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RECORD OF DECISION
MINE FLOODING OPERABLE UNIT
SILVER BOW CREEK/BUTTE AREA SITE

INTRODUCTION
The U.S. Environmental Protection Agency (EPA) and the Montana Department of Health

and Environmental Sciences (MDHES) present the Record of Decision (ROD) for the Mine
Flooding Operable Unit (OU) of the Silver Bow Creek/Butte Area National Priorities List
(NPL) site. The ROD is based on the Administrative Record for the site, the Remedial
Investigation/Feasibility Study (RI/FS), the Proprsed Plan, the public comments received
(including those from the potentially responsible parties (PRPs) and local government), and
EPA and MDHES response to these comments. The ROD presents a brief outline of the
RI/FS, actual and potential risks to human health and the environment, and the selected
remedy. EPA guidance was used in preparation of the ROD'. The ROD has the following
three purposes:

1. To certify that the remedy selection process was carried out in accordance with
the requirements of the Comprehensive Environmental, Response,
Compensation and Liability Act (CERCLA) 42 U.S.C. §§ 9601 er seq., as
amended by the Superfund Amendments and Reauthorization Act (SARA), and
to the extent practicable, the National Contingency Plan (NCP);

2. To outline the engineering components and remediation requirements of the
selected remedy; and

3. To provide the public with a consolidated source of information about the site
history, characteristics, and risk posed by the conditions at the Mine Flooding
OU, as well as a summary of the cleanup alternatives considered, their
evaluation, and the rationale behind the selected remedy.

U Guidance on Preparing Superfund Decision Documents: The Praposed Plan, the Record of Decinion,
Explanaton o Sigmticant Ditierences. the Record of Decision Amendment, Interum Finai, EPACSH0 G-89 007, July
1989



The ROD is organized inwo three distinct sections:

1.

The Declaration functions as an abstract for the key information contained in
the ROD and is the section of the ROD signed by the EPA Regional
Administrator and the MDHES Director;

The Decision Summary provides an overview of the site characteristics, the
alternatives evaluated, and the analyses of those options. The Decision
Summary also identifies the selected remedy and explains how the remedy
fulfills statutory requirements. The Decision Summary includes, as an
Appendix, the final applicable or relevant and appropriate requirements
(ARARsS) for the site and waivers of any of these ARARSs; and

The Responsiveness Summary addresses public comments received on the
Proposed Plan, the RI/FS, and other information in the Administrative Record,
which were not responded to previously.

to
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DECLARATION FOR THE RECORD OF DECISION

SITE NAME AND LOCATION

Silver Bow Creek/Butte Area NPL Site
Butte, Montana

Butte Mine Flooding Operable Unit

STATEMENT OF BASIS AND PURPOSE

This decision document presents the selected remedy for the Butte
Mine Flooding Operable Unit (BMFOU) of the Silver Bow Creek/Butte
Area site in Butte, Montana. The selected remedial action was
chosen by EPA, with the concurrence of the Montana Department of
Health and Environmental Sciences (the State), in accordance with
the requirements of CERCLA, as amended, and the NCP. This
decision is based on the Administrative Record for the site. The
State of Montana has played a significant role during the remedy
selection process for this site and concurs with EPA on the
selected alternative as indicated by coauthorship of this ROD and
cosignature.

ASSESSMENT OF THE SITE

Actual or threatened releases of hazardous substances at and from
this site, if not addressed by implementing the response action
selected in this ROD, may present an imminent and substantial
endangerment to public health, welfare, or the environment.

DESCRIPTION OF THE SELECTED REMEDY

The remedy selected by EPA, with the concurrence of the State,
addresses contaminated water in the Berkeley Pit and associated
underground mine workings. The alternative selected is a
modification of Alternative 6/7 presented in the BMFOU
Feasibility Study (FS). The primary objective of the remedy is
to protect human health and the environment from threats posed by
the rising contaminated waters in the Butte Mine Flooding
Operable Unit. To meet the primary objective stated above, the
remedy 1is intended to maximize control of inflow, thereby slowing

the Pit flooding in a cost-effective manner; maintains the water



level in the bedrock system to prevent the release of
contaminants into the alluvial aquifer and the Silver Bow Creek
drainage basin; institutes a comprehensive monitoring program to
insure that discharges to the alluvial groundwater system and
Silver Bow Creek do not occur, and; promotes the development of
innovative treatment and/or metals recovery processes in the
future. The selected alternative has the following major

components:

INFLOW CONTROL

1. Immediate control of the Horseshoe Bend surface water
flow to the Berkeley Pit (currently averaging 2.4
million gallons per day (mgd)). 1o surface flows,
except on a short-term emergency basis, shall be
discharged to the Berkelew Pit. EPA and the State will
consider alternate inflow control’ measures for control
of Horseshoe Bend surface water inflow if such measures
are equally effective,

2, Immediate control of contaminated groundwater in the
Horseshoe Bend drainage area. EPA and the State will
consider alternate inflow control measures for the
control of Horseshoe Bend groundwater flow if such
measures are edqually effective.

WATER TREATMENT

3. Treatment of surface water (e.qg., Horseshoe Bend) and
groundwater in the Horseshoe Bend drainage area during
active mining may be accomplished by integrating the
flow into the Montana Resources (MR) mining process or
by treatment in a newly constructed treatment plant.

4. When water in the Pit System reaches the elevation of
5,260 feet (USGS datum), or 24 months prior to
projected mine closure’, a focused review of treatment
technologies shall be conducted to evaluate
alternatives to the treatment technology selected

[nflow control 1s defined as the mterception or pumping of surface water or ground water to prevent this

water from entering the East Camp and West Camp mune sy stems.

¥ For the purposes of tus ROD, mine closure 1s defined as: "when the mull operation is shut down (1e., no
concentrate production) tor at least a six (6) month pertod and no minadle reserves are lett that could be mined at
profit even if economic factors hecome more favorable, I EPA, 1n consuitation with the State, determines that,
based on forecasts, assessments of reserves, or other mtormation, that closure of the mine may occur withun M4
months, EPA, in consultation with the State, may tngger this requirement by written notice to the PRP

2



during the FS. This focused FS shall use the
applicable EPA FS guidance in effect at that time. A
final decision concerning the technology to employ
shall be made by EPA, in consultation with the State,
at that time.

5. Upon suspension of mining' or upon mine closure and
regardless of water levels in the Berkeley Pit/East
Camp System, contaminated surface water (including all
Horseshoe Bend surface inflow) and Horseshoe Bend area
subsurface inflows shall be captured and treated.
Treatment shall be hydroxide precipitation/aeration
followed (if necessary) by reverse osmosis as a
polishing treatment to meet standards for discharge to
surface waters. EPA and the State will consider
alternate inflow control and treatment measures if such
measures are equally effective. If alternate inflow
m.asures are used, a minimum of 2.4 MGD shall be
treated. Additionally, all significant surface flows
from uncontaminated drainages (e.qg., Yankee Doodle
Creek, Silver Bow Creek, North, East, and West
drainages), within the Berkeley Pit drainage shall be
diverted around the East Camnp/Berkeley System.

6. If inflow control cannot be accomplished through
integration of inflows into the mining process, or upon
suspension of mining or mine closure, design and
construction for a treatment facility shall begin
immediately and be completed on a schedule approved by
EPA in consultation with the State. In the event that
integration of inflow into the mining process cannot be
accomplished, this inflow may be discharged, on a
short~-term and temporary basis, to the Berkeley Pit.
Treatment shall be a two stage hydroxide precipitation
and aeration process followed (if necessary) by reverse
osmosis as a polishing treatment to meet standards for
discharge to surface waters. Alternate treatment
technology that meets discharge standards and
objectives will be considered by the agencies. Treated
water shall be discharged to the Silver Bow Creek
drainage or used for other water supply purposes.

7. Integration of Horseshoe Bend water into the MR tailing
circuit is contingent upon maintaining earthquake
structural integrity and stability of the Yankee Doodle
Tailings Pond Dam as outlined in the Harding Lawson
Associates Report (Seismic Stability Evaluation -
Yankee Doodle Tailings Dam - Butte, Montana, Harding
Lawson Associates, April 9, 1993). If integration of

3 . . - N
For the purposes of this ROD, suspension of miming s defined as: “when the mill operaton i shut down
(.., no concentrate production) for at feast 4 six (6) month period with munable reserves lent that could be mined o

A piont when cconomie factors become more tasorable.”



Horseshoe Bend flow into the tailings circuit is
instituted, all recommendations outlined in this report
shall be followed. In the event that the Yankee Doodle
Tailings Pond/MR tailing circuit cannot accept this
inflow control water and maintain earthquake structural
irtegrity and stability, there shall be an immediate
cessation of placement of inflow control water into the
MR tailings circuit. In the event that the Pond cannot
accept the inflow control water, on a short-term and
temporary basis, this inflow may be discharged to the
Berkeley Pit. Concurrently, the design and
construction of a treatment facility
(aeration/hydroxide precipitation) shall begin
immediately as provided in paragraph 6. For a period
of six (6) months, starting upon initial integration of
"inflow control" water into the MR tailings circuit,
weekly phreatic data shall be collected to evaluate
ccupliance with the dam earthquake structural integrity
and stability requirements. This data shall be
collected monthly after this initial six-month period.
If pumping of Horseshoe E .nd water to the Yankee Doodle
Tailings Pond continues after suspension of mining or
mine closure, these monitoring requirements shall also
be met.

SLUDGE DISPOSAL

8.

Any sludge(s) generated by a treatment process shall be
disposed of in an onsite disposal facility or in the
Berkeley Pit in compliance with pertinent requirements.
Because the precise chemical nature of the sludges and
quantity is not certain at this time, the exact method
and location of disposal of any such sludge(s) is not
specified in this ROD. After final determination of a
method of treatment and prior to design of a treatment
facility, a focused review of sludge disposal issues
shall be done, assuming sludge disposal is a necessary
part of the treatment scheme. Such a review shall
determine the sludge(s) chemical characteristics and
compatibility for disposal in either the Berkeley Pit
or in an onsite disposal facility. EPA and the State
will develop a scope of work (SCW) to direct this
focused review. Sludge disposal must be in accordance
with ARARs or appropriate waivers and shall not be
allowed in the Pit unless EPA approval is granted alter
consultation with the State.

1t disposal of sludge(s) into the Berkeley Pit is
selected, an equivalent volume of Berkeley Pit/East
Camp System water shall be pumped and treated
sufficient to offset the volume that the sludge i



displacing. The objective of this requirement is to
establish a zero (0) net inflow from the disposal of
sludge(s) into the Berkeley Pit.

MONITORING PROGRAM

10.

A comprehensive monitoring program, including both
surface water and groundwater (alluvial and bedrock),
shall be employed to track the elevation and quality of
the waters in the East, West, and Outer Camps. This
monitoring program is described in more detail in
Appendix 3. Data generated from this program will be
used to ensure that treatment facilities are in place
and operating prior to the time when the mine waters
approach the established critical water levels (CWLs)
and also to ensure the protectiveness of the CWLs. EPA
and MDHES will coordinate yearly updates, in the form
of a written report, that incorporates the new data
with existing data. Th's report will include, at a
minimum, the data yathered from the previous twelve
months, and an updated prediction of the time when the
CWL for the Berkeley Pit/East Camp System will be
approached. Every three (3) years EPA and MDHES will
review the monitoring program’s completeness. This
three year review is to adjust, as determined by EPA
and the State, the requirements of the monitoring
program.

WATER LEVELS

1.

Water levels in the Berkeley Pit/East Camp System and
the Travona/West Camp System shall not be allowed to
rise above the established critical water levels (CWLs)
of 5,410 and 5,435 feet (USGS datum), respectively. In
addition, water levels in the East Camp shall be kept
below West Camp water levels. These levels and
requirements are established to prevent existing
hydraulic gradients from changing and thus to prevent
releases of contaminated water from the Pit System into
the alluvial aquifer or Silver Bow Creek drainage. The
points of compliance for determining water levels for
Berkeley Pit/East Camp System CWL shall be: the
Berkeley Pit, Anselmo, Belmont, Granite Mountain,
Kelley, and Steward shafts, bedrock monitoring wells
installed as part of the RI/FS or monitoring program
(i.e., those wells within the cone of influcnce of the
East Camp System), and wells DDH-1, DDH~%, and DDH-8
(taken in tandem and treated as one data point). As
there is the potential for collapse/failure of existing
shafts and thus their loss as monitoring locations for
points of compliance, EPA, in consultation with the
State, will evaluate and direct alternative existing
shafts as replacement points of compliance as
necessary. [If no satisfactory alternative shafts



12.

exist, EPA, in consultation with the State, will direct
the installation of bedrock monitoring wells to replace
the lost/failed shaft. The points of compliance for
determining water levels for Travona/West Camp System
CWL shall be: the Travona, Emma and Ophir shafts, and
any additional monitoring wells for the Travona/West
Camp System installed as part of the monitoring
program.

When the monitoring program and yearly update reports,
described in paragraph 10 above, indicate the CWL may
be approached within eight years, design of the final
water treatment facility shall begin, with construction
to be completed four (4) years prior to the projected
date for water in the East Camp System to reach the
CWL. This treatment plant shall be capable of
maintaining the water level in the East Camp System
pbelow the 5,410~foot elevation.

WEST CAMP/TRAVONA

13.

EPA took action to control the water level of the West
Camp/Travona Shaft System in 1988 by pumping and
treating Travona shaft water (West Camp/Travona Shaft
System Expedited Response Action). The action taken to
control the West Camp water is still appropriate; it
is, therefore, integrated and incorporated into this
remedy for the BMFOU. The water level in the West Camp
shall continue to be maintained below the CWL of 5,435
(USGS datum) feet by the ongoing pumping to the Butte
publicly-owned treatment works (Butte Metro Plant). If
the Metro Plant cannot continue to accept this water,
an alternative treatment plant shall be used (newly
constructed if necessary) to handle this flow.

INSTITUTIONAL CON7TROLS

14.

Institutional controls, including controls on
groundwater use, shall be implemented to ensure that
there is no inappropriate use of contaminated bedrock
groundwater which threatens human health and the
environment. EPA and the State plan to request
implementation of this program by local governmental
entities,

These actions will provide containment of contaminated water in

the East and West Camp Systems, and will prevent the release ot

contaminated water to the alluvial aquifer and Silver Bow Creck.

As long as surface water and groundwater inflows to the Pit

! System are controlled as outlined above and water quality

standards for treated water discharged to the Silver Bow Creck

6



drainage are met, EPA and the State will maintain flexibility
with respect to alternate methods for control, treatment, and
discharge of this volume of water.

Implementation of the selected remedy is intended to prevent the
primary threat of exposure to contaminated bedrock groundwater
and surface water by humans and aquatic life. The monitoring and
control of the water levels in the East and West Camp Systems is
intended to ensure that the CWLs are not exceeded, that there is
no reversal of hydraulic gradients, and that contaminated water
does not discharge to the alluvial aquifer or Silver Bow Creek.
Treatment c¢r pit water and surface water inflows is intended to
ensure that water discharged to the Silver Bow Creek drainage
meets State of Montana water qualicy standards and other
applicable or relevant and appropriate requirements (ARARS).
Implementation of institutional controls associated with the use
of contaminated bedrock aquifer water is intended to ensure the
protection of public health from the dangers posed by direct
ingestion of the contaminated groundwater.

STATUTORY DETERMINATION

The selected alternative is protective of human health and the
environment through the containment of contaminated water within
the BMFOU, treatment of the contaminated water prior to discharge
to the Silver Bow Creek drainage, and the control of
inappropriate use of contaminated bedrock groundwater. The
selected alternative will meet all Federal and State requirements
(i.e., ARARs) except the Federal and State groundwater quality
standards (See Appendix 1 - ARARs for the Butte Mine Flooding QU
and Appendix 3 - Technical Impracticability evaluation) for the
bedrock aquifer. EPA is waiving these requirements based on the
determination that compliance with these standards is technically
impracticable from an engineering perspective. Treated water
discharged to the Silver Bow Creek drainage will meet discharge
requirements. Any sludge produced from treatment will be

disposed of in compliance with applicable solid and hazardou«



waste regulations or an appropriate waiver of these

requirements. Although the selected alternative has higher
associated cogts than the other alternatives evaluated which
protect human health and the environment, the additional cost is
outweighed by the fact that the selected alternative mandates the
immediate and permanent control of water inflows to the Pit
System. This immediate and permanent control of inflows slows
down the Pit flooding, allowing for greater opportunity to
address unforseen contingencies and to develop alternative
innovative technology, which may reduce sludge generation and/or
allow the recovery of metals, The selected alternative uses
permanent sclutions to the maximum extent practicable for this
operable unit and promotes the development of alternate treatment
technologies. It also satisfies tl : statutory preference for
remedies that reduce the toxicity, mobility, or volume of
contamination through treatment.

Since hazardous substances above health-based levels will remain
onsite, reviews will be conducted within each five year period
after commencement of remedial action to ensure that the remedy

continues to provide adequate protection of human health and the

environment.
[/U’f’_"‘_ MW 29 Seeremser (992
William Yellowtail Date

Regional Adminigtrator
United States Environmental Protection Agency
Region VIII
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DECISION SUMMARY
1. SITE NAME, LOCATION, AND DESCRIPTION

Silver Bow Creek/Butte Area NPL Site
Mine Flooding Operable Unit
Butte, Montana

The Butte Mine Flooding OU is part of the Silver Bow Creek/Butte Area NPL site and is
located in and near the cities of Butte and Walkerville, Montana. It consists of waters within
the Berkeley Pit, the underground mine workings hydraulically connected to the Berkeley Pit,
the associated alluvial and bedrock aquifers, and other contributing sources of inflow to the
Berkeley Pit/East Camp System (including surface runoft, leach pad and tailings slurry
circuit overflows) and the Travona/West Camp Sys*=m. For more information about these
systems, refer to the Technical Impracticability (TI) evaluation (Appendix 2). The
boundaries of the OU are approximately the Continental Divide to the east, Metro Storm
Drain/Silver Bow Creek to the south, Missoula Gulch to the west, and the Yankee Doodle
Tailings Pond watershed drainage system to the north. The OU is within the Butte mining
district in the upper Silver Bow Creck drainage, and covers about 23 square miles (Figure

1).

Butte residents have access to drinking water through the Butte municipal water system
which acquires water from the Big Hole River and the upper Silver Bow Creek drainage
(Moulton Reservoir). These water supplies are not impacted by contamination in the Bulte
Mine Flooding OU or by remedial action taken at this OU. However, the Private Well
Inventory revealed that there are currently more than 800 private and municipal alluvial wells
in the Butte area. There arc approximately 140 alluvial wells in close proximity to the Butte
Mine Flooding OU that could potentially be impacted by mine flooding waters. The public

does not have access to the few bedrock wells within this QU.

The Berkeley Pit/East Camp System (the Pit System) is located in the northern and castern

portions of the QU (Figure 1), The Berkeley Pit is the major feature of the QU, and it is
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1,780 feet deep, encompassing an arca of 675 acres and a volume of 26 billion gatlons of
contaminated water. This system also encompasses more than 3,000 miles of underground
mine workings. The West Camp System is located in the southwest corner of the OU and
includes the Travona, Emma, and Ophir mines and their associated underground workings.
These two systems are separated by bulkheads installed in the late 1950s and are considered
to be separate hydrologic systems; however, the bulkheads may be leaking, thereby allowing

water to flow from the West Camp System to the Pit System.

An important component of the current mining operation is the leach pads area, which is
located northeast of the Berkeley Pit and covers an area of 775 acres. The pads consist of
low-grade ore and waste rock. An acidic leaching solution is pumped from the MR
Precipitation Plant and distributed to the pads. 7T .is solution percolates through the pads,
leaching copper from the ore. The "pregnant" (copper-taden) solution is collected and piped

to the Precipitation Plant for extraction of the dissolved copper.

A major seepage area originates in the Horseshoe Bend arca, located in the northwest corner
of the Precipitation Plant area. Acidic water discharging (about 2.4 mgd) in the Horseshoe
Bend area is routed to a storage pond located immediately west of the Precipitation Plant. A
portion of the acidic Horseshoe Bend water (about 0.9 mgd) is presently routed o the
Precipitation Plant, mixed with the leaching solution, and pumped to the leach pads arca or
the tailings pond. The remaining acidic Horseshoe Bend water is channceled past the

Precipitation Plant area and discharged into the Berkeley Pit.

Tailings from the milling process at the MR Concentrator are pumped as slurry to the
Yankee Doodle Tailings Pond. The tailings pond is a settling basin used to decant water
from the tailings slurry. Decanted water in the pond is then pumped back to the
concentrator for use in the milling operation.  The tailings pond occupics an arca of about

960 acres.



The MR Concentrator is located near the south rim of the Berkeley Pit. Currently only ore
(approximately 50,000 tons/day) from the Continental Pit, located cast of the Berkeley Pit. is
milled and processed at the concentrator. The milling process uses water decanted from the
tailings pond, imported water from the Silver Lake pipeline, and excess water pumped from

the Continental Pit area.

Silver Bow Creek is the main stream drainage within the Butte Mine Flooding QU.
Originally the creek flowed from its origin in the mountains northeast of the tailings pond
through the arca presently altered by mining activities. Mining and other activities in the
area have greatlv changed the original channel alignment. Surface water flow above the
tailings pond is intercepted by the tailings pond and used as makeup water in the milling
process. From the tailings pond to the MR Concentrator, the original Silver Bow Creek
channel no longer exists. Surface water in the active mining arca is controlled by a series of
ditches and ponds which convey runoff and mine process water to various locations,
including the Berkeley Pit, leach pads, and concentrator area (Figure 2). IFrom the MR
Concentrator to the confluence with Blacktail Creek, the tormer creck has been reconfigured
and is known as the Metro Storm Drain. Currently, Silver Bow Creck begins at the
confluence of the Metro Storm Drain and Blacktail Creek, from which it receives the
majority of its flow. From there, the creek tlows west and then north, terminating at Warm

Springs Ponds.

The principal geologic rock units within the Butte Mine Flooding OU are the atluvium and
the bedrock. The alluvium is a sedimentary deposit consisting of unconsolidated and
discontinuous layers of sand, silt, clay, and gravel. The alluvium thickness ranges from 130
feet near the leach pads to 600 feet or more southeast of the Berkeley Pit. Underlying the
alluvium is igneous bedrock consisting primarily of quartz monzonite. ‘The upper 100 to 200
feet of the bedrock is weathered (oxidized and decomposed) to a clayey material interspersed

with rock fragments.
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The two main aquifers in the area are the bedrock, which underlies the entire OU, and the
alluvium, which was deposited over the bedrock in valleys and drainages. Groundwater in
the bedrock occurs in fractures, joints, and mine workings. Currently, groundwater levels in
the surrounding bedrock aquifer are higher than the water level in the Berkeley Pit, resulting

in radial flow of groundwater from the bedrock toward the Pit (Figure 2).

Groundwater in the alluvium flows south from the leach pads area and then west toward the
Berkeley Pit (Figure 3). An alluvial groundwater divide exists approximately one mile south
of the Berkeley Pit. North of this divide, groundwater flows toward the Pit; south of the

divide, groundw=ter flows parallel to the Metro Storm Drain toward Silver Bow Creek.

The Berkeley Pit is filling with water originating ..om the surrounding bedrock and alluvial
aquifers and also from surface inflows. The water accumulating in the Berkeley Pit and in
the bedrock aquifer is acidic and contains high concentrations of metals (Table 1). The
source of the contamination is AMD' from the bedrock in the mine workings, waste rock
dumps, and leach pads. Presently, because all bedrock groundwater flow in the arca is
toward the Berkeley Pit, contaminated mine water is being contained in the East and West
Camps (refer to TI evaluation - Appendix 2). However, if water levels continue to rise
uncontrolled, the hydraulic gradient could change and contaminated water could begin to
flow out of the East and West Camps into the surrounding alluvial groundwater and
eventually to Silver Bow Creek. To prevent this from occurring, EPA and the State
determined that the water levels in the OU nwst not rise above the CWLs (East Camp -
5,410 feet, West Camp - 5,435 feet (USGS datum)).

2. SITE HISTORY AND ENFORCEMENT ACTIVITIES
Underground mining of silver and copper began in Butte in the late 1800s. By 1950, over

400 underground mines, consisting of several thousand miles of interconnected mine

L AMD (acid mine drainage) results trom the oxidation of sulfide munerals such as pyrite exposed 10 oxygen
air and water formung tron hydroxide, sulfate, and free hydrogen rons.
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TABLE 1

AVERAGE CONCENTRATION OF CONSTITUENTS IN BERKELEY PIT, BEDROCK WELL, AND SHAFT WATER
AND ESTABLISHED STANDARDS
BUTTE MINE FLOODING OPERABLE UNIT

Constituent Berkeley Pit Bedrock Well Shaft Water® MCLs* (ug/L) WQC® (ug/L)
Water! (ug/L) Water® (ug/L) (ug/L)
Acute Chroaic
Aluminum 270,000 244 675 None 750 87
Arsenic® 710 52 211 S0° 360 190
1 Cadmium 1,790 2.4 100 s 3.9 i.1
" Calcium 430,000 127,610 276,321 None None None
I Chlornde 26,200 4,400 NA 250,000* 19 11
Copper 167.000 26.4 1,581 1,300° 18 12
iron 897.000 9,231 50,054 300* 1,000 1,000
Lead 87 2.4 9.0 1s¥ 82 3.2
Magnesium 395,000 33,400 83,046 None None None
Manganese 161,000 2,306 31,503 5,000° None None
Potassium 22,700 14,523 12,232 None None None
Sodiem 71,400 62,200 43,975 None None None
Sulfate 16,800,000 577,800 840,583 None None None
Zinc 476,000 844 40,375 5% 120 110
pH 3.0-3.3 SU’ 5.8-7.6 SU 5.7-7.3 SU 6.5-8.5* SU None 6.5-9.0 SU

Source:  ARCO 1994a

' Average concentration values are weighied averages of 1991 data based on pit volume.

 Average concentration values for bedrock monitoring wells A, B, C. D-2, E, and F.

‘' Average concentration values for the Chester, Hebgen, Parrot, Anselmo, Belmont, Emma, Granite Mountain, Keliey. Lexington, Margaret Ann, Orphan
Boy. and Steward mine shafts.

* Maximum Contarminant Levels (i.c., primary® and sccondary® drinking water standards).

* Acute and chronic aquatic Water Quality Criteria; al] values are based on-a hardness of 100 mg/L CaCO; except arsenic and aluminum which are not
hardness dependent.
Arsenic values are for arsenic®. Note: State of Montana Water Quality Bureau standard for arsenic (WQB-7) 1s 3.18 ug/L.

" Range of pH values in Standard Units

NC  Not Calculated.

NA - Not Analyzed.



workings, had operated or were operating in Butte.

In July 1955, the Anaconda Copper Mining Company began open pit mining in the Berkeley
Pit. In 1963, the Weed Concentrator (now known as the MR Concentrator) became
operational. Ore from the Berkeley Pit was processed at this facility, and concentrates were
transported to Anaconda, Montana for smelting. The Atlantic Richfield Company (ARCO)
purchased the Anaconda Copper Mining Company in 1977 and owned the Pit and associated
property until it was sold to Dennis Washington/Montana Resources, Inc. (MRI) in 1985. In
1989, a partnership known as Montana Resources (MR) was formed between MRI and AR
Montana Corpor-tion, a subsidiary of American Smelting and Refining Company

(ASARCO). MR was formed to own and operate the property.

Mining in the Berkeley Pit was discontinued in 1983. Since July 1986, open pit mining has
been conducted in the East Continental Pit, located east of the Berkeley Pit. Ore from this

pit is transported to the MR Concentrator for milling.

To allow underground and later open pit mining in the Butte area, groundwater was lowered
by pumping. In latter years, the pumping system was located in the Kelley Mine shaft, just
west of the Berkeley Pit. In 1982, pumping was discontinued. As a result, the artificially
lowered groundwater level in the arca has been rising toward its pre-mining level in the
underground mines and the Berkeley Pit. The Pit filling rate is decreasing with time and as
the water level rises. For example, the 1988 filling rate was estimated to be 7.6 mgd; the
Pit i3 currently estimated to be filling at a rate of 5 mgd. In December 1993, the elevation
of the water in the Pit was 5,062.67 teet (USGS datum) and was increasing by about 2 feet
per month. [t is currently projected that the CWL of 5,410 feet (USGS datum) for the East
Camp/Berkeley Pit System will be reached around the year 20137, if no remedial actions are

taken,

P Assumes current inflow cates and that the water level in the Anselmo Mine remans 20 feet above the Berkeles
Pit water level.
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The history of pollution problems associated with mining activities in the Butte area led to
listing of the Silver Bow Creek Site on the NPL in September 1983. Tailings released from
early Butte milling operations and solids eroded from waste rock dumps had covered much of
the floodplain of Silver Bow Creek. Another major source of contamination was discharge
of metal-enriched mine waters from the Weed Concentrator to the creek. RI/FS work for the

Silver Bow Creek site began in late 1984,

During the course of the Silver Bow Creck RI/FS, the importance of Butte as the source of
the contamination of Silver Bow Creck was formally recognized. The original listing on the
NPL characteriz.d the Silver Bow Creek Site as approximately 28 stream miles beginning at
the Metro Storm Drain and extending downstream to Deer Lodge. The EPA proposed
modifying the existing Silver Bow Creek NPL Site to include the Butte area. Preliminary
results from the Silver Bow Creek RI/FS indicated that sources upstream of the storm drain
were partly responsible for the contamination observed in the creek. After a thorough
analysis of the relationship between the two areas (Butte and Silver Bow Creek), EPA
concluded that the geographical relationship of the headwaters of S'ilvcr Bow Creek and the
portion of the creek downstream of the city of Butte favored treating these areas as onc site
under CERCLA (EPA 1986). The site was expanded as proposed to include the Butte area
and the formal name of the site was changed to the Silver Bow Creek/Butte Area Site in July
1987 (52 Fed. Reg. 1987).

The Silver Bow Creek/Butie Area site has been divided into seven OUs: Mine Flooding,
Priority Soils, Non-Priority Soils, Active Mining Area, Warm Springs Ponds, Rocker, and
Streamside Tailings. LEPA is the lead agency for the first six OUs, and the State of Montana

is the lead agency for remedial activities at the last OU.

Preliminary Butte Mine Flooding OU RI/ES forward planning studies began during the
summer of 1987, In support of the Butte Mine Flooding OU, EPA conducted an evaluation
of mine flooding in the Berkeley Pit and West Camp (Camp Dresser and McKee, Inc.

[CDM] 1988a, b), and an evaluation of the Pit water chenmistry (CDM 1988c¢). These
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evaluations indicated that it would be necessary to control the rate of Pit filling to prevent
impact to the alluvial aquifer and Silver Bow Creek. The evaluations further demonstrated

the need to treat the Pit water prior to discharge to Silver Bow Creek.

ENFORCEMENT HISTORY AND ACTIONS

A removal action was implemented in the West Camp area to control potential impacts of
rising mine waters. The purpose of the removal action was to prevent flooding of basements
and discharge of contaminated groundwater to Silver Bow Creek. An Engineering
Evaluation/Cost Analysis (EE/CA) of potential response alternatives was conducted by EPA

in support of the “'est Camp removal action (CDM 1989).

On March 31, 1989, EPA entered into an Administrative Order on Consent (AOC) with
ARCO and Dennis Washington (the consenting PRPSs) pursuant to Section 106(a) of
CERCLA as amended by SARA in connection with the West Camp removal action (Table
2). The West Camp order required the consenting PRPs to convey water from the Travona
Shaft to the Butte Metro Plant for treatment and discharge to Silver Bow Creck. In the event
that the Metro Plant could not accept this water, the consenting PRPs would be required to
construct a treatment plant for treatment of Travona Shaft effluent prior to discharge to
Silver Bow Creek. This AOC established a preliminary CWL for the West Camp and
required the consenting PRPs to maintain water level elevation below 5,435 feet (USGS

datum).

A unilateral Order was issued to the non-consenting PRPs (Table 2) to install the pipeline
which carried Travona shaft water to the Butte-Silver Metro Sewer Plant line. The non-

consenting PRPs complied with this Order.

EPA completed the RI/FS Work Plan for the Butic Mine Flooding OU in April 1990 (CDM
1990). This document outlined the work to be conducted during the RI/ES, the schedule for
the work, and the parties responsible for cach portion of the work., EPA and the State then

entered into an AOC with the consenting PRPs to implement the major portion ot this work
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ENFORCEMENT ACTION ORDERS

TABLE 2

BUTTE MINE FLOODING OPERABLE UNIT

ACTION

DATE

DOCKET NO.

ISSUED TO

Administrative Order on Consent
for the West Camp/Travona Shaft

March 31, 1989

CERCLA-VIII-89-19

1) ARCO
2) Dennis Washington

Administrative Order (UAO? for
the West Camp/Travona Shaft

March 31, 1989

CERCLA-VIII-89-18

) New Butte Mining Inc.
2) Tzarina-Travona Mining Corp.

Administrative Order on Consent
for the Remedial Investigation/
Feasibility Study

May 17. 1990

CERCLA-VHI-90-09

1) Atlantic Richfield Company
2) Mr. Dennis Washington

3) Montana Resources Inc.

4) AR Montana Corporation
5) ASARCO, Inc.

6) Montana Resources

Administrative Order (UAQ) for
the Remedial [nvestigation/
Feasibility Study

May 17. 1990

CERCLA-VIII-90-10

1) Central Butte Mining Company
2) North Butte Mining Company
3) Tzarina-Travona Mining Corp.
4) Mountain Con Mining Co.

5) West Butte Metals, Inc.

6) Blue Bird Mining Co.

7) Eureka Mining Co.

8) Yankee Mining Co.

9) East Ridge Mining Co.

19) Black Rock Mining Co.

11) New Butte Mining, Inc.




plan (Table 2). This AOC Jirected the PRPs to conduct the work according to the Work
Plan with EPA and MDHES oversight. The AOC also established a preliminary CWL of
5,410 feet (USGS datum) for the East Camp/Berkeley Pit Systemn and required the PRPs to
maintain the water elevation below this level. A unilateral Order was also issued to the
non-consenting PRPs to implement a small portion of the RI/FS work plan. The RI/FS was
conducted from July 1990 through January 1994. Site investigations, results, and remedial
alternative development and evaluation are presented in the Draft RI Report (ARCO 1994a)
and the Draft FS Report (ARCO 1994b).

3. HIGHLIGHTS OF COMMUNITY PARTICIPATION

Public participation is required by CERCLA Sections 113 and 117. These sections require
that before adoption of any plan for remedial action to be undertaken by EPA, by a State
(MDHES), or by an individual (PRP), the lcad agency shall:

1. Publish a notice and brief analysis of the Proposed Plan and make such plan

available to the public; and

2. Provide a reasonable opportunity for submission of written and oral comments
and an opportunity for a public mecting at or near the site regarding the
Proposed Plan and any proposed findings relating to cleanup standards. The
lead agency shall keep a transcript of the meeting and make such transcript
available to the public. The notice and analysis published under item #1 shall
include sufficient information to provide a reasonable explanation of the

Proposed Plan and alternative proposals that were considered.

Additionally, notice of the final remedial action plan adopted must be published and the plan
must be made available to the public before commencing any remedial action. Such a final
plan must be accompanied by a discussion or any significant changes to the preferred remedy
presented in the Proposed Plan along with the reasons for the changes and a response

(Responsiveness Summary) to ecach of the significant comments, criticisms, and new data

13



submitted in written or orzl presentations during the public comment period.

EPA has conducted the required community participation activities through presentation of
the RI/FS and Proposed Plan, a 90-day public comment period (after a public request for
extension), three informational meetings, a formal public hearing, and a presentation of the
Selected Remedy in this ROD. Specifically included with this ROD is a Responsiveness

Summary that summarizes public comments and EPA responses.

The RI/FS and Proposed Plan for the Butte Mine Flooding OU were released for public
comment on Jan:ary 27, 1994, The RI/FS and Proposed Plan were made available to the
public in the Administrative Record located at the EPA Record Center (Helena, Montana),
the Butte EPA Office (Butte, Montana), and the hontana Tech Library (Butte, Montana).
The notice of availability of the RI/FS and the Proposed Plan was published in the Butte
newspaper, The Montana Standard, on January 23 and 27, 1994, A formal public comment
period was designated from January 27, 1994 to March 14, 1994. After a request from the
Clark Fork Pend Oriclle Coalition and others, this public comment period was extended an
additional 45 days to April 29, 1994,

The Proposed Plan was mailed to all individuals on the Silver Bow Creek/Butte Area NPL.
mailing list on January 27, 1994. This list includes 1,000 individuals, the majority residing
in Butte, Montana. The RI and FS were supplied to all individuals requesting those

documents.

EPA held an inforinational meeting in Butte on January 27, 1994 to explain the RIU/FS
process, outline the Proposed Plan and the preferred alternative, and to answer questions
regarding the alternatives, A press conference and meeting of elected officials was also held
on January 27, 1994. At this press conference, EPA explained the Proposed Plan, the
preferred alternative, and answered questions from the press and public officials, EPA held
an informational meeting in Butte on February 1, 1994 1o explain technical information

relating to the RI/FS, the Proposed Plan, and the preferred alternative.  Another
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informational meeting was held by EPA in Butte on March 8, 1994. The March 8th meeting
was informal in nature and allowed for one-on-one discussions with EPA, MDHES, and PRP
officials. A notice of each meeting was published in the Butte newspaper, The Montana

Standard, (January 27; February 1; March 8, 1994),

In addition to the formal meetings, EPA made presentations, answered questions, and
discussed the Proposed Plan and RI/FS with several groups, including the Citizens Technical
Environmental Committee (CTEC), Clark Fork Pend Orielle Coalition, the Butte-Silver Bow
Council of Commissioners, the Silver Bow Kiwanis, and the Big Butte Kiwanis. The EPA
Project Manager Jiscussed the Proposed Plan, RI/FS, and preferred alternative on a radio
call-in show (Party Line--February 22, 1994) and a television public affairs show (Focus--
March 13, 1994).

A formal public hearing was held in Butte on April 26, 1994, At this hearing,
representatives from EPA answered questions about remedial alternatives under
consideration, as well as the preferred remedy. A portion of the hearing was dedicated to
accepting formal oral comments from the public. A court reporter transcribed the formal
oral comments and EPA made the transcript available by placing it in the Administrative
Record. A response to comments received during the public comment period is included in
the Responsiveness Summary, which is part of this ROD. Also, community acceptance of
the selected remedy is discussed in Section 9 (Summary of Comparative Analysis of

Alternatives) of this Decision Summary.

4. SCOPE AND ROLE OF THIS OPERABLE UNIT WITHIN SITE STRATEGY

EPA has identified seven Ous within the Silver Bow Creek/Butie Arca site. These are:
Mine Flooding, Priority Soils, Non-Pricrity Soils, Active Mining Arca, Warm Springs
Ponds, Streamside Tailings, and Rocker. EPA is the lead agency for remedial activities at
the first five Ous, and the State of Montana is the tead agency for the Streamside Tailings

and Rocker OUs,



Actions at the Silver Bow Creek/Butte Area sitc OUs are concerned with the impacts of
mining activities on surface waters, groundwater and soils and the potential health effects
resulting from mining activities in the areas of Butte and Silver Bow Creek. The Butte Mine
Flooding OU is located in the upstream portion of the Silver Bow Creek/Butte Area site and,
thus, a release of contamination from this OU would cause further detrimental impacts to
surface water and groundwater in downstream OUs. Remediation in the Butte Mine
Flooding OU is considered a priority by EPA because of the rate of flooding (currently 5
mgd) and extremely high toxicity to aquatic life of the water contained in the bedrock system
and the potential downstream impacts and risks to human health and the environment which
would be cause ! by the release of the contaminated waters. Remedial actions undertaken in
the Mine Flooding OU will complement future actions in the other Silver Bow Creek/Butte
Area site OUs. Significant cleanup actions have already been initiated for other OUs at this
site to improve water quality in Silver Bow Creek and the Clark Fork River. The action
described herein will ensure that contamination in the Butte Mine Flooding OU will not

contribute to the degradation of Silver Bow Creek or the Clark Fork ‘River.

The Butte Mine Flooding RI/FS was conducted by the PRPs with EPA and State oversight
from 1990 to 1994 to identify and evaluate the nature and extent of contamination associated
with mine flooding and to identify and evaluate potential remedial alternatives. The major

objectives of the RI/FS were:

1. To establish safe elevations below which the water in the Berkeley Pit/East
Czmn and Travona/West Camp Systems must be maintained in order to
contain contaminated water in these Sys.ems;

2. To identify and evaluate alternatives that protect the alluvial aquifer and Silver
Bow Creek from contaminated bedrock system waters;

3. To evaluate alternatives that would maintain the water levels in the OU below
the safe water levels;

4. To develop alternatives to ensure that treated water discharged to the Silver
Bow Creek drainage meets Federal and State standards.

16



The remedy presented in this ROD represents the final remedial actions for the Butte Mine
Flooding OU. The purpose of the remedy is to contain contaminated water within the East
and West Camp Systems by keeping the water levels below the established CWLs. This is
intended to prevent the release of contaminated water to the alluvial aquifer and Silver Bow
Creek. All water treated in conjunction with this remedy shall meet Silver Bow Creek
discharge standards. These actions are intended to prevent the exposure of human and
aquatic life to contaminated groundwater and surface water. The remedy for the Butte Mine
Flooding OU is intended to be consistent with remedial action objectives identitied for and

remedial actions undertaken at other site OUs.

5. SUMMARY OF SITE CHARACTERISTICS

Water in the Berkeley Pit, surrounding bedrock aquifer, and the shafts contains high levels of
toxic metals and arsenic as a result of water leveis rising in the mine workings, and from
contaminated surface water inflows (see Table 1). The source of the contamination is AMD
which results from the oxidation of sulfide minerals (in the presence of oxygen) to form iron
hydroxide, sulfate, and free hydrogen ions. Water in the alluvial aquifer between the leach
pads and Pit is also contaminated with high levels of metals as a result of seepage from the
leach pads. Due to the presence of the Berkeley Pit and a groundwater divide located south
of the Pit, all groundwater in the OU is presently tlowing toward the Pit and contaminated

water has not migrated offsite.

The preliminary CWLs have been established by EPA to contain the contaminated water in
the Berkeley Pit and West Camp Systems. [f either CWL is exceeded, there is the poeniial
for the present hydraulic gradient to change, resulting in the tlow of contaminated water
away from thc OU. This water could potentially move in the alluvial aquifer or on the
ground surface toward Silver Bow Creek and could result in the potential exposure of human

and aquatic life to contaminants.

REMEDIAL INVESTIGATION

During the RI, the Inflow Control Investigation collected data on the mine operation and Pit
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water balance. This information was used in the FS to evaluate alternatives for controlling
the rate of Pit filling. The Neutralization Investigation collected chemical information on the
Berkeley Pit water for evaluating treatment alternatives. The Alluvial Aquifer Investigation in
the area of the leach pads evaluated the impact of the leach pads on the alluvial aquifer. The
Bedrock Aquifer Investigation ascertained the quality and level of water in the deeper
aquifer, determined flow direction, and assessed the potential impact of the rising bedrock

aquifer on the alluvial aquifer. The major findings of the RI arc as follows:

o The preliminary CWLs corresponding to the 5,410 foot elevation (USGS datum) for
the Pit System and §,435 foot elevation (USGS datum) for the West Camp System
were confirmed as being protective of Silver Bow Creek/Blacktail Creek and the
associated alluvial aquifer from contaminated bedrock aquifer waters. These water
levels are considered safe levels (i.e., prote. .ive of human health and the
environment) because the alluvial water elevations adjacent to the Pit are at least 50
feet higher than these CWLs,

J The Intlow Control Investigation found that the average rate of surface inflow to the
Berkeley Pit is 1.68 mgd, the majority of which comes from the Horseshoe Bend
area. The investigation further determined that outflow from the seeps in the
Horseshoe Bend area average 2.4 mgd, part of which flows to the Pit (1.54 mgd), and
part of which is re-used in the leach pads operation and integrated into the tailings
circuit (0.86 mgd) (Figure 4). The quality of the Horseshoe Bend water was similar
to the quality of the Berkeley Pit water. [t was determined that if surface water in the
Horseshoe Bend area is controlled and prevented from entering the Berkeley Pit, the
water level in the Pit System (East Camp) would not reach the CWL until after the
year 2025, Total inflow into the East Camp System is about 5 mgd. About half of
this flow is uncontrollable bedrock recharge and about 0.58 mgd is uncontrollable
flow from the alluvial aquifer.

o The Bedrock Aquifer Investigation and monitoring program contirmed that the
contaminated bedrock aquifer groundwater is moving toward the Berkeley Pit.
Bedrock aquifer water in unmined areas at the periphery of the East Camp cone of
depression showed low concentrations of metals, while samples from mine shafts
exhibited clevated metals concentrations.

U The Leach Pads Area Alluvial Aquifer Investigation demonstrated that the alluvial
aquifer in the leach pads area has been contanunated by the feach pads operation.

Al .
Assumes Anselmo Mine water level remans 20 feet above the Berkeivy Pit water feve!
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This investigation also showed that flow in the alluvial aquifer in the leach pad area is
presently toward the Berkeley Pit. Alluvial water levels in the area adjacent to the Pit
were found to be at least 50 feet higher than the CWL.

. The Neutralization Investigation was conducted to evaluate the feasibility of using
alkaline mine tailings to treat acidic water present in the Berkeley Pit. Samples of Pit
water were collected to characterize Pit water chemistry. Results showed that the Pit
water is an acidic, moderately oxidizing, sulfate solution with elevated concentrations
of numerous constituents, including aluminum, arsenic, copper, iron, lead,
manganese, and zinc. Levels of aluminum, copper and zinc are more than 1,000
times greater than the chronic water quality criteria for the protection of aquatic life.
Iron is also significantly greater (more than 900 times) than the water quality criteria.
Primary maximum contaminant levels (MCLs) were exceeded for arsenic, copper,
lead and cadmium,

FEASIBILITY STUDY

The FS was conducted to identify, screen, develop, and evaluate remedial alternatives
designed to reduce or eliminate the human health and/or environmental risks identified during
the RI. Phase I of the FS included the initial evaluation and screening of treatment
technologies; Phase II included treatability testing and evaluation of treatment technologies
which survived the initial screening process; and Phase III included the detailed analysis of
remedial alternatives. Three primary treatment technologies and 5 polishing trecatment
technologies survived the initial evaluation and screening (Phase I) and 10 technologics were
eliminated. The Phase II testing/evaluation narrowed the technology range to hydroxide
precipitation for primary treatment and reverse osmosis for polishing treatment. These
technologies were then assembled with several flow/process options to form 19 alternatives
for further evaluation. After further screening of alternatives, seven alternatives were carried
through the Phase III detailed analysis of alternatives. These seven allernatives were

narrowed down to the preferred alternative presented in the proposed plan.

The specific alternatives evaluated in the IS are presented in Section 8 and details of this
evaluation are presented in Section 9 of this ROD.  Significant findings of the Treatability

Study are as follows:
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o The addition of tailiags slurry to the Berkeley Pit to neutralize the acidic Pit water
was found to be infeasibie due to the excessive volume of tailings slurry required for
neutralization. The addition of the necessary volume of slurry to the current volume
of water in the Pit would significantly reduce the time to reach the CWL,

. Water Quality Standards for Silver Bow Creek can be met through a two-stage
hydroxide precipitation and acration process followed (if necessary) by a reverse
osmosis polishing step.

6. SUMMARY OF SITE RISKS

A baseline Risk Assessment (RA) was conducted by EPA to evaluate potential future human
health and environmental risks associated with mine flooding if no remedial actions are
undertaken at the OU (CDM Federal 1993). The RA was prepared in accordance with EPA

guidance documents (see the RA report for a listin_ of the specitic guidance).

It is important to note that the PRPs have an agreement with EPA (sce Enforcement History
and Action section) that directs them to maintain the water level below the 5,410-foot
elevation in the Berkeley Pit and at other designated points in the East Camp System. [EPA
and MDHES believe that this agreement precludes any direct impacts on the alluvial aquiter
and/or Silver Bow Creek from contamination originating from the Pit System. However, in
the absence of compliance with this agreement and any remedial actions, contaminated water
in the Pit System could eventually flow into the alluvial aquifer (with eventual tlow into
Silver Bow Creck) or may overflow to Silver Bow Creck. [n this evaluation of the no-action
alternative, it was assumed that the CWL in the Pit System would be excceded. The risks
associated with the no-action alternative must be evaluated as a basis for comparison with

other remedial alternatives.

CONTAMINANTS OF CONCERN

The contaminants of concern (COCs) in groundwater and surface water that were considered
in the human health RA were arsenic., cadniam, lead, sulfate, and zinc. The COCs
considered in the evaluation of ecological risks were aluminum, arsenic, cadmium, copper,

iron, lead and zine. These contaminants exiibit carcinogenic and/or toxic characteristics.

M
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They are found at elevated levels in the Berkeley Pit water. The estimated future

concentrations of the COCs on which the RA was based are presented in Table 3.

HUMAN HEALTH RISK ASSESSMENT
The human health risk assessment was developed from surface water and groundwater

concentrations measured during the Rl for three future discharge scenarios:

L. A drinking water well located in the alluvial aquifer containing water discharged from
the Berkeley Pit,

2. Surface water in Silver Bow Creek resulting from discharge of Pit water to the
alluvial aquiter and eventually to the creek, and

3. Surface water in Silver Bow Creek resulting { »m Pit overflow directly into the creek.

HUMAN EXPOSURE ASSESSMENT
Exposure assessment is the estimation of magnitude, frequency, duration, and route of
exposure to COCs. This includes the estimation of exposure point concentrations and the

development of chemical intake estimates.

Since current exposure pathways do not exist, current exposure scenarios were not evaluated
in the RA. However, exposure could occur to future residents of the arca if there was a
release of water from the contaminated bedrock system into the alluvial system and Silver
Bow Creek. A future residential scenario was developed for the RA that assumes no
restriction of access to Silver Bow Creek or the alluvial aquiter as a source of drinking
water. Receptors evaluated in the RA included lifetime residents and children.  Exposure
pathways included 1) direct ingestion of contaminated drinking water (groundwater or surface
water), 2) incidental ingestion of contaminated surface water during recreational activitics,

and 3) dermal absorption of contaminated surtace water during recreational activitics.

EExposure point concentrations were developed previously for the three discharge scenarios

(Table 3). The magnitude of exposure was then estimated by caleulating chronic daily



TABLE 3

ESTIMATED FUTURE CONCENTRATIONS IN THE ALLUVIAL AQUIFER DOWNGRADIENT OF THE BERKELEY PIT
AND IN SILVER BOW CREEK GIVEN THREE PIT WATER DISCHARGE SCENARIOS

Chemical Concentrations
Discharge Scenario | Flow Regime Aluminum Arsenic | Cadmium Copper Iron Lead Zine Hardness Sulfate pH
(n2/L) {ug/L) {(ng/L) (ng/L) (ng/L) (ug/L) (ug/L) (mg/L) (mg/L) (Standard
Units)
Scenario No. | Not 262,000 1,070 2,020 177,00 1,021,500 134 526,000 2,764 6,530 3.2
Alluvial Drinking Applicable e —
Water Well
Scenarig No. 2 Chronic’ 27,840 118 210 18,810 94,050 10 55,830 412 783 5.17
Discharge to
Allyvial Acute? 49.540 206 380 33440 | 176,810 10 99,380 630 1361 4.94
Aquifer
Scenario No. 3 Low Flow*- 80,750 332 620 54,540 302,470 20 162,140 941 2192 4.65
Pit Overflow Chronic
Low Flow- 122,300 500 940 82,600 473,580 3. 245,570 1359 3293 4.30
Acule
High Flow* 100,430 412 770 67,800 383,110 20 201,440 1139 2712 4.48
Chronic
High Flow- 143,750 587 1,110 97,090 558,470 30 288,590 1547 3866 3.98
Acute

Source: CDM Federal 1993.

! Chronic refers to potential in-stream concentrations during average streamflow conditions (14.1 cfs).
Acute refers to potential in-stream concentrations during the 7-day, 10-year low flow event (7.23 cfs).
3 Low Flow refers to the lower end of the discharge range esiimated for the Berkeley Pit overtopping scenario (4 mgd =6.2 cfs).
‘ High Flow refers to the upper end of the discharge range estimated for the Berkeley Pit overtopping scenario (5.6 mgd =8.6 cfs).

"“

Bold print in flow regime represents the concentrations used in the risk asscssment for discharge to the alluvial aquifer and pit overflow into Silver Bow Creek.

/L = mcrograms per liter
mg/L = milligrams per hier
CFS = cubic leet per second
mgd = million gallens per day



intakes (CDIs) for each exposure pathway. To calculate CDIs, many assumptions were made
in accordance with EPA guidance. These intakes were then compared to toxicity values to
quantify risks for each exposure pathway. Lead intake estimates for children were estimated

using the Integrated Exposure/Uptake/Biokinetic (IEUBK) lead model.

HUMAN TOXICITY ASSESSMENT
The toxicity assessment examined the potential for each COC to cause adverse effects in
exposed individuals. The assessment also provided an estimate of the dose-response
relationship between the degree of exposure to a COC and adverse effects, Criteria for
carcinogens are presented as cancer slope factors and criteria for noncarcinogens are
presented as reference doses, with the exception of lead, whic’i was evaluated using the EPA
IEUBK lead model. A thorough explanation of the health effect criteria for potential
carcinogens and non-carcinogens and the toxicity profiles for the COCs are presented in the

Baseline Risk Assessment (CDM Federal 1993). A summary of these is presented below.

Health Effects Criteria For Potential Carcinogens - -

Cancer slope factors are developed by EPA’s Carcinogen Assessment Group (CAG) for
potentially carcinogenic chemicals. In the case of arsenic, the slope factor was derived from
the results of human epidemiological studies. The cancer slope factor describes the increase
in an individual’s risk of developing cancer over a 70-year lifetime per unit of exposure.
When the cancer slope factor is multiplied by the lifetime average dose of a potential
carcinogen, the product is the upper-bound lifetime individual cancer risk associated with
exposure at that dose. This calculated risk is an estimate of the increased likelihood of
cancer resulting from exposure to a COC, These estimates of the upper limits on lifetime
risk are unlikely to underestimate risks. Therefore, while the actual risks associated with
exposures to potential carcinogens are unlikely to be higher than the risks calculated using a

cancer slope factor, they could be considerably lower.

EPA also assigns weight-of-evidence classifications to potential carcinogens. Under this

system, arsenic is classified as a Group A chemical, or a human carcinogen. This
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classification indicates that there is sufficient evidence to support the causal association
between exposure to arsenic in humans and cancer. Cadmium has been classified as a Group
Bl or probable human carcinogen for inhalation exposure only. This classification is for
chemicals with sufficient evidence of carcinogenicity in animals but limited evidence in
humans. Lead has been classified as a Group B2 or probable human carcinogen. This
means that there is sufficient evidence of carcinogenicity in animals, but inadequate evidence
of carcinogenicity in humans. Zinc has been assigned classification D, which indicates that

the evidence for carcinogenicity in animals is inadequate.

Health Effects Criteria For Noncarcinogens

Health effects criteria for chemicals exhibiting noncarcinogenic effects are generally
developed using reference doses (RfDs) developed Ly the EPA RfD Work Group, or RfDs
obtained from Health Effects Assessment Summary Tables (HEAST). The chronic RfD is an
estimate of the daily exposure to the human population (including sensitive subpopulations)
that is likely to be without an appreciable risk of deleterious et’fect_§ during a lifetime. These
RfDs are usually derived either from human studies involving workplace exposures or from
animal studies, and are adjusted using uncertainty factors. The uncertainty factors used in
developing RfDs use conservative assumptions based on the differences between the
environmental human exposure situation and the animal bioassay from which the data were
derived. Due to the conservative nature of these factors, a margin of safety is implicit in
their use, The RfD provides a benchmark to which chemical intakes by various routes (e.g.,

via exposure to contaminated environmental media) may be compared.

Human Toxicity Profiles
The major adverse health effects associated with lead are alterations in blood and nerves.

Exposure to high levels of lead will result in severe lead poisoning, which may cause coma,
convulsions, protound and irreversible mental retardation, seizures, and even death, Less

severe effects at lower dosages include damage to receptor nerves, anemia, delayed cognitive
development, reduced 1Q, high blood pressure, and impaired hearing,  Even smaller dosages

have been implicated in enzyme inhibition, changes in red blood cell chemistry, interference
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with Vitamin D metabolism, cognitive dysfunction in infants, changes in the ability of nervs
to transmit signals, and reduced childhood growth. Because their nervous systems are still
developing, fetuses and children 0-3 years of age are most affected by the lower doses and

are, therefore, the most sensitive population._
: g

Arsenic is also a well-known poison and human carcinogen. Chronic oral exposure of
humans to arsenic can produce toxic effects on the entire nervous system, age spots and
warts, thickening and darkening of the skin, skin lesions, blood damage, and cardiovascular

damage. Ingestion of arsenic has been linked to a form of skin cancer and more recently to

bladder, liver, und lung cance

Cadmium, when ingested, has been shown to be associated with kidney disease, bone

damage, high blood pressure, anemia, and suppression of the immune system,

Ingestion of large amounts of sulfate can result in diarrhea, catharsis, and possible ‘

dehydration. [nfants appear to be a sensitive subpopulation.

Acute toxicity of ingested zinc results in gastrointestinal distress and diarrhea, Long-term
zinc ingestion may result in copper deficiency and anemia. Liver and kidney effects have

been observed in experimental animals after chronic exposure to zinc.

HUMAN HEALTH RISK CHARACTERIZATION 7 , 7
Risks from all exposure routes and pathways were combined to provide an estimate of total
carcinogenic and noncarcinogenic health risks. A detailed analysis of the risks for these
pathways is presented in the RA, It should be noted, however, that the direct ingestion of
contaminated drinking water is the predominant exposure pathway. Incidental ingestion and
dermal contact were much less significant pathways. For lead, estimated blood lcad levels

were compared to blood lead levels considered to be of concern to human health,
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Carcinogenic Risks

The RA estimated the excess lifetime canéer risk from exposure to arsenic at the BMFOU.,
EPA’s acceptable cancer risk range for Superfund sites is from one in 10,000 (1E-04) to one
in 1,000,000 (1E-06) additional probability that an individual may develop cancer over a 70-
year lifetime. EPA’s (Superfund guidance) maximum acceptable risk probability is one in
10,000 (1E-04). A risk of one in 10,000 means that one person out of 10,000 could develop
cancer as a result of a lifetime exposure to the site contaminants., This refers to the
incremental risk that is above and beyond the chance that an individual may develop some

form of cancer from other sources.

The estimated lifetime arsenic cancer risks for the exposure pathways evaluated in the RA -
are summarized in Table 4. Under both the reasonable maximum exposure (RME) and the
central tendency exposure (CTE), the RA (CDM Federal 1993) predicted that all future
exposure scenarios would result in cancer risks from arsenic that exceed EPA’s maximum
risk probability of 1E-04. The RME is the maximum exposure that is reasonably expected to

occur for an individual while the CTE uses exposure parameters that represent average

exposure,

Noncarcinogenic Risks

To evaluate the potential for adverse noncarcinogenic effects, CDIs were compared to
reference dose values, A CDI:RfD ratio (hazard quotient) exceeding one indicates that
adverse effects could occur. A Hazard Index (HI) is equal to the sum of the hazard quoticnts
for all COCs for a specific pathway/source. When the HI exceeds one, there is a potential

for adverse health effects to occur for that pathway/source combination.

Noncarcinogenic risks from exposure to arsenic, cadmium, sultate, and zinc are also
summarized in Table 4. The RA showed the HI to exceed one for all receptors and ¢xposure
pathways evaluated, indicating the potential for future adverse health effects. These were

found to be mainly associated with exposure to arsenic and cadmium.
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TABLE 4

SUMMARY OF POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISK

BUTTE MINE FLOODING OPERABLE UNIT

Future Exposure Pathways and Contaminant Sources l Carcinogenic Noncarcinogenic Risk?
L Risk'

Lifetime Reasonable Maximum Exposure (RME)
Drinking Alluvial Groundwater plus the Incidental Ingestion of Surface Water (source: alluvial groundwater discharge) 5.27E-03 3.93E+02
Drinking Surface Water (source: alluvial groundwater dischargej plus the Incidental Ingestion of Surface Water (source: 5.81E-04 4.35E+01
alluvial groundwater discharge) ce
Drinking Surface Water (source: Berkeley Pit overflow) plus the Incidental Ingestion of Surface Water (source: Berkeley 2.03E-03 '1.56E+02
Pit overflow) :
Drinking Alluvial Groundwater plus the Incidental Ingestion of Surface Water (source: Berkeley Pit overflow) 5.27E-03 3.96E+02
Lifatime Central Tendency Exposure (CTE)
Drinking Alluvial Groundwater plus the Incidental Ingestion of Surface Water (source: alluvial groundwater discharge) 1.01E-03 2.16E+02
Drinking Surface Waler (source: alluvial groundwater discharge) plus the Incidental Ingestion of Surface Water (source: 1.11E-04 2.33E+01
alluvia] groundwater discharge)
Drinking Surface Water (source: Berkeley Pit overflow) plus the Incidental Ingestion of Surface Water (source: Berkeley 3.89E-04 8.33E+01
Pit overflow)
Drinking Alluvial Groundwater plus the Incidental Ingestion of Surface Water (source: Berkeley Pit overflow) 1.01E-03 2.16E+02

Source: CDM Federal 1993.

! Arsenic carcinogenic risk-

2 Each figure is the totul hazard index and represents the sum of the individual risks from arsenic, cadmium, sulfate and Zinc for the specific pathway/source combination,



Lead Exposure
Lead exposure was evaluated by estimating future blood-lead levels in children using EPA’s

IEUBK Lead Mcdel. EPA'’s acceptable level is 95 percent of the exposed population with a
blood-lead level below 10U micrograms per deciliter (ug/dl). The RA showed that if
contaminated bedrock aquifer water was discharged to the alluvial groundwater and used as
drinking water, over 50 percent of the exposed children would have a blood-lead level
greater than 10ug/dl. Predicted percentages of children with blood-leads greater than

10ug/dl for the incidental ingestion of surface water from the alluvial groundwater and the

Pit overflow discharge scenarios were 0.7 and 2.25 percent, respectively.

ECOLOGICAL RISK ASSESSMENT
The ecological risk assessment qualitatively evaluated potential risks to aquatic receptors by
comparing potential surface water metals concentrations to Ambient Water Quality Criteria

(AWQC) for the protection of freshwater aquatic life.

POTENTIAL ECOLOGICAL RECEPTORS
Aquatic Communities R
Silver Bow Creek adjacent and downstream from the BMFOU does not s(nppon a fisheries
population. Westslope cutthroat trout and bull trout are reported to have once been caught in
the vicinity of Butte prior to intensive mining activities. Mining related wastes still prevent
ek. = .

the establishment of a fishery in Silver Boy
, 4 i
Five species of trout have been recorded within the Silver Bow Creek watershed and,
therefore, were selected as potential ecological receptors. These include the westslope
cutthroat trout, rainbow trout, brook trout, bull trout, and brown trout. Although no trout
species are found in Silver Bow Creek due to historical metals contamination in this area,
there is potential for these species to occur if water quality in Silver Bow Creek improves
due to their presence in associated tributarics to Silver Bow Creek. A viable aquatic
community, including fish, does occur in Blacktail Creek, a tributary to Silver Bow Creck

just above the study area. Blacktail Creek contributes the largest flow to the creation of
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Silver Bow Creek. Fish and other aquatic animais may move downstream from Blacktail

Creek into the study area. L

Benthic invertebrate communities have re-established themselves within Silver Bow Creek
since the cessation of direct mine process waste water discharges. Mayflies, caddis, and
stoneflies have been collected, although they demonstrate low density and limited diversity.
The Aquatic Resources Injury Assessment Report for Upper Clark Fork River Basin (June,
1993) stated that the U.S. Fish and Wildlife Service (USFWS) and University of Wyoming
(1992) measured hazardous substances in benthic invertebrates in Silver Bow Creek near
Warm Springs Pond:. Although the concentrations of hazardous substances in the
macroinvertebrates collected were high, macroinvertebrates would be expected to flourish in

- aremediated Silver Bow Creek, as they are found in nearby tributaries which are not

contaminated with mining wastes.

Aquatic vegetation and algae have been observed in and collected from Silver Bow Creek, A
survey conducted in 1984 indicated the presence of an emergent aquatic grass, downstream
of the BMFOU in Silver Bow Creek. However, the current status of aquatic vegetation is

not known.

Terrestrial Communities §
Although terrestrial ecological risks were not evaluated in the RA, the environmental sctting
for terrestrial communities is presented in the RA. No terrestrial communities within the
BMFOU have been identified as critical habitat or communities of special concern. No rare
or endangered plants were identified within the BMFOU or downstream of this area,
Vegetation growing adjacent to Silver Bow Creck within the study area is limited to common
willows and grasses. Shrubs indicative of dry conditions are found throughout the study
arca. The USFWS has stated that there are no threatened or endangered wildlife species
present in the BMFOU or in the near vicinity, Although no wildlife surveys have been
conducted within the BMFOU, it is anticipated that wildlife typical of disturbed and rural

residential areas would be found. This could include medium-sized mammals such as rabbits
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and foxes, and small mammals that are commonly found in disturbed areas such as field mice
and rats. Also included in this category would be songbirds, waterfowl, and birds of prey.
Downstream of the study area, as the impacts from human activities decrease, larger

mammals such as elk, deer, and coyote may be found.

P

ECOLOGICAL EXPOSURE PATHWAYS '

The RA evaluated the potential risk to aquatic receptors in Silver Bow Creek and in offsite
reference locations in the event that contaminated Berkeley Pit System water discharged to
Silver Bow Creek. In the event that the water level in the Pit System was allowed to rise
unrestricted, this cortaminated water could reach Silver Bow Creek by flowing through the
alluvial aquifer and/or by overflowing the Pit rim. Under cither scenario, the contaminated

water entering Silver Bow Creek would have approxiinately the same concentration of

contaminants as the Berkeley Pit System water.

The primary exposure route for aquatic receptors is ingestion of surface water/sediment,
aquatic vegetation, and contaminated prey such as macroinvertebrates. In accordance with
EPA guidance, sediment and surface water were considered as an integrated exposure

pathway because of the complex chemical equilibrium between these two media. However,

- for risk assessment, only surface water was evaluated as a potential exposure pathway for

aquatic life. This is sufficient to demonstrate the severity of the problems that this

contaminated water presents to ecological receptor
i = & g

POTENTIAL EXPOSURE CONCENTRATIONS AND REGULATORY CRITERIA

Table 3 presents the predicted concentrations of the COCs in Silver Bow Creek water under

the combination of flow regimes (average [chronic] and low [acute]) and the ranges of water
flow rates from the Berkeley Pit System. For example, if the Berkeley Pit were to discharge
at a high rate and the flow in Silver Bow Creck was at the 7-day, 10-year low, then the

concentration of copper in the creek is predicied to be 97,090 pg/L.



ECOLOGICAL RISK CHARACTERIZATION

Table 5 compares the estimated concentrations of the COCs in Silver Bow Creek if Berkeley
Pit System water discharged to the creek to the EPA hardness-adjusted Ambient Water
Quality Criteria (AWQC). The two discharge scenarios used were discharge through the
alluvium and from the Pit overflowing. Impacts to the aquatic ecosystem were evaluated in
the RA (CDM Federal 1993) for the alluvial discharge scenario by comparing the Silver Bow
Creek surface water concentrations under average (i.e., chronic) flows to the hardness-
adjusted acute and chronic AWQC. For the Pit overflow scenario, the estimated high flow
from the Berkeley Pit was combined with the average Silver Bow Creek flow and then

compared to the hardness-adjusted acute and chronic AWQC,

Results of the RA indicate that if Berkeley Pit Systc 1 water were allowed to discharge to
Silver Bow Creek the concentration of the COCs in the creek would exceed the AWQC
(Table 5). The impact to the down gradient aquatic ecosystems under either discharge
scenario would be catastrophic in both nature and extent. Trout are particularly sensitive to
copper and zinc (see Toxicity section of the RA). If Pit water discharged through the
alluvium to Silver Bow Creck the copper (18,810 pg/L) and zinc (55,830 ug/L)
concentrations in the creek could be more than 480 and 164 times the chronic AWQC,
respectively. This concentration of copper and zinc would preclude the establishment of a

viable fishery in Silver Bow Creek.

HUMAN HEALTH AND ENVIRONMENTAL RISK ASSESSMENT SUMMARY

The RA focused on the potential risks associated with alluvial groundwater and surface water
contaminated with Berkeley Pit water in a future residential scenario, and on potential risks
to aquatic life. The results of the RA showed that future risks to human health and the
environment exist above the level considered acceptable to EPA if no remedial actions are
taken for this OU. The major future health risk to area residents is associated with the
ingestion of contaminated groundwater or surtace water. The major future ecological risk is
associated with exceedences of standards intended to protect aquatic life, The results of the

RA indicate that to protect human health and the environment, it will be necessary to prevent
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TABLE 5

ESTIMATED FUTURE CONCENTRATIONS IN SILYER BOW CREEK AND HARNESS-ADJUSTED AMBIENT WATER QUALITY CRITERIA
BUTTE MINE FLOODING OPERABLE UNIT

Discharge Flow Regime Chemical Concentrations
Aluminum Cadmium Copper Iron % Lead Zinc Hardness
(ug/L) (ug/l) (ug/l) {(ug/L) (pgfL) (rgfL) (mg/L)

Through the Alluvial Chronic! 27,840 210 18,810 94,050 10 55,830 412

Aguiler
From Pit Overflow High Flow-Chronic! 100,430 770 67,800 383,110 20 201,440 1139

Acute AWQC .. TS0 19 65 ... 1,000 477 4380 4002
Ambient LT :
Waier Quality
Criteria Chronic AWQC 87 3.4 39 1,000 19 340 400?

Source: CDM Federal 1993 and EPA Ambicat Water Quality Criteria.

Chronie refers 1o polential in-streum concentrations during average sireamflow conditions (14.1 cfs).
High Flow refers to the upper end of the discharge range estimated for the Berkeley Pit overtopping scenario (5.6 mgd=38.6 cfs).
- The maximum allowable hardness for AWQC adjustment is 400 mg/L.

ug/lL = micrograms per liter
mg/L. = milligrams per liter
cfs = cubic feet per second

mgd = millien gallons per day
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water in the Pit System from escaping through the alluvial aquifer, or by overland flow, and

ultimately discharging into Silver Bow Creek.

7. REMEDIAL ACTION OBJECTIVES
EPA and the State's overall remedial action objective for this QU is to prevent human and
aquatic exposure to contaminated groundwater and surface water, This objective was
developed based on evaluations of the site RA and ARARs and will be met by accomphshmg

the following specnﬁc remedlal action objectives:

i, Ensu.ing that the CWLs (i.e., the safe water levels) for the Pit System (5,410
feet, USGS datum) and the West Camp System (5,435 teet, USGS datum) are.
not exceeded so that contaminated mir~ water is contained and does not
discharge to the alluvial aquifer or Silver Bow Creek,

2. Ensuring that treated water discharged to the Silver Bow Creck drainage meets
State of Montana and other pertment water quality standards

3. Implementing institutional controls on the public’s access to comamunted
bedrock aquifer water to ensure the protection of public health, and

4. Implementing a comprehensive monitoring program to verify the
protectiveness of the CWLs and to ensure that contamnmtcd water is bcmg
contained, : , :

8. DESCRIPTION OF ALTERNATIVES

Nineteen remedial alternatives for addressing the mine flooding problem were evaluated in

the screening portion of the FS. Seven of these remedial alternatives (1, 2/3, 4/5, 6/7) for
addressing the mine flooding problem were retained for detailed analysis in the FS. The
other 11 alternatives were eliminated because of exorbitant costs or implementability

limitations,

The alternatives were developed based on water treatment technologies and flow options that
were selected via the initial screening process and subsequent treatability testing.  Each

alternative was divided inte time periods that included current mining, post-mining, and the
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period after which the CWL is approached in the Pit System. For the purpose of the FS
analysis, current mining was assumed to continue until 2005; and the post-mining period was
assumed to extend from 2006 to the time when the CWL is approached for the specific
remedial alternative. These assumptions are in no way meant to be a prediction of future
mining, rather they are used as uniform assumptions, that allow the comparative evaluation of

remedial alternatives.

The estimated costs presented for each alternative reflect the net present value of capital and
annual operating and maintenance (O&M) costs. With the exception of the no-action
alternative, capita costs include the costs for constructing a treatment facility and sludge
disposal area, and purchasing the required pumps and piping. O&M costs for the
alternatives (excluding no-action) include costs for the monitoring programs, maintaining ther

treatment facility, pumps and pipelines, and purchasing treatment supplies and chemicals.

It should be noted that costs associated with the alternatives presented in the FS do not
include the cost of controlling the West Camp System (Present Worth of $1.7 million). An
alternatives analysis (Engineering Evaluation/Cost Analysis - CDM 1989) and decision

document (Action Memorandum - see Enforcement History and Actions section) for

mitigating the West Camp was prepared by EPA.

i
[

Each alternative includes institutional controls (ICs). These ICs include local government
land use and development fegulations and controls on groundwater access. For the post-
mining period, institutional controls are the same as listed above and should complement
dedicated development and mine reclamation.  Currently, Butte-Silver Bow County
Government is developing an institutional control package for all Superfund activities within
the County. EPA and the State plan to work with Butte-Silver Bow in the development of
these institutional controls to ensure that there is no inappropriate use of contaminated
bedrock aquifer water that would threaten human health or the environment. It is EPA'S and
the State’s preference that any needed institutional controls be implemented through local

government, In the event that ICs cannot be implemented through local government, state
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and federal authority to implement needed ICs will be examined. The public will be
included in all discussions concerning imiplementation of ICs.

A comprehensive monitoring program would be implemented under all alternatives. This
program would monitor surface water and groundwater (alluvial and bedrock) quality and
levels in the Pit System and the West Camp System in shafts and other designated monitoring
points. Based on this information, the Agencies will ensure that water levels do not rise
above the CWLs, Monitoring program data would be used to ensure that treatment facilities
are in place and operating prior to mine waters reaching the CWL and to provide information

for assessing the ‘mpact of the rising waters. M data will be used to verify

the protectiveness of th

Each alternative, except the no-action alternative, contains variations of pumping and/or
treatment schemes necessary to maintain the Pit System and West Camp System waters

below the CWLs. The alternatives are summarized below,

ALTERNATIVE 1: No Action
TOTAL COST: $0

Under this alternative, no remedial actions would be taken to control mine flooding. During
the current mining period, about 1.5 mgd of water from Horseshoe Bend would flow to the
Berkeley Pit, and 0.9 mgd would be pumped to the leach pads or tailings pond. In the post-
mining period, 2.4 mgd of Horseshoe Bend water would flow to the Pit, and the Pit System
CWL would be approached in the year 2015. Evaluation of this alternative is required by
the NCP and is evaluated only as a basis tor comparison as it does not provide protection of
human health and the environment. The risks.to. human health and the environment are

summarized in Section 6 of the ROD,
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ALTERNATIVE 2/3: No Change in the Current Flow Regime During Active Mining;
No Control of Horseshoe Bend Water During Post Mining; A
Comprehensive Monitoring Program; Treatment as the Pit
System CWL is Approached.

TOTAL COST: Disposal of Treatment Sludge in Berkeley Pit (Alternative 2) -

- $35.91 million

Disposal of Treatment Sludge Onsite (Alternative 3) - $42,7
million L

Under this combined alternative, limited actions would be taken to control mine flooding
during the mining and post-mining periods. A comprehensive monitoring program and
institutional controls would be implemented. As with Alternative 1, the Pit System CWL
would be approuched in 2015, at which time water from the Pit System and Horseshoe Bend
would be pumped to a treatment plant for primary treatment by hydroxide precipitation and
aeration, followed, if necessary, by polishing treatment by reverse osmosis, A total of 8.48
mgd (2.4 mgd from Horseshoe Bend and 6.08 mgd from the Pit System) would be pumped
for treatment. Treated water would be discharged to Silver Bow Creek, and treatment sludge
would be disposed of in the Pit or in an onsite disposal facility. The water level in the Pit

System would be maintained below the CWL.

The differences in the costs for this alternative are dependent upon the option chosen for
disposal of treatment sludge. If the disposal option involves an onsite facility, less water

(only 4.35 mgd) would need to be pumped to stabilize the water level in the Pit System,

ALTERNATIVE 4/5: Change Flow Scheme to Control Horseshoe Bend Water During
Active Mining; No Control of Horseshoe Bend Water During
Post-Mining, A Comprehensive Monitoring Program; Treatment
as the Pit System CWL is Approached,

TOTAL COST: Disposal of Treatment Sludge in Berkeley Pit (Alternative d4) -
$27.63 million
Disposal of Treatment Sludge Onsite (Alternative 5) - $32,33
million

Under this combined alternative, 2.4 mgd of Horseshoe Bend water would be pumped to

Yankee Doodle Tailings Pond during active mining operations. Lime would be added to the
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tailings at the MR Concentrator prior to discharge into the pond in order to increase the
neutralization capacity of the tailings for the Horseshoe Bend water. A comprehensive

monitoring program and institutional controls would be implemented.

During the post-mining period, no actions would be taken to control mine flooding, and 2.4
mgd of Horseshoe Bend water would flow to the Pit. The Pit System CWL would be
approached in the year 2018, at which time water from the Pit System and Horseshoe Bend
would be pumped to a treatment plant as described for Alternative 2/3. The water level in
the Pit System would be kept below the CWL.

The differences in the costs for this alternative are dependent upon the disposal choice.

Treatment sludge would be disposed of in the Pit or in an onsite disposal facility,

ALTERNATIVE 6/7: Permanent Control and Treatment of Horseshoe Bend Water; A
Comprehensive Monitoring Program; Treatment Initiated Upon

Suspension of Mining; Exp'mded Tr cntment as the Pit System
CWL is Approached. :

TOTAL COST: - Disposal of Treatment Sludge in Berkeley Pit (Altenmtlve 6) -
$41.82 million
Disposal of Treatment Sludge in an Onsite bacnllty (Altel native
7 - $52 77 million

Under this combined alternative, 2.4 mgd of Horseshoe Bend water would be pumped to the
Yankee Doodle Tailings Pond during mining, as described tor Alternative 4/5. Primary and
polishing treatment (of Horseshoe Bend water only) would begin during the post-mining
period at a newly constructed treatment plant, with treated water discharged to Silver Bow
Creek and treatment sludge disposed of in the Pit or in an onsite facility. Treatment would
be in two steps: hydroxide precipitation and acration would remove most metals, followed,
if necessary, by reverse osmosis as a polishing treatment to meet State of Montana surface

water quality standards.
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The Pit System CWL would be approached in 2022, at which time water from the Pit System
(6.08 mgd) would also be treated at an expanded treatment facility. The water level in the
Pit System would be kept below the CWL. ; ' LT

The differences in the costs for this alternative are dependent upon the selected place for

disposal of treatment sludge. |

9. SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES

The NCP requires that each alternative be evaluatedrin terms of nine criteria, which are

divided into three :ategories as listed below,

The first category includes the threshold criteria:

l. Overall protection of human health and the environment; and

2. Compliance with ARARs.

The second category includes the primary balancing criteria:

3. Long-term effectiveness and permanence;

4, Reduction of toxicity, mobility, or.volume through treatment;
5. Short-term effectiveness;

6. Implementability; and

7. Costs.
The third category includes the modifying criteria:

8. State acceptance; and

9. Community acceptance.
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The selected alternative must meet the first two criteria and provide the best balance of the
five primary balancing criteria. EPA and the State evaluated and compared the seven
remedial alternatives described in Section 8 based upon their expected compliance with these
criteria. EPA and the State believe that all the alternatives (except the no-action alternative)
meet the above criteria to some degree and provide a reasonable range of options for
addressing the mine flooding problem. EPA and the State selected Alternative 6/7 with
modification as the remedy for the Butte Mine Flooding OU. This evaluation is briefly
described below. .

CRITERION I: DVERALL PROTECTIO
ENVIRONMENT

This criterion addresses whether a remedy is protecuve of human health and the

HUMAN HEALTH AND THE

environment. It also describes how potential no-action alternative risks estimated for each
pathway are eliminated, reduced, or controlled through treatment, engineering controls, or

institutional controls.

All the alternatives, except Alternative 1, are protective of human health and the environment
through the containment of contaminated water in the OU, treatment of the contaminated
water prior to discharge to Silver Bow Creek, and the control of access to contaminated

groundwater,

CRITERION 2: COMPLIANCE WITH APPLICABLE OR RELEVANT AND
APPROPRIATE REQUIREMENTS

This criterion addresses whether a remedy will comply with identified Federal and State
environmental laws and regulations and/or whether there is a basis for a waiver from any of

these laws. Applicable requirements must be met to the full extent required by the law.

Alternative 1 does not meet Federal and State ARARs. The remaining alternatives will meet
Federal and State ARARs, cxcept Federal Primary Drinking Water Standards and State

groundwater quality standards for the bedrock aquifer. EPA intends to waive these

40



e ————

met,

requirements based on the determination that compliance with these standards is technically
impracticable from an engineering perspective (see Technical Impracticability evaluation -
Appendix 2). Treated water discharged to Silver Bow Creek will meet State discharge
requirements., Sludge produced would be disposed of in compliance with State solid and

hazardous waste regulations.

CRITERION 3: LONG-TERM EFFECTIVENESS AND PERMANENCE
This criterion refers to expected residual risk and the ability of a remedy to maintain reliable

protection of human health and the environment over tinie once remediation goals have been

Alternatives 4/5 and 6/7 achieve the greatest degree of long-term etfectiveness and
permanence because Horseshoe Bend water is kept from entering the Pit. Alternative 6/7
provides greater long-term effectiveness than the other alternatives because water control and
treatment will be implemented on a permanent basis. The treatment component would be
implemented 10 to 13 years sooner than for Alternatives 2/3 and 4/5, and the water control
component would be implemented almost 20 years sooner than for Alternative 2/3. '
Alternative 4/5 is a "stop-gap" alternative that involves control of Horseshoe Bend water

during mining, but no control of this water until the Pit System CWL is approached. The

no-action alternative provides neither long-term effectiveness nor permanence.

CRITERION 4: REDUCTION OF TOXICITY, L\:{OBILI'I‘Y, OR YOLUME THROUGH
TREATMENT
This criterion refers to the degree that an alternative reduces toxicity, mobility, and volume

of contamination.

All alternatives (except the no-action alternative) provide for the active treatment of
contaminated water and cnsure that the water levels in the Pit and West Camp Systems are
maintained below the CWLs. Negative impacts to the environment at the OU would not

occur unless CWLs are reached or exceeded. Assuming maximum inflow to the Pit System
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from the bedrock and alluvial aquifers, all the alternatives would be equally effective at
reducing the toxicity, mobility, or volume of contaminated water. However, if additional
post-mining inflow controls (e.g., control of clean upgradient tflows) are employed and
bedrock aquifer inflow does decline as predicted, Alternative 6/7 has the potential to stabilize
the Pit System water at a lower elevation compared to the other alternatives. In this way,
Alternative 6/7 would be more effective at reducing the total velume of contaminated water

accumulating in the Pit System than the other alternatives.

CRITERION §: SHORT-TERM EFFECTIVENESS
This criterion addresses the period of time needed to complete the alternative and any
adverse impacts on human health and the environment that may be posed during the

construction and implementation period. None of the alternatives would result in adverse

short-term effects.

CRITERION 6: IMPLEMENTABILITY
Implementability refers to the technical and administrative feasibility of an alternative,
including availability of materials and services needed to implement a particular option. All
the alternatives are readily implementable. However, EPA and the State belicve that

~ Alternative 6/7 is more implementable than the other alternatives. Construction, startup, and
operation of a smaller, expandable treatment plant to handle contaminated water when mining
operations are suspended allows for greater opportunity to address unknown contingencies
(i.e., unanticipated flow patterns or release {from the bedrock system), rather than waiting to

build a larger treatment plant when the Pit System CWL is approached.

CRITERION 7: COSTS

Cost evaluates the estimated capital costs and O&M costs of each Alternative for 30 years.
Alternative 4/5 is the least expensive ($27.6-32.3 million), while 6/7 ($41.8-52.8 million)

has the highest associated costs, Alternative /5 is less expensive because it invoives
handling of Horseshoe Bend water within the mining process and does not mandate control of

Horseshoe Bend water if mining is suspended until the Pit System CWL is approached. In
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contrast, Alternative 6/7 mandates the immediate and permanent control of Horseshoe Bend

inflow (currently 2.4 mgd) to the Pit System.

CRITERION 8: STATE ACCEPTANCE

This criterion indicates the State’s preferences regarding the various alternatives. Alternative
6/7 has a higher level of State acceptance than the other alternatives. The State has indicated
general support for the major objective of Alternative 6/7 because it involves early and
continual/permanent control (i.e., control during any suspension of mining plus post-mining
control) of 2.4 mgd of water inflow to the Berkeley Pit System. However, the State has
recommended flexibility in the specifics of Alternative 6/7, such as method ot treatment,

discharge point, point of control, etc.

CRITERION 9: COMMUNITY ACCEPTANCE

Public comment indicated that the community preterred Alterative 6/7 over the other final
five (§) alternatives. EPA and the State received considerable public comment opposing
certain aspects of the preferred alternative presented in the Proposed Plan. The major
comments revolved around 3 issues: 1) the designated critical water level (CWL); 2) the
treatment of water sooner rather than later; and 3) the use of innovative treatment/metals
recovery technology. The public generally commented that a lower critical water level is

necessary to account for uncertainties relating to the impact ot the rising water in the system.

Considerable comment was also received concerning the use of innovative treatment/metals
technology. Numerous commenters expressed concern about the amount of sludge generated
by the hydroxide precipitation/aeration treatment process selected and voiced their opinion

that a technology which reclaims metals from the Berkeley Pit System is preferable.

SYNOPSIS OF ALTERNATIVES
Alternative 6/7, the alternative sclected by EPA and the State (with modifications) utilizes
technologies that are readily available and requires typical construction techniques. During

construction, risks to workers, to the community, and to the environment would be reduced
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by employing engineering, health, and safety controls,

Protecting human health, including offsite protection, at the OU is achieved by: 1)
maintaining the water levels in both the Pit System and the West Camp System below the
CWLs and treating any water to be discharged; 2) implementing a comprehensive monitoring

program; and 3) implementing institutional controls to prevent water usc.

Overall compliance with most ARARs at the OU would be met by the selected alternative.
Chemical-specific ARARs for water discharged to Silver Bow Creek would be met; however,
Federal and State jroundwater quality standards would not be met for the bedrock aquifer
because of technical impracticability. Action-specific ARARs would be met for this
alternative by standard industry controls and monitoring programs during operation. The
location-specific ARARs would be met for this alternative by eliminating the potential
migration of contaminated water from the OU and by meeting the discharge criteria for

treated water prior to discharge to Silver Bow Creek,

In summary, the sclected alternative:

. Protects human health and the environment;
. Is implementable and creates no unacceptable short-term impact;
. Complies with ARARs, with the exception of Federal and State groundwater

quality standards for the bedrock aquifer (a Technical Impracticability evaluation
has been issued for these standards - see Appendix 2);

o Is cost-effective relative to the benefits and in comparison to the other alternatives
evaluated;

L Encourages flexibility for water management and treatment;

. Utilizes permanent solutions;

o Satisfies the statutory preference for treatment as a principal element ot the

remedy; and
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. Has State acceptance.

10. THE SELECTED REMEDY

The selected alternative should achieve the remedial action objectives and goals, provide
protection to human health and the environment, and meet Federal and State requirements
designated as applicable or relevant and appropriate tor this OU except those for which a
waiver has been granted in accordance with CERCLA and the NCP. EPA and the State
belicve that this alternative provides the best balance of tradeotfs among the alternatives with
respect to the five primary balancing criteria. It combines the components of a
comprehensive monitoring program (to ensure that the sate water levels are not exceeded),
institutional controls, inflow controls, extraction of Pit System water, onsite external primary
and polishing water treatments, and disposal of slud- s in cither an onsite disposal facility or
the Berkeley Pit.

The selected alternative provides greater long-term effectiveness and permanence, climinates
the potential for migration of water from the QU, meets short-term effectiveness criteria, is
cost effective, and has equivalent or greater implementability than the other three

alternatives. This alternative is also preferred by the State over the other alternatives.

Although the selected alternative is more costly (50%) than Alternative 4/3, it is more ¢ost
effective because the positive aspects of this alternative (i.e., greater long-term effectiveness
and permanence, greater implementability, reduced volume of contaminated water) outweigh

the increased cost.

We also acknowledge that there was significant public opposition to certain aspects of the
preterred alternative presented in the Proposed Plan. Many citizens generally favored
establishment of a lower critical water level and employment of alternative treatment/metals

recovery technology in licu of the technology proposed.

The public generally commented that a lower critical water level is necessary to account for
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uncertainties relating to the impact of the rising water in the system. EPA and the State
believe that the established critical water levels are safe water levels. By allowing the system
to recover to the maximum extent practical (with a safety buffer) without allowing a
discharge to the alluvial system, the long-term acid mine drainage (AMD) production is
reduced. Several steps have been incorporated into the ROD (see Declaration) to account for

future uncertainty. All such comments are addressed in more detail in the RS (Appendix 4).

1. The ROD requires that the critical water level of 5,410 feet apply to the entire East
Camp systemn, not just for the Pit. Currently, alluvial groundwater levels are at least 50
feet above the 5,410 foot elevation (i.e., current alluvial groundwater levels are no lower
than 5,460 feet). This is a 50 foot safety buffer between the bedrock and alluvial
aquifers. For the bedrock aquifer to discharge o the alluvial aquifer, bedrock aquifer
water would have to rise above 5,460 feet. The water level in the Anselmo Mine (which
is the point of compliance furthest from the Pit) is currently 40 feet above the Berkeley
Pit. If this groundwater gradient remains there will be a buffer ot 90 feet between the
Berkeley Pit and the surrounding alluvial aquifer levels (5,460 feet). Even with a
reduction in the water gradient between the Anselmo Mine and the Berkeley Pit, a buffer

of at least 50 feet is guaranteed between the East Camp System and the atluvial aquifer.

2. The ROD requires the inflow of water to be reduced significantly to allow a much slower
rise in the system water level, This allows much more time for the Agencies to react to

any unanticipated impacts.

3. The ROD requires a comprehensive monitoring program to be employed (o thoroughly
monitor the system and act as an ecarly warning system in the event that current

assumptions are proven incorrect.

4, The ROD has a requirement to have construction of a final treatment plant completed 4
years prior to when the water in the East Camp system is predicted to reach the CWIL,

This allows for plant testing and carly start-up if necessary.
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5. EPA and the State retain authority under applicable Federal and State law to establish a
lower CWL or take alternative action if necessary to address unanticipated threats to

‘human health or the environment.

6. Although not formally part of the ROD, EPA and the State are evaluating alternative
financial assurances from the PRPs such as bonding to reduce uncertainties associated

with the funding of the long-term components of this remedy.

Considerable comment was also received concerning the use of innovative treatment/metals
recovery technology. Numerous commenters expressed concern about the amount of sludge
generated by the hydroxide precipitation/aeration treatment process selected and voiced their

opinion that a technology which reclaims metals from the Berkeley Pit System is preferable.

The hydroxide/aeration treatment technology is presently the most cost eftective, proven
technology available for this action. EPA and the State recognize that employment of this
technology generates large volumes of siudge. The final treatment plant may generate from
500 - 1000 tons per day of sludge (40% solids). However, the amount of sludge generated is
only 1-2% of the tailings generated daily by the current mining operation. This amount of
sludge can be managed effectively. Large areas are available in the active mine arca for
disposal of this material. If sludge disposal in the Berkeley Pit is selected, an cquivalent
volume of Berkeley Pit/East Camp System water will be pumped and treated to ensure that

there is no net rise in the Pit water clevation.

We do recognize, however, the public’'s concern about the sludge generated by the selected
technology and their preference for a technology which would recover metals. To address

these issues we have taken several steps:

1. The ROD requires that Montana Solid Waste Disposal regulations or a waiver based on
the attainment of an equivalent standard of pertormance be met for any waste repository

utilized.
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2. EPA and the State are actively involved in a consultative role (the Technical Coordinating

Commitice) with the U.S. Department of Energy (DOE) resource recovery project which
is actively pursuing demonstration of innovative water treatment/metals recovery

technologies using the Berkeley Pit waters as a test media.

3. EPA and the State remain flexible in the implementation of alternate treatment/metals

recovery technology proposed jointly by the developers of that technology and the PRPs,

if that technology meets the performance (discharge) standards established for this action.

4. The ROD requires (see Declaration) that a reevaluation of treatment technology be
conducted when the water level of the Pit reaches the 5260’ (presently projected in 2009).
This reevaluation is to assess alternative tec'inologies to hydroxide precipitation with
emphasis on innovative treatment and/or metals recovery technologies developed in the

interim.

5. EPA Region VIII and the State will actively pursue Federal monies for research and

development of innovative treatment/metals recovery technology for Berkeley Pit water.

In summary, the selected alternative is protective of human health and the environment by
accomplishing the following: permanently controlling major surface inflows into the Pit
thereby slowing the present rate of floading by over 40%; maintaining the water level in the
Pit System below the CWL elevation of 5,410 feet and the West Camp CWL elevation of
5,435 feet, thereby preventing discharge of contaminated bedrock aquifer water into the
alluvial aquifer and Silver Bow Creek; treating all discharges of water to Silver Bow Creck
to "I" classification standards thereby improving water quality in the Creek and enhancing
the quality of the aquatic environment; disposing of sludges generated by treatment processes
in accordance with appropriate Montana Solid Waste Disposal reguliations, thereby preventing
any threats to the environment from sludge disposal practices; implementing a comprehensive
monitoring program which provides the basis for ongoing assessment ol the mine flooding

condition in the future; providing for monitoring and design criteria for operation of Yankee
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Doodle Tailings Pond to provide further assurances that there is no catastrophic failure of the
dam; providing an institutionai control program that restricts inappropriate use¢ of any of the

contaminated bedrock aquifer water.

The remedy also provides flexibility in the method used to control intflow, method of
treatment, bedrock water withdrawal point, and use of collected and/or treated water to most
cost effectively address the mine flooding problem yet meets the identified remedial action
objectives; encourages development of innovative treatment/metals recovery technology and
requires a reevaluation of such technology in the future, thereby allowing for potential
application of innovative technology in the future; requires that construction of a treatment
plant, capable of maintaining the Pit System below the CWL, be completed 4 years prior to
the projected date that the water level in that sys.cm reaches the CWL; and provides yearly
updates for the public concerning the ongoing monitoring and water level projections,

thereby keeping the public well informed on any developments that may occur.

11. PERFORMANCE STANDARDS

Performance standards for this action are defined in the declaration (see 14 components) and
the accompanying documents including the ARARs analysis (Appendix 1) and the Post-ROD
monitoring program (Appendix 3). These performance standards revolve around the
following subjects: maximum allowable groundwater elevations (CWL), "I" classification
discharge standards, sludge disposal standards, Yankee Doodle Tailings Pond design and
operating standards, inflow control minimum flow standards, and ground water and surfacc
water monitoring requirements. More detailed standards addressing specific construction and
operating requirements will be developed during the remedial design phase.  Design of a
water treatment and sludge disposal facility must be approved by EPA in consultation with
the State; and the construction and operation and maintenance ol the facility will be
monitored by EPA and/or the State. The facility must be designed to meet State and Federal
water quality standards. Design, construction, maintenance, and monitoring of the facility
will be conducted according to the engineering standards estabtished during remedial design,

and must be approved by EPA in consultation with the State.
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12. STATUTORY DETERMINATIONS

Under its legal authorities, EPA's primary responsibility at Supertund sites is to undertake
remedial actions that achieve the overall protection of human health and the environment. In
addition, Section 121 of CERCLA establishes several other statutory requircments and
preferences. These specify that, when complete, the remedial action selected for this site
must comply with applicable or relevant and appropriate environmental standards established
under Federal and State environmental laws unless a statutory waiver is justified. The
selected remedy aiso must be cost-effective and must utilize permanent solutions and
alternative treatment technologies or resource recovery technologies to the maximum extent
practicable. Finally, the statute includes a preference for remedies that employ treatments
that permanently and significantly reduce the volume, -oxicity, or mobility of hazardous
substances as a principal clement. The followi: 2 subsections discuss how the selected

alternative meets these statutory requirements.

PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT
The selected alternative is protective of human health and the environment through the
containment of contaminated water in the OU, treatment of the contaminated walter prior to

discharge to Silver Bow Creek, and the control of access to contaminated groundwater.

COMPLIANCE WITH ARARS

The selected alternative is expected to meet Federal and Stale requirements that are legally
applicable or relevant and appropriate, except Federal and State groundwater quality
standards for the bedrock aquifer. Specifically, Maximum Contaminant Levels (MCLs) for
arsenic, cadmium, copper, and lead may not be met. ‘These requirements are waived based
on the determination that compliance with these standards is technically impracticable trom
an engineering perspective (Sce Technical Impracticability evaluation - Appendix 2). Treated
water discharged to Silver Bow Creck shall meet all state discharge requirements ("["
classification discharge standards). Sludge produced shall be disposed of in compliance with
FFederal and state solid waste regulations. Appendix | provides a list of the ARARs for the

selected remedy.
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COST EFFECTIVENESS

The selected alternative is cost effective compared to the other alternatives evaluated. Based
on an analysis of costs, the selected alternative has the highest associated costs of the final 7
alternatives evaluated (present worth (PW) value of $45 to 55 million). This increased cost
is outweighed by the fact that the sclected alternative mandates the immediate and permanent
control of water inflows into the Pit System thereby making this alternative more cost
effective. The selected alternative has a much lower cost than any alternative that seeks to
stabilize the Pit System at its current level (PW of $180 to 215 million) or seeks to drain the
Pit System (PW in excess of $300 million). EPA and the State believe that there is not a
significant reduction in threat to human health and the environment if the Pit System is

stabilized at its current level or drained rather than allowed to approach the CWL.

UTILIZATION OF PERMANENT SOLUTIONS AND ALTERNATIVE TREATMENT
TECHNOLOGIES (OR RESOURCE RECOVERY TECHNOLOGIES)

The selected alternative uses permanent solutions and alternative treatment technologies to the
maximum extent practicable for this site. EPA and the State have determined that the
selected remedy provides the best balance in terms of long-term effectiveness and
permanence; reduction of toxicity, mobility, or volume achieved through treatment; short-
term effectiveness; implementability; and cost, while also considering the statutery preference

for treatment as a principal element, and State and community acceptance.

The selected remedy will be designed as a permanent solution. Adherence to the
performance standards for the remedy will ensure the continued safety of the surrounding
population and environment. Although resource recovery (metals recovery) is not presently
an element of the action, the ROD calls for recvaluation of innovative treatment/metals
recovery technology when the water level in the Pit reaches the 5260° elevation. At that
time EPA, in consultation with the State, will determine if the selected remedy should be

modified to include innovative waler treatment/metals recovery lechnology.,
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PREFERENCE FOR TREATMENT AS PRINCIPAL ELEMENT

The selected remedy combines inflow control and wastewater treatment as two of the most

important elements of the action. The remedy reduces acid mine drainage (AMD) and treats

the residual AMD. This satisfies the statutory preference for remedies that reduce the

toxicity, mobility, or volume of contamination through treatment.

13. DOCUMENTATION OF SIGNIFICANT CHANGES

CERCLA Section 117(b) requires an explanation of any significant changes to the sclected

alternative as presented in the Proposed Plan, which was made available for public comment.

In developing the finai remedy, five (5) significant changes were made to the Proposed Plan

(see Declaration for details). These changes are as follows:

3.

The ROD requires that construction of a treatment plant, capable of maintaining
the East Camp/Berkeley Pit System below the CWL., be completed 4 years prior
to the projected date that the water level in that system reaches the CWL. This
addition to the proposed plan was in response to significant public comment,
including the Butte-Silver Bow government (BSB), which requested that a
treatment plant be on-line (and that a "shake-down" or testing program be

completed) betore the CWL was approached.

The ROD requires a reevaluation of innovative treatment/melals recovery
technology when the water level in the Berkeley Pit reaches the 5260° clevation,
presently projected in the year 2009. This addition to the proposed plan i in
response to public comment, including the Butte Silver Bow Government who
believe that additional evaluation of treatment technology which produces less
sludge or recovers metals is needed, especially since the final expanded treatment
plant may not be necessary for at least 25 years. This addition to the ROD

formally institutionalizes this reevatuation,

The ROD requires additional evaluation of the potential effects of placing large
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volumes of slucge in a body of water with the chemistry of Berkeley Pit waler.
This change was in response to technical comments received. The commenters
noted that placement of hydroxide sludges in an acidic body of water this large
has never been done before. They hypothesized that placement of treatment plant
sludge in the Pit might produce some unexpected negative geochemical impacts.
EPA and the State, however, do not want to completely preclude this option at
this time because there are also some potential benefits of placing the sludge in the

Pit (neutralization benefits, cost savings, etc.).

The FOD requires capturing groundwater as well as all surface water in the
Horseshoe Bend drainage area. This addition is in response to the public's desire

to not limit the capture of inflow to only surface water.

As was expressed earlier in this document, there was signiticant public comment
concerning the need for additional research, development, and demonstration of
innovative treatment/metals recovery technology. EPA and the State agree that
this additional R&D is appropriate to advance technology in this arca. Although
not formally a binding or enforceable part of the ROD, EPA and the State, in
cooperation with local government and the PRPs, arc committed to pursuing

additiona! funding for this effort.
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INTRODUCTION

Section 121(d) of CERCLA, 42 U.S.C. § 9621(d), certain provisions of the current National Contingency
Plan (the NCP), 40 CFR Part 300 (1990), and guidance and policy issued by the Environmental
Protection Agency (EPA) require that remedial actions taken pursuant to Superfund authority shall require
or achieve compliance with substantive provisions of applicable or relevant and appropriate standards,
requirements, criteria, or limitations trom state environmental and facility siting laws, and trom federal
environmental laws at the completion of the remedial action, and/or during the implementation of the
remedial action, unless a waiver is granted. These requirements are threshold standards that any selected
remedy must meet. See Section 121(d)(4) of CERCLA. 42 U.S.C. § 9621(d)4); 40 CFR §
300.430(f)(1). EPA calls standards, requirements, criteria, or limitations identified pursuant to section
121(d) "ARARs," or applicable or relevant and appropriate requirements.

ARARs are either applicable or relevant and appropriate. Applicable requirements are those standards,
requirements, criteria, or limitations promulgated under federal or state environmental or facility siting
laws that specifically address a hazardous substance, pollutant, or contaminant, remedial action, location,
or other circumsta:.ce found at a CERCLA site. Relevant and appropriate requirements are those
standards, requirements, criteria, or limitations promulgated under federal environmental or state
environmental or facility siting laws that, while not "applicable” to hazardous substances, pollutants,
contaminants, remedial actions, locations, or other circumstances found at a CERCLA site. address
probiems or situations sufficiently similar to those encountered at the CERCLA site such that their use
is well suited to the particular site. Factors which may be considered in making this determination are
presented in 40 CFR § 300.400(g)(2). Compliance with both applicable and relevant and appropriate
requirements is mandatory.'

Each ARAR or group of related ARARs identitied here is followed by a specific statutory or regulatory
citation, a classification describing whether the ARAR is applicabie or relevant and approprigte, and @
description which summarizes the requirements, and addresses how and when compliance with the ARAR
will be measured (some ARARs will govern the conduct of the implementation of the remedial action,
some will govern the measure of success of the remedial action, and some will do both).”  The
descriptions given here are provided to allow the user a reasonable understanding of the requirements
without having to refer constantly back to the statute or regulation itself. However, in the event of any
inconsistency between the law and the summary provided in this document, the applicable or relevant and
appropriate requirement is ultimately the requirement as set out in the law, rather than any paraphrase
of the law provided here,

Also contained in this list are policies, guidance or other sources ot information which are "to be
considered” in the selection of the remedy and implementation of the ROD.  Although not entorceable
requirements, these documents are important sources of information which EPA and the State of Montana
Department of Health and Environmental Sciences (MDHLES) may consider during selection of the

! See CERCLA Section 1202, 42 U.S.C. Section 262 Lid it 1Ay

40 CFR Section 300.435(1)2); Preamble to the Proposed NCP. $3 Fed Reg 51440 (December 21, 1988), Premmble to
the Final NCP, 55 Fed. Rep. 8755-8757 (March 8, 1990). The Adantie Richitietd Company (ARCO), the named lable
party for the site, argucs that this NCP cequiremients not consistent with the CERCLA statute However, ARCO dud not
challenge the NCP in the District of Columbia Court of Appeals i a tmely manner, and therefore have wawved the ripin
1o nssert this argument. See Section 13ta) of CERCLA, 42 U S.C. Section 961 3(a).
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remedy, especially in regard to the evaluation of public health and environmental risks; or which will be
referred to, as appropriate, in selecting and developing cleanup actions.®

Finally, this list contains a non-exhaustive list oi other legal provisions or requirements which should be
complied with during the implementation of this ROD.

ARARs are divided into contaminant specific, location specific, and action specific requirements, s
described in the NCP and EPA guidance. For contaminant specific ARARs. ARARs are listed according
to the appropriate media.

Contaminant specitic ARARs include those laws and regulations governing the release to the environment
of materials possessing certain chemical or physical characteristics or containing specific chemical
compounds. Contaminant specific ARARs generally set health or risk based numerical values or
methodologies which, when applied to site-specific conditions, result in the establishment of numerical
values. These values establish the acceptable amount or concentration of a chemical that may be found
in, or discharged to, the ambient environment.

Location specific ARARs are restrictions placed on the concentration of hazardous substances or the
conduct of cleanup activities because they are in specitic locations.  Location specific ARARSs relate 10
the geographic or physical position of the site, rather th. i to the nature of the site contaminants.

Action specific ARARs are usually technology or activity based requirements or limitations on actions
taken with respect to hazardous substances.

Only the substantive portions of the requirements are ARARs.* Administrative requirements are not
ARARs and thus do not apply to actions conducted entirely on-site, Administrative requirements are
those which involve consultation, issuance of permits, documentation, reporting, record keeping, and
enforcement. The CERCLA program has its own set of administrative procedures which assure proper
implementation of CERCLA. The application of additional or conflicting administrative requirements
could result in delay or confusion.® Provisions of statutes or regulations which contain general goals tha
merely express legislative intent about desired outcomes or conditions but are non-binding are not
ARARs.®

Many requirements listed here are promulgated as identical or nearly identical requirements in both
federal and state law, usually pursuant to delegated environmental programs administered by EPA and
the states, such as the requirements of the federal Clean Water Act and the Montana Water Quality Act.
The preamble to the new NCP states that such a situation results in citation to the state provision as the
appropriate standard, but treatment of the provision as a federal requirement.  ARARs and other faws
which are unique to state law are identitied separately by the State of Montana.

' 40 CFR Section 3J00.400(g)(3); 40 CFR Scction 300.415¢i); Preamble to the Final NCP, 55 Fed. Reg. §744-8746 (March
8. 1990).
! 40 CFR Section 300.5. Sce also Preamble o the Final NCP, §5 Fed. Reg 3756-8757 (March §, 1990

Preamble to the Final NCP, 55 Fed. Reg 8756-8757 (March 8, 1990), Complunce with Other Laws Manual, Vol |, pp
141 through 1-12.

o Preambie to the Final NCP, 55 Fed Reg 8746 (Murch 8, 1990)
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This list constitutes EPA’s and MDHES” detailed identification and description of ARARs for use in the
implementation of the remedy at the Butte Mine Flooding Operable Unit. The major response actions
designated in the ROD revclve around treatment of contaminated groundwater betore discharge to the
Upper Silver Bow Creek drainage. Primary ARARs therefore revoive around discharge standards and
sludge disposal requirements.

The ARARs analysis is based on section 121(d) of CERCLA, 42 U.S.C. § 9621(d); CERCLA
Compliance with Other Laws Manual, Volumes I and II, OSWER Dirs. 9234.1-01 and-02 (August 1988
and August 1989, respectively); various CERCLA ARARs Fact Sheets issued as OSWER Directives; the
Preamble to the Proposed NCP, 53 Fed. Reg. 51394 et seq. (December 21, 1988); the Preamble to the
Final NCP, 55 Fed. Reg. 8666-8813 (March 8, 1990); and the Final NCP, 40 CFR Part 300 (55 Fed.
Reg. 8813-8865, March 8, 1990).

It should be noted that EPA has granted a waiver of ground water standards for this action because of
technical impracticability of remediating the bedrock aquifer from an engineering perspective, as allowed
by 40 CFR § 300.430()(1)(ii)(C). The National Primary Drinking Water Standards (40 CFR Part {41)’,
better known as maximum contaminant tevels and maximum contaminant level goals (MCLs and MCLGs)
and the state Ground Water Quality Standards (ARM 16.20.1003) are ARARs for the bedrock
groundwater that are waived tor this action. EPA and the State of Montana recognize that, because of
the size and complexity of the underground mining sy tem (3000 mites of workings reaching over 5000
feet in depth), the bedrock aquifer within the Mine Flooding Operable Unit (East Camp/Berkeley Pit and
West Camp systems) can not be fully remediated to these groundwater standards. The federal Safe
Drinking Water Act MCLs and the state Ground Water Quality Standards are, therefore, waived with
respect to the bedrock aquifer, because of the technical impracticability of remediating the bedrock aquifer
within the foreseeable future. This waiver applies only to the bedrock aquiter tor the area outlined on
the map shown as Figure 2 in the Technical Impracticability Evaluation attached as Appendix 2 of the
Record of Decision. These standards have not been waived in respect to discharges from the bedrock
aquifer within the TI waiver area into the alluvial aquifer. Tt should be noted, however, that the remedy
does not allow such a discharge because it requires eventual pumping of the system to maintain an inward
hydraulic gradient.

42 U.S.C. Sections JOOI ¢t seq
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FEDERAL ARARS
L FEDERAL CONTAMINANT SPECIFIC REQUIREMENTS
A. Groundwater Standards - Safe Drinking Water Act

Although the Safe Drinking Water Act MCLs and MCLGs are relevant and appropriate requirements.
these regulations have been formally waived for the bedrock aquifer because of the technical
impracticability of meeting these standards in the bedrock aguifer in the toreseeable future. However,
MCL and non-zero MCLG standards, 40 CFR Part 141, promulgated under the Sate Drinking Water
Act are relevant and appropriate for the alluvial aquiter and the bedrock aquiter outside the TI waiver
area. Contaminated water from the TI waiver area of the bedrock aquifer, theretore, cannot
discharge and contaminate the alluvial aquifer or the bedrock aquiter outside the TT waiver area in
concentrations above MCLs and non-zero MCLGs. The remedy is structured to preclude such a
discharge by keeping an inward gradient towards the bedrock aquifer waiver area by an intlow
control, and a pump and treat system.

See the end of the introduction for more discussion on this issue.
B. Air Standards - Clean Air Act (Applicable)

Considerable construction activities, including construction of a sludge disposal area, will occur at the
site. Fugitive dust theretore will need to be controlled during construction and operation of any
treatment and disposal facilities. The following standards, promulgated pursuant to section 109 of the
Clean Air Act,® are applicable to any releases into the air from Mine Flooding Operable Unit cleanup
activities.

1. Lead: No person shall cause or contribute to concentrations of lead in the ambient air which
exceed 1.5 micrograms per cubic meter (ug/m®) of air, measured over a 90-day
average.

These standards are promulgated at ARM 16.8.815 as part of a tederally approved State
Implementation Plan (SIP), pursuant to the Clean Air Act of Montana, §§ 75-2-101 et seq., MCA.
Corresponding federal regulations are found at 40 CFR § 50.12.°

2. PM-10: No person shall cause or contribute to concentrations of PM-10 in the ambient air
which exceed:

- 150 micrograms per cubic meter of air, 24 hour average, no more than one expected
exceedence per calendar year;

' 42 U.8.C. §§ 7401 et seqy.

The ambicnt air standards established as part of stontana’s approved Sute Implementation Plan m many cases provide
more stringent or additional standurds. The federal standards hy themsclves apply only to "major sources”, while the
State standards are fully applicable throughout the state and are not limited 10 "major sources™. See ARM 16 8 808 and
16.8.811-.821. As purt f an EPA-approved State Implementation Plan, the state stundards are also federully enforeeabie.
Thus, the state standards which arc cquivalent to the federad standards are sdentitied in this section topether with the
federal standards. A more detailed List of State standards, which includes standagds which are not duphicated i federal
regulations, is contained in the State ARAR adentification section

ARARS-4



- 50 micrograms per cubic meter of air, annual average.

These regulations are promulgated at ARM 16.8.821 as part of a tederally approved SIP, pursuant to
the Clean Air Act of Montana, §§ 75-2-101 gt seq., MCA. Corresponding federal regulations are
found at 40 CFR § 50.6.

Ambient air standards under section 109 of the Clean Air Act are also promulgated tor carbon
monoxide, hydrogen sulfide, nitrogen dioxide, sulfur dioxide, and ozone. If emissions of these
compounds were to occur at the site in connection with any cleanup action, these standards would also
be applicable. See ARM 16.8.811 - 16.8.820 and 40 CFR Part 30.

C. Surface Water - Ambient and Point Source Discharges.

CERCLA and the NCP provide that federal water pollution criteria that match designated or
anticipated surface water uses are the usual surface water standards to be used at Supertund cleanups.
as relevant and appropriate standards, unless the state has promulgated surface water quality standards
pursuant to the delegated state water quality act. The State of Montana has designated uses for Silver
Bow Creek and the Clark Fork River, and has promulgated specitic standards accordingly. Those
standards and their application to the Mine Flooding Operable Unit, as well as other surface water
standards, are included in the state ARARs identific i below. These standards are the primary
standards driving this action and will be applied to all point source discharge of contaminants of
concern identified in the Mine Flooding Operable Unit remedial investigation.

I1. FEDERAL LOCATION SPECIFIC REQUIREMENTS
A, Fish and Wildlife Coordination Act (Applicable)

These standards are found at 16 U.S.C. §§ 1531 - 1566 and 40 CFR § 6.302(g). They require that
federally funded or authorized projects ensure that any modification ot any stream or other water
body affected by a funded or authorized action provide tor adequate protection ot fish and wildlife
resources. Compliance with this ARAR necessitates consultation with the U.S. Fish and Wildlite
Service and the State of Montana Department of Fish, Wildlife, and Parks. Further consultation with
these agencies will occur during cleanup design and implementation, and specitic mitigative or other
measures may be identified to achieve compliance with this ARAR.

B. The Endangered Species Act (Applicable)

This statute and implementing regulations (16 U,S.C. §§ 15331 - 1343, 30 CFR Part 402, and 40 CFR
§ 6.302(h)) require that any federal activity or tederally authorized activity may not jeopardize the
continued existence of any threatened or endangered species or destroy or adversely modify a critical

habitat.

Compliance with this requirement involves continued consultation with USFWS, on the topic of
whether any proposed activities will impact such wildlife or habitat,

C. The National Historic Preservatior Act (Applicable)
This statute and implementing regulations (16 U.S.C. § 470, 40 CFR § 6.310(b), 36 CFR Part 800)

require federal agencies or federal projects to take into account the effect of any federally assisted
undertaking or licensing on any district, site building, structure, or object that is included in, or
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eligible for, the Register of Historic Places. If effects cannot be avoided reasonably, measures should
be imptemented to minimize or mitigate the potential etfect. In order to comply with this ARAR,
EPA, MDHES, and the PRPs may consult with the State Historic Preservation Ofticer (SHPO), who
can assist in identifying listed or eligible resources, and in assessing whether proposed cleanup actions
will impact the resources and any appropriate mitigative measures. Additionally, in April 1992,
ARCO, EPA, MDHES, SHPO, the National Council on Historic Preservation, and local governments
entered into a Programmatic Agreement to ensure the appropriate consideration of cultural and
historical resources in a systematic and comprehensive manner throughout the Clark Fork Basin, in
connection with response actions at the four Clark Fork Basin Superfund sites. A Second
Programmatic Agreement was agreed upon in September 1994. The results of the Programmatic
Agreements may provide additional consideration of the factors to be addressed under this ARAR and
the two historical ARARs described below.

D. Archaeological and Historic Preservation Act (Applicable)

The statute and implementing regulations (16 U.S.C. § 469, 40 CFR § 6.301(c)) establish
requirements for evaluation and preservation ot historical and archaeological data, which may be
destroyed through alteration of terrain as a result of federal construction projects or a federally
licensed activity or program. If eligible scientitic, prehistorical, or archacological artifacts are
discovered during site activities, they must be preserve ' in accordance with these requirements,

E. Historic Sites, Buildings, and Antiquities Act (Applicable)

This requirement states that "in conducting an environmental review of a proposed EPA action, the
responsible ofticial shall consider the existence and location of natural landmarks using information
provided by the National Park Service pursuant to 36 CFR § 62.6(d) to avoid undesirable impacts
upon such tandmarks. The Programmatic Agreement activities described above should aid all parties
in compliance with this ARAR,

F. Migratory Bird Treaty Act (Applicable)

This requirement (16 U.S.C. §§ 703 et seq.) establishes a federal responsibility for the protection of
the international migratory bird resource and requires continued consultation with the U.S. FWS
during remedial design and remedial construction to ensure that the cleanup of the site does not
unnecessarily impact migratory birds. Specitic mitigative measures may be identitied for compliance
with this requirement.

G. Bald Eagle Protection Act (Applicabl2)

This requirement (16 U.S.C. §§ 668 et seq.) establishes a tederal responsibility for protection of bald
and golden eagles, and requires continued consultation with the U.S. FWS during remedial design and
remedial construction to ensure that any cleanup of the site does not unnecessarily adversely atfect the
bald and golden eagle. Specitic mitigative measures may be identified for compliance with this
requirement,

H. Resource Conservation and Recovery Act (Relevant and Appropriate)

Any discrete waste units created by the Mine Flooding cleanup, especially those related to sludge
disposal, must comply with the siting restrictions and conditions tound at 40 CFR § 264,180 and
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(b). These sections require management units to be designed, constructed, operated, and maintained
to avoid washout, if they are within or near the 100 year tlood plain.

III. FEDERAL ACTION SPECIFIC REQUIREMENTS
A. Solid Waste (Applicable) and RCRA (Relevant and Appropriate) Requirements

Sludge generated in the treatment of mine waters in the Mine Flooding Operable Unit using the
technology described in the ROD may not be RCRA characteristic hazardous waste, although EPA
reserves its rights to make a more formal determination in this regard at a later date. For this reason,
certain RCRA regulations, although considered to be potentially relevant and appropriate, are not
employed substantively in this action. The State and EPA have indicated that development of
alternate innovative technology for the treatment of the Berkeley Pit water is encouraged. If the ROD
is amended to employ an alternate treatment process or metals recovery process, the sludge generated
by any other process may be hazardous. If this is the case or if the technology selected in the ROD
produces a characteristic hazardous waste, the RCRA regulations (or the corresponding State
hazardous waste regulations) are applicable and will be fully utilized. The ROD indicates that
possible disposal of sludges in the Berkeley Pit will be considered by the agencies when sludge
disposal becomes necessary, [n considering options for disposal, the agencies will determine whether
certain of the otherwise applicable hazardous or solid aste requirements may be waived on the basis
that such disposal will attain a standard of performance that is equivalent to that required under the
otherwise applicable standard or requirement through use of another method or approach, as provided
in 40 CFR § 300.430(H)(1)(ii}(C)4).

At a minimum (i.e., assuming the sludges are not characteristic hazardous waste),any disposal of
sludge shall comply with the following regulations pertaining to the operation of solid waste disposal
facilities,

l. Requirements described at 40 CFR Part 257.3, which preclude negative impacts on
floodplains, surface water, and ground water,

2. Requirements described in 40 CFR Part 258, Subparts B, C, D, E, and F, which
describe location restrictions, and ground water monitoring, operating, design, and
closure criteria.

3. RCRA regulations found at 40 CFR §§ 264.116 and .119 (governing notice and deed
restrictions), 264.228(a)(2)(i) (addressing de-watering ot wastes prior to disposal), and
264.228(a)(2)(iiiX(B), (C), and (D) and .251(c), (d). and () (regarding run-on and
run-off controls), are relevant and appropriate requirements for any waste
management units created or retained at the Mine Flooding Operable Unit.'

As noted carlier, federal RCRA regulations are 'neorporated by reference into applicable State Huzardous Waste
Management Act regulations. See ARM 16.44.702. Use of select RCRA reguiations to mining wuste is approprinte
when discrete units are addressed by a cleanup und site conditions are distinguishable from EPA'S generic determination
of low toxicity/high volume status for mimag waste. See Preamble to the Final NCP, 55 Fed. Reg. 8763 - 8704 (March
8. 1990), CERCLA Compliance with Other Laws Manual, Volume H (August 1989 OSWER Dir. 9234.1-:02)p. 6.4,
Preamble to Proposed NCP, 53 Fed Reg S1447 (Dec. 21, 1988), and purdance entiled "Consideration of RCRA
Requirements in Performing CERCLA Responses at Mining Wastes Sites,” August 19, 1986 (OSWER)
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B. Point Source Water Discharges (Applicable)

Clean Water Act standards would be applicable for all point source discharges of water containing
contaminants associated with remedial activities in the Mine Flooding Operable Unit. The regulations
are discussed in the contaminant specific ARAR section in the State of Montana identification of
ARARs. Point source discharges created by the Mine Flooding Operable Unit remedial action must
meet certain effluent standards for industrial categories. 40 CFR Part 440 establishes etfluent limits
for mines that produce copper, lead, zinc, gold or molybdenum. In most cases the State “I"
classification discharge standards will be more strict than these industrial category standards but
depending on the previous "one-half of the mean instream concentration,” the industrial category
discharge standard could be more stringent. 40 CFR § 440,104 lists effluent limits for new
sources based on the application of the best available demonstrated technology (BADT). These
standards are as follows:

Parameter Average Maximum
Daily Daily

TSS 20.0 mg/l 30 my/l
Copper 0.15 mg/t 0.3 mg/l
Zine 0.75 mg/l 1.5 mg/l
Lead 0.3 mg/l 0.6 myg/l
Mercury 001 mg/l .002 mg/l
Cadmium 0.05 mg/l 0.1 mg/l
Ph from 6.010 9.0

C. Underground Injection Control (Applicable)

Requirements found at 40 CFR Part 144, promulgated pursuant to the Safe Drinking Water Act,
allow the re-injection of treated groundwater into the same formation from which it was withdrawn
for aquifers such as the bedrock aquifer in the Mine Flooding Operable Unit, and address injection
well construction, operation, maintenance, and capping/closure. These regulations would be
applicable to any reinjection of treated groundwater,

D. Transportation of Hazardous or Contaminated Waste (Relevant and Appropriate)

40 CFR Part 263 establishes regulations for the transportation of hazardous waste. These regulations
would govern any on-site transportation of material. Any oft-site transportation would be subject to
applicable regulations.

v, TO BE CONSIDERED DOCUMENTS (TBCs)

The use of documents identitied as TBCs is addressed in the introductory portion of the ARAR
identification. A list of TBC documents is included in the Preamble to the NCP, 5§ Fed. Reg. 8765
(March 8, 1990). Those documents, plus any additional similar or related documents issued since
that time, will be considered by EPA and MDHES during remedy implementation,

" This requirement is also incorporated as o state MPDES standard at ARN 16 20 923,
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V. OTHER FEDERAL LAWS (NON-EXCLUSIVE LIST)

CERCLA defines as ARARs only federal environmental and state environmental and siting laws.
Remedial design, implementation, and operation and maintenance must nevertheless comply with all
other applicable laws, both state and federal, if the remediation work is done by parties other than the
federal government or its contractors.

There are "other laws" which are legally applicable requirements tor actions being conducted at the
Mine Flooding Operable Unit, They are not included as ARARs because they are not "environmental
or facility siting laws." An example is the federal Occupational Health and Safety Act regulations
found at 29 CFR § 1910.95 which are applicable to worker protection during conduct of remedial
activities, including operation and maintenance activities.

Section 121(e) of CERCLA exempts removal or remedial actions conducted entirely on-site from

federal, state, or local permits. This exemption is not limited to environmental or tacility siting laws,
but applies to other permit requirements as well,
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STATE OF MONTANA ARARS

As provided by Section 121 of CERCLA, 42 U.S.C. § 9621, only those state standards that are more
stringent than any federal standard and that have been identified by the state in a timely manner are
appropriately included as ARARs.

The State has not identified as ARARs for this operable unit those requirements applicable to
reclamation of mining areas. Such requirements are not included for this operable unit because the
scope of the operable unit is confined to issues relating to mine flooding and the treatment of
discharges of water from specific mining impacted areas. Other ARARs, including reclamation
requirements, may be included in the ARARs identified for related operable units, such as the Active
Mine Area Operable Unit.

VI. MONTANA CONTAMINANT SPECIFIC REQUIREMENTS
A. WATER QUALITY

L. Surface Water Quality Standards (Applicable)

Under the state Water Quality Act, §§ 75-5-101 et seq., MCA, the state has promulgated regulations
to protect, maintain, and improve the quality of surface waters in the state. The requirements listed
below are applicable water quality standards with which any remedial action must comply.

ARM 16.20.604(1)(b)** (Applicable) provides that Silver Bow Creek (mainstem) from the contluence
of Blacktail Deer Creek to Warm Springs Creek is classified "I" tor water use.

The "I" classification standards are contained in ARM 16.20.623 (Applicable) of the Montana water
quality regulations. This section states:

{T)he goal of the state of Montana is to have these waters fully support the tollowing
uses: drinking, culinary, and tood processing purposes after conventional treatment;
bathing, swimming, and recreation; growth and propagation of tishes and associated
aquatic lite, waterfowl, and furbearers; and agricultural and industrial water supply.

These beneficial uses are considered supported when the concentrations of toxic, carcinogenic, or
harmful parameters in these waters do not exceed the applicable standards specitied in department
circutar WQB-7 for aquatic life and human health when stream tlows equal or exceed the stream
tlows specitied in ARM 16.20.631(4) (10-year 7-day low flow, i.e.. minimum consecutive 7-day
average flow which may be expected to occur on the average of ance every 10 years).  Alternatively,
for aquatic life standards, site-specific criteria may be developed using procedures given in the Water
Quality Standards Handbook (USEPA, Dec. 1983), provided that other routes of exposure 0 toxic
parameters by aquatic life are addressed.

To allow a gradual awainment of these requirements in already impacted steeams, the T classification
allows point source discharges to be permitted at the higher concentration of: (1) the applicable
standards specitied in department cireular WQR-7, (2) the site-specific standards, or (3) one-hait of

" Unless otherwise specified, all cegulatory citations are to the Admustrative Rules of Montanu.
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the mean instream concentrations” immediately upstream of the discharge point. The effect of this
requireinent is to require eventual attainment of the circular WQB-7 levels or site-specific standards in
the stream, while allowing consideration of the current, impacted stream quality (a graduated
reduction of point source discharge concentrations based on the mean instream concentration where
the stream is substantially degraded). As the quality of the stream improves due to control of other
sources, including cleanup of non-point source areas, point source dischargers must improve the
quality of their discharges down to the instream standards (either WQB-7 or, tor aquatic lite only,
site-specific standards).*

It should be noted that, because of the ability of the PRPs to integrate tlows mandated to be controlled
by this action into the active mining operation, a point source discharge from this operable unit may
not occur for several years. The “I" classification discharge standards theretore will be upgraded
every 3 years even if no discharge occurs. Specific discharge standards applicable for the first three
years of this action, effective on the date of the signature of this ROD (assuming a discharge within 3
years of the ROD into Silver Bow Creek beiow the Colorado Tailings) are shown in Table t of this
ARARs analysis,

Additional "I" classitication standards also include the following criteria;

1. Dissolved oxygen concentration must noe be reduced below 3.0 milligrams per liter.
2. Hydrogen ion concentration (Ph) must be maintained within the range of 6.5 t0 9.5.
3. No increase in naturally occurring turbidity, temperature, concentrations of sediment

and settleable solids, oils, tloating solids, or true color is allowed which will or is
likely to create a nuisance or render the waters harmful, detrimental, or injurious to
public health, recreation, safety, welfare, livestock, wild animals, birds, fish or other
wildlite.

4, No discharges of toxic or deleterious substances may commence or continue which
lower or are likely to lower the overall water quality of these waters.

Additional restrictions on any discharge to surface waters are included in:
ARM 16.20.633 (Applicable), which prohibits discharges containing substances that will:

(a) settle to form objectionable sludge deposits or emulsions beneath the surtace of the
water or upon adjoining shorelines;

) create floating debris, scum, a visible vil film (or be present in concentrations at or in
excess of 10 milligrams per liter) or globules of grease or other floating materials;

Mean instream concentration is the monthly mean instream concentration, as defined by the MDHES Water Quality Burcau

With respect to at least one parameter, arsenic, it may not be possible to atain the WQB-7 level. The level tor arsenie, 18
myg/l, is substantially below the common current detection limit, at approximately 3. 18 g/l Thus attainment of this level
may be impossible to verivy from an analytical perspective and, for arsenic, the detection limit may be viewed as the closest
practical substitute for the applicable WQB-7 stndard. Theretore, under the | class standard, the applicable standard Tor
arsenic may practically be regarded as one halt the monthly mean m the stream, reduced, as instream quality as improved,
down to the detection lmit.
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(©) produce odors, colors or other conditions which create a nuisance or render
undesirable tastes to fish flesh or make fish inedible;

d) create concentrations or combinations of materials which are toxic or harmtul to
human, animal, plant or aquatic life;

(e create conditions which produce undesirable aquatic life.

ARM 16.20.925 (Applicable), which adopts and incorporates the provisions of 40 C.F.R. Part
125 for criteria and standards for the imposition of technology-based treatment requirements
in MPDES permits. Although the permit requirement would not apply to on-site discharges,
the substantive requirements of Part 125 are applicable, i.e., for toxic and nonconventional
pollutants treatment must apply the best available technology economically achievable (BAT);
for conventional pollutants, application of the best conventional pollutant controi technology
(BCT) is required. Where effluent limitations are not specitied for the particular industry or
industrial category at issue, BCT/BAT technology-based treatment requirements are
determined un a case by case basis using best professional judgment (BPJ). See CERCLA
Compliance with Other Laws Manual, Vol. I, August 1988, p. 3-4 and 3-7.

2, Groundwater Pollution Control System (Applicable)

ARM 16.20.1002 (Applicable) classities groundwater into Classes I through IV based on the present
and future most beneficial uses of the groundwater, and states that groundwater is to be classified
according to actual quality or actual use, whichever places the groundwater in a higher class. Class |
is the highest quality class; class [V the lowest.

ARM 16.20.1003 (Applicable) establishes the groundwater quality standards applicable with respect to
each groundwater classification. Concentrations of dissolved substances in Class I or 11 groundwater
(or Class III groundwater which is used as a drinking water source) may not exceed the human heatth
standards listed in department circular WQB-7. Concentrations of other dissolved or suspended
substances must not exceed levels that render the waters harmful, detrimental or injurious to public
health, Maximum allowable concentration of these substances also must not exceed icute or chronic
probiem levels that would adversely affect existing or designated beneficial uses of groundwater of
that classification. ARM 16.20.1003 specities certain references that may be used as a guide in
determining problem levels unless local conditions make these values inappropriate,

ARM 16.20.1011 (Applicable) provides that any groundwater whose existing quality is higher than
the standard for its classification must be maintained at that high quality unless the board is satisfied
that a change is justifiable for economic or social development and will not preclude present or
anticipated use of such waters.

The groundwater quality standards of ARM 16.20.1003, above, have been waived for a portion ot the
bedrock aquifer, because of the impracticability of remediating the bedrock aquifer (see discussion at
the end of the introduction section) in the foreseeable future. However, state ground water quality
standards as well as the state non-degradation standards are applicable tor the alluvial aquiter and the
bedrock aquifer outside the T waiver area. These standards prohibit discharge ot contaminated water
from the TT waiver area of the bedrock aquifer to the alluvial aquiter or the bedrock aquiter outside
the TI waiver area. The remedy is structured to preclude such a discharge by keeping an inward
gradient towards the bedrock aquifer waiver area by an inflow control, and a pump and treat system.
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An additional concern with respect to ARARSs for groundwater is the impact of bedrock groundwater
upon the alluvial groundwater system or surface water. The remedy mandated by the ROD precludes
any discharge of contaminated groundwater trom the East Camp Berkeley Pit and West Camp systems
into the alluvial aquifer and the upper Silver Bow Creek drainage. Any discharge of groundwater
will be through a point source discharge where such a discharge meets all "I" class standards.

B. AIR QUALITY

In addition to the standards identified in the federal contaminant-specific ARARs above, the State of
Montana has identitied certain air quality standards in the action-specific section of the State ARARS
below.

VII. MONTANA LOCATION SPECIFIC REQUIREMENTS

A. Solid Waste Management Reguiations (Applicable)

Regulations promulgited under the Solid Waste Management Act, §§ 75-10-201 et seq., MCA,
specify requirements that apply to the location of any solid waste management facility (studge disposal
facility).” Under ARM 16.14.505 (Applicable), a facility for the treatment, storage or disposal of
solid wastes:

(a) may not be located in a 100-year tloodplain:

(b) may be located only in areas which will prevent the pollution of ground and surface
waters and public and private water supply systems; and

(c) must be located to allow for reclamation and reuse of the land.

Additional State Waste Management Regulations are identitied below in the State Action Specitic
requirements.

VIII. MONTANA ACTION SPECIFIC REQUIREMENTS

In the following action-specific ARARS, the nature of the action triggering applicability of the
requirement is stated in parentheses as part of the heading for each requirement.

A, WATER QUALITY

1, Groundwater Act (Applicable) (Construction and maintenance of groundwater wells)

Section 85-2-505, MCA, (Applicable) precludes the wasting of groundwater.  Any well producing
waters that contaminate other waters must be plugged or capped. and wells must be constructed and

These requirements apply, inter alia, (0 the treatment, storage, or disposal of solid waste. Seg ARM 16.14.502(17).
Whilg "solid waste”™ does not include mining wastes regulated under the mining and reclamation laws administered by the
Department of State Lands, see § 75-10-203(11), MCA. DSL has not adopted regulations addeessing the disposal of
sludges or wastes vom a water treatment facility such as that proposed for the Mine Flooding Operable Unit. - Also, the
current permits issued by DSL for mning operations at this facility do not address disposal of these sludges. Therefore,
these requirements are applicable ta the treatment, storage and disposal of these studges or wastes. It these requirements
were not viewed as applicable, they would be relevant and approprinte requirements for the disposal of these shudges.
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maintained so as to prevent waste, contamination, or pollution ot groundwater. This requirement
would apply to the numerous monitoring wells (alluvial and bedrock) employed in the project.

2. Water Quality Act (Applicable) (Discharge to POTW)

Section 75-5-602, MCA, empowers MDHES to require the owner or operator of any point source or
of any facility that discharges to a municipal sewage system to which this chapter’s pretreatment
standards apply to keep records, make reports, install, use, and maintain monitoring equipment and to
sample effluent using specified monitoring methods at designated locations and intervals. This
requirement would apply because of the use of the municipal waste water treatment plant in
controlling the West Camp system.

3 Montana Surface Water Quality Regulations (Applicable) (Sampling Activities)

ARM 16.20.635 (Apptlicable) provides standards for sampling and analysis of water to determine
quality.

ARM 16.20.642 (Applicable) requires that bioassay tolerance concentrations be determined in a
specified manner.

4. Public Water Supply Regulations (Applicable) (Reconstruction or modification of public water

or sewer lines on the site)
If remedial action at the site requires any reconstruction or moditication of any public water supply
line or sewer ling, the construction standards specitied in ARM 16,20.401(3) (Applicable) must be
observed.

B. AIR QUALITY

1. Air Quality Regulations (Applicable) (Excavation/earth-moving/construction; transportation)

Dust suppression and control of certain substances likely to be released into the air as a result of earth
moving, transportation and similar actions may be necessary to meet air quality requirements.

Certain ambient air standards for specific contaminants and particulates are set forth in the federal
contaminant-specific section above and the state regulations below.

ARM 16.8.814 (Applicable) specifies that no person shall cause or contribute to
concentrations of hydrogen sulfide in the ambient air which exceed the following standard:
hourly average--0.05 parts per million, not to be exceeded more than once per year.

ARM 16.8.815 (Applicable) specifies that no person shall cause or contribute to
concentrations of lead in the ambient air which exceed the tollowing: 90-day average--1.5
micrograms per cubic meter of air, 90-day average, not to be exceeded.

Additional air quality regulations under the state Clean Air Act, §§ 75-2-101 ¢t seq., MCA, are
discussed below.

ARARS-14



ARM 16.8.1302 (Applicable) lists certain wastes that may not be disposed of by open
burning'®, including oil or petroleum products, RCRA hazardous wastes, chemicals, and
treated lumber and timbers. Any waste which is moved from the premises where it was
generated and any trade waste (material resulting from construction or operation of any
business, trade, industry or demolition project) may be open burned only in accordance with
the substantive requirements of 16.8.1307 or 1308,

ARM 16.8.1401(1) and (2) (Applicable) provides that no person shall cause or authorize the
production, handling, transportation or storage of any material, or cause or authorize the use
of any street, road, or parking lot; or operate a consteuction site or demolition project, unless
reasonable precautions to control emissions of wirborne particulate matter are taken.
Emissions of airborne particulate matter must be controlled so that they do not "exhibit an
opacity of twenty percent (20%) or greater averiged over six consecutive minutes.” ARM
16.8.1401(1) and (2) (Applicable) and ARM 10.8. 1404 (Applicable).

ARM § 16.8.818 (Applicable) provides an ambient air quality standard for settled particulate
matter. Darticulate matter concentrations in the ambient air shall not exceed the following 30-
day average: 10 grams per square meler.

The Butte area has been designated by EPA as non-watinment for total suspended particulates, as well
as PM-10. State requirements associated with this designation are discussed below,

ARM 16.8.1401(4) (Applicable) requires that any new source of airborne particulate matter
that has the potential to emit Jess than 100 tons per year of particulates shatl apply best
available control technology (BACT), any new source of airborne particulate matter that has
the potential to emit morg than 100 tons per year of purticulates shall apply lowest achievable
emission rate (LAER). The BACT and LAER standards are defined in ARM 16.8.1430, A
significant source of the non-attainment for particututes and PM-10 in the Butte area is road
dust. Accordingly, special precautions shouid be taken in this area to limit dust emissions
from remedial activities.

ARM 26.4.761 (Relevant and Appropriate) specifies a runge of measures for controlling
fugitive dust emissions during mining and reclamation activitics. Some of these measures
could be considered relevant and appropriate to control fugitive dust emissions in connection
with excavation, earth moving and transportation activities conducted as part ot the remedy at
the site. Such measures include, for example, paving, watering, chemically stabilizing, or
frequently compacting and scraping roads, promptly removing rock, soil or other dust-
forming debris from roads, restricting vehicle speeds, revegetating, mulching, or otherwise
stabilizing the surface of areas adjoining roads, restricting unauthorized vehicle travel,
minimizing the area of disturbed land, and prompty revegetating regraded lands.

2. Control of Odors

ARM § 16.8.1427 (Applicable). [t a business or other activity (i.e. treatment fucility) will create
odors, tiose odors must be controlled, and no business or activity may cause i public nuisance.

16 "*Open burning' means combustion of any matenial duecthy i tie open aie without areceptaie, oo a reeeptacle other

than a furnace, multiple chmnbered memerator or wood waste burner— ° ARM 16 8 1101(5)
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3. Monitoring

ARM 16.8.807 (Applicable) states the methods that must be followed in all ambient air monitoring,

ARM 16.8.809 (Applicable) specifies that sampling, data ccilection, recording and data analysis must
be performed as specified in this section.

C. SOLID WASTE MANAGEMENT

Preliminary treatability studies have indicated that the sludge generated by the treatment process
designated by the ROD may not be a characteristic hazardous waste. While certain hazardous waste
regulations could arguably be identified as relevant and appropriate requirements, the applicable state
solid waste management regulations (ARM 16.14.500 et. seq.) have been determined to be
appropriate regulations for the management of sludges that are not characteristic hazardous waste. It
is possible that the sludges produced may be characteristic hazardous waste, either because an
alternate treatment system is ultimately utilized or because the process identitied in the ROD, once
implemented, actally generates characteristic hazardous sludges. If this is the case, the state
hazardous waste regulations will be applicable.

Solid Waste Management Act (Applicable)

Regulations promulgated under the Solid Waste Management Act, §75-10-201 et. seq.. MCA, place
restrictions and requirements on the ultimate disposition of sludges to be generated by this action;

ARM 16.14.504 (applicable) restricts those various types of wastes that disposal sites may
handle.

ARM 16.14.505 (applicable) sets torth standards that all solid waste disposal sites must meet.

ARM 16.14.506 (Applicable) sets forth the applicable criteria for design of a landfill
repository.

ARM 16.14.520 and 521 (applicable) set torth the general and specitic operation and
maintenance requirements for solid waste management systems,

ARM 16.14.523 (applicable) specifies that solid waste must be transported in such a manner
as to prevent its discharge, dumping, spilling, or leaking from a transport vehicle.

ARM 16.14.530 and 531 (applicable) set forth the requirements tor closure ot a landfill
repository and the requirements tor post-closure care,

The ROD indicates that possible disposal of sludges in the Berkeley Pit will be considered by the
agencies when sludge disposal becomes necessary and the composition of the studge is known. In
considering options for disposal, the agencies will determine whether certain of the otherwise
applicable hazardous or solid waste requirements may be waived on the basis that such disposal will
attain a standarcd of performance that is equivalent to that required under the otherwise applicable
standard or requirement through use of another method or approach, as provided in 40 CFR §
300.430(H)(DEINC)H).
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D. MONTANA DAM SAFETY ACT (Applicable)

Regulations pursuant to the Dam Safety Act,'” §§ 85-15-101 et. seq., MCA, are discussed below.
"Dams", as used in the act and these regulations includes any artificial barrier used to impound or
divert water with an impounding capacity of 50 acre feet or greater.

ARM 36.14.202 (applicable) states that all dams and reservoirs which divert or store water must be
constructed in a secure, thorough, and substantial and sate manner.

ARM 36.14.501 (applicable) states that all high hazard dams must comply with the criteria given.

ARM 36.14.502 (applicable) states that all high hazard dams must be able to safely pass the flood
calculated from the intlow design flood.

IX.. OTHER MONTANA LAWS

The following "othe~ laws" are included here to provide a reminder of other legally applicable
requirements for actions being conducted at the site. They :lo not purport to be an exhaustive list of
such legal requirements, but are included because they set out related concerns that must be addressed
and, in some cases, may require some advance planning. They are not included as ARARs because
they are not "environmental or facility siting laws.” As applicable laws other than ARARs, they are
not subject to ARAR waiver provisions. Section 121(e) of CERCLA exempts removal or remedial
actions conducted entirely on an NPL site from federal, state or local permit requirements, and this
exemption is considered broad enough to cover even permits required under “other laws."

A. Groundwater Act

Section 85-2-516, MCA, states that within 60 days after any well is completed a well log report must
be filed by the driller with the DNRC and the appropriate county clerk and recorder.

B. Occupational Health Act, §§ 50-70-101 et seq., MCA.

ARM § 16.42.101 addresses occupational noise. In accordance with this section, no worker shall be
exposed to noise levels in excess of the levels specified in this regulation. This regulation is
applicable only to limited categories of workers and for most workers the similar federal standard in
29 CFR § 1910.95 applies.

ARM § 16.42.102 addresses occupational air contaminants. The purpose of this rule is to establish
maximum threshold limit values for air contaminants under which it is believed that nearly all
workers may be repeatedly exposed day after day without adverse health effects.  In accordance with
this rule, no worker shall be exposed to air contaminant levels in excess of the threshold limit values
listed in the regulation, This regulation is applicable only to limited categories of workers and for
most workers the similar tederal standard in 29 CFR § 1910, 1000 applics.

" Identification of these requirements as ARARs does not inpair, alter or aftect the regulatory jurisdiction or authoeity of

the Montana Department of State Lands or Department of Natural Resources and Conservation over the Active Mine
Area, including the Yankee Doodle Tmlings Dam.
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C. Montana Safety Act

Sections 50-71-201, 202 and 203, MCA, state that every employer must provide and maintain a safe
place of employment, provide and require use of safety devices and safeguards, and ensure that
operations and processes are reasonably adequate to render the place of employment safe. The
employer must also do every other thing reasonably necessary to protect the life and safety of its

employees. Employees are prohibited from refusing to use or interfering with the use of safety
devices.

D. Employee and Community Hazardous Chemical Information Act

Sections 50-78-201, 202, and 204, MCA, state that each employer must post notice of employee
rights, maintain at the work place a list of chemical names of each chemical in the work place, and
indicate the work area where the chemical is stored or used, Employees must be informed of the
chemicals at the work place and trained in the proper handling of the chemicals.
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BUTTE MINE FLOODING OPERABLE UNIT RECORD OF DECISION
1 CLASSIFICATION LIMITATIONS FOR WATER DISCHARGED TO SILVER BOW CREEK BELOW THE COLORADO TAILIKGS FROM THE MINE FLOODING OPERABLE UNIT

Total Recoverable Concentrations (zg/L)

Discharge Limitations Arsenic Cadmium Copper Lead Zinc Iron
January
Monthly Average 4.5° 1.6" 124° 9.5¢ 431° 1000°
Daily Maximumn 6.75° 5.0° 188° 15° 647 1500°
February
Monthly Average 4.5° 1.6" 98° 5.6° 416° 1000"
Daily HMaximum 6.75" 5.0° 147 15 624° 1500°
March
Monthly Average 6.5" 1.6° 132° 5.6° 448.5° 1000°
Daily Maximum 9.75° s.0* 197 15° 673" 1500°
Aprit
Monthly Average 6.5° 1.6° 129" 5.6° 444° 1000°
Daily Maximum 9.75° 5.0° 194° 15* 646° 1500°
Ma
4 Monthly Average 6.1° 1.6" 115° 5.6" 443 .5¢ 1000"
Daily Maximum 9.15° 5.¢" 173° 15* 6657 1500°
June
Monthly Average 5.5" 1.6° 112° 5.6° 482° 1000"
Daity Maximum 8.25" 5.0" 168° 15* 723" 1500°
Jul
Y Monthly Average 6.75° 1.6° 118° 13¢ 492° 1000"
Daily Maximum 10.13" 5.0" 176" 15* 738" 1500”
August
Monthly Average &° 1.6 95° 5.6 476" 1000°
Daily Maximum 9.00" 5.0" 143° 15° 714° 1500"
September
Monthly Average 4.5" 2.9° 150' 11.8° 750" 1000”
Daily Maximum 6.75° 5.0° 225° 15° 1125° 1500"
October
Monthly Average 4" 1.6° ¢8.5° 5.6" 445" 1000°
Daily Maximum 6.00° 5.9" 148" 15* 668° 1500”
hoverher
Monthly Average é° 1.6° 132° 7.25° 465° 1000°
Daily Maximum 9.00" 5.0" 197" 15°* 698" 1500"
Cecember
Monthly Average 5.5° 1.6° i30° 7.5° 442° 1000"
Daily Maximum 8.25° 5.0° 195° 15° 663" 15007

* primary Drinking Water Standard (Safe Drinking Water Act).
Chronic Water Cuality Criteria

< Acute Water Ouality Criteria

° One-hal¥ Monthly Mean (Table 2)

* 150 percent of the Monthly Average Discharge Limitation

' Efftyent Limitation {40 C.F.R. 440.162)
NOTE: oresently, there is no specific discharge criteria for sulfate. However, 3 maximum contaminant level (MCL) for sulfate is expected to be proposed
within the mext 18 menths. This health-based MCL will become an enforceable discharge standard at that time.
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1.0 Ihtroduction

1.1 Executive Summary

In this report the U.S. Environmental Protection Agency (EPA) and the Montana Departiment
of Health and Environmental Sciences (MDHES) present the techaical support for the
application of a Technical Impracticability (TI) Waiver for the bedrock aquifer present in the
East and West Camp areas of the Butte Mine Flooding Operable Unit (BMFOU)., The
ground water Applicable or Relevant and Appropriate Requirements (ARARS) for the
bedrock aquifer include the National Primary Drinking Water Standards (40 C.F.R Part 14])
and the Montana Ground Water Quality Standards (ARM 16.20.1003). The ground water
present in the bedrock aquifer shows concentrations of arsenic. lead, cadmium, and copper at
levels exceeding MCLs and state ground water quality standards.  Although many other
metals are found in the bedrock aquifer of the TI zone at clevated levels, compared to
background, only these four exceed a primary drinking water standard.  The exceedances and
elevated concentrations arc a result of the presence of oxygen. water, and the massive source
of sulfidic minerals (i.e., the native ore) present in the bedrock, mobilization of which has
been enhanced by past mining activities (ARCO, 1994a).

The cause of the contamination within the TI zone is acid mine drainage. Acid Mine
Drainage (AMD) requires three things: water, oxygen, and a source of sultur, At this site,
the source of sulfur is the native mineralized ore, such as pyrite (iron disulfide FeS,) in the
bedrock.

The oxidation of sulfidic and mineralized ore in the presence of water, releasing the metals
to the water and lowering the pH of the water is a natural process.  Examples of naturally
occurring acid rock drainage, or ARD, can be found in the United States.  However. this
same natural process is magnified by the activities of man. such as mining: thus the term
acid mine drainage. Further, the acidic water gradually dissolves more sulfides in the
bedrock, which in turn contribute more dissolved metals and sulfate to the ground water: a
sort of "snowball" effect.

To stop or control AMD requires fimiting or climinating one of the three factors: water,
oxygen, or source material.

The bedrock aquifer within this site. the Butte Mine Flooding Operable Unit, requires a TI
waiver' because:

. From a practical standpoint, it is not feasible to use souvee removal o remediate the

This T waiver celates only to this specitic aperable unit and is not an indication of intent or policy with
respeet to any other operable unit or site. This TU waiver does notaftect the requirements of any other
federal, state, or local regulation; nor is the waiver an sllonwance to permit fuether degradistion of the
hedrock aquiter. The contamination of the hedrack aquiter at the Butte Mine Flooding Operable Unit
is o unique sitwation sod may not be analogous to any other site,
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ground water to attain the prescribed ARARs. The sheer size of the source,
calculated to be 27 billion cubic yards, would leave an open pit about 62 times larger
than the current Berkeley Pit, would eliminate the historic city of Butte, and would
have untold environmental consequences;

. Engineering controls to limit or eliminate water flow into and within the bedrock
aquifer by conventional or innovative methods on a sitc of this size and nature has
never been attempted, final ability to attain ARARs is debatable, and cost calculations
place the attempt at 7 to 10 billion dollars. The site is complicated by the
anastomotic’ nature of the mine workings. There are no less than three thousand
(3000) miles of interconnecting underground mine workings within the 6.75 mile TI
zone; :

. Lowering the ground water level in the bedrock aquifer via pumping would
exacerbae (degrade) the existing water quality by elevating acidity (lower pH) and
increasing concentrations of metals. Further, [“wering the ground water level would
perpetuate the problem as pumping only eposes more source material to oxidation
and acid generation; and

U The selected remedy proposed for the BMFOU, maintaining the Berkeley Pit as a
hydraulic sink, will effectively prevent migration of contaminated bedrock ground
water within the TI zone from impacting the Silver Bow Creek/Blacktail Creek
drainages and the associated alluvial aquifer. Similarly, ground water controls to be
implemented al the Travona Shaft will prevent off-site migration of contaminated
bedrock ground water from the West Camp to Silver Bow Creek. However, the
selected remedy for the site will not meet ARAR requirements for ground water.

All of the points and issues presented in this introduction section will be discussed further in
the Technical Impracticability Evaluation.

1.2 Site Description and History

The arca to be considered for the TI waiver is located in southwestern Montana in and near
the City of Butte (Figure 1). The TI zone (shown in Figure 2) is within the Butte mining
district in the upper Silver Bow Creek (SBC) drainage and covers an arca of approximately
6.75 square miles. There are two distinct hydrologic systems within the TI zone, the East
and West Camp systems. The West Camp system is located in the west-central portion of
the city of Butte and includes the Travona, Ophir and Emma shafts and associated
underground mine workings. The East Camp system is located in the cast-northeast portion
of the Butte mining district and consists of the Berkeley Pit and related underground mine
workings. The two systems are separated hydraulically by bulkheads installed in mine shaft
drainage levels during the Tate 1950s. However, the integrity of the bulkheads ts not known,

Anastomotic means “not without a conneetion”, With the extensive mine workings and fractures in the
TT zone, the bedrock with eespect to water is aceurately deseribed as anastomotic.,
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and they may be subject to deterioration and possibly failure (CDM FPC, 1990).

Extensive underground and open pit mining activities have been prevalent throughout the TI
zone since gold was first discovered in Butte in 1864. Underground mining began in the
1880s and by 1964, several thousand miles of underground workings had been driven into
the bedrock. Estimates of the extent of mine workings range from 3000 miles tor major
shafts, levels, and drifts, to 10,000 miles for total workings within the 6.75 square miles of
the TI zone (James, 1980). This extensive network of mine workings has created an
anastomotic condition; an analogy might be made to a heavily riddled swiss cheese. Table 1
lists the underground mines located within the Butte Mining District. When underground
mining stopped in 1982, the workings had descended to below 1500 feet above mean seal
level (ft msl)[United States Geological Survey (USGS) datum]. The surface elevation within
the TI zone ranges from about 5400 ft mls to about 6200 ft msl.

Large scale open pi. (the Berkeley Pit) mining began in 1955, When mining was
discontinued in 1982, the bottom of the pit was at an elevation of 4,265 ft msl. The total
depth of the pit from the bottom to the highest point on the rim is 1,780 feet. The pit
encompasses approximately 675 acres (1,06 square miles) and has a volume of approximately
1.18 x 10' cubic feet from the base to the rim at an elevation of 5,543 ft msl (ARCO,
1994a). The Pit would contain just under 89 billion gallons of contaminated water if allowed
to fill unregulated to this rim,

To facilitate mining activities, the naturally occurring ground water level was lowered
approximately 4,200 feet from pre-mining levels via pumping. With the cessation of active
mining in the Berkeley Pit in 1982, the pumping system ceased operating and the
underground mines and the Berkeley Pit began to flood. The presence of water in the mine
workings during and after mining, in combination with the oxidation of the naturaily
occurring sulfide minerals has resulted in generation of acidic solutions and the releasing of
metals and sulfate into the bedrock aquifer. It the two hydrologic systems (minc workings
and pit) were allowed to flood, recovering to natural pre-mining conditions without
regulatory intervention, there would be a release of the contaminated waters (AMD) from the
TI zone and into Silver Bow Creek and the Butte alluvial aquifer., However, the selected
remedy will permanently manage water levels in the two systems, with the focus being the
Berkeley Pit maintained as a sink for the AMD.



2.0 Evaluation of Technical Impracticability

In accordance with CERCLA Section 121(d)(4)(C) and the National Contingency Plan, 40
CFR §300.430(H(DEN(CH3). EPA may select a remedial action that does not atrain an
ARAR if compliance with that ARAR is technically impracticable from an engineering

" perspective,  This section presents an evaluation of the components for a TI waiver in
accordance with "Guidance for Evaluating the Technical Impracticability of Ground Water
Restoration" (EPA, 1993).

2.1 Waiver of Ground Water ARARs

The ground water Applicable or Relevant and Appropriate Requirements (ARARs) for the
bedrock aquifer iiclude the National Primary Drinking Water Standards (40 C.F.R. Part
141) and the Montana Ground Water Quality Standards (ARM 16.20.1003). Within the TI
zone. these ARARs are waived for the following constituents: arsenic. cadmium, lead,
copper, and sulfate if a primary MCL is established for sulfate. These are the only site-
related ground-water contaminants that exceed ARARs. Table 2 lists the metal constituents
for which the ARAR waiver is invoked, along with the applicable water quality standard.
Table 2 also gives the mean and highest value of water quality data for other clevated
constituents within the shafts (mine workings) and bedrock monitoring wells (fracture zone)
of the TT arca.

In cases where it is not practicable to return usable ground water to its beaeficial uses within
a time frame that is reasonable given the particular circumstances of a site, EPA expects to
a) prevent migration of contaminated water from the TI zone, b) prevent exposure to
contaminated ground water within the TI zone, and ¢) evaluate further risk reduction (40
C.F.R § 300.430 (a) (1) (iii) (F)). Because it is not technically practicable trom an
engineering perspective to attain these groundwater quality standards in the designated arca
within the bedrock aquifer. a waiver is invoked for these ground water ARARs.

2.2 Definition of Technical Impracticability Zone

The horizontal extent of the TI zone is defined primarily by the extent of underground mine
workings and/or extent of documented influence of mine workings on the bedrock aquifer.
The vertical extent of the TT zone is defined by the elevation of the lowest underground mine
workings which has been determined to be approximately 1500 £t msl (AIME, 1968).
Additionally, the TI zone represents the outer boundary of the arcats) within the cone of
influence of the historically dewatered East and West Camp hydrologic systems (see Section
L.

The arca to be included in the bedrock aquifer TT zone is shown in Figure 2. This area
represents the potential contaminited bedrock aquifer and encompasses the arca of
underground mine workings.  However, major landmarks (roads) were utitized 1o assist in
the subsequent institutional controls that will follow a TT waiver. This arca covers both the
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East and West Camp areas of the Butte Mining District, and is approximately 6.75 square
miles in arca.

2.3 Site Description and Conceptual Model

2.3.1 Geology and Hydrogeology

To develop a site conceptual model of the bedrock aquifer, three topics require consideration
to evaluate this TI waiver: the geology, hydrogeology, and mining’s impact on the bedrock
aquifer.

2.3.1.1 Geology of the Bedrock Aquifer

The Butte area is underlain by igneous rocks of the Boulder Batholith, which consists
primarily of quartz monzonite that has been intruded by rhyolite and porphyry dikes (AIME,
1968). This bedrock contains disseminated ore vein deposits of copper and other metals.,
primarily in sulfide form. The area was and continues to be of interest o the mining
industry.

The bedrock can be subdivided into a weathered zone and a competent bedrock zone,
Weathered bedrock is native ore that has oxidized in place over geologic tine and is
"tncapable” of producing an acid rock drainage. Where present, the weathered bedrock is
100 to 200 feet thick and consists of clay interspersed with 1 to 10 inch fragments of
monzonite. Frequently, the weathered bedrock functions as a confining layer, limiting water
and oxygen movement between the alluvium and the deeper competent bedrock, The
competent bedrock consists of unoxidized quartz monzonite and is encountered in the TI zone
at depths ranging from 250 to more than 750 feet below the ground surface as documented
by logs of diamond drill holes (DDHs), mine shafts, and monitoring wells installed as part of
the Remedial Investigation (RI) (ARCO, 1994a).

There is limited alluvial material within the TT zone.  What alluvial material there is in the
TI zone is confined to the castern and southeastern region of the Berkeley Pit. This is the
historic flood channel of Silver Bow Creek, pre-Berkeley Pit, North and west of the
Berkeley Pit, only very thin deposits of alluvial material can be found; frequently it is non-
existent,

2.3.1.2 Hydrogeology of the Bedrock Aquifer
The flow of water within the TI zone is dependent on the extent of mine workings associated

with any portion of the arca.  Flow within the arca west ot the Berkeley Pit, especially those
areas associated with the Kelley Mine workings which are connected to the Berkeley Pit. is
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best characterized by a pipe rnetwork model (Ralston, 1994). Pipe network models are
typically used to evaluate water distribution systems for cities and plants. These models use
the length and size of pipes and friction factors to relate flow rates to water pressure and
friction losses. Application of a network model to the mine workings best simulated
experimental data (Ralston, 1994). Areas with less workings and/or caving of workings,
plus the remainder of the TI zone, have flow best characterized by a fractured media model.
Ground water within the TI zone is primarily stored within fractures. However, the
thousands of miles of open and caved underground workings increase the amount of aquifer
storage by about 13 percent.

Based on geophysical logging data, localized fracture zones within the competent bedrock
extend at least as deep as 350 teet below the weathered/competent bedrock interface
(Canonie, 1992). These fractures contain ground water, most of which is encountered in the
upper 1000 feet of the bedrock. The yield of water from bedrock wells ranges from less
than 1 to more than 50 gpm (CDM FPC, 1990). The equivalent fracture porosity of the
bedrock aquifer is estimated to be 1 percent (ARCO, 1994a). Previous investigations at the
site calculated a fracture porosity for the bedrock in . shallow and highly fractured area of 5
percent (Metesch, 1990). This value represents an upper limit tor the site, The TT zone, as
a general description, is best characterized as a large fractured crystalline system. Literature
citations for fractured crystalline rock (in the range of | percent porosity) were used as a
reasonable value for the site.

Hydraulic properties of the bedrock aquifer were determined from rising-head and constant
discharge tests (see Section 6.4 of RI (ARCO, 1994a) for complete discussion of bedrock
aquifer characterization). The rising-head test data (seven wells tested) showed that
hydraulic conductivity values range from 7.1 x 10® to 3.46 x 10 centimeters per second
(cm/sec) with an average of 1.34 x 10” cm/sec. Aquifer transmissivity, as estimated from
constant discharge test data, ranges from 9.9 gallons per day per foot (gpd/ft) to 99.0 gpd/ft.

As discussed in Section 2.3.1.1, the alluvium in the TI zone is essentially limited to an arca
east and southeast of the Berkeley Pit. A complete characterization of the alluvial aquifer
can be found in Section 7.4 of the RI (ARCQ, 1994a). The primary direction of ground
water flow in the alluvial aquiter is southwest of the Leach Pads Areca (northeast of the Pit)
and then west towards the Berkeley Pit (see Figure 3). A ground water divide exists in the
alluvial aquifer south of the Berkeley Pit. North of the divide, ground water tlows towards
the Berkeley Pit, A numerical ground water flow model developed for the RI (Section 11)
indicates that this pattern of ground water flow will continue even as the water in the
Berkeley Pit approaches 5410 ft msl (sce Section 2.3.3.2 for significance of this clevation).

2.3.1.3 Mining’s Impact on the Bedrock Aquifer

To facilitate underground and open pit mining the bedrock aquiter was dewatered vi
pumping. In addition to temporal dewatering, mining activittes resulted in the excavation of
no less than 3,000 miles (James, 1968) of underground workings in the bedrock, This has
resulted in an extensive network ol drainage galleries and condutts and has significantly
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elevated the storage capacity of the bedrock aquifer throughout the TI zone (over 900 million
cubic feet or 6.8 billion gallons (Stephenson, 1994)).

Figures 4 and 5 show the underground mine workings in plan view and cross section,
respectively.  As shown on Figure 4 the underground mine network is mote extensive in the
East Camp than in the West Camp. As shown on Figure 5. several of the mine shafts and
drifts directly intersect the Berkeley Pit. Thus, the hydraulic connection between the pit and
the bedrock aquifer consists of both the mine workings network and to a lesser degree by the
bedrock fracture system.

Prior to bedrock aquifer dewatering, the regional ground water tlow in the bedrock was
approximately from north to south with discharge to alluvium along Silver Bow Creek
(SBC). Mine dewatering created a large cone of depression in the original potentiometric
surface.  When mining and dewatering operations ceased in 1982, the ground water began
rising toward its premining equilibrium condition. .

The influence of the underground workings on the hiraulic conditions within the bedrock
aquifer can be seen by comparing the extent of underground workings (Figure 4) with the
current configuration of the bedrock aquifer potentiometric surtace as shown in Figure 6.
Comparison of these figures shows that a hydraulic cone of depression is centered about the
Berkeley Pit which is acting as a hydraulic sink. The shape of the cone of depression is
clongated over the arca containing underground workings, retlecting hydraulic influence
(drainage) of the workings.

2.3.2 Source, Volume, and Quality of Ground Water

2.3.2.1 Ground Water and Contamination Sources

The source of water in the TI area is shown in Figure 7. The Inflow Control Investigation
of the RI found that the average rate of flooding to the Berkeley Pit is about 5 million
gallons per day (mgd) (ARCO, 1994a). Inflow to the Berkeley Pit from all surface water
flows averages 1.68 mgd, the majority of which comes from the Horseshoe Bend area.
Alluvium contributes 0.58 mgd. The bedrock aquifer accounts for 2.49 mgd of the inflow
(49%). The origin of this bedrock inflow water is predominately precipitation/runoff and is
the natural recovery of a dewatered system. A 0.30 mgd component of inflow to the
Berkeley Pit is a combination of direct precipitation, adjacent runoff, and evaporation.

The source of contamination to the ground water in the bedrock aquiter is sulfidic and

mineralized rocks (i.e.. natural ore). This source is the massive ore body within the TI zone
and the source produces contaminants when oxygen and water are available.  The volume of
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the source is estimated to be approximately 736 billion cubic feet® or about 27 billion cubic
yards. However, due to current and progressing flooding of the underground workings with
water (natural inundation or flooding), the source of comtaminants is gradually being removed
as a source. As oxygen in the water has been consumed by AMD reactions, the water is
"oxygen poor" and AMD reactions are greatly slowed, i.¢., the source is removed from
AMD production,

2.3.2.2 Ground Water Volume

Ground water in or hydraulically connected to the bedrock aquifer is present in three storage
systems which are interconnected throughout the area of the TI zone and cover an area of
6.75 square miles,

* The first storage system is the Berkeley Pit which. as of July 1994 (ARCO, 19944a),
contains about 24 billion gallons of impacted water. The Berkeley Pit is approximately
5.280 feet wide and 1,780 feet deep at its deepest point. The arca of the pit is approximately
675 acres or 1.06 square miles. Based on the pit dimensions. the volume of water contained
within the pit at the CWL of 5,410 ft msl is estimated to be 04 billion gallons (ARCQ,
19944a).

* The second storage system consists of underground openings from past mining. Mining
within the TI zone has resulted in approximately 3.000 miles of workings (James, 1968)
which are documented or assumed to be connected with the Berkeley Pit. The volume of
ground water which may be present in old mine workings is assessed to be approximately 6.8
billion gallons (Stephenson, 1994).

o The third storage system is the ground water in fractures throughout the arca of TI zone.
The bedrock within the TI zone is highly fractured and jointed as a result of ore-body
formation, weathering, and mining-induced fracturing and caving. The total volume of
ground water contained in the fractured portion of the bedrock aquifer can be estimated by
taking the total bedrock aquifer volume within the TI zone, subtracting the estimated volume
of underground workings and the Berkeley Pit, and multiplying the result by an average
fracture porosity.  Considering that the TI zone encompasses 6.75 square miles (Figure 2),
with a fracture porosity of the bedrock of I percent (ARCO. 1994a) and a lower boundary of
TI zone of 1,500 ft msl, the volume of water stored in fractures is approximately 54.3 billion
gallons.

A comparison of volumes of ground water present in the three storage systems in the bedrock
aquifer is shown in Figure 8. The calculations of the bedrock aquifer volume contained
within the TI zone bedrock aquifer are presented in Appendix A, The total volume of
ground water stored in the bedrock aquifer in natural or man-made features within the arca

The volume of souree b been estimated by: [Volume in UL zone] - [ Volume of sodergrounnd workings]
- [Volume of Berkeley i) - [Volume of ractures in bedrock], Volume of TE zone was estimated as
surtiee aren (0,75 s miles) times depth (4000 feet). See Atachment 1 for complete caleulations,
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for which the TI waiver is granted is approximately 125 billion gallons.

2.3.2.3 Ground Water Quality

The ground water present within the bedrock aquifer displays a different chemical makeup
depending on the storage system in which the water is present. Table 2 summarizes the
range of concentrations for the four constituents (arsenic, cadmium, copper, and lead) for
which the ARAR waiver is being sought. Table 2 also gives the mean and highest value of
water quality data of other elevated constituents within the shafts (mine workings) and
bedrock monitoring wells (fracture zone). Figure 9 presents location specific water quality
data for the bedrock monitoring wells, mine shafts, and the Berkeley Pit.

As shown in Table 2, water quality of the Berkeley Pit shows high levels of all the
constituents. The water qualit; within the pit is a result of inflow from the bedrock aquifer,
the alluvial aquifer, surface run-off, and discharge of mill process water (tailings slurry
water occasionally discharged to the Berkeley Pit . s the result of tailings pipeline failure).
Surface inflow (i.e., Horseshoe Bend water) has a chemical makeup very similar to Berkeley
Pit Water. As presented previously, this inflow component accounts tor one-third of the
current inflow (historically, over 45%) to the Berkeley Pit. The quality of water in the
Berkeley Pit does not show an improving trend based on five sampling events from 1984 to
1991 (ARCO, 1994a).

The quality of the ground water present in the underground workings (shafts) within the TI
zone also show elevated concentrations of constituents (see Table 2). Ground water quality
present in the underground workings has been determined from samples taken from 12 shatts
(ARCO, 1994a). The quality ot ground water stored in mine workings shows a trend of
improving water quality. For example, the concentration of copper in the pumped waters
from several mines (in the early 1960s) varied between 155 milligrams per liter (mg/L.) and
592 mg/L; average of 363 mg/L.. The RI showed copper concentrations ranging from a
minimum of 0.24 mg/L (Anselmo Mine shaft), to 0.965 mg/L (Steward Minc shaft), to 1.28
mg/L (Granite Mtn, Mine shaft). The improvement is due to the fact that Tooding of the
workings is restricting the amount of oxygen conlacting the mineralized portion of the
bedrock thus preventing the continued generation of acid mine drainage.

The ground water quality of the fractured bedrock as determined from bedrock monitoring
wells shows low concentrations of the four constituents with few exceedances.  Ground water
quality trends in the fractured bedrock have been determined from samples taken from
bedrock monitoring wells during RI (ARCO, 1994a). Note, these bedrock monitoring welis
are located away from mine workings and frequently are on the outer boundary of the TI
zone,  Although these wells indicate a cleaner water than that which would be tfound closer
to the Berkeley Pit, a well placed in this arca and having sufficient production capacity,
could be expected to pull contaminants towards the well. The systems (Berkeley Pit, mine
workings, and fractures) are connected to each other within the TI zone,
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2.3.3 Contaminant Transport Pathways

For contaminants to be transported from the TI zone into the Butte alluvial aquifer and Silver
Bow Creek drainage. two conditions must be met. First - a connection {pathway) between
the TI zone and the Butte alluvial aquiter and Silver Bow Creck drainage must exist.  This
condition exists for the bedrock aquifer and alluvial aquifer. Second - a hydraulic gradient
must exist to facilitate ground water flow out of the bedrock aquifer and into the alluvial
aquifer. For the bedrock aquifer within the TT waiver arca this condition is not met at
present and will not be met in the future because of proposed ground water level controls.,
which will preclude any movement of contaminated bedrock ground water to areas outside of
the TT waiver zone. See Section 2.5, Alternative Remediation Strategy, for a summary of
the selected remedy.

2.3.3.1 Current Hydraulic Control

Under current conditions. the bedrock aquifer grouna water in East and West Camp does not
migrate beyond the boundaries of the TI zone because the Berkeley Pit is acting as a
hydraulic sink. A map showing positioning of the water levels in the bedrock aquifer in the
East Camp demonstrating tlow into the Berkeley Pit is shown in Figure 6. Figure S presents
a cross-section showing the current ground water flow conditions into the pit.

2.3.3.2 Future Hydraulic Control

East Camp System

In the development and negotiations of the Administrative Order on Consent [Docket No,
CERCLA VIII-90-09 (EPA, 1990)] (AOC) for the BMFOU RI/FS the potentially responsible
parties (PRPs) agreed to maintain the water level in the Berkeley Pit/East Camp system
below a preliminary Critical Water Level (CWL) of 5,410 ft msl.  This clevation
corresponds Lo the lowest documented occurrence of ground water in the altuvial aquifer of
the Summit Valley (i.e., the alluvial valley south and southwest of the Berkeley Pit).
Consequently, maintaining this level will prevent any future migration of water {rom the
Berkeley Pit into the Silver Bow Creek. the Metro Storm Drain and Blacktail Creek.  EPA
and MDHES have determined that the CWE will be protective of the alluvial aquifer and
surface flows, However, to ensure that »o inward gradient is maintained within the bedrock
aquifer, monitoring of future water lever, will be conducted.  As illustrated in Figure S,
maintaining the ground water below the CWL will ensure that a hydraulic gradient toward
the Berkeley Pit in the bedrock aquifer exists over the East Camp section of the TI zone,

West Camp System
Water levels in the bedrock aquiter in the West Camp are significantly higher than those in
the East Camp (approximately 5,420 10 msl vs 5,000 ft msl based on July 1994 data,

respectively). This difference is the result of hydraulic separation of these two sections by a
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system of bulkheads in the mine workings. The approximate locations of the bulkheads are
shown in Figure 4. In the future, the water levels will be controlled, utilizing the Travona
Shaft as the control/pumping location. at or below a level of 5.435.6 ft msl (EPA. 1990).

2.4 Bedrock Aquifer Remediation Potential

This section presents an evaluation of the remediation potential of the bedrock aquifer, The
remediation potential of the bedrock aquifer is addressed in terms of the nature and extent of
ground water with concentrations of contaminants exceeding ARARs, and the applicable
conventional and innovative remedial technologies. Four technologies are evaluated: pump-
and-treat, inundation, grouting, and injection of acid neutralizing fluids.

The results of the evaluation indicate that it is technically impracticable to remediate the
bedrock aquifer n the TI zone. However, mandated ground water controls will be
implemented that will prevent oft-site migration and impact to the Silver Bow
Creek/Blacktail Creek drainages and the associate | alluvial aquifer (see Section 2.5).

2.4.1 Source Control Measures

As described in Section 2.3.2 the occurrence of metals in the bedrock water is a result of
geochemical reactions with the metal sulfides present within the naturally mineralized veins
of the bedrock. Therefore. the source of metals and sulfate loading to the bedrock aquifer
within the TI zone is the highly mineralized bedrock which is exposed to oxygen and water.
This source volume has been estimated to be 736 billion cubic feet and cannot be removed or
contained. Removal would leave an open pit about 62 times larger than the current Berkeley
Pit, would eliminate the historic city of Butte, and would have untold environmental
consequences.

2.4.2 Remediation Potential Evaluation

This section presents an evaluation of the remediation potential for the bedrock aquifer,
based on current knowledge of technologies for ground water remediation at mine sites.
Four methods were evaluated as potential remediation technigques,  They are: pump-and-treat,
inundation, grouting. and injection of ucid neutralizing fuids.  Ability to meet ARARs,
specifically groundwater ARARs, is also evaluated.

2.4.2.1 Pump-and-Treat

Pump-and-treat systems for remediation of AMI at a mine site, although capable of
extracting contaminated ground water from the bedrock aquifer, would not enable cleanup of
the ground wat r in the bedrock aquiter. Pump-and-treat systems would reverse the

TI-11



currently observed improving trend (see Section 2.3.2.3) in the quality of the ground water
in the bedrock. Lowering of the water level will reintroduce oxygen to the bedrock.
reexposing the sulfide ore to oxidation, generating acid and thereby raising the concentrations
of metals in the bedrock aquifer within the TI zone. The consequences of this fact are
greater cost in treatment plant operation (i.e.. increased reagent cost to treat the more grossly
contaminated water), extended time to completely oxidize all sulfidic and mincralized-ore,
greater votumes of sludge from the treatment plant with its associated handling cost and
environmental impact, and loss of ore-body for future, albeit a fow potential for this site,
extraction of metals.

Finally, a pump-and-treat system would not meet ARARs for groundwater remaining in the
TI zone. As discussed previously, pump-and-treat actually degrades the quality of the
groundwater.

2.4.2.2 Inundation

Inundation, or flooding, is the only generally accepled method applicable to this sitwation of
abating acid generation of the material containing pyrite (Kleinmann, 1991). Research by
Watzlaf (1992) indicated that maintaining pyritic coal refuse under water virtually stops
pyrite oxidation. In fact, mine waste with 10 percent pyrite placed under water did not form
acidity, aluminum, iron, and sulfate contamination,

According to Watzlaf (1992). the metals mining industry has had success using under-water
disposal of pyritic wastes. as discussed by Ritcey (1991), Balins ct al. (1991), Rescan
Environmental Services Limited (1990) and Bell (1987). Watzlaf (1992) quotes from Bell
(1987) that "at the current time, the only practical and proven long-term approach to
controlling the formation of acid in sulphide tailings is to limit the availability of oxygen as a
reactant by maintaining the waste in a saturated or submerged condition”. The authors
acknowledged the use of capping as a remediation technique. However, they concluded thin
the long term maintenance of capping technology make it less attractive as a closure or
remediation technique when compared to water closure.

Because of the demonstrated success of subaqueous disposal of pyritic mine waste,
inundation is considered the best available technology economically achievable for new mine
development in Quebec, Canada (Filion et al., 1994) and for dealing with mine wastes from
uranium mines in eastern Germany (Feasby et al, 1994). Sulfidic tailings and waste rock at
a zinc-copper mine in Sweden were also decommissioned by Tooding (Broman and
Goransson, 1994). Flooding was considered to be the safest and most etfective option for
the mine.

Although current flooding is reducing contaminant concentrations in deep bedrock

groundwater (see Section 2.3.2.3). the selected remedy may not meet ARARs for
groundwater within a reasonable timeframe.
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2.4.2.3 Grouting

To be effective, grouting of the bedrock would have to seal. at a minimum, the entire
underground workings contained within the TI zone. This is due to the highly
interconnecting nature of the site. There are no less than three thousand (3000) miles of
underground mine workings within the 6.75 square mile TI zone. The volume of grout
needed to seal the underground mine workings is estimated to be a minimum of 6.8 billion
gallons. For comparison, this volume ot grout is over seven times the volume of concrete
used to construct the Hoover Dam in Nevada.

Grouting does have the potential of meeting ARARs for the bedrock aquifer.  Grouting has
been used successfully at other mine sites outside of the U.S.. but on a smaller scale.

2.4.2.4 Injection of Acid Neutralizing Fluids

Injection of acid neutralizing fluids involves injecting an alkaline solution through boreholes
from the surface into the target area producing AMD. Previous studies suggest that addition
of alkalinity to underground mine pools may have the potential to neutralize stored acidity,
precipitate metals from solution, and reduce further pyrite oxidation. Also, since the
precipitates from and remain in situ, the problem of sludge disposal would be less severe.,

The Burcau of Mines (Aljoe and Hawkins. 1993) has experimented with injection of alkaline
tluids into the subsurface to ncutralize acidic discharges trom abandoned coal mines.
Application was down borcholes into tlooded mine pools. However, this method has had
little success at abandoned tlooded or tlooding sites, and its general application to a large
scale site is questionable. Problems associated with this method include: inefficient mixing
of the acid neutralizing agent and the ground water, surface coatings of iron hydroxides on
the acid neutralizing agent which would inhibit neutralizing reactions, inability to completely
access the underground workings, and difticulty in controlling flow of injection tluids in the
fracture and mine working zones. This latter aspect affects cost by doubling the aumber of
wells required to achieve adequate distribution of neutralizing fluid.

This method has, in theory, the potential to meet ARARs. However, this method has had
limited success at smalier sites; its applicability at such a large site as this project makes the
chances for meeting ARARs questionable.

2.4.3 Cost Consideration

2.4.3.1 Pump-and-Treat

In response to public comments on the proposcd plan. the cost of pumping the Berkeley Pit
"dry” (over an eleven year period) was caleulated and ranged from $3-46 million to $462
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million*.

2.4.3.2 Inundation

- Cost calculations for inundating the bedrock system under several tlow conditions can be
found in the FS (ARCO, 1994b). The no action alternative (uncontrotled tlooding) and flow
alternatives with and without active mining at the site were calculated. Cost ranged tfrom
$27 million to $213 million. Accelerated flooding cost were not calculated but should fall
within the lower end of this range. The selected remedy may be considered an inundation
program but the selected remedy controls the rate of inundation (i.e., "controls flooding").

Cost used for the purpose of this TI evaluation represents the selected alternative cost which
are $41.8 million or $52.8 million depending on location of sludge disposal, i.c.. into the
Berkeley Pit or into a constructed repository located elsewhere in the active mine area,

2.4.3.3 Grouting

The assumptions made to estimmate the cost of complete grouting of the underground workings
in an attempt to abate the source of contamination to the bedrock aquiter are:

1) To deliver grout to the underground workings, 5 grout borings per acre would be drilled
1o an average depth of 2,500 feet below the ground surface. Over the arca of the TT zone
(6.75 square miles) the total lincar tfootage that would need to be drilled would be over 54
ntillion feet and represents 21,600 drill holes (six inch diameter). Assuming an average cost
of drilling to be $100 per toot for the first 1000 feet of drilling and $50 per foot for the
remainder’, the total cost of drilling the grout borings will be approximately $3.78 billion.

2) The total volume of grout needed to completely fill the underground workings void space

is, at a minimum, approximately 920 million cubic teet (21,000 holes X 6 inches per hole X
2,500 feet per hole] + volume of mine workings). The cost of the grout® to fill this void is

estimated to be $2.2 to $3.0 billion,

4 Cost caleulations were based on FS (ARCO. 1994h) values for treatment plant capital costs and
aperation and muintenance costs, Pumping the Berkeley Pit “dey” in U] years with sludge disposal inte
the Pit had a associated cost of 346 million to $388 million. Sludge disposal on an onsite tacility had
an associnted cange of $412 million to $462 million,

s Cost estimates are based on price quotes by local drilling conteactor who installed hedrock monitoring,
wells as part of the REand who has extensive experience in drilling deep bedrock wells ut the site.

]

Cust of grout is based on a $2.40 per cubic foot tor cement-hased prout and $3.25 for clay based grout,
The latter is 8 price quote from a contractor supplying grout at 36,50 per cubie foot for a Montana
AMD remedintion project. The supplier stated that for a project requirving, such o large amount of
grout, the cost per cubic yard would be reduced by Bty perceat (50%).
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3) A water treatment plant to treat the displaced mine drainage would cost $20.3 million.
based on the parameters used for the Feasibility Study (FS) (ARCO, 1994b).

4) Water treatment would operate for 8 years at a rate of 6.8 MGD. The O&M cost of
treatment and sludge disposal would be estimated at $113.3 miflion (ARCO, 1994b).

5) The ground water displaced by the grout would be pumped from 10 existing mine shafts,
The cost of refurbishing the [0 shafts for ground water extraction is estimated to be $162.5
million.

6) The annual O&M cost for pumping the 10 shafts is assumed to be 15 percent of the
capital cost. For a period of 8 years. this O&M would amount to $195.0 million.

7y Contingencics for grouting are assumed to be 30 percent of the total cost. The
contingencies amount to $2 bitlion to $2.3 billion,

In summary. the cost of grouting the underground workings is estimated to be $9 billion (+
$.5 billion).

2.4.3.4 Injection of Acid Neutralizing Fluids

In order to estimate the cost of injecting acid neutralization fluids 1o remediate the bedrock
aquifer in an attempt to attain ARARs, the following assumptions were made:

1) To deliver acid neutralizing tluids to the underground workings. 10 injection borings per
acre would be drilled to an average depth of 2,500 tect below the ground surface. Over the
arca of the TI zone (6.75 square miles) the total linear footage that would need to be drilled
would be over 108 miflion feet. Assuming an average cost of drilling to be $100 per foot for
the first 1000 feet of drilling and $50 per foot for the remainder. the total cost of drilling the
grout borings will be approximately $7.56 billion.

2) Assuming lime and barium oxide would be needed to neutralize the acidic ground water
and to precipitate metals, the total amount of lime and barium oxide to treat the bedrock
aquifer ground water within the TT zone is estimated to be 17.8 million tons, at a cost of
$1.1 billion.

3) A water treatment plant to treat the displaced mine drainage during injection would cost
$20.3 million based on the parvmeters used in the FS (ARCO, 1994b).

4y Water treatment would operate for 8 years at a rate of 6.8 MGD. The O&M cost of
treatment and sludge disposal would be $113.3 million (ARCO, [994b).

5) The ground water displaced by injection would be pumped from 10 existing mine shalts,

The cost of refurbishing the 10 shafts for ground water extraction is estimated to be $162.5
million.
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6) The annual O&M cost for pumping the 10 shafts is assumed to be 15 percent of the
capital cost. For a period of § years, this O&M would amount to $195.0 million.

7) Contingencies for injection are assumed to be 30 percent of the total cost. The
contingencies amount to $2.6 billion.

In swmmary, the cost of injecting acid neutralization fluids is estimated to be $11.8 billion.

2.5 Alternative Remediation Strategy

In cases where it is not practicable to return usable ground water to its beneficial uses within
a time frame that is reasonable given the particular circumstances of a site. EPA expects to
a) prevent migration of contaminated water from the TI zone, b) prevent exposure 10
contaminated ground water within the TI zone, and ¢) evaluate further risk reduction (40
CFR §300.430(a)(1)(iii)(F)). Because it is not technically practicable from an engincering
perspective to attain these groundwater quality stanc ards in the designated area within the
bedrock aquifer, a waiver is invoked in the Record of Decision for the ground water ARARs.

The selected remedy consists of inundation of the mine workings along with other measures,
as outlined below., However, the selected remedy controls the rate of inundation (controlled
flooding). The remedy sclected for this OU will protect human health and the environment,
and will meet the NCP expectations for non-ARAR-compliant remedies as outlined in ()
through (c) above,

The selected remedy also provides the greatest balance of tradeoffs among the nine remedy
selection criteria, as discussed in the FS (and the ROD?). The major components of the
selected remedy are provided below:

1 Inflow Control: The remedy requires immediate control and treatment of surface
water as well as immediate control and treatment of subsurface flow in the cast
alluvial aquifer. This action will slow the present rate of Berkeley Pit flooding by
over 40% . The selected remedy also requires diversion of clean flows, presently used
by current mining operation, around the Pit once mining is discontinued.

2) Water Levels: The renedy does not allow water levels to rise in the Berkeley
Pit/East Camp system and the Travona/West Camp system above the established
levels of 5410 and 5435 1t msl, respectively.  EPA and the State believe these are
fevels at which human health and the environment will be protected,

J) Water Treatment Technology and Sludge Generation/Disposals  Acration with
two-stage hydroxide precipitation and reverse osmosis (i necessary) has been chosen
as the treatment technology for this action.  Any sludge disposal repository wilh meet
Montana solid waste regulations.  The declaration portion of the ROD directs disposal
of sludge in a repository in the mine arca or in the Berkeley Pit. However, the
selected treatment technology must be reevaluated when the water in the Berkeley
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4)

3)

b)

7

8)

9)

10)

D]

Pit/East Camp system reaches 5260 ft msl. The agencies remain flexible in the use of
other technologies proposed jointly by the responsible parties and developers of
technology, if it meets stream discharge standards. For a complete discussion of the
water treatment technology and sludge generation/disposal issue. see the declaration
and decision portions of ROD. ’

Construction of the Water Treatment Facility: Design will begin no less than cight
years prior to the projected date when the Berkeley Pit/East Camp system could reach
the critical water level. The facility will be completed four years prior to reaching
that level.

Performance Standards: The design, construction. operation and maintenance of the
water treatment and sludge disposal facility will be approved and monitored by EPA
and the State. Discharged water will meet State water quality standards.  Sludge
disposal acti ities will meet state and federal solid waste disposal regulations.

Comprehensive Water Monitoring Program: This wiil be used to track water
clevation and quality in the TT zone. The data will be used to ensure that a water
treatment facility is in place and operating before reaching the critical water levels.
The agencies will produce yearly written reports with the collected data and updated
predictions of when the critical water levels will be reached. Every three years the
agencies will review the entire monitoring program and make adjustments.

Dam Stability: The selected remedy provides monitoring and design criteria tor the
Yankee Doodle Tailings Pond to ensure that the dam doces not tail,

rroundwater Use Restrictions: Institutional controls will be employed to ensure
that there is no inappropriate use of contaminated bedrock groundwater.

Travona/West Camp System Water: EPA took action in 1988 to control the water
level of this system by pumping and treating Travona Shaft water. This remedy is
still appropriate, and is integrated into the Mine Flooding selected remedy.

Flexibility: There is flexibility in the way surface water inflow is controlled, the
method used to treat contaminated water, the bedrock water withdrawal point, and the
use of collected and/or treated water,

Five Year Review: Since hazardous substances will remain on site at levels above
those that would altow unlimited use and unvestricted exposure, the remedy will be
reviewed no ess often than every five years after initiation of the remedial action,
EPA and the State retain authority, under applicable federal and state law, to establish
lower water levels, or take other actions as necessary to deal with unanticipated
threats to human health and the environment.

The monitoring program is comprised of 13 bedrock monitortng wells (9 existing and 4
new), eight mine shatts, 15 existing wells completed in bedrock, and the Berkeley Pit, fora
total of 37 bedrock monitoring locations.  Also, there is over ten years of water level data
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for many of these locations plus additional water-level data is being added monthly to the
data base (see Figure 10 for monitoring point locations). The monitoring program has an
extensive data base on water chemistry with additional water quality data to be collected.
The selected remedy requires a three year review of the program. retaining flexibility to
adjust the program as needed. The current monitoring network (with the addition of new
monitoring wells in the West Camp and the flexibility to require additional wells if needed)
will assure the agencies and the public that ground water 1low towards the Berkeley Pit/East
Camp will be maintained.
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3.0 Conclusions

Attainment of ARARs in the bedrock aquifer within the TI zone is technically impracticable
from an engineering perspective. The principal reasons for this are: 1) the extremely large
horizontal and vertical extent of the contamination problem: 2) the potentially applicable
remediation technologies are not proven in conditions similar to this site; and 3) even if one
of the potentially applicable technologies were used, the cost of remediation would be
inordinately high. Additional clarification and conclusions are provided below. Table 3
summarizes and provides a comparison of the four remediation techniques evaluated in
Scction 2.4 above.

o It is infeasible to remove the contamination sources. Removal of the source, which
consists of approximately 34 billion cubic yards of partially mined-out bedrock, would
leave an open pit approximately 68 times larger than the current Berkeley Pit and
would eliminate the historic city of Butte;

. Implementation of pump-and-treat methods will cause progressive deterioration ot the
ground water quality and reverse the currently observable trends of improving
bedrock ground water quality by exposing more source material to oxygen;

. The ability to effectively deliver grout or acid neutralizing fluids to the subsurface is
very uncertain from an engineering standpoint due to the extremely large extent of
underground workings and the improbability of reaching all of the mine workings;

. Both grouting of the underground workings and injection of acid neutralizing fluids
are prohibitively expensive methods given the conditions at the site (estimated at $9
$11.8 billion, respectively);

. The volume of contaminated ground water comained within the bedrock aquiter of the
TI arca (Figure 2) is approximately 125 billion gallons.  Environmental and economic
effects of treatment of such a volume of ground water are not possible to predict;

. Inundation of the bedrock aquifer with control of migration is the only reliable and
available means to control and improve the quality of the bedrock ground water
within the TI zone. However, the selected remedy, considered to be an inundation
program, will not meet ground water ARARS.

i Since hazardous substances will remain on site ot fevels above those that would allow
unlimited use and unrestricted exposure, the remedy will be reviewed no less often
than every five years after initiation of the remedial action.  EPA and the State retain
authority, under applicable federal and state law, to establish lower water levels, or
take other actions as necessary o deal with unanticipated threats 1o human health and
the environment.
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Table 1
Butte Mines within the Butte Mining District

Adventure East Colusa Maria Rescue
Alexander East Grayrock Marie Louise Rialto

Alex Scott Edith May Martha Robert Emmet
Alice Ella Clark Mayflower Rocker
Alisbury Ella Ophir Michael Devitt Rock Island
Allie Brown Elm Orlu Midnite Rockwell
Amapore Emma Mill Site Rooney

Amy Silversmith Estrella Milwaukee Ryan

Annie and Ida Excelsior Minnie Healy St. Clair
Anselmo Flag Minnie Irvin St. Lawrence
Argonaut Fraction Minnie Jane Samantha
Atlantic Free-for-all Missoula Saukie East
Aurora Gabriella Modoc Saukie West
Ausania Gagnon Molly Murphy Silver Bow
Avery Gambetta Moonlight Silver Buillon
Badger Gem Moose Silver Chief
Badger State Gemania Moming Star Silver Lick
Balaklava Glangarry Moulton Silver Smith
Belk Goldsmith Mountain Central Sister
Belcher Grabella Mountain Chief Smoke House
Bell Granite Mountain Mountain Flag Snowball
Belle of Butte Gray Eagle Mountain Rose Snow Drift
Bellona Gray Rock East Mountain View Sooner
Belmont Gray Rock West Nellie Speculator
Berkeley Great Republic Nettie Star West
Black Chief Greenleaf Neversweat Steward
Black Rock Green Mountain Night Hawk Sun Dog
Blue Bird Hauie Harvey Nipper Sunrise

Blue Jay Hawkeye North Berlin Surprise

Blue Wing Hibemian North Star Tramway
Bob Ingersoll High Ore Ophir Transit

Buck Placer Jamestown Original Travonia
Buffalo Jersey Blue Orphan Boy Tully

Burke Jessie Wingate Orphan Girl Tuolumme
Burlington Josephine P-30 Valdemere
Champion Kansas Chief Pacific Slope Vulcan
Chattanooga Kanuck Parnell Wake-Up Jim
Chicago Kelley Parrot Walkerville
Chinook La Plata Pauline Wappelo
Clark’s Colusa Later Acquisition Paymaster West Colusa
Colorado Leonard Pennsylvania West Grayrock
Colusa Parrot Lexington Piccolo West Mayflower
Comanche Little Minah Pittsmont West Steward
Cora Liquidator Plover Wild Pat
Curry Lone Tree Poser Yankee Boy
Cut Hand Maggie Bell Rainbow Zella
Czarromah Magna Charta Ramsdell's Parrot Zeus

Darling Fraction Magnolia Rarus

Diamond Manhattan Read

Dixon

Marcaret Ann

Ready Cash



TABLE 2

AVERAGE AND HIGHEST CONCENTRATION VALUES OF CONSTITUENTS IN BERKELEY PIT, BEDROCK WELL, AND SHAFT WATER

AND ESTABLISHED STANDARDS

BUTTE MINE FLOODING OPERABLE UNIT

Constituent Berkeley Pit Bedrock Well Water? (ug/L) Shaft Water® (xg/L) MCLs* (ug/L)
Water' (ug/L)
Mean Highest Value Mean Highest Value
Aluminum 270,000 244 726 675 3,010 None
Arsenic® 710 52 254 2i1 1,380 soF
Cadmium 1,790 2.4 3.7 100 547 st
Calcium 440,000 127,610 172,000 276,321 573,000 None
Chioride 26,200 4,400 2,600 NA NA 250,000%
Copper 167,000 26.4 129 1,58] 20,800 1,300%
ron 897,000 9,231 17,600 50,094 307,000 300°
Lead 87 2.4 7.3 9.0 49.9 157
Magnesium 395,000 33,400 47,400 83,046 190,000 None
Manganese 161,000 2,306 4,170 31,503 129,000 5,000%
Potassium 22,700 14,523 22,300 12,232 29,600 None
Sodium 71,400 62,200 169,000 43,975 128,000 Noae
Sulfate 16,800,000 577,800 980,000 840,583 2,870,000 None
Zine 476,000 844 2,660 40.375 215,000 58
pH 3.0-3.38U7 5.8-7.6 SU 5.84-7.59 SU 5.72-7.33SU 5.72-7.33SU 6.5-8.5% SU

Socrce:  ARCO 19944

- ot -

Average concentration values are weighted averages of 1991 data based on Pit volume.
Average concentration values for bedrock monitoring wells A, B, C, D-2, E, and F.
Average concentration values for the Chester, Hebgen, Parrot, Aaseimo, Belmont, Emma, Granite Mountain, Kelley, Lexington, Margaret Ann, Orphan
Boy. 2nd Steward mine shatis,

¢ Maximum Contaminant Levels (i.e., primary” and secondary® drinking water standards).
* Acute and chroaic aquatic Water Quality Criteria; all values are based on a hardness of 100 mg/L CaCO, except arsenic and aluminum which are not

hardness dependent.

N kY
" Arsenic values are tor arsenic.
Range of pH values m Standard Unns.

-

NC ~ Not Calvulated.
NA = Not Analyzed.

Note: State of Montana Water Quality Bureau standard for arsenic (WQB-7) is 3.18 pg/L.




COMPARISON OF REMEDIATION TECHNIQUES FOR MEETING GROUNDWATER ARARs
BUTTE MINE FLOODING OPERABLE UNIT

TABLE 3

REMEDIATION TECHNIQUES COST CONSIDERATIONS POTENTIAL TO MEET ENGINEERING COMMENTS
GROUNDWATER ARARs UNCERTAINTIES
TOTAL COST RELATIVE
COST TO SR

Pump-and-Treat 400 miilion® 8x No* No Conventional; Perpetuates problem.

Inundarnion’ 50 million® 1 No No Conventional; Selected Remedy is a
“controlled flooding.”

Grout 9 billion* 13,000x Yes Yes Innovative; Cost and access issues
for drilling are limiting factors.

Injection of Acid Neuwtralizing 11.8 billion* 24,000x Yes’ Yes Innovative; Most experimental and

Fluids

unproven.

One regime of inundation is the Selected Remedy (SR) presented in Section 2.5 Alternative Remediation Strategy.
° Based on middle range of cost ($336-$462 million) und Berkeley Pit pumped "dry” in i1 years; see Section 2.4.3.1.

Based on Selected Remedy cost range of $42-850 million; see Section 2.3.4.2.

See Section 2.4.2.3.
See Section 2.4.2.4.

© Thus method actually degrades existing groundwater guality.
© This method has, in theory, the potential to meet ARARs: however, its applicability at such a large sitc makes this method questionable.




M
|
= N
rl')
%) TAILINGS
2o POND DAM -
=0
&35
oz CONTINE
DIVIDE
ALICE
PIT ] ‘
PRECIPITATIO :
ALICE .
DUMP— -
S ~u.
SYNDICATE
/ CONTINENTAL P
KE EAST CAMP
/ AREA
A/vsm/o
WEST
CAMP 5‘5‘
‘AREA (,)0/27;~ 5
o3 EAAA \ PITTSMONT
/ . QUMP
\ R IRAVONA —
\ 7 £-MR CONCENTRATOR \
| ‘°/
rUier 8o ) &S \
50 } X
=/ ~, VAR A
e, .
| = /
\ N e\
~ \
\ M
~ )
~ -
~ / Y
\ -
SCALE
5000 0 HO00 i1
/_‘X B 80 94 :f:'l“(:‘l‘)' FOR TECHMNICAL  TMPRACNCADILTY NG
Mo. | DATE ISSUE / REVISION bwh bvkes'o BYlarp oy




CONTINENTAL
/ DIVIDE

~— CONTINENTAL PIT

[

N

A

)
\
-~

\
/////

j Lt

LEGEND:

K
KELLEY

MINE SHAFT LOCATION AND
DESIGNATION

MONTANA

BUTTE

LOCATION MAP

NOT TO SCALE

BUTTE MINE FLOODING OPERABLE UNIT
SITE LOCATION AND FEATURES MAP

PREPARED TOR

ARCO

ANACONDA, MONTANA

DATE:. B30 -94

SCALE: _AS SHOWN

FIGURE. 1

DRAWING NUMBI R
S10




¢ Nt
- A
! : \
, \
% -
A
L

-~
s i g Berkeley\
7r [-_,,\..ZJ;T:L Ny
= 1[:%1" l&"";ﬂtﬁr‘iﬂ,“‘

- Cenlannlal Avo f ’ .
: el :
i - \ . \ - 3 - )
! \ [ ) et
" Colorndo Tallings' 4 . N KRR '(' N
B ” \ M - T, S KR
v \ L i
/
! (i .
— :‘
\ v
i
) 1




Figure 2

Area of Potential
Contaminated Bedrock Aquifer
for the BMFOU

Legend

. Aquifer Boundary
—emee Street or Road

~eme Hydrologic Feature
Building or Structure
. Section Line

B Pond or Containment
22— Gontaminated Aquifer

Boundary for area of potential contaminated bedrock
aquifer was provided by DHES and EPA

Bae map digitized by Horzons, In, from 1:7200 smbe
acrfal photos daed 4181989, The approxinate
horizontal accuracy of this data is 4 foet

NRIS does not guarantee the data for functionality,
acurxy, of belng free from emom  The user asumes
respondibliity to verify umbitity for thele purposs

0 K0 am
P bl

Scale in Peet

Albers Equal Ares Projection

Montann Srate LHamy

CNRIS -

Map F9SDHESSA
September 20, 1994




3101-E12

DRAWING
NUMBER

BERKELEY
PIT
NAY[%L!A‘:%:(;% I \{\

\ JAY 1, 1993

IR

uR
CONCENTRATOR
/

5460

CREEK ~_

ClELK

e RU LRENCE
- RSN (HTANID 1RO BUIIL MEE HOTUOG (FY R E
YT - HT MDA W S ICATUW/T AR ITY ARGY GAN |
LT ST AT AT XY

N HY| CX'D V| AD ay L]




PRECIPITATION T
PUNT ARE/A - ~562

t

I

515 SILVER BOW CREEK CERCLA REMEDIAL
Q INVESTIGATION MONITORING WELL SITE
LOCATION AND DESIGNATION (CHoM HILL, 1990)
w2 AMC, MBMG, MONTANA FOLE CERCLA SITE,
St | OR ARCO MONITORING WELL SITE
LOCATION AND DESIGHATKN {CH;M HILL, 1990)

LP—-O)‘ ALLUVIAL INVESTIGATION MONITORING
WELL LOCATION AND DESIGNATION

on-02 DOMESTIC, IRRIGATION, OR DEWATERING
WELL LOCATION ANG DESIGNATION (CHzM HUL, 1990)

9-2¢ PRIVATE WELL INVENTORY WELL LOCATION
AHD DESIGRATION (MBMG, 1993)

————— CURRENT SITE FEATURE BOUNDARY

= =~ == APPROXIMATE LOCATION OF ALLUVIUM/BEDROCK CONTACT
APPROXIMATE LOCATION OF CONTINENTAL FAULT,

emesmenms D' INDICATES DOWNTHROWN SIDE, *U" INDICATES

—— = SURFACE DRAINAGE OR WATER LEVEL

WATER LEVEL ELEVATION FEET ABOVE
— 5480 = yiean sEa LEVEL

ofeemwm  DIRECTION OF GROUND WATER FLOW

NOTES:
1. WATER LEVELS MEASURED DURING AUGUST 1993,
2. CONTOUR INTERVALS VARY.

0 0 0 1600 et

WATER LEVEL CONTOUR MAP

FOR THE ALLUVIAL AQUIFER
PREPARED FOR

ARCO
ANACONDA, MONTANA

DAIE — 0-28-94 - DRAWING NUMDER
SCALT  AS SHOWN FIGURE 3 Nt 12 N




3101-B3

MARGARET
ANN

YANKEE DOODLE
TAILINGS POND

TAILINGS
® POND DAM
2
] o
23 .
Gz N
ALGE PIT WASTE ROCK DUMP s
@ VALDEMERE -
W D
RISING STAR 0
// Pl RNTEA T T PRECIPITATI
/ =208
/ P AN R
/ LEXINGTON = s | \ ] o CEM
/ — e // // | N\ \ . .\ oet i
// o p /SN s /o Je. GRAYROC\K\ézbsc’__LAEgR. R
~BFIL St
MISSOULA / X /oReeN ” S N
J/ Ve \ /ML~ ~ - O »
/ - \ / ,// \\ ~ PR
e -y | DIAMOND >
POULM / / __MI. CON 7 ) — —— =
swpicare 7 @ Plia \
P/ 7N T T =
/S 7 ~ / \ | —r
o - AT, / —
ANSELMg////// STEWARD - _
PG, Ll New W 2
A S P Bz
b T o =T — @~
S~ _ cAGNON | ~_ // ANA | \ 8
EVER S
T~ | ORIGINAT L // SWEAT I T /{/ LJBERKEU'Y
. o ~
T~ 1/~ = [ shiari /~-\>§ |~
: ~ ~ . /\< - \ 7 \ \/\ -
y A o ORART ~ — s :\ VS SILVERBOW No 2
ll BELMON
. o
_ Eﬁm onsco MR CONCENTRATOR AREA
_ ~
e
_
- PIHSMOR
~
TRAVONA™ . -
T @ METRO STORM DRAIN
STAR WEST OPHIR
SILVER BOW CREEK 5 7' E‘

BLEERENCE.

ONAWING OUTAINED TROM HUTIE MINE (100DING 0Pt RAN L
UHNIT REMEDIAL INVESTIGANOR /VEASIBILITY. STUDY OIRASY
REPORT. ARCO JANUARY, 1494




E ALTUNA
ANACONDA, MONTANA
& IS5UL D HOR TECHRIGN IMPRAG TICABI 1TY Tho
§ W DAIE:. 9-1-94 DRAWING NUMBIER
AL ISSUE REVISION DWN. EIVjex'D By[arn ay "
Mo oAt Ut 7 s Sonlas qnown ] TIGURE 4 101 U3

ATI./;QTIC‘
BERKELEY PIT

SINBAD

- PITTSMONT DUMP

PITTSMONT No. )

PITTSMONT No. 3

PITTSMONT No. 4

PITSMONT No. 2

CONTINENTAL PIT

LEGEND:

MODOC
o

UNDERGROUND MINE LOCATION
AND DESIGNATION

— — — UNDERGROUND CONNECTION
BETWEEN MINES

— - — APPROXIMATE LOCATION OF BULKHEAD

SCALL
1800 Y 1RO0 HECT

MAP OF CONNECTED
UNDERGROUND MINE WORKINGS

PRLPARED FOR

ARCO

A\



3101-E2

[&]
E % SIEWARD
APPROXIMATE. EXISTING
rayyd ANSELMO
GROUND SURFACH
N SURFACE ey
580G ’—
J 5700 |- M
PR A S 4
e !
A
530 4&:1“"
; BEDROCK >
/
Ay
5100 | A 4
s900 |
Y
oy e A
7]
32 %Mpmmv -
i }_ DEOROCK > <COMPETENT
ty 4700 BEDROCK ;
5 o
z v
[=]
% 500 |-
e
e e I
0 |-
400 |
1 —t— e
00 |-
3700 |- e |
o |- i ;

NOTES;

1. CROSS SECNON LOOKING NORIH ——
2. SEE NGURE ) FOR PLAN LUCANION b 08
! P09
{ 65,71
| 02
i v
A Trsat For neitea neracTcAm oY RONET Tut

Ho.] DAIE ISSUE / REVISION twh Y| cx'0 Y| A'D aY




Al
PITTSMONT 1 %%
ALLUVIAL AQUIFER 2 0=1
WATER LEVEL PROJECTED) -2 .
[ 43 J
53 =14 5100
FUTURE g
CONDITIONS "
CRITICAL WATER LEVEL " - et
~ ELEVATION = 5410.0° MSL B s 1 L= =1 - ss00
L L oo I
—— - / |
/ -1 5300
CURRE .+ WEATRERED %\/ -
CONDITIONS . -BEDROCK . /V
JULY B, 1993 -
ELEVATION = 5041.6' MSL b H -1 5100
. 280 | R -
h 4 X
A
COMPETENT e
- “<COM|
g BERKELEY HEDROC/K
ETENT PIT ¢
ROC/K 4 v
T RS BERKELEY e
SHAFT SHAFT
L d oo
T e A
e T
e
“T A 4300
o - 4100
e -4 Jooo
'4/
<COMPETENT
RLORACK >
A At T m—————— v
v -1 3700
S — — - 3500
H |l
VERTKAL SCAF
i ™ e iriopis ’
200 0 00 400 e
LEGEND; N——
” MINE SHATT AND UNDERGROUND WORKINGS 00 o s 1000 ¢111
: CRINCAL WATLR LEVEL (CW) REPRESENTING CROSS SECTION OF
FUTURE WAIER LEVLL tLEVATIONS BERKELEY PIT
.. CURRENT WATER LEVEL FLEVATION PREPARED FOR
AS OF JULY 8, 1993
P08 . .
us
[pogg  MLUVIAL AQUIFER MONITORING WELI ARCO

D-1.0-2 OEDROCK MONITORING WELLS ANACONDA, MONTANA

¥ WATER LEVEL ELEVAIION

e GROUND WAILR fiow

ELEVATION, FEET {(MSL)

DWIE: 8-30-94 DRAWING NUMDER
SCALE: _AS SHOWN FIGURE 5 3101-£2




3 N
48]
L YANKEE DOODLE
o TAILINGS POND
M
D TAILINGS
POND DAM~—
28
oz B
| MARGARET S\
ANN -] PR
-——— ST
~~ . . PRECIPITATION o
\E'\',\‘.PLAN,T L
LFXINGTON GRANITE MTN. . . _‘ \‘ o '~’ \
R (0820 ST TN
N WASTE S\ N
3 ROCK " "\\, \
3 -DUMP oA
KELLEY
(507/.0)'5?
ANSELMO
N\(096.0) 0% BERKELEY PIT
STEWARD \\ ELEVATION OF
(5080.6) WATER = 5049.61 FT.
JULY 1, 1993
(&)
A »
) N
S BELMONT \\\\\\\\\V A\
\@w) AT R
A WAV AxAI
n EMMA'Y‘\ 30 ' »‘“‘
(5420.6) 400 oH- \
BRI S’ RN
(5541 5500 PARROT ' > <“
R HEBGEN PARK (5449.6)
TRAVONA PARK (5385.0) &
(5421.35) (5493.45) ‘
DOH-5 = DbU
. U (5079.9) (908,
METRO STORM DRAIN -
-~ MR CONCENTRATOR A
SILVER BOW CREEK-
1\ // \\:-., _A____//‘/ ﬁl%t\!f:il(:\fl(llsl;(l) PROM BUHTE NINE FLOODING 050 RARLE
e UM REMLDWAL A STIGATION ZHLASIHE TTY STUDY DRAS !
. . \‘ REPORT, ARCO JANUARY, 14994
- ~




CONTINENTAL

FAULT

5" ‘DDH-8 ~—
2.9) (5082.3)
TRATOR AREA \?
ISSUED FOR TECHNICAL  IMPRACTICADHITY IMG
LOODING OPURARLE A PR M
rOSTUDY DRAFT
No.| DAIt 1550/ REVISION wn Yoo Gyjaes o

LEGEND:
A BEDROCK MONITORING WELL
® LOCATION AND DESIGNATION
DDH--4 DIAMOND DRILL HOLE LOCATION
d AND DESIGNATION
PARROT MUNICIPAL MONITORING WELL
PARK ® LOCATION AND DESIGNATION
X MINE SHAFT LOCATION AND
KELLEY DESIGNATION
BEDROCK WATER LEVEL ELEVATION,
(5062.3)  CEFT ABOVE MEAN SEA LEVEL
~5080 — BEDROCK WATER LEVEL ELEVATION,

G

FEET ABOVE MEAN SEA LEVEL
DIRECTION OF GROUND WATER FLOW

NOTES:

1.

-CONTINENTAL PIT

BEDROCK AQUIFER MONITORING WELL E NOT
USED FOR CONTOUR MAP INTERPRETATION
BECAUSE OF ANOMALOUS WATER LEVEL
MEASUREMENTS.

ALL WATER LEVELS MEASURED DURING
JULY 1993,

FOR CONTINENTAL FAULT, D INDICATES
DOWNTHROWN SIDE AND U INDICATES
UPTHROWN SIDE.

. WATER LEVEL ELEVATIONS IN THE TRAVONA

SHAFT AND THE CHESTER STEELE AND
HEBGEN PARK WELLS ARE AFFECTED BY
PUMPING IN THE TRAVONA SHAFT.

SCALE
1800 0 1800 FEE

WATER LEVEL CONTOUR MAP
FOR THE BEDROCK AQUIFER
PREPARLD 1OR
ARCO
ANACONDA, MONTANA

DAL 9 194
SCALE: AS SHOWN

FIGURE 6

S101 34

DRAWING NUMBER

A\



YANKEE SILVER
WEST NORTH
- DRAINAGE Dg,SEDELK[ DRAINAGE ow
< _
| 0.21) 09 | (0.28)
oy (0.34)
o
o y
™ f <018 EAST
_ | YANKEE DOODLE DRAINAGE
O TAlLlNGS POND (NEG)
28 e ALLUVIUM
g § HORSESHOE l 0.17)
BEND O o e FVAPORATION
\ N (3.10) | STORAGE
EVAPORATION Lo IN
(0.86) TAILINGS
! (NEG) (0 10 2.68)
PRECIPITATION (1.45)
PLANT -
(1.54) ~ EVAPORATION (21.82)
(15.80) .
(14.43) (o1
() LEACH PADS |
AREA
NET PRECIPITATION,
RUNOFF AND ) @ 1 b7
EVAPORATION " (18.80)
T~
(0.58) (2?)
] ALLUVIUM |
(0.30)
BERKELEY | 0.14) heaQEEn
PIT STATION
\
(21.94) {
SWVER take | (1A MR 037 | contmniac
BEDROCK PIPELINE CONCENTRATOR Pt
AQUIFER
moisture v _ (MO (0.47)
LEGEND: CONCENTRATES =% CONSUMED
(.57  FLOW VOLUME, MILLION
' GALLONS PER DAY
(NEG) FLOW IS NEGLIGIBLE
(?7) FLOW IS UNKNOWN
NOTES: BMFOU WATER BALANCE
1. FLOW FROM McQUEEN BOOSTER STATION FLOW DIAGRAM
INTO BERKELEY PIT EQUALS 0.14 MGD PRUPARED TOR
OF SLURRY OR 0.12 MGD OF WATER ONLY. )
REEERENCE; ARCO
DA LANLD, 1 BUTIE it PO Ortve ANACONDA, MONTANA
REPORT. ARCO JANUARY, 1994
SSUEL FOR IECHHNICAL IMPRACIICABILITY
A o T 7
No.| DAIE ISSUL 7 REVISION Wi avfoxo ovfao o ls)i\,]\[u ZIZ 94 FIGURE 7 l)le{:\;v:;q’(, ﬂ;mm i
//‘\\



MY

ions)

h]

Votume

(Bilhons of €

50

i
I

Q)
(o)

2C

Underground Workings

Fractured Rock

VOLUME OF STORAGE SYSTEMS
PREPARED FOR
ARCO
ANACONDA, MONTANA

3}
v

FIGURE 8




N s

A i

tRALRIAL
cieix -~

tue ELHERERCE,
- co e TR R R A A S
- RO 3T (WY
PIYRREPHS R PRI 1 R R k

=
MARGARET ANN
[As] 0.0052
I~ {ce¢] ooce9
m (Cu] 001
| [P} 000082
—
o
—
M
“
i ’
&3
oz
UXNGICR
{As) 0.0067
{ce} 0.547
[cu] 0267
{Pe) 60018
R
XELEY
P [(SYRET
STERATD [ca) a4
s ol oo BERKELEY PIT
. ol 6.5 {ro} cats {ivanon of
. ae T R
{n] 00198 (P 00018 (as) 03
[ca} 0.0141 o
fou) 024 feu] 1110
(o} 0.0011 (] 00053
CPNSSWERY —
cq) 0.183
T % o
[as) 00212 -
{6a) 00934 b 0118 -
(o] 108 {m] A1) - -
“ cu) 006
{ru} po0t7 5
™) o00ts /\‘%ﬁ» rarpor @
~ [(as) 00078
L - {cal o218 ] 0754
g veBGeN {x} one. fes) ooozs
[As) 00042 o falaom2 o
- fcs) 0008 () 00013 qlr'-}-—-fb
-~
> fcu) 001y S
- (Pr] aoost ~ / L
AR TR
S1onu /
ORAN /
SAMR BOW /

MR
CONCEHTRATO
AREA




PRECIPITANON

PLANT AREA I \

LEACH PAD
No. 7

. [as) 00089
— [cal 00023
@ tcu) 00012
B {Pb) 0.0010
€ [#] 00325
[« - (ca) 0.0027
T— {cu} 0.007
@ 0-2 (v} 0.00002
[na) 00127
[cd} 0.00055
[cu] 0.016
[Pb) 0.0006%

PITTSMONT
ouMP

!
A [As) 0.0802 [td} oo0o4s ' ae
@ [cd) 0.0037 fcu] 0015 i "
[ev) O.120 {ro] 0.0011 , -
S - [Pb) ©.0082
i
MR . !
CONCENTRATO
AREA | —
| \
! \
l \
| \
\
' \
A\
I 5
l N
\
CUNRNENIAL |
FNAT \

LEGEND:

A

REEMD o

HERGEN g MUNICIPAL WELL

CURRENT SITE FEATURE BOUNDARY

-] BEDROCK AQUIFER MONITORING WELL LOCATION AND DESIGNATION
MINE SHAFT LOCATION AND DESIGHATION FOR MONITORING THE BEDROCK AQUIFER

— == — = APPROXIMATE LOCATION OF ALLUVIUM/BEDROCK CONTACT

= —= ~— SURFACE DRAINAGE OR WATER LEVEL

APPROXIMATE LOCATION OF CONVINENTAL FAULT,
=== 0 INDICATES DOWNTHROWN SIOE, "U° INDICATES

UPTHROWN SIDE
As ARSENIC
(& CADMIUM
COPPER
P LEAD

1 CONCENTRATIONS DETECTED OURING THE 15t QUARTER SAMPUNG EVENT (MAY 1991).
2 MONITORING WELLS F AND B WEREL SAMPLED IN APRIL, 1993,
3. BERKELEY PT S LES WERE TAXEN