dam Certification Program, the dam is expected to be stable over the long term.

Waste Rock Dump

The waste rock dump would reach a maximum size of 260 acres from the current size of approximately
245 acres. On closure, the waste rock dump would be regraded to a slope of 3:1 (horizontal: vertical) and
covered with two layers of soil (Figure 2.7). This design would ensure that the pile would be stable
throughout operations and would be stable after closure.
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3.4.3.3 Effects of Alternative C — Concentrate and Wastewater Pipelines

Tailings Impoundment

During operations under Alternative C, the tailings facility would be expanded to an approximate
elevation of 986 feet to provide adequate storage of the tailings and overlying water pool.

At closure the tailings impoundment would be drained of water and covered. This cover would be
revegetated, with any intercepted precipitation draining to the north, where it would be discharged into
the South Fork Red Dog Creek. The underlying tailings would continue to drain and consolidate, with
most of the water from the consolidation process flowing to the downstream seepage collection pond
where it could be treated and discharged. All pipelines would be removed at closure, including the
wastewater discharge to the Chukchi Sea. Wastewater generated after closure would be treated and
discharged into Red Dog Creek. Assuming the issues identified in Section 3.4.2.5 are addressed through
the State’s Dam Certification Program, the dam is expected to be stable over the long term.

Waste Rock Dump

The waste rock dump closure scenario for Alternative C differs from Alternative B because the waste
rock dump would be temporarily reclaimed throughout the life of the operation. Beginning in 2031, the
waste rock dump would be regraded to a 5:1 slope with excess material moved back into the Aggaluk Pit.
The pile would be stable throughout operations and after closure.

Pipelines

Alternative C includes pipelines for wastewater, concentrate slurry, and diesel fuel. The wastewater
pipeline would be a combination of steel, used for much of its length and high density polyethylene
(HDPE), which would be used in low pressure sections. The entire length of the concentrate and diesel
pipelines would be built of steel; the concentrate line would be lined with HDPE. As noted in Section
2.2.3, the pipelines would be buried within a berm built adjacent to the DMTS access road. While the
berm would be built to minimize the possibility of movement and settling, like the DMTS, the berm
would be subject to some movement associated with freeze/thaw action. An engineering study would be
necessary to consider the extent of potential movement the pipelines might experience along with the
internal pressures that would be expected. The berm would be monitored on a daily basis to ensure that
any signs of movement would be identified and repaired as necessary to prevent the pipelines from being
compromised. Assuming that the pipelines were adequately designed, they would be able to withstand the
limited movement that they might experience within the berm.

3.4.3.4 Effects of Alternative D — Wastewater Pipeline and Additional Measures

Tailings Impoundment

Effects would be the same as Alternative B except the treated water discharge would be to the Chukchi
Sea. Assuming the issues identified in Section 3.4.2.5 are addressed through the State’s Dam Certification
Program, the dam is expected to be stable over the long term.

Waste Rock Dump
Effects would be the same as Alternative B.
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Pipelines

Under Alternative D, only the wastewater pipeline would be installed and operated. As noted above, the
limited movement that could occur within the berm would not be sufficient to compromise the integrity of
the pipeline.

3.4.4 Geotechnical Stability - Summary

Minimal differences exist between the alternatives with respect to geotechnical stability. The tailings
impoundment back dam and waste rock dump are considered stable under all conditions and alternatives.
Under Alternative C, the impoundment would be drained and would not hold water over the long term.
The main tailings dam is stable under current conditions. However, there are concerns with future, long-
term stability. ADNR has indicated that they will address these issues in their dam safety approval
process. Specific areas that should be addressed include dam stability after liner degradation and potential
elevated water levels in the dam because of blockage in the drainage system.

3.5 Water Resources - Surface Water

3.5.1 Water Resources - Surface Water — Pre-mining Environment

Hydrologic and water quality data in the project area were limited prior to the development of the Red
Dog Mine. The United States Geological Survey (USGS) monitored flows on the Noatak and Wulik
rivers and these were the only available data to characterize seasonal flow regimes and runoff
characteristics in the DeLong Mountains region. Hydrologic monitoring in the Wulik River specifically
did not begin until after 1980. Baseline water quality studies were conducted in 1981 and 1982 with
monthly samples taken during open water months at more than 35 stations (Dames & Moore 1983a). The
1984 EIS generally characterized the baseline water quality of the Wulik River as a clear water system
typified by high dissolved oxygen and low levels of color, suspended solids, turbidity, and nutrients. The
water was described as being moderately hard with a pH ranging from 7.1 to 8.1 standard units (s.u.).

Prior to mining, South Fork and Middle Fork Red Dog Creek were naturally acidic and commonly
exhibited high levels of metals, including cadmium, lead, iron, and zinc. Iron precipitates, known as iron
hydroxides, often caused the creek to appear a reddish or orange color. The iron hydroxides stained rocks
within the streambed and drastically increased the stream turbidity. These characteristics were caused
when Middle Fork Red Dog Creek flowed across the exposed ore bodies and associated soils of the Red
Dog and Aqgaluk deposits. Table 3.5-1 shows arsenic, cadmium, lead, mercury, and zinc concentrations
taken from sampling locations in the Red Dog and Ikalukrok drainages prior to mining (Peterson 1983).
Figure 3.11 illustrates the locations of water bodies in the vicinity of the Red Dog Mine. Figure 3-12
illustrates all water monitoring stations within the project area, including the mine and DMTS road.
Figure 3.13 provides more detail of important monitoring locations in the vicinity of the Red Dog Mine.

As described in the 1984 EIS, North Fork Red Dog Creek upstream of the ore body was relatively
uncontaminated with metals (EPA 1984). However, a zone of water quality degradation began at the
upper end of the ore body in Middle Fork Red Dog Creek and extended downstream from the confluence
of Middle Fork and South Fork Red Dog Creek. As can be seen in Table 3.5-1, average dissolved metal
concentrations for cadmium, lead, and zinc at Station 33 on Middle Fork Red Dog Creek were much
higher than in the North Fork drainage. The average zinc concentration at this station was 16,911 pg/L,
approximately 550 times higher than average value for the North Fork (31 pg/L). Dissolved lead was 166
times higher at this station. Water quality improved somewhat at Station 10 below this confluence
because of the mixing with less mineralized water from the North Fork; however, downstream levels of
metals, turbidity, suspended solids, and sulfate were higher than those found in adjacent streams.
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Table 3.5-1 Summary of Water Quality Data Prior to Mining in Red Dog, Ikalukrok,
and Wulik Drainages®

Arsenic | Cadmium Lead Mercury Zinc
pH TDS | dissolved | dissolved | dissolved | dissolved | dissolved
Station Description s.u. | mg/L Hg/L Hg/L Ho/L Hg/L Ho/L
Station 12 North Fork Red Dog Creek 7.4 193 N/A 4.8 0.2 N/A 31
(background station)
Station 22 South Fork Red Dog Creek 6.4 79 N/A 7.8 17.7 0.2 1,358
near current location of the
tailings dam
Station 33 Middle Fork Red Dog Creek | 5.23 177 N/A 149 33.2 N/A 16,911
(near current | upstream of current Outfall
Station 140) |001
Station 10 Red Dog Creek 6.7 191 N/A 28.9 2.3 <0.2 3,680
downstream of North Fork
Red Dog Creek
Station 9 Ikalukrok Creek upstream 7.5 134 N/A 45 0.6 N/A 33
of Red Dog Creek
(background station)
Station 8 lkalukrok Creek 7.3 149 N/A 13.0 4.5 N/A 1,187
downstream of Red Dog
Creek confluence
Station 7 lkalukrok Creek 7.6 N/A N/A 9.5 25 N/A 316
(near current | approximately 9 miles
Station 160) |below Red Dog Creek
Station 2 Wulik River downstream of 7.7 162 N/A 4.0 3.1 N/A 39
lkalukrok Creek confluence
Station 1 Wulik River upstream of 7.4 151 <0.2 2.8 0.7 <0.2 17

Kivalina

#Values represent averages from monthly monitoring conducted in 1981 and 1982

Dissolved metals from Red Dog Creek affected the water quality in Ikalukrok Creek below the
confluence with Red Dog Creek (EPA 1984). Concentrations of cadmium, lead, and zinc remained

relatively high at Station 8 in Ikalukrok Creek immediately below the Red Dog Creek confluence.
Impacts were decreasing to levels more typical of the Wulik River and other adjacent drainages by

Station 7, nine miles downstream.

3.5.2 Water Resources — Surface Water — Baseline Conditions

In the arctic environment of the mine site, stream flows vary widely across the seasons and are extremely
variable year to year. Virtually all flow occurs in the five-month period beginning with spring thaw in
May and ending with winter freeze in October. Storm water runoff is also highly variable depending on
topography, degree of soil saturation, and depth to permafrost. Small tributary streams typically freeze to
the bottom in the winter months, whereas larger rivers can sometimes continue to flow beneath an ice

covering.

Waulik River. All of the mine area and most of the DMTS road are located in the Wulik River Basin. The
Wulik River drains the western DeLong Mountains and flows southwest approximately 80 miles before
discharging to the Chukchi Sea at Kivalina. Flow data for the Wulik River demonstrates the extremely
large seasonal and annual variation in surface water flow in the vicinity of the mine site (Table 3.5-2).
Based on available data, May has the largest coefficient of variation (1.72) with recorded flows ranging
from a low of 9 cubic feet per second (cfs) to a high of 19,000 cfs. The May variation can be attributed to
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the timing of freshet (spring snow melt). The highest recorded flow on the Wulik River, between 1984
and 2007, was 26,700 cfs in August 1989. This high flow was caused by a summer storm; summer storms
typically occur in August.

Table 3.5-2 River Discharge from Station 2 on the Wulik River (1984-2007)

Discharge

Average Coefficient of Min. Max.
Month cfs Variation ° cfs cfs
May 1,693 1.72 9 19,000
June 3,175 0.80 180 15,000
July 1,574 1.50 277 19,700
August 2,433 1.24 203 26,700
September 1,661 1.03 255 13,400
October 558 1.14 100 8,250
November 136 0.51 44 470

Annual? 1,603 1.19

& Average discharge from May 1 through November 30.
> Coefficient of variation shows relative variation in annual discharge; values > 1 indicate a high annual
variation in river discharge.

Ikalukrok Creek. Ikalukrok Creek discharges into the Wulik River. The headwaters of Ikalukrok Creek
are impacted by areas of natural mineralization (ADF&G 1999; Peterson 1983) and natural seepage of
minerals from Cub Creek (ADNR-OHMP 2005). The confluence of Cub Creek with upper Ikalukrok
Creek is approximately one mile upstream of the confluence with East Fork Ikalukrok Creek.

Ikalukrok Creek above the confluence with Main Stem Red Dog Creek, which includes the mine
discharge, drains approximately 5.8 mi®(square miles). This reach of Ikalukrok Creek has not been
disturbed by human activity and has a substrate of cobbles, gravel, and rocks. At Station 9, Ikalukrok
Creek above the confluence of Main Stem Red Dog Creek, the rocks in the streambed are frequently
stained orange from naturally occurring iron precipitate (ADF&G 1999). Staining on the rocks can be
attributed to mineralized tributaries upstream including Cub Creek. In this reach, Ikalukrok Creek is
typically 6 to 23 feet (1.8 to 7 meters) wide with depths of 6 inches to 4 feet (0.15 to 1.2 meters).

Below the confluence with Main Stem Red Dog Creek, Ikalukrok Creek is a comparatively fast-flowing
stream with a substrate of small cobbles and gravel. ADF&G (1999) reported a dense growth of
filamentous algae and iron precipitate on the stream bottom at Station 8, located in Ikalukrok Creek just
below the confluence of Main Stem Red Dog Creek (see Figure 3.13). Gravel bars are exposed during
low flow. Average seasonal flow at Station 150, in Ikalukrok Creek below the main stem confluence, is
highly variable. Essentially all stream flow occurs from May through October. Because of shallow
permafrost and saturated soils, rapid snow melt or rainfall results in rapid changes in stream discharge.
Surface discharge volume peaks in late May during ice breakup and during summer storms. Peak flow
volume may exceed 2,000 cfs during these periods. Flow decreases with the onset of winter
(September/October) and by mid-winter the creek is substantially frozen, although intermittent aufeis
fields commonly form in most of Ikalukrok Creek from ice pressure.

In Ikalukrok Creek downstream of Dudd Creek at Station 160, average summer monthly flows range from a
low of 274 cfs in July to a high of 678 cfs in June (Table 3.5-3). Ikalukrok Creek below the Dudd Creek
confluence ranges in wetted width from 12 to 130 feet (3.5 to 40 meters) and in depth from 1 to 4 feet
(0.3 to 1.2 meters). The substrate in this location consists of small to medium sized gravel (ADF&G 1999).
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Table 3.5-3 Average Monthly Discharge and Runoff Stations 150 and 160

Station 150 — Ikalukrok Creek Station 160 — Ikalukrok Creek

downstream of Red Dog Creek downstream of Dudd Creek

Average Inches (cm) of Average Inches (cm) of
Month Discharge (cfs) Runoff Discharge (cfs) Runoff
June 379 3.4 (8.6) 678 5.3 (13.5)
July 205 1.8 (4.6) 274 2.5 (6.4)
August 282 2.5 (6.4) 417 3.8(8.7)
September 298 2.7 (6.8) 338 3.0 (7.6)

Red Dog Creek. Red Dog Creek drains the western foothills of the DeLong Mountains and the Red Dog
Mine site. Red Dog Creek flows into Ikalukrok Creek, a major tributary of the Wulik River. Middle Fork
and North Fork Red Dog Creek combine to form Main Stem Red Dog Creek. Pre-mining, South Fork Red
Dog Creek was a tributary to Middle Fork Red Dog Creek. South Fork Red Dog Creek was impounded in
the late-1980s as a result of construction of the Red Dog Mine tailings impoundment. The Red Dog Mine
facilities, including the Main Pit and Red Dog Creek diversion, are contained within the Middle Fork and
South Fork Red Dog Creek watersheds.

North Fork Red Dog Creek drains approximately 15.8 mi2. The stream is typically from 23 to 50 feet (7 to
15 meters) wide and from 4 inches to 6 feet (0.1 to 2 meters) deep (ADNR-OHMP 2005). It is
characterized by abundant streamside vegetation, riffles, and pools that flow over a substrate of gravel
and boulders. Middle Fork Red Dog Creek drains approximately 5.5 mi®. This segment is a meandering
channel that is 10 to 33 feet (3 to 10 meters) wide and 1 to 1.5 feet (0.3 to 0.5 meters) deep. Outfall 001,
the mine discharge, discharges into Middle Fork Red Dog Creek approximately 3.2 miles upstream from
the confluence of Main Stem Red Dog Creek and Ikalukrok Creek.

Main Stem Red Dog Creek drains approximately 25 mi’and flows across a substrate mostly of gravel,
cobbles, and small boulders. The creek meanders, ranging in width from 12 to 60 feet (3.6 to 18.3 meters)
and in depth between 6 and 7 feet (1.8 to 2.1 meters).

Table 3.5-4 presents average monthly discharge and average annual inches of runoff for Station 140
(Middle Fork Red Dog Creek upstream from Outfall 001) and Station 12 (North Fork Red Dog Creek) for
the months of June through September.

Table 3.5-4 Average Monthly Discharge and Runoff Stations 140 and 12

Station 140 — Middle Fork Red Dog
Creek upstream from Outfall 001 Station 12 — North Fork Red Dog Creek
Average Inches (cm) of Average Inches (cm) of
Month Discharge (cfs) Runoff Discharge (cfs) Runoff
June 22 5.1 (13.0) 52 12.1 (30.7)
July 9 2.2 (5.6) 20 4.9 (12.4)
August 19 4.6 (11.7) 47 11.3 (28.7)
September 13 3.0(7.6) 40 9.3 (23.6)
3.5.2.1 Overview of Water Management Systems

The Applicant uses the tailings impoundment to manage any contaminated or potentially contaminated
water from the mine. To reduce the volume of water requiring treatment, clean runoff is directed around
most mine site facilities into natural water courses. Key aspects of the water management system are the
Red Dog Creek diversion, mine water collection system, waste rock dump, tailings impoundment and
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seepage collection system, overburden pile runoff and seepage collection system, and wastewater
treatment facilities. The water management system is monitored in support of the mine water balance for
the entire operation. Fresh water for the mine site is provided by the Bons Creek Reservoir.

Red Dog Creek Diversion

The primary drainage through the mine area is Middle Fork Red Dog Creek. Tributaries entering the
Middle Fork within the mine area are Rachel Creek, Connie Creek, Shelly Creek, and Sulfur Creek.
Stream flow is conveyed through the mine area in the Red Dog Creek diversion channel, the components
of which are shown in Figure 2.3. The first section of the diversion consists of a 72-inch-diameter culvert
that extends from the start of the diversion to the confluence with Connie Creek. A 90-inch diameter
culvert conducts the stream flow between Connie and Shelly creeks. The second section consists of a
1,870-foot-long, 96-inch-diameter culvert running between the Main Pit and the Aggaluk Deposit,
downstream of Shelly Creek. The third section is a 3,200-foot-long lined channel that runs from the
culvert mouth to the Red Dog Creek diversion dam, where the flow re-enters the original streambed.
Intake weirs and/or pipelines direct Middle Fork, Rachel, Connie, and Shelly creeks into the first section
of the diversion. Sulfur Creek enters the third section. A complete discussion of the diversion is provided
in the Red Dog Creek Re-diversion Design Criteria and Plan (TCAK 2004b). The diversion is designed
to pass the estimated 100-year flow, increased by a safety factor of 1.3. This means that the diversion can
pass 30 percent more flow than the 100-year peak stream flow.

Mine Water Collection System

Precipitation and groundwater entering the Main Pit becomes contaminated with suspended solids, TDS,
and metals. This is primarily caused by the oxidation of sulfide minerals in the exposed pit walls and ore
stockpiles. The oxidation of sulfide minerals creates acid, which in turn dissolves metals and forms
sulfate mineral salts. The contaminated water is collected in sumps within the pit and pumped to the mine
water sump where it is collected and pumped to the tailings impoundment. Key components of the mine
water collection system are shown in Figure 2.3. Other sources of water entering the mine water
collection system are:

o Hilltop Creek, which drains the east side of the ridge below the oxide stockpile;
e Aeas downstream of the diversion intake points for Connie Creek and Shelly Creek;
e The Aqgaluk exploration area including drainage on the south bank of the diversion; and

e Leakage from the Red Dog Creek diversion.

Hilltop Creek is connected to the mine water system by an engineered ditch. Almost all of the water from
the Connie and Shelly creek diversions joins the Red Dog Creek diversion. Small areas above the
confluences of Connie Creek and Shelly Creek with the Red Dog Creek diversion are not captured.
Drainage from those areas passes under the diversions and into the Main Pit through a series of French
drains. Storm water from the Aqgaluk area is collected and also enters the Main Pit mine water collection
system via French drains that pass under the Red Dog Creek diversion. The Red Dog Creek diversion is at
all points higher than the mine water collection system. This ensures that any leakage from the diversion,
which is unimpacted water, drains to the collection system.

Eight pumps are available at the mine water sump to pump water to the tailings impoundment. Two of the
pumps are configured for winter operation. The total annual flow from the mine water sump ranged from
287 to 492 million gallons during 1999 through 2005. Typical ranges of constituent concentrations are
7,000 to 14,000 mg/L TDS, 5,000 to 8,000 mg/L sulfate, 1,000 to 2,000 mg/L zinc, and 250 to 1,000
mg/L iron (SRK 2007).
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Waste Rock Dump Seepage Collection System

Runoff and seepage from the waste rock dump areas are also contaminated with TDS and metals that
result from the oxidation of sulfides in the waste rock. Originally, the seep water was allowed to flow
directly into the tailings impoundment. Beginning in 2006, a portion of this water was collected in sumps
and pumped to the newly constructed Water Treatment Plant 3 from which it is then pumped to the
tailings impoundment. Water Treatment Plant 3 operates during the summer months only. Seepage that is
not collected flows directly into the tailings impoundment. Estimates derived from a water and load
balance developed by Teck suggest that the total average, annual seepage flow from the waste rock dump
catchment is 18 million gallons. That catchment includes the waste rock dump, the low grade ore
stockpile, the oxide stockpile, and portions of the Qanaiyaq Deposit.

Seepage flows and water quality have been monitored at a number of locations down gradient of the
waste rock dump. Flow measurements have been made since 2003, but are not thought to have been
effective at recording the total amount of flow from this area because of the difficulty in recording early
spring runoff when conditions are still icy. To date, the total annual flow measured in the seeps is less
than half of the 18 million gallons predicted from the water balance. Typical concentrations during the
past few years of monitoring were approximately 30,000 to 40,000 mg/L TDS, 20,000 to 30,000 mg/L
sulfate, 5,000 to 10,000 mg/L zinc, and 500 to 1,000 mg/L iron (SRK 2007).

Tailings Impoundment and Wastewater Treatment

In addition to Water Treatment Plant 3, two other water treatment plants are currently in operation (1 and
2). Water Treatment Plant 1 treats water that is reclaimed from the tailings impoundment for use in the
mill, with over 2.9 billion gallons of water treated each year. Most of the treated water comes back to the
impoundment with the tailings, but a small amount, about 1 percent, leaves the site as moisture in the
concentrate. Although it does not result in a noticeable net removal of water from the impoundment,
Water Treatment Plant 1 is an important source of alkalinity. It treats all of the acidity in the reclaimed
water and counteracts any additional acidity present in the ore.

During the summer months, typically late May to early October, Water Treatment Plant 2 treats water
from the tailings impoundment for discharge to Red Dog Creek at NPDES Outfall 001. About 80 percent
of the water treated by Water Treatment Plant 2 is released at the outfall. The remainder is returned to the
impoundment along with the treatment sludge and filter backwash. The total annual discharge at Outfall
001 varies. The NPDES permit limits the discharge to 2.418 billion gallons per year. However, the annual
discharge flow is more limited by Teck’s management of TDS. Teck adjusts the flow from Outfall 001 to
comply with instream TDS water quality standards (i.e., the mine only discharges up to the amount of
water that ensures it meets water quality standards).

Water Treatment Plant 3 treats seepage from the waste rock dump during summer months, as described
above.

Mine Water Balance

Teck has developed a water and chemical load balance model to evaluate mine water management,
particularly management of the water and chemistry of the tailings impoundment and requirements for the
treatment of waters for discharge. The model is used by Teck to assess and manage potential impacts to
site hydrology and water quality associated with current and proposed future operations. The model uses
actual metered water flows and measured water quality from mine sumps, pump back systems, runoff
conveyance systems, area creeks, water treatment plants and the mine site meteorological station. These
data are used for model input as well as ongoing model calibration and evaluation. The model is currently
being used by Teck to evaluate and plan mine operations and to evaluate water treatment needs that will
be required both during operations and after closure.
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Tailings Impoundment Water Balance. To determine whether the tailings impoundment will have
sufficient capacity to manage water until it can be discharged in compliance with NPDES permit limits, it
is important to understand the site water balance (the inflows to and outflows from the tailings
impoundment). Since the 1998 NPDES permit was issued, the Applicant has collected precipitation,
evaporation, and mine sump flow rate data to better define the current site-wide water balance. The water
balance for the facility for 1999-2005 is shown in Table 3.5-5. In this water balance the inflows to the
tailings impoundment include:

¢ Runoff from the South Fork drainage, including water falling on the tailings impoundment
(labeled “precipitation inflow”). This value is calculated annually based on the adjusted annual
precipitation (see Table 3.5-5 and the discussion below) and an approximately 1,650-acre
drainage area. The approximately 530-acre tailing impoundment area is a subset of this area.

e Metered mine sump water flow, which includes runoff from approximately 433 acres, which
correlates to the 0.3 billion gallons per year.

e Metered clean, fresh water from Bons Creek Reservoir. This water ranges from 0.076 to 0.137
billion gallons per year and is not considered mineralized. Teck no longer adds Bons Creek water
to the tailings impoundment or outfall.

Table 3.5-5 Tailings Impoundment Water Balance, 1999-2005

Precipitation Mine Bons Total
Measured Adjusted Inflow Sump Fresh Water Inflow

Precipitation Precipitation (million (million (million (million

(inches) (inches) gallons) gallons) gallons) gallons)

1999 11.5 12.6 569 287 76 932

2000 21.7 234 1,057 348 77 1,482
2001 19.0 20.6 931 329 85 1,345
2002 20.7 23.6 1,066 433 126 1,625
2003 19.3 22.0 994 411 126 1,531
2004 20.3 224 1,012 394 98 1,504
2005 17.9 20.2 913 492 137 1,542

Between 1999 and 2005, the total inflow minus the total evaporation from the impoundment (9 inch
annual average) yields a volume of 9.05 billion gallons. Comparing this value to the total discharge
volume of 8.6 billion gallons per year between 1999 and 2005 explains why water levels have been rising
in the impoundment.

Adjusted Precipitation. The majority of the water entering the tailings impoundment is precipitation
falling directly it and runoff from adjacent areas. Runoff from snowmelt is directed to the tailing
impoundment in the Middle Fork watershed, including the waste rock dump, Main Pit area, and Aqgaluk
Deposit. Precipitation is measured at the Red Dog Mine at the main meteorological station located near
the mine airport within the Bons Creek drainage. Site research and literature review has shown that the
use of direct precipitation measurements in the water balance is unreliable during the winter months. A
review of literature has shown that the catchment of snow in a precipitation gauge under windy conditions
results in underestimating the amount of snowfall, and thus precipitation. This is because wind flow
around a gauge prevents snow from entering the opening of the gauge. The under-catch (the under
measurement) of precipitation and snow at meteorological stations, particularly in the State of Alaska, has
been well documented (Black 1954; Benson 1982; Yang et al. 1998; Yang et al. 2000; Benning and Yang
2004; and Hanson et al. 2004). In evaluating water balance procedures at mine sites, EPA (2006b) also
discussed errors and problems associated with precipitation measurement. A recent seven-year study by

Supplemental Environmental Impact Statement

3-53



CHAPTER 3 AFFECTED ENVIRONMENT/ ENVIRONMENTAL CONSEQUENCES

Benning and Yang (2004) focused on developing daily adjustments of measured precipitation data for the
National Weather Service stations at Barrow and Nome, Alaska. The results showed that precipitation
was under measured between 20 and 180 percent for Barrow and 30 and 380 percent for Nome, with the
larger percentages occurring in winter months. Hanson et al. (2004) showed that an average calibration
factor of 1.8 was appropriate for calculating wind-adjusted snowfall amounts in Idaho.

Studies at the Red Dog Mine were conducted to compare measured precipitation versus the produced
volume of runoff and inflows into the tailings impoundment. These studies were conducted by measuring
changes in the impoundment’s volume and comparing it to all other measured inflows (SRK 2007). The
development of the calibration relied heavily on measurements during freshet (snow melt) in late spring.
Rapid runoff and changes in the tailings impoundment volume were easily measured and correlated
during this time. These studies show that snow catch is underestimated by an average of 40 percent.
Therefore, a calibration factor of 1.4 to adjust winter (October through April) measured precipitation is
applied to the water balance. No correction factor is required during the summer months. The average
annual precipitation correction factor is between 1.1 and 1.2 and is reflected in the adjusted precipitation
values shown in Table 3.5-5.

Bons Creek Reservoir. A fresh water reservoir and pumping system are located in the Bons Creek
watershed near the airport. The reservoir was created by constructing a small dam across Bons Creek. The
reservoir supplies water for drinking and other domestic uses as well as peripheral uses in the mill. The
reservoir is filled during the summer by snow melt and precipitation. Fresh water is collected from the
reservoir and pumped to the living facilities and mill site through insulated, heat-traced pipe.

3.5.2.2 Surface Water Quality

The Applicant has collected water quality samples in area streams, rivers, and at Kivalina’s drinking
water intake since 1983. As mining has progressed, the ambient water quality monitoring program has
expanded to provide monitoring at additional stations.

Evaluations of water quality are generally conducted in comparison to Alaska Water Quality Standards
(WQS). Alaska WQS include use classifications, numeric and/or narrative water quality criteria, and an
antidegradation policy. The use classification system designates the beneficial uses that each water body
within the state, such as Red Dog Creek, Ikalukrok Creek, and the Wulik River, is expected to achieve.
The numeric and/or narrative water quality criteria are the criteria deemed necessary by the State to
support the beneficial use designation.

The Middle Fork Red Dog Creek is protected in the WQS for freshwater industrial water supply use from
the headwaters to the terminus of the Red Dog Mine water management system. Lower Middle Fork Red
Dog Creek from the terminus of the Red Dog Mine water management system to the confluence with
North Fork Red Dog Creek is protected in the WQS for freshwater industrial water supply, contact
recreation (wading), and secondary recreation (except fishing). Main Stem Red Dog Creek from the
confluence of the Middle Fork and North Fork Red Dog Creek to Ikalukrok Creek and Ikalukrok Creek
itself are protected for the above listed uses and additionally for the growth and propagation of fish,
shellfish, other aquatic life, and wildlife. The Wulik River below the confluence with Ikalukrok Creek is
protected for the same designated uses as Ikalukrok Creek with the addition of water supply for drinking,
culinary uses, and food processing.

The water quality criteria for protection of aquatic life in the vicinity of the Red Dog Mine and in the
Wulik River are shown in Table 3.5-6. This table also provides the applicable drinking water standards at
the Kivalina intake. Marine water quality criteria are discussed in Section 3.5.3 under alternatives C and
D, which include discharges to the Chukchi Sea.
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Table 3.5-6 State of Alaska Aquatic Life Water Quality Standards

Drinking
Water/Human
Parameter, Aquatic Life Aquatic Life Health
(in pg/L unless noted Water Quality Standards' Water Quality Standards"® Standards"? at
otherwise) (Red Dog Creek) (Wulik River) Kivalina
Acute Chronic Acute Chronic
Aluminum 750 87 750 87 —
Ammonia®, mg/L 5.62 2.36 3.8 1.8 —
Cadmium” 2 2 1.6 0.21 5
Copper 34.4 21.1 10 7.1 1,300
Cyanide® 22 5.2 22 5.2 200
Iron — 1,000 — 1000 —
Lead 276 11 55 2.1 —
Mercury® 2.4 0.012 2.4 0.012 0.050
Nickel 1,053 117 360 40 100
Selenium 20 5 20 5 50
Silver 21 — 2.4 — —
Zinc 269 269 92 92 9,100
TDS® 1,500/1,000/500 1,000 500

& Ammonia aquatic life standards are dependent on the pH and temperature of the receiving water; the standards shown were determined
from data collected between 2003 and 2007 in Red Dog Creek at Station 10 and Wulik River at Station 2.

®The State of Alaska adopted and EPA approved a single, site-specific aquatic life criterion of 2 pg/L for cadmium in Main Stem Red Dog
Creek based on background conditions.

° The cyanide standard is for free cyanide sampled as Weak Acid Dissociable (WAD).
“ Revised water quality standards for mercury have been adopted by the State but not approved by EPA.

® In Main Stem Red Dog Creek, the TDS standard is 1,500 mg/L. In Ikalukrok Creek the standard is 1,000 mg/L below Station 150 to the
confluence with the Wulik River from the spring thaw until July 25 of each year. After July 25 TDS levels must be below 500 mg/L from
Station 160 to the Wulik River confluence until freeze up.

" Al standards are expressed as total recoverable values.

9 Metals values are the most stringent of the primary maximum contaminant levels (MCLs) and water consumption criteria in Alaska’s
WQS. For TDS the criteria are the applicable drinking water supply value.

— = no standard

Some of the 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, 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. Greater water hardness mitigates metals toxicity because polyvalent cations
(Ca®* and Mg?") help keep fish and other aquatic organisms from absorbing toxic metals such as
cadmium, copper, and lead into their bloodstream through their gills. For this reason, a higher measured
hardness in the ambient 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. The hardness-based
standards for Red Dog Creek in Table 3.5-7 were developed based on a hardness of 260 mg/L, which is in
the 5" percentile of the measured hardness values at Station 10 in Main Stem Red Dog Creek. The
hardness-based standards for the Wulik River were developed based on a hardness of 73 mg/L, in the 5"
percentile of measured values at Station 2.

Table 3.5-7 shows the cumulative results of water quality sampling programs at major area streams near
and below the Red Dog Mine. These data show median and maximum concentrations of total metals and
other important parameters recorded between 1998 and 2007. Table 3.5-7 also shows pH ranges. As
discussed in Section 3.5.1, Middle Fork Red Dog Creek prior to mining was naturally acidic and
exhibited high levels of metals, including cadmium, zinc, and lead. This occurred from the oxidation of
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Table 3.5-7 Summary of Water Quality Monitoring Data (1998—2007)

pH Alk TDS | TSS | SO4 |Hardness| Ca Mg Na Al Cd Cu Fe Mn Ni Pb Se Zn
Station Description Statistics | su. | mg/lL | mg/L | mg/L | mglL | mg/l2 |mg/l | mg/ll | mg/l | po/l | poll | pg/l | poll | po/l | pg/l | pgll | pgll | pol
Red Dog Creek and Tributaries Upstream of Mine
Station 145 | Middle Fork Median 69| 46 205 50| 116 185 33 15 49 75 13 3.0 50 | 143 18 35 17| 2,940
Red Dog Creek Maximum 78| 86 860 14 480 553 119 62 13 | 1560 | 38 80 2,120 {1,780 | 248 132 6.0| 9,800
upstream Count 56 73 74 58 74 31 73 74 74 111 | 128 111 111 | 111 111 127 86 111
of Hilltop Creek Count <DL 0 3 2 39 0 0 0 0 0 20 1 30 44 1 14 15 37 0
Rachael Tributary upstream | Median 6.2 30| 326 6.0 219 308 42 29 34 915 17| 45 1,430 | 1,040 | 156 2.0 2.0 428
of the mine Maximum 75| 42 |1,270 22 800 769 135 | 113 8.8 10,600 | 27 830 | 42,900 | 6,660 |1,070 | 162 50| 2,600
Count 56 72 73 57 73 29 72 72 72 109 | 125 109 109 | 109 109 124 85 109
Count < DL 0 48 1 11 1 0 0 0 1 1] 11 3 1 0 1 34 27 0
Connie Tributary upstream | Median 69| 44 159 50| 77 144 24 14 36| 104 | 050 42 524 | 191 19 36 1.0 116
of the mine Maximum 771 70 610 34 400 432 82 55 87| 3440 | 13 93 9,160 {3,180 | 160 |3,030 30| 1240
Count 59 75 76 60 76 29 75 75 75 111 | 127 111 111 | 111 111 126 88 111
Count <DL 0 2 0 33 0 0 0 0 0 10 26 25 9 0 12 31 58 0
Shelly Tributary upstream | Median 69| 32 100 50| 39 91 15 7.1 2.4 138 3.0 31 271 | 87 56| 17 1.0 225
of the mine Maximum 76| 64 997 64 534 380 53 51 5.6 | 14,700 | 816 412 7,350 {11,100 | 498 |3,514 2.2 | 65,800
Count 57 76 7 61 7 30 76 76 76 112 | 129 111 112 | 112 112 128 87 112
Count < DL 0 2 4 34 0 0 0 0 1 2 8 13 5 1 22 7 71 0
Sulfur Tributary upstream | Median 70| 69 160 50| 30 112 38 3.6 0.70 58 42 1.8 159 | 14 53| 362 1.0 784
of the mine Maximum 82| 143 |3,630 |1,500 {2,980 179 122 18 3.110,400 | 1,980 68 | 387,00 {3,790 | 375 (80,200 30 |672,00
0 0
Count 37 44 45 33 45 14 44 44 43 72 83 72 72 72 72 82 54 72
Count <DL 0 4 1 10 1 0 0 1 12 11 7 24 10 7 13 1 44 0
Station 140 | Middle Fork Median 71| 33 193 50| 94 126 26 13 33| 110 24 5.4 322 169 33 42 11| 3,120
Red Dog Creek Maximum 84| 61 790 101 510 504 107 58 83| 1,860 | 391 33 6,350 (1,860 | 218 |1,660 5.0 | 42,700
upstream Count 123 121 165 111 146 164 142 | 142 163 166 | 167 167 166 | 167 166 168 165 168
of Outfall 001 Count < DL 0 3 1 62 0 0 0 0 2 18 0 27 14 0 12 0 79 0
Discharge Stations
Outfall 001 | Mine Discharge Median 9.5t 27 3,580 502,165 | 2,110 77 44 60 20| 0.70 1.0 35 7.9 57| 0.90 29 56
Maximum 10.2t| 66 |4,270 18 (4,930 | 3,690 975 77 80 210 42| 22 1,930 | 654 52 192 6.8 235
Count N/A 81 360 168 101 145 108 139 103 78 | 189 154 114 | 173 145 179 141 191
Count <DL 0 0 0 88 0 0 0 0 0 49 21 115 61 21 30 51 24 12
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Table 3.5-7 Summary of Water Quality Monitoring Data (1998—2007) (continued)

pH Alk TDS | TSS | SO4 |[Hardness| Ca Mg Na Al Cd Cu Fe Mn Ni Pb Se n
Station Description Statistics su. | mg/L | mg/L | mg/L | mg/L | mgil2 | mglL | mg/L | mg/L | pwgll | poll | pg/l | poll | pg/l | poll | poll | poll | poll

Main Stem Red Dog Creek Downstream of Mine

Station 20 Red Dog Creek Median 72 33 [1830 5.0 {1,155 1,000 | 416 29 32 52 12 33 98| 76 18 15 17| 1,520
Downstream Maximum 93| 85 |2,750 115 {2,100 1,760 641 67 64 1,610 | 169 32 5410 | 983 134 | 1,020 57| 9,450
of Qutfall 001 Count 330 99 100 98 100 75 99 99 100 132 | 133 131 132 89 109 133 131 132

Count < DL 0 1 0 48 0 0 0 0 0 31 0 41 31 0 9 0 2 0

Station 12 North Fork Median 75| 117 290 50| 103 229 71 9.1 23 32 0.10 1.0 80| 13 6.8| 040 17 14
Red Dog Creek Maximum 82| 302 860 194 304 646 | 206 32 9.4 | 2,040 34| 11 4,850 | 272 18 22 4.0 288
(background Count 106 102 146 92 124 146 | 122 | 121 145 147 | 147 147 147 | 146 146 147 147 147
station) Count < DL 0 0 2 48 0 0 0 0 3 27| 53 76 22| 10 14 39 69 13

Station 151 | Red Dog Creek Median 76| 87 |[1,070 50| 660 646 | 222 21 17 35 7.1 2.7 77| 68 13 40 11 718
downstream Maximum 65| 178 1,830 44 16,170 956 | 341 38 36 606 | 47 99| 2070 | 293 43 122 30| 1,840
of North Fork Red | Count 210 202 219 55 202 64 200 200 200 53 53 53 53 53 53 53 52 53
Dog Creek Count < DL 0 0 0 34 0 0 0 0 0 4 0 16 6 0 0 0 16 0
(end of mixing
zone)

Station 10 Red Dog Creek Median 74| 80 969 50| 525 543 | 202 18 14 38 6.3 22 75 33 12 31 17 663
downstream Maximum 82| 208 [1,820 | 185 |1,040 1,250 | 467 38 31 1,360 | 34 13 5,890 | 1,220 41 288 40| 2,400
of North Fork Count 515 165 256 90 190 136 | 188 | 188 196 129 | 129 129 129 | 128 129 129 129 129
Red Dog Creek Count < DL 0 0 1 47 0 0 0 0 2 33 0 46 28 5 13 7 47 0

Ikalukrok Creek

Station 9 Ikalukrok Creek Median 76| 82 217 50| 80 170 37 14 2.8 175 13 35 652 | 248 26 0.95 1.0 362
upstream Maximum 81| 139 722 28 344 523 132 47 27 737 69| 13 5510 | 1.130| 96 11 40| 2,180
of Red Dog Creek | Count 106 100 150 109 125 149 | 124 | 125 139 151 | 150 139 151 | 138 138 150 139 151
(background Count <DL 0 0 1 53 1 0 0 0 1 3 2 24 0 0 10 28 74 0
station)

Station 150 | Ikalukrok Creek Median 75| 89 405 50| 212 261 87 18 6.0 99 2.3 2.6 347 | 157 17 13 1.0 332
downstream Maximum 94| 309 900 160 580 1,080 | 309 75 19 8,640 | 27 163 | 53,400 | 592 44 90 30| 4,930
of Red Dog Creek | Count 279 233 299 90 235 97 233 233 233 88 88 88 88 88 88 88 87 88
(end of mixing Count < DL 0 0 0 39 0 0 0 0 0 1 0 12 0 0 0 4 30 0
zone)

Station 73s | Ikalukrok Creek Median 76| 77 354 50 170 228 68 13 55 117 2.3 2.7 355 94 15 13 13 345
downstream Maximum 81| 156 810 505 355 1,660 | 140 27 12 2,950 11 40 | 12,600 | 1,220 61 102 36| 4,970
of Red Dog Creek | Count 78 44 129 50 44 98 54 54 49 100 | 100 92 100 91 92 100 92 100

Count < DL 0 0 1 20 0 0 0 0 0 20 3 34 11 0 13 15 44 0

Station 160 | Ikalukrok Creek Median 76| 95 357 50| 170 252 77 15 5.2 62 13 17 171 | 55 10 0.50 1.0 175
downstream Maximum 9.4 | 380 876 77 345 454 | 261 47 12 1,000 14 14 3,820 | 440 32 39 3.0 838
of Dudd Creek Count 173 161 223 89 180 118 177 177 178 111 | 111 111 111 ] 111 111 111 111 111
(replaced baseline | Count <DL 0 0 2 49 0 0 0 0 1 18 6 36 21 7 12 27 51 1

station 7)
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Table 3.5-7 Summary of Water Quality Monitoring Data (1998—2007) (continued)

pH Alk TDS | TSS | SO4 |Hardness| Ca Mg Na Al Cd Cu Fe Mn Ni Pb Se n
Station Description Statistics s.u. | mg/L | mg/L | mg/L | mgiL | mg/l? | mg/L | mg/L | mg/lL | po/l | poll | pg/l | pg/l | pg/l | pg/ll | po/l | pgll | poll
Wulik River
Station 3 Wulik River Median 78| 112 195 5.0 13 167 53 8.3 2.9 37 0.10 1.0 60 5.0 2.1 0.20 1.0 4.0
3 miles upstream Maximum 83| 148 360 110 70 270 84 16 15 3,900 0.50 84| 6,400 | 318 13 6.2 3.0 120
of Ikalukrok Creek | Count 62 63 63 63 63 63 63 63 63 63 63 63 63 63 63 63 64 63
Count <DL 0 0 32 15 0 0 0 1 10 48 13 11 3 9 32 29 15
Station 2 Wulik River Median 75| 111 200 50| 61 165 53 9.1 2.9 54 0.10 1.0 96 8.0 28| 040 1.0 15
downstream Maximum 83| 152 373 118 180 281 91 18 76| 2,330 2.8 13 5,220 | 169 10 6.1 3.1 129
of Ikalukrok Creek | Count 62 80 97 78 79 98 80 80 83 97 97 97 97 97 97 97 98 97
Count <DL 0 0 1 35 1 0 0 0 0 15 33 1 19 8 17 36 59 4
Station 1 Wulik River Median 78| 104 210 5 50 167 51 94 7.3 51 0.10 1.0 130 12 2.4 0.50 1.0 12
upstream Maximum 83| 143 330 221 140 213 82 15 18 3,440 49 12 8,540 | 298 16 14 2.0 263
of Kivalina Count 125 65 65 65 65 12 65 65 65 65 65 65 65 65 65 65 66 65
Count <DL 0 0 0 32 1 0 0 0 0 5 22 12 5 0 7 18 33 2
Kivalina Water Supply
Kivalina Drinking Water Tank Median 8.0 118 255 10 79 195 61 1 10 20 050 19 40 44| 50 0.50 1.6 29
Maximum 80| 134 310 10 97 219 68 12 16 100 0.50| 125 61 44| 50 0.90 2.7 40
Count 10 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Count <DL 0 0 0 4 0 0 0 0 0 4 4 0 2 1 5 3 0 0

Count <DL - this value represents the number of samples that were determined to be below the analytical detection limit
N/A - data not available

1pH values for Outfall 001 are the median of monthly minimums and median of monthly maximums from NPDES Discharge Monitoring Reports for 1998 through 2007.
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metal sulfides in the ore body, which impacted the water quality of the creek as it flowed through this
area. In general, mining greatly accelerates the oxidation of metals by increasing the amount of surface
area exposed to air by removing and crushing rocks containing high levels of sulfide minerals. However,
the management of water flows at the mine and mill site have resulted in several positive effects to water
quality of area streams.

First, the Red Dog Creek diversion system largely captures and transports the flows from creeks in the
upper watershed around areas subject to oxidation in the Main Pit. Second, runoff from the Main Pit area
and the seepage from the waste rock dump are captured and treated prior to discharge into Red Dog
Creek. Diverting uncontaminated water and capturing and treating contaminated water has lowered the
concentrations of metals and acid discharging from Main Stem Red Dog Creek to Ikalukrok Creek from
those that naturally occurred before mining. Median metals levels are generally below aquatic life WQS
except for cadmium and zinc. Maximum levels exceed the WQS for some additional metals (e.g.,
aluminum and lead).

TDS levels are much higher than natural conditions. Based on available analytical data, the median and
maximum effluent TDS concentrations in 2007 were 4,120 mg/L and 4,270 mg/L, respectively. Sulfate
and calcium are the predominant ions of the TDS in the effluent.

Generally, higher concentrations of TDS in Red Dog Creek can occur when mine effluent flow volumes
are high compared to the stream flow. Because of the mine effluent, the concentrations of TDS are
substantially higher in Main Stem Red Dog Creek (Station 20) than upstream in North Fork Red Dog
Creek (Station 12). TDS concentrations in Main Stem Red Dog Creek vary substantially under the present
discharge conditions. Since 1998, Teck has metered the discharge from Outfall 001 to ensure that
instream TDS levels do not exceed 1,500 mg/L at Station 151. Decreases of metal loads at the outfall
ensure reduced loads and concentrations at all points downstream. ADNR-OHMP (2005) has documented
the reduced concentrations compared to pre-mining levels.

As Table 3.5-7 shows, in general, the median concentrations of total metals and TDS at stations 150 and
160 in Ikalukrok Creek are substantially lower than the concentrations found in Main Stem Red Dog
Creek. None of the measurements at Station 150 exceeded the TDS WQS of 1,000 mg/L, and none of the
measurements at Station 160 exceeded the TDS WQS of 500 mg/L that is applicable during salmonid
spawning periods (after July 25 of each year until freeze up). Concentrations of metals in Ikalukrok Creek
downstream of the confluence with Main Stem Red Dog Creek are generally lower than pre-mining
levels.

In the Wulik River, concentrations of metals and TDS are highly variable both upstream and downstream
of the confluence with Ikalukrok Creek. This is expected and is due to wide ranges in flow conditions. No
evidence, however, suggests that the mine is having any effect on surface water quality other than TDS in
the Wulik River. Metals levels at Station 2, immediately below the confluence with Ikalukrok Creek, are
generally lower than pre-mining conditions. Median values are below aquatic life WQS, although
maximum values for some metals (e.g., cadmium, lead and zinc) exceed the WQS. Maximum values at
Station 3 upstream of the confluence with Ikalukrok Creek also exceed the WQS for some metals.

As expected, 2007 data presented in Table 3.5-8 show a slight elevation in median TDS levels below the
confluence with Ikalukrok Creek. These effects are limited by the large flow volume of the Wulik River
compared to the flow volumes in Red Dog and Ikalukrok creeks. Table 3.5-8 specifically shows TDS
concentrations for seven dates in 2007 at stations 150 and 160 on lkalukrok Creek and stations 1, 2, and 3
on the Wulik River. As illustrated in Table 3.5-8, the TDS concentration at Station 1, which is located
immediately above the intake for the Kivalina drinking water supply, is similar to TDS concentrations at
both Station 2 and Station 3. These data indicate that TDS concentrations downstream of the confluence
of Ikalukrok Creek in the Wulik River are largely controlled by the upper drainage in the Wulik River.
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Table 3.5-8 TDS Concentrations (in mg/L) for Seven Sampling Dates in 2007

Date Station 1 Station 2 Station 3 Station 160 | Station 150
5/26/2007 70 110 90 100 170
6/4/2007 152 138 127 209 263
7/2/2007 256 241 218 N/A 507
8/10/2007 297 302 280 420 455
8/23/2007 290 300 270 470 530
9/20/2007 320 370 360 500 600
10/14/2007 330 370 330 460 450

All units are mg/L
N/A - data not available

The National Primary Drinking Water Standards protect public health by limiting the level of
contaminants in drinking water. EPA has not developed primary drinking water standards for TDS
because TDS in drinking water is not considered a hazard to human health. The most important effect of
TDS on drinking water quality is its effect on taste. The taste of drinking water with a TDS level less than
or equal to 600 mg/L is generally considered good. EPA does recommend acceptable levels of TDS in
drinking water in its National Secondary Drinking Water Regulations. These regulations provide non-
mandatory recommendations for contaminants that can cause unpleasant taste and odor. EPA
recommends TDS not exceed 500 mg/L in water used for drinking. During the Applicant’s 2007
discharge season, generally from May to October, TDS levels in Ikalukrok Creek occasionally exceeded
500 mg/L; however, no TDS values exceeded 500 mg/L in the Wulik River. For metals, the median and
maximum concentrations at Station 1 and Kivalina’s drinking water intake are below the maximum
contaminant levels intended to protect drinking water supplies.

Water Quality of Streams Adjacent to the DeLong Mountain Regional
Transportation System Road

Trucks carrying concentrate from the mine to the port are the primary sources generating fugitive dust
along the DMTS road. Fugitive road dust and concentrate on the tires and other surfaces of vehicles may
be carried onto the road or into the surrounding environment. Surface water runoff from the road can
carry metals-containing dust from the surface of the road to the tundra along the road shoulder and into
adjacent streams. As shown on Figure 3.11, the DMTS road crosses a number of streams. With the
exception of Evaingkruk Creek, all of these streams flow to the north draining into either the Wulik River
or the Ipiavik Lagoon north of the port. Evaingkruk Creek flows to the south and drains into the Noatak
River. Each of the streams crossed by the road has high flows in the spring because of runoff, and low
flows in the winter when they freeze.

Surface water samples have been collected from nine creeks at locations along the DMTS road since 2001.
Sampling stations have been established upstream, immediately downstream from the road, and further
downstream from the road. When monitoring was initiated in 2001, no exceedances of hardness-dependent
WQS were reported from four months (June through September) of data collection (ADEC 2002).

Table 3.5-9 shows median and maximum observed water quality values for metals and other major
constituents for the nine creeks occurring along the DMTS road from 2001 through 2007. Temperature,
pH, and hardness data are not available for these streams to calculate the stream-specific WQS for
ammonia and some metals. Using the Wulik River WQS shown in Table 3.5-6, all median values are
below applicable WQS for the growth and propagation of fish, shellfish, other aquatic life, and wildlife.
Some maximum values at sites both upstream and downstream of the DMTS road exceed the lowest
WQS. The data, however, are highly variable between sites and by individual pollutant. There are also no
clear trends showing higher values downstream of the DMTS road compared to upstream sampling
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Table 3.5-9 Summary of Water Quality Monitoring Data - Road Stations (2001-2007)

Station Statistics TSS Ca Mg Al Cd Cu Fe Mn Ni Pb Se Zn
Road Crossings mg/L mg/L mg/L pg/L pg/l pg/L pg/l pg/L pg/l pglL pg/l pg/l
Aufeis at Road | Median 5.0 29 5.0 20 0.10 0.80 40 2.0 1.0 0.15 0.20 3.0
Maximum 41 58 7.0 450 0.50 1.2 756 30 20 25 0.40 49
Count 35 64 29 29 64 8 29 8 8 64 9 64
Count< DL 24 0 0 16 55 0 12 0 0 38 1 22
Aufeis Median 22 26 4.4 20 0.10 0.70 40 13 0.87 0.18 0.16 2.2
Downstream Maximum Rl 57 7.2 145 0.50 17 475 8.2 20 12 0.32 108
Count 11 39 28 28 39 8 28 8 8 39 8 39
Count <DL 10 0 0 15 35 0 12 0 0 25 1 17
Newheart at Median 12 51 6.5 23 0.1 0.94 75 6.2 4.0 0.35 021 10
Road Maximum 12 112 11 94 0.50 36 260 16 6.7 10 0.27 113
Count 34 63 29 29 63 8 29 8 8 63 9 63
Count< DL 25 0 0 10 45 0 3 0 0 19 2 3
Newheart Median 30 56 55 20 0.10 1.0 50 55 2.2 0.18 0.14 35
Downstream Maximum 17 102 9.6 72 0.50 15 212 13 5.0 24 12 50
Count 11 38 27 27 38 8 27 8 8 38 8 38
Count <DL 9 0 0 17 31 0 3 0 0 25 1 14
Omikviorok Median 5.0 24 5.4 20 0.10 0.91 80 41 11 0.20 0.05 3.0
at Road Maximum 288 62 71 503 0.50 35 1,410 48 39 8.9 0.09 56
Count 35 64 29 29 64 29 8 8 64 9 64
Count < DL 27 0 0 11 55 6 0 0 29 4 26
Omikviorok Median 5.0 22 5.0 21 0.10 0.95 109 12 19 0.29 0.04 20
Downstream Maximum 205 62 7.3 600 0.70 38 1,390 51 78 5.0 0.07 87
Count
Count< DL
Straight Median 10 13 55 70 0.10 1.2 513 42 28 0.40 0.04 40
at Road Maximum 521 32 9.6 4,060 0.50 48 10,300 212 34 11 0.11 69
Count
Count< DL
Straight Median 5.0 8.8 3.7 46 0.10 14 430 56 30 0.40 0.04 32
Downstream Maximum 430 18 78 4,060 0.50 6.6 10,100 157 4.0 10 0.11 73
Count
Count < DL
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Table 3.5-9 Summary of Water Quality Monitoring Data - Road Stations (2001-2007) (continued)

Station Statistics TSS Ca Mg Al Cd Cu Fe Mn Ni Pb Se Zn
Road Crossings mg/L mg/L mg/L pg/L pg/l pg/L pg/l pg/L pg/l pglL pg/l pg/l
Tutak at Road Median 5.0 15 45 20 0.10 0.64 80 35 12 0.19 0.06 5.0
Maximum 143 27 71 151 0.50 17 627 43 31 43 0.10 61
Count 36 65 29 29 65 7 29 7 7 65 9 65
Count< DL 26 0 0 14 55 0 7 0 0 31 2 14
Tutak Median 5.0 15 45 20 0.10 0.8 78 14 13 0.30 0.07 42
Downstream Maximum 120 51 6.6 189 0.50 14 709 34 31 39 0.46 60
Count 12 40 28 28 40 7 28 7 7 40 8 40
Count < DL 8 0 0 11 33 0 5 0 17 3 14
Buddy Median 5.0 32 13 30 0.10 11 63 74 26 051 17 11
Downstream Maximum 19 55 24 532 14 75 1,050 57 50 22 5.0 100
Count 78 81 81 86 86 39 86 39 39 86 87 85
Count < DL 53 0 0 21 55 23 25 12 19 23 26 10
Anxiety Ridge Median 5.0 8.7 3.6 26 0.10 1.0 73 5.0 27 0.39 1.0 3.6
Creek Maximum 33 15 6.4 469 1.0 15 1,850 83 50 46 5.0 100
Upstream Count 77 81 81 86 86 40 86 40 40 86 88 85
Count< DL 50 0 0 22 72 25 22 16 24 33 59 30
Anxiety Ridge Median 5.0 9.0 3.7 44 0.10 1.0 110 6.7 22 0.51 1.0 41
Creek Maximum 18 15 6.2 2,720 1.0 75 1,970 86 50 12 5.0 501
Downstream Count 76 81 81 86 86 86 40 40 86 86 85
Count < DL 47 0 0 20 70 25 18 13 23 27 61 20
Dudd Median 5.0 31 12 20 0.10 1.0 40 41 22 0.37 13 8.0
Downstream Maximum 87 65 20 351 4.0 15 701 28 50 10 3 145
of Anxiety Count
Ridge Creek Count < DL
Eva 12 Upstream | Median 3.0 4.6 20 56 0.10 1.0 1,145 81 30 021 1.0 47
Maximum 70 31 11 2,450 9.4 75 15,200 1,350 50 5.9 8.6 711
Count
Count< DL
Evall Median 26 6.7 24 46 0.10 1.0 427 17 28 0.20 1.0 11
Downstream Maximum 10 20 5.9 516 59 75 4,040 1,110 50 91 5.0 230
Count
Count < DL
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locations. Because of the variability of the data and potential for future impacts, continued monitoring of
the DMTS streams is recommended, particularly under alternatives B and D, which include ongoing truck
transport of concentrate.

Near-Shore Marine Environment

The Applicant’s NPDES permit for port site discharges includes requirements to conduct monitoring in
the Chukchi Sea, including two locations that represent background water quality. The data from these
stations are presented in Table 3.5-10.

Under Alaska WQS, unless a particular water body has been reclassified or redesignated, all marine
waters of the state, including the Chukchi Sea, are to be protected for the following uses:

e Water supply (aquaculture, seafood processing and industrial uses);
e Water recreation (contact and secondary recreation);
e  Growth and propagation of fish, shellfish, aquatic life and wildlife; and

e Harvesting for consumption of raw mollusks and other raw aquatic life.

Table 3.5-10 Chukchi Sea Background Water Quality Data, 2007 - 2008

cd Cl- cu? Hg Pb Salinity Zn
ug/L mg/L ug/L po/L ug/L psu ug/L
et Sgt raier QLelly 8.8 N/A 37 0.051 85 N/A 86
Standard
Station
Chukchi 4 Median 0.041 16,300 0.744 0.0036 0.03 26.7 0.653
Maximum 1 17,300 2.2 0.117 0.3 335 6.01
Count 21 4 21 21 21 13 21
Count < DL 2 0 0 9 7 0 1
Chukchi 5 Median 0.0465 14,700 0.681 | 0.004465 0.05 26.3 0.5755
Maximum 0.232 17,700 1.75 0.0714 1.6 335 13.3
Count 22 5 17 22 22 14 22
Count < DL 4 0 0 8 8 0 1

psu = practical salinity
All metals are dissolved
Count < DL — this value represents the number of samples that were determined to be below the analytical detection limit.

®Difficulties were encountered in 2007 in accurately measuring copper in the ambient salt water. The analytical methods were
improved in 2008 and only 2008 data are included in the table.

3.5.2.3 Oceanography Near the DeLong Mountain Terminal

Baseline oceanography and water quality are described in the 2005 draft EIS developed for the port
expansion (Corps 2005). This information and data are summarized below. As noted above, the Applicant
has performed water quality monitoring as required by the port site NPDES permit.

Bathymetry

In general, the Chukchi Sea is a shallow sea with an extensive continental shelf and no obvious basin. The
embayed southeastern Chukchi Sea near the port is predominantly a flat, featureless plain with gradients
rarely greater than 4 feet (1.2 meters) per mile and a maximum depth of 210 feet (64 meters). Well-
defined shoals extend into the southern Chukchi Sea north of Cape Prince of Wales and west of Point
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Hope, and an ill-defined shoal projects westward from Cape Krusenstern. Hope Submarine Valley, with a
relief of only 30 feet (9 meters), is south and west of Point Hope. Near the port, the beach drops steeply to
a depth of about 10 feet (3 meters). There, the sea floor slopes gently southwestward to a depth of about
50 feet (15 meters) at 3 miles and about 60 feet (18 meters) at 5 miles offshore. Beyond this point, the
gentle seafloor slopes continue but shift to the west and then to the northwest to the edge of the Hope
Basin about 31 miles from shore.

Offshore from some of the rivers in the region, submerged bars form relatively small areas of steeper
relief that may shift from season to season. Local and traditional knowledge tells of channels extending
offshore from some of the streams and rivers in the general vicinity of the port. Inflowing fresh water may
create temporary channels, but freshwater inflow would be expected to move over the denser marine
waters and have relatively little effect offshore from the beach. An exception might occur in the late
spring when meltwater in the rivers flows under the ice offshore from the river mouth and scours a
temporary channel. No channels offshore from streams near the port were identified with electronic depth
finders during the bottom profiling associated with sampling and other data collection near the port.

The existing loading facilities are routinely dredged to maintain sufficient water depth for the operation of
the port, slightly altering bathymetry. Water is a few feet deeper just off the dock face, where tugs tie up
and the lightering barges are loaded with concentrate.

Waves, Tides, and Currents

Waves, tides, and currents influence the port area mostly during the open water season, which runs from
about July through October. However, currents can also affect ice formation in the fall and ice movement
in the spring and fall. The wave climate near the port can be complicated by variable meteorological
conditions in seas far from the site, but it is typically characterized by a predominance of waves under

3.3 feet (1 meter). When waves higher than 6.6 feet (2 meters) occur, it is usually for short durations of 24
to 48 hours. Wave generation in the Chukchi Sea and the open Arctic Ocean north of the port affects
wave height and produces the extreme waves recorded at the port.

The Corps developed a 16-year hindcast model of the wave conditions near the port between 1985 and
2000 (Corps 2005). The 16-year average mean wave heights for July, August, September, and October
are 1.4 feet (0.4 meters), 1.9 feet (0.6 meters), 2.4 feet (0.7 meters), and 2.6 feet (0.8 meters),
respectively. The wave heights at the port tend to increase over the four-month period from July through
October. The average maximum wave heights over the 16 years for July, August, September, and October
are 6.1 feet (1.9 meters), 7.9 feet (2.4 meters), 7.7 feet (2.3 meters), and 10.1 feet (3.1 meters),
respectively.

Fast moving weather systems of short duration in the Chukchi Sea generate most of the larger waves at
the port. The largest recorded waves occurred in November 1970 during a storm from the south. Waves
peaked at 29.5 feet with a 12- to 13-second period. Waves of 19.7 feet from that storm were sustained for
over 14 hours, and 13-foot waves were sustained for over 20 hours.

Marine currents in the port area of the Chukchi Sea are of two general types: offshore and near shore.
Offshore currents in the Chukchi Sea can move both vertically and horizontally as temperature and
salinity change, whereas near-shore currents generally move horizontally. Near-shore current patterns and
velocities are complex and variable because of the influence of coastal configuration, bathymetry, and
changing winds. These two types of currents are briefly discussed below.

Marine currents offshore of the port are primarily influenced by the Alaskan Coastal mass, originating in
the eastern Bering Sea. This water mass and associated current are differentiated from other Chukchi Sea
water masses by lower salinity and higher temperatures since they are seasonally fed by freshwater from
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large rivers flowing into the Bering Sea and Kotzebue Sound. The Alaskan coastal mass is also
characterized by horizontal graduation from a relatively cold and saline fraction far offshore to the west,
changing to a warm and less saline fraction closer to the coast of northwestern Alaska.

The Climatic Atlas of the Outer Continental Shelf Waters and Coastal Regions of Alaska Volume 11
indicates that the warm current entering the Chukchi Sea via the Bering Strait concentrates near the
surface and overlies dense, relic bottom water. According to the atlas, this current has a uniform velocity
of 0.87 knots in the summer and 0.20 knots in the winter.

The (warmer) current generally moves from the Bering Sea to the Chukchi Sea because of a pressure head
created by a 1.6-foot-height difference between the Bering Sea and the Arctic Ocean. (The Bering Sea is
1.6 feet higher than the Arctic Ocean). After entering the Chukchi Sea, the current generally circulates
counterclockwise and is locally influenced by bathymetry and wind. Flow reversals from north to south in
the eastern Chukchi Sea are rare and temporary. The flow of Bering Sea water north through the Bering
Strait is reported to be declining since the 1940s, but the reason has not been determined.

To obtain near-shore current data, contractors and the Corps measured local currents at the port between
1998 and 2000. The data were recorded by a series of three Acoustic Doppler Profiler current meters.
They were placed in shallower water (29 to 32 feet [8.8 to 9.7 meters]) during the open water season and
then moved to deeper water (42 to 65 feet [12.8 to 19.5 meters]) before ice began forming. Data collected
by the Corps were compiled into a database record of current velocities and directions. Based on the data,
during the open water season, currents at the port site predominantly flow parallel to the coast, either
northward or southward. According to the 1998-2000 data record, northward-flowing currents were
recorded as occurring approximately 70 to 75 percent of the time, while southward-flowing currents
occurred about 25 to 30 percent of the time. Other data and observations, however, indicate that the long-
term drift of beach materials is southward. This suggests that southward-flowing currents could be
stronger than northward-flowing currents and/or southward currents predominate more often than the
1998-2000 data show. Although the coastal water mass is predominately northward at a fairly steady rate,
observations at Kivalina indicate that the net longshore drift of gravel on the beach is southward. These
effects are due to large storms from the northwest that overpower the surface flow and direct it southward
along the beach (Corps 2007).

3.5.3 Water Resources - Surface Water - Environmental Consequences

3.5.3.1 Effects of Alternative A — No Action Alternative

The lime treatment process currently used at the Red Dog Mine efficiently removes a majority of metals
from the water, allowing the effluent to be discharged well within the required limits. However, the
treatment process currently employed does not substantially reduce TDS in the effluent.

Under Alternative A, the Aqgaluk Deposit would not be developed and TDS limits in the NPDES permit
would be the same as the 1998 permit. As a result, additional wastewater treatment would be required for
the current system to ensure compliance with the 1998 NPDES permit TDS limits of 170 mg/L monthly
average and 196 mg/L daily maximum. This would be accomplished by pretreating wastewater with
barium or aluminum hydroxide to initially remove metals and reduce TDS levels followed by reverse
osmosis. Since the treatment process would ensure compliance with permit limits, Teck could discharge
up to the maximum capacity of Water Treatment Plant 2 and up to the volume limit in the 1998 permit.
Therefore, under this alternative Teck could easily manage the predicted water balance for the mine and
maintain a two-foot wet cover over the tailings in the impoundment. The reverse osmosis brine would be
dried and the solids managed in an encapsulated unit west of the tailings impoundment. This would have
no effect on the site water balance or the tailings impoundment discharge chemistry.
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Under this alternative, the concentrations of metals in the treated discharge would be expected to be
similar or slightly lower than current levels from the added reverse osmosis system. However, the TDS
concentration of the effluent would be much lower than the ambient TDS concentrations occurring in the
Middle Fork and Main Stem Red Dog Creek. Compared to current conditions, TDS concentration would
not be a limiting factor to the volume of treated effluent that could be discharged. This would allow the
mine to discharge a higher volume (potentially 15 to 20 MGD; 20 to 30 cfs) of water when it is required
to meet water balance and management needs. During periods of low stream flow, a discharge of 25 to 30
cfs would have a positive diluting effect to the instream water quality in the Middle Fork and Main Stem
Red Dog Creek. In addition, cadmium and zinc concentrations that are naturally high in Middle Fork Red
Dog Creek would be reduced by the diluting natural flow. Table 3.5-11 shows the projected median
concentrations of important water quality constituents in the effluent, at Station 151 in Red Dog Creek,
and Station 150 in Ikalukrok Creek.

Because of the diluting effect described above, the water quality would improve over current conditions
in the Middle Fork and Main Stem Red Dog Creek and in Ikalukrok Creek. Changes in the TDS
concentrations of the effluent would not be expected to change the overall TDS concentrations in the
Wulik River. This is because of the large flow volume of the Wulik River compared to the flow volumes
in Red Dog and Ikalukrok creeks. Instream concentrations of metals and other constituents in the Wulik
River, including the Kivalina drinking water intake, would be expected to remain at current levels.

Table 3.5-11 Projected Discharge Quality and Instream Water Quality for Alternative A

Treated

Most Stringent Untreated Discharge Down Stream Down Stream

Water Quality | Impoundment Water Water Quality | Water Quality
Parameter Units Standard Water Quality Quality® at Station 151¢ | at Station 150°
Total Aluminum pa/L 87 23 8.3 16 57
Ammonia mg/L 2.36 7.9 4.5 0.7 0.1
Dissolved Cadmium | pg/L 0.36/2° 4,715 0.1 3.3 1.17
Dissolved Copper Mo/l 20.3 8.95 5.1 1.7 1.6
Total Iron Mg/l 1,000 50.3 20 60 220
WAD Cyanide Mo/l 5.2 16.9 <20 <20 <20
Dissolved Lead Mo/l 7.0 4,805 0.2 0.32 0.1
Total Mercury Mo/l 0.012 N/A 0.0008 0.001 < 0.0005
Dissolved Nickel pa/L 117 1,195 11 18 28
Total Selenium pa/L 5.0 6.4 2.3 14 15
Dissolved Silver pa/L 17.8 <0.05 <0.05 <0.05 <0.05
Lo Dissolved mg/l |  1,500/1,000°| 4,700 <1760 204 169
Dissolved Zinc pa/L 263 368,000 61 442 214

all data are based on median 2007 values

< the value shown is the laboratory analytical detection limit; the actual value will be less than this amount

N/A - not available

®Instream standards for TDS are 1,500 mg/L at Station 151 in Red Dog Creek and 1,000 mg/L at Station 150 in Ikalukrok Creek.
®The site-specific criterion of 2 pg/L applies to Main Stem Red Dog Creek.

“Median values for 2007 at Outfall 001.

4 Values for cadmium, TDS, and zinc were estimated using a flow-weighted mass balance approach and an assumed effluent
discharge of 25 cfs.

 Treatment would be required to reduce TDS concentrations to levels below 176 mg/L as a monthly average.
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Because water treatment and discharge would continue after closure, the instream constituent
concentrations would be expected to be essentially the same as those occurring during mine operations. A
small reduction in the dilution effect that occurs during low stream flows could be expected because the
predicted annual discharge requirements are slightly less after closure (1,350 million gallons per year)
than during active operations (1,527 million gallons per year).

Mixing zones are areas in the stream where discharges are authorized by the State to exceed applicable
WQS. Under Alternative A, the 1998 NPDES permit discharge limits ensure instream compliance with
WQS at the point of discharge since no mixing zones were authorized.

The DMTS road crosses a number of streams. As shown in Table 3.5-9, water quality at monitoring
locations upstream and downstream of road crossings is generally comparable and median pollutant
concentrations are below applicable Alaska WQS. Under Alternative A, transportation operations would
remain the same as under the current mine operations and the water quality of the streams crossed by the
DMTS road would not be expected to change for the duration of operations.

3.5.3.2 Effects of Alternative B - Applicant’s Proposed Action

Under Alternative B, the Aqgaluk Deposit would be developed and the mine would continue to treat and
discharge effluent from the tailings impoundment during operations. Under this alternative, enhanced
wastewater treatment using barium hydroxide precipitation would be implemented to reduce TDS levels
in the discharge. The barium hydroxide sludge that would be produced from the enhanced treatment
operation could be disposed of in the tailings impoundment, the Main Pit, or both. The disposal of barium
sulfate sludge in the tailings impoundment would not be expected to affect or change water quality. This
type of sludge is chemically stable and insoluble under most conditions.

At closure, the primary location for contaminated water management would be the Aqgaluk Pit while a
two-foot water level would be maintained in the tailings impoundment. The water level of the Aggaluk
Pit would be maintained below an elevation of 760 feet to allow for flood flows in Red Dog Creek above
the 500-year-flood level to flow into the pit. During operations, wastewater in the tailings impoundment
would be treated and discharged at the current location in Red Dog Creek. The volume of water that could
be discharged at any given time would continue to be dependent on the amount of stream flow in Red
Dog Creek and the ambient TDS levels in the creek. Treated effluent discharges to Red Dog Creek would
be managed to maintain compliance with instream TDS standards of 1,500 mg/L at Station 151 in Main
Stem Red Dog Creek, 1,000 mg/L at Station 150 in Ikalukrok Creek, and 500 mg/L at Station 160 in
Ikalukrok Creek after July 25" of each year. With the enhanced barium treatment, the reduction in TDS
concentrations would allow an increased volume of discharge to Red Dog Creek while still maintaining
instream compliance with WQS (as required by the draft NPDES permit).

The Applicant’s chemical and load balance model predicts that an average of 1,527 million gallons would
need to be discharged annually until the year 2026 to maintain the water balance in the tailings
impoundment. After that period, an average of 1,350 million gallons would need to be discharged
annually. Under this alternative, these discharge rates would manage the water balance in the tailings
impoundment during operations and closure.

As part of this SEIS, a study was designed to estimate the expected long-term annual volume of treated
effluent that could be discharged under various water treatment alternatives, given the large annual
variations in stream flow conditions. In effect, the study was designed to determine if the Applicant can
expect to be able to discharge at least 1,527 million gallons of treated water as a long-term annual
average, or if water treatment operations need to be modified to accommodate a different expected
average discharge volume.
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A stochastic Monte Carlo model was developed to predict average long-term flows that could be expected
in Red Dog Creek, and thus the expected long-term annual volume of water that could be discharged. A
stochastic model is a tool for estimating probability distributions of potential outcomes (in this case, the
volume of effluent discharge) by allowing for random variation in one or more inputs over time (stream
flow). A detailed description of this study is provided as Appendix B.

Using enhanced treatment (barium hydroxide), the annual average TDS concentration of the effluent can
be reduced to 3,000 mg/L from the current level of 4,120 mg/L. The 3,000 mg/L concentration is a
conservative (worst case) assumption based on the anticipated reduction of the sulfate portion of TDS to
2,000 mg/L. Results from the model indicate that the expected long-term average annual rate of discharge
could be between 1,617 and 1,746 million gallons per year; again assuming the use of barium hydroxide
treatment. This would be more than enough to meet the discharge need of 1,527 million gallons per year
required to maintain the water balance in the tailings impoundment. As a result, the schedule for raising
the main dam and its final height would only be dependent on the volume of tailings disposed and not on
storage requirements for wastewater.

In the near term, the use of barium hydroxide treatment would provide a proven approach to increase
discharge volumes and reduce water levels in the impoundment. The draft NPDES permit includes a
special condition that requires the Applicant to develop and implement a plan to permanently ensure
compliance with TDS limits while maintaining a positive water balance (i.e., the annual discharge from
the impoundment is at least as great as the inflows to the impoundment). EPA will review the plan prior
to its implementation. EPA expects that the plan will include a combination of source control and water
treatment measures, including barium hydroxide addition.

Under this alternative, the concentrations of metals, except barium, in the treated discharge would be
expected to be similar to current levels. The barium hydroxide treatment process will increase barium
levels in the discharge, but pilot tests performed by the Applicant show levels below 1 mg/L and no
exceedances of the State’s drinking WQS of 2 mg/L are predicted in any of the drainages. Barium
specifically does not cause effects on aquatic life.

The draft NPDES permit includes effluent limits that ensure compliance with applicable WQS for
protection of designated uses in the creeks and rivers downstream of the discharge. Under Alternative B,
for all parameters except ammonia, cyanide, TDS, and pH, the permit will specifically provide for
compliance with all WQS, including aquatic life criteria, at the point of discharge as authorized by the
State’s CWA Section 401 certification. Based on the Section 401 certification, the draft permit includes
mixing zones for ammonia and cyanide that extend 1,930 feet from the confluence of the Middle Fork and
North Fork of Red Dog Creek to Station 151 in Main Stem Red Dog Creek. In the mixing zone, ammonia
and cyanide levels can exceed the chronic aquatic life water quality criterion of 5.2 pg/L by a factor of 1.5
(i.e., up to 7.8 pg/L). Ammonia levels can similarly exceed the chronic water quality criterion of 7 pg/L
by a factor of 1.5 (i.e., up to 10.5 pg/L). In neither case are ammonia or cyanide levels expected to exceed
the acute aquatic life criteria that protect against lethal effects to aquatic organisms. The NPDES permit
limit for pH is a range of 6.5 — 10.5 s.u., which is above the aquatic life water quality criteria of 6.5 - 8.5
s.u. With the available dilution, however, the pH will be below 8.5 s.u. (and above 6.5 s.u.) at the
confluence with North Fork Red Dog Creek.

The draft NPDES permit and 401 certification establish requirements for TDS in Main Stem Red Dog
Creek and lIkalukrok Creek. TDS levels can exceed 1,500 mg/L between the confluence of Middle Fork
and North Fork Red Dog Creek and Station 151. In Ikalukrok Creek, between the confluence of Main
Stem Red Dog Creek and Station 150 (3,420 feet), TDS levels may range between 1,500 mg/L and 1,000
mg/L. After July of each year when the spawning water quality criterion of 500 mg/L applies in Ikalukrok
Creek at Station 160, TDS levels can be between 1,000 mg/L and 500 mg/L in the reach between stations
150 and 160.
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Table 3.5-12 shows the projected median concentrations of important water quality constituents in the
effluent, at Station 151 in Red Dog Creek, and Station 150 in Ikalukrok Creek. Instream water quality
would be expected to be consistent with current levels in the Middle Fork and Main Stem Red Dog Creek
and in Ikalukrok Creek. TDS concentrations of the effluent would be lower as a result of the enhanced
water treatment, allowing a higher average volume of effluent to be discharged than under current
conditions. Instream concentrations of cadmium, TDS, and zinc would be expected to be slightly higher
during low flow periods than under Alternative A. This is because there would be only a minor diluting
effect to the instream water quality from the discharge. TDS and metal concentrations in the Wulik River,
including the Kivalina drinking water intake, would be expected to remain at current levels and not be
impacted by mine discharges.

The discharges of treated effluent to Red Dog Creek would continue after closure because of the need to treat
tailings dam seepage and other wastewater managed in the Aggaluk Pit. The instream constituent
concentrations would be expected to be approximately the same as those occurring during mine operations.
After closure, a small reduction in the TDS and copper concentrations of the effluent could result if water
quality in the Aggaluk Pit improves over time. Copper sulfate is used as a flotation reagent in the mill and is a
source of copper in the tailings impoundment. At closure, this will no longer be a source of copper; therefore,
copper concentrations could decrease following closure. The TDS reduction at closure would provide the
Applicant more flexibility in discharging water and managing the water level in the Aggaluk Pit.

The use of the DMTS road would be consistent with current operations and Alternative A. As shown in
Section 3.5, water quality at monitoring locations upstream and downstream of road crossings is generally
comparable and median pollutant concentrations are below applicable Alaska WQS. The water quality of

Table 3.5-12 Projected Discharge Quality and Instream Water Quality for Alternative B

Treated

Most Stringent Untreated Discharge Down Stream | Down Stream

Water Quality | Impoundment Water Water Quality | Water Quality
Parameter Units Standard Water Quality Quality® at Station 151¢ | at Station 150
Total Aluminum Mo/l 87 23 8.3 16 57
Ammonia mg/L 2.36 7.9 4.5 0.7 0.1
Dissolved Cadmium | pg/L 0.36/2° 4,715 0.1 3.6 1.18
Dissolved Copper ug/L 20.3 8.95 5.1 1.7 1.6
Total Iron pa/L 1,000 50.3 20 60 220
WAD Cyanide uo/L 5.2 16.9 <20 <20 <20
Dissolved Lead pa/L 7.0 4,805 0.2 0.32 0.1
Total Mercury Mo/l 0.012 N/A 0.0008 0.001 < 0.0005
Dissolved Nickel Mo/l 117 1,195 11 18 28
Total Selenium Mo/l 5.0 6.4 2.3 1.4 15
Dissolved Silver Mo/l 17.8 <0.05 <0.05 <0.05 <0.05
ggﬁf‘sso"’ed mg/L 1,500/1,000* | 4,700 3,000° 976 339
Dissolved Zinc pa/L 263 368,000 61 478 216

all data are based on median 2007 values
< the value shown is the laboratory analytical detection limit; the actual value will be less than this amount

N/A - not available

% Instream standards for TDS are 1,500 mg/L at Station 151 and 1,000 mg/L at Station 150

®The site-specific criterion of 2 pg/L applies to Main Stem Red Dog Creek.

“Median values for 2007 at Outfall 001.
“Values estimated for cadmium, TDS, and zinc were calculated using a flow-weighted mass balance approach and an assumed
effluent discharge of 20 cfs.
¢ Conservative estimate of TDS concentration after enhanced water treatment.
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the streams crossed by the DMTS road would not be expected to change under Alternative B, although
ongoing water quality monitoring is recommended.

3.5.3.3 Effects of Alternative C — Concentrate and Wastewater Pipelines

Under Alternative C, treated tailings impoundment effluent from the high-density sludge process (without
barium hydroxide treatment) would be transported to the port facility by pipeline. Lead and zinc
concentrates would also be transported to the port facility by a separate pipeline. Concentrates would be
filtered at the port. The wastewater from concentrate filtration is expected to have comparable metals
concentrations as the influent to the existing wastewater treatment plants. The concentrate wastewater
would be treated in a new high-density sludge plant at the port. This treated concentrate wastewater
would be combined with the treated tailings impoundment effluent from the mine site. After pH
adjustment, the combined effluent would be discharged to the Chukchi Sea. An additional pipeline would
also be constructed to transport diesel to the mine site. All pipelines would be buried in a bench
incorporated into the DMTS road.

Discharging the treated effluent to a saline receiving water (the Chukchi Sea) eliminates the need to
provide an enhanced treatment mechanism to remove TDS. Under this alternative, the modified NPDES
permit would specify effluent limits for pollutants based on the Alaska marine WQS for other parameters
to protect the designated uses of the Chukchi Sea. Because the wastewater treatment processes will be the
same as currently used at the mine site, the concentrations of metals and TDS in the treated discharge
would be expected to be similar to current levels. Table 3.5-13 shows the projected maximum effluent
concentrations compared to the lowest marine WQS. These data show that a mixing zone would likely be
required for ammonia, copper, chlorine, cyanide, nickel, and zinc. Modeling was performed using

Table 3.5-13 Projected Marine Discharge Effluent Quality and Minimum Dilution

Requirements
Maximum Observed Maximum Projected Ambient
Effluent Effluent Background Minimum
Concentration Concentration Concentration Required
(Mg/L unless (Mg/L unless Lowest (ug/L unless Dilution
Parameter otherwise noted)® otherwise noted)b WQs* otherwise noted) Factor
Ammonia (mg/L) 10.7 12.3 4.3 N/A 2.89
Cadmium 1.8 2.5 8.8 1 -
Copper 22 39 3.7 1.52 16.69
Chlorine 35 39 7.5 N/A 5.19
Cyanide 12 14.6 1.0 N/A 14.63
Chromium VI 13 43.2 50 1.6 —
Lead 2.9 4.3 8.5 1.6 —
Mercury 0.0051 0.012 0.051 0.117 -
Nickel 78 141 8.3 N/A 16.95
Selenium 4.6 5.8 71 N/A -
Silver 0.5 1.3 2.3 N/A -
Zinc 158 205 86 13.3 2.17

N/A = not available

— = no dilution required
® Based on Outfall 001 data for 2003-2007.

® The calculated maximum projected effluent concentration is derived from the maximum observed concentration and the
statistical distribution of the observed data. EPA uses this value to determine reasonable potential to exceed WQS and assess the

need for mixing zones.

¢ All standards based on aquatic life, except mercury, which is based on the human health standard for consumption of aquatic

organisms.
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CORMIX to determine the size of the mixing zone; CORMIX is EPA’s and the State of Alaska’s
accepted model for mixing zone analyses. The modeling results show that the WQS for nickel, the most
critical constituent, will be met less than 10 feet (3 meters) from the discharge point. Mixing zone sizes
for ammonia, chlorine, copper, cyanide, and zinc would be smaller than for nickel. Appendix C includes a
summary of how the required dilution was determined.

During operations, discharges to the Chukchi Sea would eliminate any dilution effects that result from the
treated effluent being discharged to Red Dog Creek. An evaluation using daily flow and water quality
data for several dates between 2004 and 2007 and at various stations in Red Dog Creek and Ikalukrok
Creek showed that instream concentrations for some metals could be substantially higher with the treated
discharge removed. At Station 151, dissolved zinc concentrations would increase between 26 and

53 percent, depending on the specific data evaluated and the base flow in the creek. Dissolved cadmium
concentrations had similar results. This analysis also showed that stream flow at Station 151 would be
reduced between 18 and 38 percent. The highest estimated increased concentrations for metals and most
impact to flow occurred on dates with low stream flow. TDS concentrations, however, would be
substantially lower than current conditions. Table 3.5-14 shows estimated median concentrations of
important water quality constituents at Station 151 in Red Dog Creek and Station 150 in Ikalukrok Creek
with the treated effluent discharge removed.

During 1998-2007, only 2 of 123 measured pH levels at Station 140 were below 6.0 and 11 of 123 were
below 6.5 s.u. The median was 7.1 s.u. Given these data and the higher levels of pH in the North Fork, the
combined pH below the confluence should be between 6.5 and 8.5, the applicable aquatic life WQS.

A monitoring program would be developed to determine if changes in water quality and subsequent
impacts to aquatic life were occurring downstream as a result of the relocation of the discharge (see
Section 3.10.3.4 for further discussion).

Table 3.5-14 Projected Instream Water Quality for Alternative C

Most Stringent | Down Stream Down Stream

Water Quality | Water Quality | Water Quality
Parameter Units Standard at Station 151° | at Station 150°
Total Aluminum po/L 87 16 57
Ammonia mg/L 2.36 0.7 0.1
Dissolved Cadmium Hg/L 0.36/2° 4.9 1.25
Dissolved Copper pg/L 20.3 1.7 1.6
Total Iron Mo/l 1,000 60 220
WAD Cyanide pg/L 5.2 <20 <20
Dissolved Lead pa/L 7.0 0.32 0.1
Total Mercury pg/L 0.012 0.001 < 0.0005
Dissolved Nickel pg/L 117 18 28
Total Selenium pg/L 5.0 1.4 15
Dissolved Silver pg/L 17.8 <0.05 <0.05
Total Dissolved Solids mg/L 1,500/1,000% 219 168
Dissolved Zinc pg/L 263 619 226

All data are based on median 2007 values
< The value shown is the laboratory analytical detection limit; the actual value will be less than this

amount

# Instream standards for TDS are 1,500 mg/L at Station 151 and 1,000 mg/L at Station 150
® The site-specific criterion of 2 ug/L applies to Main Stem Red Dog Creek.

¢ Values estimated for cadmium, TDS, and zinc were calculated using a flow-weighted mass
balance approach and an assumed effluent discharge of zero.
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At closure, the discharge pipeline would be removed and treated wastewater would again be discharged at
its current location in Red Dog Creek. The treated volume of water would be approximately 50 percent of
the current discharge flow. Runoff from the covered waste rock pile and tailings would flow into Red Dog
Creek and should be comparable to current conditions. In addition, because the cover materials would be
non-mineralized soils, the water quality in Red Dog and Ikalukrok creeks should be consistent with the
conditions indicated for Alternative B.

As discussed in Chapter 2, the Aggaluk Pit would have sufficient capacity to contain all of the
contaminated water sources after closure. Unlike Alternative B, however, it does not have additional
capacity to manage overflows from the Red Dog Creek diversion from a storm greater than the 500-year
flood. The effects of such overflows on downstream water quality are difficult to predict given the flood
flows that would be observed in the drainages.

Under this alternative, traffic on the DMTS road would be reduced because lead and zinc concentrate and
diesel fuel would no longer be transported by truck. It is expected that construction of the pipelines would
not impact water quality in streams crossed by the DMTS road if proper best management practices were
applied to control fugitive dust and runoff. Storm water runoff is governed by the NPDES permit issued
for the DMTS port. No changes to current water quality in the streams crossed by the DMTS road are
expected under Alternative C. However, there would be a reduced risk of future concentrate truck spills
that could impact surface waters as compared to alternatives A and B.

Spill prevention and emergency response plans would be developed by Teck for the pipelines. Under
normal conditions, it is highly unlikely that the pipelines would be compromised and it is anticipated that
the risk from a pipeline rupture would be less than the risk of a release of diesel or concentrate from a
vehicle accident. However, impacts to water quality could occur to streams along the DMTS road should
one or more of the pipelines become ruptured and if flows reached local streams. The severity of the
impact would depend on which pipeline had been ruptured and the volume of material released. The
slurry pipeline would carry liquids with extremely high levels of lead and zinc as well as other metals.
Spilled diesel is also considered a hazardous waste. As a worst-case scenario, the unimpeded flow or
runoff of pipeline contents to area streams would impact water quality at levels far exceeding acute water
quality criteria. These impacts could be short term to long term, depending on volume of pollutants
reaching streams and the effectiveness of mitigation efforts that would be employed.

3.5.3.4 Effects of Alternative D — Wastewater Pipeline and Additional Measures

As with Alternative C, treated effluent would be transported to the port facility by pipeline and discharged
to the Chukchi Sea. Construction would be subject to the requirements established in the NPDES permit
for the DMTS port as noted under Alternative C. Effects to water quality in the Chukchi Sea and in Red
Dog Creek during operations would be the same as Alternative C.

Unlike Alternative C, the pipeline would remain in place after closure with the remaining components the
same as Alternative B. As with Alternative B, the tailings dam would remain with an approximate two-
foot water cover after closure and wastewater would be managed in the Aggaluk Pit. Because discharge
would continue to the Chukchi Sea after closure, the expected instream constituent concentrations would
be expected to be essentially the same as those occurring during mine operations (see Table 3.5-14 for
Alternative C). As described under Alternative C, a monitoring program would be implemented to
determine the effects of the relocation of the discharge on aquatic life downstream.

3.5.4 Water Resources - Surface Water - Summary

Under all alternatives, metals levels in Red Dog Creek would be consistently lower than pre-mining
conditions. The installation of reverse osmosis treatment under Alternative A would reduce TDS levels in
Red Dog Creek and Ikalukrok Creek to pre-mining levels, although TDS levels at Kivalina’s drinking
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water intake would remain indistinguishable from background conditions under all alternatives. Under
alternatives C (during operations) and D (during operations and after closure), removing the treated
wastewater discharge point from Red Dog Creek would cause reduced flows and lower water quality in
Main Stem Red Dog Creek and, to a lesser extent, Ikalukrok Creek. Under both these alternatives a small
(less than 10 foot) marine mixing zone would be required at the discharge point in the Chukchi Sea. All
alternatives would allow the Applicant greater discharge flexibility to reduce water volumes currently
stored in the tailings impoundment.

Existing water quality data for streams along the DMTS road do not indicate that water quality standards
are being exceeded. However, ongoing monitoring is recommended to verify that standards are not
exceeded in the future. Alternative C would have the least impact to future DMTS stream quality since it
eliminates risk of concentrate truck spills.

3.6 Water Resources - Groundwater
Groundwater in the project area encompasses three separate systems:

¢ Shallow groundwater in the shallow active layer (groundwater subject to seasonal freeze-thaw
cycles);

e Confining permafrost layer; and

e  Subpermafrost groundwater (groundwater below the permafrost zone).

3.6.1 Water Resources - Groundwater — Pre-mining Environment

Shallow Groundwater in the Shallow Active Layer

Relatively small quantities of shallow groundwater exist within the bedrock and soil deposits in the Red
Dog Creek valley (EPA 1984). This zone is denoted as the “near-surface active layer” or the “shallow
active layer.” The shallow active layer is subject to seasonal freeze-thaw cycles and exists across the
project area, with varying depths from being almost non-existent to 100 feet (30.5 meters) in depth.
Shallow groundwater in the project area is mostly ephemeral and moves only during the warmer months
(generally July through September), when the active layer is thawed.

Shallow groundwater is closely associated with surface water flow, due to precipitation of snow and rain
and snow melt during the warmer months. It acts more or less as a small component of rainfall and
surface runoff (WMCI 1999), with eventual discharge into creeks. Shallow groundwater flow is minimal
and is not considered an aquifer, because the maximum saturated thickness of the shallow active layer has
been found to be less than 5 feet (1.5 meters) and the time period during which this saturated thickness
exists and is not frozen is very short (WMCI 1999).

However, areas along streambeds (Red Dog Creek and the creeks surrounding the Main Pit) have thicker
active layers that remain thawed for longer periods of time. Shallow groundwater flow occurs within
streambed channels and streambed alluvium, with shallow flow following the general direction of the
streams. Shallow groundwater flow in creek bed alluvial systems has generally greater volumes of flow
than upland active layer flows and can sustain flows throughout the year. In rare situations, these alluvial
flows can surface during the winter months causing aufeis (surface icing) conditions, as observed near the
confluence of Rachel Creek and Red Dog Creek during the winter of 2003-2004 (SRK 2007).

Samples from two small seeps located along Red Dog Creek exceeded aquatic life WQS for cadmium,
copper, iron, lead, nickel, phosphorus, and zinc (EPA 1984). The high metal content of shallow
groundwater samples in the project area indicates that the source of the water is from mineralized rock or
soils.
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Permafrost Layer

The permafrost layer acts as a barrier to groundwater flow, isolating or confining the shallow groundwater
and subpermafrost groundwater systems. The extent of the permafrost layer and the underlying
subpermafrost groundwater were unknown until mining commenced. However, the extent of the
permafrost was historically almost continuous across the project area, starting at or near the surface to
about 100 feet (30.5 meters) below the ground surface, with an estimated thickness ranging from 200 to
over 660 feet (61 to 201 meters). In general, thinner permafrost occurs within lowland areas and along
creek beds, and thicker permafrost occurs within upland areas at higher topographic elevations and along
north-facing slopes. Data from shallow temperature measurements along the original South Fork Red Dog
Creek (the current location of the dam) indicate that permafrost was not present below the creek bed
during dam construction (WMCI 1999).

Subpermafrost Groundwater

The subpermafrost groundwater system may be stagnant or connate and has very little or no flow
component. Subpermafrost groundwater is held in a tightly confined condition within isolated horizontal
and vertical fractures. Age dating indicates that the groundwater in the subpermafrost system, at the site
of the age dating sample, has been isolated from the surface for approximately 20,000 years (WMCI
1999). It is believed that subpermafrost groundwater was primarily recharged in the distant past when the
permafrost layer was discontinuous or prior to permafrost formation. Current recharge is nonexistent or
very limited, with recharge possible only through infiltration in faults or fractures in areas where the
permafrost layer is missing, possibly below the stream channels. Discharge from the subpermafrost
groundwater system is also limited and localized, occurring primarily along stream courses and/or where
springs or seeps are observed.

The confined nature of the subpermafrost groundwater system has resulted in a condition where any
variation in surface loading is transmitted to the groundwater within the system, resulting in an
instantaneous and complete water level response to the surface load (WMCI 1999).

Springs and Seeps

A spring and seep survey was conducted in September 1996 (WMCI 1997) (Figure 3.14). The closest
springs and seeps found downstream of the mine occur on Ikalukrok Creek, approximately 5 miles
downgradient of the mine site. Only one of the springs is named, Jakes Seep; the other spring is simply
designated as Seep No.2. The flow of both seeps is milky-white in color. Jakes Seep has a sulfur smell,
and occasional bubbles are observed in the pool. Seep No.2 has white precipitate on the bottom, with
lesser amounts of rusty precipitates also occurring. The source of the seep water flow has not been
determined. A series of seeps with a strong sulfur smell occurs on the east side of the Wulik River, and
another spring occurs on Ferric Creek, a tributary of the Wulik River. Staining with white precipitate is
apparent along exposed rock faces in the area surrounding the Ferric Creek springs. There are also springs
in Anxiety Ridge and Buddy creeks. Increased winter flow in Bons and Buddy creeks and substantial
aufeis formation is probably related in part to seepage flow from the freshwater dam (ADF&G pers.
comm.).

Additional springs and seeps have been observed at locations upgradient from the mine. Mining related
impacts to springs and seeps were considered unlikely to affect these springs; therefore, these springs
have not been further inspected.
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3.6.2 Water Resources - Groundwater — Baseline Conditions

A long-term permafrost and groundwater monitoring program at the Red Dog Mine was instituted
following the Consent Decree between Cominco Alaska Incorporated (now Teck) and EPA, entered on
November 25, 1997 (U.S. v. Cominco Alaska Incorporated, Civil Action A97-267CV). A three-phase
hydrologic characterization was conducted by Water Management Consultants (WMCI 1997, 1999,
2001b), culminating in the “Long-Term Permafrost and Groundwater Monitoring Plan for the Tailing
Impoundment” (WMCI 2001a). Annual reports based on the Groundwater Monitoring Plan are presented
in Geomatrix (2003, 2004, 2005, and 2006). A five-year summary report presents the five-year analysis of
permafrost and groundwater data collected from 2002 to 2006 (Geomatrix 2007).

Shallow Groundwater

The shallow groundwater (active) zone has been impacted by mining activities in the project area.
Specifically, the shallow groundwater zone has been removed in the area of the Main Pit and has been
impacted in the overburden and waste rock dump areas. In the overburden stockpile, the level of the
permafrost has moved from the bottom upward into the stockpile, and the new shallow active layer
follows the topography of the stockpile. Thus, the shallow active zone is at a higher level than it was prior
to mining operations, thereby creating a shallow groundwater flow divide, which follows the top of the
overburden stockpile. This flow divide precludes water from the tailings impoundment from flowing
south into the Bons Creek drainage.

In the Main Pit area, subsurface thawed zones have increased in areal extent over time and are currently
occurring in the pit walls and local creek beds. This has resulted in increased shallow groundwater flow
within thawed zones near the Main Pit, as evidenced by increased seepage flows into the pit.

In the tailings and dam area, the shallow groundwater is collected by the seepage collection system. Water
levels consistently show an upward pressure gradient into the dam underdrain, which indicates that all
groundwater in the tailings area flows into the underdrain (Geomatrix 2007). However, the shallow
groundwater zone is localized in nature and is not a regional aquifer; thus, any impacts are localized and
restricted to the actual disturbed areas.

Permafrost Layer

Long-term warming of air temperatures, observed since the late 1990s, has resulted in overall warming of
the permafrost in the vicinity of the mine. These climatic conditions observed at Red Dog are consistent
with trends observed throughout the State of Alaska (Osterkamp, in press cited in Geomatrix 2007), and
are not the result of mine operations.

Additional warming (above the warming observed in surrounding permafrost areas and regionally in the
State of Alaska) has occurred underneath the tailings impoundment and dam. This additional warming has
been caused by the presence of relatively warm waters in the tailings impoundment. As a result of the
warm water, a zone approximately 400 feet (120 meters) wide where permafrost is completely absent has
developed underneath the tailings dam. Permafrost is also absent along the original streambed of the
South Fork Red Dog Creek along with an area along the dam, due to warm water flow through the dam
underdrain and subsequent melting of the permafrost layer. The area where permafrost is completely
absent increased in size and depth through 2000. Since 2000, no additional increases in the permafrost-
absent area have been observed, based on thermistor monitoring data collected by the mine (Geomatrix
2007).

In the overburden stockpile, permafrost started aggrading into the material in most areas after the
stockpile was created, while some warming (melting) of the permafrost has occurred as a result of
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exothermic chemical reactions within isolated areas of the stockpile. Since 2003, the warming trend in the
stockpile has generally abated.

Subpermafrost Groundwater

Seasonal water pressure fluctuations in subpermafrost groundwater are known to occur, and are thought
to be the result of shallow freezing and thawing, causing downward loading pressures, due to ice
development in shallow soils (Geomatrix 2007).

Water pressures, as measured in a piezometer underneath the tailings dam, increased with the surface
loading, which was produced by higher water levels on top of the tailings beach from 2002 to 2005. The
reduction of water loading after 2005, due to the development of a 300-foot beach in late 2005, has
resulted in decreased subpermafrost groundwater pressures. Lateral hydraulic gradients continue to show
a gradient toward the tailings dam. Therefore, if isolated local subpermafrost groundwater flow in this
area exists, flow would not be outward from the tailings impoundment; rather it would flow back toward
the dam. Vertical gradients between the shallow groundwater flow in the dam underdrain and the
subpermafrost groundwater system, in the area of the zone of absent permafrost underneath the dam, have
remained relatively stable. This evidence suggests that vertical flow into the subpermafrost system is
unlikely (Geomatrix 2007). Mining activities in the Main Pit have not yet extended down into the
subpermafrost groundwater zone.

The subpermafrost water level elevation, as measured in a piezometer installed in the Aggaluk Pit area,
has been measured since 1999 and has averaged approximately 891 feet (SRK 2007c¢). A single water
quality sample from subpermafrost groundwater was obtained from the site of the proposed Aqgaluk Pit.
The chemical analysis results indicate the sample contains elevated concentrations of sulfate, and high
concentrations of iron and zinc, which are the dominant cations, with a TDS level of 5,800 mg/L (SRK
2007c).

Springs and Seeps

The current water quality sampling program includes two seeps, Cub Creek Seep and Ikalukrok 207, both
located approximately 5 miles north (upgradient) of the mine site (see Figure 3.14). Cub Creek Seep has
been monitored since 2005 and Ikalukrok 207 since 2000. TDS values in both springs are below 300
mg/L. The iron concentration averages about 6 mg/L in Ikalukrok 207 and about 19 mg/L in Cub Creek
Seep. Zinc concentrations in Ikalukrok 207 average about 3 mg/L and in Cub Creek Seep about 8 mg/L
over the period of record.

3.6.3 Water Resources - Groundwater - Environmental Consequences

Groundwater movement in the project area is very restricted by the presence of permafrost and low
permeable shale beds. Movement becomes measurable only in the shallow active layer above the
permafrost zone in the summer, and in alluvial sediments under stream surfaces, where relatively warmer
stream water keeps permafrost from forming. The subpermafrost groundwater system is thought to be
stagnant with very little or no flow component based on the following observations:

e Groundwater in the fractured shale bedrock beneath the project area is confined by geologic faults
that restrict lateral groundwater flow between the pit area and the regional groundwater system;

o Results from isotope dating of the subpermafrost groundwater indicate an average age of
20,000 years;

e In pump testing, the subpermafrost groundwater exhibited little or no water level recovery,
indicating that no lateral or vertical flow is occurring within the zone influenced by the test; and

Supplemental Environmental Impact Statement 3-77



CHAPTER 3 AFFECTED ENVIRONMENT/ ENVIRONMENTAL CONSEQUENCES

e Pressure changes at the ground surface result in pressure changes in the subpermafrost
groundwater. The pressure changes in the subpermafrost groundwater are not dissipated, further
demonstrating that no active flow is occurring within the system.

3.6.3.1 Effects Common to All Alternatives

Under all alternatives, mining in the Main Pit would continue through 2011 (Alternative A) or 2012
(alternatives B, C, and D) to a depth of 400 feet below ground surface at Middle Fork Red Dog Creek, or
an elevation of 500 feet. In addition to permafrost lost to mining, additional subsurface thaw around the
exposed pit walls is expected. Increased subsurface thaw around the pit would cause increased shallow
groundwater flow into the pit. These flows would be collected in a sump and sent to the tailings
impoundment for treatment and discharge during active mining. Water-bearing taliks (unfrozen zones
within permafrost) would likely be encountered during mining. Groundwater flows from taliks would also
be collected in the pit sump and sent to the tailings impoundment. At full development, the pit would
extend below the current zone of permafrost, into the zone of subpermafrost groundwater. The bottom of
the permafrost in the pit area is estimated to be at an elevation of approximately 650 feet or 150 feet
above the bottom of the pit at full development (WMCI 1999). Subpermafrost groundwater
potentiometric surface levels currently range from 850 to 950 feet in the pit area (WMCI 2001a). During
mining, subpermafrost groundwater seepage into the pit would drain the interconnected fractures and
fault-blocks encountered. After these isolated fault blocked units drain, water from surrounding blocks
would begin to slowly drain across the lateral restrictions, because of increased hydraulic heads across the
faults. Like the shallow groundwater, subpermafrost groundwater would be collected in the pit sump and
also sent to the tailings impoundment. Current analyses estimate the subpermafrost groundwater inflow
into the mine pit would be approximately 50 gallons per minute (SRK 2007, Spreadsheet, Red Dog Load
Balance_EID Version_Tetratech.xlIs). However, limited information is available on actual groundwater
flow rates across these fractures and fault blocks. Fault blocks with higher interconnectedness, creating
large groundwater flows, might be encountered during mining.

Water collected and pumped from the pit during mining would be monitored, and if possible,
determinations of the volume of water contributed from the various sources (subsurface groundwater
versus spring seepage) would be estimated, to define the water balance and provide a better understanding
of the groundwater system. Additional monitoring during mining of the subpermafrost groundwater
potentiometric surface surrounding the pit is also recommended, to help determine the zone of influence
of pit dewatering. Spring and seep monitoring would continue.

The overburden stockpile straddles the topographic divide between the tailings impoundment over South
Fork Red Dog Creek and the Bons Creek drainage. The extent of the permafrost zone would continue to
increase within the stockpile over time, causing an increase in the elevation of the top of the permafrost,
until the shallow active layer is similar in depth to surrounding areas. Surface water would continue to
infiltrate into the shallow active layer to the top of the permafrost layer in the overburden stockpile area,
then flow either north or south, depending on the local gradient of the permafrost layer. Groundwater
flowing north from the stockpile would be captured by the tailings impoundment and groundwater
flowing south from the stockpile would be captured by the surface water collection system and returned to
the tailings impoundment. However, the shallow active layer flow would continue to be a minor
contributor of water to the surface water collection system (WMCI 1999).

Groundwater flow conditions at the Red Dog Mine are heavily influenced by the presence of permafrost.
Should global or local climate change occur to such an extent that the permafrost zone would be further
reduced or disappear from the mine site, the groundwater flow regime could change drastically.
Currently, low permeability shale with compartmentalized fractures exists in the permafrost-free area
below the tailings impoundment. A groundwater hydrology study for the tailings area (WMCI 1997,
1999, and 2001b; Geomatrix 2007) determined that the hydraulic regime in the tailings area is constrained
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by this low permeability shale, which minimize the impacts of the tailings impoundment on groundwater
regardless of the presence or absence of permafrost. Elsewhere in the area, permafrost itself acts as a
strongly confining layer separating the shallow active layer groundwater from the subpermafrost
groundwater. The distribution of permafrost includes portions of the low permeability shale beds outside
the tailings impoundment although the regional extent or continuity of the low permeability shale outside
the tailings area has not been confirmed. If the permafrost layer was reduced or eliminated and the low
permeability shale is discontinuous, it is possible that the shallow active layer groundwater and
subpermafrost groundwater zones would be hydraulically connected as one large regional aquifer.

Further changes in the active layer thickness and permafrost continuity could affect the relationship
between groundwater discharge and river base flow. In the areas that contain ice-rich permafrost and poor
drainage conditions, permafrost degradation leads to ground surface subsidence and ponding (*“wet
thermokarst”) (Romanovsky 2008). The ground would become over-saturated, with a water table near
ground surface. Permafrost degradation on well-drained portions of slopes and highlands could create a
form of “dry thermokarst” (Romanovsky 2008). The creation of “dry thermokarst” would further improve
the drainage conditions and lead to a lowering of the groundwater table.

If permafrost melts, and the above mentioned changes occur to the local hydrology in the project area,
mining activities would likely have much different and possibly greater impacts on groundwater. Some of
the possible effects of permafrost degradation on mining activity impacts are as follows:

e Seepage from the tailings dam may increase substantially if permafrost does not exist as a
confining layer;

e Groundwater may rise to a level where upwelling of groundwater into the tailings impoundment
may occur;

e Groundwater flow into the pits might increase substantially because the interconnectedness of
water-bearing fault blocks and fractures in the bedrock would be much greater without the
presence of permafrost; and

e Pit dewatering activities would impact larger areas surrounding the pit and cause a more
extensive drawdown cone, possibly influencing stream and spring flows in the project area.

Ultimately, however, estimating the exact impacts of a disappearing permafrost zone is extremely
difficult. Continued monitoring of the climate and permafrost zone as well as groundwater levels will
provide valuable data to resolve this uncertainty and better predict potential impacts. The addition of a
pump-back system and/or seepage collection system may be necessary for the tailings impoundment to
keep deep groundwater from mixing with tailings water. This type of activity would be governed under
ADEC’s waste management permit.

3.6.3.2 Effects of Alternative A — No Action Alternative

Under Alternative A, current mining activities that were evaluated in the 1984 EIS (EPA 1984) would
continue until 2011. Subsequent to the 1984 EIS, additional data collection and modeling were performed
to estimate impacts of the permitted mining activities on the groundwater, according to the Consent
Decree between Cominco Alaska Incorporated (how Teck) and EPA (U.S. v. Cominco Alaska
Incorporated, Civil Action A97-267CV). Several computer models were constructed to predict potential
mining related impacts to groundwater and permafrost. These models include a numerical seepage model
to predict seepage from the tailings dam to the subpermafrost groundwater (WMCI 1999); a permafrost
heat flow model to simulate warming of permafrost due to climatic warming and due to the relatively
warm water in the tailings dam (WMCI 1999); and a numerical groundwater model to simulate three-
dimensional flow among the tailings dam underdrain system, the shallow groundwater in the shallow
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active layer, and the subpermafrost groundwater zones (WMCI 2001a). The results of these models were
used to predict the effects of Alternative A.

Development of the Main Pit would continue until the year 2011, with the effects described in “Effects
Common to All Alternatives” (Section 3.6.1). After the end of active mining, subpermafrost groundwater
combined with runoff and seepage would flow into and fill the pit, thus creating a pit lake. The pit lake
water would be withdrawn seasonally from the Main Pit to maintain the 850 foot level and would be
treated before being discharged to Main Stem Red Dog Creek. As a result, the water level in the pit lake
would be maintained at an elevation of about 850 feet indefinitely.

Subpermafrost groundwater levels would be influenced by the pit lake water level. Modeling suggests
that groundwater would continue to flow into the pit at a rate of approximately 50 gallons per minute
(SRK, 2007, Spreadsheet, Red Dog Load Balance_EID Version_Tetratech.xlIs). At a maintained water
level of below 850 feet, the water level in the pit would be lower than the potentiometric surface of the
subpermafrost groundwater. Subpermafrost groundwater would continue to flow into the pit until the
subpermafrost groundwater in the localized area around the pit is drained to the level of the pit lake.
Water would also enter the pit from surface water runoff and spring seepage, and would cause the water
level in the pit to rise faster than the surrounding groundwater recovers. In response, some water would
flow from the pit into the surrounding subpermafrost groundwater system, filling up fractures and
structural features drained during mining. Ultimately, all groundwater would flow toward the pit. The
relatively warmer water present in the pit lake would also create a zone of melted permafrost around the
perimeter of the pit.

A shallow water cover would be maintained over the tailings following closure to prevent oxidation of the
tailings material. The permafrost-free zone in the tailings area has an approximate width of 400 feet (120
meters) near the tailings dam (WMCI 1999). The absent permafrost area would continue to increase in
size and depth over time. The maximum modeled zone of absent permafrost beneath the tailings
impoundment would have a width of approximately 1,000 feet at approximately 100 years after mining
ends (WMCI 1999). One hundred years after the end of mining, the upper 15 feet of the tailings material
column would have refrozen, and the zone of absent permafrost beneath the tailings impoundment would
slowly shrink in size (WMCI 1999). Modeling indicates that long-term seepage rates from the tailings
impoundment into the subpermafrost groundwater, where the permafrost layer is absent, would be about
0.07 gallons per minute per acre. All flows in the subpermafrost groundwater underneath the tailings
impoundment are predicted to be captured by the existing underdrain system and would continue to be
collected and pumped back to the tailings dam (WMCI 2001a). The seepage rate through the zone of
absent permafrost is small because of the presence of low permeability shales underneath the tailings
impoundment. Thus, even though the maximum width of the zone of absent permafrost would increase
from 400 feet to 1,000 feet, the total seepage would be small and would be captured by the existing
underdrain system without creating additional impacts on the groundwater system. Current extensive
monitoring of temperatures and water levels in the tailings area would be continued according to the
Long-Term Permafrost and Groundwater Monitoring Plan for the Tailing Impoundment (WMCI 2001a).

The long-term permafrost and groundwater monitoring plan is designed to monitor and predict certain
specific potential effects of the tailings impoundment on the groundwater and permafrost. Because of the
relationship between permafrost and the groundwater flow regime, the monitoring plan includes
monitoring of permafrost related parameters. The monitoring plan consists of the following:

e Quarterly monitoring of 15 key background and dam area thermistors to assess currently
observed trends in temperature changes in the permafrost;

e Quarterly monitoring of 10 key background and dam area piezometers to assess currently
observed water levels and gradients;
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e Ongoing data handling and management;
e Anannual data report to EPA; and

o A detailed assessment of subsurface trends and conditions every five years including an
evaluation of the requirement to update the thermal and numerical flow model (WMCI 2001a).
The last five-year permafrost and groundwater data analysis report was published in 2007
(Geomatrix 2007).

To address future changes caused by shifts in global and local climate, the monitoring plan should assess
the capability of the existing monitoring system to detect these types of changes in the local setting. If
necessary, the monitoring plan should be modified so changes in the relationship between permafrost and
groundwater behavior could be detected.

3.6.3.3 Effects of Alternative B - Applicant’s Proposed Action

Mining of the Aqgaluk Deposit would start in 2010 resulting in the creation of a new pit, the Aggaluk Pit.
The effects of mining the Main Pit are described under Alternative A. After the Main Deposit is mined
out (in about 2012 if the Aqgaluk Deposit is developed), waste rock removed from the Aggaluk Deposit
would be disposed of in the mined out Main Pit. Reclamation of the existing waste rock dump would
occur throughout the life of the operation and final closure would occur after mining of the Aqgaluk
Deposit was finished in 2031. Mining the Aqgaluk Deposit would result in additional impacts as
discussed below.

After mining in the Main Pit is completed in 2012 and backfilling in the pit starts, the water level in the
Main Pit would be allowed to rise, similar to Alternative A. However, with this alternative a pit lake
would not form, but a saturated waste rock zone would be created. Similar to the hydrology of the pit lake
under Alternative A, as the water level in the pit increases, some surface water and shallow groundwater
seepage would enter the pit and infiltrate into the backfill and flow back into the surrounding
subpermafrost groundwater system, filling up fractures and structural features that were drained during
mining. Ultimately, the backfilled pit would return to a temperature gradation similar to the non-mined
surrounding area, with an active, shallow freeze and thaw layer, a permafrost layer, and a subpermafrost
layer with temperatures above freezing. Contaminated water within the covered and backfilled Main Pit
would be allowed to collect at depth and would be transferred to the Aggaluk Pit. Monitoring permafrost
temperatures and the quality of the subpermafrost groundwater would be conducted to ensure that
contaminated water had not moved from the waste rock zone through the permafrost into the
subpermafrost groundwater. Water collected within the backfilled pit and background water would be
monitored for water quality.

It is expected that the effects of mining the Aggaluk Pit on permafrost and groundwater conditions would
be similar to those of the Main Pit, described in Alternative A. The shallow active layer with shallow
groundwater in the proposed Aqqgaluk Pit area is relatively thin (generally less than 10 feet); thus there is
currently no major shallow groundwater flow system in the vicinity of the Aggaluk Pit. The shallow
active layer would be removed during mining as the pit expands. Increased subsurface thaw outside and
around the pit, as is currently being observed around the Main Pit, would occur and would result in
increased shallow groundwater flow into the Aggaluk Pit. This increased flow from the shallow active
layer surrounding the pit would be collected in a mine pit sump and sent to the tailings impoundment for
treatment and discharge. The volume of water pumped from the pit during mining would be monitored
and, if possible, determination of the volume of water contributed from the various sources (subsurface
groundwater versus spring seepage) would be estimated and/or measured to better define the mine’s water
balance and to provide a better understanding of the groundwater system. Additional monitoring of the
subpermafrost groundwater potentiometric surface surrounding the Aqgaluk Pit is also recommended, to
determine the extent of the zone of influence of pit dewatering.
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As with Alternative A, permafrost would be lost because of mining. Additional thawing of the permafrost
would occur locally around the Aggaluk Pit area and exposed pit walls, with a thaw zone developing
around the exposed pit walls. Water-bearing taliks would likely be encountered in the permafrost zone.
All groundwater flows from taliks and additional thawing would be collected in the mine pit sumps and
sent to the tailings impoundment.

Subpermafrost groundwater would enter the Aqgaluk Pit after advancing below the permafrost zone,
sometime between the years 2015 and 2020. The Aqgaluk Pit would be mined to a minimum elevation of
425 feet. The bottom of the permafrost zone is at an elevation of approximately 650 feet. The
potentiometric groundwater level of subpermafrost groundwater in the Aggaluk Pit area is at an elevation
of approximately 890 feet. Any water entering the Aqgaluk Pit would be collected in the mine pit sumps
along with surface runoff and sent to the tailings impoundment, where it would be treated prior to
discharge. The current conceptual model of the subpermafrost groundwater system throughout the Red
Dog area suggests that groundwater is isolated to faults and fractures within the bedrock, and flow into
the proposed Aqggaluk Pit would represent drainage of an isolated set of fractures in the bedrock located
near the pit. The amount of subpermafrost groundwater flowing into the Aqgaluk Pit during mining is,
therefore, expected to be minimal and similar to the Main Pit, around 50 gallons per minute (SRK, 2007,
Spreadsheet, Red Dog Load Balance_EID Version_Tetratech.xls). This water is expected to have elevated
TDS and metals concentrations, as measured in the sample taken from a borehole in the Aqgaluk Deposit.

After closure of the Aggaluk Pit in 2031, a pit lake would be allowed to form. Surface water and
groundwater would enter the pit following the cessation of mining activities. Fault blocks within the
subpermafrost groundwater system that were drained during mining would slowly be recharged from
water entering the pit and from inflows from surrounding fault blocks. As the water level in the pit
increases, some water would flow back into the surrounding subpermafrost groundwater system, filling
up fractures and structural features that were drained during mining. Given that the subpermafrost
groundwater system is locally isolated and bounded by faults, it is unlikely that appreciable groundwater
flow would occur away from the vicinity of the pit (water would not continue to flow out of the pit once
near-pit fractures and pore space have been filled). Over the long term, the water levels in the Aqgaluk Pit
would be maintained at lower levels than the surrounding groundwater levels, creating a cone of
depression in the groundwater system, caused by pumping water to the water treatment plant and
subsequent discharge to Red Dog Creek. The Aqgaluk Pit lake would be maintained at a maximum
elevation well below the spill-over point to Red Dog Creek. The cone of depression created by the lower
water elevation in the Aqgaluk Pit would ensure that both the shallow and subpermafrost groundwater
flowing near the pit would flow into the pit, rather than outward from the pit.

Long-term water storage in the proposed Aqgaluk Pit would represent a thermal source that would likely
increase the thaw zones around the pit. After some time, a new thermal equilibrium would form in the pit
area.

Tailings would be deposited into the existing tailings impoundment. The tailings dam would need to be
raised to accommodate the additional tailings. The tailings dam is currently being raised to an elevation of
970 feet, and would ultimately need to be raised to an elevation of 986 feet. The additional tailings
deposition could cause an increase in the permafrost absent zone below the tailings. The additional
volume of solid tailings would likely act as a temperature buffer between the warmer water in the tailings
impoundment and the ground underneath. However, warming in the ground would likely occur because of
the additional time period warmer tailings would be added to the impoundment, and the additional time
period warmer water would flow through the underdrain system. Numeric modeling on the reduction of
the permafrost zone under the tailings impoundment was not performed for Alternative B. Given the
opposing effects of additional tailings solids acting as a buffer versus the additional time and volume of
warmer water in the tailings impoundment, it is estimated that the impacts on permafrost would not be
substantially different for Alternative B compared to Alternative A. Current extensive monitoring of
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temperatures and water levels in the tailings area would be continued according to the Long-Term
Permafrost and Groundwater Monitoring Plan for the Tailing Impoundment (WMCI 2001a).

Reclamation of the waste rock dump would occur throughout the life of the operation and final closure
would occur after mining of the Aqgaluk Deposit was finished in 2031. Post-closure water management
and treatment would continue over the long term. Contaminated seepage from the tailings dams and the
backfilled Main Pit would be intercepted and transferred to the Aggaluk Pit for seasonal storage then
treated and discharged to maintain a pit lake elevation of 850 feet.

3.6.3.4 Effects of Alternative C — Concentrate and Wastewater Pipelines

Impacts to groundwater resources during the active mining period for Alternative C would be the same as
Alternative B. The waste rock dump would be temporarily reclaimed throughout the life of the operation.
Beginning in 2031, the waste rock dump would be regraded to a 5:1 slope with excess material moved
back into the Agqgaluk Pit beginning in 2031. Tailings would continue to be placed in the existing tailings
impoundment. As with Alternative B, the dam elevation for the tailings impoundment would be raised to
account for the increased volume of tailings and water. At the time of post-mining reclamation, the water
in the tailings impoundment would be minimized and a dry cover placed over the tailings. Permafrost
could be restored more quickly under the tailings impoundment than in alternatives A, B, and D.

Similar to the Main Pit under Alternative B, after the mining of the Aggaluk Pit is complete and
backfilling in the pit starts, the water level in the pit would be allowed to rise. Ultimately, the backfilled
pit would also return to a temperature gradation similar to the surrounding non-mined area, with an active,
shallow layer, a permafrost layer, and a subpermafrost layer. Contaminated water within the Aggaluk Pit
would be allowed to collect at depth, and would be transferred to a water treatment plant. Monitoring the
permafrost layer temperatures and the subpermafrost groundwater would be conducted to ensure that
contaminated water had not moved through the waste rock zone into the subpermafrost groundwater
system.

After covering the tailings, the underdrain system would remain operational. If contaminated water from
the tailings impoundment continues to be collected in the underdrain system, it may have to be operated
indefinitely. Contaminated water from the underdrain would be transferred to the Aqgaluk Pit and
ultimately treated and discharged.

Current extensive monitoring of temperatures and water levels in the tailings area would be continued
according to the Long-Term Permafrost and Groundwater Monitoring Plan for the Tailing Impoundment
(WMCI 2001a) as with Alternative A.

3.6.3.5 Effects of Alternative D — Wastewater Pipeline and Additional Measures

The effects of Alternative D with respect to groundwater resources would be the same as Alternative B.

3.6.4 Water Resources - Groundwater - Summary

Under the four alternatives, mining in the Main Pit would continue to a depth of 400 feet below ground
surface at the Middle Fork Red Dog Creek or an elevation of 500 feet. In addition to permafrost lost to
mining, additional subsurface thaw around the exposed pit walls is expected. Alternatives B, C, and D all
result in additional permafrost loss between 2012 and 2031 through development of the Aqgaluk Pit.
Post-closure, Alternative C is the alternative most likely to restore permafrost under the tailings to the
pre-mining condition. Alternatives B and D would restore permafrost in the Main Pit and maintain a lake
in the Agqgaluk Pit. Overall, the affects on groundwater under all alternatives would be limited and very
localized. Climate change complicates the prediction of long-term impacts and monitoring needs to
continue in order to predict impacts and make adaptations to the water management systems if needed.
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3.7 Vegetation

This section describes vegetation resources within the vicinity of the mining operation beginning with the
pre-mining environment, the current baseline conditions that include the construction and operation of the
mine/DMTS, and the effects of each alternative under consideration. Concerns raised during public
scoping include the effects of fugitive dust on vegetation and the need to use native species during
reclamation.

3.7.1 Vegetation - Pre-mining Environment

Pre-mining descriptions of vegetation follow the Viereck et al. (1981) classification system. Prior to the
mine’s development, vegetation communities at the mine site and along the DMTS road ranged from
xerophytic upland mat/cushion tundra to wet lowland sedge-grass marsh (Dames & Moore 1983a). The
dominant vegetation types present consist of sedge-grass tundra and dwarf shrubs. Tussock tundra and
low shrub communities form the dominant vegetation along the DMTS road (EPA 1984). Tall shrubs are
present in the many drainages across the region.

Shrublands

Tall shrub vegetation types are defined as shrub communities greater than 5 feet (1.5 meters) tall. Both
open and closed tall shrub communities occur within the project area. Closed (more than 75 percent foliar
cover) tall shrub communities occur in relatively few locations, primarily as riparian or snowbank
vegetation along streams. This vegetation type is dominated by grayleaf willow (Salix glauca) with a
sweet coltsfoot (Petasites frigidus) understory component. Open (25 to 75 percent foliar cover) tall shrub
communities are more abundant and more variable in species composition than closed tall shrub
communities. This vegetation type consists of diamondleaf willow (S. planifolia), feltleaf willow (S.
alaxensis), and bluejoint (Calamagrostis canadensis), and typically occurs along stream banks.

Low shrub (8 inches to 5 feet [0.2 to 1.5 meters] tall) communities are abundant in the project area and
include tundra as well as closed and open low shrub types. Four-angled cassiope (Cassiope tetragona),
crowberry (Empetrum nigrum ssp. hermaphroditum), and bog blueberry (Vaccinium uliginosum)
dominate low shrub tundra communities. Other woody plants such as dwarf arctic birch (Betula nana) and
various willow species are also present. Low shrub tundra vegetation is quite common on the upland
rolling hills, where it forms a complex with cottongrass (Eriophorum spp.) and tussock tundra. Closed
low shrub communities occur sporadically along the DMTS road; however, they occur more often near
the coast. Dominant species in closed low shrub communities include dwarf arctic birch, diamondleaf
willow, bog blueberry and narrow-leaf Labrador tea (Rhododendron subarticum). Open low shrub
communities are common on upland rolling hills and riparian areas along the DMTS road. This vegetation
type consists primarily of an assemblage of willow and heath species including dwarf arctic birch, bog
blueberry, moss and herbaceous species.

Dwarf shrub (mat and cushion) tundra communities are associated with upland ridges located above 800
feet (244 meters) above sea level in the DeLong Mountains. This vegetation type consists of
mountain-avens (Dryas integrifolia) in association with a variety of willow, heath, and lichens; the exact
species composition varies depending on the moisture content of the soil.

Herbaceous

Tall grass (greater than 3 feet [1 meter] tall) communities occur along the coastal dune region. This
vegetation type is dominated by lyme grass (Elymus arenarius ssp. mollis) in association with beach pea
(Lathyrus maritimus ssp. pubescens).
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Tussock tundra is the most abundant vegetation type along the DMTS road. Cottongrass, in association
with various sedges, bog blueberry, narrow-leaf Labrador tea, dwarf arctic birch, and Sphagnum species
dominate this vegetation type.

Sedge-grass communities within the project area consist of marsh, wet or bog meadow, and tundra types.
Sedge-grass marsh communities typically occur near lakes or within areas containing at least 6 inches
(15 centimeters) of surface water. This vegetation type is composed of pendant grass (Arctophila fulva) or
water sedge (Carex aquatilis) in association with mare’s tail (Hippuris vulgaris). Sedge-grass wet meadow
communities are similar to sedge-grass marsh communities, except that they occur in infilled lake basins
having less than 6 inches (15 centimeters) of surface water. Sedge-grass bog meadow communities differ
from wet meadow communities in that they only occur in poorly drained lake basins containing peat soils
that were at least 1 foot (30 centimeters) deep. Both wet and bog meadow communities are dominated by
Carex species, cottongrass, bog blueberry, narrow-leaf Labrador tea, and Sphagnum species. Sedge-grass
tundra communities have less than 1 foot (30 centimeters) of peat and no surface water. Soils are poorly
drained; however, inundation occurs for only a small part of the growing season. This vegetation type
consists of cottongrass, various species of Carex, willows and moss spec