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RECORD OF DECISION

STREAMSIDE TAILINGS OPERABLE UNIT OF THE SILVER BOW
CREEK/BUTTE AREA (original portion) NATIONAL PRIORITY LIST SITE

INTRODUCTION

The Montana Department of Environmental Quality (MDEQ)' and the U.S. Environmental
Protection Agency (EPA) present the record of decision for the Streamside Tailings Operable
Unit (the SST OU) of the Silver Bow Creek/Butte Area (original portion) National Priorities
List (NPL) Site, Butte, Montana. The record of decision is based on the administrative
record, remedial investigation/feasibility study, the proposed plan (MDEQ, 1995a), the
public comments received, including those from the potentially responsible party, EPA
comments, and other pertinent information. The record of decision presents a brief outline
of the remedial investigation/feasibility study, actual and potential risks to human health and
the environment, and the selected remedy. MDEQ followed the Comprehensive
Environmental, Response, Compensation and Liability Act (CERCLA), the National
Contingency Plan (NCP), and EPA guidance in preparation of the record of decision. The
record of decision has the following three purposes:

l. To certify that the remedy selection process was carried out in accordance with the
requirements of the 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 remedial components and goals of the selected remedy; and

3. To provide the public with a consolidated source of information about the history,
characteristics, and risks posed by the conditions at the OU, as well as a summary of
the cleanup alternatives considered, their evaluation, the rationale behind the selected
remedy, and the agencies’ consideration of and responses to the comments received.

The record of decision is organized into three distinct sections:

o The Declaration functions as an abstract for the key information contained in
the record of decision and is the section of the record of decision signed by the
Director of the Montana Department of Environmental Quality and the
Assistant Regional Administrator for Ecosystems Protection and Remediation,

' The Montana Department of Environmental Quality was created on July I, 1995, by consolidating
environmental programs from the Departments of Health and Environmental Sciences, Natural Resources and
Conservation, and State Lands. The majority of the SST OU investigation was conducted under the authorities of
the predecessor Montana Department of Health and Environmental Sciences (MDHES).
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EPA Region VIII;

The Decision Summary provides an overview of the OU characteristics, the
alternatives evaluated, and the analysis of those options. The Decision
Summary also identifies the selected remedy and explains how the remedy
fulfills statutory requirements; and

The Responsiveness Summary addresses public comments received on the
proposed plan (MDEQ, 1995a), the remedial investigation/feasibility study and
other information in the administrative record.
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STREAMSIDE TAILINGS OPERABLE UNIT ROD - DECLARATION

OPERABLE UNIT NAME AND LOCATION

Streamside Tailings OU of the Silver Bow Creek/Butte Area (original portion) National
Priorities List Site in Silver Bow and Deer Lodge Counties, Montana.

STATEMENT OF BASIS AND PURPOSE

This decision document presents the selected remedy for the Streamside Tailings Operable
Unit (the SST OU) of the Silver Bow Creek/Butte Area National Priorities List (NPL) Site.
The Montana Department of Environmental Quality (MDEQ), in consultation with the United
States Environmental Protection Agency (EPA), selected the remedy in accordance with
CERCLA, as amended by SARA, and, to the extent practicable, the NCP. The EPA
concurs in and adopts the selected remedy. The attached index identifies categories of
documents or records that comprise the administrative record upon which the selection of the
remedial action is based (Appendix B).

ASSESSMENT OF THE OU

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

DESCRIPTION OF THE SELECTED REMEDY

This is the final remedial action for the SST OU. This remedial action addresses the
principal threats and provides for treatment and appropriate disposal of contaminated
tailings/impacted soils, instream sediments, and railroad materials. Much of the treated
materials will remain in the OU. Consequently, the OU will require long-term management
and monitoring.

The principal contaminants of concern at the SST OU are arsenic, cadmium, copper, lead,
mercury, and zinc. This remedial action is generally described as Alternative 5 in the
Feasibility Study (ARCO, 1995b) and the proposed plan (MDEQ, 1995a). Some refinements
to Alternative 5 have been made to clarify the criteria used to require excavation of
tailings/impacted soils, to more precisely identify excavation of contaminated railroad bed
materials, and to specify an institutional controls/maintenance program that will be used to
manage the Silver Bow Creek corridor in the future. This record of decision establishes
cleanup levels or physical criteria for these and all other contaminants of concern at the SST
OU. The major components of the selected remedy include:
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STREAMSIDE TAILINGS OPERABLE UNIT ROD - DECLARATION

Tailings/Impacted Soils

1.

Excavation of contaminated tailings/impacted soils from most areas within the
present 100-year floodplain as delineated in the CH2M Hill (1989) Flood
Modeling Study ("floodplain"). The removed volume will include all
tailings/impacted soils continuously or seasonally saturated by groundwater
together with the tailings/impacted soils overlying these saturated tailings
(collectively, "saturated tailings"), tailings/impacted soils located where in-situ
Streambank Tailings and Revegetation Study (STARS) treatment cannot
reliably immobilize the contaminants, and tailings/impacted soils subject to
erosion and re-entrainment into the stream. These criteria, together with the
other details on the selected remedy, are more fully described in the Decision
Summary below. The total volume of saturated and overlying
tailings/impacted soils to be removed is presently estimated at approximately
700,000 cy. The total volume of tailings/impacted soils subject to erosion and
therefore to be excavated is estimated at approximately 850,000 cy (1,550,000
cy collectively). Specific locations and volumes of excavated materials will be
determined by the agencies during remedial design/remedial action.

To meet the established OU remedial objectives, tailings/impacted soils will be
removed from the floodplain where: (1) tailings/impacted soils are saturated by
groundwater during any part of the year, (2) in-situ Streambank Tailings and
Revegetation Study (STARS) treatment cannot reliably immobilize the
contaminants, for example, due to the thickness of the tailings/impacted soils,
proximity of the tailings/impacted soils to groundwater, or lack of appropriate
buffer materials between the treated tailings/impacted soils and the
groundwater, or (3) the treated tailings/impacted soils could be eroded back
into the stream by natural lateral stream migration, channel avulsion, overbank
flow, or flood events. A detailed discussion of this topic is presented in
Section IX (Selected Remedy) of the Decision Summary.

All remaining tailings/impacted soils (approximately 950,000 cy) within the
OU will be treated in-situ with the STARS technology and appropriately
protected from washout or erosion from lateral stream migration and flood
flows. In-situ and adjacent repository STARS treated areas will not be placed
or left where they can be eroded back into Silver Bow Creek.

Excavated tailings/impacted soils will be relocated to safe, local repositories
clearly outside of the present 100-year floodplain as defined by CH2M Hill
(1989) provided that appropriate locations can be identified and delineated for
repository use and that an appropriate institutional controls/maintenance
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STREAMSIDE TAILINGS OPERABLE UNIT ROD - DECLARATION

program can be implemented. Tailings/impacted soils placed in the relocation
repositories will be fully treated with lime amendments in 2-foot lifts and will
be revegetated in accordance with the STARS technology. If appropriate
locations and an appropriate institutional control/monitoring and maintenance
program cannot be implemented, excavated tailings/impacted soils and other
wastes would be removed to centralized dry repositories and appropriately
handled and disposed of there.

Replacement fill will be required in most locations where tailings/impacted
soils are removed. Replacement fill and streambank reconstruction with
suitable growth media having an appropriate texture and particle size
distribution will be required. A key to long-term streambank stabilization will
be establishment of mature riparian vegetation. Grass, forb, willow, and tree
species will be specified based on local climatic conditions, proximity to
stream channel, and ability to produce dense root systems at maturity. The
overall topography of the replacement fill material will be appropriately sloped
toward the stream channel, with the goal of creating geomorphic stability.

Because numerous repositories, which will be treated with the STARS
technology, will be located near the floodplain in several areas along the
length of the stream, and because in Subareas 2 and 4 a substantial amount of
tailings will be treated with the STARS technology on the edges or just outside
of the floodplain, a permanent monitoring, management, and maintenance
program is an integral part of the remedy. Monitoring, management and
maintenance will address vegetative performance on both STARS treatment
areas and remediated streambanks, streambank stability and channel meander.
This remedy will also ensure that the metals are immobilized at all in-situ
remediated areas and removal repositories through vadose zone, saturated
zone, and overland flow monitoring.

Instream Sediments

1.

Fine-grained instream sediments (less than or equal to one millimeter in size
[ < 1mm)]) located in every depositional areas will be removed and placed in
repositories with the excavated tailings/impacted soils and railroad materials.
This size fraction was identified because it corresponds with the size of the
tailings/impacted soils and contains the bulk of instream contamination.
Specific volumes and locations to be excavated will be determined by the
agencies during remedial design/remedial action. This sediment volume is
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presently estimated at 73,000 cy as presented in the RI report (ARCO, 1995a).

After removal of contaminated sediments, the channel bed and streambank will
be reconstructed to an appropriate slope and other critical dimensions with
materials of appropriate size, shape and composition. This reconfigured bed
will contain suitable bedform morphology (riffles, bars, pools, etc.) for aquatic
habitat. Streambanks will require adequate growth media to allow for
immediate establishment of a healthy riparian vegetative system to protect the
remedy from high flows.

Instream sediment monitoring will be performed during and after the response
action to ensure that contaminated instream sediments have been adequately
remediated. Monitoring will include sampling of instream sediment for
sediment contaminant concentrations as well as macroinvertibrate abundance
and diversity. Maintenance to deal with continuing sediment contamination
over time may be necessary, depending on the results of long-term monitoring.

Railroad Materials

10.

11.

The remedy will excavate, treat and/or cover all contaminated railroad bed
materials that pose a risk to human health or the environment. All concentrate
spills, which are the primary human health concern for the railroad beds, will
be removed and disposed in an appropriate and secure disposal facility in
accordance with any applicable RCRA requirements. Railroad materials which
directly impact the stream either at bridge abutments or along the streambank
will be excavated and disposed in repositories along with the tailings/impacted
soils and instream sediments. The actual amount and methods of excavation
and/or treatment will be determined during remedial design. The estimated
volume of excavated materials is presently 71,000 cy. The in-situ STARS
technology or soil capping is expected to be appropriate for all other areas of
the inactive grade presenting environmental risk.

Monitoring and maintenance of the remediated railroad materials will be
required to ensure that contaminant sources are not exposed as a result of
erosion and do not cause future contaminant loading to the stream.
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Ground and Surface Water

13.

14.

Coordination

15.

While Silver Bow Creek ground and surface water are primary receptors of
SST OU contamination, no separate remedial action is being prescribed for
these media. Remedial activities for other SST OU media under this record of
decision and for sources of contaminants upstream/offsite under other cleanup
actions will limit further releases to ground and surface water with the goal of
ultimately attaining ground and surface water standards within the OU.
Removing the source of groundwater contamination by addressing the
tailings/impacted soils and railroad materials, will allow contaminants in
groundwater to attenuate over time through dilution, adsorption, precipitation,
and dispersion.

Removal of the tailings/impacted soils, fine-grained instream sediments, and
railroad materials will allow for the attainment of instream sediment and
surface water objectives, over time. Removing the sources and interrupting
the pathways for surface water contamination by addressing all the
contaminated materials should permit eventual attainment of the surface water
objectives.

Long-term monitoring of ground and surface water is a critical element of the
remedy. Surface water will be monitored for compliance at a number of
points in the OU to ascertain possible surface water contaminant loading from
onsite/nearsite contaminant sources. Groundwater will be monitored at
locations of documented or suspected groundwater contamination, all
relocation areas, and other locations where STARS treatment has been applied.

and Schedule

An institutional controls program, which must be funded on a permanent basis
as part of the remedy, will be coordinated through a joint effort of the Butte-
Silver Bow and Anaconda-Deer Lodge local governments. Institutional
controls, monitoring, and maintenance will be integrated into a Silver Bow
Creek corridor management program. The program will be established and
maintained in a manner that will ensure that all aspects of the OU remedial
action, both within and outside of the floodplain, are maintained for the long-
term, and ensure that the future land use in the area is consistent with the
scenarios upon which cleanup decisions for this action have been based.
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16.  Construction of the proposed remedy will be coordinated with other cleanup
activities along Silver Bow Creek. Releases of contaminated instream
sediments and surface waters prior to, during, and following remedial action,
which might re-contaminate Silver Bow Creek, will be suitably controlled and
treated. The design and schedule of the OU remedy will be coordinated with
the design and installation of upstream sediment control basins. If adequate
upstream control facilities are not in service at the time of initiation of
construction of this remedy, then additional sediment control and treatment
facilities will be provided as a part of this remedy or other scheduling
adjustments will be made. The implementation of the remedy will also be
coordinated to the maximum extent possible with the possible implementation
of the State’s natural resource damage restoration plan in order to avoid
duplication of effort and unnecessary costs and to maximize the benefits (o the
area.

17.  Butte-Silver Bow County and ARCO are initiating research on constructed
wetlands as a potential treatment technology for waste water nutrient discharge
and stormwater metals contamination. To coordinate with this research, the
end land use in Subarea 1 has been delineated as wetlands. After removal of
all the above mentioned contaminant sources, reconstruction of the Subarea
will be designed to incorporate use of the area as wetlands. Constructed
wetlands in this area may be used as a treatment system for nutrients and/or
metals from upstream, if such treatment is ultimately determined to be
appropriate in this area.

STATUTORY DETERMINATIONS

The selected remedy is protective of human health and the environment, complies with
federal and state requirements that are legally applicable or relevant and appropriate to the
remedial action except where a waiver of such requirements has been determined to be
appropriate, and is cost-effective. This remedy uses permanent solutions and alternative
treatment technologies to the maximum extent practicable and satisties the preference for
remedies that employ treatment that reduces toxicity, mobility, or volume as a principal
element. Because this remedy will result in hazardous substances remaining in the OU above
health or environmental based risk levels, periodic five-year reviews of the remedial action
shall be conducted, beginning within five years after initiation of remedial action, to ensure
that the remedy continues to provide adequate protection to human health and the
environment.
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GLOSSARY

Administrative record: The files containing all documents relied upon by the agencies in
selecting a remedy at a Superfund site.

Applicable or Relevant and Appropriate Requirements (ARARs): Legal requirements,
criteria, or limitations which are set forth in federal and state environmental and facility
siting laws and regulations.

Backfill: Clean soil used to replace contaminated material which was removed.

Baseline human health and ecological risk assessments: Studies conducted as part of the
remedial investigation describing the risks posed to public health and the environment at a
Superfund site.

Ground water: The water contained in interconnected pores located below the water table.
Impacted soils: Soils mixed with tailings or which tailings have leached inorganics into.
In-situ: Activity occurring in-place or without removing the contaminated material.
Institutional controls (ICs): Laws, regulations, or covenants that restrict certain activities or
uses to ensure the effectiveness of remedy, such as zoning restrictions, deed restrictions, well

bans, etc.

Maximum Contaminant Levels (MCLs): Federal drinking water standards which represent
the maximum permissible level of a contaminant in a public water system.

Maximum Contaminant Level Goals (MCLGs): Non-enforceable drinking water standards
that represent the levels of contaminants that are fully protective of human health and allow
an adequate margin of safety.

National Contingency Plan (NCP): The federal regulations implementing Superfund, found
at 40 CFR Part 300.

Operable Unit (OU): A term used to describe a designated portion of a Superfund site. An
operable unit may be established based on a particular type of contamination, contaminated
media (e.g., soils, water), source of contamination, and/or geographical location.

Operation and maintenance costs: The costs of activities conducted to maintain the
effectiveness of the remedy, after physical construction and initial implementation of the
remedy.




GLOSSARY (cont.)

Potentially responsible party (PRP): Individual, organization or business who may be liable
to implement or pay for a cleanup under Superfund law.

Remedy: The response action that addresses potential or actual threats to public health,
welfare and/or the environment at a Superfund site.

Record of decision (ROD): A public document that selects and describes the remedy that
will be used at a Superfund site. The record of decision includes the explanation of the
agency’s rationale for choosing a remedy.

Relocation: Excavation of tailings/impacted soils from the 100-year floodplain, placement of
those wastes in a nearby, local repository, and treatment of those wastes using STARS
treatment.

Remedial investigation/feasibility study (RI/FS): During the remedial investigation, the
types, amounts and locations of contamination at a site are identified. In the feasibility
study, alternatives for site remedy are identified, screened and evaluated.

Removal: Excavation of tailings/impacted soils located in the floodplain and placement in a
‘regional dry repository. The two potential repository locations identified in the SST OU
- Feasibility Study were Browns Gulch and the Opportunity Ponds.

Streambank Tailings and Revegetation Studies (STARS): Chemically amending floodplain
tailings in-situ. Lab, greenhouse, and field studies, commonly referred to as STARS,
developed a technology specifically for consideration at the Streamside Tailings OU.

Tailings: A sand to silt sized by-product of ore milling operations.

Vadose Zone: The zone between land surface and the water table. Pore spaces in this zone
contain disconnected water.

WOB-7: A promulgated list of State water quality standards specifying concentrations of
contaminants which, if not exceeded, should be protective of human health and should
support a healthy ecosystem. Concentrations of contaminants which are toxic to aquatic life
are usually expressed in terms of acute (short term) or chronic (long-term) effects. Acute
toxicity is usually expressed as a lethal concentration while chronic toxicity refers to effects
over an extended time period.

xi
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I. OPERABLE UNIT NAME, LOCATION AND DESCRIPTION

Streamside Tailings (SST) Operable Unit (OU) of the
Silver Bow Creek/Butte Area (original portion)
National Priority List (NPL) Site
Butte, Montana

The SST OU is located along Silver Bow Creek in Butte-Silver Bow and Anaconda-Deer
Lodge Counties, Montana. Figure 1 displays the general- location of the OU. Figure 2
illustrates the SST OU. Silver Bow Creek is the main drainage within the SST OU and is
the headwaters of the Clark Fork River. Silver Bow Creek originates in Butte at the
confluence of the Metro Storm Drain and Blacktail Creek.

The OU boundary has been defined in the Administrative Order on Consent (AOC)
(MDHES, 1991) as the extent of fluvially deposited tailings along Silver Bow Creek,
including adjacent railroad beds. The upstream boundary of SST OU is the Lower Area One
(LAO) portion of the Priority Soils OU, and the downstream boundary is the Warm Springs
Pond (WSP) OU. For the purposes of the remedial action, the operable unit boundary will
also include any additional areas in close proximity to the contamination that are necessary
for implementation of the remedial action.

The area containing and surrounding the previous location of the Rocker Timber Framing
and Treating Plant (Rocker OU) adjacent to Silver Bow Creek in Rocker, Montana, is a
separate and distinct OU. The Rocker OU is being investigated and evaluated separately
with regard to contaminants associated with historical wood treating activities and mining
wastes mixed with such wastes at the Rocker operation. Remediation of the streamside
tailings and railroad materials containing contaminants of concern within the Rocker OU will
be coordinated with the SST OU. ’

II. OU HISTORY

The first recorded disturbance of the Silver Bow Creek channel occurred in 1864 when
placer mining techniques were used to extract gold along the stream and its tributaries
(Freeman, 1900 and Smith, 1952). The gold recovered by placer mining was relatively pure,
in the form of dust, flakes, or nuggets. Mercury was sometimes used to "attract” small
pieces of gold. This phase of mining activity was short-lived; most placer operations in the
area had ceased by 1869, although minor activity continued on a few local streams
(Reclamation Research Unit and Schafer and Associates [RRU and Schafer], 1993).

Some evidence of early placer mining along upper portions of Silver Bow Creek is still
evident in the form of waterways required to convey water for hydraulic mining and spoils
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piles (Historical Research Associates [HRA], 1983). The waterways are in disrepair and no
longer convey water. As Butte’s placer deposits played out during the 1870s, miners turned
their attention to the area of hardrock mining. There is no clear record of the amount of
mining wastes produced and disposed of by placer miner operations.

Concomitant with placer mining along Silver Bow Creek, hard rock mining started on
mineralized vein outcroppings on Butte Hill, north of Silver Bow Creek (Smith, 1952).

Some mining claims on the Butte Hill were re-staked in the 1870s because of favorable
assays of silver ore found in the area.(Smith, 1952). Silver mill construction during the mid-
1870s ushered in the era of industrial mining in Butte. This rejuvenated mining activity in
Butte and, by 1878, several small mills were operating in the area. A combination of factors
contributed to a boom in Butte’s silver production during the early 1880s. Completion of
railroads to Butte in 1881 along with favorable silver prices led to a drastic increase in mine
production. Most existing mills increased their production.

Between 1879 and 1885, at least six major mills were built along Silver Bow Creek from
Meaderville to Williamsburg. These mills were operated more or less continuously until
1910 (Freeman, 1900; Smith, 1952; HRA, 1983). The early mills were steam-powered
stamp mills (5-10 stamps) designed to crush, concentrate, and amalgamate silver ore. Mills
constructed during this time were the: Centennial, Dexter, Davis, Young and Roudebush,
Walker Brothers, Clipper, Silver Bow, Grove Gulch, and Thornton (Gagnon)(HRA, 1983).
By 1886 five new mills appeared in the vicinity of Butte’s Missoula Gulch and along Silver
Bow Creek: the Alice, the Moulton, the Lexington, the Marget Ann, and the Blue Bird
(HRA, 1983). The Blue Bird mill was located on Silver Bow Creek east of the town of
Rocker (Figure 2) and contained 90 stamps which was unusually large at the time.
Production capacities from these new mills were many orders of magnitude greater than
previous mills. Butte’s silver era ended with the repeal of the Sherman Silver Act in 1893.
These mills produced tailings and other mining wastes, which were disposed of near the
mills. Some of that waste material was disposed directly into or washed into Silver Bow
Creek.

By the late 1880s copper mining had become more important, and Butte became one of the
nation’s prominent copper mining centers. Many of the previously described mills and
smelters were used for copper production, and more mills and smelters were added. Five
such facilities located along Silver Bow Creek were especially significant. They are the
Colorado Smelter, the Butte Reduction Works facility, the Parrott Smelter, the Montana Ore
and Purchasing Company Smelter, and the Butte and Boston Smelter. All of the described
facilities along Silver Bow Creek discharged wastes alongside or directly into Silver Bow
Creek.
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These facilities operated large concentrators and smelters and disposed of very large volumes
of waste directly into or near Silver Bow Creek.

A copper smelter (Old Works) was constructed near the mouth of Warm Springs Creek at the
new town of Anaconda, 27 miles west of Butte, in 1884 (Smith, 1952; RRU and Schafer,
1993). The new Washoe Smelter was constructed and began operations on Smelter Hill,
directly east of Anaconda, in 1903. The major smelters erected along Silver Bow Creek in
the Butte vicinity continued to operate until approximately 1910 (HRA, 1983). The
Amalgamated Copper Company and the Anaconda Copper Mining Company took possession
and control of almost all other companies and facilities in the Butte area. These companies
ultimately combined into the Anaconda Copper Mining Company. After 1910, most of the
ore mined in Butte was then shipped via the Butte, Anaconda and Pacific Railway (BA&P) to
the Anaconda Copper Mining Company’s (AMC) Washoe Smelter for processing (RRU and
Schafer, 1993). :

By 1917, approximately 150 mines were located in and near Butte. These mines, which
were controlled by AMC or its predecessors, produced a total of approximately 934 million
pounds of copper (Techlaw, 1985). This corresponds to a maximum of approximately 4.2
million cubic yards of ore assuming a 5 percent copper content and an ore density of 163
pounds per cubic foot (Techlaw, 1985). Water pumped from these mines contributed to the
contamination of Silver Bow Creek.

AMC constructed three treatment ponds, the Warm Springs Ponds (WSP), at the headwaters
of the Clark Fork River near Warm Springs, Montana, in 1911, 1916, and between 1954 and
1959, respectively. The purposes of the ponds were to settle out mining wastes from Silver
Bow Creek and to improve the quality of water released to the Clark Fork River (RRU and
Schafer, 1993). The inlet to the WSP represents the downstream extent of the SST OU
(Figure 2).-

AMC commenced surface mining of low-grade copper ore with the opening of the Berkley
Pit in 1955 and built the Weed Concentrator in 1963 to process this ore. These operations
contributed contamination to Silver Bow Creek.

In 1977, the assets of AMC were purchased by the Atlantic Richfield Company (ARCO)
which expressly assumed liability for AMC. ARCO closed all underground mines in 1980
and continued active mining only in the Berkley Pit. ARCO closed the Berkley Pit in 1982
and the East Berkley Pit in 1983. The Washoe Smelter in Anaconda, the last active smelting
facility in the area, was closed in 1980 and subsequently dismantled (RRU and Schafer,
1993).
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Waste Transport

Although floods and storm events contributed to the transport of waste into and within the
SST OU, they were not the exclusive cause of contamination. As noted, upstream facilities
discharged waste directly into or along Silver Bow Creek, and did not exercise due care in
anticipating tlood events or storm events and taking precautions to avoid waste movement.
Waste was transported from these operations downstream via overland flow and surface
water transport.

In June of 1908, the largest flood in recorded history in the Silver Bow Creek basin
occurred, contributing to the extent of fluvially-deposited tailings found today. Heavy rains
(8.12 inches) fell in late May and early June, melting the snow pack and causing extensive
flooding (CH2M Hill, 1989a). Flood waters transported tailings from smelting facilities in
Butte and along Silver Bow Creek and deposited them downstream as flood waters waned.
Flood tlows and fluvial deposits were physically constrained by railroad grades constructed
parallel to Silver Bow Creek, limiting the areal extent of flood deposited tailings.

Other recorded significant storm events occurred in 1892, 1894, 1938, 1948, 1975 and 1980
(CH2M Hill, 1989a). All of these events occurred during the spring and early summer when
precipitation and melting snow combined to produce large runoffs. These events also
contributed to the movement of mine wastes from their sources into the Silver Bow Creek
{loodplain.

Railroad History

The Utah & Northern, a subsidiary of the Union Pacific Railroad (UP) and the first railroad
in Montana, reached Butte in December of 1881. It linked the towns of Anaconda and Butte
to the UP line from Utah in 1884 when it completed a narrow gage rail line between the
mines in Butte and the smelter in Anaconda (GCM, 1991). This was the first railroad
constructed within the SST OU.

Immediately following the Utah & Northern advancement into Montana, track laying crews
of the Northern Pacific (NP), a predecessor to Burlington Northern Railroad, entered eastern
and western Montana to complete a northern transcontinental rail line. By September 1883,
construction was complete. The UP and NP then pooled their resources and formed the
Montana Union Railroad which ran from Butte to Garrison (GCM, [991).

Marcus Daly, owner and founder of the AMC, after disagreement with the Montana Union
(MU) Railroad over freight rates charged to ship ore from mines in Butte to smelting
facilities, suspended mining and smelting operations and announced that the AMC would
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construct its own railroad. On September 30, 1892, Daly and a group of investors
incorporated the BA&P, with close subsidiary links to Anaconda, to construct and operate a
separate rail line to transport ore from Butte to the smelter in Anaconda. This was the
second rail line construction adjacent to Silver Bow Creek. Additionally, AMC used the
BA&P to transport copper concentrate from Butte to Anaconda after construction of the
Weed Concentrator in 1964, Today the BA&P track is occupied and operated by the Rarus
rail line (Butte Archives, 1994; GCM, 1991).

In 1905, the Chicago, Milwaukee, St. Paul and Pacific Railroad (CMSP) began construction
of another railroad line (the third) to run along Silver Bow Creek. Until 1913, the CMSP
used the BA&P rails along Silver Bow Creek from Butte to Finlen. At that time, the CMSP
constructed its own grade (popularly known as the Milwaukee Road) along Silver Bow Creek
(GCM, 1991). In 1980, the CMSP abandoned its rail line. The tracks were removed shortly
afterward (GCM, 1991).

In the early twentieth century, the Union Pacific Railroad leased the track near the
Fairmont/Gregson area east into Butte under a long-term lease to the Great Northern
Railroad. The Great Northern Railroad eventually became the Burlington Northern Railroad.
The lease was subsequently transferred to the Montana Western Railroad in 1986, which
operates on this line today (GCM, 1991).

Presently, there are three rail lines adjacent to the SST OU area: 1) Rarus (BA&P) from
Anaconda to Butte, 2) Montana Western Railroad (leased from UP), and 3) the UP Railroad.
Rarus (BA&P) and Montana Western have existing tracks adjacent to Silver Bow Creek.
The UP line terminates at its northern extent at the switching yards of Port of Montana near
Silver Bow, Montana. The abandoned CMSP grade parallels Silver Bow Creek within the
SST OU although the rails and ballast have been removed.

Parts of all three rail lines were constructed with waste materials. The lines which

transported concentrate materials for the smelter in Anaconda were additionally contaminated
by spillage from this concentrate transportation.

Enforcement Actions

Environmental investigations in the vicinity of the SST OU were initiated by the EPA in
1982 to address mining impacts along Silver Bow Creek. The Silver Bow Creek/Butte Area
Site (original portion) was listed on the NPL in 1983 by EPA under the CERCLA and site
investigations began in 1984 with the Phase I Remedial Investigation (RI) prepared by
MultiTech Services under contract to the MDEQ. A supplemental RI report was prepared by
CH2M Hill (1987). The Phase II RI described in the Draft RI Report (ARCO, 1995a) was
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conducted by ARCO and describes investigation activities, characterizations and
interpretations performed since 1991. All pre-1991 studies or data that were determined by
ARCO and the MDEQ to be applicable or pertinent to current OU conditions were
incorporated in the OU characterization in the Draft RI Report (Phase II). The Draft RI
Report complied with Superfund law, defined the nature and extent of the contamination (o
the extent necessary to determine remedial action and provided information to complete the
baseline human health and ecological risk assessments (ARCO, 1995a). The baseline risk
assessment was released by MDEQ in December of 1994 (MDEQ, 1994a). The feasibility
study, released by ARCO in June 1995, included the development, screening and evaluation
of potential OU remedies (ARCO, 1995b). The proposed plan was also released in June
1995 and delineated the preferred alternative (MDEQ, 1995).
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II. HIGHLIGHTS OF COMMUNITY PARTICIPATION

CERCLA sections 113 and 117 provide for public participation in the development of the
administrative record upon which the remedy selection is based. These sections require that,
before adoption of any plan for remedial action, the lead agency shall:

L. Publish a notice and brief analysis of the proposed plan and make such plan available
to the public; and

(S

Provide a reasonable opportunity for submission of written and oral comments and an
opportunity for a public meeting at or near the OU 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 considered.

Additionally, notice of the final remedial action plan (record of decision) adopted shall be
published and the plan shall be made available to the public before commencing any remedial
action. Such a final plan shall be accompanied by a discussion of 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 each of the significant comments, criticisms,
and new data submitted in written or oral presentations during the public comment period.

MDEQ has conducted extensive community participation activities beyond what is required
under the National contingency Plan. Public participation began prior to initiation of the site
investigation with the issuance of the draft RI/FS Administrative Order on Consent and draft
RI/FS Work Plan. Three public informational meetings (in Missoula, Anaconda, and Butte)
and a formal public hearing (in Ramsay) were held in 1991 to gather public input on the
proposed study. Comments were incorporated into the final RI/FS AOC and Work Plan, and
a responsiveness summary addressing those comments was published. Additional public
meetings were held to provide progress updates on the investigation and to gather public
comments on the SST OU demonstration projects, as well as the work plan for the draft
Baseline Risk Assessment. In addition, ARCO and MDEQ held a series of meetings,
moderated by the Headwaters Resource Conservation and Development District, with SST
OU landowners during 1992 and 1993 to provide information about alternatives under
consideration and to gather input from local landowners. During late 1994 and 1995, as the
SST OU investigation was concluding and the major RI/FS reports were prepared and
published, community participation activities included the following: nine (9) public
“roundtable" meetings, numerous OU tours, two meetings to discuss the Remedial
Investigation, three informational meetings on the Baseline Risk Assessment, three Proposed
Plan informational meetings, a 60 day public comment period, a public hearing, and
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presentation of the selected remedy in the Record of Decision. The Record of Decision
documents changes to the preferred remedy as a result of public comments.

The proposed plan (MDEQ, 1995a) for the OU was released for public comment on June 9,
1995, and mailed to over 1,300 citizens on various Montana Superfund mailing lists. The
proposed plan was made available to the public at the Environmental Protection Agency
(EPA) offices in Helena, MT, and information repositories maintained at: MDEQ Superfund
office, State Library, EPA Office, and the Montana Historical Society in Helena; Hearst Free
Library in Anaconda; Montana State University in Bozeman; Silver Bow Library, Montana
Tech Library, Butte Public Library, EPA Office and the Citizens Technical Environmental
Committee Office in Butte; Missoula Public Library, University of Montana Mansfield
Library, and the Clark Fork Pend-Oreille Coalition Office in Missoula. The notice of
availability of the proposed plan (MDEQ, 1995a) was published in the Butte-Montana
Standard, the Missoulian, and the Anaconda Leader newspapers on June 9, 1995. The full
administrative record is maintained by EPA in Helena. Microfilm copies of the
administrative record are also made available to the public at several of the information
repositories listed above.

During the 60-day public comment period (June 9 through August 7, 1995) public
informational meetings were held at: Fairmont Hot Springs on June 20; Butte Community
Center on June 21; and, Missoula Courthouse Annex on June 22, 1995. At these meetings,
representatives from MDEQ answered questions about contamination issues, the remedial
alternatives under consideration, and the preferred remedy. A public meeting/hearing was
held on July 10, 1995, at Fairmont Hot Springs at which MDEQ accepted formal oral
comments from the public. A court reporter transcribed the entire meeting/hearing and
MDEQ made the transcript available by placing it in the administrative record. A response
to the comments received during the public comment period is included in the
Responsiveness Summary (Appendix D). Also, community acceptance of the selected
remedy is discussed in Section VIII of the Decision Summary, Summary of Comparative
Analysis of Alternatives.

MDEQ considered public comments and revised the selected alternative as a result (see
Section XI).

10
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IV. SCOPE AND ROLE OF RESPONSE ACTION

The primary focus of the SST OU RI/FS was to evaluate findings of previous investigations,
to collect additional data to assist in characterizing current and future risks, and to develop
and evaluate remedial action alternatives. The RI/FS was performed in accordance with the
National Oil and Hazardous Substances Pollution Contingency Plan (NCP), 40 CFR Part
300, and CERCLA Section 104, 42 U.S.C. § 9604.

The overall objectives of the RI/FS were:

o To collect data on the types, concentrations, extent and movement of
contaminants present in tailings, subsurface soils, railroad materials, surface
water, groundwater, and instream sediment at the OU;

o To provide information for estimating volume, location, transport and fate of
contaminated media and materials;

O To provide information on OU physical characteristics and contaminants for
use in the risk assessment and the feasibility study;

o To assess the present and potential future risks to human health and the
environment at the OU;

o To identify applicable or relevant and appropriate legal requirements (ARARS)
for the remedial action; and

o To identify and evaluate remedial alternatives to address human health and
environmental risks.

Based on these evaluations, findings of previous investigations and the results of the RI field
investigation, the sources and the areas of environmental contamination at the Streamside
Tailings Operable Unit have been delineated sufficiently to allow the agencies to evaluate and
select an appropriate remedy for the OU contamination.

The remedy outlined in this record of decision represents the final remedial action at the OU

and will address the principal threats to human health and the environment which are posed
by the contaminated media and materials.

11
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V. SUMMARY OF OU CHARACTERISTICS

This section presents a summary of RI conclusions for each of the four OU geographic
subareas and for OU-wide aquatic and terrestrial resources (ARCO, 1995a). Detailed
information is presented in Sections 4.3 through 4.8 of the Draft RI Report (ARCO, 1995a).
Contamination was found in all media (soil, groundwater, surface water, railroad beds and
instream sediments) throughout most of the SST OU. Table 1 enumerates contaminant
concentrations found in tailings/impacted soils.

Arsenic 39 278 563 215 249
Cadmium 3.2 7.8 16.2 3.3 6.3
Copper 99 739 2,710 1,290 1,315
Lead 55 540 1,510 316 638
Mercury 0.13 2.4 11.0 1.2 2.7
Zinc 126 2,400 5,400 1,445 1,805

REF: SST OU RI (ARCO, 1995a), mg/kg = milligrams per kilogram. su = standard units. 1-"Reference” soils are considered to be outside
the influence of flood deposited tailings but could be impacted by other contaminant sources.

The OU has been divided into four subareas based upon geologic and topographic features
that control the soil, hydrogeologic, geomorphic, surface water, ecologic, demographic and
land use characteristics of the OU (Figure 2). Additionally, Silver Bow Creek was further
divided into stream reaches for more detailed evaluation and characterization of OU
information. A total of 12 reaches were defined with one to several reaches located in each
subarea.

12
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General Description of Subareas

As shown on Figure 2, the SST OU consists of Silver Bow Creek and areas in and near its
floodplain from the downstream extent of LAO west of Butte to the I-90 bridge directly
upstream of the WSP OU northeast of Opportunity.

Subarea 1 - Rocker

The Rocker Subarea extends from the west end of LAO to approximately 1,000 feet
upstream of the confluence of Sand Creek and Silver Bow Creek (Figure 2). Sand Creek is
approximately 400 feet west of the bridge adjacent to the community of Silver Bow. During
the development of the initial stages of the current RI, Subarea 1 was originally defined at
the downstream end by the Rocker Fault, located near the town of Rocker. Subarea 1 was
extended to its current boundary because of the nature of the stream and the tailings rather
than the bedrock and alluvial geology.

Intermittent tributaries within this subarea include Whiskey Gulch and Gimlet Gulch. The
subarea encompasses approximately 5.2 miles of Silver Bow Creek and loses approximately
88 feet in elevation over the subarea. Tailings/impacted soils within the subarea are
continuous and confined to a narrow floodplain.

The communities of Rocker, Fredricksburg, and Nissler are adjacent to the SST OU within
this subarea. The Rocker OU, ARCO’s Demonstration Project I, and the Rocker
Streambank Tailings and Revegetation Study (STARS) plots are also located within this
subarea.

Subarea 2 - Ramsay

The Ramsay Subarea extends from 1,000 feet upstream of the confluence of Sand Creek and
Silver Bow Creek to approximately 700 feet west of Miles Crossing (Figure 2). The
communities of Silver Bow, Ramsay, Dawson and Miles Crossing are adjacent to the OU
within this subarea. Industries adjacent to the OU include the Rhone-Poulenc Basic
Chemicals Plant, the Port of Montana and the Union Pacific switching yards.

The subarea encompasses the Ramsay Flats, a tailings deposit of approximately 160 acres.
Tailings/impacted soils within the subarea are continuous along a floodplain wider than that
of Subarea 1. Tributaries within the subarea include the intermittent Sand Creek and
perennial Browns Gulch. Average flow in Browns Gulch is approximately 0.5 to 5 cubic
feet per second (cfs). Other inflows within the subarea include the Silver Lake Pipeline

13
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discharge, with an approximate flow of 5 to 20 cfs, and a seep near Rhone-Poulenc, with an
approximate flow of 0 to 0.25 cfs. The subarea encompasses approximately 5.6 miles of
Silver Bow Creek losing approximately 68 feet in elevation over the length of the subarea.

Subarea 3 - Canyon

The Canyon Subarea extends the length of Durant Canyon from slightly above the mouth of
the canyon near Miles Crossing to Fairmont Bridge over Silver Bow Creek near the Fairmont
Resort (Figure 2). The small community of Finlen is adjacent to the OU within this subarea.

German Gulch is the main tributary within the subarea with an average flow of 5 to 20 cfs.
During summer months, most of German Gulch’s flow is diverted just above its mouth for
irrigation purposes and does not enter Silver Bow Creek. The subarea encompasses
approximately 5.0 miles of Silver Bow Creek losing approximately 174 feet in elevation over
the length of the subarea. Tailings/impacted soils within the subarea are discontinuous along
the narrow canyon. A limited number of abandoned meander scars and sloughs containing
tailings deposits exist on the opposite side of the railroad embankments from Silver Bow
Creek.

Subarea 4 - Upper Deer Lodge Valley

The Upper Deer Lodge Valley Subarea extends from the Gregson Bridge to the I-90 bridge
just south of the WSP (Figure 2). The communities of Fairmont, Crackerville and
Opportunity are adjacent to the SST OU within this subarea.

Gregson Creek is the only notable intermittent tributary within the subarea. Perennial Mill
and Willow Creeks are separated from Silver Bow Creek by a diversion dike and diverted
away from Silver Bow Creek. The subarea encompasses approximately 6.8 miles of Silver
Bow Creek losing approximately 194 feet in elevation over the length of the subarea.
Tailings deposits within the subarea are continuous along a wide floodplain, interspersed with
some vegetation. Tailings within the subarea were initially deposited along a system of
overflow channels. More recently, the stream has been channelized with dikes along the
upper portions of this subarea which somewhat limit overbank flow and flow to the overflow
channels.

Railroad Materials and Instream Sediments

Two other media are also present throughout the OU but are not necessarily related to the

14
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subarea divisions. These media include the railroads and instream sediments. Four types of
railroad materials, including bed and ballast construction materials and spilled materials, all
contain contaminants of concern. The four material types include waste rock or low grade
ore, concentrate spills, impacted material consisting of non-vegetated soil, and slag. Native
alluvium, native rock and imported crushed rock were also used to construct the railroad bed
and as ballast.

Instream sediments (i.e. sediment within the present active channel of Silver Bow Creek)
contain contaminants of concern extending throughout the entire length of the SST OU
stream channel. Instream sediments consist of tailings, soil and rock particles that have been
deposited instream or are carried through the OU as a result of surface water transport.

Conceptual Model of Contaminant Transport

Data collected during the remedial investigation revealed five primary sources of
contamination to Silver Bow Creek:

1) upstream;

2) tailings/impacted soils;
3) groundwater;

4) instream sediments; and

5 railroad embankments

Contaminants move through the area and between environmental media in response to a
variety of processes. Some of the primary means by which contaminants move within the
SST OU are listed below.

1) Upstream

Upstream sources include, but are not limited to, mine wastes in and near the City of Butte,
mine/mill tailings in the Colorado Tailings and Butte' Reduction Works areas, and the Butte
storm and waste water systems and Butte Operations areas. Contaminants from these source
areas enter the SST OU primarily in Silver Bow Creek surface water and instream sediments.
Off-OU contaminants also enter via groundwater from the Colorado Tailings area and the
Rocker Timber Framing and Treating Plant OU.

Surface water entering (inflow) the SST OU from upstream areas is highly contaminated
(Table 2). Water quality data indicate that contaminants are added to Silver Bow Creek in
the upper portion of the OU during most flow conditions (Table 2).
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However, control of upstream contamination is outside of the scope of this operable unit, but
will be addressed in other operable unit or site cleanups, or permit activities under other
environmental laws.

Arsenic

Cadmium 1.6 2.5 1.1 1.1 0.7
Copper 178 322 163 140 140
Lead 53 15.2 5.4 4.6 1.9

Zinc 662 860 532 455 366

NA = not applicable; su = standard units; SS-7 monitoring station on SBC; values in "total recoverable” concentrations, (ug/I).
1 - WQB-7 generally corresponds to "Gold Book" aquatic standards at a total hardness of 100 mg/l1 CaCO3.
2 - Parameters for station SS-17 represent July 1985 event only. A geometric mean for this station was not calculated.

2) Tailings/Impacted Soils

Persistent and widespread expanses of tailings/impacted soils are present along nearly the
entire 24-mile reach of Silver Bow Creek. Impacted soils are defined here as soils which
have been mixed with the tailings or where the tailings have leached inorganics into the soils.
Tailings/impacted soils are the primary source of contamination for the SST OU. Some
tailings/impacted soils are mixed with native soils, which makes visual identification of
contaminated materials difficult. The lateral and vertical extent of tailings/impacted soils was
determined by analysis of 764 samples. The volume of these materials was estimated at 2.4
to 2.8 million cubic yards lying within 1,270 acres of the historic Silver Bow Creek
floodplain with measured thickness ranging from a few inches to greater than seven feet.
Most of these tailings/impacted soils contain elevated concentrations of arsenic, cadmium,
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copper, lead, mercury, and zinc.

Erosion and runoff are the most obvious and damaging contaminant transport mechanisms for
the SST OU. Erosion, as it is discussed here, encompasses three major processes: channel
migration or avulsion, bank/mass wasting, and surface or overland flow. The channel has
and is expected to continue to migrate through many parts of the Silver Bow Creek
floodplain (Schumm, 1995). This constant and sometimes dramatic migration re-entrains
substantial volumes of tailings/impacted soils back into the Silver Bow Creek ecosystem
(CH2M Hill, 1989a). Surface water elevation changes in Silver Bow Creek itself can cause
bank storage which causes mechanical failure, high flows which cause tractive force failure,
and undercutting of banks, all of which cause direct erosion of metals-laden streambank
tailings/impacted soils into the stream. In addition, ice buildup in the stream during winter
and spring months can cause streambank erosion and stream avulsion. Precipitation or
snowmelt runoff moves metals-bearing materials through erosion and carries the
contaminants to Silver Bow Creek. Metallic salts are sometimes wicked to the surface of
tailings through capillary action, and are encrusted on the tailings surface as the water
evaporates, and are subsequently dissolved or directly eroded by water into the stream during
precipitation or runoff events. People and animals can also cause streamside tailings to
directly enter the stream by disturbing the tailings/impacted materials on the bank (Figures 3,
4, 5 and 6). -

 Contaminants not carried into Silver Bow Creek may also be adsorbed to the soil. These
metals will remain in this semi-stable form until geochemical conditions alter the chemical
stability of the soil system to re-release the metals. Contaminant transport by the many
erosive processes described previously is the most significant method of metals introduction
into the Silver Bow Creek aquatic and riparian system.

3) Groundwater

The main objectives of the groundwater investigation were to determine if groundwater was
contaminated and to define where the contaminated groundwater was located (ARCO,
1991a). A third objective was to quantify the interaction between groundwater and Silver
Bow Creek surface water and instream sediments.

A total of 30 wells were installed in the OU and monitored. Because of the limited number
of wells and their spatial distribution throughout the OU’s 24-mile length, groundwater
characterization is discussed in terms of general OU conditions and does not fully
characterize the range of contaminant concentrations or contaminant locations within the OU.
The 30 wells installed in the alluvium were screened at two different depths, within 20 feet
of the ground surface (upper alluvial) and greater than 20 feet below the ground surface
(lower alluvial). The designation between these two units (upper and lower alluvial) was
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intended only for SST RI data analysis. Both of these units are hydrogeologicly
interconnected and should be considered as a single alluvial aquifer.

Generally, groundwater flows toward and into the stream except in several reaches (the most
significant being the outlet of Durant Canyon) where surface water flows into groundwater.
Elevated concentrations of copper and zinc and exceedances of drinking water standards
(Maximum Contaminant Levels [MCLs], or Montana Water Quality Standards (WQB-7),
Table 3) for arsenic and cadmium were found in many of the shallow monitoring wells.

In many areas, groundwater is in direct contact with tailings/impacted soils for at least part
of a typical year (Figure 3). In the RI/FS documents and in the ROD these materials are
designated the term "saturated tailings". The seasonal groundwater level fluctuation averages
two feet (Table 4). This direct contact with metals enriched tailings/impacted soil mobilizes
metals which in tum contaminate groundwater. The volume of tailings/impacted soils
saturated with groundwater for a portion of the year and tailings which overlie them are
listed in Table 4. This is a principal mechanism for groundwater contamination at the OU
(ARCO, 1995a and Benner et al., 1995).

Movement of water from the tailings on the surface through the unsaturated (vadose) zone
and into the saturated (groundwater) zone also causes transport of contaminants into
underlying soils and groundwater. This is most likely to happen during longer precipitation
or snowmelt events. Metals weakly held to tailings are leached by the infiltrating water and
eventually can be carried into the underlying native soils and groundwater. Profiles of many
soils in the SST OU show evidence of metals migration from the tailings into underlying
native materials.

Contaminated groundwater flows into Silver Bow Creek along the majority of stream
reaches. This is most likely to happen in areas where the stream gains flow from the
groundwater and results in the greatest site related impact to Silver Bow Creek water quality
during low-flow conditions. This mechanism is the likely cause for increases in most surface
water contaminant concentrations in Subareas 1 and 2 during low or base-flow conditions
because many of the other possible pathways, except for instream sediments potential for
contaminate release, for contaminant movement are inactive during low-flow (e.g., runoff
and infiltration)(Table 2). The opposite of this is true during high-flow conditions in portions
of the stream when surface water may flow into and contaminate groundwater. Silver Bow
Creek surface water and instream sediments are the primary recipients of contaminants from
the streamside tailings as well as from off-OU sources.
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08/19/93
08/19/93
C-16 2.8-7.1 10/27/92 2.56
c-18 37 10/27/92 3.25
03/10/93 3.34
06/07/93 3.80
08/19/93 3.70
c-21 5-9.7 10/27/92 5.28
03/10/93 4.88
06/07/93 4.69
08/19/93 4.54
C-22 4589 10/27/92 5.15
03/10/93 4.64
06/07/93 4.71
08/19/93 4.87
C-23 4589 10/27/192 4.40
03/10/93 4.82
06/07/93 4.88
08/19/93 5.06
c-24 487 03/10/93 4.22
06/07/93 3.60
C-25 4589 03/10/93 4.94
06/07/93 4.95
C-26 11.4-16.1 08/19/93 5.53
Cc-3 13-18 11/23/91 6.81 1.6 U 02U
10/27/92 6.72 1.9 0.16 U
03/10/93 5.30 44 0.10 U

(1) WQB-7 ~ Montana Water Quality Bureau Standards Numeric Water Quality Standards (Arsenic 18 wg/L; Cadmium 5 wglL; Mercury 0.14 pg/L); Shading
indicates an exceedance; U = Below method detection limit; R = Rejected data.

(2) RH-/DP- = Well and drive points installed in the Rocker Operable Unit; wells represent ground water concentrations at shallow, intermediate, and deep
depths; not inclusive of all wells with exceedances. DW = Domestic wells - 200 series wells are located in Rocker, Nissler, and Miles Crossing areas; 300
series wells are located in the upper Deer Lodge Valley.

(3) DTW = Depth to water below ground surface ! = Unknown * = Not analyzed + = Data not available
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06/07/93

08/19/93 5.75 12U
C-4 7.5-13 11/25/91 4.86 8.1
c-4 10/27/92

03/10/93 3.09

06/07/93 341

08/19/93 3.70
C-48 7.5-95 03/10/93 3.21

08/07/93 3.54

08/19/93 3.87

C-5 24-29 08/19/93 7.97

C-6 13-18 08/19/93 4.40

c-7 6.8-8.8 03/10/93 7.62

08/19/93 7.97

0P-2 + 09/22(92 %

DP-3 + 09/22/92 +

DP-4 + 09/29/92 +

DP-5 5-8.1 09/30/92 2.56

DW-203 93-98 01/07/85 %

DW-206 < 30 01/07/85 !

04/24/85 !
12/13/85 1
DW-207 38-43 01/07/85 +
02/28/85 +
04/24/85 -
DW-212 302 01/07/85 !
04/24/85 !

(1) WQB-7 = Montana Water Quality Bureau Standards Numeric Water Quality Standards (Arsenic 18 g/L; Cadmium 5 wglL; Mercury 0.14 ug/L); Shading
indicates an exceedance; U = Below method detection limit; R - Rejected data.

2) RH-IDP- = Well and drive points installed in the Rocker Operable Unit; wells represent ground water concentrations at shallow, intermediate, and deep
depths; not inclusive of all wells with exceedances. OW = Damestic wells - 200 series wells are located in Rocker, Nissier, and Miles Crassing areas; 300
series wells are located in the upper Deer Lodge Valley.

3 DTW = Depth to water below ground surface ! = Unknown * = Not analyzed + ~ Data not available
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G -~ Tables
SST OU WQB-7 Human Health Groundwater Exceedan
Mercury
3 )
12112185 ! 180 10 .
DW-215 ! 01/08/85 11.50 0.60 U -
03/10/93 ! R 0.2 -
DW-230 < 40 01/08/85 ! 3 393 0.60 U *
04124/85 ! 730 0.50 U .
07/25/85 ! %0 020 U .
DW-230 < 40 12/12/85 ! g
03/10/93 !
DW-313 < 25 03/10/93 +
GS-04 3-8 01/16/85 +
02/28/85 +
03/28/85 +
06/11/85 +
03/10/93 +
06/07/93 +
08/19/93 +
GS-06 19-29 12/12/85 8.20
08/19/88 +
RH-1 313 08/20/87 8.42
09/14/88 9.58
11/12/91 +
09/23/92 +
RH-10 7-17 08/21/87 ND
09/13/88 10.47
11/07/91 +
09/29/92 #
RH-14 29-39 09/13/88 10.25 5.00 U
(1) WQB-7 = Montana Water Quality Bureau Standards Numeric Water Quality Standards (Arsenic 18 wg/L; Cadmium 5 wg/L; Mercury 0.14 wg/L); Shading
indicates an exceedance; U = Below method detection limit; R = Rejected data.
(2) RH-/DP- = Well and drive points installed in the Rocker Operable Unit; wells represent ground water concentrations at shallow, intermediate, and deep

(3)

depths; not inclusive of all wells with exceedances. DW = Domestic wells - 200 series wells are located in Rocker, Nissler, and Miles Crossing areas; 300

series wells are located in the upper Deer Lodge Valley.
DTW = Depth to water below ground surface ! = Unknown

*

= Not analyzed

+ = Data not available
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11/08/91

RH-14 29-39 09/28/92 - 20U *
11/07/91
09/24/92

RH-18 + 11/07/91 + *

RH-3 5-15 11/12/91 + *

RH-33 + 11/07/91 + -

09/28/92 + .

RH-4 5-15 08/21/87 5.10 i

09/14/88 5.08 *
11/12/91 + i
09/24/92 + *
RH-47 + 09/23/92 + *
RH-5 8-18 08/20/87 10.81 *
06/03/88 10.79 =
09/13/88 11.23 N
11/07/91 + *
09/28/92 + *
RH-6 29-39 08/20/87 11.69 i
06/03/88 10.94 =
09/13/88 12.33 .
11/07/91 + i
09/28/92 + *
RH-8 30-40 09/14/88 9.28 .
08/23/92 + *

RH-9 6-16 08/20/87 8.81 *

(1) WQB-7 = Montana Water Quality Bureau Standards Numeric Water Quality Standards (Arsenic 18 ug/L; Cadmium 5 ug/L; Mercury 0.14 wg/L); Shading
indicates an exceedance; U = Below method detection limit; R = Rejected data.

(2) RH-IDP- = Well and drive points installed in the Rocker Operable Unit; wells represent ground water concentrations at shallow, intermediate, and deep
depths; not inclusive of all wells with exceedances. DW = Domestic wells - 200 series wells are located in Rocker, Nissler, and Miles Crossing areas; 300
series wells are located in the upper Deer Lodge Valley.

(3) DTW = Depth to water below ground surface ! = Unknown * = Not analyzed + = Data not available
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Because the majority of inorganic compounds are typically most soluble at low (acidic) pH,
metals carried with acidic groundwater entering the relatively higher pH water of Silver Bow
Creek precipitate out of the water and adsorb onto instream sediments. Researchers working
on Silver Bow Creek have documented that instream sediments accumulate the majority of
contaminant load from groundwater (Benner et al., 1995; Smart, 1995). Under conditions of
extremely acidic (pH = 1.0 to 4.5), low dissolved oxygen (less than 1,000 pg/l), and metal-
rich groundwater (avg. Cu = 20,000 ug/l and Zn = 60,000 png/1) discharging to a neutral to
basic (pH = 7.9 to 9.1), oxidized (8,000 ug/l) stream with relatively lower contaminant
concentrations (avg. Cu = 100 ug/l and Zn = 1,000 ug/l), the vast bulk of contaminant
loading from groundwater to surface water is attenuated in the instream sediments (Benner et
al., 1995 and Smart, 1995). The attenuation mechanisms are most likely adsorption and/or
precipitation. Contaminated groundwater is doubtless a source of additional contamination to
instream sediments and surface water of Silver Bow Creek.

4) Instream Sediments

Instream sediments (i.e. sediment within the active channel of Silver Bow Creek) are
severely contaminated with metals arsenic, cadmium, copper, lead, mercury and zinc
extending throughout the entire length of the SST OU stream channel (Table 4). Instream
sediment concentrations of Silver Bow Creek are similar to the concentrations found in the
tailings/impacted soils, so, for conceptual purposes, they can be considered "tailings in the
stream". The SST OU risk assessment determined that arsenic, cadmium, copper, lead,
mercury and zinc are, individually, major contributors to the impairment of the aquatic
community of Silver Bow Creek (MDEQ, 1994a).

Essig and Moore (1992) described concentrations of Silver Bow Creek instream sediments as
between 10 and 65 times higher for arsenic, cadmium, lead, and zinc, and 400 times higher
for copper than are found in other area streams which drain highly mineralized geologic
areas. Like tailings themselves, the majority of contaminated sediments vary in size from a
coarse sand (I mm) to a very fine silt or clay (Table 4).

While in the stream, these sediments are presently toxic to most macroinvertibrates (Besser et
al., 1995a,b), serve as a potential future source of metals contamination to the surface water
system, and could potentially impact future fish populations by biologic up-take from
contaminated benthic invertebrates (Woodward et al., 1994).

Besser et al., (1995a,b) and Kubitz et al. (1995) tested instream sediments in the fall of 1993

from analogous locations to samples tested in the fall of 1991 by Kembel et al. (1994) and
Ingersoll et al. (1994). ‘
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Arsenic 7 92 378
Cadmium 0.2 3.8 76
Copper 20 694 10,459
Lead 15 225 6,702
Mercury’ NA 0.8 -
Zinc 57 1,357 12,782
NA = not analyzed. 1 - Clark Fork Damage Assessment Bed Sediment Sampling And Chemical Analysis Report, University of

Montana - Oct. 1992. 2 - sediment contaminant concentration analysis, data used PTI, ARCO, Essig & Moore, and CH2M Hill -
Oct. 1995. 3 - As reported in Titan Oct. 12, 1994 submittal, not analyzed by size fraction. pm = micrometers. mg/kg = milligrams
per kilogram.

Kubitz et al. (1995) tested the amphipod Hyalella azteca and Besser et al. (1995a,b) tested
the midge Chrionomus tentans. These studies were conducted in accordance to both USEPA
and ASTM standard sediment toxicity and bioaccumulation test methods with the standard
test organisms (Ingersoll 1991, Ingersoll et al., 1995a, USEPA 1994, ASTM 1995a,b).

Instream sediment chemistry, toxicity, and bioaccumulation was similar between the 1991
and 1993 sampling dates. The sediments from Silver Bow Creek were consistently the most
toxic of the samples collected in the Clark Fork basin and resulted in the highest
bioaccumulation of metals by both amphipods and midges (Ingersoll per com. September 27,
1995). Moreover, concentrations of metals in these sediment samples consistently exceeded
a variety of sediment quality guideline concentrations (Ingersoll et al. 1995b,c; MacDonald et
al. 1995; Smith et al. 1995).

5) Railroad Materials

Certain portions of several historic and existing railroad embankments along Silver Bow
Creek were constructed or contaminated with mine waste rock and/or mine and mill tailings.
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This material represents a source of metals to groundwater or to Silver Bow Creek via
runoff.

Estimated Volumes of Contaminated Materials By Subarea

Contaminated tailings/impacted soils volume estimates are presented in Table 4. These
volumes were originally presented in the Draft RI as generated by the Natural Resource
Information System (NRIS) Geographic Information System (GIS) database. A more detailed
description of the various methods and measures used to calculate these quantities is
presented in the Draft RI (ARCO, 1995a).

Subarea 1

There are approximately 285,000 cubic yards (cy) of tailings/impacted soils impacting
approximately 154 acres within Subarea 1 (Table 4). Tailings/impacted soils are generally
coarse textured, comprised primarily of sand and silt size materials. The coarse nature of
these tailings increases the potential for movement of water through the tailings and transport
of contaminants into the ground and surface water. Tailings deposits are primarily fluvial
bar type deposits. The maximum lateral width of tailings/impacted soils is approximately
1,200 feet and the measured thickness of tailings/impacted soils ranges up to approximately
four feet. These deposits are generally narrow and lie close to the stream.

Metals-elevated railroad bed and ballast materials identified in Subarea 1 include
approximately 203,000 cy of waste rock, 74,500 cy of slag, and a single small (1.3 cy)
concentrate spill. Approximately 95,000 cy (47 %) of this total quantity of waste rock are
present along the CMSP rail line outside the floodplain, relatively far away from the stream.
The only significant means of migration of railroad materials is erosion and transport by
runoff from near-stream areas and infiltration through contaminated materials. There are
several locations within Subarea 1 where railroad materials are likely to be eroded and
transported directly to the stream: at two railroad bridges above and below the Rocker
siding; and, near Whiskey Gulch and Nissler where the railroad bed forms one of the
streambanks of Silver Bow Creek. Approximately 55,000 cy of waste rock are present in
locations proximal to the streambanks or bridge abutments at two stream crossings. About
24,000 cy of this total are located in areas proximal to the stream along the northern and
eastern sides of the Rocker Siding, a large multi-track siding used by both the Montana
Western and Rarus railroad companies. The volume of slag used as ballast material in these
same locations proximal to the stream is approximately 15,000 cy.

Surface water flows into the OU from the LAO OU containing concentrations of cadmium,
copper, lead and zinc above chronic and acute aquatic surface water quality standards (Table
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2). Generally, Silver Bow Creek gains flow from groundwater inflow throughout Subarea |
(groundwater recharges the stream), indicating that this is a pathway for contaminated
groundwater to move into the stream. Evidence that this pathway exists is the presence of
some contaminants measured in groundwater in Subarea 1 at concentrations much greater
than those measured in Silver Bow Creek during low flow conditions and the notable increase
in all dissolved contaminants in the surface water between Subareas 1 & 2 (Table 2).

Runoff from areas of overbank tailings to Silver Bow Creek is considerable in Subarea 1
based on high flow water quality data. The confined nature of the floodplain which slopes
toward the stream results in transport of both particulate and metal salts to the stream during
runoff events.

The alluvial aquifer system is generally close to the ground surface within Subarea I, ranging
between zero to eight feet below ground surface (bgs) in the floodplain. Groundwater levels
within the floodplain were found to have a maximum seasonal fluctuation of up to two feet in
monitoring wells further from the stream but within the floodplain during the three year
monitoring period. Because of groundwater fluctuation in combination with the near-surface
groundwater levels, Subarea 1 contains the second largest quantity of tailings/impacted soils
considered to be saturated tailings (Table 3).

Infiltration of water through the vadose zone in tailings deposits and into the saturated zone
is another method by which contaminants move into groundwater. This is most likely to
occur during longer duration precipitation or snowmelt events or in those locations where
groundwater is located close to the ground surface and tailings/impacted soils are of a coarse
rexture.

MCL exceedances for arsenic in groundwater were measured in wells located proximal to
and within the Rocker OU. These exceedances may be partially attributed to sources within
the Rocker OU. Exceedances of cadmium MCLs in groundwater appear o be related to the
presence of fluvially-deposited streamside tailings and/or railroad materials composed of
mining wastes or other industrial sources. Such exceedances appear to be confined to
samples obtained from monitoring wells completed in the upper portion of the alluvial aquifer
in source areas within the floodplain.

The volume of metals-impacted stream sediment in Subarea 1 is 15,000 cy, as defined in the
RI. A recent stream survey identified that 20 percent of the stream channel is classified as
ritfles, 70 percent is runs, and 9 percent is pools. Runs and riffles contain the bulk of
contaminated instream sediments (Maxim, 1995).

Subarea 2

There are approximately 808,000 cy of tailings/impacted soils covering over approximately
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320 acres within Subarea 2 (Table 5). Tailings/impacted soil deposits range from the larger
deposits on the Ramsay Flats (approximately 160 acres) to the limited deposits in the Miles
Crossing region (about 34 acres) (ARCO, 1995a). Of this quantity, only 112,600 cy are
considered to be saturated and overlying saturated tailings. The percentage of the total
volume of tailings/impacted soils proximal to groundwater is smaller in this subarea than in
any other subarea. A sizeable portion of the Ramsay Flats tailings deposit (approximately
280,000 cy) is located outside of the present floodplain boundary.

1.98 285,000 187,500 97,500

1
2 2.09 808,000 112,600 695,400
3 1.68 160,400 78,400 82,000
4 3.06 1,292,000 321,400 970,600
Total 2,545,400 699,900 1,845,500
Note: GW = groundwater, All volumes given in cubic yards (cy). This table represents
50,000 cy which has been removed from Demonstration Projects II.

Tailings in the upper and lower portions of Subarea 2 (near Silver Bow Siding, and Miles
Crossing) are primarily linear or impoundment style deposits, close to the stream with
surfaces sloping towards the stream. In the central portion of Subarea 2 (Ramsay Flats and
Browns Gulch), tailings deposits are primarily wide, flat overbank and channel fill deposits
on flat streambanks with very little slope. An internal drainage system has developed in the
Ramsay Flats that drains to the west to Browns Gulch, which in turn enters Silver Bow
Creek. Tailings are predominantly composed of fine sandy silts with some tailings underlain
by a buried organic layer and a clay-silt laminated layer. Tailings/impacted soils generally
range in measured thickness from one to four feet although tailings/impacted soils up to five
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feet thick were measured in several areas.

Tailings/impacted soil samples from Subarea 2 contain most of the highest median
concentrations of contaminants of concern for the SST OU (Table 1). The tailings/impacted
soils in this reach reflect relatively low-energy overbank deposition of medium to fine
grained tailings. A buried soil horizon was penetrated in many of the borings in this
subarea, especially in the vicinity of Ramsay Flats. This buried soil horizon provides some
protection to groundwater where it is present, since the organic material present in the soil
geochemically binds the metals in contaminated pore water moving through the vadose zone.

Railroad materials containing arsenic and metals that were identified in Subarea 2 include
approximately 187,000 cy of waste rock, 48,000 cy of slag, and approximately 1,000 cy of
impacted material. There are several railroad bridges within Subarea 2 where railroad
materials are likely to be eroded and transported directly to Silver Bow Creek or a tributary:
at the Silver Bow and Miles Crossing bridges and where the stream crosses Browns Gulch.
At these locations, there are about 60,000 cy of waste rock and 5,000 cy of slag out of the
total volumes presented above.

Surface water flows into the subarea containing concentrations of cadmium, copper, lead,
and zinc above acute and chronic aquatic water quality standards (Table 2). During low flow
periods, metals levels in surface water are generally higher at the upstream end of the
subarea compared to the downstream end of the subarea. Contaminants of concern in runoff
impact Silver Bow Creek substantially during high flows as evidenced by trends of increasing
total and dissolved zinc and total copper. Silver Bow Creek appears to slightly gain flow
from groundwater inflow in Subarea 2 in the reach of stream adjacent to Ramsay Flats where
there is evidence of groundwater impacts to surface water. Silver Bow Creek is less armored
within Subarea 2 than any other portion of the OU. Therefore, considerable streambank
erosion in many areas is evident. The degree to which surface water is impacted by the
groundwater pathway could not be quantified with the data ARCO collected for RI purposes.
Data collected on SBC by other researchers quantified the effects of saturated tailings on
groundwater and the subsequent impact of contaminated groundwater on instream sediments
and surface water (Benner et al., 1995; Smart, 1995).

The alluvial aquifer in Subarea 2 is generally near the surface as in Subarea 1, ranging from
approximately zero to eleven feet bgs in the floodplain. In Ramsay Flats, depth to water is
approximately five feet below ground surface. Groundwater levels within the floodplain
exhibited an observed fluctuation of over two feet in wells further from the streambank. In
the larger areas of tailings such as Ramsay Flats, the groundwater elevation is far enough
below the surface that a relatively small percentage of tailings are considered saturated.
Because of this and the finer grained texture of the tailings/impacted soils deposits,
precipitation and adsorption mechanisms may, to a greater extent than in Subarea 1,
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potentially retard contaminants of concern in the soil. Vadose zone transport of contaminants
of concern are limited and less significant within Subarea 2 than anywhere else in the OU.
For instance, on Ramsay Flats, the largest single area of tailings with limited data points
(monitoring wells), no drinking water MCL exceedances were observed over the Phase II RI
monitoring period.

Groundwater MCL exceedances have been detected in several other locations within Subarea
2, primarily where groundwater is close to the surface. Exceedances of the cadmium MCL
have been measured in wells in the Silver Bow Siding area. Groundwater samples collected
from wells located near the mouth of Browns Gulch and near Miles Crossing have
periodically exceeded the arsenic MCL.

The volume of metals-impacted stream sediment in Subarea 2 is 22,700 cy, as defined in the
RI. A recent stream survey identified that 21 percent of the stream channel is classified as
riffles, 65 percent is runs, and 14 percent is pools. As with Subarea 1 runs and riffles
contain the bulk of contaminated instream sediments (Maxim, 1995).

Subarea 3

" Subarea 3 is almost wholly contained within Durant Canyon, the canyon setting constituting
the main difference between this subarea and the other three subareas. There are no
improved roads in the subarea although access can be gained along an unimproved inactive
railroad bed which parallels the stream. Within the narrow canyon, the stream channel is
generally confined to a narrow floodplain between the railroad embankments.

There are approximately 160,400 cy of tailings and impacted soils covering over
approximately 92 acres within Subarea 3 (Table 5). Of this quantity, approximately 78,400
cy of tailings/impacted soils are considered saturated and above. The texture of tailings in
this subarea is primarily very fine grained silty sands. Tailing deposits in Subarea 3 are
primarily channel bar and impoundment deposits, with minor overbank and channel fill. The
maximum lateral width of tailings/impacted soils is approximately 620 feet; tailings deposits
are discontinuous through the narrow canyon. Tailings/impacted soils are generally less than
two feet thick, averaging 0.5 feet thick. The maximum measured thickness of this material
is approximately 4 feet.

Railroad materials containing contaminants of concern identified in Subarea 1 include
approximately 60,000 cy of waste rock and approximately 35,000 cy of slag with about
24,000 cy present in areas proximal to the stream. These materials were present in the bed
and ballast at five locations within Subarea 3 where railroads cross Silver Bow Creek or
where the railroad bed makes up one of the streambanks. Additionally, the confined nature
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of the canyon and location of the railroads adjacent to Silver Bow Creek increase the area
where materials containing contaminants of concern are likely to be eroded and transported
directly to Silver Bow Creek. Erosion and transport of these railroad materials is potentially
more significant in Subarea 3 than elsewhere in the SST OU.

As in Subarea 2, surface water flows into.the subarea at levels above chronic and acute
aquatic water quality standards for most metal parameters (Table 2, SS-14). At low flow,
contaminant levels in surface water are generally higher at the upstream end of the subarea
than at the downstream end of the subarea. This decrease probably occurs primarily from
dilution of the input of relatively higher quality German Gulch water to the system. Silver
Bow Creek is armored in Subarea 3, more than any other portion of the OU.

Runoff from areas of overbank tailings to Silver Bow Creek is potentially significant. The
confined nature and relatively steep slopes of the floodplain near the stream within the
canyon may result in transport of both particulate and dissolved salts to the stream during
precipitation runoff events.

Based on data from the five monitoring wells located in Subarea 3, the alluvial aquifer is
relatively near-surface, ranging from approximately zero to nine feet bgs. Groundwater
levels were found to fluctuate between approximately O and 1.7 feet. Vadose zone transport
of contaminants of concern may be considerable as a result of the fine grained sandy texture,
the shallow depth to groundwater and the fluctuation of the water table.

Groundwater MCL exceedances measured in Subarea 3 were from a near-stream well
completed in coarse tailings. Samples from this well have exceeded the cadmium MCL three
out of five times that it has been sampled. Stream stage and groundwater level data indicate
that the surface water is gaining with varying stream stage in the upper end of the subarea
near Miles Crossing.

The volume of metals-impacted stream sediment in Subarea 3 is 5,600 cy, as defined in the
RI. A recent stream survey identified that 49 percent of the stream channel is classified as
riffles, 40 percent is runs, and 11 percent is pools. Runs contain the bulk of contaminated
instream sediments for this subarea (Maxim, 1995).

Subarea 4

The character of Subarea 4 is quite different from the other three upstream subareas in that
the floodplain is wide and contains numerous overflow channels. These overflow channels
are active during various high flow events and contain some of the thicker deposits of
tailings/impacted soils and generally contain the majority of off-stream saturated tailings. In
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the upper half of Subarea 4, Silver Bow Creek flows through a relatively straight man-made
channel which limits to some extent potential overbank flows which would normally enter the
overflow channels. Below the town of Stuart, the channel is characterized as meandering.

Subarea 4 contains the largest quantity of tailings and impacted soil of all four subareas,
approximately 1,300,000 cy over approximately 700 acres (Table 4)(ARCO, 1995a). 50,000
cy has been removed from Demonstration Project II.  Of the 1,250,000 cy, approximately
321,400 cy are considered saturated or overlying saturated tailings. Subarea 4 contains about
52% of the volume of tailings/impacted soils within the SST OU. The texture of tailings
materials in Subarea 4 is primarily very fine, silty sands. Tailings deposits are discontinuous
along a wide floodplain and are sparsely vegetated. Measured tailings/impacted soils
thicknesses range from a few inches to over 4.5 feet.

Subarea 4 contains the smallest quantity of railroad materials containing metals and arsenic,
including only approximately 8,300 cy of waste rock and approximately 23,000 cy of
impacted material. Railroad materials are proximal to Silver Bow Creek at a single location
on an abandoned railroad grade at Stuart, which contains approximately 5,000 cy of waste
rock. Because the limited quantity of railroad materials containing contaminants of concern
“is located in the floodplain in a single location in Subarea 4, erosion and transport of railroad
materials to Silver Bow Creek is not significant.

Surface water flows into Subarea 4 at levels above chronic and acute aquatic water quality
standards for most metal parameters (Table 2, SS-16). With the exception of arsenic, metals
levels in surface water are generally higher at the upstream end of the subarea than at the
downstream end during low flow with most of the decrease occurring below the Stewart
Street Bridge. Conversely, during high flow events, concentrations of both total and
dissolved fractions of most contaminants of concern increase by up to an order of magnitude
between the upper and lower ends of the subarea.

As Silver Bow Creek flows through the subarea, the upper (southern) part of the subarea
loses flow to groundwater and the lower (northern) portion of the OU gains flow from
groundwater during low flow. Surface water does not appear to impact groundwater quality
in the losing reaches of the subarea.

Runoff of precipitation and snowmelt from the overbank tailings occurs along portions of
Subarea 4, primarily through the various overflow channels that meander through the
floodplain. Because runoff quality and quantity were not directly measured during the RI,
the magnitude of runoff inflow in Subarea 4 could not be quantified.

The alluvial aquifer system is relatively near-surface within Subarea 4, ranging from zero to
seven feet bgs in areas away from the active channel. Groundwater levels within the
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floodplain were found to fluctuate between approximately 0.5 to 3.0 feet. Drinking water
MCL exceedances of cadmium in groundwater were detected in two areas, near Crackerville
and Stuart. Copper and zinc concentrations where found to be many orders of magnitude
greater than surface water standards in near stream wells. This groundwater would be
expected to discharge into the creek in gaining sections. These cadmium exceedances were
measured along with relatively high concentrations of other metals in the same wells. One of
the wells in Subarea 4 that exhibited relatively high metals concentrations was installed in
saturated tailings, indicating that the exceedances may be related to the presence of
tailings/impacted soils in the saturated interval.

The volume of metals-impacted stream sediment in Subarea 4 is 30,000 cy, as defined in the
RI. A recent stream survey identified that 37 percent of the stream channel is classified as
riffles, 45 percent is runs, 10 percent is pools, and 8% is dewatered. In this subarea, runs
contain the bulk of contaminated instream sediments (Maxim, 1995).

Terrestrial and Aquatic Resources

The Terrestrial and Aquatic Resources Investigations characterized the representative plant
communities and the benthic macroinvertebrate community within the SST OU. The
Terrestrial Investigation focused on vegetation mapping and vegetation uptake of
contaminants of concern. The aquatic investigation focused on benthic macroinvertebrate
communities and density of species.

Terrestrial Resources

The general objectives of the Terrestrial Investigation were to characterize representative
plant communities within the operable unit in relation to soil conditions and to determine the
existence and extent of bioaccumulation of contaminants of concern in tissues of selected
plant species. Riparian plant communities were surveyed at stations representing a gradient
of contaminant concentrations in soil. The results provide information for assessing potential
effects of elevated concentrations of contaminants of concern on plant communities and
wildlife that depend on vegetation for habitat and food.

The following conclusions were made on the bases of the limited data collected for the RI:

° Riparian meadow communities within the SST OU consist mainly of stands
dominated by tufted hairgrass or redtop, with species of forbs and other
grasses occurring in less abundance.
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o Concentrations of contaminants of concern in soil and pH levels are the
significant variables that affect riparian meadow community characteristics. In
some areas of tailings with elevated contaminant concentrations, plant biomass
and cover can reach levels characteristic of unimpacted reference areas because
soil pH is relatively high (>6.0).

] Willows displayed leaf tip burn, general chlorosis, curling of leaves, and
brown margins and brown necrotic spots on leaves that could be attributable to
trace metal toxicity. However, it is possible that some of the effects observed
are attributable to nutrient deficiency due to localized soil conditions.

Benthic Macroinvertebrate Resources

Since 1986, benthic macroinvertebrate assemblages have been studied at four sampling
stations in Silver Bow Creek by the MDEQ (McGuire, 1995). The macroinvertebrate data
are analyzed using a series of 10 community metrics that are combined into a single index of
biological integrity. Such a measure indicates the severity of mining impacts to Silver Bow
Creek. Selected metrics are also combined to develop separate indices of biological integrity
for metals and organic effects at each station. The interpretation of the macroinvertebrate
~ data is dependent upon many subjective factors associated with the validity of individual
metrics, the combination of metrics used for cumulative assessments, and the impact
categorizations based on index scores. Notwithstanding these limitations, the data provide an
indication of the current status of macroinvertebrate communities, the degree of recovery
over past conditions, and some insight into potential causative agents.

Four macroinvertebrate sampling stations were located along Silver Bow Creek. Two of
these stations were located upstream of the SST OU boundary, one below the waste water
treatment plant and one below the Colorado Tailings. The other two stations were located at
Miles Crossing and at the lower end of the operable unit above the Warm Springs Ponds.
The results and conclusions for this reach of stream indicated that biological integrity was
severely impaired by metals and organic pollution and that metals remained the primary
cause of impacts to macroinvertebrates above the Warm Springs Ponds (McGuire, 1995).
Metals toxicity depressed biological integrity and restricted the benthic fauna to a few
tolerant species. Biological responses to nutrient and organic inputs were limited in the
metals-dominated environment.

Results from these stations also indicated that there was a slight improvement in biological

integrity from below the Colorado Tailings to the Warm Springs Ponds. This condition was
hypothesized to reflect the buffering effect of organics from the waste water treatment plant
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effluent and/or the distance from potential sources of contamination.

Algae are useful biomonitors of water quality because they have known environmental
requirements and pollution tolerances. The results of this study for the Miles Crossing
station and the station upstream of the Warm Springs Ponds indicated that the biological
integrity at both stations was poor and the overall impairment at both stations was severe.
For comparison, just below the ponds at a station on the Clark Fork River below the mouth
of Warm Springs Creek, biological integrity was good and the overall impairment was
minor.
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V1. SUMMARY OF OU RISKS

The Draft Baseline Risk Assessment for the SST OU was issued by MDEQ for public
comment in January 1995 (MDHES, 1994a). The U.S. EPA and MDEQ have defined
carcinogenic potential risk in excess of 1 in 10,000 and hazard indices in excess of 1.0 as
unacceptable. This definition of unacceptable risk to human health has been incorporated
into the Draft Baseline Risk Assessment for the SST OU and the SST OU Preliminary
Remediation Goals (PRGs). The BRA Executive Summary is located in Appendix C.

Human Health Conclusions

The Streamside Tailings Baseline Human Health Risk Assessment evaluated three exposure
scenarios to determine the health risks related to OU use by residents, workers
(occupational), and recreationists. Both existing and reasonably anticipated future exposure
scenarios were evaluated. Risks were divided into those which may cause cancer and those
which cause adverse health effects other than cancer (non-carcinogenic risks).

Residents

To evaluate potential residential exposure to floodplain contaminants, MDEQ considered a
house located outside, but adjacent to, the floodplain with a yard leading down to Silver Bow
Creek. Under this scenario, children and adults could be exposed to contaminated soils
located outside and inside the floodplain and within the residential yard. Exposure to stream
water and instream sediments was evaluated under the recreational scenario. The vast
majority of residents in Rocker, Silver Bow, Ramsay, and Opportunity live outside the area
of greatest impact from tailings and their exposure to contaminants is expected to be limited.

The primary carcinogenic risk to people living in or near the OU comes entirely from
potential exposure to arsenic in soil and groundwater (Table 6). Elevated concentrations of
arsenic can be found in tailings areas such as the Ramsay Flats and in upper alluvial (less
than 20-feet below ground surface), near-stream groundwater.

Noncarcinogenic risks exceeded acceptable levels for arsenic in soils under the residential
scenario (Table 7). As with the carcinogenic risks, the noncarcinogenic risks vary depending
on the amount of contamination a person contacts. Noncarcinogenic risks related to arsenic,
cadmium, copper and zinc in groundwater were found only in upper alluvial, near-stream
groundwater within and directly adjacent to the floodplain. The risks posed by lead
contamination in soil are generally within the acceptable range based on the risk model used
in Butte.
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Limited groundwater data demonstrate that the upper alluvial groundwater exceeds drinking
water standards in some areas and also suggest that lower alluvial groundwater does not
presently exceed drinking water standards except in Subarea 4. Most, if not all, water
supply wells are located in lower alluvial groundwater but could potentially draw water from
the upper alluvial system.

Occupational

The occupational scenario evaluates the risk to workers within the OU and focuses on
agricultural workers in areas outside the floodplain. The risk assessment indicates that
carcinogenic risk falls within an acceptable range (Table 8). Noncarcinogenic risks to
agricultural workers are mostly related to arsenic and are also generally acceptable (Table 9).
If workers were to equally divide their work time between areas inside and outside the
floodplain their risks might be higher by a factor of three and could exceed acceptable levels.

Recreationists

Both carcinogenic and noncarcinogenic risks to OU visitors are posed by future use of the
railroad beds which exceed the acceptable EPA risk range (Tables 10 and 11). This could
become a concern if present plans for use of railroad beds as a trail system are developed.
Elevated levels of arsenic where past ore concentrate spills occurred on the railroad beds
create a hazard to recreational users and would therefore require cleanup. As in the
residential scenario, using the Butte model, the risks posed by lead are within the acceptable
range.

Ecological Conclusions

The Ecological Risk Assessment was conducted in a manner similar to, although less
quantitative than, the human health risk assessment. The conclusions generally focus on
whether the environment (plant and animal life) is or may be adversely impacted. A
summation of the risks is presented in Table 12.

In Silver Bow Creek, which is devoid of fish and most other aquatic life forms, the presence
of mine waste contamination is the primary factor limiting the health of the aquatic
environment. These contaminants affect both the water quality and instream sediments in
Silver Bow Creek and create a toxic environment for fish and most benthic
macroinvertebrates. Other physical conditions which may adversely affect the health of
Silver Bow Creek include siltation of the stream bottom, channelization, and disturbance of
adjacent land and streamside (riparian) habitat.
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TABLE 6

Carcinogenic Risks for the Residential Scenario®

Pathway Chemical RME Risk Average Risk
Ingestion of Soil/Sediment Arsenic 2.5x 10" 4.4 x10°
Cadmium NC NC
Copper NC NC
Lead NC NC
Mercury NC NC
Zinc NC NC
Ingestion of Groundwater Arsenic 3.11x 10" 6.7 x 10°
Cadmium NC NC
Copper NC NC
Lead NC NC
Mercury NC NC
| Zinc NC NC
Dermal Contact with Groundwater Arsenic 2.99x 10° NA
Inhalation of Dust Arsenic 3.17 x 10° 9.51 x 107
Total Carcinogenic Risk 5.6x10* 1.1x10"

® Total carcinogenic risks have been rounded to the nearest tenth.

NC = Not calculated, chemicals are not carcinogens for this exposure pathway, or carcinogenic slope

factors are not available.

"NA = Only RME exposure is assessed for this pathway.
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TABLE 7

Noncarcinogenic Hazard Quotients and Hazard Indices for the Residential Scenario®

Pathway Chemical RME HQ Average Risk
Ingestion of Scil/Sediment Arsenic 1.05x 10" 3.03x 10°
Cadmium 8.97 x 107 2.44 x 10°
Copper 5.26 x 10" 1.5x10"
Lead NC NC
Mercury NC NC
Zinc 7.11x10? 2.28 x 10°
Pathway HI - 1.1x10' 3.2x10°
Ingestion of Groundwater Arsenic 3.10x10° 2.22x 10
| Cadmium 1.6 x 10° 7.30x 107
Copper 2.73x10° 1.69 x 107
Lead NC NC
Mercury NC NC
Zinc 4.00 x 10° 4.75x 10"
Pathway HI 1.2x10' 5.1 x10°
Dermal Contact with Groundwater Arsenic 2.23x10° NA
Inhalation of Dust Arsenic NC NC
Total Hi 2.3x10' 8.4 x10°

? Pathway Hls and total His have been rounded to the nearest tenth.
NC = Not calculated, data are insufficient for quantitative analysis.

NA = Only RME exposure is assessed for this pathway.

HQ = Hazard Quatient
HI Hazard Index
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TABLE 8

Carcinogenic Risks for the Occupational Scenario®

Pathway’ Chemical . RME Risk Average Risk
Ingestion of Soil/Sediment Arsenic 5.4 x 107 3.4x10%
Cadmium NC NC
Copper . NC NC
Lead NC NC
Mercury NC NC
Zinc NC NC
Inhalation of Dust Arsenic 8.5 x 10° 5.1 x 10%
Total Carcinogenic Risk 6.2 x 10° 8.5 x 10°®

? Total carcinogenic risks have been rounded to the nearest tenth.

NC = Not calculated, chemicals are not carcinogens for this exposure pathway, or carcinogenic slope

factors are not available.
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TABLE 9

Noncarcinogenic Hazard Quotients and Hazard Indices for the Occupational Scenario®

Pathway Chemical RME Risk Average Risk
Ingestion of Soil/Sediment Arsenic 8.05 x 10° 4.92 x 10*
Cadmium 8.0x 107 6.07 x 10”
Copper 3.29 x 107 2.39x 107
Lead NC NC
Mercury NC NC
Zinc 3.64 x 107 2.90 x 10°F
Pathway HI 8.5 x10" 5.3 x10?
Inhalation of Dust Arsenic NC NC
Total HI 8.5 x 10" 5.3 x 107

® Pathway Hls and Total HIs have been rounded to the nearest tenth.
NC = Not calculated, data are insufficient for quantitative analysis.
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TABLE 10

Carcinogenic Risks for the Recreational Scenario®

Pathway Chemical RME Risk Average Risk
Ingestion of Soil/Sediment Arsenic 6.2x10° 9.0 x 107
Cadmium NC NC
Copper NC NC
Lead NC NC
Mercury NC NC
Zinc NC NC
Pathway Risk 6.2x10° 8.0x10°?
Ingestion of Surface Water Arsenic 3.4x10% 7.8 x 107
Cadmium NC NC
Copper NC NC
Lead NC NC
Mercury NC NC
Zinc NC NC
Pathway Risk 3.4x10° 7.8 x10°
Dermal Contact with Surface Water Arsenic 3.2x10° 7.3x107"
Ingestion of Rail Road Bed Materials Arsenic 1.2x10° 1.4x 10"
Cadmium NC NC
Copper NC NC
Lead NC NC
Mercury NC NC
Zinc NC NC
Pathway Risk , 1.2x10% 1.4x10"
Inhalation of Rail Road Bed Materials Arsenic 1.8x10° 9.2x10°
Cadmium NC NC
) Copper NC NC
Lead NC NC
Mercury NC NC
Zinc NC NC
Pathway Risk 1.8 x10° 9.2x10°

® Total carcinogenic risks have been rounded to the nearest tenth.

NC = Not calculated, chemicals are not carcinogens for this exposure pathway, or carcinogenic slope

factors are not available.
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TABLE 11

Noncarcinogenic Hazard Quotients and Hazard Indices for the Recreational Scenario®

4-12 Year Old Child

1-3 Year Old Child

Pathway Chemical | RME HQ Average HQ RME HQ Average HQ
Ingestion of Soil/Sediment Arsenic 8.95x 10" 1.03x 10" 417 x 10° 2.91x 10"
Cadmium| 6.34x10° 8.14x 10" 3.47 x 10% 2.05x 107
Copper 3.97 x 10? 5.15x 107 2.18x 10" 1.52 x 102
Lead NC NC NC NC
Mercury NC NC NC NC
Zinc 6.28 x 10° 8.89 x 10° 3.02 x 102 2.31x 107
Pathway HI 9.5x10" 1,1 x 10" 4.5x10° 3.1 % 10"
Ingestion of Surface Water Arsenic 3.89x 10" 9.0x10° 8.75x 10* 2.02x 10"
Cadmium| 2.25x10% 5.22 x 10° 5.05x10° 1.17 x 10
Copper 3.26x10° 6.94 x 10° 7.83 % 107 1.56 x 10°*
Lead NC NC NC NC
Mercury NC NC NC NC
Zinc 1.35x 107 2.23x10°® 3.04x10° 5.02x 10°¢
Pathway HI 4.6x10" 1.0x10* 1.3x10° 2.3x10%
Dermal Contact with Surface Water | Arsenic 1.96 x 10° 457 x 108 3.06 x 10° 7.12x10%
Ingestion of Rail Road Bed Materials | Arsenic 1.65x 10’ 2.02x 10° 7.44 x 10° 4.55x 10°
Cadmium| 7.42x 102 1.08 x 10 3.34 x 10" 2.43x 10%
Copper 1.91 x10° 1.8x 10" 8.58 x 10° 4.06x 107
Lead NC NC NC NC
Mercury NC NC NC NC
Zinc 1.56 x 10" 8.07 x 10 7.02x 10" 1.82x 107
Pathway HI 1.9x10' 2.2x10° 8.4 x10' 5.0x10°
Inhalation of Rail Road Bed Materials | Arsenic NC NC NC NC
Cadmium NC NC NC NC
Copper NC NC NC NC
Lead NC NC NC NC
Mercury NC NC NC NC
) Zinc NC NC NC NC
Pathway HI NC NC NC NC
Total HI 2.0x10' 2.4x10° 9.0 x 10 5.4 x10°

* Pathway Hls and Total His have been rounded to the nearest tenth.

NC =
HQ = Hazard Quotient
HI = Hazard Index
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TABLE 12

Simplified Summary of Ecological Risks from Chemical Stressors

Media (units) Chemical Arith. Mean Conc/ Effects Risk
U95 Conc Conc' Potential
Surface Water
mg/L Ammonia 3.11/NC 0.53-2.7 Mod to High
(locationftiming
dependent)
pg/L Arsenic (D) 15.56 /24.1 48-850 Low
pg/l Cadmium (D) 1.66/2.26 0.47-5.0 Mod
pg/L Copper (D) 50.74 / 59.56 3.9-54 High
mg/L Dissolved ~9.5/NC 4.0 Low to High
Oxygen (location/timing
dependent)
pg/L Lead (D) 3.0/6.57 0.8-500 Mod
pg/L Mercury (D) 0.16/0.16 0.012-4.0 Low to Mod
mg/L Nitrogen 1.75-9.19/NC 0.03-1.0 Mod to high
(total soluble) (locationftiming
dependent)
pg/L PAHs (individual) 0.02/NC 0.1-5.0 Low
Hg/L PCP 8.01/NC 3.5-14.5 Mod
pg/L Zinc (D) 336.19/585.99 40-277 High
Sediment
mg/kg Arsenic 75.16 /113.11 23.8-24.8 High
mg/kg Cadmium 4.66/7.01 3.9 High
mg/kg Copper 828/1,579.89 325-354 High
mg/kg Lead 250.5/318.66 62.4 High
mg/kg Mercury 3.49/6.7 0.2-2.0 High
mg/kg PAHs (individual) 0.054-1.563 /NC 4-100 Low
mg/kg ' PCP 0.367 /0.634 4.2-21 Low
mg/kg Zinc 1,380.13/2,120.27 1,064 High
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TABLE 12 (continued)
Simplified Summary of Ecological Risks from Chemical Stressors

Media (units) .Chemical Arith. Mean Conc/ Effects Risk
Ugs Conc Conc' Potential
Surface Soil
mg/kg Arsenic 303.1/5149 25-100 High
mg/kg Cadmium 6.45/11.95 4-50 Mod
mg/kg Copper 1,470.4 /12,4849 ~ 60-100 High
mg/kg Lead , 723.63/1,241.4 250-1,000 High
mg/kg Mercury 1.82/57 2-10 Low to mod
mg/kg PAHs (individual) Mot Analyzed 1-10 Unknown/
Probably low
ma/kg PCP . Not Analyzed 0.5-5.0 Unknown/
Probably low
mg/kg Zinc 1,835.6/2,9207 200-500 : High

' Description and source listed in Table 5-17

NC: not Calculated
D: dissolved
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VII. DESCRIPTION OF ALTERNATIVES

A brief description of the OU cleanup alternatives the agencies considered in the Feasibility
Study (FS) report follows. The estimated present worth cost of each alternative includes
capital cost and annual operation and maintenance cost. In calculating costs, remedial action
time frames are limited to 30 years, even for those alternatives requiring perpetual operation
and maintenance.

The development and evaluation of remediation alternatives under consideration for the SST
OU is more fully documented in the FS (ARCO, 1995b). Initial screening was reported in
the Preliminary Remedial Action Objectives Report/Treatment Technology Scoping Document
(ARCO, 1993d). Subsequent development and refinement of the alternatives was
documented in the FS. A full range of alternatives from no action through total removal of
all contaminants was carried through the detailed analysis ot the FS. Alternatives were
considered for each of the four contaminated media and were evaluated, utilizing the NCP’s
remedy selection criteria, on a subarea basis in the FS. Those alternatives which were
significantly deficient in meeting remedial action objectives in certain subareas for specified
media were dropped from further consideration after the detailed analysis. Alternatives
carried forward were then subjected to comparative analysis in the FS, again on a media-
specific and subarea basis. Finally, representative groupings of the media-specitic and
subarea alternatives were assembled into comprehensive OU-wide alternative packages to
enable MDEQ to evaluate the interaction of alternatives for the different media and to
conduct a reasonable comparison of the costs of various alternatives.

The detailed and comparative analyses of the separate media alternatives formed the basis for
the assembly of the OU-wide alternatives. The media-specific and subarea-specific analyses
identified several alternatives that were not capable of providing adequate levels of
performance, either for the OU as a whole, for some subareas, or for certain conditions
within a subarea. Those alternatives were eliminated from consideration for use where they
were deemed inappropriate.

Of the seven tailings/impacted soils alternatives, Surface Water Controls and Near-stream
STARS were determined to be wholly inadequate in meeting OU remediation objectives and
were eliminated from consideration for use anywhere in the operable unit. The remaining
five site-wide alternatives were used in the OU-wide combinations.

The tailings/impacted soils elements of the four site-wide alternatives include four possible
components: STARS, partial relocation, partial removal, total relocation or total removal.
STARS is the application of lime amendments to the tailings/impacted soils and revegetation
to treat and stabilize the tailings in place. Relocation and removal differ only in the location
of the repository for excavated materials (numerous local repositories vs. one or two regional
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repositories, respectively). The difference between partial relocation/removal and rotal
relocation/removal is how much tailings/impacted soils are excavated. Toral
relocation/removal of materials for the entire OU would excavate all 2.5 million cy of
tailings/impacted soils. Partial relocation/removal alternatives would excavate only portions
of the tailings/impacted soils, as described in each alternative.

Of the railroad alternatives, two active alternatives, Limited Removal and In-situ
Amendment, were used in addition to no action.

In addition to no action, two groundwater remediation alternatives, Source Control and Pump
and Treat, were considered in the FS. The pump and treat alternative was eliminated from
further consideration because the cost of active treatment was not commensurate with benefits
gained in actively treating the potentially widespread, but relatively low level, of
groundwater contamination found at the OU. Therefore, except for the No Action combined
alternative, only Source Control was included in the OU-wide alternatives.

Three alternatives for remediating instream sediments were considered: No Action, Limited
Removal, and Total Removal. For either removal option, both on-OU and regional
repository locations were evaluated.

The OU-wide alternatives were assembled by building on the No Action alternative, which
was used to provide a baseline for comparing the other alternatives. As was the case for the
comparative analysis, subarea characteristics pertinent to a specific alternative were
considered during the assembly process so that, generally, alternatives that were determined
not to be applicable to certain subareas were not used in an OU-wide alternative. One
exception to this condition is the STARS alternative which, although determined to have
limited applicability in Subareas 1 and 3 and not carried forward through the comparative
analysis for these subareas, was used as an OU-wide alternative to provide an option lying
between total in-situ treatment and total removal for the entire OU.

Although there were many different combinations possible for OU-wide alternatives due to
both the number of alternatives considered and the number of subareas in the SST OU, the
progression from simpler and less costly alternatives to more complex and more costly
alternatives could be accomplished using only a relatively few combinations. This was done
by combining media alternatives that added a clear benefit toward achieving maximum
attainment of the evaluation criteria, thereby noticeably improving each progressive
combination. Consequently, only a limited number of OU-wide alternatives were assembled
for further consideration.

During the process of developing the OU-wide alternatives, MDEQ recognized that overall
protection of human health and the environment and long-term effectiveness and permanence
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could be enhanced in certain subareas by modifying the quantity of material that would be
excavated under the partial removal/STARS or partial relocation/STARS alternatives. The
partial removal/STARS and partial relocation/STARS options evaluated in the detatled and
comparative analyses removed only saturated tailings/impacted soils and overlying tailings,
leaving substantial areas of tailings that were to be STARS treated in floodplain. The
STARS treated areas would be subject to erosion and re-entrainment of tailings into the
stream during stream meander and high-flow events. The considerable residual risk and the
need for waiver of the floodplain and solid waste disposal ARARs associated with those
alternatives led MDEQ to develop and consider modified partial removal/STARS and partial
relocation/STARS alternatives as potential OU-wide alternatives that could provide better
protectiveness and better compliance with ARARs. Details of the modified partial
removal/STARS and modified partial relocation/STARS alternatives are provided in the FS
(ARCO, 1995b) and the proposed plan (MDEQ, 1995).

Alternative No. 1 - No Action
Estimated present worth cost: $700,000 to $1,400,000
Implementation time: 3 - 5 years

This alternative includes the No Action Alternative for tailings/impacted soils, railroad
materials, groundwater and instream sediments. The No Action Alternative is included

" primarily to satisfy NCP requirements and provide a baseline by which to compare other
site-wide alternatives.

Under Alternative No. 1, no further action would be taken. Contaminated tailings/impacted
soils, instream sediments, railroad materials, and groundwater would remain in the OU and
would continue to migrate and impact groundwater, Silver Bow Creek, and instream
sediments. The costs for the no-action alternative are those associated with continued
administration of monitoring and institutional controls for a period of 30 years. Actual costs
and efforts associated with the no action alternative would be incurred indefinitely beyond the
30-year period.

Alternative No. 2 - STARS Treatment of Tailings/Impacted Soils, No Action for
Instream Sediments, and In-situ Treatment of Railroad Materials

Estimated present worth cost: $13,000,000 to $24,000,000

Implementation time: 3 - 5 years

The primary component of this alternative is STARS, which was developed as a potential

low-cost alternative to the removal and controlled disposal of the tailings/impacted soils that
comprise the primary source of contamination at the OU. Although STARS treatment of
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tailings/impacted soils was not evaluated in the comparative analysis for Subareas 1 and 3
because of potential effects of erosion of STARS treated areas due to stream meander and
overbank flows, this alternative was included in the OU-wide analysis so that total in-situ
treatment could be compared with the other OU-wide removal alternatives.

Under this alternative, approximately 1,950,000 cy of tailings/impacted soils would be
treated in-situ with the STARS technology. An estimated 550,000 cy of tailings underlying
the treated materials would remain untreated. This treatment would enable establishment of
vegetation thereby reducing overland flow and wind erosion. Instream sediments and
groundwater would receive no action and a limited amount of impacted railroad materials
posing a risk to human health and the environment would be treated in-situ with lime
amendments. In areas of expected residential development (i.e. outside the floodplain) this
alternative would use a soil cover where the contaminants pose significant human health risk.
Considerable long-term maintenance and monitoring would be required. Restrictions on OU
access and use would be necessary.

Alternative No. 3 - Partial Relocation and Partial STARS Treatment for
Tailings/Impacted Soils, Limited Removal for Instream Sediments, and In-situ
Treatment of Railroad Materials
Estimated present worth cost: $21,000,000 to $40,000,000
Implementation time: 3 - 5 years

This alternative was developed to address one of the primary sources of contaminated
groundwater, saturated tailings. Under this alternative, a total of approximately 480,000 cy
of tailings/impacted soils and an additional 220,000 cy of tailings/impacted soils which
overlie the saturated tailings/impacted soils would be excavated, relocated outside the
floodplain, and treated with STARS amendments. Fill material would be brought in to
replace a portion of the excavated soils. The remaining approximately 1,800,000 cy of
tailings/impacted soils not considered to be saturated would be treated in place with STARS
amendments and revegetated.

Instream sediments would be removed and relocated out of the floodplain with the relocated
tailings. The volume of instream sediments defined for limited removal represents all fine-
grained (< 1mm) instream sediments, which account for the majority of highly contaminated
instream sediments. Only limited data exist to estimate the volumes of instream sediments
by size fraction. Based on quantities of instream sediments estimated during the RI, about
73,000 cy of fine-grained instream sediments would be removed.

Railroad materials would receive in-situ treatment under this alternative by applying STARS
amendments to the impacted railroad grade materials. As part of the STARS treatment,
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limited soil cover is also considered where recreational users might come into contact with
high concentrations of contaminated railroad material.

Alternative No. 4 - Partial Removal and Partial STARS Treatment of Tailings/Impacted
Soils, Limited Removal of Instream Sediments, and Limited Removal of Railroad
Materials

Estimated present worth cost: $27,000,000 to $47,000,000

Implementation time: 3 - 5 years

This alternative is nearly the same as Alternative No. 3 except that the saturated
tailings/impacted soils and instream sediments would be transported to a regional repository
at Opportunity Ponds or a location along Browns Gulch. In addition, railroad materials
containing contaminants that pose a risk to human health or the environment would be
removed and disposed along with the tailings/impacted soils and instream sediments.

Alternative No. 5 - Total Relocation of Tailings/Impacted Soils in Subareas 1 and 3,
Partial Relocation and Partial STARS Treatment in Subareas 2 and 4, Limited Instream
Sediment Removal, and Limited Removal of Railroad Materials

Estimated present worth cost: $32,000,000 to $55,000,000

Implementation time: 4 - 6 years

This alternative has been developed to address the limitations of STARS in effectively
meeting the SST OU’s threshold protectiveness standards and ARARs. Under this
alternative, an estimated total of 1.76 million cy of tailings/impacted soils which are
saturated by groundwater, potentially eroded by natural stream migration and/or flood events
would be relocated to dry closure areas located adjacent to the OU but outside of the
floodplain. Total excavation of all tailings/impacted soils within the floodplain would be
required in Subareas 1 and 3 because those in-situ treatment areas could not be adequately
protected from erosion. This alternative modifies partial relocation to include excavation and
relocation of all tailings/impacted soils within the floodplain in Subarea 2 and excavation and
relocation of additional near-stream tailings in Subarea 4. In Subarea 2, about 280,000 cy of
tailings/impacted soils in the Ramsay Flats area located outside of the floodplain would be
consolidated and treated with STARS, with a portion covered with top soil if residentially
used. In Subarea 4, approximately 540,000 cy out of the 1,300,000 cy identified in the
subarea would be relocated and the remainder treated with STARS. Excavated
tailings/impacted soils would be fully treated with lime amendments prior to placement in the
relocation areas. '

As in Alternative No. 3, fine-grained (< Imm) instream sediments would be excavated and
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placed in the relocation areas with the relocated tailings. The volume of instream sediments
defined for limited removal includes all fine-grained instream sediments, which represent
those posing the most significant risk to health and the environment. As in OU-wide
Alternative No. 4, selected contaminated railroad materials would be excavated and placed
into local relocation repositories.

Alternative No. 6 - Total Removal of Tailings/Impacted Soils in Subareas 1 and 3,
Partial Removal and Partial STARS Treatment in Subareas 2 and 4, Limited Instream
Sediment Removal, and Limited Removal of Railroad Materials

Estimated present worth cost: $39,000,000 to $66,000,000

Implementation time: 4 - 6 years

Alternative No. 6 was the alternative proposed by the agencies in the proposed plan. This
alternative is similar to Alternative No. 5, with the exception that tailings/impacted soils,
instream sediments, and railroad materials removed would be transported and deposited in a
regional dry closure repository instead of adjacent relocation areas. Under this alternative,
an estimated total of 1.76 million cubic yards of tailings/impacted soils would be removed to
regional repositories located in Browns Gulch and/or at Opportunity Ponds. Total removal
of all tailings/impacted soils within the floodplain would be required under this alternative in
Subareas 1 and 3. In Subarea 2, about 280,000 cy of tailings/impacted soils in the Ramsay
Flats area located outside of the floodplain would be consolidated and treated with STARS
and a portion covered with top soil. In Subarea 4, approximately 540,000 cy out of the
approximately 1,300,000 cy identified in the subarea would be removed and the remainder
treated with STARS.

The same amounts of instream sediments and railroad materials would be removed as under
Alternative No. 5, but they also would be hauled to the regional repository.

Alternative No. 7 - Total Removal of Tailings/Impacted Soils, Total Removal of
Instream Sediments, and Limited Removal of Railroad Materials

Estimated present worth cost: $48,000,000 to $79,000,000

Implementation time: 4 - 7 years

This OU-wide alternative requires the most rigorous action and essentially removes all
identified materials containing contaminants in tailings/soils and instream sediments.
Removal of railroad materials would be limited to those areas where they pose a potential
risk to human health and the environment. This alternative differs from Alternatives 5 and 6
in that it includes removal of all waste sources in and out of the floodplain to a regional dry
repository. A total of approximately 2.55 million cy of tailings/impacted soils would be
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removed from the OU. In addition, instream sediment removal would address all instream

sediments, not just the fine-grained fraction. Sediment volumes for total removal would be
approximately 236,000 cy, which would include instream sediments to a depth of about 2.5
feet below the present stream bed. There would be a minor level of long-term maintenance

and monitoring associated with this alternative.
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VIII. SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES

Section 300.430(e)(9) of the NCP requires that the agencies evaluate and compare the
remedial cleanup alternatives based on the nine criteria listed below. The first two criteria -
overall protection of human health and the environment and compliance with ARARs, are
threshold criteria and must be met. The selected remedy must represent the best balance of
the selection criteria.

Evaluation and Comparison Criteria

Threshold Criteria

L. Overall protection of human health and environment addresses whether or not a
remedy provides adequate protection and describes how potential risks posed through

each pathway are eliminated, reduced or controlled through treatment, engineering
controls or institutional controls.

2. Compliance with applicable or relevant and appropriate requirements (ARARS)

addresses whether or not a remedy will comply with federal and state environmental
laws or provides grounds for invoking a waiver.

Primary Balancing Criteria
3. Long-term effectiveness and permanence refers to the ability of a remedy to maintain
reliable protection of human health and the environment over time once cleanup goals

have been met.

4. Reduction of toxicity, mobility and volume through treatment refers to the degree that
the remedy reduces toxicity, mobility and volume of the contamination.

5. Short-term effectiveness addresses the period of time needed to complete the remedy,
and any adverse impact on human health and the environment that may be posed
during the construction and implementation period until cleanup goals are achieved.

6. Implementability refers to the technical and administrative feasibility of a remedy,
including the availability of materials and services needed to carry out a particular

option.

7. Cost evaluates the estimated capital costs and operation and maintenance costs,
calculated at present value, for each alternative.
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Modifying Criteria

8. State agency acceptance indicates whether, based on its review of the information, the
state (MDEQ) concurs with, opposes or has no comment on the preferred alternative.
However, for this OU, MDEQ is the lead management agency and EPA is the
support agency. As such, the State has identified the selected remedy and EPA has
concurred with and adopted that identification.

9. Community acceptance is based on whether community concerns are addressed by the
selected remedy and whether or not the community has a preference for a remedy.
Although public comment is an important part of the final decision, MDEQ and EPA
are compelled by law to balance community concerns with all of the other criteria.

In assessing cleanup options, MDEQ and EPA evaluated a wide range of media-specific
alternatives for each of the four subareas of the SST OU. After detailed analysis and
comparative evaluation of the media-specific alternatives, seven comprehensive alternatives
addressing all media in the entire OU were developed and evaluated. The seven alternatives
were described and key elements of the evaluation were presented in the preceding section.
Following is a brief summary of the agencies’ comparative evaluation of the seven
alternatives. Additional detail regarding the entire development and evaluation of the SST
remediation alternatives is presented in the Feasibility Study (ARCO, 1995b), and additional
analysis is presented in the Responsiveness Summary (Appendix D) in response to specific
comments regarding the evaluation of alternatives.

1) Overall Protection of Human Health and the Environment: OU-wide Alternatives 1
(No Action) and 2 (STARS) were determined to not meet the threshold criterion of overall
protection of human health and the environment. Alternatives 3 (Limited Relocation/STARS)
and 4 (Limited Removal/STARS) provided significant improvements in overall
protectiveness, but were found deficient in demonstrating long-term protectiveness because of
reliance on STARS technology at extensive locations within the floodplain that would be
subject to erosion and failure during natural stream meander and high-flow events.
Alternatives 5 (Modified Relocation/STARS) and 6 (Modified Removal/STARS) were
evaluated to provide acceptable overall protectiveness in the short and long-term.
Alternatives 3 through 6 all included limited removal of instream sediments. Limited
removal of instream sediments was determined to be adequately protective of human health
and the environment, assuming that successful tailings/impacted soils remediation was also
completed. Alternative 7 (Total Removal) would provide the greatest overall protection of
human health and the environment.
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2) Compliance with ARARs: OU-wide Alternative 1 would comply with very few of the
ARARs established for the OU. Alternative 2 would not comply with major surface water,
groundwater, floodplain, or solid waste disposal ARARs. Alternatives 3 and 4 would be
expected to improve surface water quality in the near term, but would likely be a factor in
the inability of Silver Bow Creek to meet surface water ARARS in the long-term. This is
because MDEQ reasonably expects that STARS applied on a large scale in the floodplain will
fail to some degree over time, causing future contaminant loading to the stream. In addition,
the application of STARS within the floodplain does not meet the floodplain and solid waste
ARARs. Alternatives 5 and 6 comply with all ARARs with the exception of the floodplain
and solid waste management ARARs for the areas in which STARS would be applied in the
floodplain under these alternatives. As discussed in Section X below, the agencies have
determined that, under certain conditions, an ARAR waiver may be invoked for the limited
use of in-situ STARS treatment, leaving treated wastes in certain areas of the floodplain, as
contemplated under Alternatives 5 and 6. The more extensive use of STARS in the
floodplain under Alternatives 3 and 4 would not meet the criteria for invoking the ARAR
waiver, which are detailed in Sections IX and X below. Alternative 7 would meet all
ARARs without waiver.

3) Long-term Effectiveness and Permanence: OU-wide Alternative 1 provides no long-
term effectiveness. Alternative 2 would provide no improvement in groundwater quality
where tailings and groundwater are in contact and would have severe limitations in
effectiveness and permanence where STARS is applied to near-stream and floodplain
locations. Alternatives 3 and 4 are roughly equivalent in terms of long-term effectiveness.
Both offer major improvements over Alternative 2 by removing many of the tailings causing
groundwater contamination and much of the overland flow sediment loading to the stream.
Also, these alternatives remove contaminated fine-grained instream sediments. However, the
over-reliance on STARS technology in the floodplain reduces substantially any expectation of
long-term effectiveness and permanence of the remedy and the remedy would be expected to
unravel over time. Alternative 3 is somewhat downgraded in long-term effectiveness to the
extent it would rely on in-situ treatment of impacted railroad materials, which is considered
less effective than limited removal. Alternatives 5 and 6 greatly increase the expected long-
term effectiveness and permanence by removing most contaminant sources from the
floodplain so that any chance of re-entrainment of contaminated materials into the stream is
eftectively eliminated. Contaminants would be left in the floodplain only in those locations
where they could be determined to be safe from future erosion and re-entrainment.
Contaminated fine-grained instream sediments would be removed under Alternatives 5 and 6,
providing adequate long-term effectiveness for that media. Alternative 7 provides the
greatest level of long-term effectiveness and permanence.
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4) Reduction of Toxicity, Mobility or Volume Through Treatment: OU-wide Alternative
I provides no reduction of toxicity, mobility, or volume. Alternative 2 provides for in-situ
lime treatment of nearly 2 million cubic yards of tailings/impacted soils that would reduce
mobility and therefore phytotoxicity of certain metals in the soil. However, the preference
established in CERCLA is for treatment which "permanently and significantly reduces”
volume, toxicity or mobility of the contaminants. 42 U.S.C. § 9621(b)(1). The treatment
involved here could not be expected to be permanent if the lime amendments are physically
separated from the contaminants through erosion or other processes. Alternative 3 provides
reduced levels of in-situ treatment in comparison with Alternative 2, but provides more
permanent reduction in mobility by placing some treated contaminants into dry repositories
not subject to erosion by stream forces. Alternative 3 would treat contaminated railroad
materials by lime amendment and therefore further reduce the mobility and toxicity of those
contaminants. However, erosion of the amended materials, which would reverse the
treatment, is considered possible and even likely in certain locations. Alternative 4 has
considerably reduced use of treatment, but would achieve a reduction in mobility by placing
the materials in a dry repository. Alternative 5 has the maximum permanent reduction in
mobility through treatment because all materials would be treated, either in protected in--situ
locations or in the relocation areas. Alternative 6 would provide reduced levels of treatment,
but substantial permanent reduction in mobility by removing most contaminants from the
floodplain environment. The degree of reduction in toxicity, mobility, or volume through
treatment of contaminated instream sediments would depend entirely on whether excavated
instream sediments were treated during disposal. This would be possible under Alternatives
3 and 5. However, Alternatives 4 and 6 would attain permanent reduction of mobility by
placing the materials in secure repositories. Alternative 7 would provide no treatment, but
would accomplish permanent reduction in mobility by placing all materials in a secure
repository.

5) Short-term Effectiveness: Alternative 1 has no risks associated with implementation
since no action is taken, although future actions would be required because no remedial
action objectives would be met. Alternative 2 requires the least construction of any action
alternative and therefore provides greater short-term effectiveness, although this again would
be offset by the probability that a future action would be required. Alternatives 3 and 4
would have greater short-term impact on both nearby residents and the environment because
substantial excavation, haulage, and disposal would be required. Of the two, impact on the
local communities would be greater with Alternative 4 because considerably more truck
traffic would be necessary to transport excavated materials to regional disposal areas.
Alternatives 5 and 6, by requiring excavation of about twice as much tailings/impacted soils
as Alternatives 3 and 4, would exhibit even greater short-term impacts during construction of
the remedy. Alternatives 3 through 6 are all considered relatively equal with respect to
short-term impact on the environment during construction. Alternative 7 would have the
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greatest risk to local communities and the environment during construction.

6) Implementability: All alternatives are considered implementable using standard
construction technologies. Alternative 2 is the most easily implemented action alternative
since it involves lime application and revegetation using standard construction and
agricultural equipment with very little work in areas of shallow groundwater. Alternatives 3
and 4 present greater difficulties because excavation of saturated tailings is required, although
standard construction dewatering techniques are expected to be adequate to facilitate
excavation. Alternatives 5 and 6 require more substantial excavation, although generally no
greater excavation under saturated conditions than for Alternatives 3 and 4. Alternatives 3
through 6 would all require some removal of instream sediments, which presents construction
difficulties but should not be substantially different than removal of near-stream tailings
saturated in the groundwater. In fact, excavation of saturated tailings and re-routing of the
stream into the excavated area will be the likely approach for dewatering the stream so that
excavation of instream sediments can proceed. Alternative 7 would require total removal of
instream sediments, which would present significantly greater difficulties than any of the
alternatives requiring limited removal of fine-grained instream sediments only. Alternatives
that require limited removal of railroad material would present implementation difficulties in
terms of coordinating construction during use of the active rail lines. Alternatives requiring
in-situ treatment of railroad beds could be more easily implemented. If rail haul of
excavated materials were used under Alternatives 6 or 7, difficulties in terms of coordinating
loading and haul operations with active railroad use would be encountered.

7) Cost: The combination of the media-alternatives into OU-wide alternatives presents the
range of total costs that could be expected if all four media (tailings/soils, groundwater,
railroad materials, and instream sediments) were remediated concurrently. The presentation
of costs in this manner eliminates duplicative cost elements, such as road building,
monitoring, and operation and maintenance (O&M), between the media.

Total costs include anticipated capital costs to construct the remedy and anticipated operation,
maintenance, and monitoring costs over a 30-year period (Table 13). The annual operation,
maintenance and monitoring costs have been discounted at a 7 percent annual capitalization
rate to obtain a present worth for those costs.

8) State Agency Acceptance: The State of Montana has been the lead agency for the
development of this record of decision and has selected an amended Alternative 5 as the
remedy contained herein. EPA has participated in the remedy selection process as the
support agency and has concurred with and adopted the remedy selection.
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9) Community Acceptance: Public comment on the Remedial Investigation, Risk
Assessment, Feasibility Study, proposed plan (MDEQ, 1995a) and all other pertinent
documents was solicited during the formal public comment period extending from June 9,
1995, to August 7, 1995. An analysis of and responses to community comments are found
in the Responsiveness Summary (Appendix D).

During the public comment period, MDEQ and EPA received extensive comments from
ARCO, the potentially responsible party which conducted the RI/FS under an Administrative
Order on Consent issued by MDEQ. Comments received from ARCO indicate its opposition
to the preferred alternative No. 6 in the proposed plan (MDEQ, 1995a) and the selected
remedy, Alternative 5.

1 0 0 $0.7 - $1.4
2 0 0 $13 - $24
3 773,000 0 $21 - $40
4 0 943,800 $27 - $47
5 1,716,940 0 $32 - $55
6 0 1,936,940 $39 - $66
7 0 2740,300 $48 - $79

NOTE: Cost of the remedy described in this ROD are different from those listed in the FS. The
main reasons are (1) 50,000 cy has already been removed from ARCO’s Demonstration Project II in
Subarea 4, (2) in Subarea 4 an additional 170,000 cy of additional tailings/impacted soils would be
treated in-situ, (3) use of a soils cover to protect human health in impacted areas outside the
floodplain, (4) the volumes of railroad materials to be removed or treated was better delineated, and
(5) Ramsay Flats has an additional 40,000 cy outside of the 100-year floodplain.
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In its initial comments, ARCO preferred the approach of a combination of site-wide
Alternatives 2 and 3; ARCO’s proposed action consists primarily of in-situ STARS treatment
with removal of approximately 50% of the saturated tailings. ARCO comments with MDEQ
and EPA responses are also found in the Responsiveness Summary.

As is clear in the summary text and tables of Appendix D - Responsiveness Summary, the
majority of people and entities who commented on the proposed plan (MDEQ, 1995a)
supported the proposed alternative, Alternative 6, or preferred a more protective cleanup
(Alternative 7). Many people who commented believed that the 100-year floodplain was an
unsafe place to store tailings and that STARS technology long-term effectiveness was
extremely questionable.

However, comments submitted by ARCO, as well as representatives of local government and
various business entities in the area, vehemently objected to certain cost elements of the
proposed Alternative 6. Since cost is a primary concern and was a clear focus of certain of
the public comments received, the agencies have modified their proposal to substantially
reduce the costs of implementing the remedy, still allowing for the design and
implementation of a remedy that will protect human health and the environment and attain
ARARs, except as appropriately waived.
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IX. SELECTED REMEDY

MDEQ and the EPA have selected a remedy that is intended to be the final remedial action
for the SST OU. This action addresses the principal threats and provides for treatment and
appropriate long-term management of contaminated tailings/impacted soils, instream
sediments, and railroad materials. Much of the treated materials will remain in the OU.
Consequently, the OU will require long-term management and monitoring.

Based upon consideration of CERCLA requirements, the detailed analysis of alternatives, and
public comments, MDEQ and EPA have determined that OU-wide Alternative 5, as generally
described in the Feasibility Study (ARCO, 1995b) and the proposed plan (MDEQ, 1995a),
with certain clarifications, represents the best balance of considerations using the selection
criteria and is the appropriate remedy for the OU. As presented here, this alternative will
protect human health and the environment by removing or treating sources of contamination -
to soils, surface water, groundwater, and instream sediments. The long-term effectiveness
and degree of permanence of the selected remedy are high. MDEQ does not expect any
unmanageable short-term risks associated with this alternative. This remedy will comply
with all applicable or relevant and appropriate requirements, except where a waiver of such
requirements has been determined to be appropriate. This remedy is cost-effective because
the estimated costs are proportional to its overall effectiveness. This remedy uses permanent
solutions and treatment technologies to the maximum extent practicable. All contaminated
OU materials will be treated, therefore the selected remedy will also satisfy the preferences
for treatment as a principal element of the remedy and for on-site remedies established in
CERCLA. - While certain other alternatives may better satisfy certain individual selection
criteria, the selected remedy best meets the entire range of the selection criteria and achieves,
in the determination of both EPA and MDEQ, the appropriate balance, considering OU
specific conditions and the criteria identified in CERCLA and the NCP. The criteria
described above are discussed in more detail in Section X, Statutory Determinations.

Components of Selected Remedy

Some refinements to OU-wide Alternative 5 have been made to clarify the criteria used to
require excavation of tailings/impacted soils, to more precisely identify excavation of
contaminated railroad bed materials, to delineate an end land use for Subarea 1, and to
specify institutional controls, monitoring, and maintenance requirements that will be used to
manage the Silver Bow Creek corridor in the future. This record of decision establishes
cleanup levels or physical criteria for the contaminants of concern. The principal
contaminants of concern at the SST OU are arsenic, cadmium, copper, lead, mercury, and
zinc. '
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Tailings/Impacted Soils

Tailings/impacted soils are the primary contaminant source for the SST OU (Figure 15).
There are three predominant ways in which tailings/impacted soils contaminate other Silver
Bow Creek media: tailings in direct contact with groundwater; infiltration of precipitation
through tailings; and erosion of tailings into Silver Bow Creek (Figures 3 - 6).

To meet the established OU remedial action objectives, tailings/impacted soils will be
removed from the 100-year floodplain, as defined in the CH2ZM Hill (1989a) report, where:
(1) tailings/impacted soils are saturated by groundwater during any part of the year, (2) in-
situ Streambank Tailings and Revegetation Study (STARS) treatment cannot reliably
immobilize the contaminants, for example, due to the thickness of the tailings/impacted soils,
proximity of the tailings/impacted soils to groundwater, or lack of appropriate buffer
materials between the treated tailings/impacted soils and the groundwater, or (3) the treated
tailings/impacted soils could be eroded back into the stream by natural lateral stream
migration, avulsion, overbank flow or flood events and subsequent erosion.

Excavation of contaminated tailings/impacted soils from most areas within the floodplain is
required. The specific depth of excavation and the amount of excavated materials will be
determined by the agencies during remedial design/remedial action. The removed volume
will include all tailings/impacted soils continuously or seasonally saturated by groundwater
together with the tailings/impacted soils overlying these saturated tailings (collectively,
"saturated tailings"), as well as tailings/impacted soils subject to erosion and reentrainment
into the stream over time as determined by the agencies. These two criteria relate primarily
to the location of the particular tailings deposit; the agencies having determined that it is not
appropriate to leave treated tailings in place in such locations. In addition, in determining
whether other tailings must be removed, the agencies are to consider, for the particular
tailings deposit, such factors as the depth and thickness of the tailings deposit, the proximity
of the tailings to groundwater and the nature of any buffer materials/native soils between the
tailings and the groundwater. The basis for and the manner in which all of these criteria are
to be applied is further explained later in this section. Tailings that are not in a saturated or
threatened location and that are situated so that STARS treatment can reliably immobilize the
contaminants will be treated in-situ.

The total volume of saturated and overlying tailings/impacted soils to be removed is presently
estimated at approximately 700,000 cy. The total volume of tailings/impacted soils subject to
erosion and therefore to be excavated is estimated at approximately 850,000 cy. All
remaining tailings/impacted soils (approximately 950,000 cy) within the OU will be treated
in-situ with the STARS technology and will include appropriate monitoring, maintenance and
protection from washout or erosion from lateral stream migration and flood flows.
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