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RECORD OF DECISION SUMMARY 

ANACONDA REGIONAL WATER, WASTE, AND SOILS OPERABLE UNIT 
ANACONDA SMELTER NATIONAL PRIORITIES LIST SITE 

The U.S. Environmental Protection Agency (EPA), with the concurrence of the State of Montana 
Department of Environmental Quality (MDEQ), presents this Record of Decision (ROD) for the 
Anaconda Regional Water, Waste, and Soils (ARWW&S) Operable Unit (OU) of the Anaconda 
Smelter National Priorities List (NPL) Site. The ROD is based on the Administrative Record for 
the ARWW&S OU, including three Remedial Investigations (Rls) and five Feasibility Study (FS) 
Deliverables, human health and ecological risk assessments, the Proposed Plan, the public 
comments received, including those from the potentially responsible party (PRP), and EPA 
responses. The ROD presents a brief summary of the Rls and FS Deliverables, actual and 
potential risks to human health and the environment, and the Selected Remedy. EPA followed 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as 
amended, the National Contingency Plan (NCP), and appropriate guidance in preparation of the 
ROD. The three purposes of the ROD are to: 

I . Certify that the remedy selection process was carried out in 
accordance with the requirements of the Comprehensive 
Environmental Response, Compensation, and Liability Act of 
1980, 42 U.S.C. 9601 et seq., as amended (CERCLA), and, to the 
extent practicable, the NCP; 

2. Outline the remedial action objectives, engineering components 
and remedial requirements of the Selected Remedy; and 

3. Provide the public with a consolidated source of information about 
the history, characteristics, and risk posed by the conditions at the 
AR WW &S 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 ROD is organized into three distinct sections: 

I . The Declaration section functions as an abstract for the key 
information contained in the ROD and is the section of the ROD 
signed by the EPA Assistant Regional Administrator for 
Ecosystems Protection and Remediation and the MDEQ Director; 

2. The Decision Summary section 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 . 

1 



3. The Responsiveness Summary section addresses public 
comments received on the Proposed Plan, the Remedial 
Investigation/Feasibility Study (Rl/FS), and other information in 
the Administrative Record. 
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DECLARATION 

SITE NAME AND LOCATION 

Anaconda Smelter NPL Site 
Anaconda, Deer Lodge County, Montana 
Anaconda Regional Water, Waste, and Soils (ARWW&S) Operable Unit (OU) 
CERCLIS ID #MTD 093291656 

STATEMENT OF BASIS AND PURPOSE 

This decision document presents the Selected Remedy for the last OU, the ARWW&S OU, of 
the Anaconda Smelter NPL Site in Deer Lodge County, Montana. EPA, with the concurrence of 
MDEQ, selected the remedy in accordance with CERCLA and the NCP. 

This decision is based on the Administrative Record for the ARWW&S OU of the Anaconda 
Smelter NPL Site. The Administrative Record (on microfilm) and copies of key documents are 
available for public review at the Hearst Free Library, located on the comer of Fourth and Main 
in Anaconda, Montana, and at the Montana Tech Library in Butte, Montana. The complete 
Administrative Record may also be reviewed at the EPA Records Center in the Federal Building, 
301 South Park, in Helena, Montana. 

The State of Montana concurs with the Selected Remedy, as indicated by its signature. 

ASSESSMENT OF THE SITE 

Actual or threatened releases ofhaz.ardous substances at and from the ARWW&S OU, if not 
addressed by implementing the response action selected in this ROD, may present an imminent 
and substantial endangerment to public health, welfare, or the environment. 

DESCRIPTION OF THE SELECTED REMEDY 

The AR WW &S OU is the fifth OU to receive remedial action at the Anaconda Smelter NPL 
Site. The first remedial action, taken at the Mill Creek OU, involved the relocation of residents 
from the community of Mill Creek after other initial stabilization and removal efforts. The 
second remedial action, taken at the Flue Dust OU, addressed flue dust at the site through 
removal, treatment, and containment. At approximately the same time, removal actions were 
undertaken, including permanent removal and disposal of Arbiter and beryllium wastes and the 
selective removal of contaminated residential yard materials from the community of Anaconda. 
The third remedial action addressed various waste sources found within the Old Works/East 
Anaconda Development Area (OW/EADA) OU, located adjacent to the community of 
Anaconda, and in areas of future development, and followed an initial removal action in the same 
area. Certain wastes within the OW/EADA OU received an engineered cover, including the Red 
Sands waste material and the Heap Roast slag piles, while others were consolidated and/or 
covered, including the floodplain wastes and miscellaneous waste piles. In addition, the third 
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action allowed economic development (i.e., construction of a golf course in the Old Works area) 
and provided the final response action at the Mill Creek OU. 

The fourth remedial action, the Community Soils OU, addressed all remaining residential and 
commercial/industrial soils within the Anaconda Smelter NP~ Site. The principal contaminant 
of concern (COC) at the Community Soils OU is arsenic in swftcial soils from past aerial 
emissions and railroad beds constructed of waste material. 

This remedial action at the ARWW&S OU will address all remaining cleanup decisions for the 
Anaconda Smelter NPL Site. It will also address potential impacts to surface and ground water 
from soils and waste sources such as tailings and slag as well as human and environmental risks 
associated with arsenic contaminated soils that have not been addressed by other response 
actions. 

The Selected Remedy for the AR.WW &S OU is comprised of several remedies for the waste 
media types found throughout the OU. The major components of these remedies are described 
below. 

Soils and Waste Materials 

Major components of the remedy for contaminated soils and waste material include: 

• Reduction of surficial arsenic concentrations to below the designated action levels 
of 250 parts per million (ppm), 500 ppm, and 1,000 ppm through a combination of 
soil cover or in situ treatment. 

• Reclamation of the soils and waste area contamination by establishing vegetation 
capable of minimizing transport of COCs to ground water and windbome and 
surface water erosion of the contaminated soils and waste areas. This vegetation 
will also provide habitat consistent with surrounding and designated land uses. 

• Partial removal of waste materials followed by soil cover and revegetation for 
areas adjacent to streams. Removed material will be placed within designated 
Waste Management Areas (WMAs ). 

Ground Water 

Major components of the remedy for ground water include: 

• For alluvial aquifers underlying portions of the Old Works and South Opportunity 
Subareas, clean up to applicable State of Montana water quality standards through 
use of soil covers and removal of sources (surface water) to ground water 
contamination and natural attenuation. 

• For the bedrock aquifers and a portion of the alluvial aquifer in the Old 
Works/Stucky Ridge and Smelter Hill Subareas, waiver of the applicable ground 
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water standard. The aquifers underlying these subareas cannot be cost effectively 
cleaned up through reclamation, soil cover, or removal of the sources (wastes, 
soils, and tailings) of the ground water contamination. Reclamation of soils and 
waste source areas with revegetation is required, which will contribute to 
minimizing arsenic and cadmium movement into the aquifers. 

• For portions of the valley alluvial aquifers underneath the Old Works/Stucky 
Ridge, Smelter Hill, and Opportunity Ponds Subareas where ground water is 
underlying waste-left-in-place, point-of-compliance (POC) monitoring to ensure 
contamination is contained at the perimeter boundary of the designated WMA. 
Should POC monitoring show a spread of contaminants beyond the boundary of a 
WMA, institute treatment options for the ground water where practicable. 

Surface Water 

Major components of the remedy for surface water include: 

• Reclamation of contaminated soils and engineered storm water management 
options to control overland runoff into surface waters. 

• Selective source removal and stream bank stabilization to minimize transport of 
COCs from fluvially deposited tailings into surface waters. Removed material 
will be place within a designated WMA. 

Institutional Controls <ICs) and Operations and Maintenance <O&M) 

• The remedy will employ I Cs and long-term O&M for the OU to ensure 
monitoring and repair of implemented actions. These actions will be coordinated 
through development of an I Cs Plan and O&M Plan and will allow for 
communication with local govenunent and private citizens. The plans will 
function as a tracking system for the agencies and describe and plan for potential 
future land use changes. 

• The remedy calls for a fully-funded ICs program at the local govenunent level. 
The Anaconda-Deer Lodge County (ADLC) government will be responsible for 
on-going oversight ofO&M in the OW/EADA OU, implementation of a county
wide Development Permit System (DPS), and provision of public information and 
outreach through a Community Protective Measures program. 

• In addition, the remedy will bring closure to previous response actions within the 
site that are already implemented, such as the Flue Dust remedy or the Old Works 
remedy, primarily through long term O&M for some or all of those actions which 
are integrated into this remedy. 
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Remedial Desi&nfRemedial Action Management 

The ARWW&S OU encompasses a very large area, with Remedial Action slated for 
approximately 20,000 acres. The size of the OU and the focus on land reclamation as the key 
remedy will require management tools during Remedial Design/Remedial Action (RD/RA) 
activities to help direct, prioritize, and sequence response actions and allow for changing 
community interests. Management of the OU can be accomplished with the following elements: 

• Site Management Plan (SMP) - The SMP will provide a framework for future 
RD/RA activities and will incorporate remedial unit designations and sequencing 
criteria for the RD/RA actions. · 

• Historic Preservation and Mitigation Plan - Final implementation of the Regional 
Historic Preservation Programmatic Agreement will be accomplished. Separate 
agreements to address tribal cultural resources will be included. 

• Wetlands Mitigation - Assessment and mitigation of impacts to wetlands from 
implementation of the remedy and communications with U.S. Fish and Wildlife 
Service will be coordinated. 

The Selected Remedy will achieve reduction of risk to human health and the environment 
through the following: 

• Preventing human ingestion of, inhalation of dust from, or direct contact with, 
contaminated soil and/or waste media where such ingestion or contact would pose 
an unacceptable health risk for the designated land use. 

• Stabilization of contaminated soil and waste material against wind and surface 
erosion. 

• Minimizing transport of contaminants to ground water and surface water 
receptors. 

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, and is cost effective. This remedy uses pennanent solutions (e.g., reclamation, soil 
removal and engineered covers) and alternative treatment technologies to the maximum extent 
practicable for this site. 

Since hazardous substances above health-based risk levels will remain on site (in WMAs), 
periodic reviews will be conducted throughout the remedial action and upon its completion to 
ensure that the remedy continues to provide adequate protection of human health ~d the 
environment. 
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Max H. Dodson, Assistant Regional Administrator 
Ecosystems Protection and Remediation 
U.S. Environmental Protection Agency, Region VIII 

. Simonich, Director 
Mo a Department of Environmental Quality 
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1.0 SITE NAME, LOCATION, AND DESCRIPTION 

Anaconda Smelter NPL Site 
Anaconda Regional Water, Waste, and Soils (ARWW&S) Operable Unit (OU) 
Anaconda,IVlontana 
CERCLIS ID #MTD 093291656 

The ARWW&S OU covers approximately 300 square miles in the southern Deer Lodge Valley 
and the surrounding foothills area (Figure 1-1 ). The area consists of agricultural, pasture, 
rangeland, forests, and riparian and wetland areas which contain large volumes of wastes, slag, 
tailings, debris, and contaminated soil, ground water, and surface water from copper and other 
metal ore milling, smelting, and refining operations conducted on site by the Anaconda Mining 
Company, and its predecessors and successors, from approximately 1884 to 1980. Waste 
disposal occurred over approximately 6,000 acres;l3,000 acres of upland terrestrial soils are 
contaminated by smelter emissions; 4,800 acres of alluvial ground water contain elevated 
concentrations of arsenic, cadmium, and copper; and 28,600 acres of bedrock ground water 
exceed the State of IVlontana standard for arsenic ( 18 micrograms per liter [µg/L ]). 

The AR WW &S OU is intended to be the last OU at the site requiring a remedy decision and will 
address all remaining contamination and impacts to surface and ground water, waste source areas 
(e.g., slag and tailings) and non-residential soils not remediated under prior response actions, 
including the OW/EADA and Community Soils OUs. The ARWW&S OU will also bring 
closure to all previous OUs and removal actions including the Smelter Hill OU, Mill Creek OU 
and Flue Dust OU. The OU is intended to coordinate land use decisions made by the ADLC 
through adoption of a Master Plan and DPS, land ownership by the PRP (Atlantic Richfield 
Company [ARCO]), long-term maintenance of wastes-left-in-place through designation of 
WMAs, and use ofICs to support protective engineering remedies in the final ROD. 

Due to the large size of the ARWW&S OU, EPA subdivided the large OU into five subareas 
which are listed below and shown on Figure 1-2. 

• Opportunity Ponds; 
• North Opportunity; 
• South Opportunity; 
• Old Works/Stucky Ridge; and 
• Smelter Hill. 

A brief description of each subarea is given below. 

1.1 OPPORTUNITY PONDS SUBAREA 

The Opportunity Ponds Subarea is located within the central portion of the AR WW &S OU and 
encompasses an area of approximately 11 square miles. The results of the Remedial 
Investigation (RI) (ARCO l 996a) for this subarea indicate large volumes of waste are located 
within the Opportunity Ponds A, B-1, B-2, C-1, C-2, D-1, and D-2 cells; the Triangle Waste 
Area; the South Lime Ditch Area, and the Toe Waste Area. Contaminated soils affected by past 
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smelter emissions have also been identified in some locations throughout the subarea. A portion 
of the alluvial aquifer underlying the subarea is contaminated with elevated levels of arsenic and 
cadmium above State of Montana standards for ground water. 

The ADLC Planning Board designated the land which falls within EPA's defined Opportunity 
Ponds Subarea as open space/recreational use and WMAs. EPA has also determined that 
removal of waste material found in Opportunity Ponds and Cell A is impracticable and/or cost 
prohibitive due to the large waste volumes involved. The determination to leave waste in place 
means that ground water will not be remediated underneath these waste materials. Ground water 
recharge shows no movement of site contaminants of concern (COCs) to surface water in the 
Lower Mill Creek or North Drain Ditch~ 

1.2 NORTH OPPORTUNITY SUBAREA 

The North Opportunity Subarea is located in the northeast portion of the AR WW &S OU and 
covers an area of approximately 27 square miles in the area north of State Highway 48 and east 
of the Lost Creek/Galen Highway. Results ofRis for this subarea indicate large volumes of 
contaminated soils and waste are located throughout the subarea and along Warm Springs Creek. 
All surface water is a potential receptor from transport of COCs via runoff and stream bank 
erosion. 

Land use for the North Opportunity Ponds Subarea is a mixture of rural/residential, agricultural, 
airport and open space/recreational. Land use deed restrictions were developed for some portions 
of agricultural lands restricting future residential development of these properties. This subarea 
covers the lower segment of Warm Springs Creek to its confluence with the Mill-Willow Bypass. 
Results of ground water monitoring in the shallow alluvial aquifer indicate ground water quality 
in the subarea is generally good. However, levels of cadmium above the State of Montana 
standard have been observed from recent ground water monitoring results in the shallow alluvial 
aquifer in the south west portion of the subarea. 

1.3 SOUTH OPPORTUNITY SUBAREA 

The South Opportunity Subarea is located in the southern portion of the AR WW &S OU and 
encompasses an area of approximately 25 square miles. Property in this area is used for a 
mixture of residential, agricultural, and recreational/open space activities. Sections of property 
are slated for incorporation into the regional historic trails program, linking the Greenway project 
along Silver Bow Creek to trails in the Old Works/Anaconda area. The subarea encompasses the 
lower segments of Mill Creek and Willow Creek to their confluence at the Mill-Willow Bypass. 

Approximately 309,000 bank cubic yards (bey) of wastes have been identified in the South 
Opportunity Subarea as a result of completion of the RI at the ARWW&S OU. These wastes 
include: 

• Tailings, sediment, and contaminated berm material of the Yellow Ditch; 
• Railroad grade material near the Blue Lagoon; 
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• Contaminated sediment located on the floor of the Blue Lagoon; and 
• Streamside tailings located adjacent to Willow Creek. 

Portions of all the wastes identified in the subarea are considered a source of ground water 
contamination to portions of the alluvial aquifer. Wastes identified in the Yellow Ditch and in 
streamside tailings located near Willow Creek are also considered potential source areas for 
contamination of surface water in portions of the Yellow Ditch and in the lower reach of Willow 
Creek, respectively. 

1.4 OLD WORKS/STUCKY RIDGE SUBAREA 

A majority of the Old Works/Stucky Ridge Subarea property was addressed under the 
OW/EADA ROD. For remaining properties, located primarily in the upland portions of Stucky 
Ridge, land use is designated as open space, agricultural and potential residential. Final ground 
water and surface water decisions were deferred from the OW/EADA ROD to the ARWW&S 
OU. 

As a result of previous actions, a remedial decision for some areas of concern in the Old 
Works/Stucky Ridge Subarea has been approved by EPA and MDEQ. These areas of concern 
(Heap Roast Slag, Flood Plain Wastes, and Red Sands) and 323 acres of high arsenic and 
sparsely vegetated soils have remedial actions currently under construction or completed. The 
Old Works/Stucky Ridge Subarea overlies both bedrock and alluvial aquifers that are 
contaminated; however, the bedrock aquifer is fractured and is considered untreatable as a result 
of a technical impracticability (Tl) evaluation (EPA l 996a). 

1.5 SMELTER HILL SUBAREA 

The Smelter Hill Subarea is located in the southwest portion of the site and covers an area of 
approximately 24 square miles. Land uses include WMAs, recreational/open space, 
agricultural/grazing, wildlife management, and residential land. This subarea covers the major 
site of smelting and processing activities that occurred between 1907 and 1980 and encompasses 
the Disturbed Area of Smelter Hill, which includes the Handling/Storage/Process Area, Stack 
Area, and Smelter Hill Waste Repositories; the Anaconda Ponds; the Main Granulated Slag Pile; 
East Anaconda Yard Wastes; West Stack Slag; debris located in Nazer Gulch and miscellaneous 
other small waste piles. The total volume of wastes contained in the subarea is estimated to be 
125,079,000 bey. Based on decisions made in the waste removal evaluation, from this total, 
approximately 124,900,000 bey of wastes will remain in place as a designated WMA. This 
decision to leave wastes in place was made based on a technical impracticability assessment of 
meeting Applicable or Relevant and Appropriate Requirements (ARARs) for ground water and 
cost prohibitiveness criteria. The wastes included in the WMA in the Smelter Hill Subarea 
include the Anaconda Ponds, Smelter Hill Disturbed Area Wastes, the Main Granulated Slag Pile 
and buried tailings in the East Anaconda Yards. A portion of the Disturbed Area and the exterior 
berm of the Anaconda Ponds have been reclaimed with a cover of clean soil and vegetation under 
previous remedial actions. Areas of wastes and mixed waste and soil located in the Disturbed 
Area, waste and debris located in Nazer Gulch, and slag located in the West Stack Slag area are 
identified as sources of ground water contamination to the underlying bedrock aquifers. Buried 
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wastes in the East Anaconda Yard and the Main Granulated Slag area, and wastes in the 
Anaconda Ponds are potential loading sources to ground water in portions of the underlying 
alluvial aquifer. 

A major portion of contaminated bedrock aquifers covers the back side of Smelter Hill into the . 
Aspen Hills/Clear Creek drainages, in addition to a significant area of the Northern Portion of the 
State of Montana Mount Haggin Wildlife Management Area (including the Cabbage Gulch 
drainage). Estimated acreages of contaminated ground water is 23,830 acres. The drainages are a 
contributor to upperportion of Mill and Willow Creeks, perennial streams with a State of 
Montana B-1 classification. 
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2.0 OPERABLE UNIT HISTORY AND ENFORCEMENT ACTIVITIES 

The Anaconda Smelter NPL Site was placed on the NPL in September 1983, under the authority 
of CERCLA. The EPA issued both general and special notice letters to ARCO on several 
occasions and ARCO has been actively involved in conducting investigations and response 
actions at the site since that time. On April 12, 1984, ARCO entered into an Administrative 
Order on Consent (AOC) with EPA to conduct demolition activities at the smelter. In October 
1984, ARCO entered into another AOC to conduct several investigations at the Anaconda 
Smelter NPL Site to characterize soils, surface water, ground water, and solid wastes. Early draft 
reports based on initial investigations indicated wide-spread contamination and the need for more 
in-depth study. 

In the initial stages of the investigations, it was discovered that the soils within the community of 
Mill Creek, located two miles east of Anaconda, had elevated levels of arsenic. Children in Mill 
Creek also had elevated urinary arsenic levels indicating an excess exposure to arsenic in their 
environment. Families with young children were temporarily relocated from the community in 
May 1986. At that time, flue dust, the most concentrated arsenic and metal source on the site, 
was sprayed with surfactant to reduce fugitive emissions, and contaminated road dust in the 
community was treated to reduce inhalation exposures. Following temporary relocation, none of 
these children had levels of urinary arsenic above the levels of concern as determined by the 
Center for Disease Control. 

In July 1986, EPA entered into an AOC with ARCO to conduct an expedited Rl/FS for the Mill 
Creek community. The ROD for Mill Creek was completed in October 1987. The Selected 
Remedy was the permanent relocation of all Mill Creek residents. EPA signed a Consent Decree 
with ARCO concerning the implementation of the relocation remedy for Mill Creek residents on 
January 7, 1988. The permanent relocation was completed in fall 1988. 

The generation and airborne transport of stack particulate and fugitive dust emissions during 
smelting operations also resulted in contamination of soils and household dust by arsenic, 
cadmium, copper, lead, and zinc in other areas surrounding the smelter. In addition, it was 
suspected that contaminated material from the Old Works Smelter facilities was present around 
homes in three Anaconda neighborhoods (Teresa Ann Terrace, Elkhorn Apartments, and Cedar 
Park Homes). 

In 1988, EPA, ARCO, and the Montana Department of Health and Environmental Sciences 
(MDHES, predecessor to MDEQ) entered into a series of orders and agreements. The primary 
document became the AOC, Docket No. CERCLA VIII-88-16, initiating several RI/FS studies on 
various OUs and incorporating a Site Management Plan to structure, coordinate and prioritize the 
multiple OUs. 

On September 28, 1988, ARCO entered into an AOC with EPA to conduct an EE/CA for the 
Community Soils OU. Results of sampling conducted by ARCO from 1988-1990 in the areas of 
Teresa Ann Terrace, Elkhorn Apartments, and Cedar Park Homes indicated the presence of 
elevated arsenic and metal concentrations at or near the soil surface. On September 1 7, 1991, an 
Action Memorandum (with a concurrent AOC) required ARCO to conduct a Time-Critical 
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Removal Action by excavating and removing contaminated soils in areas of Teresa Ann Terrace, 
Elkhorn Apartments, and Cedar Park Homes. 

Also in September 1988, EPA entered into an AOC with ARCO to conduct an RIIFS for the Flue 
Dust OU. The ROD was completed in September 1991. The remedy selected was treatment and 
disposal of all flue dust located on Smelter Hill. Also in September 1988, EPA entered into a 
consent order with ARCO to conduct an EE/CA for the Old Works OU. The actions taken as a 
result of the EE/CA and resulting Non Time Critical Removal Action have included stabilizing 
the Red Sands adjacent to Warm Springs Creek, repair of breaks in Wann Springs Creek levees, 
and the installation of fencing to limit access to certain areas of the Old Works site. 

A focused investigation of wastes within the ponds and bunkers at the Arbiter Plant site and 
bery Ilium wastes located at the Opportunity Ponds and Smelter Hill was conducted for the 
Accelerated Removal EE/CA in 1991. The waste materials within the Arbiter ponds and bunkers 
as well as the beryllium wastes were removed as part of the Accelerated Removals response 
action in 1992. 

Also in 1991, ARCO and EPA amended AOC VIII-88-16 to conduct the Anaconda Soils 
Investigation to provide information to support future Rl/FS activities at the Anaconda Smelter 
NPL Site. The investigation focused on five geographic areas: community soils; near 
community soils; community targeted soils; regional soils; and regional targeted soils. One of 
the primary objectives of the investigation was to delineate the nature and extent of metals 
contamination resulting from airborne particulate deposition. 

In 1992, ARCO initiated an Arsenic Exposure Study, through the University of Cincinnati, to 
measure arsenic in Anaconda residents and evaluate possible exposure pathways. Several 
hundred families participated in this study to provide environmental (i.e., soil, dust, food, and 
water) and biological (i.e., urine) data. Data from this study was utilized by EPA in the Final 
Baseline Human Health Risk Assessment (HHRA) for the Anaconda Smelter NPL Site (EPA 
l 996b). 

In May 1992, as a part of an amendment to AOC VIII-88-16 and the Anaconda Smelter NPL Site 
Conceptual Site Management Plan, OUs at the site were reorganized. This plan formed the 
OW/EADA OU from those formerly referred to as the Old Works and Arbiter Plant OUs and 
portions of the Smelter Hill OU. The Anaconda Regional Water and Waste (ARWW), Regional 
Soils, and Community Soils OUs were also combined from previous studies. 

The OW /EADA Rl/FS, initiated in 1992, was completed in September 1993. The March 1994 
ROD for the OW/EADA OU selected a combination of engineering and ICs as the remedy. 
Remediation of recreational and commercial/industrial areas was conducted where waste and 
soils exceeded arsenic levels of 1,000 ppm (recreational land use) and 500 ppm 
(commercial/industrial land use). 

Also in 1992, EPA approved the final work plan for the AR WW Screening Study. ARCO 
commenced a three year ground water and surface water sampling and waste characterization 
program. The ARWW RI/FS was formally started with a Scope of Work attached to the gth 
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amendment to AOC VIII-88-16 signed in September 1994. ARCO used results of the screening 
study, in combination with additional data collection, to complete the RI analysis. EPA approved 
the final RI in March 1996. 

In 1995, ARCO and EPA amended an AOC to conduct remaining investigations to support both 
the Community Soils and ARWW&S OUs (combination of the ARWW and Regional Soils Rls). 
The September 1996 Community Soils ROD selected a combination of soil removal, engineered 
and vegetative covers as well as !Cs as the remedy for this OU. 

For completion of the ARWW&S OU, EPA combined RI/FS efforts among various OUs into a 
comprehensive analysis of the site. The following documents comprise the Rl/FS for the final 
site-wide OU: 

Remedial Investieation Reports 

• ARCO. l 996a. Anaconda Regional Water and Waste Operable Unit Final 
Remedial Investigation Report. Prepared by Environmental Science & 
Engineering, Inc. for ARCO. February 1996, Volumes I - IV. 

• ARCO. 1996b. Anaconda Smelter NPL Site Smelter Hill Operable Unit 
Remedial Investigation Report. Prepared by PTI Environmental Services for 
ARCO. December 1996, Volumes I - III. 

• ARCO. l 997a. Anaconda Smelter NPL Site Anaconda Regional Soils Operable 
Unit Remedial Investigation Report. Prepared by Titan Environmental 
Corporation for ARCO. February 1997, Volumes I - II. 

Risk Assessment Reports 

• Life Systems. 1993. Baseline Risk Assessment for the Old Works/East Anaconda 
Development Area. Prepared by Life Systems, Inc. for Fluor Daniel, Inc. for EPA. 
August 19, 1993. 

• EPA. 1996b. Final Baseline Human Health Risk Assessment, Anaconda Smelter 
NPL Site Anaconda, Montana. Prepared by COM Federal for EPA. January 24, 
1996. 

• EPA. l 997a. Final Baseline Ecological Risk Assessment, Anaconda Regional 
Water, Waste, and Soils Operable Unit. Prepared by COM Federal for EPA. 
October 1997, Volumes I - II. 

Feasibility Study Reports 

• ARCO. l 996c. Anaconda Regional Water, Waste, and Soils Operable Unit: 
Preliminary Remedial Action Objectives, General Response Actions, Technology 
and Process Option Scoping, Waste Management Area Evaluation, and 
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Preliminary Points o/Compliance Identification. Prepared by Titan 
Environmental Corporation for ARCO. February, 1996. (FS Deliverable No. 1) 

• ARCO. 1997b. Anaconda Regional Water, Waste, and Soils Operable Unit: 
Revised Conceptual Model of Fate & Transport, Pathway Assessment, and Areas 
and/or Media of Concern. Prepared by Titan Environmental Corporation for 
ARCO. February 1997. (FS Deliverable No. 2) 

• EPA. 1996a. Draft Feasibility Study Deliverable No. 3A, Ground Water 
Technical Impracticability Evaluation, Anaconda Regional Water, Waste, and 
Soil Operable Unit. Prepared by CDM Federal for EPA. December 19, 1996. 

• EPA. l 996c. Final Feasibility Study Deliverable No. 3B for Anaconda Regional 
Water, Waste, and Soils Operable Unit (Identification of Problem Statement, 
Remediation Goals and Objectives, Waste Removal Evaluation, Development of 
Alternatives, Alternative Selection Evaluation for Each Subarea). Prepared by 
CDM Federal for EPA. October 24, 1996. 

• EPA. l 997b. Draft Feasibility Study Deliverable No. 5, Detailed Analysis of 
Alternatives for Anaconda Regional Water, Waste, and Soils Operable Unit (FS 
No. 4, Operations and Maintenance, Appendix F). Prepared by CDM Federal for 
EPA. February 14, 1997, Volumes I - II. 

• EPA. l 997c. Stucky Ridge Vegetation and Soil Evaluation For Land 
Reclamation Considerations, Anaconda Regional Water, Waste, and Soils 
Operable Unit. Prepared by CDM Federal and Reclamation Research Unit, 
Montana State University for EPA. August 27, 1997. 

The draft documents described above do not require revision, after continued review, and are 
considered final documents by EPA in support of this ROD. 

ARCO's obligation to perform the tasks set out in the 1995 ARWW&S OU Statement of Work 
was terminated by EPA in a letter from M. Dodson to S. Stash, ARCO, dated July 30, 1996. 
EPA completed the remainder of the FS documents under fund lead efforts. 
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3.0 HIGHLIGHTS OF COMMUNITY PARTICIPATION 

The dialogue between EPA and the community of Anaconda has been active since the inception 
of the site in 1983. As a result, four earlier remedial actions were completed, and in most cases 
community support outweighed limited opposition. EPA personnel have worked closely with 
individuals and groups to successfully achieve optimal community based environmental 
protection. 

The AR WW &S OU project developed out of other OUs, where community involvement had 
been strong, and thus earlier community involvement cannot be isolated from the AR WW &S 
activities. In this section, however, the specific activities addressing community involvement 
needs during the Rl/FS and decision process will be noted. More detailed community 
involvement activities can be found in earlier RODs and in the attached Responsiveness 
Summary. 

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

I. Publish a notice and brief analysis of the Proposed Plan and make such plan 
available to the public; and 

2. Provide a reasonable opportunity for submission of written and oral comments 
and an opportunity for a public meeting at or near the site regarding the Proposed 
Plan and any proposed findings relating to cleanup standards. The lead agency 
will keep a transcript of the meeting and make such transcript available to the 
public. The notice and analysis published under item No. 1 above will include 
sufficient information to provide a reasonable explanation of the Proposed Plan 
and alternative proposals considered. 

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

EPA has conducted the required community participation activities through presentation of the 
RI/FS and Proposed Plan, a 110-day public comment period, public meetings and open houses, a 
formal public hearing, and presentation of the Selected Remedy in this ROD. Specifically 
included with this ROD is a Responsiveness Summary that summarizes public comments and 
EPA responses. 

The Administrative Record, including the following Rls and FS Deliverables for the AR WW &S 
OU, were available for public comment during the Proposed Plan public comment period: 
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Remedial Investigations 

• Anaconda Regional Water and Waste Operable Unit Final Remedial Investigation 
Report (ESE 1996). 

• Anaconda Smelter NPL Site Anaconda Regional Soils Operable Unit Remedial 
Investigation Report (ARCO 1997a). 

• Anaconda Smelter NPL Site Smelter Hill Operable Unit Remedial Investigation 
Report (ARCO 1996b). 

Feasibility Studies 

• FS Deliverable No. I - Preliminary Remedial Action Objectives/General Response 
Actionsffechnology and Process Option Scoping, Waste Removal Evaluation 
(ARCO 1996c ). 

• FS Deliverable No. 2 - Conceptual Model of Fate and Transport, Pathways, and 
Areas/Media of Concern (ARCO 1997b ). 

• FS Deliverable No.3A - Ground water Technical Impracticability Evaluation for 
Anaconda Smelter NPL Site (EPA 1996a). 

• FS Deliverable No. 38 - Waste Removal Evaluation and Development of 
Remedial Alternatives from the Treatment Technologies Screened in FS 
Deliverable No. 1 - (EPA 1996c). 

• FS Deliverable No. 4 - Monitoring, and Operations and Maintenance Plan. -
(Appendix F in FS Deliverable No. 5, CDM Federal 1997a). 

• FS Deliverable No. 5 - Summary of the Results of the Prior Deliverables and a 
Detailed Analysis of the Remedial Action Alternatives for Each area of concern in 
the Anaconda Regional Water, Waste, and Soils Operable Unit (CDM Federal 
1997a). 

• Stucky Ridge Vegetation and Soil Evaluation For Land Reclamation 
Considerations (EPA 1997c). 

Risk Assessments 

• Final Baseline Human Health Risk Assessment (EPA 1996b ). 

• Final Baseline Ecological Risk Assessment (EPA l 997a). 

The Proposed Plan for the ARWW&S OU was released for public comment on October 21, 
1997. Copies of the Rls, Risk Assessments, FS Deliverables I through 5, and Proposed Plan 
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were made available to the public in the Administrative Record located at the EPA Record 
Center in Helena, the Hearst Free Library in Anaconda, and the information repository at the 
Community Service Center in Anaconda. The Proposed Plan was distributed to the parties on the 
EPA Anaconda mailing list (approximately 350) and the Anaconda Local Development 
Corporation (ALDC) mailing list (about 400), and also made available at several locations in 
Anaconda. The notice of availability of the RI/FS and Proposed Plan was published in the 
Anaconda newspaper, The Anaconda Leader, October 24, 1997. A formal public comment 
period was originally designated from October 22, 1997 to December 20, 1997. At the request of 
the Technical Assistance Group and county attorney, the period was extended until January 30, 
1998. 

Two public information meetings were held after releasing the Proposed Plan, one on October 
30, 1997 at the Anaconda High School Auditorium and one on November 20, 1997 at the 
Opportunity Community Club. In addition, EPA hosted an open house on November 18, 19, and 
20, 1997 at the Anaconda Community Service Center for all interested people throughout the 
community who would like to learn more about the ARWW&S OU and its proposed remedial 
action alternatives. Reminder mailings were sent to EPA and ALDC's mailing lists. 

A formal public hearing was held in Anaconda on January 15, 1998. The hearing was dedicated 
to accepting formal oral comments from the public. A court reporter transcribed the formal oral 
comments and EPA made the transcript available by placing it in the Administrative Record. A 
response to the comments received during the public comment period is included in the 
Responsiveness Summary, which is part of this ROD. 
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------

4.0 SCOPE AND ROLE OF OPERABLE UNIT 

The Anaconda Smelter NPL Site is currently organized with respect to the following actions: 

• Anaconda Smelter Demolition and Initial Stabilization Actions; 

• Mill Creek Children Relocation Removal Action; 

• Mill Creek Relocation Remedial Action; 

• Anaconda Yards Time Critical Removal Action; 

• Arbiter Non-Time Critical Removal/Beryllium Non-Time Critical Removal 
Action and Repository Construction; 

• Old Works Stabilization Removal Action; 

• Flue Dust Remedial Action; 

• OW /EADA Remedial Action; 

• Community Soils Remedial Action; and 

• ARWW &S OU Remedial Action. 

The actions were prioritized based on their potential risk to human health and the environment. 
Mill Creek was considered the highest priority and EPA relocated Mill Creek residents in 1988. 
Since then, EPA has also taken action at several other areas, including Flue Dust, Arbiter, 
Beryllium, OW/EADA, and Community Soils. These actions were prioritized for action based 
on principle threat human health risks (Flue Dust), immediate economic development 
requirements (OW/EADA), and potential exposure ofremaining residents to elevated arsenic soil 
concentrations (Community Soils). 

As noted in Section 2.0, Operable Unit History and Enforcement Activities, the site has been 
organized and OUs prioritized since 1988, with the Conceptual Site Management Plan attached 
to the AOC VIII-88-16. This order was fonnally revised in October 1995, with the Community 
Soils and ARWW&S OUs identified for remaining ROD completion. A brief description of the 
AR WW &S OU is provided below: 

The ARWW&S OU combines the fonner ARWW, Anaconda Soils, and Smelter Hill OUs in a 
final site-wide Rl/FS. Independent Remedial Actions will not be required under the Anaconda 
Soils and Smelter Hill OUs. The ARWW&S OU is intended to be the last comprehensive OU of 
the Anaconda Smelter NPL Site by addressing all remaining issues not addressed under other 
remedial actions. This OU will continue to address potential impacts to surface and ground 
water from soils and waste sources such as tailings and slag. This OU will address both the 
human and environmental risks associated with site-related contamination that have not been 
addressed by other OUs. 

The purpose of the Rls and FS Deliverables for the AR WW &S OU was to gather sufficient 
information to support informed risk management decisions for remediation of all the remaining 
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human and ecological health risks at the Anaconda NPL Site. The Ris and FS Deliverables were 
performed in accordance with the NCP, 40 CFR Part 300, and CERCLA. 

The objectives of the Ris and the FS Deliverables were to: 

• characterize to the extent necessary, the nature·and extent of arsenic and metal 
contamination in soil, waste material, surface water, ground water and air in each 
subarea and area of concern throughout the ARWW &S OU; 

• identify potential receptors, exposure pathways and food chain relationships; 

• estimate human health and ecological risk due to exposures to arsenic and metal 
contaminated media; 

• identify the current or reasonably anticipated future land use that may require 
development of remedial alternatives; 

• screen and evaluate each of the remedial action alternatives defined in the FS 
deliverables against the NCP remedy selection criteria (40 CFR §300.430); and 

• compare the relative performance among each alternative with respect to the 
evaluation criteria. 

The remedy outlined in this ROD is intended to be the final remedial action for the ARWW&S 
OU. It is also intended to be the final remedial action for all remaining waste in the Anaconda 
Smelter NPL Site. 
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5.0 SUMMARY OF SITE CHARACTERISTICS 

5.1 GENERAL SITE CHARACTERISTICS 

The AR.WW &S OU, which covers an area of approximately 300 square miles, is located in the 
southern Deer Lodge Valley and the surrounding foothills area (Figure 1-1 ). The southern Deer 
Lodge Valley is described as a north-south oriented intermontane basin with a structural history 
similar to numerous other Tertiary extensional basins in southwest Montana and adjacent parts of 
Idaho (Thompson et al. 1981). The estimated thickness of basin fill in the study area is approxi
mately 5,000 feet (McLeod 1987; Cremer 1966). The basin is described as a half graben, 
controlled along its western margin by east-dipping listric normal faults. Interpretation of the 
basin's structural geology, from results of unpublished seismic surveys, suggests antithetic faults 
oriented with a west dip and located near the west margin of the basin may offset upper-level 
basin fill material. 

Ground elevations at the site range from 4,800 to 6,300 feet above mean sea level (msl). In 
general, topography in the surrounding foothills exhibits a gentle to moderately steep slope 
toward principal drainages of the Upper Clark Fork River System. Topography of the valley
floor exhibits a very gentle northeast to east slope direction towards the principal water course of 
Silver Bow Creek and the upper Clark Fork River. Southwest of the site, the Anaconda-Pinder 
Mountains rise to elevations above 10,000 feet msl (ESE 1992). Northwest of the site is the Flint 
Creek Range. The majority of the site is located in the valley so slopes are generally in the range 
of 0 to 10 percent. However, steep slopes up to 50 percent are observed in the mountainous areas 
located at the western edge of the site. 

5.1.1 CLIMATE 

The climate of Anaconda is classified as semi-arid with moderate wind conditions; long, 
cold winters; and cool summers. Climate in the higher mountain elevations is alpine to 
subalpine. The average annual temperature in Anaconda is 43 degrees Fahrenheit (°F). The 
warmest month, based on a 30-year average daily maximum temperature is July (79°F); the 
coldest month is January (14.5°F), based on the 30-year average daily minimum temperature. 

Weather data collected from 1951 to 1980 at the National Climatic Data Center site in Anaconda 
(Montana No. 2604, elevation 5,511 feet) indicate the average annual precipitation is 
approximately 14 inches. The wettest months are May and June with 1.9 and 2.3 inches, 
respectively. The area receives at least 0.1 inch of precipitation an average of 113 days per year. 
Mean annual snowfall in Anaconda is 63 inches, based on data collected from 1951 through 
1974. 

5.1.2 SURFACE WATER 

Five principal perennial streams (Lost Creek, Warm Springs Creek, Mill Creek, Willow Creek, 
and Silver Bow Creek) that intersect the ARWW&S OU are tributaries of the Upper Clark Fork 
River System (Figure 5-1 ). The confluence of Silver Bow Creek, the Mill-Willow Bypass, and 
Warm Springs Creek in the east-central portion of the OU marks the formation of the Upper 
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Clark Fork River. Silver Bow Creek and the Upper Clark Fork River follow a northerly course 
along the east margin of the southern Deer Lodge Valley to form the present-day flood plain. 
These streams have deposited recent alluvium along the axis of the basin and have incised 
geologically older alluvial fans that form a series of high terraces located along the east margin of 
the OU. Mill Creek and Willow Creek also contribute to the deposition of alluvial material in 
the southern portion of the OU. These creeks combine to fonn the Mill-Willow Bypass to route 
relatively uncontaminated surface water around the Warm Springs Ponds, a water treatment 
system for Silver Bow Creek. A thin layer of silty overbank deposits overlie glacial outwash in 
portions of the floodplain in the northern portion of the study area along the corridors of Warm 
Springs Creek and Lost Creek. 

Numerous drainage ditches collect shallow ground water from the Opportunity Ponds area. This 
drainage ditch network includes the North Ditch, South Lime Ditch, Old Lime Ditch, and two 
decant ditches located in the area east of the Opportunity Ponds. The South Sewer Ditch and the 
New Lime Ditch are located at the base of Smelter Hill and capture storm water runoff and 
snowmelt on the north and easf sides of Smelter Hill and transport it to the Opportunity Ponds. 

The streams in the valley are classified for use as drinkable, swimmable, and fishable; however, 
none of the streams are currently used for drinking water supplies. A portion of surface water 
flow in Mill, Willow, Warm Springs, Silver Bow, and Lost Creeks, and the Clark Fork River, is 
dedicated to agricultural use through ditch irrigation. 

5.1.3 GROUND WATER 

Conceptually, the hydro geology of the area has been divided into two major hydro logic units, the 
alluvial aquifer and the bedrock aquifer. The principal aquifer of concern at the site underlies the 
floor of the southern Deer Lodge basin and is referred to as the alluvial aquifer. It is comprised 
of coarse textured alluvial deposits that are generally highly permeable. The alluvial aquifer is 
bound laterally and vertically by hydrologic units comprised of consolidated bedrock or deposits 
of alluvium and colluvium of relatively lower permeability. This system is commonly referred to 
as the bedrock aquifer. 

The upper portion of the unconfined alluvial aquifer is a highly transmissive aquifer underlying 
the western portion of the basin floor, grading to a moderately transmissive aquifer in an 
eastward direction. The alluvial aquifer is comprised of various types of alluvial deposits, 
including floodplain (Qal), glacial outwash (Qgo ), and recent alluvial fan deposits. Depth to 
ground water in the alluvial aquifer ranges from less than 5 feet to more than 100 feet along some 
segments of the valley margin. 

The alluvial aquifer is bound at the valley margin by a relatively less transmissive hydrologic 
system. This hydrologic system is commonly referenced as the bedrock aquifer, and is composed 
of deposits of glacial till (Qt), indurated sinter (Qts), and unconsolidated by commonly clayey 
alluvial fan deposits (QTf2), Tertiary volcanic bedrock (Tv), Cretaceous granitic rocks (Kg}, and 
Mesozoic and Paleozoic sedimentary rocks (Mz and Pz). The unifying characteristic of the 
bedrock aquifer is its relatively low hydraulic conductivity compared with that of the alluvial 
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aquifer. Depth to ground water in the bedrock aquifer ranges from less than 10 feet to greater 
than I 00 feet. 

The lower boundary of the alluvial aquifer is difficult to define because unconsolidated basin fill 
extends well beyond the range of monitor well drilling. Only a few monitor wells penetrate more 
than the upper 10 to 30 feet of the aquifer, therefore, the lower boundary has been defined 
conceptually at a depth of 150 feet below the top of the water table in areas where the base of the 
aquifer has not been penetrated by monitor well control. 

Ground water flow in the study areas enters the alluvial aquifer as valley through-flow, as ground 
water recharge from the surrounding bedrock aquifer, or through the base of the aquifer. The 
lateral boundary of the alluvial aquifer generally coincides with geologic contacts observed near 
the margin of the South Deer Lodge Valley. The valley is bound by mountainous terrain 
characterized by steep topographic gradients. The water table gradient of the bedrock aquifer in 
these areas may resemble the topographic slope. As a result, ground water entering the alluvial 
aquifer as recharge from the surrounding bedrock aquifer will generally flow in a direction 
perpendicular to the valley margin. Ground water flow in the alluvial aquifer is generally in a 
direction perpendicular to the topographic contours of the valley. 

Although regional ground water flow at the site is principally in a horizontal direction, vertical 
components of ground water flow are also evident in portions of the aquifers at the site. In 
general, data suggest a downward component of ground water flow for most of the bedrock 
aquifer underlying Smelter Hill and for the alluvial aquifer underlying the Anaconda Ponds, the 
Opportunity Ponds, the Blue Lagoon, Warm Springs Ponds, portions of the floodplain of Warm 
Springs Creek, Mill Creek, Willow Creek, Lost Creek, Silver Bow Creek, and portions of the 
area surrounding the Anaconda County airport. A general upward component of ground water is 
identified for the alluvial aquifer located at the base of Smelter Hill, underlying the lower 
floodplain segments of Warm Springs Creek, Mill Creek, Willow Creek, Lost Creek, Dutchman 
Creek, Silver Bow Creek, and the upper Clark Fork River; underlying a portion of the area 
surrounding the Opportunity Ponds and Blue Lagoon; underlying the Mill-Willow Bypass; and 
underlying a portion of the area surrounding the Warm Springs Ponds. 

Data show that the hydraulic conductivity of the alluvial aquifer is significantly higher (over 
three orders of magnitude) than that of the bedrock aquifer at the site. The exceptions to this 
trend are portions of alluvial fan deposits consisting of silts and clays which exhibit a hydraulic 
conductivity comparable to that of the bedrock aquifer. 

An evaluation of the distribution of aquifer hydraulic conductivity at the site indicates the 
alluvial aquifer in the vicinity of the Old Works area and area upgradient of the Opportunity 
Ponds generally demonstrates the highest values of hydraulic conductivity at the site (greater than 
100 feet per day). This portion of the alluvial aquifer generally consists of coarse sands and 
gravels, and may be related to paleochannel deposits of Warm Springs Creek. Portions of the 
Tertiary alluvial and bedrock aquifers demonstrating relatively low penneability (less than l foot 
per day) are generally present underlying Smelter Hill. 
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Water use in the area is controlled primarily by surface land ownership, water rights, and major 
land use. Ground water is used as water supply for irrigation in portions of the site, primarily in 
the southern portions of the valley and near Fairmont Hot Springs. Consumption is limited to 
domestic purposes from small capacity water wells in the Aspen Hills subdivision located on the 
back side of Smelter Hill, the community of Opportunity, and rural homes. The city of Anaconda 
is permitted for using ground water and surface water from their public water supply, but the 
wells and reservoirs are outside and upgradient of the NPL site. 

5.1.4 SOILS AND TOPOGRAPHY 

The ARWW&S OU can be divided into three general areas of topography: floodplain area, 
lowland area, and upland area. The floodplain area is defined by the boundary of the l 00-year 
floodplain. In general, the I 00-year floodplain at the site is restricted to narrow corridors located 
along Lost Creek, Dutchman Creek, Warm Springs Creek, Mill Creek, Clear Creek, Willow 
Creek, Silver Bow Creek, and the Upper Clark Fork River. Topographic slope in the floodplain 
area generally ranges from 0 to 8 percent. Floodplain soil types have been classified on a 
preliminary basis for portions of the site by the United States Department of Agriculture Soil 
Conservation Service. Soil types of the 100-year floodplain in these areas range from silt and 
clay loam in the lower reaches of Lost Creek, Dutchman Creek, Warm Springs Creek, Mill 
Creek, and Willow Creek (slope generally less than 4 degrees), to gravelly loam in steeper 
sections ( 4 to 8 percent slope) of upper Lost Creek and upper Willow Creek, and rubble in the 
floodplain of Clear Creek. , 

The lowland area is defined as the segment of the valley located topographically above the I 00-
year floodplain to the intersection of the floor of the southern Deer Lodge Valley with the 
SQrrounding foothills. Topographic slope in this portion of the site generally ranges from 0 to 4 
percent. Soils in the lowland area are generally thick and well-developed over broad alluvial 
fans. Soils in the lowland area are often well-drained (gravelly loam) along the margins of the 
foothills area to poorly drained, wetland-type soils (silty loam) in the interior portion of the site. 

Soils located in the foothills area were developed on steeply sloping alluvial fans, colluvium, and 
bedrock of sedimentary and volcanic rock types. Topographic slope in this portion of the site 
ranges from less than 10 percent to greater than 50 percent. Soils in this region of the site are 
generally thin and may contain a large percentage of rock fragments. 

5.2 TERRESTRIAL AND AOUATIC ENVIRONMENTS 

5.2.1 TERRESTRIAL SYSTEMS 

Terrestrial ecosystems comprise the majority of the Anaconda Smelter NPL Site and include 
agricultural areas (i.e., cropland and pasture), rangeland (mosaics of grass, forbs, shrubs and 
trees), forests, and riparian and wetland areas. These areas received contamination from smelter 
stack emissions during the I 00-year operation of the Anaconda Smelter and, although the smelter 
has not operated since 1980, smelting byproducts persist as wastes and contaminated soils. 
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The climax vegetation (i.e., uninfluenced by European human activity) in the lowland and 
foothill areas of Anaconda is classified as either silty or saline range sites that would consist of 
perennial grasses, forbs, and shrubs, and forest in the upper elevations. The primary rangeland 
habitat types found in the Anaconda area classify into either the rough fescue or Idaho fescue 
climax series. Under climax or near climax conditions the plant communities on these 
range/forest sites and in these habitat types would be very productive and dominated by native 
perennial plant species. This is in sharp contrast to the plant communities in many areas of the 
Anaconda Smelter NPL Site that exhibit low canopy coverage and annual above-ground 
production, or are dominated (or co-dominated) by weedy or metal-tolerant plant species. Plant 
community diversity and structure vary considerably across the site depending on the 
characteristics of the soil and the physical environment. These factors include concentrations of 
smelting-related COCs, soil moisture, organic matter, soil pH and nutrient status, slope, aspect, 
reclamation activities, and other influences such as logging, fire, irrigation, and grazing. 

Investigations and field work indicate areas of barren soil and stressed vegetation, especially in 
the vicinity of Stucky Ridge, Smelter Hill, Mount Haggin, and the Anaconda and Opportunity 
Tailings Ponds. According to one estimate, the vegetation condition in approximately 18 square 
miles ( 11,400 acres) of uplands has been visibly altered by anthropogenic activities, including 
smelting. These activities resulted in the total elimination of native plant communities and 
extensive topsoil loss from lack of vegetation in some areas. The result has been a shift in plant 
community structure from forests or rangeland to barren or sparsely vegetated grasslands having 
low species and structural diversity, and being_composed of monocultures of weedy and/or 
metals-tolerant species. These vegetational and landscape changes are documented by historic 
photographs and records, and recent research at the site. 

Wetlands have also been identified in portions of the ARWW&S OU. An inventory of wetlands 
areas at the Anaconda Smelter NPL Site was performed by ARCO during the period of 1991 
through 1993 (EA 1994) and resulted in the identification of approximately 10,000 acres of 
wetlands, riparian, and aquatic habitat. Few wetlands were observed on the steep hilly acres 
located on the west side of the study area. The wetlands found in this area are narrow riparian 
zones associated with intermittent streams such as Hensley and Homestead Gulches. The broad 
valley floor located north of Warm Springs Creek supports considerable wetland acreage. 
Shallow depth to ground water and somewhat poorly drained soils contribute to many wet 
meadows that characterize much of this geographical area. The topographically high terrace 
located north of Lost Creek in the north portion of the OU has only a few identified wetlands 
areas. The relatively flat, low-lying agricultural areas located south of Opportunity, Montana 
including the town of Opportunity also supports fairly expansive wetlands. The wetlands in this 
portion of the OU are characterized by shallow ground water and flat topography. 

Wildlife species associated with the upland habitats include a wide variety of species adapted to 
semi-arid montane conditions, and those that have adapted to the vegetational changes. These 
include birds of prey, woodpeckers, songbirds, squirrels, porcupine, marten, black bear, moose, 
elk, deer, invertebrates, amphibians, and reptiles. The bald eagle and the peregrine falcon, both 
Federally listed as endangered, may occur at the ARWW&S OU. In addition, the gray wolf is 
also listed as endangered and may eventually occur at this site. Riparian and wetland habitat also 
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support many wildlife species such as birds of prey, waterfowl, woodpeckers, songbirds, otter, 
muskrat, mink, raccoon, beaver, deer, amphibians, reptiles, and invertebrates. 

5.2.2 AQUATIC ENVIRONMENTS 

The four perennial streams within the Anaconda Smelter NPL Site (Mill Creek, Willow Creek, 
Warm Springs Creek, and Lost Creek) are important aquatic resources since they constitute the 
major aquatic habitats in this dry region. (Silver Bow Creek is part of the Silver Bow 
Creek/Butte Area NPL Site.) These streams also represent a portion of the headwaters for the 
Upper Clark Fork and Columbia Rivers. Interviews with local fisheries experts and sportsman 
indicate that healthy, self-sustaining salmonid fisheries exist in these streams upgradient of 
Anaconda, and that other small inflow streams located between Warm Springs Creek and Lost 
Creek also support fish. Habitats deteriorate in the lower reaches of each stream due in part to 
dewatering for agricultural purposes, which affects the amount and timing of surface water flow, 
and from COC-contaminated surface water and sediment. Fish found in at least some of the 
streams and lakes in the Anaconda area include brook trout, brown trout, bull trout, rainbow 
trout, cutthroat trout, shiner, sculpin, sucker, and whitefish. The bull trout is listed as threatened 
by the Federal government. 

In addition to the four perennial streams, there are several standing bodies of water that serve as a 
source of drinking water or habitat for wildlife. These water bodies include the Blue Lagoon, 
Slag Gulch, Nazer Gulch, and the ponds and drainage ditches surrounding the Opportunity 
Tailings Ponds. These waters serve as pathways for chemical exposure to aquatic macro 
invertebrates, amphibians, reptiles, birds, and mammals that use or reside in or near these water 
bodies. Data indicate that total concentrations of COCs in surface water in some stream 
segments frequently exceed the EPA chronic ambient water quality criteria derived for total 
metals (Table 5-~). 

Invertebrates found in perennial streams and other aquatic habitats at the Anaconda Smelter NPL 
Site include dragonflies, midges, mayflies, worms, stoneflies, caddisflies, and damselflies. 
Amphibians and reptiles typically associated with aquatic environments in western Montana 
include the boreal toad, spotted frog, northern leopard frog, and long-toed salamander. Reptiles 
typically found in aquatic or relatively moist environments in western Montana include the 
western painted turtle, wandering garter snake, northern alligator liz:ard, and western skink. The 
northern alligator liz:ard and western skink are also often found in dry environments, occasionally 
long distances from water and may be present at the site. 

5.3 SUBAREA DESCRIPTIONS 

Due to the large size of the ARWW&S OU, it has been separated into five subareas to facilitate 
the screening of potential remedial technologies and the evaluation of alternatives; these are the 
Opportunity Ponds, North Opportunity, South Opportunity, Old Works/Stucky Ridge, and 
Smelter Hill Subareas. The nature and extent of contamination in the subareas is discussed 
below. Portions of the subareas containing waste or contaminated media are referred to as '"areas 
of concern", and are summarized in Table 5-2. 
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5.3.1 OPPORTUNITY PONDS SUBAREA 

The Opportunity Ponds Subarea encompasses approximately 11 square miles and occupies the 
central region of the ARWW&S OU (Figure 1-2). 

The Opportunity Ponds Subarea is divided into three large waste areas: the Opportunity Ponds, 
Triangle Waste Area, and South Lime Ditch. The Opportunity Ponds contain approximately 
129.3 million cubic yards (cy) of tailings covering an area of approximately 3,600 acres. The 
thickness of tailings in the Opportunity Ponds ranges from a few feet to over 50 feet. Tailings 
located beyond the east exterior berm of the Opportunity Ponds cover an additional area of 
approximately 26 acres and constitute an estimated 60,000 cy of wastes. Table 5-3 lists the 
physical composition of tailings in the Opportunity Ponds Subarea. A portion of the wastes at 
the base of the Opportunity Ponds are in direct contact with ground water of the alluvial aquifer. 
As a result, tailings contained in the Opportunity Ponds are characterized as a source of ground 
water contamination to the underlying alluvial aquifer, and are a potential source of ground water 
contamination to the aquifer underlying a portion of the South Lime Ditch area. Tables 5-4 
through 5-6 show results of chemical analyses and related statistical information for the 
Opportunity Ponds Subarea. 

Wastes in the Triangle Waste Area are diverse, ranging from tailings generated by the Old Works 
(pre-1900) and Washoe Works (post-1902) smelters to municipal solid waste and sewage sludge 
material. Wastes in this portion of the subarea encompass an area of approximately 300 acres 
and range in thickness from less than 1 foot to approximately 10 feet. The total volume of waste 
material in the Triangle Waste Area is estimated to be approximately 1.4 million cy. Wastes in 
the Triangle area are not identified by EPA as a significant source of ground water contamination 
to the underlying alluvial aquifer. Concentrations of metals in sediments from the Triangle 
Waste Area are shown in Table 5-7. 

Wastes in the South Lime Ditch Area are contained in a 490 acre area located along the southern 
perimeter of the Opportunity Ponds. The South Lime Ditch is a drainage ditch which was 
constructed by the Anaconda Company to capture ground water in the shallow alluvial aquifer 
and to convey storm water emanating from Smelter Hill to the Wann Springs Ponds. Wastes 
were deposited in the area during a breach in the exterior berm of the Opportunity Ponds. The 
thickness of waste material in the South Lime Ditch area is estimated to range from less than 
1 foot to approximately 8 feet. The estimated volume of waste material in the South Lime Ditch 
area is 1. 7 million cy. Wastes in the South Lime Ditch area are identified as a potential source of 
ground water contamination to the underlying alluvial aquifer. Concentrations of metals in soils 
from the South Lime Ditch Area are shown in Table 5-8. 

Widespread areas of contaminated soil are identified in the Opportunity Ponds Subarea resulting 
from deposition of smelter stack emissions and deposition of fugitive dust emissions from large 
areas of waste. In some portions of the subarea, elevated levels of metals in contaminated soils 
are phytotoxic to native plant species; thus, a majority of the area with significant soil 
contamination is also characterized by a poor vegetative cover. A portion of the poorly vegetated 
area of contaminated soils is considered a potential loading source for metals to surface water 
and bed sediment of Mill Creek. In addition, approximately 300 acres of contaminated soils in 
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the subarea exhibit arsenic levels greater than the Preliminary Remedial Action Goal (PRAG) 
( 1,000 milligrams per kilogram [mg/kg]) identified by EPA for recreational lands. 

Ground water is contaminated in the Opportunity Ponds Subarea in portions of the alluvial 
aquifer underlying the Opportunity Ponds and South Lime Ditch area. Levels of arsenic and 
cadmium above the PRAGs are observed in the alluvial aquifer underlying the Opportunity 
Ponds (Tables 5-9 and 5-10), and elevated levels of arsenic are observed in the aquifer in the 
South Lime Ditch area (Table 5-10). The vertical extent of ground water contamination is 
limited to the upper I 0 to 25 feet of the aquifer. 

Surface water resources in the Opportunity Ponds Subarea include the lower segment of Mill 
Creek at the site and a drainage ditch network located in the perimeter of the Opportunity Ponds. 
Surface water contamination in Mill Creek occurs on at least a seasonal basis and includes 
elevated levels of total and dissolved arsenic, copper, and lead above PRAGs identified by EPA. 
Potential sources of contamination to Mill Creek include runoff of contaminated storm water 
from areas of wastes and contaminated soil located in the Smelter Hill Subarea, and runoff of 
contaminated storm water from poorly vegetated areas of contaminated soils located adjacent to 
Mill Creek in the Opportunity Ponds Subarea. Surface water contamination in the Opportunity 
Ponds drainage ditch network includes elevated levels of total and dissolved copper and zinc 
above PRAGs in ponds located east of.the Opportunity Ponds D-2 cell, and elevated levels of 
dissolved arsenic above the PRAG in a small drainage ditch located east of the Opportunity 
Ponds D-2 cell. A potential loading source of metals to surface water in this area is runoff of 
storm water and snowrnelt from wastes deposited outside the exterior berm of the Opportunity 
Ponds D-2 cell. 

Bed sediment in Mill Creek and portions of the drainage ditch network surrounding the 
Opportunity Ponds is contaminated with elevated levels of metals. Potential loading sources of 
metals to bed sediment of Mill Creek include runoff from areas of contaminated soil and waste 
located upstream of the Opportunity Pond Subarea in the Smelter Hill Subarea, and poorly 
vegetated areas of contaminated soil located adjacent to Mill Creek in the Opportunity Ponds 
Subarea. Elevated levels of metals in bed sediment in portions of the drainage ditch network are 
a result of loading from tailings which are deposited outside the berm of the ponds. 

5.3.2 NORTH OPPORTUNITY SUBAREA 

The North Opportunity Subarea is located in the northeast portion of the site and covers an area 
of approximately 27 square miles (Figure 1-2). The campus for the State of Montana Warm 
Springs Hospital and the rural community of Galen are located in the North Opportunity Subarea 
(Figure 1-1 ). 

Widespread areas of contaminated soils are identified in the North Opportunity Subarea as a 
result of deposition of smelter stack emissions and from fluvially-deposited waste materials 
adjacent to Warm Springs Creek. Under certain site conditions, elevated levels of metals in 
contaminated soils in the subarea are phytotoxic to most native plant species, thus, a portion of 
the subarea is characterized by a poor vegetative cover. Due to its erosive nature, a portion of the 
poorly vegetated area of contaminated soils is regarded as a potential loading source for metals to 
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surface water and bed sediment of Warm Springs Creek and Lost Creek. In addition, 
approximately 320 acres of contaminated soils in the subarea exhibit arsenic levels greater than 
the PRAG (l,000 mg/kg) identified by EPA for recreational lands. 

Wastes in the subarea are identified in a portion of the Warm Springs Creek floodplain located 
near the confluence of the North Drain Ditch with Warm Springs Creek. Tailings in this portion 
of the subarea cover an estimated area of 0.4 acres and include an estimated volume of 1, 116 cy 
of material. Additional deposits of streamside tailings were discovered in the fall of 1997 during 
a creek re-naturalization project to restore historic channels. The extent of streamside tailings 
throughout Warm Springs Creek is unknown at this time. Wastes in the Warm Springs Creek 
floodplain are a potential loading source of metals to surface water and bed sediment of Warm 
Springs Creek. 

Surface water contamination, which includes elevated levels of total recoverable copper, lead, 
and arsenic, is identified in the lower stream reach of Warm Springs Creek during periods of high 
flow. Potential loading sources for metals to Warm Springs Creek include runoff of 
contaminated storm water from poorly vegetated areas of contaminated soils, and erosion of 
floodplain wastes. Surface water quality of Lost Creek is relatively good in the subarea, and does 
not include significant levels of total recoverable and dissolved metals. 

Metal levels in bed sediment are significantly elevated in the upstream reach of Warm Springs 
Creek in the subarea. Metals in bed sediment of Warm Springs Creek are likely derived from 
erosion of wastes and poorly vegetated area of contaminated soils located in the Old 
Works/Stucky Ridge area. As remediation of wastes and areas of contaminated soils adjacent to 
Warm Springs Creek in the Old Works/Stucky Ridge Subarea is completed, reductions in loading 
rates of metals to surface water and bed sediment of Warm Springs Creek in the North 
Opportunity Subarea should be realized. Metal levels in bed sediment of Lost Creek have not 
been sampled but are thought to be significantly lower than those levels observed in Warm 
Springs Creek since wastes are not observed in the Lost Creek floodplain and metal levels in 
nearby soils are relatively low. 

5.3.3 SOUTH OPPORTUNITY SUBAREA 

The South Opportunity Subarea is located in the southern portion of the site and encompasses an 
area of approximately 25 square miles (Figure 1-2). The rural communities of Opportunity, 
Crackerville, and Fairmont Hot Springs areas are located in the South Opportunity Subarea 
(Figure 1-1 ). 

Widespread areas of contaminated soil are characterized in the South Opportunity Subarea as a 
result of deposition of smelter stack emissions. Under certain conditions, levels of metals in 
contaminated soils are phytotoxic to native plants, thus, a portion of the subarea is characterized 
by a poor vegetative cover. The poorly vegetated areas of contaminated soil in the subarea are 
identified as a potential loading source for metals to surface water and bed sediment to Willow 
Creek and a portion of Yellow Ditch. In addition, areas of contaminated soils which are 
presently flood irrigated on a year-round basis are a potential source of ground water 
contamination to the underlying alluvial aquifer. 
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Approximately 400,000 cy of wastes are characterized in the South Opportunity Subarea. These 
wastes include tailings and metal-laden sediment of Yellow Ditch (120,000 cy), waste rock in 
railroad grade material near the Blue Lagoon (67,000 cy), contaminated bed sediment of the Blue 
Lagoon (4,000 cy), and floodplain tailings located adjacent to Willow Creek (157,000 cy). 
Analytical results of soil and sediment samples collected from Yellow Ditch and the vicinity of 
the Blue Lagoon are shown in Tables 5-11 and 5-12, respectively. Wastes in the subarea are 
considered a potential source of ground water contamination to portions of the shallow alluvial 
aquifer. Wastes located along Yellow Ditch and in the floodplain of Willow Creek near MW-
225 are considered a potential source of contamination to surface water and bed sediment in the 
subarea (Tables 5-11 and 5-13). 

Ground water contamination is characterized in portions of the alluvial aquifer underlying areas 
of contaminated soils which are flood irrigated on a year-round basis in the vicinity of Yell ow 
Ditch, and in portions of the aquifer underlying wastes and contaminated soils at the Blue 
Lagoon. Elevated levels of arsenic above the PRAG identified by EPA are characterized in the 
alluvial aquifer underlying contaminated soils which are flood irrigated (Table 5-14). The depth 
of ground water contamination in this portion of the aquifer is estimated to range from less than 
10 feet to approximately 30 feet. Concentrations of arsenic in the ground water adjacent to 
Yellow Ditch in the MW-232 area are shown in Table 5-15. Ground water contamination in the 
alluvial aquifer at the Blue Lagoon includes elevated levels of cadmium, copper, and zinc above 
PRAGs (Table 5-16). Potential loading sources for metals to the aquifer in this area include 
leaching of metals from wastes in railroad grade material, from contaminated soils, and from 
contaminated sediment of the Blue Lagoon (Table 5-12). The depth of ground water 
contamination at the Blue Lagoon is thought to be limited to the upper 10 feet of the aquifer. 

Willow Creek is the principal stream located in the South Opportunity Subarea. Surface water 
and bed sediment in Willow Creek are contaminated with metals throughout the stream's reach 
in the South Opportunity Subarea. Elevated levels of total recoverable and dissolved arsenic, 
copper, and lead above the PRAGs occur in Willow Creek during seasonal periods of high flow 
(Table 5-1). Potential loading sources for metals to surface water and bed sediment of Willow 
Creek include runoff of contaminated storm water from areas of contaminated soil, and runoff of 
contaminated storm water and erosion of floodplain tailings adjacent to Willow Creek. 
Contaminated surface water is also characterized in the Blue Lagoon and the active portion of the 
Yellow Ditch. Surface water contamination in the Blue Lagoon includes very high levels of 
copper, zinc, and cadmium above PRAGs. Potential loading sources of metals to the Blue 
Lagoon include transport of metals from railroad bed material located upstream of the lagoon and 
transport of metals from contaminated soils. Surface water contamination in the Yellow Ditch is 
limited to elevated levels of arsenic above the PRAG. Potential loading sources for arsenic to the 
Yellow Ditch include runoff of contaminated storm water and irrigation water from areas of 
contaminated soils, and direct contact of surface water with contaminated sediment. 

5.3.4 OLD WORKS/STUCKY RIDGE SUBAREA 

The Old Works/Stucky Ridge Subarea is located in the west portion of the site in the area north 
of the town of Anaconda (Figure 1-2). This subarea encompasses approximately 31 square 
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miles, and includes a portion of the Deer Lodge National Forest and a small rural residential 
development located adjacent to Lost Creek. 

A total of 1,400,000 cy of wastes are identified by EPA in the Old Works/Stucky Ridge Subarea. 
Table 5-17 lists the physical characteristics of waste and solids in this subarea. A remedy for all 
wastes in the subarea was selected by EPA with completion of the ROD for the OW/EADA OU. 
The Selected Remedy will allow wastes in the Old Works area to remain in place, and it will 
utilize a combination of engineering controls ranging from consolidation and grading of wastes 
to construction of soil covers to promote drainage, minimize infiltration, and prevent erosion of 
wastes in the Old Works/Stucky Ridge Subarea. 

Widespread areas of contaminated soil resulting from deposition of smelter stack emissions are 
characterized in the Old Works/Stucky Ridge Subarea. Under certain conditions, metal levels in 
surface soils in these areas are phytotoxic to most native plant species. As a result, these areas 
are susceptible to high rates of erosion due to their steep topography (> 1. 0 percent slope) and poor 
vegetative cover. A management strategy for containment of storm water emanating from areas 
of contaminated soil and waste located near the Upper and Lower Works on Stucky Ridge is 
included in the Old Works/East Anaconda Development Area Operable Unit Record of Decision 
(EPA 1994). Sedimentation ponds will be used to contain storm water runoff in this portion of 
the subarea. 

Ground water contamination is characterized in portions of the bedrock and alluvial aquifers in 
the subarea. Elevated levels of arsenic above the PRAG identified by EPA are characterized in a 
portion of the bedrock aquifer underlying areas of contaminated soil on Stucky Ridge (Table 
5-18). The depth of ground water contamination in this portion of the subarea is not known, but 
is thought to be limited to the upper 115 feet of the aquifer. In addition, elevated levels of 
cadmium, copper, and zinc above PRAGs are characterized in a portion of the alluvial aquifer 
underlying waste-left-in-place in the Old Works area, and in the area downgradient of the Red 
Sands in the vicinity of the Arbiter Plant and Drag Strip (Tables 5-19). Potential loading sources 
include leaching of metals from wastes in the Old Works area and from contaminated soils 
and/or wastes in the vicinity of the former Arbiter Plant and Drag Strip (Table 5-20). 

Contamination of surface water and bed sediment is characterized in the subarea in Warm 
Springs Creek, and on an occasional basis in surface water of Lost Creek. Elevated levels of 
total recoverable copper and lead in surface water of Warm Springs Creek exceed PRAGs during 
seasonal periods of high flow, while levels of total recoverable copper in surface water of Lost 
Creek are above PRAGs on an occasional basis in the subarea (Table 5-1 ). Potential loading 
sources for copper and/or lead to surface water and bed sediment of Warm Springs Creek and 
Lost Creek include runoff of contaminated storm water from areas of wastes and contaminated 
soils located adjacent to Warm Springs Creek, and runoff of contaminated storm water from 
contaminated soils located adjacent to Lost Creek. 

5.3.5 SMELTER HILL SUBAREA 

The Smelter Hill Subarea is located in the southwest portion of the site and covers an area of 
approximately 24 square miles (Figure 1-2). The Smelter Hill Subarea includes a portion of the 
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State of Montana Mount Haggin Wildlife Management Area and a rural residential development 
located in the Aspen Hills Area. 

Widespread soil contamination is identified in the Smelter Hill Subarea. Elevated levels of 
arsenic in soils in a portion of the Smelter Hill Subarea are above the PRAG for recreational 
land-use areas ( 1,000 mg/kg). Volumes of soil with arsenic con~entrations greater than the 
PRAG in the Smelter Hill Subarea are shown in Table 5-21. Deposition of historic smelter stack 
emissions is the primary source of highly elevated concentrations of arsenic, cadmium, copper, 
lead, and zinc in surface soils. Areas of soil contamination located adjacent to the Mill Creek 
floodplain are considered a primary source for metal loading to surface water and bed sediment 
of Mill Creek. Highly elevated arsenic in soils, and mixed soils and waste in portions of Nazer 
Gulch, Slag Gulch, and Walker Gulch, are considered to be source areas for elevated levels of 
arsenic characterized in surface water flow emanating from these drainages to the East Anaconda 
Yard. In addition, elevated levels of arsenic in soils in the subarea are identified as the primary 
source of widespread but relatively shallow ground water contamination in the underlying 
bedrock aquifer. 

Wastes identified in the Smelter Hill Subarea include buried wastes in the Disturbed Area of 
Smelter Hill, the Anaconda Ponds, the Main Granulated Slag Pile, buried wastes in the East 
Anaconda Yard, West Stack Slag, and debris located in Nazer Gulch. The results of chemical 
and x-ray fluorescence analyses for slag samples are shown in Tables 5-22 and 5-23, 
respectively. Statistical summaries of metals concentrations and physical and chemical 
parameters for non-reclaimed soil samples in the Disturbed Area of Smelter Hill, tailings in the 
Anaconda Ponds, soil in the Handling, Process, and Storage (HPS) Area of the East Anaconda 
Yard, soil in the Disturbed Area of East Anaconda Yard, non-reclaimed soil samples from the 
Primary HPS Area of Smelter Hill, soil in the stack area of Smelter Hill, and the Loop Track 
Railroad Beds are shown in Tables 5-24 through 5-31, respectively. The estimated volume of 
wastes in the subarea is approximately 125,436,000 cy. A portion of the wastes contained in the 
Disturbed Area of Smelter Hill and the exterior berm of the Anaconda Ponds have been 
reclaimed with a cover of clean soil and vegetation. Statistical summaries of metals 
concentrations in reclaimed soil samples in the Disturbed Area and Primary HPS Area of the 
Smelter Hill Subarea are shown in Tables 5-32 and 5-33, respectively. Pore water quality results 
for wastes in the Smelter Hill Subarea are shown in Tables 5-34 and 5-35. 

Elevated concentrations of arsenic above the PRAG are identified in a portion of the bedrock 
aquifer underlying the Disturbed Area of Smelter Hill and underlying widespread areas of _ 
contaminated soils in the subarea (Tables 5-36 through 5-38). Elevated levels of cadmium above 
the PRAG for cadmium are also observed in portions of the bedrock aquifer underlying the 
Disturbed Area of Smelter Hill (Tables 5-36 through 5-38). The approximate depth of ground 
water contamination in the bedrock aquifer ranges from approximately 115 feet below the top of 
the aquifer underlying portions of the Disturbed Area to approximately 10 feet underlying areas 
of contaminated soils. Potential loading sources of arsenic and cadmium to the bedrock aquifer 
include leaching of arsenic and cadmium from buried wastes in the Disturbed Area of Smelter 
Hill and leaching of arsenic from widespread areas of contaminated soils. 
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The alluvial aquifer underlies a majority of the subarea surrounding Smelter Hill, including the 
East Anaconda Yard, the Main Granulated Slag Pile, the Anaconda Ponds, a portion of the 
Disturbed Area located at the base of Smelter Hill, and a portion of the Mill Creek valley. 
Elevated concentrations of arsenic above the PRAG have been delineated or are inferred in a 
portion of the alluvial aquifer underlying the East Anaconda Yard, Main Granulated Slag, and 
Anaconda Ponds (Tables 5-36 and 5-37). The vertical extent of ground water contamination in 
the alluvial aquifer is limited to the upper l 0 to 20 feet of the aquifer. Potential sources of 
arsenic in the shallow alluvial aquifer include recharge of the alluvial aquifer from contaminated 
ground water in the surrounding bedrock aquifer; leaching of arsenic from buried wastes located 
in the East Anaconda Yard, Main Granulated Slag area, and Anaconda Ponds; and recharge of 
the aquifer by infiltration of contaminated storm water discharging from drainages located on 
Smelter Hill. -

Mill Creek and its associated tributaries, including Cabbage Gulch, and drainages located on 
Smelter Hill are the primary surface water features identified in the Smelter Hill Subarea. Levels 
of total and dissolved arsenic in surface water are above the PRAG throughout the reach of Mill 
Creek located in the Smelter Hill Subarea. Levels of total and dissolved copper and lead in 
surface water are also above the PRAG on at least a seasonal basis (spring runoff conditions) in 
the stream reach of Mill Creek located in the subarea. Potential loading sources for metals to 
surface water of upper Mill Creek include runoff of contaminated storm water and snowmelt 
from areas of waste and contaminated soils located in portions of the Smelter Hill Subarea, and 
arsenic loading from discharge of contaminated ground water to tributaries of Mill Creek such as 
Cabbage Gulch, Slag Gulch, and Nazer Gulch. 

5.4 CURRENT AND POTENTIAL FUTURE SITE AND RESOURCE USES 

5.4.1 LAND USE 

The communities of Anaconda-Deer Lodge County have gone through extensive land use 
planning in the last 10 years, partly precipitated by Superfund activities and the desire of the 
communities to focus on economic redevelopment. These planning efforts, funded in part by the 
PRP, resulted in adoption in 1992 of the Master Plan, which prioritized areas mostly likely to be 
developed (e.g., East Anaconda Development Area) versus areas least likely to be developed in 
the near future (e.g., Waste Managemer:it Areas). This information was instrumental in 
structuring and prioritizing the OW/EADA ROD finalized in 1994. EPA further assessed land 
use priorities, and in the Community Soils ROD, overlaid known residential activities within the 
designated land uses (e.g., agricultural, open space, town residential) to help identify where to 
focus residential yard clean-up efforts. 

For the ARWW&S, EPA continued to build on known land use planning efforts and incorporated 
1996 and 1997 proposed updates to the 1992 Master Plan. (As of publication of this ROD, the 
revisions to the Master Plan have been adopted by the Planning Board, but not the County 
Commissioners.) Figure 5-2 presents the best estimates of current and potential future land use, 
used by EPA. EPA used this information in assessing human health risk levels to varying 
intensities ofland use (residential, commercial/industrial, recreational, open space) and in the 
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detailed FS. An overview of how this infonnation influenced the remedial decision making 
process is found in Section 6.0, Summary of Risks, and Section 7.0, Description of Alternatives. 

Additional county planning elements and private property controls are described in the following 
paragraphs. 

Private property restrictive covenants are placed on property recently purchased by ARCO and 
leased for cattle grazing in the Opportunity Ponds and North Opportunity Subareas. These 
covenants contain restrictions related to remedial action and land development and establish best 
management practices for cattle grazing. Lands in the South Opportunity Subarea have 
conservation easements placed on the WH Ranch Company and Glen Willow Ranch properties 
relating to remedial action, land development and grazing practices. These covenants also 
include irrigation restrictions. Associated surface water rights recently purchased by ARCO and 
previously used for irrigation purposes would now be used for in-stream base flows on Willow 
Creek. Property around S&N Concrete is slated for industrial development through expansion of 
gravel pits for concrete production. 

The Opportunity Ponds, Cell A, South Lime Ditch, Triangle Waste, Main Granulated Slag, 
Disturbed Area, Anaconda Ponds and East Anaconda Yards areas of concern all lie within the 
ADLC's Waste Management Development Districts and the Superfund Overlay District, both 
which operate under the Master Plan's Development Permit System. Additionally, ARCO, as 
the private property owner of these lands, has implemented deed restrictions which establish 
limited permitted uses. 

5.4.2 GROUND WATER USE 

Potable water supplies for the largest community in the County, the town of Anaconda, comes 
from a mixture of surface waters out of the Hearst Lake/Silver Lake water system, located to the 
west of the community and unimpacted by smelter or waste products, and from groundwater 
production wells, located west and upgradient of any contaminated groundwater in the area. All 
other domestic water use comes from individual or small community (2-25 users) wells scattered 
throughout the alluvial aquifer (town of Opportunity and Warm Springs State Hospital, small 
ranches and individual homes), individual wells located in the bedrock aquifers up in the Aspen 
Hills, Clear Creek and Stucky Ridge areas, and potentially from springs sources in the Aspen 
Hills area. To date, all known domestic water supplies have been tested and meet federal and 
state drinking water standards. 

As part of the OW/EADA ROD and concurrent transfer of properties from the PRP to the 
County, water development bans were placed on groundwater resources within the Old Works 
and East Anaconda Yards areas. ARCO, the PRP at the site, has also placed restrictions on 
ground water development and use for all ARCO owned properties, including Smelter Hill, 
Anaconda Ponds, and Opportunity Ponds areas. All of these areas did not have prior potable 
water use, and these actions to restrict future use are considered preventive in nature. 
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6.0 SUMMARY OF SITE RISKS 

6.1 SUMMARY OF HUMAN HEALTH RISK ASSESSMENTS 

Baseline risk assessments provide the basis for taking action at a site and indicate the sources and 
exposure pathways to be addressed by remedial action. They indicate the potential baseline 
health risks if no action were taken at the site. Over the last 10 years, risks have been 
characterized for several OUs at the Anaconda Smelter Site: 

Mill Creek OU: Endangerment Assessment/Public Health Evaluation, Revised Final Report, 
Mill Creek OU October 2, 1987. Prepared by Clement Associates, Inc. for CDM Inc. for EPA. 

Flue Dust OU: Final Baseline Risk Assessment, Flue Dust OU November 15, 1990. Prepared 
by Life Systems, Inc. for Fluor Daniel, Inc. for EPA. 

Community Soils OU: Final Baseline Human Health Risk Assessment, Anaconda Smelter NPL 
Site, Anaconda Montana. January 24, 1996. Prepared by CDM Federal Programs Corporation 
for EPA. 

Old Works/East Anaconda Development Area OU: Baseline Risk Assessment for the Old 
Works/East Anaconda Development Area. August 19, 1993. Prepared by Life Systems, Inc. for 
Fluor Daniel, Inc. for EPA. 

These risk assessments quantify risks to receptors within certain areas of the ARWW&S OU, 
including residents, commercial/industrial workers, arid recreational visitors. However, risks 
have not been characterized for the entire ARWW&S OU, as data are relatively limited for some 
areas of the OU. Risk-based screening levels presented in the OW/EADA Risk Assessment (Life 
Systems 1993) and the Baseline HHRA (EPA I 996b) were selected for comparison to 
contaminant levels in site media (i.e., soils, waste, and ground water), when available, to 
determine the potential for risk. Risk-based screening levels calculated for earlier risk 
assessments (i.e., Flue Dust and Mill Creek Risk Assessments) were not used due to the 
availability of more current information regarding exposure parameters. Action levels were 
selected from the risk-based screening levels, and from Maximum Contaminant Levels (MCLs), 
non-zero Maximum Contaminant Level Goals (MCLGs), and State of Montana Numeric Water 
Quality Standards (Water Quality Bureau [WQB] standards), for comparison to site data to guide 
remedial activities. 

The OW/EADA Risk Assessment (Life Systems 1993) developed risk-based screening levels for 
a future commercial/industrial worker exposed to contaminants in tailings and waste material and 
ground water at the OW/EADA OU. The OW/EADA Risk Assessment also developed risk
based screening levels for a dirt-bike rider (maximally-exposed recreational visitor) exposed to 
contaminants in tailings and waste material; the risk-based screening levels presented in this risk 
assessment are applicable to waste areas and ground water within the ARWW&S OU. 

The Baseline HHRA for the Anaconda Smelter Site (EPA l 996b) calculated risk-based screening 
levels for residents, commercial/industrial workers, agricultural workers, and dirt bike riders 
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exposed to soils within the Community Soils OU contaminated by historical deposition of aerial 
emissions from the Anaconda Smelter. Because the Community Soils OU is located within the 
ARWW &S OU geographic area and shares one of the primary sources of contamination (i.e., 
soils contaminated by deposition of historical aerial emissions from the smelter), the risk-based 
screening levels presented in the Anaconda Smelter Site HHRA are applicable to soils of the 
ARWW&S OU contaminated by historical smelter emissions: This section of the ROD 
summarizes the assumptions used to develop the risk-based screening levels presented in the 
OW/EADA Risk Assessment and Anaconda Smelter Site HHRA and describes the action levels 
selected from these screening levels for application across·the ARWW&S OU. 

Chemicals of Potential Concern 

Although mining, milling, and smelting wastes contain a number of metals, experience at other 
mining and smelting sites and from previous Anaconda risk assessments (i.e., Mill Creek, Flue 
Dust, OW/EADA) has shown that risks to humans and the environment at these sites are 
dominated by the presence of arsenic, cadmium, copper, lead, and zinc in soils and waste. 
Although other metals may contribute to risk, their relative contribution to total risk is believed 
to be insignificant compared to risks from the primary COCs. 

Three primary sources of contamination are generally present at AR WW &S OU: soils impacted 
by historic aerial emission deposition, tailings/waste piles, and contaminated ground water. The 
Anaconda Smelter Site HHRA evaluated the concentrations of arsenic, cadmium, copper, lead, 
and zinc in soils impacted by historic smelter emissions. Soil concentrations of cadmium, 
copper, and zinc were less than risk-based screening levels; as a result, these chemicals were 
eliminated as COCs. The COCs selected for soils of the Anaconda Smelter Site were, therefore, 
arsenic and lead. For the OW/EADA Risk Assessment, COCs for waste piles/tailings and 
ground water consisted of arsenic, cadmium, copper, lead, and zinc. Risk characterization 
information presented in the risk assessments for the Anaconda Smelter Site and the OW/EADA 
OU indicates that arsenic is the primary chemical associated with human health risk in the 
ARWW&SOU. 

Potentially Exposed Populations 

As discussed in the Anaconda Smelter Site HHRA and the OW/EADA Risk Assessment, land 
within the ARWW&S OU is used for a variety of purposes, including residences, commerce, 
agriculture, and recreation. Undeveloped land is also present in the OU which could be used in 
the future for recreational, commercial, residential, or agricultural purposes. Lands that are 
currently used for agricultural purposes could be developed for other uses, such as residential 
development. Additionally, certain areas of the site are not, at present, readily accessible to the 
public due to remoteness or steepness of slopes. It is likely that trespassers would be the only 
receptors in these areas. Although trespassers were not included in either of the risk assessments 
as receptors of concern, comments by ARCO (ARCO 1997c) prompted preparation of a technical 
memorandum (CDM Federal 1998 - also see Appendix I ofEPA's Responsiveness Summary) 
presenting exposure pathways, exposure assumptions, and risk-based screening levels for 
trespassers. 
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Based on current and reasonably anticipated future land uses, the following populations are 
considered most likely to be exposed to COCs at the ARWW&S OU: 

• Current and future residents; 
• Agricultural workers; 
• Recreational users; 
• Commercial workers; and 
• Trespassers. 

Existing current land uses within the ARWW&S OU are shown on Figure 5-2. 

Identification of Exposure Pathways 

The two primary sources of contamination within the ARWW&S OU are soils impacted by 
historic air emissions from the Old Works and Anaconda Smelter stacks, and tailings and other 
wastes remaining from the smelting processes. Historical smelting activities resulted in 
widespread, aerial deposition of fugitive dusts and contaminants released from stacks, resulting 
in contamination of soils in the ARWW&S OU. Materials released from the smelter stacks were 
small particulates not captured by emission controls in place. In general, contaminant 
concentrations in soil decrease with increasing distance from the smelter. 

Historic smelter activities resulted in large volumes of waste materials. Waste source areas in the 
AR WW &S OU include Anaconda and Opportunity Tailings Ponds and the disturbed area of 
Smelter Hill. Anaconda and Opportunity Tailings Ponds were constructed to contain mill 
tailings and wastes. Waste piles and slag are also present at Smelter Hill. 

The primary release mechanism for tailings and slag is wind erosion, although release to ground 
water via infiltration/percolation and to soils and surface water via runoff also occurs. 
Contamination in air emissions is transported via dry or wet deposition from the air into three 
secondary sources: soil, surface water, and sediment. Transport of contaminants also occurs 
among secondary sources. 

Site conceptual models presented in the OW/EADA Risk Assessment and the Anaconda Smelter 
Site HHRA show primary sources of contamination, release and transport pathways, 
contaminated media, and exposure pathways to receptors of concern. Exposure pathways to 
receptors of concern consist of: 

• Residents (adults and children aged 0 to 6 years) 
Ingestion of surface soils and wastes 
Ingestion of interior dust 
Ingestion of ground water 

• Agricultural Workers (adults) 
Ingestion of surface soils 
Ingestion of dust 
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• Recreational Users (dirt bike riders) 
Ingestion of surface soils and wastes 
Inhalation of dust 

• Recreational Visitors (swimmers) 
Ingestion of surface water 
Dennal exposure to surface water 

• Commercial Workers (adults) 
Ingestion of surface soils and wastes 
Ingestion of interior dust 
Ingestion of ground water 

• Trespassers (adults) 
Ingestion of surface soils 

As shown above, all receptors except agricultural workers and trespassers are assumed to be 
exposed to both soils and wastes. It is unlikely that crops would be grown on waste piles or in 
areas where waste piles are present; therefore, agricultural worker exposure to waste piles was 
not evaluated. As described in the technical memorandum regarding trespassers (CDM Federal 
1998 - see Appendix I ofEPA's Responsiveness Summary), the trespasser exposure scenario is 
pertinent only to areas where access would not. be convenient due to the remote nature of the area 
or steep slopes. Trespasser exposure to waste piles is not evaluated, but rather is addressed by 
the recreational scenario. 

Human Exposure Assumptions 

In general, it is expected that different people living or working in an area may have different 
levels of contact with various contaminated media, resulting in different levels of exposure. 
Therefore, it is appropriate to think of exposure of a population as a range or distribution of 
values, rather than as a single value. In order to account for this, EPA calculates exposure both 
for an average person, and for someone at the upper end of the distribution (approximately the 
95th percentile). The average exposure is termed Central Tendency Exposure (CTE), while the 
latter is termed the Reasonable Maximum Exposure (RME). Both estimates are useful in 
understanding exposures and risks that can exist at a site. 

Risk-based screening levels were developed based on estimates of chemical toxicity and 
exposure assumptions for receptors and exposure pathways of concern. Tables 6-1, 6-2, and 6-3 
list exposure assumptions used in the Anaconda Smelter Site HHRA, the OW/EADA Risk 
Assessment, and the trespasser technical memorandum (CDM Federal 1998), respectively, to 
calculate CTE and/or RME screening levels for the receptors and exposure pathways of concern 
at the site. Some of these values are reasonably well established default values (e.g., body 
weight, exposure frequency of workers), while other values are based on site-specific data (e.g., 
soil ingestion, arsenic bioavailability) or professional judgment. 
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The arsenic bioavailability factor (BAF) is site-specific to the source of contamination based on 
metal speciation. A site-specific arsenic BAF of 18.3% is presented in the Anaconda Smelter 
HHRA for the Community Soils OU; this arsenic BAF is specific to soils impacted by historic 
aerial smelter emissions, and is applicable to areas of the AR WW &S OU where there are similar 
types of arsenic contamination (i.e., aerially-deposited arsenic with a spectrum of arsenic phases 
similar to those of the Community Soils OU). The OW/EADA Risk Assessment used an arsenic 
BAF of 50% for tailings and waste material based on a study of arsenic absorption from soil of 
Teresa Ann Terrace. Due to physical and chemical differences between arsenic in soil and 
wastes (i.e., grain size, arsenic speciation), the OW/EADA arsenic BAF of 50% is used as the 
BAF for arsenic for wastes in the ARWW&S OU. Arsenic in ground water is assumed to be 
100% bioavailable. Bioavailability information is not available for other COCs. 

Exposure Point Concentrations 

An exposure point is an area within a site where humans are expected to come into contact with 
one or more contaminated media. Typically, the boundaries of an exposure point are selected to 
represent an area over which exposure of an individual is expected to be approximately random. 
Based on this, the exposure point concentration for a chemical is defined as the upper 95th 
confidence limit of the arithmetic mean of the measured values for that chemical within the 
exposure area (calculated based on the assumption of log normal distribution of measured 
values). 

Although exposure areas for the AR WW &S OU have not been previously defined, the land use 
areas presented in Figure 5-2 are appropriate for use as exposure areas. Existing data for the 
ARWW&S OU were too limited to.calculate exposure point concentrations by area, therefore, a 
regional kriging effort was conducted to estimate arsenic soil concentrations. Other chemical 
concentrations were also estimated in the kriging effort, which used a kriged block size of 70 
acres (3,033 total blocks). Estimated average arsenic concentrations in the regional kriged blocks 
range from 29 ppm in outlying areas to 1,856 ppm in the undisturbed portion of Smelter Hill. 
Thirty-two blocks exceeded an average kriged arsenic value of 1,000 ppm with the highest 
blocks found in the rural areas between the Anaconda and Opportunity Tailings ponds and on 
Smelter Hill (Figure 6-1; areas indicated as "high arsenic soils"). 

Quantification of Risks 

As discussed above, risks were previously quantified for the OW/EADA OU and the Community 
Soils OU in the OW/EADA Risk Assessment and the Anaconda Smelter Site HHRA, 
respectively. Because risk characteri:zations indicate that arsenic is the primary risk driver, only 
arsenic risk-based screening levels are discussed herein. 

Risk-based screening levels presented in the Anaconda Smelter Site HHRA for residents, 
commercial/industrial workers, agricultural workers, and dirt bike riders exposed to arsenic in 
aerially-contaminated soils are shown in Table 6-4; these screening levels are applicable to soils 
of the ARWW&S OU contaminated by historic smelter emissions. Risk-based screening levels 
presented in the OW/EADA HHRA for a commercial/industrial worker exposed to arsenic in 
tailings, waste piles, and ground water and for a dirt-bike rider exposed to arsenic in tailings, 
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waste piles, and fugitive dusts are shown in Table 6-5; these screening levels are applicable to 
waste areas and ground water within the ARWW&S OU. Arsenic risk-based screening levels for 
the trespasser scenario, presented in a technical memorandum (CDM Federal 1998 - see 
Appendix I ofEPA's Responsiveness Summary) are applicable to soils of the ARWW&S OU 
and are presented in Table 6-6. 

Based on average kriged values of arsenic in soils, the reasonably anticipated land use, and risk
based screening levels, it appears that most areas of the site are generally within EPA's targeted 
risk range of IE-04 to lE-06, but greater than EPA's point of departure for evaluating remedial 
actions. EPA considers a risk of I E-06 as the point of departure. Exceptions include some 
agricultural lands and the Smelter Hill facility area which exceed the targeted risk range for 
particular land uses. In addition, most waste source areas (i.e., Anaconda and Opportunity 
Tailings Ponds) are also within EPA's targeted risk range but are greater than EPA's point of 
departure. 

Results of the OW/EADA Risk Assessment indicate that arsenic concentrations in some ground 
water wells may exceed risk-based screening levels and/or MCLs. The Anaconda Smelter Site 
HHRA evaluated residential exposure to community drinking water; sources of drinking water 
were generally not from wells impacted by contaminants in the AR WW &S OU and, therefore, 
ground water risks are unlikely to reflect those associated with potential exposure to 
contaminated ground water of the ARWW&S OU. 

Analysis of Uncertainties 

Risk-based screening levels are calculated using site-specific information, national default 
assumptions, toxicology literature, and professional judgement. There are uncertainties 
associated with all of these sources, and hence, there is uncertainty in calculated screening levels. 
However, the calculated screening levels are based on detailed site-specific studies, including 
arsenic exposure, bioavailability, and soil ingestion studies, conducted in Anaconda that 
significantly reduce the uncertainty of the calculated value. 

Action Levels 

Action levels are chemical concentrations which are compared to site data to govern remedial 
actions. The values are selected based on technical and risk management considerations. Action 
levels for the ARWW&S OU were selected for recreational, agricultural, commercial/industrial, 
trespasser, and residential scenarios for surface soil, wastes, ground water, and surface water. 
Values were selected from risk-based screening levels, MCLs, non-zero MCLGs, and the State of 
Montana Numeric Water Quality Standards. 

Surface Soil and Wastes 

As discussed above, individual hotspots within the AR WW &S OU may pose an unacceptable 
risk. Additionally, estimates of risk are uncertain for areas with few data points. Action levels 
are necessary for evaluation of hotspots and soil data collected in future sampling events. EPA 
has developed action levels for surface soil and wastes for the targeted cancer risk range of 1 E-04 
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to I E-06. Arsenic action levels were selected from the risk-based screening levels for 
comparison to arsenic concentrations in soils and waste to determine the potential for risk. The 
action levels, selected based on technical and risk management considerations, are as follows: 

Land Use Desienation 
Residential 
Commercial/Industrial 
Recreational 
Agricultural 
Steep Slope/Open Space 

Ground Water 

Media 
Soil and Waste 
Soil and Waste 
Soil and Waste 
Soil only 
Soil only 

Concentration 
250ppm 
500 ppm 
l,"000 ppm 
1,000 ppm 
2,500 ppm 

Risk 
8E-05 
4E-05 
4E-05 
IE-04 
IE-05 

Action levels for metals in ground water are based on the State of Montana Circular WQB-7 
Standard: 

Chemical 
Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Zinc 

WOB-7 Standard* 
18µg/L 
4µg/L 
5µg/L 
1,000 ,LJg/L 
15 µg/L 
5,000 µg/L 

*Levels which are more stringent than Federal Safe Drinking Water Act MCLs and non-zero MCLGs are identified in bold. 
WQB-7 standards for metals in ground water arc based on the dissolved metals portion of the sample. 

Surface Water 

Surface water action levels are based on the State of Montana B-1 classification: 

Chemical 
Arsenic 
Cadmium• 
Copper• 
Lead* 
Zinc• 

WOB-7 Standard 
18 µg/L 
I.I µg/L 
12 µg/L 
3.2µg/L 
llOµg/L 

•Assume a hardness (CaC03) of I 00 milligrams per liter. WQB-7 standards for metals in surface water are based on total 
recoverable metals in the sample. 

6.2 SUMMARY OF ECOLOGICAL RISK ASSESSMENTS 

Baseline Ecolo&ical Risk Assessment Process 

The ecological risk documentation developed for the Anaconda Smelter NPL Site provides an 
estimation of the potential health risks to plant and animal receptors from exposure to arsenic and 
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metals. This documentation identifies the relative degree of ecological risk for areas of the site 
and allows the risk managers to select appropriate remedial alternatives and to prioritize areas for 
alternative implementation. 

The assessment of ecological risks at the Anaconda Smelter NPL Site was a three-step process. 
In the first step, the Phase I Screening-Level Ecological Assessment compared arsenic and metal 
concentrations in soil, sediment, and surface water to conservative benchmark values to identify 
areas that may pose a potential risk to site receptors. The Preliminary Baseline Ecological Risk 
Assessment, which was the second step, provided a risk characterization and identified data gaps. 
Following the preparation of that document, a technical memorandum was prepared called the 
"PBERA Supplement" that expanded on the risk characterization by incorporating additional 
environmental and risk-related information. The Final Baseline Ecological Risk Assessment 
(Final BERA- EPA 1997a), prepared October 1997, represented the final step in the.ecological 
risk assessment process for purposes of the Anaconda Smelter NPL Site ROD. The Final BERA 
is a synthesis of data and information contained in the aforementioned documents and provides 
summaries of all previously published ecological data and information for the site that are 
relevant to assessing ecological risk. 

The Final BERA is based on guidance for ecological risk assessment provided by EPA. This 
guidance consists of a framework for performing ecological risk assessment, methods for 
designing and conducting ecological risk assessments, and a reference guide for choosing and 
conducting field and laboratory activities at haz.ardous waste sites. As described in EPA 
guidance for conducting ecological assessments at haz.ardous waste sites, three types of 
information are needed to establish a firm, causal relationship between toxic wastes and 
ecological effects: 

1. Chemical analyses of media (i.e., soil, sediment, surface water) to establish 
the presence, concentrations, and variabilities of site-specific chemicals of 
concern (COCs); 

2. Ecological surveys to evaluate whether adverse ecological effects have 
occurred; and 

3. Toxicity tests to establish a comparison between the adverse ecological 
effects and the chemistry and toxicity of the wastes 

Existing site-specific and regional data and reports were reviewed to determine if representative 
media, ecological, and toxicological information exists for the site. The initial data review 
identified specific reports and studies that could be used to meet the objectives of the Anaconda 
Smelter NPL Site BERA, and helped identify areas of uncertainty or potential data gaps. This 
information was presented in the Final Phase I Screening-Level Ecological Assessment and the 
Final Preliminary Baseline Ecological Risk Assessment. The critical data gaps were filled using 
data collected by EPA in 1995 and the reassessment of all usable soil, water, and vegetation data. 
The following is a summary of the Final BERA. 
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Ecolo&ical Receptors 

The Anaconda Smelter Site covers nearly 100 square miles, and contains a wide array of habitat 
types including agricultural areas, grasslands, shrublands, forests, riparian corridors, streams, and 
wetland areas. Potential ecological receptors at the Anaconda Smelter Site include· plants and 
animals that are known or expected to inhabit the site. Field surveys conducted throughout the 
site over the past several years have shown that certain animals utilize all suitable habitats, and 
are also sporadically observed in barren areas and in WMAs, such as Opportunity Tailings 
Ponds. Other surveys have identified areas of stressed vegetation and barren areas, as well as 
shifts in plant community structure in response to environmental stressors. Wildlife receptors 
selected for evaluation in the food chain analysis (see the Final BERA and ROD Appendix B) are 
Deer Mouse, American Robin, White-tailed Deer, Red Fox, and Kestrel. These receptors 
represent primary herbivores, herbivorous and insectivorous birds, grazing herbivores, 
mammalian carnivores, and carnivorous birds, respectively. 

A study of wetlands and threatened and endangered species at the Anaconda Smelter Site (EA 
1994) indicates that no federally-listed threatened or endangered plant species occur at the site. 
However, of the 336 state-identified plant species of special concern, 120 potentially occur in 
southwestern Montana. Of these 120, 23 have been previously reported in Silver Bow and Deer 
Lodge Counties, and 11 could potentially occur in the types of habitats found at the Anaconda 
Smelter Site. 

For wildlife species, a total of 20 State species of special concern have been reported to occur in 
Deer Lodge and Silver Bow Counties, and 12 of these may occur at the Anaconda Smelter Site, 
based on general habitat characteristics (EA 1994). Two of these 12 species, the Bald Eagle and 
the Peregrine Falcon, are federally listed as endangered. In addition, the Gray Wolf is also 
Federally listed as endangered and the Bull Trout is listed as threatened (USDI/FWS 1997). The 
area potentially used by the Yellowstone and Bitterroot Gray Wolf experimental populations 
include the Anaconda Smelter Site. Currently, the Gray Wolf is known to inhabit the mountains 
east of the Anaconda Smelter Site and the Bull Trout can be found in the upper reaches of Warm 
Springs Creek (Olsen 1997). In the final BERA, the evaluation of potential risks to the Kestrel is 
used as a surrogate for evaluating potential risks to the Bald Eagle and Peregrine Falcon; the Red 
Fox is used as the surrogate for the Gray Wolf. 

Waste, Soil. and Background Soil Concentrations 

Tables 6-7 and 6-8 provide summaries of arsenic and metal concentrations in waste, mixed 
waste, and soils at the ARWW&S OU. Comparing the data in these tables to regional 
background data (Table 6-9) indicate that waste and soils at this OU are elevated relative to 
uncontaminated soil. 

Veeetation Risks 

Potential risks to vegetation were assessed using several lines of evidence including historical 
indicators of areas having stressed vegetation, results of laboratory phytotoxicity tests using site 
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soils, phytotoxicity benchmark values, and site-specific vegetation surveys. This information 
was used in a weight-of-evidence approach to identify portions of the site likely to experience 
risk to vegetation. 

Predictive and Potential Risks to Vegetation 

To give risk managers an indication of the range of potential risks to vegetation, low and high 
phytotoxicity benchmarks, or effects concentrations (ECs), were developed for use in estimating 
risks. The low and high ECs (Table 6-10) were developed for both acidic (i.e., pH<6.5) and 
basic (i.e., pH>6.5) soil conditions. The low and high phytotoxicity ECs were compared to 
surface soil arsenic and metals concentrations that were estimated across the site using a 70-acre 
grid. Using the low phytotoxicity ECs (i.e., the more conservative benchmark values), a large 
portion of the OU presents a potential risk to vegetation (46,749 acres, or 92% of total acreage) 
(CDM Federal l 997b). That is, within the area delineated by the low phytotoxicity lines, one or 
more of the COCs have a surface soil concentration that has the potential to adversely affect plant 
growth and community structure (Zone 1 - Table 6-11 ). Generally, risks decrease from relatively 
high hazard indices close to the smelter complex, to relatively lower values predicted as the 
distance from the smelter increases. Similarly, high phytotoxic ECs were exceeded in areas 
nearest the smelter for at least one of the metals. The area of exceedance of the high ECs (Zone 
2), although smaller in size relative to the areas exceeding the lower phytotoxic ECs, still 
encompasses approximately 37,000 acres (or 73% of total acreage). The total acreage where 
arsenic, cadmium, copper, and lead exceed the low and high phytotoxic ECs are 18, 693 (3 7% of 
total), and 155 (4% of total), respectively. These are areas in which all metals concurrently 
exceed respective ECs (Zones 3 and 4), as compared with Zones 1 and 2, in which at least one 
(or more) exceeded the ECs. 

EPA Site Investigations 

In addition to comparisons of low and high phytotoxicity ECs to kriged estimates of metal soil 
concentrations, EPA collected field data (CDM 1995; hereafter referred to as the EPA 1995 
Survey) within several Vegetation Areas (VAs) to further assess potential risks to vegetation. 

During this exercise, EPA recognized that physical-chemical properties of the soil (e.g., pH, 
organic matter content, moisture availability, etc.) and varying physiography (including slope 
angle, aspect, and position) may act as co-factors in determining the degree of phytotoxicity in a 
given location. The EPA 1995 Survey focused on the collection of data related to these co
factors. 

Because of the numerous interacting factors that may preclude a clear concentration-response 
relationship between vegetative stress and arsenic and metal concentrations in the soil, a semi
quantitative/qualitative Comprehensive Plant Stress Analysis model (CPSA) was developed to 
address these co-factors. This analysis included a comparison of the existing vegetation at the 
Site to the vegetation that would be expected to occur under climax vegetation conditions, and to 
the vegetation that currently exists in German Gulch (which has been used as a reference area). 
The CPSA did not rely on any one piece of evidence, such as phytotoxicity ECs, to delineate 
areas of risk to the vegetation. Rather, the CPSA used the phytotoxicity EC values along with 
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other environmental factors in a weight-of-evidence manner to identify areas where smelter and 
ore processing wastes may significantly contribute to plant stress. Results of this holistic 
analysis indicate that the vegetation in certain areas of the site are at risk due primarily to 
elevated concentrations of COCs in the soil, while in other areas of the site, soil COC content is 
one of several factors that may be contributing to plant stress. 

The 1995 EPA Survey also used aerial photographs and satellite infrared images to verify areas 
of barren, or only sparsely vegetated areas, and areas having high vegetation coverage. Based on 
this evaluation, approximately 4,830 acres of the site are barren or sparsely vegetated and 8,110 
acres have very poor plant growth or community condition. Most of this area is adjacent to the 
historic smelting complex and are, therefore, consistent with areas identified through the 
kriging/EC analysis as posing phytotoxic risk. This delineated area is also consistent with areas 
identified historically as having stressed vegetation (Olson-Elliot 1975) in spite of the fact that 
emissions of sulfur dioxide (which could have been the original predominant vegetative stressor) 
have not occurred in the last 15 years. Additionally, in the Responsiveness Summary section of 
this docwnent, analyses are described characterizing the lingering chemical influence of sulfur 
dioxide fumigation: pH. In the analysis, a dose-response relationship between phytotoxicity 
scores of plant species in the laboratory (Kaputska 1995) exposed to site soils was used to define . 
the relationships between pH, total metals and phytotoxic endpoints of vegetation. This site
specific, laboratory-derived toxicity curve was then compared to the data collected in the 1995 
EPA Survey. The results of this analysis supported the findings of both the kriging/EC analysis 
and the CPSA model. 

The weight-of-evidence, therefore, using multiple lines of evidence consistently suggests that 
arsenic and metal soil concentrations have a high potential for continuing phytotoxic effects in 
some areas of the site. 

Land Reclamation Evaluation System <LRESl 

Since the 1995 EPA Survey was not particularly designed to delineate areas of remediation, but 
rather to address mitigating or confounding co-factors of phytotoxicity, the LRES was designed 
as a tool to help the remedial decision makers decide what types of remedial actions should be 
applied in various areas of the site. The LRES is use~ to collect the information needed to make 
the most stringent risk management decisions based on phytotoxic risk. The LRES was applied 
in the field during 1998 to help identify the most efficient and cost effective means of remedial 
action based on several attributes of the soil and the plant communities. During Remedial 
Design, the LRES process will also consider important remedial factors, such as land use, land 
ownership, and accessability, to tailor specific remedies. 

Wildlife Risks 

Potential risks to wildlife were assessed by three lines of evidence: 1} using a predictive food 
chain model to estimate exposures to wildlife receptors and comparing the exposures with 
extrapolated Toxicity Reference Values (TRVs) based on dietary intake; 2) comparing measured 
vegetation tissue concentrations to extrapolated dietary TRVs to herbivores; and 3) comparing 
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surface water arsenic and metal concentrations to extrapolated drinking water TRV s to evaluate 
potential exposures to wildlife through the ingestion of contaminated drinking water. 

Predictive and Potential Risks 

Potential exposures and risks to wildlife receptors were evaluated using a simple food chain 
model in combination with geographic information systems (GIS) maps (see Appendix B). 
Predicted risks were estimated by comparing the exposure (i.e., estimated daily dose) to an 
extrapolated-from-literature TRV (dose-based in mg/kg/day) to derive a hazard quotient (HQ = 

estimated doseffRV) for each COC-receptor combination. The range ofTRVs for each COC 
included both a no-observable-adverse-effect-level (NOAEL) and a lowest-observable-adverse
effect-level (LOAEL). NOAEL TRVs represent extrapolated doses in which no effect from the 
predicted exposure is anticipated to occur. LOAEL TRVs represent extrapolated doses in which 
effects from the predicted exposures in at least some of the individuals in a population are 
potentially occurring. Since ecological risk assessment is focused on protection at the population 
level, predicted exposures greater than the LOAEL are most concern (i.e. HQLOAEL > I). For each 
receptor, HQs were summed for all chemicals to derive a Hazard Index (HI= HQAs + HQcd + 
HQcu + HQPb + HQzn) and illustrated for each receptor on GIS maps of the site in four different 
forms: I) Site HINoAEL I Reference HINoAEL; 2) Site HlwAEL I Reference HlwAa; 3) Site HINoAEL -
Reference HINOAEL; 4) Site HILOAEL - Reference HILOAEL· The first two forms of predicted risk are 
expressions of relative risk. The last two forms of predicted risk are expressions of absolute risk. 

Both expressions of the predictive assessment illustrated elevated risk for all receptors (American 
robin, American kestrel, deer mouse, red fox and white-tailed deer) related to estimated COC 
exposure. Predicted absolute hazard indices for mammalian carnivores (using red fox as a model 
and LOAEL-based TRVs) are driven by lead concentrations in small mammals. Omnivorous 
small mammals (deer mouse as model) and insectivorous passerines (American robin as model) 
had the next highest hazard indices with small mammals primarily exposed to arsenic in 
terrestrial invertebrates and American robins exposed to approximately equally deleterious doses 
of copper, lead, and arsenic mainly in terrestrial invertebrates. Omnivorous/carnivorous avian 
species (American kestrel used as the model) had elevated hazard indices primarily from lead 
concentrations in small mammals. Finally, large herbivorous mammals (white-tailed deer used 
as the model) had elevated hazard indices principally from arsenic and cadmium concentrations 
in vegetation. Generally, the principle COCs for wildlife receptors were predicted to be arsenic, 
lead and copper (in no particular order of importance). Similar to vegetative risks, hazard indices 
decreased with increasing distance from the smelter: Smelter Hill> North Opportunity> Old 
Works/Stucky Ridge> South Opportunity Subarea. 

Risks to White-Tailed Deer from Consumption of Contaminated Ve~etation Tissue 

From vegetation samples collected during the 1995 EPA survey, approximately 33% of the plant 
tissue samples had COC concentrations greater than the white-tailed deer NOAEL for forage, and 
about 20% of the plant tissue samples had COC concentrations that exceeded the LOAEL for 
forage (Table 6-12). Exceedances of the white-tailed deerNOAEL and LOAEL occurred in 
samples from all of the V As studied, except V A24 which was in the northernmost part of the 
site. Among the COCs, arsenic presented the most frequent and greatest risk from ingestion 
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(94% of the samples, 15of16 had concentrations above the NOAEL). Arsenic was followed by 
copper (69% of the VAs), zinc (44% of the VAs), cadmium (38% of the VAs), and lead (6% of 
the VAs). Furthermore, the data indicate that most of the LOAEL exceedances (i.e., where the 
COC exceeded its LOAEL by more than two times) occurred in V As adjacent to waste 
management areas (WMAs) with uncovered tailing present. This suggests that fugitive dust from 
these uncontrolled areas elevated potential exposures to this receptor, indicating an important 
release mechanism of the these contaminants that was not adequately addressed in the modeled 
uptake of these contaminants. It further suggests that predicted risks from the food chain models 
may be underestimated in V As with similar circumstances. 

Risks to Wildlife Receptors from lnz=estion of Contaminated Surface Water 

Exceedances of drinking water TRVs indicate that some receptors are at "potential" risk 
(drinking water data concentrations are between the NOAEL and the LOAEL) or even "likely" 
risk (data> the LOAEL) from some water bodies on the site (Table 6-13). Most of these water 
bodies are in association with seep and spring water on Smelter Hill. Of the 4 7 exceedances 
detected, 79% (3 7) occurred for seeps and springs on Smelter Hill and in the hills south of 
Smelter Hill. Wildlife risks from drinking seep/spring water is related to both primary and 
secondary consumers (deer mice and red fox respectively). Other areas of potential concern 
include the Blue Lagoon with average Cu concentrations 6 fold higher than the deer mouse 
LOAEL. Results from surface water sampling stations located along creeks of the Site indicated 
minimal risk to wildlife. Wildlife risks from drinking water and forage at the AR WW &S OU are 
summarized in Table 6-14. 

Aquatic Risks 

Four streams and a network of drainage and irrigation ditches occur within the Anaconda Smelter 
NPL Site that compose the extent of aquatic habitat at the Site. The four perennial streams are 
Warm Springs Creek, Mill Creek, Willow Creek, .and Lost Creek. A drainage ditch network in 
the area surrounding the Opportunity Ponds, and diversion ditches for irrigation of cropland on 
Warm Springs Creek (Gardiner Ditch) and Willow Creek (Yellow Ditch and Old Lime Ditch) 
constitute the remaining portions of the aquatic habitat at the Site considered in the BERA. The 
primary aquatic receptors evaluated were fish and benthic macroinvertebrates. 

Predictive and Potential Risks 

Potential risk to aquatic receptors were identified based on a comparison of COC concentrations 
in surface water and sediment with ECs in both matrices. Acute and chronic Ambient Water 
Quality Criteria (A WQC) for both total recoverable and dissolved metals, and literature values 
for bulk sediment (Ingersol et al. 1995) concentrations were used as the ECs for surface water 
and sediment respectively. In addition to AWQC values, site-specific data collected by ARCO 
(ENSR 1996) were also used to develop surface water ECs. Chronic and acute site-specific 
measures for total recoverable and dissolved copper were used to derive a water effects ratio 
(WER) that ARCO believes would account for specific surface water characteristics at the site. 
ARCO believes that these may reduce the toxicity from copper. The use ofECs derived from 
national criteria as well as from site-specific data, and the evaluation of potential risks from total 
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recoverable and dissolved metals were used in the BERA as additional lines of evidence and to 
give the risk manager an awareness of the range of potential impacts to aquatic life. This range is 
encompassed with comparisons of total recoverable surface water metal concentrations to 
chronic A WQCs being the most conservative predictor of risk, and comparisons of dissolved 
surface water metal concentrations to site-specific toxicity test derived thresholds being the most 
liberal. However, since fish may be exposed through multiple pathways, which include dietary 
exposure to benthic invertebrates for which no analytical data are currently available, comparison 
of site-specific thresholds were not emphasized as these suggested values only account for 
respiratory exposure to the gills of fish. A summary of the conclusions for the risk analyses 
described above are discussed briefly below and are summarized in Table 6-15. Stream reaches 
posing a potential risk are shown in Figure 6-2. 

Total Recoverable Method - Chronic Exposure 

A comparison of exposure data with chronic and acute A WQC for total recoverable COCs in 
surf ace water indicate that potential risks to aquatic receptors from exposures to elevated levels 
of COCs in the water column are relatively widespread at the ARWW&S OU. Based on total 
recoverable COCs in the water column, copper and lead are the COCs that present the most 
frequent risks to aquatic receptors at the ARWW&S OU. Chronic exposures of total recoverable 
copper in the water column pose a potential risk to aquatic receptors in a portion of the lower 
stream reach of Warm Springs Creek at the ARWW&S OU, throughout most of Mill Creek, 
portions of Willow Creek, Cabbage Gulch, the Yellow Ditch, South Ditch, and wetlands located 
outside the east boundary of the Opportunity Ponds D-2 Cell. Low-level concentrations of total 
recoverable lead appear to pose a risk to aquatic receptors from chronic exposures in the water 
column in portions of Warm Springs Creek, including the lower segment of Warm Springs Creek 
in the Old Works area and the steam's lower reach at the ARWW&S OU; the lower stream reach 
of Mill Creek; segments of Willow Creek; and the Gardiner Ditch. 

Other potential risks to aquatic receptors are identified at the ARWW&S OU from chronic 
exposures of low-level concentrations of total recoverable cadmium, and elevated levels of 
arsenic and zinc in the water column. Potential risks to aquatic receptors from chronic exposures 
of total recoverable cadmium are limited to the upper-most reach of Mill Creek and the wetland 
located outside the Opportunity Ponds D-2 Cell; potential risks from chronic exposures to total 
recoverable arsenic are limited to the water column of Cabbage Gulch; and risks from chronic 
exposures of total recoverable zinc are identified in the wetlands located outside the east 
boundary of the D-2 Cell and in the water column of the decant ditch serving the Opportunity 
Ponds D-2 Cell. 

Site-Specific Method for Total Recoverable Copper - Chronic Exposures 

Potential risks to aquatic receptors from chronic exposures to total recoverable copper in the 
water column are found in portions of the aquatic habitat surrounding the Opportunity Ponds 
when consideration of site-specific measures for total recoverable copper are used in the risk 
analysis. The habitat of concern includes portions of the South Ditch and wetlands located 
outside the boundary of the Opportunity Ponds D-2 Cell. 
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Total Recoverable Metals - Acute Exposure 

Based on acute exposures to total recoverable COCs in the water column, copper presents the 
most frequent risk to aquatic receptors at the ARWW&S OU. Acute exposures to total 
recoverable copper in the water column pose a potential risk to aquatic receptors throughout most 
of Warm Springs Creek, Mill Creek, Willow Creek, Cabbage Gulch, a portion of the upper 
stream reach of Lost Creek, the Gardiner Ditch, the Yellow Ditch, and wetlands located outside 
the east boundary of the Opportunity Ponds D-2 Cell. 

Other potential risks to aquatic receptors are identified at the ARWW&S OU from acute 
exposures to low-level concentrations of total recoverable cadmium, and elevated levels of zinc 
in the water column. Potential risks to aquatic receptors from acute exposures to total 
recoverable cadmium are identified in the upper stream reach of Mill Creek and Willow Creek. 
Potential risks from acute exposures to total recoverable zinc are identified in a portion of the 
lower stream reach of Wann Springs Creek, the lower stream reach of Willow Creek, the 
wetlands located outside the east boundary of the D-2 Cell, and in the water column of the decant 
ditch serving the Opportunity Ponds D-2 Cell. 

Site-Specific Method/or Total Recoverable Copper-Acute Exposures 

Potential risks to aquatic receptors from acute exposures to total recoverable copper in the water 
column are found in the lower stream reach of Wann Springs Creek, the middle stream reach of 
Mill Creek located adjacent to the Smelter Hill OU, the lower stream reach of Willow Creek 
adjacent to a deposit of floodplain tailings, and the wetland located outside the boundary of the 
Opportunity Ponds D-2 Cell. 

Dissolved Metals - Chronic Exposures 

Based on an analysis of chronic exposures to dissolved COCs in the water column, copper 
presents the most frequent risk to aquatic receptors at the ARWW&S OU. Chronic exposures to 
dissolved copper in surface water pose a potential risk to aquatic receptors throughout most of 
Mill Creek, the lower stream reach of Willow Creek, and in the water column of wetlands 
located outside the east boundary of the Opportunity Ponds D-2 Cell. 

Other potential risks to aquatic receptors are identified at the AR WW &S OU from chronic 
exposures to low-level concentrations of cadmium and lead, and elevated levels of dissolved 
arsenic and zinc in the water column. Potential risks to aquatic receptors from chronic exposures 
to dissolved cadmium are limited to the upper stream reach of Mill Creek and the segment of 
Willow Creek located downstream from the Blue Lagoon. Potential risks from chronic 
exposures to dissolved lead are limited to the Gardiner Ditch; potential risks from chronic 
exposures to dissolved arsenic are identified to the water column of Cabbage Gulch; and risks 
from chronic exposures to dissolved zinc are identified in the wetlands located outside the east 
boundary of the D-2 Cell. 

DS-42 



MAP 
I 

· Contact Region 8 

Plate I 
Geological Map of TI Zones 

At the ARWWS OU 



MAP 
2 

Contact Region 8 

Plate 2 
Concentration of Arsenic ( ug/L) 

In Groundwater in TI Zones 
At the ARWWS OU 



MAP 
3 

Contact Region 8 

Plate 3 
Concentration ofTDS (mg/L) 
In Groundwater in TI Zones 

At the ARWWS OU 



MAP 
4 

Contact Region 8 

Plate 4 
Concentration of Sulfate (mg/L) 

In Groundwater in TI Zones 
At the ARWWS OU 

I 



MAP 
5 

Contact Region 8 

Plate 5 
Map of Land Ownership in TI Zones 

At the ARWWS OU 



Site-Specific Method for Dissolved Copper - Chronic Exposures 

Potential risks to aquatic receptors from chronic exposures to dissolved copper in the water 
column are found in a portion of the aquatic habitat surrounding the Opportunity Ponds when 
consideration of site-specific measures for dissolved copper are used in the risk analysis. In this 
analysis, the habitat of concern for chronic exposures to dissolved copper in the water colwnn are 
restricted to the wetlands located outside the boundary of the Opportunity Ponds D-2 Cell. 

Dissolved Metals - Acute Exposures 

Based on acute exposures to dissolved COCs in the water column, copper presents the most 
frequent risk to aquatic receptors at the ARWW&S OU. Acute exposures to dissolved copper in 
the water column pose a potential risk to aquatic receptors in the middle segment of Mill Creek, 
portions of Willow Creek, and in the water column of wetlands located outside the east boundary 
of the Opportunity Ponds D-2 Cell. 

Other potential risks to aquatic receptors are identified at the AR WW &S OU from acute 
exposures to low-level concentrations of dissolved cadmium and elevated levels of dissolved 
arsenic and zinc in the water column. Potential risks to aquatic receptors from acute exposures to 
dissolved cadmium are identified for the upper stream reach of Mill Creek and a portion of 
Willow Creek. Potential risks from acute exposures of dissolved arsenic are identified in the 
water column of Cabbage Gulch. Potential risks from acute exposures to dissolved zinc are 
identified in the water column of wetlands located outside the east boundary of the D-2 Cell. 

Site-Specific Method for Dissolved Copper - Acute Exposures 

Potential risks to aquatic receptors from acute exposures to dissolved copper in the water column 
are restricted to a portion of the middle stream reach of Mill Creek adjacent to the Smelter Hill 
OU, the lower stream reach of Willow Creek adjacent to a deposit of floodplain tailings, and the 
water column in the wetland located outside the boundary of the Opportunity Ponds D-2 Cell 
when acute site-specific measures for dissolved copper are considered. 

Risk Characterization from Exposures to COCs in Sediment and Via the Food Chain 

Two comparisons of exposure data with a range of sediment ECs are presented in this risk 
assessment to identify potential risks to aquatic receptors from direct exposures to COCs in 
sediment, and inferred exposures through the food chain. The first comparison focuses on ECs 
identified from the No Observable Adverse Effect Concentration (NOAEC) for COCs in 
sediment, while the second analysis uses the Low-Observable Adverse Effect Concentration 
(LOAEC). The combination of the two risk analyses provides a risk range to aquatic receptors 
from exposures to COCs in sediment and COCs potentially in the food chain. 

Results from the two comparisons discussed above indicate that potential risks to aquatic 
receptors from exposures to elevated levels of COCs in sediment and the food chain exist 
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throughout most of Warm Springs Creek and portions of the drainage ditch network surrounding 
the Opportunity Ponds. 

NOAEC Method 

Based on analytical results of sediment samples collected at the AR WW &S OU, arsenic is the 
most frequent COC observed in sediment at levels above the range of ECs for arsenic in 
sediment. Based on a comparison of concentrations of arsenic in sediment with the NOAEC for 
arsenic, elevated levels of arsenic in sediment, and potentially the food chain, pose a potential 
risk to aquatic receptors throughout most of Warm Springs Creek, the North Drain Ditch, and 
decant ditches located outside the boundary of the Opportunity Ponds D-1 and D-2 Cells. In 
addition, elevated levels of arsenic are postulated to pose a potential risk to aquatic receptors in 
the Gardiner Ditch since the Gardiner Ditch diverts flow (and sediment) from Warm Springs 
Creek at a diversion point located a short distance downstream of the Old Works area. 
Furthermore, conclusions of this risk analysis indicate elevated levels of cadmium in sediment 
pose a potential risk to some aquatic receptors in the North Drain Ditch and decant ditches of the 
Opportunity Ponds; elevated levels of copper pose a potential risk to receptors in portions of 
Warm Springs Creek, the Gardiner Ditch, the North Ditch, and the decant ditches of the 
Opportunity Ponds; and elevated levels of lead and zinc pose a potential risk to aquatic receptors 
in a portion of Warm Springs Creek, the Gardiner Ditch, and decant ditches of the Opportunity 
Ponds. 

LOAEC Method 

Conclusions from this risk analysis indicate that elevated levels of arsenic in sediment pose a 
potential risk to aquatic receptors in the stream reach of Wann Springs Creek located 
downstream from wastes in the Old Works area including portions of the Gardiner Ditch, and in 
the decant ditches located outside the boundary of the Opportunity Ponds D-1 and D-2 Cells. 
Elevated levels of cadmium, copper, lead, and zinc pose a potential risk to aquatic receptors in 
decant ditches at the Opportunity Ponds. 

Results of Macro invertebrate Surveys 

Macroinvertebrate surveys were conducted in August 1995 at two monitoring stations located on 
Warm Springs Creek, Mill Creek, and Willow Creek. Additional surveys were conducted at a 
monitoring station located on the lower reach of Warm Springs Creek prior to 1995. Results 
from these surveys indicate an adverse impact to the benthic macroinvertebrate community in the 
lower stream reach of Warm Springs Creek and Mill Creek, and in the upper and lower stream 
reach of Willow Creek from exposures to elevated levels of metals. Conclusions from the 
surveys are generally consistent with risk analyses formulated from comparisons of exposure 
data to surface water and sediment ECs. However, inconsistencies in the conclusions of 
macroinvertebrate surveys conducted in the upper stream reach of Warm Springs Creek and Mill 
Creek with results of risk analyses based on exposure data have been identified. These 
inconsistencies may suggest that results from a single macroinvertebrate survey at stations 
located on Warm Springs Creek, Mill Creek, and Willow Creek may not yield the data required 
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to confirm or refute results of a risk analysis that is based on ECs and exposure data. It should be 
noted that macroinvertebrate surveys were not conducted for Lost Creek, the drainage ditch 
network surrounding the Opportunity Ponds, or for the irrigation diversion ditches. 

De-Watering Effects 

Although not subject to CERCLA authority, de-watering of some streams at the site can degrade 
habitat conditions and thereby pose a temporary risk to some aquatic receptors. For instance, 
diversion of flow from Warm Springs Creek to the Gardiner Ditch may reduce downstream flow 
rates below minimum flow requirements deemed by the Department of Natural Resources and 
Conservation to sustain optimal conditions for food production, bank cover, and spawning and 
rearing habitat for fish. In addition, diversion of flow from multiple points on Mill Creek may 
create severe de-watering in large segments of Mill Creek at the ARWW&S OU, and the 
diversion of flow from Willow Creek to the Yellow Ditch has eliminated a portion of the aquatic 
habitat of the stream reach at the site. Finally, diversion of flow (approximately 25 cubic feet per 
second) from Lost Creek to the Beckstead Ditch can temporarily reduce flow in that stream's 
lower reach to rates below those required to sustain optimal spawning and rearing habitat for 
fish. ARCO has recently purchased irrigation water rights to be used as in-stream flows to Warm 
Springs, Mill, and Willow Creeks. Increased base flow may mitigate adverse de-watering effects 
for the creeks. 

6.3 RISK ASSESSMENT SUMMARY BASIS FOR ACTION 

Actual or threatened releases off haz.ardous substances from this site, if not addressed by 
implementing the response action selected in this ROD, may present a current or potential threat 
to public health, welfare, or the environment. 
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7.0 DESCRIPTION OF ALTERNATIVES 

7.1 SUMMARY OF ALTERNATIVES 

A brief description of the alternatives considered for the areas of concern in the AR WW &S OU 
is provided below. Development and screening of pro~ss technologies and an initial assessment 
of waste volumes and a screening of waste removals was presented in FS Deliverable No. I 
(ARCO l 996c ). A more detailed analysis of the feasibility of waste removal, and subsequent 
restoration of contaminated ground water resources, was presented in FS Deliverable No. 3B 
(EPA 1996c). EPA determined that it was technically impracticable and cost prohibitive (30+ 
years at an estimated $2.2 billion) to remove large waste areas and restore ground water 
resources. The alternatives below, and initially presented in FS Deliverable No. 3B (EPA 
l 996c), were identified to meet the CERCLA and NCP requirements for developing an 
appropriate range of options to undergo a detailed analysis after the initial screenings. 
Alternatives identified in this section were selected based on the site conditions, previous 
remedial actions at other OUs, and the results of a pilot-scale testing of technologies at this and 
other Clark Fork River NPL Sites. These activities included identification, screening, and 
evaluation of potential general response actions, remedial technologies, and process options in 
accordance with 40 CFR §300.430 (e)(2)-(7). 

For ease of screening during the FS process, the alternatives were divided into two groups, solids 
(soils and waste combined) and water (ground and surface water). Therefore, the alternatives 
summarized in the ROD are also presented as solid and water alternatives. 

7.1.1 SOLIDS 

All solids alternatives would be applied to areas lacking established suitable vegetation. Well 
vegetated or previously reclaimed solids that are successfully minimizing human and ecological 
risks and are complying with ARARs would not.be disturbed to implement a solid alternative. 

(1) No Further Action 

The No Further Action alternative would result in no change in the solids contaminant levels as 
no treatment or removal of waste would be included in this alternative. However, some I Cs such 
as permitted and limited land use, are already in place to minimize exposure to waste. 

(2) Capping 

The capping alternative for solids would involve covering solid waste areas with a geosynthetic 
clay liner covered by 2 feet of soil. Reclamation Level I (see reclamation alternative definitions 
below) practices would be used for seeding, fertilization, and mulching. No irrigation system 
would be used. The cap would prevent both infiltration of contamination into ground water and 
airborne dispersion of contaminated solids. This alternative may also involve consolidation of 
wastes from other parts of the AR WW &S OU prior to installation of the cover. Storm water 
management controls such as grading, consolidation, surface water controls, sedimentation 
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basins, and ditching to control runoff and erosion in order to prevent the migration of 
contamination to surface water would be included as part of this alternative. 

(3) Soil Cover 

The soil cover alternative for solids would involve covering all or part of solid waste areas with 
18 inches of soil combined with reclamation to prevent areal dispersion of contaminated solids 
and to limit percolation of contamination to ground water underlying solid waste areas. 
Reclamation Level I (see reclamation alternative definitions below) practices would be used for 
seeding, fertilization and mulching. No irrigation system would be used. Consolidation of waste 
from other areas in the ARWW&S OU may occur prior to installation of the soil cover. Storm 
water management controls such as grading, consolidation, surface water controls, dozer basins 
designed to control runoff (as required) and erosion of the solids, and to prevent the migration of 
contamination to surface water would be included as part of this alternative. 

(4) Reclamation 

The reclamation alternative for solids would involve varying degrees of physical soil 
manipulation, amendment applications and revegetation/reforestation, therefore, this alternative 
has been divided into three broad classes as described below. Grading and surface water 
controls, including dozer basins as required, would be included in this alternative at each level. 

Level I. lbis land reclamation category includes the application of only basic agricultural 
technologies and standard agricultural reseeding of soils and waste areas. No soil amendments 
would be added using this alternative. Level I reclamation would require reseeding that may 
involve surface tilling (if needed); mechanical seeding (drill or broadcast), mechanical 
interseeding, or hand broadcast seeding; planting tree, shrub, and/or grass seedlings; and 
fertilizing and mulching. This level of reclamation would be assessed during the design phase as 
a stand alone alternative and also would be incorporated in both the capping and soil cover 
alternatives. 

Level II. This land reclamation category employs the use of an appropriate mixing implement 
(Baker plow or equivalent) to incorporate limited amendments such as calcium carbonate, 
manure, and/or calcium hydroxide into the solid waste. This level of reclamation would 
generally be used in areas of shallow contamination where plowing may reach a depth of up to 2 
feet. Seeding, planting, fertilization, and mulching would be applied under Level II reclamation. 

Level III. This level of land reclamation category would be the most intensive and would be used 
in areas of high soil contamination or depth of waste material. This level would employ a mixer 
(Bomag or equivalent) to incorporate Level II soil amendments and lime into the soil prior to 
reseeding, planting, fertilization and mulching. This level of reclamation would provide both · 
containment and treatment as the lime addition would reduce the mobility of the metals in the 
contaminated solids. 

In addition, the revegetation/reforestation in each level of reclamation would establish self 
sustaining plant species to provide erosion control, grazing and wildlife habitat. The reclamation 
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alternative for any area of concern would involve implementation of one or more levels of 
reclamation. 

(5) Partial Reclamation 

Partial reclamation would involve implementation of one of the three levels of reclamation only 
in sections of the areas of concern requiring wind and surface water erosion controls, visual 
corridors, and/or wildlife corridors. Storm water management controls such as grading, 
consolidation, surface water controls, and transportation trenches would be included as part of 
this alternative. Partial reclamation may include the installation of I Cs such as fences to prevent 
human exposure to waste areas not fully reclaimed. 

(6) Reclamation/Soil Cover 

The reclamation/soil cover alternative would consist of a combination of 6 inches of soil cover 
and 12 inches of in situ reclamation as defmed above to remediate large waste areas. The intent 
is to establish a minimum of 18 inches of non-toxic rooting media. 

(7) Rock 

The rock alternative would involve adding lime rock, cobbles, or pea gravel as a cover to solid 
waste. This addition would provide dust suppression and consequently a possible reduction in 
mobility of metals from the solid material to clean areas of the ARWW&S OU. The depth of the 
rock amendment would be kept shallow to minimize invasion of undesirable vegetation. Fences 
for additional control of wind erosion may also be included as part of this alternative. Grading 
and surface water controls designed to control runoff and erosion of the solids and prevent 
migration of contamination to surface water would be included as part of this alternative. 

(8) Removal 

The removal alternative would involve excavation of wastes for consolidation in designated 
subareas of the ARWW&S OU. Backfill and compaction of excavated areas are part of this 
alternative. Grading and surface water controls for storm water runoff and erosion would be 
included as part of this alternative. Reclamation would be applied where required using Level I 
practices for seeding, planting, fertilization and mulching. 

(9) Partial Removal 

The partial removal alternative would involve excavation of part of a waste area for 
consolidation in designated subareas of the ARWW&S OU. Backfill and compaction of 
excavated areas are part of this alternative. Grading and surface water controls for storm water 
runoff and erosion would be included as part of this alternative. Reclamation would be applied 
where required using Level I practices for seeding, planting, f ertiliution and mulching. 
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7.1.2 WATER 

Water alternatives would be applied under the following conditions: 

• Treatment of valley alluvial aquifer plumes in the South Opportunity and Old 
Works/Stucky Ridge Subareas; 

• Contingency measures for treatment of ground water with a contaminant plume 
shown to be spread beyond the boundaries of a WMA; and, 

• Cleanup of contaminated surface water determined to be a source and not a 
receptor in conjunction with solids alternatives to treat an aquifer. 

(1) No Further Action 

The No Further Action alternative would result in no change in the ground water contaminant 
levels as no treatment or removal of waste would be included in this alternative. Point-of
compliance monitoring of ground water would be employed, as well as restrictions of water 
usage for irrigation and domestic uses where applicable. 

(2) Slurry Wall 

The slurry wall alternative would involve installation of a slurry wall at a WMA boundary should 
POC monitoring show a spread of contamination beyond the WMA. Monitoring costs for 
ground water at the slurry wall to ensure containment of contamination are also included in this 
alternative. 

(3) Hydraulic Controls - Interceptor Trenches/Extraction Wells 

The interceptor trenches in this alternative would involve the installation of collection trenches 
for hydraulic control of the contaminated ground water plume. The collected ground water would 
then undergo monitoring and treatment, if required. Treated water would be either reinjected, 
released to surface water, or released to a Publicly Owned Treatment Works (POTW). 

The extraction wells in this alternative would control contaminated ground water plumes under 
the same conditions as the interceptor trenches. The collected ground water would then undergo 
monitoring and either onsite or off site treatment if required. Treated water would be either 
reinjected, released to surface water, or released to a POTW. 

(4) Pump and Treat - Ion Exchange 

The pump and treat - ion exchange alternative would involve treatment of extracted ground water· 
or surface water with an ion exchange technology. Treated water from this alternative would be 
monitored to ensure PRAGs for either ground or surface water are met. This treated water would 
then either be reinjected, released to surface water, or released to a POTW. 
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(5) Pump and Treat - Oxidation/Precipitation 

The pump and treat - oxidation/precipitation alternative would involve treatment of extracted 
ground water or surface water via oxidation/precipitation technology. Treated water from this 
alternative would be monitored to ensure PRAGs for either ground or surface water are met. 
This treated water would then either be reinjected, released to·surface water, or released to a 
POTW. 

(6) Wetlands 

The wetlands alternative would involve creation of onsite wetlands to bioremediate contaminated 
surface water. This alternative also includes monitoring of downstream surface water. 

7.2 DESCRIPTION OF ALTERNATIVES FOR EACH WASTE MEDIA TYPE IN 
EACH SUBAREA 

In FS Deliverable No. 5, the remedial action alternatives were evaluated for areas of concern 
located in each subarea throughout the AR WW &S OU. Determination of the areas of concern 
was based on the types of waste media presented in Section 5.3 of the ROD. Since the same 
alternatives were evaluated for similar areas of concern in each subarea, the description of 
alternatives is presented for each waste media type below. 

7.2.1 HIGH ARSENIC SOILS 

The alternatives evaluated for high arsenic soils (soils with arsenic concentrations > 1,000 ppm) 
in the Opportunity Ponds, North Opportunity, Old Works-Stucky Ridge and Smelter Hill 
subareas are described below. 

(1) No Further Action 

Under the No Further Action alternative, no remedial action would be taken to remedy any high 
arsenic soils within any area of concern to reduce the toxicity, mobility, or volume of the waste. 
Included in the No Further Action alternative are 5-year site reviews as required by CERCLA. 
Current ICs, including the ADLC land development permit controls (see Section 5.4) would 
require treatment of soils to below 1,000 ppm arsenic if land use changed. Other !Cs, such as 
deed restrictions, would also continue to apply to these lands. 

(2) Soil Cover 

This containment option involves construction of a soil cover over the high arsenic soils in the 
Opportunity Ponds, North Opportunity, Old Works/Stucky Ridge and Smelter Hill Subareas. 
This cover would consist of 18 inches of soil with vegetation as described in Level I of the 
reclamation alternative. In order to promote surface water drainage, the high arsenic soils would 
be consolidated as required and the site graded. In addition, ditches would be constructed to help 
direct and control surface water drainage. The vegetative layer would be capable of supporting 
plant species that would minimize erosion. 
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(3) Reclamation 

Reclamation of the high arsenic soils in the Opportunity Ponds, North Opportunity, South 
Opportunity, Old Works/Stucky Ridge and Smelter Hill Subareas would involve either Level I or 
II reclamation or a combination of both as described in Section 7 .1 of this document. All levels 
of reclamation include surface water controls that would minimize erosion. In order to promote 
surface water drainage, the high arsenic soils would be consolidated as required and the site 
graded. In addition, ditches would be constructed to help direct and control surface water 
drainage. 

(4) Partial Reclamation 

Partial reclamation would affect only parts of the high arsenic soils areas of concern in the 
Opportunity Ponds, North Opportunity, South Opportunity, Old Works/Stucky Ridge, and 
Smelter Hill Subareas. This reduced acreage generally consists of high arsenic soils bordering on 
highways or high traffic roads. The partial reclamation alternative would only involve Level I 
reclamation criteria. This alternative would also involve the installation of perimeter fencing 
around the high arsenic soils to limit human contact with the high arsenic soils. Storm water 
management of the high arsenic soils would also be included in this alternative. 

7.2.2 SPARSELY VEGETATED SOILS 

The alternatives evaluated for sparsely vegetated soils in the Opportunity Ponds, North 
Opportunity, South Opportunity, Old Works-Stucky Ridge and Smelter Hill Subareas are 
described below. 

(1) No Further Action 

Under the No Further Action alternative, no remedial action would be taken to remedy any 
sparsely vegetated soils located in the Opportunity Ponds, North Opportunity, South Opportunity, 
Old Works/Stucky Ridge and Smelter Hill Subareas to reduce the toxicity, mobility, or volume 
of the waste. Included in the No Further Action alternative are 5-year site reviews as required by 
CERCLA. 

(2) Reclamation 

Reclamation would affect all of the sparsely vegetated soils in the Opportunity Ponds, North 
Opportunity, South Opportunity, Old Works/Stucky Ridge and Smelter Hill Subareas using 
either Level I, Level .II or a combination of both levels of reclamation as described in Section 7. I. 
Both levels of reclamation include surface water controls that would minimize erosion. In order 
to promote surface water drainage, the sparsely vegetated soil would be consolidated as required 
and the site graded. In addition, ditches would be constructed to help direct and control surface 
water drainage. 
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(3) Partial Reclamation 

The partial reclamation alternative would only involve sparsely vegetated soils in what are 
considered high erosional areas of the Opportunity Ponds, North Opportunity, South 
Opportunity, Old Works/Stucky Ridge and Smelter Hill Subareas. These areas would be 
reclaimed using Level I reclamation criteria and would involve surface water controls and soil 
consolidation as required. However, this alternative does not provide remedial action in the 
sparsely vegetated soils outside of the high erosional areas. 

7.2.3 WASTE MEDIA- OPPORTUNITY PONDS, CELL A, MAIN GRANULATED 
SLAG, DISTURBED AREA AND ANACONDA PONDS 

The alternatives evaluated for the Opportunity Ponds, Cell A, Main Granulated Slag, Disturbed 
Area and Anaconda Ponds waste media in the Opportunity Ponds, North Opportunity, Old 
Works/Stucky Ridge and Smelter Hill Subareas are described below. 

(1) No Further Action 

Under the No Further Action alternative, no remedial action would be taken to remedy the waste 
media in the Opportunity Ponds, Cell A, Main Granulated Slag, Disturbed Area or the Anaconda 
Ponds to reduce the toxicity, mobility, or volume of the waste. These areas of concern would be 
designated as WMAs with POC monitoring at the WMA perimeter boundary for underlying 
ground water. Included in the No Further Action alternative are 5-year site reviews as required 
byCERCLA. 

(2) Soil Cover 

This containment option involves construction of a soil cover over the Opportunity Ponds, Cell 
A, the Disturbed Area, and the Anaconda Ponds waste media areas of concern. This cover would 
consist of 18 inches of soil with vegetation as described in Level I of the reclamation alternative. 
In order to promote surface water drainage, waste media would be consolidated as required and 
the site graded. In addition, ditches would be constructed to help direct and control surface water 
drainage. The vegetative layer would be capable of supporting plant species that would . . . . 
mm1m1ze erosion. 

(3) Reclamation 

Reclamation would affect the Opportunity Ponds, Cell A, the Disturbed Area, and the Anaconda 
Ponds waste media areas of concern using Level III reclamation as described in Section 7 .1. This 
level of reclamation includes surface water controls that would minimize erosion. In order to 
promote surface water drainage, the waste media would be consolidated as required and the site 
graded. In addition, ditches would be constructed to help direct and control surface water 
drainage. · 
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(4) Partial Reclamation 

The partial reclamation alternative would only involve sections of the Opportunity Ponds, Cell A, 
the Disturbed Area, and the Anaconda Ponds waste media areas nf concern required to provide 
wildlife corridors and erosion control. These areas would be reclaimed using Level II 
reclamation criteria and would involve surface water controls and soil consolidation as required. 

(S) Reclamation/Soil Cover 

The reclamation/soil cover alternative would involve using a combination of a six-inch soil cover 
and Level III reclamation ( 12 inches deep) in parts of large waste areas such as the Opportunity 
Ponds, Disturbed Area and Anaconda Ponds areas of concern. In order to promote surface water 
drainage, the waste media in these areas of concern would be consolidated and the site graded. In 
addition, ditches would be constructed to help direct and control surface water drainage. 

(6) Rock Amendment 

The rock amendment alternative involves placing a four-inch layer of pea gravel over the 
Opportunity Ponds, Cell A, the Disturbed Area, and the Anaconda Ponds waste media areas of 
concern. In order to promote surface water drainage, the waste media would be consolidated as 
required (e.g., move tailings outside of the outer perimeter berms of Opportunity and Anaconda 
Ponds back into the ponds proper) and the site graded. In addition, ditches would be constructed 
to help direct and control surface water drainage. This remedy would only address movement of 
COCs via wind and would not reduce or minimize transport of COCs to ground water. 

(7) Removal 

The removal alternative would consist of excavation of the entire volume of waste media in the 
Opportunity Ponds, Cell A, Main Granulated Slag, Disturbed Area and the Anaconda Ponds 
waste media areas of concern. Excavated waste would be hauled to an active mining site, such as 
in Butte, Montana, for disposal. After excavation and removal, the site would be graded and 
vegetated using Level I reclamation criteria. No backfilling would be performed. 

7.2.4 REMAINING WASTE AREAS - SOUTH LIME DITCH, TRIANGLE WASTE, 
WARM SPRINGS CREEK STREAMSIDE TAILINGS (SST), WILLOW CREEK 
SST, YELLOW DITCH, BLUE LAGOON AND EAST ANACONDA YARD 

The alternatives evaluated for the South Lime Ditch, Triangle Waste, Warm Springs Creek SST, 
Willow Creek SST, Yellow Ditch, Blue Lagoon and East Anaconda Yard waste media located in 
the Opportunity Ponds, North Opportunity, South Opportunity and Smelter Hill Subareas are 
described below. 

(1) No Further Action 

Under the No Further Action alternative, no remedial action would be taken to remedy the waste 
media in the South Lime Ditch, Triangle Waste, Warm Springs Creek SST, Willow Creek SST, 
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Yellow Ditch, Blue Lagoon and East Anaconda Yard to reduce the toxicity, mobility, or volume 
of the waste. Included in the No Further Action alternative are 5-year site reviews as required by 
CERCLA. 

(2) Capping 

The capping alternative for the South Lime Ditch, Triangle Waste, Warm Springs Creek SST, 
Willow Creek SST, Yellow Ditch, Blue Lagoon and East Anaconda Yard would involve 
covering the waste areas with an impermeable cap. This alternative would minimize both 
infiltration of contamination into ground water and airborne dispersion of contaminated solids. 
The cap would include a 2-foot soil cover (with vegetation as described in the Level I 
reclamation alternative) and a geosynthetic clay liner. In order to promote surface water 
drainage, the South Lime Ditch, Triangle Waste, Warm Springs Creek SST, Willow Creek SST, 
Yellow Ditch, Blue Lagoon and East Anaconda Yard would be consolidated and the site graded. 
In addition, ditches would be constructed to help direct and control surface water drainage. The 
vegetative layer would be capable of supporting plant species that would minimize erosion. 

(3) Soil Cover 

This containment option would involve construction of a soil cover over the South Lime Ditch, 
Triangle Waste, Warm Springs Creek SST, Willow Creek SST, Yellow Ditch, Blue Lagoon and 
East Anaconda Yard waste materials. This cover would consist of 18 inches of soil with 
vegetation as described in the Level I of the reclamation alternative. In order to promote surface 
water drainage, waste media would be consolidated as required and the site graded. In addition, 
ditches would be constructed to help direct and control surface water drainage. The vegetative 
layer would be capable of supporting plant species that would minimize erosion. 

( 4) Reclamation 

Reclamation would affect the South Lime Ditch, Triangle Waste, Warm Springs Creek SST, 
Willow Creek SST, Yellow Ditch, Blue Lagoon and East Anaconda Yard waste materials using 
Level III reclamation as described in Section 7 .1. This level of reclamation includes surface 
water controls that would minimize erosion. In order to promote surface water drainage, the 
waste media would be consolidated as required and the site graded. In addition, ditches would be 
constructed to help direct and control surface water drainage. 

(5) Partial Reclamation 

The partial reclamation alternative would only involve sections of the South Lime Ditch, 
Triangle Waste, Warm Springs Creek SST, Willow Creek SST, Yellow Ditch, Blue Lagoon and 
East Anaconda Yard waste materials required to provide wildlife corridors and erosion control. 
These areas would be reclaimed using Level II reclamation criteria and would involve surface 
water controls and soil consolidation as required. However, this alternative does not provide 
remedial action in the sparsely vegetated soils outside the high erosional areas. 
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(6) Removal 

The removal alternative would consist of excavation of the entire volume of waste media in the 
South Lime Ditch, Triangle Waste, Warm Springs Creek SST, Willow Creek SST, Yellow Ditch, 
Blue Lagoon and East Anaconda Yard waste materials. Excavated waste would be hauled to an 
appropriate disposal site, such as the Anaconda or Opportunity Ponds, for disposal. After 
excavation and removal, the site would be graded and vegetated using Level I reclamation 
criteria. No backfilling would be performed. 

(7) Partial Removal 

The partial removal alternative would consist of excavation of the partial volume of waste media 
in the South Lime Ditch, Triangle Waste, Warm Springs Creek SST, Willow Creek SST, Yellow 
Ditch, Blue Lagoon and East Anaconda Yard waste media areas of concern. Excavated waste 
would be hauled to an appropriate location, such as the Anaconda or Opportunity Ponds, for 
disposal. After excavation and removal, the site would be graded and vegetated using Level I 
reclamation criteria. No backfilling would be performed. This alternative has no provisions for 
treatment of the volume of waste media left in place. 

7.2.5 GROUND WATER 

The alternatives evaluated for both the alluvial and bedrock aquifers in the Opportunity Ponds, 
South Opportunity, Old Works/Stucky Ridge and Smelter Hill Subareas are described below. 

(1) No Further Action 

Under the No Further Action alternative, no remedial action would be taken to remedy any 
contaminated water underlying a subarea to reduce the toxicity, mobility, or volume of the waste. 
Waste media over ground water aquifers would be designated a WMA. This alternative includes 
conducting ground water monitoring semi-annually at the POC boundary for the WMA. Existing 
and new ground water monitoring wells would be used. Also included in the No Further Action 
alternative are 5-year site reviews as required by CERCLA. The ground water areas of concern 
lie in the Superfund Overlay District, which operates under the DPS that was adopted by ADLC. 
Specific standards and regulations are established under this District including prohibition of 
water well drilling. 

(2) Ground Water Extraction 

Should POC monitoring show a spread of the contaminant plume beyond the boundary of a 
WMA, ground water would be extracted via a series of wells. This alternative is only applicable 
for the ground water underlying the Opportllnity Ponds, Old Works/Stucky Ridge and Smelter 
Hill Subareas. The preliminary design concept uses wells to extract ground water, and the cost 
estimate is priced as such. Twenty-eight wells, each extracting approximately 20 gallons per 
minute (gpm), would be spaced 300 feet apart. The total ground water volume extracted would 
be approximately 560 gpm. 
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The extracted ground water would be either treated directly at the Warm Springs Ponds (Option 
A) or treated onsite and then discharged to Warm Springs Ponds (Option B). Through Option 
A, the extracted ground water would be piped and/or flow through an open channel to the Warm 
Springs Ponds, which is located approximately 0.5 mile away. An existing culvert underneath 
the railroad tracks and the highway can be used to transport the extracted water. 

Under Option B, an on-site treatment plant would be built and used to treat the extracted ground 
water. Treatment would be accomplished through: l) a combination of chemical oxidation and 
chemical precipitation (oxidation/precipitation); or 2) ion exchange. The chemical 
oxidation/precipitation option is recommended and, therefore, is used in these discussions and 
cost estimates. The treated effluent would be piped and/or flow through an open channel to the 
Warm Springs Ponds or to a POTW. 

(3) Slurry Wall 

A slurry wall would be constructed at boundaries of the Opportunity Ponds and Old 
Works/Stucky Ridge Subareas if POC monitoring showed a spread of contamination beyond the 
WMA. The slurry wall would help contain the contaminated ground water. Because water 
pressure would build up at the slurry wall, extraction wells would have to be used to alleviate the 
mounding. Fourteen wells, located approximately 600 feet apart would be used. Approximately 
280 gpm of ground water would be extracted. 

The extracted ground water would be either treated directly at the Warm Springs Ponds (Option 
A) or treated on site and then discharged to Warm Springs Ponds (Option B). Through Option 
A, the extracted ground water would be piped and/or flow through an open channel to the Warm 
Springs Ponds, which is located approximately 0.5 mile away from the Opportunity Ponds. An 
existing culvert underneath the railroad tracks and the highway can be used to transport the 
extracted water. 

Under Option B, an onsite treatment plant would be built and used to treat the extracted ground 
water. Treatment would be accomplished through: 1) a combination of chemical oxidation and 
chemical precipitation (oxidation/precipitation); or 2) ion exchange. The chemical 
oxidation/precipitation option is recommended and, therefore, is used in these discussions and 
cost estimates. The treated effluent would be piped and/or open channel flowed to the Warm 
Springs Ponds or to a POTW. 

7.2.6 SURFACE WATER 

The alternatives evaluated for the Yellow Ditch and Cabbage Gulch surface water areas of 
concern located in the South Opportunity and Smelter !'fill Subareas are presented below. 

(1) No Further Action 

Under the No Further Action alternative, no remedial action would be taken to remedy any 
surface water in these areas of concern to reduce the toxicity, mobility, or volume of the waste. 
Surface water is a receptor and would be remediated through the alternatives selected for the 
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solid waste source of the surface water contamination. Also included in the No Further Action 
alternative are 5-year site reviews as required by CERCLA. 

(2) Pump and Treat Oxidation/Precipitation 

Surface water from the Cabbage Gulch would be pumped to a: catch basin, then treated via a 
combination of chemical oxidation and chemical precipitation (oxidation/precipitation) in an 
onsite treatment facility. This facility would be built and used to treat the surface water through: 
I) a combination of chemical oxidation and chemical precipitation (oxidation/precipitation); or 
2) ion exchange. The treated effluent would be piped and/or open channel flowed to the Warm 
Springs Ponds or to Opportunity Ponds; 

(3) Wetlands 

A constructed wetlands system would be built along Cabbage Gulch Gust below the beaver 
dams) to treat the surface water. The system would consist of a settling pond, a wetland, and a 
polishing cell. If the water has an initial pH greater than 5.5 and also has net alkalinity, an 
aerobic settling pond that precipitates iron (Fe III) hydroxides may be effective in lowering the 
arsenic concentrations. (If the pH and the alkalinity of the water needs to be raised prior to the 
water entering the settling pond, a possible pretreatment stage upstream of the settling pond 
would include an anoxic limestone drain in which the water is forced through a buried bed of 
limestone.) The settling pond would be created by either constructing an earthen dam along the 
stream or redirecting the flow through a catch basin. The settling pond serves as a retention 
basin for precipitates and allows control of flow into the rest of the treatment system. The pond 
would be lined with geosynthetics. An irrigation gate located at the downstream end of the flow 
would allow the flow rate into the rest of the system to be monitored and adjusted. Within the 
settling pond, Fe (III) hydrolyzes and the ferric hydroxide precipitate has a high positive surface 
charge that readily adsorbs the arsenate ions. 

The downstream end of the irrigation gate would connect to a pipe through which water is 
transported to the wetlands anaerobic cell. The anaerobic cell would be lined with geosynthetics 
and filled with compost as well as sandy soil and perhaps limestone. Laboratory studies would 
be required to determine the most effective substrate or combination of substrates to be used. 

If necessary, the anaerobic cell would be followed by a polishing cell operating under aerobic 
conditions. The polishing cell would either be designed as a shallow wetland or a rock filter. In 
either case, the effectiveness of the cell may be increased through inoculation with algae; 
however, if the system is not designed properly, the water in the pond could tum anoxic. The 
polishing cell would be used as a safety net as it would facilitate the precipitation of any metals 
remaining in the water. 

Treated water exiting the constructed wetland system would drain back into the existing stream 
bed. 
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8.0 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, (1) overall 
protection of human health and the environment and (2) compliance with ARARs for this ROD 
(listed in Appendix A), are threshold criteria that must be met by the Selected Remedy, unless an 
appropriate ARAR waiver is invoked. The Selected Remedy must then represent the best 
balance of the remaining primary balancing and modifying criteria. 

8.1 EVALUATION AND COMPARISON CRITERIA 

8.1.1 THRESHOLD CRITERIA 

1. Overall Protection of Human Health and the 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 !Cs. 

2. Compliance with ARARs addresses whether or not a remedy will comply with federal 
environmental and state environmental or siting standards, criteria, or requirements, or 
provides grounds for invoking a waiver. 

8.1.2 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, or 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. 

The present worth analysis was performed on all remedial alternatives using a 7 percent 
discount (interest) rate over a period of30 years. Inflation and depreciation were not 
considered in preparing the.present worth costs in accordance with EPA guidance, and 
should be factored into final cost evaluations. 
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8.1.3 MODIFYING CRITERIA 

8. State Acceptance indicates whether, based on its review of the information, the state 
(MDEQ) concurs with, opposes, or has no comment on the preferred alternative. 

9. Community Acceptance is based on whether the community concerns are addressed by 
the Selected Remedy and whether or not the community has a preference for a remedy. 

8.2 COMPARISON OF THE ALTERNATIVES 

EPA and MDEQ compared each of the alternatives using a low, moderate or high rating for each 
of the NCP criteria. A low rating means the alternative provides the minimum requirement of a 
criteria or only partially addresses the concerns to human health and the environment represented 
by that criteria. One example of a low rating is the in place deed restrictions which provide a 
small measure of protection of human health and the environment under the No Further Action 
alternative. Both moderate and high ratings surpass the minimum requirements of a criteria; 
however, the high rating provides an extra degree of protection not provided by an alternative 
with a moderate rating. Costs estimates for each alternative evaluated within each subarea were 
calculated for use in the cost comparison step of the NCP evaluation. Capital costs were 
calculated for direct implementation of the action (i.e., mobilization, site preparation, materials, 
temporary roads, storm water management, construction monitoring) and indirect costs (i.e., 
supervision, inspections, contractor bonds, design). These combined capital costs were spread 
over the estimated time for implementation of the alternative. O&M costs for each alternative 
were then calculated for a 30 year estimate and included activities such as inspections, vegetation 
repair work, surface and ground water monitoring, ongoing storm water management and site 
reviews. O&M costs were also calculated for all No Further Action alternatives, reflecting the 
fact that large areas containing contaminated soils and wastes would be left in place without 
further action. The total present worth costs for each alternative are the sum of the capital costs 
plus O&M costs. 

The results of the NCP comparison is presented for the waste media types throughout the areas of 
concern in Tables 8.1-8.6 and are discussed in the sections below. 

8.2.1 HIGH ARSENIC SOILS 

For high arsenic soils (areas exceeding 1,000 ppm arsenic) in the Opportunity Ponds, North 
Opportunity, Old Works/Stucky Ridge and Smelter Hill Subareas, EPA's Selected Remedy is 
Reclamation. The No Further Action alternative is not compliant with any of the seven 
evaluation criteria. The Partial Reclamation alternative was applied to limited acreage along 
highway visual corridors and the alternative would meet the requirements of protection of human 
health and the environment only in those areas reclaimed. Furthermore, the alternative includes 
slightly increased costs due to additional engineering storm water management controls on the 
unreclaimed areas. The Soil Cover Alternative is similar to the Reclamation alternative and 
would provide better (high versus moderate) long term effectiveness and permanence, and would 
comply with ARARs. Using information about available cover material in 1996, the Soil Cover 
alternative, however, is almost ten times more costly than the Reclamation alternative. EPA and 
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MDEQ are re-evaluating quantities and quality of local cover material in 1998 and if suitable 
material is found, soil cover may be chosen during remedial design. 

A comparison of the present worth costs for all the high arsenic soils alternatives is presented in 
Table 8-1. 

8.2.2 SPARSELY VEGETATED SOILS 

EPA and MDEQ assessed only two alternatives in addition to the No Action alternative for 
sparsely vegetated soils. Under the No Further Action alternative, no remedial action would be 
taken to remedy any sparsely vegetated soils in any subarea of concern to reduce the toxicity, 
mobility, or volume of the contaminated soils. Acreages determined for the Partial Reclamation 
scenario were based on an assessment of high erosional areas determined during site 
characteriz.ation. The Partial Reclamation alternative would be compliant with ARARs and 
would reduce erosion in areas affected by reclamation. However, this is only true of the 
reclaimed areas. Sparsely vegetated soils not affected by this alternative would have no 
provisions for protection of the environment. Therefore, this alternative would not provide a 
fully protective remedy for the remaining sparsely vegetated soils. Reclamation is protective of 
the environment, compliant with ARARS, moderately effective in meeting permanence, reduces 
toxicity, mobility and volume, and is easy to implement and is the Selected Remedy. 

A comparison of the present worth costs for all the sparsely vegetated soils alternatives is 
presented in Table 8-2. 

8.2.3 WASTE MANAGEMENT AREAS (WMAs) - OPPORTUNITY PONDS, CELL A, 
ANACONDA PONDS, MAIN GRANULATED SLAG AND SMELTER ffiLL 
DISTURBED AREA 

EPA evaluated removal of these areas in FS Deliverables No. I and 3B, and concluded that 
removal was cost prohibitive. EPA designated: 1) the Opportunity Ponds, including Cell A; and 
2) the Anaconda Ponds, Main Granulated Slag, and Disturbed Area of Smelter Hill, as two 
WMAs. For the detailed FS analysis presented in FS Deliverable No. 5, EPA assessed long-term 
management, protection of human health and the environment, and attainment of ARARs for 
these wastes-left-in-place. 

For the Opportunity Ponds, Anaconda Ponds and Smelter Hill Disturbed Areas, the No Further 
Action alternative would not be protective, would not be compliant with the Montana State mine 
closure reclamation ARARs, and the mobility of the contaminants would not be reduced. Partial 
reclamation would only address protection of human health and environmental resources, attain 
ARARs, reduce mobility of contaminants and be effective for those acres reclaimed. Of the 
remaining alternatives, Soil Cover, Reclamation and Reclamation/Soil Cover provide more 
protective, effective, and permanent remedies for the WMAs than is provided by the Rock 
Amendment. The Rock Cover alternative would not address minimiz.ation of COC transport to 
ground water. In addition to being the most cost effective of alternatives, Reclamation is 
expected to provide greater reduction in mobility and a reduction of toxicity of the contaminants 
as the lime amendment acts as an in situ treatment of the metals. 
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As noted for the sparsely vegetated soils, EPA and MDEQ are re-evaluating the quantity and 
quality of lower cost, locally available soil cover material. Soil cover ranked high for 
permanence and long-term effectiveness, and if costs for soil cover can be reduced, the final 
remedial design for the waste areas may select this option. 

Cell A of the Opportunity Ponds was identified as a future waste disposal area for mining wastes 
for ADLC. Based on this information, EPA and MDEQ looked at the No Further Action, Rock 
Amendment and Removal alternatives to address transport of contaminants off-site. Based on 
public comment during the review of the Proposed Plan, ADLC would like to locate a mine 
waste disposal area in the B-2 cell. Cell A is formally part of the WMA which will require final 
closure and either a reclamation or soil cover remedy. 

For the Main Granulated Slag Pile, No Further Action and Rock Amendment are the only 
alternatives considered. Since the slag is currently being mined with immediate prospects for 
additional mining, EPA and MDEQ propose No Further Action to remediate the slag pile area. If 
the mining operations are abandoned in the future, other alternatives for this waste area would be 
evaluated and selected at that time. Furthermore, once all the slag is removed from the area, 
contaminated soil and waste source remaining under the slag may require remediation in the 
future. 

A comparison of the present worth costs for all the WMA alternatives is presented in Table 8-3. 

8.2.4 REMAINING WASTE AREAS 

For all remaining identified waste areas, except the East Anaconda Yards wastes which are 
already covered, the No Further Action alternative is not compliant with ARARs, is ineffective 
both short and long term, and provides no reduction in toxicity, mobility, or volume of 
contaminants. 

The five remaining alternatives of capping, soil cover, reclamation, removal and partial removal, 
are easy to implement. The soil cover, reclamation and partial removal alternatives are 
moderately effective alternatives in both the short and long term. These alternatives are also 
protective of human health and the environment. EPA and MDEQ, therefore, chose a preferred 
alternative for each individual waste source based on proposed land use, proximity to surface 
water resources and cost. The South Lime Ditch area will remain in place and become part of the 
Opportunity Ponds WMA. The Triangle Waste area will also remain in place and will be 
reclaimed for open space land use and to maintain protection of existing ground water resources 
which are uncontaminated. 

The East Anaconda Yards were capped with 12-18 inches of clean cover material and 
revegetated during site demolition actions, and the Flue Dust and OW/EADA RODs actions. 
EPA and MDEQ further evaluated removal, partial removal, capping and additional soil cover to 
eliminate transport of metals from the buried waste into the contaminated ground water. EPA 
and MDEQ determined that further action in the East Anaconda Yards would probably not allow 
full clean up of the ground water due to additional arsenic entering the aquifer system from 
Smelter Hill. 
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A comparison of the present worth costs for all the remaining waste area alternatives is presented 
in Table 8-4. 

8.2.5 GROUNDWATER 

EPA and MDEQ have deemed it technically impracticable to restore contaminated ground water 
in alluvial and bedrock aquifers in the Opportunity, Stucky Ridge and Smelter Hill Subareas of 
the site. EPA and MDEQ policy requires clean up efforts to further minimize contamination and 
degradation of ground water if ground water cannot be restored. The preferred alternatives for 
waste and contaminated soils selected in this ROD are meant to address this ground water 
protection goal. EPA and MDEQ further evaluated whether extraction wells or slurry walls 
should be installed at the edge of plumes to contain the contaminated water in place. Based on 
current understanding of ground water movement at various location across the site, EPA and 
MDEQ propose no additional active ground water clean up within the TI zones or underneath the 
WMAs at this time. EPA and MDEQ propose to evaluate additional ground water actions in the 
future if the points of compliance are violated. 

For the remaining alluvial aquifer plumes located in the Old Works/Red Sands area, Yellow 
Ditch/South Opportunity area, and Blue Lagoon, EPA and MDEQ evaluated options of source 
removal and active ground water treatment to restore the aquifer to its designated beneficial uses. 
The agencies have chosen alternatives to meet the objective of restoring those contaminated 
portions of the aquifer to applicable State of Montana ground water standards. Each identified 
remedy addresses source control (soil covers, elimination of flood irrigation practices, and partial 
removal), monitors for natural attenuation, and uses ICs to manage future water use. 

A comparison of the present worth costs for all the ground water alternatives is presented in 
Table 8-5. 

8.2.6 SURF ACE WATER 

For contaminated surface water in Cabbage Gulch and Yellow Ditch, EPA evaluated active 
treatment of the surface water sources to attain State of Montana water quality standards. EPA 
recognizes other major contributions of arsenic to these sources (i.e., contaminated ground water, 
surface water springs and seeps) and therefore proposes implementing soils source control 
measures and monitoring water quality to assess eventual attainment of the standards. EPA, in 
consultation with the State of Montana, may require the PRP to re-evaluate treatment of the 
water in the future. 

A comparison of the present worth costs for all the surface water alternatives is presented in 
Table 8-6. 

8.2.7 STORMWATERMANAGEMENT 

EPA and MDEQ evaluated a stand-alone storm water management alternative for high arsenic 
soils, sparsely vegetated soils, and the Disturbed Area through sole use of engineering 
components (e.g., sedimentation basins, conveyance ditches). These alternatives would be 
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compliant with ARARs but would only meet the PRAOs for minimizing transport of 
contaminants to surface water and controlling surface water erosion. The storm water 
management alternative would have no provisions for protection of human health or the 
environment and therefore, would not meet those parts of the PRAOs for this area of concern. 
Therefore, the storm water management alternative would not provide a fully protective remedy 
for the high arsenic soils, sparsely vegetated soils or the Disturbed Area in the Smelter Hill 
Subarea. 
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9.0 SELECTED REMEDY 

Based on consideration of CERCLA requirements, the detailed analysis of alternatives, and 
public comments, EPA, in consultation with MDEQ, has determined that the Preferred 
Alternatives, as presented in the Proposed Plan and with minor modifications as outlined below, 
comprise the appropriate remedies for the ARWW&S OU. While certain other alternatives may 
better satisfy certain individual selection criteria, the Selected Remedy best meets the entire 
range of selection criteria and achieves, in EPA's and MDEQ's determination, the appropriate 
balance considering site-specific conditions and criteria identified in CERCLA and the NCP, as 
provided in Section 10.0, Statutory Determinations. 

The Selected Remedy is divided into portions, affecting each waste media type as described 
below. A summary of the Selected Remedy and its respective cost for each area of concern is 
shown in Table 9-1. Institutional Controls are a component of the remedy for each area and are 
described in detail in Section 9.7. 

9.1 WASTE MANAGEMENT AREAS CWMAsl REMEDY 

The Selected Remedy is to.close the tailings ponds and waste source areas under the ARAR 
requirements of the State of Montana Solid Waste Requirements and selected portions of the 
Montana Strip and Underground Mine Reclamation Act and Montana Metal Mine Reclamation 
Act. The Selected Remedy will address remaining waste source areas within the site by naming 
three separate and distinct "Waste Management Areas." No further waste management areas will 
be designated. Establishment of WMAs is consistent with CERCLA concepts of wastes-left-in
place, and is compatible with ADLC's designation of these lands as WMAs under the county's 
Land Use Master Plan and DPS. EPA and MDEQ recognize that removal of waste material 
within the WMA boundary and restoration of ground water beneath is technically impracticable 
and cost prohibitive (estimated $2.2 billion); therefore, waste material will be 
contained/stabilized in place and ground water contaminated with elevated concentrations of 
arsenic, cadmium, and copper beneath the waste material will not be remediated. However, 
when restoration of ground water to beneficial uses is not practicable, EPA and MDEQ expect to 
prevent further migration of the plume, prevent exposure to the contaminated ground water, and 
evaluate further risk reduction. Contaminated ground water within the WMA boundaries will be 
contained and transport of COCs to ground water will be minimized by the establishment of an 
effective and permanent vegetative cover. Performance standards are defined throughout this 
section. 

9.1.1 REMEDIAL ACTION OBJECTIVES 

Through implementation of the Selected Remedy (Section 9.1.2), the following Remedial Action 
Objectives will be achieved: 

• Provide a permanent and effective vegetative/soil cover over waste and highly 
contaminated soil material to prevent direct contact with elevated arsenic 
concentrations , thus minimizing the potential risk of human exposure; 
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• Minimize surface water percolation and COC transport to ground water in order to 
prevent further migration of the plume; 

• Minimize surface water erosion and COC transport to surface water in order to 
meet water quality ARARs as outlined in Appendix A; 

• Minimize wind erosion and movement of COCs onto adjacent lands, thus 
preventing risk of human and wildlife exposure above risk-based levels, and 
prevent non-attainment of air quality ARARs as outlined in Appendix A; 

• Reduce COC levels in waste and highly contaminated soils in order to allow re
establishment of vegetation, thus reducing risk to upland terrestrial wildlife and 
allow re-establishment of wildlife habitat; 

• Allow final closure of waste areas to be compatible with the existing and 
anticipated future land use with minimal future maintenance activities; and 

• Meet State of Montana selective mine closure reclamation ARARs and other 
ARARs, as outlined in Appendix A; 

9.1.2 REMEDIAL REQUIREMENTS 

1. Permanently close WMAs as designated mine waste disposal units through construction 
of engineered covers and/or use of in situ revegetation treatment over all contaminated 
wastes. Engineered covers and/or in situ revegetation treatment will: 

• Provide an effective and permanent vegetative cover; 

• Prevent waste material from migrating to adjacent lands via wind and/or surface 
water erosion; and 

• Minimize movement of COCs through waste material into ground water in order 
to prevent further migration of the plume. 

2. Construct surface water controls to manage runon/runoff from the WMAs to: 

• Prevent COC transport and discharges to Mill Creek, Willow Creek, Warm 
Springs Creek and other surface waters in order to meet water quality ARARs set 
forth in Appendix A; and 

• Be consistent with the regional storm water management plan. 

The DI Cell of the Opportunity Ponds is currently slated to be used as the endpoint for 
conveyed regional storm water. Discharge from settling ponds in the D 1 Cell which 
currently meets WQB-7 water quality criteria is conveyed to the Warm Springs Ponds by 
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the D 1 Decant Ditch. During remedial design, the conveyance structures may be 
upgraded to handle additional flows, as necessary. 

3. Consolidate waste materials (e.g., tailings, slag, mixed tailings/soils) outside of WMAs 
boundaries into the WMAs through: 

• Consolidating waste material located in areas outside of a WMA designated for 
residential, commercial, industrial, recreational/open space or agricultural use into 
a WMA, and reclaiming remaining soils to meet ARAR requirements. 

Waste material that may be within a dedicated development (e.g., irrigation ditch, active 
railroad bed, historic feature, trails/roads) may remain outside a WMA. An engineered 
cover/in situ revegetation action will be designed for these areas to provide a permanent 
barrier to waste material, and !Cs will be used to further maintain the effectiveness of the 
action and protect human health. 

4. Implement !Cs to protect engineering and/or revegetation controls and manage future land 
and water use by: 

• Maintaining existing !Cs (i.e., governmental trespass and zoning regulations) to 
currently restrict or limit access; 

• Utilizing additional temporary barriers (i.e., fencing or signing), if necessary; and 

• Prohibiting ground water use for domestic consumption where ground water 
exceeds state water quality standards for the intended use. In some instances, 
ground water in WMAs may be treated and/or used for irrigation, agricultural or 
industrial purposes, providing the quality meets necessary criteria for those areas. 

5. Provide for O&M, and monitoring activities, as necessary, by: 

• Inspecting engineered/vegetative cover and other structures; 

• Repairing engineered/vegetative cover and structures, as needed; 

• Monitoring ground water points of compliance to ensure compliance with 
Performance Standards to regulate containment of ground water plumes and 
minimization of COC concentrations in ground water, over time; and 

• Monitoring surface water, including storm·water control systems. 

Specifications of the O&M plan will be approved upon completion of construction of 
individual components of the remedy. 
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9.1.3 RECLAMATION (COVER SOIL) CRITERIA 

Successful closure and reclamation of WMAs is defined as the establishment of self-perpetuating 
plant communities capable of stabilizing the waste material against wind and water erosion, 
limiting infiltration of water, and providing a barrier to human contact in perpetuity. EPA and 
MDEQ have determined that soil cover, in situ revegetation (ARTS) and/or a combination of 
both techniques meets the objectives for ARARs compliance and risk reduction as noted above. 
Figure 9-1 presents the "Waste Material LRES Decision Diagram" to describe the logic process 
for determining what combination of options are acceptable to employ on specific units within 
the WMA. For a complete description of the application of the LRES to the WMAs, see 
Appendix C. For any option to accomplish the objectives, the physiochemical characteristics of 
engineered cover soils (i.e., rooting media) must have the following minimal specifications. 
Individual specifications may be modified if it is determined that the overall cover soil is suitable 
for meeting performance standards. These specifications are hereafter referred to as the 
Anaconda cover soil design specifications. 

1. Depth: 18 inches of non-toxic rooting media. This is the absolute minimum for the long
term success of the vegetation. Enough cover soil needs to be applied to account for 
settling, sloughing, and erosion. 

2. Coarse fragment contents: Particles greater than 2 millimeters will constitute less than 
45% (by volume) of the cover soil. Maximum rock size is 6 inches in diameter. 

3. Texture: Sandy loam or finer (to have the proper water holding capacity). "Clays" are 
not acceptable. 

4. pH: Between 6.5 and 8.5 for entire depth of cover soil. 

5. Metal concentration: Cover soil guidelines: arsenic < 30 ppm, cadmium < 4 ppm, 
copper< 100 ppm, lead< 100 ppm, and zinc< 250 ppm. 

6. Organic matter: Cover soil or engineered media having > 1.5% (by weight) of 
composted organic matter in the upper 6 inches. 

7. Specific conductance: Cover soil or engineered rooting media must be less than 4.0 
millimhos per centimeter for entire depth of cover soil: 

8. Surface manipulation: Rip, chisel plow, and/or disk plow must be used to reduce the 
compaction caused by heavy machinery and achieve a moderately rough (by agricultural 
standards) seedbed. Plowing should be done as deep as possible within the cover soil,. 

9. Surface water controls: Include the implementation of dozer basins, pits, gouges, 
contour furrowing, etc. to prevent water erosion. 

10. Seeding: Seeding with native and/or adapted species, plus fertilization and mulching. 
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9.1.4 GROUND WATER REMEDY FOR WMAs 

Ground water contaminated with concentrations of COCs above state ground water standards, as 
set forth in Appendix A, beneath the waste materials must not exit the WMAs. 

The WMAs and associated ground water POCs for Anaconda·are shown on Figures 7, 8, and 9, 
and are as follows: 

1. Opportunity Ponds WMA (Figure 9-2). Alluvial aquifer underneath: 

• Opportunity Ponds Cells A, B 1, B2, C 1, C2, D 1 and D2 
• South Lime Ditch 

Ground Water POC: Downgradient point at toe of Opportunity Ponds Cells DI and D2 as 
monitored at monitoring wells MW-214, MW-26, MW-26-M, MW-28, MW-28M, MW-215, 
MW-81, MW-31, MW-31M, and MW-216. 

2. Smelter Hill WMA (Figure 9-3). Tertiary bedrock aquifer and alluvial aquifer 
underneath: 

• Disturbed Portion of Smelter Hill 
• Anaconda Ponds 
• Main Granulated Slag 
• East Anaconda Yards 

Ground Water POC: Downgradient point at toe of Anaconda Ponds as monitored at monitoring 
wells MW-211, MW-36, MW-36D, MW-218S, MW-218D, MW-75 and MW-219 and MW-220. 

3. Old Works/Stucky Ridge Subarea (Figure 9-4). Valley alluvial aquifer under: 

• Waste contained within the bounds of the Jack Nicklaus Old Works Golf Course, 
including Floodplain Wastes (Jig Tailings), Heap Roast Slag, and Waste Piles 1-8 

• Red Sands Main Deposit (21 acres) 

Ground Water POC: Edge of Red Sands as monitored at monitoring wells MW-213 and 
MW-204. 

9.1.5 GROUND WATER CONTINGENCY PLAN 

EPA and MDEQ have determined that "remediation levels should generally be attained 
throughout the contaminated plume, or at and beyond the edge of the WMA when waste is left in 
place." (1990 NCP Preamble at 55 FR 8713.) EPA and MDEQ believe contaminated ground 
water will be contained within the WMAs boundaries. Non-degradation standards require 
uncontaminated ground water to remain uncontaminated. A sampling program for monitoring 
the POC boundaries and determining compliance with the ground water standards will be 
developed during remedial design and will include, at a minimum: 
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• Analytical parameters, including COCs (arsenic, cadmium, copper) and other 
constituents to characterize ground waters; 

• Sampling points (including the POC wells listed above), sampling frequency and 
duration; 

• Specific analytical methods that can achieve data quality objectives for limits of 
detection and estimates of data quality (accuracy and precision); and 

• Statistical methods for evaluating whether data comply with standards. 

EPA assessed the feasibility of active containment strategies (e.g., slurry walls and extraction 
wells) as part of the feasibility study analysis and determined that these strategies are viable 
alternatives. If a POC boundary is violated, based on determined statistical analyses, EPA will 
respond by conducting one or more of the following actions: I) re-assess containment 
alternatives for contaminated ground water at the compliance boundary; and 2) complete a TI 
evaluation for the aquifer in areas of ground water contamination located outside the compliance 
boundary. 

9.2 MISCELLANEOUS WASTE MATERIALS 

During the various RI investigations conducted on the site over more than 15 years, numerous 
waste piles have been identified. The majority of the waste and waste/soils material will remain 
on-site and will be managed through implementation and closure ofWMAs. It is generally 
EPA' s practice to require consolidation of waste material (e.g., tailings, slag, mixed 
tailings/soils) outside ofWMAs boundaries into the WMAs (see Section 9.1.2) EPA and 
MDEQ expect that additional waste materials may be identified in the future and that these 
materials would also be consolidated into the WMAs (i.e., abandoned railroads, abandoned 
portions of Yellow Ditch). The expectation that wastes would be removed, consolidated, and 
deposited has been previously noted and planned for in other site RODs, specifically the 
OW/EADA and Community Soils RODs (yard removals, waste consolidation in the Old Works 
golf course), and in the ADLC DPS through the proposal of a county-wide mine waste 
repository. 

Remedial action objectives for these miscellaneous waste sources are the same as the objectives 
for wastes in the WMAs. Additional remedial action requirements are identified to specifically 
address the noted waste materials: 

West Stack Sia& 

Three small slag piles are located west of Walker Gulch above the East Anaconda Yards. This 
material will be removed from the drainage gulch and consolidated with the Main Granulated 
Slag Pile within the Smelter Hill WMA, or used for EPA-approved purposes. 
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Anaconda Landfill Slae 

This slag pile is currently being marketed for commercial use by a local company. The material 
is almost depleted. The remaining non-use material and surrounding soils will be sampled and 
characterized and a site remediation and closure plan developed for final approval by EPA. The 
closure plan will be consistent with existing land use and will ·meet applicable ground water, soil, 
and waste clean up action levels. 

Old Works Sia&: 

Slag remaining within the OW/EADA OU will become part of the Old Works WMA. 

Nazer Guieb Debris/Wastes 

Waste materials which have been disposed of in Nazer Gulch will be removed and consolidated 
into the Anaconda Ponds, prior to closure and reclamation of the Ponds. 

Railroad Beds and Ties 

A railroad track on Smelter Hill (portions of the old Loop Track within the Undisturbed 
Area)contains some of the highest metals concentrations on the Hill. The elevated metals values 
in the surface soils are a reflection of the materi_als used for bed construction (slag and waste 
rock) and possibly from ore concentrate spills. These materials will be excavated, transported to 
the former flue dust storage facility, consolidated with railroad bed material from the Aspen Hills 
portion of the Loop Track, and permanently disposed into the Anaconda Ponds prior to closure 
and reclamation of the Ponds. 

Railroad ties from abandoned lines located on Smelter Hill are currently stockpiled in the 
Smelter Hill Repository Complex area. A plan to address the stockpiled ties in accordance with 
ARARs or off-site disposal requirements will be developed during RD/RA. 

Construction Debris 

A construction debris area is located in the southeast comer of the Main Granulated Slag Pile. 
This area contains debris from demolition of homes around Johnson's Curve near Warm Springs, 
Montana, and demolition of homes conducted under the Mill Creek ROD. This debris area will 
be closed pursuant to an EPA-approved work plan and in accordance with applicable State solid 
waste disposal regulations for construction debris. The plan will be developed during Remedial 
Design. 

Cashman Pile 

Approximately 12,000 tons of material is presently located on Smelter Hill. Since 1986, EPA 
has deferred definition of the material located between Walker Gulch and Nazer Gulch as a waste 
based on the understanding that the material may have potential uses as a ore concentrate 
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product. EPA has also acknowledged that the material may contain a mixture of flue dust, 
concentrates, and slag. 

The material will not be considered waste subject to remediation for a period of five years from 
the date of issuance of the ROD. In the event that processing of the concentrate material has not 
been initiated within the five-year period, the agency may determine that the concentrated is a 
waste material subject to remediation. The material will be sampled using Toxicity 
Characteristic Leaching Procedures to determine if the material is a hazardous waste, and if so, 
treated, excavated, and removed from the gulches and disposed of in an appropriately designed 
repository on Smelter Hill. If the material is not hazardous, a solid waste disposal plan will be 
developed, approved, and implemented in the Smelter Hill WMA. 

Opportunity Ponds Toe Wastes 

The Opportunity Ponds Toe Wastes are approximately 60,000 cy of tailings that breeched over 
the Ponds' berms on the east side, and are located between the Ponds and the 1-90 frontage road. 
The wastes have been identified as the source of elevated COCs in the aquatic environment in the 
Opportunity Ponds D2 Drain Ditch. The wastes will be consolidated back into the Opportunity 
Ponds, the D2 Drain Ditch properly reconstructed, as necessary, and the area reclaimed to meet 
appropriate land uses. 

Trianele Wastes 

The Triangle Wastes are located on the western end of the Opportunity Ponds and are bounded 
by the intersection of Highways 1 and 48. The area contains an estimated 1.4 million cy within 
about 300 acres. Ground water investigations in the area have determined that the wastes are not 
contributing to any known contamination, therefore, EPA and MDEQ have not included this area 
as part of the formal Opportunity Ponds WMA and expect the ground water resource to be 
protected from potential contamination. 

The Triangle Wastes may remain in place, based on current designated land uses (open space); 
however, due to high arsenic levels (>l,000 ppm arsenic), the final remedy will require soil cover 
and revegetation or deep tillage reclamation to reduce arsenic to below 1,000 ppm. 

9.3 MAIN GRANULATED SLAG PILE REMEDY 

The Main Granulated Slag Pile will remain in place and be located within the boundary of the 
Smelter Hill WMA. The area underlying the slag pile has been identified as a source of arsenic 
contamination to the alluvial aquifer, but it is technically impracticable to restore this ground 
water (see Section 9.5 and Appendix D for more information); therefore, the pile will require 
long-term management. EPA and MDEQ will allow on-going use of the slag material and will 
require management of the slag to be generally consistent with the objectives outlined in the 
WMA section of the ROD. After slag is removed, a final remediation plan will be developed to 
close the area to be compatible with the existing and anticipated future land use with minimal 
future maintenance activities. Performance Standards are defined throughout this section. 
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9.3.1 REMEDIAL REQUIREMENTS 

The remedial requirements for the Main Granulated Slag Pile are described below. 

I. Maintain the status of the slag as a resource, rather than a waste: 

• PRP may provide long-term agreements to guarantee commercial use of the slag 
as a base resource in approved productions. 

• EPA and MDEQ has approved use of the slag for purposes of blasting media, 
manufactured roofing material and other building material, as underground pipe 
bedding material, and for controlled landscaping (e.g., golf course sand traps). 
EPA and MDEQ will continue to review and approve future uses of the slag. 

• If long-term agreements for slag use are not initiated or maintained, EPA and 
MDEQ will re-evaluate and select additional actions for long-term management of 
the slag and underlying property. 

2. Operate the facility in compliance with aoplicable regulations: 

• Developers of the slag for commercial use will follow all applicable 
environmental regulations regarding production and disposal of the slag material, 
including, but not limited to, OSHA and RCRA regulations. 

• Slag will be managed to meet all independently applicable laws as well as ARARs 
set forth in Appendix A. 

3. Implement and maintain Best Management Practices CBMPs): 

• Production of slag will be conducted in a manner to minimize wind erosion and 
transport of material outside the WMA. 

• Construct surface water controls to manage runoff from the Main Granulated Slag 
Pile to be consistent with the regional storm water management plan. 

• Provide for O&M, and monitoring activities. 

4. Control access to prevent exposure to waste materials and potentially contaminated soil, 
water, and air: 

• PRP will maintain existing ICs to restrict public access and manage future land 
and water use and shall place future controls on use of property through deed 
restrictions, restrictive covenants, or conservation easements, as necessary. 

• PRP will continue fencing and security inspections to assure appropriate access 
and land use. 
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• I Cs will prohibit ground water use for domestic consumption. 

• Residual material, including contaminated soils or other non-use materials, 
remaining after completion of slag production will be sampled and characterized, 
and a final remediation plan implemented. The remediation plan will be 
consistent with other waste decisions made on the Anaconda Smelter NPL Site 
(e.g., flue dust treatment and disposal, waste consolidation and covers) and fully 
approved by EPA, in concurrence with MDEQ. Final soil and/or waste cleanup 
action levels will be consistent with the designated land use. 

9.4 CONT AMINA TED SOILS REMEDIES 

The Selected Remedy will address all remaining contaminated soils within the ARWW&S OU 
not addressed under the OW/EADA ROD or the Community Soils ROD. Areas of contaminated 
soils are found in all five subareas and are estimated to total > 10,000 acres. The Selected 
Remedy will incorporate an LRES procedure to more accurately determine specific kinds of 
reclamation to be applied to contaminated soils within each area of concern (Figure 9-5). 

9.4.1 REMEDIAL ACTION OBJECTIVES AND GOALS 

Remediation of contaminated soils must meet the following Remedial Action Objectives: 

• Provide a permanent vegetative cover over contaminated soil material to prevent 
direct contact with arsenic, thus reducing the potential risk of human exposure to 
acceptable risk-based levels; 

• Provide a permanent vegetative cover over contaminated soil material to minimize 
transport of COCs to ground water, which cause exceedances of ground water 
ARARs set forth in Appendix A; 

• Provide a permanent vegetative cover over contaminated soil material to minimize 
surface water erosion and COC transport to surface water in excess of surface 
water ARARs set forth in Appendix A; 

• Provide a permanent vegetative cover over contaminated soil material to minimize 
wind erosion and movement of contaminated soils onto adjacent lands, thus 
preventing risk of human and wildlife exposure; 

• Reduce surface soil COC levels to allow re-establishment of vegetation, thus 
reducing risk to upland terrestrial wildlife above risk-based levels and allow re
establishment of wildlife habitat; and 

• Remediate contaminated soils to be compatible with the existing and anticipated 
future land use with minimal future maintenance activities. 
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9.4.2 REMEDIAL ACTION GOALS 

Human health arsenic cleanup action levels for surficial soils at the Anaconda Smelter NPL Site 
are listed below. 

Action Level 
250 ppm 
500 ppm 
1,000 ppm 
2,500 ppm 

Land Use 
residential land use 
commercial/industrial land use 
recreational/open space/agricultural land use 
steep slope/open space 

For purposes of the ARWW&S OU lands, EPA and MDEQ have established a 1,000 ppm 
arsenic action level for recreational/open space/agricultural land use and 2,500 ppm arsenic for 
steep slope/open space. EPA and MDEQ have determined that it is technically impracticable to 
apply certain land reclamation techniques to specific steep and rocky slopes and, therefore, 
cannot achieve the 1,000 ppm arsenic action level. However, other types of reclamation 
alternatives (e.g., hand planting of trees, shrubs and grass seedlings) are technicaJly practicable 
and will be implemented in certain areas. Furthermore, because some lands are currently owned 
by ARCO and specific institutional controls (deed restrictions) and adequate fencing restrict 
human and wildlife access, the 2,500 ppm arsenic action level is deemed protective for some 
areas on the site. 

9.4.3 REMEDIAL REQUIREMENTS FOR CONTAMINATED SOILS 

The following are the remedial requirements for contaminated soils: 

1. Reduce arsenic concentrations at the surface to below 1,000 ppm and 2,500 ppm in the 
Smelter Hill Subarea, as appropriate, using a combination of revegetation treatment 
techniques and/or engineered covers. 

• Revegetation techniques, which may include deep tilling with lime additions and 
soil amendments, will reduce surface soil arsenic concentrations to below 1,000 
ppm and establish a diverse, effective, and permanent vegetation cover. 

• Engineered covers will be designed to provide an effective and permanent barrier 
to highly contaminated soils. Soil covers will be stabilized with vegetation that 
provides a diverse, effective, and permanent cover, and meet the design 
specifications outlined in the WMAs remedy. 

2. Apply revegetation technologies to establish a self-sustaining assemblage of plant species 
capable of: 

• Stabilizing the soils against erosion and minimizing transport of contaminants to 
surface and ground water in order to meet water quality standards as set forth in 
Appendix A; 
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• Maximizing water usage; 

• Re-establishing wildlife habitat; and 

• Accelerating successional processes. 

3. Apj>ly BMPs for agricultural lands; as appropriate. 

• BMPs currently adopted or to be developed for various individual lands will be 
reviewed and included in the site-wide ICs Planning Docwnent. 

• For barren/sparsely vegetated areas determined to be a source pathway to surface 
water, revegetation will accomplish storm water objectives, including 
implementation of BMPs. 

4. Use I Cs to maintain the integrity of remedial actions and prevent exposure to 
contaminated soil. 

• Apply I Cs, appropriate for land ownership and land use, capable of maintaining 
and protecting revegetated lands. 

• Maintain existing ICs (e.g., governmental trespass and zoning regulations) to 
restrict access, as needed. 

• Use the ADLC DPS process on lands proposed for new land use and which would 
require additional soil remediation, if necessary. 

5. Provide for O&M activities, as necessary. 

• Inspect the conditions of revegetated lands and institutional control remedies. 

• Repair revegetated lands and structures, as needed. 

• Develop specific procedures for O&M during remedial action for final 
implementation at the time of construction completion of selected areas. 

9.4.4 LAND RECLAMATION EVALUATION SYSTEM (LRES) PROCEDURE 

The reduction of risk and the protection of human health and ecological systems and compliance 
with ARARs is to be accomplished through the establishment of self-sustaining assemblages of 
plant species. To accomplish this objective, EPA and MDEQ will require application of an 
LRES as the standard operating procedure. (See Appendix C for a more complete description of 
the LRES.) The purpose of the LRES is to define which areas will receive what type of remedial 
action. Utilizing the statutory requirements (CERCLA reduction of risk to human health and the 
environment and compliance with ARARs including selected mine closure reclamation criteria) 
as a backdrop, field evaluation of each area to be remediated will be required during remedial 
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design. Field evaluation will apply the LRES for delineation of remedial design units. The 
LRES integrates EPA guidance criteria, a quantitative scoring system of existing vegetation 
communities and potential for contaminant movement, and modifying parameters. The result is a 
spatial delineation of areas by general remedial class and an estimation of the level of 
reclamation for each unit. 

The specifications and components of the reclamation alternative chosen are outlined in Table 1, 
Appendix C. Generally, the alternatives range in intensity, and are applied based on the level of 
arsenic soil contamination (i.e., the higher the arsenic concentration, the less likely tillage will 
reduce the concentrations), acid/base accounting, depth of contamination, slope characteristics of 
the land, potential for COC transport, and presence of existing vegetation. The alternative ranges 
include monitoring, cover soil, vegetation improvement, low intensity in situ reclamation, 
moderate intensity in situ reclamation, high intensity in situ reclamation, steep slope reclamation, 
and rock (industrial) amendment. 

The Remedial Design process will further expand and modify the LRES procedures for specific 
application on the AR WW &S OU. 

9.4.S DESIGN AND PERFORMANCE ST AND ARDS 

Successful reclamation of land contaminated by smelting and ore-processing activities is defined 
as the establishment of self-perpetuating plant communities capable of stabilizing contaminated 
soils against wind and water erosion, reducing COCs transport to ground water, reducing the risk 
to human health and the environment, and compliance with ARARs, in perpetuity. For the 
alternatives to meet the objectives, the physiochemical characteristics of soils media must meet 
minimal specifications to allow establishment of vegetation. Design criteria must be specifically 
linked to the physical characteristics of a particular area targeted for reclamation, along with its 
land use pattern. Given the size of the potential remedial units, each parcel of land will be 
evaluated for a specific standard that is linked to land use, depth and level of soil contamination, . 
and the physical conditions of the site {e.g., degree of slope, aspect, rock cover). Furthermore, 
the physical conditions of the site will influence the percent cover that can be maintained. 
Design criteria may include, but are not limited to, parameters set for depth of rooting media, 
texture, pH, metal concentration, organic matter, specific conductance, surface manipulation, and 
seed mixture. Cover soil design specifications for use in upland positions are listed in Section 
9.1.3, Reclamation (Cover Soil) Criteria. Criteria for in situ reclamation will be developed 
during remedial design. The criteria will be developed based on the information known (and 
contained in the Administrative Record) and knowledge gained after selection of the remedy. 
Vegetation performance criteria will be established during remedial design for various ecotypes 
at the site; criteria will be set for the following parameters: erosion, live plant cover, total cover, 
perennial plant community richness, proving-up period, and plant reproduction. Performance 
Standards also include compliance with ARARs. 
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9.5 GROUND WATER REMEDIES 

9.5.1 REMEDIAL ACTION OBJECTIVES 

The ground water areas of concern are presented in Figure 1-1. EPA and MDEQ expect to return 
usable ground waters to their beneficial uses wherever practicable through achievement of the 
remedial action goal, within a time frame that is reasonable given the particular circumstances of 
the site. When restoration of ground water to beneficial uses is not practicable (within WMAs 
and TI zones), EPA and MDEQ will prevent further migration of the plume, prevent exposure to 
the contaminated ground water, and further reduce risk by minimizing transport of COCs to the 
bedrock and alluvial aquifers. 

9.5.2 CONTAMINANTS OF CONCERN AND THE REMEDIAL ACTION 
GOAL/PERFORMANCE STANDARDS 

Remedial action goals for cleanup of contaminants in ground water and protection of ground 
water resources within the AR WW &S OU are established based on the applicable State of 
Montana numeric water quality standards set forth in Circular WQB-7. The COCs and their 
associated standards are listed below. 

coc 
Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Zinc 

WOB-7 Standard* 
18 µg!L 
4µg/L 
5 µg!L 
1,000 µg!L 
15 µg!L 
5,000 µg!L 

• WQB-7 standards for metals in ground water are based on the dissolved metals portion of the sample. 

9.5.3 GROUND WATER AREAS OF CONCERN 

For the Anaconda Smelter NPL Site, EPA and MDEQ have identified the following ground 
water areas exceeding one or more of the remedial action goals, shown on Figure 9-6: 

• Stucky Ridge TI Zone - bedrock aquifer system on Stucky Ridge; 

• Smelter Hill TI Zone - bedrock aquifer system to west and south of Smelter Hill 
WMA; 

• Mount Haggin TI Zone - bedrock aquifer system south and east of Smelter Hill 
area, covering drainages of Cabbage Gulch, Upper Willow Creek, and an 
unnamed tributary of Mill Creek; 

• Opportunity Ponds WMA - alluvial aquifer under Opportunity Ponds Cells BI, 
82, C 1, C2, D 1 and D2, and South Lime Ditch; 
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• Smelter Hill WMA - tertiary bedrock aquifer and alluvial aquifer under Disturbed 
Are~ Anaconda Ponds, Main Granulated Slag, and East Anaconda Yards; 

• Old Works WMA and alluvial aquifer downgradient of these areas - valley 
alluvial aquifer under Old Works Golf Course, Floodplain Wastes, Heap Roast 
Slag, Waste.Piles 1-8, Red Sands Main Deposit, and alluvial aquifer 
downgradient of these areas underneath Red Sands and Arbiter Plant; 

• South Opportunity Alluvial Aquifer - in the vicinity of Yellow Ditch (Figure 9-7); 
and 

• Blue Lagoon - alluvial aquifer underneath and downgradient of Lagoon 
(Figure 9-8). 

9.5.4 SELECTED REMEDY 

Stucky Ride;e. Smelter Hill and Mount Hae;lrln TI Zones 

Based on conclusions of the TI evaluation (Appendix D) for the bedrock aquifers in the Smelter 
Hill, Mount Haggin and Stucky Ridge areas, the area of the shallow bedrock aquifer with arsenic 
levels above the State of Montana ground water standard for arsenic ( 18 ug!L) may encompass at 
least 28,600 acres. The depth of ground water contamination in the bedrock aquifer is estimated 
as high as 250 feet below ground surface. EPA and MDEQ consider it to be technically 
impracticable to restore ground water quality in the bedrock aquifers to levels below the Montana 
Ground Water Quality Standard for arsenic, since: ; 1) the primary source of arsenic to ground 
water is infiltration of precipitation through widespread areas of contaminated soils; and 2) the 
contaminated zones are dispersed throughout fractured bedrock aquifer systems. As provided 
under Section 12l(d)(4)(c) of CERCLA, the ground water standard for arsenic is waived within 
the TI zones due to technical impracticability. Documentation is provided in the TI Evaluation 
in FS Deliverable No. 3A (EPA l 996a) and provided in Appendix D. 

The following remedial actions will be taken to minimize on-going transport of COCs to the 
bedrock aquifers, protect domestic water users, and provide for contingency water systems in the 
event of newly identified users: 

1. Complete source control measures through waste consolidation and implementation of 
in situ revegetation or soil cover treatments. Contaminated soils and waste materials are 
the identified sources of arsenic to the bedrock aquifer plume in the TI zones. EPA and 
MDEQ require waste consolidation and in situ revegetation and/or soil cover of the soil 
and waste materials as a source control measure (see Sections 9.1 and 9.4). These source 
control measures will minimize transport of COCs to the ground water, prevent further 
migration of the plume, and may improve ground water conditions over time. EPA and 
MDEQ do not expect the ground water plumes to become fully restored to the State of 
Montana Water Quality Standards. 
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2. Implement /Cs to monitor and regulate domestic ground water use. A detailed program 
to regulate and monitor ground water use within the boundaries of the TI zones at the 
ARWW&S OU will be fonnulated. ICs will be achieved through upgrading and 
enforcing the Anaconda Deer-Lodge County DPS, through implementation of a State of 
Montana Controlled Ground Water Area (administered through the Montana Department 
of Natural Resources and Conservation, Water Resources Division), or a combination of 
both. The PRP will be responsible for developing and implementing the I Cs as part of 
the final site-wide ICs Plan (see Section 9.7). 

3. Establish a long-term monitoring plan. A long-term monitoring plan will be designed 
and implemented to evaluate changes in ground water quality in the TI zones as the 
source control measures and ICs are implemented during remedial design/remedial 
action. The information will be evaluated during each of EPA' s 5-year reviews to ensure 
that variations in the nature and extent, fate and transport, and changes in land use have 
not significantly changed EPA's assessment of the exposure of ground water 
contamination in the TI zones to humans and/or the environment. The PRP will be 
responsible for developing and implementing the monitoring plan (see Section 9.8). 

4. Complete site characterization to better define lateral and vertical extent of TI zones. 
On-going site characteriz.ation will further define the nature and extent of the ground 
water plumes. Specifically, additional monitoring wells will be drilled to evaluate the 
vertical extent of the contamination, additional springs and seeps will be identified and 
monitored to better define the lateral extent of the TI boundaries, and newly drilled 
domestic well data will be added to the existing data base, as it becomes available, to 
expand the characteriz.ation of the TI zones. 

5. Provide for alternative water supplies. In the event that domestic water users are 
discovered using contaminated ground water and/or springs surface water with COC 
concentrations above the State of Montana standards, an alternative water supply for 
those water users will be implemented. The alternative water supply may consist of 
newly drilled individual wells, a community-based water supply, individual home 
treatment systems, or hauled water. The alternative water supply will meet all applicable 
Federal Safe Drinking Water Act MCLs and Montana Numeric Water Quality Standards. 

Opportunity Ponds and Smelter Hill WMAs 

EPA and MDEQ have determined that removal of waste material within the WMA boundary is 
technically impracticable and cost prohibitive. Therefore, waste material will be stabilized in 
place, and ground water with elevated concentrations of COCs beneath the waste material will 
not be restored. Ground water contamination within the Opportunity Ponds area covers 
approximately 2,275 acres with an estimated volume of 4,550 to 11,375 acre-feet and ground 
water within the Smelter Hill WMA cover approximately 2,076 acres with an estimated volume 
of 1,980 to 3,960 acre-feet. · 
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The following remedial actions will be taken to minimize on-going transport of COCs to the 
aquifers, and protect potential water users: 

1. Complete source control actions through implementation of soil covers and/or in situ 
revegetation treatment. Contaminated waste materials are the identified sources of 
arsenic, cadmium and copper to the alluvial and bedrock aquifer plumes underneath 
WMAs. EPA and MDEQ require in situ revegetation and/or soil cover of the waste 
materials as a source control measure (see Section 9.1). Source control measures will 
minimize transport of COCs to the ground water, prevent further migration of the plume, 
and may improve ground water conditions over time. EPA and MDEQ do not expect the 
ground water plumes to become fully restored to applicable State of Montana Water 
Quality Standards. 

2. Implement /Cs to manage future water use. EPA and MDEQ will prohibit ground water 
use for domestic consumption. Ground waters in the WMAs may be treated and/or used 
for irrigation, agricultural or industrial purposes if determined protective for the use. 

3. Provide for containment of ground water plumes. Clean up levels must be maintained "at 
and beyond the edge of the WMA when waste is left in place" (1990 NCP Preamble at 55 
FR 8713); therefore, EPA and MDEQ have established ground water boundary POCs for 
each WMA (see Section 9 .1.4 ). In the event a POC boundary is violated, EPA and 
MDEQ will respond by conducting one or more of the following actions: 1) re-assess 
containment alternatives for any migrating contaminant plume (e.g., use of slurry walls or 
extraction wells); or 2) complete a TI evaluation for the aquifer in areas of ground water 
contamination located outside the compliance boundary. 

Old Works WMA and Alluvial Aquifer Cadmium/Copper Plume 

The previously selected remedy for the OW/EADA OU left wastes in place within that OU 
boundary. Wastes were consolidated and graded as necessary to reduce infiltration and control 
runoff and capped with an engineered cover (Figure 9-9). This remedy was documented in the 
1994 ROD for the OU. The wastes-left-in-place included the Red Sands, Floodplain Wastes (Jig 
Tailings), Heap Roast Slag, and Waste Piles 1-8. 

The goal of the ARWW&S OU remedial action is to restore a portion of the ground water at the 
OW/EADA OU to its beneficial use (the area located downgradient of the Red Sands Main 
Deposit - see Figure 9-4). The importance of restoring this portion of the valley alluvial aquifer 
is heightened in light of lost use of ground water resources surrounding the community of 
Anaconda. Based on information obtained during the AR WW RI and implementation of source 
controls measures taken under the Arbiter and Old Works Tailings EE/CA removal actions and 
OW/EADA ROD, EPA and MDEQ believe that the remedy selected in the OW/EADA ROD 
may be able to restore the aquifer downgradient of the Red Sands POC. The targeted area and 
volumes for restoration are estimated to be 320 acres with 640 acre-feet of water. 
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Ground water contamination may be especially persistent in the immediate vicinity of the Red 
Sands (21 acres) upgradient of the Arbiter Plant, where concentrations of COCs are relatively 
high. The ability to achieve cleanup goals below the POC and throughout the area of attainment 
cannot be determined until the final source control remedies are implemented and plume 
response is monitored over time. If source controls identified in the OW /EADA remedy cannot 
meet the specified remediation goals at any or all of the monitoring points during implementation 
and subsequent monitoring, the contingency measures and goals described in this section may 
replace the selected remedy and goals for a portion of the plume. Such contingency measures are 
intended to, at a minimum, prevent further migration of the plume and could include a 
combination of containment technologies and I Cs. 

The following remedial requirements are applicable to the ground water portion of the 
OW/EADA OU for the objective of restoring a portion of the alluvial aquifer downgradient of 
the Red Sands Main Deposit: 

I. Complete OW/EADA OU source control actions throughfinal implementation of 
consolidation/grading actions and engineered covers. EPA and MDEQ require final 
design and implementation of the engineered covers over the Arbiter Plant properties and 
Drag Strip area, and full implementation of the storm water management plan as 
described in the OW/EADA ROD. 

2. Implement a monitoring plan to track the progress of attaining remediation goals. A 
monitoring plan will be designed and implemented to allow EPA and MDEQ to assess 
progress toward attaining restoration of a portion of the aquifer. 

3. Maintain existing /Cs which prohibit ground water use until attainment of the restoration 
goals. As part of the OW/EADA ROD and Prospective Purchasers Agreement (1994), 
EPA, ARCO, and ADLC agreed to place water development bans within this OU. These 
controls will remain in place until EPA and MDEQ have determined that the aquifer has 
met the established restoration goals for a portion of the alluvial aquifer. 

If it is determined on the basis of the preceding remedial actions and monitoring data that this 
portion of the aquifer cannot be restored to its beneficial use, one or more of the following 
measures involving long-term management may occur for an indefinite period of time as a 
modification of the existing system: 

• Implementation of engineering controls at the Red Sands POC, which may 
include construction of a slurry wall or installation of pumping wells; 

• Cadmium and copper standards will be waived for the cleanup of those portions 
of the aquifer based on the TI of achieving further contaminant reduction and the 
POC moved to the OU boundary; 

• I Cs will be maintained to restrict access to those portions of the aquifer which 
remain above the re~ediation goal; 
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• Continued monitoring of the plume; or 

• Periodic re-evaluation of remedial technologies for ground water restoration. 

The decision to invoke any or all of these measures may be made during a periodic review of the 
remedial action. 

Yellow Ditch And South Opportunity Alluvial Aquifer Plume 

For the South Opportunity area, the aerial extent of arsenic concentrations in ground water in 
excess of 18 µg!L is approximately 1,200 acres, with the volume of affected ground water 
estimated to be 2,400 acre-feet to 7,200 acre-feet. Elevated arsenic levels have been confined to 
the uppermost portion of the alluvial aquifer, estimated to range approximately 10 to 30 feet. 
The final remedy for this area of concern will address the identified sources of arsenic: impacted 
surface waters used for flood irrigation, regional soils containing arsenic from aerially deposited 
stack emissions, and berm and sediment material containing arsenic along Yellow Ditch. The 
remedy will address the historic irrigation practices in which surface water in Willow Creek has 
been diverted to Yellow Ditch and transported for flood irrigation in the South Opportunity area. 
The major components of this remedial strategy are provided below: 

1. Minimize flood irrigation practices in the South Opportunity area. ARCO is in the 
process of acquiring property and water rights in the South Opportunity area and is 
implementing a strategy to close the head gates at the diversions to Yellow Ditch. 
Elimination of flood irrigation is anticipated to improve ground water quality in the South 
Opportunity area through reduction of: 

• Surface water infiltration; 

• Evaporative concentration effects; 

• Large seasonal fluctuations in the ground water table which will reduce ponding 
and evaporative concentrations of ground water; 

• Unstable redox conditions associated with ponding of ground water; and 

• . Water table interaction with arsenic impacted vadose zone pore water or overlying 
soils. 

2. Implementation of an engineered soil cover over Yellow Ditch. Construction of a soil 
cover over Yellow Ditch would be effective in eliminating metals loading to portions of 
the underlying alluvial aquifer by reducing the rate of infiltration and eliminating loading 
of metals from contaminated soils and wastes to surface water used for any remaining 
irrigation practices. · 
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3. Rely on natural attenuation and dilution of arsenic in the alluvial aquifer to control the 
extent and concentration of arsenic and attain the remedial action objective of less than 
18 µg!L in the aquifer. The cessation of flood irrigation is anticipated to disrupt the chain 
of loading mechanisms and subsequently allow dilution and natural attenuation to 
decrease the level of dissolved arsenic in the ground water. The estimated remediation 
time frame necessary to reduce arsenic levels in the shallow alluvial aquifer to less than 
18 µg!L ranges from SY2 to 28 years. 

4. Establish !Cs to control access to and use of water within the South Opportunity area. 
The primary I Cs in the South Opportunity area will provide for the establishment of well 
installation standards requiring all future water supply wells be constructed so that their 
screened intervals are below the depth of arsenic impacted ground water (approximately 
30 feet). In addition, all new water supply wells have to be tested for concentrations of 
dissolved arsenic prior to final permitting. These ICs will be implemented through 
amendments to the ADLC DPS and/or use of State of Montana Control Ground Water 
Use Areas. Through ARCO's acquirement of property and water rights in the South 
Opportunity area, ARCO has already established covenants that restrict future flood 
irrigation. These covenants will remain in place for protection of the source control 
remedy. It may be necessary for ARCO to modify or refine these covenants as part of 
this remedial action. It is not anticipated that a reduction in flood irrigation will result in 
negative impacts on the water levels in local domestic wells. 

5. Establish a ground water performance monitoring plan. The ability of I Cs, source 
controls, and natural attenuation to improve ground water quality of the shallow alluvial 
aquifer in the area will be evaluated by a ground water and surface water monitoring 
program. The performance monitoring program will specify the location, frequency, and 
type of samples.and measurements necessary to evaluate remedy performance. The 
monitoring program will demonstrate if natural attenuation is occurring according to 
expectations, determine if the plume is expanding (either downgradient, laterally or 
vertically), ensure no impact occurs to downgradient receptors, demonstrate the efficacy 
of the ICs program, detect changes in environmental conditions that may reduce the 
efficacy of the natural attenuation process, and verify attainment of cleanup objectives. 
Performance monitoring will continue as long as contamination remains above required 
cleanup levels. An evaluation of the performance of the source control/natural 
attenuation remedy will be provided during each of the five-year site reviews. 

If it is determined, on the basis of the preceding remedial actions and monitoring data, that this 
aquifer cannot be restored to its beneficial use, all of the following measures involving long-tenn 
management may occur, for an indefinite period of time, as a modification of the existing 
system: 

• An analysis of the TI of achieving further contaminant reduction and potential 
waiver of the arsenic standard; 
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• ICs will be maintained to restrict access to those portions of the aquifer which 
remain above the remediation goal; 

• Continued monitoring of the plume; and 

• Periodic re-evaluation of remedial technologies for ground water restoration. 

The decision to invoke any or all of these measures may be made during a periodic review of the 
remedial action. 

Blue Laeoon Alluvial Aquifer Plume· 

The area of contaminated alluvial aquifer located near the Blue Lagoon is approximately 5 to 10 
acres with average depth of ground water contamination estimated to be l 0 feet. The remedial 
action for the Blue Lagoon area will address the primary sources of metals to the alluvial aquifer 
and surface water of the Blue Lagoon which are leaching from railroad g~ade material 
contaminated soils, sediment located at the bottom of the Blue Lagoon into the aquifer, and 
possibly contaminated material in the outwash located downgradient of the Lagoon. The major 
components of this remedial strategy are provided below: 

1. Excavation of approximately 5, J 00 cy of contaminated sediments/waste from the Blue 
Lagoon and contaminated sediments within the conveyance ditch downstream of the Blue 
Lagoon. Waste from the Blue Lagoon will be excavated, removed, and disposed in a 
WMA. Contaminated sediments within the conveyance ditch downstream of the Blue 
Lagoon will also be excavated and disposed in a WMA. The lagoon and conveyance 
ditch will be reconstructed to facilitate use of landowner's water rights. 

2. Install a culvert at the railroadfill base to promote surface drainage upgradientfrom the 
Blue Lagoon. The culvert will convey ponded water within the surface drainage 
up gradient of the railroad fill through the grade and into the reconstructed lagoon. This 
culvert will eliminate leaching of metals from the base of the railroad fill by surface 
water. 

3. Revegetation of outwash. For the area downgradient of the Blue Lagoon that has been 
impacted from overland transport of contaminated surface water, a revegetation plan will 
be developed using the LRES scoring and decision process outlined in the Contaminated 
Soils Remedies section (Section 9.4) of this ROD. 

4. Natural attenuation processes will be allowed to work. The above source control 
measures will not directly remediate the alluvial aquifer at the Blue Lagoon. With the 
sources of metals loading mitigated, ground water and surface water contamination 
should naturally attenuate the metals concentrations and achieve applicable state 
standards within a reasonable time. 
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5. Performance monitoring plan. The ability of source controls and natural attenuation to 
improve ground water quality of the shallow alluvial aquifer in the area will be evaluated 
by a ground water and surface water monitoring program. The performance monitoring 
program will specify the location, frequency, and type of samples and measurements 
necessary to evaluate remedy performance. The monitoring program will demonstrate 
whether natural attenuation is occurring according to expectations, determine if the plume 
is expanding (either downgradient, laterally or vertically), ensure no impact occurs to 
downgradient receptors, detect changes in environmental conditions that may reduce the 
efficacy of the natural attenuation process, and verify attainment of cleanup objectives. 

9.6 SURFACE WATER REMEDY 

Periodic exceedances of water quality standards within the AR WW &S OU are caused by surface 
water runoff from aerially contaminated soils and from areas of evaporative salts, erosion of 
fluvially deposited tailings into receiving water bodies, and contaminated ground water 
discharges into perennial flow drainages. In order to meet the remedial action objectives, EPA 
and MDEQ will require reclamation of contaminated soils, engineered storm water management 
options to control overland runoff, and other engineering controls to minimize releases from 
fluvially deposited tailings. 

Specific remedial action objectives of the Selected Remedy will be to achieve the following: 

I. Minimize source contamination to surface waters that would result in exceedances of 
State of Montana water quality standards. 

2. Return surface water to its beneficial use by reducing loading sources of COCs. 

During the FS, EPA, in consultation with MDEQ, assessed the feasibility of active treatment of 
surface waters in Yellow Ditch and Cabbage Gulch. The Selected Remedy in this ROD is 
passive treatment (i.e., source controls through land reclamation, soil covers, and other 
engineered storm water runoff controls), natural attenuation, and monitoring for these surface 
water resources. The reader is referred to Sections 9.1 and 9.4 for a description of the remedial 
requirements. EPA and MDEQ believe these requirements, as well as those mentioned in this 
section, will lead to attainment of the specific remedial action objectives. The remainder of 
Section 9.6 describes specific remedial requirements for Warm Springs Creek, Mill Creek and 
Willow Creek. 

9.6.1 CONTAMINANTS OF CONCERN AND THE REMEDIAL ACTION 
GOALS/PERFORMANCE STANDARDS 

Remedial action goals for protection of surface waters within the AR WW &S OU are established 
based on applicable State of Montana numeric water quality standards set forth in Circular 
WQB-7 which are protective of human health and aquatic life. The COCs and their associated 
standards are listed below. Cadmium, copper, lead and zinc are calculated at a hardness of 100 
mg/L CaC03 equivalent. Measurements and compliance of the COCs will be for total 
recoverable concentrations. 
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coc 
Arsenic 
Cadmium 
Copper 
Iron 
Lead 
Zinc 

Standard 
18 µg/L 
I.I µg/L 
12 µg/L 
300 µg/L 
3.2 µg/L 
100 µg/L 

9.6.2 REMEDIAL ACTION REQUIREMENTS BY AREA OF CONCERN 

Warm Sprines Creek 

Human actions on Warm Springs Creek (e.g., channelization, relocation, historic mine waste 
disposal, and flow alterations) have resulted in reaches of the channel being unstable with 
increasing lateral movement and down cutting. Remedial actions are necessary to protect erosion 
control structures within the OW/EADA OU and to minimize rates of release ofCOCs found in 
aerially contaminated riparian soils fluvially deposited tailings. The Selected Remedy for Warm 
Springs Creek will: 

• Minimize erosion of fluvially deposited tailings using selective removal and 
stream stabilization techniques; 

• Remove identified waste material located on the RSN Johnson ranch and 
consolidate into a WMA; 

• Selectively remove other waste materials within the unstable portion of the stream 
and consolidate into a WMA; 

• Replace removed wastes with material of acceptable quality; and 

• Employ stream stabilization techniques, such as rechannelization, gradient 
controls and stream bank re-enforcement to minimize future migration of the 
stream into adjacent fluvially deposited tailings and to protect waste caps and 
erosion control structures implemented in the OW/EADA OU, in accordance with 
ARARs. Waste material outside the unstable portion will be revegetated to 
reduce runoff. 

Mill Creek and Tributaries 

Water quality degradation in the Mill Creek drainage is primarily influenced by surface water 
runoff from aerially contaminated soils and contaminated ground water discharges into perennial 
flow drainages from the Cabbage Gulch, Aspen Hills, and Clear Creek areas. Minor additions of 
COCs into Mill Creek may also be contributed from waste materials placed along stream sides 
for historic railroad grade and bridge abutment use. The following Selected Remedy will be 
implemented to address potential and known sources of contamination: 
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• Conduct mass-loading analysis from tributary drainages to determine distribution 
of loading sources; 

• Use non-point source BMPs by employing land reclamation technologies to 
reduce surface water runoff and transport of COCs to surface water receptors; 

• Where BMPs cannot fully minimize non-point source runoff, construct surface 
controls to manage surface water runoff from Cabbage Gulch, Aspen Hills, and 
Clear Creek, and throughout the area to minimize discharge to Mill Creek; and 

• Use selective removal or other source control measures (capping or soil covers) to 
prevent release of waste materials from bridge abutments into surface water. 

Willow Creek 

During the Rl/FS investigation of Willow Creek, the stream system was divided into two 
segments: the upper segment located above Yellow Ditch in which the entire stream was diverted 
into Yellow Ditch for irrigation practices; and the lower segment beginning down stream from 
Yellow Ditch, with flows re-established by ground water discharge into the stream channel. 
Sources of elevated arsenic concentrations in the upper segment of Willow Creek were not 
identified during the Rl/FS; however, based on the Ground Water TI Evaluation Addendum 
(Appendix D), surface water runoff from aerially contaminated soils and/or discharges from 
contaminated ground water into the headwaters of Willow Creek may be a source of increased 
levels of arsenic (concentrations between 20 - 50 ug/L). COC source loading for the lower 
segment of Willow Creek was identified as a thin layer of fluvially deposited tailings in the 
historic floodplain between Willow Creek and Silver Bow Creek. The following Selected 
Remedy will be implemented to address potential and known sources of contamination: 

• Conduct mass loading analysis from headwater drainages to determine 
distribution of loading sources; 

• If necessary, use non-point source BMPs in the headwaters area of Upper Willow 
Creek by employing land reclamation technologies to reduce surface water runoff 
and transport of COCs to surface water receptors; and 

• Remove an estimated 96,000 cy of fluvially deposited tailings along the lower 
segment of Willow Creek and dispose into a WMA, and backfill, grade and 
revegetate area as necessary to prevent erosion of fluvially deposited tailings into 
the surface water in accordance with ARARs. (The estimated total tailings along 
the lower segment of Willow Creek is 157 ,000 cy; this scenario is considered a 
partial removal). 

9.6.3 SITE-WIDE SURFACE WATER REMEDIAL ACTIONS 

1. Establish a long-term surface water quality monitoring plan. A water quality monitoring 
plan will be implemented to assess cleanup and protection of water quality for all surface 
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water resources in the ARWW&S OU. The elements of a monitoring plan for Mill 
Creek, Willow Creek and Wann Springs Creek will be consistent with the Upper Clark 
Fork Basin Long-Term Monitoring Plan, currently implemented by the U.S. Geological 
Survey. 

2. Finalize and implement site-wide storm water management plan. Storm water 
regulations are applicable to the operable unit and particularly to Stucky Ridge, Smelter 
Hill, Aspen Hills, Clear Creek and Cabbage Gulch areas. These areas received diffuse air 
borne smelter emissions and exceed State of Montana water quality standards for arsenic 
in perennial, intermittent and storm water flows. 

EPA and MDEQ require development and implementation of a storm water runoff 
control plan for the AR WW &S OU. The approach of the plan will be to apply storm 
water BMPs with an emphasis on revegetation supplemented by engineering controls 
(e.g., sedimentation basins, storm water detention basins, ditches). This plan will detail 
all existing storm water management features within the OU, describe engineered 
improvements to the system, and determiIJ.e which areas need revegetation for erosion 
control. The revegetation decisions will be made in conjunction with the Contaminated 
Soils remedy portion of the ROD (Section 9.4). The overall objective of the plan will be 
to reduce contaminated runoff into surface water to below Montana water quality 
standards and to route remaining storm water from Smelter Hill and the Old 
Works/Stucky Ridge areas to Opportunity Ponds for proper management. 

3. Establish a storm water management performance monitoring program. The ability of 
revegetation and engineering controls to improve and protect surface water quality will be 
evaluated by a storm water performance monitoring program. The performance 
monitoring program will specify location, frequency, and type of samples and 
measurements necessary to evaluate remedy performance. Performance monitoring will 
continue as long as contamination remains above required cleanup levels. 

Prior to construction of the remedies, a mass balance waste load analysis will be 
conducted within each of the watersheds to assess storm water contaminant contribution 
to receiving water bodies. An initial three-year monitoring program will begin at 
construction completion with sample measurements taken at the final downgradient 
discharge point and within receiving water bodies. An evaluation of the performance of 
the remedy will be provided during each of the five-year site reviews. 

If it is determined, on the basis of the preceding remedial actions and monitoring data, that these 
water sheds cannot meet applicable water quality standards, one or more of the following 
measures involving long-term management may occur for an indefinite period oftime as a 
modification of the remedy: 

• An analysis of the TI of achieving further contaminant reduction and potential 
waiver of the water quality standard; 

• Re-evaluation of remedial technologies for treatment of surface water; and 
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• Consideration of additional BMPs. 

9. 7 INSTITUTIONAL CONTROLS UCsl 

!Cs are a necessary supplement to reclamation and engineering controls when waste is left in 
place or where ground water will continue to exceed standards, as it will with this response 
action. Therefore, EPA and MDEQ expect !Cs to play an integral part in the Selected Remedy to 
assure future protection of human health and the environment. An ICs program will be 
developed in conjunction with the selected reclamation and engineering controls to include three 
basic components: land use restrictions and zoning, ground water controls, and public notices or 
advisories. 

The Selected Remedy, through ICs, will: 

• Assure that future land and water use at the site is consistent with EPA's 
determination of the health and environmental risks posed by contaminants left on 
site; 

• Provide for the preservation and maintenance of Superfund remedial structures on 
the site, including but not limited to engineered caps, covers, storm water 
conveyances, waste repositories and reclaimed areas; 

• Require that future development at the site employ construction practices that are 
consistent with the protection of public health and the environment, as determined 
by Superfund remedial actions; 

• As development occurs at the site, implement the remediation of soil arsenic 
contamination to levels appropriate for the intended use, as determined by 
Superfund remedial actions; 

• Provide for implementation of other laws applicable to development, such as 
subdivision and floodplain requirements; and 

• Provide information and notice to the public (users or potential users of land or 
ground water) of some existing or impending risk associated with their use of the 
site. 

The following public and private ICs, to be developed in conjunction with EPA and MDEQ, the 
State of Montana, ADLC, and ARCO, have been identified as likely components of an !Cs 
Program to address the above remedial requirements within the Anaconda Smelter NPL Site. An 
overall site ICs management plan will be developed during Remedial Design, describing specific 
lands and/or properties with attached !Cs, outlining new ICs that will be implemented, and 
providing for an annual reporting and tracking system to EPA and MDEQ. The plan will also 
describe any necessary funding requirements for each element of the plan. 
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EPA and MDEQ have integrated many I Cs components into the final set of engineering and 
reclamation remedies on this site. The package ofICs approved as part of the !Cs Management 
Plan will be reviewed no less than every five years to assess how the I Cs are helping to maintain 
elements of the remedy and whether the !Cs still contribute to protection ofhwnan health and the 
environment. If at any time EPA and MDEQ determine that !Cs are failing to protect an 
engineered remedy or fail protection of human health and the environment, EPA and MDEQ will 
re-assess the overall protectiveness of the remedy and may require additional site cleanup. 

9.7.1 ADLC COMPREHENSIVE MASTER PLAN AND DPS 

ADLC has adopted a Master Plan and DPS to provide an over-arching land use plan as well as 
specific land use regulations which: 1) assure that land use is consistent with the Superfund 
remedies implemented within the county and are consistent and current with designated land 
uses; and 2) protect human health and the environment from any remaining unacceptable risks 
posed by waste-left-in-place. These restriction apply to all public and private property at the 
Anaconda Smelter Site. These governmental restrictions have been integrated with land use 
restrictions placed on titles to individual properties through conservation easements and 
restrictive covenants as well as other community programs. 

The Master Plan identifies each of the NPL sites and OUs within ADLC and establishes a 
Superfund Study Area. Within the Superfund Study Area, the Master Plan land use policy is 
supportive of Superfund remediation that is protective of human health and the environment and 
levels of cleanup that would allow use of soils and water commensurate with proposed land and 
water uses. The Plan creates a Superfund Planning Area Overlay Development District, the 
principal tool for establishment ofICs, that requires all development within the Superfund sites 
to occur on lands only after the level of contamination poses no significant health risk. This 
overlay also controls access to potentially contaminated ground water and protects the integrity 
of remedial measures by regulating development. 

The DPS implements the Master Plan by requiring a permit for any subdivision of land, clearing, 
grading, excavation, construction, reconstruction, or any development or building activity, with 
certain exceptions. Development must be consistent with the DPS requirements and approved by 
the County Administrator. DPS requirements, or performance standards, have been identified by 
development district for the permitted or special permitted uses of that district. The DPS 
generally requires a grading plan, an erosion and runoff control plan, and requires a remediation 
plan: 1) where remedial structures are in place; or 2) in unremediated areas or areas remediated to 
a previous land use that would now exceed the following arsenic trigger levels: residential use -
250 ppm; commercial/industrial use - 500 ppm; and recreational use - 1,000 ppm. 

Because of the integral nature ofICs to this final site-wide remedy, this ROD calls for a stable, 
long-term funding source to ADLC. Funding will cover adequate resources for legal, 
administrative, organizational, planning, engineering, mapping, and support services, including 
staff and supplies .. 
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9.7.2 LAND OR PROPERTY USE RESTRICTIONS 

Private property law provides a variety of tools that can be used to restrict or affect the use of 
property. These include restrictive covenants, conservation easements, dedicated developments, 
and other property conveyances restricting future land use or prohibiting activities that may 
compromise specific engineering remedies implemented at the site. Permanent land use 
restrictions will be used in areas where waste is left in place and/or where an engineering control 
has been constructed. These restrictions may limit the type of use (e.g., residential}, activities 
(e.g., excavation) and/or provide for access control or the maintenance of engineered controls. 

Other land use restrictions may permanently or temporarily limit activities to "Best Management 
Practices" (i.e., grazing or irrigation restrictions, weed control) in reclaimed areas to such a time 
as no longer warranted. The following are examples of land use restrictions that are currently 
applied on portions of the Anaconda Smelter Site. 

Restrictive Covenants 

Restrictive covenants are written restrictions or requirements placed on the title to real property 
that bind current and future owners of the property. ARCO has placed restrictive covenants on a 
number of properties within the Anaconda Smelter Site. Restrictions are used to prohibit or 
restrict land uses, construction activities, access, and ground water uses such as well drilling. 
Although important, these are the least preferred land use tool since enforcement relies primarily 
on private entities and notice is solely available though a deed search. 

Dedicated Developments 

Dedicated development is the construction of improvements on land and the dedication of the 
improved land to a governmental or other agency for the use of the public. A dedicated 
development may include restrictions on the property in the form of restrictive covenants, 
negative easements, or other mechanisms which restrict the use of the property to accomplish a 
specific purpose. Examples include: parks, trails, golf course, airport, railroad, etc. Land 
dedicated to a public entity has a greater likelihood of maintaining the permanence of I Cs. 

Consenration Easements 

Federal, state, and local governments and agencies, and qualified private organiz.ations can be 
provided conservation easements for the purpose of preserving open space or natural 
characteristics under state law. The easements bind subsequent landowners and may be granted 
in perpetuity or on renewable terms of not less than 15 years. The easements would prohibit 
subdivision of the property and prohibit construction activities, but allow public access for 
recreational purposes. Conservation easements held by the Montana Fish, Wildlife & Parks 
Commission in the North and South Opportunity Subareas are examples of these restrictions. 

DS-91 



Conveyances 

ARCO has indicated that it will only convey lands to other parties for development if the 
transferee agrees to specific restrictions and obligations on the use and development of the 
property. These restrictions and obligations will be set forth in the deeds and conveyance 
agreements designed to ensure that future obligations in support of the remedy are fulfilled. 

9.7.3 GROUND WATER USE CONTROLS 

Ground water use controls (restrictions/management areas) are directed at limiting or prohibiting 
certain uses of ground water where ground water may remain contaminated for an extended 
period. Ground water restrictions will be used in areas where waste is left in place (WMAs) and 
may include prohibitions or limitations on certain uses of ground water, capping or closing of 
wells, and limitations on the drilling of new wells. Ground water management areas will be 
established in the TI zones and may include a permitting program to require water quality testing, 
licensing of well drillers, prohibitions on the drilling of new wells in areas of contamination, or 
requirements and controls on the construction and use of wells (i.e., well depths, consumption 
uses). 

Ground Water Restrictions 

Ground water use at the Anaconda Smelter Site is presently controlled largely by the restrictive 
covenants which have been placed on the ARCO-owned property as well as other conveyed 
property. Restrictive covenants, easements, conveyances, or dedicated developments in most 
instances provide that no ground water wells will be drilled for potable use. Other ground water 
controls may also be established, such as controlled ground water areas; or through appropriate 
agreements with individual landowners. 

Ground Water Management Areas 

Controls on drilling wells for ground water exist in the ADLC though its DPS. The ADLC DPS 
sets out specific requirements for use of ground water by any person within the Superfund Study 
Area. The DPS requires the county engineer to issue a permit before a well is drilled. Further, 
prior to issuance of a certificate of completion for a well, the water must be sampled according to 
protocol which specifies testing requirements for coliform bacteria, arsenic, cadmium, other 
metals, and nitrate. Other legal mechanisms for dealing with restrictions on water wells, 
including the 35 gpm or less wells, that can be effective ICs, include: 

• Controlled Ground Water Areas -The Montana Department of Natural Resource 
and Conservation (DNRC) has the authority to grant applications to establish a 
Controlled Ground Water Area where withdrawals will cause contaminant 
migration and subsequent degradation of ground water. Establishment of a 
Controlled Ground Water Area would prevent the drilling of any additional new 
wells, regardless of production rate, into the ground water in the area designated 
bytheDNRC. 
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• Local Water Districts - Local governments may form local water quality districts 
for the purpose of preserving and protecting water quality. Once formed, a district 
is empowered to enact and enforce water control ordinances. 

9.7.4 COMMUNITY PROTECTIVE MEASURES 

Efforts to provide better public information about risks from contamination are a form of 
institutional control. These include private property transactions, deed notices, or other land 
recording systems that would alert anyone searching the records to important information about 
the property. Other means of alerting the public to the presence of contamination can be 
developed that focus less on giving notice to purchasers and more on informing the general 
public. These include setting up records on contaminated property, easily identifiable by locality, 
at a local office (or local government), and their existence generally publicized so that 
community members, or potential purchasers, will know how to find them. 

Community Protection Measures Program 

The Community Protective Measures Program (CPMP) is an element of the selected remedy for 
the Community Soils OU and is applicable to the AR WW &S OU. The CPMP is intended to 
provide regulatory and educational support to residents within the Superfund Study Area. 
Educational materials will discuss the potential risks associated with exposure to elevated arsenic 
levels in the environment and suggest methods for reducing exposure. The administrator in 
charge of the CPMP will be responsible for responding to residents who are concerned about 
arsenic exposure on their property. In accordance with defined procedures and upon request 
from a property owner or resident, the CPMP administrator will perform sampling and provide 
assistance, including remediation as necessary, to reduce unacceptable exposure. As part of this 
program, information regarding the current status of exposure (i.e., arsenic levels, cleanup status, 
future requirements) will be maintained on a Geographical Informational System, which will 
display information for specific locations and be made available to the public. The program may 
develop other types of informational material, such as maintenance of remedies (e.g., protection 
of caps) and a developers' package. 

9.8 RD/RA MANAGEMENT 

9.8.1 SITE MANAGEMENT PLAN 

The AR WW &S OU is a very large site, with Remedial Action slated for approximately 20,000 
acres (Figure 1-1 ). The size of the site and the focus on land reclamation as the key remedy leads 
project management toward a specific structure to address the multiple elements of the final 
cleanup and long-term management of large areas of waste-left-in-place. The SMP will be a 
planning and strategy document with the purpose to set forth a rational process for addressing the 
various elements of RD/RA in a manner that is efficient, as well as sensitive to public health, the 
environment and the community. Definition of such a process entails the designation of 
Remedial Design Units (RDUs), and a plan for identification of their interrelationships and 
priorities. In addition, the SMP will address priorities of the individual work elements associated 
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with the RDUs, and an order in which to address them. The rationale used to detennine the 
priority shall be clearly defined. 

Developing remedial actions at each RDU will involve undertaking and accomplishing 
individual tasks. Data and infonnation must be obtained, analyses performed, treatment 
technologies renewed, and remedial action implemented. Some tasks must follow a particular 
sequence, others may occur in parallel. Individual work tasks range from data collection, to 
implementation oftreatability studies and ICs, and design and implementation of the remedial 
technologies. Data analyses and treatment technology refinement will utilize regional and site
wide information as much as possible to streamline the RD/RA process. 

Elements of the SMP are as follows: 

Objectives 

The SMP will provide a framework for future RD/RA activities for the AR WW &S OU. The 
SMP will incorporate RDU designations and sequencing criteria for the RD/RA actions. This 
will be accomplished by: 

• Identifying and describing RDUs for the ARWW&S OU; 

• Describing the inter-relationships between the RDUs; 

• Determining the remedial action priority for the RD Us (and providing the 
rationale for the prioritization); and 

• Providing projected schedules for the various activities associated with 
implementing remedies and O&M. 

The SMP will be a planning and strategy document. As such, it will establish a flexible 
framework for coordinating and perfonning the various activities associated with the ARWW&S 
RD/RA. The SMP may change over time to meet the goals of the ARWW&S RD/RA as 
additional information is gathered and priorities shift. Annual reports and/or updates may be 
presented within the SMP structure. 

RDU Sequencin& and Interaction 

The RD/RA SMP will identify sequencing criteria to consider in prioritizing and scheduling 
remedial action at the ARWW&S OU. The sequencing criteria will be based on the current or 
potential for human and/or environmental exposure. The criteria will also take into consideration 
ADLC land use planning and coordination with Natural Resource Damage restoration. 

A phased approach to remedial action will accelerate risk reduction and provide additional 
technical site information on which to base future remedial action sequencing decisions. EPA, in 
consultation with the State, will periodically review the application of sequencing criteria and the 
respective schedule. Lower priority RDUs may be addressed prior to the time frame suggested, if 
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it can be shown that the earlier performance of the action for the RDU will contribute to a more 
cost-effective remedy or will better enhance the protectiveness of the remedy. 

9.8.2 CULTURAL AND HISTORIC MITIGATION AND PRESERVATION 

Valuable historic resources have been identified and inventoried on the Anaconda Smelter NPL 
Site. Historic preservation and mitigation at the Site will continue to be managed through 
implementation of the Regional Historic Preservation Programmatic Agreement. The second 
programmatic agreement was approved and signed by all applicable federal, state and local 
agencies, consulting agencies, and ARCO in 1994. 

The programmatic agreement outlines three specific types of actions: I) historic properties where 
no impact is expected (Washoe Reduction Works/Stack, Slag Piles, Anaconda Ponds, Mill Creek 
Community, Opportunity Ponds); 2) historic properties that will receive on-site mitigation and be 
subject to the processes outlined in the agreement (Upper and Lower Works at Old Works Golf 
Course and Red Sands area); and 3) historic properties that may be impacted, and if so, will be 
included in the off-site mitigation package (all areas listed in #1 and #2). 

The specified off-site historic mitigation obligations for the Site have been implemented through 
preservation of the flue areas and structures located at the Old Works, construction of the Upper 
and Lower Old Works/Red Sands Trails, installation of interpretation signage along the trails and 
funding of a housing inventory in the city of Anaconda and an archives project for the 
community of Anaconda. No further historic preservation within the Anaconda Smelter NPL 
Site is anticipated. For remaining areas noted in the programmatic agreement, remedial action 
will be conducted to avoid impacts to the historic landscape and structures to the maximum 
extent possible. 

The Confederated Salish and Kootenai Tribes (CSKT) are recognized as Natural Resource 
Trustees in the Upper Clark Fork River Basin based upon reserved treaty rights from the Hellgate 
Treaty of 1855. The CSKT have also established cultural and historical use of the area, based 
upon a record of archeological, historic and oral tradition records. The CSKT were not a party to 
the 1994 Regional Historic Preservation Programmatic Agreement, and because this agreement 
does not provide for appropriate consultation with the Tribes on historic preservation issues, 
EPA and MDEQ will require appropriate consultation with the tribes and other compliance with 
applicable historic preservations. 

9.8.3 WETLANDS MITIGATION 

EPA and MDEQ have determined that the substantive requirements of Section 404 of the Clean 
Water Act, regulating the discharge of dredge or fill materials into aquatic ecosystems, and 
Executive Order 11990, which established a national policy of minimizing losses of and adverse 
impacts to wetlands, are applicable to the ARWW&S OU. To meet these regulatory 
requirements, it is necessary to determine where jurisdictional wetlands occur on the site and 
what functional values such wetlands have. The information is used to develop an accounting of 
losses and gains of wetland functional value from pre- to post-remediation conditions. 
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EPA and MDEQ have approved a four step process to determine application of the national no
net loss of wetlands policy for the Upper Clark Fork Basin Superfund sites. These steps are: 1) 
wetland delineation and functional evaluation; 2) preliminary analysis of impacts to wetlands 
from potential response action; 3) detailed analysis of impacts from a chosen response action; 
and 4) confirmation of response action impacts. 

Due to the large area of investigation during the Rl/FS, wetland delineation and functional 
evaluation analyses and preliminary analysis of impacts to wetlands from potential response 
actions were conducted using a broad-based approach in Anaconda. With this ROD, area
specific wetlands delineation and functional evaluations will be conducted as needed and a more 
detailed analysis of potential impacts from construction activities will be submitted during the 
design phase. General information regarding wetlands impacts and tracking of site-wide 
mitigation will be presented during the annual reports on the Site Management Plan. Project 
specific mitigation plans, which address the substantive ARAR requirements for protection of 
wetlands and associated aquatic habitat, will propose mitigation measures following the 
guidelines set forth at 40 CFR 230, Subpart H. The Mitigation Plan will be submitted to the 
agencies for review as part of the ARARs report submitted as part of each design package. These 
efforts may be coordinated with wetland restoration efforts. 

There is potential that a proposed final remedial action design may be modified during 
construction. For sites where such changes are made, a final analysis of impacts following 
construction will be prepared. The final analysis will be submitted at the completion of remedial 
action for each individual project prior to Certification of Construction Completion. A final 
accounting of acreage totals and conclusions presented in the previous analyses regarding 
anticipated changes in the wetland values and functions would be revised to conform with the as
buil t design of the Selected Remedy. 

9.8.4 OPERATIONS AND MAINTENANCE (O&M)/MONITORING PLANS 

This ROD outlines numerous remedial actions to be taken to address remaining waste materials, 
contaminated soils, ground water and surface water throughout the ARWW&S OU. As part of 
the long-term management of this site, an O&M/Monitoring Plan will be developed. This plan 
will describe the level of monitoring and O&M that will be required as part of the final decision 
for remedial activities and will be applied to each area of concern within the OU. 

The purpose of the document is to: 

• Describe the objectives, specific locations and procedures for monitoring ground 
water, and for any contingency actions, describe operating and maintenance 
activities for ground water remediation; 

• Describe the objectives, specific locations and procedures for monitoring surface 
water; 

• Describe the objectives, specific locations and procedures for monitoring and 
maintaining the storm water control structures; 
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• 

• 

• 

• 

Describe the objectives and specific procedures for monitoring and maintaining 
the function and integrity of the engineered and soil/vegetative covers and the 
vegetation on in situ reclaimed areas; 

Describe the objectives and specific procedures for terrestrial and aquatic 
biological monitoring; 

_Describe the analytical and reporting requirements for all samples and data; and 

Specify how site security will be maintained . 

Where applicable, the document will incorporate previously approved OW/EADA and Flue Dust 
monitoring and maintenance activities as outlined in the OW/EADA Remedial Action Work Plan 
and Operation and Monitoring Plan (ARCO 1994) and the Smelter Hill Repository Complex 
Interim Post-Closure Operation and Monitoring Plan (ARCO l 996d). 

9.9 ESTIMATED REMEDY COSTS 

The total present worth cost of the remedy was estimated in the feasibility study to be 
$178,963,000.00. This was based on generally conservative assumptions. Capital costs were 
calculated for direct implementation of the action (e.g., mobiliz.ation, site preparation, materials, 
temporary roads, storm water management, construction monitoring) and indirect costs (e.g., 
supervision, inspe_ctions, contractor bonds, design). These combined capital costs were spread 
over the time for implementation of the alternative. Operation and maintenance costs for each 
alternative were then calculated for a 30-year estimate and included activities such as inspections, 
vegetation repair work, surface and ground water monitoring, ongoing storm water management 
and site reviews. O&M costs were also calculated for all No Further Action alternatives, 
reflecting the fact that large areas containing contaminated soils would be left in place without 
further action. 

Based on site-specific information received separately from ARCO and MDEQ during the 
Proposed Plan Public Comment Period, EPA revised costing assumptions used for calculating 
cover soil and in situ revegetation alternatives. These revised assumptions and costs are 
presented in Appendix E and are summarized in Table 9-1. Furthermore, EPA has chosen to 
represent a range Qf cost for all areas of concern which will require reclamation. The revised 
total present worth cost of the remedy is now estimated between $89,973,000.00 and 
$162,555,000.00. 

9.9.1 COST UNCERTAINTIES 

Due to the size of the site and variable terrain, many generic cost assumptions were applied in the 
FS and the revised cost sheets found in Appendix E. Remedial design will play a critical role in 
determining final costs. Some primary factors which will determine final costs of the remedies 
are: 
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• Actual acreages and level of reclamation chosen for the contaminated soils areas 
of concern; 

• The quantity and quality of cover soil material meeting design specifications for 
the cover soil alternatives on wastes; and 

• Availability of large quantities of low-cost lime for moderate and high-intensity in 
situ reclamation options. 

The agencies believe that use of the LRES evaluation on the site will narrow and focus the scope 
of the remedies, leading to better costing analyses during preliminary design. Furthermore, 
through improved knowledge on the effective implementation of the reclamation strategies, 
efficiencies will be gained and cost savings realized. 
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10.0 STATUTORY DETERMINATIONS 

Under CERCLA Section 121, EPA and MDEQ must select a remedy that is protective of human 
health and the environment, complies with ARARs, is cost effective, and utilizes permanent 
solutions and alternative treatment technologies or resource recovery technologies to the 
maximum extent practicable. In addition, CERCLA includes a preference for remedies that 
include treatment which pennanently and significantly reduces the volume, toxicity, or mobility 
of hazardous wastes as a principal element. The following sections discuss how the Selected 
Remedy meets these statutory requirements. 

10.1 PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

The Selected Remedy protects human health and the environment through the following: 

• Prevention of human ingestion of, inhalation of dust from, or direct contact with 
high arsenic soils and waste sources where such ingestion or contact would pose 
an unacceptable health risk for the designated or reasonably anticipated land use 
by the use of selective removal, reclamation, or engineered cover; 

• Risk reduction for protection of ecological and agricultural systems by 
stabilization of soil against wind and surface water erosion, and reducing surface 
soil COC levels to allow re-establishment of vegetation, thus reducing risk to 
upland terrestrial wildlife and allowing re-establishment of wildlife habitat 
through selective removal, reclamation, or engineered cover; 

• Restoration of ground water to its beneficial use through source control by 
selective removal and engineered cover, and natural attenuation; 

• For areas in which the ground water ARAR is waived or not met underneath 
WMAs, protection of human health through minimization ofCOC transport to 
ground water, prevention of expansion of the plume, and implementation oflCs to 
prevent consumption of ground water with arsenic above the state ground water 
standard; and 

• Prevention of release of contaminated material to surface waters and protection of 
aquatic resources by implementing source control measures through removal, 
reclamation, or soil cover, and use of engineered storm water control structures. 

There are no short-term threats associated with the Selected Remedy that cannot be readily 
controlled through applicable health and safety requirements, monitoring, and standard 
construction practices. 

10.2 COMPLIANCE WITH ARARs 

The final determination of ARARs by EPA and MDEQ are listed in Appendix A of this ROD. 
The selected combination of remedies is expected to meet Federal and State requirements that are 
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legally applicable or relevant and appropriate. A waiver of certain standards is necessary based 
on the determination that compliance with these standards is either technically impracticable 
from an engineering stand point or the remedial action called for in this plan is equally protective 
of human health and/or the environment. Some significant ARARs compliance issues are 
discussed below. Full ARARs are described in Appendix A. 

10.2.1 CONTAMINANT-SPECIFIC ARARs 

For ground water, the contaminant-specific ARARs for these remedial actions are the standards 
specified in the State of Montana Circular WQB-7. For large areas of bedrock aquifer 
contamination (approximately 28,600 acres) the ground water standard for arsenic is waived due 
to a TI from an engineering perspective. Accordingly, EPA, in consultation with MDEQ, 
invokes the ARAR waiver provided by CERCLA Section 12l(d)(4)(D), 42 U.S.C. § 
9621 ( d)( 4 )(D). The justification for a finding of technical impracticability waiver from an 
engineering prospective is documented in FS Deliverable No. 3A (EPA 1996a) and presented in 
Appendix D. For areas in which large volumes of waste material will be left-in-place, and in 
accordance with the preamble to the NCP, EPA and MDEQ have set the compliance boundary 
for ground water standards at the edge of the waste-left-in-place. Ground watei: will not be 
restored in the alluvial aquifers underneath the Opportunity Ponds, Smelter Hill and Old Works 
WMAs. For ground water downgradient ofWMAs which exceed the State standards, and the 
shallow alluvial aquifer contaminant plumes in the South Opportunity area (Yellow Ditch and 
Blue Lagoon), the Selected Remedy will address source areas of contamination to ground water 
sufficiently to allow natural attenuation of ground water to attain the ground water standards in 
these areas within a reasonable time, consistent with the NCP. 

In addition, the remedy will attain the federal and state surface water quality standards listed in 
Appendix A, throughout the OU. In Mill Creek, Willow Creek, and Warm Springs Creek, this is 
expected to be accomplished through implementation of source control measures and storm 
water BMPs. Due to the wide-spread and diffuse nature of the aerially contaminated soils, there 
is a moderate level of uncertainty about consistently achieving water quality standards 100% of 
the time in all surface water receptors across the site. The remedy is expected to achieve 
significant reduction of COC movement into surface water and therefore will meet the primary 
remediation goals of protecting the aquatic resources across the site. A determination will be 
made following implementation of the remedy whether the State standards can be met through 
source reduction and storm water BMPs or whether additional actions are necessary (new BMPs 
or point source water treatment). If it is found to be technically impracticable from an 
engineering perspective to achieve the State standards, an ARAR waiver will be applied. 

10.2.2 LOCATION-SPECIFIC ARARs 

The final remedy will attain compliance with all historic and cultural resource preservation and 
mitigation requirements through final implementation of the Regional Historic Preservation 
Programmatic Agreement and through additional agreements with the CSKT. 

Remedial actions for Warm Springs Creek, Mill Creek and Willow Creek will take place within 
the 100-year floodplain for each of these streams. Remedial actions are required within the 100-
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year floodplain due to source pathways from fluvially deposited tailings found within the stream 
banks on Wann Springs and Willow Creeks and waste material historically used as bank material 
for railroad and bridge crossings on Mill Creek and Willow Creek into surface water receptors. 
The remedy calls for selective removal of these fluvially-deposited tailings based on a remedial 
design analysis of unstable and erodible stream banks and soil cover and stabilization on portions 
of the transportation abutments. Removed material will be disposed of in WMAs outside the 
100 year flood plain. The affected floodplain will be backfilled with clean material, stabilized 
and revegetated to minimize harm to the floodplain and wetlands environments found in the 
removal areas in accordance with ARARs. This proposed action may improve the beneficial 
values of the floodplain through removal of contaminated material and stabilization of the creek 
systems, therefore meeting the goals of the Floodplain Management Act, 40 CFR § 6.302(b ), 
Executive Order No. 11988, and Montana Floodplain and Flood Way Management Act and 
Regulations. 

The remedial action plan also provides for the use of in situ reclamation techniques as treatment 
for tailings in the floodplain in portions of Warm Springs Creek. Because this will constitute 
"disposal" of solid waste in the flood plain, this action will not comply with Montana Solid 
Waste Regulations location-specific ARARs (ARM§ 17.50.505(1) and (2)) and an ARAR 
waiver is necessary. EPA and MDEQ have determined that in situ reclamation treatment, 
together with O&M and monitoring actions, will attain a standard of performance that is 
equivalent to that required by floodplain and solid waste regulations through use of another 
method or approach. Accordingly, the agencies invoke the ARAR waiver provided by CERCLA 
Section 12l(d)(4)(D), 42 U.S.C. § 9621(d)(4)(D). Further analysis and justification for this 
waiver is contained in the Administrative Record for the Streamside Tailings OU of the Silver 
Bow Creek/Butte Area NPL Site. 

As noted in Section 9.8, RD/RA Management and Appendix A of this ROD, compliance with the 
wetlands mitigation requirements of 40 CFR Part 6, Appendix C, and Executive Order No. 
11990 will require development of a detailed wetlands mitigation plan as part of each specific, 
applicable remedial design plan. This is necessitated by the large study area and the patchiness of 
wetland and non-wetland areas, the need to determine the precise boundaries of impacted 
wetlands, and the need to develop location-specific remedial plans in order to determine any 
wetlands impacts. More detail about the process of developing wetlands mitigation plans is 
presented in Section 9.8, RD/RA Management, of the ROD. 

Threatened and Endaneered Species Act Mitieation 

A review of the threatened and endangered species lists at the Anaconda Smelter Site indicates 
that no federally-listed threatened or endangered plant species occur at the site. For wildlife 
species, the Bald Eagle, Peregrine Falcon, and Gray Wolf are federally listed as endangered, and 
the Bull Trout is listed as threatened. To date, no specific breeding or nesting places have been 
located in the areas slated for revegetation. During remedial design, site reviews will be 
conducted, areas in which Bald Eagle, Peregrine Falcon, or Gray Wolves are noted will be 
identified, the U.S. Fish and Wildlife Service (USFWS) will be notified, and appropriate 
mitigation plans developed and approved by EPA, in consultation with USFWS. To date, Bull 
Trout have been found in the upper reaches of Warm Springs Creek, outside the areas of concern 
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for CERCLA action. During remedial design for selective removal and stream bank stabiliz.ation 
on Warm Springs Creek. the agencies will use data collected during the 1998 stream habitat 
survey to develop appropriate mitigation plans, as necessary, and in consultation with USFWS. 

10.2.3 ACTION-SPECIFIC ARARs 

Action-specific ARARs generally provide guidelines for the manner in which specific activities · 
must be implemented. Thus, compliance with any action-specific requirements must be ensured 
through appropriate design and implementation of the remedy. 

There are several action-specific ARARs that are important to the ARWW&S OU. These 
requirements guide final closure and management of the waste material to be left-in-place at the 
designated WMAs. The regulations include the Federal and State RCRA Subtitle D and Solid 
Waste Requirements, the Federal Surface Mining Control and Reclamation Act, the Montana 
Strip and Underground Mine Reclamation and Montana Hard.rock Mining Acts, and selected 
requirements of the Montana Metal Mining Act. EPA and MDEQ have determined that these 
regulations are applicable or relevant and appropriate for meeting the primary objective of 
closing the waste disposal sites in a protective manner that is also consistent with surrounding 
land use through revegetation, excavation, storm water management, and erosion controls 
requirements. The ARARs compliance section of each RD plan will need to list the pertinent 
reclamation ARAR and describe how the plan will attain these requirements, including 
reclamation requirements. Portions of the mine closure regulations which deal with ground 
water protection, specifically requiring use of liners or capping specifications, are not listed as 
relevant and appropriate for the WMAs. The reason that these requirements were deemed not 
relevant is due to the contaminated ground water underneath the wastes-left-in-place which will 
not be restored. However, through engineered controls and revegetation, the final remedy will 
attain the primary goal of minimizing transport of COC to ground water resources from the 
WMAs. 

The action-specific requirements which regulate water quality will be met on all areas on the site. 
The substantive requirements of the Clean Water Act Point Source Discharge program, National 
and Montana Pollution Discharge Elimination System Permit requirements, technology-based 
treatments, and other State of Montana water quality regulations will be met through the OU but 
are not applied to the WMAs because there are not any defined State surface waters within the 
WMAs, and EPA and MDEQ believe that any surface water discharge to ground water will have 
minimal to negligible effect on the contaminated ground water underneath wastes-left-in-place. 
Furthermore, EPA and MDEQ believe the remedy required in this ROD (reclamation of 
contaminated soils, closure and revegetation of WMAs, and a site-wide storm water management 
plan) meets the primary objective of attaining water quality standards in State surface waters and 
ground waters outside WMAs, and minimizes transport of COCs to ground water within WMAs. 
Additionally, EPA and MDEQ have provided for containment and treatment of ground waters 
that may migrate outside a WMA through defined contingencies in the ROD as well as 
contingencies if surface water standards are not met. 
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10.2.4 PERFORMANCE STANDARDS AND COMPLIANCE POINTS 

Performance standards and some compliance points are defined in Section 9.0. Final 
Performance Standards and compliance points for specific ARARs will be determined in 
remedial design. 

10.3 COST EFFECTIVENESS 

EPA and MDEQ have determined that the Selected Remedy is cost effective in mitigating the 
principal risks posed by contaminated wastes and soils. 40 CFR § 300.430(f)(ii)(D) of the NCP 
requires evaluation of cost effectiveness. Overall effectiveness is determined by the following 
three balancing criteria: long-term effectiveness and permanence; reduction of toxicity, mobility, 
and volume through treatment; and short-term effectiveness. Overall effectiveness is then 
compared to cost to ensure that the remedy is cost effective. The Selected Remedy meets the 
criteria and provides for overall effectiveness in proportion to its cost. The estimated costs for 
the remedy have been revised and are expected to range between $88,000,000.00 and 
$150,000,000.00 (see Appendix E). 

To the extent that the estimated cost of the Selected Remedy for subareas exceeds the cost for 
other alternatives, the difference in cost is reasonable when related to the greater overall 
effectiveness achieved by the Selected Remedy. For most of the areas of concern, however, EPA 
and MDEQ have chosen the most cost effective alternative, i.e., revegetation was chosen over 
removal or capping. The agencies also believe that use of the RD/RA management strategies 
(Site Management Plan, ICs Management Plan, O&M Plan) will further add to the cost
effectiveness of the remedy by focusing the initial designs and actions in those areas deemed of 
highest priorities and addressing other less significant sites in the near future. Furthermore, on
going evaluation of the reclamation strategies across landscapes and terrain not assessed during 
the Rl/FS will help maximize implementation of the technologies during RD/RA. 

10.4 UTILIZATION OF PERMANENT SOLUTIONS AND ALTERNATIVE 
TREATMENT TECHNOLOGIES COR RESOURCE RECOVERY 
TECHNOLOGIES) TO THE MAXIMUM EXTENT POSSIBLE 

EPA and MDEQ have determined that the Selected Remedy represents the maximum extent to 
which permanent solutions and treatment technologies can be utilized in a cost effective manner 
at the ARWW&S OU. Of those alternatives that are protective of human health and the 
environment and comply with ARARs, EPA and MDEQ have determined that the Selected 
Remedy provides the best balance of trade-offs in terms of long-term effectiveness and 
permanence, reduction in toxicity, mobility, or volume achieved through treatment, short-term 
effectiveness, implementability, and cost, while also considering the statutory preference for 
treatment as a principal element and considering state and community acceptance. 

The Selected Remedies include treatment of contaminated soils which will permanently and 
significantly reduce the toxicity and mobility of contaminants contained in the soil. Engineered 
covers will permanently prevent contact with waste materials that pose a principal threat and 
provide stable and permanent rooting material to enable the re-establishment of vegetation. Both 
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the in situ land reclamation and soil cover remedies meet the ARARs for permanently closing 
historic mine waste disposal facilities. 

Principal human health threat wastes on the Anaconda Smelter NPL Site have been addressed 
under prior RODs (Flue Dust, OW/EADA, and Community Soils). The final remedies selected 
for the ARWW&S OU are directed primarily at the remaining wide-spread arsenic and metals in 
surface soils, in tailings impoundments, ground water, and surface water. The remedies call for 
waste consolidation where necessary to minimize long-term management of the lands, reduction 
of surface metals and arsenic levels in soils, permanent closure of historic mine waste disposal 
facilities, containment of contaminated ground water, minimization of transport of COCs to 
surface and ground water, long-term management of WMAs, and support of local community 
land use planning to direct cleanups. 
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11.0 DOCUMENTATION OF SIGNIFICANT CHANGES 

Two specific changes are made from the Proposed Plan with this ROD. These changes are noted 
below. 

11.l GROUND WATER TI ZONES 

At the time of the release ofEPA's Proposed Plan in October 1997, EPA was updating the 
characterization of ground water contamination in the bedrock aquifers in the TI zones at the 
ARWW&S OU as a result of infonnation collected at the ARWW&S OU during field 
investigations of TI zones in summer 1997. An initial identification of TI zones in the bedrock 
aquifers was presented by EPA in the Draft Feasibility Study Deliverable 3A Ground Water 
Technical Impracticability Evaluation for the Anaconda Smelter NPL Site Anaconda-Deer Lodge 
County, Montana Anaconda Regional Water, Waste, and Soils Operable Unit (EPA 1996a). The 
result of the TI evaluations identified two regions of the shallow bedrock aquifer, estimated to 
cover approximately 11,000 acres, in which restoration of ground water to levels of dissolved 
arsenic below Montana Ground Water Quality Standards is considered to be technically 
impracticable by EPA. The two areas identified for a TI waiver were Smelter Hill TI Zone and 
Stucky Ridge TI Zone. 

As a result of the updated characterization of the TI zones, EPA has detennined there is a 
significantly larger area in which restoration of ground water to levels of dissolved arsenic below 
Montana Ground Water Quality Standards is technically impracticable. The area of the shallow 
bedrock aquifer with arsenic levels above the State of Montana ground water standard for arsenic 
(18 µg/L) may encompass approximately 28,600 acres (Figure 9-6) (see Appendix D, Addendum 
to TI Evaluations at the ARWW&S OU, August 1998.) To better define the areas of concern, 
EPA has re-defined the aquifers into three separate areas: Stucky Ridge, Smelter Hill and Mount 
Haggin (Figure 1-1 ). The increase in area coverage is mostly in the Mount Haggin area and 
covers most of the northern half of the Mount Haggin Wildlife Management Area, property 
owned and managed by the State of Montana for elk habitat. 

The implication of increasing the area in which the ground water standard will be waived 
because there is no technically practicable solution is to expand the area for application oflCs. 
The remedy calls for further characterization of the TI zones to better define vertical and lateral 
extent of the contamination, on-going monitoring of ground water quality in these areas, 
implementation oflCs for protection of domestic water users, and communications with various 
land owners in the TI zones. 

11.2 CELL A. OPPORTUNITY PONDS 

Throughout the FS and Proposed Plan on ARWW&S, EPA used the current ADLC Master Plan 
to guide understanding of land use and detennine appropriate proposed remedies. The 1992 
Master Plan identified Cell A, Opportunity Ponds, as a future mine waste disposal facility for 
pennitted county use. Comments received on the Proposed Plan by the County noted that the 
revised drafts of the 1997 Master Plan called for movement of the proposed mine waste disposal 
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facility from Cell A to Cell 82 of the Opportunity Ponds. The final remedy outlined in this ROD 
calls for closure and reclamation of Cell A to be consistent with the new designated land use. 

11.3 WARM SPRINGS CREEK 

CERCLA site investigations along Warm Springs Creek were· conducted from 1992 through 
1994. Field reconnaissance and data results from the ARCO studies of regionally contaminated 
soils identified a limited amount of exposed stream side tailings located in Section 23 on RSN 
Johnson Ranch property. EPA detennined that this tailings deposit was a likely contributor of 
total and dissolved copper concentrations which exceed the State of Montana water quality 
standards and were measured in the water column of Wann Springs Creek. An estimated 1,200 
cy of tailings were proposed for removal in EPA's October 1997 Proposed Plan. 

The Montana Department of Fish, Wildlife and Parks (MDFWP) initiated a stream 
renaturalization project along Warm Springs Creek in October 1997 to address stream migration 
and creek bank erosion concerns upgradient of EPA' s area of concern for stream side tailings. 
Significant quantities of mine tailings were discovered within an abandoned creek channel. The 
MDFWP notified EPA about the tailings and terminated the project until financial assistance 
could be procured to remove and dispose of the tailings. 

Based on the results of MDFWP project, it is apparent that a higher volume of tailings remains 
within the floodplain of Wann Springs Creek than originally identified during the RI/FS process. 
These tailings have the potential for re-entrainment into the aquatic envirorunent of Wann 
Springs Creek, resulting in potential exceedances of water quality standards and risk to aquatic 
organisms. EPA and MDEQ agreed that further site characterization is needed as part of the pre
design remediation efforts, a coordinated plan to address stream stabilization is necessary among 
MDFWP, EPA, and MDEQ with input from local land owners, and additional selective removal 
of tailings material may be conducted under CERCLA actions within the creek corridor. 

11.4 HUMAN HEALTH RISK ASSESSMENTffRESPASSER'S SCENARIO AND 
STEEP SLOPE/OPEN SPACE ACTION LEVEL 

EPA's Proposed Plan call for establishment of a final site-wide soils and tailings clean up action 
level for arsenic of 1,000 ppm. EPA received comments from ARCO on calculations of risk and 
reviewed the site specific data as it would apply to areas on the site in which it would be 
technically difficult to remediate aerially contaminated soils to below the 1,000 ppm action level. 
EPA determined that a 2,500 ppm arsenic action level would be protective under very specific 
circumstances. These circumstances apply only to steep and rocky topography and on limited 
access property. The addition of the action level falls within EPA's established risk range for 
protection of human health (10-s) and is consistent with the clean up action levels established for 
other land uses within the Anaconda Smelter NPL Site. 
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TABLES 



Analyte 

Total Arsenic 

Dissolved Arsenic 

Total Arsenic 

Dissolved Arsenic 

Total Cadmium 

Dissolved Cadmium 

Total Cadmium 

Dissolved Cadmium 

Total Copper 

Dissolved Copper 

Total Copper 

Dissolved Copper 

Total Lead 

Dissolved Lead 

Total Lead 

Dissolved Lead 

Total Zinc 

Dissolved Zinc 

Total Zinc 

Dissolved Zinc 
Source: ESE 1996 
Reach delineations: 

TABLE 5-1 

Surface Water Exceedance Summary 
ARWW&SOU 

Number of Excecdances/?f uinber of Samples 

Standard Lost C~lc. · .· • . Warin Springs C~k Mill Creek 

: Upper. .. ··Lower ... Upper · Lower ···upper Lower 

Montana: 18 µg/L 3/14 

Montana: 18 µg/L 1/14 

MCL: 50µg/L 0/14 

MCL: 50µg/L 0/14 

AQWC1
: Acute 0/12 

AQWC1
: Acute 0/12 

AQWC1
: Chronic 0/12 

AQWC1
: Chronic 0112 

AQWC1: Acute 2112 

AQWC1
: Acute 0/12 

AQWC 1
: Chronic 2/12 

AQWC1
: Chronic 0/12 

AQWC 1
: Acute 0/12 

AQWC1
: Acute 0/12 

AQWC1: Chronic 0/12 

AQWC1
: Chronic 0/12 

AQWC1
: Acute 0/12 

AQWC1
: Acute 0/12 

AQWC1
: Chronic 0/12 

AQWC 1
: Chronic 0/12 

Upper Lost Creek: LC-I, LC-2, LC-3 
Upper Warm Springs Creek: WS-1, WS-2, WS-3 
Upper Mill Creek: MC-7, MC7a 
Lower Willow Creek: WC-13 

4/12 

3/12 

0/11 

0/11 

0/11 

0/11 

0/11 

0/11 

0/1 I 

0/11 

Oil I 

0/11 

0/11 

0/11 

Oil 1 

0/11 

0111 

0/11 

0/11 

0/11 

0/51 1142 12/15 

0/51 0/42 9115 

0/51 0/42 2/15 

0/51 0/42 1115 

0/51 0/42 2/15 

0/51 0/42 1115 

0/51 0/42 2/15 

0/51 1/42 1/15 

5/51 6/42 3/15 

0151 2/42 2115 

6/51 8/42 6/15 

1151 2/42 2115 

0151 0/42 0/15 

0/51 0/41 0/15 

9/51 8/42 4/15 

1/51 0/41 l/15 

0151 0/42 0115 

0151 0/41 0115 

0/51 1/42 0/15 

0/51 0/41 0/15 

Lower Lost Creek: LC-4, LC-5, LC-6 
Lower Warm Springs Creek: WS-4, WS-5, WS-6 
Lower Mill Creek: MC-8, MC-IOa 
Lower Willow Creek: WC-12, WC-14, WC-15 

21/21 

21/21 

7/21 

6/21 

0131 

0/31 

1131 

1/31 

6/31 

5/31 

11131 

8/31 

0/31 

0131 

11/31 

6/31 

0131 

0/31 

0/31 

0131 

Willow Creek 

Upper · · .·Lower 

10/10 24/25 

9/10 25129 

0/9 19/26 

019 18/28 

1/9 3/25 

1/9 3129 

2/9 5125 

119 6/29 

2/9 8125 

3/9 8129 

419 12/25 

219 12/29 

0/9 0125 

019 0/29 

519 4/25 

2/9 2/29 

019 0125 

0/9 0/29 

0/9 0/25 

019 0129 

Note: Concentrations of constituents in surface water that are greater than the chronic AQWC and SSWQC are not necessarily exceedances. Samples cited are instantaneous, not 
for a continuous 96-hour period. 



Subarea 

Opportunity Ponds 

North Opportunity 

South Opportunity 

Old Works/ 
Stucky Ridge 

Smelter Hill 

"CDM Federal, 1996 
b ARCO, I 996a 
"ARCO, 1996b 

TABLE 5-2 · 

Summary of Areas of Concern in the AR WW &S OU 

Area of Concern Area (acres) 

Opportunity Ponds 3,600b. 

Toe Area Wastes 26 

S. Lime Ditch 490b. 

Triangle Wastes 300b. 

Contaminated Soils/Barren or Poor Vegetation 
Condition 1,095° •• 

Groundwater Contamination (alluvial aquifer) 
2,275c o 

Contaminated Soils/Barren or Poor Vegetation 1,105° •• 
Condition 

Streamside Tailings - Warm Springs Creek 0.4 • 

Contaminated Soils/Barren or Poor Vegetation 500· •• 
Condition 

Streamside Tailings - Willow Creek 65b. 

Yellow Ditch 9b. 

Blue Lagoon (including RR grade and NR 
contaminated Blue Lagoon sediment) 

Groundwater Contamination (alluvial aquifer) 1,2ooc o 

Contaminated Soils/Barren or Poor Vegetation 6,625 .. 
Condition 

Groundwater Contamination (alluvial aquifer) 320Co 

Groundwater Contamination (bedrock aquifer) 4,771d 00 

Proposed Waste Left in Place Areas (Disturbed 1,492. 
Area, Main Slag Pits, Anaconda Ponds) 

West Stack Slag 5.2 • 

Contaminated Soils/Barren or Poor Vegetation 3,700° •• 
Condition (includes Nazer Gulch debris) 

East Anaconda Yard Wastes 171 • 

Cabbage Gulch Surface Water Contamination NR 

Groundwater Contamination (alluvial aquifer) 990 0 

Groundwater Contamination (bedrock aquifer) 23,830d 00 

•wastes 
•• soils 

cy = cubic yards 
ac-ft = acre-feet 

· NR =Not Reported 
dTI Addendum (Appendix D) 

o alluvial ground water 
00 bedrock ground water 

Volume 

129,300,000 cyb 

60,000 cyb 

1,700,000 cyb 

1,400,000 cyb 

NR 

4,550 to 11,375 ac-ft 

NR 

1116 cyb 

NR 

157,000 cyb 

120,000 cyh 

71,000 cyb 

2,400 to 7 ,200 ac-ft 

NR 

640 ac-ft 

9,542 to 54,867 ac-ft 

124,900,000 cy 

56,000 cy 

NR 

480,000 cy 

NR 

l ,980 to 3,960 ac-ft 

47 660 to 274,045 ac-ft 



Parameter 

Maximum 

Minimum 

Arithmetic Mean 

Standard Deviation 

Geometric Mean 

Number of Samples 

NR = not reported 
Source: ESE 1996 

TABLE 5-3 

Physical Composition of Tailings in Opportunity Ponds 
ARWW&SOU 

Tailings Grain Size Distribution(%) 

Thickness (feet) Gravel Sand. Silt 

48.3 59.5 91.2 88.2 

15 0.0 0.1 l.7 

28.5 2.2 37.7 44.2 

11 8.7 26.6 20.4 

26.7 NR 26.l 36.7 

16 136 136 136 

CJay 

55 

2.1 

16.7 

11 

13.3 

136 



TABLE 5-4 

Statistical Comparison of Chemical Analyses for Opportunity Ponds Tailings and Alluvium 
ARW\V&S OU 

S1atistical 
Parameler 

Top of Tailings (0-3 feet) Number of Samples 

Maximum 

Minimum 

Arilhmetic Mean 

Standard Deviation 

Geometric Mean 

Base of Tailings (interval Number of Samples 
from 0-3 inches above 

Maximum the tailings/alluvium 
interface and represents Minimum 
lhe lowermost lailings 

Arithmetic Mean sample collected in each 
borehole) Standard Deviation 

Cieomelric Mean 

Top of Alluvium Number of Samples 
(represents the 

Maximum uppermost alluvial core 
sample and the top 1-3 Minimum 
feet of alluvial material) 

Arilhmetic Mean 

Standard Deviation 

Geometric Mean 

Alluvium Beneath Number of Samples 
Tailings/ Alluvium 

Maximum Interface (represents all 
alluvial samples Minimum 
collected from 3-21 feet 
below the Arithmetic Mean 
tailings/alluvium Standard Deviation interface) 

Geometric Mean 

Alluvium Downgradient Number of Samples 
of the Tailings 

Maximum 
I . Minimum 

Arithmetic Mean 

Standard Deviation 

Geometric Mean 
.. 

mg/kg= mtlhgrams per kilogram 
S ll = Standard Units 

SIUIT}' pll 
lS.U l 

19 

745 

2 

4.57 

2.08 

4.1 

16 

7.4 

4.4 

S.8 

0.9 

s 7J 

16 

7.3 

3.S 

6.18 

096 

6.1 

39 

8.3 

4.9 

7.34 

0.74 

7.3 

122 

8.6 

6.6 

7.78 

0.32 

7.77 

Total Sulfur Pyrillc Sulfur Leach able 
(%) (%) Sulfur(%) 

9 9 9 

5.09 4 1.37 

0.9 0.01 004 

2.02 0.77 0.67 

1.29 1.47 0.52 

175 0.06 0.44 

6 6 6 

10.23 4.43 0.26 

0.5 0.01 0.01 

4.44 1.43 0.12 

3.S8 1.99 0.09 

2.87 0.21 0.08 

6 6 6 

3.4 2.23 0.38 

0.14 0.01 0.01 

I.SJ 0.41 0.11 

1.22 089 0.14 

0.97 0.06 0.06 

17 17 18 

l.S7 1.08 0.1 

0.1 0.01 0.01 

0.38 0.11 0.03 

0.49 0.26 0.03 

0.21 0.04 0.02 

22 22 22 

0.1 0.13 0.23 

0.1 0.01 0.01 

0.1 005 0.02 

0 0.04 O.OS 

0.1 0.04 0.02 

Carbonate Arsenic Cadmium Copper Iron 
<%) (me/k2\ (mPJl.:l'I Cm2/k2l (mP/J.;J!) 

19 19 19 19 19 

2.26 sos 9.7 3.130 58.100 

0.01 35 2 164 12.500 

0.33 193 3.7 897 32,086 

O.S1 113 2 794 10,454 

0.15 161 3.3 659 30,410 

16 16 16 16 16 

7.27 860 13 5.920 71,500 

0.06 71 2 1.010 9,440 

0.8 338 7.1 2,531 37,346 

1.77 215 33 1,128 19,766 

0.31 277 62 2.336 31.468 

16 16 16 16 16 

35.2 1,600 30 6.830 78,100 

0.01 23 2 128 3.850 

8.07 SOB 10.3 2,453 28,959 

10.74 504 8.9 2,156 23,153 

1.43 280 6.8 1,430 21,334 

36 36 36 36 36 

32.6 370 7.7 1,420 60,300 

0.15 2 0.4 5 7,726 

7.19 S7 2 267 14.578 

7.5 83 1.6 345 10,412 

3.79 27 l.S 123 12.871 

22 22 22 22 22 

32.1 20 I 38 26,300 

0.15 2 0.4 6 3,255 

4.2 6 0.4 22 11,966 

7.18 4 0.1 9 5,382 

0.98 5 0.4 20 10 884 

Lead Manganese Zinc 
(mo/Ira\ Cm2/kel (m2/kPI 

19 19 19 

1,730 2.600 1.230 

20 105 60 

627 779 448 

411 778 316 

462 455 350 

16 16 16 

888 9,020 2,740 

39 315 12S 

367 3,106 1,417 

231 2.S9S 725 

296 2.165 1.166 

16 16 16 

658 3,610 7,730 

16 314 44 

23S 1,433 2,242 

200 1,156 2,148 

ISi 1,048 1.149 

36 36 36 

300 2,270 4,260 

2 154 19 

so 560 381 

66 563 719 

26 397 167 

22 22 22 

31 3,334 85 

2 32 17 

12 569 40 

8 714 21 

10 318 36 



Sample Depth 

Number Interval Description 
(feet) 

TL- 146 0-3 Tailings 

TL- 149 4-7 Tailings 

TL-151 7-10 Tailings 

TL-153 10-13 Tailings 

TL-155 16-19 Tailings 

TL-157 16-19 Tailings 

TL-159 19.3-20.5 Tailings 

TL- 161 21-22.5 Tailings 

mg/kg = milligrams per kilogram 
S.U. =Standard Units 
Source: ESE 1996 

TABLE 5-5 

Geochemical Zones as Detennined from Lithologic Color Descriptions and 
Chemical Analyses for Borehole 88 in Cell C-1 of Opportunity Ponds 

ARWW&SOU 

Slurry pH Carbonate Arsenic Cadmium Copper Iron Lead 
Color (S.U.) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

white and yellow 5.35 0.26 160 2.5 513 32,600 812 

yellow, brown, 4.75 0.42 310 7.0 2,720 61,400 498 
olive, and gray 

gray and brown 5.90 0.79 170 3.9 1,900 66,000 335 

gray and brown 6.70 0.73 160 3.7 1,610 63,000 294 

gray and brown 7.20 0.29 200 2.2 1,560 65,900 214 

gray and brown 6.80 0.57 250 4.8 2,810 52,400 303 

gray and black 7.05 27.50 540 19.0 6,830 16,400 127 

gray and black 7.10 20.IO 91 <2.0 273 11,900 105 

Manganese Zinc Geochemical 
(mg/kg) (mg/kg) Zone 

2,040 592 oxidized 

3,480 2,390 transition 

3,960 2,320 reduced 

3,680 1,610 reduced 

2,200 420 reduced 

3,930 1,3 IO reduced 

3,240 2,910 ---

1,760 860 --



Lysimclcr Dale 
Depth pH 
(feel) (S.U.) 

A Cell 6112/85 5 ... 
(near well 95) 

818185 5 4.6 Shallow 
9119185 5 3.4 

I 0/19/85 s 3.2 

A Cell 6/12/85 9 ... 
(near well 95) 

818185 9 5.8 
l>c:cp 

9119/85 9 5 

I 0119185 9 5.1 

C2Cell 6/12185 4.8 ·-
(near well 85) 

8/8/85 4.8 ... 
Deep 

9/19/85 ... ... 
10/19/85 4.8 6 

C2 Cell 6/12/85 7.5 ... 
(near well 85) 818185 7.5 ... 

9/19/85 7.5 6.5 

10/19/85 7.5 6.6 

02 Cell (near well 84) 

R4 No.3 913193 2.5 -· 
9/23/93 2.5 1.16 

R4 No.7 9/3193 6 3.66 

9123193 6 2.74 

R4 No.6 9/3/93 10 5.19 

9123/93 10 3.97 

C2 Cell (near well 89) 

RS No.2 9/3/93 I 2 2.26 

9123/93. 2 1.77 

RS No.5 9/3193 5 3.25 

9123/93 s 2.71 

·- = insuffic1cn1 sample quality for chemical analysis 
S U ~ Standard Units 
11i:ll. ·micrograms per liter 

Slurry pH 
(S.U.) 

3·7.5 

3.4 

... 

... 

7.5·10.5 

5.1 

... 

... . 

... 

... 

... 

• 
... 

--
---

... 

---
--
... 

---
---

---
--
---
--

TABLE 5-6 

Summary of Lysimeter Oata for Opportunity Ponds 
ARWW&S OU 

Uissolved Eh Arsenic Cadmium Copper 
Oxygen (mg/L) (mV) (µ211.) (µ2fl.) (µg/L) 

Summary ofTelra Tech (1985) l.ysimclcr Oala 

... ... 49.0 680 58,000 

5.1 +350 9.0 810 120.000 

5.5 +450 24.0 1.600 339,000 

4.5 ... 14.0 820 195,000 

-· ... 26.0 1,000 58,000 

4 +350 17.0 990 Sl,000 

6.4 +310 ... ... . .. 
3.2 ... 8.0 640 24,500 

... . .. 31.0 130 1,700 

·- ... ... ... ... 
3.8 +250 20.0 190 1,900 

6 ... ... ... ... 

·- . .. 34.0 110 1,300 

·- - ·- ... ... 

2.6 +230 28.0 100 890 

3.4 +260 15.0 60.0 400 

Summary of ESE (1993) Lysimeter Data 

... ... --- --- ---
- ... --- ... ---
-· -· 9.470 801 2,390,000 

... ... 133 813 1,670,000 

... ... 917 64.0 8.580 

--- --- 3.8 38.0 2,780 

... . .. 2,010 109 64.000 

... --- 11.500 25.7 57,100 

... ... --- ... ---
--- -· --- ... ---

•=ground water monitonng well MW-86 had a pH ranging from 3.1to4.6 dunng 1985 
mV =millivolts 
mg/L ~ milligrams per liter 

Iron Manganese Lead Zinc Sulfate: 
(l,g/1.) (1,g/L) (µg/L) (ue/L) (mwLl 

4.600 32,000 50.0 49,000 1.640 

2.100 40.000 80.0 65.000 ... 
1,400 64.000 76.0 94,000 . .. 
1,600 33,000 98.0 51,000 3,330 

200 143,000 80.0 192,000 2.260 

140 149.000 70.0 201.000 ... 
. .. -· ... . .. . .. 

24.5 96,000 60.0 109,000 2.320 

1,000 111,000 50.0 16,000 ... 
... . .. ... . .. . .. 

1,300 200,000 15.0 26,000 . .. 
... . .. ... . .. . .. 

200 144.000 50.0 12,000 . .. 
. .. . .. . .. . .. . .. 

1,200 127,000 15.0 13.000 ---
100 64,000 54.0 6,500 ... 

. .. ... ... ... . .. 
- --- ... -- --

309,000 2,940,000 4.070 419,000 26,300 

3,150,000 2,320.000 40.1 392.000 19.840 

205,000 300,000 344 49,000 3.280 

721,000 259,000 26.3 35,000 2.500 

11,300,000 25,800 89,800 78,700 52,700 

12,100,000 182,000 754 87,800 ... 
--- --- --- ... ... 
... ... . .. --- ... 



TABLE 5-7 · 

Concentrations of Arsenic and Metals in Sediments from Triangle Waste Area 
ARWW&SOU 

Minimum 
Analyte Concentration 

(mg/kg) 

Arsenic <5.8 

Cadmium <3.8 

Copper 17 

Manganese 145 

Zinc 43 

<=less than detection hnut 
mg/kg = milligrams per kilogram 
Source: ESE 1996 

·Maximum Geometric Mean 
Concentration Concentration 

(mg/kg) (mg/kg) 

3,370 160 

78.6 5.5 

49,800 779 

3,250 382 

19,100 612 



TABLE 5-8 

Concentrations of Arsenic and Metals in Soils of the South Lime Ditch Area 
ARWW&SOU 

Minimum 
Analyte Concentration 

(mg/kg). 

Arsenic <5.8 

Cadmium <3.8 

Copper <13.4 

Manganese 103 

Zinc 22.2 

< = less than detection hm1t 
Source: ESE 1996 

Maximum Geometric Mean 
Concentration Concentration 

(mg/kg) (mg/kg) 

2,190 39 

35.7 4.3 

25,800 167 

28,200 409 

7,690 167.2 



.TABLE 5-9 · 

Summary Statistics for Network Wells in Opportunity Ponds Subarea 
During the Anaconda Regional Water and Waste Remedial Investigation 

ARWW&SOU 

Well . Analyte Maximum Minimum· Mean Siandard Median Geometric Number of 
Number Deviation Mean Samples 

MW-76 
Arsenic 3.20 o.so 1.61 0.98 1.28 1.30 

Cadmium 2.50 0.11 1.37 0.66 1.40 1.07 

MW-78 
Arsenic 4.00 O.SO 1.64 1.28 1.25 1.19 

Cadmium 1.95 0.11 1.26 0.52 1.40 1.02 

Arsenic 
MW-78 

4.10 o.so 1.71 1.26 1.43 1.29 

Cadmium 5.30 0.11 1.74 1.44 1.40 1.19 

MW-81 
Arsenic 3.20 o.so 1.35 1.08 0.75 1.00 

Cadmium 3.90 0.11 I.SI 1.01 1.40 I.I I 

MW-90 
Arsenic 302 254 280 15.9 285 279 

Cadmium 4.00 0.10 1.48 1.20 1.30 0.85 

Arsenic 
MW-212 

1.90 0.65 1.36 0.44 I.JO 1.28 

Cadmium 1.95 0.11 1.27 0.58 1.40 0.96 

MW-214 
Arsenic 2.70 0.65 I.SJ 0.69 I.SO 1.37 

Cadmium 3.50 0.17 1.61 1.01 1.48 1.18 

Arsenic 22.J 2.60 12.62 6.08 13.70 10.53 
MW-215 

Cadmium 12.S 0.11 3.66 4.23 1.63 1.64 

Arsenic 13.20 1.70 6.02 3.94 5.70 4.83 
MW-216 

Cadmium 2.00 l.IO 1.57 0.35 I.SO I.SJ 

Arsenic I.SO o.so 1.00 0.41 1.00 0.91 
MW-2170 

Cadmium 2.50 0.04 1.40 0.76 1.40 0.86 

MW-217S 
Arsenic 352 228 282 48 274 278 

Cadmium 3.00 0.11 1.49 0.87 1.40 1.06 

Arsenic 3.10 0.50 2.02 0.89 1.95 1.74 
MW-219 

Cadmium 2.00 0.12 1.28 0.59 1.40 0.97 

Arsenic 14.40 4.10 8.83 J.34 8.90 8.16 
MW-221 

0.61 Cadmium 1.95 0.04 1.26 1.40 0.81 

Arsenic 3.30 0.49 1.81 1.14 1.83 1.37 
MW-222 

Cadmium 4.00 o.os 1.60 1.19 1.40 0.94 

Arsenic 4.80 1.75 3.21 1.03 3.40 3.03 
MW-223 

Cadmium 1.95 0.08 1.26 0.59 1.40 0.91 

Arsenic 1.90 0.50 1.18 0.53 1.20 1.04 
MW-224 

Cadmium 1.95 0.04 1.26 0.61 1.40 0.81 

Arsenic 2.40 0.65 1.49 0.64 1.40 1.34 
MW-230 

1.21 0.65 1.30 Cadmium 1.95 0.05 0.75 

Arsenic 2.70 0.85 1.75 0.64 1.70 1.62 
MW-2340 

Cadmium 1.95 0.04 1.21 0.65 1.30 0.71 

Arsenic 5.40 1.00 3.07 1.20 3.15 2.79 
WSPID 

1.42 0.78 1.58 0.93 Cadmium 2.60 0.04 

Arsenic 5.80 2.10 3.69 1.01 3.70 3.55 
WSP6S 

1.26 0.63 1.40 0.97 Cadmium 2.00 0.1 I 

Arsenic 9.30 3.80 6.66 1.94 6.50 6.35 
WSP9 

1.44 1.10 1.40 0.89 Cadmium 4.00 0.04 

All units m micrograms per Iller (µg/L). 
For values reported at less than instrument detection limit, one-half the reported value was used in statistical evaluations. 
Exceedances of the State of Montana Ground Water Quality Standard for arsenic (18µg/L) and cadmium (Sµg/L) are shown in bold. 
Source: ESE 1996 
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TABLE 5-10 

Analytical Results for Non-Network Wells and Well Points in Opportunity Ponds Subarea 
ARWW&SOU 

I Location I Well ID I Samele Date I Arsenic ~µlt!:l I Cadmium ~µIt!:! I 
Triangle Waste 10 2Q'9S <I <0.1 

69 2Q'9S <I <0.1 

212 3Q'9S 2.0 <0.1 

243 4Q'9S <I <0.1 

Opportunity Ponds 26s 3Q'9S <l <O.l 

26m 3Q'9S <I <0.1 

28s 3Q'9S 4.0 <0.1 

28m 3Q'9S <I <0.1 

Jls 3Q'9S <I <0.1 

Jim 3Q'9S 3.0 <0.1 

76 3Q'93 <2 <2.6 
77 2Q'93 4.4 <0.1 

78 3Q'93 <1.7 <2.6 

79 3Q'93 <3.S <2.6 

81 3Q'93 <1.7 <2.6 

90 3Q'93 284.0 <0.2 

214 3Q'93 <1.7 <2.6 

21S 3Q'93 13.3 <2.6 

219 3Q'93 <6 <2.6 

230 3Q'93 1.0 <2.6 

GPB 4Q'94 427.0 0.1 

GPC · 4Q'94 2.0 <0.1 

GPD 4Q'94 3.0 0.1 

OPE 4Q'94 6.0 0.1 

Anaconda Ponds 365 4Q'9S <I <0.1 

360 4Q'9S <I 0.3 

7S 2Q'93 <0.98 7.9 

218d 3Q'93 <6.4 <2.6 

218s 3Q'93 38.5 <9.9 

Old Works 207 3Q'93 <I <0.1 

208 3Q'93 <I <1 

209 3Q'93 <1 5.9 

240 4Q'9S - 0.2 

242 4Q'9S - 0.3 

South Lime Ditch 216 3Q'93 13.2 <2.6 

217d 3Q'93 <2.7 <2.6 

217s 3Q'93 339.0 <2.6 

HP-6 4Q'95 6.0 1.2 
HP-7 4Q'9S <I 0.2 

HP-8 4Q'9S 2.0 9.0 

Warm Springs Ponds 221 3Q'93 S.9 <2.6 

222 3Q'93 <I <2.6 

223 3Q'93 3.8 <2.6 

2340 3Q'93 <1.7 <2.6 

CFR-3 3Q'93 <1.6 <2.6 

Airpon 224 3Q'93 <1.7 <2.6 

Silver Bow Creek WSP·lD 3Q'93 2.3 2.6 

WSP-6S 3Q'93 S.8 <2.6 

WSP-9 3Q'93 6.0 <2.6 

East of Oooortunity Ponds GPA 4Q'94 2.0 <0.1 

< = less than detection hmlt 
Excecdanccs of the State of Montana Ground Water Quality Standard for arsenic (18µg/L) and cadmium (Sµgll..) 

arc shown in bold. 
Source: ESE 1996 



TABLE 5-11 · 

Swnmary of Soil and Sediment Sampling Results from Yellow Ditch 
ARWW&SOU 

Solid Matrix Screening Study (CDM 1987) 

Station Depth Interval . Arsenic Cadmium· Copper Lead 
(inches) ·(mg/kg) (mg/kg) • (mg/kg) mg/kg) 

SS-002 0-3 <75 --- 576 722 
sediment in ditch 

3-6 <75 --- 1,170 l, 130 

6-12 <75 -- l,020 947 

12-20 <75 --- 725 964 

SS-003 0-3 <75 --- 678 1,030 
berm material 

3-6 <75 --- 985 985 

6-12 <75 --- 430 569 

12-20 <75 --- 1,240 213 

Phase I and II Anaconda Soils Investigation Along Yellow Ditch (PTI 1992, l 993b) 

Analyte· . Depth Interval · •. Numberof ··Minimum Maximum Mean 
(inches) ·• Samples · . (mg/kg) . (mg/kg) (mg/kg) 

Arsenic 0-2 28 <29 846.0 215.7 

Cadmium 0-2 28 0.8 9.4 3.5 

Copper 0-2 28 37.0 1,490 462.2 

Lead 0-2 28 <23 829.0 212.9 

Zinc 0-2 28 61.0 560.0 445.0 

Arsenic 2-10 28 <29 1,170.0 174.7 

Cadmium 2-10 28 0.2 10.8 1.9 

Copper 2-10 28 27.0 7,240.0 610.8 

Lead 2-10 28 23.0 641.0 141.8 

Zinc 2-10 28 34.0 2,210.0 381.8 

ARWW 3n1Quarter1993 Waste Characterization (ESE 1994) 

Station Depth Interval . Arsenic Cadmium Copper Lead 
(feet) (mg/kg) (mg/kg} (mg/kg) mg/kg} 

SBL-3 0-2 115.0 <3.8 577.0 91.3 
sediment in ditch 

2-4 93.8 <3.8 137.0 187.0 

4-6 305.0 <3.8 257.0 116.0 

6-8 9.6 12.6 2,190.0 29.4 

Zinc 
(mg/kg) 

827 

1,340 

1,190 

1,190 

1,180 

647 

660 

394 

Geometric 
Mean (mg/kg) 

158.5 

2.5 

316.2 

125.9 

316.2 

100.0 

1.0 

154.9 

70.8 

177.8 

Zinc 
(mg/kg) 

295.0 

212.0 

197.0 

2,990.0 



TABLE 5-11 (Continued) 

Summary of Soil and Sediment Sampling Results from Yellow Ditch 
ARWW&SOU 

Phase I and II ARWW&S OU Feasibility Study Soil Sample Results Along Yellow Ditch (ARCO 1996c) 

Benn Material Number of Arsenic Cadmium Copper Lead 
{Depth Interval) Samples (mg/kg) (mg/kg) (mg/kg) mg/kg) 

Red (0-2 inches) 3 184-255 2.27-3.02 406-645 172-237 

Red (2-10 inches) 2 21.9-273 0.98-3.96 105-496 26.8-201 

Red (10-24 inches) 2 <5.68-202 1.52-5.79 58.1-756 25.7-174 

Yellow (0-2 inches) 2 153-349 1.68-5.85 254-640 106-206 

Yellow (2-10 inches) 2 46-125 1.66-2.73 103-1,520 19.7-116 

Yellow (10-24 inches) 2 63.7-224 l.75-4.68 77.7-2,410 19.7-120 

Native (0-2 inches) 3 38-83.7 l.68-3.95 75.4-114 28-36.3 

Native (2-10 inches) 2 35.8-54.7 <0.59 14.8-23 8.58-10.4 

Native (10-24 inches) 2 18.5-38.7 <0.6 11. 7-98 9.24-24.6 

Anaconda Soils Investigation, Phase I, South Opportunity Area (PTI 1992) 

Analyte Depth Interval 
(inches) 

Arsenic 0-2 

Cadmium 0-2 

Copper 0-2 

Lead 0-2 

Zinc 0-2 

--- = not analyzed 
<=less than detection limit 
mg/kg = milligrams per kilogram 

Number of 
Simples· 

14 

14 

14 

14 

14 

•Minimum Maximum Mean 
(mg/kg) . (mg/kg) . (mg/kg) 

55.0 488 201.9 

1.8 ' 48.0 9.l 

I 14 1,880 573.9 

66.0 769 191.7 

149.0 1,650 509.6 

Zinc 
(mg/kg) 

361-572 

155-511 

73.6-1,010 

108-218 

83.8-233 

95.9-352 

91.1-158 

29.3-35.8 

25.8-94.2 

Geometric 
Mean (mg/kg) 

163.8 

6.3 

41 l.8 

15 J.5 

374.5 



Sample ID 
Number of 

Samples 

SS-002 4 

SBL-3 4 

SS-003 4 

RTYD5 4 

Sl.-001 I 

SBL-5 2 

YD-RR-01 I 

YO-RR-02 I 

YlJ-KR-03 I 

YD-RR-04 I 

YlJ-RR-05 I 

YD-RR-06 I 

RTYD5 I 

YDS IO 

SBL-1 6 

SBl.-6 3 

SBL-7 3 

SBL-2 6 

SBl.-4 4 

Slll.-8 J 

t-.l\\".:!35 3 

SI -005 I 

- ' 1101 analyzed 
<. · less than Jete1,:tion limit 
mg/kg= milligrams per kilogram 

TABLE 5-12 

Summary of Arsenic and Metals Concentrations in Soil and Waste Samples 
in the Vicinity of the Blue Lagoon 

ARWW&SOU 

Location 
Depth Interval Arsenic Cadmium Copper Lead 

(feet) (mg/kg) (mg/kg) (mg/kg) mg/kg) 

Yellow Ditch sediments 0-1.6 <75 --- 576-1,170 722-1,130 

Yellow Ditch sediments 0-8 9.6-305 <3.8-12.6 137-2, 190 29.4-187 

Yellow Ditch benn material 0-1.6 <75 --- 430-1,240 . 213-1,030 

Yellow Ditch benn material 0-0.83 <29-266 <0.2-4.8 32-440 <23-89 

Near railroad bed 0-0.25 <75 --- 44 242 

Near railroad bed 0-6 38.1-346 <3.8-4.2 850-1,200 16.8-222 

Railroad bed 0-0.17 391 8.27 4,170 360 

Railroad bed 0.17-0.83 353 3.3 3,310 327 

Railroad bed 0.83-2 36.4 2.51 9,090 34.7 

Railroad bed 0-0.17 305 6.07 5,660 264 

Railroad bed 0.17-0.83 297 3.91 3,370 244 

Railroad bed 0.83-2 26.5 0.685 2,540 18.8 

Area of reponed spill 0-0.17 237 2.6 88,700 ---
Area of reported spill 0-3.0 52-448 --- 142-139,000 ---
Outside outwash area 0-8 <5.8-89.9 <3.8 13.4-111 9.4-17.1 

Outside outwash area 0-10 9.3-84.5 <3.8 24.7-1,930 <8.3-44.1 

Outside outwash area 0-7 <5.8-39.7 <3.8 <13.4-57.9 <8.3-23.6 

Outwash area 0-7.5 10.6-113 <3.8-9 1,830-11.300 <8.3-57.9 

Outwash area 0-12 <;.8-118 <3.8-10 32.6-2,030 11.5-69.7 

Ourwash area 0-8 <5.8-39. 7 <J.8 16.1-699 11-26. I 

Ourwash area 0-6 8.-1-56.8 39-10.6 2.200-3,430 10.9-30.7 

( )UI\\ ;i,h ;11,·a ().() 25 . 75 --- :·].000 27:! 

Zinc 
Reference (mg/kg) 

827-1,340 COM 1987 

197-2,990 ESE 1994 

394-1, 180 COM 1987 

80-203 ESE 1994 

642 CDM 1987 

1,080-1,680 ESE 1994 

4,700 ARCO 1996c 

2.410 ARCO 1996c 

1,620 ARCO 1996c 

2,970 ARCO 1996c 

1.190 ARCO 1996c 

1,200 ARCO 1996c 

2,0IO PTI 1992, 1993 

347-3,290 l'TI 1992, 1993 

88.3-339 ESE 1994 

72.7-1,220 ESE 1994 

76.2-98.9 ESE 1994 

797-3,850 ESE 1994 

358-2,970 ESE 1994 

1.490-1,890 ESE 1994 

1.490-1,890 ESE 1994 

1.190 c'llM 1987 



TABLE 5-13 

Summary of Arsenic and Metals Concentrations in Soils and Tailings in the MW-225 Area 
ARWW&SOU 

Sample Sample Depth 
Location Number (feet) 

Within SBW-2 0.0-0.4 
defined area 
of tailings 0.0-2.5 

SBW-3 0.0-1.0 

SBW-5 0.0-1.5 

SBW-6 0.0-0.75 

0.75-2.0 

SBW-7 0.0-1.0 

1.0-2.0 

2.0-2.5 

Outside SBW-1 0.0-3.0 
defined area 
of tailings SBW-4 0.0-3.0 

SBW-8 0.0-2.0 

SBW-9 0.0-2.5 

SBW-10 0.0-2.0 

< = less than detection limit 
mg/kg= milligrams per kilogram 
Source: ESE 1996 

Arsenic 
(mg/kg) 

614 

29.3 

539 

746 

725 

53.5 

615 

93.9 

23 

166 

35.8 

78.9 

109 

35.5 

Cadmium Copper Lead Zinc 
(mg/kg) (mg/kg) mg/kg) (mg/kg) 

13.2 3,210 1,200 4,000 

<3.8 98.3 42.5 193 

3.8 5,020 267 2,410 

10.2 2, 110 1,680 4,680 

13. l 2,610 1,550 4,430 

25.7 l,340 71.8 5,330 

10 2,080 1,340 2,790 

13.6 1,850 942 3,380 

<3.8 264 111 912 

<3.8 566 169 560 

<3.8 100 36.9 137 

<3.8 152 45.3 143 

<3.8 96.7 30.8 114 

<3.8 182 24.9 143 



TABLE 5-14· 

Arsenic Concentrations in Ground Water in the South Opportunity Subarea 
ARWW&SOU 

Sample Number Sample Date Arsenic (µg/L) 

Springs/Seeps 

SS-Tl August 1995 5.0 

SS-T2 August 1995 78.0 

SS-T17 October 1995 80.0 

SS-T18 October 1995 23.0 

Hydro-Punch 

HP-1 September 1995 7.0 

HP-2 September 1995 24.0 

HP-4 October 1995 5.0 

HP-5 October 1995 2.0 

HP-9 October 1995 10.0 

HP-11 October 1995 249.0 

ARWWWells 

MW-225 July 1995 10.0 

MW-231 July 1995 4.0 

MW-232 July 1995 120.0 

MW-235 July 1995 <1 

Rural Wells 

DW-S02 August 1995 2.0 

DW-8016 August 1995 3.0 

GW-S046 August 1995 29.0 

GW-S057 August 1995 <1 

DW-S058 August 1995 4.0 

µg!L = micrograms per liter 
< = less than instrument detection limit 
Exceedances of the State of Montana Ground Water Quality 
Standard for arsenic (18 µg/L) are shown in bold. 
Source: ESE 1996 



I 

TABLE 5-15 

Arsenic Concentrations in Ground Water in the MW-232 Area 
ARWW&SOU 

Sample Location I Sample Date I Arsenic (µg/L) 

MW-232 3Q'93 262 

Domestic wells at Willow Glen Ranch 

RI 107 3Q'93 I 

Rll08 3Q'93 <l 

RI 110 3Q'93 7.9 

Well Points 

SA-I 3Q'93 24 

SA-2 3Q'93 13 

SA-3 3Q'93 7 

SA-4 3Q'93 7.4 

SA-5 3Q'93 245 

SA-6 3Q'93 80.1 

SA-7 3Q'93 84.6 
µg!L - micrograms per liter 
Exceedances of the State of Montana Ground Water Quality 
Standard for arsenic (18 µg!L) are shown in bold. 
Source: ESE 1996 

I 



TABLE 5-16 

Cadmium, Copper, and Zinc Concentrations in Ground Water of the Blue Lagoon Area 
ARWW&SOU 

Sample Sample Cadmium Copper Zinc 
Location Date (µg/L) (µg/L} (µg/L) 

MW-235 3Q'93 --- . 3,550 15,800 

SBL-2 3Q'93 14 459 9,120 

SBL-5 3Q'93 51.9 108,000 46,400 

Exceedances of the Preliminary Remedial Action Goals for cadmium (5µg/L), 
copper (1,000 µg/L}, and zinc (5,000 µIL) are shown in bold. 
--- =no analysis 
Source: ESE 1996 



Disposal Area 

. 
Upper Works Structural Areas 

Lower Works Structural Area 

Railroad Beds 

"Heap Roast" Slag Piles 

Wann Springs Creek 
Floodplain Area 

Red Sands 

Miscellaneous Waste Piles 1-8 
.. 

mg/kg= m1lhgrams per kilogram 
--- = data not available 
Source: ESE 1996 

TABLE 5-17 

Physical Characteristics of Waste and Solids in the Old Works/Stucky Ridge Subarea 
ARWW&SOU 

Geometric Mean Concentration of Metals 

Type Area Thickness Volume Material (mg/kg) 
(acres) (feet) (cubic yards) · Classification 

Arsenic Cadmium Copper Lead Zinc 

Demolition and flue debris 3.94 2-14 32,000 Variable 508 5.6 4,540 189 889 

Demolition and flue debris 0.19 2-14 4,000 Variable 773 5.6 3,570 299 614 

Waste aggregate --- --- --- --- 1,060 3.4 4,150 392 645 

Slag 22 2-14 298,000 Coarse sand 578 2 4,720 354 5,170 

Jig tailings and other debris 78 1-6 300,000 Clay, silt, sand, 1,010 5.7 1,480 328 441 
debris 

Jig tailings 120 2-40 606,000 Sand and silt 1,200 2.1 2,920 437 3,640 

Miscellaneous debris and waste 4.1 --- 32,000 Variable 934 1.9 6,250 209 517 



TABLE 5-18· 

Summary of Springs and Seep Sample Results for Stucky Ridge Subarea 
ARWW&SOU 

Station Date Basis Arsemc 
(ullfL) 

SP97-I 16-May-97 DIS 40.7 

SP97-2 16-May-97 DIS 42.9 

SP97-3 16-May-97 DIS 13.4 

SP97-4 19-May-97 DIS 17.3 

SP97-5 19-May-97 DIS 18.2 

SP97-6 19-May-97 DIS 2.5 

SP97-7 20-May-97 DIS 8.7 

SP97-8 20-May-97 DIS 19.6 

SP97-20 9-Jun-97 DIS 95.4 

SP-1 Jul-91 DIS 10.6 

SP-2 Jul-91 DIS 63.9 

SP-3 Jul-91 DIS 88 

OWS-1 29-0ct-92 DIS 16.2 

OWS-2 29-0ct-92 DIS 40.5 

OWS-4 29-0ct-92 DIS 12.2 

SS-T-03 2-Aug-95 WET 4 

SS-T-04 16-Aug-95 WET 7 

SS-T-14 16-Aug-95 WET 104 

SS-T-15 16-Aug-95 WET 25 

SS-T-16 19-Sep-95 WET 39 

SS-T-28 9-0ct-96 DIS 1 

·Areawide Statistics 

Number of Samples 21 

Number of Detects 20 

Geometric Mean of All at SQL (µg/L)* 18.5 

Geometric Mean of detects (µg/L) 21.4 

Maximum Detect (µg/L) 104 

Minimum Detect (µg/L) 2.5 

ARAR (µg/L) 18 

Samples exceeding ARAR 11 

Percent of Samples Exceedin2 ARAR 52 
• Includes nondetects converted to sample quant1tat1on hm1t (SQL) 
ARAR = Applicable or Relevant and Appropriate Requirement 
U = nondetect 
µg/L = micrograms per liter 

Q 

u 



TABLE 5-19 

Lysimeter Data for Red Sands and Old Works Tailings 
ARWW&SOU 

Sample Depth Concentration of Metals (µg/L) 
Location Date . (feet) ·Arsenic . Cadmium·· 

Red Sands (RSL Y) 71 6/26/92 5.3 

9/4/92 6 

11/18/92 8.5 

Old Works Tailings Ponds (TPL Y) 4.52 6/26/92 54.8 

9/4/92 21.6 
.. 

'RSL Y was mstalled 7 feet below ground surface and 2 feet below the waste/sotl mterface 
2TPL Y was installed 4.5 feet below ground surface and 3 feet below the waste/soil interface 
µg!L = micrograms per liter 
< = less than detection limit 
Source: ESE 1996 

28.5 

75.8 

322 

67.8 

58.S 

Copper 

5,300 

39,800 

267,000 

82,900 

·ss,soo 

Lead Zinc 

<1.0 12,100 

3 35,100 

1.1 180,000 

<1.0 19,000 

<1.0 17,100 



TABLE 5-20 

Summary of Cadmium, Copper, and Zinc Concentrations 
in Ground Water in the Old Works/Red Sands Area 

ARWW&SOU 

Well Geometric Mean• Percent of Samples Exceeding ARAR 
1.0. Cadmium Copper· · Zinc Cadmium 

MW-72 3.3 126.2 534.2 13. 

MW-200 1.5 2.4 3.5 0 

MW-202 1.8 132.4 216.7 0 

MW-203 10.2 641.6 4075.8 100 

MW-204 2.2 297.0 518.9 25 

MW-205 2.3 21.0 94.2 11 

MW-206 18.6 176.7 2128.2 IOO 

MW-207 0.9 2.9 4.6 0 

MW-208 1.2 3.0 5.7 0 

MW-209 5.7 3.2 571.3 63 

MW-213 7.1 869.5 2542.6 67 

MW-240 0.1 4.2 11.6 0 

MW-241 1.2 30.9 313.l 0 

MW-242 2.6 26.0 387.8 so 
LF-4 3.0 37.8 292.8 13 

TIA 2.5 365.l 200.5 13 

TID I.I 3.0 4.6 0 

T2B 1.8 43.0 36.9 13 

T2D 1.2 20.6 83.1 14 

Area-Wide Statistics ... Cadmium 

Number of Samples 137 

Number of Detects 63 

Geometric Mean of All at SQL (µg!L)• 2.62 

Geometric Mean of detects (µg/L) 2.99 

Maximum Detect (µg/L) 66.6 

Minimum Detect (µg/L) 0.1 

ARAR(µg/L} 5 

Samples exceeding ARAR 36 

Percent of Samples Exceeding ARAR 26 

Number of Wells 19 

Wells exceeding ARAR 12 

Percent of Wells Exceedine ARAR 63 
• Includes nondetects converted to sample quant1tat1on hrmt (SQL) 
ARAR = Applicable or Relevant and Appropriate Requirement 
µg!L = micrograms per liter 

Copper Zinc 

0 0 

0 0 

0 0 

22 33 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

33 33 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

Copper Zinc 

137 137 

94 108 

46.29 148.54 

123.24 304.12 

17300 33200 

2 3.4 

IOOO 5000 

4 s 
3 4 

19 19 

2 2 

11 11 



TABLE 5-21 

Statistical Summary of Arsenic and Metals Concentrations in Soil Samples 
from the Undisturbed Area of the Smelter Hill Subarea 

ARWW&SOU 

Depth Number 
Arithmetic Standard Geometric of Minimum Maximum Median Interval Sam oles Mean Deviation Mean 

Arsenic 0-2 126 43.6 27,200 1.)90 2,460 976 870 

Cadmium 
inches 85 l.l 964 53.2 107 29.9 29.5 

Copper 126 47.3 72,400 3,230 6,760 1,870 1,820 

Lead 126 26.3 6,430 155 861 535 460 

Zinc 126 82.7 30,400 l,760 3,210 981 l,030 

Conductivity 126 11.9 2,700 203 293 130 135 

pH 126 3.8 8.2 6.0 1.1 6.2 

Arsenic 2-IO 125 26.2 2,440 476 408 384 342 

Cadmium 
inches 

84 0.2 126 13.0 17.2 8.5 6.0 

Copper 125 6.2 5,100 620 888 270 252 

Lead 125 6.0 1,550 153 241 51 
. 

67 

Zinc 125 35.I 3,500 588 510 453 431 

Conductivity 125 7.5 2,280 139 227 93.7 94.3 

pH 125 4.0 8.2 6.2 1.0 6.1 

Arsenic 10-24 I07 0.6 1,250 216 219 150 121 

Cadmium inches 
I06 0.2 32.0 2.1 5.8 0.3 0.5 

Copper I07 3.5 4,150 153 542 18.6 27.8 

Lead 107 3.8 587 38.3 96.3 13.8 16.5 

Zinc 107 18.4 1,600 147 264 56.3 74.3 

Conductivity 84 23.2 2,020 140 292 72.5 82.5 

pH 107 5.4 10.3 7.2 1.0 7.0 

Arsenic 24-48 23 0.6 780 129 173 l IO 51.0 

Cadmium 
inches 

23 0.2 17.5 I.I 3.6 0.3 0.4 

Copper 23 3.5 808 53.2 165 15.7 18.6 

Lead 23 5.5 305 25.5 61.1 13.2 13.7 

Zinc 23 18.4 700 80.3 138 45.7 53. l 

Conductivity 23 40.2 2,260 197 453 96.0 I06 

oH 23 5.9 10.3 7.4 1.2 7.0 
Values greater than or equal to 10 are reported in 3 significant figures, and values less than 10 are reported in 2 significant figures. 
All concentrations are reported in mg/kg (milligrams per kilogram), except for pH, which is in Standard Units. 
Exceedances of the Preliminary Remedial Action Goal for recreational use (1,000 parts per million arsenic) are shown in bold. 
Source: ESE 1996 



TABLE 5-22· 

Volumes of Soil with Arsenic Concentrations Greater than 1,000 mg/kg 
in the Smelter Hill Subarea 

ARWW&SOU 

Area Total Volume 
(cubic yards) Arsenic >1,000 

mg/kg but.s5;ooo 
mg/kg (cubic yards) 

Reclaimed disturbed 280,864 217,593 (18%) 

Non-reclaimed disturbed 393,162 340,100 (14%) 

Reclaimed HPS 58,665 54,105 (34%) 

Non-reclaimed HPS 62,916 55,748 (26%) 

Stack 23,942 12,523 (24%) 

Values in parentheses are the percentage of the total volume that is waste. 
mg/kg= milligrams per kilogram 
Source: ESE 1996 

Volume of Waste 

· . Arsenic >5,000 Arsenic > l 0,000 
mg/kg but s 10,000 mg/kg (cubic yards) 
mg/kg (cubic yards) 

1,543 (0.1%) 61,728 (5%) 

16,373 (1%) 36,698 (2%) 

2,353 (2%) 2,207 (1%) 

3,102 (2%) 4,066 (2%) 

3,387 (6%) 8,032 (15%) 



TABLE 5-23 

Results of Chemical Analysis for Slag Samples 
ARWW&SOU 

Parameter• Detection Main Slag SPT·l' SPT-2 SPT·3 SPT-4 SPT·S SPS·l' SPS-2 
Limit2 Pile' 

Aluminum 21,000 21,000 21,800 17,SOO 20,200 20,SOO 22,600 

Antimony 67 162 llS S1 129 219 129 

Arsenic 2,690 1,470 3,070 1,690 1,340 2,270 3,190 2,170 

Barium 1,170 1,340 463 1,690 1,450 3,190 980 

Beryllium 2.S 2.S 2.7 2.S 2.5 2.S 2.S 2.5 

Boron 8 17 170 27 IS 22 9.7 22 

Cadmium 23.J 21 29 26 11 2S 44 30 

Chromium 354 115 436 297 342 217 323 

Cobalt 90 82 Sl7 118 73 42 267 

Copper S,550 5,590 4,740 9,760 6,680 6,760 5,210 7,710 

Iron 300,000 316,000 334,000 341,000 288,000 325,000 320,000 

Lead 2,730 954 2,590 4,190 1,000 926 4,310 2,830 

Manganese 832 8,280 864 710 961 1,470 1,750 

Mercury 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

Molybdenum 3 57 82 670 67 S1 3.2 48S 

Nickel 20 40 22 291 54 23 20 129 

Selenium so so so so so so so so 
Silver s s 7.8 5.8 5.8 S.4 9.S 6.1 

Tin 20 41 20 220 99 126 67 118 

Vanadium 118 229 213 93 190 192 184 

Zinc 23,300 38,800 25,800 36,300 21,200 34,700 23,400 29,900 

Total Sulfur" 1.36 0.95 0.95 1.29 I.IS 0.99 1.36 

Pyritic Sulfur" 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Slurrv oH' 6.6 7.5 7.0 6.4 6.8 7.2 6.9 

'Acid extractable metals (mg/kg dry weight basis) 
11nstrument detection limit reported for undetected values and used in the statistical calculations at the detection limits 
'Composite slag samples collected from the main slag pile during 3n1 Quarter 1993 (ESE) 
'SPT indicates sample collected from top of slag pile 
1SPS indicates sample collected from side slope of slag pile 
•Percent sulfur on a dry weight basis 
7 I: I slurry mix 
All units are in µg/L (micrograms per liter), except for pH, which is in Standard Units 
Source: ESE 1996 

Si>S-3 SPS-4 SPS·S 

24,400 30,700 17,100 

98 42 96 

2,160 498 1,920 

266 48S 766 

2.5 2.S 2.S 

8 27 14 

19 4.4 19 

205 45 278 

99 28 IOI 

S,660 3,140 7,460 

377,000 188,000 326,000 

2,200 364 1,080 

17,200 754 908 

0.04 0.04 0.08 

14 3 74 

36 20 73 

85 so so 
88 17 9 

129 20 172 

127 83 132 

23,800 8,380 23,700 

1.16 O.Sl 1.28 

0.01 0.01 0.01 

8.9 6.S 7.1 

Maximum Minimum Arithmetic Geometric Standard 
Mean Mean Deviation 

30,700 17,100 21,690 21,413 3,639 

219 42 111.4 100 so 
3,190 498 1,978 1,787 159 

3,190 266 1,180 942 803 

2.7 2.5 2.5 2.S 0.1 

170 8 33.17 21 46 

44 4.4 22.8 19.8 10.3 

436 45 261 224 111 

517 28 141.7 100 139 

9,760 3,140 6,271 6,017 1,737 

377,000 188,000 311,500 307,146 46,998 

4,310 364 2,044 1,587 1,340 

17,200 710 3,373 1,618 5,100 

0.08 0.04 0.04 0.04 0.01 

670 3 IS 1.22 47 219 

291 20 70.8 46 80 

85 so SJ'.S S3 II 

88 s 15.94 9 24 

220 20 101 78 62 
. 229 83 156.1 148 49 

38,800 8,380 26,598 24,811 8.412 

1.36 0.51 I.I 1.06 0.25 

0.01 0.01 0.01 0.01 0 

8.9 6.4 7.1 7.1 0.7 



TABLE 5-24 

XRF-Metals Data Obtained from Slag Piles: Landfill, West Stack, and Main Granulated Slag Piles 
ARWW&SOU 

I Location I Arsenic I Cadmiwn I Copper I Lead I lrcm1 
·•· I Manganese· I 

Landfill 337 <4.0 5,418 681 22.2 565 

West 1,870 39.6 21,600 1,470 8.99 484 
Stack2 

West 5,500 52.9 11,600 3,250 27.8 1,310 
Stack3 

. . 1Iron is measured on a percentage basis. All other umts are m mg/kg (milhgrarns per kilogram) . 
2coarse slag from I inch to 3 feet in diameter 
3composited from two piles, less coarse Yi to 1 inch in diameter 
Source: ESE 1996 

Mercury I Selenium I 
<8.0 17.4 

<8.0 11.8 

<8.0 <10.0 

Silver I Zinc I 
9.9 10,100 

28.l 19,400 

15.5 68,000 
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TABLE 5-25 

Statistical Summary of Metals Concentrations in Non-Reclaimed Soil Samples 
in the Disturbed Area of the Smelter Hill Subarea 

ARWW&SOU 

Depth Number of Minimum Maximum Arithmetic Standard Median Interval Samo I es Mean Deviation 

0-2 56 20.6 29,300 2,260. 4,160 1,220 
inches 56 0.6 482 48.6 96.6 9.9 

56 42.3 160,000 9,070 22,500 2,180 

56 8.2 16,400 1,500 2,620 546 

56 42.6 61,600 6,740 10,600 2,410 

56 69 11,500 1,230 1,930 457 

56 2.3 8.3 6.5 1.2 7.0 

2-10 53 12.8 21,900 1,060 3,030 362 
inches 

53 0.6 584 24.8 82.8 4.4 

53 10.3 122,000 4,080 1,700 618 

53 3.1 12,100 535 1,703 115 

53 16.3 16,500 2,070 3,450 725 

53 57.6 5,940 869 l, 120 470 

53 2.3 8.3 6.6 1.2 6.9 

I0-24 53 8.9 8,700 798 1,700 174 
inches 

53 0.6 494 21.2 77.8 1.0 

53 7.3 39,800 2,660 7,290 177 

53 2.8 5,940 366 940 46.3 

53 13.8 64,900 2,560 9,240 269 

53 72.3 22,100 l,500 3,130 780 

53 2.3 59.4 7.6 7.4 7.0 

24-48 38 4.6 25,600 l,400 4,660 I09 
inches 

38 0.6 187 8.1 30.7 1.0 

38 5.9 29,500 2,1 IO 6,220 152 

38 I.I 2,890 270 622 29.7 

38 6.9 17,900 1,960 4,580 223 

38 95.3 5,780 l,IOO l,200 769 

38 2.0 7.1 5.1 1.2 4.9 

Greater 31 4.9 28,300 l,400 5,210 68 
than 48 

31 0.6 95 5.0 17.6 0.6 inches 
31 3.3 65,700 4,190 13,700 31.9 

31 2.4 2,950 319 779 9.6 

31 8.3 16,600 1,700 4,370 59 

31 193 7,980 l,090 1,430 659 

31 3.6 9.5 7.1 I.I 7.2 

Gcomebic 
Mean 

830 

18.6 

2,130 

428 

2,220 

614 

385 

7.5 

556 

115 

715 

498 

214 

3.7 

253 

64.l 

323 

745 

126 

1.9 

174 

38.4 

212 

705 

105 

1.2 

90.3 

24.9 

124 

729 

Values greater than or equal to 10 are reponed m 3 significant figures, and values less than 10 are reported m 2 s1gn1ficant figures. 
All concentrations are reponed in mg/kg (milligrams per kilogram), except for pH, which is in Standard Units. 
Source: ESE 1996 



TABLE 5-26· 

Statistical Summary of Physical Parameters for Tailings in the Anaconda Ponds 
ARWW&SOU 

Parameter· 

Number of 
Samples 

Maximum 

Minimum 

Arithmetic Mean 

Standard 
Deviation 

Geometric Mean 
NA = not available 
Source: ESE 1996 

Tailings . ·MoiSture Thickness• .. (%)·.· 
(feet) 

2 27 

90.0 25.9 

89.0 0.0 

89.5 6.8 

0.5 9.3 

89.5 NA 

. Grain Size DiStribution (%) · 

· . Gravel•·• Sand Silt· 

27 27 27 

17.6 89.2 60.1 

0.0 2.9 8.6 

1.99 56.53 28.50 

4.43 28.58 16.57 

NA 43.64 23.27 

Clay 

27 

57.0 

2.1 

13.44 

15.62 

7.99 



Parameter Slurry 
pH 

(S.U.) 

Number of 27 
Samples 

Maximum 7.40 

Minimum 2.40 

Arithmetic Mean 6.00 

Standard Deviation 1.50 

Geometric Mean 5.70 

S.U. =Standard Untts 
mg/kg = milligrams per kilogram 
Source: ESE 1996 

Total 

TABLE 5-27 

Statistical Summary of Chemical Parameters for Tailings in Anaconda Ponds 
ARWW&SOU 

Pyritic Leachable Carbonate Arsenic Cadmium Copper Iron 
Sulfur Sulfur Sulfate (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
(%) . (%) (%) 

27 27 27 27 27 27 27 27 

7.13 6.67 0.86 12.80 367 42.0 4,770 74,800 

0.86 0.36 0.01 O.oI 71 2.0 1,030 8,340 

4.22 3.46 0.23 1.80 152 7.6 2,186 42,790 

1.81 1.82 0.20 3.35 76 10.1 964 17,571 

3.74 2.86 0.16 0.52 137 4.4 2,005 38,437 

Lead Manganese Zinc 
(mg/kg) (mg/kg) (mg/kg) 

27 27 27 

1,190 17,000 12,400 

59 128 201 

418 2,243 2, 131 

347 3;509 3,055 

293 1,057 1,096 



Arsenic 

Copper 

Lead 

Zinc 

pH 

Arsenic 

Copper 

Lead 

Zinc 

pH 
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TABLE 5-28· 

Statistical Summary of Metals Concentrations in Soil Samples 
from the HPS Area of East Anaconda Yard 

ARWW&SOU 

Depth Number of• .·Minimum ·Maximum Arithmetic Standard 
Interval Samples Mean Deviation 

0-2 56 43.0 190 105.6 45.3 
inches 56 46.5 286 101.6 65.I 

56 61.0 61 61.0 0.0 

56 323.5 958 402.3 183.8 

56 5.0 8.2 7.2 0.6 

2-10 50 43.0 305 111.2 64.7 
inches 50 46.5 4,110 194.2 573.0 

50 61.0 4~5 68.9 55.2 

50 323.5 1,520 429.7 273.9 

50 5.8 8.3 7.4 0.5 

I0-24 77 43.0 4,480 425.0 699.3 
inches 77 46.5 50,300 2,450.1 6,330.4 

77 61.0 12,200 1,231.7 2,270.0 

77 242.0 4,500 1,053.2 956.7 

77 5.6 8.5 7.2 0.6 

24-48 107 43.0 6,460 921.8 1,252.3 
inches 107 46.5 65,900 4,612.2 9,908.6 

107 61.0 60,000 2,273.0 6,085.3 

107 242.0 16,400 2,522.8 3,609.5 

107 5.7 8.8 7.1 0.6 

Greater 32 43.0 6,260 1,147.5 1,587.1 
than 48 32 86.0 6,810 1,756.1 2,031.8 
inches 

32 61.0 30,200 2,785.4 6,902.3 

32 242.0 18,300 3,766.3 5,660.9 

31 3.7 8.0 7.0 0.8 

All data 322 43.0 6,460 557.6 1,019.2 

322 46.5 65,900 2,340.9 6,782.9 

322 61.0 60,000 1,348.0 4,394.0 

322 242.0 18,300 1,601.2 3,005.6 

321 3.7 8.8 7.2 0.6 

Geometric 
Mean 

94.0 

84.2 

61.0 

374.8 

92.2 

86.8 

63.5 

383.8 

209.1 

63,5.6 

265.9 

717.6 

393.6 

1,242.4 

627.1 

1,228.2 

360.8 

879.4 

538.1 

1,334.l 

208.7 

423.7 

236.8 

739.6 

Values greater than or equal to I 0 are reported in 3 significant figures, and values less than I 0 are reported m 2 significant figures. 
All concentrations are reported in mg/kg (milligrams per kilogram), except for pH, which is in Standard Units. 
Source: ESE 1996 
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TABLE 5-29 

Statistical Summary of Metals Concentrations in Soil Samples 
from the Disturbed Area of East Anaconda Yard 

ARWW&SOU 

Depth Number of 
Minimum Maximum Arithmetic. Standard. 

Interval Samples Mean Deviation 

0-2 33 19 2,090 124 363 
inches 33 0.4 126.0 6.9 21.7 

33 34 16,100 864 2,910 

33 11 1,590 93 278 

2-10 33 II 1,510 124 291 
inches 33 0.4 148.0 6.6 25.3 

33 9 8,660 458 1,538 

33 • 9 4,400 217 789 

10-24 42 7 2,150 480 653 
inches 42 0.6 66.2 8.6 12.4 

42 16 91,600 3,668 13,910 

42 9 22,400 822 3,406 

24-48 11 10 1,770 531 594 
inches 11 1.3 37.9 11.5 10.6 

11 29 4,710 1,205 1,327 

I J 1 1,220 311 417 

Greater 13 11 9,480 1,182 2,497 
than 48 13 0.7 181.0 29.1 48.l 
inches 

13 34 7,800 1,754 2,062 

13 7 3,030 407 804 

All data 132 7.4 9,480 376 966 

132 0.4 181.0 9.9 24.6 

132 8.7 91,600 1,771 8,164 

132 6.7 22.400 405 2.008 

G~~ 
45 

1.6 

127 

30 

43 

1.2 

62 

26 

167 

3.9 

497 

95 

185 

7.9 

535 

92 

248 

9.0 

740 

97 

90 

2.7 

219 

51 
Values greater than or equal to 10 are reported m 3 s1gmficant figures. and values less than 10 are reported m 2 s1gmficant figures. 
All concentrations are reported in mg/kg (milligrams per kilogram). 
Source: ESE 1996 
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TABLE 5-30 

Statistical Summary of Metals Concentrations in Non-Reclaimed Soil Samples 
in the Primary HPS Area of the Smelter Hill Subarea 

ARWW&SOU 

Depth 
Number 

Arithmetic Standard of Minimum Maximum Median lnterval. 
Samples Mean Deviation 

0-2 333 16 25,600 l,714 2,458 950 
inches 

333 44 138,000 7,295 12,763 3,693 

333 17 8,580 946 1,206 524 

333 99 36,900 6,441 7,893 3,320 

333 0.34 4,100 982 864 690 

333 2.8 9.8 7.3 0.9 7.4 

2-10 376 13 65,300 2,072 5,053 752 
inches 376 18 130,000 8,732 14,528 3,845 

376 9.5 12,100 843 1,247 384 

376 28 60,900 5,307 8,587 2,155 

395 l.8 7,400 1,077 1,048 720 

395 2.1 12.8 7.4 1.3 7.4 

10-24 71 13 11,300 1,125 l,664 463 
inches 

71 18 21,200 4,243 4,530 2,590 

71 9.5 8,230 560 1,066 239 

71 28 65,800 4,696 9,841 1,410 

459 0 8,980 1,214 988 1,020 

459 2.3 12.5 7.2 1.2 7.3 

24-48 195 4 33,000 1,552 3,705 455 
inches 

195 21 90,900 7,981 15,074 2,380 

195 13 8,010 584 1,113 185 

195 18 44,100 3,909 7,359 1,180 

539 14 7,300 1,224 990 891 

539 2.3 12.5 7.2 1.3 7.3 

Greater 178 16 12,200 691 1,685 38 
than 48 

178 21 70,600 3,348 9,274 280 
inches 

178 13 28,900 520 2,293 27 

178 31 50,300 2,871 7,607 207 

306 10 6,583 1,024 1,010 550 

306 l.6 12.5 7.3 1.4 7.4 

Geometric 
Mean 

815 

2,913 

445 

2,877 

572 

640 

2,399 

308 

l,634 

626 

434 

1,603 

216 

1,199 

798 

350 

1,674 

179 

l,049 

830 

90 

343 

67 

361 

656 

Values greater than or equal to 10 are reported in 3 significant figures, and values less than 10 are reported m 2 sagmficant figures. 
All concentrations are reported in mg/kg (milligrams per kilogram), except for pH, which is Standard Units .. 
Source: ESE 1996 
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TABLE 5-31 · 

Statistical Summary of Metals Concentrations in Soil Samples 
in the Stack Area of the Smelter Hill Subarea 

ARWW&SOU 

Depth 
Number 

Arithmetic Standard of Minimum Maximum 
Interval 

Sam oles Mean Deviation 

0-2 115 16 31,600 2,995. 5,918 
inches 115 21 15,600 1,448 2,785 

115 14 4,040 447 808 

115 39 5,030 933 1,104 

115 27 7,060 705 1,033 

115 4.4 12.6 6.8 1.2 

2-10 127 16 52,200 5,165 9,531 
inches 127 21 25,600 2,429 4,321 

127 13 8,460 870 1,657 

127 22 10,000 1,536 2,145 

127 30 4,230 831 984 

127 2.9 11.2 6.5 1.3 

10-24 74 16 143,000 8,995 19,967 
inches 74 21 31,100 3,885 6,198 

74 16 29,000 1,867 4,666 

74 24 13,700 2,238 2,630 

148 33 11,700 1,152 1,452 

148 1.6 9.4 6.3 1.5 

24-48 55 16 25,000 4,060 6,266 
inches 55 21 12,900 2,252 3,529 

55 14 4,180 554 1,047 

55 26 9,420 1,666 2,452 

121 51 8,960 I, 135 1,367 

121 l.6 9.4 6.2 1.5 

Greater 53 16 44,800 4,013 9,356 
than 48 53 21 14,200 1,866 3,800 
inches 

53 13 8,970 780 1,939 

53 23 15,500 1,558 3,083 

92 81 11,200 893 1,450 

92 3.2 10.8 6.7 1.4 

Geometric Median 
Mean 

772 728 

417 441 

144 163 

502 486 

217 308 

6.9 

866 939 

448 502 

122 181 

472 571 

233 343 

6.6 

2,045 1,245 

1,445 680 

241 219 

1,085 715 

488 517 

6.5 

634 829 

404 487 

66 116 

407 512 

492 599 

6.4 

200 336 

74 177 

25 60 

113 261 

421 521 

6.8 
Values greater than or equal to I 0 are reported m 3 significant figures. and values less than I 0 are reported m 2 significant figures. 
All concentrations are reported in mg/kg (milligrams per kilogram), except for pH. which is Standard Units .. 
Source: ESE 1996 
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TABLE 5-32 

Statistical Summary and Metals Concentrations in Soil Samples 
in the Loop Track Railroad Beds of the Smelter Hill Subarea 

ARWW&SOU 

Depth 
Number 

Arithmetic Standard of Minimum Maximum Median Interval Samples Mean Deviation 

0-2 10 770 7,489 3,700 1,885 3,812 
inches 

10 3,939 9,880 6,212 1,685 6,324 

10 1,056 2,389 1,522 362 1,412 

10 3,329 8,064 5,242 1,490 5,041 

20 253 2,928 1,124 814 893 

20 4.3 7.6 6.4 1.0 6.6 

2-10 3 6,720 13,100 10640 3,431 12,100 
inches 

3 8,410 11,100 9,970 1,396 10,400 

3 2,240 3,260 2,867 549 3,100 

3 5,510 8,350 7,280 1,544 7,980 

6 627 1,770 1,107 389 1,105 

6 4.2 6.5 5.3 0.87 5.4 

10-24 4 502 4,660 2048 1,834 1,515 
inches 4 802 14,100 7,698 6,408 7,945 

4 128 1,770 842 707 735 

4 596 13,700 7,359 5,571 7,570 

8 169 2,060 952 648 849 

8 4.4 7.6 5.9 1.2 6.1 

Geometric 
Mean 

3, 131 

6,021 

1,488 

5,059 

849 

10,209 

9,897 

2,830 

7,158 

1,052 

1,495 

4,774 

577 

4,578 

740 

Values greater than or equal to I 0 are reported m 3 s1gmficant figures, and values less than I 0 are reported m 2 significant figures. 
All concentrations are reported in mg/kg (milligrams per kilogram), except for pH, which is Standard Units .. 
Source: ESE 1996 
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TABLE 5-33 

Statistical Summary of Metals Concentrations in Reclaimed Soil Samples 
in the Disturbed Area of the Smelter Hill Subarea 

ARWW&SOU 

Depth Number of 
Minimum Maximum Arithmetic Standard 

Median Interval Samoles Mean Deviation 

0-2 28 19.0 3,960 235 735 61.2 
inches 

28 0.6 234 11.6 44.0 1.7 

28 22.2 14,800 733 2,770 131 

28 10.7 2,580 147 482 37.8 

28 52.1 26,300 1,300 4,910 242 

28 130 3,020 470 674 228 

28 5.3 12.5 7.5 1.2 7.6 

2-10 28 4.8 524 78.0 IOI 46.5 
inches 

28 0.6 21.0 2.4 4.3 0.8 

28 14.5 l,IOO 129 205 82.7 

28 9.9 248 38.3 46.7 26.0 

28 36.6 1,940 292 383 167 

28 90.0 2,460 494 557 292 

28 4.0 8.7 7.5 1.0 7.8 

10-24 28 21.9 2,410 635 739 299 
inches 

28 0.6 230 18.7 44.0 5.4 

28 45.5 7,370 1,850 2,090 997 

28 11.8 l,790 453 552 246 

28 89.5 18,200 4,080 5,950 841 

28 0.0 2,580 1,020 822 860 

28 5.0 16.7 8.0 2.4 7.5 

24-48 11 8.4 3,640 778 1,300 193 
inches 

11 0.6 133 22.4 43.8 3.9 

11 20.9 24.200 3,560 7,330 451 

11 7.9 2,890 449 833 233 

II 33.8 19.400 2,570 5,720 623 

II 300 5,100 1,860 1,400 1,480 

11 2.5 6.6 5.2 1.5 5.5 

Greater 10 15.5 19,000 2,440 5,860 308 
than 48 

10 0.6 208 32.9. 63.4 9.9 
inches 

10 23.6 31,000 4,230 9,540 693 

10 5.1 2,000 554 611 374 

10 33.3 10,100 3,400 3,790 2,010 

10 186 9,280 2,200 3,650 1,620 

10 2.7 8.5 5.6 2.0 5.8 

Geometric 
Mean 

82.7 

2.5 

165 

46.0 

308 

295 

50.1 

1.4 

81.9 

27.8 

184 

336 

264 

6.2 

652 

169 

120 

703 

190 

5.3 

470 

121 

505 

1,400 

377 

9.6 

811 

236 

1,130 

1,300 

Values greater than or equal to I 0 arc reponed in 3 significant figures, and values less than I 0 are reponed m 2 s1gmficant figures. 
All concentrations are reponed in mg/kg (milligrams per kilogram), except for pH, which is in Standard Units. 
Source: ESE 1996 



Arsenic 

Copper 

Lead 

Zinc 

Conductivity 

pH 

Arsenic 

Copper 

Lead 

Zinc 

Conductivity 

pH 

Arsenic 

Copper 

Lead 

Zinc 

Conductivity 

pH 

Arsenic 

Copper 

Lead 

Zinc 

Conductivity 

pH 

Arsenic 

Copper 

Lead 

Zinc 

Conductivity 

oH 

TABLE5-34 

Statistical Summary of Metals Concentrations in Reclaimed Soil Samples 
in the Primary HPS Area of the Smelter Hill Subarea 

ARWW&SOU 

Depth Number of Miilimwn• •Maximum Arithmetic Standard Median Interval Samoles · Mean Deviation 

0-2 245 16 8,180 518 1,031 162 
inches 

245 34 49,100 1,539 4,356 189 

245 13 4,790 312 675 49 

245 36 37,000 2,950 6,901 382 

252 10 18,200 586 1,620 240 

252 3.2 10.5 7.5 1.0 7.5 

2-10 249 16 11,700 434 1,093 119 
inches 

249 21 24,700 1,550 3,784 94 

249 13 4,900 237 606 29 

249 31 41,600 1,910 5,368 175 

284 10 10,600 620 906 275 

284 2.3 10.5 7.4 I.I 7.4 

10-24 19 16 6,490 1,715 1,825 986 
inches 

19 18 54,900 8,993 14,237 4,140 

19 18 3,150 1,036 1,003 774 

19 56 36,533 8,719 11,056 4,240 

366 20 11,000 1,251 1,177 830 

366 2.2 12.7 7.2 1.4 7.1 

24-48 104 4 140,000 3,312 14,267 672 
inches 

104 21 173,000 7,349 18,498 3,525 

104 10 16,800 1,169 2,109 312 

104 37 60,500 8,411 12,816 2,235 

403 20 8,800 1,450 1,310 1,190 

404 1.4 12.7 7.1 1.7 7.0 

Greater 163 3 567,000 5,654 44,656 297 
than 48 

163 13 67,800 4,599 10.181 1,120 inches 
163 10 35,IOO 1,056 3,459 132 

163 37 39,200 6,187 I0,245 1,340 

314 10 8,113 1,241 1,238 801 

314 2.6 12.5 7.3 1.8 7.2 

Geometric 
Mean 

186 

314 

85 

592 

264 

129 

190 

54 

322 

338 

735 

2,375 

419 

2,408 

726 

388 

1,482 

262 

1,626 

888 

269 

815 

167 

1,321 

734 

Values greater than or equal to 10 are reported m 3 s1gmficant figures, and values less than 10 are reported m 2 significant figures. 
All concentrations are reported in mg/kg (milligrams per kilogram), except for pH, which is Standard Units. 
Source: ESE 1996 



cation Samo le Date 

R6 912193 
Anaconda 9122193 Ponds 

912193 

9122193 

9/2193 

PWOl6 9/22193 

R7 9/2193 
Smelter 

9/22193 Hill Stack 
Area PWOOl 9/2193 

PWOl 1 9/22193 

9/2193 

9/22193 

912193 

PWOl3 9/22193 

RS PW002 9/2193 
Smelter 

PW015 9/22/93 Hill Iron 
Pond 9/2193 

9/22193 

9/2193 

9/22193 

PW004 9/2193 

PW014 9/22/93 

R9 9/2193 
Reposi-

PWOl9 9/22/93 tory 
Bench 9/2193 

PWOl8 9/22/93 

9/2193 

9/22/93 

9/2193 

PWOl7 9/22/93 

TABLE 5-35 

Lysimeter Results for the Smelter Hill Subarea 
ARWW&SOU 

Deoth Arsenic Cadmium Conner Lead Iron Zinc 

4 - - - - - -
4 - - - -- -- -

8.5 - - - -- - -
8.5 - - - - - -
12.5 - - - - - -
12.5 2.2 0.62 55 0.7 50,400 30 

2.5 --- - -- -- -- --
2.5 -- - -- - -- --
6.5 1,120 44,100 149,000 5.5 39 787,000 

6.5 901 38,200 256,000 3.6 142 864,000 

10.5 -- - -- - - -
10.5 - - - - -- -
14.5 -- - - -- -- -
14.5 10,400 139 100 1 42.1 872 

2.5 2.6 95.9 3,270 5.5 381 15,800 

2.5 2.3 123 5,470 1.6 1,070 22,200 

6.5 - - -- - -- -
6.5 - - - --- -- -
11 - - -- -- --- -
II - - -- -- --- --

15.5 39.5 1.3 2.9 5.5 3.9 5.7 

15.5 50.2 1.7 14.6 1.6 26.9 52.1 

3 -- - - - --- -
3 10,400 2 31.9 1.9 319 24 

7 -- - -- --- -- --
7 159 1.5 10.7 1.6 21.5 32.1 

II --- - - -- --- -
11 -- - -- -- - -
15 - - - - --- -
15 131 2.2 15.4 1.6 21.5 46.9 

Concentrations are m µg/L (micrograms per hter) except sulfate, which 1s m mg/L (m1lhgrarns per hter). 
Conductivity in millimhos per centimeter (mmhos/cm). 
pH in Standard Units. 
- = no sample analyzed 
Source: ESE 1996 

so. Conductivitv oH 

- -- -
-- - 2.24 

- - -
- -- -
- -- --

1.420 3.1 5.71 

-- 3.02 5.05 

-- -- ---
4,410 4.68 5.33 

3,870 4.9 4.67 

--- - 6.35 

-- 2.56 6.31 

-- 3.27 7.75 

2,080 3.41 6.58 

1.970 2.85 4.99 

1,740 2.98 3.67 

--- -- -
-- -- --
- - -
--- -- ---

1,550 2.63 6.65 

1,320 2.4 6.4 

-- - -
2,710 4.93 6.97 

-- 2.96 3.59 

1,500 2.72 7.02 

- - -
- 2.59 7.27 

- 3.06 4.34 

1 490 2.87 6.82 



TABLE 5-36 

Summary of Analytical Results for Lysimeters in the Main Slag Pile 
. ARWW&SOU 

Lysimeter Dateffime Depth pH 
. (feet) (S.U.} . 

SLAG-LY-1 1 7/24/95 16:31 78'6" - 78'8" 6.4 

SLAG-LY-1 7/25/95 11 :30 78'6" - 78'8" ---

SLAG-L Y-202 7/24/95 17:14 97'5.4" - 97'7.4" 7.53 

SLAG-LY-20 7/25/95 12:19 97'5.4" - 97'7.4" ---
SLAG-L Y-2S3 8/16/95 14:12 74' - 74'2" ---

SLAG-LY-2S 8/17/95 16:28 74' - 74'2" ---
'located in the black slag immediately above the slag/al1uvium interface 
2located beneath the slag at the slag/al1uvium interface 
3shallow lysimeter placed in the SLAG-L Y-2 boring 
--- = no analysis 
S.U. =Standard Units 
µg/L = micrograms per liter 
mg/L = milligrams per liter 

Arsenic 
... (µg/L) 

12 

11 

80 

80 

15 

18 

Cadmium Sulfate 
(µg/L) (mg/L) 

87.6 1,620 

90.1 1,700 

0.9 2,020 

0.9 2,070 

. <0.1 503 

0.2 659 



TABLE 5-37 

Statistical Summary of Sample Results from Network Wells in the Smelter Hill Subarea 
During the Anaconda Regional Water and Waste Remedial Investigation 

ARWW&SOU 

Zone 
·Number 

Standard Geometric Well ID Location Analytc of Maximum Minimum Mean Median Monitored 
Samples Deviation 

Arsenic 8 8.470 2.510 5.337.5 1,669.9 5.080.0 
AIBR2 Stack Area Bedrock 

Cadmium 8 5.8 0.2 1.6 1.7 1.2 

Arsenic 6 
AlBR3 Stack Area Bedrock 

33.4 7.8 19.0 8.1 16.9 

Cadmium 6 2.0 0.1 1.0 0.6 1.2 

East Arsenic 8 2,410 843 1,225.8 475.l 1,090.0 
A2BR Anaconda Bedrock 

Yard Cadmium 8 2.0 0.1 1.0 0.7 1.3 

Primary HPS Arsenic 8 1.660 1.120 1,272.5 163. I 1,215.0 
B4BR Bedrock 

Area Cadmium 8 56.3 38.0 45.4 5.6 44.9 

Arsenic 8 2,450 2.010 2.306.3 155.2 2.375.0 
C2AL Iron Ponds Bedrock 

Cadmium 8 6.2 0.3 2.2 2.3 1.3 

Arsenic 6 1,240 979 1,134.8 107.3 l,175.0 
C2BR Iron Ponds Bedrock 

Cadmium 6 2.0 0.1 1.0 0.7 1.2 

South Mill Arsenic 8 14.6 0.5 3.1 4.4 1.4 
F2BR Bedrock Creek Cadmium 8 2.0 0.0 I.I 0.6 1.2 

Northeast Arsenic 8 101 38.4 62.5 17.7 63.7 
D3ALI Alluvium Smelter Hill Cadmium 8 5.1 0.1 1.9 I. 7 1.2 

Arsenic 8 5.3 0.5 1.9 1.7 1.3 
E2ALI Mill Creek Alluvium 

Cadmium 8 2.0 0.0 1.0 0.6 I.I 

Arsenic 9 2.6 0.5 1.2 0.7 1.0 
MW-207 Old Works Alluvium 

Cadmium 9 2.0 0.0 1.2 0.7 1.5 

East Arsenic 6 102 47.0 81.6 18. I 88.2 
MW-210 Anaconda Alluvium 

Yard Cadmium 6 2.2 0.2 1.3 0.7 1.4 

Anaconda Arsenic 6 61.6 40.9 49.8 8.5 47.6 
MW-211 Alluvium 

Ponds Cadmium 5 2.0 I.I 1.5 0.3 1.5 

MW- Anaconda Arsenic 6 3.2 0.5 1.6 0.9 1.6 
Alluvium 

2180 Ponds Cadmium 6 2.0 0.6 1.2 0.5 1.2 

MW- Anaconda Arsenic 6 45.8 31.6 38.8 4.8 37.6 
Alluvium 

218S Ponds Cadmium 6 9.0 S.O 6.7 1.5 6.9 

Anaconda Arsenic 6 3.1 0.5 2.0 0.9 2.0 
MW-219 Alluvium 

Ponds Cadmium 6 2.0 0.1 1.3 0.6 1.4 

Anaconda Arsenic 6 3.0 0.9 1.9 0.7 2.0 
MW-220 

Ponds Alluvium 
Cadmium 6 2.0 0.0 1.3 0.6 1.4 

East Arsenic s 125 47.J 64.6 30.2 49.3 
MW-227 Anaconda Alluvium 

Yard Cadmium s 2.0 0.1 0.7 0.7 0.2 

Arsenic s 3.6 1.4 2.5 0.9 2.1 
MW-233 Mill Creek Alluvium 

Cadmium s 2.0 0.0 0.9 0.7 I.I 

All unns in µg/L (micrograms per htcr). 
For values rcponed at less than the instrument detection limit, one-half of the rcponcd value was used in the statistical evaluations. 
Exceedances of the Preliminary Remedial Action Goals for arsenic (l8µg/L) and cadmium (Sµg/L) arc shown in bold. 
Source: ESE 1996 

Mean 

5,064.0 

1.0 

17.2 

0.7 

1,158.1 

0.6 

1.263.1 

45.1 

2,300.8 

1.3 

1.129.6 

0.6 

1.7 

0.7 

60.1 

1.0 

1.3 

0.6 

1.0 

0.6 

79.2 

1.0 

49.l 

1.5 

1.4 

1.1 

38.5 

6.6 

1.7 

1.0 

1.7 

0.8 

59.6 

0.3 

2.3 

0.5 



TABLE 5-38 

Average Sample Results from Non-Network Wells in the Smelter Hill Subarea 
ARWW&SOU 

.... Arithmetic Average 
Well l.D. ·Location · • •Zone Monitored• · 

02-BR Repository Area 

MW-244 East Anaconda Yard 

MW-35 Anaconda Ponds 

MW-36d Anaconda Ponds 

MW-36s Anaconda Ponds 

MW-37 Anaconda Ponds 

MW-38 Anaconda Ponds 

MW-39 Anaconda Ponds 

MW-55 Iron Ponds Area 

MW-56 Iron Ponds Area 

MW-57 Iron Ponds Area 

MW-58 Iron Ponds Area 

MW-63 Repository Area 

MW-64 Repository Area 

MW-65 Repository Area 

MW-75 Anaconda Ponds 

MW-3 Repository Area 

MW-4 Repository Area 

MW-66 Lower Mill Creek 

MW-66A Lower Mill Creek 

MW-67 Repository Area 

MW-68 Repository Area 

MW-245s Smelter Hill 

MW-247 East Anaconda Yard 
MW-53 Iron Ponds Area 

MW-54 Iron Ponds Area 

MW-96 Stack Area 

MW-97 Stack Area 

MW-97R Stack Area 

MW-98 Stack Area 

NGP-1 Smelter Hill 

WGP-2 Smelter Hill 

MW-43 Anaconda Ponds 

MW-73 Anaconda Ponds 
t = total metals analysis for arsenic and cadmium 
-- = not analyzed 
< = less than instrument detection limit 
ID = identification 
µg/L = micrograms per liter 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

. Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium 

Alluvium? 

Alluvium? 

Alluvium? 

Alluvium? 

Alluvium? 

Alluvium? 

Bedrock 

Bedrock 

Bedrock 

Bedrock 

Bedrock 

Bedrock 

Bedrock 

Bedrock 

Bedrock 

Bedrock 

Tailings 

Tailings 

Number of 
··Samples 

2 

I 

3 
I 

3 

3 

1 
3 

165 

168 

169 

168 

22 

22 

23 

3 

2 

2 

1 

6 

21 

23 

1 
1 

150 

165 

3 

2 

1 

2 
2 

I 
40 

2 

Arsenic Cadmium 
(µg/L) (µg/L) 

Dissolved Dissolved 

41.7 2.1 
7 <.01 

41 <2 
<) 0.3 

20 <4 

<3 <2 

<5 <5 

<3 <2 

5123 16 t 

26901 10206 t 

1873 12 t 

62t fl t 

7 1 

3 2 

5.4 1 

3.4 25.9 

13 5 
2 5 
5 5 
2 0.1 

10 I 

5.9 1.3 

1170 --
<1.1 ---
3486 11 t 

1868 39 t 

2840 11.3 

230 87.5 

3300 29 

480 461 

171.5 0.06 

3.3 ---
3489 27 t 

1455 13.6 



TABLE 5-39 

Seep and Spring Sample Results for the Smelter Hill Sub~ea 
ARWW&SOU 

Date Dissolved 
Station Location Sampled Arsenic 

(µg/L). 

SH-I Walker Gulch .4Q'92 394.0 
SH-2 Walker Gulch 4Q'92 917.0 
SH-3 Walker Gulch 4Q'92 39.3 
SH-4 South Side of Smelter Hill 4Q'92 1450.0 
SH-5 Southeast side of Smelter Hill 4Q'92 15.2 

SHSN-1 Northeast Side of Smelter Hill 4Q'92 5.1 
SHSS-1 Northeast Side of Smelter Hill 4Q'92 4.3 
SP97-10 Aspen Hills 2Q'97 277.0 
SP97-l l Aspen Hills 2Q'97 608.0 
SP97-12 Aspen Hills 2Q'97 482.0 

SP97-13 Aspen Hills 2Q'97 37.4 
SP97-14 Clear Creek 2Q'97 3.6 
SP97-l 5 Clear Creek 2Q'97 5.7 
SP97-16 Clear Creek 2Q'97 1.1 
SP97-17 Upper Mill Creek 2Q'97 112.0 
SP97-18 Upper Mill Creek 2Q'97 87.4 
SP97-l9 West of Naser Gulch 2Q'97 2.5 
SP97-21 Clear Creek 2Q'97 147.0 
SP97-22 Cabbage Gulch 2Q'97 223.0 
SP97-23 Cabbage Gulch 2Q'97 42.3 
SP97-24 Aspen Hills 2Q'97 269.0 
SP97-25 Aspen Hills 2Q'97 710.0 
SP97-26 Upper Willow Creek 2Q'97 60.4 
SP97-27 Upper Willow Creek 2Q'97 34.8 
SP97-28 Upper Willow Creek 2Q'97 50.9 
SP97-29 Upper Willow Creek 2Q'97 260.0 
SP97-30 Upper Willow Creek 2Q'97 33.8 
SP97-31 Upper Willow Creek 2Q'97 74.8 

SP97-32 Mount Haggin 2Q'97 73. l 

SP97-33 Mount Haggin 3Q'97 189.0 
SP97-34 Mount Haggin 3Q'97 42.9 

SP97-35 Mount Haggin 3Q'97 29.3 

SP97-36 Mount Haggin 3Q'97 32.3 

SP97-37 Mount Haggin 3Q'97 17.4 

SP97-38 Mount Haggin 3Q'97 42.7 

SP97-39 Upper Mill Creek 3Q'97 45.9 

SP97-40 Upper Mill Creek 3Q'97 20. l 

SP97-9 South Side of Smelter Hill 2Q'97 1990.0 



TABLE 5-39 (Continued) 

Seep and Spring Sample Results for the Smelter Hill Subarea 
ARWW&SOU 

Station. .Location 

SS-T-07 Aspen Hills 

SS-T-08 Clear Creek 
SS-T-09 Clear Creek 
SS-T-10 Clear Creek 
SS-T-13 Cabbage Gulch 
SS-T-19 Cabbage Gulch 
SS-T-20 Cabbage Gulch 
SS-T-21 Cabbage Gulch 

SS-T-22 Cabbage Gulch 

SS-T-23 Cabbage Gulch 
SS-T-24 Cabbage Gulch 
SS-T-25 Cabbage Gulch 
SS-T-26 Cabbage Gulch 
SS-T-27 Cabbage Gulch 
SS-T-30 Naser Gulch 
SS-T-31 Naser Gulch 

SS-T-32 Southest of Naser Gulch 

SS-T-33 South of Stack 
SS-T-34 South of Stack 
t = total metals analysis 
µg!L = micrograms per liter 

Date Dissolved 

Sampled · Arsenic 
(µg/L) 

3Q'95 172.0 
3Q'95 22.0 
3Q'95 23.0 
3Q'95 5.0 
3Q'95 129.0 
4Q'96 57.0 
4Q'96 94.0 
4Q'96 61.0 
4Q'96 52.0 

4Q'96 54.0 
4Q'96 46.0 
4Q'96 210.0 
4Q'96 36.0 
4Q'96 76.0 
2Q'97 245.0 

2Q'97 324.0 

2Q'97 146.0 
2Q'97 708.0 

20'97 777.0 

t 

t 

t 

t 

t 



Arsenic 

Cadmium 

Copper 

Lead 

Zinc 

Arsenic 

Cadmium 

Copper 

Lead 

Zinc 

Arsenic 

Cadmium 

Copper 

Lead 

Zinc 

TABLE 5-40 

Statistical Summary of Metals in Regional Surface and Subsurface Soil 
ARWW&SOU 

Depth Number of Maximum Minimum Arithmetic 
Interval Samples Mean 

0-2 791 3,960 16 457 
inches 581 85.9 0.2 9.7 

508 10,185 29 1308 
707 1,910 9 252 
510 6,890 32 721 

2-10 388 2,440 2.3 237 
inches 325 126 0.2 4.9 

354 18,133 6.2 509 
370 1,550 6 88 

354 3,500 28 339 

Greater 189 1,250 0.6 145 
than 10 175 32 0.2 2.4 
inches 

186 7,590 3.5 299 

184 587 3.8 32 

186 3,850 18.4 242 
Source: ESE 1996 

Geometric II 
Mean 

234 

5.2 
632 
137 
425 
122 
2.4 

156 
40 

200 

56 
0.8 
44 

16 
92 



Symbol Units 

SL (mg arsenic/ 
kg soil) 

TR (unitless) 

AT (days) 

CF (kg/mg) 

EF (days/year) 

SFu (mg/kg-day)"' 

IR.tu1c1 (mg/day) 

EDc1U1c1 (years) 

ewdtild (kg) 

IR:..t.1t (mg/day) 

EDac1u11 (years) 

BW .v1u11 (kg) 

FS (unitless) 

BAFs (unitless) 

c (unitless) 

FD (unitless) 

BAF0 (unitless) 

SL (mg arsenic/ 
kg soil) 

TR (unitless) 

AT (days) 

ew (kg) 

EF (days/year) 

ED (year) 

I Rs (mg/day) 

CFs {kg/mg) 

TABLE6-1 

Exposure Parameters for the Residential Scenario 
Anaconda Smelter Site HHRA 

Definition • • · Value 

risk-based screening level -

target risk -
averaging time Carcinogens= 25,550 

Noncarcinogens 
RME= 10,950 
CTE= 3,285 

conversion factor .000001 

exposure frequency 350 

oral slope factor for arsenic 1.5 

soil ingestion rate for children RME=200 
CTE= 100 

exposure duration for children RME=6 
CTE=2 

average body weight for children 15 

soil ingestion rate for adults RME= 100 
CTE = 50 

exposure duration for adults RME=24 
CTE=7 

average body weight for adults 70 

fraction of soil ingested 0.45 

bioavailability of soil 0.183 

contribution of soil arsenic to 0.43 
arsenic in dust 

fraction of dust ingested 0.55 

bioavailability of interior dust 0.258 

risk-based screening level -

target risk -
averaging time 25550 

body weight 70 

exposure frequency RME = 140 
CTE= 84 

exposure duration RME=30 
CTE=9 

soil ingestion rate RME = 480 mg/day for 14 days, 
I 00 mg/day for 126 days 
CTE = I 00 mg/day for 14 days, 
50 mg/day for 70 days 

conversion factor for soil 0.000001 

Source 

-

-
EPA 1989a 

EPA 1989a 

EPA 1989a 

EPA 1995b 

EPA 1993 
EPA 1993 

EPA 1993 
EPA 1993 

EPA 1989a 

EPA 1993 
EPA 1993 

EPA 1993 
EPA 1993 

EPA 1989a 

Professional 
Judgement . 

EPA 1995a 

Calculated 

Professional 
Judgement 

EPA 1995a 

-

-
EPA 1989a 

EPA 1989a 

Site-specific 
Site-specific 

EPA 1989a 
EPA 1989a 

EPA 1993 

Professional 
Judgement 

EPA 1989a 



TABLE 6-1 (Continued) 

Symbol Units Deimition Value Source 

SF0 (mg/kg-day)"1 oral slope factor for arsenic 1.5 EPA 1995b 

BAFs (unitless) bioavailability of soil 0.183 EPA 1995a 

IR (m1/hour) inhalation rate 2.5 EPA 1989b 

SFi (mg/kg-day r• slope factor for inhalation 15 EPA 1995b 

DL (kg/m1
) dust loading factor RME = 1.5 x 10 7 kg/m1 for 14 days, Professional 

2.2 x 10·10 kg/m1 for 126 days Judgement 
CTE = 1.5 x 10 7 kg/m3 for 14 days. 
2.2 x 10 10 kg/m1 for 70 days 

ET (hours/day) exposure time 8 Site-specific 

SL (mg arsenic/ risk-based screening level - -
kg soil) 

TR (unitless) target risk - -
AT (days) averaging time Carcinogens= 25,550 EPA 1989a 

Noncarcinogens 
RME=9,125 
CTE= 2,555 

BW (kg) body weight 70 EPA 1989a 

EF (days/year) exposure frequency RME=250 EPA 1993 
CTE = 234 EPA 1993 

ED (years) exposure duration RME =25 EPA 1989a 
CTE=7 Professional 

Judgement 

I Rs (mg/day) soil ingestion rate RME = 100 EPA 1993 
CTE =50 EPA 1993 

Cfs (kg/mg) conversion factor for soil 0.000001 EPA 1989a 

SFo (mg/kg-day)"1 oral slope factor for arsenic 1.5 EPA 1995b 

BAFs (unitless) bioavailability factor for soil 0.183 EPA 1995a 

FS (unitless) fraction of soil ingested 0.45 Professional 
Judgement 

c (unitless) contribution of soil arsenic to 0.43 Calculated 
arsenic in dust 

FD (unitless) fraction of dust ingested 0.55 Professional 
Judgement 

BAF0 (unitlcss) bioavailability of interior dust 0.258 EPA 1995a 

SL (mg arsenic/L risk-based screening level - -
surface water) 

TR (unitless) target risk - -
AT (days) averaging time Carcinogens= 25,550 EPA 1989a 

Noncarcinogens = 2,920 

BW (kg) body weight 27 EPA 1989b 

EF (days/year) exposure frequency RME=40 Site-specific 
CTE= JO Site-specific 

ED (years) exposure duration 8 Site-specific 

IRsw (ml/hour) surface water ingestion rate 25 Site-specific 

CFsw (L/ml) conversion factor 0.001 EPA 1989a 



TABLE 6-1 (Continued) 

Symbol Units Definition Value Source 

SF0 (mglkg-day)"1 oral slope factor for arsenic 1.5 EPA 1995b 

SA (cm2) skin surface area available for 10,500 EPA 1989b 
contact 

PC (cm/hr) dermal permeability constant 0.001 EPA 1992 

ET (hours/day) exposure time 2 Site-specific 

CF (Ucm3) volumetric conversion factor 0.001 EPA 1989a 

SL (mg arsenic/kg risk-based screening level - -
soil) 

TR (unitless) target risk - -
AT (days) averaging time 25550 EPA 1989a 

BW (kg) body weight 70 EPA 1989a 

EF (days/year) exposure frequency RME=26 Life Systems 1993 
CTE = 13 Life Systems 1993 

ED (year) exposure duration RME=30 EPA 1989a 
CTE=9 EPA 1989a 

IRs (mg/day) soil ingestion rate RME = 100 Professional 
CTE=50 Judgement 

CFs (kg/mg) conversion factor for soil 0.000001 EPA 1989a 

SFo (mglkg-day)"1 oral slope factor for arsenic 1.5 EPA 1995b 

BAFs (unitless) bioavailability of soil 0.183 EPA 1995a 

IR (m3/hour) inhalation rate RME=2.5 EPA 1989b 
CTE = 1.3 EPA 1989b 

SFi (mg/kg-day)"' slope factor for inhalation 15 EPA 1995b 

DL (kg/m3
) dust loading factor 3.8 x 10 7 • Professional 

Judgement 

ET (hours/day) exposure time RME=5 Life Systems 1993 
CTE=2 Life Systems 1993 



TABLE 6-2 

Exposure Variables for the Old Works/East Anaconda Development Area 

Medium Pathway 

All General 

All General 

All General 

All General 

Tailings, soils Ingestion 

Tailings, soils Ingestion 

Waste piles, hillside flues Ingestion 

Waste piles, hillside flues Ingestion 

Waste piles, hillside flues PM I 0 Inhalation 

Waste piles, hillside flues PM I 0 Inhalation 

Drinking water 

Drinking water 
•Default value recommended m EPA 1989a 
bDefoull value recommended in EPA 1989b 
<Oefaull value recommended in EPA 1991a 
dValue based on professional judgmenl 

Ingestion 

Ingestion 

Parameter 

Body Weight (kg) 

Exposure Duration (ED)(yr) 

Averaging time (noncancer) (days) 

Averaging time (cancer) (days) 

Intake rate (mg/day) 

Exposure frequency (EF) (days/year) 

Ingestion rate (mg/event) 

Exposure frequency (EF) (events/year) 

Inhalation rate (cubic meters/hour) 

Exposure time (hours/day) 

Ingestion rate (L/day) 

Exposure frequency (days/year) 

<Based on responses to survey of activity patterns of residents in Anaconda 
rrotal intake from soil plus dust. Assumed to be 50% soil, 50% dust 

Dirt-Bike Rider 

CTE RME 

701 701 

9a 301 

EF x ED• EF x ED1 

25550' 25550" 

sod IOOd 

13c 26c 

sod lOOd 

13c 26c 

0.8b 2.Sb 

2c 5c 

- -

- -

Commercial Worker 

CTE RME 

701 701 

7d 2sc 

EF x ED' EF x ED1 

25550" 25550" 

25c1.r soc.r 

2soc 2soc 

- -

- -
- -
- -

o.sd 1.0 (c) 

2soc 250 (c) 



Symbol 

SL 

TR 

AT 

BW 

EF 

ED 

IR. 

CF 

SFO 

RFDO 

BAF, 

kg=kilogram 
mg=milligram 

Units 

mg arsenic/ 
kg soil 

(unitless) 

days 

kg 

days/year 

year 

mg/visit 

kg/mg 

(mg/kg-day)- 1 

mg/kg-day 

(unitless) 

TABLE 6-3 

RME Exposure Variables Used to Calculate 
Arsenic Screening Levels for Trespassers 

Definition Value 

risk-based screening level to be calculated 

target risk Cancer: I E-04 to l E-06 
Noncancer: l 

averaging time 25550 

body weight 70 

exposure frequency 26 

exposure duration 30 

soil ingestion rate 50 

conversion factor for soil IE-06 

oral slope factor for arsenic 1-5 

arsenic oral reference dose 3.0E-04 

arsenic bioavailability factor 0.183 
in soil 

Source 

---

EPA 199la 

EPA 1989a 

EPA 1989a 

Life Systems 1993 

EPA 1989a 

Griffin, 1998 

EPA 1989a 

EPA 1998 

EPA 1998 

EPA l995a 



TABLE 6-4 

Risk-based Screening Levels for Arsenic for the Anaconda Smelter NPL Site 

Soil Surface Water 

Screening Level 
Residential Agricultural Commerci8J Recreational Dirt Recreational Based on Risk 

Scenario (mg/kg)· Scenario (mg/kg) Worker Scenario Biker Scenario Youth/Swimmer 
(mg/kg) (mg/kg) (mg/L) 

Carcinogenic Risk RME CTE RME CTE RME CTE RME CTE RME CTE 

I .OOE-07 0.3 1.85 I 10 1.33 10.2 2.32 53.5 0.002 0.008 

l.OOE-06 2.97 18.5 to 100.4 13.3 101.5 23.2 535.5 0.02 0.081 

l.OOE-05 29.7 185.2 100.3 1003 133 . 1015 232.3 5355 0.2 0.81 

l.OOE-04 297 1852 1003 10038 1331 10155 2323 53551 2 8.1 

l.OOE-03 2970 18516 10033 100385 13307 101546 23231 535517 20.2 81 

Noncarcinogenic Risk RME CTE RME CTE RME CTE RME CTE RME CTE 

Hazard Quotient = I 573 1071 NC NC 2139 4570 NC NC 1.04 4.16 
NC= not calculated. Risk-based scrcemng levels for these exposure scenanos are based on mhalat1on and mgest1on exposures. A reference concentration for arsenic for inhalation is not available; 
screening levels based on noncarcinogenic effects can therefore not be calculated for these exposure scenarios. 



Screening Level Based 
on Risk 

Carcinogenic Risk 

lE-06 

lE-05 

lE-04 

lE-03 

Screening Level 
Based on Non-
carcinogenic 
Effects (HI = 1 )" 

TABLE 6-5 

Risk-based Screening Levels for Arsenic for the 
Old Works/East Anaconda Development Area 

Ground Water .. Commercial Worker 
(commercial scenario) Scenario (mg/kg) 

(mg/L)·. 

RME CTE RME CTE 

0.15 1 (a) 7 

1.5 11 34 620 

15 110 890 6800 

150 1100 9500 68000 

29 58 1700 3500 
"The risk from the "background" level of 40 mg/kg in dust exceeds a risk level of I E 

Dirt-Bike Rider 
Scenario (mg/kg) 

RME CTE 

14 270 

140 2700 

1400 27000 

14000 270000 

5600 22000 



TABLE 6-6 

Risk-Based Screening Levels for Arsenic for the Trespasser Scenario 
ARWW&SOU 

Screening Level Based on Risk Trespasser Scenario 
(unitless} (mg/kg) 

Carcinogenic Risk RME 

lE-04 16,706 

lE-05 1,670 

lE-06 167 

Systemic Risk RME 

1 32,219 



TABLE6-7 

Concentration of COCs in Wastes and Mixed Wastes and Soils 

Mean Mean. Mean Mean 
Arsenic Cadmium Copper Lead 
(me/Im) (me/ke)·· (me/ke) (me/ke) 

Ore Processing Wastes 

Opportunity Tailings Ponds 210 4.9 1,930 384 

Anaconda Tailings Ponds 152 7.6 2,186 418 

Main Slag Pile 1,978 22.8 6,271 2,044 

West Stack Course Slag 1,870 39.6 21,600 1,470 

West Stack Fine Slag 5,500 52.9 11,600 3,250 

Yellow Ditch 216 3.5 462 213 

Railroad Fill at Blue 
NR NR NR NR 

Lagoon 

Willow Creek SST 319 3.2 3,467 471 

South Lime Ditch 124 1.8 1,445 99.7 

Triangle Wastes 717 5.4 1,665 287 

Red Sands 1,390 3.3 3,350 540 

Heap Roast Slag 841 NR 5,950 450 

Mixed Wastes and Soil 

Disturbed Area of Smelter 
1, 142 21.4 2,862 544 

Hill 

Railroad yard in East 
1,220 NR 7,170 833 

Anaconda Yards 

Upper Works Structural 
735 NR 7,500 386 

Area 

Lower Works Structural 
1,060 NR 4,560 453 

Area 

East Anaconda Yards 376 9.9 1,771 405 

Old Works Flood Plain 
1,290 NR 2,336 457 

Tailing 

Blue La2oon 110 4.2 2,527 64 

Source: Anaconda Regional Water, Waste, & Soils Baseline Ecological Risk Assessment, October 1997 
NR = Not Reported 
mg/kg= milligrams per kilogram 

Mean 
Zinc 

(ml?/ke:) 

l,340 

2,131 

26,598 

19,400 

68,000 

445 

NR 

7942 

869 

491 

4,460 

6,840 

2,817 

8,440 

5,540 

810 

NR 

970 

848 



TABLE 6-8 

Concentrations of COCs in Contaminated Soils 

Mean Mean Mean Mean Mean 
Arsenic Cadmium Copper Lead Zinc 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Contaminated Soils Wastes 

Mean 548 8.9 1284 281 710 

Standard Deviation 369 10.2 1400 198 625 

Range 123 - 1340 I - 46 170 - 5060 63 - 700 126 - 2160 

Source: Anaconda Regional Water, Waste, & Soils Baseline Ecological Risk Assessment, October 1997 



TABLE6-9 

Regional Background Soil Metal Concentrations {mg/kg) for Montana Communities 

I 1· Arsenic l Cadmium I Copper I Lead I 
Sample Size 19 19 12 19 

Geometric Mean 9.3 0.9 22.4 35.7 

Geometric Standard Deviation .2.88 2.64 1.5 4.1 

Lower 95% Confidence Limit 5.6 0.5 17.2 18. I 

Upper 95% Confidence Limit 15.5 1.4 29.1 70.4 

Source: Anaconda Regional Water, Waste, & Soils Baseline Ecological Risk Assessment, October 1997 
mg/kg= milligrams per kilogram 

Zinc 

13 

66.1 

1.3 

56 

78 

I 



TABLE 6-10 

Soils Effects Concentrations1 (i.e., Phytotoxicity Values) 

pH< 6.5 

High 315 20 750 250 240 

Low 136 5.1 236 94 196 

pH >6.5 

High 315 40 1636 250 500 

Low 224 8.6 1062 179 379 
'Low phytotoxicity values were derived from the terrestrial NRDA (RCG/Hagler, Bailly 1995), and used in the 
Phase I Screening Level Ecological Assessment (CDM Federal I 994c). 
High phytotoxicity values were derived from either the State investigation (RCG/Hagler, Bailly 1995) or the East 

Helena studies (CH2M Hill 1987a & b). 
Source: Anaconda Regional Water, Waste, & Soils Baseline Ecological Risk Assessment, October 1997 



TABLE 6-11 

Land Area Within the Phytotoxicity Zones1 

Zone 1 Zonei 

Sqbarea 
. Total 
Acreage Percent 

Acreage ofT()tal 
··Acreage 

Smelter Hill & 5,372 5,320 99 5,320 
Surrounding Areas 

Stucky Ridge 3,605 3,605 IOO 2,748 

North Hills 10,814 9,395 87 6,091 

East Hills 2,149 2,104 98 791 

South Hills 8,095 8,063 99 5,335 

Northern Lowland Area 6,618 6,256 95 5,401 

Southern Lowland Area 7,173 5,917 82 5,419 

Areas Adjacent to 
Waste Management 6,812 6,089 89 5,895 
Areas 

Total Acreages for All 50,638 46,749 92 37,000 
Subareas 

Land Outside the 186,808 93,153 50 36,963 
Subareas 

'Zone 1: at least one exceedence of the low phytotox1c cntena for As, Cd, Cu, or Pb 
Zone 2: at least one exceedence of the high phytotoxic criteria for As, Cd, Cu, or Pb 
Zone 3: area exceeds the low phytotoxic criteria for As, Cd, Cu, and Pb 
Zone 4: area exceeds the high phytotoxic criteria for As, Cd, Cu, and Pb 

Percent 
of Total 

99 

76 

56 

37 

66 

82 

76 

87 

73 

20 

Source: Anaconda Regional Water, Waste, & Soils Baseline Ecological Risk Assessment, October 1997 

Zone3 

Percent ·Acreage 
of Total 

5,335 99 

865 24 

506 5 

3 <I 

4,729 58 

1,268 19 

2,254 31 

3,733 55 

18,693 37 

8,957 5 

Zone4 

Percent Acreage 
of Total 

1,710 32 

0 0 

0 0 

0 0 

308 4 

0 0 

70 1 

67 1 

2,155 4 

288 <l 



Table 6-12 

Number of Samples Exceeding the White-tailed Deer Forage NOAELs and LOAELs 

Numbe.r of Forage Samples (and percent of total) Where the 
· Concentration of at Least One"<>fthe COCs Exceeded the NOAEL and 

Su bare a 
.. 

LOAEL' 

Total <NOAEL · ·· >NOAEL and <LOAEL >LOAEL 

Smelter Hill and 20 16 (80) 4 (20) 2 (10) 
Surrounding Areas 

North Hills 20 16 (80) 4 (20) 4 (20) 

East Hills 10 7 (70) 3 (30) I (IO) 

South Hills IO 9 (90) I (IO) 10 (10) 

Northern Lowland Area 10 6 (60) 4 (40) 2 (20) 

Southern Lowland Area 20 12 (60) 8 (40) 4 (20) 

Areas Adjacent to Waste 65 38 (58) 27 (42) 17 (26) 
Management Areas 

TOTALS 155 104(67) 51 (33) 31 (20) 
1 Forage COC concentrations between the NOAEL and the LOAEL are referred to as presenting a "potential" risk. 
Concentrations greater than the LOAEL are referred to as presenting a "likely" risk. 
Source: Anaconda Regional Water, Waste, & Soils Baseline Ecological Risk Assessment, October 1997 



Table 6-13 

Exceedances of Wildlife Drinking Water Effects Concentrations at the Anaconda Smelter Site1 

Subarea Water . coc Result Receptor NOAEL-LOAEL Risk Level2 

Body/ Station· . (µg/L) (µg/L) 

Creeks 

South Cabbage Gulch/ As 311 Deer Mice 210 - 630 Potential 
Opportunity CG-I and 2 

Red Fox 120- 240 Likely 

Willow Creek/ As 148 Red Fox 120 - 240 Potential 
WC-12 

Seeps and Springs 

Smelter Hill SH-I As 394 Deer Mice 210 - 630 Potential 

Red Fox 120 - 240 Likely 

SH-2 As 917 Deer Mice 210 - 630 Likely 

Red Fox 120 - 240 Likely 

SH-4 As 1450 Deer Mice 210 - 630 Likely 

Red Fox 120 - 240 Likely 

T-7 As 583 Deer Mice 210 - 630 Potential 

Red Fox 120 - 240 Likely 

Nazar Gulch/ NG- As 330 Deer Mice 210 - 630 Potential 
01 

Red Fox 120-240 Likely 

Nazar Gulch/ NG- As 367 Deer Mice 210 - 630 Potential 
02 

Red Fox 120 - 240 Likely 

Slag Gulch/ As 718 Deer Mice 210 - 630 Likely 
SG-01 

Red Fox 120 - 240 Likely 

Slag Gulch/ As 384 Deer Mice 210- 630 Potential 
SG-02 

Red Fox 120- 240 Likely 

SP97-9 As 1990 White-tailed 1,890 - 5,760 Potential 
Deer 

Deer Mice 210 - 630 Likely 

Red Fox 120 - 240 Likely 

SP97-10 As 277 Deer Mice 210 - 630 Potential 

Red Fox 120 - 240 Likely 

SP97-11 As 608 Deer Mice 210 - 630 Potential 

Red Fox 120 - 240 Likely 

SP97-12 As 482 Deer Mice 2IO - 630 Potential 

Red Fox 120 - 240 Likely 

SP97-21 As 147 Red Fox 120 - 240 Potential 

SP97-24 As 269 Deer Mice 210 -630 Potential 

Red Fox 120- 240 Likely 

SP97-25 As 710 Deer Mice 210 - 630 Likely 

Red Fox 120 - 240 Likely 



Table 6-13 (Continued) 

Exceedances of Wildlife Drinking Water Effects Concentrations at the Anaconda Smelter Site1 

Subarca Water coc Result Receptor NOAEL-LOAEL Risk· .. 
Body/ Station (µg/L) . (µg/L) 

South Hills T-13 As 414 Deer Mice 210- 630 Potential 

Red Fox 120- 240 Likely 

T-25 As 210 Red Fox 120 - 240 Potential 

SP97-22 As 233 Deer Mice 210 - 630 Potential 

Red Fox 120 - 240 Potential 

SP97-29 As 260 Deer Mice 210-630 Potential · 

Red Fox 120-240 Likely 

Ditches and Ponds 

Southern Blue Lagoon/ BL- Cu 17,450 Deer Mice 890- 2,630 Likely 
Lowland 03 and BL-04 

Blue Lagoon/ Cu 226,000 White-tailed 18,790 - 46,970 Likely 
WQ-007 Deer 

Deer Mice 890 - 2,630 Likely 

Redfox 69,410- 101,180 Likely 

American 38,570 - 71,430 Likely 
Robin 

Kestrel 46.960 - 86,960 Likelv 
1 These are the only exceedances of drinking water ECs observed in the Anaconda Smelter surface water data base. See text for 
an explanation about how the surface water data were used, and Appendix I for a listing of all surface water data. 
2 COC concentrations between the NOAEL and the LOAEL are referred to as presenting a "potential" risk. 
Concentrations greater than the LOAEL are referred to as presenting a "likely" risk. 
Source: Anaconda Regional Water, Waste, & Soils Baseline Ecological Risk Assessment, October 1997 
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Red Fox 

Robin 

Kestrel 

Table 6-14 

Wildlife Risk Summary for Drinking Water and Forage -
Locations at the ARWWS OU Having Potential Toxicological Effects 

Home Range/ Media COC(NOAEL Toxicological Location of Potential Toxicological Effects at the 
Duration Exceeded) Effect (Endooirit) ARWWSOU 

482A/1.0Y Drinking Copper Growth Southern Lowlands - Blue Lagoon (WQ-007) 
Water 

Forage Arsenic Lowered body Smelter Hill - VA 17, 21 
weight North Hills • V A2A 

Northern Lowlands - VA I 
East Hills • VA15 
South Hills • VA 16 
Southern Lowlands • VA l JA, 14 
Adjacent to WMAs • VA4, 6, 7, 8A, 9, 11. SN 

Cadmium Reproduction North Hills· VA2A 
Northern Lowlands - V Al 
Adjacent to WMAs - V A4, SA, 9, SN 

Copper Reproduction Smelter Hill - V A2 I 
North Hills • V A2A 
East Hills- VAIS 
Southern Lowlands - VA IJA, 14 
Adjacent to WMAs • V A4, 6, 7, 9, 11, SN 

Lead Reproduction Southern Lowlands - VAl4 

Zinc Growth Northern Lowlands - VAi 
Southern Lowlands - VA 14 
Adjacent to WMAs - VASA. 9, 11, SN 

0.27A/l.OY Drinking Arsenic Reproduction Smelter Hill • Seeps and Springs (SH- I, SH-2, SH-4, 
Water T-7, NG-01, NG-02, SG-01, SG-02, SP97-9, SP97-

10, SP97-l I, SP97-12, SP97-24, SP97-25) 
South Hills· Seeps and Springs (T-13, SP97-22, 
SP97-29) 
South Hills - Cabbage Gulch (CG-1,2) 

Copper Reduced lifespan Southern Lowlands· Blue Lagoon (BL-03, BL-04, 
WQ-007) 

3881A/l.OY Drinking Arsenic Reproduction Smelter Hill - Seeps and Springs (SH- I, SH-2, SH-4, 
Water T-7, NG-01, NG-02, SG-01, SG-02, SP97-9, SP97-

10, SP97-1 I, SP97-12, SP97-21, SP97-24, SP97-25) 
South Hills - Seeps and Springs (T-13, T -25, SP97-
22, SP97-29) 
South Hills - Cabbage Gulch (CG-I) 
Southern Lowlands - Willow Creek (WC-12) 

Copper Reproduction Southern Lowlands· Blue Lagoon (WQ-007) 

0.62A/O. 75Y Drinking Copper Growth Southern Lowlands - Blue Lagoon (WQ-007) 
Water 

499A/l.OY Drinking Copper Growth Southern Lowlands - Blue Lagoon (WQ-007) 
Water 

Source: Anaconda Regional Water, Waste, & Solis Baseline Ecolog1cal Risk Assessment, October 1997 



TABLE 6-15 
Summary of Potential Risks to Aquatic Receptors al the AR WWS OU from Exposure of COC 's in Surface Water and Sediment 

Waltr Column UJtcls Uirrrl h po\urr and food Chain t:rfrfl~ 
i ' I 

Identification of a ldcnllficallon uf a lden11ficalion of a Identification of a IJenllfical ion of a ldenlllicatmn of a hlcn111i,;11mn of 
l'ulcnhal Risk from l'utenllal Risk frum l'utcntial Risi;. lium Total Putcntaal R 1sk horn l'utent1al Risk f111m l'utcnllal R1~l from lmpach 111 Macro-
Total Recoverable 1>1ssolved Metals in Recoverable Cu in Surface Dmolved Cl I in Surface COCs in Sediment l "OCs in Sediment lnvl.'rlchrnte'i f11>111 

Metals in Surface Water Surface Water Water Based on WER for Water Based on WER for Rased un the Based on the LOAEL Expmurc, 111 Mclab 
cu cu NOAEI . 

... 

I rhmnir ~rut• rl,,.,.n;r ~rut• ·h•nnir orul• •h.nnir °""'• 

Warm Rc;sch I As 
Springs Reach 2 Cu As ' Creek -· . -· - . - I 

Heach J Pb Cu As. Cu. l'b. Zn As Nu - - - - .. ·- ··--· .. -· - . -
Reach 4 Cu As.Cu 

Reach S ('u. l'b Cu, Zn Cu Yes --
Reach 6 Pb Cu Cu Cu 

Mill Keach I ('d Cd, Cu Cd Cd 
·-. - -

Creek Reach 2 Cu Cu Cu Cu Cu Cu Nu 

Reach J ('u Cu Cu Cu Cu 

Reach 4 Cu, Ph Cu Cu Yn 

C'ahbaee <iukh As, Cu Cu As As 

Willow lleach I I 

Crl.'cL lkach 2 I Cu l'h Cd. Cu Cd, Cu 

I 
Yes 

Keach .l l Cd 

l<cad1 4 ('u. l'h Cu. Zn Cu ('u Cu Cu Yes 

l.11\t I Keach I 
l"1ccL I 

lfrad1} ! Cu 

!<each J 

Hcach 4 

Reach 5 

Other Nonh Drain As, Cd, Cu 
llabnat - ..... 

Pond I Decant Duch As, Cd, Cu. Pb, Zn As. Cd, Cu. Pb. Zn 

1'1111d 2 (lc(alll l>llch Zn Zn As, Cd, Cu. Pb, Zn As. Cd. Cu. Ph. Zn ..... -· ....... 
Ponds (l>-2) Cu. Cd, Zn Cu. Zn Cu. Zn Cu. Zn 

S l.1me l>il~h 

South'.Dilch ('u 

I 
Combined Di1ch I 

Old l.unc 1>11ch 

I Yellow Lh1d1 Cu Cu 
I 

< iardmcr ll11d1 i I'll Cu I'll 

Sh:11lnl ;n(:t' inJ1•:tl<' Nu 1>:11a 
S11111•c .-\11,1.:11111Ja l<q;111nal Water. Wa;lc. & Su1b fla,clmc I .:11l11g1•:1l 1<1,~ ''"cs,menl. O•lohcr 111117 



TABLE 8-1 

COMPARISON OF ALTERNATIVES - HIGH ARSENIC SOILS 

ALTERNATIVES 
EVALUATION 
CRITERIA No Further Action Soil Cover Reclamation - Levels I, II Partial R.eclamation 

Overall Protection of Low Moderate Moderate Moderate in reclaimed areas 
Human Health and the 
Environment 

Compliance with ARARs Not compliant Compliant Compliant Compliant in reclaimed areas 

Long Term Effectiveness None High Moderate Moderate in reclaimed areas 
and Pennanence 

Reduction of Toxicity, No reduction in toxicity, Moderate reduction Moderate reduction in Moderate reduction in 
Mobility, and Volume mobility or volume of in mobility mobility mobility within reclaimed 

waste areas 

Short Term Effectiveness Low Moderate Moderate Moderate 

Im plementabi I ity No implementation Easy to implement Easy to implement Easy to implement 
required 

Total Acres/ Cost* 

Opportunity Ponds $11,000 3561 $29,279,000 356 / $3,011,000 45 I $832,000 

North Opportunity $11,000 162 / $14,476,000 162 / $1,638,000 591 $3,497,000 

Old Works/Stucky Ridge $27,000 80 I $7,985,000 80 I $1, 111,000 24 / $1,125,000 

Smelter Hill $11,000 520 I $40,421,000 520 I $4,074,000 20 I $4,294 000 
*Present Worth Cost for Capital Cost Plus 



TABLE 8-2 

COMPARISON OF ALTERNATIVES - SPARSELY VEG ET A TED SOILS 

ALTERNATIVE 
EVALUATION CRITERIA 

No Further Action Reclamation -Levels I, II Partial Reclamation - Level I, 
II 

Overall Protection of Human Low Moderate Moderate in reclaimed areas 
Health and the Environment 

Compliance with ARARs Not compliant Compliant -Compliant in reclaimed areas 

Long Tenn Effectiveness None Moderate Moderate 
and Pennanence 

Reduction of Toxicity, Mobility, No reduction in toxicity, mobility Moderate reduction in mobility Moderate reduction in mobility in 
and Volume or volume of waste reclaimed areas 

Short Term Effectiveness Low Moderate Moderate 

Implementability No implementation required Easy to implement Easy to implement 

Total Acres I Cost* 

Opportunity Ponds $22,000 491 I $3,665,000 475 I $5,033,000 
. 

North Opportunity $11,000 870 I $10,835,000 425 I $6, 732,000 

South Opportunity $11,000 342 / $2,758,000 200 I $2,228,000 

Old Works/Stucky Ridge $70,000 4949 I $29,676,000 1270 I $16,973,000 

Smelter Hill $11,000 2466 I $16,264,000 1470 I $15,082,000 

*Present Worth Cost for Capital Cost plus O&M 



TABLE 8-3 

COMPARISON OF ALTERNATIVES OPPORTUNITY PONDS, CELL A, MAIN GRANULATED SLAG, 
DISTURBED AREA AND ANACONDA PONDS WASTE AREAS* 

ALTERNATWE 
EVALUATION 

No Further Soil Cover Reclamation- Partial Reclamation Reclamation/ Rock Amendment Removal CRITERIA 
Artinn I~.;,,.., ill I . .;.;,,.., 11 ~nil C.nveir 

Overall Protection of Low Moderate Moderate Moderate in Moderate Low High 
Human Health and the reclaimed areas 
Environment 

Compliance with Not compliant Compliant, may be Compliant, may be Compliant, may be Compliant, may be Not compliant Compliant 
ARA Rs designated WMA designated WMA designated WMA designated WMA 

Long Tenn None High Moderate Moderate in High Low High 
Effectiveness reclaimed areas 
and Pennanence 

Reduction of Toxicity, No reduction in Moderate reduction Moderate reduction Moderate reduction Moderate reduction None Elimination of volume, 
Mobility, and Volume toxicity, mobility in mobility in mobility in mobility in in mobility toxicity, and mobility 

or volume of reclaimed areas 
waste 

Short Tenn Low Moderate Moderate Moderate Moderate Moderate High 
Effectiveness 

Implementability No Easy to implement Easy 10 implement Easy to implement Easy to implement Easy to implement Easy to implement 
implementation 
required 

Total Acres I Cost••• 

Opportunity Ponds $26,000 25081 $110,894,000 25081 $62,787,000 362 .. I $54,018,000 25081 $87,253,000 25081 $64,633,000 146.0 mcy I $893,981,000 

Cell A $11,000 NIA NIA NIA NIA 1981 $6,706,000 6.2 mcy I $62,917,000 

Main Granulated Slag $11,000 NIA NIA NIA NIA 88 I $3,147,000 30.24 mcy I $228, 1 17 ,000 

Disturbed Area SI 1,000 5221 $40,885,000 5221 $5,852,000 110 I $4,541,000 NIA NIA 983,470 cy I $17,459,000 

An-----'- Pond~ ~AA nnn .i1..i1.o / t1,; 1110 nnn Sl7.l70.0M 176/SI 4?R non 440 I t'1 .ii.RO OM 449all 91' OM 114 'i mrv / $692. J')l MC: 

*The waste areas for the ARWW&S OU are separated into two groups for the comparison of alternatives. The Opportunity Ponds, Opportunity Ponds - Cell A, Mam Granulated Slag, Disturbed Arca and Anaconda 
Ponds waste areas are compared in one table with alternatives for the remaining waste areas, South Lime Ditch, Triangle Waste, Warm Springs Creek Stream Side Tailings, Willow Creek SST, Yellow Ditch, Blue 
Lagoon and East Yard Wastes compared in another table. 
• • Includes rock cover on 2, I 46 acres 
•••Present Wonh Cost for Capital Cost plus O&M 



TABLE 8-4 

COMPARISON OF ALTERNATIVES - REMAINING WASTE AREAS* 

ALTERNATIVE 
EVALUATION 

Capping ~II C::e1ver Rtdamatlon • Partial· CRITERIA !\lo Further Action Removal Partial 
.. Lffel Ill.·· Reciamatlon ~.· Removal 

i·.;.~.i If . 

Overall Protection None High Moderate Moderate Moderate in High High in affected areas 
of Human Health reclaimed areas 
and the Environment 

Compliance with Not compliant Compliant Compliant Compliant Compliant in Compliant Compliant in affected 
ARA Rs reclaimed areas areas 

Long Term None High High Moderate Moderate in High High in affected areas 
Effectiveness reclaimed areas 
and Permanence 

Reduction of No reduction in High reduction in Moderate reduction Moderate reduction Moderate reduction High, complete elimination High, elimination of 
Toxicity, Mobility, toxicity, mobility or mobility in mobility in mobility in reclaimed areas of waste waste in affected areas 
and Volume volume of waste 

Short Term Low Moderate Moderate Moderate Moderate Moderate Moderate 
Effectiveness 

Implementability No implementation 
m1uired 

Easy to implement Easy to implement Easy to implement Easy to implement Easy to implement Easy to implement 

Total Acres I Cost .. 

South Lime Ditch $11,000 1961 $25,330,000 1961 $17,243,00 196 / $6,330,000 NIA 1.9 mcy I $30,913,000 423,000 cy I $9,631,000 

Trian1de Waste $21,000 NIA 300 I $25,479,000 300 I $8,387,000 86 / $685,000 1.6 mcy I $23, 786,000 NIA 
Warm Springs Creek $11,000 11 $394,000 NIA 11 $280,000 NIA 1,400 cy I $95,000 NIA 

SST 

Willow Creek SST $11,000 65 I $9,643,000 NIA 65 I $2,360,000 NIA 185,500cv 1$3,189,000 96,200 cy I$ I, 706,000 

Yellow Ditch $11,000 10 I $1646,000 101$1,184,000 10 I $502,000 NIA 140,000 CV I $5,699,000 NIA 
Blue Lagoon $11,000 NIA NIA NIA NIA 84,000 cy I $3,911,000 5,100 CV I $811,000 

l:ft•• VArtl 'ti 1 nnn ltf; / 't p < 1 < nno It / taan nnn lJ/A lJ/A &<o nnn"" / t'< n111 nnn I ffl c:nn rv / t4 4''\ nnn 

•The waste areas for the ARWW&S OU are separated into rwo groups for the comparison ofaltemauves. The Opportunity Ponds, Opportunity Ponds - Cell A, Mam Granulated Slag, Disturbed Area 
and Anaconda Ponds waste areas arc compared in one table with alternatives for the remaining waste areas, South Lime Ditch, Triangle Waste, Warm Springs Creek Stream Side Tailings, Willow 
Creek SST, Yellow Ditch, Blue Lagoon and East Yard Wastes compared in another table . 
.. Present Worth Cost for Capital Cost plus O&:M 



TABLE 8-5 

COMPARISON OF ALTERNATIVES - GROUND WATER 

... 

ALTERNATIVE 
.. .. ' 

EVALUATION CRITERIA NQ Further Action · Ex*ra~tion WellS Slurry Wall 

Overall Protection of Human High if aquifer underlies a designated High High 
Health and the Environment WMA 

Compliance with ARARs Compliant if underlies WMA Compliant at WMA boundary Compliant at WMA 

Long Term Effectiveness None Moderate Moderate 
and Pennanence 

Reduction of Toxicity, No reduction in toxicity, mobility or Reduction in toxicity, mobility and Reduction in toxicity, mobility and 
Mobility, and Volume volume of waste volume (concentration) of volume (concentration) of 

contaminants contaminants 

Short Term Effectiveness High Moderate Moderate 

Implementability No implementation required Easy to implement Easy to implement 

Cost• 

Opportunity Ponds $202,000 $7,270,000 $8,636,000 

South Opportunity $153,000 NIA NIA 

Old Works/Stucky Ridge $172,000 $9,828,000 $7,197,000 

Smelter Hill - Alluvial $305,000 $18, 196,000 NIA 

Smelter Hill - Bedrock $305,000 $2 858,000 NIA 
•Present Worth Cost for Capital Cost plus O&M 



TABLE 8-6 

COMPARISON OF ALTERNATIVES - SURF ACE WATER 

ALTERNATIVE 

EVALUATION CRITERIA No Further Action Pump and Treat Oxidation/ Pump and Treat Ion Wetlands 
Precioitation Excban2e 

Overall Protection of Human None High High Moderate 
Health and the Environment 

Compliance with ARARs Not compliant Compliant Compliant Compliant 

Long Tenn Effectiveness None High High Moderate 
and Permanence 

Reduction of Toxicity, No reduction in toxicity, Reduction in toxicity, mobility Reduction in toxicity, Reduction in toxicity, 
Mobility, and Volume mobility or volume of and volume (concentration) of mobility and volume mobility and volume 

waste contaminants. Arsenic may pose (concentration) of (concentration) of 
a problem contaminants. Arsenic may contaminants. Arsenic 

pose a problem may pose problem 

Short Term Effectiveness Low High High Moderate 

Implementability No implementation Easy to implement Easy to implement Easy to implement 
required 

Cost• 

Yellow Ditch $119,000 NIA NIA NIA 

Cabbage Gulch $120,000 $6,077 000 NIA $2,617,000 

*Present Worth Cost for Capital Cost plus O&M 



TAB~-1 

SUMMARY OF REMEDIAL COSTS FOR AREAS OF CONCERN AT THE ARWW&S OU 

No No Furtbtr 
Land Rtdamarlou Partial Tot1I Costs• 

SllBAREA AREA OF CONCERN Furtbtr Action; Natural Soil Conr 
Minimum M11imum 

Removal 
Rtmoval ..... ~- . .. MIRlmnm M•wlmnm 

lligh Arsenic Soils Sl.069,000 Sl,292,000 Sl,069,000 Sl,292,000 

North Sparsely Vegetated Soils S9,091.000 S9,560,000 S9,091,000 S9,560,000 

Opponuni1y Warm Springs Creek SST S85,000 $85,000 $85,000 

Subarea Total SIO 245 000 SI0,937.000 

lligh Arsenic Soils Sl,896,000 S2,304,000 Sl,896,000 S2,304,000 

Sparsely Vegetated Soils S2,298,000 S2,751.000 S2.298,000 S2,751,000 

Opponunity Ponds $45, 144,000 Sl8,362,000 S54,384,000 $18,362,000 S54,384.000 

Opponunity Cell A S5,142,000 Sl,965,000 S5,5S3,000 Sl,965,000 S5,553,000 

Ponds South Lime Ditch S4,341,000 Sl,948.000 S5,499,000 Sl.948,ooo S5,499,000 

Triangle Waste Arca S6,427,000 S3.J79,000 S7,587,000 SJ.379,000 S7,587,000 

Groundwater S202,000 S202,000 $202,000 

Subarca Total $30050.000 $78 280,000 

lligh Arsenic Soils $845,000 S986,000 $845,000 S986,000 

Old Works/ Sparsely Vegetated Soils Sl8,823,000 S22,782,000 $18,823,000 S22,782,000 
Stucky Ridge Groundwater Sl72,000 5172.000 Sl72,000 

Subarea Total $19,840000 Sll.940.000 

lligh Arsenic Soils $2,674.000 $3,162,000 S2,674,000 $3,162,000 

Sparsely Vegetated Soils SI0,587.000 Sl2,646,000 SI0.587.000 $12,646,000 

Anaconda Ponds $11,401,000 $6,790,000 Sl5,170,000 $6,790,000 $15,170,000 

L>isturbed Arca $12.J 18.000 $4,041,000 $5,170,000 $4,041,000 $12.318,000 

East Anaconda Yards Sll.000 SI 1.000 s11,ooo 
Smelter Ifill 

Sll,000 Sll,000 Main Granulated Slag SI 1.000 

Groundwater - Bedrock $305,000 S305.000 S305,000 

Groundwater - Alluvial $305.000 $305,000 $305,000 

Cabbage Gulch Surface Water $120,000 5120.000 $120,000 

Subarca Total S24.844 000 S44.048 000 

Sparsely Vegetated Soils Sl.753.000 S2.109.000 $1.753.000 S2.109,000 

Blue Lagoon $800,000 $800,000 $800,000 

Willow Creek SST Sl,660.000 Sl,660,000 Sl,660,000 
South Yellow Ditch $509,000 $509.000 SS09,000 Oppununlly 

Groundwater Sl53,000 $153.000 $153.000 

Yellow Ditch Surface Water SI 19.000 SI 19.000 SI 19,0UO 

Subarca Total S4 994 000 SS JS0.000 

l'O'r .\ 1 ('n..:-rs• ~Mll.971 non ""'~ ...... '"'"'" 
•l'rc,clll Worth Cosl fur Capital ( osl plus O&M 
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INTRODUCTION 

Section 12l(d) of CERCLA, 42 U.S.C. § 9621(d), the National Oil and Haz.ardous 
Substances Pollution Contingency Plan (the "NCP"), 40 CFR Part 300 ( 1990), and guidance and 
policy issued by the Environmental Protection Agency (EPA) require that remedial actions under 
CERCLA comply with substantive provisions of applicable or relevant and appropriate 
standards, requirements, criteria, or limitations (ARARs) from State of Montana and federal 
environmental laws and State facility siting laws during and at the completion of the remedial 
action. These requirements are threshold standards that any selected remedy must meet, unless 
an ARAR waiver is invoked. 

This document identifies final ARARs for the activities to be conducted under the 
Anaconda Regional Water, Waste, and Soils Operable Unit (ARWW&S OU) remedial action. 
The following ARARs or groups of related ARARs are each identified by a statutory or 
regulatory citation, followed by a brief explanation of the ARAR and how and to what extent the 
ARAR is expected to apply to the activities to be conducted under this remedial action. 

Substantive provisions of the requirements listed below are identified as ARARs pursuant 
to 40 CFR § 300.400. ARARs that are within the scope ofthis remedial action must be attained 
during and at the completion of the remedial action. 1 No permits are anticipated for the remedial 
action for the AR WW &S OU in accordance with Section 121 ( e) of CERCLA. 

TYPES OF ARARs 

ARARs are either "applicable" or "relevant and appropriate." Both types of requirements 
are mandatory under CERCLA and the NCP.2 Applicable requirements are those cleanup 
standards, standards of control, and other substantive requirements, criteria or limitations 
promulgated under federal environmental or state environmental and facility siting laws that 
specifically address a haz.a.rdous substance, pollutant, contaminant, remedial action, location, or 
other circumstance found at a CERCLA site. Only those state standards that are identified by a 
state in a timely manner and that are more stringent than federal requirements may be applicable.3 

Relevant and appropriate requirements are those cleanup standards, standards of control, 
and other substantive requirements, criteria or limitations promulgated under federal 
environmental or state environmental or facility siting laws that, while not "applicable" to 
haz.ardous substances, pollutants, contaminants, remedial actions, locations, or other 
circumstances at a CERCLA site, address problems or situations sufficiently similar to those 

2 

3 

40 CFR Section 300.435(b)(2); Preamble to the National Oil and Hazardous Substances Pollution 
Contingency Plan, 55 Fed. Reg. 8755-8757 (March 8, I 990). 

CERCLA § 12l(d)(2)(A), 42 U.S.C. § 692l(d)(2)(a). See also. 40 CFR § 300.430(t)(l)(i)(A). 

40 CFR § 300.5. 
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encountered at the CERCLA site that their use is well suited to the particular site. Only those 
state standards that are identified in a timely manner and are more stringent than federal 
requirements may be relevant and appropriate.4 

The determination that a requirement is relevant and appropriate is a two-step process: 
( 1) determination if a requirement is relevant and (2) determination if a requirement is " 
appropriate. In general, this involves a comparison of a number of site-specific factors, including 
an examination of the purpose of the requirement and the purpose of the proposed CERCLA 
action; the medium and substances regulated by the requirement and the proposed requirement; 
the actions or activities regulated by the requirement and the remedial action; and the potential 
use of resources addressed in the requirement and the remedial action. When the analysis results 
in a determination that a requirement is both relevant and appropriate, such a requirement must 
be complied with to the same degree as if it were applicable. 5 

ARARs are contaminant, location, or action specific. Contaminant specific requirements 
address chemical or physical characteristics of compounds or substances on sites. These values 
establish acceptable amounts or concentrations of chemicals which may be found in or 
discharged to the ambient environment. 

Location specific requirements are restrictions placed upon the concentrations of 
hazardous substances or the conduct of cleanup activities because they are in specific locations. 
Location specific ARARs relate to the geographical or physical positions of sites, rather than to 
the nature of contaminants at sites. 

Action specific requirements are usually technology.based or activity based requirements 
or limitations on actions taken with respect to hazardous substances, pollutants or contaminants. 
A given cleanup activity will trigger an action specific requirement. Such requirements do not 
themselves determine the cleanup alternative, but define how chosen cleanup methods should be 
performed. 

Many requirements listed as ARARs are promulgated as identical or near identical 
requirements in both federal.and state law, usually pursuant to delegated environmental programs 
administered by EPA and the state. The Preamble to the NCP provides that such a situation 
results in citation to the state provision and treatment of the provision as a federal requirement. 

Also contained in this list are policies, guidance or other sources of information which are 
"to be considered" in the selection of the remedy and implementation of the record of decision 
(ROD). Although not enforceable requirements, these documents are important sources of 
information which EPA and the State of Montana Department of Environmental Quality 
(MDEQ) may consider during selection of the remedy, especially in regard to the evaluation of 

4 

5 

40 CFR § 300.5. 

CERCLA Compliance with Other Laws Manual, Vol. I, OSWER Directive 9234.1-01, August 8, 
1988, p. 1-11. 
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public health and environmental risks; or which will be referred to, as appropriate, in selecting 
and developing cleanup actions. 6 

This Appendix constitutes EPA's and MDEQ's formal identification and detailed 
description of ARARs for the implementation of the remedial action at the Anaconda Smelter 
NPL Site, Anaconda Regional Water, Waste & Soils Operable Unit. Final ARARs will be set 
forth as performance standards for any and all remedial design or remedial action work plans. 

I. CONT AMIN ANT SPECIFIC ARARs 

A. Federal and State Groundwater ARARs. 

Groundwater ARARs are must be met throughout the ARWW&S OU. Compliance with 
groundwater ARARs in waste management areas will generally be measured at the edge of each 
area. 

i. State of Montana reguirements. 

a. ARM§ 17.30.1002 and -1003 (all applicable). 

ARM§ 17.30.1002 provides that groundwater is classified I through IV based on its present and 
future most beneficial uses, and states that groundwater is to be classified according to actual 
quality or use, whichever places the groundwater in a higher class. Class I is the highest quality 
class; class IV the lowest. Based upon its specific conductance, groundwater throughout the 
entire AR WW &S OU is considered Class I groundwater. 

ARM § 17 .30. l 003 sets the standards for the different classes of groundwater. Concentrations of 
dissolved substances in Class I or II groundwater may not exceed the human health standards 
listed in department Circular WQB-7. 7 These levels are listed below for the primary 
contaminants of concern. Levels that are more stringent than the MCL or MCLG identified in 
the federal portion of the ARARs are set out in boldface type. 

6 

1 

40 CFR Section 300.400(g)(3); 40 CFR Section 300.4 l 5(i); Preamble to the NCP, 55 Fed. Reg. 
8744-8746 (March 8, 1990). 

Montana Department of Environmental Quality, Water Quality Division, Circular WOB-7. 
Montana Numeric Water Quality Standards (December 3, 1995). 
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Contaminant 

Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Zinc 

WOB-7 Standard* 

18 µg!L 
4µg!L 
5 µg!L 
1,000 µg/L 
15 µg!L 
5,000 µg!L 

• WQB-7 standards for metals and arsenic in ground water are based on the dissolved portion of the sample. 

ARM § 17 .30.1003 requires that concentrations of other dissolved or suspended substances must 
not exceed levels that render the waters harmful, detrimental or injurious to public health. 
Maximum allowable concentrations of these substances also must not exceed acute or chronic 
problem levels that would adversely affect existing or designated beneficial uses of groundwater 
of that classification. 

b. ARM§ 17.30.1011 (applicable). 

This section provides that any groundwater whose existing quality is higher than the standard for 
its classification must be maintained at that high quality in accordance with MCA§ 75-5-303. 

An additional concern with respect to ARARs for groundwater is the impact of groundwater 
upon surface water. If significant loadings of contaminants from groundwater sources to Warm 
Springs Creek, Mill Creek and Willow Creek contribute to· the inability of the stream to meet B-1 
class standards, then alternatives to alleviate such groundwater loading must be evaluated and, if 
appropriate, implemented. Groundwater in certain areas may have to be remediated to levels 
more stringent than the groundwater classification standards in order to achieve the standards for 
affected surface water. See Compliance with Federal Water Quality Criteria, OSWER 
Publication 9234.2-09/FS (June 1990) ("Where the ground water flows naturally into the surface 
water, the ground-water remediation should be designed·so that the receiving surface-water body 
will be able to meet any ambient water-quality standards (such as State WQSs or FWQC) that 
may be ARA.Rs for the surface water.") · 

ii. Federal reguirements. 

Safe Drinkin& Water Act, 42 U.S.C. § 300f, et seg •• National Primary 
and Secondary Drinkin& Water Rmlations, 40 CFR Parts 141 and 142 (relevant and 
appropriate). The National Primary and Secondary Drinking Water Regulations (40 CFR Parts 
141 and 143) establish maximum contaminant levels (MCLs) for chemicals in drinking water 
distributed in public water systems. These are enforceable in Montana under the Public Water 
Safety Act, MCA§ 75-6-101,~ .• and ARM§ 17.30.204. Safe Drinking Water Act MCLs 
are not applicable to the AR WW &S remedial action because the contaminated portions of the 
aquifers found within the ARWW&S OU are currently not a source for public water supplies. 
There is no known public use of groundwater underlying or coming into contact with 

A-4 



contaminants from the ARWW&S OU. These standards may be applicable in the future should 
EPA detect an exceedance at a public water outlet. 

These drinking water standards are relevant and appropriate, however, because groundwater in 
the area is a potential source of drinking water. Since Warm Springs Creek, Mill Creek and 
Willow Creek are potential sources of drinking water, these standards are relevant and 
appropriate for these surface waters as well. 

The determination that the drinking water standards are relevant and appropriate for portions of 
the AR WW &S OU remedial action is fully supported by the regulations and guidance. The 
Preamble to the NCP clearly states that the MCLs are relevant and appropriate for groundwater 
that is a current or potential source of drinking water. See 55 Fed. Reg. 8750, March 8, 1990, and 
40 CFR § 300.430(e)(2)(i)(B). MCLs developed under the Safe Drinking Water Act generally 
are ARARs for current or potential drinking water sources. See, EPA Guidance On Remedial 
Action For Contaminated Groundwater at Superfund Sites, OSWER Dir. #9283.1-2, December 
1988. 

In addition, maximum contaminant level goals (MCLGs) may also be relevant and appropriate in 
certain site-specific situations. See 55 Fed. Reg. 8750-8752. MCLGs are health-based goals 
which are established at levels at which no·known or anticipated adverse effects on the health of 
persons occur and which allow an adequate margin of safety. According to the NCP, MCLGs 
that are set at levels above zero must be attained by remedial actions for ground or surface waters 
that are current or potential sources of drinking water, where the MCLGs are relevant and 
appropriate under the circumstances of the release. Where the MCLG for a contaminant has been 
set at a level of zero, the MCL promulgated for that contaminant must be attained by the remedial 
actions. 

The MCLGs and MCLs for contaminants of concern are: 

Contaminant MCLCm&fLl MCLG Cm&{Ll 

Arsenic o.o5· none 
Beryllium •• .004••• none 
Cadmium . 005• .005 ... 

Copper 1.3 ... 1.3··· 
Lead .015 .... o··· 
• 40 CFR § 141.62(b) 
•• 40 CFR § 141.5 l(c) no MCL, does specify BAT to be applied 
••• 40 CFR § 141.51(b) 
•••• 40 CFR § 14 l .80(b )-this is an action level, not a true MCL 
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B. Federal and State Surface Water ARARs. 

1. State of Montana Surface Water Quality Reguirements. Montana 
Water Quality Act. MCA§ 75-5-101. et seq .• and implementing regulations (applicable). 
General. The Clean Water Act, 33 U.S.C. § 1251, ~.,provides the authority for each state to 
adopt water quality standards ( 40 CFR Part 131) designed to protect beneficial uses of each water 
body and requires each state to designate uses for each water body. The Montana Water Quality 
Act, MCA§ 75-5-101, et seq., establishes requirements for restoring and maintaining the quality 
of surface and groundwaters. The State has the authority to adopt water quality standards 
designed to protect beneficial uses of each water body and to designate uses for each water body. 
Montana's regulations classify State waters according to quality, place restrictions on the 
discharge of pollutants to State waters, and prohibit degradation of State waters. Pursuant to this 
authority and the criteria established by Montana surface water quality regulations, ARM § 
17.30.60 I, et seq., Montana has established the Water-Use Classification system. Under ARM § 
17.30.607, tributaries to Clark Fork River, including Warms Springs Creek, Mill Creek, Willow 
Creek, Lost Creek, and the Mill Willow Bypass have been classified "B-1." Ditches and certain 
other·bodies of surface water must also meet these requirements. 8 Certain of the B-1 standards, 
codified at ARM§ 17.30.623, as well as Montana's nondegradation requirements, are presented 
below. 

a. ARM § 17.30.623 (applicable). Waters classified B-1 are, after 
conventional treatment, suitable for drinking, culinary and food processing purposes. These 
waters are also suitable for bathing, swimming and recreation, growth and propagation of 
salmonid fishes and associated aquatic life, waterfowl and furbearers, and use for agricultural and 
industrial purposes. This section provides also that concentrations of carcinogenic, 
bioconcentrating, toxic or harmful parameters which would remain in water after conventional 
water treatment may not exceed standards set forth in department circular WQB-7. WQB-7 
provides that "whenever both Aquatic Life Standards and Human Health Standards exist for the 
same analyte, the more restrictive of these values will be used as the numeric Surface Water 
Quality Standard." For the primary Contaminants of Concern the Circular WQB-7 standards are 
listed below. 

8 As provided under ARM§ 17.30.602(25}. '"surface waters' means any waters on the earth's 
surface, including but not limited to, streams, lakes, ponds, and reservoirs; and irrigation and 
drainage systems discharging directly into a stream, lake, pond, reservoir or other surface water. 
Water bodies used solely for treating, transporting or impounding pollutants shall not be 
considered surface water." 
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Contaminant 

Arsenic 
Cadmium 
Copper 
Iron 
Lead 
Zinc 

WOB-7 Standard 

18 µg/L 
I.I µg!L" 
12 µg!L" 
300 µg!L 
3.2 µg!L" 
110 µg!L" 

"Chronic Aquatic Life Standard based on 100 mg.IL hardness. 

The B-1 classification standards at ARM§ 17.30.623 also include the following criteria: 1) 
dissolved oxygen concentration must not be reduced below the levels given in department 
circular WQB-7; 2) hydrogen ion concentration (pH) must be maintained within the range of 6.5 
to 8.5; 3) the maximum allowable increase above naturally occurring turbidity is 5 
nephelometric turbidity units; 4) temperature increases must be kept within prescribed limits; 5) 
no increases above naturally occurring concentrations of sediment, settleable solids, oils, floating 
solids, which will or are likely to create a nuisance or render the waters harmful, detrimental, or 
injurious to public health, recreation, safety, welfare, livestock, wild animals, birds, fish or other 
wildlife are allowed; 5) True color must be kept within specified limits. 

b. ARM§ 17.30.637 (applicable). Provides that surface waters 
must be free of substances attributable to industrial practices or other discharges that will: (a) 
settle to form objectionable sludge deposits or emulsions beneath the surface of the water or 
upon adjoining shorelines; (b) create floating debris, scum, a visible oil film (or be present in 
concentrations at or in excess of I 0 milligrams per liter) or globules of grease or other floating 
materials; ( c) produce odors, colors or other conditions which create a nuisance or render 
undesirable tastes to fish flesh or make fish inedible; ( d) create concentrations or combinations 
of materials which are toxic or harmful to human, animal, plant or aquatic life; ( e) create 
conditions which produce undesirable aquatic life. 

ARM§ 17.30.637 also states that no waste may be discharged and no activities conducted which, 
either along or in combination with other waste activities, will cause violation of surface water 
quality standards; provided a short term exemption from a surface water quality standard may be 
authorized by the department under·certain conditions. 

c. ARM§ 17.30.705 (applicable). Existing and anticipated uses of 
surface water and water quality necessary to support those uses must be maintained and 
protected. 

2. Federal Surface Water Quality Requirements, Clean Water Act. 33 
U.S.C. §§ 1251, et seq. (applicable). As provided under Section 303 of the Clean Water Act, 33 
U.S.C. § 1313, the State of Montana has promulgated water quality standards. See the discussion 
above under State surface water quality requirements. 
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C. Federal and State Air Quality ARARs. 

1. National Ambient Air Quality Standards, 40 CFR § 50.6 CPM-10); 40 
CFR § 50.12 Clead) (applicable). These provisions establish standards for PM-I 0 and lead 
emissions to air. (Corresponding state standards are found at ARM§ 17.8.222 (lead) and ARM § 
17.8.223 (PM-10).) 

2. Montana Ambient Air Quality Rmlations, ARM §§ 17.8.206. -.222. -
.220, and -.223 (applicable). 

a. ARM§ 17.8.206. This provision establishes sampling, data 
collection and analytical requirements to ensure compliance with ambient air quality standards. 

b. ARM§ 17.8.222. Lead emissions to ambient air shall not exceed a 
ninety (90) day average of 1.5 micrograms per cubic liter of air. 

c. ARM§ 17.8.220. Settled particulate matter shall not exceed a 
thirty (30) day average of 10 grams per square meter. 

d. ARM§ 17.8.223. PM-10 concentrations in ambient air shall not 
exceed a 24 hour average of 150 micrograms per cubic meter of air and an annual average of 50 
micrograms per cubic meter of air. 

II. LOCATION SPECIFIC REQUIREMENTS 

The statutes and regulations set forth below relate to solid waste, floodplains, floodways, 
streambeds, and the preservation of certain cultural, historic, natural or other national resources 
located in certain areas which may be adversely affected by the ARWW&S OU remedial action. 

A. National Historic Preservation Act. 16 U.S.C. § 470. 40 CFR § 6.301Cbl. 36 
CFR Part 800 CNHPA) (applicable). This statute and implementing regulations require Federal 
agencies to take into account the effect of this response action upon any district, site, building, 
structure, or object that is included in or eligible for the Register of Historic Places. Compliance 
with NHP A requirements will be attained through the Regional Historic Preservation Plan as 
implemented pursuant to agreements entered into with EPA and Anaconda/Deer Lodge. 

B. Archaeolo&ical and Historic Preservation Act. 16 U.S.C. § 469. 40 CFR 
6.30Hc) (applicable). This statute and implementing regulations establish requirements for the 
evaluation and preservation of historical and archaeological data, which may be destroyed 
through alteration of terrain as a result of a Federal construction project or a federally licensed 
activity or program. This requires EPA or the PRP to survey the site for covered scientific, 
prehistorical or archaeological artifacts. The results of this survey will be reflected in the 
Administrative Record. Preservation of appropriate data concerning the artifacts is hereby 
identified as an ARAR requirement, to be completed during the implementation of the remedial 
action. 
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C. Historic Sites, Buildings and Antiguities Act. 16 U.S.C. § 461, et seg .. 40 CFR 
§ 6.310(a) (aoplicable). This statute and implementing regulations require federal agencies to 
consider the existence and location of land marks on the National Registry of National Land
marks and to avoid undesirable impacts on such landmarks. 

D. Fish and Wildlife Coordination Act. 16 U.S.C. §§ 1531, et seq., 40 CFR § 
6.302Cgl (applicable). This statute and implementing regulations require that Federal agencies 
or federally funded projects ensure that any modification of any stream or other water body 
affected by any action authorized or funded by the Federal agency provides for adequate 
protection of fish and wildlife resources. Compliance with this ARAR requires EPA to consult 
with the U.S. Fish and Wildlife Service and the Montana Department of Fish, Wildlife, and 
Parks. Further consultation will occur during remedial design and remedial action. 

E. Endan1ered Species Act. 16 U.S.C. § 1531. 40 CFR § 6.302(h), SO CFR Parts 
17 and 402 (applicable). This statute and implementing regulations provide that federal 
activities not jeopardize the continued existence of any threatened or endangered species. As 
part of on-going site investigations, ARCO completed a report, Wetlands and 
Threatened/Endangered Species Inventory with Determination of Effective Wetland Area 
(May 1994), which noted that the following threatened or endangered animal species are present 
in the Anaconda area: bald eagles and peregrine falcons. Additionally, the Montana Natural 
Heritage Program data base indicates that Preble's shrew has been observed on site. The remedy 
selection process, including the Feasibility Study, should identify whether the proposed remedial 
actions will impact threatened and/or endangered species and/or their habitat, and what 
avoidance or mitigative measures are necessary in Section 1.0, Statutory Determinations, of the 
Decision Summary of the ROD. 

F. Floodplain Management, 40 CFR § 6.302(b), and Executive Order No. 11988 
(applicable). These require that actions be taken to avoid, to the extent possible, adverse effects 
associated with direct or indirect development of a floodplain, or to minimize adverse impacts if 
no practicable alternative exists. 

G. Protection of Wetlands. 40 CFR Part 6. Appendix A. Executive Order No. 
11990 (anplicable). This ARAR requires Federal agencies and the PRP to avoid, to the extent 
possible, the adverse impacts associated with the destruction or loss of wetlands and to avoid 
support of new construction in wetlands if a practicable alternative exists. Wetlands are defined 
as those areas that are inundated or saturated by groundwater or surface water at a frequency and 
duration sufficient to support, and that under normal circumstances do support, a prevalence of 
vegetation typically adapted for life in saturated soil conditions. Compliance with this ARAR 
will be achieved through consultation with the U.S. Fish and Wildlife Service and the U.S. Corp 
of Engineers, to determine the existence and category of wetlands present at the site, and any 
avoidance or mitigation and replacement which may be necessary. As part of on-going site 
investigations, ARCO completed a report, Wetlands and Threatened/Endangered Species 
Inventory with Determination of Effective Wetland Area (May 1994). A total of 10,714 
acres were positively identified as jurisdictional wetlands and 164 acres of aquatic habitat were 
identified. 
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H. Montana Floodplain and Floodway Manae;ement Act and Regulations, MCA 
§ 76-5-401. et seq., ARM § 36.15.601. et seg. (applicable). The Floodplain and Floodway 
Management Act and regulations specify types of uses and structures that are allowed or 
prohibited in the designated 100-year floodway9 and floodplain. 10 Since the AR WW &S OU lies 
partially within the 100-year floodplain of Warm Springs Creek, these standards are applicable to 
all actions within this floodplain area. 

1. Allowed uses 

The law recognizes certain uses as allowable in the floodway and a broader range of uses as 
allowed in the floodplain. Residential use is among the possible allowed uses expressly 
recognized in both the floodway and floodplain. "Residential uses such as lawns, gardens, 
parking areas, and play areas," as well as certain agricultural, industrial-commercial, recreational 
and other uses are permissible within the designated flood way, provided they do not require 
structures other than portable structures, fill or permanent storage of materials or equipment. 
MCA§ 76-5-401; ARM§ 36.15.601 (Applicable). In addition, in the flood fringe (i.e., within 
the floodplain but outside the floodway), residential, commercial, industrial, and other structures 
may be permitted subject to certain conditions relating to placement of fill, roads, floodproofing, 
etc. MCA§ 76-5-402; ARM§ 36.15.701 (Applicable). Domestic water supply wells may be 
permitted, even within the floodway, provided the well casing is watertight to a depth of25 feet 
and the well meets certain conditions for floodproofing, sealing, and positive drainage away from 
the well head. ARM§ 36.15.602(6). 

2. Prohibited uses 

Uses prohibited anywhere in either the floodway or the floodplain are: 

1. solid and hazardous waste disposal; and 
2. storage of toxic, flammable, haz.ardous, or explosive materials. 

ARM§§ 36.15.605(2) and 36.15.703 (Applicable); see also ARM§ 36.15.602(5)(b) 
(Applicable). 

In the floodway, additional prohibitions apply, including prohibition of: 

9 

10 

1. a building for living purposes or place of assembly or permanent use by human 
beings; 

The "floodway" is the channel of a watercourse or drainway and those portions of the floodplain adjoining 
the channel which are reasonably required to carry and discharge the floodwater of the watercourse or 
drainway. ARM § 36.15.101(13). 

The "floodplain" is the area adjoining the watercourse or drainway which would be covered by the 
floodwater of a base (100-year) flood except for sheetflood areas that receive less than one foot of water 

. per occurrence. The floodplain consists of the floodway and flood fringe. 
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2. any structure or excavation that will cause water to be diverted from the 
established floodway, cause erosion, obstruct the natural flow of water, or reduce 
the carrying capacity of the floodway; and 

3. the construction or permanent storage of an object subject to flotation or 
movement during flood level periods. 

MCA § 76-5-402 (Applicable). 

3. Applicable considerations in use of floodplain or floodway 

Applicable regulations also specify factors that must be considered in allowing diversions of the 
stream, changes in place of diversion of the stream, flood control works, new construction or 
alteration of artificial obstructions, or any other nonconforming use within the floodplain or 
floodway. Many of these requirements are set forth as factors that must be considered in 
determining whether a permit can be issued for certain obstructions or uses. While permit 
requirements are not directly applicable to remedial actions conducted entirely on site, the 
substantive criteria used to determine whether a proposed obstruction or use is permissible within 
the floodway or floodplain are applicable standards. Factors which must be considered in 
addressing any obstruction or use within the floodway or floodplain include: 

1. the danger to life and property from backwater or diverted flow caused by the 
obstruction or use; 

2. the danger that the obstruction or use will be swept downstream to the injury of 
others; 

3. the availability of alternate locations; 

4. the construction or alteration of the obstruction or use in such a manner as to 
lessen the danger; 

5. the permanence of the obstruction or use; and 

6. the anticipated development in the foreseeable future of the area which may be 
affected by the obstruction or use .. 

See MCA§ 76-5-406; ARM§ 36.15.216 (Applicable, substantive provisions only). Conditions 
or restrictions that generally apply to specific activities within the floodway or floodplain are: 

1. the proposed activity, construction, or use cannot increase the upstream elevation 
of the 100-year flood a significant amount (Y2 foot or as otherwise determined by 
the permit issuing authority) or significantly increase flood velocities, ARM § 
36.15.604 (Applicable, substantive provisions only); and 
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2. the proposed activity, construction, or use must be designed and constructed to 
minimize potential erosion. 

For the substantive conditions and restrictions applicable to specific obstructions or uses, see the 
following applicable regulations: 

Excavation of material from pits or pools - ARM § 36.15.602(1 ). 

Water diversions or changes in place of diversion - ARM § 36.15.603. 

Flood control works (levees, floodwalls, and riprap must comply with specified safety 
standards)- ARM§ 36.15.606. 

Roads, streets, highways and rail lines (must be designed to minimize increases in flood 
heights) - ARM§ 36.15.701(3)(c). 

Structures and facilities for liquid or solid waste treatment and disposal (must be 
floodproofed to ensure that no pollutants enter flood waters and may be allowed and 
approved only in accordance with MDEQ regulations, which include certain additional 
prohibitions on such disposal) - ARM§ 36.15.701(3)(d). 

Residential structures -ARM§ 36.15.702(1). 

· Commercial or industrial structures - ARM § 36.15. 702(2). 

I. Montana Natural Streambed and Land Preservation Act and Re1mlations, 
MCA§ 75-7-101 and ARM§§ 36.2.404, 405, and 406 (applicable). Applicable if this 
remedial action alters or affects a streambed or its banks. The adverse effects of any such action 
must be minimized. 

MCA§§ 87-5-502 and 504 (Applicable -- substantive provisions only) provide that a state 
agency or subdivision shall not construct, modify, operate, maintain or fail to maintain any 
construction project or hydraulic project which may or will obstruct, damage, diminish, destroy, 
change, modify, or vary the natural existing shape and form of any stream or its banks or 
tributaries in a manner that will adversely affect any fish or game habitat. The requirement that 
any such project must eliminate or diminish any adverse effect on fish or game habitat is 
applicable to the state in approving remedial actions to be conducted. The Natural Streambed 
and Land Preservation Act of 1975, MCA§ 75-7-101, et seq., (Applicable -- substantive 
provisions only) includes similar requirements and is applicable to private parties as well as 
government agencies. 

ARM § 36.2.404 (Applicable) establishes minimum standards which would be applicable if a 
remedial action alters or affects a streambed, including any channel change, new diversion, riprap 
or other stream bank protection project, jetty, new dam or reservoir or other commercial, 
industrial or residential development. No such project may be approved unless reasonable efforts 
will be made consistent with the purpose of the project to minimize the amount of stream 
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channel alteration, insure that the project will be as permanent a solution as possible and will 
create a reasonably permanent and stable situation, insure that the project will pass anticipated 
water flows without creating harmful erosion upstream or downstream, minimize turbidity, 
effects on fish and aquatic habitat, and adverse effects on the natural beauty of the area and 
insure that streambed gravels will not be used in the project unless there is no reasonable 
alternative. Soils erosion and sedimentation must be kept to a minimwn. Such projects must 
also protect the use of water for any useful or beneficial purpose. See MCA§ 75-7-102. 

While the administrative/procedural requirements, including the consent and approval 
requirements, set forth in these statutes and regulations are not ARARs, the party designing and 
implementing the remedial action for the ARWW&S OU is encouraged to continue to consult 
with the Montana Department of Fish, Wildlife and Parks, and any conservation district or board 
of county commissioners (or consolidated city/county government) as provided in the referenced 
statutes, to assist in the evaluation of factors discussed above. 

J. Mieratorv Bird Treaty Act. 16 U.S.C. §§ 703, et seq. (applicable). This 
requirement establishes a federal responsibility for the protection of the international migratory 
bird resource and requires continued consultation with the USFWS during remedial design and 
remedial construction to ensure that the cleanup of the site does not unnecessarily impact 
migratory birds. Specific mitigative measures may be identified for compliance with this 
requirement. 

K. Bald Eaele Protection Act. 16 U.S.C. §§ 668, et seq. (applicable). This 
requirement establishes a federal responsibility for protection of bald and golden eagles, and 
requires continued consultation with the USFWS during remedial design and remedial 
construction to ensure that any cleanup of the site does not unnecessarily adversely affect the 
bald and golden eagles. Specific mitigative measures may be identified for compliance with this 
requirement. 

L. Resource Conservation and Recovery Act and reeulations. 40 CFR § 264.18 
(al and (bl (relevant and appropriate). Regulations promulgated under the Solid Waste 
Management, MCA§ 75-10-201, et seq., specify requirements that apply to the location of any 
solid waste management facility. 

M. Montana Solid Waste Manaeement Act and reeulations. MCA§ 75-10-201. 
et seq .• ARM§ 17.50.505 (applicable). Sets forth requirements applying to the location of any 
solid waste management facility. Among other things, the location must have sufficient acreage, 
must not be within a 100-year floodplain, must be located so as to prevent pollution of ground, 
surface, and private and public water supply systems, and must allow for reclamation of the land. 

N. American Indian Relipous Freedom Act. 42 U.S.C. § 1996, et seg. 
(applicable). This Act establishes a federal responsibility to protect and preserve the inherent 
right of American Indians to believe, express and exercise the traditional religions of American 
Indians. This right includes, but is not limited to, access to sites, use and possession of sacred 
objects, and the freedom to worship through ceremonials and traditional rites. The Act requires 
Federal agencies to protect Indian religious freedom by refraining from interfering with access, 
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possession and use of religious objects, and by consulting with Indian organizations regarding 
proposed actions affecting their religious freedom. 

0. Native American Graves and Repatration Act, 25 U.S.C. § 3001, et seg. 
(applicable). The Act prioritizes ownership or control over Native American cultural items, 
including human remains, funerary objects and sacred objects, excavated or discovered on 
Federal or tribal lands. Federal agencies and museums that have possession or control over 
Native American human remains and associated funerary objects are required under the Act to 
compile an inventory of such items and, to the extent possible, identify their geographical and 
cultural affiliation. Once the cultural affiliation of such objects is established, the Federal agency 
or museum must expeditiously return such items, upon request by a lineal descendent of the 
individual Native American or tribe identified. 

III. ACTION SPECIFIC REQUIREMENTS 

A. Federal and State Water Reguirements. 

1. Clean Water Act Point Source Discharges reguirements. 33 U.S.C. § 
1342 (applicable). Section 402 of the Clean Water Act, 33 U.S.C. § 1342, et seq., authorizes the 
issuance of permits for the "discharge" of any "pollutant." This includes storm water discharges 
associated with "industrial activity." See, 40 CFR § 122.l(b)(2)(iv). "Industrial activity includes 
inactive mining operations that discharge storm water contaminated by contact with or that has 
come into contact with any overburden, raw material, intermediate products, finished products, 
byproducts or waste products located on the site of such operations, see, 40 CFR § 
-122.26(b)(14)(iii); landfills, land application sites, and open dumps that receive or have received 
any industrial wastes including those subject to regulation under RCRA subtitle D, see, 40 CFR § 
122.26(b)(14)(v); and construction activity including clearing, grading, and excavation activities, 
see, 40 CFR § 122.26(b)(l4)(x). Because the State of Montana has been delegated the authority 
to implement the Clean Water Act, these requirements are enforced in Montana through the 
Montana Pollutant Discharge Elimination System (MPDES). The MPDES requirements are set 
forth below. 

a. Substantive MPDES Permit Reguirements. ARM §§ 17.30.1342-
1344 (applicable). These set forth the substantive requirements applicable to all MPDES and 
NPDES permits. The substantive requirements, including the requirement to properly operate and 
maintain all facilities and systems of treatment and control are applicable requirements. 

b. Technoloc-Based Treatment. ARM§§ 17.30.1203 and 1344 
(applicable). Provisions of 40 CFR Part 125 for criteria and standards for the imposition of 
technology-based treatment requirements are adopted and incorporated in MDEQ permits. 
Although the permit requirement would not apply to on-site discharges, the substantive 
requirements of Part 125 are applicable, i.e., for toxic and nonconventional pollutants treatment. 
must apply the best available technology economically achievable (BAT); for conventional 
pollutants, application of the best conventional pollutant control technology (Ben is required. 
Where effiuent limitations are not specified for the particular industry or industrial category at 
issue, BCT/BAT technology-based treatment requirements are determined on a case by case basis 
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using best professional judgment (BPJ). See CERCLA Compliance with Other Laws Manual, 
Vol. I, August 1988, p. 3-4 and 3-7. 

2. Additional State of Montana requirements. 

a. Water Quality Statute and Regulations (all applicable). 

i. Causing of Pollution. MCA§ 75-5-605. This section of the 
Montana Water Quality Act prohibits the causing of pollution of any state waters. Pollution is 
defined as contamination or other alteration of physical, chemical, or biological properties of 
state waters which exceeds that permitted by the water quality standards. Also, it is unlawful to 
place or caused to be placed any wastes where they will cause pollution of any state waters. Any 
permitted placement of waste is not placement if the agency's permitting authority contains 
provisions for review of the placement of materials to ensure it will not cause pollution to state 
waters. 

ii. Nondegradation. MCA§ 75-5-303. This provision states that 
existing uses of state waters and the level of water quality necessary to protect the uses must be 
maintained and protected. Under MCA § 75-5-317, changes in existing water quality resulting 
from an emergency or remedial activity that is designed to protect the public health or the 
environment and is approved, authorized, or required by the department are considered 
nonsignificant activities, and are not subject to the nondegradation rules promulgated pursuant to 
MCA § 75-5-303. 

(a). ARM§ 17.30.705. This provides that for any surface 
water, existing and anticipated uses and the water quality necessary to protect these uses must be 
maintained and protected unless degradation is allowed under the nondegradation rules at ARM § 
17.30.708. 

(b). ARM§ 17.30.1011. This provides that any 
groundwater whose existing quality is higher than the standard for its classification must be 
maintained at that high quality unless degradation may be allowed under the principles 
established in MCA§ 75-5-303, and the nondegradation rules at ARM§ 17.30.701, et seg. 

iv. Stonnwater Runoff. 

(a). ARM § 17.24.633. All surface drainage from a 
disturbed area must be treated by the best technology currently available. 

(b). General Permits. Under ARM§ 17.30.601, et seg., 
and ARM § 17.30.1301, et seg., including ARM § 17 .30.1332, the Water Quality Division has 
issued general storm water permits for certain activities. The substantive requirements of the 
following permits are applicable for the following activities: (1) for construction activities: 
General Discharge Permit for Storm Water Associated with Construction Activity, Permit No. 
MTRIOOOOO (May 19, 1997); (2) for mining activities: General Discharge Permit for Storm 
Water Associated with Mining and with Oil and Gas Activities, Permit No. MTR300000 
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(September 10, 1997). 11 (3) for industrial activities: General Discharge Permit for Storm Water 
Associated with Industrial Activity, Permit No. MTROOOOOO (October 26, 1994). 12 

Generally, the permits require the permittee to implement Best Management Practices (BMP) 
and to take all reasonable steps to minimize or prevent any discharge which has a reasonable 
likelihood of adversely affecting human health or the environment. However, if there is evidence 
indicating potential or realized impacts on water quality due to any storm water discharge 
associated with the activity, an individual MPDES permit or alternative general permit may be 
required. 

v. Surface Water, ARM§ 17.30.637. Prohibits discharges 
containing substances that will: (a) settle to fonn objectionable sludge deposits or emulsions 
beneath the surface of the water or upon adjoining shorelines; (b) create floating debris, scum, a 
visible oil film (or be present in concentrations at or in excess of 10 milligrams per liter) or 
globules of grease or other floating materials; (c) produce odors, colors or other conditions which 
create a nuisance or render undesirable tastes to fish flesh or make fish inedible; (d) create 
concentrations or combinations of materials which are toxic or harmful to human, animal, plant 
or aquatic life; or ( e) create conditions which produce undesirable aquatic life. 

B. Federal and State RCRA Subtitle C Requirements, 42 U.S.C. Section 6921. et 
seg. (relevant and appropriate for solid wastes, applicable for hazardous wastes). The 
presentation of RCRA Subtitle C requirements in this section assumes that there will be many 
solid wastes at the ARWW&S OU, and that some of these may be left in place in "waste 
management areas" as a result of this remedial action. Because of the similarity of these waste 
management areas to the RCRA "waste management unit," certain discrete portions of the 
RCRA Subtitle C implementing regulations will be relevant and appropriate for the AR WW &S 
remedial action. Also, although it is unlikely that hazardous wastes still exist at the AR WW &S 
OU (these should have been addressed the Arbiter/Beryllium removal and Flue Dust remedial 
actions) this possibility has not yet been eliminated. Therefore, RCRA Subtitle C and 
implementing regulations are hereby designated as applicable for any hazardous wastes that are 
actively "managed" as part of the ARWW&S OU remedial action or that were "placed" or 
"disposed" after 1980. These RCRA C requirements are also applicable for continued operation 
and maintenance of the Arbiter/Beryllium waste repository. Also, should hazardous wastes be 
discovered as part of any remedial design or remedial action activity taken in connection with 
this ROD, EPA reserves the right to identify RCRA Subtitle C requirements in more detail at a 
later date. All federal RCRA Subtitle C requirements set forth below are incorporated by 
reference as State of Montana requirements as provided for under ARM§ 17.54.112(6) unless 
mentioned otherwise below. 

11 

12 

This pennit covers point source discharges of stonn water from mining and milling activities 
(including active, inactive, and abandoned mine and mill sites) including activities with Standard 
Industrial Code 14 (metal mining). 

Industrial activities are defined as all industries defined in 40 CFR §§ 122, 123, and 124, 
excluding construction, mining, oil & gas extraction activities and stonn water discharges subject 
to effluent limitations guidelines. This includes wood treatment operations, as well as the 
production of slag. 
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1. 40 CFR Part 264 Subpart F. General Facility Standards. This is 
potentially relevant and appropriate for solid wastes at this OU. Any waste management unit or 
similar area would be required to comply with the following requirements. These are not final 
cleanup standards for the ARWW&S OU. 

a. 40 CFR § 264.92 •• 93. and .94. Prescribes groundwater protection 
standards. 

b. 40 CFR § 264.97. Prescribes general groundwater monitoring 
requirements. 

e. 40 CFR § 264.98. Prescribes requirements for monitoring and 
detecting indicator parameters. 

2. Closure requirements. 

a. 40 CFR § 264.111. This provides that the owner or operator of a 
haz.ardous waste management facility must close the facility in a way that minimizes the need for 
further maintenance, and controls or eliminates the leaching or escape of hazardous waste or its 
constituents, leachate, or runoff to the extent necessary to protect human health and the 
environment. 

b. 40 CFR § 264.117. This provision incorporates monitoring 
requirements in Part 264, including those mentioned at Part 264.97 and Part 264.303. It governs 
the length of the post-closure care period, permits a lengthened security period, and prohibits any 
use of the property which would disturb the integrity of the management facility. 

c. 40 CFR § 264.310. This specifies requirements for caps, 
maintenance, and monitoring after closure. 

3. 40 CFR § 264.301. Prescribes design and operating requirements for 
landfills. 

a. 40 CFR § 264.30Ual. This provides for a single liner and leachate 
collection and removal system. 

b. 40 CFR § 264.301(0. This requires a run-on control system. 

c. 40 CFR § 264.30UC). This requires a run-off management 
system. 

d. 40 CFR § 264.301Ch). This requires prudent management of 
faciJities for collection and holding of run-on and run-off. 

e. 40 CFR § 264.30l(i). This requires that wind dispersal of 
particulate matter be controlled. 
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C. Federal and State RCRA Subtitle D and Solid Waste Requirements 
(applicable). 40 CFR Part 257 establishes criteria under Subtitle D of the Resource 
Conservation and Recovery Act for use in determining which solid waste disposal facilities and 
practices pose a reasonable probability of adverse effects on health or the environment. See 40 
CFR § 257 .1 (a). This part comes into play whenever there is a "disposal" of any solid or 
hazardous waste from a "facility." "Disposal" is defined as "the discharge, deposit, injection, 
dumping, spilling, leaking, or placing of any solid waste or hazardous waste into or on any land 
or water so that such solid waste or hazardous waste or any constituent thereof may enter the 
environment or be emitted into the air or discharged into any waters, including ground waters." 
See 40 CFR § 257.2~ "Facility" means "any land and appurtenances thereto used for the disposal 
of solid wastes." Solid waste requirements are listed herein because the there may be disposal of 
solid wastes as a result of this remedial action. 

1. Federal Requirements - 40 CFR § 257. Criteria for Classification of 
Solid Waste Disposal Facilities and Practices. The activities to be performed for the ARWW&S 
OU remedial action are expected to comply wjth the following requirements. 

a. 40 CFR § 257.3-1. Washout of solid waste in facilities in a 
floodplain posing a hazard to human life, wildlife, or land or water resources shall not occur. 

b. 40 CFR § 257.3-2. Facilities shall not contribute to the taking of 
endangered species or the endangering of critical habitat of endangered species. 

c. 40 CFR § 257.3-3. A facility shall not cause a discharge of 
pollutants, dredged or fill material, into waters of the United States in violation of sections 402 
and 404 of the Clean Water Act, as amended, and shall not cause non-point source pollution, in 
violation of applicable legal requirements implementing an area wide or statewide water quality 
management plan that has been approved by the Administrator under Section 208 of the Clean 
Water Act, as amended. 

d. 40 CFR § 257 .3-4. A facility shall not contaminate an 
underground source of drinking water beyond the solid waste boundary or beyond an alternative 
boundary specified in accordance with this section. 

e. 40 CFR § 257.3-8(d). Access to a facility shall be controlled so as 
to prevent exposure of the public to potential health and safety hazards at the site. 

2. State of Montana Solid Waste Requirements (applicable). 

a. ARM § 17 .50.505(1) and (2). Sets forth standards that all solid 
waste disposal sites must meet, including the requirements that (I) Class II landfills must confine 
solid waste and leachate to the disposal facility. If there is the potential for leachate migration, it 
must be demonstrated that leachate will only migrate to underlying formations which have no 
hydraulic continuity with any state waters; (2) adequate separation of group II wastes from 
underlying or adjacent water must be provided; and (3) no new disposal units or lateral 
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expansions may be located in wetlands. ARM § 17 .50.505 also specifies general soil and 
hydrogeological requirements pertaining to the location of any solid waste management facility. 

b. ARM§ 17.50.506. Specifies design requirements for landfills. 
Landfills must either be designed to ensure that MCLs are not exceeded or the landfill must 
contain a composite liner and leachate collection system which comply with specified criteria. 

c. ARM§ 17.50.510. Sets forth general operational and maintenance 
and design requirements for solid waste facilities using land filling methods. Specific 
operational and maintenance requirements specified in ARM§ 17.50.510 that are applicable are 
run-on and run-off control systems req\lirements, requirements that sites be fenced to prevent 
unauthorized access, and prohibitions of point source and non-point source discharges which 
would violate Clean Water Act requirements. 

d. MCA§ 75-10-121 and ARM§ 17.50.523. For solid wastes, 
MCA§ 75-10-212 prohibits dumping or leaving any debris or refuse upon or within 200 yards of 
any highway, road, street, or alley of the State or other public property, or on privately owned 
property where hunting, fishing, or other recreation is permitted. ARM§ 17.50.523 specifies that 
solid waste must be transported in such a manner as to prevent its discharge, dumping, spilling or 
leaking from the transport vehicle. 

e. MCA§ 75-10-206. Provides for a variance from solid waste 
requirements where such variance would not result in a danger to public health or safety. EPA 
invokes the variance with respect to some or all of the solid waste provisions listed above and 
finds that variance from these requirements will not result in danger to public health or safety. 

f. ARM § 17.50.530. Sets forth the closure requirements for 
landfills. Class II landfills must meet the following criteria: (l) install a final cover that is 
designed to minimize infiltration and erosion; (2) design and construct the final cover system to 
minimize infiltration through the closed unit by the use of an infiltration layer that contains a 
minimum 18 inches of earthen material and has a permeability less than or equal to the 
permeability of any bottom liner, barrier layer, or natural subsoils or a permeability no greater 
than IX 10-5 cm/sec, whichever is less; (3) minimize erosion of the final cover by the use of a 
seed bed layer that contains a minimum of six inches of earthen material that is capable of 
sustaining native plant growth and protecting the infiltration layer from frost effects and rooting 
damage; ( 4) revegetate the final cover with native plant growth within one year of placement of 
the final cover. 

g. ARM § 17 .S0.531. Sets forth post closure care requirements for 
Class II landfills. Post closure care must be conducted for a period sufficient to protect human 
health and the environment. Post closure care requires maintenance of the integrity of the 
integrity and effectiveness of any final cover, including making repairs to the cover as necessary 
to correct the effects of settlement, subsidence, erosion, or other events, and preventing run-on 
and run-off from eroding or otherwise damaging the cover and comply with the groundwater 
monitoring requirements found at ARM Title 17, chapter 50, subchapter 7. 
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D. Surface Mining Control and Reclamation Act, 30 U.S.C. §§ 1201-1326 
(relevant and appropriate). This Act and implementing regulations found at 30 CFR Parts 784 
and 816 establish provisions designed to protect the environment from the effects of surface coal 
mining operations, and to a lesser extent non-coal mining. These requirements are relevant and 
appropriate to the covering of discrete areas of contamination. The regulations require that 
revegetation be used to stabilize soil covers over reclaimed areas. They also require that 
revegetation be done according to a plan which specifies schedules, species which are diverse 
and effective, planting methods, mulching techniques, irrigation if appropriate, and appropriate 
soil testing. Reclamation performance standards are currently relevant and appropriate to mining 
waste sites. 

E. Montana Strip and Undemound Mine Reclamation Act, MCA § 82-4-201. et 
seg .. (all relevant and appropriate) and Montana Metal Minin& Reclamation Act, MCA § 
82-4-301. et seg .• (relevant and appropriate). Certain discrete portions of the following 
statutory or regulatory provisions are relevant and appropriate requirements. 

1. MCA§ 82-4-231. Requires operators to reclaim and revegetate affected 
lands using most modem technology available. Operators must grade, backfill, topsoil, reduce 
high walls, stabilize subsidence, control water, minimize erosion, subsidence, land slides, and 
water pollution. 

2. MCA § 82-4-233. Operators must plant vegetation that will yield a 
diverse, effective, and permanent vegetative cover of the same seasonal variety native to the area 
and capable of self-regeneration. 

3. MCA § 82-4-336 <Montana Metal Mine Reclamation Act). Disturbed 
areas must be reclaimed to utility and stability comparable to areas adjacent. 

4. ARM§ 17.24.50H3)(a) and (d) and (4). Backfill must be placed so as to 
minimize sedimentation, erosion, and leaching of acid or toxic materials into waters, unless 
otherwise approved. 

5. ARM§ 17.24.SOHA)(l)a and (2). Final graded slopes will be 5:1 unless 
otherwise approved. If steeper, slopes must have a long term static safety factor of I :3, not to 
exceed the angle of repose unless the existing grade of the area is steeper, in which case the 
existing grade meets this requirement. Disturbed areas must be blended with undisturbed ground 
to provide a smooth transition in topography. 

6. ARM § 17.24.514. Final grading will be done along the existing contour 
in order to minimize subsequent erosion and instability, unless otherwise approved. 

7. ARM§ 17.24.519. Pertinent areas of the ARWW&S OU where 
excavation will occur will be regraded to minimize settlement. 

8. ARM § 17.24.631(1), (2). (3)(a) and (bl. Disturbances to the prevailing 
hydro logic balance will be minimized. Changes in water quality and quantity, in the depth to 
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groundwater and in the location of surface water drainage channels wilJ be minimized, to the 
extent consistent with the selected remedial alternatives. Other pollution minimization devices 
must be used if appropriate, including stabilizing disturbed areas through land shaping, diverting 
runoff, planting quickly germinating and growing stands of temporary vegetation, regulating 
channel velocity of water, lining drainage channels with rock or vegetation, mulching, and 
control of acid-forming, and toxic-forming waste materials. . 

9. ARM § 17.24.633. Surface drainage from a disturbed area must be treated 
by the best technology currently available (BTCA). Treatment must continue until the area is 
stabilized. 

l 0. ARM § 17 .24.634. Disturbed drainages will be restored to the 
approximate pre-disturbance configuration, to the extent consistent with the selected remedial 
alternatives. Drainage design must emphasize channel and floodplain dimensions that 
approximate the pre-mining configuration and that will blend with the undisturbed drainage 
above and below the area to be reclaimed. The average stream gradient must be maintained with 
a concave longitudinal profile. This regulation provides specific requirements for designing the 
reclaimed drainage to: (1) meander naturally; (2) remain in dynamic equilibrium with the 
system; (3) improve unstable premining conditions; (4) provide for floods; and (5) establish a 
premining diversity of aquatic habitats and riparian vegetation. 

11. ARM§§ 17.24.635 through 17.24.637. Set forth requirements for 
temporary and permanent diversions. 

12. ARM § 17 .24.638. Sediment control measures must be implemented 
during operations. 

13. ARM§ 17.24.639. Sets forth requirements for construction and 
maintenance of sedimentation ponds. 

14. ARM§ 17.24.640. Discharges from sedimentation ponds, permanent and 
temporary impoundments, must be controlled to reduce erosion and enlargement of stream 
channels, and to minimize disturbance of the hydrologic balance. 

15. ARM§ 17.24.641. Practices to prevent drainage from acid or toxic 
forming spoil material into ground and surface water will be employed. 

16. ARM §§ 17.24.643 through 17 .24.646. Provisions for groundwater 
protection, groundwater recharge protection, and groundwater and surface water monitoring. 

17. ARM§§ 17.24.701 and 702. Requirements for redistributing and 
stockpiling of soil for reclamation. Also, outline practices to prevent compaction, slippage, 
erosion, and deterioration of biological properties of soil will be employed. 

18. ARM§ 17.24.703. When using materials other than, or along with, soil 
for final surfacing in reclamation, the operator must demonstrate that the materi~I ( 1) is at least as 
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capable as the soil of supporting the approved vegetation and subsequent land use, and (2) the 
medium must be the best available in the area to support vegetation. Such substitutes must be 
used in a manner consistent with the requirements for redistribution of soil in ARM § 17 .24. 701 
and 702. 

19. ARM § 17.24.711. Requires that a diverse, effective and permanent 
vegetative cover of the same seasonal variety and utility as the vegetation native to the area of 
land to be affected must be established. This provision would not be relevant and appropriate in 
certain instances, for example, where there is dedicated development. 

20. ARM § 17 .24. 713. Seeding and planting of disturbed areas must be 
conducted during the first appropriate period for favorable planting after final seedbed 
preparation but may not be more than 90 days after soil has been replaced. 

21. ARM§ 17.24.714. Mulch or cover crop or both must be used until 
adequate permanent cover can be established. 

22. ARM § 17 .24. 716. Establishes method of revegetation. 

23. ARM § 17 .24. 718. Requires soil amendments, irrigation, management, 
fencing, or other measures, if necessary to establish a diverse and permanent vegetative cover. 

24. ARM § 17 .24. 721. Specifies that rills or gullies deeper than nine inches 
must be stabilized. In some instances shallower rills and gullies must be stabilized. 

25. ARM § 17 .24. 723. States that operators shall conduct approved periodic 
measurements of vegetation, soils, water, and wildlife during the period of liability. 

26. ARM § 17 .24. 724. Specifies that revegetation success must be measured 
by approved unmined reference areas. There shall be at least one reference area for each plant 
community type. Required management for these reference areas is set forth. 

27. ARM§ 17.24.726. Sets the required methods for measuring productivity. 

28. ARM§ 17.24.728. Sets requirements for measurements of the 
permanence of vegetation on reclaimed areas. 

29. ARM§§ 17.24.730 and 17.24.731. Provide that the revegetated area 
must furnish palatable forage in comparable quantity and quality during the same grazing period 
as the reference area. If toxicity to plants or animals is suspected, comparative chemical analyses 
may be required. 

30. ARM§ 17.24.733. Provides additional requirements and measurement 
standards for trees, shrubs and half-shrubs. 
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31. ARM§ 17.24.751. Measures to prevent degradation of fish and wildlife 
habitat will be employed. 

32. ARM§ 17.24.761. This specifies fugitive dust control measures which 
will be employed during excavation and construction activities to minimize the emission of 
fugitive dust in the ARWW&S OU. These provisions are addressed below in Section 111.C. 

33. ARM § 17.24.824. Post-mining land use must be judged on the highest 
and best use that can be achieved and is compatible with surrounding areas. 

F. Air Requirements (all applicable). 

1. ARM§ 17.8.308(2). (3), and (4). Airborne particulate matter. There 
shall be no production, handling, transportation, or storage of any material, use of any street, 
road, or parking lot, or operation of a construction site or demolition project unless reasonable 
precautions are taken to control emissions of airborne particles. Emissions shall not exhibit an 
opacity exceeding 20% or greater averaged over 6 consecutive minutes. 

2. ARM§ 17.8.304(2). Visible Air Contaminants. Emissions into the 
outdoor atmosphere shall not exhibit an opacity of 20% or greater averaged over 6 consecutive 
minutes. 

3. ARM § 17.8.315(1). Nuisance or odor bearing gases. Gases, vapors and 
dusts will be controlled such that no public nuisance is caused within the ARWW&S OU. 

4. ARM§ 17.24.761C2)(a), Ce). (h). (j), and (k). Fugitive dust control 
measures such as 1) watering, stabilii:ation, or paving of roads, 2) vehicle speed restrictions, 3) 
stabilii:ation of surface areas adjoining roads, 4) restriction of travel on other than authorized 
roads, 5) enclosing, covering, watering, or otherwise treating loaded haul truck, 6) minimizing 
area of disturbed land, and 7) revegetation, must be planned and implemented, if any such 
measure or measures are appropriate for this remedial action. 

G. Air Quality Requirements (applicable). 

Remedial activities will comply with the following requirements to ensure that 
existing air quality will not be adversely affected by the AR WW &S OU remedial action. 

1. ARM § 17.8.222. The concentration of lead in ambient air shall not 
exceed a 90 day average of 1.5 micrograms per cubic meter of air. 

2. ARM § 17 .8.220. Settled particulate matter shall not exceed a 30 day 
average of 10 grams per square meter. 

3. ARM§ 17.8.823. The concentration of PM-10 in ambient air shall not 
exceed.a 24 hour average of 150 micrograms per cubic meter of air and an annual average of 50 
micrograms per cubic meter of air. 
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H. Noxious Weeds. MCA§ 7-22-2101C7l(a) and ARM§ 4.5.201. et seq. MCA § 
7-22-2101(7)(a) defines "noxious weeds" as any exotic plant species established or that may be 
introduced in the state which may render land unfit for agriculture, forestry, livestock, wildlife, or 
other beneficial uses or that may harm native plant communities and that is designated: (i) as a 
statewide noxious weed by rule of the department; or (ii) as a district noxious weed by a board, 
following public notice of intent and a public hearing. Designated noxious weeds are listed in 
ARM§ 4.5.201through4.S.204 and must be managed consistent with weed management criteria 
developed under MCA § 7-22-2109(2)(b). 

IV. TO BE CONSIDERED DOCUMENTS CTBCsl. 

The use of documents identified as TBCs is addressed in the Introduction, above. A list ofTBC 
documents is included in the Preamble to the NCP, SS Fed. Reg. 8765 (March 8, 1990). Those 
documents, plus any additional similar or related documents issued since that time, will be 
considered by EPA and MDEQ during the conduct of the Rl/FS, during remedy selection, and 
during remedy implementation. 

V. OTHER LAWS (NON-EXCLUSIVE LIST). 

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

The following "other laws" are included here to provide a reminder of other legally applicable 
requirements for actions being conducted at the reservoir sediments operable unit. They do not 
purport to be an exhaustive list of such legal requirements, but are included because they set out 
related concerns that must be addressed and, in some cases, may require some advance planning. 
They are not included as ARARs because they are not "environmental or facility siting laws." As 
applicable laws other than ARARs, they are not subject to ARAR waiver provisions. 

Section 121 ( e) of CERCLA exempts removal or remedial actions conducted entirely on-site from 
federal, state, or local permits. This exemption is not limited to environmental or facility siting 
laws, but applies to other permit requirements as well. 

A. Other Federal Laws. 

1. Occupational Safety and Health Regulations. The federal 
Occupational Safety and Health Act regulations found at 29 CFR § 1910 are applicable to worker 
protection during conduct of Rl/FS or remedial activities. 

B. Other State Laws. 

1. Groundwater Act. MCA § 8S-2-505, precludes the wasting of 
groundwater. Any well producing waters that contaminate other waters must be plugged or 
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capped, and wells must be constructed and maintained so as to prevent waste, contamination, or 
pollution of groundwater. 

2. Public Water Supply Reeulations. If remedial action at the site 
requires any reconstruction or modification of any public water supply line or sewer line, the 
construction standards specified in ARM § 17.38. l 0 I (3) must be observed. 

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

4. Water Ria:hts. MCA§ 85-2-101 declares that all waters within the 
state are the state's property, and may be appropriated for beneficial uses. The wise use of water 
resources is encouraged for the maximum benefit to the people and with minimum degradation 
of natural aquatic ecosystems. 

Parts 3 and 4 of Title 85, MCA, set out requirements for obtaining water rights and appropriating 
and utilizing water. All requirements of these parts are laws which must be complied with in any 
action using or affecting waters of the state. Some of the specific requirements are set forth 
below. 

MCA§ 85-2-301 provides that a person may only appropriate water for a beneficial use. 

MCA § 85-2-302 specifies that a person may not appropriate water or commence construction of 
diversion, impoundment, withdrawal or distribution works therefor except by applying for and 
receiving a permit from the Montana Department of Natural Resources and Conservation. While 
the permit itself may not be required under federal law, appropriate notification and submission 
of an application should be performed and a permit should be applied for in order to establish a 
priority date in the prior appropriation system. A 1991 amendment imposes a fee of $1.00 per 
acre foot for appropriations of ground water, effective until July 1, 1993. 

MCA § 85-2-306 specifies the conditions on which groundwater may be appropriated, and, at a 
minimum, requires notice of completion and appropriation within 60 days of well completion. 

MCA § 85-2-311 specifies the criteria which must be met in order to appropriate water and 
includes requirements that: 

1. there are unappropriated waters in the source of supply; 

2. the proposed use of water is a beneficial use; and 

3. the proposed use will not interfere unreasonably with other planned uses or 
developments. 

MCA§ 85-2-402 specifies that an appropriator may not change an appropriated right except as 
provided in this section with the approval of the DNRC. 
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MCA § 85-2-412 provides that where a person bas diverted all of the water of a stream by virtue 
of prior appropriation and there is a surplus of water, over and above what is actually and 
necessarily used, such surplus must be returned to the stream. 

5. Occupational Health Act. MCA§ 50-70-101. et seg. ARM§ 
17.74.101 addresses occupational noise. In accordance with this section, no worker shall be 
exposed to noise levels in excess of the levels specified in this regulation. This regulation is 
applicable only to limited categories of workers and for most workers the similar federal standard 
in 29 CFR § 1910.95 applies. 

ARM § 17.7 4 .102 addresses occupational air contaminants. The purpose of this rule is to 
establish maximum threshold limit values for air contaminants under which it is believed that 
nearly all workers may be repeatedly exposed day after day without adverse health effects. In 
accordance with this rule, no worker shall be exposed to air contaminant levels in excess of the 
threshold limit values listed in the regulation. 

This regulation is applicable only to limited categories of workers and for most workers the 
similar federal standard in 29 CFR § 1910.1000 applies. 

6. Montana Safety Act. MCA§§ 50-71-201, 202 and 203 state that 
every employer must provide and maintain a safe place of employment, provide and require use 
of safety devices and safeguards, and ensure that operations and processes are reasonably 
adequate to render the place of employment safe. The employer must also do every other thing 
reasonably necessary to protect the life and safety of its employees. Employees are prohibited 
from refusing to use or interfering with the use of safety devices. 

7. Employee and Community Hazardous Chemical Information Act. 
MCA §§ 50-78-201, 202, and 204 state that each employer must post notice of employee rights, 
maintain at the work place a list of chemical names of each chemical in the work place, and 
indicate the work area where the chemical is stored or used. Employees must be informed of the 
chemicals at the work place and trained in the proper handling of the chemicals. 
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1.0 PURPOSE AND SCOPE OF THIS ANALYSIS OF WILDLIFE RISKS 

This appendix re-evaluated the food chain modeling for the Anaconda Smelter Site that was 
conducted during the preparation of the Final BERA, and incorporated many proposed changes 
by ARCO consultants, ENSR Toxicology. The general purposes of the modeling include: 1) 
identifying the range of potential metals-related risk to selected wildlife species at the site; 2) 
identifying the trophic levels, or feeding guilds, that are potentially at risk from metals; and 3) 
predicting the pertinent pathways of exposure within trophic levels at the greatest risk. This 
information will be used by the risk managers to design future risk-related sampling efforts and 
post-remediation biomonitoring programs. 

The modeling efforts evaluate risks to wildlife through food chain exposures (i.e., risks from the 
ingestion of contaminated vegetation, soil, invertebrates, and/or prey species). The results of this 
modeling provide only general information on several of the following points: 1) geographic 
references of relative potential risk to multiple receptors; 2) relative potential risks among several 
individual receptor species representing different feeding guilds; 3) the pathway of exposure of 
highest potential concerns; and 4) relative importance of all the COCs. Nonetheless, this 
information is important when used along with estimates of risk from the ingestion of 
contaminated drinking water and forage to estimate overall risk to wildlife at the Anaconda 
Smelter Site. Thus, this modeling effort constitutes only one component of the weight-of
evidence approach to assessing wildlife risks. Risks from drinking water and forage, and the 
combined risk to wildlife from these sources is fully described in Section 5.0 of the Final BERA. 

2.0 ESTIMATION OF WILDLIFE RISKS 

2.1 FOOD CHAIN ANALYSIS <METHODS) 

Potential exposures and risks to wildlife receptors were evaluated using a simple food chain 
model in combination with geographic information systems (GIS) mapping. Risks were 
estimated by comparing the predicted exposure (i.e., estimated daily dose) to an extrapolated 
(from scientific toxicity literature) toxicity reference value (TRV; dose-based in mg/kg/day) to 
derive hazard quotients (HQ =estimated dosenRV) for each COC-receptor combination. The 
range ofTRVs for each COC included both a No Observable Adverse Effect Level (NOAEL) 
and a Lowest Observable Adverse Effect Level (LOAEL). NOAEL TRVs represent extrapolated 
doses in which no effect from the predicted exposure is anticipated to occur. LOAEL TRVs 
represent extrapolated doses in which effects from the predicted exposures in at least some of the 
individuals in a population are potentially occurring. Since ecological risk assessment is focused 
on protection at the population level, predicted exposures greater than the LOAEL are of most 
concern (i.e. HQLOAEL > 1). For each receptor, HQs were summed for all chemicals to derive a 
Hazard Index (HI = HQM + HQCd + HQcu + HQPb + HQzn ) and illustrated for each receptor on 
GIS maps of the site in four different forms: I) Site HINoAEL I Reference HINoAEL; 2) Site HILOAEL I 
Reference HILoAEL; 3) Site HINoAa - Reference HINoAEL; 4) Site HILoAEL - Reference HILoAEL· The 
first two forms of predicted risk are expressions of relative risk. The last two forms of predicted 
risk are expressions of absolute risk. Both expressions of risk are useful in the modeled 
characterizations. The estimates of relative risk are useful for several reasons. First of all, it is 
important to document incremental risk above a background, or reference area. In the form of a 
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ratio, comparing the site to a reference, incremental risk can be used in a semi-quantitative and 
qualitative sensitivity analysis to help judge where the greatest uncertainty in the model appears. 
For example, if the relative increase in predicted risk is 5-fold, and the uncertainty factor in the 
toxicity reference value is I 00, semi-quantitative terms can be used to say that great uncertainty 
lie in the extrapolated toxicity reference value for a particular chemical-receptor combination. 
Indeed, estimates of risks are highly uncertain within two orders of magnitude in this case. 
However, in full quantitative analyses of modeling predictive wildlife risks, estimates of absolute 
risks are also necessary. Consider the case in which there would a relative increase of IO-fold, 
but HQs were only 0.0lrerercnce and O.lsiie; both indicative of minimal absolute risk. Therefore, 
both models used together can provide information to risk managers describing the limitations 
and uncertainties on the estimates of risk to wildlife species. 

The goals of these analyses are to: I) quantitatively and qualitatively demonstrate the potential for 
risk to wildlife receptors on the Anaconda smelter site; and 2) provide geographic reference to 
predicted pathways of most concern for chemical-receptor combinations such that field work 
investigations can be focused to validate the model in the most appropriate and efficient manner. 
Potential risks were calculated for five receptors: American robin (Turdus migratorius), white
tailed deer ( Odocoileus virginianus), deer mouse (Peromyscus maniculatus), red fox ( Vulpes 
vulpes), and American kestrel (Falco sparverius). The red fox is used below as an example to 
transparently illustrate the process of estimating exposure. 

2.1.1 CALCULATING A PREDICTED DOSE 

The calculation of a daily dose to the fox is an iterative process. First, the dietary items of the 
receptors must be identified (Table I). Based on EPA's Wildlife Exposure Factors Handbook 
(EPA 1993), these items for the fox were determined to be: invertebrates, plants, small 
mammals, small birds and soil. 

Second, the tissue concentration for each food item that the fox consumes must be estimated. 
The tissue concentration (TC in ppm; mg/kg) is estimated by multiplying a soil concentration 
(SC in ppm, mg/kg) by a bioaccumulation factor (BAF, unitless, Tables 2 and 3): 

SC x BAF invertebrates =TC invertebrates 
SC x BAF plants =TC plants 
SC x BAF small mammals = TC small mammals 
SC x BAF small birds = TC small birds 
SC x BAF soil =SC soil 

Because of the large size of the site and the density of soil sample locations, kriged estimates of 
metal soil concentrations were developed by ARCO and used to estimate exposure and hazard 
quotients to wildlife receptors on the site. The geometric mean of metal concentrations in the 
soils of the reference location was used to estimate a "background", or reference exposure for site 
comparisons to unimpacted sites (Table 4). The kriged estimates of soil concentrations from 70 
acre blocks of throughout the Anaconda Smelter Site were used as the soil concentrations for 
each COC. In this re-evaluation, site-specific data collected by EPA in 1995 were used to derive 
plant BAFs, while BAFs recommended by ENSR Toxicology (ENSR 1997) and derived from 
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empirical data on the Kennecott Utah Copper mine site in Utah were used for invertebrates and 
small mammals. Finally, small bird BAFs were calculated from the scientific literature. 

Third, daily ingestion rates of each food item are estimated by multiplying the respective dietary 
fractions of each food type (expressed as a percentage of the total dietary intake, %FR, Table I) 
by the total daily ingestion rate (kgroodlkgbodywcigh/day, IR, Tabie 1) of the wildlife receptor. 

Food Items for Red Fox IR (ke/ke/day) 
Respective Dietary 
Intake of 

invertebrates 0.04 
plants 0.17 
sm mammals 0.64 
sm birds 0.14 
soil 0.03 

• .095 
• .095 
• .095 
• .095 
• .095 

Items (kg/'k&/day) 

= 3.8 x 10·03 

= 1. 6 x 10-02 

= 6.1 x 10·02 

= 1.3 x 10·02 

= 2.8 x I 0-03 

Fourth, for any COC-receptor combination (in this example for the red fox), the daily dose from 
each prey item is estimated from multiplying the tissue concentration (ppm) by the daily 
ingestion rate (kg/kg/day): 

Food Items for Red Fox 

invertebrate TC 
plant TC 
small mammal TC 
small bird TC 
soil concentration 

x 
x 
x 
x 
x 

Intake of 
Respective Dietary 
Items (kg!k&/dayl 

3.8 x 10-03 

1.6 x 10-02 

6.1 x 10-02 

1.3 x 10-02 

2.8 x 10-03 

dose from invertebrates 
dose from plants 
dose from small mammals 
dose from small birds 
dose from soil 
Total Dose 

The estimated total daily dose (mg/kg/day) to the fox is the sum of daily doses from each food 
item. 

2.1.2 HAZARD QUOTIENT AND HAZARD INDEX CALCULATION 

As one estimated expression of risk, a haz.ard quotient (HQ) is calculated by comparing the total 
daily dose from each COC with the appropriate dose-based TRV: 

total daily dose to fox from one COC = HQ 
TRV 

TRVs represent the toxicity of the COC to wildlife receptors, and were obtained from a review of 
the literature. The TRVs represent no-observed-adverse-effects-levels (NOAELs) and lowest
observed-adverse-effects-levels (LOAELs) from the studies reviewed. Uncertainty factors (Hoff 
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and Henningsen, 1998; see Attachment I) are then applied to literature values to derive the 
extrapolated TRVs for each COC-receptor combination (Attachment 2). 

To estimate risks to a given receptor who may be exposed to more than one COC, a hazard index 
(HI) is calculated, which is the sum of all HQs for a given receptor (i.e., this represents the risk to 
a particular species from exposure to all COCs). Since these metals act with different toxic 
modes of action, the net result of the risk from the mixture of metals may be far less than 
additive, and potentially antagonistic. However, it is difficult to exclude the possibility of "more
than-additive" and synergistic interactions among the metals without more empirical data that 
currently exists in the toxicological literature. The current document, therefore, considers the 
current methodology of assumed additivity as a reasonably conservative approach. 

3.0 MODELED ESTIMATES OF RISKS THROUGH DIET ARY EXPOSURE 
(RESULTS) 

3.1 MODELED ESTIMATES OF RISK FROM REFERENCE SOILS 

Using the geometric mean of reference soil concentrations for each COC, His for wildlife 
receptors ranged from 1.8 to 8.58 forNOAEL, and 0.648 to 4.17 for LOAEL TRV comparisons 
with estimated doses (Table 5). The elevated reference His were primarily due to lead. For 
example, the LOAEL HI for robins, kestrels and red fox were 2.38, 2.97, and 4.17, respectively. 
The respective HQ values contributing to these His from lead were 1.4 (59% of HI value), 2.75 
(97% of HI value) and 3.56 (85% of HI value). If it were not for lead, hazard indices from the 
reference soils would all range below 1 (0.22 to 0.98). This generally indicates that TRVs and 
exposure parameters for compounds, other than lead, were generally not extremely and/or 
unreasonably conservative. Most likely, the elevated reference HQs from lead are coming from 
the TRV, rather than the exposure parameters. The TRV for birds was derived from an avian 
study (Edens and Garlich 1983), in which chickens were administered lead as lead acetate. This 
form of lead is much more bioavailable than mineralogic forms of lead found in natural settings 
or in mining waste. Likewise, the TRV derived for red fox was from a 60 year old dog dosing 
study also utilizing lead acetate as the chemical form for dosing. 

3.2 MODELED ESTIMATES OF RISK FROM ANACONDA SITE SOILS 

Hazard quotients, derived in the model from Anaconda Site soils (Table 6), were generally 
highest for the American robin, followed by the deer mouse >American kestrel > red fox > 
white-tailed deer. Similar to the reference soils, lead HQs were greatest for the red fox, kestrel 
and robin. If risks from lead are inflated because of poor toxicity data in the literature, arsenic 
and copper appear to be contributing most of the risk in the HQ-summed hazard indices 
(Table 7). 
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3.3 MODELED ESTIMATES OF RELATIVE SITE RISK COMPARED WITH 
REFERENCE SOILS 

3.3.1 ESTIMATES OF RELATIVE HAZARD INDICES 

3.3.1.1 American Robin 

Relative Haz.ard indices range from >Oto< 99.9 for both the NOAELTRv and the LOAELTRv with 
the highest fold increase in predicted risk in areas nearest the smelter (Figures I a and I b 
respectively). Uncertainty factors used in the development of TRVs ranged from 3-5, indicating 
toxicological insensitivity in noting increases of risk for individual metals up to 5-fold that of 
background (assuming Robins would have equal sensitivity with literature values used in the 
extrapolation). Average relative increases of arsenic, cadmium, and copper HQs were 
approximately 21, 5, and 7-fold background (Table 8), and thus, still predict risks above those 
which could be associated with a highly conservative TRV because of uncertainty factor 
extrapolation. 

Exposure factors for the Robin were all central tendency estimates. As for all receptors, no 
reasonable maximum, or maximum exposure factors were used in the model. Therefore, 
although some individuals may be exposed less than predicted, strong arguments could be made 
for possibilities of seasonal increases in factors such as ingestion rates, body weights, etc. which 
all influence the dose. It is reasonable, therefore, to consider that the relative increases in risk are 
within the range of sensitivity able to be distinguished by the model in estimating exposure 
relative to background. 

Bioaccumulation factors are potentially the biggest source of error in the model. Although site
specific information was used when possible and empirical data were used from another copper 
mining site, either small sample sizes were available for BAF derivitization, or uptake by 
biological matrices was highly variable, thereby decreasing the ability for accurate predictions of 
dose. The use of data from another site, estimating uptake of metals from co-located biological 
and soil samples, although less uncertain than predictive models designed to do the same, may 
have also either under- or over-estimated exposure depending on site soil characteristics 
influencing bioavailability of arsenic and metals for biotic uptake. These uncertainties alone may 
have up to a 10-, or greater, fold difference in actual uptake and exposure to the robin, or other 
insectivorous birds. The potential model error using bioaccumulation factors to estimate 
concentrations in dietary items therefore decrease the sensitivity of the model in the estimate of 
predicted risk. 

The combined sensitivity of toxicity uncertainty (up to 5-fold) and exposure (assumed 10-fold) 
make the model insensitive to detecting true differences in risk for up to 50-fold increases in 
predicted risk on site relative to background. Average individual metal HQs are within this range 
of insensitivity (approximately 20) and maximum values are well above this range. Most of the 
model parameter uncertainty lies within estimates of uptake of arsenic and metals in the dietary 
items of insectivorous avian species. 
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Final conclusions of relative risk demonstrate that the model is fairly insensitive to sufficiently 
demonstrate significant differences above background. Relative His, however, are elevated up to 
I 00-fold above background and can not be completely discounted. Predictions of absolute risk 
estimates will be useful in helping refine pertinent data needs to reduce the uncertainty in 
exposure. 

3.3.1.2 American Kestrel 

Relative Hazard indices range from >Oto< 99.9 for both the NOAELTRv and the LOAELTRv with 
the highest fold increase in predicted risk in areas nearest the smelter (Figures 2a and 2b 
respectively). Uncertainty factors used in the development of TRVs ranged from 3 to 5, 
indicating an inability to note increases of risk for individual metals up to 5-fold that of 
background, assuming kestrels would have equal sensitivity with literature values used in the 
extrapolation. Copper, arsenic, and cadmium have approximately 19-, 20-, and 6-fold relative 
increases in HQs above background (Table 8). Thus, these metals still predict risks above those 
which could be associated with a highly conservative TRV because of uncertainty factor 
extrapolation. 

Exposure factors for the Kestrel were all central tendency estimates. As for all receptors, no 
reasonable maximum, or maximum exposure factors were used in the model. Therefore, 
although some individuals may be exposed less than predicted, strong arguments could be made 
for possibilities of seasonal increases in factors such as ingestion rates, body weights, etc. which 
all influence the dose. It is reasonable, therefore to consider the relative increases in risk are 
within the range of sensitivity able to be distinguished by the model in estimating exposure 
relative to background. 

Bioaccumulation factors are potentially the biggest source of error in the model. Although site
specific information were used when possible and empirical data were used from another copper 
mining site, either small sample sizes were available for their derivitization, or uptake by 
biological matrices was highly variable, thereby decreasing the ability for accurate predictions of 
dose. The use of data from another site, estimating uptake of metals from co-located biological 
and soil samples, although less uncertain than predictive models designed to do the same, may 
have also either under- or over-estimated exposure depending on site soil characteristics 
influencing bioavailability of arsenic and metals for biotic uptake. These uncertainties alone may 
have up to a 10-, or greater, fold difference in actual uptake and exposure to the robin, or other 
insectivorous birds. The potential model error using bioaccumulation factors to estimate 
concentrations in dietary items therefore decrease the sensitivity of the model in the estimate of 
predicted risk. 

The combined sensitivity of toxicity uncertainty (up to 5-fold) and exposure (assumed IO-fold) 
make the model insensitive to detecting true differences in risk from 1- to 50-fold increases in 
predicted risk on site relative to background. Average individual metal HQs are within this range 
of insensitivity (5-20) and maximum values are well above this range. Most of the model 
parameter uncertainty lies within estimates of uptake of arsenic and metals in the dietary items of 
omnivorous avian species. 
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Final conclusions of relative risk demonstrate that the model is fairly insensitive to sufficiently 
demonstrate significant differences above background. Relative His, however, are elevated up to 
l 00-fold above background and can not be completely discounted. Predictions of absolute risk 
estimates will be useful in helping refine pertinent data needs to reduce the uncertainty in 
exposure. 

3.2.1.3 White-tailed Deer 

Relative Hazard indices range from >Oto< 99.9 for both the NOAELrav and the LOAELffiv with 
the highest fold increase in predicted risk in areas nearest the smelter (Figures 3a and 3b 
respectively). In comparison with the robin and kestrel, the amount of area having relative risks 
I 0- to 99-fold above background is much smaller. Uncertainty factors used in the development 
ofTRVs ranged from 0.2 to 4, indicating an inability to note increases of risk for individual 
metals up to 4-fold that of background assuming white-tailed deer would have equal sensitivity 
with literature values used in the extrapolation. Relative increases in arsenic, cadmium, copper, 
and zinc HQs were approximately 3-, 5-, 3-, and 5-fold background (Table 8), respectively. 
Thus, site HQs still predict risks above those which could be associated with a highly 
conservative TR V because of uncertainty factor extrapolation. 

Exposure factors for the white-tailed deer were all central tendency estimates. As for all 
receptors, no reasonable maximum, or maximum exposure factors were used in the model. 
Therefore, although some individuals may be exposed less than predicted, strong arguments 
could be made for possibilities of seasonal increases in factors such as ingestion rates, body 
weights, etc. which all influence the dose. It is reasonable, therefore to consider the relative 
increases in risk are within the range of sensitivity able to be distinguished by the model in 
estimating exposure relative to background. 

Compared to the kestrel and robin, bioaccumulation factors may not be as large a source of error 
in the model. Site-specific information was used exclusively in estimating BAFs for exposure 
estimates primarily of arsenic and me~s in vegetation. In fact, when no clear mathematical 
relationship between vegetation and soils metal concentrations were apparent, average BAFs 
were used which do not necessarily reflect the highest concentrations of metals on vegetation in 
close proximity to tailings where there is evidence of surficial deposition of metals not reflected 
in "average" concentrations. Variability of metals concentrations in vegetation generally ranged 
within an order of magnitude (I- to IO-fold differences). 

The combined sensitivity of toxicity uncertainty (up to 4-fold) and exposure (assumed 1- toIO
fold) make the model insensitive to detecting true differences in risk ranging from 4- to 40-fold 
increases in predicted risk on site relative to background. Average individual metal HQs (5) are 
within this range of insensitivity, and maximum values are well above this range. 

Final conclusions of relative risk demonstrate that the model could be more sensitive than the 
robin and kestrel models to sufficiently demonstrate significant differences above background. If 
there truly is an uncertainty range of only 4-fold sensitivity for any given COC, relative His I 00-
fold above background perhaps indicate a more meaningful model. In particular, the area use 
factor used for all receptors in this analysis was I. That is, t Predictions of absolute risk 
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estimates will be useful in helping refine pertinent data needs to reduce the uncertainty in 
exposure more likely to be due to exposure factors than actual concentrations in dietary items. he 
receptor did not use areas outside the 70 acre cell. This is most likely an over-conservative 
assumption for the deer who would range in and out of these cell sizes, potentially diluting their 
exposures over time. 

3.3.1.4 Deer Mouse 

Relative hazard indices range from >Oto< 99.9 for both the NOAELTRv and the LOAELnv with 
the highest fold increase in predicted risk in areas nearest the smelter (Figures 4a and 4b 
respectively), but compared to the other receptors, include a large portion of the site area. 
Uncertainty factors used in the development ofTRVs ranged from 0.3-9, indicating an inability 
to note increases of risk for individual metals up to 9-fold that of background assuming deer mice 
would have equal sensitivity with literature values used in the extrapolation. Relative increases 
in arsenic and copper HQs were approximately 20- and 15-fold above background (Table 8), 
respectively. Thus, Site HQs still predict risks above those which could be associated with a 
highly conservative TR V because of uncertainty factor extrapolation. 

Exposure factors for the deer mouse were all central tendency estimates. As for all receptors, no 
reasonable maximum, or maximum exposure factors were used in the model. Therefore, 
although some individuals may be exposed less than predicted, strong arguments could be made 
for possibilities of seasonal increases in factors such as ingestion rates, body weights, etc. which 
all influence the dose. It is reasonable, therefore to consider the relative increases in risk are 
within the range of sensitivity able to be distinguished by the model in estimating exposure 
relative to background. 

Bioaccumulation factors are potentially the biggest source of error in the model. Although site
specific information was used when possible (in this case for vegetation) and empirical data were 
used from another copper mining site, either small sample sizes were available for their 
derivitization, or uptake by biological matrices of arsenic and metals was highly variable, thereby 
decreasing the ability for accurate predictions of dose. The use of data from another site, 
estimating uptake of metals from co-located biological and soil samples, although less uncertain 
than predictive models designed to do the same, may have also either under- or over-estimated 
exposure depending on site soil characteristics influencing bioavailability of arsenic and metals 
for biotic uptake. In the case of the deer mouse eating terrestrial invertebrates, it is unknown 
whether similar terrestrial invertebrates exist on Anaconda compared to the Kennecott site in 
which the BAF was calculated. These uncertainties alone may have up to a 10-, or greater, fold 
difference in actual uptake and exposure to the robin, or other insectivorous birds. The potential 
model error using bioaccumulation factors to estimate concentrations in dietary items therefore 
decrease the sensitivity of the model in the estimate of predicted risk. 

The combined sensitivity of toxicity uncertainty (up to 9-fold) and exposure (assumed 10-fold) 
make the model insensitive to detecting true differences in risk from 1- to 90-fold increases in 
predicted risk on site relative to background. Average individual metal HQs ( 15 to 20), 
however, are in this range of insensitivity and maximum values are above this range. With deer 
mice, significant uncertainty lies both within the toxicity and the exposure functions. 
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Final conclusions of relative risk demonstrate that the model is insensitive to sufficiently 
demonstrate significant differences above background. Relative His, however, are elevated up to 
100-fold above background which exists on a large portion of the site and can not be completely 
discounted. Predictions of absolute risk estimates will be useful in helping refine pertinent data 
needs to reduce the uncertainty in exposure. 

3.3.1.5 Red Fox 

Relative Hazard indices range from >Oto< 99.9 for both the NOAELrav and the LOAELrav with 
the highest fold increase in predicted risk in areas nearest the smelter (Figures Sa and Sb, 
respectively). Uncertainty factors used in the development ofTRVs ranged from 3 to S, 
indicating an inability to note increases of risk for individual metals up to 5-fold that of 
background assuming red fox would have equal sensitivity with literature values used in the 
extrapolation. Relative increases in copper, arsenic, and cadmium HQs were approximately 16-, 
18-, and 4-fold background (Table 8) values. Thus, HQs still predict risks above those which 
could be associated with a highly conservative TRV because of uncertainty factor extrapolation. 

Exposure factors for the red fox were all central tendency estimates. As for all receptors, no 
reasonable maximum, or maximum exposure factors were used in the model. Therefore, 
although some individuals may be exposed less than predicted, strong arguments could be made 
for possibilities of seasonal increases in factors such as ingestion rates, body weights, etc. which 
all influence the dose. It is reasonable, therefqre to consider the relative increases in risk are 
within the range of sensitivity able to be distinguished by the model in estimating exposure 
relative to background. 

Bioaccumulation factors are potentially the biggest source of error in the model. Although site
specific information was used when possible and empirical data were used from another copper 
mining site, either small sample sizes were available for their derivitization, or uptake by 
biological matrices was highly variable, thereby decreasing the ability for accurate predictions of 
dose. The use of data from another site, estimating uptake of metals from co-located biological 
and soil samples, although less uncertain than predictive models designed to do the same, may 
have also either under- or over-estimated exposure depending on site soil characteristics 
influencing bioavailability of arsenic and metals for biotic uptake. These uncertainties alone may 
have up to a 10-, or greater, fold difference in actual uptake and exposure to the robin, or other 
insectivorous birds. The potential model error using bioaccumulation factors to estimate 
concentrations in dietary items therefore decrease the sensitivity of the model in the estimate of 
predicted risk. 

The combined sensitivity of toxicity uncertainty (up to 5-fold) and exposure (assumed 10-fold) 
make the model insensitive to detecting true differences in risk for up to 50-fold increases in 
predicted risk on site relative to background. Average individual metal HQs ( 1 S to 16) are within 
this range of insensitivity and maximum values are well above this range. Most of the model 
parameter uncertainty lies within estimates of uptake of arsenic and metals in the dietary items of 
this carnivorous mammalian species. Similar to the white-tailed deer, the assumption of 100% 
area use within the 70 acre area of kriged polygons of estimated soil concentrations, most likely 
overestimates risks in some areas. Home range areas for red fox have been known to vary from 
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50 to 3,000 ha (124 to 7,400 acres) depending on prey abundance and habitat (EPA 1993). With 
the lack of vegetative habitat and, therefore, probable low prey abundance, home ranges on the 
Anaconda site most likely are quite larger than the assumed 70 acres. Exposures are, therefore, 
more likely to be much more diluted than predicted in the current model. 

Final conclusions of relative risk demonstrate that the model is fairly insensitive to sufficiently 
demonstrate significant differences above background. Relative His, however, are elevated up to 
100-fold above background and can not completely discounted. Predictions of absolute risk 
estimates will be useful in helping refine pertinent data needs to reduce the uncertainty in 
exposure. 

3.3.2 ESTIMATES OF ABSOLUTE HAZARD INDICES 

Although relative increases of risk are useful in describing the sensitivity of the model and 
identifying TRVs with poor toxicity information, estimates of absolute risk (Table 9, Hlsite
Hlrercrcnce ) are more useful for prioritizing the geographic areas, contaminants and pathways of 
concern for wildlife receptors. For the following discussion, only the comparisons of central 
tendency estimates of exposure with LOAEL TRVs are discussed. This comparison is the least 
conservative predictor of risks (as opposed to maximum exposure estimates compared with the 
NOAEL TRV), but is focused on here because the relative increases in risk described above 
indicated that all receptors lie within the range of insensitivity of the model to accurately predict 
risk to wildlife receptors. Therefore, some type of site-investigation is warranted to reduce 
uncertainties in either exposure or toxicity. Since site-specific data are needed to validate 
predictive models, the least conservative methods for estimates of risk are used to help identify 
the highest priorities. 

3.3.2.1 Priortization of Geograohical Areas of Concern 

The site was portioned into 4 general areas (Figures le and Id through 5c and 5d): Old 
Works/Stucky Ridge, North Opportunity, Smelter Hill and South Opportunity. For nearly all 
receptors, Smelter Hill had the highest Hls (Table 10, Figures le and ld through 5c and Sd). The 
decreasing order of prioritized general geographic risk areas for most receptors were generally 
Smelter Hill> North Opportunity >Old Works/Stucky Ridge> South Opportunity (Table 11 ). 
Red fox was the only receptor in which Smelter Hill did not predict the HQ values. This finding 
is again related to the estimated effects from lead exposure. Elevated HQ values from lead were 
more pronounced in areas further away from the smelter stack. 

3.3.2.2 Priortization of Chemicals of Concern 

For robins, kestrels, and red fox, the largest absolute HQs were from exposures to lead. After 
considering the relative increases in risk for these receptors from lead, however, it is likely that 
these estimates of risk were elevated because of overly conservative TRVs. Its important to note 
that background HQs for these receptors exposed to lead were 1.4, 2.8, and 3.6 respectively 
(Table 5) and the average site HQs for all receptors were only approximately 3-fold background 
with TRV uncertainty factors of 5. Concurrently, average site arsenic and copper HQs for robin, 
kestrels, and fox were 21, 20, and 15, and 7, 20, and 15 above background HQs, respectively 
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(Table 8). Copper and arsenic background HQs were all well below 1 and uncertainty factors 
with the TRVs were 5 or less. 

Following lead, arsenic and copper all had the highest average (Table 9) and maximum HQs 
(Table 6) for all receptors. Generally, cadmium and zinc are relatively small contributors to the 
overall HI. The largest absolute estimated HQ was deer mice·and fox exposed to arsenic, 
followed by robins and kestrels exposed to copper. 

Overall, arsenic and copper appear to be the primary contaminants of concern with a great deal of 
uncertainty associated with lead HQs (Table 7). 

3.3.2.3 Priortization of Pathwavs of Exposure 

Robins and deer mice were predicted to have approximately 56% and 71 % of their metal 
exposure through ingestion of terrestrial invertebrates and 24% and 22% of their exposures 
coming from seeds and vegetation (Table 10). Kestrels and red fox were predicted to have 
approximately 72% and 94% of their metal exposure through ingestion of small mammals. 
Kestrels were predicted to be exposed an additional 23% through terrestrial invertebrates. 
Incidental soil ingestion was only predicted to be a significant portion of metals exposures to 
robins (20% ), as they forage on earthworms. Vegetation was the primary exposure route for 
white-tailed deer only. 

Overall, terrestrial invertebrates were predicted to be either the primary or secondary route of 
exposure for insectivorous passerines, omnivorous raptors, omnivorous small mcimmals and 
omnivorous carnivores (Table 12). Small mammals were primary routes of metal exposure for 
tertiary consumers such as the fox and kestrel. 

4.0 UNCERTAINTIES 

There are a number of uncertainties associated with any risk assessment because of the 
assumptions used throughout the assessment process to determine the chemicals, pathways, and 
receptors that drive the risk. Uncertainties associated with estimating risks to wildlife receptors 
at the Anaconda Smelter Site are related to the chosen receptors, estimates of exposure, the 
TRV s used, estimates of background soil concentrations, and use of kriged soil data. Each of 
these is discussed below. 

4.1 UNCERTAINTIES ASSOCIATED WITH THE SELECTED RECEPTORS 

It is impossible to assess potential risks to all species known or expected to occur at the site. 
However, the receptors selected for risk analysis (i.e., deer mouse, American robin, white-tailed 
deer, American kestrel, and red fox) were chosen to be representative of the different trophic 
levels of the food chain at the Anaconda Smelter Site (Attachment 3). Specific feeding habits, 
food items, and body weights for these receptors were incorporated into estimates of exposure. 
While this reduces the uncertainty of estimating the risk to these receptors and to representatives 
of each trophic level, there are other species at the site that have different feeding strategies, 
different exposure scenarios, and/or different threshold effects concentrations. This could result 
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in either an over- or under-estimate of risks for those other receptors at the Anaconda Smelter 
Site. 

4.2 UNCERTAINTIES ASSOCIATED WITH ESTIMATES OF EXPOSURE 

The estimate of exposure for each receptor incorporates numerous parameters, for which site
specific data were not available, making it necessary to use literature-derived estimates or default 
values. Specifically, dietary composition, dietary fractions, daily ingestion rates, and body 
weights were obtained from the literature. Actual values for these parameters under site-specific 
conditions may be higher or lower than the reported literature values, leading to either an over- or 
under-estimate of risks. 

In the absence of measured concentrations in food and prey items (i.e., except for vegetation 
samples used to assess potential risks to herbivores via that particular source/pathway), BAFs 
were used to model tissue concentrations in these items. This leads to uncertainty regarding 
actual tissue concentrations at the site, since BAFs obtained from the literature may not reflect 
actual site conditions. Literature-derived values do not account for site- or regional-specific 
variances in behavior and feeding strategies, seasons, food availability, or body size. To reduce 
this uncertainty, site-specific BAFs were used to estimate tissue concentrations in invertebrates 
and small mammals, while the remaining BAFs were obtained from other mining sites or from 
the literature. For small mammals site-specific data for small mammals collected by ARCO were 
used for the BAF. It is likely that the parameters used to estimate exposure could result in an 
over-estimate of risk for some species and an under-estimate of risk for others at the site; 
however, it is unlikely that risks to the selected receptors have been underestimated due to the 
conservative nature of the exposure parameters. 

The kriged soil values were used to estimate exposure to each receptor at each 70 acre grid cell. 
Since each value represents an estimate of the soil concentration in each grid cell, there could be 
hot spots within the 70 acres that are not identified by the kriging. Likewise, there could be areas 
within these 70 acre parcels that have soil COC concentrations that are significantly lower than 
the kriged value. As a result, the use of estimated soil concentrations could potentially result iri 
an under-estimation of risk in some areas and an over-estimation of risk in other areas. 

The food chain exposure model assumes 100% bioavailability of the metals that are ingested. 
Actual site-specific conditions may bind the metals to the soil or render the metals insoluble in 
other ways, thereby reducing bioavailability. As a result, the food chain model may over
estimate risks to the selected receptors; it is unlikely that risks to the selected receptors have been 
underestimated via the food chain analysis. 

4.3 UNCERTAINTIES ASSOCIATED WITH THE TRVs 

Effects data in the literature are generally based on species other than those selected as receptors 
for the Anaconda Smelter Site. In addition, all toxicological studies are not conducted in the 
same way, may be conducted under field or laboratory conditions, and may have differing 
durations, endpoints, or dose levels. Uncertainties are associated with each of these factors when 
deriving TRVs. Because of these and other factors, EPA Region VIII reviewed all available 
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wildlife toxicological literature and derived the best possible TRVs for use throughout Region 
VIII (Attachment 2). These new TRVs incorporate uncertainty factors to account for interspecies 
extrapolations, study endpoints, and site-specific modifying factors. These uncertainty factors 
were incorporated into the literature-derived NOAELs and LOAELs to derive the TRVs for use 
at the Anaconda Smelter Site. While this approach may have a tendency to overestimate risks, 
given the magnitude of risks elevated above background as shown on some of the risk maps, the 
estimated risk values are useful for identifying those areas of highest concern for risks to wildlife. 

4.4 UNCERTAINTIES ASSOCIATED WITH ESTIMATES OF BACKGROUND 
SOIL CONCENTRATION 

It is assumed that background soil concentrations are representative of actual conditions in an 
area comparable to the Anaconda Smelter Site in pre-smelting condition. If the control sites 
were neither adequately selected nor characterized, this could result in either an over- or under
estimation of risks relative to background conditions. 

5.0 REFERENCES 

CDM Federal. 1995. Draft Preliminary Baseline Ecological Risk Assessment, Anaconda 
Regional Water and Waste and Anaconda Soils Operable Units. Anaconda Smelter NPL Site, 
Anaconda, Montana. Prepared for EPA, Region VIII, Montana Office. August 17, 1995. 

Edens, F.W. and J.D. Garlich. 1983. Lead induced egg production decreases in Leghorn and 
Japanese Quail Hens. Poultry Science. 62:1757-1763. 

EPA. 1993. Wildlife Exposure Factors Handbook. Vol. I. Office of Research and 
Development. EPA/600/R-93/187a. December 1993. 

ENSR. 1997. Screening Ecological Risk Assessment for the Terrestrial Wildlife of the Clark 
Fork River Operable Unit. December 1997. 

Hoff, D.J. and G.M. Henningsen. 1998. Extrapolating toxicity reference values in terrestrial and 
semi-aquatic wildlife species using uncertainty factors. The Toxicologist, Abstracts of the 37m 
Annual Meeting, Vol. 42, No. 1-S. March 1998. 

B-13 



TABLES 



TABLE 1 

Assumptions Used in the Food Web Model 

I Species I ' ··,·.'.Variable I Value I Reference I 
American Robin resident in Montana 0.75 year Jones 1990 
home range: 0.25 ha (0.62 acres) dietary fraction: EPA 1993 

plants 0.36 
invertebrates 0.64 
soil 0.02 

ingestion rate 0.89 kg/kg-d EPA 1993 

body weight 0.081 kg EPA 1993 

Deer Mouse dietary fraction: EPA 1993 
home range: 0. l l ha (0.27 acres) invertebrates 0.45 

plants 0.55 
soil 0.02 

ingestion rate 0.27 kg/kg-d EPA 1993 

body weight 0.21 kg EPA 1993 

Red Fox dietary fraction: EPA 1993 
home range: 1,571 ha (3,881 acres) invertebrates 0.04 

plants 0.17 
mammals 0.64 
birds 0.14 
soil 0.03 

ingestion rate 0.095 kg/kg-d EPA 1993 

body weight 4.5 kg EPA 1993 

White-tailed Deer dietary fraction: PTI 1994 
home range: 200 ha (482 acres) plants l 

soil 0.02 

ingestion rate 0.0312 kg/kg-d PTI 1994 

bodyweight 125 kg PTI 1994 

American Kestrel dietary fraction: EPA 1993 
home range: 202 ha (499 acres) invertebrates 0.33 

mammals 0.33 
birds 0.33 
soil 0.02 

ingestion rate 0.3 kg/kg-d EPA 1993 

bodyweieht 0.119kg EPA 1993 



TABLE2 

Representative Bioaccumulation Factors Used at Various Montana Superfund Sites 

Chemical Plant BAF1 Used Plant BAF2 Used by ARCO Plant BAF Using Invertebrate3 Invertebrate BAF2 Used by ARCO for the 
in the Anaconda for the Clark Fork River 1995 Soil and BAF Used in Clark Fork River Screening ERA 

BERA Screening ERA Plant Data the Anaconda 
(wet weight) Collected by EPA BERA 

Arsenic 9.94E-03 8.50E-02 varies by COC; UOE-01 3.70E-Ol 
see Table 3 

Cadmium 4.86E-02 1.40E-OI 2.1 SE-01 S.90E.OI 
.. 

Copper 6.7SE-03 (0. 719-(0.235 •(log I O[soil]})) 1.03E-OI (0.086+( exp(4.667+(-2.816 •(log I O[soil)))))) 

Lead 6.82E-03 2.SOE-02 l.99E-02 3.80E-02 
.. 

Zinc 8.40E-02 1.00E-01 2.3SE-OI (5.95-(l.07•(Jogl0[soil])}) . 

Values m shaded areas represent BAF values incorporated followmg ARCO's comments on the Fmal BERA. 

'Calculated from ARCO data collected along Warm Springs Creek (PTI 1994) 
2Based on data collected at the Kennecott Copper Smelter Site (ENSR 1996) 
3BAFs for As, Cd, Cu, and Zn based on earthworm and soil data collected at Milltown Reservoir (ManTech 1991) 
BAF for Pb based on data collected by ARCO (PTI 1994) 

4Calculated from ARCO data collected along Warm Springs Creek (PTI 1994) 
scatculated from data provided in Baes 1984 

Small Mamm81 
BAF' Used in 
the Anaconda 

BERA 

l.64E-03 

3.45E-02 

2.69E-02 

7.SOE-03 

2.8SE-OI 

Small Mammal BAF2 Smali Bird 
Used by ARCO for BAF' Used in 

the Clark Fork River the Anaconda 
Screening ERA BERA 

I. IOE-01 1.78E-03 

2.00E-01 4.90E-04 . 

4.70E-OI 8.90E-03 

l.27E+OO 2.67E-04 

( 1.25-(0.0042 •[soil))) 8.90E-02 



TABLE3 

Comparison of Plant BAFs Used in the Final Food Chain Model 
and Plant BAFs Developed from the EPA 1995 Collection of Plants and Soils 

Anaconda Ecological Risk Assessment 

Chemical Plant BAF1 Used in · Herbaceous Plant BAF2 · Shrub BAF2 Developed in 
Final BERA Developed in Response to Response to ARCO Comments 

(based on wet weight) ARCO Comments (based on wet weight) 
(based on wet weight) 

8~00E·02 
::· 

Arsenic 9.94E-03 2.448[soil)-0.80S 

Cadmium 4.86E-02 . 0.6949[soi1J'°·617 8.70E-01 

Copper 6.75E-03 ··•l20E-01 5.2025[soil].o.nai 
.. 

Lead 6.82E-03 ·· · ··. : .0~8754[soi1J0·50S' l.212(soil].o.7•32 

Zinc 8.40E-02 · 5.0557[soil].o . .so17 
.. 

5.80E-OJ 

Values in shaded areas represent BAF values mcorporated followmg ARCO's comments on the Final 
BERA. 

Source of data for dei-iving BAF: 
1Calculated from data presented in PTI Regional Ecorisk Field Investigation 1994 
2Calculated from co-located soil and plant data collected by EPA in 1995 



TABLE4 

Regional Background Soil Metal Concentrations (mg/kg) for Montana Communities' 

Arsenic Cadmium Copper Lead Zinc 

Sample Size 19 19 q 19 13 

Geometric Mean 9.3 0.9 22.4 35.7 66.1 

Geometric Standard 2.88 2.64 1.5 4.1 1.3 
Deviation 

Lower 95% Confidence 5.6 0.5 17.2 18. l 56 
Limit 

Upper 95% Confidence 15.5 1.4 29.l 70.4 78 
Limit 

1From Table 2-3 of the Anaconda Regional Soils Remedial Investigation Repon, PTI 1996. 



TABLE 5 

Hazard Quotients and Indices of Wildlife Receptors on Reference Soils for the Anaconda Smelter Site 

. .... 

. Contaminant of Concern 
.. 

Hazard Index .. 
Reeeptor· . Arsenic · < · Cadlilium . ·copper. Lead Zinc .. 

. NO-'EL 
.. 

NOAEL NOA EL .LOA~- NOAEL LOA EL LOAEL NOAEl.. LOAEL NOAEL LOA EL LOA EL 

American Robin 0.163 . 0.091 1.840 0.132 1.010 0.541 2.830 1.420 1.090 0.273 6.93 2.38 

American Kestrel 0.038 0.002 0.245 0.018 0.264 0.142 5.500 2.750 0.246 0.062 6.29 2.97 

White-tailed Deer 0.952 0.313 0.276 0.096 0.295 0.118 0.115 0.038 0.165 0.083 1.80 0.648 

Deer Mouse 1.030 0.387 0.206 0.100 0.210 0.104 0.498 0.163 0.594. 0.297 2.54 1.05 

Red Fox 1.360 0.453 0.056 0.028 0.153 0.105 6.950 3.650 0.068 0.023 8.58 4.17 



TABLE6 

Summary Statistics of Hazard Quotients for Wildlife Receptors at the Anaconda Smelter Site 

Receptor 

American Robin 

American Kestrel 

White-tailed Deer 

Deer Mouse 

Red Fox 

MEAN 
MIN 
MAX 
STD 

MEAN 
MIN 
MAX 
STD 

MEAN 
MIN 
MAX 
STD 

MEAN 
MIN 
MAX 
STD 

MEAN 
MIN 
MAX 
STD 

Arsenic Cadmium 

NOAEL . LOAEL NOAEL LOAEL 

3.4 
o.s 
31.9 
3.3 

0.8 
0.1 
7.5 
0.8 

2.7 
1.3 

13.7 
1.4 

20.1 
3.0 
189 
19.5 

18.7 
3.3 
171 
17.6 

1.9 
0.3 
17.7 
J.8 

0.4 
0.1 
4.2 
0.4 

0.9 
0.4 
4.S 
0.5 

7.5 
1.1 

71.0 
7.3 

8.2 
I.I 

57.0 
5.9 

9.3 
0.2 
83.4 
8.6 

1.3 
0.0 
I I.I 
I.I 

1.4 
0.0 
12.1 
1.2 

0.7 
0.1 
4.7 
0.5 

0.3 
0.0 
2.6 
0.3 

0.7 
0.0 
6.0 
0.6 

0.1 
0.0 
0.6 
0.1 

o.s 
0.0 
4.2 
0.4 

0.3 
0.0 
2.3 
0.2 

0.1 
0.0 
1.3 
0.1 

Cootaininant of Con~em 

.. Copper Lead Zinc 

NOAEL .. LOAEL NOAEL LOAEL NOAEL LOAEL 

6.8 
0.0 
68.3 
7.0 

S.O 
0.0 

60.1 
6.2 

0.6 
0.0 
4.6 
0.5 

3.2 
0.0 
38.7 
3.9 

2.4 
0.0 

28.7 
2.9 

3.7 
0.0 
36.9 
3.7 

2.7 
0.0 
32.7 
3.3 

0.4 
0.0 
1.9 
0.2 

1.6 
0.0 
19. I 
1.9 

1.7 
0.0 
19.7 
2.0 

7.4 
1.7 

40.0 
5.2 

19.5 
2.5 
127 
16.7 

0.2 
0.1 
0.7 
0.1 

1.2 
0.3 
5.3 
0.7 

24.3 
3.2 
158 
20.7 

3.7 
0.6 
20.0 
2.6 

9.7 
1.2 

63.S 
8.3 

O.J 
0.0 
0.2 
0.1 

0.4 
0.1 
1.7 
0.2 

12.5 
1.6 

80.9 
10.6 

1.9 
0.0 
2.4 
0.7 

0.0 
0.0 
0.4 
1.4 

0.7 
0.2 
4.6 
0.6 

0.9 
0.0 
I.I 
0.4 

0.0 
0.0 
0.1 
0.6 

0.5 
0.0 
0.6 
0.2 

0.0 
0.0 
0.1 
0.4 

0.4 
0.1 
2.3 
0.3 

0.5 
0.0 
0.6 
0.2 

0.0 
0.0 
0.0 
0.0 



Receptor 

American Robin 

American Kestrel 

White-tailed Deer 

Deer Mouse 

Red Fox 

TABLE7 

Prioritized Contaminants of Concern 
Influencing the Haz.ard Indices of Wildlife Receptors 

at the Anaconda Smelter Site 

Contaminant of Concern 

Arsenic. Cadmium ·Copper Lead 

1 RSC 1a 1 

RSC RSC 2 1 

1 2 4 RSC 

1 RSC 2 RSC 

2 RSC 3 1 
•contaminants with same ranking number are approximately equal contributors to the HI 
RSC=relatively small contributor 

Zinc 

RSC 

RSC 

3 

RSC 

RSC 



Receptor 

American Robin 

American Kestrel 

White.tailed Deer 

Deer Mouse 

Red Fox 

TABLE 8 

Relative (Average Site HQ/Reference HQ) Increases in Hazard Quotients 
for Selected Wildlife Species at the Anaconda Smelter Site 

. Contaminant of Concern 

Arsenic Cadmium. Copper.• Lead 

NOAEL LOAEL NOAEL LOAEL NOAEL •LOAEL .NOAEL LOAEL. 

20.9 .20.9 5.1 5.3 6.7 6.8 2.6 2.6 

21.1 20.0 5.3 5.6 18.9 19.0 3.5 3.5 

2.8 2.9 5.1 5.2 2.0 3.4 1.7 2.6 

19.5 • 19.4 3.4 3.0 15.2 15.4 2.4 2.5 

13.8 18.1 ~5.4 3.6 15.7 15.7 3.5 3.5 

Zinc 

NOAEL LOA EL 

1.7 1.8 

0.0 0.0 

4.2 4.8 

1.5 1.7 

0.0 0.0 



Receptor 

American Robin 

American Kestrel 

White-tailed Deer 

Deer Mouse 

Red Fox 

TABLE9 

Predicted (Absolute) (Average Site HQ- Reference HQ) Hazard Quotients 
for Selected Wildlife Species at the Anaconda Smelter Site 

· Coritaminant of Concern 

.Arsenic ···Cadmium · · .. · . Copper Lead. 

NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL. 

3.2 1.8 7.5 0.6 5.8 3.2 4.6 2.3 

0.8 0.4 1.1 O.l 4.7 2.6 14.0 7.0 

1.7 0.6 I.I 0.4 0.3 0.3 O.J 0.1 

19.1 7.1 0.5 0.2 3.0 1.5 0.7 0.2 

17.3 7.7 0.2 0.1 2.2 1.6 17.4 8.9 

Zinc 

NOAEL LOAEL 

0.8 0.2 

-0.2 -0.) 

0.5 0.3 

0.3 0.2 

-0. l 0.0 



TABLE 10 

Summary of Predicted (Absolute) Metal-Related Risks to Wildlife Species 
(Estimated Exposures Compared with LOAELs) 

at the Anaconda Smelter Site 

' 
Geographic Area• Pathways of Concernc . . .... 

.. 

Receptor COC Driversb .. 
Old Works/ North Smelter Hill South 

Stucky Ridge Opportunity Opportunity 

American S-99 S-99 99 2-99 As=Cu=Pb 
Robin 

American 2 - JO 2-99 2-99 0- JO Pb>>Cu 
Kestrel 

White-tailed 0-S 0- IO 2- 99 0-2 As>Cd>Zn>Cu 
Deer 

Deer Mouse 5 -99 5 -99 10- 99 2-99 As>>Cu 

Red Fox 10 - 1,000 10 - 1,000 5-1,000 2-99 Pb>>As>Cu 

•values are the range of HI values for respective geographic areas hsted on the GIS maps 
brelative contribution of individual COCs as illustrated on GIS map with pie charts 
•values are average {± standard) percent contribution to HI by dietary items listed in the column 

Primary ·. Secondary 

56% terrestrial 24% vegetation 
invertebrates 

±4 ±6 

72% small 23% terrestrial 
mammals invertebrates 

±5 ±5 

81 % vegetation 19% soil 
±6 ±6 

71 % terrestrial 22% vegetation 
invertebrates 

±3 ±3 

94% small 5% terrestrial 
mammals invertebrates 

±2 ±2 

Tertiary 

20% soil 

±3 

5% soil 

± 0.4 

7% soil 

± 0.6 

1% soil 

± 0.1 



Receptor· 

American Robin 

American Kestrel 

TABLE 11 

Prioritized Geographic Areas Influencing the Hazard Indices 
of Wildlife Receptors at the Anaconda Smelter Site 

· G~ographic Area• 

Old Worlcs/ 
: 

·•.•· :North •. 
.. 

Smelter Hill 
Stucky Ridge• : : 0pJ>Ortunity · 

2 2 I 

2 I I 

White-tailed Deer 3 2 I 

Deer Mouse 2 2 I 

Red Fox I I 2 

South 
Opportunity 

3 

3 

4 

3 

3 

-Values represent the ranked order of the magnitude of HI values from respective geographic areas hsted on the GIS 
maps 
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·• blSic hydrolysis (44.7 :t IS.3 pg/mg Hb). This procedure seems'° be more 
. effective for the detection of DNB·Hb adducts and is a simple and effective 
mcdlod for the de1eetion and quantitation of Hb adducts of DNB and TNB. 
(Ibis absuact docs not necessarily reftect USEPA/USAnny policy) 

;,,,;. 
~ 

..:\: ......... _,_ 

I 1e78 I USE OF A ~CAL TESTOSTERONE BIOMARKER IN 
CADMIUM EXPOSED MICE. 

J Sillitti, B Lasley, and B Wilson. Univtniry of Califomia at Davis. CA. 

A 1pecific acute effect of the heavy metal cadmium is iaticular necrosis. In 
this Study cadrniwn WU used to vaJidale lhe applic11tion of fecal leStostetone 
ICYds as a bionwm of adverse effects on male reproduction. Muimum 
teslOlteroDe levels were obtained from 18 PtroMyscllS manieulDllU using a 
subc:uwieous injection of human chorionic gODldouopin (hCO) to stimulate 
Lcydig cells. Feces were colleded al 20. 24. and 28 houn after hCCi injection. 
dried. weighed. e1uncted and tcscoswone measured using a compc1itive 

. ELISA. Three groups of six mice e..:h were injected subculaDCOUSly with 
saline. 0.8 mg/kg and 2.0 mg/kg cadmium chloride in saline. Ten days 

t following ueaunen1. muimal testosterone levels were dclennincd after hCG 
·.stimulation. Blood wu taken by cardiac puncture and lhe testes removed. 

Blood tesrosterone levels. testis weig.bls. testicular speim head cowus. and 
biltological evalua&ions were performed. The conelation coefficient between 

·blood and feces tealOSICl'One levels was 0. 73. Fecat testosterone. testis weight. 
and sperm bead counts decreased with increased cadmium exposure. demon-

. mating the validity of this reproductive bionwker as a noninvasive tool to 

. study reproduction. 

I 1e11 I A NEW INTERPRETATION OF THE AC\Tl"E AQUATIC 
,. . TOXICITY OF OROANOPHOPHORUS PESTICIDES BASED 

ON A CRITICAL TARGET DOSE (C'J1>) APPROACH. 

~ · KC HM Lqiene, HJ M Vabaar, W HJ V1a and J L M Hermens. 
Reuatrlt lnsritut11 of TOJCicology ( RITOX). Utrteht Univ11niry, Utrtthz. Tht 
N611ttrlands. Sponsor: !...&!!.!!· 
Orguophosphorus pesdcidea (OPI) belonging to the phosphoroth.ionara are 
acnerally believed to e:lhibit their tollic action via lhe inhibition of AChE 
after their metabolic trlnlfomwion into their active Olton-analogues. In this 
study. we propoie a to:itici1y model, which is mainly based on the following 
auumptioas: 1) lethality is related to a filled AChE inhibition pcn:ensage, 
2) lhe oxon-analogues bind covalently and inevenibly to lhe AChE receptor. 
and 3) the metabolic activation of the OP follows lint-order kinaics. Under 
these conditions, lethality is rdall:d to a critical amount of oxon-molecules 
bowut to AChE.. the ··cnuca1Targer0ose·· <C'J1>>. Thu cm;. proportional 
to lhe time-integraicd whole-body concentration of the OP, which is dcscribed 
u the ata·under-the-cwve (AUc:..J of lhe lint-order onc-c:ompanment bio
conc:entration model. Jn addition. Cl'O is described as a function of the ua
under·the<urve in lhe aq~ phase of the organism <AUCJ. The models 
were validated on basis of experimental 2-14 d LCSO and LBB (lethal body 
burden) data for cblonhion (3<hloro-4-niuofenyldimethylphosphorolhio
llllC) in tbr: pond snail and lhe results were compared with a description of * data on die buil of the clusica.I aitical body residue (CBR) concept. 
In contnst to the CBR. which failed to describe the data. the C'TD model 

· blsc:d on A.UC. wu perfecdy capable to describe lhe ~t) data. 1be 
LBB(I) data. which showed a dccrcase in time. were also in conespondence 
with the model. TbclC resulls indicate that the wget of chlonhion is located 
in the aqueous phlsc of lhe pond snail. (n conclusion. the study clearly 
demollsuates the restricted applicabili1y or the CBR concept and supplies an 
lltemative model for compounds that exhibit their tollic action through an 
itrevenible receptor intcnletion. 

I 1e1a I AN· LC,., VS. TIME MODEL FOR RECEPTOR-MEDIATED 
AQUATIC TOXICm: CONSEQUENCES FOR 
BlOCONCENTRATION KINETICS AND RISK 
ASSESSMENT. 

HJ M VerhaaT. KC HM Lcgime1, W de Wolfl. S Dyer. W Seinen'. and 
J L M Hermens'. 'Rrrox. Utrecht Univtnirv. Utrecht. tht Ntthtrlands: 
1rltt Procter & Gambit Company. Briu.r11Ls, ·Belgium and Cincinnati. OH. 
Sponsor:~-

For aquatic toxicants that work by se><allcd nonpolar narcosis. it is generally 
acknowledged tha1 the ·Critical Body Residue ar death, as a sum>gaie dose 
metric for the amount of target that has interacted with lhe tollicant. is 
constant. This constaney is not only mainiaincd across exposure: times. but 
also across different (narcosis) compounds. as well as species. We present 

here· an alternative model, applicable to toxicants with in-evenible or slowly 
revenible target interactions (which includes lhe nonspecific reactive toxi
cants). that implies that for these compounds. there is no constant CBR. The 
model also shows thal for each single species-compound combination. the 
Critical Arca Under the CUtVe (CAUC) is conswit and independent of ellpo
sare time. These findings will have profound consequences for the inlefpreta· 
lion of experimental tollici1y data (such as ,6h LC.., values) in risk assessment. 
Among other things. it shows us that for receptor·mediated toxicity. LC'O 
vs. time values may decrease long after bioconccntration slcady stare has 
been achieved. It also shows us that for e.g. carbamatcs lhe incipient LC'° 
will be severely underestimated when using the familiar models based on 
jUSI bioaccumulation kinetics. 

J 1e1a j EXTRAPOLATING TOXICITY REFERENCE VALUES IN , 
TERRESTRIAL AND SEMl·AQUATIC WILDLIFE SPECIES ~ 
USING UNCERTAINTY FACTORS . 

D Hoff and G Henningsen. US EPA Region V111, Datvtr. CO. 
A fundamental component in all ccotollicological risk assessments is the 
determination of llcnobiotic doses. resulting from ellposura to site-specific 
cc:ological rccepaon, that constiwie scientifically valid NOAEl.a (no-observ· 
able·advcrsc-cffects·level) for endpoints relaled to populalion sustainability. 
Unfonunately, tollicologicaJ data in wildlife literatwe arc not available for 
most compounds, and. excnpolations of tollic doses must be perfonncd across 
species and study designs. Four main teehniques have been used for interspe· 
cific and study extrapolations of toxic responses to Jtenobiolics in wildlife 
species: body weight-to-surface scaling factors, physiologically-based phar
macokinetic models (PBPK), assuming equal toxic responses among similar 
species. and application of uncenainiy facams. The use of unca'tainiy facton 
bu c:urrcnt adVllDtaga over the other melhods. which are discussed along with 
examples of elltrapolations for heavy metal toxiciiy. Four primary SOUKeS of 
uncenainty arc quantified in the proposed elttrapolllion scheme: tuonomic 
relationships, study duration. study endpoints, and sire-specific modifications. 
The concept is that Ihm: is no uncc:nainty applied for chronic reproductive 
stlldies in the species of conccm. This method provides a sarucnue for consis
tently uarapolating the most scientifically defensible. applicable study 
NOA.ELs/LOAELs to recepton of concern. 

I 1eao I AN INTERACTIONS-BASED PHYs101.001CAL 
TOXICOKJNETlC MODEL FOR CHEMICAL MIXnJRES. 

S Haddad, G ~t· Tardif, R Tardif and K Krishnan. Grollf'll d• 
tYChercltt tn ro.ricologit hwna-;;;;ffbXHUMJ. Univ11nitl ch Montrial, 
Qii"1ec, Canada. 
The available data on binary interllCtions are yet to be considm:d within the 
context of mixture risk assessments because of our inability to predict lhe 
effect of a third or a fourth chemical in the mixture on lhe interaeting 
binary pairs. Phyaiologically-basc:d IOxicokinetic (PBTK) models represent 
a framework that can be used for simultaneously predicting the multiple 
inLCBCtions at any level of complexity. The objective of the p!Uellt study 
was IO develop an inr.enaions-based model for simulating the iollicoki.nelics 
of the components of a quaranary milllUl'C of volatile orpnicl (Dichloromcth· 
anc (D), Toluene m. Elhylbenzene (E). and-to-Xylene (X)J. Thc methodol
ogy consisted of: (i) obtaining the validated individual c:bemica1 PBTK models 
from the literature, (ii) inrerconnccting all individual chernic:al PBTK models 
al the level of liver on the basis of mechanism of binary cbcmical interactions 
(e.g., competitive, non<ompetitivc or uncompetitive metabolic inhibition), 
and (iii) comparing lhe a priori predictions of the intendiODl-bued model 
to corresponding experimencal dala. The analysis of blood kinetics data from 
exposure io all binary combinations of T, X. D. and E wu suggestive of 
competitive metabolic inhibition as the plausible interaction mechanism. The 
metabolic inhibition constant CK.) for each binary combination wu quantified 
and incorporared within the mixture PBTK model. The binary interactions· 
based PBTK model for the mixture predicted adequately the kinetics of all 
four components of the rrwuurc in the rat (I 00 ppm each of T, X. D and E. 
4 hr exposure). The results of the present study suggest that data on the 
interactions at the binary level alone arc required for predicting the kinetics 
of components in complex mixtllRS. 
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Extrapolating toxicity reference values in terrestrial and semi-aquatic wildlife 
species using uncertainty factors. 

Hoff, Dale J. and Gerry M. Henningsen. 
US Environmental Protection Agency. Region 8, Program Support. 

Denver, CO, 80202. 

Abstract 

A fundamental component in most ecological risk assessments is the estimation of xenobiotic doses in site-specific 
ecological receptors leading to a scientifically defensible no observable adverse effects level (NOAEL) on 
population sustainability. Unfortunately, literature on direct wildlife toxicity data is rarely available for most 
contaminants, and intertaxon extrapolations of toxicity must be completed. Four principle techniques have been 
used for inter-specific extrapolation of toxic responses to xenobiotics in wildlife species: I) scaling factors, 2) 
physiologically-based pharmacokinetic models (PBPK), 3) assuming equal toxicity among similiar species, and 4) 
uncertainty factors. The use of uncertainty factors and its current advantages over the other methods are discussed 
in this paper with specific applications of inter-specific extrapolations of heavy metals. Four sources of uncertainty 
are quantified in the extrapolation: taxonomic relationship, study duration, study endpoint and site specific 
modifications. This method provides the skeletal structure for extrapolating the most scientifically defensible, 
applicable study to an exposed receptor of concern. 

Introduction 

Problem: Lack of accuracy and consistency in historic Toxicity Reference Values (TRVs) used for EPA 
quantitative ecotoxicological risk assessment 

Consequences: Large time and financial resources to improve, or were accepted by risk managers who made 
poorer decisions that were either over- or under-protective 

Approach by EPA RS Toxicologist to Help Resolve: 

Follow sound science & EPA guidelines: 1992 Framework and 1997 "ERAGS" (ERn 
Extrapolation options: none, body-surface scaling, PBPK models, uncertainty factors 
R8's TRV approach with study-selection criteria and a 4-step "balanced" UCF scheme 
Examples described: assumes adequate Problem Formulation & Sampling/Analyses 

Solicit f'eedback and Possible Coordinated Support 

Discuss pros & cons, practicalities, other options or tiers 
(Screening vs quantitating risks) 

Ecotoxicology Database of"key" and "candidate" literature reports 
for use by EPA or others; National consortium effort is starting 

Problem Definition: 

A major task of ecological risk assessors is to estimate doses of xenobiotics in wildlife which may lead to "excess 
risks" of deleterious effects on population sustainability. 

Wildlife receptors (800 Breeding birds and 380 mammals) are important biological components of ecological 
systems potentially at risk on many EPA Superfund Sites 

Superfund Sites are contaminated with solvents, heavy metals, chlorinated hydrocarbons, pesticides, radionuclides 
and other hazardous compounds 

Thousands of combinations, therefore, occur among biological and chemical species 



Select the "most applicable" and strongest published literature on field or laboratory 
studies of dose-responsive toxicity for each chemical contaminant of ecological concern (COC) and receptor of 
concern (ROC) combination, to serve as the ecotoxicological bench mark dose 

TRV Goal =Extrapolate to both a chronic NOAEL of serious non-lethal toxicity for "screening HQs", and to a 
chronic LOAEL for "risk-based HQs" that impact population sustainability or community integrity. 

TOXICOLOGICAL Considerations/or TRVs 

Study Metrics: dose (preferred), tissue residue, dietary concentration, media concentration 

Study Designs (evaluate with adequate team of expertise): 

field vs lab data. or both 
species' or strain's similarities and differences in toxicologic response (toxicodynamics) 
study controls (habitat or housing, diet and nutrition, natural disease, age, genders, other) 
exposure routes and vehicles influences 
multiple doses with TD-range determined (NOAEL, TDlow, TD50, etc.), vs single doses 
relevant target-tissue endpoints with toxic mechanism (toxicokinetics and toxicodynamics) 
biomarkers of exposure (non-toxic) vs effect (toxic) 
chronicity: longer exposures during critical time-stages usually generate lowest safe doses 
differential diagnosis and confounders (incremental response and cause-and-effect} 
zooepidemiologic resolution (ability to detect, as well as to the confirm absence of, an effect) 
statistical power of a study: groups' sample sizes, magnitude of response, heterogeneity 

Relevant TRV Applications: 

site-specific data are often strongest (in-situ tests, cause-and-effect linkages) 
direct/indirect reproductive endpoints relate best to population sustainability 
similar taxonomic relationships and exposures extrapolate with more certainty 
adverse response (scale, incidence, severity) relates more to population impacts 

Uncertainty Factor Protocol for Ecological 
Risk Assessment: Toxicological Extrapolations to Wildlife Receptors 

Basis for Uncertainty Uncertainty Value Assigned 

A. Intertaxon Variability Extrapolation Category 
Sarne species 
Sarne genus, different species 
Sarne family, different genus 
Same order, different family 
Same class, different order 
Same phylum, different class 

B. · Exposure Duration Extrapolation Category 
Chronic studies where toxicant attains pseudo-steady-state 
generally >30 days for aquatic species and reproductive endpoints, 
and usually >90 days for terrestrial species and other endpoints 

Subchronic studies where toxicant has not attained steady-state 
generally 10 days for aquatic species and reproductive endpoints, 
and usually 30 days for terrestrial species and other endpoints 

I 
2 
3 
4 
s 

generally too far to extrapolate 

3 



While myraids of combinations may occur; relatively few studies are available to determine toxicological 
benchmark values, and years of generalized toxicity testing is practically impossible and many times ethical1y 
irresponsible 

Furthermore, most of the more recent studies describe molecular, mechanistic toxicological interactions and 
biomarkers that are not always related to reproductive or other endpoints directly related to population sustainability 

Current Extrapolation Methodologies 

Body-Scaling: 

Primarily based on methodology for deriving human carcinogenic slope factors, and non-carcenogenic RF D's 
from animal data by interspecific metabolic normalization proportional to body surface area 

Scaling factors for the animal/human extrapolations are generally based on the single endpoint of carcinogenicity 

Toxicity of xenobiotics in any species is better correlated with chemical I physiological receptor interactions than 
metabolism alone 

Physiologically Based Pharmacokinetic (Pharmacodnmic) Modeling: 

Potentially, the best methodology for extrapolation, but has very intensive physiological data needs to make accurate 
predictions 

Molecular mechanisms of toxicity, and their related potency. are fully understood for only a handful of compounds 
that we must deal with. 

No extrapolation manipulations: 
(as NOAEls and LOAELS are applied directly from similar species) 

For example: Toxicity of copper in cattle, sheep, and goats of reproductive endpoints range from 0.03 - 0.1 mg Cu I 
kg body weight; therefore, mule deer NOAELS were set at 0.05 

Hazard quotients developed using this method, however, do not provide risk managers with a straightforward 
understanding of the uncenainty associated with the estimate of risk 

Applying Uncertainty Factors: 
(Division of NOA Els and LOAELs. reported in toxicological literature. by a numerical factor) 

Useful for estimating the uncertainty of inter-specific extrapolation 

Historic use is rooted in human health extrapolations from animal studies in which an application of a factor of I 00 
has been used to convert lethal doses to safe doses and a factor of 10 to convert LOAELs to NOAELs 

Application of large multiple UCFs may rapidly lead to overly conservative NOAELs 

Arbitrary application of UCF values is not based on sound toxicologically derived rational 

Uncertainty Factor Protocol for Ecological Risk Assessment 

Toxicological Extrapolations to Wildlife Receptors 
Approach by EPA RB Ecotoxico/ogists: 



Subacute studies 
generally 4-9 days for aquatic species and reproductive endpoints, 
and usually 7-29 days for terrestrial species and other endpoints 

Acute studies 
usually 1-3 days for aquatic and 1-6 days for terrestrial (avoid) 

Peracute studies - usually < 1 day and single exposures (don't use)· 

C. Toxicologic Endpoint Extrapolation Category 

5 

10 

15 

Non-Lethal 
mild 

NOEL: .75 to 1 
NOAEL: I to 2 
LOEL: 2 to 3 
LOAEL: 3 to 5 

vs Lethal 

No observed effects level 
No observed adverse effect level (» EDO I) 
Lowest observed effects level 
Lowest observed adverse effects level (»EDIO) 
Frank effects level (»ED50) 

D. Modifying Factor Category 
Threatened, or listed, and endangered species 
- L = 1.25, T = 1.5, E = 2 
Relevance of endpoint to ecological health 
- population sustainability, incidence and severity 
Extrai>olating from lab to field or between 
- relative reality of field conditions vs lab control 
Study conducted with relevant co-contaminants 
- in situ or test actual media vs ignore major interactants 
Endpoint is mechanistically clear vs unclear 
- plausibly applied to ROC vs less plausible effect 
Study species is either highly sensitive or highly resistant 
- if known, can adjust for ROC response 
Ratios used to estimate whole body burden from tissue or egg 
- mostly used for tissue residue comparisons 
lntraspecific variability 
- susceptibility differences due to age, gender, developmental 
Other applicable modifiers 

FEL: 5 to 10 

- define and present convincing scientific evidence fcir adjustment 

I to 2 

1to2 

.5 to 2 

.5 to 2 

I to 2 

.5 to 2 

I to 2 

I to 2 

.5 to2 

severe 
2 
3 
5 
10 
15 

TRVs =Study Dose+ Total UCFs above, Total UCFs =Ax Bx C x D, where D =di x d2 x d3 ... x dn 

Note, that under this uncertainty factor (UCF) scheme, RS ecotoxicologists 
advise: 1) quantitate HQs only if total UCFs are< 100; 2) report HQs as semi
quantitative (low, medium, or high haz.ards) when total UCFs arc< 500 but 
> 100; and 3) qualitatively (presence or absence) assess hazards if UCFs 
are >500. When faced with less-than-fully quantitative HQs, either attempt 
to do better literature searches or identify and conduct studies to fill data-

. gaps that will possibly reduce toxicological uncertainties. 

3 Products Compiled by EPA RS Ecoto:xicologists: 

I. Summary TRV tables (see spreadsheet); 



Key-Study's design and doses, ecotoxicological strength-of-study criteria, evaluation sheets on studies 
UCFs described and defined, specific category UCF, and total uncertainty, and thus confidence in TRV 
Chronic TR Vs for estimated NOAEL and LOAEL: media-specific for COC and ROC 

2. Exposure Tables 

To convert dietary concentrations into doses for TRY development (kg food I kg BW-d) and back to RBCs (risk
based concentrations in media for ROC), use study's information if available, or EPA 1993 Exposure Factors 
Handbook values, or defensible literature 

J. RBC Tables 

His from summed HQs with similar toxicology 
Ranges of His or HQs can be used to screen or to quantitate risks 
Confidence ofRBCs described from TRVs, Exposure factors, and media sampling 

GOAL= to best derive chronic dose-responses of population-relevant endpoints Toxicity Reference Values (TRV) 
for selected receptors of concern (ROCs, represent related species) that are exposed to toxic contaminants released 
into environmental media; a chronic dose-response toxicity study with a ecologically relevant endpoint in the 
species of concern may have no TRY uncertainty! 

GENERAL Considerations Related to Problem Formulation 

ROCs: selected as representative of a trophic level, or feeding guild, primarily using 3 criteria: Natural history 
suggests high probability of exposure to COCs, Toxicological sensitivity of ROC to COCs, Keystone species within 
foodweb, greater sensitivity to stressor, and key position in a local community 

COCs: nature (what, when) and extent (where, how much) of toxic stressors is understood: need representative 
sampling of the contacted contaminated media over space and time to delineate integrated exposure to ROCs; need 
to sample reference areas for background concentrations and incremental contributions to doses; should know 
geochemical form plus fate and transport 

Exposure: a site conceptual model with all exposure pathways should be constructed to: 
evaluate all pertinent routes of intake by ROCs consider all contaminated media that ROCs contact. Include food 
webs for bioaccumulation ofCOCs show fate and transport ofCOCs and from sources to ROCs 

Summary 

USEPA Region 8 continues to propose this UCF scheme at NPL sites within the region as we seek peer review in 
the ongoing effort to improve and modify wildlife interspecitic methodology for extrapolations. Currently, the 
proposed method appears to be protective while maintaining a reasonable approach between two philosophical 

·bounds: no correction for interspecific extrapolation, and arbitrary application of UCFs leading to highly 
conservative TRYs. Most importantly, it provides a .. balanced" structure for searching and applying toxicity 
information in a transparent manner. 

Finally, EPA guidance and sound science dictate that TRY-based HQs must be professionally balanced and 
interpreted (spatial, temporal, and population scales) with field effects data (which can also vary greatly in quality 
and relevance) to credibly assess ecological risk in terms of both excessiveness and reduction of exposure to achieve 
sufficient safety of exposed populations. 



CONCLUSION 

The intent of this scheme is a way to "nonnalize" all available toxicity daa, for a ROC/COC combination. based on 
the ectoxicologicol nonnalization of the study and it's applicaton at a specific site. 

Ecological Toxicity Reference Values (TRY•) - Derived from Toxicological I lterature 

aAAa. • ·~·· ..,_a.mm111i•11. ,., • ........,....,.......,...., ... ce==t•Qfe ...,...._~ • ...,, .... _,. 

........... Sludr ·m•&t.iLAI- 1•-·1•.,.••I ,K __ h' 
Commllfttlt• ltlt»t A .. AJ1cal:t'• 1 

o1c .......... a-.... mv-• ls ...... .f.IOAEL :1 lkQ111g.<ll T• s-i °"'1111Dftl e...- I llOCI- EPA'1DURA .. l992 -c .. , ..... , 
""'·- 1--1.0Aa. ·- ,_,. ..... 1 - ...... ~.-. 

I 
PUii: ...... ...,. ....... 2000 ...-1 -- ..... _ 

f.25 I "" .. I oa - 1--1 ... - I ··- -M-.LOAG.- ' v ......... •HZ ,_ ... I .. ,_, .. I - • I J I J/l I I J3 .....do . .,,,, i J---· L.OML. 40- ' -- - 2 I "" 
,. I O.ll - 1-1-1DllO.--.mnhl ..... 110.,.... .... ,... C)ftillnc:U ... ·- • I 711JUI l2 1-.·- • I J I ,,, I IJJ• 7S dila'~ "'CW9 .,,,..., ,,. .. ,.,.,.,. I ·-__ ,. ,.. ...... ~,., ....,,. oo .. I - - I.I I "" .. I O.ll - 1-1 .. --1 ""°"' 0...-•c•• •' *' ·- •.. I 1111• 
,. I -·'"' • I J I ,,, I ,,, ...... .,,,, ; I- eDOwe -- MQ, f I "" 72 I O.ll - 1-1 ~ lnoDllt. TU! 

I 
0..eoCUel91 ·- J I 7111 ... I• I El'A.ltll • I J I ,,, I t ll •rs --- , .. •""'• 

,,.,....,._, ·-· ,,.,,.,,, "°' .... 
..... : ...... ~- .. 1000"'9" - .... so.,, 10 I 

_.,_ 
lO I O.ll --1 - 1,..,_ JnoDllt TU! ..... ,,... ........... ' ~ .... ,, .. ·- to I - J.U 1-· S? I I I "n 1 r JJ• r 5 ,,,,...,..,, ..... ,, ... ,.,,, ..... £PA&OD1'•1&• • 

UIOfWdD•-

-~1 
.... so.,, 10 I 

_,,_ 
lO I O.J --1 ...,_ I 1..,_ lnolllfl. TU! 

I c...m.e" • 1'U ·- ... I "" JJJ 1-· " I I I ', ,, I ,,,, r, ,,.....,.,.,ioeoe •. lt .... " ...... 
I -· I 1.-.... °""" EPA &ODJeuo 

.......................... 
·~ ... ......-.cr-.onwwwow+9,... . .-.... tD.WOl'9llllllr .... ........,mlllllt: mrc•PPl"•ff9 

- ..... UCP: MUCl'ol 1 U•w.111'1 ......... c:aMIW'lorW ....... OOw _ _. ___ _ 



NOAEL-Based HI > 1? 

~iyes 
Acceptable 
risk 

HI site I HI ref. >1? - . 

~iyes 
Acceptable UCF s > 10? 
risk 

Population Relevance Questions 
1. Spatial Scales: Geographic 
Boundary of Risk Area. 
2. Temporal Scales: Mig. Vs. Res. 
3. Ecosystem Function: Prod. vs. Cons. 
4. NOAEL and LOAEL Range Comparison: 

Incidences of effects in individuals 

Phased Exposure 
Studies 

i 
Excessive Exposure I Accumulation ? 

\

Semiquatitative/ 
Qualitative 

Site-specific BTAG 

- 1. What are the COC 
drivers and what are 
incidences of detection 

..__ 2. Incremental Risk 
of COC drivers 
Compared to UCF? 

Risk 
~ ~ Characterization 

Acceptable Effects Studies / 
risk 
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EPA Region VIlI 
Denver, CO 

Ecosystems Protection and Remediation Division Feb 1997 
2 Pages 

Uncertainty Factor Protocol for Ecological Risk Assessment 
Toxicological Extrapolations to Wildlife · 

Receptors 

Approach: Select the "most applicable" published literature on field or laboratory studies of dose-responsive toxicity for 
each chemical contaminant of ecological concern (COC) and receptor of concern (ROC) combination. Obtain the categorical 
information below to properly extrapolate a selected study's toxicological design and findings to both chronic no-observable
adverse-effect-level (NOAEL) and low-observablc-advcrsc-cffect-levcl (LOAEL) doses as "toxicological reference values" 
(TRV). Use the c;xtrapolated TRVwo.w. and TR.Vl.Oo\IL to help develop a range (coupled with the 95% UCL C-term and with the 
CTE to RME exposure ranges) of dose-based hazard quotients (HQs), with the intent being that HQs <NOAELs pose no excess 
risk and HQs >LOAELs begin to pose more of a population risk. Note, that under this uncertainty factor (UCF) scheme, RS 
toxicologists advise: quantitate HQs only if total UCFs arcs 100, report HQs as semi-quantitative (low, mediwn, or high hazards) 
when total UCFs arc sSOO but> 100, and qualitatively (presence or absence) assess hazards ifUCFs are >500. When faced with 
less-than-fully quantitative HQs, either attempt to do better literature searches or identify and conduct studies to fill data-gaps that 
will possibly reduce toxicological uncertainties. Tissue residue data (ys doses) are scarcer and usually less informative for 
extrapolations. Dietary concentrations must be converted to doses. Finally, idance and sound science dictate that TRV-
based HQs must be professionally balanced and interpreted (spatial,~· d population scales) with field effects data (which 
can also vary greatly in quality and relevance) to credibly assess eco · ·~~ .. t~ofboth excessiveness and reduction of 
exposure to achieve sufficient safety oflocal exposed populations. Goal= ·~""'~polate to a chronic NOAEL with non-
lethal toxicity for HQ development and to a chronic LOAEL that rel.,· ' . :. pacts on population sustainability. 

A. Intertaxon Variability Extrapa 

Same species 
Same genus, different srfcies 
Same family, different '·nus 
Same order, different 
Same class, different or er 
Same phylum, different class 

1 
2 
3 
4 
5 

generally too far to extrapolate 

B. Exposure Duration Extrapolation Category 

Chronic studies where toxicant attains pseudo-steady-state l 
- generally> 30 days for aquatic species and reproductive endpoints, 

and usually >90 days for terrestrial species and other endpoints 
Subchronic studies where toxicant has not attained steady-state 3 

- generally 2 10 days for aquatic species and reproductive endpoints, 
and usually 230 days for terrestrial species and other endpoints 

Subacute studies 5 
- generally 4-9 days for aquatic species and reproductive endpoints, 

___ 1!!1.?_~8:!!Y_I~2__9-~_ys_fo!1~~8:!~~L~-11EE-~t!t~~~E~Ln_~----------------------------------
Acute studies 10 (avoid) 

-- usually 1-3 days for aquatic and 1-6 days for terrestrial 
Peracute studies -- usually <I day and single exposures 

page 1of2 

15 (don't use) 



EPA Region VIII Ecosystems Protection and Remediation Division Feb 1997 
Denver, CO 2 Pages 

Basis for Uncertainty continued Uncertainty Value Assigned 

C. Toxicologic Endpoint Extrapolation Category 

Note: if reported, use the study's NOAEL and LOAEL for TRVs, else use the ratios below to estimate a non-lethal 
NOAEL and LOAEL from the study report of other endpoints; only use the NOEL and LOEL (non-toxic) adjustments 
"if' the study also looked for adverse (toxic) effects, else consider as OAELs. Use professional ecotoxicologic 
judgement to decide on population importance of non-lethal severity. 

Non-l.etbal 

No observed effects level 
No observed adverse effect level (=ED01 ) 

Lowest observed effects level 
Lowest observed adverse effects level (=ED10) 

·Frank effects level (=EDso) 

D. Modifying Factor Category 

Use professional ecotoxicological judgement to 
rationale (maximum deviations need definitive 
and that these (up to 2-dccimals) multiplie 

Threatened, or listed, and endange 
- L= 1.25, T= 1.5,E=2 

Relevance of endpoint to e 
- population sustainability, · 

Extrapolating from lab . field 
- relative reality offiel .. ditio vs lab control 

Study conducted with ·. · · . . co-contaminants 
- in situ or test actual media vs ignore major intcractants 

Endpoint is mechanistically clear vs unclear 
- plausibly applied to ROC vs less plausible effect 

mild 
NOEL: 
NOAEL: 
LOEL: 
LOAEL: 
FEL: 

Study species is either highly sensitive or highly resistant 
- if known, can adjust for ROC response 

Ratios used to estimate whole body burden from tissue or egg 
- mostly used for tissue residue comparisons 

Intraspecific variability 
- substantial susceptibility differences due to age, gender, developmental 

Other applicable modifiers 
- define and present convincing scientific evidence for adjustment 

.75 
1 
2 
3 
5 

vs I.etbal 
sel!:ere 

to 1 
to 2 
to 3 
to 5 
to 10 

l to 2 

1 to 2 

.5 to 2 

.5 to 2 

· 1 to 2 

.5 to 2 

1 to 2 

I to 2 

.5 to 2 

TRV = Study Dose + Total UCFs, Total UCFs =Ax Bx C x D, where D = d1 x d2 x d3 ••• x d.. 

To convert dietary concentrations into doses for TRV development (kg food I kg 

2 
3 
5 
10 
15 

BW-d), use study infonnation if available, or EPA 1993 Exposure Factors Handbook values, or valid literature 

page 2 of2 



DRAFT 
Ecological Toxicity Reference Values ITRVsl - Derived from Toxicological Literature 

ARSENIC\:: I =COC ~ = "&trepol•t• to• chronic NOA EL for 11 non·l•thaf toxicity endpoint and to 11 chronic LOA EL th•t impects sustainability• 

Receptor• of 
Concern 

Whlte·taled 
deer 

Deer Mice 

Red Fox 

Study 
Chemical 

(route I 

DoH-bHed: mg/kg-d (cone.In 
1nml Total UCF 

NDAEL 

LDAEL 

Converalon Uncertalnlty Factor• fnr ExtraDOlatlon 

lkg/kg-d) 

reference 

THt Speclea Duration Endpoint Modifier 

Charles River 
0.0Cl75 CO Mice Ctvonlc 

ORNL 1996 1 

INOAEL/LOAELI 

Reoroductlon 
11.33 

none 
1 

Comments 

EPA'a D.U.R.A •• 1992 

design, confou1•chw,a. etc. 

Drinking waler; 
3 generations 

Mo•t Applicable 

Reference 

Schroeder & 
Mitchner, 1971 

.,it1=•=r•====•i,Bit • !! •-:,:SJ ,!, o:;.':':'.,. Ch~.!,"" c"':"' ·~ ~ ~";!'!.'::' M~::.'.~1 

Page 1 



Rftcl!ptote of 
Concern 

Mink 

Shrew 

QRAFT. 
~!=9!Qqicol_J.~~!~ity_B~.f!'.~e~ce V_J!lue!_ {JR\{ s L:.JJerive_lU~Qn1_To xic9l~gicol _~Her ~tt,•~!t 

Study Dose·hHl!d: mglkg-d !cone.In 

Chemical ppml Total UCF Conveulon Uncertalnlty Factou for E•trapol11lon Comment• Moat Ap1>liceble 

Croutel ·TR\l.;....;,t Study-NOA El NOA EL Ckglkg-dl Teat Specle1 Dur1tlon . Endpoint Modifier EPA"• D.U.R.A .. 1992 Reference 

TRV;ft:.;.; Study-LOA El LOA El reference INOAEln..OAEll dealgn, confounder•. etc. 

$~~ :1;~i~;;1:i~~~~ 1lili Hii iiii1i~i:1E~ ~i~ ~ii&11~~ ~;;~~. 
!Iii ~L1~ ·-:.~ .!. a:::s... ~..:.... ~ ·~ 7 === :..~. 

Chartes River 
0.0075 CD Mice Chronic 

ORNL 1996 1 

Reproduction none 
1/.JJ 

Drinking watl!f 

J genenillon9 

Schroeder & 
Mllchner, t97t 



Rocoptora of 

Concern 

Mallard 

Robin 

Kea tr el 

Study 
Chemic.a 

(route I 

Sodium 
arsenate 

(diet) 

Arsenic 
pentoxlde 

Sodium 
arsenate 

(diet) 

Arsenic 
pent oxide 

3.5 

14 

1.4 

4.24 

3.5 

14 

1.4 

DRAFT 
Ecological Toxicity Reference Values lTRVsl • Derived from Toxicological literature 

17.5(100) 

70(400 

7 (40) 

NA 

17.5(100) 

70(400) 

7 (40) 

Total UCF 

NOAEL 

LOAEL 

s 

5 

5 

1.65 

5 

5 

5 

0.175 

Camardese et 
al.1990 

0.175 

Sax & Lewis, 
1985 

0.175 
Camardese et 

al. 1990 

0.175 

MaDard 

s 

White leghorn 
hens 

s 

Manard 

5 

White Leghorn 
hens 

Page 3 

Chronic 

Chronic 

Chronic 

Chronic 

Reproduction, 
rowlh 

Egg oductlon 

Reproduction, 
growth 

Egg production 

none 

none 

none 

none 

12 pairs (24 ducks)/dlel; 

4 diets; 8 weeks 

NOAEL detennlned by 
broken Hne regression 

12 pairs (24 ducks )/diet; 

4 diets; 8 weeks 

NOAEL determined by 
broken line regression 

Stanley el al. 1994 

Hermayer et al., 
1977 

Stanley et al. 1994 

Hermayer et al., 
1977 



RecP.pton of 
ConcP.rn 

Heron 

DRAFT 
~~ologicsl _T_ol(!!;!t~J~!!!e!e~ce_ Yol~!!!UJRVs I '. Oeriv~d_f~Q~-T_~11icologicnl literature 

Study Dose-based: mg/kg-d !cone.In 
Chemicel ppm I 

lrouteJ TRV..;;~., Study-NOA EL 

(diet) 

Sodium 
arsenale 

(dlel) 

Arsenic 
penloxide 

(diet) 

TAV, ..... ,, Study-LOAEL 

4.24 NA 

3.5 17.5(100) 

14 70(400) 

1.4 7 (40) 

4.24 ·NA 

Total UCF 

NOA EL 

LOAEL 

1.65 

s 

5 

s 

1.65 

Conversion Uncertalnlfy Factor• for Exlrapoletlon 

fkgtllg-dl Test Species Duration Endpoint Modifier 

reference INOAEL/lOAELJ 

sax.& Lewis, 
1985 5 1/0.33 

Reproduction, 
0.175 Manard Chronic grov.1h none 

Camardese et 
al. 1990 5 

Whlleleghom 
0.175 hens Chronic Egg producllon none 

Sax & Lewis, 
1985 s 1/0.33 

Page 4 

Comment• Moll Applicahle 

EPA"• D.U.R.A .• 1992 Reference 

design. confounder•. etc. 

12 pairs (24 ducks)/dlel; Slanley el al. 1994 

4 dlels; 8 weeks 

NOAEl delermlned by Hermayer el al., 
broken llhe regression 1977 



DRAFT 
Ecological Toxicity Reference Values ITRVs! - Derived from Toxicological Literature. 

I :. CADMIUM::=··l=COC ~ • •&1repolet11 to• chronic NOAEL for• non·l11th•l la•icity endpoint •nd ta• chronic LOAEL thet imp•ct• •u•t•inebiliry• 

Reoeptor• of 
Conoern 

Doee·b•ed: mgl\g-d 
Study loono. In DPml 

Chemlo1I )iftVll;1~·~;;;:::1 Study-NOAB. 

lraut•I {;:tRVi'iillMi Study-LOAR 

Tote! UCF 
NOAB. 
LOAEL 

Converelon 
lkg/kg·dl ,.,.,.,_ 

Unoenalnltv Faotor• far Eatruoletlon 
T •91 Sp1ole1 Dur1tlon Endpoint Modifier 

INOAB.Jl.OAEl.I 

Comment• 
EPA'• D.U.R.A .. 1992 

dHlgn, oonfoundere, eto. 1 

Moot Appllo1ble 

R•f•r•no• 

\Nhit•·teiled 
o .. , ............ 

DHr Mioe 

Red Faa 

Shrew 

Cadmium 
chloride 

(diel) 

Cadmium 
sulfate 

(oral) 

0.11 
0.22 

0.06-4 

0.19 

0.'45 (15) .. 
0.9 (30) .. 

0.256 .. 
NA 1.32 

(NA) 3 
0.'46 (10) 

0.03 lambs Chronic Weight gain none '4 d058$ used, 6 animals/dose 
(measured) .. 1 1 1 (No tlfect on lesles weight 

or mennatogenesls) 

not required Sheep Clvonlc Reproduction none 3 doses, 8 enlmalsldose 
278 days (pre- and .. 1/.33 poslpartum) 

(no tlfects obsetvlld) 

O.IMG t-C_R_CD __ m_lc_•_..._C_h..,ron_1c __ R_•.....,pr•od,.....,...uctlon ____ none __ ... Drinking water; 3 genet'lltlons 
ORNL 1998 1 1 311 

Drinking waler; 

ORNL 1996 5 311 3 generations 

Page 1 

Doyleel al., 1974 

Oalgarno, 1980 

Schroeder & 
Mltchneer 1971 

Schroeder & 
Mitchner, 1971 

··:·.·:·· 

·. Maliiil.1991. 



Receplore of 
Concern 

Mlnll 

DRAFT 
Ecological Toxicity Reference Values ITRVsl · Derived from Toxlcologicel litereture 

DoH·bHed: mgllig·d 
S1udy loono. In nnml Tot.t UCF Converelon Unoertelnhv f90tore for Eatreooletion 

Chemioel ···:TRV-•;. I Study·NOAEl NOAEL lko/lco·dl Tellt Speoiea Duration Endpoint Modifier 

~~·~ro~ut~e~l~~·~.::.~TRV;.:..;."uA.1111o1o•ft'·~:,.""'-'IS~t~ucl~y~·~lO=.;A~El"-ll--~l~O~A~El;;;..._.__r~•-f•_•~•no~•--1 (NOAEl~OAEU 

Chatles River 
NA 15 0.046 CD Mice Chronic Reproduction non• 

0.46 (10) 5 ORNL 1998 5 

Page2 

Commente 
EPA'• D.U.R.A .. 1992 

deelgn, oonfoundere, eto. 

lleld study 

Drinking water; 

3generdons 

Mo•I Appfioeble 

Reference 

Schroeder & 
Mitchner, 1971 



Receptor• of 
Concern 

M•U•rd 

Robin 

KHtr•I 

Heron 

DRAFT 
Ecological To.deity Reference Values CTRVsl - Derived from Toxlcologlcal Literature 

DoH·b-d: mg/kg-cf 
Study Coono. In ooml Totel UCF Con\rer•lon Uno<trt•lnltv F.ator• for Eatreooletion 

Chemioel :,::.TA'if~i;:f: Studv·NOAR NOAEl lk11lli11-dl Teet Specie• o .. etlon Endpoint Modifier 

1-..:l::.;rD;.:ut:.;;•~•-+;':~=ir_RVi=iri'11' ... ''''1111'•''·.,'~""~M;a.....:s:;.:t=udv.._-;:;lO;;,;AEL:.;:;;~-;;,;LO;;,;AEL;.;;;;;;_...._...;r.;;;•.;.;l•;.;.r•;;;no.;.;;..;;•--t CNOAB../l.OAELJ 

Comment• 
EPA"• D.U.R.A .. 1992 

de•lgn, oonloundere, eto. 

Mo•t Aoolio•ble 
R.ler•noa 

--=-====-· 
·=·=-====--

Cadmium 
acetate 

(diel) 

Cadmium 
acetate 

(diet) 

Cadmium 
acetate 

(diel) 

0.211 

3.5 

0.211 

3.5 

0.28 

3.5 

1.4(8) 

17.5 (100) 

1.4(8) 

17.5 (100) 

1.4(8) 

17.5 (100) 

5 

5 

5 

5 

5 

5 

0.175 
Su&lewls, 

1989 

0.175 
Su&Lewis, 

1989 

0.175 
Sax & Lewis, 

1989 

White Leghorn 
hens Chronic 

5 

White Leghorn 
hens Chronic 

5 

White Leghorn 
hens Chronic 

5 

Page 3 

Egg production, 
lertilitv 

111 

Egg production, 
fertility 

111 

Egg production, 
fertility 

111 

none 

none 

none 

NOAEL del•rmlned by broken 

llne regression 

NOAEL determined by broken 
Hne regression 

NOAEL determined by broken 
Une regression 

Hermayer et al., 
1977 

Hermayer el al., 
1977 

Hermayer et al., 
1977 



OR~FT 

Ecological Toxicity Reference Values ITAVs) - Derived from Toxcological literature 

COPPER I =COC GOA!.• "fJttrepolete to• chronic: NOAEL for• non·fethel toxicity endpoint end to• chronic: LOAR th•t impecu 1uJteinebili1y• 

Receptor• of 
Concern 

Study Doee·bHed: mg/kg-d 
Chemlo•I loono. In aaml 

lrout•I .·.··.mv~mr:: Study·NOAR 
Tatel UCF 

NOAB. 

LOAEl 

Convaralon 
lk11/k11-dl 
rafarenoe 

Unoertelnltv Feotor• for btraaolatlon 
THI Speole• Duration Endpoint Madlfier 

INOAB.Jl.OARJ 

Comment• 
EPA'• D.U.R.A .• 1992 

dHlgn, oonfounder•, eto. 

Moet Applloable 
Referenoe 

•l••l•!!!!!!ml• 

Red Faa 

Shrew 

Cuprous 
Iodide 

(capsule) 
0.25 
0.8t 

NA 
4.9 

NA 

1.5 (12.7) 

20 
6 

150. 
so 

9 

3 

Sensitive 
species/ 

.E>cposure 
nol requlr9d 1--S_heep..-'---t--ctv....,.on1c_-t __ M....,.orta.,,..,,,.llty..__t--'..,o..,ut,...e-4 

.. 10/3 0.5 

NA Sheep Subchronlc 
5 

0.12 C57BU6J mice Chronic 
Sax& Lewis, 

1989 3 

0.18 
EPA, 1993 

Mink 
3 

Page 1 

Chronic 

HHmolysls/ 
death 
1515 

Reduction of 
llfespmn 

311 

Reproductive 
success 

111 

Sensitive 
species 

0.5 

none 

none 
1 

4 sheep; 1 dose; gelatin 
capsule 
t4-ks 

1 dose, 8 •nlmals/dose 

3 doses; lifetime exposure: 
number of anlmalSldose not 

report9d 

4 doses, 24 anlmllsldose 

Sutter et •I. 1958 

Ishmael et •I., t 971 

Massie & Aiello, 
1984 

Aulerlc:h et al., 1982 



Reoeptor• of 
Conoern 

Mellud 

Robin 

Heron 

Study 
Chemioel 

trout el 

DRAFT 
Ecologlcal Toxicity Reference Values IIRVsl - Derived from Toxcologlcal llterature 

DoH·bued: mg/kg-d 
loono. In ooml 

·:'.,'JftV~~( Study-NOAB. 

Total UCF 
NOAEl. 

LOAEL 

Converelon 
I kg/kg-di 

referenoe 

Unoertelnltv Feotor• for Eatreooletlon 
lHt Speolee Duration Endpoint Modifier 

tNOAR/lOAB.I 

Comment• Mo•t Aoplioeble 
EPA'• D.U.R.A., 1992 Referenoe 

dHlgn, oonfoundere, eto. 

,_,,,,'.'°?,.,,,,,,r,::::.:::::·:::':':. °"':''"''"''''''''~~,,,,,,,~,,, .. ·:···::~:·::·::-=::····;-·= '°' ..... .,,,_, .. ,,,,: ''''''i'''''''m:::::;:r;,,,,,,,, ·'''""''''''''''''':::::::.-::::;;;::::::::::: ,i.~.:.:.:.: ... ,:'.··'.:.•·.:£ti1t.; .. '.·.::.:.:.:.r.:.:·.: .. : .. ' .•. :.:~.·.,i~.-.:'.£iLtl'.:_;.:._:.: ... ,:.: .: .. :,.',.'1.·.::,.t,~_:,r.:.: .. :,::·:.•.£rn~m,'.J:.·.i,·_:,•.::,:_r,::,.:,:.•,<.,:.:.::,=.t.:.'./,' .. ~,: ... •.•.,L.•W.'.:!,f.,;~.: . .l .. : .. :,t .. :.::.· :,,,,,,,,,,,,,,,,,,,,,,,=:::,,,,,,,,,,, .. , .. ':::<::/' ··:·:'::·:.:;:, .. .,-.{::. ''"''·.<'''·'''·''''''''':"'''''''''''·""'''''·''""'''''''· 
c .. · .. ·.·.~ .. ·'." ... :;~.·.·.·.,':d,·.' .. •.''······ ·•.',:·:·'.,:··.'·,:··.'·;·:.:,.·5.',·:o·~:.'•.:·,•,.•,.•.'.'.:::::·:·::',.'',:, •. , •. ,·.·.·.·.:·:.:·.:.'.' .. ,:,'.·.·.·.:·:.,.,'.·.·.'.••.·.2~.'· .. ij_,s' .. "!47"!~.'.• .. ··.'.:', •. '.: .. •,: .. ,··.:,·,•.'.: .•. ·.:.,:· .. : ... :,·.: .. '.:_:.·_•,•_,,:::,•.'.·''5$.·'·:.;_:.··: .. :.• .. : ... '.:,·.•.· .•.:-,·,:.·_:.:::'.:.ftl:••,:::~~1·.·.:··.· .. ··.,:.·.· " ........... . 11;111...,... • "'"""" ......... .. ··,',•.,:::=.~.' ... ~.·.:.-,'.· .. ·.2_:.·,=-,:., .. : .. ,d,:_·.·.··.:·~.:.· .. =-.-,•·.:.'.' .. : ... •·~·.'.,: ... ·, .. :·,.'.:.:.=-.:.,' ..... ,:,'.2,.,: ... '.·,o.: ....... , •. : .. ~ .... '···,:,:,·",·,• .. ,•,i .•.• ,~.: .• ·,···'.·,·,',•,•·,:·,' .. ,',•.w.:.·.•.:.,.,·','.,•.'.', •... 'o,·,:.' .• ·,',$.:',:' .•• , .. :.··,·,r.'.•,: .•.• :M6h,• ..• ',,'····.·,'.'.•,·.',: .•. ',·,•,:tt,:.· ....•. ·.•,~:',·,·.'.~,,.,',:·,::.·,~.·.'.,':,,•',,',''.::.: ... ,:.'.',,·,·· .. =.·.'.'··.r,, .•. '.' .. ~,':,::,,_·.' ... ·~.:.·,:,.',,_'.',:.:.',·,·.'.'. , .... , - • -· .. -· -- :?:M:?::5,,::::;::''""''''' :/:'''''l'''''h#'M' :::w~:::::i::::\t:~::::\''i''~::'i :i:JU'M#iW'''' · . ~ . . . . 
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DR~FT 

~cologlcel To11lcfty Reference Values ITRV9.L:...P..erfved from To11colQDlcel!!!~~eture 

._~_L_E_AD~~--'l=COC 

Receptor• ol 
Concefn 

o-Mloa 

Red Fo• 

oo .. -b .. •d: rnolka..t loono. 
Study ToUI UCF 

Chemloel NOA EL 

lrout•I LOAEL 

Elemental 
Lead 

(diet) 

Lead 
carbonate 
(capsule) 

0.25 
0.75 

NA 9 

5.01251 3 

NA 12 
3 4 

co .... etelon 

lkal'lta..tl 
r•f••no• 

0, 12 
Su&lewlt, 

19119 

nol required 

Unoertlilnl fttolore lor Ealr oledon 
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1.0 REMEDIAL OBJECTIVES 

1.1 INTRODUCTION 

During the Feasibility Study process, land reclamation was selected as the remedial alternative 
for major portions of the Anaconda Regional Water, Waste and Soil Operable Unit (ARWW&S 
OU) (CDM l 997a). The reduction of risk and the protection of ecological systems is to be 
accomplished through the establishment of self-sustaining assemblages of plant species capable 
of the following: 

• stabilizing soils from erosion; 
• minimizing transport of contaminants to surface and ground waters; 
• maximizing water usage through evapotranspiration; 
• providing wildlife habitat, and; 
• accelerating plant successional processes. 

The purpose of this guidebook is to define a process for determining which areas at the site will 
receive some type of land reclamation and, to the extent possible, the most appropriate 
reclamation techniques and intensity level to apply. To accomplish this goal, existing 
information for risk assessments, remedial action objectives, and selected remedial alternative is 
required. Utilizing the statutory requirements as a backdrop, field evaluations of each potential 
reclamation area is required. Field work will employ the decision making tool described herein 
(i.e., the Land Reclamation Evaluation System), which integrates guidance criteria, a quantitative 
scoring system of existing vegetation communities and potential for contaminant movement, and 
modifying factors. The result is a site specific ranking of the need for reclamation and spatial 
delineation of preliminary remedial units. 

1.2 REMEDIAL ACTION OBJECTIVES 

The Preliminary Remedial Action Objectives (PRAOs) for the AR WW &S OU were developed 
as part of the Draft Feasibility Study (CDM 1997), and included summaries of both human 
health and ecological risks, and the identification of potential Applicable or Relevant and 
Appropriate Requirements (ARARs). Remedial action objectives identified (CDM 1997) for 
High Arsenic Soils, Sparsely Vegetated Areas, Groundwater and Surface Water are as follows: 

For the High Arsenic Soils and Sparsely Vegetated Soils, remedial actions must protect human 
health by preventing human ingestion of, inhalation of dust from, or direct contact with, waste 
sources, tailings, and groundwater where such contact would pose an unacceptable risk for the 
designated land use. Soil action levels for arsenic have been established at I 000 mg/kg for 
recreational/open space, 500 mg/kg for commercial/industrial use, and 250 mg/kg for residential 
land use. 

Risk reduction for the protection of ecological systems is to be accomplished through the 
establishment of a self-sustaining assemblage of plants species capable of stabilizing the soil 
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against erosion and minimizing transport of contaminants to surface and groundwater, 
maximizing water usage, providing wildlife habitat, and accelerating successional processes. 

Restoration of contaminated Groundwater to its beneficial use is technically impractical for the 
bedrock aquifer in the Stucky Ridge and Smelter Hill areas (CDM Federal 1997). The selected 
remedial action will 1) prevent migration of contaminated water from the Technical 
Impracticability (TI) zone, 2) prevent exposure to contaminated groundwater within the TI zone, 
and 3) provide the basis to evaluate future risk reduction. 

The remedial action objective for Surface Waters is to protect beneficial use through source
control measures thereby attaining Montana ambient quality standards. 

1.3 ALTERNATIVE DESCRIPTIONS 

Remedial alternatives were assembled in the draft Feasibility Study (CDM Federal 1997) to 
address solid (soils and waste) and water (surface and ground) media. Alternatives that include 
some component of land reclamation include the following: 

• Capping 
• Soil Cover 
• Reclamation 

Levell 
Level II 
Level III 

• Partial Reclamation 
• Reclamation/Soil Cover 
• Removal 
• Partial Removal 

1.4 SELECTED REMEDIAL ALTERNATIVES 

The remedial alternative for major portions of the ARWW&S OU is Land Reclamation. 
Reclamation levels were defined in the Draft Feasibility Study (COM 1997) as follows: 

Level I land reclamation includes the application of only basic agricultural technologies and 
standard agricultural seeding of soils and waste areas. Generally, no physical or chemical soil 
amendments would be used; however, a limited amount of lime may be used to adjust the pH of 
the surface soil. Level I reclamation could require seeding. Surface tilling (if needed) would 
typically precede mechanical seeding (drill or broadcast), mechanical interseeding, or hand 
broadcast seeding; fertilizing and mulching. Level I reclamation includes hand planting of 
shrubs and trees. Level I also includes land reclamation management practices (RRU 1997) that 
allow minimally impacted areas to recover on their own through natural successional processes. 

Level II land reclamation employs the use of an appropriate mixing implement (modified Baker 
plow or equivalent) to incorporate limited amendments such as calcium carbonate, manure, 
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and/or calcium hydroxide into the solid waste. This level of reclamation will generally be used 
in areas of shallow contamination. This plowing may reach a depth of up to 2 feet. Seeding, 
fertilization, and muiching would be applied under Level II reclamation. 

Level III land reclamation is the most intensive and will be used in areas of high soil 
contamination or significant depth of waste material, such as that found on tailings ponds. This 
level will employ a mixer (Bomag or equivalent) to incorporate Level II soil amendments and 
lime into the soil or waste prior to seeding, planting, fertilization and mulching. 

While the levels of reclamation discussed above form a perspective of increasing remedial 
intensity in response to progressively lower levels of ecological function, the complexity of the 
site dictates that reclamation alternatives be spatially adapted to field observed conditions. In the 
tailing impoundments, large areas are often characterized by similar reclamation techniques. In 
contrast, contaminated soils in upland areas are often interspersed with spatially varied 
ecological conditions. Recognizing that land reclamation intensity is a technology continuum 
and parallels the continuum of ecological function found within the ARWW&S OU, some 
distinct scientific approach is required to implement the reclamation intensity appropriate to each 
area. 
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2.0 LAND RECLAMATION DECISION PROCESS AND THE LRES 

2.1 THE RECLAMATION DECISION PROCESS 

A multi-faceted process is used to determine which areas within the ARWWS OU will receive 
land reclamation and the level of that reclamation. The major·components of this process are 
listed below and discussed in detail in the following sections. 

• Reviewing remedial action objectives and selected remedial alternatives involving land 
reclamation technologies. 

• Reviewing existing data, maps, aerial photos and ecological risk determinations, and 
delineate the area to which land reclamation may be applied. These areas are defined as 
Reconnaissance Areas, and are generally on the order of 100 to 500 acres in size. 

• Conducting field reconnaissance to score COC transport and vegetation characteristics 
(on the order of 5 to 20 acres) using the Quantitative Criteria portion of the LRES. 

• Assessing the Modifying Criteria (or factors) to delineate areas of common 
characteristics. The delineation of the Reconnaissance Areas are then revised, including 
combining some areas, and termed the Preliminary Remedial Units. These area on the 
order of 5 to several hundred acres in size. 

• Evaluating each Preliminary Remedial Unit using the LRES Decision Diagrams, and 
selecting the remedial alternative and level ofland reclamation (where possible) 
appropriate to each Unit. 

• Validating the selected reclamation alternative for its compatibility with LRES Guidance 
and Modifying Criteria, and whether it satisfies the remedial action objectives and goals. 

• Identifying priority remedial action areas. 

• Identifying data types required to prepare preliminary remedial design for the priority 
areas. 

2.1 THE LAND RECLAMATION EVALUATION SYSTEM 

The LRES is a decision-making tool designed to help the decision makers determine what 
remedial action (and intensity level ofland reclamation) should be applied at the ARWW&S OU. 
This system contains several components: 1) a description of potential human and ecological 
risk, followed by an assessment of the nine National Contingency Plan guidance criteria; 2) a 
quantitative scoring system for the existing vegetation communities and the potential for COC 
transport; 3) an identification of modifying factors that may play significant roles in the 
determination of whether a specific land area is to receive remediation; and, 4) decision diagrams 

C-4 



to help guide the decision makers in identifying remedial actions and levels of reclamation 
intensity. 

2.3 PART 1: GUIDANCE CRITERIA OF THE LRES 

The Guidance Criteria portion of the LRES is shown below. It addresses human and ecological 
risk in terms of COC concentrations, pathways of contaminant movement, potential receptors, 
and control strategies to reduce risks. This portion of the LRES also addresses the nine CERCLA 
criteria as described below. 

Human Risk 

COC and Concentration(s) 
Exposure Pathway(s) 
Controls In-Place to Reduce Risk 

Ecological Risk 

COC and Concentration(s) 
Receptor(s) 
Exposure Pathway(s) 
Controls In-Place to Reduce Risk 

CERCLA Guidance 

Overall Protection of Health and Environment 
Compliance with ARARs 
Permanence of Present Condition 
Effectiveness (ecological function) of Present Condition 
Toxicity, Mobility, and Volume of Waste 
Public Acceptance of Present Condition 
Cost of Present Condition 
Cost of Remediation 
Implementability of Remedial Treatment 

2.4 PART 2: QUANTITATIVE CRITERIA AND FIELD PROCEDURE OF THE 
LRES 

Quantitative Criteria for Vegetation and Soil Parameters 

The second portion of the LRES is a quantitative scoring of the existing vegetation community 
and the potential for COC transport. This scoring system was field trothed through an iterative 
validation process conducted at the AR WW &S OU during the summer of 1997 and the spring of 
1998~ additional refinements to this system will be conducted during the 1998 field season. The 
quantitative scoring is used to prepare individual and composite scores of the vegetation and 
COC transport characteristics for a particular area. 
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Vegetation Community (100 point maximum) 

I. Percent Vegetation Coverage (use either method) 
(Perennial, non-weedy, forbs and shrubs) 

Canopy Coverage 
>80 

Point Intercept 
60+ 

76 to 80 
60 to 75 
40 to 59 
20 to 39 
10 to 19 
<IO 

56 to 60 
46 to 55 
31 to 45 
16 to 30 
7 to 15 
<6 

2. Uniformity of Vegetative Cover 
(rocky areas not counted) 

Very unifonn 
Cover varies, but no significant barren areas 
Small ( <6m2

), infrequent barren areas 
Small, frequent barren areas and/or 

large (>6m2
), infrequent barren areas 

Large, frequent barren areas 

3. Evidence of Reproduction 
(Perennial, non-weedy forbs and shrubs) 

A. NEW PLANTS OR STEMS 
Common 
Some occurring 
Not common 
None observed 

B. SEEDHEAD PRODUCTION 
Seedheads abundant (on most plants/stems) 
Seedheads common (on =50% plants/stems) 
Seed.heads infrequent (on <25% plants/stems) 
No seedheads 

4. Plant Litter Accumulation 

Negligible (ground not obstructed) 
Light ( <20% of ground obstructed) 
Moderate ( =40% of ground obstructed) 
Heavy ( = 70% of ground obstructed) 
Extreme (>90% of ground obstructed) 

S. Community Dominance/Evenness 
(Perennial, non-weedy, forbs and shrubs)• 

Points 
25· 
20 to 25 
16 to 19 
11 to 15 
6 to 10 
I to 5 
0 

10 
8 
6 

4 
2 

12 
8 
5 
0 

3 
2 
I 
0 

0 
5 
10 
15 
5 

One point for each dominant species (maximum of 5 points) 

Sensitive species present? 
Tolerant species present? 
Climax species present? 
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6. Estimated Plant Density** 

Single Stem Plants 
Rhizomatous Species 

Bunchgrasses 
and/or shrubs 

{stemslft2l CPlants/400 ft2l 

7. Richness 

> 20 
12 to 19 
6 to 12 
1 to 5 

<I 

Points 
10 
6-9 
3-5 
1-2 
0 

1 Point for each species identified in a I 00-foot radius from the soil pit. 
Maximum of20 points 

Potential for COC Transport (75 point maximum) 

8. Current Water Erosion (BLM Classification) 

Stable 
Slight 
Moderate 
Critical 
Severe 

9. pH - Soil 

6.5 to< 8.5 
5.5 to 6.4 
4.5 to 5.4 
3.5 to 4.4 
<3.5 

10. Wind Erosion 

Low 
Medium 
High 

11. Surface Tailings/Metal Salts 

None observed 
Infrequent tailings/salts 
Frequent tailings/salts 
Extensive tailings/salts 

Field Procedures 

33-40 
25-32 
17-24 
8-16 
0-8 

16-20 
11-15 
6-10 
1-5 
0 

15 
8 
0 

0 
-5 
-10 
-20 

Upon arrival at a particular site, field personnel will delineate the boundary of the area to be 
surveyed. This may be a relatively large Reconnaissance Area (50-200+ acres) or relatively 
small Remedial Unit Area (5-50 acre). Field personnel should walk the entire area and conduct 
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a general reconnaissance; items to note include plant species (which should be noted on the field 
form during the walk through), the size and frequency of any barren areas, rocky areas, the 
amount of organic litter, evidence of surface water movement and erosion, surface salts, impacts 
from grazing and other anthropogenic causes, landscape morphology, potential for subirrigation, 
and use by wildlife. The land ownership map should also be consulted. Once the general survey 
is done, plant community characteristics should be scored. 

For each vegetation parameter the field personnel should discuss the range of values observed 
throughout the surveyed area and estimate an average value for the entire area, and a low and 
high value. These estimates should be indicative of most, but not necessarily all, of the surveyed 
area since there may be areas with aberrant characteristics (e.g., well defined and localized barren 
patches) within the area surveyed. The range of values should be germane to at least 90 percent 
of the surveyed area and recorded on the field form (Attached). 

Vegetation Coverage 

Either the canopy coverage or point intercept method can be employed in estimating vegetation 
coverage. These are both common techniques and a good reference for them is Mueller
Dombois and Ellenberg (1974) or one can be found in the studies that these authors reference. 

Using either method, field personnel should visually estimate (i.e., without the use of equipment) 
the coverage of perennial, non-weedy forb and shrub plant species; the coverage of trees is not 
counted. Field personnel should discuss the vegetation coverages observed throughout the 
surveyed area and make an average and a low/high estimate of vegetation coverage for the entire 
area. Field personnel should record the raw coverage scores on the field form and then adjust the 
raw scores, if necessary, depending on environmental conditions. The raw scores should be 
adjusted upward for conditions that would have lowered the potential coverage estimates (e.g., 
grazing, less than normal winter/spring precipitation, south-facing slope, significant rock cover 
or thin soil) or adjusted downward for conditions that would have increased the coverage 
estimates (e.g., subirrigation, higher than normal winter/spring precipitation, north-facing slope). 
The adjustment should not be more than 150 percent of the raw score. 

Uniformity of Coverage 

The relative uniformity of coverage of the perennial, non-weedy forb and shrub species should be 
assessed for all areas except those that are rocky or have erosion pavement. A range of points 
should be recorded that are applicable to the entire area surveyed (minus the rocky areas). 

New Vegetation 

This parameter has two parts: A. New Plants or Stems, and B. Seedhead Production. Most of 
the points (12 out of a possible 15) can be assigned to the new plants or stem parameter. The 
point distribution was separated this way because most rangeland plants reproduce regularly in a 
vegetative manner and not from seed. Much of the seed that is produced by rangeland plants is 
not viable due to factors such as inadequate growing conditions. Therefore, the mere presence of 
seedheads is not necessarily a good indicator of reproduction at a site. Conversely, the presence 
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of abundant new plants and stems is a good indication of plant reproduction in a rangeland plant 
community. 

Plant Litter Accumulation 

Plant litter is important in protecting new seedlings from dessication by the sun and wind. It is 
also important in slowing surface water runoff and promoting infiltration. For these reasons, a 
maximum of 10 points can be awarded to a site that has a good accumulation of litter. However, 
less points should be given to a site where the accumulation of litter is excessive since too much 
litter insulates the soil surface and inhibits seedling germination and establishment. 

Community Dominance/Evenness 

This parameter provides an estimate of coverage distribution among the perennial, non-weedy 
forbs and shrubs in the community. Communities that are monocultures or have relatively few 
species processing most of the vegetation coverage rank low and would therefore receive few 
points. Conversely, communities where the vegetation coverage is spread among many species 
would score relatively high. The presence of sensitive, tolerant and climax species should be 
noted on the field form. Provided below are definitions of these plant categories; references are 
provided in Table A-1. 

The sensitive plant species are those that Tom Keck of the Natural Resource Conservation 
Service used as indicators of smelting-related impacts. Dr. Keck conducted the soil survey for 
the Anaconda area and therefore has intimate knowledge of vegetation and soil conditions 
throughout the valley and foothills that include the ARWW&S OU. In addition, experience by 
COM Federal and Reclamation Research Unit (MSU) staff confirm that these species, which 
should be present on these rangeland sites under climax conditions, appear to be sensitive to 
environmental perturbations. 

Plant species that are tolerant of harsh environmental conditions are those that can be found on 
all rangeland sites and are often the only species found on severely impacted, high soil-metal 
sites near the Anaconda Smelter complex. 

The climax plant species listed in Table A-1 are the dominant plant species on undisturbed 
rangeland sites in climax conditions at the ARWW&S OU. Observations by CDM Federal 
personnel during the past ten years indicate that these species are not the dominants, and are 
often not even present, in plant communities of the Anaconda area. However, many of these 
species have been observed at locations near the Fairmont Hot Springs resort, in German Gulch, 
at sites in the foothills seven or more miles north of Anaconda, and at high elevations west of 
Anaconda. 
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TABLE A-I 

Sensitive, Tolerant and ClimH Dominant Plant Species 

,,.. 
~--e · ·Latin Binomial Reference 

Sensitive Plant Species 

Rough fescue Festuca scabrella 1,2,4,5 

Lupine lupinespp. 1, 4, 5 

Idaho fescue Festuca idahoensis 1, 4, 5 

Heartleaf arnica Arnica cordifolia 1 

Strawberry Fraf!aria virf!iniana I 

Tolerant Plant Species 

Red top Agrostis alba I, 4, 5 

Great basin wildrye Elymus cinereus I, 2, 4, 5 

Baltic rush Juncus balticus 4 

Spotted knapweed Centaurea macu/osa I, 4, 5 

Wood's rose Rosa woodsii I, 2, 4 

Sedge Carexspp. 5 

Western wheatgrass Agropyron smithii 4,5 

Whitetop Cardaria draba I, 4, 5 

Oregon grape Berberis repens 1 

Juniper Juniperus spp. I 

Rabbitbrush Chrysothamnus spp. 1 

Douglas fir Pseudotsuga menziesii I 

Limber pine Pinus jlexilis I 

Leafy spurge Euphorbia esula 1 

Tufted hairgrass• Deschampsia caespitosa 1, 4, 5 

Inland saltgrass• Distichlis stricta I, 5 

Aspen• Popu/us tremuloides I, 5 

Greasewood• Sarcobatus vermiculatus 5 

Canada thistle Cirsium arvense I, 4, 5 

Canada bluegrass Paa compressa I, 4 

Kentuckv bluejUass Poa pratensis 4 

Climax Dominant Plant Species 

Bluebunch wheatgrass Agropyron spicatum 3,4 

Rough fescue Festuca scabrel/a I, 3, 4 

Green needlegrass Stipa viridu/a 3,4 

Idaho fescue Idaho fescue ), 3, 4, 5 
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ommonName Latin Binomial Reference 

Sticky geranium Geranium viscosissimum 3,4 

Milkvetch Astragalus spp. 3,4 

Lomatium lomatium spp. 3 

Hairy goldenaster Heterotheca villosa 3 

Pussytoes Antennaria spp. 3,4 

Phlox Phloxspp. 3,4 

Buckwheat Eriogonum spp. 3 

Arrow leaf balsamroot Balsamorhiza sagittata 3,4 

Snowberry Symphoricarpos spp. 3 

Skunkbush sumac Rhus tri/obata 3 

Big sagebrush Artemisia tridentala 3 
1 Referenced by Dr. Tom Keck, Natural Resource Conservation Service, Whitehall, Montana (personal communication; memo 

from S. Jennings to B. Rennick, June 5, 1998; Keck et al., Mapping Soil Impact Classes on Smelter Affected Lands). 
2 Personal communication with Dr. Frank Munshower, Montana State University, Bozeman. 
3 Rangesite Description and Condition Guide, USDA-SCS-Montana, April 1982. Northern Rocky Mountain valleys, foothills 

and mountains west of the continental divide in the 10-14 and 15-19 inch precipitation zones. 
4 Field observations by Bob Rennick, CDM Federal Programs Corporation, Helena. Montana. 
' Reconnaissance conducted by the Reclamation Research Unit, ARTS Phase I Final Report, 1993 
• Found on sites with specialized conditions such as a high water table or salty soils. 

Estimated Plant Density 

Plant density is important in the stabilization of rangeland sites and can be an indicator of the 
quality of the growing conditions. To estimate the density of species on a site, both single stem 
plants (i.e., stems from rhizomes and seedlings) and bunch-type plants should be evaluated. 
Rhizomatous species, such as western wheatgrass, should be estimated on a square-foot basis; 
trees, shrubs, and bunchgrass species should be estimated on a 400 square-foot basis. 
Recognizing that several different reproduction strategies may exist on a site having a variety of 
species, the estimator should assign points based upon the best compromise between the 
rhizomatous and single-stem species observed. 

Community Richness 

This parameter provides an estimate of the number of species. inhabiting a site and is therefore an 
indication of the quality of growing conditions. Sites that have an abundance of plant species are 
generally considered to have relatively good growing conditions. Conversely, sites with few 
species have plant limiting factors such as relatively low pH or high soil metal concentrations, 
low soil moisture, or may be deficient in plant nutrients. 
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Scoring the Existing Potential for COC Transport 

Current Water Erosion 

Only current potential for erosion is evaluated using this metric. This LRES metric is an 
adaptation of a BLM classification system (Clark 1980), in which numerical scores are assigned 
for different degrees of erosion. This system allows for field observation of surface litter 
movement, surface rock movement, pedestal formation, flow patterns, rill and gully formation, 
and soil movement. . Each of these observational classes is evaluated in the field and combined to 
determine the soil surface factor (SSF) for each field location. The SSF is then used to determine 
the erosion condition class and LRES points as follows: 

• Stable, SSF value from I - 20, LRES metric of 33 - 40 points; 
• Slight, SSF value from 21- 40, LRES metric of 25 - 32 points; 
• Moderate, SSF value from 41 - 60, LRES metric of 17 - 24 points 
• Critical, SSF of 61 - 80, LRES metric of 8 - 16 points 
• Severe, SSF 81 - 100, LRES metric of 0 - 8 points. 

Soil pH 

This is one of the most significant controlling factors in the solubility and mobility of metal 
contaminants in soil systems. The availability of these contaminants to biological receptors is 
dependent to a large degree on the pH of the soil. Field estimation of this parameter will be 
accomplished using method SS-09 (Clark Fork River Superfund Site Standard Operating 
Procedures (SOPs) ARCO 1992). Additionally, soil profile samples will be collected using the 
Clark Fork River Superfund Site Standard Operating Procedures (SOPs) ARCO 1992): SOP SS-
1 for soil sampling from hand dug pits; SOP G-5 for packaging and shipping; and SOP G-8 for 
equipment decontamination. Appendix B provides copies of these SOPs and other applicable 
SOPs. 

Wind Erosion 

Movement of COCs via this pathway has not been well characterized within the OU. An 
exception to this is the PM 10 data, but these only relate to human health concerns. Large 
expanses of barren landscapes currently exist and historical accounts of the Anaconda Minerals 
Company's efforts to suppress dust from tailings are well documented. Erosion cam;ed by wind 
was evaluated in the ARTS treatability study, in which wind velocity was documented at several 
location, and air-entrained dust was collected and determinations of COC concentrations made 
(RRU 1997). In the LRES metric, wind erosion, or the potential for wind erosion at a site is 
scored as low for areas that are well vegetated or that are very rocky, medium for areas that 
support more plants, and high for areas that are barren, flat, and have soils or surface materials 
that are fine. Landscape position relative to the potential to be affected by wind must also be 
considered. 
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Surface Tailings/Metal Salts 

Some areas within the OU that are barren of vegetation may also display visible tailings, and at 
certain times and under certain climatic condition, may exhibit metal salts on the surface soil. 
These conditions imply an enhanced potential for the movement of COC via surface water runoff 
into receiving waters. In addition, these visible tailings and metal salts may represent a 
phytotoxic environment. In the quantitative metrics the presence of tailings and/or salts at a 
location merits a negative score. 

2.5 PART 3: MODIFYING CRITERIA 

Modifying Criteria reflect the necessity of adjusting the remedial action to reflect site-specific 
concerns. For example, if transport of COCs to surface water is a compelling concern in a 
particular area, a more intensive and immediate reclamation alternative may be required. 
Conversely, in an area designated for historical preservation a less intensive reclamation 
alternative may be appropriate. The Modifying Criteria, which are listed below and on the field 
form (attached), are intended to allow flexibility in implementation of reclamation technology 
through observation of the unique conditions of a given site. 

Modifying Criteria 

Land Ownership 
NRDA Issues 
Water Shed Boundaries 
Weeds 
Soil Texture 
Site Access 
Steep Slopes 
Existing Vegetation 
Rock (outcrops or boulder) 
Natural Vegetation Recovery 

Present density of grasses, forbs, trees, and shrubs 
Potential for recovery (soil pH, fine soil particles, etc.) 

Landscape Position 
I 00-Year Flood plain 
Surface Water 
Sediment Transport 
Groundwater 
Vadose Zone Water 
Storm Water Management 
Current Land Use 
End Land Use 
Land Management Practices 
Viewshed 
Cultural and Historic Resources 
Rare and Endangered Species 
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Institutional Controls 
Legal Restrictions (conservation easements, deed restrictions, etc.) _ 

Soil chemical data that are important modifying considerations are phytotoxicity (indicate Zone 
I, 2, 3 or 4 from the Final BERA), total COC concentration, and acid generating potential (or 
knowledge of the acid base account). 

2.6 PART 4: LRES DECISION DIAGRAMS 

The Decision Diagrams (Figures 1 and 2, attached) are logic flowcharts intended to define which 
areas will receive a remedial action as defined by the LRES Quantitative Score. Areas with 
significant potential for natural recovery and eventual compliance with the remedial action 
objectives (RAOs) are slated for monitoring. Those areas requiring some level of reclamation 
are identified as requiring an action. 

The alternatives table (Table 1, attached) provides the specifications and components for each 
alternative, and identifies under what environmental circumstances each alternative could be 
applied. Once all the environmental conditions are known, the perspective reclamation 
alternatives must be evaluated with respect to cost and meeting the remedial action objectives 
goals (RAOGs) in order to select the most appropriate alterative for implementation. 
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3.0 REFINEMENT OF THE LRES 

During the summer of 1998 EPA will use the LRES at the Anaconda Smelter site to delineate 
Preliminary Remedial Units and determine what data are required to select a reclamation 
alternative for each unit. Refinements to the LRES will be made as necessary through the 
collective involvement of agency and PRP plant and soil scientists. 
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RECLAMATION SPECIFICATIONS AND 
ALTERNATIVE COMPONENTS 

A. COVERSOIL 

Al Covcrsoil 18" Soil•, Consolidation of Waste, 
Limcrock Barrier (if necessary), 
Grading, Surface Water Control••, 
Seeding+• .. 

A2 Coversoil plus 18" Engineered Rooung Media• 
ln·Si1u (i.e., combina11on of amendmenl 
Rcdarnation application to ex 1st mg ground 

surface followed by the application 
of al least 6" uf coversu11), 
Consolidation of Waste, Grading, 
Surface \\'.ater Control, Seeding+ 

B. \'l::GET A TION IMPROVEMENT 

Ul Mod11icd lnlerseeding, Scarilicalion (or 
SAM equivalent), Weed Control, 

Fenilization, Surface Waler 
Controls 

C. LOW INTENSITY IN-SITU RECLAMATION 

Cl Agricultural 6-12" Tillage with Moldboard 
Tillage Plow. Low Amendmenl Rales, 

Consolidation, No Soil 
Amendments, Seeding+, Grading, 
Surface Waler Controls 

Table 1 

Specifications and Applications for Remedial Alternatives 
ARWW&S Operable Unit 

ALTERNATIVE APPLICABILIT\' 

HIGH ARSENIC ACID DEPTIIOF 
ARSENIC ACTION LEVEL MATERIALS CONTAMINATION SLOPE CHARACTERISTICS 

SOILS WOULD BE MET 
(>ACTION THROUGH PRESENT 

LEVEL) TILLAGE! 
Shallow Deep Rocky Gen lie Sleep Difficul1 

I -- I I I I I --- --

./ ... I ./ I ./ I . .. ··-

... . .. . .. ./ . .. ./ ./ ./ ./ 

./ ./ ... ./ . .. -·· ./ ./ ... 

imJ.> 

EXISTING APPROPRIATE 
FOR USE VEGETATION 

NEAR SHOULD BE 
SAVED? SURFACE 

WATER 

--· I 

... ./ 

I . .. 

./ ./ 



Table I (continued) 

ALTERNATIVE APPLICABILITY 

HIGH ARSENIC EXISTING APPROPRIATE 
RECLAMATION SPECIFICATIONS AND ARSENIC ACTION LEVEL ACID DEPTIIOF 

VEGETATION FOR USE 
ALTERNATIVE COMPONENTS SOILS WOULD BE MET MATERIALS CONTAMINATION SLOPE CHARACTERISTICS 

SHOULD BE NEAR 
PRESENT SURFACE (>ACTION THROUGH SAVED? 

U:VIL) TILLAGE! SJlaJlow Dttp Rocky Gt a tit Sfttp Difficult WATER 

D. l\IOUERA n: INTENSITV IN-SITU RECLAMATION 

UI Surface Recontowing, Consolidation, No ... - ·- ./ - ./ ./ ./ ./ ./ -
Manipulalion Soil Amendments, Seeding+. 

Grading, Surface Water Controls 

02 Deep Tillage 12-24" Tillage, Moderale .I ./ ./ ./ ./ ./ ./ ./ ... .I ./ 
Amendment Rates, Consolidation. 
Seeding+, Grading. Surface Water 
Controls 

E. HIGH INTENSITY IN-SITU RECLAMATION 

El Deep Tillage 24" Tillage, High Amendment ./ ./ ./ ./ ./ .t ./ .t ... .t ./ 
Races, Consolidalion, Scedmg+, 
Grading, Surface Water Con1rols 

1-·. STHP SI.OPE RECLAMATION 

Fl Seeding Recontouring, Broadcast Seeding, ... - .I ./ ·- ./ .I ./ .I ... .I 
Planling, Intensive Grading, 
Surface Manipulation for Surface 
Waler Conlrols, Amendments (as 
necessary) 

f2 Modified Plant Tree, Shrub. Grass ... -· -- .I ·- .I .I .I .I .I ... 
PTSG Tubelings, Surface Water 

Conlrols, Low Amendment Races 
(if necessary) 

1'3 II) drosecd+ Hydrosced and llydromulch, ... --- --- ./ --- .t .I ./ ./ .I .I 
Surface Waler Conlrols. Low 
Amcndmenl Races (if necessary) 

H. ROCK (INDUSTRIAL) AMENDMENT 

( i I Rod, Cover ·' 6" of a permanent rock cover ./ -· ./ ./ ./ ... .I ... ... . .. . .. 
(cg, limcrncL., p11-run. alluvium). 
(iradmg for Surface Water 
C'umrnl. lnlillralmn C111111uls 
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Table 1 (continued) 

Noles: 

.I = Applicable Allcmative, - ~ Not Applicable, . 
• Successful reclamation ofland contaminated by mining and ore-processing activities can be defined as the establishment of self-perpetuating plant communities capable of stabilizing the soil against wind and water erosion in 
perpetuity. To accomplish this, target values have been established for the physicochcmical characteristics ofcoversoil used in land reclamation within the upper Clark Fork River Basin. 
Depth: 18" thick ofnon·toxic rooting media (sec below). This is the absolute minimum for the long-term success of the vegetation. Enough coversoil needs to be applied to account for settling, sloughing, and erosion. 
Coarse fragmenl conleDb: Particles> 2 mm constitute< 45% (by volume) of the covcrsoil. Maximum rock size is 6" in diameter. 
Tulure: Sandy loam or finer (to have the proper water holding capacity). "Clays" arc not acceptable. 
pH: Between 6.5 and 8.5 for entire 18". 
l\le1al concentrations: Coversoil guidelines: As<30, Cd<4, Cu<IOO, Pb<IOO, and Zn<2SO mg/kg. 
Organic matter: Coversoil or engineered media: >I .So/e (by weight) of compacted organic matter in the upper 6". 
Specific conductance: For coversoil or engineered rooting media: less than 4.0 mmhos/cm for entire 18". 
Surface l\lanipulation: Rip, chisel plow, and/or disk plow to reduce the compaction caused by heavy machinery and achieve a moderately rough (by agricultural standards) seedbed. Plowing should be done as deep as possible, being 
~areful not to disturb the underlying material. 

•• Surface Water Control include the implementation of dozer basins, pits, gouges, contour furrowing, etc. to prevent water erosion. 

•• • Seeding+= seeding with adapted species, plus feniliza1ion and mulching. 
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ANACONDA LAND RECLAMATION EVALUATION SYSTEM (LRES) FIELD FORM 

FIELO TEAM: DATE: LOCATION/SITE:-------- GPS COORDINATES E: -------N: -------

VEGETATION COMMUNITY (100 point maximum) 

1. PerC8f1t Vegetation Coverage• (use either method) 4. Plant uu.r. Accumulation SITE DESCRIPTION: 10. Wind Erosion 

Canopy Point Point Score 
Low (15 pis) 

Coverage lnlercepl Negligible (ground not obstruded) (0 pis) Medium (8 pis) 

>80 >60 25 pis 
Light (<20% of ground obstruded) (5 pis) High (0 pis) 
Moderate ( •40% of ground obstruded) (10 pis) 

76 lo 80 561060 20-25 ptl Heavy ( ~ 70% of ground obstruded) (15 pis) 
60 to 75 46 to 55 16-20 pll Extreme (>80% of ground obstructed) (5 pts) 
40 lo 59 31 lo 45 11·15ptl Score (low • hiyh) 
20 lo 39 16 lo 30 6-10 ptl ' 

10 to 19 7 lo 15 1·5 pts 
Score (low • high) 

POTENTIAL FOR COC TRANSPORT 
11. Surface Talllngallletala Salta 

< 10 <6 0 pts (75 point maximum) 

Raw Score (low • high) I. Community Ooml1111nce1Evennna• 
II. Cumtnt Water Erosion Circle presence of lailings or salts (consider 

(BLM Classification) areal distribution and depth) 

Ad1ustment Factor'' 1 point for each dominant species (maximum of 5 poinls) Stable (33· 40 pis) 
Sligh1 (25-32 pts) None observed (0 pts) 

Score (low • high) 
Sensitive species present? [YJ (NJ Moderate (17-24 pts) Infrequent tailings/salts (·5 pts) 

Tolerant species present? (YJ (NJ Critical (8-16pls) Frequent tailings/salts (-10 pis) 

Climax. species present? [YJ (NJ Severe (0-8 pis) ExtenS1ve laihngs/salls (-20 pis) 
2. Unlfonnlty of Cover' (rocky areas not counted) % Slope Tailings depth 

Very uniform (tO pis) 
Cover vanes. but no s19mf1cant barren areas (8 pis) Score (low • high) Score (low - high) Score (low • high) 

Small (<6 m'l. inlrequenl barren areas (6 ptS) 
Small. frequenl ba11en areas and/or 

large (>6 m'). infrequent barren areas (4 plsl 6. Estimated Plant Density' (use both parameters) t. pH -Soil SUMMARY OF SCORES 
Large. lrequenl barren areas (2 plsl 

Score (low • high) Single Stem Planls Bunchgrasses. Shrubs. 7010 8 0 (19-20 pis) 
Vege1at1on Score Low High 

RhLZomatous Species or Trees 6.0 lo6.9 (15-18 pis) 
3. Evidence of Reproduction• (stemslfl') (plants/400 fl') 5.0 to 5.9 (9·14 pis) --- ---

4.0 to 4.9 (5·8 pis) 
A NEW PLANTS OR STEMS" .. >20 (10 pis) 3.0 lo J.9 (1-4 pis) COC Transport Score Low High 

12 lo 19 (6·9 pis) <3.0 (0 pis) 
Common (12 pis) 6 lo 12 (3·5 pis) --- ---Some occurring (8 pis) 110 5 (1·2pts) Surface 
Nol common (5 pis) <1 (0 pis) Subsurface 
None observed (0 pis) TOT AL SITE SCORE 

A Score (low · high) Score (low • high) --- ---
B SEEDHEAD PRODUCTION 

7. Community Richness' 
Seedheads abundant (on mosl plants/slems) (3 pis) 

. Perennial. non-weedy forbs and shrubs 
Seedheads common (on "50% planls/slems) (2 pis) .. Adjust raw score for s1le cond1t1ons (nol to exceed 150%) 
Seedheads inlrequent (on <25% planls/slems) (1 pl) t poml for each species 1dent1fled in a 100-fool radius. Increase for grazing. soulh slope, s19mflcanl rock cover or Ihm soil, lower than 
No ~cedheads 10 pis) Maxtmum of 20 poinls average soil moislure, elc Decrease for higher lhan average soil mo1slure. 

sub1mgalion. north slopes. elc 
B --·· ·~· 

••• Look for new pldnls from seed (including trees and shrubs). evidence of new shools 

Score \luw · l11gt1) 
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~CONDA LANO RECLAMATION EVALUATION SYSTEM (LRl:S) t-IELD t-ORM 

DATE: LOCATION/SITE:-------- PHOTOGRAPHS: ROLL ------ FRAME ----

REMEDIAL IMPACTICONOITION Sensitive Pl;i.nt Species' Present 

MODIFYING CRITERIA COMMENTS CONSIDERATION FP..~1111:,1 sc.1bm/111 

y N u 
Soil Survey Unit 

L11pme spp 

Land Ownership 
NRCS Impact Class. 

Festuca 1dahoensis 

Walershed Boundaries Amica cordifotia 

NRDALand LRES Relative Fragaria virginiana 

Weeds Condition Class: Tolerant Plant Species' 

Soll Texture/Parent Malerial Potential Reclamation Agrostis alba 

Site Access Alternative (see Table 4.1): Elymus cinereus 

Steep Slopes Juncus balticus 

Existing Vegetation Centaurea maculosa 

Rock (outcrops or boulders) Rosa woodsii 

Natural Vegetation Recovery COMMENTS: Carex spp. 

l1ndscape Position Agropyron smithii 

100-Year Floodplain Cardaria drabs 

Surt.oe Water Euphomia esula 

Sediment Transport Deschampsia caespitosa 

Groundwater Distichtis stricta 

Vadose Zone Water Populus tremuloides 

Stonnwater Management Sarcobatus vermiculatus 

Current Land Use BertJeris repens 

End Land Use Junipervs spp. 

land Management Practices Chrysothamnus spp. 

Vlewshed Pseudotsuga menziesii 

Cultural and Historic Resources PLANT SPECIES OBSERVED: 
Pinus ne"t(i/is 

Rare and Endangered Species Cirsium arvense 

Institutional Controls Poa prstensis 

legal Restrictions (conservation easements, 
Poa comp19ssa 

Cllm111 Dominant Plant Species deed restrictions. etc.) 
(other than the "Sensitives") 

OTHER I I Agropyron spicatum 

Slips virictu/a 

Geranium viscosissimum 

Astrsgalus spp. 

Lomatium spp. 

VALUE AND INFORMATION SOURCE Heterotheca vi/loss 

Phytotoxicity Zone Antennaria spp. 

Total COC Concentrations Ph/o"t( spp. 

Acid generating potential (Acid Base Account) Eriogonum spp. 
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1.0 INTRODUCTION 

The purpose of this report is to update the U.S. Environmental Protection Agency's (EPA's) 
characterization of ground water contamination in the bedrock aquifer in Technical 
Impracticability (Tl) zones at the Anaconda Regional Water, Waste, and Soils (ARWW&S) 
Operable Unit (OU) as a result of information collected at theARWW&S OU during a field 
investigation of TI zones in 1997. Data collected during the 1997 Field Investigation at the 
AR WW &S OU are presented in the 1997 Field Activities Data Summary Report Anaconda 
Regional Water, Waste, and Soils Operable Unit Technical Impracticability Zone Boundaries 
(ARCO 1997a). 

An identification of TI zones in the bedrock aquifer at the AR WW &S OU was presented by EPA 
in the Draft Feasibility Study (FS) Deliverable No. 3A, Ground Water Technical Impracticability 
Evaluation for the Anaconda Smelter NPL Site, Anaconda-Deer Lodge County, Montana, 
Anaconda Regional Water, Waste, and Soils Operable Unit (ARWW&S OU FS Deliverable 
No. 3A) (EPA 1996a). The results of TI evaluations identified two regions of the shallow 
bedrock aquifer at the AR WW &S OU in which restoration of ground water to levels of dissolved 
arsenic below Montana Ground Water Quality Standards (§17.30.1003 ARM) is considered to be 
technically impracticable by EPA (Figure 1 ). EPA presented an analysis of the restoration 
potential and cost estimates for restoration of the bedrock aquifers found in Sections 3 .1.6.5 (East 
Anaconda Yards), 3.2.8 (Smelter Hill and Mount Haggin}, and 3.3.9 (Stucky Ridge) of FS 
Deliverable No. 3A (EPA 1996a). A summary of alternative restoration cost estimates is 
presented in Table 1. 

At the conclusion of the restoration potential/restoration cost analysis presented in FS 
Deliverable No. 3A, the TI Evaluation review team recommended additional site characterization 
to better define the boundaries of the proposed TI zones. This TI Evaluation Addendum Report 
summarizes the aquifer site characteristics from the 1996 evaluation, presents analytical results 
and geologic and hydrologic data from the 1997 field investigation, and updates the 
characterization of the bedrock aquifers. This document is an addendum to the December 1996 
Draft Feasibility Study Deliverable No. 3A, Ground Water Technical Impracticability Evaluation 
(EPA 1996a). The reader is referred to EPA (1996a) for additional background information and 
site evaluation. 

The two regions where ground water restoration is considered impracticable by EPA are 
identified as the Smelter Hill TI Zone and the Stucky Ridge TI Zone. Within the Smelter Hill 
and Stucky Ridge TI Zones, arsenic is a contaminant of concern which occurs at levels above the 
Montana Water Quality Standard (18 µg/L) identified by EPA as an Applicable or Relevant and 
Appropriate Requirement (ARAR) for the ARWW&S OU. Ground water contamination in the 
bedrock aquifers in these areas is postulated to occur as a result of transport of arsenic via 
infiltration and deep percolation of precipitation through contaminated soil. Contamination of 
regional soils at the ARWW&S OU with arsenic and trace metals occurred as a result of aerial 
deposition of emissions from copper smelters located near Anaconda during the period of 1884 
to 1980. Conclusions of a regional investigation of contaminated soil at the ARWW &S OU 
(ARCO 1997b) has indicated that concentrations of total arsenic and trace metals in surface soils 
are elevated and generally decrease with distance from the smelter stack located on Smelter Hill, 
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and with depth in the soil profile. Previous studies which also focused on the extent of 
contamination of metals in regional soils at the site (Tetra Tech 1987) or impacts to vegetation 
from surficial soil contamination (Olson·Elliott 1975) presented similar conclusions. 

2.0 SUMMARY OF Tl EVALUATIONS IN 1996 

The results of TI evaluations for the alluvial aquifer underlying the East Anaconda Yard (EA Y), 
and the bedrock aquifers underlying portions of the Smelter Hill and Old Works/Stucky Ridge 
Subareas were presented by EPA in the ARWW&S OU FS Deliverable 
No. 3A. As a result of these evaluations, a TI waiver of the Montana Ground Water Quality 
Standard for arsenic ( 18 µg/L) was requested by EPA for the shallow bedrock aquifer in portions 
of the Smelter Hill and Old Works/Stucky Ridge Subareas (EPA 1996a). 

2.1 EAST ANACONDA YARD AREA 

A TI waiver is not requested by EPA for contamination of dissolved arsenic in the alluvial 
aquifer underlying the EAY. Based on conclusions of a TI evaluation of the alluvial aquifer 
underlying the EA Y (EPA l 996a) , a relatively high level of uncertainty is recognized by EPA as 
to the identification of a primary loading source of arsenic to ground water in this portion of the 
ARWW&S OU. Three potential sources of ground water contamination to the alluvial aquifer 
are identified which include: 1) recharge of the alluvial aquifer by contaminated ground water in 
the shallow bedrock aquifer at the valley sidewall separating the EA Y from Smelter Hill; 2) 
infiltration and deep percolation of precipitation through wastes (contaminated soil and buried 
wastes) in the EA Y; and 3) infiltration and deep percolation of storm water runoff and snowmelt 
which contains elevated levels of arsenic(> 500 µg!L) and which flows onto the EA Y from 
Walker Gulch, Slag Gulch, and Nazer Gulch. Elevated arsenic concentrations in ground water 
beneath the EA Y may be related, in part, to all three of these potential sources of contamination. 

A wide range of remedial alternatives for restoration of the alluvial aquifer underlying the EA Y 
area have been considered by EPA in a detailed Feasibility Study for the ARWW&S OU (EPA 
1997a). The remedial alternatives considered by EPA include full and partial removal of buried 
wastes located in the EA Y; capping of wastes in the EA Y area, and containment of contaminated 
ground water in the bedrock aquifer near the valley sidewall adjacent to the EA Y; application of 
a soil cover over wastes in the Acid Plant area of the EA Y; and containment of contaminated 
ground water in the bedrock aquifer using a network of ground water extraction wells and a 
ground water treatment system located adjacent to the valley sidewall for the EA Y. 

In its Proposed Plan for the ARWW&S OU, EPA has recommended a No Action alternative for 
the alluvial aquifer underlying the EA Y area (EPA 1997b ). EPA will leave buried wastes in 
place throughout the EA Y area, thereby, EPA's proposed expansion of the Smelter Hill Waste 
Management Area (WMA) will encompass the EAY. The basis for EPA's recommendation is 
the presumption that a remedial action for restoration of the alluvial aquifer involving capping or 
a removal of buried wastes in the EA Y will not achieve clean·up of ground water in the alluvial 
aquifer due to loading of arsenic from contaminated ground water in the upgradient bedrock 
aquifer on Smelter Hill. Furthermore, due to the complexities of ground water flow in the 
bedrock aquifer (a weathered and fractured aquifer in volcanic rocks with unpredictable 
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components of vertical and horizontal flow), a remedial alternative involving containment of 
contaminated ground water in the bedrock aquifer would not effectively satisfy a clean-up of 
ground water in the adjacent alluvial aquifer. Since the EA Y area is currently serviced by a water 
supply system from the city of Anaconda, ground water in the alluvial aquifer underlying the 
EA Y area will not be used as a domestic water supply during future development. Institutional 
Controls (ICs) are in place to prohibit the use of ground water in this portion of the ARWW&S 
OU. Finally, a potentiometric surface map of the alluvial aquifer in the Warm Springs Creek 
Valley indicates ground water in the alluvial aquifer exiting the EA Y area flows underneath a 
proposed WMAs defined by the Main Granulated Slag Pile and Anaconda Ponds (Figure 2). 
These wastes are also identified by EPA as a potential loading source of arsenic to ground water 
of the shallow alluvial aquifer system and may increase the magnitude of ground water 
contamination in the alluvial aquifer exiting the EA Y, thus, minimizing the benefit of a ground 
water clean-up in the alluvial aquifer in this portion of the ARWW&S OU. 

EPA's Proposed Plan for the ARWW&S OU has identified a series of three actions which may 
minimize loading of arsenic to the alluvial aquifer underlying the EA Y area. These actions 
include the following: I) development and implementation of a storm water management plan 
for the Smelter Hill and EA Y areas which will minimize infiltration of storm water runoff in the 
EA Y area; 2) completion of a soil cover for uncovered wastes and contaminated soil in the EA Y 
area and backfilling low-lying areas in the EA Y which are susceptible to ponding of surface 
water during storm events; and 3) re-vegetation of contaminated soil identified in certain portions 
of Smelter Hill (Walker Gulch, Slag Gulch, and Nazer Gulch) in an attempt to stabilize arsenic 
and trace metals contained in the soil profile (EPA l 997b ). Contaminated soils on Smelter Hill 
are a potential source of ground water contamination to the bedrock aquifer upgradient of the 
EA Y and a source of surface water contamination in drainages emanating from Smelter Hill to 
the EAY. 

2.2 SMELTER HILL TI ZONE 

As a result of a TI evaluation in 1996 for the bedrock aquifer underlying portions of the Smelter 
Hill and South Opportunity Subareas, the Smelter Hill TI Zone, which encompasses a total area 
of 8,975 acres was identified by EPA in the ARWW&S OU FS Deliverable No. 3A (EPA 1996a) 
(Figure 1). The Smelter Hill TI Zone identified in FS Deliverable 3A includes portions of the 
bedrock aquifer underlying the undisturbed area in the Smelter Hill, Aspen Hills, and Clear 
Creek area (4,892 acres), and a portion of the shallow bedrock aquifer located in the area south of 
Mill Creek in the vicinity of Cabbage Gulch and Willow Creek (4,083 acres). The bedrock 
aquifer in this area is described as an unconfined aquifer in fractured volcanic rocks (ryholitic 
tuft) of Tertiary age, and intrusive rocks (granitic composition) of late Cretaceous and Tertiary 
age. In addition, segments of the aquifer are located in a mixture of sedimentary (conglomerates, 
sandstones, shales, and limestones) and metamorphic rocks (quartzite) ranging in age from early 
Quaternary to PreCambrian age (PTI 1996). For the purpose of this evaluation, all ground water 
within the Smelter Hill TI Zone is included in the bedrock aquifer. 

Data characterizing the lateral extent of ground water contamination in the bedrock aquifer are 
derived primarily from analytical results of ground water samples collected in 1992, 1993, 1995, 
and 1996 from springs and ground water seeps ( J 9 total). This data provides sufficient evidence 
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to suggest that ground water contamination in at least the shallow portion of the bedrock aquifer 
exhibits concentrations of dissolved arsenic greater than the Montana Ground Water Quality 
Standard for arsenic (18 µg/L) in an area encompassing at least 8,975 acres. The primary loading 
source for arsenic to ground water in the shallow bedrock aquifer in the Smelter Hill TI Zone is 
contaminated soils and smelter wastes. Arsenic levels in surface soils in the Smelter Hill TI 
Zone are estimated to range from 262 to 1,856 mg/kg (EPA l 996a). 

The vertical extent of ground water contamination in the Smelter Hill TI Zone has been estimated 
from results of ground water samples collected from a monitor well pair (Al-BR) installed in the 
bedrock aquifer in the Smelter Hill Disturbed Area, and from results of ground water samples 
collected at two sites in which a shallow piezometer (WGP-2 and NGP-1) is co-located with a 
ground water spring. The data collected as a result of these investigations indicate the vertical 
extent of ground water contamination (arsenic greater than 18 µg/L) in the bedrock aquifer in the 
Smelter Hill TI Zone may range from approximately 20 feet to 115 feet below the top of the 
aquifer (EPA I 996a) and 20 to 250 feet below ground surface. Little data were available 
concerning the vertical extent of ground water contamination and these depths were not well 
defined at the time the report was written. 

2.3 STUCKY RIDGE TI ZONE 

The Stucky Ridge TI Zone encompasses a portion of the bedrock aquifer underlying 
approximately 3,622 acres located on Stucky Ridge, which is located north of the town of 
Anaconda, Montana (Figure 1 ). Based on analytical results from ground water samples collected 
from springs and ground water seeps (13 total), and a shallow piezometer (SRP-1), 
concentrations of dissolved arsenic in the shallow bedrock aquifer in the Stucky Ridge TI Zone 
are greater than the Montana Ground Water Quality Standard (18 µg/L). The bedrock aquifer in 
this portion of the ARWW&S OU varies from an unconfined aquifer in fractured Tertiary age 
volcanic rocks to an unconfined aquifer in sedimentary rocks (conglomerates and shale) of 
Quaternary to Tertiary and Cretaceous age. The vertical extent of ground water contamination in 
this area has been estimated to range from l 0 to 20 feet below the top of the bedrock aquifer 
(EPA l 996a). Little data were available concerning the vertical extent of ground water 
contamination, and these depths were not well defined at the time the report was written. The 
primary loading source of arsenic to ground water in the bedrock aquifer underlying Stucky 
Ridge is contaminated soil and some smelter wastes. Arsenic levels in surface soils in the Stucky 
Ridge TI Zone are estimated to range from 120 to 940 mg/kg (EPA 1996a). Wastes containing 
high levels of arsenic and metals are identified by EPA in portions of the Upper and Lower 
Works structural areas (ARCO 1992). 

2.4 UNCERTAINTIES IN 1996 TI EVALUATIONS 

Uncertainties in the conclusions of a TI evaluation for the alluvial aquifer underlying the EA Y 
are identified by EPA in ARWW&S OU FS Deliverable No. 3A (EPA 1996a). These 
uncertainties include the following: 

• Concentrations of arsenic in pore water underlying areas of buried wastes and 
contaminated soils in the EA Y area are not known. As a result, levels of arsenic in pore 
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water underlying the Red Sands, the Disturbed Area of Smelter Hill, and the Opportunity 
Ponds were used in the 1996 TI evaluation to estimate the concentrations of arsenic in 
pore water underlying wastes in the EA Y area during loading calculations. 
Concentrations of arsenic in pore water underlying wastes in other portions of the site 
exhibit very high variability; therefore, a wide range of arsenic levels in pore water 
(6.5 µg!L to 6,500 µg!L) were used in the 1996 evaluation. The absence of pore water 
sample results from areas of buried wastes in the EA Y area is an important data gap in 
this evaluation; 

• Concentrations of arsenic in the bedrock aquifer located along the valley sidewall 
intersecting the TI zone are based on ground water samples collected from one Anaconda 
Regional Water and Waste (ARWW) OU network monitor well (A2-BR), and one 
ground water sample collected from a temporary piezometer located in Nazer Gulch 
(NGP-1). The sample results collected from these two locations may not reflect actual 
levels of arsenic in the shallow bedrock aquifer located adjacent to the entire length of the 
valley sidewall of the EA Y. The flux estimates of arsenic calculated by ARCO for 
sidewall valley recharge include a range of arsenic based on sample results collected from 
these two stations (167 to 2,410 µg/L); whereas, EPA's estimates rely on a constant level 
of arsenic in the bedrock aquifer based on the geometric mean (930 µg/L) of all samples 
collected from A2-BR. and NGP-1. As a result, significant uncertainty is recognized in 
the loading rate estimates for arsenic entering the alluvial aquifer from the bedrock 
aquifer as a result oflimited water quality control in the vicinity of this flux boundary; 

• The flux of arsenic exiting the alluvial aquifer at the downgradient boundary of the EA Y 
is based on levels of arsenic observed in the alluvial aquifer at MW-210. A range of 
arsenic levels in the alluvial aquifer (70.8 to 102 µg/L} based on sample results collected 
at MW-210 was used by ARCO in their estimates of the flux of arsenic exiting the EA Y 
area. EPA' s estimates were based on the geometric mean concentration determined from 
ground water samples collected at MW-210 from 1992 to 1996. However, sample results 
collected at MW-210 may not represent the concentration range of arsenic in the alluvial 
aquifer exiting the entire length of the downgradient boundary of the EA Y area; 

• The geometry of the alluvial aquifer underlying the EA Y is not defined. The elevation of 
the bedrock surface underlying the EA Y has been extrapolated from relatively deep 
monitor well control located outside the boundary of the TI zone from wells (Tl-D and 
T2-E) located in the Warm Springs Creek valley. The estimated elevation of the bedrock 
surface influences the projected thickness of the alluvial aquifer in the TI zone which is 
used in the water budget estimates for the alluvial aquifer underlying the EA Y, and 
loading calculations for arsenic entering and exiting the EA Y TI Zone. Because the 
aquifer geometry is not well defined, uncertainty exists in both the water budget and 
loading rates for arsenic presented in this analysis; 

• Ground water flow paths in the EA Y alluvial aquifer are poorly defined due to 
insufficient spatial data on water levels. Additional monitor wells would allow for a 
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more accurate determination of flow paths for transport of arsenic in the alluvial aquifer 
system underlying the EAY; 

• The estimate of hydraulic conductivity for the bedrock aquifer is derived from results of 
slug tests and packer tests collected from discrete intervals in the aquifer on Smelter Hill. 
Uncertainty is acknowledged in the representativeness· of these results for estimating 
aquifer parameters for a fractured bedrock aquifer. Efforts to mitigate the uncertainty in 
the hydraulic conductivity of the bedrock aquifer in this evaluation include choosing a 
range of hydraulic conductivities (0.18 ft/day to 3.1 ft/day) for the aquifer which are 
based on results of aquifer tests completed in the fractured volcanic tuff located on 
Smelter Hill. However, uncertainty in the hydraulic conductivity of the bedrock aquifer 
adjacent to the sidewall valley of the EA Y is recognized in the loading calculations for 
arsenic to the alluvial aquifer from contaminated ground water in the bedrock aquifer; 

• The depth of ground water contamination in the alluvial aquifer underlying the EA Y is 
poorly defined since a relatively deep monitor well has not been installed in the study 
area. Ground water monitoring of the alluvial aquifer underlying the EA Y has occurred 
in the upper l 0 feet of the aquifer. As a result, the depth of contamination in the TI 
evaluation has been estimated to range from l 0 feet below the top of the aquifer to 25 
feet. The l 0-foot depth of aquifer contamination is based primarily on the length of well 
screens in the two monitor wells (MW-210 and MW-227) located in the EAY area. The 
25-foot depth assumes the entire thickness of the alluvial aquifer underlying the EA Y is 
contaminated as a result of recharge to the aquifer by contaminated ground water from 
the surrounding bedrock system, or from infiltration and deep percolation of precipitation 
through wastes. This assumption has not been confirmed by sample results. 

Uncertainties in TI Evaluations for TI zones in the bedrock aquifers underlying portions of the 
Smelter Hill, South Opportunity, and Stucky Ridge Subareas were also presented by EPA in 
ARWW&S OU FS Deliverable No. 3A (EPA 1996a). These uncertainties include the following: 

Smelter Hill TI Zone 

• The vertical depth of ground water contamination in the TI zone is based on limited 
information. Additional data should be acquired through installation of paired monitor 
wells and/or piezometers in strategic locations to better define the bottom of the TI zone 
in the Smelter Hill Subarea. In addition, all domestic.wells currently in use in the area 
should be inventoried, and sampled where possible; 

• Selection of an arsenic level in soil which coincides with ground water contamination in 
the shallow bedrock aquifer in the area is based on a limited number of data points. The 
level of arsenic in soil presented in this evaluation is a site-specific value, and should not 
be used as a standard for identifying potential areas of ground water contamination as a 
result of elevated levels of arsenic in soil at other sites. As new data are collected at the 
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site, this information will be added to the comparison to re-evaluate the relationship of 
arsenic levels in soil with arsenic levels in ground water of the Smelter HilI Subarea; 

• The identification of widespread ground water contamination in the bedrock aquifer is 
based exclusively on sample results collected from ground water seep and springs. 
Although a reasonable conceptual model is presented explaining the relationship of seep 
and springs with local and regional ground water flow in the bedrock aquifer, 
confirmation of ground water contamination within the TI zone by installation and 
subsequent sampling of monitor wells and/or piezometers should be completed; 

• The lateral boundary of the TI zone is based on limited data control. Additional sample 
stations should be added to the data set to better define the lateral extent of ground water 
contamination in the shallow bedrock aquifer in this area. 

Stucky Ridge TI Zone 

• The vertical extent of ground water contamination in the TI zone is not defined from data 
collected in the Stucky Ridge area but is extrapolated from analysis of data collected in 
the Smelter Hill TI Zone exhibiting a similar range of arsenic levels in soil. Therefore, 
data should be acquired through the installation of paired monitor wells and/or 
piezometers in strategic locations to better define the bottom of the TI zone in the 
bedrock aquifer in the Stucky Ridge area; 

• The definition of the west boundary of the TI zone, which coincides with the contact of 
Colorado Shale and Lowland Creek volcanic is based on analytical results of a single 
sample collected from one seep/spring location (SS-T-3). Additional ground water 
quality data should be collected in the vicinity of this boundary to better define the west 
boundary of the TI zone for the bedrock aquifer underlying Stucky Ridge; . 

• The identification of widespread ground water contamination in the bedrock aquifer is 
based almost exclusively on results of ground water samples collected from ground water 
seeps and springs. Although a reasonable conceptual model is presented for the 
explanation of ground water discharge at seeps and springs locations with local and 
regional ground water flow in the bedrock aquifer, confirmation of ground water 
contamination within the Stucky Ridge TI Zone by installation and subsequent sampling 
of monitor wells and/or piezometers should be completed in the future. 

3.0 SUMMARY OF FIELD ACTIVITIES IN 1997 AT THE ARWW&S OU 

A field investigation of the bedrock aquifer in TI zones at the AR WW &S OU was conducted by 
ARCO in 1997 to address some of the uncertainties identified by EPA in AR WW &S OU FS 
Deliverable No. 3A (EPA 1996a). A work plan for the investigation was completed by ARCO 
in April 1997 and was submitted to EPA for its review (ARCO 1997c ). The work plan for the 
1997 field investigation in TI zones at the AR WW &S OU was approved by EPA on May 1, 1997 
(EPA 1997c). 
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The work plan for the 1997 field investigation included the following data collection activities in 
TI zones at the ARWW&S OU: 

• Installation of two monitor well pairs (4 wells total) in the bedrock aquifer of the Smelter 
Hill TI Zone. A shallow well installed at the top of the bedrock aquifer and a deep 
monitor well installed at a depth of approximately 40 to 50 feet below the top of the 
aquifer were recommended at each location. Analytical results of ground water samples 
collected from the shallow monitor well would be used to confirm elevated levels of 
arsenic in the shallow portion of the aquifer in the TI zone. Analytical results of samples 
collected from the shallow and deep wells would provide information necessary for 
estimating the vertical extent of contamination in the aquifer; 

• Installation of a single monitor well at a shallow depth in the bedrock aquifer of the 
Smelter Hill TI Zone located near the valley sidewall adjacent to the EA Y. Analytical 
results of a ground water sample collected from the proposed well would confirm 
elevated levels of arsenic in the aquifer of the Smelter Hill TI Zone, and would be used. to 
confirm the flux of arsenic entering the alluvial aquifer underlying the EA Y from the 
shallow bedrock aquifer; 

• Installation of a monitor well pair in the bedrock aquifer underlying Stucky Ridge. A 
shallow well installed at the top of the bedrock aquifer and a deep monitor well installed 
at a depth of approximately 40 to 50 feet below the top of the aquifer would be 
constructed at a site located near the crest of Stucky Ridge. Analytical results of ground 
water samples collected from each monitor well would be used to confirm the presence of 
ground water contamination in the aquifer, and would provide information necessary for 
estimating the vertical extent of contamination in the aquifer; 

• An inventory of ground water springs would be generated in the areas surrounding TI 
zones in the Smelter Hill, South Opportunity, and Old Works/Stucky Ridge Subareas. 
Ground water samples would be collected from approximately 35 springs to better define 
the extent of elevated arsenic levels (> 18 µg/L) in the bedrock aquifer in the Smelter Hill 
and Stucky Ridge TI Zone areas; 

• In addition, soil samples will be collected near each ground water spring sample location. 
Soil samples would be collected from a depth of approximately 0 to 2 inches and would 
be analyzed for total arsenic by x-ray fluorescence (XRF). The results would be used to 
determine if a correlation is identified between high arsenic in soils and elevated arsenic 
in ground water of the shallow bedrock aquifer in TI zones at the AR WW &S OU; 

• A total of 8 domestic wells were identified by EPA in the Aspen Hills area of the Smelter 
Hill TI Zone. A letter from EPA requesting permission to sample domestic wells in the 
Aspen Hill area was sent to the property owners in early May 1997. Ground water 
samples would be collected from those wells in which permission from the landowner 
was received by EPA; 
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• A newly constructed well was also identified by EPA in the Lost Creek area of the Stucky 
Ridge TI Zone. A letter requesting permission to sample this well was also sent to the 
owner of this property in May 1997. A ground water sample would be collected if 
permission was received by EPA; 

• A total of three shallow piezometers were installed in the bedrock aquifers in the Smelter 
Hill and Stucky Ridge areas·in 1993 by ARCO. The piezometers were sampled on only 
one occasion during an investigation of ground water quality at the AR WW OU. In the 
event that th.e piezometers are still in service, a ground water sample would be collected 
for analysis. 

Ground water samples collected during the investigation would be analyzed for concentrations of 
dissolved arsenic, antimony, iron, total dissolved solids, and major ions. Field parameters would 
include temperature, pH, Eh, dissolved oxygen, and electrical conductance. Water level 
measurements would be required at the time of sample collection from monitor wells and 
piezometers. The location of all springs, domestic wells, and monitor wells would be determined 
using a portable global positioning system unit, or by identifying the position of each station on a 
1 :24,000 topographic map. 

4.0 SUMMARY OF RESULTS OF FIELD INVESTIGATIONS IN 1997 

A field investigation of the bedrock aquifer in TI zones at the ARWW&S OU was initiated by 
ARCO on May 5, 1997 and was completed on July 15, 1997. Results of the investigation are 
provided by ARCO in the 1997 Field Activities Data Summary Report Anaconda Regional 
Water, Waste, and Soils Operable Unit Technical Impracticability Zone Boundaries (ARCO 
1997a). Locations of springs and wells in the TI zones are presented on Plate 1, along with a 
geologic map (MBMG 1998). A summary of the field activities completed during the 
investigation is presented below. 

4.1 INSTALLATION AND SAMPLING OF MONITOR WELLS 

All ground water monitor wells were drilled with an air-rotary rig using a 7 7/ 8-inch tricone bit. 
The drilling contractor was O'Keefe Drilling Corporation of Butte, Montana. Ground water 
monitor wells were installed with 4 inch l.D. PVC pipe and well screen in accordance with Clark 
Fork Superfund Site Investigations Standard Operating Procedures. A total of five monitor wells 
were installed in the bedrock aquifer during the 1997 Field Investigation of TI zones at the 
ARWW&S OU. One of the proposed monitor wells (MW-246) was completed as a dry hole at a 
depth of 200 feet below ground surface (bgs). 

MW-246 was the first well drilled in the investigation at a location in the Smelter Hill TI Zone in 
the W/2 NE/4 Section 14, T4N, Rl 1W(Plate1). According to the well log, MW-246 penetrated 
unsaturated Lowland Creek volcanic rock from a depth of 5 feet bgs to a total depth of 200 feet 
bgs. Since ground water was not encountered in the bedrock aquifer to its maximum well depth, 
MW-246 was plugged with grout and abandoned (Attachment A). 
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Permission to access EPA's proposed location for monitor well pair MW-245 S&D (NE/4 
Section 23, T4N, Rl 1 W) was not received on a timely basis. As a result, the location for MW-
245 S&D was moved by EPA to a location on ARCO property in the SE/4 Section 14, T4N, 
RI 1 W. MW-245S was drilled to a total depth of 125 feet bgs, and a water bearing zone in the 
volcanic bedrock aquifer was penetrated at a depth of approximately 113 bgs. MW-245S is 
constructed with a 20-foot well screen in the bedrock aquifer at a depth of I 04 to 124 feet bgs. 
Following well development, a ground water sample was collected from the bedrock aquifer in 
MW-24SS on June 9, 1997. Analytical results indicate the concentration of dissolved arsenic in 
the bedrock aquifer at MW-245S is 1,170 µg/L (Table 2). Depth to ground water in MW-245S at 
the time of sample collection was approximately 98. 7 feet below ground surface. A copy of the 
well log for MW-245S is presented in Attachment A. 

At the request of EPA, a second ground water sample was collected from the bedrock aquifer at 
MW-245S. Analytical results of a ground water sample collected from MW-245S on August 8, 
1997 confirm the occurrence of elevated concentrations of dissolved arsenic ( 1, 130 µg/L) in the 
bedrock aquifer at the MW-245S location. 

A deep monitor well was also constructed in the fractured volcanic bedrock aquifer at the MW-
245 well pair location. According to the well log, MW-245D was drilled to a total depth of 165 
feet bgs and is constructed with a 10-foot well screen at a depth of 154 to 164 feet bgs. 
However, following well development MW-2450 was determined to be a dry hole. A small 
volume of water (2.2 gallons) was measured io MW-2450 during sampling activities on June 9, 
1997. After purging approximately 1.8 gallons of water from the well, the well was dry. A 
check for water in the well on June I 0, 1997 confirmed that MW-2450 is a dry hole. A copy of 
the well log for MW-245 Dis provided in Attachment A. 

A relatively shallow monitor well was constructed in the bedrock aquifer at MW-247 at a depth 
of approximately 85 feet bgs. According to the well log, MW-247 was drilled through sand, 
clay, and gravel to a depth of26 feet bgs before penetrating volcanic rock of the Lowland Creek 
Formation. A water bearing zone in volcanic rock was penetrated at a depth of 65 feet bgs. 
MW-247 is constructed in the fractured volcanic bedrock aquifer with a 20-foot well screen at a 
depth of 65 to 85 feet bgs. Following well development, a ground water sample was collected 
from MW-247 on June 9, 1997. The concentration of dissolved arsenic in a ground water sample 
collected from the bedrock aquifer at MW-247 is less than 1.1 µg!L (Table 2). Depth to ground 
water in MW-247 was approximately 36.5 feet bgs at the time of sampling. A copy of the well 
log for MW-247 is presented in Attachment A. 

Both shallow and deep ground water monitor wells were constructed in the bedrock aquifer on 
Stucky Ridge at the MW-248 S&D location. MW-248S was drilled to a total depth of 58 feet 
bgs in Quaternary or Tertiary sediments and weathered volcanic tuff. According to the well log, 
a water bearing zone was penetrated by MW-248S at a depth of 37 feet bgs in a sandy-clay layer 
which overlies a zone of weathered Lowland Creek volcanic rock. MW-248S is constructed with 
a 20-foot well screen in the Quaternary/Tertiary aquifer at a depth of 34 to 54 feet bgs. 
Following well development, a ground water sample was collected from MW-248S on June 9, 
1997. The concentration of dissolved arsenic in a ground water sample collected from the 
Quaternary/Tertiary aquifer at MW-248S is less than 1.1 µg!L (Table 2). Depth to ground water 
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in MW-248S at the time of sample collection was approximately 18.3 feet bgs. A copy of the 
well log for MW-248S is presented in Attachment A. 

MW-248D was drilled in Quaternary or Tertiary sediments and Lowland Creek volcanic rock to 
a depth of 113 feet bgs. According to the well log, a water bearing zone was penetrated in the 
volcanic bedrock at a depth of approximately 100 feet bgs. M·W-248D is constructed with a 20-
foot well screen from 90 to 110 feet bgs. Following well development, a ground water sample 
was collected from MW-248D on June 9, 1997. Analytical results indicate the concentration of 
dissolved arsenic in the bedrock aquifer is 28.9 µg!L (Table 2). The depth to ground water in 
MW-248D at the time of sample collection was approximately 43.5 feet bgs. A copy of the well 
log for MW-248D is presented in Attachment A. 

A replacement location for monitor wells MW-246 S&D was identified by EPA in the Cabbage 
Gulch area in the NW/4 Section 25, T4N, Rl l W. The proposed drill site is located on property 
owned by the State of Montana. The property is currently included in the Mount Haggin Wildlife 
Management Area which is regulated by the Montana Department of Fish, Wildlife, and Parks 
(FWP). While field activities were in progress in 1997, EPA submitted a verbal request to FWP 
for permission to install a monitor well pair in the bedrock aquifer in the Cabbage Gulch area of 
the Mount Haggin Wildlife Management Area. EPA's request was denied by FWP pending 
completion of an environmental assessment (EA) of the proposed action by EPA. However, 
EPA decided its schedule for completion of field activities in TI zones at the site would not allow 
EPA adequate time for completion of an EA, therefore, EPA did not follow-up its request to the 
State for construction of a monitor well pair in the bedrock aquifer of the Cabbage Gulch area 
with an EA of the potentially impacted area. 

4.2 SAMPLING PIEZOMETERS 

The two piezometers installed in the bedrock aquifer in the Smelter Hill TI Zone (WGP-2 and 
NGP-1) are usable for collection of a ground water sample from the shallow bedrock aquifer. As 
a result, ground water samples were collected from WGP-2 and NGP-1 on May 15, 1997. 
However, the piezometer installed in the bedrock aquifer at the base of Stucky Ridge (SRP-1) 
was apparently destroyed as a result of construction activities related to the Old Works Golf 
Course. 

Analytical results from a ground water sample collected from the bedrock aquifer at WGP- 2 
indicate the concentration of dissolved arsenic in the bedrock aquifer is 3 .2 µg!L (Table 2). 
Based on a water-level measurements collected during field activities in 1997 and assuming 
stick-up length of 2-feet, the total depth of the WGP-2 piezometer is approximately 25.7 feet bgs 
and the depth to ground water in WGP-2 at the time of sample collection was approximately 8.8 
feet bgs. According to previous information reported by ARCO, the piezometer at station WGP-
2 was constructed with a 5-foot screen of 1 inch I.D. PVC at a depth of approximately 21 to 26 
feet bgs (ARCO 1994). 

Analytical results of a ground water sample collected from the bedrock aquifer at NGP-1 indicate 
the concentration of dissolved arsenic in the bedrock aquifer is 176 µg!L (Table 2). Based on a 
water-level measurement collected by ARCO during field activities in 1997 and assuming a 
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stick-up length of2-feet, the total depth ofNGP-1 is approximately 14.5 feet bgs and the depth to 
ground water in NGP-1 at the time of sample collection was approximately 4.5 feet bgs. 
According to previous information reported by ARCO, the piezometer at station NGP-1 was 
constructed with a 5-foot screen of 1 inch 1.D. PVC at a depth of approximately 10 to 15 feet bgs 
(ARCO 1994). 

4.3 SAMPLING GROUND WATER SPRINGS AND SOIL 

Ground water samples were collected by ARCO from a total of 40 springs during the period of 
May 15, 1997 through July 10, 1997. Nine of the sites are located in or near the boundary of the 
Stucky Ridge TI Zone area with the remainder being located in or adjacent to the Smelter Hill Tl 
Zone (Plate 1 ). The ground water samples collected during this investigation were analyzed for 
concentrations of dissolved arsenic, antimony, iron, and major ions. Analytical results indicate 
that concentrations of dissolved arsenic in spring samples collected in the Stucky Ridge area 
range from <1.0 to 95.4 µg!L while concentrations of dissolved arsenic in spring samples 
collected in the Smelter Hill area range from less than I. I to 1,990 µg!L. Analytical results for all 
spring samples collected in 1997 are summarized in Table 2. 

Composite soil samples were also collected in the vicinity of each spring sample station during 
the 1997 field investigation. At each station, a total of 4 to 5 sub-samples which were collected 
from the shallow soil profile (0- to 2-inch depth) in an area located a short distance upgradient of 
each spring sample site. The subsamples were mixed thoroughly before a sample was prepared 
for analytical use. According to ARCO, the area sampled is representative of the recharge area 
for each spring. All soil samples collected during the investigation were analyzed for 
concentrations of total arsenic using XRF methods. Analytical results for concentrations of total 
arsenic in soil are summarized in Table 2. 

At EPA' s request, ground water samples were also collected in May 1997 from 5 springs located 
in or near the Smelter Hill TI Zone by the USGS (USGS 1997). Two of the springs are located 
in Geyser Gulch in the Disturbed Area of Smelter Hill and 3 springs are located in the Nazer 
Gulch watershed in the Smelter Hill TI Zone. Analytical results of ground water samples 
collected from Geyser Gulch indicate concentrations of dissolved arsenic in the springs are 
greater than 700 µg/L. Analytical results indicate concentrations of dissolved arsenic in the 
springs in Nazer Gulch range from 146 to 324 µg/L (Attachment B). 

4.4 SAMPLING DOMESTIC WELLS 

During preparation of the 1997 field investigation, EPA identified a total of 8 domestic wells in 
the Aspen Hills area, and one newly constructed well in the Lost Creek area from a review of 
well permits and logs at the State of Montana Department of Natural Resources and 
Conservation field office in Helena, Montana (Attachment C). Prior to the investigation, EPA 
sent access agreement letters to each property owner for permission to access and sample their 
respective well. As a result of this effort, EPA received permission to sample 4 domestic wells 
in or near the Smelter Hill TI Zone in the Aspen Hills area, and 1 domestic well near the Stucky 
Ridge TI Zone in the Lost Creek area. Therefore, a total of 5 domestic wells were sampled in 
this portion of the AR WW &S OU during completion of the 1997 Field Investigation. 
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Analytical results for ground water samples collected from 5 domestic wells completed in the 
bedrock aquifer are presented in Table 2. Dissolved arsenic concentrations in each of the 5 wells 
sampled are below the Montana Ground Water Quality Standard (18µg/L). Arsenic was detected 
in well LCFD at a concentration of 4.5 µg!L, and was below instrument detection limits in the 
other 4 wells. 

5.0 ANALYSIS OF TI EVALUATIONS 

Information collected in 1997 in TI zones at the AR WW &S OU are intended by EPA to address 
some of the data gaps and uncertainties identified during completion of TI evaluations for the 
bedrock aquifer at the ARWW&S OU (EPA 1996a). Based on results of the 1997 Field 
Investigation, revisions to TI evaluations for the bedrock aquifers in the Smelter Hill and Stucky 
Ridge areas, and uncertainties identified in the analysis are presented below . 

5.1 SMELTER HILL 

5.1.1 INTRODUCTION 

The aerial extent of the TI zone for the bedrock aquifer in the Smelter Hill area is defined by the 
area in which concentrations of arsenic exceed the Montana Ground Water Quality Standard for 
arsenic of 18 µg!L. Uncertainties in the TI evaluation for the bedrock aquifer in the Smelter Hill 
area identified by EPA in FS Deliverable No. 3A (EPA 1996a) were primarily concerned with 
the limited control for defining the geometry of the TI zone, and absence of information to 
support the conceptual model for fate and transport of arsenic in soils to ground water. 
Information collected in 1997 in the Smelter Hill area have been used by EPA to address some of 
these uncertainties; however, uncertainties remain regarding the nature and extent, and transport 
of arsenic from areas of contaminated soils, and in some instances buried wastes, to ground water 
of the bedrock aquifer in this portion of the ARWW&S OU. 

5.1.2 LATERAL EXTENT OF GROUND WATER CONTAMINATION IN THE 
BEDROCK AQUIFER 

Analytical results from ground water samples collected from 31 previously unsampled springs 
have been added to the data set for characterizing ground water quality in the shallow bedrock 
aquifer in the Smelter Hill TI Zone. In addition, two relatively shallow monitor wells were 
installed in the bedrock aquifer of the Smelter Hill TI Zone and sampled in 1997. The data 
obtained from these wells, along with sample results from 2 piezometers and 5 domestic wells, 
have been incorporated into EPA' s characterization of the nature and extent of ground water 
contamination in the Smelter Hill TI Zone (Table 2). Arsenic concentrations in the Smelter Hill 
TI Zone area presented on Plate 2. 

These data incorporated with results from previous ground water investigations at the site in 
1992, 1993, 1995, and 1996 show that contamination of arsenic in the shallow bedrock aquifer at 
levels exceeding the Montana Ground Water Quality Standard for arsenic (18 µg!L) is more 
widespread than initially postulated by EPA in FS Deliverable No. 3A (EPA l 996a). As a result, 
the extent of the Smelter Hill TI Zone has greatly expanded to include all spring/seep sample 
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locations exceeding 18 µg/L arsenic (Plate 2). Since the TI Zones are identified for the bedrock 
aquifer and the Mill Creek valley contains a significant alluvial aquifer, the Smelter Hill TI Zone 
is divided into two areas separated by the Mill Creek valley. These areas are now identified as: 
1) the Smelter Hill TI Zone which encompasses 5,872 acres in the area located north of Mill 
Creek in T4N, RI 1 W; and 2) the Mount Haggin TI Zone encompassing 17,958 acres in the area 
located south of Mill Creek in the Cabbage Gulch and upper Willow Creek areas. 

Concentrations of dissolved arsenic in shallow ground water in the Smelter Hill TI Zone range 
from 2.7 to 1,990 µg!L (Plate 2).· An area of the bedrock aquifer with elevated levels of 
dissolved arsenic exceeding 1,000 µg/L in springs and wells is identified extending in a 
southwest direction from the boundary of the Smelter Hill Disturbed Area into a portion of the 
Aspen Hills area (Plate 2). The basis for this delineation of highly elevated arsenic in ground 
water of the shallow bedrock aquifer is analytical results of ground water samples collected from 
the bedrock aquifer in the Smelter Hill Disturbed Area at monitor wells Al-BR2, A2-BR, B4-
BR, and C2-AL during the period of 1991through1993; analytical results of ground water 
samples collected from springs SH-3, SH-4, SS-T-33, SS-T-34, SS-T-07, SP97-09, SP97-11, and 
SP-97-12 during investigations in 1992, 1995, and 1997; and analytical results of two ground 
water samples collected from monitor well MW-245S in 1997. Older data from monitoring 
wells completed in bedrock in the flue and iron ponds area (MW53, MW54, MW96, MW97, and 
MW98) showed a range of dissolved arsenic from 330 to 6,300 mg/L. 

Based on analytical results of ground water samples collected between 1995 and 19.97, 
concentrations of dissolved arsenic in the shallow bedrock aquifer of the Mount Haggin TI Zone 
range from 17.4 to 414 µg!L (Plate 2). The extent of arsenic contamination in the Mount Haggin 
TI Zone appears to be consistent with the extent of sampling. This suggests that the extent of 
arsenic contamination may be widespread in this area or arsenic may be present as background in 
concentrations near or above the ARAR. 

Based on the analytical results for all ground water samples collected from springs in the Smelter 
Hill and Mount Haggin TI Zones, concentrations of dissolved arsenic are observed to decrease 
with an increase in elevation (Figure 3). Springs lower in elevation than the top of the stack 
(approximately 6,360 feet) show a wide range of concentrations. Arsenic concentrations in these 
springs decrease as distance from the smelter stack increases (Figure 4). These observations lend 
support to the conclusion that a principal source of arsenic in ground water of the shallow 
bedrock aquifer in TI zones at the ARWW&S OU below an elevation of 6,360 feet is deposition 
of metals from smelter emissions on regional soils, and are not a result of background 
concentrations of arsenic in ground water from naturally occurring sources. Springs higher in 
elevation show a range of arsenic concentrations less than 50 µg!L (Figure 3) and do not decrease 
with distance from the stack (Figure 5). This could be due to wide data scatter and few data 
points, increased dispersion at greater distance from the stack, or background concentrations of 
arsenic within the range of analytical results. 

Major ion chemistry of selected ground water samples from the bedrock aquifer in the Smelter 
Hill TI Zone is presented on Table 3. Ground water is a mixed type (containing no cation or 
anion in excess of 60%; Davis and De Wiest, 1966) and ranges from a bicarbonate type water in 
most of the west and south portions of the Smelter Hill TI Zone to a calcium/sodium-sulfate or 
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mixed sulfate to mixed-mixed type water in most of the east and northeast portion of the Smelter 
Hill TI zone. 

In the northeast comer of the Mount Haggin TI Zone, most of the springs area mixed-sulfate 
type, while the remaining areas show sodium to mixed-carbonate to mixed type waters. A 
summary of the major ion chemistry in ground water samples ·collected in 1997 from the bedrock 
aquifer in the Smelter Hill and Mount Haggin TI Zones is presented in Table 3. 

Major ion data from the 1997 field investigation (Table 3) and data from other monitoring wells 
and springs on Smelter Hill were categorized by local geologic unit (Plate 2) and averaged 
(Figure 6). Two springs (SHSN-1 and SHSS-1) emanating from sinter deposits are attributed to 
a geothermal source (PTI 1996). Generally, the geothermal springs are strongly calcium-sulfate 
type, the domestic wells (geologic unit not known) and Missoula Group springs are mixed
carbonate, and the granitic springs and wells are calcium-mixed. Average composition of the 
other units are mixed-mixed. Water types in the Lowland Creek Volcanics vary widely. This 
may be due to the broad distribution of the uni~: near and far from the smelter stack; higher and 
lower elevations; and a range of slopes and aspects. 

There is little correlation between major ion chemistry and arsenic concentrations in springs. For 
example, Figure 7 shows a comparison of sulfate to arsenic in springs. No trend is observed in 
this chart. The lack of correlation may be due to a number of factors including a short residence 
time of ground water, geographic differences including slope, aspect and elevation, and the 
possibility that some of the springs may be sourced only by colluvium while others may include a 
deeper bedrock source. Figure 8 shows that a correlation does exist between sulfate and arsenic 
in bedrock wells. This relations is expected since flue dust contains high concentrations of 
teachable sulfate and arsenic (SRK 1982). 

Concentrations of total dissolved solids (TDS) and sulfate also exhibit their highest levels in 
ground water of the Smelter Hill TI Zone in the area located closest to the Smelter Hill Disturbed 
Area (Plates 3 and 4 ). Based on analytical results of ground water investigations in 1992 through 
1997, levels of TDS and sulfate decrease in the bedrock aquifer in the Smelter Hill and Mount 
Haggin TI Zones with increasing distance from the Smelter Hill Disturbed Area. These results 
and observations may indicate that impacts to the shallow bedrock aquifer in the Smelter Hill TI 
Zone are greatest near its common boundary with the Smelter Hill Disturbed Area. The Smelter 
Hill Disturbed Area has been identified as a proposed WMA by EPA (EPA l 997b ). According 
to recent estimates, the Smelter Hill Disturbed Area contains approximately 900,000 cubic yards 
of smelter wastes, most of which are located in areas overlying the bedrock aquifer (EPA l 996b ). 
Concentrations of TDS and sulfate in ground water of the bedrock aquifer underlying the Smelter 
Hill Disturbed Area are elevated and generally exceed 500 mg/L (ARCO l 997b). Ground water 
in the bedrock aquifer in the Smelter Hill Disturbed Area ranges from a calcium-sulfate to 
calcium-bicarbonate type water (ARCO 1997b). Elevated concentrations ofTDS and sulfate in 
the bedrock aquifer in this portion of the ARWW&S OU are attributed to ground water 
contamination from smelter wastes and contaminated soil, and in some instances (SHSN-1, 
SHSS-1, SH-3, and SH-5), evidence of mixing from thermal springs. 
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S.1.3 VERTICAL EXTENT OF GROUND WATER CONTAMINATION IN THE 
BEDROCK AQUIFER 

Two monitor well pairs (MW-245S&D and MW-246S&D) were proposed by EPA in the 
Smelter Hill TI Zone area to provide information regarding the depth of ground water 
contamination in the bedrock aquifer in this portion of the site (ARCO 1997b). However, one of 
the wells (MW-246) was completed as a dry hole at a depth of 200 bgs. A replacement location 
for MW-246 well pair in the Smelter Hill TI Zone has not been determined by EPA. A 
replacement location for the monitor well pair in the Cabbage Gulch area is being considered by 
EPA. 

Completion in 1997 of a deep monitor well at MW-245S&D also ended with unsuccessful 
results. Therefore, collection of a ground water sample from a deeply-constructed monitor well 
in the bedrock aquifer of the Smelter Hill TI Zone at a location where concentrations of dissolved 
arsenic are known to be significantly elevated in the shallow portion of the aquifer was not 
accomplished during the 1997 Field Investigation .. 

Little new data for characterizing the depth of ground water contamination in the bedrock aquifer 
in the Smelter Hill and Mount Haggin TI Zones were obtained in the 1997 Field Investigation 
from newly constructed monitor wells. The depth estimates presented by EPA in FS Deliverable 
No. 3A (EPA l 996a) included 20 feet and 115 feet below the top of the aquifer (EPA l 996a) that 
are equal to 20 and 250 feet below ground surface. 

The low-end value presented in this range is based on a postulated concentration gradient of 
dissolved arsenic observed in the shallow bedrock aquifer at sample stations SH-3 (spring 
location) and WGP-2 (piezometer). The concentrations of dissolved arsenic in a ground water 
sample collected at SH-3 in 1993 was 39.3 µg/L, while the concentrations of dissolved arsenic in 
ground water samples collected at WGP-2 in 1993 and 1997 have ranged from 3.2 to 4.3 µg!L. 
According to station coordinates reported for SH-3 and WGP-2 by ARCO (Attachment D), the 
two stations are located approximately 90 feet apart (Attachment E). The piezometer at WGP-2 
was completed in the bedrock aquifer at a depth of approximately 25 feet bgs (ARCO 1994). 
Assuming ground water in the bedrock aquifer represented by stations SH-3 and WGP-2 is in 
hydraulic communication, the analytical results of ground water samples collected from these 
two stations would suggest that relatively low-level contamination of dissolved arsenic in the 
shallow bedrock aquifer is limited to the upper 10 to 20 feet of the aquifer (Attachment E). 
However, major ion chemistry (Table 3) suggests that these stations have dissimilar water type 
and may not be hydraulically connected. 

The high-end value for the depth range of arsenic contamination in the bedrock aquifer in the 
Smelter Hill TI Zone is estimated from a concentration gradient of dissolved arsenic observed 
from analytical results of ground water samples collected at monitor well pair Al-BR2 and Al
BR3 located adjacent to the boundary of the Smelter Hill TI Zone. The Al-BR well pair is 
located at the base of the smelter stack for the former Washoe Smelter in the Smelter Hill 
Disturbed Area. The Smelter Hill Disturbed Area has been identified by EPA as a proposed 
waste management unit (EPA l 997a). Approximately 900,000 cubic yards of smelter wastes will 
be contained in the Smelter Hill Disturbed Area. According to station coordinates, the monitor 
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wells at the Al-BR location are separated by a distance of approximately 11 feet (Attachment F). 
Monitor well Al-BR2 is completed at a relatively shallow depth in the volcanic tuffbedrock 
aquifer at a depth of 160 to 180 feet bgs. Depth to ground water in Al-BR2 has ranged from 120 
to 140 feet bgs. 

Based on quarterly ground water monitoring results at Al-BR2 in 1992 and 1993, concentrations 
of dissolved arsenic in the bedrock aquifer at Al-BR2 have ranged from 4,450 to 8,470 µg!L. In 
contrast, monitor well Al-BRJ is completed in the bedrock aquifer at a depth of227 to 247 feet 
bgs. Depth to ground water in Al-BRJ has ranged from 195 to 205 feet bgs. The difference in 
the depth to ground water in the bedrock aquifer at the two monitoring wells is attributed to a 
downward vertical gradient. The vertical gradient (downward) in the bedrock aquifer at the A 1-
BR location is approximately 0.9 to 1.2 ft/ft (ARCO l 997b). This implies that this portion of the 
Smelter Hill area behaves as a recharge area for the underlying regional bedrock aquifer. Based 
on quarterly ground water monitoring results at Al-BRJ in 1992 and 1993, concentrations of 
dissolved arsenic range from less than 15.6 to 33.4 µg!L (Attachment F). Since the average 
concentration of dissolved arsenic in the bedrock aquifer at Al-BRJ (20.3 µg!L) is very close to 
the Montana Ground Water Quality Standard for arsenic (18 µg!L), the portion of the bedrock 
aquifer exposed in the well screen in Al-BRJ may represent the maximum vertical depth of 
ground water contamination in the Smelter Hill TI Zone since the Al-BR well pair is located in 
the most highly contaminated portion of the ARWW&S OU in a potential recharge area to the 
bedrock aquifer. Furthermore, since concentrations of dissolved arsenic in the shallow bedrock 
aquifer at the Al-BR well pair location are among the highest levels observed at the ARWW&S 
OU, this analysis for estimating the maximum depth of contamination in the bedrock aquifer is 
considered a worst-case scenario. Assuming the water bearing zones in the bedrock aquifer at 
the Al-BR location are hydraulically connected and based on ground water monitoring results 
collected in July 1993 when concentrations of dissolved arsenic in Al-BR3 were at their highest 
levels (32.4 µg!L), monitoring results at the A2-BR well pair location suggest that elevated levels 
of dissolved arsenic above the Montana Ground Water Quality Standard for arsenic extend to a 
maximum depth in the bedrock aquifer of approximately 115 feet bgs (Attachment F). Assuming 
that the top of the bedrock aquifer at this location is equal to the static water level in Al-BR2, the 
bottom of the elevated arsenic is 115 feet below the top of the aquifer and 250 feet below ground 
surface. 

The high-end value is also substantiated based on ground water monitoring results in the bedrock 
aquifer in and near the Disturbed Area of Smelter Hill. A plot of arsenic concentrations in 
ground water versus depth to water-bearing zone is presented for the bedrock aquifer on Figure 9. 
A fit of regression lines through the data plotted on Figure 9 suggests that and arsenic 
concentration of 18 µg!L in ground water may occur at a depth of around 200 to 225 feet below 
ground surface. A worst case line drawn between the bottom of the water-bearing zones on wells 
Al-BR2 and Al-BRJ suggests contamination could be as deep as 260 feet. Overall, the trend 
lines shown on Figure 9 suggest a maximum depth of contamination of approximately 250 feet. 
Given the sporadic occurrence of water-bearing zones within the bedrock aquifer, it would be 
difficult to obtain ground water data from this exact depth, however, the trend suggest that wells 
completed deeper than 250 feet may contain arsenic concentrations less than 18 µg/L. 
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Although a deep monitoring well was not successfully constructed in the bedrock aquifer of the 
Smelter Hill TI Zone during the 1997 Field Investigation, analytical results of samples collected 
from 4 domestic wells located in the Aspen Hills area of the Smelter Hill TI Zone provide 
additional information which may verify the range of the vertical depth of ground water 
contamination in the bedrock aquifer of the Smelter Hill TI Zone discussed above. The domestic 
wells sampled in 1997 range in depth from 60 feet to 360 feet·bgs. Concentrations of dissolved 
arsenic in ground water samples collected from the bedrock aquifer in domestic wells in the 
Smelter Hill TI Zone range from less than 1.1 µg!L to 2.1 µg!L (Table 2). The Prete well, which 
was constructed at a total depth of 150 feet bgs exhibits the highest level of dissolved arsenic in 
all domestic wells sampled in this area. According to the well log, the Prete well is perforated in 
rock from 90 to 150 feet bgs, and the static water level of the aquifer is approximately 65 feet bgs 
(Attachment C). 

In addition, analytical results from ground water samples collected at the Kinney, Dishman, and 
Martin domestic wells located in Section 27, T4N, Rl I W provide additional vertical control 
pertaining to undetected levels of dissolved arsenic at depth in the bedrock aquifer in the Smelter 
Hill TI Zone. According to 1997 results, concentrations of dissolved arsenic in the bedrock 
aquifer in these three wells are below detection limits (<l.4 µg/L). The total depth of the Martin 
well is approximately 184 feet bgs (ARCO 1997a). The well log for the Martin domestic well 
indicates the well is perforated from 140 to 180 feet bgs. At the time of sample collection, depth 
to ground water in the Martin well was approximately 20 bgs (ARCO l 997a). The sample 
results from the Martin well would indicate that concentrations of arsenic in the bedrock aquifer 
are below detection limits at a depth of 140 to 160 feet bgs. 

Well information for the Dishman and Kinney wells suggest these wells are completed at a total 
depth of 60 and 360 feet bgs, respectively. The Dishman and Kinney wells are perforated from 
47 to 53 feet bgs and 320 to 360 feet bgs, respectively. A static water level measurement of 
20 bgs was reported on the well log for the Dishman well. The sample results from the Dishman 
well suggest concentrations of dissolved arsenic in the bedrock aquifer in this portion of the 
Smelter Hill TI Zone are below detection limits at a depth of 47 to 53 feet bgs. Although a static 
water level measurement is not available for the Kinney well, sample results indicate 
concentrations of dissolved arsenic in the bedrock aquifer are below detection limits at depth of 
approximately 320 feet bgs at the Kinney residence. Well log reports for the domestic wells 
sampled during the 1997 Field Investigation at the ARWW&S OU are presented in 
Attachment C. 

Data are not available to determine the vertical extent of ground water contamination in the 
Mount Haggin TI Zone. Since a relationship between arsenic levels in the shallow bedrock 
aquifer versus distance from the smelter stack is observed from results of the 1997 Field 
Investigation, and because arsenic levels in soil in the Mount Haggin area are generally less than 
those in the Smelter Hill TI Zone, the vertical extent of ground water contamination in the 
bedrock aquifer in the Mount Haggin TI Zone is postulated to be less than that in the Smelter Hill 
TI Zone (less than 115 feet below the top of the water table and less than 250 feet bgs ). 
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5.1.4 UNCERTAINTIES AND CONCLUSIONS 

Numerous uncertainties are recognized in EPA's characterization of ground water contamination 
in the bedrock aquifer of the Smelter Hill TI Zone. These uncertainties are identified and briefly 
discussed below. Portions of the boundary of the Smelter Hill and Mount Haggin TI Zones are 
not well defined by existing sample control (Plate 2). This is especially true in the southern and 
eastern portions of the Mount Haggin TI Zone where sufficient spring sample control is not 
available to define the boundary for concentrations of dissolved arsenic below 18 µg/L in the 
bedrock aquifer. 

In addition to ground water samples collected from spring sample station locations, near-surface 
composite soil samples were also collected at spring sample locations during the 1997 field 
investigation. The sciil samples were analyzed for concentrations of total arsenic by XRF 
methods. The results have been used to characterize concentrations of arsenic in contaminated 
soils in potential source areas for ground water contamination in the bedrock aquifer at spring 
sample locations. A statistical comparison of estimated concentrations of arsenic in regional 
surface soils at the ARWW&S OU with concentration of dissolved arsenic in ground water of 
spring sample stations was presented by EPA in FS Deliverable No. 3A (EPA 1996a). This 
comparison indicates a fair correlation is observed between arsenic levels in surface soil and 
arsenic levels in ground water of the shallow bedrock aquifer. The correlation was used as 
evidence by EPA that widespread areas of contaminated soils are a source of ground water 
contamination to the bedrock aquifer in TI zones at the ARWW&S OU. However, a comparison 
of the soil and ground water data collected during the 1997 Field Investigation suggest there is a 
very poor correlation between arsenic levels in soil with concentrations of arsenic in ground 
water at spring sample locations in TI zones at the ARWW&S OU (Figure 10). When other 
factors are considered, including elevation (Figure 11) and distance from the stack (Figure 12), 
the correlation does not improve. The poor correlation of arsenic levels in soil and arsenic in 
ground water of the bedrock aquifer may be evidence that the soil sampling techniques (i.e., 
sample depth) used in 1997 were inconsistent with techniques used during previous soil 
investigations at the site; the relationship of the flow path from contaminated soil to ground 
water is more complicated than initially thought; other factors are involved in the loading rate of 
arsenic to ground water in the shallow bedrock aquifer. 

A review of the analytical results of arsenic levels in soil samples collected by the State of 
Montana Natural Resources Damage Program (NRDP) in segments of the Smelter Hill and 
Stucky Ridge TI Zones, indicates concentrations of arsenic in soil decrease by approximately 25 
to 30 percent in the 0- to 6-inch sample depth interval versus those levels measured in samples 
collected at the same station in the 0- to 2-inch sample interval (Table 4). Analytical results of 
soil samples collected by NRDP are reported in the Terrestrial Resources Injury Assessment 
Report Upper Clark Fork River NPL Site (NRDP 1995). The sample technique used to collect 
soil samples in TI zones during the 1997 Field Investigation involved a composite of 4 or 5 
subsamples collected at each station in the 0- to 2-inch interval with a small shovel or spade. 
Since the sample depth was estimated by sight and not measured during sample collection, the 
arsenic levels observed in the results may indicate that the sample interval may have exceeded a 
2-inch depth. 
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The conclusions from a comparison of concentrations of arsenic in surface soil with arsenic 
levels in ground water at seep/spring locations sampled in 1997 may reflect uncertainties 
associated with the sampling method (e.g., sample depth~ frequency and spacing of sub-samples 
used in the composite sample), and/or uncertainties in the identification of the potential loading 
area (source area) for arsenic to ground water at each spring sample location. The analytical 
results for concentrations of total arsenic in soil at spring sample stations are relatively low when 
compared to estimated levels of arsenic in regional surface soil, and the 90 percent confidence 
interval of arsenic in regional surface soils, derived from a geostatistical analysis of regional 
undisturbed soil sample results collected at the ARWW&S OU (Table 5). Observations from 
this comparison indicate analytical results from 34 out of 40 samples are below the respective ~ 

estimate for arsenic in regional surface soils determined by ARCO in a kriging analysis of 
existing soils data at the ARWW&S OU (Table 5) (ARCO 1996). The comparison also indicates 
that almost half (results from 19 spring soil samples) of the sample results are below the lower 
confidence interval estimated by ARCO in the kriging analysis for concentrations of arsenic in 
regional surface soil. In contrast, a comparison of estimated levels of llrsenic in regional surface 
soils determined from the kriging analysis with results of arsenic in the shallow bedrock aquifer 
indicates a fair correlation is observed between estimated arsenic in soil and arsenic in ground 
water (Figure 13). Results of this comparison suggest elevated concentrations of dissolved 
arsenic in ground water of the shallow bedrock aquifer may occur in areas underlying 
concentrations of arsenic in regional surface soils of 200 mg/kg, or greater (Figure 13 ). 

A comparison of the analytical results of soil samples collected in the Stucky Ridge, Smelter 
Hill, and Mount Haggin TI Zones with analytical results of soil samples collected in the 0- to 2-
inch sample interval in the same areas by NRDP in 1992 indicates analytical results of soil 
samples collected in 1997 are low. A summary of the analytical results from NRDP investigation 
is provided on Table 6. A summary of analytical results of soil samples collected in 1997 sorted 
by TI zone is presented on Table 7. A comparison of the range and mean from both data sets 
indicates soil sample results from the 1997 Field Investigation are low compared to results 
collected by NRDP in TI zones at the AR WW &S OU in 1992. The difference in the results from 
the 2 investigations may be explained by differences in sample collection methods, differences in 
analytical technique (XRF versus Contract Laboratory Program methods), and differences in soil 
conditions due to a relatively dry year in 1992 and a wet year in 1997. 

During the 1997 Field Investigation, two monitor wells (MW-245S and MW-247) were installed 
in the bedrock aquifer in the Smelter Hill TI Zone to confirm the occurrence of elevated 
concentrations of arsenic in the Smelter Hill TI Zone. In addition, two piezometers installed by 
ARCO in the bedrock aquifer in Walker Gulch (WGP-2) and Nazer Gulch (NGP-1) in 1993 were 
also sampled during the 1997 investigation. Analytical results from ground water samples 
collected from the wells and piezometers exhibit mixed results. Analytical results of a ground 
water sample collected at MW-245S confirm the occurrence of highly elevated levels of 
dissolved arsenic ( 1, 170 µg/L) in the upper portion of the bedrock aquifer in this portion of the 
Smelter Hill TI Zone. An attempt by ARCO to construct a deep monitor well at MW-245 S&D 
was unsuccessful, therefore, the downward vertical extent of ground water contamination in this 
portion of the bedrock aquifer is not defined. 
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Analytical results of a ground water sample collected from the bedrock aquifer at MW-247 
indicate concentrations of dissolved arsenic in this portion of the aquifer adjacent to the EA Y are 
below detection limits ( <1.0 µg/L). This result is contrary to analytical results from ground water 
samples collected from the bedrock aquifer at monitor well A2-BR, and piezometer NGP-1. 
Monitor well A2-BR is constructed in the shallow volcanic tuffbedrock aquifer immediately 
adjacent to. the valley sidewall near the south boundary of the EA Y (Plate 1 ). A2-BR penetrated 
the top of the Tertiary volcanic tuff at a depth of 52 feet bgs and is constructed with a well screen 
at approximately 60 to 80 feet bgs. Concentrations of dissolved arsenic in ground water samples 
collected at A2-BR range from 843 to 2,410 µg/L. Highly elevated concentration of dissolved 
arsenic in this portion of the bedrock aquifer are attributed to loading of arsenic from buried 
wastes and contaminated soils located in the Disturbed Area on Smelter Hill. However, A2-BR 
is also located downgradient of buried wastes in the EA Y at the former crushing plant (Plate I). 
These wastes may also contribute elevated levels of dissolved arsenic to the shallow bedrock 
aquifer at A2-BR. 

A review of the well log for MW-247 indicates the well was constructed with a well screen from 
65 to 84 feet bgs. MW-247 penetrated the top ofa volcanic tuff at a depth of26 feet bgs. A 
water level measurement from MW-247 during sample collection in June 1997 indicates static 
water level is approximately 36.5 feet bgs. As a result, the bedrock interval sampled in MW-247 
may be 30 to 50 feet below the top of the bedrock aquifer. Elevated levels of dissolved arsenic 
may occur in the shallow portion of the bedrock aquifer located behind casing at the MW-247 
well. However, the analytical results of a ground water sample collected from MW-247 suggest 
concentrations of dissolved arsenic in the bedrock aquifer are low at depth, and decrease 
significantly from the highly elevated levels observed·in the bedrock aquifer in the area located 
near the downgradient boundary of the Smelter Hill Disturbed Area at A2-BR. Although 
concentrations of dissolved arsenic in the bedrock aquifer at MW-247 are low (less than 
l. lµg/L), levels of TDS (1,060 mg/L) and sulfate (352 mg/L) are elevated (Table 2). Elevated 
levels ofTDS and sulfate at depth (approximately 65 to 84 feet bgs) in the bedrock aquifer at 
MW-247 may indicate that impacts to the aquifer are apparent and may be more severe at a 
relatively shallow depth in the bedrock aquifer at MW-247. However, a comparison analytical 
results of ground water sample collected from each monitor well, suggest concentrations of 
dissolved arsenic in the shallow bedrock aquifer may decrease significantly in an east-west 
direction along the sidewall valley of the EA Y. 

Analytical results of a ground water sample collected from the bedrock aquifer at MW-247 may 
imply that the loading rate of dissolved arsenic to the alluvial aquifer from the bedrock aquifer 
along the valley sidewall of the EA Y may be less than previously estimated by EPA in its TI 
evaluation for the alluvial aquifer underlying the EAY area presented in ARWW&S OU FS 
Deliyerable No. 3A (EPA I 996a). The loading estimate for arsenic entering the alluvial aquifer 
in the EA Y area from contaminated ground water in the bedrock aquifer assumed the 
concentration of dissolved arsenic in the bedrock aquifer adjacent to the sidewall valley is 
approximately 930 µg!L (EPA I 996a). This value was strongly influenced by analytical results 
of ground water samples collected at A2-BR and piezometer NPG-1. However, the analytical 
results of a ground water sample collected at MW-247 indicate concentrations of dissolved 
arsenic in the bedrock aquifer along the entire length of the valley sidewall with the EA Y may be 
significantly lower than 930 µg/L. Based on EPA's isoconcentration map for arsenic in the 
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bedrock aquifer of the Smelter Hill TI Zone, arsenic levels along the sidewall valley of the EA Y 
may range from 10 to greater than 1,000 µg!L, and may average approximately 300 µg!L (Plate 
2). In EPA's Sidewall Valley Model presented in Section 3.1.6.4 of ARWW&S OU FS 
Deliverable No. 3A, flux estimates for arsenic to the alluvial aquifer of the EA Y were determined 
from an approximate balance of the flux of arsenic entering the alluvial aquifer as a result of 
recharge to the aquifer from valley through-flow, sidewall valley recharge from the bedrock 
aquifer, and infiltration of precipitation and surface water runoff. Using data from MW-247 and 
assuming no other changes to the assumptions ofEPA's model, the contribution of arsenic from 
sidewall valley recharge to the alluvial aquifer from the bedrock aquifer ranges from 1.6 to 38.8 
percent, the contribution from recharge of the aquifer due to infiltration of precipitation and 
surface water runoff through wastes and contaminated soil ranges from 52.6 to 91.3 percent, and 
the contribution of arsenic from recharge of the aquifer from valley through-flow ranges from 5.4 
to 8.6 percent of the total arsenic exiting the aquifer at the downgradient boundary of the EA Y 
(Table 8). In each case, the concentration of arsenic in pore water underlying buried wastes and 
contaminated soil in the EA Y area is estimated to be 6,500 µg!L. 

The conclusions of EPA' s Sidewall Valley Flux Model for estimating loading rates of arsenic to 
the alluvial aquifer in the EA Y emphasize the significance in the uncertainty in the concentration 
of dissolved arsenic in pore water underlying areas of buried wastes in the EA Y. The analytical 
results of a ground water sample collected from the bedrock aquifer at MW-247 does suggest that 
the contribution of arsenic to the alluvial aquifer as a result of sidewall valley recharge from 
contaminated ground water in the bedrock aquifer is less than previously determined by EPA in 
ARWW&S OU FS Deliverable No. 3A. 

Piezometer NGP-1 is constructed in the bedrock aquifer in the Smelter Hill TI Zone in the Nazer 
Gulch area. Concentrations of dissolved arsenic in ground water samples collected at NGP-1 
have ranged from 167 µg/L in 1993 to 176 µg!L in May 1997 (Table 2). A ground water sample 
collected by the USGS from a spring (SS-T-30) located in Nazer Gulch at a location 
approximately 150 feet upgradient of NGP-1 also exhibited elevated concentrations of dissolved 
arsenic (245 µg/L) (USGS 1997). Analytical results of ground water samples collected by the 
USGS in 1997 from two additional spring locations (SS-T-3 I and SS-T-32) in the upper segment 
of the Nazer Gulch watershed also exhibit elevated concentrations of dissolved arsenic (146 to 
324 µg/L) in ground water of the shallow bedrock aquifer. Based on analytical results of ground 
water samples collected from the bedrock aquifer in the Nazer Gulch area, contaminated soil 
resulting from deposition of smelter emissions is a potential loading source of arsenic to the 
shallow bedrock aquifer in this portion of the ARWW&S OU. However, wastes allegedly 
transported from the Acid Plant formerly located in the EA Y, and deposited in Nazer Gulch at a 
location upgradient of SS-T-30 are a potential source of ground water contamination to the 
shallow bedrock aquifer at NGP-1 and SS-T-30 (Attachment G). 

Since the combined area of the Smelter Hill and Mount Haggin Tl Zones is very large (23,828 
acres) and the primary source of arsenic to ground water is infiltration of precipitation through 
widespread areas of contaminated soil, EPA considers it to be technically impracticable to restore 
ground water quality in the bedrock aquifer in the two areas to levels below the Montana Ground 
Water Quality Standard for arsenic (18 µg/L). Since uncertainties are recognized by EPA in its 
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interpretation of the geometry of the TI zone for the bedrock aquifer in the Smelter Hill and 
Mount Haggin areas, the following tasks are recommended: 

• Residential development is currently in progress in a portion of the Aspen Hills and Clear 
Creek areas in a portion of the Smelter Hill TI Zone. Elevated concentrations of 
dissolved arsenic are identified in the shallow bedrock aquifer in this area. Since the 
depth of ground water contamination in this portion of the bedrock aquifer is not well 
defined, EPA recommends construction of a deep monitor well at the MW-245 location 
or in the Aspen Hills Subdivision to determine the vertical extent of elevated 
concentrations of dissolved arsenic in this portion of the Smelter Hill TI Zone; 

• EPA will complete a thorough inventory of domestic wells in the Smelter Hill TI Zone 
area which will include information pertaining to the depth and construction design of all 
domestic wells in the Smelter Hill TI Zone area. EPA will make an effort to collect a 
ground water sample from all domestic wells in the Smelter Hill TI Zone area to 
characterize ground water quality in the bedrock aquifer in areas where ground water is 
being used as a domestic water supply; 

• EPA will discuss conclusions of its TI evaluation for the bedrock aquifer with State and 
County officials. A detailed process utilizing to regulate and monitor ground water use 
within the boundaries of TI zones at the ARWW&S OU (including the Smelter Hill TI 
Zone) will be formulated by EPA and ARCO. The plan must also be approved by State 
and County officials; 

• Additional sources for domestic water supply and use will also be identified by EPA 
during its inventory of domestic wells in the Smelter Hill TI Zone. This effort may 
require site visits by EPA to determine sources of domestic water supply currently in use 
in TI zones at the ARWW&S OU. Since elevated levels of arsenic in surface water are 
also observed in the area of the Smelter Hill and Mount Haggin TI Zones, methods for 
restricting the use of surface water as a domestic water supply will also be formulated by 
EPA and ARCO, and must be approved by the State of Montana, EPA, and Anaconda
Deer Lodge County (ADLC); 

• Determine property ownership in the Mount Haggin TI Zone and determine if there is 
current use of ground water as a domestic supply of water. Based on land ownership, an 
evaluation of the potential future use of ground water as a domestic water supply will be 
completed and monitored; 

• Determine the boundary of the southern and eastern extent of the Mount Haggin TI Zone, 
principally in the upper portion of the Willow Creek drainage through collection of 
additional springs and seep data; 

• Complete discussions with Mount Haggin Wildlife Management officials regarding the 
expanded boundary of the Mount Haggin TI Zone; and 

D-23 



• A long-term monitoring plan will be designed and implemented by EPA to evaluate 
changes in ground water quality of the Smelter Hill and Mount Haggin TI Zones as 
source control measures and ICs are implemented during remedial design/remedial action 
at the ARWW&S OU. EPA will implement these recommendations through the Record 
of Decision (ROD) for the ARWW&S OU, and as described in Section 9.5.4 of the ROD. 
The ROD calls for additional site characterization and ·expansion of the domestic well 
inventory with pre-design data collection begun in the summer of 1998; and 
implementation of water use restrictions for protection of public health through expansion 
of the current ADLC Development Permit System (DPS) and petitions for Controlled 
Groundwater Use Areas through the State of Montana Department of Natural Resources 
Conservation. 

5.2 STUCKY RIDGE 

5.2.1 INTRODUCTION 

Uncertainties in the TI evaluation for the bedrock aquifer in the Stucky Ridge area presented by 
EPA in ARWW&S OU FS Deliverable No. 3A (EPA 1996a) included the geometry of the TI 
zone and representativeness of the conceptual model for explaining fate and transport of arsenic 
in soils and waste to ground water. The information collected in 1997 in the Stucky Ridge area 
are used by EPA to address some of the uncertainties; however, numerous questions remain 

. regarding the nature and extent, and transport of arsenic from areas of contaminated soils, and in 
some instances buried wastes, to ground water of the bedrock aquifer in this portion of the 
ARWW&SOU. 

5.2.2 LATERAL EXTENT OF GROUND WATER CONTAMINATION IN THE 
BEDROCK AQUIFER 

Data collected from 9 previously unsampled springs have been added to the data set for 
characterizing ground water quality in the shallow bedrock aquifer in the Stucky Ridge TI Zone. 
In addition, two monitor wells were installed in the bedrock aquifer in the Stucky Ridge TI Zone, 
and the monitor wells were recently sampled. 

These data considered with sample results from previous field investigations in 1993, 1995, and 
1996 suggest that the extent of dissolved arsenic concentrations above the Montana Ground 
Water Quality Standard is more widespread than initially postulated by EPA in ARWW&S OU 
FS Deliverable No. 3A (Plate 2). Based on all data collected from spring sample sites, monitor 
wells, and piezometer located in the Stucky Ridge TI Zone since 1993, elevated concentrations of 
dissolved arsenic in ground water encompass an area of approximately 4, 771 acres (Plate 2). 
This area is larger than EPA's earlier estimate of 3,622 acres for the TI zone on Stucky Ridge 
presented in ARWW&S OU FS Deliverable No. 3A (EPA 1996a). 

Based on results of all field investigations in the Stucky Ridge area, concentrations of dissolved 
arsenic in the shallow bedrock aquifer exhibit their highest levels (> 100 µg!L) in the area 
common to the comer of Sections 26, 27, 34, 35, T5N, Rl 1 W (Plate 3). The basis for a 
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delineation of significantly elevated levels of arsenic in the bedrock aquifer of the Stucky Ridge 
TI Zone is analytical results of ground water samples collected at spring sites SS-T-14 and 
SP97-20. 

Concentrations of TDS in the bedrock aquifer of the Stucky Ridge TI Zone range from 48 to 982 
mg/L. Concentrations ofTDS are highest in the bedrock aquifer in the vicinity of the Upper and 
Lower Works structural areas (Plate 3). 

Concentrations of sulfate in the Stucky Ridge TI Zone range from 30 to 472 mg/L. 
Concentrations of sulfate are highest in the bedrock aquifer underlying the Upper and Lower 
Works structural areas, and in portions of the aquifer located on the north slope of Stucky Ridge 
(Plate 4). 

In the Stucky Ridge TI Zone, calcium-sulfate water is predominant in springs located at the west 
end of the zone while rest of the area has a range of calcium-mixed to mixed-mixed water type. 
A summary of the major ion chemistry in ground water samples collected in 1997 from the 
bedrock aquifer in the Smelter Hill and Mount Haggin TI Zones is presented in Table 3. 

5.2.3 VERTICAL EXTENT OF GROUND WATER CONTAMINATION IN THE 
.BEDROCK AQUIFER 

A monitor well pair at MW-248 S&D was completed in the bedrock aquifer during the 1997 
Field Investigation at the ARWW&S OU. The monitor well pair is located approximately 160 
to 220 feet upgradient of spring sample site (SP97-20) which exhibits relatively high 
concentrations of dissolved arsenic (95.4 µg!L). 

MW-248S is constructed in the bedrock aquifer with a 20-foot well screen from 34 to 54 feet 
bgs. MW-248S penetrated the top of weathered Lowland Creek volcanics at a depth of 
approximately 40 feet bgs. The water-bearing zone is a sandy clay at a depth of 3 7 to 40 feet. 
Depth to ground water in MW-248S is approximately 18.3 feet bgs. Based on analytical results 
of a ground water sample collected in June 1997, the concentration of dissolved arsenic in the 
bedrock aquifer at MW-248S, at a depth of 37 to 40 feet bgs, is less than 1.1 µg!L. A 
comparison of the analytical results of ground water samples collected at MW-248S and SP97-20 
suggest that concentrations of dissolved arsenic in the bedrock aquifer greater than the Montana 
Ground Water Quality Standard for arsenic is limited to the upper 15 to 25 feet of the aquifer at 
this location (Attachment H). EJevated levels of sulfate are observed in the analytical results of a 
ground water samples collected at MW-248S (127 mg/L) and SP97-20 (177 mg/L). A review of 
major ions in ground water at SP97-20 and MW-248S indicates ground water in this portion of 
the shallow bedrock aquifer is a calcium/magnesium-bicarbonate/sulfate type water. 

MW-2480, which is located approximately 115 feet from MW-248S, was drilled to a total depth 
of 113 feet bgs. MW-2480 is constructed in the bedrock aquifer with a 20-foot length of 4 inch 
1.0. PVC screen from 90 to 110 feet bgs. MW-2480 penetrated the top of weathered Lowland 
Creek volcanics at a depth of 24 feet bgs. A water-bearing zone was encountered at a depth of 
100 feet bgs. The static water level in MW-248D is approximately 43.5 feet bgs. Based on 
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analytical results of a ground water sample collected at MW-2480, the concentration of 
dissolved arsenic in the bedrock aquifer is approximately 28.9 µg!L. However, levels of sulfate 
(22 mg/L) and IDS (299 mg/L) are low in ground water of the bedrock aquifer at MW-2480 
relative to levels observed in the shallow segment of the aquifer at SP97-20 and MW-248S. 

A comparison of ground water elevations in the bedrock aquifer indicates the elevation of the 
water table in the bedrock aquifer in MW-248S is approximately 23.5 feet higher than the water 
table in the bedrock aquifer in MW-2480. This difference may be indicative of a downward 
vertical gradient in the bedrock aquifer, or may be representative of the elevation of the water 
table in two separate bedrock aquifers underlying the Stucky Ridge TI Zone. 

A comparison of the occurrence of major ions in water samples collected from MW-248 S&O 
suggests two distinct water types are represented from the analytical results of samples collected 
from each well. Ground water in the bedrock aquifer at MW-2488 and SP97-20 is a 
calcium/magnesium-bicarbonate/sulfate-type water while ground water in the bedrock aquifer at 
MW-2480 is a sodium-bicarbonate type water exhibiting very little sulfate (Table 3). 

Based on the difference in the ground water elevation of the bedrock aquifer at MW-248 S&O, 
and significant differences in major ion chemistry of ground water samples collected from each 
well, two bedrock aquifers are hypothesized underlying the Stucky Ridge TI Zone in the vicinity 
of monitor well pair MW-248 S&O and spring SP97-20 (Attachment H). Concentrations of 
dissolved arsenic and sulfate in the shallow portion of the aquifer are elevated but appear to 
decrease significantly with depth of the aquifer. 

Based on analytical results or'a sample collected at MW-248S, dissolved arsenic in the shallow 
bedrock aquifer may decrease to levels below the Montana Ground Water Quality Standard for 
arsenic in ground water (18 µg/L) in the upper 15 to 25 feet of the aquifer. In contrast, based on 
analytical results of a ground water sample collected at MW-2480, concentrations of dissolved 
arsenic in a deeper portion of the aquifer are elevated (28.9 µg/L) at levels above the State of 
Montana Ground Water Standard for arsenic to a depth of at least 100 feet bgs. 

5.2.4 UNCERTAINTIES AND CONCLUSIONS 

Numerous uncertainties are observed in a characterization of the aquifer geometry for the 
bedrock aquifer of the Stucky Ridge TI Zone. These uncertainties are identified and briefly 
discussed below. 

Although the boundary of the Stucky Ridge TI Zone is fairly well defined from existing sample 
control, the data for characterizing ground water quality in the aquifer are dominated by 
analytical results of ground water samples collected from springs (Plate 2). Confirmation of the 
extent of ground water contamination using piezometers or shallow monitor wells would address 
uncertainties in the nature and extent of ground water contamination in the bedrock aquifer in the 
Stucky Ridge area, and better define the hydraulics of the bedrock aquifer(s). 

The vertical extent of ground water contamination in the Stucky Ridge area is not well defined 
from existing data. Results of ground water samples collected from a newly installed monitor 
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well pair located near the crest of Stucky Ridge are somewhat inconsistent with the conceptual 
model that loading of arsenic occurs from metals contamination in regional surface soils on 
Stucky Ridge. Analytical results of ground water samples collected at monitor well pair MW-
248 indicate two distinct water types are observed at depth in the bedrock aquifer in this portion 
of the Stucky Ridge TI Zone. In addition, arsenic levels are higher at depth in the bedrock 
aquifer (MW-248D) than those levels observed at a relatively·shallow interval in the aquifer at 
MW-248S. Water level measurements from the wells indicate either a downward vertical 
gradient is present in this portion of the bedrock aquifer, or that two distinct bedrock aquifers are 
identified. A comparison of arsenic levels in the bedrock aquifer at SP97-20 and MW-248S 
indicate elevated levels of dissolved arsenic above the State of Montana standard for arsenic in 
ground water may be limited to the upper 15 feet of the aquifer. However, the arsenic level in 
the bedrock aquifer at MW-248D is above arsenic above the State of Montana standard. MW-
248D encountered a water-bearing zone at a depth of approximately 100 feet below ground 
surface. The results of ground water monitoring at well pair MW-248S&D and SP97-20 present 
a level of uncertainty in the conceptual model for the fate and transport of elevated levels of 
arsenic in contaminated soils and wastes to the shallow bedrock aquifer in the Stucky Ridge TI 
Zone area. 

Several springs (SS-T-03 and SS-T-14) located in the Stucky Ridge TI Zone area exhibit arsenic 
levels below the Montana Ground Water Quality Standard. Analytical results of ground water 
samples collected at these stations are an indicatioq that natural variability in arsenic levels may 
exist, seasonal fluctuations of arsenic levels in ground water are possible, and complexities may 
exist in the path and rates of unsaturated and saturated flow underlying areas of contaminated soil 
in the Stucky Ridge TI Zone. 

Since deposition of smelter emissions are likely to have impacted surface soils in the area located 
north of Lost Creek, it is also possible that elevated levels of dissolved arsenic occur in ground 
water of the shallow bedrock aquifer in portions of the area located north of the Lost Creek 
Valley. Therefore, an uncertainty exists that ground water contamination in the shallow bedrock 
aquifer is limited to the Stucky Ridge TI Zone, and does not extend to at least a portion of the 
shallow bedrock aquifer in the area located north of the Lost Creek Valley. 

Based on the uncertainties identified in the TI evaluation of the bedrock aquifer in the Stucky 
Ridge area, the following actions are recommended by EPA. 

• An inventory of spring will be developed in the area located immediately north of Lost 
Creek. Spring locations identified will be sampled to characterize ground water quality in 
the shallow bedrock aquifer in this portion of the ARWW&S OU; 

• EPA will discuss areas of concern regarding potential human health risks from exposure 
of contaminated ground water in the bedrock aquifer in the Stucky Ridge TI Zone area 
with the ADLC Planning Office. A clear and concise description of I Cs required by EPA 
for regulating use of ground water in areas of concern at the AR WW &S OU (including 
the Smelter Hill TI Zone) will be discussed in detail with officials of the ADLC Planning 
Office. At least a portion of the Stucky Ridge TI Zone area located in portions of 
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Sections 26 and 36, TSN, RI I Ware being contemplated by current landowners for future 
residential use; and 

• A long-term monitoring plan will be designed and implemented by EPA to record 
changes in ground water quality of the Stucky Ridge TI Zone as source control measures 
and ICs are implemented during remedial design/remedial action at the ARWW&S OU. 
The information will be evaluated prior to EPA's 5-year review to ensure that variations 
in the nature and extent, fate and transport, and changes in land-use have not significantly 
changed EPA' s assessment of the exposure of ground water contamination in the Stucky 
Ridge TI Zone area to human health and/or the environment. 

5.3 SUMMARY OF CONCLUSIONS 

Based on the conclusions of a TI evaluation for the bedrock aquifer in the AR WW &S OU (EPA 
l 996a) including the additional information and analysis presented herein, the areas exceeding 
the ARAR for arsenic in ground water (18µg/L) are currently delineated to include 4771 acres in 
the Stucky Ridge TI Zone, 5872 acres in the Smelter Hill TI Zone, and 17956 acres in the Mount 
Haggin TI Zone. The depth of elevated arsenic has been estimated to range from 115 feet to 20 
feet below the top of the aquifer. The aquifer material is fractured rock and characteriz.ation is 
difficult leading to uncertainties in identifying the upper and lower boundaries of the aquifer. 
This, in turn, leads to difficulty in practical id~ntification of the bottom of the TI Zone based on a 
measurement below the top of the aquifer. 

The maximum depth of contamination has been identified as 250 below ground surface in the 
vicinity of the Disturbed Area on Smelter Hill. The maximum depth of contamination on the 
flanks of Smelter Hill include less than 65 feet bgs at MW247 and less than 71 feet at F2-BR. 
However, the maximum depth of contamination has not been well defined by data from monitor 
wells elsewhere· including all of the Stucky Ridge and Mount Haggin TI Zones. Domestic wells 
in the area do not show elevated levels of arsenic, but the well log data are insufficient to draw 
conclusions regarding the source of the water entering the wells, thus the depth at which the 
aquifer is not contaminated is uncertain. 

Due to these uncertainties, the maximum depth of contamination is identified as 250 feet below 
ground surface across all three bedrock aquifer TI Zones recognizing that many areas will not be 
contaminated to this depth. The Agencies will use 250 feet below ground surface as the 
maximum depth of contamination for administration purposes across the TI Zones, but will 
evaluate an appropriate management scheme to modify this depth in areas where development is 
occurring. 

6.0 EVIDENCE OF SOIL CONTAMINATION AS A SOURCE OF GROUND 
WATER CONT AMINA TI ON IN TI ZONES AT THE ARWW &S OU 

Soil samples were also collected in the vicinity of each spring sample station to determine arsenic 
levels in source areas at each site. The data collected in this investigation are used to determine 
whether a good correlation exists between arsenic levels in ground water of the shallow bedrock 
aquifer and concentrations of arsenic in nearby regional surface soils. Results of a previous 

' 
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comparison of estimated levels of arsenic in soils based on results of a geostatistical analysis 
(kriging) for regional surface soils at the AR WW &S OU (ARCO 1996) with concentrations of 
arsenic in ground water of the bedrock aquifer, were presented by EPA in ARWW&S OU FS 
Deliverable No. 3A (EPA 1996a). The conclusions of this comparison indicate potential levels 
of dissolved arsenic above 18 µg/L occur in shallow bedrock aquifers at the AR WW &S OU in 
areas in which arsenic levels in surface soil exceed 550 mg/kg(EPA 1996a). 

A comparison of arsenic levels in soil samples collected at spring sample locations in 1997 with 
arsenic levels in ground water of the shallow bedrock aquifer determined from analytical results 
of ground water samples collected at 1997 spring sample sites indicates no meaningful 
relationship (Figure 10). The poor relationship observed in the 1997 sample results may be 
evidence that the soil sampling techniques (i.e., sample depth) used in 1997 were inconsistent 
from sample station to sample station and with sample techniques used during previous soil 
investigations at the site; the flow path and flow rate of unsaturated flow from areas of 
contaminated soil to ground water are more complicated and less predictable than initially 
hypothesized in EPA's conceptual model; and other factors such as soil type and texture, and 
vegetation cover and type may be involved in the loading rate of arsenic in soil to ground water 
of the shallow bedrock aquifer. The analytical results of soil samples collected at spring locations 
in 1997 indicate concentrations of arsenic in surface soil near spring sample sites range from 8.1 
mg/kg (SP97-40) to 861 mg/kg (SP97-25). The average concentration of arsenic in surface soil 
at 1997 spring sample sites located within or near TI zones boundaries at the ARWW&S OU is 
approximately 116 mg/kg. A comparison of the analytical results of soil samples collected in TI 
zones at the AR WW &S OU in 1997 with estimated levels of arsenic in regional surface soils 
based on results of a geostatistical analysis of concentrations of metals in regional surface soils at 
the site indicates sample results for arsenic in surface soil collected in TI zones in 1997 are low 
when compared to previous estimates (Table 5). Based on the results of a geostatistical analysis 
of arsenic levels in regional surface soils at the site, concentrations of arsenic in surface soil at 
1997 spring sample locations are estimated to range from 88 to 886. The average concentration 
of estimated arsenic in soil at 1 997 spring sample stations is estimated from the kriging analysis 
of regional soils to be approximately 342 mg/kg (Table 5). A comparison of analytical results of 
arsenic in surface soils samples collected near 1997 spring locations with estimated levels of 
arsenic in regional surface soil based on kriging results indicates results from samples collected 
in 1997 are low. A detailed comparison of the 1997 sample results with results of the kriging 
analysis indicates that sample results are lower than the estimated levels of arsenic in regional 
surface soil at all but six stations, and that the 1997 sample results do not fall within the upper 
and lower 90 percent confidence interval estimated from the kriging analysis for 19 out of at total 
of 40 stations sampled (Table 5). The results of this comparison suggest that the estimates for 
arsenic in regional surface soil are not representative of actual concentrations of arsenic in 
surface soil (0- to 2-inch depth) in and near TI zones at the ARWW&S OU, or that the analytical 
results of soil samples collected in the 1997 Field Investigation are not representative of actual 
arsenic levels in source areas of 1997 spring sample locations. 

A comparison of estimated levels of arsenic in regional surface soils, based on results of a 
kriging analysis of regional surface soils at the ARWW&S·OU, with the concentration of arsenic 
in ground water of the bedrock aquifer based on analytical results of ground water samples 
collected from 1997 spring locations indicates a relationship between arsenic levels in surface 
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soil and ground water of the shallow bedrock aquifer may exist. The results of this comparison 
indicate that potential levels of dissolved arsenic above 18 µg/L may occur in shallow bedrock 
aquifers at the AR WW &S OU in areas underlying area of soil contamination with arsenic 
concentrations in surface soil greater than 150 to 200 mg/kg (Figure 13). 

7.0 LAND OWNERSHIP, POSTULATED AREAS FOR FUTURE DOMESTIC 
GROUNDWATER USE, AND INSTITUTIONAL CONTROLS 

A land ownership map for TI zones at the ARWW&S OU is presented on Plate 5. Most land in 
TI zones at the operable unit is owned by either ARCO, ADLC, the State of Montana, and the 
U.S. Department of Agriculture. In most instances, lands owned by these government entities 
will not be used for future residential development. An exception is identified for the State
owned property ( 480 acres) in Section 36, T5N, R 11 W in the Stucky Ridge TI Zone area. 
According to sources at the State of Montana Department of Natural Resources and 
Conservation, the State is considering residential use as the most appropriate land-use for a 
portion of this acreage. 

The areas of TI zones postulated for current of future residential land-use includes privately
owned property in TI zones at the ARWW&S OU. These areas are identified below. 

Smelter Hill TI Zone 

• The Aspen Hills/Clear Creek Area encompassing all or part of Sections 21, 22, 23, 24, 
27, and 28, T4N, RI I W; and 

• Ten acres located in the NWSW Section 10, T4N, RI lW are privately owned. 

Mount Haggin TI Zone 

• Property in all or portions of Sections 31, 32, and 33, T4N, RI 1 W; and Sections 4, 5, 6, 
7, and 8, T3N, RI I Win which the current ownership is unknown but is thought to be in 
private ownership; and 

• Property in all or portions of Sections 19; 20, 28, 29, 30, and 32, T4N, RIOW are 
privately owned. 

Stucky Ridge TI Zone 

• State-owned land in Section 36, TSN, Rl I W; and 

• Privately-owned land in all or portions of Section 26, 27, 28, 33, and 34, T5N, Rl 1 W. 

A map of the Mount Haggin Wildlife Management Area is presented in Attachment I. A more 
detailed and accurate determination ofland ownership in TI zones at the ARWW&S OU should 
be conducted by EPA during future investigations at the site. 
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EPA will continue coordination and discussion with local land use planning officials in the 
ADLC to assess on-going changes in land use. To date, EPA has incorporated information from 
the county's 1992 Master Plan on land use to determine domestic ground water use areas. The 
Master Plan will be updated and adopted by local officials in 1998, and EPA will continue to 
incorporate new information into Superfund institutional controls (ICs) planning. The associated 
ADLC's DPS will be revised to reflect changes in the Master Plan, and EPA will work with the 
local officials to expand the well drilling and water use restrictions, as appropriate. 

Sections 9.7 and 9.8 of the ARWW&S OU ROD describes implementation and use of a site-wide 
I Cs planning tool to track compliance with the ground water use restrictions on the site. Changes 
in land use, developments in the ADLC's Master Plan or DPS, and an assessment of the 
protectiveness of the I Cs will be presented in site-wide five-year reviews. 

The ROD also calls for implementation of a TI Zones ground water monitoring plan and, in case 
of plume expansion, contingencies to provide for additional waiver of the ground water standard 
and provisions for an alternative water supply. In the event that domestic water users are 
discovered using contaminated ground water, springs, and/or surface water with arsenic above 
the State of Montana standards, an alternative water supply for those home owners will be 
instituted. If the spatial extent of the TI Zone changes from the current estimate based on new 
findings during the monitoring program, the ADLC planning commission and county 
commissioners will be notified and the Superfund Site Record will be updated with the revised 
TI Zone. 
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TABLES 



TABLE 1 

Summary of Restoration Alternative Costs 

Smelter Hill Estimated Costs 

Source Removal $82 million 

Source Containment $623 million 

Ground Water Extractionffreatment $9.3 million 

In situ Treatment $72-83 million 

Stticky Ridge Estimated Costs 

Source Removal $36 million 

Source Containment $251 million 

Ground Water Extractionffreatment $7.9 million 

In situ Treatment $42 million 



T•ble 2 Summary of Analytical Results for Spring/Seep and Domestic Wetl Samples 

Station :e1eva1Jon East , North Date i3asi~~ic: 'i:i[AiaeniCl Caicium jo l Iron :o \Magnesium\O ]Menganese:O !Potassium: a; Sodium ~o :eicart>onat~O :chloride .a: Sulfate io, TDS iQ 'j 
' (feet) : (feet) (feet) , : (ug/l) ;(mglkg)j (ug/L) j j(ug/L) . . (ug/L) 1 i (ug/L) j , (ugtl) . ; (ugtl) , ; (mgtl) , . (mgtl) , , (mg/L) ! l(mg/L)j 

!SP97·1 6020! 11199!;1 804512.5j 16-May-97 DIS 411? _ . ~~3 ~00<!1 1· _86ju, 7130 I --~;u! 9791 i 1500 1 j 816! 6 1 ; 6ej 253 j 
ISP97-2 6000 I 1118091 805505 3 16-JIAay-97 DIS 42.9 82 1 24400 I 188 1 I 5190 13 1' 1640 6770 j 39, ! 5 !U l 50 151 
'5p9j.3 60201 ~,~~?~? 606611 5 16-May-97 OIS 1~4 . 1~~ ~20~ _9.. 22400 1! 2 2030 29200 m 1 . 231 ' 151 478 
:sP97-4 6360 1118576 811974 1 19-May-97 DIS 17.3 122 8030 78.2 1430 3 7 991 1780 16 6 5 u 14 57 
1sp97.5 6080 1 i21927 ~1?~? !! 1~~!Y·~? DIS 18.2 B 179 7910 40.6 li~L . 3 U 150Q 1830 !~ ~ 5 u _ e 48 
SP97-6 6340 1116399 ~!~!~'!·" 1?.-JIA!Y:~? !?!~ ... ~5 B ~~!I .. ~ .. 7()() . Bel! u 2480 --- 3_U 1020 4610 - ?!~ -· 5 u 29 1ie 
SP97-7 6000 ;115185 .. 808672.8 20-May-97 DIS 8.7 B 31.7 368000 147 9200 25.3 1200 14700 81.6 5 U 79 __ 226 
SP97-8 ·5940 ii 16621 B090!~ .. ~O-llA!Y·~? DIS _19~ 168 iiiioi>o 27~ . - !I!~ :_.__. 107 jil2ii - . ~~~ ~ ---~"" --~ ij --~~ 463 
si'>97-9 5900 ~!~~!~ .?~~905.? 21-May-97Dl~-!~1- -~,?.~~?~ __ 11!~._ __ J!1?~. ··JU _???11 5580Q _ .!~<! ----~u 1~~i---~95-
SP97-io .. 5780 1127~2 7~2«?6~? 21-May-~? DIS ?7? 80.9 ~800 . 11.6 U ·- 32700 ... 3 i.i ... ~~ . ...J~I!~ _ ... ~1 . --~ .!:!_ _ 7.~ 392 
si'>97-ii 5670 ii21il!~ _.!~! .. ?~·? ?!-~!Y'.~! QI~ ---~I! .. __ J~~~5oo __ 8.6 u . ~!?IKI :i iJ 2220 2~400 __ . ~I! .. . . ~ u 71 356 
SP97-i2 -- 5620 -i i29467 781490 6 21-May-97 DIS . ~~2 34.1 62200 . ~·11 U -~~ - ·-· 3 i.J 1~1!Q. _ --~~~II<! .. 2~1 .. ---~ Y. . 8ii - . 402 
$i'>97-13 5800 1126253 7!~7924 22-May-97 !J!S ~~?~ __ l!E!~ _.!~~-~-.!·I! l,l, 19200 :i U 19~~ 143~ _ ..!!!!! . ~ U iif ·379 
SP97-14 6880 i117745 782908.3 22-May-97 DIS 3.6 B 28.4 9170 101 1850 -· ·-3 i] . 900 4940 27.4 5 Li 'i7 -- . ioo 
si>91:is · ~50 i1i6328 784ia~~ ~2-~ay-~1 !Ji~·~--.t! ~ _ ·11e,_~!~ _._3i.L ·· .... mo - 5j · _~·~if-:- --2~5~ ~:·~js.2..... ·-·5 u ... JL_ .36 
sP97-16 _ 6?!!~ 1111614 18~2H 22-11A1!1-97 D1~ 1.1 u 75.I! mo m .. __ 1?~ -- ·---3 o ... ~!.<! _ ~4~ . . ?~ . --.. ~LI 10 104 
SP97-1f 6250 111fj!ll~ · ?~!l?~.2 2~~ay·!!? Q!~ ._!!? __ 11!~_.l310 _.J~? .. . !!~! . .____?:~ _ 1220 ~~Q _ ___1311 5 U is -186 
SPii7-iii 6260 1115727 769210.4 23-May-97 DIS 87.4 104 5350 371 L--942 3 u 883 2820 23 5 u """"1o 119 
SP!i7-iii .... 5360 ii2??1~ __ !~~~~~ ?_H~11df !?I~ 1- 2.7: ,_3iS -7M_OQ ~ Ji~ .~ -~1~00 j U . fi6ii . 2(!~~ ~ :...::__~_If~~· ·--j~ . - 11i9 -'-499 
SS-Pfi99.7f_-2~ 0~~ --~~. m?!.1~ __ ?!1160~ 23:~11r·!I! QI~ ___ ?:? --~6~ . .?8-?~ 8.6 4!~ _ ·-- __ ;! l! __?.?~ _2Q!()() .... --.. -~~ 12 t-185.__~90 -

5690 1127662 802149.5 09-Jun-97 DIS 95.4 78.2 99800 8.6 U 21000 80.8 S480 3930 92.4 85 . i77 61 i 
si>s1~21 6200 ;;20843 · 118rn.3 ,~jun:91 o.s-1---0m 201 9960 1e1 · - · 2s10 · 3 u - ;320 · 3soo 28.2 s o -30 - · '°; ··· 
sp91.22· --5&.o il363o2 · 775iii5.e fo-Juri-97 Dis · 223 · ;10 42800 · 266 -'----17900 512 · · - 2120 · '21406 - 87.4 ---5 u 147 · m ...... 
SP97-23 !56lio 1136863 774495.1 iO-Jun.97 Dis - 42:3 ..... i55 42aoo .. 'Jiii .. . 9010 -----3 u· 1510 16600 ... --r&.4 - 5 u . ·99· ·- - 2j5 
SP97-24- -5560 -11294;3 -778452.2 24-jui;:97 DIS . '269 . 1 i6 7j100 . 26 - ~2900 - 18 337ii - -i06oo .. --- i•a .. ---5 i.i ... 63 39i -
si>91-2s ~~~ ji~~~ .. f7aii5~.! ~~:~~~:9-? ~;~ ~~tt> '-""'":-a~ 59200'-~1.& . __ ·a~~ -~ ·~~-:~.J · 2210 ·-~~Q<1 . · -~--. -2.co · ~ ~ __: _· !3 · · 394 
;;~97-26 ~<!11 !13738-~ _77~11? 26-Jun-97pl~ .~~. --~ -~~~~~ 75:.! ____ 1~~~ ----~l!, ___ 35'.'I) .51100 ____ ,?Q~- _ 5U ~ ... ~ .. ~ 
SP97-27 5470 .11~~~~~ ?~18.? -~-!_u~~ QI~~~ ... ~1? 41)!()() 318 . · ... _!i?~ __ __ ~3 . . 14~ . -~!~Q ___ ... ~35 ~LI .. ~ 195 
SP97-28 5500 1135460 763595.9 26-Jun-97 DIS 50.9 100 8000 864 ~ 748 7.7 2090 19500 44.8 5 U 38 191 
sfi97-29 s72ii 1failsi1 7&549i.6 26-Jiin-97 6ts 260 · -37.ii 25400 - · 182 · - 47t - 10.3 - ----12.co 74400 · "tti7 - · s 123 · 341 
SP97-30 5720 ii4093o "76914o-:S-2ii:jijj,.97 DIS 33.8 . '53.i 2270ii . 139 4S40 - ""'183_:_ 3520 '4700 - ....... 1o u 5 u ......... 9 35S 
5p97:3, · 5326 i1:ili9ci6 111153.1 26-Ju~97 cits - 748 - '-9a.t 38200'-"49.; .. ·· iiiciii ·· .. ---51 ... · 2250 14500 ·--·59 - - s u · 49 -- --,75 -
sp91.32 s!i20 1i2so33 no53fl -oa:J~97 ois -13.i ""· · · ·;45 3i2oo - 38.7 - ----'&&20 · .. - -- 4.~ .· · ;100 - · 12100 - .. - - 101 · ··· --5 u - 46 11.c 
~~9?-~~ -~.!~°:!!~ill! 788411.'i o9:;;;A:97 i>!L-=-~~~ _ ~?:~ :·11500 - ·74:5 - 2?~- ·-·---~~:! .... -·972 ---:]~~~ -=~·~ = ·-·· 5 \,! -:-__ ~~ -'""]85 -~ 
~W~?-~. _?.!~ J~2?~...l..~271.~ .. ~~97 DIS 42.9 _ ~11. _ _!~~ ,_ ..J..11! ~. 198 __ l \! -·-- 998 3460 _.!~~ ,__ 5 U 8 :_ 62 
!!!'~:~ 61140 1124930 762826.7 __ oe-J!!!:~! .Q!~ ,__?!:~ 53.7 10400 26.8 675 3.5 447 ·- --~~90 31.4 5 u ___ F _ 92 
SP97-36 6520 1122548 761815.5 09-Jul-97 DIS 32.3 20.7 1690 71.5 ~~ _ ... 3.5 588 5740 14.4 5 U . ·9 49 
SP97-:i7 6600 ii20618 . 763012.7 09-Jul-97 DIS 17.4 -7f1 -·-8470 -· 71.5 451 ....... ii 686 ·a61o -· ....... 25.8 5 Li -- 31 . 77 ,__ 
5p97:3a · 6560 1119955 ·1&2635.a 09-.Jui.91 ois · 42.1 61.s ·5440 25:a 260 s.2 ... 544 3450 11.4 s u --·13- -53 .. 
5P97-3ii ·s1eo 1115301 ,_°765980.4 10-Jul-97 01s ·-45.9 ·· 16.9 3400 ·173 ·- - - - -975 31.8 593 · ,_ __ ;4000 - 48.6 -·5 ii ... --e 114-
~-- -- ----- -··----·-·-··----··-·--·-·-·- ------- ----- ·-·--- ---······--· -------1'---·----i--····-- -----
~!'97-40 8390 11181.~J~?~! _!~..:!~!-!!.OJ~ .... ~! ·-'--~-J~C1 1~5 . _ --~ 4~ .. __ --~37 _!Q~ 352 __ ~ U -- .. ~~ _ ~ ·-
SS-T-30 ~390 _ 29-M11v-97DIS 245. ·---· .. ··--· ·-·-----· NA ........ .. 
s§:r:jj .. --549ij ??:~!l:!! i:?I~ .. __ l~ _ _:_::__~ ·-· -- NA 
SS-T-32 5760 29-Maw-97 DIS 146 NA -· . ,_ -
sS-t:JL: ... 578~------ ~?.-~!r~! Q!~.-.1oa__: =-:_~· _ ~---

~j!:s -.W,~ tt30055 1112116.9 ~~-ii~~i g1~ · ;m .. --- 5400 .. ~~ ~-~_1sao ·· -- --s.e---·1154 81100 1oe ni ~~·02 302 

~::s '. :~~ !!~:~: ·~:~~~ ·it4~!~ gll_ -111~ u:._ ... ~-:~ . {~_ .. ~---=_ 1;~ ---· ~l- .-· -;m. 3~!= ~= ,~ii_:_~~=· ~~r= 
MW-248$" --5725 ii2754f . 802257.8 09-Jun-97 DIS - ·u iJ 102000 8.6 . ~~ - - ..... 8.. - -~Q. . 40700

1
- --185 - --· 21 127 523 . 

...W:248o --5725 1127595 iiii235fl ·09-Jun-97 01s 2a.li·- ·-iioaii l!,O~~ ____ !!!! ·-'------~~ __ !~?Q --;,iiiioo ·19.i - ..... 25 -·22 299 
~~:~om ... ~~.=i1~3688~_7il!~!~ 1~~~:~~01~· ·~=tt::::_i.:__·_ 1!~~. ?~10 ..... moo 14~ ... !~~~ ~~aoo 211 ·---·_:L_ --·432._ J~L: .. 
~!":?OU; .. - . -~ !3~~ _?!~~.!.<! !5-May-97 Q!§._'--~~ . ____ _..!.1!3000 ·- 2290 _ ·-- ~~ 135 10500 . __ ~~Q~ ... __ .. ~1~ . ~ . .. .. ~?L .. ~! _ 
!':!.Q!'.':!.... ·-- .. !.!~9466 7908_7~ .1~~!!l·!!. 0_!~_ ~ - . - ~!~01!~ _16 7 '- _ .. 1!~Q~ - .. -- 84 ~ '-- - - ~!~ ·-t--~100 ,_ . __ 2~ . ! ... . 1?! . ~~ 
O~hm1n .... _ .... --------·· 09-May-!!!QIS ~·~\!.~ .... ~23()9 28.1 _ __!0100_.____ .... ~ll .. !15~ ... ~SQ ____ !I0~~~---·~~·---~!! .. ..1!! .. 
Prete 6300 1119660 7711487.2 15-Jul-97 DIS 2.1 B 31000 8.6 19700 3 U 1900 7990 154 5 U 29 191 
Martin 566ii ii235;9 "113129.3 ·'Th.Ju1-91 Dis-~--,:4 Li ---2t:coo'- --137 -· iiii2o 19.4 64ii ·· "16800 · ·-· 110 5 u 2s iso · lc'Fo .. _ ·····--...... · i5-iui-e7bis---ue 43300 28&L_,__1osoo··-- 3u 13io--3S40 ____ 1J8-·----50·---19·· .. 110· 

Kinner ·24-Sep-9!(?1~--~tfu--·-jfooo ?4.2~ ..... !isao'-:-'---6.~- -·--·~16 ... 33800·· .. ~!µ 5t.i 58 2i2 

U • Not delec:ted B • Below ina11Ument de1ectlon llmlt 



Table3 
C81culatlon of Percent meq/L Common Ions 

: ca ' l'ICI Na+K ' 504 C03+HC03 a WateriTV- Go!nk>nlc : n 
Station %-/L %mea/L:%mea/L %-/L %mea/L %rrtWJ/L cations Anions Unit zone 
SP97-1 : 74 16 10 48 46 6 Ca ; S04+HC03 KJs : Stur1n1 Ridoe 
SP97-2 I 61 22 17 62 38 0 Ca ' 504 11c Stur1n1 Ridoe i 

SP97-3 : 60 23 17 45 45 9 Ca S04+HC03 nc Stuckv Rldoe 
SP97-4 65 19 17 52 48 0 Ca : S04+HC03 ' Ts SbJckv Ridge 
SP97-5 67 13 20 34 66 0 Ca HC03 KJs Stuclcv Ridge 
SP97-6 63 18 19 63 37 0 Ca i 504 ; nc Sl:uckv Ridge 
SP97-7 56 23 21 55 45 0 Ca+Mo+Na1 S04+HC03 nc Stuclcv Ridge 

sP97-8 68 18 14 62 38 I 0 Ca I 504 nc Stuckv Ridge 
-sP91-9 40 16 44 S3 47 0 ca+ Na S04+HC03 nc Smelter Hill -
SP97-10 ' 48 40 12 28 72 ·- 0 Ca+Mg ' HC03 I nc Smelter Hill 
SP97-11 ; 47 31 23 28 72 0 Ca+Mg+Nal HC03 I nc Smelter Hill 
SP97-12 i 47 29 24 30 70 ' 0 Ca+Mg+Nai HC03 I nc Smelter Hill 
SP97-13 I 62 26 I 11 44 - 56 ! 0 Ca HC03+S04 Ko ! Smelter Hill 
SP97-14 54 18 28 I 44 56 0 Ca+Na HC03+S04 ! nc Smelter Hill 
SP97-15 I 48 21 31 I 46 54 ' 0 Ca+MQ+Na HC03+504 : Qs Smelter Hill 
SP97-16 53 18 i 29 35 65 0 Ca+Na HC03 nc I Smelter Hill 
SP97-17 57 12 31 I 44 56 0 Ca+Na HC03+S04 ! nc Mount HaoQin 
SP97-18 55 16 i 30 36 64 0 Ca+Na HC03 nc 1 Mount Haoain 

SP97-19 47 I 41 ; 12 so 45 4 Ca+Ma S04+HC03 nc i Smelter Hill 
sP97-20 71 25 4 49 20 ' 32 Ca S04+0+HC03 nc • Stuctcv Ridge 

SP97-21 55 i 24 21 57 43 0 Ca+Mg+Nal 504+HC03 Os ' Smelter Hill 
SP97-22 SS i 27 18 68 32 0 Ca+Mg ' 504 nc · Mount Haggin 

--SP97-23 59 I 20 21 61 39 0 Ca+Ma+Na 504 nc I Mount Haoain 
SP97-24 53 39 8 24 76 0 Ca+MQ I HC03 Os ! Smelter Hill 

_SP97-25 43 i 22 35 33 67 0 Ca+Mg+Na HC03 Ko ' Smelter Hill 
SP97-26 39 22 i 39 34 66 0 Ca+Ma+Na HC03 Tic Mount HiKlain 
SP97-27 I 72 17 : 11 18 82 0 Ca HC03 Tic Mount H"'1nin 

SP97-28- 29 5 ! 66 52 48 0 Na 504+HC03 Tic Mount Haaain 
-SP97-29 ; 28 1 71 57 39 3 Na ; 504+HC03 i Tic • Mount Haaain 
SP97-30 63 21 16 86 14 0 ca 504 Tic · Mount Haaain 
SP97-31 · 48 35 17 51 49 0 Ca+Mo 504+HC03 nc MountH...,nin 

"5P97-32 ' 55 25 20 37 63 0 Ca+Ma+Na. HC03 ! Tic Mount HMain 
SP97-33 : 39 10 51 49 51 0 Na+Ca HC03+S04 ; Tic Mount HMJain 
SP97-34 29 6 65 36 64 0 I Na HC03 Tic Mount Haoain 
SP97-35 65 9 26 41 59 0 ! . ca HC03+S04 nc Mount Haoain 
SP97-36 ' 23 5 72 41 59 I 0 Na HC03+S04 Tic Mount Haoain 
SP97-37 ' so 4 46 60 40 0 Ca+Mg 504 Tic Mount Haoain 

__ SP97-38 I S9 5 36 49 51 0 Ca+Na HC03+S04 nc Mount Haoain 
SP97-39 · 20 8 72 18 82 0 Na HC03 nc Mount Haggin 
SP97-40 44 s 52 34 66 I 0 ' Na+Ca HC03 nc Mount Haggin 

'MW-245Si 7 3 90 49 Sl 0 Na HC03+504 llc Smelter Hill 
Mw-24SS' 6 3 91 so so 0 Na HC03+504 nc Smelter Hill 
""MW-247' 2 0 98 48 49 3 Na i HC03+504 llc Smelter Hill 
MW°-2485 59 19 21 45 I 46 : 10 I Ca+Na HC03+S04 nc Studcv Ridae 
MW-2480 6 1 93 11 73 : 16 Na HC03 nc Stuckv Ridge 
WGP-2 63 20 17 71 28 1 Ca 504 Tic Smelter Hill 

NGP-1 48 14 38 43 I 54 3 I ca+Na HC03+504 nc Smelter Hill 
Dishman: 65 26 10 45 55 : 0 : Ca HC03+S04 Mill Creek 

Prete 43 4S ' 11 19 81 0 Ma+Ca HCD3 I Smelter Hill 
Martin 51 21 I 28 22 78 0 !Ca+Na+Ma HC03 Mill Creek --
LCFD 67 27 I 6 14 86 : 0 I Ca HC03 Lost Creek 

Klnnev 45 ' 19 ' 36 32 68 0 Ca+Na HC03 Smelter Hill 
OWS-1 58 12 30 48 27 2S : Ca+Na 504+HC03+0. nc Stuclcv Ridge 
OWS-2 47 14 38 48 39 ' 13 Ca+Na S04+HC03 Ts Stuckv Ridge 
OWS-4 18 23 I 59 48 so 3 Na+Mg HC03+S04 Ts Studcv Ridge 
SH-1 44 16 ' 40 43 54 3 Ca+Na HC03+504 i Tic Smelter Hill 
SH-2 41 17 42 37 S8 5 Na+Ca HC03+504 Tic Smelter Hill 
SH-3 15 41 43 82 17 1 Na+Ma 504 : Tic Smelter Hill 
SH-4 38 14 i 48 54 40 6 Na+Ma S04+HC03 11c Smelter Hiii 
SH-S 66 16 i 18 79 20 1 Ca : 504 nc Smelter Hiii 

SHSN-1 66 15 ! 19 I 83 17 1 Ca 504 : Geothermal Smelter Hill 
SHSS-1 66 15 19 : 83 16 1 ca : 504 -Geothermal I Smelter Hill 

SP-1 SS 13 I 33 58 22 19 Ca+Na S04+HC03 Tic Stuctv Ridae - --
SP-2 45 16 ; 39 I 57 21 21 Ca+Na 'S04+HC03+0 11c Stuckv Ridae 
SP-3 48 13 39 49 38 I 13 Ca+Na 504+HC03 Ts 1 Stul"l<v Rit1oe 

F2-BR 75 17 : 8 50 46 I 4 ca HC03+504 Kg Smelter Hill 
Al-8R2 46 44 ' 10 78 14 ! 8 ca+Mg 504 llc Smelter Hill 
A1-BR3 I 34 45 i 20 31 ' 58 11 Ca+MQ+Na HC03+504 nc I Smelter Hill -
C2-BR 68 16 16 84 15 1 ! ca 504 nc Smelter Hill 

--
A2-BR 60 17 23 69 I 28 3 Ca 504 nc Smelter Hill 
84-BR 29 3 68 82 14 4 ' Na 504 nc Smelter Hill 

-Cz-AL 70 19 i 11 91 7 2 ca 504 Tlc Smelter Hill 



Table4 

A Comparison of Analytical Results of Soil Samples Collected 
from 0-2 and 0-6 Inches at Stations Located in Tl Zones at the ARVNVS OU 

;1 Stuckv Ridge Tl Zone* 
L Station Depth Arsenic pH Depth Arsenic pH I 

I inches ppm inches ppm I 

!A3 :I 0-2 381.4 8.1 0-6 188.9 8.4:i I 
285.5 j:A6 0-2 5.5 0-6 184.9 5.6 i 

iA10 0-2 429.6 5.1 0-6 385.6 5.o·I 

Mean 365.5 253.1 
I .Smelter Hill Tl Zone* I i! 

::83 0-2 243.8 7.1 0-6 114.0 7.5i 
:95 0-2 183.3 6.9 0-6 134.2 6.9; I 
:iB11 0-2 658.0 5.4 0-6 518.2 5.4! 
::813 0-2 660.6 6.1 0-6 559.0 6.1 i 
~1816 

I 

0-2 972.9 7.1 0-6 642.5 7.31 
:1 

ii ! 
Mean 543.7 393.6 JI 

I Mount Haggin Tl Zone'* Ii 
I 

!C-1 0-2 133.6 4.8 0-6 93.5 5.3i: 
ic1 0-2 107.6 5.5 0-6 133.1 5.5L I 

s.1 r !C9 0-2 630.0 4.9 0-6 378.0 

IC14 0-2 247.4 5.1 0-6 172.5 5.1:: 

!\ 
Mean 279.7 194.3 ,. 

I ll I 

* Samples were collected by the State of Montana Natural Resource Damage Program. 
Results are reported in the Terrestrial Resources Injury Assessment Report, January 1995. 



Table 5 

Summary of Arsenic Levels in Soil at Spring Sample Locations and Estimated Levels of Arsenic 
in Regional Surface Soils Predicted by ARCO (ARCO 1996) 

·[-siati~n'_"J . -~ast .· · r ~~- r~ ·: oa_te-,.~,., Basis I ~~;r~r~1r:;!n~~:ric I CT~~:;::}n~~~~~:~:?~L~:t~~=I~:~:: ;j 
SP9?:.r~-- .111~~~! :_-804512".5 -1~:~!!)':~? DTS"" .. 40".7 - ~: ~~-~ -- . -- 209 - . --- 342 ···----- --1r.-..::::=· --~~ -- --~~~ 
~~~7-2 ___ ._J118Q~1__ ~Q~~Q~l.~!Y:~? [)I~. 42.9 82.1 _____ !57 -·.. .. ~§~ __ -···-· 62 50 24621 
~P~?:~-- _ -~_!!8267 _80661!:~ .1~~!)':97 DIS .!~-~ _ _ !§.~ ._ ____ 13J... 231 __ __ _l~ ______ 1~! .. -~~~29 
SP97~ _ -~-!~~?~. _811974.1 19-M_!)'.:~? _QIS 17.3 _1~ ______ ..:!Q~ ... __ 212 5 14 29424 
SP97-5 1121927 810912.6 19-Mav-97 DIS 18.2 179 125 225 25 8 26780 
~P~?::§_ -·1115399 8131aa.4 f--!~M~y-97"-ois· · --·2.5 ______ Jt~ 1os --- - -- 2os· --:::~-- __ ~ ____ -~~ _____ 32149 
§~?:? _ .... !.!!~~~ .. aoa612.a 20-May-~? .ms a.1 --~11_ .. _____ --~~ ....... _ 163 14 _ .. __ -1~ ____ ----~a920 
SP97-8_ .. !!!~-~! ~Q9015.4 20-Ma)':~? [)I§ 19.6 168_._ _____ ~~ -· . !.~~ 9 !86 ___ 28225 
~~97-9 _ __J!~~~~~ ?~~~~~? 21-Ma)'-9? _[)IS __ 1~~ __ 88.2 -~~~ __ .. 11~~ ________ 606 135 -4337 
sp~7-1Q _ _!!2794g _ _?~~~~-~ ~!~~!Y~? ~§__ ~77 __ --~Q.9 424 ____ ~~7-. --··- ..?!.?! ______ ?9 8734 
§P~?:!! __ !_1286QQ ]8142~:~-~1~~!Y:~7 DIS --~Q~ ·--··· _J~~~- 553 ?~~--------~3~ ··- .... ?1 ___________ 8654 
SP97_:g_ 1129467 781490.6 2J-M!!Y~? .Q!S 482 -~:! ____ 553 769 _ ~38 -·· ______ M _____ 8007 
SP97-13 1126253 _1?8792.4 22-Mav-97 ...Q!~ 37.4 66.4 354 ·-·------~05 203 117 12177 
SP97-14 1117745 782908.3 22-Mav-97 DIS 3.6 28.4 478 787 169 17 17669 
§P97-15 1116328 784189.6 22-Mav-97 DIS -- 5.7 __ .__ 178 416 685- - ----=-14~ _ 11 18778 
§f.>~?:!~. __ 1117614 783422.~ ~:May-97 DIS 1.1 U 75.8 475 796 -~-----·10 17671 
§P~?:1? _ J ! !~Ul~ _ 769796.2 ... ~}:M!Y.:~? _R!~ .. ----.J..:!~ ... __ J~~.______ !~ .. __ _ ___ 250 78 15 _ 25668 
SP9?:!! ___ ! !.!~?~? .. 769210.4 23-M!Y~? _P!S 87.4 104_~ __ __!§~ _________ 255 68 10 26404 
SP97-19 ___ JgIT16 791603 23-Mar:97 _QIS 2.5 339 489 _______ §?O '-· 309 189 8233 
SP97-20 1127662 802149.5 09-Jun-97 DIS 95.4 78.2 363 500 226 177 16358 
SP97-21 1120843 · 778211.3 10-Jun-97-oiif ----f47 201 417 671 ------ 164 --·-30 16753 
5p97:22 1136302 775015.8 10-Jun-97 ~Dis- ---223 110 803 1349 ------255 -···--147 12518 
SP97-23·· 1136863 .. 774485:1 10-Jun-97 DIS- ----4·f3 -- 155 740 1406 -----·-75----- -··99 - --13121 
sPst::-24 1129413 118452:2 · 24-Jun.:s1-~01s 259 ---rnr ---- ---533~---- 155 312 63 16494 
SP97-25 ··1129562" ·775953:9 . 24~Ji.in-97 ·oiS-~-·-710 --861 ----··533 ........ 755 . 312 93 .9988 
SP97-2s· ·1137381 ·-7fcl510 ··2s:-Jun~9-; Dis · --s-o.4 94 -·soc -·- ----- 1223 ---- -- ·- -22 84 11129 
s"Ps'i-21 -1135885 766416.1 2S-Ju11:9-; bis ·34_5 31_1 262 · · -536"- ·· ---:-r3--·-23 ---21051 
sP97~28 · ··1135450 ··753595:9 ·· 26-Jun-97 ms -56.9 ·Hie-··· ·250 ···· 562 -4'f ·-· · · · 38 23860 
SP97-29- . 1138591 765491.6. - "26=Jun:91 DIS 260 --- -37"] -···-···-··· · 193 -- 368 -1 123 -- --- - .. 22276 
sf:i97-3o -1140930 ·759140_5 26-Jun~97 bis 3.8 53.1 250 ·--·- - ··513 -·--·- ·---=-12 ··-· ·-· 49 19299 
SP97-31 .1138906 771153.1 --26-Jun-97 DIS 74.8 -- 98.1 -· - -··425 -··. -- 762 79 49 -·---16798 
sP-97-32 1125033 · 110530.1 oa-Ju1=si" ·bis· ···· 73T 145 345 ------ ·513 ------ 111 ._. 46 19544 
SP97-33.. 1124738 76841TT ___ 09-Jul-97 DIS -189 - 57.8 328 480 ·-·---··177 ·-· ... -· -45 ----·-·-21541 
SP97:J4- ·-1122471· "758271.3 09-Jul-97 Dis ·· 42_9 31.3 -·- 244 . . 462 ·---- 86 8 31683 
sp97.35· ·1124930 762826:7 -- oo::iu~97 Dis "29.3 - -53.7 _""300 ____ -· ··455 -- . .. -·135 ··- . · 17 ... ···25533 
SP97~36 ·1122548 "761815.5 .. 09-Jul-97 DIS 32.3. . . 20~7 ----·-·-· 270 404 ---136 - ·a· -28418 
sp97:3f 1120018 763012.7 -()9-Jijj:gf-DIS 17.4 ---7r1 - . - 224 . ---··-325 123 ··-----·31· ----·---28262 
~j~f- =-1119965 ·1s2635,~ oe-Jul-97 ·cmr·- 42.7·._ . .__~r,~.__ 224 ----- --- 325 ··· · - -I~~~~ -··· _ 1~ ·-----·-·- £8~19 
SP97-39 1115307 765980.4 10-Jul-97 DIS 45.9 16.9 194 317 71 8 20011 
SPs1-40-- ·-1r1a103 ·-1s1sos.1 10-JU~97 ·01s 20.1 L-- a.1 ·-·-·213 ··- ---- ·-- ··300 121 14 3os2t 
~"!'~-..:..:::.~-=-=-~~=":=-:--=.·:.. -· ::··.,-.-._---=.-=::::......:::..·=;-_· ::-:-:,:;-:...:: ... _ •. ----=----·:·" .::. . ....:...:..;....;.,____.;.__:.~=== 

Max 
Min 
Mean 

861 
8.1 

116.9 

886 
88 

341.8 



Table 6 

Summary of Analytical Results of Surface Soil Samples Collected by NRDP 

! Stuckv Ridge 'fl Zone Area I 
Sample Depth Arsenic I Station (in} {QQm} . 

: A3 0-2 381.4 
' A4 0-2 386.8 I 
,, AS 0-2 624.3: 

A6 0-2 28S.S' 
A7 0-2 142.7 

,. 

AS 0-2 143.5 
Ii A9 0-2 178.5 
!: A10 0-2 429.6 
' Max: 624.3! I: 

I: 
Min: 142.71 

II Mean: 321.5 
ii Smelter Hill Tl Zone Area I 
i: 81 0-2 310.S 
I: 82 0-2 278.S !l 

83 0-2 243.8 ·' 

i 
84 0-2 33S.1 

r BS 0-2 183.3 
;, 86 0-2 386.1 
I 87 0-2 778.4! 
! 

89 0-2 708.7 
810 0-2 61S.S 
811 0-2 6S8.0 

' 
812 0-2 496.0 

;. 813 0-2 660.6 j 

I 814 0-2 1846.7. '· 
: 

816 0-2 972.9i I 
" Max: 1846.7! ,: 

;1 Min: 183.3: 
i! 

Mean: 605.3! 
ii Mount Haggin 'fl Zone Area I 
lo C1 0-2 133.Si 
I 

C2 0-2 'I 317.9! 
., C3 0-2 224.21 

C4 0-2 238.5 

;i cs 0-2 178.2 

' 
C6 0-2 299.6 

I C7 0-2 107.6 I 
I ca 0-2 237.1 ! 

C9 0-2 630.0i' 
C10 0-2 181.6; 

! 
C11 0-2 21S.6: 
C12 0-2 336.9' 
C13 0-2 471.9:: 
C14 0-2 247.4:1 
C1S 0-2 576.31 

Max: 630.0 
Min: 107.6; 

Mean: 293.1 : 



Table 7 

1Summary of Analytical Results of Surface Soil Samples, Ground Water Samples, and Estimated Values for Arsenic in Regional Soil at 1997 Spring Locations 

Basis u ate stance to 

1119951 804512.5 1S:May-97 DIS 40.7 
(rna/L} SmeHer Stack {ft) 

342 68 22639 
1118091 805505.3 16-May-97 DIS 42.9 253 50 24621 
1118267 806611.5 16-May-97 DIS 13.4 231 151 25329 
1118576 811974.1 19-May-97 DIS 17.3 212 14 29424 
1121927 810912.6 19-May-97 DIS 18.2 225 8 26780 
1116399 813788.4 19-May-97 DIS 2.5 208 29 32149 
1115185 808672.8 20-May-97 DIS 8.7 163 79 28920 
1116621 809015.4 20-May-97 DIS 19.6 169 186 28225. 
1127662 802149.5 09-Jun-97 DIS 95.4 500 177 16358 

Count 9 9 9 9 9 9 
Max 95.4 179.0 363.0 500.0 226.0 186.0 
Min 2.5 11.6 88.0 163.0 4.0 8.0 

Mean 28.7 103.4 152.9 255.9 50.6 84.7 

Smelter Hill Tl Zone Area 
East North Date Basis Arsenic a Arsenic ESt. Arsenic UCL Arsenic LCL Arsenic Sulfate Distance to .. 

I 

{ug/L} {mQ/kg} {mg/kg) ---1!!!9~ {mQ/kg} {mg/L} SmeHer Stack (ft) 
-9 13 12 783 5.7 2 -May-97 DIS 1990 88.2 886 1166 606 135 4337 

ISP97-10 1127942 782062.9 21-May-97 DIS 277 80.9 424 587 261 79 8734 
SP97-11 1128600 781428.9 21-May-97 DIS 608 169 553 769 338 71 8654 
SP97-12 1129467 781490.6 21-May-97 DIS 482 34.1 553 769 338 88 8007 
SP97-13 1126253 778792.4 22-May-97 DIS 37.4 66.4 354 505 203 117 12177: 
SP97-14 1117745 782908.3 22-May-97 DIS 3.6 28.4 478 787 169 17 17669: 
SP97-15 1116328 784189.6 22-May-97 DIS 5.7 178 416 685 148 11 18778! 
SP97-16 1117614 783422.2 22-May-97 DIS 1.1 u 75.8 475 796 155 10 17671 i: 
SP97-19 1127716 791603 23-May-97 DIS 2.5 339 489 670 309 189 8233: 
SP97-21 1120843 778211.3 10-Jun-97 DIS 147 201 417 671 164 30 16753i" 
SP97-24 1129413 778452.2 24.Jun-97 DIS 269 116 533 755 312 63 10494' 
SP97-25 1129562 778953.9 24-Jun-97 DIS 710 861 533 755 312 93 9988: 

Count 12 12 12 12 12 12 
Max 1990.0 861.0 886.0 1166.0 606.0 189.0 
Min 1.1 u 28.4 354.0 505.0 148.0 10.0 

Mean 377.8 186.5 509.3 742.9 276.3 75.3 

'L Mount Raggln Tl Zone Area 
1r-sfation East North Date Basis Arsenic a Arsenic Est. Arsenic UCL Arsenic LC[ AiSenic Sulfate Distance to 
'i {ualq {ma/kg} {mg/kg} {mg/kg} (mg/kg) {ma/L} Smetter Stack {ftl 
ISP97-17 1116185 769796.2 23-May-97 DIS 112 185 164 250 78 15 25668• 
lsp97.1a 1115727 769210.4 23-May-97 DIS 87.4 104 162 255 68 10 26404i 
ISP97-22 1136302 775015.8 10-Jun-97 DIS 223 170 803 1349 258 147 125181 
FsP97-23 1136863 774485.1 10-Jun-97 DIS 42.3 155 740 1406 75 98 13121 : 

P97-26 1137381 770510 26-Jun-97 ·DIS 60.4 94 600 1223 -22 84 17129'1 
!SP97-27 1135885 766416.7 26-Jun-97 DIS 34.8 31.7 262 536 -13 23 21057"1 
iSP97-28 1135460 763595.9 26-Jun-97 DIS 50.9 100 260 562 -41 38 23860l 
SP97-29 1138591 765491.6 26-Jun-97 DIS 260 37.8 183 368 -1 123 22276 

!SP97-30 1140930 789140.5 26-Jun-97 DIS 33.8 53.1 250 513 -12 49 19299 
:sp97.31 1138906 771153.1 26-Jun-97 DIS 74.8 98.1 420 762 79 49 16798 
JSP97-32 1125033 770530.1 08-Jul-97 DIS 73.1 145 345 513 177 46 195441 
'SP97-33 1124738 768411.1 09-Jul-97 DIS 189 57.8 328 480 177 48 215411 
ISP97-34 1122471 758271.3 09-Jul-97 DIS 42.9 31.3 244 402 86 8 31683i 
iSP97-35 1124930 762826.7 09-Jul-97 DIS 29.3 53.7 300 465 135 17 26533: 
liSP97-36 1122548 761815.5 09-Jul-97 DIS 32.3 20.7 270 404 136 8 284181: 
ISP97-37 1120618 763012.7 09-Jul-97 DIS 17.4 77.1 224 325 123 31 28262 j 
1SP97-38 1119965 762635.8 09-Jul-97 DIS 42.7 67.5 224 325 123 13 28919:1 
,SP97-39 1115307 765980.4 10-Jul-97 DIS 45.9 16.9 194 317 71 8 29011.: 

JSP97-40 1118103 761906.1 10-Jul-97 DIS 20.1 8.1 213 306 121 14 30521·: 

~ 
Count 19 19 19 19 19 19 

r 
Max 260.0 185.0 803.0 1406.0 258.0 147.0 
Min 17.4 8.1 162.0 250.0 -41.0 8.0 

Mean n.5 79.3 325.6 566.4 85.2 43.6 



Table 8 
EPA's Revised Estimate of the Flux of Arsenic Migrating through the Alluvial Aquifer Underlying the East Anaconda Yard 

Valley Through - Flow Sidewau Reeharge Surface Infiltration Outflow 

Qin Arsenic Flux Q in Arsenic Flux Area lnliltratio Qin Arsenic Flux Total Flux In Q out Arsenic Total Flux Out Difference (%) loss lo Contribution Contribution Contribution 
(cfs) (ug/L) (lb/yr) (cfs) (ug/l) (lb/yr) (acres) (in/yr) (cfs) (ug/L) (lb/yr) (lb/yr) (cfs) (ugll) (lb/yr) (ftuxin-ftuxoul)/fluxoAllen. (lb/yr) Valley Flow Sidewall Infiltration 

---------- -------- .................. --------- ------ ----- ------· ·----- ---·---- ---·--· .. ---------- --------- ................................... ............... ----·--·- ---------- --------·----------- .................................. ---------·-----· -------··-- .................. -... ---
Case 1 1.91 7 26.3 0.01 300 5.9 64 0.5 0.004 6.5 0.05 32.3 1.93 79.5 3021 89.3% -269.8 81.6% 18.3% 0.1% 

1.91 7 26.3 0.01 300 5.9 64 0.5 0.004 65.0 0.47 32.7 1.93 79.5 302.1 89.2% -269.4 80.5°4 18.1% 1.4°4 
1.91 7 26.3 0.01 300 5.9 64 0.5 0.004 6500 4.71 36.9 1.93 79.5 302.1 87.8% -265.1 71.3% 16.0% 12.8% 
1.91 7 26.3 0.01 300 5.9 64 0.5 0.004 6,500.0 47.14 79.4 1.93 79.5 302.1 73.7% -222.7 33.2% . 7.4% 59.4% 

Case 2 1 91 7 26.3 0.01 300 5.9 64 1.7 0.013 6.5 0.16 32.4 1.96 79.5 306.8 89.4% -274.4 81.3% 18.2% 05% 
1.91 7 26.3 0.01 300 5.9 64 1.7 0.013 65.0 1.60 33.8 1.96 79.5 306.8 89.o0A. -272.9 77.8% 17.5% 4.7% 
1 91 7 26.3 0.01 300 5.9 64 1.7 0.013 650.0 16.03 48.3 1.96 79.5 306.8 84.3% -258.5 54.5% 12.2% 33.2% 
1.91 7 26.3 0.01 300 5.9 64 1.7 0.013 6,500.0 160.26 192.5 1.96 79.5 306.8 37.3% -114.3 13.7% 3.1% 83.3% 

Case 3 1.91 7 26.3 0.01 300 5.9 64 3.6 0.027 6.5 0.34 32.6 2.00 79.5 313.0 89.6% -280.5 80.8% 18.1% 1.0% 
1 91 7 26.3 0.01 300 5.9 64 3.6 0.027 65.0 3.39 35.6 2.00 79.5 313.0 88.6% -277.4 73.9% 16.6% 9.5% 
1.91 7 26.3 0.01 300 5.9 64 3.6 0.027 650.0 33.94 66.2 2.00 79.5 313.0 78.9% -246.9 39.8% 8.9% 51.3% 
1.91 7 26.3 0.01 300 5.9 64 3.6 0.027 6,500.0 339.38 371.6 2.00 79.5 313.0 15.8% 58.6 7.1% 1.6°4 91.3% 

Case 4 1.91 7 26.3 0.08 300 47.2 64 0.5 0.004 6.5 0.05 73.6 2.00 79.5 313.0 76.5% -239.4 35.8% 64.2% 0.1% 
1 91 7 26.3 0.08 300 47.2 64 0.5 0.004 65.0 0.47 74.0 2.00 79.5 313.0 76.3% -239.0 35.5% 63.8% 0.6% 
1.91 7 26.3 0.08 300 47.2 64 0.5 0.004 650.0 4.71 78.3 2.00 79.5 3130 75.0% -234.7 33.6% 60.4% 6.0% 
1.91 7 26.3 0.08 300 47.2 64 0.5 0.004 6,500.0 47.14 120.7 2.00 795 313.0 61.4°4 -192.3 21.8% 39.1% 39.0°4 

Case 5 1 91 7 26.3 0.08 300 47.2 64 1.70.013 6.5 0.16 73.7 2 02 79.5 316.2 76.7% -242.4 35.7% 64.1% 0.2% 
1 91 7 26.3 0.08 300 47.2 64 1.7 0013 65.0 1.60 75.2 2.02 79.5 316.2 76.2% -241.0 35.0% 62.9% 2.1% 
1.91 7 26.3 0.08 300 47.2 64 1.70.013 650.0 16.03 89.6 2.02 795 316.2 71.7% -226.6 29.4% 52.7% 17.9% 
1 91 7 26.3 0.08 300 47.2 64 1.7 0.013 6.500 0 160 26 233.8 2.02 79.5 316.2 -35.2% -82.3 11.3% 20.2% 68.5% 

Case 6 1.91 7 26.3 0.08 300 •1.2 64 3.6 0.027 6.5 0.34 73.9 2.06 79.5 32H 77.1% -248.5 35.6% 63.9% 0.5% 
1.91 7 26.3 0.08 300 47.2. 64 3.6 0.027 65.0 3.39 77.0 2.06 79.5 322.4 76.1% -245.5 34.2% 61.4% 4.4% 
1.91 7 26.3 0.08 300 47.2 64 3.6 0.027 650.0 33.94 107.5 2.06 79.5 322.4 66.7% -214.9 24.5% 43.9% 31.6% 
1.91 7 26.3 0.08 300 47.2 64 3.6 0.027 6,500.0 339.38 413.0 2.06 79.5 322.4 21.9% 90.5 6.4% 11.4% 82.2% 

Case 7 1.91 7 26.3 0.20 300 118.1 64 0.5 0.004 6.5 0.05 144.5 2.12 79.5 331.8 -129.6% -187.3 18.2% 81.8% 0.0% 
1 91 7 26.3 0.20 300 118.1 64 0.5 0.004 65.0 0.47 144.9 2.12 79.5 331.8 -129.0% -186.9 18.2% 81.5% 0.3°.t 
1.91 7 26.3 0.20 300 118.1 64 0.5 0.004 650.0 4.71 149.2 2.12 79.5 331.8 -122.5% -182.7 17.6% 79.2°.4 3.2%. 
1 91 7 26.3 0.20 300 118.1 64 0.5 0.004 6,500.0 47.14 191.6 2.12 79.5 331.8 -73.2% -140.2 13.7% 61.7% 24.6% 

Case 8 1.91 7 26.3 0.20 300 118.1 64 1.7 0.013 6.5 0.16 144.6 2.15 79.5 336.5 -132.7% -191.9 18.2% 81.7% 0.1•4 
1.91 7 26.3 0.20 300 118.1 64 1.7 0.013 65.0 1.60 146.0 2.15 79.5 336.5 -130.4% -190.5 18.0% 80.9% 1.1% 
1.91 7 26.3 0.20 300 118.1 64 1.7 0.013 650.0 16.03 160.5 2.15 795 336 5 -109.7% -176.0 16.4% 73.6% 10.0% 
1.91 7 26.3 0.20 300 118.1 64 1.7 0.013 6,500.0 160.26 304.7 2.15 79.5 3365 -10.4% -31.8 8.6% 38.8% 52.6% 

Case 9 1 91 7 26.3 0.20 300 118.1 64 3.6 0.027 6.5 0.34 144.8 2.19 79.5 342.8 -136.7% -198.0 18 2% 81.6% 0.2% 
1 91 7 26.3 0.20 300 118.1 64 3.6 0.027 65 0 3.39 147 8 2 19 79.5 342.8 -131.8% -194.9 17.8% 79.9% 2.3% 
191 7 26.3 0.20 300 118.1 64 3.6 0.027 650.0 33.94 178.4 2.19 79 5 342.8 -92.2% -164.4 14.8% 66.2% 19.0% 
191 7 26.3 0 20 300 118.1 64 3 6 0.027 6.500 0 339.38 483.8 2.19 79 5 342.8 29.2% 141.1 54% 24.4% 70.1% 
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Figure 3 
Arsenic v. Elevation for Spring/Seep Samples 
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Figure 4 
·Arsenic Concentration v. Distance from Smelter Stack for Spring Locations at Elevations 

below the Top of the Stack (6360 ft.) 
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Figure 5 
Arsenic Concentration v. Distance from Smelter Stack for Spring Locations at Elevations 

above the Top of the Stack (6360 ft.) 
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Figure 6 
Average Major Ion Chemistry of Waters in 
Local Geologic Units of the Bedrock Aquifer 
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Figure 7 
Arsenic v. Sulfate in Springs - All Locations 
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Figure 8 
Arsenic v. Sulfate in Bedrock Wells 

100 ------·---- -·-------·------

90 -------···-··- --- - --- -·--------·---- ··---·--·-- ---· ----~-·----···-·--·--

80 
: . ..... ----· ... - --- .. 

70. ---~----·-·· • 
s 
J! 60 "5 ----·-·· ·-··· --·-- .... 

U> _, -i so -· -·---·---··-

E • ... • c 
• • • 

• GJ 40 
~ 
QI a. 

30 • - -----·-... -··--· .... ----- . ·---. ···----. ·-···--· 

• 20 -----·--·--------------- .... ·-·--·--·· ··-----· ----·-· .. - ·-··------ .. ·----·· ----i 

• 
10 

···- ··-·----. 
0 ..... ·--~---·-··· .. -··-·--·· ,---··-- - ----,--------··· - ·---· -· 

1 10 100 1000 10000 

Dissolved Arsenic In GW (f.19/L) 



1 

Figure 9 
Arsenic v. Depth to Water-Bearing Zone 

in Bedrock Monitoring Wells on Smelter Hill 
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·Figure 10 
Arsenic in Soil v. Arsenic in Springs 
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Figure 11 
Arsenic in Springs v. Arsenic in Soil - Sorted by Elevation 
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Figure 12 
Arsenic in Springs.v. Arsenic in Soil - Sorted by Distance from Stack 
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Figure 13 
Arsenic in Springs v. Estimated Arsenic in Soil 
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[IELD SAMPLE DATA SHEE r Page (p of __ 
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C[)lT .. CTCR O'Kuro [)NU"Q 

CiUl...OCtST JO• C.r1I I'" 

I[~ 
I. 
j I ENVIRONMENTAL 



FIELD SAMPLE DATA se EE:l' Page? of __ 
PROJECT NAME: ..1.AR:1iAJWW~:J·'Du._ _________________ _ 

PROJECT NUMBER: 829-7031-0JQ0.8200 

WELLISTAnON n \U 1,4 '3= DATE c,- 5 -s )= ARRlV AL TIME 15' -re 
SAMPLING PERSONNEL JS1\5N\ WEATiiER CONDmONS Syo-... "-h•c=O 

SKETCH ON BACK; Yes_No_v1'HOTOGRAPHS: Ycs_No / ROUA_EXPOSURE.f __ 

PURGE DATA: 

PURGE. ME'mOD 
START PURGING 
PURGE RATE 
RATE CHANGE. 

SAMPLE TIME 

SAMPLE DATA: 

'''", 
18 ~I.PM 

l)T"unc~Rate 9 19-a 
2)T"unc_Rate_ 

'~o< 

SAMPLE ID SAMPLE I TAGI VOLUME 

'""'" ,_~.,., ( C.~lt1"' "\.I ace r.:l 500mL 

,..w~..n-.,,.l \.. t\f\t"\I...,, 500mL 

TEMP 
~ c·o pB 

. I. 'l-0 \O.~ .. ,, 
a a. 

a.so 
. "'e a.~e 

\·~ "' 't. 

WELL DEP'!li._........1f0.~_3ou.0""'---1F:.:~:.:..-~ 
DEPTBTOWATER ___ )~E~·~~~»---~F~~=-'. 

COLUMN HEAD _ _.::::"'-~B~. 5.-.;4-;;;;.._ _ _.F~~=-'. 

CASINGDIAMETER __ _;;;,A-;.,_ __ -1~~·==~ 

3 WELL VOLUMES __ T ... ,""" ....... <Bu....---=G~3.! 
TOTAL PURGE VOLUME. _ __;o_l_e .... 0_~_ ... _ _....G=-l.! 

CHECXIF 
FILTERED PRB.. ANALYSIS REQUESTED 

v HNO, Dill. As. Ca. Fe, K. Mg, MA. ~a. Sb 

NONE HC01, CI. so •. TDS 

I 

SC EH DO 
(mmhos/cm @ 2S 0 C) (MV) (mgiU 

1.~ ,; "2... 

'·"~ .er 

/.ea 

'I 

'"' 'i+ "' 

•••••••••••••••••• FINAL FIELD PARAMETERS P OR TO SAMPLING •••••••••••••••••• 

l"'=>-o 10.?"l.. •• ~5 

FIELD EQUIPMENT QIA AND CALDmAnON: Recorded in field logbook 

FIELD REMARKS: '?v-? :aet g Cf(,g' 

16, I ~.~~ 
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FIELDSAMPLEDATASHEEf Page A. of __ 

PROJECT NAME: -t.ARMlo.lWW:?..!%.:J-D""------------------
PROJECT NUMBER: 829-7031-0100-8200 

-----------------------------=-=-=============-=--=----=-===--=====--~-=== 
WELL/STATION l'\W '-':!~ S DATE C:.· 9~C\3= ARRIVAL TIME ! ! 3} 

SAMPLING PERSO~ " e \ :L('t\ WEA TiiER CONDmONS Sy"'""~ ' ~, .. -
SKETCH ON BACK: Yes_No_L PHOTOGRAPHS: Ycs_No~ ROLLA_EXPOSURE# __ 

PURGE DATA: 
PURGE METHOD (;zw:.=~as a.~·-~~ 
START PURGING H ::s;=:;: 
PURGE RATE ~ .• m31ZM 
RATE CHANGE l)T"uneJ~J.iJure~ 

2)T"une_Rare_ 
. SAMPLE TIME Id!~ 

SAMPLE DATA: 

SAMPLE ID SAMPLE I TACil VOLUME 

MIN l "°~"'-. I 
Mw~~~~,,,, 

lt=.J •• ftt°ft_ .. 

,, 

TEMP 
(•C) 

Of"'ll\.~L. DlmL 

"r"loft c ~ 5001111. 

pH 

lt: WELL DEPTH s_u.. u 
DEPTH TO WATER ~!O}. 3 l 

COLUMN HEAD :3 J "J: 
CASING DIAMETER ~ 
3 WE.LL VOLUMES '~ (1 

TOTAL PURGE VOLUME 

CHECXIF 
FILTER.ED PRES. ANAL YSlS REQUESTED 

v HNO, 

NONE 

I 

SC 
(mmhos/cm @ 25°C) 

Diu. As. Ca. Fe. K. ~I. ~n. Sa. Sb 

HCO,. CJ. SO., TDS 

EH 
(MV) 

DO 
(mgIL) 

~IQ / 2,..!o 

II. S'?. 

E~: 

Ee:: 
Fe:: 

le=~ 
Qal. 

G2! . 

OR TO SAMPLING •••••••••••••••••• 

FIELD EQUIPMENT Q/ A AND CALmRATION: Recorded in field logbook 

FIELD REMARKS: p, 'mt 4! ei e. 5o 1 

lf.J ~ 
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FIELD SAMPLE DATA SBEEt Page 3 of __ 
PROJECT NAME: ..s.AR~WW~,;,j-n...__ __________________ _ 

PROJECT NUMBER: 829-703 l-OlQQ-8200 -
WELLJSTATION nw.·~*~ d DATE (,,-,-9".) ARRIVAL TIME /Ot 3 
SAMPLING PERSONNEL _,.d e \ S f'I'. WEA nlER CONDITIONS S u '''""'I , M i \ J. 
SKETCH ON BACK: Yes_No~ PHOTOGRAPHS: Yes_No...:::::::' ROI..U _EXPOSUREil _ 

PURGE DATA: 
PURGE ME'IHOD G.-wz:E:as ~.d-:. :S:~c ~ WELL DEPTH t 10.c F~~ 

START PURGING ,·o:z.2 DEPm TO WATER ~2:·S F~: 

PURGE RATE ;1,Xri Mn.PM COLUMN HEAD ~"1.5 F~~ 

RATE CHANGE l)T"une&:P_.!We< a! f - CASING DIAMETER ~ Ice~ 

2)T"une_Rale_ 3 WELL VOLUMES l•~·" Gai. 

SAMPLE TIME lisa!: TOTAL PURGE VOLUME l~'il G~!. 

SAMPLE DATA: 

CHECCIF I 

SAMPLEm SAMPLE I TAO I VOLUME Fll.TERED PRES. ANALYSIS REQUESTED I 
i 

-~"' ~"+~A-01 c;. \.Aa ca '2.. 1- eooSi+ 500 ml. v HNO, Diss. As. Ca. Fe. K. ~g. Mn. Si. Sb i 

M '"' ~~~rl ~"il. " o""~ ~ 500ml. !llO~E HCC,. Cl. SO., TDS 

TIME 
TEMP 
c0 0 

te., 

.n-

pH 

t.90 

"·' 

SC 
(mmhos/cm@ !5°C) 

0 ,.., IO I N"rtJ 

FIELD EQUIPMENT Q/A AND CALIBRATION: Recorded in field logbook 

FIELD REMARKS: fvm (' ..,gt I:> I oS' 

EH 
(MV) 

,, 'i' 

DO 
(rng-'U 

•••••••••••••••••• 

I 



FIELD SAMPLE DATA SHEET Page 02 of __ 

PROJE~ NAME: ..1.AR:lA.:lWW~.:..-Tiu.... _________________ ~-: 

P!(OJ'ECT NUMBER: 829-7031-0lQQ-8200 
'• 

WEUJSTATION "' &- p l DATE s- Is ..c.)= ARRIVAL TIME _.../ M.3.;;:..'fl,,ML-__ 

SAMPLING PERSONNEL AS(' l M, P WEAmER CONDinONS ~c <.wd 'f J ieg on 
SKETCH ON BACK: Yes_No ~PHOTOGRAPHS: Yes_No...::::::" ROl.lA_EXPOSURE# __ 

PURGE DATA: 

PURGE METiiOD :r°'c.¥- §$9r'-o'Wt ?w-..._~dJ,.·" WELL DEPm __ \.uSaM • .;:i!r:iiiiiii$l.--__ FA..le~~~ 

START PURGING I 1 CZ g 
PURGE RATE 
RATE CHANGE l)Tune. __ Rate_ 

2)1.une Rm_ 
SAMPLE TIME 

SAMPLE DATA: 

SAMPLE m SAMPLE I TAGI VOLUME 

vr- ~ \-o\ i~h•Cty..4. """--~ 
SOOmL 

NGrP\-""- "' ~"' ...... ~ !00 rnL 

TEMP 
TIME c·o pH 

1r.Sb '-.~I 

~ 'l.I .. (o.G-c 

( 1i'G 1.... (o.~5 

DEPTH TO W ATER.. __ _.1ow·..;'+Mi$iil...-__ F .... ~:..:.:-~ 

COLUMN HEAD __ ..,., Q.,. • ....ie~~~--F .... ~=· -~ 
CASINGDIAMETER. __ ___:\~--~I~n=~~ 
. 3 WELL VOLUMES, __ ...a.\.._. '2..~~=--....:G111e:a:..i....L 

TOTALPURGEVOLUME. __ ..;_ ___ ~G~a~I. 

CHECK IF 
II FILTERED PRES. ANALYSIS REQU5rm 

;,; HNO, Diss. Al. Ca. Fe, K. Mg, Mn. Na. Sb II 
NONE HCO,. Cl. SO •• TDS II 

II 
Ii 

SC EH DO 
I (mmhos/cm@ 2S°C) (MV) (mg/L) 

a~ t.. l.-=: IL.Ii+ .AJA II 
r\ LL_" i ~ j'\ IJ fl.. Ii 
0 c.. 9\W:-. ') (.. ~4 II 

II 
II 

•••••••••••••••••• FINAL FIELD PARAMETERS PRIOR TO SAMP~<;T •••••••••••••••••• II 
I 1o.c;1... ( •. ~ c::' I 0 l.1 < \ 't.. {,,. NA- 11 

FIELD EQUIP!\fENT Q/A AND CALmRATION: Recorded jn field logbook 



f'E',D SMfPI1E DATA SHEftl' 
J 

Page I of'$: 
PROP:CT NAME: -'AR~WWr.:..:.:..;;..·11...._ ____________________ _ 

P!'.O.JEcr NUMBER.: 829-7031-0100-8200 -... 

WELL/STATION WG)>4 DATE S'-'i-'7 ARRIVAL TIME 11..~.G 
SAMPLING PERSONNEL AO\ 'W'\ ~ WEATiiER coNDmONS ---------
SKETCH ON BACK: Yes_No/ PHOTOGRAPHS: Yes_No~ ROll#_E<POSURE4_ 

PURGE DATA: 
PURGE ME'IHOD 
START PURGING 
PURGE RATE 
RATE CHANGE 

SAMPLE TIME 
. 

SAMPLE DATA: 

Al t\: QPM I.PM 
l)lmu:_R.arc_ 
2)1mu:_Rare. __ 

I .:2 

SAMPLEm SAMPLE I TAOI VOLUME 

vJG-,1..· ~ l r:.~~001.. QOC03 500mL 

ti•.t.:..P' . "~ \C ~ " "' I'\ "" 
500mL 

TIME 

WEU. DEPTii ~::i.::: 
DEP'Ili TO WATER l c S::s' 

COLUMN HEAD lb1 ~s: 
CASING DIAMETER [ 

3 WELL VOLUMES ~ o::: 
TOTAL PURGE VOLUME 

CHECK IF 
Fll.TERED PR.ES. ANALYSIS REQUESTED 

v HNO, 

NONE 

SC 
(mmhos/cm@ 25°0 

Diss. As. ~. Fe. IC. Mc. ~fo. Sa. Sb 

HCO,. Cl. SO •• TDS 

EH 
(MV) 

10~ 

DO 
(m1vU 

E~~~ 

E~: 

F~~ 

II:;~ 

G";· 

Gai. 

j 
! 

I 
! 

1 
I 

I 

•••••••••••••••••• FINAL FIELD PARAMETERS PRIOR TO SAl\fPLING •••••••••••••••••• 

\a\ I ? l.J I N4-

FIELD EQUIPMENT Q/ A AND CALIBRATION: Recorded in field logbook 

FIELDREMARKS: ~~·~ ~~~ tA'A . l?vae :s =• , .. \\ 'a~:; 



Attachment B 



United States Department of the Interior 

Ms. Julie DalSoglio 

U.S. GEOLOGICAL SURVEY 
Water Resources Division 

Federal Building. Room 428 
301 South Park Avenue, Drawer 10076 

Helena. Montana 59626-0076 

U.S. Environmental Protection Agency 
Drawer 10096 
Federal Building 
Helena, Montana 59626 

Dear Julie: 

August 29, 1997 

As you requested, this letter describes a reconnaissance-level inventory of springs and surface
water sampling conducted on May 29, 1997, near the Anaconda Smelter site. This information is 
provided on a technical-assistance basis only and does not constitute any opinion the Department 
oflnterior may have regarding resources under its trusteeship. 

Springs were found by walking up drainages to the highest points where water was evident. 
Stream sites were located to evaluate surface-water drainage into the East Anaconda Yard area. 
Sites were located in the field by siting the location on a 1:24,000 topographic map. Altitudes for 
each site were interpolated from 40-ft contour intervals on the topographic map. Discharge at 
each site was measured or estimated. Water-quality samples collected were filtered onsite 
through a 0.45-µm syringe filter and acidified with HN03. Samples from 5 springs and 3 streams, 
along with one field blank and one replicate, were sent to the National Water Quality Laboratory · 
of the U.S. Geological Survey ~n Arvada, Colo., for analysis of dissolved arsenic. 

Results of the inventory and water-quality sampling are listed in the enclosed table. I hope this 
information is helpful. If you have any questions, please do not hesitate to call (441-1319). 

Enclosure 

cc: Chris Carrigan, CDM Federal 

Sincerely, 

David A. Nimick 
Hydrologist 



Table t. Re!iulls of U.S. Geological Survey spring and stream sampling at lhe Anaconda Smelter NPL site, May 1997 

Abbreviations: 0c, degrees Celsius; e, estimated; gal/min, gallons per minute; µglL, micrograms per liter; µSiem, microsiemcns per centimeter at 2S° C; Tlv, Lowland 

Creek Volcanics (Eocene). 

Spring U.S. Geological Tern- Specific Arsenic, 
Geo- Date Dis· 

or Survey site-
Location number2 

Altitude per- conduct· dissolved 
loglc lnven· charge 

stream Identification (feet) a tu re ance (µg/l 
unit torled (gal/min) 

number number1 (oC) (µSiem) as As) 

SPRINGS 

SS-T-303 46070411256020 I 04NI IWI ICAAAOI 5,390 Tlv 05-29-97 9.5 610 41 245 

SS-T-31 460658112560501 04NllWll BDADOI 5,480 Tlv 05-29-97 10.5 582 e3 324 

SS-T-32 46064311256030 I 04NI IWI ICABAOI 5,760 Tlv 05-29-97 11.5 844 e3 146 

SS-T-33 460616112550001 04Nl IWl38BDAOI 5,780 Tlv 05-29-97 8.0 454 15 708 
SS-T-34 46061511254590 I 04NI IWl3BACBOI 5,760 Tlv 05-29-97 7.8 555 e3 777 

STREAMS 

SW-I 460718112554201 04NI IW02DCDAOI 5,240 05-29-97 12.0 860 22 57.9 
SW-2 460723 t I 256 I 00 I 04NllW02CDBAOI 5,250 05-29-97 10.5 310 31 18.5 

SW-3 4607 I 511255020 I 04NI IWOICDCCOI 5,200 05-29-97 15.0 536 230 512 
SW-3 replicate 451 
SW-3 field blank <I 

1The site-identification number is the latitude and longitude of the site location, first thirteen digits, followed by a two digit sequence number. 
2The first eight characters of the location number delineates the township, range and section of the site location. The following four 
lcners divide rhe section into quarter sections, quarter-quarter sections, quarter-quarter-quarter sections, and quarter-quarter-quartcr-
quarter sections. The northeast quarter of each quarter is designated as A, northwest B, southwest C and southeast D. The last two 
digits represent the sequence number of the location. 
3Loeated 150 feet upstream of well point NGB- I'. 
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Attachment C 



MEMORANDUM 

To: Julie DalSoglio, EPA 

From: Chris Carrigan, CDM Federal 

Date: December 24, 1996 

Subject: Summary of Domestic Wells in the Aspen Hills Area of the Smelter Hill Subarea 

For purposes of future data collection in the Smelter Hill TI zone Area, I have completed a 
search of well bore logs and/or drilling permits in the Aspen Hills Area (T4N, RI I W) from 
records at the office of the Montana Department of Natural Resources and Conservation (DNRC) 
in Helena, Montana. The conclusion of this search indicate at least eight domestic wells 
currently exist in the Aspen Hills area as a result of recent residential development (Table l ). All 
eight wells identified as a result of this search are located just beyond the southwest boundary of 
the Smelter Hill TI zone area for the bedrock aquifer (Figure I). According to completion 
records, the total depth for domestic wells in the Aspen Hills area range from 60 feet below 
ground surface (bgs) to 360 feet. Well perforations range from a depth bgs of 40 feet to 360 feet. 
Depth to ground water in the areas ranges from 10 feet bgs to 65 feet. All eight wells appear to 
be completed in the bedrock aquifer, which is generally described as granite, rock, decomposed 
bedrock, or decomposed granite. Copies of well bore logs obtained by CDM Federal from files 
at DNRC are provided in Attachment A. 

Although all eight wells are located outside the current boundary of the Smelter Hill TI zone area . 
for the bedrock aquifer, samples collected from these wells would be useful for verifying the · 
position of the TI zone boundary for the bedrock in this area. Domestic wells of particular 
interest to the TI evaluation due to their relatively shallow completion depth include the Dishman 
well (47 to 53 feet bgs) located near the intersection of sections 22, 26, and 27, T4N, RI l W, the 
Pope well (40 to 80 feet bgs) located in section 26, T4N, RI IW, and the Haas well (40 to 120 
feet bgs) located in section 26, T4N, RI 1 W. Please note that the Martin well located in section 
27, T4N, Rl I W was sampled by MSE during the 1995 field season. Sample results for the 
Martin well (DW-AH23) were reported by Titan in August 12996 in the ARWWS OU Final 
Feasibility Study Supplemental Field Investigation Data Summary Report. 

At your convenience, we can discuss a plan for obtaining access to all or some of the domestic 
wells identified in this search for future collection of ground water samples pertaining to 
characterization of the bedrock aquifer in the Smelter Hill TI zone area. 

cc: Bob Rennick, COM Federal 

dal57.wcc 



Joe & Sherry Prete 

Ted Dishman 

Clyde Pope 

James Haas 

Charles & Lolita Martin 

Keith Walsh 

Greg Kinney 
Kathy Wright 

James Luman 

NR =Not Reported 

July 31, 1998 
C:\ANACONDA\ARWWS\ASPENHIL.DOM 

TABLE 1 

Summary of Domestic Wells in the Aspen Hills Area 

P.O. Box 563 
NWSE21, T4N, RI IW 

Anaconda, MT 59711 

P.O. Box 952 
22, 23, 26, and 27, T4N, RI I W 

Anaconda, MT 59711 

General Delivery 
SENW26, T4N, RllW 

Butte, MT 59701 

P.O. Box 852 
SENW26, T4N, RI 1 W 

Anaconda, MT 59711 

1345 Stanley A venue 
S2NWSE27, T4N, Rl lW 

Chico, CA 95928 

2011 Banks NE27, T4N,Rl I W 
Butte, MT 59701 

P.O. Box 776 NW27, T4N, RI I W 
Anaconda, MT 59711 

25935 Dry Pond Road 
NWNWNW28, T4N, RI I W 

Clovis, CA 93611-9628 

150' 90 to 150' 65' 

60' 47 to 53' 20' 

80' 40 to 80' 25' 

120' 40 to 120' 10' 

182' 140 to 180' 48' 

240' NR 56' 

360' 320 to 360' NR 

100' 90 to 100' 30' 



-· -------·-- -··----·-------

Figure I 

-------
-, .. 

- C:-.1 .... _, .... 
- - ·- OM.._.a.-19 

-=s " ... r--.io..T .. 
=~ .... 

0-1 .... 

°"'' .... 

N 

' SCALE 1:47000 

JOOO O lOOO IOOO 

·~·. -
FEET 

Wo1u Td>lo C..-.r ldarval • lllO-

18 17 

. . ..., ...... ~-,:: 

19 

,.~'!!) :. 
,; 

,. 

30 ~ 
..., 

T4N 
. ·--- ··-· 

T3N 

~ \ _., ... ,. 

/ 

6 j 4 
I 

:1. · .. • -·-·-···· =·· 
r.,.~ 

21 

.. 

' 

.... ·- ___., .. -

·.J 

.. ~~ J .... . 
32 ,,. . 

- 0 

f ' .?···"/-
e 4 

13 

3 . - . I .. "·. . . _; I 
... :. RIOW 

----- -· -- ·--



A TI ACHMENT A 

WELL LOG REPORT 

••••••***••·················································································· 
• l.WELL OWNER 
• Name PRETE, JOE ' SHERRY 
• 
* 
* 
• 
* 
* 
* 
• 
* 
* 

2.CURRENT HAILIN~ /.l)DRESS 
P.O. BOX 563 
ANACONDA, HT 59711 

J. WELL LOCATION 
county p .. ,, ~J!e 

HILL CREEK 

Township 4 @;s 
~ l/4 5.£ l/4 

Range I/ 
SECTION 

• 
• 
• 
* 
• 
* 
* 
• 
* 
• 

* 
* Lot Block ......................................................... * 
* Subdivision * ............................................................................. 
* Tract Number • 

----------------------------~ * • 
* • 
* 4. PROPOSED USE Domestic X • 
* Irrig~tion 
* Other: 

___________ Stock .............................. * 

* 5. DRILLING HETHOD 
• Rotary x Air FWD 
• Jetted Other: 

6. WELL LOG 

* From To Formation 

* 
* 0 55 SAND & GRAVEL 

* 
• 

Cable • 
__ Reverse• 

* 
* 
* 
• 
• 
• 

7 • WELL CONSTRUCTION 
Hole Casing From ':'o 
Size Size Feet Feee 

6• Steel +1 1/2 59 
6 5/8• x .250 

4• PVC 10 150 

COHPLETIONS 
perforations screen 

Kind From To 
feet feet 

Skill Sai.1 90 15J 

Was casing left open1 NO 

Was a packer/seal used1 so 
Well gravel packed1 so 
To What depth Well grouted? 4J --
Grouting Haeerial: Beneonite Cru~b~es 
Well head completion : 

Pitless adapter so 
Top of casing 1s• or greater 

above grade Y£S 

• 55 62 SANDr CLAY * 8. WELL TEST DATA 

* 62 150 ROCK 
• 
* 
• 
• 
• 
* 
* 
* 
* 
* 1 I. 
• 

• All wells under 100 GPH must be tested 
• for a minimum of on• hour and provide: 
• 
* A • 
• B • 

* 
• 
• 
• 
• 

c. 
D. 
E. 
F . 

Air X Pump Bailer 
Static Water Le~el before: 
If !lowing closed in pressure 
~---PSI GPH 
Controlled by: 
Depth of Pump for Test 
Pumping Rate ' Discharge 
Haximum Drawdown for test 
Duration of test: 

ss r: 

!~5 

: .J?.'1 

:SJ 

• 

• 
• 

DRILLER/CONTRAC%'0R'S CERTIFICATION* 
This well va• drilled under my • 
jurisdiction and thi• report is • 
true to th• best ot my knowledge. • 
Date: 5/24/93 • 

Pumping time: 
Recovery Time: 

,:..; ?.S. • 

2 .:;.:;;.s. • 

* a. Recovery Water Level ~ 5 .. 6 

* • • 

* O'Keete Drilling Company • 
P.O. Box 3810 2000 Four Hile Road• 

Time after pumping recovery 
waeer data was taken 2 .'fil.S. • 

• 

Bu~[ { i{i/_ t'1:2 

Signat e } License No. 
Doug Beck 

* 
* WWD-048 

* 
• 
• 
• 

9. WELL PLUGGED OR ABANDONED1 
If ye•, how1 

10. DATE COHPLETED 5/24/93 

• 
so 

.. 
• -j 

····················~··································································••*••• 
HOHTAHA DEPART~ENT OF NATURAL RESOURCES 

1520 East 6th Ave Helena, HT 59620-2301 406-444-6610 



flELL LOG REPORT 

~·····························································~······························ 
• 1. ;:~LL OJINER • 7. WELL CONSTRUCTION • 
• 1/IJ."'M DISHlfAH I TED • Hole 

Size 
CaaJ.ng 
SJ.%e 

From 
Feet. 

To 
Feet. 

• 
• • • 
• 2. C'.:RliE1/T XAILIHG A!JDltESS • • 
• P.O. BOX 951 • 6. St.eel +2 55 • 
• A.~ACOHDA, XT 59711 • 6 sis· x .250 

PVC 
• 

• • 4• • 
• • • 
• J. ~rL:. LOCATION ROCKr XTN TIXBER L• COlfPLETIONS • 

CcL·.-:!y DEE.I!. ·i-D~£ I • p•rlorat.1omr acreen 
Tc ... ·:-:!J,':J.p 'I @s Rang•-//. E@,;i,....,., ----- -----

• 
• 

• 
• 

1 / 4 l / 4 SECTION~ ..J ?.=t2? • IC ind From To 
Let -;;I;;ck - • feet feet 

• 
• 

• 
• ------• Subc~vi•ion ______________ ~• • 

• Trac: Number • Skill Sav 47 53 • 
• 
• 

• 
• 
• 
• 
• 

• 

• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 

• 
• 

Domestic X • 4. PROPOSED USE 
Irr.::;at.ion 
Othe:: 

______ Stoclc. ______ • 

• 
• 

S. D~!LLING XETHOD 
Rot6ry X Air 

_Cable • 
FJID Reverse• 

-~~Jetted Oth•r: _________ • 
• 

6. '-'£:.L LOG • 
To Formation • 

• 
• 

Was casing left open? YES 
was a packer/seal used? NO 
Well gravel packed? HO 
To What depth Well grouted? 20 FT 
Grouting Saterial: Benton~te Crumbles 
Well head complet!on 

Pitle•• adapter NO 
Top of casing JB• or greater 

above grad• YES 

• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 0 

2 
5 

1 TOP SOIL 
5 CLA! • 8. WELL TEST DATA • 

.. ~ ,_ 
15 SAND ' GRAVEL 
J 5 DECO!f POSED BEDROCK 
41 SIL'I'I SARD 

• All wells under JOO GPX must b• tested 
• for • mln1mum ot on• hour and provide: 
• ,; 5 

42 60 DECOlfPOSED BEDROCK • A. Air X Pump ____ Bailer 
• B. Static Water Level before: 
• 
• • 
• 
• 

11. 'RILLER/CONTRACTOR'S CERTIFICATION* 
T."li• vell va• dr!lled und•r my • 
jurisdiction and thl• repore ls • 
!:ve to the be•t ot my knowledge. • 
Date: 5-JB-93 • 

• 
O'Xe~fe ~rilling Company • 
r.O. Box 3810 2000 Four Xile Road• 
But~e, ~r. 59102 • 

.li:JLJ;i IJ f: ;:._ WD-048 • 
Signature J Llc•n•• No. • 
DOOC 3ECX * 

It flowing clo••d in pressure 
___ PSI GPlf 
Controlled byi 

c. Depth ot Pump tor Test 
D. Pumping Rate & DJ.scharge 
E. Xaxlmum Dravdovn for test 
T. Duration of test: 

Pumping time: 
Recovery '!'!me: 

a. Recovery Water Level 
rime after pumping recov.ry 
vater data vas taken 

9. WELL PLUGGED OR ASANDOHED'I 
If yes, hov'I 

JO. DATB COXPLE'Z'ED 5-18-93 

A!r 

20 FT 

• 
• 
• 
• 
• 
• 
• 
• 

FT * 
10 GPlf * 

FT • 
• 

J.5 HRS. • 
HRS. " 
FT • 

• 
Hll.S. • 

• 
NO • 

• 
•, 
• 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
llONTANA DKPARTllEN'I' or llAf'CTRAL RESOURCES 

l!20 .::~at Ith Ave Relena, lf'l' 51120-2JOJ 406-444-6610 



' ~ '\ t. . -... .t __ ._.........__. ·-· 
DOMUllC ..,_ ,.,.,,. 

t.rp ™.., ....... .. 
l'vmpe • M•• A a.wee 
MonUorffol• 
llfl__, l!lrpl_,,_ 

J 
M 

J>/o//l(! . . 
7/ob-CC>Qs&,/(') -80 

WELL LOG REPORT 
UNDSAY • SON D~IU..ING 

!. -....... ~ 
1. WELL OWNER: f 

Clyde Pope f 
2. CURRENT MAILINI ADDRESS: 

Genl!ral Delivery ; 
; 

! 
Anaconda, Ml 59701 l 

c 
3. WELL LOCAT\ON: 

SE 1/4r-N/. 1/4 SECTION: 26 

TOWNSHIP: 4N RANGE: 1 'IW 

COUNlY:Deer Lodge 

4. PROPOSED USE: Domestic 

5. DRILLING METHOD: Air Rotary 

6. WELL LOG CONSTRUCTION: 

PERFOt..ATION&i>- 80 

SCREEN: none 

GROUT: Bentonlte 

GROUT DEPTH; 20 ft. 

7. WELL TEST DATA: 

A) TESTING MEANS: Air 

B) STATIC LEVEL: 25 ·,~ 

C) DEPTH OF TEST: 77 
0) GPM: 20 

E) MAXIMUM DRAWOOWN: 75 
F) PUMPING TIME: 2 hours 

G) RECOVERY WATER LEVEL: 25 

H) RECOVERY TIME: 2 hours 

(406) 933-SS 11 
Boa67 I; D;'/:&i Cllncy, Montana s 

8. WELL LOG FORMATION: 

0-2 
2-30 
30-35 
35-80 

HOLE 

SIZE 

6 
6 

Topsoil 

Boulders & gravel 
Decomposed granite 
Granite bedrock 

CASING 

SIZE ROM,;t'O 
6 2-37. 

4 5/8 

~· 

9. W \S WELL ABANDONED? No 
t . 

10. DATE COMPLE'IED: 95106130 
~ r· .. 
~; 

j 

I .. .. 
.j 

L l 

·.ir 

DRlllER/CONTRACTOR CERTIFICATICN: 

: 

'. . 
Tt'IS WELL WAS DRIU.eD UNDER MY .uu8DlcnoN. 

THIS REPl)RT IS~ TO OF MY KNOWLEDGE.., 

~"'f 'Dra&.,-= // ./)( ;; . 

~ 46 fe4Y "" '"'""4411 , Sign 
DATE: 95105/3n LINDSAY DRILLU'll•~ 

:.' .:i • 
MONTANA OEPARTMEN1" OF NATURAL RESOURCES & CONSERVATION . (DNR 

1520 E. sixt:i ave. Hciena, ML 59620-230~ 444 6610 ·" · I ~-



Domatlc w ... w.n. 
Lo'9• lrrfrolfon Well• 
Pump• • Sain .t Sen1lce 
Monitor Hole• 
Mlnaol &plorotlon ~ WELL LOG REPORT 

1. WELL OWNER: 
LINDSAY & SON DRILLING 

James 0. Hass · 

2. CURRENT MAILING ADD~ESS: 

P.O. Box 852 

Anaconda, MT 59711 

3. WELL LOCATION: 
SE 1/4 NW 1/4 SECTI0~6 
TOWNSHIP: 4N RANGE: 11W 

COUNTY: Deer Lodge 

4. PROPOSED USE: Domestic 

5. DRILLING METHOD: Air Rotary 

6. WELL LOG CONSTRUCTION: 

PERFORATIONS: 40 -120 

SCREEN: none 

GROUT: Bentonite 

GROUT DEPTH: 20 ft. 

7. WELL TEST DATA: 

A) TESTING MiANS: Air 

B) STATIC LEVEL: 10 

C) DEPTH OF TEST: 117 

D) GPM: 20 

E) MAXIMUM DRAWDOWN: 115 

F) PUMPING TIME: 2 hours 

G) RECOVERY WATER LEVEL: 10 

H) RECOVERY TIME: 2 hours 

LU«Ua9~-

!tJ . . 
.... ~~--~·.-1._ (406) 933-5511 

Box 67 -~'··~ 
~ll " -- '9 Clancy, Montana 59634 

8. WELL LOG FORMATION: 

0 - 4 Topsoil 

4 - 35 Boulders & gravel 

35 - 40 Decomposed Granite 

40 - 120 Granite bedrock 

HOLE CASING 

SIZE SIZE 

6 

6 
6 

4 5/8 

FRM-TO 
+2 - 40 

20 - 120 a 
l:J 
> 
UI 

9. WAS WELL ABANDONED? No (.) 

"" 10. DATE COMPLETED: 95/07/12 0: 

U"') 
O"'> 
O"'> -
l.O 

a.. 
1...1..J 
V> 

DRILLERJCONTRACTOR CERTIFICATION: 
THIS WELL WAS DRILLED UNDER MY JURISDICT:CN. 

e~ 46 ~ (#(, ~11 Si d License # 253 

DATE: 95/07/12 LINDSAY DRILLING INC. 

MONTANA DEPARTMENT OF NATURAL RESOURCES & CONSERVATION (DNRC) 

1520 E. sixth ave. Helena, Mt. 59620-2301 444-6610 

1 

(J : 
a: L: zc 
QC 
<t -J 
•W 

-:( i&: 
~ er oz 
~1.4! -w 

::c 



WELL LOG REPORT 

1.WELL OWNER 7. WELL CONSTRUCTION 

N•m• MARTIN, CHARLES & LOLITA Hole Ca a Ing From To 
Size Size FHI FHt 

2.CURRENT MAILING ADDRESS 
1345 STANLEY AVE. 6" Sleal +11/2 40 
CHICO, CA 95928 8 5/S- x .250 

4" PVC 0 180 

3. WELL LOCATION MILLCREEK COMPLETIONS 
County PEE£.. LPbGF perforallons 1creen . 
Township • ~'!f+s Rang'!_.l.L EQ:J) P./1./'1. 

s ~ tfo4 IJ~ -~''4f SECTION ::J7 Kind From To 
Lot ..3 Bock fHt fHI 
Subdivision A..SPl?"N f.l.111 < I ' 

Tract Number ~ Torch 140 180 
SVRrlt:Y '1//,,8- ~ 

.. -""--""""- ""-t0V1 Y. 
~ ·-

4. PROPOSED USE DomastlcX 
Irrigation Stock Was casing left open? 
Other: Was a packer/Hal used? 

Wall gravel packed? 
5. DRILLING METMOO Cable To What depth Well grouted? 20 -Rotary: x Air FWD Ravarae Grouting Material: Bantonlt•/ Hole Plug --- -Jetted 01her: Wan head completion : 

Pltlasa adapter 
8. WELL LOG Top ol casing 18" or greater 
From To Form•llon above grade 

0 182 ROCK&CLAY 
8. WELL TEST DATA 
All wells under 100 GPM must be tasted 
for a minimum ol one hour and provide: 

A. Air x Pump_ Bailer -. B . Static Waler level before: 
II flowing closed In pressure . 

PSI GPM - -Controlled by: 
c. Depth of Pump for T11t 
o. Pumping Rate & Discharge 

11. DRILLER/CONTRACTOR'S CERTIFICATION E. Maximum Drawdown for test 
This well was drflled under my F. Duration of test: 
Jurisdicllon and thl1 report Is Pumping time: 
true to th• bHt of my knowl1dgt. Recovery Tlme: 
Date: 8/13/IM G. Recovery Water level 

Tlme after pumping recovery 
O'K1ef1 Orllllng Company water data was taken 
P.O. Box 3810 2000 Four Mlle Road 

Butt•. MT(l02Lf) ft 9. WELL PLUGGED OR ABANDONED? 
462 If yes. how? -t1 , tlt 

Uc1nu No. Signature -
Dan O'K1efe 10. DATE COMPLETED 8/13/94 

MONTANA DEPARTMENT OF NATURAL RESOURCES 

1520 Eaal sth Ave Helena, MT 59620-2301 406-444-6610 

YES 

48 
e 

2 
2 

48 

1 

.. 

YES 
NO 
NO 
FT 

NO 

FT 

FT 
GPM 

FT 

HRS. 
HRS. 

FT 

HRS. 

NO 



WELL LOG REPORT AUG 2119Qf\ 

1.WELL OWNER 7. WELL CONSTRUCTION ::> N RC 
Name WALSH. KEITH Hole Casing From To 

Size Size Feel Feet 
2.CURRENT MAILING ADDRESS -

2011 BANKS 5· Steel + 1 1/2 57 
Bune. MT 59101 6 5/8" x .250 

4• PVC 10 240 

3. WELL LOCATION ASPEN HILLS COMPLETIONS 
County DEER LODGE perfor a lions screen 
Township 4 N Rang_1_1_w 

1/4 NE 1/4 SECTION 27 Kind From To 
Lot 15 Block feet feet 
Subdivision 
Tract Number AH·15 SURVEY 86-B Skill Saw 

4. PROPOSED USE Domestic X 

Irrigation Stock Was casing left open? YES 
Other: Was a packer/seal used? NO 

Well gravel packed? NO 
5. DRILLING METHOD Cable To Whal depth Well grouted? 20 FT --Rotary: x Air FWD --- Reverse -- Grouting Material: Bentonite/ Hole Plug 

Jetted Other: Well head completion : 
Pitless adapter NO 

6. WELL LOG Top of casing 18° or greater 
From To Formation above grade YES 

0 80 BOULDERS 
80 160 SILT & DECOMPOSED 8. WELL TEST DATA 

160 240 DECOMPOSED All wells under 100 GPM must be tested · 

for a minimum of one hour and provide: 

A. Air x Pump __ Bailer --. B . Static Water Leval before: 56 FT 

. If flowing closed in pressure 
PSI GPM --- --Controlled by: 

c. Depth of Pump for Test 238 FT 
0. Pumping Rate & Discharge 12 GPM 

11. DRILLER/CONTRACTOR'S CERTIFICATION E. Maximum Drawdown for test FT 
This well was drilled under my F. Duration of test: 

jurisdiction and this report is Pumping time: 1.5 HRS. 

true to the best of my knowledge. Recovery Time: 0.25 HRS. 

Date: 1/10/96 G. Recovery Water Level 56 FT 
Time alter pumping recovery 

O'Keefe Drilling Company water data was taken 1 HRS. 

P.O. Box 3810 2000 Four Mile Road 

Butte, MmJfl(} ~ 9. WELL PLUGGED OR ABANDONED? NO 

462 If yes. how? 

Signature ~ Licen:Je No. 
Dan O"Keefe 10. DATE COMPLETED 01/10/96 

MONTANADEPARTMENTOFNATURALRESOURCES 

1520 East 61h Ave Helena, MT 59620·2301 406-444-6610 



7&-6-eo9Sb0°lG 
~ 

WELL LOG REPORT 
I 

1.WILL OWNER • 1. WEU CONSTRUCTION 
; 

' 
tic...-lc'n,,..'f .. \"\).,... ,,\..t . 

..."'J.. ' .._ IONNEY. GREGO Hol9 Cuing From To 

' I _; mu 8tn FMt FHI 

i 2.CURREHT MAIUNCI ADDRUI ; P.O.BOX719 r atHI +1 1/2 100 
' AHACONlJA. MT 11711 .~ er.Jr x .2S0 I I 4• PVC 40 3eO 

a. WELL LOCATIOM MILL~ COllPLETIONI 
~ \"'>f!c~ l,,o ._... periorallone 1GrHn 
T_.,. '-4 (Ht'& .... ~~, 
rJ\N 114 ~'IN 1/4 IECTIOH '2. IClnd From To 

Lai I~ a-. .... feet 
~Ion A-=..-,," u, \\ < I Ti-=lHumbW 81111 &aw '320 300 

I l· ! 
~ 

4. PlllOP09ED USE DomMtlcX ~ 

lntgallan llodc Wu cuing bft open? YES 
0.-: Wu a pactcer/IMI UMd? NO 

Wei gravel packed? NO 
I. DRIWHCI METHOD c.b6e To What depth Wal grouted? ~o FT 
"'*"t: x NI 

' 
FWD R.v•WM Gtcutlng MalaMI: Ben\onlea/ H°'9 Pluo - -Jaa.d oe.r: Wei head completion : 

Pllleaa adapter NO 
1.WEU.LOQ Top of cuing 1r or Tier : 
From To ......... .a-. grade YES . I 

0 100 BOUU>ERa, UNO & GRA\a I ' I 

100 140 SAND 4 I LWEUTEP' "AT.A 
j 

140 390 GRAHm: .. AJ-a.urv' ... ? OPM muet be ~•ted 

'" tol •minimum .w - hour and PftMde: 

l • 
~ A. NI _!_Pump_ Beller 

B. Slatlo Water Level before: 
If ftowir-G cloaed In prHeure I 

I 

I .. PSI GPM i . ,. ~~-
c. Depth of Pump for T••t 3H FT 
c. Pumping Rat9 & Dleoharge 2 pPM 

11. DRl~TOR'I CERT1FICA110H E. M...umum Drawdawn tor teat FT 

Thia :Ml ... ~ Ul'ldlr mr I F.· Durdon ol IHI: ' 
)Yttl.*daft Md .. ,.port II Pumping Im•: 1.5 'H"S-
true .., ,.. be9t ot mr 1uio1111 dja. ~nme: o.s HAS. ""'"' ·. ., .. ,.. J o. ~Waterlavel FT 

Tim• after pumping reoowry 
Ol<N .. Dr9'g Canpeny _..,data-. taken 1 HRS. 
P 0. Boa '810 2000 FOlll Road 

Bua.. YT f!})/i. () f/. I. W£U. PWGGED OR ABANDONED? NO 
. ~I"· ~~ 482 "yee,hDW? 

~ 
. U....No. I 

Dano~ !O. DATE COMPLETED 5131196 , 
-

I ~HTAHA OEPARTUEHT D;~ NATURAL REIOUACEI 

.... , ·--
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) 

i 

I 

Oom••llC Wala w.11. 
I.Art• lrrlgoilon w.11. 
,..,,,.,,. • Sole• A Suulce 
/lfonllor Hole• 
/lflftero1 bplorollon 

i. WELL OWNER: ~ 
ames R. Luman 

llNDSAY & SON DR:LLING 
t. 

(4116) •IJ3 "°' 11 
I '. I I • . 

... ' ! . - ... ·:";· : 801< 67 

I 2. URRENT MAILING ADDRESS: 

I 5935 Dry Pond Rd. I f:s. WELL LOG FORMATION: 

0 - 4 . Topsoil & cobbles 

l 
.. lovis, California 93611-96~8 

3. W LL LOCATION: I 
l.C t-J 1/4-SW~/4 SECTI pN: 28 

OWNSHIP: 4N RANGE: 11W 

OUNiY:Deerlodge 

4. ROPOSED USE: Domestic 
;I 
·l 

5. DRILLING MC. THOD: Air Rotary 

6. WELL LOG CONSTRUCTldN: 

~
. ERFORATIONS: 90 - 100 . 

CREEN: none ' 

_GROUT: Bentonite 

!GROUT DEPTH: 20 ft. 
I 

~ 
7. WELL TEST OA1"A: 

l A) TESTING MEANS: Air : 

' B) STATIC LEVEL: 30 l 
I 

i C) DEPTH OF TEST: 97 I 

i D) GPM: 30-r * 
. E) MAXIMUM ORAWOO : 95 

F) PUMPING TIME: 2 urs 

~ 
G) RECOVERY WATER L VEL: 30 

; H) RECOVERY TIME: 2 hours 

4 - soi· .Jlulders & gravel 
50 - 8 B oken roc,k & gravel 

85 - 9 O composed granite 
. ' 90 - 100 G anite bedrock 

! 

HOLE CASING 

SIZE SIZE FROM-TO 

6 
6 

6 +2 - 93 

l 4 5/8 80 - 100 

9. WAS WELLABANDONED? Nol 
10. DA TE COMPLETED: 94/09/26 J 

DRILLER/CONTRACTOR ERTIFICATION. 

;I THIS REPORT IS TRUE TO THE 

-'"4a'f_ 'DuttuuJ- ~- . -
e~ 45 'f~ '~ ~~4,/ ! - _ - f._t.:...,:;·L~.(1--~~~;.....,;;~---

I s· d,,. L. # "")-·-i 1gn :c nse .. j.:. 

. OP.TE: 94/09/26 LlNOSf D~ILLING !NC. 

MOi..JTAN~ DEPARTfl.:1ENT OF NATURAL RESOUR~S & CONSERVATIC :.: 
"'~''C ,... . ·~· . ''r.1 · ..,_- • 4· ~~.""..,""' ..,.,("I.. _. , , ........ · . .·. .•. . . ~ . r 

,.,,..., --~ ·~- ... -·· ·--- ~·-,,,.-~w.· ... ~,--... CL. z• ....... ~,.._.,,..~.._. .. ...,. .. ~ .. r ·~ .... ~ " 

t 
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[IELJ> SAMPLE DATA SH EE I' Page 9 of __ 

PROJECT NAME: -'AB;a,Q.lWW~.::.-Du... __________________ -=--

PROJECT NUMBER: 829-7031-0100-8200 ~ .. 
WELL'STATION c'44d:n (~"'~-.~~ DATE r- 1s-1+ ARRIVAL TIME .1.l~'tt~o=-----
SAMPLING PERSONNEL A? f.7r WEAlllER CONDinONS S"'-;> "¥ I ""'SC"'· ~~ & 
SKETCH ON BACK: Yes_No ~OTOGRAPHS: Yes_No..::::::: ROLU EXPOSURF.# __ 

PURGE DATA: 
PURGE ME'IHOD 
ST ART PURGING 
PURGE RATE 

RATE CHANGE 

SAMPLE TIME 

SAMPLE DATA: 

s~ 
l)Time 1S'¥-f !We~ 

2)Time · Rate_ 
lS'j-Cj 

SAMPLEm SAMPLE I TAGI VOLUME 

Me.rt'. n • c. I 

.'l'\.A'.,..l"....., 

TIME 

."( 

r.. 11.l - tYl-N 

" 

TEMP 
c·C> 

Ot:I\ cS 500mL 

~"'0" 500mL 

pH 

'\ ' WELL DEPTH. __ -.....---..-....--~ 
DEP'lll TO WATER. __ ....,~---

COLUMN HEAD _ _..."'-'-...:..i..i--_.. 

Fee! /&:'k;=Q' 

I<. ·Sfl fee; 
fbJ 4-:J Feet 

CASING DIAMETER. __ _. ____ ...... '+ Inch 

3 WELL VOLUMES _ __.~~----3,;?t Gal. 
Gal. TOTAL PURGE VOLUME. _____ -'_... 

CHECK IF 
FILTERED PRES. 

v' HNO, 

NONE 

SC 
(mmhos/cm @25°C) 

o,Jo 

-' 

ANALYSIS REQUES'IED 

Diss. As. Ca. Fe. K. M1, Mil. Na, Sb 

HCO,. 0. SO •• TDS 

EH 
(MV) 

-1 

DO 
(mg/L) 

\. 9 

I ·'f" 

II 
I 

~ 

•••••••••••••••••• FINAL FIELD PARAMETERS PRIOR TO SAMPLING •••••••••••••••••• 

FIELD EQUIPMENT QI A AND CALIBRATION: Bccord;d in field logbook 

FIELD REMARKS: Pv,,..,c ,. ~ e '+ D' 



,_ 

FIELD SAMJ>LE DATA SHf=El' Page<( of __ 

PROJECT NAME:- .1.AR~WW~.:..·D~------------------_....-
PROJECT NUMBER: 829-7031-0100-§200 ~ -.. 

Lo~ C.w-.~'c 
WEI.J.JSTATION E·c= 'l\cp DATE ~- 15-"t? ARRIVAL TIME 10 oO 

SAMPLING PERSONNEL Af )$"' WEA'IHER coNDmoNs s,,~"""i, ,..,,,.,,,, .,s°F 
SKETCH ON BA~ Yes_No_::::::'" PHOTOGRAPHS: Yes_No ../ ROLU'_EXPOSURE# __ 

PURGE DATA: 

PURGE MEmOD G.,,,,ee5 R.4 .. f-\s 1L WELL DEPTH ~4,qi E~! 

ST ART PURGING Io '' DEPTH TO WATER !~.;~ E~! 

PURGE RATE S l&Wu,. COLUMN BEAD !fS .i:Z Eee: 

RATE CHANGE l)Tmie 1as1r ~ CASING DIAMETER ~ m'h 
2)1um: .. _ 3 WELL VOLUMES :a~.~~ ga1. 

SAMPLE TIME \'>Sz TOTAL PURGE VOLUME il )Q Qal. 

. 
SAMPLE DATA: 

CHECK IF ~ SAMPLE ID SAMPLE I TAG# VOLUME fILTER.ED PRES. ANALYSIS REQUESTED 

!-C ,:: ?:> - 01 c..w-~~ Oo u~'4- 500ml. v BHO, Dill. ~. Ca. Fe. lt. M1, Mil. Na. Sb 1: 

1-c.~D-~., "' ~C! tic;" 500mL NONE HCO,. Cl. so •. ms I 
I 
I 

TEMP SC EH DO 
TIME (•C) pH (mmhos/cm @ 25°C) (MV) (mg/L) 

I ei L.c ~ ·"' +. c. ., - \C ~ 4.'f ~ 

'Cl 1.. ~ 

'C; ~.\ 

10~~ (). (, 

I Cl (& ~ 

•••••••••••••••••• FINAL FIELD PARAldETERS PRIOR TO SA.ldPLING •••••••••••••••••• 

.. -~ 
FIELD EQUIPMENT Q/A AND CALIBRATION: Record;d in field le>&book 



..... ..... -

,... 
C1l 
C1l ..... 
...... 
m ..... ...... 
N ..... 

QST - ARWWS - Joe Griffin 
Dissolved Metals 
BIF No.: 002~85 
Results in ug.IL 

W020S46 GW0060 

---· ./-- -------

2.3 u 1.4 u 37000 

•:.. 

24.2 u 9580 6.9 B 416 B 33800 

._, 

---- -- ·-- ·- -·-----. -·- ---------- --------



~LIEN : QST-ARWWS..JOE GRIFFIN ".leport Date\ 10/10/97 Page 1 
·IFJ-0 : GWOO&O l K' •\i\£.J .. j t:}..."VV\<l ~ l-1 '- L-...iC l <.... ) 

: W020546 
>ATE/ IME SAMPLED: 09/24197 14:45:0 
>A TE ECEIVED: 9/30/97 
31F: 0 2885 

L 

;hloride 

Total 
Carbonate 
Bicarbonate 
Hydrolide 

3olidtl 0 solved (TOS) 
Sullate 

Re iew 

154 
< 10.0 

154 
< 10 .. 0 

< 5 
212 

58 

mgfL 11 CaC03 
mgtLasCaC03 
mg/L as CaC03 
mg/L as CaCOJ 
mgfl 
mg/l 
mg/L 

wo-;1:J 

: o.J_ 

i>S9Z:Z:SL90i>t tt:Lt l66t/8t/Z:t 
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Water Quality Data for Bedrock Wells in the Smelter Hill Subarea 

Station East North Date Frep Basis Arsenic 
(feet) (feet) (ug/L) 

--------------- --------------- -------~~ ----~~ ~---------- --------------
A1-BR2 1134820.0 787444.0 19-Sep-91 WET 4770.0 
A1-BR2 1134820.0 787444.0 19-Sep-91 WET 4770.0 
A1-BR2 1134820.0 787444.0 19-Sep-91 WET 4580.0 
A1-BR2 1134820.0 787444.0 19-Sep-91 DIS 5080.0 
A1-BR2 1134820.0 787444.0 19-Sep-91 DIS 5080.0 
A1-BR2 1134820.0 787444.0 19-Sep-91 WET 4610.0 
A1-BR2 1134820.0 787444.0 19-Sep-91 DIS 5150.0 
A1-BR2 1134820.0 787444.0 19-Sep-91 DIS 5150.0 
A1-BR2 1134820.0 787444.0 20-Feb-92 DIS 5190.0 
A1-BR2 1134820.0 787444.0 20-Feb-92 WET 5380.0 
A1-BR2 1134820.0 787444.0 20-Feb-92 DIS 5190.0 
A1-BR2 1134820.0 787444.0 20-Feb-92 WET 5380.0 
A1-BR2 1134820.0 787444.0 03-Jun-92 WET 4600.0 
A1-BR2 1134820.0 787444.0 03-Jun-92 DIS 5020.0 
A1-BR2 1134820.0 787444.0 02-Sep-92 WET 4240.0 
A1-BR2 1134820.0 787444.0 02-Sep-92 DIS 4450.0 
A1-BR2 1134820.0 787 444.0 25-Nov-92 WET 4470.0 
A1-BR2 1134820.0 787444.0 25-Nov-92 DIS 4780.0 
A1-BR2 1134820.0 787444.0 02-Feb-93 DIS 5080.0 
A1-BR2 1134820.0 787444.0 02-Feb-93 WET 4890.0 
A1-BR2 1134820.0 787444.0 19-May-93 WET 8010.0 
A1-BR2 1134820.0 787444.0 19-May-93 ·DIS 8470.0 
A1-BR2 1134820.0 787444.0 23-Jul-93 WET 7220.0 
A1-BR2 1134820.0 787444.0 23-Jul-93 DIS 7140.0 

--------------- --------------- --------------- ----------~- --------------- --------------
A1-BR3 1134824.0 787434.0 03-Jun-92 WET 22.1 
A1-BR3 1134824.0 787434.0 03-Jun-92 DIS 24.5 
A1-BR3 1134824.0 787 434.0 02-Sep-92 DIS 18.1 
A1-BR3 1134824.0 787434.0 02-Sep-92 WET 20.0 
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Water QU"Mity Data for Bedrock Wells in the Smelter Hill Subarea 

A1-BR3 1134824.0 787434.0 25-Nov-92 DIS 14.3 
A1-BR3 1134824.0 787434.0 25-Nov-92 WET 12.9 
A1-BR3 1134824.0 787434.0 02-Feb-93 DIS 15.6 
A1-BR3 1134824.0 787434.0 02-Feb-93 1 WET 13.2 
A1-BR3 1134824.0 787434.0 02-Feb-93 WET 13.3 
A1-BR3 1134824.0 787434.0 02-Feb-93 1 DIS 15.9 
A1-BR3 1134824.0 787434.0 19-May-93 DIS 15.6 
A1-BR3 1134824.0 787434.0 19-May-93 WET 16.5 
A1-BR3 1134824.0 787434.0 22-Jul-93 WET 28.9 
A1-BR3 1134824.0 787434.0 22-Jul-93 DIS 33.4 

--------------- --------------- --------------- --------------- ~------------ --------------
A2-BR 1'133432.0 791894.0 16-Sep-91 WET 908.0 
A2-BR 1133432.0 791894.0 16-Sep-91 DIS 854.0 
A2-BR 1133432.0 791894.0 16-Sep-91 DIS 854.0 
A2-BR 1133432.0 791894.0 16-Sep-91 WET 908.0 
A2-BR 1133432.0 791894.0 18-Feb-92 WET 958.0 
A2-BR 1133432.0 791894.0 18-Feb-92 DIS 979.0 
A2-BR 1133432.0 791894.0 18-Feb-92 DIS 979.0 
A2-BR 1133432.0 791894.0 18-Feb-92 WET 958.0 
A2-BR 1133432.0 791894.0 01-Jun-92 WET 1050.0 
A2-BR 1133432.0 791894.0 01-Jun-92 DIS 1150.0 
A2-BR 1133432.0 791894.0 02-Sep-92 WET 945.0 
A2-BR 1133432.0 791894.0 02-Sep-92 DIS 843.0 
A2-BR 1133432.0 791894.0 25-Nov-92 DIS 1030.0 
A2-BR 1133432.0 791894.0 25-Nov-92 ·WET 991.0 
A2-BR 1133432.0 791894.0 04-Feb-93 WET 1180.0 
A2-BR 1133432.0 791894.0 04-Feb-93 DIS 1200.0 
A2-BR 1133432.0 791894.0 18-May-93 WET 2350.0 
A2-BR 1133432.0 791894.0 18-May-93 DIS 2410.0 
A2-BR 1133432.0 791894.0 20-Jul-93 WET 1390.0 
A2-BR 1133432.0 791894.0 20-Jul-93 DIS 1340.0 

--------------- --------------- --------------- --------------- --------------- --------------
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Water Quality Data for Bedrock Wells in the Smelter Hill Subarea 

84-8R 1134537.0 791710.0 16-Sep-91 WET 1100.0 
84-8R 1134537.0 791710.0 16-Sep-91 DIS 1120.0 
84-8R 1134537.0 791710.0 16-Sep-91 DIS 1120.0 
84-8R 1134537.0 791710.0 16-Sep-91 WET 1100.0 
84-8R 1134537.0 791710.0 18-Feb-92 DIS 1330.0 
84-8R 1134537.0 791710.0 18-Feb-92 WET 1260.0 
84-8R 1134537.0 791710.0 18-Feb-92 DIS 1330.0 
84-8R 1134537.0 791710.0 18-Feb-92 WET 1260.0 
84-8R 1134537.0 791710.0 01-Jun-92 DIS 1660.0 
84-8R 1134537.0 791710.0 01-Jun-92 WET 1260.0 
84-8R 1134537.0 791710.0 02-Sep-92 WET 1220.0 
84-8R 1134537.0 791710.0 02-Sep-92 DIS 1210.0 
84-BR 1134537.0 791710.0 25-Nov-92 WET 1170.0 
84-8R 1134537.0 791710.0 25-Nov-92 DIS 1220.0 
84-BR 1134537.0 791710.0 03-Feb-93 WET 1280.0 
84-8R 1134537.0 791710.0 03-Feb-93 DIS 1320.0 
84-BR 1134537.0 791710.0 18-May-93 DIS 1190.0 
84-8R 1134537.0 791710.0 18-May-93 WET 1200.0 
84-8R 1134537.0 791710.0 16-Jul-93 DIS 1130.0 
84-BR 1134537.0 791710.0 16-Jul-93 WET 1170.0 

---------------
WET = Total Recoverable Metals 
DIS = Dissolved Metals 
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Water Quality Data for Bedrock Wells in the Smelter Hill Subarea 

Station East North Date Frep Basis Arsenic Qua I 
(feet) (feet) (ug/L) 

--------------- ---------- --------- ------ -------- ----------
C2-AL 1137332.0 789850.0 02-0ct-91 DIS 2440.0 
C2-AL 1137332.0 789850.0 02-0ct-91 DIS 2440.0 
C2-AL 1137332.0 789850.0 02-0ct-91 WET 2470.0 
C2-AL 1137332.0 789850.0 02-0ct-91 WET 2470.0 
C2-AL 1137332.0 789850.0 19-Feb-92 DIS 2440.0 
C2-AL 1137332.0 789850.0 19-Feb-92 DIS 2440.0 
C2-AL 1137332.0 789850.0 19-Feb-92 WET 2270.0 
C2-AL 1137332.0 789850.0 19-Feb-92 WET 2270.0 
C2-AL 1137332.0 789850.0 02-Jun-92 WET 2110.0 
C2-AL 1137332.0 789850.0 02-Jun-92 DIS 2370.0 
C2-AL 1137332.0 789850.0 02-Sep-92 DIS 2010.0 
C2-AL 1137332.0 789850.0 02-Sep-92 12 DIS 2030.0 
C2-AL 1137332.0 789850.0 02-Sep-92 WET 2060.0 
C2-AL 1137332.0 789850.0 02-Sep-92 DIS 2010.0 
C2-AL 1137332.0 789850.0 02-Sep-92 12 WET 2320.0 
C2-AL 1137332.0 789850.0 02-Sep-92 WET 2060.0 
C2-AL 1137332.0 789850.0 02-Sep-92 12 DIS 2030.0 
C2-AL 1137332.0 789850.0 02-Sep-92 12 WET 2320.0 
C2-AL 1137332.0 789850.0 27-Nov-92 DIS 2120.0 
C2-AL 1137332.0 789850.0 27-Nov-92 WET 2140.0 
C2-AL 1137332.0 789850.0 03-Feb-93 DIS 2380.0 
C2-AL 1137332.0 789850.0 03-Feb-93 ·WET 2310.0 J 
C2-Al 1137332.0 789850.0 18-May-93 WET 2400.0 
C2-AL 1137332.0 789850.0 18-May-93 DIS 2450.0 
C2-AL 1137332.0 789850.0 22-Jul-93 DIS 2240.0 
C2-AL 1137332.0 789850.0 22-Jul-93 WET 2220.0 J 

--------------- --------------- --------------- ------------- --------------- ----------------------
C2-BR 1137338.0 789862.0 02-Jun-92 DIS 1240.0 
C2-BR 1137338.0 789862.0 02-Jun-92 WET 1010.0 
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Water Quality Data for Bedrock Wells in the Smelter Hill Subarea 

C2-BR 
C2-BR 
C2-BR 
C2-BR 
C2-BR 
C2-BR 
C2-BR 
C2-BR 
C2-BR 
C2-BR 

1137338.0 789862.0 02-Sep-92 
1137338.0 789862.0 02-Sep-92 
1137338.0 789862.0 27-Nov-92 
1137338.0 789862.0 27-Nov-92 
1137338.0 789862.0 03-Feb-93 
1137338.0 789862.0 03-Feb-93 
1137338. 0 789862. 0 18-May-93 
1137338.0 789862.0 18-May-93 
1137338.0 789862.0 22-Jul-93 
1137338.0 789862.0 22-Jul-93 

DIS 
WET 
DIS 
WET 
DIS 
WET 
DIS 
WET 
WET 
DIS 

1000.0 
947.0 
979.0 

1040.0 
1240.0 
1130.0 J 
1200.0 
1170.0 
1140.0 J 
1150.0 

--------------- --------------- ------------~ ~------------ ~-~-~-~- --------------~~~ 

--------------- ----------~ -------~----- --------------- ------------~ ----------------------
F2-BR 1134267.0 779676.0 18-Sep-91 WET 10.6 
F2-BR 1134267.0 779676.0 18-Sep-91 DIS 14.6 
F2-BR 1134267.0 779676.0 18-Sep-91 DIS 14.6 
F2-BR 1134267.0 779676.0 18-Sep-91 WET 10.6 
F2-BR 1134267.0 779676.0 19-Feb-92 DIS 1.0 u 
F2-BR 1134267.0 779676.0 19-Feb-92 DIS 1.0 u 
F2-BR 1134267.0 779676.0 19-Feb-92 WET 1.6 
F2-BR 1134267.0 779676.0 19-Feb-92 WET 1.6 
F2-BR 1134267.0 779676.0 02-Jun-92 DIS 1.4 J 
F2-BR 1134267.0 779676.0 02-Jun-92 WET 1.0 UJ 
F2-BR 1134267.0 779676.0 02-Sep-92 ·WET 0.9 UJ 
F2-BR 1134267.0 779676.0 02-Sep-92 DIS 2.9 u 
F2-BR 1134267.0 779676.0 19-Nov-92 DIS 1.3 u 
F2-BR 1134267.0 779676.0 19-Nov-92 WET 1.3 u 
F2-BR 1134267.0 779676.0 11-Feb-93 DIS 3.7 
F2-BR 1134267.0 779676.0 11-Feb-93 WET 1.3 u 
F2-BR 1134267.0 779676. 0 15-May-93 DIS 1.3 UR 
F2-BR 1134267.0 779676. 0 15-May-93 WET 2.2 J 
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Water Quality Data for Bedrock Wells in the Smelter Hill Subarea 

F2-BR 
F2-BR 

1134267.0 779676.0 16-Jul-93 
1134267. 0 779676. 0 16-Jul-93 

WET= Total Recoverable Metals 
DIS = Dissolved Metals 
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WET 
DIS 

1.2 UJ 
5.4 u 
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Station MP Elevation Date Basis Units Arsenic Qua I WL DeQth \JYL Elevation 
A1-BR2 5757.04 09/19/91 DIS µg/I 5150.0 137.04 5620 
A1-BR2 5757.04 02/20/92 DIS µg/I 5190.0 
A1-BR2 5757.04 06/03/92 DIS µg/I 5020.0 135.64 5621.4 
A1-BR2 5757.04 09/02/92 DIS µg/I 4450.0 
A1-BR2 5757.04 11/25/92 DIS µg/I 4780.0 
A1-BR2 5757.04 02/02/93 DIS µg/I 5080.0 136.78 5620.26 
A1-BR2 5757.04 05/19/93 DIS µg/I 8470.0 132.08 5624.96 
A1-BR2 5757.04 07/23/93 DIS µg/I 7140.0 122.06 5634.98 

Max 8470 
Min 4450 

Mean 5660 

Station MP Elevation Date Basis Units Arsenic Qua I WL De~th WL Elevation 
A1-BR3 57 57 .13 06/03/92 DIS µg/I 24.5 206.76 5550.37 
A1-BR3 5757.13 09/02/92 DIS µg/I 18.1 
A1-BR3 5757.13 11/25/92 DIS µg/I 14.3 
A1-BR3 5757.13 02/02/93 DIS µg/I 15.9 205.14 5551.99 
A1-BR3 5757.13 05/19/93 DIS µg/I 15.6 195.97 5561.16 
A1-BR3 5757.13 07/22/93 DIS µg/I 33.4 197.01 5560.12 

Max 33.4 
Min 14.3 

Mean 20.3 
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APPENDIXE 

Revised Alternative Cost Assumptions and Spreadsheets 



ANACONDA SMELTER NPL SITE 
REMEDIAL ALTERNATIVE COST ASSUMPTIONS FOR ARWW&S OU 

Presented in this appendix are the details associated with the costs for each remedial alternative 
at the ARWW&S OU. Changes in the cost assumptions since the Proposed Plan (October 1997) 
are shown in redline/strikeout text. Cost changes primarily involve state-of-the-science 
knowledge of insitu reclamation technology and new estimates of cover soil hauling distances 
from the borrow areas to the Opportunity and Anaconda Tailings Ponds. 

Costs are expected to provide an accuracy of -30 to +50 percent based on data available from the 
RI and information obtained since the RI was prepared. A present worth analysis was used to 
evaluate expenditures that occur over different time periods by discounting all costs incurred in 
the future to a common base year. This allows the cost of remedial action alternatives to be 
compared on the basis of a single figure representing the amount of money that, if invested in the 
base year and disbursed as needed, would be sufficient to cover all costs associated with the 
remedial action over its planned life. 

In conducting the present worth analysis, a discount rate of 7 percent was applied. In addition, 
the period of performance for costing purposes, as recommended by Superfund, does not exceed 
30 years for the purpose of the detailed analysis. 

The information contained in this appendix is for solid media only and is presented in four parts: 
1) general costing assumptions for the remedial alternatives at the site, 2) a table summarizing 
the estimated haul distances for cover soil material, 3) example cost calculation sheets for each 
alternative, and 4) detailed cost sheets for each Area of Concern/Remedial Alternative 
combination. These newly revised Area of Concern/Remedial Alternative cost sheets reflect 
changes in costing assumptions since the Proposed Plan was issued. 

All Operating and Maintenance costs for revegetation and/or repair work was revised to reflect 
state-of-the-science knowledge. All capping, soil cover, reclamation/soil cover, partial removal 
and removal alternatives have been revised to reflect 100 % availability of onsite borrow 
material. Haul distances have been revised for this material per the attached table. 

No Further Action Alternatives 

• Site reviews conducted every 5 years and maintenance/repairs only on previously 
reclaimed areas. 

• No indirect capital costs for (1) field indirect, (2) design, and (3) resident engineering. 
• Credit was given for deed restrictions, land use designations and existing remediation. 

Capping Alternatives 

• Site preparation included light clearing. 
• Foundation layer included ripping and compacting 2 feet of soil. 
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• 

• 

• 

• 
• 
• 

• 

• 

• 
• 

• 

• 

Cap consists of a geosynthetic clay liner and -%-feet 18" of protective soil cover. Soil cost 
included material, transportation, and placement, and eotnpaction. Haul distances were 
listed as a separate line item. 
Assumed large quantities of soil wottld be .nailzrblc. Bonow somcc pits hzrvc not been 
identified. Used 59 miles 10121td. tr~p for hm:rlin:g distance. that 100 % borrow material is 
available oD.site. ·· CoSi feVise<ftQ::teflect haul distances·for this material as outlined in the 
attachecftable. 
Vegetation: used revised Lev~] I reclamation cost (upper end of the cost range). Source: 
MSU 1998. Letter from Reclamation Research·Unit to Bob Rennick (CDM) and Matt 
Marsh (MDEQJ. Re:· (n~situLcm1J'ReC/amafion Cost Analysis Revisions. March J 8. 
Air monitoring costs include stations and analysis . 
Temporary roads were estimated at~lOO linear feet for each acreage of land . 
Storm water drainage ditches were estimated at Z00-100 linear feet of V -ditch for each 
acreage of land. 
Areas with existing established vegetation or previously reclaimed acres were not 
included in the acreage used to cost this alternative. 
Cap/vegetation repair was estimated at 0.5 percent of the total acreage of the area capped 
and previously reclaimed areas. 
Dust control was based on using a water truck twcrsix months per year . 
Air Monitoring consists of 6 stations per year ( 4 stations for the smaller areas) and cost 
includes analysis. 
Production rate to estimate completion time was tOO 150 acres/year. This figure is based 
on a vendor estimate for installation, of the geosynthetic clay layer. 
Varied indirect capital costs, changes dependent on area: if <200 acres, no change; if 
between 200 and 1,000 acres, 4 percent for design and 3 percent for resident engineer; if 
> 1,000 acres, 2 percent design and 2 percent resident engineer. 

Soil Cover Alternatives 

• Site preparation inclttdcd light clcming does not include any clearing or grubbing. 
• Soil cover consists of Z:& 1.5 feet of soil (O.S ft of fill material and l ft of soil). Cost 

included material, transportation, and placement. Cost for borrow materialwere not 
included since this material is being supplied by ARCO. Compaction costs were not 
included as diStrlbution of soil by a dozer provides adequate compaction (i>er K. 
Brockman). 

• Assumed large quantities fo soil wottld be a'ailablc. Bonow somcc pits lnnc not been 
identified. Use 59 1nilcs romrd trip for hmrling distmec. nvo somccs ofbonow 1natcziai. 
Offsitc (assmnc a l 0 mile ronnd trip battling distance and 20 e, t1zrilc1s) and Onsitc 
(assmnc pits ad.Jaccnt to each site, 2 n1ikhatding distance and 40 c, dmnp tracks). all 
borrow materiai is onsite.aJidi:is available ill 40 cy trucks. Haul diStances were revised as 
indicated in·the attached table ancfiisted asa separate line item .. Assmned 50 % of 
rcqttircd bonow matciiai sttpplicd from offsitc somcc mrd 59% fiom onsitc sotircc. 

• Vegetation: used Level I reclamatio.n cost (upper end of the cost range). 
• Used manure amendinent at 4% of weight (173.2 cy/ac). 
• Air monitoring costs include stations and analysis. 
• Temporary roads were estimated at ~100 linear feet for each acreage ofland. 
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• 

• 

• 
• 

• 

• 
• 

• 

Stormwater drainage ditches were estimated at %6&-100 linear feet ofV-ditch for each 
acreage of land. 
Cover/vegetation repair was estimated at 0.5 percent of the total acreage of the soil cover 
and previously reclaimed areas. 
Dust control was based on using a water truck two-six months per year . 
Air Monitoring consists of 6 stations per year ( 4 stations for the smaller areas) and cost 
includes analysis. 
Production rate to estimate completion time was 100 aeres/yem 275 acres per year for 
100% onsite borrow. 200 aeres/yem which is an average of the piodttetion ratcs for 50% 
onsite bo11ow m19 50% off'site bo11ow material. Production for each borrow source 
assume 10 loads per hour for.10-hour per day, 5·days per week, 38 weeks per year. 
Consolidation was added as needed (specifically, Opportunity Ponds) . 
Varied indirect capital costs, changes dependent on area: if <200 acres, no change; if 
between 200 and 1,000 acres, 4 percent for design and 3 percent for resident engineer; if 
> 1,000 acres, 2 percent design and 2 percent resident engineer. 
Areas with existing established vegetation or previously reclaimed acres were not 
included in the acreage used to cost this alternative. 

Land Reclamation Alternatives 

• The tippet end of the cost 1m1ge fo1 each R:eelmnation Category WA3 nsed. Both a 
maximum and minimum cost range for each reclamation category was used based on the 
latest insitu land.reclamation coSts developed by MSU in a memo dated March 18, 1998. 

• Storm water drainage ditches were estimated at %06-100 linear feet of V-ditch for each 
acreage of land reclaimed. 

• Repair/maintenance repair was estimated at 0.5 percent of the total acreage of the 
reclaimed and previously reclaimed areas. 

• Site preparation included light clearing. 
• Dust control was based on using a water truck nm-six months per year. 
• Air Monitoring consists of 6 stations per year ( 4 stations for the smaller areas) and cost 

includes analysis. 
• Production rate to estimate completion time was 500 acres/year. 
• Varied indirect capital costs, changes dependent on area: if <200 acres, no change; if 

between 200 and 1,000 acres, 4 percent for design and 3 percent for resident engineer; if 
> 1,000 acres, 2 percent design and 2 percent resident engineer. 

• Areas with existing established vegetation or previously reclaimed acres were not 
included in the acreage used to cost this alternative 

Partial Land Reclamation Alternatives 

• The tippet end.of the cost rm1gc fo1 each R:cclmnation Catcgor' vva3 ttscd. Both a 
maximum and· minimum cost range for each Reclamation Category was used based on the 
latest insitu land:recJamationcosts developed by MSU in a memo dated March 18, 1998. 

• Stormwater drainage ditches were estimated at %6&-l 00 linear feet of V-ditch for each 
acreage of land reclaimed. 

• Stormwater runoff was routed to Opportunity Ponds. 

E-3 



• Repair/maintenance repair was estimated at 0.5 percent of the total acreage of the 
reclaimed, previously reclaimed areas, and adequate natural vegetated areas. 

• Site preparation included light clearing. 
• Dust control was based on using a water truck two-six months per year. 
• Air Monitoring consists of 6 stations per year (4 stations for the smaller areas) and cost 

includes analysis. 
• Production rate to estimate completion time was 500 acres/year. 
• Varied indirect capital costs, changes dependent on area: if <200 acres, no change; if 

between 200 and 1,000 acres, 4 percent for design and 3 percent for resident engineer; if 
> 1,000 acres, 2 percent design and 2 percent resident engineer. 

Reclamation/Soil Cover Alternatives 

• 

• 
• 

• 

• 

• 

• 
• 
• 

• 
• 

• 
• 

This alternative is a combination of reclamation (Level III, 12 inches deep) and soil cover 
(6 inches). 
Derived cost for the vegetation portion of this alternative separately from ARTS costs . 
Assmned hn:ge qmnrtities fo soil woa:ld be ~ailablc. Use 50 miles rom1d trip for hauling 
distance. Assumed two sources ofbono\'V material. Off.site (msmne a 10 mile round tiip 
hauling disb!nee and 20 e, trailers) and Onsite (msmne pits adjacent to each site, 2 mile 
battling distance and 40 C) ~ tmeks)Assumed all borrow material is onsite and is 
available in 40 cy trucks. Haul distances were revised as indicated in the attached table 
and listed a8::~ separate line itelIL ·. 
Vegetation:. used Le vd I recl~~,on cost (11ppe1 end of the cost range). The maximum 
and minimWri cC>st:yaiues for:each. lleclmriation Category used was based on the latest 
insitu land reclamatfon casts developed. by MSU in a memo dated March 18, 1998. 
Stormwater drainage ditches were estimated at ze&-100 linear feet ofV-ditch for each 
acreage of land. 
Vegetation repair was estimated at 0.5 percent of the total acreage of the area reclaimed 
and previously reclaimed. 
Site preparation included light clearing . 
Consolidated the toe waste soils in Opportunity Ponds . 
Areas with existing established vegetation or previously reclaimed acres were not 
included in the acreage used to cost this alternative. 
Dust control was based on using a water truck six months per year . 
Air Monitoring consists of 6 stations per year ( 4 stations for the smaller areas) and cost 
includes analysis. 
Production rate to estimate completion time was 450 acres/year . 
Varied indirect capital costs, changes dependent on area: if <200 acres, no change; if 
between 200 and 1,000 acres, 4 percent for design and 3 percent for resident engineer; if 
> 1,000 acres, 2 percent design and 2 percent resident engineer. 

Rock Amendment Alternatives 

• Site preparation included light clearing. 
• Surface grading included rough grading. 
• Rock amendment includes placing a 4-inch layer of pea gravel. 
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• 

• 

• 
• 

• 

• 

• 
• 
• 
• 

• 

West stack slag was not used as a costing option for the rock amendment alternatives in 
the Smelter Hill area. Use of this material should be evaluated in the detailed design 
phase of any rock amendments chosen as a remedy in the ROD. 
Assumed large quantities of pea gravel would be available. Borrow source pits have not 
been identified. Used 40 miles round trip for hauling distance. 
Temporary roads were estimated at .ze& 100 linear feet for each acreage of land . 
Storm water drainage ditches were estimated at 200 linear feet of V-ditch for each 
acreage of land. 
Storm water runoff was routed to Opportunity Ponds for the Anaconda Ponds and 
Disturbed Area areas of concern. 
Repair was estimated at 0.5 percent of the total acreage of the area amended and 
previously reclaimed. 
Dust control was based on using a water truck two-six months per year . 
Air Monitoring consists of 6 stations per year and cost includes analysis . 
Production rate to estimate completion time was 425 acres/year . 
Varied indirect capital costs, changes dependent on area: if <200 acres, no change; if 
between 200 and 1,000 acres, 4 percent for design and 3 percent for resident engineer; if 
> 1,000 acres, 2 percent design and 2 percent resident engineer. 
Areas with existing established vegetation or previously reclaimed acres were not 
included in the acreage used to cost this alternative 

Removal 

• Removal unit costs are based on costs prepared by Titan (Titan 1996). A 3 percent 
interest rate was used to adjust the 1992 and 1993 costs to 1996. 

• For this cost estimate, large quantities of backfill soil was assumed to be available. 
Bonow somcc pits hzrvc not been identified. Used 50 1nilcs 1otmd ttip for hmiling 
distance. Assumed all borrow material for backfill is onsite and is available in 40 cy 
trucks. Haul distances were revised as indicated in the attached table and listed as a 
separate. line item. 

• Final grading is rough. 
• Vegetation: used revised Level I reclamation cost (upper end of the cost range). 
• Estimated time frames to complete the work are based on continual work without 

interruption due to funding, weather, or contractor problems. 
• Air Monitoring consists of 6 stations per year ( 4 stations for the smaller areas) and cost 

includes analysis. 
• The percentage applied (to total direct costs) for estimating design and engineering 

indirect costs varied between sites relative to the volume of waste removed. 

End of cost assumptions for solid media. 
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Capping and Soil Cover Haul Distance 1 Assumptions 

Alternative Type Area of Concern Subarea. Haul Distance (miles) 

Capping Wann Springs Creek SST North OpportUnity 2 

South Lime Ditch Opportunity Ponds 2 

East Anaconda Yards Smelter Hill 4 

Willow Creek SST South Opportunity 4 

Yellow Ditch South Opportunity 4 

Soil Cover High Arsenic Soils North Opportunity 2 

High Arsenic Soils Opportunity Ponds 2 

High Arsenic Soils Old Works/Stucky Ridge 2 

High Arsenic Soils Smelter Hill 2 

South Lime Ditch Opportunity Ponds I 

Cell A Opportunity Ponds 2 

Triangle Waste Opportunity Ponds I 

Anaconda Ponds Smelter Hill 2 

Opportunity Ponds Opportunity Ponds 2 

Disturbed Area Smelter Hill 2 

East Anaconda Yards Smelter Hill 4 

Yellow Ditch South Opportunity 4 

Land Anaconda Ponds Anaconda Ponds 2 
Reclamation/Soil 
Cover Opportunity Ponds Opportunity Ponds 2 

'Haul distance assumptions were modified based upon comments received on the Proposed Plan and upon 
preliminary results of the ARWW&S OU Borrow Source investigation conducted in 1998 by MSU for the Montana 
DEQ. 
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Anaconda Smelter Site 
Anaconda Regional Water, Waste, and Soils Operable Unit 

Remedial Alternative Cost Calculation Summaries 

COST CALCULATION SUMMARY 
CAPPING ALTERNATIVE 

PURPOSE: Determine the cost to construct a cap. Calculated cost per acre. 

CAP DESCRIPTION: 
• Vegetation 
• 1.5 feet Soil Cover Layer 
• Geosynthetic Clay Liner 
• 2 feet Compacted Waste (i.e., foundation layer - ripped and compacted) 

DATE: Initial: December 1996; last revision: September 1998 

Mobilization/Demobilization: 
Engineering Estimate 

Site Preparation (Subgrade) 
Clearing and Grading (ref. Means) 

Foundation Layer: 
Ripping (ref. Means) 
Compaction (ref. Means) 

Geosynthetic Clay Layer (GCL): 

$1.94/cy 
0.24 

$2.18/cy 

$100/acre 

$2,850/acre 

$8, 100/acre 

Installed cost= $0.50/sf (ref. phone conversation w/Colo. Lining) $22,500/acre 

Protective Soil Cover Layer: 
Excavate w/front end loader (ref. Means) 
Load, 15% of excavation (ref. Means) 
Place w/bulldozer (ref. Means) 

Vegetation: 

$1.06/cy 
0.16 
1.55 

$2.77/cy 

Land Reclamation Level I ($945 to $1,290/acre) 

Haul Soil Cover Material: 
Off Highway, 40 cy, 2 miles round trip, $2.26/cy (ref. Means) 

Stormwater Drainage Ditches: 
100 If/acre, "v" ditch, 4.06/cy (ref. Means) 

E-7 

$6, 703/acre 

$1,290/acre 

$5,469/acre 

$90/acre 



Roads - Temporary 
100 If/acre, 10 ft wide 
Gravel fill road, 8 inch gravel (ref. Means) $4.23/cy $470/acre 

Dust Control: 
Water Truck, rented (ref. Means) $3,225/mo 
Crew (ref. Means) 3.200 

$6,425/mo 
Production= 150 ac/yr (use as average value for all alternatives) 
Dust for half the construction time, 4.5 mo 
Cost/acre = $6,425/mo x 4.5 mo x 1 yr/150 ac = $200/acre 

Air Monitoring: 
Air Monitoring Station (ref. Kleinfelder 1996) $2, 700 
Monitoring during construction (ref. Kleinfelder 1996) 650 

$3,350 $3,350/station 

Consolidation (as needed): 
Excavate w/trackhoe (ref. Means) $1.38/bcy 
Load, 15% of excavation (ref. Means) 0.21 
Haul, 12 cy 2 mi RT (ref. Means) 2.83 
Place w/bulldozer (ref. Means) 1.55 
Compact (ref. Means) 0.21 

$6.18/bcy or $5.37/cy $5.37/cy 

Quarterly Inspection: 
Inspection, lday/IOOac x 8 hr/day x $50/hr = $4/ac 

Maximum = 2 wks/site = $4,000 
Minimum= 1 day/site= $400 

Report = $2,500 
Total= $4/ac+$2,500, max= $6,500, min= $2,900 

Maintenance 

Cap Repair: 
1 % of acreage 
Repair: 

Site Reviews 

Excavate (ref. Means) 
Load (ref Means) 
Place (ref. Means) 

Haul 
Vegetation 

$1.06/cy 
0.16 
1.55 

$2.77/cy = $6,703/ac 
$5,469 
$1.290 

$13,462/ac 
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40 hr x $50= $2,000 Report: Estimate 
Materials: Estimate 530 
Field Time: Estimate 16 hr X $50 = 800 

COST CALCULATION SUMMARY 
SOIL COVER ALTERNATIVE 

$3,330 

PURPOSE: Determine the cost to construct a soil cover. Calculated cost per acre. 

SOIL COVER DESCRIPTION: 
• Vegetation 
• 1.5 feet Soil Cover Layer 

DATE: Initial: December 1996; last revision: September 1998 

Mobilization/Demobilization: 
Engineering Estimate 

Site Preparation: 
Clearing and Grading (ref. Means) 

Soil Cover Layer: 
Excavate w/front end loader (ref. Means) 
Load, 15% of excavation (ref. Means) 
Place w/bulldozer (ref. Means) 

Haul Soil Cover Material: 

$1.06/cy 
0.16 
1.55 

$2.77/cy 

Off Highway, 40 cy, 2 miles round trip, $2.26/cy (ref. Means) 
OfTHighway, 40 cy, 4 miles round trip, $3.51/cy (ref Means) 

Vegetation: 
Land Reclamation Level I ($945 to $1,290/acre) 

Stormwater Drainage Ditches: 
100 lf/acre, "v" ditch, 4.06/cy (ref. Means) 

Roads - Temporary 
100 If/acre, 10 ft wide 
Gravel fill road, 8 inch gravel (ref. Means) $4.23/cy 

Dust Control: 
Water Truck, rented (ref. Means) 
Crew (ref. Means) 

$3,225/mo 
3.200 

$6,425/mo 
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$6, 700/acre 
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Production= 150 ac/yr (use as average value for all alternatives) 
Dust for half the construction time, 4.5 mo 
Cost/acre = $6,425/mo x 4.5 mo x 1 yr/150 ac = $200/acre $200/acre 

Air Monitoring: 
Air Monitoring Station (ref. Kleinfelder 1996) · $2, 700 
Monitoring during construction (ref. Kleinfelder 1996) 650 

$3,350 $3,350/station 
Quarterly Inspection: 

Inspection, lday/lOOac x 8 hr/day x $50/hr = $4/ac 
Maximum = 2 wks/site = $4,000 
Minimum= 1 day/site= $400 

Report = $2,500 
Total= $4/ac+$2,500~ max~ $6,500, min= $2,900 

Soil Cover Repair: 
1 % of acreage 
Repair: 

Excavate (ref. Means) 
Load (ref. Means) 
Place (ref. Means) 

$1.06/cy 
$0.16 

1.55 

Site Reviews 

Hauling 
Vegetation 

Report: Estimate 
Materials: Estimate 
Field Time: Estimate 

$2.77/cy =$ 6,703/ac 
5,469 
1.290 

40 hr x $50= $2,000 
530 

16 hr x $50 = 800 
$3,330 

$ 13,462/ac $ 13,462/ac 

$3,330 

COST CALCULATION SUMMARY 
RECLAMATION/PARTIAL RECLAMATION ALTERNATIVES 

PURPOSE: Determine the cost to implement the reclamation alternative. Calculated cost per 
acre. 

RECLAMATION DESCRIPTION: 
• Reclamation cost based on the March 18, 1998 memorandum from the MSU Reclamation 

Unit to EPA and on haul distance estimates based upon preliminary results of the 
ARWW&S OU Borrow Source investigation conducted in 1998 by MSU for the Montana 
DEQ. 

DATE: Initial: December 1996; last revision: September 1998 
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Mobilization/Demobilization: 
Engineering Estimate 

Site Preparation: 
Clearing and Grading (ref. Means) 

Vegetation: 
Land Reclamation Level I ($945 to $1,290) 
Land Reclamation Level II ($2,435 to $3,495) 
Land Reclamation Level IIIA($9,595 to $11,180) 
Land Reclamation Level IIIB ($5,600 to $8,000) 
Land Reclamation Level IIIC Opportunity Ponds ($4,530 to $16,610) 
Land Reclamation Level IIIC Anaconda Ponds ($8,550 to $21,160) 

Stormwater Drainage Ditches: 
100 If/acre, ''v" ditch, 4.06/cy (ref. Means) 

Dust Control: 
Water Truck, rented (ref. Means) $3,225/mo 
Crew (ref. Means) 3.200 

$6,425/mo 
Production= 150 ac/yr (use as average value for all alternatives) 
Dust for half the construction time, 4.5 mo 

$100/acre 

$800/acre 

$1,290 or 
$3,495 or 
$11,180 or 
$8,000 or 
$16,610or 
$21,160 

$90/acre 

Cost/acre = $6,425/mo x 4.5 mo x 1 yr/150 ac = $200/acre 

Storm water: 
Variable costs for constructing stormwater diversions and O&M. 

Air Monitoring: 
Air Monitoring Station (ref. Kleinfelder 1996) 
Monitoring during construction (ref. Kleinfelder 1996) 

Quarterly Inspection: 
Inspection, lday/lOOac x 8 hr/day x $50/hr = $4/ac 

Maximum = 2 wks/site = $4,000 
Minimum= 1 day/site= $400 

Report = $2,500 

$2,700 
650 

$3,350/station 

Total = $4/ac+$2,500, max= $6,500, min= $2,900 

Vegetation Repair: 
Level I Reclamation $1,290/ac 

Fencing (Partial Reclamation Only) 
Ref Means $1 O/lf 

E-11 



Site Reviews 
Report: Estimate 
Materials: Estimate 
Field Time: Estimate 

40 hr x $50= $2,000 
530 

16 hr x $50 = 800 

COST CALCULATION SUMMARY 
ROCK AMENDMENT 

$3,330 

PURPOSE: Determine the cost to implement the rock amendment alternative. Calculated cost 
per acre. 

ROCK AMENDMENT DESCRIPTION: 

• Place 4" of pea gravel on tailings pond areas. 

DATE: Initial: December 1996; last revision: September 1998 

Mobilization/Demobilization: 
Engineering Estimate 

Site Preparation: 
Clearing and Grading (ref. Means) 

Surface Grading (ref. Means) 

Rock Amendments (4" pea gravel): 
Pea gravel (ref. Means) 
Hauling, 40 miles (ref. Means) 
Placement (ref. Means) 

Stormwater Drainage Ditches: 

$17/cy 
11 
2.34 

$30.34/cy 

100 If/acre, "v" ditch, 4.06/cy (ref. Means) 

Roads - Temporary 
100 If/acre, 10 ft wide 
Gravel fill road, 8 inch gravel (ref. Means) $4.23/cy 

Dust Control: 
Water Truck, rented (ref. Means) 
Crew (ref. Means) 

$3,225/mo 
3.200 

E-12 

$100/acre 
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Production= 150 ac/yr (use as average value for all alternatives) 
Dust for half the construction time, 4.5 mo 
Cost/acre = $6,425/mo x 4.5 mo x 1 yr/150 ac = $200/acre 

Air Monitoring: 
Air Monitoring Station (ref. Kleinfelder 1996) · $2, 700 
Monitoring during construction (ref. Kleinfelder 1996) ___,,Q2Q 

$3,350 $3,350/station 

Quarterly Inspection: 
Inspection, lday/lOOac x 8 hr/day x $50/hr = $4/ac 

Maximum = 2 wks/site = $4,000 
Minimum= 1 day/site= $400 

Report = $2,500 
Total = $4/ac+$2,500, max = $6,500, min = $2,900 

Repair - Sarne unit cost as rock amendment 

Site Reviews 
Report: Estimate 
Materials: Estimate 
Field Time: Estimate 

40 hr x $50= $2,000 
530 

16 hr x $50 = 800 

COST CALCULATION 

$3,330 

REMOVAL AND PARTIAL REMOVAL ALTERNATIVES 

PURPOSE: Determine the cost to implement the removal alternative. Calculated cost per 
cubic yard (cy). 

REMOVAL DESCRIPTION: 

Depending on the situation for each site, the removal costs were based on one of the four 
scenarios described in the Titan Report (Anaconda Smelter NP L Site, AR WW &S OU, Preliminary 
Remedial Action Objections/General Response Actions/Technology and Process Option 
Scoping/Waste Removal Evaluation. Prepared by Titan Environmental Corp for ARCO. March 
1996). The costs in the Titan Report were 1993 costs; a 3% interest rate was used to change the 
cost to 1996 dollars. Additional miscellaneous costs were used to complete the cost estimate. 

ARCO's Cost Scenario No. 1 (Transport by Railroad) 

Excavation= $2 - 0.303 (2/4.90)(decon) = $1.88 (1993 dollars)= $2.05/cy (1996 dollars) 
Disposal= $1.80 - 0.303 (1.8/4.90) = $1.69 = $1.85 
Load/Unload= $1.10 - 0.303(1.10/4.90) = $1.03 = $1.13 
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Transport by RR= $2.81/ton x 1.5 ton/cy - 0.607(roads) = $3.61 = $3.95 
Other (Decon, Roads)= $0.303 + $0.607 = $0.91 = $0.99 

ARCO's Cost Scenario No. 2 (Transport by 55 ton Truck) 

Excavate/Load/Unload= $3.00 (1993 dollars)= $3.28 (1996 dollars) 
Haul (55 ton truck)= $2. 75 = $3.00 
Other (flag, decon, support) = $2.00 = $2.19 

ARCO's Cost Scenario No. 3 (from Streamside Tails Demo 2) 

Excavation= $3.65 (1993 dollars)= $3.99 (1996 dollars) 
Roads= $1.07 = $1.17 
Clear/Grub & Erosion Control = $0.07 + 0.09 = $0.16 = $0.18 
Haul (excavate by dozer and haul with 12 cy trucks)= $7.24 - $4.88 (excavation and roads)= 
$2.36 = $2.58 
Haul (excavate by trackhoe and haul with 12 cy trucks)= $9.03 - $4.88 = $4.15 = $4.54 
For extra long distances (beyond 6 miles rt) add $2.00 
Other (H&S, Surveying, office, security, etc.) = $1.49 = $1.63 
Mob/Demob = $0.07 = $0.08 
Decon = $0.04 = $0.05 

ARCO's Cost Scenario No. 4 (from Streamside Tailings Demo Project and Mill-Willow By Pass 
Project) 

Excavate/Load/Haul/Unload/Disposal= $5.04 (1993 dollars)= $5.51 (1996 dollars) 
Clear/Grub & Erosion Control = $0.07 + 0.09 = $0.16 = $0.18 
Roads= $1.07 = $1.17 
Mob/Demob = $0.09 = $0.10 
Decon = $0.04 = $0.05 
Other (H&S, Surveying, office, security, etc.) = $1.48 = $1.62 

Miscellaneous Costs 
Rough Grading for Seeding (reference Means 1996) = $0.13/sf 
Air Monitoring: 

Air Monitoring Station (ref. Kleinfelder 1996) 
Monitoring during construction (ref. Kleinfelder 1996) 

Railroad Spur (reference ECHOS) 

$2,700 
650 

$3,350/station 

= $6,000 (turnout to new track)+ ($59.70/lf + 54.44/lf) x 300 If (track)+ $3,000 (heavy 
duty RR car bumpers)= $43,242, use $45,000 

Railroad Restoration (reference Means (1] and ECHOS [2]) 
= $33.98/lf (track- ref2) + $83.50 (wood ties - ref 1) + $36.02 (ballast - ref2) 
= $153.5/lf, use $170/lf 

RR Subgrade Construction (Means)= 1.67 bey/If x $34/cy = $56.78, use $60/lf 
Remove RR Tracks (reference Means)= $16.25 

E-14 



Dispose of wood ties= $14/ton (engineer's estimate) 
Bridge (reference Means 1996), precast, prestressed concrete box girder 

= $10,400 + $4,600 (misc.)= $15,000 
Reconstruct Ditch, "v" ditch, 3' deep x 4' wide (reference Means, for excavating trench) 

= $4.06/cy 
Excavate Backfill Material (ref. Means)= $2.77/cy 
Haul Backfill Material 

Off Highway, 40 cy, 2 miles round trip, $2.26/cy (ref. Means) 
Off Highway, 40 cy, 4 miles round trip, $3.51/cy (ref. Means) 

Vegetation, Phase I reclamation= $1,290/acre 
Revegetation - riparian (reference ARCO)= $710/acre 
Stream Bank Erosion Control (reference ARCO) = $4,493/acre 

Mob/Demob= engineer's estimate 
Dust control = engineer's estimate 
Rebuild RR (Blue Lagoon)= $200/lf (engineer's estimate) 
Compensation to RR Company for downtime= $20,000 (engineer's estimate) 
Culvert under RR= $200/lf (engineer's estimate) 
Soil cover for RR= engineer's estimate 
Infrastructure - Sewer, Water, and Power= $20,000 ea (engineer's estimate) 
Dewatering =engineer's estimate 
East Anaconda Yard Waste Area of Concern, _Excavate/Load/Unload and Haul unit costs 
includes 50% increase due to existing utilities at the site. 

End of cost calculation sheets. 

E-15 



Capital and Operation & Maintenance Cost Spreadsheets 



TOTAL ALTERNATIVE COSTS 

TABLE E-1 
NORTH OPPORTUNITY SUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 
Alternative • No Further Action (Revision 2 ) 

• Already established through Superfund Overlay District and covenants on Ueland property. 

NOHANOAC XLS9124198 



A. CAPITAL COSTS 

TABLEE...J 
NORTII OPPORTUNITY SUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 

Alternative - Land Reclamation (Revision 2) 

t::::::::::::;:::::;::::r:'::;:::1IDR!if~/:t::::r:::::::::o:;:::::::o:;:;:::::::t:::::::;H:~UiiEf::: ?:::r:··-· .......... ·::?:::: '\\{:?:ItJ.iilt<:Cit':'::='''''=t':::tttt:'t =t/:/tt:::::::::::7;:;:;::;:::::::=:::tiiit'tr:t:;:;:;:7:::::::=:::::;:::::q,;::::t::Ym'/:({ '::::;:::::;:::::::::::::::;::::::::::::::;::::\(:::;::::~::W.(llUffi:;':::::·::::,:::::::it:k%f 

:'::'::::':t''''''''''''':::i:'tH:t}::;::,;:::::/::::;::::::;::;::'::::t:t:r=:::::::::=:::::+'n::::::: ::::::::::::;:::::;::::):::::::::n:::;::::,:t')ftt:::::::::::;:,:;::;;:;:;::::::=:r'Miiff:::::''''':hrr=Mir::::=::::: t't=::=:::::::::;:;;::::::mif::'::::::::::t:t ,,,,,,,,,,,,,,,,:;:;;uitt:::::,:::::=::::::::::f:;::::;:::::::,:::::';:::f: :=::~tt':\:t:::::':':':::Miif:::f't::::::::::::: :':'.::,~::::::::=:::::::::Mii:':''''''''::::;;::::ii: 
MobiliDlionlDemob AC 162 $100 $16,200 $16,200 $16,200 
Site on AC 162 $800 $129,600 $129,600 $129,600 
Level I Reclamation AC 32 S94S Sl,290 $30,240 $41,280 $30,240 $41,280 
Levclll Reclamation AC 130 S2,43S $3,495 S316,5SO S4S4,350 $316,550 S4S4,3SO 
Level m A Reclamation AC 0 $9,SOS SO SO SO 
Level m B Reclamation AC 0 $5,600 SO SO SO 
Level DC Rcclmlalion AC 0 $4,530 SO SO SO 
Dust Control AC 162 $200 $32,400 $32,400 $32,400 
SIOnnwatcr Drainage (100 LF/AC) AC 162 $90 Sl4,S80 Sl4,S80 $14,580 
Air Monitoring EA 6 S3,350 $20,100 $20,100 $20,100 

Subco\al $559,670 S70S,SIO '):{%%/%%/: $SS9,670 $708,SIO 

8. O& MCOSTS 

:\{?':':t::::::::::::ret>imt:ciiiift::t?'t)t::::::::ttt::::=\: 
lion 

Supcn;sion, Inspection, .t Ovcrltcad (4%) 
Contractor Bonds (S%) 
Contractor Profit (IOOAI) 

Contingency (20%) 

TOTAL O&M COSTS 

TOTAL ALTERNATIVE COSTS 

NOtWIECL. 

$840,000 

Sll,600 
$2,090 

$666 

$14,356 

2 lhru 30 
2 lhru 30 
2 lhru 30 

$13,3,098 
$23,978 
$7,642 

$164,718 

$6,589 
$8,236 

$16,472 
$32,944 

Sl,069,000 



Corridor 

Stonnwatcr Draina (I 00 LF/ AC) 
Fencin 
Air Monitorin 
Route Stonnwatcr to Opportunity Ponds 

F icld Indirect (2%) 
Supervision, Inspection, & Overhead (4%) 

Contractor Profit (I 0%) 
Contractor Bonds (5%) 

Design (6%) 

Resident Engineering (3%) 

Contingency (20%) 

TOTAL CAPITAL COSTS 

8.0& MCOSTS 

Sto""watcr Management 

Supervision, Inspection, & Overhead (4%) 
Contractor Bonds (S"o) 

Contractor Profit (I 0%) 
Contingency (20%) 

TOTAL ALTERNATIVE COSTS 

NOWJ>RCL XLS0/24198 

59 

AC 59 

AC 59 

AC 59 

LF 40,000 

EA 6 
LS 

EA 4 

AC 0.51 

EAIS 0.20 

LS 

TABLE E-4 
NORTH OPPORTUNITY SUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 

Alternative - Partial Land Reclamation (Revlalon 2) 

$800 $47,200 

$945 $1,290.0 $55,755 
$200 $11,800 

$90 $5,310 
$10 $400,000 

$3,350 $20,100 
$856,000 

$2,900 

$1,290 

$3,330 
$63,000 

$76,110 

tr:t?~':W.~f:tt''''?:tt:t:::=:::t'? 
\:''':\(:)({l\fill'}::::=:::=::::::: '}{':::::::Ma/'{'/: 

$5,900 
$47,200 

$11,800 
$5,310 

$400,000 
$20,100 

$856,000 

$28,041 $28,448 
$56,083 $56,897 

$140,207 $142,242 
$71,121 
$85,345 
$42,673 

. $7,549 

$7,642 
$722,862 

$871,lSI 



Supervision, Inspection, & Overhead (4%) .. 
Contractor Bonds (5%) 
Contractor Profit ( 10%) [(/:):::;'('~} 

Contingency (20%) 

TOTAL Al TERNA TIVE COSTS 

TABLE E-5 
NORTH OPPORTUNITY SUBAREA 

SPARSELY VEGETATED SOILS AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 

• Already established through Superfund Overlay District and covenants on Ueland property. 



Mobilization/Demobilization 
Site aration 

Level I Reclamation 
Level ll Reclamation 

Lc:vcl W A Reclamation 
Level m B Reclamation 
Level m C Reclamation 
Dust Control 
Stonnwatcr Draina (100 LF/AC) 

Field Indirect (2%) 

Supervision, Inspection, &. Ovcrhc.td ( 4%) 

AC 
AC 

AC 
AC 

AC 
AC 
AC 

AC 
AC 
AC 

LS 

Contractor Profit (I 0%) 1::::,:::::::,,:,:,:,:,:,:,:,:,: 

Contractor BondJ (5%) 
Design (4%) 

Resident Ensinccrins (3%) 
Contingency (20%) 

TOT AL CAPITAL COSTS 

TOTAL ALTERNATIVE COSTS 

NOSVRECUtLS8124/98 

870 
870 

800 
70 

0 
0 
0 

870 
870 

12 

1 

TABLEE-6 
NORTH OPPORTUNITY SUBAREA 

SPARSELY VEGETATED SOILS AREA OF CONCERN 
Alternative - Land Red11111ation (Revision l) 

$87,000 
$800 $696,000 

S94S $1,290 $7S6,000 
$2,43S $3,495 $170,4SO 
$9,SOS $0 
SS,600 $0 
$4,S30 $0 

$200 $174,000 
$90 $78,300 

$3,350 $40,200 

$3,100,000 $3,100,000 

$5,101,950 

$102,039 

$204,078 
SS I0, 195 
$25S,098 
$204,078 
$153,059 

$1,020,390 

$1,032,000 
$244,650 

$109,043 
$218,086 

$S45,21S 
$272,608 
$218,086 
$163,565 

$1,090,430 

I thru 2 $78,648 $78,648 
I thru 2 $629,184 $629,184 

I thru 2 $683,424 $932,928 
1thru2 $1S4,087 $221,164 
I thru 2 $0 $0 
I thru 2 $0 $0 
l thru 2 $0 $0 
I thru 2 $157,296 $1S7,296 
I thru 2 $70,783 $70,783 
I thru 2 $36,341 $36,341 
I thru 2 $2,802,400 $2,802,400 

$4,612,163 $4,928,744 

$92,243 $98,57S 
$184,487 $197,150 
$461,216 $492,874 
$230,608 $246,437 
$184,487 $197,150 
$138,365 $147,862 

$922,433 S98S,749 

$7,295,000 

$133,098 

$128,773 
$7,642 

$1,359,669 



TABLE E-7 
NORTH OPPORTIJNITY SUBAREA 

SPARSELY VEGETATED SOILS AREA OF CONCERN 
Alternative - Partial Land Reclamation (Revision 2) 

A.. CAPITAL COSTS 
::::=:=:::;:':t=r:::::=:tn:i'~~:::=:=:•:::=''''::'i'':::::::;:;::::~~:::=::=:=~=,:=::::;:::=;:::uiit{:;:;;:;=::::::: ·.···:··'.::t:::::=;::=::tWil~~;:::;:;:::::::::::=:=:=:=:::t=::=::==:::::=::=: ::=::=:=:=:::{t:t=::::=~:=::::=::;:::ttm::::::=::::;:::::t=:::::::::;::=::;::::=:;:::=:::::=:t::=:::::::vm::;:::;:::::= :::::t:::::r:::::~w~ue:=:===:::=;=::::;:::::::;:::::;:;:::::;::;=:::::;=:::==::::::=::::=:::::m:=:=::::::::::::: 
::=r==m'::::=::;:;::'t:::':':::=:::==:=:::=::::}::=::;:::::::::::::::::::t=:;::=::::::::;::=:==:::=:=t=:::::::;:::=:::::=:::=;::;\:;:::=:::;=:::::::::=:::r:t::=:=::;::::;:;:;,t=;;::=:::::===::::==,=:::gr=::::::=::::::::::::=:,m==::::::=:=:::::===:=:::=:='::===::'=::==r:::Mti1:::=:::::=:=:=t:==::=::;;::=:::::::==:=:tu'iiir:::::::::;:::;::=: :=::::::;:;:;=:=::::;::;:::=t:::::t .::':\?'::::=:::=:::=:::=====:=:Mii=v:::::=:=:::::=::::;=;=:=::::;:=::;:::=:=;::::::==:;;::;:::w1v:=~:=::::;:':::::;;:=t=•= 

Mobilizalion.IDemobiliz:alion AC 425 SIOO $42,SOO I S42,SOO $42,SOO 
Site ation AC 425 S800 $340,000 $340,000 $340,000 
Level I Reclamation AC 0 $945 SO SO SO 
Level II Reclamation AC 425 $2,435 S3,495 Sl,034,875 $1,485,31S $1,034,875 Sl,485,375 
Level Ill A Reclamation AC 0 $9,505 SO SO SO 
Level Ill B Reclamation AC 0 $5,600 SO SO SO 
Level Ill C Reclamation AC 0 S4,3SO SO SO SO 
~ Control AC 425 $200 $85,000 $85,000 $85,000 

100 LF/AC AC 425 $90 $38,250 S38,2SO S38,2SO 
Air Monitori EA 6 S3,3SO $20, I 00 $20, I 00 S20, I 00 
Route Stonnwatcr to Oppcntunity Ponds LS $980,000 $980,000 $980,000 $980,000 

•i:#::=r==n::::::=::::::::t:•~'Ci'iiitrn=:=::::::::=n=:=v:::::\t::: ,,:~::::::it::::::::;:=:::::•~ :=;===::;:;::;:::=:==:::=:=::r:w:::: ::==:=::=:::::@::::::)::':t:::;:;=::;= =•=•ttt:=trMt:: ::)'::::::;:::::\:f{:w:;::=:::~='=t{:t:'=:::;:::::::t=:::;::::::;m:;:::::i::=:;::::::;::=v =::;:;:;::::::::=;:::v:::n=::::::;: ::::::t:=:::::::=:::::::::::d:m:=:=;::=:=:=:=:::::=;~=m:=::' •=t:f::=f:t:==m:=::;:::';:):::n~#:::=:):n;: 
Field lndircd(2%) SS0,81S SS9,82S :::;:;::;::;:;::;:;:r:r::::r::::; SS0,8JS SS9,82S 

Supervision, Inspection,&: Ovahud(4%) SIOl,629 $119.649 itt=t{i:::;:::mm::: SIOl,629 $119,649 
Conlnlctor Profit (100.4) $2S4,073 $299, 123 f)}:f:f=ttit $2S4,073 $299,123 
Contractor Bonds (S%) $127,036 Sl49,S61 t':'::::;:;:;::;;:::;:{}:{t Sl27,036 Sl49,S61 

Oesisn (4%) SIOl,629 SI 19,649 :!;;';t=t=tf:;f}'{:' SIOl,629 SI 19,649 
Resident Engincering(3%) S76,n2 $89,737 ;:::::;:::':!{ff'}\;)'=: S76,222 S89,737 

Conlingenc:y(20".4) S508,145 S598,245 '}\{\:::;:::;:'::{::;;:;;:; SS08,145 SS98,24S 

$3,760,000 $3,760,000 $4,427,000 

B.O&MCOSTS 
:::=::=:r:=r=>:?>:=n:=::Dm!i~H~i~•::::=:::=:::::::;=:;::::;:;::::::::::=:=:==::::=:==::= :::::::,::::::::=+;::=:=:;:;=:= =:=::,''''''''''''::::""',,,,,,,,,,,,,,,,,,, ::::=:=:::=:::::::::=:::=:=;=:=:=:::;:='=:::::=:::::::::::::=::::::::::;· ,:.r:=:. ,,.;,;,:::;:=::=:::==::::::=::=':::=:::=:::::=:::::=;::::{:\=:=::.:::=::::;::::;:;=;:::::::=:;::::::::::::==::=::=::=::::;::::: ;::::::::::=:=::;::::::=:::;::::;::::;:;::n::::::=:::=:=:==':'t::::::::::::::p::':::,::;:::::t:::::=:=:===:=:=;:=:=;:::;:::::::::::::=::;=:=:=:=:===:=:::=:::=::::>:?::;:;:f=:=::=::: 

Stonnwatcr Management 

Supervision. Inspection. &: Overhead ( 4%) 
Conlral:tor Bonds ( 5%) 

EA 4 $2.900 
AC 4.25 Sl,290 

EA/5 0.20 $3,330 
LS $63,000 

Contractor Profit (I 00/o) 1=:::;:::::::::=:=:=:::;:::=:::=::::::1: 
Contingency (2~~) 

TOTALO&M COSTS 

TOTAL ALTERNATIVE COSTS 

NOSVPRCLJI. 

Sll,600 2 thru 30 $133,098 
SS,483 2 thru 30 $62.906 

$666 2 thru 30 $7,642 
$63,000 2 thru 30 sn2.s62 
$80,749 :::::::::::::;:::::::::::;:;:::::::::::::::: $926,508 



TOTAL ALTERNATIVE COSTS 

• Already established through Superfund Overlay District 

NOWSNOAC XLS9124/98 

TABLE E-8 
NORTH OPPORTUNITY SUBAREA 

WARM SPRINGS CREEK SST AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 



A. CAPITAL COSTS 

TABLEE-9 
NORTH OPPORTUNITY SUBAREA 

WARM SPRINGS CREEK SST AREA OF CONCERN 
Alternative - Capptnc (Revision 1) 

:\::\)':'::tit:\l~'Qilii:iU?4'•:=:fl:=m+=t::+t'ifat/: kt':umtittL:=t== =r==:=::{1iii:~ost:':ttc':'t'=t=n===:t=r=:e. .. r=:=:w::=::v:=:=r:::r= :}::=:=tt.===:=:==:::::=: =:::{:'(:t:;::==:~=:w:oruar:t\::r:t 
Mobilization/Demobilization AC 

AC 
AC 
AC 
AC 

Ditches 100 LF/AC AC 

NewBrid e 
Stream Bank Erosion Control 
Revegetation - riparian 

Subtotal 

8.0& MCOSTS 
'::t'/??=?'r=:t':'IA>.itta:C&tlt?K'??'?'t'?A\tt:=:: 

Subtotal 

,=:::t(:/=:f:t::::::::t~Ha'-IH~~:t=tttt::tti''ttt=: 
Supervision, Inspection, &. Overhead ( 4'1o) 

Contractor Bonds (5%) 
Contractor Profit ( I 0'1e) 

Contingency (20%) 

TOTAL ALTERNATIVE COSTS 

NOWSCAP.K. 

AC 
AC 
EA 
CY 
LS 
AC 
AC 

4 
100 

$100 $100 1 SIOO 
$2,850 $2,850 I $2,850 
$8,100 $8,100 $8,100 

$22,500 $22,500 $22,500 
$6,703 $6,703 $6,703 
Sl,290 Sl,290 Sl,290 
SS,469 $5,469 SS,469 

$90 $90 $90 
$470 $470 $470 
$200 $100 $200 

S3,350 $13,400 $13,400 
$5.37 $537 $537 

$15,000 $15,000 $15,000 
S4,493 $4,493 $4,493 

$710 $710 $710 
$81,912 

Sl,638 
$3,276 
$8,191 
$4,096 
$4,915 
$2,457 



A. CAPITAL COSTS 

TABLE E-10 
NORTII OPPORTUNITI' SUBAREA 

WARM SPRINGS CREEK SST AREA OF CONCERN 
Alternative - Land Redamatlon (Revision 2) 

:\:'n::::::::::):::(:\liOiinU)itf\'\\{:\{{:}}}}:\: :):/Uiilf'''{ '{/{: . ... ·:::/:::. /:\:\hiif'Ciit::::::;:::::;::,::t{:'::::;:::{:{::,}:t: t\:'(:):)':})'(leiiit::::=:::::;:::::::::;:::}}''.'''''f:\(:}{}\:\}fi' ::::::}fYan::)?\ :::=:::>::::}:{~fWiiiitlf\::}/{':::::=;:;{:':t:t:\:':}\'}. 
:t:f:f:f(::;:::::;:::?:'.(t::::':~':'::Jt:i'::?''/f''{{'\t\':::=::;,:::;:=:=::::::t:':t:;::::;:::;:::::;:::::: ::;::::::::;::::;::::;:;::;::::::;:::::::::::::: :=:;:,::':':::':::MiQ::::;:::::: :?//?'.'lfii''I':f'::::::;:r:;:::::::::::=:::r:::;::?Mm'':"':>:::::;::::::::=:: ::;:::;:::::::::;::::::;MU::;:;::::;=::;:::;::: t'?'':':::=::::::::;:::;:::}::::: ':}}\}f'::':({Mii:?:::::y,:;:::,::: :::}:=::::;::::{:Mai}\:::::::}:: 

Level D Rcclmlllion 
level ID A Reclmulion 
Level m B Reclamation 
Level m C Reclamation 
Dust Control 
New Bridge 
Roads 

Field Indirect (2%) 
SupcMsion, Inspection, &. CMrhcMI ( 4%) 

Contractor Profit (10%) 
Contractor Bonds (5%) 

Dcsian (6%) 
Resident EPginccring (3%) 

Contingency (20%) 

TOTAL CAPITAL COSTS 

8. 0 .t M COSTS 

Supervision, Inspection, &. CMrhcad (4%) 
Contractor Bonds (5%) 
Contractor Profit (10%) 

Contingency (20%) 

TOTAL ALTERNATIVE COSTS 

NOWSRECL XLS812U91 

AC $100 $100 $100 $100 

AC $800 s8oo s8oo S8oo 

AC 0 $945 $0 $0 so 
AC 0 $2,435 so so so 
AC 0 $9,505 so so so 
AC 0 SS,600 $0 $0 so 
AC $4,S30 $16,610 $4,530 $16,610 $4,530 $16,610 

AC $200 S200 $200 $200 

LS Sl5,000 $15,000 $15,000 $15,000 

LS $1,638 $1,638 Sl,638 $1,638 

AC $90 $90 $90 $90 

AC $4,493 $4,493 $4,493 

AC $710 $710 $710 
EA 4 $3,350 $13,400 Sl3,400 

$40,961 $53,041 

$133,098 
$148 

S7,642 



A. CAPITAL COSTS 

New Bridge 
Excavation 

Haul 
Roads 
Erosion 
Mob/Demob 
Other (H&S, Survey, Office, Security, etc) 
Decon 
Dust Control 
Air Monitoring 
Excavate Backfill Mat'l and placement 
Haul Backfill Mat'l, l mile rt 
Grading 
Vegetation 
Stream Bank Erosion Control 
Revegetation - riparian 

Subtotal 

J't:r:rtf'ftttin~m~:¢4$.tittitt:mttt:::n:r:tttt 
Field Indirect (2%) 

Supervision, Inspection, & Overhead (4%) 
Contractor Profit (10%) 
Contractor Bonds (5%) 

Design (6%) 
Resident Engineering (3%) 

Contingency (20%) 

TOTAL CAPITAL COSTS 

TOTAL ALTERNATIVE COSTS 

NOWSRE~4198 

LS 
CY 
CY 
CY 
CY 
LS 
CY 
CY 
CY 
EA 
CY 
CY 
SY 
AC 
AC 
AC 

TABLE E-11 
NORTII OPPORTUNITY SUBAREA 

WARM SPRINGS CREEK SST AREA OF CONCERN 
Alternative - Removal (Revision 2) 

1 $15,000 $15,000 

1,400 $1.50 $2,100 

1,400 $6.54 $9,156 
1,400 $1.17 $1,638 
1,400 $1.00 $1,400 

l $1,000 $1,000 
1,400 $1.63 $2,282 
1,400 $0.05 $10 

1,400 $0.22 $308 
4 $3,350 $13,400 

500 $2.77 $1,385 
500 $1.91 $955 

10,000 $0.13 $1,300 
1 $1,290 $1,290 
l $4,493 $4,493 

$710 $710 

1 $15,000 
$2,100 
$9,156 
$1,638 
$1,400 
$1,000 
$2,282 

$70 
$308 

$13,400 
$1,385 

$955 
$1,300 
$1,290 
$4,493 

$710 

$56,487 

$1,130 
$2,259 
$5,649 
$2,824 
$3,389 
$1,695 



TOTAL Al TERNA TIVE COSTS 

• Already established through Superfund Overlay District. 

OPHANOAC XLS9/24/98 

TABLE E-12 
OPPORTUNITYPONDSSUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 



Mobilization/Demobilization 
Site Pr aration (clearing and grading) 
Soil Cover (18") 
Vegetation 
Haul (2 miles) 
Stormwater Drainage Ditches (100 LUAC) 
Roads-Tern 
Dust Control 
Air Monitoring 

Subtotal 

AC 
AC 
AC 
AC 
AC 
AC 
AC 
EA 

TABLE E-13 
OPPORTUNITY PONDS SUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 
Alternative - Soil Cover (Revision 2) 

356 
356 
356 
356 
356 
356 
24 



Site 
Lewi I Rccbmalion 
Lcvcl Il Rcclunation 
Lewi ID A Rccl.amation 
Lewi m B Reclamation 
Lewi m C Reclamation 
Dust Control 
Stormwatcr Drain IOOLF/AC 
Air Monitoring 

B. O& MCOSTS 

AC 
AC 3S6 
AC 142 
AC 214 

TABLE E-14 
OPPORTIJNITY PONDS SUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 
Alternative - Land Reclamation (Rnblon 1) 

SlS,600 
S284 800 

St,290 Sl34 190 
S 43S S3,49S SS21,090 

AC 0 S9 SOS $0 
AC 0 SS600 $0 

AC 0 $4,S30 $0 

S3S 600 S3S600 
S284,800 S284,800 

Sl83 180 Sl34,190 Sl83 180 
$747,930 SS2t,090 S747 930 

$0 so 
so so 
$0 $0 

AC 3S6 $200 $71 200 $71 200 $71,200 
AC 356 $90 $3 040 $32,040 $32,040 
EA 6 S3,3SO $20,100 $20,100 $20,100 

=m:=::A:::::::=,::::::#1:rnna~Vi:::::::::::::%l@mmm=q:::::::=:::~:::::::::;::::::;.~:= :t::::;:=::;::::::=)::::::::::;:{::::=: w:::::::::::;:::::n=::::w::::{::::::::::::::::::::::f:::::t:~n::::::=g:q:::~:::::::::::=::::;::::=:;::::::::::::::::::::::::=::f::::::::::::::::::::::t::::::::::::=:::::::::::%::;:::}:::;:::u:::t:::::::tt:::t::::\:: ::mm:::::::{:::;:::l\;::m::::m:::t::::::mr:;mm::::::::::;f);::::::;::::::::::=:=:::;:::::::=:: 
lion EA 4 S 900 Slt 600 2 duu 30 Sl33 098 

SupcrWion, Inspection, & Overhead (4%) 
Contnccor Bonds (5%) 
Conlractor Profil (I 0%) 

Conlingcncy (20%) 

TOTAL ALTERNATIVE COSTS 

O-RECL.llS11/W91 

AC 3.56 Sl,290 S4,S92 2 duu 30 U 693 
EAIS yr 0.20 $3,330 S666 2 duu 30 



TABLE E-15 
OPPORTIJNllY PONDS SUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 
AltemaUve • Partlal Land ReclunaUon (Revtston 2) 

A. CAPITAL COSTS 
':::::::::::::=::::t:::::::::=:::::::1;:~•a•:tt:=::::::{;::::r''W•'•':=:::;:::::::=::dr::::::va:::::::::::::::::::::::::: "/':':::: '''\f''''VlilQli:'::::::::::::::::;::::=:::::r::::::::::;::::=;::: :::=:=t?+::::::::::;:::::Q;iiit::=:::=:::::::::::=:+:+::::;:::::::=:t:'::b:::::::::::::;:"" :::;::::=;::::;rus::=i::::i::::::::;:::;:::::::::::::::::r.miafWMts:::::r;!:t::::::n::::::::::::%:m:::rn:::::=;::::=: 
::::::::;=,=:;J:::::=::::::=:::::=:::::::::=rn=t:::t=::::::=;:::::::::=:::~~:::::=:::::::::=:=:::=::;==:::::t==:t: =::::t:':::::t::::=:::::::::=:= :::=:::::::::t::=:i::'.::::''=:::=::=::'=': :=:::::::=:::':::::::::=:Mm:::=:=:=:=:::::= ::::=:::=:::::Miat=::::::=:=: 'tt=:ti:::::::::t=Mift==:::::=:::=:::::i ===::=:===i=tua::::::::=:=:::= , :=:::;::::=::::::::::::=:::::=::::::=:;,:::::: ::=::::::=:=<:::::::=:t:::=:=:::=M1ft:':':'=~:i=t= w:::w::=:::tMat:::::::::::::::;o::=:i 
Mobitiz.llionlDc AC 45 SIOO $4,500 $4,500 $4,500 

AC 4S $800 $36,000 $36,000 $36,000 
Corridor AC 45 $945 Sl,290 S42,S25 SS8,050 $42,525 $58,050 

AC 4S $200 $9,000 $9,000 $9,000 
AC 45 S90 S4,050 S4,050 S4,0SO 
LF 25,000 SIO $250,000 S2SO,OOO $250,000 
EA 4 S3,3SO $13,400 I · Sll,400 Sll,400 

Route Stormwatcr to Opportunity Ponds LS I Sl,000 Sl,000 Sl,000 Sl,000 
Subtotal $360,475 $376,000 f:}:(=\tt@t/: S360,47S $376,000 

====:=:=:=::::::=:t=::::::::t:::=:t::aitkiiien:•==g:::::;::=:::;::':::=:=:::=:::::':':'=':r::q::i;':::=:::=:=::n::::=m= ::::=::::::,::::::::::n:::::;;:::::;::c:t::::::::::~:tw::=:f=tt:=:: ':=:==•iMt='::=::::t::::::: tt#=::w:=:::=n:::::::::::t:::=:=:::=::::=:::====:::::=::::::=:=:=:=::t=::::=:::::=:=:::n:::::::::::: ::=:=;::::::=::::::::::::::::;::::=:~::::::::;;:::::::::=:::=n;:::::=:::=:::::=:::=:::::::::::=:=t:::::::::::::::;:::=::::;::H::t=::=:=:=::t::::::::====::==:::::==::::::::~::: 

Field lndiRc:t <2%> s1,210 S7,520 :::=:::=:::=t:r=ml:::rn:: s1,210 s1,520 
SupcMsion, lnspcclion, & OYcrflcad (4%) $14,419 SIS,040 :::t'Y:::/:tt:t:t: $14,419 $15,040 

eoniractor Profit<•°"'> $36,048 S37,600 :;::::m======::=rn:w:=n:::: u 048 
eon1raetor 0onc1a <'"'> s18,024 s18,aoo r=:=:=::m:=mmm:n=: s1a,024 

Dcsian (6%) m,629 s2i,560 ::===:i:=::t===n:::::w==:::::: s21629 
Rcsiclcnl £.najnecrina (3%) SI0,814 SI 1,280 ::::::::f::m::::::::::=m::::::::: 

contingency (20%) S72,09S S75,200 ==:t:=:=:::;::::::::::=t'=======~==::::+.: ===~ 
:;:::::~:~:~:~:~:~:~:~:~:?;:~:~:~:~:::::~:;::,:~:~ 

TOTAL CAPITAL COSTS S564,000 

B. O& MCOSTS 
=:::::t:=Y=\:}Ytt:t:'DiA!IU~ijiiif:f:tt'===::=:===:=:mr=r=w :::::rr=:::::;;t=::t==r::::::=:::=:n=:::=::::=:::::r::::::::;= :2:?:::=:::::::::;:::::::::=::=:==::::r==:::t:::::==:::::::;:=:=:=:::=:=::::::::r t::::::=r=:::=r:r::;:::::::;:::::::=::m:=::::f:=::t::=:=m:=::::::==:::::=I:mt=::::=:::!:H'':i'::::::::;::@im::tw :::::;:::=::=:;t;=::::::=t==~:::::::;::tii':::mw:#:=:=:':':w:::=::=::m:::::::=:~;:::t:::::;:;:;::::: 
Qu.arlerly lion EA 4 $2,900 Sll,600 2 duu 30 $133,098 
Vcgelation R . AC 0.45 Sl,290 sm 2 duu 30 $6,661 

Site Review EA/S )T 0.20 $3,330 $666 2 lhru 30 $7,642 
S1ormwa1cr Management LS SIOO 2 duu 30. Sl,147 

Supervision, Inspection,&. Ovahcad (4%) 
Contractor Bonds (5%) 
Contractor Profit (10%) 

Contingency (20%) 

TOTAL O.tM COSTS 

TOTAL ALTERNATIVE COSTS 

$148,548 



TOTAL ALTERNATIVE COSTS 

TABLE E-16 
OPPORTUNITYPONDSSUBAREA 

SPARSELY VEGETATED SOILS AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 

• Already established through Superfund Overlay District 

OPSVNOAC XLS9124198 





A. CAPITAL COSTS 

TABLE E-18 
OPfORTUNITY fONDS SUBAREA 

SPARSELY VEGETATED SOILS AREA OF CONCEkN 

AlttmaUve - Putlal Laud Reclamation (Revision 2) 

:':m%rn::;::::::::::w1::::oi•u:•rnrnrnI:=:::ogrn:mm ntliilH#:H'tJ:~m=:Hm===M1ait&::::g::::::':':''':':::::::::::::::::::::::: ::::;::::::::=:::::=:trt'Qiii::;,:::~:I:~m::':~'.:#:::}::::::;::::::::;::=::::::::::::::;::::::::y:::::ym::::::rr :::m:::=:?\:': .... =w.a=:::::::::::::::i=:i::tt%m:t':::=:t:':%'::O:M 
:i:::;::::::irni%i':::::::::::;:w::::::::::n:rn7t::m''''rntm::::::::='t':(:::::r':' w::tmt=::'.';m::, :::::::'''I:::=::::::::::=:i:':=:::t::: :::::::::;::::rr'un:=@=::::: :::::::::':]ifi.~':t::::: :::::::::;::::@'::::wnMJiff:t::rn:::::::: :m::I::::Ma::::;::::::;::'''' ::::;::::}::::::':'t:'tt=t=: 't'ft'+:::::::::::;:::::::Mm::::::::::::::::::::::=:m ''''''''::::'tt''''•mmt:::=::::: 
Mobilimiotv'Dcmobilizat AC 475 SUM> $47,500 $47,500 S47,500 
Site Preparation AC 475 SIOO $380,000 $380,000 S380,000 

Level I Reclama1ion AC 0 S94S SO SO SO 
LcvclD Reclamation AC 475 $2,435 $3,495 Sl,IS6,625 Sl,660,125 Sl,156,625 Sl,660,125 

Level m A Reclama!ioa AC 0 $9,SOS SO SO SO 
Level m 8 Reclama!ioa AC 0 SS,600 SO SO SO 
Level m C Reclamation AC 0 S4,S30 SO SO SO 
Dust ConlrOI AC 475 $200 $95,000 $95,000 $95,000 
StormwatcrDninlge(IOOLF/AC) AC 475 $90 S42,7SO S42,7SO S42,7SO 
Air Monitorina EA 6 S3,3SO $20,100 $20,100 $20,100 
Route Stormwaler to Opportunity Ponds LS I $60,000 $60,000 $60,000 $60,000 

Sublolal Sl,801,975 S2,30S,m :ttt:t:::HWiJf Sl,801,975 $2,305,m 

8. 0 & M COSTS" 
:::::t=t::::=:=::::::r:::::::1ID1m1:Qitt::::::::=::::::u:::=tI:::::=::::t\:':'::':;::::::::t~::::::;:::::::::::: ::::::::::::::::::mKt<:t:::::::::=:::::::::::::;:::::::;::::::::#t:'t?:::::':'''t':':'tf't '':tt''''''::'t't':'t''''''/'i/'\ti=t::::::::=:t:::::::::t:::::::::::::=:::tt :I'''Ift:=(t't::!i' ntt'\:'''''t'''''''f':':':t::::t'=':''''''''':::::;t:::::::::=:::::t':''''f't:ii''''''::::::m:::::::: 
Oumterty lnsneccion EA 4 $2,900 Sll,600 2 duu 30 $133,098 
VCRClalion Reoair AC 4.75 Sl,290 $6,128 2 lhnl 30 $70,307 

Site Review ENS yr 0.20 $3,330 S666 2 lhru 30 $7,642 

Stormwatcr Management LS I $8,000 Sl,000 2 lhnl 30 $91, 792 

Subtotal $26,394 :·:·:·:·:·:·:·:=:·:· $302,839 

OPSVPRCL.XLSWlolM 

. I 



TOTAL AL TERNA TlVE COSTS 

TABLE E-19 
OPPORTUNITY PONDS SUBAREA 

OPPORTUNITY PONDS AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 

• Already established through Waste Management Development District and Superfund Overlay District 



Mobilization!Dcmobilization AC 
Site Pre ration (clearing and grad in ) AC 
Soil Cover (18") AC 
Vegetation AC 
Haul (2 miles) AC 
Stormwatcr Drainage Ditches (100 Lf/AC) AC 
Roads· Tcm ra AC 
Consolidation CY 
Dust Control AC 
Air Monitoring EA 

Subtotal 

TOTAL ALTERNATIVE COSTS 

OPOPCOV XlS!l/24198 

TABLE E-20 
OPPORTUNITY PONDS SUBAREA 

OPPORTUNITY PONDS AREA OF CONCERN 
Altemadve • Soil Cover (Revision 2) 

2,508 $100 $250,800 I thru 10 $176,162 
2,508 $800 $2,006,400 I thru 10 Sl,409,295 
2,508 $6,703 $16,811,124 I thru 10 $11,808,133 
2,508 $1,290 $3,235,320 I thru 10 $2,272,489 
2,508 $5,469 $13,716,252 1 thru 10 $9,634,295 
2,508 $90 $225,720 I thru 10 $158,546 
2,508 $470 $1,178,760 I thru 10 $827,961 
74,100 $5.37 $397,917 I thru 10 $279,497 
2,508 $200 $501,600 I thru 10 $352,324 

156 $3,350 $522,600 I thru 10 $367,074 

s38,846,49l :rnmrrn:mtmrrn s21,i85,111 

$776,930 $545,716 
$1,553,860 $1,091,431 
$3,884,649 $2,728,578 
$1,942,325 $1,364,289 

$776,930 $545,716 
$776,930 $545,716 

$7,769,299 $5,457,155 



A. CAPITAL COSTS 

TABLE E-ll 
OPPORTUNIIT PONDS SUBAREA 

OPPORTIJNl1Y PONDS AREA OF CONCERN 
Alternative - Land RK!unatloll (Revision l) 

::::+:f{f:':::::'::+'IIf>RiitCijij::':::':}::i:::::::::::}:(f't::::::::;"::::r::ua'::::::::::: :f:::;::: ... ·······.·}:::;::::;;::::;::Uiil'C•tff''}:::::::::::;::::::=::::::::::;::::::::;:::::;:::::feoi}:::::::::mm:::;:::::::;:g::;m}:})f:):{:::;{ :':'f\:Yi:iii'''''::::::::: ''tttf{'PriiiiiiUlfantf::t%n':'::::::::;:::):;::::;::::::@%HSXi' 
'::::::::::::::::::t::;::;::::::f::::t=::::::::::::::::=:::::f:::::::;:::::;::::::::;;:::;::):::::;:::::;::::;::::;::'ti' :::::':'{:):}:(''::::::::: ':':':':'::::;:::;::;:::'::;::::::::;::::::;::::. }/{:}Mun::;;::: ::::::::::Uiji}{ 'f'(':::;:;::::;::;:::::::tMiiit':'t':'::::;:::;:q;;::::::::::::::::::=Mliit:t:r:::::::: ::::;::::::;;:::::::::::::::::=:::::t=:::: :;::::::::;:::::::;:::;::f:::;::::::::Mif:::::::n:t:':::~: :::':}::'::::::::::(:tMit:t::::::::;:::~::t:: 

Mobiliz.alion/Danobiliucion AC 2,S08 $100 S2S0,800 1 thna S S20S,6S6 S20S,6S6 
Site lion AC 2,S08 $800 $2,006,400 1 thru S Sl,64S,248 Sl,645,248 
~I I Reclamation AC 0 S94S SO I duu S SO SO 
~I D Reclama1ion AC 0 SO SO $2,435 so 1 tJuu s 
~· m A Reclamalion AC 0 so so $9,SOS so I thru S 

~I ID B Reclamation AC 0 SO SO SS,600 so 1 tJuu 5 
J...c\ICI ID C Reclamation AC 2,S08 $9,316,217 S34,IS9,462 $4,530 $16,610 Sll,361,240 $41,657,880 I thru 5 
Dwit Control AC 2,S08 $411,312 $411,312 $200 $501,600 I tJuu S 
Comolid&tion ofToc Arca CY 74, IOO $326,292 $326,292 SS.37 $397,917 1 thru S 
S1onnwatcr (100 l..F/AC) AC 2,S08 SIBS,090 $185,090 $90 S22S,720 1 thru 5 
Air Moniloring EA 30 $82, 410 $82, 410 S3,3SO SIOO,SOO lthruS. 

Sllblolm $14,844,Jn S4S,140,117 jf(::::::::ft:t:'?; $12,172,225 $37,015,470 

$296,884 $243 44S 
$593,767 $486,889 

Sl,484,418 Sl,217,223 
$742,209 $608,611 
$296,884 S243,44S 
$296,884 S243,44S 

S2,434,44S 

Sl7,6SO,OOO 

8. O& MCOSTS 
::::::;:::::;:::::':=t:::::'{::::t{Dimit:Cijij::::::;::::;::;::::::::::::::::::}:::rtt:::n,:::::tt:t:::::::::::::':t:f{;::::::;::::::::;::::::r ::::::::t::::::t:I'ItI'tt:,::::::::::::::::i<:::::::::'::::::::::;::::::;:::;:::::;:::::;:::;:::::;:::::;:::::::::::::::::::::::::::::':':::':::;:::=:::t:::::t:':::'::r:t: ''t':'::::::;::::;:::::;::::::::::::;::::::::;::::::::::::m':'''::::::':'r':'r:::::):#:m:t'''::::::;~::::::::'@''''t~::::::::':::;:m:':'''W:t:::g: 

Quar1 lion EA 4 $2,900 SI 1,600 2 thru 30 $133,098 
AC 25.08 Sl,290 $32,353 2 duu 30 $371,221 

ENS yr 0.20 Sl,330 $666 2 tJuu 30 S7,642 

Subtotal $44,619 SSll,961 
::::::::::::::::::::::::}\:'\\'l~lb&iitd~•t':'::;::::::::mt:i:t::::::::;::r Ht't\::::=tr:::: ::;;::i,::::::;:::g,:::::::::::::::::::':'::. ':Kt't<:t::;::::;::::::::::::::::::::::;:::::;::;:::::::;::: :::::::::::::':::t:'t\:'::::::;,::;:::'f''i:r;,:::::::t:t%X'.fa6{%%:t:::'iL\:\t\':':'\''''':'::::::o;-,\'''\Vi''''''''~''N:t:::::::::::::::::::::;::%'i:':::::m::::m::}':}::::;::::;::::;:::::,:::::::m:::~i,:::::'' 

Supervision, Inspection,&: <Mrhcad (4%) Sl,785 $20,478 
Contractor Bonds (S%) $2,231 $25,598 
Con1nc10r Profil (10%) S51,196 

Contingency (20%) $102,392 -
TOTAL ALTERNATIVE COSTS 

OPOPRECLX. 



Mobiliution/Dcmobilinlion 
Site ration 
Level I Reclamation • wind/wild life corroidor 
Surface Gradin 
Rocle Amencbnenll (4" of vcl) 

Air Monitorin 
Dint Control 
Consolidation of Toe Arca 
Stormwatcr Dninasc (100 LF/AC) 

TABLEE-22 
OPPORTUNITY PONDS SUBAREA 

OPPORTUNITY PONDS AREA OF CONCERN 
Alternative • Partial Land Reclamation {Revision 2) 

AC S2,2n $4,882,1.50 I lhru 6 $3,878,868 $3,878,868 
AC $16,316 $3.5,014,136 I lhru 6 $27,818,731 $27,818,731 
EA $3,3.50 $120,600 l lhru 6 $9.5,817 $9.5,817 
AC $200 S.501,600 l lhru 6 $398,,21 $398,.521 
CY 74, 100 S.5.37 $397,917 l lhru 6 $316, 14.5 $316, 14' 
AC 2,.508 $90 $22.5,720 I lhru 6 $179,33.5 $179,33.5 

subtota1 $43,741,413 S43,866,3o3 :nt==nwt:ttt S34,7s2,m S34,8s1,11s 

TOTAL CAPITAL COSTS 

Supervision, Inspection, .t. Overhead ( 4%) 
Contractor Bonds (.5%) 

Contractor Profit (10%) 

Contingency (20%) 

TOTAL ALTERNATIVE COSTS 

OPOPPRCl Xlsw.1411111 

$63,42.5,000 $63,606,000 S.50,391,000 S.50,.53.5,000 



A. CAPITAL COSTS 

TABLE E-23 
OPPORTIJNITY PONDS SUBAREA 

OPPORTUNln' PONDS AREA OF CONCERN 
AltemaUve • Land RedamaUonlSoll Covtl' (Revblon 2) 

=::::::i:r::::=:::{:mm:t(:l>Aii:~::::::;::t:::t::=:::==i=t::=:::::=:=:::::=:::: :=::::::::::va::p::, +::::::: = ········ ···;:::::} :::=::rminliiiI:::;:::::;:::;:::::f::=:::=t:\ i:'t:t:::::;::::::::::=:::::eoirt:::=:=:::::::>:=::m:;t::=::::::+:::=::::::=::=:::::::;::::;::::::::=:: :=:::::::nvm::=::::=:t =\=::=:::::::=::t='PffMii'W•t>m::::::ff6::::::::=::fo:::::=:::t::::::::}W 
:::t::::::=::=:::::::::::::;:~:::=:::;:::::=:@:;:·:::::;:~i:/t::::::;:::;:::;:::::(:::,:::;:::::::::,::'{f{:H::::::::;:::::;:::::::::;:::::::::::: :'ffa/,:::;:=::;:::~I:,::;:::::: \::::=::::::=:::Mllft::: ::::::::::::::J.fali}:::;:::::: :::::::::::;:::;t::;::::;:::::::=::f<iiif''::r::::::=::::fdf:f;:{\MliU::;:;}::)'=:,.;:::::;:::::;::::::::::;::;::::=::I:=::::: :=r:::::=;:::::::::::::::::=t=:::::MiiifaHflm::'::: =:::::::w::t:t:Uli/:::::'ii::::iw 
MobilizatioWDcmobiliDtion AC 2,SOI SIOO S250,800 I duu 6 Sl99,261 Sl99,261 

AC 2,S08 $800 Sl,006,400 I tluu 6 Sl,S94,0U Sl,594,0U 
AC 2,508 S4,530 Sl6,610 Sll,361,240 S41,657,180 I duu 6 S9,026,505 $33,097,116 
AC 2,508 $2,234 $5,602,872 t tluu 6 S4,45t,482 $4,451,481. 
AC 2,508 $5,469 $13,716,252 I tluu 6 St0,897,562 SI0,897,562 
AC 2,S08 Sl,290 $3,235,320 I duu 6 Sl,570,462 Sl,570,462 

DmtControl AC 2,508 S200 S501,600 I duu 6 $398,521 $398,521 
Consolidalion of Toe Alu CY 74,100 SS.37 S397,917 I duu 6 S316,14S S316,145 
Stonnwatcr Drainage (100 LFIAC) AC 2,S08 S90 S225,720 I duu 6 Sl79,335 Sl79,33S 
Air Monitoring EA 36 $3,350 $120,600 I duu 6 $95,817 S95,ll 7 

TOTAL CAPITAL COSTS }\)if}(((' S54,257,000 S98, 187,000 $43,107,000 S78,0IO,OOO 

EA 4 Sl,900 Sl 1,600 2 duu 30 Sl33,098 
AC 25.08 Sl,290 $32,353 2 lhru 30 S371,221 

EA/5yr 0.20 $3,330 $666 2 lhru 30 $7,642 

Sl,785 S20,478 
Sl,231 S2S,S98 

SSl,196 
$102,392 

TOTAL Al TERNATIVE COSTS 

OPOPRECV Xl.'QI 



Mobilization/Demobilization 
Site Pr tion 
Surface Oradin 
Rock Amendments (4" of gravel) 

Consolidation of Toe Area 
Roads 
Air Monitorin 

Dust Control Durin Construction 
Stormwater Drainage (100 LF/AC) 

Subtotal 

Supervision, Inspection, & Overhead (4%) 
Contractor Bonds (5%) 
Contractor Profit (I 0%) 

Contingency (20%) 

oPoP m~iAAJERNA r1ve cosrs 

AC 
AC 
AC 

CY 
AC 

EA 
·AC 
AC 

TABLE E-24 
OPPORTUNITY PONDS SUBAREA 

OPPORTUNITY PONDS AREA OF CONCERN 
Alternative - Rock Amendment (Revision 2) 

$800 
$2,275 

$16,316 
$5.37 
$470 

$3,350 
2,508 $200 
2,508 $90 

1 thru 6 
1thru6 
I thru 6 
1thru6 
1 thru 6 
1 thru 6 
1thru6 
1thru6 



TOTAL ALTERNATIVE COSTS 

TABLE E-25 
OPPORTUNITY PONDS SUBAREA 

CELL A AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 

• Already established through Waste Management Development District and Superfund Overlay District 

OPCANOAC XLS9/24198 



Mobilization/Demobilization 
Site Preparation (clearing and grading) 

Soil Cover ( 18") 

Haul ( 2 miles) 

Vegetation 

Stormwater Drainage Ditches (100 LF/AC) 

Roads - Temporary 
Dust Control 

Air Monitoring 

Supervision, Inspection, & Overhead (4%) 
Contractor Profit (I 0%) 

Resident Engineering (3%) 

Contingency (20%) 

TOTAL CAPITAL COSTS . 

Contractor Profit (I 0%) 

Contingency (20%) 

TOTAL ALTERNATIVE COSTS 

Op_a_cov xls9128198 

AC 

AC 

AC 

AC 

AC 

AC 

AC 
EA 

OPPORTUNITY PONDS SUBAREA 

CELL A AREA OF CONCERN 
Alternative - Soil Cover 

198 800 

198 6,703 

198 5,469 

198 1,290 

198 90 

198 470 

198 200 

6 3,350 

$158,400 

$1,327,194 

$1,082,862 

$255,420 

$17,820 

$93,060 

$39,600 
$20,100 

$3,014,256 

$60,285 $60,285 

$120,570 $120,570 
$301,426 $301,426 
$150,713 $150,713 

$180,855 $180,855 
$90,428 $90,428 

$602,851 $602,851 



Level I Reclamation 
Level II Reclamation 
Level Ill A Reclamation 
Level Ill B Rec:lamation 
Level Ill C Rec:lamation 
Dust Control 
Stonnwater Drainage (100 LF/AC) 
Air Monitoring 

Supervision, lnspec;tion, & Overhead (4"/o) 
Contractor Profit ( I O"/o) 

Contractor Bonds ( 5%) 

Design (6%) 

Resident Engineering (3%) 

Contingency (20"/o) 

B.O& MCOSTS 

Supcrvision, lnspec;tion, & Overhead (4%) 
Contractor Bonds (5"/o) 

TOTAL ALTERNATIVE COSTS 

°"-·--· 

AC 198 

AC 0 

AC 0 

AC 0 

AC 0 

AC 198 

AC 198 

AC 198 

EA 6 

OPPORTUNITY PONDS SUBARIA 
CELL A AREA OF CONCERN 
Alternative • Land Reclamation 

$94S 

$2,43S $0 

$9,505 $0 

$5,600 $0 

$4,S30 $16,610 $896,940 

$200 $39,600 

$90 $17,820 

$3,3SO $20,100 

$1,152,660 

$23,0S3 

$46,106 

SllS,266 

$57,633 

$69,160 

$34,SSO 

$230,532 

$1,729,000 

$3,288,780 

$0 $0 

$0 $0 
$896,940 $3,288,780 

$39,600 $39,600 
$17,820 $17,820 
$20,100 $20,100 

$1,IS2,660 S3,S44,SOO 

$23,0SJ $70,890 
$46,106 $141,780 

$1 IS,266 $354,450 

$57,633 sm.m 
$69,160 $212,670 
$34,S80 $106,335 

$230,532 $708,900 

$5,317,000 



Mobilization/Demobilization AC 
Site Preparation AC 

Surface Grading AC 
Rock Amendments (4" of pea gravel) AC 

Roads AC 
Air Monitoring EA 
Dust Control During Construction AC 
Stormwater Drainage (100 LF/AC) AC 

Quarterly Inspection 

Repair 
Site Review 

TABLE E-26 
OPPORTUNITYPONDSSUBAREA 

CELL A AREA OF CONCERN 
Alternative - Rock Amendment (Revision 2) 

198 
198 $800 

198 $2,275 

198 $16,316 
198 $470 

6 $3,350 

198 $200 

198 $90 

$19,800 

$158,400 
$450,450 

$3,230,568 
$93,060 
$20,100 
$39,600 
$17,820 



B. O& M COSTS 

TOTAL ALTERNATIVE COSTS 

• Already established through Supcrfund Overlay District 

OPSLNOAC.~"98 

TABLE E-27 
OPPORTUNITYPONDSSUBAREA 

SOUTH LIME DITCH AREA OF CONCERN 
Alternative - No Further Action (Revision l) 

$306 
$382 
$764 

$11,000 



A CAPITAL COSTS 

Mobilization/Demobilization AC 
AC 
AC 

Protective Soil Cover ( 18") AC 
Vegetation AC 
Haul (2 miles) AC 

Dust Control AC 
Air Monitoring EA 

Subtotal 

TOTAL ALTERNATIVE COSTS 

OPSLCAP XLS!l/24198 

TABLE E-28 
OPPORTIJNITY PONDS SUBAREA 

SOUTH LIME DITCH AREA OF CONCERN 
Alternative - Capping (Revision 2) 

., ....... , ....... ·":r'tHi=f]fiiit:C&ttt::==::::=t::=:t:t:=::::::=?=Mli)afmnw=rre?f tf+:Yali=:::t=?Htlft\\':l!••t:w.&11r:::::tr:=:::::::r 
196 $100 $19,600 I $19,600 
196 $2,850 $558,600 $558,600 
196 $8,100 $1,587,600 $1,587,600 
196 $22,500 $4,410,000 $4,410,000 
196 $6,703 $1,313,788 $1,313,788 
196 $1,290 $252,840 $252,840 
196 $5,469 $1,071,924 $1,071,924 
196 $90 SJ 7,640 SI 7,640 
196 $470 $92,120 $92,120 
196 $200 $39,200 $39,200 
12 $3,350 $40,200 $40,200 

$9,403,512 mnmmwwn&:' $9,403,512 

$188,070 $188,070 
$376,140 $376,140 
$940,351 $940,351 
$470,176 $470,176 
$376,140 $376,140 
$282,105 $282,105 

$1,880,702 



A. CAPITALCOSTS 

TABLE E-29 
OPPORTUNITYPONDSSUBAREA 

SOUTH LIME DITCH AREA OF CONCERN 
Alternative - Soil Cover (Revision 2) 

Mobilization/Demobilization AC 196 S 100 S 19 ,600 I thru 2 S 17, 718 
Site Preparation (clearing and grading) AC 196 $800 $156,800 1 thru 2 $141,747 
SoilCover(18") AC 196 $6,703 Sl,313,788 1 thru2 $1,187,664 
Vegetation AC 196 $1,290 $252,840 I thru 2 $228,567 
Haul (I mile) AC 196 $4,066 $796,936 I thru 2 $720,430 
StonnwaterDrainageDitches(IOOLf/AC) AC 196 $90 $17,640 I thru2 $15,947 
Roads - Temporary AC 196 $470 $92, 120 1 thru 2 $83,276 
Dust Control AC 196 $200 $39,200 I thru 2 $35,437 
Air Monitoring EA 12 $3,350 $40,200 I thru 2 $36,341 

subtotal s2.129,124 r+:r:e::rw:=r=;r:mr: s2,461,128 

$4,121,000 . $3,725,000 

B. O& MCOSTS 
{),::\t?t':Lttd.t0tiil.t:C.ii$/k'iti&ftf?//:ttt' ':::1\\'}'l'tv:t=? ::}\/'?'::::;;t:t=:':':f'}'::::::m +::=:=t=tf:::=}:(:'tt'F>t:=:::::=t='=:=ttt:t:m::: t~ff'ttW=f'itD :=t:t=t:=:::=:=:::=:\=:::m:=f:f%'V'P~tt#%=Ntt 
Quarterly lnsPCCtion EA 4 $2,900 SI 1 ,600 2 thru 30 S 133,098 
Cover Repair I Vegetation AC 1.96 $13,462 $26,386 2 thru 30 $302,747 
Site Review EA/5 yr 0.20 $3,330 $666 2 thru 30 $7,642 

Subtotal $38,652 :')}f:\':'j'}/\::::}'\' $443,488 

""::::""';;::>""=:.:,:~:"":-:'.::!""::~""::::m ....... w:"":~""'~,~-"""~, ..... ~'.'!'l:::· ........ =""":··:·"""1~~ ........ :~ ........ ~.,,.,:;"""1 ....... ;

8 

....... ~ ....... ;.,,.,r ....... ; ....... 1 ....... ~=~~r~i: ....... i ....... i ....... i ....... i"""i"""i~l~r-~1"""1~1ii::I ii :I 
TOTALALTERNAT::::s:MCOSn,5r&=~; ....... D?iA'.tr~~~ 

OPSLCOV .• 



A. CAPITAL COSTS 

TABLEE-JO 
OPPORTUNITY PONDS SUBAREA 

SOUTH LIME DITCH AREA OF CONCERN 
Alternative · Lud Reclamation (Revision 2) 

,:;:;:::;:;:::+:::::::,::::;:;::::::::K~'r.iiff:r::::m::{:::::r:::r::::r:r:r :m+•::::;:::=::: ::::1q·.· ... ·:·:·:·:· .···:rr:: ::::::=:::u..:®.!i:t:t:=::::::::===:::;:::=::=:::+t:: :r:::::rr:::::::=::=:==:m:::==:::::,:=:=:=:::r:::::::=m=:::'t@i:tttt:=::t:= :::;:::::;:::=:r: .. ::::=:::?' :::::::::=::::={t::~·~::::r::::::i:t:\:::::1t:'tt:::it:::::=::· 
:,::::::::%(=:::::::::::::f:::::=:::::=:=:==::::::~t::=:;:::::::=:::::::::+::::;::::::=:::=:::::::=:::::=:::::::;::~;::=:.~:: ::::::;:::=(:t:=:=::===::::;:::: .. ·:::::::::::: :::::::::::::=:MU:;:::::::=:::: ::::;:==:::::=::::::=::;:::::=::::::fi=:?:::':'t''f:': ''''f{f(-=:==::::=:===:t:': :::==:(:\/\=;::::==:=:=:::::::::: .::::t:::::??:i/=j:)~t;::::::::=::::\:}:= =:::;::::::::::::::Mi&=:;:::::=::::;:::. 
MobilizatiOlllDemobilization $19,600 $19,600 $19,600 
Site ration AC 196 $800 $156,800 $156,800 $156,800 
Level I Reclamation AC 0 $945 $0 $0 $0 

Level Il Reclamation AC 0 $2,435 $0 $0 $0 

Level ID A Reclamation AC 0 $9,505 $0 $0 $0 

Level ID B Reclamation AC 0 SS,600 $0 $0 $0 

Level ID C Reclamation AC 196 $4,SJO $16,610 $887,880 $3,2SS,560 $887,880 $3,255,560 
Dust Control AC 196 $200 $39,200 $39,200 $39,200 
Stormwatcr Draina (IOOLF/AC) AC 196 $90 $17,640 $17,640 $17,640 
Air Monitoring EA 6 $3,350 $20,100 $20,100 $20,100 

:::=:::::=:w=:=:=:::::'+:::;:::,~'•mto~=:=:::::::t:::::t::::::::+::r:w::n:::::::::::::::=:::::=mw::= =:::n::::=:w::::::::::::::w:::::::: :::ww:t:t:f::::::::::: :;:'tm:+i:::::::tt': :t'::=:::::n::r:t=::::n:=t::::%t:tt:rntt:'MKmrti\::r:: r:t:tf':)flt::::Ht:tt':::=:::::=::::+iit:tnw:::::::r:::=::::::r:=:=+t::::::::::::::;:t=::::n,:: 
Field Indirect (2%) $22,824 $70, l 78 m:::;::::;::;:::::{:::::::;::::t:=:: $22,824 $70, 178 

Supervision, Jnapcction, &; Overhead (4,,o) $45,649 Sl40,356 :=Wtf::\tt:'H''f $45,649 $140,356 
Contractor Profit(IO%) $114,122 $350,890 ::::::=;:=:=:::;:::::;::::):;::=::::;::=:=: $114,122 5350,890 
Contnctor Bondi (5%) SS?,061 $175,445 $57,061 $175,445 

Design (6,,.) $68,473 $210,534 $68,473 $210,534 
Resident Engineering (3,,o) $34,237 $105,267 $34,237 $105,267 

Continpcy (20,,o) $228,244 $701,780 $228,244 $701,780 

TOTAL CAPITAL COSTS 

Supervision, Inspection, &; Overhead ( 4%) 
Contnctor Bonds (5%) 
Contractor Profit (I 0%) 

TOTAL ALTERNATIVE COSTS 

OPSlRECL XLS9124191 



A. CAPITAL COSTS 

TABLE E-31 
OPPORTUNITY PONDS SUBAREA 

SOUTH LIME DITCH AREA OF CONCERN 
Alternative - Removal (Revision 2) 

f:ft:=t:t:ttiittlfO.iiiUJ~'fl?%t:r:r:t:ft'::t@tdt't{Qn4.)@:=c\\?~fiM:::'t ttWWMUl~ltlLt\lfiltJlt:=:~ttff'j(ftt:@HtJ'f')'(iiitlt':/ J/fiIWRJi~(W.~NNtrnt:rw 
Excavate/Load/Haul/Unload/Disposal CY 1,900,000 $5.51 $10,469,000 1thru6 $8,317,621 
Clear/Grub and Erosion CY 1,900,000 $0.18 $342,000 1 thru 6 $271,719 
Roads CY 1,900,000 $1.17 $2,223,000 l thru6 Sl,766,174 
Mob/Demob CY 1,900,000 $0.10 $190,000 1 thru6 $150,955 
Other (H&S, Survey, Office, Security, etc) CY 1,900,000 $1.62 $3,078,000 1 thru 6 $2,445,471 
Decon CY 1,900,000 $0.05 $95,000 1 thru 6 $75,478 
Dust Control CY 1,900,000 $0.03 $57,000 1 thru 6 $45,287 
Air Monitoring EA 36 $3,350 $120,600 1 thru6 $95,817 
Excavate Backfill Mat'l and placement CY 530,000 $2. 77 S 1,468, 100 1 thru 6 S l, l 66,405 
Haul Backfill Mat'I, I mile rt CY 530,000 $1.91 Sl,012,300 l thru 6 $804,272 
Grading SY 2,370,000 $0.13 $308,100 I thru 6 $244,785 
Vegetation AC 490 $1,290 $632, l 00 l thru 6 $502,203 

Subtotal $19,995,200 $15,886,186 
..,,:m:=:m:=;::;::=n:rn-:::::==u=:"",,/~''2.~H-M"':.~.~=::··:·=;:co:o!'!',.''·:~-·:····=···=:=rr.....,..t::=:=+:::""":::>"""rt==::=::::::"""':-tt.... 

Field Indirect (2%) 
Supervision, Inspection, & Overhead (4%) 

Contractor Profit (10%) 
Contractor Bonds (5%) 

Design(2%) 
Resident Engineering ( l % ) 

Contingency (20%) 

TOTAL CAPITAL COSTS 

TOT Al Al TERNATIVE COSTS 

OPSLREMV ~59124198 

~;:;:;:::'..::;:;:;:;:;:::::;:; 
$399,904 $317,724 
$799,808 $635,447 

$1,999,520 $1,588,619 
$999,760 $794,309 
$399,904 $317,724 
$199,952 $158,862 

$3,177,237 



A. CAP IT AL COSTS 

+=;1:n:tt:'tfttlkP.itm.:~tnt?t::'nt/t:t:'rt::::r =ttJUNtJ:tr 
Excavate/Load/Haul/Unload/Disposal CY 
Clear/Grub and Erosion CY 
Roads CY 
Mob/Demob CY 
Other (H&S, Survey, Office, Security, etc) CY 
Decon CY 
Dust Control CY 
Air Monitoring EA 
Excavate Backfill Mat'l and placement CY 
Haul Backfill Mat'l, l mile rt CY 
Grading SY 
Vegetation AC 

Subtotal 

Field Indirect (2%) 
Supervision, Inspection, & Overhead (4%) 

Contractor Profit (I 0%) 
Contractor Bonds (5%) 

Design (2%) 

Resident Engineering (I o/o) 

TABLE E-32 
OPPORTUNITYPONDSSUBAREA 

SOUTH LIME DITCH AREA OF CONCERN 
Alternative - Partial Removal (Revision 2) 

::t:tYiml;».!¢tt't'i' ::::t:=rr::mr:t=t'a:astr:::nt:;ntt=:ttr :r::':::::''t~ii.tk\:::t:: ::tti'i'i?t~=:w.o.mr=trt:::=:::::mr:: 
423,000 SS.SI $2,330,730 I thru 3 $2,038,612 
423,000 $0.18 $76,140 I thru 3 $66,S97 
423,000 $1.17 $494,910 I thru 3 $432,881 
423,000 $0.10 $42,300 I thru 3 $36,998 
423,000 $1.62 $68S,260 1thru3 SS99,374 
423,000 SO.OS $21,150 I thru 3 $18,499 
423,000 $0.03 $12,690 I thru 3 $11,100 

18 $3,3SO $60,300 1thru3 $52,742 
211,SOO $2.77 $585,SSS I thru 3 SSl2,428 
211,500 $1.91 $403,965 I thru 3 $353,335 
540,000 $0.13 $70,200 1 thru 3 $61,402 

l I 2 $1,290 $144,480 l thru 3 $126,372 
$4,927,980 $4,310,340 

$98,560 $86,207 
$197,119 $172,414 
$492,798 $431,034 
$246,399 $215,517 

$98,560 $86,207 
$49,280 $43,103 

contingency <20% > [] :::::::f ft::t:::]:::::11tirntl/t:::;:]]:f::]}). $98S,596 $862,068 

TOTAL CAPITAL COSTS 

TOTAL ALTERNATIVE COSTS 

OPSLPRMV XLS9124198 



TOTAL ALTERNATIVE COSTS 

• Already established through Superfund Overlay District 

TABLE E-33 
OPPORTUNITYPONDSSUBAREA 

TRIANGLE WASTE AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 



Mobilization/Demobilization 
Site Pfi tion (clearin and grading) 
Soil Cover (18") 
Vegetation 
Haul (1 mile 
Stonnwater Draina e Ditches (100 Lf/AC) 
Roads-Tern rary 
Dust Control 
Air Monitoring 

TOTAL ALTERNATIVE COSTS 

OPTWCOV.XLS9/24198 

AC 
AC 
AC 
AC 
AC 
AC 
EA 

TABLE E-34 
OPPORTUNITY PONDS SUBAREA 

TRIANGLE WASTE AREA OF CONCERN 

Alternative - Soil Cover (Revision 2) 

300 
300 
300 
300 
300 
300 
18 

l thru 2 
1 thru 2 
1 thru 2 
I thru 2 
1 thru 2 
1thru2 

1thru2 
1thru2 



AC 300 

Site lion AC 300 

Levtl I Reclamalion AC 0 
~I 0 Reclamation AC 0 

~I ID A Reclamation AC 7S 

~I m e RccLunalion AC 0 

~I m C Reclamation AC 22S 

Dust Control AC 300 

TABLE E-35 
OPPORTUNl1Y PONDS SUBAREA 

TRIANGLE WASTE AREA OF CONCERN 
Alternative - Land Reclamation (Revision l) 

$1()() $30000 

$800 $240,000 

$94S so 
S 43S so 
$9,SOS Sil 180 S712,87S 

SS600 so 
S4,S30 $16610 Sl,019,2SO 

$200 $60000 

so so 
$838,SOO $71 87S SS38 SOO 

so so 
S3 737 2SO SI 019 2SO $3,737 2SO 

$60,000 S60 000 

SIOmlwatcr 100 LF/AC AC 300 $90 S27 000 $27 000 $27,000 
Air Monitoring EA 6 S3,3SO S20,100 $20,100 $20,100 

Subtotal S2,109,22S S4,9S2,8SO $2, 109,22S S4,9S2,8SO 

:.•:.::\:•,:•::::•:::t=,:,:•:::::,z;:: .. :~=:twt=tl:::::•::::@:::;: ::d'f?H:n:r::: Jttt::=::::::::t=mN :::::i::t::::::~:::tttm•:::: =::=::n:tt:::::::tm::::;:::::: :::::•:::::•::=:#:'t:::.::'::::•::·'.:•:::::·:::=::=:fai:::s:::::•:::::•:•:•:i::•:::::•:::::t::::::=:=:::::::::::::::: ::::t:::=::=,~:::;::::;:::w::::•:•: :::t:d•:•:i:::::=:.::::••::::::••:::i=:::t:.:.:::::::::::::::::w wi::•:n•;:•:·:=•==··=:•%:•@•:::,,.,,, 

·-~~!ll•,JIJi~-~~v-1~ 
supm;sion, lnspcclion, cl Omhcad (4%) 

ContrKtor Bonds (S%) 

Contractor Profit (10%) 
Contingency (20%) 

TOTAL ALTERNATIVE COSTS 

OPlWRECl. 

$3,122,000 $3,122,000 $7,330,000 



A. CAPITAL COSTS 

TABLEE-36 
OPPOR11JNl1Y PONDS SUBAREA 

TRIANGLE WASTE AREA OF CONCERN 
Alternative - Partial Land Reclamation (Revision 2) 

'\'''::::':::=:::=:::;::::::::~'fWDimiu~•t'::::=::t:i:':':i:::r=::n:t:i'H'':'r'lfii:~~:::::::: %''':::.. ·.·.······· •· ···::=:::;:::: :::::::=:::::::::um'N::mt:::::::::::::::::::;:::::::::;::::: ::::::::::;:::::;:::\'''''':::=:~:,:::::::::11:::::::::m:::::::::r=:::::::=:::::::::::::::::::::::::::=::: :i::::::,:x1iiri:::::::::::::: ::;:::=:::{::;:::::::::=:eniiiiiVNae::::::::2n::::::::::;;;;;:/:'?f:tt:'.'::::=:t:t' 
:':::::;:;:;::=::::::f::::::+:::::::::::ti:::::=::::1:::::::::::%':rn:::::::::::::::~::::::::=:::::::;::::::::=::t::: ::==:::=:::::':::::::::=::::::::::::'nt'::::{'?:':::::;::::::,::::;:;::u::::::::::+:=:::::Mfi=:=::;::::';:::: :::::::::=:'uJiit:=::::::: ::::::::::::::::::r:::::::':::::::rs&f=;::::n:::;::::;::::: ::::::::t::,'::Miii:'t':':''t· ::::::::;:::::::::::':'F''':'::,:;:::;::: -:::::=:::::=::::::::::::=:::::::=::::::::Ma::::::::::;:::::::::::::::::: '''''ft:':'''''',''':Ma':'=:,,::::::::::::::=:::: 
Mobiliulion.IDemobiiiution AC 86 $100 $8,600 $8,600 $8,600 
Site lion AC 86 $800 $68,800 $68,800 $68,800 
~II RcdanWion - wincUwik1 life conidor AC 86 S94S Sl,290 $81,270 $110,940 $81,270 $110,940 
Dust Control AC 86 $200 $17,200 $17,200 $17,200 

(100 LF/AC) AC 86 S90 $7,740 $7,740 57,740 
EA 6 $3,lSO $20,100 $20,100 $20,100 

Route Stonnwatcr lo Opportunity Ponds LS SO SO SO SO 

Subtocal $203, 710 $233,380 $203, 710 $233,380 

:::::::::::,:::::::n::::::xYJHima~u:•m:::::;:::::'::::;:::::::::::::,:;::;m::::;c::::::::Antt:t:::=::::::::::::::::::::::::::,::m:,::::::::: ::r:::;::::;:'::::::::::::::::::::::::::::::::::q;:::::::::':::::''i:':''''''''''''' ''''Y'it::::::;:::::::n:::t:::::::::=::::::::'::::::::::::::t:%:'':::::::::::::::=:::::::::::t:':':::::n;::=:;::;::::::::=:::::::::::::;::9:::;: :;:::::::::::::;::::::':'::::=:::::::=::::;::::=:::::=:::::=::t:':::;:;,:;::::::;::;:::::::::;:::,rn:;::::::::::::::::::=:::=::;::;:::::=:::::'' 
F"teld lndim:t (2%) ::::t=t:ttttt $4,074 $4,668 :::{:k::::::::::::fo:{:/}:: $4,074 $4,668 

SupcMsion. lmpcction, .t Overhead (4%) Mmtftij:@f $8,148 S9,33S :::::::::{:::::::::;::::;::::::::;:::::::::: $8,148 S9,m 
Contractor Profit (10%} ::~:;rn::';;:;:;:;~::=%:' $20 371 S23,338 ;:;:;::tt}:::;:::=::=ft:::::: $20 371 S23 338 

.:;§El 1,,,,,:J,i.',.i,.1.,J,.'.:],J,,',.l.,J,I,J,J,J,.l.,J,J.,,:1, .. :.1,l,,,J,J.,,·.:.1.: .. l::.i ... i .... 

1

.:.i,

1

., ~ffi 3~ § ~ffi 3~ 
. :~:~:j:~;~:~:~:~:~:~;~:~~~:~:~t:~~~~~=~:!~~=~:!:ti~~~:~:~~~~~!fm~~~r=~=~~m~~~~??(f:~~?~r~:~tt~r }~:~:}~:r~:~:~=r~:;:~=~=~=~:!:~:;:~=~=~:~:!:;:~:~:;:~:;:;:::;:;:;:::~::::: :=t~:;:;:;:;~:~:i:t~:~::::{:tf~~{=~=~=}~:i:~:: 

$306,000 SJS0,000 $306,000 S3SO,OOO 

8.04 MCOSTS 
:::;:::::::::;:;:::::;:::;::::;:,':'+li':l)ijd:ciliir::':;'''%:'::~:,t:'::::::::::::::;:::::'::::': :::':::n::::::::::':'t't:'n:::::::::::;::::::;::;::::::::n::;::::::::. :::t:r:::::::::::::~:':''''t::::::::::::::::::::::::::::::::::::::::::::'tt :'::::%t'''m;:m:¥:::::r::::::::;:::;:':::::::::::::fM':'t:''':t':'t':t:'t't: :;:;:;::::t:'li't'''''i't::::r :i::::'=?'?''':':':::::;::::::t:::::;::::::::::::::::::::::::::::::,::::::::::::;::::::;:::;:::::y::;:y::'f':f:':;::::::::=::: 

Site Review 
Sronnwarer Management 

Subtotal 

SuperWion, Inspection, .t Overhead ( 4%) 
Contractor Bonds (5%) 
Contractor Profit ( 10%) 

EA 4 $2,900 Sll,600 2 lhnl 30 $133,098 
AC 0.86 Sl,290 Sl,109 2 lhnl 30 $12,729 

ENS 0.20 $3,330 $666 2 lhnl 30 S7,642 
LS SSOO $500 2 duv 30 $5, 737 

$159,206 

Contingency (20%)1}::::::':::=:::::::::::::':::':::::'1{::;:::::::;::' 

TOTAL ALTERNATIVE COSTS 

OPTWPRCl XlS812.illl 



A. CAPITAL COSTS 

TABLE E-37 
OPPORTUNITY PONDS SUBAREA 

TRIANGLE WASTE AREA OF CONCERN 
Alternative - Removal (Revision 2) 

Excavate/Load/Haul/Unload/Disposal CY 1,600,000 $5.51 $8,816,000 I thru JO $6,192,358 
Clear/Grub and Erosion CY 1,600,000 $0.18 $288,000 I thru JO $202,291 
Roads CY 1,600,000 $1.17 Sl,872,000 I thru IO $1,314,893 
Mob/Demob CY 1,600,000 $0.10 $160,000 I thru IO $112,384 
Other (H&S, Survey, Office, Security, etc) CY 1,600,000 $1.62 $2,592,000 I thru JO $1,820,621 
Decon CY 1,600,000 $0.05 $80,000 I thru JO $56, 192 
Dust Control CY 1,600,000 $0.24 $384,000 I thru JO $269,722 
Air Monitoring EA 60 $3,340 $200,400 I thru JO $140,761 
Excavate Backfill Mat'l and placement CY 485,000 $2.77 $1,343,450 l thru JO $943,639 
Haul Backfill Mat'l, 2 mile rt CY 485,000 S2.26 SI ,096,100 I thru JO $769,901 
Grading SY 1,452,000 $0.13 $188,760 1thru10 $132,585 
Vegetation AC 300 Sl,290 $387,000 I thru 10 $271,829 

Subtotal $17,407,710 $12,227,176 
.,,.,,,..,,,,,,.,,,,,,,..,,,,,,,""""'"""""'"""'""""'""""""""'.,...,.~,........,...,.~~ 
\Ihf)::}(:f@t:2tntau~flZij$t$J\?t':'t'ttllttt't 

Field Indirect (2%) 
Supervision, Inspection,&. Overhead (4%) 

Contractor Profit (JO%) 
Contractor Bonds (5%) 

Design (2%) 
Resident Engineering (lo/o) 

Contingency (20%) 

TOTAL CAPITAL COSTS 
TOTAL ALTERNATIVE COSTS 

OPlWRE~4198 

$348,154 $244,544 
$696,308 $489,087 

$1,740,771 $1,222,718 
$870,386 $611,359 
$348,154 $244,544 
$174,077 $122,272 

$2,445,435 



TOTAL ALTERNATIVE COSTS 

• Already established through Superfund Overlay District 

OWHANOAC.XLS9124/98 

TABLE E-38 
OLD WORKS/STUCKY RIDGE SUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 



A. CAPITAL COSTS 

TABLE E-39 
OLD WORKS/STUCKY RIDGE SUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 
Alternadve - Soil Cover (Revision l) 

:':i:''::t:':':'Jtt::::::::::::::''Rniiid~':::'itw::::!N:N':tt:r::::''''?: i't:tV-$t'':::::::::::: :::::n::· ., ........ , ........ ·.··::::::::::::: r::::::::uitt'e&u:=:::=:m .:::::::::::::::::::::::::r::::::::=:=:=:eoat=:Hif£rn:t=:=:::=:::: ::::::=:':=:::=::Y.t@i':::::::r'::: ===tt:::=t'!=':'='=PHscm:t:w.ort1f:::;::;::::r;::::;M 
Mobilization/Demobilization AC 80 $100 $8,000 I $8,000 

AC 80 $800 $64,000 $64,000 
AC 80 S6, 703 $536,240 $536,240 
AC 80 $1,290 $103,200 S l 03,200 
AC 80 $5,469 $437,520 $437,520 
AC 80 $90 $7,200 $7,200 

Dozer Basins AC · 12 $500 $6,000 $6,000 
Roads - T em rary AC 80 $470 $37,600 $37,600 
Dust Control AC 80 $200 $16,000 $16,000 
Air Monitoring EA 6 $3,350 $20,100 $20,100 

Subtotal $1,235,860 ''fi@@/'ffMffJ $1,235,860 

TOTAL CAPITAL COSTS 

8. O& MCOSTS 

TOTAL Al TERNATIVE COSTS 

OWHACOV .,4194 

$24,717 
$49,434 

$123,586 
$61,793 
$74,152 
$37,076 

$247,172 

Sl,854,000 



A. CAPITAL COSTS 

TABLE E-40 
OLD WORKS I STUCKY RIDGE SUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 
Alternative - Land Retlamation (Re\'lslon 2) 

''.'ttr::t?J'<:~a~••'<Z!\i!i!(:/???t'='rr=t=:ttr' =::::::::::J;J\ijfit% Ht ...... :··"" - :':tt?J~•~==tt=(ttt=?t't>i:::tr=:::rt=:===~=''?''t=:'(ft::\::t:t=ttt:::=:::::=: t::i%Y ... :+r::: rttf''f ~w.;anttrn:'tt\'tt?'?'HJ? 
:,,,,,,,:::;::::::':'Wmtx:::::;::::;::::;:::':;~:'''ft::::=?:''''''''t''ht''i'{i:':=:~=~~;:. :'''\'''''''''''''''~'::::::::;:::: :'t';'::::::t::::=:'::::''::::;:::::::: \::::;:::::;::::/Milf'+::::::: ::=::::=::::M.U::::'='''''' ::;:::::;:;::::::':::::::::;r:Mmt':t%'f:::: ::::=:::::t:::w:::,'::::::::::::: :::::::::::::::;:::::::::=::::::::::::;::::r f\'t\:t':':'::J\~\:::::::=:::t::=::.::: ::::::::::::::::::::::Mtt?::r::::::::::: 

AC 80 $100 $8,000 1 $8,000 $8,000 
AC 80 $800 $64,000 $64,000 $64,000 
AC 0 $945 SO SO SO 
AC 65 $2,435 $3,495 $158,275 $227,175 $158,275 $227,175 

Level m A Reclamation AC lS $9,505 Slt,180 $142,575 $167,700 $142,575 $167,700 
Level m B Reclamation AC 0 $5,600 SO SO SO 
Level ID C Reclamation AC 0 $4,530 SO SO SO 
Dtut Control AC 80 $200 $16,000 $16,000 $16,000 
Dozer Basins AC 12 $500 $6,000 $6,000 $6,000 
Stormwater Dra ina (100 LFIAC) AC 80 $90 $7,200 $7,200 $7,200 
Air Monitoring EA 6 $3,350 $20,100 $20,100 $20,100 

Subtotal $422,150 S516,l7S t=:::mr:::t:t=:::tt= $422,150 $516,175 

8.0& MCOSTS 

Supervision, lnspeclion, &. Ovubcad (4•4) 

Contractor Bonds (5%) 
Contractor Profil (10%) 

Continsency (20%) 

TOT AL O&M COSTS 

TOTAL ALTERNATIVE COSTS 

$633,000 $774,000 $633,000 $774,000 



A. CAPITAL COSTS 

TABLEE-41 
OLD WORKS I STIJCKY RIDGE SU8AREA 

HIGH ARSENIC SOILS AREA OF CONCERN 
Alternative - Partial Land Reclamation (Revision l) 

:::::o::::::::::::::::::::::::::::==:==;:i;::r&a:Cd:':;::::::=:=::::==:::::=::=::nt:::::2:=::: =::::::=:::=:lJii:::::::;:: ::::;::;::: .. ··········· - ····:g::=: :':':::::::=::::Uile'0&'H::M:==:::=:::=:::::::::=:::::,=::::=:=:: :=::::==:::::iI:m=:::::i:lMf:=r=:::=::t:t<t=:=:rm:=t:I::::::::=:::::;::::;:::: :::==:=:,::::=:Ycm'''t't :::::::=;::::::::::::;::::~:WGl*':::::::r::i{''';::;::::::::::::==in::::::=n=;:z~'.:~~: 
:}i'}f:f{:f::;::'{:'tt:::::):::,;::::,;:r::=::::;:r::t:':)::ttt=:=;:::;:;:::;;:::,;: ::):::;=::,::::;::t::;:}:H''ff::fti:::I:)t' :::::::t:\:i''MiiFJ::;:;::: :::r::tMmi:'}'::::: :=;::=:::::::=:t::=::tt::Miit::::::':':)(:::o:::::::=;:;::;::':':Mil:t:tf\f ::=::t::=::==::::::::=:::::;::::::::::;:q::::::::::::::::::r:=:::::;:::::::;:Hn:::::::;::::;:t:::::::=:: :::::=:::::::;:::::;:::::;::MQ::=;:::;;::;:;:;:::::::: 
Mobilizalion.ll) AC 24 SlOO S 400 S2,400 S 400 

AC 24 SBOO Sl9200 Sl9200 $19200 

Corridor 

Dust Control 

1001.F/AC 

Field Indirect (2%) 
Supcniision, Inspection, &. Overhead ( 4%) 

Contractor Profit (10%) 

Contractor Bonda (S%) 
Design (6%) 

Resident Enainecrina (3%) 
Contingency (20%) 

8. 0 cl M COSTS 

AC 
AC 
AC 
AC 
LF 
EA 
LS 

24 S94S 

24 $200 

2 $500 

24 $90 

6600 SlO 

6 Sl,350 
I so 

Sl 290 S22,6BO S30,960 S2 680 $30,960 
$4 BOO $4 BOO $4,BOO 
$1,000 SI 000 SI 000 
S2,160 s 160 $2,160 

$66 000 $66,000 $66,000 
$20 100 $20 100 $20 100 

so so so 

s 932 
SS,S34 SS,B65 

$13 834 S14 662 
S6,917 $7331 
SB 300 SB 797 
$4150 

S27,66B 

S20B,OOO S20B,OOO 

::=:::::::::::=::::::::=::t:::::=::=::ii':n&i'iU~f~iii:::::'t:x:::::::::::=:::::=::::::'':O::::''>'"''I::;:::::::;:::::;:;:::::=:=c't'''''':':'t'::::t:::;::::':::=:: ::;::::;::::=:::''''''''''''tt=::::::::;:::=:=::=::''~:::::=:::::r=t:::t':'=' '':':{::;:::=:::=::=====:=:::::t:::::::=::::=:::::::::''''::=n::::::=::==::::::=::=:mI:I:+It=:::: :t=:::=::t:I=::::::::::::m:n:ii==mr::=::::=::::::=:t::::::::=r=tm:::::::::::=::==:::::::=:::::=::::::::::::::w::w:=:::=:;::r:i:ir;:= 
4 $2,900 St 1,600 2 duu 30 $133,098 

0.24 Sl,290 S310 2 duu 30 $3 552 

Stormwatcr Mmagcmenl $9,000 $103,266 
.__ ____ ..;._ _____ _,S:-ub:-total-.+------1r-----+------------t----~S~21~.~S7~6----- S247,5SB 

:/t?(t\t(t:'~'M'tt:t:tt::t\::)::::t 
SuperWion, Inspection,&. Overhead (4%) 

Coniractor Bonds (S%) 

Contractor Profit (10%) 
Contingency (20%) 

TOTAL ALTERNATIVE COSTS 



TOTAL ALTERNATIVE COSTS 

TABLE E-42 
OLD WORKS/STUCKY RIDGE SUBAREA 

SPARSELY VEGETATED SOILS AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 

• Already established through Superfund Overlay District, covenant restrictions on Ueland property, and development restrictions on Old Works Trail System 
parcel, Golf Course parcel, Ballfields/Industrial Park parcel, Stucky Ridge parcel, and Sewage Lagoon parcel. 

OWSl/NOAC XLS9124/98 



TABLE E--0 
OLD WORKS I STUCKY RIDGE SUBREA 

SPARSELY VEG ET ATID SOIU AREA OF CONCERN 
Allemadve • Lllnd RHlamatlon (Rcvblon 1) 

A. CAPITAL COSTS 
=::::fo:::::::i':::=::::::::=::::::1;:f)ijji;CC!Si::=:::;:;::::;:=:::=:::::::=:::=:::=:::::::=:::=:::: ::::::r:tlii::::::::== ··.·:'.;::::;:: ::::i'ltliiCilsr:::::=:=:::t=:=:::::::::=::::::m::::::::=::=: :=:::::::;::::::::::I:;;::::::ee«::::=:::::=:::::::=::=:=:=,=:::::=::::::::=:::::::'=::::=::::::::::::::=:::::::=:::::=:::== :==':'''''''':tm::::::=:::::= ::::=:::::::::::::::=:=:=~=~:;;:::::::::::::::::::+::::;;:mf:::\:=::::=:;::::=:==r:::k:}:::::n:::: 
:::::::::::::::i:::::::::::::=:=i::::::::::;::::::::=:=:::::==:t===::::::::::::::;::=:::=:::=:~:/<:=::::::::::::::::=::=::: :;:::;::::::;::=::::::::::)::::: . \'::;:::::::: {::}:::=::MaJt:=:=::;::=:=:::: :;::::::':':::=:::::=::;::::::::=: . '.·:;::;:::::::;::::::::/:::::=:=;:=:::=::;=:=:::::=MO:':'::::;;:::::::=:::=:: :,::::;=::::: ::=\:::::;::{=;::::: ::'::;:::::=:::::::=:::::::=:::=:::::=: · . =<:::==:::=::::=::::::::: ::::{::::~~::=:::,::::::::;=;::::: . . . ·;:=::::::::::t::::=:::(':'{' 
Mobilization.IDcmobilimion AC 4,949 SHJO $494,900 I thru 10 5347,618 $347,618 
Site ·on AC 4,949 5800 $3,959,200 I thru 10 52.780,942 $2,780,942 
Level I Reclamation AC 1,900 5945 Sl,290 Sl,795,SOO 52.45J,OOO J thru 10 5J,26J,J59 SJ,72J,582 
Level D Reclamation AC 3,049 $2,435 $3,495 $7,424,315 SI0,656,255 I thru JO $5,214,839 $7,484,954 
Level W A Reclamation AC 0 $9,505 SO I thru I 0 SO SO 
Level m B Reclamation AC 0 $5,600 SO I thru 10 SO SO 
Level m C Reclamation AC O S4,530 SO J thru I 0 SO SO 
Dust ConUol AC 4,949 $200 $989,800 I thru I 0 $695,236 $695,236 
Dozer Basins AC 3,959 $500 Sl,979,500 I thru JO Sl,390,401 Sl,390,401 
Stormwatcr AC 4,949 $90 $445,410 I thru 10 $312.856 $312,856 
Air Monitoring EA 60 $3,350 $201,000 I thru 10 $141,182 $141,182 

Subcoeal $17,289,625 S21,177,0.S5 '};/:/{)}:)'( $12,144,233 $14,874,770 
:::::::':':':'tff':::::':'%:~Qliit!i:::::::::::::::;::::::=:=;:=:::::=:::=::::::::::::::::'::::::;;:::::::~:::::t:= :::;::::::=:::::::::::::::::::::::::::=:::::-;:;:::::;::::::::::;:::::;::::~::::::::::::::::: :=;:::::~=:::::::::::::::::::=:=::::;:::=:::: :::::::::::::::::::::}:'::;::::::::;:::::;::::::::::::::::::;:::::;::: :::::::::::::::::':::::::=:::'::;:::=:::::::::::::==::::::::::: :::::::::::=:;::::::::::~:::::::;:::::;:::: ':'::::::;=:::'::::::::::::::::;::::=:::~=::::;::=:::::::::::::::::':::::::=: :::::::::::;::::;:::::;:::::::;:::::;::::::;:;:::::::::::::=::::::::::;::;;;~:i::::::: 

Field Indirect (2%) 5345,793 $423,541 :::::t:t::::::;:;:::;:::::;:::;::::: $242,885 5297,495 
Supervision, Inspection, & Ovahead (4'/o) $691,585 $847,083 t'tf:::::::::::=::;;;::::;::} $485,769 $594,991 

Contractor Profit (10'/t) Sl,728,963 $2,117,707 =;:;=:=:::=::;:~::=::;=::;::::;:~:::=:::: Sl,2J4,423 $1,487,477 
Contnctor Bonds (5%) $864,481 Sl,058,853 :::=;::=:=:=:=:::=:::::::=::;:::;:::=::::::: $607,2J2 S743,739 

Dcsian (2%) $345,793 $423,541 Htt::nw:=:::=:=;t: $242.885 S297,49S 
Resident Engineering (2%) S34S,793 $423,541 ::::::::::::::::::;:::=;:::;:::::::::::=::; $242.885 $297,495 

Contingency (20'/o) $3,457,925 $4,235,413 :t:::::::=:=:::::=::;:::::::;::::::{ $2,428,847 $2,974,954 

$25,070,000 

B.O&MCOSTS 
:':::::::::::;:::;:::=:::=:=:::=:::=:::i::~. ·. :'.: ··:::::;:;:::::::::;:::::::::::::;:::::;;:=:=:::::=:= :;::=:::::':::::::::::::::::=:::::: ::::::'::::::;:;,:::::n:::::;:::::;:::: :::N=::;:::;::=::::::::::;:::::::;::::::=::;:::::::::::::::::::;:;::::::::::::::::H::::::: ::::::;::::::::~:::::::::::::::;:;:::::;::::::::::::::::::::::::::=:::::::=;::':':::;:::'::::::::::::;:::::::'=:::::::::::::;:;:;::::::: ::~::::::::::~:::;:::::::::::::::;::;:::: ::::=::;:::;:;;:::;::::=:::~:;:~:::::::::::::%;:::::::::::::::::::::~~::::=:::::::~:::::::::::;:::::;:::::::::::::;::;::::;:;;~::::::::::::::::~:::::;::::: 

Quarter! EA 4 $2,900 Sll,600 2 thru 30 $133,098 

=:=:=r=:=::::::::=:=:::,~:;::::::t'WlilitrAiiJ':':'':tt::::i':::::'::=:::::::=::::::= ::§tt:t:::::r:::=: ::::::=ft=tr::::::::::::::::: :::::::::::::::::::=:::::::;:::;::::::::::::::::::::=:::::::;:::=:::::=:::::r:::}::::::=:: :::::=:::::::::=:::;:::::::::=:::=:::::::::::::::;::::::::::::::::t:=:=::::::::::::;:::::::::=t:}::::t}:;::bt<':''f:::=:=r:::::::=::::::::::::::: :=:;:::::=:;:::::::::;::::=::;::::=:::=:::::=:::::===::::::n=n=t'':t'HI=:n::::::=mv=:::=:::,:=::::::;:::::::::=:::::;:::=:;::::: 
Supervision, lnspcction, &: Ovuhcad (4%) $3,044 \'::=;::::::=:=:=:::=::::::;::::=:::::;:: S34,93J 

Contractor Bonds (5%) $3,805 .;:::::::::;::::::::::=:::;:;:::::::::::{ $43,663 
Contractor Profit (10'/o) $7,611 ::::::=:::::::::::::::::=:::=::::::::=:::;:: $87,326 

Contingency (20'/o) SJ5,222 :=::::;::;:::{:}:::::g:::::::;:: SI 74,653 

TOTAL ALTERNATIVE COSTS SI 8,823,000 $22,782,000 



A. CAPITAL COSTS 

TABLE E-44 
OLD WORKS I STUCKY RIDGE SUBREA 

SPARSELY VEGETATED SOILS AREA OF CONCERN 
Alternative - Partial Land Reclamation (Revision 2) 

·,:::::;:::::::':;<::;;=n:::::::=::n:Dimit:Clii*::::::::::::::::::::::m:::::::::::::::}:}fH'''ffuaif'tf =t\::,··.··.··.····.·:k'HfI'fumt'Cllilit\It=':'::::/::::::::::::;:;:::::::: ::::::t:::?t'"i'::=::::c&t':'':;r:::::::::;:;::m::::::::::'Vi'\:::::::z:t:=:::::::=:? t\:):tiii.1s;:;::::::;:=::::::::;::t:=::::=::::::11•m•t:wcnn:::::::;:::r:::::::::::::::=:::::::::::::::::::::::::=:::=:::::=:::::=:''' 
'f'i:\''''''''''':'''f''<:tt:::::<:=:::·::::::::::::::::::=:'::::::::::>;'i:'t:::,:(:?.::;%::::':':=:::::::::::::;:;::',:;::'::,(:\: ::t=;::':t' :'.''}:).'':::t:: ''::':t!'':'t'''Miit:::::::::::::: r::::::::MG:::::;:::::: :::':~:::::::::g::::;::;:::::::::•.::::::::::t:;::::::::::::::t'::O::?i':Maft::::::<::::::::::;:::::::::::{::;:;::::::;::::::'::: ''''t'''t':::::::\\::::\l.fi{::::::::::::::::::::::::: ::::::'i.':::::::::::::::Mat:::::::::::::::::::::::: 
Mobilization/Demobilization AC 1,270 SJOO $127,000 I duu3 SI 11,083 Slll,083 
Site lion AC 1,270 $800 SJ,016,000 l duu3 $888,661 $888,661 
Level I Reclamalion AC 0 $945 so l tluu 3 so so 
Level ll Rcclamalion AC 1,270 $2,435 $3,495 $3,092,450 $4,431,650 I tluu 3 $2,704,863 $3,882,339 
Level m A Recbmation AC 0 $9,505 so 1 duu3 so so 
Level m B Rccbmation AC 0 $5,600 $0 I duu3 so so 
Level ill C Rcclunation AC 0 S4,S30 so l duu3 so so 
Dust Control AC 1,270 $200 $254,000 l tluu 3 $222,165 $222,165 
Dozer Basins AC 1,270 $500 $635,000 l tluu 3 $555,413 $555,413 
Stormwatcr (100 LFIAC AC 1,270 S90 $114,300 l tluu 3 $99,974 $99,974 
AirMonit ' EA II S3,350 $60,300 I duu 3 $52,742 $52,742 
Route Stonnwater to Opportunity Ponds LS l $190,000 $190,000 I duu3 $778,453 $778,453 

Subtotal $6,189,050 ~~tt?~!~~t;r~t~~ttl SS,413,356 $6,590,832 
:::::::i:~==W')'':#m:t:~Giiili:%W)tm:::@ttt::w n::::,in=trn:::::: #t'''''''''''''~::mN:i::::: :@:::'::;:;::::'in:':':::':::::::::::;:::' ::::':m::w::::::::::m::: ::::::::::::;:::::::1::1:::::::::::::m:n:t:i:::::;::::)m~m::::::::~:::::::w:::::t::::=:::::;:;::::: ::':;::::::'"it::nrn@::: m:::m~::::;:;:;:;:;::::::::;:;:::'::::::::::::::::=::::::::::::::::::::::: ,,,,m:::::::::::::::::::::::::::::::::::::::::::::::::':'' 

F~ld lndim:t (2%) Sl23,71l SlS0,705 ::;:::::;::;::::':}i~:::::::rn::;::: $108,267 Sl3l,8l7 
SupcnUion, lnapeelion, &: Ovcrhcad (4%) S247,562 S301,410 :::::::::::::::;:;:;:;KtfaM $216,534 $263,633 

Conlractar Profit (10%) $618,905 $753,525 :;:)t;t:th'ttt:' $541,336 
con1nctor Bondi (5%) S309,453 S376, 763 :::;::::::::;::::::::::;::;::::m::n:: s210,668 

Desip(2%) $123,781 $150,705 t::::;::::::::::::;:::::m:::tt SJ08,267 
Resident Engjnccring(2%) Sl2l,7111 $150,705 :t:::::::::::;::::::'::;f\i:':}: SIOl,267 

Contingency (20%) Sl,237,810 SJ,507;050 Sl,082,671 

Stormwater Management LS 
Subtotal 

,,,;::::,::::;::::;:::::::;::::::::r::Mnifiii'fCCmif?':t:=::::?:::::::::::::::::::::::r: 
Supervision, Inspection, &: Overhead (4%) 

ContnclOr Bonds (5%) 

Contnctor Profit (10%) 
Conlin&ency (20%) 

TOTAL O.tM COSTS 

TOTAL ALTERNATIVE COSTS 

OWSVPRCl.XlS8/WM 

4 $2,900 Sll3,098 
12.70 Sl,290 $187,979 
0.20 U,330 $7,642 

Sll0,000 Sl,491,620 



TOTAL CAPITAL COSTS 

TOTAL ALTERNATIVE COSTS 

• Already established through Superfund Overlay District 

SHHANOAC !!..,.59/24198 

TABLE E-45 
SMELTER HILL SUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 



A. CAPITAL COSTS 

TABLE E-46 
SMELTER HILL SUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 
Altemadve - Soil Cover (Revbion 2) 

·:::::!:''{!@tttW:J:llDiliit£.$d':'::(t'iWftMnrnr:::t? :::::rtff1lit''!:f:;::: !'''H:::· ......... , ............ ::':::::'? ::''\"':Uiit:C.&Cttt !'t'W'!''!''''!tff?eiifN!l?'ff~::::::(:n ::::::::::'::::::y-::::tr't w:::::::::::::rn::::::~:W&lffti?It? 
Mobilization/Demobilization AC 520 $100 $52,000 I thru 2 $47,008 

and radin ) AC 520 $800 $416,000 I thru 2 $376,064 
AC 520 $6,703 $3,485,560 l thru 2 $3,150,946 
AC S20 $1,290 $670,800 l thru 2 $606,403 
AC 520 $5,469 $2,843,880 I thru 2 $2,570,868 

Stonnwater Draina e Ditches (100 LF/AC) AC 520 $90 $46,800 I thru 2 $42,307 
Dozer Basins AC 468 $500 $234,000 1thru2 $211,536 
Roads-Tern AC 520 $470 $244,400 I thru 2 $220,938 
Dust Control AC 520 $200 $104,000 l thru 2 $94,016 
Air Monitoring EA 36 $3,350 $120,600 1thru2 $109,022 

Subtotal $8,218,040 @m:@:@f@ff{% $7,429,108 

TOTAL CAPITAL COSTS $12,163,000 $10,995,000 

TOTAL ALTERNATIVE COSTS 

SHHACOV XLS912419& 



A. CAPITAL COSTS 

TABLE E-47 
SMELTER JULL SUBAREA 

HIGH ARSENIC SOILS AREA OF CONCERN 
AltemalJve • Land RedunalJon (RevlslOll 2) 

:::::::::>:::::::::::i::::=:::r::im::t&iel:CCiit=:::':m::::::::::::n:::;::::::':':t':m: }i:?aiiit+ ''t'''': .· ............ ····:iw' ::m:::=:::=tl!ii'Oiii:':tt'\::::::::::rn:::rr:::: ::::::::t'::::::;:;:::=:::::::':'(l'Ciiim:::::::::;:::r:~'. :::::::::::t:::':::n::::::::::::r:::: :r'r''':fiiiti':'::'::::::: =::::::fo::::::::::::fi.iiMitWd::::::::::;::rn:m::::::r:'';m::::::::::wm:::::::::i:I': 
:::;:::::::;::\tn::::::t:=:::::=:::r:::::::::;:~;::;::::::::'::n:t::::::i:::::::w:i:=:n::::::::::: mt::::::::;::::'::::::::::::: ::::=::::::::::=:r:::::;n:=::::'t'' ::::::::::;::::;::::::::Mm:::::::::::::::: :;::::::::::::Miii':::::::;:::: 1:::::::::::::::::::::::::=::::::::=•::m:w::::::::==::: :::::::::;':r:u.a':;::;::;::::;::: ::::::::::::;::::::::::;::::::;':::::::':''': :''tt''~'''}'::::;:,::t''Mm::=:::::::::::::m::::::: m::::'::::=:M:''''''Mlitm::':'::::::;::::::: 
Mobiliulion/Dcmo AC 520 $100 SS 000 1 lhru 2 $47 001 $47,008 
Site AC 520 $100 $41 000 I duu 2 $376,064 $37 064 
Level I Redlmalion AC 260 $945 SJ 290 $245 700 $335 400 1 diru 2 $222, 113 $303 202 
Lewi D Reclamllion AC 260 435 $3,495 $633 100 S901,700 1 thna 2 S5 322 $121,465 
Level m A Rcdamltioa AC 0 $9 505 SO I thna 2 SO SO 
~I m B Rcclanwion AC 0 S5,600 SO l duu 2 SO SO 
~Im C Reclamation AC 0 $4,530 SO I duu 2 SO SO 

AC 520 $200 Sl04 000 I lhru 2 S94 016 $94,016 
AC 468 $500 S234 000 I duu 2 $211,536 S211 536 

Stonnwatcr 100 l.F/AC AC 520 $90 $46 800 I duu 2 $4 307 $42,307 
Air Monitoring EA 12 $3,350 $40,200 I duu 2 $36,341 $36,341 

Subcolal Sl,771,100 $2,137,100 ::i=:=rn::::::rn:w=::::::=::::: Sl,601,707 Sl,931,931 

$2,622,000 $2,371,000 $2,859,000 

8. 0 .t M COSTS 
r:=f:=:===r:;::::~::::::=::::1~''0.aiid!&itf:r::::':=::::::::::::::::h'::::::g:;:::::::: '''''''t':'::::K:':t:::=:: ':f:::=:::t==::::::=:::::=:===:::::=ct:::::::::;::::::::::::::::;:=::::=::::::::==f::::::::fr::::=:::::::=:=:=:rr=: ::::::::=::::::::=::::=:::;:::::}':tt:'::}f''':::::=::r::;r:m:::::::v:::'t:t::::::w: ::::1:?::m:r::::::::::::::::''C'''l''''''''''''''''t=:=::::=::::f=f:f''')f't:::::=:::f:i=::::w:::=:=::::=t:::vt:::::::::::::fr::=w:= 

Subeoi.I 

:=:::::=:f':t:':tt:tt=:~'ciiii':tr:::::=t:::::::=:n::::::t:::::= 
Supervision, lnspeclion, & Overhead (4%) 

Contractor Bonds (5%) 
Contractor Profit (10%) 

Conlingency (20%) 

TOTAL ALTERNATIVE COSTS 

-ECl. 

EA 4 S2,900 Sll 600 2 thru 30 Sill 091 
AC 5.20 Sl,290 $6 708 2 duu 30 $76,968 



Corridor 

Stormwatcr Drainl (IOOLF/AC) 
Fcncin 
Air Monitorin 

TABLEE-48 
SMEL TER HILL SUBAREA 

IIlGH ARSENIC SOILS AREA OF CONCERN 
Alternative • Pmi.J LIUld Reclamation (Revision :Z) 

AC 20 SBOO Sl6,000 S16,000 Sl6,000 
AC 20 $945 Sl,290 $18,900 S2S,800 S18,900 S2S,800 
AC 20 S200 S4,000 S4,000 S4,000 
AC 20 S22 S440 S440 S440 
AC 20 S90 Sl,800 Sl,800 Sl,800 
LF S6,000 SlO S560,000 $560,000 U60,000 
EA 6 S3,3SO S20,100 S20, 100 S20,100 

Route Stormwatcr to "ty Ponds LS S422,000 S422,000 S422,000 S422,000 
Subtotal Sl,045,240 Sl,052,140 ~'fftttt?:ttt: Sl,045,240 Sl,052,140 

Supervision, Inspection, &: Overhead ( 4%) 
Contractor Bonds (5%) 
Contractor Profit (10%) 

Contingency (20%) 

TOTAL ALTERNATIVE COSTS 

Sl.w>RCL.XLS812410a 

$20,905 
S41,810 

Sl04,524 
$52,262 
$62,714 
S31,357 

$209,048 

$21,043 
S42,086 

S105,214 
S52,607 
$63,128 
S31,564 

S210,428 

Sl,578,000 



TOTAL ALTERNATIVE COSTS 

TABLE E-49 
SMELTERHILLSUBAREA 

SPARSELY VEGETATED SOILS AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 

• Already established through Superfund Overlay District. conservation easements on WH Ranch Company property, and covenants on the Willow Glen Property. 

$0 
$0 
$0 
$0 



A. CAPITAL COSTS 

TABLE E-SO 
SMELTER HILL SUBAREA 

SPARSELY VEGETATED SOILS AREA OF CONCERN 
Alternative - Land Rec:lamaUon (Revision 2) 

·::::.,,,,,,,,,,,:~::::'t:::::::::~::t~'~'cc•n:':::::'::::::::::::::::=:::;:w;:m:::;::: :;:::,:;::::u111tt:t: ::;::::::::. · ·.·.·.·.·.····.··:::;::::', ::;::::::'::::::uaat:&:::r::::t•:':'::::::::::::::::::::::::::::::::::::: ::::::::::::::@?::f:::::::Qit::::::::::::nt~::'.ntt{::::::'':::::::::=::::::::::::::::::,::: :::::::::::::::irm=:::)t:: ;:::::::::,::::::::'::::::~=Wiinl:=:::::::::::::::::::::::m=::::::::::::;i:::::::::::::=:+ 

:::::::::=:::::::=::::::::::::::::::::::::::;:::::::::;::::::::':::::::;:::::::::::::::::::~'''':=:::::::':'::::<::§::;:::;:':~t :;:::::t::'::;::::::::::'::::::::::::::;::::::t::::::::::::::::::::::::r ;:::::;:::,:::::::::::::'91::::::::::::::::: :/:::::::):Ma::::;:::::::) :;:::;:::;:;::::::::::::tn'Mii::r:::::r::::::::::=::::t:r::::;:::::M.d:::::::::=::::':;:;:::: ::::::::;::;::::::;:;::::::;::::;:;:;:;:::;:::: :::::::::::::::::::::::::::::::::::::::::Miilt':'::''?t't: ::::::::::;::'::::::Mlil:m:::::::::::, 
MobilizalionlDe!nobiliz 2,466 $100 $246,600 I thna 5 $20 212 $202,212 
Site ·on AC 466 SBOO SI 9 100 I thna S Sl,617,696 SI 617 696 

~11 Reclamation AC 1,233 S94S Sl,290 Sl, 165,115 SI 590 570 l thna S S955 452 Sl,304,267 
~111 Reclamation AC I 233 S2,43S S3,49S S3 002,3SS $4,309,335 l lluu S $2,461,931 S3 533 6SS 
le\ld ID A RccJamalion AC 0 $9 SOS SO l thna S SO SO 
~I m B R1:1:lamation AC 0 SS 600 SO l thna 5 SO SO 
~I ID C Reclamalion AC 0 $4,530 SO l lluu S SO SO 
Dust Control AC 2,466 $200 $493 200 I thna S S404 424 $404,424 
Dozer Bains AC 2,220 SSOO Sl,110,000 I thna S $910,200 $910,200 
Stormwatcr 100 LF/AC AC 466 S90 S221 940 I thna S Sl81 991 Siil 991 
Air Monitoring EA 30 S3,3SO $100,SOO 1 lluu S Sl2,410 S82,410 

Subtolal SB,312,510 S10,044,94S m::r:rt::tfft $6,116,316 Sl,236,155 

::::::}::;-:::;:::,::::;:::;::::;::':'tJtl4"!1i!d:.~1it.:::,:,::::::;::'::::::::::::::::;f}'t< 
Supervision, INpcclion, &: CMrhead (4%) 

Conlractor Bonds (5%) 
Conttaclor Profil (10%) 

Conlingcncy (20%) 

TOTAL ALTERNATIVE COST 

SHSVRECUllSlll2 .... 



AC 1,470 
AC 1,470 
AC 0 

Level II Rcclamalion AC l,470 

Level m A Rcclamalion AC 0 

Level m B Rcclarnation AC 0 

Level m C Reclanwion AC 0 
Dust Control AC l,470 

Dozer Basins AC 

Route Stonnwatcr to Opportunity Ponda LS 
Subtotll 

.:::::}'''''""':::::::::::tJ:~:•*•u::Ciiiir'r:':':'''''''''''i'':''ifh::t?::o::::f,'::'/:f:=:::::·:::: ::::=::t::::=t::{:::::w:=t· 
FIClcl Indirect (2%) 

SupcrWion, Inspection, &: Overhead ( 4%) 
ContraclOr Profit (I 0%) 
Contractor Bondi (5%) 

DcsigJt (2%) 

Rctidcnt Engineering (2%) 
Contingency (20%) 

TOTAL CAPITAL COSTS 

Site Review 
Stonnwatcr Mmagemcnt 

EA 
AC 

ENS 
LS 

4 
l.47 
0.20 

TABLE E-51 
SMELTER HILL SUBAREA 

SPARSELY VEGETATED SOILS AREA OF CONCERN 

Allel'TlaUve - Partial Land Reclamation (Revblon 1) 

$100 
$100 
$945 

$2,435 $3,495 $3,579,450 
$9,505 so 
$5,600 so 
$4,530 so 

$200 $294,000 
$500 $735,000 

$90 $132,300 
$3,350 S60,300 

$110,000 $110,000 

$124,681 
$249,362 
$623,405 
$311,703 
$124,681 
$124,681 

Sl,246,810 

$9,039,000 

Sll,600 
Sl,290 Sl,896 
$3,330 $666 

SS0,000 $50,000 

Sl28,S76 $128,576 
I duu3 Sl,028,608 Sl,028,608 
l duu3 so so 

$5,137,650 I duu3 $3,130,826 $4,493,731 
I duu3 so so 
I lhru 3 so so 
I thru 3 so so 
I thru 3 $257,152 $257,152 
l lhru 3 $642,880 $642,810 
I lhru 3 $115,718 $115,711 
I thru 3 $52,742 $52,742 
l thru 3 $96,213 $96,213 

$5,452,716 $6,815,621 

Sl09,054 $136,312 
$218,109 $272,625 
$545,272 $681,562 
S272,636 $340,781 
$109,054 $136,312 
$109,054 Sl36,312 

Sl,090,543 Sl,363,124 

$7,906,000 $9,883,000 

2 lhru 30 Sl33,098 
2duu30 S21,7S8 
2 lhru 30 $7,642 
2 thru 30 $573,700 

· · .. · · · ... ·:: ::::.: :.::::': :t·lnlliiid·C4iidf::·'·i'''':'·':'·'::·I·':.:,,·, ::.:-'.:/::: ·:'.:'::' :::;::::::;:: :::·.:/:':: :':·:·:: :;:::':,:::: ::'::·:;:;:;:..:. : · ,.:::::.::::::::: .. ;:,,::;.::,: ::, :· .. : .. ·.\:::.::·:·.::') ·t··:·::" "::.:·,.: '? "'::.:,·.:,::;::::. ::·::::·::.:::::::.:::_:;:,:.,.,, .... , ,.·:.,,":.:.;::':· ·:. · .·:·::·:::::::: ::::·: .· -:::·:: ·:= '·'·'::.:,::;::::;-.: :::::::.:::·::,.,::: ·: .. ,.:,:,::::;:::·::::;:=:,:::;:,.,::,.::::':·: ·:-::::·:::::::·:::::-::;:.::.:::::;:;:.:.::::,.: :::'===:::::::/::':·:::·,:::::::":·:·::·:".·:::·: 

SuperWion, Inspection,&: Overhead (4%) ':':':':':lr------:::S2,"-:5:766:-----+.i.i.!~~~'ft-----~~~-----~ 
Conlncl0r8onda(5%) -----~S~3~,2~08".--------+,....................,,..........~+-----___;~~;.._-----~ 
ContraclOr Profit (10%) _____ 7S6,...,.....,,4..,..16:-------+:,:;....,;.....,....~~('t------:-'-=.,,..._, ______ ~ 

Contingency (20%) $12,~8,,,,32;;,,,,,.,,.,,,,""""""""""""~~ 

TOTAL ALTERNATIVE COSTS 

SHSVPRCL XLS111241111 



TOTAL ALTERNATIVE COSTS 

TABLE E-52 
SMELTER HILL SUBAREA 

ANACONDA PONDS AREA OF CONCERN 

Alternative - No Further Action (Revision 2) 

• Already established through Waste Management Development District and Superfund Overlay District 



A. CAPITAL COSTS 

TABLE E-Sl 
SMELTER HILL SUBAREA 

ANACONDA PONDS AREA OF CONCERN 
Altemadve - SoU Cover (Revision l) 

=:=;=1:=:::::=nrn::=mJtn.~1M'U»..m:=Jntttrnr:1:ttrnt= rr=:a1m.tnrr ::::mt"·:·:·:·:·:··:,:··:rr=: J====::=m=~:nn:::: =:=r:mn=:r==,=:::=r;~r:rn:wm::::trr{ =t1:==::==xar:11= =:=trtt=:::=:::==~:w.~}nt;r:=::::m 
Mobilization/Demobilization AC 449 $100 $44,900 I thru 3 $39,273 
Site Preparation (clearing) AC 449 $800 $359,200 I thru 3 $314, I 80 
Soil Cover(l8") AC 449 $6,703 $3,009,647 I thru 3 $2,632,438 
Additional Soil Amendment- manure AC 449 $2,252 $1,011,148 I thru 3 $884,417 
Vegetation AC 449 $1,290 $579,210 I thru 3 $506,616 
Haul (2 miles) AC 449 $5,469 $2,455,581 I thru 3 $2, 147,815 
Stonnwater Drainage Ditches (100 Lf/AC) AC 449 $90 $40,410 l thru 3 $35,345 
Roads-Temporary AC 449 $470 $211,030 I thru 3 $184,581 
Roads - borrow area (2,000 If) LS $9,400 $9,400 I thru 3 $8,222 
Dust Control AC 449 $200 $89,800 I thru 3 $78,545 
Air Monitoring EA 30 $3,350 $100,500 I thru 3 $87,904 

subtotal s1,910,826 =:rnrnt1w1:=trnm s6,919,336 

8.0& MCOSTS 

:=::::F::::::=:=:,r==:t=::t:::==:1:;::~:&Mifh=tr':'''::::t=t=t+tttt ~- ::f'f=t:::=:::==:=:=:t:::::;::;:=\i''tWt::::'':''::=:=:::::::::r::=:=::: :mnn:=:::\tt::::==::::;:::-
Quarter1y Insoection EA 4 $2,900 $11,600 2 thru 30 $133,098 
Cover Renair I Vegetation AC 4.49 $13,462 $60,444 2 thru 30 $693,539 
Site Review ENS yr 0.20 $3,330 $666 2 thru 30 $7,642 

Subtotal $72,710 '\%/t:Wfat@t@ $834,279 

''Y'J'j'J='t'tWtJ.~'J#dtii'a~ttrtw=n't'ttt=t tttrt:mm:::mcrnrnt:=::ttmrtt= =tr==m;rntm:::=:rr<n':':===:m''?tttttt:i=t'tttr=t:rrmt mm:tr=rnt==tn= tti:::=:tn'<tr=wwt==='tnnnttttt 
~ i tt1!; ~~~ ~; ~ t~~j~ ~~ ~~ ~~ ~~j ~~ t ~!! il ~~ ~f ~ 

SHAPCOV lllS9124Sll 



A. CAPITAL COSTS 

TABLEE-54 
SMELTER IULL SUBAREA 

ANACONDAPONDSAREAOFCONCERN 
Alternative - Land Reclamation (Revision 2) 

:::,::::;::::;::::;;:::,:=:::::;:::::m:UJiiQt:CM:'::rn:f{:i:fa}fa:}::::c:':::::?:Uii}I:Htf .:········· , .... -;::}:::: :::::mittillU':&t''''f':'tW'ii:''~'F't'It'J' '1::::::::::::;:::::;:::::;:::::;::~:::}::::::;:::::;::;:::::::::::::;::::::=:::t}::i'::::=:::f:;:::: '}:::::::::Y.i··········::::;:::'::::: :'::t::::::;::::::=:::11.ucsitWdt::::':\:\::::;::::::::::':K/:\}\}\:} 
.:'/''':::i'Y':::::::::::::::f::::mm::::::::::;::::::::::::::::::''''''':::::::~:::,:::::::::n:'''''::::::::::::::: ,,:~::::::::::::.':::::::::::::;::::: ::::::=::'r::::'t'?':::::;:::::::;: '\t:::::::::::::J.9tt::::::::: ,::::::::::::::'t~'''f'':'':::::: :t}'::;:::::,:::::;::;::::::::u111::::::=::=::::?:=:=:::::' =:\'\:'\Min:::::::::::::.:::::::::::t't::t::::::::::::::::: ,',:;:::::::::::::::r::,:::'':'''':J;aia::::::t''tf't: r:::::::::::::=tMaic:::::::::::;::::::;::;:: 

AC 449 SlOO $44,900 S44 900 S44 900 

Site lion AC 449 S800 S3S9 200 S3S9,200 S3S9 200 

~I I Rcclamalion AC 0 $94S SO SO SO 
~111 Reclamation AC 0 $2,43S SO SO SO 
~I m A Reclamation AC 0 $9 sos so so so 
~Im B Rccbmation AC 0 SS,600 SO SO SO 
~Im C RcclanWion AC 449 $8,SSO $21, 160 $31319SO $9 500,140 $3,8319SO $9 SOO 840 
Dust Conb'OI AC 449 $200 $89 800 $89,800 $89,800 
Stormwater 100 LF/AC AC 449 $90 $40 410 $40 410 $40 410 
Air Monitoring EA 6 $3,3SO $20,100 $20,100 $20,100 

Sublotal $4,393,360 SIO,OSS,2SO f{}}('(H@H $4,393,360 $10,0SS,2SO 

SuperWion, Inspection,&. Ovahcad (4%) 
Coniractor Bonds (S%) 

Contractor Profit (I 0%) 

Contingen~ (20%) 

TOTAL ALTERNATIVE COSTS 

SllAPRECL.XLS812"98 

S6,S02,000 S6,S02,000 $14,882,000 

$133,098 

$66 4S9 
$7,642 



A. CAPITAL COSTS 

TABLEE-55 
SMELTER HILL SUBAREA 

ANACONDA PONDS AREA OF CONCERN 
AltemaUve - Partial Land Reclamation (Rn1sion 2) 

.:::;:,:,:::,:::::::::::::::':::r:::=:1i'J)Rjj'~''''t::=::::::'::::;:::;:::::::=#:::::':::i::;::::: :::::'t'Uili::=:::::::::: ::::;:::::::: ........... · • ···:'it:: :::::::::'::=::::m:Ciif::::::;::=:::::;:::;::::::;:::''''''''+9:::::: ·=:;:::::::::;:::;:::::::::::::{:::a:::J'::::::::f:w#i:=:::::'::::::::::::=::;:::::::'::::::,':::':': =={:':::::::v•=::::i=:::::' A::::::==:=::::=::;:::ffiiCN:w.cii*:(=t:::::mi:w5f::::::==::::=::::w=::m: 
=:=.;';::;:::?:'''f:=:!'::\::::;:::;':::::::;:::,;;:=::g:w::;:;:7::::;::::::;:7:;;;::}\{:::;::g:;;:;:::, ::::;:;y}}\}}'.'} :::t\IY=r:::,;:mm ''f}j:\'i'Mii'::::::::::=::l '}f!'/Miiif:i:t: }f:::;:::=::::::::t''''fMliK#:':':':ttt }/{:}:M91/:·:;:-:::::=:: :::::::=::::::t:::::=:;:::::;::::=;:::t :::::;:::::'t't':::';':/''\Mii:::{:f{ti' :::i~t;:t::M#tt::::::=:w: 
Mobiliulion/Dcmobiliution AC 176 $100 $17,600 I $17,600 $17,600 
Site AC 176 SIOO $140,IOO $140,800 $140,800 
Lewi I Reclamation - wind/wild life corridor AC 176 $945 $1,290 $166,320 $227,040 $166,320 $227,040 
Dust Control AC 176 $200 $35,200 $35,200 $35,200 

(100 LF/AC) AC 176 $90 SIS,140 SlS,840 SIS,840 
EA 6 S3,3SO $20,100 $20,100 $20,100 

Route Stormwatcr to Opportunity Ponds LS I SO SO SO SO 
Subtolal $39S,860 S4S6,S80 $395,1160 $456,580 

.:::::n::::::::==:::::=:,=::::::::::=:i::~=: · ·.·.·.··.·::;::f{'i':'''::i"=f::=:::::::::='=:::::=:;, :;:::g,,,,,,:,::=::::=:=tt ,,,:=:::::;;;;;::::=:::::::::::::;:==;:::=:::: ==m::=:===::::::::=:::::=:::;:::::;;;;;=:::=:::::: ':':.::::::::=::::::::::=::::=::=,::::::::::: ''l'''i'''''''''~:::::::::::::::=::::,=:=,:==::::::=:::::::::t:::'t::':;:;:::::=:=::::::=:::::=':t=::::::='''''i''''' :ii::::::;:::::;;;;;=m::=::::=::::=::::: :::=:::::::=:=:=::f!}:::-:,~::w:=:f:::=t::::::::::::::::=::::::: ttm::::''i'%=:=:x=::::::=:=::=::: 
Field lndircc;t (2%) 

Supervision, Inspection, &: Ovnhcad ( 4%) 
Contnctor Profit (I 0%) 

B.O&MCOSTS 

Contractor Bondi (S%) 

Dcligll (6%) 

Resident~ (3%) 
Conlingency (20%) 

o;.;.,.,.,.,.,.;.;,,,,.,,''"' 

.·::::::===::::=::::::=::::=:=.,,::==::1<::0iii:eiiiR::::r::=:=;:;::::::::w=;:g:;r{:H'~:::r:::=::::::::t;::::::: \t\'ft:tt''':'=::=::: '''i'''''t'''''''''''''':::':::m:::::::::::::::::;::::::::t:::;:::::;:::::::::::::m== '}:::::=:::::t:=t:r:::::::::::t::;::::::::::t'f''''t:t::::'t:tf::':i'''''''''''''~'''''' ,,,,,,,,,:m=:::w::='':~''''''''"" r;:;:it::::::;rr:::::::m~'i':'~:'i'fW't'tti'''::~::tf%''''''':=:::::::i:::::::: 
Ins EA 4 $2,900 Sll,600 2 thru 30 $133,098 

AC I. 79 Sl,290 $2,309 2 thru 30 S26,49S 
Site Review EAIS 0.20 $3,330 $666 2 thru 30 $7,642 

Stormwater Manag1:111C11t 

$13,574 
$16,967 
$33,934 
$67,869 

TOTAL Al TERNATIVE COSTS 

SHAPPRCL.XLSll.tl"91 



A. CAPITAL COSTS 

TABLE 1!:-56 
SMELTER IDLL SUBAREA 

ANACONDA PONDS AREA OF CONCERN 
Ahemallve - Land Reclamation/Soll Cover (Revision l) 

.~:~\::;:;::::I::::::~<:::::::;;fftliiiiiil'Ciiiii:::i:::::i::/::%;t.\¥:;;::;: :@iiUiilifW: %'::~:::;::q::;:r;'::tJiitCDlfd:ti:::H:=::;:;:;;:::::g;:::t::di::t: \:HW:Wl:iG)i:~::;:mtf'i::::;:;:;:;=t%tWf'!f:::: S:}fYa=1::::;:c::tt{:':'t'.MilliiifWmili"''m:::::::t:::;:::;:::;;::::::;:::;:::::::::::::::::rx:::::;::::: 
,:::::;:::\::;(::::::::::wm:::~':::ff!:::=::}#@rn~::::::::::':::::n:;::::::::::::::ii::i:::::: ::::Ht:'=::1F1::<';i::: :w=tt'i''M::i''~'""'''''' ?t''':''''i'Mii::'::::;t:: n:::::=;:::::::'~'Mlib:=:::Hm:::: '':H:':::::::::m:wMlit::::::m:::::m: ft'':t:Ma':'''''':':':''''' ':''::'''::f'':'=::::::=:tt':f ::::::::::::::f=::::::::,:,::::::::::=Ma::;:;:::;::;:::::::::::t' ':i:::::::::::::::h=Ma:::::=:::::::::;:::::::;:; 
Mobiliza1ion/Dcmobilialion AC 449 SUMI S44 900 $44,900 S44 900 
Site • AC 449 SBOO S3S9 200 S3S9 200 S3S9,200 
Level m C Rcc:lamalion • Id justed SJ, 838, 9SO $9 SOO 140 
Soil Cover (6") SI 003 066 SI 003 066 

VCRClalion SS79,210 SS79 210 
Haul (2 miles) S2,4SS,S81 S2,4S5 S8l 
Dust ConlrOI S89,BOO $89 800 
SlonnWatcr nm..- (JOO U'IAC) AC 449 S90 S40 410 I S40 410 S40 410 
Air Monitoring EA 6 S3,3SO $20,100 1 $20,100 $20,100 

subcoeml sa,431,211 114,093,101 :'rn::=:::::::t\tH: s8,431,211 s1•.093,101 

B.OAMCOSTS 
r.::=:::::::::;::;:::::::::':::::;::::::::kDfiiiU~~liiil't'i:f:f}F\::+::;:g::::i::;:: ~~:::::~::;::::;:::::::::;::::~::: :':::,:;:::::;::::;::;::f:::}::+: \F':::':::':::;::::::::;::::':::':':t:::t:::;:::::::::::::':':'::::::::::::;::::::::;::::;:::::~::::::: ::::'::;:::::\;::';':::::':::::::::':~::;:':;'::::;::::::>::::nf.ffafa%t:::::m;: ::;mm+:::::::::::::::::g::::::;::':'¥tt::::::fh':'f:b'fo;:;J:ft:'::::::;:::t:::::f:'.''''''''f:::;::::::::::::t:::::· 
I Quarterly lnmeclion EA 4 $2,900 Sil 600 2 thru 30 $133,098 
Vegetation Repair AC 4.49 Sl,290 SS,792 2 thru 30 $66,4S9 
Site Review ENS yr 0.20 $3,330 $666 2 thru 30 $7,642 

SHAPRECV XlSi/2~ 



A. CAPITAL COSTS 

TABLE E-57 
SMELTER HILL SUBAREA 

ANACONDAPONDSAREAOFCONCERN 
Alternative - Rock Amendment (Revision 2) 

•::t::::=::::::::::•::='=:•:r:•n•A1;:,:11N.a:c~·n::*•t:::tNtM•t:t•::::=t:~ tntmw::%' .:i:::::w~=··· .. ,., ...• ·'-::=tw t::;:::nt-.~J·:::::ww• ·•m•r•wmn\:=:::m=tt•;::rnn;:r:;r• :::::::=J:tt•'•:nw• 1rmtr:=:=::::=::•'•~·\t.af:'•fo\\!UM 
Mobilization/Demobilization AC 449 $ IOO $44,900 I thru 2 $40,590 
Site Preparation AC 449 $800 $359,200 I thru 2 $324,717 
SurfaceGrading AC 449 $2,215 $1,021,475 lthru2 $923,413 
Rock Amendments (4" of pea gravel) AC 449 $16,316 $7,325,884 I thru 2 $6,622,599 
Roads AC 449 $470 $211,030 I thru 2 $190,771 
Air Monitorina EA 12 $3,350 $40,200 1 thru 2 $36,341 
Dust Control During Construction AC 449 $200 $89,800 I thru 2 $81,179 
Stormwater Drainage (200 LF/AC) AC 449 $90 $40,410 I thru 2 $36,531 
Route Stormwater to Opportunity Ponds LS I SO $0 I thru 2 $0 

subtotal S9,132,899 :rn:':;:\:=ttMNW S8.256,141 
:::=:::::v:f'{tl\H1.iliR~JtW=ttN?Ntttf•:•:•i '•=WWlWWM:nmw;n•::::t'nt•f:i:'HWif'MNYAWt?mWlH%:lM'W:@:'=tlWttttrmt:rnm:w· iWtWK9Mi::t•:: W%%#)R}:::WtHntmmrnrn:t\?t 

s182,658 :::f::@Mt:tintwm: s165.123 

8.0& MCOSTS 
:..=:=::::•=•=•:i::•,:•::::=::=:::'ttl/D.iriiR:Cijifi=J=tHt::,::r,:=:::=:\/•ttn::•: -::=::=::t,::=::::::::::.:::;::v:r r=:=n::trn:::'ttn::::=::::=::' =t=':t•f::::::•t•:\=::::::t1'rt:tt:t 1=t•::t:f::=::::=:J'/ttt:t••r:=::::::=w:::•tf::•·•~···,:::::, dt:ttt'::w:t•'•f\::: ·}t'=H:•\::•:':•:•:::::::::::nv::tw•r•+t:•:rr:::r'=•••· 
Quarterly Inspection EA 4 $2,900 SJ 1,600 2 thru 30 $133,098 
Reoair AC 4.49 S 16,316 $13,259 2 thru 30 $840,572 
Site Review EA/5 yr 0.20 $3,330 $666 2 thru 30 $7,642 
StormwaterManagement LS I $15,000 $15,000 2thru30 $172,110 

subtotal s100,525 :r:r:t:=tfftt•trn s1,153,422 

SHAPROCK XlS91241911 



A. CAPITAL COSTS 

TABLE E-58 
SMELTER HILL SUBAREA 

DISTURBED AREA AREA OF CONCERN 
AUemative - No Further Action (Revision 2) 

1(:'?'::::f::=:1:rt:tr=,:tmlu~t::ca.@s+CKU/':lt:?:}:::r::::t: w::::=::=::VSft'N =tt:=:Qijdtitf)i:g (ftiUUit'mf@t:W. :A1t:r:::t:iM=M=C.$C::::::::::::ttttt=:=:;n .=tt=#'l'8ttt:=:: :;::::::::=:::=::t@=tPiRt:WB:rnn:::;;=::::t 
Institutional Controls • LS 0 0.00 $0 l $0 

B.O&MCOSTS 

Subtotal $0 r:t':)\tlXM:Mr. $0 

$0 
$0 
$0 
$0 
so 
$0 

$0 

\%l+rnnmrw:n:P.@i#J'$ftltMUfHt:m:n::::rnmw: rm=rn@mMtF :t::::::/=:tttlt#lt· JfM@f PNk'f@WtLWM@%iiMlf#Nttl:i@NWWi1W\l i@M@faf\1.##d WKtl#@NMI@tWA':tt:rn::N?.tf 
Site Review EA/5 yr 0.20 $3,330 $666 2 thru 30 $7,642 
lnSPeCtions EA l $500 $500 2 thru 30 $5,737 
Repair/Maint. of Prev. Reclaimed Area AC 0.79 $1,290 $1,019 2 thru 30 $11,693 

Subtotal s2, 1 s5 M=J\=\::=ttttt\== S25,072 

TOTAL ALTERNATIVE COSTS 

• Already established tluough Superfund Overlay District 

SHOANOAC XLS9124198 



A. CAPITAL COSTS 

TABLE E-59 
SMELTER HILL SUBAREA 

DISTURBED AREA AREA OF CONCERN 
Alternative - Soll Cover (Revision 2) 

)f{{fH'?:??lJl=lliijit:C&tf'Y!W!WMWl?'(?!'rf i+WUlitt/? ¥/(·: ....... .,.. ..... )f:( :t?Jtmt=c.Mf@tt t=::@nttt=tt=•=:::::tttN/Wf:f ff?!;Y.ari{t?f ::::::r:+t:r::P:RimfW•tt:t:=!:~:t:' 
Mobilization/Demobilization AC 522 $100 $52,200 I thru 2 S47,189 

AC 522 $800 S417,600 I thru 2 $377,510 
AC 522 $6,703 $3,498,966 I thru 2 $3, 163,065 
AC 522 Sl,290 $673,380 I thru 2 $608,736 

Haul (2 miles) AC 522 $5,469 $2,854,818 I thru 2 $2,580,755 
Stormwater Drains e Ditches (100 Lf7AC) AC 522 $90 $46,980 l thru 2 S42,470 
Dozer Basins AC 418 $500 $209,000 I thru 2 S 188,936 
Roads -Temporary AC 522 $470 $245,340 I thru 2 $221,787 
Dust Control AC 522 $200 $104,400 I thru 2 $94,378 
Air Monitoring EA 36 $3,350 $120,600 I thru 2 $109,022 

Subtotal s8.223.284 rmtrttttttt s1.433,849 

TOTAL CAPITAL COSTS 

$37,881 
S47,352 
$94,704 

TOTAL ALTERNATIVE COSTS 

SHOACOV~ 



Level D Rcd.unalion AC 250 

Lcvd m A Recl.unalion AC 0 
Level m B Reclamation AC 232 
Lcvcl m C Rcdlmalion AC 0 
Dust Control 

1001..F/AC 

B. O& MCOSTS 

TABLE E-60 
SMELTER ffiLL SUBAREA 

DIS11JRBED AREA AREA OF CONCERN 
Altematlve - Land Reclamation (Revision 2) 

$100 $52,200 
$800 $417,600 
$945 $37,800 

s 34S S3,49S SSS 250 
$9 sos so 
$5600 $8 000 
S4 530 

$200 

$4,135,000 

I duu 2 $47 189 
I duu2 $377 510 
I duu 2 $34,171 

$873 7SO I duu 2 $529970 $789 870 
I duu 2 so so 

SI 856 000 I duu 2 SI 174477 Sl,677,824 
I duu2 so so 
I duu 2 $94,378 
I duu 2 $188 936 

$5,384,000 

.::),':::::::::'t':::':::l':':::t:'D.ai$f~'f:llt:::=::tft'':):;::::::=::::;:;:::t:t:t'':::::=:::t' ::=::t:':'t=::::::::::::::r=:::::u:?:JI'f'}}::::,:::::::::::::::::{:::::::::::\::::,':/:::':::::\::'''':::::::, ::::::::::::'ti''':::::::,::;:'::;:::\tt''''t'::::':':::='''''':::::'.'::;::::::::::::::::::,,,,,::;:::;:::::::;::' '''?''t::::::=::=::;:{:::'::::::::. :::::;::::;::::::::::::::::::::::::::::::::::\'=::::::=::':'::=:?\i'tX':t=:::::::=::::::::rr::::r::::::::: 
EA 4 $2,900 $11,600 2 duu 30 $133 098 
AC 5.22 Sl,290 $6, 734 2 duu 30 $77 264 

::·::::'}:::::::::t~::·:::::::::;i;:~C-.\\(it:}/:'{\:}:'::: :(/itt:f':t::: 
Supctvision, lnspcttion, &. Overhead (4%) 

Conlnctor Bonds (5%) 
Contnctor Profit (10%) 

Contingency (21>'19) 

TOTAL, ALTERNATIVE COSTS 

SHOARECl.XlSl/241111 



A. CAPITAL COSTS 

TABLE E-61 
SMELTER HILL SUBAREA 

DISTIJRBED AREA AREA OF CONCERN 
AhemaUve - Partial Land RedamaUon (Revision l) 

:::=r::,:t=6::':':'::t::ti::ona'c•t::=r::':'''''':;:::;:::=:=t=::::'''f't:=::: ::::::::::::va:::::::=:=n:::,=:::=~=:=::::':· t:=:=::::::::m·e•t==:::::::;::::::::,::::;=:::::::::r:::;:;::r:, ::=:r·/:tt':::=:=:::=:ast:':::t=\:?:==:::=:::t=t=:>=:tt/'=(''\'''''/' ,:::::==:=:=r:rom::::::/::: :t=':::::::::::::':'::=t•Mcat:~+:::::,r:r::t::::::::=::::':\:m:::::::=:::::::::::, 
::.t=:::::::=::r:::=:::=::{:t:::::=::,=::::;::::::\t==::::::::=:::::::==::::::::::=:=<;;;::::=:t=:':':t:r:=::::::: ::::,:::===:::=:::=:::::;:}::;:::,: :::;::=::::,::::=::::::;:::::::::::::v==:=:= :::;;:::::::;::::::::=:Matt::::::=:= ::=:n=:::=:Mat=t=:::: ::::t::=:::::==:::::::;:r,=::=Mm=:=::::::::::::;::::;::::::=: :=::::}/::<Ma,::=:::=m::::::::=}:::t:::::::=::::::::::::::'''/: ·::::==:::,:=:=::::::::=:;::::r::::::::u•r::::::=::::::imt: ::=:::=:::::::,~:::Mat:::=:::::~::==:: 

Mobiliu1ion/Demozation AC 110 $100 Sll,000 1 Sll,000 Sll,000 
Site Preparation AC 110 $800 $88,000 S88 000 $88,000 
~11 Reclamation AC 8 $945 Sl,290 S7,S60 SI0,320 S7,S60 Sl0,320 
LcYd D Rcclamalion AC 52 S2,43S S3,49S $126,620 $181,740 Sl26,620 $181,740 

~Im A Reclamation AC 0 S9,SOS SO SO SO 
~Im B Rcclamalion AC SO SS,600 S8,000 $280,000 $400,000 $280,000 $400,000 
~Im C Reclamation AC 0 S4,S30 SO SO SO 
Dusi Control AC 110 $200 $22,000 S22,000 $22,000 
Dozer Basins AC 88 SSOO $44,000 S44,000 S44,000 
Stonnwatcr ~ (100 LFIAC) AC llO $90 S9,900 $9,900 $9,900 

Air Monitorirul EA 6 S3,3SO $20,100 $20,100 $20,100 
Route Stonnwatcr to Opportunity Ponds LS SO SO SO SO 

Sublo&al S609,llO $787,060 !,t){;':'f\%:\f $609,180 $787,060 

$914,000 $914,000 Sl,181,000 

B. 0 cl M COSTS . 
=::::.=:::::r::::::'f:''::=::::aiamu~•u::=:t:t=f't't':tt:==t='=::': :::::::t=::':'=::=:=:=:r:::::::: ::::::::::::r::=:::::=:':t::::::::::=:=:=' :'::;::::::·:::::::==:=:::==:::::::=:::=:::::=+:'::':':::':':':':':::;:::rr:t::::::t :::=:::::=:::::::=::=::=:::::,::;:==::::::=:=:::=:::~=:::::::::=::::::;::;::::=:;::::{:'::::::::=:::::=:::=:::::=::':~':':::=::::= .::::::::==::::==:=m=::::::=:=:::::::::::,::;:::::::~:=::::::::m::;::::mm:=:(=f'':::w=:~::::::':::=:=:=::#;:~:i::~~~::::;::::::::=:=:~:':rn::::: 

OUutcrty lnSDcction EA 4 $2,900 Sll,600 2 duu 30 $133,098 
Vcge\alion Rci>air AC l.00 Sl,290 $1,290 2 thru 30 $14,801 
Site Review ENS )T 1.10 $3,330 $3,663 2 duu 30 $42,029 
Stonnwatcr Management LS $40,000 $40,000 2 duu 30 $451,960 



TOTAL ALTERNATIVE COSTS 

TABLE E-62 
SMELTER HILL SUBAREA 

EAST ANACONDA YARD WASTES AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 

• Already established through Superfund Overlay District and covenant restrictions on East Anaconda Yard Parcel. 

SHEYNOAC XLS9/24/98 



A. CAPITAL COSTS 

TABLE E-63 
SMELTER HILL SUBAREA 

EAST ANACONDA YARD WASTE AREA OF CONCERN 
Alternative • Capping (Revision l) 

:::::t:'&i:t:::::::::::::::r:::ttOilia:aiiH::ttttt:'Ttm:::::::::::::r::. ::::::r:::::umet\ ::;::7::· .· ........ , ...... ···"::::::::::::' ::::=::::::niiiurt;ft+t:r ::::r:::::rrnrt:'r~:)mtmr:tn'::::=:: t:::::::::::::vdd:n::;:::::: ::::::::::::=::::t:~:;)PWsmfWMilY%:;:'tt 
Mobilization/Demobilization AC 86 SI 00 $8,600 $8,600 

AC 86 $2,850 $245,100 $245,100 
AC 86 $8, l 00 $696,600 $696,600 
AC 86 $22,500 $1,935,000 $1,935,000 

Soil Cover ( 18") AC 86 $6,703 $576,458 $576,458 
Vegetation AC 86 $1,290 $110,940 SI 10,940 
Haul (4 miles) AC 86 $8,494 $730,484 $730,484 

86 $90 $7, 740 $7,740 
86 $470 $40,420 $40,420 

Dust Control AC 86 $200 $17,200 $17,200 
Air Monitoring EA 4 $3,350 $13.400 $13,400 

Subtotal $4,381,942 $4,381,942 

$87,639 $87,639 
$175,278 $175,278 
$438,194 $438,194 
$219,097 $219,097 
$262,917 $262,917 
$131,458 $131,458 
$876,388 $876,388 

TOTAL CAPITAL COSTS $6,573,000 $6,573,000 

TOTAL ALTERNATIVE COSTS 



A. CAPITAL COSTS 

Haul (4 miles) 

Stonnwater Drainage Ditches (I 00 Lf/ AC) 

Roads -Tern ra 

Dust Control 
Air Monitoring 

Subtotal 

t+irrttt=ttt.lllR~~nwt:t=ntrntr'ff\ 
Field Indirect (2%) 

Supervision, Inspection, & Overhead (4~o) 
Contractor Profit (I Oo/o) 
Contractor Bonds (5%) 

Design (6o/o) 

AC 
AC 
AC 
AC 
AC 
AC 

AC 
AC 

EA 

TABLE E-64 
SMELTER HILL SUBAREA 

EAST ANACONDA YARD WASTE AREA OF CONCERN 

Alternative - Soll Cover (Revision 2) 

8 $100 $800 

8 $800 $6,400 

8 $6,703 $53,624 

8 $1,290 $10,320 

8 $8,494 $67,952 

8 $90 $720 

8 $470 $3,760 

8 $200 $1,600 

4 $3,350 $13,400 

$158,576 

Resident Engineering (3%) i=:::::::;:c;:;:=:::::::::::=:: 

Contingency (20%) 

TOTAL CAPITAL COSTS 

Supervision, Inspection, & Overhead (4%) 

Contractor Bonds (5o/o) 1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

Contractor Profit ( IOo/o) 
Contingency (20%) 

TOTAL ALTERNATIVE COSTS 

SHEYCOV XLS9124198 

• I 

$800 

$6,400 

$53,624 

$10,320 
$67,952 

$720 

$3,760 

$1,600 

$13,400 

~j~;~tt~®f ~~i~~~~~~~~~~;t~t~~~@; $158,576 

$3,172 
$6,343 

$15,858 

$7,929 

$9,515 

$4,151 
$31,715 



TABLE E-65 
SMELTER HILL SUBAREA 

EAST ANACONDA YARD WASTE AREA OF CONCERN 
Alternative - Removal (Revision 2) 

Remove RR Tracks and Ties LF 40,300 
Offsite Disposal of Ties TON 6, 100 
Excavate/Load/Unload CY 459,000 
Haul CY 459,000 
Clear/Grub and Erosion CY 704,800 
Roads CY 704,800 
Mob/Demob CY 704,800 
Other (H&S, Survey, Office, Security, etc) CY 704,800 
Decon CY 459,000 
Dust Control CY 950,000 
Air Monitoring EA 36 
Backfill and Placement· onsite cover mat'l (1) CY 246,000 
Backfill and Placement • offsite borrow mat'l CY 430,000 
Haul Offsite Backfill mat'l • 4 miles rt CY 430,000 
Railroad Bed Subgrade w/ borrow mat'l LF 14,400 
Replace Railroad Lines (4 total) LF 14,400 
Infrastructure • Sewer LS 1 
Infrastructure· Water 
Infrastructure • Power 
Grading 
Vegetation 

Subtotal 

tt:Itf'l ::mm:1::::i;mw1Wit:¢m:t'tn::::::=:n:rrn:tr::mt?/rn 
Field Indirect (2%) 

LS 
LS 
SY 
AC 

Supervision, Inspection, & Overhead (4%) 
Contractor Profit ( 10%) [})'(}{fa' 

Contractor Bonds (5%) {f]:@l=@J@ 
Design (6%) 

Resident Engineering (3%) 
Contingency (20%) 

TOTAL CAPITAL COSTS 

TOTAL ALTERNATIVE COSTS 
SHEYREMV.XLS9i24/98 

417,200 
86 

$5.51 $1,355,460 
$16.25 $654,875 
$14.00 $85,400 
$4.92 $2,258,280 
$3.00 $1,377,000 
$0.18 $126,864 
$1.17 $824,616 
$0.10 $70,480 
$1.62 $] ,141,776 
$0.05 $22,950 
$0.04 $38,000 

$3,350 $120,600 
$8.27 $2,034,420 
$3.00 $1,290,000 
$3.51 $1,509,300 

$60 $864,000 
$170 $2,448,000 

$20,000 $20,000 
$20,000 $20,000 
$20,000 $20,000 

$0.13 $54,236 
$1,290 $111,198 

$)6,447,455 

$328,949 
$657,898 

$1,644,746 
$822,373 
$986,847 
$493,424 

$3,289,491 

1thru6 $1,076,913 
1thru6 $520,298 
1thru6 $67,850 
l thru 6 $1,794,203 
1thru6 $1,094,027 
l thru 6 $100,793 
1 thru 6 $655,157 
l thru 6 $55,996 
] thru 6 $907,141 
l thru 6 $18,234 
1thru6 $30,191 
l thru 6 $95,817 
1thru6 $1,616,347 
l thru 6 $1,024,905 
l thru 6 $1,199,139 
1 thru 6 $686,448 
1thru6 $1,944,936 
l thru 6 $15,890 
1thru6 $15,890 
1thru6 $15,890 
] thru 6 $43,091 
1thru6 $88,347 

$13,067,503 

$261,350 
$522,700 

$1,306,750 
$653,375 
$784,050 
$392,025 

$2,613,501 



TABLE E-66 
SMELTER HILL SUBAREA 

EAST ANACONDA YARD WASTE AREA OF CONCERN 
Alternative - Partial Removal (Revision 2) 

A. CAPITAL COSTS 

'itffllMft'@]'\t~'~:tt'ttt=ttt'::e::rr:t:::rHJt<WffiPf'\; 
Excavate/Load/Unload CY 
Haul CY 
Clear/Grub and Erosion CY 
Roads CY 
Mob/Demob CY 
Other (H&S, Survey, Office, Security, etc) CY 
Decon CY 
Dust Control CY 
Air Monitoring EA 
Excavate Backfill Mat'I and placement CY 
Haul Backfill Mat'l, 4 mile rt CY 
Grading SY 
Vegetation AC 

Subtotal 

ru::::r:=::::::rr::n::mm®.Jiia~~¢.•:mrr:::u::tt::::n:nr:rr: 
Field Indirect (2%) 

SupetVision, Inspection, & Overhead (4%) 
Contractor Profit (10%) 
Contractor Bonds (5%) 

Design (6%) 
Resident Engineering (3%) 

Contingency (20%) 

TOTAL CAPITAL COSTS 

TOTAL Al TERNATIVE COSTS 

SHEYPRMV XLS9124198 

103,500 
103,500 
103,500 
103,500 
103,500 
103,500 
103,500 
103,500 

6 
103,500 
103,500 
37,700 

8 

::::::::rg~Jt.~t:r:trn ::nrn:n%tttt<~®t':tft:':trrnr::'Ht':t:rv~vntr rr:r:::r:::~:;!{&Jtfrt::::=tmtr 
$4.92 $509,220 1 $509,220 
$3.00 $310,500 $310,500 
$0.18 $18,630 $18,630 
$1.17 $121,095 $121,095 
$0.10 $10,350 $10,350 
$1.62 $167,670 $167,670 
$0.05 $5, 175 $5,175 
$0.04 $4,140 $4,140 

$3,350 $20,l 00 $20,JOO 
$2.77 $286,695 $286,695 
$3.51 $363,285 $363,285 
$0.13 $4,901 $4,901 

$1,290 $10,320 $10,320 
$1,832,081 $1,832,081 

$36,642 
$73,283 $73,283 

$183,208 $183,208 
$91,604 $91,604 

$109,925 $109,925 
$54,962 $54,962 

$366,416 $366,416 



TOTAL ALTERNATIVE COSTS 

• Already established through Superfund Overlay District 

SHMGNOAC XLS9/24198 

TABLE E-67 
SMELTERHILLSUBAREA 

MAIN GRANULATED SLAG AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 

$0 
$0 
$0 



Mobilization/Demobilization 
tion AC 

Surface Gradin AC 
Rock Amendments ( 4 • of AC 
Roads AC 
Air Monitoring EA 
Dust Control Durin Construction AC 
Wind Fence (2' hi h) LF 
~tormwater Drainage (IOO LF/AC) AC 

TOTAL CAPITAL COSTS 

IJERNATIVE COSTS 

TABLE E-68 
SMELTER HILL SUBAREA 

MAIN GRANULATED SLAG AREA OF CONCERN 
Alternative - Rock Amendment (Revision 2) 

88 
88 
88 
88 
6 
88 

9,000 
88 

$36,404 

. I $72,808 
$182,019 

$91,009 
$109,211 

$54,606 
$364,038 



TOT AL CAPITAL COSTS 

TOTAL ALTERNATIVE COSTS 

TABLE E-69 
SOUTH OPPORTUNITY SUBAREA 

SPARSELY VEGETATED SOILS AREA OF CONCERN 
Alternative - No·Further Action (Revision 2) 

' Already established through Superfund Overlay District, Open Space Development Review District, conservation easements on WH Ranch Co, and 
covenant restrictions on Willow Glen property. 

SOBSNOA~l 1196 



A. CAPITAL COSTS 

TABLE E-70 
SOUTH OPPORTUNITY SUBAREA 

SPARSELY VEGETATED SOILS AREA OF CONCERN 
Alternative - Land Reclamation (Revision 2) 

:::::::::::=:n::;::::::::::;:;::;:a:atiii'tili':~~};::::t::;:::::g}f{:t\H:t:'''lraf:tnmr, ·.·.·.· ....... ·.:,::':'::' :t't''tl.lit''C•t::::t?'''':t:':t{:t:::::::::'i'''''''t''''t::::e:a•n~f::::::::::~''::;::::::::ff'':t::::::::::::::::::::t::'/::;:;::c:::;::::;::::'fim?':::::::: :::::::::::::::::::::::::::1~••fW.:iifftt{f':':t:::::r:::::='t:t:::::t@:: 
'::::,':;,:::::::::::tt:::::Itm::::':':::::::::::::;:::;:::::::;:;:::::::f:::::::::;::::::::w'''''''':t:t':;: ''''''ttt:::=:::=t::=n::::::::::::::::':::::'::;::m't::'::: {t/:::;::::Milf}\d't:::::::MU::::;:::::;:::::;::::::::;:::;:::::;:;:::'::::;:::::Mm::::::::::::;:;:::t:::;:Ht:::t:::::::=:su;:::':':tt'I :::=:t:'t':t?t'ft:::: {:;f::::tt::::f'''>Miit:::::::::::::::;:::=:;:: ::::::::::':;:::;:r:Mtil::::=:;:::::::::,:;::: 
MobiWlion/Demobi 
Site lion 
Level I Reclamation 
Level n Reclamation 
Lewi m A Rccbaoation 
Level m B Rccbaoation 
Level m C Rcci.nation 
Dust Control 
Stmmwatcr (100 LF/AC) 
Air Monitoring 

8.0& MCOSTS 

TOTAL ALTERNATIVE COSTS 

SOSllllECL XLSAl241111 

AC 342 $1()() $34,200 $34,200 $34,200 
AC 342 $800 $273,600 $273,600 $273,600 
AC 171 $945 Sl,290 $161,595 $220,590 $161,595 $220,590 
AC 171 $2,435 $3,495 $416,315 $597,645 $416,385 $597,645 
AC 0 $9,SOS 
AC 0 $5,600 so so so 
AC 0 $4,530 so so so 
AC 342 $200 $68,400 $61,400 $68,400 
AC 342 $90 $30,780 $30,780 $30,710 
EA 6 $3,350 $20,100 $20,100 $20,100 

Su!Mobl $1,005,060 SI,m,m :;::::::::::t::t:'f:ftt Sl,005,060 Sl,245,315 

SI,487,000 

Sll,600 
$4,412 

$666 

133,098 
$50,621 
$7,642 

$191,361 

$7,654 
$9,568 

$19,136 
$38,272 

Sl,753,000 

Sl,843,000 

$2,109,000 



A. CAPITAL COSTS 

TABLE E-71 
SOtml OPPORnJNTIY SUBAREA 

SPARSELY VEGETATED SOILS AREA OF CONCERN 
Alternative - Partial Land Redamation (Revision 2) 

:::::::::::::;:::::;:,:::::::::=:::::::::nl>Bli*'eiii:n:::;::::::::::::::::::::::::::t:t:::::::::::' ::;:::::::::m::::::m :::::it:, ........ · .. ···-::::m: ::::::::::::::tBJ.CN:'''t:#:::::t:'::::::::::::::::::=:: :::::::::::;::::::::::;::::::::::::=::•:m:::::;:::::::::;::::::::::n:::::;:::::::::::;::::;::::::t:'::::::::;:::: ,,,,,,,,,,,:,::Yiii*I::::f ::::=:::::=::::::=::;::::::P.Rlii:w.a::::m::::::::::::::::::::::::::::::::::::::::'::Y''''''''':::::::::::=::::m: 
t'?':'::::::::::::n:::::::::::::::t:t:wt:::::t:':=:::::'t=:::::=:::::=:::::r:::::::::::::::=:tm:::::::::r:;:::::r:r:=::::::: ::=:::::::tt:t:::=::t;:::::::::: ::::::::::::::=::nw•s::::=:::::=:::;:::::::::::Uiii':=:r::: :;:::::::;:::::::::::::;::::::::::::::Ji&::}:::::::m:~::::::· ::::/'/f'MiiSt:=::::t:'' :::::::::::=;:::::;::::=::::::;:::;:::::::::::;;:::::::::::::::::::::::::::;::::::=::=:::Miii=:=:::':::::''t'\::::: ::::tr:::::'::::::::::Miiit:%::::::::r:::: 
Mobiliu1ion1Dcmotion AC 200 $100 $20,000 1 $20,000 $20,000 
Site lion AC 200 $800 $160,000 $160,000 $160,000 
~I I Reclamation AC 200 $945 Sl,290 $189,000 $258,000 $189,000 $258,000 
Levd D RecLunation AC 0 S2,43S SO SO SO 
~· m A Reclamalion AC 0 $9,S05 so so so 
~I m B Reclamation AC 0 $5,600 SO SO SO 
~I m c Reclamation AC 0 $4, 530 so so so 
Oust Conll"OI AC 200 $200 $40,000 $40,000 $40,000 

(100 LF/AC) AC 200 $90 $18,000 $18,000 $18,000 
EA 6 Sl,350 $20,100 $20,100 $20,100 

Route Stonnwatcr 10 Oppol1uni1y Ponda LS I $290,000 $290,000 $290,000 $290,000 
Subtolal $737,100 $106,100 }()::::f))fft $737,100 $806,100 

=::\{<;::;:':J:::::r::::i;:~'eiii'/:::::=:::=t''':'t':''';:::::::::::=:::c''''''''''''''':t=<::::::::=::: :t:''':f':::t::::::::::h:==:::- ;:;:;::;:::::::;::::::::::;;:;:;::::::::::::::::. :::::::=:m=t=:=:t::::=:::: ::::::;:;:::'tJ::::::::::::;:;t;::::;::::::::::::t:::=::':':':'''ff'::t;;:::<:>=t=:t':<==''''""'''''''''''="i{::::::::::;:::::::::: ''''''tf':;':':::':'::::::::::;:::::;:::::;::::::'::;::::::::::::::::::t ,::::::::::':::':':':''':':'t'::::\'::::;:=:::':::::::':m':i::: 
r.c1d Indirect 12"'> s14,142 s16,122 ::::::::::::::=:::::::::tn'::::::=::: s14,142 s16,122 

SupcMsion. lnspeclion, & Overhead (4%) $29,484 $32,244 ?t?'t':'t'::t':':t:' $29,484 $32,244 
con1netor Profit (10%) s13,110 S80,610 ::r'f'''f':::::::::::::=::::::r s13,110 S80,610 
Contractor Bonda (5%) S36,8S5 $40,305 ::t::::;:::::::t::::/:}:/:: S36,8S5 $40,305 

Dcsqpi (4%) $29,484 $32,244 :g:::::::::;::::::::::::'(::::::::::t: $29,484 $32,244 
Residen1 Enaineerina (3%) $22, 113 S24, 113 ::::::::::::::;::::::::;::::tH:::;::: $22, 113 $24, 183 

eontingerKy 120%> s141,420 s161,220 :::;::::::::::::m#:Hfft::: s141,420 s161,220 

Sl,091,000 Sl,091,000 $1,193,000 

B.O&MCOSTS 
,::::::::::=::::=::::t:::=::r:::::ta>•~:~::::=:::::::':t::::==t:::t:r=::::t:::=:' :;:::=::::r::::=:::::::::=:::t .... '.:,' .::::,:::::,:,,:::,::.:::,:.::::', :::::t:'{':::::::ttt't'<ttmt::::::::::::::t:: '?I:':t:tr=:::::::=::':::'::'::t::::::=:::::::::::::::::::=:tJ:::::::::;:::::::::=::::::;::::::'::::::;:::::: :::=::::=:::=::::::::=:::::::::::::I::::::: ''''''=:::::~::::::n::::::::::=?:::::r;::::::::::w::::::;::::::::::::::::::::':'t'::w::::=:i"::::;::::'::::'::':i::#:=:::':: 

erly EA 4 $2,900 $11,600 2 lhru 30 $133,098 
AC 2.00 Sl,290 $2,S80 2 lhru 30 $29,603 

ENS 0.20 $3,330 $666 2 lhru 30 $7,642 
Stonnw11cr Mmagcmenl LS $28,000 $28,000 2 lhru 30 $321,272 

$42,846 .·:=·::::·.·.·,···· $491,615 

TOTAL ALTERNATIVE COSTS 



Supervision, Inspection, & Overhead (4%) 
Contractor Bonds (5%) 

Contractor Profit (10%) 
Contingency (20%) 

TOTAL ALTERNATIVE COSTS 

TABLE E-72 
SOUTH OPPORTUNITY SUBAREA 

BLUE LAGOON AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 

• Already established through Superfund Overlay District and Open Space Development Review District. 

SOBLNOAC XLS9124198 

Sll,000 



A. CAPITAL COSTS 
::tt:tlil:J)t:lJt•t:~::=r::tt=ItitlWt'=tt:t \t'tlffiiOf':) 
Excavation CY 
De watering LS 
Roads CY 
Erosion CY 
Haul CY 
Mob/Demob CY 
Other (H&S, Survey, Office, Security, etc) CY 
Decon CY 
Dust Control CY 
Air Monitoring EA 
Excavate Backfill Mat'l and placement CY 
Haul Back.fill Mat'l, 6 mile rt (20 cy/truck) CY 
Grading - Blue Lagoon SY 
Vegetation - Blue Lagoon AC 
Backfilling - RR CY 
Rebuild RR LF 
Compensation for Down Time MO 

Subtotal 

:rtti/tifI?tI%FJ®iffm:~@H/]f/t:m@t@JtJ 
Field Indirect (2%) 

TABLE E-73 
SOlITH OPPORTIJNITY SUBAREA 

BLUE LAGOON AREA OF CONCERN 
Alternative - Removal (Revision 2) 

84,000 $3.99 
l $1,000 

84,000 $l.l7 
84,000 $0.10 
84,000 $6.54 
84,000 $0.08 
84,000 $1.63 
84,000 $0.05 
84,000 $0.23 

4 $3,350 
5,000 $2.77 
5,000 $6.17 
9,600 $0.13 

2 $1,290 
77,400 $17 

500 $200 
12 $20,000 

Supervision, Inspection, & Overhead ( 4% )j::::::::j:ijjjjjj!:::j!':!ij!j!!ijij)i)ji!:)j)jm!l:j:j:j)jj!j:i:j 
Contractor Profit ( l 0%) 
Contractor Bonds (5%) 

Design (6%) 

Resident Engineering (3%)Ettt/W:rn: 
Contingency (20%) 

SOSLREMV XLS9124/98 

$335,160 l thru 2 $302,985 
$1,000 l thru 2 $904 

$98,280 l thru 2 $88,845 
$8,400 l thru 2 $7,594 

$549,360 l thru 2 $496,621 
$6,720 l thru 2 $6,075 

$136,920 l thru 2 $123,776 
$4,200 l thru 2 $3,797 

$19,320 l thru 2 $17,465 
$13,400 1 thru 2 $12,114 
$13,850 l thru 2 $12,520 
$30,850 l thru 2 $27,888 

$1,248 ] thru 2 $1,128 
$2,580 I thru 2 $2,332 

Sl,315,800 1thru2 $1,189,483 
$100,000 ] thru 2 $90,400 
$240,000 1thru2 $216,960 

$2,877,088 $2,600,888 

$57,542 $52,018 
$115,084 $104,036 
$287,709 $260,089 
$143,854 $130,044 
$172,625 $156,053 
$86,313 $78,027 

$575,418 $520,178 



A. CAPITAL COSTS 

TABLE E-74 
SOUTH OPPORTIJNITY SUBAREA 

BLUE LAGOON AREA OF CONCERN 

Alternative • Partial Removal (Rfflslon 2) 

•t•::1::;:rn::::::;::::•;:•aJl>iiiQ•Gliiiit•••i:•:•fI'•'•'liit:i:•irn:::;:::: •''•'•••::iu.•:::=:•:•:•: •:•:}•i::, , ...... · •· ···::;;::\ ;::;::::::m•C!ii:::::::•'•:•:•: •••:•:•:•:•'•:::::•:•:•:•:•::;::::::•'Ciilf•:•:•::::;::::•:::::::::::::•:::::•:• •:f'm:Y•'••''fif ••••••'t•'•••'•'•'•'•••~:wwtfa:::::::m::::f: 
CY S,100 $3.99 $20,349 $20,349 

LS I Sl,000 Sl,000 Sl,000 
Roam CY S, 100 SJ.17 $5,967 $5,967 
Erosion CY S,100 SO.JO $510 SSIO 
Haul CY S,100 S6.S4 $33,354 $33,354 

MoblDcmob CY S,100 SO.OS $408 $408 
Other (H&S, S CY S,100 Sl.63 S8,31J SB,313 
Dccon CY S,100 SO.OS S2SS S2S5 

Dust Control CY S,100 S0.23 Sl,173 Sl,173 
Culver1 Under RR EA $20,000 $20,000 $20,000 

EA 4 $3,350 513,400 $13,400 

CY S,000 $2.77 $13,8'0 $13,850 
CY S,000 $6.17 $30,850 $30,850 
SY 9,600 S0.13 Sl,248 $1,248 
AC 2 Sl,290 $2,580 S2,S80 
SF 72,SOO $3 $217,SOO $217,SOO 

Soil Cover for RR· T CY 1,600 SI 7 $27,200 $27,200 
Soil Cover for RR· T CY 1,600 $10 $16,000 $16,000 

AC 2 St,SOO $3,000 $3,000 

Subtoral $416,957 :;fft\f'#t\t $416,957 

::.:•=•••••')•'::::::::::•::'•••••••~'••2)Jn~:a.'••l•H'•'ifftt:::=•'•••••t• i:t•t''''Wrnn :::::•nn::::::::t?W'•'•• '•J•••'••••••:':•:':':':':'•••••••'•••'•''K••• ''••••''••=•'•'••••••:''i•••••'•::::t'H'rni''''''••r:::::::;:::r:::;:: 'iit::=:::::::::::•nmm:: =••••m•••'•'mm:::;:;:;)rn':n:•'M•••::::;:::::::::::i:::::•:'•'••· 
Field ~ {2%) Sl,339 :::ft:i:t{:::•ttt 

SllpCl'Wion, lnspcc;lion, cl Ovahcad (4%) $16,678 ::::;:;:;:;:::::;:;:;:;:;:;:;:;:;:;:;;:;:;:;:: 

Conlrlc:lor Profit (10%) $41,696 '•:::::•:i:i:t;It::::;f::;=::;:; 
Contnctor Bonds (5%) $20,848 :':'::::;=::;:::::;:;:::;::::::;:t:=:::::;: 

Design (4%) SB,339 :;:;:::::;:;:;::ti'{'{{t 
Resident £nainecrin& (2%) $4, 170 :':•:':':'::::;::=:;::::::=;:::;:::;::::;:;:::: 

Conlingency (20%) $83,391 

$600,000 

B. O& MCOSTS 

.•'•:•:•••••''':•::f:':::::;::'''':''l}f>iiiQ•Ciitt':'•'''••••••tt:•:•~··•••:•:t:\:=:::t: ::::;:::;::;::....:r•::::;:::::::: •:•:•::;:::::;:::::;:;::::::=:::::t:::::r :=:::::r:'::;::•:•t•:r:=:::::::::=::;::•''• ::::=::m::.=::::::•t:•tt:::=:::::=::::::::x::}::;::::::=:::::=::::: :=::t:•:m::::•:::::#::::=::::;c:•:•'•••••••••••':•:•:•:•:•:•::::::::::::::::::::::::::::•:•:•:•:•:•:•:•:•••'••••••'••••••••'• 
Quarterly EA 4 $2,900 Sll,600 2 thru 30 $133,098 

AC 0.01 $27,000 $270 2 lhru 30 $3,098 
Site Rrncw EA/S yr 0.20 $3,330 $666 2 duu 30 $7,642 

SublOUI Sll,536 S143,838 

TOTAL ALTERNATIVE COSTS 
SOBLPRllV.XLSll/2-



TOTAL ALTERNATIVE COSTS 

TABLE E-75 
SOUTH OPPORTUNITY SUBAREA 

WILLOW CREEK SST AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 

• Already established through Superfund Overlay District and Open Space Development Review District. 

SOWCNOAC XLS9124198 



A. CAPITAL COSTS 

TABLE E-76 
SOUTH OPPORTUNITY SUBAREA 

WILLOW CREEK SST AREA OF CONCERN 
Altenuitlve - Capping (Revision 2) 

::::r't::"''::t':'':::i''A¥:~''DmM:~:::::::(:(:::~(:(:m(:mmt ·m'MlMi:t'H''' ,:r:r:· .. ················::tr. 'titumt~::::%t ':=t:::::::::::::=:::':::'?t:=co.sttrrntr':'t~=m tt=fiYm''''':::':::::: =:::r::::::::::::=::::::~:wn::;::=:x::n:::::: 
AC 49 $100 $4,900 $4,900 
AC 49 $2,850 . $139,650 $139,650 
AC 49 $8,100 $396,900 $396,900 
AC 49 $22,500 $1,102,500 $1,102,500 
AC 49 $6,703 $328,447 $328,447 
AC 49 $1,290 $63,210 $63,210 
AC 49 $8,494 $416,206 $416,206 

e Ditches 100 LFIAC) AC 49 $90 $4,410 $4,410 
AC 49 $470 $23,030 $23,030 
AC 49 $200 $9,800 $9,800 
EA 6 $3,350 $20,100 $20,100 
CY 500 SS.37 $2,685 $2,685 

Stream Bank Erosion Control AC I 5 $4,493 $67,395 $67,395 
Revegetation - riparian AC IS $710 SI0,650 SI0,650 

subtotal si,s89,883 :::=:ww:::::m::m::mwt s2.s89,883 

TOT AL CAPITAL COSTS 

8.0& MCOSTS 
.\(:'.:{(:)()'.f"lfDiAieiU:i:tti:Ctt'.?Ktfo\'.'i''.''.'J'it 
Quarterly Ins tion 
Ca Re air I Vegetation 
Site Review 

Subtotal 

=:'t'tJ?tH:t:'::=ia~t:~:t:::=:tJ:::=t:::::''''''t::t:J 
Supervision. Inspection, &: Overhead ( 4o/e) 

Contractor Bonds (5o/e) 
Contractor Profit (IOo/e) 

Contingency (20•1.) 

TOTAL O&M COSTS 

TOTAL ALTERNATIVE COSTS 
SOWCCAP.XLS9/24198 



TOT AL ALTERNATIVE COSTS 

TABLE E-77 
SOUTH OPPORTUNITY SUBAREA 

WILLOW CREEK SST AREA OF CONCERN 
Alternative - Land Redanuitloa (Rnblon 2) 

AC 65 $13,000 $13,000 $13,000 
AC 65 $5,8'0 $5,850 $5,850 
AC 15 $4,493 $67,395 $67,395 $67,395 
AC 15 $710 Sl0,650 Slo,650 $10,650 
EA 6 $3,350 $20,100 $20,100 $20,100 

Subtotal $469,945 Sl,255,145 ::g::,;ptflt/:t $469,945 Sl,255,145 

S705,ooo Sl,883,000 :H/\\'':Jt'::::;tt 

$46,995 
$23,497 
$28,197 
$14,098 
$93,989 

$705,000 

$25,103 
$50,206 

$125,515 
$62,757 
$75,309 
$37,654 

$251,029 

Sl,883,000 



A. CAPITAL COSTS 

:mr:m::r1tr1n:rnta1.uwt~nttwtmm:=:tJ=t=::mttr: ?'Jturilt:rr:=: 
Excavation CY 
Clear/Grub and Erosion CY 
Roads CY 

Mob/Demob CY 
Other (H&S, Survey, Office, Security, etc) CY 
Decon CY 
Dust Control CY 
Air Monitoring EA 
Grading SY 
Vegetation AC 
Stream Bank Erosion Control AC 
Revegetation - riparian AC 

Subtotal 

rn1==rn::=::::::::=1::=11?JM™ii.~tc.~11J1rn:::::::::::::::m:::::mm::::u::::::mttt 
Field Indirect (2%) 

Supervision, Inspection, & Overhead (4%) 
Contractor Profit (I 0%) 
Contractor Bonds (5%) 

Design (2%) 
Resident Engineering (1%) 

Contingency (20%) 

TOTAL CAPITAL COSTS 

TOTAL ALTERNATIVE COSTS 

SOWCREMV.XLS 

TABLEE-78 
SOUTH OPPORTUNITY SUBAREA 

WILLOW CREEK SST AREA OF CONCERN 
Alternative - Removal (Revision 2) 

·= ·:::·::::·::·ij:::··:::=:=:=:=:=::: .:=:=:=:=:;:=lffltt.=~:::;:::::m:: :1m:=n::::=nrn:tr:1::ctmr=:n1r::=:tn1::::=:=:::: ::::=u:=:=::::;r•:::::::=::::::::= :=:=:t:::=r:=:::::::;m~m::wijiji::::t=::::=er:::=:= 
185,500 $3.99 $740,145 I thru 2 $669,091 
185,500 $0.18 $33,390 I thru 2 $30,185 
185,500 $1.17 $217,035 I thru 2 $196,200 
185,500 $4.54 $842,170 I thru 2 $761,322 
185,500 $0.08 $14,840 I thru 2 $13,415 
185,500 $1.63 $302,365 l thru 2 $273,338 
185,500 $0.05 $9,275 I thru 2 $8,385 
185,500 $0.14 $25,970 1 thru 2 $23,477 

12 $3,350 $40,200 l thru 2 $36,341 
242,000 $0.13 $31,460 1 thru 2 $28,440 

50 $1,290 $64,500 1thru2 $58,308 
15 $4,493 $67,395 I thru 2 $60,925 
15 $710 $10,650 l thru 2 $9,628 

$47,988 $43,381 
$95,976 $86,762 

$239,940 $216,905 
$119,970 $108,453 
$47,988 $43,381 
$23,994 $21,691 



TABLE E-79 
SOUTH OPPORTUNITY SUBAREA 

WILLOW CREEK SST AREA OF CONCERN 
Alternative • Partial Removal (Revision 2) 

A. CAPITAL COSTS 
=::::m:t=:::=:=:=::n=::::t:t::rt~i~tCP.titmrrmr::::rn::::rn:t===tt:=:= rmtumfttt /tt:== ··:·:·:·:···:·1:····:w:t= ==rnr1h.utJm1ettt ttrn:=:1rnw1rm1e.•01r:1?:==:=r=::::ttt ntt=::v-.mr;:::::::r• r1:::::::::=:rnltiliit:wmutttttt:n= 
Excavation (Acid Plant) CY 96,200 $3.99 $383,838 1 tluu 2 $346,990 
Clear/GrubandErosion CY 96,200 $0.18 $17,316 ltluu2 $15,654 
Roads CY 96,200 $1.17 $112,554 1tluu2 $101,749 
Haul CY 96,200 $4.54 $436,748 1 tluu 2 $394,820 
Mob/Demob CY 96,200 $0.08 $7,696 1thru2 $6,957 
Other(H&S,Swvey,Office,Security,etc) CY 96,200 $1.63 $156,806 ltluu2 $141,753 
Decon CY 96,200 $0.05 $4,810 1 thru 2 $4,348 
Dust Control CY 96,200 $0.14 $13,468 1thru2 $12,175 
Air Monitoring EA 12 $3,350 $40,200 1 thru 2 $36,341 
Grading SY 164,600 $0.13 $21,398 1thru2 $19,344 
Vegetation AC 34 $1,290 $43,860 1 thru 2 $39,649 
Stream Bank Erosion Control AC 2 $4,493 $8, 986 I thru 2 $8, 123 
Revegetation - riparian AC 2 $710 SI ,420 I thru 2 $1,284 

Subtotal $1,249,100 l%fiftf1lfll $1,129,186 

:::::rtttfttttttnmm.-.J:~ttmtrn:t:rrn11::::;:::1urnn1tttn=:::rnnmrn:mt:::tmrntt:t :m:tt@tt:trttt:::ittHttmtrtttn:rmtrJtimJ\JiiH:t:mm 1:rn;rnmititwwnnnt:t't:/tmt11m:m?tt=t:rn:::w:@m:=t 
Field Indirect (2%) s24,982 tw=:=mmmtmttt: s22.s84 

Supervision, Inspection, & Overhead (4%) $49,964 llJfflfiMlll $45,167 
ContractorProfit(lO%) $124,910 lJj=ftlJflifl:W $112,919 
Contractor Bonds (5%) $62,455 l:lt:tt=t:ttlilf $56,459 

Design (4%) $49,964 :=f'I=t:=::t'l'tllIK $45,167 
Resident Engineering (2%) $24,982 $22,584 

Contingency (20%) $249,820 $225,837 

TOTAL CAPITAL COSTS 
TOTAL ALTERNATIVE COSTS 

SOWCPRMV~S 



TOTAL ALTERNATIVE COSTS 

TABLE E-80 
SOUTH OPPORTUNITY SUBAREA 

YELLOW DITCH AREA OF CONCERN 
Alternative - No Further Action (Revision 2) 

• Already established through Superfund Overlay District and Open Space Development Review District. 

SOYONOAC XLS9124198 



A. CAPITAL COSTS 

TABLE E-81 
SOUTH OPPORTUNITY SUBAREA 

YELLOW DITCH AREA OF CONCERN 
Alternative - Capping (Revision 2) 

:•::\:::::+:·n:=:::::=:::~·:.::::·••1:~:~•c.mta::=tt:•::::::·::•r:t•f=ti:t::::=:::/:::: •::ttJ1a•:r/:•: :::::·:r•·· ··:····:······· .... :·•:•:•:::::• ••:•••·ru•Oi?ilhi=:'W' :tmt•+•:••:•:::muu11::tnr:::r::::r:·;:t:::= ·n•:::wriii .. iit•tt •::::::·:%rt::::::~·:w.·•~··•:ttnni:•· 
Mobilization/Demobilization AC 10 $100 $1,000 1 $1,000 
Site Preparation (clearing and grading) AC 10 ,8 $ 11 1 $28,SOO 
Foundation Layer (riooing and compacting) AC 1 ,11, I $ I 1 $81,000 
Geosynthetic Clay Liner AC 10 $22,SOO $22S,OOO $22S,OOO 
ProtectiveSoilCover(l8') AC 10 $6,703 $67,030 $67,030 
Vegetation AC 10 $1,290 $12,900 $12,900 
Haul (4 miles) AC 10 $8,494 $84,940 $84,940 
Stormwater Drainage Ditches (100 LF/AC) AC I J $900 $900 
Roads -Temool'BIY AC S $4,700 I $4,700 
Dust Control AC 10 $200 $2, 1 $2,000 
Air Monitoring EA 4 $3,350 ~I 4 $13,400 

8. O& M COSTS 

Subtotal c " 1 #MTWMMMM 1 

$ 0,427 
$ 
SS2,137 
$26,069 
$31,282 

r·:::::n•.::::::::::t:•tt4d)iiaft~?·tr::::rr=:::::t:tttt:tt r::;:r:rn:r·:nttHf:ttttt•tfbtt :::n:t:ttttt:tnr:=:r::::·t::::rttttrnttwtnmrnwtr:·rn· trm:::;mm:nwrnt r:ttAtwwt:::=:r·:frfnt::::rtrnnt) 
Quarterly lnsocction EA 4 $2,900 $11,600 2 thru 30 $133,098 
Cap Repair I Vegetation AC 0.10 $13,462 Sl,346 2 thru 30 $15,446 
Site Review ENS yr 0.20 $3,330 $666 2 thru 30 $7,642 

Subto 11 ~ •?lttf:(tfWf ~ 1 u 111 

TOTALO&MC 

TO ''" ,L 'ERN m 'E C STS 

SOYOCAP 4198 



A. CAPITAL COSTS 

TABLE E-82 
SOUTH OPPORTUNITY SUBAREA 

YELLOW DITCH AREA OF CONCERN 
Alternative - Soll Cover (Revision l) 

:r,:::::,:::\H'::n:=:::ta~'~£&Utttttt<n:mt:t:tr 1:tttU.Uf'lM ?frt,.,..,.,.:., ... , ..•... )\t: :mmt6.1'GifMlrn '\t:;nt:'w:::11=~;rn:::::::r:rnm1n::: :;:::t:t:v-.~rJ?t: ::=t:::=\m::=::;::;::::~·:wtMtN:tttt?: 
Mobilization/Demobilization AC JO $100 Sl,000 I $1,000 
Site Preparation (clearirul. and grading) AC 10 $800 $8,000 $8,000 
Soil Cover (18") AC 10 $6,703 $67,030 $67,030 
Vegetation AC 10 Sl,290 $12,900 $12,900 
Haul (4 miles) AC 10 $8,494 $84,940 $84,940 
Stormwater Drainaae Ditches (100 LF/AC) AC 10 $90 $900 $900 
Roads· Temporary AC 10 $470 $4,700 $4,700 
Dust Control AC IO $200 $2,000 $2,000 
Air Monitoring EA 4 $3,350 $13,400 $13,400 

Subtotal $194,870 :W~~~ff~t~~~;tJt~~:&i~t; $194,870 

$3,897 
$7,795 

$19,487 
$9,744 

SI 1,692 
$5,846 

$38,974 

TOT AL CAPITAL COSTS \\:t:::\tt:fti=F:· $292,000 :Jt=+:=::n:mn:tt::t: $292,000 

8. O& M COSTS 
=:::,rt:-::::::::bHtY4tDircit'®i!U'::n:::::=:::::=::::::::::::::::::::::::::t?'t\t ::=:::::::::::::::\tttt::::, ,::::=:::::t:t':=r=:::::::::::::ntt :ft:,:,:::-:=:::::==:::::::::;:,:;::::::::::::=::::::=::·= ntt::?:r=ttr"i:/:er::::=tr:ttm=:':=:::=::t ::::::=::r:r:t:=:::::+,:w::::::::: :1=t%=tt::t==:::::::::::f::::::t=::::=tt:::=nt:t\::it=::=::: 
Quarterlylnsoection EA 4 $2,900 $11,600 2thru30 $133,098 
Cover Repair/Vegetation AC 0.10 $13,462 Sl,346 2thru30 $15,446 
Site Review EA/S yr 0.20 $3,330 $666 2 thru 30 $7 ,642 

Subtotal $13,612 $156,186 
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A. CAPITALCOSTS 

TABLEE-13 
SOUl'H OPPOR1UNITY SUBAREA 

YELLOW DITCH AREA OF CONCERN 
Alternative • Land Redamadoa (Rm.ioe 2) 

::;:;::::=r=+¥:~rnt1~:l*ia'Ciiiii':t::':::=::::::w:ft\1:=i:b{ :;fIUiHtii' t#~~f': ::;:::::flif.iiiGiW::::::t::~'.:::K::::~rn~M:' ::m=@wf.=:rna1i1iurni:%rn~*~·trniiW~Mi:i)':' :w:::::::~:::::t;::: ::::=:::::':::':'@:iPnliiiiiiWiiiliWN:!w@w:nw:::m:::::g~'::::rn~~= 
}zf'f%/:t:t}\:}\t'::::\:r:F%>m;;;:=:::::::::::%::fatt /\%ttt:+ rnr:mi:m:i?.Wt %\:f:?Mkt't':':'. i\WMllF't' 'lt::t=:t:?:rt:Mil'%'M&M :4i%tim:t::m: \(:::::::=::::i:::::::::::::::Hw ::::::::m:::::::::::tt=:f:Mfi::mw::::;;m: ===~M:l%:tmMit:::::::::::@'M~ 
Mobilialion'Danobilizali AC JO SJOO SJ,000 J Sl,000 SJ,000 
Sile Preparation AC JO SBOO Sl,000 Sl,000 Sl,000 
Lcwl l Redamalion AC 0 $94S SO SO SO 

Lewi D Rccbmmion AC 0 Sl,43' SO SO SO 

Lewi ID A Reclamation AC 0 S9,,05 SO SO SO 

Lewi m B Rcclama1ion AC 0 S5,600 so $0 so 
Lewi ID C Rcclamalion AC 10 S4,530 SJ6,6JO S4S,300 SJ66,IOO S4'300 Sl66,100 
Dust ConlrOI AC 10 S200 S2,000 Sl,000 S2,000 
Stonnwatcr Drainalle (100 LFIAC) AC 10 S90 S900 S900 S900 
Air Monitoring EA 4 $3,350 Sl3,400 $13,400 Sll,400 

subtotal s10,600 sJ9l,400 =:::::nrwnwt:::= s10,600 sJ9J,400 

B. 0 .t M COSTS 
'''':tr':'':':'::::::::::::;J}OaiUl!!lliiNtttt:::i:=:::::::::::=:::;:;:;::::::H''':::;:;::::::r:::::::::=:::::ng:r::::x::::'::::::::::;::::::=: :::::::::::::;::::::m::::m::=::::::ti:::n':f:::::;:::;:::::::u::::'::::;:::::::g::;:;::=::::::::::;;;::fo{::::%'.@~:::::::::::t::1:::::::::::::::::::=:::~qt::::::;::::::t::1:':::::::::@' ::::t:::::::::::t't::::::::::::t::::=:m::m#N:':;:1::rnm::f:::::::::mmn;m::;:n:w:: 
Quartcrtv fnsDcclion EA 4 $2,900 Sl l,600 2 duu 30 Sl33,09J 
VCRetation Remit AC 0.10 $1,290 $129 2 lhru 30 Sl,480 

SOYOllECL.JQ.Sl/24/lll 



A. CAPITAL COSTS 

TABLE E-84 
soum OPPORTUNITY SUBAREA 

YELLOW DITCH AREA OF CONCERN 
Alternative - Removal (Revision 2) 

:::::::m:mrn:mHMll:tl)Jrii#.:§.M.%iiMlNMiffiUMYt @@tUiif:@1f f@fr: '"""·Y·:··" :···::nn:: ==:iJ:'jU',ii.:fit~@lff m:wmnmrnm•:trnrntFt:Hll Httmtifi#fa\: :::::::mttlMWiUN4.WftMMWt 
Excavation CY 140,000 S3.99 S558,600 1 thru 2 S504,974 
Clear/Grub and Erosion CY 140,000 $0.18 S25,200 1 thru 2 $22,781 
Roads CY 140,000 $1.17 S163,800 1thru2 S148,075 
Haul CY 140,000 S6.54 $915,600 1 thru 2 S827,702 
Mob/Demob CY 140,000 $0.08 SI 1,200 1 thru 2 SI0,125 
Other (H&S, Survey, Office, Security, etc) CY 140,000 Sl.63 S228,200 1thru2 S206,293 
Decon CY 140,000 SO.OS S7,000 1 thru 2 $6,328 
Dust Control CY 140,000 S0.14 S19,600 1Uuu2 S17,718 
Air Monitoring EA 8 S3,350 S26,800 1 thru 2 S24,227 
Excavate Backfill Mat1 and placement CY 140,000 S2.77 S387,800 1thru2 S350,57l 
Haul Backfill Mat1, 4 mile rt CY 140,000 S3.51 S491,400 1thru2 $444,226 
Grading SY 44,444 $0.13 SS,778 I Uuu 2 SS,223 
Dtich Construction CY 8,900 S4.06 S36,134 1thru2 S32,665 

subtotal s2,811,112 ::trntt:rnm:t:@:& s2,600,9o9 

S57,542 S52,018 
Sl 15,084 Sl04,036 
$287,711 $260,091 
$143,856 $130,045 
$57,542 S52,0l8 

SOYOREMVJCLS9f2.u98 



RECORD OF DECISION 

RESPONSIVENESS SUMMARY 

.ANACONDA REGIONAL WATER, WASTE, AND 
· SOILS OPERABLE UNIT 

Anaconda Sn1elter National Priorities List Site 
Anaconda, Montana 

SEPTEMBER 1998 

,.r't0$,..,, 

U.S. Environ1nental Protection Agency ~··) ,,...,,_;;# 
and 

Montana Department of Environmental Quality 8 



RECORD OF DECISION 

ANACONDA REGIONAL WATER, WASTE, AND. SOILS OPERABLE UNIT 
ANACONDA SMELTER NPL SITE 

ANACONDA, MONTANA 

September 1998 

U.S. ENVIRONMENTAL PROTECTION AGENCY 
Region VIII, Montana Office 

Federal Building, Drawer I 0096 
301 South Park Avenue 
Helena, Montana 59626 

(406) 441-1150 
(Lead Agency) 

MONTANA DEPARTMENT OF ENVIRONMENTAL QUALITY 
2209 Phoenix A venue 

Helena, MT 59620 
(406) 444-1420 

(Support Agency) 



RESPONSIVENESS SUMMARY 



TABLE OF CONTENTS 

SECTION PAGE 

LIST OF ABBREVIATIONS AND ACRONYMS RS-ii 

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RS- I 
I. I OVERVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RS-1 
1.2 COMMUNITY INVOLVEMENT BACKGROUND . . . . . . . . . . . . . . . . . . RS-1 
1.3 SUMMARY OF PUBLIC COMMENTS RECEIVED DURING PUBLIC 

COMMENT PERIOD AND AGENCY RESPONSES . . . . . . . . . . . . . . . . . RS-4 

2.0 RESPONSES TO PUBLIC COMMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RS-5 
2.1 RESPONSES TO LOCAL COMMUNITY CONCERNS . . . . . . . . . . . . . . RS-5 

3.0 RESPONSES TO STATE AND FEDERAL AGENCY COMMENTS ........... RS-19 

4.0 RESPONSES TO ARCO'S COMMENTS ON THE PROPOSED PLAN . . . . . . . . RS-31 
4.1 INTRODUCTION ..................... ·. . . . . . . . . . . . . . . . . . . . . . . RS-31 
4.2 PART I. CONCEPTUAL REMEDIATION DESIGN WORK PLAN .... RS-31 

4.2.1 GENERAL RESPONSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RS-31 
4.2.2 SPECIFIC RESPONSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RS-32 

4.3 PART II. ARCO LEGAL AND TECHNICAL COMMENTS ......... RS-38 
4.3.1 SPECIFIC COMMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RS-38 

TABLES 

Table I ARWW&S OU Public Comment Summary Table 

APPENDICES 

Appendix A Transcript of the Proceedings (heard at Anaconda Senior High School, January 
15, 1998) 

RS-i 



ALDC 
AMC 
ARAR 
ARCO 
ARTS 
ARWW&S 
AWQC 
BAF 
BERA 
BOR 
CDM Federal 
CEC 
CERCLA 

CIA 
coc 
CPSA 
EAC 
EC 
ENSR 
EPA 
ERA 
ERL 
FS 
HI 
HQ 
h.t. 
mg/kg 
LOAEL 
LRES 
MCL 
MCLG 
MLR 
NCP 
NEC 
NOAA 
NOAEL 
NRD 
O&M 
OU 
PB ERA 
PCEL 
ppm 

LIST OF ABBREVIATIONS AND ACRONYMS 

Anaconda-Deer Lodge County 
Anaconda Minerals Company 
Applicable or Relevant and Appropriate Requirement 
Atlantic Richfield Company 
Anaconda Revegetation Treatability Studies 
Anaconda Regional Water, Waste, and Soils 
Ambient Water Quality Criteria 
bioavailability factor 
Baseline Ecological Risk Assessment 
Bureau of Reclamation 
CDM Federal Programs Corporation 
cation exchange capacity 
Comprehensive Environmental Response, Compensation, and Liability 
Act 
Citizens in Action 
contaminant of concern 
Comprehensive Plant Stress Analysis 
Environmental Advisory Council 
effect concentration 
ENSR Toxicology 
U.S. Environmental Protection Agency 
ecological risk assessment 
effects range - low 
Feasibility Study 
haz.ard index 
haz.ard quotient 
habitat type 
milligram(s) per kilogram 
Lowest Observable Adverse Effect Level 
Land Reclamation Evaluation System 
Maximum Contaminant Level 
Maximum Contaminant Level Goal 
multiple linear regression 
National Contingency Plan 
no effect concentration 
National Oceanic Atmospheric Administration 
No Observable Adverse Effect Level 
Natural Resources Damage 
Operations and Maintenance 
Operable Unit 
Preliminary Baseline Ecological Risk Assessment 
plant community effects level 
parts per million 

RS-ii 



PRAO 
PRP 
RAR 
RCRA 
RDM 
RI 
Rl/FS 
RRU 
SC 
S02 

STARS 
TAG 
TOC 
TRV 
VA 
WER 
WMA 

LIST OF ABBREVIATIONS AND ACRONYMS (Continued) 

Preliminary Remedial Action Objective 
Potentially Responsible Party 
Relevant and Appropriate Requirement 
Resource Conservation and Recovery J\ct 
RDM Multi-Enterprises 
Remedial Investigation 
Remedial Investigation/Feasibility Study 
Reclamation Research Unit 
specific conductance 
sulfur dioxide 
Streambank Tailing and Revegetation Study 
technical assistance grant 
total organic carbon 
toxicity reference value 
vegetation area 
water effects ratio 
waste management area 

RS-iii 



---.. --------

1.0 INTRODUCTION 

1.1 OVERVIEW 

EPA prepared this responsiveness summary in conjunction with the Decision Summary portion 
of the ROD to document EPA's responses to issues raised by ARCO and the public regarding the 
RI/FS, the Final BERA, and the preferred alternative as presented in the Proposed Plan for the 
AR WW &S OU of the Anaconda Smelter NPL site. EPA received comments prior to, during, 
and after the formal public comment period, which ran from October 22, 1997 to January 30, 
1998, and EPA's responses to these written and oral comments are presented here. EPA 
evaluated and considered all comments before making the final decision on a cleanup remedy for 
the ARWW&S OU. 

For the most part, those members of the public who commented on EPA's preferred alternative 
did not express outright opposition. However, they questioned specific aspects of the proposal, 
and indicated a desire for more detail in the plan, and a seat at the table during the design 
process. They also expressed concern about dust suppression for the tailings ponds, requested 
additional protective actions (such as removal) on the stream side tailings of Warm Springs 
Creek, and reminded EPA about private property issues associated with any cleanup on private 
property. 

The State of Montana submitted comments during the public comment period through the aegis 
of four of its departments: Fish, Wildlife and Parks, Natural Resources and Conservation, 
Environmental Quality (EPA's support agency at the OU), and the Natural Resources Damage 
Program of the Montana Department of Justice. The State indicated its desire for additional 
cleanup measures, but did not oppose the remedy as presented in the Proposed Plan. 

ARCO, as well as the State agencies and some general public members, have submitted 
extensive comments which are addressed in the Comprehensive Response to Specific Legal and 
Technical Questions. Additionally, EPA responds to a series of comments ARCO submitted that 
address issues such as the ecological risk assessment (BERA). For organizational clarity, EPA 
has approached those issues separately from the general responsiveness summary, as each ARCO 
issue and response is lengthy and detailed. Some issues will cross over both the general public 
comments and the specific technical and legal comments. 

1.2 COMMUNITY INVOLVEMENT BACKGROUND 

EPA has conducted community involvement activities for the Anaconda Smelter site in 
accordance with CERCLA, the NCP, and EPA guidance documents since 1983. However, as a 
result of working on the Anaconda site and with the public for over 15 years, EPA has developed 
additional means of involving the public in the decision-making process. 

The first group EPA heard from was Citizens in Action (CIA), which formed during demolition 
of the smelter and was concerned especially about dust blowing off Smelter Hill. They lobbied 
EPA to use the new Superfund law at Anaconda. CIA's county-sponsored successor, the 
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Anaconda-Deer Lodge Environmental Advisory Council (EAC) worked toward two goals: to be 
informed about site activities, and to obtain on-site monitoring by EPA of demolition activities. 

Based on these goals, in 1985 EPA hired a part-time community relations liaison. That position 
assisted EPA in its efforts to increase the community's awareness of and participation in the 
Superfund process, and facilitated EPA's effort to be more accessible to the general public. In 
1991, EPA received office space in the Anaconda courthouse for the liaison, thus increasing 
public availability. After the position ended, Bureau of Reclamation construction oversight 
personnel used the space in much the same manner. EPA's Montana Office also hired a full-time 
Community Involvement Coordinator and a full-time contractor to work in Butte (and Anaconda 
if needed) in 1990, thus increasing EPA's ability to communicate with the public. To address 
EAC' s other goal, EPA initiated on-site monitoring using a contractor. 

The EAC also served as a forum for the concerns of Mill Creek residents during the investigation 
and relocation; then the residents formed the Mill Creek Residents Association. Over time, 
EAC's focus shifted to economic development, and became the Anaconda-Deer Lodge 
Reclamation Advocates. EPA also worked with the Arrowhead Foundation, which formed to 
advocate development of a Jack Nicklaus golf course, the Opportunity Concerned Citizens, 
which formed to oppose parts of the Wann Springs Ponds 1989 Proposed Plan, and historic 
preservation groups. The latter activity resulted in a programmatic agreement between federal, 
State, and local governments and agencies calling for a comprehensive approach to addressing 
important historic resources throughout the entire area affected by Superfund activities. The 
product of the agreement is a Regional Historic Preservation Plan, which has addressed historic 
preservation issues from Butte to Anaconda, and provided for development of an historic trail in 
the Old Works area. 

In December 1992, EPA produced a Revised Community Relations Plan for the Anaconda 
Smelter Superfund Site. Within this document, EPA presented the concerns expressed by 
citizens during interviews conducted in 1992. The key concern expressed at that time (after the 
Mill Creek and Flue Dust RODs, prior to the Old Works and Community Soils RODs) was the 
citizens' desire for immediate action. They said that Anaconda faced economic disaster, and that 
living with the stigma of Superfund would only delay economic recovery. While people also 
expressed varying levels of concern about the potential threats to human health, they indicated 
that they did not, for the most part, believe their health was at risk from exposure to 
contamination. 

EPA has struggled with the question of economic development and Superfund, and how to make 
decisions that allow for the former. In Anaconda, EPA worked diligently to enable the County to 
buy property from ARCO without threat of future liability, and to craft a decision that would 
allow development of the Old Works as a world class golf course. EPA pushed schedules in 
response to the concerns expressed during community interviews and other meetings. EPA has 
also worked closely with the community in determining preferred land uses and the 
corresponding cleanup levels. While EPA did not compromise human or environmental health 
protection, the agency always strove to remove Superfund obstacles to economic development 
where possible. 
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Another issue raised in the interviews was the continuing need for clear and constant 
communication from EPA about site activities. They stressed that they heard from ARCO 
frequently, largely due to ARCO's office being located in Anaconda. EPA increased its 
informational activity in Anaconda with a comprehensive site update in May 1993, which 
addressed all of the information needs expressed in the interviews. This was sent to every 
mailing address in Anaconda (over 3000 addresses), and included a post card sign up to get on 
EPA' s Anaconda mailing list. About 300 people responded. Also, the EPA Remedial Project 
Managers and other staff spend significant time in the community meeting with local government 
and civic leaders, environmental group representatives, and other concerned citizens both 
collectively and individually. EPA's Bureau of Reclamation construction oversight manager 
addresses issues that might arise on a day-to-day basis. 

In 1994, EPA funded a Technical Assistance Grant (TAG) for the Anaconda site. The TAG is 
unusual in that its purpose is to analyze site activities in terms of public policy, not necessarily 
technical issues. EPA has worked closely with the technical advisor and members of the 
Arrowhead Foundation, which was awarded the TAG, to clearly explain site activities and the 
impacts of potential and existing cleanup remedies. EPA and BOR staff have also met with civic 
and environmental groups to keep the public informed. In the last 18 months, EPA has made a 
concerted effort to inform the p\lblic about all aspects of the impending decision. Listed below 
are just a sample of the many meetings and other public outreach activities EPA has been 
involved in at the Anaconda site. 

September 1993 - Old Works/East Anaconda Development Area OU Proposed Plan 

May 1994 Opportunity Public Meeting on well sampling 

November 1994 - "EPA Cleanup Reshaping Old Works" site update 

February 1995 "EPA Looks at Health Risks to Anaconda Residents" site update 

March 1996 Anaconda Superfund Update: "EPA studies nearing end, final 
projects underway." 

March 1996 Public Meeting on Community Soils, ARWW&S, and Old Works 

July 1996 Community Soils Proposed Plan mailed out to over 300 people 

October 1996 Superfund Remedy Summary, Community Soils OU 

February 1997 ARWW&S OU Feasibility Study Public Meeting 

June 1997 Meeting with the George Grant Chapter of Trout Unlimited, the 
Skyline Sportsmen's Association, and the Anaconda Sportsmen's 
Club. 
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October 1997 News Conference in Anaconda Court House to release Proposed 
Plan to public and describe the preferred alternative. 

October 1997 Full page display advertisement for Proposed Plan in Anaconda 
Leader 

October 1997 Mailed Proposed Plan to over 700 people on EPA' s mailing list 
and Anaconda Local Development Corp's mailing list. 

November 1997 - Three-day Open House in Anaconda to discuss preferred 
alternative. 

November 1997 - Public Meeting/Open House in Opportunity to discuss preferred 
alternative. 

January 1998 Formal Public Hearing to accept oral public comment. 

1990-1998 Numerous (at least monthly) meetings with County officials, civic 
leaders, and others (including individuals) to discuss site activities 
and various proposals for site cleanup. 

In the process of meeting with Anaconda citizens and leaders and discussing site issues, EPA 
incorporated comments, suggestions, and other information in the documents that have resulted 
from site investigations. Only comments received since October 1997 (and during the FS as 
relates to ARCO comments) are addressed in this responsiveness summary. 

1.3 SUMMARY OF PUBLIC COMMENTS RECEIVED DURING PUBLIC 
COMMENT PERIOD AND AGENCY RESPONSES 

The comment period on the draft FS and the Proposed Plan lasted from October 22, 1997 until 
January 30, 1998. EPA originally set a 60-day public comment period, but extended it at the 
request of the County and civic leaders. EPA received 30 separate comments during the public 
comment period, as well as 60 separate legal and technical comments from ARCO throughout 
the final FS. EPA has collected all comments and categorized and summarized them by issue or 
concern. Table 1 presents a list of community and local government issues and concerns. EPA 
responds to specific legal and technical questions in Section 2.2. Most of the State and Federal 
agency-submitted comments are addressed in Section 3. As mentioned above, ARCO comments 
are addressed separately due to their length and level of detail. Responses to ARCO comments 
are presented in Section 4. 
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2.0 RESPONSES TO PUBLIC COMMENTS 

2.1 RESPONSES TO LOCAL COMMUNITY CONCERNS 

1. Public Participation 

The County, the Anaconda Local Development Corporation (ALDC), the Arrowhead 
Foundation, and individuals all called/or public (County) involvement in the design of the 
remedy. The County said "the Record of Decision should specify a meaningful level of 
involvement. " 

Response: EPA has increased public involvement in the design process at other operable units, 
especially Warm Springs Ponds. EPA is committed to informing the public on a regular basis 
about the design process. The final remedy calls for development of a site management plan to 
help track and communicate remedial action on an annual basis. EPA will work with the 
community to develop other specific ways to communicate implementation of the remedy. 

2. Dust Suppression 

Numerous people voiced concern about dust from tailings ponds and the slag pile, and 
questioned whether the remedy would adequately address dust storms. One commenter said he 
was unable to attend a public meeting due to suffering the ill effects of a dust storm. Another 
indicated that the dust "has stopped my plans to create a nice place to live and thrive ... / see no 
future here .... " 

Response: Dust suppression is an important consideration. EPA is not only concerned with 
existing tailings ponds and slag piles releasing dust to adjacent areas, especially residential areas, 
but also with any dust that might be created during remedy implementation. The remedy, as 
presented in the Record of Decision, calls for dust suppression at the Opportunity and Anaconda 
Ponds by implementation of an 18" vegetative growth media, and requires dust suppression 
activities during remedy implementation. ARCO is currently performing some dust suppression 
activities, but given the number of complaints about blowing dust. EPA will evaluate the 
effectiveness of ARCO dust suppression activities. 

3. Time Frame for Remedy Implementation 

Several comments dealt with the time frame for remedy implementation. Most expressed concern 
that the remedy would take many years to complete. The County said that" a remedy that takes 
30 years to implement" does nothing to "mitigate the negative connotations that are associated 
with being one of the nation's largest Superfund sites." Another individual wrote "if we have to 
wait 30 years or more for complete dust suppression that is the same as doing nothing at all" as 
the average person's working life is about 30 years. 
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One person, however, indicated that he "would like to see this work stretched out over a longer 
period of time. " He was concerned that a remedy implemented in a shorter period of time (two 
to three years) would require hiring a lot of" outside " contractors versus hiring locally. 

The State senator for Anaconda also suggested that the community "not rush through a 
project ... and then have to have it redone ... afew years later."· 

Response: For a site the size and complexity of Anaconda., it is virtually impossible to 
determine exactly how long a cleanup project will take. Still, based on acreage and actions 
planned, EPA estimates that a minimum of 10-15 years will be necessary to completely 
implement the final remedy for the entire Anaconda site. This estimate will be refined over the 
next two years, as design activities progress. Additionally, EPA will look at prioritizing 
remediation on those lands (e.g., Opportunity Ponds and Smelter Hill) which continue to pose a 
more immediate need for dust suppression. EPA understands the community's concerns about 
the negative image associated with Superfund, and is looking at options to delist parts of the 
Anaconda site that may have completed remedies. 

4. Institutional Controls and Fundint: 

A commenter told EPA to reconsider the use of institutional controls; that "if these sites were 
cleaned up to a proper level, there would be no need for /Cs which only restrict access and 
exposure to 'residual contamination. '" The comment continued with concerns about the 
County's ability to "live up to" its responsibilities at the Old Works. The commenter said the 
County has failed to make required annual inspections or file required reports. He concludes by 
questioning EPA for proposing to "give an under-staffed under-funded County more 
responsibility for /Cs and O&M on ARWW&S." The County also expressed concern about the 
Proposed Plan's lack of specificity about how to adequately fund the County's Development 
Permit System through the establishment of a trust fund 

Response: Consistent with CERCLA and the NCP, this remedy does not use ICs as a substitute 
for active response measures (e.g., treatment or containment off source material, restoration of 
ground water to beneficial uses) as the sole remedy, unless active measures are deemed not 
practicable, based on a balancing of trade-offs among alternatives that is done during remedy 
selection. The ICs supplement engineering controls to prevent or limit exposures to hazardous 
substances. Institutional Controls are an integral part of this remedy in order to assure protection 
of human health and the environment (as is the case with !Cs for ground water, which is 
technically impracticable to remediate) and to assure the integrity of certain remedial actions 
(such as the zoning and deed restrictions on the Opportunity and Anaconda Ponds). 

The comment about ADLC and its ability to implement institutional controls .is a serious 
consideration. EPA must be assured of a County's ability to successfully deal with all the issues 
that arise in the implementation of institutional controls. EPA has funded Arrowhead 
Foundation additional grant funds to hire technical advisors who can assess the institutional 
controls program and how best the County can implement them. This issue is specifically 
addressed in Section 9.7.4, Institutional Controls Funding, of the Decision Summary. 
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5. Restoration and Remediation Conflicts 

Many comments addressed the issue of restoration versus remediation. All encouraged EPA to 
work with the State and ARCO to settle the issue. (Fhe comments preceded the State and 
ARCO's June 1998 settlement offer on many areas of the Clark Fork basin Natural Resource 
Damage suit.) Some comments dealt with the proposal to waive ground water cleanup standards 
in the East Valley; others with the revegetation plans (and previous attempts), and called for 
more trees to be planted versus "weedy species of grass. " ARCO stated that the company wants 
this final site remedy to be complete and "the settlements (to) be global. ARCO indicated that 
they wanted to close out all concerns and liabilities regarding remediation and restoration 
before they "embark on this cleanup." 

Response: EPA is committed to the settlement agreement that the State and ARCO devised in 
June 1998, and in areas where cleanup has not yet occurred, EPA intends to work with the State 
to integrate restoration with selected remedial actions where EPA believes the actions can be 
coordinated. EPA has also encouraged ADLC and others to work with the State of Montana 
Natural Resources Damage (NRD) Program to address ground water restoration and 
compensation issues in the East Valley, as EPA cannot require restoration. 

In those areas where EPA is requiring ARCO to revegetate, EPA will require the appropriate 
species to be planted. "Appropriateness", as set forth in Appendix A, and consistent with 
ARARs, is based on those species that are natjve or adapted to the area and would provide 
diverse and abundant vegetative canopy. In some instances, formerly grass and forb areas will 
not be able to be reclaimed because of lost soil resources, and in those cases, tree and shrub 
species will have to be satisfactory. 

6. Lack of Detail in Proposed Plan 

Several commenters expressed concern that the Proposed Plan did not contain enough detail for 
them to understand what EPA really planned to do and thus for them to comment on the plan in 
a meaningful manner. 

Response: EPA guidance encourages agency personnel to summarize as much as possible the 
infonnation contained within a site feasibility study when preparing a proposed plan for public 
distribution. In fact, Regional guidance suggests that proposed plans should be about eight to ten 
pages in length. Montana Office staff struggled with writing the AR WW &S OU proposed plan 
because of the sheer size of the operable unit and the many associated areas of concern. We 
opted to craft a shorter plan that summarized in table form much of the information, recognizing 
that for some readers even that much infonnation would be too much, while other readers would 
criticize the lack of detail. For the latter reader, however, the plan referred to the feasibility 
studies, which had more detail than any proposed plan could have without rewriting them in their 
entirety. We believe that our approach made the most sense because it allowed a wider audience 
to have at the very least a sense of the type of activity that EPA proposed, and the areas that 
activity could be expected to take place. 
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7. Ground Water, Technical Impracticability 

One commenter took strong exception to EPA 's decision to waive ground water ARARs in the 
East Valley based on a technical impracticability study. He said the "no further action 
alternative which is based on 'prohibitive cost' and the convenient excuse of technical 
impracticability is totally unacceptable and is in direct conflict with NCP criteria that 'must be 
met by the remedial action. '" He wrote that "there is no justification for 'writing off' millions of 
gallons of ground water" and suggested that "EPA has apparently forgotten what their mandate 
is. " 

Response: EPA did not forget that our mandate is to protect and restore ground water resources. 
The National Contingency Plan (NCP) states that: 

EPA expects to return usable ground waters to their beneficial uses wherever practicable, 
within a time frame that is reasonable given the particular circumstances of the site. 
(NCP §300.430(a)(l)(iii)(F) emphasis added). 

EPA and MDEQ required extensive site investigations on the regional ground water system 
which were conducted over ten years ( 1985 - 1995). This information was used during the 
Feasibility Study which assessed the practicability and time frames for ground water remediation 
in the Anaconda area. EPA determined that at a cost of>$2.2 billion to remove waste materials 
and the impracticability of removing soils over +28,000 acres and no ability to pump and treat 
the bedrock aquifer, a technical impracticability waiver was appropriate for this site. CERCLA 
allows for waiver of specific ARARs (in this case meeting the State of Montana arsenic ground 
water standard of 18 µg/L) and the case of a waiver, EPA's general expectations are to prevent 
further migration of the contaminated ground water plume, prevent exposure to the contaminated 
ground water, and evaluate further risk reduction. This final remedy meets the alternative goals 
when ground water cannot be remediated. 

8. Ground Water. Lost Resource 

Anaconda-Deer Lodge County stated that "it is not possible for us to accept the premise ... that 
this plan identifies substantial (ground) water contamination and then proposes that this 
community live with that contamination forever. " They "insist that ... ground water be treated. .. in 
a manner that acknowledges its importance as a resource for today and tomorrow, not only for 
this community, but for those downstream. " 

Response: EPA, consistent with CERCLA and the NCP, has determined that it is technically 
impracticable to restore ground water for much of the AR WW &S OU. Where it is practicable, 
EPA is requiring standards to be met through source control and natural attenuation. The 
impracticability of restoration of much of the ground water is carefully documented in FS 
Deliverable No. 3A (EPA 1996a) and presented in Appendix D. EPA acknowledges the value of 
the lost ground water to the community but believes the selected remedy best meets the 
objectives to prevent further migration of the plume, prevent exposure to contaminated ground 
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water, allows alternative uses (industrial or agricultural, if appropriate), and provides reduction of 
arsenic into the aquifers by implementing wide-scale land reclamation. 

9. Economic Development 

EPA received conflicting comments on economic development and the agency's role in 
increasing economic activity in the Anaconda area. Most commenters stated their belief that 
EPA must cooperate with the County and ARCO in order to leave Anaconda with a viable 
community after cleanup. However, one commenter accused EPA of "putting economic 
development ahead of the NCP threshold and balancing criteria. " He stressed that EPA should 
not work with local community groups in any way that "interferes with or compromises the 
scope or effectiveness ofSuperfund remediation." 

Response: EPA walks a tightrope between conflicting community interests. While EPA works 
closely with local governments to devise site remedies that are mutually acceptable, the agency is 
sometimes asked to do more for the purposes of economic development than the agency is able 
to do under CERCLA. In past discussions, EPA has told the public that Superfund does not have 
an economic criterion, and that economic issues cannot be taken into account in our decision
making process. However, EPA strived to consider economic development in situations where 
there were two equally protective remedies. Thus, the agency worked with ADLC and ARCO to 
facilitate development of the Old Works Golf Course, and EPA continues to work with the 
community to devise remedies that will not preclude economic activities. Our mandate remains 
protection of human health and the environment, but where there is more than one way to meet 
that mandate, a community's needs, as expressed by their elected officials and civic groups, can 
sometimes be addressed at the same time. 

10. Technical Assistance Grant 

One comment addressed the technical assistance grant EPA awarded to the Arrowhead 
Foundation. Stating that it was given to the Anaconda Local Development Corporation (ALDC), 
the comment was "EPA has no business assisting ALDC in any way that interferes with or 
compromises the scope or effectiveness ofSuperfund remediation." 

Response: EPA awarded a technical assistance grant (TAG) to the Arrowhead Foundation in 
1994 for the Anaconda Smelter site. Their intent was to hire technical advisors to analyze 
Superfund activities in terms of public policy. The existence of a TAG should not compromise 
Superfund remediation; however, the input received from a TAG can be influential on a decision, 
as such input has its basis in at least a portion of the community. EPA encourages all citizens to 
be aware of and active in the TAG in their community so that they have another forum for their 
views to be represented to the agency. EPA will still listen to individuals, although as with the 
TAG, EPA may not be able to satisfactorily address all concerns and desires. 

11. Waste Disposal Areas 

ADLC stated that Cell A in the Opportunity Ponds should be remediated to the extent necessary 
and Cell B should be recognized as ADLC 's waste disposal area. 
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Response: EPA originally identified Cell A of the Opportunity Ponds as the location of the 
proposed County's mine waste repository based on the 1992 Master Plan. Subsequent to the 
Master Plan adoption, ARCO extended a railroad spur and constructed unloading facilities for 
disposal of the Lower Area One Removal mine tailings (Silver Bow Creek/Butte Addition NPL 
Site). This active disposal in the Opportunity Ponds was ceased in 1997 in favor of disposal in 
Silver Bow County at a nearer location. 

ARCO owns all property of the Opportunity Ponds. The County and ARCO will have to 
determine the most appropriate location for disposal of mine wastes slated for removal and 
relocation into the Ponds. It is apparent to EPA and MDEQ that Cell B2 has certain factors 
which favor continuing use as an active disposal facility: infrastructure in place. However, if the 
County and ARCO agree that Cell A is more appropriate, this location is also agreeable to EPA. 
The point is that an active repository must be sited somewhere on the Ponds, and all remaining 
properties, either in the Cell A or Cell B2, must be reclaimed to meet the requirements of the 
ARWW&S remedy. 

12. Health Risk Associated with the Site 

Most comments did not address this issue, but the few that did indicated that human health 
concerns were not a priority for them. One person said he had worked in the smelter for 34 
years and "/guess I'm still alive ... / don't have cancer or all these bad things. " ARCO stated 
that they " will proceed the best we can with this cleanup ... we want to be sure ... we are dealing 
with real risk and effectuating things that really mean something. " Another person said she 
"managed to survive in what other people have felt is a terrible environment ... and I have 
survived well. " 

One commenter indicated dust from the Main Slag Pile had made him ill. 

Response: As discussed in Section 2 of the Decision Summary, EPA's initial actions at the site 
(i.e., Flue Dust ROD, Old Works ROD) were focused on the most immediate human health 
threats. The ARWW&S OU ROD addressed the remaining current and potential health risks. In 
accordance with CERCLA and the NCP, the human health risk assessment characterized the 
current and potential threat to human health that was posed by contaminants migrating to ground 
water or surface water, releasing.to air, leaching through soil, remaining in the soil, and 
bioaccumulating in the food chain. EPA believes the ARWW&S OU remedy is protective of 
human health and the environment, and although current and potential risk may not be as evident 
to the community as earlier human health concerns, dust suppression remains a major goal of 
cleanup activities. 

13. Level of Cleanup 

Some comments directly questioned how EPA selected cleanup levels (e.g. 1,000 ppm in 
recreational areas); others wondered if it was necessary to do much because many trees and 
wildlife had already returned (since smelter closure, assumedly). One asked what the County 
really needs, and "do we need the impossible ... or can we let some of this thing take care of 
itself?" 
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Response: EPA based its risk-based cleanup levels on determinations made in its site risk 
assessments. While EPA acknowledges that some site recovery may occur without cleanup 
actions EPA analyzed this alternative and determined that the No Action Alternative was not 
protective of human health and the environment and was not compliant with ARARs, and 
therefore, did not meet the NCP threshold criteria for selection of the remedy. The agency 
asserts that the AR WW &S OU remedy will allow a more immediate reduction of risk to hwnan 
health and the environment and more rapid recovery of plant and wildlife resources. This is 
explained more fully in Sections 6 and 9 of the Decision Summary and Section 4 of the 
Responsiveness Summary. The Land Reclamation Evaluation System (LRES), discussed in 
Section 9 and Appendix C of the Decision Summary, will take into account whether a certain 
discrete area is "taking care of itself' and will take that into account in remedial design and 
remedial action. 

14. Private Property RiKhts 

Citizens United for a Realistic Environment commented that "it's imperative that everyone 
recognize that (ARCO holdings in the East Valley) are private property holdings" and ARCO 
"should have the right to determine the use of their property within the confines of the law." 

Response: EPA does not disallow the takings clause of the United States Constitution. However, 
the majority of CERCLA actions throughout the nation take place on private property and EPA 
has the authority to act consistent with CERCLA and the NCP on private property as well as 
public property. EPA does, however, take current and reasonably anticipated use into account in 
remedy selection. For example, the county's zoning of the Ponds for waste management is 
reflected in a greater allowed arsenic contamination level ( 1,000 ppm) than the arsenic level for 
residential use (250 ppm). See Section 4 of the Responsiveness Summary for EPA's response to 
ARCO comments on this private property issue. 

15. Desire for Cost-Effective Remedies 

Several comments touched on the need for a remedy or remedies that reduced risk in a cost-
ejfective manner. -

Response: CERCLA requires EPA to take cost into account in evaluating remedies, and if EPA 
can meet threshold criteria, and achieve other criteria such as short- and long-term effectiveness 
and implementability, EPA will choose a less expensive of two equally protective remedies. 
EPA also works to refine costs, and in fact did an extensive evaluation of costs after release of 
the Proposed Plan to further refine the agency's cost estimate for the Anaconda remedy. At this 
point, EPA estimates that the remedy will cost between 80 and 150 million dollars, compared to 
the estimate of $180 million in the Proposed Plan. Those cost estimates (and hopefully the actual 
costs) will be further refined during design and implementation of the remedy. 

16. Support for RDM's Use of the SlaK 

An employee of RDM Multi-Enterprises asked for "input" on what could be done to support 
RDM continuing to use slag material for commercial purposes. The company president 
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expressed RDM's hope that "a long term contract with ARCO can be negotiated for continued 
development of the slag. " 

Response: EPA works with local government and the local economic development group to 
overcome any obstacles created by Superfund. However, success is not always possible and EPA 
cannot guarantee the success of a specific commercial enterprise. RDM must work out contract 
issues with ARCO without EPA assistance. 

17. Other Uses of Slag 

EPA received a letter about the potential for slag to be used in Portland Cement. No specific 
comment was offered other than that the writer "was pleased to see the comments 'No Further 
Action ' or the rock amendment" for the slag. 

Response: EPA acknowledges the comment. If any information or assistance is needed in 
determining potential uses for the slag, EPA will be pleased to cooperate with any request. 

18. Mechanism in ROD to Allow Economic Develooment Opportunities 

A commenter asked that the ROD contain "a mechanism ... that would allow for" economic 
development opportunities in the future. 

Response: While there is no specific mechanism that EPA can put in the ROD to allow for 
economic development opportunities in the future, EPA is committed to involving the 
community in the design of the remedy, and will work to address economic development issues 
as they arise. The remedy is based on the County's Master Plan, which designates expected uses 
ofland. If this were to change in the future, the County's Development Permit System will 
require further remediation of lands to meet more stringent clean-up criteria. 

19. Land Use Changes 

ARCO submitted a letter regarding the County's desire to obtain changes on restrictive 
covenants on transferred land ARCO expressed its dissatisfaction with the County's proposal 
that "removing the restrictive covenants (at the proposed prison site) is not considered a barrier, 
therefore emphasizing the need for greater degrees of remediation than those proposed. " ARCO 
wrote that the company could revise its restrictive covenants to prohibit modifications if it felt 
forced to do so. 

The County Planner asked EPA to re-examine remedies proposed for areas where previously 
development was not expected. 

Response: EPA looks to local government in EPA's determination of current and reasonably 
anticipated land uses on a Superfund site. In the Anaconda area, much of the property is owned 
by ARCO or has been transferred to other entities with restrictive covenants attached. EPA 
understands both the County's and ARCO's frustration, but has no authority over restrictive 
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covenants on private property. EPA based its remedies on protectiveness and effectiveness and 
on the County's own Master Plan for land use. 

20. Desire for Year Round Recreation Opportunities 

A representative of the Anaconda Sportsmens' Club asked for "clean water, like Silver Bow 
Creek (remedy) and fish in the creek .. birds in Opportunity Ponds, and access sites when the 
projects are completed " They also want to create a shooting range. 

Response: EPA's selected remedy is protective of human health and the environment. A result 
of this should be more fish in Wann Springs, Mill, and Willow creeks, and birds and other 
wildlife around the Opportunity Ponds. As for access sites, the Anaconda Sportsmens' Club 
should work with the property owners to gain access. Any desired use of County lands will have 
to be addressed by the County, but as long as the cleanup of a specific area does not preclude 
recreational use, there should be no human health reason to reject a shooting range. 

21. Cleanup of Warm Springs Creek 

One person commented that ARCO "should have fixed the Warm Springs Creek channel before 
they built a golf course next to it. " He wrote that after the closure of the smelter, water 
previously used for the plant was allowed to flow through to the creek, but now that a pipeline 
was installed to Butte there would be diminished flow. 

Response: EPA required ARCO to stabilize the Warm Springs Creek stream bank during the Old 
Works cleanup. The surface water quality of the creek is actually quite good as it flows through 
the Old Works area. As for the water being diverted to Butte, EPA does not have jurisdiction 
over water rights issues. 

22. Contaminated Soils in Anaconda 

The extension service agent for Deer Lodge County asked that boulevard/sidewalk soils be 
addressed in the community soils remediation to enhance tree plantings downtown. The County 
stressed that all identified non-vegetated areas should be remediated to pre-smelting conditions. 
An individual asked for more information about what would be done for his agricultural soils, 
which he said tested at over 1,800 (ppm) arsenic. 

Response: The final remedy will address effects of metals and arsenic in wastes and soils on 
vegetation. Reclamation, removals, and/or soil covers are the options available for addressing 
site-specific concerns. EPA is generally aware of the problem with urban tree planting within the 
community of Anaconda, and expects that part of the problem is related to residual wastes 
remaining underneath sidewalks and roads. While the sidewalks and roads provide a "cover" 
over waste material, and therefore provide a barrier and protection for any human health risks, 
the wastes are phytotoxic to trees and shrubs. EPA and the County can develop a specific 
program to address removal or remediation of these areas during remedial design. 
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The County asks for remediation of non-vegetated areas to "pre-smelting conditions." EPA 
cannot restore lands impacted by smelter emissions to a "pre-smelting" or baseline condition. 
EPA does require remediation of the soils to reduce risk to human health and the environment 
through in situ revegetation or soil cover treatments and planting of native and adapted plant 
species capable of creating a self-sustaining plant community. The specifics of the type of 
revegetation will be developed based on site-specific factors and following the process outlined 
in Appendix C, Land Reclamation Evaluation System (LRES). 

For the individual that raised concerns about his agricultural lands in the South Opportunity 
Subarea, EPA contacted the individual in June 1998 to respond to immediate concerns about 
arsenic concentrations in soils and ground water. EPA will continue to work with individual 
property owners throughout the remedial design process to identify areas of concern, assess 
vegetation and erosion conditions on the properties (using the LRES), and develop site-specific 
remediation plans. 

23. Alternate Methods of Cleanup and Revee;etation 

EPA received a letter applauding the cooperative attitude of both EPA and ARCO, and their 
willingness to solicit community input and flexibility to incorporate community wishes. The 
writer expressed hope that the needs of the community would continue to be balanced with 
environmental decisions. She asked that we "not insist on return(ing) our area to its pristine 
state." She cited that schoolchildren successfully planted trees on the hills in Anaconda, and 
suggested this type of project could "help restore vegetation without tremendous cost. " She also 
made a plea that millions of dollars not be spent on cleaning up contaminated ground water if 
another source is available, and asked that as little waste material be moved as possible because 
of the hazards of blowing dust and transport. She encouraged deep-tilling and liming of soils 
instead 

Response: EPA appreciates the comment, and intends to continue to work closely with the 
community to achieve a satisfactory remedy. The agency does not believe that it is possible to 
return Anaconda to a pristine state, nor does EPA have the authority to return the site to pre
mining conditions, even if is was desired by all parties. EPA recognizes that community efforts 
over the years have helped to revegetate parts of Anaconda, and hopes to build on those efforts. 
The agency would certainly not discourage additional citizen efforts, but will focus on remedy 
implementation through other means to ensure completion. EPA has determined it is technically 
impracticable to clean up the ground water in the East Valley, but may require alternate sources 
of drinking water for Anaconda should such a need develop. Finally, EPA does intend to do 
deep-tilling and lime additions where possible. 

24. Lack of Public Response 

The County Planner wrote that he believed that the size and diversity of the site made ii difficult 
for the average citizen to comprehend all of the impact that any remedy may have on this area. 
He said that is why there was little citizen response at the public meetings and the hearing. He 
also indicated that the citizens trusted their elected officials and community based groups to 
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represent their interests. He said that trust is why it is imperative that those officials and the 
groups' representatives be included in the design process. 

Response: EPA agrees that the size, complexity, and diverse nature of the contamination may be 
difficult to take in and comment upon a proposed plan to deal with the site. EPA was gratified 
that so many people attended the various information sessions and hearing, and believes that their 
listening to other comments may have been satisfactory to them. EPA also assumes that local 
government and community groups represent the interests of some significant segment of the 
local population, and evaluate their comments accordingly. 

As stated earlier, EPA intends to involve County, TAG, ALDC, and other citizens in the design 
process as much as possible. EPA will rely on the above-named public entities to disseminate 
inf onnation about the design meetings until design is completed, and EPA will require a design 
report to be published and hold a public briefing. 

25. North Siar: Pile 

The County engineer reminded EPA that he had submitted a report that identified the north slag 
pile as a potential source of contamination being detected in the County's landfill monitoring 
well. He said this concern should be fully addressed and a solution implemented. 

Response: EPA named the slag pile located north of the Main Granulated Slag as the Anaconda 
Landfill Slag. As noted in the Decision Summary of this ROD, the slag pile is currently being 
marketed for commercial use and is almost depleted. The area will have to be characterized and 
an appropriate closure and cleanup plan that is consistent with surrounding land uses will be 
approved as part of the final remedial action for this area. 

During the site-wide ground water remedial investigations ( 1991 - 1993) EPA assessed potential 
loading of arsenic and cadmium into the alluvial aquifer from the Anaconda Landfill Slag. No 
arsenic has been detected in the area. EPA determined that the cadmium loading identified could 
not be tied to the Anaconda Landfill Slag. If, during the monitoring phase of the RD/RA, 
cadmium is detected in the closed county landfill monitoring wells, EPA can reassess potential 
loading from the slag source area. 

26. Georgetown Lake Contaminated Railroad Beds 

The County engineer said that an investigation of potentially contaminated railroad beds in the 
Georgetown Lake area should be conducted. 

Response: Railroad beds located within the town of Anaconda were addressed in the Community 
Soils ROD (1996) which calls for construction of an engineered cover over all contaminated 
materials and a separation of the rail bed from residential and commercial/industrial areas with a 
barrier to restrict access and to control surface runoff through the use of retaining walls and/or 
curbing. This remedy was selected because some homes within Anaconda are built next to 
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railbed material that was constructed from mine tailings and which exceed COC clean up action 
levels. 

The Georgetown Railroad Site is an abandoned railroad spur located east of Georgetown Lake. 
It runs north-northeast for approximately 5.5 miles to the community of Southern Cross. The 
Montana Department of Health and Environmental Sciences (now MDEQ) conducted a 
CERCLA Preliminary Assessment (PA) for the Georgetown Railroad site in 1991. The PA 
reports elevated levels of heavy metals along an abandoned Butte, Anaconda and Pacific Railway 
line. Fine-grained tailings and waste rock material appear to have been used for ballast in the 
railroad bed and most of the railings were removed in 1924. The site investigations were limited 
to the area around Georgetown Lake since no target populations existed elsewhere along the line; 
two residential areas are located down-gradient of the railroad grade near Highway 1 and another 
is located adjacent to and on the rail bed. This area is listed as a separate site under CERCLA 
and CERCLA authorities and an appropriate response action will be taken for the Georgetown 
Lake railroad beds. 

27. Solid Waste at the Main Granulated Slae Pile 

The County engineer said that ARCO has been permitted to place solid waste at the southeast 
corner of the main slag pile. He believes that the Montana Code Annotated, the Administrative 
Rules of Montana, and County Ordinances require that waste to be placed in a Class-II landfill. 

· Response: The County Engineer is correct in noting that solid waste material (construction and 
demolition debris) has been disposed of at the southeast comer of the Main Granulated Slag Pile 
during the Mill Creek relocation effort, Flue Dust remedial action, Johnson's Comer demolitions, 
and other site work conducted by the PRP. EPA and MDEQ have identified the Federal and 
State RCRA Subtitle D and Solid Waste Requirements as applicable for this site. Final 
delineation of this solid waste repository will be conducted during Remedial Design on Smelter 
Hill and an appropriate solid waste management and closure plan approved. 

28. Provision to Address Unidentified Issues 

The County engineer requests language in the Record of Decision that will provide a basis for 
addressing "the unknowns. " 

Response: EPA provided this language in Section 9.2 "Miscellaneous Waste Materials" of the 
Decision Summary. EPA expects that there may be additional wastes identified on the site in the 
future and generally calls for waste consolidation into a WMA. 

29. Ground Water Contamination Affectine the Mill-Willow Bypass 

Trout Unlimited submitted a letter with specific questions regarding the contaminated ground 
water plume under the Opportunity Ponds. These questions are: 

1. Who will be responsible for sampling the wells? A private or public entity? 
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2. Will the testing schedule conform to the hydrology of the plume? Specifically in 
frequency as the water table dictates. 

3. What specific parameters and limitations will be prescribed for any exceedances and 
will the said guidelines be included in the ROD? 

4. At the determination of said exceedances, what remediation/procedures will be 
undertaken? What time interval will there be between the detection of exceedances 
and subsequent remediation? 

5. What provisions will be established in the ROD for the public to access the sampling 
data? 

The author of the letter also expressed concern about the tailings in the Warm Springs Creek 
floodplain. He suggests another evaluation be made of the tailings and that they eventually be 
removed. 

Response: The PRP is responsible for all ground water monitoring across the site, including the 
Point of Compliance (POC) at the edge of the Opportunity Ponds. ARCO may elect to contract 
with an independent party to collect and report sampling data, however, EPA reviews the 
technical and professional qualifications of ARCO's contractors and has final approval of 
contractors working on the site. All data will be reported to the agencies and made available to 
the general public. Proposed details of monitoring (locations of wells, parameters, data quality 
assurance, reporting) were presented by EPA in FS Deliverable No. 4 (in an appendix to FS 
Deliverable No. 5). A final monitoring plan will be completed as part of the RD/RA work plan. 

EPA set a POC for attainment and protection of applicable Montana ground water standards at a 
location near the Opportunity Ponds which will detect any potential future movement of 
contaminated ground water in plenty of time before the water would recharge to the Mill-Willow 
Bypass. If contaminated ground water exceeding the ROD COCs is detected at the POC, EPA 
will require assessment of ground water controls (interception trench, slurry walls or extraction 
wells). These controls could include treatment and disposal of water. 

There are no specific provisions in the ROD for public to access the sampling data. All data 
collected by EPA is public information and will be accessible. EPA would gladly solicit 
suggestions from the local community about ways to make monitoring data readily accessible. 

EPA, MDEQ and Montana Department offish, Wildlife and Parks have had continued 
discussions since October 1997 about floodplain tailings in Warm Springs Creek and long-term 
channel stability. EPA initiated a more extensive investigation of the creek in September 1998 
and will be using this data to further define the extent of the floodplain tailings problems and 
design appropriate channel stabiliz.ation, tailings stabiliz.ation and selective removal options for 
the Remedial Action Work Plan. 

30. Land Ownership 

An individual expressed concern about ARCO transferring land to the County, and potential 
conflicts that may result if there are conflicting claims to the land. 
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Response: EPA cannot regulate land transfers between private parties and local governments. 
Land claims must be addressed through normal channels. EPA will work with property owners 
regardless of their affiliation to protect human health and the environment. 

31. Desire for Cooperation Between EPA. ARCO. and the County 

Several people encouraged EPA, ARCO, and other entities to work cooperatively. 

Response: EPA intends to work with ARCO to negotiate a consent decree to conduct all cleanup 
work at the Anaconda site. The County will be involved to the extent possible, except in legal 
negotiations with ARCO. 
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3.0 RESPONSES TO STATE AND FEDERAL AGENCY COMMENTS 

EPA received six sets of comments on the ARWW&S OU Proposed Plan from State of Montana 
and Federal agencies. Responses to each set of comments are outlined in this Section. 

I. Letter to Julie DalSoglio, EPA, from C. Richard Clough, Regional Supervisor, Montana 
Department offish, Wildlife and Parks, Re: EPA's Proposed Plan for the ARWW&S 
OU, Anaconda/Deer Lodge County, Montana, January 28, 1998. 

Montana Department of Fish, Wildlife and Parks (MDFWP) commends EPA on developing a 
remediation plan for the site and raises specific concerns about Wann Springs Creek. 

Presence of tailin&s within the Warm Sprin&s Creek flood plain 

" ... problems with tailings ... when a significant flood occurs in the future, it is likely these tailings 
will be eroded into and along the creek and Clark Fork River ... could cause additional metals 
loadings and serious problems for the trout ... the presence of these tailings prevents the 
Department, and possibly others, from implementing projects to restore the natural channel and 
habitat of Warm Springs Creek." 

Response: During the Remedial Investigation for the Anaconda Regional Water and Waste 
(AR WW) OU, two separate field reconnaissances were conducted to attempt to identify stream 
bank tailings which may be contributing to periodic metals exceedances in Wann Springs Creek. 
Approximately 1200 cy of tailings were identified on the RSN Johnson Ranch and were slated 
for removal as part of the Proposed Plan. Furthermore, the BERA identified these stream bank 
tailings and overland run off from aerially contaminated soils as the source of metals loading 
causing exceedances of ambient water quality criteria which posed a potential threat to aquatic 
life in the stretch of stream from the Old Works OU to the confluence with Silver Bow Creek. 

" ... terminated a project of this nature [projects to restore the natural channel and habitat of Wann 
Springs Creek] in the vicinity of the Gochanour, Johnson and Ueland ranches after significant 
quantities of mine tailings were discovered in the project area ... the Department requested that 
ARCO voluntarily provide the financial assistance necessary to remove and dispose of these 
tailings. The Department's request was declined. " 

Response: EPA recognizes the Department's long term desire to protect and improve aquatic 
habitat on Wann Springs Creek, in special regard to the importance as critical spawning habitat 
to trout from the Clark Fork River. Where the Department identifies specific projects to enhance 
channel renaturalization, an assessment of the possibility of tailings and the potential threat they 
pose to the aquatic environment should be conducted. In 1998 EPA initiated a more intense site 
characterization of the geomorphology of the creek to help the agencies understand where 
potential creek movement is occurring, and what, if any, threat exists from tailings in the old 
creek channels. This information will be used to address immediate or potential threats from 
contaminated stream bank erosion under appropriate CERCLA authorities. The MDFWP may 
also use this information in conjunction with independent Department approved habitat 
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renaturalization projects. If the Department's projects impact areas where tailings could pose a 
problem for stream water quality, EPA will apply the appropriate CERCLA remedial authorities. 

"It is the Department's opinion that removal of the tailings and other wastes along the entire 
Warm Springs Creek corridor (from the city of Anaconda to the Clark Fork River) is necessary 
to allow the creek along this stretch to be restored and to preclude a re-contamination of the 
creek and the Clark Fork River from future flooding and other erosive events. Such removal 
would be consistent, at least to some degree, with the removal of tailings which is to occur along 
Willow Creek under the proposed plan and along Silver Bow Creek under the ROD for the 
Streamside Tailings Operable Unit. We do not favor reclamation using the STARS technique in 
this area for a number of reasons, including the high probability of future erosion and stream 
channel migration. " 

Response: The definition of a remedial action under CERCLA permits only actions taken "to 
prevent or minimize the release of hazardous substances so that they do not migrate to cause 
substantial danger to present or future public health or welfare or the environment." 42 U.S.C. 
9601(24). EPA is not authorized to take action for restoration of habitat. To date, EPA has 
identified limited areas with tailings that are posing a current or future threat to the aquatic 
habitat of Warm Springs Creek. However, EPA recognizes that long-term stability of the creek 
is of concern and has initiated site studies to assess the geomorphology of the creek to assess 
potential problems related to stream migration and release of buried tailings. EPA has proposed 
in this final remedy a combined remedial design of selective removal and stream stabilization 
techniques to minimize the release of contaminants into the creek. 

It is also noted that the tailings deposition on Silver Bow Creek, Willow Creek and Warm 
Springs Creek are all very different. While Silver Bow Creek has extensive deposition of barren 
fluvially deposited tailings, Warm Springs Creek has limited pockets of tailings which are 
covered with uncontaminated soils and are generally well vegetated with riparian vegetation. In 
contrast, Willow Creek is impacted by a very thin veneer (less than 2 inches) of tailings just 
below the surficially clean material, tailings which were from historic flooding from Silver Bow 
Creek crossing the joint flood plains. EPA believes that the removal option should be selective 
to the site conditions and that i~ the case of Willow Creek and Warm Springs Creek, other 
options (partial removal, STARS, engineered controls) have merit in meeting the objective of 
minimizing release of COC into the surface waters. Remedial designs, which may include some 
STARS treatment will be available for review and comment by the Department. 

2. Letter to Julie DalSoglio, EPA, from Greg Mullen, Montana Natural Resource Damage 
Litigation Program, Re: DOJ/NRDLP Comments to EPA On the Anaconda Proposed 
Plan, January 28, 1998. 

"The State's Natural Resource Damage Litigation Program generally supports the proposed 
EPA actions at the Anaconda Smelter Site/or the Anaconda Regional Water, Waste and Soils 
Operable Unit ... EPA concluded that metals and arsenic dispersed by smelter emissions and 
waste disposal continue to pose a risk to the vegetation, the primary energy producer in the 
ecosystem's food web and primary determinant of wildlife diversity and abundance. The State's 
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studies fully support this determination ... The Proposed Plan acknowledges that clean up of 
ground water is technically impracticable ... Neither the State's Restoration Determination Plan 
nor EPA 's proposed remedy if implemented, would bring all of the injured resources back to 
baseline conditions in the foreseeable future. However, if implemented the plans would restore 
some of the resources over time and jump start the recovery of other resources. " 

Response: EPA acknowledges these comments. 

Opportunity and Anaconda Ponds 

"It is not clear what specific reclamation measures will occur at these ponds ... the State cautions 
that if a capping scenario is used, observance of proper cap placement techniques is 
warranted ... " 

Response: The final remedy does not call for a capping scenario. Final remedy of the ponds will 
be accomplished through attainment of 18" of growth media to support a permanent vegetative 
cover which can be achieve through a soil cover, in situ (ARTS) treatment, or a combination of 
both. 

Upland Reclamation 

" ... there are areas that are not included in the Proposed Plan that the State's Restoration Plan 
proposes should be addressed. Most of these areas are located in the Mount Haggin Area. " 

Response: EPA conducted an assessment of the areas on the site thought to have been impacted 
by smelter emissions in the past and in which our regional soils studies indicated that metals and 
arsenic levels in the soils continue to pose a phytotoxic risk to vegetation communities. EPA 
carefully addressed current environmental risk posed by metals. During this time frame, the 
State was properly informed about the BERA assessment and the issue of current environmental 
risk within the State's identified injured areas was not raised. If the State had data and 
information about potential risk to injured areas in the Mount Haggin area, this information 
should have been brought forward during the Rl/FS. EPA believes that we have accurately 
identified the areas of concern for remedial action. 

''Also, the State, through its assessment found much of the upland areas was forested in the past. 
Approximately 70% of both the Smelter Hill and Mount Haggin areas were forested ... therefore, 
the State's Restoration Plan call for extensive tree planting in these areas, whereas the Proposed 
Plan does not. " 

Response: EPA does not have authority to require restoration of injured resources to baseline 
conditions. EPA believes that the reclamation plan outlined in the Decision Summary provides 
for reduction of risk by revegetation. EPA acknowledges that in some areas of the site, steep 
slopes prohibit active tilling of areas and planting of trees and shrubs may be an appropriate 
remedy. However, planting of trees to attain a restoration goal of 70% tree coverage is an issue 
the State will have to negotiate with the PRP in settlement of restoration claims. 

RS-21 



3. Letter to Julie DalSoglio, EPA, from Matt Marsh, MDEQ, Re: Anaconda Regional 
Water, Waste & Soils OU - Proposed Plan and Draft Feasibility Study, January 30, 1998. 

"DEQ generally supports and concurs with the remedies selected for these areas with those 
exceptions listed below ... " 

J. High Arsenic Soils, Sparsely Vegetated Soils, Opportunity Ponds, Anaconda Ponds, 
Smelter Hill Disturbed Areas and other Waste Areas 

"DEQ disagrees with the determination that Reclamation Levels I and II should be the selected 
remedy in all cases ... a preference should be stated in the ROD for soil cover ... there are 
numerous borrow sources within zero to 10 miles of several of the sites requiring remediation ... if 
reasonable quality is available within a cost effective distance ... the soil cover alternative would 
then become the selected remedial action rather than reclamation levels I and II (ARTS)." 

Response: Based on the comments received by DEQ, EPA and ARCO agreed under an 
Administrative Order on Consent amendment to conduct a more detailed review of available 
quantities and quality of borrow material nearer to the site than the original estimated 50 mile 
round trip haul distance. Preliminary results indicate that material is available near site and EPA 
adjusted cost factors for cover soil haul distance from 4 to 2 miles round trip (see Appendix E, 
Decision Summary). The final remedy allows for either cover soil, in situ reclamation (ARTS), 
or a combination of both to meet the design criteria of 18 inches growth media at these locations. 

2. Cell A of the Opportunity Ponds 

"DEQ support ADLC 's comment about changing their selection of a waste disposal site from 
Cell A to the B2 Cell of Opportunity Ponds ... the ROD should include requirements that the waste 
disposal site comply with solid waste laws, similar to other waste disposal sites throughout the 
State, and that the ROD also include a revegetated soil cover or similar appropriate remediation 
for the finished portions of this disposal site. " 

Response: EPA notes that this request has been made by ADLC. Final location of a county mine 
waste repository will have to be decided by the land owner (ARCO) and the County and could 
potentially be·Iocated anywhere within the Opportunity Ponds system. EPA has changed the 
final remedy to reflect that where-ever the waste disposal site is located, it must comply with 
appropriate solid waste laws (including a closure plan) and that both Cell A and Cell 82 will 
include a revegetated closure plan for remaining areas not designated the active repository. 

3. Main Slag Pile 

"The selected alternative ... is "No Further Action" ... it should be noted that the slag pile will be a 
contaminant source area until such time that the pile is consumed ... slag will continue to be 
transported from the pile by wind ... clean cover soil caps adjacent to the slag stockpile which 
could be recontaminated with metals and arsenic contained in the slag. .. A temporary cover 
would be more protective of the adjacent land uses by preventing wind-borne transport of slag. 
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Covering the slag with either a temporary or permanent cover would also be more protective of 
human and ecological health. .. " 

Response: EPA has attempted to accommodate community and PRP interests in maintaining use 
of the slag as a marketable product while protecting human health and the environment through 
the duration of use. The ROD calls for guaranteed long-term contracts allowing commercial use 
of the material as a base resource, and until these contracts are in place, EPA cannot predict the 
life of the operation of slag mining. This time line will have to be assessed during the site 
management planning phases and areas slated for cover or in situ reclamation near the slag will 
have to assess the potential recontamination problem. The ROD also calls for operation of the 
mining facility on the slag so that it is in compliance with other applicable regulations. 
Minimization of blowing slag will be a key requirement. The ROD requirements provide the 
best balance of objectives and allow continued use of the slag as a product. 

4. South Lime Ditch and Triangle Waste 

"DEQ disagrees with the preferred remedy (Land Reclamation I and II or ARTS) for these 
areas ... an adequate soil cover should be the remedy in certain of these cases ... " 

Response: The final remedy in the ROD allows a choice of soil cover, in situ reclamation or a 
combination. 

5. Warm Springs Creek, Willow Creek, and Blue Lagoon 

"Removal of tailings and waste material within or adjacent to an active stream channel is the 
best alternative ... " 

Response: The ROD allows for selective removal and stream stabilization in active channels. 
The remedy for Willow Creek and Blue Lagoon will be partial removal. 

6. Yellow Ditch 

"DEQ concurs with the soil cover alternative. " 

Response: Comment noted. 

7. East Anaconda Yards 

"The proposed plan incorrectly listed 8 inches of cover soil rather than 18 inches ... (need) 
monitoring data to determine if 18 inches of cover soil is sufficient to intercept all of the 
precipitation and water movement at this site ... I 8 inches of cover soil may be insufficient to 
maintain the vegetative cap ... " 

Response: Reclamation in the East Anaconda Yards has primarily occurred under the Flue Dust 
and Old Works/East Anaconda Development Area RODs. Soil cover ranging from 12 - 18 

RS-23 



inches has been placed across the site. The final remedy calls for 18 inches of soil cover across 
the yards. Ground water monitoring will be conducted during O&M to determine whether there 
are increasing concentrations of arsenic and to monitor for plume migration. The vegetative cap 
will be assessed using final performance criteria to be developed in remedial design. 

8. Ground Water 

" ... DEQ believes only those areas which meet the requirements of a technical impracticability 
waiver can avoid remediation of ground water ... EPA should prevent further migration of the 
plume(s), prevent exposure to the contaminated ground water, and evaluate further risk 
reduction ... DEQ agrees future additional evaluations of ground water will be critical. DEQ also 
believes a more proactive approach to ground water cleanup should be taken ... " 

Response: EPA has incorporated these general objectives into the final remedy and 
acknowledges the importance of ground water as a state and local community resource. The 
long-term ground water monitoring plan, O&M, source controls (land reclamation), and 
contingencies for proactive remediation are all important aspects of the final remedy. 

9. Surface Water 

"DEQ believes remediating a majority of the ARWW&S site should help reduce the impacts to 
surface water. DEQ agrees future additional evaluations of surface water will be critical. DEQ 
also believes a more proactive approach to surface water cleanup should be taken as explained 
in the comments above. (Ground water comments.)" 

Response: Comments noted. 

JO. Storm Water Control 

" ... there is an inherent conflict between the construction of sediment detention basins and the 
requirements of clean up efforts to further minimize contamination and degradation of ground 
water if ground water cannot be restored Since significant infiltration of storm water to ground 
water typically occurs from sediment detention basins and transport ditches, speciality 
evaporative lined detention basins and possibly ditches may be required to control storm water 
infiltration to ground water. " 

Response: EPA notes these comments and believes they will be addressed in the remedial design 
phase of the project. 

11. Opportunity Ponds, Anaconda Ponds 

"DEQ believes other methods in addition to those mentioned need to be evaluated for these sites: 
soil cover .. ., combination soil cover/reclamation, wetland establishment, and any new or 
development technologies. " 
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Response: All these proposals have been incorporated into the final remedy. 

12. Stucky Ridge Pilot Project 

'DEQ agrees that the development of a system such as the LRES would be a very valuable tool 
for use in delineating areas in need of remediation. .. " 

Response: The LRES system was further developed and expanded in 1998 and has been 
incorporated into the final remedy (see Appendix C). 

13. Reuse 

" ... Jn the future, it is relevant to postulate that the tailings may also have some economic value 
for reuse. The ROD should leave the door open to this possibility. Since any reuse would in all 
likelihood result in the further detoxification of tailings materials, ii is an appropriate 
consideration, both economically and environmentally. " 

Response: EPA believes that if site conditions change to accommodate reuse of tailings material, 
the remedy can be changed to continue to be protective of human health and the environment. 

14. Reclamation 

"DEQ objects lo EPA 's use of the word "reclamation" to describe this proposed remedy ... should 
this remedy truly be a reclamation remedy, consistent with the reclamation laws of Montana, a 
much more complex and extensive and costly remedy would be required. " 

Response: EPA uses the word "reclamation" in a broader meaning than is implied by the State in 
these comments. In the literature, "reclamation" is applied to the remediation of drastically 
disturbed lands. Land managers have employed a continuum of light- to heavy-handed 
techniques to address these types of lands. EPA has chosen a remedy which meets the primary 
objectives of CERCLA, protection of human health and the environment, and requires 
reclamation oflands that were disturbed by smelting and mine waste disposal activities. 

15. EPA 's titled "Partial Reclamation" alternative 

"DEQ agrees that the partial reclamation remedies fail to meet the NCP criteria." 

Response: Comment noted. 

16. Storm Water 

"DEQ objects to storm water requirements being met only at construction completion. DEQ 
believes that these requirements can and should be met during the remedial action rather than at 
construction completion. Jn addition, construction completion is not defined in the proposed 
plan and could be many years into the future. DEQ also objects to the time limitation/or the 
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storm water monitoring program. Monitoring must be ongoing through out construction and 
continue a minimum of three years to determine compliance with state water quality 
standards ... " 

Response: EPA did not mean that storm water requirements would not be met until construction 
completion of the entire site. EPA envisions that there will be many phases of remedial design 
and project specific construction completions. When individuals areas are complete, storm water 
issues will have been addressed (either through BMPs, engineering controls, or a combination of 
both) and monitoring will begin for attainment of ARARs. Storm water controls to address 
construction specific problems will be implemented during construction activities. 

17. Conclusion 

" ... challenges lie ahead in defining what quality of reclamation will be performed and how the 
success of these efforts will be evaluated .. flexibility in implementing the remedy is essential, but 
it is also necessary not to be so flexible that ARCO takes the lead on defining the character of the 
remedy to suit financial constraint rather than environmental quality ... " 

Response: EPA agrees that implementation of these remedy will need to balance flexibility to 
address area specific needs against criteria to maintain the protectiveness of the remedy. 
Remedial design/remedial work plan negotiations will be important in outlining this balance. 

4. Letter to Julie DalSoglio, EPA, from Mary Capdeville, MDEQ, Re: Anaconda Regional 
Water Waste and Soils Operable Unit - Proposed Plan & draft Feasibility Study, January 
30, 1998. 

1. Ground Water Restoration and Waste Management Areas 

" .. .it appears.from the proposed plan's definition of Waste Management Areas that EPA may 
determine that State ground water standards do not apply beneath an area designated by EPA as 
a Waste Management Area. DEQ objects to this dismissal of State applicable ground water 
standards as an unreasonable and an impermissible interpretation of the NCP and CERCLA .... " 
DEQ provides a lengthy discussion in support of this argument. 

Response: EPA disagrees. EPA's definition ofWMAs is well supported in the NCP and the 
preamble to the NCP. The NCP provides that EPA may eliminate remedial alternatives, during 
the "screening step," before each alternative is studied in detail. 1 However, a remedial alternative 
may not be "screened out" unless it is either: 1) not effective; 2) not implementable; or, 3) too 
costly.2 These criteria ensure that a remedial alternative will not be screened out without first 

1 40 C.F.R. § 300.430(e)(I). 

2 "Alternatives providing significantly less effectiveness [or] that are technically or administratively 
infeasible ... may be eliminated from further consideration .... Costs that are grossly excessive compared to the 
overall effectiveness of alternatives may be considered as one of several factors used to eliminate alternatives." 55 
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being seriously considered and evaluated. Only after an alternative is deemed impractical, based 
on one of the three criteria listed, will it be discarded. 

In the case of the AR WW &S, EPA screened out waste removal and ground water restoration 
alternatives based on inordinate cost of removal. Waste removal was eliminated as an 
alternative. Ground water ARARs cannot be met because it is impracticable to restore ground 
water beneath wastes-left-in-place. Here, if waste removal is eliminated as an alternative, it is 
unlikely that ground water ARARs will be met, because waste removal is one of the few methods 
available for reclaiming ground water. 

Essentially, the decision to screen out removal in this case is also a decision to create a "waste 
management area." A "waste management area" is simply an area where wastes will remain in 
place, instead of being removed.3 It is well supported in the NCP that compliance with ground 
water ARARs is measured at the edge of a waste management area, not directly underneath it. 
The NCP acknowledges, first, that when EPA recognizes an ARAR, EPA must also decide 
where and how that ARA.Risto be implemented, or, its POC.4 Second, the NCP recognizes that, 
for waste management areas, the appropriate POC is at the edge of the area. The NCP states, 

"[T]here are general policies for establishing points of compliance. For ground water, 
remediation levels should generally be attained throughout the contaminated plume, or at 
and beyond the edge of the waste management area, when the waste is left in place .... "s 

Because ground water ARARs will not be met inside the waste management area, the decision to 
screen out removal and to create a waste management area has the same practical effect as a 
technical impracticability waiver. Under either approach, the end result is that ground water 
ARARs will not be met. The primary difference between screening and issuing a waiver is a 
matter of timing. Screening takes place early in the RI/FS process whereas technical infeasibility 
waivers come into effect at a later stage, after removal has been studied as an alternative. 

C.F.R. § 300.430(e)(7}(1)-(iii). 

3 The tenn "waste management area" is mentioned several times in the preamble to the NCP, ~SS FR at 
8713 and 87S3. Although not defined in the NCP, it seems clear that the tenn is borrowed from the RCRA concept 
referred to as the "waste management unit" or "land disposal unit." See the discussion at SS FR 87S8-60. CERCLA 
AOC's, or, "areas of contamination", are defined as areas of "continuous contamination of varying amounts and 
types at NPL sites. These are considered to be the CERCLA counterparts ofRCRA "land based units" or "landfills." 
See SS FR at 8760. Thus, it seems safe to say that a "waste management area" is an area of continuous 
contamination which will be left in place. 

4 See 40 C.F.R. § 300.430(f)(S)(iii), stating: 
"The ROD shall ... [i]ndicate, as appropriate, the remediation goals ... that the remedy is 
expected to achieve. Perfonnance shall be measured at appropriate locations in the ground water . 

" 

5 SS FR at 9713. 
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Aside from this difference in timing, the screening process is substantially similar to the ARAR 
waiver provisions of CERCLA and the NCP, because the two types of decisions employ 
essentially the same criteria. ARARs may be waived where it would be "technically 
impracticable from an engineering perspective" to meet them.6 ARARs may also be waived if 
the engineering needed to comply with an ARAR is inordinately costly.7 Similarly, a remedial 
alternative may be screened out for technical impracticability -or grossly excessive cost.8 

Because the screening analysis is virtually the same as the process for waiving ARAR 
requirements, screening should not be interpreted as a less rigorous or less responsible approach. 
On the contrary, the early screening of non-viable options is sensible and consistent with the 

emphasis in the NCP on making the superfund process more efficient.9 Where it is clear early in 
the RI/FS process that a remedial alternative does not meet one of the three criteria, it would 
waste energy and resources to wait and do a technical infeasibility waiver at the tail-end of the 
process. By screening out removal early on, EPA avoids carrying through the Rl/FS process, 
which is costly and time consuming, regarding a remedial alternative that is not technically or 
economically feasible. 

2. Feasibility Study Potential ARARs 

" .. .further refining is necessary between the agencies prior to finalization of the feasibility study 
ARARs and the ROD ARARs .... " 

Response: EPA responded to MDEQ's request for further refinement of the ARARs as presented 
in Appendix A, Decision Summary. 

5. Letter to Julie DalSoglio, EPA, from Fred Staedler, Anaconda Unit Manager, DNRC, Re: 
Input on the Proposed Cleanup at the Anaconda Superfund Site, January 30, 1998 

" ... The Montana Department of Natural Resources and Conservation (DNRC) manages the 
following school trust lands ... Old Works/Stucky Ridge Subarea - 480 acres N/12, Nl/2S/12 
Section 36 T5N RJJW; North OpportunitySubarea-320acres Wl/2Section16 T5N RJOW; 
South Opportunity Subarea - 640 acres Section 36 T4N Rl 1 W .. The Stucky Ridge tract has 
potential for single family residential dwellings, condominiums and other commercial uses. In 
order to develop this tract, it will require soils which are cleaned up to residential standards and 
a supply of drinking water ... Our tract in the North Opportunity Subarea was productive dry land 
pasture ... The soils on this tract appear to have been heavily impacted by heavy metal 

6 See CERCLA § 121(d)(4XC), 42 U.S.C. § 9621(d)(4)(C) and 40 C.F.R. 300.430(f)(l)(ii)(C)(3). 

7 See 55 FR at 8748. 

8 See 40 C.F.R. 300.430(e)(7)(ii) and (iii). 

9 "EPA agrees ... that focusing the development of alternatives only on those that show promise in 
achieving the goals of the Superfund program is a significant means by which the program can streamline the 
process and achieve a more rapid cleanup." 55 FR at 8714. 
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contamination. At a minimum this land needs to be returned to a condition which supports a 
healthy native grass community ... / am concerned that the proposed method of handling the site 
specific cleanup would place substantial financial burden on the State, its lessees, licensees and 
contractors. This additional cost would result in reduced revenue to the Trust ... " 

Response: In the LRES process, cleanup action levels for a specific area (e.g., residential or open 
space/recreational) will be based on land use. For the State Trust lands on Stucky Ridge, if 
residential and commercial uses are determined to be the appropriate land use, the remedial 
design will call for attainment of those action levels. EPA did not identify State Trust lands in 
the North Opportunity Subarea within our "areas of concern". If the State has additional 
information on the effects of metals in soils affecting vegetation, these properties can be assessed 
during the remedial design phase of the project. Land use will be a critical determining factor in 
choosing the initial clean up action levels and degree of land reclamation. EPA is committed to 
working with all land owners on the site, including the State of Montana, in assessing the 
reclamation needs of each individual piece of property. 

6. Letter to Julie DalSoglio, EPA, from Robert Stewart, Regional Environmental Officer, 
U.S. Department of the Interior, Office of the Secretary, Re: Comments on the Anaconda 
Regional Water, Waste & Soils OU Proposed Plan, January 29, 1998 

1. The ROD should specify a Cabbage Gulch and Yellow Ditch water quality monitoring 
program be developed and implemented to determine whether source control and removal have 
achieved attainment of ambient water quality criteria. The ROD should also specify the time 
lapse after completion of the removal action when those criteria will be met, and if not, what 
actions will be implemented to achieve compliance. 

Response: The final remedy in this ROD describes a requirement for a water quality monitoring 
program to assess attainment of the water quality standards. A schedule for meeting water 
quality criteria will be included as part of the remedial design process which will detail the 
frequency of monitoring and determination of attainment of the water quality standards. 

2. The ROD should address the environmental protectiveness of the revised human health 
arsenic action level for soil and waste sources and the 1, 000 ppm cleanup action level proposed 
for remaining lands used for waste management, agricultural/grazing and recreational/open 
space land uses. 

Response: The 315 ppm arsenic phytotoxic value was used solely as a screening tool to help 
determine where elevated levels of arsenic may be posing a risk to vegetation. Where the site 
investigations have determined the probability of arsenic soil concentrations >I 000 ppm, there is 
a continuum of vegetation diversity and abundance. The selected remedy in this ROD calls for 
reducing total surficial arsenic concentrations to below 1,000 ppm for protection of human 
health. The EPA believes that soil cover or deep tillage will bring the total concentrations 
significantly below 1,000 ppm and reduce the phytotoxicity of the soils. Appropriate 
amendments, seed mixture (possibly more metals and arsenic tolerant species), and plowing 
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depth (for better dilution) will be tailored to the site specific conditions, significantly reducing 
risk to the environment. 

3. The ROD (and/or attached scope of work) should specify that final reclamation include 
vegetation with primarily native species and that noxious weeds will be controlled. 

Response: As noted above, EPA believes that through either soil cover or deep tillage plus 
amendments, total arsenic concentrations should be significantly below 1,000 ppm arsenic. EPA 
and their contractors have experience in using native, metals and arsenic tolerant plant species 
that are considered early successional plant species on these drastically disturbed lands. The State 
of Montana mine reclamation ARARs listed in Appendix A and the LRES reclamation decision 
process both require use of native and adapted plant species . Noxious weeds will also be 
controlled. Specific plant performance criteria will be developed as part of the remedial design 
package and these performance criteria will take into consideration site specific needs. 

4. A copy of any detailed analysis of impacts to wetlands and associated Mitigation Plans 
should be provided to the Fish and Wildlife Service for review prior to implementation. 

Response: EPA outlined use of the wetlands evaluation and mitigation planning process in the 
ROD. Wetlands ARARs, and the associated consultation role of the Fish and Wildlife Service, 
are included in the ARARs section of the ROD. Specific details of coordination will be outlined 
in any consent decree negotiations. 
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4.0 RESPONSES TO ARCO'S COMMENTS ON THE PROPOSED PLAN 

4.1 INTRODUCTION 

ARCO's comments on the ARWW&S OU Proposed Plan were submitted to EPA on January 30, 
1998. Accompanying the cover letter was a two-part presentation: Part I - Conceptual Remedial 
Design Work Plan; and Part II - ARCO's Legal and Technical Comments on EPA's Proposed 
Plan for the Anaconda Regional Water, Waste & Soils Operable Unit, Anaconda Smelter NPL 
Site. The legal and technical comments were supported with twelve separate attachments which 
expanded on ARCO's conceptual remedial design work plan and their legal and technical 
arguments to support their premise that; " ... the Preferred Alternative in the Proposed Plan is not 
authorized under CERCLA, exceeds EPA's authority and is inconsistent with the NCP." 

EPA has chosen to structure the agency's response to all ARCO comments in the same order as 
presented. The following are specific responses to the issues raised in Parts I and II of the cover 
letter: Attachment A - Reclamation Plan; Attachments G/H - Menzie-Cura and ENSR comments 
on the BERA; Attachment I - Dirt Bike Rider and Trespass Scenario; Attachment J -
Supplemental FS Comments; and Attachment L - ARCO's Previously Submitted Comments. 
EPA believes that the remaining attachments specifically address remedial design issues. EPA 
will submit a Remedial Design/Remedial Action Scope of Work which will incorporate concepts 
as presented by ARCO in the comments on the Proposed Plan. Attachments which are not 
responded to in detail include: Attachment B - Revegetation Success Criteria; Attachment C -
Storm Water Management Plan; Attachment D- Institutional Controls Management Work Plan; 
Attachment E - Performance Standards; Attachment F - Site Management Plan; Attachment K -
Conceptual O&M Plan. 

The following are responses to ARCO's comments on EPA's Proposed Plan for the ARWW&S 
Operable Unit, January 30, 1998. 

4.2 PART I. CONCEPTUAL REMEDIATION DESIGN WORK PLAN 

4.2.1 GENERAL RESPONSES 

Since the development of the Stucky Ridge Pilot Project, EPA and the State have worked with 
ARCO to refine the Land Reclamation Evaluation System (LRES) and apply it throughout the 
ARWW&S operable unit. Many of the ideas and concerns expressed by ARCO in their 
Conceptual Remedial Design Work Plan were incorporated into the LRES and used during the 
1998 field work. The following sequence of events demonstrates EPA's willingness to 
incorporate ARCO's reclamation ideas, where they are anticipated to meet EPA's remedial goals, 
into reclamation planning. 

February and March 1998 - EPA and the State reviewed the remedial actions presented by 
ARCO and developed a list of conditions at the site (e.g., steep slopes, low soil pH, etc.) that will 
require specific reclamation approaches. Based upon these conditions, EPA developed a list of 
applicable reclamation technologies, and then combined these into 11 reclamation alternatives. 
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During this process, EPA incorporated ARCO's SAM (surface broadcast seeding plus 
amendments) and PTSG (plant, tree, shrub, and grass) alternatives and many of ARCO's 
reclamation ideas into the set of reclamation alternatives. 

March through June 1998 - EPA and the State developed and validated (in the field) the 
numeric portion ofLRES and made the LRES Work Plan available for ARCO review. 

July 1998 - EPA and the State met with ARCO and their subcontractors to address their 
comments and concerns. EPA and the State revised the numeric portion of the LRES based upon 
ARCO's comments and conducted additional validation. 

July - September 1998 - Representatives of EPA and the State worked with ARCO and their 
subcontract personnel in the field refining and applying the LRES to specific areas throughout 
the operable unit. 

EPA and the State anticipate continuing to work interactively with ARCO during the synthesis of 
the LRES data into the ARWW&S Conceptual Reclamation Design Report, which is scheduled 
for completion by December 1998. 

4.2.2 SPECIFIC RESPONSES 

Reclamation Work Plan 

Responses to comments from Page 5. 

ARCO's spacial delineation of land units and the selection of reclamation technologies for those 
units was accomplished using aerial photographs and without detailed knowledge of the physical 
and chemical site conditions. This resulted in a very optimistic estimation of the acres to which 
reclamation is needed and the level (intensity) of reclamation required. ARCO's reclamation 
plan was prepared with some first-hand knowledge of site conditions, but without the level of 
knowledge required to make design-level decisions. ARCO is now discussing with the agencies 
development of a Conceptual Remedial Design using the LRES, as discussed above. 

The following table provides EPA comments on the reclamation treatments suggested by ARCO. 
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ARCO Reclamation Treatments and EPA Comments 

!Treatment I Com~onents I EPA Comment I 
No Further Action Treatments 

WV Well Vegetated lands ARCO's designation of areas that have >25% live plant cover estimate is 
have a minimum of very optimistic since these areas were delineated from aerial photographs 
25% live plant cover. and the recollection of personnel; and must therefore be field trothed. 

ARCO designated a high percentage of land in certain Areas of Concern, 
such as the Barren/Sparsely Vegetated areas as being well vegetated 
(WV). The use of a "25%" criteria does not address vegetation quality. 
EPA's field reconnaissance trips in 1995, 1996, and 1997 indicate that 
many of these areas are dominated by noxious weeds. The WV 
designation also includes areas that ARCO believes are "recovering" fast 
enough to preclude active reclamation. Based upon EPA's field work, the 
number of acres where range condition is improving (at a substantial rate) 
is much less than ARCO's optimistic estimation. Even in areas exhibiting 
improved vegetation cover, some intervention, such as weed spraying or 
interseeding, will be required to meet remedial goals in a reasonable 
amount of time. ARCO has also neglected monitoring of these lands, 
which is required. EPA also disputes the use of a 25% live plant cover 
criteria. These criteria have yet to be developed but will depend upon the 
composition of the plant community capable of developing on a site and 
the measurement technique used. 

A Agricultural lands will Some of these areas may require treatment. 
not be treated. 

RA Existing or planned Areas "planned" for reclamation are not precluded from EPA's remedial 
Remediation Areas. action, and all reclaimed areas will be monitored and repaired or 

reclaimed as necessary. 

OT Other features or These must be assessed on a case-by-case basis. 
structures not requiring 
remediation. 

Coversoiling and Capping Treatments 

CAP 6" veneer cap of ARCO's treatment would be for the tailings ponds. Six inches of 
coversoil, lime rock, coversoil is too thin to meet the remedial action objectives/goals and slag 
industrial, and/or slag. would be inappropriate because of potential for fugitive dust. 

CAP/ Smelter Hill caps. Soil cover would be used in the Smelter Hill area and would be similar to 
SEED the caos alreadv in olace. 

Ecosystem Enhancement and Land Reclamation Treatments 

PTSG Plant trees, shrubs, This approach to vegetation enhancement has merit; however, ARCO's 
and/or grass plugs into assessment of where the use of equipment would not be possible is very 
sparse vegetation conservative. Many areas designated by ARCO for PTSG have slopes 
where access is too that are shallow enough (i.e., slopes between 3.5 and 2: 1) to till. 
difficult or terrain too 
steep for equipment. 

AGT Using standard farming ARCO's assessment of where this treatment could be applied is very 
equipment to till to 6- optimistic. For example, ARCO designated this treabnent for large tracts 
8". of land in the eastern portion of Stucky Ridge. Based on data colleted by 

EPA during the 1997 field reconnaissance trips, metal and pH levels 
below 8" present risks to vegetation, which would make shallow plowing 
an ineffective treatment. 
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ARCO Reclamation Treatments and EPA Comments 

Treatment Com Don en ts EPA Comment· 

SAM Surface broadcasting of This is a minimal-type treatment that will have utility. Again, however, 
seed and fertilizer, or ARCO has overstated the acreage to which this treatment can be applied. 
fertilizer alone. A thorough testing of this treatment is warranted in several areas having a 
Herbicide applications range of surface metal and pH levels. 
where necessary and 
surface scarification. 

OT Deep tilling to Similar to EPA Level II; appropriate for many areas. 
incorporate 
amendments to 18". 

A-SM ARTS technology This is applicable to Smelter Hill; however, ARCO's reclamation plan 
applied to the Smelter does not include the use of ARTS technology for the Anaconda or 
Hill area. Opportunity Tailings Ponds. 

OPP Opportunity Tailings Combinations of reclamation treatments will likely occur for the very 
Pond mosaic. large tailings ponds due to economic considerations. However, not all the 

treatments mentioned by ARCO will be appropriate (see above and 
resnonses to Attachment A). 

ARCO plans on performing treatability tests to determine the efficacy of SAM, AGT, ARTS, and 
OT treatments. EPA will provide a detailed review of the sampling and analysis plans for these 
projects. The agencies will also participate actively in selecting the treatability test sites and in 
soil sampling. 

Opportunity and Anaconda TailiDKS Pond Reclamation (beginning on page 7) 

ARCO's Cap Reclamation (page 7) 

Six inches of pit-run overlain by 6 inches of finer material will not meet the remedial action 
objectives/goals and is therefore an unacceptable remedial action. This treatment would not 
reduce the amount of water percolating to the ground water and may increase the amount of 
noxious weed cover on the ponds, which would necessitate additional maintenance. 

Wetland Development (page 7) 

Wetland development may be an acceptable outcome of remedial actions at the ARWW&S OU. 
It must be bourne in mind, however, that the creation of wetlands involves a high level of 
engineering design and sophisticated construction. The operational definition of jurisdictional 
wetlands in the Clark Fork Basin by the U.S. Army Corps of Engineers excludes open water 
areas deeper than 6.6 feet. This requirement may effectively limit the amount of borrow material 
removed if ARCO intended to create a jurisdictional wetland. A cost/benefit analysis should be 
performed to determine if creating wetlands will be desirable in relation to the amount of borrow 
material that would be obtained from the excavated area. Additionally, plant communities in 
areas where wetlands could be created (i.e., where ground water is near the soil surface) may 
possess certain attributes, such as high species diversity and cover, that the agencies may not 
want destroyed just to remove a relatively small amount of borrow material. The EPA requires 
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that these and other issues surrounding borrow source areas and wetlands creation/enhancement 
be addressed during the remedial action phase of this project. 

Page 7, Third Bullet 

Creating unlined wetlands in the D cell for storm water control may be appropriate. The D 1 cell 
has been historically used as a water clarification cell before discharging to the Warm Springs 
Ponds. However, EPA would require testing of the water to see if it is contaminated and whether 
it poses a risk to wildlife, and whether the impoundment of water in this area would increase the 
quantity of contaminated water percolating through tailings material and reaching ground water. 
These effects may be counter to EPA's remedial action objectives/goals for the tailings ponds. 

Page 7, Fourth Bullet 

Slag would be an inappropriate cover by itself since this material is also susceptible to being 
entrained by wind. Any material used to cover the tailings ponds that has fine particles will 
provide rooting media for invading plant species. The initial colonizing species will be noxious 
weeds which will require constant, active control. Therefore, the physical attributes of the 
borrow material used for capping should be carefully examined to help limit weed infestations. 

Page 7, Demonstration Plots 

Any experimentation with remedial techniques for the tailings ponds is welcomed, but will 
require the full scrutiny and participation of the agencies. The EPA may require ARCO to 
initiate reclamation of the Anaconda and Opportunity Tailings Ponds immediately following the 
ROD using known reclamation techniques (i.e., ARTS), which would be prior to having the 
results of the new experiments suggested by ARCO. If new reclamation techniques are 
discovered during these experiments, they can be incorporated into the on-going reclamation of 
the tailings ponds. 

Page 9, First Paragraph 

ARCO states that approximately 5,350 acres are adequately vegetated based on the 25% live 
plant cover criteria and that this is "considered adequate to meet the remedial action goals of 
minimizing wind and water erosion". First, a large portion of the area designated by ARCO as 
well vegetated actually has a significant component of noxious weeds. These areas are, 
therefore, good candidates for vegetation enhancement techniques such a herbicide application 
and broadcast seeding, as the remedial alternative. Field verification will be required of site
specific vegetation conditions that would allow the selection of the No Further Action 
alternative. Second, the use of a 25% live vegetation criteria for all range sites at the AR WW &S 
OU is erroneous simply because many environmental conditions affect a site's erosivity and 
ability to support vegetation. EPA's land reclamation evaluation system (LRES) provides a 
logical methodology to quantify an area's erosion potential and quality of vegetation, and to 
decide whether active remedial action is necessary. Once this is determined for a particular area 
(i.e., a Remedial Unit}, an evaluation of the appropriate data types (from existing or newly 
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collected data) will allow the decision makers to decide which remedial alternative best meets the 
remedial action objectives/goals. This LRES decision tool will be used by EPA at the 
ARWW&S OU during remedial action design. 

Page 9, First Paragraph 

EPA agrees that plant community condition is improving in some areas of the ARWW&S OU; 
however, ARCO's use of the term "natural recovery" implies that these communities are 
progressing toward pre-smelting conditions. This assumption is erroneous; no evidence has been 
presented demonstrating that environmentally sensitive, pre-smelting plant species are invading 
the site. Some areas may be experiencing an influx of hardy, metal-tolerant species such as 
redtop and Great Basin wildrye, species which may help stabilize areas against erosion. 
Furthermore, use of 1988 and 1997 aerial photographs to indicate that some areas are 
"recovering" is also erroneous because 1988 and 1997 were, respectively, very dry and wet years. 
Due to differing soil moisture regimes during these two growing seasons it is likely that plant 
canopy coverage was significantly less in 1988 than in 1997. 

Using the LRES decision tool in the field during remedial design, EPA may require only 
monitoring of some of these "recovering" areas because vegetation and erosional parameters are 
being met or are likely to be met within a short time frame. Conversely, EPA may require the 
use of vegetation enhancement techniques, such as herbicide application, interseeding, or 
planting trees, shrubs, and/or grass plugs, where vegetation invasion will not likely meet the 
remedial action objectives/goals in a reasonable time frame. 

Page 9, Second Paragraph 

EPA disagrees that the remedial action objectives/goals would be met for all areas of the 
ARWW&S OU by applying ARCO's treatments. In general, ARCO's proposed land 
reclamation treatments are less intense than what is required to meet the remedial action goals. 
EPA agrees that the revegetation success criteria must be geared to site-specific micro-climatic 
conditions (see EPA response to Attachment B - Revegetation Success Criteria), and plans to 
develop a comprehensive set of criteria during remedial design. 

Storm Water Control and Surface Water Plan 

Page 10, Third Paragraph 

EPA requires removal of the Toe Waste and their consolidation into the Opportunity Tailings 
Ponds because the location of these materials is outside this waste management area (WMA) and 
therefore represent a release of contaminants. 

Page 10, Fourth Paragraph 

ARCO suggests using constructed wetlands as a "hydrologic boundary to reduce the potential 
flow of impacted ground water from beneath the ponds to downgradient areas". This implies that 
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these constructed wetlands would be used as mixing zones to dilute contaminated water. EPA 
may reject use of jurisdictional wetlands, as defined by the U.S. Army Corp of Engineers for the 
U.S. Fish and Wildlife Service, to purposely dilute contaminated water. Depending on the 
quantity of waters being mixed, water quality in these wetlands may not meet water quality 
criteria or wildlife drinking water standards. The EPA requires an evaluation of the resulting 
water quality expected in these areas. 

Ground Water Manaeement Plan 

Page 11 

Comments acknowledged. 

Main Granulated Slae 

Page 11, Last Paragraph 

The selected remedy for the Main Granulated Slag pile is No Further Action, provided that it is 
used as a resource. If the mining of this material is abandoned, other alternatives for this waste 
will be evaluated by EPA. 

Institutional Controls Work Plan 

Page 12, Second Paragraph 

ARCO indicates that they intend to have several entities manage the !Cs for their property in 
perpetuity. The ROD allows for appropriate private and governmental !Cs (including the county 
and state controls) to become part of an approved package oflCs. 

Operations and Maintenance Plan 

The O&M Plan presented in FS Deliverable No. 5 (FSD 5) was not intended solely for the 
purpose of estimating O&M costs. Rather, the FSD 5 O&M Plan provides a detailed plan for 
implementing O&M at the ARWW&S OU. For example, the-FSD 5 O&M Plan provides a list 
of ground water wells and a schedule for their sampling. For the monitoring and maintenance of 
revegetated areas, the FSD 5 O&M Plan provides a schedule for the type and frequency of data 
to collect. On the other hand, ARCO's three page conceptual O&M plan (Attachment K) 
provides little information for developing a useful O&M plan. EPA intends to prepare a revised 
version of the FSD 5 O&M Plan for the ARWW&S OU during the remedial design phase. 

Vegetation and Engineered Cover 

RS-37 



Page 13, First Paragraph 

Comments acknowledged. Also, vegetation performance criteria will be developed by EPA 
during the remedial design phase and will be based upon the work of reclamation scientists at 
Montana State University and in consideration of criteria used for other reclaimed sites in the 
Clark Fork River Basin (e.g., Butte Priority Soils Operable Unit). 

Ground Water Monitoring 

Based upon additional discussions between ARCO, the State, and Anaconda-Deer Lodge county, 
EPA will prepare and implement a revised version of the FSD 5 O&M Plan, which will include 
the identification of the ground water monitoring network. 

Surface Water and Sediment Monitoring 

Any media that transports contaminants is of concern to EPA, especially sediments that could 
move contaminants to a perennial stream. EPA agrees that the frequency of surface water 
monitoring should be adjusted based upon the on-going results. The surface water monitoring 
frequency will be established in the O&M Plan, which will be developed during remedial design. 

Monitoring and Maintenance Drainage Ditches and Storm water Control Structures 

Comment acknowledged. 

Performance Standards 

Surface water runoff performance standards will be established in the Remedial Design/Remedial 
Action Work Plan based upon EPA' s determination of the pertinent ARARs for this operable 
unit. 

Site Manae;ement Plan 

The Site Management Plan for the AR WW &S OU will be developed during the beginning of the 
remedial design phase of site work. The plan will be developed jointly by EPA and the State, 
and will meet standards set by the agencies. 

4.3 PART II. ARCO LEGAL AND TECHNICAL COMMENTS 

4.3.1 SPECIFIC COMMENTS 

1. EPA 's Proposed Plan relies on a fundamentally flawed and inadequate characterization 
of human health and ecological risk. 

Response: EPA generally disagrees with ARCO's comment. EPA may take a response action 
itself or allow another party by agreement to take response action "(w)henever (A) any hazardous 
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substance is released or there is a substantial threat of such a release into the environment, or (B) 
there is a release or substantial threat of release into the environment of any pollutant or 
contaminant which may present an imminent and substantial danger to the public health or 
welfare .... " See CERCLA section l 04(a)(l ). EPA may order a party to take action whenever 
"there is an imminent and substantial endangerment to the public health or welfare because of an 
actual or threatened release of a hazardous substance .... " See·CERCLA section 106(a). 

2. Remediation to address phytotoxicity cannot be justified by EPA 's Final Baseline 
Ecological Risk Assessment ("BERA'') for the site. 

Response: EPA disagrees. EPA stands by the Final Baseline Ecological Risk Assessment. EPA 
responds in detail to ARCO's assertions concerning ecological risk in its Responses to 
Attachments G and H to ARCO's letter of January 30, 1998 commenting on the proposed plan 
forthe ARWW&S OU. 

3. EPA 's analysis of risk to terrestrial and aquatic biota is likewise flawed. 

Response: EPA disagrees. See answer to A, above. 

4. Remediation of soils at the ARWW&S OU cannot be justified on the basis of risk to 
human health. 

Response: EPA disagrees. EPA stands by the Baseline Human Health Risk Assessment 
("BHHRA"). EPA responds in detail to ARCO's assertions concerning human health risk in its 
Responses to Attachment I to ARCO's letter of January 30, 1998 and the RODs for OW/EADA 
(1994) and Community Soils (1996) and their Responsiveness Summaries. 

5. Reclamation of the Anaconda and Opportunity Ponds cannot be justified by human 
health or ecological risk 

Response: EPA disagrees. EPA believes that remediation of the Anaconda and Opportunity 
Ponds is well justified, as explained fully in EP A's Responses to Attachments G, H, and I to 
ARCO's letter of January 30; 1998. ARCO implies in this section that EPA may take action only 
where there is "substantial danger" to public health from the possible migration ofhuardous 
substances as provided in the definition of "remedial action" at CERCLA section 101(24). EPA 
disagrees. EPA's authority to take or require action to address threats to human health or the 
environment is governed under sections I 04 and 106 of CERCLA, discussed above, not by the 
definition of "remedial action" at section 101(24) ofCERCLA. As provided for at section 
104(a)(l) ofCERCLA, EPA may take "any response measure consistent with the [NCP] which 
[EPA] deems necessary to protect the public health or welfare or the environment .... " 
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6. EPA 's Preferred Alternative thus is not authorized by CERCLA and the NCP because it 
goes beyond measures required to address human health and ecological risk 

Response: EPA disagrees. As supported in the references mentioned above, the action set forth 
in the ROD to address human health and environmental risk at the ARWW&S OU is well 
justified. 

7. The Proposed Plan relies on faulty analysis of the criteria/or remedy selection under 
CERCLA and the NCP. 

Response: EPA responds to ARCO's letters of March 18, 1997 and May 12, 1997 in the 
Responses to Attachment L of ARCO's letter of January 30, 1998. 

8. In the Proposed Plan, EPA has improperly rejected any reclamation alternatives less 
extensive or intensive than EPA 's alternative on grounds that they do not meet the 
threshold requirements for remedy selection. 

Response: EPA has not rejected reclamation alternatives less extensive or intensive as outlined in 
the final selected remedy (Section 9) and further explained in Appendix C, Land Reclamation 
Evaluation System. EPA has gone to great lengths to continue to refine the appropriate 
reclamation alternatives to be applied to a vast and varied topographical area. This effort was 
initiated in 1997 with the Stucky Ridge Pilot Project, part of the Feasibility Study Administrative 
Record. ARCO provides no mention or acknowledgment of this effort. EPA appropriately reject 
the "partial reclamation" scenario assessed in FS Deliverable No. 5 as not being protective of 

. human health and the environment and not attaining ARARs. The partial reclamation scenario 
was included in the detailed analysis of alternatives to assess ARCO's 1996 proposal to EPA 
(and reiterated to the National Remedy Review Board) that only the visual corridors along local 
highways needed to be revegetated. 

9. A refined reclamation approach ... meets and exceeds the balancing criteria and should 
have been selected as the Preferred Alternative. 

Response: EPA agrees that a refined reclamation approach should be used in addressing the risks 
at the ARWWS OU. That is why EPA conducted the pilot test on Stucky Ridge in 1997 as 
reported on page l 0 of the Proposed Plan. That pilot test resulted in the Land Reclamation 
Evaluation System, which will be applied during the remedial design process to tailor 
remediation of the ARWW&S OU acre by acre. EPA therefore has adopted a "refined" 
approach. ARCO emphasizes the need to "control costs" in its comments and makes much of the 
plan it submitted to the National Remedy Review Board in 1997. However, although ARCO's 
"plan" was not expensive, it was not a legitimate remedy as it simply provided for cosmetic work 
to address unsightly areas of barren ground and mine waste where they could be seen from 
roadways and from the town of Anaconda. 
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10. EPA 's cost estimates are not accurate. 

Response: EPA has always provided the most accurate estimates of costs possible at any point in 
time. EPA has provided accurate costs in Appendix E. 

11. A POC downgradient of the Anaconda Ponds and the Red Sands mound is not required 
to comply with ground water ARARs. 

Response: EPA has dealt with this issue in its Responses to Attachment L to ARCO's letter of 
January 30, 1998 (response to letter of September 17, 1998 concerning AR WWS POC for 
ground water ARARs ). 

12. Consolidation of Toe Wastes is not required for protection of human health and the 
environment nor compliance with ARARs. 

Response: EPA discusses the ditches that drain the Opportunity Ponds, including the D-2 drain, 
in the BERA, specifically as a drinking water source to wildlife. The D-2 Drain, which passes 
through the Toe Wastes and empties into the Warm Springs Ponds, exceeds water quality 
standards for arsenic. EPA believes that the high arsenic levels in the drain are partially due to 
the arsenic levels in the Toe Wastes. Remediation of these wastes would reduce arsenic levels in 
the ditch. 

13. Numeric ejJluent limits for monitoring storm water discharges are inappropriate. 

Response: EPA addresses this issue in its Responses to Attachment L to ARCO's letter of 
January 30, 1998 (response to letter of October 16, 1996 concerning storm water discharge 
ARARs). 

14. EPA's Proposed Planfails to incorporate National Remedy Review Board 
recommendations. 

Response: ARCO's assertion that EPA has failed to incorporate the NRRB's findings in the 
Proposed Plan is wrong. As already mentioned, the LRES as described at page 10 of the 
Proposed Plan is EP A's response to the NRRB's recommendations to tailor remediation to 
ecological endpoints and to focus the intensity of remediatio~ work. ARCO emphasizes the need 
to implement a remedy that is "cost effective." EPA agrees that a cost effective remedy is 
important. However, cost effectiveness continues to be only one of9 criteria that EPA is 
required by law to consider. See 40 C.F.R. § 400.430(e)(9). Cost effectiveness is not even one 
of the 2 threshold criteria, protection of human health and the environment and compliance with 
ARARs, that every remedial alternative must meet. See 40 C.F.R. § 400.430(f)(l)(I). 

15. In accordance with NRRB's recommendation to "tailor remediation driven by ecological 
endpoints to those areas where the results are reasonably expected to be sustained, "EPA 
must refine acreages to reflect current land use and land ownership which are 
inconsistent with those endpoints. 
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Response: ARCO accuses EPA of choosing a remedy in the Proposed Plan which is inconsistent 
with the land uses at the ARWWS OU. Since most of the land is designated for use as WMAs 
and since it is privately owned, argues ARCO, it is improper to require "grasslands or otherwise 
to maintain land in a condition optimal for wildlife habitat . " See letter of January 30, 1998, at 
page 29. 

EPA agrees that land use is an important component in determining risk to human health or the 
environment and in choosing a remedy to address that risk. However, the mere fact that much of 
the land at the ARWW&S OU has been designated for use as WMAs and is privately owned by 
ARCO does not mean that there is no risk to human health or the environment there, that no 
remedy should be implemented there, or that EPA has no authority to require remedial action 
there. See Response to Attachment L to ARCO's letter of January 30, 1998 (response to letter of 
May 27, 1997 concerning wildlife habitat as a remedial objective). EP A's BERA and BHHRA 
demonstrate that there is both human health and environmental risk at the WMAs in spite of the 
fact they are WMAs and are privately owned by ARCO. Remedial action there is therefore 
entirely proper. 

16. As the NRRB stated, to "take advantage of existing soil or hydrogeologic characteristics 
to refine and focus the extent or intensity of remediation work, "requires that EPA (/) rely 
on "monitored natural attenuation" for acreages which will recover naturally within a 
reasonable amount of time; (ii) rely onfield-truthed "recipes" (or "recipes" proposed/or 
future pilot testing) for reclamation and vegetation success criteria. 

Response: Both of these recommendations by the NRRB were addressed in the Stucky Ridge 
Pilot Project and the LRES. The LRES will allow for monitoring of areas deemed to be 
improving with the goal toward eventual delisting. Reclamation specialists working in the Clark 
Fork Basin have had 1 o+ years of experience implementing certain levels of land reclamation 
and this body of knowledge will be used for development of reclamation and vegetation success 
criteria. Other types of land reclamation posed by ARCO and included in this final remedy (e.g., 
modified Seeding and Amendments or SAM) have been approved by EPA for field 
demonstration beginning fall 1998. The final remedy calls for an O&M Plan which will 
continually incorporate information into future land reclamation decisions. 

17. EPA cannot require natural resources restoration at the AR WW &SOU in the guise of 
remediation. 

Response: EPA has addressed this issue in its Responses to Attachment L to ARCO's letter of 
January 30, 1998 (response to letter of March 18, 1997 concerning the authority to restore natural 
resources). 
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18. EPA's initial identification of ARARsfor the ARWW&S OU is flawed and is not 
authorized under CERCLA. 

Response: EPA disagrees. EPA has provided detailed response to all letters from ARCO raising 
issues concerning ARARs. The letters listed by ARCO are all addressed in EP A's Response to 
Attachment L to ARCO's letter of January 30, 1998. 
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Response to ARCO Comments in Attachment A 

In Attachment A, ARCO presents a conceptual reclamation plan for the AR WW &S OU. 
Included are definitions for each of ARCO's proposed reclamation technologies and maps on 
which ARCO has identified where their technologies should be applied. It is very difficult to 
provide a definitive statement with respect to the adequacy of ARCO's reclamation plan. The 
spatial application of any given remedial technology to a specific ground location is a function of 
the physical and chemical conditions of the current condition and the degree to which these 
conditions require alteration during reclamation. Furthermore, the remediated condition must be 
in alignment with EPA' s long term objectives for revegetation success, and not merely an 
improvement in the existing condition. ·Incremental improvement in ecological condition will 
occur without remedial intervention; however, EPA's mandate is to apply remedial technologies 
of sufficient intensity to reduce risk and improve the ecological condition of the site, thereby 
reducing the release of metals and arsenic to the environment, rather than relying on stabilization 
of the site through natural successional processes occurring over decades to centuries of time. 
While the exact approaches suggested for remediation remain suspect, ARCO is to be credited 
with moving ahead in considering how and where remediation is to occur at the site. And even 
though ARCO has presented sweeping plans for remediation, the selected ARCO remedial 
technologies are generally within the realm of plausible alternatives. Meetings between ARCO 
and the Agencies during 1998 have resulted in a refinement of the reclamation technologies that 
are applicable to the range of environmental conditions at the site. These ideas will be integrated 
with the results of the LRES 1998 field work and presented in the Conceptual Land Reclamation 
Plan in December, 1998. 

With the disclaimer stated that remedial design can only be performed with data, and the data is 
absent at the present time to initiate remedial design, some professional judgement can be 
applied to the reclamation intensity postulated by ARCO. Using sites where some specific 
investigation has been performed and the reclamation intensity generally known, a rough 
validation of ARCO's approach was performed. The result of this validation is that ARCO's 
reclamation intensity is toward the low end of the spectrum for what would be reasonably 
expected to yield good reclamation success. While ARCO's technology classes may not result in 
automatic failure of remediation, they should be considered higher risk. An example would be 
the eastern end of Stucky Ridge. 

The soils of eastern Stucky Ridge are highly erosive, barren or sparsely vegetated across an area 
of approximately 1,000 acres. ARCO has recommended agricultural tillage, presumably with 
lime amendments. Based upon Agency field work, low pH conditions persist deeper than the 6-8 
inch tillage depth achieved by agricultural tillage. Deep tillage with lime, therefore, is probably 
required. Deep tillage would allow for dilution of surface metal and arsenic levels, removal of 
active erosion channels and establishment of vegetation cover that would reduce erosion and 
likely meet remedial objectives. While agricultural tillage would improve the site condition, it is 
likely that the level of improvement would not be of sufficient magnitude to warrant the cost. 
The results of deep plowing would be far superior to agricultural tillage at only a slightly higher 
cost. In short, many other examples across the site serve to validate the opinion that the 
techniques suggested by ARCO are a technology or two less intense than the approach that would 
be expected to yield an acceptable result. 
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In providing a conceptual reclamation plan ARCO has been careful not to suggest any action 
outside areas previously defined by EPA. During the course of the 1998 LRES field work EPA 
has identified areas that will likely be removed from remedial consideration. Conversely, some 
areas need to be added that have not here-to-for been considered for remediation. It must be 
boume in mind that EPA' s current remedial boundaries, as presented in the Proposed Plan, are 
not rigid; some adjustment will be required during remedial design. Furthermore, EPA' s 
Proposed Plan should be considered as a preliminary concept that was useful for general 
planning. 

ARCO's reclamation plan is a good first step toward a conceptual remedial design for the 
AR WW &S OU. Much additional soils and vegetation data have been obtained in 1998 and the 
discussions between EPA, the State and ARCO have helped solidify the thinking about what 
reclamation technologies have efficacy and where additional data need to be collected in order to 
complete more detailed designs. Currently, ARCO and the Agencies have fundamental 
agreements about reclamation technologies and intensities appropriate for the site. 
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I. REBUTTAL TO ARCO'S CLAIM THAT EPA DID NOT FOLLOW ITS OWN 
GUIDANCE 

Several ARCO comments suggest that the EPA did not follow their own guidance in the 
preparation of the risk assessments for the Anaconda Smelter Site. These comments relate to 
general, nonspecific comments that EPA did not follow guidance, and specific comments that the 
use of phytotoxicity data fails to establish that an actual risk exists, and that the use of screening 
level tools to draw final conclusions is not in accordance with guidance. In doing so, the 
commenters make selective use of statements within guidance material and use them in generic 
conclusive statements. For example~ ARCO reviewers suggest that EPA guidance mandates that 
in the absence of clear stressor-response relationships, there is no demonstrable ecological risk 
by which the agency may take remedial action. Clearly, in its entirety, EPA guidance warrants a 
weight-of-evidence approach describing potential uncertainties. EPA Region 8 feels that this has 
been done in the risk assessment work completed to date at the Anaconda Site. ARCO reviewers 
are apparently unaware of the most recent ecological risk assessment guidance for Superfund 
(EPA 1997), since they cite older versions of guidance and guideline documents in their 
comments (EPA 1995, 1996). ARCO reviewers should be cognizant of the distinction the 
Agency draws between "Guidelines" and "Guidance". EPA offers "guidelines" which are not 
program specific, but are generic enough to be used for several different programs and 
applications. "Guidance" is program specific, and supersedes the more generic "guidelines". 
ARCO reviewers have focused their critiques on this subject-matter toward "guidelines", rather 
than on the "guidance" under which the Final BERA was drafted (Ecological Risk Assessment 
for Superfund, EPA 1997). It should also be noted that the risk assessment guidance documents 
do not preclude the use of professional judgement in applying these practices to specific sites. 

EPA strongly disagrees with ARCO's assertions that EPA did not follow its own guidance in 
preparing the various risk assessment documents for the Anaconda Smelter Site. On the 
contrary, EPA has followed appropriate and current risk assessment guidance at every step of the 
risk assessment process, for every iteration of the report, from the screening level document to 
the final BERA, as shown in the following table: 

Anaconda Risk Assessment Document 
EPA Guidance in Effect at the Time of 

DOcument Preparation · 

Phase l Screening Level Document, COM Federal 1994 EPA 1992, 1994 

Preliminary Baseline Ecological Risk Assessment (PBERA), EPA 1994, 1995 
COM Federal l 995a 

PBERA Supplement, COM Federal I 995b EPA 1994, 1995 

Draft Final Baseline Ecological Risk Assessment (BERA), COM EPA 1995 
Federal 1996 

Final BERA, COM Federal 1997 EPA 1997 

ARCO should note that the information presented in the Draft Final BERA was reorganized in 
the final BERA to demonstrate that the approaches used followed the eight-step process, as 
outlined in the most current guidance (EPA 1997). A thorough review of the various ecological 
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risk assessment documents prepared for the Anaconda Site since 1994 demonstrates to the reader 
that EPA did follow guidance in the assessment of potential ecological risks for this site. Also, 
ARCO reviewers seem to have lost sight of the fact that the assessments of risk were done in an 
iterative process, incorporating site-specific data (much of it from ARCO), to continue refining 
areas of greatest concern while systematically eliminating areas that do not have elevated 
contaminant levels, have mitigating factors to counteract contaminant of concern (COC) 
concentrations, or that appear to be naturally recovering. 

The steps to be included in an ecological risk assessment, per EPA guidance (EPA 1997), include 
the following: 

1. Screening level problem formulation and ecological effects evaluation 
2. Screening level exposure estimate and risk calculation 
3. Baseline risk assessment problem formulation 
4. Study design and data quality objectives process 
5. Field verification of sampling design 
6. Site investigation 
7. Risk characterization 
8. Risk management 

Each of these components was addressed in the assessment of risks for the Anaconda Smelter 
Site. This process included the development of the Phase I Screening Level Ecological Risk 
Assessment, the Preliminary Baseline Ecological Risk Assessment (PBERA) and Supplement, 
the Draft Final Baseline Ecological Risk Assessment (BERA), and the final BERA, and is briefly 
summarized below. 

Phase I Screenin& Level Ecoloeical Risk Assessment 

This document was prepared prior to the publication ofEPA's current eight-step guidelines for 
conducting ecological risk assessments, but included pertinent components of the first two steps 
as recommended in the current guidance. This document used data that were readily available at 
the time, and included documentation of problem formulation to identify: 

• environmental setting and contaminants known or suspected to exist at the site; 
• contaminant fate and transport mechanisms; 
• mechanisms of ecotoxicity, and likely categories of receptors; 
• complete exposure pathways that may exist at the site; and 
• selection of endpoints to screen for ecological risk. 

The screening level document also presented a preliminary ecological effects evaluation by 
presenting conservative thresholds for adverse ecological effects. The site data were then 
evaluated to calculate exposure levels for use in the risk calculations. The risk characterization 
was conducted by comparing arsenic and metal exposure levels in soil, sediment, and surface 
water to the conservative threshold values. 
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The outcome of the screening level risk characteriz.ation was the identification of broad habitat 
areas of the site that may require further study, and to eliminate areas unlikely to be at ecological 
risk. This analysis did not indicate that all areas selected as habitats of concern represented areas 
of risk to ecological receptors; rather, that these were areas to be evaluated in greater detail in the 
next phase of the project to determine the likelihood for potential ecological risks. 

Preliminary Baseline Ecolo&ical Risk Assessment. and Supplement to the Preliminary 
Baseline Ecolo&ical Risk Assessment 

These documents expanded upon the problem formulation phase in the screening level analysis 
by more specifically identifying potential receptors, identifying complete exposure pathways, 
specifying assessment and measurement endpoints, incorporating site-specific data into the 
effects evaluation and risk characteriz.ation, developing a site conceptual exposure model, and 
identifying data gaps requiring further study to reduce uncertainties. A deliberate effort was 
made to incorporate site-specific data from several lines of evidence to help ascertain whether 
there is a causal relationship between metals contamination and ecological effects, and to identify 
further studies where these data could be acquired. Nearly 60 site-specific documents were 
reviewed to obtain media data, ecological survey results, and toxicity testing results in this effort. 
Following the completion of these documents, and identification of known data gaps, a field 
sampling program was planned and initiated, with design input and sampling participation from 
ARCO and its contractors. The additional field sampling was conducted in late summer 1995. 

Draft Final and Final Baseline Ecolo&ical Risk Assessment 

The results of the 1995 sampling effort were integrated with the information presented in the 
PB ERA, to develop the Draft Final BERA, and a range of No Observable Adverse Effect Level 
(NOAEL) and Lowest Observable Adverse Effect Level (LOAEL)-based toxicity reference 
values (TRVs) were used to provide the risk manager with more information regarding the range 
of potential risks. Further modifications are provided with this responsiveness summary to 
incorporate modified bioaccumulation factors into the wildlife food chain model, per ARCO's 
suggestions. In addition, a comprehensive plant stress analysis (CPSA) method was introduced, 
to qualitatively consider non-chemical stressors that may be cofactors influencing phytotoxicity. 
ARCO reviewers fail to recognize the significance of this approach in the identification of areas 
of potential concern, compared to the identification of areas not considered to be of concern, due 
to other factors that may mitigate the effects of high soil metals concentrations. In addition, EPA 
guidance (EPA 1997) lists four lines of evidence that can be used to demonstrate whether site 
contaminants have the potential to cause adverse effects on the assessment endpoints: 

1. Comparing estimated or measured exposure levels to chemical X with levels that are 
known from the literature to be toxic to receptors associated with the assessment 
endpoints; 

2. Comparing laboratory bioassays with media from the site and bioassays with media from 
a reference site: 
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3. Comparing in situ toxicity tests at the site with in situ toxicity tests in a reference body of 
water; and 

4. Comparing observed effects in the receptors associated with the site with similar 
receptors at a reference site. 

A thorough review of the Anaconda ecological risk documents will demonstrate that several lines 
of evidence have been reviewed and used to show that virtually the same portions of the site have 
the potential for ecological risks, regardless of the source of data reviewed, and regardless of the 
year of publication. 

In response to new EPA guidance issued in 1997, the information presented in the Draft Final 
BERA was reorganized to demonstrate that all eight steps recommended in the guidance had 
been addressed. This document includes maps that spatially demonstrate portions of the site 
where potential risks occur to vegetation, maps that indicate the relative contribution of each 
COC to the predicted risks to vegetation, maps showing the portions of aquatic habitat that are 
potentially at risk, and recommendations for a biomonitoring program to gather additional 
information regarding potential risks to wildlife. This information will be used by the decision 
makers to make informed decisions regarding remediation at the site. 

II. . RESPONSE TO ARCO'S CRITICISM THAT EPA HAS NOT ESTABLISHED 
CAUSE AND EFFECT RELATIONSHIPS BETWEEN ARSENIC AND METALS 
CONT AMINA TED SOILS AND STRESSED VEGETATION 

A. INTRODUCTION 

Another of ARCO's comments claimed that the use of phytotoxicity data by EPA failed to 
establish that an actual or potential threat exists at the site, per EPA guidance. EPA strongly 
disagrees with this statement, and ARCO has misinterpreted the guidance on this issue. Under 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), EPA 
has a mandate to protect human health and the environment, and to demonstrate the potential for 
risks. EPA risk assessment guidance was never intended to require years of study to show 
precisely-correlated risks. There should be an attempt to show a stressor response, but if this is 
not possible, the data will either lead to the conclusion that there are no risks, or if there is not 
enough statistical power to show a correlation, the Agency allows qualitative and 
semiquantitative analysis to demonstrate whether there are potential risks at the site. In 
accordance with EPA guidance, EPA took the risk analysis to the appropriate level needed to 
make decisions about the site. If the screening level analysis had indicated no potential for 
ecological risks, the assessment would have stopped at that point. On the contrary, the potential 
for ecological risks was shown, through various lines of evidence, and therefore, the analysis was 
taken to a BERA. In the baseline assessment, EPA incorporated site-specific data, including data 
provided by ARCO, to reduce uncertainties associated with the screening level assessment. EPA 
is not required to confirm that risks exist, only that the potential for risk is present. The weight 
of evidence is overwhelming in support of our conclusions that the potential exists for risks to 
ecological receptors in some portions of the site. ARCO fails to acknowledge that EPA has not 
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indicated that all portions of the site having the potential for risk represent areas that must be 
remediated, or that EPA supports the evaluation of potential risks to wildlife receptors through 
additional biomonitoring beyond the BERA. Further, EPA guidance (EPA 1997) states that a 
risk can be demonstrated to exist if 1) the stressor has the ability to cause one or more adverse 
effects, and 2) it co-occurs with or contacts an ecological component long enough and at a 
sufficient intensity to elicit the identified effect. The numerous studies used in the assessment of 
potential risks add strength-of-evidence in support of potential risk to ecological receptors in 
certain portions of the site. 

A synopsis of studies that document the historic and current environmental conditions at the site 
is provided below. 

Veeetation Conditions in the Anaconda Area: Pre-Smeltin& and Current 

The climax vegetation in and around Anaconda is represented by three range/forest sites, each 
dominated by native, perennial plant species (Ross and Hunter 1976). 

1) Silty range sites are dominated by perennial grasses (bluebunch wheatgrass, rough and 
Idaho fescue, needle-and-thread, prairie junegrass, western and thickspike wheatgrass, 
green needlegrass, and basin wildrye), forbs (danthonia, sticky geranium, arrowleaf 
balsamroot, larkspur and prairie smoke), legumes, and shrubs ( winterfat and big 
sagebrush). 

2) Saline lowland range sites are dominated by perennial grasses (basin wildrye, alkali 
sacaton, alkaligrass, cordgrass, slender and western wheatgrass, and inland saltgrass), and 
shrubs (greasewood and buffaloberry). 

3) Subalpine fir, Douglas fir, and Engelmann spruce forests with an understory composed of 
grasses, forbs and shrubs such as pinegrass, basin wildrye, Idaho fescue, grouse 
whortleberry, amica, huckleberry, beargrass, and service berry. 

The primary rangeland habitat types (h.t.) found in the vicinity of the Anaconda Smelter Site 
classify into either the rough fescue or Idaho fescue climax series (Mueggler and Stewart 1980). 

1) Rough fescue series consists of either the rough fescue/bluebunch wheatgrass h.t. (needle
and-thread phase) or the rough fescue/ldaho fescue h.t. (Richardson's needlegrass phase). 

2) Idaho fescue series consists of the Idaho fescue/bluebunch wheatgrass h.t. (western 
needlegrass phase). 

In addition to these plant communities being dominated by native perennial plant species under 
climax or near climax conditions, each would be very diverse and productive, and provide 
excellent wildlife habitat. This is in sharp contrast to the current plant communities in many 
areas of the Anaconda Smelter Site that are dominated (or co-dominated) by weedy, introduced 
plant species, and exhibit low density, canopy coverage, and above-ground production. 
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In general, plant canopy coverage and plant community diversity within the Anaconda Smelter 
Site increases with distance from the smelter complex. In areas not contaminated from smelting 
activities, upland forests are generally dominated by Douglas fir, lodgepole pine, and juniper, 
while upland shrub lands are composed of willows, alders, red osier dogwood, chokecherry, 
buffalo berry, low bush cranberry, and silver berry (RCG/Hagler, Bailly 1995; MNRDP 1994; 
Taskey 1972). Grassland/native range in uncontaminated areas is composed of native species of 
wheatgrasses, fescues, and bluegrasses. In contrast, grasslands in contaminated and disturbed 
areas are dominated by weedy species such as spotted knapweed and Canada thistle, metal
tolerant grass such as basin wildrye, and the non-native redtop (RCG/Hagler, Bailly 1995; 
MNRDP 1994). 

Environmental Contaminants 

The Anaconda Smelter Site contains large volumes of wastes, debris, and contaminated soil from 
copper ore milling, smelting, and refining operations that took place from 1884 to 1980. Various 
smelter operations occurred in and around the town of Anaconda, along Warm Springs Creek, 
and on Smelter Hill. These operations produced an average of from 180 to 500 tons of copper 
per day. 

Byproducts of smelter operations included slag, slime wastes, and tailings that were generated 
during the copper concentrations process, and aerial emissions of arsenic, metals, and sulfur 
compounds during smelting. A study conducted in 1907 found that the average daily release 
from the main chimney in Anaconda was more than 37 tons of arsenic, copper, lead, and zinc 
(RCG/Hagler, Bailly 1995). Between 1911and1916 the average arsenic concentration in smoke 
ranged from 40 to 62 tons per day, and between 1914 and 1918 arsenic emissions were about 75 
tons per day. Emission controls began in the 1920s; the total emission of arsenic, copper, lead, 
zinc, and sulfur in October 1976 was 578 tons. Slag and tailings production averaged 4,500 and 
8,000 tons per day, respectively, during the life of ore-processing in Anaconda. 

Dustfall has been and continues to be a potential problem at the site. From July 1989 to March 
1991 the maximum monthly concentrations of arsenic and metals in dustfall from the re
entrainment of wastes on Smelter Hill was 115,333 milligrams per kilogram (mg/kg) arsenic, 
10,800 mg/kg cadmium, 390,000 mg/kg copper, 51,333 mg/kg lead, and 199,677 mg/kg zinc 
(RCG/Hagler, Bailly 1995). 

In 1995, ARCO conducted a geostatistical modeling of the Anaconda Smelter Site using kriging 
analysis as part of the Smelter Hill remedial investigation. This analysis indicated that arsenic 
and metal concentrations in the soil surface are elevated in an area surrounding the smelter 
complex greater than 200 square miles. Today, the area and volume of tailings and other waste 
material at the site are approximately 6, 159 acres and 258,245, 116 cubic yards. Soils and ground 
water having elevated levels of the COCs cover more than 13,000 acres. 
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Environmental Impact Investi&ations 

Early Beliefs arid Studies 

Taskey (1972) provides a detailed history of Anaconda smelter operations and the impacts that 
stack emissions and the release of ore-processing wastes had on the environment. In the early 
years of smelting, it was recognized by the public and the Anaconda Copper Company that the 
release of smelting and ore-processing wastes was having a deleterious effect on plant and animal 
life throughout a large portion of the Deer Lodge Valley, especially in the vicinity of Stucky 
Ridge, Smelter Hill, Mount Haggin, and the Anaconda and Opportunity Ponds. Most of the 
effects were believed to be due to the large amounts of sulfur dioxide being released; however, 
early in the 1900s researchers began to realize that other pollutants in "flue dust", especially 
arsenic but also copper and lead, were contributing to the observable harmful effects on 
vegetation and livestock. Surface soil samples collected by Haywood in 1906 and 1907, who 
was working for the Anaconda Copper company, showed levels of copper sulfate recognized as 
being detrimental to plant growth (Taskey 1972). Formally acknowledging the dangers of 
releasing large amounts of pollutants from the Anaconda smelter, U.S. Attorney General George 
W. Wikersham formed the Anaconda Smelter Smoke Commission in 1911 to monitor the 
discharges of arsenic into the atmosphere (see previous section on stack discharges). 

Taskey (1972) reported an inverse relationship between metal concentrations in the soil and plant 
coverage and diversity. Douglas fir and lodgepole pine seedling growth was greatly reduced 
when grown in soil with greater than 1,000 mg/kg of metal. This corresponds to an area 
approximately five miles in radius from the smelter complex. Poor growth may have been due to 
the abnormal growth of plant roots in the contaminated soiL Taskey (1972) recommended 
prioritizing active reclamation in the Anaconda area. First priority areas include Smelter Hill and 
Weather Hill, Stucky Ridge, and hills north of Lost Creek, while second priority areas are the 
hills in the Mill Creek and Warm Springs Creek drainages. 

Olsen-Elliott (1975) used infrared aerial photographs coordinated with on-the-ground 
reconnaissance to detect unusual patterns of plant community distribution, unusual infrared 
reflectance characteristics, and areas with low vegetation coverage. The most striking feature 
was the zonation effect of increased bare ground, reduced vegetation coverage, reduced species 
diversity, and stressed vegetation within approximately three miles northeast, east, and southeast 
of the smelter complex. Also observed was the very slow reestablishment of trees on north and 
north-western slopes. Olson and Elliot (1975) concluded that the observed vegetation effects 
were generally due to chronic, abiotic stress caused by sulfur dioxide fumigation, low levels of 
soil moisture due to the lack of topsoil, on-going wind erosion, and chemical components of the 
soil. 

Recent Environmental Impact Investigations 

According to the State of Montana Natural Resource Damage Program (MNRDP), approximately 
18 square miles (11,400 acres) of upland areas have been visibly altered by smelting activities 
(MNRDP 1994 ). These alterations include near total elimination of native plant communities 
and extensive topsoil loss from lack of vegetation, and shifts in plant community structure. 
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Specifically, areas that were forests with open grasslands are now predominantly bare ground or 
sparse grassland, composed primarily of weedy metals-tolerant species (RCG/Hagler, Bailly 
1995). Historical photographs of the Old Works (circa 1886) indicate that Stucky Ridge was 
formerly vegetated by arid grassland and open steppe communities on exposed slopes and forest 
communities in the moist drainages (RCG/Hagler, Bailly 1995). Today, Stucky Ridge is barren 
of vegetation or sparsely vegetated with predominantly metals-tolerant species. The surface of 
Smelter Hill presently consists of large areas of bare ground and evidence of stressed vegetation, 
and is also composed primarily of metals-tolerant species (RCG/Hagler, Bailly 1995). 

Additional information can be found in Olsen-Elliot (1975) and Taskey (1972) 

Recoenition of Plant Stressors and Reveeetation Efforts 

Substantial portions of this summary of reclamation and revegetation efforts within the Clark 
Fork River Basin, and specifically at the Anaconda Smelter Site, has been excerpted from a 
literature review prepared by the Reclamation Research Unit (RRU) of Montana State University 
and published in the Anaconda Revegetation Treatability Studies Phase I Final Report (RRU 
1993). 

Reclamation and revegetation activities in the Upper Clark Fork River Basin and Anaconda area 
over the past 55 years have been performed by diverse parties working on behalf of the Anaconda 
Minerals Company (AMC), ARCO, the State. of Montana, and local citizens groups. Although 
the exact purpose, timing, and technical approach to reclamation has varied, all parties shared the 
common interest of mitigating environmental impacts caused by historic ore extraction and 
processing activities. 

As early as the 1920s, fugitive dust emanating from the dried and unvegetated surfaces of the 
Anaconda tailing impoundments was recognized as a serious problem that required active 
intervention. In the 1937 AMC report on tailings disposal, W.F. Flynn considered fugitive dust 
the " ... most serious problem ... " associated with operating the Anaconda tailing pond system. 
Although many dust suppression techniques were tried, revegetation was recognized early on as 
the best long-term solution to preventing wind dispersal of tailings material. According to 
Richmond and Sjogren ( 1972), "The Anaconda Company recognized that revegetation is the 
ultimate answer for permanent stabilization of concentrator wastes." The search for a solution to 
the dusting problem was the initial impetus for reclamation/revegetation research in the 
Anaconda area. During the early stages of this research, the phytotoxic nature of tailings material 
and contaminated soils was acknowledged and ways to ameliorate those toxic properties were 
sought through site-specific greenhouse and field demonstration projects. 

Attempts at dust suppression during the 1920s and 1930s included the use of snow fences, 
maintaining water on tailing surfaces, or covering tailings with a slime product, oil, slag, or earth 
(Flynn 1937). These approaches quickly proved unsuccessful. During the 1940s, the addition of 
wood chips, gypsum (phosphate plant filter cake), and chemical treatment to tailings material 
was attempted. It was believed that soil covering was the best solution, though wood chips had 
appeal as E.P. Dimock (1944) stated" ... when the wood rots, a soil capable of supporting plant 
growth might result." 
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An interesting reclamation discovery was inadvertently made during chemical analysis of the 
tailiAgs that were reprocessed between 1941 and 1946. During this period the ponds that 
received lime materials mixed with tailings (B 1) had a pH of 7.2-7.8, while wastes found in other 
ponds had much lower measured levels of pH (3-4). By this time (mid-1940s) it was clear to the 
vegetation researchers working in Anaconda that the success of revegetation efforts was 
dependent upon ameliorating the toxic properties of the tailings and selecting plant species that 
were resilient to the harsh growing conditions. 

In June 1957, a program was initiated to study the tailings areas and to assemble information that 
would lead to successful revegetation. A vegetation survey identified 30 species of plants 
growing in the Anaconda area including grasses, legumes, weeds, shrubs, and trees. It was 
believed that vegetation was on the increase in certain areas where the pH was in the range of 
6-8. Eliason (1958) stated that "it will be necessary to carry on considerable experimental work 
with plant life and soil treatments to arrive at practical solutions." Under the direction of AMC, 
greenhouse experiments made during 1958 and 1959 indicated that soil.condition and location 
had a greater influence on survival than did other factors. Lime was applied, as burnt lime 
(calcium hydroxide), to toxic soils immediately prior to tree planting, though it was believed that 
liming should be performed a year prior to tree planting " ... to give plenty of time for the reaction 
process ahead of planting. 11 (Eliason l 959a). Greenhouse testing of grasses planted in tailing 
soils amended with a variety of chemical and organic amendments demonstrated 
" ... outstanding ... 11 (Eliason 1959b) results. Though good one year plant response may have been 
attained in the greenhouse, the lack of understanding of pyrite oxidation, acid generation, and 
acid neutralization processes may have been a significant technological limitation of this early 
tailing revegetation (stabilization) research, resulting in insufficient quantities of lime addition 
and poor long-term vegetation success. 

By 1960, real progress had been made in understanding what it took to establish vegetation on 
disturbed lands in the Anaconda area (Eliason 1959c, Holderreed 1959). In addition to the use of 
vegetation to stabilize toxic salts and tailings, greenhouse and field plant response trials were 
conducted using manure, fine burnt lime, straw, clay, gravel, irrigation (sprinklers and flooding 
to leach salts), oil, emulsified asphalt, slag, a mixture of calcium chloride and acid plant 
precipitator effluent, bentonite, chemical binders, phosphate plant waste, lumber mill wastes, 
limestone, and lime kiln wastes (Eliason 1959c, Richmond and Sjogren 1972). Besides 
revegetation, all other approaches to tailings stabilization were considered short term solutions. 
Stabilization with vegetation was regarded as the most promising long-term solution. 

The tree planting activity of 1958, 1959 and 1960 was monitored, and in 1961, 16,921 live trees 
were growing of the original 32,014 trees planted, representing a 53% survival rate (Eliason 
1961 a). These results and others were presented by Leonard Eliason in December of 1961 
(Eliason 1961b) to the Northwest Mining Association Meeting in Spokane, Washington. The 
text of his presentation reflected an advanced level of understanding of the revegetation problems 
present in the Anaconda area. He stated:" The common toxic inorganic salts are iron, copper, 
zinc and aluminum which are soluble under acid conditions ... " and "The toxic salts were 
rendered insoluble by changing the pH with a treatment of lime, and by introducing fertility and 
microorganisms with barnyard manure." Further the generation of acid from tailing material was 
recognized as Eliason remarked: " ... concentrator wastes in two years time through weathering 
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and oxidation changed from 7.7 pH and 0.22% soluble salts to a 2.55 pH and 1.18% water 
soluble salts ... " The general text of the paper suggests optimism that revegetation will become a 
major part of the tailing stabiliz.ation program in Anaconda, yet the revegetation efforts were not 
wholly successful. 

Subsequent revegetation efforts by AMC were performed by different individuals that departed 
from the in situ revegetation of waste materials performed by Eliason and the Extractive 
Metallurgical Research Division. The ensuing reclamation efforts focused primarily upon 
capping toxic materials with coversoil, followed by revegetation. This preference for using 
coversoil caps was due to the researchers being unaware of the in situ revegetation efforts or 
because of the variable results obtained with the in situ approach. As mentioned, poor plant 
growth results on amended tailings was probably due to an incomplete understanding of the 
chemical nature of the tailings material, which resulted in the application of too little lime, the 
wrong type of lime, or the wrong grain size for complete acid neutraliz.ation. 

Other approaches to stabilizing the tailings ponds (and encouraging the establishment of 
vegetation) were the addition of water and sewage. Sewage effluent was added to the entire 
Opportunity Pond system beginning in the late 1950s. Vegetation was well established in this 
area as a consequence of water and nutrients from the sewage effluent, resulting in enough grass 
that hay was harvested from the Opportunity B and C Ponds in the 1960s (Schafer 1986). The 
Opportunity Ponds were described by Richmond and Sjogren ( 1972) as a " .. .lush, semi-aquatic 
environment..." used by migratory waterfowl. Vegetation established quickly following the 
dewatering of areas treated with sewage sludge by grass seed carried to the pond by wind and 
water (Richards 1984). The dominant plant species in this area were metal tolerant grasses 
(redtop and tufted hairgrass) requiring relatively wet soil conditions. Beginning in 1980 and 
proceeding slowly through the mid 1980s, the tailing ponds were allowed to dry, resulting in 
acidic metalliferous soil and very sparse vegetation cover (RRU 1993). 

During the 1980s, reclamation and revegetation demonstration plots, known as the Texas A venue 
Study plots, were established by Roger Gordon in Butte, Montana using two to six inches of lime 
reject material ( <IJ.s inch) placed over regraded mine waste and covered with 20 inches of alluvial 
coversoil, and then seeded. The major revegetation efforts successfully initiated in Anaconda in 
the mid- l 980s utilized this approach, which was specifically used to revegetate large areas 
around Smelter Hill, on the Anaconda and Opportunity Pond dike faces, and along the greenbelts 
which parallel Highway I (MSE 1991 ). Though this reclamation approach was effective, the 
high cost of implementation and the apparent lack of suitable coversoil was regarded by EPA and 
the State as restricting the capping approach to small, highly contaminated areas of the site and 
not using it to reclaim large areas such as the tailings ponds. 

The next attempt at establishment of vegetation without the use of capping materials was the 
Streambank Tailing and Revegetation Study (STARS), which was preceded by the Leachate 
Reduction Pilot Study (CH2M Hill 1987a and b). The STARS study, directed by the State, was 
implemented at five locations between Butte and Opportunity adjacent to Silver Bow Creek in 
materials similar to the tailings and contaminated soils at Anaconda. Liming agents were 
incorporated directly into tailing material using various incorporation methods. These areas were 
then seeded and monitored for plant growth response and soil chemistry. By the fourth growing 
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season (1992) the vegetation was thriving in the amended tailing material (RRU 1993). Findings 
from the STARS experimental plots were applied to the reclamation of one-half mile of tailing 
contaminated land adjacent to the Clark Fork River below the Warm Springs Ponds (The 
Governor's Demonstration). Successful stabilization of the stream channel and revegetation of 
the adjacent land was accomplished without the use of capping material (Schafer and Associates 
1991 ). Other reclamation related work was performed in the Anaconda area early in the 1990s 
using soil amendments to moderate the phytotoxic effects of tailings material and contaminated 
soils (Dutton 1992, Jensen 1992, Holzworth et al. 1993). 

Additional in situ stabilization/revegetation test plots were implemented to address tailings and 
contaminated soils at the Anaconda Smelter site; these are ref erred to as the Anaconda 
Revegetation Treatability Studies (ARTS). Plant growth on these plots in 1995 (after two 
growing seasons) was remarkable: with the right combination of amendments and the use of 
thorough incorporation techniques even pure tailings could be revegetated. Furthermore, through 
a combination of high plant density and proper surface manipulation, erosion was reduced by 
more than 90 percent. These plots continue to support very good plant growth. In the mid-1990s 
ARCO began reclaiming portions of Smelter Hill, Stucky Ridge, and the Old Works area using 
the knowledge gained from the ARTS investigation. 

ARCO's Risk Assessment for the Upper Clark Fork River 

In 1994, ARCO completed an ecological risk assessment for riparian areas in the Upper Clark 
Fork River Basin, which included sampling stations located adjacent to Warm Springs Creek 
approximately three miles east of Anaconda (ARCO 1994). The general objectives were to 
evaluate the relationships between plant communities and tailings deposits in riparian habitats 
and to evaluate food-chain transfers of metals to selected wildlife species. The bioaccumulation 
of metals was evaluated in vegetation, terrestrial invertebrates, and deer mice. Potential 
reproductive effects in deer mice were evaluated by direct measurements. For other wildlife 
species, bioaccumulation was interpreted in the context of food web exposure models. As stated . 
by ARCO, the focus of this investigation was the riparian areas and the results should therefore 
not be extrapolated to other habitats. However, some extrapolation may be appropriate and these 
are explained below. 

The primary results from ARCO's investigation were as follows: 

• Using multiple linear regression (MLR), results indicated that the sum of the soil metal 
(arsenic, cadmium, copper, lead, and zinc) concentrations and soil pH were the primary 
factors that contributed to a prediction of plant biomass and species richness (i.e., the 
plant community endpoints). None of the other ancillary soil parameters improved this 
prediction. The soil moisture variable only improved the predictive ability of the model 
where the soil pH was greater than 7.0. Soil pH in much of the metals-impacted area at 
Anaconda is less than 7.0. 

• ARCO developed a plant community effects level (PCEL) predictive model based on the 
MLR. The PCEL model predicts how phytotoxic effects should manifest themselves in 
riparian plant communities along Warm Springs Creek; as the sum of the soil metals 
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increases and/or the pH decreases, there should first be a loss in species and the plant 
community should demonstrate a decrease in biomass. Based on a review of the kriged 
maps prepared for the Anaconda Regional Soils Operable Unit Remedial Investigation 
Report (ARCO 1997), a significant portion of the Anaconda site is expected to show a 
loss of species and a decrease in biomass due to elevated soil metal concentrations. This 
cursory review of the kriged maps shows that the total concentrations of the five COCs in 
many of the kriged cells exceed 3,500 mg/kg and the pH values are less than 5.5, which 
should have a negative effect on plant communities over a large area of the site. 

• An apparent threshold for significant reductions in the number of plant species relative to 
the reference sites was observed at a pH value of approximately 5.5. 

• Waste affected areas are dominated by redtop and rufted hairgrass, species tolerant of low 
pH soils. Along a gradient of increasing metals concentrations and decreasing soil pH, 
there is a sharp threshold for the transition from a meadow dominated by redtop and/or 
tufted hairgrass (i.e., the tolerant species) to a more diverse community that includes 
many of the more sensitive species. 

• According to the ARCO report, health risks to primary and secondary consumers was not 
significant. 

Summary 

Per EPA guidance (EPA 1997), one of the lines of evidence that can be used to ascertain whether 
site chemicals are causing adverse effects on vegetation is to compare observed effects in site 
vegetation to vegetation at a reference site. Numerous studies have been published and 
summarized above to demonstrate sharply-contrasting conditions and shifts in plant community 
structure between vegetation communities associated with the Anaconda Smelter Site and nearby 
reference areas (Ross and Hunter 1976, Mueggler and Stewart 1980, RCG/Hagler, Bailly 1995, 
MNRDP 1994, and Taskey 1972). 

In addition, historical accounts by the Anaconda Copper Company itself have documented that 
the release of smelting wastes was having a deleterious effect on plant and animal life throughout 
a large part of Deer Lodge County. Since the 1920s, researchers working in the Anaconda area 
have known that smelting activities, which result in sulfur dioxide, arsenic, and metal emissions, 
were at least partially responsible for the loss of vegetation and the lack of plant recoloniz.ation of 
impacted areas. The results of plant response research conducted since then indicates that raising 
soil (or tailings) pH with liming agents will reduce the direct phytotoxic effect to plant roots of 
high hydrogen ion concentration and will reduce the plant available metals, which are also 
known to cause phytotoxic effects at elevated concentrations. 

Further, ARCO's own risk assessment for the upper Clark Fork River showed that as the total 
arsenic, cadmium, copper, lead, and zinc (the Anaconda COCs) concentration in the soil 
increases, there is initially a loss of plant species from the community followed by a reduction in 
above-ground plant biomass. Using ARCO's plan.t community effects model and the results of 
their kriging analysis, it is indicated that the soil in a large portion of the Anaconda site has total 
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COC concentrations that could cause phytotoxic effects. This is consistent with results from 
EPA' s risk assessment which delineate a large area where soil COC concentrations exceed the 
established phytotoxic effect concentrations (ECs) and therefore could be providing a potential 
risk to the establishment and growth of plants. Vegetation data collected by EPA in 1995 
confirms that, in the absence of moderating influences such as a high soil moisture regime, soil 
having COCs in excess of the phytotoxicity ECs are often barren of vegetation or only sparsely 
vegetated. These areas also have less canopy cover and production, and have fewer species than 
would be typically found on these range sites in the absence of contamination. 

What ARCO reviewers have neglected to acknowledge is that EPA has implemented a CPSA 
model and the Land Reclamation Evaluation System (LRES) to demonstrate reasonableness in its 
current approach to defining areas of the site requiring remediation. 

For example, the essence of any environmental risk assessment should be to establish a common 
thread among sources, complete pathways of potential exposure, document increased exposure 
and uptake, and ultimately either document that effects are occurring or have the potential to 
occur. For vegetation at the Anaconda site, this entire string of evidence has been noted as 
illustrated below: 

Is there a source? Yes, tailings and elevated metals concentrations in soils from smelter 
em1ss1ons. 

Does a complete 
pathway exist? 

Is vegetation 
exposed? 

Are there 
documentable 
effects or is there 
potential for risk? 

Yes, metals in contaminated soils are available for roots to take up metals. 

Yes, ARCO's own comments on the Final BERA document elevated 
levels of metals in plants from Anaconda soils compared to those from 
reference areas. 

Yes, historical information documents ongoing phytotoxicity for several 
decades and limited ability for vegetation to re-establish. The question as 
to whether or not sulfur dioxide (S02) emissions were the original cause 
of devegetation is a moot point. When one considers EPA' s reasonable 
and potentially rather liberal phytotoxicity benchmarks (see below), the 
potential for phytotoxicity in site soils remains quite strong. 

Obviously, this is only a brief description of the complicated aspects of phytotoxicity on the site. 
It does, however, point out the fact that EPA has been reasonable in its current approach and has 
gone well beyond this simplistic viewpoint by developing the CPSA model, as presented in the 
BERA. This model considers soil and environmental factors, other than soil ECs, that may have 
a mitigating effect on phytotoxicity. See Section C for clarification of the CPSA model. 
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Furthermore, the agency realizes the uncertainty in such an analysis and is incorporating more 
data collection in an effort to more definitively refine areas of remediation via the LRES during 
the remedial design phase. 

Additional work has been done by EPA using field reconnaissance, aerial photographs, infrared 
images, and other information to provide a prelimin~ identification of areas where vegetation is 
at risk from soil COC concentrations and where remedial action may be warranted. These areas, 
which are within the phytotoxicity zones, are identified in the Feasibility Study (FS) and the 
Proposed Plan. The Barren/Sparsely Vegetated Area of Concern is one of the areas identified. 

Using the LRES decision making tool, EPA conducted a test in 1997 at the site to identify areas 
that require some type of remedial action. This tool was applied within areas where soil COC 
concentrations exceeded the phytotoxicity ECs and therefore posed a potential risk to the 
vegetation. The quantitative portion of the decision making tool scores the condition of the 
vegetation and the potential for COC movement via wind or water erosion. In general, the lack 
of vegetation or low plant canopy coverage was an indicator of existing toxic effects and the 
potential for COC release. The LRES is currently being refined and will be used in 1998 to 
identify remedial units and the pool of reclamation techniques that may be applicable to each unit 
and to determine the types of additional data that the decision makers will need to select the most 
appropriate reclamation approach. 

Several additional comments from ARCO reviewers offered both a challenge to defend the 
technical merit of work presented in the Final BERA, and clarification of the models and 
assumptions used in the determination of vegetative risk on the site. Therefore, the following 
several paragraphs are EPA' s response to both the technical challenges and some additional 
analyses and descriptions for clarification. 

B. REBUTI AL TO ARCO'S CLAIM THAT PHYTOTOXICITY EFFECTS 
CONCENTRATIONS ARE UNREASONABLY CONSERVATIVE AND 
LITERATURE AND SITE-SPECIFIC STUDIES USED TO DERIVE THEM ARE NOT 
SCIENTIFICALLY DEFENSIBLE 

The following table (and it's appropriate references) list several phytotoxicity benchmarks used 
quite readily for screening purposes in the development of terrestrial ecological risk assessments. 
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Literature-Based Phvtotoxicitv TRVs 

Source 
Phytotoxicity TRVs (in parts per million) 

·Arsenic ·Cadmium· Copper Lead. Zinc 

CDM Federal (1996) pH<6.5 136-315 5.1 - 20 236- 750 94 - 250 196- 240 
pH>6.5 224 - 315 8.6-40 1 .• 062 - l,636 179- 250 379 - 500 

CH2M Hill (1987a and b) 100 100 100 1000 500 

Efroymson et al. (1997) 10 4 100 50 50 

Rice and Ray ( 1984) 200 5 400 NA NA 

Kabata-Pendias and Pendias (1992) 15 - 50 3-5 60 - 125 100 - 400 70- 400 

Lowest . 10 3 60 50 so 
. Range 

Hie:hest 315 100 1636 1000 500 

What is important to note from examination of the table, is that EPA has not used unreasonably 
conservative values in the development of the ECs for screening purposes in the assessment. A 
more legitimate argument could very well be that EPA's values were not conservative enough. 
This further points out the fact that EPA incorporated site-specific data derived from site-specific 
toxicity tests and went well beyond typical screening tools and furthers EPA's position to be 
described below that the Final BERA is more than what ENSR toxicologists argue as nothing 
more than a collection of screening tools. 

The primary basis for the phytotoxicity benchmarks were two-fold; the East Helena studies 
completed by CH2M Hill, and the toxicity assays completed by Kaputska et al. ( 1995). 
Appendix B contains peer-reviews of the East Helena studies provided to the primary author of 
the document, D. Newnan of the RRU at Montana State University. It is provided as 
documentation that both the compilation of literature and the phytotoxicity studies completed on 
Anaconda soils have been peer-reviewed and judged on their scientific merit by several scientists 
and that EPA was far from arbitrary in deriving these values. 

C. FURTHER DESCRIPTION AND CLARIFICATION OF THE CPSA MODEL 

Introduction 

Some of the information in this section has been taken from the Final BERA (CDM Federal 
1997) and from responses to ARCO comments on the BERA. The last section herein provides a 
detailed description of how the concentration of the COCs and the other plant growth 
environmental factors were used to estimate the primary sources of plant stress in the vegetation 
areas (VAs) at the ARWW&S OU. 

The concentrations of the COCs in the soil are just one of many influences on plant growth and 
development at the ARWW&S OU. These, together with the soil texture, landscape features and 
land-use all contribute to the current assemblages of plants in a given area of this OU. To assess 
the effects of the COCs on vegetation and plant community characteristics, EPA used a CPSA 
model to evaluate the relative influence of the COCs and the other physicochemical soil 
components, landscape factors (including slope steepness, slope aspect and landscape position), 
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and land-use history on the potential to cause plant stress at the ARWW&S OU. This was 
accomplished using data and information gathered during the 1995 EPA survey, data from other 
researchers who had worked at the site, and remote sensing data. Specifically, the CPSA 1) 
compares surface soil COC concentrations to established soil ECs that are protective of 
vegetation (i.e., phytotoxicity ECs) and 2) assesses the relative impact of other factors that affect 
plant growth and development. Qualitative assessments of vegetation and wildlife habitat 
condition conducted by EPA and others were also discussed in the BERA. 

An important aspect of the CPSA is that it does not rely on any one piece of data, such as 
phytotoxicity ECs, to help define areas of potential risk. Rather, the CPSA uses the phytotoxicity 
ECs along with other physicochemical soil data and landscape characteristics in a weight-of
evidence manner to identify general areas where smelter and ore processing wastes may 
significantly contribute to plant stress and change the composition of the plant communities, 
habitats, and wildlife populations. The vegetation discussion in the BERA includes a 
comparison of the existing vegetation at the ARWW&S OU to what should be present under 
climax vegetation conditions and to what currently exists in German Gulch. 

Potentially Phytotoxic Areas 

The locations of the phytotoxicity zones delineated in the BERA were derived by comparing the 
preliminary results of the regional (general relative) kriging of soil data conducted by ARCO as 
part of the Soils Remedial Investigation to the soil ECs (Table 5.1-1 of the BERA). The regional 
(general relative) kriging results represents the most mathematically accurate method available 
for estimating surface soil concentrations of the COCs throughout the site. Based on the kriging 
results, four progressively harsher zones of soil COC phytoioxicity are identified in the BERA as 
follows: 

Zone I 

Zone2 

Zone3 

Zone4 

This area is defined by the Low Phytotoxicity Line and encompasses the area 
where the concentration of at least one COC in soil exceeds a low (i.e., 
minimum) phytotoxicity EC; 

This area is defined as the High Phytotoxicity Line and encompasses the area 
where the concentration of at least one COC in soil exceeds a high (i.e., 
maximum) phytotoxicity EC; 

Within this area, concentrations of all the COCs in soil exceed the low 
phytotoxicity ECs; and, 

Within this area, concentrations of all the COCs in soil exceed the high 
phytotoxicity ECs. 

The Low Phytotoxicity Line represents the outer boundary of EPA' s area of concern for 
vegetation receptors. This line is based on the low phytotoxicity EC developed from data 
collected by the State of Montana (RCG/Hagler, Bailly 1995) (Table 5.1-1 of the BERA). 
Within this area, one or more of the COCs have a surface soil concentration that has the potential 
to adversely affect plant growth and community structure. The High Phytotoxicity Line was 
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derived from a review of the toxicological literature, including the exhaustive review conducted 
to support the East Helena Remedial Investigation/Feasibility Study (RI/FS) (CH2M Hill 1987a 
and b ). A thorough discussion of the development of phytotoxicity boundaries for COCs at this 
site was presented in Appendix 7 of the BERA. 

Soil Physicochemical Properties and Other Plant Influences 

In addition to the COCs, the CPSA utilized soil results from the 1995 EPA Survey that were 
analyzed for specific conductance, pH, cation exchange capacity, extractable N, P, and K, and 
organic carbon. These results were compared to the level of these constituents typically found in 
rangeland soils. The other envirorunental factors affecting plant development assessed during 
and subsequent to the 1995 EPA Survey were soil moisture regime, surface irrigation, slope 
steepness, slope aspect, grazing impacts, and the presence or lack of topsoil. 

Veietation Parameten 

The plant community attributes evaluated during the field survey and used in the CPSA were: 
percent canopy coverage of herbaceous perennial and annual/biennial plants species; herbaceous 
plant composition; and bare ground. These results are presented in Table 5.1-2 of the BERA for 
each VA. 

Environmental Parameter Scorin& 

CDM Federal compared the absolute values for the COC to the high phytotoxicity ECs. This 
comparison could have been done using the low phytotoxicity ECs; however, EPA felt that using 
the upper end of the phytotoxicity ranges (for each COC) represented soil concentrations that 
were likely to impart some type of phytotoxic influence. The results of these comparisons are 
shown in Table 5.1-3 of the BERA. A ''yes" indicates that the COC concentration exceeds the 
EC. Phytotoxicity due to the collective influence of all the COCs was evaluated by tallying the 
number of COCs that exceeded the high phytotoxicity ECs. The results of this semi-quantitative 
scoring are shown in the "Soil Metals" column in Table 5.1-4 of the BERA. 

The absolute values for the ancillary soil parameters and the information on landscape 
characteristics and land-use were compared to typical rangeland conditions in southwestern 
Montana to estimate which parameters were potentially having an abnormally positive or 
negative effect on the vegetation. "Typical" rangeland condition information was obtained from 
standard texts and through discussions with rangeland/reclamation scientist Frank Munshower 
(RRU 1996, Valentine 1971 ). Each soil, landscape, and land-use parameter was given a score of 
"-", "O", or"+" using the criteria listed below. 

• Specific conductance (SC): 0 = nonsaline to slightly saline; - = moderately saline to saline 
• pH: - = <5 and >8.5; 0 =between 5 and 8.5 
• Cation exchange capacity (CEC): - = <5; 0 = 5-30; + = >30 
• Potassium (K) (mg/kg): - = <125; 0 = 125-250; + = >250 
• Nitrogen (N) (mg/kg): - = <5 (low); 0 = 6-10 (normal); + = > 10 (above normal) 
• Phosphorus (P) (mg/kg): - = <14; 0 = 14-25; + = >25 
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• Organic carbon (QC): - = <2%; 0 = 2-3%; + = >3% 
• Soil moisture regime (from Soil Conservation Service data):+= wet bottomland 

generally subirrigated; 0 = well drained bottomland that is not subirrigated or areas with 
topsoil and moisture-conserving exposures (i.e., non-southern exposures); 
- =well-drained upland or areas with moisture-depleting exposures 

• Slope: - = >30%; 0 = 15-30%; + = <10% 
• Aspect: - = primarily south; 0 = east and west; + = primarily north 
• Stone and rock (cover): 0 = 0 to 6%; - = 7 to 12%; -,- = > 12% 
• Grazing: - =heavy; 0 =moderate;+= light to none (some areas are not utilized due to 

lack of vegetation) 
• Surface soil type: - = disturbed soil or little to no topsoil; 0 = topsoil intact, some erosion 

or surface disturbance; + = little to no disturbance or topsoil erosion 

Plant Community Scorio& 

Plant community characteristics are thoroughly discussed for each VA in the PBERA 
Supplement (CDM Federal 1995b) and in the Final BERA (CDM Federal 1997). In the final 
BERA, the quantitative canopy coverage measurements (Table 5.1-2 of the BERA) were 
compared to the typical range conditions and scored using the following criteria. 

• Herbaceous perennial cover: - = <30; 0 = 30-60%; + = >60% 
• Annual/Biennial cover: + = <5%; 0 = 5-15%; - = > 15% 
• Composition (relative cover) of bare ground: - = > 60%; 0 = 30-60%; + = <30% (percent 

bare ground cover/ [100 - percent stone and rock cover] x 100) 
• Composition (relative cover) of herbaceous perennials: + = >85 (high); 0 = 75-85 

(moderate); - = <75 (low); ([percent herbaceous perennial vegetation cover/total percent 
herbaceous cover] x 100) 

These criteria were also obtained through discussions with Frank Munshower and from Bob 
Rennick's experience in conducting range surveys in southwestern Montana. The summary of 
the vegetation scoring is presented in Table 5.1-4 of the BERA. As an example, the herbaceous 
perennial coverage at station number 1 within VA 17 was 29 percent, which was less than the 30 
percent criteria. Therefore, for this parameter the plant community scored a"-" for having 
relatively low coverage by the perennial species. At station number 2 in VA 17 the coverage of 
non-desirable plants (i.e., the annual and biennial species) was less than I percent. Since this is a 
desirable characteristic of the plant community (according to rangeland ecologists and managers) 
it scored a"+". 

Plant Stress Evaluation 

The information presented in Table 5.1-4 of the BERA was used as the principle reference for the 
next step in evaluating potential plant stress at the ARWW&S OU: deciding whether the factors 
were having a positive or negative affect on plant germination and growth. Because of the 
complicated interactions between the plant species and plant growth factors, and among plant 
species at any given sampling location, no attempt was made to numerically rank the plant 
growth factors in terms of which w.as having the most or least affect on the vegetation. 
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Table 5.1-6 of the BERA provides a summary of the estimated effects that the principle plant 
growth factors may be having on the vegetation at the ARWW&S OU. For each VA, the type of 
influence that the plant growth factors are believed to be having on the vegetation were grouped 
in categories: positive influences, negative influences, non-negative or neutral influences, and 
variable influences. Except for the soil metals, each parameter was scored as follows. 

" '' 
"0" 
"+" 

= 
= 
= 

Cateeoa 
Negative Influence 
Non-negative or Neutral Influence 
Positive Influence 

If the score varied between the sample depths or stations, the parameter was placed in the 
Variable Influence category. 

For the soil metals the scoring was applied as follows. 

Number Exceedine 
Phytotoxicity EC 

<5% = 
>5% = 

Catei:oa 
Non-negative or Neutral Influence 
Negative Influence 

Different scores for a station within a VA resulted in placing the COCs in the Variable Influence 
category. 

The only exception to these criteria was used for categorizing COC influence in VASA. In this 
VA, the zinc results (618 and 522 mg/kg -Table 5.1-3 of the BERA) were only slightly higher 
than the zinc EC (500 mg/kg -Table 5.1-1 of the BERA). These exceedances represent 20% (2 
out of 10) of the results for all the COCs. Based on the low absolute values for zinc, the COCs 
collectively were considered not to have a negative influence on the plant community in this VA. 
Therefore, in Table 5.1-6 of the BERA the COCs are placed in the Non-negative/Neutral 
category. 

As a fatal-flaw type of evaluation, the categorization of the COC and ancillary parameters in 
Table 5.1-6 of the BERA were compared to the raw plant community data collected in 1995 and 
to aerial photographs for all the entire VA (not just where the sampling stations were located). 
Based on this analysis, no adjustments were made to Table 5.1-6 of the BERA. 

D. REBUTIAL TO ARCO'S CLAIM IN THE ABSENCE OF SIGNIFICANT DOSE-
. RESPONSE STATISTICAL CORRELATIONS BETWEEN VEGETATION 

ENDPOINTS AND SOIL MET AL CONCENTRATIONS 

ARCO authors of the comments appropriately point out the high probability of Type I statistical 
errors (erroneously concluding an effect is occurring when one truly is not) while trying to 
determine stressor-response relationships between arsenic and metals soils concentrations and 
plant community endpoints, but fail to objectively discuss the probability of Type II errors 
(erroneously concluding that there.are no effects when there truly are) in such relationships. As 
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ARCO contractors have repeatedly identified, and fully acknowledged by EPA, other stressors 
besides metals in the soils impact plant communities. The high number of co-factors (>I 3; 
which are quantified in Tables 5.1-3 through 5.1-6 of the Final BERA) are too numerous to 
determine through grueling statistical applications a true dose-response relationship. 

Determining dose-response on this landscape level would require several more basic research 
questions to be answered. Variability in dose-response of individual metals and metals mixtures 
for several species of vegetation can occur with homogenous soil characteristics let alone under 
the heterogenic conditions of the site soils of Anaconda. It has been accurately stated by both 
ARCO and EPA scientists that pH has a very strong influence on metals bioavailability. 
However, even this relationship is not exactly straightforward. Consider the relationship 
between pH and metal ion speciation illustrated in distribution curves of copper and zinc ion 
hydrolysis. The percentage of the bioavailable cupric ion ( 1,0) is highly dependent on both pH 
and copper concentration. When the concentrations in solution change from 10 -s m to 0.1 m, the 
pH at which 80% of ionic makeup of the solution becomes the cupric ion (Cu++>shifts from 7.5 to 
5.5 respectively. What this may infer is that lower soil concentrations of copper may actually not 
necessarily need low pH soils to create as much bioavailable copper as more contaminated soils. 
Similar shifts in the ionic composition of the zinc solutions are dependent on concentrations that 
do not occur. Contaminant physical-chemical variability of exposure and effects of demographic 
endpoints of metals and plants has obvious complications. 

EPA, therefore, feels that using statistical methods alone to establish stressor-response 
relationships in the complicated mechanisms involved with phytotoxicity and all their potential 
co-factors would lead to a high probability of type II errors. EPA recognized this early in the 
Rl/FS process and sought the consultation of vegetation restoration specialists at Montana State 
University. It was recognized by these experts through the research they have completed in the 
AR TS program, that true dose-response relationships on a landscape level would never be 
identified because of the numerous potential co-factors. As has been more thoroughly explained 
above, the CPSA used in the Final BERA was designed to address vegetative risk in a rather 
atypical manner and may be the reason for the high level of confusion behind the model. Since 
true dose-response relationships would never be established on a landscape level and no true 
dose-response phytotoxicity studies have been completed on site soils, the CPSA model was 
designed to use the research these experts have developed to ask the question: what physical
chemical properties of the soil must be addressed before vegetation can exist? Through the 
model analyses, when elevated metal concentrations were the predominant factor preventing 
vegetation growth in each Vegetation Area (VA), it was identified as a VA with metals 
concentrations posing significant risk to vegetation. See additional comments below on the 
CPSA model. 

E. REBUTI AL TO ARCO'S CLAIM THAT THE AGENCY HAS NOT ACCOUNTED 
FOR EFFECTS OF pH ON VEGETATIVE AREAS OF CONCERN 

EPA Region 8 concurs with ARCO's position that pH may influence phytotoxicity on Anaconda. 
As a consequence of that position, EPA had used two separate soil toxicity effects concentrations 
in the Final BERA: one for soils above pH of 6.5 and one for soils below 6.5. However, 
additional ARCO criticisms pointed out differences in the critical pH value used in the effects 
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concentrations (6.5) and that used in the CPSA model (5.5). This comment is directly answered 
in the specific responses below, however, the general concept is more thoroughly addressed here, 
using data from Kaputska et al. (1995), and addresses the more general claim that pH and not 
metals is the primary determinant of phytotoxicity in Anaconda soils. 

Kaputska et al. ( 1995) studied the phytotoxicity of 20 soils collected from upland areas within 
the Anaconda Superfund Site. Tests were performed in pots under greenhouse conditions. Test 
species included three different agricultural crops (alfalfa, lettuce, and wheat). Measurement 
endpoints included seed germination rate, root/shoot length ratios, root mass and shoot length. A 
scoring system ranging from 0-72 was used to quantitatively describe toxic response of all three 
species compared with plants grown in control soil. A low score in this study indicated little 
evidence of toxicity, while a high score indicated a phytotoxic response. 

Results from this study are summarized below: 

Score. ··•·•Description· Number of Samples 

< 0.5 Nontoxic 2 

0.5 - 9 Mildly toxic 3 

9.1 - 18 Moderately toxic 3 

18. l - 36 Highly toxic 11 

36.1 - 72 Severely foxic I 

As seen, only two of the site samples did not cause measurable phytotoxic effects, and a majority 
of the samples ( 15 of 20) yielded clear phytotoxic responses (>9). In general, the order of 
sensitivity among the three test species was alfalfa > wheat > lettuce, and the order of endpoint 
sensitivity was: root length > root mass > shoot height > total mass > shoot mass > germination 
rate. 

In Figure 1, the phytotoxicity scores for each sample are plotted versus the concentration of each 
metal of potential concern, and versus soil pH. As seen, the relationship between the 
phytotoxicity score and the concentrations of the individual metals show little evidence of a trend 
for increased score with increasing metal concentration. There is an apparent trend for scores to 
increase as pH decreases. Figure 2 plots the bivariate relation between pH, metal levels, and the 
resulting phytotoxicity score. The figure is based on the sum of all five metals (arsenic, 
cadmium, copper, lead, and zinc). In almost all cases, the controls (open circles) and site 
samples which did not display phytotoxicity (open squares) lie in the bottom right quadrant of the 
figure, while most of the samples which had elevated toxicity scores lie in the upper left 
quadrant. The line drawn in each figure segregates the data points into regions of phytotoxic 
response and non-phytotoxic response. These lines (derived by simple visual inspection) are 
given by the following equations: 
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Total Metals = 520·pH - 2300 

That is, phytotoxicity is not expected if: 

520·pH- 2300 - (Total Metals)> 0 

Based on this equation, upland soil samples taken from V As on Anaconda may be predicted to be 
either phytotoxic or non-phytotoxic (Figure 3). From the predictive equations in Figure 3, only 
VAs 21, 15 and 24 have at least portions that would not be phytotoxic. This is consistent with 
the determinations previously made in the final BERA. 

In interpreting these predictions, it is important to remember the following potential limitations: 

... The study used lettuce, alfalfa and wheat as receptors. It is not known whether these 
agricultural plants are more or less sensitive to metals and pH than native and introduced 
plants. 

... Because the study soils contains a mixture of metals, the relative contribution of each 
individual metal to the phytotoxic response and the potential interactions among 
individual metals (antagonism, synergism) cannot be determined. 

Because the predictive curve was generated under laboratory conditions with consistent 
soil parameters of moisture, top soil, etc., the predictive power of this equation does not 
necessarily extend beyond that potential influence of pH. 

In summary, this analysis demonstrates that pH alone is not primary factor influencing the lack of 
vegetation on the site, that several ,sites indicated in the final BERA as presenting risk to 
vegetative species from metals concentrations in the soils, are consistent with laboratory testing. 
This finding is not entirely surprising as the final soils effects concentrations were based on 
Kaputska et al. (1995). It does, however, more straight-forwardly display the influence of at least 
one major co-factor: pH. 

F. SENSITIVE VERSUS TOLERANT PLANT SPECIES TO MINING IMPACTS 

The sensitive plant species listed below are those that Tom Keck of the Natural Resource 
Conservation Service used as indicators of smelting-related impacts. Dr. Keck conducted the 
soil survey for the Anaconda area, and therefore, has intimate knowledge of vegetation and soil 
conditions throughout the valley and foothills that includes the AR WW &S OU. In addition, it is 
the experience of Bob Rennick (CDM Federal range ecologist) and RRU staff that these species, 
which should be present on these rangeland sites under climax conditions, appear to be sensitive 
to environmental perturbations. 

Plant species that are tolerant of harsh environmental conditions are those that can be found on 
all rangeland sites and are often the only species found on severely impacted, high soil-metal 
sites near the Anaconda Smelter complex. 
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The climax plant species listed in the table are the dominant plant species on most rangeland 
sites under climax conditions in the ARWW&S OU. Observations by Bob Rennick (CDM 
Federal range ecologist) during the past ten years indicate that these species are not the 
dominants, and are often not even present, in plant communities of the Anaconda area. However, 
many of these species have been observed at locations near Fairmont Hot Springs Resort, near 
German Gulch, at a site in the foothills seven miles north of Anaconda, and at high elevations 
west of Anaconda. 

Common Name Latin Binomial Reference 

Sensitive Plant Soecies 

Rou2h fescue Festuca scabrella I 2,4 5 

Lupine Luoine soo. I, 4, 5 

Idaho fescue Festuca idahoensis I 4,5 

Heartleaf amica Arnica cordifo/ia I 

Strawberrv Fragaria virJ?iniana I 

Tolerant Plant Soecies 

Redtoo Awostis stolonifera I, 4, 5 

Great basin wildrve Elymus cinereus I 2, 4, 5 

Baltic rush Juncus balticus 4 

Snotted knapweed Centaurea maculosa I, 4, 5 

Wood's rose Rosa woodsii I 2.4 

Sed2e Carexsoo. 5 

Western wheat2rass AJ!1'0D\lron smithii 4 5 

Whitetop Cardaria draba 1, 4 5 

Ore2on 2raoe Berberis repens I 

Junioer Juniperus soo. I 

Rabbitbrush Chrvsothamnus soo. I 

Douglas fir Pseudotsuea menziesii I 

Limber oine Pinus flexi/is I 

Leafv sourne Euphorbia esula I 

Tufted haire.rass• Deschampsia caespitosa l, 4 5 

Inland salb~rass• Distichlis stricta I, 5 

Asoen• Pooulus tremuloides l. 5 

Greasewood• Sarcobatus vermiculatus 5 

Canada thistle Cirsium arvense I, 4 5 

Climax Dominant Plant Soecies 

Bluebunch wheatirrass AJ!1'oDW'on soicatum 3, 4 

Rou~h fescue Festuca scabrel/a l, 3, 4 

Green needlee:rass Stipa viridula 3 4 

Idaho fescue Idaho fescue 1,3,4,5 

Stickv e:eranium Geranium viscosissimum 3, 4 

Mil.kvetch Astraga/us soo. 3,4 

Lomatium Lomatium soo. 3 
Hairv ~ . 

IC:tPr HPtProtheca villm:n 1 
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Common Name Latin Binomial Reference 

Pussytoes Antennaria snn. 3,4 

Phlox Phloxsnn. 3,4 

Buckwheat ErioJ!onum snn. 3 
Arrow leaf balsamroot Balsamorhiza saJ!ittata 3,4 

Snowberrv Svmohoricaroos snn. 3 

Skunkbush sumac Rhus trilobata 3 
Ria c;al!:ebrush " 

.. 
3 

1 Referenced by Dr. Tom Keck, Natural Resource Conservation Service, Deer Lodge, Montana 
(personal communication; memo from S. Jennings to B. Rennick, June 5, 1998; Keck et al., 
Mapping Soil Impact Classes on Smelter Affected Lands). 

2 Personal communication with Dr. Frank Munshower, Montana State University, Bozeman. 
3 Rangesite Description and Condition Guide, USDA-SCS-Montana, April 1982. Northern Rocky 

Mountain valleys, foothills and mountains west of the continental divide in the I 0-14 and 15-19 inch 
precipitation zones. 

4 Field observations by Bob Rennick, COM Federal Programs Corporation, Helena, Montana. 
s Reconnaissance conducted by the Reclamation Research Unit, ARTS Phase I Final Report, 1993. 
• Found on sites with specialized conditions such as a high water table or salty soils. 

G. REBUIT AL OF ARCO'S CLAIM THAT THE FINAL BERA DID NOT ADDRESS 
HISTORIC INFLUENCES OF S02 EMISSION EFFECTS ON EXISTING 
VEGETATIVE STRESS 

EPA takes issue with the ARCO reviewer's broad brush statements that EPA "failed" to consider 
the effects of S02 fumigation in the assessment of ecological risks for the Anaconda Smelter Site. 
In actuality, through the various iterations of reports, from the Phase 1 Screening Level 
Ecological Risk Assessment (COM 1994), to the PBERA (COM l 995a), to the PBERA 
Supplement (COM l 995b), to the Final BERA (CDM 1997), EPA has responded to ARCO's 
earlier comments and incorporated greater discussion of S02 and other non-chemical stressors in 
the assessment of potential risks at the site. 

EPA recognizes and never debated the fact that there were historical S02 effects on vegetation at 
the Anaconda Smelter Site. The State of Montana regulated S02 for more than 100 years, 
resulting in litigation and institution of environmental controls for S02 emissions. It was a 
known constituent resulting in environmental damage to plants, cattle, and crops. EPA does not 
argue that 802 did not have a significant impact to the local environment, but such effects are 
currently overshadowed by the effects of metals concentrations in some areas of the site where 
metals levels exceed phytotoxicity ECs. If S02 was the primary factor resulting in current 
vegetation condition in some parts of the site, then natural recovery and ecological succession 
would be expected to occur after the fumigation ceases. As discussed in the State of Montana's 
Findings of Fact legal document in support of the MNRDP case, the only residual effects that 
would remain following cessation of fumigation would be reduced pH and acidification of the 
soils. Site data reveal, however, that soil pH levels throughout most of the site are within ranges 
typically found in soils in southwestern Montana. At many of these locations, metals 
concentrations are high and vegetation is either absent or represented by a near-monoculture of 
metals-resistant species. 
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ARCO's reviewers from ENSR make a further comment that EPA failed to consider rates of 
recovery at other sites to evaluate the likelihood that the hypothesized stressor has caused the 
adverse effects. ENSR reviewers must not have reviewed the State of Montana's Findings of 
Facts document, where Larry Kapustka discusses that in studies of other ecological systems 
recovering from S02, grassland and forb communities have recovered within two decades after 
the emissions were removed, and canopy forest was re-established within 30 years. Therefore, 
one would expect to see a substantial recovery in areas of the site impacted by S02 emissions if 
S02 was the only controlling factor, because all S02 emissions ceased in 1980 with the closure of 
the smelter. ENSR reviewers further commented that EPA introduces the site's historical 
legacy, but fails to describe the historic emissions and probable effects of a known site stressor, 
sulfur dioxide. In support of their position, they present Figure 4 to show the estimated levels of 
emissions of S02 from the smelter. This figure also supports Larry Kapustka's deposition and 
EP A's position that sufficient time has passed from the reduced emissions starting in the late 
1930s to the cessation of emissions in 1980 for recovery to be occurring. 

Historical effects notwithstanding, CERCLA and the Superfund process require the assessment 
of current and future transport, fate, and risks of the identified COCs. The Ecological Risk 
Assessment is designed to answer CERCLA-mandated analysis of whether or not metals pose a 
potential risk to the environment in Anaconda. In consideration of the potential effects of 
non-COC stressors, however, the final BERA evaluates COCs in relation to all other major 
physical/chemical plant growth factors of soil, and identifies areas on the site where COCs are 
the major factor in the existing vegetation condition or ability of those sites to recover 
floristically. 

As stated numerous times in the BERA, the CPSA considers both chemical and non-chemical 
stressors in the identification of areas of concern for ecological receptors. EPA never claimed 
that this analysis would result in a point by point identification of "risk areas" requiring 
remediation. In fact, EPA has developed an LRES for the selection of sites requiring 
remediation. The LRES is a decision tree that takes COC as well as non-COC stressors into 
consideration when recommending sites for remedial action. 

For example, if S02 fumigation occurred in a certain area, and this resulted in plant loss and total 
soil erosion to bedrock, no remediation would be recommended for the area. If an area appears 
to be slightly impacted, but plants are starting to get a foothold in relation to diversity and 
abundance, and little or no erosion appears to be occurring, remediation would not be 
recommended for the area. Other areas might have conditions that would result in a 
recommendation to interseed and monitor, but not do full scale remediation. ARCO has been 
aware of the development of this decision making document but appears to have not 
communicated this to their reviewing subcontractor. 

ARCO makes numerous comments that it is inappropriate to develop a strategy to evaluate 
COCs, not S02_ Based on the discussions above, EPA strongly disagrees with these comments. 
Numerous scientific/management decision points occurred throughout the development of the 
risk assessment documents for this site, and the problem formulation was deliberately designed 
to evaluate potential risks from metals. Regardless of the initial effects of S02, EPA is using all 
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available site data to determine why the site is not showing recovery in many areas. In many 
cases, this is because there are other ecological stressors at the site, namely, elevated metals 
concentrations in the soil. Therefore, the risk assessment is not focused on the causes for loss of 
vegetation in the past, it is focused in prospective way on identifying the extent and magnitude of 
continued stressors in the environment. 

III. RESPONSE TO CRITICISMS OF WILDLIFE RISK ESTIMATES AND RE
EVALUATION 

After reviewing ARCO comments on the terrestrial wildlife portion on the Final BERA, EPA 
Region 8 was compelled to reevaluate the results to specifically address many of their concerns. 
The modeling effort in the initial document was never meant to be a final interpretation of 
wildlife risk on the Anaconda Smelter Site. Note that the opening paragraph of the Appendix 10 
in the Final BERA states the following: "The purposes of this modeling include 1) identifying 
the range of potential health risk to wildlife at the site; 2) identifying the trophic levels that are 
potentially at risk; and 3) identifying the trophic levels at the greatest risk. This information will 
be used by the risk managers to design future risk-related sampling efforts and post-remediation 
biomonitoring programs." These statements throughout the section clearly and transparently 
identifying the use of the results make ENSR's attack on the procedures not only completely 
useless, but quite confusing and erroneous. To the end of bettering the focus of soon-to-be 
proposed wildlife studies on the site, however, EPA Region 8 scientists have seriously 
considered suggestions by ENSR and incorporated many of their comments in the re-analysis in 
Appendix B of the ROD. 

IV. RESPONSE TO ARCO'S REASSESSMENT OF AQUATIC RISKS ON THE 
ANACONDA SMELTER SITE 

It is apparent that the strategy put forth by ARCO in this reassessment is primarily two fold: 1) to 
refute the possibility of toxic levels of metals and arsenic reaching the river from overland flow 
and erosion from hillsides highly contaminated with metals and arsenic by demonstrating no 
response of organisms currently inhabiting the creeks and thereby eliminating the need of 
revegetation as a remedial alternative on the site; and 2) document examples of what ARCO feels 
are the most appropriate techniques for assessing aquatic risk in anticipation of the release of 
future risk assessments in the Region, specifically the Clark Fork River OU. EPA concurs with 
the general conclusions of minimal demonstrable impacts to aquatic life within most of the area 
within the Anaconda site. In fact, the ROD requires a reasonable and moderate approach to 
protect aquatic resources from future potential impacts from COCs. It is for that specific reason 
why more site data will be collected in 1998 to answer questions of aquatic risks. 

EPA evaluated the potential of surface water and sediment loading of arsenic and metals from 
erosion of non-vegetated hillsides as part of the site-wide fate and transport of COCs. The 
results of the analysis concluded that the groundwater influx of arsenic and loading from 
erosional overland flow would serve as a constant source of metals and arsenic to Anaconda 
streams and its downstream confluences. Although there may be currently low risk to aquatic 
receptors in Anaconda streams, it is very feasible that allowing contaminated hillsides to 
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continue to contribute metals and arsenic into the watershed during the course of natural 
revegetation could convert low risk to potentially mote grave circumstances. 

V. REBUTTAL TO ARCO'S CLAIM THAT THE FINAL BERA IS SIMPLY A 
COLLECTION OF SCREENING LEVEL RISK ASSESSMENT PRACTICES 

ARCO contractors erroneously conclude that the Final BERA was nothing more than a screening 
level risk assessment ignoring site-specific data by characterizing risks only from risk screening 
tools. The text from ENSR Toxicology states: "The BERA inappropriately draws its final 
conclusions based upon the results of a collection of screening risk assessment tools that 
variously report potential or possible risk." 

It is recommended that ENSR risk assessors read pages 2-9 to 2-13 of the Final BERA, which 
provide a summary of screening-level problem formulation and risk characterization. In doing 
so, one would note that the first attempt at the characterization of ecological risks on Anaconda 
was completed in the Phase 1 Screening Level Ecological Assessment (CDM 1994), in an 
attempt to conservatively eliminate media, by geographic reference, that would be of no potential 
concern. As stated in the text, surface water, sediment, and soils were screened using 
conservative benchmarks of abiotic media to indicate areas of potential concern. The next step in 
the process was to further evolve the ecological risk assessment in the PBERA (CDM Federal 
l 995a). More specific ecological receptors were identified, refinement of assessment and 
measurement endpoints was completed with a concurrent effort in the development of a site
conceptual model. Areas of concern were further refined from the Phase I screening utilizing 
additional site-specific data while data gaps were identified and a field data collection program 
was designed to address the major data gaps. It was decided at that time that phytotoxicity was 
of primary concern and that although wildlife receptors may be at risk as well, those areas not 
identified as a risk to vegetation would also not be identified as a risk to wildlife receptors. 
Therefore, wildlife data collection was not initiated at that time and the focus shifted to potential 
phytotoxicity. 

ENSR toxicologists on page 1-17 contend "While focusing on phytotoxicity, and following an 
approach congruent with the State's MNRDP injury assessment, EPA has not adequately 
addressed potential risks to wildlife under the proposed plan". Clearly, by EPA completing 2 
levels of screening assessments and collection of vegetation data from the site, it is inconceivable 
how an objective scientist can read these three documents and come to the conclusion that EPA 
has focused on vegetation risk simply to have a " ... congruent approach with the State's MNRDP 
injury assessment ... " EPA toxicologists agree with ENSR risk assessors that additional 
characterization of wildlife risk needs to be completed as per the proposal indicated in the 
beginning of these responses. 

The Final BERA incorporated numerous site-specific investigations, including site-specific 
investigations by ARCO and the state and federal trustees. 
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VI. RESTORATION VERSUS REMEDIATION 

Throughout the ENSR comments, several references are made towards the proposed plan being 
one of restoration and not remediation. Rader ( 1997) and others (Galbraith et al. 1995, 
Kaputska et al. 1995) all indicate the most phytotoxic soils in the Anaconda area are either of low 
pH and/or high metals. It was concluded by these authors (and supported by comments offered 
by Menzie-Cura & Associates in ARCO comments on the BERA), soils of low pH can both be 
directly phytotoxic and/or lead to increased availability of metals for uptake by plants in the soils. 
Historically, remedial actions taken by EPA have often been completed to reduce exposure of 
contaminants to receptors by source control. In this case, vegetation is the primary receptor of 
concern. Liming treatments described by restoration experts will raise pH levels in soils and, 
therefore, reduce metals bioavailability and lower the potential for toxicity to plants. 
Concurrently, through stabilization of contaminated soils by revegetation, the potential of highly 
contaminated dust transporting from tailings piles and other contaminated areas for exposure to 
humans and wildlife are also reduced. As recent as 1981-1 991, maximum concentrations in 
dustfall wastes on Smelter Hill were 115,333 parts per million (ppm) arsenic, 10,800 ppm 
cadmium, 390,000 ppm copper, 51,333 ppm lead, and 199,677 ppm zinc (RCG/Hagler Bailly, 
1995). Stabilization of the tailings areas became a prime concern in the 1920s as a means of 
controlling dust from dried and unvegetated surfaces of the tailing impoundments and 
reclamation activities by various owners of smelters on the Anaconda site. The Anaconda 
Company understood that revegetation was the primary means by which dust control should be 
done: "The Anaconda Company recognizes that revegetation is the ultimate answer for 
permanent stabilization of concentrator wastes" (Richmond and Sjogren 1972). ARCO has 
continued to do research into the ability to revegetate areas of Anaconda to reduce the probability 
of dusting. EPA feels that in this case, some restoration is occurring through remedial action. 
Thus, what ENSR insists upon as restoration technology inappropriate for EPA's mandate of 
remediation is not only consistent with historic actions taken by EPA to reduce exposures to 
receptors at risk, it is an innovative way to also begin restoring the ecology of the site beyond the 
ENSR proposed climax community of lichens. 

VII. DESCRIPTIONS OF INACCURACIES AND ERRORS IN ENSR'S REVIEW OF 
THE BERA 

It is ironic that ENSR risk assessors (ARCO contractors) "scold" EPA for using bad science in 
the Final BERA, while the reviewers used very poor scientific practice in describing their 
concerns. The following are numerous examples: 

1. The document makes many over-generalizations which do not accurately characterize the 
work completed in the document. For example, the text states: "The BERA 
inappropriately draws its final conclusions based upon the results of a collection of 
screening risk assessment tools that variously report potential or possible risk." This is a 
misleading and false statement. Although screening applications were used in wildlife 
risk models presented in Appendix I 0 of the BERA, EPA clearly states in the text on 
page AI0-4: "This information will be used by the risk managers to design future risk
related sampling efforts and post-remediation biomonitoring programs." Besides 
wildlife, however, the BERA incorporated site-specific data collected on vegetation 
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communities (COM Federal l 99Sa), vegetation toxicity studies from the site (State of 
Montana 1995), water effect ratio testing (ENSR 1996) from site waters, and numerous 
other examples which will be discussed in a later response which directly answers the 
charge that EPA did not go beyond a screening level assessment in the Final BERA. 

2. The comment authors have numerous misrepresentation of citations. The authors state 
draft EPA guidances and guidelines for Superfund in 1995 and in 1996 when current 
guidance with which the Final BERA was written under is clearly stated on page ES-1 of 
the document as the interim final "Ecological Risk Assessment Guidance for Superfund: 
Process for Designing and Conducting Ecological Risk Assessments" from June of 1997. 
On page B-3 and B-10 ofENSR's comments, the author makes reference to "EPA Region 
8 toxicity reference values for dietary exposure of arsenic, cadmium, copper, lead, and 
zinc" proposed in July of 1997. These values apparently come from a draft document 
released to state and federal trustees by EPA for their review and comment. Much of this 
document was written by ENSR personnel and was not released as a final product of any 
form representing the position of EPA regional scientists. Currently, the region has no 
finalized ingestion TRVs for metals exposure to trout and continue to be developed for 
their use in the Clark Fork River OU ecological risk assessment. Similarly, on page 1-24, 
the commenters from ENSR described the mammalian arsenic TRVs as being overly 
conservative when in fact, it was ENSR risk assessors Heidi Tillquist and Frank Vertucci 
who had proposed the values tised in the Final BERA in cooperation with EPA Region 8 
ecotoxicologist Dale Hoff. In spite of the misrepresentation of the citation, however, 
EPA is interested in having the best available information in the development of the 
TRVs and will consider changing the values as ENSR authors suggested in their 
comments. 

3. In an attempt to demonstrate mathematical errors in models used in the wildlife screening 
assessment, and in the presentation of a proposal for changing bioavailability factors 
(BAFs) for plant uptake of metals and arsenic, ENSR risk assessors have themselves 
made erroneous data presentation and mathematical errors. 

• In figures 12-16 on pages 1-44 to 1-48, ENSR risk assessors attempt to document 
the relationship between metal and arsenic concentrations in the soil with 
concentrations of the same in herbs/shrubs. In such a relationship, the 
independent variable should be concentrations in the soil while the dependent 
variable is the concentration of metals and arsenic in plant tissues. ENSR 
illustrations are respectively the opposite of this appropriate relationship. 
However, the concept of using this site data to determine a site specific equation 
in the development of the most appropriate BAF is noted and is applied in the re
analysis of the wildlife modeling described in comments above. 

• On page 1-28 ENSR risk assessors present their "belief' of how hazard quotients 
(HQs) were summed to develop a haz.ard index (HI). The numerator represents 
exposure concentrations in soils, and denominator represents a TRV. In their 
example they added 3 fractions by finding a common denominator: 
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Example 1. 1 /2 + 3/4 + 2/3 = 
6/12 +9/12+ 8/12= 
23/12 = 
111/12 

In the Final BERA, the HQs were summed by adding the products from the 
division of each fraction. To illustrate this point, EPA uses the same example: 

1/2 +3/4+2/3 = 
6/12 +9/12+ 8/12= 
23/12 = 
111112= 

equals 
equals 
equals 
equals 

0.5 + 0. 75 + 0.666 
0.5 + 0. 75 + 0.666 
1.916 
1.916 

However, EPA does understand how ENSR risk assessors could be confused by 
the methodology as documented in the Final BERA. Furthermore, it agrees that 
better resolution as to what proportion individual chemicals are contributing to the 
summed HI factor. In Appendix B, additional wildlife risk modeling addresses 
this concern in text, tables and figures. 

VIII. INSERTION OF LEGAL TERMINOLOGY IN ARCO'S "SCIENTIFIC 
REVIEW" OF THE FINAL BERA 

As scientific critics of the Final BERA~ ENSR risk assessors use several references of legal 
terminology with no clear understanding of their scientific benefit. 

1. On page 1-1: "This review documents that the BERA .. .inconsistent with CERCLA and 
the NCP and arbitrary and capricious." 

Response: It is not appropriate to conclude in this scientific review that a remedial action is 
"arbitrary and capricious" nor is it appropriate to come to such a judgement based upon only one 
of the nine remedial decision criteria set forth in the NCP. EPA's decision as to remedy selection 
are based on the nine criteria set forth in the NCP, not any one criterion alone. It is not possible 
to judge EPA's final decision based upon only the outcome of a risk assessment. Any conclusion 
that EPA action is arbitrary and capricious should he based upon all the factors considered by 
EPA, including all none criteria. In any event, ARCO's claim that a remedial decision based on 
the BERA would be "arbitrary and capricious" is simply wrong, as explained in detail in EPA's 
responses to ARCO's comments on the BERA. 

2. On page 1-3: "Response actions to improve habitat impacted by 802 emissions and 
factors other than release ofhaz.ardous substances is outside CERCLA's remedial 
authority." 

Response: See response to issue 24b, EPA's responses to ARCO's letter of January 29, 1998, 
Attachment L. In general, EPA does have authority to take remedial action to address threats to 
human health and the environment posed by the release of hazardous substances. EPA has gone 
to great effort to document this risk in human health and environmental risk assessments. 
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Nowhere does ARCO show that any such threat has been caused by something other than a 
hazardous substance. 

3. On page 1-16: " ... supports ARCO's position that the site specific WER adjustment to the 
A WQC is relevant, appropriate, and protective of sustaining aquatic uses in the Clark 
Fork River and its tributaries." 

Response: It is not appropriate to make the finding claimed by ARCO in a scientific document. 
The terms ••relevant", ••appropriate", and ••protective" are essentially legal terms. "Relevant" and 
"appropriate" are defined in the NCP. These scientific documents do not make any of the 
findings necessary in order to reach the conclusion that WER adjustment is "relevant" and 
"appropriate". 

4. On page 1-28: "Response actions described in the Proposed Plan are not supported by the 
findings of the BERA." . 

Response: See comment concerning 1-1, above. ARCO should limit itself to technical comments 
only in its technical documents. 

IX. REBUTTAL OF ARCO'S CLAIM THAT EPA HAS CONTINUED TO IGNORE 
CRITICAL COMMENTS IN THE DEVELOPMENT OF THE FINAL BERA: 
HISTORY OF COMMUNICATIONS BETWEEN ARCO AND EPA ON THE 
ANACONDA SMELTER 

Throughout the process of developing the ecological risk assessment on the Anaconda site, 
ARCO has been involved in not only the review of documents, but in the design of site studies. 
EPA Region 8 has acknowledged ARCO's comments and has made an effort to incorporate those 
comments and concerns, when appropriate, during ALL phases of the project. In fact, a review 
of all past EPA documents and ARCO comments shows how many times EPA has incorporated 
ARCO data into the reports and modified text in response to comments made by ARCO 
reviewers. Section X contains a matrix identifying specific comments presented by ARCO's 
various contractors during the development of several documents, and EPA' s specific responses 
to these comments. It is important to note here two ofEPA's frustrations that have led to 
perceived communication problems between ARCO and the Agency. First, contradictory 
opinions often arise when given comments from different contractors on the same subject manner 
and represented to the Agency as ARCO's technical position. Such examples are noted below in 
the response matrix designed to address specific comments. It is quite difficult for EPA to 
respond to comments from "ARCO'', when the Agency is given confusing positions. Second, 
ARCO appears to have the impression that because the Final BERA does not express ARCO's 
view of ecological risk that the Agency has ignored their comments. Indeed, there is a 
fundamental disagreement between ARCO and the Agency as to the existence of vegetative risk 
at the site. Just because the Agency disagrees with ARCO that there is no such thing as 
phytotoxicity on the Anaconda Smelter Site, does not mean we have not considered the 
comments. 

G/H-31 



The response matrix in the following section addresses the specific comments received from 
ARCO, dating back to the earliest documents produced by CDM Federal on behalf of the 
Agency, to demonstrate that EPA considered and incorporated ARCO's previous comments. 
Based on the most recent comments prepared by ARCO, it appears that current reviewers have 
not become familiar with historical dialog and resolutions between ARCO and EPA. 
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X. MATRIX OF RESPONSES TO ARCO'S (MENZIE-CURA'S) SPECIFIC COMMENTS 
ON ANACONDA BERA 

DOCUMENT LIST: 

Document .. 

Number 
Date· Documcmt/Deliverable Description 

I 11195 ARCO Comments from Steve Dole on Final PBERA (before Supplement) 

2 4/11/% ARCO's Final Comments on PBERA Supplement, Flack to DalSoglio 

3 l l/l/96 ARCO's Preliminary Comments on EPA's Draft Final BERA for the ARWW&S OU, Flack to DalSoglio 

4 11/l/96 ARCO Editorial Comments on Draft Final BERA, Bullock to DalSoglio 

5 3/4/97 Menzie-Cura's Assessment of Impact to Vegetation by Multiple Stressors at the ARWW&S OU, Flack to 
DalSoglio 

6 1130/98 Comments on EPA's Proposed Plan for the ARWW&S OU, Attachment G - ARCO Comments on Final 
BERA, prepared by Menzie-Cura, Stash to DalSoglio 

7 1/30/98 Comments on EPA's Proposed Plan for the ARWW&S OU, Attachment H - ARCO Comments on Final 
BERA, prepared by ENSR. Stash to DaISoglio 

SPECIFIC COMMENTS: 

Doc. 
Page ·.Comment Response Notes 

No. 

Issue: General Comments 

I 2 The PBERA does not include pertinent ecological Some of these data were not available when the PBERA was 
data (PTI Ecorisk report, Smelter Hill phytotoxicity prepared, but were added to the PBERA Supplement and carried 
report, Keammerer, Redente, and Reiser reports for through all the way to the BERA. 
NRDA litigation, and fish populations in area 
streams). 

I 5 PTI's Regional Ecorisk Field Investigation is not PTI's report was reviewed in the PBERA Supplement, and results 
discussed in the PBERA (yet PBERA indicates this were described in the BERA in appropriate context of the riparian 
report was a source for the development of soils ECs). zones on the Anaconda Site. However, although the data was 

deSc:ribed in the text, the document was not appropriately cited at 
the end of the chapter. 

In the Final BERA (Appendix 3), PTl's repon was evaluated in 
the development of BAFs for plants, invertebrates, and deer mice. 
Furthermore, the CPSA model will be validated using 
relationships between pH, total metals, and biomass and taxa 
richness. 

I 2 The PBERA requires a consistency check regarding Agreed, revised in the BERA. 
sources of information used. 

I 3 The use of a LANOSA T image requires further The sources of imaging were USDJ, USGS, and the Earth Science 
discussion (i.e., date of image, scale, type of coverage, Information Center, acquired from the High Altitude Photography 
etc). Program. The image date was August 24th, 1984 at a scale of 

I :58000. They were enlarged for COM Federal purposes to 
1 :29000. See Appendix 2, page 8 in the BERA. 

I 3 The PBERA references a USFWS report regarding In the PBERA Supplement (see page 23 of PBERA Supplement) 
impact of S02 emissions on vegetation, but no and the BERA, results from this investigation (Carlson 1974) were 
citation was provided nor a discussion of the discussed. This included the conclusion that S02 impacted trees 
conclusions. in the area north of the smelter. 
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Page Comment· Response Notes No. 

2 8 Internal consistency checks are needed between tables Agreed, revised in the BERA. 
and text in PBERA Supplement. 

3 2 ARCO's preliminary comments on the Draft Final EPA disagrees with the overall finding of ARCO's interpretation 
BERA mandate substantial revisions to the final in Menzie-Cura's repon that metals are having no impact because 
document consistent with Menzie-Cura's comments of lack of correlative metal stressor-response statistics. Menzie-
to be considered a scientifically valid assessment of Cura re-established what EPA concluded several years previously 
ecological risk to receptors within the ARWW&S and, consequently, moved more towards an ecologically holistic 
OU. approach with the CPSA. It is imponant to note that none of Dr. 

Menzie's comments demonstrated that the CPSA model is invalid. 
Further, Menzie-Cura did not say that EPA 's approach was 
scientifically invalid. See response in Section llB. 

3 2 The BERA relies on highly uncenain ECs to The BERA did consider ecological relevance and other site factors 
characterize risk, without concern to ecological such as bioavailability and ecological stressors. We discussed 
relevance, bioavailability, effects of multiple four zones ofphytotoxicity, discussed multiple stressors and 
stressors, or weight-of-evidence from evaluation of endpoints, and ranked vegetation areas based on metals in 
multiple assessment and measurement endpoints. vegetation and water. ARCO and EPA agreed upon the sampling 

design and number of samples to be collected, and there are not 
enough samples. given the spatial extent of the site, to adequately 
perform multivariate analysis. 

Uncenainties associated with the ECs are thoroughly discussed in 
the BERA (Section 5.5). The uncenainty section was extensively 
revised from the Draft Final BERA to the Final BERA to account 
for ARCO's concerns. 

3 4 ARCO incorporates, by reference, their comments on EPA has considered all of the comments supplied to EPA from 
the PBERA into their comments on the Draft Final ARCO, some of which were incorporated into the Final BERA 
BERA, indicating that the Draft Final BERA fails to and some of which are addressed below. 
address many of the previous comments. 

3 13 The Draft Final BERA does not adequately See Table 5.1-4 of the BERA. Very few areas on the site actually 
differentiate between risks posed by chemicals of have dramatically low pH. 
concern and other stressors, which should be 
evaluated more quantitatively. Site soil pH levels EPA addressed, to the extent possible. This comment is in 
could be compared to levels expected to result in contradiction to the Menzie-Cura comments. 
direct phytotoxicity; statistical correlations could be 
developed between areas of potentially stressed 
vegetation and COCs, and soil parameters and 
characteristics. It may be useful to use multi-factorial 
statistical procedures to discern effects associated 
with COCs vs. other factors. 

The Draft Final BERA also fails to provide a 
methodology for weighting, comparing, and 
reconciling multiple lines of evidence. 

7 1-1 EPA's approach to assessing risks to terrestrial See responses in Sections I, llB, C, D, E, F, G, III, IV, V, and VI. 
vegetation, wildlife, and aquatic biota is critically 
flawed and not a valid basis for remedial decisions. 

7 1-2 The approach and conclusions of the BERA would EPA welcomes any type of reasonable peer review proposed by 
not stand up to scientific peer review. ARCO. 

5 2 The (phytotoxicity) data on which EPA relied has EPA wholly disagrees with this statement (see responses in 
failed to establish that an actual or potential threat Sections I and IIB). 
exists at the site, per EPA guidance. 

7 1-1 The BERA does not evaluate or characterize See responses in Sections I, III, IV, and V, and Appendix B of the 
ecological risk, and does not follow EPA guidance for ROD. 
ecological risk assessments. 
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Page Comment Response Notes No. 

7 1-5 The BERA's calculation ofHQs by comparing the See responses in Sections I, llB, C, E, G, Ill, IV, and V, and 
site COC concentrations and effects thresholds, as a Appendix B of the ROD. 
measure of risk w/o further evaluation, is inconsistent 
with EPA guidance. 

Issue: The BERA is a Screening Level Assessment 

3 2 In reviewing EPA's 19% guidance, ARCO finds the See response in Section V. 
Draft Final BERA to be a screening level assessment, 
and therefore inadequate to support remedial 
decisions. 

3 3 The Draft Final BERA relies on screening level EPA concurs that a weight-of-evidence approach can include a 
criteria to characterize risks to fish, wildlife, and triad approach addressing toxicity test results, literature values, 
habitats. Additional lines of evidence should be and field surveys. EPA guidance (EPA 1997) lists the type of 
incorporated into the risk characterization as part of a lines of evidence that can be used, but does not state that they are 
weight-of-evidence approach. The weight-of- "required". A thorough review of EPA documents from the 
evidence approach in the Draft Final BERA is limited screening level ERA through the 1995 sampling program and the 
to selecting effects concentrations from multiple BERA will demonstrate that multiple lines of evidence, coupled 
literature sources and studies. Per EPA guidance, a with a field-trothing mapping exercise, were selected and used 
weight-of-evidence approach will require that (some in response to ARCO's requests), in the characterization of 
different types of data are evaluated together, such as risks. 
toxicity test results, ~ssments of existing impacts 
onsite, or risk calculations comparing estimated doses Literature reviews, toxicity assays, animal demographic studies, 
with toxicity values from the literature. The strength plant community data and chemical determination from several 
of evidence from the different studies, and the sources listed below were incorporated into a weight-of-evidence 
precedence that one type of study has over another, evaluation. 
should have been determined prior to the assessment 
to avoid bias. Literature Review: CH2M Hill (East Helena). These reports 

reviewed the value and applicability of individual studies and 
The BERA should reconcile the results of the were applied in the BERA. 
measurement endpoints associated with each 
assessment endpoint using a clear and consistent Site toxicity assays: MNRDP Assessment, STARS and ARTS. 
methodology. 

Field Demographics: 

Historic Mining company work: Richmond and Sjogerund ( 1972); 
Olsen and Elliot surveys; Eliason (1958-1962); Natural Resources 
Council. 

LANDSAT photos: ARCO and State; Regional Soils RI (1995); 
NRDA survey; numerous theses. 

Chemistry: RI; EPA 1995 survey; ARTS and STARS; NRDA 
collection. 

7 1-1 The BERA draws conclusions based on screening risk See above and response in Section V. 
assessment tools that report potential or possible risk, 
and adds more screening assessments which should 
have been used to establish a stable risk hypotheses 
based on site data and to evaluate strcssor-rcsponsc 
gradients. 

7 1-1 Weight-of-evidence is claimed to have been used, but See above. 
is not. 
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7 1-3 The BERA is a screening level assessment of See responses in Sections I. II, and V. 
theoretical risk that is not consistent with EPA's risk 
assessment guidance. 

The BERA has not: 
- evaluated which of the possible stressors is most 

responsible for observed effects on the 
vegetation; 

• evaluated relevant risk hypotheses with site-
specific data; 

• established stressor-response relationships; and 
- assessed risks beyond a screening le-vel. 

ARCO states that evaluation of the site-specific risk 
hypothesis indicates stressor levels arc not correlated 
with measures of effects, and no stressor-response 
gradient is identified using relevant site data. The 
hypothesis that risks are not occurring is supported. 

7 1·3 Risks in the BERA are based on screening level See responses in Sections II, Ill, and V, and Appendix B of the 
assessment findings, and no ecologically sound ROD. 
weight-of-evidence approach is used. 

Instead of questioning the assumptions in the 
screening assessment tools used. site-specific data are 
discounted or ignored by EPA when they contradict 
screening risk characterization results. 

7 1-4 All risk assessment documents for Anaconda focused See response in Section V. 
on theoretical risk through refinement of screening 
tools. 

7 1-10 With proper problem formulation, the results of the EPA concurs and proposes that ARCO complete such a study. As 
(screening) phytotoxicity assessment could have been it stands, EPA stands by the assertion that metals phytotoxicity is 
rigorously tested with field experiments. occurring, based on the large amount of current and historic data 

available. 

7 1-17 EPA presents only a screening risk evaluation for EPA agrees, as clearly stated on page A 10-4 of the BERA. See 
wildlife risk from metals and arsenic in surface soil, Appendix B of the ROD for proposal for continued biomonitoring. 
water, and forage. Several of these screening tools 
have limited value compared with a more appropriate 
use of site-specific data. 

7 1-17 EPA fails to consider the likelihood of wildlife The analysis is designed to predict the most pertinent pathways to 
exposures in their screening estimates of risk. complete biomonitoring, and as such, this variable was not a 

focus. 

7 1-18 EPA has assembled a set of four unrelated, See Appendix B of the ROD. 
disintegrated screening assessments of possible 
wildlife risk (bullets on page 1-18). 

Issue: Soils Data Used 

2 s ARCO provides example text for expanding the ARCO's description of collection technique is accurate. A 
discussion on soil sampling method. complete description of the soils collection is in the SAP which 

references a SOP. There were no significant alterations in the 
techniques described in the SOP. 
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6 7 Some kriged soil concentrations are highly uncertain, It is important to note that kriging was completed by ARCO to 
in that the mean error for copper and zinc at the site estimate areas of residential cleanup. EPA recognizes that kriged 
are large. These values should be given less weight in soil results are only estimates, but to date, this is the most 
determining phytotoxicity zones or areas of concern at comprehensive and best available information for site-wide 
the Anaconda Site. characterization. Therefore, in both human health and ecological 

health RODs and remediation plans, confirmatory sampling will 
be done. 

7 1-19 The geometric mean soil concentrations in Table This was not an error. The soil concentrations in Table 3-5 were 
3-5, from which daily doses are calculated and those that were used in the PBERA. The soil concentrations in 
compared with TRVs to estimate the hazard quotient Table 3-9 were obtained for use in the BERA, and included 
listed in Table 3-8, are not the same as the geometric updated soil data. If the PB ERA geometric mean soil calculations 
mean soil concentrations shown on Table.3-9. The were used instead for Table 3-9, arsenic values would not change, 
protective soil concentrations are miscalculated. and protective soil values for cadmium, copper, lead, and zinc 
Finding this sort of obvious yet important error calls would be higher by a maximum of 65 ppm, 1400 ppm, 500 ppm, 
into question how exactly risks were calculated and and I IOO ppm, respectively. 
quality was assured in this document. 

7 1-23 Without a proper citation for the regional background ARCO is correct. The citation is ESE 1996. Anaconda Regional 
soil data set, the representativeness of the data is Water and Waste Operable Unit Final Draft Remedial 
questionable. Investigation Report. Prepared for ARCO, Anaconda, Montana. 

September. 

Issue: Assessment Endpoints (focusing the assessment on vegetation and habitat) 

7 1-5 Site data show that assessment endpoints and EPA disagrees that site data show that assessment endpoints and 
management goals are not being significantly management goals are not being significantly impacted by site 
impacted by site contaminants. Overly-conservative contaminants. See responses in Sections llA, B, and C, and 
methods are used to estimate "risk", and ecologically Appendix B of the ROD. It is not a unique practice in risk 
more relevant site data are ignored. assessment to use conservative assumptions in the absence of site 

data. If the question is important enough to get site data. it is 
completed. In the Proposed Plan, chronic risks to aquatic species 
is not considered to be at a level to warrant remedial action, and 
therefore, these conservative values in the risk assessment have 
little impact in the Proposed Plan. 

7 1-17 Potential risks to other aquatic systems that may act as EPA recognizes that these conveyances such as the Blue Lagoon, 
a conveyance of storm water, such as the drainage Slag Gulch, and Nazar Gulch are not trout fisheries. These 
ditches, are not trout habitat and are not directly resources were looked at as wetlands environment and are not 
relevant to the management goals and assessment being addressed in remedial planning as a trout fishery. In section 
endpoints. 5.2.8 of the risk characterization, the AWQCs are focused towards 

the protection of aquatic life, not only trout. Furthermore, as 
noted in the PBERA on page 215: "An adult stage trout fishery at 
this site is considered protective when metals in surface water and 
sediments do not cause adverse effects on adult trout or their 
prey." 

Issue: Development and Use ofTRVs (General) 

3 3 Literature-based threshold concentrations should be In the Final BERA, ECs were developed for individual 
developed for each individual contaminant for each contaminants for each group of potential receptors. 
group of potential receptors. 
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3 4 Many of the ECs used in the Draft Final BERA In the Final BERA, several steps were taken to reduce uncertainty. 
contain a high degree of uncertainty and may result in Several sources of information were incorporated for EC 
significant overestimates of risk. Some of the ECs are consideration including: sediment ECs from Ingersol et al. ( 1996) 
based on the protection of human health, rather than which included Clark Fork River sediments; surface water ECs 
ecological receptors. Others were developed from which included WERs for site-specific consideration; and wildlife 
toxicological studies using agronomic plants or TRVs proposed by ENSR toxicologists Frank Vertucci and Heidi 
livestock. Further, the Draft Final BERA does not Tillquist which were incorporated into the BERA. Furthermore, 
consider other toxicological benchmarks that are uncertainty in the ECs was reduced by conducting a ground-
readily available from the scientific literature. trothing field survey to observe actual effects in the field. This 

resulted in the identification of areas most likely to demonstrate 
phytotoxicity based on numerous lines of evidence. The site 
survey was particularly important since it allowed the 
consideration of mitigating site-specific physical parameters that 
may result in reduced phytotoxic effects, in spite of elevated soil 
metals levels. Had we relied only on literature data regarding 
phytotoxic levels in soil, the NOAEL value that would have been 
used for each of the COCs would have been much lower, resulting 
in a much larger area of risk to terrestrial receptors. This 
illustrates that EC values may have just as easily underestimated 
risk. For example, ECs for phytotoxicity are effect concentrations 
and NOT illustrative of no effects. The EC values selected fall 
within the less conservative range of phytotoxicity values 
extracted from the literature for a variety of species, including 
agricultural as well as native plant species. Additionally, VAs of 
concern for metals phytotoxicity were identified from the high 
ECs. In lieu of considering site-specific mitigating factors, a 
conservative reasonable maximum exposure scenario could be 
used to develop the terrestrial ECs, and the resultant area of 
terrestrial risk recalculated. EPA also expended a considerable 
effort to summarize uncertainties and their likely affect on the 
over- or underestimation of risk in Table 5 .5-1. See response in 
Section IIB. 

Issue: Development and Use ofTRVs (Sediment) 

I 4 It is a misrepresentation that ECs for sediment could The language in the Final BERA was edited to remove statements 
be construed as "national media quality criteria". that ECs for sediment represent national media quality criteria. 

EPA agrees with the limited usefulness of NOAA sediment 
Further, the NOAA values are of questionable guideline values, and they were no longer considered as sediment 

• relevance to the freshwater creeks in the Anaconda ECs in the Final BERA. To evaluate other information in a 
area. weight-of-evidence approach, and to provide information 

regarding a full range of potential effects, several other studies 
were considered in the development of sediment ECs for the Final 
BERA, including Ontario sediment guidelines, sediment effects 
concentrations developed by Ingersoll et al., (1996), and regional 
sediment and benthos studies conducted by Essig and Moore 
(1992) and McGuire (1996). 

3 9 The Ontario sediment guidelines may simply reflect The Ontario values were considered, along with other sources of 
statistical variation within environmental data, rather sediment toxicity data (see above) to provide information on the 
than true effect levels, and should not be used for range of potential effects in assessing the potential for risks to 
judging risks. aquatic receptors. In the final assessment of risks, however, site-

specific data were used to assess risks, and the Ontario guidelines 
were not. 
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3 10 All of the studies used to develop the sediment ECs EPA recognizes the utility of AVS and SEM measurements, but at 
are based on bulk concentrations. Studies have this point, such measurements are not needed. EPA does not 
shown that toxicity of divalent metals in sediments consider metals in sediments of Anaconda streams to be major risk 
cannot be predicted from bulk sediment drivers, and therefore, further data collection is not merited. 
concentrations, but rather from the available fraction 
in pore water. This fraction can be predicted using 
Acid Volatile Sulfides (AVS) and Simultaneously 
Extracted Metals (SEM) measurements. 

2 11 The use of sediment ECs in the ERAs should be These uncertainties are discussed in the PBERA, PBERA 
tempered by a critical evaluation of their differences Supplement, and in the Final BERA in the appropriate references 
and an understanding of the limitations of their of respective ECs. 
appropriate uses. 

Issue: Development and Use ofTRVs (Surface Water) 

I 4 It is unclear whether 1994 or 1995 data were used for In the Final BERA, the source for WERs was 1994 and 1995 data 
the WERs for copper. ENSR's final results (end of was used as reported in ENSR 1996, Phase 3 WER Program. 
1995) differ, and should be used in recalculation of 
WERs. The geometric mean for each creek should be 
calculated and applied consistently throughout each 
creek. 

3 6 The water quality ECs exclude important site-specific In the Final BERA, site-specific toxicity data (WERs) were used 
toxicity information, namely, WER data to develop a range of potential aquatic surface water impacts to 

biota See page 4-4 (Section 4.3.4) and Appendix A of the Final 
BERA. 

I 5 COM Federal used the incorrect method for Corrections were made using an updated method in the Final 
developing dissolved A WQC from the total BERA, based on the Federal Register May 4, 1995. 
recoverable A WQC. All figures and text discussions 
will need to be revised. 

I 6 Use of an avoidance behavior test for trout to evaluate The use of avoidance behavior was not used in the Final BERA in 
chronic effects is highly questionable. the evaluation of chronic toxicity in fish, but rather A WQCs and 

WERs were considered. 

2 11 Avoidance behavior test for trout is a poor indicator The use of avoidance behavior was not used in the Final BERA in 
of chronic toxicity. the evaluation of chronic toxicity in fish, but rather A WQCs and 

WERs were considered. 
Acute and Chronic ECs for aquatic receptors are not 
included in Appendix A of the Supplement. 

3 9 The Draft Final BERA should not use avoidance The use of avoidance behavior was not used in the Final BERA in 
behavior data to judge ecological risks. the evaluation of chronic toxicity in fish, but rather A WQCs and 

WERs were considered. 

2 12 ARCO disagrees with the assertion that the use of When data are available to assess dietary exposure, then it is more 
total recoverable method is warranted, and requests a appropriate to use the dissolved rather than the total recoverable 
citation for the statement that in some situations, method, in general. When dietary exposure data are not available, 
dissolved may underestimate the effective the dissolved method alone docs not account for all exposure 
concentration (contradicts EPA guidance). pathways. Therefore, it is conservatively assumed that the use of. 

the total recoverable method is useful in covering most routed of 
exposure for metals. 

Issue: Development and Use ofTRVs (Vegetation) 

2 5 Some of the phytotoxic concentrations reported This comment is without relevance to EPA's risk assessment. In 
represent more bioavailable forms than others. The the PBERA Supplement, this section was a summary of the 
phytotoxicity thresholds are not "known" if they fail opinions of those authors and it would be inappropriate for EPA 
to address the degree ofbioavailability. authors (even if EPA would disagree) to misrepresent the opinions 

of the authors in the a summary text of studies completed on site. 
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3 s Both the high and low range of soil ECs for plants are EPA does not agree that these ECs arc highly overprotective. 
highly uncenain and may be overly protective of Although there are areas with higher soil concentrations that 
native species. For each COC, the true non-toxic support vegetation, there are also several areas with similar soil 
level for the test species used could be considerably levels and no vegetation. Therefore, although the ECs may not be 
greater. highly predictive. they arc more than reasonable for use with the 

CPSA model to identify vegetation areas most at risk. It is the 
assertion of the EPA that although the true toxic levels for plants 
may be greater, they may also be considerably lower for some 
species. Studies done at MSU with 4 native grasses and arsenic 
indicate effects levels well within the range of low and high ECs 
used in the Final BERA. 

In Appendix 3 of the Final BERA, the low and high ECs for 
vegetation are illustrated and one should note that they represent a 
large range of endpoints, soil characteristics. and exposure 
mechanisms. Therefore, EPA feels that vegetation ECs are both 
comprehensively and reasonably conservative, and representative 
of both literature- and site-specific values. See response in 
Section llB. 

3 6 The zones of phytotoxicity in the Draft Final BERA For the purposes of this assessment, to identify the areas most at 
do not appear to correlate with potentially impacted risk from metals concentrations in soil, the phytotoxicity zones do 
or stressed areas. The BERA should provide generally agree with areas identified as impacted and are 
phytotoxicity values based on studies with site soils, imminently useful in identifying those areas where remediation 
or soils with similar properties, native plants of should be focused. It was never the intent of this assessment to 
concern, and controls to account for various soil use point-by-point evaluations on the ground to compare to ECs 
conditions. and draw specific conclusions regarding risk at any given point. 

Rather, this assessment was intended as a tool to identify areas for 
potential remediation, and is quite applicable for that purpose. 
Reasons why the phytotoxicity zones don't specifically relate to 
impact areas in all cases have to do with the large size of the site, 
the spatial scale and abundance of sampling data used for kriging, 
and that other site-specific factors appear to be positively affecting 
plant growth in many cases. EPA used a comprehensive approach 
to attempt to tease out major factors effecting plant growth in each 
major study area. It is worth reiterating that the Final BERA did 
use studies with site soils from the NRDA investigations for 
designating ECs and did consider multiple species through the 
East Helena studies. Also see responses in Sections llB and D. 

s 2 The Draft Final BERA concludes that the phytotoxic By themselves, the phytotoxic ECs are not necessarily indicative 
benchmarks are "poor predictors of vegetation of vegetation condition, but they are potential indicators of 
conditions." As such. they cannot fonn the basis for phytotoxicity. Vegetation condition and phytotoxicity may be two 
identifying soil metals levels as a threat to plants or to entirely different things. EPA disagrees that ECs cannot be used 
justify remediation where metals levels exceed to identify areas of potential phytotoxic threat and it is not EPA's 
benchmarks. position that these values be used as remedial goals. See response 

in Section II. 

3 6 ARCO challenges the development of high EPA agrees that the development ofphytotoxicity ECs from 
phytotoxicity values from tests done with agronomic studies based on agronomic species may not be representative of 
species, but further states that available data for native native species. However, ARCO has presented no evidence to 
species were conducted in sand, and that these data suggest that native species are more tolerant to soil metals than 
would not be representative of site soils or agricultural species. On the contrary, a review of the literature 
bioavailability. values presented on tables in Appendix 7 of the BERA show that 

for many native species grown in soil other than sand, effects 
levels (i.e., LOAELs) are within the range ofphytotoxicity ECs 
presented in the BERA. and in many cases, below those values. 
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6 6-7 The NRDA phytotoxicity study was not designed to EPA recognizes this fact and that is why we put them in context 
yield benchmark or threshold values, and had no with literature values. EPA does not believe that true phytotoxic 
concentration ranges or dilutions of native soil. The levels are considerably higher, and the literature review 
true nontoxic levels could be considerably greater. demonstrates that true nontoxic values may be lower. See above 

response and response in Section IIB. 
The tests exposed plants to mixtures of metals, and it 
is inappropriate to designate phytotoxicity zones by EPA recognizes this fact and that is why we put them in context 
the exceedance of the soil EC for one metal. with literature values of single chemicals. High ECs were 

reflective of individual metals and plants. Phytotoxicity Zone 4 
Toxicity ranges based on agricultural species are not was comprised of areas in which all metals concentrations exceed 
appropriate to use for developing soil ECs for native the high phytotoxicity values. 
plants or perennials used in reclamation. 

EPA is not aware of documentation that describes agricultural 
The development of soil ECs does not account for species being much more or less sensitive to native species. The 
variable effects of other factors besides soil COCs. use of literature in which agronomic species were used is a useful 

tool for developing ECs. Both agronomic and native species (e.g., 
silver sage brush, western wheat grass, bennuda grass, tall fescue) 
were used in the East Helena studies in the development of the 
literature ECs. Also see response to comment on Document No. 
3, pg. 6. 

Per a conference call with COM Federal, EPA, and Larry 
Kapustka, the BERA text was modified to provide clear language 
regarding EPA 's approach of using multiple sources of data, 
coupled with site-specific surveys and evaluation of additional 
mitigating factors, to set response ranges in the BERA. It should 
be further noted that EPA guidance (EPA 1997) supports the use 
of professional judgement and latitude regarding exposure and 
effects assumptions and the incorporation of site-specific data. 
Had EPA relied solely on literature values, and not considered 
site-specific conditions, a much larger geographic area of risk 
would have been designated. 

5 28 The Draft Final BERA.benchmarks are poor See response in Section II. 
predictors of vegetation conditions. 

6 5 Soil pH is not adequately considered in the EPA acknowledges pH as a primary influence on bioavailability 
development of soil ECs. The cutoff of pH levels and agrees that more dose-response data could be helpful. 
greater than 6.5 to be effective in reducing However, changes in the "critical" value of pH would only slightly 
bioavailability of metals to plants should be further alter areas identified as phytotoxic concern and not change the 
researched, and incorporate dose-response studies. overall conclusions. Sec response in Section llE. 

Also, using pH 6.5 as the cutoff value for soil ECs The pH value of 5.0 is classified by rangeland biologists as a value 
contradicts the classifications used in the CPSA of concern for general rangeland species in areas not 
model, which used categories based on soil pH less alhropogenically influenced with metals (Table 5.1-7). 
than or greater than 5.0. Furthermore, EPA notes that ifa pH of6.5, instead of5.0, were 

used in the BERA, pH would have been predicted to have less of 
an influence on phytotoxicity; again, this would only slightly alter 
areas identified as a phytotoxic concern and not change the overall 
conclusions. 
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7 1-6 ARCO presents graphs showing that Zones 2 and 3 ENSR toxicologists erroneously presented the information to draw 
classified sites that span a wide range of hai.ard conclusions of lack of stressor-rcsponse for several reasons: I) 
values, indicating the insensitivity of this scheme. The toxicologists misassigned independent and dependent 
They also claim lack of correlation between variables; 2) the presentation is of a screening level of which EPA 
phytotoxicity zones and peak standing crop, as acknowledges no clear dose-response relationship, and therefore, 
measured by EPA. used the CPSA model to more comprehensively evaluate impacts 

by metals versus impacts of other stressors; 3) the ENSR analysis 
includes data points from V As where it has been acknowledged by 
EPA that there is no phytotoxic risk. Because of the basic and 
fundamental errors presented by ENSR toxicologists, it is 
inconceivable how the investigators can draw conclusions of clear 
evidence of stressor-response relationships. 

7 1-8 By their literature review, EPA should have ENSR toxicologists site EPA ERA guidelines as published in 
determined which of the stressors has a steeper dose- 1995 with "Hills" epidemiological approach to draw this 
response phytotoxicity threshold. conclusion. EPA points out to ENSR that guidelines are not 

program-specific and are not analogous to EPA guidance as cited 
by ENSR. For the BERA, the 1997 ERAGS guidance was 
applied. 

3 12 The Draft Final BERA relies upon plant ECs which EPA agrees that benchmarks for wildlife would be more 
are based on the protection of either livestock or appropriate if based on wildlife rather than domestic animals. 
human health. More appropriate values can be found Therefore, EPA has reviewed literature and developed ECs that 
in the scientific literature (i.e., the evaluation of risk incorporate the techniques presented by Opresko to develop 
to herbivores compares plant tissue concentrations to ingestion rates for water and food, but more formally incorporated 
literature regarding mineral tolerances of domestic uncertainty factors for the development of toxicity reference 
mammals, some which are designed to protect values as per the proposal from ENSR toxicologists Frank 
humans consuming the meat.) Further, the ingestion Venucci and Heidi Tillquist. 
rates, metabolic processes, detox mechanisms, and 
other physiological parameters oftest species are 
expected to differ from those of site wildlife. 
Recommend using ORNL benchmark values. 

Issue: Development and Use ofTRVs (Wildlife) 

2 II Use of livestock water quality criteria is questionable, It is a common practice in ecological risk assessment to base the 
and relevance to wildlife unsubstantiated. assessment of risks to an organism on the use of toxicological 

thresholds from surrogate species. However, in the Final BERA, 
wildlife-specific TRVs were developed. 

2 12 Further, water quality criteria for the protection of In the Final BERA, wildlife-specific TRVs were developed and 
livestock arc no longer provided by the province of arsenic ECs did increase, but, as such, was still a concern in some 
Ontario. Similar Canadian water quality criteria for water bodies. 
livestock watering include a higher value for arsenic, 
and none of the measured total arsenic concentration 
in Willow Creek exceeded this value. 

3 II The drinking water ECs are highly uncertain since In the Final B.ERA, wildlife-specific TRVs were developed and 
they are based on livestock and poultry and not arsenic ECs did increase, but, as such, was still a concern in some 
wildlife. The BERA should incorporate readily- water bodies. EPA disagrees that "readily-available toxicological 
available toxicological benchmarks. Recommend benchmarks" justifies values as being technically correct. After 
using ORNL benchmark values. doing a more extensive review of toxicological literature, EPA 

developed more defensible values for the Final BERA. 

7 1-23 Wildlife TRVs presented in Appendices 3 and 10 EPA agrees the overall approach is generally conservative but 
were substantially different. Because the uncertainty NOT overly protective. Most extrapolations have total uncertainty 
factors in Appendix l 0 are conservatively biased, they factors <5 and almost all are <IO. The most uncertain ofTRVs 
were intended to be overly protective. This can be are the arsenic values which have the least toxicity information. 
useful as a screening tool. EPA will require more biomonitoring during RD/RA to address 

this uncertainty and either confirm or contrast modeled 
predictions. 

Issue: Food Chain Model 
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7 1-20 The model is highly uncertain. and uses questionable A comparison of plant BAFs used at other Montana Superfund 
BAFs derived from "site" and literature data. The sites shows that the values proposed in the BERA were lower by 
plant BAF is based on four collocated plant and soil one to two orders of magnitude, for example, that those developed 
samples collected along Warm Springs Creek, and are by ARCO for use at the Clark Fork River. Following ARCO's 
not representative of the site. The data set collected recommendation to use site-specific data, EPA recalculated BAFs 
by EPA in 1995 is not used to establish soil to using the 1995 Survey data. It must be clarified here, however, 
vegetation BAFs. that the BAF represents total metals to evaluate exposures to 

herbivores eating the plants. These BAFs were calculated from 
plants that were not washed. 

7 1-21 ARCO prescntS graphs showing site data vs. surface ENSR toxicologists presented confusing figures in graphs 12-16 
soil concentrations and the white tail deer LOAEL to with no documentation and erroneous data presentation, 
show the magnitude and duration of exceCdances. preventing an adequate response by EPA. 

7 1-23 BAFs do not account for the well-known relationship As presented in Appendix B of the ROD, for the re-evaluation of 
between the variation in bioregulated metal uptake as the food chain model, plant BAFs were recalculated using EPA's 
a function of soil concentration. and the assimilation I 995 Survey data while small mammal and invertebrate BAFs 
of COCs by receptors is assumed to be I 00°/o. were adapted from those suggested by ARCO for use at another 

Superfund site in Montana Where statistical analyses indicated 
Site data on gut contents versus feces could have been variability in uptake, the appropriate regression equation was used 
collected by EPA to determine the percentage of for the BAF based on the soil concentration. If uptake did not 
assimilation for each metal. By relying exclusively on appear to be variable, the mean BAF was used. 
screening assessment tools, EPA has not advanced the 
assessment beyond the screening level. EPA disagrees that such a crude level of investigation would truly 

answer the question ofbioavailability, and believes much more 
sophisticated investigative techniques would be required. For 
example, true control animals would have to be obtained and 
administered a known dose; mass balance distribution of metals 
throughout blood, tissues, urine and feces would then have to be 
calculated. Studies to this level of specificity are not required to 
make remedial action decisions, but will ultimately be addressed 
in the biomonitoring program. 

Issue: Assessment of Risks to Vegetation (General) 

2 3 COM Federal has made a good faith effort to Data collected using different methods were not used in a 
incorporate existing data, and the effort will be more quantitative way. It is worth noting here that as early on as the 
comprehensive in the BERA using the recently PBERA, ARCO recognized EPA's efforts to use site-specific data 
completed data compilation by PTI. However, use which continued and was expanded upon in later drafts. However, 
care in comparing data collected using different one of the most recent ARCO reviewers (ENSR) suggested that 
methods or over different areas to conditions in little site-specific data was used and represents an inconsistent 
specific V As. position taken by different contractors for ARCO and complicates 

EPA's ability to respond in a consistent manner to the PRP, 
ARCO. 

2 3 Discussions of the ERA for Strcarnside Tailings EPA recognizes that Strearnside Tailings conditions are different 
should focus on data and conclusions specific to the from Anaconda riparian areas, and were therefore not 
reach of Silver Bow Creek within the ARWW&S extrapolated. 
OU, since that reach is significantly different from 
upstream reaches in tailings and vegetation 
distribution. 
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2 3 Plant community effects levels should be discussed as EPA agrees that the PCEL information presented by ARCO in 
a method of screening soil phytotoxicity in riparian PTl's report is a valid analysis in terms of the riparian areas of 
areas, since these were developed using a regional Anaconda. PCEL quantification was not done, however, soil data 
data set. from the PT1 report was used to compare concentrations with 

EPA phytotoxic ECs and in the Final BERA, the results of the 
PCEL were qualitatively discussed. Page ES-20 of the Final 
BERA states: "In addition, diverse and productive plant 
communities are found within the portions of the riparian areas 
identified as potentially at risk to phytotoxic effects of COCs in 
soils and are believed to be the result of the positive effects caused 
by other soil physicochemical attributes such as high soil moisture 
content, organic content, and plant available nutrients". In effect, 
EPA's CPSA model validated PTI PCEL models in that metals 
and pH affect biomass and taxa richness. Also see responses in 
Sections llC and E. 

2 8 ARCO disagrees with EPA's interpretation of EPA did not interpret Keammerer's conclusions, rather, raw data 
Keammerer's conclusions regarding plant growth on was evaluated and it was concluded that metals, low pH, and 
Mount Haggin. organic matter content could potentially impact plant growth. 

2 9 The area east of the airport becomes more mesic, vs. Comment noted and concurred. 
more xeric, as stated in the PBERA Supplement. 

2 IO ARCO disagrees that soil compositing from 0-12 Long-standing plant growth may be evaluated by 0-12 inch 
inches would dilute the exposure of metals from samples, however, to assess phytotoxicity in terms of seed 
surficial soils. They point out that data from surface germination, growth, and establishment, the 0-2 inch samples are 
vs. rooting zone samples should be applied to most pertinent to reproductive parameters. EPA agrees that deep-
different aspects of plant phytotoxicity. Further claim rooted species will not necessarily be affected by surface soil 
that elevated metals or low pH near the surface may contamination. ARCO's observation is consistent with EPA's 
not deter reproduction and success of all but conclusion, that sexually reproducing plants have limited 
shallowly rooted grasses and forbs. establishment because of surface soil contamination, while well 

established plants may reproduce vegetatively in spite of surface 
contamination. 

2 12 Additional data from ARCO regarding vegetation EPA notes and agrees with ARCO that during the PBERA, data 
condition on north-.and south-facing slopes and the from other reclaimed areas were not identified and discussed. 
southeast comer on the dikes of Anaconda Ponds However, these areas help support the conclusions in the Final 
should be included in the analysis. BERA that vegetation can exist in areas only with extreme 

restoration modifications to soils with pH and lowered 
bioavailability of metals. Future biomonitoring programs will 
include these reclaimed areas. 

2 12 ARCO's evaluation of long-term vegetation EPA notes and agrees with ARCO that during the PBERA. data 
monitoring and ARTS plots ori Smelter Hill should be from other reclaimed areas were not identified and discussed. 
included in the analysis. However, these areas help support the conclusions in the Final 

BERA that vegetation can exist in areas only with extreme 
restoration modifications to soils with pH and lowered 
bioavailability of metals. Future biomonitoring programs will 
include these reclaimed areas. 

s vi The bioavailability of arsenic and metals is not Bioavailability is addressed indirectly as a function of ECs noted 
addressed in the Draft Final BERA. in the East Helena studies and their inherent reflection of levels of 

available metals exposed to plants. EPA recognized that this was 
not si.te-specific, and therefore included dosing studies conducted 
by state NRDA teams with Anaconda soils in an attempt to 
recognize factors on the site affecting bioavailability. 
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7 1-11 Dialog between the risk manager and the risk assessor In the past, and currently, dialog with risk managers and risk 
should have resulted in the development of more assessors did occur and is occurring between EPA, EPA 
appropriate risk assessment questions under contractors, and ARCO managers and scientists. EPA has 
CERCLA, particularly in reference to recovery rates. recognized that areas under natural recovery need to be 

considered. Some of the questions raised by ENSR toxicologists 
will need to be addressed during the biomonitoring program 
currently under development with ARCO input. Funhermore, this 
is yet another example how multiple contractors from ARCO have 
given inconsistent input for regulatory consideration. 

6 7-8 Inappropriate soil depths were used (0-2 inches) in EPA disagrees. The State's phytotoxicity tests were based on 
the State's phytotoxicity studies. Plants are exposed early seedling growth studies, conducted over a two week period. 
at greater depths, where concentf!ltions are lower. and evaluated germination, shoot height, root length, shoot mass, 
Therefore, exposure to plants is overestimated. root mass, and total plant mass as endpoints. Germination and 

early seedling growth occur in surficial soil, not soil at greater 
depths. Also see response in Section HA. 

Issue: Assessment of Risks to Vegetation (Non-chemical Stressors) 

I 2 The PBERA does not discuss adverse effects of S02 A discussion of other non-chemical stressors was included in the 
emissions, logging practices, forest fires, and the PBERA, the PBERA Supplement, the Draft Final BERA, and the 
resultant erosion of topsoil and subsoil as significant Final BERA. Most of this discussion was based on information 
historical stressors. gathered in 1995 to fill these data gaps in response to ARCO 

concerns. See responses in Sections IIC, E, and G. 
More attention should be given to the possible effects 
of these stressors so that impacts are not confused 
with potential impacts from metals in soil. 

I 8 ARCO disagrees with the use of the 20-year-old . The Olson-Elliot map was completed with data 30 years after peak 
Olson-Elliott map (completed when the smelter was S02 emissions (as noted in ENSR comments to EPA in January 
in operation) of stressed vegetation likely due to S02 1998) and used as weight-of-evidence that the area has not 
emissions. improved dramatically after nearly 20 years following the end of 

sulfate emissions. It could be argued that this information, in fact, 
suppons the hypothesis that although S02 emissions may have 
initially devegetated the landscape, high metals concentrations 
may still be limiting gennination and establishment. 

I 9 Discussion of non-chemical strcssors in PBERA is EPA agrees with ARCO, and therefore, greater discussion of other 
inadequate, and should not be deferred until non-chemical stressors was included in the PBERA Supplement, 
evaluation of remedial alternatives. the Draft Final BERA, and the Final BERA. Most of this 

discussion was based on information gathered in 1995 to fill these 
data gaps in response to ARCO concerns. Also see responses in 
Sections llC, E. and G. 

I 9 In the discussion of historical, non-chemical stressors, In the Final BERA, EPA did consider other factors having an 
there is no discussion in the PBERA of many years of adverse effect on plants and identified those factors having the 
S02 emissions and resultant soil erosion, or that this major influence on plant growth (see BERA Table 5.1-6). Also 
is a data gap that could be addressed by reviewing see responses in Sections llC, E, and G. 
historical data on vegetative effects. 

6 3 Non-COC parameters that contribute to plant stress, EPA disagrees. Both a quantitative (soil ECs) and semi-
such as soil and landscape characteristics, should quantitative (CPSA model) approach was taken to an appropriate 
have been semi-quantitatively evaluated. level of scientific inquiry with available techniques. Effects from 

soil erosion resulting from several historical factors were 
semiquantitatively analyzed in the CPSA model (see Table 5.1-6) 
by including endpoints of top soil estimates, percent organic 
matter, etc. Also see responses in Sections llC, E, and G. 
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6 3 pH affects bioavailability of the COCs, and hence, In the Final BERA, EPA considered pH levels. along with other 
affects the toxicity of metals in soils. Soil pH is factors, in the assessment of vegetative risks. It is important to 
inadequately characterized in the BERA, and note that Dr. Menzie is uncertain about kriged estimates of pH. 
confounding results of pH studies arc not considered However, EPA used co-located measured values of pH and metals 
in analysis of phytotoxicity. concentrations.· More intensive collection of both metals 

concentrations and pH data is necessary to more adequately 
impact remedial decisions. Furthermore, most of the V As 
quantified with vegetative stress were neutral to basic pH. See 
response in Section llE. 

2 8 ARCO requests mention of the use ofbroadleaf Comment noted, and was addressed in Final BERA. 
herbicides to control knapweed in the North Hills, 
and a discussion of grazing pressures. 

3 I The assessment of risks to vegetation from metals in In the Final BERA. EPA did consider other factors having an 
soil is confounded by previous operational conditions, adverse effect on plants and identified those factors having the 
physical disturbance, and poor soil conditions. major influence on plant growth (see BERA Table 5.1-4). EPA 
Although the Draft Final BERA acknowledges the disagrees that it is possible to address all these factors in a 
importance of these factors, it does not address them quantitative manner. Also see response in Section II. 
in a quantitative manner. Instead, the BERA 
presumes that risks are related to metals in soil, and 
proceeds to interpret observations and estimate risks 
on this basis. 

5 ii The Draft Final BERA concludes that vegetation In the Final BERA, EPA did consider other factors having an 
conditions are due to phytotoxicity from metals in adverse effect on plants and identified those factors having the 
surface soil, based on analysis of spatial distribution major influence on plant growth (see BERA Table 5.1-4). EPA 
of bulk metals in soil to areas of poor vegetation disagrees that it is possible to address all these factors in a 
growth and bare ground. These spatial relationships quantitative manner. Also see response in Section II. 
are weak, and EPA failed to analyze relationships 
between other environmental factors and vegetation 
condition. 

5 iii ARCO's spatial analysis of the 1995 survey data These results are not unexpected since these parameters are some 
shows that the BERA phytotoxic benchmarks arc poor of the major soil factors that affect plant growth in general. As 
predictors of vegetation condition; bulk presented in the BERA, EPA believes that total vegetation canopy 
concentrations of metals arc not correlated with coverage and production (which arc not appropriate indicators of 
vegetation condition; soil properties such as plant community and habitat health) in some areas of the site are 
potassium, organic carbon content, topsoil condition, controlled primarily by soil factors other than COC 
and cation exchange capacity correlate significantly concentrations. It should be noted that ARCO found significant 
with vegetation parameters; for some areas of the site, and positive correlations between topsoil condition (which 
poor vegetation condition may reflect poor soil includes whether the topsoil has been eroded) and plant canopy 
quality or grazing, rather than phytotoxicity; and in coverage and production. This is important because the loss of 
some areas, metals. poor soil moisture, and topsoil topsoil from steeper areas of the ARWW&S OU is believed to 
erosion coincide with poor vegetation quality. have been caused, in part, by the elimination of vegetation through 

the deposition of smelter emissions. The resultant lack of topsoil, 
by itself, is a primary reason why some of these areas have not 
been able to recover floristically. The lack of topsoil continues to 
present a potential risk to the germination and growth of native 
seed from the surrounding areas. Elevated soil COC 
concentrations in these areas may also be contributing the stress of 
seedlings. 

This situation is acknowledged in detail in the BERA and is 
discussed above. Table 5.1-4 of the BERA indicates that soil 
COC concentrations arc likely not having a negative influence of 
vegetation in VA2A (North Hills) and VAIS (East Hills). 
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5 iii (Continued from above) (Continued from above) 

EPA acknowledges this situation in the BERA, but also believes 
that the soil COC concentrations in these areas are high enough to 
have a significant negative impact on the growth and development 
of the vegetation (see BERA Table 5.1-4). Each of these areas 
had soil COC concentrations that exceeded at least one of the high 
(liberal) phytotoxicity benchmark values; in some cases most of 
the high arsenic and metal benchmark values were exceeded (see 
BERA Table 5.1-5). 

Future biomonitoring with application of the LRES will be taking 
these factors into account with more spatially specific detail. Also 
see response in Section II. 

5 2 Although the Draft Final BERA acknowledges the This comment is contradictory to comments by Dr. Menzie listed 
importance of environmental factors, other than above that EPA did not recognize other environmental factors 
metals, on plant growth and community structure, it influencing plant growth and community structure. 
does not address them quantitatively. 

5 29 Soil properties, such as potassium, organic carbon These results are not unexpected since these parameters are some 
content, topsoil condition. and cation exchange of the most basic and major soil factors that affect plant growth in 
capacity correlate significantly with vegetation general. However, EPA does not recognize how this directly 
parameters. supports the hypothesis that metals are not having an effect 

because of the lack of a 2-dimensional correlation between 
vegetation communities and arsenic and metals. 

5 29 For some areas of the site, poor vegetation condition EPA concurs that there are areas, such as the North Hills and East 
is likely the result of poor soil quality and/or physical Hills, which have negative soil characteristics (other than metals) 
stressors, such as grazing. and physical stressors impacting vegetative growth and 

community structure, and as such, using the CPSA model, these 
areas have been removed as an area of concern for the remedial 
design. 

5 29 In some V As, metals, poor soil moisture, and topsoil EPA concurs. In the CPSA, however, the relative impact of 
erosion coincide with poor vegetation quality. metals contamination was used to distinguish if vegetative stress 

was influenced by metals or other soil parameters. 

5 9 ARCO's analysis of the 1995 field data indicate that These results are not unexpected since these parameters are some 
soil quality is correlated with the vegetation condition of the most basic and major soil factors that affect plant growth in 
at the site, and there is little evidence that a negative general. However, EPA docs not recognize how this directly 
(i.e., phytotoxic) effect of soil metal concentration on supports the hypothesis that metals are not having an effect 
the plant community exists. because of the lack of a 2-dimensional correlation between 

vegetation communities and arsenic and metals. 

5 12 ARCO presents a series of tables providing their EPA agrees with the conclusion from these tables that using 
spatial comparison (by VA) of observed vegetation phytotoxic benchmarks alone are poor predictors of vegetative 
conditions of an area to the magnitude of chemical risk. However, EPA IS NOT basing remedial decisions solely 
and non-chemical stressors, and the predictive ability based on phytotoxic benchmarks. Phytotoxicity benchmarks were 
of the soil ECs. used to provide a general indication of areas where soil 

concentrations may be high enough to be phytotoxic under most 
environmental conditions. However, because of the myriad of 
environmental factors influencing vegetation, an integrated (plant 
stress) analysis was subsequently performed in the BERA. This 
approach considered soil physicochemical and other 
environmental factors in identifying ponions of the site most in 
need of remediation. Also see response in Section II. 
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7 

7 

7 

1-2 ARCO disagrees that current vegetation conditions 
are well-correlated with contaminant concentrations 
in soils, and claims little evidence that observed 
vegetation effects are caused by surface soil 
contaminants. 

ARCO further claims that EPA failed to fully consider 
the effects of S02 fumigation as a causative factor for 
soil conditions that influence vegetation condition 
and rate of recovery. 

1-7 ARCO feels that we used a priori assumptions as to 
the stressors responsible for the effects, and that we 
did not evaluate all possible stressors. They remind 
us that EPA guidance states that risk management 
policy an risk assessment are to be kept distinct 

1-10 EPA fails to review the literature on the effects of 
smelters on vegetation, and the relative importance of 
S02 and metals effects was not evaluated. Rates of 
recovery at other sites could have been used to 
evaluate the likelihood that the hypothesized stressor 
has caused the observed effects. 

ARCO misconstrued EPA's use of the tenn "correlated". EPA 
acknowledges that no clear and significant statistical correlation 
occurs throughout the site between arsenic and metals and 
landscape level plant community effects. EPA has agreed that 
there are afew areas with high metals concentrations with decent 
vegetative health. However, ARCO reviewers should be 
reminded that most of the areas with high metals concentrations 
above the high phytotoxic benchmark are sparsely vegetated or 
barren. Furthermore, EPA is taking these considerations into full 
consideration during remedial design and in the use of the LRES. 

EPA does not argue that S02 did not significantly impact the local 
environment in the past, but is evaluating current effects at the 
site. Once S02 fumigation had stopped, ecological recovery 
would be expected to occur. Also, if S02 was the primary factor 
influencing current vegetation conditions. site soils would show 
reduced pH. In actuality, most site soils are within the range 
typically found in southwestern Montana Also see response in 
Section IIG. 

EPA references ENSR toxicologists to the 1997 ERAGS Interim 
Final Guidance, pg. 1-9, Exhibit 1-2, which clearly delineates 
scientific management decision points to promote strong risk 
assessor and risk management communications. These 
communications occurred throughout the process. Again, EPA 
would like to point out the difference between non-program 
specific general guidelines for agency use that ENSR Toxicology 
cites and programmatic guidance used to develop the Final BERA. 
Also see response in Section II. 

EPA docs not disagree that S02 emissions may have originally 
caused dcvegetation on the site. However, the assessment 
addresses current vegetative risk conditions in a weight-of
evidence approach with what is known about phytotoxic 
concentrations of metals in soils and the historic impacts to draw 
meaningful conclusions about risk. Also see response in Section 
II. 

7 1-10 The BERA did not contrast the likelihood of exposure The Final BERA did not assess the loss of vegetation from past 

7 1-12 

and effects from S02 with that of effects from surface S02 emissions; it focuses on current stressors in the environment. 
soil metals. ARCO provides an example evaluation. 

By focusing on whether the system is at risk from 
COCs in the soil, the approach is inappropriate since 
it doesn't answer the question of what caused the 
observed effects. While possible stressors are 
identified, their likelihood of causing the effects is not 
evaluated. 

EPA disagrees with ARCO's fundamental approach that EPA is 
not to assess risks from COCs. The purpose of risk assessment 
under CERCLA is to identify contaminant sources, releases, 
pathways, receptors, and either observed or potential effects. The 
Final BERA has done just that. EPA has documented several 
times that there are other stressors which could have and are 
impacting vegetative health. It is the job of the RYFS process to 
identify potential risks from COCs to receptors that occur and 
could occur on the site. The bulk of the phyto-toxicological 
literature strongly supports EPA's position that COC 
concentrations in soils are high enough to potentially cause 
phytotoxic effects. These ECs arc from documents that have been 
peer reviewed (East Helena studies; CH2M Hill I 987a and b). 
These peer reviews are in the EPA Administrative Record and are 
therefore available for review. Furthennore, high phytotoxic 
concentrations (with the exception of cadmium) used in the BERA 
are more liberal than those used in the study. 
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7 1-12 (Continued from above) (Continued from above) 

The assessment addresses current vegetative risk conditions in a 
weight-of-evidence approach with what is known about phytotoxic 
concentrations of metals in soils and the historic impacts 10 draw 
meaningful conclusions about risk. See response in Section II and 
response to Document No. 5, pg. 12. 

6 2 Provide detailed info regarding the CPSA and how it EPA feels that the CPSA model was taken to the level of detail 
is used to identify areas of potential phytotoxicity due needed to identify general areas of phytotoxic concern. In the 
to COCs in soil or other factors. Remedial design process, more detailed information will be 

collected to make more detailed remedial decisions (LRES). See 
It appears that zones are defined by comparison of BERA Table 5.1.4 and response in Section HC. 
COCs to high and low soil ECs, w/o consideration of 
non-COC stressors. This is yet another example of contradictory comments by ARCO 

contractors. Menzie-Cura acknowledges that new data was 
BERA relies on screening level criteria to characterize collected to address data gaps identifying non-COC stressors, 
risks to habitats, and should incorporate additional while ENSR toxicologists state several times that the assessment is 
lines of evidence as part of a weight-of-evidence no more than a screening level assessment not addressing other 
approach. potential stressors than the metals contaminated soils. An 

observant review of the Final BERA will demonstrate that non-
COC stressors were adequately considered in the CPSA model. 
Furthermore, in the Remedial Design process, more detailed 
information will be collected to make more detailed remedial 
decisions (LRES) on nearly an acre-by-acre basis. 

EPA would request that ARCO identify the non-COC stressors not 
identified in the CPSA model (Table S.1-6) and suggest 
methodology to satisfactorily quantitatively assess their relative 
impact. See responses in Sections I, II, and V. 

6 2-3 There is insufficient rationale for basing quantitative See responses in Sections IIC, D, E, and G. 
risk estimates on soil concentrations ofCOCs, and 
there is no statistical analysis of correlation between 
the many stressors that may be affecting plant growth 
and health. 

6 s Spatial variability in soil pH is not adequately See responses in Sections HA and E. 
characterized. Variability in pH must be analyzed to 
examine its role in phytotoxicity. Hand contouring of 
soil pH may not be sufficient to characterize the 
spatial variability of pH at the site. In addition, the 
BERA assumes that soils in upland areas are always 
equal to or less than pH 6.S. The BERA ignores site-
specific data and overestimates phytotoxicity. 

7 1-7 The BERA fails to describe historic emissions and See response in Section llG and response to Document No. 7, pg. 
probable effects of S02• ARCO provides a graph of 1-2. 
estimated levels of emissions, and modeled estimates 
of areas of the site where historic concentrations 
exceeded thresholds of effects. 

7 1-7 Estimated and measured concentrations of S02 EPA agrees with this comment. See response in Section IIG and 
exceeded vegetation effects thresholds by orders of response to Document No. 7, pg. 2. 
magnitude over large areas surrounding the smelter. 
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7 1-7 The probability of acute and chronic effects to See response in Section HG and response to Document No. 7, pg. 
vegetation, given the duration and magnitude ofS02 2. 
concentrations. is exceedingly high. 

Sensitive plant receptors were continuously fumigated 
by high concentrations of S02 for over 80 years, and 
the probability of exposure was 1. 

7 1-8 EPA should have evaluated ifthe pattern of EPA did evaluate the patterns of smelter emissions as part of the 
widespread vegetation loss is more consistent with Site-Wide Fate and Transport of COCs as discussed in all phases 
S02 effects or surface soil metals levels. of the BERA, Smelter Hill RI Report, Regional Soils RI Repon 

The BERA should have applied an evaluation of 
and FS Deliverable #2. Historic emissions of S02 and metals do 
correlate. Current and future lingering physical soil effects from 

Hill's factors (in Suter 1993) in assessing the the S02 emissions are lowered pH. pH was measured and 
likelihood that factors other than metals caused the documented, and with the exception of areas directly around 
observed effects on vegetation at the site. Smelter Hill and the tailings piles, pH was relatively neutral to 

basic. As stated numerous times above, EPA does not dispute that 
The pattern of historic S02 exposure and metals S02 fumigation could have had as strong, or stronger an influence 
deposition are congruent, so patterns of specific on vegetation around Anaconda when compared to historic metal 
effects of one may not be easily distinguished from emissions. Phytotoxic ECs in the BERA were primarily focused 
the another. on endpoints and on the ability of plants for reestablishment of 

vegetation communities (germination rates, root growth, etc). To 
that end, the question of what historically impacted the area is less 
of a concern for CERCLA action than as to what factors would be 
currently limiting the ability of plant species to reestablish 
themselves on the Anaconda site. Within the same book and 
chapter cited by ENSR toxicologists (Suter 1993 ), the author also 
uses Koch's postulates as another example of how to apply 
environmental epidemiology in ecorisk. Below are the four 
postulates followed by text, in which one could also argue quite . strongly that metals are impacting vegetation on Anaconda: 

Koch's Postulate# 1: The injury, dysfunction, or other putative 
effects of the toxicant must be regularly associated with exposure 
to the toxicant and any contributory causal factors. The author 
cites other scientists who have stated "consistent conjunction 
(between cause and effect) may be difficult to demonstrate 
because measurement error or variation in the way that individual 
units respond to exposure may obscure a true conjunction" Suter 
goes on to state that responses of communities and populations 
may not always be sensitive enough to truly state that no true 
dose-response relationships are occurring because of the 
variability of intra- and interspccific responses of members within 
communities. Such is the case, EPA believes, with data sets from 
Anaconda. We do however know that most areas of high metals 
contamination are populated with more metals-tolerant species as 
compared to areas which have less metals contamination. 

Koch's Postulate #2: Indicators of exposure to the toxicant must 
be found in the affected organisms: 

On .Anaconda. elevated levels of arsenic and metals have been 
found as compared to reference sites. 
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7 1-8 (Continued from above) (Continued from above) 

Koch's Postulate #3: The toxic effects must be seen when normal 
organisms or communities are exposed to the toxicant under 
controlled conditions, and any contributory factors should 
contribute in the same way during the controlled exposures. 

On Anaconda, NRDA laboratory studies have indicated that 
contaminated site soils have effects on reproductive endpoints in 
plants dependent on pH and metals concentrations. 

Koch's Postulate #4: The same indicators of exposure and effects 
must be identified in the controlled exposures as in the field. 

On Anaconda, those species which are re-populating metals 
contaminated soils are rhizomatous species which reproduce 
vegetatively, below the relatively much more contaminated surface: 
soils. 

EPA agrees, and because of this very point, the BERA focused on 
current and potential risks. Also, it is confusing that ENSR would 
assert, without reservation, in most of their text, that S02 

exposures were the cause of vegetative loss while concurrently 
identifying the problem in making such a claim. In essence, where 
there was high S02 fumigation, there were also tons of metals 
released daily. 

7 1-9 Surface soil metals concentrations do not explain the See response to document number 7, pg. 1-8. Also see response 
observed patterns of vegetation effects, and the II. 
absence of a dose response for soil metals is 
significant. The strength of spatial correlation EPA encourages ARCO to pursue correlations with vegetative 
between effects, metals in soil, and historic S02 community endpoints with estimated releases of S02• Since 
should have been measured using GIS. ENSR has already successfully argued that historic S02 exposure 

and metals deposition are congruent so patterns of specific effects 
of one may not be easily distinguished from one another. it is 
anticipated that little correlation, if any, would be found. 

7 1-9 EPA should have discussed the overall pattern and See response to document number 7, pg. 1-8. Also see response 
magnitude of effects, the impacts to deeply rooted in Section II. 
long Jived trees, pH effects on contaminant 
bioavailability, and inhibited recovery in acid soils. 

7 1-9 The hypothesized cause is inconsistent with observed See response to document number 7, pg. 1-8. Also see response 
measures of effects. in Section II. 

7 J-10 The lack of correlation between measures of risk, Since ENSR has already successfully argued that historic S02 

to phytotoxicity benchmarks, and plant abundance and exposure and metals deposition are congruent so patterns of 
1-11 cover is very important. specific effects of one may not be easily distinguished from one 

another, it is anticipated that little correlation, if any, would be 
There is no clear metals stressor response gradient found. Also see responses in Sections I and Il. 
relationship. 
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Issue: Assessment of Risks to Vegetation (1995 Sampling) 

2 6 ARCO disagrees with our statement that "The 1995 What the State actually said was that spotted knapweed made up 
survey results are consistent with the State's data 27% of the total plant coverage on Smelter Hill. That is, the 
showing that spotted knapweed made up 27%ofthe Smelter Hill plant community was composed of27% spotted 
plant cover on Smelter Hill". The State actually said knapweed. The points being made on page 11 of the PB ERA 
that 27% of the sites on Smelter Hill were dominated Supplement reflect an accurate representation of the plant 
by spotted knapweed. communities on Smelter Hill. which are: I) PTl's vegetation data 

was collected in I 988·and does not accurately represent current 
vegetation conditions on Smelter Hill. In 1988. spotted knapweed 
may not have invaded Smelter Hill or 1988 could have been a low 
production year for this biennial species. And 2) The State's and 
EPA's data are similar in that they show that Smelter Hill is 
generally dominated by weedy species such as spotted knapweed. 

2 I More detailed information is needed in the PBERA Procedures for collecting and reducing vegetation and soil data are 
Supplement for the 1995 survey : site selection, soil described in the sampling and analysis plan prepared by EPA. 
sampling procedures, cover estimation, and PTI provided detailed oversight of EPA vegetation procedures in 
determination of plant productivity. the field; PTI field records will confirm that the procedures in the 

SAP were followed. Soil information and data were collected by 
PTI for ARCO. 

2 I In the discussion of the 1995 site survey, it should be During the survey, a reconnaissance of each VA was conducted by 
discussed that sites were not randomly selected, and trained scientists who established transects using best professional 
that detailed sampling information is available from judgement in areas that represented the major plant community. If 
only one or two sites within each VA. It is therefore major disparities in the vegetation within a VA were observed, 
impossible to determine if a site is representative of more than one transect was used in order to collect data that would 
the entire VA. This is not a criticism, but a be representative of the range of plant community characteristics 
recognition of the limits of the study when comparing within that VA EPA has repeatedly stated, and does so again in 
the data to other investigations. the final BERA, that vegetation results are generally representative 

of the major plant communities, but do not accurately represent 
the vegetation in all parts of every VA. The usefulness and the 
limitations of this approach are fully discussed in the uncertainty 
section of the final BERA. The commenter states that care must 
be exercised in comparing the 1995 EPA Survey data to that 
collected by other researchers at the site. This is true for any data 
comparison exercise. Comparisons of Anaconda data sets were 
carefully scrutinized by EPA prior to the release of the PBERA 
Supplement and the final BERA. The important points here arc 
that I) EPA's data are accurate characterizations of the major 
plant comminutes throughout the Anaconda site, 2) EPA's data 
are consistent (or the differences explainable) with respect to 
previous results collected by other researchers and, 3) other 
researchers will obtain similar results if they survey the plant 
communities in the areas evaluated by EPA. 

2 2 Within the PBERA Supplement, the text and tables Cover estimates made in the field were to the nearest percent; 
imply a level of precision far greater than is possible therefore, the results presented in the text and in Table 6 are 
using the Daubenmire method to estimate plant cover. accurate representations of the data collected in the field. They 

represent an average over the 10 Daubenmire quadrats on each 
transect. 

2 5 Example of reporting cover estimates to a greater See previous comment. 
degree than method warrants. 
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2 2 COM should clarify comparisons of site data from Because COM Federal scientists were aware of how results can 
1995 with previous data, attempting to use data from vary among researchers working on large sites such as the 
same areas for comparison, and noting factors ARWW&S OU, a thorough evaluation of the sampling methods, 
contributing to differences. sampling station location, precipitation patterns and frequency 

prior to vegeta&ion sampling, study objectives, and other factors 
was conducted before any comparisons were made between the 
1995 EPA Survey data and data from other studies at this site. 
EPA and COM Federal were very careful not to use the previously 
collected data unreasonably. To ensure this, the previously 
collected data and statements made by other researchers about the 
vegetation or habitat in any particular area were not used unless 
that information was consistent with results from the 1995 EPA 
Survey. Inconsistencies between data sets are thoroughly 
discussed in the PBERA Supplement and in the final BERA. As 
is pointed out in the comments, "COM has made a good effort to 
incorporate existing data", and this effort was more 
comprehensive and carefully refined in the final BERA. 

2 3 ARCO assumes that PTI field data will supplement In the field the COM Federal and PTI scientists conferred about 
the discussions of opportunistic sitings of wildlife and the opportunistic wildlife sitings; this information was recorded by 
plants, not along the transect, but in the vicinity of the COM Federal and presented in the final BERA. 
sites. 

2 3 Calculations of percent cover should be checked The raw data from all transects were used in calculating the mean 
where there are two sample sites per VA. (Example cover values for the V As that are presented in the un-numbered 
provided). tables in the text portion of the document. The figures have been 

re-checked and only minor discrepancies (e.g., rounding errors) 
found that do not affect data interpretation. 

2 6 Text should be revised to reflect recalculated mean EPA has re-checked calculations and they were not inaccurate. In 
cover values, per previous comment. the field, canopy coverage was estimated to the nearest percent, 

not within coverage classes. It is, therefore, appropriate to display 
the coverage values in the tables to the closest percentage. 

2 6 Comparison of plant productivity between Smelter The PBERA Supplement and the final BERA repeatedly 
Hill and undisturbed rangelands may not be acknowledge that disturbances from logging, fire, grazing, and 
appropriate. other anthropogenic sources all contributed to current ecological 

condition at the site. This will be abundantly clear to anyone who 
takes the time to thoroughly review these documents; the 
statements made in this paragraph are therefore not out of context 
as the comment suggests. 

2 6 A citation is needed for the native plant species The source of information on native species expected to occur and 
expected to occur at VA 17. present on Smelter Hill is contained in Mueggler and Stewart 

( 1980) and many of the other reports cited in the PBERA 
Supplement and in the final BERA, including reports from ARCO 
and their contractors. 

2 6 ARCO challenges the comparison ofEPA's and The comparison made is between the 1995 EPA Survey results 
ARCO's assessment of barren ground in VA17. and results from PTI's Rocky Bam:n/Bald and Horsebrush 

Shrubland types. These rangeland "types" are similar to areas 
within VA 17, even if some of these "types" happen to be found 
also in VA 18. Therefore, these comparisons are legitimate and the 
comment has no merit. 

2 6 ARCO disagrees that conifers in VA 18 were planted. Trees have been planted in portions of VA 18 lying adjacent to 
V A2 l. These plantings may have included conifers. 

2 7 A citation is needed here and in similar discussions Unnecessary - the source of the production figures for native 
regarding production figures for undisturbed rangeland in southwestern Montana is presented in numerous 
rangeland. (i.e., Mueggler and Stewart 1980). locations in the PBERA Supplement. 
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2 5 When discussing percent of each VA that is barren or EPA disagrees that the use of the tenns "more than" or "less than·· 
exceeds phytotoxicity thresholds, use imply a subjective bias. Moreover, the use of these tenns is more 
"approximately" rather than "more than", which accurate since the "approximate" percentages are not known. 
implies a subjective bias. Furthermore, substituting the term ··approximate" would not 

change data interpretation. 

2 7 In the discussion ofVA22 (portion of Stucky Ridge), The discussion in the PBERA related to the phytotoxicity of 
the discussion of State data should only focus on data Stucky Ridge soils is merely a reiteration of the results obtained 
from Stucky Ridge. {Also applies to comment 20 on by the State. The information presented in the PBERA is 
page 8) therefore an accurate summary of the State's beliefs regarding 

phytotoxicity on Stucky Ridge. 

2 8 ARCO wants conclusions re: the relationships Defining "robust phytotoxicity thresholds" is not attempted in 
between plant conditions and soil metals these paragraphs nor in other places in the PBERA Supplement. 
concentrations in VA 16 to be postponed until the This text merely brings forth the results ofKeammerer's and 
results of the ecological risk analysis, including data Redente's work and discusses in a balanced and rational way how 
from 1995 survey, are completed. Neither the those results may be related to the observed structure of the 
Keammerer nor the Redente data, nor the data existing plant communities. 
presented by the MNRDP, define robust phytotoxicity 
thresholds. 

2 9 Several 1995 survey sites were misplotted on Plate I These have been checked and corrected for the final BERA. 
in the PBERA Supplement. 

2 8 There is insufficient data to support the statement that The discussion about the vegetation .in VA 15 implies that the 
one transect is more representative ofVAl5. The researchers believe that the vegetation data from transect 15-2 is 
possibility of historically high grazing pressure should more indicative of the general condition of the vegetation within 
also be discussed. this VA than the data from transect 15-1. This is absolutely true. 

Many miles of rangeland were surveyed in traveling to and from 
these two sampling points and it is the researchers professional 
opnion that most of the land observed is in poor condition {i.e., 
has low composition of perennial species, high percentage of bare 
ground, and low plant species richness). Effects on the plant 
communities in VA 15 from land-use practices such as intensive 
grazing is discussed in the final BERA as the probable major 
cause of poor vegetation condition in portions of this VA. 

IHue: Assessment of Risks to Vegetation {Natural Resource Damage) 

2 5 ARCO provides rebuttals to State's claims that ARCO One of the purposes of the Supplement was to present the data, 
utilized methods to overestimate quality and quantity results and researcher opinions on the natural environment at the 
of vegetation and wildlife in impacted areas, and feels Anaconda site. This was done in a balanced manner to give the 
the PBERA Supp.lement should have evaluated these reader a complete picture of current environmental conditions. 
criticisms in light of the NRDP investigations. The statements in the Supplement that ARCO is referring to are 

simply a reiteration of what the State consultants said in their 
report. The State believes that the ARCO consultants may have 
biased their sampling in a way that overestimates the quality of the 
habitat and the use of these areas by wildlife species. Also 
presented in this part of the Supplement are opinions by ARCO's 
consultants regarding, what they believe, are biases in the State's 
approaches to interpreting environmental cause and effect 
relationships at the site. In short, both sides of these 
environmental questions were presented in the Supplement. 

2 7 The discussion of VA 19 does not include any Following the initial reconnaissance of the operable unit in the 
infonnation from the State or ARCO NRDP surveys. summer of 1995, EPA and ARCO decided that VA 19 would not 

be surveyed because on the great abundance data available for that 
area, and because it was unlikely that major reclamation work 
would be conducted in this area because of the very good cover of 
Great Basin Wildrye. Therefore, the authors of the Supplement 
made a conscious decision to limit the discussion of vegetation 
conditions in this VA. 
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2 7 The concerns voiced by the State do not invalidate the Again, information from both the State's and ARCO's contractors 

use of Redente's data in the Supplement. are presented in the Supplement, in conjunction with data from the 
Funhermore, Redente presents limitations with the 1995 EPA Survey, to provide a balanced picture of environmental 
State's phytotoxicity investigation that should be conditions at the site. EPA has not implied, as is suggested by 
considered in the use of the State's data. ARCO's comment, that opinions voiced by the MNRDP 

"invalidate" the results of ARCO's contractor. On the contrary, 
Also applies to comment 24 on page 8. many of the conclusion and opinions of ARCO's consultants were 

corroborated by EPA's work at the site. 

2 7 ARCO wants language from the State that recovery of EPA believes that the State's statement is generally true; that it 
impacted soils would take hundreds or thousands of will take many years (perhaps hundreds or even thousands of 
years, that this is a misinterpretation of the NRDP years) to reestablish the nutrient cycling dynamics in the soils of 
regulations. the Anaconda area to levels capable of supponing diverse 

assemblages of plants and animals unless some type of remedial 
intervention is taken. Some ecosystems in the Anaconda area 
have already shown substantial regeneration, but in other areas the 
natural regeneration has been very slow or is not evident. For 
these areas, some type of active intervention is required to prevent 
the continual movement of COCs. Land reclamation alternatives 
seek to do this by accelerating the reestablishment of plant and 
animal systems. 

2 2 Much data collected prior to 1995 was collected to From the beginning of the risk assessment process EPA was aware 
respond to allegations of natural resource damage. that all previously collected data and information would have to 
Questions pertaining to natural resource damage may be screened for applicability in assessing risk using EPA guidance. 
differ from those pertaining to ecological risk. ARCO EPA desired to use, to the extent possible, all existing data in 
expens have pointed out limitations in the approach order to be cost effective during this process. To this end, the 
taken by MNRDP that were not ponrayed in the Supplement was used as a forum to present the existing data and 
PBERA Supplement (examples provided). information along with newly collected environmental data, and 
Conversely, the supplement clearly points out did so in a balanced and unbiased way. As pointed out in 
criticisms against ARCO. previous responses, the Supplement presents the data and 

conclusions by the State and ARCO that relate to environmental 
penurbations, current ecological risk, and the potential for the 
recovery of ecological systems. EPA' s conclusions regarding 
existing and potential risks to the flora and fauna at the Anaconda 
site are throughly presented in the Final BERA and this 
Responsiveness Summary using site-specific data and EPA-
approved risk assessment methodologies. 

7 1-17 It is unusual that risks to wildlife are given a One reason that it may appear as though the risk assessment 
secondary role in an ERA. EPA 's approach follows focused on vegetation is that vegetation traditionally takes a 
the State's NRDA injury assessment where injury to secondary role to wildlife in risk assessments. In the case of the 
vegetation is alleged to be due solely to metals Anaconda risk assessment (Final BERA), vegetation and wildlife 
phytotoxicity. were given equal attention. As discussed, the Supplement was 

used to present the data and conclusions from past environmental 
investigations, while the Final BERA relied upon the use of EPA 
guidance and site-specific data. 
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Issue: Assessment of Risks to Aquatic Ecosystems (General) 

I 6 The comparison of instantaneous grab samples to EPA agrees in principle that grab samples can be uncertain. This 
surface water A WQCs is uncertain, since the A WQC uncertainty is identified in the Final BERA on page 5-143. 
is based on a 96-hour average. 

2 3 ARCO reiterates their comments on the PBERA, and All of ARCO's comments regarding the assessment of aquatic 
states that they have still not been addressed by the risks from surface water and sediments were addressed in the Final 
PBERA Supplement (i.e., concerns regarding BERA. Specifically, while NOAA sediment guidelines were used 
sediment ECs; recent WERs were not used, and the as sediment ECs in the screening-level assessment and the 
ones used were applied incorrectly; risks should be PBERA, they were no longer considered in the Final BERA, due 
based on dissolved concentrations; method for to limitations in their use. Instead. regional/site-specific data 
calculating dissolved A WQCs is not the current developed by Ingersoll et al., (1996) were used as sediment ECs in 
method.) Figures and conclusions will need to be the Final BERA. Further, the BERA made an effort to use site-
revised. ARCO requests that these problems be specific data and to provide infonnation regarding a full range of 
addressed before the Final BERA. potential effects. To this end, the WER data developed by ARCO 

(ENSR 1996) were used and applied correctly in the BERA. 
Finally, EPA did assess risks to aquatic receptors based on 
comparison of dissolved metals in surface water to the surface 
water ECs. We also chose to evaluate potential risks based on 
total metals in surface water, to characterize a range of potential 
risks. The method used to calculate dissolved A WQC is the 
current method, as published in the May 4, 1995 Federal Register. 

7 1-17 Remediation to protect against theoretical risks to This is a confusing statement when the proposed plan has outlined 
aquatic receptors is not warranted when site data very little remedial action directly focused on aquatic risks. The 
document no adverse impacts under current primary remedial action of revegetation is aimed at protecting site 
conditions. streams from overland runoff of metals in the site water bodies. 

Also see response in Section IV. 

Issue: Assessment of Risks to Aquatic Ecosystems (Fisheries) 

I 3 Interviews do not provide quantitative data for lnfonnation obtained from interviews was used to qualitatively 
characterizing risk. In particular, although healthy characterize risks, and was not used in a quantitative manner. 
self-sustaining fisheries were reported to exist Further, it is true that EPA did not conduct fish population or 
upstream of Anaconda, no data were presented to reproduction studies in lower reaches of Anaconda rivers. 
show that lower reaches do not provide conditions However, exceedances of a variety of surface water ECs in 
supportive of fish spawning and rearing. portions of these lower reaches show that some stretches would 

not be supportive offish spawning and rearing. 

I 8 It is inappropriate to use A WQC and sediment ECs as It is not inappropriate to use surface water and sediment ECs to 
measurement endpoints, actual status offish evaluate the potential for risk to aquatic receptors. Information 
populations provides more evidence regarding from additional studies, such as population studies or toxicity 
whether there are adverse effects on these studies, can be considered in a weight of evidence approach to 
populations. evaluating the potential for such risks. 

2 4 Both the Supplement and the PBERA place undue See above. In addition, ARCO's comment is misleading by 
emphasis on the use of sediment and water ECs as stating " ... while downplaying the fact that the creeks in the area 
predictors of risk, but downplay the fact that the support viable fish and benthic communities that do not appear to 
creeks support viable fish and benthic communities be affected by metals toxicity." This may be true for certain 
that do not appear to be affected by metals toxicity. stretches of certain streams, but site-specific macroinvertebrate 

surveys have shown that certain portions of the streams in the 
Anaconda area demonstrate adverse impacts to benthic 
macroinvertebrate communities from exposures to metals. 

2 11 Citation needed to support statement about decline in The information was stated as such from a direct interview with 
health of fishery in Warm Springs Creek. state fisheries biologist Wayne Hadley. No data was available for 

quantitative analysis. The statements were made from Wayne 
Hadley's professional judgement. 
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7 

7 

1-3 No evidence is provided in the BERA that documents 
that metals and arsenic are currently causing adverse 
impacts or pose an unacceptable risk to aquatic biota. 
They cite data that show that under present 
conditions, the streams support a diverse and 
abundant benthic macroinvertebrate community and a 
self-reproducing viable trout population that meets or 
exceeds conditions in other regional streams. 

1-13 The weight-of-evidence overwhelmingly documents 
that current conditions are not having an adverse 
impact on aquatic biota at the site. 

ARCO provides tables showing brown trout data and 
macroinvertebrate data 

ARCO provides table indicating that the 
macroinvertebrate community composition of 
Anaconda streams is not significantly different than 
reference streams. 

ARCO's comment is misleading to state that "No evidence is 
provided in the BERA that documents that metals and arsenic are 
currently causing adverse impacts or pose an unacceptable risk to 
aquatic biota" In fact, comparisons of surface water and sediment 
concentrations to nationally accepted and regionally-based effects 
concentrations show the potential for risk to aquatic receptors in 
certain stretches of streams in the Anaconda area. Further, ARCO 
reviewers appear to have not read the uncertainty section that 
explains the uncertainties associated with using a single survey for 
5 of the 6 sampling stations. While conclusions may indicate that 
the benthic macroinvertebrate community is unimpaired, a single 
snapshot in time may not reflect long-term health of the 
macroinvertebrate community for each stream segment surveyed. 
It is therefore, inappropriate to make a broad-brush statement that 
" ... the creeks support viable fish and benthic communities that do 
not appear to be affected by metals toxicity." While aquatic 
habitats are not considered to be the habitats most at risk for this 
site, this does not preclude the weight of evidence that supports a 
potential risk to aquatic receptors in certain portions of the site. 

See above comment. In addition, ARCO's comments using 
brown trout as an example are misleading. Brown trout have been 
shown to tolerate warmer and more turbid waters than rainbow 
trout, and are a little less sensitive to metals (e.g., copper) than 
rainbow trout. The goal is not to ensure survival and growth of 
brown trout, but to support a fishery habitat that is conducive to 
the survival of other species as well. 

Issue: Assessment of Risks to Aquatic Ecosystems (Total vs. Dissolved) 

I 5 Risks are calculated using total concentrations in EPA calculated risks based on both total and dissolved, 
surface water, which is not an appropriate measure of recognizing that dissolved is more representative of the 

3 

the bioavailable fraction. Risks should only be bioavailable fraction. Total concentrations were also considered 
calculated based on dissolved concentrations. as a way to evaluate potential risks from sediment contamination 

and food chain exposures. 

7 The BERA should not evaluate aquatic risks using 
total concentrations of metals in surface water. 

EPA calculated risks based on both total and dissolved, 
recognizing that dissolved is more representative of the 
bioavailable fraction. Total concentrations were also considered 
as a way to evaluate potential risks from sediment contamination 
and food chain exposures. 

Issue: Assessment of Risks to Aquatic Ecosystems (Sediments) 

6-7 ARCO challenges the weight-of-evidence 
consideration of sediment ECs used in the PBERA, in 
that the NOAA ERLs and Ingersoll NECs should not 
be given equal weight. Further, Ingersol states that 
the use ·of his values should be for screening, not for a 
definitive assessment of the toxicity of sediments. 

Sediments, like surface water, were never found to have a 
magnitude of risk necessary for further study. In the Final BERA 
and ultimately in the proposed plan, aquatic risks were realized 
not to be risk drivers and responsible for remedial action. 
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I 3 COM Federal used Milltown sediment data to Sediments, like surface water, were never found to have a 
generate NEC values, which may be useful in magnitude of risk necessary for further study. In the Final_ BERA 
screening, but are overly protective for an assessment and ultimately in the proposed plan, aquatic risks were realized 
of true ecological risks. Using the same data, PTI not to be risk drivers and responsible for remedial action. 
developed LOAELs, which may be a more 
appropriate predictor of true toxic effects. To 
evaluate the bioavailable component, ARCO suggests 
correcting for the acid volatile sulfides and organic 
carbon in the sediments to assess partitioning of 
metals between sediment and pore water (pore water 
concentrations should be used to assess risks). 

I 8 ARCO challenges COM Federal's use of Essig and Dan McGuire collected site data in an attempt to reduce the 
Moore data from Clark Fork River and Silver Bow uncertainty in this data gap. Also, this comment is directly 
Creek to develop NECs. Inappropriate to extrapolate contradictory to ENSR's reassessment of aquatic risks in which 
from conditions in Silver Bow Creek to creeks in · data from Clark Fork River was extensively used. Again, it is an 
Anaconda area, since macroinvertebrates in Silver example of ARCO's contradictory positions taken by different 
Bow Creek are known to be affected by stressors (i.e .. contractors and presented to EPA. In McGuire's report. the only 
ammonia) other than metals. Plus, other reach that suggested only moderate impacts from metals was from 
characteristics related to spatial and temporal lower reaches of Warm Springs Creek. In the Final BERA, the 
differences in the invertebrate and sediment chemistry uncertainties in using data from a single survey were discussed. 
samples provide very weak evidence of sediment 
toxicity. 

2 11 Attributing-differences in the benthic community of EPA disagrees with this statement, and further rebuttal is not 
Warm Springs Creek to "metals pollution" is purely possible without further explanation of ARCO's position. 
conjectural. 

7 1-14 ARCO states that their evaluation of McGuire's data ARCO points out that EPA guidance recommends against using 
shows, by weight-of-evidence, that impacts to benthic synthetic indices, yet ARCO uses the biointegrity score in 
organisms are not occurring, even though McGuire's comparison to sediment and surface water concentrations to 
synthetic biointegrity scores may indicate support their statement that impacts to benthos are not presently 
impainnent. occurring. EPA even states that impairment seems to be 

diminishing. McGuire's data do not suggest severe impairment 
and the Final BERA never stated such. 

Issue: Assessment of Risks to Wildlife (General) 

I 1 The PBERA evaluated risks in nine wildlife use areas. EPA concurs, and this change was made in the BERA. 
then the focus changed to 20 subareas based on 
vegetation cover and condition, where the 1995 
sampling occurred. To avoid confusion, future 
discussions should focus on the vegetation areas. 

2 6 Citation needed when identifying species of special This comment was specific to the PBERA. EPA has since 
concern that could have occurred at the site. completed informal Section 7.0 consultation with the USFWS 

and, as a result of the consultation from Mr. Bill Olsen, the Final 
BERA was appropriately adjusted. See Final BERA citation 
labeled USDl/USFWS. 1997. Letter from K. McMaster to Julie 
DalSoglio. 
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7 1-18 The BERA wildlife risk assessment is incompletely Some of ARCO's recommended changes have been addressed in a 
documented, full of errors and inconsistencies, and re-evaluation of Appendix IO of the BERA (Appendix B of the 
demonstrates a fundamental lack of understanding of ROD). 
wildlife risk assessment. (five bullets provided as 
examples): The BERA as~ssment endpoint states: Protection of wildlife 

species by ensuring the COC levels in forage and surface water 
- assessment endpoint doesn't specify evaluation of are low enough to minimize health risks. ENSR is asserting that 

wildlife risk from ingestion of contaminated soil term forage may only apply to herbivorous species eating 
or prey, but the food chain model does this; vegetation. This is highly erroneous. It is been highly acceptable 

to refer to prey species by carnivores as forage items within the 
- assessment of relative risk does not report the diet. Furthermore, incidental ingestion of soil is part of a dietary· 

precise methods used or the calculated HQs or fraction and therefore part of the forage. ENSR attempts to 
His. In the mapping, the class of haz.ard factors 0 discredit the application of an assessment endpoint through the 
to 1.99 includes locations where relative risk does inappropriate use of semantics. 
and does not exceed background; 

As stated in the BERA, this comment is accurate, however. the 
- since the food web model includes estimation of map range statement should have read >Oto 1.99. See revisions 

forage tissue doses, the risks due to ingestion of in the re-analysis of wildlife risk models included in Appendix B 
. forage are not in addition to food chain risk (ES- of the ROD. 

24); 
Both forage assessment via the food web modeling and 

- the food chain risk from ingestion of plants is not comparisons of metal concentrations in vegetation were used for 
compared with the screening assessment of plant comparison to TR Vs for two independent approaches and were 
ingestion, and the plant tissue data collected in NOT additive. The food chain analysis confirmed estimates of 
1995 are not used in the food chain; risk that were completed through only estimates of forage and 

water. 
- possible risks to wildlife based on geometric mean 

soil concentrations indicate only nominal risks to The plant tissue data collected in 1995 was used to calculate BAFs 
wildlife, whereas the hazard factor approach in the additional re-analysis of wildlife risks mapping exercise. 
suggests that wildlife are up to 1000 times more at See Appendix B of the ROD. 
risk than in background sites. HQs from which 
HFs are calculated are not presented. These The geometric mean analysis was done early in the process when 
inconsistencies should have been resolved prior to limited comprehensive soils data were available. The text in 
publication of the BERA. These wildly different Appendix 3 of the BERA was meant to give some site history of 
assumptions and findings contribute to ARCO's decision making for focusing on vegetative receptors. Subsequent 
position that the Proposed Plan is not based on a to this initial analysis, further soil characterization (kriging, 
defensible finding of risk. completed in late 1996) was completed and more appropriate 

TRVs identified. Since the kriging process was completed at the 
latter end of the ERA process, EPA felt compelled in the BERA to 
reanalyze these endpoints and receptors in risk characterization. 
This represents a scientifically valid approach to using the most 
current and relevant site-specific data as the project progressed, 
not "wildly different assumptions and findings". 

Issue: Assessment of Risks to Wildlife (Wildlife Health) 

I 9 Identification of areas of concern for wildlife, based In the PBERA Supplement, EPA has addressed the reviews of 
on indicators of effects on plants, is unjustified. several ARCO wildlife population studies and those from the 
Wildlife populations on Stucky Ridge, Smelter Hill, State of Montana. The Olsen-Elliot line was not used to identify 
and Mount Haggin arc quite healthy. areas of risk for wildlife risk in the Final PBERA Supplement. 
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Issue: Assessment of Risks to Wildlife (Estimation of Risks) 

2 10 The ARCO reviewer attempts to clarify EPA 's Comment noted. 
description of PTI's report. ARCO disagrees with 
EPA's descriptions of risks to the kestrel when a 
conservative !Ox uncertainty factort\ras used in the 
TRV. 

7 1-5 The primary purpose of HQs based on NOAELs is to EPA agrees and further descriptions of both NOAELs and 
screen out COCs and receptors. A NOAEL HQ> I LOAELs are included in the re-analysis of the food chain model. 
does not quantify risk or indicate that exposures _will EPA clearly states in several portions of the document the 
cause effects. modeling effort was not intended for clear quantifiable measure of 

absolute risk. 

7 1-21 The screening level evaluation of risks from ingestion The BERA did not assess risks from ephemeral water bodies. 
of drinking water and vegetation have not been Furthermore, several bodies of water exceed drinking water TRV s 
confirmed to exist. This does not evaluate the within what could be considered a single receptor's home range. 
likelihood of risk or the likelihood of exposure. 

It is not necessary for EPA to document damage or effects, only 
EPA does not evaluate the size and seasonality of the that the potential for risk exists. 
potential wildlife drinking water sources and the 
likelihood of exposure. 

7 1-28 Evaluation of risk to wildlife receptors requires more Further re-analysis of the food chain model more clearly identifies 
than the rudimentary analysis set forth in the BERA. both relative and absolute estimates of risk to wildlife receptors by 
Thus, there is no basis for concluding current both describing geographic areas of concern as well as pertinent 
conditions pose an unacceptable risk to wildlife. pathways of exposure. Also, future biomonitoring will confirm or 

contrast modeling results. 

7 1-26 His are an inappropriate summary measure since In the re-analysis of the food chain modeling, maps were 
COCs at Anaconda have separate modes of action produced identifying the individual additions of risk from each 
affecting different organs and systems. chemical contributing to the HI. 

Issue: Assessment of Risks to Wildlife (Hazard Quotient Does Not Equal Risk) 

7 1-4 EPA's use ofHQs is not equivalent to risk. EPA has never claimed that the HQ approach is an absolute 
measure of risk, but rather, relative indications of potential risk. 

Actual ecological risk is related to the probability of Furthermore, the exercise is needed in order to appropriately 
effects given exposure to the stressor, and the design sampling events aimed at confirming or contrasting 
probability of exposure to the stressor. modeling results. Again, this was clearly stated several times in 

the Final BERA. 
Where site data demonstrate that the current 
conditions of exposure are not causing adverse 
effects, the risks are nominal. 

HQs and His are not measures of risk, and should not 
be confused with measures of risk. They are 
indicators of potential risk and possibly severity 
measures. 

7 1-27 The HQs and His ignore other important Currently, EPA is not interested in further defining modeled 
probabilities, such as exposure and source. (i.e., the parameters. Efforts will be spent to quantifiably measure 
probability that the entire diet of the receptor comes exposure and effects in wildlife species in the field during future 
from one 70-acre plot is likely to be less than one). biomonitoring programs. 
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Issue: Risk Mapping 

7 1-17 The screening tool invented by EPA for this The hazard factor may not have been clearly documented in the 
assessment, based on the so-called "hazard factor", is BERA. but all documentation from the mapping was entered into 
not properly documented, is shown to be the administrative record and furthermore, revisions of Appendix 
mathematically incorrect, and is not a measure of the 10 (i.e., Appendix B of the ROD) more clearly describe the 
relative potential for risk to wildlife from food chain documentation. EPA has checked calculations and as noted in 
exposures. Hoff comments above were not mathematically incorrect. EPA 

absolutely disagrees that this exercise is not a measure of relative 
risk from food-chain exposures. 

7 1-21 EPA provides a crude screening level RELA TJVE We agree and EPA never claimed in the BERA that is was much 
assessment of risk to wildlife for each kriged cell more than a screening level assessment for wildlife receptors. 
surface soil concentration versus background soil Clearly, the focus of ecological risk on the site and the majority of 
potential risk. proposed remedial focuses on vegetative risk. 

7 1-22 ARCO could not fully review the BERA since In the rewrite of Appendix 10 (Appendix B of the ROD), all the 
methodology or risk calculation and results of documentation will be provided for replication by independent 
exposure model were not documented. While the investigators of the technique. Also, it is again important to note 
components of the hazard factor approach are that this was meant to be a screening exercise for wildlife 
supposedly in the Administrative Record, it is receptors as the focus of the assessment was vegetative risk. 
ARCO's understanding that the Administrative 
Record may not have the correct assessment data It 
is inappropriate for EPA to have released a final 
document without this information. 

7 1-22 The HQs are based on a new set ofTRVs that include The text in Appendix 3 was meant to give some site history of 
conservative uncertainty factors, while the same food decision making for focusing on vegetative receptors. Subsequent 
chain model is used. to this initials analysis, further soil characterization (i.e., kriging, 

completed in late 1996) was completed and more appropriate 
TRVs were identified. Since the kriging process was completed at 
the later end of ERA process, EPA felt compelled in the BERA to 
reanalyze these endpoints and receptors in risk characterization. 
In Appendix IO. kriged soil coverages were used as comparisons 
to the geometric mean of the entire site. In the re-analysis of 
Appendix IO (i.e., Appendix B of the ROD), the food chain model 
was changed. 

7 1-22 The BERA only maps "hazard factors" based on the Comment noted. EPA has never claimed that the HQ approach is 
NOAEL. and not on the LOAEL. The BERA an absolute measure of risk, but rather relative indications of 
misuses this index to quantifying "relative potential potential risk. See Appendix B of the ROD. 
risk" when it infers this ratio is related to risk. 

7 1-26 The hazard factor approach to screening risk is This document uses several sources of information that has not 
apparently a new assessment tool, used here for the been peer-reviewed and published in the literature. Two such 
first time, and has not been subjected to peer review. examples are the WER data that were used and incorporated in the 

text, and Hayden-wing wildlife surveys that have not been 
published in peer-reviewed journals. It is not apparent to EPA 
why all data and techniques used in an ecological risk assessment 
must be peer-reviewed before they are useful in the document. It 
is worth noting that ENSR has previously stated that the 
phytotoxicity ECs are scientifically invalid, when indeed, these 
values, which were taken from East Helena studies were 
successfully peer-reviewed (sec attached). Therefore, it is EPA's 
conclusion that even if the technique had been subjected to a high 
level of peer-review, ENSR commenters would have still 
concluded that the technique was invalid in their opinion. 
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7 

7 

7 

7 

7 

1-26 The calculation of the HF is mathematically incorrect, 
docs not measure relative risk. and is ecologically 
meaningless. The resulting maps are invalid and do 
not indicate relative or potential risk. 

1-26 As a ratio of ratios, the components responsible for 
the magnitude of the "risk" cannot be identified and 
the uncertainty is obscured. 

1-26 The extent and magnitude of wildlife risk is 
misrepresented in the BERA. It is customary to 
account for naturally occurring background by 
subtracting hazards from a reference site of similar 
geochemistry. 

1-27 BERA erroneously states "Assuming that the risk 
calculated for background conditions represents the 
"risk" from arsenic, cadmium, copper, lead, and zinc 
under uncontaminated conditions for the selected 
receptors, this comparison [ratio of site HI to 
background HI] provides an estimation of additional 
risks to wildlife." ARCO provides an example to 
show how it may be interpreted that the hazard to one 
receptor may appear to be greater than the risk to 
another receptor, when the individual HQs wouldn't 
show this. 

1-27 The underlying mathematics used to create the HF is 
apparently flawed. Only the HQs for the same 
chemical should be ratioed, His cannot be ratioed. 

Issue: Relationship Between the Proposed Plan and the BERA 

5 

5 2 

EPA cannot justify reclamation measures at 
Anaconda on the basis of the Draft Final BERA's 
phytotoxicity benchmarks for metals in soil. 

EPA has no authority to require further remedial 
action to address arsenic and metals-impacted soils 
unless it can provide a scientifically defensible basis 
for doing so. 

Response Notes 

This is not true. As noted above, the method is not 
mathematically incorrect. See discussion in Appendix B of the 
ROD. 

In the re-analysis of Appendix I 0 (Appendix B of the ROD), both 
estimates of relative risk (HI site/HI background) and absolute 
(HI site-HI background) are included. 

In the re-analysis of Appendix I 0 (Appendix B of the ROD), both 
estimates of relative risk (HJ site/HJ background) and absolute 
(HI site-HI background) are included. 

Jn the re-analysis of the food chain modeling, maps were 
produced identifying the individual additions of risk from each 
chemical contributing to the HI. See Appendix B of the ROD. 

In the re-analysis of the food chain modeling, maps were 
produced identifying the individual additions of risk from each 
chemical contributing to the HI. However, ENSR's example 
showing fractions is incorrect, we added products of the division 
(i.e., Yl = .5), and when the products are used, the same results are 
always achieved. 

This comment indicates that ARCO reviewers do not understand 
the integration of the Final BERA, the Proposed Plan, and the 
LRES scoring system. While the phytotoxicity benchmarks for 
metals in soil provided the first step in the BERA to identify 
terrestrial areas potentially at risk, numerous additional 
environmental parameters and existing vegetation conditions were 
taken into consideration by the Comprehensive Plant Stress 
Analysis (CPSA) model to refine the areas identified as posing a 
potential risk to vegetation. These areas are identified in the 
Proposed Plan as High Arsenic Soils, Sparsely Vegetated Soils, 
and Waste Material. The preferred alternative for these areas 
include reclamation and limited or partial removal of waste 
material and soils followed by revegetation. The LRES is used as 
a tool to prepare a site-specific ranking of the need for reclamation 
and spatial delineation of the remedial units. In this way, EPA is 
not justifying reclamation measures at Anaconda on the basis of 
the BERA's phytotoxicity benchmarks for metals in soil. EPA, 
with ARCO's involvement, will apply the LRES to the OU July, 
August, and September 1998. From this, a Conceptual Remedial 
Design Report will be prepared. 

See response to Menzie-Cura comments in Section XI. 
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7 1-1 The BERA is so critically flawed that any remedial EPA wholly disagrees with ARCO's statements; see Sections I 
actions based on the findings of this assessment (or and VII. 
earlier versions) would be inconsistent with CERCLA 
and the NCP, and would be arbitrary and capricious. 

The critical flaws are based on errors begun in 
problem formulation and propagated throughout the 
assessment. 

7 1-2 It is inappropriate for EPA to document a need for See response in Section V. 
remedial actions based on an assessment that doesn't 
go beyond a screening level characterization of risks, 
especially when site ecological data contradict results. 

7 1-2 The BERA does not support response actions See above response to Document No. 5, pg. 1. 
described in the Proposed Plan. 

7 1-3 Based on previous comments, ARCO feels that there See response in Section IIG. 
is no risk to aquatic receptors, therefore, there is no 
basis for remediation on Stucky Ridge (proposed to 
minimize transport of contaminants to surface and 
groundwater), based on the premise of protecting 
aquatic receptors. 

Further, they state that response actions to improve 
habitats impacted by S02 is outside CERCLA 
remedial authority. 

7 1-4 ARCO claims the BERA starts with an assumption See response in Section V, and Appendix B to the ROD. 
that metals and arsenic have caused any observed 
effects, and seeks data to support this assumption, and 
excludes consideration of ecologically sound 
alternative hypotheses. 

Forced reclamation of habitat under CERCLA is not 
appropriate ifthe habitat loss resulted from the effect 
of historic S02 fumigation. 

7 1-5 Since the streams have the capacity to produce Again, this is a broad-brush statement that fails to recognize that 
healthy trout populations that are comparable to other EPA has identified the potential for risks to aquatic receptors in 
streams in the region, there is no risk basis to require certain portions of certain streams at the site. These risks are 
remediation to mitigate against theoretical risk to usually associated with high spring run-off in which the streams 
these receptors. receive increased loadings of metals that exceed surface water 

ECs and likely affect early life stages of aquatic organisms. 

7 1-6 Since there is an absence of a clear stressor-response, See response in Section II. 
the Proposed Plan is not based on a defensible finding 
that phytotoxicity from metals is responsible for the 
observed vegetation condition. 

7 1-12 EPA has not evaluated the risks of remedial This comment again suggests that ARCO reviewers do not 
alternatives. Disturbance of surface soil and existing understand the language in the Proposed Plan. EPA has 
vegetation through proposed remedial efforts may in repeatedly and iteratively incorporated results from ground-
the short term reduce vegetative cover and habitat, trothing of site conditions in the selection and recommendation of 
increase soil loss, increase loading to surface water, the number of acres requiring remediation. As a result, the 
while doing little to mitigate ecological threats. acreages recommended for remediation arc only barren or sparsely 

vegetated areas. There will be no disturbance of existing 
vegetation cover and habitat. 
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7 1-17 While focusing on phytotoxicity, and following an See Appendix B of the ROD. 
approach congruent with the State's NRDA injury 
assessment, EPA has not adequately addressed 
potential risks to wildlife under the Proposed Plan. 
The Proposed Plan projects that remedial actions to 
reduce phytotoxicity will also be protective of 
wildlife. 

7 1-17 The Proposed Plan is improperly designed to improve See Appendix B of the ROD. 
vegetative cover and wildlife habitat by mitigating 
hypothetical phytotoxicity. However, data in the 
BERA fails to establish that the Proposed Plan will 
mitigate against theoretical or actual risks to wildlife. 

Issue: NRDA vs. Ecological Risk Assessment 

4 Editorial comments on two pages. regarding edits to Appropriate editorial changes were made in the Final BERA. 
remove language pertaining to injury, impairment, the 
State's conclusions regarding injury to the site, and 
the State's restoration goals. 

J 
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XI. RESPONSES TO ARCO'S ASSESSMENT OF IMPACTS TO VEGETATION BY 
MULTIPLE STRESSORS AT THE ANACONDA SMELTER NPL SITE 
PREPARED BY MENZIE-CURA & ASSOCIATES, INC., MARCH 3, 1997 

This response to the conclusions presented in ARCO's report is prefaced by explanatory text that 
puts forth some of the key premises on which the BERA is based. This is provided to make 
EPA's position clear on: 1) the definition ofphytotoxicity; 2) the selection and use of 
phytotoxicity benchmark values in the BERA; 3) concepts of phytotoxicity and measuring 
phytotoxic response in the natural environment; 4) observed differences between the existing 
composition of plant communities at the ARWW&S OU and plant communities on 
uncontaminated areas and those that would be found at the AR WW &S OU under climax 
conditions; 5) the use of the risk analysis to delineate areas for potential remediation (in the FS); 
and 6) the use of an integrated environmental (plant stress) analysis in the BERA to define areas 
of potential risk to vegetation from soil COCs (arsenic, cadmium, copper, lead, and zinc). This 
text is intended to simplify the responses to each of ARCO's conclusions in the above-referenced 
report, which are provided at the end of this document. 

Fundamental Concepts of the ARWW&S OU Ecolo&ical Risk Assessment 

Phytotoxicity and Phytotoxicity Benchmark Values Used at the ARWW&S OU 

Phytotoxic effects due to a particular chemical can range from sub-chronic effects such as 
slightly reduced germination or shoot elongation to more acute effects such as limited 
germination, low plant density, and plant death. The concentrations of the COCs in the soil of 
the AR WW &S OU are just one of many soil chemical factors that are affecting the growth and 
development of individual plants. The chemical composition and physical attributes (i.e., 
texture) of the soils, landscape features (including slope angle, aspect and position), and land-use 
all contribute to the current assemblages of plants in a given area of the operable unit. In any 
environment these interactions are extremely complex. For the ARWW&S OU, which covers 
nearly 200 square miles and many different range sites and habitat types, the difficulty in 
assessing the influences of soil COCs and other soil factors on vegetation becomes more 
problematic. As Suter et al. (1996) points out, "an assessor must realize that these soil 
characteristics [pH, Eh, cation exchange capacity, moisture content] play a large part in plant 
toxicity and incorporate these site-specific considerations in the evaluation of the potential 
hazards of a chemical". EPA' s solution was the use of an integrated environmental (plant stress) 
analysis that evaluates the primary plant growth soil characteristics and plant community 
attributes by comparing these to risk-based values and plant community characteristics for 
uncontaminated sites and for these range sites under climax conditions. 

The intent of the ARWW&S OU risk assessment is to identify the relative degree of ecological 
risks across the site so that the FS team can prioritize areas and select appropriate remedial 
alternatives. To this end, the BERA compared regional soil (general relative) kriging results with 
site-specific phytotoxicity benchmark values and delineated areas of decreasing potential risk as 
distance increased outward from the Anaconda smelter complex. This analysis was used to 
delineate four phytotoxicity zones (Plates 2 and 3 in the BERA- CDM Federal 1997) that 
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strongly suggest a general and positive relationship between soil COC concentrations and field 
observable phytotoxic effects. This premise is supported by the data, information, and opinions 
of other researchers working in the Anaconda area (see CDM Federal 1996). 

Ecologists working in the ARWW&S OU have observed plant communities with high diversity 
and canopy coverage in some portions of the site having high soil COC concentrations. This 
includes Zone 4 where the concentration of all the COCs in the soil exceed their respective high 
phytotoxicity values. EPA believes that this response is due to the positive affects that other 
environmental factors (other than the COCs) are having on plant community composition and 
structure. These factors fall under the broad headings of physicochemical soil properties, 
microclimate, and anthropogenic influences and includes factors such as high soil moisture, 
abundant organic matter, non-steep north slopes, and limited grazing. Under the right 
circumstances, some of these other factors, working alone or in concert, are believed to be 
moderating, or offsetting the affects of elevated soil COC concentrations on the vegetation. 

Table 5.1-7 (attached) from the BERA rates the principal soil physicochemical properties and 
other environmental influences from each VA at the ARWW&S OU in terms of whether they are 
potentially having a negative, positive, or neutral affect on plant performance. This table shows 
that soil COCs are potentially having a negative impact on vegetation in or near Smelter Hill and 
Weather Hill (i.e., V Al 7), in the area adjacent to Weather Hill lying south of Mill Creek (i.e., 
VA16), in the Southern Lowland area (i.e., VA13A and VA14), in the well-vegetated Northern 
Lowland area (VAl), and in areas near proposed waste management areas (WMAs) (i.e., VA4, 
VA6, VA7, VA9, VAi 1, and VASN). With the exception ofVA16 and VAi, these VAs 
correspond to areas within the operable unit that are barren/sparsely vegetated or have poor 
vegetation growth/condition. The diverse and' productive nature of the vegetation in VA 16 and 
VA 1 is believed to be the result of other mitigat~ng environmental factors, especially favorable 
soil moisture regimes, slope aspects, and topsoil condition, that are having a strong enough 
compensatory influence to overcome the affects of phytotoxic COC soil concentrations. 

National criteria or guidelines for soil values protective of vegetation are not available because 
the toxicological response varies widely for individual species, populations, and communities. 
Therefore, during the development of the BERA EPA used the best regional and site-specific 
information presented in the Terrestrial NRDA completed for the State of Montana (State of 
Montana 1995) and an extensive toxicological literature review completed for the assessment of 
arsenic and metal toxicity to plants in the Helena Valley (CH2M Hill 1987a and b) to derive 
phytotoxicity benchmark values for the ARWW&S OU. It is important to understand that these 
values were used as general (screening level) indicators of where soil concentrations may be high 
enough to be phytotoxic under most environmental conditions. Conversely, they were not 
intended to be used to delineate specific boundaries between COC-affected and COC-unaffected 
vegetation. Because of the myriad of environmental factors influencing vegetation, an integrated 
environmental (plant stress) analysis was subsequently performed in the BERA. 

Integrated Analysis of Plant Stress 

EPA used an integrated environmental analysis to assess the relative influence of the COCs and 
the other physicochemical soil component, landscape factors, and land-use history on the 
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potential for plant stress and existing plant community composition at the ARWW&S OU. This 
is presented in the BERA and was accomplished using data and information gathered during field 
reconnaissance and sampling events conducted by EPA, data from other researchers at the site, 
and remote sensing data. This analysis included a comparison of the existing vegetation at the 
AR WW &S OU to what should be present under climax vegetation conditions and what is 
present in German Gulch (which was used by the State as a reference area). 

The integrated environmental analysis did not rely on any one piece of data, such as phytotoxicity 
benchmarks, to define areas of potential risk. Rather, this analysis used the phytotoxicity 
benchmark values along with other physicochemical soil data and landscape characteristics in a 
weight of evidence manner to identify general areas where smelter and ore processing wastes 
may be significantly contributing to plant stress. This approach to assessing potential risks, and 
the data and information used to define areas of potential risks (or no risks), are discussed in 
detail in the BERA. 

The data collected in the Vegetation Areas (V As) during the 1995 EPA Survey provides a 
general representation of soil conditions and plant community characteristics for each VA. As 
such, these characterizations do not accurately reflect soil and vegetation conditions in all 
portions of each VA. Furthermore, the existing site data only approximate vegetation conditions 
in the Areas of Concern used in the FS and likewise do not accurately represent actual conditions 
in all areas. The boundaries of the Areas of Concern delineated in the FS (where remediation is 
proposed for implementation) will be modified following more intensive field investigation 
during the design phase of the ARWW&S OU project. 

Climax, Reference, and Existing Vegetation Condition at the ARWW&S OU 

Ross and Hunter (1976) classified the climax (i.e., uninfluenced by current human activity) 
vegetation in the Anaconda Smelter NPL Site into three range/forest sites. 

l) Silty Range Site (10- to 19-inch precipitation zone) Vegetation on this range site is 
dominated by perennial grasses (bluebunch wheatgrass, rough and Idaho fescue, needle
and-thread, prairie junegrass, western and thickspike wheatgrass, green needlegrass, and 
basin wildrye ), forbs ( danthonia, sticky geranium, arrow leaf balsamroot, larkspur and 
prairie smoke), legumes, and shrubs (winterfat and big sagebrush). 

2) Saline Lowland Range Site (10- to 14-inch precipitation zone) Vegetation on this 
range site is dominated by perennial grasses (basin wildrye, alkali sacaton, alkaligrass, 
cordgrass, slender and western wheatgrass, and inland saltgrass) and shrubs (greasewood 
and buffaloberry). 

3) Subalpine Fir and Douglas Fir Climax Forests (20- to 45-inch precipitation zone) 
Typical overstory composition is 65% Subalpine fir, 25% Douglas fir, and I 0% 
Engelmann spruce. Climax understory species include many grasses, forbs and shrubs 
such as pinegrass, basin wildrye, Idaho fescue, grouse whortleberry, arnica, huckleberry, 
beargrass, and service berry. 
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The primary rangeland habitat types (h.t.) found in the Anaconda Smelter NPL Site classify into 
either the rough fescue or Idaho fescue climax series (Mueggler and Stewart 1980). 

I) Rough Fescue Series This series consists of either the rough fescue/bluebunch 
wheatgrass h.t. (needle-and-thread phase) or the rough fescue/ldaho fescue h.t. 
(Richardson's needlegrass phase). 

2) Idaho Fescue Series This series consists of the Idaho fescue/b1uebunch wheatgrass h.t. 
(western needlegrass phase). 

Under climax or near climax conditions the plant communities on these range/forest sites and in 
these habitat types would be highly productive and composed of a variety of native perennial 
plant species. This is in sharp contrast to the plant communities in many areas of the Anaconda 
Smelter NPL Site that exhibit low canopy coverage and annual above-ground production, or are 
dominated (or co-dominated) by weedy, introduced plant species. Many of the plant species 
listed above were not observed in the ARWW&S OU during EPA's reconnaissance trips or 
vegetation surveys conducted in 1994 and 1995. Likewise, many of these species are absent 
from the reports of other ecologists who have studied the vegetation in this OU. 

In general, plant canopy coverage by native perennial species, species richness, and plant 
community diversity within the Anaconda Smelter NPL Site increases with distance from the 
smelter complex. In areas not contaminated from smelting activities (in German Gulch or under 
climax conditions), upland forests are generally dominated by Douglas fir, lodgepole pine, and 
juniper, while upland shrublands are composed of willows, alders, red osier dogwood, 
chokecherry, buffalo berry, low bush cranberry, and silver berry (State of Montana 1995; 
MNRDP 1994; and Taskey 1972). Native range in uncontaminated areas is composed of 
perennial species of wheatgrasses, fescues, and bluegrasses. Grasslands in contaminated and 
disturbed areas of the site are dominated by weedy species such as spotted knapweed and Canada 
thistle, metal-tolerant grass such as basin wildrye, and the non-native redtop (State of Montana 
1995; MNRDP 1994). Areas subjected to intense grazing typically contain a greater density of 
opportunistic weedy species including spotted knapweed, thistle, and dandelion (State of 
Montana 1995). 

Plant community diversity and density vary considerably depending on the characteristics of the 
soil and physical environment that include the concentration of smelting-related contaminants, 
soil moisture, total organic carbon (TOC) content, pH, nutrient status, slope, aspect, reclamation 
activities, and other activities such as logging history, irrigation, and grazing. Previous 
investigations and field reconnaissances conducted in 1995 have noted areas of barren soil and 
stressed vegetation, especially in the vicinity of Stucky Ridge, Smelter Hill, Mt. Haggin, and the 
Anaconda and Opportunity Ponds (State of Montana 1995; Monninger 1992; Olsen-Elliott 1975). 

Based on one estimate, approximately 18 square miles (11,400 acres) of uplands near Anaconda 
have been visibly altered by previous smelting activities (MNRDP 1994). These alterations 
include near total elimination of native plant communities and extensive topsoil loss from lack of 
vegetation. Additionally, there has been a shift in plant community structure from forests with 
open grasslands to predominantly bare ground or sparsely vegetated grassland having low plant 
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species diversity and being composed of monocultures of weedy metals-tolerant species (State of 
Montana 1995). For example, historical photographs of the Old Works (circa 1886) indicate that 
Stucky Ridge was formerly vegetated by arid grassland and open steppe plant communities on 
exposed slopes and forest communities in the moist drainages (State of Montana 1995). Today, 
Stucky Ridge is either bare soil or is sparsely vegetated with predominantly metals-tolerant 
species. The surface of Smelter Hill presently consists of large areas of bare ground and 
evidence of stressed vegetation, composed primarily of metals-tolerant species (State of Montana 
1995). Formerly forested slopes to the south and west of Mill Creek, as far as the Continental 
Divide, are currently devegetated and show extensive soil loss (State of Montana 1995). The 
drainages of Mill and Warm Springs Creeks, once covered by dense riparian forests and 
shrublands, are currently either unvegetated, or composed of stressed or metals-tolerant 
vegetation (Taskey 1972). Of the approximately 11,400 grossly injured acres, about 20 percent 
of the total (2,200 acres) are greater than 40 degrees in slope (MNRDP 1994). The devegetation 
in these areas exacerbated erosion and soil loss. 

The aforementioned areas of the ARWW&S OU are those that demonstrate obvious and 
dramatic changes in the composition of the plant communities and wildlife habitat. Data 
collected during the 1995 EPA Survey supports this assessment of vegetation condition on 
Stucky Ridge and Smelter Hill, and also indicates that the soil COC concentrations in other areas 
of the site have likely altered plant community composition and stiIJ pose a potential risk to the 
germination and growth of vegetation. These other areas, some of which have abundant plant 
growth, are generally composed of only a few metal tolerant species. EPA believes that the 
surface soils in many of these areas are still toxic to seedlings and that this has hindered the 
recovery of these areas. 

Application of Remedial Measures 

The FS (CDM Federal 1997) evaluated remedial options to reduce environmental and human 
health risks at the ARWW&S OU. The potential application of land reclamation techniques, 
which in most cases would significantly disturb and thereby eliminate some of the existing 
vegetation, was evaluated against the potential risks to vegetation if reclamation was not 
implemented (i.e., under the no action alternative). A basic premise of the FS was that plant 
communities with adequate diversity, composition, and production would not be disturbed to 
implement reclamation, even though some of these areas may have soil COC concentrations that 
exceed the phytotoxicity benchmark values. Depending on the plant species present, sparsely 
vegetated areas might be interseeded, thus avoiding full tillage and the destruction of existing 
vegetation. This logic was also used during the calculation of the acreage within the waste 
management areas to which reclamation might be applied; areas having adequate vegetation were 
not included in the total acreage requiring reclamation. 

To fully appreciate how this approach has reduced the amount of acreage to which remedial 
efforts might be applied, the reader should compare the FS map showing the areas slated for 
remediation to the phytotoxicity maps in the BERA. Such a comparison clearly shows that some 
areas are not recommended for reclamation even though soil COC concentrations exceed 
phytotoxicity benchmark values. EPA believes that other soil factors (e.g., high soil moisture) 
are reducing plant stress that would occur under "average" soil conditions (e.g., moderate to low 
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soil moisture). EPA recognizes the value of these diverse plant communities and wildlife 
habitats and intends to keep them intact. 

Response to ARCO's (Menzie-Cura & Associates, Inc.) Comments on the BERA 

Section 6. 0 - Summary of Results 

Comment l ARCO states that the phytotoxicity benchmarks are poor predictors of vegetation 
condition and gives examples of areas having high plant canopy coverage and high soil COC 
concentrations, and vice versa. 

Response I The BERA clearly discusses the intended use of the phytotoxicity benchmark 
values. These values were selected as the best indicators of potential phytotoxic risk under what 
was considered to be .. typical" environmental conditions in southwestern Montana. It is 
important to realize that the phytotoxicity benchmark values were not chosen to account for other 
soil characteristics that might significantly enhance or stress site vegetation. Furthermore, the 
phytotoxicity benchmark values were used to identify areas of the site where the soil COCs may 
be high enough to be phytotoxic under most environmental conditions. These values were not 
intended to be used alone in defining absolute phytotoxicity or to delineate areas requiring 
remediation. EPA recognized at the outset of the risk assessment process that other site 
information, such as the other physical and chemical soil properties, landscape conditions, land
use, and the existing vegetation, would need to be assessed before the areas requiring 
remediation could be determined. 

EPA, CDM Federal, and MSU have known from the outset of the risk assessment process that 
there were areas of the site where plant community condition did not correlate with the 
phytotoxicity benchmark values. The reasons for this lack of correlation in the areas identified 
by ARCO (the Northern Lowland Area, the Southern Lowland Area, the East Hills, and the 
North Hills) are thoroughly discussed in the BERA. In essence, the lack of correlation is due to 
the influences of physical and chemical soil factors (other than the COCs ), landscape 
characteristics, and/or land-use practices that either enhance or diminish plant germination and 
growth, and the subsequent development of the plant communities and wildlife habitat. 

Because of the multitude of physical and chemical soil parameters that can influence plant 
growth, EPA realized early in the assessment of potential risks at the ARWW&S OU that it 
would be impossible to identify an absolute phytotoxicity values for each COC and plant.species 
under all possible environmental conditions at the site. The BERA, therefore, evaluated the 
primary plant growth characteristics present in the environment (e.g., soil moisture regime, 
topsoil condition, organic carbon content) in the context of the level of soil COCs and assessed 
the potential risk to vegetation in a semi-quantitative and qualitative way. Results of this 
analysis indicate a general relationship between the level of COCs in the soil and plant 
community composition. However, as discussed above there are areas of the site with good plant 
growth despite high soil COC levels. This is believed to be a function of the positive affects of 
other physicochemical soil characteristics, landscape factors, and/or past and current land-use in 
those specific locations. Conversely, some areas of the site demonstrate poor plant growth and 
community condition but have soil COCs concentrations less than the phytotoxicity values. EPA 
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postulates that this phenomenon is due to naturally poor plant growth characteristics of the soil 
(e.g., low organic matter level) and the possible added stress of elevated soil COCs, even though 
the soil COC concentrations do not exceed the phytotoxicity benchmark values. 

Specifically, the BERA demonstrated that all the soil factors evaluated for the Northern Lowland 
Area (CEC, K, P, organic carbon, soil moisture regime, slope; grazing, topsoil, SC, pH, aspect 
and stones/rock), with the exception of N and the COCs, were having either a positive or a 
neutral affect on the vegetation (see Table 5.1-7 of the BERA). Within this area of the site there 
are many soil factors that are enhancing the diverse and productive nature of the vegetation 
despite high soil metal concentrations. In this area the soil arsenic and metal levels are not high 
enough, by themselves, to negatively affect plant growth. The primary plant-growth soil factor in 
the Northern Lowland area is high soil moisture conditions, brought about by a seasonally high 
water table. If plant available soil moisture is diminished in the future through a lowering of the 
water table, the potential risks to vegetation due to high soil COC concentrations are expected to 
increase. 

ARCO states that other areas of the site (e.g., V A2A, V A2B, V A24, and VA 15) have poor 
vegetation growth or condition in the absence of elevated levels of soil COCs. This is an 
incorrect statement because even though soil concentrations do not exceed the phytotoxicity 
benchmark values in these areas they are significantly greater than background soil 
concentrations for the United States and for the Clark Fork River Basin. In some cases the soil 
COC concentrations are more than an order-of-magnitude greater than background. As an 
example, the copper concentration in the surface soils at Transect 2 at V A2A was 644 mg/kg, 
compared to a U.S. soil concentration of24 mg/kg. As stated in the BERA for the North Hills 
(Page 5-55), "concentrations of the COCs, by themselves, were considered to be having a non
negative or neutral influence on the plant communities in general. However, since the primary 
plant limiting factors (i.e., organic matter, soil moisture regime, nutrients) rankect low, the 
potential for the phytotoxicity effects of the COCs to be important factors in plant germination 
and growth may be high in some portions of the North Hills area. As mentioned, areas where 
phytotoxic effects may be particularly acute include the south-facing slopes in the southeastern 
portion ofV A24, portions ofV A2B, and the portion ofVA2A that lies south ofV A2B" where 
soil moisture may be limited. 

Comment 2 Bulk soil concentrations of the COCs are not correlated with vegetation condition. 
ARCO found no correlations or negative correlations between the vegetation parameters (total 
plant cover, peak standing crop, and/or bare ground) and the soil COC concentrations. 

Response 2 From field reconnaissance trips conducted in 1994 and 1995 EPA strongly 
suspected that there may not be simple correlations between total soil metal concentrations and 
plant community characteristics. As discussed above, some areas had good vegetation condition 
(high canopy coverage, high species richness, and diverse habitat) and high total soil COC 
concentrations while other area showed the opposite relationship. Therefore, EPA decided in the 
planning stage of the BERA that an integrated environmental (plant stress) analysis, which 
considers the major plant-growth parameters, would be used in a semi-quantitative and 
qualitative manner to identify areas of the ARWW&S OU where the concentration ofCOCs in 
the soil may be a threat to plant germination and growth. 
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It is inappropriate for ARCO to use gross measurements of site vegetation (e.g., total canopy 
coverage) in correlation tests with soil COC concentrations. A more appropriate analysis would 
be to compare the composition of the plant communities in the ARWW&S OU to those of 
similar sites in un-contaminated areas (such as German Gulch) or to climax community 
conditions. Plant community characteristics of canopy coverage and production are gross 
measures that do not, by themselves, indicate the ecological health of plant communities and 
wildlife habitat. As the BERA points out. the effects of smelting and ore processing to diminish 
plant community characteristics such as species richness and to continue to limit the potential for 
certain areas to recover floristically is suggested by the scarcity of many species that would 
typically be found on these range sites in the absence of industrial activities. 

The primary rangeland habitat types found in the Anaconda area classify into either the rough 
fescue or Idaho fescue climax series. Under climax or near climax conditions the plant 
communities on these range/forest sites and in these habitat types would be very productive and 
dominated by native perennial plant species. As discussed above, this contrasts with the 
structure of plant communities in many areas of the ARWW&S OU that exhibit low canopy 
coverage of native, perennial species and are dominated (or co-dominated) by weedy, introduced 
plant species. 

Comment 3 Other soil properties, such as potassium, organic carbon content, topsoil condition 
and cation exchange capacity, correlate significantly and positively with the vegetation 
parameters. 

Response 3 These results are not unexpected since these parameters are some of the major soil 
factors that affect plant growth in general. As presented in the BERA, EPA believes that total 
vegetation canopy coverage and production (which are not appropriate indicators of plant 
community and habitat health) in some areas of the site are controlled primarily by soil factors 
other than COC concentrations. It should be noted that ARCO found significant and positive 
correlations between topsoil condition (which includes whether the topsoil has been eroded) and 
plant canopy coverage and production. This is important because the loss of topsoil from steeper 
areas of the AR WW &S OU is believed to have been caused, in part, by the elimination of 
vegetation through the deposition of smelter emissions. The resultant lack of topsoil, by itself, is 
a primary reason why some of these areas have not been able to recover floristically. The lack of" 
topsoil continues to present a potential risk to the germination and growth of native seed from the 
surrounding areas. Elevated soil COC concentrations in these areas may also be contributing the 
stress of seedlings. 

Comment 4 ARCO states that their spatial analysis suggests that for some areas of the site the 
poor condition of the vegetation may not be the result of phytotoxicity, but simply reflects poor 
soil quality and/or physical stressors such as grazing. 

Response 4 This situation is acknowledged in detail in the BERA and is discussed above. Table 
5. I-7 of the BERA (attached) indicates that soil COC concentrations are likely not having a 
negative influence of vegetation in V A2A (North Hills) and VAl 5 (East Hills). 
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Comment 5 ARCO states that the spatial analysis shows that the soil COC concentrations 
coincide with poor soil moisture, topsoil erosion, and vegetation quality in Smelter Hill, South 
Hills, and areas adjacent to the waste management areas. 

Response 5 EPA acknowledges this situation in the BERA, but also believes that the soil COC 
concentrations in these areas are high enough to have a significant negative impact on the growth 
and development of the vegetation (see Table 5.1-7). Each of these areas had soil COC 
concentrations that exceeded at least one of the high (liberal) phytotoxicity benchmark values; in 
some cases most of the high arsenic and metal benchmark values were exceeded (see Table 5.1-5 
of the BERA). 
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Figure 1 

Kaputska Phytoxicity Scores versus Metal Concentration and pH 
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Figure 2 

Bivariate Expression ofKaputska Toxicity Scores with pH and Total Metals Concentrations 
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Figure 3 

Kaputska et al. (1995) Toxicity Score Line in Reference to Soils 
Collected in EPA 1995 Survey of Vegetation Areas (VAs) 
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Response to ARCO Comments in Attachment I 

In discussing risk for a dirt-bike rider under the section entitled 'Results of Risk-Based 
Calculations' ARCO states that "soil arsenic must exceed 23,000 mg/kg before soil presents a 
potentially unacceptable risk." The 23,000 mg/kg figure is inconsistent with the risk-based 
concentration for arsenic presented in Table 1, which is 2,312· mg/kg. 

Based upon ARCO's RME of2,312 mg/kg arsenic (ARCO's Table I), statements made by 
ARCO in the next section (Comparison with Site Soils) regarding the potential for human health 
risks are erroneous. As shown in ARCO's Table 3, some areas at the Anaconda Smelter Site 
have soil concentrations in excess of 2,312 mg/kg. This includes the Stack and Railroad Bed 
areas. Based on the standard deviations presented in Table 3, soils throughout the Smelter Hill 
area were found to exceed 2,312 mg/kg. Material located in the Anaconda and Opportunity 
Tailings Ponds do not have arsenic concentrations that exceed 2,000 mg/kg. 

EPA Calculation of Arsenic Action Level for Trespasser Scenario 

Introduction 

This section presents the technical rationale used by EPA to develop risk-based screening action 
levels for a trespasser scenario at the ARWW&S OU. These screening levels apply to soils in 
the areas that meet the combined criteria of 1) not being readily accessible to the public due to 
ownership by ARCO, 2) location on steep slopes in remote areas, and 3) area having controlled 
entry. These screening levels do not apply to any waste material at the site. The screening levels 
were developed based in part on public comments by ARCO and a technical memorandum 
prepared by ARCO regarding potentially exposed receptors and exposure scenarios (ARCO 
1997). EPA believes that the risk-based screening levels developed herein are based on more 
appropriate exposure assumptions than those used by ARCO. From the screening levels 
presented herein, EPA selected the "Steep Slope/Open Space" arsenic action level, which is 
presented and discussed in Section 4 (below) and Section 6.1 of the Decision Summary portion 
of the ROD. 

Exposure Pathways and Exposure Variables 

The trespasser scenario is equivalent to the recreational exposure scenario of dirt bike riding, 
without the dust inhalation exposure attributed to dirt bike riding. Therefore, ingestion of surface 
soils is the only exposure pathway of concern for trespassers. In most instances, the exposure 
variables used to determine the level of contact a recreational dirt bike rider would have with 
contaminated soil are used for the trespasser scenario. Exposure variables for the Reasonable 
Maximum Exposure (RME) scenario are used to calculate arsenic trespasser screening levels. 

Table 1 lists the parameters used to calculate RME arsenic screening levels for the trespasser 
scenario. Some of these values are reasonably well established default values (e.g., body weight) 
while other values are based on site-specific data (e.g., arsenic bioavailability, exposure 
frequency for riding dirt bikes). The arsenic bioavailability factor (BAF) is site-specific for the 
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Community Soils OU; it is applicable to soils in other areas of the ARWWS OU due to the 
similar types of arsenic contamination (i.e., aerially-deposited arsenic with a spectrum of arsenic 
phases similar to those of the Community Soils OU). A soil ingestion rate of 50 milligrams (mg) 
per visit is used for the trespasser scenario (Griffin 1998). The soil ingestion rate used for 
trespassers is less than that used for dirt bike riders ( 100 mg/visit) because trespassers are 
assumed to have less contact with soil (Griffin 1998). 

Symbol 

SL 

Table 1 
RME Exposure Variables Used to Calculate 

Arsenic Screening Levels for Trespassers 

Units Definition Value 

mg arsenic/kg soil risk-based to be calculated 
screening level 

Source 

-

TR (unitless) target risk Cancer: I E-04 to I E-06 EPA 1991 

AT 

BW 

EF 

ED 

·~ 
CF 

SFO 

RFDO 

BAF, 

mg =milligrams 
kg == kilogram 

days 

kg 

days/year 

year 

mg/visit 

kg/mg 

(mg/kg-day)·' 

mg/kg-day 

(unitless) . 

Arsenic Screenine Levels 

Noncancer: I 

averaging time 25550 EPA 1989 

body weight 70 EPA 1989 

exposure frequency 26 Life Systems 1993 

exposure duration 30 EPA 1989 

soil ingestion rate 50 Griffin, 1998 

conversion factor IE-06 EPA 1989 
for soil 

oral slope factor for l.5 EPA 1998 
arsenic 

arsenic oral 3.0E-04 EPA 1998 
reference dose 

arsenic 0.183 EPA 1995 
bioavailability 
factor in soil 

The following equation is used to calculate arsenic screening levels for the trespasser scenario, 
based on the carcinogenic potential of arsenic: 

SL= ((TR x AT x BW)/(EF x ED x IRs x CF x SFO x BAFS)) 

Exposure variables used in this equation are provided in Table l. 
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To calculate arsenic screening levels for the trespasser scenario based on arsenic's potential for 
systemic effects, the following equation is used: 

SL= ((TR x AT x BW x RfD0)/(EF x ED x I~ x CF x BAF
5
)) 

Exposure variables used in this equation are provided in Table 1. 

Arsenic screening levels for the RME trespasser scenario based on carcinogenic and systemic 
effects are presented in Table 2. 

Table 2 
Screening Levels for Arsenic in Soil at the ARWW &S OU 

RME Trespasser Scenario 

Risk (unitless) · Screening Level for 
Trespasser Scenario 

(ml?fk2) 

Carcinogenic Risk 

lE-04 16,706 

lE-05 1,670 

IE-06 167 

Systemic Risk 

I 32,219 

Arsenic Action Level 

Selection of Arsenic Action Level for the Trespasser 

EPA believes that the exposure assumptions presented in Table 1, considering uncertainties, are 
reasonable. Therefore, the range of screening levels presented in Table 2 for the trespasser 
scenario, for the targeted risk range of I E-04 to I E-06, are considered to be an appropriate range 
from which to select an action level for remediation of hot spots. The EPA has selected an 
arsenic action level for the trespasser scenario of 2,500 parts per million (ppm). This action level 
corresponds to an excess cancer risk of l .5E-05. Although the risk associated with this action 
level is greater than EPA' s I E-06 point of departure, EPA has determined that it is protective for 
the following reasons: 

• The action level reflects detailed site-specific studies (i.e., arsenic exposure and 
BAF) conducted in Anaconda that significantly reduce the uncertainty associated 
with calculations of exposure. These studies provide site-specific parameters to 
replace standard EPA default assumptions which generate a greater degree of 
confidence in the range of screening values; 
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• Con~ervative assumptions were used for exposure frequency and duration; and 

• This action level would apply to areas where access would not be convenient due 
to remoteness and steep slopes. The area where the action level would most likely 
be applied would be the undisturbed portion of Smelter Hill that is in ARCO's 
ownership. The area has kriged concentrations not exceeding 1,900 ppm (best 
average) and 2,500 ppm (upper confidence). Individual data points are generally 
below 2,500 ppm. Based on kriged concentrations, application of the 2,500 ppm 
action level would presumably result in an overall average concentration less than 
2,500 ppm and risks less than l.5E-05. 

In addition to the above, risk management considerations included the following: 

• Risk levels similar to this were previously used in remedial actions taken at the 
Anaconda Smelter Site under the Old Works/East Anaconda Development Area 
(OW/EADA) and Community Soils OU; and 

• The action level incorporates a balancing of the National Contingency Plan (NCP) 
criteria used to select remedial actions that are protective, implementable, and cost 
effective. Technical and cost limitations would be significant to achieve an 
incremental risk reduction. 

Application of the Trespasser Arsenic Action Level 

As described above, the 2,500 mg/kg "Steep Slope/Open Space" arsenic action level only applies 
to soil in steep areas where human access is inconvenient or undesirable. Specifically, these 
areas lie in the Smelter Hill Subarea. This action level does not apply to soils that can be 
remediated in the Smelter Hill Subarea, to waste source areas, or soils in other parts of the site. 

Other Arsenic Action Levels Based Upon Land Use 

EPA developed arsenic action levels for surface soil and wastes at the AR WW &S OU for the 
targeted cancer risk range of IE-04 to lE-06. Arsenic action levels were selected from the risk
based screening levels for comparison to arsenic concentrations in soils and waste to determine 
the potential for risk. The action levels, selected based on technical and risk management 
considerations at the ARWW&S OU, are as follows: 

Land Use Desi1mation Media Concentration Risk 
Residential Soil and Waste 250 ppm 8E-05 
Commercial/Industrial Soil and Waste 500 ppm 4E-05 
Recreational Soil and Waste 1,000 ppm 4E-05 
Agricultural Soil only 1,000 ppm lE-04 
Steep Slope/Open Space Soil only 2,500 ppm lE-05 

Please refer to Section 6.1 of the Decision Summary portion of this ROD for a thorough 
discussion of the human health risk assessment process and the selection of these action levels. 
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ATTACHMENT J 

.Additional FS Comments: 

These additional FS comments are provided based on EPA's proposed plan. 

I) Section 2.1.4, page 2-13 

High Arsenic soils are defined as areas containing arsenic greater than J,000 ppm .. -This statement does 
not take into account that the areas greater than 1,000 ppm arsenic are within areas owned by ARCO. 
controlled by restrictive covenants or dedicated developments. Where access is restricted (i.e. trespasser 
scenario), arsenic concentrates would have to exceed 5,500 ppm to pose a calculated risk of greater than 
10-4 

Response: See EPA's response to ARCO Attachment I - Trespasser's Scenario. 

2) Section 2.1.4, Page 2-13 
Sparsely vegetated soils are defined as areas having "poor composition". 

- Poor composition is undefined; areas can have suitable vegetation 
cover and provide for stable soil; plant diversity is not required by 
CERCLA to protect human health or the environment. 

Response: No where does EPA assert thatplant diversity is required to protect human health. Plant 
composition and diversity is an indication of ecosystem health and was assessed during the BERA and is 
used in the LRES scoring to determine effects of metals on plant communities (i.e., absence of metals 
sensitive plant species in areas with elevated metals and arsenic soils concentrations). The objective of 
a diverse and abundant plant community will be met through establishment of vegetation success criteria 
during RD. 

3) Section 2.1.4, page 2-13 
Groundwater areas of concern are defined as those areas exceeding WQB C-7 
standards. 

-WQB C-7 standards are pertinent only for those areas which are or are 
reasonably anticipated to be used as a potable water source, or those 
waters which may impact the State's surface waters. The areas of 
impacted groundwater underlying ARCO's land ownership, and those 
of lands with restrictive covenants, can not be now or in the future 
developed/or potable water use. Certain groundwater areas can 
recharge into ditches which are used solely for water management. 
Other effected groundwater areas do not impact down gradient State 
surface water bodies. 

Response: See EPA's responses to WQB-7 ground water standards in Attachment L. 

4) Section 2.1.4, page 2-13 
Surface water areas of concern are defined as those stream reaches exceeding 
WQB-7 standards. 

-WQB-7 standards do not represent the best estimate of potential 
risk/or the stream reaches. A water effects ratio adjusted dissolved 
criteria more appropriately reflects the risk status of those reaches. It 
must also be noted that background concentrations of arsenic were 

Attachment J - 1 



detected above WQB C-7 standards in Willow and Mill Creeks. 

Response: See EPA' s response to WQB-7 standards in Attachment L. 

5) Section 3. 1. I, page 3 -4, 1 st paragraph 
Land uses within the ARWW'S OU also include waste management and open 
space areas. 

Response: Comment noted; these land uses are included in EPA's final assessments. 

6) Section 3. I. I., page 3 -4, I st paragraph 

Human receptors also include trespassers as an exposure scenario. 

Response: See EPA's response to ARCO's Attachment I. 

7) Section 3.1.2, page 3-5 
Additional Ecological Risk Assessment comments are provided in 
Allachments G and H. 

-The statement that "a positive correlation between COC 
concentrations and easily observed phytotoxic effects at the site" does 
not take into account that for almost JOO years the Smelter Hill, Old 
Works and Opportunity Ponds subareas were, industrial facilities with 
over 1, 000 workers, processing millions of cubic yards of ore 
concentrate. These areas were cleared of vegetation and stripped of 
topsoil to construct these facilities. While a positive correlation 
between the location of operating facilities to sparse vegetation exists; 
this does not correlate to a CERCLA exposure to hazardous 
substances. 

Response: See EPA's response to Attachments G and H. 

8) Section 3 .2.1.2, page 3-9 

Relevant and appropriate (R&A) requirements are identified to provide guidance on what type of 
situations may occur at sites and what type of solutions may exist, not for evaluation of alternatives for 
ARARs compliance. If an alternative meets applicable standards, then the alternative compiles with 
ARARs. 

Response: Comment noted. 

9) Section 3.2.4, page 3-13, 2nd Paragraph 

It should be noted that Red Sands has been observed and documented to extend south of the Red Sand 
pile to Highway I and east of the pile to Highway 48. Therefore it should be specified that the Red Sands, 
within the Old Works area, has a lateral extent which meets the boundaries specified above. 

Response: Comment noted. 

10) Section 3.3, page 3-15 
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The P RAGS for solid media need to include the land Designation of Trespasser, with a respective 
standard of 5,500 ppm Arsenic (for 10-4 risk), based on the extensive privately held land holdings within 
the waste management areas. 

Response: EPA disagrees. See response to Attachment I. 

11) Section 3 .3, page 3-15 

PRAGS/or surface waters do not take into account the site-specific scientific data/or determination of 
potential risks. Both Federal and State regulations allow for risk-based alternative standards to be 
utilized as PRAGS. 

Response: The State of Montana has not adopted site-specific criteria for streams in the Anaconda area. 
See response to Attachment L. 

12) Section3.33. l,page3-t6 

The point of compliance for the Opportunity Ponds should be located .. at and beyond the edge of 
WMAs when waste is left in place". (1990 NCP Preamble). In some cases, such as where several 
distinct sources are in close proximity, it may he appropriate to move the point of compliance to 
encompass the sources of release." In such cases, the point of compliance may be defined to 
address the problem as a whole, rather than source by source. (1990 NCP Preamble at 55 
Federal Regulation 8753). 

Response: Comment noted. The final point of compliance for the Opportunity Ponds area is at 
the edge of the ponds. 

13) Section 3.3. I, page 3-16 

Establishment of wildlife habitat and accelerating successional processes are not required to minimize 
potential environmental and human health risks from alleged releases of hazardous substances. Therefore 
these two objectives go beyond EPA's mandate for remediation under CERCLA and should be deleted as 
PRAOs for each subarea. The PRAOs should also be modified to state that soils containing surficial soils 
COCS greater than applicable exposure scenarios should be stabilized to minimize wind & water erosion. 
How an area is stabilized is to be evaluated as an alternative, not mandated as a PRAO. 

Response: Comment noted. See EPA's response to comments on PRAOs in Attachment L. 

14) Section 3 .3. l, page 3 -16, Waste Sources 

The Opportunity Ponds are not required to be closed as mine waste facility. Mine reclamation standards 
are not applicable to the Opportunity and Anaconda Ponds and should not be deemed relevant and 
appropriate. Mine reclamation requirements are not "well-suited" to the Opportunity and Anaconda 
Ponds and should not be identified as ARARs for these areas. It should also be reinforced that the end 
land use for the privately held ponds is a waste management area, with defined restrictive covenants. 

Response: See EPA's response to comments on mine reclamation ARARs in Attachment L. 

The toe wastes can he stabilized in-place. These materials do not present a risk to ground and surface 
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water following this stabilization. This consolidation should be deleted as a PRAO, and alternatives 
should be evaluated to determine the appropriate remedy. The PRAO of stabilization of soils against 
wind and surface water erosion can be accomplished by ulilizalion of different a/Jerna/ives, one of whi. 
is revegetation. Therefore, the PRAO should be modified to include only stabilization and not presume 
treatment alternative as part of the PRAO. 

Response: See EPA's response to comment on PRAOs in Attachment L. 
15) Section 3.3.2, page 3-17, High Arsenic Soils and Sparsely vegetated 

See comments #13. 

Response: See response to # 13. 

16) Section 3.3.2, page 3-18, Groundwater 

"Elimination of loading sources of cadmium" should be deleted as a PRAO. The PRAO should be 
modified to return groundwater to its beneficial use. There are no cu"ent or reasonably anticipated 
future potable use of groundwater in the vicinity of the drag strip. 

Response: Just because there is no current use of ground water in the vicinity of the Drag Strip does not 
eliminate the need to restore a ground water resource. Cadmium is significantly elevated above the WQB-7 
standard. The plume has not been fully characterized and has been noted to extend beyond the Old Works OU 
boundary. The PRAO is a valid and necessary objective. 

17) Section 3.3.3, page 3-18, Sparsely Vegetated Soils 

o See comments #13. 

Response: See response to comment # 13. 

18) Section 3.3.3, page 3-19, Blue Lagoon 

a See comments #13. 

Response: See response to comment #13. 

19) Section 3.3.4, page 3-19, High Arsenic and Sparsely Vegetated Soils 

See comments #/ 3. 

Response: See response to comment #13. 

20) Section 3.3.5, page 3-20 

The main granulated slag pile will be sold as a product to a viable entity (s). 

Response: Comment noted. The final remedy requires appropriate legal contracts for long-tenn use of the slag. 

21) Section 3.3.5, page 3-21 
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The NCP expressly allows for wastes that are of similar quality and close proximity to be grouped and managed 
as one WMA. Since there are no current or potential future ground water users between each subarea WMA. and 
they meet the intent of the regulations, a down gradient edge of the single, grouped W.MA is appropriate. (See 
comment #12) 

Response: See EPA's responses on WMAs and POCs in Attachment L. 

22) Section 3.3.5, page 3 -2 1, Waste Source 
See comments #14. 

Response: See response to comments # 14. 

23) Section 3.3.5, page 3-22, High Arsenic and Sparsely Vegetated Soils 

See comments #13. 

Response: See response to comments #13. 

24) Section 3.3.5, page 3-22, Surface Water 

The PRAO should be modified to reflect that the objective for Mill Creek is to return surface water to its 
beneficial use. The around water seep located in Cabbage Gulch can exceed WQB C-7 while not effecting 
surface water receptors. · 

Response: The fact that water seeps in Cabbage Gulch exceed WQB-7 means that there is a violation of ground 
water and surface water standards. The PRAO is appropriately set to require remediation of surface water to the 
state standards. 

25) Sections 4. I. 1, page 4-2 

A discussion and recognition of the extent of natural recovery of all subareas should be included. As can be seen 
in Attachment A, a substantial amount ofrevegetation has occurred between 1988 to 1997. 

Response: EPA disagrees that there has been "substantial amount of revegetation" occurring within the areas of 
concern between 1988 and 1997. The LRES system is designed to assess where natural succession is occurring 
and set up to monitor those areas. Vegetation performance criteria will be set in the RD process. 

26) Section 4.1.2, page 4-2 

The monitoring alternative should include a discussion of the potential of natural recovery to continue to reclaim 
areas over time. As can be seen in Attachment A extensive areas of revegetation have occu"ed within 10 years. 
Natural recovery should be included as a component of monitoring as part of a remedial alternative, so as, over 
time sparsely vegetated areas may with appropriate management meet applicable success criteria or receive 
lower levels of reclamation. 

Response: EPA agrees that some areas may have success in meeting applicable criteria or receive lower levels of 
reclamation. See Appendix C, LRES, and response to comments Attachment A. EPA disagrees that extensive 
areas of revegetation have occurred in the last I 0 years. 

Section 4.1.3, page 4-2 
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The Institutional Controls alternative should include the use of BMPs. 

Response: BMPs have been included, as appropriate, in the final remedy. 

28) Section 5.2. l, page 5-5 

Monitoring and natural recovery should be added to the list of alternatives for solid media. This alternative 
would also include /Cs, particularly the use of BMPs and weed cohtrol. 

Response: Elements of monitoring, BMPs, and weed control have been included in the LRES and remedial 
design process. 

29) Section 5.2. 1, page 5-6, Soil Cover 

The soil cover alternative can utilize less material that 2 feet of soil and/or rocks and cobble to stabilize the 
underlying soil and provide for sufficient seed bed as appropriate. 

Response: Soil cover criteria was adjusted to a minimum of 18 inches, with other appropriate design parameters, 
to provide good growth media for plants. 

30) Section 5.2. 1, page 5-6, Reclamation 

• The level I Reclamation alternative should also include the aerial application of fertilizer. 
• All amendment application would be as determined through data collection as necessary. 

Response: Comments noted. Aerial application of fertilizer is a remedial action implementation question. 

31) Section 5.2. l, page 5-7, Level III 

The objective of establishing grazing and wildlife habitat is beyond that which is authorized under CERCLA for 
minimizing risk to human health and the environment from release of hazardous substances. 

Response: The establishment of grazing and wildlife habitat will be an outcome of reducing COC concentrations 
in soils and allowing plant to re-establish. This reduces risk to the environment. 

32) Section 5 .2. 1, page 5-8, Rock 

Pit run and coarse slag should be included as acceptable materials use as a rock cover. 

Response: An industrial cover is allow for certain dedicated developments on the site (e.g., active railroad beds). 
During remedial design, appropriate covers will be detennined. 

33) Section 5.2.2, page 5-9 

Point of compliance's for ground water are determined based on ground water quality, cu"ent and potential 
future ground water users, land ownership and groundwater flow paths. 

Response: POCs are not set based on land ownership. POCs are appropriately set for this site. 

34) Section 5.2.2, page 5-11 
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The potential for additional remedial action for groundwater would need to be based on a consistent, significant 
degradation above primary MCLs beyond the established single points of compliance boundary below the 
Opportunity Ponds. At this time additional source controls and the potential for treatment would be reviewed 

Response: EPA agrees that the need for additional remedial action will be based upon degradation, but above the 
State of Montana WQB-7 standards. The performance criteria will be established in the remedial design. The 
point of compliance monitoring wilJ be applied to all three points of compliance, not just at the Opportunity 
Ponds. 

35) Section 5.2.2, page 5-12, Stormwater 

An overview of the conceptual stormwater plan is provided in Allachment C. 

Response: Comment noted. 

36) Section 5.3.3, page 5-17 

A point of compliance is not necessary for this subarea. Monitoring will continue and sources of irrigation have 
been eliminated. 

Response: EPA agrees. The entire alluvial aquifer in the South Opportunity Subarea will have to attain the 
ground water standard. 

37) Section 5.3.5, page 5-19 

A point of compliance for the TI area is not necessary. 

Response: EPA agrees. The boundaries of the TI zones will be monitored and a single point of compliance is not 
estab Ii shed. 

38) Section 5.5.7, page 5-23), Cost 

Add present worth discussion. 

Response: An explanation of how present worth is calculated is included in Appendix E. 

39) Section 5.5.8, page 5-23, State Acceptance 

EPA states that "Assessment of state concerns will not be completed until comments on FS No.5 are received." 
ARCO is requesting a copy of the state comments, since this is one of the 9 criteria which EPA used to develop 
it's proposed plan. 

Response: Comment noted. Copies of the State of Montana's comments will be sent to ARCO. 

40) Section 6. I. I, page 6-1 

Monitoring. /Cs and natural recovery should be included as an additional alternative to be evaluated for each 
area of concern. 

Response: Monitoring and ICs were included as part of the No Further Action scenario in FS Deliverable No. 5. 
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41) Section 6. I. I. I, page 6-1 

Restrictive covenants are also included on all ARCO owned land 

Response: Comment noted. Deed restrictions may become part of the site-wide Institutional Controls Plan. 

42) Section 6. I. I. I, page 6- I, Effectiveness 

• The human health exposure scenario should also include analysis of a trespasser scenario. As such, no high 
arsenic soils would be defined in this subarea. Therefore, 356 acres as defined here as an area of concern 
should be deleted. 

Response: See EPA's response to Attachm.ent I; and Section 6 of the Decision Summary. No acres were deleted 
from the total areas of concern at this point. 

• The PRAO of wildlife habitat and successional reclamation is not a CERCLA authorized objective for 
protection of human health and the environment, and therefore should be deleted and the conclusion 
modified accordingly. 

Response: PRAO were modified as noted in Section 9 of the Decision Summary; see EPA's response to 
comments Attachment L. 

43) Section 6.1.1.2, page 6-3 Implementability 

It is not required for superfund activities lo obtain permits. 

Response: Comment noted; substantive requirements of permits must be met if the action is specific to a 
CERCLA required remedy implementation. 

44) Section 6.1.1.2, page 6-4, Cost 

Cost comments will be provided to Appendix C for each alternative as appropriate. 

Response: See Appendix E, Revised Cost Assumptions. 

45) Section 6.1.1.4, page 6-6 

See comment #42 

Response: See response to comment #42 

46) Section 6.1.2. 1, page 6-8 

The PRAO of wildlife habitat and successional reclamation is not a CERCLA authorized objective for protection 
of human health and the environment, and therefore should be deleted and the conclusion modified accordingly. 

Response: The PRAO has been modified per Section 9; see additional EPA's response to comments on 
Attachment L. 

4 7) Section 6.1.2. 1, page 6- IO 
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See comment #46. 

Response: The PRAO has been modified per Section 9; see additional EPA's response to comments on 
Attachment L. 

48) Section 6.1.3. I, page 6-11 

The restrictive covenants which are placed on this subarea should be included in the alternative description. 
General comment. It should be acknowledged the variable chemical and physical nature of the ponds and the 
constructability concerns of working on unstable material. 

Response: These are both remedial design issues and will be addressed during that phase of the project. 

49) Section 6.1.3. 1, page 6-12, Effectiveness 

The PRAO of wildlife habitat and successiona( reclamation is not a CERCLA authorized objective/or protection 
of human health and the environment, and therefore should be deleted and the conclusion modified accordingly. 

Response: See response to comment #46 and #47. 

The PRAO of consolidation of the Toe Wastes, is inappropriate. The Toe Waste material should be evaluated 
separately for selection of an appropriate remedy. 

Response: Removal and consolidation of the Toe Wastes are an appropriate alternative to assess in the final 
Feasibility Study. This alternative was selected as the final remedy. 

50) Section 6.1.3 .2, page 6-13 

See comment #49. Two feet of soil cover is not required to stabilize the soils .from wind and water 
and to provide for dust suppression, See comment #43. 

Response: See response to comment #49 and #43. 

S 1) Section 6.1.3,4, page 6-17 

See comment #49. 

Response: See response to #49. 

52) Section 6.1.3 .6, page 6-20 

erosion 

See comment #32. See comment #49. Rock amendment would meet the Rand A Montana State mine waste 
reclamation objectives. 

Response: See response to comments #32, #49; Rock amendments do not meet the rel.evant and appropriate 
requirements of the Montana State mine reclamation objectives (see responses to Attachment L). 

53) Section 6.1.3.7, page 6-22 
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Alternatives should be rescreened based on the revised PRAOs and cost assumptions. 

Response: Alternatives were not rescreened. The alternatives were appropriately selected and carried forward 
into the detailed analysis of alternatives. 

54) Section 6.1.4. I, page 6-22 

The South Lime ditch includes land which has restrictive covenants on the deed. It should also be noted that trail 
development in this area has been deleted.from the recent Master Plan update. See comment #46. 

Response: Restrictive covenants are not a replacement for active remediation of a site to reduce risk to human 
health and the environment; trails development is included in the Master Plan updates; see response to #46. 

55) Section 6.1.4.2, page 6-25 

General comment. Many of these technologies, due to the extent of remediation, are not easy to implement. Care 
should be taken to avoid gross simplification of major construction activities. 

Response: EPA does not imply that major construction activities are "simple" to implement. "Easy" to 
implement is used in the context of CERCLA defined "implementability" meaning the technologies use standard 
engineering and construction practices. 

Restoration of groundwater within the Opportunity Ponds subarea is not a PRAO, and as such the conclusions 
should be modified. 

Response: Comment noted. 

S6) Section 6.1.4.3, page 6-27 

See comment #55 

Response: See response to comment #SS. 

57) Section 6.1.4.4, page 6-28 

oSee comment #55. 

Response: See response to comment #5S. 

58) Section 6.1.5. 1, page 6-3 2 

aSee comment #13. 

Response: See response to comment # 13. 

S9) Section 6.1.6.2, page 6-40, Effectiveness 

oBased on comment #13 the Rock Amendment alternative meets PRAOs. 

Response: Based on response to comment# 13, Rock Amendment does not meet all PRAOs. 
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60) Section 6.2. 1, page 6-47, High Arsenic Soils 

Rock cover, reclamation and soil cover each meet the PRAOs and ARARsfor the site. 

Response: Rock cover does not meet all PRAOs and ARARs for the site. 

61) Section 6.2.2, Page 6-50 

aSee comment #13. 

Response: See response to comment #13. 
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62) Section 6.2.3, page 6-50 

See comment #58. 
Of remaining alternatives, soil cover, reclamation and rock cover each provide for 
a permanent remedy. Each of these alternatives may be utilized to an extent for 
remediation of the opportunity ponds. Rock cover is the most CQSt effective of the 
three alternatives. 

Response: See response to comment #58. Rock cover clearly does not meet ARARs and PRAOs and therefore is 
not the most cost effective remedy. 

63) Section 6.2.4, page 6-53 

Costs are commented on in Appendix C. 
Multiple alternatives may be most appropriate for individual polygons within each 
subarea. 
Of all alternatives, removal is not the most cost effective. 

Response: Comments on Costs are responded to in Appendix E; the LRES provides the basic set of alternatives 
for individual types of polygons within each subarea; EPA agrees that removal may not be the most cost effective 
but may provide superior attainment of ARARs and reduction of risk. 

64) Section 6.2.5, page 6-55 

Each of the three alternatives provide for protection of human health and environment. Each alternative meets 
the appropriate PRAOs. The reclamation alternative is the most cost effective option. 

Response: EPA agrees with ARCO's conclusion on the three alternatives for Triangle Waste (soil cover, 
reclamation, and removal). 

65) Section 6.2.7, page 6-57 

Utilization of the existing interception trenches or enhanced wetlands areas for groundwater management were 
not evaluated in the FS. 

Response: Comment noted. These will be evaluated in the remedial design. 

Prior to selecting treatment, an additional evaluation of source control would be required 

Response: EPA agrees. 

66) Section 7. 1. 1. I, page 7-1 

Monitoring, /Cs and natural recovery should be included as an alternative. 

Response: Monitoring and ICs were included in the No Further Action Alternative. 

67) Section 7. I. I. I, page 7-1 

oSee Comment #I 3. 
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Response: See response to comment# 13. 

68) Section 7. l. l.4, page 7-7 

oSee comment #13. 

Response: See response to comment #13. 

69) Section 7.1.2. l, page 7-9 

See comment #13 

Response: See response to comment# 13. 

70) Section 7.l.3 3, page 7-16 

The need for an upgraded bridge on Warm Springs Creek would be evaluated during RD. 

Response: EPA agrees. 

71) Section 7.2. l, page 7-21 

Reclamation reduces surfical concentrations of arsenic, therefore both soil cover and reclamation result in 
sufficient risk reductions to have equal protectiveness. Costs are addressed in Appendix C. 

Response: EPA agrees; response to Costs are found in Appendix E. 

72) Section 8. l. l. 1, page 8-1 

oSee comment #13. 

Response: See response to comment # 13. 

73) Section 8.1. l .2, page 8-2 

General comment; the soils should not be consolidated as required - this should be modified to graded as 
required. 

Response: Comment noted. 

74) Section 8.1.2.6, page 8-11 

Suggest modifying sentence to read "All alternatives would require consolidation of unvegetated tailings located 
on the banks". 

Response: Comment noted. 

75) Section 8. l.3.3, page 8-15 

Soil cover should be modified to /ow-maintenance trail surface (approximately 6 inches cover). 
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Response: The appropriate soil cover to accommodate trails will be decided during remedial design. 

76) Section 8. l .4. l, page 8- l 9 

oSee comment #13. 

Response: See response to comment #13. 

77) Section 8. J.4,_page 8- J 9 

Reclamation should have been included as an alternative. The Blue lagoon can be stabilized to meet appropriate 
PRAOs and be cost effective through implementation of reclamation. 

Response: EPA believes the copper precipitation concentrations are too high to allow for reclamation. 

78) Section 8. l .4.3, page 8-20 

Instead of a soil cover and geo cells. the railroad embankment should receive rock cover as appropriate. Rock 
cover is more appropriate for use on a railroad grade, since the railroads' do not want vegetation on their 
embankments. 

Response: Comment noted. 

79) Section 9. I. I. I, page 9-1 

It should be noted that portions of this subarea are included within the Old Works Historic District. 

Response: Comment noted. 

See Comment #13. 

Response: See response to comment #13. 

80) Section 9. l. l. t, page 9-1 

An alternative should be included which looks at tree and shrub planting as an additional stabilization 
alternative. 

Response: This alternative was included in the LRES system; see Appendix C. 

81) Section 9 .1.2. I, page 9-8 

aSee comment #13. 

Response: See response to comment #13. 

82) Section 9.1.2.3 3, page 9-J I 

aSee comment #13. 
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Response: See response to comment #13. 

Section 9 .1.3. I , page 9- I 2 
The Drag Strip area is currently being remediated under the OW/EADA OU No additional work in this area is 
anticipated. 

Response: Comment noted; EPA did not include further work in the Drag Strip area as part of the final remedy. 

84) Section 9. I .3.3, page 9- I 5 

There is no defined high Cd waste source located within the Drag Strip area. Therefore, this alternative should 
be eliminated. 

Response: No specific waste sources have been identified in the Drag Strip area which may be contributing to the 
identified cadmium plume. The ground water will have to be monitored and a loading source may be identified 
in the future. 

85) Section 9. 1.3. I 

Natural attenuation was not included as an alternative. Several actions have occurred on or in close proximity to 
the Drag Strip. The benefits of these actions have not been fully accounted for. 

Response: The final remedy calls for completion of the source controls measures outlined in the OW/EADA 
ROD, natural attenuation and compliance monitoring. 

16) Section 9.1.4. l, page 9-16 

Monitoring, at the toe of the Red Sands cap does not account for the Red Sands located downgradient of the pile, 
or the results of the tailings and Arbiter removal action. 

Response: EPA acknowledges that additional waste material is located down gradient of the Red Sands cap. The 
agency believes that the remedy selected in the OW /EADA ROD, after full implementation, and in conjunction 
with natural attenuation, will lead to improvements in the ground water and eventual attainment of the ground 
water standards. See Section 9 for further information. 

Containment of the plume is not required at the Red Sands pile since downgradient areas have also been shown 
to periodically exceed PRAGs. 

Response: Containment may be required in the future to further reductions of cadmium loading to ground water 
from the Main Deposit of the Red Sands. 

It should also be noted that this area has restrictive covenants placed on the properties to preclude groundwater 
use. 

Response: These restrictive covenants will be used until ground water standards are attained in the area. 

87) Section 9.1.5. I, page 9-22 

See comment # J 3. 
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Response: See response to comment # 13. 

A conceptual stormwater management plan has been submiued and reviewed by EPA. This plan is summarize. 
in Allachment C to the proposed plan comments. 

Response: Comment noted. The final site-wide conceptual storm water management plan will be approved under 
the RD/RA process at ARWW&S OU. 

88) Section 9.2. 1, page 9-24 

See comments #13 and #1. 

Response: See response to comment # 13 a.nd # 1. 

89) Section 9.2.2, page 9-26 

General comment; monitoring, /Cs and natural recovery alternative should be included in all soils alternative 
evaluations. 

Response: Monitoring and I Cs were included in all No Further Action alternatives: 

90) Section 9.2.3, page 9-29 

Reclamation should be included as an alternative to be evaluated. 

Response: Storm water BMPs (e.g., reclamation) has been included in the final remedy. 

91) Section 9.2.5, page 9-29 

oSee comment #land #13. 

Response: See response to comment # 13 and #I. 

92) Section l 0.1. l.l, page 10-1 

oSee comment# I and# 13. 

Response: See response to comment #13 and #1. 

93) Section 10. 1. 1.4, page 10-6 

oSee comment#} and #13. 

Response: See response to comment # 13 and # 1. 

94) Section 10. I. 2. 1, page 10-8 

See comment # 13. 

Response: See response to comment #13. 
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Should include tree and shrub planting as a soil stabilization alternative. 

Response: This alternative was included in the final set of applicable reclamation techniques for the site. 
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95) Section 10. 1.2.3, page 10-11 

oSee comment #13. 

Response: See response to comment #13. 

96) Section 10.1.4. l, page 10-23 

a See comment #13 and #14. 

Response: See response to comment# 13 and# 14. 

97) Section l 0. 1.4.2, page l 0-24 

Surface water drainage would be managed. but it is infeasible and unnecessary to route water off the ponds. 

Response: EPA agrees. 

98) Section 10. 1.4.4, page 10-28 

oSee comment # 13 and# 14. 

Response: See response to comment# 13 and# 14. 

99) Section 10.1.4.6, page 10-30 

a See comments # 13, # 14 and #32. 

Response: See response to comment # 13,# 14 and #32 .. 

100) Section 10.1.4.6, page 10-31 

o See comments # 13 and # 14. 

Response: See response to comment #13 and #14. 

I 01) Section 10. l. 5. I, page 10-33 

oSee comment #13. 

Response: See response to comment #13. 

102) Section 10. l.6. I, page 10-36 

o See comments #I 3 and # 14. 

Response: See response to comment # 13 and # 14. 

l 03) Section I 0.1.6.4, page l 0-41 
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o See comments # J 3 and # 14. 

Response: See response to comment # 13 and # 14. 

104) Section 10.1.7, page 10.42 

oSee comment #12. 

Response: See response to comment # 12. 

1 OS) Section 10. 1. 8, page 10-46 

Reclamation to reduce infiltration and runoff should have been included as an alternative to be evaluated. 

Response: Reclamation included the objective to reduce infiltration and runoff, in addition to reduction of risk to 
the environment. 

106) Section 10. 1.9. l, page 10-50 

•See comment #13. 

Response: See response to comment #13. 

107) Section 10.1.9.2, page I 0-51 

aSee comment #13. 

Response: See response to comment #13. 

108) Section I 0.1.9.3, page 10-52 

aSee comment #13. 

Response: See response to comment #13. 

109) Section 10.2. 1, page 10-55 

oSee comment #1 and #13. 

Response: See response to comment #I and # 13. 

110) Section I 0.2.2, page 10-55 

oSee comment #13. 

Response: See response to comment #13. 
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111) Section I 0.2.3, page I 0-57 

The No Further Action does not recognize the restrictive covenants in place. 

Response: EPA disagrees; ICs were included in the No Further Action alternatives; ICs are not considered a 
replacement of protection of human health and the environment or attainment of ARA Rs. 

112) Section 10.2.3, page I 0-60 

The No Further Action does not recognize the /Cs and soil covers that are already in place within the EA Y. 
Therefore, the conclusion should be modified. 

Response: EPA disagrees; existing soil covers and ICs were evaluated in this alternative. The final remedy 
selected this alternative. 

113) Section 10.2.4, page I 0-60 

See comment # 13. Rock amendment provides similar long-term effectiveness as the revegetation alternatives. 

Response: See response to comment #13. Rock amendment does not provide similar long-term effectiveness for 
reduction of risk to the environment or attainment of ARARs. 

114) Section 10.2.6, page 10-63 

oSee comment #13. 

Response: See response to comment #13. 

Reclamation and soil cover provide equal degrees of protection as each provide for comparable revegetation 
success. 

Response: EPA agrees and modified the ROD to reflect this. 

115) Section 10.2.9, page 10-69 

See comment #1 and# 13. 

Response: See response to comment #1 and #13. 

116) Costing Assumption 

RESPONSE: EPA responded to all cost changes in Appendix E. 

Appendix G - Best Management 

This document provides an overall good first step to attempt to bridge between the FS, the Stucky Ride Work Plan 
and the Remedial Design. Attachment A of ARCO's proposed plan comments attempts to further the approach 
suggested within MSU's BMP document. 
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RESPONSE: EPA notes the comments attached to this section. 
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Response to ARCO Comments in Attachment L 

ARCO's Previously Submitted Comments on the ARWW&S Rl/FS 

Letter to Julie DalSoglio, EPA Montana Office, from Stephen E. Dole, ARCO, 
Re: Review ofFinal Preliminary Baseline Ecological Risk Assessment, 
Anaconda Regional Water and Waste Operable Unit, November 15, 1995. 

2 Letter to Julie DalSoglio, EPA Montana Office, and Andy Lensink, EPA, from 
Phyllis Flack, ARCO, Re: ARCO Disclaimer Anaconda Regional Water and 
Waste Operable Unit, Final Remedial Investigation Report, May 22, 1996. 

2a Issue l (Stream Classification):" All streams in the ARWW OU were classified 
as B- J by the State of Montana .... Because of the sizes, locations, population 
density, and diversity of streams in the ARWW, ARCO believes it is not 
appropriate to categorize all streams in the ARWW OU as B-J. As such B-J · 
stream classification standards should be reviewed and modified for specific 
stream reaches ... " 

2b Issue 2 (Recharge - Vadose Zone Flow): ARCO and the Agencies agree with 
the overall concepts and methodologies involved in estimating and presenting a 
range of net infiltration of precipitation through the tailings in the Anaconda 
and Opportunity Ponds. However, ARCO maintains that it is not accurate to 
refer to net infiltration or deep drainage as ground water recharge. Various 
factors such as stratification, clay layers within the tailings or water vapor flow 
may limit or reduce the final amount of net infiltration reaching ground water 
on an average annual basis. 

Response 

See response to ARCO's Comments in Attachment G/H, Ecological Risk Assessments, matrix of 
responses to combined ecological risk comments. 

2 On March 15, 1996, ARCO submitted the Final Anaconda Regional Water and Waste Remedial 
Investigation Report, Volumes I through 4, to the EPA and MDEQ. These documents were 
approved by EPA on May 2, 1996 (see letter from Julie DalSoglio, EPA Montana Office to Phyllis 
Flack, ARCO, Final Approval of Anaconda Regional Water and Waste Operable Unit Final 
Remedial Investigation Report February 1996). ARCO subsequently submitted the "disclaimer 
letter" on May 22, 1996. At the time ofreceipt of the letter, EPA considered issues raised by ARCO 
as insignificant and minor to the overall interpretation of ground water and surface water 
contamination across the southern Anaconda-Deer Lodge Valley. 

2a Response: The beneficial uses for surface water are defined by the B-1 classification of all tributaries 
to the Upper Clark Fork River (with the exception of Silver Bow Creek, designated by the l 
classification) found in ARM § 17.30.623. The stated goal of the State of Montana is to have B-J 
streams fully support a number of beneficial uses, including drinking, swimming, growth and 
propagation of fishes and other aquatic species, and agricultural and industrial water supply. The 
beneficial uses are considered supported when the applicable standards for ambient water quality, 
contained in department Circular WQB-7, are met. The Clean Water Act, 33 U.S.C. § 1251, et seq., 
provides the authority for each state to adopt water quality standards designed to protect beneficial 
uses of each water body and requires each state to designate uses for each water body. The State of 
Montana has appropriately followed implementation of this legal requirement, therefore, the 8-1 
classification and standards and designation of beneficial use of the Anaconda streams are applicable 
to this site. 

2b "Recharge" is generally defined as the replenishment of water beneath.the earth's surface, usually 
through percolation through soils or connection to surface water bodies. 1 The Southern Deer 
Lodge Valley hydrologic model appropriately assessed net infiltration and/or deep drainage as part 
of the Final ARWW RI report. EPA does not disagree that factors such as clay layers may limit or 
reduce the final amount of net infiltration, however, in the absence of data from underneath the 
ponds (data which ARCO refused to collect as part of the RI investigations), it was appropriate to 
conservatively estimate net infiltration as part of the numeric model calculations. 

1 Committee on Ground Water Cleanup Alternatives, Water Science and Technology Board, Board on Radioactive Water Management, Commission on Geosciences, Environment, and Resources, 
National Research Council, Alternatives/or Ground Water Cleanup, 1994, p. 294. 
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ARCO's Previously Submitted Comments on the ARWW&S Rl/FS 

2c Issue 3 (Acid Neutrali:r.ation Potential for the Opportunity Ponds): Although 
ARCO and the Agencies agree in general with the general method for 
estimating acid neutralization ... This estimate does not account for other 
attenuating factors such as mechanical dispersion or adsorption to clays. 
Therefore, ARCO believes that these estimates ... are an overestimate of future 
site conditions. 

2d Issue 4 (Ground Water Concentration Isopleth Maps and Cross-Sections -
Subarea Characterizations - Section 4.0 (Old Works/Stucky Ridge Subarea), 
5.0 (Smelter Hill Subarea), 6.0 (Opportunity Ponds Subarea) and 7.0 (South 
Opportunity Subarea)): ARCO would have preferred the simple posting of 
ground water quality values next to data sites rather than creating isopleth maps 
and cross-sections in the RJ.. .. This style of presentation .leads the reader to 
believe that the shape and chemical gradients within a particular ground water 
contaminant plume have been defined ... the wide variability on such a local 
scale should preclude widespread interpolation. 

2e Issue 5 (Numeric Modeling): ... ARCO agrees that additional information may 
have been helpful in refining certain aspects of the numeric model. But, 
refinement of certain components of the numeric model may not have been 
practical or add any significant beneficial insight to that which is currently 
know ... Overall, the final model represents an excellent tool for describing the 
general ground water flow directions and quantities {on a regional scale) within 
theARWW OU. 

2f Issue 6 (Pore Water Chemistry Beneath Main Slag Pile): In Section 5.7, the 
pore water chemistry in the vadose zone within and beneath the main slag pile 
has been identified as a data gap ... there is no reason to believe that the slag pile 
itself is a source of arsenic in Monitor Well 211 given the relatively low 
concentrations of arsenic detected in pore water samples, the extremely low 
flow rates typically found in the vadose zone, the thickness of the vadose zone, 
and relatively high flow rates that have been calculated for the underlying 
aquifer ... ARCO is in agreement with the statement on page 5-85, that "it does 
not seem likely that the slag is a source of arsenic." 

Response 

2c The Final ARWW RI report notes, " .. .it is not possible to know precisely the amount of acid that 
will enter the alluvium or the amount of carbonate that will actually be available to neutralize the 
acid." (page 6-61.) Without further hydrogeological and geochemical studies of the area underneath 
the ponds or of the tailings materials itself, EPA and MDEQ cannot determine whether the acid 
neutralization potential calculated in this report is either an over- or under-estimate. This ROD 
requires continual monitoring of the bedrock/alluvial aquifer systems in the Smelter Hill/Anaconda 
Ponds area and the alluvial aquifer system in the Opportunity Ponds area and the agencies may 
therefore require further site characterization in the future. 

2d ARCO's final comment on the requirement to use isopleth mapping for the ARWW site is 
interesting. EPA rejected ARCO's proposal that the RI use posting of water quality values next to 
data sites because this kind of analysis could not help define the origin of contaminant source areas 
and/or predict the downgradient zone of dissolved contaminants. Determination of contaminant 
sources was a key objective of the RI investigations in order to develop feasibility study options and 
select an appropriate remedial action. EPA and MDEQ fully understand the uncertainty of applying 
interpolation of few data points across widespread areas, however, over 150 monitoring wells were 
installed and sampled during 1991 • 1994, additional wells were installed as part of the 1996 FS 
Supplemental Field Investigation, and Tl Zone wells and springs/seeps were used as part of 
continuing site characterization in 1997. With a large site, relatively limited data points, and 
expansion of ground water use for domestic purposes into previously uninvestigated areas, EPA and 
MDEQ will require continued monitoring and site characterization as part of this final remedy to 
assure that human health is protected. 

2e In a previous comment ARCO argues that the agencies should not call net infiltration "recharge" 
because we do not understand the extent of stratification, clay layers within the tailings or water 
vapor flow which may limit or reduce the amount of net infiltration. This is an example ofa data 
gap which would have influenced the numeric hydrologic model outputs for the Southern Deer 
Lodge Valley. Because of the size of the site, the amount of area contaminated by acid mine 
drainage into alluvial and bedrock aquifers, and transport of dissolved arsenic from aerially 
contaminated soils into bedrock aquifers, the agencies have continued .to direct ARCO to collect 
additional site data during 1996, 1997 and 1998 to further decision making on the ability to 
minimize ground water contamination and protect human health. This site will continue to require 
data collection and analysis for long-term management of the ground water plumes. 

2f At the direction of EPA and MDEQ, ARCO installed three lysimetcrs in the Main Slag Pile in 1995 
to collect pore water samples from granulated slag and the underlying alluvium. Concentrations of 
arsenic in pore water samples collected at the Main Granulated Slag Pile range from less than 20 
ugll at SLAGLYI and SLAGLY2S to 80 ug/L at SLAGLY20. During drilling operations at 
SLAGL Y2, composite samples of drill cutting material were collected and analyzed. Results 
indicate material penetrated in boring SLAGL Y2 below a depth of 70 feet contains little slag, and is 
dominated by quartz suggesting the material is not a smelting byproduct. The material is presumed 
to be a low-grade ore which was stockpiled but never fully processed, or tailing material from early 
mineral processing due to its poor metal recovery characteristics. The extent of this material 
underlying the Main Slag Pile is unknown at this time. 



ARCO's Previously Submitted Comments on the ARWW&S RI/FS 

3 Letter to Andrew Lensink, EPA and Mary Capdeville, MDEQ, from Pamela 
Sbar, ARCO, Re: ARCO's Position on Use of Montana Water Quality 
Standards as ARARs for Ditches Within the Regional Water, Waste and Soils 
Operable Unit, September 12, 1996. 

A. Montana Water Quality Standards Are Not Legally Applicable to the 
ARWW&S OU Ditches. 

B. 

I. The ditches do not qualify as "state waters." 

2. The ditches do not qualify as "surface waters." 

3. Return flows from irrigated agricultural storm water runoff 
in the ditches are not "point sources." 

4. Montana surface water quality regulations are more 
stringent than federal standards and therefore arc not 
applicable. 

Montana Water Quality Standards arc not Relevant and Appropriate. 

I. EPA should grant a waiver ifthe Montana water quality 
standards are ARARs for the ditches in the ARWW&S OU. 

Response 

2f (Continued from above) 
EPA and MDEQ stand by their initial interpretation that the slag itself may not be a significant 
source of arsenic to the aquifer, but that the area on which the Main Slag Pile sits is probably a 
source of some arsenic loading to the aquifer. EPA and MDEQ have determined to leave the slag 
waste in place, as part of the Smelter Hill WMA, and allow the material to be appropriately 
processed for cenain products (e.g., roofing shingles). However, any materials or surface soils 
remaining after the slag material is removed will have to be sampled and the area remediated to 
applicable cleanup action levels. 

3 A I. ARCO argues that irrigation waters in the Yellow Ditch are not "state waters" as they arc used 
up in the irrigation process and do not discharge to other "state waters." See§ 75·5-25(a) and (b)(ii), 
M.C.A. Montana water quality standards therefore do not apply to the Yellow Ditch. EPA does not 
agree. Investigation shows that Yellow Ditch waters flow to Old Lime Ditch, which discharges to 
the Mill-Willow Bypass, both of which are considered "state waters." The Yellow Ditch is therefore 
itself a "state water" and Montana water quality standards apply. Additionally, Gardner Ditch is a 
state water because it discharges to Lost Creek .. 

A2. ARCO argues that only the Gardiner, Old Lime and North Drain ditches are "surface waters" 
because they discharge "directly into a stream, lake, pond, reservoir or other surface water." See 
definition of "surface water" at ARM 17.30.602(25). Further, ARCO argues that the surface water 
standards set forth in title 17, ~ARM 17.30.603, therefore apply to those ditches only, and not to 
the other five ditches within the ARWW&S OU. EPA agrees that only "surface waters" arc 
regulated under the "surface water" requirements. Investigation shows that the following ditches do 
discharge into "state waters" and "surface waters" and are therefore regulated under the surface water 
standards: 

Ditch 
Opportunity Ponds Unnamed Ditch 
North Drain 
Yellow Ditch/Old Lime Ditch 
Gardiner Ditch 

State Water 
Silver Bow Creek 
Wann Springs Creek 
Mill-Willo.w Bypass 
Lost Creek 

Of these drainages, exceedances of total and/or dissolved arsenic in surface water are observed in 
Yellow Ditch. An exceedance of total copper standards is also observed in surface water of Gardiner 
Ditch and Yellow Ditch on an occasional basis. Therefore, the Circular WQB-7 standards for 
arsenic and copper apply to Yellow Ditch and Gardiner Ditch. 

Al. EPA agrees that agricultural storm water discharges and return flows from agricultural runoff 
are not point sources under either the Clean Water Act, 33 U.S.C. § 1362(14), or the Administrative 
Rules of Montana at ARM§ 17.30.1304(41). However, EPA disagrees that Montana's surface water 
quality standards do not apply to the ditches wherever they contain agricultural runoff. First, the 
ditches noted in point number 2 above are both "state" and "surface" waters. The surface water 
quality standards set forth at Title 17 of Montana's administrative rules therefore apply. These rules 
are not discharge standards meant to apply to point sources. Rather, they are ambient requirements 
which apply to all "state" and "surface" water bodies as provided under Montana statute and 
administrative rule. They are requirements that the water bodies themselves, not discharges to those 
water bodies, must meet. Thus, they are ARARs under CERCLA. See CERCLA section 121(d), 33 
u.s.c. § 1321(d). 
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4 Letter to Andrew Lensink, EPA, and Mary Capdeville, MDEQ, from Pamela 
Sbar, ARCO, Re: ARWW&S OU Point of Compliance for Ground water 
ARARs, September 17, 1996; and 

16 Letter to Julie DalSoglio, EPA, Andy Young, MDEQ, Andrew Lensink, EPA, 
and Mary Capdeville, MDEQ, from Phyllis Flack, ARCO, Re: EPA's Proposed 
Ground water Point of Compliance for the ARWW&S OU, January 27, 1997. 

4a ARCO argues that EPA should adopt a single compliance point for determining 
whether ground water ARARs are being met. This compliance point should be 
downgradient of a line circumscribing a single waste management area which 
would include the Smelter HilVEast Anaconda, Old Works, Opportunity Ponds, 
and South Opportunity subareas. 

Response 

3 A4. This issue is discussed in more detail in EPA's response to ARCO's comment letter of 
November I, 1996. 

8. Because EPA has determined that the Montana water quality requirements are applicable to 
ditches which discharge to state waters (Gardiner and Yellow Ditches), there is no need to determine 
whether the same requirements are "relevant and appropriate." 

BI. ARCO argues there is no evidence that Montana has consistently applied its water quality 
standards to irrigation ditches in other remedial actions within the State, and therefore, a waiver from 
the water quality standards should be granted. See CERCLA section 121(d)(4)(E), 42 U.S.C. § 
12l(d)(4)(E). EPA disagrees. First, ARCO has presented no evidence at all that there has been 
some sort of inconsistent application. ARCO should have provided evidence of other situations 
where the State should have applied the water quality requirements but failed to do so. Second, 
CERCLA section 121(d)(4)(E) does not require EPA to grant a waiver if the State fails to apply the 
requirement consistently. It simply allows EPA to do so. Under the clear wording ofCERCLA, 
EPA may choose to apply the State standards as ARARs even if the State itself does not consistently 
apply them. EPA may reconsider this position if ARCO provides evidence of situations where the 
ARARs should have been applied by the State, but were not. 

4a EPA agrees that it is generally sensible to group distinct sources of contamination together as one 
unit if they are geographically near to each other. However, as ARCO points out at page 2 of its 
letter of September 17, 1996, "EPA has significant latitude to determine an 'appropriate location' for 
measuring ground water compliance with ARARs .... " In this case, EPA believes that 3 points of 
compliance (POCs) are more appropriate. One of these points is similar to the one ARCO describes, 
downgradient ofa line around the toe of the Opportunity Ponds. EPA adds 2 additional POCs: at a 
location immediately downgradient of the Smelter Hill WMA at the toe of the Anaconda Ponds, and 
within the Old Works Subarea immediately downgradient of the Red Sands Main Deposit. 

A POC located at the toe of the Anaconda Ponds is justified because below this point is a large area 
of uncontaminated ground water between one and two square miles, underlying the Triangle Waste 
area. This area of ground water is between the Anaconda Ponds and the Opportunity Ponds, which 
are about a mile apart Given this large quantity of uncontaminated ground water, the requirements 
of the Montana non-degradation standards, and the one mile of separation between the Anaconda 
and the Opportunity Ponds, EPA believes that a POC at the toe of the Anaconda Ponds is warranted. 

Furthermore, given the large and distinct volumes of tailings overlying large areas ofvalley alluvial 
aquifer, separate POCs will help determine which areas are providing specific contaminant inputs 
into the aquifer system. The agencies' position on this matter is in direct opposition to ARCO's 
statement that, " ... any release from these areas would impact the same aquifer of concern." (Page 3, 
first full paragraph.) EPA cannot fathom how ARCO believes a POC at the toe of the Opportunity 
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4b ARCO argues that one ground water POC is appropriate for the ARWW&S 
OU, and would satisfy the requirements of the NCP, RCRA Subtitle C, the 
new CAMU rule, and the Montana solid waste regulations. 

Response 

(Continued from above) 
Ponds would accurately detect new or increased source loading of contamination from the fractured 
bedrock aquifer located within the Disturbed Portion of Smelter Hill located six miles away. EPA 
disagrees with ARCO's conclusion that one POC would be an appropriate location in the ground 
water for measuring the performance of the ARWW&S OU remedy. 

ARCO also argues that their proposed single POC is comparable to the RCRA CAMU designation 
and is therefore appropriate for the ARWW&S OU. EPA acknowledges that, "EPA generally 
equates the CERCLA area of contamination with a single RCRA land-based unit, usually a landfill. 
54 FR 41444 (December 21, 1988)." (See NCP, page 8760.) However, EPA also states that, 
" ... since the definition of "landfill" would not include discrete, widely separated areas of 
contamination, the RCRA "unit" would not always encompass an entire CERCLA unit." (Ibid.) The 
ARWW &S OU clearly has discrete, widely separated areas of disposal. EPA has been reasonable in 
circumscribing disposal units near each other into three separate WMAs (i.e., Disturbed Area, Main 
Granulated Slag and Anaconda Ponds= Smelter Hill WMA; Opportunity Ponds, South Lime Ditch 
=Opportunity Ponds WMA.) 

In the January 27, 1997 letter, ARCO continues to argue the position that a separate POC located at 
the toe of the Anaconda Ponds is not warranted because ARCO owns the property underlying the 
Triangle Waste area and would continue to prohibit ground water use in the area, thereby protecting 
future human health through an institutional controls action. Property ownership is irrelevant to the 
State of Montana laws which protect existing water quality in state waters, whether surface or 
ground water. M.C.A. § 75-5-605 (prohibits the causing of pollution of any state waters) and § 75· 
5·303 (existing uses of state waters and the level of water quality necessary to protect the uses must 
be maintained and protected) are applicable requirements to the ARWW&S OU and, therefore, it is 
appropriate to establish a ground water POC at the edge of the Smelter Hill WMA for long-term 
protection of the ground water resources in the Triangle Waste area. CERCLA also does not 
recognize property ownership as a basis for not requiring ground water cleanup. 

For the Old Works WMA, a POC has been located downgradient of the Red Sands/Arbiter Plant 
complex, at which source controls and natural attenuation is projected·to restore a portion of the 
alluvial aquifer contaminated with cadmium and copper. The POC was set at this location, rather 
than ARCO's proposed location at the edge of the Old Works/East Anaconda Development Area 
(OW/EADA) OU boundary, to maximize the goal of ground water restoration in an area of the 
community where land development is projected and the need for additional water resources may 
develop in the future. Additional sources of potable ground water for the community is necessary 
given the agencies' determination that large areas of ground water resources cannot be restored (e.g., 
WMAs and Tl Zones). 

4b Applicable law allows one POC for the ARWW&S OU, but doesn't mandate it. The law allows 
EPA to do what makes sense. In this case, EPA believes that 3 points of compliance (see response 
4a), are what make sense and best meet the factors outlined in the NCP preamble (55 Red.Reg.8666, 
8753 (March 8, 1990)). The NCP recognizes that a number of factors will affect the POC. In 
determining where to draw the POC in such situations, the lead agency will consider factors such as 
the proximity of the sources, the technical practicability of ground water remediation at that specific 
site, the vulnerability of the ground water and its possible uses, exposure and likelihood of exposure, 
and similar considerations. While ARCO's position has some merit, it ignores the fact that there is 
significant uncontaminated ground water in the vicinity of the triangle waste area. 
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5 Letter to Julie DalSoglio, EPA, and Andy Young, MDEQ, Re: Disclaimer of 
EPA 's Rewrite of the ARWW&S OU Draft Preliminary Remedial Action 
Objectives, General Response Actions, Technology and Process Option 
Scoping Report, Waste Management Area Evaluation, and Preliminary Points 
of Compliance Identification, September 23, 1996. 

Sa Issue I: ARCO generally objects to the Preliminary Remedial Action 
Objectives and Goals (PRAOs and PRAGs) to the extent that they vary from 
those identified for the same media in the Old Works/East Anaconda 
Development Area (OW/EADA) OU. 

5b Issue 2: ARCO objects to EPA's site characterization of the Anaconda Smelter 
Site (100 square miles of affected soils and 327,000 acre-feet of contaminated 
ground water) as a significant over-estimate of the aerial extent and volume of 
affected media. 

Sc Issue 3: ARCO objects to EPA and MDEQ's determination to use the State of 
Montana's ground water classification system of Class I ground waters 
(suitable for drinking water) based on the premise that ground water in the 
AR WW &S OU has not been, is not currently, and is not reasonably anticipated 
to be used in the future as a drinking water supply. 

Response 

5 EPA reviewed the December 1995 Draft Preliminary Remedial Action Objectives, General Response 
Actions, Technology and Process Option Scoping Report, Waste Management Area Evaluation, and 
Preliminary Points o/Compliance Identification and provided an EPA and MDEQ rewrite in 
February 1996. ARCO completed the rewrite at EPA's direction, which was approved in May 1996. 
ARCO subsequently submitted the above referenced "disclaimer" to this document in September 
1996. 

5a As noted in the OW/EADA ROD (1994), EPA and MDEQ clearly stated, " ... final remediation 
requirements for surface and ground water at the OW/EADA OU are not within the scope of this 
action, but rather will be determined under the ARWW OU." (Page DS-56, OW/EADA ROD, March 
1994.) The ARWW&S PRAOs and PRAGs were established after completion of the ARWW RI 
investigations, use legally applicable State of Montana water quality standards, and incorporate 
preliminary surface and ground water objectives used in the OW/EADA ROD. 

Sb EPA and MDEQ do not believe that the site characterization for the ARWW&S OU is an over
estimate of media affected by 100 years of milling, smelting and disposal activities. ln fact, 
witnesses for the U.S. Department of Justice identified 300 square miles of aerially contaminated 
soils, with the EPA focusing site investigations on approximately 100 square miles. During the 
Regional Soils RJ and Baseline Ecological Risk Assessment EPA and MDEQ further reduced the 
area of concern to approximately 20,000 acres. The FS analysis and this ROD delineate a more 
detailed process to apply the final reclamation remedy which will further reduce the areas of concern 
for the aerially contaminated soils. 

EPA and MDEQ have consistently acknowledged some uncertainty about the total acre-feet of 
contaminated ground water in the ARWW&S OU. This uncertainty is inherent in a site of this size 
and the level of data collection needed to reduce the uncertainty. In fact, ARCO also admits that it is 
difficult to better define the total area of concern for ground water based on the data collected to date 
(see ARCO's disclaimer to the ARWW OU RI, May 22, 1996 and EPA and MDEQ's responses to · 
letter number 2 above). EPA and MDEQ have, in fact, attempted to better define bedrock aquifer 
contamination by directing ARCO to collect additional data in 1996, 1997, and 1998. The data 
analyses expanded the known area of contamination, rather than reduced the areas of concern, in 
contrast to ARCO's assertion that the agencies have over-estimated volumes of ground water 
contamination. (See the Tl Evaluation presented in Appendix D of this ROD.) Finally, EPA and 
MDEQ are requiring long-term monitoring of these ground water contamination areas to sharpen 
and refine the known ground water areas of concern. 

Sc The NCP is perfectly clear in EPA's position on protection and restoration of ground water: 

The goal ofEPA's Superfund approach is to return usable ground waters to their beneficial uses 
within a time frame that is reasonable given the particular circumstances of the site .... A 
determination is made as to whether the contaminated ground water falls within Class I, II, or 
Ill. (NCP, page 8732.) 

For Class I and ll ground waters, preliminary remediation goals are generally set at maximum 
contaminant levels, and non-zero MCLGs where relevant and appropriate, promulgated under 
the Safe Drinking Water Act or more stringent state standards ... (Emphasis added, NCP, page 
8732.) 
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Sd Issue 4: ARCO opposes a PRAO to prevent ground water discharge containing 
arsenic or metals that would degrade any surface water on the basis that there is 
only insignificant ground water loading to surface water within the OU. 

Se Issue S: ARCO disagrees with the identification of State of Montana water 
quality standards from the Montana Circular WQB· 7 that are more stringent 
than primary MCLs as PRAGs. 

5f Issue 6: ARCO contests the use of total recoverable metals concentrations as 
PRAGs on the ARWW&S OU and further asserts that EPA should adopt 
ARCO's proposed Site-Specific Water Quality Standards for Mill, Willow and 
Warm Springs Creeks. 

Sg Issue 7: ARCO requests revisions to surface water PRAOs to read as follows: 
"Minimize source contamination to surface water that would result in an 
exceedance of federal or site-specific ambient water quality criteria, and 
minimize significant degradation to downstream surface water beyond an 
appropriate mixing zone." 

Response 

Sc (Continued from above) 
If ground water can be used for drinking water, CERCLA remedies should, where practicable, 
restore the ground water to such levels. Such restoration may be achieved by attaining MCLs or 
non-zero MCLGs in the ground water itself, excluding the area underneath any waste left in 
place. (Emphasis added, NCP, page 87S3.) 

EPA and MDEQ appropriately set the PRAOs and PRAGs for the ARWW&S OU ground water 
based on the NCP and compliance with ARARs. See the discussion of ground water ARARs in 
Appendix A. 

5d Site investigations determined that large portions of the Southern Deer Lodge Valley are affected by 
ground water discharge to the surface; however, EPA and MDEQ agree that there is a minor amount 
of ground water discharge to surface waters in which arsenic and/or metals may be transported. The 
only area identified on site are the Opportunity Ponds D-1 and D-2 Drain Ditches which capture 
ground water discharge to a conveyance ditch and in which surface water flow is transported to the 
Warm Springs Ponds. EPA has revised the final Remedial Action Objectives for surface water as 
follows: 

Minimize source contamination to surface waters that would result in exceedances of State 
of Montana water quality standards. 

Se As noted in response to Issue 3 above, the NCP clearly allows use of state water quality standards 
that are more stringent than federal MCLs as appropriate ground water clean up standards for 
aquifers. (NCP, p. 8732.) The state timely identified Montana Circular WQB· 7 standards as 
applicable standards and EPA has identified them as such. See 40 CFR 300.S. See also response Sb 
below. The State standards are ARARs as there are no other standards to consider. 

Sf Sec response to ARCO's comment letter 8, below. 

5g The final Remedial Action Objectives for surface waters at the ARWW&S OU are to minimize 
source contamination that would result in exccedance of State of Montana water quality standards. 
As noted in response to Issue 5 above, and to ARCO's comment letter 8 below, the State of Montana 
WQB-7 water quality criteria are the applicable standards to the site, not ARCO's calculation of site
specific water quality criteria. 

EPA and MDEQ have not designated any mixing zones for surface waters within the OU. Point· 
source storm water discharges to the surface water bodies will comply with identified stonn water 
regulations and much of the COC transport into the water column from wide-spread non-point 
sources, such as overland run-off from aerially contaminated soils, which will be remedied by the 
actions set forth in the ROD for contaminated soils. EPA and MDEQ's final Remedial Action 
Objective is to return surface water to its beneficial use by reducing loading sources of COCs. This 
ROD calls for an appropriately designed remedial actions and O&M plans to assess reduction of the 
non-point source loading sources, attainment of the water quality criteria. and establishment of the 
appropriate points of compliance. 
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Sh Issue 8: ARCO argues that streams and creeks within the site should not be 
maintained to support B-1 classification uses because of the varying size, 
locations, population density, flow and diversity of the streams which could not 
sustain drinking, culinary, food processing, bathing swimming or recreational 
purposes. 

Si Issue 9: ARCO incorporates by reference its prior comment regarding State of 
Montana WQB-7 levels that are more stringent than primary MCLs; notes that 
aquatic standards for these constituents are hardness-based and thus not directly 
comparable to health-based standards; that metals concentrations for protection 
of aquatic life should be measured on the basis of dissolved methods, rather 
than total recoverable; and that water quality criteria should be adjusted by a 
water effect ratio. 

Sj Issue I 0: ARCO refutes the identification of ground water as a "receptor" of 
contaminants from waste sources and tailings, but rather a media of concern. 

Sk Issue 11: PRAOs should be revised from "prevent" releases of soils or 
sediments that would cause an exceedance of ground water and/or surface water 
quality standards to "minimize" releases that would result in significant 
unacceptable adverse impacts to ground and surface water. 

51 Issue 12: ARCO takes the position that it is not feasible, or necessary to protect 
human health and the environment, to "prevent" exposures to waste sources, 
but rather to "minimize" exposures. Furthennore, minimization of exposure 
should be tied to current or reasonable anticipated future land use. The PRAO 
for waste material should be rewritten to reflect these changes. 

Sm Issue 13: Waste Sources and Tailings PRAOs should be re.vised to state: 
"Minimize the release from waste sources and tailings to the extent such release 
results in significant unacceptable adverse impacts to the environment." 

Sn Issue 14: ARCO further objects to the use of the word "prevent" releases as 
applied to regionally contaminated soils for COC transport to ground water and 
surface water; and "prevention" of human ingestion, inhalation, or contact with 
soils that would result in unacceptable risk to human health, vegetation, 
wildlife and/or terrestrial ecosystems. PRAOs should be revised to say, 
"minimize" releases. 

ARCO also disagrees with the statement that site-wide terrestrial ecosystems 
may be at risk via direct soils toxicity, plant uptake and food chain effects of 
metals and arsenic. 

Response 

Sh The State of Montana has properly promulgated stream classifications according to the Clean Water 
Act. These classifications for streams in Anaconda are applicable to this Remedial Action. 

Si See EPA and MDEQ response 3 and Sb. 

Sj As described in the ARWW RI Report (February 1996) and Feasibility Study Deliverable No. 2 
(Conceptual Model of Fate & Transport, Pathway Assessment, and Areas and/or Media of Concern, 
February 1997), ground water is a "receptor" of arsenic, cadmium, copper and zinc from waste and 
tailings materials on the site. EPA's use of the tenn "receptor" throughout the ROD refers to a 
media receptor or biological receptor. 

Sk The final Remedial Action Objectives for soils and sediments are to provide a pennanent vegetative 
cover over contaminated soil material to minimize transport of COC to ground and surface water 
receptors. 

SI The final Remedial Action Objectives for waste material reflect both these proposed changes. 

Sm Final Remedial Action Objectives for waste sources is to reduce COC levels in waste and highly 
contaminated soils to allow re-establishment of vegetation, thus reducing rick to upland terrestrial 
wildlife and allow re-establishment of wildlife habitat. 

Sn EPA revised the final Remedial Action Objectives to require a pennanent vegetative cover through 
land reclamation which will minimize potential risk of human exposure, transport of COCs to 
surface and ground waters, and wildlife exposures. 

See EPA response to comments on the Baseline Ecological Risk Assessment, Attachment G/H of the 
Responsiveness Summary, for the agencies' position on soils toxicity, plant uptake, and food chain 
effects of metals and arsenic. 
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So Issue IS: Soil clean up action levels of 1,000 ppm recreational land use and SOO 
ppm commercial/industrial land use are overly conservative and only applicable 
to areas in the OW/EADA OU. 

Sp Issue 16: ARCO disagrees with an implied emphasis by EPA that the NCP 
established a different expectation for remediation of contaminated ground 
water, and notes that the NCP contemplates use of institutional controls for 
ground waler as well as other media. 

Sq Issue 17: ARCO disagreed with EPA's definition ofa waste management area 
as "an area of continuous contamination in a discrete and manageable unit 
which will be left in place as part of EPA's response action at a given site." 
Proposed alternative definition is, "area where waste is left in place, including 
the area encompassing more than one such distinct area when such areas are in 
close geographic proximity." and 

Issue 18: ARCO requests establishment of two WMAs: Northern WMA lo 
include Red Sands, Heap Roast Slag Pile, floodplain tailings, ADLC sewage 
lagoons, and ADLC closed municipal landfill; and Southern Waste 
Management Area encompassing Opponunity Ponds, Cell A, South Lime 
Ditch, Triangle Waste, Anaconda Ponds, Main Slag Pile, and Disturbed Areas. 

6 Letter to Max Dodson, EPA, from Sandra Stash, ARCO, RE: ARCO's 
Response to EPA's July 30, 1996 Letter Terminating ARCO's Obligations to 
Perform the Regional Water, Waste, and Soils Rl/FS and ARCO's Invocation 
of Dispute Resolution, September 24, 1996. 

Response 

So See Final Baseline Human Health Risk Assessment, Anaconda Smelter NPL Site, Anaconda, 
Montana (EPA 1996) for applicable human health risk assessment for aerially contaminated soils. 
These action levels fall within EPA's risk range, are consistent with action levels established for the 
Old Works ROD, and were applied to the most recent update on land use designations within 
Anaconda-Deer Lodge County. 

Sp ARCO's quote that EPA expects to return usable ground water to their beneficial uses wherever 
practicable, within a time frame that is reasonable is the exact wording finalized in FS Deliverable 
No. I. (See Section 2.1.1, page 3, and Appendix A). 

Sq The WMA concept spelled out in FS Deliverable No. I was to assist in the screening and application 
of feasibility study alternatives and to help develop a long-term management strategy for the waste 
materials left on site. EPA and ARCO are in general agreement about the need to define areas where 
waste will be left in place, ground water will not be remediated to State of Montana standards, and 
the need to develop long-term management strategies as part of the final ROD. ARCO's point is 
taken that a waste management area is not limited to a single discrete area of continuous material; in 
fact EPA has determined that several separate waste sources should be combined to form the three 
waste management areas on the site (e.g., Opportunity WMA =Opportunity Ponds, South Lime 
Ditch; Smelter Hill WMA = Disturbed Area, Anaconda Ponds, Main Granulated Slag, East 
Anaconda Yards; and Old Works WMA =Heap Roast, Floodplain Tailings and Red Sands). 
However, ARCO takes this concept to the extreme and later argues that there should only be two 
separate WMAs, generally circumscribing wastes from the top of Smelter Hill to the edge of ARCO 
owned property along the 1·90 frontage road below the Opportunity Ponds. The NCP clearly allows 
EPA to establish appropriate waste-left-in-place POC boundaries to protect uncontaminated 
resources, such as the clean ground water located between Anaconda and Opportunity Ponds, and to 
remedy ground water resources where those resources can be remediated, such as the area below the. 
Red Sands. This ROD appropriately established three distinct WMAs. 

6 EPA responded to this letter on November 2S, 1996 from Robert L. Fox, EPA, to Sandra Stash, 
ARCO. In this letter, EPA further expanded on specific problems with ARCO's performance to 
conduct the ARWW&S FS and the agency concluded, "These various problems and ARCO's failure 
to correct them amount to noncompliance with AOC CERCLA VIIl-88-16 and are the basis for 
EPA's decision to terminate the portion of Amendment Eight requiring the work. Under AOC 
CERCLA Vlll-88-16, Section IX.M.2., page S2, whenever ARCO has "fail(ed) to remedy 
noncompliance with this Consent Order in a timely manner .. .," EPA may "initiate Federally funded 
response actions and pursue cost recovery." EPA also clarified that ARCO was not formally 
invoking dispute resolution, yet reserved the right 10 do so. 
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7 Letter to Andrew Lensink, EPA, and Mary Capdeville, MDEQ, from Pamela 
Sbar, ARCO, Re: ARWW&S OU Stonn water Discharge ARARs, October 16, 
1996. 

7a The use of BMPs as effluent limitations for storm water discharges is consistent 
with the Clean Water Act. 

7b EPA 's current policy is to use BMP's rather than numeric water quality 
standards for purposes of controlling storm water discharges. 

7c Montana recognizes BMPs as satisfying State storm water requirements. 

Response 

7a EPA agrees that the use ofBMPs may be consistent with the Clean Water Act so long as the 
conditions set forth at 40 C.F.R. § 122.44(k) are met. In essence, all NPDES permits, including 
storm water permits, must at a minimum meet the requirements of 40 C.F.R. §§ 122.41, 122.42, and 
122.43(a). In addition, BMPs will be required as provided under§ 122.44(k) where they are "(I) 
authorized under section 304(e) of the Clean Water Act (CWA) for the control of toxic pollutants, 
and hazardous substances from ancillary industrial activities; (2) Numeric effluent limitations are 
infeasible, or (3) The practices are reasonably necessary to achieve effluent limitations and standards 
or to carry out the purposes and intent of CW A. 

7b EPA's current policy regarding BMPs is outlined in a memorandum entitled Interim Permitting 
Approach/or Water Quality-based Ef]luent limitations in Storm Water Permits, 61 Fed. Reg. 43761 
(August 26, 1996), and Qs & As/or Interim Permitting Approach/or Water Quality-based Ef]luent 
Limitations in Storm Water Permits, August I, 1996 ("Qs & As"). EPA does agree that BMPs will 
be used in first round storm water permits. EPA may require more controls where necessary in order 
to attain water quality standards. EPA does not agree that ii has generally "rejected" numeric 
limitations for storm water permits. EPA has recognized, however, that numeric standards may be 
difficult to derive. If such BMPs, plus the standard permit requirements of§ 122.43(a), provide for 
attainment of water quality standards, nothing further will be required. See Qs & As, Question 7, 
page 6. However, ifthe standard permit requirements plus BMPs do not result in compliance with 
water quality standards, more controls may and will be required. 

7c a ARCO seems to argue that compliance with BMPs alone is full compliance with the Montana 
storm water requirements. This is not true. ARCO refers to three general permits issued by the State 
of Montana, the general discharge permits for storm water discharges associated with I) mining 
activity and oil and gas exploration, 2) industrial activity, and 3) construction activity. ARCO 
indicates that all three permits require BMPs as opposed to numeric standards and argues that 
compliance with the BMPs is full compliance with all water quality requirements. EPA does not 
agree. Full compliance with BMPs is not necessarily full compliance with all water quality 
requirements. All three permits provide that storm water discharges may not violate the Clean Water 
Act or State of Montana non-degradation standards. The permits contain monitoring and other 
requirements. Most important, the re-opened clauses in the three permits provide that if discharges 
actually or potentially impact water quality, then individual or alternate general pennits may be 
required. The State could therefore require conditions beyond BMPs in order to protect water 
quality. Thus, ARCO's argument is incorrect. BMPs may be required under State law. However, if 
these are insufficient to provide for compliance with water quality standards, additional requirements 
may be imposed. 

b. ARCO argues also that 75-5-401(5)(g), M.C.A. provides that storm water dischargers arc not 
required to get individual permits. This is true. However, 75-5-605, M.C.A. still provides that it is 
unlawful to "pollute" State waters beyond water quality standards (presently set forth in WQB-7) 
while 75-5-303, M.C.A. makes it unlawful to degrade State waters below their existing quality. 
Even if there is no individual permit requirement for storm water discharges, if is still illegal under 
both the above referenced statutory requirements to degrade the quality of State waters. These 
provisions are ARARs for this project and these provisions must be complied with. 
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8 Letter to Andrew Lensink, EPA, Mary Capdeville, MDEQ, Julie DalSoglio, 
EPA, and Andy Young, MDEQ. from Pamela Sbar, ARCO, Re: Site-Specific 
Water Quality Standards as ARARs for the ARWW&S OU, Anaconda Smelter 
NPL Site, November I, I 996; and 

11 Letter to Andrew Lensink, EPA, Julie DalSoglio, EPA, Mary Capdeville, 
MDEQ, and Andy Young, MDEQ, from Pamela Sbar, ARCO, Re: Use of 
Montana Environmental Regulations That Arc "More Stringent Than" 
Comparable Federal Provisions as ARARs for the ARWW&S OU, Anaconda 
SmelterNPL Site, November II, 1996. 

8a Issue (Site-specific water quality standards): ARCO argues that Montana's 
WQB-7 standards are not applicable standards for the ARWW&S OU cleanup 
since I) Montana law mandates that the Montana Board of Environmental 
Review (Board) adopt site specific water quality standards at the OU instead of 
the WQB-7 requirements, 2) EPA has the authority to adopt site specific water 
quality standards where the Board has failed to do so, 3) the WQB-7 standards 
are "more stringent" than federal requirements since they are based upon "total 
recoverable metals" and therefore, the federal requirements, based upon 
"dissolved metals" should be applied, and 4) EPA should apply dissolved 
metals standards for the ARWW&S OU instead of the total recoverable metals 
requirements set forth in Montana's WQB-7, since the dissolved metals 
standards are less stringent. 

8b Issue ("more stringent than" considerations): ARCO argues that State standards 
which are "more stringent" must be modified to conform to corresponding 
federal standards which are "less stringent," that WQB-7 standards are "more 
stringent" than federal requirements since they are based upon "total 
recoverable metals" and that therefore, EPA should apply the federal 
requirements, based upon "dissolved metals," supposedly less stringent, as 
ARARs for this cleanup. 

Response 

8a EPA does not agree that M.C.A. § 75-5-310(1) mandates the adoption of site specific water quality 
standards instead of the WQB-7 standards ~ Appendix A, page A-6). Adoption of such standards 
is clearly discretionary. First, M.C.A. § 75-5-310(2) requires the Board to determine whether the 
proposed site specific standards are protective of beneficial uses. ARM 17.30.623(2)(h)(iii) sets 
forth additional factors for the Board to consider. The Board clearly has discretion concerning those 
findings. Second, since rulings of the Board will affect the public, Montana's Administrative · 
Procedure Act, M.C.A. § 2-4-302 provides for public comment on any proposed Board rulings. 
Clearly, the Board is not required to adopt site specific water quality standards, but may in some 
case decide not to do so as a result of public comment. It follows that ifthe State has not adopted 
ARARs which supplant the WQB-7 requirements, the WQB-7 requirements continue to be the 
applicable ARARs. 

EPA does not agree that it has authority to adopt and then apply as ARARs site specific standards 
where the State has not yet promulgated them. Under the NCP, EPA may include as ARARs those 
"cleanup standards, standards of control, and other substantive requirements, criteria, or limitations 
promulgated under ... state environmental or facility siting laws .... " See 40 C.F.R. § 300.5. The 
State of Montana has not yet promulgated any site specific requirements. Therefore, there is nothing 
for EPA to adopt as an ARAR other than the WQB-7 standards. The requirement for "site specific 
standards" is a product of State of Montana law. Federal regulations do not require site specific 
standards. See 40 C.F.R. § 131.1 l(b)(I )(ii). EPA does not have authority to promulgate 
requirements under state law and declines to attempt to do so here. 

8b The provisions which limit the adoption of State requirements which are "more stringent" than 
federal requirements, M.C.A. §§ 75-5-203 and 309 M.C.A. § 75-5-203, providing, in part, that "the 
board ·may not adopt a rule ... that is more stringent than the comparable federal regulations or 
guidelines that address the same circumstances ... " and M.C.A. § 75-5-309, providing in part that "the 
board may rules that are more stringent than corresponding draft or final federal regulations ... if the 
board makes written findings, based on sound scientific or technical evidence ... which state that rules 
that arc more stringent than corresponding federal regulations ... are necessary to protect the public 
health, beneficial use of water, or the environment of the state ... ," are not themselves ARARs, and 
cannot be implemented by EPA. As mentioned above, ARARs are "substantive requirements, 
criteria, or limitations promulgated under ... state environmental or facility siting laws .... " See 40 
C.F.R. § 300.5 (emphasis added). The provisions at issue are not substantive requirement5.Rather, 
they are administrative guidelines which govern decisions by the Board. Until the Board acts 
according to these guidelines, the WQB-7 requirements are the only Montana water quality ARARs 
there are. Only if the Board follows the guidelines, eases the WQB-7 standards, and in effect, adopts 
new requirements, would those new regulations be enforceable by EPA under CERCLA as ARARs. 
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9 Letter to Julie DalSoglio, EPA, Andrew Lensink, EPA, Andy Young, MDEQ, 
and Mary Capdeville, MDEQ, from Phyllis Flack, ARCO, Re: ARCO's 
Preliminary Comment on EPA's Draft Final Baseline Ecological Risk 
Assessment for the ARWW&S OU, Anaconda Smelter NPL Site and letter to 
Julie DalSoglio, EPA, Andrew Lensink, EPA, Andy Young, MDEQ, and Mary 
Capdeville, ARCO, from Robin Bullock, ARCO. Re: Editorial comment on 
EPA's Draft Final Baseline Ecological Risk Assessment for the ARWW&S 
OU, Anaconda Smelter NPL Site. 

JO Letter to Julie DalSoglio, EPA, Andy Young, MDEQ, Andrew Lensink, EPA, 
and Mary Capdeville, MDEQ, from Phyllis Flack, ARCO, Re: Comments on 
the Waste Removal Evaluation for Final Feasibility Study Deliverable No. Jb, 
ARWW&S OU, November6, 1996. 

GENERAL COMMENTS 

I Oa I. ARCO requests that the removal option be eliminated for all waste sources, 
with the exception of Wann Springs Creek and Willow Creek tailings, rather 
than just the waste sources which will remain in place as noted in this repon. 

JOb 2. EPA used the screening criteria identified in its guidance in the area-by-area 
discussion of the waste removal alternative rather than the detailed analysis 
criteria. Sections 4.0 and 4.1 of this document should be modified for 
consistency with later discussions in the report. 

Response 

Sb (Continued from above) 
EPA does not agree that the "total recoverable" metal criteria set forth in WQB-7 are "more 
stringent" than the "dissolved" metal criteria set forth at 40 C.F.R. § 131.36(cX4)(iii). This is 
because the State requirement, WQB-7, does not "compare with" or "correspond to" the federal 
requirement at 40 C.F.R. § 13 l.36(c)(4)(iii) as required under M.C.A. § 75-5-203 or 309. 

These provide that the board may not adopt State provisions more stringent than "comparable" or 
"corresponding" federal regulations or guidelines. This is because the WQB-7 requirements, as 
ambient requirements, do not correspond to those set forth al 40 C.F.R. I 3 l.36(c)(4)(iii). 

9 See Response to ARCO's Comment on the ARWW&S OU Proposed Plan, Attachment G/H, 
included in this Responsiveness Summary. 

IOa EPA appropriately carried forward the removal option for the South Lime Ditch, Cell A, Triangle . 
Waste, East Anaconda Yards, Yellow Ditch, Blue Lagoon, and Opportunity Ponds Toe Wastes. The 
final remedy outlined in this ROD calls for waste consolidation (i.e., removal) for the Opportunity 
Ponds Toe Waste and partial removal of the contaminated material found in the Blue Lagoon. These 
alternatives are protective of human health and the. environment, eliminate aquatic ecological risk, 
and are cost effective. 

I Ob The waste removal evaluation was a screening of an alternative, and the screening criteria was 
appropriately applied. No revisions to the document were made. 
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IOc 3. ARCO argues that the following identified ARARs are neither applicable 
nor relevant and appropriate: (I) requirements that arc more stringent than 
comparable federal requirements; (2) numeric effluent limitations for stonn 
water discharges under the Clean Water Acl or the Montana Water Quality Acl; 
(3) pennit requirements for industrial point source discharges; (4) solid waste 
requirements; (S) Water Quality Bureau-7 water quality standards, to the extent 
that there are site-specific water quality standards available or that these 
standards use total recoverable metals to measure compliance; (6) certain 
mining reclamation requirements; and (7) surface water quality requirements to 
the extent that EPA identifies them as ARARs for ditches within the 
ARWW&SOU. 

I Od 4, 5, 6, 7, 8. ARCO provides a series of comments on costing assumptions 
used in FS Deliverable No. 3b. Generally the comments requested a 7% 
discount rate for inflation to calculate unit costs; that costs for backfill and 
placement and costs for revcgetation are lower than can ·be reasonably be 
ex~ected; and that units and quantities on cost estimate tables are confusing. 

IOe 9. ARCO disagrees with the methodology used by EPA to ascertain the 
phytotoxic risks on the site; and therefore, with EPA's position that a potential 
reduction in the phytotoxic effects to local habitats is sufficient reason to 
consider removal for South Lime Ditch, Triangle Waste Area, Wann Springs 
Creek Tailings and Willow Creek Tailings. 

SPECIFIC COMMENTS 

South Lime Ditch 

The partial removal alternative should not be evaluated during the Detailed 
Analysis phase of the FS for the following reasons: 

I Of I. FS Deliverable No. 2 does not identify surface water as a receptor of 
concern. 

I Og Partial removal may negatively impact proposed land use. 

I Oh Control of surface water runoff can be achieved by less costly means; control of 
suspended particulate matter may be achieved through less costly alternatives; 
soils and wastes in the South Lime Ditch may not be the sole source of arsenic 
and cadmium in the alluvial aquifer; and the effectiveness of waste removal to 
reduce loading of arsenic to ground water is considered to be low. 

Response 

IOc See attached responses for each of these issues outlined in EPA's response to ARCO's comment 
letters in Appendix L. 

IOd EPA thoroughly reviewed costing assumptions and made specific revisions to the tables that were 
presented in FS Deliverable No. 5 for the detailed analysis of alternatives. EPA also presented a 
detailed list of costing assumptions used in an appendix to that document. ARCO again provided 
more detailed comments on costing assumptions found in Attachment J to their Comments on the 
Proposed Plan, January 31, 1998. EPA further revised costing assumptions, updating the costs 
based on latest and best available information, and have presented revised tables in Appendix E of 
this ROD. 

IOe EPA presents a detailed response in defense of the methodology used for ascertaining phytotoxic 
effects of metals and arsenic in soils and tailings in the ARCO Response to Comments Attachments 
G/H. EPA therefore stands by its conclusion that removal of tailings in these areas of concern would 
eliminate phytotoxic effects to the vegetation communities. 

IOf ARCO is correct in stating that EPA has not identified the South Lime Ditch as a surface water 
receptor of concern. The partial removal alternative was not chosen in the final ROD. 

IOg Proposed trails development is not an insunnountable problem with the partial removal scenario. 

IOh EPA considered these points during the detailed analysis and chose a more cost effective remedy of 
revegetation for the final ROD. 
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I Oi Implementation of the remedy would result in significant community impacts. 

Triangle Waste Area 

The removal alternative should not be evaluated in the Detailed Analysis for 
the following reasons: 

IOj ARCO agrees with EPA's assessment that additional alternatives exist to 
address phytotoxic habitat effects and impacted soils human health risks which 
would achieve an equal level of protectiveness at a lower cost and that 
addresses suspended particulate matter. 

I Ok The site was previously utilized as a solid waste landfill and therefore 
additional materials handling would be necessary. 

IOI Implementation of this remedy would result in significant community impacts. 

Warm Springs Creek Tailings 

Although ARCO acknowledges that removal of Wann Springs Creek tailings 
would be carried forward into the detailed analysis. ARCO had the following 
comments: 

I Om ARCO disagrees with EPA's assertion that the Warm Springs Creek tailings are 
the primary source of metals to surface water and in-stream sediment of Wann 
Springs Creek. 

I On Removal of tailings may have serious short-tenn adverse impacts on the water 
quality and aquatic habitat of Warm Springs Creek. 

IOo Costs associated with stream bank stabilization and revegetation for riparian 
and pasture areas are not accounted for. 

Response 

IOi EPA believes that impacts to the local community would not be significant and some of the impacts 
would be mitigated during construction. The South Lime Ditch is located solely on ARCO owned 
property, would be consolidated into the Opportunity Ponds (located adjacent to the South Lime 
Ditch), and backfill material borrowed from locations around the ponds. 

I Oj The detailed analysis of alternatives, FS No. S, did show that the soil cover and in situ reclamation 
alternatives were equally protective remedies at a lower cost. These alternative remedies were 
chosen in the final remedy. 

I Ok This infonnation would have been important if removal had been chosen as the final remedy. The 
ROD calls for soil cover or in situ reclamation and location of the closed landfill will be noted in 
Remedial Design. 

101 The response to this comment is similar to the response on South Lime Ditch. The Triangle Waste 
Area is located next to the Opportunity Ponds on ARCO owned property. Minimal impacts to road 
traffic, noise and dust abatement, and on-site safety could all be addressed or mitigated. 

IOm During writing of FS Deliverable No. 2 and 3a. EPA believed that there were potentially other 
sources of metals to surface water receptors, including overland run-ofT from aerially contaminated 
soils. During the Proposed Plan Public Comment Period, the Montana Department offish, Wildlife 
and Park initiated a stream re-naturalization project and uncovered significantly more buried tailings 
within the floodplain than identified during the Rl/FS. This is additional evidence of loading from 
nuvially deposited tailings, and EPA stands by it's initial assessment that tailings probably play the 
primary source of metals loading to Warm Springs Creek, causing the periodic and seasonally 
exceedances of A WQC. 

I On EPA recognizes the risk of short-term impacts inherent during removal of stream bank material, 
however, several steps can be taken to minimize those impacts, such as removal during low-flow 
water, use of appropriately sized equipment, water diversion and sediment erosion controls 
structures. EPA also believes that any minor short-term impacts are overshadowed by long-term 
environmental gains. 

lOo These cost factors were added to FS Deliverable No. Sand updated in the final cost sheets found in 
Appendix E of the ROD. 
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Willow Creek Tailin&s 

Although ARCO anticipated that removal of Willow Creek Tailings will be 
carried forward into the Detailed Analysis, the following comments were 
presented: 

I Op Removal of the tailings may have serious short-term, adverse impacts to water 
quality. 

1 Oq Costs to maintain and repair Highway 1 to be used for hauling excavated 
material, for stream bank stabilization, and for revegetation of riparian areas arc 
not accounted for. 

tor Implementation of this remedy would result in significant community impacts. 

Yellow Ditch 

The removal alternative should not be evaluated during the Detailed Analysis 
for the following reasons: 

I Os The cause of elevated arsenic levels in the alluvial aquifer in the South 
Opportunity Area appears to be primarily related to land-use practices of flood 
irrigation with arsenic-impacted surface waters. 

I Ot ARCO acquired property in the South Opportunity for the purpose of reducing 
flows through the head gates at diversions to Yellow Ditch. A small quantity 
of water is required to fulfill the appropriation of a downstream water-right 
holder. Elimination offlood irrigation is anticipated to improve ground water 
quality in the South Opportunity Area. 

I Ou Removal of Yellow Ditch is not compatible with proposed land use which is 
anticipated to include the possible construction of a cap and development of a 
hiking trail along the berm of the ditch. Jn addition, the ditch must remain in 
place to convey irrigation water to a downstream water-right holder. 

IOv Implementation of the remedy would result in significant community impacts. 

Response 

I Op EPA recognizes the risk of short-term impacts inherent during removal of stream bank material, 
however, several steps can be taken to minimize those impacts, such as removal during low-flow 
water, use of appropriately sized equipment, water diversion and sediment erosion controls 
structures. EPA also believes that any minor short-term impacts are overshadowed by long-term 
environmental gains. 

I Oq These cost factors were added to FS Deliverable No. 5 and updated in the final cost sheets found in 
Appendix E of the ROD. 

I Or Minimal impacts to road traffic, noise and dust abatement, and on-site safety could all be addressed 
or mitigated. 

I Os Removal of the Yellow Ditch was deliberately assessed to determine if arsenic could be reduced in 
the surface waters flowing through the irrigation ditch. 

IOt Comment is noted and incorporated into the final ROD. EPA chose re.duction of flood irrigation and 
natural attenuation as the final remedy. 

I Ou These factors were assessed in FS Deliverable No. 5. EPA believes removal of the ditch would not 
have been incompatible with the land use designation as a hiking trail; however, EPA agrees that the 
water conveyance structure (e.g., ditch) would either need to be maintained or replaced. 

IOv Minimal impacts to road traffic, noise and dust abatement, and on-site safety could all be addressed 
or mitigated. 
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Blue Lagoon and Railroad Fill 

Removal of the Blue Lagoon material and Railroad Fill near Blue Lagoon 
-should not be carried forward into the detailed analysis of alternatives for the 
following reasons: 

I Ow Impacted pore water in the vadose zone downgradient of Blue Lagoon was not 
identified as a "potential media of concern" or "potential area of concern" in FS 
Deliverable No. 2. The removal action is being cited as a potential remedial 
alternative for an area which may not require remediation. 

I Ox The removal scenario assumed that the railroad line will be abandoned after 
completion of the Lower Area One Project (Silver Bow Creek/Butte Addition 
NPL Site). ARCO anticipates that Rarus will continue maintenance of the line 
and require compensation for any revenue lost during the construction time 
frame. 

I Oy Control of surface water run-off over and through the railroad grade material 
can be achieved through less costly means than removal. 

I Oz Implementation of this remedy would result in significant community impacts. 

East Anaconda Yard Wastes 

I Oaa Removal alternative should not be evaluated during the detailed analysis. 

Response 

I Ow EPA identified contaminated ground water and a downgradient outwash of material from the lagoon 
as a secondary waste source to downgradient ground water and surface water. The vadose zone in 
this downgradient area is more than likely also contaminated with high levels of copper and 
cadmium. 

I Ox This information was assessed during the detailed analysis of alternatives. EPA chose a partial 
removal in the Blue Lagoon (e.g., removal of the contaminated sediments and outwash material; use 
of a culvert through the railroad bed material to route upgradient waters through contaminated 
railroad fill) as the final remedy. 

I Oy Agreed; see above response. 

I Oz Minimal impacts to road traffic, noise and dust abatement, and on-site safety could all be addressed 
or mitigated. 

IOaa EPA conducted an extensive analysis of the removal option as part of the Technical Impracticability 
(Tl Evaluation) Evaluation to assess the likelihood of attaining ground water standards for arsenic in 
the East Anaconda Yard. EPA determined that removal of buried wastes in the area would not lead 
to remediation of the aquifer due to arsenic loading from the valley sid.e-wall recharge off of the 
bedrock aquifer on Smelter Hill. The reader is referred to a detailed discussion of this analysis found 
the Appendix D of this ROD. 

The Montana solid waste requirements at MCA § 75-10-20 I, et seg. and implementing regulations 
are applicable requirements for the mining waste at the Opportunity and Anaconda Ponds. This 
position was originally established in the Record of Decision for the Strcamside Tailings Operable 
Unit, Silver Bow Creek/Butte Addition NPL Site. See Appendix A to the Streamsidc Tailings OU 
ROD, Identification and Description of Applicable or Relevant and Appropriate Requirements, 
footnotes 35 and 36. Since the ARWW&S OU waste is a "historic" waste which was disposed of 
decades ago, it is not currently regulated under Montana's metal mine reclamation requirements, Sec 
MCA§ 82-4-304, and therefore is not within any of the mine waste exceptions to the definition of 
solid waste. See MCA§ 75-10-203(1 l)(b) and 75-10-214(l)(b). The mining wastes will therefore 
be considered "solid wastes" under the Montana Solid Waste Management Act, MCA§ 75-10-201, 
et scg., if they are "actively managed" as part of the ARWW&S remedial action. See footnote 36,lfl. 
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11 See responses to comment letter 8. 

12 Letter to Andrew Lensink, EPA, Julie Da!Soglio, EPA, Mary Capdeville, 
MDEQ, and Andy Young, MDEQ, from Pamela Sbar, ARCO, Re: Use of State 
Solid Waste and Related Requirements as ARARs for the ARWW&S OU, 
Anaconda Smelter NPL Site, November 11, 1996. 

13 Letter to Andrew Lensink, EPA, Mary Capdeville, MDEQ, Julie DalSoglio, 
EPA, and Andy Young, MDEQ, from Pamela Sbar, ARCO, Re: Mine 
Reclamation Requirements as ARARs for the ARWW&S OU, Anaconda 
Smelter NPL Site, December 18, 1996 

I 3a RARs must be "well-suited." 

13b EPA may eliminate early identified requirements. 

13c MCA§ 82-4-231 ARCO argues that this provision should not be a RAR 
because it requires the most "modem" technology, in conflict with the NCP 
criteria, which include effectiveness, implementability and cost. This analysis 
is flawed. 

Response 

lOaa (Continued from above) 
Some of the actions EPA will require under this ROD will be considered "active management." For 
example, excavation and placement of any or all the wastes in a new disposal facility would be 
considered active management. Tilling of the wastes would be considered active management, while 
construction of covers on top of the waste would not. Though the State solid waste requirements 
listed in Appendix A may be applicable to certain actions lo be taken under the ROD, EPA intends to 
invoke the variance provision at MCA § 75-10-206 and will not require strict compliance with these 
requirements. 

12 Section 75-10-206, MCA, allows variances from solid waste regulations to be granted if failure to 
comply with the rules does not result in a danger to public health or safety, or if compliance with 
specific rules would produce hardship without producing benefits to the health and safety of the 
public that outweigh the hardship. In light of the nature of the wastes at issue and the likelihood that 
any repository would contain only a single type of waste, i.e. tailings and related materials, 
considering the volume of wastes involved ( 1.5 to 2.5 million cubic yards) and the cost of full 
compliance with all solid waste requirements, and considering available Superfund procedures for 
the maintenance of remedies and the ability of the agencies, within the Superfund process, to 
consider the characteristics of the particular wastes at issue in appropriately determining and 
designing repositories, certain of the Solid Waste Regulations regarding design of landfills, 
specifically ARM§§ 17.50.505(1) and (2); 17.50.506; 17.50.513; and 17.50.530, may appropriately 
be subject to a variance in implementing the remedy at the WMA within this OU. The scope and 
manner of applying the variance will be determined in finalizing and approving of the remedial 
design by EPA and MDEQ. EPA thus invokes the variance with respect to the provisions listed 
above and finds that such variance from these requirements does not result in danger to public health 
or safety. 

Ba EPA agrees. 

13b EPA agrees. 

Be ARCO is incorrect in its statements that effectiveness, implementability and cost are used to 
determine the appropriate technologies. These three criteria are used to screen out technologies that 
do not meet these criteria. see 300.430(e)(7). Rather, alternatives are evaluated against the nine 
evaluation criteria, with overall protection of human health and the environment and compliance of 
ARARs as threshold criteria. As an ARAR, the technologies in the feasibility study will be evaluated 
on whether this reclamation standard, as well as all other ARARs, is attained. 
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I Jd ARCO argues that specific reclamation requirements are for strip mining, not 
for historic metals mining sites, and therefore, should not be RAR for our site. 

Response 

I Jd The specific provision is found in the Montana Strip and Underground Mine Reclamation Act, 
applicable to permitted coal and uranium mine reclamation sites. ARCO argues that most of the 
reclamation tasks identified in the provision are not necessary to address the contaminants of concern 
at this operable unit. This argument is responded to in the first part of the response. 

Additionally, EPA generally disagrees with ARCO's comment. The fact that the reclamation 
requirements listed in Appendix A are mostly from coal mining reclamation provisions does not 
mean they are not relevant and appropriate for the reclamation of a historic metal mining site. The 
factors EPA is to consider when determining whether a provision is relevant and appropriate arc set 
forth at 40 CFR § 300.400(g)(2). These include a comparison of the following factors for the 
provision and the CERCLA action I) the purpose; 2) the medium regulated or affected; 3) the 
substances regulated; 4) the actions or activities regulated; S) variances, waivers, or exemptions; 6) 
type of place; 7) size of structure or facility; and 8) use or potential use of affected resources. It 
should be noted that similarity for all 8 factors is not required in the determination whether a 
particular provision is relevant and appropriate at a given site. NCP at 8743. EPA finds enough 
similarity in the 8 factors as applied to the coal reclamation requirements that it has decided those 
requirements should be considered relevant and appropriate at the ARWW&S OU. First, the 
purpose of the reclamation requirements is to stabilize the surface soils after they have been 
disturbed by coal mining activities. Stabilization of the surface is among the goals of the ARWW&S 
remedial action. Surface soils at the AR WW &S OU have been disturbed by disposal of tailings and 
be aerial deposition of contamination. Second, both coal strip mining and metal mining arc activities 
which disturb the surface, and tend to destroy or damage vegetation, leaving the surface vulnerable to 
erosion from wind and runoff, and causing adverse impacts to the environment. Third, the strip mine 
regulations do not regulate substances~· Rather, they regulate conditions at strip mines. The 
conditions at metal mines, i.e., severely disturbed surface soils, arc quite similar. Fourth, the 
activities regulated are similar. The activities in both cases severely impact surface soils and 
vegetation. Fifth, this factor is not applicable at this site. Sixth, the "places" regulated at strip mines 
are similar to the "place" to be remediated at the ARWW&S OU. "Places" in both cases are so 
heavily impacted by mining activity, vegetation is so damaged, that further damage to human health 
or the environment from erosion from wind and runoff may occur. Seventh, the size of facility is 
similar for coal mining and for metal mining. Both types of activities result in adverse impacts to 
very large areas of surface soils and vegetation unless reclamation activities arc implemented. 
Eighth, some of the resources at the ARWW&S probably will be used extensively. For example, 
waters running through the OU will enter State waters downstream. These waters must all meet 
surface water requirements. Water resources would also be protected at coal mining operations 
through implementation of reclamation procedures. Given these factors, EPA finds that the coal 
mine reclamation requirements are relevant and appropriate for this remedial action. 
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l 3e MCA § 82-4-233 ARCO argues that the provision requires revegelation with 
species native to the area. 

13f MCA§ 82-4-336 ARCO argues that the provision requires revegetation with 
species native lo the area. 

13g ARM 26.4.633 ARCO argues that BMPs under the stonn water regulations are 
more suited to the site than the requirements of this provision, which requires 
BCT A (best technology currently available). 

Response 

I 3e The implementing regulations of§ 82-4-233 state, "Vegetative cover is considered of the same 
seasonal variety if it consists of a mixture of species of equal or superior utility when compared with 
the natural vegetation during each season of the year." (See ARM 26.4.711(1 ).) Second, there is no 
basis for ARCO's statement that a designation of land use should somehow preempt the utilization of 
diverse, effective, and pennanent vegetative cover of the same seasonal variety native to the area. § 
82-4-233(1) specifically states that introduced species may be used in the revegetation process where 
desirable and necessary to achieve the approved post-mining land use plan. As set forth in § 82-4-
232(8): 

If alternate revegetation is proposed, a management plan must be submitted showing how the area 
will be utilized and any data necessary to show that the alternate post-mining land use can be 
achieved. Any plan must require the operation as a minimum to: 

(a) restore the land affected to a condition capable of supporting the use which il was capable of 
supporting prior to any mining operation or to a higher or better use of which there is a 
reasonable likelihood, ifthe use or uses do not present any actual or probable threat of water 
diminution or pollution, and if the pennit applicant's proposed land use following reclamation is 
not deemed to be impractical, unreasonable, or inconsistent with applicable land use policies 
and plans, would not involve unreasonable delay in implementation, and would not violate 
federal, state, or local law; and 

(b) prevent soil erosion to the extent achieved prior to mining. 

13f Here ARCO repeats its argument for § 82-4-233, MCA; see response to 13 e. 

I Jg ARCO first confuses BTCA and BMP. BTCA and BMP are similar in that both require the 
attainment of water quality standards. Stonn water regulations require compliance with all state 
water quality standards, including total suspended solids, with BMPs as the first preference to 
achieving compliance. BTCA also requires compliance with applicable federal and state statutes and 
regulations. see 26.4.63 I. Management practices under BTCA includes other components such as to 
"minimize, to the extent possible, disturbances and adverse impacts on fish, wildlife and related 
environmental values, and achieve enhancement of those resources where practicable." (See ARM 
26.4.301(20)(b).) In addition, the regulations list management practices specific to mining and 
reclamation activities which EPA may use to augment those deemed relevant and appropriate under 
the stonn water regulations. For example, ARM 26.4.631 states: 

(b) practices to control and minimize pollution include, but are nol limited lo, stabilizing 
disturbed areas through land shaping, diverting runoff, achieving quickly germinating and 
growing stands of temporary vegetation, regulating channel velocity of water, lining drainage 
channels with rock or vegetation, mulching, selectively placing and sealing acid-fonning and 
toxic-forming materials, and selectively placing waste materials in backfill areas. 

In addition, the NCP does not require, as ARCO seems to imply, that only the most relevant and 
appropriate requirement remains standing. The dctennination is made as to weather a specific 
requirement is relevant and appropriate. Although the preamble states that "in some situations, the 
availability of certain requirements that more fully match the circumstances of the site may result in a 
decision that another requirement is not relevant and appropriate," in this case, the two provision 
work well together with complimentary portions in each of the regulations. 
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13h A.R.M. 26.4.635-7 ARCO argues that since no diversions are planned, this 
should not be a RAR. 

13i A.R.M. 26.4.643-7 Requires monitoring of pre-mining ground water 
conditions, conditions of ground water during mining, and control of impact 
upon ground water through reclamation design and method of mining. ARCO 
argues this provision seems to apply to active mining facilities and therefore is 
not appropriate for the cleanup of a historic mining site. 

13j A.R.M. 26.703, 713. 716. 718, and 719 These prescribe soil amendment, 
revegetation and other requirements. ARCO argues they're not really properly 
applied at the OU because they may conflict with our remedial requirements 
and the requirements of ADLC's land use plan. 

I 3k A.R.M. 26.4. 723-733 These set requirements for monitoring and evaluating 
the success of revegetation under a mine reclamation plan. 

14 Letter to Andrew Lensink, EPA, Mary Capdeville, MDEQ, Julie DalSoglio, 
EPA, and Andy Young, MDEQ, from Phyllis Flack, ARCO, Re: "No Further 
Action" Alternative for the ARWW&S OU, Anaconda Smelter Site, January 3, 
1997. 

ARCO's main premise of this position paper is that EPA must consider the 
remedial and reclamation actions already completed at the site, as well as the 
cost of those actions as part of the "No Further Action" alternative for purposes 
of remedy evaluation and selection for the ARWW&S OU. ARCO presents a 
technical summary of response actions taken to date on the Anaconda Smelter 
NPL Site presented on a subarea-by-subarea basis. ARCO includes all work 
completed under previous orders which addressed principle threat wastes (flue 
dust, beryllium) and immediate human health threats (Mill Creek relocation), 
voluntary reclamation work completed on Smelter Hill and as demonstration 
projects (ARTs), reclamation work completed as part of the OW/EADA ROD 
(including construction of the Old Works Golf Course), and other actions taken 
outside of CERCLA directed response actions (Anaconda County Landfill 
Closure). ARCO presents an estimate of approximately $90 million dollars 
spent on the site through 1996. ARCO further argues that "No Further Action" 
is appropriate for large areas of the site based on the Anaconda-Deer Lodge 
County's Comprehensive Master Plan, Development Permit System, and 
private-property land ownership by ARCO. 

Response 

13h Remedial design may require diversions of drainages on Smelter Hill, in Cabbage Gulch, or around 
the perimeter of Opportunity Ponds. If so, this ARAR should be identified and a mitigation plan 
proposed. 

l 3i As stated above in the response to § 82-4-231, MCA, protection of the environment (this would 
include groundwater) is one of the purposes of proper reclamation. The reclamation groundwater 
requirements are not appropriate for requiring aquifer restoration in an aquifer waived for ambient 
water quality standards based on technical impracticability from an engineering perspective. 
However, the standards will be relevant and appropriate for proper reclamation in order to prevent 
further migration of the plume, and minimize further degradation of the ground water through source 
reduction. These standards are also relevant and appropriate for reclamation in an area above an 
aquifer that is uncontaminated, will be treated, or will meet standards through natural attenuation 
within a reasonable time. ARM 26.4.643 states that reclamation must "prevent or control discharge 
of acid, toxic, or otherwise harmful mine drainage waters into groundwater flow systems ... " 

13j The County's land use is not as specific as the identified standards, and do not satisfy reclamation 
and protective requirements. The standards are not generic, but establish criteria that must be met in 
order for the reclamation to involve effective and permanent vegetation. The standards remain well
suited to revegetation in order to assure proper reclamation. 

13k The NCP states that monitoring requ.irements are ARARs. ARCO's citation to the NCP is consistent 
with the reclamation requirements, as the performance standards will assist the agencies in the 
regu~atory determinations that the remedy is "functioning properly and is performing as designed," as 
required under 40 CFR 300.435(f). 

14 ARCO provides a good litany of response actions taken on the site up to 1996. These response 
actions, however, are separate distinct actions from the remaining media and areas of concern 
addressed under the ARWW&OU. The "No Further Action" scenario assessed whether 
unremediated soils and wastes-left-in-place could be protective of human health and the environment 
and would meet ARARs without further actions than the ICs already in place. The conclusion of the 
detailed FS (FS Deliverable No. 5) was an unqualified no. Therefore this ROD calls for full 
remediation of these contaminated media. 

EPA recognizes that a small number of reclaimed acres located on Smelter Hill, Stucky Ridge and 
along Highway I (an estimated 13 50 acres as compared to the OU areas of concern approximating 
20,000) fall within the mapped boundaries of the ARWW &S areas of concern. These acres will be 
delineated in the LRES process and highlighted as separate distinct units requiring monitoring and a 
determination of whether they meet the performance standards of the final remedy. 

ARCO is also reminded that EPA and MDEQ have consistently stated that all previous actions taken 
at the site would be assessed against the final site-wide ROD criteria and a detennination made 
whether the previously approved actions were consistent with the final remedy (see specifically the 
OW/EADA OU ROD and Community Soils ROD). Furthermore, all ground water and surface water 
decisions and results of the ecological risk assessment, including the final remedial action objectives 
and goals, were deferred to the final remedy. Much of the actions required under this remedy are 
specifically designed to reduce risk to ecological. receptors, minimize on-going contamination to 
ground water and surface water, and prevent further degradation of water resources. 
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15 Letter to Julie DalSoglio, EPA, Andy Young, MDEQ, Andrew J. Lensink, 
EPA, and Mary Capdeville, MDEQ, from Phyllis E. Flack, ARCO, Re: 
November 14, 1996 meeting in Helena, MT ARWW&S OU, Anaconda Smelter 
NPL Site, January 6, 1997. 

This letter outlines ARCO's positions in regards to EPA's screening of 
alternatives (FS Deliverable No. 3b) for the detailed analysis (FS Deliverable 
No. 5). ARCO raises specific issues around alternatives selected for Cabbage 
Gulch, Opportunity Ponds Toe Wastes, Triangle Waste Area, Blue 
Lagoon/Railroad Fill, and Willow Creek Tailings. 

Response 

14 (Conlinuedfrom above) 
Finally, ARCO correctly cites the provisions of the NCP which require an evaluation of the "No 
Further Action" alternative as pan of the feasibility study analysis. The NCP requires, "The no
action alternative, which may be no further action if some removal or remedial action has already 
occurred at the site, shall be developed" while, "The costs of construction and any long-term costs to 
operate and maintain the alternatives shall be considered." (55 Fed. Reg. 8849, March 8, 1990.) 
EPA correctly applied the no further action scenario to the remaining areas of concern at the site and 
estimated the O&M costs of these acreages in the costing summaries. No where does CERCLA or 
the NCP state, as ARCO asserts in their position paper, that the" ... "No Further Action" alternative 
should take into account the response measures already implemented at the site, as well as the cost of 
those measures." (Emphasis added.) Just because ARCO has spent close to $90 million on the site 
to date does not mean that the goals of reduction of risk to human health and the environment and 
attainment of ARARs for the entire site has been met. 

15 I. Cabbage Gulch: ARCO argues that since EPA cannot find a potential waste-related source of 
contamination for contributions of arsenic to surface water contamination, EPA should not look at 
active surface water treatments for "naturally occurring substance in its unaltered form .. " EPA refers 
ARCO to FS Deliverable No. 2, Revised Final Conceptual Model of Fate & Transport, Pathway 
Assessment and Areas and/or Media of Concern (I 997) and the Regional Soils Remedial 
Investigation Report (1997) for a full description of the aerially contaminated soils as the source of 
arsenic contamination in the surface waters of Cabbage Gulch. 

2. Opportunity Ponds Toe Wastes: ARCO argues that there is no regulatory requirement to identify 
the point of compliance at the edge of the Opportunity Ponds such that it would require removal of 
toe wastes located outside the berms and that consolidation would provide no benefit to ground 
water quality. EPA notes that the requirement to consolidate toe wastes are based on three reasons: 
l) remediation of surface water quality in the D-2 drain ditch; 2) reduction of risk to ecological 
receptors; and J) consolidation will reduce long-term management costs of the area. 

3. Triangle Waste: EPA retained the capping alternative for this alternative in FS Deliverable 3b for 
prevention of ground water contamination; ARCO points out that EPA has not identified ground 
water contamination as a problem in this area. EPA agrees with this point of clarification from 
ARCO. 

4. Blue Lagoon/Railroad Fill: ARCO asserts that the most probable source of elevated copper 
concentrations in the Blue Lagoon is pooled water that collects behind the railroad bed as a result of 
a clogged drainage culvert; therefore, the final remedy should be replacement of the culvert to 
eliminate contact of surface waters with bed material and pooling behind the existing culvert which 
would be less costly than removing and replacing the railroad bed material. EPA agreed with this 
assessment and chose this alternative for the final remedy. 

5. Willow Creek Tailings: ARCO rejects the complete removal alternative for this area of concern 
by pointing out the final remedy for tailings located in Subarea 4 of the Streamside Tailings 
Operable Unit (located adjacent to the Willow Creek floodplain) is in situ treatment. EPA notes that 
this final remedy calls for a panial removal alternative which the agency feels is as protective as the 
full removal option assessed in FS Deliverable No. 5 and would minimize impacts to existing 
vegetation as noted by ARCO. 
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16 See responses to comment letter 4. 

17 Letter to Julie DalSoglio, EPA, and Andrew Lensink, EPA, from Phyllis Flack, 
ARCO, Re: Submittal to the Environmental Protection Agency's National 
Remedy Review Board for the Anaconda Regional Water, Waste & Soils 
Operable Unit, Anaconda NPL Site, January 30, 1997. 

ARCO presents an initial preferred alternative for the final remedy at the 
Anaconda Smelter NPL Site. The remedy would rely primarily on local 
governmental institutional controls, private property ownership rights, minimal 
engineering controls for storm water management, and reclamation of about 
1200 acres for a cost of$12 - $24 million to address the final 64,000 acre site. 
ARCO argues that this remedy is protective because principal threat wastes 
have already been addressed by prior response actions at the site; existing 
institutional controls control inappropriate land use, protect against remaining 
human health risks and limit environmental risk; risk-based calculations for 
unauthorized land uses indicate that remaining soils metals levels pose no 
unacceptable risk; source materials remaining at the site do not threaten the 
environment; therefore in light of the insignificant human health and 
environmental risks posed by remaining source materials, ARCO's preferred 
remedy presents the only cost-effective approach to remediating any remaining 
potential risk. For each of these arguments, ARCO references a position paper 
that is reproduced in their Comments on EPA's Proposed Plan (January 1998) 
Attachment L, included in this list of responses. 

18 Letter to Andrew Lensink, EPA, Mary Capdeville, MDEQ, Julie DalSoglio, 
EPA, and Andy Young, MDEQ, from Phyllis Flack, ARCO, Re: Proposed 
Source Controls in Tl Zones, ARWW&S OU, Anaconda Smelter NPL Site, 
February 21, 1997. 

In this position paper ARCO disagrees that source control measures are 
required or appropriate under the NCP or EPA guidance for recommended 
ground water Tl zones as outlined in Draft FS Deliverable No. 3a (EPA 1996). 
Specific comments and EPA's responses are outlined below: 

I 8a Issue I: Alternative remedial strategics involving source controls are 
inappropriate in the ARWW& SOU because the strategy requires that sources 
be located and treated or removed only where "feasible and when significant 
risk reduction will result. . .identification and treatment of specific source areas 
would be difficult, if not infeasible ... cost associated with identifying and 
treating these soils would be disproportionate to any improvement in ground 
water quality ... other possible mechanisms and pathways by which arsenic may 
be transported to ground water such as geothermal loading ... and institutional 
controls have already been implemented which prevent the use of ground water 
impacted by these potential sources as a present or future drinking water 
supply. 

Response 

17 EPA has thoroughly refuted each of these arguments as outlined in the detailed Responsiveness 
Summary, Volume II, ARWW&S OU ROD. Furthermore, EPA stands behind the Administrative 
Record for this OU which fully supports all positions of the agency on the human health and 
environmental risks posed by remaining wastes, aerially contaminated soils, contaminated surface 
water and ground water. 

ARCO's proposal in 1997, as outlined to the National Remedy Review Board, does not match new 
proposals outlined in the Comments on the Proposed Plan found in their Attachments A 
(Reclamation Plan), B (Revegetation Success Criteria), C (Storm Water Management Plan), F (Site 
Management Plan), and K (Conceptual Operations and Maintenance Plan Framework). These 
submittals outline a much more aggressive program for final remediation on the site and imply that 
the final clean up necessary for the site is more extensive and costly than ARCO initial proposal of 
$12 - $24 million. 

18a The NCP and EPA policy and guidance are very clear about actions when the agency expects that 
ground water cannot be restored. Where ground water ARARs are waived at a Superfund site due to 
technical impracticability, EPA 's general expectations are to prevent funher migration of the 
contaminated ground water plume, prevent exposure to the contaminated ground water, and evaluate 
further risk reduction measures as appropriate. (NCP §300.430(a)(l)(iii)(F)). These expectations 
should be evaluated along with the nine remedy selection criteria to determine the most appropriate 
remedial strategy for the site. The Tl guidance that ARCO quotes has an entire section devoted to 
the alternative remedial stnitegy approach which addressed three types of problems at contaminated 
ground water sites: prevention of exposure to contaminated ground water; remediation of 
contamination sources; and remediation of aqueous contaminant plumes. Specifically the guidance 
states, "Sources should be located and treated or removed where feasible and where significant risk 
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I 8b Issue 2: factors favoring a more aggressive remedial strategy do not 
apply ... source controls do not meet the criteria of resulting in a significantly 
shorter remediation time frame, reduction of potential for human exposure, or 
reduction of ongoing and potential impacts to environmental receptors because 
human and environmental exposure to ground water is limited or non-existent. 

I Sc Issue 3: Source control measures are not necessary to meet NCP requirements 
because the source control measures in the TI zone will not address plume 
migration and existing ICs prevent exposure to contaminated ground water. 

Response 

I 8a (Continued from above) 
reduction will result, regardless of whether EPA has determined that ground-water restoration is 
technically impracticable." ARCO proposes in this letter that EPA should ignore this guidance by 
not assessing source control measures during the detailed FS and immediately concludes that 
remediation of aerially contaminated soils is cost prohibitive and will not significantly reduce 
loading of arsenic to the aquifer. ln fact, the detailed FS showed that remediation of the soils is 
implementable, effective in reducing COCs surface soils, capable of re-establishing plant life and 
reducing surface water and wind erosion, provides for reduction of risk to wildlife, and is cost 
effective. EPA further believes that reducing COC concentrations in surface soils will help improve 
water quality in the ground water in the TI zones. 

EPA has addressed the question of geothermal loading of arsenic in the region bedrock aquifer 
system and concluded that geothermal sources are not wide-spread but only contribute minor 
amounts of arsenic loading on a localized basis. Furthermore, the Tl addendum, presented in 
Appendix D of this ROD, shows a much wider TI zone than originally identified. Institutional 
controls protecting potential users of ground water do not currently exist in the Aspen Hills/Clear 
Creek areas or on other private property lands up the Mill Creek drainage. 

18b EPA will evaluate and determine the objectives and relative aggressiveness of the alternative remedy 
on a site-specific basis, based on the applicable regulatory requirements and considering the factors 
of the site. EPA has determined that reclamation of the aerially contaminated soils will achieve 
multiple objectives within the Tl zones, including providing an alternative remedial strategy of 
addressing source loading of arsenic to the regional bedrock aquifer system. The aggressiveness of 
implementation of this strategy will be based on a number of factors. Many of these factors are 
outlined in the LRES system presented as "modifying criteria." EPA expects to target land 
reclamation on those lands which are privately owned and in which ground water resources are 
being used as potable water on an earlier time frame. Conversely, lands which have strong 
institutional controls, are currently not used for residential use, and located on the outer fringes of 
the Tl zones may be reclaimed later. 

18c Site characterization to date has not conclusively defined the extent or'the TI zones and whether they 
are migrating or not. At the direction of EPA, ARCO conducted additional data collection and 
monitoring in I997 and 1998 to better define the extent of the arsenic ground water problem. The Tl 
zone boundaries were expanded from approximately 11,000 acres to 28,600 acres. Source control 
measures are implementable and will help reduce loadings in the TI zones. Existing institutional 
controls do not cover the entire area of concern and will need to be expanded. The NCP also 
requires evaluation of further risk reduction measures; these measures were assessed as part of the 
detailed FS and presented in EPA's Proposed Plan and this final ROD. 
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19 Letter to Julie DalSoglio, EPA, Andy Young, MDEQ, Andrew J. Lensink, 
EPA, and Mary Capdeville, MDEQ, from Phyllis E. Flack, ARCO, Re: Revised 
Final Conceptual Model of Fate and Transport, Pathway Assessment, and Areas 
and/or Media of Concern, Anaconda NPL Site, ARWW&S OU, February 27, 
1997. 

ARCO finalized this document at the direction of EPA and provided copies of 
replacement pages and full documents. ARCO had specific responses to EPA's 
editorial changes. 

19a Issues I, 2, and 5 are in response to EPA's Draft Final BERA. ARCO objects 
to use of the effects concentrations for wildlife (#1), use offish as an aquatic 
receptor in drainage ditch network (#2), and in general to the draft final BERA 
(#5). 

19b Issue 3 addresses EPA's note that the alluvial aquifer located immediately 
down gradient of contaminated ground water underneath the Opportunity 
Ponds is a receptor of concern. ARCO states that ground water data collected 
since 1985 does not support the hypothesis that impacted ground water is 
actively migrating beyond the down gradient end of the Ponds. 

I 9d Issue 4 is addressed to Blue Lagoon. ARCO notes that the concentrate spill to 
which EPA refers has never been located. Railroad bed materials are the most 
likely source of any elevated metals in Blue Lagoon. 

20 Letter to Andrew Lensink, EPA, Julie DalSoglio, EPA, Mary Capdeville, 
MDEQ, and Andy Young, MDEQ, from Phyllis Flack, ARCO Re: Menzie
Cura & Associates' Assessment of Impacts to Vegetation by Multiple Stressors 
at the ARWW &S OU, Anaconda Smelter NPL Site, March 4, 1997. 

Response 

19a EPA has provided detailed responses to all issues raised by ARCO on the BERA. These responses 
are found in EPA's Response to Attachments G and H. 

I 9b EPA strongly disagrees with this position and has consistently noted that impacted ground waters are 
migrating out from underneath the Opportunity Ponds. Elevated levels of iron, manganese and 
sulfate monitored in all downgradient wells are a clear indicator that ground waters are being 
impacted from mine tailings in the area below the ()pportunity Ponds. EPA does agree that the 
monitoring data collected from 1985 to 1994 shows no movement of the Superfund COCs, arsenic 
and cadmium. One geochemical study completed by Tetra-Tech in 1985 shows that sometime in the 
future (their estimate of hundreds of years) arsenic is expected to move out from beyond the tailings. 
This is why the ROD calls for a POC at the edge of the waste-left-in-place, long-term ground water 
monitoring, and for a contingency (ground water capture and treatment) if arsenic is seen to move. 
EPA stands by their assessment that the ground water located downgradient of the ponds is a 
receptor of concern. 

19d EPA agrees with ARCO's conclusion. The final remedy outlined in this ROD calls for placement of 
a drainage pipe through the railroad bed and removal of contaminated sediments and outwash of the 
Blue Lagoon. 

20 See response to ARCO's Comments in Attachment GIH, Ecological Risk Assessments, matrix of 
responses to combined ecological risk comments. 
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21 Letter to Julie DalSoglio, EPA, Andrew Lensink, EPA, Andy Young, MDEQ, 
and Mary Capdeville, MDEQ, from Phyllis Flack, ARCO, Re: Remedy for the 
Opportunity and Anaconda Ponds, ARWW &S OU, Anaconda Smelter NPL 
Site, March 18, 1997. 

ARCO's primary position outlined in this paper is that the reclamation 
measures that EPA has identified in the Draft FS Deliverable No. S, Detailed 
Analysis of Alternatives (February 1997), are not cost-effective, do not wholly 
incorporate current or reasonably anticipated future land uses, and extend 
beyond protection of the environment. Conversely, ARCO has proposed 
reclamation measures for the Opportunity and Anaconda Ponds that are 
protective, ARAR-compliance and are the most cost-effective approach to 
remediating the Ponds. 

21a I. ARCO's proposed remedy as outlined in ARCO's submittal to EPA's 
National Remedy Review Board meets the threshold requirements for remedy 
selection, ARCO's proposed remedy achieves protection of human health and 
the.environment, and ARCO's proposed alternative complies with ARARs. 

2 I b 2. ARCO's targeted reclamation measures in conjunction with existing 
institutional controls satisfies the CERCLA preference for treatment of 
principal threat wastes and is consistent with EPA policy for remediation of 
low-level threat wastes. 

Response 

2la See EPA's response to ARCO's letter #17 ·Lener to the National Remedy Review Board, and 
ARCO's letter #24 - Wildlife Habitat As a Remedial Objective and EPA Authority to Require 
Remedial Action Under CERCLA to Address Ecological Risk on Privately Held Land. 

ARCO spends considerable time arguing that EPA cannot require remediation of the Ponds because 
the County has designated post-mining land use at the Ponds to be waste management under the 
Anaconda-Deer Lodge County Comprehensive Master Plan and thus is the "reasonably anticipated 
future land use." EPA has accurately included this land use planning into the determination of risk 
and analysis of feasibility study alternative for protection of human health and the environment. As 
ARCO further notes, Montana regulations provide: "If the land cannot be reclaimed to the use that 
existed prior to any mining because of the mined condition, the post-mining land use must be judged 
on the basis of the highest and best use that can be achieved and is compatible with surrounding 
areas." ARM 26.4.824(2)(a). The 1997 Master Plan Update for Anaconda-Deer Lodge County 
recognizes that the Ponds will have limited human activity due to the nature of mine waste 
remaining. The entire area of the Ponds cannot possibly be used for future mine waste disposal as 
hinted by ARCO. In fact, the Lower Area One (LAO) removal from the Butte site and active 
disposal into the Ponds was halted by ARCO in favor of a closer location. EPA anticipates minimal 
acreage needed for future removals in the Anaconda Smelter NPL site. Therefore, vast areas of the 
Ponds would remain open or minimally addressed under ARCO's proposal to the National Remedy 
Review Board. As noted elsewhere in these responses, ARCO's proposal would not reduce risk to 
the environment or meet mine reclamation ARARs. 

2lb EPA agrees that ARCO has placed institutional controls on their property of the Ponds through use 
of deed restrictions which may be protective of human health. However, EPA has no guarantee that 
ARCO will remain the property owner of these lands perpetually. Furthermore, by virtue of the fact 
that ARCO has restricted human activities, the lands will be inhabited by wildlife. Additionally, as 
noted in the County's Master Plan, the Ponds are surrounded by open space (historic smelting 
districts and wildlife management areas). These factors make environmental risk reduction the 
primary driver on these lands. ARCO's proposal to the National Remedy Review Board does not 
address this risk reduction, does not meet the mine reclamation closure requirements of the State of 
Montana by providing a long-tenn, permanent vegetative cover (the State rejects 6 inches of rock as 
a cover for the ponds), and does not reduce COC transport to ground water underneath the mine 
waste materials. 
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21 c 3. Extensive reclamation of the Ponds is not cost-effective in comparison to 
ARCO's proposed remedy and therefore may not be selected as a remedial 
alternative. 

21d 4. EPA docs not have authority to require extensive reclamation of the Ponds 
because this remedy is inconsistent with reasonable anticipated future land use. 

21 e 5. EPA does not have authority to require extensive reclamation of the Ponds 
because this remedy is above and beyond that required for protection of the 
human health and the environment and therefore is not authorized under 
CERCLA. 

22 Letter to Julie DalSoglio, EPA, Andrew Lensink, EPA, Andy Young, MDEQ, 
and Mary Capdeville, MDEQ, from Phyllis Flack, ARCO, Re: Feasibility 
Study Deliverable No. S, ARWW&S OU, Anaconda Smelter NPL Site, May 
12, 1997. 

ARCO summarizes the following issues based on the other position papers 
found in their Attachment L to the Comments on the Proposed Plan: 

22a I . EPA' s analysis does not consider current and reasonably anticipated future 
land use. 

22b 2. EPA's assessment of human health risk does not include or acknowledge 
risk calculations prepared by ARCO for unauthorized access scenarios. 

22c 3. EPA relies on the Draft Final Baseline Ecological Risk Assessment 
("BERA") for its characterization of risk despite weaknesses in the analysis that 
EPA is currently attempting to correct. 

22d 4. In particular, remedial alternatives for sparsely vegetated soils are not 
supported by the current BERA analysis 

22e 5. EPA incorrectly assumes that "partial" reclamation alternatives can only 
achieve PRAOs "partially." 

Response 

2 lc ARCO's proposed remedy does not meet the thresh hold criteria of reduction of risk and attainment 
of ARARs. EPA rejects ARCO's conclusion that there is minimal risk posed at the Ponds. The 
question of whether ARCO's proposal is more cost-effective is moot. 

21d See EPA's response to issue number SI above. 

21e EPA disagrees and relies upon the extensive Administrative Record for this site and as summarized 
in this Responsiveness Summary. See response 24a. 

22a EPA disagrees. Sec response in Attachment L Letter # 21. 

22b See response in Attachment I. 

22c See response in Attachments G/JI. 

22d See response in Attachments G/H; see Stucky Ridge Pilot Project (August 1997); and see description 
ofLRES process, Appendix C of the Decision Summary. 

22e ARCO proposed use of limited reclamation across the site was limited to visual corridors along road 
into the community of Anaconda. Their reclamation plan as presented to the National Remedy 
Review Board did not address risk reduction, prevention of COC transport via wind or surface water, 
minimization 9f storm water run off, or attainment of ARARs. EPA FS Deliverable No. 5 showed 
that the partial reclamation remedy proposed by ARCO was not acceptable in meeting the thresh 
hold criteria of the NCP. 

EPA further evaluated how to address the sparsely vegetated soils initially in the Stucky Ridge Pilot 
Project (summer 1997) and more fully in development of the LRES system as presented in Appendix 
C of the ROD Decision Summary. ARCO and the readers are referred to these documents for further 
explanation of reclamation of sparsely vegetated soils. 
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22f 6. Alternatives that are intended to restore or improve conditions, rather than to 
prevent further risk, are beyond EPA' s remediation authority under CERCLA 
Section I 04. 

22g 7. The analysis ignores critical implementability issues. 

22h 8. The No Further Action alternative analysis frequently ignores measures 
ARCO has already taken. 

22i 9. EPA proposes ground water remedies in areas where (a) ground water is not 
subject to use; (b) the remedy is upgradient of areas where waste is left in 
place; and/or (c) other sources of alleged contamination such as geothennal 
sources impact ground water quality. 

22j 10. EPA incorrectly states that the partial reclamation and rock amendment 
alternatives will not meet State mine reclamation ARARs for areas where 
mining-related materials will be left in place. 

22k 11. Remedial alternatives have not been selected for the ARWW&S OU. 
Therefore, EPA's Operation and Maintenance Plan, FS Deliverable No. 4 
(Appendix F of FS Deliverable No. 5) remains conceptual only. 

221 12. EPA 's analysis does not adequately address the cost-effectiveness of its 
proposed remedial alternatives. 

22m 13. EPA's cost estimates set out in Appendix C ofFS Deliverable No. 5 may 
not be accurate for many remedial alternatives. 

Response 

22f EPA disagrees with ARCO's conclusion that revegetation that is not necessary to control exposure to 
or migration of COCs, such as revegetation to provide wildlife habitat, or to improve ground water 
quality when ground water is neither threatening surface water quality nor migrating, is outside 
EPA's authority. See responses to Attachment L letters. 

22g EPA has not ignored implementability issues on availability of services and materials and schedule 
delays. In fact, during Summer 1998 ARCO agreed under an Administrative Order on Consent to 
conduct field work looking at available borrow material and to address the sparsely vegetated soils. 
ARCO has shown through additional sampling that there is plenty of available materials to provide 
reclamation of the Ponds and surrounding sparsely vegetated soils. ARCO proposed Site 
Management Plan, Attachment F, to the comments on the proposed plan further shows that 
implementation of the proposed remedy is feasible, cost-effective and timely. 

22h See response to Attachment L Letter 14. 

22i See response to Attachment L Letters 4, 16, and 18. 

22j See response to Attachment L Letter 13. 

22k EPA agrees. The purpose of the O&M Plan was to outline the level of work that will be expected as 
part of the final remedy and potential costs associated with the remedy. The FS Deliverable No. 5 
O&M Plan provides a list of ground water wells and a schedule for their sampling. For the 
monitoring and maintenance of revegetated areas, the O&M Plan provides a schedule for the type 
and frequency of data to collect. EPA intends to prepare a revised version of the FS Deliverable No. 
5 O&M Plan for the ARWW&S OU during the remedial design phase. In addition, as noted above, 
ARCO and EPA are in agreement that vast majority of mine waste is to be left in place and large 
areas of ground water will not be remediated. Both of these media will need long-tenn O&M. 

221 EPA provides a cost analysis among the FS alternatives which are relative to each other. Once an 
alternative has met the thresh hold criteria, the alternative must be cost-effective. ARCO presents 
alternatives that do not meet thresh hold criteria and then argues that their proposal is more cost 
effective than EPA 's alternatives. This is ludicrous. 

EPA has continued to refine our initial cost estimates and presents revisions to the costs as found in 
the Appendix E of the ROD. 

22m EPA has revised cost estimates per comments received from ARCO and MDEQ. The cost 
assumptions that were revised and the updated cost tables are presented in Appendix E of the ROD. 
In fact, estimated costs have been reduced from the FS Deliverable No. 5. 
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23 Letter to Julie DalSoglio, EPA, Andrew Lensink, EPA, Andy Young, MDEQ, 
and Mary Capdeville, MDEQ, from Phyllis Flack, ARCO, Re: Scope and 
Methods of Reclamation Appropriate for "Sparsely Vegetated Soils" in the 
ARWW&S OU, Anaconda Smelter NPL Site, May IS, 1997. 

ARCO presents a position ·that in many sparsely vegetated areas of the 
ARWW&S OU, reclamation is beyond EPA's legal authority. 

23a I. EPA may require reclamation to address phytotoxicity only in areas where 
vegetation condition is adversely impacted by "hazardous substances." 
CERCLA provides no authority for EPA to require reclamation where 
vegetation condition is or has been adversely impacted by land use practices or 
other substances or conditions, such as S02 or soil quality. 

23b 2. Reclamation measures designed to introduce vegetation or improve 
vegetation condition or diversity in areas where existing conditions support 
reasonably anticipated current and future land use are beyond the statutory 
scope of a remedial action. 

23c 3. Where EPA's assessment of vegetation condition is flawed, EPA may not 
require reclamation. 

23d 4. Monitored natural attenuation is an appropriate remedy in areas of the 
AR WW &S OU where migration of contaminants to surface and ground water 
is not a risk or can be controlled adequately through storm water management. 

5. Best management practices (BMPs) are appropriate in many areas and 
should be utilized as part of EPA 's reclamation alternatives. 

6. Only by refining extent and methods of reclamation currently under 
consideration can EPA achieve a cost effective remedy for sparsely vegetated 
soils. 

24 Letter to Julie DalSoglio, EPA, Andrew Lensink. EPA, Andy Young, MDEQ, 
and Mary Capdeville, MDEQ, from Phyllis flack, ARCO, Re: Wildlife Habitat 
As a Remedial Objective, ARWW&S OU, Anaconda Smelter NPL Site, May 
27. 1997. 

24a It is not reasonable to designate wildlife and plants as ecological receptors at 
the waste management areas including the Anaconda Smelter disturbed area, 
the Anaconda Ponds, the Opportunity Ponds, and the main granulated slag pile. 

Response 

23a See response to Attachment G and H; LRES system Appendix C. 

23b See response to Attachment G and H; LRES system Appendix C. 

23c EPA's assessment of vegetation conditions is not flawed; See response to Attachment G and H; 
LRES system Appendix C. 

23d EPA has continued to refine the extent and depth of the problem through initiating the Stucky Ridge 
Pilot Project and implementation of the LRES system. EPA agrees that these efforts will further 
refine the costs for the site. 

24a ARCO argues essentially that there can be no ecological risk at an area designated for waste 
management. ARCO assumes further that any such risk could occur only at an area designated for 
"wildlife management." EPA strongly disagrees. ARCO fails to support its assertions with any 
explanation, information, or study other than simply to assert that it is unreasonable to designate 
wildlife and plants as ecological receptors at a waste management area. The fact is, hazardous 
substances may well present a threat to plants and wildlife at and adjacent to waste management 
areas. As explained below, EPA has documented the existence of ecological risk at each of the 
waste management areas ("WMAs") at the ARWW&S OU, including the Anaconda Smelter 
disturbed area, the Anaconda Ponds, the Opportunity Ponds, and the main granulated slag pile. 
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24a (Continued from above) 
EPA risk assessors are not allowed to eliminate the possibility of ecological risk at a given cleanup 
area based simply upon that area's particular current or future land use. Rather, EPA must evaluate a 
number of factors as provided for under the National Oil and Hazardous Substances Pollution 
Contingency Plan, 40 C.F.R. Part 300 ("NCP"), and ecological risk assessment guidance, See 
Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting 
Ecological Risk Assessments. Interim Final, June 5, 1997 ("ERAGS") in deciding whether there 
may be actual ecological risk at a given cleanup area. While the NCP and EPA guidance do require 
EPA to consider current and future land use, this occurs in the context of the baseline risk 
assessment performed as part of the Remedial Investigation. See NCP Preamble, SS Fed. Reg. 8666 
at 8710. The baseline risk assessment evaluates the extent of contamination at a site, as necessary, 
and the existence or extent of risks to human health and/or the environment. Land use assumptions 
are necessary in order for EPA to assess the degree of"exposure" presented by a site and allow the 
risk assessment to focus on realistic exposures. See ERAGS at 6. The focus on land use 
assumptions, however, is not intended to replace the risk assessment process, which is what ARCO 
seems to suggest. 

The ecological risk assessment guidance requires that EPA consider the possibility of ecological risk 
al all sites, including industrial sites. "(A]ll sites should be evaluated by qualified personnel to 
determine whether [remediation to reduce ecological risk is appropriate)." ERAGS at 1-3. If EPA 
finds plants and animals at a given site when it performs the ecological risk assessment, it ought to 
designate them as receptors. That is exactly what EPA has done at the WMAs. EPA evaluated the 
ARWW&S OU using the 8 step process outlined in the ERAGS and in October of 1997 EPA issued 
the Final Baseline Ecological Risk Assessment for the ARWW&S OU ("FBERA"). EPA concluded 
that animals and plants are at risk across the ARWW&S OU, including the WMAs, and areas 
adjacent to the WMAs. Vegetation is generally stressed in these areas. There are many areas of 
bare soil and depressed plant populations. Animals do visit the WMAs and areas adjacent to the 
WMAs, are at risk from the contamination there, and are affected by the stressed plant systems. 
FBERA at 5-129 to 5-141. 

ARCO's claim that it is unreasonable to designate plant and animal receptors at the WMAs is itself 
unreasonable. EPA is required to assess the possibility of ecological risk and the existence of plant 
and animal receptors at all cleanup sites, including industrial sites. When EPA evaluated the WMAs 
at the ARWW&S OU, it discovered that there were indeed plant and animal receptors and a threat of 
harm to animals and plants in and adjacent to the WMAs. Remedial action at and near the WMAs as 
set forth in this ROD is therefore well justified. 
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24b EPA cannot require restoration of natural resources on private land under the 
guise of a CERCLA remedial action. 

Response 

24b ARCO argues that EPA does not have authority under CERCLA to "require affinnative "restoration" 
of "natural resources" on private lands as part of a remedial action. "2 Restoration of "natural 
resources" may only be undertaken in the context of a natural resource damage action under 
CERCLA § 107(t). "Remedial actions" may only address the protection of the environment and 
"restoration" of "natural resources" goes beyond protection of the environment. 

EPA agrees that it does not have jurisdictional authority to tile actions for damages or to explicitly 
"restore" "natural resources" on private land or even on public land. However, EPA may take 
"remedial action" under CERCLA which may coincidentally result in the restoration of natural 
resources. EPA may take or may require remedial action to protect the "environment" anywhere, 
including private land. This remedial action may coincidentally result in the restoration of some 
natural resources. EPA's authority to take or require remedial action is not limited by the definition 
of "restoration," "natural resources," or by a distinction between private and public lands. 

EPA may implement a remedial action, taking whatever action is "necessary," whenever "any 
hazardous substance is released or there is a substantial threat of such a release into the environment" 
which is "the navigable waters, the waters of the contiguous zone, and the ocean waters ... (and) 
any other surface water, ground water, drinking water supply, land surface or subsurface strata, or 
ambient air .... " See CERCLA sections 104 and 101(8). EPA may order whatever abatement 
action is deemed "necessary" whenever there is "an imminent and substantial endangennent to the 
public health or welfare or the environment because of an actual or threatened release of a hazardous 
substance." See CERCLA section I 06. "Remedial actions" are "those actions ... taken ... to 
prevent or minimize the release of hazardous substances ... so that they do not migrate to cause 
substantial danger to present or future public health or welfare or the environment." See CERCLA 
section 101(24). Remedial action also must comply with ARARs, such as revegetation, reclamation, 
and stream re-configuration requirements. 

In contrast, NRD actions are triggered by any "injury to, destruction of, or loss of natural resources,'' 
which are defined as "land, fish, wildlife, biota, air, water, ground water, drinking water supplies, 
and other such resources .... " See CERCLA section I 07(f), 43 C.F.R. § I l. I 4(z). Damages include 
the costs of "restoration," or whatever actions must be taken to "return an injured resource to its 
baseline condition ... when such actions are in addition to response actions completed or 
anticipated, and when such actions exceed the level of response actions detennined appropriate to 
the site pursuant to the NCP." 43C.F.R.§11.14(11). NRD actions are not brought by EPA, but by a 
federal resource manager, State, or Indian tribe, regarding hann to natural resources owned or 
controlled by them. 

Obviously, actions to address "threats" to the "environment" may at times also tend to "restore" 
"natural resources." This is not at all surprising given that the statutory definitions for 
"environment" and "natural resources" are similar. Both definitions include surface water, ground 
water, soil, and air. It should be expected that a remedy to address threats to the environment will 
also tend to restore natural resources. That may well be the case for the remedial action to be 
applied to the WMAs as outlined in the ROD. The ROD calls for revegetation and/or engineered 
covers at the WMAs. See Decision Summary portion of the ROD. EPA's intent is that the 
revegetation and covers will reduce erosion of surface soils, reduce infiltration of water through the 

2 Letter from Pamela S. Sbar, Senior Attorney, ARCO, to Andrew J. Lensink, Esq, United States Environmental Protection Agency (U.S. EPA), et. al., of March 18, 1997, at S. 
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24b (Continued from above) 
waste to ground water, and intcnupt any other pathways for the release of contaminants in the waste 
at the WMAs. As documented in the FBERA, contaminated soils and ground water could eventually 
migrate off site if no remedial action is taken. Revegetation and engineered covers will prevent this. 
Revegetation and covers may well be considered "restoration" of natural resources to some extent, 
but are perfectly legitimate if they also address "imminent" "threats" to the environment. 

That the remedy outlined in the ROD will take place partially on private land is no cause for 
concern. EPA authority to address threats to the environment does not exclude threats on private 
land. Sec CERCLA sections I 04 and I 06. Indeed, the great majority of Superfund sites are located 
primarily on private land. The FBERA documents that the hazardous substances or contaminants 
located on ARCO owned land at the WMAs present a risk to the environment, as defined in the 
NCP, and an "imminent" and "substantial" "endangerment" to the "environment." Therefore, the 
remedy set forth in the ROD for the WMAs is entirely justified. 
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TABLE 1 
ARWW&S OU PUBLIC COMMENTS SUMMARY TABLE 

Date Author Key Issues Action/Response Notes/Comments 

Public and Uical Government Comments 

10/31/97 Bob Johnson • Opportunity Ponds slum dust stonns/dust suppression Section 2.1 letter includes attachments regarding 
4511Hwy48 • Wann Springs Creek channel pollution/Old Works Golf Course Responses 2, 3, 21 legal issues concerning Sadie Johnson 
Anaconda, Mf 59711 • Time span for implementation of remedy property; also, pertinent notes by J. 

DalSoglio (EPA) 

12/12/97 Barbara Andreozzi • "Hot spots" on East Park and their effect on downtown tree planting for Section 2.1 letter includes attachment of ARCO 
Deer Lodge County Ext. Office Anaconda beautification project Response 22 soil sampling results conducted 
800 S. Main 5/16/97 in front of Thrifty Drug and 
Anaconda, Mr 59711-2999 Park Street Antiques 

12/23/97 Carl Stetzner• and William Hickey • Preclusion of future community land use planning Section 2.1 •attached letter dated 1/14/98 states 
ADLC/ Arrowhead Foundation • Proposed plan did not address community concerns Responses 1, 2, 4, 5, the withdrawal of Steimer as a 
800 S. Main • Ground water TI 7, 8,22 signatory on this letter 
Anaconda, Mf 59711 • Financial strain on county government: costs of implementing !Cs/ground 

water use controls and maintaining the DPS/Comprehensive Land Use Plan; 
multi-layer trust fund scenario 

• Need for infrastructure in West Valley 
• Consolidation of wastes left in place/remediation to pre-smelting conditions 
• Control of wind erosion 
• Involvement in concurrence and design phase 

Y:z/98 D. Difrancesco • Continued marketing of the Anaconda Washoe Slag Pile by ROM Multi- Section 2.1 Statement that slag has caused no 
RDM Multi-Enterprises, Inc. Enterprises via a long tenn contract with ARCO Response 16 concern not true based on other 
P.O. Box 179 comments and community interviews 
Anaconda, Mf 59711 

1/13/98 Melvin Stokke • Use of slag in making Portland Cement at the Trident cement plant Section 2.1 letter includes attachments regarding 
1803 Tammany Response 17 slag analyses and the purchase of slag 
Anaconda, Mf 59711 for industrial uses 

1113/98 Sandra Stash • Revision of restrictive covenants on ARCO land to enable development of a Section 2.1 
ARCO regional prison Response 19 
307 East Park, Suite 400 
Anaconda, MT 59711 
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ARWW&S OU PUBLIC COMMENTS SUMMARY TABLE 

Date Author Key Issues Adion/Re1ponse Notes/Comments 

1115/98 Terry Wilkinson • Commends EPA for number of public meetings and "good deal" of info to Section 2.1 
ADLC public through the mail Responses 1, 2, 3, 4, 
800 South Main • Use B Cell as a waste disposal area 8, 11 
Anaconda, MT 59711 • Dust suppression in remaining waste areas 

• Ground water TI not acceptable 
• Lack of specificity in the establishment of a trust fund 
• Future development/land use limited in East Valley 
• Time span for implementation of remedy has to be funded 
• Specified level of community involvement needed in design and 

implementation 
• Negative image oflong term Superfund site 
• Need revised (quicker) implementation timeline 

1/15/98 Gene Vuckovich • ConcUITence with the statement made by Teny Wilkinson (see above); Section 2.1 
1205 West Third Street Proposed Plan needs to be beneficial to citizens, be cost effective, and Response 1, 2, 3, 4, 6, 
Anaconda, MT 59711 comply with EPA regulations and law 8, 11, 15 

1/15/98 Transcript of the Proceedings Transaipt of the Formal Public Hearing held 1115/98 at Anaconda Senior Section 2.1 attendance list for Formal Public 
Nordhagen Court Reporting High School, Anaconda, MT. See list of presenters included in transcript. Responses I, 3, 5, 6, Hearing included 
1734 Harrison A venue 12, 13, 14, 15, 16, 17, 
Butte, MT 59701 18, 20, 31 

1/21/98 Herbert Lutey • Blowing dust off Opportunity Ponds Section 2.1 Montana Bureau of Mines and 
4616Hwy48 • Clean water Responses 2, 12 Geology water quality analysis is 
Anaconda, MT 59711 • Proposed actions are insufficient attached 

received Senator Bea McCarthy • Continued ground water monitoringlrevegetation Section 2.1 
by EPA 1906 Ogden • Success of crop production/return of birds and wildlife to the Ponds and Hill Responses 3 
1121/98 Anaconda, MT 5971 l areas 

• Continued high level of cleanup desired 

1/27/98 Dan Hamilton • Remedial plans for Hamilton property located in VA13A, in Section 20, Section 2.1 
WHRanch T4N, RlOW, containing all 5 COCs, including elevated arsenic levels Responses 22 
700 Willow Glenn Lane (1,800 ppm) 
Anaconda, MT 59711 

1/28/97 Henry Broers • ARCO's property rights may be jeopardized in the Superfund process Section 2.1 
Montanans for Property Rights (confiscation without compensation) Response 14 
P.O. Box 130399 
Coram, MT 59913-0399 
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ARWW&S OU PUBLIC COMMENTS SUMMARY TABLE 

Date Author Keyl11ues Adion/Respoase Notes/Comments 

received Natalie Fitzpatrick • School-supported tree-planting projects as a means of revegetation without Section 2.1 
by EPA tremendous cost Response 12, 13, 15, 
1/29/98 • Support for soil amendments/revegetation rather than relocation of wastes~ 23 

deep plowing supported 
• Support for finding alternate water supplies rather than trying to treat 

ground water in the TI zone 
• Needs of community balanced with envirorunental decisions 
• Do not try to retwn area to pristine state 

1/29/98 Jim Davison • Local government and community groups involvement in remedial design Section 2.1 
ALDC process Response 1 
P.O. Box 842 
Anaconda, MT 59711 

1/29/98 William Hickey • Local government and community groups, TAG (Arrowhead) specifically, Section 2.1 
Arrowhead Foundation involvement in remedial design process Response 1 
P.O. Box 842 • Group would work with EPA to define public's role in design 
Anaconda, MT 59711 

1/29/98 Paul Capps • Lack of specifics in Proposed Plan Section 2.1 
416 East 7th Street • TI for Ground water ARARs/conflict with NCP criteria Responses 4, 5, 6, 7, 
Anaconda, MT 59711 • Use oflCs and future O&M responsibility not wise for an underfunded, 9, 10 

understaffed county 
• Economic development ahead of threshold criteria 
• Need to settle remediation versus restoration issue 
• Decries lack of trees in currently remediated areas 
• Expresses cynicism about Responsiveness Summary 

1/30/98 James Manning • Involvement of elected officials, ALDC, Arrowhead Foundation, and TAG Section 2.1 
ADLC Planning Department in the remedial design process Responses 1, 2, 4, 19, 
800 South Main • Ground water concerns (other than under the Opportunity Ponds); ground 24, 25-28 
Anaconda, MT 59711 water and development (proposed prison) · 

• Need to re-examine remedy proposed for areas where previously 
development was not expected 

• Soil contamination between Lost Creek and Warm Springs 
• Contamination in old irrigation ditches in the area 
• Dust problem off the Opportunity Ponds 
• ICs and O&M/funding levels and actual responsibilities, as they relate to the 

County 
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TABLE 1 
ARWW&S OU PUBLIC COMMENTS SUMMARY TABLE 

Date Author Key Issues Action/Response Notes/Comments 

J/30/98 Dave Elias • North slag pile as a potential contamination source Section 2.1 
ADLC County Engineer • Investigation of railroad bed contamination in the Georgetown Lake area Responses 25-28 
800 South Main • Placement of solid waste by ARCO in a Class-Il landfill, rather than at the 
Anaconda, Mf 59711 southeast comer of the main granulated slag pile 

• Need language in ROD for addressing the "Wlknowns" 

received Bill Masella • Maintenance and preservation of the Mill-Willow bypass in conjunction Section2.l 
by EPA George Grant Trout Unlimited with remediation of Wann Springs Creek/Wann Springs Ponds Response29 
2/2/98 1900 Tammany Street • Threats to Mill-Willow Bypass from Opportunity ground water plume 

Anaconda, MT 59711 • Wann Springs Creek floodplain tailings removal 
• Opportunity Ponds ground water plume contamination (sampling 

responsibility/schedules, exceedance parameters, access to data) 
• Advocates removal of tailings from Wann Springs Creek flood plain 

received John Sevores • Land ownership in Anaconda-Deer Lodge County and potential conflict with Section 2.1 letter includes multiple attachments 
by EPA Box 1456 private landowners Response 30 pertaining to deed transfers in Aspen 
2/2/98 Anaconda, MT 59711 Hills and Lost Creek areas; property 

ownership map 

State of Montana Agency Comments 

1/28/98 C. Richard Clough • Removal of tailings deposits in flood plain of Warm Springs Creek rather Section 3.0 letter includes attachments regarding 
MDFWP than implementing STARS technique Response I the termination of a channel restoration 
3201 Spurgin Road project after discovering tailings in the 
Missoula, MT 59804 project area 

1/28/98 Greg Mullen • Remediation of Opportunity and Anaconda Ponds via capping or other Section 3.0 
NRDLP measure; need to have capillary fringe layer and adequate growth media Response 2 
P.O. Box 201425 • Reclamation of upland areas (i.e., Mt. Haggin area) not addressed in the 
Helena, MT 59620-1425 Proposed Plan; extensive tree planting needed (things the Proposed Plan 

does not address that the State plan does) 
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TABLE 1 
ARWW&S OU PUBLIC COMMENTS SUMMARY TABLE 

Date Author Keyhlues Action/Response Notes/Comments 

l/30/98 Matt Marsh • Soil cover instead of Reclamation Levels I and II for certain areas Section 3.0 
MDEQ • Cost calculations/availability of cover soil borrow sources Response 3 
P.O. Box 200901 • B2 Cell of Opportunity Ponds as a waste disposal site 
Helena, Mf 59620-0901 • Temporary or permanent cover over Main Slag Pile due to airborne 

contamination 
• Alternative remedy for South Lime Ditch and Triangle Wastes 
• Removal of tailings and waste material from Wann Springs Creek, Willow 

Creek, and Blue Lagoon areas 
• Proposed Plan listed 8" of cover soil instead of 18" for the East Anaconda 

Yard; monitoring to determine if 18" is sufficient 
• Pro-active approach to ground water/surface water cleanup (i.e., ground 

water interception trenches) 
• Storm water control (lined detention basins/ditches)/meeting requirements 

during remedial action rather than at construction completion/storm water 
monitoring time limitation 

• Additional methods for use at Opportunity/Anaconda Ponds 
• Stucky Ridge Pilot Project/development of LRES or similar system 
• Commercial reuse of slag 
• Use of the word "reclamation" to describe proposed remedy 
• Do not allow ARCO to take the lead on remedy character definition 

l/30/98 Mary Capdeville • Application of State ground water standards beneath Waste Management Section 3.0 
MDEQ Areas Response4 
P.O. Box 200901 • Interpretation of the NCP and CERCLA with regard to ARARs/statutory 
Helena, Mf 59620-0901 waivers 

• Feasibility study ARARs (specifically, FS Deliverable No. 5, Appendix B; 
list of potential ARARs) 

• "Other Laws" section in ARARs 

1/30/98 Fred Staedler Cleanup measures limiting revenue generation in these areas: Section 3.0 
DNRC • Potential for residential or commercial development on Stucky Ridge tract Response 5 
1401 27th Avenue • Productive dry land pasture on North Opportunity Subarea tract 
Missoula, Mf 59804 

Other Federal Agency Comments 

l/29/98 Robert Stewart • Surface water NF A does not meet threshold criteria Section 3.0 letter includes attachment: Summary of 
USDI • Water quality monitoring program for Cabbage Gulch and Yellow Ditch; Response 6 Four-Step Process for Addressing 
P.O. Box 25007 (0-108) include schedule for meeting water quality criteria (five year time period is Wetland Issues in Upper Clark Fork 
Denver, CO 80225-0007 appropriate) River Superfund Sites 
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TABLE 1 
ARWW&S OU PUBLIC COMMENTS SUMMARY TABLE 

Date Author Keyhsues · Actlon/R~ponie Notes/Comments 

ARCO Comments 

l/30/98 ARCO Includes the following attachments: Section 4.0 
307 East Parle, Suite 400 • Reclamation Plan 
Anaconda, Mr 59711 • An Approach for Establishing Reclamation Perfonnance Standards for the 

ARWW&SOU 
• Conceptual Stormwater Runoff Control Plan for the ARWW&S OU 
• Institutional Controls Management Plan for the ARWW&S OU 
• ARWW&S OU Anaconda Smelter Superfund Site - Performance Standards 
• ARWW&S OU Conceptual Remedial Design/Remedial Action Site 

Management Plan 
• Comments on EPA Final Baseline Ecological Risk Assessment 
• Review of the Final Baseline Ecological Risk Assessment, ARWW&S OU 
• Risk-Based Calculations for Soil Arsenic, ARWW&S OU 
• Feasibility Study Comments on EPA's Proposed Plan 
• Conceptual Operations and Maintenance Plan Framework 
• ARCO Comments Provided to the EPA for ARWW&S OU 
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I WHEREUPON, the proceedings were bad as follows: 

2 MS. DalsOGLIO: My name is Julie DalSoglio. I am the 

3 Rc:mcdial Project Manager for the Environmental Protection 

4 Agency working on Ibis site. Fast of all, I want to thank all 

5 of you for coming. It's just wonderful to sec this kind of a 
6 turnout. 

7 We've been bcrc basically since the end of October 
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8 conducting a number of meetings. trying to get the information 

9 out about what EPA is proposing as the final cleanup plan for 

10 across the site. So l'm really plcaso.i to sec this kind of 

J J turnout tonight for our last public hearing. 

J 2 I'm going to calk a little bit about the logistics about 

13 what we're going to do this evening. and then I'll tum it over 

14 to tbc: individuals wbo have signed up to provide wrincn - or 

15 excuse me. verbal comment. We have a coun rcpor1Cr bcrc to 

16 take your comments, and EPA will be responding clircctly to all 

17 comment received tonight in writing as pan of our final Ra:ord 

18 of Decision on the site. 

19 Again, just briefly, we have been. as most of you know, 

20 working on this site now for approximately 15 years. The 

21 Agency has put out four previous Records of Decisions which 

22 have documented the types of cleanup actions for diffc:rcnt 
23 areas on the site. We've bad a number of removal activities 

24 that bavc gone on. And the attempt bcrc with this final 

25 site-wide Record of Decision is basically to wrap up into one 
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I complc:tc package the final sets of decision about how to handle 

2 all of the rest of the site, including ground~tcr. surface 

3 water. all of the remaining tailings ponds, and all of the 

4 remaining arsenic contaminated soils. 

5 We released the Proposed Plan on October 22nd. We 

6 originally bad a public comment period that was going to end on 
7 December 20th. At the request of scvc:ral members of this 
8 community, we c:x1Cndcd the public commc:nt period to 

9 January 30th. I want to underscore that if you arc not 

10 comfortable in providing comment or testimony tonight on the 

11 Proposed Plan, we arc still ac:ccpting wriam comment through 

12 the 30th of January. So those of you who either don't feel 
13 comfortable or would like to submit comment in that format. 

14 plcasc do. 

I 5 We held an initial public information meeting. I don' I 

16 remember the dates now, but the week aft.er the 22nd of October. 

17 We bad a three-day open house/public information activity going 

18 on at the Community Services Center in mid·Novcmber and a 

19 second open meeting, public information meeting in Opporruniry 

20 on tbc: 20th of November: and basically have been trying to get 

2 I the information out about what we would lilcc to do on this 

22 site. 
23 Beyond this introduction that I am providing this evening. 

24 EPA will sit down and open it up to this public comment 

25 process. It will not be a situation wbcrc will you have an 
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I opportunity to question us and us respond to your question 

~ during this fonnal period. But I do want to emphasize. thac's 

3 a number of individuals from EPA besides myself that arc bc:rc 

4 that would be available after the meeting tonight to try to 

S clarify or address any other issues about the Proposed Plan. 

6 Let me introduce very quickly Bob Fox. who is tbc Supc:rlund 
7 Branch Chief; Charlie Coleman - oh. he's still outside. 
8 Charlie is manning the desk. and he's the other Remedial 
9 Project Manager from EPA who has been working on this site for 

10 almost ten ycus. I'd like to also introduce: Matt Marsh. who 

11 1s the State Project Officer on the site, and he's also 
12 available to try to take some questions and provide answers on 

13 things. 

14 We have about 20 people or individuals who signed up to 

IS provide ccmuru:nt. I guess just very quickly, is there anybody 

16 else that did not get on the signup sbcct that would like to 

17 provide verbal comment at this point? 

18 UNTOerrtAED SPEAKER: You indicated initially that 

19 that was for written comment? 

20 MS. Dalsoou0: Yes. And again, another point of 

21 clarification, we're still accepting written ccmmcnt. so you 

22 don't have to sign up tonight. I just want to make swc that 

23 anybody who wanted to provide verbal COIDDICl1t or iestimony, I 
24 have: them on tbc list. 

25 UNIOENilAED SPEAKER.: I'd like to provide verbal 
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l comment. 

2 UNlOENTIAED SPEAKER: Tbcrc's another list out there. 

3 ls that the same thing? 

4 MS. Dalsoouo: No, that's just gmcnlly for sign-in 

i ~ bc:n:. 
I 6 Also. I'll check again at the cnd of the meeting in case 

I 7 somebody said something that prompted you to want to get up and 
j 8 say something to the community at large. 

I 9 UNTDENTIFIED SPEAXER: Will tbcrc be comment made: on 
11 O these: wrincn commcnis-
' 'I I MS. Dalsoouo: Yes. Thank you for that point of 

l 2 clarification. 
1 
I 3 All comments received during this public comment period, 

14 both "Mitten and the verbal comment ft:Ccivcd tonight. will be 

15 responded to in writing by EPA in the Record of Decision. 

16 Any other points of clarification about logistics that I 
I".' can make for folks'? 

18 Oka)·. The other thing, I'll just go down tbc list. As I 

19 said. we have 20 people here. If you could come up to tbc 

20 podium. we have the court reporter, Cheryl, sitting here. If 
21 you could state your name and spell your last name ·for her so 

22 that she knows who is providing comment. that would be helpful. 
~3 Anything else on logistics? 

24 I'll play facilitator here. and I'll just kind of go down 

~5 thc list. Gene: Vuckovich was the first person. 
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I Mil VUCJtovtCH: Julie. I'd like 10 yield my place, al 

2 the pmenl time, just tcmporuily, 10 Conuniuioo Chainnao 

3 Wilkiuson. 

4 MS. Dalsoouo: lbal's fine. 

5 ML WllJCINSOH: rm Terry Willcin1011, and I'm the 

6 Oiainnan of 1he Anaconda-Deer Lodge County Commiuioo. And we 

1 haw a lqJOft br:re that we're going to direct towazds Julie. 

8 Her being the Project Maoag.cr, ii will be mddresJCd lo la. 

9 Can cvaybody hear rnc all right? 

10 AUDIENCE: No. 

11 aa. wtlJtJNSOH: First of all, there's 50 copies of the 

12 lel1l:r that we're going to tlelld to the l!PA lining out on the 

13 desk so you can follow along. If you don't have one, there 

14 should be some= still out there. So 1hi1 lebtr, the cover 

15 lel1l:r will read u follows. 

16 II uys: lbc Anaconda-Deer LoclF County Commissioom 

17 recopize and appreciate the di.liseot effons of EPA and A&CO 

18 ova- 1hc put IS yean in addressing the Ana.conda Smelter HPL 

19 Supafund Site. Put IUCCCSll:I haw occuned becawe EPA. 

20 .UCO, and Anaconda-Deer Lodge County worked together to address 

21 aad alleviate the Superfund concerns of Ana.cooda-Deer LoclF 
22 County. 

23 Auconda-Deer Lodgr: County would like to register lhc 

24 &UKhed conc:c!111 ID that final decisions c:an be made rcpnling 

25 1hc Anaconda site. The following conCC1111 are bued on the 
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1 input of a broad rcprcscntation of many community-based groups 

2 who have bcr:n studying tbc Anaconda Smelter NPL Site over the 
3 past seva-al years. It is our inteDtion that the govc:mmc:ot of 
4 Anaconda and its citimuy, tbc PRP, and tbc EPA will work 

5 togcthcr to achieve cost-effective solutions that fulfill tbc 
6 rcquirc:mcnts of tbc CE.Ra.A and cnsmc. when all Supcrfund work 

7 is complctal in Anaconda·Dccr Lodge County, we will be a viable 
8 community. 
9 The next things I'm going to cova- arc tbc concc:ms that 

JO we're rc:sistcrins with tbc EPA. 

11 . It says: The Anaconda·Dccr Lodge County Commissioners 

J 2 appn:x:iatc this oppor1Wlity to comment on the Proposed Plan for 

13 the Anaconda R.c:gional Water, Wascc and Soils Operable Unit. At 
14 the onset. we would like to commend EPA for conducting a number 

1 S of public hearings in this area and disseminating a good deal 

16 of information to the public lhrough the mail. In addition, wc 
l 7 appreciate tbc time extcasion you granted for funhcr review 

18 and discussion of the plan. All of this activity over tbc past 
19 few months bas brought us to tbc point wbcr= Anaconda·Dcc:r 

20 Lodge County Commission would like to address the plan for tbc 

21 record. 

22 As community acceptance is one of the nine National 

23 Contingency Plan evaluation criteria, wc register the following 

24 issues be addressed in the Record of Decision for this Operable: 

25 Unit. We find the plan to be lacking in many respects. some to 
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I an alarming dc:grcc and others to a lesser dc:srcc. but still of 

2 concern. We offer our comments on those conc:cms we have and 

3 look forward to working with y9u and the PRP to assure that 

4 when this project is complclc. Anaconda-Deer Lodge County can 

5 be assured of the best possible future given the circumstances. 

6 The first concern. No. l, will be Waste Disposal Arca. 

7 Anaconda-Deer Lodge County bas indicated in various settings 

8 that the Cell B may be a better site for a waste disposal area 
9 due to its accessibility. This seems to have been forgona:n in 

10 the process and needs to be addressed. Cd1 A should be 

11 rcmcdiau:d to the CX1a\t necessary and Cell B should be 

12 recognized as Anaconda-Deer Lodge County's waste disposal an:a. 
13 No. 2, Dust Suppression. Waste An:as. The plan docs not 
14 address blowing dust from ranaining waste areas. This has been 

15 a concern of the community for many years. The Record of 

16 Decision must have a concise plan to addms this problem if 

17 waste areas arc not removed. 
18 Groundwater. No Further Action. It is not possible for w 
19 to accept the premise that one of the most serious, precious 

20 cammoditics that exists. water. is being treated in an 
21 unacceptable manner by this Proposed Plan. Tbcrc an: few 
22 assets more imponant to the lifeblood of people and their 
23 community than water. It is a vital part of the present and 

24 necessary for a viable future. We seriously question the 
2S attitude which seems to ponray water contamination as 

I acceptable if it docs not ma:t some undefined cost 
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2 cffc:c:tivcocss standard. It must be lccpt in mind that this pl.in 
3 identifies substantial water contamination and then proposes 

4 that this community live with that contamination forc:Ya'. 

5 We cannot accept this approach and insist that the subject 

6 of groundwatc:r be treated in the plan in a manner which 
7 acknowledges its importance as a resource for today and 

8 tomorrow. not only for this community, but for those 
9 downs1ream. 

10 No. 3. Funding Issues, Institutional Controls and Land Use 

11 Planning. The Proposed Plan n:lics on institutional concrols 
12 to suppon engineered rcm:rlies. In particular. the plan sites 
l J the utilization of the Anaconda·Dccr Lodge County Development 

14 Permit System to traCk the implementation of the final n:mcdy. 

15 Although the plan states that the County's DPS will be fundc:d 
16 adequately through the establishment of a trust fund. the plan 

17 lacks specificity with respect to this issue. The cooperation 
l 8 of the County is imperative to ensuring that this plan remaim 
19 protective of our human bcalth and our environment. 
20 Land Use. The County has expressed to the Agency the 
21 community's lack of devdopablc land far industrial. 

22 residential. and commercial purposes. The use classification. 

23 ownership, Supcrfund designation and condition of properties in 

24 the East Valley further precludes future devdopmcnt and limits 
25 the community's options for development. The cwrcnt and 
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1 anticipated condition and use of these lands also limits the 

2 tax base of our community. The Proposed Plan docs not address 
3 these concerns. 

4 Shon- and Long-Term Effectiveness. The Proposed Plan 
5 states that it may take up to 30 years to implement the 

6 proposed remedy. Of the three entities involved. EPA. the PRP. 

7 and the A·DLC. the only entity with ccnainty that it will be 

8 in operations in the future is Anaconda-Deer Lodge County. 

9 Therefore. it is critical that the n::sourc:cs to implement the. 

10 plan be sc:cwdy in place with that entity as soon as possible. 

l l FW1hcrmore. our community bas been iakins great strides over 
12 the past l 8 years \0 mitigate the negative connotations that 

13 are associated with being one of the nation's largest Supc:rfund 
14 sites. A remedy that takes 30 years to implcmcnt does not 

15 mitigate this image. nor does it seem protective from a bum.an 
16 bc:alth/cnvironmental perspective. The implementation time line 

17 should be mrised. 

18 Community lnvolvc:mmt. The Record of Decision should 
19 specify a meaningful lcvcl of involvement the County and 
20 community will have in the design and implementation of the 

21 remedy. 

22 This final set of Superfund decisions will affect our 
23 community for generations to come. This - Thus, it is 

24 important that all issues arc addressed in this final record. 

25 The concerns outlined above must be addressed for the community 
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l of Anaconda to accept the final Record of Decision for the 

2 Anaconda Smelter NPt. Site. We arc committed and will continue. 

3 as we have over the past IS years, to work with the Agency and 

4 the PRP to resolve these issues with the implementation of 

5 ethical decision making to sc:c: workable solutions to difficult 

6 problems. We anticipate and look forward to tbc Agency's 
7 n:sponsc to these issues. 
8 MR. Bl!.>.TrY: My name is Dave Beatty, 

9 Anaconda-Deer Lodge Commission. 

10 All of us. all of us bcrc present, 'NC. the c:iti7.als of 
11 Anaconda-Deer Lodge County. have a responsibility in tbc 

12 decision makins regarding the information about wba1 is 
13 happening. We need fc:cdback and ideas. possible altc:mative 

14 solutions to cum:nt situations. Effective communication and 
15 mutual rapect are esscntial to dcvdop and maintain teamwork. 

16 Inevitably, conflicts will arise. And they must surface so 
17 that they can be addressed. Wi; have ownc:rship in the decision 

18 making process. Keep hope alive in our community. l encourage 
19 all of you people to gd involved and to provide comments. 

20 Thank you. 
2 l Mil VVCKOVIOf: For tbc record. my name is Gene 

22 Vuckovich. I am a life-long citizen of Anaconda-Deer Lodge 

23 County. And for tbc past l 1 years. I've been intently involved 

24 in Supcrfund issues as they are related to Anaconda-Deer Lodge 

25 County and the rest of the Clark Fork Basin. During this 1:mc. 
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I 1 have sc:vcd as a local govcramcnt official and on various 

2 boards. committcc:s. organizations. and foundations involved 
3 with Supcrfund iss~. 

4 My concc:ms have always been for the future of 

5 Anaconda·Oacr Lodge County and its citium. Thus, I agree 

6 with the statement read by Chairman Wilkinson. namely that the 

7 proposed EPA plan for the Anaconda Rqponal Water, Waste and 

8 Soils Operable Unit is lacking in many respects as set forth in 
9 Mr. Wilkinson's s&atanc:nt. My concern is not for the principal 

IO n:sponsible party, the PRP or ARCO, nor for the Agency, the 

l l EPA. but ra\l:icJ, for the citizens of Anaconda·Oacr Lodge 

J 2 County. now and in the future. 
13 Both the PRP and the Agency will soon be gone. But 

14 Anaconda·Dcrz Lodge County and its cit:imls will mnain. It is 
15 thus impczativc that a plan be adop1rld that will - that will 
16 not only ensure compliance with the l!PA ~tiom and laws, 

17 but also be cost effective and. most importantly, be bmdicial 

18 for the citi?.ens for Anaconda·Dccr Lodge County, now and into 

19 the future. 1 urge the Agency to work with the P1U' and 1hc 

20 government and citimu of Anaconda·Dcc:{ Lodge County in 
2 I preparing a plan that will addrcls those issues and be a 

22 win/win siruation for all. as bas been done in the past. 
23 Thank you. 

24 MS. OalsooUO: Next. I have Jim Flynn. 
25 Mil. Fl. YNN: My name is Jim Flynn. For the record. I 
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I am a resident of Anaconda. I've bad the opportunity to be 

2 involved in ~iewing the plan presented by l!PA. and I've bad 

3 the opportunity to ~icw tbe comments prcscn1rld by Chairman 
4 Wilkinson tonight and would like io go on the record as 

5 endorsing those comments. I feel that those an: the type of 

6 irans that need to be addrascd with the plan that has been 
7 pn:scntcd. And hopefully, tbe act result will be smnc:thing 

8 that Anaconda can be comfortable with and IM with into the 
9 fururc. 

JO MS. DalsooUO: Okay, nc:xt, -we have Sandy Stash. 
11 MS. ST ASH: For the record. my name is Sandy Stash. I 
12 am a Vice Praidcnt for AJtCO. Basically, I'm the senior pc:non 
13 bcrc in Mon&ana for the company. And I guess before I glCt inio 

14 some more formal thoughts. I guess I couldn't help but thinking 
l S back a little bit on at least the almost nine years I've been 

16 involved in this process. And I guess I'm real proud io say, 
17 when I look back at that nine years. that IO(p:lhcr, tbe EPA, 

18 the Stale of Montana. ARCO. and the community of 
19 Anaconda· Deer l...odgc County collc:clivcly have come a very long 

20 way. 

21 When I fusl got bcrc. and I know Charlie Colmuin will 

22 remember this. I lhink wc had 77 separate opctablc units and 

j 23 studies that we fc:aml we would have to do. And I think 

! 24 liic:rally. had we followed that model. we probably would be 
j25 \'er)' much still studying this site and not have accomplished 

Page 15 
l nearly what we have. And I think through the leadership, 

2 primarily of EPA and this county, we've dooc some prc:ny 
3 amazing things in this county. Over a period of eight years, 

4 AAOO has spent nearly $350 million in the Basin. Nearly balf 

5 of that bas been in Anaconda-Deer Lodge County. And I'm pmty 

6 proud. and I think wc all should be very proud. of some of 

7 those successes. 

8 The one I think that always stands up kind of front and 

9 center, because it is now literally of national significance. 

10 is the Old Works Golf Course. And I can't tell you bow many 
11 phone calls and, and inquiries I get from all around the 

12 country on haw we, as a PRP. this community, and the apcics 

J 3 wcrc able 1o, to do that remedy. And I think we all should be 

14 vay proud of that, as well as the other work we've doDC. 

JS 1 also think 10Digbt is an imponant evening. Although I 

16 know We'll have many oppanunitics to work with each o\l:icJ and 
J 7 iaik to each other in the future, this is li1Crally the last 

JS formal public brarins in Anaconda. And I think to Gene 
19 Vuckovicb's CODIDllCllts, that's really imporlBnt, because I think 

20 what that symbolizes is smt of the beginning of the end of 

21 what I'm sure bas been a difficult process for not only the 

22 company, but for tbe community; and that is, with the Superl'und 
23 status. And I think this n:ally docs indicate that we an: 

24 ncarin8 tbe end of a process. 

25 ARCO - In that, ARCO remains vay committed to closing the 
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1 Anaconda site. And I use the word "closure" wry broadly, 

2 bc:cause it is closure not only of tbe cnvironmcn&al iss~. but 

3 lila'ally closure: of an c:ra whc:rcin ARCO and its prcdcccssor, 

4 Anaconda, were very in~ and a pan of the Anaconda 

5 community. And I do agn:ic with tbe cam.means that Cbainnan 

6 Wilkinson made, that it's critical that we work wry 

7 tboughtfully togclhcr on bow we close that final chap1cr. In 

8 that we arc com.miUCld to this closmc, we will offa- some very 

9 specific comments io EPA on their plan, up to and including 

10 some very dclailcd thoughts an the proposal and on how it could 

11 be most effectively impk:mcnm 

12 l1x:n: are a couple of issues that I think we do need io 

13 deal with. Fnt and fon:mast, it's imporlBnt to the company 

14 that this closure be camplelc and that the SCU!rmmts be 

15 global. And this, too, goes to some of the caziccms raised by 
16 Oiainnan Wilkinson and others. Clearly, this rc:mcdy goes 

17 beyond cleanup by definition and very much gets inio iss~ of 
18 natural rcsoun:e damages. There arc numerous parties, most 

19 impar18Dtly inclu.diJls federal and state govmuncnt trust.ccs, 

20 wbo bave asked us in various court actions to basically do same 

21 of the very same things that EPA is requiring w to do in this 
22 plan. And as we've said bef'arc, it•s goq to be critical to 

23 us, before wc embark on this cleanup, that we know. having 

24 complclcd this, that we bave closed out all of those concc:ms 
25 and liabilities. 
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I Secondly, tbc:rc arc details that need to be worked out. 
2 That. again. I think came off some of what others bavc said 

3 before me. From ARCO's perspective. tbcsc details bavc got to 

4 make sense:. Tbc:y'vc got to addn:ss rt:al risks. They have to 

5 be cost effective and they've got to be implementable. And I 
6 think c:vcryonc: who bas looked at this plan rcali2.cs that a site 

7 of this size poses some. some difficult technical issues. 

8 We will proceed the best we can with this cleanup. We will 

9 only object to spending money for the sake of spending money. 

10 We want to be sure that whatever 'WC do in closing this final 

11 chapter, we are dealing with real risk and effectuating things 
12 that actually mean something. So with that, w.:: look forward to 

13 working with c:vcryone in the process. 

14 Thank you. 

15 MS. Dalsoou0: Next on the list is Chuck Hadfnc:I'. 

16 MR. HA£FFNER: rm Chuck Hacffncr. I've been a 

17 citiz.c:n of Anaconda for the last 30 years. I guess that still 

18 makes me: a boomer. 
19 I have to go along a little bit with Omc on his, some of 

20 his ideas. And Gcac: was the first one that R:Blly got 

21 illS1nlmental on g=iDg our golf course going for us. And then 

22 be was our. kind of our leader that s1q)ped in and said. "Hey, 
23 this is a good idea." And he ca1kcd to Bill Williams about it, 

24 who was a local Anaconda boy and bead of the Anaconda cleanup 
25 at the time. 
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l You know, and 'WC pushed forward on that. And mast of our 

2 dealings at the time: were with ARCO. And I know the !!PA was 

3 there, but we dealt vr:ry strongly with ARCO and we got this 

4 golf course. It started out just to be a golf course:. There 
5 was - and c:vcry day that wc kind of dealt with them. more 

6 amenities were stuck in with that golf course. And I think our 

7 dealings today still have to be vay strong with ARCO, because 

8 that's. they conlr'Ol the pocketbook. 
9 I know the !!PA says. bey, this is the law and this is wbat 

10 has to be followed. But our dira:tion that we received while 
11 we wen:: on that golf comsc. our suongest dealings wac still 
12 with ARCO. And that's wbcrc our. I thiDlc our ideas have to 

13 come from or - You know. wc have to push forward to deal more 
14 with ARCO. because somehow, we've kind of pushed them back to 

15 be kind of an advc:narial group, and I don't know why. Because 
16 "WC started out io a meeting about two years ago and ARCO · 

17 offcmi some money and people thought that. oh, yc:ah. they're 

18 out thc:rc just trying to bribe the whole damn town and they 
19 want to leave and just be gone with it. 

20 But l can boncstly say, thcc's m<R projects around out 

2 l tbcrc. and if we can deal with these people on a good. honest 
22 effon and deal with them with an open mind - I know we have 

23 to follow the ground tulcs the EPA and the State puts forward, 

24 but I still think that our major dealings have to be dealt with 
25 with ARCO. 1 know 'WC did most of it with Bill Williams, and 

I Sandy came in and has done a tremendous job in filling his 
2 position. 

Page 19 

3 My idea is that we've got to include those people back into 

4 our, any of our dealings. You know. wc can sit and fight with. 

5 you know, push them off to the side and deal with lbc 

6 governmental agencies and thinking we're going to get it done. 
7 And wc·wi!l get it done, but I think wc have to be more 

8 compassionate and we can get a lot more projects done other 

9 than just a little cleanup out here. Because when they go .. 
10 they're goDC. 

11 And I. I don't plan on just bailing out tomorrow. I went 

12 through a quadruple bypass, and I hope it gives me a fc:w more 

13 years to live. And I want to be around to, you know. to sec 
14 more of that green grass other than just the golf course. 

l S So thank you. And I'd like to sec ARCO in our dealings 
16 rather than just the EPA. 

17 MS. DalsooUO: Thanks, Chuck. 

18 Bill Hiclccy. 

19 MR. HICKEY: My name is Bill Hickey. I've bcc:n a 

20 school administrator bcrc in Anaconda for the last 21 ycus. 

21 And 18 years ago, on September 30th. many of us were with Ted 

22 Schwindcn, soon to be Governor of Montana. And on 
23 September 30th. 1980. we were awaiting perhaps news of bu1idmg 

24 a new smelter when \YC heard that it was to close. And our 

25 lives in Anaconda fell into the ashes. 
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11 tlaiag that - lane to say is lbat - .... t Auao9da to coatimue 

12 to pow, to thriw, to - fram tbD ubea, ud to bo a Yf:rf, 

13 very viable pUm. A&.CO bu bclpad. 01la" tbD put eiglat to 

14 a.iae yan, at briagiag this - Yillioa ud tlai• - lire to 

15 Auaoada.. W1W - bape ia thi1 fiul a-cl i1 that tba Al.CO, 

16 UA.. Uld tbD citizas of Aaaco9da ud tbo gow:ramnt of 

17 Aaac:oacla c:u - u ODC ud clo tbD rigbt tlaiag by Ibo 

18 caviroiumat ud the paople ia a COil cffoc:tiw, mcuiagful 

19 faala.ioa. AU J hope dW - cu bave tbD lpirit that bu 

20 thrived for real wiaa.iag by all aidca. 

21 Thaak you. 

22 MS. DalsOGUo: The next individual is Mel Stokke. 

23 MA. STOXXE: I'm Mel Stokke, ~ manager or the, 

24 gcnCBI ma.oagi:r of the Anaconda smelter here in Anaconda. And 

25 l' m going to say this right off the front. I wu kind of 
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I caught cold. because I didn't know all of you were going to 

2 come up with ~ with written statements and present them and 

3 read then to the audience. So I'm going to just speak off the 

4 top of my bat. 

5 Now. all of you arc saying how good a community Anaconda is 

6 and bow well it is and so on and so forth. I don't know if any 

7 of you can compare with me. I was born in Anaconda and spent 

8 my whole life here. except for the time that I went to Montana 

9 State University to get an education. and the other time was 

10 when I served in the Army in World War 11. Outside of that. 

11 I"ve lived in Anaconda all my life. And I've worked on the 

1: sD"IChcr for 34 years. When l graduated from Montana State 

13 Col.lcgc with a dcgrce in civil engineering, I 'W'Cnt to work for 

14 thc Anaconda Company as a junior draftsman. OvC' the years, I 

15 went through pro8rcssivc jobs. until I ended up in 1974 as 

16 general manager of the Anaconda smelter. 

17 Now. I've been through probably a lot more than you people 

18 have C'VCI' envisioned as far as environmental problems go. Now, 

19 slatting in the early '70s. I dealt witb the state department 

20 and the EPA as far as S02 emissions. the opacity of smoke. 

\ 21 arsenic problcns. and so on and so forth. Now. in the early 

22 days. these things weren't thought of. Everything, everything 

2'.\ was do the job. produce thc copper. and let it go at that. But 

24 starting in the early '70s, when thc regulations came out and 

25 said that wc bad to start complying with tbcsc things. we -
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Well. just to give you an example, wc went to Durham, North 

2 Carolina, to meet with the EPA and discuss the n:gulations on 

3 arsenic. And at that point in time, they established a 

4 tq\lla\ion of1Cn micrograms per cubic meter. Now, do any of 

~ you know what ten micrograms per cubic mcu:r is? If you took a 

6 paper clip, cut it into a thousand pans, and put it into a one 

i cubic mCICr box, tbat's what ten - that's what one microgram 

8 is. And. of course, we're looking at ten. 

9 We went back there and discussed this with the EPA. They 

I 0 bl.d a. a board or a group of people tbat were civilians. And 

I I at that point in time, wc tried to talk them into SO micrograms 

I:! per cubic meter. Now. let me give you some examples. In the 
I 3 convener aisle. the monitoring that we did there showed 19 

I~ aucrograms per cubic meter. In our casting dcpanmcnt. it 

l~ showed SO. We tried to talk them into a SO micrograms per 

16 cubic meter. We weren't able to. 1bcsc people bad made up 

: - their mind and they weren't about to change it. And l still 

: 8 don't know. to this day, bow they ever arrived at the figure of 

19 tell micrograms per cubic meter. But anyway, that's the 
:o regulation that we were held to. 

: I Now. we met with the State. and a big problem was S02. And 

:: C'\'C)' year. wc went over to Helena and wc met with the State 

-~ Board of Health and we discussed thc:sc problems. Starting in 

:.; 1970. the company committed to $7 million to do some changes on 

:5 thc reverbcratory furnaces. This was well and good. because it 
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1 was something that we nccdcd. The following )'Car. wc wait into 

2 a program of expansion and wc spent $33.S million. And pans 
3 of that was productivity, parts of it was production - or was 

4 environment. 

S In '74 and '75, wc spent another 31 million for the 

6 electric furnace. the fluosolid. the components that went with 

7 that. to cut down tac volume of the gas stream. so that we 

8 could contain particulaleS. The particulates that came off the 

9 ~crb was a large volume of gas. and there was no way we could 

10 tn:at it in the bag house. Because we found out that state of 

11 the art in 1918, tbat the way to treat paniculaleS was tbrougb 

12 an electrostatic prccipitator. 

13 The only thing that wasn't taken into account was that the 
I 4 ores coming out of Butte bad a lot of arsenic in it. Now. 

1 S arsenic docs not go from the gaseous state: to the solid state 

. 16 until it is cooled to 220 dq;m:s. So all the )al'S that that 

17 large volume of gas W'Cllt out lhroush the flues and up tbrough 

I 8 the stack. the arsenic wait witb it. Some: of it dcposilrd in 

19 the flue as it cooled. But same of it W'Cllt out through the 

20 stack. because it was still in the gaseous state. 

21 So we met with the State and we spent this money. We put 

22 in acid plants to collect S02. We c:n1argcd the acid plant by 

23 spending anotlc $8 million. to help this. And before the 

24 State ~ rcquiral it, we bad tailings ponds and we tn:alrd it 

2S witb lime so that the solid materials and mc:lallic matc:rials 
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I would settle out in the bottoms of ponds so we'd get a clear 

2 ovaflow. 
3 So the thing I'd like to tell you is tbat we're - wc spent 

4 a lot of ')Ta1S and a lot of dollars trying to comply with the 
S regulations of the State. and every year, they gave us a 

6 variance for another )Ur, basically because we wac spending 

7 money and we were making improvements. 

8 Now. I didn't know that everybody was going to have a 

9 wriuai statancnt tonight, but I wrote a memo to Julie and I 
10 cdpicd Sandy on il And the slag bas bc:ai one of my pet 

11 projects. And I don't like the connotation that they keep 
12 saying it's a waste. Now, in 1977. I went to Japan and I 
13 visited seven smelters. Then: arc no slag piles in Japan. All 

14 of the slag goes into cement plants. And Japan has put in more 
1 S concrc:tc than you can believe in their highways and overpasses 

16 and their brcakwatcrs and so on and so forth. 

17 Now, thc components of slag fit in with the clr:mcnu that 

18 go into cement. The aluminum, the calcium oxide, the iron 

19 oxide, all those products arc the portions that make up a slag. 

20 Now, some people say to me, ''Yeah. that's fine. but we're in a 

21 place where we can't ship that stuff." I'm not saying that. 

22 I'm not saying we have to ship it. ·Where do wc get our cement? 

23 Do wc get it from Portland? Do wc get the sacks of cement to 

24 our lumber yards from these different places? Why can't we do 

25 it here? 
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1 We sent some of this slag over to Trident. and they ran 

2 tests on it and found out that it was a successful project. 

3 The only reason it didn't come to pass is we bad purchasing 

4 people in Denver that couldn't come to an agrccmcnt with the 
5 people in Trident. So consequently, t.bc thing was never 

6 consummated. 

7 We also at one time did some experimenting with slag to 

8 make patio tiles. And the tiles that WC"C made were about J 8 
9 inches square and about two inches thick. And wbc:n they wcrc 

I 0 polished. they wc:rc beautiful 

11 Now, the only thing about slag is when you're looking for 

12 structural strength. instead of a five or six sack cement to a 

13 yard of concrete. you have to have ten, because it jwt doesn't 

14 give you the body for structural strength. 

15 I think the project that ARCO bas bc:c:n doing bcrc. working 

16 with us. and we're trying to work with them, that the town is a 

17 lot better off than it ever was. Now. like I say, I worked 34 

18 years on the smeller. And wbc:n I was on construction. I walked 
19 through all of the departments and around the yards and 

20 cVcrytrung, and I guess I'm still !!live. I guess I don't have 

21 cancer or all these: bad things. But the thing about it is, 

22 I've often wondered _in my mind. and I haven't asked anybody 

23 this question, but bow did they ever arrive at the number of a 

24 thousand parts per million in arsenic? If it was the same way 

25 as they did with the micrograms per cubic meter, I think 
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l there's a loi of fallacy. 

2 Thank you. 

3 MS. DalsooUO: Thanks, Md. 

4 The next person is Art Mel.can. 

5 MR. McLEAN: 1·m Art Mel.can. I guess I'm hc:rc tonight 

6 to, to support the community in that I've been a native hc:rc 
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1 sledding ahead. However. it is successful. And I'd just like 
2 to sboot down the idea that tbcrc has to be cynicism to 

3 accomplish something. I think if we can tum that. as a 

4 community, into ICamwork. tbc:n we're going to have successes. 

5 Partnerships work. And the positive results speak for 
6 tbc:mselvcs. 
7 Thank you. 

8 MS. Dalsociu0: The next individual I believe, is Joe 
9 Jordan. 

10 MR. JORDAN: My name is Joe Jordan. I'm the owner of 

11 Jordan Contracting. I've bc:c:n doing business in Anaconda for 

12 more years than I even want to remember. but we've been in 

13 business as Jordan Contracting heading for eight years. And in 

14 those eight years, we've been involved in practically, one way 

15 or another. in practically all the reclamation projects that 

16 arc going on. We employ SO to 60 people throughout t.bc year. 

17 I'm very concerned - I have two major concerns with this 

18 upcoming work. No. 1 is, I would like to sec this work 

19 strctcbc:d out in a longer period of time. If we try to do this 

20 work in, say, two years or thn:e years, that's going t0 bring 

21 in a lot of outside contractors, a lot of outside pcxiple. And 

22 I don't think that's good for our local community. In.;;.~ .. , to 

23 have young people bcrc. besides everybody c1sc. we have to have 

24 jobs. And that can go on for quite some time if we monitor 

25 that. 
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l And the second concc:m that I have, and I think it's bc:cn 

2 mentioned carlic:r by practically everyone. especially 

3 Mr. Hickey, that we have to do Ibis work cost effective. We've 

4 been out. we've been involved, we've sc:cn the work that's done. 

S We know from experience that thcrc's a lot of things that arc 

6 done that people don't rcali7.e. They go beyond to accomplish 
7 since 195 l. I teach school have been for the last 24 yam. 7 these things. But we c:an 't expect anybody, ARCO or anybody 

8 And I have served on the Anaconda· Deer Lodge County Golf Course 8 else. to do something that docsn 't maltc good common sense. We 

9 Authority Board. It sc:cms as though when we have these 9 have to do it in a cost-effective way. And I think the Agency 

10 community meetings and things. I guess 'W'C tend to choose sides l 0 bas got to look real hard at that. 

11 one way or another. but my testimony tonight is more along the 
12 lines of a partnership than anything clsc.. spcak.ing from that 

13 of the Golf Course Authority Board and the trials and the 
14 tribulations that we have all gone through thcrc. It required 

l 5 a great amount of coopaation and partncnhip among many arms 

16 from the onset of it. from the Arrowhead Foundation. 
17 Anaconda·Dccr Lodge County Commissioners, the EPA, the State. 

18 and of course.. ARCO. 

19 It sccms as though we can become cynical when we talk about 

20 companies or big comp~ like ARCO, but without them. we 

21 would have had a real tough time. lt miSbt look like. you 

22 know, the golf course is very. very successful. And it is. 

23 And we didn't get thcrc without a lot of cooperation from all 
24 of the arms. the parties involved. And it wasn't easy going. 

25 ii was p~ tough sledding: and there's still some tough 

11 In other words, what I'm concc:rncd about. and I've seen it 

12 in the past. I've sc:cn it in Strcamside, that if 'W'C get to an 

13 impasse and the thing ends up in court. that could go on for l 0 

14 or 15 years. The only ones working then is a few anomcys. 

15 So we have to have that cooperation that the carlic:r people 

16 have mentioned. And I want to echo that. We need that 

17 cooperating and keep the harmony going. and there could be a 

18 lot of good things down the road. I'm sure it will happen. 

19 MS. Dalsoou0: Okay, next is Natalie Fitzpatrick. 

20 MS. FlTZPATRICK: rm Natalie Fitzpatrick. And like 

21 Mel Stokke. I was born and raised bc:rc. In another month. I'll 

22 be twice Jack Benny's 39. And I have managed to survive in 

23 what other ?C'JOple have felt is a terrible environment to grow 

24 up in. and r have survived very well. I think we have to 

25 rcmanbcr JUI! what we have accomplished.. we have accomplished 
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I through a cooperation with ARCO. with EPA, and with lhc County. 

2 And I think that the only way to. for us to proceed in the 

3 furun: is to sit down tDgelhc:r and say, what docs 

4 Anaconda-Deer Lodge County acc:d and bow do we ~t arrive at 

5 that decision? 

6 I'm sorry, I seem to get nervous sometimes. 
7 But in any event, I think that we have before us an 
8 opponunity to work together. to say, what is it that we IQlly 

9 ncxxP Do wc need the impossible? Do wc have to stcrili:zc 

IO ground. or can wc let some of this thing talcc: ~ of itself. 

11 as many things do? You know and I know that many of the trees 

I:! have come back. our wildlife is n:turning. And I think 

I J Anaconda-Deer Lodge will also rclUm if wc work together. 

14 Thank you: 

15 MS. Dalsoouo: Thank you. Natalie. 

I 6 rm going to stumble over this next name. Dan. and I 

I 7 d.ldn 't. I can't n:ad the last name. I apoJosjzc. It looks like 

18 u·s about a three- or four-leUcr last name. 

19 Anybody want to claim that one:? 
20 Okay. We'll go through the rest of the names. If you wa-c 
21 the person that we skipped over. wc can came back. Terry 
22 Vaughn is next. 

23 Do we have a Terry Vaughn? 

24 UNIDENTIFtE.O SPEAKER: I don't SCIC him bcrc. 

25 MS. Dalsoouo: Okay. Tammy Johnson then. 
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I MS. JOHNSON: For the rccord, my name is Tammy 

~ Johnson. I'm actually bcrc tonight on behalf of two diffcn:nt 
3 bodies. l live in Whitehall. so I'm not a member of your 

4 community. However, I have been involved with various 

5 grassroots organizations throughout this state supporting 

6 multiple use concepts, taking a bard look at, at bow we're 

i managing our environment. and trying to bring about some 
8 R"asonablc solutions. 

9 I'm Executive Director of a group in Whitehall caUcd CURE.. 

I 0 which st.ands for Citizc:ns United for a Realistic Environment. 

I I I'm also currmtly serving as President of the Montana Resource 
12 Providers Coalition, which is a larger umbrella group 

1 3 comprising 20-some organizations from eva-y sector of n:sourcc 

14 production in the state. from agriculture to fanning to timber. 
15 mining, private property rights, c:t c:cta"a. 

j 16 I come today bringing one statcmc:nt. Some people WCZ"C not 

1

17 able to be bcrc: and asked if I would carry this for ahem. This 
I 8 starancnt is from Montanans for Private Property Rights, an 

119 organization bcrc: in Montana. And with permission, I'd like to 

120 introduce this into the record on their behalf. 
i 21 The right to own propcny is fundammtal lo the sirucnR 

; 22 of a free nation and has always been one: of the most important 

i 2 3 rights guaranteed to the citizens of this state and country. 

l 24 Citizens have always defended this right with vigor, and our 

: 2 5 couns have upheld. time and time again, lhc risht to own 
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I property and bas prohibited the iaking of private propcny for 

2 public usc without just compensation. Many in this romn must 
3 feel strongly about this issue as it relates to their own 
4 property holdings. 

5 The right to dctcnninc the end land usc for land that is 
6 privaldy owned by AllCO con1Bincd in the EP>.'s Proposed Plan 
7 for rc:mcdiation of the Anaconda Smclta Supcrfund Site must be 

8 n:spccllld and upheld. We know that it is often msy to fool 

9 ourselves into thinking that large corporations. lilcc ARCX>. 

JO should have to live by a diffcn:ot set of~. And perhaps 

11 some are thinking that private property rights only belong to 

12 the small. individual owner. But no matter boW easy the 
13 mgummt seems, the n:ality is that, )'CS. e\'Cll ARCO'S right to 

14 own property and to ddcnninc the appropriaiz: use for that 

I 5 property within the confmes of laws that govern our society 
16 must be rapcctl:d, upbcld. and championed. There arc no 
l 7 exceptions to this fundamental right and philosophy, no matt.a 

18 whose name is on the deed. 
19 Montanans for Private Propcny Risbts plans to further 
20 examine the docummts and submit wrincn comments. 
21 Sintc2'Cly, Carolyn Selan (phonetic), for Montanans for 

22 Private Propa1y ~· 
23 I'd lilcc to introduce some comments on my own behalf of our 

24 organization. CURE. Our organimtion also suPJlorts these 

25 privaiz: propaty rights and feels that they must remain a 
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I primary focus as a final plan of action is dcvclopcd. End land 
2 use appears to be. to me anyway, one of the issues that is 

3 receiving a great deal of atta1tion, both within the pn:ss and 

4 within this type of meeting and within documentation that's 

5 being submitted on this Proposed Plan. 
6 All of our rural c;ommunitics me strugling, trying to 

7 define their future, trying to f'J8Ul'C how the various pieces 

8 c:omc tosctbc:r lo make up tbc larger puzzle of what their 
9 economic fulurc and what their culture and history has, bas 

JO taught them and where they want to go. And that is VfrJ 

l ] imponant. And while it' S true that the ARa> holdings in the 
12 East Valley may preclude gcocral growth dcvclopmmt in this 

13 area. it's also my understanding that that has been the case 

14 since the lana part of the last century. Tbcsc holdings have 

l 5 bcai owned by the Anaconda Company and ARCO for a good deal of 
16 time. And I think that it's, it's imperative for cvcrybody to 

17 nx:ognizc that tbcsc arc private property holdings. and as any 

J 8 other landowner should have the right to ddcrminc the use of 
19 their propcny within lhc confines of tbc law, so should ARCO. 

20 And that's important to our organization. 

21 I've beard many comments encouraging a cooperative 

22 relationship bctwccn all parties, and I, too, encourage that 

23 relationship. Col.lcctivcly, th= have been many good things 

24 to come out of that type of relationship, not only for the 

25 community of Anaconda, but for tbc n:st of the citizens of this 
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1 state. My husband and I bring our kids over to Wann Springs 

2 Ponds fishing on a regular occasion. We've been fortunate to 

3 play golf at the Old Works Course. althoush I will be most 

4 up-front and say that my skill is. not up to that level yet. but 

5 it is something that I hope to aspin: to. And that benefits 
6 not only this community. but otbc:r neighboring communities and 

7 the rest of the residents of this state. 

8 I heard Sandy Stash comment that S350 million have been 
9 spent thus far in environmental remediation. I mean, wow, that 

10 is a lot of money. And it's amazing to me sometimes how numb 

11 we have become to those types of numbcis. We start talking 

12 about 60 million bcrc and 180 million bcrc. and we're throwing 

13 these numbcis around like they mean absolutely nothing. And 1 

14 sit and try to balance my cbcckbook and figure out, you know, 

15 how to come up with the nc1tt $200. So it's somediing that 'NC 

16 have to be cognizant of. Maybe we need to kick ourselves a 

J 7 little bit and n:ally rcali:zc what kind of dollars we're 

J 8 talking about. 

l 9 Both human health and environmental hca.lth arc paramount to 

20 c:Ycryone in this community, everyone in your surrounding 

21 communities. and to tbc state. And that is essential. We all 

22 support those type of goals. Howcvc:r, it's our organimtion's 

23 belief that common sense must prevail. Ck:anup activities do 

24 have to accomplish protection for you. as citizens of this 

25 community. I belic:vc that ARCO and the agencies and. and 
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1 everyone in this room arc also strongly commiar:d to that. So 

2 I don't - and I think that tbcrc arc ways that everybody can' 

3 work together to ensure that that happens. But I also believe: 
4 that we have to acknowledge that cost-effective rcm:dics must 

5 be included in the final plan. Its~ no one's interests if 

6 they arc not. 

7 Economics have got to be consicb'cd. Whether we arc 

8 balancing our own cbcckbook for our personal bomc. for our 

9 family, wbcthcr it's for our business, wbcthcr it's for a 

l 0 larger corporation. sucb as ARCO. it bas got to be considered. 

1 J And when cost~ffcctivc rc:mcdics arc applied. when human heal$ 

12 bas been protcetcd. when environmental protection bas been 

13 accomplished. then it becomes a winning situation f01' c:vc:ryonc 

14 involved. 

1 S And believe me. the well can run dry. Just as most of us 

16 never believed the Anaconda Company would close down. we were 
17 in Livingston and my husband was working for Burlington 

18 Nonhcm Railroad in the Shops tbcrc. we never believed that 

19 could happen. We've all been through this. And we've got to 

20 be cognizant of the economics involved. 

21 Tilank you very mucb. 

22 MS. DalsoGUO: We're going to go back to one that 

23 missed over. Joe Saba. 

24 MR. SABA: My name is Joe Saba. F11St of all •• I've 

2S got a little bit of a cold. I'm fairly new at this. I've 
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1 lived bcrc most of my life. And I've seen Anaconda wbcn this 

2 hill was going and when everything was really prosperous. and 

3 I've seen it on the down side. And wc talk about long·u:nn 

4 things. I'll agree with what everybody has said as far as with 

S ARCO and the EPA. So far. I think everybody bas worked pretty 

6 good togclhcr, because from the time I was a kid bcrc and I 

7 seen a lot of the destruction of the land and whatnot going on 

8 around bac. and in the past few years, I've sccn a lot of that 

9 come back. And L for one. it makes me very happy. 

10 But one of the otbc:r long-term things that I look at as a 

11 young member of this community, or a younger member of this 

12 community supporting a family and trying to make my living bc=rc 

13 is that - Mr. Jordan made a comment on we no:d to, you know. 

14 one of the long·tcrm things that we have to kc:cp in mind isn't 

15 just ARCO and it isn'tjust the EPA and things like that. We 

16 want to be able to maintain what these people have done. I 

17 want my kids to be able to work and maintain these things. And 

18 the only way they can do that is to stay bcrc. to work bcrc. 
19 and to look after it like we're all trying to do. And to do 

20 this. we've got to have jobs. 

21 Now. for me, you know, I work for a company. ROM 

22 Multi·En1erpriscs. And I would like a little bit of attention 

23 brought to them simply for the fact that they're a company. a 

24 small company that bas came in bcrc. And the concrete thing 

25 was brought up. okay. Well RDM came in here. and they're 

I taking that slag up tbcrc. they're making a blasting abrasive 

2 out of it. roofing granules out of it. They're supplying jobs 
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3 to our community. They've brousJit money into this community. 

4 And. and it's a long-term thing. It's not just swnething 

5 that's bcrc and going to be gone in a short time. I mean. look 

6 at that pile up tbcrc. You know, wc've been looking at it for 

7 a lot of years. 

8 And. you know, I would kind of like to, I don't know. maybe 

9 bear some input or hear some fairly close to for-sure things 

10 on, you know, what we can do to support that. Because without 

l J the people being able to be bcrc. to work here. everything that 

12 we're doing, in a way, goes for nausJit Because this is our 
13 home. This is my kids' bmnc. I want them to be able to raise 

14 their families bcrc. But if there's nothing bcrc for them. and 

JS if we don't support companies like RDM. wbo have taken big 

J 6 chances, fought tooth and nail with different people to put 

17 down a foothold like they have, you know, what arc we going to 

18 have? I think that's something we need to look at. 

19 You know. a lot of times, I talk to different pc:ople around 

20 town and they ask me. "Who do you work for?" And I say. "l 

21 work for ROM up on the hill." And they don't know who I'm 

22 talking about. Well, you know. that bothers me a lot. Because 

23 if people would stop and take the time and look to sec who we 

24 arc and what we're doing, you know. I mean. wc no:d that 

25 involvement. that participation. It's for everybody. And if 
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I we can. if we can keep that kind of growth going. you know, I 

2 mean. like I say, wc can do all this cleanup and everything 

3 like that. And wc have to do it. It was let go for coo long. 

4 But along with that, wc have to bring in the new blood and the 

S new industry to support everything that's been done. 

6 Thank you. 

i MS. DalsOGUO: Thank you. Joe. 

8 The: next individual wc have is Duane Logan. 

9 MR LOGAN: My name is Duane Logan. I'm a life-long 

10 resident of Anaconda. I grew up on a ranch down by 

I J Warm Springs. which was one of the, pan of the initial 

I: reclamation jobs done. And as all, it took time to take in. 

I 3 Grass doesn't grow overnight. I worked on the golf course. 1t 
14 lakes time. it lalccs effort, and you've got 10 work at it to 

IS bnng it to something. But it's somc:thins to be proud of. And 

16 as the Governor's project. on our place, you can see today what 

J 7 usa:I to be green is now lwh grass that the cows eat. 

18 I worked on the golf course. which cook a lot of community 

J 9 effort. a lot of planning. a lot of compromise. and a lot of 

20 long hours by a lot of people. And it has bc:comc a success 

21 projo:t. And it's like the guy from RDM said. wc have to look 

22 inlO the future and find alternate sources. Bccawe ARCO is 

23 going to be gone someday. And I've been lucky enough to work 

24 for a subconsultant to ARCO on most of this construction work. 

25 And it's been. it's taught me a lot. and I was lucky enough to 
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I have that experience. So I just hope that we, as a community, 

2 try to work with ARCO and continue with the, the process and 

3 the success that's been done so far. 

4 MS. Dalsoouo: Millie Nash is next - Mike. 

5 MR NASH: Everybody has kind of established their 

6 craicntials. I come from a six1i!CQCntion family that's been 

7 born and raisa:I and gotten our education and worked within 100 

8 miles of Anaconda for six gcnc:rations. And we've been involved 

9 in ex tractive industries and all sides of it for all that time. 

I 0 Well. the sixth gcnaation, they're just lialc, so they ... 

l l I know Mr. Siokke says he's been around the world. to 

I l 2 Japan. I've never bClcn to Japan. I've bClcn to some fcnign 

, l 3 lands. though. I've been to San Francisco and Billings. And I 

114 like it right berc. But in any event. I'm here actually 

! 15 tonight on behalf of a small. nonprofit organization called lhe 

11 6 Anaconda Environmental Education Institute, which really 

j 17 doesn't take a stand on the. on the issues of ARCO and EPA as 

\ 18 to what bcncr plans might be. 

j 19 This group provides summaries of the technological, the 

: 20 huge technological documents. Meg Hickey docs the basic job. 

! 21 These huge technical tomes take up litaally shelves of space 

: 22 and provides what wc hope: are accurate objective summaries for 

23 the we of all parties. And as such. wc have the opportunity 

24 to observe that a lot of community agencies and people and 

::?.5 \'Oluntccrs have been involved in the statement that was 
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1 presented by the Commissioners. And that's jwt a point of 

2 fact. While reading the newspaper. I wasn't sure that 

3 everybody was aware of that. and I thought it was appropriate 

4 that I observe that and that's jwt a piece of information. I 

S think. that ought to be available. 

6 The second thing I do think that we would like to see is 
7 that the Record of Decision would contain a mechanism that 

8 would allow nc:w opportunities. such as the prison. or any other 

9 kind of opportunity that might come along that would provide a 

10 rmlediation and at the same time other benefits, or new 

l I technologies, such as innovative uses of the slag or other 

12 kinds of waste that might develop in 1bc future; that the 

13 mechanism would allow for incorporation and modification of 1hc 

14 plan as those things bc:comc available: that the community and 

1 S EPA and ARCO would be able to take of advantage of those kinds 

16 of things that really - and tbcre's no sc:nsc being stuck with 

17 an old car if you can get a new one. But the. 1bc Institute 

18 will continue to provide the service of providing accurate 

I 9 summaries and helping to anal)'7.C the technological information 

20 within our resources. 

21 Thank you. 

22 MS. DalsoGUO: Thank you, Millie. 
23 Don Peoples is neitt, please. 

24 MR. ·PEOPLES: rm Don Peoples from Butte. and I'm 

25 feeling a little awkward because I'm violating a basic 
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1 principle of nature in Southwestern Montana. and that's 

2 basically, a guy from Butte should DCVC" come down to Anaconda 

3 and try and tell people what 10 do. And I'm not going to do 

4 that. Mike lived in Butte for a long time. and when be moved 

S down to Anaconda, they now call him Millie. I hope you don't 

6 call me Donna the next time I'm down here. 

7 But I do fccL I guess a linlc bit relieved from violating 

8 a basic law of nature, because our company is involved in a 

9 major development with 1hc prison project. And that is indeed 
10 a very, -very significant project in. in toms of employment 

11 opportunities and in terms of cxpcnditwa of dollars. We've 

12 expended a lot ef money to this point in time. As we speak. or 

13 as I speak tonight, then: arc about 14 architects in a Reno 

14 office developing plans for that facility. 

1 S It would net have been possible wiihout the great 

16 cooperation we've had from the Anaconda-Deer Lodge community 

17 and from ARCO. 1 consider that thinking out of the box. We've 

18 done something diffc:rcnt bcrc. And frankly, we would not be in 

19 this position today if it had not bClcn for what we had sccn 

20 going on in this community with the dcvclopmcnt of the golf 

21 course. The development of the golf course led our company not 

22 only to be involved with the prisori development. but also was 

23 the impetus for getting us involved with the Greenway 

24 development. And that Greenway development came out of our 

2S company in Butte, along with a lot of other people. 
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I But I'm bcrc tonight to encourage you to continue to think 

2 outside the box. You know, chat's a tn:nd lhat is being used 

3 in business all the time today, because you just can't think 

4 inside the box. And I think b's a lot of regulations. 

5 obviously, you have to adhere to, but let's get outside the box 

6 and let's continue to think about all the good things lhat can 

7 happen in South"WCStcm Montana, if we cooperate and if wc work 
8 together. 

9 We look forward to becoming a major employer in this area. 
10 We're working today with AJlCO and with a prospective 

11 purchaser's agrccmcnt and with EPA and with all of the other 

12 agencies lhat are involved in lhat and cooperating with the 
13 local govcmmcnt bcrc in dcvdoping a wry worthwhile project. 

14 I think that we've got a chance of a lifetime in Southwestern 

15 Montana, and we'd bc:ttcr not blow it. If we work togctb::r and 
16 if we work cooperatively and if wc look at making this part of 

17 Montana the most livable place in the country, I think wc can 
18 do it. And I certainly would encourage all you great people 

19 down bcrc in Anaconda to continue to think outside the box. 

20 We're rc:ally looking forward to being a pan of your economy 

21 down bcrc. And we're looking forward to working with AllOO and 

22 working with the community and working with EPA. And all of 

23 this cooperation lhat I've beard tonight and this concept of 

24 thinking outside the box leaves me with one closing thought: 
25 We're talking about closing out the chapter of AllCO's 
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I participation bcrc. Let's make it a happy ending. 

2 Thank you. 

3 MS. Dalsoouo: The last signup I have is Don Kelley. 

4 MR. KELLEY: 1 listcncd to cwrybody tonight. and I'm 

S going to be right up-front with all you people, my purpose for 

6 being bcrc is purely sclf·in!CrCSt. I want my kids to stay in 
7 this community. I want my family to be bcrc for the ncx.t 100 

8 years. My family bas been in this community since the late 

9 1800s. They worked for the AJlCO, the ACM Company, the Daly 

10 Company, whatever you wanted to call it back tbcn. 

11 We have to be in tune with the fact that AJta> is closing 

12 its cbapta" on this community. They are no longer going to be 

13 involved in this community. In that respect, we ncc:d to look 

14 out for our own sclf·intr:rcst. I would like to approach ARCO 

1 S on a non-adversarial basis. I would like us all to approach 

16 them on lhat basis. In the same respect, I think we need to 

17 use caution in dealing with anybody \hat is 1Clling us thcy arc 

18 not going to have anything further to do with this community in 

19 the long-term future. 

20 As far as the trusti:cship that AJlCO speaks of with the 

21 State. I would rather not approach Meo or the State or the EPA 

22 on a truslC:CShip basis. l think we need to be aware of our 

23 responsibility in the reclamation for this area. Our 

24 responsibility is as an oversight. We're members of the 
25 ccmununity, we're members of the people that arc going to be 
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1 bcrc 100 yasrs from now. We need to be aware of what's going 

2 on with this project. And the people that have rurnc:d out here 

3 tonight is a good indication lhat people arc concerned with 

4 what's going to happen through the next 100 yasrs. 

5 I think a lot of what's happened in the past with the 

6 adversarial point of view that ARCO and the community have had 

7 is a fear of ARCO no longer being here. l think wc still have 

8 a little bil of that company town attitude. that what happens 

9 to us when they're gone? Well. it's a real evident situation. 

10 lhat ARCO is gone. And wc nccd to be involved in the process 

11 in saying that goodbye, you know. lhat we need to look out for 

12 our own intcn::st in the process. And I'd like to encourage 

13 everybody to continue in that process. 

14 One comment I would like to make on private ownership of 

15 the property. ~ wac some comments that wac made that 

16 Al\CO is a private entity and lhat the property is theirs. I 

17 also own property in the affected area. and the rights of 

18 ownership arc not limited to AJlCO, they're all of ours. We own 

19 this propc:ny. We arc owners of the future of Anaconda. And 

20 WC nccd to take part in that. 

21 Thanks. 
22 MS. Dalsoou0: Okay, I had three more people come in 

23 to sign up. I just thought I'd take a quick reading to make 

24 sure there isn't anybody else out there that would like to sign 

25 up to give public comment tonight. 
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I Okay, we'll start with Ed McCarthy. 

2 MR. McCARTIIY: My name is Ed McCanhy. I work for 

3 Jordan Contracting. I've bc:cn with Joe for seven years now. 

4 I've worked with ARCO's contractors since 1983, at the stan. 

S when we dcmolitionc:d the smelter up there. And I've been 

6 working on and off ever since tbcn. 

7 I was fortunate to be chosen this last fall as one of 
8 ARa>"s people to be featuml in the paper. And a lot of pc:cplc 

9 think I fish all day, but that's not the case. But anyway. 

10 I've really enjoyed doing some of the work on the golf coW"Se 

11 project and the Warm Springs Ponds. And one of the grcatcs1 

12 comments this summer is peep!: coming into town and sciemg the 

13 progress we're doing down by the Arbiter, and seeing all the 

14 grasses growing down through tbcrc instead of the old red 

1 S sands. And it's just a great positive attitude with the local 

16 people working lOgClhcr on that. We can continue to work 

17 ~ to do great. 
18 MS. Dalsoou0: Next. wc have Wayne Ternes. 

19 MR. ~= Aflcr listening to a lot of folks tallc 

20 tonight here and thinking about what was said. a lot of things 

21 have been alluded to as far as the business that's been~ 

22 things \hat have come and gone. But as a child. I grew up •• I 

23 never grew up, I still bavcn't grown up, but I ran that 

24 riverbank and those ponds as a young kid. We grew up down 

25 then:. and I° saw the animals come and go. Man and I. as k11.is 
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I down lbcrc. eight and nine years old. ran up and down that 

2 river, around the ponds. and around Warm Springs and what's 

3 going on. And I'd like to just say thank you to all tbe folks 
4 that have been involved in this clamup so far. 

5 We have a long ways )'ct to go. This last one is supposedly 

6 tbc last one. And what I have found. frmn !raring people 

7 around Anaconda commenting on our cleanup, is people only 

8 notice what 1he)' sec. It's the design work and all that stuff 

9 that people don't really understand what's going on and what's 

JO happening behind the scenes. In the last ycar is when I'm 

I I bearing folks say, just like Ed lalla:d about. the grass growing 
12 bcrc. the wheat coming into Anaconda. Proplc an:: wondering why 
13 we're planting wheat out there and if we can harvest it. 

14 Actually, we did cut bay in the East Anaconda Yards this year. 

15 Who would have CVCI' thought that would happen? 

16 But the animals that have come back to this aras, and 
17 looking at what's going on with clc:anup, effective cleanup done 

18 right can make a real diffcn:ncc:. And we nccd to do it. 

19 Nobody is hen: to be a bad pc:non. We need laws to make sure 
20 that we protect human health and the environment. Let's make 

21 it sensible. And look what's happaicd alrmdy. Those of)'Oll 

22 that have been around bcn: for a long time, 20 ycars ago, 30 

23 years ago, if somebody had ran OYC't' a deer down by the slag 

24 pile. it's because it had to have fallen out of some hunter's 

25 truck. And nowadays, they hit them tqJU)arly down tbcrc. 
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1 and tbc community working logcahcr to find those solutions. As 

2 the Executive Dimctor of Anaconda Laca1 Development 
3 Colporation, we will go on record as supporting the comments 

4 made by Commissioner Wilkinson. The Anac-cmda Regional Waste 

S and Watrr site, ARWW, is huge and diva"Se. In fact. it's 

6 probably really over 30 sites with owr 60 problems. The plan 
7 pn:sc:ntcd is not dcsailc:d. The real solutions will come and 

8 will be answered in the design and in the impkmcntation stage. 
9 Community mcmbcn and the County must have a meaningful role ia 

l 0 Chose design stages if true SUCCC3S is to be made. And I would 

1 l hope that the ROD would addft:ss that and include the community 

12 in those planning Stages. 

J 3 MS. Dalsoou0: Neil Thomas is next. 

14 MR. lllOMAS: rm Neil F. Tbamas. Usually, I'm the 

IS last speaker, and I hope I am the last one tonight. But I'm 

16 the President of the Anaconda Sportsman Club. And we'd like to 

l 7 sec something happc11 ycar around with this ck:anup business, 
18 something that we can do year around. And that's rc:r::ft'.8tion. 
19 So if we could get some clean watrr, like Silver Bow Creek and 

20 fish in the crcick, get some birds down in the Opponunity 

21 Ponds, and also have access sites when these projects arc 
22 complclcd so we can have access to them. And then I'd also 

23 like to mention that we're kind of inll::rCStcd in putting in a 

24 shooting range. a modem shooting range. So if that can 

25 happen, we'd lW: to sec that happen. 
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l You know, how many ycars ago was it wb::n you saw a fox come J Thanks. 

2 across the highway down then:? I sec them qularly on my way 2 MS. Oalsoouo: Well. unfortunately, you arc the next 

3 to work. And down by Warm Springs and along the river, thc:rc's 3 to the last onc. I have one other individual, Bea McCarthy, if 
4 places wb:rc it bas come across, places wmc they've done 4 you'd like to come up. 

5 cleanup has made a big diffc:rcncc. Warm Springs Ponds is a S And I'll just do another check, anybody else that has 
6 great example. I know there's pros and cons, saying, yeah. 6 changed their mind or wants to be added to the list? 
7 water 1cvcls ·aren't whalCYcr. But I remember going to that 7 Okay. 
8 river when it ran orange in the springtime. That's just what 8 MS. McCARTIIY: rm Bea McCarthy, I'm your state 

9 it did. The Clark Fork was orange near Warm Springs. You 9 senator. I rcpn:scnt you in Hclcna, try to do what you want 

10 didn't go near it. The only place )'OU fished was Wann Springs 10 and try to give your views when~ come. I'm also a member of 

11 Cra::k. to wb:rc it ran into there. Ova- the years, that's 11 the Environmental Quality Council of the State of Montana. And 

12 gone. We don't sec those bis .lar!c oranse runoffs anymore. 
13 Once in a while, tbcn:'s some problems, but I've seen the fish 
14 change. I used to fish down tbcn: when tbcn: really wasn't any 

l 5 fish to catch, you were just down there running around the 
16 river. And now, there's actually fish you can catch. And I 
17 just want to say thank you to what's going on and WF 
18 everybody to koeping work with us. and we'll get through it. 
19 Thanks. 

20 MS. Dalsoouo: Next. we have Iim Davison. 

21 MR. DA vtSON: This is the last. but certainly not tbe 

22 only site that nccded to be clamcd up iD our county. Past 
2 3 solutions which have proven to be safe, healthy, clean, provide 

124 economic viability, and have bc:cn accomplished in an 

125 economically reasonable fashion.~ a result of EPA.ARCO, 

12 in that capacity, I was meeting last wrick again with groups 

l 3 from all ow:r the state, wb::n we review all of the projects 

14 that an: in any way affecting both the environment and our 

l S liva and our citizenry. We in Anaconda have been held up as 
J 6 an c:ump~ of what can be done. both with cooperation of the 
17 citizenry and with money. And I think that's somclhing I'm 

l 8 emphasizing at this point. This has not been an inexpensive 

19 project to do. Yes. we've got a beautiful golf course; yes, 

20 we're working on Grcc:nways. But we also have to n:aliz.c a lot 

21 of money has been expended in that and will continue to be 

22 expended in that cleanup. 

23 We've also bc:cn very fortunate. I think, in finding 

24 contracton and subcontractors that have done a good quality 

25 job. Some of the other projects that the EQC has had to 
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l monitor throughout the state have not bci:n that lucky. We've 
2 been back over them and over them again. And Anaconda bas been 

3 fortunate in that respect. We ~ to continue with that and 
4 wc ncc:d to watch the people that arc doing our jobs in the 
5 future. If wc have to do what Mr. Jordan suggested and stretch 
6 the jobs out a little bit longc- to gct quality contractors, 
7 then let's do it. Let's not rush through a project in order to 

8 get it finished and then have to have it redone at somebody's 
9 expense a few years later. 

l 0 I think the people that arc here tonight arc sincc::rdy 

11 concancd about their community. or they wouldn't have taken 
12 the time to come out on such an evening as this. They need to 

13 be commended for that All I'm trying to do to is bring your 
14 ideas to Helena and to the people that are making the 

15 decisions. And in that, I try not to form my own opinions or 
16 have them influence what I'm doing. I'm trying man: to see if 
17 I can get both sides of the balance and do it, and I hope that 
18 in representing you. I will always continue to do that. 
19 I guess I'm a bit prejudiced in what we're doing here. 
20 because I've seen it do so much good. And I want to thank ARO> 

21 for that. because I think they have really tried to do the vuy 
22 best they can. And we need to thank the contractors in the 
23 same respect. And I hope that EPA will look at that when 
24 they're making the final decision on this plan and n:alir.c that 
25 WC need to go forward. 
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1 We need to also think, though. that there arc other uses 
2 for this land. The pnson is an excellent use for this land. 
3 The golf course is an excellent use. We've got to use the slag 
4 pile for different things as we come up. Let's brainstonn 
5 among ourselves. We're the people that live here. What type 

6 of industry do we want? What do we want to bring for our 
7 future and for our children and our grandchildren? So work 
8 with it together, and we'll get there. 
9 Thank you. 

10 MS. DalSOOUO: Thank you, Bea. 
11 I would like to just say thank you also for all of you 
12 coming out tonight. We've heard echoed quite a bit that this 
13 is a real important time for this community, and I think your 
14 attendance at tonight's mc:cting has really showed EPA your 
15 ongoing interests and concerns. So thank you very much. I 
16 look forward to receiving written comment again through 
17 January 30th. 
18 (The proceedings were concluded at 8:30 p.m.) 
19 

20 
21 
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