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AMEC Environment & Infrastructure, Inc. Draft Final EE/CA — Kennedy Creek Mining Complex

EXECUTIVE SUMMARY

AMEC Environment and Infrastructure, Inc. (AMEC) prepared this Engineering Evaluation and Cost Analysis
(EE/CA) for the Kennedy Creek mining complex on behalf of Trout Unlimited (TU) and the U.S.
Department of Agriculture Forest Service (USDA-FS). The mining complex is located in the Lolo National
Forest near Huson in Missoula County, Montana. This report presents the results of an engineering
evaluation and cost analysis of alternatives for response and reclamation work proposed to address mine
waste and an adit discharge at the Nugget and Lost Cabin mines within the complex.

The Kennedy Creek mining complex includes three abandoned mine sites: the Hauttula prospect, Lost
Cabin mine, and Nugget mine. The three lode claims in the mining complex reportedly operated
intermittently from the 1930’s until the 1970’s and targeted lead-zinc ore in the Prichard Formation. By
1996, all mining claims in the complex had been abandoned. The USDA-FS is considering a “non-time
critical removal action” to reduce or eliminate potential human health and environmental risks associated
with waste rock at the Lost Cabin and Nugget mines and an adit discharge at the Nugget mine. The
Hauttula prospect is not included in this EE/CA because the relatively small volume of waste rock at the
mine (approximately 390 cubic yards) does not contain metals concentrations above cleanup goals and is
largely covered by vegetation that naturally re-established following the cessation of mining activities.

Approximately 1,830 and 3,800 cubic yards of waste rock are present at the Lost Cabin and Nugget mines,
respectively. Waste rock is in direct contact with Kennedy Creek at both mines, and mine waste was
observed to be actively eroding into the creek at the Nugget mine. The waste rock is variable in color and
has a silty gravel to coarse gravel texture. The maximum depth of the waste rock is approximately 5.5 and
7.0 feet at the Lost Cabin and Nugget mines, respectively.

Concentrations of metals in surface water, waste rock, and sediment at the mine sites were initially
compared to screening levels to identify constituents of potential concern (COPCs) at the mining complex.
The screening levels were selected for the complex during a Preliminary Assessment and Site Investigation
(PA/SI) completed in 2010, and include risk-based guidelines for recreational users of abandoned mine sites
(Tetra Tech 1996), Montana chronic aquatic life standards for surface water (MDEQ 2010a), and screening
concentrations for sediment developed by the National Oceanic and Atmospheric Administration (NOAA
2008). Risk-based cleanup levels were then selected for the COPCs in surface water, waste rock, and
sediment at the mining complex based on a review of applicable or relevant and appropriate requirements
that include state and federal regulatory requirements. Finally, detected metals concentrations in surface
water, sediment, and waste rock were compared to cleanup levels to define the nature and extent of
impacts resulting from historic mining practices.

Wiaste rock at the Lost Cabin and Nugget mines exhibits concentrations of lead and arsenic above cleanup
levels for the project. Copper and zinc are also present at concentrations more than 10 times background
levels in the waste rock, but below cleanup levels. The average concentrations of arsenic and lead in the
waste rock at the mines are 80.4 and 3,072 mg/kg, respectively.

Lead present in the waste rock is mobile in the environment, as indicated by the leachable concentrations of
lead detected in waste rock samples analyzed using the synthetic precipitation leaching procedure (SPLP). In
addition, concentrations of copper, lead, and zinc have been detected in Kennedy Creek above Montana’s
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chronic aquatic life standards downstream of the Lost Cabin and Nugget mines. Concentrations of these
metals detected downstream of the mines are substantially higher than concentrations detected in the creek
upstream of the mines.

The highest concentrations of copper, lead, and zinc in surface water samples from the mining complex
have been detected in an adit discharge and settling pond at the Nugget mine. The adit opening is largely
blocked by a rubble pile that appears to be the result of colluvium sloughing from the adjacent hill slope.
Water from the adit expresses approximately 30 feet down slope from the adit opening and flows into a
settling pond constructed in mine waste. The settling pond discharges seasonally to Kennedy Creek. The
pH of the adit discharge is circum neutral, potentially due to buffering provided by carbonate-rich bedrock
and glacial deposits present in the area.

Copper and lead have also been detected in streambed sediment in Kennedy Creek downstream of the
Lost Cabin mine at concentrations above cleanup goals. In addition, copper and zinc have been detected in
streambed sediment downstream of Nugget mine above cleanup goals. Concentrations of these metals
were notably lower in sediment samples collected from Kennedy Creek upstream of the two mines. These
findings suggest that waste rock at the mines has eroded into Kennedy Creek resulting in elevated metals
concentrations in streambed sediment.

A streamlined risk evaluation of the Lost Cabin and Nugget mines indicates that concentrations of metals in
mine waste and surface water at the mines pose unacceptable risks to human and ecological receptors.
COPCs at the mines include arsenic, copper, lead, and zinc. Exposure pathways for human and ecological
receptors include direct contact, ingestion, and inhalation of COPCs. Human populations that may be
exposed to mine waste and metals-impacted water are primarily recreational users of USDA-FS land,
including hunters and hikers. Ecological populations that may be exposed to mine waste and metals-
impacted water are primarily fish and other aquatic life.

The USDA-FS may initiate a response action under the non-time critical removal action process to prevent,
minimize, stabilize, mitigate, or eliminate the release or threat of release of a hazardous substance if the
agency determines there is a threat to public health, welfare, or the environment. Impacts to surface water
in Kennedy Creek are occurring due to the mobilization of contaminants from waste rock at the Lost Cabin
and Nugget mines and the adit discharge at the Nugget mine. In addition, metals are present in waste rock
at the mines that exceed cleanup levels for the project.

Proposed removal action objectives (RAOs) for the mining complex include the following:

e Reduce or eliminate safety and health hazards to recreational users of Forest Service lands;

e Improve water quality, stream function, and aquatic life and fisheries habitat in Kennedy Creek
and in an unnamed tributary immediately downstream of the Lost Cabin mine;

¢ Reduce or eliminate sources of metals impacts to surface water and sediment; and

e Maximize use of native vegetation and soils to the extent practical for revegetation and
reclamation efforts.

Response action alternatives to address human health and environmental risks associated with waste rock
at the Lost Cabin and Nugget mines and the adit discharge at the Nugget mine were developed for further
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evaluation. Two mine waste and four adit discharge response action alternatives were developed
incorporating technologies retained from an initial screening of potentially applicable technologies. In
addition, a no action alternative was evaluated to provide a baseline for comparative purposes. The
alternatives were developed such that each alternative offered a distinct benefit over another alternative or
relied on a different approach to meet RAOs. A brief description of each alternative follows.

e No Action Alternative NA-I: The Lost Cabin and Nugget mines would be left in their
existing conditions under this alternative and no action would be taken to control contaminant
migration, or reduce the toxicity and volumes of waste. Risks to human health and the
environment would remain unchanged.

e Mine Waste Alternative MW-I: On-site Disposal with Simple Soil Cover. Waste rock
at the Lost Cabin and Nugget mines containing metals concentrations above cleanup goals
would be excavated and removed for disposal in an on-site repository constructed with a simple
soil cover using materials salvaged from the repository site. Approximately |,780-cubic yards of
waste rock containing metals concentrations below cleanup levels would remain on-site at the
Nugget mine. The excavation area would be backfilled and graded to match surrounding areas
undisturbed by mining activities. Topsoil salvaged from the repository area would be spread
over the backfilled excavations at the mine sites. Disturbed areas at the mines and repository
site would be revegetated in accordance with USDA-FS guidelines. Portions of Kennedy Creek
and an unnamed tributary downstream of the Lost Cabin mine affected by the removal action
would be reconstructed.

e Mine Waste Alternative MW-2: On-Site Disposal with Composite Cover. This
alternative includes all the components of Alternative MW-I, with one exception. The on-site
repository would be constructed with a composite cover system that includes a low
permeability geomembrane component to reduce infiltration of meteoric water into the waste
rock in the repository instead of a simple soil cover. A drainage layer (gravel or geocomposite)
would be installed over the gecomembrane layer to direct water that infiltrates through the top
layers of the cover system off the gecomembrane and away from the repository.

e Adit Discharge Alternative AD-I: Infiltration. Under this alternative, a collection
structure would be installed in the adit portal to capture the adit discharge and direct it to a
subsurface infiltration gallery.

e Adit Discharge Alternative AD-2: Bioreactors and Infiltration. A series of on-site,
passive sulfate reducing bioreactors would be used to reduce metals concentrations in the adit
discharge. The bioreactor cells would be constructed below grade to protect them against
freezing conditions and allow year-round operation. The treated effluent would be directed to a
subsurface infiltration gallery.

e Adit Discharge Alternative AD-3: Chemical Adsorption/lon Exchange and Infiltration. The
adit discharge would be treated with the ion exchange media Apatite Il in a series of subsurface
reactors cells. The treated effluent would be directed to a subsurface infiltration gallery.

e Adit Discharge Alternative AD-4: Constructed Wetlands and Infiltration. Under this
alternative, metals concentrations in the adit discharge would be reduced using free water
surface constructed wetlands. The wetlands would consist of a deep pool forebay to diffuse
flow from the adit discharge and attenuate storm water/adit discharge surges. A series of
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shallow wetland areas would be constructed downstream of the forebay. Effluent from the
constructed wetlands would be piped from an outlet structure to a subsurface infiltration

gallery.

Alternative MW-I, excavation of mine waste and placement in an on-site repository constructed with a
simple soil cover, is the preferred response action to address mine waste at the Lost Cabin and Nugget
mines. This alternative was selected as the preferred response action because it provides a significant
reduction in risks to human health and the environment at a lower associated cost than Alternative MWV-2.
The estimated cost for Alternative MW-1 is $394,000.

The simple soil cover would allow a greater volume of precipitation to infiltrate through the waste rock in
the repository than the composite cover system evaluated in Alternative MW-2. However, leachate from
the repository is unlikely to impact Kennedy Creek due to the distance of the repository from the creek
(approximately 700 feet). In addition, future use of groundwater in the vicinity of the repository is unlikely
because it is located on land administered by the USDA-FS. Therefore, the higher infiltration rates of the
simple soil repository cover do not appear to present a significant increase in risks to human and ecological
receptors. The simple soil cover is a practicable removal action to abate immediate known threats to
multiple receptors on the mine sites and in Kennedy Creek. Removal actions, such as those under
consideration in this EE/CA, must be protective of human health and the environment. However, removal
actions are not expected or required to attain all applicable or relevant and appropriate requirements (such
as Montana groundwater standards).

Alternative MW-1 would permanently remove the source of impacts to Kennedy Creek at the Lost Cabin
mine and significantly reduce the contaminant load discharged to the creek at the Nugget mine. The
response action does not address the adit discharge at the Nugget mine, which would continue to discharge
to Kennedy Creek until addressed through implementation of an additional response action. No long-term
monitoring or maintenance would be required once vegetation is fully established at the repository site and
areas disturbed by excavation activities at the mine sites.

Infiltration (Alternative AD-1) is the preferred response action for the adit discharge at the Nugget mine.
This alternative was selected as the preferred response action because it would result in a significant
reduction of risks to human and ecological receptors. Alternative AD-| would prevent direct contact and
ingestion of the adit discharge by capturing the adit flows for infiltration into the subsurface. Although the
other alternatives evaluated would provide additional treatment and reductions in contaminant
concentrations, they would include long-term operation and maintenance requirements (Alternatives AD-2
and AD-3) or pose higher risks to potential receptors because the adit water would continue to be
accessible at the surface (Alternative AD-4). The estimated cost of Alternative AD-1, $87,000, is also the
lowest of all four response actions evaluated for the adit discharge at the Nugget mine.
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1.0 INTRODUCTION

AMEC Environment and Infrastructure, Inc. (AMEC) prepared this draft Engineering Evaluation and Cost
Analysis (EE/CA) for the Kennedy Creek mining complex located in the Lolo National Forest near Huson in
Missoula County, Montana (Figure 1). This report presents an engineering evaluation and costs analysis of
alternatives for response and reclamation work proposed to address mine waste at the Nugget and Lost
Cabin Mines within the complex, and an adit discharge at the Nugget mine.

1. Background

The Kennedy Creek mining complex includes three abandoned mine sites: the Hauttula prospect, Lost
Cabin mine, and Nugget mine. The mines targeted lead-zinc ore in the Prichard Formation. The ore is
associated with quartz veins that also contain gold and copper. No milling operations were conducted in
the mining complex.  The three lode claims in the mining complex actively operated during various times
from the 1930’s until the 1970’s. By 1996, all mining claims in the complex had been abandoned. Since
1996, parties have pursued formal mining rights to the area, but no earthwork or maintenance has
occurred.

Pioneer Technical Services (Pioneer) completed hazardous materials inventories of the three mine sites in
1993 on behalf of the Montana Department of State Lands. This program is now administered by the
Montana Department of Environmental Quality (MDEQ) Mine Waste Cleanup Bureau. The work included
the collection of waste rock samples from the three mine sites (Pioneer 1993). Pioneer also collected
streambed sediment and surface water samples from Kennedy Creek at the Lost Cabin and Nugget mines.
In addition, a surface water sample was collected from an adit discharge at the Nugget mine. All samples
were submitted to an off-site laboratory for analysis of metals. The inventories were completed to
characterize environmental impacts at the mining complex and rank them relative to 273 other abandoned
or inactive hard rock mine sites that were also inventoried. Nugget and Lost Cabin mines are ranked 75%
and 57%, respectively, on the current MDEQ list of abandoned mines prioritized for potential cleanup
actions (MDEQ 2010b).

AMEC completed a Preliminary Assessment and Site Investigation (PA/SI) of the three mines in 2010 on
behalf of Trout Unlimited (TU) and the U.S. Department of Agriculture Forest Service (USDA-FS). The
purpose of the PA/S| was to evaluate the nature and extent of impacts to land and surface water resulting
from historic mining practices. AMEC estimated the volumes of waste rock present at each mine,
determined the extent of mine-disturbed land, and evaluated the concentrations of metals in soil, surface
water, and streambed sediment within the Kennedy Creek mining complex and immediate vicinity. The
results of the investigation are presented in a Preliminary Assessment/Site Investigation Report (AMEC
201 1a).

Screening levels were selected for metals concentrations in surface water, sediment, and waste rock at the
mining complex during the PA/SI. Screening levels include risk-based guidelines for recreational users of
abandoned mine sites (Tetra Tech 1996), Montana chronic aquatic life standards for surface water (MDEQ
2010a), and screening concentrations for sediment developed by the National Oceanic and Atmospheric
Administration (NOAA 2008). Refer to Section 4.2 for a detailed discussion of the screening levels for
the mine complex.
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The results of the 1993 and 2010 investigations completed by Pioneer and AMEC indicate that waste rock
at the Lost Cabin and Nugget mines contains elevated concentrations of arsenic and lead (above screening
levels). In addition, surface water and streambed sediment samples collected downstream of the Lost Cabin
and Nugget mines exceeded screening levels for several metals, including copper, lead, and zinc. Waste
rock is in direct contact with Kennedy Creek at both mine sites and is actively eroding into the creek at the
Nugget mine. Metals concentrations in waste rock at the Hauttula prospect were below screening levels.
Surface water and sediment samples collected from Kennedy Creek downstream of the Hauttula prospect
did not contain metals above screening levels.  Additional information about previous assessments
completed at the mining complex is provided in Section 3.0.

The results of additional investigation activities conducted in 2011 to further define site conditions and
provide additional data necessary for the completion of this EE/CA are also described in Section 3.0.
These activities included:

e The removal of the adit portal structure to allow adit discharge flow measurements to be taken;

¢ An inspection of the adit interior (conducted from outside the adit opening) to assess conditions
inside the adit; and

* An inspection of a potential repository site for the disposal of mine waste from the Lost Cabin and
Nugget mines.

1.2 Purpose and Objectives

This EE/CA was developed following the “non-time critical removal action” process outlined in the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as amended, and the
updated National Hazardous Substances Pollution Contingency Plan (NCP). A non-time critical removal
action is implemented by the lead agency (the USDA-FS in this instance) to provide “the cleanup or removal
of released hazardous substances from the environment... as may be necessary to prevent, minimize, or
mitigate damage to the public health or welfare or to the environment...” (U.S. Environmental Protection
Agency [EPA] 1993). Following EPA’s Guidance on Conducting Non-Time Critical Removal Actions under
CERCLA (EPA 1993), the EE/CA provides the logic, process, and cost estimate to develop and evaluate
potential response action alternatives that may be used to address mining wastes.

The objective of this EE/CA is to develop and evaluate potential response action alternatives to reduce or
eliminate potential human health and environmental risks associated with waste rock at the Nugget and
Lost Cabin mine sites in the Kennedy Creek mining complex and an adit discharge at the Nugget mine. The
EE/CA identifies the preferred alternative that best satisfies the criteria and removal action objectives used
to evaluate the potential response action alternatives. A third mine in the complex, the Hauttula prospect,
is not included in this EE/CA based on the results of the PA/SI (AMEC 2010). The relatively small volume of
waste rock identified at the Hauttula prospect during the PA/SI (approximately 390 cubic yards) contained
metals concentrations below cleanup levels, and was largely covered by natural vegetation.

1.3 Report Organization

Following this introduction, this EE/CA is organized into the following sections:
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e Section 2.0 provides a brief description of the mine sites.

e Section 3.0 summarizes the key findings of previous assessments of the mining complex,
including the 2010 PA/SI (AMEC 2010), as well as the results of field activities conducted in
2011.

e Section 4.0 presents a streamlined evaluation of potential risks to human health and the
environment resulting from historic mining activities.

e Section 5.0 describes the scope, goals, and response action objectives for the mining complex.

e Section 6.0 identifies potential remedial technologies, presents an initial screening of those
technologies, and describes the potential response action alternatives developed for further
evaluation for the mining complex.

e Section 7.0 summarizes the criteria used to evaluate the alternatives and provides a detailed
analysis of each alternative using those criteria.

e Section 8.0 presents a comparative analysis of the anticipated performance and costs of the
alternatives and identifies the preferred alternative for the mining complex based on that
analysis.

e Section 9.0 presents the references cited in the text.

Figures and tables follow the text of the report. Appendices containing supporting information follow
Section 9.0.

2.0 SITELOCATION AND DESCRIPTION

The Kennedy Creek mining complex is located in Missoula County, approximately [0 miles north-
northwest of Huson, Montana. The mining complex is located in the Lolo National Forest in the Kennedy
Creek drainage (Figure ). Additional information about the mining complex, including the geology,
hydrology, climate, and vegetation of the site and surrounding area is provided in the following subsections.

2.1 Site Location and Description

The Kennedy Creek watershed was reportedly one of the most heavily mined watersheds in the Ninemile
valley (TU 2011). The Kennedy Creek mining complex is comprised of three lode claim mines, which
reportedly operated from the 1930’s the 1970’s on or adjacent to upper Kennedy Creek. As previously
discussed, the Hauttula prospect is not included in this EE/CA based on the results of the 2010 PA/SI.
Descriptions of the Lost Cabin and Nugget Mines follow:

e The Lost Cabin mine is located on Kennedy Creek approximately 4-miles upstream of the
confluence with Ninemile Creek. The mine includes six unpatented mining claims at which
several adits of unknown length were developed.

e The Nugget mine is located approximately 500 feet downstream of the Lost Cabin mine. The
mine includes 18 mining claims. When operational, it was the largest of the three mines. Two
collapsed and one open adit are present at the mine. The open adit discharges water to a
settling pond constructed in mine waste. The length of underground mine workings leading to
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the Nugget mine portal have been estimated to be between [,100 and 1,200 feet (Hargrave et
al. 2003).

The Lost Cabin and Nugget mines are located in Township 16 North, Range 23 West, Section |3 (Figure
2). As shown in Figure 2, a roadway slump is present downstream of the mining complex. This slump
prevents access by typical excavation equipment or highway vehicles. The abandoned roadway upstream of
the slump is easily passable on foot until the upstream edge of the Lost Cabin mine. Upstream of the Lost
Cabin mine, dense vegetation and small gullies eroded into the abandoned roadway make travel more
difficult.

2.2 Geology

The historic lode claims in the Kennedy Creek drainage are located in the Proterozoic-aged Prichard
Formation of the Belt Supergroup. Metasediments of the Prichard Formation consist of interlaminated
siltite, laminated carbon-rich argillite, iron sulfides and minor quartzite. Bedrock in the Kennedy Creek
drainage strikes northwest and dips from 45 to 50 degrees to the northeast (Lonn et al. 2007).
Mineralization of metals is likely controlled by intersecting northwest- and northeast-trending faults
associated with the Ninemile Fault to the southwest. The host rock is bluish to dark gray massive argillite
that weathers to a reddish buff. The ore type was localized along northwest-striking quartz veins that
included gold, copper, lead, and zinc. Gold-bearing placers lining the Kennedy Creek valley floor were likely
sourced from these lode deposits, as suggested by the presence of pyrite, galena, and flat pieces of gold
(Lonn et al. 2007).

Assays of the ore removed from the Lost Cabin Mine indicate that zinc concentrations increase to the
southwest in the bedrock underlying the Kennedy Creek drainage (MDEQ 2009). No assays were
reported from the Nugget Mine; however, ore removed from this claim was primarily zinc-lead.
Downstream of the Nugget Mine, elevated concentrations of lead, copper and zinc suggest natural leaching
of sulfide deposits. Additional hydrothermic alteration of bedrock is also suggested by the presence of
sulfide minerals including chalcopyrite, sphalerite, galena and pyrite in local quartz-filled fractures in and
around the Kennedy Creek mine adits. No milling operations were conducted in the Kennedy Creek
mining complex (Pioneer 1993).

Fluvial outwash and glacial flood deposits make up the surficial geology in the Kennedy Creek drainage.
Glacial deposits include carbonate-rich Belt Supergroup gravels in a semi-consolidated clay matrix (MDEQ
2009). The lower reaches of the drainage may contain lake deposits associated with the Pleistocene-aged
Glacial Lake Missoula (Lonn et al. 2007).

2.3 Hydrology

The mining complex is located in the drainage of Kennedy Creek, which is a perennial tributary to Ninemile
Creek (Figure 2). The confluence of an unnamed tributary and Kennedy Creek is located immediately
south (downstream) of the Lost Cabin mine. An irrigation diversion is located on Kennedy Creek near the
downstream edge of the Nugget mine. Lower sections of Kennedy Creek reportedly go dry in summer
months due to the irrigation diversion and valley bottom disturbance from past mining activity (MDEQ
2005).
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AMEC measured stream flow at five stations on Kennedy Creek, including an upstream background
location, and the unnamed tributary in 2010, including an upstream background location (Figure 3). Flow
measurements were taken in high-flow conditions during a period of continued snow melt in late June and
again in late summer 2010 to capture low-flow conditions (AMEC 2010). Flows measured in Kennedy
Creek ranged from 3.22 to 3.99 cubic feet per second (cfs) in June 2010, and were much lower in August
2010 (0.019 to 0.027 cfs). The measured flow rate in the unnamed tributary was 0.07 cfs in June 2010. The
monitoring station was not flowing in August 2010 when only isolated pools of ponded water were
observed at the station.

An adit discharge at the Nugget Mine flows through a settling pond constructed on mine waste before
seasonally discharging to Kennedy Creek. Pioneer (1993) reported the adit discharges approximately 1.3
gallons per minute (gpm; 0.003 cfs) based on July 1993 field observations. Adit discharge measurements
were not taken during the 2010 PA/SI due to obstructions in the channel, ponded water, and diffuse flow.
AMEC removed the channel obstructions and the adit portal structure in June 201 | and installed steel wing
walls to channelize the discharge for flow measurements. A discharge of 28 gpm (0.062 cfs) was measured
on 9 June 2011 during spring runoff, and a discharge of 3.3 gpm (0.007 cfs) was measured on || August
201 I (low-flow conditions).

Kennedy Creek is a 303(d) listed stream with impairments to cold-water fishery, aquatic life, recreation, and
drinking water beneficial uses caused by metals, siltation, dewatering, flow alteration, and other habitat
alteration (MDEQ 2005). Impairments to the stream are primarily the result of historic mining activities at
the Kennedy Creek mining complex and irrigation diversions for agriculture.

2.4 Climate

The climate of the Kennedy Creek drainage varies with elevation, as is typical for mountainous regions of
Montana (MDEQ 2005). Elevations within the watershed range from 3,215 feet above mean sea level
(AMSL) at the confluence with Ninemile Creek to approximately 7,040 feet AMSL at the watershed divide.
Average annual precipitation within the drainage is approximately 27 inches, depending upon the elevation
(NRIS 2011a). The USDA-FS maintains a Remote Automatic Weather Station at the Ninemile Ranger
Station, which is the closest weather station to the mining complex. Average annual precipitation at the
Ninemile Ranger Station is approximately 15.7 inches, which is at an elevation of approximately 3,170 feet
AMSL. April, May, and June are typically the wettest months of the year (MDEQ 2005). Precipitation falls
partly as snow beginning in late October and lasting into early May. The average daily minimum and
maximum temperatures at the mining complex are approximately 3| and 52° Fahrenheit, respectively (NRIS
201 1band 201 Ic).

2.5 Vegetation

Vegetative cover within the Kennedy Creek drainage is dominated by mixed mesic forest (36%) with lesser
amounts of Douglas-fir (9%), Lodge-pole Pine (11%), and Western Larch (11%; MDEQ 2005). Smaller
areas of mixed mesic shrubs, Ponderosa Pine, and mixed sub-alpine forest are also present. Vegetation at
the mine sites primarily consist of grasses, forbs, and weeds in the areas that were disturbed by mining
operations with significant portions of the areas covered by waste rock devoid of vegetation.
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3.0 SOURCE, NATURE, AND EXTENT OF CONTAMINATION

Several investigations have been conducted at the mining complex to assess potential impacts to human
health and the environment from mining wastes and to evaluate water quality in Kennedy Creek, including:

e Pioneer completed hazardous materials inventories of the Hauttula prospect, Lost Cabin mine,
and Nugget mine in 1993 on behalf of the Montana Department of State Lands (now the MDEQ)
that included the collection of surface water and waste rock samples for laboratory analysis.

e MDEQ collected surface water samples from Kennedy Creek in the vicinity of the mining
complex in 2003 and 2004 as part of their efforts to develop Total Maximum Daily Loads
(TMDLs) for the Ninemile Creek watershed. MDEQ also collected fine bed sediment samples
from Kennedy Creek in 2003.

e AMEC conducted a PA/SI of the mining complex in 2010 to characterize the nature and extent
of mining-related impacts.

e AMEC collected additional surface water samples and adit discharge measurements to
characterize the adit discharge at the Nugget Mine in 2011. AMEC also conducted site
reconnaissance of a potential mine waste repository location that included the completion of
several shallow soil borings to assess subsurface conditions in the area.

A topographic survey of the Lost Cabin and Nugget mines was completed during the PA/SI by Eli and
Associates, Inc. to allow the volumes of waste rock present at the mines to be estimated. A brief summary
of the results from these investigations is presented below.

Screening levels were selected for the mining complex during the 2010 PA/S| to evaluate concentrations of
metals detected in surface water, waste rock, and sediment at the mine sites. The screening levels include
risk-based guidelines for recreational users of abandoned mine sites (Tetra Tech 1996), Montana chronic
aquatic life standards for surface water (MDEQ 2010a), and screening concentrations for sediment
developed by NOAA (NOAA 2008). The screening levels are provided in the summary tables of metals
concentrations detected in surface water, waste rock, and sediment during previous investigations of the
mining complex (see Tables 2 through 5 and Table 7). Refer to Section 4.2 for additional discussion of
the screening levels for the mine complex.

3.1 Waste Characteristics

3.1.1 Lost Cabin Mine

Approximately 1,830 cubic yards of relatively fine-grained waste rock are present at the Lost Cabin mine
along the stream channel. Waste rock impinges on and is in direct contact with Kennedy Creek along
approximately 350 feet of the left bank of the creek (Figure 4). A total of 16 test pits were hand
excavated during the PA/S| to depths of up to 5.5 feet below ground surface (bgs). Observations of physical
waste rock characteristics (texture, color, moisture content, etc.) are summarized in Table 1. Depth of
waste rock in the test pits ranged from 0.5 feet at the northern half of the mine area to more than 5.5 feet
at test pit B5.
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Composite samples of the waste rock were submitted for laboratory analysis from seven sampling areas and
discrete depth intervals during the PA/SI based physical characteristics of the waste rock observed during
excavation of the test pits (Figure 4). A background soil sample was also collected approximately 450 feet
upstream of the Hauttula prospect. The samples were analyzed for total and leachable metals.

Total Metals

Total metals results for the waste rock samples collected during the PA/SI are summarized in Table 2.
Analytical results for a four-point composite sample of the waste rock collected by Pioneer in 1993 are also
provided in Table 2. Total arsenic and lead were detected at concentrations above their associated
screening levels (70 and 1,100 milligrams per kilogram [mg/kg], respectively) in the majority of waste rock
samples collected from the mine. Elevated copper concentrations (more than 10 times background levels)
were also detected in all waste rock samples collected from the mine, although the concentrations did not
exceed the screening level. Zinc was detected in one waste rock sample during the PA/SI at a
concentration more than |0 times the background level but below the screening level.

Leachable Metals

The seven composite waste rock samples collected during the PA/SI were also analyzed by the laboratory
using the synthetic precipitation leaching procedure (SPLP) method to evaluate the leachability of 13 metals
in the waste rock. Metals that were detected above laboratory reporting limits following SPLP extraction
are summarized in Table 3. Leachable lead was detected in all samples above the screening level of 0.015
mg/L. It should be noted, however, that the acidic leaching solution (pH of 4.2) used in the SPLP tests may
over estimate the concentrations of lead that may be leached from the waste rock through
infiltration/percolation of meteoric water In addition, precipitation of lead is very rapid in a carbonate-
buffered environment. In the event that lead is leached from waste rock, it would likely travel a short
distance prior precipitating out of solution.

Leachable mercury was also detected above the screening level in one sample (Lost Cabin VWaste-4).
However, the total mercury concentration for sample Lost Cabin Waste-4 was five orders of magnitude
below the total mercury screening level. In addition, mercury was not detected at levels of concern in
surface water and no ore processing or other mercury-generating activities are known to have occurred at
the site. Therefore, mercury was not considered a contaminant of potential concern (COPC) for the
mining complex.

3.1.2  Nugget Mine

Approximately 3,800 cubic yards of fine- to coarse-grained waste rock are present at the Nugget mine
(Figure 5). Kennedy Creek is in contact with mine waste throughout the entire Nugget Mine area
(approximately 550 lineal feet). Mine waste is actively eroding into the creek on the steep left bank of
Kennedy Creek. A total of 16 test pits were hand excavated at the Nugget mine during the PA/SI to depths
ranging from 0.8 to 7.0 feet bgs. Observations of physical waste rock characteristics (texture, color,
moisture content, etc.) are summarized in Table |. Depth of waste rock in the test pits ranged from 0.6
feet in test pit Bl2c in the portion of mine waste on the southeast side of Kennedy Creek (Figure 5) to
more than 7.0 feet at test pit B7.
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Composite samples of the waste rock were submitted for laboratory analysis from eight sampling areas and
discrete depth intervals during the PA/SI based on physical characteristics of the waste rock observed
during excavation of the test pits (Figure 5). The samples were analyzed for total and leachable metals.

Total Metals

Total metals results for the waste rock samples collected during the PA/SI are summarized in Table 2.
Analytical results for a four-point composite sample of the waste rock collected by Pioneer in 1993 are also
provided in Table 2. Lead was detected in four of the nine waste rock samples collected from the Nugget
mine at concentrations that exceed the screening level (1,100 mg/kg). Lead was also detected at
concentrations more than 10 times background levels, but less than the screening level, in four additional
waste rock samples. Arsenic was detected in three samples at concentrations above the screening level (70
mg/kg). Copper concentrations in all samples collected from the mine were below the screening level
(27,100 mg/kg) but were more than 10 times background levels. Elevated levels of zinc were also detected
in three samples at concentrations more than 10 times background levels but below the associated
screening level.

Leachable Metals

The eight composite waste rock samples collected during the PA/SI were also analyzed by the laboratory
using the SPLP method to evaluate the leachability of metals in the waste rock. Leachable lead was detected
in all but one of the samples at concentrations above the screening level of 0.015 mg/L (Table 3). It should
be noted, however, that the acidic leaching solution (pH of 4.2) used in the SPLP tests may over estimate
the concentrations of lead that may be leached from the waste rock through infiltration/percolation of
meteoric water. In addition, precipitation of lead is very rapid in a carbonate-buffered environment. In the
event that lead is leached from waste rock, it would likely travel a short distance prior precipitating out of
solution. No other leachable metals were detected in the samples above their associated screening levels.

3.1.3 Waste Rock Volumes

The Lost Cabin and Nugget mines were surveyed during the PA/SI to develop topographic maps of the
mine sites with two-foot elevation contours (Figures 4 and 5). Volumes of waste rock at each mine were
estimated by extending the slope of undisturbed areas uphill of the mines to beneath the mine waste to
determine the likely pre-disturbance ground surface. Differences in elevation between the existing ground
surface in disturbed mine areas and the estimated pre-disturbance ground surface were then utilized to
calculate cut and fill thicknesses. To calculate the estimated volume of mine waste, the estimated volume of
surficial cut was subtracted from the estimated volume of fill to account for site grading (i.e. roadway
construction) prior to the extension of mine adits. Based on this approach, there are approximately 1,830
and 3,800 cubic yards of waste rock at the Lost Cabin and Nugget mines, respectively. Additional details
regarding waste rock volume estimates are provided in the PA/SI report (AMEC 201 Ia).

3.2 Surface Water Quality

Pioneer collected surface water samples from Kennedy Creek at upstream and downstream locations from
the Lost Cabin and Nugget Mines in July 1993. The approximate sampling locations are shown on Figures
4 and 5, respectively. The downgradient sample for the Lost Cabin mine was collected below the
confluence with the unnamed tributary. The samples were submitted for laboratory analysis of metals, total

Trout Unlimited and U.S. Forest Service March 2012 8



AMEC Environment & Infrastructure, Inc. Draft Final EE/CA — Kennedy Creek Mining Complex

dissolved solids, chloride, and sulfate. Pioneer also measured flow and field parameters (pH, conductivity,
temperature, etc.) at the sampling locations. Analytical results and flow measurements are summarized in
Table 4.

MDEQ collected water quality samples from Kennedy Creek upstream and downstream of the mining
complex and near the mouth of Kennedy Creek in 2003 and 2004 as part of their TMDL development
efforts for the Ninemile watershed. Samples with concentrations that violated state water quality standards
during the sampling effort are summarized in Table 4.

During the 2010 PA/SI, AMEC collected surface water samples from Kennedy Creek for laboratory analysis
from locations upstream and downstream of the Lost Cabin and Nugget mines. AMEC also collected
surface water samples from the unnamed tributary immediately downstream of the Lost Cabin mine, and
the adit discharge and settling pond at the Nugget Mine. Sampling locations are shown on Figures 4 and 5.
Flow and field parameters measurements were taken at each flowing sampling site, with the exception of
the adit discharge. Flow was not measured at the adit discharge in 2010 due to obstructions in the channel,
ponded water, and diffuse flow. The samples were submitted for laboratory analysis of total metals and
hardness. Analytical results and flow measurements for the 2010 samples collected by AMEC are
summarized in Table 5.

AMEC collected additional surface water samples in June 2011 to further characterize the adit discharge.
Prior to sample collection, the adit portal structure was dismantled and removed. A surface water sample
was collected at the first expression of water below the rubble pile at the mouth of the adit (station Adit Kl
on Figure 5). Following sample collection, steel wing walls were installed to channelize the diffuse flow
and allow discharge measurements to be collected. A surface water sample was also collected from the
settling pond (station Pond K| on Figure 5) and field parameters were measured. The surface water
samples were submitted for laboratory analysis of metals and several additional parameters to allow
potential treatment options for the adit discharge to be evaluated. The additional analyses included sulfur,
sulfate, total Kjeldahl nitrogen, alkalinity, and total organic carbon. In addition, a flow measurement was
taken at station Adit K| and field parameters were taken at both sample locations in August 201 1.

AMEC also collected surface water samples from inside the adit (sample Adit-Inside), the first surface
expression of the adit discharge (station Adit K-I), and from Kennedy Creek east of the adit (station SWK
East of Adit) in early September 2011 (AMEC 201 Ib). The samples were submitted for laboratory analysis
of total zinc. Metals concentrations detected in the 201 | surface water samples are summarized in Table 5
and common ions and nutrients concentrations are summarized in Table 6. The complete laboratory
analytical reports are provided in Appendix A.

As shown in Tables 4 and 5, copper, lead, and zinc have been detected in surface water samples from the
mining complex at concentrations above screening levels since the first sampling event was conducted in
1993. The highest concentrations of these analytes were detected in the adit discharge and settling pond at
the Nugget mine. Zinc concentrations in the adit discharge are two orders of magnitude above the
screening level (Table 5). Zinc concentrations increase markedly in Kennedy Creek as it passes the
Nugget Mine (269 and 346% increases from station SWK4 to SWKS5 in June and August 2010, respectively).
These data indicate that the adit is a significant source of zinc impacts to surface water quality in Kennedy
Creek.
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Copper, lead, and zinc were detected in a surface water sample collected upstream of the Lost Cabin mine
by Pioneer in July 1993 (sample 32-057-SW-1, see Table 4) at concentrations that exceed their associated
screening levels. However, concentrations of these analytes were well below the screening levels in a
surface water sample collected by AMEC in June 2010 from the approximate location of the Pioneer sample
(surface water station SWK-2). In addition, these metals were not detected above laboratory reporting
limits in the August 2010 (low-flow conditions) sample collected from station SWK-2.

The 2010 results indicate that metals concentrations in Kennedy Creek are not at levels of concern
upstream of the Lost Cabin mine and were lower than those measured in 1993. This may be due to
weathering and natural revegetation of mine waste at the Hauttula prospect, which currently contains only
coarse-grained mine waste covered by small trees (AMEC 2010).

Copper and lead were detected in the surface water sample collected from the unnamed tributary
immediately south of the Lost Cabin mine (surface water station SWK3) above screening levels during high-
flow conditions in June 2010 (Table 5). Concentrations of copper and lead were below the screening
levels in a subsequent sample collected by AMEC during low-flow conditions in August 2010 (Table 5).
Conversely, zinc concentrations at surface water station SWK-3 were below the screening level during high
flow conditions (June 2010), but above the screening level during low flow conditions (August 2010).

Physical parameters measurements taken by Pioneer in 1993 and AMEC in 2010/2011 indicate the pH of
surface water in Kennedy Creek and the Nugget mine adit discharge are circum neutral (Tables 4 and 5,
respectively). Country rock in the region contains several sulfide minerals, including chalcopyrite, sphalerite,
galena, and pyrite (AMEC 2010). Sphalerite (zinc sulfide) and chalcopyrite (copper iron sulfide) will dissolve
as adit drainage becomes increasingly oxic under neutral to acidic conditions. VVeathering of these sulfide
minerals is typically accompanied by sulfide oxidation and subsequent acid production. AMEC postulated in
the PA/SI that carbonate-rich glacial deposits that have been reported in the region (MDEQ 2009) provide
surficial buffering for the adit discharge (AMEC 2010). Surface water samples collected from the adit
discharge and settling pond at the Nugget mine in June 2011 had total alkalinity concentrations of 21.4 and
24.4 mg/L as CaCO;, respectively (Table 6). These alkalinity values suggest a moderate to high buffering
capacity in the adit discharge and appear to support AMEC’s theory.

3.3 Streambed Sediment

Pioneer collected streambed sediment samples from Kennedy Creek at upstream and downstream
locations from the Lost Cabin and Nugget Mines in July 1993. AMEC also collected streambed sediment
samples in August 2010 from five surface water stations on Kennedy Creek and the unnamed tributary.
The 1993 and 2010 sediment sample locations coincided with surface water sample locations depicted on
Figures 4 and 5. Select total metals results from the sampling events are summarized in Table 7.

Metals concentrations in sediment samples collected upstream of the Lost Cabin mine were notably lower
than concentrations in samples collected downstream of the Lost Cabin and Nugget mines during both
sampling events. The samples collected in 1993 exceeded the copper Severe Effect Level (SEL) for
freshwater sediment (NOAA 2008) downstream of both mines and exceeded the SEL for lead downstream
of the Lost Cabin mine. Lead did not exceed the SEL in the sediment sample collected by Pioneer
downstream of the Nugget Mine. In 2010, the sample collected from the Nugget mine (station SWK-5)
exceeded the SEL for copper and zinc. All other metals were below their associated SELs. These findings
suggest that waste rock at the Lost Cabin and Nugget mines is contributing to metals concentrations in
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streambed sediment in Kennedy Creek. As discussed in Section 3.1, waste rock is in direct contact with
Kennedy Creek at both mines, and is actively eroding into the creek at the Nugget Mine.

3.4 Adit Inspection

AMEC inspected the adit and surrounding area at the Nugget Mine on September 2, 2011 to provide
additional data for development and evaluation of potential response actions to address water issuing from
the adit. The objectives of the inspection were to determine the following:

e Relative elevations of water within the adit compared to nearby surface water;
e Zinc concentrations of water within the adit compared to nearby surface water; and

e Appearance and condition of the inside of the adit beyond the rubble pile at the mouth of the
adit.

AMEC inspected the interior of the adit using reflected light to illuminate the interior of the adit entrance.
AMEC also used an engineer’s level and rod to measure relative elevations of adit features (ceiling, standing
water, and adit floor), the first surface expression of adit water downstream of a rubble pile at the adit
opening, and surface water in Kennedy Creek adjacent to the adit. Photographs of the adit interior and of
the first exterior surface expression of adit water are included in Appendix B. Field notes showing
measurements of water elevations in the vicinity of the adit are also included in Appendix B.

The adit opening is largely blocked by a rubble pile that appears to be the result of colluvium sloughing from
the adjacent hill slope. As a result, the underground mine workings are currently inaccessible for thorough
inspection and evaluation of adit stability. The limited portion of the adit visible from the opening appeared
to be in good condition with no rock fall during AMEC'’s September 201 | visual inspection. The conditions
of the mine workings beyond the adit entrance are unknown. However, the mine workings were
reportedly maintained by the Nugget Mining Company as recently as 1988 (Hargrave et al. 2003).

The field inspection in September 2011 determined that the water inside the adit was approximately 4.3
feet lower in elevation than the water surface in Kennedy Creek immediately east of the adit. The first
surface expression of water downhill of the rubble pile at the adit entrance was 1.6 feet lower in elevation
than the water surface in Kennedy Creek directly east of the seep. These measurements confirm that it is
possible for Kennedy Creek to recharge both the water inside the adit and the surface expression of water
downhill of the adit through discharge to shallow groundwater and subsequent subsurface flow. Cross
sections of the Nugget mine area depicting the elevation of water in the adit and the adit seep relative to
Kennedy Creek are provided as Figures 6 and 7, respectively.

In June 2010 and 201 I, water was observed to flow from the seep at the downhill edge of the adit rubble
pile into the settling pond at the Nugget Mine. Water then flowed out of the south end of the pond to a
channel directly connected to Kennedy Creek (see Photo 3 in Appendix B). In August and September
2011, the seep continued to flow to the settling pond, but no water flowed out of the pond.
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3.5 Repository Site Evaluation

AMEC evaluated the Kennedy Creek drainage to identify potential locations for the construction of a
repository for the disposal of mine waste from the Lost Cabin and Nugget mines (AMEC 201 Ic). Several
criteria were used to identify and evaluate potential repository sites, including that the sites be located:

e On land administered by the USDA-FS.

e Outside the 100-year floodplain and wetlands. In addition, the repository site must be more
than 500 feet from the nearest surface water body.

e More than 500 feet from mapped faults and preferably not in areas of alluvium.
e In areas with depths to groundwater greater than 20 feet.
e In areas with slopes of less than 20 percent and a southern to southwestern aspect.

¢ In close proximity to the Kennedy Creek mining complex.

AMEC performed Geographic Information System (GIS) analysis to identify potential repository sites
utilizing metadata and shapefiles compiled in ArcGIS by Ms. Janine Lindley, a GIS analyst / Geologist with the
USFS Northern Region Student Employee Program. The preferred repository site identified during the
analysis is located approximately 3/4-miles west-southwest from the Nugget mine (Figure 8). Results of
the analysis are summarized in an 18 May 201 | memorandum to TU and the USDA-FS (AMEC 201 I c).

AMEC conducted site reconnaissance in June 2011 to further evaluate the suitability of the site for the
construction of a mine waste repository. AMEC personnel advanced four hand-augured boreholes to
depths ranging from approximately two to five feet bgs to assess subsurface conditions at the site, including
thickness of salvageable topsoil. Observations of soil conditions (texture, color, moisture content, etc.) are
summarized in Table 8 and shown on field forms included in Appendix C. Hand auguring locations are
shown on Figure 8.

Vegetative cover at the preferred repository site consists of a mixture of grasses, forbs, shrubs, and open
stands of Douglass fir (see photographs in Appendix C). Access to the site is provided by existing
two-track roads that would require little improvement to accommodate trucks hauling mine waste and
construction equipment.

Depth to subsoil, which is relatively coarse-grained material with lighter (higher value) colors, ranged from
I'l inches at location RB3 advanced at the foot of the adjacent slope to 26 inches at location RB2 on a slight
knoll. Hand auguring advanced through subsoil to 3 feet or more bgs before encountering refusal at all
locations except RBI, where refusal was encountered at 24 inches on cobble. VWater saturated conditions
observed near the surface in boreholes RB| and RB2 appeared to be the result of recent precipitation and
not shallow groundwater, because relative moisture content in borehole samples decreased with depth.

3.6 Conceptual Site Model

Investigations of the Lost Cabin and Nugget mines include hazardous materials inventories completed by
Pioneer in 1993 (Pioneer 1995) and a PA/SI completed by AMEC in 2010 (AMEC 201 1a). MDEQ collected
surface water quality and streambed sediment data from Kennedy Creek upstream and downstream of the
mining complex in 2003 and 2004. Additional water quality data was also collected by AMEC in 2011 to
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characterize the adit discharge at the Nugget mine. Analytical and field data resulting from these
investigations and sampling events provide an understanding of the primary sources, pathways, and potential
receptors of mining-related contaminants from the mines. A conceptual site model (Figure 9) was
prepared for the mines based on this data to assist with the development of response action objectives
(RAOs) and response action alternatives to mitigate impacts from the mines. The principal contaminants
associated with the Lost Cabin and Nugget mines are arsenic, copper, lead, and zinc.

The primary sources of contaminants are waste rock at both mine sites and the adit discharge at the
Nugget mine. Waste rock is in direct contact with Kennedy Creek at both mine sites and is actively
eroding into the creek at the Nugget mine. Therefore, streambed sediments in Kennedy Creek are a
secondary source of contaminants. Native soils and groundwater beneath the waste rock may have also
been impacted from metals leaching from the waste rock. However, no data are available to evaluate these
potential impacts.

Exposure pathways for humans and ecological receptors are primarily related to direct contact with or
ingestion of contaminants. Current risks to humans are limited to recreational uses of the mine sites and
the surrounding area. Vehicle access to the mines is prevented by the locked gate at the trailhead and by a
roadway slump downstream of the mines. However, the Lost Cabin and Nugget mines are readily
accessible by foot and available to users of National Forest land. Ecological receptors may include aquatic
organisms and animals drinking from Kennedy Creek, as well as the adit discharge and settling pond at the
Nugget mine.

4.0 RISK EVALUATION

In order to determine if corrective action is necessary to address chemical contaminants at the Kennedy
Creek mining complex, AMEC performed a streamlined human health and ecological risk assessment.
The risk assessment discusses potential exposure to chemical contaminants in the study area, identifies
screening levels associated with accepted exposure models and risk thresholds, and compares detected
concentrations of contaminants in the study area to screening levels. This assessment identifies metals
in mine waste, water, and streambed sediment that present unacceptably high risks to humans and/or
ecological receptors in the study area.

4.1 Potential Exposure to Contaminants in the Kennedy Creek Mining Complex

The exposure evaluation presented below includes discussion of the identified COPCs, the populations
that may be exposed to COPCs, the routes of exposure, and the specific human health or ecological
effects of each COPC.

4.1.1 Contaminants of Potential Concern

Abandoned mines in the Kennedy Creek drainage were identified as potential sources of contaminants to
the environment in work performed by Pioneer, as contractor to the Montana Department of State Lands
(now the MDEQ); Pioneer 1993). Metals were generally identified as the class of contaminants most likely
to be present in the study area, based on review of historical information regarding mining operations,
geologic information, and initial laboratory testing performed in 1993. In order to determine which metals
were COPCs, mine waste samples were analyzed for total concentrations of the |3 metals on the EPA
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Priority Pollutants list. The metals present at concentration above screening levels were arsenic, copper,
lead, and zinc (AMEC 2010). These four metals were retained as COPCs.

4.1.2  Potentially Exposed Populations

Human populations that may potentially be exposed to mine waste or metals-impacted water in the
Kennedy Creek mining complex include recreational users of USDA-FS land, such as hunters, hikers, gold
panners, anglers, motorcyclists, or bicyclists. Anglers are at risk not only due to direct exposure to mine
waste and elevated metals concentrations in the creek water, but also to consumption of accumulated
metals in fish tissue. Patented mining claims are active on the Kennedy Creek valley floor, which is known
to contain gold-bearing placers (Lonn et al. 2007). Future commercial placer miners are an additional
potentially exposed population. Outside of the Kennedy Creek drainage, humans may be exposed to
metals-laden waters routed from Kennedy Creek to pastures in the Ninemile Valley via an irrigation
diversion immediately downstream of the Nugget mine.

Ecological populations that may be exposed to mine waste or metals-impacted water in the mining complex
are primarily fish and other aquatic life. Exposed fish populations include a resident population of genetically
pure Westslope cutthroat trout (Oncorhynchus clarkii lewisi), which is designated as a species-of-concern in
Montana. Terrestrial animals may be exposed to high concentrations of metals in mine waste at the mine
complex and may directly consume creek water containing elevated metals concentrations. Physical
conditions in the mining complex, such as lack of organic matter and predominance of coarse-grained
material, are adverse to plant growth.

4.1.3  Exposure Pathways

Humans may be exposed to elevated concentrations of arsenic, copper, lead, and zinc in the mining
complex by ingestion or dermal exposure to mine waste, surface water, or sediment; and by inhalation of
dust or mobilized sediment. For instance, recreational forest users could be exposed to mine waste if they
rested or stopped to eat in the relatively open mine areas, and ingested mine waste that had accumulated
on their hands and/or food. In addition, recreational users could obtain drinking water out of the stream,
which may also contain entrained sediment.

Aquatic ecological receptors in the mining complex could be completely immersed in and continually
ingesting surface water. In addition, aquatic receptors would have direct contact with streambed sediment
at multiple life stages, including eggs and juvenile life forms.

4,14 Health Effects of the Contaminants of Concern

The health effects of arsenic, copper, lead, and zinc are discussed below. The discussion includes details
regarding effects for human and ecological receptors.

4.1.4.1 Arsenic

The effects of arsenic on humans are summarized in a publication by the Centers for Disease Control
(CDC; ATSDR 2007a) which is paraphrased as follows. Respiratory effects of arsenic include irritation of
the mucous membranes in the nose and throat, which can lead to laryngitis, bronchitis, or rhinitis.
Increased mortality due to respiratory diseases such as emphysema has been reported for workers exposed

Trout Unlimited and U.S. Forest Service March 2012 14



AMEC Environment & Infrastructure, Inc. Draft Final EE/CA — Kennedy Creek Mining Complex

to arsenic, and arsenic has been demonstrated to cause lung cancer. Arsenic is also associated with
neurological deficits in children. Exposure to arsenic has been shown to result in restricted blood flow to
the extremities, resulting in Reynaud’s phenomenon, which includes numbness and increased cold
sensitivity. Gastrointestinal effects include nausea, vomiting, and diarrhea.

The effects of arsenic on aquatic life are summarized by EPA as follows (USEPA 2008):

“Cancer-causing and genetic mutation-causing effects occur in aquatic organisms, with those effects
including behavioral impairments, growth reduction, appetite loss, and metabolic failure. Aquatic
bottom feeders are more susceptible to arsenic.”

4.1.4.2  Copper

Small amounts of copper are essential for good health in humans. The CDC describes the negative health
effects of high doses of copper as follows (ATSDR 2004):

“Breathing high levels of copper can cause irritation of your nose and throat. Ingesting high levels of
copper can cause nausea, vomiting, and diarrhea. Very-high doses of copper can cause damage to your
liver and kidneys, and can even cause death.”

Particular types of aquatic life are very sensitive to copper. In the comprehensive USEPA review of copper
toxicity to aquatic life (USEPA 2007), the average concentration causing death in 50% of the exposed
population (LC50), ranged as low as 2.37 micrograms per liter (ug/L) for the sensitive species Daphnia
pulicaria. In general, invertebrates were more sensitive to copper than fish, but the most sensitive fish genus
was Oncorhynchus, which includes Cutthroat trout and Rainbow trout. The average LC50 for Oncorhynchus
species was 31.39 pg/L.

4.1.4.3 Lead

Human health effects of lead include decreased nervous system function, weakness in fingers, wrists, and
ankles, anemia, and damage to the brain and kidneys, which can lead to death at high exposure levels.
Children can suffer brain damage and developmental problems even at moderate levels of lead exposure,
and are more likely than adults to ingest lead, and to absorb the lead they ingest. High levels of lead

exposure can cause pregnant women to suffer miscarriage, and can cause damage to male reproductive
organs (ATSDR 2007b).

Lead can negatively affect fish, aquatic invertebrates, and algae. Exposure to lead can cause fish to exhibit
muscular degeneration, reduced growth, reproductive problems, paralysis, and death (Eisler 1988, USEPA
1976). Lead can impair reproduction of invertebrates, and can reduce algal growth (USEPA 2008).

4.1.4.4 Zinc

As with copper, zinc is an essential human nutrient. As reported by the Agency for Toxic Substances and
Disease Registry (ATSDR 2005), high doses of zinc can cause stomach cramps, nausea, and vomiting.
Chronic exposure can cause anemia. Preliminary animal studies showed development of infertility in rats
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exposed to high doses of zinc. Inhaling large amounts of zinc dust can cause a short-term condition called
metal fume fever, which resembles the flu. Zinc is likely to cause skin irritation, as well.

Although zinc deficiency can negatively affect many species of animals and plants, high concentrations of zinc
can have detrimental effects to aquatic biota (Eisler 1993), as quoted below:

“The most sensitive aquatic species were adversely affected at nominal water concentrations
between 10 and 25 pg/L, including representative species of plants, protozoans, sponges, molluscs,
crustaceans, echinoderms, fish, and amphibians. Acute LC50 (96 h) values were between 32 and
40,930 pg/L for freshwater invertebrates, 66 and 40,900 pg/L for freshwater teleosts [e.g. bass]...”
— Page 4

“Zinc toxicosis affects freshwater fish by destruction of gill epithelium and consequent tissue
hypoxia.” — Page 12

4.2 Selected Screening Levels

Screening levels used to assess human and ecological exposure to metals are discussed below. The
discussion includes description of the sources of references concentrations such as adopted regulatory
criteria, evaluation of the exposure models of the screening levels to determine if the models correspond
with exposure scenarios at the Lost Cabin and Nugget mines, and comparison of screening levels to
detected concentrations of metals at the mine sites.

42.1  Sources of Screening Levels

4.2.1.1  Human Health

The primary source of human health screening levels used in this assessment is a document entitled Risk-
Based Cleanup Guidelines for Abandoned Mine Sites (Tetra Tech 1996). The 1996 guidelines were produced
for the Montana Department of Environmental Quality Abandoned Mine Reclamation Bureau, and they
were designed to address potential exposure to metals at abandoned mine sites in Montana. Screening
levels taken from the 1996 guidelines for the four COPCs were discussed in the PA/SI (AMEC 201 |a) and
are presented in Table 9. Additional screening levels used in this evaluation of potential human health risks
include Montana groundwater standards (MDEQ 2010a), which were applied to mine waste leachate
produced in the laboratory according to the SPLP analysis.

4.2.1.2  Ecological Risk

The criteria used for evaluation of ecological risk in surface water are the Montana Numeric Water Quality
Standards (MDEQ 2010a). In the case of metals, the Montana surface water quality criteria are typically
based on USEPA recommended water quality criteria for protection of aquatic life in a freshwater
environment (USEPA 201 Ib). As shown in Table 10, Montana criteria for copper, lead, and zinc in surface
water are hardness-dependent.

For streambed sediment, screening levels were used from the sediment section of the National Oceanic and
Atmospheric Administration (NOAA) Screening Quick Reference Tables (SQuiRTs, NOAA 2008). Values
for the four COPCs are presented in Table I1. The Lowest Effect Level (LEL) and the Severe Effect Level
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(SEL) were selected as screening levels for sediment that represent the range of toxicity thresholds
presented by NOAA (2008). These values are calculated using studies involving at least 20 species of
aquatic life. The LEL represents a concentration at which only 5 percent of the studied species are
anticipated to have adverse effects, and the SEL represents a concentration at which adverse effects are
anticipated in 95 percent of the studied species.

The screening levels listed above apply to fish and aquatic life, such as the resident population of genetically
pure Westslope cutthroat trout. As listed in the discussion of exposed populations, terrestrial animals may
also be exposed to metals in the mining complex.

42.2  Exposure Models and Risk Thresholds for the Selected Screening Levels

Published exposure models and risk thresholds, where available, are described below for the screening
levels, including details regarding the assumed routes of exposure.

4.2.2.1 Human Health
1996 Guidelines

In the document entitled Risk-Based Cleanup Guidelines for Abandoned Mine Sites (Tetra Tech 1996), the
conceptual model for human exposure to metals from mine waste involves the following details. The
report assumes that the potential receptors are engaged in recreational activities. The categories of
recreational users evaluated in the report are anglers, hunters, gold panners, riders of motorcycles or All-
Terrain Vehicles (ATVs), a well as a composite exposure category for a site visitor who participates in all
four of the above activities. The potential and actual recreational use of abandoned mine sites is briefly
established in the 1996 report, including description of the types of streams and access roads identified near
abandoned mines in the State of Montana database, and a summary of actual recreational use intensities
observed at abandoned mines in the database.

The routes of human exposure analyzed in the 1996 report are shown in Appendix D, including potential
routes such as groundwater ingestion, that were deemed to be incomplete and not a source of risk.
Comeplete exposure routes include ingestion or dermal exposure to mine waste, surface water, or
sediment; and inhalation of dust or mobilized sediment. The 1996 analysis of exposure routes was prepared
specifically for mine sites in Montana, and is applicable to the Kennedy Creek mining complex.

The 1996 report used the following risk thresholds to calculate screening levels. For non-carcinogenic
metals, a Hazard Index (HI) of 0.5 for individual metals was used by TetraTech (1996) to develop screening
levels. MDEQ typically uses a threshold HI of 0.1 for individual contaminants and a cumulative HI of 1.0 for
all COPCGCs, which is more restrictive than the 1996 guidelines in instances where more than two non-
carcinogens are present. For carcinogenic metals (arsenic and cadmium), one-in-500,000 was used as the
risk target in development of the 1996 recreational screening levels. MDEQ uses one-in-100,000 as the
overall excess cancer risk target level. Risk thresholds used in the 1996 guidelines differ from current
MDEQ practices, but the overall approach of determining recreational user groups and use frequencies
specific to Montana abandoned mine sites is applicable to the mining complex, and more appropriate than
alternative approaches based on residential or industrial use.
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Montana Groundwater Standards

The cancer risk threshold used to develop the Montana numeric water quality standards is typically an
excess risk of one-in-100,000, consistent with general MDEQ practices. For non-carcinogens, the risk
thresholds vary depending on the contaminant and are taken from the National Primary Drinking Water
Regulations (40 CFR [41) and the National Recommended Water Quality Criteria (USEPA 201 Ib).

The exposure model used to develop Montana numeric groundwater standards is based on an assumed
rate of drinking water consumption. The Montana calculations are for a 70 kilogram person consuming two
liters per day of drinking water from the source in question, over a period of 70 years. The calculations
assume that there is no other route of exposure to the target contaminant. The assumed rate of
consumption and the assumption that no other route of exposure is present are not directly applicable to
the Kennedy Creek mining complex. Groundwater in the mining complex is not used for drinking water,
and there are no foreseeable drinking water developments in the vicinity of the complex. No groundwater
data is currently available for the Kennedy Creek mining complex. The groundwater standards were used
as screening levels to identify mine waste with low levels of metals leachability versus waste with high metals
leachability, not to identify locations and scenarios where health risk thresholds are exceeded. The
leachable metals results, and comparison to groundwater standards, will be used to inform cleanup, but not
for making decisions regarding whether cleanup is needed.

4.2.2.2 Ecological Risk

Montana Numeric Water Quality Standards

National Aquatic Life Criteria were generally adopted by Montana as surface water quality standards, except
that the Biotic Ligand Method for evaluating copper exposure (recommended in 2010) has not been
adopted by Montana. National Aquatic Life Criteria were created using the 1985 derivation guidelines
(USEPA 1985), which are intended to be applicable to all North American bodies of water, their resident
species, and uses of these species; except for unusual bodies of water such as Great Salt Lake, and unusual
species and uses such as harvest of brine shrimp. The 1985 derivation guidelines recommend a general
approach that no more than |-in-20 studied taxa should exhibit adverse effects at the critical concentration.

SQUuIiRTs

The two values selected as screening levels for evaluating sediment in the Kennedy Creek mining complex
are the LEL and the SEL from the SQUuiRTs developed by NOAA (2008). As recommended in the 1985
derivation guidelines for water (USEPA 1985), the LEL and SEL values are calculated using studies involving
at least 20 species of aquatic life. The LEL represents a concentration at which only 5 percent of the
studied species (or |-in-20) are anticipated to have adverse effects, and the SEL represents a concentration
at which adverse effects are anticipated in 95 percent of the studied species.

4.3 Comparison of Detected Concentrations to Screening Levels

Concentrations of arsenic, copper, lead, and zinc detected in waste rock, surface water, and streambed
sediment have exceeded screening levels for protection of human health and ecological receptors during
multiple sampling events dating back to 1993. Sample results indicate elevated human health risks from
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arsenic, lead, and zinc; and elevated ecological risks from copper, lead, and zinc at and downstream of the
Lost Cabin and Nugget Mines, as described below.

43.1 Human Health

Arsenic, lead, and zinc have been detected in the Kennedy Creek mining complex at concentrations that
indicate elevated risks to human health. Instances where these metals exceed human health screening levels
presented in Table 9 are summarized below. The risk thresholds associated with human health screening
levels are summarized in Section 4.2.2.1. In waste rock, lead exceeds screening levels by the greatest
magnitude. For surface water, zinc is the metal with the greatest exceedances of the associated human
health screening level.

4.3.1.1 Arsenic

Waste rock samples from both the Lost Cabin and Nugget Mines contained arsenic at concentrations above
the recreational human health standard of 70 mg/kg (see Table 2). Seven of eight waste rock samples
collected from the Lost Cabin Mine, and three out of nine samples collected from the Nugget Mine
exceeded the standard. The magnitude of exceedance was typically less than a factor of two. Arsenic
concentrations in surface water did not exceed the human health screening level of 6.5 pg/L (see Tables 4
and 5).

4.3.1.2 Copper

Although copper is present in waste rock at more than 10 times the background concentration (see Table
2), copper in waste rock does not present an elevated risk to human health in the mining complex.
Concentrations of copper in surface water did not exceed the human health screening level of 472 pg/L
(see Tables 4 and 5).

43.1.3 lLead

Waste rock at the Lost Cabin Mine contains lead at concentrations |6 times higher than the recreational
human health screening level of 1,100 mg/kg, and Nugget Mine waste rock contains lead 5 times higher than
the screening level (see Table 2). Lead in surface water did not exceed the human health screening level of
47.1 pg/L (see Tables 4 and 5).

43.1.4 Zinc

Zinc is present in waste rock at more than 10 times the background concentration (see Table 2), and has
been detected above the human health screening level of 17.2 micrograms per liter (ug/L) in Kennedy
Creek below the Lost Cabin and Nugget Mines (see Tables 4 and 5). Concentrations of zinc in adit
discharge and water in the pond receiving adit discharge are typically more than 100 times the human health
screening level.

43.2 Ecological Risk

Screening levels and thresholds for ecological risk in the Kennedy Creek mining complex apply to surface
water and sediment, as described in Section 4.1.2. Arsenic, copper, lead, and zinc have been detected in
surface water or sediment above ecological screening levels, as summarized below. The risk thresholds
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associated with ecological screening levels are summarized in Section 4.2.2.2. Arsenic does not exceed
surface water standards and does not increase in concentration downstream of the Lost Cabin and Nugget
Mines. In surface water, zinc exceeds ecological screening levels by the greatest magnitude. In addition, the
zinc concentration of water within the adit is extremely high. For sediment, copper and zinc are the two
metals that exceed the SEL for prediction of ecological impacts.

4.3.2.1 Arsenic

Arsenic concentrations in sediment in the mining complex exceed the LEL, however this was true for all
sediment samples including the upstream background sample (see Table 7). Arsenic concentrations do not
exceed the surface water screening level and did not increase downstream of the Lost Cabin and Nugget
Mines.

43.2.2 Copper

All surface water samples collected downstream of the Lost Cabin and Nugget Mines exceeded the
hardness-dependent screening levels for ecological risk from copper (see Tables 4 and 5), except the
sample collected in August 2010 from downstream of the Nugget Mine. This sample had elevated hardness
and a higher screening level than earlier samples. Copper concentrations in the adit discharge were typically
10 times higher than the surface water screening level (see Tables 4 and 5). Sediment samples collected
from the bed of Kennedy Creek exceeded not only the LEL, but also the SEL, in samples collected
immediately downstream of the Lost Cabin Mine (1993 only) and the Nugget Mine (1993 and 2010; see
Table 7).

43.2.3 lead

All surface water samples collected downstream of the Lost Cabin and Nugget Mines exceeded the
hardness-dependent screening levels for ecological risk from lead (see Tables 4 and 5). The adit discharge
and pond water at the Nugget Mine exceeded the ecological screening level during all sampling events
except June 2010.

As with arsenic, lead in sediment samples from the mining complex exceeded the LEL, but did not exceed
the SEL (see Table 7). Unlike arsenic, however, lead concentrations in sediment increase downstream of
the Lost Cabin and Nugget Mines. The upstream background sample did not contain lead above the LEL.
The lead concentrations downstream of the Lost Cabin and Nugget Mines are within 10% of the SEL, and
lead in sediment is an ecological risk concern for the site.

43.2.4 Zinc

Zinc was not detected in samples from Kennedy Creek upstream of the Lost Cabin and Nugget Mines in
2010 and 201 | (see Table 5). Zinc was detected above the hardness-dependent surface water screening
level in samples collected downstream of the Lost Cabin and Nugget Mines in July 1993 and August 2010
(see Tables 4 and 5), but not during high-water conditions of June 2010 (see Table 5). The zinc
concentration within the adit is extremely high (sample Adit-Inside on Table 5), and decreases to
approximately 100 times the screening level in the first surface expression of adit discharge at the toe of a
rubble pile covering the former adit opening (see Adit KI on Table 5).
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Zinc concentrations in sediment exceeded the LEL downstream of the Lost Cabin and Nugget Mines, and
also upstream of the Lost Cabin Mine in an unnamed tributary to Kennedy Creek (see Table 7). The zinc
concentration in sediment exceeded the SEL in the sample collected August 2010 downstream of the
Nugget Mine (see Table 7).

5.0 RESPONSE ACTION SCOPE, GOALS, AND OBJECTIVES

A response action may be conducted under the non-time-critical removal action process to prevent,
minimize, stabilize, mitigate, or eliminate the release or threat of release of a hazardous substance if the lead
agency (USDA-FS) determines there is a threat to public health, welfare, or the environment. Impacts to
surface water in Kennedy Creek are occurring due to the mobilization of contaminants from waste rock at
the Lost Cabin and Nugget mines and the adit discharge at the Nugget mine. Based on the results of the
risk evaluation presented in Section 4.0, arsenic, lead, and zinc pose a risk to human health due to the
potential for exposure through dermal contact, ingestion, and inhalation. In addition, arsenic, copper, lead,
and zinc pose an ecological risk to aquatic life at the mining complex. The following subsections present the
scope of the response action, response action objectives, and project goals.

5.1 Response Action Scope

Response actions are required to meet specified cleanup levels under the non-time-critical response action
process while working within statutory limits and attaining applicable or relevant and appropriate
requirements (ARARs; Appendix E) to the extent practical. Response actions must also consider the
potential for future response actions that may be undertaken at the site and must not preclude these
actions even if not currently planned. The response action under consideration for the Kennedy Creek
mining complex is an initial response to the release of hazardous substances at the Lost Cabin and Nugget
mine sites. This removal action may not be the sole response taken at the mining complex, however, no
additional response actions are currently planned.

The scope of the response action under consideration for the Kennedy Creek mining complex is focused
on the reduction or elimination of uncontrolled releases of metals to soil, surface water, and sediment from
waste rock present at the Lost Cabin and Nugget mines and the adit discharge at the Nugget mine.

5.2 Response Action Objectives

The primary goal of the removal action presented in this EE/CA is to reduce or eliminate potential human
health and environmental risks associated with waste rock at the Nugget and Lost Cabin mine sites and an
adit discharge at the Nugget mine in the Kennedy Creek mining complex. Specific RAOs for the Lost
Cabin and Nugget mines include the following:

Reduce or eliminate safety and health hazards to recreational users of Forest Service lands;

e Improve water quality, stream function, and aquatic life and fisheries habitat in Kennedy Creek
and the unnamed tributary;

e Reduce or eliminate sources of metals impacts to surface water and sediment; and

e Maximize use of native vegetation and soils to the extent practical for revegetation and
reclamation efforts.

Trout Unlimited and U.S. Forest Service March 2012 21



AMEC Environment & Infrastructure, Inc. Draft Final EE/CA — Kennedy Creek Mining Complex

5.3 Response Action Schedule

The Forest Service has determined that a risk to human health and the environment exists in the Kennedy
Creek mine complex, and therefore a removal action is appropriate to mitigate this risk. The removal
action could commence within 6 to 12 months following approval of this EE/CA. However, the schedule
for implementation of the preferred alternative (identified in Section 8.3) will be dependent upon the
availability of funding. Based on the scope of the removal action alternatives under consideration in this
EE/CA, it is anticipated that the removal action could be implemented within one field season.

5.4 ARAR-Based Goals

Section 300.415(i) of the NCP requires response actions to ARARs to the extent practicable, considering
the exigencies of the situation at the site (EPA 1992). ARARs are either applicable, or relevant and
appropriate. “Applicable” requirements are cleanup standards, standards of control, or other substantive
environmental protection requirements, criteria, or limitations promulgated under federal or state law that
specifically address the COPCs, cleanup action, location or other circumstance at the site. “Relevant and
appropriate” requirements are regulatory requirements or guidance that do not apply to the site under law
but address problems or situations sufficiently similar to those at the site that their use is well suited to the
site. Once the agency determines that a requirement is relevant and appropriate, the agency must comply
with the requirement to the same extent as if it were applicable. ~ Exception to the requirement for
compliance with ARARs is provided in the case of removal actions, which are limited in scope compared to
remedial actions. This difference is briefly summarized in the following excerpt from the NCP, which is also
provided in Appendix E.

The purpose of removal actions generally is to respond to a release...so as to prevent, minimize, or
mitigate harm to human health and the environment. Although all removals must be
protective. ..removals are distinct from remedial actions in that they may mitigate or stabilize the
threat rather than comprehensively address all the threats at a site. Consequently, removal actions
cannot be expected to attain all ARARs. Remedial actions, in contrast, must comply with all ARARs
or obtain a waiver.

Alternatives presented in this EE/CA are removal actions to mitigate threats from uncontrolled mine waste
and adit discharge. A preliminary list of ARARs for the removal action alternatives is provided in
Appendix E. ARAR-based cleanup goals for the Kennedy Creek mining complex are limited to surface
water because no contaminant specific ARARs exist for soils, mine waste, or sediment. Montana
groundwater standards are applicable to the response action alternatives presented in this EE/CA, but
compliance with groundwater ARARs may not be achievable, and therefore is not required under CERLCA
for this removal action.

Surface water ARARs include established aquatic life and human health water quality standards. Montana
aquatic life standards include both chronic and acute criteria. Chronic standards are applicable to long-term
exposure scenarios and are lower than the acute aquatic life standards. Therefore, chronic aquatic life
standards were used for this ARAR evaluation. The more stringent of the human health or chronic aquatic
life water quality standard was selected as the ARAR-based cleanup goal for surface water for each COPC
at the Kennedy Creek mining complex. The ARAR-based goals for surface water are summarized in Table
12. Surface water criteria that are hardness dependant were calculated based on a hardness value of 25

mg/L.
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5.5 Risk-Based Goals

The results of the streamlined risk evaluation (Section 4.0) indicate that arsenic and lead in waste rock at
the Lost Cabin and Nugget mines present risks to human health and the environment. Cleanup guidelines
for project COPCs in sediment and soil are listed in Table 13. Reclamation goals for surface water are
presented in Table 12.

5.6 Contaminants of Concern

Concentrations of COPCs detected in surface water, sediment, and waste rock were compared to the
cleanup goals for the project (Tables 12 and 13) to identify constituents of concern (COC) for the mining
complex. Arsenic and lead have been detected in waste rock at the Lost Cabin and Nugget mines at
concentrations above cleanup goals (Table 2). Copper, lead, and zinc have also been detected in surface
water and sediment at the mining complex above cleanup goals (Tables 4, 5, and 7). Therefore, arsenic,
copper, lead, and zinc were retained as COCs for the mining complex.

6.0 DEVELOPMENT OF REMOVAL ALTERNATIVES

This section of the EE/CA identifies response action technologies that could be implemented to reduce or
eliminate potential human health and environmental risks associated with waste rock and the adit discharge
at the Nugget and Lost Cabin mine sites. The technologies were initially screened against their ability to
meet the RAOs presented in Section 5.2 and practical considerations of their implementation at the
mining complex. The technologies retained from the initial screening process were then used to develop
response action alternatives for detailed analysis based on their effectiveness, implementability, and cost.
The detailed evaluation of alternatives is presented in Section 7.0.

6.1 Identification and Preliminary Screening of Removal Actions

Response action technologies that address elevated concentrations of metals in waste rock at the mining
complex and the adit discharge at the Nugget mine were identified based on AMEC’s experience at similar
sites, engineering judgment, and a review of available literature. The technologies identified for preliminary
screening can be classified into four general categories:

e Institutional Controls — measures that restrict or control access to or use of a site as a means
to reduce exposure of the public to COCs.

e Engineering Controls — technologies that reduce contaminant mobility and eliminate exposure
pathways through the use of physical barriers.

e Excavation and Disposal — excavation of waste rock for disposal at either an on-site repository
or an of off-site permitted disposal facility. This category does not apply to the adit discharge.

e Treatment — destruction or immobilization of contaminants by treatment of the adit discharge
and/or waste rock with elevated metals concentrations. Technologies considered for treatment
of the waste rock included in-situ and ex-situ methods.

Response action technologies for mine waste are summarized in Table 14 with the preliminary screening
results and discussed below. Preliminary screening of response action technologies for the adit discharge
are discussed in Section 6.4 and summarized in Table I5.
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6.2 Institutional Controls

Institutional controls include physical barriers, signs, and land use restrictions to control or restrict access
to a site and are potentially applicable to both solid mine waste and the adit discharge. Institutional controls
provide some measure of protection to human health by limiting exposure to contaminants. However,
institutional controls do not prevent contaminant migration, reduce COC concentrations, or achieve
cleanup goals. In addition, institutional controls would do little to address ecological impacts associated
with the mining complex.

Land use restrictions would limit possible future uses of the mine sites through the local forest management
plan. Physical barriers, such as fences, are readily implemented and could be installed around areas of waste
rock and the adit discharge to prevent (reduce) access by the public. Posted signs notifying the public of
potential hazards associated with the Lost Cabin and Nugget mines may also be potentially effective
deterrents to use of the mining complex by the public.

Institutional controls would not be effective as stand-alone response actions. VWhen combined with other
actions, however, these options would increase the protectiveness of the alternative. Therefore,
institutional controls have been retained for further consideration through inclusion with other response
actions.

6.3 Mine Waste Response Action Technologies

6.3.1  Engineering Controls

Engineering controls use physical barriers to reduce contaminant mobility and eliminate exposure pathways.
Engineering controls typically include containment, run-on/runoff controls, and revegetation. As discussed
below and in Table 14, these response actions would not reduce contaminant concentrations or the
volume of impacted media. This response action could be used in conjunction with another action, but by
itself will not receive further consideration.

6.3.1.1 Containment

Containment (i.e., capping) of waste rock in place would prevent direct contact with contaminated media,
eliminate fugitive emissions from windblown dust, and prevent continued erosion of waste rock into
Kennedy Creek. Capping would also reduce contaminant mobility by decreasing the infiltration of
precipitation into the waste rock. Cap designs range from simple monolithic soil covers to composite cover
systems with compacted clay layers, geomembranes, and vegetative covers. The cap design is selected
based on the hazards posed by the contaminated media and site characteristics (e.g., annual precipitation
volumes, site slope, etc.).

Waste rock is in direct contact with Kennedy Creek at both the Lost Cabin and the Nugget mines and
would need to be excavated back from the creek channel prior to capping. In addition, the adit discharge at
the Nugget mine flows through a settling pond constructed over waste rock prior to discharging to the
creek. The adit discharge would need to be rerouted away from the waste rock prior to capping. It would
also be necessary to import cover materials to the Lost Cabin and Nugget mines because sufficient volumes
of suitable cover materials are not present at the mines.
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In-place containment of waste rock at the Lost Cabin and Nugget mines was not retained for further
evaluation due to the availability of a suitable location for the construction of on-site repository for disposal
of mine wastes approximately 3/4-miles downstream (west-southwest) of the Nugget mine (refer to
Section 6.3.2.1).

6.3.1.2 Surface Controls

Surface controls include grading to reshape and reduce the slopes of waste areas, construction of diversion
channels to control run-on/runoff, revegetation of waste areas, and erosion controls. Surface controls are
implemented to control erosion of mine waste, reduce windblown dust, and decrease infiltration of surface
water. These measures are not typically used as stand-alone response actions at sites where direct human
contact is a concern, but may be integrated with other measures (such as containment) to provide
additional protection.

Grading is used to reshape and reduce the slopes of mine waste to control storm water run-on/runoff,
prevent erosion of mine wastes, and reduce infiltration of surface water. Periodic maintenance may be
necessary to repair any erosion that occurs following closure.

At the Nugget and Lost Cabin mines, revegetation could be implemented to control water and wind
erosion of mine wastes and reduce infiltration of precipitation through evapotranspiration. It would
necessary to add soil amendments to the waste rock at both sites to establish vegetation due to the
absence of organic materials in mine waste. Mulching and/or chemical stabilization, as well as fertilization,
would also be necessary to promote revegetation. Periodic maintenance, including weed control, may be
necessary following initial revegetation efforts until a self-sustaining plant community is established.

Erosion control measures include the use of run-on/runoff diversion channels and placement of erosion
resistant materials on mine waste, such as mulch and natural or synthetic fiber mats. Run-on/runoff
diversion channels are constructed to direct storm water runoff away from mine waste. Erosion control
products are strategically placed in areas considered likely to be subject to water erosion.

Surface control measures, including grading, revegetation, and erosion control are retained for further
evaluation through inclusion with other response action alternatives.

6.3.2  Excavation and Disposal

Excavation and disposal of impacted media in an on-site repository or at an off-site permitted landfill is a
permanent source control measure. Approximately 1,830 and 2,020 cubic yards of waste would be
removed from the Lost Cabin and Nugget mines, respectively, for disposal under these response actions. It
would be necessary to repair the roadway slump south of the mining complex or construct a temporary
access road around the slump to allow excavation equipment and haul trucks to access the site. Growth
media would be placed at both sites following excavation and revegetated through seeding and/or planting
to stabilize soil cover and control erosion.

6.3.2.1  On-Site Disposal

As discussed in Section 3.4, the USFS has identified a suitable location for an on-site repository
approximately ¥s-miles downstream (west-southwest) of the Nugget mine (Figure 8). The repository
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would include a cover system designed to limit infiltration of precipitation into the waste rock. Diversion
channels would be constructed to direct storm water run-on/runoff away from the repository to prevent
erosion of the soil component of the cover system and further limit infiltration. Top soil and suitable
subsoils would be salvaged from the repository area for use in constructing the cover and reclaiming the
excavation areas at the mines. Excavation and on-site disposal of mine wastes has been retained for further
evaluation.

6.3.2.2  Off-Site Disposal

Under this scenario, excavated mine waste would be hauled to an off-site permitted landfill for disposal.
Elevated concentrations of arsenic and lead detected in the waste rock during the 2010 PA/SI (AMEC
201 la) and samples collected by Pioneer in 1993 at the Lost Cabin and Nugget mines indicate that the
waste rock may be considered a hazardous waste due to toxicity. The waste rock may require disposal at a
landfill licensed to receive hazardous waste if transported off site for disposal. However, additional sampling
and laboratory analysis would be necessary to confirm this.

Excavation and off-site disposal were not retained for further evaluation because landfill disposal fees and
waste hauling costs make this option cost prohibitive, and a potential on-site repository site has been
identified. Disposal fees at a Class D (municipal) licensed landfill are estimated to be more than $200,000.
Disposal fees at the Grassy Mountain treatment storage and disposal facility in Utah would be approximately
$289 per cubic yard of waste, or approximately $1,400,000, including transportation costs. Transportation
to and disposal at the Arlington facility in Oregon or Mountain Home in Idaho would also be prohibitively
expensive.

6.3.3  Ex-Situ Treatment

Ex-situ treatment of mine waste involves the physical removal of impacted media for treatment at either an
on-site or off-site facility to reduce contaminant mobility and/or toxicity. The treated media may then
either be placed back on site or disposed of at an off-site facility. Treatment processes may include
chemical, physical, or thermal methods.

6.3.3.1  Reprocessing and Re-use

Reprocessing consists of subjecting mine waste to physical/chemical extraction processes for the beneficial
recovery of metals, which reduces the mobility of contaminants in the mine waste. The resulting waste can
potentially be disposed of on site or may be suitable for another beneficial use (e.g, road aggregate).
Reprocessing was not retained for further consideration due to the likely low recoverable metals
concentrations in the mine waste at the Lost Cabin and Nugget mines, distance from the mining complex to
processing facilities, and liability issues associated with transporting the mine waste off-site.

Re-use of mine waste, either directly or following reprocessing or other treatment, into a beneficial product
that is environmentally safe is another potential response action. Examples of re-use include:

e The use of mine waste as aggregate in asphalt or concrete mixes;

e The re-use of contaminated soil as a cover material for site remediation; and
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e The use of waste rock as a construction material (either directly or following
treatment/reprocessing).

Re-use of mine wastes was not retained for further consideration due to potential liability concerns
associated with using contaminated materials at off-site locations and the lack of an indentified use for the
materials.

6.3.3.2  Physical/Chemical Treatment

Physical treatment technologies rely on the physical properties of the contaminant and/or impacted media
to separate the contaminants from soil, reducing the waste volumes for disposal or additional treatment.
Chemical treatment technologies rely on chemical reagents to precipitate or immobilize contaminants.
Potentially applicable technologies include soil washing and acid extraction.

Soil washing is a physical treatment technology that separates contaminants sorbed onto fine soil particles
from bulk soil in a water-based system on the basis of particle size (EPA 2011). Contaminated media and
wash water are mixed ex situ in a tank or treatment unit. A leaching agent, surfactant, or chelating agent
may be added to the wash water or the pH of the wash water may be adjusted to enhance the removal of
metals. The wash water and various soil fractions are usually separated by gravity settling.

Acid extraction is similar to soil washing, but an acidic solution is applied to the contaminated media in a
mixing tank instead of water to extract metals from media. The extraction solution and treated media are
separated using physical processes. Following separation, the treated media is rinsed with water to remove
entrained acid and metals. Dissolved metals are subsequently removed from the extraction solution and
rinse water using precipitants for additional treatment and/or disposal.

These processes were not retained for further evaluation due to their associated high costs, as well as the
fact that these technologies would generate waste streams that would require additional treatment or
disposal.

6.34 In-Situ Treatment

In-situ treatment consists of remediating impacted media in place to reduce contaminant mobility and
toxicity.  The only in-situ treatment method evaluated for the mining complex is chemical
fixation/stabilization.

Chemical fixation/stabilization involves mixing a solidifying or chemical precipitating agent (or mixture of
agents) to cause a physical or chemical change in the mobility and/or toxicity of contaminants. Potential
fixation/stabilization agents include portland cement, other pozzolans, and phosphate. Tailings and waste
rock have been successfully treated with phosphate amendments to reduce leachable concentrations of
copper, lead, and zinc. Chemical fixation/stabilization was not retained for further evaluation due to its
associated high implementation costs.

6.4 Adit Discharge Response Action Technologies

Treatment technologies that could potentially be implemented to address elevated metals
concentrations in the adit discharge at the Nugget Mine can be classified into five general categories:
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e Hydraulic controls to reduce, eliminate, or divert the adit discharge;

e Biochemical treatment, including bioreactors and constructed treatment wetlands;
e Passive chemical adsorption / ion exchange;

e Chemical precipitation; and

e Membrane separation.

A no action alternative will also be evaluated as a baseline to compare other response action alternatives
against. Response action technologies and preliminary technology screening results are summarized in
Table 15 and discussed below.

6.4.1  Hydraulic Control

Hydraulic controls include measures to reduce (and potentially eliminate) the adit discharge, as well as
measures to direct the discharge into the subsurface, which would eliminate the potential for direct contact
of ecological and human receptors with the discharge.

6.4.1.1  Subsurface Hydraulic Barrier

Review of surface water elevations in Kennedy Creek and inside the adit at the Nugget mine suggest that
the adit may receive some recharge from Kennedy Creek through subsurface flows. A subsurface hydraulic
barrier constructed between Kennedy Creek and the adit could potentially reduce inflows to the
underground mine workings, thereby reducing the discharge from the adit. The adit likely also receives
recharge from infiltration of precipitation into the hill slope above the adit and inflow of groundwater west
of the adit. A subsurface hydraulic barrier would not affect these flows.

Several construction methods for hydraulic barriers are available, including: installation of a cutoff wall with
excavation equipment; driving sheet pile; and deep soil mixing with auger systems. Sheet pile cutoff walls
are constructed by driving interlocking steel or high-density polyethylene (HDPE) sheets into the ground.
Deep soil mixing methods rely on auger systems to inject and mix cement-bentonite grout with subsurface
soil to create overlapping, low permeability columns that form a continuous vertical barrier to groundwater
flow. Sheet pile and deep soil mixing methods would be cost prohibitive and are not considered further.

Slurry walls are constructed by backfilling an excavated trench with a mixture of the excavated soil,
bentonite clay, and water to form a barrier to groundwater flow. Alternatively, an impermeable
geomembrane could be installed on one face of the excavated trench to provide the flow barrier. The
trench would then be backfilled with the excavated material. Although no information regarding depth to
groundwater is available for the Nugget mining complex, it is likely to be relatively shallow (5 — 10 feet
below ground surface) based on the presence of Kennedy Creek within the mine site (Figure 5). Shallow
groundwater at the site would negatively affect the stability of the trench sidewalls. Dewatering or use of a
stabilizing agent (i.e., guar gum) may be required for constructing of a cutoff wall with a geomembrane. The
slurry used to construct slurry walls provides lateral support to the trench sidewalls during construction,
eliminating the need for additional stabilization.

It would be necessary to key the cutoff wall into competent bedrock or a zone of low permeability soil (e.g.,
clay) to prevent groundwater from flowing underneath the wall. Limited information is available regarding
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subsurface conditions at the Nugget mine. Prior to design of a cutoff wall system, additional investigation
would be required at the Nugget mine to confirm that Kennedy Creek is a significant source of recharge to
the adit through groundwater flow. The investigation would also determine the depth to groundwater and
competent bedrock (or other low permeability zone) prior to design of a cutoff wall.

Construction of a hydraulic barrier wall was not retained for further evaluation because its ability to
significantly reduce adit flows is unknown.

6.4.1.2  Adit Seals

Cemented plugs installed in mine workings serve as watertight barriers to groundwater flow and eliminate
adit discharge. VWatertight plugs are typically constructed in pairs. The first plug stops the flow of water
toward the portal and holds back the majority of the hydrostatic head. The second plug is constructed
closer to the adit opening and serves as a barrier to any water that bypasses the first plug. A sufficient
length of the adit must be open to install two effective plugs. In addition, installation of cemented plugs
close to adit openings is typically avoided because the plugs would simply redirect flow into fractures in
adjacent rock, which may in turn discharge to the surface. Therefore, this method of source control is not
suitable for short or shallow adits.

Alternatively, cemented backfill may be installed in the adit to restrict water flow through the workings.
Sections of cemented backfill may not be constructed to the same level of design / control as cemented
plugs, and therefore, may reduce but not completely eliminate flow through the adit. Cemented backfill
may be used in conjunction with watertight plugs to provide a foundation for the plugs.

As discussed in Section 3.4, AMEC inspected the immediate interior of the adit opening in September
2011. However, the opening is largely blocked by scree / rubble and the adit was not accessible for a
detailed inspection. Available information on the Nugget Mine suggest that the adit is approximately 140
feet long with two drifts in sheared and tightly folded argillite host rock (Hargrave et al. 2003). The mine
workings totaled 1,100 to 1,200 feet in length in 1978. It is unknown whether all mine workings remain
open over their entire length. However, the underground workings were reportedly maintained as late as
1988 and may still be in good shape (with the exception of the blocked opening).

A thorough geotechnical inspection of the adit would be necessary to evaluate the stability and open length
of the mine workings to determine whether it would be feasible to install watertight plugs or sections of
cemented backfill. In addition, the inspection would be necessary to identify fractures in the surrounding
rock and potential points of groundwater inflow into the workings to determine suitable locations for the
plugs and/or backfill. It would be necessary to remove the rubble blocking the adit opening prior to the
inspection.

If a geotechnical inspection determines the workings are amenable to sealing, this response action would be
readily implementable using common underground mining practices and would provide a relatively
permanent solution to the adit discharge. Associated costs for this response action may be relatively high,
depending on the level of effort needed to prepare the workings for sealing (e.g., shoring, reconstructing /
rehabilitating collapsed mine workings, etc.). Therefore, sealing of the adit, either through watertight plugs
or cemented backfill, was not retained for further evaluation.
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6.4.1.3  Infiltration Gallery

This response action consists of the construction of a collection system to capture surface flows from the
adit and convey them to an infiltration gallery, which would distribute the flows into the subsurface at the
mine. Infiltration would result in the dispersion and dilution of the adit flows in the subsurface, and would
limit the potential for exposure of recreational users and ecological receptors to COCs. Treatment media,
such as Apatite Il, could be incorporated into the infiltration gallery to reduce COC concentrations in the
water prior to discharge into the subsurface. Infiltration could also be used to dispose of water following
treatment using other methods (e.g., bioreactors, chemical precipitation, etc.).

Shallow groundwater at the site may limit the ability of an infiltration gallery to accept adit flows, particularly
seasonally high-flows during spring runoff. As previously discussed, no information is available regarding
depth to groundwater and groundwater flow direction at the mining complex. If Kennedy Creek is
seasonally recharged by groundwater, limited dispersion / dilution of the infiltrated adit water would occur
in the subsurface prior to discharge to the creek. Infiltration is retained for further consideration.

6.42  Passive Chemical Adsorption / lon Exchange

Passive chemical adsorption treats mine-impacted water through the adsorption of contaminants onto solid
treatment media. lon exchange relies on the interchange of ions between treatment media and the mine-
impacted water to remove contaminants from the water. Available media for chemical adsorption or ion
exchange include natural iron and aluminum oxyhydroxides, peat, zeolites, and Apatite Il (a phosphatic
material manufactured from fish bones). These technologies are readily implementable and could be
combined with infiltration to treat the adit discharge and discharge it to the subsurface. Alternatively, a
treatment cell could be installed within the adit to treat the water before it discharges at the surface. The
treatment media would require periodic replacement.

Apatite Il reduces metals concentrations in water through four general processes (Wright, et al. 2004):
e Provides a continuous supply of phosphate ions to solution for the formation of metal-
phosphate precipitates.
¢ Induces precipitation of metals into other phases such as carbonates, oxides, and hydroxides.

e Adsorbs target metals onto its surface. Apatite |l will adsorb up to 5% of its weight by this
process.

e Stimulates biological reduction of target metals by supplying phosphorous and other readily-

bioavailable organics to stimulate microbial activity.

Apatite Il has been successfully used to reduce concentrations of metals, including copper, lead and zinc, in
mine-impacted water at several sites (Conca, et al., 2006; Wright, et al., 2004; and PIMS 2011). Chemical
adsorption using Apatite Il has been retained for further consideration.

643 Biochemical Treatment

Biochemical treatment technologies rely on microbial processes to transform contaminants to less toxic
and/or mobile species. Biochemical treatment technologies include bioreactors and constructed wetlands.
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6.4.3.1 Bioreactors

Bioreactors have been effectively used to reduce concentrations of copper, lead, and zinc in mine-impacted
water (ITRC 2011). Sulfate-reducing bioreactors (SRBs), which are operated anaerobically, are most
commonly used to treat metals-impacted water at mine sites. The microbial process of sulfate reduction
produces sulfides and bicarbonate within the reactor, allowing target metal species to precipitate as metal
sulfides. The following general chemical equations illustrate the process of microbially-mediated sulfate
reduction, oxidation of organic matter (represented by CH,O), and metal (Me) precipitation.

2CH,0(aq) +SO4 + H* — H,S + 2HCO5
H,S + Me2* — MeS + 2H"

Bioreactors can be designed to accommodate a wide range of flows and metals loading, and may be passive
or actively operated (e.g, fluidized bed reactors). Passive SRBs typically rely on solid organic substrates
(e.g, composted cow manure, wood chips, alfalfa hay, etc.) to support microbial processes. Low water
temperatures slow down microbial activity, which significantly affects the performance of SRBs. Passive
SRBs can be constructed below grade to insulate the bioreactor against freezing conditions. However,
treatment performance would likely reduced during low temperature (winter) conditions.

SRBs utilizing solid organic substrates have also been successfully demonstrated both within mine adits
(Nordick 2008; Sobolewski 2010) and external to mine workings (Doshi 2006). Solid substrate reactors
may be supplemented with a liquid carbon substrate, such as methanol or ethylene glycol to provide higher
levels of sustained sulfate reduction and increased treatment efficiency. The initial effluent from SRBs may
contain elevated biochemical oxygen demand (BOD), nutrients, and color, and would be low in dissolved
oxygen. Additional treatment, such as polishing ponds and flow over aeration structures, may be necessary.

The permeability of organic substrate bioreactors may be reduced over time due to the formation of
precipitates, biological growth, and substrate settling. This may lead to short-circuiting or plugging within
the reactor and reduced treatment efficiencies. Coarse wood chips, limestone gravel, and other support
media may be incorporated into the treatment media to improve permeability and increase the lifespan of
the reactor cell. Replacement of the treatment media in solid substrate systems would be required
periodically. Estimates of long-term performance and substrate longevity vary and range from 10 — 30 years
in the available literature (ITRC 201 Ia).

Based on a review of the adit water chemistry (Table 6), sufficient sulfate is not present in the adit
discharge to provide the level of sulfide production necessary to reduce all metals to concentrations below
surface water quality criteria through precipitation as metal sulfides. However, significant reductions in
metals concentrations would occur. Copper and lead would be preferentially removed from the adit
discharge, followed by zinc. Sulfur prills or gypsum could be added to the treatment media to provide a
supplemental source of sulfate.

SRBs, constructed either in the subsurface or the adit interior, have been retained for further consideration
due to their proven effectiveness and relatively low costs compared to more active treatment alternatives.
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6.4.3.2 Constructed Wetlands

Metals removal in wetlands generally results from processes that include reduction of aqueous species to
insoluble forms and deposition into the sediments, uptake and accumulation into plant tissue, adsorption
onto organic matter, and volatilization to the atmosphere (i.e. through biological volatilization of plants,
plant/microbe associations, and microbial processes alone). Constructed wetlands have been used at
several mine sites to reduce metals concentrations in water (ITRC 2011). However, cold conditions in the
Kennedy Creek drainage would likely reduce the effectiveness of constructed wetlands during a significant
portion of the year, including during spring runoff. Constructed wetlands were retained for further
evaluation because they would be readily implementable at Nugget mine, would seasonally reduce COC
concentrations, and would have lower implementation and long-term operation costs compared to more
active treatment methods.

6.44  Chemical Precipitation

Chemical precipitation is a conventional treatment technology for metals-impacted water that consists of
the addition of chemical reagents, followed by physical separation of precipitated solids from the treated
water. Two different processes, hydroxide precipitation and sulfide precipitation, have potential applicability
for the adit discharge. Hydroxide precipitation relies on the addition of alkaline reagents, such as sodium
hydroxide (NaOH), quick lime (CaO), and magnesium hydroxide (Mg(OH),), to increase the pH of the
impacted water and cause certain dissolved metals (including the COC:s in the adit discharge) to precipitate
as hydroxides. Sulfide precipitation consists of the addition of a sulfide to the impacted water to induce
precipitation of select metals as metal sulfides. In both processes, the resulting solids are removed from the
treated water and disposed of. Additional processing may take place to reduce the moisture content of the
generated sludge. The sludge may also be reprocessed for beneficial metals recovery in some instances.

Chemical precipitation is a proven technology that provides effective and efficient treatment of metals in
mine-impacted water. However, chemical precipitation has relatively high implementation costs, requires
ongoing operation and maintenance, requires power at the treatment site, and generates a waste product
that requires disposal. Therefore, chemical precipitation has not been retained for further evaluation.

6.4.5  Filtration/Membrane Separation

Pressure driven membrane separation (PDMS) technologies rely on semi-permeable membranes to
selectively separate contaminants from the influent feed solution. PDMS technologies include reverse
osmosis, nanofiltration, ultrafiltration, and microfiltration. PDMS has a proven implementation record and
has been effectively used to treat mine-impacted water. These technologies require access to power and
generate a concentrate that requires further treatment and/or disposal. Evaporative ponds are frequently
used for concentrate disposal. Treatment of the relatively low flows from the Nugget adit using PDMS is
unlikely to be cost-effective. Therefore, filtration/membrane separation has not been retained for further
evaluation.

6.5 Response Alternative Development

The most promising technologies that were retained through the screening process to address mine waste
and the Nugget Mine adit discharge are summarized in Table 16. These technologies are proven, effective,
and readily implementable over a range of costs. EPA guidance for non-time critical removal actions (EPA
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1993) recommends that only a limited number of response action alternatives be developed for detailed
analysis. EPA guidance also recommends that only the most qualified technologies that apply to the media
or source of contamination be included in the response action alternatives. Based on this guidance, a
limited number of alternatives were developed for further evaluation using the technologies that were
retained during the initial screening process summarized in Sections 6.2 through 6.4 of this EE/CA.
Table 17 lists the response action alternatives that were developed for each media. Section 7.0 presents
the evaluation of the identified response action alternatives.

7.0 RESPONSE ACTION EVALUATION CRITERIA

Response action alternatives developed in Section 6.5 incorporate technologies retained following a
preliminary screening of their ability to meet RAOs and practical considerations of their implementation at
the mining complex. These alternatives represent a range of potential actions or process options that will
reduce or eliminate potential human health and ecological risks associated with waste rock and the adit
discharge at the Nugget and Lost Cabin mines to varying degrees over a range of estimated costs. This
section presents a detailed evaluation of the individual response action alternatives.

7.1 Evaluation Criteria

Response action alternatives are evaluated against short- and long-term aspects of three broad criteria:
effectiveness, implementability, and cost. A general description of each criterion is provided below.

7.1.1 Effectiveness

In accordance with EPA guidance on non-time critical removal actions (EPA 1993), the effectiveness of an
alternative is evaluated against the following criteria:

e Overall protection of human health and the environment;

e Compliance with ARARs;

e Long-term effectiveness and permanence;

e Reduction of toxicity, mobility, or volume through treatment; and

e Short-term effectiveness.

The ability of the alternative to meet RAOs is considered in the evaluation of the alternative against these
criteria. The evaluation of the effectiveness of an adit discharge response alternative is dependent upon
whether the alternative relies on treatment or hydraulic control to meet RAOs. Hydraulic control
alternatives were evaluated based on their ability to reduce or eliminate adit discharge flows. Treatment
alternatives were evaluated based on their ability to reduce COC concentrations below ARAR-based
reclamation project goals for surface water (refer to Table 12).

As discussed in Section 5.4, a preliminary list of ARARs has been developed for the project and is
presented in Appendix E; however, removal actions such as the alternatives presented in this EE/CA are
limited in scope compared to remedial actions, and removal actions are not expected to attain all ARARSs.
The ARARs for this project are grouped into both federal and state ARARs in Appendix E, then
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subdivided into contaminant-specific, location-specific, and action-specific categories. The MDEQ identified
State ARARs that apply to abandoned mine lands in Montana in a report titled Applicable or Relevant and
Appropriate Requirements (ARARs) for Reclamation Projects (MDEQ 2009), which has been provided in
Appendix E. The degree to which each response action alternative would comply with state and federal
ARARs is discussed in the detailed evaluation of alternative presented below.

7.12  Implementability

Implementability addresses the technical and administrative feasibility of implementing an alternative, as well
as the availability of the services, personnel, and materials necessary to implement it. Technical feasibility
considerations include the applicability of the alternative to the contaminant source and overall reliability of
the alternative. The evaluation of the technical feasibility of implementing the response action alternatives
includes:

e Construction and operational considerations, including schedule and the availability of personnel,
equipment, and materials;

¢ Infrastructure requirements (e.g., power);
e Reliability and simplicity/complexity of operation and any required maintenance;

e Remoteness of location, accessibility, and climatic conditions.

Evaluation of the administrative feasibility of implementing the alternative considers the need for off-site
permits and waivers (e.g., building permits, easements, zoning variances, etc.), adherence to applicable non-
environmental laws, and potential concerns of other regulatory agencies.

7.1.3 Cost

Costs of response action alternatives may include implementation costs, operation and maintenance costs
(if necessary), monitoring costs, and reporting costs. Cost estimates were prepared for each alternative
considered in this EE/CA. The costs estimates include future costs for each alternative over a life of 30
years using present worth analysis. Cost estimates were prepared in accordance with EPA guidance on
preparing cost estimates for response actions under CERCLA (EPA 2000).

The costs for implementing a response action include additional investigations/studies (if necessary),
engineering, permitting (if necessary), purchase of materials and equipment, waste transportation (if
applicable), and site reclamation costs. Implementation costs typically occur during the planning and
construction of the response action, but may include cots that occur later in the useful life of the action,
such as costs for replacement of key system components. Details regarding costs estimates for each
response action alternative are presented in Appendix F.

Costs for operation, maintenance, monitoring (OM&M), and reporting (if required) generally occur annually
after construction has been completed. Reporting costs are incurred to document monitoring and
maintenance activities. OM&M costs typically include labor, analytical costs, subcontractors, and
replacement of consumed materials. Future recurring costs for OM&M are combined with initial
implementation costs into a single net present value (NPV) cost for each response action alternative. The
NPV calculations include an annual discount rate (assumed to be 4.2 percent) that addresses the time value
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of money. The discount rate is typically described as the interest rate that could be realized from a prudent
investment. An escalation rate of 3.5 percent was used to estimate the annual increase in future costs due
to inflation. The NPV cost, including initial implementation and future recurring costs, is used to assess the
cost criterion and compare the cost of the response action alternatives. Details concerning OM&M and
reporting costs are included in Appendix F.

For this EE/CA, a standard period of 30 years has been used to evaluate future recurring costs for all
response action alternatives evaluated, unless the estimated cleanup timeframe is less than 30 years. In
general practice, monitoring is conducted for several years after reclamation has been completed to ensure
that cleanup standards have been reliably attained. For those alternatives where the time required to meet
RAOs is expected to be 30 years or longer, the standard monitoring period of 30 years is used as a
reasonable basis for the evaluation of response action alternatives and comparison of associated costs.

7.2 No Action - Alternative NA-I

The no action alternative consists of leaving the Lost Cabin and Nugget mines in their existing conditions.
The waste rock at both mines would be left in place and no action would be taken to control contaminant
migration from the mines, reduce toxicity, or reduce waste volumes. Waste rock would continue to be in
direct contact with Kennedy Creek at both mines and actively erode into the creek at the Nugget mine. In
addition, no attempt would be made to reduce, treat, or control the adit discharge at the Nugget mine.

7.2.1  Effectiveness (NA-1)

The effectiveness of the No Action alternative is low. The alternative would not address impacts to surface
water and sediment resulting from the waste rock at the Lost Cabin and Nugget mines. In addition, the No
Action alternative would not prevent or reduce exposure of human and ecological receptors to
contaminants through direct contact with mine waste or ingestion of impacted water. Discharge of adit
water into Kennedy Creek at the Nugget Mine would continue unabated under this alternative. ARAR-
based cleanup goals for surface water and risk-based goals for soil would not be achieved. Contaminant
concentrations detected in sediment at the Lost Cabin mine are below risk-based goals but would continue
to be exceeded at one location at the Nugget Mine (station SWK-5).

722  Implementability (NA-I)

Implementation of the no action alternative is both technically and administratively feasible.

723  Cost (NA-1)

No capital costs would be incurred under this alternative. Site conditions are unlikely to change under this
scenario, and therefore, long-term monitoring and associated reporting costs would be unnecessary and
unlikely to be incurred. External costs were not considered for this alternative, but may include the loss of
certain ecological functions of Kennedy Creek, including a healthy, viable fishery and aquatic community
downstream of the Lost Cabin and Nugget mines.
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7.3 Excavation and On-Site Disposal — Alternatives MW-1 and MW-2

These alternatives include the excavation and removal of most waste rock at the Lost Cabin mine and
waste rock from the southern portion of the Nugget mine, as shown on Figures 10 and 11. Waste rock
in the northern portion of the Nugget mine contained COCs at concentrations below risk-based cleanup
goals and will remain in place.

As previously discussed, the east bank of Kennedy Creek is in direct contact with waste rock along the
entire length of the Lost Cabin mine and would be reconstructed following removal of the waste.
Approximately 95 feet of the north bank of the unnamed tributary is also in direct contact with waste rock
and would be reconstructed following completion of excavation activities. Concentrations of COCs in a
sediment sample collected from Kennedy Creek downstream of the Lost Cabin mine during the PA/SI were
below risk-based screening goals, and therefore, the streambed would be left in place during excavation
activities.

Kennedy Creek is also in direct contact with waste rock on both sides of the creek throughout the limits of
the excavation area at the Nugget mine under this alternative. In addition, a sediment sample collected
immediately downstream of the mine (Station SWK-5) contained copper and zinc at concentrations above
cleanup goals (Table 7). Therefore, the streambed within the excavation area at the Nugget mine would
be removed. The streambed and streambanks of Kennedy Creek would be reconstructed following the
completion of excavation activities to pre-disturbance (pre-mine) conditions. The reconstructed stream
channel at both mine sites would include riffles, runs, and pools and approximate the sinuosity of
undisturbed sections of the creek above the mining complex.

Figure 8 shows the conceptual design of the proposed on-site repository. Typical cross-sections of two
potential repository cover design options are shown on Figure 12. The existing access road would be
used as the haul route between the mines and the repository. Some improvements would be required to
the access road, including rerouting an approximately 300 foot section of the road around a roadway slump.
In addition, limited tree and brush removal would be required to allow passage of equipment along the
road. As previously discussed, existing two-track roads to the proposed repository area would require
little, if any, improvements.

The excavation and on-site disposal alternative for waste rock at the Lost Cabin and Nugget mines includes
the following additional elements:

e Repository Site Preparation - Clearing and grubbing the repository site; separating combustible
and non-combustible debris; and debris disposal.

e Construct Repository - Items to be completed under this task include:

Strip and stockpile approximately one foot of topsoil within the footprint of the repository;
Excavate subsoil to a depth of approximately four feet within the footprint of the
respository;

Compact the subgrade at the base of the repository to a specified density;

Place and compact the waste rock in the repository;

Grade and shape waste rock to suitable slopes for cover construction;

o O O O

Install repository cover system (two potential options identified);
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o Construct run-on/runoff control ditches around the perimeter of the repository; and

o Seed repository cover and disturbance area, including application of appropriate fertilizer
and mulch.

o The repository would cover an area of approximately 0.6-acres.

e Surface Water Diversion Systems - It would be necessary to divert Kennedy Creek around the
excavation areas at both the Lost Cabin and Nugget mines. As shown on Figures 10 and 11,
diversion systems would include temporary dams installed across Kennedy Creek upstream of
the excavation areas. Water in Kennedy Creek would be piped from the temporary diversion
dams around the excavation areas to temporary sediment basins prior to discharge back into
Kennedy Creek. Excavation would be completed in late summer / early fall when Kennedy
Creek flows are low and the unnamed tributary at the Lost Cabin mine is not flowing (Figure
10).

e Excavate, Load, and Haul Waste - Excavate waste rock at the Lost Cabin and Nugget mines to
the approximate lateral limits shown on Figures 10 and 11. The excavations would extend to
native soils beneath the waste rock. Approximately 1,830 and 2,020 cubic yards of waste rock
would be removed from the Lost Cabin and Nugget mines, respectively. The waste rock would
be loaded into haul trucks and transported to the on-site repository for disposal.

e Regrade Nugget Mine - Approximately 1,780-cubic yards of waste rock with COC
concentrations below cleanup goals would remain on-site at the Nugget mine. Remaining waste
rock adjacent to the excavation area would be utilized to partially backfill the excavation.
Waste rock north of the excavation would be contoured to more closely match surrounding
areas undisturbed by mining activities.

e Load, Haul, Place, Compact Backfill - Backfill (subsoil) from the repository would be hauled,
placed, and compacted in the excavation areas at the mines. Backfill would be placed to within
six inches of the designed final grade at the sites.

e Reconstruct Kennedy Creek: - Reconstruct the streambed and streambanks of Kennedy Creek
affected by excavation activities. Approximately 390 and 300 linear feet of Kennedy Creek
would require reconstruction at the Lost Cabin and Nugget mines, respectively. In addition,
approximately 100 linear feet of the unnamed tributary at the Lost Cabin mine would require
reconstruction following the completion of waste rock removal. Stream reconstruction would
consist of placing stream gravel in the section of streambed removal at the Nugget mine. Fabric-
wrapped streambanks may be constructed at both mine sites to replace the excavated
streambanks. The new stream channel would include riffles, runs, and pools and would
approximate its current sinuosity. Logs cut during waste rock excavation, road improvement,
and clearing of the repository site and possibly available root wads would be strategically placed
to anchor the constructed streambanks.

e Haul and Spread Topsoil - Topsoil salvaged from the repository site would be spread at the
Lost Cabin and Nugget mines to a depth of approximately six inches. Approximately 420 and
680 cubic yards of topsoil would be spread at the Lost Cabin and Nugget mines, respectively.

e Revegetate Disturbed Areas - Disturbed areas at the mines would be revegetated as required
by the USFS. Revegetation may include use of soil amendments, seeding, streambank plantings,
and mulching.
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e Vegetation Monitoring/Maintenance - Disturbed areas at the Lost Cabin and Nugget mines, as
well as the repository, would be monitored and maintained (if necessary) until vegetation is fully
established. Weed control measures would be employed as necessary.

7.3.1  Repository Cover Options

Two different conceptual cover system designs were evaluated and are described below. Figure 12 shows
cross-sections of the two different covers systems.

e Alternative MW-I: Simple Soil Cover — A simple soil cover constructed using salvaged topsoil
and subsoil from the repository area would be constructed over the mine waste. The total
depth of the soil cover would be three feet to provide adequate rooting depth for conifers that
may establish on the cover.

e Alternative MW-2: Composite Cover — This cover system is similar to the simple soil cover
(Alternative MW-1), but includes a low permeability ggomembrane component (high density
polyethylene [HDPE] or equivalent) at the base of the soil cover to further reduce infiltration of
meteoric water to the waste. A drainage layer consisting of gravel or coarse sand would be
installed over the geomembrane to direct water that infiltrates through the soil cover off the
geomembrane and away from the repository. Alternatively, a geocomposite material could be
used for the drainage layer. The drainage layer would also serve to protect the geomembrane
cover during placement of the soil cover.

The Hydrologic Evaluation of Landfill Performance (HELP) model (version 3.07) was used to perform a
comparative analysis of the performance of the two conceptual cover systems by estimating the amount of
precipitation that would infiltrate through each cover system. The HELP model was developed by the U.S.
Army Engineer Waterways Experiment Station under agreement with the U.S. EPA to estimate water
balances for landfills to allow different landfill designs to be evaluated and compared (USACE 201 1). The
results of the HELP3 modeling effort are summarized below in Table 18. A detailed description of the
modeling approach and the modeling results are provided in Appendix G.

7.3.2  Effectiveness

Excavation and on-site disposal of waste rock from the Lost Cabin and Nugget mines containing COCs at
concentrations above cleanup goals would be an effective method for reducing the volume and mobility of
contamination at the mine sites.

7.3.2.1  Overall Protection of Human Health and the Environment

Excavation of waste rock at the Lost Cabin and Nugget mines containing COCs at concentrations above
cleanup goals for disposal at an on-site repository would significantly reduce risks to human health and the
environment. This alternative would also substantially meet RAOs for the project (refer to Section 5.2).
Exposure of human and ecological receptors to contaminants through direct contact with waste rock would
be eliminated. In addition, the response action would eliminate a source of metals impacts to surface water
and sediment in Kennedy Creek and the unnamed tributary. This would reduce the risk to human and
ecological receptors associated with the ingestion of surface water containing elevated concentrations of
COGs. This alternative would also reduce metals impacts to irrigated pasture land outside the Kennedy
Creek drainage that currently receive metals-laden water from an irrigation diversion immediately

Trout Unlimited and U.S. Forest Service March 2012 38



AMEC Environment & Infrastructure, Inc. Draft Final EE/CA — Kennedy Creek Mining Complex

downstream of the Nugget mine. The stream function and aquatic life and fisheries habitat in Kennedy
Creek and the unnamed tributary would be also be improved through removal of waste rock in contact
with the creek and reconstruction of the streams.

Precipitation that infiltrates through the cover systems and waste rock may impact groundwater in the
vicinity of the repository. Information regarding the depth to groundwater and flow direction is not
available for the repository site. However, the site is located more than 700 feet from Kennedy Creek.
Any impacts to groundwater resulting from infiltration of meteoric water through the repository would
likely attenuate prior to reaching the creek. The proposed repository is located on land administered by
the USDA-FS and future use of groundwater on Forest Service land in proximity to the site is considered
unlikely. Based on a review of groundwater records maintained by the Montana Groundwater Information
Center (GWIC), the closest current beneficial use of groundwater to the repository site is located
approximately 2,000 feet to the southeast on the opposite side of Kennedy Creek from the repository
(GWIC 2011).

7.3.2.2  Compliance with ARARs

Compliance with surface water quality ARARs (Appendix E) would be achieved at the Lost Cabin mine
because this response action would remove the source of impacts to Kennedy Creek. Although this
response action would significantly reduce the load of contaminants discharged to surface water at the
Nugget mine, it may not fully achieve surface water quality ARARs alone because it does not address the
adit discharge.

No information is currently available regarding groundwater quality at the mine sites. However, removal of
waste rock with elevated metals concentrations (above cleanup goals) will likely improve groundwater
quality beneath the Nugget and Lost Cabin mines. Contaminant-specific ARARs for ambient air are
expected to be met because the waste rock will be placed in a repository with an engineered cover system
and disturbed areas will be revegetated. Dust control measures would be implemented during construction
activities to control generation of fugitive dust.

Location-specific ARARs would be met to a substantial degree. There are no known cultural or historic
resources at the Lost Cabin and Nugget mines or the proposed repository site. The response action would
improve habitat for migratory birds, endangered species, and aquatic life. Work would be performed within
the floodplain of Kennedy Creek. However, reconstruction of Kennedy Creek will be performed in a
manner that does not result in lasting impacts to the floodplain. Potential wetlands at the Nugget mine (a
wetland inventory has not been performed) would be removed by the response action. However, the total
potential wetland area is less than 0.l-acres and mitigation would not be required under a Nationwide
Permit for work in wetlands issued by the U.S. Army Corp of Engineers under Section 404 of the Clean
Water Act.

Action-specific ARARs are expected to be met by this alternative. Best management practices (BMPs)
would be employed during construction activities to prevent discharge of sediment to surface water. Dust
suppression and control measures would be implemented to control fugitive dust generation during
construction. Construction personnel would have current Hazardous Waste Operations and Emergency
Response training as necessary under 29 Code of Federal Regulations (CFR) 1910.120.
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7.3.2.3 Long-Term Effectiveness and Permanence

The long-term effectiveness and permanence of this response action is excellent because waste rock
containing concentrations of metals above cleanup goals would be permanently removed from the Lost
Cabin and Nugget mines. No long-term monitoring or maintenance would be required once vegetation is
fully established in disturbed areas.

7.3.2.4  Reduction of Toxicity, Mobility, or Volume through Treatment

Mobility of contaminants would be significantly reduced under this response action, depending on the cover
system selected for the on-site repository, by removing waste rock with elevated metals concentrations
from the mine sites. No reduction in the toxicity or volume of contaminants would be achieved by this
alternative.

7.3.2.5  Short-Term Effectiveness

The alternative would not create significant short-term risks to human health or the environment. Some
limited risks associated with construction activities would occur. However, these risk would be effectively
managed through the implementation of appropriate engineering and administrative controls. Construction
would be completed in a single construction season and is anticipated to take less than 90 days to complete.

7.3.3  Implementability

Removal of waste rock containing concentrations of metals above site cleanup goals at the Lost Cabin and
Nugget mine is both technically and administratively feasible. All activities would be completed on site and
no permits would be necessary. No power would be required at the mine sites or repository during or
post-construction. The alternative uses proven technologies that are reliable, relatively simple, and would
not require long-term maintenance following the establishment of vegetation in disturbed areas. The mine
sites are remote but would be accessible following completion improvements to the mine access road (i.e.,
rerouting around the roadway slump). The area has a short construction season due to heavy winter
snows. However, the construction activities proposed under this alternative could be easily implemented in
single construction season through advanced planning.

734 Cost

As shown in Table 19 below, Alternatives MW-1 and MW-2 could be implemented for estimated costs of
$394,000 and $564,000, respectively. A detailed cost estimate for these alternatives is provided in
Appendix F.

7.4 Adit Discharge Response Alternatives

Four potential response action alternatives to address the adit discharge at the Nugget mine were
developed for further evaluation using the technologies retained during the initial screening process
summarized in Section 6.4. The four alternatives are listed in Table 17 and are subject to detailed
evaluation in the following subsections.
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74.1 Infiltration — Alternative AD-|

This alternative consists of the installation of a collection structure within the adit portal to capture the adit
discharge and direct it to an infiltration gallery. It would be necessary to remove a portion of the rubble /
scree pile currently blocking the entrance of adit to install the collection structure. The infiltration gallery
would distribute the adit flow into the subsurface, resulting in the dilution, dispersion, and attenuation of
COCs through natural biochemical reactions. The infiltration gallery would consist of a subsurface
drainfield constructed using perforated pipe bedded in gravel. The infiltration gallery would be covered
with a minimum of three feet of soil to protect it from freezing.

The response action alternatives developed for mine waste at the Nugget mine would result in the
excavation and removal of approximately 2,000 cubic yards of mine waste containing COC
concentrations above cleanup goals. Following this removal, the excavation would be backfilled and the
remaining mine waste (approximately 1,800 cubic yards) would be regarded and contoured to more
closely match surrounding areas undisturbed by mining activities. These actions would remove / fill the
existing settling pond at the Nugget mine. Implementation of Alternative AD-1 would be staged to
occur after the completion of excavation and grading activities. The infiltration gallery would be
constructed in the former pond location. The system would be constructed to operate under gravity
flow, so it would be necessary to ensure adequate slopes are provided during construction of the
system.

7.4.1.1  Effectiveness (AD-1)

Infiltration would reduce the potential exposure of human and ecological receptors to COCs in the adit
discharge. Dilution, dispersion, and natural attenuation processes would likely reduce COC concentrations
in the discharge from the infiltration gallery. The depth to groundwater and flow direction at the mine will
control the effectiveness of this response action. Shallow groundwater would limit the ability of an
infiltration gallery to accept adit flows. In addition, if Kennedy Creek is seasonally recharged by
groundwater, limited dispersion / dilution of the infiltrated adit water would occur in the subsurface prior to
discharge to the creek. As previously discussed, no information is available regarding depth to groundwater
and groundwater flow direction at the mining complex. It would be necessary to conduct a limited
groundwater study to assess groundwater conditions at the mine prior to designing an infiltration system.
The study would also provide data necessary to evaluate the probable fate of infiltrated water at the mine
site. In addition, it would be necessary to perform infiltration tests to confirm subsurface soils would accept
expected adit flows.

Overall Protection of Human Health and the Environment

Implementation of this alternative would partially meet RAOs for the project (refer to Section 5.2)
because it would protect human health and wildlife from direct contact and ingestion risks associated with
the adit discharge. The degree to which infiltration of the adit discharge would reduce impacts to surface
water in Kennedy Creek is dependent upon the distance between the infiltration gallery and the point at
which the discharge may reach the creek.
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Compliance with ARARs

Compliance with surface water ARARs (Appendix E) may not be achieved by Alternative AD-| because
sufficient attenuation of COC concentrations may not occur before infiltrated water discharges to Kennedy
Creek. Elevation measurements taken by AMEC in September 2011 indicate that Kennedy Creek
immediately east of the adit discharge is a losing reach (i.e., not recharged by groundwater) during low flow
conditions. However, some portion of the infiltrated adit discharge may reach the creek downstream of
the infiltration gallery before attenuation of contaminants is complete.

No information is available regarding groundwater quality at the Nugget mine. This alternative is would
likely result in some limited impacts to groundwater quality at the mine. However, it is anticipated that
COC concentrations would attenuate downgradient of the infiltration gallery to existing background levels.

Location-specific ARARs would be met to a substantial degree. There are no known cultural or historic
resources at the Nugget mine. Threatened and endangered species in the vicinity of the mine (if present)
may be affected by activities associated with the implementation of this alternative in the short-term.
However, it is unlikely that these species would be adversely affected because disturbance would be limited,
there would be no permanent aboveground facilities, and implementation of the alternative would be
completed over a brief construction period (one to two weeks).

Action-specific ARARs are expected to be met by this alternative. Best management practices (BMPs)
would be employed during construction activities to prevent discharge of sediment to surface water. Dust
suppression and control measures would be implemented to control fugitive dust generation during
construction. Construction personnel would have current Hazardous Waste Operations and Emergency
Response training as necessary under 29 Code of Federal Regulations (CFR) 1910.120.

Long-Term Effectiveness and Permanence

The long-term effectiveness and permanence of this response action is high. Replacement of the gravel
infiltration basin may be required in the future due if entrained solids are present in the captured adit
discharge and are deposited in the perforated pipe or gravel bedding. In addition, mineral deposition may
occur due to biochemical processes that restricts flow through the gravel. No long-term monitoring or
maintenance would be required.

Reduction of Toxicity, Mobility, or Volume through Treatment

The toxicity of contaminants in the adit discharge may be reduced through natural attenuation processes.
Contaminant mobility would not be reduced, nor would there be any reduction in the volume of the adit
discharge through treatment.

7.4.1.2  Short-Term Effectiveness (AD-1)

Alternative AD-| would not create significant short-term risks to human health or the environment. Some
limited risks associated with construction activities would occur. However, this risk would be effectively
managed through the implementation of appropriate engineering and administrative controls. Construction
would be completed in a single construction season and is anticipated to be completed within one to two
weeks.
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7.4.1.3  Implementability (AD-1)

Construction of an infiltration gallery for the adit discharge is administratively and technically feasible if
sufficient soil depth above the water table or bedrock is available at the mine. As previously discussed, a
limited groundwater study would be required to assess groundwater conditions at the mine prior to
designing the infiltration system. The infiltration gallery would likely be constructed in the footprint of the
filled settling pond, which should provide sufficient depth of soil for infiltration. If soil depths are insufficient,
imported soil can be used. On site testing to determine infiltration rates would allow design optimization.

7.4.14  Cost (AD-1)

The estimated cost to implement Alternative AD-1 is $87,000. A summary of associated costs is provided
in Table 20 and a detailed cost estimate is provided in Appendix F.

742 Bioreactor and Infiltration — Alternative AD-2

A series (primary and backup) of passive sulfate-reducing bioreactors would be utilized under Alternative
AD-2 to reduce metals concentrations in the adit discharge. The bioreactors would rely on a solid
substrates (e.g., composted cow manure, wood chips, alfalfa hay, etc.) to develop anaerobic reducing
conditions in the reactors and support microbial processes. Sulfur prills may be added to the bioreactor
cells to provide a supplemental source of sulfate to support sulfide production. A flow collection structure
would be installed inside the adit interior to direct the adit discharge to the bioreactor cells via gravity flow,
which would be constructed below grade to protect them from freezing conditions. It would be necessary
to remove a portion of the rubble / scree pile currently blocking the entrance of adit to install the inlet
structure.

The discharge from the bioreactor cells would be piped via gravity flow to a subsurface infiltration gallery
that would be constructed as described in Alternative AD-l. The entrance to the adit would be covered
with a solid, insulated barrier to reduce the potential for vandalism and also protect the bioreactor inlet
structure from freezing conditions. An emergency outlet/overflow would be installed in the barrier to
route the adit water directly to the infiltration gallery (by-passing the reactor cells) in the event that flow
through the reactor cells is blocked due to plugging or the formation of ice. The conceptual design of
Alternative AD-2 is shown on Figure 13.

7.4.2.1  Effectiveness (AD-2)

The SRB would likely be effective in reducing metals concentrations in the adit discharge. Sufficient sulfate
may not be present in the adit water to support the level of sulfide production necessary to reduce all
metals concentrations below surface water quality criteria. However, it is anticipated that significant
reductions in metals concentrations could be achieved. The addition of sulfur prills to the solid substrate in
the bioreactor cells would provide a supplemental source of sulfate to the treatment process. Additional
reduction in COC concentrations would occur through dilution, dispersion, and natural attenuation of the
infiltrated discharge. In addition, infiltration of the treated water would reduce the potential exposure of
human and ecological receptors to COCs remaining in the treated effluent.
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Overall Protection of Human Health and the Environment

Implementation of this alternative would substantially meet RAOs for the project (refer to Section 5.2)
because it would reduce sources of metals impacts to surface water and protect human health and wildlife
from direct contact and ingestion risks associated with the adit discharge.

Compliance with ARARs

Compliance with surface water ARARs (Appendix E) would likely be achieved by implementation of
Alternative AD-2. The bioreactor would substantially reduce metals concentrations in the adit discharge.
Concentrations in the treated effluent would be further reduced through attenuation processes following
subsurface infiltration prior to potential discharge to Kennedy Creek.

Location-specific ARARs would be met to a substantial degree. There are no known cultural or historic
resources at the Nugget mine. Threatened and endangered species in the vicinity of the mine may be
affected by activities associated with the implementation of this alternative in the short-term. However, it is
unlikely that these species would be adversely affected because disturbance would be limited, there would
be no permanent aboveground facilities, and implementation of the alternative would be completed over a
brief construction period (one to two weeks).

Action-specific ARARs are expected to be met by this alternative. Best management practices (BMPs)
would be employed during construction activities to prevent discharge of sediment to surface water.
ARARs for ambient air will be met under this alternative because short-term construction operations would
not affect air quality. Dust suppression and control measures would be implemented to control fugitive
dust generation during construction. Construction personnel would have current Hazardous Waste
Operations and Emergency Response training as necessary under 29 Code of Federal Regulations (CFR)
1910.120.

Long-Term Effectiveness and Permanence

The long-term effectiveness and permanence of this response action is anticipated to be low to moderate.
The system would be required to operate in perpetuity. The solid organic substrate in the bioreactor cells
would require routine replacement on an ongoing, periodic basis. Long-term monitoring and maintenance
would be required to ensure the system continues to operate effectively. Sources of funding for long-term
system operation and maintenance have not been identified.

Reduction of Toxicity, Mobility, or Volume through Treatment

The toxicity and volume of contaminants in the adit discharge would be reduced through treatment in the
bioreactor. The toxicity of contaminants in the treated effluent would be further reduced by natural
attenuation processes during infiltration.

7.4.2.2  Short-Term Effectiveness (AD-2)

Alternative AD-2 would not create significant short-term risks to human health or the environment. Some
limited risks associated with construction activities would occur. However, these risks would be effectively
managed through the implementation of appropriate engineering and administrative controls. Construction
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would be completed in a single construction season and is anticipated to be completed within two to four
weeks.

7.4.2.3  Implementability (AD-2)

Alternative AD-2 could be easily implemented. Installation of subsurface bioreactor cells and covering the
adit opening with a solid, insulated barrier would protect the system from freezing and allow year-round
operation. Similar to Alternative AD-I, the infiltration gallery would likely be constructed in the footprint
of the filled settling pond. If soil depths in this location are insufficient, imported soil can be used. On site
testing to determine infiltration rates would allow design optimization.

7424 Cost (AD-2)

The estimated cost to implement Alternative AD-2 is $245,000. A summary of associated costs is provided
in Table 20 and a detailed cost estimate is provided in Appendix F.

743  Chemical Adsorption and Infiltration - Alternative AD-3

Alternative AD-3 would be identical to Alternative AD-2, with the exception that the SRBs would be
replaced by a series (primary and backup) of subsurface reactor cells filled with Apatite Il. The conceptual
design of Alternative AD-3 is shown on Figure 14.

7.4.3.1  Effectiveness (AD-3)

Apatite |l is expected to be effective in reducing concentrations of copper, lead, and zinc in the adit
discharge. Infiltration of the treated water would reduce the potential exposure of human and ecological
receptors to COCs remaining in the effluent. Additional reduction in COC concentrations would occur
through dilution, dispersion, and natural attenuation of the infiltrated discharge. Bench-scale testing may be
necessary to determine the volume of Apatite Il necessary for effective treatment.

Overall Protection of Human Health and the Environment

Implementation of this alternative would substantially meet RAOs for the project (refer to Section 5.2)
because it would reduce sources of metals impacts to surface water and protect human health and wildlife
from direct contact and ingestion risks associated with the adit discharge.

Compliance with ARARs

It is anticipated that Alternative AD-3 would meet surface water ARARs (Appendix E). The Apatite Il
reactor is expected to significantly reduce metals concentrations in the adit discharge. Concentrations in
the treated effluent would be further reduced through attenuation processes following subsurface
infiltration before the infiltrated effluent reaches Kennedy Creek.

Location-specific ARARs would be met to a substantial degree. There are no known cultural or historic
resources at the Nugget mine. Threatened and endangered species in the vicinity of the mine (if present)
may be affected by activities associated with the implementation of this alternative in the short-term.
However, it is unlikely that these species would be adversely affected because disturbance would be limited,
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there would be no permanent aboveground facilities, and implementation of the alternative would be
completed over a brief construction period (two to four weeks).

Action-specific ARARs are expected to be met by this alternative. Best management practices (BMPs)
would be employed during construction activities to prevent discharge of sediment to surface water in
accordance with Montana Pollutant Discharge Elimination System (MPDES) permit requirements. ARARs
for ambient air will be met under this alternative because construction operations would not affect air
quality. Dust suppression and control measures would be implemented to control fugitive dust generation
during construction. Construction personnel would have current Hazardous Waste Operations and
Emergency Response training as necessary under 29 Code of Federal Regulations (CFR) 1910.120.

Long-Term Effectiveness and Permanence

The long-term effectiveness and permanence of this response action is anticipated to be low to moderate.
The treatment media in the reactor cells would require routine replacement on an ongoing, periodic basis.
Long-term monitoring and maintenance would be required to ensure the system continues to operate
effectively. In addition, the system would be required to operate in perpetuity. Sources of funding for long-
term system operation and maintenance have not been identified.

Reduction of Toxicity, Mobility, or Volume through Treatment

The toxicity and volume of contaminants in the adit discharge would be reduced through treatment in the
Apatite Il reactors. The toxicity of contaminants in the treated effluent would be further reduced by natural
attenuation processes.

7.4.3.2  Short-Term Effectiveness (AD-3)

Alternative AD-3 would not create significant short-term risks to human health or the environment. Some
limited risks associated with construction activities would occur. However, these risks would be effectively
managed through the implementation of appropriate engineering and administrative controls. Construction
would be completed in a single construction season and is anticipated to be completed within one to two
weeks.

7.4.3.3  Implementability (AD-3)

Alternative AD-3 could be easily implemented. Installation of subsurface reactor cells and covering the adit
opening with a solid, insulated barrier would protect the system from freezing and allow year-round
operation. Similar to Alternative AD-1, the infiltration gallery would likely be constructed in the footprint
of the filled settling pond. If soil depths in this location are insufficient, imported soil can be used. On site
testing to determine infiltration rates would allow design optimization.

7434 Cost (AD-3)

The estimated cost to implement Alternative AD-3 is $325,000. A summary of associated costs is provided
in Table 20 and a detailed cost estimate is provided in Appendix F.
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744  Constructed Wetlands and Infiltration — Alternative AD-4

Alternative AD-4 would rely on constructed wetlands to reduce metals concentrations in the adit
discharge. Two forms of treatment wetlands were considered for Alternative AD-4, horizontal subsurface
flow (HSSF) wetlands and free water surface (FWS) wetlands. Water flows horizontally through of a gravel
bed planted with wetland vegetation in HSSF wetlands and the water level remains below the surface of the
bed. FWS wetlands consist of areas of open water and are similar in appearance to natural marshes. HSSF
wetlands appear to remove zinc to a slightly greater degree than FWS wetlands (77% versus 68% median
zinc removal rates) based on a review of available studies (Kaldec, et al. 2009). However, HSSF wetlands
are subject to plugging and the gravel beds would require periodic replacement. Therefore, FWS wetlands
would be utilized at the Nugget mine under Alternative AD-4. Copper and lead removal rates were similar
in HSSF and FWS wetlands in the available literature.

The conceptual design of Alternative AD-4 is shown on Figure 15. The treatment wetland would consist
of a deep pool forebay to diffuse flow from the adit discharge across the wetland and attenuate storm
water/adit discharge surges. A series of shallow wetland areas would be constructed downstream of the
forebay with typical flow depths of 6 to 18 inches under normal flow conditions (i.e., outside of spring
runoff). The treatment wetland would end at a deeper terminal pool and outlet structure constructed to
prevent the formation of dead (no flow) zones within the wetland. The effluent would be piped from the
outlet structure to a subsurface infiltration gallery, which would be constructed as described in Alternative
AD-| (refer to Section 7.4.1 for details).

7.4.4.1  Effectiveness (AD-4)

Treatment wetlands would be effective in reducing metals concentrations in the adit discharge during the
growing season. However, spring runoff would likely overwhelm the capacity of the wetlands and result in
reduced retention times and treatment effectiveness. In addition, the effectiveness of the wetlands would
be significantly reduced by cold temperatures at the site during a significant portion of the year. Infiltration
of the treated water would provide additional reductions in COC concentrations through dilution,
dispersion, and natural attenuation of the infiltrated discharge.

Overall Protection of Human Health and the Environment

Treatment wetlands would effectively reduce metals concentrations in the adit discharge during the growing
season, thereby reducing the potential exposure of recreational users of Forest Service lands or wildlife to
elevated concentrations of metals. However, impacted surface water containing metals at concentrations
above cleanup goals would still be accessible to potential human and ecological receptors in the initial
influent sections of the wetlands.

Compliance with ARARs

Alternative AD-4 may not achieve compliance with surface water ARARs. Treatment wetlands would only
be effective in reducing metals concentrations during a portion of the year. It is anticipated based on August
201 | adit discharge data, however, that there would be little adit flow during winter months and any adit
discharge would likely freeze as it surfaces. Spring runoff from surrounding hill slopes would mix with the
adit discharge and likely dilute metals concentrations in the discharge significantly. As previously discussed,
elevation measurements taken by AMEC in September 201 | indicate that Kennedy Creek immediately east
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of the adit discharge is a losing reach (i.e., not recharged by groundwater) during low flow conditions.
However, some portion of the infiltrated adit discharge may reach the creek downstream of the infiltration
gallery before attenuation of contaminants is complete.

Alternative AD-4 would meet location-specific ARARs to a substantial degree. There are no known
cultural or historic resources at the Nugget mine. Threatened and endangered species in the vicinity of the
mine (if present) may be affected by activities associated with the implementation of this alternative in the
short-term. However, it is unlikely that these species would be adversely affected because disturbance
would be limited and implementation of the alternative would be completed over a brief construction
period (one to two weeks). This alternative would result in the construction of additional wetland areas at
the site.

Action-specific ARARs are expected to be met by this alternative. Best management practices (BMPs)
would be employed during construction activities to prevent discharge of sediment to surface water.
ARARs for ambient air would be met under this alternative because construction operations would not
affect air quality. Dust suppression and control measures would be implemented to control fugitive dust
generation during construction. Construction personnel would have current Hazardous Waste Operations
and Emergency Response training as necessary under 29 Code of Federal Regulations (CFR) 1910.120.

Long-Term Effectiveness and Permanence

The long-term effectiveness and permanence of this response action is expected to be high. The treatment
wetlands would be constructed to be self-sustaining and would not require ongoing maintenance once
wetland vegetation is fully established. Replacement of the gravel infiltration basin may be required in the
future if suspended solids are present in the treatment wetland effluent. However, the wetlands would be
designed with relative slow flows that would allow suspended solids to settle out. Mineral deposition may
occur in the gravel infiltration basin due to biochemical processes that would require replacement of the
gravel.

Reduction of Toxicity, Mobility, or Volume through Treatment

The toxicity of contaminants in the adit discharge would be seasonally reduced by biochemical processes in
the treatment wetlands. Further reduction in contaminant toxicity may occur through natural attenuation
processes following infiltration. Contaminant mobility would be reduced through the sequestration of
metals in wetland sediments and vegetation. There would be no reduction in the volume of the adit
discharge through treatment.

7.4.4.2  Short-Term Effectiveness (AD-4)

Alternative AD-4 would not create significant short-term risks to human health or the environment. Some
limited risks associated with construction activities would occur. However, these risks would be effectively
managed through the implementation of appropriate engineering and administrative controls. Construction
would be completed in a single construction season.
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7.4.4.3  Implementability (AD-4)

Construction of treatment wetlands and an infiltration gallery for the adit discharge at the Nugget mine is
administratively and technically feasible. Construction activities would take place in late summer or early fall
during low flow and low groundwater conditions. It would be necessary to temporarily reroute the adit
discharge during construction activities. Similar to Alternative AD-1, the infiltration gallery would likely be
constructed in the footprint of the filled settling pond. If soil depths in this location are insufficient,
imported soil can be used. On site testing to determine infiltration rates would allow design optimization.

7444 Cost (AD-2)

The estimated cost to implement Alternative AD-4 is $180,000. A summary of associated costs is provided
in Table 20 and a detailed cost estimate is provided in Appendix F.

8.0 COMPARATIVE ANALYSIS OF ALTERNATIVES

This section compares the response action alternatives developed in Section 6.0 and evaluated in detail in
Section 7.0. Comparative analyses were performed for the waste rock and adit discharge alternatives
using three primary criteria: effectiveness, implementability, and cost. Costs for each response action
alternative were estimated for comparative purposes only since many design details that would affect costs
are preliminary. Actual costs for selected alternatives may range from 30 percent lower to 50 percent
higher than the comparative costs estimated in this EE/CA. Summaries of the alternative comparisons are
provided in Table 21.

8.1 Mine Waste Alternatives

Both Alternatives MW-I and MW-2 would significantly reduce overall risks to human health and the
environment through the removal of mine waste containing COCs at concentrations above cleanup goals
for placement in an on-site repository. SPLP results for the waste rock (discussed in Section 3.1) indicate
that lead may leach from the waste rock due to infiltration of precipitation through the repository at
concentrations that would exceed the groundwater standard.  Therefore, the overall effectiveness of
Alternative MW-2 is considered to be higher than Alternative MW-1 because the composite cover system
would result in significantly lower volumes of precipitation infiltrating through the waste rock in the
repository. The no action alternative (NA-1) is not effective in comparison to Alternatives MW-1 and
MW-2 because it would not reduce exposure to human or ecological receptors to contaminants. In
addition, Alternative NA-I would not address impacts to surface water or sediment in Kennedy Creek
resulting from mine waste at the Lost Cabin and Nugget mines.

The long-term effectiveness of all three alternatives rank relatively equally. No long term monitoring or
maintenance would be required for Alternatives MW-1 and MW-2 once vegetation is established at the
repository site and areas disturbed by excavation activities at the mine sites. Long term monitoring and
maintenance would not be required under the no action alternative (NA-1).

As shown on Table 21, Alternatives MW-| and MW-2 rank equally with respect to implementability. Both
alternatives are readily implementable using conventional construction equipment and materials. The
implementability of NA-1 is higher than the other mine waste alternatives because no action is required.
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The estimated costs to implement Alternatives MW-I and MW-2 are $394,000 and $564,000, respectively
(Table 21). Construction and materials costs associated with Alternative MW-2 would be slightly higher
than Alternative MW-1| due to the installation of a geomembrane in the cover system. There would be no
cost to implement Alternative NA-I. Detailed cost estimates for these alternatives are provided in
Appendix F.

8.2 Adit Discharge Alternatives

The comparative evaluation of the response action alternatives for the adit discharge at the Nugget mine is
summarized on Table 21. Alternatives AD-| (Infiltration), AD-2 (Bioreactor and Infiltration), and AD-3
(Chemical Adsorption) would result in the greatest reduction of risks to recreational users of Forest
Service lands and wildlife. All three alternatives would prevent direct contact and ingestion of the adit
discharge by capturing the adit flows for infiltration into the subsurface. Alternatives AD-2 and AD-3
provide slightly greater protection of human health and the environment than AD-| because these two
alternatives would reduce COC concentrations in the adit discharge through treatment prior to infiltration.
Although Alternative AD-4 (Constructed Wetlands and Infiltration) would also reduce COC
concentrations in the adit discharge prior to infiltration, it would not be as effective in reducing the potential
for exposure of human receptors and wildlife to COCs as the other alternatives. Impacted surface water
containing metals at concentrations above cleanup goals would still be accessible to potential receptors in
the initial influent sections of the wetlands. The No Action Alternative (NA-1) would not reduce COC
concentrations in the adit discharge or reduce potential risks to human health or the environment.

Alternatives AD-| and AD-4 would provide the greatest degree of permanence and long-term effectiveness.
Treatment wetlands utilized in Alternative AD-4 would be constructed to be self-sustaining with little on-
going maintenance requirements once wetland vegetation is fully established. Replacement of the gravel
infiltration basin may be required at some point in the future for all four alternatives. The long-term
effectiveness of Alternatives AD-2 and AD-3 is anticipated to be low because the alternatives have ongoing
monitoring and maintenance requirements. The treatment media in the bioreactors (Alternative AD-2) and
in the Apatite Il reactors (Alternative AD-3) would require periodic replacement to ensure the treatment
systems continue to function effectively.

The No Action Alternative (NA-1) is the most easily implementable alternative since it would not require
any actions at the mine sites. The implementability of the remaining four adit discharge alternatives is
roughly equal. All four alternatives could be implemented using conventional construction methods and
equipment. In addition, all four alternatives would require the adit discharge to be temporarily rerouted
while the treatment systems and infiltration galleries are constructed. All of the alternatives rely on passive
technologies that do not require access to power. Limited bench-scale testing of Alternatives AD-2 and
AD-3 may be required to determine the volume of treatment media required in the bioreactors and Apatite
Il reactors, respectively.

As shown on Table 20, Alternative AD-1 is expected to have the lowest implementation and operating
cost ($87,000), excluding the No Action Alternative. The costs of implementation costs of Alternatives
AD-2 through AD-4 are roughly equivalent. However, ongoing monitoring and maintenance requirements
for Alternatives AD-2 and AD-3 increase their overall costs to $245,000 and $325,000, respectively. As
previously discussed, the treatment wetlands employed in Alternative AD-4 would be designed to be self-
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sustaining and would not require maintenance or monitoring once established. The estimated cost for
Alternative AD-4 is $180,000.

8.3 Preferred Alternatives

Alternative MW-1 is the preferred alternative to address mine waste at the Lost Cabin and Nugget mines.
As discussed in Section 7.3, this alternative includes the excavation of approximately 3,850 cubic yards of
waste rock containing concentrations of metals above cleanup goals. The waste rock would be placed in an
on-site repository with a simple soil cover constructed using materials salvaged from the repository site.
Portions of Kennedy Creek and the unnamed tributary at the Lost Cabin mine would be reconstructed
following completion of excavation activities.

Alternative MW-I is preferred because it provides a significant reduction in risks to human health and the
environment at a lower associated cost than the other response action alternative evaluated. As discussed
above, the simple soil cover of Alternative MW-I would allow a greater volume of precipitation to infiltrate
through the repository cover. Information regarding the depth to groundwater and flow direction is not
available for the repository site. However, the site is located more than 700 feet from Kennedy Creek.
Any impacts to groundwater resulting from infiltration of meteoric water through the repository would
likely attenuate prior to reaching the creek. The proposed repository is located on land administered by
the USDA-FS and future use of groundwater on Forest Service land in proximity to the site is considered
unlikely. As discussed in Sections 5.4 and 7.1.1, removal actions such Alternative MW-I| are limited in
scope, and mitigate threats to human health and the environment to the extent practicable. As previously
discussed, removal actions are not expected or required to attain all ARARs.

The preferred response action alternative for the adit discharge at the Nugget mine is Alternative AD-1.
This alternative includes the installation of a collection structure within the adit portal to capture the
discharge and direct it to a subsurface infiltration gallery. Implementation of Alternative AD-1 would reduce
risks to human and ecological receptors. Although Alternatives AD-2 and AD-3 provide the added benefit
of reducing the toxicity and volume of contaminants in the adit discharge through treatment, the overall
long-term effectiveness of these alternatives is considered poor due to ongoing operation and maintenance
requirements. Therefore, these alternatives were not selected. Alternative AD-4 would also reduce metals
concentrations in the adit discharge through the use of treatment wetlands. However, the effectiveness of
treatment wetlands would be reduced during a significant portion of the year due to cold conditions. In
addition, Alternative AD-4 poses higher risks to human and ecological receptors than Alternative AD- |
because water containing elevated metals concentrations would be accessible in the influent areas of the
treatment wetlands.

The combined cost to implement Alternatives MW-1 and AD-| is estimated to be approximately
$481,000.
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ESTIMATED VOLUME OF EXISTING FILL: 2870 CUBIC YARDS
ESTIMATED VOLUME OF EXISTING SURFICIAL CUT: 1040 CUBIC YARDS
NET ESTIMATED MINE WASTE VOLUME: 1830 CUBICYARDS

Nugget Mine
Approx. 500 Feet

S
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o ~ Lost
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- Woaste-|
(Surface)
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o
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/ )3
" Blb
|
X7
v
NY
+2 Blc
X
+4 & W
Bld
N
Ble
||
S
SUMMARY OF MINE WASTE SAMPLE SELECTION B2
LOST CABIN MINE ﬂ
KENNEDY CREEK MINING COMPLEX Lost
Sampling Unit Surface Area (sq ft)| Sub-sampling Locations* Ca.bin ©
LOST CABIN WASTE-I| 7450 Surface samples collected from locations Bla, Blb, Blc, Bld, and Ble. y
LOST CABIN WASTE-2 1880 B2-1.0, B2-1.5, B3-1.0, B4-0.5, and B4-1.5 t
LOST CABIN WASTE-3 1160 B5-0.5, B5-1.5, and B5-3.0 (SU rfac )
LOST CABIN WASTE-4 1580 B7-1.0, B7-1.5, B8-0.5, B8-1.5, and B8-2.0 B4
LOST CABIN WASTE-5 1570 B9-0.5, B9-1.0, B9-1.5, B10-0.5, and B10-1.0 =
LOST CABIN WASTE-6 4320 BII-1.0, BI'I-1.5, BI1-2.0, BI2-0.5, and BI2-1.0 o
LOST CABIN WASTE-7 - B8-2.5, B9-2.5, B10-3.0, B 1-3.0, and BI I-3.5
*Names for most sub-sampling locations from the
Lost Cabin mine consist of a two-character code
for the hand-excavated location followed by a B.6
Woaste-3 (Surface)
aste-4
M x %
N >

Bl *6

Lost.Cabin Waste-6
(Surface)

Unnamed Tributary

NOTE:
Elevation labels are estimated based on the USGS 24k Topographic Quadrangle.
Actual survey was perfomed relative to local datum only.

/AN

Hautilla Mine
Approx. 1/4 Mile
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(Subsurface)

SWK-3

|
m
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Estimated Cut or Fill Thicknesses - Negative #s show cut (ft), Positive #s show fill (ft)

Existing Conditions -

Lost Cabin Mine Site
Kennedy Creek

Missoula County, Montana
FIGURE 4




SUMMARY OF MINE WASTE SAMPLE SELECTION

NUGGET MINE

KENNEDY CREEK MINING COMPLEX

Lost Cabin Mine

Approx. 500 Feet

Sampling Unit Surface Area (sq ft)| Sub-sampling Locations*

NUGGET WASTE-| 6070 BI-0.5, BI-2.0, B2-0.5, B2-1.0, and B2-2.0

NUGGET WASTE-2 1700 B4-0.5, B4-1.0, B4-1.5, B6-0.5, and B6-1.5

NUGGET WASTE-3 3080 B5-1.0, B5-2.0, B7-1.5, B7-3.0, and B7-4.0

NUGGET WASTE-4 3520 B8-1.5, B8-2.0, B8-2.5, B9-0.5, and B9-1.0

NUGGET WASTE-5 7630 B10-0.5, BI0-1.0, BI'1-0.5, BI'I-1.0, and BI 1-2.0

NUGGET WASTE-6 7650 Surface samples collected from locations Bl2a, BI2b, Bl 2¢, Bl 2d, and Bl 2e.
NUGGET WASTE-7 - B5-3.0, B5-3.5, B5-4.0, B7-6.5, and B7-7.0

NUGGET WASTE-8 - B8-4.0, B8-4.5, B9-3.0, B9-3.3, and B9-3.7

*Names for most sub-sampling locations from the

Lost Cabin and Nugget mines consist of a two-

character code for the hand-excavated location

ESTIMATED VOLUME OF EXISTING FILL: 5110 CUBIC YARDS
ESTIMATED VOLUME OF EXISTING SURFICIAL CUT: 1310 CUBICYARDS
NET ESTIMATED MINEWASTEVOLUME: 3800 CUBIC YARDS
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TABLE |

2010 MINE WASTE SAMPLE SUMMARY
KENNEDY CREEK MINING COMPLEX

Location

Mine
Site

Lithology

Setting

Bla

Lost Cabin

Fine angular gravel

Isolated fill area on western side of Kennedy Creek near
upstream edge of the site.

Blb-Ble

Lost Cabin

Silty gravel (GM): grayish brown (10YR5/2 and similar
colors), no mottling. Color similar to surface of excavated
area to the east. Gravel is fine and subrounded.

Isolated fill area on eastern side of Kennedy Creek near
upstream edge of site. Sampled area has trees up to 4-in
diameter.

B2

Lost Cabin

03-18

1.8-20

Poorly-graded gravel (GP) with cobbles: strong brown
(7.5YR5/8), angular, dry. Wood cribbing present.

Silty gravel (GM): very pale brown (10YR8/4), subangular,
slightly moist.

Poorly-graded gravel (GP): light yellowish brown (10YR6/4),
subangular, slightly moist. Coarse gravel and small cobbles
up to 5 inches max. dimension dominate (80%).

Area slightly vegetated. Flat.

B3

Lost Cabin

03-18

1.8-20

Poorly graded gravel (GP) with cobbles: strong brown,
angular, dry. Wood cribbing present.

Silty gravel (GM): very pale brown, subangular, slightly
moist.

Poorly graded gravel (GP): light yellowish brown,
subangular, slightly moist. Coarse gravel and small cobbles
up to 5 inches max. dimension dominate (80%)

No vegetation at boring location. Flat. Downhill shoulder of
abandoned road grade.

B4

Lost Cabin

0-0.9

0.9-1.5

(uphill) or 2.8
(downhill side
of excavation)

70% Silty gravel (GM): very pale brown (10YR7/3), angular,
dry to slightly moist. 30% Highly weathered rock or low-
plasticity silt (ML): white (5Y8/1), massive, slightly moist.

Poorly-graded gravel (GP): olive yellow (10YR6/6), angular,
slightly moist. Increasingly cobbly with depth.

No vegetation. Flat. Uphill edge of abandoned road grade.
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TABLE |

2010 MINE WASTE SAMPLE SUMMARY
KENNEDY CREEK MINING COMPLEX

. Mine . :
Location Site Depth Lithology Setting
B4 (cont.) Lost Cabin | 1.5 (uphill) or | Poorly-graded gravel (GP): dark gray(10YR4/1). Prevalent
2.8(down- roots.
hill)-3.0
B5 Lost Cabin | 0-1.7 Silty gravel (GM): pale yellow (2.5Y7/4), angular, slightly Downhill shoulder of abandoned road grade.
moist.
1.7-35 Low plasticity silt (ML) with gravel: brownish yellow
(10YR6/8), subangular, slightly moist. 50% wood cribbing.
3.5-55 Well-graded gravel (GW): strong brown (7.5YR5/8),
subangular, slightly moist.
55 Refusal encountered on gray rock (7.5YR5/I).
Bé6 Lost Cabin | 0-0.7 Highly weathered rock or low-plasticity silt (ML): white No vegetation. Flat. Uphill edge of abandoned road grade.
(5Y8/1), massive, slightly moist.
0.7-1.8 Poorly-graded gravel (GP): yellow (2.5Y7/8), angular, slightly
moist.
1.8t02.0 Poorly-graded gravel (GP): very pale brown (10YR7/3), less
than 5% fines, slight roots.
B7 Lost Cabin | 0-2.0 Low plasticity silt (ML) with gravel: light yellowish brown No vegetation. Downhill shoulder of abandoned road grade.
(10YR6/4), angular, dry to slightly moist.
2.0-2.6 Silty gravel (GM): brownish yellow (10YR/6/8), subangular,
slightly moist.
2.6 Refusal encountered on wood cribbing.
B8 Lost Cabin | 0-2.0 Poorly-graded gravel (GP): brownish yellow (I10YR6/6), No vegetation. Approximate uphill edge of abandoned road

angular, dry.

grade across surface of mine waste pile.
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TABLE |

2010 MINE WASTE SAMPLE SUMMARY
KENNEDY CREEK MINING COMPLEX

. Mine . :
Location Site Depth Lithology Setting
B8 (cont.) Lost Cabin | 2.0-3.1 Silty gravel (GM): brownish yellow (10YR6/8), subangular,
slightly moist.
3.1-33 Silty gravel (GM): prevalent roots.
B9 Lost Cabin | 0-1.8 Low plasticity silt (ML) with gravel: brownish yellow No vegetation. Approximate downhill edge of abandoned
(10YR6/6), subangular, slightly moist. road grade across surface of mine waste pile.
1.8-3.3 Poorly-graded gravel (GP): brown (7.5YR5/4), angular,
slightly moist.
33 Refusal encountered on coarse gravel and cobbles.
BI0 Lost Cabin | 0-0.5 Low plasticity silt (ML): yellow (10YR7/6), angular, dry. No vegetation. Approximate uphill edge of abandoned road
grade across surface of mine waste pile.
Silty gravel (GM): yellowish brown (10YR5/6), subangular,
0.5-2.6 slightly moist.
Poorly-graded gravel (GP): reddish brown (2.5YR4/3),
2.6-3.8 angular, slightly moist.
Low plasticity silt (ML): very dark gray (10YR3/1).
3.8-40
Bl Lost Cabin | 0-2.3 Silty gravel (GM): yellowish brown (10YR5/4), angular, dry. No vegetation. Near southern end of mine waste.
Low plasticity silt (ML) with gravel: brown (10YR4/3),
2.3-39 subangular, slightly moist.
Low plasticity silt (ML): dark gray (10YR4/1), angular, slightly
3.9-4.1 moist.
Bl2 Lost Cabin | O-I.1 Low plasticity silt (ML) with fine gravel: brownish yellow No vegetation. Near southern end of mine waste.

(10YR/8).
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TABLE |

2010 MINE WASTE SAMPLE SUMMARY
KENNEDY CREEK MINING COMPLEX

. Mine . :
Location Site Depth Lithology Setting
B12 (cont) | Lost Cabin | [.2-1.3 Silty gravel (GM): grayish brown (10YR5/2). Stump to small
tree encountered (1.5 in. diameter).
Bl Nugget 0-27 Poorly graded gravel (GP): grayish brown, angular, slightly North end of fill. Northwest of adit. Prevalent trees up to
moist. .5 in. diameter and moss present.
2.7-29 Poorly graded gravel (GP): very dark grayish brown, angular,
wet. Bottom of excavation is at elevation of adjacent creek.
B2 Nugget 0-1.8 Poorly-graded gravel (GP): light gray (10YR7/2), angular, West of adit. Prevalent trees up to 5 in. diameter and moss
dry. Prevalent tree roots. present.
1.8-3.2 Poorly-graded gravel (GP) with silt: grayish
brown(10YR5/2), subangular, slightly moist. Slight fine
roots.
3.2-34 Poorly-graded gravel (GP) with silt: very dark brown
(10YR2/2), wet to saturated. Bottom of excavation is at
elevation of adjacent creek and adit discharge.
B3 Nugget 0-1.5 Poorly-graded gravel (GP): very dark grayish brown Southwest of adit. Grass and moss present.
(10YR3/2), subangular, dry to slightly moist. Bottom of
excavation is at elevation of creek side flat area.
B4 Nugget 0-1.8 Silty gravel (GM): dark yellowish brown (10YR4/6), angular, | Slope above northwest corner of pond. No vegetation
slightly moist. present.
1.8-2.2 Poorly-graded gravel (GP) with silt: brown (10YR5/3),
subrounded, slightly moist.
B5 Nugget 0-2.7 Well-graded gravel (GW): light gray (10YR7/1), sharp Slope above northeast corner of pond. No vegetation
angular, dry. present at excavation. Small trees (approx. 5 in. diameter)
located at top of slope.
2.7-44 Poorly-graded gravel (GP): dark gray (10YR4/1), angular,

44

moist to wet.

Refusal on large rock.
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TABLE |

2010 MINE WASTE SAMPLE SUMMARY
KENNEDY CREEK MINING COMPLEX

. Mine . :
Location Site Depth Lithology Setting
Bé6 Nugget 0-2.2 Silty gravel (GM): light yellowish brown (10YRé/4), angular, | Slope above northwest corner of pond. No vegetation
slightly moist. present.
22-24 Well-graded gravel (GW): brown (10YR5/3), subrounded,
slightly moist to dry.
B7 Nugget 0-1.1 Silty gravel (GM): very pale brown (10YR7/3), angular, dry. Slope above eastern side of pond. No vegetation present.
[.2-2 Poorly-graded gravel (GP): brown (10YR5/3), subrounded,
slightly moist. Metal plate encountered.
2.0-54 Poorly-graded gravel (GP) with silt: light yellowish brown
(10YR6/4) with orange mottling, subangular, slightly moist.
5.4-6.3 Silty gravel (GM): strong brown (7.5YR5/6), angular, very
moist.
6.3-7.0 Low plasticity silt (ML) with gravel: dark gray (10YR4/1),
subangular, very moist. Wood and charcoal encountered in
small pieces less than '/4 in. max. dimension.
7.0 Refusal on large rock
B8 Nugget 0-1.0 Poorly-graded gravel (GP) with silt: light brownish gray Slope above eastern side of pond. Prevalent trees up
(10YR6/2), subangular, dry. Roots present. to ¥ in. diameter.
1.0-2.2 Poorly-graded gravel (GP): yellowish brown (10YR5/4),
subangular, moist. No roots present.
22-37 Poorly-graded gravel (GP): brownish yellow (10YR6/8),
angular, moist.
3.749 Silty gravel (GM): very dark gray (I0YR3/1), subangular,
wet.
49 Refusal on large rock.
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TABLE |

2010 MINE WASTE SAMPLE SUMMARY
KENNEDY CREEK MINING COMPLEX

Location

Mine
Site

Lithology

Setting

B9

Nugget

Poorly-graded gravel (GP): light brownish gray (10YR6/2),
subangular, dry.

Poorly-graded gravel (GP): brown (10YR4/3), angular,
slightly moist.

Silty gravel (GM): very dark gray (I0YR3/1) with orange
mottling, subangular, wet. Water-saturated conditions
encountered at 3.9 ft. Material below 3.9 ft. not
recoverable.

Slope at southeastern corner of pond. Prevalent trees
up to ¥4 in. diameter.

BIO

Nugget

1.2-14

Poorly-graded gravel (GP): pale brown (10YR6/3), angular,
dry.

Low plasticity silt (ML) with angular gravel: brown
(10YR5/3), dry. Prevalent tree roots up to | in. diameter.

Southwest of pond. Grass and trees up to 2 in. diameter
present.

Bl

Nugget

0-0.8

0.8-1.9

1.9

Poorly-graded gravel (GP) with silt: grayish brown
(10YRS5/2), angular, dry.

Poorly-graded gravel (GP) with silt: brown (10YR4/3),
subrounded, slightly moist. Timber (4 in. diameter) present

horizontally in excavation.

Refusal on woody material.

South of pond. Moss and trees up to 3/4 in. diameter
present.

Bl2c

Nugget

0-0.6

0.6-0.8

Low plasticity silt (ML) with fine gravel: pale yellow
(2.5Y8/4), angular gravel, dry.

Poorly-graded gravel (GP): dark yellowish brown
(10YR4/4), angular, slightly moist.

Steep slope east of Kennedy Creek. No vegetation in
majority of surroundings, except one shrub (approx. 1.4 in.
diameter).

Page 6 of 6




TABLE 2

MINE WASTE SAMPLE RESULTS - METALS
KENNEDY CREEK MINING COMPLEX

Sample ID Sample [ Antimony | Arsenic | Beryllium | Cadmium [Chromium| Copper Lead Mercury Nickel Selenium Silver Thallium Zinc
Date (mglkg) | (mglkg) | (mglkg) [ (mglkg) | (mglkg) | (mglkg) | (mglke) (mg/kg) (mglkg) | (mglkg) | (mglkg) [ (mglkg) | (mglke)
Screening Level 2937 70" 160° 1,950° | 735,000° | 27100° 1,100* 220° 14,650° 390° 390° NA*© 220,000°
BACKGROUND
SOIL KI | 27-Aug-|0| <0.53 16.1 0.38 0.091 8.7 | 20.1 | 21.9 0.00045 16.8 3 <0.53 <0.11 87.1
LOST CABIN MINE
WR-IA (Lost Cabin) 2-Jul-93 8 98] 1.2 4.3 1150 3370 0.318] I 478 )
LOST CABIN WASTE-| 25-Aug-10 2.8 101 0.44 1.2 6.9 436 2060 0.00088 14.2 1.5 2 0.12 460
LOST CABIN WASTE-2 25-Aug-10 33 50.5 <0.19 0.1 24 332 1110 0.005 1.7 0.83 1.7 <0.095 194
LOST CABIN WASTE-3 25-Aug-10 11.6 99.6 <0.21 <0.084 39 481 7970 0.007 33 0.97 1.9 0.11 418
LOST CABIN WASTE-4 25-Aug-10 6.8 138 <0.20 <0.078 1.4 343 4480 0.0038 M% | 0.49U 7.6 <0.098 225
LOST CABIN WASTE-5 25-Aug-10 8.4 107 <0.19 <0.076 0.77 463 4110 0.0026 0.75 0.53 8.2 <0.095 234
LOST CABIN WASTE-6 25-Aug-10 26.3 108 <0.17 | 0.83 5630 17300 0.005 37 0.88 36.1 <0.083 3080
LOST CABIN WASTE-7 25-Aug-10 2 79.5 <0.16 0.73 0.61 324 1000 0.0029 4.1 0.42 1.5 <0.079 646
NUGGET MINE

WR-1A (Nugget) 2-Jul-93 1 150 ) <0.5 <l.3 378 2340 0.196 ) 9 330)
NUGGET WASTE-| 26-Aug-10 | 44.5 0.26 0.8 5.8 187 398 0.0019 18.7 1.4 1.1 <0.095 321
NUGGET WASTE-2 26-Aug-10 1.9 44.2 <0.16 0.074 2.1 219 1690 0.0015 2 0.62 1.8 <0.079 271
NUGGET WASTE-3 26-Aug-10 8.9 41.3 0.24 2.7 6.1 1150 667 0.00099 18.1 1.3 2.1 <0.082 1360
NUGGET WASTE-4 26-Aug-10 I.1 55.9 <0.16 0.33 4.3 193 673 0.0022 8.2 | 0.87 <0.081 302
NUGGET WASTE-5 26-Aug-10 2.5 49.5 0.3 2.5 9.6 249 1510 0.0013 27 23 5.6 <0.075 2910
NUGGET WASTE-6 25-Aug-10 6.9 104 <0.19 <0.077 1.2 330 5550 0.0022 1.1 0.55 1.3 <0.097 189
NUGGET WASTE-7 26-Aug-10 1.7 108 0.29 5.5 5.1 448 62.6 0.0033 24 0.67 0.35U <0.071 518
NUGGET WASTE-8 26-Aug-10 0.95 30.8 0.28 1.4 7.5 160 316 0.00077 20.4 1.8 0.86 <0.10 1950

Notes:

? Risk-Based Cleanup Guidelines for Abandoned Mine Sites (TetraTech 1996).
® U.S. Environmental Protection Agency Regional Screening Level.
€ Thallium does not have an EPA Regional Screening Level (RSL). EPA has published 0.14 mg/kg as a thallium concentration in soil that screens for potential to impact underlying drinking water with soluble

thallium salts. Groundwater use for drinking water is not permitted in the Kennedy Creek mining complex portion of the National Forest, therefore the drinking water-based screening level does not

aoply.

ND = Not detected. Reporting limit shown.
M% = Laboratory matrix spike recoveries exceed acceptable limits.

J = estimated value.

< = less than; analyte not detected above corresponding laboratory reporting limit.

References:

= Result is greater than 10 times the background concentration, but less than the Screening Level.

= Result is greater than the Screening Level.

TetraTech, 1996. Risk-Based Cleanup Guidelines for Abandoned Mine Sites. Prepared for Montana Department of Environmental Quality, Abandoned Mine Reclamation Bureau. February.




TABLE 3
MINE WASTE SAMPLE RESULTS - DETECTED LEACHABLE METALS
KENNEDY CREEK MINING COMPLEX

Sample ID Sample Date Copper, SPLP (mg/L) Lead, SPLP (mg/L) Mercury, SPLP (mg/L) Zinc, SPLP (mg/L)
Screening Level* 1.3 0.015 0.002 2.0
BACKGROUND
SOIL K 27-Aug-10 <0.12 | 0.27 | <0.00080 | <12
LOST CABIN MINE
LOST CABIN WASTE-I 25-Aug-10 0.12 0.51 <0.00080 <12
LOST CABIN WASTE-2 25-Aug-10 <0.12 0.079 <0.00080 <12
LOST CABIN WASTE-3 25-Aug-10 <0.12 9.5 <0.00080 <1.2
LOST CABIN WASTE-4 25-Aug-10 0.23 84 0.0037 <1.2
LOST CABIN WASTE-5 25-Aug-10 0.21 5.9 <0.00080 <1.2
LOST CABIN WASTE-6 25-Aug-10 0.14 4.8 <0.00080 1.8
LOST CABIN WASTE-7 25-Aug-10 <0.12 1.3 <0.00080 <1.2
NUGGET MINE
NUGGET WASTE-| 26-Aug-10 <0.12 0.091 <0.00080 <1.2
NUGGET WASTE-2 26-Aug-10 <0.12 8.1 <0.00080 <1.2
NUGGET WASTE-3 26-Aug-10 <0.12 02F <0.00080 <1.2
NUGGET WASTE-4 26-Aug-10 <0.12 <0.025 <0.00080 <1.2
NUGGET WASTE-5 26-Aug-10 <0.12 0.16 <0.00080 <1.2
NUGGET WASTE-6 25-Aug-10 0.26 6.4 <0.00080 <1.2
NUGGET WASTE-7 26-Aug-10 <0.12 0.033 <0.00080 <1.2
NUGGET WASTE-8 26-Aug-10 <0.12 0.31 <0.00080 <1.2

Notes:

All soil samples were analyzed for the |13 metals in the EPA Priority Pollutants list. Only metals with concentrations detected above laboratory reporting
limits are included in the table above. Nine other metals (including arsenic) were not detected following SPLP extraction. The complete laboratory
analytical reports are included in Appendix C of the Preliminary Assessment / Site Investigation (PA/SI) report dated February 201 1.

SPLP = Synthetic Precipitation Leaching Procedure

* Montana Groundwater Quality Standard - Circular DEQ-7.

ND = Not detected. Reporting limit shown.

F = Field duplicate analysis exceeds acceptable limits (Practical Quantitation Limit comparison)
= Result is greater than the Screening Level.

= The laboratory detection limit is greater than the SPLP Screening Level.



TABLE 4

HISTORIC SURFACE WATER QUALITY SAMPLE RESULTS - METALS
KENNEDY CREEK MINING COMPLEX

Hardness- Hardness- Total
Dependent Dependent Hardness
pH Flow Arsenic Copper Screening Level, Lead Screening Level, | Mercury Zinc (mg/L as
Sample ID Description of Sample Location Date (s-u.) (cfs) (bg/L) (ug/L) Copper (ug/L) (g/L) Lead (ug/L) (ug/L) (ug/L) CaCO;)
Screening Level --- -- 65 (sample-specific, see below °) (sample-specific, see below °) 0.15% 17.2° ===
32-042-SW-| ¢ [Downstream of Nugget mine 2-Jul-93 7.39 0.869 <1.49 6.7 2.68 1.67 ) 0.50 0.071 60.1 ) 232
32-042-GW-I ¢ |Adit discharge 2-Jul-93 7.09 0.003 2.63 386 3.62 6.1) 0.78 0.096 | 1370 ) 33
32-011-SW-1 ¢ |20 feet downstream of Lost Cabin Mine 2-Jul-93 6.06 1.313 <1.49 7.73) 2.66 224 0.49 0.056 | 377) 23
Upstream of Lost Cabin mine (downstream of
32-057-SW-| © 2-Jul-93 6.64 0.42 1.81 2.63) 239 129 ) 0.42 0.097 | 19.9 ] 20.3
Hauttula Prospect)
Sep. 2003 NR NR NR NR 6.12 2.0 1.70 <0.0002 NR 6l.1
Near Mouth Near confluence with Ninemile Creek
June 2004 NR NR NR 3.0 2.66 NR 0.49 <0.0002 140 23
Below Mining
4 Downstream of Nugget mine June 2004 NR NR NR 3.0 2.46 NR 0.44 <0.0002 40 21
Complex
Notes:

* Recreational exposure guideline (TetraTech 1996).

® Montana chronic aquatic life standard. Hardness dependent value.

¢ Sample collected by Pioneer Technical Services, Inc. 1993.

¢ Sample collected by Montana Department of Environmental Quality (MDEQ).

--- = Not applicable.

< = less than; analyte not detected above laboratory reporting limit.

J = estimated value.

NR = not reported by MDEQ because concentration was below Montana chronic and acute aquatic life standards.

References:

= Result is greater than the Screening Level.

Pioneer Technical Services, Inc. 1995. Abandoned Hardrock Mine Priority Sites, 1995 Summary Report. Prepared for Montana Department of State Lands, Abandoned Mine Reclamation Bureau. April.

TetraTech, 1996. Risk-Based Cleanup Guidelines for Abandoned Mine Sites. Prepared for Montana Department of Environmental Quality, Abandoned Mine Reclamation Bureau. February.

MDEQ 2005. Water Quality Restoration Plan and Total Maximum Daily Loads for the Ninemile Planning Area. January.




TABLE 5

2010/201 1 SURFACE WATER QUALITY SAMPLE RESULTS - METALS
KENNEDY CREEK MINING COMPLEX

Calculated » : Hardness- Hardness- Total
Sample ID Location Sample Date Discharge * pH Conductivity Temp:,erature Arsenic Copper D Lead (D Mercury Zinc (pg/L) Hardness
(cfs) (mS/cm) (°Q) (ng/L) (ug/L) Screening Level, (ug/L) Screening Level, (ng/L) (mg/L)
Copper (ug/L) Lead (ug/L)
Screening Level o - o 6.5° (sample-specific, see below ) (sample-specific, see below ) 0.15° 172° -
SWKI Upstream of Hauttula Prospect 24-Jun-10 322 5.74 0.028 6.76 0.70 0.75 1.25 0.048 0.16 0.031 ) <13 9.5
27-Aug-10 0.019 6.51 0.081 9.27 0.95 <0.50 3.24 <0.10 0.66 0.000762 <5.0 29.0
SWK2 Upstream Lost Cabin mine, downstream of 24-Jun-10 3.99 6.57 0.034 6.89 0.73 0.73 1.43 0.042 ) 0.19 0.00331 <13 1.1
Hauttula Prospect 27-Aug-10 0.023 4.51 0.085 9.63 0.61 0.75 3.44 <0.10 0.72 0.000628 <5.0 31.1
SWK3 Unnamed tributary, upstream of Lost Cabin mine 24-Jun-10 0.07 6.97 0.052 7.87 0.77 2.5 221 0.99 0.37 0.00390 10.1 18.5
27-Aug-10 - 7.03 0.137 9.90 0.50U 1.6 5.66 0.97 1.51 0.00121 40.4 55.7
SWK4 Downstream of Lost Cabin mine, below 24-Jun-10 3.55 6.78 0.038 7.10 0.83 3.1 1.64 0.56 0.24 0.00756 8.1 13.1
confluence with unnamed tributary 27-Aug-10 0.027 6.75 0.062 10.26 1.0 9.4 3.64 1.3 0.78 0.000776 59.3 33.2
. 24-Jun-10 3.96 6.86 0.040 7.24 0.79 33 1.61 0.83 0.23 0.00350 21.8 12.8
SWK5 Downstream of Nugget mine
27-Aug-10 0.020 7.29 0.097 10.23 1.0 3.5 3.86 1.3 0.85 0.000898 205 35.6
SWK East of Adit | East of adit at Nugget Mine 02-Sep-1 | --- --- --- --- --- --- --- --- --= --- 40.1 ---
24-Jun-10 NM 6.70 0.177 6.78 1.4 24.1 5.95 1.1 1.63 0.00363 6990 59.1
27-Aug-10 NM 7.13 0.367 878 22 414 8.95 9.9 2.99 0.00291 13,700 95.3
ADIT KI Adit discharge at Nugget mine 09-Jun-11 0.068 6.48 0.075 535 36 49.6 315 4.1 0.63 - 3220 28.1
11-Aug-11 0.007 6.91 0.245 11.65 - - - - - - - -
02-Sep-11 - - - - - - - - - - 2,260 -
ADIT-INSIDE Sample from adit interior. 02-Sep-11 - - - - - - --- - --- --- 25,00 -
24-Jun-10 - 6.99 0.120 15.35 0.84 12.5 4.14 1.1 0.95 0.00279 3010 38.6
Settling pond at Nugget mine, downstream of adit|  27-Aug-10 - 7.56 0.167 14.22 0.89 9.3 6.23 7.6 1.74 0.00135 4,610 62.3
POND KI discharge 09-Jun-11 - 6.55 0.082 7.65 24 29 3.06 10.5 0.60 - 3380 27.1
11-Aug-11 - 6.98 0.174 17.83 - - - - - - - -
Notes:

--- = Not applicable.

NM = Not measured, due to submerged flow conditions and lack of a definable channel.

* Discharge calculated by AMEC based on field monitoring data.
® Recreational exposure guideline (TetraTech 1996).

€ Montana chronic aquatic life standard. Hardness dependent value.

< = |ess than; analyte not detected above corresponding laboratory reporting limit.

] = Estimated concentration.

= Result is greater than the Screening Level.




TABLE 6
ADIT WATER QUALITY SAMPLE RESULTS
KENNEDY CREEK MINING COMPLEX
ADIT KI POND K|
Parameter
09-Jun-11 09-Jun-1 |
Field Parameters
Calculated Discharge* (cfs) 0.068 ---
pH 6.48 6.55
Conductivity (mS/cm) 0.075 0.082
Temperature (°C) 5.35 7.65
General Parameters, Major lons, & Nutrients
Calcium, mg/L 6.27 6.10
Magnesium, mg/L 3.02 2.87
Potassium, mg/L <2.50 <2.50
Sodium, mg/L 2.76 261
Sulfur, mg/L 4.80 4.56
Chloride, mg/L <3.0 <3.0
Sulfate, mg/L 12.5 14.1
Total Kjeldahl Nitrogen, mg/L 0.12 0.12
Nitrate+Nitrite, mg/L 0.11 0.02
Total Phosphorus, mg/L 0.028 0.024
Total Alkalinity (as CaCOs), mg/L 21.6 244
Total Hardness, mg/L 28.1 27.1
Total Suspend Solids, mg/L 1.2 1.4
Total Dissolved Solids, mg/L 84.0 53.0
Total Organic Carbon, mg/L 6.0 7.0
Dissolved Organic Carbon, mg/L 6.3 7.0
Notes:

--- = Not applicable, not measured.
* Discharge calculated by AMEC based on field monitoring data.

< = less than; analyte not detected above corresponding laboratory reporting limit.



TABLE 7

STREAMBED SEDIMENT SAMPLE RESULTS
KENNEDY CREEK MINING COMPLEX

Arsenic Copper Lead Mercury Zinc
Sample ID Description of Sample Location Date (mg/kg) (mglkg) (mg/kg) (mg/kg) (mg/kg)
Lowest Effect Level® 6.0 16 31 0.20 120
Severe Effect Level* 33 110 250 2.0 820
Upstream of Lost Cabin mine (downstream of
32-057-SE-1* 2-Jul-93 113 37.1JX 17 0.025J 56 J
Hauttula Prospect)
32.01 151 = |POwnstream of Lost Cabin mine, below 2-Jul-93 26 J 177 IX 346 0.199 J 2933
confluence with unnamed tributary
32-042-SE-1 * [Downstream of Nugget mine 2-Jul-93 327 642 JX 227 0.015J 301J
Upstream of Hauttula Prospect
SWKI-SED 27-Aug-10 11.3 17.5 M% 14.7 M% ND<0.020 55.6 M%
Upstream Lost Cabin mine, downstream of
SWK2-SED 27-Aug-10 273 24.6 M% 36.1 M% ND<0.020 86.6 M%
Hauttula Prospect
Unnamed tributary, upstream of Lost Cabin
SWK3-SED ) 27-Aug-10 17 37.1 M% 112 M% ND<0.018 198 M%
mine
Downstream of Lost Cabin mine, below
SWK4-SED 27-Aug-10 24 116 M% 227 M% ND<0.019 290 M%
confluence with unnamed tributary
SWKS5-SED  |Downstream of Nugget mine 27-Aug-10 19.7 120 F%M% 236 F%M% ND<0.018 964 F%M%
Notes:

* Lowest Effect Level (LEL) and Severe Effect Level (SEL) are from the National Oceanic and Atmospheric Administration (NOAA) Screening Quick Reference Tables
(SQuiRTs, NOAA 2008). LEL and SEL are the concentrations at which 5 and 95% of the studies species are estimated to suffer adverse effects, respectively.

“ Sample collected by Pioneer Technical Services, Inc.

] = Flagged by laboratory as estimated value.

X = Flagged by laboratory as outlier for accuracy or precision.

M% = Laboratory matrix spike recoveries exceed acceptable limits.

F% = Field duplicate analysis exceeds acceptable limits (Relative Percent Difference comparison).

References:

= Result is greater than the Lowest Effects Level.

= Result is greater than the Severe Effects Level.

Pioneer Technical Services, Inc. 1995. Abandoned Hardrock Mine Priority Sites, 1995 Summary Report. Prepared for Montana Department of State Lands,

Abandoned Mine Reclamation Bureau. April.




TABLE 8

SOIL OBSERVATIONS IN POTENTIAL REPOSITORY LOCATION

KENNEDY CREEK MINING COMPLEX

Depth Interval

Location | Slope, Aspect (inches) Soil Observations
0-35 Sandy loam with fine angular gravel: brown (10YR4/3), water saturated, prevalent fine roots.
10%, South-
RBI R 35-22 Sandy loam with coarse angular gravel: brown (10YR5/3), very moist, slight medium roots.
Southwest (200°)
22-24 Sandy loam with angular cobbles: light yellowish brown (I10YRé/3). Refusal at 24 inches.
0-55 Sandy loam with fine angular gravel: grayish brown (10YR5/2), water saturated, prevalent fine
' roots.
10%. South- 55-26 Loam with fine angular gravel: brown (10YR5/3), water saturated, slight medium roots.
RB2 South Y 160°
outheast ( ) 26 - 40 Sandy coarse angular gravel: light yellowish brown (10YR6/4), very moist, slight medium roots.
40 - 49 Sand with fine angular gravel: yellowish brown (10YR5/4), moist, no roots. Refusal at 49 inches.
0-33 Silt loam: black, moist, prevalent fine roots.
15%, Southwest 3-11 Sand with fine angular gravel: brown (7.5YR4/3), very moist, prevalent fine roots.
RB3 20°
( ) 11 -28 Sand: yellowish brown (10YR5/4), moist, slight fine roots.
28— 36 Sand with coarse angular gravel: light yellowish brown (10YR6/4), moist, no roots. Refusal at 36
inches.
0-3 Silt loam: black, moist, prevalent fine roots.
3-13 Silt loam: brown (10YR5/3), moist, slight fine roots.
10%, South-
RB4 o 13-23 Sand: yellowish brown (10YR5/4), moist, slight fine roots.
Southwest (210°)
23 -55 Sand with fine angular gravel: yellowish brown (10YR5/4), very moist, no roots.
55-60 Sandy coarse gravel: dark yellowish brown (10YR4/6), slightly moist, no roots.




TABLE 9

HUMAN HEALTH REFERENCE CONCENTRATIONS

KENNEDY CREEK MINING COMPLEX

Reference Concentration
Constituent Mine Waste / Soil Surface Water
(mglkg) (ng/L)
Arsenic 70 6.5
Copper 27,100 472
Lead 1,100 47.1
Zinc 220,000 17.2
Reference:

TetraTech, 1996. Risk-Based Cleanup Guidelines for Abandoned Mine Sites. Prepared for
Montana Department of Environmental Quality, Abandoned Mine Reclamation

Bureau. February.

TABLE 10
REFERENCE CONCENTRATIONS FOR PROTECTION OF AQUATIC LIFE
KENNEDY CREEK MINING COMPLEX

Surface Water Reference
Constituent R
Concentration ~ (ug/L)

Arsenic 150

Copper b 2.85

Lead® 0.545

Zinc® 37

Notes:

*Montana numeric surface water quality standard for the protection of aquatic

life - chronic exposure criteria.

b . .
Hardness dependent numeric surface water standard. Value shown is based on

a hardness of 25 mg/L.




TABLE 11
SEDIMENT REFERENCE CONCENTRATIONS
KENNEDY CREEK MINING COMPLEX
Reference
Constituent Lowest Effect Level | Severe Effect Level
(LEL) (SEL)
Arsenic 6 33
Copper 16 110
Lead 31 250
Zinc 120 820

Reference:
National Oceanic and Atmospheric Administration (NOAA), 2008. Buchman, M.F.

Screening Quick Reference Tables (SQuiRTs), NOAA OR&R Report 08-01.

Seattle WA, Office of Response and Restoration Division.

TABLE 12
ARAR-BASED RECLAMATION GOALS FOR SURFACE WATER
KENNEDY CREEK MINING COMPLEX

Total Recoverable Metals (ug/L)

Arsenic" Copper(z) Lead® Zinc®

Reclamation Goal 10 2.85 0.54 37

Notes:

(1) Human health standard for surface water.

(2) Chronic aquatic life water quality standard. Hardness dependent. Criteria listed are based on a hardness of 25 mg/L.

TABLE 13
RISK-BASED CLEANUP GUIDELINES FOR SOIL AND SEDIMENT
KENNEDY CREEK MINING COMPLEX

o S Total Metals (mg/kg)
canup Guldeline Arsenic Copper Lead Zinc
Human Health
0 70 27,100 1,100 220,000
Guideline
Sediment Guideline® 33 110 250 820
Notes:

(I) Risk-Based Guidelines for Abandoned Mine Sites, TetraTech (1996).
(2) Severe Effects Level for freshwater sediment, NOAA Screening Quick Reference Lookup Tables (2008).

References:
TetraTech, 1996. Risk-Based Cleanup Guidelines for Abandoned Mine Sites. Prepared for Montana Department of Environmental

Quality, Abandoned Mine Reclamation Bureau. February.

National Oceanic and Atmospheric Administration (NOAA), 2008. Buchman, M.F. Screening Quick Reference Tables (SQuiRTs),
NOAA OR&R Report 08-01. Seattle WA, Office of Response and Restoration Division.



TABLE 14

MINE WASTE RESPONSE TECHNOLOGY SCREENING SUMMARY
KENNEDY CREEK MINING COMPLEX

General R
esponse q o« e ope .
Response P Process Option Description Initial Screening Result
. Technology
Action
No Action None Not Applicable No action taken to address site conditions. Retained as a baseline for comparison to other response actions.
e bariar f s Install fences around contaminated areas and install warning signs to reduce access. Do not | Not effective as a stand-alone response. Retained for consideration as a potential component of overall response
Institutional o repair site access road. action.
C | Access Restrictions
EAIrEE _r o Not effective as a stand-alone response. Retained for consideration as a potential component of overall response
Land use restrictions Legal restrictions to control current and future land use. action
R . . . . Prevents direct contact with waste materials. Would require mine waste in direct contact with Kennedy Creek to be
Mine waste covered by monolithic layer of growth media or a layer of coarse-grained material . . ] . . ! .
. . . ¢ . s . excavated and replaced on site. Would require maintenance and weed control until vegetation is established.
Simple Soil Cover (as a capillary break) and then growth media; growth media revegetated to reduce infiltration e . . .
. . . Vegetated cover would not reduce infiltration during spring runoff when plants are dormant. Not retained due to the
and continued erosion of exposed mine waste. . . L o . .
Containment presence of a suitable repository location in close proximity to the Nugget and Lost Cabin Mines.
. . Prevents direct contact with waste materials and effectively controls infiltration. Would require mine waste in direct
. Compacted clay layer or geomembrane liner covered by a layer of growth media. Revegetate ) . . .
Composite Cover . o . . contact with Kennedy Creek to be excavated and replaced on site. Not retained due to the presence of a suitable
growth media to promote evapotranspiration and reduce infiltration. . L L . K
repository location in close proximity to the Nugget and Lost Cabin Mines.
Engineering Gradin Reshape and reduce slopes of mine waste to control storm water run-on/runoff, prevent | Readily implementable. Periodic maintenance may be necessary to repair erosion that occurs following remedial
Controls s erosion, and reduce infiltration. action. Retained for further evaluation through inclusion with other response action alternatives.

Surface Controls

Revegetation

Seeding of mine waste to reduce infiltration and control erosion.

Addition of soil amendments would be necessary to establish vegetation due to the absence of organic materials.
Mulching, chemical stabilization, weed control and fertilization will likely be necessary. Periodic maintenance may be
necessary until a self-sustaining plant community is established. Readily implementable. Effectively controls erosion of
mine waste. Retained for further evaluation since revegetation would be required with other response actions.

Erosion Controls

Construction of run-on/runoff diversion channels to direct storm water runoff away from mine
waste. Placement of erosion resistant materials (e.g., mulch or fiber mats) to reduce erosion of
mine waste.

Readily implementable. Effective at reducing infiltration and controlling erosion of mine waste. Retained for further
evaluation since other response action alternatives would require erosion control.

Excavation and
Disposal

On-Site Disposal

Repository with Simple
Soil Cover

Excavate mine waste and dispose in onsite repository with simple soil cover. Revegetate cover
to reduce infiltration.
Reconstruct portions of Kennedy Creek affected by excavation.

Regrade and revegetate excavation areas to control erosion.

Readily implementable. Prevents direct contact with mine waste and removes source of impacts to Kennedy Creek.
Onsite repository location available. Vegetative cover reduces infiltration into waste during growing season, but not
effective during spring runoff when plants are dormant. Retained for further evaluation.

Repository with
Composite Cover

Excavate mine waste and dispose in onsite repository with composite cover. Revegetate cover
to reduce infiltration. Regrade and revegetate excavation areas to control erosion.
Reconstruct portions of Kennedy Creek affected by excavation.

Readily implementable. Onsite repository location available. Prevents direct contact with mine waste and eliminates
source of impacts to Kennedy Creek. Composite cover would significantly reduce infiltration of precipitation into
repository as compared to a simple soil cover. Retained for further evaluation.

Off-Site Disposal

Class D Landfill

Excavate mine waste and dispose in a hazardous waste landfill.
excavation areas to control erosion.

Regrade and revegetate
Reconstruct portions of Kennedy Creek affected by
excavation.

Readily implementable. Prevents direct contact with mine waste and removes source of impacts to Kennedy Creek.
Disposal fees and transportation costs would be cost prohibitive compared to on-site disposal. Not retained for
further evaluation.

Ex-Situ Treatment

Reprocessing and
Re-use

Milling and Smelting

Excavate and transport mine waste to operating mill and/or smelter for minerals extraction.
Regrade/revegetate excavation areas. Reconstruct affected sections of Kennedy Creek affected
by excavation.

Not readily implementable due to lack of nearby processing facility, likely low concentrations of recoverable metals,
and high costs relative to other response actions. Not retained for further evaluation.

Excavate and use mine waste as aggregate in asphalt or concrete pavement. . Regrade and

Not retained for further consideration due to potential liability concerns associated with using contaminated materials

Re-use revegetate excavation areas to control erosion. Reconstruct portions of Kennedy Creek . .
. at off-site locations.
affected by excavation.
. . Separate hazardous constituents from excavated mine waste through dissolution, physical . . . . . . .
Physical/Chemical . . . R . Testing required to verify effectiveness. Wastes generated would require additional treatment and/or disposal. Not
Soil Washing separation, and precipitation. Regrade/revegetate excavation areas. Reconstruct affected . . ) . . ]
Treatment retained for further evaluation due to high associated cost relative to other response actions.

sections of Kennedy Creek affected by excavation.




TABLE 14

MINE WASTE RESPONSE TECHNOLOGY SCREENING SUMMARY
KENNEDY CREEK MINING COMPLEX

affected by excavation.

General
Response . A " c
Response Process Option Description Initial Screening Result
. Technology
Action
Application of acidic solution to excavated mine waste in mixing tank to extract metals from Testing required to verify effectiveness. Wastes generated Id require additional treatment and/or disposal. Not
. . . i ui o veri v . wou ui itio or disposal. No
Ex-Situ Treatment Physical/Chemical Acid Extraction media. Regrade/revegetate excavation areas. Reconstruct affected sections of Kennedy Creek . B red Y . ) . 5 . q . P
Treatment retained for further evaluation due to high associated cost relative to other response actions.

In-Situ Treatment

Fixation/Stabilization

Portland Cement /

Mine waste would be mixed in-situ with Portland cement or other pozzolan(s) to solidify the

waste and prevent or reduce leaching of contaminants to surface water. Revegetate treated

Extensive treatability and leaching tests required. Potentially implementable but cost prohibitive. Not retained for

Pozzolans . . further evaluation.
mine waste to control erosion.
. - . . . Demonstrated technology at similar mine sites, although limited data is available regarding long-term effectiveness.
In-situ mixing of mine waste with phosphate to reduce leachable concentrations of metals. . . . . L . . .
Phosphate Extensive treatability and leaching tests required. Reapplication and maintenance may be required. Not retained for

Revegetate treated mine waste to control erosion.

further evaluation.

Note:

Shaded technologies retained for further evaluation.

Response technologies screened based on effectiveness and practical considerations of their implementation (e.g., cost, infrastructure requirements, ongoing operation and maintenance requirements).




TABLE I5

ADIT DISCHARGE RESPONSE TECHNOLOGY SCREENING SUMMARY
KENNEDY CREEK MINING COMPLEX

General Response
Action

Response
Technology

Process Option

Description

Initial Screening Results

Engineering Controls

Hydraulic Control

Recharge Control

Construct subsurface barrier, such as a slurry wall or vertical gecomembrane installation,
between Kennedy Creek and adit to prevent recharge of water in adit from Kennedy
Creek.

May potentially reduce, but not eliminate, adit flows by isolating creek and adit discharge. Not

retained for further evaluation due to limited effectiveness in controlling adit flows.

Implementable.

Install cemented plugs or cemented backfill to reduce and potentially prevent discharge

Would require excavation and removal of scree/debris from adit entrance to provide access. Stability and condition of
adit is unknown. Geotechnical evaluation of adit stability required. Potentially implementable, but may not completely

Seal Adit . . o j . . .
of adit water to the surface. prevent surface expression of adit discharge at some location. Not retained for further evaluation due to associated
high costs and uncertainty regarding the geotechnical stability of the adit.
Construct infiltration gallery to capture and direct adit discharge into the subsurface. | Would prevent direct contact with adit discharge. May not prevent eventual discharge of adit water to Kennedy
Infiltration Treatment media could be included in the infiltration gallery to reduce contaminant | Creek, since groundwater may discharge to the creek. Likely presence of shallow groundwater may present

concentrations prior to discharge to the subsurface.

construction challenges. Groundwater evaluation would be required prior to design. Retained for further evaluation.

Passive Treatment

Biochemical
Treatment

Constructed Wetlands

Construction of treatment wetland in location of the current settling pond or along west
side of valley at the Nugget mine to treat the adit discharge. Wetlands can be horizontal
subsurface flow or free water surface.

Proven technology. Seasonal conditions would limit the effectiveness of this treatment method during large portions
of the year. High flows during spring runoff would reduce residence time and treatment effectiveness. Low cost
relative to active treatment options. Retained for further evaluation.

Bioreactor

Installation of a passive sulfate-reducing bioreactor (SRB) to treat the adit discharge. The
SRB could potentially be installed within the adit or constructed below grade to insulate
it from freezing winter conditions.

Proven technology. Would effectively reduce contaminant concentrations. Periodic replacement of treatment media
would be required. Additional treatment may be required to address BOD, nutrients, and low dissolved oxygen
levels in treated water. Low cost relative to active treatment options. Retained for further evaluation.

Chemical Adsorption
/ lon Exchange

Appatite Il Reactor

Treats mine-impacted water through the adsorption of contaminants onto solid
treatment media or interchange of ions between treatment media and influent water. As
discussed above, treatment media could be used in an infiltration gallery to provide
treatment prior to discharge to the subsurface.

Proven technology. Low cost relative to active treatment options. Would effectively reduce contaminant
concentrations in adit water. Treatment media would require replacement at periodic intervals. Retained for further
consideration.

Active Treatment

Chemical
Precipitation

Hydroxide Precipitation

Conventional treatment method that consists of the addition of chemical reagents, such
as quick lime or limestone, followed by physical separation of precipitated solids from
treated water.

Proven technology. High implementation costs relative to passive treatment technologies. Ongoing operation and
maintenance requirements. Requires power at treatment site and generates waste sludge that requires disposal. Not
retained for further evaluation.

Filtration/membrane
separation

Nanofiltration

Use of semi-permeable membranes to selectively separate contaminants from influent
water.

Proven water treatment technology. Requires power and generates concentrated waste stream that requires
additional treatment and/or disposal. Not considered cost effective for the relatively low flows from the Nugget mine
adit. Not retained for additional consideration.

Note:

Shaded technologies retained for further evaluation.

Response technologies screened based on effectiveness and practical considerations of their implementation (e.g., cost, infrastructure requirements, ongoing operation and maintenance requirements).




TABLE 16

PROCESS OPTIONS RETAINED FROM TECHNOLOGY SCREENING
KENNEDY CREEK MINING COMPLEX

General Response
Action

Response Technology

Process Option

General Response Technologies

No Action None

Not applicable.

Institutional Controls

Access Restrictions

Fencing / Signs

Land Use Controls

Mine Waste Response Technologies

Engineering Controls

Surface Controls

Grading

Revegetation

Erosion Controls

Excavation and Disposal

On-site Disposal

Repository with Simple Soil Cover

Repository with Composite Cover

Adit Discharge Response Technologies

Engineering Controls

Hydraulic Control

Infiltration

Biochemical treatment

Constructed Wetlands

Free Water Surface Wetlands

Bioreactor

Sulfate-Reducing Bioreactor Inside Adit

Chemical Adsorption / lon
Exchange

Appatite Il Reactor

Reactor Installed Inside Adit




TABLE 17

RESPONSE ACTION ALTERNATIVES
KENNEDY CREEK MINING COMPLEX

Alternative

Process Option Description

NA-I

No Action

No action taken to contaminant sources at the Lost Cabin and
Nugget mines.

Mine Waste Alternatives

Excavation, On-site

Excavate and remove waste rock from Lost Cabin and Nugget
mines. Dispose of waste rock in on-site repository with simple

MW-| Disposal, Simple Soil soil cover. Import top soil and regrade/revegetate mine sites.
Cover Construct run-on/runoff controls around repository. Land use
restrictions and signs at repository.
Excavate and remove waste rock from Lost Cabin and Nugget
. . mines. Dispose of waste rock in on-site repository with
Excavation, On-Site composit E system. Import ¢ i Pd Y
) ) omposite cover system. ort top soil an
MWw:-2 Disposal, Composite P Y P P

Cover

regrade/revegetate mine sites. Construct run-on/runoff
controls around repository. Land use restrictions and signs at
repository.

Adit Discharge Alternatives

Direct adit discharge to subsurface infiltration gallery. Install

AD-I Infiltration . . )
barrier over adit opening.
. Treat adit flows with solid substrate SRBs installed below grade.
Bioreactor (SRB) and . . e
AD-2 ) Direct treated discharge to subsurface infiltration gallery. Install
Infiltration . . . .
insulated barrier over adit opening.
Adsorption / lon Install Apatite |l reactors below grade to treat adit flows.
AD-3 Exchange and Direct treated discharge to subsurface infiltration gallery. Install
Infiltration insulated barrier over adit opening.
Construct wetlands downstream of adit to treat adit flows.
Constructed Wetlands . P
AD-4 Direct treated flows to subsurface infiltration gallery. Install

and Infiltration

barrier over adit opening.




TABLE 18

MODELED REPOSITORY COVER SYSTEM PERFORMANCE

KENNEDY CREEK MINING COMPLEX

Volume Percent of Total Annual

Item (incheslyear) Precipitation (%)
Simple Soil Cover
Annual Precipitation 27.44 100
Runoff 5.32 19.4
Evapotranspiration 16.37 59.6
Infiltration of Precipitation to Base of Mine Waste 5.75 20.95
Composite Cover System
Annual Precipitation 27.44 100
Runoff 5.32 19.4
Evapotranspiration 16.37 59.6
Lateral Drainage through Gravel Drainage Layer
(Layer 3) 2.51 9.16
Percolation through HDPE Liner (Layer 4) 0.045 0.16
Infiltration of Precipitation to Base of Mine Waste 0.034 0.12




TABLE 19
MINE WASTE ALTERNATIVE COST COMPARISON
KENNEDY CREEK MINING COMPLEX

| MW-1: Simple Soil MW-2: Composite
Item
Cover Cover

|ﬁoad Re-Alignment / Improvement $ 4,370 $ 4,370
[[Creek Diversion $ 25,206 $ 25,206
"Mine Waste Removal $ 108,397 $ 108,397
||Repository Construction $ 103,477 $ 208,503
( Subtotal $ 241,450 $ 346,476
[[Mobilization and Site Prep $ 38,718 $ 54,471
[[Design / Project Management (12%) $ 28,974 $ 41,577
[[Construction Oversight (10%) $ 24,145 $ 34,648
[[Contingency (25%) $ 60,363 $ 86,619
( TOTAL $ 394,000 $ 564,000
Notes:

Refer to Appendix G for a detailed breakdown of response action alternative costs.



TABLE 20

ADIT DISCHARGE ALTERNATIVE COST COMPARISON

KENNEDY CREEK MINING COMPLEX

AD-2: Bioreactors

AD-3: Apatite Il +

AD-4: Treatment

Iltem AD-1: Infiltration . . . . Wetlands +
+ Infiltration Infiltration ) :

Infiltration
Mobilization and Site Prep $ 9,067 $ 12,569 $ 14,432 $ 17,653
Construction / Capital Costs $ 43,780 $ 67,125 $ 79,544 $ 101,021
Subtotal $ 52,847 $ 79,694 $ 93,975 $ 118,674
Infiltration Testing & Groundwater Investigation $ 14,000 $ 14,000 $ 14,000 $ 14,000
Design / Project Management (12%) $ 5,254 $ 8,055 $ 9,545 $ 12,122
Construction Oversight (10%) $ 4,378 $ 6,713 $ 7,954 $ 10,102
Contingency (25%) $ 10,945 $ 16,781 $ 19,886 $ 25,255
O&M' Net Present Value $ - $ 120,012 $ 179,271 $ -
TOTAL $ 87,000 $ 245,000 $ 325,000 $ 180,000

Notes:
! Operation and Maintenance

Refer to Appendix G for a detailed breakdown of response action alternative costs.




TABLE 21

RESPONSE ACTION ALTERNATIVES COMPARATIVE ANALYSIS SUMMARY

KENNEDY CREEK MINING COMPLEX

Alternative Description of Technology Effectiveness Implementability Cost
Overall effectiveness is poor. Would not reduce
risks to human or ecological receptors. Does
Alternative NA-I No action taken to address impacts associated [not address impacts to surface water resulting |Technically and administratively feasible. Readily $0
No Action Alternative with mine waste or adit discharge. from mine waste or the adit discharge. No implementable since no action is required.
reduction in the toxicity or volume of
contaminants at the mine sites.
Mine Waste
Would significantly reduce risks to human and
ecological receptors and eliminate a source of ) ) ) )
. ) ) ) ) ] ] ) Implementable using readily available equipment
Alternative MW-| Excavation of waste rock for disposal in on-site [impacts to surface water. The simple soil cover ) )
] ] ) ) ] S . S o and materials. Would not require long-term
Excavation & On-site Disposal in repository constructed with simple soil cover. [would allow more precipitation to infiltrate o ) o $394,000
. o ] ) L i ) monitoring or maintenance once vegetation is
Repository with Simple Soil Cover Backfill/regrade and reclaim mine sites. through the waste rock in the repository, and ) o
o ] established in disturbed areas.
therefore, the alternative is slightly less effective
than Alternative MW-2.
Highly effective. Composite cover would
. ) ) ) ) significantly reduce infiltration through waste Implementable using readily available equipment
Alternative MW-2 Excavation of waste rock for disposal in on-site ) ) o ) )
] ] ) ) ] ] ) rock in the repository. Eliminates a source of |and materials. Would not require long-term
Excavation & On-site Disposal in repository constructed with a composite cover | o ] o $564,000
) ) ] ) o impacts to surface water. Exposure of human |monitoring or maintenance once vegetation is
Repository with Composite Cover system. Backfill/regrade and reclaim mine sites. . . : o
and ecological receptors through direct contact |established in disturbed areas.
with waste rock would be eliminated.
Adit Discharge Alternatives
Infiltration of the adit discharge would reduce
risks to human and ecological receptors. May o o
o ) ) Readily implementable. May require import of
not eliminate impacts to surface water since o o .
) o ) o ] soil to increase infiltration zone depth, depending
Alternative AD-1 Adit discharge captured and directed to infiltrated groundwater may discharge to ) ) )
on depth to site groundwater. On-site testing of $87,000

Infiltration

subsurface infiltration gallery.

Kennedy Creek. Long-term effectiveness and
permanence is expected to be high. No long-
term monitoring or maintenance would be

required.

infiltration rates and determination of

groundwater depth required.




TABLE 21

RESPONSE ACTION ALTERNATIVES COMPARATIVE ANALYSIS SUMMARY

KENNEDY CREEK MINING COMPLEX

Alternative Description of Technology Effectiveness Implementability Cost
o ) Implementable. Installation of subsurface
Sulfate-reducing bioreactors would be effective |
] ) ) ) ) bioreactors would protect the system from
in reducing metals concentrations in the adit ) o )
i . . |freezing conditions and allow it to operate year
) o ) discharge. Infiltration would further reduce risks )
. Passive treatment of adit discharge using sulfate- . round. Depending on the depth to groundwater
Alternative AD-2 o to human health and the environment through o ) )
] . reducing bioreactors. Treated effluent would be . at the mine, it may be necessary to import soil $245,000
Bioreactors and Infiltration ) ] natural attenuation processes. Long-term o ] )
infiltrated into subsurface. ) ) for the infiltration system to increase separation
effectiveness considered to be poor due to
) o ) between the system and groundwater. Bench-
ongoing monitoring and maintenance : .
) scale and/or field-scale testing would be required
requirements. . i .
to optimize the bioreactor design.
Effectiveness is comparable to Alternative AD-2. [Implementable. Installation of subsurface reactor
Would effectively reduce metals concentrations |cells would protect the system from freezing
. Passive treatment of adit discharge with the ion |in the adit discharge. Concentrations in the conditions. Similar to Alternative AD-1, it may
Alternative AD-3 , o . g
] ] exchange media Apatite Il in subsurface reactor |treated effluent would be further reduced be necessary to import soil to increase the
Chemical Adsorption/lon Exchange and o . . . ] o o $325,000
Infiltrati cells. Treated effluent would be infiltrated into |through infiltration and natural attenuation infiltration zone depth for the infiltration system
nfiltration
the subsurface. processes. Long-term effectiveness considered |[if groundwater at the site is too shallow. Bench-
to be poor due to ongoing monitoring and scale testing would be necessary to optimize the
maintenance requirements. reactor design.
Treatment wetlands would effectively reduce
metals concentrations in the adit discharge
during the growing season, but would be less
effective during winter months. Would not be o )
) ) ) ) Implementable. Monitoring and maintenance of
as effective as other options in reducing ) )
) o ) ] the constructed wetlands may be required until
. Passive treatment of adit discharge in potential exposure of human receptors and o ] o
Alternative AD-4 o vegetation is fully established. Similar to
constructed wetlands. Treated effluent would |wildlife to COCs. Treatment wetlands would $180,000

Treatment Wetlands and Infiltration

be infiltrated into the subsurface.

reduce COC concentrations in the adit
discharge, however, human and ecological
receptors could be exposed to metals above
cleanup goals in the wetlands before treatment
is complete. No long-term monitoring or

maintenance requirements are anticipated.

Alternative AD-1, it may be necessary to import
soil to increase the infiltration zone depth for

the infiltration system if groundwater
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

June 27, 2011

Wilhelm Welzenbach
AMEC Geomatrix

1001 South Higgins Ave
Missoula, MT 59801

RE: Project: Kennedy Creek EECA
Pace Project No.: 10160067

Dear Wilhelm Welzenbach:

Enclosed are the analytical results for sample(s) received by the laboratory on June 11, 2011. The
results relate only to the samples included in this report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Denise Jensen

denise.jensen@pacelabs.com
Project Manager

Enclosures

REPORT OF LABORATORY ANALYSIS Page 1 of 33

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Project: Kennedy Creek EECA
Pace Project No.: 10160067

Minnesota Certification IDs
1700 EIm Street SE Suite 200, Minneapolis, MN 55414
A2LA Certification #: 2926.01
Alaska Certification #: UST-078
Alaska Certification #MN00064
Arizona Certification #: AZ-0014
Arkansas Certification #: 88-0680
California Certification #: 01155CA
EPA Region 8 Certification #: Pace
Florida/NELAP Certification #: E87605
Georgia Certification #: 959
Idaho Certification #: MN00064
lllinois Certification #: 200011
lowa Certification #: 368
Kansas Certification #: E-10167
Louisiana Certification #: 03086
Louisiana Certification #: LA0O80009
Maine Certification #: 2007029
Maryland Certification #: 322
Michigan DEQ Certification #: 9909
Minnesota Certification #: 027-053-137

Montana Certification IDs
602 South 25th Street, Billings, MT 59101
EPA Region 8 Certification #: 8TMS-Q
Idaho Certification #: MT00012

Ormond Beach Certification IDs
8 East Tower Circle, Ormond Beach, FL 32174
Alabama Certification #: 41320
Arizona Certification #: AZ0735
Colorado Certification: FL NELAC Reciprocity
Connecticut Certification #: PH 0216
Florida Certification #: E83079
Georgia Certification #: 955
Guam Certification: FL NELAC Reciprocity
Hawaii Certification: FL NELAC Reciprocity
Kansas Certification #: E-10383
Kentucky Certification #: 90050
Louisiana Certification #: LA090012
Louisiana Environmental Certificate #: 05007
Maine Certification #: FL1264
Massachusetts Certification #: M-FL1264

Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

CERTIFICATIONS

Mississippi Certification #: Pace
Montana Certification #: MT CERT0092
Nebraska Certification #: Pace
Nevada Certification #: MN_00064
New Jersey Certification #: MN-002
New Mexico Certification #: Pace

New York Certification #: 11647

North Carolina Certification #: 530
North Dakota Certification #: R-036
North Dakota Certification #: R-036A
Ohio VAP Certification #: CL101
Oklahoma Certification #: D9921
Oklahoma Certification #: 9507
Oregon Certification #: MN200001
Pennsylvania Certification #: 68-00563
Puerto Rico Certification

Tennessee Certification #: 02818
Texas Certification #: T104704192
Washington Certification #: C754
Wisconsin Certification #: 999407970

Montana Certification # MT CERT0040
NVLAP Certification #: 101292-0
Minnesota Dept of Health Certification #: 030-999-442

Michigan Certification #: 9911

Mississippi Certification: FL NELAC Reciprocity
Montana Certification #: Cert 0074

Nevada Certification: FL NELAC Reciprocity
New Hampshire Certification #: 2958

New Jersey Certification #: FL765

New York Certification #: 11608

North Carolina Environmental Certificate #: 667
North Carolina Certification #: 12710
Pennsylvania Certification #: 68-547

Puerto Rico Certification #: FL01264
Tennessee Certification #: TN02974

Texas Certification: FL NELAC Reciprocity
Virginia Certification #: 00432

Wyoming Certification: FL NELAC Reciprocity
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

SAMPLE SUMMARY

Project: Kennedy Creek EECA
Pace Project No.: 10160067

Lab ID Sample ID Matrix Date Collected Date Received
10160067001 ADIT K1 Water 06/09/11 15:10 06/11/11 11:40
10160067002 POND K1 Water 06/09/11 09:45 06/11/11 11:40
REPORT OF LABORATORY ANALYSIS Page 3 of 33
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Pace Analytical Services, Inc.

602 S 25th Street

Billings, MT 591014549

SAMPLE ANALYTE COUNT

Project: Kennedy Creek EECA
Pace Project No.: 10160067

(406)254-7226

Analytes

Lab ID Sample ID Method Analysts Reported Laboratory
10160067001 ADIT K1 EPA 200.7 IP 6 PASI-M
EPA 200.8 TL1 7 PASI-M
SM 2540D SR1 1 PASI-MT
EPA 300.0 JH1 2 PASI-MT
EPA 351.2 CAC 1 PASI-MT
EPA 353.2 CAC 1 PASI-MT
SM 4500-P E SA1 1 PASI-MT
SM 2320B MWD 4 PASI-M
SM 2540C AS1 1 PASI-M
SM 5310B MBS 1 PASI-O
SM 5310B MBS 1 PASI-O
10160067002 POND K1 EPA 200.7 IP 6 PASI-M
EPA 200.8 TL1 7 PASI-M
SM 2540D SR1 1 PASI-MT
EPA 300.0 JH1 2 PASI-MT
EPA 351.2 CAC 1 PASI-MT
EPA 353.2 CAC 1 PASI-MT
SM 4500-P E SA1 1 PASI-MT
SM 2320B MWD 4 PASI-M
SM 2540C AS1 1 PASI-M
SM 5310B MBS 1 PASI-O
SM 5310B MBS 1 PASI-O

REPORT OF LABORATORY ANALYSIS Page 4 of 33
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PROJECT NARRATIVE

Project: Kennedy Creek EECA
Pace Project No.: 10160067

Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

Method: EPA 200.7
Description: 200.7 MET ICP
Client: AMEC Geomatrix, Inc.
Date: June 27, 2011

General Information:
2 samples were analyzed for EPA 200.7. All samples were received in acceptable condition with any exceptions noted below.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 200.7 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.

PROJECT NARRATIVE

Project: Kennedy Creek EECA
Pace Project No.: 10160067

602 S 25th Street
Billings, MT 591014549

(406)254-7226

Method: EPA 200.8
Description: 200.8 MET ICPMS
Client: AMEC Geomatrix, Inc.
Date: June 27, 2011

General Information:
2 samples were analyzed for EPA 200.8. All samples were received in acceptable condition with any exceptions noted below.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 200.8 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Internal Standards:
All internal standards were within QC limits with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: MPRP/26598
A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s): 10159726041,10160031017

M1: Matrix spike recovery exceeded QC limits. Batch accepted based on laboratory control sample (LCS) recovery.
*MS (Lab ID: 994127)
» Manganese

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.

PROJECT NARRATIVE

Project: Kennedy Creek EECA
Pace Project No.: 10160067

602 S 25th Street
Billings, MT 591014549

(406)254-7226

Method: SM 2540D

Description: 2540D Total Suspended Solids
Client: AMEC Geomatrix, Inc.

Date: June 27, 2011

General Information:
2 samples were analyzed for SM 2540D. All samples were received in acceptable condition with any exceptions noted below.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Internal Standards:
All internal standards were within QC limits with any exceptions noted below.

Surrogates:
All surrogates were within QC limits with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

QC Batch: MT/6162
D6: The relative percent difference (RPD) between the sample and sample duplicate exceeded laboratory control limits.

* DUP (Lab ID: 993866)
« Total Suspended Solids

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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Pace Analytical Services, Inc.

PROJECT NARRATIVE

Project: Kennedy Creek EECA
Pace Project No.: 10160067

602 S 25th Street
Billings, MT 591014549

(406)254-7226

Method: EPA 300.0
Description: 300.0 IC Anions
Client: AMEC Geomatrix, Inc.
Date: June 27, 2011

General Information:
2 samples were analyzed for EPA 300.0. All samples were received in acceptable condition with any exceptions noted below.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Internal Standards:
All internal standards were within QC limits with any exceptions noted below.

Surrogates:
All surrogates were within QC limits with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

QC Batch: MT/6195
D6: The relative percent difference (RPD) between the sample and sample duplicate exceeded laboratory control limits.

* DUP (Lab ID: 998641)
« Sulfate

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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Pace Analytical Services, Inc.

602 S 25th Street

Billings, MT 591014549

PROJECT NARRATIVE

Project: Kennedy Creek EECA
Pace Project No.: 10160067

(406)254-7226

Method: EPA 351.2

Description: 351.2 Total Kjeldahl Nitrogen
Client: AMEC Geomatrix, Inc.

Date: June 27, 2011

General Information:
2 samples were analyzed for EPA 351.2. All samples were received in acceptable condition with any exceptions noted below.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Internal Standards:
All internal standards were within QC limits with any exceptions noted below.

Surrogates:
All surrogates were within QC limits with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: MT/6140
A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s): 10158158002,10159583003

M2: Matrix spike recovery was below QC limits due to sample dilution. Data acceptance based on laboratory control sample (LCS)
recovery.
*MS (Lab ID: 990382)
« Nitrogen, Kjeldahl, Total

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.

PROJECT NARRATIVE

Project: Kennedy Creek EECA
Pace Project No.: 10160067

602 S 25th Street
Billings, MT 591014549

(406)254-7226

Method: EPA 353.2

Description: 353.2 Nitrate + Nitrite pres.
Client: AMEC Geomatrix, Inc.
Date: June 27, 2011

General Information:
2 samples were analyzed for EPA 353.2. All samples were received in acceptable condition with any exceptions noted below.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Internal Standards:
All internal standards were within QC limits with any exceptions noted below.

Surrogates:
All surrogates were within QC limits with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: MT/6201
A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s): 10160074001,10160702001
MO: Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.

*MS (Lab ID: 998844)
* Nitrogen, NO2 plus NO3

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.

PROJECT NARRATIVE

Project: Kennedy Creek EECA
Pace Project No.: 10160067

602 S 25th Street
Billings, MT 591014549

(406)254-7226

Method: SM 4500-P E

Description: SM4500P-E, Total Phosphorus
Client: AMEC Geomatrix, Inc.

Date: June 27, 2011

General Information:
2 samples were analyzed for SM 4500-P E. All samples were received in acceptable condition with any exceptions noted below.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Internal Standards:
All internal standards were within QC limits with any exceptions noted below.

Surrogates:
All surrogates were within QC limits with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

PROJECT NARRATIVE

Project: Kennedy Creek EECA
Pace Project No.: 10160067

Method: SM 2320B
Description: 2320B Alkalinity
Client: AMEC Geomatrix, Inc.
Date: June 27, 2011

General Information:
2 samples were analyzed for SM 2320B. All samples were received in acceptable condition with any exceptions noted below.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS Page 12 of 33
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Project: Kennedy Creek EECA
Pace Project No.: 10160067

PROJECT NARRATIVE

Pace Analytical Services, Inc.

602 S 25th Street
Billings, MT 591014549

(406)254-7226

Method: SM 2540C

Description: 2540C Total Dissolved Solids
Client: AMEC Geomatrix, Inc.

Date: June 27, 2011

General Information:

2 samples were analyzed for SM 2540C. All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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PROJECT NARRATIVE

Project: Kennedy Creek EECA
Pace Project No.: 10160067

Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

Method: SM 5310B
Description: 5310B TOC

Client: AMEC Geomatrix, Inc.
Date: June 27, 2011

General Information:
2 samples were analyzed for SM 5310B. All samples were received in acceptable condition with any exceptions noted below.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.

PROJECT NARRATIVE

Project: Kennedy Creek EECA
Pace Project No.: 10160067

602 S 25th Street
Billings, MT 591014549

(406)254-7226

Method: SM 5310B

Description: 5310B Dissolved Organic Carbon
Client: AMEC Geomatrix, Inc.

Date: June 27, 2011

General Information:
2 samples were analyzed for SM 5310B. All samples were received in acceptable condition with any exceptions noted below.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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ANALYTICAL RESULTS

Pace Analytical Services, Inc.

602 S 25th Street
Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek EECA

Pace Project No.: 10160067

Sample: ADIT K1 Lab ID: 10160067001 Collected: 06/09/11 15:10 Received: 06/11/11 11:40  Matrix: Water
Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual

200.7 MET ICP Analytical Method: EPA 200.7 Preparation Method: EPA 200.7

Calcium 6270 ug/L 500 1 06/20/11 19:48 06/21/11 12:53 7440-70-2

Magnesium 3020 ug/L 500 1 06/20/11 19:48 06/21/11 12:53 7439-95-4

Potassium <2500 ug/L 2500 1 06/20/11 19:48 06/21/11 12:53 7440-09-7

Sodium 2760 ug/L 1000 1 06/20/11 19:48 06/21/11 12:53 7440-23-5

Sulfur 4800 ug/L 1000 1 06/20/11 19:48 06/21/11 12:53

Total Hardness by 2340B 28100 ug/L 3300 1 06/20/11 19:48 06/21/11 12:53

200.8 MET ICPMS Analytical Method: EPA 200.8 Preparation Method: EPA 200.8

Arsenic 3.6 ug/L 0.50 1 06/16/11 13:53 06/16/11 23:43 7440-38-2

Cadmium 1.1 ug/L 0.080 1 06/16/11 13:53 06/16/11 23:43 7440-43-9

Copper 49.6 ug/L 0.50 1 06/16/11 13:53 06/16/11 23:43 7440-50-8

Iron 611 ug/L 50.0 1 06/16/11 13:53 06/16/11 23:43 7439-89-6

Lead 4.1 ug/L 0.10 1 06/16/11 13:53 06/16/11 23:43 7439-92-1

Manganese 93.3 ug/L 0.50 1 06/16/11 13:53 06/16/11 23:43 7439-96-5

Zinc 3220 ug/L 500 0 06/16/11 13:53 06/16/11 23:46 7440-66-6

2540D Total Suspended Solids Analytical Method: SM 2540D

Total Suspended Solids 1.2 mg/L 1.0 1 06/13/11 15:20

300.0 IC Anions Analytical Method: EPA 300.0

Chloride <3.0 mg/L 3.0 1 06/23/11 23:12 16887-00-6

Sulfate 12.5 mg/L 1.0 1 06/23/11 23:12 14808-79-8

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2

Nitrogen, Kjeldahl, Total 0.12 mg/L 0.10 1 06/15/11 13:32 7727-37-9

353.2 Nitrate + Nitrite pres. Analytical Method: EPA 353.2

Nitrogen, NO2 plus NO3 0.11 mg/L 0.010 1 06/21/11 15:25 MO

SM4500P-E, Total Phosphorus Analytical Method: SM 4500-P E

Phosphorus 0.028 mg/L 0.0050 1 06/20/11 11:42 7723-14-0

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity,Bicarbonate (CaCO3) 21.6 mg/L 5.0 1 06/17/11 09:12

Alkalinity, Carbonate (CaCO3) <5.0 mg/L 5.0 1 06/17/11 09:12

Alkalinity, Hydroxide (CaCO3) <5.0 mg/L 5.0 1 06/17/11 09:12

Alkalinity, Total as CaCO3 21.6 mg/L 5.0 1 06/17/11 09:12

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 84.0 mg/L 10.0 1 06/16/11 12:25

5310B TOC Analytical Method: SM 5310B

Total Organic Carbon 6.0 mg/L 1.0 1 06/16/11 02:02 7440-44-0

Date: 06/27/2011 04:42 PM
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

ANALYTICAL RESULTS

Project: Kennedy Creek EECA
Pace Project No.: 10160067

Collected: 06/09/11 15:10 Received: 06/11/11 11:40  Matrix: Water
CAS No. Qual

Sample: ADIT K1 Lab ID: 10160067001

Parameters Results Units Report Limit DF Prepared Analyzed

5310B Dissolved Organic Carbon Analytical Method: SM 5310B

1.0 1 06/17/11 22:20

Dissolved Organic Carbon 6.3 mg/L

REPORT OF LABORATORY ANALYSIS Page 17 of 33
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without the written consent of Pace Analytical Services, Inc..
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ANALYTICAL RESULTS

Pace Analytical Services, Inc.
602 S 25th Street

Billings,

MT 591014549
(406)254-7226

Project: Kennedy Creek EECA

Pace Project No.: 10160067

Sample: POND K1 Lab ID: 10160067002 Collected: 06/09/11 09:45 Received: 06/11/11 11:40 Matrix: Water
Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual

200.7 MET ICP Analytical Method: EPA 200.7 Preparation Method: EPA 200.7

Calcium 6100 ug/L 500 1 06/20/11 19:48 06/21/11 13:06 7440-70-2

Magnesium 2870 ug/L 500 1 06/20/11 19:48 06/21/11 13:06 7439-95-4

Potassium <2500 ug/L 2500 1 06/20/11 19:48 06/21/11 13:06 7440-09-7

Sodium 2610 ug/L 1000 1 06/20/11 19:48 06/21/11 13:06 7440-23-5

Sulfur 4560 ug/L 1000 1 06/20/11 19:48 06/21/11 13:06

Total Hardness by 2340B 27100 ug/L 3300 1 06/20/11 19:48 06/21/11 13:06

200.8 MET ICPMS Analytical Method: EPA 200.8 Preparation Method: EPA 200.8

Arsenic 2.4 ug/L 0.50 1 06/16/11 13:53 06/16/11 23:40 7440-38-2

Cadmium 1.4 ug/L 0.080 1 06/16/11 13:53 06/16/11 23:40 7440-43-9

Copper 29.0 ug/L 0.50 1 06/16/11 13:53 06/16/11 23:40 7440-50-8

Iron 292 ug/L 50.0 1 06/16/11 13:53 06/16/11 23:40 7439-89-6

Lead 10.5 ug/L 0.10 1 06/16/11 13:53 06/16/11 23:40 7439-92-1

Manganese 24.2 ug/L 0.50 1 06/16/11 13:53 06/16/11 23:40 7439-96-5

Zinc 3380 ug/L 100 20 06/16/11 13:53 06/16/11 21:28 7440-66-6

2540D Total Suspended Solids Analytical Method: SM 2540D

Total Suspended Solids 1.4 mg/L 0.99 1 06/13/11 15:20

300.0 IC Anions Analytical Method: EPA 300.0

Chloride <3.0 mg/L 3.0 1 06/24/11 00:09 16887-00-6

Sulfate 14.1 mg/L 1.0 1 06/24/11 00:09 14808-79-8

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2

Nitrogen, Kjeldahl, Total 0.12 mg/L 0.10 1 06/15/11 13:33 7727-37-9

353.2 Nitrate + Nitrite pres. Analytical Method: EPA 353.2

Nitrogen, NO2 plus NO3 0.020 mg/L 0.010 1 06/21/11 15:27

SM4500P-E, Total Phosphorus Analytical Method: SM 4500-P E

Phosphorus 0.024 mg/L 0.0050 1 06/20/11 11:43 7723-14-0

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity,Bicarbonate (CaCO3) 24.4 mg/L 5.0 1 06/17/11 09:24

Alkalinity, Carbonate (CaCO3) <5.0 mg/L 5.0 1 06/17/11 09:24

Alkalinity, Hydroxide (CaCO3) <5.0 mg/L 5.0 1 06/17/11 09:24

Alkalinity, Total as CaCO3 24.4 mg/L 5.0 1 06/17/11 09:24

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 53.0 mg/L 10.0 1 06/16/11 12:26

5310B TOC Analytical Method: SM 5310B

Total Organic Carbon 7.0 mg/L 1.0 1 06/16/11 02:16 7440-44-0

Date: 06/27/2011 04:42 PM
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

ANALYTICAL RESULTS

Project: Kennedy Creek EECA
Pace Project No.: 10160067

Sample: POND K1

Collected: 06/09/11 09:45 Received: 06/11/11 11:40 Matrix: Water
Analyzed CAS No. Qual

Lab ID: 10160067002

Parameters Results Units Report Limit DF Prepared

5310B Dissolved Organic Carbon Analytical Method: SM 5310B

1.0 1 06/17/11 22:34

Dissolved Organic Carbon 7.0 mg/L
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Pace Analytical Services, Inc.

QUALITY CONTROL DATA

602 S 25th Street
Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek EECA

Pace Project No.: 10160067

QC Batch: MPRP/26640 Analysis Method: EPA 200.7

QC Batch Method:  EPA 200.7 Analysis Description: 200.7 MET

Associated Lab Samples: 10160067001, 10160067002

METHOD BLANK: 995255 Matrix: Water

Associated Lab Samples: 10160067001, 10160067002

Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers

Calcium ug/L <500 500 06/21/11 12:45

Magnesium ug/L <500 500 06/21/11 12:45

Potassium ug/L <2500 2500 06/21/11 12:45

Sodium ug/L <1000 1000 06/21/11 12:45

Sulfur ug/L <1000 1000 06/21/11 12:45

Total Hardness by 2340B ug/L <3300 3300 06/21/11 12:45

LABORATORY CONTROL SAMPLE: 995256

Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers

Calcium ug/L 10000 9010 90 85-115

Magnesium ug/L 10000 9070 91 85-115

Potassium ug/L 10000 9230 92 85-115

Sodium ug/L 10000 9600 96 85-115

Sulfur ug/L 20000 19500 97 85-115

Total Hardness by 2340B ug/L 59800

MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 995257 995258

MS MSD
10160067001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual

Calcium ug/L 6270 10000 10000 15800 15400 95 92 70-130 2 30
Magnesium ug/L 3020 10000 10000 12500 12200 94 92 70-130 2 30
Potassium ug/L <2500 10000 10000 10200 9980 95 93 70-130 2 30
Sodium ug/L 2760 10000 10000 12600 12700 99 99 70-130 130
Sulfur ug/L 4800 20000 20000 25000 24900 101 101 70-130 3 30
Total Hardness by 2340B ug/L 28100 90800 88800 2
Date: 06/27/2011 04:42 PM REPORT OF LABORATORY ANALYSIS Page 20 of 33
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QUALITY CONTROL DATA

Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek EECA

Pace Project No.: 10160067

QC Batch: MPRP/26598 Analysis Method: EPA 200.8

QC Batch Method:  EPA 200.8 Analysis Description: 200.8 MET

Associated Lab Samples: 10160067001, 10160067002

METHOD BLANK: 994123 Matrix: Water

Associated Lab Samples: 10160067001, 10160067002

Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers

Arsenic ug/L <0.50 0.50 06/16/11 22:12

Cadmium ug/L <0.080 0.080 06/16/11 22:12

Copper ug/L <0.50 0.50 06/16/11 22:12

Iron ug/L <50.0 50.0 06/16/11 22:12

Lead ug/L <0.10 0.10 06/16/11 22:12

Manganese ug/L <0.50 0.50 06/16/11 22:12

Zinc ug/L <5.0 5.0 06/16/11 22:12

LABORATORY CONTROL SAMPLE: 994124

Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers

Arsenic ug/L 80 83.9 105 85-115

Cadmium ug/L 80 81.4 102 85-115

Copper ug/L 80 81.3 102 85-115

Iron ug/L 1000 1020 102 85-115

Lead ug/L 80 80.8 101 85-115

Manganese ug/L 80 79.9 100 85-115

Zinc ug/L 80 80.6 101 85-115

MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 994125 994126

MS MSD
10159726041  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual

Arsenic ug/L 0.014 80 80 100 103 107 110 70-130 3 20
mg/L

Cadmium ug/L 0.00024 80 80 814 85.2 102 106 70-130 4 20
mg/L

Copper ug/L 0.054 80 80 135 140 101 108 70-130 4 20
mg/L

Iron ug/L 1.3 1000 1000 2360 2430 103 110 70-130 3 20
mg/L

Lead ug/L 0.010 80 80 90.1 93.7 100 104 70-130 4 20
mg/L

Manganese ug/L 64.6 80 80 143 148 98 104 70-130 3 20

Zinc ug/L 0.050 80 80 130 131 100 102 70-130 9 20
mg/L

Date: 06/27/2011 04:42 PM
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Project: Kennedy Creek EECA

Pace Project No.: 10160067

QUALITY CONTROL DATA

Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

MATRIX SPIKE SAMPLE: 994127
10160031017 Spike MS MS % Rec
Parameter Units Result Conc. Result % Rec Limits Qualifiers

Arsenic ug/L 0.0089 mg/L 80 86.0 96 70-130

Cadmium ug/L 0.00062 mg/L 80 74.8 93 70-130

Copper ug/L 0.086 mg/L 80 153 84 70-130

Iron ug/L 1.7 mg/L 1000 2530 85 70-130

Lead ug/L 0.037 mg/L 80 106 86 70-130

Manganese ug/L 152 80 204 64 70-130 M1

Zinc ug/L 0.20 mg/L 80 255 70 70-130

Date: 06/27/2011 04:42 PM
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

QUALITY CONTROL DATA

(406)254-7226

Project: Kennedy Creek EECA

Pace Project No.: 10160067

QC Batch: MT/6162 Analysis Method: SM 2540D

QC Batch Method:  SM 2540D Analysis Description: 2540D Total Suspended Solids

Associated Lab Samples:

10160067001, 10160067002

METHOD BLANK: 993864

Associated Lab Samples:

Matrix: Water

10160067001, 10160067002

Blank Reporting

Parameter Units Result Limit Analyzed Qualifiers
Total Suspended Solids mg/L <1.0 1.0 06/13/11 15:20
LABORATORY CONTROL SAMPLE: 993865

Spike LCS LCS % Rec

Parameter Units Conc. Result % Rec Limits Qualifiers
Total Suspended Solids mg/L 25 29.2 117 71-129
SAMPLE DUPLICATE: 993866

10159797001 Dup Max

Parameter Units Result Result RPD RPD Qualifiers

Total Suspended Solids mg/L 21.2 17.5 19 20 D6

Date: 06/27/2011 04:42 PM
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QUALITY CONTROL DATA

Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek EECA

Pace Project No.: 10160067

QC Batch: MT/6195 Analysis Method: EPA 300.0

QC Batch Method:  EPA 300.0 Analysis Description: 300.0 IC Anions

Associated Lab Samples:

10160067001, 10160067002

METHOD BLANK: 998638

Associated Lab Samples:

Matrix: Water

10160067001, 10160067002

Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers
Chloride mg/L <3.0 3.0 06/23/11 22:15
Sulfate mg/L <1.0 1.0 06/23/11 22:15
LABORATORY CONTROL SAMPLE: 998639
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Chloride mg/L 20 19.4 97 90-110
Sulfate mg/L 20 19.5 98 90-110
MATRIX SPIKE SAMPLE: 998640
10160067001 Spike MS MS % Rec
Parameter Units Result Conc. Result % Rec Limits Qualifiers
Chloride mg/L <3.0 20 19.6 92 80-120
Sulfate mg/L 12.5 20 322 99 80-120
MATRIX SPIKE SAMPLE: 998642
10160709001 Spike MS MS % Rec
Parameter Units Result Conc. Result % Rec Limits Qualifiers
Chloride mg/L <30.0 200 218 98 80-120
Sulfate mg/L 4110 4000 8170 101 80-120
SAMPLE DUPLICATE: 998641
10160067002 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Chloride mg/L <3.0 <3.0 20
Sulfate mg/L 14.1 18.4 26 20 D6
SAMPLE DUPLICATE: 998643
10160709002 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Chloride mg/L <30.0 <30.0 20
Sulfate mg/L 5330 5370 .6 20
Date: 06/27/2011 04:42 PM REPORT OF LABORATORY ANALYSIS Page 24 of 33
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QUALITY CONTROL DATA

Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek EECA
Pace Project No.: 10160067
QC Batch: MT/6140 Analysis Method: EPA 351.2
QC Batch Method:  EPA 351.2 Analysis Description: 351.2 TKN
Associated Lab Samples: 10160067001, 10160067002
METHOD BLANK: 990379 Matrix: Water
Associated Lab Samples: 10160067001, 10160067002
Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers
Nitrogen, Kjeldahl, Total mg/L <0.10 0.10 06/15/11 12:49
LABORATORY CONTROL SAMPLE: 990380
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Nitrogen, Kjeldahl, Total mg/L 2 1.8 91 90-110
MATRIX SPIKE SAMPLE: 990382
10159583003 Spike MS MS % Rec
Parameter Units Result Conc. Result % Rec Limits Qualifiers
Nitrogen, Kjeldahl, Total mg/L 13.8 40 31.2 44 90-110 M2
MATRIX SPIKE SAMPLE: 991190
10158158002 Spike MS MS % Rec
Parameter Units Result Conc. Result % Rec Limits Qualifiers
Nitrogen, Kjeldahl, Total mg/L 0.68 4 4.5 94 90-110
SAMPLE DUPLICATE: 990381
10159583001 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Nitrogen, Kjeldahl, Total mg/L 18.5 18.8 20
SAMPLE DUPLICATE: 991189
10158158001 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Nitrogen, Kjeldahl, Total mg/L 0.73 0.71 20
Date: 06/27/2011 04:42 PM REPORT OF LABORATORY ANALYSIS Page 25 of 33
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QUALITY CONTROL DATA

Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek EECA

Pace Project No.: 10160067

QC Batch: MT/6201 Analysis Method: EPA 353.2

QC Batch Method: EPA 353.2 Analysis Description: 353.2 Nitrate + Nitrite, preserved

Associated Lab Samples:

10160067001, 10160067002

METHOD BLANK: 998838

Associated Lab Samples:

Matrix: Water

10160067001, 10160067002

Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers
Nitrogen, NO2 plus NO3 mg/L <0.010 0.010 06/21/11 14:42
METHOD BLANK: 998849 Matrix: Water
Associated Lab Samples: 10160067001, 10160067002
Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers
Nitrogen, NO2 plus NO3 mg/L <0.010 0.010 06/21/11 14:45
LABORATORY CONTROL SAMPLE: 998839
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Nitrogen, NO2 plus NO3 mg/L .33 0.35 105 90-110
LABORATORY CONTROL SAMPLE: 998850
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Nitrogen, NO2 plus NO3 mg/L .33 0.33 99 90-110
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 998844 998845
MS MSD
10160074001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Nitrogen, NO2 plus NO3 mg/L 0.35 .33 .33 0.74 0.68 117 99 90-110 8 20 MO
MATRIX SPIKE SAMPLE: 998847
10160702001 Spike MS MS % Rec
Parameter Units Result Conc. Result % Rec Limits Qualifiers
Nitrogen, NO2 plus NO3 mg/L 0.040 .33 0.40 108 90-110
SAMPLE DUPLICATE: 998846
10160067002 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Nitrogen, NO2 plus NO3 mg/L 0.020 0.020 0 20
Date: 06/27/2011 04:42 PM REPORT OF LABORATORY ANALYSIS Page 26 of 33
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QUALITY CONTROL DATA

Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek EECA

Pace Project No.: 10160067

QC Batch: MT/6169 Analysis Method: SM 4500-P E

QC Batch Method:  SM 4500-P E Analysis Description: SM4500P-E, Total Phosphorus

Associated Lab Samples:

10160067001, 10160067002

METHOD BLANK: 994901

Associated Lab Samples:

Matrix: Water

10160067001, 10160067002

Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers
Phosphorus mg/L <0.0050 0.0050 06/20/11 11:26
LABORATORY CONTROL SAMPLE: 994902
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Phosphorus mg/L .04 0.038 94 80-120
MATRIX SPIKE SAMPLE: 994904
10159462002 Spike MS MS % Rec
Parameter Units Result Conc. Result % Rec Limits Qualifiers
Phosphorus mg/L 0.055 .04 0.093 96 80-120
SAMPLE DUPLICATE: 994903
10159462001 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Phosphorus mg/L 0.026 0.027 20

Date: 06/27/2011 04:42 PM
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Pace Analytical Services, Inc.

QUALITY CONTROL DATA

602 S 25th Street

Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek EECA

Pace Project No.: 10160067

QC Batch: WET/22660 Analysis Method: SM 2320B

QC Batch Method: ~ SM 2320B Analysis Description: 2320B Alkalinity

Associated Lab Samples:

10160067001, 10160067002

METHOD BLANK: 997107

Associated Lab Samples:

Matrix: Water

10160067001, 10160067002

Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers
Alkalinity, Carbonate (CaCO3) mg/L <5.0 5.0 06/17/11 09:10
Alkalinity, Hydroxide (CaCO3) mg/L <5.0 5.0 06/17/11 09:10
Alkalinity, Total as CaCO3 mg/L <5.0 5.0 06/17/11 09:10
Alkalinity,Bicarbonate (CaCO3) mg/L <5.0 5.0 06/17/11 09:10
LABORATORY CONTROL SAMPLE & LCSD: 997108 997109
Spike LCS LCSD LCS LCSD % Rec Max
Parameter Units Conc. Result Result % Rec % Rec  Limits RPD RPD Qualifiers
Alkalinity, Total as CaCO3 mg/L 40 39.0 39.7 97 99 90-110 2 30
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 997110 997111
MS MSD
10160067001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Alkalinity, Total as CaCO3 21.6 40 40 61.6 63.0 100 104 80-120 2 30
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 997112 997113
MS MSD
10160234003  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Alkalinity, Total as CaCO3 12.3 40 40 52.0 52.3 99 100 80-120 5 30
Date: 06/27/2011 04:42 PM REPORT OF LABORATORY ANALYSIS Page 28 of 33
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QUALITY CONTROL DATA

Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek EECA

Pace Project No.: 10160067

QC Batch: WET/22641 Analysis Method: SM 2540C

QC Batch Method:  SM 2540C Analysis Description: 2540C Total Dissolved Solids

Associated Lab Samples:

10160067001, 10160067002

METHOD BLANK: 995928

Associated Lab Samples:

Matrix: Water

10160067001, 10160067002

Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers
Total Dissolved Solids mg/L <10.0 10.0 06/16/11 12:24
LABORATORY CONTROL SAMPLE: 995929
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Total Dissolved Solids mg/L 1000 980 98 80-120
SAMPLE DUPLICATE: 995930
10160031017 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Total Dissolved Solids mg/L 75.0 73.0 20
SAMPLE DUPLICATE: 995931
10160221006 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Total Dissolved Solids mg/L ND <10.0 20

Date: 06/27/2011 04:42 PM
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QUALITY CONTROL DATA

Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek EECA
Pace Project No.: 10160067
QC Batch: WETA/10625 Analysis Method: SM 5310B
QC Batch Method:  SM 5310B Analysis Description: 5310B TOC
Associated Lab Samples: 10160067001, 10160067002
METHOD BLANK: 213558 Matrix: Water
Associated Lab Samples: 10160067001, 10160067002
Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers
Total Organic Carbon mg/L <1.0 1.0 06/16/11 01:27
LABORATORY CONTROL SAMPLE: 213559
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Total Organic Carbon mg/L 20 19.6 98 90-110
MATRIX SPIKE SAMPLE: 213561
3531997001 Spike MS MS % Rec
Parameter Units Result Conc. Result % Rec Limits Qualifiers
Total Organic Carbon mg/L 16.0 20 37.0 105 80-120
MATRIX SPIKE SAMPLE: 213563
3531997002 Spike MS MS % Rec
Parameter Units Result Conc. Result % Rec Limits Qualifiers
Total Organic Carbon mg/L 0.50U 20 21.0 105 80-120
SAMPLE DUPLICATE: 213560
3531997001 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Total Organic Carbon mg/L 16.0 15.9 .6 20
SAMPLE DUPLICATE: 213562
3531997002 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Total Organic Carbon mg/L 0.50U <1.0 20

Date: 06/27/2011 04:42 PM
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QUALITY CONTROL DATA

Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek EECA

Pace Project No.: 10160067

QC Batch: WETA/10672 Analysis Method: SM 5310B

QC Batch Method:  SM 5310B Analysis Description: 5310B Dissolved Organic Carbon

Associated Lab Samples:

10160067001, 10160067002

METHOD BLANK: 214730

Associated Lab Samples:

Matrix: Water

10160067001, 10160067002

Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers
Dissolved Organic Carbon mg/L <1.0 1.0 06/17/11 21:52
LABORATORY CONTROL SAMPLE: 214731
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Dissolved Organic Carbon mg/L 20 20.1 100 90-110
MATRIX SPIKE SAMPLE: 214733
3531874001 Spike MS MS % Rec
Parameter Units Result Conc. Result % Rec Limits Qualifiers
Dissolved Organic Carbon mg/L 1.7 20 22.6 105 80-120
SAMPLE DUPLICATE: 214732
3531874001 Dup Max
Parameter Units Result Result RPD RPD Qualifiers
Dissolved Organic Carbon mg/L 1.7 1.7 20

Date: 06/27/2011 04:42 PM
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

QUALIFIERS

Project: Kennedy Creek EECA
Pace Project No.: 10160067

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to changes in sample preparation, dilution of
the sample aliquot, or moisture content.
ND - Not Detected at or above adjusted reporting limit.

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.

S - Surrogate

1,2-Diphenylhydrazine (8270 listed analyte) decomposes to Azobenzene.

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.

N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270. The result reported for
each analyte is a combined concentration.

LABORATORIES

PASI-M Pace Analytical Services - Minneapolis
PASI-MT  Pace Analytical Services - Montana
PASI-O Pace Analytical Services - Ormond Beach

ANALYTE QUALIFIERS

D6 The relative percent difference (RPD) between the sample and sample duplicate exceeded laboratory control limits.

MO Matrix spike recovery and/or matrix spike duplicate recovery was outside laboratory control limits.

M1 Matrix spike recovery exceeded QC limits. Batch accepted based on laboratory control sample (LCS) recovery.

M2 Matrix spike recovery was below QC limits due to sample dilution. Data acceptance based on laboratory control sample

(LCS) recovery.
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Analytical Services, Inc.

602 S 25th Street

Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek EECA
Pace Project No.: 10160067
Analytical
Lab ID Sample ID QC Batch Method QC Batch Analytical Method Batch
10160067001 ADIT K1 EPA 200.7 MPRP/26640 EPA 200.7 ICP/11385
10160067002 POND K1 EPA 200.7 MPRP/26640 EPA 200.7 ICP/11385
10160067001 ADIT K1 EPA 200.8 MPRP/26598 EPA 200.8 ICPM/10854
10160067002 POND K1 EPA 200.8 MPRP/26598 EPA 200.8 ICPM/10854
10160067001 ADIT K1 SM 2540D MT/6162
10160067002 POND K1 SM 2540D MT/6162
10160067001 ADIT K1 EPA 300.0 MT/6195
10160067002 POND K1 EPA 300.0 MT/6195
10160067001 ADIT K1 EPA 351.2 MT/6140
10160067002 POND K1 EPA 351.2 MT/6140
10160067001 ADIT K1 EPA 353.2 MT/6201
10160067002 POND K1 EPA 353.2 MT/6201
10160067001 ADIT K1 SM 4500-P E MT/6169
10160067002 POND K1 SM 4500-P E MT/6169
10160067001 ADIT K1 SM 2320B WET/22660
10160067002 POND K1 SM 2320B WET/22660
10160067001 ADIT K1 SM 2540C WET/22641
10160067002 POND K1 SM 2540C WET/22641
10160067001 ADIT K1 SM 5310B WETA/10625
10160067002 POND K1 SM 5310B WETA/10625
10160067001 ADIT K1 SM 5310B WETA/10672
10160067002 POND K1 SM 5310B WETA/10672
Date: 06/27/2011 04:42 PM REPORT OF LABORATORY ANALYSIS Page 33 of 33

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..

33 of 35



|

g afed

jB1ena0€ peridwoo 8q 1SN spiey IUeAs(S! ([ LNIWNIOE TYOT © 5| APCISND-jo-UreyD auL

juswnao( 3sanbay jeandjeuy ; AQOLSNI-4O-NIVHD

200Z-FeN-S 1 * L0"ABI0Z0-0-TTv-4 \ shep 0F puu h\ma Jou sojonu; Aue Joy yruow Jad %5 Jo saflieys sjel o) Buleaube pue suust juawied Aep oF 19N $.80ed Gundende e rak uug) S Builbls AQ tejoN Juepodw),
g gl -2z | & VL/O _.@ Qm@&%&hﬁ - \d () ~awvs o sunivneis
W.m E m m.. .,m g m \ (S)N“ 3 I TAWYS 10 BWeN LN
<5 <5 B A
& & 5 ©  TAALYNDIS ONY TWVN ¥T1dINVS, \r)u_%.Z_@.mwm\ﬁN »
U™ i AN ug W RN
/) T = TR TS
, “—o _ A @%‘ﬂw‘
_ il ) v\\wQ \\d m)&mv or_:m __\:\w | XY ﬁ\uv\ ﬁsm %
ARG Gl 0 P s el e s
SNOILIONOD TTdWVS Al | diva | NolvmiEay Ageatdaooy. | awiy | e ] NOUMIIdY f AG QaHSINONTTEY . SINIRWOD TYNOIIaaY i
ze [
B
at
T
%
L
=y
<
L4
=
200 X7 X X SN Z| [P | W/~ ol Wi IR E
100 X [YX[Y[¥ LR RN 9 T3 RPN
‘0’ ge7 /'ON y9loid s0e 3 12 ETT aIva ETT 21va =
T 18 LRl L EEEEE Bz Ee 5 (2] ™ HSHEBE
L0000 |2 T ERRRELE RN FFE 2|5 1k =
= - = DYMYE | =N e 4 o] w0 Tl :
2 T \ E W. gl = g o| o] sL anssil  INDINN 32 LSNW sql Jidwes
g I 8=F | = Mg av o 160 °2%)
3 L] |Ct) 2|3 ?le | o QI IdAVS
2 e JA .J..rw. 2 S1e] s IS0
= ”l# [ m.ﬂ m SOiONT s 51¢g zm_s ._m«mgﬁﬂwwh
l* [ S . m LISOdNOD 311S04M0D A_.,u m. LA BRM
™~ ) z g |2 | ma smemBumug
= SaMeAISSaId] a3aLoITon 2|z TA05 7 XEIWW uoneuvey) JuaLo panbay
e = . = | = sapoD XUl nco_«oow—
U T e (N R PeseNiid sisAe U parsenbay - ] N
i .._‘,”.. ; lg FIVIS 3 a1ty S0Ed| OWJ_Q“/ _0- rmnE:z«om_o._n_— 152. :Ly.L/eied. eng paysanboy
- B s e LR - L At g\UNw\S\NQ Eﬂw«hw_u gm H_ “U ‘awep 10aloid XBH ~ .\.wm\.nwm@om_ﬂ
- k]
¥IHIO ] oM | 1sn _j 7 A THTM;_ ooty ooy Q&.LS~O§ o oi0 et ] ) Al
HILVMONNNNG i ¥3LYM ANNCED L $3ddN |m. \N g S e sssippy
\KT ﬁ N{M U\M _\5\4\ raueN Auedwo) 01 Adon)|
wanﬁNMH . ‘w _ w_ M _ ~ 04'2.3 ‘usguaRY (J 0] voday
A v UOREULO SI10ALY UoReLLIO] Paltid pannbay UOnBELIG| JUBND paahbey
J uondag g uonaag ' W uonpoag

W03 sqe1aIed mam \

SS%«&N&\




%Anamm ~ Client Name: - _(¥MEX _ Project # \(> [6@0lo(

-Courier: I]/ed Ex [JUPS DéSPS DCI:ant []Commermal () Pace Other
Tracking #: 7?% 50 9

Custody Seal on Cooler/Box Present: Dyes no Séals intact: [ yes. no

Packing Material:' [C] Bubble Wrap DBubee Bags IZ(None [ other Termip Blank: Yes / No .
Thermometer Used 1383045 of 135 Type of Ic Biue None Eﬂé;nples on Ice, cooling process has begun

 Cooler Temperature “5.7) : Biological Tissue is Frozen: Yss No D:?n:::t;m lals of person examining
Tamp should be above freezing lo 6°C Comments: ' f /

Chain of Custody Present: (Fves Ono ONA |1,
Chain of Custody Filled Out: . . [ﬁ'vas Ono  Onia |2,
Chain of Custody Relinquished: Yes ONo DA 3,
Sampler Name & Signature on COC: Pves Ono ONia |4,
Sampies Arrived within Hold Time: . b(fes Ono  ON/A |5,
Shert Hotd Time Analysis (<72hr): ﬂ’f s Do) Oni s,
Rush Turn Around Time Requested: b,\yvm OnNa 17,
Sufficient Volume: : !‘ﬁes One  Clna|8.
Correct Containers Used: ;:es Ono  Ona f9,
-Pace Containers Used.: es [INo [OInia
Containers Intact Fves [Ino Clnia |10
Filtered volume received for Dissolved tests - Dves % Jﬂfy@, 11.

Sample Labels match COC:
-Includes date/time/ID/Analysis Matrix;

P‘res DNo Cinva |12,

All containers needing acid/base preservation have besri O O HNQ3 H2304 NaOH HCt
checked. Noncomoliance are noted in 13. ves LiNo LIN/A S ” F o
. amp

All containers needing preservation are found to be in @ j Lle K[ Poyd )
compliance with EPA recommendation. - [E:(es Dt I Jﬂd 'POV\[& K K

] ’ initial when ) Lot # of added
Exceptions: VOA Colfiom, TOG)Oll and Grease, WI-DRO (water) J3¥es OINo completed E[/U\j preservalive .

C—
Samples checked for dechlorination: Oves Ono W j14.
Headspace in VOA Vials ( >6mm): Dves Ono Wnia |15,
Trip Blank Present: Oves I%No ‘Onva 186,
Trip Blank Custody Seats Present - [Oves Ono VﬁwA
Pace Trip Blank Lot # (if purchased):
Client Notification/ Resotution: i ~ Field Data Required? Y /| N
Person Contacted: Date/Time:
Comments/ Resolution:
, it
Project Manager Review: ﬁ / [ )L/\ Date: g ’ ? /
W

Note: Whenever there is a discrepancy affecting Norlh lina complianca samples, a copy of this form will be sent to the North Carolina DEHNR
Certification Office ( i.e oul of hold, incomrect preservative, out of temp, incorrect containers)

L213 Rev.00 {05Aug2009) Pace Analytical Services, Inc - MN Lab
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

September 24, 2011

Wilhelm Welzenbach
AMEC Geomatrix

1001 South Higgins Ave
Missoula, MT 59801

RE: Project: Kennedy Creek Task 2
Pace Project No.: 10168733

Dear Wilhelm Welzenbach:

Enclosed are the analytical results for sample(s) received by the laboratory on September 07, 2011.
The results relate only to the samples included in this report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Kari Poehls

kari.poehls@pacelabs.com
Project Manager

Enclosures

REPORT OF LABORATORY ANALYSIS Page 1 of 11
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without the written consent of Pace Analytical Services, Inc..
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Project: Kennedy Creek Task 2

Pace Project No.: 10168733

Minnesota Certification IDs

1700 EIm Street SE Suite 200, Minneapolis, MN 55414

A2LA Certification #: 2926.01

Alaska Certification #: UST-078
Alaska Certification #MN00064
Arizona Certification #: AZ-0014
Arkansas Certification #: 88-0680
California Certification #: 01155CA
EPA Region 8 Certification #: Pace
Florida/NELAP Certification #: E87605
Georgia Certification #: 959

Idaho Certification #: MN00064

lllinois Certification #: 200011

lowa Certification #: 368

Kansas Certification #: E-10167
Louisiana Certification #: 03086
Louisiana Certification #: LA0O80009
Maine Certification #: 2007029
Maryland Certification #: 322
Michigan DEQ Certification #: 9909
Minnesota Certification #: 027-053-137

CERTIFICATIONS

Mississippi Certification #: Pace

Montana Certification #: MT CERT0092

Nevada Certification #: MN_00064
Nebraska Certification #: Pace
New Jersey Certification #: MN-002
New Mexico Certification #: Pace
New York Certification #: 11647
North Carolina Certification #: 530
North Dakota Certification #: R-036
North Dakota Certification #: R-036A
Ohio VAP Certification #: CL101
Oklahoma Certification #: D9921
Oklahoma Certification #: 9507
Oregon Certification #: MN200001

Pennsylvania Certification #: 68-00563

Puerto Rico Certification

Tennessee Certification #: 02818
Texas Certification #: T104704192
Washington Certification #: C754
Wisconsin Certification #: 999407970

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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SAMPLE SUMMARY

Project: Kennedy Creek Task 2

Pace Project No.: 10168733

Lab ID Sample ID Matrix Date Collected Date Received
10168733001 ADIT-INSIDE Water 09/02/11 15:30 09/07/11 11:20
10168733002 ADIT K1 Water 09/02/11 15:00 09/07/11 11:20
10168733003 SWK EAST OF ADIT Water 09/02/11 15:40 09/07/11 11:20

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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SAMPLE ANALYTE COUNT

Pace Analytical Services, Inc.

602 S 25th Street

Billings, MT 591014549

(406)254-7226

Project: Kennedy Creek Task 2
Pace Project No.: 10168733
Analytes

Lab ID Sample ID Method Analysts Reported Laboratory
10168733001 ADIT-INSIDE EPA 200.7 IP 1 PASI-M
10168733002 ADIT K1 EPA 200.7 IP 1 PASI-M
10168733003 SWK EAST OF ADIT EPA 200.7 IP 1 PASI-M

REPORT OF LABORATORY ANALYSIS Page 4 of 11

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.

PROJECT NARRATIVE

Project: Kennedy Creek Task 2
Pace Project No.: 10168733

602 S 25th Street
Billings, MT 591014549

(406)254-7226

Method: EPA 200.7
Description: 200.7 MET ICP
Client: AMEC Geomatrix, Inc.
Date: September 24, 2011

General Information:
3 samples were analyzed for EPA 200.7. All samples were received in acceptable condition with any exceptions noted below.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 200.7 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

ANALYTICAL RESULTS

Project: Kennedy Creek Task 2
Pace Project No.: 10168733

Sample: ADIT-INSIDE

Lab ID: 10168733001 Collected: 09/02/11 15:30 Received: 09/07/11 11:20  Matrix: Water

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual
200.7 MET ICP Analytical Method: EPA 200.7 Preparation Method: EPA 200.7
Zinc 25000 ug/L 20.0 1 09/13/11 14:34 09/15/11 11:52 7440-66-6
Date: 09/24/2011 06:42 PM REPORT OF LABORATORY ANALYSIS Page 6 of 11

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

ANALYTICAL RESULTS

Project: Kennedy Creek Task 2
Pace Project No.: 10168733

Sample: ADIT K1

Lab ID: 10168733002 Collected: 09/02/11 15:00 Received: 09/07/11 11:20  Matrix: Water

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual
200.7 MET ICP Analytical Method: EPA 200.7 Preparation Method: EPA 200.7
Zinc 2260 ug/L 20.0 1 09/13/11 14:34 09/15/11 11:59 7440-66-6
Date: 09/24/2011 06:42 PM REPORT OF LABORATORY ANALYSIS Page 7 of 11

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

ANALYTICAL RESULTS

Project: Kennedy Creek Task 2
Pace Project No.: 10168733

Sample: SWK EAST OF ADIT

Lab ID: 10168733003 Collected: 09/02/11 15:40 Received: 09/07/11 11:20  Matrix: Water

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual
200.7 MET ICP Analytical Method: EPA 200.7 Preparation Method: EPA 200.7
Zinc 40.1 ug/L 20.0 1 09/13/11 14:34 09/15/11 12:03 7440-66-6
Date: 09/24/2011 06:42 PM REPORT OF LABORATORY ANALYSIS Page 8 of 11

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

QUALITY CONTROL DATA

Project: Kennedy Creek Task 2
Pace Project No.: 10168733
QC Batch: MPRP/28377 Analysis Method: EPA 200.7
QC Batch Method:  EPA 200.7 Analysis Description: 200.7 MET
Associated Lab Samples: 10168733001, 10168733002, 10168733003
METHOD BLANK: 1052966 Matrix: Water
Associated Lab Samples: 10168733001, 10168733002, 10168733003
Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers
Zinc ug/L <20.0 20.0 09/15/11 11:11
LABORATORY CONTROL SAMPLE: 1052967
Spike LCS LCS % Rec
Parameter Units Conc. Result % Rec Limits Qualifiers
Zinc ug/L 1000 937 94 85-115
MATRIX SPIKE & MATRIX SPIKE DUPLICATE: 1052968 1052969
MS MSD
10168781001  Spike Spike MS MSD MS MSD % Rec Max
Parameter Units Result Conc. Conc. Result Result % Rec % Rec Limits RPD RPD Qual
Zinc ug/L <20.0 1000 1000 821 864 82 86 70-130 5 30
Date: 09/24/2011 06:42 PM REPORT OF LABORATORY ANALYSIS Page 9 of 11

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226

QUALIFIERS

Project: Kennedy Creek Task 2
Pace Project No.: 10168733

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to changes in sample preparation, dilution of
the sample aliquot, or moisture content.

ND - Not Detected at or above adjusted reporting limit.

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.

S - Surrogate

1,2-Diphenylhydrazine (8270 listed analyte) decomposes to Azobenzene.

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.

N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270. The result reported for
each analyte is a combined concentration.

LABORATORIES

PASI-M Pace Analytical Services - Minneapolis

Date: 09/24/2011 06:42 PM REPORT OF LABORATORY ANALYSIS Page 10 of 11

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.
602 S 25th Street
Billings, MT 591014549

(406)254-7226
QUALITY CONTROL DATA CROSS REFERENCE TABLE

Project: Kennedy Creek Task 2
Pace Project No.: 10168733

Analytical
Lab ID Sample ID QC Batch Method QC Batch Analytical Method Batch
10168733001 ADIT-INSIDE EPA 200.7 MPRP/28377 EPA 200.7 ICP/11984
10168733002 ADIT K1 EPA 200.7 MPRP/28377 EPA 200.7 ICP/11984
10168733003 SWK EAST OF ADIT EPA 200.7 MPRP/28377 EPA 200.7 ICP/11984
Date: 09/24/2011 06:42 PM REPORT OF LABORATORY ANALYSIS Page 11 of 11

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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At

/. AaceAnaytical  Client Name: AmeEC. _ Project#_ /0, 8733

ot - -
Courter: || Fed Ex [1UPS [JusPs [ client [Jcommercial [ Pace Other
Tracking #: 79"7?’}2/90?2 7/0 _
Custody Seal on Cooler/Box Present: [ ] yes EX( no Sealsintact. [ yes 12[ no

Packing Material: [_] Bubble Wrap []Bubble Bags IXNone [T] Other Temp Blank: Yes No . i

——— e

Thermometer Used 1 ‘ 304561 135 Type of lce: et‘ Blue None E[ Samples on ice, cooling process has begun
Cooler Temperature Y 2 Biological Tissue is Frozen: ves no Di?n::r“’t;?"'als}’; 2%;?"';,?73"‘/'/1}"9
Tamp should be above freezing to 6°C Comments:
Chain of Custody Present: Mes o Owa |1,
Chain of Custody Filled Qut: &%S Oioe  Onia |2,
Chain of Custody Relinquished: Wres Ono O |3,
Sampler Name & Signature on COC: )vaes ONo Onial4g,
Samples Arrived within Hold Time: ﬁ(yes ONo  Onra 5,
Short Hold Time Analysis (<72hr): Oves Ko [Inia 5.
Rush Turn Around Time Requested: Oves Iﬂﬁo ONia (7, /U O A
Sufficient Velume: )Zﬁves Ono  ONA |8,
Correct Containers Used: mYes Ono Ona (9.
-Pace Containers Used: Mes Ono  [OInva
Containers Intact: Mves ONo  Owaf10,
Filtéred volume received for Dissolved tests Oves ONo @?«m 11.
Sample Labels match COG; . ﬁfves ONo  Onra |12,
-Includes date/time/ID/Analysis Matrix: # 3 0
Cracked. Noncomoiomcs s ntes e fes o Liva |13 o3 g teset T g NaOR T TG
All containers needing preservation are found to be in W ONo O Samp# —00 /#'*‘“"ﬁﬁ 003, HAO 3 0/()
compliance with EPA recommendation.
Exceplions:. VOA,Caliform, TOC, Qil and Grease, WI-DRO {water) Llves %"0 Lrg:La:ﬂ::]eedn l/{ (_'_7' ;?;S#el?\f[::;deed
Samples checked for dechlorination; Eves ONo ﬁQNfA 14,
Headspace in VOA Vials { >6mm): Oves ONo M‘ﬁm 15.
Trip Blank Present; . Oves [INo ﬂ‘(NfA 16.
Trip Blank Custody Seals Present Eves ONo m,N}A
Pace Trip Blank Lof # (if purchased):

Ciient Notification/ Resolution: ) - Field Data Required? Y + N
Person Contacied:; Date/Time:;

Comments/ Resolution:

) : () 7
Project Manager Review: }{\ (1)_4 V/,Q,w\g» : Date: 62"“7“‘ {/

Note: Whensver there is a discrepancy affecting Norlh Carelina compliance samples, a copy of this form will be sent to the Norh Carolina BEHNR
Certification Office (i.e oul of hold, incorrect presarvative, oul of temp, incarrect containers)

L213 Rev.00 (05Aug2009) . Pace Analytical Services, Inc - MN Lab
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i r1<u 1) Kar Foenis - RE: Kennedy Creek Page 1
From: "Welzenbach, Wilhelm" <wilhelm.welzenbach@amec.com>
To: Kari Poehls <Kari. Poshis@pacelabs.com>
Date: 9/7/2011 2:38 PM :
Subject; RE: Kennedy Creek

Attachments: Revised CoC_Kennedy Cr.pdf

Kari,

Please change the name of the second Kennedy Creek sample (currently Adit - Surface Exp.) to Adit K1,
per the attached amended chain of custody form. Also, please analyze the third sample (SWK East of
Adit), and do not put it on hold.

-Willy

Wilhelm Welzenbach

Project Scientist

AMEC

1001 8. Higgins B-1, Missoula, MT, 59801 USA

Tel 406-542-0129 x. 23, (fax 406-542-01 30)

From: Kari Poehls [mailto:Kari.Poehls@pacelabs.com]
Sent. Wednesday, September 07, 2011 2:27 PM

To: Welzenbach, Wilheim

Subject: Kennedy Creek

Hi:
We received some samples this morning for Zn by 200 series. Do you need the 200.8 or 200.7?

Thanks,
Kari Poehis

Kari Poehls

Project Manager

Pace Analytical - Billings, MT
Main line 406-254-7226
Direct line 406-545-5486

The emaii and documents accompanying this transmission contain. confidential information belonging to
the sender who is legally privileged. The information is intended only for the use of the individual(s) or
entity(ies) named herein. If you are not the intended recipient, you are hereby notified that any disclosure,
copying distribution or the taking of any action in reliance on the contents of this information is strictly
prohibited. If you have received this in error, please immediately notify us by telephone ( 1.888.990.PACE)
to arrange for retum of the original documents.

The information containad in this e-mall is intended only for the individual or entity to whom it is
addressed.

Its contents (including any attachments) may contain confidential and/or privileged information.

If you are not an intended recipient you must not use, disclose, disseminate, copy or print its contents,
If you recsive this e-mail in error, please notify the sender by reply e-mail and delete and destroy the
message.

This email has been scanned by the Messagelabs Emaii Security System.
For more information please visit http:/imww.messagelabs.com/email
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APPENDIX B
2011 Adit Inspection Field Notes and Photographs



















AMEC Geomatrix, Inc. EECA, 