
Addendum to the Supplemental Feasibility Study
Holden Mine Site
Chelan County, Washington

Prepared by
USDA Forest Service

In Cooperation with
US Environmental Protection Agency and
Washington State Department of Ecology

June 1, 2010
4769-15



 



 

   
4769-15  June 1, 2010   Page i 

CONTENTS Page 

EXECUTIVE SUMMARY ES-1 

1. INTRODUCTION 1 

1.1 Purpose and Organization 5 
1.2 Background Information 6 
1.3 Description of Areas of Interest 6 

1.3.1 Tailings Piles 1, 2, and 3 6 
1.3.2 East and West Waste Rock Piles 7 
1.3.3 Honeymoon Heights Waste Rock Piles 7 
1.3.4 TEE Areas Downslope from the Honeymoon Heights  
         Waste Rock Piles 7 
1.3.5 Ballfield Area 8 
1.3.6 Holden Village 8 
1.3.7 Lower West Area 8 
1.3.8 Lagoon Area 8 
1.3.9 Wind-Blown Tailings Area 8 
1.3.10 Maintenance Yard 9 
1.3.11 Former Mill Building 9 
1.3.12 Ventilator Portal Surface Water Retention Area 9 
1.3.13 Lucerne-Holden Road 9 

2. REGULATORY PROCESS FOR REMEDY SELECTION 10 

2.1 Site Risks 11 
2.1.1 Human Health Risks 11 
2.1.2 Ecological Risks 12 

2.2 Potential Applicable or Relevant and Appropriate Requirements 13 
2.3 Proposed Remedial Action Objectives and Cleanup Requirements 17 
2.4 Development of Proposed Soil Cleanup Levels 18 

2.4.1 Terrestrial Ecological Risk-Based Levels 19 
2.4.2 Human Health Risk-Based Levels 19 
2.4.3 Background Levels 20 
2.4.4 Proposed Soil Cleanup Levels 20 

2.5 Development of Proposed Groundwater and Surface Water  
      Cleanup Standards 20 
2.6 Points of Compliance 21 



 

   
Page ii  4769-15  June 1, 2010 

CONTENTS (Continued) Page 

3. SUMMARY OF PROPOSED CLEANUP LEVELS AND EXCEEDANCES  
    ACROSS THE SITE 23 

3.1 Summary of Proposed Cleanup Levels and Exceedances for  
      Groundwater, Surface Water and Sediment 24 
3.2 Summary of Proposed Cleanup Levels and Exceedances for Soils 25 

3.2.1 Tailings Piles 1, 2, and 3 26 
3.2.2 East and West Waste Rock Piles 26 
3.2.3 Honeymoon Heights Waste Rock Piles 27 
3.2.4 TEE Areas Downslope from the Honeymoon Heights Waste  
         Rock Piles (DSHH) 27 
3.2.5 Ballfield Area 27 
3.2.6 Holden Village 27 
3.2.7 Lower West Area 27 
3.2.8 Lagoon Area 28 
3.2.9 Wind-Blown Tailings Area 28 
3.2.10 Maintenance Yard 28 
3.2.11 Former Mill Building 28 
3.2.12 Ventilator Portal Surface Water Retention Area 28 
3.2.13 Lucerne - Holden Road 29 

4. CLEANUP COMPONENTS 29 

4.1 Regulatory Considerations 30 
4.1.1 CERCLA Requirements 30 
4.1.2 MTCA and SEPA Requirements 32 

4.2 Identification of Cleanup Components for Specific AOIs 32 
4.2.1 Tailings Piles 1, 2, and 3 33 
4.2.2 East and West Waste Rock Piles 35 
4.2.3 Honeymoon Heights Waste Rock Piles 36 
4.2.4 TEE Areas Downslope from the Honeymoon Heights  
         Waste Rock Piles 39 
4.2.5 Ballfield Area 41 
4.2.6 Holden Village 42 
4.2.7 Lower West Area 42 
4.2.8 Lagoon Area 45 
4.2.9 Wind-Blown Tailings Area 45 
4.2.10 Maintenance Yard 47 
4.2.11 Former Mill Building 47 
4.2.12 Ventilator Portal Surface Water Retention Area 48 



 

   
4769-15  June 1, 2010   Page iii 

CONTENTS (Continued) Page 

5. CLEANUP ACTION ALTERNATIVES CONSIDERED 49 

5.1 Alternative 11M 49 
5.1.1 Soil 49 
5.1.2 Groundwater 50 
5.1.3 Surface Water 51 
5.1.4 Sediment 51 

5.2 Alternative 13M 52 
5.2.1 Soil 52 
5.2.2 Groundwater 53 
5.2.3 Surface Water 54 
5.2.4 Sediment 55 

5.3 Alternative 14 55 
5.3.1 Soil 56 
5.3.2 Groundwater 60 
5.3.3 Surface Water 61 
5.3.4 Sediment 62 
5.3.5 Site-Wide Activities and Other Remediation Components 63 

6. DETAILED ANALYSIS OF ALTERNATIVES 11M, 13M, AND 14 64 

6.1 CERCLA and MTCA Criteria for Remedy Selection 65 
6.1.1 Regulatory Overview and Application 65 

6.2 Detailed Analysis of Alternatives 11M, 13M, and 14 Under CERCLA 66 
6.2.1 Alternative 11M 67 
6.2.2 Alternative 13M 80 
6.2.3 Alternative 14 94 

6.3 Detailed Analysis of Alternatives 11M, 13M, and 14 Under MTCA 106 
6.3.1 Analysis of Alternative 11M Under MTCA 106 
6.3.2 Analysis of Alternative 13M Under MTCA 110 
6.3.3 Analysis of Alternative 14 Under MTCA 114 

6.4 Comparative Analysis of Alternatives 11M, 13M, and 14 Under CERCLA 117 
6.4.1 Threshold Criteria 118 
6.4.2 Primary Balancing Criteria 123 
6.4.3 Modifying Criteria 134 
6.4.4 Summary of CERCLA Comparative Analysis of Alternatives 135 

6.5 Comparative Analysis of Alternatives 11M, 13M, and 14 Under MTCA 138 
6.5.1 Threshold Requirements 138 
6.5.2 MTCA Other Requirements 141 



 

   
Page iv  4769-15  June 1, 2010 

CONTENTS (Continued) Page 

6.5.3 MTCA Action-Specific Requirements 149 
6.5.4 Summary of Compliance with the MTCA Other Requirements  
         and Action-Specific Requirements 151 
6.5.5 Summary of MTCA Comparative Analysis of Alternatives 152 

7. REFERENCES 152 

 
TABLES 
 
1 Summary of Constituents of Concern and Proposed Cleanup Levels 
2 Areas of the Site with Groundwater Concentrations That Exceed Drinking Water Criteria 
3 Areas of the Site with Soil Concentrations That Exceed Human Health Criteria 
4 Potential Chemical-Specific ARARs and Background Concentrations for Surface Water 
5 Concentrations of Constituents of Concern in Surface Water 
6 Potential Chemical-Specific ARARs for Groundwater  
7 Concentrations of Constituents of Concern in Groundwater 
8 Potential Chemical-Specific ARARs and Background Concentrations for Soil 
9 Ecological Risk-Based Soil Concentrations Protective of Terrestrial Receptors 
10 Concentrations of Constituents of Concern in Soil 
11 Potential to be Considered Chemical-Specific Criteria for Sediments 
12 Concentrations of Constituents of Concern in Sediments 
13 Points of Compliance 
14 Terrestrial Ecological Hazard Quotients for Soil 
15 Summary Comparison of Alternatives 11M, 13M, and 14 
 
FIGURES 
 
1 Site Location and Project Vicinity Map 
2 Land Use Map--Northwest Forest Plan Allocations for Holden Mine Area  
3 Principal Site Features 
4 Riparian Reserve Map 
5 Investigation Locations – Area West of Copper Creek (Sheet 1 of 3) 

Investigation Locations – Area East of Copper Creek (Sheet 2 of 3) 
Investigation Locations – TEE Background Samples (Sheet 3 of 3) 

6 Ratio of Groundwater (Including Seep) Concentrations to Proposed Cleanup Levels for 
Major Source Areas 

7 Groundwater Elevations and Generalized Flow Map – October 2008 (Sheet 1 of 2) 
Groundwater Elevations and Generalized Flow Map – July 2008 (Sheet 2 of 2) 

8 Groundwater Concentrations and Railroad Creek Stream Conditions East of Tailings Pile 3 



 

   
4769-15  June 1, 2010   Page v 

CONTENTS (Continued) Page 

 
FIGURES (Continued) 
 
9 Ratio of Groundwater Concentrations to Proposed Cleanup Levels Over Time in  

Wells DS-2 and DS-4D 
10 Ratio of Surface Water Concentrations to Proposed Cleanup Levels 
11 Proposed Waste Management Areas 
12 Principal Components of Alternative 11M 
13 Principal Components of Alternative 13M 
14 Principal Components of Alternative 14 
 
APPENDIX A 
ESTIMATED COSTS FOR ALTERNATIVES 11M, 13M, AND 14 
 
APPENDIX B 
ASSESSMENT OF LIME APPLICATION FOR IN SITU TREATMENT OF SOILS TO 
REDUCE BIOAVAILABILITY AND MOBILITY OF HAZARDOUS SUBSTANCES 
 
APPENDIX C 
PERFORMANCE OBJECTIVES FOR CAPPING HAZARDOUS SUBSTANCES 
 
APPENDIX D 
ALTERNATIVE GROUNDWATER CONTAINMENT AND 
COLLECTION SYSTEM EVALUATION 
 
APPENDIX E 
DERIVATION OF TERRESTRIAL ECOLOGICAL  
RISK-BASED SOIL CLEANUP LEVELS (ECOLOGY, 2010b) 
 
APPENDIX F 
POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 
AND TO BE CONSIDERED CRITERIA 

 



 

   
Page vi  4769-15  June 1, 2010 

ACRONYMS AND DEFINITIONS 
 

ACS Aquatic Conservation Strategy 

Agencies USDA Forest Service, acting with the US Environmental Protection Agency (EPA) 
and the Washington State Department of Ecology (Ecology) 

AOC  Administrative Order on Consent 

AOI Area of Interest 

AKART All known, available, and reasonable methods of treatment, as referenced in the 
MTCA regulations [WAC 173-340-200 (within definition of “All practicable methods 
of treatment”) and WAC 173-340-720(8)(d)].  Note that other state regulations use 
AKART to refer to All Known, Available, and Reasonable Methods of Prevention, 
Control, and Treatment [WAC 173-201A-020], and this definition is also applicable 
to the Site. 

APR Agencies’ proposed remedy 

ARAR Applicable or Relevant and Appropriate Requirement 

BLM United States Department of the Interior, Bureau of Land Management. 

BMP Best Management Practice 

CAA Clean Air Act 

CAP Cleanup Action Plan 

CERCLA  Comprehensive Environmental Response, Compensation, and Liability Act 
[42 USC §§ 9601-9675] 

CFR Code of Federal Regulations 

CPOC Conditional Point of Compliance 

CWA Clean Water Act 

cy Cubic yards 

DFFS Draft Final Feasibility Study (URS 2004) 

DRI Draft Remedial Investigation report (Dames & Moore 1999) 

DSO Washington Department of Ecology Dam Safety Office 

DSHH The area down-slope from the Honeymoon Heights Waste Rock Piles  

Ecology Washington State Department of Ecology 

EPA US Environmental Protection Agency 

ERA Ecological risk assessment 



 

   
4769-15  June 1, 2010   Page vii 

ACRONYMS AND DEFINITIONS (CONT.) 
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letters, and other documents that are listed in Section 2 of this ASFS. 

FSQV Freshwater Sediment Quality Values 

gpm Gallons per minute 

GRA General response action 

HAZWOPER Hazardous waste operations and emergency response 

HHRA Human Health Risk Assessment 
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IDW Investigation-derived wastes.  Commonly IDW is used to refer to any waste 
materials (including soil and water) contaminated with hazardous substances that 
are generated during investigation or remediation of the Site.  

LBI Lutheran Bible Institute 

LRMP Wenatchee National Forest Land and Resource Management Plan 

LWA Lower West Area 

MBTA Migratory Bird Treaty Act 

MCL Maximum contaminant level 

MCLG Maximum contaminant level goal 

MGY Million gallons per year 

Mining Claims Portions of public lands claimed for possession of locatable mineral deposits by 
locating and recording under established rules and pursuant to the 1872 Mining 
Law. 

MNA Monitored Natural Attenuation 

MSHA Mine Safety and Health Administration 

MTCA Model Toxics Control Act [RCW 70.105D.010-.921] 
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300] 
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NPV Net Present Values 
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NRHP National Register of Historic Places 
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NWFP Pacific Northwest Forest Plan 

NWQC National Recommended Water Quality Criteria 

O&M Operations and Maintenance (also sometimes referred to as OMM, Operations, 
Maintenance and Monitoring) 

PCB Polychlorinated Biphenyl, a toxic chemical 

PLP Potentially liable party 

Portal Entrance to an underground mine.  Holden Mine had eight portals (referred to as 
the 300-, 550-, 700-, 800-, 1000-, 1100-, and 1500-Level portals and the 1500-Level 
Ventilator Portal, some of which are now caved in).  The 1500 Level portal is 
typically referred to as the Main Portal. 

PPB Partially penetrating barrier 

PRG Preliminary remediation goal 

PRP Potentially responsible party 

RA Remedial Action 

RAO Remedial Action Objective 

RCRA Resource Conservation and Recovery Act 

RD Remedial Design 

RI Remedial Investigation 

ROD Record of Decision 

SDWA Safe Drinking Water Act 

SEPA State Environmental Policy Act [Chapter 43.21C RCW] 
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SFS Supplemental Feasibility Study (Forest Service 2007c) 

Site Holden Mine Site 

SMA Shoreline Management Act 

SPCC Plan Spill Prevention, Control, and Countermeasure Plan 

SWA Surface Water Retention Area  

Tailings Fine-grained waste materials from an ore-processing operation 

TBC To be considered (criteria) 

TCLP Toxicity Characteristic Leaching Procedure 

TEE Terrestrial Ecological Evaluation 

TP-1, TP-2,  Tailings Pile 1, Tailings Pile 2, and Tailings Pile 3, respectively 
and TP-3 

TPH Total Petroleum Hydrocarbons 

USFWS US Fish and Wildlife Service 

UWA Upper West Area 

WAC Washington Administrative Code 

WARM Washington Assessment and Ranking Method 

Waste Rock Rock with no commercial value that is removed from the earth during mining 

WMA Waste Management Area 

WSDFW Washington State Department of Fish and Wildlife 
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ADDENDUM TO THE SUPPLEMENTAL FEASIBILITY STUDY 
HOLDEN MINE SITE 
CHELAN COUNTY, WASHINGTON 

EXECUTIVE SUMMARY 

This document describes the evaluation of alternatives for cleanup at the Holden 
Mine (Site).  This evaluation is being conducted by the USDA Forest Service 
(Forest Service) along with the Washington State Department of Ecology 
(Ecology) and the US Environmental Protection Agency (EPA) (collectively 
referred to as the Agencies), in consultation with the Confederated Tribes and 
Bands of the Yakama Nation. 

Introduction 

The Holden Mine is an inactive underground copper mine located in the 
Railroad Creek valley on the eastern slopes of the Cascade Mountains in 
Washington State, approximately 10 miles west of Lake Chelan.  The Site is 
situated within the Wenatchee National Forest.  Figure 1 shows the vicinity of 
the Site; Figures 2 and 3 shows adjacent land use and principal features of the 
former mine area of the Site. 

Holden Mine operated from 1938 to 1957.  The operation discarded more than 
300,000 cubic yards of waste rock on the surface of the Site and  produced 
roughly 10 million tons of tailings, most of which were discarded in three large 
piles directly adjacent to Railroad Creek.  Holden Village, with approximately 
60 year-round residents and 5,000 annual visitors, lies within the Site and is 
adjacent to the former mine. 

The Agencies determined that past mining operations have caused adverse 
environmental impacts to groundwater and surface water.  In addition, soils, 
waste rock, and tailings that remain on the Site contain hazardous substances 
that exceed criteria for protection of human health and terrestrial environmental 
receptors. 

Chronology of the RI/FS Process 

 In 1998, the Agencies entered into an Administrative Order on 
Consent/Agreed Order with Alumet Corporation (which subsequently 
merged into Intalco Aluminum Corporation) requiring investigation and 
cleanup of the Site. 
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 Between 1998 and 2004, Intalco conducted a remedial investigation and 
feasibility study (RI/FS) and prepared a Draft Remedial Investigation report 
and Draft Final Feasibility Study report (DFFS) evaluating a number of 
remedial alternatives (Dames & Moore 1999 and URS 2004, respectively). 

 Upon review of the DFFS, the Agencies determined that none of the 
alternatives presented met the threshold requirements for remedy selection.  
Intalco and the Agencies subsequently developed additional remedial 
alternatives which were evaluated by the Agencies in a Supplemental 
Feasibility Study (SFS) (Forest Service 2007c).  Based on the SFS, the 
Agencies prepared a draft Proposed Plan that identified Alternative 11 as the 
proposed cleanup action (Forest Service 2007d). 

 Subsequently, Intalco proposed a new alternative, Alternative 13 (David E 
Jackson & Associates et al. 2007).  However, the Agencies determined that 
there was insufficient information available to evaluate Alternative 13, and 
identified a number of data gaps (USDA OGC 2008). 

 In 2008 and 2009, Intalco performed additional field investigations to 
address data gaps that the Agencies had identified.  Based on the initial 
results of these investigations, Intalco revised Alternative 13, designating the 
new alternative as Alternative 13M.  Intalco presented the results of the 
additional investigations, including an evaluation of Alternative 13M and 
Alternative 11, in the Draft Alternative 13M Evaluation Report (ERM and 
URS 2009a). 

 Based on review of the Draft Alternative 13M Evaluation Report, the 
Agencies prepared this Addendum to the Supplemental Feasibility Study 
(ASFS) to address deficiencies with Alternative 13M and with the Draft 
Alternative 13M Evaluation Report.  As part of preparing this ASFS, the 
Agencies developed a new alternative, Alternative 14, and also refined 
Alternative 11 (termed Alternative 11M) to reflect the additional data 
collected in 2008 and 2009. 

Cleanup Alternatives Addressed in this ASFS 

This ASFS evaluates three alternatives:  Alternative 11M, Alternative 13M, and 
Alternative 14, described below. 
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Alternative 11M 

The principal components of Alternative 11M are illustrated on Figure 12, 
following the main text of this report.  Alternative 11M would address media 
impacted by hazardous substances as summarized below. 

Soil 

Under Alternative 11M, the tailings piles and the East and West Waste Rock 
Piles would be regraded to improve slope stability and capped with 2 feet of soil 
and a geomembrane.  The Honeymoon Heights Waste Rock Piles would be 
consolidated onto the West Waste Rock Pile before it is capped. 

Impacted soils from the former Mill, Lagoon, the Ventilator Portal Surface Water 
Retention Area, a portion of the Lower West Area, and a portion of the Ballfield 
Area would be consolidated into the tailings piles and capped; and impacted 
soils at the Maintenance Yard would be capped with a concrete or asphalt slab. 

In situ treatment would be used to address impacted soils in Holden Village; a 
portion of the Ballfield Area; a portion of the Lower West Area; and the Wind-
Blown Tailings Area. 

Groundwater 

Under Alternative 11M, contaminated groundwater that would otherwise enter 
Railroad Creek and Copper Creek from the mine portal, Honeymoon Heights 
seeps, Lower West Area, and Tailings Piles 1, 2, and 3 would be collected and 
treated.  The DFFS found that it is not practicable to clean up groundwater in 
some portions of the Site within a reasonable restoration time frame, or to 
eliminate the tailings and waste rock piles as a continuing source of hazardous 
substances released to groundwater.  Groundwater seep and base flow into 
Railroad Creek from the Lower West Area and tailings piles would be contained 
and collected using groundwater barrier wall technology and an associated 
collection system.  The groundwater barrier wall would be fully penetrating (i.e., 
keyed into a lower, relatively impermeable layer of glacial till or bedrock).  The 
Agencies propose waste management areas (WMAs) where the groundwater 
will be contained (containment is a prerequisite to establishing a WMA) as is 
further discussed in Section 2.5. 

All collected groundwater and surface water would be treated using acid 
neutralization and precipitation to achieve proposed cleanup levels, in a 
treatment plant located downstream of Tailings Pile 3, on the north side of 
Railroad Creek.  Alternative 11M would use a pump system to convey water 
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into the treatment system.  After dewatering, metal hydroxide sludge produced 
as a byproduct of water treatment would be disposed of in a limited purpose 
landfill constructed on the tailings piles in conformance with state standards.  
Treated water would be discharged into Railroad Creek. 

Alternative 11M also includes hydraulic bulkheads installed in the mine to 
control the rate of groundwater discharging from the Main Portal.  Air restrictors 
would be installed within open portals to reduce oxygen transport through the 
mine to slow the release of hazardous substances in the Main Portal drainage. 

Groundwater at and in the vicinity of the former mine is not currently used as a 
source of drinking water for residents and visitors who get their drinking water 
from Copper Creek upstream of the Site.  But groundwater is used as a source 
of drinking water at Lucerne, which is downgradient of the former mine.1  
Alternative 11M includes institutional controls to prevent the potential future use 
of groundwater that exceeds human health risk-based criteria as a drinking water 
source within the WMA.  Groundwater outside of the WMAs is expected to 
achieve drinking water criteria within a reasonable restoration time frame after 
implementation of the remedy. 

Surface Water 

The three tailings piles would be regraded (prior to capping) to move the edges 
of the piles back from Railroad and Copper Creeks and to construct toe 
buttresses to reduce the risk of future slope failures releasing wastes into the 
creeks. 

The Copper Creek channel would also be modified under Alternative 11M to 
constrain future channel migrations that could erode the tailings.  The Copper 
Creek Diversion would be placed into a lined channel or culvert from the 
hydroelectric plant to Railroad Creek to avoid seepage through tailings in this 
area. 

Upgradient water diversion swales or French drains would be constructed  south 
of the tailings and waste rock piles to reduce the amount of clean water run-on 
that would otherwise contact the tailings and waste rock materials. 

                                                 

1 Lucerne is considered to be part of the Site, since hazardous substances in Railroad Creek that exceed proposed cleanup 

levels extend all the way to Lake Chelan. 
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Sediment 

Alternative 11M includes removal of ferricrete from Railroad Creek and 
monitoring sediment in Railroad Creek and in Lake Chelan (at the Lucerne Bar) 
to determine whether additional sediment cleanup actions are required 
following the elimination of the sources of hazardous substances. 

Alternative 13M 

The principal components of Alternative 13M are illustrated on Figure 13.  
Alternative 13M would address media impacted by hazardous substances as 
summarized below. 

Soil 

Under Alternative 13M, the tailings pile side slopes would be regraded for 
stability, including construction of a stabilizing buttress.  A cover, consisting of 
6 inches of soil, gravel, and wood slash would be placed on the top surfaces of 
the tailings piles and 8 to 12 inches of soil and gravel would be placed on the 
tailings pile side slopes. 

The former Mill Building superstructure would be demolished and contaminated 
materials remaining on the former Mill Building foundation would be removed 
and/or covered. 

The East and West Waste Rock Pile side slopes would be regraded for stability 
and the excess rock generated from the regrading actions would be relocated 
onto the former Mill Building foundation and Tailings Pile 1.  A vegetated soil 
cover that is 6 inches thick on the top surface and 8 to 12 inches thick on the 
side slopes would be placed on the waste rock piles. 

Contaminated soils associated with the Surface Water Retention Area and 
Lagoon would be excavated and placed in a permanent, on-site disposal facility.  
Contaminated soils in the Maintenance Yard would be covered with a concrete 
slab or an impermeable liner and gravel. 

Soil in other areas of the site that exceed proposed cleanup levels (i.e., the 
Ballfield Area, Lower West Area, Wind-Blown Tailings Area, and Honeymoon 
Heights) would be monitored based on Intalco’s assertion that remediation 
would occur naturally over time (referred to as natural restoration).  Alternative 
13M does not include any cleanup actions for these areas, other than 
institutional controls. 
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Groundwater 

Under Alternative 13M, contaminated groundwater that would otherwise enter 
Railroad Creek from the Lower West Area and Tailings Pile 1 would be 
contained in a WMA and collected using a fully penetrating groundwater barrier 
and collection system.  The collected water would be conveyed to a treatment 
facility located east of Tailings Pile 3. 

Railroad Creek would be diverted, beginning near the middle of the northern 
side of Tailings Pile 1 and extending east (downstream) to a point to rejoin the 
original channel about 1200 feet east of Tailings Pile 3.  Along the northwest 
side of Tailings Pile 2, the former creek channel would collect groundwater 
impacted by seepage from the western portion of Tailings Pile 2, and convey 
that water to a treatment system east of Tailings Pile 3. 

Groundwater impacted by seepage from Tailings Pile 3 and the remainder of 
Tailings Pile 2 would not be contained or collected, but instead would flow 
eastward unchecked.  The Draft Alternative 13M Evaluation Report (ERM and 
URS 2009a) asserted that the groundwater quality data obtained in 2008-2009 
were evidence of natural attenuation that was protective of Railroad Creek, and 
eliminated the need for groundwater containment and collection east of Tailings 
Pile 3.  Intalco also stated that “…if after an extended period of monitoring 
ARARs are not achieved at the CPOC(s) downstream of the terminus of the 
realigned creek channel, contingent actions would be evaluated under 
Alternative 13M.”2 

The Honeymoon Heights seeps and the Main Portal drainage would be 
collected and treated with acid neutralization and precipitation in a treatment 
facility constructed in the Lagoon area of the Lower West Area. 

Hydraulic bulkheads would be installed in the mine to control and equalize the 
rate of groundwater discharging from the Main Portal.  Air restrictors would be 
installed within open portals to reduce oxygen transport through the mine to 
slow the release of hazardous substances in the Main Portal drainage. 

Alternative 13M also includes institutional controls to prevent groundwater that 
exceeds human health risk-based criteria from being used as drinking water in 
the future. 

                                                 

2 ARARs refer to applicable or relevant and appropriate requirements.  See Section 2.2 for additional discussion. 
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Surface Water 

As described in the preceding subsection, Railroad Creek would be realigned.  
This would move the creek away from most of the tailings piles and minimize 
the potential for erosion of tailings into the creek.  Additional grading and 
stabilization of the tailings piles would also be performed to prevent the 
potential for erosion of tailings into the creek. 

Under Alternative 13M, the Copper Creek channel would be modified to 
constrain future channel migrations that could erode the tailings.  The Copper 
Creek Diversion would be placed into a lined channel or culvert from the 
hydroelectric plant to Railroad Creek to avoid seepage through tailings in this 
area. 

Upgradient water diversion swales or French drains would be constructed  south 
of the tailings and waste rock piles to reduce the amount of clean water run-on 
that would otherwise contact the tailings and waste rock materials. 

Sediment 

Ferricrete and other sediments in the reach of Railroad Creek that would be 
relocated would be effectively isolated by relocation of Railroad Creek.  Intalco 
did not address whether floc containing hazardous substances related to iron-
rich seepage from the tailings piles would continue to form in Railroad Creek 
downstream of the relocated portion. 

Alternative 14 

The principal components of Alternative 14 are illustrated on Figure 14.  
Alternative 14 would address media impacted by the release of hazardous 
substances as summarized below. 

Soil 

Under Alternative 14, the tailings piles and the East and West Waste Rock Piles 
would be regraded and buttressed to improve slope stability and capped to 
protect human and terrestrial ecological receptors.  The caps would be designed 
to satisfy performance standards for landfill closure [WAC 173-350-400(3)(e)(i)]. 

Soils exceeding proposed cleanup levels at the former Mill, Lagoon, a portion of 
the Lower West Area, a portion of the Ballfield Area, and the Surface Water 
Retention Area would be consolidated into the tailings piles prior to capping, 
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and soils exceeding proposed cleanup criteria in the Maintenance Yard would 
be covered with a concrete or asphalt slab. 

In situ treatment would be used for impacted soils in Holden Village; the 
remainder of the Lower West Area and the Ballfield Area; the Wind-Blown 
Tailings Area; and on Honeymoon Heights. 

Groundwater 

Alternative 14 is similar to Alternatives 11M and 13M in the west portion of the 
Site.  Alternative 14 includes a groundwater containment barrier wall and 
collection system around a WMA comprised of the Lower West Area and 
Tailings Pile 1.  Alternative 14 includes collection and treatment of seeps SP-12 
and SP-23 downslope of Honeymoon Heights (Figure 5). 

Alternative 14 would include a barrier wall and collection system to contain and 
collect groundwater for treatment downgradient of Tailings Piles 2 and 3.  This 
component may be modified or eliminated as a contingent part of the remedy in 
the event that Intalco is able to demonstrate that an alternate cleanup approach 
of groundwater impacted by Tailings Piles 2 and 3, such as monitored natural 
attenuation, would satisfy ARARs and be protective of Railroad Creek.  Such a 
change may constitute a significant change to the selected remedy and would 
require documentation of the basis for the change. 

The barrier and collection system would be located along the downgradient 
edge of the WMAs between the tailings piles and Railroad Creek, including the 
section of the creek that is relocated.  The groundwater barrier wall would be 
fully penetrating (i.e., keyed into a lower, relatively impermeable layer of glacial 
till or bedrock). 

All collected groundwater and surface water would be treated using acid 
neutralization and precipitation to achieve proposed cleanup levels using two 
treatment facilities, as proposed for Alternative 13M.  Sludge produced as a 
byproduct of water treatment would be disposed of in a limited purpose landfill 
constructed on the tailings piles in conformance with state standards.  Treated 
water would be discharged into Railroad Creek. 

Alternative 14 includes hydraulic bulkheads installed in the mine to control the 
rate of groundwater discharging from the Main Portal.  Air restrictors would be 
installed within open portals to reduce oxygen transport through the mine to 
slow the release of hazardous substances in the Main Portal drainage. 
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Alternative 14 also includes groundwater monitoring to determine the extent of 
groundwater collection in the area where the Honeymoon Heights seeps exceed 
proposed cleanup levels. 

Alternative 14 includes institutional controls to prevent the potential future use 
of groundwater that exceeds human health risk-based criteria as a drinking water 
source. 

Like Alternative 11M, Alternative 14 includes institutional controls to prevent 
potential future use of groundwater that exceeded human health-based cleanup 
levels, as a drinking water source within the WMAs.  Groundwater outside of the 
WMAs is expected to achieve drinking water cleanup levels within a reasonable 
restoration time frame. 

Surface Water 

As described for Alternative 13M, Railroad Creek would be realigned.  This 
would move the creek away from most of the tailings piles and minimize the 
potential for erosion of tailings into the creek.  Additional grading and 
stabilization of the tailings piles would also be performed to reduce the potential 
for erosion of tailings into the creek. 

The Copper Creek channel would be modified under Alternative 14 to constrain 
future channel migrations that could erode the tailings.  The Copper Creek 
Diversion would be placed into a lined channel or culvert from the hydroelectric 
plant to Railroad Creek to avoid seepage through tailings in this area. 

Upgradient water diversion swales or French drains would be constructed south 
of the tailings and waste rock piles to reduce the amount of clean water run-on 
that would otherwise contact the tailings and waste rock materials. 

Sediment 

Alternative 14 includes relocation of Railroad Creek so that the reach known to 
be impacted by existing ferricrete would be isolated from the rest of the creek 
and would not pose a risk to aquatic life.  Alternative 14 would prevent release 
of hazardous substances into stream sediments through source controls across 
the Site.  As described in Section 1.2.2.4 of the SFS (see also Forest Service 
2003), the Agencies do not consider existing sediment concentrations to be 
severe enough to require an active sediment cleanup, other than elimination of 
the ferricrete from aquatic habitat.  Finally, Alternative 14 includes monitoring to 
determine whether additional sediment actions are needed in the future. 
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Comparative Analysis of Alternatives 11M, 13M, and 14 

The threshold requirements under CERCLA and MTCA require that a remedy 
protects human health and the environment, and complies with ARARs.  MTCA 
also requires that remedies comply with cleanup standards and provide for 
compliance monitoring. 

CERCLA Criteria 

Under CERCLA, the threshold criteria for remedy selection are protection of 
human health and the environment, and compliance with ARARs.  Alternatives 
11M, 13M, and 14 are compared to these criteria in Section 6 of the text of this 
report, as summarized below. 

Protection of Human Health and the Environment 

Alternatives 11M, 13M, and 14 would each be protective of human health.  
Table 3 (following the main text of this report) shows areas of the Site with soil 
concentrations that exceed human health criteria.  Alternatives 11M and 14 
would also be protective of the environment, but Alternative 13M would not. 

Protection of Human Health 

Under Alternative 14, risks to humans from soils (including tailings and waste 
rock) in the Tailings Piles, East and West Waste Rock Piles, Mill, Lagoon, 
Maintenance Yard, a portion of the Lower West Area, and the Surface Water 
Retention Area would be addressed by capping the material in place or 
consolidating and capping it to reduce infiltration and prevent exposure via 
direct contact.  Risks from materials in the remainder of the Lower West Area, 
Honeymoon Heights Waste Rock Piles, and the impacted areas downslope of 
Honeymoon Heights Waste Rock Piles (DSHH) would be addressed through in 
situ treatment and institutional controls such as signage and administrative 
access restrictions.  Potential future use of impacted groundwater and surface 
water for drinking would be restricted by institutional controls.  In addition, 
resident and visitor safety would be addressed through physical mine access 
restrictions. 

Alternatives 11M and 13M would protect human health in the same manner as 
Alternative 14 for parts of the Site.  However, under Alternative 13M, Intalco did 
not propose any action other than institutional controls to protect human health 
in the Honeymoon Heights Waste Rock Piles and the DSHH, and only limited 
cleanup (associated with treatment plant construction) in the Lower West Area.  
Under Alternative 11M, exposure to waste rock at Honeymoon Heights and 
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DSHH would be addressed by consolidating the waste rock and impacted soils 
into the tailings piles and capping instead of relying on in situ treatment and 
institutional controls. 

Beyond the WMAs under Alternatives 11M and 14, groundwater is expected to 
meet drinking water cleanup levels within a reasonable restoration time frame.  
(Surface water currently meets drinking water criteria at the Site.) 

Protection of the Environment 

Terrestrial Environment.  Under Alternative 14, risks to terrestrial organisms 
from soil (including tailings and waste rock) at the Tailings Piles, East and West 
Waste Rock Piles, Mill, Lagoon, Maintenance Yard, a portion of the Lowest West 
Area, a portion of the Ballfield Area, and the Surface Water Retention Area 
would be addressed by excavation (consolidation) and/or capping the impacted 
soils to prevent exposure.  Risks to terrestrial receptors in other areas (such as 
the remainder of the Lower West Area, remainder of the Ballfield Area, Holden 
Village, the Windblown Tailings Area, etc.) would be addressed by in situ 
treatment and possible future removal, capping, or treatment. 

Under Alternative 11M, risks to terrestrial organisms from soil would be 
accomplished in a manner similar to Alternative 14, except that under 
Alternative 11M, exposure to waste rock at Honeymoon Heights and the DSHH 
would be addressed by moving the material to the tailings piles and capping it 
instead of by in situ treatment.3 

Alternative 13M would address the terrestrial environment in a manner similar to 
Alternative 14 for some portions of the Site.  However, Alternative 13M would 
not fully protect the terrestrial environment because it would not address risks 
from soil in the Lower West Area, Ballfield Area, Honeymoon Heights, Holden 
Village, most of the Lower West Area, and the Wind-Blown Tailings Area. 

Aquatic Environment.  Under Alternatives 14 and 11M, groundwater (including 
base flow, seeps and the mine drainage) would be intercepted and treated 
before being discharged to surface water in order to protect aquatic organisms 
from hazardous substances discharging to surface water via groundwater. 

                                                 

3 At the time that Alternative 11 was originally developed, Intalco had not characterized the area downslope of the 

Honeymoon Heights Waste Rock Piles.  Since information developed in 2008-2009 indicates that soils in this area have 

concentrations that exceed both human health and ecological protection criteria, the Agencies assume that these 

downslope areas could be remediated as part of removing the Honeymoon Heights Waste Rock Piles, in the event that 

Alternative 11M is selected. 
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Alternative 13M would only intercept and treat groundwater from some parts of 
the Site before it enters surface water.  Alternative 13M would allow hazardous 
substances from Tailings Piles 2 and 3 to enter groundwater and flow down 
valley unchecked, and to enter surface water at unknown locations and at 
unknown concentrations.  It has not been demonstrated that Alternative 13M 
would fully protect the aquatic environment from groundwater discharging to 
surface water at the site. 

Under Alternative 14, risks to aquatic organisms from ferricrete would be 
addressed by rerouting Railroad Creek; sediment in Railroad Creek and Lake 
Chelan would be monitored to confirm that risks remain low and decrease over 
time.  Under Alternative 11M, ferricrete would be physically removed from 
Railroad Creek, instead of being addressed as part of stream relocation as 
proposed in Alternative 14.  In addition, sediment in Railroad Creek and Lake 
Chelan would be monitored to confirm that risks remain low and decrease over 
time.  Under Alternative 13M, risks to aquatic organisms from ferricrete would 
be addressed in the same manner as under Alternative 14. 

All three alternatives would protect aquatic organisms in Railroad Creek from 
exposure to hazardous substances due to erosion of the tailings piles.  Under 
Alternatives 14 and 13M, the creek would be rerouted away from the tailings 
piles.  Under Alternative 11M, the toes of the tailings piles would be pulled back 
away from the creek. 

Compliance with ARARs 

Applicable or relevant and appropriate requirements (ARARs) are described in 
Appendix F and in Section 2.3 of the SFS.  Details of how each alternative 
summarized below complies with specific ARARs are discussed in Sections 
6.2.1.2, 6.2.2.2, and 6.2.3.2 of the main text of this ASFS. 

Surface Water ARARs 

Under Alternatives 14 and 11M, implementation of cleanup actions is expected 
to result in achievement of proposed surface water cleanup levels for protection 
of aquatic life in Railroad Creek, the Copper Creek Diversion, and other surface 
waters.  Alternatives 11M and 14 are both expected to meet chemical-specific 
ARARs for surface water.  Surface water already meets ARARs for protection of 
human health at the Site. 

Under Alternative 13M, there is considerable uncertainty about whether 
proposed surface water cleanup levels based on protection of aquatic life would 
be met throughout Railroad Creek downstream from Tailings Piles 2 and 3, 



 

   
4769-15  June 1, 2010  Page ES-13 

because of uncontrolled discharge of groundwater from Tailings Piles 2 and 3 to 
surface water.  Alternative 13M may not meet chemical-specific ARARs for 
surface water. 

Groundwater ARARs 

Under Alternatives 14 and 11M, groundwater exceeding proposed cleanup 
levels would be contained within the Site in WMAs where groundwater would 
be collected and treated.  Alternatives 11M and 14 are both expected to meet 
chemical-specific ARARs for groundwater within a reasonable restoration time 
frame, except within the WMAs where an ARAR waiver may be necessary under 
CERCLA, because it is technically impracticable to clean up groundwater to 
achieve ARARs within the WMAs. 

Under Alternative 13M, Intalco asserts that drinking water ARARs would be 
addressed through institutional controls but, under CERCLA, ARARs must either 
be met or waived.  Intalco’s description of Alternative 13M did not include 
establishment of any WMAs.  Institutional controls would be implemented to 
limit exposure to contaminated groundwater.  Groundwater discharging from 
Tailings Piles 2 and 3 would not be contained, and may continue to enter 
Railroad Creek above concentrations that are protective of aquatic life.  
Protection of aquatic life is a designated beneficial use for groundwater at the 
Site, as discussed in Section 1.2.1.2 of the SFS.  Without a barrier wall, there is 
uncertainty about whether proposed cleanup levels based on protection of 
surface water would be met in groundwater before it enters Railroad Creek 
downstream of Tailings Piles 2 and 3.  However, as discussed herein, the barrier 
wall design could be modified, or the barrier wall may not need to be 
constructed if Intalco can demonstrate that some other alternative component(s) 
will result in compliance.  Such a demonstration would rely on monitoring data 
that show groundwater concentrations would be protective of aquatic life and 
comply with ARARs without the barrier wall.  Under MTCA, Alternative 13M 
also does not constitute all known, available, and reasonable methods of 
treatment (AKART) because of the lack of containment; therefore, Alternative 
13M is not eligible for a conditional point of compliance for groundwater.4 

                                                 

4 AKART refers to all known, available, and reasonable methods of treatment.  Note that other state regulations use 

AKART to refer to all known, available, and reasonable methods of prevention, control, and treatment, and this definition 

is also applicable to the Site. 
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Soil ARARs 

Under Alternatives 14 and 11M, soil exceeding proposed cleanup levels would 
be addressed through a combination of removal, containment, institutional 
controls, in situ treatment, and monitoring.  Alternatives 11M and 14 are both 
expected to meet chemical-specific ARARs for soil. 

Alternative 13M does not address soil contamination in the Honeymoon Heights 
Waste Rock Piles, DSHH, Holden Village, portions of the Lower West Area, 
Wind-Blown Tailings Area and the Ballfield Area, thus Alternative 13M would not 
satisfy chemical-specific ARARs for soils. 

Sediment ARARs 

Under Alternatives 14 and 13M, ferricrete in Railroad Creek would be isolated 
as a result of stream relocation.  Ferricrete would be removed under 
Alternative 11M. 

Remediation under Alternative 11M and 14 would include preventing all 
discharges of iron-rich groundwater from the tailings piles, which would 
eliminate formation of floc that contains hazardous substances in Railroad Creek.  
Under both alternatives, sediment in Railroad Creek downstream from Tailings 
Piles 2 and 3 and in Lake Chelan at the Lucerne Bar would be monitored to 
confirm that risks to benthic macroinvertebrates remain low and decrease over 
time with continued natural deposition of clean sediment.  These actions are 
expected to comply with ARARs. 

Under Alternative 13M, ferricrete in Railroad Creek would be isolated as part of 
relocating the stream channel; however, groundwater containing elevated 
concentrations of dissolved iron from Tailings Piles 2 and 3 would still continue 
to flow into Railroad Creek and it is not clear if floc would continue to be 
formed.  Alternative 13M may not comply with ARARs. 

Action- and Location-Specific ARARs 

Each alternative includes some actions that, in the short term, may not meet the 
Forest Plan Standards and Guidelines without requiring mitigation, and may 
possibly warrant amendment of the Forest Plan.  However, the Agencies 
anticipate that Alternatives 14, 11M, and 13M would satisfy the Forest Plan 
Standards and Guidelines in the long term, and would also satisfy other potential 
action- and location-specific ARARs.  Adverse impacts of the cleanup action, 
such as destruction of habitat to construct remedy components, disturbance of 
habitat (especially for threatened and endangered species) during construction, 
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visual quality, air quality, and other impacts that are not compliant with the 
Forest Plan will need to be addressed through mitigation, and possibly an 
Amendment to the Forest Plan or an ARAR waiver, with the intent of satisfying 
Forest Plan requirements as soon as, and to the extent, practicable.  In the event 
that the selected remedy would produce adverse impacts that could not be 
addressed through mitigation or a combination of mitigation and an Amendment 
to the Forest Plan, it would then be possible to apply an ARAR waiver to 
portions of the Forest Plan, but it would not be known if this is necessary until 
the time of the ROD or possibly during or after remedial design (RD), in which 
case the ARAR waiver would need to be documented with an ESD or ROD 
amendment. 

Monitoring during and after implementation would be used to assess 
compliance, as required under both CERCLA and MTCA.  Final ARARs will be 
identified by the Agencies for the selected remedy at the time of the ROD. 

Summary of CERCLA Threshold Criteria 

As summarized in the preceding paragraphs, Alternatives 11M and 14 satisfy the 
CERCLA criteria for selection of a permanent cleanup action, but Alternative 
13M does not. 

Primary Balancing Criteria 

Alternatives 11M and 14 are further compared under the primary balancing 
criteria as summarized in this section.  Under CERCLA, only alternatives that 
meet the CERCLA threshold criteria for selecting a final remedy are typically 
carried forward and compared using the primary balancing criteria.  Alternatives 
11M and 14 both satisfy the threshold criteria for selection of a remedy under 
CERCLA, but Alternative 13M does not.  Thus, comparisons including Alternative 
13M are not summarized in this section.5 

Alternatives 11M and 14 differ in their ability to satisfy some of the primary 
balancing criteria.  The following summary focuses on the key differences 
between Alternatives 11M and 14 and explains why, overall, Alternative 14 
provides a better balance among the criteria, and is the better alternative. 

The main advantages of Alternative 11M over Alternative 14 are as follows: 

                                                 

5 Although Alternative 13M does not meet the threshold criteria, it is also carried forward in the primary balancing criteria 

discussion in Section 6 of this report for completeness and to better compare and understand the three alternatives. 
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 Alternative 11M would quickly achieve soil cleanup at the Honeymoon 
Heights Waste Rock Piles and the DSHH, but at the cost of eliminating 
existing, minimally impacted habitat in the DSHH, and causing long-term 
habitat damage in the estimated 70-acre area downslope of the Honeymoon 
Heights access road needed to remove the waste rock and impacted soils.  
Alternative 14 uses in situ treatment, which could take several years to 
achieve protection from the hazardous substances, but without the long-
term damage associated with removal of the waste rock and impacted soils. 

 Alternative 11M would more effectively address human health risks from 
exposure to waste rock at Honeymoon Heights and soils in the DSHH.  
Alternative 11M involves removal and capping of impacted materials to 
prevent visitor exposure to these materials.  Alternative 14 would, instead, 
establish administrative restrictions and warnings to limit human contact with 
impacted waste rock and soil. 

 Alternative 11M preserves wetland habitat, which is relatively rare in the 
Railroad Creek valley, by locating the water treatment plant in an upland 
area north of Railroad Creek.  Alternative 14 involves locating the treatment 
system in the wetland east of Tailings Pile 3.  Alternative 14 would require 
mitigation for the loss of the wetland and the riparian forest impacted by 
creek relocation by establishing or improving wetland and riparian forest 
habitat. 

The main advantages of Alternative 14 over Alternative 11M are as follows: 

 Alternative 14 avoids long-term, potentially permanent habitat loss in the 
vicinity of the Honeymoon Heights Waste Rock Piles, the DSHH area, and 
for construction of the access road to accomplish removal on Honeymoon 
Heights.  Alternative 14 would, therefore, avoid long-term, possibly 
permanent habitat degradation to an estimated 70 acres downslope of the 
Honeymoon Heights access road and waste rock piles, caused by changes in 
drainage and instability.  Unlike Alternative 11M, Alternative 14 uses in situ 
treatment of soils in these areas that would not require heavy equipment 
access or involve soil disturbance. 

 The water treatment system under Alternative 14 would be easier to 
maintain and would be less susceptible to mechanical failure (that would 
potentially result in exceedances of surface water quality standards), because 
the Alternative 14  system does not rely on electrically driven pumps to 
convey water to the treatment system. 
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 Assuming use of diesel generators for electric power, Alternative 14 would 
involve less long-term risk of fuel spills because it relies on gravity flow rather 
than pumping all the groundwater collected for treatment.  Conversely, 
Alternative 11M does rely on pumping and would require substantial 
electrical power, possibly supplied by a diesel generator.  The fuel would 
need to be loaded, unloaded, and transported to the site via barge and 
truck.6 

 Alternative 14 involves less risk of tailings releases to surface water during 
construction than Alternative 11M.  Unlike Alternative 11M, Alternative 14 
does not involve regrading and excavation immediately adjacent to Railroad 
Creek to relocate the toe of the tailings piles. 

 Alternative 14 involves less risk of sedimentation or bentonite/cement 
release to surface water during construction because barrier walls would not 
be constructed immediately adjacent to Railroad and Copper Creeks as they 
would under Alternative 11M. 

 The soil caps used on the tailings piles and East and West Waste Rock Piles 
would be easier to maintain and repair than the membrane liner systems 
used in Alternative 11M. 

 Alternative 14 would cost less than Alternative 11M, primarily because it 
does not involve a geomembrane as part of the cap for tailings and waste 
rock piles and removal of the Honeymoon Heights Waste Rock Piles and 
impacted soils in the DSHH. 

The advantages to terrestrial organisms of removing waste rock and soil at 
Honeymoon Heights under Alternative 11M would be outweighed by the 
disadvantages of the accompanying long-term destruction of habitat.  Similarly, 
the advantage of removing the waste rock and soil to limit human exposure to 
hazardous substances would be outweighed by the accompanying long-term 
destruction of terrestrial habitat, especially in light of the expected effectiveness 
of institutional controls to control human exposure. 

The loss of the wetland east of Tailings Pile 3 under Alternative 14 would be 
outweighed by the benefits of using a low-energy water treatment system.  The 
low-energy system would be easier to maintain than the system proposed for 
Alternative 11M, would be less likely to fail (potentially resulting in exceedances 

                                                 

6 Risks related to fuel use would be reduced for all Alternatives if a hydroelectric source of power is successfully 

developed as desired. 
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of surface water quality standards), and would not rely as heavily on a diesel 
generator, along with its associated impacts to air quality and risk of fuel spills (if 
diesel generators are used as a source of power).7  The disadvantage of wetland 
loss under Alternative 14 would be further offset by required mitigation 
measures that would establish and/or improve wetland habitat elsewhere in the 
Lake Chelan drainage. 

The other advantages of Alternative 14 that offset those of Alternative 11M 
include a reduced risk of tailings, bentonite/cement, or sediment releases to 
surface water during construction; easier maintenance and repair of the tailings 
and waste rock caps; and lower overall lifecycle cost. 

Alternatives 14 and 11M both satisfy the threshold criteria under CERCLA; 
however, Alternative 14 satisfies the primary balancing criteria to a greater 
degree than does Alternative 11M.  The Agencies believe that the advantages of 
Alternative 11M are more than offset by the advantages of Alternative 14.  As 
described in the preceding paragraphs, the Agencies conclude, that overall, 
Alternative 14 satisfies the CERCLA remedy selection criteria better than 
Alternative 11M does, and, therefore, conclude that Alternative 14 is the better 
alternative. 

MTCA Requirements 

Under MTCA, the Threshold Requirements for remedy selection include: 

 Protect human health and the environment. 
 Comply with cleanup standards. 
 Comply with applicable state and federal laws. 
 Provide for compliance monitoring. 

Alternatives 11M, 13M, and 14 are compared to these criteria in Section 6 of 
this report.  The requirement that a proposed remedy protect human health and 
the environment was summarized above, as was the requirement that a 
proposed remedy comply with state and federal laws (ARARs).  Alternatives 
11M, 13M, and 14 are compared to the other two MTCA Threshold 
Requirements in Section 6 of this report, as summarized below. 

Alternatives 11M and 14 would comply with cleanup standards under MTCA.  
Under both of these alternatives, contaminated groundwater would be 

                                                 

7 The Agencies have expressed a preference for hydroelectric power to avoid negative environmental consequences of 

the use of diesel fuel consistent with EPA policies (TBCs) and the Forest Plan (ARAR). 
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contained and treated before entering surface water.  Groundwater downstream 
from the groundwater containment that might enter surface water would be 
expected to meet proposed cleanup levels at a conditional point of compliance 
along the groundwater-surface water interface of Railroad Creek.  Alternatives 
11M and 14 satisfy the requirements for Ecology to approve a conditional point 
of compliance for groundwater. 

Alternative 13M would not comply with cleanup standards.  Under MTCA, for a 
cleanup action to qualify for a groundwater conditional point of compliance, 
groundwater discharges must receive all known available and reasonable 
methods of treatment (AKART) before release to surface water.  Alternative 13M 
does not constitute AKART, because it does not include containment of 
groundwater downstream of Tailings Piles 2 and 3.  As a result, Ecology would 
not approve a conditional point of compliance along the groundwater-surface 
water interface of Railroad Creek for Alternative 13M and, therefore, this 
alternative would not satisfy cleanup standards under MTCA. 

Alternatives 11M, 13M, and 14 would all be able to provide for compliance 
monitoring as part of a Sampling and Analysis Plan developed during remedial 
design and approved by the Agencies.  All three alternatives would be able to 
satisfy this MTCA requirement. 

As summarized in the preceding paragraphs, Alternatives 11M and 14 satisfy the 
MTCA threshold requirements for selection of a permanent cleanup action, but 
Alternative 13M does not.  Alternative 14 satisfies the MTCA other requirements 
to a greater degree than does Alternative 11M, for reasons similar to those 
summarized previously under the CERCLA primary balancing criteria and 
detailed in Section 6 of this report.  The Agencies conclude that Alternative 14 
satisfies the MTCA remedy selection criteria better overall than does Alternative 
11M and, therefore, conclude that Alternative 14 is the better alternative. 
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ADDENDUM TO THE SUPPLEMENTAL FEASIBILITY STUDY 
HOLDEN MINE SITE 
CHELAN COUNTY, WASHINGTON 

1. INTRODUCTION 

This document (titled Addendum to the Supplemental Feasibility Study, or ASFS) 
describes the Agencies’ evaluation of alternatives to develop a proposed plan for 
cleanup action at the Holden Mine (Site).  The evaluation of alternatives was 
accomplished to meet the requirements of the federal Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) Section 
117(a) and the National Oil and Hazardous Substances Pollution Contingency 
Plan (NCP) 40 CFR § 300.430(f)(2), and Washington’s Model Toxics Control Act 
(MTCA), Chapter 70.105D RCW, and Chapter 173-340 WAC.  The USDA Forest 
Service (Forest Service), along with the Washington State Department of Ecology 
(Ecology) and the US Environmental Protection Agency (EPA) have cleanup 
authority for the Site, and are collectively referred to as the Agencies.  The 
Agencies, in consultation with the Confederated Tribes and Bands of the Yakama 
Nation, have undertaken a process to evaluate alternatives for cleanup action 
based on the remedial investigation and feasibility study (RI/FS) documents, 
including this document, that are listed in Section 2. 

The Holden Mine is an inactive hard rock mine located in the Railroad Creek 
valley on the eastern slopes of the Cascade Mountains in Washington State, 
approximately 10 miles upstream (west) of Lake Chelan.  The Site includes the 
Holden Mine and all areas impacted by hazardous substances associated with it.  
The Site is situated within the Wenatchee National Forest and is surrounded on 
three sides by the Glacier Peak Wilderness.  Figure 1 shows the vicinity of the 
Site; Figures 2 and 3 shows adjacent land use and principal features of the 
former mine area of the Site.8  All the figures and tables are presented following 
the main text of this document. 

Holden Mine was an underground copper mine that was operated by the Howe 
Sound Mining Company (Howe Sound) from 1938 to 1957.  The Agencies have 
determined that the past mining operations at the Site have resulted in an 
ongoing release of hazardous substances from the Site, and an appropriate 
response action is required under both federal and state law. 

                                                 

8 Except for the privately owned land shown on Figure 3, all other portions of the Site and adjacent areas are managed by 

the Forest Service in conformance with the Land and Resource Management Plan (LRMP) for Wenatchee National Forest 

(Forest Service 1990 as amended by the Northwest Forest Plan (NWFP 1994), and subsequent amendments of the NWFP 

2001, 2004, and 2007). 
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There are adverse water quality impacts in groundwater beneath the Site, in 
seeps discharging to Railroad Creek, and in the surface waters of Railroad Creek 
and the Copper Creek Diversion.  Elevated concentrations of hazardous 
substances have reduced populations of fish and aquatic macroinvertebrates in 
Railroad Creek adjacent to and downstream of the mine.  Groundwater and soils 
(including mine tailings and waste rock9) have concentrations of hazardous 
substances that exceed criteria for protection of human health and terrestrial 
environmental receptors.  Without a complete cleanup action, the release of 
hazardous substances will continue for hundreds of years. 

In 1993, the Agencies identified Alumet Corporation (a successor in interest to 
Howe Sound) as a potentially responsible party (PRP) for the Holden Mine 
cleanup action, under CERCLA.10  On April 11, 1998, Alumet and the Agencies 
entered into an Administrative Order on Consent/Agreed Order (AOC) to 
conduct a remedial investigation and feasibility study (RI/FS) for cleanup of the 
Site.11  Alumet completed a Draft Remedial Investigation (DRI) report (Dames & 
Moore 1999).  Alumet Corporation subsequently merged into Intalco Aluminum 
Corporation and is hereafter referred to as Intalco.  Intalco prepared a Draft Final 
Feasibility Study (DFFS, URS 2004).  The DFFS described eight proposed 
remedial alternatives, as well as variations on several of these. 

The Agencies reviewed the DFFS and found it was deficient (Forest Service 
2007a).  The Agencies determined that none of the alternatives presented in the 
DFFS would meet the threshold requirements12 for a final remedy under CERCLA 

                                                 

9 The Agencies consider soils at the Site to include tailings and waste rock, consistent with WAC 173-340-200. 
10 Alumet was also named as a potentially liable person (PLP) under MTCA. 
11 1998 Holden Mine Site Administrative Order on Consent/Agreed Order for Remedial Investigation/Feasibility Study 

between Alumet Corporation (now Intalco) and the Agencies, USDA Forest Service Docket No. 06-97-01. 
12 The threshold requirements are the criteria specified in CERCLA [40 CFR 300.430(f)(1)(i)(A)] and MTCA [WAC 173-340-

360(2)(a)] that must be satisfied for a remedial alternative to be selected as the final cleanup remedy for a site.  The 

CERCLA threshold criteria for remedy selection are: 1) overall protection of human health and the environment; and 2) 

compliance with applicable or relevant and appropriate requirements (ARARs), except when an ARAR is waived, as 

allowed under 40 CFR § 300.430(f)(1)(ii)(C). 

• Applicable requirements mean those cleanup standards, standards of control, and other substantive requirements, 

criteria, or limitations promulgated under federal or state environmental or facility siting laws that specifically address 

a hazardous substance, pollutant, contaminant, remedial action, location, or other circumstance found at the CERCLA 

site.  Under CERCLA, 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 [40 CFR § 300.5]. 

• Relevant and appropriate requirements mean 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 a hazardous substance, pollutant, contaminant, remedial action, location, or other 

circumstance at a CERCLA site, address problems or situations sufficiently similar to those encountered at the 
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or MTCA.  Subsequently, both Intalco and the Agencies developed additional 
remedial alternatives that were designated as Alternatives 9, 10, 11, and 12.13  
These alternatives were described and evaluated in the Supplemental Feasibility 
Study (SFS, Forest Service 2007c).  The Agencies prepared the SFS to address 
the deficiencies of the DFFS, as provided for in Paragraph 36 of the AOC. 

The Agencies prepared a draft Proposed Plan that was not released to the 
public, which identified Alternative 11 as the Preferred Alternative for the Site 
(Forest Service 2007d) whereupon Intalco proposed a variation on Alternative 
5c presented in the DFFS, which it designated as Alternative 13 (David E Jackson 
& Associates et al. 2007). 

Intalco proposed extensive studies to evaluate components of Alternative 13 
and potential modifications to it (Intalco 2007a and b; and 2008a, b, and c).  
After initial review of Alternative 13 and Intalco’s proposals, the Agencies 
determined that there was insufficient information available to evaluate 
Alternative 13 or its potential modifications.  The Agencies identified additional 
information that was needed for this evaluation in eight specific areas 
(USDA OGC 2008) and Intalco agreed to obtain this information (Intalco 
2008d). 

Intalco subsequently developed a series of work plans that were reviewed and 
commented on by the Agencies.  Fieldwork was accomplished in 2008 and 
2009.  Intalco briefed the Agencies in a series of technical meetings and 
teleconferences about the studies that Intalco conducted in 2008 and 2009.  
During this evaluation process, Intalco modified Alternative 13 and referred to 
the modified alternative as Alternative 13M.  Intalco produced the report titled 
Draft Alternative 13M Evaluation Report (ERM and URS 2009a) on August 14, 
2009. 

The Agencies reviewed and commented on Intalco’s Draft Alternative 13M 
Evaluation Report and related documents (Forest Service 2010a).  The Agencies 
evaluated Alternative 13M relative to other alternatives as described below in 
this document.  The Agencies prepared this ASFS to supplement the SFS, and 

                                                                                                                             

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 [40 CFR § 300.5]. 

Applicable, or relevant and appropriate requirements are similarly defined under MTCA [WAC 173-340-710].  The 

threshold requirements for selecting a cleanup remedy under MTCA include that the remedy: 1) protect human health 

and the environment; 2) comply with cleanup standards; 3) comply with applicable state and federal laws; and 4) provide 

for compliance monitoring.  The threshold requirements are further described in Sections 4.1.2 and 4.1.5.1 of the SFS. 
13 Alternative 12 is the No Action Alternative, which is required to be evaluated under both CERCLA and MTCA. 
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developed Alternative 14 to address certain deficiencies of Alternative 13M and 
in the Draft Alternative 13M Evaluation Report (related to protection of surface 
water and remediating soils to achieve soil cleanup standards), as provided for in 
Paragraph 36 of the AOC. 

This ASFS modifies the Draft Alternative 13M Evaluation Report by: 

 Presenting relevant information not included in the Draft Alternative 13M 
Evaluation Report; 

 Restating the remedial action objectives (RAOs); 

 Describing three remedial alternatives, including two new alternatives and 
one (Alternative 11M) that has been modified since the SFS; and 

 Evaluating the three additional remedial alternatives. 

Detailed discussions of these items are included in this ASFS. 

The three remedial alternatives evaluated herein are Alternative 11M (i.e., a 
modification of Alternative 11, as discussed below), Alternative 13M, and 
Alternative 14.  The Agencies evaluated Alternative 12, the No Action 
Alternative, in the SFS and found that it did not satisfy the threshold 
requirements for remedy selection.  As a result, Alternative 12 is not considered 
further in this document. 

Alternative 11 was the only alternative evaluated in 2007 that met the CERCLA 
and MTCA threshold requirements for selection of a permanent cleanup action.  
Alternative 11 included provisions for completion of an ecological risk 
assessment during remedial design to provide the basis for soil cleanup in some 
areas of the Site.  Subsequent to completion of the SFS, Intalco completed an 
ecological risk assessment (ERM 2008 and 2009a), referred to as the Terrestrial 
Ecological Evaluation (TEE).  The Agencies have modified Alternative 11 herein 
to include the results of the TEE, and the modified alternative is referred to as 
Alternative 11M. 

Alternative 13M was proposed by Intalco as the result of its 2008-2009 analysis, 
as described above. 

Alternative 14 was developed by the Agencies to include components of both 
Alternatives 11M and 13M. 
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This document describes the process used by the Agencies to evaluate 
Alternatives 11M, 13M and 14, based on information presented in the SFS, as 
well as new information developed in 2008-2009.  The Agencies evaluated the 
degree to which these alternatives satisfy the requirements for remedy selection. 

1.1 Purpose and Organization 

This document is an update to the SFS (Forest Service 2007c) to consider 
additional information developed after completion of the SFS.  The SFS describes 
the regulatory history of the Site and evaluation of remedial measures proposed 
by both Intalco and the Agencies to that point. 

This document compares Alternatives 11M, 13M, and 14 using the CERCLA and 
MTCA criteria for remedy selection to provide the evaluations necessary to 
identify the preferred alternative in the Proposed Plan for public comment. 

Following this introduction (Section 1), subsequent chapters of this report 
address: 

 Section 2 - The regulatory process for remedy selection; 
 Section 3 - Summary of proposed cleanup levels and exceedances across the 

Site; 
 Section 4 - Cleanup components; 
 Section 5 - Cleanup action alternatives considered; and 
 Section 6 - Detailed analysis of Alternatives 11M, 13M and 14. 

References are presented in Section 7, followed by tables and figures.  
Additional information is presented in six Appendices.  Appendix A discusses 
estimated costs for Alternatives 11M, 13M and 14; Appendix B discusses in situ 
treatment of soil to reduce bioavailability and mobility of hazardous substances; 
Appendix C describes performance objectives for caps to isolate hazardous 
substances from the environment; Appendix D discusses the MTCA practicability 
analysis used to develop the groundwater barrier component of Alternative 14; 
Appendix E presents the derivation of terrestrial ecological risk-based soil 
cleanup levels; and Appendix F presents potential ARARs and TBC criteria for 
the Site.14 

                                                 

14 TBCs refer to “to be considered“ information that are non-promulgated criteria, advisories, guidance, and proposed 

standards issued by federal, state, or tribal governments.  TBCs are not ARARs but are meant to complement the use of 

ARARs as discussed further in Section 2.2. 
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1.2 Background Information 

The former mine area of the Site includes tailings piles, a former mill building and 
adjacent waste rock piles, and the Main Portal, covering about 125 acres.  The 
Site also includes the portion of the Railroad Creek drainage impacted by 
historical mining that extends downstream from the former mine to Lake Chelan; 
Holden Village; outlying areas such as Honeymoon Heights; and a depositional 
area of wind-blown tailings.  These features are described in Section 1.2 of the 
SFS and Section 1.3 below.  Figure 3 shows principal Site features, and Figure 5 
shows sampling locations near the former mine operations. 

As described in sections 1.2 and 2.0 through 2.5 of the SFS, the Agencies 
determined that the past mining operations at the Site have resulted in an 
ongoing release of hazardous substances from the Site.  The enclosed Table 1 
presents a summary of the primary constituents of concern for the Site.  Table 2 
summarizes the areas of the Site where groundwater concentrations exceed 
Drinking Water criteria, and Table 3 summarizes areas of the Site with soil 
concentrations that exceed human health criteria. 

Tables 4, 6, 8, and 11 present regulatory benchmarks (ARARs and TBCs) and 
background concentrations (where available) for surface water, drinking water, 
soils, and sediments.  Proposed cleanup levels for the Site have been developed 
as discussed in Section 2.4 of the SFS and Section 2.4 of this report.  Table 1 
presents proposed cleanup levels for the constituents of concern for various 
media. 

Concentrations of constituents of concern for surface water, groundwater, soils, 
and sediments at the Site are summarized in Tables 5, 7, 10, and 12. 

1.3 Description of Areas of Interest 

The Site is described in detail in Section 2 of the DRI (Dames & Moore 1999), 
and Section 1.2.1 of the SFS.  Physical descriptions are provided below for 
particular areas of interest (AOIs) where soil cleanup is discussed later in this 
report.  The locations of these AOIs are shown on Figure 3. 

1.3.1 Tailings Piles 1, 2, and 3 

Tailings at the Site occur in three main piles (identified as Tailing Piles 1, 2, 
and 3) located along the south side of Railroad Creek, and are dispersed in other 
disturbed areas such as the area referred to as the east portion of the Lower 
West Area (Lower West Area-East), as described below.  The three main piles, 
which range in height up to about 120 feet above the creek, are estimated to 
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contain approximately 8.5 million tons of tailings covering an area of about 90 
acres.15 

1.3.2 East and West Waste Rock Piles 

The East and West Waste Rock Piles consist of an estimated 307,000 cubic 
yards (cy) of waste rock that covers about 8 acres, and range in height up to 
about 165 feet. 

1.3.3 Honeymoon Heights Waste Rock Piles 

The Honeymoon Heights Waste Rock Piles consist of five discrete piles totaling 
about 49,000 cubic yards, and covering an area of about 5 acres.  The 
Honeymoon Heights Waste Rock Piles are located between about elevations 
3800 to 4600 feet across a relatively steep north-facing slope that varies from 
about 50 percent (2H:1V) to 200 percent (1H:2V). 

The Honeymoon Heights Waste Rock Piles are located on private land, except 
possibly a small portion of the 1100-level Waste Rock Pile that may be located 
on National Forest System land.  The piles are located in an area that is 
biologically important as functional riparian habitat (Figure 4). 

1.3.4 TEE Areas Downslope from the Honeymoon Heights Waste 
Rock Piles 

The TEE described an AOI consisting of a total of about 3 acres of riparian forest 
habitat directly downslope from the Honeymoon Heights Waste Rock Piles 
associated with the 300-, 550-, 700-, 800-, and 1100-level portals.  The largest of 
these areas (collectively referred to as DSHH), as defined by the TEE, are shown 
on Figure 3.  Like the Honeymoon Heights Waste Rock Piles, the DSHH are 
located on a relatively steep north-facing slope. 

The DSHH are on private land in an area that is biologically important as 
functional riparian habitat (Figure 4). 

                                                 

15 Intalco reported the tailings area to be about 90 acres in the DRI, and subsequently revised their estimate to about 70 

acres in subsequent documents.  The Agencies’ own estimate is closer to 90 acres than 70, but the actual figure likely 

depends on whether the areas of dispersed tailings west of Tailings Pile 1 (i.e., in the area around the Copper Creek 

Diversion), and elsewhere along the margins of the main piles are considered to be part of the main piles. 
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1.3.5 Ballfield Area 

The former miner’s village baseball field (ballfield) covers about a half-acre 
located several hundred feet east of the edge of the Glacier Peak Wilderness 
Area (Figures 3 and 5).  Sampling in 2008 for the TEE extended over an area of 
about 8 acres (i.e., Ballfield Area), as shown on Figure 5, Sheet 1.  The Ballfield 
Area is primarily on National Forest System land, although a small portion (~15 
percent) of the ballfield is on patented land owned by Holden Village. 

1.3.6 Holden Village 

Holden Village currently includes about 25 buildings, with roads and landscaped 
areas.  This former miner’s village covers an area of about 11 acres (Figure 3).  
Holden Village, Inc. has operated since 1961 as an interdenominational religious 
retreat under a Special Use Permit issued by the Forest Service.  All of the 
buildings in the village are located on National Forest System land.  
Approximately 60 adults and children live at Holden Village year-round.  In 
addition, approximately 5,000 to 6,000 people visit the facility each year, with 
each person staying an average of 2 to 7 days. 

1.3.7 Lower West Area 

The Lower West Area covers an area of about 15 acres located south of Railroad 
Creek and west of Tailings Pile 1.  The Lower West Area is roughly bisected by a 
road running south from the vehicle bridge over Railroad Creek to the Holden 
Village Maintenance Yard.  (Figure 3)  An ephemeral pond, referred to as the 
Lagoon, is located along this road and is considered as a separate AOI, as 
discussed below. 

1.3.8 Lagoon Area 

The Lagoon was reportedly excavated as a surface water management facility 
during mine operations, and may also have been used for temporary storage of 
tailings slurry that was pumped to the tailings piles or perhaps for backfilling 
portions of the underground mine.  The Lagoon covers an area of about one 
acre, and contains visible accumulations of tailings. 

1.3.9 Wind-Blown Tailings Area 

The Wind-Blown Tailings Area extends over an area of about 77 acres located 
north and east of Tailings Piles 2 and 3.  This area is mostly coniferous forest, 
with a strip of riparian wetland habitat along Railroad Creek.  The Wind-Blown 
Tailings Area has intermittent visible accumulations of tailings.  A portion of this 
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area nearest to the creek was clear cut in the early 1960s, and subsequently 
became reforested.  Other areas were selectively harvested and have residual 
old growth structure.  The remainder has not been logged and has well-
established native vegetation. 

1.3.10 Maintenance Yard 

The Maintenance Yard is an area of about 1 acre where Howe Sound and, 
subsequently, Holden Village performed equipment maintenance (Figure 3).  
The surface of the Maintenance Yard is densely compacted gravelly soil with 
little or no existing vegetation. 

1.3.11 Former Mill Building 

The former Mill Building is located between the East and West Waste Rock Piles, 
and extends over an area of about 2 acres.  The ground surface is largely 
covered by concrete slabs and walls, along with debris and remnants of the steel 
superstructure.  The dilapidated condition of the former Mill Building did not 
allow safe access during the RI to fully characterize potential hazardous 
substances. 

1.3.12 Ventilator Portal Surface Water Retention Area 

This area is apparently a former water detention pond that is located downslope 
of the 1500-level ventilator portal (Figure 3).  The Surface Water Retention Area 
pond is an excavation with a perimeter berm, which extends over less than a 
half-acre.  There are tailings in the soils within the former pond footprint. 

1.3.13 Lucerne-Holden Road 

In September 2009, the Forest Service found an April 24, 1940, memorandum 
from the District Ranger, W. O. Shambaugh (Forest Service 1940), indicating 
that the Howe Sound Company was proceeding with plans to resurface the road 
between Lucerne and Holden.  The memorandum stated that the contractor for 
the job would install a rock crusher on the ”waste dump at the mine“ to obtain 
material for the resurfacing.  Subsequent file searches by the Forest Service to 
date have been unsuccessful in determining whether this plan was actually 
implemented.  Pending further investigation, the Agencies assume that waste 
rock may have been used for resurfacing the Lucerne-Holden Road and may be 
a source of contamination within the Site. 
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2. REGULATORY PROCESS FOR REMEDY SELECTION 

Site characterization information, data, and regulatory and technical analyses 
that are used for remedy selection decision making are presented in the 
Remedial Investigation and Feasibility Study (RI/FS) and other documents in the 
Administrative Record for the Site. 

The Remedial Investigation (RI) for the Holden Mine is presented in the 
following documents: 

 Dames & Moore 1999.  Draft Final Remedial Investigation Report, Holden 
Mine Site.  Prepared for Alumet Inc. by Dames & Moore.  Seattle, 
Washington, July 28, 1999. 

 Forest Service 2002.  Letter from Norman F. Day to Dave Jackson, 
Finalization of the Holden Mine Remedial Investigation Report.  February 8, 
2002. 

The Feasibility Study (FS) for the Holden Mine consists of the following 
documents: 

 URS 2004.  Draft Final Feasibility Study.  February 19, 2004. 

 URS 2005.  Alternative 9 Description and Focused CERCLA-MTCA Feasibility 
Evaluation, Holden Mine Site, Chelan County, Washington, November 18, 
2005. 

 Forest Service 2007a.  Agencies’ Comments on the Draft Final Feasibility 
Study.  August 31, 2007. 

 Forest Service 2007b.  Agencies’ Comments on Intalco’s Alternative 9 
Description.  August 31, 2007. 

 Forest Service 2007c.  Supplemental Feasibility Study.  September 2007. 

 ERM and URS 2009a.  Draft Alternative 13M Evaluation Report.  August 14, 
2009. 

 Forest Service 2010a.  Agencies’ Comments on Intalco’s August 14, 2009 
Alternative 13M Evaluation Report and related documents.  March 30, 2010. 

 Forest Service 2010b.  Addendum to the Supplemental Feasibility Study, 
Holden Mine, Chelan County, Washington.  March 30, 2010. 
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The RI provides information about the Site that is used to assess the need for 
and scope of needed remedial action.  The FS provides information on a range 
of remedial alternatives and includes evaluations needed to formulate a 
Proposed Plan.  The Proposed Plan identifies the “preferred alternative.”  
Following public and stakeholder review and input on the Proposed Plan, the 
Agencies select and document a remedy in a Record of Decision (ROD).  The 
ROD then forms the basis for remedial design (RD) and subsequent remedy 
construction, termed remedial action (RA).  The FS information supports the 
remedy selection process. 

This ASFS, which is the last document in the list of citations above, explains the 
process by which the Agencies identified the cleanup components that will be 
presented in the Proposed Plan, after considering the information in all of the 
other documents listed above. 

2.1 Site Risks 

Remedial action is needed to address risks to human health and the environment 
resulting from the release of hazardous substances at the Site. 

Site risks related to groundwater, surface water, and sediment are described in 
the SFS and USFWS (2007).  New data obtained in 2008-2009 provide a more 
current perspective than data that were presented in the SFS, which were largely 
based on the DRI. 

2.1.1 Human Health Risks 

Humans that could potentially be exposed to hazardous substances at the Site 
include Holden Village residents and visitors, other visitors to the National 
Forest, workers during implementation of the remedy, and Agency personnel. 

The Agencies have identified the following potential human health risks that exist 
at the Site: 

1. Groundwater at the Site has hazardous substance concentrations that 
exceed drinking water standards for aluminum, cadmium, copper, lead, and 
zinc (see Table 2).  Surface water at the Site does not exceed drinking water 
criteria. 

2. Some soils at the Site exceed proposed soil cleanup levels for protection of 
human health for direct contact with arsenic, cadmium, copper, lead, zinc, 
gasoline- and diesel-range hydrocarbons, and heavy oil-range hydrocarbons 
(see Table 3). 
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3. Soils in some portions of the Site also exceed human health criteria for 
protection of groundwater for arsenic, cadmium, copper, mercury, selenium, 
silver, thallium, zinc, and the same hydrocarbons listed above (see Table 3). 

In its supplemental human health risk evaluation of the tailings piles and waste 
rock piles (Appendix F of ERM and URS 2009a) Intalco concluded that 
hazardous substances in these specific areas would not pose unacceptable risks 
to certain receptors, namely recreational visitors and construction workers.  This 
evaluation did not address other areas of the Site or evaluate other potential 
pathways and receptors such as drinking water and residential use.  The 
Agencies do not accept some of Intalco’s findings that were presented in 
Appendix F, see Forest Service (2010a). 

2.1.2 Ecological Risks 

Data collected for the TEE (ERM 2008 and ERM 2009a) provide the basis for a 
more specific assessment of risks to terrestrial ecological receptors than was 
previously available.  Based on the analyses presented in the DRI (Dames & 
Moore 1999); Forest Service 2004; USFWS 2004, 2005, and 2007; the SFS; and 
the Agencies’ development of cleanup levels protective of terrestrial ecological 
receptors (presented in Section 2.4.1 and Appendix E) the following ecological 
risks exist at the Site: 

 The DRI reported that toxicity risks for trout exist in surface water at the Site, 
predominantly from dissolved copper, based on Hazard Quotients (HQ) for 
dissolved copper in surface water samples that ranged from 20 to 30.16 

 US Fish and Wildlife Service (USFWS) toxicity reviews for the Site 
determined that surface water concentrations of cadmium, copper, zinc, and 
aluminum exceed levels known to be toxic to salmonids, based on published 
scientific studies cited in USFWS (2004 and 2005).  Iron concentrations in 
surface water at the Site also have adverse effects on both salmonids and 
benthic macroinvertebrates (USFWS 2005).  See also USFWS (2007). 

 Toxicity risks for benthic invertebrates may exist in the Site’s aquatic 
environment from aluminum, cadmium, chromium, copper, iron, and zinc in 
Railroad Creek and/or Lucerne Bar sediment.  Concentrations of these 

                                                 

16 The HQ is the ratio of estimated exposure level to a chemical from a site to the estimated exposure level at which no 

adverse health effects are likely to occur, such that values greater than one may be of concern.  Within this document, 

calculated HQ values are reported to one significant figure as suggested by EPA (2004). 
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constituents exceed levels that may cause adverse effects to benthic 
organisms (see Tables 11 and 12). 

 The Agencies calculated HQs for constituents of concern in soil at each area 
of interest (AOI) for each of three terrestrial receptors: plants, soil 
invertebrates, and wildlife.  HQs were calculated by dividing constituent 
concentrations (presented in Table 10) by site-specific, risk-based screening 
values for each of the three receptors (presented in Appendix E).  A 
summary of the HQs for each AOI is presented in Table 14.  The west 
portion of the Lower West Area-West had no HQs greater than 1.  Among 
the other areas of interest, relatively low HQs were calculated for the 
following areas: 

• The Ballfield Area (HQ of 2 for soil invertebrates from copper); 

• The Wind-Blown Tailings (HQ of 3 for plants from molybdenum); and 

• Holden Village (HQs of 3 and 4 for plants and wildlife, respectively, from 
aluminum; and HQs of 2 for plants and invertebrates from copper and 
invertebrates from zinc). 

Significantly greater HQs were calculated for all other areas of interest, ranging 
from 40 to greater than 100.  Aluminum, copper, thallium, and zinc were 
typically associated with the highest HQs in these areas.  In addition, HQs of 10 
and 60 were calculated for soil invertebrates from petroleum hydrocarbons at 
the Lagoon and Maintenance Yard, respectively. 

There is also a significant risk that future tailings pile slope failures could produce 
a mass release of reactive tailings into Railroad Creek.  The tailings are not 
chemically inert.  Release of tailings into the creek due to slope failures would 
increase concentrations of hazardous substances and could cause increased 
toxicity to aquatic organisms above present conditions. 

2.2 Potential Applicable or Relevant and Appropriate Requirements 

Potential applicable or relevant and appropriate requirements (ARARs) are 
defined in the NCP (40 CFR Part 300).  “Applicable” requirements are those 
cleanup standards and other environmental protection requirements 
promulgated under federal or state law that specifically address a hazardous 
substance, pollutant, contaminant, remedial action, location, or other 
circumstance at a site.  While not applicable to a hazardous substance, pollutant, 
contaminant, remedial action, location, or other circumstance at a CERCLA site, 
“relevant and appropriate” requirements address problems or situations 
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sufficiently similar to those encountered at the Site that their use is well suited to 
the Site.  ARARs are potential or preliminary until finalized by the lead agency in 
a Record of Decision (ROD). 

ARARs fall into three broad categories, based on the manner in which they are 
applied:  chemical-, action-, and location-specific. 

 Chemical-specific ARARs include requirements that regulate the release to, 
or presence in, the environment of materials with certain chemical or 
physical characteristics, or containing specified chemical compounds.  The 
requirements are usually either health- or risk-based numerical values or 
methodologies that establish the acceptable amount or concentration of a 
chemical that may remain in or be discharged to the environment. 

 Action-specific ARARs set performance, design, or similar controls or 
restrictions on particular kinds of activities related to the management of 
hazardous substances, pollutants, or contaminants.  The need to follow these 
ARARs depends on the particular remedial action selected for 
implementation, and indicate how, or to what level, the alternative must 
achieve the requirements.  For example, the National Pollutant Discharge 
Elimination System (NPDES) discharge requirements are an action-specific 
ARAR when the remedy includes a groundwater treatment facility that 
discharges treated effluent to surface water.  In general, only the substantive 
requirements of an ARAR need to be implemented at the Site. 

 Location-specific ARARs are restrictions based on the concentration of 
hazardous substances or the conduct of activities in specific locations.  They 
relate to the geographic or physical position of the Site.  Remedial actions 
may be restricted or precluded depending on the location or characteristics 
of the Site and the requirements that apply to it.  Location-specific ARARs 
may apply to actions in natural or man-made features.  Examples of natural 
site features include wetlands and floodplains.  An example of a man-made 
feature is an archaeological site.  Also, since the Site is located within the 
Glacier Peak Wilderness Area Class 1 Airshed, specific air quality ARARS 
need to be addressed under the Clean Air Act (42 USC § 7401 et. Seq.; 40 
CFR Part 50) and related regulations.17  

                                                 

17 These air quality regulations are frequently considered to be action-specific ARARs since they may be triggered by 

specific actions such as the potential for generation of fugitive dust during tailings regrading.  However, the Clean Air Act 

and related ARARs are also location-specific due to the location of the Holden Site adjacent to the Wilderness Area, and, 
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”To be considered“ materials (TBCs) are non-promulgated criteria, advisories, 
guidance, and proposed standards issued by federal, state, or tribal governments 
that, although not legally enforceable, may be helpful in establishing protective 
cleanup levels and developing, evaluating, or implementing remedy alternatives.  
TBCs are not ARARs but are meant to complement the use of ARARs.  If no 
ARARs address a particular chemical or situation, or if existing ARARs do not 
provide adequate information, TBCs are available for use in developing remedial 
alternatives. 

Preliminary ARARs and TBCs are presented in Appendix F.  Potential ARARs and 
TBCs that were not previously identified in the SFS are summarized below. 

 National Emissions Standards for Hazardous Air Pollutants (NESHAP) - 
Asbestos, 40 CFR Part 61, Subpart M.  Demolition or removal of any 
asbestos-containing materials in the former Mill Building must comply with 
NESHAP requirements. 

 Roadless Area Conservation Rule 2001 [66 Fed. Reg. 3244, January 12, 
2001].  This rule limits road construction, reconstruction, and timber harvest 
in inventoried roadless areas because they have the greatest likelihood of 
altering and fragmenting landscapes, resulting in immediate, long-term loss of 
roadless area values and characteristics.  This rule is potentially applicable to 
permanent roads and temporary construction roads in the vicinity of the Site. 

 Dam Safety Chapter 173-175 WAC.  This regulation provides for the 
comprehensive regulation and supervision of dams in order to reasonably 
secure safety to life and property and is potentially relevant and appropriate 
to the tailings piles (i.e., former tailings impoundments) at the Site. 

 Dam Safety Guidelines Part 4- Dam Design and Construction (Department 
of Ecology, Publication 92-55d, July 1993).  Guidelines developed by the 
Washington Department of Ecology Dam Safety Office (DSO) as required 
under WAC 173-175-050 are a potential TBC based on DSO jurisdictional 
interpretations regarding the tailings piles at the Site. 

 Summary of Key Existing EPA CERCLA Policies for Groundwater 
Restoration, OSWER Directive 9283.  This Directive provides a compilation 
of some key existing EPA groundwater policies to assist EPA Regions in 

                                                                                                                             

therefore, must meet both the National Ambient Air Quality Standards and the Prevention of Significant Deterioration and 

Visibility Regulations. 
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making groundwater restoration decisions pursuant to CERCLA and the 
NCP.  It addresses the following: 

• Whether CERCLA remedial action is warranted 

• Appropriate role of institutional controls (ICs) 

• Groundwater classification and beneficial use policy 

• Remedial action cleanup levels 

• Groundwater point of compliance 

 The Agencies have identified EPA guidance on native plants and invasive 
species as potential TBCs.18 This guidance includes: 

• Revegetating Landfills and Waste Containment Areas Fact Sheet, EPA 
542-F-06-001, 
(http://www.epa.gov/tio/download/remed/revegetating_fact_sheet.pdf); 

• Frequently Asked Questions About Ecological Revitalization of 
Superfund Sites, EPA 542-F-06-002, 
(http://www.cluin.org/download/remed/542f06002.pdf); and 

• Ecological Revitalization and Attractive Nuisance Issues EPA 542-F-06-
003, (http://www.epa.gov/tio/download/remed/542f06003.pdf). 

 Executive Order 13423, Strengthening Federal Environmental, Energy, and 
Transportation Management, and Executive Order 13514, Federal 
Leadership in Environmental, Energy, and Economic Performance, October 
5, 2009.  Executive Order 13423 sets goals in the areas of energy efficiency, 
acquisition, renewable energy, toxics reductions, recycling, renewable 
energy, sustainable buildings, electronics stewardship, fleets, and water 
conservation.  In addition the order requires more widespread use of 
Environmental Management Systems as the framework in which to manage 
and continually improve these sustainable practices. 

Executive Order 13514 expands on the energy reduction and environmental 
performance requirements for Federal agencies identified in Executive Order 

                                                 

18 Note that the Forest Plan (Forest Service 1990, and subsequent amendments) that was identified as a potential ARAR in 

the SFS, also addresses requirements for use of native vegetation and control of invasive species. 
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13423 and requires federal agencies to make reductions in greenhouse gas 
emissions a priority for federal agencies.  Executive Order 13514 states that 
the federal government must lead by example in increasing energy 
efficiency, reducing greenhouse gas emissions, etc.  In addition, the 
following green remediation policy statements may be TBCs: 

• Superfund Green Remediation Strategy, Office of Superfund 
Remediation and Technology Innovation, August 2009.  Sets out the 
plans of the Superfund Remedial Program to reduce greenhouse gas 
(GHG) emissions and other negative environmental impacts that might 
occur during remediation of a hazardous waste site. 

• Incorporating Sustainable Practices into Remediation of Contaminated 
Sites, April, 2008, EPA 542-R-08-002.  Outlines the principles of green 
remediation and describes opportunities to reduce the footprint of 
cleanup activities throughout the life of a project. 

• EPA’s Principles for Greener Cleanups, August 27, 2009.  Sets forth the 
goal to evaluate cleanup actions comprehensively to ensure protection 
of human health and the environment and to reduce the environmental 
footprint of cleanup activities, to the maximum extent possible. 

• EPA Region 10’s Clean and Green Policy, August 13, 2009.  EPA 
Region 10’s Clean and Green Policy applies to all Superfund cleanups, 
including those performed by Potentially Responsible Parties (PRPs).  The 
Policy encourages cleanup practices that, among other things, employ 
100 percent use of renewable energy, and energy conservation and 
efficiency approaches including EnergyStar equipment; and use of 
cleaner fuels and diesel emissions controls. 

Final ARARs and TBCs will be determined in the ROD. 

2.3 Proposed Remedial Action Objectives and Cleanup Requirements 

CERCLA provides for the establishment of Remedial Action Objectives (RAOs) 
that specify “contaminants and media of concern, potential exposure pathways 
and remediation goals,” 40 CFR § 300.430(e)(2)(i).  The remediation goals (and 
thus the RAOs) are to be modified as more information becomes available; final 
remedial goals are determined in the ROD. 

The Agencies presented RAOs in Section 2.5 of the SFS.  The Agencies have 
subsequently revised the RAOs as provided in 40 CFR § 300.430(e)(2)(i), as 
shown below. 
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1. Reduce surface water concentrations of hazardous substances to levels that 
are protective of aquatic life and comply with ARARs in Railroad Creek and 
other surface waters. 

2. Eliminate adverse effects of ferricrete to aquatic life in Railroad Creek and 
monitor sediment quality to determine whether any further action is needed 
to protect aquatic life and comply with ARARs. 

3. Prevent migration of hazardous substances above cleanup levels in 
groundwater (including the mine portal discharge) from on-site WMAs to 
protect aquatic life and comply with ARARs. 

4. Reduce exposure to hazardous substances in soils (including tailings and 
other wastes) to protect terrestrial organisms and comply with ARARs.  
Prevent future releases of tailings and other wastes into surface water to 
protect aquatic receptors from hazardous substances. 

5. Protect human health and comply with ARARs by reducing human exposure 
to hazardous substances in soils and other wastes, and in groundwater as a 
drinking water resource. 

6. Implement the remedial action in a manner that complies with ARARs and 
protects human health and the environment, including the Holden Village 
residential community during and after construction.19 

The Agencies consider the proposed cleanup levels and points of compliance for 
groundwater, surface water, and sediment, as presented in Section 2.4 of the 
SFS, are adequate for remedial decision making.20  The need for future sediment 

                                                 

19 The Agencies understand that Holden Village, Inc. has concerns for the viability of its operations in the event that 

remedial construction results in substantial curtailment of the Village’s normal activities for more than two consecutive 

years, or a second curtailment within five years of the first construction period.   Intalco will propose a construction 

schedule, subject to Agency approval, that will evaluate the feasibility and timing of conducting the work sequentially or 

concurrently.  Intalco has already indicated a willingness to accomplish some work ahead of, or following, the period of 

major construction, and the Agencies believe this approach will mitigate impacts on Holden Village.  While the Agencies 

do not expect that it will be necessary for Holden Village to suspend operations during remedial construction, the 

Agencies understand a large construction project does not lend itself to the usual expected Holden Village experience.  

Through review, input, and approval of remedial design, the Agencies are prepared to assist Holden Village to mitigate 

impacts of construction to the extent possible.  The Agencies will also take into account Holden Village’s request for a 

five-year gap between the conclusion of the first phase of construction and the initiation of any second phase, as is 

reflected in the Preferred Alternative.   
20 The only changes to the proposed cleanup levels for groundwater and surface water in this document compared to 

those presented in the SFS are for aquatic life protection criteria, which have calculated values based on surface water 
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cleanup actions will be determined from monitoring after implementing other 
remedial actions, as discussed in the SFS. 

Proposed soil cleanup levels differ from those presented in the SFS based on the 
Agencies’ analysis of information obtained from Intalco’s TEE and other 
information, as described below. 

2.4 Development of Proposed Soil Cleanup Levels 

As defined in WAC 173-340-700(3), a cleanup level is the concentration of a 
hazardous substance that is protective of human health and the environment 
under specified exposure conditions and taking into account background 
concentrations.  In accordance with this definition, the Agencies’ approach for 
establishing soil cleanup levels involved three steps for each constituent of 
concern at each AOI:  1) establishing terrestrial ecological risk-based levels; 
2) establishing human health risk-based levels; and 3) establishing background 
levels.21  The proposed soil cleanup level for each constituent of concern at each 
AOI, is the lower of the ecological or human health based level, or the natural 
background level, if it is higher.22  Proposed soil cleanup levels for each AOI are 
presented in Table 1. 

2.4.1 Terrestrial Ecological Risk-Based Levels 

Ecology developed the terrestrial ecological risk-based levels used by the 
Agencies in establishing proposed soil cleanup levels.  Ecology developed 
separate levels for plants, soil invertebrates, and wildlife for each AOI.  

                                                                                                                             

hardness (e.g. copper and zinc).  Recent analysis of surface water samples collected in 2008 and 2009, combined with 

samples collected previously, led to revision of the background hardness used for calculation of these parameters, as 

discussed in Hart Crowser, 2009. 
21 MTCA requires that soil cleanup levels for protection of terrestrial receptors be based on a terrestrial ecological 

evaluation, except for sites that meet specific exclusion criteria (WAC 173-340-7491).  Neither the Site as a whole, nor any 

individual area of interest, meets the requirement for an exclusion under this regulation. 
22 Separate soil cleanup levels were developed for each AOI to account for different soil chemistry, contaminant 

bioavailability, and anticipated exposure pathways.  For the purpose of determining cleanup levels, samples from Tailings 

Piles 1, 2, and 3 were grouped together because the tailings piles contain the same type of soil-like waste material, derived 

from a common source.  Samples from the East and West Waste Rock Piles were grouped together because these piles 

contain the same type of waste material, derived from a common source.  The Honeymoon Heights Waste Rock Piles 

could arguably be considered as having a different geologic origin since these waste rock piles likely come from a 

different area within the mine than the waste rock in the main East and West Waste Rock Piles.  The eastern portion of the 

Lower West Area was considered separately from the western portion of the Lower West Area because it is a highly 

disturbed area with extensive tailings contamination and limited native vegetation, whereas the western portion of the 

LOWER WEST AREA is a moderately disturbed area with extensive, relatively mature native vegetation. 
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Development of these levels took into account Site-specific information that was 
presented in the draft TEE (ERM 2009a), additional literature studies supporting 
alternative toxicity reference values (TRVs) that were submitted to the Agencies 
by Intalco (ERM 2009b and ERM 2009c), EPA soil screening levels (EPA Eco-
SSLs), and MTCA Environmental Indicator Soil Concentrations (EISCs).  Ecology's 
development of terrestrial ecological risk-based values is presented in 
Appendix E.  Terrestrial ecological risk-based levels (representing the lowest 
value for each of the three receptors) are shown in Table 9. 

2.4.2 Human Health Risk-Based Levels 

Human health risk-based levels used by the Agencies in establishing proposed 
soil cleanup levels are, except for lead, MTCA Method B cleanup levels for 
unrestricted land use.  These values represent the lower of the non-carcinogenic 
and carcinogenic levels calculated using Equations 740-1 and 740-2 (ingestion 
only) and 740-4 and 740-5 (ingestion and dermal contact) presented in WAC 
173-340-740(3).  The human health risk-based level for lead is the MTCA 
Method A cleanup level which is based on preventing unacceptable blood lead 
concentrations.  Human health risk-based soil levels are presented in Table 8. 

2.4.3 Background Levels 

Soil background levels used by the Agencies in establishing proposed cleanup 
levels are the Site-specific background concentrations for the riparian and mixed 
conifer background areas presented in Table 7-2 of the draft TEE Report (ERM 
2009a).  These levels were determined in accordance with MTCA methodology 
(WAC 173-340-709).  Background levels associated with the riparian 
background area are applicable to the Lower West Area, Lagoon, and DSHH.  
Background levels associated with the mixed conifer background area (BGMC) 
are applicable to all other AOIs.  Background soil sample locations are shown on 
Sheet 3 of Figure 5 and background levels are summarized in Table 8. 

2.4.4 Proposed Soil Cleanup Levels 

As described in Section 2.4, the proposed soil cleanup level, for each constituent 
of concern at each AOI, is the lower of the ecological or human health-based 
level, or the natural background level, if it is higher.  Ecological risk-based levels 
are presented in Table 9; human health and background levels are presented in 
Table 8.  Table 1 summarizes the proposed soil cleanup levels for those 
constituents whose concentrations exceed background levels. 
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2.5 Development of Proposed Groundwater and Surface Water Cleanup 
Standards 

Proposed cleanup levels for surface water and groundwater are presented in 
Table 1, based on the discussion in Section 2.4 of the SFS and Tables 4 and 6 in 
the SFS. 

CERCLA and the NCP expect that groundwater should be returned to its 
beneficial uses within a reasonable timeframe whenever practicable.  When 
restoration of groundwater is not practicable, it is necessary to prevent further 
migration of the plume and to prevent exposure to the contaminated 
groundwater [40 CFR 300.430(a)(1)(iii)(F)].  The NCP provides that groundwater 
cleanup levels should generally be attained throughout the contaminated plume.  
However, the NCP recognizes that groundwater may remain contaminated 
within a WMA, and groundwater cleanup levels attained at and beyond the 
edge of the WMA (55 Fed. Reg. 8753, and 53 Fed. Reg. 51426).  Even within a 
WMA, however, under CERCLA, ARARs must be attained or waived. 

The DFFS found that it is not practicable to clean up groundwater in some 
portions of the Site within a reasonable restoration time frame.  As a result, some 
alternatives for the proposed remedy include designation of WMAs, and 
institutional controls to prevent groundwater from becoming a future source of 
drinking water within the WMA.  Figure 11 shows the approximate boundary of 
potential WMAs at the Site that are anticipated to be long-term continuing 
sources of groundwater contamination due to wastes left in place following 
completion of the remedy under all of the alternatives being considered.23 

                                                 

23 The proposed WMAs would encompass the three main tailings piles, East and West Waste Rock Piles, the Honeymoon 

Heights Waste Rock Piles, and the Lower West Area.  Waste materials in these areas will be a continuing source of 

groundwater contamination for tens to hundreds of years.  The DFFS found it was not practical to treat or remove the 

tailings and waste rock piles (for example by disposal in the underground mine), thus it is necessary to designate the 

tailings and waste rock piles as WMAs.  The Lower West Area is also identified as a WMA since hand auger explorations 

accomplished for the TEE found significant deposits of mine tailings over an extended area.  The reported depth of tailings 

was more than 3 feet at the exploration location designated LWA-09; more than 2 feet at location LWA-13; 2.5 feet at 

location LWA-14; and more than 2 feet at LWA-16 (see Tables 2 and 4, ERM 2008).  Although Alternatives 11M and 14 

include consolidation of these materials to the extent possible into the main tailings piles during cleanup, this is not 

expected to be completely effective in all locations within the Lower West Area.  In the locations just noted, the tailings 

were mantled with surficial soils (apparently native soil fill) and, in some cases, forest duff.  Even if removal were 

completely effective, previous modeling (the batch flush model discussed in Appendix A of the SFS) suggests that natural 

attenuation alone following elimination of the sources of hazardous substances would require tens to hundreds of years to 

reduce groundwater concentrations to aquatic protection levels.  Although the tailings in the Lower West Area are 

different from the specific sources of hazardous substances addressed in the batch flush model in the SFS, the Agencies 
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2.6 Points of Compliance 

The proposed cleanup action is intended, in part, to improve soil and water 
quality to meet proposed cleanup levels at the designated points of compliance 
for the Site.  Points of compliance for soil, surface water, and groundwater have 
been determined under CERCLA and/or MTCA, as discussed in Section 4.1.1.3 
of the SFS, and are summarized in Table 13.24 

The preamble to the proposed rule of the NCP discusses points of compliance 
under CERCLA (53 Fed. Reg. 51440).  In cases where the ARAR itself does not 
specify where the requirement should be attained, generally, EPA’s policy is to 
attain ARARs and TBCs to ensure protection at all points of potential exposure.  
This is true whether the ARAR pertains to contaminant levels or to performance 
or design standards.  This means that any waste left in place should either be 
brought to levels that allow for unrestricted use and unlimited exposure or 
managed according to performance or design specifications. 

In addition, if groundwater that is a current or potential source of drinking water 
is contaminated above protective levels (e.g., for drinking water aquifers, 
contamination exceeds Federal or State MCLs or non-zero MCLGs), a remedial 
action under CERCLA should seek to restore that aquifer to beneficial use (e.g., 
drinking water standards) wherever practicable.  If active measures are not 
technically practicable or there is some other basis to waive the ARAR, exposure 
to the waste must be controlled through legally enforceable institutional means 
to ensure protectiveness. 

In addition to being a potential source of drinking water, a beneficial use of 
groundwater at the Site is recharge to surface water to support aquatic life.  
Groundwater discharging through seeps, springs, or base flow that adversely 
impacts surface water must be managed for surface water protection. 

Both CERCLA and MTCA seek to restore groundwater quality wherever 
practicable.  CERCLA requires consideration of the state’s stream classification 
for protection of site-specific uses that could be impacted by groundwater 
discharging into the surface water.25 At a minimum, this includes preventing 

                                                                                                                             

expect a similar time frame would be needed to achieve cleanup of the Lower West Area due to natural attenuation 

following source removal. 
24 Points of compliance would also be developed to satisfy potential ARARs in the event that any future sediment cleanup 

is determined to be needed. 
25 In this case, the State of Washington regulations [WAC 173-201A-200 and -600] require protection of Railroad and 

Copper Creek’s designated beneficial uses.  Per WAC 173-201A-600, the following are the designated beneficial uses of 
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receptors in the creeks from being exposed to groundwater that exceeds aquatic 
life protection criteria and drinking water standards by controlling hazardous 
substances before they enter the surface water (see the NCP preamble [55 FR 
8713]).   

Under MTCA, soil points of compliance are established separately for human 
exposure via direct contact, the protection of groundwater, and the protection 
of terrestrial ecological receptors [WAC 173-340-740].  The point of compliance 
for soil based on human exposure via direct contact is from the surface of the 
soil to 15 feet below the ground surface.  Capping and/or institutional controls 
at various locations at the Site would prevent excavation and other activities and 
thus, would eliminate the direct contact exposure pathway for humans.  For 
terrestrial ecological receptors, the point of compliance will be the biologically 
active zone, which is assumed to extend to a depth of 6 feet, or a site-specific 
depth based on a demonstration that an alternative depth is appropriate per 
WAC 173-340-7490(4)(a).  Soil cleanup to protect groundwater is required 
wherever soils exceed criteria and are not within a groundwater containment 
area [WAC 173-340-740(1)(d)]. 

For surface water, the point of compliance is the point or points where the 
release enters the surface waters, unless Ecology has authorized a mixing zone 
[WAC 173-340-730(6)].  MTCA does not allow a mixing zone for groundwater 
discharges into surface water [WAC 173-340-720(8)(d)(i)(C)]. 

MTCA requires the point of compliance for groundwater be throughout the Site, 
from the uppermost level of the saturated zone to the lowest depth that could 
potentially be affected.  MTCA requires that groundwater cleanup levels be 
attained in all groundwater from the point of compliance to the outer boundary 
of the hazardous substance plume [WAC 173-340-720(8)].  MTCA allows a 
conditional point of compliance for groundwater for limited circumstances 
where it is not practicable to meet the cleanup level throughout the site within a 
reasonable restoration time frame.  MTCA requires that the conditional point of 
compliance shall be as close as practicable to the source, and may be 
established no further than in surface water as close as technically possible to 
the point(s) where groundwater flows into the surface water, provided certain 
conditions are satisfied [WAC 173-340-720(8)(d)(i)]. 

                                                                                                                             

surface water (i.e., Railroad and Copper Creeks) at the Site (use categories in parentheses):  aquatic life (salmonid 

spawning, rearing, migration, and core summer habitat), recreation (extraordinary primary contact), water supply 

(domestic, industrial, agricultural, and stock watering), and miscellaneous (wildlife habitat, harvesting, commerce and 

navigation, boating, and aesthetic values). 
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3. SUMMARY OF PROPOSED CLEANUP LEVELS AND EXCEEDANCES ACROSS 
THE SITE 

CERCLA requires that remediation goals be developed to satisfy remedial action 
objectives (RAOs) for contaminants and media of concern, and potential 
exposure pathways.  The remediation goals are initially developed based on 
readily available information, such as potential chemical-specific ARARs, and 
may subsequently be modified as more information becomes available [40 CFR 
§ 300.430(e)(2)(i)]. 

State of Washington regulations [Chapter 173-340 WAC] set forth various ways 
to determine the appropriate cleanup standards for surface water, groundwater, 
soil, and sediment.  The proposed cleanup levels for Site groundwater, surface 
water, soil, and sediment for protection of human health and the environment 
are based on potential chemical-specific ARARs, background concentrations, 
and analysis of TEE data to assess risk-based cleanup requirements for soils. 

The “proposed cleanup levels” for the Site, as used in this document, are the 
same as “preliminary remediation goals” as used in the National Oil and 
Hazardous Substances Pollution Contingency Plan (NCP) [40 CFR § 
300.430(e)(2)(i)] and in some CERCLA guidance documents.  The proposed 
cleanup levels will apply to exposure pathways determined to be complete and 
significant by the Agencies.  Results of the human health risk assessment and the 
ecological risk assessment (i.e., TEE) are summarized below.  Final remediation 
goals and cleanup levels will be described in the ROD. 

Where the background concentration is greater than the potential ARAR-based 
or calculated risk-based proposed cleanup level, the background concentration 
becomes the proposed cleanup level for that constituent of concern [WAC 173-
340-700(6)(d)].  Background concentrations for surface water and soil compared 
to the numerical values for potential ARARs are presented in Tables 4 and 8, 
respectively.  Background concentrations have not been determined at this Site 
for groundwater or sediment. 

3.1 Summary of Proposed Cleanup Levels and Exceedances for Groundwater, 
Surface Water and Sediment 

Proposed cleanup levels for groundwater, surface water, and sediment were 
identified in Section 2.5 of the SFS.  Proposed cleanup levels have changed only 
slightly from those identified in the SFS for surface water protection, due to new 
background hardness data collected in 2008 and 2009.  State and federal 
drinking water criteria and proposed cleanup levels for sediment that were 
presented in the SFS have not changed. 
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Proposed cleanup levels for each constituent of concern, as derived from the 
potential ARAR concentrations and available background concentrations, are 
presented in Table 4 for surface water, Table 6 for groundwater, and Table 11 
for sediment. 

Proposed cleanup levels for groundwater are based on protection of surface 
water.  Potential beneficial uses of groundwater include both drinking water and 
recharge to surface water for which a designated beneficial use is aquatic life 
habitat.  Table 6 shows drinking water quality criteria that are applicable to 
groundwater.  In some areas of the Site water from Railroad Creek infiltrates into 
the ground, referred to as a losing condition.  However, the Agencies are of the 
opinion that all groundwater at the Site eventually discharges to surface water.  
The aquatic life protection criteria are the basis for the proposed groundwater 
cleanup levels presented in Table 1 because the aquatic life protection criteria 
are more stringent than the drinking water standards. 

Table 5 lists areas of the Site where surface water concentrations exceed 
proposed cleanup levels, and Table 7 lists areas of the Site where groundwater 
concentrations exceed proposed cleanup levels. 

Figures 6 and 10 show areas of the Site where groundwater and surface water 
exceed proposed cleanup levels. 

The DFFS found that the discharge of groundwater containing hazardous 
substances (including base flow, seeps, and drainage from the mine portal) was 
the primary source of hazardous substances in surface water at the Site.  Intalco 
(ERM and URS 2009a) has suggested that containment and collection of 
groundwater to protect surface water is only needed in gaining reaches (i.e., 
where groundwater base flow enters the creek) of Railroad Creek, and not in 
losing reaches (i.e., where water in the creek seeps into the ground).  The 
approximate extent of gaining and losing reaches adjacent to the Lower West 
Area and the tailings piles is shown on Sheets 1 and 2 of Figure 7, and Figure 8 
shows the gaining and losing reaches east of Tailings Pile 3.  Based on limited 
observations, Intalco conjectured that groundwater likely does not enter 
Railroad Creek above proposed cleanup levels, east of Tailings Pile 3 (ERM and 
URS 2009).  However, groundwater above proposed cleanup levels has been 
found in several wells east of the Tailings Pile 3 and preliminary observations 
indicate both gaining and losing conditions along Railroad Creek east of Tailings 
Pile 3, as indicated on Figure 8. 

Intalco has also suggested that observations over time indicate concentrations of 
hazardous substances are decreasing in groundwater downstream of the tailings 
piles.  While this may be true for some wells, there is considerable scatter in 
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some of the data as indicated on Figure 9.  A statistically robust monitoring 
program would be needed to support natural attenuation as a possible part of 
the remedy. 

3.2 Summary of Proposed Cleanup Levels and Exceedances for Soils 

Proposed cleanup levels for soils were identified in Section 2.5 of the SFS.  
However, new proposed soil cleanup levels have been developed as part of the 
Agencies’ evaluation of Alternatives 13M and 14, as discussed herein. 

Soil concentrations of more than a dozen hazardous substances and petroleum 
hydrocarbons exceed state criteria for protection of human health from dermal 
contact and/or soil ingestion, groundwater, surface water, and/or site-specific 
risk-based soil criteria for protection of terrestrial organisms. 

The SFS identified preliminary soil cleanup levels based on the MTCA 
Table 749-3 default screening levels for protection of terrestrial receptors, and 
required an ecological risk assessment (i.e., TEE) to be completed during 
remedial design to determine final soil cleanup levels.  Intalco prepared a TEE as 
part of developing Alternative 13M and used the results to propose what it 
referred to as preliminary Ecological Indicator Soil Concentrations (EISCs).  These 
EISCs are presented in Appendix I of the draft Alternative 13M report.  These 
EISCs were intended to form the basis for site-specific soil cleanup levels; 
however, EISCs were not developed for all constituents of concern at all areas of 
interest.  In addition, EISCs for a number of constituents were based on default 
toxicity reference values (TRVs) that Intalco proposed to supersede subsequent 
to the issuance of Appendix I of the Alternative 13M report (ERM 2009b and 
ERM 2009c).  For these reasons, the Agencies rejected the EISC values 
presented in Appendix I of the Alternative 13M report (Ecology 2010a).  The 
Agencies used the data from the TEE, along with Intalco's proposed revised TRVs 
(plus the Agencies’ evaluation and modifications to these proposed TRVs) to 
develop proposed site-specific soil cleanup levels, as described in Appendix E.  
The ecological risk-based soil concentrations protective of terrestrial receptors 
are presented in Table 9. 

The following sections summarize the constituents of concern and exceedances 
of proposed soil cleanup levels, including HQ values for terrestrial receptors, in 
each of the AOIs described in Section 1.3.  Table 10 shows areas of the Site that 
have soils with hazardous substance concentrations that exceed proposed 
cleanup levels, and Table 14 shows HQs for terrestrial receptors at each AOI. 
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3.2.1 Tailings Piles 1, 2, and 3 

The tailings piles have concentrations of cadmium and copper that exceed 
human health-based criteria for protection of groundwater; concentrations of 
various hazardous substances that produce HQs greater than 1 for plants and 
soil invertebrates; and cadmium, copper, thallium, and zinc HQs ranging from 
4 to 40 for wildlife species. 

3.2.2 East and West Waste Rock Piles 

Waste rock in these two piles has concentrations of cadmium and copper that 
exceed human health-based criteria for protection of groundwater; 
concentrations of various hazardous substances that produce HQ values greater 
than 1 for plants and soil invertebrates; and barium, chromium, copper, lead, 
molybdenum, thallium, and zinc HQ values ranging from 2 to 60 for wildlife 
species. 

3.2.3 Honeymoon Heights Waste Rock Piles 

The waste rock in these piles has concentrations of copper and mercury that 
exceed human health-based criteria for protection of groundwater, and 
concentrations of lead that exceed criteria for direct contact and/or injection.  
The waste rock also has concentrations of various hazardous substances that 
produce HQ values greater than 1 for plants and soil invertebrates; and barium, 
copper, lead, molybdenum, silver, and thallium HQs ranging from 2 to more 
than 100 for wildlife species. 

3.2.4 TEE Areas Downslope from the Honeymoon Heights Waste 
Rock Piles (DSHH) 

The DSHH have concentrations of arsenic, cadmium, and copper that exceed 
human health-based criteria for protection of groundwater and concentrations of 
arsenic that exceed criteria for direct contact and/or ingestion.  Concentrations 
of various hazardous substances produce HQ values greater than 1 for plants 
and soil invertebrates; and aluminum, barium, copper, and thallium HQs ranging 
from 2 to 70 for wildlife species. 

3.2.5 Ballfield Area 

Soil at this AOI does not exceed human-health based criteria.  Concentrations of 
copper in soil produce an HQ value of 2 for soil invertebrates. 
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3.2.6 Holden Village 

Soil at Holden Village does not exceed human health-based criteria.  Soils do 
produce HQs of 3 to 4 for plants and wildlife from aluminum; and HQs of 2 for 
plants and invertebrates from copper and invertebrates from zinc. 

3.2.7 Lower West Area 

Soils in the Lower West Area-East have concentrations of arsenic, cadmium, 
copper, and lead that exceed human health direct contact and ingestion criteria; 
and concentrations of arsenic, cadmium, and copper that exceed human health-
based criteria for protection of groundwater.  Soils in this area also have HQs for 
plants, soil invertebrates, and wildlife species for several constituents ranging 
from 2 to more than 100. 

Soils in the Lower West Area-West (west of the road to the Maintenance Yard 
and excluding the Lagoon), have concentrations of arsenic that exceed human 
health direct contact and ingestion criteria and health-based criteria for 
protection of groundwater.  Soils in this area do not have HQs greater than one 
for terrestrial ecological receptors. 

3.2.8 Lagoon Area 

Soils within the Lagoon have concentrations of cadmium, copper, silver, 
thallium, and zinc that exceed human health-based criteria for protection of 
groundwater.  Soils in the Lagoon also have concentrations of cadmium, copper, 
lead, and zinc that exceed criteria for direct contact and/or ingestion.  Soils in 
this area also have HQs for a number of constituents (including petroleum 
hydrocarbons) of 3 to over 100 for plants, soil invertebrates, and wildlife species. 

3.2.9 Wind-Blown Tailings Area 

Soils within the Wind-Blown Tailings Area do not exceed human health-based 
criteria.  Soils do produce an HQ of 3 for plants from molybdenum. 

3.2.10 Maintenance Yard 

Soils at the Maintenance Yard have concentrations of arsenic, copper, lead, and 
petroleum hydrocarbons that exceed human health risk-based criteria for direct 
contact/ingestion and concentrations of arsenic, cadmium, copper, and 
petroleum hydrocarbons that exceed health-based criteria for protection of 
groundwater.  Soil in this area also has HQs for a number of constituents 
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(including petroleum hydrocarbons) of 2 to over 100 for plants, soil 
invertebrates, and wildlife species. 

3.2.11 Former Mill Building 

Soils in the former Mill Building area have not been characterized due to safety 
concerns associated with the derelict structure, but will need to be characterized 
during remedial action.  Sources of contamination within the former Mill 
Building likely include unprocessed ore, mineral concentrates (processing 
residuals), and mineral salts present on the surface and in abandoned 
equipment.  The presence of potential hazardous substances is inferred from 
groundwater seeps from the mill area that have concentrations of several 
hazardous substances above proposed cleanup levels. 

3.2.12 Ventilator Portal Surface Water Retention Area 

Soils within the Ventilator Portal Surface Water Retention Area exceed human-
health based criteria for protection of groundwater for cadmium and copper.  
Soils in this area also have HQs for aluminum, barium, copper, and zinc of 2 to 
over 100 for plants, soil invertebrates, and wildlife species. 

3.2.13 Lucerne - Holden Road 

Soils along the Lucerne-Holden Road have not been characterized to date, but 
will need to be characterized during remedial action. 

4. CLEANUP COMPONENTS 

Cleanup alternatives for surface water and soils, including mine tailings and 
waste rock, were evaluated in Section 4.3.1.1 of the SFS, and have been further 
evaluated as described in this ASFS.  Section 4.3.1.1 of the SFS also discussed 
cleanup of groundwater and sediment; these cleanup components are referred 
to herein but have not been further evaluated in this ASFS. 

The approach for cleanup of surface water identified in the DFFS screening 
process, and carried through the SFS, is source control.  This includes 
containment and treatment of groundwater above proposed cleanup levels that 
discharges into surface water, as well as preventing the release of contaminated 
soils (including tailings and waste rock) into surface water.  The alternatives for 
control of groundwater differ on the location of barriers and collection 
components to prevent groundwater containing hazardous substances from 
migrating and from discharging into surface water. 
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Potential approaches to soil cleanup were evaluated to select the most 
appropriate alternative for each AOI, considering existing land use and physical 
constraints, such as topography, that affect the feasibility of the alternatives in 
different areas.  The potential soil cleanup approaches that were considered are 
listed below: 

 Consolidation, to reduce the volume of impacted soils and the extent of the 
area impacted. 

 Stabilization, to prevent future releases due to geologic processes such as 
erosion or mass wasting. 

 Capping, to reduce or prevent infiltration, and to prevent direct contact with 
humans or ecological receptors.  The extent of capping should be limited by 
consolidation of impacted materials, so as to reduce the footprint of the cap 
that would thereafter need to be monitored and maintained. 

 In situ treatment to reduce mobility and bioavailability of hazardous 
substances. 

 Downgradient barriers to protect surface water and groundwater. 

Different approaches for soil cleanup may be appropriate for different areas of 
the Site, depending on the nature and extent of contamination, habitat values, 
and physical constraints such as topography.  Regulatory considerations are 
discussed below; the feasibility of implementing these alternatives for specific 
AOIs is discussed in Section 5.2. 

Institutional controls are part of essentially all other remedial components, for 
diverse reasons, e.g., to prevent direct contact with hazardous substances that 
present a risk to human health; prevent ground-disturbing activities that would 
result in the spread of hazardous substances; protect the integrity of caps; 
protect and assure performance of the groundwater containment, collection and 
treatment system(s); assure operation, maintenance and monitoring of other 
remedy components; and to prevent human exposure to groundwater that 
exceeds drinking water standards within WMAs.  Specific institutional controls 
are described conceptually in Section 4.2 for some AOIs; final requirements for 
institutional controls will be determined at the time the ROD is prepared. 

4.1 Regulatory Considerations 

Selection of a remedy needs to satisfy requirements of both CERCLA (40 CFR § 
300.430) and MTCA (WAC 173-340-360).  However, in some parts of the Site, 
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some potential remedial actions could result in more environmental harm than 
benefit.  Federal and state laws differ in their approach to selecting remedial 
components in order to avoid adverse impacts that might be caused by the 
cleanup.  These differences are explained in Sections 4.1.1 and 4.1.2. 

4.1.1 CERCLA Requirements 

During remedy selection under CERCLA, the assessment of short-term impacts of 
alternatives includes consideration of: 

Potential environmental impacts of the remedial action and the 
effectiveness and reliability of mitigative measures during 
implementation. . . [40 CFR 300.430(e)(9)(iii)(E)(3)]. 

CERCLA guidance (EPA 1999, OSWER Directive 9285.7-28P pages 6 and 7) 
further clarifies and expands this concept by explicitly advising that some 
contaminated areas may be better left unremediated if the cleanup would cause 
greater ecological harm: 

Will the cleanup cause more ecological harm than the current site 
contamination? 

Whether or not to clean up a site based on ecological risk can be a 
difficult decision at some sites.  When evaluating remedial 
alternatives, the NCP highlights the importance of considering both 
the short-term and long-term effects of the various alternatives, 
including the no action alternative, in determining which ones 
‘adequately protect human health and the environment.’  Even 
though an ecological risk assessment may demonstrate that adverse 
ecological effects have occurred or are expected to occur, it may not 
be in the best interest of the overall environment to actively 
remediate the site.  At some sites, especially those that have rare or 
very sensitive habitats, removal or in situ treatment of the 
contamination may cause more long-term ecological harm (often due 
to wide spread physical destruction of habitat) than leaving it in 
place.  Conversely, leaving persistent and/or bioaccumulative 
contaminants in place where they may serve as a continuing source 
of substantial exposure, may also not be appropriate. 

The likelihood of the response alternatives to achieve success and 
the time frame for a biological community to fully recover should be 
considered in remedy selection.  Although most receptors and 
habitats can recover from physical disturbances, risk managers 
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should carefully weigh both the short- and long-term ecological 
effects of active remediation alternatives and passive alternatives 
when selecting a final response.  This does not imply that there is a 
preference for passive remediation; all reasonable alternatives should 
be considered.  For example, the resilience and high productivity of 
many aquatic communities allows for aggressive remediation, 
whereas the removal of bottomland hardwood forest communities in 
an area in which they cannot be restored due to water management 
considerations may argue heavily against extensive action in all but 
the most highly contaminated areas. 

The evaluation of ecological effects resulting from implementing 
various alternatives should be discussed in the Feasibility Study or the 
Engineering Evaluation/Cost Analysis and should include input from 
the ecological risk assessor and the federal and/or state trustees 
responsible for the resources that may be impacted by the response. 

CERCLA provides for an ARAR waiver and selection of a remedy that does not 
attain an ARAR if the administrative record supports a finding that compliance at 
a given site or portion of a site will result in greater risk to human health and the 
environment than alternative options.  [See 42 U.S.C. § 121(d)(4)(B).] 

4.1.2 MTCA and SEPA Requirements 

MTCA allows consideration of the environmental impact of the cleanup action 
itself as part of a disproportionate cost analysis to determine whether a cleanup 
action is permanent to the maximum extent practicable (WAC 173-340-
360(3)(f)(i)).  This includes consideration of the risks to the environment 
associated with construction and implementation of an alternative and the 
overall improvement of environmental quality resulting from the alternative.  
However, unlike CERCLA, MTCA regulations, policy, and guidance do not 
explicitly allow final cleanup actions that do not meet cleanup standards if 
meeting such standards would cause greater ecological harm than benefit. 

The State Environmental Policy Act (SEPA) (Chapter 43.21C RCW), provides 
Ecology with substantive authority, subject to certain provisions, to modify a 
proposed cleanup action to mitigate adverse environmental impacts (RCW 
43.21C.060; WAC 197-11-660); (RCW 43.21C.036; WAC 197-11-250). 

A proposed cleanup action that includes components that would cause more 
ecological harm (e.g., permanent habitat destruction) than the threat posed by 
existing site contamination should be conditioned to avoid such harm.  As such, 
Ecology expects that under its adopted SEPA policies (see WAC 173-802-110) it 
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would condition the cleanup action such that those components of the action 
would be mitigated to eliminate the undue adverse impacts. 

4.2 Identification of Cleanup Components for Specific AOIs 

This section discusses cleanup components for specific areas of the Site 
considering topographic, land use, and other factors that potentially constrain 
selection of remedial measures. 

Potential cleanup approaches were assessed for each AOI to determine how 
best to achieve proposed cleanup levels, as discussed below.  The comparison 
of potential alternative approaches was done in compliance with the MTCA 
requirements for selecting cleanup actions [WAC 173-340-360(2)], including 
those to determine whether the alternatives are permanent to the maximum 
extent practicable [WAC 173-340-360(3)].  The analysis is also intended to 
inform Ecology’s consideration under SEPA, WAC 197-11-660, and WAC 173-
802-110. 

4.2.1 Tailings Piles 1, 2, and 3 

Cleanup of the tailings piles can be accomplished by a combination of 
approaches that include consolidation, capping, downgradient barriers to 
contain impacted groundwater, and institutional controls. 

 Consolidation is a reasonable part of cleanup in order to relocate areas of 
the tailings that are thin or intermittent, to within the main tailings pile 
footprint, prior to construction of a cap. 

 Capping is needed to reduce infiltration, prevent direct contact, prevent 
dispersion of the tailings by erosion, and to satisfy the performance 
requirements for closure of limited purpose landfills [WAC 173-350-
400(3)(e)(i)] and other ARARs.  The tailings pile slopes will need to be 
regraded prior to capping to assure long-term stability. 

 Downgradient barriers to contain groundwater impacted by releases from 
the tailings piles (and other portions of the Site) is needed as part of cleanup 
since it is not practicable to clean up all such impacted groundwater, or to 
prevent ongoing releases from the tailings piles to groundwater, as discussed 
in Section 4.1.1.3.1 of the SFS. 

 Finally, institutional controls are needed as part of the cleanup action to 
protect integrity of the cap; to protect and assure performance of the 
groundwater containment, collection, and treatment system; and to prevent 
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human exposure to groundwater that exceeds drinking water standards due 
to releases from the tailings piles and other areas of the Site. 

Alternative 11M includes a cap for the tailings piles that would meet the 
presumptive final closure cover requirements for limited purpose landfills [WAC 
173-350-400(3)(e)(ii)].  This cap would consist of a minimum of two feet of 
earthen material and a minimum 30-mil-thick geomembrane.  For Alternative 
13M, Intalco proposed to place a cover consisting of 6-inches of “soil/gravel and 
wood slash” on the top surface of the tailings piles, and 8- to 12-inches of 
“soil/gravel” on the tailings pile side slopes, but did not explain the basis for this 
proposed cover.26  Appendix C summarizes the performance requirements for 
limited purpose landfill covers [WAC 173-350-400(3)(e)(i)], which the Agencies 
believe can be met for the tailings pile cap, with less cost than the presumptive 
cover requirements.27 

Alternative 11M includes regrading to move the toe of the tailings piles away 
from Railroad Creek and to provide room for construction of a groundwater 
barrier and collection system.  Alternative 11M also includes a soil buttress to 
improve seismic stability of the regraded tailings piles slopes, based on 
geotechnical analysis of data collected by Intalco in 2008-2009.28 

Intalco proposed relocating a portion of Railroad Creek to allow construction of 
a groundwater barrier and collection system for Alternative 13M, to avoid the 
need to move the toe of the tailings piles away from Railroad Creek, as depicted 
on Figure 13 of this ASFS.29  Intalco has suggested the extent of the groundwater 

                                                 

26 Intalco subsequently provided another proposed cover consisting of twelve inches of soil, or soil and amended tailings 

(URS 2010a). 
27 For the purpose of remedy selection, the Agencies expect that a 2-foot-thick soil cap may meet the performance 

requirements for a final tailings pile cover, as discussed in Appendix C, and have used this assumption to evaluate 

Alternative 14.  Final determination of the type of soil, thickness, and other details, such as erosion prevention and control 

of run-on and runoff, will be made during remedial design.  An important consideration that will need to be addressed is 

the requirement that the cap be capable of sustaining native communities, including both vegetation and wildlife. 
28 Intalco’s seismic liquefaction and slope stability analyses determined that a toe buttress is needed to provide stability of 

the tailings pile slopes for both Alternatives 11 and 13M.  However, the Agencies found that Intalco did not use a 

consistent approach or assumptions in evaluating the buttress for these two alternatives, and have revised Intalco’s 

analysis, as discussed in Appendix A. 
29 Although Intalco accomplished a considerable amount of work in 2008 and 2009 to support remedial design, Intalco 

has not fully addressed all the questions previously raised by the Agencies, as discussed in Forest Service (2010a).  For 

example, the extent of creek relocation proposed by Intalco (see Figure 3.1 of ERM and URS 2009a) may not provide 

adequate room for construction of a groundwater barrier and collection system between the west portion of the north-

facing slope of Tailings Pile 1 and the existing Railroad Creek channel.  The extent of Railroad Creek relocation will need 

to be further assessed as part of remedial design. 
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barrier and collection system could be modified at a future time if Intalco does 
not demonstrate that Alternative 13M is protective of Railroad Creek adjacent to 
and downstream of Tailings Piles 2 and 3. 

The Agencies adopted Intalco’s proposed concept of creek relocation as a 
component of the new Alternative 14, as depicted on Figure 14, with the 
understanding that the actual extent of creek relocation will need to be further 
assessed during remedial design.  The extent of the groundwater barrier and 
collection system for Alternative 14 was determined based on MTCA 
requirements, as discussed in Appendix D. 

If Intalco demonstrates that impacted groundwater above proposed cleanup 
levels is not entering Railroad Creek adjacent and downstream of Tailings Piles 2 
and 3, the extent of the groundwater barrier and collection system may be 
modified after the ROD and the basis for this change documented. 

4.2.2 East and West Waste Rock Piles 

Like the tailings piles, cleanup of the East and West Waste Rock Piles can be 
accomplished by a combination of approaches that include capping, 
consolidation, downgradient barriers to contain impacted groundwater, and 
institutional controls. 

Capping the existing East and West Waste Rock Piles is needed to reduce 
infiltration, prevent direct contact, prevent dispersal of the waste rock by erosion 
or mass wasting, and to satisfy the requirements for closure of limited purpose 
landfills [WAC 173-350-400] and other ARARs. 

The waste rock slopes will need to be regraded prior to capping to assure long-
term stability.  Waste rock that is displaced by slope regrading could be 
consolidated to remain within the modified footprint of the waste rock pile(s);  
consolidated onto one of the three tailings piles prior to capping; and/or placed 
in an on-site landfill that meets state requirements for limited purpose landfills 
(WAC 173-340-400). 

Alternative 11M includes capping the regraded East and West Waste Rock Piles 
with two feet of soil and a geomembrane. 

For Alternative 13M, Intalco proposed covering the regraded East and West 
Waste Rock Piles with a vegetated 6-inch soil cover on the top and 8- to 12-inch 
soil cover on the side slopes [see also URS (2010a) for a different approach].  
Intalco also proposed that excess waste rock from regrading the East and West 
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Waste Rock Piles could be used as fill over the former Mill Building area, and 
capped with a vegetated 6-inch soil cover.30 

For evaluation of Alternative 14, the Agencies used a 2-foot-thick soil cover over 
the regraded East and West Waste Rock Piles, which they believe may satisfy the 
performance requirements for final closure of limited purpose landfills [WAC 
173-350-400(3)(e)(i)].  As noted in footnote 27, an important consideration that 
will need to be addressed is the requirement that the cap be capable of 
sustaining native communities.  Final determination of the type of soil, thickness, 
and other details, such as erosion prevention and control of run-on and runoff, 
would be determined during remedial design. 

Downgradient barriers to contain groundwater impacted by releases from the 
East and West Waste Rock Piles (and other portions of the Site) are needed as 
part of cleanup since it is not practicable to clean up all such impacted 
groundwater or prevent ongoing contamination of groundwater beneath the 
waste rock piles, as discussed in Section 4.1.1.3.1 of the SFS.  A groundwater 
barrier and collection system downgradient of the East and West Waste Rock 
Piles is included in alternatives 11M, 13M and 14. 

Finally, institutional controls are needed as part of the cleanup action to protect 
integrity of the cap; protect and assure performance of the groundwater 
containment, collection and treatment system; and to prevent human exposure 
to groundwater that exceeds drinking water standards due to releases from the 
waste rock piles (and other areas of the Site). 

4.2.3 Honeymoon Heights Waste Rock Piles 

As noted in Section 1.3.3 the Honeymoon Heights Waste Rock Piles are located 
on a steep slope and at least partially within riparian areas.  These areas are 
biologically important and portions of these areas may be subject to protection 
as wetlands under state and federal law. 

Alternative 11M includes removing the Honeymoon Heights Waste Rock Piles 
for consolidation and capping with other waste rock from the East and West 
Waste Rock Piles.  However, removal or capping of the Honeymoon Heights 
Waste Rock Piles would likely require construction of an access road for heavy 
equipment, as well as significant disturbance of the areas immediately adjacent 

                                                 

30 Intalco did not address whether disposal of waste rock over the former Mill Building area would constitute a new landfill 

that would need to meet applicable provisions of the limited purpose landfill requirements (e.g., liner system design and 

leachate collection and control systems [WAC 173-350-400(3)(b) and (3)(c)] and other ARARs). 
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to the waste rock piles.  The Honeymoon Heights access road would need to be 
benched into the hillside for stability.  Due to the steepness of the hillside, the 
benches would typically need to be constructed by excavating into the shallow 
bedrock.  Downslope soils would be loosened by the blasting, which, along with 
drainage changes, could accelerate erosion.  After construction of the 
Honeymoon Heights access road was complete, it would not be possible to 
completely restore the disturbed areas because the steepness of the slope would 
limit the area where soil could be replaced in a stable configuration. 

Intalco has suggested that there are areas along the Honeymoon Heights access 
road, and possibly underlying the waste rock piles, where there is likely 
insufficient rock thickness for safe access across portions of the abandoned 
underground workings.  Even if an access road alignment could be established 
to avoid crossing unsafe mine workings, the disturbance due to road 
construction is likely to be permanent.31 

Short-term impacts related to erosion, changes in existing drainage patterns, and 
potential slope instability are also likely to occur downslope of the piles and 
downslope of the access road, and there is some potential that these adverse 
impacts would continue long after implementation of the remedy.  The effect of 
these impacts would be the loss or degradation of habitat and removal of 
vegetation and topsoil.  Since Honeymoon Heights is relatively steep, it would 
be difficult to mitigate erosion and instability in the areas disturbed, or to restore 
lost topsoil. 

The area of disturbance to remove or cap the Honeymoon Heights Waste Rock 
Piles would include the waste rock piles themselves as well as about five more 
acres that would need to be cleared for the Honeymoon Heights access road 
prism and construction access to work around the waste.  In addition, the 
Agencies estimate that an additional area of approximately 70 acres downslope 
of the Honeymoon Heights access road would likely to be impacted by erosion 
and potential instability during or following construction. 

In order to avoid the adverse impacts of removal or capping the Honeymoon 
Heights Waste Rock Piles, Intalco proposed no action to protect terrestrial 
ecological receptors from risks associated with the Honeymoon Heights Waste 
Rock Piles as part of Alternative 13M (ERM and URS 2009a).  Instead, Intalco 

                                                 

31 Helicopter access would also involve significant disturbance to provide landing zones on the steep hillside, as well as 

disturbance of the waste rock piles and immediately adjacent areas, and potential long-term impacts.  Helicopters have 

been proposed by the Forest Service as a means of delivering construction equipment and removing waste rock at other 

abandoned mine sites, but have not been evaluated in detail at Holden. 
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proposed reliance on “monitored natural recovery,” although it did not present 
any discussion of how this recovery would improve conditions over time. 

Under Alternative 14, the Agencies propose to mitigate the environmental threat 
posed by existing contamination in such a way as to avoid the long-term habitat 
destruction that would result from removal or capping the Honeymoon Heights 
Waste Rock Piles.  In situ treatment may adequately reduce risk to terrestrial 
receptors from the mobility and bioavailability of the hazardous substances, 
where this is related to soil pH, as discussed in Appendix B.32 

The Honeymoon Heights Waste Rock Piles were apparently loose-dumped on 
the existing steep hillside, and the waste rock slopes are marginally unstable.  
These slopes are susceptible to instability related to mass wasting and erosion 
due to seasonal precipitation and snowmelt runoff.  Based on stability analyses 
of the main East and West Waste Rock Pile slopes, the Honeymoon Heights 
Waste Rock Pile slopes would likely be unstable under moderate seismic 
shaking.  Avalanches and other instabilities would likely lead to fresh exposure of 
relatively unweathered waste rock over time.  As a result, the Agencies 
anticipate that the area impacted by releases from the Honeymoon Heights 
Waste Rock Piles would increase over time, as the waste rock is dispersed 
downslope by erosion and mass wasting.  Therefore, in situ treatment would 
need to be designed to include not only the waste rock piles themselves, but the 
impacted DSHH areas. 

Alternative 14 includes the use of in situ treatment for soil at several areas, 
including the Honeymoon Heights Waste Rock Piles and the DSHH.  This 
approach is proposed for these areas instead of more intrusive measures, such 
as excavation, because it avoids potentially permanent destruction of habitat.  
The Agencies anticipate that this approach would adequately reduce risk to 
terrestrial organisms, and this would be confirmed based on treatability studies 
conducted during remedial design.  However, even if these studies conclude 
that in situ treatment is not fully effective at reducing risk to terrestrial organisms, 
the Agencies do not anticipate that more intrusive cleanup measures, such as 
those proposed under Alternative 11M, would be implemented because the 
anticipated habitat loss would outweigh any benefits of the action. 

                                                 

32 Various studies have indicated that the mobility and bioavailability of hazardous substances released from the waste 

rock could be reduced if pH is adjusted, for example, by periodic application of granulated limestone.  However, the 

efficacy of this has not been demonstrated in all cases, and increased pH may itself adversely affect some species.  The 

feasibility, effectiveness, application method, rate, extent, and frequency of application would need to be determined 

during remedial design.  Appendix B provides an overview of lime application used in mine reclamation and in related 

studies. 
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Under CERCLA, the potential environmental impacts of the remedial action and 
the effectiveness and reliability of mitigative measures during implementation 
must be considered before implementing a remedy [40 CFR 
300.430(e)(9)(iii)(E)(3)].  CERCLA guidance (EPA 1999) also advises that some 
areas may be better left unremediated if the cleanup would cause greater 
ecological harm.  In the event that in situ treatment is not completely effective 
and more intrusive cleanup measures would cause significant environmental 
harm, the ARAR setting forth the cleanup level may be waived, in accordance 
with CERCLA Section 121(d)(4)(B), through an ESD or ROD Amendment.  The 
Agencies also anticipate that Ecology, using its substantive authority under SEPA, 
would not require the implementation of more intrusive measures with potential 
adverse impacts to these areas. 

Alternatives 11M, 13M and 14 all include installation of air-tight closures of the 
Honeymoon Heights adits, to reduce the rate that hazardous substances are 
released into groundwater within the mine.  These closures can likely be 
accomplished by low-impact methods (e.g., hand placement of polyurethane 
foam), but may require some excavation. 

The Alternatives 11M, 13M, and 14 also include downgradient collection for 
treatment of groundwater impacted by releases from the Honeymoon Heights 
Waste Rock Piles before it discharges into Railroad Creek.  This would include 
collection of seeps SP-12 and SP-23 for treatment.  Groundwater monitoring is 
required in the DSHH to determine whether groundwater, in addition to seeps 
SP-12 and SP-23, should be collected and treated, due to releases from the 
Honeymoon Heights Waste Rock Piles. 

Finally, because concentrations exceed human health criteria, institutional 
controls are needed as part of the cleanup action to prevent direct contact with 
and disturbance of the waste rock piles, as well as to prevent human exposure to 
groundwater that exceeds drinking water standards due to releases from these 
waste rock piles.33 

                                                 

33 The Agencies consider institutional controls are likely to be effective for elimination of the human health risks due to 

hazardous substances in the Honeymoon Heights Waste Rock Piles (and in the impacted areas immediately downslope 

discussed in Section 4.2.4).  There is only limited access along a single trail in this steep sloped area, and warning signs 

along the trail and at the Honeymoon Heights Waste Rock Piles could be used to alert visitors to avoid hazardous 

substances in or released from the waste rock.  Recreational visitors (hikers) are unlikely to be present in this area for 

extended periods (e.g. camping is more likely to occur in less steep areas within the Railroad Creek valley). 
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4.2.4 TEE Areas Downslope from the Honeymoon Heights Waste 
Rock Piles 

As noted in Section 1.3.4, the TEE described the DSHH AOI as consisting of a 
total of about 3 acres of riparian forest habitat directly downslope from the 
Honeymoon Heights Waste Rock Piles associated with the 300-, 550-, 700-,  
800-, and 1100-level portals.  The largest of the DSHH, as defined by the TEE, is 
shown on Figure 3.  Like the Honeymoon Heights Waste Rock Piles, the DSHH 
are located on a relatively steep north-facing slope. 

As described for the Honeymoon Heights Waste Rock Piles, active remedial 
measures to achieve proposed cleanup levels in the DSHH by consolidation, 
stabilization, or capping would cause significant disturbance to more than 
8 acres, including the Honeymoon Heights access roadway prism, and potential 
long-term impacts to approximately 70 acres of the downslope of the 
Honeymoon Heights access road.  Alternative 11M includes this approach for 
purposes of comparison to other remedy alternatives. 

Alternative 13M (ERM and URS 2009a) would rely on “…monitored natural 
recovery, including regular inspections of progress and periodic evaluations of 
whether more aggressive actions are required for this AOI.” 

As discussed for the Honeymoon Heights Waste Rock Piles, active remediation 
of the DSHH would result in long-term habitat destruction that would likely 
outweigh the environmental threat posed under existing conditions.  Therefore, 
Alternative 14 includes in situ treatment of the DSHH.  The Agencies anticipate 
that this approach would adequately reduce risk to terrestrial organisms, and this 
would be confirmed based on treatability studies conducted during remedial 
design.  However, even if these studies conclude that in situ treatment is not 
fully effective at reducing risk to terrestrial organisms, the Agencies do not 
anticipate that more intrusive cleanup measures, such excavation or capping, 
would be implemented because of the anticipated habitat loss would outweigh 
any benefits of the action. 

Under CERCLA, the potential environmental impacts of the remedial action and 
the effectiveness and reliability of mitigative measures during implementation 
must be considered before implementing a remedy [40 CFR 
300.430(e)(9)(iii)(E)(3)].  CERCLA guidance (EPA 1999) also advises that some 
areas may be better left unremediated if the cleanup would cause greater 
ecological harm.  In the event that in situ treatment is not completely effective 
and more intrusive cleanup measures would cause significant environmental 
harm, the ARAR setting forth the cleanup level may be waived, in accordance 
with CERCLA Section 121(d)(4)(B), through an ESD or ROD Amendment.  The 
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Agencies also expect that Ecology, using its substantive authority under SEPA, 
would not require the implementation of more intrusive measures with potential 
adverse impacts to these areas. 

The proposed cleanup for the DSHH AOI would address protection of Railroad 
Creek from the downgradient soil-to-groundwater-to-surface water pathway 
through the same downgradient seep collection and monitoring described for 
the Honeymoon Heights Waste Rock Piles. 

The proposed cleanup approach for the DSHH would also protect human health 
through institutional controls, as described for the Honeymoon Heights Waste 
Rock Piles to reduce risk of direct contact, prevent disturbance of the impacted 
areas, and prevent consumption of impacted groundwater. 

4.2.5 Ballfield Area 

The Ballfield Area has little native habitat and is largely covered by introduced 
species.  Cleanup could be accomplished by removal of soils with elevated 
hazardous substance concentrations (as evidenced by visible tailings or waste 
rock, staining, or other indicators), and consolidated into the main tailings piles 
prior to capping the tailings. 

Alternative 11M includes removal of soils with hazardous substance 
concentrations above proposed cleanup levels. 

Intalco (ERM and URS 2009a) described the Ballfield Area as having dense plant 
cover with high species richness and structural complexity, but did not 
specifically address whether this was limited to the disturbed Ballfield Area, or 
the adjacent National Forest that extends into the Glacier Peak Wilderness Area.  
Intalco proposed to rely on “monitored natural recovery, including regular 
inspections of progress and periodic evaluations of whether more aggressive 
actions are required” for cleanup of the Ballfield Area under Alternative 13M. 

Under Alternative 14, soils with hazardous substances above proposed cleanup 
levels would be removed from previously disturbed area, and consolidated into 
the tailings piles prior to capping the tailings.  Areas where soil is removed to 
protect terrestrial receptors would be revegetated with native vegetation to 
satisfy ARARs and TBC criteria. 

If further characterization during remedial design or remedial action shows soils 
above proposed cleanup levels extend into forest areas with high habitat value, 
such as old growth timber, such areas could be remediated through in situ 
treatment to reduce the mobility and bioavailability of hazardous substances.  
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The Agencies anticipate that this approach would adequately reduce risk to 
terrestrial organisms, and this would be confirmed based on treatability studies 
conducted during remedial design.  However, even if these studies conclude 
that in situ treatment is not fully effective at reducing risk to terrestrial organisms, 
the Agencies do not anticipate that more intrusive cleanup measures, such 
excavation or capping, would be implemented because the anticipated habitat 
loss would outweigh any benefits of the action. 

Under CERCLA, the potential environmental impacts of the remedial action and 
the effectiveness and reliability of mitigative measures during implementation 
must be considered before implementing a remedy [40 CFR 
300.430(e)(9)(iii)(E)(3)].  CERCLA guidance (EPA 1999) also advises that some 
areas may be better left unremediated if the cleanup would cause greater 
ecological harm.  In the event that in situ treatment is not completely effective 
and more intrusive cleanup measures would cause significant environmental 
harm, the ARAR setting forth the cleanup level may be waived, in accordance 
with CERCLA Section 121(d)(4)(B), through an ESD or ROD Amendment.  The 
Agencies also anticipate that Ecology, using its substantive authority under SEPA, 
would not require the implementation of more intrusive measures with potential 
adverse impacts to these areas. 

4.2.6 Holden Village 

Remedial measures in Holden Village need to be coordinated to minimize 
potential adverse impacts to Village operations and existing buildings, roads and 
pipelines.  The Village is in a designated historic district and remediation needs 
to address historic preservation ARARs. 

Under Alternative 13M, Intalco proposed no action to clean up Holden Village 
as long as the existing land use continued (ERM and URS 2009a).  In the event 
that Holden Village, Inc. discontinued use of the buildings and grounds, Intalco 
proposed to reevaluate the area at that time to determine if remedial actions are 
required. 

For Alternatives 11M and 14, the Agencies propose that cleanup rely on in situ 
treatment, monitoring, and institutional controls.  Cleanup includes removal or 
capping of impacted soils if encountered within the Village during construction.  
A soil management plan would be developed to minimize impacts to Village 
operations during remedy implementation, and as an institutional control, to 
address potential future exposure of impacted soils after the initial remediation is 
accomplished. 
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4.2.7 Lower West Area 

4.2.7.1 Lower West Area-West 

The Lower West Area west of the road to the Maintenance Yard (Lower West 
Area-West) is relatively undisturbed except for the Lagoon immediately adjacent 
to the road, and has mature stands of both conifers and riparian vegetation. 

Intalco proposed that Alternative 13M would rely on “monitored natural 
recovery,” including regular inspections of progress and periodic evaluations of 
whether more aggressive actions are required for cleanup of the Lower West 
Area-West (ERM and URS 2009a). 

Remedial measures to achieve proposed cleanup levels by consolidation, 
stabilization, or capping the Lower West Area-West would require extensive 
disturbance of high-quality riparian habitat that is minimally impacted by releases 
from the Site.  Such disturbance is incompatible with management of the area as 
a riparian reserve in accordance with the Wenatchee National Forest Land and 
Resource Management Plan (LRMP).  As a result, the Agencies propose that 
cleanup of the Lower West Area-West would be accomplished by in situ 
treatment under both Alternatives 11M and 14.  The Agencies expect that this 
approach would adequately reduce risk to terrestrial organisms, and would be 
confirmed based on treatability studies conducted during remedial design.  
However, even if these studies conclude that in situ treatment is not fully 
effective at reducing risk to terrestrial organisms, the Agencies do not anticipate 
that more intrusive cleanup measures such as excavation or capping would be 
implemented because the potential habitat loss would outweigh any benefits of 
the action. 

Under CERCLA, the potential environmental impacts of the remedial action and 
the effectiveness and reliability of mitigative measures during implementation 
must be considered before implementing a remedy [40 CFR 
300.430(e)(9)(iii)(E)(3)].  CERCLA guidance (EPA 1999) also advises that some 
areas may be better left unremediated if the cleanup would cause greater 
ecological harm.  In the event that in situ treatment is not completely effective 
and more intrusive cleanup measures would cause significant environmental 
harm, the ARAR setting forth the cleanup level may be waived, in accordance 
with CERCLA Section 121(d)(4)(B), through an ESD or ROD Amendment.  The 
Agencies also anticipate that Ecology, using its substantive authority under SEPA, 
would not require the implementation of more intrusive measures with potential 
adverse impacts to these areas. 
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Remedial measures in the Lower West Area-West under Alternatives 11M, 13M, 
and 14 also include a downgradient groundwater barrier and collection system 
to contain groundwater that exceeds aquatic life protection criteria. 

Alternatives 11M, 13M, and 14 include institutional controls to protect and 
assure performance of the groundwater containment, collection and treatment 
system, and to protect humans from direct contact and ingestion (including 
groundwater consumption) of hazardous substances in the Lower West Area 
soils. 

4.2.7.2 Lower West Area-East 

The Lower West Area-East is relatively disturbed and typically has little high-
quality habitat, except for discontinuous stands of mature conifers and riparian 
vegetation, especially along the south bank of Railroad Creek. 

Under Alternative 13M, Intalco proposed locating the major portion of a 
groundwater treatment facility in the Lower West Area-East, which would 
include removal or covering impacted soils in portions of this AOI (ERM and 
URS 2009a).  Intalco proposed cleanup of the remainder of the Lower West 
Area-East would be accomplished by “monitored natural recovery,” including 
periodic evaluation of the need for other cleanup measures. 

Under Alternatives 11M and 14, the Agencies propose cleanup of soils with 
elevated hazardous substance concentrations in disturbed or accessible areas of 
the Lower West Area-East be accomplished by removing soil above proposed 
cleanup levels and consolidating these soils into the tailings piles.  The specific 
areas within the Lower West Area-East where soils would be cleaned up by such 
measures would be determined during RD/RA based on further characterization 
and/or other indicators such as visible tailings or staining. 

Under Alternative 14, like Alternative 13M, location of a groundwater treatment 
facility in the Lower West Area-East would enable removal or capping impacted 
soils in portions of this AOI.  Additional removal of soils above proposed 
cleanup levels would be accomplished in disturbed areas with low habitat value, 
and in situ treatment would be accomplished in areas with mature riparian 
habitat (high habitat value). 

Areas where soil is removed or capped to protect terrestrial receptors would be 
revegetated with native vegetation to satisfy ARARs and TBC criteria. 

Soils above proposed cleanup levels in areas with high habitat value would be 
remediated by in situ treatment under Alternatives 11M and 14.  The Agencies 
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anticipate that this approach would adequately reduce risk to terrestrial 
organisms, and would be confirmed based on treatability studies conducted 
during remedial design.  However, even if these studies conclude that in situ 
treatment is not fully effective at reducing risk to terrestrial organisms, the 
Agencies do not anticipate that more intrusive cleanup measures, such 
excavation or capping, would be implemented because the anticipated habitat 
loss would outweigh any benefits of the action. 

Under CERCLA, the potential environmental impacts of the remedial action and 
the effectiveness and reliability of mitigative measures during implementation 
must be considered before implementing a remedy [40 CFR 
300.430(e)(9)(iii)(E)(3)].  CERCLA guidance (EPA 1999) also advises that some 
areas may be better left unremediated if the cleanup would cause greater 
ecological harm.  In the event that in situ treatment is not completely effective 
and more intrusive cleanup measures would cause significant environmental 
harm, the ARAR setting forth the cleanup level may be waived, in accordance 
with CERCLA Section 121(d)(4)(B), through an ESD or ROD Amendment.  The 
Agencies also anticipate that Ecology, using its substantive authority under SEPA, 
would not require the implementation of more intrusive measures with potential 
adverse impacts to these areas. 

Remedial measures in the Lower West Area-East under Alternatives 11M, 13M, 
and 14 also include a downgradient groundwater barrier and collection system 
to limit dispersal of impacted groundwater. 

These alternatives would also include institutional controls to prevent human 
exposure to soils with hazardous substances that exceed criteria for direct 
contact and ingestion, to prevent consumption of groundwater that exceeds 
drinking water standards, and to protect and assure performance of the 
groundwater containment, collection and treatment system. 

4.2.8 Lagoon Area 

Active remedial measures for soils in the Lagoon Area would include 
consolidation and capping soils that exceed proposed cleanup levels under 
Alternatives 11M, 13M, and 14.  The Lagoon is within the Lower West Area 
groundwater barrier containment area that is part of all of these alternatives. 

Under Alternative 11M, soils above proposed cleanup levels would be removed 
to the tailings piles prior to capping of the tailings piles, and the excavated area 
would be backfilled and revegetated. 
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Under Alternatives 13M and 14, impacted soils in the Lagoon would be 
excavated and the excavation incorporated into a groundwater treatment facility 
to be constructed as part of the remedy.  The excavated soils would be 
consolidated with the tailings piles prior to capping. 

4.2.9 Wind-Blown Tailings Area 

Active remedial measures to clean up this AOI by consolidation, stabilization, or 
capping would significantly disturb existing terrestrial habitat. 

There is little or no opportunity to remove soils above proposed cleanup levels 
without extensive adverse impacts to the existing forest habitat in this AOI. 

Therefore, Alternative 11M proposes in situ treatment to reduce the mobility 
and bioavailability of hazardous substances through pH adjustment.  The 
Agencies anticipate that this approach would adequately reduce risk to 
terrestrial organisms, and this would be confirmed based on treatability studies 
conducted during remedial design.  However, even if these studies conclude 
that in situ treatment is not fully effective at reducing risk to terrestrial organisms, 
the Agencies do not anticipate that more intrusive cleanup measures, such 
excavation or capping, would be implemented because the anticipated habitat 
loss would outweigh any benefits of the action. 

Under CERCLA, the potential environmental impacts of the remedial action and 
the effectiveness and reliability of mitigative measures during implementation 
must be considered before implementing a remedy [40 CFR 
300.430(e)(9)(iii)(E)(3)].  CERCLA guidance (EPA 1999) also advises that some 
areas may be better left unremediated if the cleanup would cause greater 
ecological harm.  In the event that in situ treatment is not completely effective 
and more intrusive cleanup measures would cause significant environmental 
harm, the ARAR setting forth the cleanup level may be waived, in accordance 
with CERCLA Section 121(d)(4)(B), through an ESD or ROD Amendment.  The 
Agencies also anticipate that Ecology, using its substantive authority under SEPA, 
would not require the implementation of more intrusive measures with potential 
adverse impacts to these areas. 

However, in the event that land use changes in the future—for example, if this 
area is logged—removal or capping of impacted soils could be accomplished. 
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Under Alternative 13M, a portion of impacted soils will be removed (or possibly 
covered) as part of relocating Railroad Creek.34 Intalco proposed monitored 
natural recovery for the remainder of this AOI. 

Alternative 14, like Alternative 13M, would include removal of some impacted 
soils as part of relocating Railroad Creek.  Excavated soils above proposed 
cleanup levels would be consolidated with the tailings prior to capping of the 
tailings piles.35  For the remainder of this AOI, Alternative 14 includes in situ 
treatment.  The Agencies anticipate that this approach would adequately reduce 
risk to terrestrial organisms, and this would be confirmed based on treatability 
studies conducted during remedial design.  However, even if these studies 
conclude that in situ treatment is not fully effective at reducing risk to terrestrial 
organisms, the Agencies do not anticipate that more intrusive cleanup measures 
such as excavation or capping would be implemented because the anticipated 
habitat loss would outweigh any benefits of the action. 

Under CERCLA, the potential environmental impacts of the remedial action and 
the effectiveness and reliability of mitigative measures during implementation 
must be considered before implementing a remedy [40 CFR 
300.430(e)(9)(iii)(E)(3)].  CERCLA guidance (EPA 1999) also advises that some 
areas may be better left unremediated if the cleanup would cause greater 
ecological harm.  In the event that in situ treatment is not completely effective 
and more intrusive cleanup measures would cause significant environmental 
harm, the ARAR setting forth the cleanup level may be waived, in accordance 
with CERCLA Section 121(d)(4)(B), through an ESD or ROD Amendment.  The 
Agencies also anticipate that Ecology, using its substantive authority under SEPA, 
would not require the implementation of more intrusive measures with potential 
adverse impacts to these areas. 

In the event of land-use changes that would reduce habitat values in this area—
such as logging—alternative active cleanup measures would then be considered. 

                                                 

34 Intalco (ERM and URS 2009a) referred to covering soils above cleanup levels as part of the Alternative 13M creek 

relocation, but did not discuss this in detail.  Caps for soils left in place with hazardous substances above cleanup levels 

would need to satisfy the performance criteria that are discussed in Appendix C. 
35 Capping impacted soils in place under Alternative 14, as suggested by Intalco as part of creek relocation, might also be 

possible, e.g., as part of constructing berms for flood protection.  Whether this could be accomplished in a manner that 

would comply with ARARs would need to be determined during remedial design. 
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4.2.10 Maintenance Yard 

Alternatives 11M, 13M, and 14 all include capping soils above proposed 
cleanup levels in the Maintenance Yard to prevent direct contact and reduce 
infiltration.  The extent of the cap will need to be determined during remedial 
design.  Caps used in areas that are not limited purpose landfills (e.g., the 
Maintenance Yard) would need to meet cap performance standards as 
described in Appendix C. 

The Maintenance Yard is upgradient of the WMA that consists of the Lower 
West Area and Tailings Pile 1, that would be contained inside a groundwater 
barrier and collection system for Alternatives 11M, 13M, and 14. 

Institutional controls would be required to protect integrity of the cap, protect 
and assure performance of the downgradient groundwater containment system, 
and to prevent any future use of groundwater in this area as a drinking water 
source. 

4.2.11 Former Mill Building 

Alternatives 11M and 14 include removal of ore and soil-like processing 
residuals, following demolition of unsafe portions of the structure, and 
installation of a downgradient barrier to contain impacted groundwater.  Any 
soils left in place above proposed cleanup levels would be capped.  
Performance requirements for capping soils above proposed cleanup levels are 
discussed in Appendix C. 

For Alternative 13M, Intalco has proposed demolition of the former Mill Building 
superstructure and removal and/or covering of contaminated material remaining 
on the former Mill Building foundation with waste rock (ERM and URS 2009a).  
Intalco proposed covering the mill area with waste rock and a soil cap after 
structural demolition, so that materials with hazardous substance concentrations 
above proposed cleanup levels would either be removed or buried with waste 
rock at a depth of 6 feet or more.  If waste rock is disposed of in this manner, 
the soil cap would need to meet the performance criteria for limited purpose 
landfill covers [WAC 173-350-400(3)(e)(i)], just as would the caps for the tailings 
piles and main East and West Waste Rock Piles. 

The Mill Building is upgradient of the Lower West Area and Tailings Pile 1 WMA 
that would be contained inside a groundwater barrier and collection system for 
Alternatives 11M, 13M, and 14. 
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Institutional controls would be required under Alternatives 11M, 13M, and 14 to 
protect integrity of the cap and the downgradient groundwater containment 
system, and to prevent any future use of groundwater as a drinking water source 
in this area.  Dangerous waste materials, if encountered, would be removed for 
appropriate disposal, or potentially could be managed on site. 

4.2.12 Ventilator Portal Surface Water Retention Area 

Remedial measures within the former pond, including impacted soils in the side 
berms, are anticipated to include removal of soil with visible tailings along with 
other soils that have elevated hazardous substance concentrations for 
Alternatives 11M, 13M, and 14.  Excavated soils above proposed cleanup levels 
would be consolidated onto the tailings piles prior to capping. 

Alternatives 11M and 14 include groundwater monitoring in new monitoring 
wells and at seeps downgradient of the Surface Water Retention Area and 
Honeymoon Heights to determine whether groundwater collection and 
treatment, or other measures, need to be implemented to be protective and 
satisfy potential ARARs. 

Intalco did not propose any groundwater cleanup or further monitoring 
downgradient of the Surface Water Retention Area.  Intalco asserts that it is not 
necessary to clean up soils for the protection of groundwater in this area, since 
groundwater (seep SP-26) downgradient of the Surface Water Retention Area 
does not exceed ARARs for protection of human health (ERM and URS 2009a, 
page 94).  However, groundwater from seep SP-26 groundwater exceeds 
proposed cleanup levels based on protection of surface water aquatic life for 
cadmium, copper and zinc.  Intalco did not propose to monitor or collect seep 
SP-26 or other groundwater in this area as part of Alternative 13M, even though 
Intalco noted that “groundwater impacted by mining activities is expected to 
discharge from…former Surface Water Retention Area (seep SP-26).” 

5. CLEANUP ACTION ALTERNATIVES CONSIDERED 

The following Sections 5.1, 5.2, and 5.3 discuss how Alternatives 11M, 13M, and 
14 would address cleanup of soils, groundwater, surface water, and sediment.  
Although Alternatives 11M, 13M, and 14 differ in some aspects, these 
alternatives also have a number of components that are similar. 

Alternatives 11M, 13M and 14 are compared in Section 6 to determine which 
would best satisfy CERCLA and MTCA requirements for selection of a 
permanent remedy for the Site. 
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5.1 Alternative 11M 

Alternative 11M would address cleanup of impacted media at the Site as 
summarized below. 

5.1.1 Soil 

Under Alternative 11M, the tailings piles and the East and West Waste Rock 
Piles would be regraded to improve slope stability and capped in accordance 
with state landfill standards [WAC 173-350-400] to protect human and terrestrial 
ecological receptors.  The caps would consist of 2 feet of soil and a 
geomembrane (the presumptive cover prescribed by state regulations), unless 
analyses during remedial design indicates an alternative cover would satisfy 
performance standards for landfill closure [WAC 173-350-400(3)(e)(i)]. 

Under Alternative 11M, the Honeymoon Heights Waste Rock Piles and the 
impacted DSHH would be cleaned up by consolidation onto the West Waste 
Rock Pile prior to capping.  Soils exceeding proposed cleanup levels at the 
former Mill, Lagoon, the Ballfield Area, portions of the Lower West Area, and the 
Surface Water Retention Area would be consolidated into a permanent on-site 
containment area and soils exceeding proposed cleanup criteria in the 
Maintenance Yard would be capped with a concrete or asphalt slab.  Soils in the 
Mill Area classified as State Dangerous Wastes would be disposed of off site. 

Alternative 11M also includes cleanup in portions of the Ballfield Area and the 
Lower West Area, and in the Wind-Blown Tailings Area and Holden Village using 
in situ treatment.  Institutional controls would be implemented to protect human 
health in the Lower West Area, assure that remedy components would continue 
to function in all areas as long as needed, and, in some cases, to enable 
additional cleanup in the event of changes in land use.36 

Finally, Alternative 11M would include characterization of the Lucerne-Holden 
Road, to determine whether cleanup was needed to address hazardous 
substances from waste rock that may have been used for road surfacing. 

5.1.2 Groundwater 

Alternative 11M includes a continuous groundwater containment barrier and 
collection system around the WMAs (including the tailings piles and the Lower 

                                                 

36 Institutional controls in Holden Village would include development of a soil management plan covering removal or 

capping of impacted soils where encountered during construction within the Village, as discussed in Section 4.2.6. 
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West Area) to protect surface water from release of groundwater above aquatic 
protection standards and to prevent downgradient expansion of the 
groundwater plume.  This is discussed in Sections 3.2.3 and 4.2.3 of the SFS. 

Groundwater seep and base flow into Railroad Creek from the Lower West Area 
(including groundwater from the upgradient areas) and from below the tailings 
piles would be contained and collected using groundwater barrier wall 
technology and an associated collection system.  The groundwater barrier wall 
would be fully penetrating (i.e., keyed into a lower, relatively impermeable layer 
of glacial till or bedrock). 

All collected groundwater would be treated using acid neutralization and 
precipitation to achieve proposed cleanup levels in a treatment plant located 
downstream of Tailings Pile 3 on the north side of Railroad Creek, as described 
in Appendix F of the SFS. 

Under Alternative 11M, contaminated groundwater that would otherwise enter 
Railroad Creek from the mine portal, Honeymoon Heights seeps, Lower West 
Area, and Tailings Piles 1, 2, and 3 would be collected and treated. 

Alternative 11M would use a pump system to convey water into the treatment 
system from the low point of the gravity collection and conveyance trenches, 
near the northeast corner of Tailings Pile 3.  After dewatering, metal hydroxide 
sludge produced as a byproduct of treatment would be disposed of in a limited 
purpose landfill constructed on the tailings piles in conformance with state 
standards.  Treated water would be discharged into Railroad Creek. 

Alternative 11M also includes hydraulic bulkheads installed in the mine to 
control the rate of groundwater discharging from the Main Portal of the mine.  
Air restrictions would be installed within open portals to reduce oxygen 
transport through the mine to slow the release of hazardous substances in the 
Main Portal drainage. 

Groundwater at the Site is not currently used for drinking water.  Alternative 
11M includes institutional controls to prevent potential future use of 
groundwater that exceeded human health risk-based criteria as a drinking water 
source. 

5.1.3 Surface Water 

The three tailings piles would be regraded (prior to capping) to move the edges 
of the piles back from Railroad and Copper Creeks to reduce the risk of future 
slope failures releasing wastes into the creeks. 
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The Copper Creek channel would also be modified under Alternative 11M to 
constrain future channel migrations that could erode the tailings.  The Copper 
Creek Diversion would be placed into a lined channel or culvert from the 
hydroelectric plant to Railroad Creek to avoid seepage through tailings in this 
area. 

Upgradient water diversion swales or French drains would be constructed south 
of the tailings and waste rock piles to reduce the amount of clean water run-on 
that would otherwise contact the tailings and waste rock materials. 

5.1.4 Sediment 

Alternative 11M includes removal of ferricrete from Railroad Creek and long-
term sediment monitoring in Railroad Creek and in Lake Chelan (at the Lucerne 
Bar) to determine whether additional sediment cleanup actions are required 
following the elimination of the sources of hazardous substances.37 

5.2 Alternative 13M 

Alternative 13M is fully described in ERM and URS (2009a).  Alternative 13M 
includes implementation of institutional controls to limit potential exposures to 
groundwater or source materials that could impact human health or the 
environment, and to prevent actions that may interfere with the effectiveness of 
other remedy components.  Alternative 13M provides for cleanup of impacted 
media at the Site as summarized below. 

5.2.1 Soil 

Under Alternative 13M, the tailings pile side slopes would be regraded for 
stability, including construction of a stabilizing berm.  A cover, consisting of 
6 inches of soil/gravel and wood slash, would be placed on the top surfaces of 
the tailings piles and 8 to 12 inches of soil/gravel would be placed on the tailings 
pile side slopes.  [ERM and URS (2009).  Intalco subsequently amended its 
proposed cover, see URS (2010a)]. 

                                                 

37 As described in Section 1.2.2.4 of the SFS, the Lucerne Bar is an underwater feature resulting from the deposition of 

sediment suspended in the Railroad Creek water that discharges into Lake Chelan.  Due to releases from the Site, Lucerne 

Bar sediment has hazardous substance concentrations that exceed sediment quality guidelines.  However, bioassay tests 

on Lucerne Bar sediment identified only minor adverse effects on aquatic organisms.  Overall, the Agencies do not 

consider these effects to be severe enough nor widely distributed enough to require an active sediment cleanup (Forest 

Service 2003). 
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The former Mill Building superstructure would be demolished, and contaminated 
materials remaining on the former Mill Building foundation would be removed 
and/or covered with waste rock, and capped with a six-inch soil cover and 
revegetated. 

The East and West Waste Rock Pile side slopes would be regraded for stability, 
and the excess rock generated from the regrading actions would be relocated 
onto the former Mill Building foundation and Tailings Pile 1.  A vegetated soil 
cover that is 6 inches on the top surface and 8 to 12 inches thick on the side 
slopes would be placed on the waste rock piles [see also URS (2010a)]. 

Contaminated soils associated with the Surface Water Retention Area and 
Lagoon would be excavated under Alternative 13M and placed in a permanent, 
on-site disposal facility.  Contaminated soils in the Maintenance Yard would be 
covered with a concrete slab or impermeable liner and gravel. 

Soil in other areas of the site that exceed proposed cleanup levels (i.e., the 
Ballfield Area, Lower West Area, Wind-Blown Tailings Area, and Honeymoon 
Heights) would be monitored based on Intalco’s assertion that remediation 
would occur naturally over time (referred to as natural restoration).  This limited 
action is unlikely to meet proposed terrestrial ecological risk-based soil cleanup 
levels within a reasonable restoration time frame.  Alternative 13M does not 
include any other cleanup actions for these areas other than institutional 
controls. 

5.2.2 Groundwater 

Under Alternative 13M contaminated groundwater that would otherwise enter 
Railroad Creek and Copper Creek from the Lower West Area and Tailings Pile 1, 
would be contained and collected using a fully penetrating groundwater barrier 
and collection system.  The collected water would be conveyed to a treatment 
facility located east of Tailings Pile 3, referred to as the East Treatment System. 

Railroad Creek would be diverted, beginning near the middle of the northern 
side of Tailings Pile 1, and extending east (downstream) to a point where it 
would rejoin the original channel about 1,200 feet east of Tailings Pile 3.  Along 
the northwest side of Tailings Pile 2, the former creek channel would be used to 
collect groundwater impacted by seepage from the western portion of Tailings 
Pile 2, and conveyed to the treatment system east of Tailings Pile 3.  Intalco 
proposed that the collection trench would extend from the vicinity of Copper 
Creek to an area near Railroad Creek station RC-7; however, the extent of the 
collection trench would be further evaluated during remedial design. 
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Groundwater impacted by seepage from Tailings Pile 3 and the remainder of 
Tailings Pile 2 would not be contained or collected, but instead would be 
allowed to flow eastward and enter Railroad Creek at an unknown location. 

Intalco presented groundwater quality data obtained in 2008-2009 that indicate 
some reduction in concentrations of dissolved hazardous substances 
downgradient of Tailings Piles 2 and 3.  The Draft Alternative 13M Evaluation 
Report (ERM and URS 2009a) asserted that these data evidenced natural 
attenuation that was protective of Railroad Creek.  For Alternative 13M, Intalco 
assumed that natural attenuation and other components of the remedy would 
reduce concentrations of hazardous substances in groundwater to acceptable 
levels before entering Railroad Creek and, thus, eliminate the need for 
groundwater containment and collection east of Tailings Piles 2 and 3.38  Intalco 
also stated that “…if after an extended period of monitoring ARARs are not 
achieved at the CPOC(s) downstream of the terminus of the realigned creek 
channel, contingent actions would be evaluated under Alternative 13M.”  These 
contingent actions were not specified in the Draft Alternative 13M Evaluation 
Report (ERM and URS 2009a), although the July 10, 2009, Draft Hydrogeology 
Technical Memorandum (later included by reference as Appendix E of the Draft 
Alternative 13M Report, URS 2009c) showed a contingent barrier wall located 
north and east of Tailings Pile 3.39 

The Honeymoon Heights seeps and the Main Portal drainage would be 
collected and treated with acid neutralization and precipitation in a treatment 
facility constructed in the Lagoon Area of the Lower West Area, referred to as 
the West Treatment System. 

The Draft Alternative 13M Evaluation Report indicated that treated water would 
be discharged into Railroad Creek from both the East and West Treatment 
Systems.  However, Appendix H of the report (ERM and URS 2009b) indicated 
better treatment results would result from conveying treated water from the 
west (Lagoon Area) facility to the facility east of Tailings Pile 3, for further 
treatment.40 Metal hydroxide sludge produced as a byproduct of treatment 

                                                 

38 The other components referred to by Intalco include diversion trenches upslope of the tailings piles, regrading and 

capping the tailings piles, collection and treatment of groundwater in the Lower West Area and Tailings Piles 1, and 

collection and treatment of groundwater northwest of Tailings Pile 2.  These components are common to Alternatives 

11M, 13M and 14, see Table 15. 
39 Intalco subsequently provided an analysis of when potential contingent actions for Alternative 13M should be evaluated 

(URS 2010).  The Agencies’ comments on Intalco’s analysis are presented in Forest Service (2010a). 
40 The Agencies anticipate Intalco will further evaluate water treatment methods as a result of pilot treatability studies now 

ongoing. 
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would be disposed of in a limited purpose landfill constructed on the tailings 
piles in conformance with state standards. 

Under Alternative 13M, hydraulic bulkheads would be installed in the mine to 
control and equalize the rate of groundwater discharging from the Main Portal 
of the mine.  Air restrictions would be installed within open portals to reduce 
oxygen transport through the mine on the premise that this would slow the 
release of hazardous substances in the Main Portal drainage. 

Alternative 13M also included institutional controls to prevent future use of 
groundwater that exceeds human health risk-based criteria from future use as 
drinking water. 

5.2.3 Surface Water 

Railroad Creek would be realigned to the north of its existing channel from the 
approximate midpoint of Tailings Pile 1 downstream to a point approximately 
1,200 feet downstream of Tailings Pile 3, where the new channel would rejoin 
the existing channel.  The relocated reach would be lined with a low 
permeability material to reduce seepage into the old channel that would be used 
to collect and convey contaminated groundwater from Tailings Piles 2. 

The three tailings piles would be benched and regraded to reduce the risk of 
future slope failures releasing wastes into the creeks, and the Copper Creek 
channel would be modified to constrain future channel migrations that could 
erode the tailings.41 

Under Alternative 13M, the Copper Creek channel would be modified to 
constrain future channel migrations that could erode the tailings.  The Copper 
Creek Diversion would be placed into a lined channel or culvert from the 
hydroelectric plant to Railroad Creek, to avoid seepage through tailings in this 
area. 

Upgradient water diversion swales or French drains would be constructed south 
of the tailings and waste rock piles to reduce the amount of clean water run-on 
that would otherwise contact the tailings and waste rock materials. 

                                                 

41 The extent of regrading proposed by Intalco for Alternative 13M is more limited than that proposed by the Agencies 

under Alternatives 11M and 14 (see Figures 9, 10, and 11).  Intalco did not propose regrading the east- and west-facing 

slopes of the tailings piles.  The Agencies consider regrading to achieve stability of all the tailings pile side slopes to be a 

necessary part of closure to conform with ARARs including the Forest Service standards and guidelines of MM3 (see 

Section 2.3.3.3 of the SFS) and performance requirements for closure of limited purpose landfills (WAC 173-350-400).   
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5.2.4 Sediment 

Ferricrete and other sediments would be isolated from aquatic life in the reach 
of Railroad Creek that would be relocated.  Intalco did not address whether floc 
containing hazardous substances related to iron-rich seepage from the tailings 
piles would continue to form in Railroad Creek downstream of the relocated 
reach.  Except for reducing sources of hazardous substances to Railroad Creek, 
no other actions to address sediments are included in Alternative 13M. 

5.3 Alternative 14 

This section describes the remedial action components that, in combination, are 
referred to as Alternative 14.  These components were largely drawn from 
Alternatives 11M and 13M, and modified as described herein.  Alternative 14 
would address cleanup of impacted media at the Site as described below in 
sections 5.3.1 through 5.3.4.  Figure 14 shows the principal components of 
Alternative 14. 

Many details of Alternative 14 would be determined during remedial design in 
the event this alternative is selected for cleanup of the Site.  This would include, 
for example, specific design elements for the groundwater treatment facilities, 
and the areal extent, application rate, and frequency of in situ soil treatment to 
reduce mobility and bioavailability of hazardous substances. 

5.3.1 Soil 

Alternative 14 uses a combination of actions to remediate impacted soils 
(including waste rock and tailings) depending on specific conditions in each 
AOI, as discussed in Section 4.2.  These actions include: 

 Consolidation of impacted soils from the Lagoon, Surface Water Retention 
Area, Ballfield Area, former Mill Building, and areas of the Lower West Area-
East that have low existing habitat value; 

 Capping of the three tailings piles, the East and West Waste Rock Piles, and 
soils in the Maintenance Yard area; and 

 In situ treatment of soils above proposed cleanup levels in the Honeymoon 
Heights Waste Rock Piles and the DSHH; Holden Village; portions of the 
Lower West Area; portions of the Ballfield Area; and the Wind-Blown Tailings 
Area. 

Specific soil cleanup components are discussed below for specific AOIs. 
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5.3.1.1 Tailings Piles 1, 2, and 3 

Under Alternative 14, the tailings pile slopes would be regraded to improve 
stability, including construction of benches and buttressing to achieve 
configurations that are stable as required by ARARs under steady state and 
seismic (maximum design earthquake [MDE]) conditions. 

As part of its geotechnical analyses in 2008 to 2009, Intalco found that a 
buttress would need to be constructed along the toe of the tailings piles in order 
to assure seismic stability.  The cost estimate for Alternative 14 includes a 
buttress of this type, based on analyses that are described in Appendix A. 

Depending on the extent of stream relocation, as determined during remedial 
design, Alternative 14 may also include pulling back portions of the toes of one 
or more of the tailings piles to provide sufficient room for construction of the 
barrier wall, groundwater collection system, and slope toe buttress adjacent to 
Railroad Creek.  Alternative 14 would also include pulling the toe of Tailings 
Piles 1 and 2 slopes away from Copper Creek, unless it is demonstrated during 
remedial design that this is unnecessary, e.g., there is: a) no risk of flooding or 
meandering to impact stability of the regraded tailings slopes, and b) no risk of 
slope instability causing release of tailings into the creek. 

Closure of the tailings piles includes consolidation of excess waste rock from 
regrading the East and/or West Waste Rock Piles and impacted soils from other 
portions of the Site. 

Closure of the tailings would include installation of a cap on the top and side 
slopes of tailings piles (including any relocated waste rock or other hazardous 
substances) with a soil cover that satisfies the performance requirements for 
closure of limited purpose landfills. 

5.3.1.2 East and West Waste Rock Piles 

Under Alternative 14 closure of the East and West Waste Rock Piles would 
include regrading the side slopes to configurations that are stable as required by 
ARARs under steady state and seismic conditions. 

The top and side slopes of the waste rock piles would be capped with a soil 
cover that satisfies the performance requirements for closure of limited purpose 
landfills. 
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5.3.1.3 Honeymoon Heights Waste Rock Piles (Including DSHH) 

Under Alternative 14, the Honeymoon Heights Waste Rock Piles and DSHH 
AOIs would be cleaned up using in situ treatment to reduce bioavailability and 
mobility of hazardous substances by adjusting pH, to the extent practicable, 
without degrading existing habitat.42  The method and rate of application, 
frequency of treatment and other aspects would be determined based on 
treatability tests during remedial design, and monitoring.  Alternative 14 also 
includes institutional controls to protect humans from direct contact with, and 
ingestion of, hazardous substances in the waste rock.  In situ treatment is 
proposed for the Honeymoon Heights Waste Rock Piles in order to avoid the 
habitat destruction that would occur due to construction of an access road that 
would be needed to move or cap these piles. 

5.3.1.4 Ballfield Area 

Under Alternative 14, soils with hazardous substances above proposed cleanup 
levels would be removed and consolidated into the tailings piles prior to 
capping, and the disturbed area revegetated with native vegetation.  In situ 
treatment may also be used if further characterization indicates that hazardous 
substances extend into areas with highly valued habitat. 

5.3.1.5 Holden Village 

Under Alternative 14, in situ remediation would be accomplished to reduce risk 
to terrestrial receptors.  Institutional controls consisting of a soil management 
plan to address handling of excavated soils during Holden Village occupancy 
would be developed and implemented.  In the event that future land use 
changes, Alternative 14 includes provisions to further address cleanup of soils 
with hazardous substances at that time. 

5.3.1.6 Lower West Area, including the Lagoon 

Under Alternative 14, a groundwater treatment system would be located in a 
portion of the Lower West Area that has low existing habitat value due to past 
disturbance or the presence of hazardous substances.  Soils above proposed 

                                                 

42 To the extent that soil cleanup levels are not met because greater harm would be caused to highly valued habitat by 

taking action, the Agencies would waive the cleanup level ARARs under CERCLA.  Such a decision would be contained in 

an ESD or ROD Amendment.  This is true for each area where this might be the case, i.e., the Ballfield Area, Wind-Blown 

Tailings Area, Holden Village, certain portions of the Lower West Area, as well as the Honeymoon Heights Waste Rock 

Piles and DSHH. 
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cleanup levels would be removed as part of constructing the groundwater 
treatment facility and wherever else accessible, primarily in the Lagoon area and 
the Lower West Area-East.  The excavated soils would be consolidated into the 
tailings piles prior to capping. 

Institutional controls would be used to protect humans from direct contact and 
ingestion of hazardous substances in Lower West Area soils.  Soils in the Lower 
West Area that have hazardous substances above proposed cleanup levels in 
areas of existing high-valued riparian and/or old growth habitat would be treated 
in situ to reduce bioavailability and mobility of hazardous substances by 
adjusting pH.  In the event of future land use changes (e.g., if timber harvesting 
occurs in this AOI), Alternative 14 includes provisions to further address cleanup 
of soils with hazardous substances at that time. 

5.3.1.7 Wind-Blown Tailings Area 

Under Alternative 14, a portion of the impacted soils in the Wind-Blown Tailings 
Area would be excavated as part of creek relocation, and consolidated into the 
tailings piles prior to capping.  In areas of high value riparian and/or old growth 
habitat that are impacted by hazardous substances, Alternative 14 includes 
treatment of soils in the remaining portion of this AOI in situ to reduce 
bioavailability and mobility of hazardous substances by adjusting soil pH.  
Additional removal or treatment of soils above proposed cleanup levels would 
be evaluated in the event that land use changes (e.g., if timber harvesting occurs) 
in the future. 

5.3.1.8 Maintenance Yard Soils 

Under Alternative 14, the Maintenance Yard area would be capped with asphalt 
or concrete pavement, or an alternative cap that meets performance 
requirements as described in Appendix C, to isolate contaminated soils.  The 
extent of the cap would be determined based on characterization during 
RD/RA.  Institutional controls would be implemented to preserve integrity of the 
cap over time. 

5.3.1.9 Former Mill Building 

Under Alternative 14, the unsafe structural components would be demolished as 
needed to remove contaminated soils and processing residuals for appropriate 
disposal.  This may include off-site disposal in the event State Dangerous Wastes 
are encountered.  The disturbed area would be stabilized to prevent long-term 
erosion and revegetated. 
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5.3.1.10 Surface Water Retention Area Soils 

Under Alternative 14, soils above proposed cleanup levels would be excavated 
from the Surface Water Retention Area and consolidated into the tailings piles 
prior to capping.  The disturbed area would be stabilized and revegetated. 

5.3.1.11 Lucerne-Holden Road 

As described in Section 1.3.13, Forest Service records suggests that waste rock 
may have been used in the past to resurface the Lucerne-Holden Road.  Under 
Alternative 14, a sampling and analysis plan would be developed during 
remedial design for an investigation to evaluate the nature and extent of 
environmental impacts related to the potential presence of waste rock on the 
road.  This investigation would be carried out during remedial design; the results 
of the investigation would be used to develop a cleanup approach which, if 
necessary, would be carried out during remedial implementation. 

5.3.2 Groundwater 

Alternative 14 is similar to Alternatives 11M and 13M in the west portion of the 
Site.  All three alternatives include a groundwater containment barrier wall and 
collection system around Tailings Pile 1 and the Lower West Area.  This area 
extends west of Copper Creek to where the Portal drainage currently discharges 
into Railroad Creek, (referred to by its sample location designation, P-5, see 
Figure 5). 

Alternative 14, like Alternatives 11M and 13M, also includes collection and 
treatment of drainage from the main 1500-level mine portal, and seeps SP-12 
and SP-23 downslope of Honeymoon Heights (Figure 5).43 Alternative 14 also 
includes groundwater monitoring in the areas downgradient of Honeymoon 
Heights and the Surface Retention Area, to determine the extent of groundwater 
collection that may be required in this area. 

Alternative 14 includes installation of hydraulic bulkheads within the mine for 
flow equalization of portal drainage.  Additional measures to reduce airflow 
through the mine by closing other mine entries or other features that enable 

                                                 

43 Seeps designated SP-12 and SP-23 refer to approximately five discrete locations where seepage has been observed, 

which are referred to in some documents individually (e.g., as seep SP-12B) and elsewhere are referred to collectively.  

The seeps are surface expressions of groundwater, as defined in the SFS.  Delineation of the extent of groundwater above 

cleanup levels that must be collected downslope of Honeymoon Heights will be determined during remedial design. 
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airflow into the mine, to reduce the rate of oxidation within the mine would also 
be accomplished where possible. 

Alternative 14 includes designation of a waste management area (WMA) that 
encompasses the source areas of groundwater contamination, with institutional 
controls to prevent use of the groundwater as drinking water within the WMA 
(see Figure 11). 

Alternative 14 includes the concept of relocating Railroad Creek, as proposed in 
Alternative 13M, to reduce the amount of tailings regrading compared to 
Alternative 11M.  Stream relocation would allow use of a portion of the former 
creek channel (along the northwest portion of Tailings Pile 2, more or less) for 
collection of impacted groundwater for conveyance to a downgradient 
treatment facility. 

Alternative 14 also includes a fully penetrating groundwater containment (barrier 
wall) and collection system downgradient of Tailings Piles 2 and 3.  Water 
collected by this system would be treated at the east treatment system.  The 
former Railroad Creek channel may form part of the collection system along the 
northwest side of Tailings Pile 2.  The groundwater containment barrier design 
could be modified, or the barrier may not need to be built, if Intalco can 
demonstrate that: 1) groundwater above drinking water standards will remain 
contained within the WMA;  and 2) an alternative approach, such as monitored 
natural attenuation, is effective at reducing groundwater concentrations to 
below proposed cleanup levels at the point(s) where groundwater discharges to 
Railroad Creek.  In the second case, the conditional point of compliance has to 
be in groundwater at or before groundwater discharges into surface water. 
Consideration must also be given to the factors outlined in WAC 173-340-
370(7).  Such a change may constitute a significant change to the selected 
remedy and would require documentation of the basis for the change. 

Alternative 14, like Alternative 13M, includes groundwater treatment facilities in 
both the Lower West Area and east of Tailings Pile 3.44  The Agencies note that 
Appendix H of the Alternative 13M Evaluation Report (published separately as 
ERM and URS 2009b) indicates it may be beneficial to operate the west and east 
treatment facilities in series rather than separately, and details such as this would 
be depend on results of the treatability studies now in progress, as well as 
evaluations during remedial design/remedial action. 

                                                 

44 The treatment plants would be capable of expansion or modification if the remedy is constructed in phases, or as 

needed to meet ARARs and to protect human health or the environment. 
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5.3.3 Surface Water 

Alternative 14 includes regrading the tailings piles and buttress construction as 
part of closure to prevent future release of tailings into Railroad and Copper 
Creeks.  Alternative 14 also includes cleanup of soils that would adversely 
impact surface water quality via the soil to groundwater to surface water 
pathway. 

As previously noted, Alternative 14 includes relocation of some portion(s) of 
Railroad Creek.  The extent of stream relocation and tailings regrading will need 
to be further assessed during remedial design for a number of reasons.  For 
example, the creek relocation proposed by Intalco for Alternative 13M may not 
leave enough room for construction of the barrier wall adjacent to the west part 
of Tailings Pile 1.  Under Alternative 14, the reach to be relocated could be 
extended upstream to avoid the need to move the toe of Tailings Pile 1 slopes in 
this area (see the dashed line segments on the creek relocation on Figure 14).  
Similarly, feasibility of relocating Railroad Creek adjacent to Tailings Pile 2 needs 
to be further evaluated to demonstrate whether buttress construction can be 
accomplished without pulling back the toe of the tailings (or alternatively moving 
the Holden-Lucerne Road).  Finally, the extent of relocating the Railroad Creek 
Channel downstream of Tailings Pile 3 may depend on further geomorphic 
analysis and further evaluation of the area required for the proposed water 
treatment facility east of Tailings Pile 3.    The Agencies found Intalco’s analysis 
of these issues, to date, to be sufficient for remedy selection, but not sufficient 
for final design (see Forest Service 2010a). 

The relocated reach of Railroad Creek would be lined with a low permeability 
material if needed to control seepage. 

Alternative 14 also includes stabilizing the Copper Creek channel to improve its 
stability to prevent scour and erosion of Tailings Piles 1 and 2, and construction 
of a lined channel or pipeline to convey the Copper Creek Diversion in a 
manner that avoids contact with tailings.45 

Finally, Alternative 14 includes construction of stormwater diversion swales and 
other measures, upgradient from Tailings Piles 1, 2, and 3 and East and West 
Waste Rock Piles, to control run-on as part of meeting ARARs. 

                                                 

45 The Agencies note there are many issues that need to be addressed in cleanup of the area west of the main portion of 

Tailings Pile 1, including dispersed tailings around the Copper Creek Diversion, Holden Village utilities and other 

infrastructures, and that the extent of cleanup in this area will need to be further addressed during RD/RA. 
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5.3.4 Sediment 

Alternative 14 includes relocation of Railroad Creek so that the portions 
impacted by existing ferricrete would become part of the groundwater collection 
system and would not pose a risk to aquatic life.  Alternative 14 would prevent 
release of hazardous substances into stream sediments through source controls 
across the Site. 

As described in Section 1.2.2.4 of the SFS, the Agencies do not consider existing 
sediment concentrations (other than the formation of ferricrete) to be severe 
enough, or widely distributed enough, to require active sediment cleanup.  
Alternative 14 includes monitoring in Railroad Creek and at the Lucerne Bar in 
Lake Chelan to determine whether additional sediment actions are needed in 
the future. 

5.3.5 Site-Wide Activities and Other Remediation Components 

Alternative 14 also includes other remedial activities and components not 
referred to above. 

Alternative 14 would include construction of a limited purpose landfill for long-
term disposal of sludge from future operations of the water treatment systems, 
and potentially contaminated soils that may be generated by future excavations 
in Holden Village or other portions of the Site.  For cost estimating purposes, the 
Agencies assumed this landfill would be located on top of the tailings piles, but 
final location would need to be determined during remedial design. 

In addition to the treatability studies during remedial design that were previously 
noted, Alternative 14 would include Site-wide baseline monitoring in accordance 
with an approved monitoring plan.  This plan would include identification of 
monitoring locations, parameters and sampling frequency acceptable to the 
Agencies.  Monitoring would include assessing Intalco’s contention that natural 
attenuation and other remedy components are preventing the release of 
groundwater above proposed cleanup levels into Railroad Creek downgradient 
of Tailings Piles 2 and 3, which could enable modification of the remedy. 46  
Baseline monitoring would provide a basis for later assessing ARAR compliance 
and protectiveness of remedy.  Additional sampling would also be accomplished 

                                                 

46 Post-ROD activities would include collection of sufficient information to support design and construction of the remedy.  

If the information gathered during design or after implementation indicates that changes to the selected remedy should be 

made, the Agencies may modify the remedy decision in the form of an ESD or ROD Amendment, depending on the 

extent of the modification. 
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to support remedial design, for example, to determine the extent of cleanup in 
Holden Village. 

Alternative 14 would include development of remedy infrastructure including 
quarry site(s), borrow pit(s), reconstruction of the Lucerne barge landing facility, 
improvements to the Lucerne-Holden Road including bridges, electric power 
infrastructure, construction work camp and related infrastructure improvements 
in Holden Village, and other infrastructure as needed.  The Agencies consider 
the development of hydroelectric power generating capacity to be highly 
desirable and consistent with TBCs. 

Alternative 14 includes institutional controls to prevent development of 
groundwater as a drinking water source; prevent changes in Site use that would 
reduce effectiveness of the remedy; require future remediation prior to changes 
in land use for various AOIs; provide financial assurance and permanent access 
to privately-owned lands; and to monitor and maintain the remedy.  Institutional 
controls would be appropriately memorialized for example placing notations on 
Forest Service land status records for National Forest System land, and 
proprietary controls, such as an environmental covenant for private property 
associated with the remedy. 

Finally, Alternative 14 would include long-term monitoring to assess remedy 
performance, ARAR compliance and protectiveness.  Monitoring would include 
assessing Intalco’s contention that natural attenuation and other remedy 
components are preventing release of groundwater above proposed cleanup 
levels into Railroad Creek downgradient of Tailings Piles 2 and 3, which could 
enable modification of the remedy. 47 

6. DETAILED ANALYSIS OF ALTERNATIVES 11M, 13M, AND 14 

A proposed remedial alternative for the Site must meet the criteria of both 
CERCLA and MTCA to be selected for implementation.  The analysis presented 
in this section provides the basis for identification of a preferred alternative in the 
Proposed Plan. 

                                                 

47 Post-ROD activities would include collection of sufficient information to support design and construction of the remedy.  

If the information gathered during design or after implementation indicates that changes to the selected remedy should be 

made, the Agencies may modify the remedy decision and document the basis for the change.  This documentation could 

be in the form of an Explanation of Significant Difference or ROD Amendment, depending on the extent of the 

modification. 
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The detailed analysis of Alternatives 11M, 13M, and 14 is presented in this 
section.  The detailed analysis of Alternatives 9, 10, 11, and 12 (the No Action 
Alternative) was previously presented in Section 4 of the SFS; therefore, the 
analysis of Alternative 11M presented here includes references to the SFS for 
remedial components that did not change from Alternative 11 to 11M.  This 
ASFS focuses on the remedial components that were revised from Alternative 11 
to develop Alternative 11M.  The detailed analysis of Alternatives 1 through 8 
was provided in the DFFS and the Agencies’ comments on the DFFS (Forest 
Service 2007a). 

The analysis of alternatives (including the No Action Alternative) that was 
previously presented in the SFS and the DFFS, and other related information, is 
not repeated herein. 

6.1 CERCLA and MTCA Criteria for Remedy Selection 

The following subsections provide a summary of the remedy selection criteria 
under CERCLA and MTCA; the criteria are described in detail in Section 4.1 of 
the SFS. 

6.1.1 Regulatory Overview and Application 

6.1.1.1 CERCLA Overview 

Under CERCLA, the following criteria are used to evaluate remedial alternatives: 

Threshold Criteria 
1) Overall protection of human health and the environment. 
2) Compliance with ARARs. 

Primary Balancing Criteria 
3) Long-term effectiveness and permanence. 
4) Reduction of toxicity, mobility, and volume through treatment. 
5) Short-term effectiveness. 
6) Implementability. 
7) Cost. 

Modifying Criteria 
8) State acceptance of the alternatives. 
9) Community acceptance of the alternatives. 

The threshold criteria are requirements that an alternative must meet to be 
eligible for selection.  The primary balancing criteria form the basis for evaluation 
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of alternatives that satisfy the threshold requirements.  The modifying criteria are 
evaluated in the ROD following the receipt of state and public comments on the 
RI/FS and the Proposed Plan, and are not evaluated in this document. 

6.1.1.2 MTCA Overview 

Under MTCA, the following criteria are used to evaluate remedial alternatives: 

 Threshold Requirements 
1) Protect human health and the environment. 
2) Comply with cleanup standards. 
3) Comply with applicable state and federal laws. 
4) Provide for compliance monitoring. 

Other Requirements 
5) Use permanent solutions to the maximum extent practicable. 
6) Provide a reasonable restoration time frame. 
7) Consider public concerns. 

Action-Specific Requirements (pertaining to) 
8) Groundwater. 
9) Soils at current or potential future residential areas and soils at 

schools and child care centers. 
10) Institutional Controls. 
11) Releases and Migration. 
12) Dilution and Dispersion. 
13) Remediation Levels. 

As with CERCLA, the MTCA threshold requirements must be met for an 
alternative to be considered further.  The remaining nine requirements, along 
with the threshold requirements, are used to evaluate alternatives that satisfy the 
threshold criteria. 

Alternatives 11M, 13M, and 14 are first evaluated under the CERCLA criteria in 
Section 6.2, then evaluated under the MTCA criteria in Section 6.3. 

6.1.1.3 Proposed Points of Compliance 

CERCLA and MTCA require that performance of a remedy be assessed at a 
point of compliance, which refers to the locations where cleanup levels must be 
attained.  There are both standard points of compliance and, under MTCA, there 
are conditional points of compliance.  Points of compliance were discussed 
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above in Section 2.6 and in Section 4.1.1.3 of the SFS and are summarized in 
Table 13. 

6.2 Detailed Analysis of Alternatives 11M, 13M, and 14 Under CERCLA 

This section presents the detailed analysis of alternatives based on the CERCLA 
criteria outlined in the previous section.  Section 6.3 analyzes the alternatives 
under MTCA’s remedy selection criteria.48 

6.2.1 Alternative 11M 

This section describes the Agencies’ evaluation of Alternative 11M using the 
CERCLA remedy selection criteria. 

6.2.1.1 Overall Protection of Human Health and the Environment 

Alternative 11M eliminates human-health risk from contact with impacted soils 
through a combination of removal, capping and institutional controls. 

Groundwater is not currently used for domestic use, but institutional controls 
would prevent potential human exposure through ingestion in the future.  Other 
institutional controls to protect future human health and safety would include 
land use restrictions and signage at the Site to notify users about potential risks.  
Mine access restrictions such as a Forest Order and deed restrictions for private 
property would also be implemented. 

Containment and treatment of virtually all sources of hazardous substance 
releases to surface water through implementation of Alternative 11M would 
immediately and substantially reduce the exposure risk to aquatic life and 
terrestrial receptors to hazardous substances.  Reduction of iron and aluminum 
releases into Railroad Creek would reduce adverse physiological impacts on 
salmonids and eliminate ferricrete formation that adversely impacts habitat for 
the benthic macroinvertebrates that sustain the creek’s food chain. 

                                                 

48 In addition to having participated in the Agencies’ review of alternatives and selection of a proposed cleanup action 

under CERCLA, Ecology has analyzed these alternatives under MTCA.  Based on the analysis under CERCLA and MTCA, 

the Agencies will present a Proposed Plan that identifies a Preferred Alternative for public comment.  The Agencies will 

review comments at the close of the public comment period and may modify the Preferred Alternative or select another 

cleanup action based on new information or public comments.  Following consideration of and response to public 

comments, the Agencies will document selection of a cleanup action in a record of decision (ROD) for the Site.  Ecology 

intends to adopt the ROD as a cleanup action plan (CAP) under MTCA, pursuant to WAC 173-340-380(4). 
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Risks to terrestrial organisms from soil (including tailings and waste rock) that 
exceed proposed terrestrial ecological risk-based cleanup levels would be 
addressed by capping the material in place, or by consolidation and then 
capping, to prevent exposure in these areas: Tailings Piles 1, 2, and 3; East and 
West Waste Rock Piles; Honeymoon Heights Waste Rock Piles; former Mill 
Building; Lagoon; Maintenance Yard; a portion of the Ballfield Area, a portion of 
the Lower West Area, and the Surface Water Retention Area.  In situ treatment 
would be used to reduce risks from hazardous substances in Holden Village; a 
portion of the Lower West Area; a portion of the Ballfield Area; and the Wind-
Blown Tailings Area. 

In summary, Alternative 11M is anticipated to be protective of human health and 
the environment, which satisfies the first CERCLA threshold criteria for selection 
of a remedy. 

6.2.1.2 Compliance with Potential Applicable or Relevant and 
Appropriate Requirements (ARARs) 

ARARs and TBC criteria are discussed above in Section 2.2 and Appendix F, and 
in Section 2.3 of the SFS. 

6.2.1.2.1 Potential Chemical-Specific Requirements for Surface Water 

Alternative 11M addresses all identified, existing sources of hazardous substance 
releases into surface waters through containment, collection, and treatment.  
Thus, the alternative is expected to satisfy potential chemical-specific ARARs for 
surface water including the National Recommended Water Quality Criteria 
(NWQC), National Toxics Rule, Maximum Contaminant Levels (MCLs), 
Washington State Drinking Water Standards, Washington State Water Quality 
Standards for Surface Water, and MTCA, which are described in Appendix F. 

Alternative 11M includes design and operation of the treatment plant to meet 
discharge limits, which could include a mixing zone, if approved. 

6.2.1.2.2 Potential Chemical-Specific Requirements for Groundwater 

Alternative 11M would contain and provide active measures to collect and treat 
all identified groundwater sources that exceed proposed surface water ARARs 
and that would otherwise enter Railroad Creek or other surface waters including 
the Copper Creek Diversion and the wetlands east of Tailings Pile 3.  Alternative 
11M would rely on groundwater barriers, which are a proven technology for the 
containment of contaminated groundwater within the WMAs (e.g., below waste 
piles that are left in place).  Groundwater downgradient of the containment 
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barrier is anticipated to meet potential chemical-specific ARARs following 
construction of the barrier around the source areas, based on experience at 
other sites that is described in Appendix C of the SFS. 

Human exposure to groundwater above drinking water standards (e.g., MCLs) at 
the Site would be prevented through institutional controls.  Groundwater outside 
designated WMAs would begin to be cleaned up immediately following 
implementation of containment measures, so as to meet groundwater and 
surface water ARARs.  However, it would be technically impracticable to meet 
groundwater ARARs within areas designated as WMAs (i.e., the main tailings and 
waste rock piles and the Lower West Area) within a reasonable restoration time 
frame.  Therefore, in these areas, the Agencies may need to consider a waiver of 
groundwater ARARs under CERCLA. 

In summary, groundwater containment would allow chemical-specific ARARs to 
be satisfied outside of the WMAs.  Within the WMAs, institutional controls 
would protect human health, but chemical-specific ARARs would not be met 
and a waiver of these ARARs may be required. 

6.2.1.2.3 Potential Chemical-Specific Requirements for Soil 

Alternative 11M specifies the excavation and/or capping of tailings, waste rock 
piles, and soil at the former Mill Building, Surface Water Retention Area, the 
Lagoon Area, Ballfield Area, and the Maintenance Yard or other areas, as 
needed, to meet proposed soil cleanup levels.  Alternative 11M would also 
address soil contamination in other areas of the site through in situ treatment in 
a manner that complies with MTCA and the substantive provisions of SEPA.  To 
the extent that soil cleanup levels are not met because greater harm would be 
caused by taking action, the Agencies would waive the cleanup level ARARs 
under CERCLA.  Such a decision would be contained in an ESD or ROD 
Amendment. 

6.2.1.2.4 Potential Chemical-Specific Requirements for Sediment 

As presented in Section 2.3.3.1.4 of the SFS, there are no chemical-specific 
ARARs for sediments at the Site.49  Alternative 11M includes elimination of the 
release of hazardous substances to sediments in Railroad Creek and the removal 
of ferricrete in Railroad Creek.  Alternative 11M also includes sediment 
monitoring to determine whether additional sediment cleanup would be 
required to protect aquatic organisms and to satisfy potential TBC criteria 

                                                 

49 Proposed cleanup levels for sediments presented in Table 1 are based on TBC criteria as shown in Table 11. 
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including the Interim Final Sediment Evaluation Framework for the Pacific 
Northwest (US Army Corps of Engineers et al. 2006), and the state’s Sediment 
Management Standards (Chapter 173-204 WAC). 

6.2.1.2.5 Potential Action- and Location-Specific Requirements 

The Agencies anticipate that Alternative 11M would satisfy all of the potential 
action-specific ARARs, including MTCA and the state’s limited purpose landfill 
standards, and location-specific ARARS such as the National Forest Management 
Act (NFMA) and Land and Resource Management Plan for Wenatchee National 
Forest (LRMP) as amended.50  Potential action- and location-specific ARARs are 
discussed in Appendix F. 

Monitoring during and after implementation would be used to assess 
compliance, as required under both CERCLA and MTCA. 

6.2.1.2.6 Summary of Compliance with Potential ARARs 

As presented in Sections 6.2.1.2.1 through 6.2.1.2.5, Alternative 11M is 
anticipated to comply with all potential ARARs, which satisfies the second 
CERCLA threshold criteria for selection of a remedy. 

6.2.1.3 Long-Term Effectiveness and Permanence 

6.2.1.3.1 Magnitude of Residual Risk Remaining at the Conclusion of the 
Remedial Activities 

Risks to human health from exposure to contaminants remaining in groundwater 
would be reduced under Alternative 11M through institutional controls. 

Risks to human health from exposure to soils, tailings, and waste rock above 
proposed cleanup levels would be reduced under Alternative 11M through a 
combination of institutional controls, capping, and consolidation. 

                                                 

50 Mitigation to address adverse impacts of the cleanup action, such as destruction of habitat to construct remedy 

components, disturbance of habitat (especially for threatened and endangered species) during construction, visual quality, 

air quality, etc., would be implemented as required by the Forest Plan.  In the event mitigation would not satisfactorily 

address requirements of the Forest Plan, the Forest Service may amend the Forest Plan or portions of this ARAR could be 

waived under CERCLA. 
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Alternative 11M includes permanent containment, collection, and treatment of 
all identified sources of groundwater that exceed proposed cleanup levels within 
the WMAs. 

Alternative 11M includes regrading and pulling back the toe of the three tailings 
piles away from Railroad and Copper Creeks.  Flattening the slopes would 
reduce the risk of seismic slope failures or surficial erosion of the tailings piles.  
Alternative 11M would also include construction of a toe buttress to improve 
stability of the regraded tailings.  The need for and benefit of the buttress was 
determined by analyses based on the new geotechnical information Intalco 
obtained in 2008 and 2009.  The Agencies assume Intalco would normally have 
obtained such information as part of remedial design, but since the information 
now exists, costs for the buttress have been incorporated into the Agencies’ cost 
estimate for Alternative 11M, as discussed in Appendix A.  Pulling the toe of the 
slope back away from the creeks would greatly reduce the risk of slope failures 
caused by scour that could undermine the riprap, or flooding that could overtop 
the riprap.  Thus, Alternative 11M would mitigate the risk of erosion or large-
scale slope failures that could release substantial volumes of tailings, with 
hazardous substances above proposed cleanup levels, directly into Railroad 
Creek and, ultimately, Lake Chelan. 

Closure of the tailings and waste rock piles in conformance with state landfill 
regulations and other ARARs would reduce the risk of exposure to humans and 
terrestrial ecological receptors.  Other areas of the Site with soil concentrations 
above proposed cleanup levels would be consolidated and capped as part of 
the tailings and waste rock piles, or capped in place to protect terrestrial 
receptors and prevent infiltration, including the former Mill Building, 
Maintenance Yard, portions of the Ballfield Area, Surface Water Retention Area, 
Lagoon and portions of the Lower West Area. 

Alternative 11M would also address risk to terrestrial receptors in other areas of 
the Site through in situ treatment where soil exceeds proposed terrestrial 
ecological risk-based cleanup levels.  These areas include Holden Village, the 
Wind-Blown Tailings area, portions of the Ballfield Area and portions of the 
Lower West Area. 

For Alternative 11M, there could be some increased long-term risks to human 
health and the environment associated with the operation and maintenance of 
the remedy itself.  These could include air emissions from a diesel generator 
(needed to supply power to the water treatment plant if hydroelectric or other 
alternate sources of power are insufficient), increased vehicle emissions 
associated with long-term operation, maintenance and monitoring (OMM) of the 
remedy, and potential contamination of soil, groundwater, or surface water from 
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leaks or spills of diesel fuel, lime, or other chemicals while being transported to 
the Site or during routine use.51  Such risks would be minimized through 
appropriate design (e.g., emission controls on the generator) and 
implementation of best management practices (BMPs) for transportation and 
handling of fuel, lime, and chemicals. 

6.2.1.3.2 Adequacy and Reliability of Controls 

To assess the adequacy and reliability of controls at the Site, items to be 
addressed under CERCLA include: 1) uncertainties associated with land disposal 
of treatment system residuals; 2) the potential need to replace technical 
components of the remedy; and 3) the potential risk if components of the 
remedy need to be replaced. 

The main treatment system residual under Alternative 11M is metal hydroxide 
sludge.  Under Alternative 11M, sludge would be disposed of in an on-site lined 
disposal landfill, or possibly in an unlined landfill if: a) design testing shows the 
sludge is stable and monitoring indicates the leachate metals concentrations 
meet proposed surface water cleanup levels; or b) if the landfill is located inside 
a groundwater containment system.  Disposal in a lined on-site landfill as 
proposed for Alternative 11M significantly reduces potential uncertainties 
associated with land disposal of treatment system residuals and would satisfy 
ARARs [WAC 173-350-400(3)], since leachate could be collected and managed 
to avoid potential adverse impacts.  However, pending additional evaluation 
during remedial design, the alternatives of: a) disposal inside a groundwater 
containment area without a liner or separate leachate collection system; or b) 
reliance on the sludge being inert and unable to re-release hazardous substances 
to the environment, might be shown to satisfy ARARs and be protective. 

The main remedy components that would require replacement under this 
alternative are the water treatment system components.  Other components of 
the remedy, such as creek bank protection and treatment system ditches, would 
also require periodic maintenance and repair to operate properly.  Since all of 
these components involve conventional wastewater treatment or construction 
means and methods, the Agencies anticipate that all of these components can 

                                                 

51 If all the electricity were obtained from a diesel generator instead of hydroelectric or other alternative sources,  

Alternative 11M is anticipated to require about 34,700 gallons of diesel per year compared to 8,850 gallons per year for 

Alternative 14, based on evaluations prepared for the cost estimates discussed in Appendix A.  The Agencies have 

expressed a preference for hydroelectric power to avoid negative environmental consequences of the use of diesel fuel, 

consistent with TBCs.  Risks related to fuel use would be reduced for all Alternatives if a hydroelectric source of power is 

successfully developed as desired. 



 

   
4769-15  June 1, 2010  Page 73 

be readily replaced, maintained, and repaired as the need arises, as described in 
Section 4.2.3.3.2 and Appendix F of the SFS. 

Adequacy and reliability of controls includes long-term maintenance of the 
Alternative 11M remedy components to reduce or eliminate the need for 
replacement of technical components of the remedy.  This includes active 
measures to protect the integrity of the geomembrane used as part of the cap 
on the tailings and waste rock piles, to preserve impermeability of the 
geomembrane.  Maintenance is required to protect the geomembrane from 
damage caused by burrowing wildlife and deep-rooted plants.  Typically, such 
maintenance requires spraying or mowing to eliminate undesirable forms of 
vegetation on the cap and modifying habitat to make the cap less desirable to 
burrowing wildlife.  Other adaptive management techniques (e.g., pest control) 
may also be required for wildlife. 

Unanticipated failure of a remedial system component could result in an 
uncontrolled release of hazardous substances to surface water.  Such a failure 
could have a sudden, acute impact on aquatic life within Railroad Creek if 
hazardous substance concentrations were high enough.  Long-term deterioration 
of the geomembrane cap on the tailings and waste rock piles would increase the 
concentration of hazardous substance in groundwater and/or the volume of 
groundwater that is collected and treated.  This would not necessarily be a 
problem, provided the groundwater treatment system can be adapted as needed 
to accommodate the changes over time. 

The groundwater treatment system will also require maintenance in order to 
function reliably.  However, an accidental release caused by a short-term failure 
of a treatment system component is expected to have a significantly less adverse 
effect than the existing ongoing releases.52  Planned maintenance and periodic 
replacement of components in accordance with an approved maintenance plan 
for the groundwater collection, conveyance, and treatment system components 
typically would minimize or prevent shutting down the remediation system. 

Based on the analysis described above, Alternative 11M includes sufficiently 
adequate and reliable controls to provide long-term protection of the 
environment. 

                                                 

52 As discussed in Appendix F of the SFS, the treatment system would be designed to accommodate temporary increases 

in flow due to stormwater.  Standard engineering controls such as redundancy in pumps and power supply components 

would need to be provided to satisfy ARARs [e.g., WAC 173-240-130(2)(q)], TBCs, and meet BMPs. 
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6.2.1.3.3 Summary of Long-Term Effectiveness and Permanence 

Based on the analysis discussed above, Alternative 11M is anticipated to provide 
acceptable long-term effectiveness and permanence for selection as a remedy. 

6.2.1.4 Reduction of Toxicity, Mobility, and Volume through Treatment 

Alternative 11M would use active water treatment to reduce the toxicity of 
hazardous substances in groundwater (including seeps and the mine portal 
drainage) to surface water.  Hazardous substances removed from the treated 
groundwater would be immobilized in the treatment sludge, which would be 
landfilled on site. 

Alternative 11M does not rely on destruction or recycling of hazardous 
substance materials. 

Alternative 11M would use active treatment to reduce the toxicity and mobility 
of an estimated average of 624 million gallons per year (MGY) of contaminated 
water.  Alternative 11M would remove and dewater the sludge from the 
treatment plant to reduce the potential leaching of constituents of concern.  The 
process would produce an estimated 10.7 million gallons of sludge (based on 4 
percent solids) during the first year of operation, and this volume would 
decrease over time as indicated in Table D4 of the DFFS and Appendix F of the 
SFS. 

Alternative 11M is anticipated to reduce toxicity, mobility and volume of 
hazardous substances to the degree necessary for selection as a remedy. 

6.2.1.5 Short-Term Effectiveness 

6.2.1.5.1 Short-Term Risks to the Community During Implementation 

Short-term health risks to the community during implementation primarily consist 
of increased exposure to construction traffic.  Short-term risks to the local 
community due to implementation of Alternative 11M can be adequately 
mitigated through active measures taken during construction.  This would 
include a traffic control plan for joint use of the Lucerne-Holden Road by 
construction traffic and the Holden Village community. 

Potential exposure to construction dust, noise, and vehicle exhaust emissions is 
not anticipated to present risks to the Holden Village community or other 
members of the public using the adjacent forest lands. 
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6.2.1.5.2 Potential Impacts on Workers during the Remedial Action and 
the Effectiveness and Reliability of Mitigative Measures During 
Implementation 

Short-term human health risks from implementation of Alternative 11M at the 
Site primarily involve construction safety and operation of the treatment facility 
(which may also pose longer-term risks). 

Human health risks to construction workers during remedy implementation 
include the following: underground mine hazards; construction traffic; exposure 
to soils with elevated concentrations of hazardous substances and TPH; 
exposure to noise and dust; and exposure to demolition activities and debris 
during removal of the derelict mill structure.  Additional risks would be related to 
construction activities associated with regrading, barrier wall construction, ditch 
excavations, and treatment plant construction (e.g., open excavations, heavy 
equipment operations).  There is also some risk to workers associated with 
handling caustic chemicals used in treatment system operations. 

Construction activities will need to adhere to applicable OSHA, Washington 
State Department of Labor and Industries (L&I), and, potentially, MSHA 
regulations.  Construction workers will be required to have HAZWOPER 
training.  Dust concerns would be managed through best management practices 
(BMPs). 

6.2.1.5.3 Potential Environmental Impacts of the Remedial Action and 
the Effectiveness and Reliability of Mitigative Measures during 
Implementation 

Potential environmental impacts of Alternative 11M include the following: 

1. Risk of a tailings release to Railroad or Copper Creeks due to slope failures 
or stormwater runoff during regrading; 

2. Risk of bentonite or cement releases to the creeks during barrier wall 
construction; 

3. Risks associated with construction of hydraulic barriers in the underground 
mine; 

4. Risk of sediment release to the creeks during construction of groundwater 
and seep collection components, and use of temporary stream crossings 
during construction; 

5. Risk to humans and the environment from construction vehicle emissions, 
noise, and dust; 
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6. Risk of fuel spills, especially if hydroelectric power is unavailable or 
insufficient; 

7. Risk of surface water quality exceedances during and after startup of the 
treatment plant; and 

8. Short-term habitat loss or degradation in areas where active remedial 
measures are implemented, such as along a temporary access road to the 
Surface Water Retention Area, and other areas disturbed for construction. 

Maintenance of the cap on the tailings and waste rock piles would need to 
include spraying or mowing to control vegetation, and perhaps other measures 
to reduce the risk of damage to the geomembrane from burrowing wildlife.  
These measures to protect the cap will produce adverse short- and long-term 
environmental impacts since the result will be terrestrial habitat that is less 
diverse and less ecologically robust compared to natural forest conditions.53 

Alternative 11M would also immediately produce a net loss of habitat, and long-
term habitat degradation over the area downslope of the Honeymoon Heights 
where the access road would be constructed, and in the area where the 
groundwater treatment facility will be located north of Railroad Creek.54 

Alternative 11M includes relocating the Honeymoon Heights Waste Rock Piles 
and DSHH soils to the tailings piles, where they will be capped.  This approach 
would eliminate exposure of plants and animals to hazardous substances in the 
waste rock; however, high-quality habitat is unlikely to re-establish in the 
Honeymoon Heights area following construction, given the steep slopes and 
shallow soils.  Some permanent loss of habitat is also expected to be associated 
with the construction access areas and area downslope of the haul road that is 
necessary to remove the waste rock.  Successful restoration of the footprint of 
the haul road to high-quality habitat is unlikely to be completely effective, given 
the steep slopes, shallow soils, high spring season runoff, and consequent mass 
wasting processes. 

                                                 

53 Adverse impacts would include: continual setbacks to ecosystem development and succession, vulnerability to invasive 

species, reduced ability to develop soils that support a diverse ecosystem, increased potential for erosion, potential for 

contamination from herbicides, impacts to small mammal populations from control efforts, etc. 
54 There may also be other areas where there would be permanent disturbance due to implementation of Alternative 

11M, e.g., along the surface water diversions upslope of the tailings and waste rock piles.  It is not possible to precisely 

quantify such impacts prior to remedial design, but it is also likely these incidental impacts are similar from one alternative 

to another.  Such impacts can, however, be addressed under NRDA. 
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Alternative 11M includes pulling the tailings back from Railroad Creek, to 
improve long-term stability and enable barrier wall construction, as well as to 
enhance existing riprap to mitigate potential future flood impacts.  Mitigative 
measures for potential tailings and sediment releases include construction BMPs, 
such as sediment fencing and barriers that could be advanced along the edge of 
the creek as the regrading advances. 

Areas disturbed during construction would be promptly revegetated under 
Alternative 11M, in compliance with ARARs to limit soil loss and surface water 
impacts, and to control the establishment of noxious weeds.  However, it would 
not be possible to restore habitat equivalent to that which is damaged in some 
AOIs, such as on Honeymoon Heights where a net habitat loss would be likely 
to occur. 

Finally, under Alternative 11M, as with other alternatives, the risk of fuel spills, or 
bentonite or cement releases would be mitigated through an SPCC Plan 
implemented for construction, and adherence to regulations regarding storage, 
transportation, and dispensing of fuel. 

6.2.1.5.4 Time until Protection is Achieved 

Alternative 11M would immediately protect human health and is anticipated to 
be protective of the environment at the time the remedy is implemented. 

6.2.1.5.5 Summary of Short-Term Effectiveness 

Based on the analysis discussed above, Alternative 11M is anticipated to provide 
acceptable short-term effectiveness for selection as a remedy.  However, some 
long-term adverse impacts would result from the effects of removing waste rock 
from Honeymoon Heights, construction of the groundwater treatment facility, 
and other permanent impacts that would need to be addressed through SEPA 
mitigation under the Forest Plan, SEPA, the Clean Water Act Section 404 and 
other ARARs. 

6.2.1.6 Implementability 

This section describes the CERCLA evaluation of the implementability of 
Alternative 11M, based on consideration of its technical feasibility, administrative 
feasibility, and the availability of needed services and materials. 
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6.2.1.6.1 Technical Feasibility 

Alternative 11M is technically feasible.  The remedy could be implemented using 
conventional construction equipment and techniques. 

The proposed groundwater treatment system may need to be augmented 
beyond simple lime addition and precipitation, in order for the effluent to meet 
criteria for discharge to surface water.  The final treatment system design needs 
to be based on treatability tests (such as are now underway, and/or as part of 
remedial design), and could require modification to enhance treatment as 
discussed in Appendix F of the SFS.  Reported experience of other comparable 
systems is discussed in Appendix F of the SFS and Appendix H of ERM and URS 
(2009).  The ease of undertaking additional remedial measures varies, depending 
on the measures that might be needed.  However, the proposed treatment 
system would not preclude potential additional measures. 

The feasibility of operating the Alternative 11M groundwater collection and 
conveyance system year-round may be limited by seasonal freezing or iron 
fouling of ditches used for collection and conveyance of groundwater, 
conveyance piping, pumps, and treatment facility components.  If Alternative 
11M is selected, performance of the ditch system used for collection and 
conveyance, and its susceptibility to freezing or other problems should be 
further evaluated during remedial design to determine whether an alternative 
approach, such as the seep collection system proposed for Alternative 9, would 
be more effective. 

6.2.1.6.2 Administrative Feasibility 

Alternative 11M is administratively feasible. 

The land affected by the remedy is under the control of the Forest Service, 
except for patented mine claims that are owned by Holden Village, Inc.  The 
Agencies anticipate that the remedy will include some active measures as well as 
access and institutional controls on lands owned by Holden Village, Inc. 

No wastes are anticipated to be moved off the Site for disposal, with the 
possible exception of residual processing wastes which may be designated as 
state Dangerous Wastes or asbestos encountered during cleanup of the former 
Mill Building.  The potential need for off-site disposal of such wastes does not 
affect the feasibility of Alternative 11M. 
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6.2.1.6.3 Availability of Services and Materials 

The technologies required for each of the components in Alternative 11M are 
known and proven technologies.  The Agencies anticipate that there will be 
companies willing to do this work and that the contractors bidding for this work 
will be experienced in the technologies required for the alternative.  Alternative 
11M would rely on construction means and methods that are readily available in 
Washington, and it is also likely that a remedial construction project of this 
magnitude would attract interested contractors from outside the region.  Despite 
the Site’s remote geographic location, necessary equipment could be moved to 
the Site for construction of Alternative 11M. 

6.2.1.6.4 Summary of Implementability 

Based on the analysis discussed above, Alternative 11M would satisfy the 
remedy selection criterion for implementability. 

6.2.1.7 Cost 

CERCLA requires that an alternative selected as a cleanup action shall be cost-
effective, provided that it first satisfies the threshold criteria.  The Agencies’ 
detailed cost estimate is presented in Appendix A.  The table below summarizes 
the Agencies’ estimate. 

Alternative 11M 55 
Estimated Capital Cost $88,500,000 

Net Present Value of Long-Term 

Operations, Maintenance and Monitoring 

$31,800,000 

Total Estimated Cost: $120,000,000 

 
Alternative 11M would address all areas of the Site where contaminated 
groundwater has been identified as entering Railroad Creek, and all other areas 
with constituents of concern above proposed cleanup levels in soil, waste rock, 
or tailings.  The cost estimate shown above is for implementing Alternative 11M 
as a final remedy based on available information.  See Appendix A for additional 
information on estimated costs. 

                                                 

55 Costs are shown in 2010 dollars, rounded to three significant figures. 
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6.2.1.8 State Acceptance 

Ecology has participated in evaluating remedy alternatives for the Site.  The 
State’s evaluation of Alternative 11M under MTCA is summarized below in 
Section 6.3. 

6.2.1.9 Community Acceptance 

CERCLA provides that final remedy selection will consider public comment on 
the remedial alternatives.  Community acceptance of alternatives will be 
evaluated after the public comment period ends, and will be described in the 
ROD for the Site. 

6.2.1.10 Summary of Alternative 11M 

Based on the analyses discussed above, Alternative 11M would satisfy all the 
CERCLA criteria for selection of a permanent remedy. 

6.2.2 Alternative 13M 

This section describes the Agencies’ evaluation of Alternative 13M using the 
CERCLA remedy selection criteria. 

6.2.2.1 Overall Protection of Human Health and the Environment 

Alternative 13M addresses human-health risk from contact with impacted soils, 
tailings, and waste rock through a combination of removal, capping, and 
institutional controls.  However, Alternative 13M does not fully protect 
environmental receptors in both the aquatic and the terrestrial environments. 

Alternative 13M includes capping the tailings and waste rock piles that contain 
hazardous substances above human health-based criteria for protection of 
groundwater.  Alternative 13M would rely on institutional controls and natural 
recovery to address soils above human health-based criteria for protection of 
groundwater at the Honeymoon Heights Waste Rock Piles, DSHH, and the 
Lower West Area. 

Alternative 13M would rely on consolidation and capping to prevent direct 
contact with soils that exceed human health criteria in the Lagoon and 
Maintenance Yard areas.  However, Alternative 13M would rely on institutional 
controls instead of any active cleanup measures to protect humans from direct 
contact with or ingestion of soils that exceed human health criteria in the 
remainder of the Lower West Area (i.e., outside the Lagoon Area). 
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Groundwater is not currently used for domestic purposes, but institutional 
controls would prevent potential human exposure through ingestion in the 
future.  Other institutional controls to protect future human health and safety 
would include land use restrictions and signage at the Site to notify users about 
potential risks. 

Containment and treatment of some sources of hazardous substance releases to 
surface water would reduce contaminant concentrations in surface water and 
reduce the associated risk to aquatic life.  However, groundwater from beneath 
Tailings Pile 3 and at least part of Tailings Pile 2 would continue to discharge 
untreated into Railroad Creek under Alternative 13M.  Intalco has not shown 
how groundwater concentrations may be attenuating downgradient of Tailings 
Piles 2 and 3, or whether such attenuation is adequately protective of Railroad 
Creek. 

Intalco has postulated that groundwater from Tailings Piles 2 and 3 may meet 
proposed surface water cleanup levels at a point downstream from Tailings Piles 
2 and 3, where it discharges to Railroad Creek.  This could be the result of 
natural attenuation due to dispersion, dilution, source depletion, or other 
processes, but Intalco has not yet identified a mechanism such as 
biodegradation or chemical degradation as required for a remedy to rely on 
natural attenuation [WAC 173-340-370(7)(c)].  Intalco has shown that 
groundwater concentrations east of Tailings Pile 3 are above surface water 
protection criteria where groundwater enters Railroad Creek, and available data 
suggest a complex hydrogeologic regime that may make it difficult to 
demonstrate that natural attenuation of hazardous substances in groundwater is 
protective of surface water (see Figure 8).  Efforts are ongoing to identify the 
groundwater discharge location(s) and to evaluate whether natural processes are 
or will eventually reduce contaminant concentrations sufficiently.  However, 
with the information currently available, the Agencies cannot conclude that such 
processes adequately ensure the protection of the aquatic environment.  (See 
Agencies’ comments to the Draft Alternative 13M Evaluation Report and related 
documents, [Forest Service 2010a].) 

Intalco also believes that components of Alternative 13M including diversion 
trenches, regrading and capping the tailings piles, collection and treatment of 
groundwater in the Lower West Area and below Tailings Pile 1, and collection 
and treatment of groundwater northwest of Tailings Pile 2, will result in achieving 
ARARs in Railroad Creek.  These components are common to Alternatives 11M, 
13M and 14, see Table 15.  However, the Agencies do not have sufficient 
information to show that proposed cleanup levels, including those based on 
protection of surface water, would be met in groundwater before it enters 
Railroad Creek downstream of Tailings Piles 2 and 3, without a barrier wall. 
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Alternative 13M also includes possible implementation of unspecified contingent 
actions should natural processes, in conjunction with other remedial 
components, be shown to not be protective of aquatic life.  As described in ERM 
and URS (2009a): 

". . . if after an extended period of monitoring ARARs are not 
achieved at the [conditional point(s) of compliance] downstream of 
the terminus of the realigned [Railroad Creek] channel, contingent 
actions would be evaluated under Alternative 13M." 

Absent proof that natural processes currently result in groundwater discharge 
from the Site meets proposed cleanup levels at the default point(s) of 
compliance, the evaluation of contingent actions at an undefined time in the 
future does not adequately protect aquatic organisms.  Despite Intalco’s 
proposed reliance on a conditional point of compliance where groundwater 
discharges into surface water downstream of the tailings piles, Intalco has not 
shown that Alternative 13M satisfies AKART and other criteria for a conditional 
point of compliance [WAC 173-340-720(8)(d)(i)]. 

Alternative 13M would protect terrestrial plants and animals in many areas 
through the removal or capping of impacted soil, tailings, and waste rock.  
However, it does not protect terrestrial organisms at the Honeymoon Heights 
Waste Rock Piles, DSHH, Holden Village, the Lower West Area, the Wind-Blown 
Tailings Area, and the Ballfield Area, where soil or waste rock exceeds proposed 
terrestrial ecological risk-based cleanup levels.  Intalco has suggested that risks to 
terrestrial receptors would diminish through “natural recovery” but has not 
described any process that would cause this to occur, or suggested how long it 
would take. 

In summary, although Alternative 13M would be protective of human health, it is 
not sufficiently protective of aquatic and terrestrial organisms, and thus does not 
satisfy the first CERCLA threshold criteria for selection of a remedy. 

6.2.2.2 Compliance with Potential Applicable or Relevant and 
Appropriate Requirements (ARARs) 

ARARs and TBC criteria are discussed in Appendix F. 

6.2.2.2.1 Potential Chemical-Specific Requirements for Surface Water 

Alternative 13M addresses many—but not all—identified, existing sources of 
hazardous substance releases into surface waters through containment, 
collection, and treatment.  Thus, the alternative may not satisfy potential 
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chemical-specific ARARs for surface water, such as the NWQC, Washington 
State Water Quality Standards for Surface Water, and MTCA, which are 
described in Appendix F. 

6.2.2.2.2 Potential Chemical-Specific Requirements for Groundwater 

Alternative 13M would contain and provide active measures to collect and treat 
many—but not all—identified groundwater sources that exceed proposed cleanup 
levels and would otherwise enter Railroad or Copper Creeks.  Groundwater that 
discharges from below Tailings Pile 2 and Tailings Pile 3 above proposed 
cleanup levels would not be contained; thus, Alternative 13M would not meet 
potential chemical-specific ARARs for the protection of surface water, including 
the NWQC, Washington State Water Quality Standards for Surface Water, and 
MTCA, which are described in Appendix F. 

Alternative 13M relies on institutional controls to prevent future human 
groundwater consumption at the Site.  This alone would not satisfy ARARs.  
Alternative 13M does not support justification of a waiver of ARARs (e.g., MCLs) 
within the WMAs.56 

6.2.2.2.3 Potential Chemical-Specific Requirements for Soil 

Alternative 13M would not satisfy all chemical-specific ARARs for soil. 

Alternative 13M includes the excavation and/or capping of tailings, waste rock 
piles, and soil at the former Mill Building, Surface Water Retention Area, the 
Lagoon, and the Maintenance Yard or other areas, as needed, to meet proposed 
soil cleanup levels in these areas.  However, Alternative 13M does not address 
soil contamination in some other areas of the site (e.g., Honeymoon Heights 
Waste Rock Piles, DSHH, Lower West Area, Holden Village, Wind-Blown 
Tailings Area and the Ballfield Area) in a manner that complies with ARARs for 
protection of terrestrial receptors[WAC 173-340-740(2)(b)(iii)]. 

6.2.2.2.4 Potential Chemical-Specific Requirements for Sediment 

Alternative 13M includes rerouting a portion of Railroad Creek that includes the 
areas impacted by ferricrete, which effectively addresses this issue.  Alternative 
13M also includes containment of groundwater impacted by releases from 

                                                 

56 Intalco specifically failed to address the definition of a waste management area to allow an alternative point of 

compliance for groundwater (referred to as a conditional point of compliance under MTCA), as requested by the 

Agencies (USDA OGC 2008, attachment labeled as Handout No. 1). 
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Tailings Pile 1 to sediments in Railroad Creek, but does not provide source 
control for groundwater impacted by releases from Tailing Piles 2 and 3. 

Intalco’s Alternative 13M description (ERM and URS 2009a, page 2) refers to 
prospective sediment monitoring, but does not include any details; Intalco 
characterizes sediments in Railroad Creek and Lake Chelan as not being 
included in the areas/media it considered for remediation at the Site.  Without 
such monitoring over time it would not be possible to confirm whether 
implementation of Alternative 13M would comply with ARARs, such as WAC 
173-204-120, and TBCs for the protection of aquatic organisms.  Potential TBCs 
include the Interim Final Sediment Evaluation Framework for the Pacific 
Northwest (US Army Corps of Engineers et al. 2006), and the state’s Sediment 
Management Standards (Chapter 173-204 WAC). 

6.2.2.2.5 Potential Action- and Location-Specific Requirements 

The Agencies anticipate that Alternative 13M would satisfy most, but not all, 
potential action- and location-specific ARARs.57  Additional information would 
need to be developed during remedial design/remedial action to confirm that 
Alternative 13M would satisfy potential action- and location-specific ARARs, such 
as the following: 

 Intalco has not presented information that shows that the 6-inch cover of 
soil/gravel and wood slash proposed for the tailings and waste rock piles [or 
the 12-inch cover discussed in URS (2010a)] would satisfy the performance 
requirements for closure of limited purpose landfills [WAC 173-350-
400(3)(e)(i)]; and 

 Intalco has not presented information to support its proposal to construct 
unlined ponds as part of the groundwater treatment system.  It is not clear 
that this would satisfy ARARs such as WAC 173-240-130(2)(t) and comply 
with state or local water quality management plans. 

In addition to developing additional information during remedial design, 
monitoring during and after implementation would be used to assess 
compliance with ARARs. 

                                                 

57 Mitigation to address adverse impacts such as permanent destruction of habitat, temporary disturbance of habitat 

during construction, visual impacts, etc., would be implemented as required by the Forest Plan.  In the event mitigation 

would not satisfactorily address requirements of the Forest Plan, the Forest Service may amend the Forest Plan or portions 

of this ARAR could be waived under CERCLA. 
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6.2.2.2.6 Summary of Alternative 13M Compliance with the CERCLA 
Threshold Requirements for Remedy Selection 

Alternative 13M does not satisfy the threshold requirements for selection of a 
permanent remedy, as discussed in Sections 6.2.2.1, 6.2.2.2.2, and 6.2.2.2.3, and 
may not satisfy other potential ARARs as discussed in sections 6.2.2.2.1 and 
6.2.2.2.4.  As a result, Alternative 13M cannot be selected as a permanent 
remedy for the Site. 

Since Alternative 13M does not meet the threshold requirements there is no 
requirement to further evaluate it with respect to the primary balancing criteria 
under CERCLA.  However, for the sake of completeness, the following sections 
discuss the degree to which Alternative 13M would satisfy the other CERCLA 
criteria for remedy selection. 

6.2.2.3 Long-Term Effectiveness and Permanence 

6.2.2.3.1 Magnitude of Residual Risk Remaining at the Conclusion of the 
Remedial Activities 

Risks to human health from exposure to groundwater would be reduced under 
Alternative 13M through institutional controls. 

Risks to human health from exposure to soil, tailings, and waste rock above 
proposed cleanup levels would be reduced under Alternative 13M through a 
combination of institutional controls, capping, and removal. 

Alternative 13M includes permanent containment, collection, and treatment of 
many identified sources of groundwater that exceed proposed cleanup levels.  
However, Alternative 13M would not effectively address discharge of 
groundwater from Tailings Piles 2 and 3 to surface water. 

Alternative 13M includes construction of toe buttresses along with regrading 
portions of the slopes of the three tailings piles to address the risk of seismic 
slope failures or surficial erosion of the tailings piles.  These actions, along with 
relocating Railroad Creek, would reduce the risk of slope failures due to scour 
that could undermine the toe of the tailings piles, or flooding that could overtop 
the existing riprap.  Alternative 13M would mitigate the residual risk of erosion 
or large-scale slope failures that could release substantial volumes of tailings with 
hazardous substances above proposed cleanup levels directly into Railroad 
Creek and, ultimately, Lake Chelan.  However, Alternative 13M does not include 
regrading steep tailings pile slopes adjacent to Copper Creek to the same degree 
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as for slopes adjacent to Railroad Creek (see Figure 3-1 in the Draft Alternative 
13M Remedy Evaluation Report [ERM and URS 2009a]). 

Although Intalco asserts that capping the tailings and waste rock piles would 
adequately reduce the risk of exposure to terrestrial receptors, it has not shown 
that the proposed 6-inch cover of soil/gravel and wood slash would satisfy the 
performance standards for closure of limited purpose landfills, such as 
minimizing infiltration [WAC 173-350-400(3)(e)(i)(B)] and the capacity to support 
native vegetation [WAC 173-350-400(3)(e)(i)(D)]. 

Alternative 13M would address risks to terrestrial and aquatic receptors in 
some—but not all—areas of the Site where soil (including tailings) exceeds 
proposed terrestrial ecological and aquatic risk-based cleanup levels.  Intalco’s 
proposal to rely on “monitored natural recovery” will not reduce risk to 
terrestrial receptors. 

Alternative 13M, like the other alternatives, could also result in some increased 
long-term risks to human health and the environment associated with the 
operation and maintenance of the remedy itself.  These could include air 
emissions from a diesel generator (needed to supply power to the water 
treatment plant if hydroelectric power or other alternate sources of power are 
insufficient), increased vehicle emissions associated with long-term operation, 
maintenance and monitoring (OMM) of the remedy, and potential 
contamination of soil, groundwater, or surface water from leaks or spills of diesel 
fuel, lime, or other chemicals while being transported to the Site or during 
routine use.  Such risks would be minimized through appropriate design (e.g., 
emission controls on the generator) and implementation of best management 
practices (BMPs) for transportation and handling of fuel, lime, and chemicals.58 

6.2.2.3.2 Adequacy and Reliability of Controls 

To assess the adequacy and reliability of controls at the Site, items to be 
addressed under CERCLA include: 1) uncertainties associated with land disposal 
of treatment system residuals; 2) the potential need to replace technical 
components of the remedy; and 3) the potential risk if components of the 
remedy need to be replaced. 

                                                 

58 The Agencies have expressed a preference for hydroelectric power to avoid negative environmental consequences of 

the use of diesel fuel, consistent with TBCs.  Risks related to fuel use would be reduced for all Alternatives if a 

hydroelectric source of power is successfully developed as desired. 
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The main treatment system residual under Alternative 13M is sludge.  In 
discussing ARARs [Section 2.2.2.10 of ERM and URS (2009a)] Intalco indicated 
that a liner and leachate collection system may not be required to satisfy limited 
purpose landfill standards (WAC 173-350-400) for sludge disposed of in a landfill 
constructed on the tailings piles.  Intalco did not include a liner and leachate 
control system in its cost estimate for Alternative 13M (URS 2009a).  Since it is 
not clear whether an unlined sludge disposal facility would satisfy ARARs, it is 
not clear whether the approach used in Intalco’s Alternative 13M cost estimate 
is an adequate method for land disposal of treatment system residuals. 

The main remedy components that would require replacement under Alternative 
13M are the water treatment system components.  Other components of the 
remedy, such as river bank protection and treatment system ditches, would also 
require periodic maintenance and repair to operate properly.  Since all of these 
components involve conventional industrial or construction means and methods, 
the Agencies anticipate that all of these components can be readily replaced, 
maintained, and repaired as the need arises. 

Unanticipated failure of a remedial system component could result in an 
uncontrolled release of hazardous substances to surface water.  Such a failure 
could have a sudden, acute impact on aquatic life within Railroad Creek if the 
hazardous substance concentrations were high enough.  However, an accidental 
release caused by a short-term failure of a remedy component is expected to 
have a significantly less adverse effect than the existing ongoing releases.  
Planned maintenance and periodic replacement of components for the 
groundwater collection, conveyance, and treatment systems typically can be 
arranged to minimize or avoid shutting down the remediation system. 

Based on the analysis described above, Alternative 13M includes sufficiently 
adequate and reliable controls for the groundwater treatment system.  However, 
the proposed omission of a liner and leachate collection system for the 
Alternative 13M sludge disposal facilities may not provide long-term protection 
of the environment. 

6.2.2.3.3 Summary of Long-Term Effectiveness and Permanence 

Based on the analysis discussed above, Alternative 13M would not provide 
acceptable long-term effectiveness and permanence for selection as a remedy, 
since it would leave residual risk to terrestrial and aquatic receptors after 
implementation. 
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6.2.2.4 Reduction of Toxicity, Mobility, and Volume through Treatment 

Alternative 13M would use active water treatment to reduce the toxicity of 
hazardous substances in some of the groundwater from the Site (including seeps 
and mine portal drainage) that discharges to surface water.  Alternative 13M 
would treat an estimated 710 million gallons of contaminated water per year.  
Toxic metals from the treated portion of the groundwater would be immobilized 
in the treatment sludge, which would be disposed of in an on-site landfill that 
meets the state’s Limited Purpose Landfill regulations.  The process would 
produce an average of approximately 7.2 million gallons of sludge (based on 4 
percent solids) per year during the first year of operation, and this volume would 
decrease over time as indicated in Table D4 of the DFFS and discussed in 
Appendix F of the SFS. 

Alternative 13M does not rely on destruction or recycling of hazardous 
substance materials. 

6.2.2.5 Short-Term Effectiveness 

6.2.2.5.1 Short-Term Risks to the Community During Implementation 

Short-term health risks to the community during implementation primarily consist 
of increased exposure to construction traffic.  Potential exposure to construction 
dust, noise, and vehicle exhaust emissions is not anticipated to present risks to 
the Holden Village community or other members of the public using the 
adjacent forest lands. 

Short-term risks to the local community due to implementation of Alternative 
13M can be adequately mitigated through active measures taken during 
construction, as discussed in Section 4.1.3.3.1 of the SFS.  This would include a 
traffic control plan for joint use of the Lucerne-Holden Road by construction 
traffic, the Agencies, visitors to the National Forest, and the Holden Village 
community. 

6.2.2.5.2 Potential Impacts on Workers during the Remedial Action and 
the Effectiveness and Reliability of Mitigative Measures During 
Implementation 

Short-term human health risks from implementation of Alternative 13M are 
primarily focused on construction safety and potential longer-term risks 
associated with operation of the treatment facility. 
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Human health risks to construction workers during remedy implementation 
include the following: underground mine hazards; construction traffic; exposure 
to soils with elevated concentrations of hazardous substances and TPH; 
exposure to noise and dust; and exposure to demolition activities and debris due 
to removal of the derelict mill structure.  Additional risks would be related to 
construction activities associated with regrading, barrier wall construction, ditch 
excavations, and treatment plant construction (e.g., open excavations, heavy 
equipment operations).  There is also some risk to workers associated with 
handling caustic chemicals used in treatment system operations. 

Construction activities will need to adhere to applicable OSHA, L&I, and, 
potentially, MSHA regulations.  Construction workers will be required to have 
HAZWOPER training.  Dust concerns would be managed through BMPs. 

6.2.2.5.3 Potential Environmental Impacts of the Remedial Action and 
the Effectiveness and Reliability of Mitigative Measures during 
Implementation 

Potential environmental impacts of the remedial action include the following: 

1. Risk of a tailings release to Railroad or Copper Creeks due to slope failures 
or stormwater runoff during regrading or relocation of Railroad Creek; 

2. Risk of bentonite or cement releases to the creeks during barrier wall 
construction; 

3. Risks associated with construction of hydraulic barriers in the underground 
mine; 

4. Risk of sediment release to the creeks during construction of groundwater 
and seep collection components, and use of temporary stream crossings 
during construction; 

5. Risk to humans and the environment from construction vehicle emissions, 
noise, and dust; 

6. Risk of fuel spills, especially if hydroelectric power is unavailable or 
insufficient; 

7. Risk of surface water quality exceedances during and after startup of the 
treatment plant; and 

8. A net permanent loss of habitat in the area along the new Railroad Creek 
channel and in the areas where the groundwater treatment facilities will be 
located.  The areas impacted by the proposed Alternative 13M treatment 
systems include the riparian forest area where the west treatment system 
would be located, and the wetlands where the east treatment facilities would 
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be located.  Implementation of Alternative 13M will require mitigation for 
the loss of the wetlands and riparian forest in order to comply with the 
Forest Plan and other ARARs.59 60 61  Mitigation to address adverse impacts 
such as permanent destruction of habitat, temporary disturbance of habitat 
during construction, visual impacts, etc., would be implemented as required 
by the Forest Plan.  In the event mitigation would not satisfactorily address 
requirements of the Forest Plan, the Forest Service may amend the Forest 
Plan or portions of this ARAR could be waived under CERCLA. 

Mitigation for constructing the groundwater treatment facility within the existing 
wetlands will need to be addressed during remedial design.  Mitigation could 
include, for example, expansion or enhancement of existing riparian wetlands 
along Railroad Creek (see Figure 4, for example), creation of wetlands as part of 
cleanup in the Lower West Area, and/or expansion or enhancement of wetlands 
in other areas (for example, see Hart Crowser 2005). 

There will also be additional short-term habitat loss or degradation in other areas 
where active remedial measures are implemented, such as along a temporary 
access road to the Surface Water Retention Area, and other areas disturbed for 
construction. 

                                                 

59 There may also be other areas where there would be permanent disturbance due to implementation of Alternative 

13M, e.g., along the surface water diversions upslope of the tailings and waste rock piles.  It is not possible to precisely 

quantify such impacts prior to remedial design, but it is also likely these incidental impacts are similar from one alternative 

to another.  Such impacts can, however, be addressed under the NRDA for the Site. 
60 Intalco has proposed use of an engineered wetland for polishing treated groundwater in the east treatment system, but 

has not provided any explanation for why the proposed Alternative 13M east treatment system would use a wetlands 

component for polishing, while the west treatment system would use a sand filter system.  Intalco has not provided any 

discussion of the relative merits of a sand filter system compared to a wetlands system for polishing.  Intalco has not 

provided any information on how long-term sludge accumulation would be managed for the wetlands system.  Intalco has 

not provided any details on discharge from the wetlands system, and whether this discharge would be regulated as a 

discharge to groundwater or a point source discharge to surface water.  Intalco has also not identified any habitat value 

for the engineered wetlands.  Construction of the Alternative 13M treatment facility in the existing wetlands will require 

mitigation under the Forest Plan and other ARARs.  Also, the Forest Service, Ecology, and the Yakama Nation, who are 

also Natural Resource Trustees, do not anticipate the proposed engineered wetlands would produce any NRD credit for 

the existing wetlands that have been impacted by hazardous substances released from the tailings piles; or NRD credit for 

the loss of wetlands that would result from construction of the Alternative 13M treatment facilities.  Wetlands used as part 

of a water treatment system would not be expected to have the biological complexity of a natural system and could be an 

attractive nuisance for wildlife if the water flowing through them does not meet surface water quality criteria (see EPA 

2007).  Compensation for loss of the wetlands east of Tailings Pile 3 will need to be addressed as natural resource 

damages. 
61 Compensation for these areas is also subject to recovery for NRD under CERCLA. 
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Alternative 13M includes rerouting Railroad Creek away from the toe of the 
tailings (and regrading the tailing slopes to increase stability), as well as 
enhancing existing riprap to mitigate potential future flood impacts.  Mitigative 
measures for potential tailings and sediment releases include construction BMPs 
such as sediment fencing and barriers, which could be advanced along the edge 
of the creek as the Lower West Area/Tailings Pile 1 barrier is constructed, and 
adjacent to construction of the new creek channel upslope of the existing 
Railroad Creek channel. 

In addition, all areas disturbed during construction would need to be promptly 
revegetated to limit soil loss and surface water impacts, and to control the 
establishment of noxious weeds. 

The risk of fuel spills, or bentonite or cement releases would be mitigated 
through an SPCC Plan implemented for construction, and adherence to 
regulations regarding storage, transportation, and dispensing of fuel.62 

6.2.2.5.4 Time until Protection is Achieved 

Alternative 13M would immediately protect human health but would not be 
entirely protective of terrestrial or aquatic organisms. 

 Alternative 13M would rely on natural recovery to eliminate risks to 
terrestrial receptors in the Honeymoon Heights Waste Rock Piles, DSHH, 
Ballfield Area, Lower West Area, Holden Village, and Wind-Blown Tailings 
AOIs.  Intalco has not identified any mechanism for natural attenuation of 
hazardous substances in soils, or indicated how much time would elapse 
before natural recovery is complete. 

 Alternative 13M has not been shown to be protective of Railroad Creek 
downstream of Tailings Piles 2 and 3 following remedy implementation.  
Even if natural attenuation is shown to be effective in protecting aquatic 
receptors downgradient of Tailings Piles 2 and 3 at some future time, it is not 
evident when that would occur. 

                                                 

62 The Agencies have expressed a preference for hydroelectric power to avoid negative environmental consequences of 

the use of diesel fuel, consistent with TBCs.  Risks related to fuel use would be reduced for all Alternatives if a 

hydroelectric source of power is successfully developed as desired. 
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6.2.2.5.5 Summary of Short-Term Effectiveness 

Based on the analysis discussed above, Alternative 13M is not anticipated to 
provide acceptable short-term effectiveness for selection as a remedy.  Although 
potential short-term risks to the community, remediation workers, and 
environmental impacts of remedy implementation could likely be managed, it is 
unclear when protection of aquatic and terrestrial environmental receptors 
would be achieved. 

As with other remedial alternatives, Alternative 13M would produce some long-
term adverse impacts due to construction of the groundwater treatment facilities 
and other permanent impacts that would need to be addressed through 
mitigation required under the Forest Plan, SEPA, and the Clean Water Act 
(Section 404 wetlands mitigation). 

6.2.2.6 Implementability 

This section describes the CERCLA evaluation of the implementability of 
Alternative 13M, based on consideration of its technical feasibility, administrative 
feasibility, and the availability of needed services and materials. 

6.2.2.6.1 Technical Feasibility 

Alternative 13M is technically feasible.  The remedy could be implemented using 
conventional construction equipment and techniques. 

The proposed groundwater treatment system may need to be augmented 
beyond simple lime addition and precipitation in order for the effluent to meet 
criteria for discharge to surface water.  The final treatment system design needs 
to be based on treatability tests (such as are now underway, and/or as part of 
remedial design), and could require modification to enhance treatment as 
discussed in Appendix F of the SFS.  Reported experience of other comparable 
systems is discussed in Appendix F of the SFS and Appendix H of ERM and URS 
(2009a).  The ease of undertaking additional remedial measures varies, 
depending on the measures that might be needed.  However, the proposed 
treatment system would not preclude potential additional measures. 

The feasibility of operating the proposed Alternative 13M groundwater 
collection and conveyance system year-round may be limited by seasonal 
freezing or iron fouling of ditches used for collection and conveyance of 
groundwater, conveyance piping, pumps, and treatment facility components.  If 
Alternative 13M is selected, the performance of the ditch system used for 
collection and conveyance, and its susceptibility to freezing or other problems 



 

   
4769-15  June 1, 2010  Page 93 

should be further evaluated during remedial design to determine whether an 
alternative approach, such as the seep collection system proposed for 
Alternative 9, would be more effective. 

6.2.2.6.2 Administrative Feasibility 

Alternative 13M is administratively feasible. 

The land affected by the remedy is under the control of the Forest Service, 
except for patented mine claims that are owned by Holden Village, Inc.  The 
Agencies anticipate that the remedy will include some active measures as well as 
access and institutional controls on lands owned by Holden Village, Inc. 

No wastes are anticipated to be moved off the Site for disposal, with the 
possible exception of residual processing wastes, which may be designated as 
state Dangerous Waste, and asbestos encountered during cleanup of the former 
Mill Building.  The potential need for off-site disposal of such wastes does not 
affect the feasibility of Alternative 13M. 

6.2.2.6.3 Availability of Services and Materials 

The technologies required for each of the components in Alternative 13M are 
known and proven technologies.  The Agencies anticipate that there will be 
companies willing to do this work and that the contractors bidding for this work 
will be experienced in the technologies required for the alternative. 

Alternative 13M would rely on construction means and methods that are readily 
available in Washington, and it is also likely that a remedial construction project 
of this magnitude would attract interested contractors from outside the region.  
Despite the Site’s remote geographic location, necessary equipment could be 
moved to the Site for construction of Alternative 13M. 

6.2.2.6.4 Summary of Implementability 

Based on the analysis discussed above, Alternative 13M would satisfy the 
remedy selection criterion for implementability. 

6.2.2.7 Cost 

CERCLA requires that an alternative selected as a cleanup action shall be cost-
effective, provided that it first satisfies the threshold criteria.  The Agencies' 
detailed cost estimate is presented in Appendix A.  The table below summarizes 
the Agencies’ estimate. 
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Alternative 13M 63 
Estimated Capital Cost $56,400,000 

Net Present Value of Long-Term 

Operations, Maintenance and Monitoring 

$23,400,000 

Total Estimated Cost: $79,800,000 

 
Additional information on estimated costs is presented in Appendix A. 

6.2.2.8 State Acceptance 

Ecology has participated with the lead Agency in evaluating remedy alternatives 
for the Site.  The state’s evaluation of Alternative 13M under MTCA is 
summarized below in Section 6.3. 

6.2.2.9 Community Acceptance 

CERCLA provides that final remedy selection will consider public comment on 
the remedial alternatives. 

Community acceptance of alternatives will be evaluated after the public 
comment period ends, and will be described in the ROD for the Site. 

6.2.2.10 Summary of Alternative 13M 

Based on the analyses discussed above in Sections 6.2.2.1; 6.2.2.2; 6.2.2.3; and 
6.2.2.5; Alternative 13M would not satisfy all the CERCLA criteria for selection of 
a permanent remedy. 

6.2.3 Alternative 14 

This section describes the Agencies’ evaluation of Alternative 14 using the 
CERCLA remedy selection criteria. 

6.2.3.1 Overall Protection of Human Health and the Environment 

Risks to humans from soil, tailings, and waste rock that exceed human health 
risk-based criteria would be addressed under Alternative 14 by capping the 
material in place or moving the material and then capping it to prevent exposure 
in these areas: Tailings Piles 1, 2, and 3; East and West Waste Rock Piles; former 
Mill Building; Lagoon Area; Maintenance Yard; a portion of the Lower West 

                                                 

63 Costs are shown in 2010 dollars, rounded to three significant figures. 
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Area; a portion of the Ballfield Area; and the Surface Water Retention Area.  
Human health risks in the Honeymoon Heights Waste Rock Piles, and the areas 
downslope of Honeymoon Heights would be addressed by institutional controls 
and access restrictions. 

Groundwater at the Site that exceeds drinking water criteria is not currently used 
as drinking water sources and surface water does not currently exceed drinking 
water standards.  However, any potential future use of groundwater and surface 
water that exceeds human health risk-based criteria would be restricted by 
institutional controls. 

Safety to residents and visitors would be addressed by implementing and 
maintaining mine access restrictions. 

Risks to terrestrial organisms from soil, tailings, and waste rock that exceed 
proposed terrestrial ecological risk-based cleanup levels would be addressed by 
capping the material in place or moving it and then capping to prevent exposure 
in these areas: Tailings Piles 1, 2, and 3; East and West Waste Rock Piles; former 
Mill Building; Lagoon Area; a portion of the Lower West Area; a portion of the 
Ballfield Area; Maintenance Yard; and Surface Water Retention Area.  Risks from 
materials in other areas (e.g., Holden Village; a portion of the Lower West Area; 
Wind-Blown Tailings Area; a portion of the Ballfield Area; the Honeymoon 
Heights Waste Rock Piles; and the DSHH) would be addressed by in situ 
treatment such as pH adjustment, monitoring, and possible future removal, 
capping, or treatment if land use changes. 

To protect aquatic organisms, contaminant inputs from groundwater (including 
groundwater base flow, seeps and mine drainage) would be intercepted and 
treated before discharge to surface water, thereby reducing concentrations in 
Railroad Creek and the Copper Creek Diversion to levels protective of aquatic 
life.  Mine air flow restrictions and capping of sources would help to reduce 
contaminant loading to the treatment system. 

Sediment release and aquatic habitat disturbance from potential failure of the 
tailings pile and waste rock slopes would be prevented by regrading, 
constructing stabilizing berms where needed, and protecting from erosion and 
scour. 

Risks to aquatic organisms from exposure to ferricrete in Railroad Creek would 
be addressed by rerouting the creek.  Sediment in Railroad Creek and Lake 
Chelan at the Lucerne Bar would be monitored to confirm that risks to benthic 
macroinvertebrates remain low and decrease over time with continued natural 
deposition of clean sediment. 
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In summary, Alternative 14 is anticipated to be protective of human health and 
the environment, which satisfies the first CERCLA threshold criteria for selection 
of a remedy. 

6.2.3.2 Compliance with Potential Applicable or Relevant and 
Appropriate Requirements (ARARs) 

ARARs and TBC criteria were discussed above in Section 2.2, and Appendix F. 

6.2.3.2.1 Potential Chemical-Specific Requirements for Surface Water 

Alternative 14 addresses all identified, existing sources of hazardous substance 
releases into surface waters through containment, collection, and treatment.  
Thus, the alternative is expected to satisfy potential chemical-specific ARARs for 
surface water, including the NWQC, National Toxics Rule, Maximum 
Contaminant Levels, Washington State Drinking Water Standards, Washington 
State Water Quality Standards for Surface Water, and MTCA, which are 
described in Appendix F. 

Alternative 14 includes design and operation of two groundwater treatment 
plants that may be operated in series or in parallel to treat flows from different 
portions of the Site to meet discharge limits, which could include a mixing zone, 
if approved. 

6.2.3.2.2 Potential Chemical-Specific Requirements for Groundwater 

Alternative 14 would contain and provide active measures to collect and treat all 
identified groundwater sources that exceed proposed surface water cleanup 
levels and that would otherwise enter Railroad or Copper Creeks.  Alternative 14 
would rely on groundwater barriers, which are a proven technology for the 
containment of contaminated groundwater within the WMAs (e.g., below waste 
piles that are left in place; see Appendix C of the SFS).  By using such barriers, 
Alternative 14 would provide source control to the maximum extent practicable, 
which is one of the requirements to enable the cleanup to rely on a conditional 
point of compliance for groundwater under MTCA.  Groundwater downgradient 
of the containment barrier is anticipated to meet potential chemical-specific 
ARARs following construction of the barrier around the source areas, based on 
experience at other sites that is described in Appendix C of the SFS. 

Human exposure to groundwater above drinking water standards (e.g., MCLs) at 
the Site would be prevented through institutional controls.  Groundwater outside 
designated WMAs would begin to be cleaned up immediately following 
implementation of containment measures.  However, it would be technically 
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impracticable to meet drinking water standards within areas designated as 
WMAs (i.e., the main tailings and waste rock piles and the Lower West Area) 
within a reasonable restoration time frame.  Therefore, in these areas, the 
Agencies may need to consider a waiver of groundwater ARARs under CERCLA. 

In summary, groundwater containment would allow chemical-specific ARARs to 
be satisfied outside of the WMAs.  Within the WMAs, institutional controls 
would protect human health, but chemical-specific ARARs would not be met 
and a waiver of these ARARs may be required. 

6.2.3.2.3 Potential Chemical-Specific Requirements for Soil 

Soil exceeding proposed cleanup levels would be addressed under Alternative 
14 through a combination of removal, containment, in situ treatment (pH 
adjustment), monitoring, and institutional controls to comply with ARARs for 
protection of human health, terrestrial receptors, and surface water under 
MTCA, as described above in Section 5.3.1.  Where such action is not 
compatible with existing highly valued habitat, the Agencies would waive the soil 
cleanup level ARAR where greater harm would be caused by taking action.  
Such an ARAR waiver would occur through an ESD or ROD Amendment. 

6.2.3.2.4 Potential Chemical-Specific Requirements for Sediment 

Sediment would be isolated (e.g., ferricrete in Railroad Creek) and monitored 
downstream from the relocated stream section and in Lake Chelan at the 
Lucerne Bar.  These actions are expected to comply with ARARs. 

As presented in Section 2.3.3.1.4 of the SFS, no chemical-specific ARARs have 
been proposed for sediments at the Site.  Alternative 14 includes elimination of 
the release of hazardous substances to sediments in Railroad Creek and 
sediment monitoring to determine whether further sediment clean up would be 
required to protect aquatic organisms and to satisfy potential TBC criteria (e.g., 
US Army Corps of Engineers et al. 2006 and Chapter 173-204 WAC). 

6.2.3.2.5 Potential Action- and Location-Specific Requirements 

Alternative 14 would comply with cleanup standards in AOIs where active 
remedial measures (including in situ treatment) are accomplished.  The design of 
in situ treatment would need to be further evaluated during remedial design.  
The combination of in situ treatment, where feasible, and monitoring, would 
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comply with cleanup standards.64 Therefore, Alternative 14 complies with 
potential action-specific ARARs, including MTCA and the state’s limited purpose 
landfill standards, and location-specific ARARS such as the National Forest 
Management Act (NFMA) and the Land and Resource Management Plan for 
Wenatchee National Forest (LRMP) as amended.65  Potential action- and 
location-specific ARARs are discussed in section 2.3.3 of the SFS. 

Monitoring during and after implementation would be used to assess 
compliance, as required under both CERCLA and MTCA. 

6.2.3.2.6 Summary of Compliance with Potential ARARs 

As presented in Sections 6.2.3.2.1 through 6.2.3.2.5, Alternative 14 is anticipated 
to comply with all potential ARARs, which satisfies the second CERCLA 
threshold criteria for selection of a remedy. 

6.2.3.3 Long-Term Effectiveness and Permanence 

6.2.3.3.1 Magnitude of Residual Risk Remaining at the Conclusion of the 
Remedial Activities 

Risks to human health from exposure to groundwater would be reduced under 
Alternative 14 through institutional controls. 

Risks to human health from exposure to soil, tailings, and waste rock above 
proposed cleanup levels would be reduced under Alternative 14 through a 
combination of institutional controls, capping, and consolidation. 

Alternative 14 includes permanent containment, collection, and treatment of all 
identified sources of groundwater that exceed proposed cleanup levels. 

Alternative 14 includes construction of toe buttresses along with regrading 
portions of the slopes of the three tailings piles to address the risk of seismic 
slope failures or surficial erosion of the tailings piles.  These actions, along with 

                                                 

64 In situ soil treatment may be a long-term process that involves repeated applications of agricultural lime or a 

comparable product to adjust soil pH at regular intervals.  In the event of future land use changes, such as a significant 

forest fire, alternate measures might be implemented if monitoring indicates it is appropriate. 
65 Mitigation to address adverse impacts such as permanent destruction of habitat, temporary disturbance of habitat 

during construction, visual impacts, etc., would be implemented as required by the Forest Plan.  In the event mitigation 

would not satisfactorily address requirements of the Forest Plan, the Forest Service may amend the Forest Plan or portions 

of this ARAR could be waived under CERCLA. 
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relocating Railroad Creek, would reduce the risk of slope failures due to scour 
that could undermine the toe of the tailings piles, or flooding that could overtop 
the existing riprap.  Alternative 14 would mitigate the residual risk of erosion or 
large-scale slope failures that could release substantial volumes of tailings with 
hazardous substances above proposed cleanup levels directly into Railroad 
Creek and, ultimately, Lake Chelan. 

Closure of the tailings and waste rock piles in conformance with state landfill 
regulations and other ARARs would reduce the risk of exposure to humans and 
terrestrial ecological receptors.  Other areas of the Site with soil concentrations 
above proposed cleanup levels would be consolidated and capped as part of 
the tailings and waste rock piles, or capped in place to protect terrestrial 
receptors and prevent infiltration, including the former Mill Building, 
Maintenance Yard, a portion of the Ballfield Area, Surface Water Retention Area, 
Lagoon and a portion of the Lower West Area. 

Alternative 14 would also address risk to terrestrial receptors in other areas of 
the Site through in situ treatment where soil exceeds proposed terrestrial 
ecological risk-based cleanup levels.  These areas include the Honeymoon 
Heights Waste Rock Piles, DSHH, Holden Village, the Wind-Blown Tailings area, 
a portion of the Ballfield Area and a portion of the Lower West Area. 

Alternative 14, along with Alternatives 11M and 13M, could result in some 
increased long-term risks to human health and the environment associated with 
the operation and maintenance of the remedy itself.  These could include risks 
related to air emissions from a diesel generator to supply power to the water 
treatment plants, if hydroelectric or other alternate sources of power are 
unavailable or insufficient.  Other risks could involve increased vehicle emissions 
and potential contamination of soil, groundwater, or surface water from leaks or 
spills of diesel fuel, lime, or other chemicals while being transported to the Site 
or during routine use.66  Such risks would be minimized through appropriate 
design (e.g., emission controls on the generator) and implementation of best 
management practices (BMPs) for transportation and handling of fuel, lime, and 
chemicals. 

                                                 

66 If all the electricity were obtained from a diesel generator (instead of hydroelectric or other alternative sources) 

Alternative 14 is anticipated to require about 8,850 gallons per year of diesel compared to 12,000 gallons per year for 

Alternative 13M, and 34,700 gallons per year for Alternative 11M, based on the evaluations discussed in Appendix A.  The 

Agencies have expressed a preference for hydroelectric power to avoid negative environmental consequences of the use 

of diesel fuel, consistent with TBCs.  Risks related to fuel use would be reduced for all Alternatives if a hydroelectric source 

of power is successfully developed as desired. 



 

   
Page 100  4769-15  June 1, 2010 

6.2.3.3.2 Adequacy and Reliability of Controls 

To assess the adequacy and reliability of controls at the Site, items to be 
addressed under CERCLA include: 1) uncertainties associated with land disposal 
of treatment system residuals; 2) the potential need to replace technical 
components of the remedy; and 3) the potential risk if components of the 
remedy need to be replaced. 

Sludge from the water treatment systems would be the primary treatment 
system residual requiring land disposal under this alternative.  Under Alternative 
14, water treatment system sludge would be disposed of in a lined on-site landfill 
designed and constructed for this purpose.  The Agencies consider there to be a 
low level of uncertainty associated with this approach related to adequacy and 
reliability of controls, although the potential use of an unlined sludge disposal 
facility, possibly on Tailings Pile 1 (i.e., within a groundwater containment area) 
could be further evaluated for Alternative 14, as proposed by Intalco for 
Alternative 13M. 

Technical components of Alternative 14 that are subject to replacement or 
significant maintenance are the water treatment and associated collection 
system, caps on tailings and waste rock piles (especially the slopes of these 
landfills), and stream bank protection including the rerouted channel of Railroad 
Creek.  All of these components involve conventional construction or industrial 
means and methods and, thus, are considered to be readily able to be replaced, 
maintained, and repaired as required. 

Unanticipated failure of a remedial system component could result in an 
uncontrolled release of contaminated water or soil (including tailings) to surface 
water.  Such a failure could conceivably have an acute impact on aquatic life 
within Railroad Creek if the hazardous substance concentrations were high 
enough.  However, an accidental release caused by a short-term failure of a 
remedy component under Alternative 14 is anticipated to have significantly less 
effect than the existing ongoing releases.  Planned maintenance and periodic 
replacement of components in accordance with an approved maintenance plan 
for the groundwater collection, conveyance, and treatment systems would 
typically minimize or avoid shutting down the remediation system. 

Based on the analysis described above, Alternative 14 includes sufficiently 
adequate and reliable controls to provide long-term protection of the 
environment. 
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6.2.2.3.3 Summary of Long-Term Effectiveness and Permanence 

Based on the analysis discussed above, Alternative 14 is anticipated to provide 
acceptable long-term effectiveness and permanence for selection as a remedy. 

6.2.3.4 Reduction of Toxicity, Mobility, and Volume through Treatment 

Alternative 14 would use active water treatment to reduce the toxicity of 
hazardous substances in groundwater (including seeps and mine portal 
drainage) that discharge to surface water.  Hazardous substances would be 
immobilized in the treatment sludge, which would be landfilled on site. 

Alternative 14 would use active treatment to reduce the toxicity and mobility of 
an estimated average of 620 million gallons of contaminated water per year.  
Alternative 14 would include removing approximately 10.6 million gallons of 
sludge from the east and west treatment plants during the first year of operation, 
and this volume would decrease over time as indicated in Table D4 of the DFFS 
and discussed in Appendix F of the SFS. 

Alternative 14 is anticipated to reduce toxicity, mobility and volume of 
hazardous substances from the overall Site, to the degree necessary to be 
selected as a permanent remedy. 

6.2.3.5 Short-Term Effectiveness 

6.2.3.5.1 Short-Term Risks to the Community During Implementation 

Short-term human health risks to the local community during implementation of 
Alternative 14 primarily consist of increased exposure to construction traffic.  
Potential exposure to construction dust, noise, and vehicle exhaust emissions is 
not anticipated to present risks to the Holden Village community or other 
members of the public using the adjacent forest lands. 

Short-term risks to the local community due to implementation of Alternative 14 
can be adequately mitigated through active measures taken during construction.  
This would include a traffic control plan for joint use of the Lucerne-Holden 
Road by construction traffic, the Agencies, visitors to the National Forest, and 
the Holden Village community. 



 

   
Page 102  4769-15  June 1, 2010 

6.2.3.5.2 Potential Impacts on Workers during the Remedial Action and 
the Effectiveness and Reliability of Mitigative Measures During 
Implementation 

Short-term human health risks from implementation of Alternative 14 primarily 
include construction safety and potential longer-term risks associated with 
operation of the treatment facility. 

Human health risks to construction workers during remedy implementation 
include the following: underground mine hazards; construction traffic; exposure 
to soils with elevated concentrations of hazardous substances and TPH; 
exposure to noise and dust; and exposure to demolition activities and debris due 
to removal of the derelict mill structure.  Additional risks would be related to 
construction activities associated with regrading, barrier wall construction, ditch 
excavations, and treatment plant construction (e.g., open excavations, heavy 
equipment operations).  There is also some risk to workers associated with 
handling caustic chemicals used in treatment system operations. 

Construction activities will need to adhere to applicable OSHA, L&I, and, 
potentially, MSHA regulations.  Construction workers will be required to have 
HAZWOPER training.  Dust concerns would be managed through BMPs. 

6.2.3.5.3 Potential Environmental Impacts of the Remedial Action and 
the Effectiveness and Reliability of Mitigative Measures during 
Implementation 

Potential environmental impacts of the remedial action include the following: 

1. Risk of a tailings release to Railroad or Copper Creeks due to slope failures 
or stormwater runoff during regrading; 

2. Risk of bentonite or cement releases to the creeks during barrier wall 
construction; 

3. Risks associated with construction of hydraulic barriers in the underground 
mine; 

4. Risk of sediment release to the creeks during construction of groundwater 
and seep collection components, and use of temporary stream crossings 
during construction; 

5. Risk to humans and the environment from construction vehicle emissions, 
noise, and dust; 

6. Risk of fuel spills, especially if hydroelectric power is unavailable or 
insufficient; 
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7. Risk of surface water quality exceedances during and after startup of the 
treatment plant; and 

8. A net permanent loss of habitat in the area along the new Railroad Creek 
channel and in the areas where the groundwater treatment facilities will be 
located.  The areas impacted by the proposed Alternative 14 treatment 
systems include the riparian forest area where the west treatment system 
would be located, and the wetlands where the east treatment facilities would 
be located.  Implementation of Alternative 14 will require mitigation for the 
loss of the wetlands and riparian forest in order to comply with the Forest 
Plan and other ARARs.67 68 

Mitigation for constructing the groundwater treatment facility within the existing 
wetlands will need to be addressed during remedial design.  Mitigation could 
include, for example, expansion or enhancement of existing riparian wetlands 
along Railroad Creek (see Figure 4, for example), creation of wetlands as part of 
cleanup in the Lower West Area, and/or expansion or enhancement of wetlands 
in other areas (for example, see Hart Crowser 2005). 

There will also be additional short-term habitat loss or degradation in other areas 
where active remedial measures are implemented, such as along a temporary 
access road to the Surface Water Retention Area, and other areas disturbed for 
construction. 

Alternative 14 includes rerouting Railroad Creek away from the toe of the 
tailings, regrading the tailings pile slopes, constructing buttresses to increase 
slope stability, as well as placing riprap along the new creek channel to mitigate 
potential future flood impacts.  Mitigative measures for potential tailings and 
sediment releases include construction BMPs such as sediment fencing and 
barriers, which could be advanced along the edge of the creek as the Lower 
West Area/Tailings Pile 1 barrier is constructed, and adjacent to construction of 
the new creek channel upslope of the existing Railroad Creek channel. 

In addition, all areas disturbed during construction would be promptly 
revegetated in compliance with ARARs to limit soil loss and surface water 
impacts, restore habitat, and to control the establishment of noxious weeds. 

                                                 

67 There may also be other areas where there would be permanent disturbance due to implementation of Alternative 14, 

such as along the surface water diversions upslope of the tailings and waste rock piles.  It is not possible to precisely 

quantify such impacts prior to remedial design, but it is also likely these incidental impacts are similar from one alternative 

to another.  Such impacts can, however, be addressed under the NRDA for the Site. 
68  Compensation for these areas will also be required for NRD. 
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The risk of fuel spills or bentonite or cement releases would be mitigated 
through an SPCC Plan implemented for construction, and adherence to 
regulations regarding storage, transportation, and dispensing of fuel. 

6.2.3.5.4 Time Until Protection is Achieved 

Alternative 14 would immediately protect human health and is anticipated to be 
protective of the environment at the time the remedy is implemented. 

6.2.3.5.5 Summary of Short-Term Effectiveness 

Based on the analysis discussed above, Alternative 14 is anticipated to provide 
acceptable short-term effectiveness for selection as a remedy.  As with other 
remedial alternatives, some long-term adverse impacts would result from the 
construction of the groundwater treatment facilities and other permanent 
impacts that would need to be addressed through SEPA mitigation under ARARs 
such as the Forest Plan, SEPA, and the Clean Water Act. 

6.2.3.6 Implementability 

This section describes the CERCLA evaluation of the implementability of 
Alternative 14, based on consideration of its technical feasibility, administrative 
feasibility, and the availability of needed services and materials. 

6.2.3.6.1 Technical Feasibility 

Alternative 14 is technically feasible.  The remedy could be implemented using 
conventional construction equipment and techniques. 

The proposed groundwater treatment system may need to be augmented 
beyond simple lime addition and precipitation in order for the effluent to meet 
criteria for discharge to surface water.  The final treatment system design needs 
to be based on treatability tests (such as are now underway, and/or as part of 
remedial design), and could require modification to enhance treatment as 
discussed in Appendix F of the SFS.  Reported experience of other comparable 
systems is discussed in Appendix F of the SFS and Appendix H of ERM and URS 
(2009a).  The ease of undertaking additional remedial measures varies, 
depending on the measures that might be needed.  However, the proposed 
treatment system would not preclude potential additional measures. 

Like Alternatives 11M and 13M, the feasibility of operating the groundwater 
collection and conveyance system year-round may be limited by seasonal 
freezing or iron fouling of ditches used for collection and conveyance of 
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groundwater, conveyance piping, pumps, and treatment facility components.  If 
Alternative 14 is selected, the performance of the ditch system used for 
collection and conveyance, and its susceptibility to freezing or other problems 
should be further evaluated during remedial design to determine whether an 
alternative approach, such as the seep collection system proposed for 
Alternative 9, would be more effective. 

6.2.3.6.2 Administrative Feasibility 

Alternative 14 is administratively feasible. 

The land affected by the remedy is under the control of the Forest Service, 
except for patented mine claims that are owned by Holden Village, Inc.  The 
Agencies anticipate that the remedy will include access and institutional controls 
on lands owned by Holden Village, Inc. 

No wastes are anticipated to be moved off the Site for disposal, with the 
possible exception of residual processing wastes, which may be designated as 
state Dangerous Waste, or asbestos encountered during cleanup of the former 
Mill Building.  The potential need for off-site disposal of such wastes does not 
affect the feasibility of Alternative 14. 

6.2.3.6.3 Availability of Services and Materials 

The technologies required for each of the components in Alternative 14 are 
known and proven technologies.  The Agencies anticipate that there will be 
companies willing to do this work and that the contractors bidding for this work 
will be experienced in the technologies required for the alternative.  Alternative 
14 would utilize conventional construction means and methods that are readily 
available in Washington State.  The Agencies do not expect there would be any 
shortage of contractors in the region who are capable and interested in taking 
on this work; it is also likely that a remediation project of this scale would attract 
bidders from outside the region.  Despite the Site’s remote geographic location, 
necessary equipment could be moved to the Site for construction of 
Alternative 14. 

6.2.3.6.4 Summary of Implementability 

Based on the analysis discussed above, Alternative 14 would satisfy the remedy 
selection criterion for implementability. 
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6.2.3.7 Cost 

CERCLA requires that an alternative selected as a cleanup action shall be cost-
effective, provided that it first satisfies the threshold criteria.  The Agencies’ 
detailed cost estimate is presented in Appendix A.  The table below summarizes 
the Agencies’ estimate. 

Alternative 14 69 
Estimated Capital Cost $76,100,000 

Net Present Value of Long-Term 

Operations, Maintenance and Monitoring 

$30,700,000 

 

Total Estimated Cost: $107,000,000 

 
Additional information on estimated costs is presented in Appendix A. 

6.2.3.8 State Acceptance 

Ecology has participated with the lead Agency in evaluating remedy alternatives 
for the Site.  The state’s evaluation of Alternative 14 under MTCA is summarized 
below in Section 6.3. 

6.2.3.9 Community Acceptance 

CERCLA provides that final remedy selection will consider public comment on 
the remedial alternatives. 

Community acceptance of alternatives will be evaluated after the public 
comment period ends, and will be described in the ROD for the Site. 

6.2.3.10 Summary of Alternative 14 

Based on the analyses discussed above, Alternative 14 would satisfy all the 
CERCLA criteria for selection of a permanent remedy. 

6.3 Detailed Analysis of Alternatives 11M, 13M, and 14 Under MTCA 

This section describes how the three alternatives conform to MTCA criteria for 
selection of a permanent remedy (WAC 173-340-360). 

                                                 

69 Costs are shown in 2010 dollars, rounded to three significant figures. 
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6.3.1 Analysis of Alternative 11M Under MTCA 

6.3.1.1 Threshold Requirements 

There are seven requirements to be evaluated for selecting a final remedy under 
MTCA [WAC 170-340-360].  The first four requirements make up the threshold 
requirements, which require that the remedy: 1) protect human health and the 
environment; 2) comply with cleanup standards; 3) comply with applicable state 
and federal laws; and 4) provide for compliance monitoring. 

Protect Human Health and the Environment.  For the same reasons that 
Alternative 11M provides for “overall protection of human health and the 
environment” under CERCLA (see Section 6.2.1.1), Alternative 11M satisfies the 
MTCA requirement that the remedy protect human health and the environment. 

Comply with Cleanup Standards.  Cleanup standards, under MTCA, refer to the 
proposed cleanup levels based on potential chemical-specific ARARs; the 
location(s) where these cleanup levels must be met (points of compliance); and 
other regulatory requirements that must be met because of the type of action 
and/or location of the Site (potential action-specific and location-specific 
ARARs).  MTCA requires that for a cleanup action to meet the requirements for 
a groundwater conditional point of compliance, groundwater discharges need to 
be provided with all known, available, and reasonable methods of treatment 
(AKART) before being released to surface waters [WAC 173-340-720(8)(d)(i)].  
Alternative 11M does constitute AKART, and thus a conditional point of 
compliance along the groundwater-surface water interface of Railroad and 
Copper Creeks could be approved by Ecology for Alternative 11M. 

The Agencies believe that Alternative 11M will satisfy cleanup standards under 
MTCA.  The fully penetrating barrier extending along Railroad Creek will contain 
all of the identified sources of groundwater above proposed cleanup levels that 
would otherwise enter Railroad Creek.  Groundwater downgradient of the 
barrier is anticipated to meet proposed cleanup levels at the conditional point of 
compliance at the interface between the groundwater and Railroad Creek. 

Comply with State and Federal Law.  As discussed with respect to CERCLA (see 
Section 6.2.1.2), Alternative 11M is anticipated to comply with federal 
environmental laws and state environmental and facility siting laws. 

Provide for Compliance Monitoring.  The SFS included a Conceptual 
Monitoring Plan (Appendix H) that the Agencies believe could be modified to be 
applicable to any alternative selected as the permanent remedy.  Thus, 
Alternative 11 M would include compliance monitoring as required under 
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MTCA.  Final details of monitoring would be established as part of a Sampling 
and Analysis Plan approved by the Agencies, which would be developed during 
remedial design. 

In summary, Alternative 11M would satisfy the MTCA Threshold Requirements 
for selection of a permanent remedy as described in the preceding paragraphs. 

6.3.1.2 MTCA Other Requirements 

Other requirements that must be evaluated under MTCA for remedy selection 
include:  5) use permanent solutions to the maximum extent practicable; 6) 
provide a reasonable restoration time frame; and 7) consider public concerns. 

Use of Permanent Solutions to the Maximum Extent Practicable.  Alternative 
11M uses permanent solutions.  Alternative 11M provides for active collection 
and treatment of the Portal discharge and groundwater immediately adjacent to 
the groundwater-surface water interface, for all identified sources that discharge 
into Railroad Creek (e.g., the Lower West Area and Tailings Piles 1, 2, and 3).  
Alternative 11M would immediately and permanently reduce the magnitude of 
seep and groundwater flow containing excess metals concentrations into 
Railroad Creek; thus, it would immediately reduce toxicity to aquatic life. 

Alternative 11M also includes regrading and pulling back the toe of the three 
tailings piles away from Railroad and Copper Creeks.  Thus, Alternative 11M 
provides significant reduction in risk of erosion or large-scale slope failures that 
could release reactive tailings into Railroad and Copper Creeks.  However, 
Alternative 11M includes capping the tailings and waste rock piles with a cover 
that incorporates a geomembrane in order to satisfy the presumptive closure 
requirements for limited purpose landfills [WAC 173-350-400], and this cap may 
not be permanent to the maximum extent practicable. 

One of the limitations of the proposed cap for Alternative 11M is that it will 
require long-term maintenance to remain impermeable.  Although caps of this 
sort are commonly considered for permanent closure of landfills, the 
geomembrane must be protected from the effects of burrowing wildlife and root 
penetration from vegetation on the cap.  Typically, this requires annual mowing 
or spraying to promote preferred types of vegetative cover, but sometimes 
includes armoring with a rock cover layer, or other control measures.  Where 
there are alternative approaches to capping that are equally effective and do not 
require such maintenance, a remedy like Alternative 11M may not be 
considered permanent to the maximum extent practicable. 
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As described in section 6.5.2.1, Alternative 11M does not use permanent 
solutions to the same extent as Alternative 14. 

Provide for a Reasonable Restoration Time Frame.  Alternative 11M provides 
for a reasonable restoration time frame for the Site.  Alternative 11M will contain 
all the groundwater that exceeds proposed cleanup levels, so surface water 
quality will immediately improve at the point of compliance.  This alternative 
would also quickly achieve soil cleanup at the Honeymoon Heights Waste Rock 
Piles and the DSHH area, but at the cost of eliminating existing, minimally-
impacted habitat in the DSHH area.  Alternative 11M would cause long-term 
habitat damage to the estimated 70 acre area downslope of the Honeymoon 
Heights access road that would need to be constructed to remove waste rock 
and impacted soils.  For Honeymoon Heights and other impacted soil areas, 
Alternative 14 uses in situ treatment; this could take several years to achieve 
protection from the hazardous substances, but without the long-term damage 
associated with removal of the waste rock and impacted soils at Honeymoon 
Heights. 

Consider Public Concerns.  Public concerns will be addressed as part of 
selecting and implementing the final cleanup action in accordance with WAC 
163-340-600(14) and (15). 

In summary, Alternative 11M would satisfy the MTCA’s Other Requirements for 
selection of a permanent remedy as described in the preceding paragraphs. 

6.3.1.3 MTCA Action-Specific Requirements 

Finally, MTCA has additional remedy selection requirements that apply 
specifically to cleanup actions that include groundwater cleanup actions; 
institutional controls; releases and migration; and dilution and dispersion. 

Non-Permanent Groundwater Cleanup Actions.  Since a permanent 
groundwater cleanup is not practicable, MTCA provides additional requirements 
for non-permanent cleanup actions [WAC 173-340-360(2)(c)(ii)].  As previously 
detailed, Alternative 11M includes the removal of some sources and the 
containment of other sources through capping.  Alternative 11M includes 
groundwater containment to the maximum extent practicable to avoid lateral 
and vertical expansion of the groundwater affected by the hazardous 
substances.  As a result, Alternative 11M meets the MTCA requirements for a 
non-permanent groundwater cleanup action [WAC 173-340-360(2)(c)(ii)]. 

Cleanup of Soils for Residential and School Areas.  The DRI indicated that 
existing soil concentrations in Holden Village do not exceed human health 
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criteria; thus, the MTCA requirement [WAC 173-340-360(2)(d)] for soil cleanup 
would not require action within the Village.  MTCA requires that soils with 
hazardous substance concentrations that exceed soil cleanup levels must be 
treated, removed, or contained.  Institutional controls and engineering measures 
(e.g., capping of tailings) on the remainder of the Site would be implemented 
under Alternative 11M to protect residential areas, schools, or childcare centers 
in Holden Village. 

Institutional Controls.  Alternative 11M satisfies requirements for institutional 
controls to protect human health that are specified in WAC 173-340-440.  
Alternative 11M does not rely primarily on institutional controls and monitoring 
where it is technically possible to implement a more permanent cleanup action. 

Releases and Migration/Dilution and Dispersion.  Alternative 11M would 
prevent or minimize existing and future releases and migration of hazardous 
substances through the use of:  1) a permanent groundwater containment 
barrier; 2) collection and treatment of all identified sources of groundwater 
contaminated with hazardous substances; 3) permanent capping to protect the 
tailings and waste rock piles from erosion and slope failures; and 4) removal or 
capping of areas with hazardous substances above proposed cleanup levels.  
Alternative 11M does not rely primarily on dilution and dispersion to cleanup 
groundwater and surface water above proposed cleanup levels.  Rather, 
Alternative 11M uses active remedial measures to the maximum extent 
practicable to contain, collect, and treat groundwater and surface seeps above 
proposed cleanup levels. 

Remediation Levels.  Remediation levels are not proposed for Alternative 11M. 

In summary, Alternative 11M would satisfy the MTCA Action-Specific 
Requirements for selection of a permanent remedy as described in the 
preceding paragraphs. 

6.3.2 Analysis of Alternative 13M Under MTCA 

6.3.2.1 Threshold Requirements 

The threshold requirements under MTCA require that a remedy: 1) protect 
human health and the environment; 2) comply with cleanup standards; 
3) comply with applicable state and federal laws; and 4) provide for compliance 
monitoring. 

Protect Human Health and the Environment.  For the same reasons that 
Alternative 13M may not provide for “overall protection of human health and 
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the environment” under CERCLA (see Section 6.2.2.1 above), Alternative 13M 
does not satisfy MTCA’s requirement that the remedy protect human health and 
the environment.  Alternative 13M would be protective of human health but is 
not sufficiently protective of environmental receptors. 

Comply with Cleanup Standards.  Cleanup standards, under MTCA, refers to 
the proposed cleanup levels, the location(s) where these cleanup levels must be 
met (points of compliance), and other regulatory requirements that must be met 
because of the type of action and/or location of the Site (potential action-
specific and location-specific ARARs).  Soil cleanup to protect groundwater is 
required whenever soils exceed criteria and are not within a groundwater 
containment area.  MTCA also requires that for a cleanup action to qualify for a 
groundwater conditional point of compliance, groundwater discharges must 
receive all known available and reasonable methods of treatment (AKART) 
before release to surface water.  Alternative 13M does not constitute AKART, 
because it does not include containment of groundwater downstream of Tailings 
Piles 2 and 3.  As a result, Ecology would not approve a conditional point of 
compliance along the groundwater-surface water interface of Railroad Creek for 
Alternative 13M.  The Agencies conclude that Alternative 13M does not satisfy 
cleanup standards under MTCA. 

Comply with State and Federal Law.  As discussed with respect to CERCLA (see 
Section 6.2.2.2), Alternative 13M would not comply with all ARARs (i.e., federal 
and state environmental laws such as the NWQC, Washington State Water 
Quality Standards for Surface Water, and MTCA). 

Provide for Compliance Monitoring.  Although Intalco did not provide details of 
a monitoring plan for Alternative 13M, the Agencies believe that Alternative 
13M could satisfy compliance monitoring requirements as part of a Sampling 
and Analysis Plan developed during remedial design and approved by the 
Agencies. 

In summary, Alternative 13M would not satisfy the MTCA Threshold 
Requirements for selection of a permanent remedy as described in the 
preceding paragraphs. 

6.3.2.2 MTCA Other Requirements 

Other requirements that must be evaluated under MTCA for remedy selection 
include: 5) use permanent solutions to the maximum extent practicable; 
6) provide a reasonable restoration time frame; and 7) consider public concerns. 
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Use of Permanent Solutions to the Maximum Extent Practicable.  The Agencies 
do not conclude that Alternative 13M uses permanent solutions to the maximum 
extent practicable because, as stated above, there is uncertainty about whether 
proposed cleanup levels based on protection of surface water would be met in 
groundwater before the groundwater enters Railroad Creek downstream of 
Tailings Piles 2 and 3 without the barrier wall.  In addition, Alternative 13M does 
not address soils above proposed terrestrial ecological risk-based cleanup levels 
in some AOIs including the Honeymoon Heights Waste Rock Piles, DSHH, 
Ballfield Area, Lower West Area, Holden Village, and the Wind-Blown Tailings 
Area. 

Provide for a Reasonable Restoration Time Frame.  Alternative 13M would not 
provide for a reasonable restoration time frame for the Site because Intalco has 
not adequately demonstrated that this alternative will achieve proposed cleanup 
levels in all areas of the Site.  This includes groundwater discharging to surface 
water downstream of Tailings Piles 2 and 3 (see Figure 8) and soils above 
proposed cleanup levels in the AOIs noted in the preceding paragraph. 

Consider Public Concerns.  Public concerns will be addressed as part of 
selecting and implementing the final cleanup action in accordance with WAC 
173-340-600(14) and (15). 

In summary, Alternative 13M would not satisfy the MTCA’s Other Requirements 
for selection of a permanent remedy as described in the preceding paragraphs. 

6.3.2.3 MTCA Action-Specific Requirements 

Non-Permanent Groundwater Cleanup Actions.  Since a permanent 
groundwater cleanup is not practicable throughout the entire Site within a 
reasonable restoration time frame, Alternative 13M would need to meet MTCA’s 
requirements for non-permanent cleanup actions [WAC 173-340-360(2)(c)(ii)].  
Although Alternative 13M includes the removal of some sources and the 
containment of other sources through capping, Alternative 13M may not 
constitute groundwater containment to the maximum extent practicable (e.g., 
downgradient of Tailings Piles 2 and 3).  As a result, Alternative 13M may not 
prevent lateral and vertical expansion of the groundwater plume affected by the 
hazardous substances.  Intalco’s 2008 and 2009 monitoring well observations 
do not demonstrate that contaminated groundwater does not enter Railroad 
Creek downstream of Tailings Piles 2 and 3.  Furthermore, the monitoring 
accomplished to date by Intalco is not consistent enough to demonstrate that 
groundwater above proposed cleanup levels does not enter Railroad Creek 
adjacent to Tailing Piles 2 and 3 (e.g., seeps SP-3 and SP-4).  Observations in 
2008 and 2009 are not entirely consistent with earlier observations, and have 
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not been examined statistically in such away as indicate with reasonable 
certainty where this water later enters Railroad Creek or at what concentrations.  
Groundwater modeling accomplished to date is calibrated with limited 
observations, and thus does not provide additional certainty (Forest Service 
2010a). 

Cleanup of Soils for Residential and School Areas.  Although RI data indicate 
that soil concentrations in Holden Village do not exceed human health criteria, 
the MTCA requirement [WAC 173-340-360(2)(d)] for soil cleanup to protect 
human health requires action elsewhere within the Site to protect residential and 
school areas within the Village from exposure to windblown dust from the 
tailings and other areas with soils above proposed cleanup levels.  Alternative 
13M includes institutional controls and engineering measures in some AOIs 
(e.g., capping of tailings to prevent wind-blown dispersion) to protect residential 
areas, schools, or childcare centers.  Although Alternative 13M does not include 
any actions to remediate soils above proposed direct contact and ingestion-
based cleanup levels in the Lower West Area, it is unlikely that this area is a 
significant source of wind-blown dust.  Instead of cleanup to protect human 
health in this AOI, Alternative 13M would rely solely on institutional controls. 

Institutional Controls.  Alternative 13M includes institutional controls to protect 
human health including prevention of groundwater consumption, and protection 
of remedy components over time. 

Alternative 13M relies on institutional controls instead of more permanent 
cleanup actions for groundwater impacted by hazardous substances released 
from Tailings Piles 2 and 3.70  Alternative 13M also relies on institutional controls 
to protect human health from soils that contain hazardous substance 
concentrations above concentrations protective of the direct contact and/or 
ingestion pathway for soils in the Honeymoon Heights Waste Rock Piles, DSHH, 
and the Lower West Area AOIs. 

Releases and Migration/Dilution and Dispersion.  It appears that Alternative 
13M relies on dilution and dispersion to clean up groundwater east of Tailings 
Pile 3 to prevent discharge to surface water exceeding proposed cleanup levels.  
Although Intalco has suggested that natural attenuation is occurring 

                                                 

70 Alternative 13M does not include groundwater containment around Tailings Piles 2 and 3, thus Alternative 13M relies 

on institutional controls and monitoring where it is technically possible to implement a more permanent cleanup action.  

[WAC 173-340-360(2)(e)(iii)].  Although groundwater quality data downgradient of TP-3 do not exceed drinking water 

standards (see Figure 8), these data are limited.  There is currently no way to know whether these data are representative 

of groundwater quality throughout the downgradient plume and over time. 



 

   
Page 114  4769-15  June 1, 2010 

downgradient of the tailings piles, it has not demonstrated the mechanism by 
which this is occurring, or shown that it will permanently prevent groundwater 
seepage into Railroad Creek above proposed cleanup levels. 

Remediation Levels.  Intalco refers to remediation levels (RELs) to address 
human health risks for copper in the tailings piles, and lead in the East and West 
Waste Rock Piles, and the Honeymoon Heights Waste Rock Piles, for Alternative 
13M, see Appendix F of ERM and URS (2009).  However, it appears that these 
may be more accurately characterized as proposed site-specific human health 
based cleanup levels.  MTCA requires that remedial actions that rely on RELs 
also satisfy all of the requirements of WAC 173-340-360, which Alternative 13M 
does not do, as noted above. 

In summary, Alternative 13M would not satisfy the MTCA’s Action-Specific 
Requirements for selection of a permanent remedy as described in the 
preceding paragraphs. 

6.3.3 Analysis of Alternative 14 Under MTCA 

6.3.3.1 Threshold Requirements 

This section describes how Alternative 14 conforms to the threshold 
requirements under MTCA: 1) protect human health and the environment; 
2) comply with cleanup standards; 3) comply with applicable state and federal 
laws; and 4) provide for compliance monitoring. 

Protect Human Health and the Environment.  Alternative 14 would provide 
“overall protection of human health and the environment” for the same reasons 
presented in Section 6.2.3.1 that Alternative 14 would protect human health and 
the environment under CERCLA. 

Comply with Cleanup Standards.  Cleanup standards, under MTCA, refers to 
the proposed cleanup levels, the location(s) where these cleanup levels must be 
met (points of compliance), and other regulatory requirements that must be met 
because of the type of action and/or location of the Site (potential action-
specific and location-specific ARARs).  Alternative 14 would comply with 
cleanup standards in AOIs where active remedial measures (including in situ 
treatment) are accomplished.  Alternative 14 complies with potential action-
specific and location-specific ARARs as described in Section 6.2.3.2. 

MTCA requires that for a cleanup action to meet the requirements for a 
groundwater conditional point of compliance, groundwater discharges need to 
be provided with all known available and reasonable methods of treatment 
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(AKART) before being released to surface waters.  Alternative 14 does constitute 
AKART, and thus a conditional point of compliance along the groundwater-
surface water interface of Railroad and Copper Creeks could be approved by 
Ecology for Alternative 14.  Ecology concludes that Alternative 14 will satisfy 
cleanup standards under MTCA. 

Comply with State and Federal Law.  As discussed with respect to CERCLA in 
Section 6.2.3.2, Alternative 14 is anticipated to comply with federal 
environmental laws and state environmental and facility siting laws (ARARs). 

Provide for Compliance Monitoring.  Alternative 14 would provide for 
compliance monitoring that would be established as part of a Sampling and 
Analysis Plan developed during remedial design and approved by the Agencies.  
The Agencies’ Conceptual Monitoring Program for the Holden Site (Appendix H 
of the SFS) provides the basis for such a sampling and analysis plan. 

In summary, Alternative 14 would satisfy the MTCA Threshold Requirements for 
selection of a permanent remedy as described in the preceding paragraphs. 

6.3.3.2 MTCA Other Requirements 

Other requirements that must be evaluated under MTCA for remedy selection 
include: 5) use permanent solutions to the maximum extent practicable; 6) 
provide a reasonable restoration time frame; and 7) consider public concerns. 

Use of Permanent Solutions to the Maximum Extent Practicable.  Alternative 
14 would use permanent solutions based on the following: 

Alternative 14 provides active collection and treatment of groundwater as close 
as possible to the source, but in no case farther downgradient than the 
groundwater-surface water interface.  Alternative 14 would immediately reduce 
the magnitude of seep and groundwater flow with excess hazardous substance 
concentrations into Railroad Creek, thus it would immediately reduce toxicity to 
aquatic life.  Alternative 14 would address all identified sources of groundwater 
entering Railroad Creek above proposed cleanup levels. 

Alternative 14 provides significant reduction in risk of erosion or large-scale 
slope failures that could release reactive tailings into Railroad and Copper 
Creeks.  Alternative 14 includes capping the tailings and waste rock piles with a 
cover that satisfies the performance requirements for closure of limited purpose 
landfills [WAC 173-350-400]. 
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Alternative 14 would use in situ treatment to reduce the mobility and 
bioavailability of hazardous substances in areas that are not amenable to other 
active cleanup measures.  In situ treatment of the Honeymoon Heights Waste 
Rock Piles and DSHH would avoid the long-term habitat destruction that would 
result from removal or capping the Honeymoon Heights Waste Rock Piles, 
including the area that would be impacted downslope of a Honeymoon Heights 
construction access road.  In situ treatment of the portions of the Lower West 
Area, portions of the Ballfield Area, and the Wind-Blown Tailings AOIs would 
avoid destruction of mature conifer and riparian habitat.  In situ treatment would 
also address soils with hazardous substances above proposed cleanup levels in 
Holden Village, without adverse impacts on the Holden Village community and 
infrastructure.  Alternative 14 provides for additional treatment, as needed, in the 
event that land use changes in these AOIs in such a way as to make them more 
accessible to other remediation. 

As described in Section 6.5.2.1, Alternative 14 uses permanent solutions to the 
maximum extent practicable when compared to Alternative 11M. 

Provide for a Reasonable Restoration Time Frame.  Alternative 14 provides for 
a reasonable restoration time frame for the Site.  Surface water quality will 
immediately improve at the point of compliance by containing all the 
groundwater above proposed cleanup levels.  Alternative 14 will also be 
protective of human health and reduce risk to potential terrestrial ecological 
receptors immediately following implementation. 

Consider Public Concerns.  Public concerns will be addressed as part of 
selecting and implementing the final cleanup action in accordance with WAC 
163-340-600(14) and (15). 

In summary, Alternative 14 would satisfy the MTCA Other Requirements for 
selection of a permanent remedy as described in the preceding paragraphs. 

6.3.3.3 MTCA Action-Specific Requirements 

Finally, Alternative 14 is compared to the MTCAs additional remedy selection 
requirements that apply specifically to cleanup actions that include groundwater 
cleanup actions; institutional controls; releases and migration; and dilution and 
dispersion. 

Non-Permanent Groundwater Cleanup Actions.  Since a permanent 
groundwater cleanup is not practicable, Alternative 14 must meet MTCA’s 
requirements for non-permanent cleanup actions [WAC 173-340-360(2)(c)(ii)].  
As previously detailed, Alternative 14 includes the removal of some sources and 
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the containment of other sources through capping.  Alternative 14 also includes 
groundwater containment to the maximum extent practicable to avoid lateral 
and vertical expansion of the groundwater affected by the hazardous 
substances.  As a result, Alternative 14 meets the MTCA requirements for a non-
permanent groundwater cleanup action [WAC 173-340-360(2)(c)(ii)]. 

Cleanup of Soils for Residential and School Areas.  Data in the DRI indicate 
that soil concentrations in Holden Village do not exceed human health criteria; 
thus, the MTCA requirement [WAC 173-340-360(2)(d)] for soil cleanup would 
not require action within the Village.  MTCA requires that soils with hazardous 
substance concentrations that exceed soil cleanup levels must be treated, 
removed, or contained.  Institutional controls, and engineering measures 
(e.g., capping of tailings to prevent wind-blown dispersion) on the remainder of 
the Site would be implemented under Alternative 14 to protect residential areas, 
schools, or childcare centers in Holden Village. 

Institutional Controls.  Alternative 14 satisfies requirements for institutional 
controls to protect human health that are specified in WAC 173-340-440.  
Alternative 14 does not rely primarily on institutional controls and monitoring 
where it is technically possible to implement a more permanent cleanup action. 

Releases and Migration/Dilution and Dispersion.  Alternative 14 does not rely 
primarily on dilution and dispersion to cleanup groundwater and surface water 
exceeding proposed cleanup levels.  Alternative 14 would contain and prevent 
future releases of hazardous substances through the use of a permanent 
groundwater containment barrier, and collection and treatment of all identified 
sources of groundwater contaminated with hazardous substances. 

Remediation Levels.  Remediation levels are not proposed for Alternative 14. 

In summary, Alternative 14 would satisfy the MTCA Action-Specific 
Requirements for selection of a permanent remedy as described in the 
preceding paragraphs. 

6.4 Comparative Analysis of Alternatives 11M, 13M, and 14 Under CERCLA 

This section provides a comparison of Alternatives 11M, 13M, and 14 for each 
of the nine CERCLA criteria used to select a remedy.  While the comparative 
analysis of each alternative must consider all nine criteria, no alternative can be 
selected as a final remedy unless it meets the two threshold criteria as specified 
in 40 CFR § 300.430(f)(1)(i)(A). 
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Section 6.2 presents a detailed analysis of how each alternative addresses the 
selection criteria; in contrast, Section 6.4 focuses on the differences between the 
alternatives in terms of the degree to which they address the selection criteria. 

6.4.1 Threshold Criteria 

This section provides a comparative evaluation of how the alternatives address 
the threshold criteria under CERCLA. 

6.4.1.1 Overall Protection of Human Health and the Environment 

6.4.1.1.1 Overall Protection of Human Health 

Alternatives 11M, 13M, and 14 would protect human health. 

Under Alternative 14, risks to humans from soils (including the tailings and waste 
rock in Tailings Piles, East and West Waste Rock Piles), at the former Mill 
Building, Lagoon, Maintenance Yard, a portion of the Lower West Area, and the 
Surface Water Retention Area would be addressed by capping the material in 
place or moving the material and then capping it to prevent exposure.  Risks 
from soil materials in the remainder of the Lower West Area, Honeymoon 
Heights Waste Rock Piles, and DSHH would be addressed through institutional 
controls, in situ treatment, and access restrictions.  Potential future use of 
impacted groundwater and surface water for drinking would be restricted by 
institutional controls.  In addition, safety to residents and visitors would be 
addressed through mine access restrictions. 

Alternative 13M addresses human-health risk from impacted soils (including soils 
with hazardous substances that exceed human health-based criteria for 
protection of groundwater) through a combination of removal, capping, and 
institutional controls.  However, in the Lower West Area where there is also a 
risk to humans from direct contact or ingestion of soils, Alternative 13M would 
rely on institutional controls instead of any active cleanup measures. 

Alternative 11M would protect human health in the same manner as Alternative 
14, except that exposure to waste rock at Honeymoon Heights and soils in the 
DSHH that exceed proposed direct contact and ingestion-based cleanup levels 
would be addressed by moving the waste rock and impacted soils to the tailings 
piles for capping, instead of relying on institutional controls. 
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6.4.1.1.2 Overall Protection of the Environment 

Under Alternative 14, risks to terrestrial organisms from the Tailings Piles, East 
and West Waste Rock Piles, Mill, Lagoon, Maintenance Yard, a portion of the 
Lower West Area, a portion of the Ballfield Area, and the Surface Water 
Retention Area would be addressed by excavation (consolidation) or capping 
materials with hazardous substances in place to prevent exposure.  Risks to 
terrestrial receptors in other areas (such as the remainder of the Lower West 
Area, Holden Village, a portion of the Ballfield Area, and the Wind-Blown 
Tailings Area) would be addressed by in situ treatment and monitoring.  To 
protect aquatic organisms, contaminant inputs from groundwater including base 
flow, seeps and the mine drainage would be intercepted and treated before 
discharge to surface water.  The potential release of hazardous substances into 
Railroad and Copper Creeks from failure of the tailings pile slopes would be 
addressed by regrading and buttressing the slopes; and capping and stabilizing 
the existing and relocated reaches of Railroad Creek.  Risks to aquatic organisms 
from ferricrete would be addressed by rerouting Railroad Creek.  Sediment in 
Railroad Creek and Lake Chelan would be monitored to confirm that risks 
remain low and decrease over time following implementation of source controls. 

Alternative 11M would protect the terrestrial and aquatic environment in a 
similar manner as Alternative 14, with a few significant differences: 

 Under Alternative 11M, protection of Railroad Creek from tailings piles 
instability would require pulling the toe of the tailings piles back farther from 
the creeks.  During construction, Alternative 11M would have a greater risk 
of tailings release into Railroad Creek compared to Alternative 14, which 
would relocate the creek channel prior to regrading the tailings; and 

 Under Alternative 11M, exposure to waste rock at Honeymoon Heights and 
the DSHH would be addressed by moving the material to the tailings piles 
and capping it instead of through pH adjustment.71  However, this would 
result in extensive, probably permanent, damage to 75 acres or more of 
existing steep slope forest, including some riparian habitat. 

Alternatives 11M and 14 differ somewhat in other aspects related to the surface 
water environment.  Alternative 11M would eliminate sources of hazardous 

                                                 

71 At the time Alternative 11 was originally developed, Intalco had not characterized the area downslope of the 

Honeymoon Heights Waste Rock Piles.  Since information developed in 2008 and 2009 indicates that soils in this area 

have concentrations that exceed both human health and ecological protection criteria, Alternative 11M includes soil 

cleanup in these areas as part of removing the Honeymoon Heights Waste Rock Piles. 
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substances being released into the wetland east of Tailings Pile 3, and the 
wetland could be restored.  Under Alternative 14, the wetland would become 
the location of a groundwater treatment facility.  This would require mitigation 
under ARARs such as the Forest Plan and Section 404 of the CWA; and also 
would need to be addressed as part of natural resource damages. 

Alternatives 11M and 14 would both be protective of the aquatic and terrestrial 
environments. 

Like Alternative 14, Alternative 13M would also eliminate some mature riparian 
forest as part of creek relocation, and the wetland east of Tailings Pile 3 would 
be destroyed for construction of a groundwater treatment facility.  Loss of the 
riparian forest and wetland would need to be mitigated in order to meet 
ARARs.72 

There are significant differences in the way in which Alternative 13M would 
address the environment compared to Alternatives 14 and 11M. 

 Under Alternative 13M, the risk to terrestrial receptors from materials in the 
Lower West Area, the Ballfield Area, Honeymoon Heights, DSHH, Holden 
Village, and the Wind-Blown Tailings Area would not be addressed, except 
by monitoring. 

 Alternative 13M would intercept and treat groundwater from some parts of 
the Site before it enters surface water, and includes the former Railroad 
Creek channel as the collection system along the northwest side of Tailings 
Pile 2, but it does not include a barrier wall downgradient of Tailings Piles 2 
and 3.  Under Alternative 13M, there is considerable uncertainty about 
whether proposed groundwater cleanup levels, based on protection of 
surface water, would be met in groundwater before it enters Railroad Creek 
downstream from Tailings Piles 2 and 3.  As discussed above, however, the 
barrier wall included in Alternative 14 to address this concern may not need 
to be constructed, or the design could be modified if Intalco can 
demonstrate that some other alternative component(s) will be protective and 
result in compliance.  Such a demonstration would rely on groundwater 
monitoring data that show groundwater concentrations would protect 
aquatic life and comply with ARARs at the point of compliance without the 
barrier wall,  

Alternative 13M would not fully protect the environment. 

                                                 

72 The effects on the wetland may also be addressed by the NRD process. 
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6.4.1.2 Compliance with Potential ARARs 

The other threshold criterion under CERCLA is compliance with potential ARARs 
[40 CFR § 300.430(e)(9)(iii)(B)].  In this section, the alternatives are assessed to 
determine potential ARARs attainment under federal environmental laws and 
state environmental or facility siting laws, or whether there are grounds for 
invoking one of the waivers listed in 40 CFR § 300.430(f)(1)(ii)(C). 

The ability of the alternatives to meet potential chemical-specific ARARs at the 
points of compliance for surface water, groundwater, and soil, and to meet 
potential action-specific and location-specific ARARs, is compared below. 

6.4.1.2.1 Potential Chemical-Specific Requirements for Surface Water 

Under Alternatives 11M and 14, implementation of cleanup actions is expected 
to satisfy chemical-specific ARARs for surface water based on protection of 
aquatic life, to be met in Railroad Creek and the Copper Creek Diversion as 
discussed in Section 6.2.1.2.1 and 6.2.3.2.1. 

Under Alternative 13M, there is considerable uncertainty about whether 
proposed surface water cleanup levels would be met in Railroad Creek 
downstream from Tailings Piles 2 and 3 because of uncontrolled discharge of 
groundwater from Tailings Piles 2 and 3 to surface water.  Alternative 13M may 
not meet chemical-specific ARARs for surface water as discussed in Sections 
6.2.2.1 and 6.2.2.2.1. 

A mixing zone may be required for discharge of the treated groundwater into 
Railroad Creek.  Alternatives 11M and 14 are expected to satisfy the all known, 
available, and reasonable methods of treatment (AKART) requirements for 
Ecology to approve a mixing zone.  The Agencies are not prepared to conclude 
that Alternative 13M satisfies AKART because, as stated above, there is 
uncertainty about whether proposed groundwater cleanup levels based on 
protection of surface water would be met before groundwater enters Railroad 
Creek downstream of Tailings Piles 2 and 3 without the barrier wall.  As 
discussed above, however, the barrier wall included in Alternative 14 may not 
need to be constructed or the design could be modified to address this concern, 
if Intalco can demonstrate that some other alternative component(s) will be 
protective and result in compliance.  Such a demonstration would rely on 
groundwater monitoring data that show groundwater concentrations would 
protect aquatic life and comply with ARARs without the barrier wall. 
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6.4.1.2.2 Potential Chemical-Specific Requirements for Groundwater 

Under Alternatives 14 and 11M, groundwater exceeding proposed cleanup 
levels would be contained, collected, and treated.  Exposure to drinking water 
above ARAR concentrations within the contained areas would be prevented 
through institutional controls.  An ARAR waiver may also be appropriate under 
CERCLA where it is technically impracticable to clean up groundwater to 
achieve ARARs, such as within the WMAs.  Alternatives 11M and 14 would rely 
on groundwater barriers, which are a proven technology for the containment of 
contaminated groundwater.  (e.g., below waste piles that are left in place, see 
Appendix C of the SFS.)  By using such barriers, these alternatives would provide 
source control to the maximum extent practicable.  Groundwater downgradient 
of the containment barriers is anticipated to meet potential chemical-specific 
ARARs following construction of the barriers around the source areas, based on 
experience at other sites that is described in Appendix C of the SFS. 

Under Alternative 13M, drinking water ARARs would be addressed through 
institutional controls.  However, groundwater discharging from Tailings Piles 2 
and 3 would not be contained, and may be entering Railroad Creek above 
concentrations that are protective of aquatic life.  Protection of aquatic life is a 
designated beneficial use for groundwater at the Site, as discussed in Section 
3.1.  Alternative 13M is not eligible for a conditional point of compliance for 
groundwater.  As a result, Alternative 13M does not meet chemical-specific 
ARARs for groundwater. 

6.4.1.2.3 Potential Chemical-Specific Requirements for Soils 

Under Alternatives 14 and 11M, soil exceeding proposed cleanup levels would 
be addressed through a combination of removal, containment, institutional 
controls, in situ soil treatment and monitoring.  Alternatives 11M and 14 are 
both expected to meet chemical-specific ARARs for soil. 

Alternative 13M does not address soil contamination except for monitoring in 
the Honeymoon Heights Waste Rock Piles, the DSHH, Lower West Area 
(outside the Lagoon), Holden Village, the Ballfield Area, or the Wind-Blown 
Tailings Area; thus, Alternative 13M would not satisfy chemical-specific ARARs 
for soils. 

6.4.1.2.4 Potential Chemical-Specific Requirements for Sediment 

Under Alternatives 14 and 13M, ferricrete in Railroad Creek would be isolated 
as a result of stream relocation.  Ferricrete would be removed from Railroad 
Creek under Alternative 11M. 
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Remediation under Alternative 11M and 14 would include preventing all 
discharges of iron-rich groundwater from the tailings piles, which would 
eliminate formation of floc that contains hazardous substances in Railroad Creek.  
Under both alternatives, sediment in Railroad Creek downstream from Tailings 
Piles 2 and 3 and in Lake Chelan at the Lucerne Bar would be monitored to 
confirm that risks to benthic macroinvertebrates remain low and decrease over 
time with continued natural deposition of clean sediment.  These actions are 
expected to comply with ARARs. 

Under Alternative 13M, groundwater containing elevated concentrations of 
dissolved iron from Tailings Piles 2 and 3 would still continue to flow into 
Railroad Creek and it is not clear if floc would continue to form.  Sediment 
downstream from the relocated stream section and in Lake Chelan at the 
Lucerne Bar may not comply with ARARs. 

6.4.1.2.5 Potential Action- and Location-Specific Requirements 

Final ARARs will be identified by the Agencies for the selected remedy at the 
time of the ROD.  The Agencies anticipate that Alternatives 11M and 14 would 
satisfy potential action- and location-specific ARARs.  Mitigation to address 
adverse impacts such as permanent destruction of habitat, temporary 
disturbance of habitat during construction, visual impacts, etc., would be 
implemented as required by the Forest Plan.  In the event mitigation would not 
satisfactorily address requirements of the Forest Plan, the Forest Service may 
amend the Forest Plan or portions of this ARAR could be waived under CERCLA. 

It is not clear whether Alternative 13M satisfies all action- and location-specific 
ARARs, as discussed in Section 6.2.2.2.5. 

Monitoring during and after implementation would be used for all three 
alternatives, to assess compliance, as required under both CERCLA and MTCA. 

6.4.1.2.6 Summary of Compliance with the CERCLA Threshold 
Requirements 

Based on the analysis provided in Section 6.4.1.1 through 6.4.1.2.5 above, 
Alternatives 11M and 14 would meet the threshold requirements for remedy 
selection under CERCLA, and Alternative 13M would not. 
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6.4.2 Primary Balancing Criteria 

According to the NCP, the selected alternative must provide the best balance of 
tradeoffs among alternatives that satisfy the threshold criteria, in terms of the five 
primary balancing criteria [40 CFR § 300.430(f)(1)(ii)(D) and (E)]. 

Under CERCLA, only alternatives that meet the CERCLA threshold criteria for 
selecting a final remedy are typically carried forward and compared using the 
primary balancing criteria.  As presented in Sections 6.2 and 6.4, Alternatives 14 
and 11M meet the threshold criteria and, therefore, will be carried forward.  
Although Alternative 13M does not meet the threshold criteria, it is also carried 
forward in the following discussion for completeness and to better compare and 
understand these three alternatives. 

6.4.2.1 Long-Term Effectiveness and Permanence 

Alternatives shall be assessed for their long-term effectiveness and permanence, 
along with the degree of certainty that the alternative will be successful [40 CFR 
§ 300.430(e)(9)(iii)(C)].  The two factors that shall be considered for long-term 
effectiveness and permanence are: 

 Magnitude of residual risk remaining from the untreated waste or treatment 
residuals remaining at the conclusion of the remedial activities; and 

 Adequacy and reliability of controls necessary to manage treatment residuals 
and untreated waste. 

6.4.2.1.1 Magnitude of Residual Risk Remaining at the Conclusion of the 
Remedial Activities 

Alternatives 11M and 14 would address human health and ecological risk 
associated with soil (including tailings and waste rock), groundwater, surface 
water, and sediment, as described above in Sections 6.2.1.3.1 and 6.2.3.3.1.  
These alternatives would also address physical hazards associated with 
unauthorized mine access and risks to surface water from failure and erosion of 
tailings pile slopes. 

Alternative 13M would rely on institutional controls alone to address human 
health risks associated with soils in the Lower West Area.  Alternative 13M 
would rely on natural recovery but does not include any active measures to 
address risks to terrestrial organisms associated with materials in the Lower West 
Area, Honeymoon Heights, DSHH, the Ballfield Area, Holden Village, and the 
Wind-Blown Tailings Area, as discussed in Section 6.2.2.3.1.  Finally, Alternative 
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13M would not address potential risks to aquatic organisms associated with 
groundwater from Tailings Piles 2 and 3 discharging to Railroad Creek. 

Pending the results of treatability studies during remedial design, there is some 
question whether the in situ treatment proposed for Alternatives 11M and 14 
would fully address risks to terrestrial receptors, for instance in the Wind-Blown 
Tailings Area and portions of the Lower West Area, and the time frame in which 
risk reduction would be achieved.  Site-specific studies would be needed to 
determine the most effective methods of treatment, and whether pH adjustment 
could be accomplished without causing other more adverse impacts than the 
existing risks from hazardous substances.  In spite of the uncertainties involved 
with in situ treatment, Alternative 14 is likely to lower risk to terrestrial ecological 
receptors to a greater degree than Alternative 13M, under which no action 
would be taken. 

6.4.2.1.2 Adequacy and Reliability of Controls 

To assess the adequacy and reliability of controls at the Site, items to be 
addressed under CERCLA are: 1) uncertainties associated with land disposal of 
treatment system residuals; 2) potential need to replace technical components of 
the remedy; and 3) potential risk if components of the remedy need 
replacement [40 CFR § 300.430(e)(9)(iii)(C)(2)].  These three items are discussed 
in turn below. 

Uncertainties associated with land disposal of treatment system residuals.  Under 
Alternatives 14, 11M, and 13M, water treatment system sludge would be 
disposed of in a monitored on-site landfill constructed for that purpose.  Since 
the landfill would need to satisfy state requirements for location, design and 
construction, operation, closure, and monitoring of limited purpose landfills, 
(WAC 173-350-400) there is an equally low level of uncertainty associated with 
the risk that hazardous substances would be re-released to the environment for 
each of the three alternatives. 

Potential need to replace technical components of the remedy.  Under 
Alternative 14, components subject to replacement or significant maintenance 
involve the water treatment and associated collection system, soil caps, stream 
bank protection, and the rerouted channel of Railroad Creek.  All could be 
readily replaced, maintained, and repaired, as required. 

Alternative 13M would be similar to Alternative 14 except the absence of a 
groundwater interception system at Tailings Piles 2 and 3 would result in 
collecting a smaller volume of contaminated groundwater and require a smaller 
treatment system and potentially less maintenance.  The treatment systems 
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would involve comparable types of maintenance for both Alternatives 13M and 
14. 

Alternative 11M would require more complex treatment system maintenance 
because it relies on generators and pump components to convey water into the 
treatment system. 

Other technical component replacement requirements under Alternative 11M 
would be similar to Alternatives 13M and 14, except that the membrane liner 
system used in the tailings and waste rock pile caps would be more difficult to 
maintain and repair.  (Note, however, that all three Alternatives would include 
sludge disposal landfills that may need to be capped with a composite soil and 
geomembrane cover that would require the same long-term maintenance as the 
Alternative 11M tailings and waste rock caps). 

Potential risk if components of the remedy need replacement.  As discussed in 
Sections 6.2.1.3.2, 6.2.2.3.2, and 6.2.3.3.2, there would be a similarly low risk to 
human health and the environment, compared with existing conditions, should 
remedy components fail or need to be replaced under Alternatives 14, 11M, and 
13M. 

6.4.2.2 Reduction of Toxicity, Mobility, or Volume through Recycling or 
Treatment 

The second criterion of the primary balancing criteria is assessing the degree to 
which alternatives employ recycling or treatment to reduce toxicity, mobility, or 
volume, including how treatment is used to address the principal threats posed 
by the site [40 CFR § 300.430(e)(9)(iii)(D)]. 

Under Alternatives 14, 11M, and 13M, hazardous substances would be 
immobilized in landfilled sludge following treatment of intercepted groundwater 
(including base flow to the creeks, seeps and mine drainage).  Alternatives 14 
and 11M would immobilize contaminants in groundwater from all known source 
areas.  Alternative 13M would immobilize a smaller amount of contaminants 
because groundwater from Tailings Piles 2 and 3 would continue to discharge to 
Railroad Creek and would not be captured and treated. 

6.4.2.3 Short-Term Effectiveness 

Short-term effectiveness is the third primary balancing criteria under CERCLA.  
This criterion considers the following items [40 CFR § 300.430(e)(9)(iii)(E)]: 
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 Short-term risks that might be posed to the community during 
implementation of an alternative; 

 Potential impacts on workers and the effectiveness and reliability of 
protective measures; 

 Potential environmental impacts of the remedial action and the effectiveness 
and reliability of mitigative measures during implementation; and 

 Time until protection is achieved. 

6.4.2.3.1 Short-Term Risks on the Community during Implementation 

Short-term risks to the community would be primarily associated with 
construction traffic.  These impacts would be similar under Alternatives 14, 11M, 
and 13M, and could be mitigated through implementation of a traffic control 
plan. 

6.4.2.3.2 Potential Impacts on Workers during the Remedial Action and 
the Effectiveness and Reliability of Protective Measures 

Potential impacts to workers during remedial construction would be similar for 
Alternatives 14, 11M, and 13M.  Potential impacts to workers would be 
associated with construction hazards (mine entry, traffic, exposure to some Site 
soils, excavation, demolition, and heavy equipment operation).  These could be 
adequately mitigated under each alternative through adherence to applicable 
safety and health regulations (OSHA, L&I, MSHA, etc.); worker training and 
monitoring; development of a health and safety plan; and implementation of 
BMPs (e.g., dust control). 

Human health risks associated with remedy implementation also include 
handling fuel and caustic chemicals used in operating the groundwater 
treatment system.  For all three alternatives, this risk can be mitigated through 
development of an appropriate accident prevention plan and worker training. 

6.4.2.3.3 Potential Environmental Impacts of the Remedial Action and 
the Effectiveness and Reliability of Mitigative Measures during 
Implementation 

All of the alternatives have some short-term potential adverse impacts.  The 
relative effects of Alternatives 11M, 13M, and 14 are discussed below. 
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Alternatives 11M, 13M, and 14 all involve construction of hydraulic barriers in 
the underground mine, and share a common risk that this will degrade water 
quality of the mine discharge.  However, each of these alternatives includes 
collection and treatment of the mine discharge. 

Under Alternative 14, the main potential risks during construction of the remedy 
would be: 

 Tailings release to surface water during regrading or stream relocation (slope 
failure or stormwater runoff).  Alternative 14 would mitigate most of the risk 
of tailings pile instability impacting the relocated portion of Railroad Creek, 
but depending on the extent of stream relocation, could still require some 
excavation to pull the toes of the Tailings Pile 1 slopes back from a portion 
of Railroad Creek (e.g., along the western arc of Tailings Pile 1 upstream of 
the relocated reach proposed by Intalco), and would include pulling back 
portions of Tailings Piles 1 and 2 from Copper Creek; 

 Bentonite/cement release to surface water during barrier wall construction; 

 Sediment release to surface water during stream relocation, construction of 
the groundwater collection system, and other activities; and 

 Spills of hazardous materials during construction vehicle 
fueling/maintenance operations. 

Alternative 14 includes in situ treatment to address the Honeymoon Heights 
Waste Rock Piles, DSHH, a portion of the Ballfield Area, Holden Village, a 
portion of the Lower West Area, and the Wind-Blown Tailings Area.  Depending 
on the effectiveness of in situ treatment, this could increase the time required 
before proposed cleanup levels are achieved in these areas, but with significantly 
less disturbance and loss of habitat compared to other more intrusive measures.  
If in situ treatment is found not to be effective, an ARAR waiver could be 
invoked under CERCLA.  Concurrently, Ecology could exercise its substantive 
authority under SEPA to avoid active measures with greater potential adverse 
impacts to the existing steep sloping hillside where the Honeymoon Heights 
Waste Rock Piles and DSHH AOIs are located, and to avoid destruction of 
mature riparian habitat in portions of the Lower West Area and Wind-Blown 
Tailings AOIs. 

Alternative 11M would involve risks similar to those associated with Alternative 
14, except: 
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 Alternative 11M would involve greater risk of tailings releases to surface 
water than Alternative 14 because it would require excavation to pull the toe 
of the tailings piles back all along Railroad and Copper Creeks, and regrading 
immediately adjacent to Railroad Creek (i.e., without relocating the creek); 

 Alternative 11M also involves increased risk of sedimentation or 
bentonite/cement release to surface water associated with barrier wall 
construction alongside the creek.  Alternative 14 includes relocation of more 
of the creek channel away from where the barrier would be constructed, 
compared to Alternative 11M; 

 Alternative 11M would involve additional unavoidable and permanent loss 
of habitat associated with construction/improvement of haul road and 
removal of Honeymoon Heights Waste Rock Piles; and 

 Alternative 11M would have a greater risk of surface water quality 
exceedances associated with discharge from the groundwater treatment 
facility, compared to Alternatives 13M and 14.  Although all three 
alternatives would use similar pH adjustment and precipitation methods to 
remove hazardous substances during treatment; Alternative 11M relies on 
pumping, whereas Alternatives 13M and 14 are proposed to be gravity flow-
through systems.  Alternative 11M could produce surface water 
exceedances if there is a pump or generator failure during the life of the 
remedy, and would also have higher fuel consumption requirements and, 
hence, a greater risk of a fuel spill compared to Alternatives 13M and 14.73 

Alternative 13M would involve risks similar to those for Alternative 14, but with 
the following differences: 

 Alternative 13M does not include excavation to pull the toes of the Tailings 
Pile 1 slopes back from a portion of Railroad Creek upstream from the 
relocated portion, or to pull back portions of Tailings Piles 1 and 2 from 
Copper Creek.  This would produce greater risk of potential long-term 
tailings releases into the creeks due to future tailings pile instability; and 

 Alternative 13 would involve less risk of bentonite/cement release to surface 
water during barrier wall construction, because no barrier wall would be 
constructed along Railroad Creek adjacent to Tailings Piles 2 and 3. 

                                                 

73 The Agencies have expressed a preference for hydroelectric power to avoid negative environmental consequences of 

the use of diesel fuel, consistent with TBCs.  Risks related to fuel use would be reduced for all Alternatives if a 

hydroelectric source of power is successfully developed as desired. 



 

   
Page 130  4769-15  June 1, 2010 

Except for the habitat loss associated with removal of the Honeymoon Heights 
Waste Rock Piles under Alternative 11M, risks associated with construction 
activity under each of the three alternatives could be adequately mitigated 
through implementation of BMPs and SPCC plans.  However, Alternatives 13M 
and 14 involve permanent destruction of mature riparian forest for relocation of 
a portion of Railroad Creek, and elimination of the wetland habitat east of 
Tailings Pile 3 for construction of a groundwater treatment facility.  Alternative 
11M would not involve creek relocation, and the treatment system would 
occupy a portion of the Wind-Blown Tailings Area, which is forested and 
includes some mature forest.  Wetlands habitat in the Railroad Creek valley is 
much less common that forest habitat, so Alternatives 13M and 14 would have 
greater negative impacts compared to Alternative 11M in this regard. 

Permanent habitat loss in the impacted area of Honeymoon Heights under 
Alternative 11M, and the areas of riparian forest and wetlands under Alternatives 
13M and 14, would likely require mitigation under Section 404 of the Clean 
Water Act, and for Forest System lands (i.e., not private land on Honeymoon 
Heights) mitigation required by the Forest Plan.74 

6.4.2.3.4 Time until Protection is Achieved 

Alternatives 14 and 11M would immediately protect human health and are 
anticipated to be protective of the environment when the remedy is fully 
implemented.  Alternative 11M would achieve cleanup of the Honeymoon 
Heights Waste Rock Piles and DSHH more quickly than Alternative 14, which 
relies on in situ treatment in these areas, although with much greater 
consequential adverse impacts.  The time to achieve proposed cleanup levels 
through in situ treatment in any of the AOIs under Alternatives 11M and 14 will 
not be known until completion of remedial design and, perhaps, pilot studies as 
part of implementing the remedy. 

Alternative 13M would be fully protective of human health at the time the 
remedy is implemented.  However, Alternative 13M would not be fully 
protective of the environment since it relies on natural recovery to protect 
terrestrial receptors in the Honeymoon Heights Waste Rock Piles, DSHH, Lower 
West Area, the Ballfield Area, Holden Village, and the Wind-Blown Tailings AOIs. 

                                                 

74 In addition to the wetland loss, permanent habitat loss, i.e., the impacted area of Honeymoon Heights under Alternative 

11M, and the areas of riparian forest impacted under Alternatives 13M and 14 may require development or improvement 

of habitat of equivalent value elsewhere and compensation for such losses under the NRDA process. 
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6.4.2.4 Implementability 

Implementability is the fourth of the primary balancing criteria under CERCLA.  
The implementability issues to be assessed for the alternatives under CERCLA 
are [40 CFR § 300.430(e)(9)(iii)(F)]: 

 Technical Feasibility; 

 Administrative Feasibility; and 

 Availability of Services and Materials. 

6.4.2.4.1 Technical Feasibility 

Alternatives 14, 11M, and 13M are all technically feasible and could be 
implemented using conventional construction equipment and methods.  All 
three of these alternatives involve comparable risk that the proposed 
groundwater treatment system would need to be augmented and/or that 
freezing weather could impair performance of the groundwater collection and 
conveyance systems. 

6.4.2.4.2 Administrative Feasibility 

Land subject to cleanup is under the control of the Forest Service and Holden 
Village, Inc.  Since the State of Washington and the Confederated Tribes and 
Bands of the Yakama Nation have assisted or consulted in selection of the 
remedy along with other state and federal agencies, the Agencies do not foresee 
any administrative barriers to implementation of Alternatives 14, 11M, or 13M. 

6.4.2.4.3 Availability of Services and Materials 

The services and materials to implement Alternatives 14, 11M, and 13M are 
readily available. 

6.4.2.5 Cost 

Alternative 11M would cost more than Alternative 14, primarily due to the cost 
of using a geomembrane as part of the cap for tailings and waste rock piles, and 
the cost of removing the Honeymoon Heights Waste Rock Piles and impacted 
soils in the DSHH.  As discussed in Appendix A, eliminating the geomembrane 
as part of capping the tailings and waste rock piles is the single largest cost 
difference between Alternative 11M and Alternatives 13M and 14. 
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Alternative 13M would cost less than Alternatives 11M and 14, as discussed in 
Appendix A.  However, Alternative 13M costs less than Alternatives 11M and 14 
because it omits remedy components necessary to satisfy the threshold criteria 
under CERCLA (or MTCA), as discussed in Appendix A. 

6.4.2.6 Summary of the Primary Balancing Criteria 

Although both Alternatives 11M and 14 satisfy the threshold criteria for selection 
of a remedy under CERCLA, these two alternatives differ in the degree to which 
they would satisfy the primary balancing criteria.  (Alternative 13M is not 
included in the following comparison, since it does not satisfy the threshold 
criteria).  Overall, Alternative 14 more fully satisfies the primary balancing criteria 
than Alternative 11M, as summarized below. 

Alternative 11M would have a somewhat lower magnitude of residual risk at 
the conclusion of cleanup activities, since there is some uncertainty as to the 
efficacy and timeliness of cleanup using in situ soil treatment in some AOIs.  
Although both alternatives rely on in situ treatment for several AOIs, 
Alternative 11M includes consolidation of the Honeymoon Heights Waste Rock 
Piles and the impacted soils in the DSHH and capping part of the tailings piles, 
thus it would rely less on in situ treatment than Alternative 14 does. 

Alternative 14 has greater adequacy and reliability of controls with respect to 
water treatment than Alternative 11M, since Alternative 14 relies on a gravity 
flow-through treatment system, which does not require pumping all the collected 
groundwater before it can be treated (as Alternative 11M does).  Alternative 14 
is less complex mechanically, and has fewer mechanized components that 
would need maintenance and replacement over the life of the remedy. 

Alternatives 11M and 14 have the same potential uncertainties associated with 
land disposal of treatment system residuals, and with potential risk if these 
components of the remedy need replacement. 

Alternative 11M is likely to require more maintenance to assure performance of 
the geomembrane cap on the tailings and waste rock piles, compared to the soil 
only cap anticipated for Alternative 14.  Maintenance of the Alternative 11M 
geomembrane composite cap would be more difficult compared to 
maintenance of the Alternative 14 cap. 

Alternatives 11M and 14 would achieve comparable levels of reduction in 
mobility of hazardous substances through treatment.  Neither alternative would 
reduce toxicity or the volume of hazardous substances. 
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With respect to comparing short-term effectiveness, Alternatives 11M and 14 
would result in comparable levels of short-term risks to the community due to 
potential impacts of remedy construction, and comparable potential impacts on 
workers during remedial action.  Both alternatives would have comparably 
effective and reliable protective measures.  However, Alternatives 11M and 14 
differ in the potential environmental impacts of the remedial action and 
anticipated effectiveness and reliability of mitigative measures during 
implementation. 

Alternative 11M would have adverse environmental impacts that extend over a 
larger area compared to Alternative 14.  In addition to differences in the size of 
the adversely impacted areas, the types of these impacts are different as 
described below. 

 Adverse environmental impacts of Alternative 11M would result from the 
anticipated habitat destruction of about 15 acres associated with 
constructing a Honeymoon Heights access road and removal of waste rock 
and impacted soils from Honeymoon Heights, as well as the long-term 
impairment of about 70 more acres downslope from the Honeymoon 
Heights access road.  These impacts outweigh the environmental threat 
posed by the release of hazardous substances under existing conditions. 

 In order to relocate Railroad Creek, Alternative 14 would permanently 
eliminate about 14 acres of riparian forest that includes a mix of recently cut, 
mature second growth, and late successional old growth forest 
(Section 5.1.7, Appendix D of ERM and URS 2009a).  However, the new 
creek channel would provide riparian habitat with much greater structural 
diversity and later successional stage vegetation, compared to the riparian 
habitat along the existing creek channel under Alternative 11M. 

 About 10 acres of the second growth forest habitat north of Railroad Creek 
(including a portion that overlaps the creek relocation alignment) would be 
eliminated for construction of the Alternative 11M treatment facility.  The 
Alternative 14 treatment facility would occupy about the same size area 
located on the south side of Railroad Creek, but this would include 
elimination of the wetlands east of Tailings Pile 3. 

 Alternative 11M would also create a greater risk that tailings pile instability or 
erosion during regrading would adversely impact Railroad Creek, since 
Alternative 14 would involve relocating the creek prior to regrading, and 
Alternative 11M does not.  For the same reason, Alternative 11M would 
create a greater risk of a bentonite or cement release into the creek during 
barrier wall construction, compared to Alternative 14. 
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 Alternative 11M has greater risk of surface water quality exceedances than 
Alternative 14, since Alternative 11M relies on mechanical pumps and 
generators that are susceptible to breakdown, whereas Alternative 14 relies 
on gravity flow.  If the Alternative 11M pumps or generators break down 
without adequate backup systems, untreated groundwater would be 
released into Railroad Creek.  Because it relies more on electricity, 
Alternative 11M also probably would have larger fuel requirements and pose 
a greater risk of fuel spills compared to Alternative 14.75 

Although both alternatives are likely to have comparable time until protection is 
achieved, in most AOIs, Alternative 11M conceivably could require less time for 
removal of the Honeymoon Heights Waste Rock Piles to be effective compared 
to in situ treatment.  However, as previously noted, the adverse effects of 
removing the Honeymoon Heights Waste Rock Piles likely exceed the risk from 
the existing hazardous substances in this location. 

Both Alternatives 11M and 14 are considered to be more or less equally 
implementable based on consideration of administrative and technical 
feasibility, and availability of services and materials. 

Finally, Alternative 14 is anticipated to cost less to implement compared to 
Alternative 11M, as discussed in Appendix A. 

6.4.3 Modifying Criteria 

Two additional criteria, referred to as modifying criteria, are also considered for 
remedy selection under CERCLA [40 CFR § 300.430(f)(1)(i)(C)].  These 
modifying criteria are state acceptance and community acceptance. 

The CERCLA modifying criteria are a significant consideration during final 
remedy selection [40 CFR § 300.430(f)(4)(i)].  In the case of this Site, the state 
provided input throughout the RI/FS process.  Intalco and Holden Village, Inc. 
also provided input throughout the FS process. 

Additional public input will include an opportunity to comment on the draft 
Proposed Plan and supporting documentation. 

                                                 

75 Although the source of electrical power for the remedy has not yet been determined, the Agencies’ cost estimate 

assumed diesel-powered generators for comparison purposes only.  Although not yet complete, the Agencies appreciate 

the work Intalco has done to date to assess feasibility of hydroelectric power.  A final decision on the power supply source 

is not required for remedy selection.  The Agencies believe that development of hydroelectric power is consistent with the 

Forest Plan (potential ARAR) and EPA policy (potential TBCs). 
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CERCLA uses the modifying criteria, along with the primary balancing criteria, to 
select an alternative from the alternatives that are both protective and ARAR-
compliant. 

6.4.4 Summary of CERCLA Comparative Analysis of Alternatives 

This section summarizes the key differences between Alternatives 14, 11M, and 
13M, as described previously in Sections 6.2 and Sections 6.4.1 and 6.4.2, in 
terms of the extent to which they address the CERCLA selection criteria. 

Alternatives 14 and 11M both meet the threshold criteria.  Alternative 13M does 
not meet the threshold requirements because it would not be protective of the 
environment and does not meet ARARs in the following media and areas: 

 Soil, tailings, and waste rock in the Honeymoon Heights Waste Rock Piles, 
DSHH, Lower West Area, Ballfield Area, Wind-Blown Tailings area, and 
Holden Village; and 

 Groundwater at the standard points of compliance beneath Tailings Piles 2 
and 3.76 

Alternative 13M does not satisfy the CERCLA threshold criteria and could not be 
selected as a final remedy.  Also, Alternative 13M relies on institutional controls 
rather than active measures to protect humans from soil with hazardous 
substances that exceed direct contact and ingestion criteria in the Lower West 
Area.  Under Alternative 13M, sediment in Railroad Creek may not meet ARARs 
downstream of the relocated section and in Lake Chelan at the Lucerne Bar.  
Therefore, because Alternative 13M does not meet the threshold criteria, it is 
excluded from the following discussion. 

Alternatives 11M and 14 both satisfy the threshold criteria for selection of a 
remedy under CERCLA, but differ in their ability to satisfy some of the primary 
balancing criteria.  Analysis of how these alternatives address the CERCLA 
balancing criteria is presented above in Section 6.4.2.  The following summary 
focuses only on the key differences between Alternatives 11M and 14 and 
explains why, overall, Alternative 14 provides a better balance among the 
criteria, and is identified by the Agencies as the better alternative. 

The main advantages of Alternative 11M over Alternative 14 are as follows: 

                                                 

76 Alternative 13M would not be eligible for a conditional point(s) of compliance downgradient from Tailings Piles 2 and 3 

because Alternative 13M does not satisfy AKART. 
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 Alternative 11M would quickly achieve soil cleanup at the Honeymoon 
Heights Waste Rock Piles and the DSHH, but at the cost of eliminating 
existing, minimally-impacted habitat in the DSHH, and causing long-term 
habitat damages on the estimated 70-acre area downslope of the 
Honeymoon Heights access road needed to remove the waste rock and 
impacted soils.  Alternative 14 uses in situ treatment, which could take 
several years to achieve protection from the hazardous substances, but 
without the long-term damage associated with removal of the waste rock 
and impacted soils. 

 Alternative 11M would more effectively address human health risk from 
exposure to waste rock at Honeymoon Heights and soils in the DSHH.  
Alternative 11M involves removal and capping of impacted materials to 
prevent exposure of visitors to these materials.  Alternative 14 would, 
instead, establish administrative restrictions and warnings to limit human 
contact with impacted waste rock and soil. 

 Alternative 11M preserves wetland habitat, which is relatively rare in the 
Railroad Creek valley, by locating the water treatment plant in an upland 
area north of Railroad Creek.  Alternative 14 involves locating the treatment 
system in the wetland east of Tailings Pile 3.  Alternative 14 would require 
mitigation for the loss of the wetland and the riparian forest impacted by 
creek relocation by establishing or improving wetland and riparian forest 
habitat. 

The main advantages of Alternative 14 over Alternative 11M are as follows: 

 Alternative 14 avoids long-term, potentially permanent habitat loss in the 
vicinity of the Honeymoon Heights Waste Rock Piles and the DSHH, and for 
construction of the access road to accomplish removal on Honeymoon 
Heights.  Alternative 14 would, therefore, avoid long-term, possibly 
permanent, habitat degradation to an estimated 70 acres downslope of the 
Honeymoon Heights access road and waste rock piles caused by changes in 
drainage and instability.  Unlike Alternative 11M, Alternative 14 uses in situ 
treatment of soils in these areas, which would not require heavy equipment 
access or involve soil disturbance. 

 The water treatment system under Alternative 14 would be easier to 
maintain and would be less susceptible to mechanical failure that would 
potentially result in exceedances of surface water quality standards, because 
the Alternative 14  system does not rely on electrically driven pumps to 
convey water to the treatment system. 
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 Alternative 14 would involve less long-term risk of fuel spills because it relies 
on gravity flow rather than pumping all the collected groundwater for 
treatment.  Conversely, Alternative 11M does rely on pumping and would 
require substantial electrical power, likely supplied by a diesel generator.  
The fuel would need to be loaded, unloaded, and transported to the site via 
barge and truck. 

 Alternative 14 involves less risk of tailings releases to surface water during 
construction than Alternative 11M.  Unlike Alternative 11M, Alternative 14 
does not involve regrading and excavation immediately adjacent to Railroad 
Creek to relocate the toe of the tailings piles. 

 Alternative 14 involves less risk of sedimentation or bentonite/cement 
release to surface water during construction because barrier walls would not 
be constructed immediately adjacent to Railroad Creek as they would under 
Alternative 11M. 

 The soil caps used on the tailings piles and East and West Waste Rock Piles 
would be easier to maintain and repair than the membrane liner systems 
used in Alternative 11M. 

 Alternative 14 would cost less than Alternative 11M, primarily because it 
does not involve a geomembrane as part of the cap for tailings and waste 
rock piles and does not involve removal of the Honeymoon Heights Waste 
Rock Piles and impacted soils in the DSHH. 

The Agencies believe that the advantages of Alternative 11M are more than 
offset by the advantages of Alternative 14 and that, on balance, Alternative 14 is 
the better alternative. 

The advantages to terrestrial organisms of removing waste rock and soil at 
Honeymoon Heights under Alternative 11M would be outweighed by the 
disadvantages of the accompanying long-term habitat destruction.  Similarly, the 
advantage of removing the waste rock and soil to limit human exposure to 
hazardous substances would be outweighed by the accompanying long-term 
destruction of terrestrial habitat, especially in light of the expected effectiveness 
of institutional controls to control human exposure. 

The loss of the wetland east of Tailings Pile 3 under Alternative 14 would be 
outweighed by the benefits of using a low-energy water treatment system.  The 
low-energy system would be easier to maintain than the system proposed for 
Alternative 11M, would be less likely to fail (potentially resulting in exceedances 
of surface water quality standards), and would not rely as heavily on a diesel 
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generator, along with its associated impacts to air quality and risk of fuel spills.  
The disadvantage of wetland loss under Alternative 14 would be further offset by 
required mitigation measures that establish and/or improve wetland habitat 
elsewhere in the Lake Chelan drainage. 

As listed above, other advantages of Alternative 14 that offset those of 
Alternative 11M include a reduced risk of tailings, bentonite/cement, or 
sediment releases to surface water during construction; easier maintenance and 
repair of the tailings and waste rock caps; and lower overall lifecycle cost. 

Alternatives 14 and 11M both satisfy the threshold criteria; however, Alternative 
14 satisfies the primary balancing criteria to a greater degree than does 
Alternative 11M, as described above in Section 6.4.2.  As described in the 
preceding paragraphs, the Agencies conclude that Alternative 14 satisfies the 
CERCLA remedy selection criteria better, overall, than does Alternative 11M and, 
therefore, conclude that Alternative 14 is the better alternative. 

6.5 Comparative Analysis of Alternatives 11M, 13M, and 14 Under MTCA 

6.5.1 Threshold Requirements 

The threshold requirements under MTCA require that a remedy: 1) protect 
human health and the environment; 2) comply with cleanup standards; 3) 
comply with applicable state and federal laws; and 4) provide for compliance 
monitoring. 

6.5.1.1 Protect Human Health and the Environment 

Alternatives 11M, 13M, and 14 would protect human health. 

Under Alternative 14, risks to humans from soil, tailings, and waste rock in 
tailings piles, East and West Waste Rock Piles, former Mill Building, Lagoon, 
Maintenance Yard, a portion of the Lower West Area, and Surface Water 
Retention Area would be addressed by capping the material in place or moving 
the material and then capping it to prevent exposure.  Risks from soils containing 
hazardous substances in a portion of the Lower West Area, the Honeymoon 
Heights Waste Rock Piles, and DSHH would be addressed through in situ 
treatment and institutional controls.  Potential future use of impacted 
groundwater and surface water for drinking would be restricted by institutional 
controls.  In addition, safety to residents and visitors would be addressed 
through mine access restrictions. 
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Alternative 11M would protect human health in the same manner as Alternatives 
13M and 14, except that exposure to waste rock at Honeymoon Heights would 
be addressed by moving the waste rock to the tailings piles and capping it 
instead of relying on institutional controls. 

Alternatives 11M, 13M, and 14 differ in the degree to which they would protect 
the environment. 

Under Alternative 14, risks to terrestrial organisms from the tailings piles, East 
and West Waste Rock Piles, former Mill Building, Lagoon, Maintenance Yard, a 
portion of the Lower West Area, a portion of the Ballfield Area, and the Surface 
Water Retention Area would be addressed by excavation (consolidation) or 
capping the material to prevent exposure.  Risks in other areas (e.g., the 
remainder of the Lower West Area and Ballfield Area, Holden Village, and the 
Wind-Blown Tailings Area) would be addressed by in situ treatment and possible 
future removal, capping, or treatment.  To protect aquatic organisms, 
contaminant inputs from groundwater, including base flow, seeps and the mine 
drainage would be intercepted and treated before discharge to surface water. 

Contaminant inputs and habitat disturbance from failures of tailings and waste 
rock pile slopes would be addressed by relocating Railroad Creek; followed by 
regrading slopes and constructing a stabilizing buttress; capping; and protecting 
the new stream banks from erosion and scour.  Risks to aquatic organisms from 
ferricrete in Railroad Creek would be addressed by rerouting Railroad Creek to 
exclude the reach where the ferricrete is present.  Sediment in Railroad Creek 
and Lake Chelan would be monitored to confirm that risks remain low and 
decrease over time. 

Alternative 11M would protect the terrestrial environment to the same extent as 
would Alternative 14, except that protection of Railroad and Copper Creeks 
would require pulling the toe of the tailings piles farther back from the creeks 
without relocating Railroad Creek, with a consequential greater risk of release of 
hazardous substances into the creek during the regrading.  In addition, under 
Alternative 11M, exposure to waste rock at Honeymoon Heights and the DSHH 
would be addressed by moving the material to the tailings piles and capping it 
instead of through pH adjustment. 

Alternative 11M would protect the aquatic environment with a groundwater 
containment, collection, and treatment system to address contaminant inputs to 
surface water in a manner similar to Alternative 14.  In addition, ferricrete would 
be physically removed from Railroad Creek under Alternative 11M, instead of 
being addressed as part of stream relocation under Alternative 14. 
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Alternatives 11M and 14 would both be protective of the environment. 

Alternative 13M would not fully address risk to the terrestrial environment.  Risks 
due to hazardous substances in the Lower West Area, Honeymoon Heights 
Waste Rock Piles, DSHH, Holden Village, the Ballfield Area, and the Wind-Blown 
Tailings Area would not be addressed except by monitoring and potentially 
through natural recovery over an unknown period of time. 

Alternative 13M would intercept and treat groundwater from some parts of the 
Site before it enters surface water, and includes the former Railroad Creek 
channel as the collection system along the northwest side of Tailings Pile 2, but it 
does not include a barrier wall downgradient of Tailings Piles 2 and 3.  Under 
Alternative 13M, there is considerable uncertainty about whether proposed 
cleanup levels, based on protection of surface water, would be met in 
groundwater before it enters Railroad Creek downstream from Tailings Piles 2 
and 3.  As discussed above, however, the barrier wall included in Alternative 14 
to address this concern may not need to be constructed, or the design could be 
modified if Intalco can demonstrate that some other alternative component(s) 
will be protective and result in compliance.   Such a demonstration would rely 
on groundwater monitoring data that show groundwater concentrations that 
would protect aquatic life and comply with ARARs without the barrier wall. Risks 
to aquatic organisms from ferricrete would be addressed in the same manner 
under Alternative 13M as under Alternative 14. 

Alternative 13M would not fully protect the environment. 

6.5.1.2 Comply with Cleanup Standards 

As presented in the ASFS Sections 6.3.1 and 6.3.3, Ecology considers that 
Alternatives 11M and 14 would comply with cleanup standards.  Under 
Alternative 11M, contaminated groundwater would be contained and treated 
before entering the surface water.  Alternative 14 also includes a barrier wall for 
this purpose, but the barrier wall may not need to be constructed if Intalco can 
demonstrate that monitoring data show groundwater concentrations that would 
protect aquatic life and comply with ARARs.  Alternatively, the barrier wall 
design could be modified upon demonstrating that some other approach will be 
protective and comply with ARARs.  Groundwater downstream from the 
groundwater containment would be expected to meet cleanup standards at a 
conditional point of compliance along the groundwater-surface water interface 
of Railroad Creek. 

However, Ecology concludes that Alternative 13M does not satisfy cleanup 
standards under MTCA, as discussed in ASFS Section 6.3.2.  MTCA requires that 
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for a cleanup action to qualify for a groundwater conditional point of 
compliance, groundwater discharges must receive all known available and 
reasonable methods of treatment (AKART) before release to surface water.  
Alternative 13M does not constitute AKART, because this remedy does not 
include containment of groundwater underneath Tailings Piles 2 and 3 and 
information provided to date does not indicate groundwater that discharges to 
surface water downstream of Tailings Piles 2 and 3 will be protective of aquatic 
life.  As a result, Ecology would not approve a conditional point of compliance 
along the groundwater-surface water interface of Railroad Creek for Alternative 
13M. 

6.5.1.3 Comply with State and Federal Law 

As discussed in Sections 6.3.1, 6.3.2, and 6.3.3, Ecology considers that 
Alternatives 11M and 14 would comply with state and federal environmental 
laws but that Alternative 13M may not. 

6.5.1.4 Provide for Compliance Monitoring 

As discussed in Sections 6.3.1, 6.3.2, and 6.3.3, Alternatives 11M, 13M, and 14 
would each provide for compliance monitoring. 

6.5.1.5 Summary of Compliance with the MTCA Threshold Requirements 

Based on the analysis provided in Section 6.5.1.1 through 6.5.1.4 above, 
Alternatives 11M and 14 would meet the threshold requirements for remedy 
selection under MTCA, and Alternative 13M would not. 

6.5.2 MTCA Other Requirements 

Other requirements that must be evaluated under MTCA for remedy selection 
include: 5) use permanent solutions to the maximum extent practicable; 
6) provide a reasonable restoration time frame; and 7) consider public concerns. 

6.5.2.1 Use of Permanent Solutions to the Maximum Extent Practicable 

As a remedy selection criterion, MTCA gives preference to the cleanup 
alternative that provides permanent solutions to the maximum extent 
practicable.  WAC 173-340-360(3)(b). 

As explained in Section 6.3.2.2, the Agencies are not prepared to conclude that 
Alternative 13M uses permanent solutions to the maximum extent practicable, 
because there is uncertainty about whether proposed cleanup levels based on 
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protection of surface water would be met in groundwater before the 
groundwater enters Railroad Creek downstream of Tailings Piles 2 and 3, 
without the barrier wall.  In addition, Alternative 13M does not address soils 
above proposed terrestrial ecological risk-based cleanup levels in some AOIs 
including the Honeymoon Heights Waste Rock Piles, DSHH, Ballfield Area, 
Lower West Area, Holden Village, and the Wind-Blown Tailings Area. 

As discussed in Sections 6.3.1 and 6.3.3, and in Appendix D, Alternatives 11M 
and 14 would both use permanent solutions. 

To determine whether an alternative is permanent to the maximum extent 
practicable, MTCA uses a disproportionate cost analysis with seven criteria.  
WAC 173-340-360(3)(e).  These criteria are applied to Alternatives 11M and 14 
below. 

Protectiveness [WAC 173-340-360(3)(f)(i)] 

This criterion evaluates the degree of protectiveness of each alternative.  This 
includes: a) the degree of risk reduction; b) restoration time frame; c) risks 
resulting from implementation of the alternative; and d) overall improvement in 
environmental quality. 

The main advantages of Alternative 11M over Alternative 14 are as follows: 

 Alternative 11M would quickly achieve soil cleanup at the Honeymoon 
Heights Waste Rock Piles and the DSHH.  Although both alternatives rely on 
in situ treatment for several AOIs, Alternative 11M includes consolidation of 
the Honeymoon Heights Waste Rock Piles and the impacted soils in the 
DSHH and capping as part of the tailings piles.  It would rely less on in situ 
treatment than does Alternative 14 and as a result would have a somewhat 
lower magnitude of residual risk at the conclusion of cleanup activities.  
Alternative 14 uses in situ treatment, which could take several years to 
achieve protection from the hazardous substances, but without the long-
term damage associated with removal of the waste rock and impacted soils. 

 Alternative 11M would more effectively address human health risk from 
exposure to waste rock at Honeymoon Heights and soils in the DSHH.  
Alternative 11M involves removal and capping of impacted materials to 
prevent exposing visitors to these materials.  Alternative 14 would instead 
establish administrative restrictions and warnings to limit human contact with 
impacted waste rock and soil. 
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 Alternative 11M preserves wetland habitat, which is relatively rare in the 
Railroad Creek valley, by locating the water treatment plant in an upland 
area north of Railroad Creek.  Alternative 14 involves locating the treatment 
system in the already-impacted wetland east of Tailings Pile 3.  Alternative 14 
would require mitigation for the loss of the wetland and the riparian forest 
impacted by creek relocation by establishing or improving wetland and 
riparian forest habitat elsewhere in the Lake Chelan drainage. 

 Adverse environmental impacts of Alternative 11M would result from the 
removal of about 10 acres of waste rock and impacted soils from 
Honeymoon Heights, and an additional 5 acres impacted by road 
construction, as well as the long-term impairment of about 70 more acres 
downslope of the Honeymoon Heights access road.  These impacts 
outweigh the environmental threat posed by the release of hazardous 
substances under existing conditions. 

The main advantages of Alternative 14 over Alternative 11M are as follows: 

 Alternative 14 includes a cap on the tailings and waste rock piles that would 
satisfy the performance standards for closure of limited purpose landfills 
[WAC 173-350-400(3)(e)(i)] but without the geomembrane that Alternative 
11M includes to satisfy the presumptive cover requirements [WAC 173-350-
400(3)(e)(ii)].  Long-term maintenance of Alternative 11M would require 
controlling vegetation and burrowing wildlife to prevent damage to the 
geomembrane, which would not be required for Alternative 14.  As a result, 
Alternative 14 would enable restoration of more diverse, structurally 
complex native habitat on the tailings and waste rock piles compared to 
Alternative 11M. 

 Alternative 14 avoids long-term, potentially permanent habitat loss in the 
vicinity of the Honeymoon Heights Waste Rock Piles and the DSHH, and for 
construction of the access road to accomplish removal on Honeymoon 
Heights.  Alternative 14 would, therefore, avoid anticipated habitat 
destruction of about 15 acres associated with removal of the impacted soils 
and waste rock and construction of the access road needed for removal, and 
long-term habitat damage on the 70-acre area downslope of the 
Honeymoon Heights access road caused by drainage and instability.  Unlike 
Alternative 11M, Alternative 14 uses in situ treatment of soils in these areas, 
which would not require heavy equipment access or involve soil 
disturbance. 

 Although Alternative 14 would require mitigation for the loss of the wetland 
and the riparian forest impacted by creek relocation, the new creek channel 
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would be relocated into an area of mature second growth and late 
successional (old growth) forest that would provide riparian habitat with 
much greater structural diversity and later successional stage vegetation 
compared to the existing riparian habitat along Railroad Creek under 
Alternative 11M. 

Overall, despite trade-offs, the Agencies find that Alternative 14 would be more 
protective than Alternative 11M.  The advantages to terrestrial organisms of 
removing waste rock and soil at Honeymoon Heights under Alternative 11M 
would be outweighed by the disadvantages of the accompanying long-term 
destruction of habitat.  Similarly, the advantage of removing the waste rock and 
soil to limit human exposure to hazardous substances would be outweighed by 
the accompanying long-term destruction of terrestrial habitat, especially in light 
of the expected effectiveness of institutional controls to control human 
exposure. 

The loss of the already-impacted wetland east of Tailings Pile 3 under Alternative 
14 would be outweighed by the benefits of using a low-energy water treatment 
system.  The low-energy system would be less likely to fail (potentially resulting 
in exceedances of surface water quality standards) and would not rely as heavily 
on a diesel generator, along with its associated impacts to air quality and risk of 
fuel spills.  The disadvantage of wetland loss under Alternative 14 would be 
further offset by required mitigation measures that establish and/or improve 
wetland habitat in the Railroad Creek valley and/or elsewhere in the Lake 
Chelan drainage. 

Permanence [WAC 173-340-360(3)(f)(ii)] 

The degree to which an alternative permanently reduces the toxicity, mobility, or 
volume is evaluated in this criterion.  This evaluation includes the degree of 
irreversibility of a treatment process, and the quality and quantity of residue 
generated by the treatment process. 

Alternatives 11M and 14 would achieve comparable levels of reduction in 
mobility of hazardous substances through treatment.  Neither alternative would 
reduce the toxicity or volume of hazardous substances.  However, Alternative 
11M would rely more on mechanical systems that require more maintenance for 
water treatment (compared to a gravity flow-through system for Alternative 14), 
and the membrane liner systems used in the tailings and waste rock pile caps 
under Alternative 11M would be more difficult to maintain and repair than the 
Alternative 14 soil caps. 
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Alternative 11M is more permanent than Alternative 14 to the extent it involves 
waste rock and soil capping and/or removal in the Honeymoon Heights Waste 
Rock Piles and the DSHH, while Alternative 14 relies upon in situ treatment.  
There is some uncertainty as to the efficacy and timeliness of cleanup using in 
situ soil treatment.  This slightly greater permanence; however, is more than 
offset by the long-term habit destruction that would accompany this remedy 
implementation. 

Cost [WAC 173-340-360(3)(f)(iii)] 

The cost of implementing an alternative includes the capital costs, the operation 
and maintenance (O&M) costs throughout the life of the project (expressed in 
net present value), and Agency oversight costs.  The methods and assumptions 
used in the Agencies’ cost estimates are discussed in Appendix A of the ASFS. 

Alternative 14 would cost an estimated $13 million less than Alternative 11M, 
primarily because it does not involve geomembrane as part of the cap for 
tailings and waste rock piles and does not include removal of the Honeymoon 
Heights Waste Rock Piles and impacted soils in the DSHH. 

Long-Term Effectiveness [WAC 173-340-360(3)(f)(iv)] 

The long-term effectiveness criterion evaluates the reliability of the alternative 
during the period that remaining hazardous substance concentrations exceed 
cleanup levels.  The evaluation includes the degree of certainty that the 
alternative will be successful, residual long-term risk posed by the Site, and the 
effectiveness of controls to manage treatment residues and wastes remaining on 
Site.  The MTCA suggests using the following as a guide in this evaluation, in 
descending order of priority: 

1. Reuse/recycling; 
2. Destruction/detoxification; 
3. Immobilization/solidification; 
4. On- or off-site disposal in an engineered structure; 
5. On-site isolation/containment with engineering controls; and 
6. Institutional controls with monitoring. 

Alternatives 11M and 14 do not differ with respect to the above items 1, 2, or 6.  
Implemented as intended, Alternatives 11M and 14 would achieve comparable 
levels of reduction in mobility of hazardous substances through treatment.  In 
certain soil AOIs (e.g., Honeymoon Heights Waste Rock Piles and impacted soils 
in the DSHH), Alternative 11M would involve greater certainty of effectiveness 
(through removal and/or isolation of hazardous substances) than the in situ 
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treatment approach under Alternative 14.  This greater certainty, however, 
would come at the expense of long-term habitat damage.  The Agencies believe 
that avoiding this habitat damage outweighs the advantage of the greater 
certainty.  Beyond this consideration, Alternative 14 offers the following 
advantages over Alternative 11M: 

 The water treatment system under Alternative 14 would be easier to 
maintain and would be less susceptible to mechanical failure that would 
potentially result in exceedances of surface water quality standards, because 
the Alternative 14  system does not rely on electrically driven pumps to 
convey water to the treatment system. 

 Alternative 14 would involve less long-term risk of fuel spills because it relies 
on gravity flow rather than pumping all the collected groundwater for 
treatment.  Conversely, Alternative 11M does rely on pumping and would 
require substantial electrical power, possibly supplied by a diesel generator.  
If all the electricity were obtained from a diesel generator (instead of 
hydroelectric or other alternative sources), Alternative 11M is anticipated to 
require about 34,700 gallons of diesel per year compared to 8,850 gallons 
per year for Alternative 14, as discussed in Appendix A.  The fuel would 
need to be loaded, unloaded, and transported to the Site via barge and 
truck.77 

 The soil caps used on the tailings piles and East and West Waste Rock Piles 
in Alternative 14 would be easier to maintain and repair than the membrane 
liner systems used in Alternative 11M. 

Based on these considerations, Alternative 14 has greater effectiveness over the 
long term than Alternative 11M. 

Short-Term Risks [WAC 173-340-360(3)(f)(v)] 

This criterion evaluates the short-term risks to human health and the 
environment associated with implementation of the cleanup action, including 
the effectiveness of measures to reduce risks during construction (e.g., best 
management practices). 

                                                 

77 The Agencies have expressed a preference for hydroelectric power to avoid negative environmental consequences of 

the use of diesel fuel, consistent with TBCs.  Risks related to fuel use would be reduced for all Alternatives if a 

hydroelectric source of power is successfully developed as desired. 
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 Alternative 14 involves less risk of tailings releases to surface water during 
construction than Alternative 11M.  Unlike Alternative 11M, Alternative 14 
does not involve regrading and excavation immediately adjacent to Railroad 
Creek to relocate the toe of the tailings piles. 

 Alternative 14 involves less risk of sedimentation or bentonite/cement 
release to surface water during construction because barrier walls would not 
be constructed immediately adjacent to Railroad Creek as they would under 
Alternative 11M. 

Based on these considerations, Alternative 14 involves slightly less short-term risk 
than Alternative 11M. 

Technical And Administrative Implementability [WAC 173-340-
360(3)(f)(vi)] 

The implementability of a project includes consideration of the following factors: 

1. Technical feasibility; 

2. Availability of off-site facilities (if alternative includes use of off-site treatment 
or disposal); 

3. Availability of services and materials needed to implement the cleanup 
action; 

4. Administrative and regulatory requirements; 

5. Scheduling, size, and complexity of the action; 

6. Monitoring requirements; and 

7. Integration into existing operations or future potential remedial actions. 

Alternatives 11M and 14 are considered to be more or less equally 
implementable based on consideration of administrative and technical feasibility, 
and availability of services and materials. 

Public Considerations [WAC 173-340-360(3)(f)(vii)] 

The evaluation of alternatives needs to consider public concerns and the degree 
to which the alternative addresses the public’s concerns.  This includes concerns 
from individuals, community groups, local governments, tribes, federal and state 
agencies, or any other organization having an interest in the site. 
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The Agencies will evaluate public concerns in response to public comments on 
the Proposed Plan before issuing a ROD.  There is no difference in the Agencies’ 
ability to address potential comments for either Alternative 11M or 14. 

Summary of the MTCA Disproportionate Cost Analysis 

Based on the preceding discussion, Alternatives 11M and 14 can be compared 
as follows: 

 Alternative 14 is more protective than Alternative 11M; 

 Alternative 11M is slightly more permanent than Alternative 14, but at a 
greater environmental cost; 

 Alternative 14 has lower cost than Alternative 11M; 

 Alternative 14 has greater effectiveness over the long term than Alternative 
11M; 

 Alternative 11M has slightly greater short-term risks than Alternative 14; 

 Alternative 11M and Alternative 14 have essentially the same technical and 
administrative feasibility; and 

 The Agencies have the same ability to address public concerns for both 
Alternative 11M and Alternative 14. 

On the whole, the Agencies believe that the advantages of Alternative 11M are 
more than offset by the advantages of the lower cost alternative, Alternative 14.  
As such, Alternative 14 provides permanent solutions to the maximum extent 
practicable to a greater degree than Alternative 11M. 

6.5.2.2 Provide for a Reasonable Restoration Time Frame 

Ecology considers that Alternatives 11M and 14 would provide for a reasonable 
restoration time frame as discussed in Sections 6.3.1 and 6.3.3.  Although 
Alternative 11M would likely be protective in a faster time frame for the 
Honeymoon Heights portion of the Site, it would eliminate the existing 
minimally-impacted habitat in the DSHH and produce long-term adverse impacts 
to the 5-acre road alignment and the estimated 70-acre area downslope of the 
Honeymoon Heights access road.  Pending the results of treatability studies 
during remedial design Alternative 14 may take longer to achieve cleanup 
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standards in the Honeymoon Heights Waste Rock Piles and DSHH AOIs, but 
without the environmental damages associated with Alternative 11M. 

As discussed in Section 6.3.2, Alternative 13M would not provide for a 
reasonable restoration time frame for the Site because Intalco has not 
adequately demonstrated that this alternative would achieve proposed cleanup 
levels in all areas of the Site. 

6.5.2.3 Consider Public Concerns 

As discussed in Sections 6.3.1, 6.3.2, and 6.3.3, public concerns regarding any of 
the alternatives considered will be addressed as part of selecting and 
implementing the final cleanup action in accordance with WAC 173-340-
600(14) and (15). 

6.5.3 MTCA Action-Specific Requirements 

Finally, MTCA has additional remedy selection requirements that apply 
specifically to cleanup actions that include groundwater cleanup actions; 
institutional controls; releases and migration; and dilution and dispersion. 

6.5.3.1 Non-Permanent Groundwater Cleanup Actions 

As discussed in Sections 6.3.1.3, 6.3.2.3, and 6.3.3.3, a permanent groundwater 
cleanup is not practicable throughout the entire Site within a reasonable 
restoration time frame.  Therefore, the selected alternative must meet MTCA’s 
requirements for non-permanent cleanup actions [WAC 173-340-360(2)(c)(ii)]. 

Alternatives 11M and 14 include the removal of some sources and the 
containment of other sources through capping.  These alternatives also includes 
groundwater containment to the maximum extent practicable to avoid lateral 
and vertical expansion of the groundwater affected by the hazardous 
substances.  As a result, Alternatives 11M and 14 meet the MTCA requirements 
for a non-permanent groundwater cleanup action. 

Alternative 13M includes the removal of some sources and the containment of 
other sources through capping.  However, Alternative 13M does not include 
groundwater containment to the maximum extent practicable downgradient of 
Tailings Piles 2 and 3 to avoid lateral and vertical expansion of the groundwater 
plume affected by the hazardous substances.  Intalco’s 2008 and 2009 
monitoring well observations (URS 2008 and URS 2009b) suggest contaminated 
groundwater does not enter Railroad Creek adjacent to Tailings Pile 3 and a 
portion of Tailings Pile 2; however, extent of the losing reach adjacent to the 
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tailings piles is not entirely consistent with earlier observations.  Groundwater 
does enter the creek with concentrations above proposed cleanup levels 
downgradient of Tailings Piles 2 and 3 (see Figure 8).  The RI (Dames & Moore 
1999) and subsequent observations (URS 2008) indicate hazardous substances 
are released to groundwater below Tailings Piles 2 and 3.  Since Alternative 13M 
does not provide groundwater containment to the maximum extent practicable 
to avoid expansion of the plume, this alternative does not satisfy the MTCA 
requirements for non-permanent groundwater cleanup actions. 

6.5.3.2 Cleanup of Soils for Residential and School Areas 

As discussed in Sections 6.3.1, 6.3.2, and 6.3.3, available data indicate that soil 
concentrations in Holden Village do not exceed human health criteria.  Thus the 
MTCA requirement [WAC 173-340-360(2)(d)] for soil cleanup to protect human 
health would not require action within the Village.  Institutional controls and 
engineering measures (e.g., capping of tailings to prevent wind-blown dispersion) 
on the remainder of the Site proposed for Alternatives 11M and 14 would 
protect residential areas, schools, or childcare centers.  Although Alternative 
13M does not include any actions to remediate soils above proposed direct 
contact and ingestion-based cleanup levels in the Lower West Area (other than 
to rely on institutional controls), this AOI is probably not a significant source of 
wind-blown dust. 

6.5.3.3 Institutional Controls 

As discussed in Sections 6.3.1 and 6.3.3, Ecology considers that Alternatives 
11M and 14 each satisfy requirements for institutional controls to protect human 
health that are specified in WAC 173-340-440.  However, Alternative 13M relies 
on institutional controls instead of more permanent cleanup actions to protect 
human health for a portion of the Site (i.e., in the Ballfield Area and Lower West 
Area AOIs). 

6.5.3.4 Releases and Migration/Dilution and Dispersion 

As discussed in Sections 6.3.1 and 6.3.3, Ecology considers that Alternatives 
11M and 14 do not rely primarily on dilution and dispersion to clean up 
groundwater and surface water above proposed cleanup levels.  However, it is 
not clear to what degree Alternative 13M relies on dilution and dispersion to 
clean up groundwater east of Tailings Pile 3 to prevent discharge to surface 
water above proposed cleanup levels, as discussed in Section 6.3.2.  Although 
Intalco has provided some data in the draft Alternative 13M Evaluation Report 
that suggest natural attenuation may be occurring downgradient of the tailings 
piles, it has not demonstrated the mechanism by which this is occurring, or 
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shown that it will permanently prevent groundwater seepage into Railroad Creek 
above proposed cleanup levels. 

6.5.3.5 Remediation Levels 

As discussed in Sections 6.3.1 and 6.3.3, Alternatives 11M and 14 do not 
propose the use of remediation levels.  Intalco refers to remediation levels in 
discussing Alternative 13M, but the Agencies believe Intalco uses this term to 
refer to proposed site-specific risk-based cleanup levels as noted above in 
Section 6.3.2.3. 

6.5.4 Summary of Compliance with the MTCA Other Requirements 
and Action-Specific Requirements 

Based on the analysis provided above, Alternatives 11M and 14 would both 
satisfy the Other Requirements for remedy selection under MTCA, but with 
some differences as summarized below.  However, Alternatives 11M and 14 
satisfy the MTCA Action-Specific Requirements in the same way. 

Overall, the Agencies consider Alternative 14 to better satisfy the MTCA 
requirements than Alternative 11M as summarized below. 

Although the removal of waste rock and impacted soils on Honeymoon Heights 
under Alternative 11M is more permanent than in situ treatment under 
Alternative 14; Alternative 14, overall, relies on permanent solutions to the 
maximum extent practicable more than Alternative 11M.  Alternative 11M 
would rely more on mechanical systems that require more maintenance for 
water treatment (compared to a gravity flow-through system for Alternative 14); 
would require more maintenance and more difficult maintenance of the cap 
over the tailings and waste rock piles compared to Alternative 14; and on 
balance would be less protective than Alternative 14, all at a greater overall cost. 

Alternative 11M would have a shorter restoration time frame compared to 
Alternative 14 for cleanup of the Honeymoon Heights Waste Rock Piles and 
DSHH.  However, this would only be achieved by measures more intrusive than 
in situ treatment, and such measures appear likely to cause more adverse impact 
than the existing hazardous substance concentrations in these AOIs.  The 
restoration time frame for the remaining AOIs would be the same under both 
alternatives. 

Public concerns will be considered based on comments on the Proposed Plan 
when it is released for public comment. 
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6.5.5 Summary of MTCA Comparative Analysis of Alternatives 

Alternatives 14 and 11M both satisfy the MTCA threshold criteria; however, 
Alternative 14 satisfies the MTCA other requirements to a greater degree than 
does Alternative 11M, as described above in Section 6.5.2.  The Agencies 
conclude that Alternative 14 satisfies the MTCA remedy selection criteria better 
overall than does Alternative 11M and, therefore, conclude that Alternative 14 is 
the better alternative. 
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Sheet 1 of 4Table 1 - Summary of Constituents of Concern and Proposed Cleanup Levels

Media of Concern and Area of Interest Constituent of Concern
Proposed 
Cleanup 

Level
Basis

Aluminum 16,000
Cadmium 5.00
Copper 592
Lead 15.0
Zinc 4,800
Aluminum 152
Cadmium (e) 0.090
Copper (e) 1.17
Iron 1,000
Lead (e) 0.540
Zinc (e) 11.0
Barium 330 h
Cadmium 5.5 h
Copper 85 h
Lead 161 h
Molybdenum 18.6 h
Silver 18.5 h
Thallium 0.36 g
Zinc 136 g
Barium 164 g
Cadmium 14 h
Chromium 29 h
Copper 46 h
Lead 118 h
Molybdenum 8.8 g
Silver 3.9 h
Thallium 0.36 g
Zinc 136 g
Barium 164 g
Copper 46 h
Lead 118 h
Mercury 0.93 g
Molybdenum 8.8 g
Silver 3.9 h
Thallium 0.36 g
Zinc 136 g
Chromium 29 h
Copper 46 h
Lead 201 h
Silver 16.5 h
Thallium 0.36 g
Zinc 136 g

a

b

Groundwater and Surface Water Used for Drinking Water:  
All Areas
(ug/L)

Surface Water and Groundwater Discharging to Surface 
Water:  All Areas
(ug/L)

Soil:  Tailings Piles 1, 2, & 3
(mg/kg)

Soil:  East and West Waste Rock Piles
(mg/kg)

Soil:  Honeymoon Heights Waste Rock Piles
(mg/kg)

Soil:  Ballfield Area
(mg/kg)

Holden Mine
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June 1, 2010
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Sheet 2 of 4Table 1 - Summary of Constituents of Concern and Proposed Cleanup Levels

Media of Concern and Area of Interest Constituent of Concern
Proposed 
Cleanup 

Level
Basis

Aluminum 18200 g
Barium 164 g
Chromium 29 h
Copper 112 h
Lead 124 h
Silver 3.9 h
Zinc 136 g
Barium 232 h
Copper 85 h
Lead 139 h
Molybdenum 8.8 g
Silver 11.9 h
Zinc 136 g
Aluminum 17600 g
Arsenic 16 c
Barium 133 g
Cadmium 14 h
Copper 288 h
Lead 201 h
Mercury 0.43 g
Molybdenum 5.5 h
Selenium 1.4 g
Silver 3.9 h
Thallium 0.13 g
Zinc 177 g
Aluminum 17600 g
Arsenic 16 c
Barium 133 g
Cadmium 12 h
Copper 110 g
Lead 121 h
Mercury 0.43 g
Molybdenum 2.9 g
Selenium 1.4 g
Silver 8.5 h
Thallium 0.13 g
Zinc 177 g
Arsenic 16 c
Silver 3.9 h

Soil:  Holden Village
(mg/kg)

Soil:  Windblown Tailings Area
(mg/kg)

Soil:  Downslope from Honeymoon Heights
(mg/kg)

Soil:  Lower West Area-East
(mg/kg)

Soil:  Lower West Area-West
(mg/kg)
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Sheet 3 of 4Table 1 - Summary of Constituents of Concern and Proposed Cleanup Levels

Media of Concern and Area of Interest Constituent of Concern
Proposed 
Cleanup 

Level
Basis

Aluminum 17586 g
Barium 133 g
Cadmium 14 h
Copper 110 g
Lead 118 h
Molybdenum 2.9 g
Silver 360 f
Thallium 1 h
Zinc 177 g
TPH-Diesel 200 h
TPH-Heavy Oil 200 h
Aluminum 18157 g
Arsenic 4.8 c
Barium 164 g
Cadmium 14 h
Chromium 42 h
Copper 70 h
Lead 118 h
Molybdenum 8.8 g
Silver 360 f
Zinc 136 g
TPH-Gasoline 100 h
TPH-Diesel 200 h
TPH-Heavy Oil 200 h
Aluminum 18157 g
Barium 164 g
Cadmium 14 h
Chromium 42 h
Copper 70 h
Lead 118 h
Molybdenum 8.8 g
Silver 360 f
Thallium 1 h
Zinc 136 g

Soil:  SRA
(mg/kg)

Soil:  Lagoon
(mg/kg)

Soil:  Maintenance Yard
(mg/kg)

Holden Mine
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Sheet 4 of 4Table 1 - Summary of Constituents of Concern and Proposed Cleanup Levels

Media of Concern and Area of Interest Constituent of Concern
Proposed 
Cleanup 

Level
Basis

Aluminum 58,000
Cadmium 1.10
Chromium 95.0
Copper 80.0
Iron 40,000
Lead 340
Manganese 1,800
Mercury 0.280
Nickel 60.0
Silver 2.00
Zinc 130

Notes:

(c) Proposed cleanup level based on human health risk (MTCA Method B) (set at background); see Table 8
(d) Proposed cleanup level based on human health risk (MTCA Method A); see Table 8.
(e) Proposed cleanup based on hardness-dependent ARAR assuming 7 mg/L; see Table 4.
(f) Proposed cleanup level based on human health risk (MTCA Method B); see Table 8.
(g) Proposed cleanup level based on ecological risk (set at background); see Table 9.
(h) Proposed cleanup level based on ecological risk; see Table 9.
(i) Proposed cleanup level based on freshwater sediment TBCs; see Table 11

(l) Cleanup levels presented for soil do not include those constituents whose concentrations are less than background.
(m) Proposed cleanup levels for published and calculated values typically shown to two or three significant figures.  Final 
cleanup levels will be determined at the time of the Record of Decision

i

Sediment
(mg/kg)

(a) Proposed cleanup level based on state or federal drinking water standards or cleanup levels protective of the 
drinking water pathway; see Table 6.
(b) Proposed cleanup level based on state or federal surface water quality criteria or background, if higher; see 
Table 4.

(j) Sampling data not currently available for Former Mill Building area; constituents of concern and cleanup levels will be 
identified by Agencies when data are available.
(k) Proposed cleanup levels for soil were identified using data from Tables 8 and 9 as follows:  The proposed human 
health-based cleanup level for each constituent and AOI is the lowest human-health-based potential chemical-specific 
ARAR or TBC or the background level of the corresponding background area, whichever is greater.  The proposed 
ecological-based cleanup level for each constituent and AOI is the site-specific ecological risk-based level or the 
background level of the corresponding background area, whichever is greater.  For media/areas with both human health 
and ecological exposure pathways, the cleanup level is based on the lower of the lowest ecological or human health 
criteria identified as described above, or background, if higher.

Holden Mine
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Table 2 - Areas of the Site with Groundwater Concentrations that Exceed Drinking Water Criteria

Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall

Aluminum 16,000 nd nd 16,800 4,580 6,065 nd 5,140 1,290 6,890 1,790 61,600 43,500 804,000 3,960 17,300 6,760 nd 60.0 3,040 14,300 50.0 100

Cadmium 5.00 3.20 0.400 38.3 22.4 48.5 8.00 32.6 35.1 73.4 63.0 32.3 11.7 2,030 3.08 11.3 3.73 nd nd 0.915 0.940 0.300 nd

Copper 592 10.0 nd 7,370 4,600 2,960 28.0 2,860 2,140 5,690 7,560 944 179 4,050 24.9 465 29.1 nd 1.00 24.9 64.2 3.00 3.20

Iron -- nd nd 130 480 202 nd 3,670 2,810 196 710 917,700 836,000 741,000 146,000 83,700 198,000 50.0 nd 781 16,700 330 80.0

Lead 15.0 nd nd 7.25 8.92 28.2 1.00 7.11 8.00 8.27 13.0 3.07 nd 42.3 52.0 37.8 66.7 -- -- 0.212 nd nd 2.60

Zinc 4,800 30.0 11.0 4,800 2,530 8,840 2,980 4,720 4,900 9,270 8,960 4,940 5,500 510,000 294 823 278 18.0 34.0 131 167 77.3 10.0

Notes:

(a) Constituent concentrations from Table 7.

(b) Shaded cells indicate exceedance of drinking-water based criteria (does not include exceedance of non-health-based secondary MCLs)

(c) Drinking water-based criteria presented in Table 6.

-- Not analyzed or not applicable

nd = Non-detect.

(d) Arsenic and nickel concentrations in groundwater were identified in the SFS as exceeding drinking water criteria in some areas of the Site. Updated statistical analyses (see Table 7, footnote d), along with additional groundwater data collected through spring 
2009, indicate that these constituents do not exceed drinking water standards.

Constituents of 
Concern
(ug/L)

Ballfield Area Honeymoon Heights 
Waste Rock Piles Mine PortalDrinking Water 

Criteria (c)
Lower West Area

East and West 
Waste Rock Piles 

(including Mill 
Building Area)

Tailings Pile 1 Tailings Pile 2 Tailings Pile 3 Windblown Tailings 
Area

Downstream From 
Tailings Pile 3 Holden Village

Holden Mine
4769-15

June 1, 2010
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Table 3 - Areas of the Site with Soil Concentrations That Exceed Human Health Criteria

Constituents of 
Concern
(mg/kg)

Tailings Piles
 1, 2, & 3

East & West 
Waste Rock 

Piles

Honeymoon 
Heights Waste 

Rock Piles
Ballfield Area Holden 

Village
Windblown 

Tailings Area

Area 
Downslope of 
Honeymoon 

Heights

Lower West Area--
East

Lower West Area--
West Lagoon Maintenance Yard Surface Water 

Retention Area

Aluminum 15,900 16,400 18,100 17,900 20,300 15,700 18,400 20,100 16,300 33,500 23,900 20,234

Arsenic -- -- -- -- -- -- 20.0 20.0 26.0 5.00 60.0 --

Barium 459 409 344 82.0 185 192 238 352.0 66.0 343 717 660

Cadmium 19.5 4.77 3.00 1.40 1.60 0.690 5.30 130 1.70 184 21.6 8.03

Chromium 14.7 56.9 17.0 26.0 32.0 18.0 21.0 24.0 26.0 21.0 33.0 26.9

Copper 865 1,350 1,450 72.0 260 118 1,680 6,230 80.0 24,100 3,160 1,980

Lead 65.1 224 1,910 16.0 52.0 37.0 77.0 644 13.0 746 1,070 141

Mercury 0.303 0.499 3.40 0.320 0.042 0.310 1.90 1.10 0.320 -- -- 0.530

Molybdenum 20.0 17.0 22.0 2.30 2.90 19.0 17.0 53.0 2.20 74.0 16.0 21.1

Selenium 6.64 4.67 6.90 0.450 0.780 1.90 2.40 10.0 0.360 -- -- 6.83

Silver 3.59 3.25 8.20 0.720 0.860 1.30 3.30 11.0 0.700 27.0 5.00 7.31

Thallium 0.81 0.631 1.50 0.600 0.160 0.240 0.730 0.970 0.100 3.00 nd 1.20

Zinc 2,070 934 522 155 225 138 1,010 17,300 132 23,700 3,240 736
Gasoline-Range 
Hydrocarbons -- -- -- -- -- -- -- -- -- nd 1,200 --

Diesel-Range 
Hydrocarbons -- -- -- -- -- -- -- -- -- 917 12,000 --

Heavy Oil-Range 
Hydrocarbons -- -- -- -- -- -- -- -- -- 1,120 9,800 --

Notes:

(a) Constituent concentrations from Table 10.

(b) Shaded cells indicate that value exceeds site-specific background concentration and human health-based soil criteria for the direct contact and/or ingestion pathway.

(c) Bolded values indicate that value exceeds site-specific background concentration and human health-based soil criteria for protection of groundwater.

(d) Site-specific background concentrations and soil criteria used for comparison are presented in Table 8.

-- Not analyzed or not applicable

nd = Non-detect.
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Table 4 - Potential Chemical-Specific ARARs and Background Concentrations for Surface Water

State of Washington Model 
Toxics Control Act Method B 

Cleanup Levels
WAC 173-340-730

Maximum Contaminant 
Levels (f)

Protection of Human Health Protection of Human Health

Acute Chronic Acute Chronic 
Consumption 
of Water and 

Organism

Consumption of 
Organism Only Acute Chronic 

Consumption 
of Water and 

Organism

Consumption 
of Organism 

Only 
 Fish Ingestion Drinking Water

Aluminum -- -- 750 87 -- -- -- -- -- -- -- -- 152

Cadmium 0.206 0.143 0.151 0.038 -- -- 0.206 0.143 -- -- 20.0 5.00 0.08

Copper 1.39 1.17 (c) (c) 1,300 -- 1.39 1.17 -- -- 2,660 1,300 1.14

Iron -- 1,000 300(e) -- -- -- -- -- -- -- 154

Lead 3.26 0.127 3.26 0.127 -- 3.26 0.13 -- -- -- 15.0 0.47

Zinc 12.0 11.0 12.3 12.4 7,400 26,000 12.0 11.0 -- -- 16,500 -- 12.3

Notes:

(a) Values represent dissolved concentrations for cadmium, copper, lead, zinc, and total concentrations for aluminum and iron.

(f) Values shown are lowest values of state or federal Maximum Contaminant Levels (MCLs) or non-zero MCL Goals from Table 6.

(g) Shaded cells identify lowest potential chemical-specific ARAR, or  background concentration (if higher).

-- Not established or not applicable

(e) This value based on secondary MCL (aesthetics).  According to the SFS (Table 4, footnote [g]), surface water criteria based on secondary MCLs will not be enforced.  Secondary MCLs are not used to develop cleanup levels.

Protection of Aquatic 
Organisms

(d) Background values determined using data from all years and seasons in a URS database query on 9/1/09 from the following stations:  CC-1, Company Creek, HC-1, HC-2, HC-3, HC-4, Holden Creek, RC-6, RC-11, SF Agnes Creek, and 
Tenmile Creek.  Following WAC 173-340-709(2), for lognormally distributed data sets, background was defined as the upper 90th percentile or four times the 50th percentile, whichever was lower.  For normally distributed data sets, background 
was defined as the upper 80th percentile or four times the 50th percentile, whichever was lower.  Background datasets were assumed to be lognormally distributed unless it could be demonstrated otherwise.  Calculations were performed using 
MTCAStat.

Constituents of 
Concern
(ug/L)

Water Quality Standards For 
Surface Waters of The State of 

Washington
WAC 173-201A

Section 304 of the Clean Water Act
National Recommended Water Quality Criteria

 (EPA 2006)

National Toxics Rule
40 CFR 131.36(b)(1)

Protection of Human Health
Background 

Concentrations (d)

(c) The Aquatic Life Ambient Freshwater Quality Criteria—Copper 2007 Revision (EPA-822-R-07-001), was published in the Federal Register on February 22, 2007, but to date there are insufficient data to provide a basis for predicting acute and 
chronic copper concentrations for Railroad Creek. The Agencies anticipate that additional information will be available to establish cleanup levels at the time of the ROD.  Proposed cleanup levels are set at background levels.

Protection of Aquatic Organisms Protection of Aquatic 
Organisms Protection of Human Health

(b) Underlined values require hardness correction specific to the sample data. The values presented in this table are based on a hardness of 7 mg/L CaCO3.
This value represents 10th percentile of fall sampling data from background stations RC-6 and RC-11 per Water Quality Program Permit Writer's Manual, 
Ecology Publication Number 92-109, Revised July 2008.
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Table 5 - Concentrations of Constituents of Concern in Surface Water

Aluminum 152            121 60.0 185 50.0 nd 153 30.0 190 96.0 246 120 198 70.0

Cadmium 0.090         0.055 0.080 0.625 0.140 2.57 nd nd 0.381 0.130 0.580 0.120 0.206 0.100

Copper 1.17           0.920 0.500 34.4 3.90 155 0.397 1.20 16.9 1.40 22.9 1.60 8.82 1.20

Iron 1,000         138 120 117 100 nd 84.6 50.0 720 1,180 2,300 1,440 471 440

Lead 0.540         0.256 0.900 0.365 0.400 0.200 0.300 0.300 0.284 0.300 0.314 nd 0.252 0.200

Zinc 11.0           9.13 16.0 67.1 20.0 372 13.0 nd 67.3 30.0 98.0 30.0 36.4 20.0

Notes:

(a) Values of aluminum and iron represent total concentrations.

(b) Values for cadmium, copper, lead, and zinc represent dissolved concentrations.

(c) Data to create this table obtained from URS database query on 09/01/09.

(d) Spring data represent samples collected in May, June, or July; fall data represent all other months.

(f)  Data represent sampling rounds conducted from 1996 through spring of 2009; not all stations were sampled during each round and not all constituents were analyzed during each round.

(g) Shaded cells indicate that value exceeds proposed surface water cleanup levels identified in Table 1.

nd = All sample results were non-detect.

-- Not analyzed

Proposed 
Cleanup 
Levels

Spring

Constituents 
of Concern
(ug/L)

Railroad Creek at 
Downstream Margin of 

Tailings Pile 3
RC-2

Copper Creek at Confluence 
with Railroad Creek

CC-2

Spring FallFall

Railroad Creek Adjacent to 
Lower West Area-East

RC-4

Spring

(e) Consistent with the statistical approach for evaluating compliance with cleanup levels for groundwater presented in WAC 173-340-720(9), concentrations shown represent the upper one-sided 95 percent confidence limit (95 UCL) on the mean 
constituent concentration.  In cases where the 95 UCL exceeds the maximum detected concentration, or where existing data are insufficient to calculate the 95 UCL, the maximum detected constituent concentration is shown.  The 95 UCL was 
calculated using EPA's ProUCL statistical software package, version 4.00.04, using both censored and uncensored data. In order to obtain 95 percent coverage of the mean on some sample sets, ProUCL recommended percentile is greater than 95 
percent due to high percentage of non-detects and/or high skewness of data distribution.

Spring Fall Spring FallFallSpring

--

nd

nd

Fall

Railroad Creek Upstream 
from Site

RC-6

--

nd

nd

Railroad Creek Mouth
 at Lake Chelan

RC-3

Copper Creek Diversion at 
Confluence with Railroad Creek

CC-D1

Spring Fall

Railroad Creek Downstream 
from Site at Confluence of 

Tenmile Creek
RC-5
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Table 6 - Potential Chemical-Specific ARARs for Groundwater

Constituents of 
Concern
(ug/L)

Federal 
MCLGs (b)

Federal MCLs 
(c) State MCLs (d) MTCA 

Method A (e)
MTCA Method 

B (f)

Aluminum -- -- -- -- 16,000 (g)

Cadmium 5.00 5.00 5.00 5.00 8.00

Copper 1,300 1,300 1,300 -- 592

Iron -- -- -- -- --

Lead zero 15.0 15.0 15.0 --

Zinc -- -- -- -- 4,800

Notes:

(h) Shaded cells identify lowest potential chemical-specific ARAR.

--  Not established or not applicable.

(e) WAC 173-340-900, Table 720-1.  MTCA Method A.

(f) WAC 173-340-720.  MTCA Method B Groundwater cleanup levels.  For carcinogenic constituents, the 
value presented is the lower of the non-carcinogenic and carcinogenic level calculated using Equations 
720-1 and 720-2.  Information from CLARC 3.1 was used unless otherwise noted.

(g) Calculated using reference dose (RfD) from EPA Region 9 Preliminary Remediation Goals table, 
October 2004.

(a) Sufficient data are not available to calculate groundwater background.

(b) Maximum Contaminant Level Goals (MCLGs) for non-carcinogens.  Non-zero MCLGs are potentially 
relevant and appropriate. 40 CFR 141.50 and 141.51 and Drinking Water Standards and Health 
Advisories Office.  

(c) Maximum Contaminant Levels (MCLs).  40 CFR 141.62 and Drinking Water Standards and Health 
Advisories, Office of Water, US EPA, EPA 822-B-00-001, Summer 2000.

(d) WAC 246-290-310.  State of Washington Primary MCLs.
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Sheet 1 of 2Table 7 - Concentrations of Constituents of Concern in Groundwater

M
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g 
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Aluminum 152                 16,800 4,580 6,070 nd 5,140 1,290 6,890 1,790 61,600 43,500

Cadmium 0.090              38.3 22.4 48.5 8.00 32.6 35.1 73.4 63.0 32.3 11.7

Copper 1.17                7,370 4,600 2,960 28.0 2,860 2,140 5,690 7,560 944 179

Iron 1,000              130 480 202 nd 3,670 2,810 196 710 918,000 836,000

Lead 0.540              7.25 8.92 28.2 1.00 7.11 8.00 8.27 13.0 3.07 nd

Zinc 11.0                4,800 2,530 8,840 2,980 4,720 4,900 9,270 8,960 4,941 5,500

MW-1, MW-2, MW-3, MW-
4, MW-4D, MW-4S, SP-9, 
SP-11, HBKG-1, SP-10, 

SP-16, SP-22, SP-24, SP-
25

SP-2, TP1-1A, TP1-1D, 
TP1-2A, TP1-2D, TP1-3A, 
TP1-4A, TP1-5A, TP1-6A

Fall

SP-7, SP-15

CC-1D, CC-1S, PW-1, SP-
1, SP-19, SP-2, TP1-1A, 

TP1-1D, TP1-2A, TP1-2D, 
TP1-4A, TP1-4B, TP1-5A, 

TP1-6A

Proposed 
Cleanup Levels

A-1, SP-12, 
SP-14, SP-23 SP-14, SP-23 P-5 P-5

East and West Waste 
Rock Piles (including Mill 

Building Area)
Tailings Pile 1

FallSpringSpring Fall Spring Fall

Constituents of 
Concern
(ug/L)

Honeymoon Heights Waste 
Rock Piles Mine Portal Combined Lower West Area

Fall SpringSpring

MW-1, MW-3, 
MW-4D, MW-

4S, SP-16, 
HBKG-1

SP-15, SP-28, 
SP-6, SP-7, 

SP-8

Holden Mine
4769-15

June 1, 2010
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Sheet 2 of 2Table 7 (continued) - Concentrations of Constituents of Potential Concern in Groundwater

M
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g 
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ps

Aluminum 152                 804,000 3,960 17,300 6,760 3,040 14,300

Cadmium 0.090              2,030 3.08 11.3 3.73 0.915 0.940

Copper 1.17                4,050 24.9 465 29.1 24.9 64.2

Iron 1,000              741,000 146,000 83,700 198,000 781 16,700

Lead 0.540              42.3 52.0 37.8 66.7 0.212 nd

Zinc 11.0                510,000 294 823 278 131 167

Notes:

Groundwater includes data from monitoring wells, springs/seeps, and mine portal drainage.  Sampling stations for each area and season are listed.

(a) Values represent dissolved concentrations.

(b) Data to create this table obtained from URS database query on 09/01/09.

(c) Spring data represents samples collected in May, June, or July; fall data represents all other months.

(e)  Data represent sampling rounds conducted from 1996 through spring of 2009; not all stations were sampled during each round and not all constituents were analyzed during each round.

(f) Shaded cells indicate that value exceeds groundwater cleanup levels identified in Table 1.

nd = All sample results were non-detect.

--  Not analyzed.

(d) Consistent with the statistical approach for evaluating compliance with cleanup levels for groundwater presented in WAC 173-340-720(9), concentrations shown represent the upper 
one-sided 95 percent confidence limit (95 UCL) on the mean constituent concentration.  In cases where the 95 UCL exceeds the maximum detected concentration, or where existing data 
are insufficient to calculate the 95 UCL, the maximum detected constituent concentration is shown.  The 95 UCL was calculated using EPA's ProUCL statistical software package, version 
4.00.04, using both censored and uncensored data. In order to obtain 95 percent coverage of the mean on some sample sets, ProUCL recommended percentile is greater than 95 percent 
due to high percentage of non-detects and/or high skewness of data distribution.

DS-1, DS-10, DS-2, DS-
3D, DS-3S, DS-4D, DS-

4S, DS-5, DS-6D, DS-6S, 
DS-7D, DS-7S, DS-8S, 
DS-9D, DS-9I, DS-9S, 

NRC-3D, NRC-3I, NRC-
3S, SP-21

DS-1, DS-2, DS-3D, DS-
3S, DS-4D, DS-4S, DS-5, 
DS-6D, DS-6S, DS-7D, 

DS-7S, NRC-3D, NRC-3I, 
NRC-3S, SP-21

PZ-1A, PZ-1B, PZ-3A, SP-
3, SP-4, TP2-04A, TP2-
07A, TP2-08A, TP2-11A, 
TP2-11B, TP2-1D, TP2-

4A, TP2-4B, TP2-5A, TP2-
8A, TP2-8B

PZ-6A, SP-17, SP-
18, SP-5, TP3-10, 

TP3-11, TP3-4, 
TP3-6A, TP3-8, 

TP3-9

PZ-4B, PZ-5A, PZ-
6A, TP3-10A, TP3-
6A, TP3-8, TP3-9

Fall

PZ-1B, PZ-2A, PZ-
3A, SP-3, TP2-

11A, TP2-1D, TP2-
4A, TP2-8A

Tailings Pile 2

Constituents of 
Concern
(ug/L)

Spring

Proposed Cleanup 
Levels

Downstream From Tailings Pile 3

Fall

Tailings Pile 3

SpringFallSpring

Holden Mine
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Table 8 - Potential Chemical-Specific ARARs and Background Concentrations for Soil

Soil Ingestion (b) Soil Ingestion and 
Dermal Contact (b)

Groundwater 
Protection (c)

Mixed Conifer 
Background Area 

(BGMC)

Riparian Background 
Area (BGR)

Aluminum -- -- -- -- 18,200 17,600
Arsenic 20.0 0.670 0.620 0.034 4.80 16.0
Barium -- 5,600 5,000 925 164 133
Cadmium 2 80.0 74.0 0.69 3.30 1.80
Chromium (f) 2,000 120,000 110,000 2,000 24.0 38.0
Copper -- 2,960 2,700 260 45.0 110
Lead 250 -- -- 3,000 14.0 25.0
Mercury 2 24.0 18.0 2.1 0.930 0.430
Molybdenum -- 400 360 -- 8.80 2.90
Selenium -- 400 360 5.3 12.0 1.40
Silver -- 400 360 13.7 0.650 0.600
Thallium -- 5.60 5.00 1.6 0.360 0.130
Zinc -- 24,000 22,000 6,000 136 177

Gasoline-Range Hydrocarbons 30.0/100 (d) -- -- 30/100 (d) -- --

Diesel-Range Hydrocarbons 2,000 -- -- 2,000 -- --
Heavy Oil-Range Hydrocarbons 2,000 -- -- 2,000 -- --

Notes:

(c) WAC 173-340-747 provides for the derivation of soil concentrations for groundwater protection that may be used to establish Method B soil cleanup levels. These 
values are from Table 8 of the SFS, except for gasoline-, diesel- and heavy oil-range hydrocarbons, which are from WAC 173-340-900, Table 740-1.  As described in 
Section 2.4 of the SFS, these values would not form the basis of proposed cleanup levels at the Site, in accordance with WAC 173-340-740(6)(f).

(d) 100 mg/kg is applicable when no benzene is present in soil and the total of BTEX is less than 1 percent of the gasoline mixture, otherwise 30 mg/kg is applicable. 

(e) Based on total PCBs. 

-- Not established or not applicable

(g) Site-specific background soil concentrations from draft TEE.  BGR values are applicable to soils in Lower West Area (East & West), Lagoon, and Areas 
Downslope of Honeymoon Heights.  BGMC values are applicable to all other areas.

(f) Regulatory values for chromium based on total or trivalent form.  Background concentrations based on total chromium.

(b) WAC 173-340-740(3). MTCA Method B unrestricted land use soil cleanup standards. The values presented are from Table 8 of the SFS and represent the lower of 
the non-carcinogenic and carcinogenic level calculated using Equations 740-1 and 740-2 for ingestion only and Equations 740-4 and 740-5 for ingestion and dermal 
contact.

(a) WAC 173-340-740(2), WAC 173-340-900 (Table 740-1). Model Toxics Control Act (MTCA) Method A. 

Constituents of Concern
(mg/kg)

Site-Specific Background Concentrations (g)

MTCA Method A 
Soil Cleanup 

Levels (a) 

Human Health-Based Levels

MTCA Method B Soil Cleanup Levels

Holden Mine
4769-15

June 1, 2010
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Table 9 - Ecological Risk-Based Soil Concentrations Protective of Terrestrial Receptors

Constituents of 
Concern
(mg/kg)

Tailings Piles
 1, 2, & 3

East & West 
Waste Rock Piles

Honeymoon 
Heights Waste 

Rock Piles
Ballfield Area Holden Village Windblown 

Tailings Area

Area Downslope 
from Honeymoon 

Heights

Lower West Area 
East

Lower West Area 
West Lagoon Maintenance Yard Surface Water 

Retention Area

Mixed Conifer 
Background Area 

(BGMC) (f)

Riparian Background 
Area (BGR) (f)

Aluminum 4,369 69 69 4,600 4,571 4,666 4,822 4,694 4,767 50 (c) 50 (c) 50 (c) 18,200 17,600
Arsenic 18 (a)  18 (a)  18 (a)  18 (a)  18 (a)  18 (a)  18 (a)  18 (a)  18 (a) 18 (a) 18 (a) 18 (a) 4.80 16.0
Barium  330 (b) 102 102 227 131 232 106 122 49 102 (e) 102 (e) 102 (e) 164 133
Cadmium 5.5 14 14 8 16 9 14 12 5 14 (e) 14 (e) 14 (e) 3.30 1.80
Chromium 29 29 29 29 29 42 (c) 29 29 29 42 (c) 42 (c) 42 (c) 24.0 38.0
Copper 85 46 46 46 112 85 288 39 24 70 (a) 70 (a) 70 (a) 45.0 110
Lead 161 118 118 201 124 139 201 121 201 118 (e) 118 (e) 118 (e) 14.0 25.0
Mercury 0.1 (d) 0.1 (d) 0.1 (d) 0.1 (d) 0.1 (d) 0.1 (d) 0.1 (d) 0.1 (d) 0.1 (d) 0.1 (d) 0.1 (d) 0.1 (d) 0.930 0.430
Molybdenum 18.6 2.3 2.3 0.3 0.7 6 5.5 1.2 0.8 2 (c) 2 (c) 2 (c) 8.80 2.90
Selenium 0.5 (a) 0.31 0.31 0.44 0.5 (a) 0.5 (a) 0.5 (a) 0.5 (a) 0.5 (a) 0.3 (e) 0.3 (e) 0.3 (e) 12.0 1.40
Silver 18.5 3.9 3.9 16.5 3.9 11.9 3.9 8.5 3.9 560 (a) 560 (a) 560 (a) 0.650 0.600
Thallium 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 1 (c) 1 (c) 1 (c) 0.360 0.130
Zinc  120 (b)  120 (b)  120 (b)  120 (b)  120 (b)  120 (b)  120 (b)  120 (b)  120 (b) 120 (b) 120 (b) 120 (b) 136 177
TPH-Gasoline 100 (d) 100 (d) 100 (d) 100 (d) 100 (d) 100 (d) 100 (d) 100 (d) 100 (d) 100 (d) 100 (d) 100 (d) -- --
TPH-Diesel 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) -- --
TPH-Heavy Oil 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) 200 (d) -- --

Notes:

See Appendix E for development of terrestrial risk-based values.

Values derived using literature-based TRVs and site-specific bioconcentration factors, except where footnoted (See Section 2.4.1 and Appendix E).

(a) Value based on EPA Eco-SSL plant value.

(b) Value based on EPA Eco-SSL invertebrate value.

(c) Value based on MTCA plant EISC (WAC 173-340, Table 749-3)                                                                              

(d) Value based on MTCA invertebrate EISC (WAC 173-340, Table 749-3).

(e) Value based on MTCA wildlife EISC (WAC 173-340, Table 749-3).

(f) Site-specific background soil concentrations from draft TEE.  BGR values are applicable to soils in Lower West Area (East and West), 
Lagoon, and Areas Downslope of Honeymoon Heights.  BGMC values are applicable to all other areas.

Site Specific Background Concentrations

Holden Mine
4769-15

June 1, 2010
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Table 11 - Potential To Be Considered Chemical-Specific Criteria for Sediments

SL1 SL2

Aluminum -- -- 58,000 (a)

Beryllium -- -- --

Arsenic 20.0 51.0 --

Cadmium 1.10 1.50 --

Chromium 95.0 100 --

Copper 80.0 830 --

Iron -- -- 40,000 (b)

Lead 340 430 --

Manganese -- -- 1,800 (c)

Mercury 0.280 0.750 --

Nickel 60.0 70.0 --

Silver 2.00 2.50 --

Zinc 130 400 --

Notes:

(a) Ingersoll et al., 1996. 

(b) Persaud et al., 1993. 

(c) Cubbage et al., 1997. 

Constituent (mg/kg)

(d) US Army Corps of Engineers et al., 2006.

--  Not established or not applicable.

(e) Interim freshwater sediment quality guidelines.  Lower screening level (SL1) corresponds 
to a concentration below which adverse effects to benthic organisms would not be expected.  
Upper screening level (SL2) corresponds to a concentration at which minor adverse effects 
may be observed in the more sensitive groups of benthic organisms.

Northwest Regional Sediment 
Evaluation Framework (d, e)

Literature 
Sediment Quality 

Values 

Shaded cells identify lowest potential TBC.

Holden Mine
4769-15

June 1, 2010
J:\Jobs\476915\Deliverables\ASFS\Tables\ASFS Tables.xls



 



Table 12 - Concentrations of Constituents of Concern in Sediments

Constiuents of 
Concern
(mg/kg) 355 356 367 RC-1 347 BKG 1/2 350 RC-2 345 DG-1 351 352 353 MP-7 354 RC-3
Aluminum 86,000 87,000 78,000 10,400 83,000 11,300 34,000 8,540 78,000 9,380 89,000 75,000 88,000 13,300 76,000 7,890 9,400 to 19,000

Beryllium 1.0 1.0 1.0 1.0 0.08 1 U 1.0 0.07 1.0 1.0 1.0 1.0 --

Cadmium 0.5 0.09 2.0 nd 2.0 0.9 nd nd 0.6 1.1 0.06 0.5 nd 0.9 0.6 0.5 0.4 to 3.9

Chromium 79 36 97 85 17 18 70 4.4 44 93 52 74 --

Copper 74 12 37 29 240 77 200 101 140 184 26 130 13 147 150 59 46 to 308

Iron 63,000 47,000 99,000 15,700 71,000 17,000 150,000 19,000 50,000 20,600 66,000 71,000 40,000 26,300 60,000 14,800 15,400 to 52,800

Silver nd nd nd nd 0.64 1.2 0.17 0.73 0.067 0.11 0.45 0.01 --

Zinc 180 110 130 62 270 110 250 113 280 126 110 230 82 216 330 144 131 to 580

Notes:
(a) Values are from Table 11 in SFS.
(b) Shaded cells indicate concentrations exceed proposed cleanup levels (See Table 1).
-- indicates constituent was not analyzed in the sample.
nd = Non-detect

Railroad Creek Sediment Stations
Range of Concentrations in 

Lucerne Bar Sediments
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Table 13 - Proposed Points of Compliance

Media Proposed Points of Compliance (a)
Soil Under MTCA, soil cleanup levels and points of compliance are established separately for human exposure via 

direct contact, the protection of groundwater, and the protection of terrestrial ecological receptors [WAC 173-340-
740].  The MTCA point of compliance for soil based on human exposure via direct contact is from the surface of 
the soil to 15 feet below the ground surface.  However, capping and/or institutional controls will be established at 
various locations at the Site to prohibit excavation and other activities to eliminate the direct contact exposure 
pathway for humans.  For the terrestrial receptors, a point of compliance for soils will be established based on risk 
to terrestrial ecological receptors.  This point of compliance will be the biologically active zone, which is assumed 
to extend to a depth of 6 feet, or a site-specific depth based on a demonstration that an alternative depth is 
appropriate per WAC 173-340-7490(4)(a).  Soil cleanup to protect downgradient groundwater, surface water, and 
sediment is required wherever soils exceed criteria and are not within a groundwater containment area [WAC 173-
340-740(1)(d)].

Surface Water The point of compliance for surface water cleanup levels is the point or points where the release enters the 
surface waters, unless Ecology has authorized a mixing zone [WAC 173-340-730(6)].  MTCA does not allow a 
mixing zone for groundwater discharges into surface water [WAC 173-340-720(8)(d)(i)(C)].

CERCLA and the NCP provide that groundwater should be returned to its beneficial use within a reasonable 
timeframe whenever practicable.  When restoration of groundwater is not practicable, it is necessary to prevent 
further migration of the plume and to prevent exposure to the contaminated groundwater [40 CFR 300.430(a)(2)].  
The NCP provides that groundwater cleanup levels should generally be attained throughout the contaminated 
plume.  However, the NCP recognizes that groundwater may remain contaminated within a waste management 
area, and groundwater cleanup levels attained at and beyond the edge of the waste management area (55 Fed 
Reg 8712, 8753, March 8, 1990).

MTCA requires the point of compliance for groundwater be throughout the Site, from the uppermost level of the 
saturated zone to the lowest depth that could potentially be affected.  MTCA requires that groundwater cleanup 
levels be attained in all groundwater from the point of compliance to the outer boundary of the hazardous 
substance plume [WAC 173-340-720(8)].

MTCA allows a conditional point of compliance for groundwater for limited circumstances where it is 
not practicable to meet the cleanup level throughout the site within a reasonable restoration time frame 
(see note b).  MTCA requires that the conditional point of compliance shall be as close as practicable 
to the source, and may be in surface water as close as technically possible to the point(s) where 
groundwater flows into the streams all across the Site.  MTCA does not allow a mixing zone for 
groundwater discharges into surface water [WAC 173-340-720(8)(d)(i)(C)].

Notes:

Groundwater

(b)  The DFFS found that it is not practicable to meet the proposed groundwater cleanup levels throughout the Site within a 
reasonable restoration time frame.

(a)  Points of compliance refer to the locations at the Site where proposed cleanup levels must be met.
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Table 14 - Terrestrial Ecological Hazard Quotients for Soil

Constituents of 
Concern Receptor

Tailings 
Piles

 1, 2, & 3

East & 
West 

Waste 
Rock Piles

Honeymoon 
Heights Waste 

Rock Piles
Ballfield Area Holden 

Village

Windblown 
Tailings 

Area

Area Downslope 
from Honeymoon 

Heights

Lower 
West Area 

East

Lower 
West Area 

West
Lagoon Maintenance 

Yard

Surface 
Water 

Retention 
Area

Aluminum Plants 3 237 261 2 3 3 3 3 2 650 500 400
Invertebrates ‐ ‐ ‐ ‐ - ‐ - - ‐ - - -
Wildlife 4 170 188 4 4 3 4 4 3 - - -

Arsenic Plants ‐ ‐ ‐ ‐ ‐ ‐ 1 1 1 0 3 ‐
Invertebrates ‐ ‐ ‐ ‐ ‐ ‐ 0.3 0.3 0.4 0 1 ‐
Wildlife ‐ ‐ ‐ ‐ ‐ ‐ 0.2 0.3 0.1 0 0.5 ‐

Barium Plants 1 1 1 0 0.4 0.4 0.5 1 0 1 1 1
Invertebrates 1 1 1 0 1 1 1 1 0 1 2 2
Wildlife 1 4 3 0 1 1 2 3 1 3 7 6

Cadmium Plants 1 0.1 0 0 0 0 0.2 4 0 6 1 0.3
Invertebrates 0.1 0.03 0 0 0 0 0.04 1 0 1 0.2 0.1
Wildlife 4 0.3 0 0 0 0 0.4 10 0 10 2 1

Chromium Plants 0 1 0 1 1 0 1 1 1 1 1 1
Invertebrates 0 1 0 1 1 0 1 1 1 1 1 1
Wildlife 1 2 1 1 1 0 1 1 1 0 0.5 0.4

Copper Plants 8 2 3 1 2 1 6 200 1 300 50 30
Invertebrates 10 30 30 2 2 1 6 50 3 300 40 30
Wildlife 4 6 7 0.4 1 1 5 70 1 100 20 9

Lead Plants 0.1 0.03 4 0.002 0.1 0.1 0.01 1 0 7 9 1
Invertebrates 0.1 2 20 0.01 0.05 0.02 0.02 0.3 0 0.5 1 0.1
Wildlife 0.4 2 20 0.1 0.4 0.3 0.4 5 0 7 9 1

Mercury Plants 0 0 1 0 0 0 1 0 0 ‐ ‐ 2
Invertebrates 3 5 30 3 0 3 20 10 3 ‐ ‐ 5
Wildlife 0 0 1 0 0 0 0 0 0 ‐ ‐ 0

Molybdenum Plants 1 7 10 8 4 3 3 40 3 40 8
Invertebrates - - - ‐ ‐ - - - ‐ - -
Wildlife 0.4 2 3 2 1 1 1 10 1 10 2

Selenium Plants 13 9 13 1 2 4 5 20 1 ‐ ‐ 13
Invertebrates 2 1 2 0 0 0 1 2 0 ‐ ‐ 2
Wildlife 1 15 22 1 0 1 1 6 0 ‐ ‐ 23

Silver Plants 0.006 0.006 0.015 0.001 0.002 0.002 0.006 0.02 0.001 0.05 0.009 0.01
Invertebrates - - - - - - - - - - - -
Wildlife 0.2 1 2 0.04 0.2 0.1 1 1 0.2 - - -

Thallium Plants 0.07 0.06 0.14 0 0 0.1 0.1 0 3 1
Invertebrates - - - ‐ ‐ - - ‐ - ‐ -
Wildlife 40 60 200 16 24 70 100 10 - ‐ -

Zinc Plants 10 6 3 1 1 1 6 100 1 100 20 5
Invertebrates 20 8 4 1 2 1 8 100 1 200 30 6
Wildlife 5 3 1 0.3 1 0.4 1 50 1 70 9 2

TPH-Gasoline Plants ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ - ‐
Invertebrates ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 10 ‐
Wildlife ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ - 0.2 ‐

TPH-Diesel Plants ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ - - ‐
Invertebrates ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 5 60 ‐
Wildlife ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 0.2 2 ‐

TPH-Heavy Oil Plants ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ - - ‐
Invertebrates ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 6 50 ‐
Wildlife ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 0.2 2 ‐

Notes:
Blank cells indicate that EPC of constituent is less than background value and/or is not a constituent of concern for the particular area of interest; HQ not calculated.
–  No ecological screening level available for this receptor.
(a) Shaded cells indicate hazard quotient is greater than 1. Hazard quotients (HQs) were calculated by dividing constituent concentrations (see Table 10) by levels considered protective of terrestrial 
ecological receptor (see Appendix E). HQs are reported to one significant figure as suggested by EPA (2004).
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Note: Base map prepared from Microsoft Streets and Trips 2005.
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APPENDIX A 
ESTIMATED COSTS FOR ALTERNATIVES 11M, 13M, AND 14 

 

1.0 INTRODUCTION 

This Appendix presents preliminary cost estimates for three proposed 
alternatives for cleanup of the former Holden Mine Site (Site).1  Both CERCLA 
and MTCA include provisions for considering the cost of a proposed remedy, 
provided that the cleanup actions being compared first satisfy the threshold 
criteria for remedy selection (see Section 6.1 of the ASFS). 

 Cost is a primary balancing criteria used for remedy selection under 
CERCLA.  CERCLA requires that the selected remedy “shall be cost effective, 
provided that it first satisfies the threshold criteria” [40 CFR § 
300.430(f)(1)(ii)(D)]. 

 MTCA considers cost in the remedy selection process as part of the analysis 
to determine whether an alternative uses permanent solutions to the 
maximum extent practicable [WAC 173-340-360(3)]. 

The cost estimates discussed herein were used as part of the Agencies’ 
comparison of Alternatives 11M, 13M, and 14.  Alternatives 11M and 14 both 
satisfy the CERCLA and MTCA threshold requirements and Alternative 13M does 
not satisfy the threshold requirements, as discussed in Section 6 of the ASFS.  
Although Alternative 13M does not satisfy the threshold requirements for 
selection of a permanent remedy, it has been included in this Appendix for 
comparison purposes. 

Intalco presented cost estimates for Alternatives 11 and 13M (URS 2009) that 
relied in large part on previous estimates prepared by both the Agencies and 
Intalco, but also had significant differences from the prior estimates (Hart 
Crowser 2005, Forest Service 2007, URS 2004b, URS 2005a, and URS 2005b).  

                                                 

1 These estimates are referred to as preliminary because they were prepared during the feasibility 

study (FS) stage, prior to remedial design (RD).  Design will enable greater specificity on details of 

the remedy and actual costs may differ from costs estimated during the FS.  EPA guidance (EPA 

2000) suggests the level of certainty of estimates prepared during the FS should be within a range 

of - 30 percent to + 50 percent of the final cost of implementing the remedial action, including 

long-term operation and maintenance.  Estimated costs for each alternative need to have 

comparable levels of certainty in order to be compared. 
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The estimates presented herein rely in part on URS (2009) as well as prior 
estimates.  Since the approach and methods used by both the Agencies and 
Intalco is similar, many details that were described in Appendix B of the SFS are 
not repeated here. 

This Appendix includes a discussion of the areas where the Agencies estimates 
and Intalco’s estimates are similar, and where they differ. 

Intalco addressed Alternative 11 (not Alternative 11M2) and did not address 
Alternative 14 (URS 2009).  As a result the Agencies prepared estimates for 
Alternatives 11M, 13M, and 14 that are discussed herein.  The Agencies’ 
estimate for some aspects of Alternative 11M was revised from their 2007 
estimate for Alternative 11, based on consideration of comments that Intalco 
included as notes in the URS (2009) spreadsheets. 

Total estimated costs for each alternative were based on the sum of the capital 
costs and anticipated future costs for the remedy, as discussed later.  Total costs 
for each alternative in 2010 dollars (rounded to three significant figures) are 
summarized below. 

 Alternative 11M Alternative 13M Alternative 14 

Estimated Capital Cost $88,500,000 $56,400,000 $76,100,000 

Net Present Value of Long-
Term Operations, Maintenance 
and Monitoring3 

$31,800,000 $23,400,000 $30,700,000 

Total Estimated Cost: $120,000,000 $79,800,000 $107,000,000 

 
Additional detail showing costs for the major components of each alternative are 
presented in Table A-1.  The Agencies’ estimates of detailed costs for 
Alternatives 11M, 13M, and 14 are included in Tables A-2 through A-4, 
respectively.  A comparison of estimated costs for long-term operations, 
maintenance, and monitoring (OMM) is presented in Table A-5. 

                                                 

2 Intalco was unaware of the Agencies development of 11M at the time that Intalco prepared its 

cost estimates. 

3 The Net Present Value in the summary table presented above was calculated using a discount 

rate of 7 percent, and a period of 50 years. 
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2.0 BASIS FOR ESTIMATED COSTS 

These cost estimates were prepared by updating previous cost estimates that 
used 2005 as the base year for most elements, since this represents a common 
basis for previous cost estimates prepared by the Agencies and Intalco (Hart 
Crowser 2005, Forest Service 2007, URS 2004b, URS 2005a, URS 2005b, and 
URS 2009b).  Costs for individual remedy components discussed in this 
appendix refer to base year costs (2005 dollars) except where the text 
specifically says the costs have been converted to 2010 dollars.  As part of the 
current Agency cost estimates, the aggregate of the 2005-based costs were 
converted to 2010 dollars using the Engineering News Record construction cost 
index (ENR 2010) as discussed later.4 

2.1 Remedy Construction Cost Elements 

Construction costs basically fall into two categories: capital costs and non-capital 
costs.  Capital costs consist of direct costs (construction labor, materials, and 
equipment) and indirect costs (Contractor’s overhead, profit, construction 
coordination and administration).  Non-capital construction costs include 
engineering design, construction administration, and project management. 

These cost estimates relied on quantity estimates for each component of the 
major direct cost elements to define the extent of work required and the types 
of labor, equipment, and materials needed to complete construction of that 
element.  The elements in the current estimates are mostly similar to those 
presented in the SFS, but include two significant new components: 

 New geotechnical data and analysis initiated by Intalco showed that 
buttresses constructed of rock, compacted soil, and/or compacted tailings 
would be needed to assure stability of the regraded tailings pile slopes.5  
Analysis also showed that geotextile reinforcing would be needed for 
stability of landfill caps that include a geomembrane (i.e., Alternative 11M). 

                                                 

4 The Agencies assume that most remedy construction would be accomplished in the period 2013 

through 2015.  Construction of some remedy components could be deferred until later or may not 

be needed, based on results of monitoring.  Also some remedy construction such as  mine entry 

and bulkhead construction may begin sooner.  The potential effect of schedule changes on the 

estimated construction cost has not been specifically addressed (except as discussed in Section 7 

as part of Contingent Costs).  Future changes in construction commodity and labor prices over 

time presents a similar degree of uncertainty for three alternatives. 

5 Buttresses were not found to be needed to stabilize the regraded waste rock piles. 
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 In situ soil treatment is proposed for Alternatives 11M and 14M based on 
new analysis of the effect of hazardous substances in soils on terrestrial 
ecological receptors and the anticipated environmental impact of other 
approaches to cleanup some areas. 

The current estimates also reflect new estimates of the volume of groundwater 
that would be collected for each of the three alternatives, based on the 
groundwater flow model Intalco developed in 2009.  Concentrations of 
hazardous substances in the collected groundwater, and the volume of sludge 
produced by water treatment were also reassessed. 

2.2 Future Costs for Operations, Maintenance and Monitoring 

Future OMM consists of ongoing or periodic recurring costs that occur as long 
as the remedy is needed.  Geochemical analysis discussed in Appendix E of the 
DFFS indicate groundwater treatment at Holden may need to continue for 
hundreds of years (URS 2004a).  Long-term costs include: 

■ The annual cost of operations and maintenance for the groundwater 
collection, conveyance and treatment system; 

■ Monitoring performance of the remedy to determine whether it is protective 
of human health and the environment, and complies with ARARs; 

■ Costs for Agencies’ oversight of the remedy; and 
 Future capital costs to replace treatment system equipment as it wears out 

over time. 

The net present value (NPV) of future costs to implement the remedy is the 
amount that is needed today to set aside sufficient funds in an interest-bearing 
account to cover anticipated future costs.  Use of the NPV to express future 
costs in current dollars is a standard method for financial evaluation of long-term 
projects. 

Intalco’s estimate of long-term OMM costs for Alternatives 11 and 13M are 
based on an analysis of NPV over a period of 30 years.  The Agencies used 50 
years, since this provides a more realistic estimate for costs that are anticipated 
to extend over very long periods (i.e., for hundreds of years), as indicated by 
Figure B-1 in the SFS.6  The NPV for long-term OMM costs was calculated for 

                                                 

6 As indicated in the SFS, the NPV of future costs is reasonably represented by calculations based 

on 50 years, since the change in present value over time after 50 years is very small (a depiction of 

this change on a graph would be referred to as an asymptotic condition).  As a result, the 

Agencies’ NPV estimate is expected to cover the OMM costs that are currently anticipated to 
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each alternative using a discount rate of 7 percent based on current federal 
guidance.7 

2.3 Contingent Costs 

At the time a feasibility study estimate is prepared, there are generally unknown 
factors that may affect the final cost either positively or negatively, referred to as 
contingencies.  The types of contingent costs that apply to both capital and 
OMM costs are discussed in EPA (2000) and Appendix B of the SFS.  Estimated 
contingent costs for each alternative are discussed in Section 7. 

2.4 Construction Inflation 

Inflation during the period of time from the present to the end of construction 
has not been specifically accounted for in this estimate.  As part of updating 
prior estimates to use in the current estimates, the Agencies converted 2005 
costs into 2010 costs using the construction cost indices (CCI) published by 
Engineering News Record (ENR 2010) for Seattle. 

Changes in construction costs over time are typically different from other 
measures of inflation or deflation, for example the consumer price index.  The 
CCI published by ENR is broadly used in engineering cost estimates for 
construction, since it is based on factors including local prices for commodities 
such as Portland cement and lumber, union wages for construction laborers and 
skilled workers, as well as changes in the national average price for other 
materials.  At the time this estimate was prepared, the ratio of 2010 CCI to 2005 
CCI for this area was 1.059 which represents a 5.9 percent increase in average 
construction costs between 2005 and 2010. 

                                                                                                                             

occur over a period of hundreds of years.  In contrast, Intalco’s use of a 30-year period for 

calculation probably underestimates the NPV required by about 15 percent, in addition to the 

effect of the other items omitted in Intalco’s OMM estimate (e.g., periodic equipment replacement 

and maintenance to control vegetation to protect integrity of the membrane cap over the solid 

waste and sludge landfill cells after closure, see Sections 5.1.6 and 5.2.7 of this Appendix). 

7 The discount rate used herein was selected for the purpose of comparing remedial alternatives 

on the premise that the long term cost of the cleanup would be borne by the responsible party 

(Intalco).  EPA Guidance (EPA 2000) notes that the FS remedial alternative cost estimate is a 

starting point and adjustments may be made based on Agency requirements.  This may include 

adjusting or eliminating the discount rate.  For example, a lower discount rate will likely be used to 

establish financial assurance for completion of the remedy.  The purpose of such the financial 

assurance is to ensure that cleanup could be completed by the Agencies, if necessary. 
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3.0 SUMMARY OF MAJOR COST COMPONENT DIFFERENCES BETWEEN 
ALTERNATIVES 

Alternative 13M is described in ERM and URS (2009) and Section 5.2 of the 
ASFS.  Alternatives 11M and 14 are described in Sections 5.1 and 5.3 of the 
ASFS.  Elements of each alternative that have a substantial effect on their overall 
cost are summarized below.  Other components of these alternatives that are 
not summarized below are less likely to have a substantial cost impact on the 
comparison of alternatives, either because these components are similar from 
one alternative to another or because their cost is low relative to other 
components. 

3.1 Alternative 11M 

The components of Alternative 11M are substantially the same as Intalco used in 
its Alternative 11 estimate, with these notable exceptions: 

 Alternative 11M includes in situ treatment in the Lower West Area, Ballfield 
Area, Holden Village, and the Wind-Blown Tailings Area; 

 Alternative 11M includes consolidation of impacted soils from portions of 
the Ballfield Area and Lower West Area; and 

 The Agencies estimated cost for tailings pile slope regrading and buttress 
construction follows the approach Intalco used for its Alternative 13M 
estimate, and thus differs substantially from Intalco’s Alternative 11 estimate, 
as discussed later. 

Alternative 11M includes regrading the slopes of Tailings Pile 1, Tailings Pile 2, 
Tailings Pile 3; moving the toe of the slopes back from Railroad and Copper 
Creeks; and constructing a stabilizing toe berm along the perimeter of the 
regraded tailings pile slopes.  Moving the toe of the tailings piles away from 
Railroad Creek is a key area where the cost of Alternative 11M differs from 
Alternatives 13M and 14, which rely instead on moving Railroad Creek. 

The cost of Alternative 11M also differs significantly from Alternatives 13M and 
14 because Alternative 11M includes consolidation of the Honeymoon Heights 
Waste Rock Piles and the impacted soils downslope of these waste rock piles.  
Also the tailings waste rock pile caps proposed for Alternative 11M would 
consist of soil combined with a geomembrane to satisfy the presumptive cover 
requirements for closure of limited purpose landfills [WAC 173-350-400(e)(ii)].  
The tailings and waste rock pile caps for Alternatives 13M and 14 would not 
include a geomembrane, and would instead be designed to meet the 
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performance criteria for landfill covers rather than the presumptive cover 
requirements.8 

Alternative 11M includes containment, collection, and treatment of the portal 
drainage, seeps downslope of Honeymoon Heights, and groundwater (including 
seeps) from the Lower West Area and the tailings piles.  Groundwater 
containment and collection would be achieved with fully penetrating barrier 
walls around the Lower West Area and Tailings Pile 1 and around Tailings Pile 2 
and Tailings Pile 3.  The configuration of the Alternative 11M groundwater 
barrier and collection system is the same as Alternative 14, but differs from 
Alternative 13M. 

Alternative 11M relies on a single groundwater treatment system located east of 
Tailings Pile 3 and north of Railroad Creek, whereas Alternatives 13M and 14 
both have two treatment facilities. 

Finally, Alternative 11M includes removal of ferricrete from Railroad Creek to 
improve aquatic habitat, which is not part of Alternatives 13M or 14. 

3.2 Alternative 13M 

Alternative 13M includes long-term monitoring but does not include any other 
remedial action in the Lower West Area, the Ballfield Area, Holden Village, the 
Wind-blown Tailings Area, the Honeymoon Heights Waste Rock Piles, and the 
impacted areas downslope of the Honeymoon Heights Waste Rock Piles. 

Alternative 13M includes regrading the slopes of the tailings and main East and 
West waste rock piles, and constructing a toe buttress using quarried rock and 
compacted tailings to improve stability of the tailings.  Alternative 13M includes 
capping the tailings and waste rock piles with a six to twelve inch cover 
consisting of soil, gravel, and wood slash.9 

                                                 

8 Intalco found that geotextile reinforcing would also be required to achieve stable slopes for a cap 

that included a geomembrane (URS and ERM 2009, Appendix C).  This geotextile reinforcing is 

included in the cost estimate for A-11M, but Intalco’s analysis suggests it would not be needed for 

Alternatives 13M or 14. 

9 Intalco proposed consideration of two other cover configurations in a memorandum to the 

Agencies subsequent to submitting its Alternative 13M cost estimates (URS 2010).  The cost for 

Intalco’s proposed alternative covers is not addressed in this appendix. 
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Alternative 13M includes relocating a portion of Railroad Creek north of the 
tailings piles to provide room for groundwater containment and collection, and 
to reduce risk of future instability from impacting Railroad Creek.10  Alternative 
13M includes Copper Creek channel improvements to reduce the risk of 
undermining or eroding the adjacent tailings piles slopes, but does not include 
pulling the toe of these tailings piles back away from Copper Creek. 

The Agencies’ estimate for Alternative 13M includes containment, collection, 
and treatment of the portal drainage and seeps downslope of Honeymoon 
Heights.  Groundwater (including seeps) from the Lower West Area and Tailings 
Pile 1 would be contained and collected for treatment using a fully penetrating 
barrier wall.  Alternative 13M does not include any containment, collection or 
treatment of groundwater impacted by Tailings Pile 2 and Tailings Pile 3, but 
Intalco said this could be evaluated as a contingent measure if needed to protect 
Railroad Creek. 

Collected groundwater would be conveyed to two treatment facilities under 
Alternative 13M, one located in the Lower West Area and the other in the 
wetlands east of Tailings Pile 3 on the south side of Railroad Creek. 

Intalco’s cost for Alternative 13M does not include cost for mitigation of impacts 
to wetlands that will likely be required as a result of stream relocation and 
construction of the groundwater treatment systems.  Costs for such mitigation 
cannot reasonably be estimated until remedial design is complete, and the 
extent of impacts is better understood. 

Finally, Alternative 13M does not include removal of ferricrete from Railroad 
Creek, since the creek relocation is assumed to eliminate exposure of aquatic 
organisms to ferricrete deposited in the former creek channel.  The new channel 
would be designed to prevent infiltration of groundwater impacted by releases 
from the tailings piles, which is assumed to prevent future formation of ferricrete 
in the creek channel. 

                                                 

10 Intalco’s drawings (e.g., Figures 3-1 and 3-14 of ERM and URS (2009) show the relocated reach 

of Railroad Creek extends east from about the middle of the north side of Tailings Pile 1 

downstream past the east side of Tailings Pile 3.  Observations at the Site suggest it would also be 

necessary to extend the relocated reach west of the middle of Tailings Pile 1 to avoid having to 

pull the toe of the tailings pile slope away from the creek in order to provide room to construct the 

groundwater barrier wall and collection system; however, this has not been addressed by Intalco 

or in the Agencies’ cost estimate. 
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3.3 Alternative 14 

Alternative 14 components were drawn from Alternatives 11M and 13M. 

The Agencies’ estimate for Alternative 14 relies on in situ treatment and 
institutional controls to address the Honeymoon Heights Waste Rock Piles, 
impacted areas downslope of the Honeymoon Heights Waste Rock Piles, 
Holden Village, and the Wind-Blown Tailings Area, and a combination of 
removal of impacted soils and in situ treatment to address the Lower West Area 
and Ballfield Area.  This is similar to Alternative 11M, except that Alternative 14 
does not include removal of waste rock from Honeymoon Heights or removal of 
impacted soils downslope of the Honeymoon Heights Waste Rock Piles. 

Alternative 14 includes capping the tailings and waste rock piles with a soil cover 
that would satisfy the performance standards for limited purpose landfill covers 
[WAC 173-350-400(e)(i)].  Details of this cap would need to be developed 
during remedial design (RD); for cost estimating purposes the Agencies assumed 
this cap would consist of two feet of soil and self-sustaining native vegetation. 

Alternative 14 includes relocation of Railroad Creek, and regrading and 
buttressing the slopes of the tailings piles as proposed for Alternative 13M.  
Alternative 14 includes channel improvements to Copper Creek, but unlike 
Alternative 13M Alternative 14 also includes regrading and pulling the tailings 
pile slopes away from Copper Creek. 

The Agencies estimate for Alternative 14 includes containment, collection, and 
treatment of the portal drainage, seeps downslope of Honeymoon Heights, and 
groundwater (including seeps) from the Lower West Area and below Tailings 
Pile 1, Tailings Pile 2, and Tailings Pile 3.  Groundwater containment and 
collection would be achieved with two fully penetrating barrier walls; one 
around the Lower West Area and Tailings Pile 1, and one around Tailings Piles 2 
and 3.  As a contingent measure, Alternative 14 includes the potential for 
modifying the design (e.g., use of a partially penetrating barrier) or possibly not 
constructing the groundwater barrier downstream of Tailings Piles 2 and 3, in the 
event that monitoring shows that groundwater achieves cleanup levels 
downstream of Tailings Pile 3 without it.  The potential costs implications of this 
contingency are discussed in Section 7. 

Alternative 14 includes two treatment systems, as proposed for Alternative 13M.  
The collected groundwater would be conveyed to a treatment facility located in 
the Lower West Area (west treatment system) and to a treatment facility located 
east of Tailings Pile 3 (east treatment system), both south of Railroad Creek.  The 
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two treatment systems may be operated in series, depending on results of 
treatability studies. 

Like Intalco’s estimate for Alternative 13M, the Agencies’ estimate for Alternative 
14 does not include cost for mitigation of impacts to wetlands that will likely be 
required as a result of stream relocation and construction of the groundwater 
treatment systems.  Costs for such mitigation cannot reasonably be estimated 
until remedial design is complete, and the extent of impacts is better 
understood. 

Alternative 14 does not include removal of ferricrete from Railroad Creek, since 
the creek relocation is anticipated to eliminate exposure of aquatic organisms to 
ferricrete deposited in the former creek channel.  The new channel would be 
designed to prevent infiltration of groundwater impacted by releases from the 
tailings piles, which is assumed to prevent future formation of ferricrete in the 
creek channel. 

4.0 AREAS WHERE THE AGENCIES’ COST ESTIMATES ARE SIMILAR TO 
INTALCO’S COST ESTIMATES 

This section discusses major components of different alternatives that have 
similar estimated costs.  Section 5.0 discusses components with significantly 
different estimated costs for major components. 

4.1 Comparison of the Agencies’ Estimate and Intalco’s Estimate for 
Alternative 11(M) 

The Agencies’ estimate for Alternative 11M was developed by modifying the 
2007 estimate for Alternative 11 that was described in the SFS, and 
incorporating information developed by Intalco in 2008 and 2009.  Estimated 
costs were generally similar for the areas listed below. 

4.1.1 Job Setup and Construction Infrastructure 

The Agencies adopted Intalco’s 2009 estimate of costs for upgrading the barge 
loading and unloading facilities on Lake Chelan. 

4.1.2 Upgradient Diversions and Access Roads 

Run-on diversion swales and access roads upgradient of the tailings and waste 
rock piles were generally similar, but were based on somewhat different ditch 
lengths and unit costs. 
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4.1.3 Mine Mill and Maintenance Yard 

The Agencies adopted Intalco’s 2009 costs for demolition of the remnant mill 
structure, and for construction of hydraulic bulkheads in the 1500 Level Main 
Portal and Ventilator Portal.  Maintenance yard paving costs varied between the 
Agencies’ and Intalco’s estimates for Alternative 11 due to differing concrete and 
base course unit prices. 

4.1.4 Groundwater Containment, Collection, and Conveyance 

The Agencies adopted Intalco’s estimates for construction of groundwater 
barrier walls, which are the largest single component of this cost area. 

4.1.5 Waste Rock Piles 

Estimates prepared by Intalco and the Agencies differed somewhat in unit costs 
for regrading and capping, and in the quantity of waste rock involved.  However, 
the final estimates for this element were similar. 

4.1.6 Tailings Pile Regrading and Capping 

Regrading to provide stable tailings pile slopes under Alternative 11M would 
involve an estimated 1,000,000 cubic yards (as estimated by the Agencies) 
compared to the previous estimate of 588,000 cubic yards the Agencies 
estimated for Alternative 11, and 960,000 cubic yards as estimated by Intalco.  
The increase in volume from that described in the SFS results from the need to 
move additional tailings to enable buttress construction, which was determined 
to be needed based on new geotechnical information Intalco developed in 
2008-2009.  Intalco found that buttresses would need to be constructed along 
the toe of the tailings pile slopes in order to provide seismic stability.  Buttress 
construction would require excavation of a larger volume of tailings than was 
anticipated in 2007. 

4.1.7 Lagoon and Surface Water Retention Area (SRA)  

Costs for this component are essentially the same in both the Agencies’ and 
Intalco’s estimates. 

4.1.8 Contractor Markups 

The Agencies and Intalco had somewhat different approaches to estimating 
Contractor markups on direct construction costs, but these resulted in similar 
costs expressed on a percentage basis.  Markups include the Contractor’s 
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overhead and profit (OH&P), and what are referred to as Division 1 costs that 
include insurance, submittal preparation, on-site engineering and surveying 
during construction, etc. 

Intalco assumed OH&P and Division 1 markups would both be 10 percent of 
the direct cost of construction for Alternative 11, whereas the Agencies followed 
the approach used in the SFS with 12 percent for OH&P, and 8 percent for 
Division 1 costs for Alternative 11M. 

The Agencies differed from Intalco on costs for the remaining components of 
Alternative 11M. 

4.2 Comparison of the Agencies’ Estimate and Intalco’s Estimate for 
Alternative 13M 

The Agencies also evaluated Intalco’s costs for Alternative 13M to assess 
whether it could be used as the basis for estimating some costs for Alternative 
14.  The Agencies generally accepted Intalco’s estimated costs for the 
components listed below. 

4.2.1 Upgradient Diversions and Access Roads 

The Agencies and Intalco used somewhat different ditch lengths and unit costs 
but overall costs for run-on diversion swales and access roads were similar. 

4.2.2 Mine, Mill Building & Maintenance Yard Actions 

As noted for Alternative 11M, the Agencies generally accepted Intalco’s cost 
estimates for these components. 

4.2.3 Groundwater Containment, Collection, and Conveyance 

Construction of the barrier walls was the largest single component of these 
costs.  The Agencies generally accepted the construction approach, materials, 
and costs used in Intalco’s estimate. 

Intalco’s estimate assumed the groundwater barrier and collection system on the 
east side of Tailings Pile 1 was 237 feet shorter than what Intalco assumed 
would be needed for Alternative 11.  Intalco did not provide any groundwater 
modeling or other justification for the reduced barrier and collection system 
length used for Alternative 13M.  The difference makes this component of 
Alternative 13M appear to be nearly a million dollars less costly that the same 
component of Alternative 11M.  The Agencies note that design of the barrier 
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and collection system will need to be based on more complete analysis during 
RD than Intalco has provided to date. 

4.2.4 Waste Rock Piles 

The Agencies accepted Intalco’s estimated costs for regrading and capping the 
main East and West Waste Rock for Alternative 13M.  However, the Agencies 
note that Intalco has not demonstrated that the proposed six-inch vegetated soil 
cover Intalco proposed for the waste rock piles will satisfy ARARs. 

4.2.5 Tailings Pile Regrading 

The Agencies accepted Intalco’s estimated costs for regrading and capping the 
tailings piles for Alternative 13M.  However, the Agencies note that Intalco has 
not demonstrated that the proposed six-inch vegetated cover of soil/gravel and 
wood slash that Intalco proposed for the tailings piles will satisfy ARARs. 

4.2.6 Toe Buttress 

The Agencies accepted Intalco’s estimated cost for the Alternative 13M toe 
buttress for purposes of comparison with other Alternatives. 

The Agencies note that Intalco based its buttress design on the inferred presence 
of a dike that was constructed to contain initial placement of the tailings, and 
that Intalco assumed all weak and potentially liquefiable soils were removed 
prior to construction of the dike.  Intalco has provided limited historic 
information to support these inferences, but has not found any physical 
confirmation that the dike is present and, if present, that it is not underlain by 
potentially liquefiable soils.11  Stability analysis by the Agencies that indicate the 
presence of weak soils below the dike, or the absence of the dike, indicate a 
much larger buttress will be needed than was assumed by Intalco, and this 
would cost about $1.3 million more than Intalco estimated.  Thus, Intalco’s 
estimate in this area likely does not represent the actual cost of construction that 
would be needed.  The Agencies note that final buttress design during RD will 
need to include the effect of weak soils below the toe of the tailings piles, based 
on currently available information. 

                                                 

11 Notably, no evidence of the dike was observed during work in 2006 to repair erosion damage at 

the toe of Tailings Pile 1.  Also, test pit explorations completed in 2008/2009 indicate weak and 

potentially liquefiable soils are present beneath the current toe of the tailings piles in at least some 

locations. 
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4.2.7 Surface Water Remediation 

The Agencies accepted Intalco’s estimate for surface water remediation costs. 

4.2.8 Lagoon and Surface Water Retention Area (SRA) 

The Agencies and Intalco had essentially the same estimated costs for these 
components. 

5.0 AREAS WHERE THE AGENCIES’ AND INTALCO’S COST ESTIMATES DIFFER 
SIGNIFICANTLY 

There are a number of significant assumptions in any cost estimate, and 
differences in assumptions made by the Agencies and Intalco have a 
pronounced effect on the relative magnitude of the estimates.  The primary areas 
where the Agencies’ estimated costs differ from Intalco’s are discussed below. 

5.1 Contrasts Between the Agencies’ Estimate and Intalco’s Estimate for 
Alternative 11(M) 

As discussed in the ASFS, Alternative 11M was based on Alternative 11, and thus 
there are similarities in the Agencies’ Alternative 11M estimate and Intalco’s 
Alternative 11 estimate.  However, there are also significant differences that are 
discussed in the following sections. 

5.1.1 Job Setup/Mobilization, Construction Infrastructure, and 
Duration 

The Agencies and Intalco have different assumptions on the average number of 
workers that will be involved in construction, and used different approaches to 
estimate costs for construction labor and supervision. 

 The Agencies’ estimate is based on an aggregate of 18,900 worker days 
(average of about 42 workers) of camp operation costs, while Intalco 
estimated 41,444 worker days (average of about 65 workers).  The 
difference in cost for housing and per diem is $1.36 million compared to 
$2.98 million for the Agencies’ and Intalco’s estimates respectively. 

 The Agencies included labor costs for construction supervision for a site 
superintendent and three foremen for the entire project duration at an 
estimated cost of $913,000.  Intalco omitted this cost on the premise that it 
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is covered in Contractor overhead and markups that are included in the 
estimate. 

 Intalco’s estimate included an additional $580,000 for worker overtime it 
said would otherwise be unaccounted for.  The Agencies used labor rates 
that included overtime pricing based on 10-hour work days and 6 days of 
work per week. 

 Intalco assumed mobilization and demobilization for construction at a rate 
of 7.4 percent of total direct construction costs or $4.0 million; whereas, the 
Agencies assumed 6.5 percent ($3.6 million). 

The aggregate difference in the items discussed above resulted in the Agencies’ 
estimate for job setup and construction infrastructure being about $1 million less 
than estimated by Intalco. 

5.1.2 Groundwater Treatment Facilities 

The Agencies updated their Alternative 11 estimate of the volume of 
groundwater that would be collected and treated under Alternative 11M using 
the groundwater model developed by Intalco (ERM and URS 2009, Appendix E).  
The estimated volume of water that would be collected and treated annually for 
Alternative 11M is about 624 million gallons per year (MGY) compared to 600 
MGY previously estimated for Alternative 11.  The estimated volume of sludge 
produced as a by-product of treatment was also reassessed, using new average 
concentrations for hazardous substances in the collected groundwater.  The 
Agencies reassessed the size and capacity of the Alternative 11 treatment 
system components and estimated costs using the same approach and unit 
prices used for Alternative 11 in the SFS. 

The resulting Agencies’ cost estimate for the Alternative 11M groundwater 
treatment system ($2.1 million) was about $440,000 over the previous Agency 
estimate for Alternative 11, whereas Intalco’s estimate for the Alternative 11 
treatment system was $2.7 million.  The difference in Intalco’s estimate for 
Alternative 11 compared to the Agencies’ estimate for Alternative 11M is 
primarily based on differences in Intalco’s assumptions on the amount of site 
preparation and treatment pond excavation (~$200,000); concrete lining for the 
treatment ponds (~$100,000); and components such as chemical storage and 
addition, mixing and aeration, and energy supply (these costs aggregated about 
$250,000). 
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5.1.3 Landfills for Disposal of Solid Waste Generated during 
Cleanup and Groundwater Treatment Sludge 

The Agencies’ estimate for Alternative 11 in the SFS included construction of 
two permanent disposal facilities that would be constructed, used, and closed in 
accordance with Washington’s Limited Purpose Landfill regulations (WAC 173-
350-400).  On-site landfills would be used for disposal of solid waste generated 
during the cleanup (e.g., excavated soils impacted by hazardous substances, 
excess waste rock from regrading, mill demolition debris), and for long-term 
sludge disposal.  The Agencies’ 2007 Alternative 11 cost estimate assumed the 
solid waste landfill would be closed at the completion of remedial construction, 
and that the sludge disposal landfill would be designed to operate for 50 years.  
After 50 years, the sludge disposal cell would be closed and replaced with a new 
cell that could also be used for 50 years, and that this would continue for as long 
as groundwater treatment was required at the Site. 

Costs for the two types of landfill are discussed below. 

5.1.3.1 Cleanup-Derived Solid Waste Disposal 

The SFS included disposal of an estimated 95,000 cubic yards (CY) of cleanup-
derived wastes in a landfill constructed on the tailings piles.  This landfill included 
berms constructed of waste rock to contain demolition debris and soils 
impacted by hazardous substances similar to the tailings and waste rock, and a 
separate HDPE lined cell for disposal of TPH-contaminated soils.  When filled, 
this landfill would have been capped with the same composite soil and 
geomembrane proposed for the tailings piles. 

For its Alternative 11 estimate, Intalco assumed the solid waste landfill would be 
separately constructed to contain the impacted soil and residual processing 
waste from the mill (500 CY), impacted soils from the SRA (400 CY), impacted 
soils from the Lagoon area (9,000 CY), mill demolition debris (6,900 CY), plus 
20,000 CY of other solid waste from remedial construction.  Intalco’s estimate 
also included an additional 20 percent contingency on the volume of solid waste 
for a total capacity of about 44,000 CY. 

For the current estimates for Alternatives 11M, the Agencies modified their 
estimated volume based on the understanding that soils impacted by 
constituents similar to the tailings and waste rock could be consolidated into the 
tailings or waste rock piles prior to capping, and separate landfill disposal would 
only be required for disposal of soils impacted by other types of hazardous 
substances (e.g., TPH-soils from the lagoon area).  The Agencies retained 
Intalco’s estimate of 6900 CY of mill demolition debris, 9,000 CY from the 
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Lagoon area, and 20,000 CY of other solid waste during remediation that could 
be generated from operation of the construction camp, heavy equipment and 
vehicle maintenance, and other potential, currently unidentified sources. 

Although existing characterization (hand excavations accomplished for the TEE) 
is incomplete, the Agencies assumed nominal volumes of 500 CY of tailings- or 
waste rock-impacted soils would need to be removed from the Ballfield Area, 
and another 28,000 CY from the Lower West Area. 

5.1.3.2 Groundwater Treatment System Sludge Disposal 

Assumptions and cost estimates by Intalco and the Agencies differ significantly 
on management of sludge from the groundwater treatment system.  The 
Agencies’ assumptions on sludge generation and handling the sludge described 
in Appendix F of the SFS were modified for the current estimate by changing the 
estimated removal of total suspended solids, sulfate, calcium, magnesium, and 
manganese, as well as decreasing the estimated contribution of unreacted lime 
used for treatment.  The current sludge production estimate for Alternative 11M 
also differs from the previous Alternative 11 estimate with regard to the 
estimated groundwater volume and hazardous substance concentrations, based 
on Intalco’s 2009 groundwater flow model. 

Estimated costs for sludge handling and disposal differ significantly depending on 
assumptions on the volume of solids and method of dewatering the sludge at 
the time of disposal.  Both Intalco and the Agencies assumed portions of the 
treatment system would be taken off line each year for sludge removal when the 
available storage volume in the treatment system ponds was full of sludge at a 
nominal density of 4 percent solids.  The Agencies assumed that the sludge 
would be pumped from the treatment system to a landfill for further dewatering.  
Intalco apparently assumed that the sludge could be dewatered by allowing 
drainage into the underlying soil.  This approach would reduce cost of handling 
the sludge and the ultimate landfill volume required, but it may not comply with 
groundwater protection ARARs.  Intalco apparently assumed that the sludge 
would drain to a nominal sludge density of 37 percent solids so that it could be 
handled with earthmoving equipment instead of by pumping.  Although Intalco 
reported the 37 percent solids was based on experience at the Iron Mountain 
site (presumably the Iron Mountain CERCLA site in California), details of the time 
required to drain the sludge, and the quality of the leachate were not provided. 

Based primarily on the difference in the volume of sludge that would have to be 
handled for disposal, the Agencies’ estimated cost for the sludge disposal landfill 
for Alternative 11M varies from about $5.7 million to Intalco’s Alternative 11 
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estimate of $1.7 million.  This difference represents a significant potential savings 
if Intalco’s approach can be shown to satisfy ARARs. 

The results of the ongoing 2009-2010 pilot testing are anticipated to provide 
useful information to refine the preliminary stoichiometric and empirical sludge 
volume estimates used by the Agencies and Intalco. 

5.1.4 In Situ Soil Remediation of Off-Site Soils above CULs 

Alternative 11M includes in situ treatment of some areas where other active 
cleanup measures such as removal or capping would cause environmental 
impacts that are unacceptable relative to the objective of reducing risk to 
terrestrial ecological receptors, including the Ballfield area, portions of the Lower 
West Area, the Wind-blown Tailings Area, and Holden Village. 

Based on review of available technical literature (see Appendix B of the ASFS) 
the Agencies determined that it would be appropriate to accomplish a 
treatability study during remedial design, in order to develop the most effective 
means for accomplishing the in situ treatment.  Pending completion of the 
treatability study, the Agencies estimated the cost of manually applying 
granulated limestone and composted manure [based on the approach reported 
by Brown et. al. (2009), see Appendix B] using the Means cost indices.  The 
estimated cost for two applications is $360,000, (not including the cost of the 
treatability study which is considered as part of non-construction capital costs, 
see below). 

The cost for in situ treatment for Alternative 11M was not included in the SFS 
estimate for Alternative 11, or in Intalco’s Alternative 11 estimate. 

5.1.5 Non-Construction Capital Costs 

Non-construction capital costs include the costs for engineering design, 
construction administration and oversight, and project management, which are 
typically estimated as a percentage of the construction costs.12  Intalco estimated 
the cost of engineering design as fifteen percent of the total estimated 

                                                 

12 For conventional construction, these are costs borne by the Owner rather than the General 

Contractor, who also has costs for design, administration and oversight that are part of the 

Contractor’s Overhead and Division 1 costs.  For remediation of the Holden Mine Site, the non-

construction capital costs are costs that would be borne by Intalco.  Non-construction capital costs 

may also include the cost for financing construction, which is not included herein. 
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construction cost, whereas the Agencies used five percent.  The five percent 
value selected by the Agencies is based on reported industry experience (ASCE 
2003) for large projects of average complexity.  Intalco’s spreadsheet cited the 
same reference with no explanation for the higher value. 

Additional non-construction costs were estimated separately for specific 
elements.  The Agencies estimated a cost of $923,000 for baseline monitoring, 
which is based on the estimate for Alternative 11 presented in the SFS, which 
was also adopted by Intalco. 

The Agencies assumed a cost for in situ treatability tests for Alternative 11M of 
$500,000. 

Finally, the SFS included estimated non-construction capital costs for the TEE and 
groundwater treatment system pilot testing, which were adopted by Intalco for 
its Alternative 11 estimate.  However the Agencies omitted these costs from the 
Alternative 11M estimate, since Intalco has already completed the TEE and 
groundwater treatability studies are ongoing as part of the RIFS. 

5.1.6 OMM 

Intalco estimated the NPV for long-term OMM of Alternative 11 to be 
$10,600,000, compared to the Agencies estimate for the SFS of $21,000,000 
and $30,100,000 for Alternative 11M.13  The largest differences in the Agencies’ 
and Intalco’s estimates for Alternative 11 are due to significant differences in the 
estimated cost of operations and maintenance over time, lime consumption for 
treatment, periodic equipment replacement, and vegetation control to protect 
integrity of the landfill cover membrane after closure.  There were also a number 
of other differences including Intalco’s estimated lower cost for monitoring and 
lower sludge disposal volume requirements compared to the Agencies.  The 
Agencies’ OMM estimate increased for Alternative 11M increased substantially 
over their Alternative 11 estimate due to increased lime consumption based on 
recalculating the average hazardous substances concentration in groundwater 
collected for treatment using Intalco’s groundwater flow model instead of the 
previous flow-tube based approach. 

                                                 

13 Intalco estimated NPV of OMM costs using a thirty year period, whereas the Agencies used fifty 

years, as discussed in Appendix B of the SFS.  The Agencies revised Intalco’s values to fifty years to 

enable comparison presented herein.  Costs cited in the text are presented for the base year 

(2005) dollars unless otherwise noted. 
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5.2 Contrasts Between the Agencies’ and Intalco’s Estimates for Alternative 13M 

The Agencies’ estimate for Alternative 13M generally corresponds to the 
Alternative 13M estimate prepared by Intalco except for the following items. 

5.2.1 Job Setup & Construction Infrastructure 

The Agencies do not accept Intalco’s assertion that job-site construction 
supervision is part of the Contractor’s project management costs (i.e., part of 
overhead) and, therefore, concluded Intalco’s estimate for this component is too 
low.  The Agencies also believe Intalco underestimated costs for maintaining the 
Lucerne-Holden Road during and at the end of construction. 

5.2.2 Buttress for Tailings Piles 

Intalco’s geotechnical studies in 2008-2009 identified the need for a buttress to 
be constructed along the toe of the tailings piles in order to provide stability 
during an earthquake, where the magnitude of seismic shaking was based on 
ARARs.  Intalco’s Alternative 13M geotechnical analysis was based on the 
assumption that the existing tailings piles were constructed behind a starter dike, 
and that the weak and potentially liquefiable Zone 4 soils had been removed 
from below that dike.  However, this assumption has not been verified by 
Intalco’s test pits or other observations, and historic documentation is 
incomplete, as noted in the agencies’ comments on Alternative 13M (Forest 
Service 2010a). 

The Agencies found that without the dike and removal of Zone 4 soils, Intalco’s 
buttress design would not provide adequate seismic stability.  In order to 
provide a reasonable basis for cost comparison, the Agencies estimated cost for 
the Alternative 13M tailings pile buttress based on geotechnical design that did 
not rely on the dike or the historic removal of the Zone 4 soils.  The result was 
an increase in estimated dike construction cost from Intalco’s estimate of about 
$1.9 million to $3.1 million.  The Agencies used the higher value in comparing 
cost of Alternative 13M to Alternatives 11M and 14. 

5.2.3 Groundwater Treatment Facilities 

The Agencies and Intalco differed in their assumptions for different components 
of the groundwater treatment system, but came to essentially the same overall 
cost for this area.  On the one hand, Intalco assumed significantly greater site 
preparation costs, whereas the Agencies assumed the treatment ponds would 
need to be lined to satisfy ARARS.  There were also other, smaller, differences 
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largely due to different assumptions on the volume of water to be treated and 
the equipment costs required for treatment. 

Since the estimated costs are similar overall, the Agencies did not modify 
Intalco’s estimate for comparison purposes, but also do not consider Intalco’s 
estimate to represent the true cost of an acceptable remedy. 

5.2.4 Sludge and Solid Waste Landfills 

It appears to the Agencies that Intalco underestimated the volume of sludge that 
will be generated by water treatment, and therefore underestimated the cost for 
sludge handling and disposal.  It also appears to the Agencies that Intalco 
underestimated the cost for solid waste disposal as part of the cleanup.  As a 
result, the Agencies estimated cost for these two components of Alternative 
13M was about $800,000 more than Intalco’s estimate.  The Agencies anticipate 
that groundwater treatment pilot tests by Intalco will provide a better estimate of 
sludge generation than is currently available.  While the actual cost may vary 
from that estimated, the Agencies have used a consistent approach for 
estimating sludge disposal costs for all alternatives. 

5.2.5 Contractor Markups 

Intalco used 10 percent for the contractor overhead and profit line item, as well 
as 10 percent for the line item that included insurance, Division 1 items, 
engineering, and surveying by the contractor.  The Agencies’ estimate for 
Alternative 13M adopted the same percentages for comparison purposes. 

5.2.6 Non-Construction Capital Costs 

As noted for Alternative 11, Intalco estimated the cost of engineering design at 
fifteen percent of construction costs, compared to the Agencies’ estimate of five 
percent.  The Agencies included baseline monitoring in the non-construction 
capital costs for Alternative 13M, {as did both the Agencies and Intalco for 
Alternative 11(M)].  For the Alternative 13M estimate, Intalco included the 
baseline monitoring cost as part of the NPV for long term OMM, but did not 
explain why.  The other non-construction capital costs were similar in both 
estimates. 

5.2.7 OMM 

The Agencies’ and Intalco’s estimates for long-term costs differed significantly in 
the cost estimated for lime consumption, periodic equipment replacement, 
maintenance to control vegetation to protect integrity of the membrane cap 
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over the solid waste and sludge landfill cells after closure, and net present value 
of various OMM components.  The Agencies estimated NPV for OMM cost for 
Alternative 13M using the same assumptions as for Alternatives 11M and 14 was 
$22.1 million, compared to Intalco’s value of $13.0 million. 

6.0 AGENCIES’ COST ESTIMATE ALTERNATIVE 14 

This section describes the basis used to develop the Agencies’ cost estimates for 
Alternative 14. 

6.1 Job Startup and Construction Infrastructure 

Mobilization for a single phase of construction for Alternative 14 was calculated 
as about 6.5 percent of the total direct construction costs using the same 
rationale as Alternative 11.  The addition of a second phase of construction for 
the groundwater containment and collection system was estimated to increase 
the overall mobilization cost by about $1.0 million, based on Intalco’s estimate 
for the mobilization cost for the Alternative 13M contingency. 

The Agencies adopted Intalco’s cost estimates from Alternative 13M for most of 
the components used in Alternative 14.  In order to compare costs for all the 
alternatives, the Agencies also used Intalco’s approach to estimating overtime 
costs based on Alternative 13M approach, rather than the approach that was 
used for Alternative 11M. 

Other job startup factors that depend on construction duration (e.g., site 
supervision, camp worker days, and overtime) were typically estimated using the 
same approach as Alternative 11.  The final Alternative 14 estimate is based on 
primary remedy construction occurring over a two-year period followed by 
Contractor demobilization and remobilization after five years to construct the 
groundwater containment and collection system down stream of Tailings Pile 3. 

6.2 Upgradient Run-On Diversions 

This component of the Alternative 14 estimate uses the same approach as 
Intalco’s estimate for Alternative 13M, but somewhat different unit prices based 
on the Agencies’ estimate for Alternative 11. 

6.3 Mine, Mill and Maintenance Yard 

The Alternative 14 cost estimates for this area adopted Intalco’s estimated costs 
for work in the mine (the largest portion of these costs).  Costs for other 
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elements including mill demolition, removal of impacted soils, and paving were 
similar but typically based on updating the Agencies Alternative 11 unit costs. 

6.4 Groundwater Containment, Collection, and Conveyance 

Costs for this portion of Alternative 14 were also similar to the costs Intalco 
estimated, with the following exceptions.  The Agencies’ estimate assumed 
extending the groundwater barrier south along the east side of Tailings Pile 1 
about 240 feet farther than Intalco assumed for Alternative 13M, in order to fully 
contain groundwater impacted by releases from the tailings pile.  Alternative 14 
used Intalco’s estimated contingent costs for construction of the groundwater 
barrier and containment system around Tailings Piles 2 and 3.  The Agencies 
estimate also assumed five seep collection points for seeps SB-12 and SB-23 
downslope of Honeymoon Heights, whereas Intalco assumed all five locations 
could be addressed by two collection points farther upslope. 

6.5 Waste Rock Piles 

The Agencies assumed that excess rock from regrading the waste rock slopes 
would be consolidated onto the tailings piles prior to capping.  For cost 
estimating purposes, the Agencies assumed the cap would consist of two feet of 
soil and native vegetation, although final design of the cap has not yet been 
accomplished. 

6.6 Tailings Piles 

The cost estimate for regrading and capping the tailings piles for Alternative 14 
was based on the area estimated for Alternative 13M (which was less than the 
Agencies had previously estimated for regrading the tailings under Alternative 
11), and the Agencies own unit prices which were similar to the prices Intalco 
estimated.  The Agencies cost estimate assumed the soil cap would consist of 
two feet of soil and native vegetation, although final design of the cap has not 
yet been accomplished.  The area to be capped was assumed to be the existing 
nominal footprint of the tailings piles after regrading the outer slopes; the 
Agencies did not assume any increase in area due to consolidation of impacted 
soils from other areas of the Site. 

6.7 Toe Buttress 

The Agencies’ estimated cost for the tailings piles toe buttress (including a shear 
key) was based on the approach presented by Intalco for Alternative 13M, but 
did not rely on the assumed presence of a starter dike or prior removal of the 
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Zone 4 soils.  The Agencies used the same unit prices for buttress construction 
that Intalco used. 

6.8 Groundwater Treatment Facilities 

The Agencies’ estimate for the Alternative 14 treatment system was based on 
the same approach used to develop costs for Alternative 11, increased where 
needed to accommodate the volume of water to be treated based on Intalco’s 
2009 groundwater flow model.  The Agencies adopted Intalco’s estimated cost 
for the Aquafix ™ system, but adjusted this cost upwards to accommodate the 
increased flow rate, using the scaling method described in Appendix B of 
the SFS. 

6.9 Sludge and Solid Waste Landfills 

The estimated cost for the Alternative 14 followed the same approach and unit 
costs for the sludge landfill liner and leachate collection system, but a different 
volume.  The sludge volume was increased based on the new estimate of treated 
water volume and influent hazardous substance concentrations.  Also, the 
Alternative 14 sludge landfill volume does not include the volume of solid waste 
(e.g., TPH-impacted soils) that was part of the same landfill for Alternative 11; 
these soils are to be included in the solid waste landfill constructed for the 
remedy. 

The Agencies’ cost estimate was based on the volume of sludge disposal 
developed for Alternative 14 using the same type of approach described in 
Section 5.1.3.2 of this Appendix.  The estimated cost for solid waste disposal 
was based on an estimated volume of 6,900 CY for debris from the mill 
demolition, 500 CY residual processing waste from mill cleanup, and 20,000 CY 
of additional solid waste that may be generated from unspecified sources during 
remediation, similar to the approach adopted for Alternative 13M. 

6.10 Consolidation of Impacted Soils 

The Alternative 14 estimate includes the costs for excavation and removal of 
impacted soils from the Lagoon Area and the former Surface Water Retention 
Area (SRA), using the same costs as Alternative 13M.  Costs for consolidation of 
impacted soils from the former Ballfield Area (assumed 500 CY) and Lower West 
Area (assumed 20,000 CY) were estimated using the same approach. 
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6.11 Surface Water Remediation 

Alternative 14 includes improvements to the Copper Creek diversion channel, 
development of the Lightning Ridge riprap source for riprap, relocation of 
portion(s) of Railroad Creek, and associated modifications to Copper Creek.  The 
extent of stream relocation was assumed to be the same as for alternative 13M 
for cost estimating purposes, but this will need to be further assessed during RD 
as discussed in Section 5.3.3 of the ASFS.  The Agencies’ Alternative 14 estimate 
for these components is based on Intalco’s estimated costs except for the source 
of riprap, since Intalco assumed the Tenmile Creek quarry site would be 
developed. 

6.12 In Situ Soil Remediation of Off-Site Soils above CULs 

Alternative 14 includes remediation of some areas of the Site using in situ 
treatment, including the Honeymoon Heights Waste Rock Piles and impacted 
areas downslope, portions of the Lower West Area and the Ballfield Area, 
Holden Village, and the Wind-Blown Tailings Area, as described in the ASFS.  
The Agencies’ cost estimate assumed the in situ treatment cost as described 
above in Section 5.1.4, although final design based on a treatability study has 
not yet been accomplished. 

6.13 Non-Construction Capital Costs 

The Agencies’ estimate for non-construction capital costs is similar to the 
approach presented in the SFS for Alternative 11, except that the Alternative 14 
estimate (like the Alternative 11M estimate) included the cost for the in situ 
treatability study, but did not include costs for the Terrestrial Ecological 
Evaluation (risk assessment) or the groundwater treatability study, since Intalco 
has already undertaken these efforts as part of the RI/FS. 

6.13.1 OMM 

The Agencies’ estimate of NPV for long-term OMM of Alternative 14 followed 
the methods used for Alternative 11.  The estimated cost for Alternative 14 is 
very similar to, but slightly lower than the Agencies estimate for Alternative 11M, 
due to the reduced need for fuel and equipment maintenance for pumping 
groundwater as part of Alternative 14 compared to Alternative 11M. 
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7.0 CONTINGENT COSTS 

EPA guidance (EPA 2000) includes a contingent cost allowance for potential cost 
changes to address areas of uncertainty between actual costs and estimated 
costs, and between the actual extent of cleanup and the estimated extent.  
Contingent costs may also refer to the cost change if the proposed scope of the 
remedy is modified.  Appendix B discusses the two main types of contingent 
costs (scope and bid contingencies) and EPA guidance on the appropriate cost 
magnitude for each type. 

The primary contingency considered in both Alternatives 13M and 14 is the 
groundwater containment and collection system downgradient of Tailings Pile 3.  
Intalco estimated the cost for this contingent measure at about $13.5 million in 
the spreadsheet estimate (URS 2009) prepared for Alternative 13M.  This 
contingency estimate included about $1.9 million for increased mobilization 
costs, and about $11.6 million in increased construction costs (including camp 
costs).  Intalco included a 30 percent surcharge in this estimate (a contingency 
on the contingency cost). 

The Agencies initially estimated the cost for Alternative 14 on the basis of a 
nominal three-year construction period, without any remobilization.  Except for 
the potential expense of remobilization, the costs for constructing the 
groundwater barrier and collection system downgradient of Tailings Piles 2 and 
3 are likely to be similar regardless of whether these components are part of a 
first or second phase of construction.  Since Alternative 14 includes 
implementation of the remedy in two phases, the primary costs for the 
contingent action (i.e., potential elimination of the downstream barrier wall and 
collection system) would be to eliminate the cost of this barrier, including the 
cost for the second mobilization to construct it.14  The estimated reduction in 
cost for Alternative 14 due to elimination of the downstream groundwater 
barrier and collection system would be about $9.6 million. 

                                                 

14 The Agencies have not attempted to estimate costs for other Alternative 14 contingent measures 

other than the potential elimination of the need to construct the downstream barrier.  The 

estimated cost impact of an alternative approach (such as a partially penetrating barrier) is 

anticipated to be less than the cost of the fully penetrating barrier proposed for Alternative 14.  

The estimated cost for Alternative 14 and the reduced cost for elimination of the Tailings Pile 3 

barrier and collection system, therefore, define the likely range of estimated costs for 

Alternative 14. 
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Table A-1 - Comparison of Agencies' Estimated Costs for Alternatives 11M, 13M, and 14

Item Alt. 11M Alt. 13M Alt. 14

CAPITAL COSTS (2005 Dollars)

Direct Construction Costs

Job Setup & Construction Infrastructure $6,920,000 $6,440,000 $7,860,000

Upgradient Diversions and Access Roads $194,000 $260,000 $251,000

Mine, Mill, Maintenance Yard Site Remediation $3,220,000 $3,440,000 $3,180,000

Groundwater Containment, Collection & Conveyance

West Area (LWA and TP-10 $5,010,000 $4,130,000 $5,040,000

East Area (TP-2 and TP-3) $6,380,000 $156,000 $6,310,000

Waste Rock Piles $5,380,000 $1,180,000 $1,340,000

Tailings Piles

Regrade and Cap $16,800,000 $3,690,000 $4,070,000

Toe Buttress $5,260,000 $3,130,000 $3,020,000

Groundwater Treatment Facilities

East Area $2,080,000 $2,260,000 $2,120,000

West Area $0 $1,160,000 $862,000

Landfills $5,740,000 $1,170,000 $5,920,000

Lagoon Area / SRA / Ballfield / LWA $738,000 $225,000 $805,000

Surface Water Remediation $1,170,000

Railroad Creek Realignment $0 $7,010,000 $8,500,000

Copper Creek $0 $679,000 $771,000

Other Surface Water Related $0 $279,000 $230,000

In Situ  Soil Treatment $723,000 $0 $783,000

Subtotal Direct Construction Costs $59,600,000 $35,200,000 $51,100,000

Contractor Markups $11,900,000 $7,040,000 $10,220,000

Total Construction Costs (2005 Dollars) $71,500,000 $42,200,000 $61,300,000

Non-Construction Capital Costs (2005 Dollars) $12,100,000 $11,100,000 $10,600,000

TOTAL CAPITAL COSTS (2005 Dollars) $83,600,000 $53,300,000 $71,900,000

PRESENT WORTH OF POST-CONSTRUCTION OMM COSTS (2005 
Dollars) $30,000,000 $22,100,000 $29,000,000

TOTAL ESTIMATED COST (2005 Dollars) $114,000,000 $75,400,000 $100,900,000

TOTAL ESTIMATED COST (2010 Dollars) $120,000,000 $79,800,000 $107,000,000

Note:  Conversion of 2005 costs to 2010 costs based on ENR Construction Cost Index.
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APPENDIX B 
ASSESSMENT OF LIME APPLICATION FOR IN SITU TREATMENT OF SOILS TO 
REDUCE BIOAVAILABILITY AND MOBILITY OF HAZARDOUS SUBSTANCES 

OVERVIEW 

This Appendix provides information related to the application of a lime 
amendment to reduce the bioavailability of metals in areas impacted by tailings 
and waste rock.  A variety of technical documents were reviewed to assess 
feasibility of this approach for remediation of some impacted areas at the 
Holden Site, as an alternative to other active remedial approaches that might be 
considered.  The relevant findings of this review are discussed below. 

A considerable amount of information has been published on the use and 
application of lime and lime-derived products for use in environmental 
remediation.  Most of this experience relates to treatment of acid mine drainage 
(AMD) and stabilization/solidification of liquids and slurries; but lime is also used 
to enhance revegetation of acidic soils and waste rock.  While the primary goal 
for revegetation is typically to enhance plant viability, lime application has also 
been shown in some studies to reduce mobility and bioavailability of hazardous 
substances including metals that are constituents of concern at Holden.  
Available information (summarized below) suggests that this benefit may be 
achieved more often than is reported, since reduced bioavailability is not 
necessarily a remediation objective at some sites where lime is used to enhance 
revegetation.  A related issue is that published reports do not always distinguish 
between the effects of lime and the effects of other soil amendments such as 
biosolids, since lime application is often part of a remedial approach that 
combines multiple components. 

Lime application is a potential remediation action to reduce bioavailability of 
metals released into the terrestrial environment as a result of tailings and waste 
rock oxidation.  This approach has potential application at the Holden Site 
where existing topography or land use limits the applicability of other remedial 
techniques.  The efficacy of pH adjustment to reduce metals bioavailability is 
reported to be greatest when the lime is incorporated into the soil media by 
tilling into the upper six inches (or more) of the soil.  Fewer studies have 
addressed surface application as would be required for areas where remediation 
needs to be compatible with maintenance of existing forest habitat or on 
existing steep slopes. 

Results of the literature review presented herein indicate this approach is feasible 
and likely would mitigate the risk of metals to terrestrial receptors at the Holden 
Site.  However, results of a prior test at the Holden Site showed that no 
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consistent pattern was observed in foliar metal concentrations for Lupine, 
Penstemon, and Sitka Alder, as a result of lime application for tailings 
revegetation.  Also, surficial application of lime is less effective than 
incorporating lime into the soil matrix. 

The use of lime application as part of remediation at Holden would need to be 
based on treatability studies conducted during remedial design to determine the 
application method, rate, extent, and frequency of application that would be 
most beneficial.  Test plots would likely be required to demonstrate that the 
proposed approach does not adversely impact existing or desirable plants and 
benthic macroinvertebrates by creating conditions that are too alkaline.  Finally, 
site-specific tests are needed to assess whether increasing soil pH would have 
unacceptable side effects such as increased mobility of some constituents 
(e.g., arsenic) while reducing the mobility of other hazardous substances. 

Summaries of Reported Experience 

A field study conducted on a mine tailings deposit by Brown et al. (2009) 
examined the restoration of zinc, cadmium, and lead tailings with biosolids and 
lime using plants in a field setting. The study included lime in the form of 
agricultural lime (L), sugar beet lime (SBL), lime kiln dust (LKD), and biosolids 
amendments that were applied by hand and incorporated into the top 0 to 
15 centimeters (cm) of soil using a hand-operated rototiller.  Aboveground plant 
tissue samples were collected and analyzed for zinc and cadmium 
concentrations.  Within the surface soil horizon, the LKD was the most effective 
at increasing pH in the soil from approximately 5.2 to averaged 7.72.  The SBL 
and biosolids treatment produced the next highest surface layer pH at 6.92.  At 
depths below the surface soil horizon, the study showed that increases in pH as 
a result of surface lime addition were less pronounced.  The study found that “All 
treatments reduced both extractable cadmium and zinc compared to the control 
at 0 to 15 cm depth.”  The study concluded that the “application of biosolids in 
combination with different sources of alkalinity and LKD alone neutralized both 
surface and subsoil pH and consequently reduced extractable metal 
concentrations.” 

An earlier study by Brown et al. (2005) examined ecosystem function in alluvial 
tailings after biosolids and lime application.  A mix of municipal biosolids and 
agricultural limestone were applied to the surface of portions of the tailings 
deposits using a rear-throw spreader and incorporated to a depth of 20 cm.  Soil 
samples were collected from an uncontaminated site, a contaminated vegetation 
area, and four areas that received biosolids and lime applications.  Earthworm 
tissue was analyzed for metal accumulation after a 28-day exposure to the soil.  
Results indicated that metal concentrations of cadmium, lead, and zinc in the 
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earthworms in the treated soil were lower than the concentrations in the 
contaminated vegetation area, and thus the amendment reduced the 
bioavailability of contaminants from the tailings. 

A study by Jones et al. (1997) examined arsenic transport in mine tailings 
following lime application.  The study concluded that liming for soil remediation 
has the potential to mobilize arsenic.  The initial pH of six mine soil samples was 
adjusted to 10.1 with potassium hydroxide to evaluate arsenic transport.  The 
evaluated samples had pH values ranging from 3.5 in the reprocessed tailings to 
8.0 in the smelter stack deposits.  While the study showed that other metals are 
immobilized, it concluded that “remediation of acidic mine tailings or other 
arsenic-contaminated soils using lime amendments should be evaluated with 
respect to the potential effects on arsenic mobilization, especially at 
contaminated sites hydraulically connected to surface water or groundwater. 

Krebs et al. (1998) examined the solubility and plant uptake of metals with and 
without liming of sludge-amended soils.  The study used pea (Pisum arvense L.) 
to measure the concentrations of NaNO3, extractability of copper, zinc, and 
cadmium in relation to soil pH and soil organic matter content.  The study 
showed that “liming raised the soil pH by approximately one unit to 6.4 and 6.9 
in pig manure- and sewage sludge-treated plots, respectively, and resulted in 
decreasing concentrations of copper, zinc, and cadmium in seeds and crop 
residues of field pea.”  The study suggested that plant uptake and solubility of 
metals can be higher in manure- and sludge-treated soils than in control plots, 
and also that liming effectively reduces the solubility and plant uptake of zinc 
and cadmium.  While the study indicated that additional research is needed 
about the effects of lime on copper, the lime reduced risks that metals pose by 
entering the food chain. 

Cox and Rains (1972) conducted a greenhouse study on the effect of lime on 
lead uptake by five plant species.  They analyzed lead-contaminated soil samples 
from an urban farming area downwind of an existing smelter.  The study 
concluded that “liming at 2.2 and 4.4 tons/hectare reduced lead concentrations 
in the tops of 10-week-old plants of all species.  The lower plant lead 
concentrations with lime can be attributed to lower availability of soil lead per 
se, as there was no effect of lime on yield of plant tops.” 

A 1992 study by Marschner et al. evaluated lime effects on pine forest floor 
leachate chemistry and element fluxes.  A combination of lime and potassium 
fertilizer was applied to a subplot and a control plot and evaluated for 
30 months.  This study revealed two significant conclusions.  First, the surface 
application of lime neutralized acid inputs.  Soil pH was raised from 3.8 in the 
control plots to greater than 7.0 in the first month of the study and remained 
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elevated throughout the study period.  Second, liming increased metal retention 
in the forest floor and the immobilization of potentially toxic substances 
improved the filter function of the ecosystem for anthropogenic inputs.  
However, the study also showed that while metal retention may increase, the 
risk of negative effects on roots or microorganisms also increases. 

A study performed by Zimdahl and Foster (1976) looked at the influence of 
applied phosphorus, manure, and lime as calcium carbonate (CaCO3) on uptake 
and absorption of lead in the soil in corn plant roots and foliage.  Increases in 
the application of lime decreased lead translocation to corn shoots, thus 
decreasing the uptake of lead by corn.  The findings of this study indicated that 
more lead is immobilized at a higher pH.  The study concluded that “the primary 
effect of liming acidic soils may be on translocation of lead rather than on its 
uptake by crop plants.” 

Orndorff et al. (2008) investigated the use of lime-stabilized biosolids on the 
reclamation of acid sulfate soils with the goal of revegetating the site.  The study 
indicated that incorporation of relatively high rates of lime-stabilized biosolids 
was successful in reducing dissolved metal loadings, but that additional research 
would be required to evaluate the long-term effects of this treatment. 

A study conducted by Hossner and Doolittle (2003) evaluated limestone 
(calcium carbonate, CaCO3) applied to overburden materials with different iron 
sulfide (FeS2) contents.  (Oxidation of FeS2 is the primary mechanism by which 
metals are released from tailings and waste rock at Holden).  Three samples of 
overburden strata were excavated from an active mine site and analyzed in a 
laboratory setting.  The study found that “additions of limestone affected FeS2 
oxidation by controlling the pH of the system.  Liming to greater than 50% of 
the acid-base account deficit did not significantly affect the oxidation rate.  
Dissolution of the applied limestone was found to be faster than the oxidation of 
FeS2 at pH values greater than 4.”  Similar studies found that lime may dissolve in 
the system faster than FeS2 will oxidize, which suggests that periodic 
reapplication is needed to maintain the beneficial effect of liming over time. 

John and Van Laerhoven (1972) examined lead uptake by lettuce and oats as 
affected by lime, nitrogen, and various sources of lead.  The laboratory study 
indicated that the “interaction of lime and lead treatments significantly affected 
the lead content of both lettuce and oat tops” and that “the addition of 
1,000 ppm of lead (to soil) resulted in an almost four-fold increase in the lead 
content of lettuce grown in unlimed soil, whereas only small increases were 
found when the soil was limed.“  The study also suggested that “liming may 
restrict the translocation of lead from roots to above-ground portions.” 
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A study by Conder et al. (2001) applied lime-stabilized municipal biosolids to 
soils contaminated by zinc.  The study found that the lime-stabilized biosolids 
was the only amendment that successfully immobilized zinc in the soil, and 
concluded that lime-stabilized biosolids is an effective amendment for reducing 
metal bioavailability to earthworms.  However, the study also found that the 
effectiveness of the amendment may only be temporary. 

A field study conducted by Scherer et al. (1996) at the Holden Site evaluated the 
nutrient content and survival of native species on ameliorated mine tailings.  The 
pH of the tailings ranged from 2.6 to 4.8 prior to treatment with gravel only; 
gravel mixed with fertilizer and lime; and gravel mixed with sludge.  The study 
concluded that the gravel-sludge treatment showed the best opportunity for 
survival of the selected plant species. 

The Forest Service (Scherer and Everett 1998) also conducted a field study to 
evaluate the reforestation of copper tailings at the Holden Mine.  A compost and 
lime treatment was applied to conifer and alder planting holes on eight soil 
islands or test plots.  The study indicated that the best survival and growth 
occurred in the compost only, and compost and lime treatment blocks for all 
tree species.  The alder grew exceptionally well, and was identified as the most 
tolerant of the acidic tailings material, but achieved better growth in moderate 
pH conditions provided by the compost and lime treatment. 

A field study conducted by Zabowski and Everett (undated) examined the results 
of four ameliorative treatments including gravel, gravel and sludge, and gravel, 
fertilizer and lime treatment on plots established on the tailings piles to evaluate 
extractable metals and plant uptake.  Soil analysis suggests that none of the 
treatments were effective at raising the low pH of the tailings.  However, the 
gravel, fertilizer and lime treatment maintained higher pH in the gravel 
overburden plots.  The soil analysis also indicated that nickel and manganese 
was increased by the gravel, fertilizer and lime treatment, compared to the 
control plots.  Plant analysis was also conducted for Lupine, Penstemon, and 
Sitka Alder.  The results indicated that plant survival with the gravel, fertilizer and 
lime treatment was lower and highly variable among replicate plots.  Plant 
survival appeared to be strongly correlated with pH of the gravel.  The study also 
evaluated treatment effects on foliar metal concentrations.  The results indicated 
that no consistent pattern was observed between species or metal and suggests 
that sludge or fertilizer with lime additions are not effective at reducing metal 
uptake in the species selected for this study. 

Finally, the use of lime to reduce bioavailability of metals was discussed with 
researchers in West Virginia and Oregon.  Jeff Skousen, West Virginia University 
Extension Professor, described research being conducted on dry lime 
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applications in forested areas on ridge tops at a National Forest site in the 
northeast (Telephone communication between Jeff Skousen and Celina 
Abercrombie of Hart Crowser on October 30, 2009).  Personal communication 
with Skousen indicated that the slope and area must be considered before lime 
is applied in order to determine suitable application rates.  Site gradient may 
result in migration of the surface-applied lime downslope and a higher 
application rate may be necessary to maintain adequate and relatively consistent 
coverage of an area.  In addition, the area to be limed will determine the 
appropriate amount of lime to be placed at a site. 

In a telephone conversation between Matt Haynes of the Oregon Department 
of Agriculture and Celina Abercrombie of Hart Crowser on October 23, 2009, 
Mr. Haynes cautioned that in a forested setting lime application might have a 
negative impact on existing vegetation by altering the pH of the soil to a neutral 
or alkaline condition that is not suitable to existing vegetation.1  However, 
Haines also noted his experience indicates that surface applications of lime 
without tilling or incorporation in the surface soils will generally not affect the 
surface soil layer below ¼ inch, and that improved results are seen with 
incorporating the lime application into the surface of the soil. 
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APPENDIX C 
PERFORMANCE OBJECTIVES FOR CAPPING HAZARDOUS SUBSTANCES 

INTRODUCTION 

This Appendix presents performance requirements for caps (including soil covers 
or other physical barriers) that may be required at certain areas of the Site in 
order to reduce risk to human health and ecological receptors, and to comply 
with potentially applicable or relevant and appropriate requirements (ARARs).  
Capping is proposed in Alternatives 11M, 13M, and 14 for contaminated soils in 
the area referred to as the Maintenance Yard, and could potentially be 
considered for other areas of the Site. 

The performance objectives discussed in this Appendix do not replace state 
requirements for caps on limited purpose landfills, although landfill caps may be 
similar to caps on other contaminated soils as discussed herein.1 

DERIVATION OF CAP PERFORMANCE OBJECTIVES 

As a component of a cleanup action, the performance objectives of caps are 
based on the overall requirement of the cleanup to be protective of human 
health and the environment. 

Many of the remedy selection components under CERCLA and MTCA [i.e., the 
requirements presented in 40 CFR § 300.430(e)(9)(iii) and WAC  173-340-
360(2)] can be used to assess the degree to which a proposed cap would satisfy 
the basic requirement of protecting human health and the environment. 2  In 
order to satisfy this basic requirement, a cap should satisfy performance 
objectives that are drawn from both CERCLA and MTCA, summarized below. 

                                                 

1 Limited purpose landfills are defined under WAC 173-350-100.  Requirements for caps on limited purpose landfills 

presented in WAC 173-340-400(3)(e) are potentially applicable to the facility that will need to be constructed for long-

term disposal of sludge from the groundwater treatment system, as well as potentially relevant and appropriate for the 

tailings and waste rock piles at the Site. 

2 The CERCLA and MTCA remedy selection criteria do not all pertain equally to establishment of performance criteria for 

caps although, of course, all the criteria are considered in selecting a cleanup action.  For example, cap performance is 

expected to reduce the mobility of hazardous substances, but would not necessarily reduce the toxicity or volume of 

hazardous substances.   
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a) Comply with ARARs; 
b) Provide long-term effectiveness and permanence; 
c) Reduce mobility of hazardous substances; 
d) Be effective over the short-term; 
e) Be readily implementable; 
f) Be able to be implemented at a reasonable cost; 
g) Enable its effectiveness to be monitored; and 
h) Be acceptable to the state and the public. 

Performance objectives based on these criteria are discussed in more detail 
below. 

Comply with ARARs 

Portions of the MTCA—specifically, the regulations dealing with Terrestrial 
Ecological Evaluations; the state Solid Waste Handling Standards; and the 
performance standards for caps on limited purpose landfills—are potentially 
relevant and appropriate for establishing requirements for capping soil 
contaminated with hazardous substances.3  [WAC 173-340-7490 through 173-
340-7494; Chapter 173-350 WAC; and WAC 173-350-400(e)(i), respectively.] 

The Land and Resource Management Plan for Wenatchee National Forest 
(LRMP, Forest Service 1990), as amended by the Pacific Northwest Forest Plan 
(NWFP 1994) and subsequent amendments of the NWFP (2001, 2004, and 
2007) is also potentially relevant and appropriate for capping hazardous 
substances.  The standards and guidelines developed under the NWFP include a 
section titled MM-3 which controls solid waste and mine waste facilities within 
Riparian Reserves, and the Aquatic Conservation Strategy (ACS). 

These potential ARARs are discussed below. 

Terrestrial Ecological Evaluations 

WAC 173-340-7490 through 173-340-7494 define the procedures for 
conducting a Terrestrial Ecological Evaluation (TEE) under MTCA.  WAC 173-
340-7491 outlines several conditions under which the performance of a TEE is 
not required because the conditions limit exposure and are considered to be 
adequately protective of terrestrial organisms.  The Agencies consider two of the 
conditions defined in WAC 173-340-7491(1) to be potentially relevant and 

                                                 

3 Other portions of the MTCA that are discussed in later sections of this Appendix are also potential ARARS. 



   
4769-15  June 1, 2010   Page C-3 

appropriate for developing criteria for caps over hazardous substances.  These 
conditions are: 

a) All soil contaminated with hazardous substances is, or will be, located below 
the point of compliance;4,5 or 

b) All soil contaminated with hazardous substances is, or will be, covered by 
buildings, paved roads, pavement, or other physical barriers that will prevent 
plants or wildlife from being exposed to the soil contamination. 

Since it is unlikely that soil caps even six feet in thickness would be acceptable 
under some circumstances, caps may incorporate physical barriers to wildlife 
burrows and root penetration, in order to achieve protectiveness.  Composite 
caps that integrate physical barriers with a surficial soil cover to support native 
vegetation provide multiple benefits as discussed later. 

Solid Waste Handling Standards 

The Agencies also consider requirements in WAC 173-350-400 that address the 
long-term protectiveness, durability, and maintenance of landfill caps to be 
relevant and appropriate performance criteria for caps on hazardous substances 
that are not landfills.  These performance requirements for landfill caps include 
the following: 

a) Prevent exposure of waste materials; 

b) Minimize infiltration; 

c) Prevent erosion from wind and water; 

d) Sustain native vegetation;6 

                                                 

4 The standard MTCA point of compliance for soils is 15 feet below the ground surface, but this may be reduced where 

specified requirements are met [WAC 173-340-740(6)(f)].  The conditional point of compliance for protection of  

terrestrial receptors is 6 feet below ground surface, but this may also be modified where specific criteria are satisfied 

[WAC 173-340-7490(4)(a)].  Notable among these criteria is the need to consider the depth to which animals likely to 

occur at the site are expected to burrow, and the depth to which plant roots are likely to extend (see Figure C-1).  

5 The other conditions listed in WAC 173-340-7491 that would exclude a site from the TEE requirement involve the 

availability of habitat and the abundance of receptors; however, these are not considered relevant to the development of 

performance criteria for caps. 
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e) Address anticipated settlement so as to maintain no less than a specified 
minimum slope after settlement (i.e., in order to promote runoff and prevent 
ponding and infiltration of precipitation); 

f) Provide sufficient stability and mechanical strength and address potential 
freeze-thaw and desiccation (to assure long-term durability of the cap); 

g) Provide for the management of run-on and runoff, preventing erosion or 
other damage to the closure cover; 

h) Minimize the need for long-term maintenance; 

i) Provide for collection and removal of methane and other gasses generated 
in the landfill; and 

j) Meet the requirements of regulations, permits, and policies of air pollution 
control authorities. 

Northwest Forest Plan 

Particular aspects of the Pacific Northwest Forest Plan Section MM-3 (MM-3) 
that are potentially relevant and appropriate to closure of the tailings and waste 
rock piles at the Site include requirements for designing waste facilities using 
best conventional techniques to prevent the release of acid or toxic materials; 
and reclamation and monitoring of waste facilities to ensure chemical and 
physical stability. 

The ACS includes requirements that are potentially relevant and appropriate for 
maintaining and restoring native species and habitat.  This is consistent with 
other potential TBCs such as Forest Service Manual 2070 that promotes the use 
of native plant materials for the revegetation, rehabilitation and restoration of 
native ecosystems; and Executive Order 13112 that provides for restoration of 
native species and habitat conditions.  Also, the Surface Mining Control and 
Reclamation Act of 1977 directs establishment of a “diverse, effective and 
permanent vegetative cover of the same seasonal variety native to the area…” 
where this is consistent with the approved post-mining land use. 

                                                                                                                             

6 Use of native vegetation instead of non-native or invasive species satisfy several other ARARs and “to be considered” 

(TBC) criteria, see Section 2.2 of the ASFS. 
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Consideration of the ARARs described above indicates that caps over hazardous 
substances should satisfy the following performance objectives: 

 A cap (if constructed of soil) must either isolate the hazardous substance 
below the point of compliance for soils, or the cap must consist of a physical 
barrier (such as a pavement) that will prevent ecological receptors from 
being exposed to the hazardous substance.7 

 The cap should be capable of supporting native vegetation species and 
restoring and maintaining native habitat, and not allow invasion of non-native 
species. 

 Minimize or prevent infiltration to avoid generation of leachate that would 
need to be collected and treated, or that otherwise would degrade 
groundwater and/or surface water quality.  A cap that does not completely 
prevent leaching of hazardous substances may be acceptable where other 
measures such as containment, collection, and treatment would satisfy the 
requirements of MM-3. 

 Provide sufficient durability to protect the integrity of the cap from damage 
caused by erosion, instability, freeze-thaw, and desiccation, which could 
impair performance of the cap. 

 Design the cap to minimize the need for maintenance to assure its 
performance over time.8,9  

Long-Term Effectiveness and Permanence 

Both CERCLA and MTCA require that a cleanup action provide long-term 
effectiveness and performance.  Under CERCLA, this issue is covered under the 
first of the five primary balancing criteria, whereas MTCA addresses this by 
requiring that a cleanup action be permanent to the maximum extent 
practicable. 

                                                 

7 CERCLA and MTCA allow use of institutional controls to prevent human exposure to hazardous substances as an 

alternative to, or to complement physical barriers such as caps.  

8 This could include use of self-sustaining native vegetation to prevent erosion of soil caps. 

9 In contrast to the objectives noted, other limited purpose landfill requirements related to managing methane and other 

gases, and complying with air quality regulations, are not potential performance objectives for capping hazardous 

substances at the Site. 
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CERCLA considers the magnitude of risk remaining after implementation, and 
the adequacy and reliability of control measures in determining whether a 
remedy (or a component of a remedy) provides adequate long-term 
effectiveness and permanence.  The factors that are used to assess this are 
presented in 40 CFR § 300(e)(9)(iii)(C). 

Caps over hazardous substances would minimize the magnitude of residual risk 
remaining after implementation to the extent that the cap reduces the potential 
mobility of the hazardous substance by preventing physical dispersion or 
leaching of the hazardous substances.  Caps would not be effective in reducing 
the hazardous substances’ volume, toxicity, or propensity to bioaccumulate. 

Caps are an example of engineered control measures for management of 
hazardous substances.  CERCLA indicates that the adequacy and reliability of 
caps would depend on factors such as the potential need for replacement of the 
cap to provide long-term protection, and potential exposure pathways and risks 
posed should the cap need replacement [40 CFR § 300.430(e)(9)(iii)(C)(2)]. 

MTCA requires that cleanup actions use permanent solutions to the maximum 
extent practicable.  A permanent cleanup action is defined as an action in which 
cleanup standards can be met without further action being required, other than 
disposal of treatment residue (WAC 173340-200).   MTCA uses the 
Disproportionate Cost Analysis to determine if cleanup actions are permanent to 
the maximum extent practicable [WAC 173-340-360(3)(e)].  The 
Disproportionate Cost Analysis is used to rank the permanence of different 
alternatives (and by extension, a component of a cleanup alternative such as a 
cap), using the following factors: 

a) Protectiveness; 
b) Permanence; 
c) Cost; 
d) Long-term effectiveness; 
e) Short-term risk; 
f) Technical and administrative implementability; and 
g) Public considerations. 

The Disproportionate Cost Analysis would be used to determine if the 
incremental cost of one type of cap over that of a lower-cost alternative cap 
exceeds the incremental degree of benefits achieved by the first alternative over 
that of the other lower-cost alternative.  In addition, the second and fourth 
factors listed above pertain to identifying performance objectives for caps over 
hazardous substances. 
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MTCA describes permanence as the degree to which a cleanup alternative 
permanently reduces the toxicity, mobility, or volume of the hazardous 
substance, and relevant to caps in particular, the reduction or elimination of 
hazardous substance releases.  MTCA describes long-term effectiveness as 
including the reliability of the alternative during the period that hazardous 
substances remain on-site at concentrations that exceed cleanup levels, and the 
degree of certainty that the alternative will be successful. 

Consideration of the CERCLA and MTCA provisions described above indicates 
that caps over hazardous substances used as part of a cleanup action should 
satisfy the following: 

 Minimize the magnitude of residual risk remaining after implementation by 
reducing the potential mobility of the hazardous substance due to physical 
dispersion or leaching of the hazardous substances; and 

 Use adequate design and construction so as to perform reliably and avoid 
cap replacement to provide protection for as long as hazardous substances 
exceed cleanup levels. 

Reduce Mobility of Hazardous Substances 

The objective of reducing the mobility of hazardous substances is part of the 
second primary balancing criteria under CERCLA [40 CFR § 
300.430(e)(9)(iii)(D)], as well as a consideration in the MTCA requirement to use 
permanent solutions to the maximum extent practicable [WAC 173-340-
360(3)(e)]. 

From the standpoint of cap performance objectives, reducing the mobility of 
hazardous substances includes the following: 

 Minimize or prevent infiltration that would produce leaching of hazardous 
substances into the groundwater; 

 Minimize or prevent the uptake of hazardous substances by plants; and 

 Minimize or prevent physical dispersion of hazardous substances due to: 

• Human activities; 
• Erosion by wind or precipitation runoff; 
• Soil turnover (bioturbation) due to soil invertebrates; and 
• Burrowing animals. 
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Figure C-1 shows the depth of plant roots and wildlife burrows for representative 
conditions at the Site. 

Effectiveness Over the Short-Term 

Short-term effectiveness is evaluated under CERCLA based on consideration of: 
potential risks to the community and workers during implementation; potential 
environmental impacts; and the time until protection is achieved [40 CFR § 
300.430(e)(9)(iii)(E)]. 

Short-term effectiveness is considered under MTCA as part of determining 
whether a cleanup action provides for a reasonable restoration time frame 
[WAC 173-340-360(4))].  The MTCA factors used to assess reasonableness of 
the restoration time frame for one alternative compared to another include: 

a) Potential risks posed by the site; 

b) Practicability of achieving a shorter restoration time frame; 

c) Current and potential future use of the site; 

d) Potential future use of the site; 

e) Availability of alternative water supplies; 

f) Likely effectiveness and reliability of institutional controls; 

g) Ability to control and monitor migration of hazardous substances from the 
site; 

h) Toxicity of the hazardous substances; and 

i) Documentation of natural process that would reduce concentration of the 
hazardous substances. 

From the standpoint of cap performance objectives, short-term effectiveness 
includes the following: 

 The cap should be able to be constructed without exposing the community, 
remediation workers, or the environment to increased risk.  This would 
include, for example, preventing generation of dust that would expose 
humans and environmental receptors to hazardous substances; 
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 The cap should be protective under current conditions and be able to 
accommodate anticipated future use of the site; and 

 The effectiveness of the cap should be able to be monitored. 

Implementability 

Implementability under CERCLA is evaluated considering technical and 
administrative feasibility; and the availability of services and materials including 
necessary equipment, specialists, additional resources, and prospective 
technologies [40 CFR § 300.430(e)(9)(iii)(F)].  Under MTCA, implementability is 
evaluated considering whether an alternative is technically possible; availability 
of necessary off-site facilities, services, and materials; administrative and 
regulatory requirements, scheduling, size, complexity, monitoring requirements, 
access for construction and monitoring, integration with existing operations, and 
other current and potential remedial actions [WAC 173-340-360(3)(f)(vi]. 

Many of the implementability factors that are considered under CERCLA and 
MTCA were discussed in the preceding sections.  Implementability of caps as a 
remedy component includes the following cap performance objectives that have 
not been previously discussed: 

 The cap should be readily constructible with existing technology including 
available construction services, materials, equipment and other resources; 

 The cap should be administratively acceptable to the agencies having 
jurisdiction; and 

 Implementation of the cap should be consistent with available resources and 
other components of the remedy. 

Cost 

CERCLA requires that cost considerations include capital costs (including both 
direct and indirect costs), annual operation and maintenance (O&M) costs, and 
the net present value of capital and O&M costs [40 CFR § 300.430(e)(9)(iii)(G)].  
CERCLA further requires that a selected remedy (including its components) that 
satisfies the threshold criteria should also be cost effective, which is determined 
based on consideration of whether its costs are proportional relative to its 
overall effectiveness [40 CFR § 300.430(f)(1)(ii)(D)]. 
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The MTCA uses the Disproportionate Cost Analysis to determine whether the 
incremental costs are disproportionate to the incremental benefits of alternative 
remedy components [WAC 173-340-360(3)(e)]. 

Cost is a factor in establishing performance objectives of caps to the extent that 
cost becomes a factor in selecting a cap as a remedy component, e.g., where 
different types of caps could be used but would have different degrees of 
effectiveness. 

Performance objectives for caps, therefore, include the following cost 
consideration: 

 Caps over hazardous substances should not have costs (i.e., the NPV of 
capital and O&M costs) that disproportionately exceed the cost of other 
remedial components that meet the threshold requirements (including other 
types of caps), compared to the relative environmental benefit achieved. 

Monitoring Effectiveness 

CERCLA requires that the effectiveness of a remedy can be monitored as part of 
evaluating the technical feasibility factor of implementability [40 CFR 
§300.430(e)(9)(iii)(F)(1)], which is one of the primary balancing criteria.  Under 
MTCA, compliance monitoring is one of the threshold criteria for selection of a 
remedy [WAC 173-340-360(2)(a)]. 

Performance objectives for caps therefore include the following: 

 Performance of the cap in achieving other cleanup objectives (e.g., as 
described above) can be monitored over the life of the remedy. 

Acceptability 

As with all other components of a cleanup action under CERCLA, selection of a 
cap must consider the acceptance of the state and community [40 CFR § 
300.430(e)(9)(iii)(H) and (I)].  Under MTCA, selection of a cleanup action must 
consider public concerns [WAC 173-340-360(2)(b)(iii)].  While acceptability is 
part of selecting a cleanup action, it does not specifically lead to performance 
requirements for caps. 
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SUMMARY OF CAP PERFORMANCE OBJECTIVES 

Based on analyses presented in the previous sections, performance requirements 
for caps used as part of cleanup actions are summarized below. 

1. A cap (if constructed of soil) must either isolate the hazardous substance 
below the point of compliance for soils, or the cap must consist of or 
include a physical barrier (such as a pavement) that will prevent 
ecological receptors from being exposed to the hazardous substance. 

2. A cap should minimize or prevent infiltration to avoid generation of 
leachate that would need to be collected and treated, or that otherwise 
would degrade groundwater and/or surface water quality.  A cap that 
does not completely prevent leaching of hazardous substances may be 
acceptable where other measures such as containment, collection, and 
treatment would satisfy the ARARs (e.g., MM-3). 

3. A cap should have sufficient durability to protect integrity of the cap 
from damage due to erosion, instability, freeze-thaw and desiccation, 
which could impair performance of the cap. 

4. A cap should minimize the magnitude of residual risk remaining after 
implementation by reducing the potential mobility of the hazardous 
substance due to physical dispersion or leaching of the hazardous 
substances. 

5. A cap should be designed and constructed so as to perform reliably and 
avoid the potential need for maintenance or replacement to assure its 
performance over time.  The cap should be readily constructible with 
existing technology including available construction services, materials, 
equipment and other resources. 

6. A cap should be capable of supporting native vegetation and habitat, but 
minimize or prevent the uptake of hazardous substances by plants. 

7. A cap should minimize or prevent physical dispersion of hazardous 
substances due to: 

a. Human activities; 
b. Erosion by wind or precipitation runoff; 
c. Soil turnover (bioturbation) due to soil invertebrates; and 
d. Burrowing animals. 
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8. A cap should be able to be constructed without exposing the 
community, remediation workers, or the environment to increased risk.   

9. A cap should be protective under current conditions and be able to 
accommodate anticipated future use of the Site; and 

10. The effectiveness of the cap should be able to be monitored. 

11. The cap should be administratively acceptable to the agencies having 
jurisdiction. 

12. Implementation of the cap should be consistent with available resources 
and other components of the remedy. 

13. The cap should be readily constructible with existing technology 
including available construction services, materials, equipment and other 
resources. 

14. Caps over hazardous substances should not have costs (i.e., the NPV of 
capital and O&M costs) that disproportionately exceed the cost of other 
remedial components that address the same pathway (including other 
types of caps), compared to the relative environmental benefit achieved. 
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APPENDIX D 
ALTERNATIVE GROUNDWATER CONTAINMENT 
AND COLLECTION SYSTEM EVALUATION 

 
D-1 INTRODUCTION 

This Appendix explains the Agencies’ analysis of two possible configurations for 
the groundwater containment and collection system downgradient of Tailings 
Piles 2 and 3.  The Agencies conducted this analysis to determine which 
components should be included in Alternative 14 that are presented in the ASFS. 

Alternatives 11M and 13M both include groundwater containment and 
collection around the Lower West Area and Tailings Pile 1.  Alternative 11M also 
includes a groundwater containment and collection system around Tailings 
Piles 2 and 3.  Intalco proposed omitting such a containment and collection 
system for Alternative 13M, pending further observations of groundwater and 
surface water quality downgradient of Tailings Piles 2 and 3 (ERM and URS 
2009, Section 3.2.12). 

The Agencies evaluation of Alternative 13M found that it would not satisfy 
ARARs (see Section 6.2.2.2 of the ASFS) since this alternative does not include 
containment and collection of groundwater impacted by releases from Tailings 
Piles 2 and 3.  The Agencies developed Alternative 14 to address deficiencies in 
Alternative 13M.  As part of developing Alternative 14, the Agencies compared 
two different configurations for the groundwater containment and collection 
system downgradient of Tailings Piles 2 and 3.  These included the configuration 
previously proposed in the SFS for Alternative 11 (and retained as part of 
Alterative 11M), and the configuration that Intalco presented as a contingency 
for Alternative 13M in meetings with the Agencies on May 6–8, 2009.  This 
approach is referred to herein as Alternative 13M with Contingency, or 
Alternative 13M/C.  Intalco presented the groundwater containment and 
collection system for Alternative 13M/C in Figure E4-2 (see Appendix E of ERM 
and URS 2009). 

The Agencies compared the Tailings Piles 2 and 3 groundwater containment and 
collection system configurations of Alternatives 11M and 13M/C as part of 
developing Alternative 14, as discussed in this Appendix. 

The Agencies conducted this analysis to identify the groundwater containment 
configuration that best meets the CERCLA and MTCA criteria for selection of a 
preferred alternative for cleanup of the site.  The configuration of groundwater 
containment and collection systems affect how Alternative 14 compares to other 
alternatives with respect to the primary balancing criteria under CERCLA (long-
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term effectiveness and permanence; reduction of toxicity, mobility, and volume 
through treatment; short-term effectiveness; and cost) and the MTCA 
requirement to use permanent solutions to the maximum extent practicable. 

As discussed in this Appendix, the groundwater containment system 
configuration affects the volume and quality of groundwater collected.  Water 
volume and quality can affect treatment requirements, including the treatment 
system footprint and the amount of lime and electrical power (regardless of the 
source) needed to operate the treatment system over the life of the remedy.  
Water volume and quality also affect treatment system byproducts, including the 
volume of sludge generated (which dictates the required size of the sludge 
disposal landfill) and the mass of metals released to the environment in the 
treatment system effluent.1 

The MTCA requires a comparative analysis, referred to as the Disproportionate 
Cost Analysis [WAC 173-340-360(3)(e)], to determine whether a cleanup action 
uses permanent solutions to the maximum extent practicable.  The analysis 
presented in this Appendix was used to evaluate the best approach to 
containment and collection for treatment of impacted groundwater 
downgradient of Tailings Piles 2 and 3.  Use of the Disproportionate Cost 
Analysis in this way satisfies MTCA requirements for development of the best 
alternative for cleanup of the Site.  Alternative 14 includes the groundwater 
containment and collection system selected on the basis of this analysis.  
Alternative 14 is, overall, compared to Alternatives 11M and 13M using the 
CERCLA and MTCA criteria as discussed in Section 6 of the ASFS. 

                                                 

1 As discussed in Appendices A and F of the SFS, treatment systems that rely on pH adjustment and 

precipitation are anticipated to produce hazardous substances concentrations in the treatment system effluent 

that are the same for each system that relies on this technology.  Alternatives 11M, 13M, and 13M/C all rely 

on the same treatment system technology, thus they would produce effluent with the same water quality.  

Because the effluent concentration is the same, the system that produces the largest effluent volume would 

release the largest mass of hazardous substances to the environment, since the mass released is equal to the 

product of concentration times flow.  Although the concentration is the same, release of a larger mass of 

hazardous substances would result in greater potential environmental harm, especially if concentrations 

exceed protective levels, and over time.  Although more severe impacts occur when concentrations exceed 

ARARs based on protection of aquatic life, adverse impacts are likely when concentrations are close to, but 

do not actually exceed ARARS, as discussed in USFWS (2002).  Adverse effects will depend on seasonal 

variability in pH and hardness within Railroad Creek (USFWS 2004 and USFWS 2005).  
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D-2 BACKGROUND 

As described by Intalco for Alternative 13M, groundwater would be collected in 
the contained area around the Lower West Area and Tailings Pile 1, and in the 
former Railroad Creek channel along the northwest side of Tailings Pile 2.  
Intalco’s Alternative 13M contingency approach (i.e., Alternative 13M/C) relies 
on a fully penetrating groundwater barrier wall and collection system extending 
along the east side of Tailings Pile 3 and across the former Railroad Creek 
channel to terminate north of about the middle of Tailings Pile 3 (see Figure 
D-1). 

In contrast to the approach proposed by Intalco, Figure D-2 shows the 
groundwater barrier wall and collection system configuration around Tailings 
Piles 2 and 3 that were proposed for Alternative 11M.  This groundwater barrier 
wall would also fully penetrate the alluvial aquifer and tie into the underlying 
glacial till or bedrock on the east, north and west sides of the combined Tailings 
Piles 2 and 3 footprint, as described in the SFS for Alternative 11. 

The Agencies used Intalco’s groundwater model (the model described in 
Appendix E of ERM and URS 2009) to evaluate the effectiveness of the 
groundwater barrier wall and collection system proposed for Alternative 13M/C.  
This analysis shows that Alternative 13M/C would collect a considerable volume 
of clean groundwater. 

 Some of the clean water that would be collected would flow from northwest 
of Tailings Pile 2 and into the former Railroad Creek channel collection ditch 
adjacent to Tailings Pile 2. 

 Clean groundwater would also flow under the new and old creek channels 
and be collected in the ditch along the containment barrier downgradient of 
Tailings Pile 3. 

Collection of water from various locations is indicated by the particle tracking 
flow lines shown on Figures D-1 and D-2.2 

An increase in the total volume of groundwater collected due to collection of 
additional clean water results in dilution (lower concentration of hazardous 
substances) of the water that is treated.  Collection of clean water into the 

                                                 

2 The figures only depicts flow in one stratigraphic layer of the groundwater model, but is useful for illustrative 

purposes since flow in other layers is generally similar.  
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treatment system is an undesired addition to the desired collection of 
groundwater impacted by releases from Tailings Piles 2 and 3. 

The total estimated groundwater flow that would be collected and conveyed 
through the treatment system under Alternative 13M/C [870 million gallons per 
year (MGY)] greatly exceeds the volume previously estimated in the SFS for 
Alternative 11 (600 MGY). 

Since the method described in the SFS to estimate the volume of groundwater 
collected for treatment is quite different from the current groundwater model 
developed by Intalco (Appendix E of ERM and URS 2009), the Agencies also 
used Intalco’s current model to estimate the volume of groundwater that would 
be collected with Alternative 11M to provide a comparison with Alternative 
13M/C using a consistent method of calculation and related assumptions.  
Results are shown below. 

Alternative 

Annual Estimated Volume of 
Groundwater Collected for Treatment 

(million gallons per year) 
Alternative 11M (Agencies’ estimate 

using Intalco’s model, 2009) 

620 

Alternative 13M/C  870 

 
The configuration of the groundwater barrier and collection system significantly 
affects both the volume and quality of water collected for treatment and, 
therefore, the potential suitability of one alternative compared to another.  The 
Agencies performed additional analysis to determine the optimal groundwater 
containment and collection system configuration for Alternative 14. 

The remainder of this appendix compares the different groundwater 
containment and collection configurations and treatment approaches proposed 
for Alternative 11 (and retained in Alternative 11M) and Alternative 13M/C to 
determine which approach is permanent to the maximum extent practicable 
and, therefore, should be included in Alternative 14.  This evaluation is 
undertaken through the Disproportionate Cost Analysis, as presented in WAC 
173-340-360(3)(e).  These evaluation criteria are individually discussed later in 
this appendix. 
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D-3 COMPARISON OF THE GROUNDWATER TREATMENT SYSTEM 
REQUIREMENTS RELATED TO DIFFERENCES IN THE GROUNDWATER 
CONTAINMENT AND COLLECTION SYSTEM 

Differences between the Alternatives 13M/C and 11M treatment system 
components listed below result from the more extensive Alternative 11M 
groundwater containment system and the resulting decrease in volume of water 
collected and treated.  The Agencies estimated the size of the treatment system 
east of Tailings Pile 3, the annual amounts of lime and fuel that would be used in 
treating the groundwater, and the volume of byproduct sludge using the 
methods and assumptions discussed in Appendix F of the SFS and Appendix A 
of the ASFS. 

 Alternative 13M/C Alternative 11M 
Length of Groundwater Barrier Downgradient 

of Tailings Piles 2 and 3 (feet) 

1600 4200 

Volume of Water Collected, Treated and 

Discharged (MGY) 

870 620 

Approximate Treatment System Footprint 

(Acres) 

10 acres 10 acres 

Lime Required for Treatment (TPY) 2,200 2,300 

Potential Volume of Diesel Fuel Required for 

Treatment3 (Gallons per Year) 

8,700 8,800 

Volume of Byproduct Sludge, at 4 percent 

solids (MGY) 

10.1 10.6 

Sludge Disposal Landfill Volume4 (cubic yards) 1,000,000 1,060,000 

 
Although there would be a larger volume of water collected and treated 
annually under Alternative 13M/C compared to Alternative 11M, the summary 
above indicates that the treatment system footprint, and fuel and lime 
consumption requirements are very similar.  This is because the concentration of 
hazardous substances is lower in the treatment system influent for Alternative 
13M/C than Alternative 11M; and the mass load of hazardous substances is the 

                                                 

3 The volume of fuel would be reduced significantly if hydroelectric generating capacity or another alternative 

to diesel-powered generators is developed as part of the remedy.  

4 The sludge landfill volume shown is the nominal capacity estimated for a 50-year capacity.  The landfill 

capacity would exceed the volume required for 50 years, to the extent that sludge dewatering increases the 

solids content above 4 percent before disposal of the sludge in the landfill.      
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same despite the more dilute nature of the Alternative 13M/C influent.  The 
volume of sludge produced is also similar, although somewhat greater for 
Alternative 11M since Alternative 11M would remove a larger mass of 
hazardous substances from the environment compared to Alternative 13M/C, as 
discussed below. 

The anticipated concentration of hazardous substances is the same in the 
effluent that would be discharged from the treatment systems for both 
Alternatives 13M/C and 11M.  This is because the same pH adjustment and 
precipitation treatment method is used for all of the alternatives discussed in the 
ASFS.  Since Alternative 13M/C involves treating a larger volume of water and 
the effluent concentrations are the same, a larger mass of hazardous substances 
would be discharged under Alternative 13M/C compared to Alternative 11M.  
The difference is summarized below. 

 Alternative 13M/C Alternative 11M 
Annual Volume of Treated Water Discharged 

(MGY) 

870 620 

Mass of Hazardous Substances Discharged to 

Railroad Creek in Treated Effluent (Pounds 

per Year)5 

• Aluminum 

• Cadmium 

• Copper 

• Iron 

• Zinc 

 

 

 

2,000 

7 

200 

3,900 

650 

 

 

 

1,300 

4 

130 

2,700 

450 

 

D-4 REGULATORY ANALYSIS FOR COMPARISON OF ALTERNATIVES 13M/C 
AND 11M 

It appears that both Alternatives 13M/C and 11M should satisfy the threshold 
requirements for selection of a permanent remedy under both MTCA and 
CERCLA.  The discussion in Section D-4.1 compares Alternatives 13M/C and 
11M using the MTCA Disproportionate Cost Analysis to assess which alternative 
is permanent to the maximum extent practicable.  This is followed by a 
discussion in Section D-4.2 that compares these alternatives with respect to the 
CERCLA primary balancing criteria. 
                                                 

5 Note that lead is not included in the calculation because Intalco has not consistently analyzed the 

concentration of lead in groundwater at the Site. 
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D-4.1 MTCA Analysis 

Cleanup actions must meet the minimum requirements of WAC 173-340-360(2) 
for cleanup actions.  These consist of the threshold requirements and the “other 
requirements” which include the use of permanent solutions to the maximum 
extent practicable (WAC 173-340-360(2)(b)(i)).  The MTCA gives preference to 
permanent solutions. 

Permanent solution means “…a cleanup action in which cleanup standards of 
WAC 173-340-700 through 173-340-760 can be met without further action 
being required at the site being cleaned up or any other site involved with the 
cleanup action, other than the approved disposal of any residue from the 
treatment of hazardous substances.”  For example, detoxification of soil is more 
permanent than capping because no additional action is required once the 
hazardous constituents in the soil are removed or destroyed.  When 
contaminated soil is left in place with a cap, ongoing maintenance of the cap is 
required to ensure its integrity.  Therefore, the less permanent alternative (the 
cap) may be selected only if: a) it provides sufficient environmental protection 
(i.e., meets the threshold requirements within a reasonable restoration 
timeframe); and b) the cost is disproportionate to the benefit provided by other 
more permanent alternative(s). 

The comparative analysis required by the MTCA is presented in WAC 173-340-
360(3)(e) (Disproportionate Cost Analysis).  Each of the criteria used in the 
Disproportionate Cost Analysis to determine whether a cleanup action is 
permanent, to the maximum extent practicable, are discussed below. 

Protectiveness [WAC 173-340-360(3)(f)(i)] 

This criterion evaluates the degree of protectiveness of each alternative.  This 
includes: a) the degree of risk reduction; b) restoration time frame; c) risks 
resulting from implementation of the alternative; and d) overall improvement in 
environmental quality. 

Alternative 11M would be more protective than Alternative 13M/C because it 
would reduce the risk to aquatic life to a greater degree.  The Alternative 11M 
treatment facility effluent would discharge a lower mass of all hazardous 
substances into Railroad Creek compared to Alternative 13M/C.  This would 
result in a lower concentration of hazardous substances in Railroad Creek. 

As noted in Appendix F of the SFS (particularly in Attachment D to Appendix F), 
there is some chance that the treated effluent associated with any of the 
Alternatives will not immediately satisfy ARARs for all constituents.  In this event, 
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the treatment system will need to be modified to achieve the desired level of 
performance.  During the time needed to clean up the Site, the increased mass 
of hazardous substances discharged during any period when the effluent is not 
meeting ARARs would pose a greater risk to aquatic life for the Alternative 
13M/C discharge compared to the discharge under Alternative 11M. 

Even if the treated effluent generally meets ARARS, it may not satisfy discharge 
criteria all the time, e.g., during periods of low flow in the creek, during seasonal 
variations in hardness and pH, and during extreme weather conditions.6  The 
protectiveness of the ARARs depends, in part, on actual pH, hardness, and other 
conditions that vary naturally in Railroad Creek, [see the discussion in USFWS 
(2004), USFWS (2005) and USFWS (2007)].  Although more severe impacts 
occur when concentrations exceed ARARs based on protection of aquatic life, 
adverse impacts are likely when concentrations are close to, but do not actually 
exceed ARARS, as discussed in USFWS (2002).  Because the concentration of 
hazardous substances in the treated effluent would be similar for both 
alternatives, the effect of discharging a greater volume of effluent would result in 
higher concentrations in the creek for Alternative 13M/C compared to 
Alternative 11M.  Information needed to accomplish a mixing zone analysis will 
need to be collected as part of remedial design.  The greater mass of metals 
released over any period when the effluent does not meet ARARs would result 
in greater environmental harm. 

Permanence [WAC 173-340-360(3)(f)(ii)] 

The degree to which an alternative permanently reduces the toxicity, mobility, or 
volume of hazardous substances is evaluated in this criterion.  This evaluation 
includes the degree of irreversibility of a treatment process, and the quality and 
quantity of residue generated by the treatment process. 

There would not be any difference in the toxicity of hazardous substances for 
Alternatives 13M/C and 11M.  Both alternatives rely on the same treatment 
process and would have the same degree of irreversibility and quality of the 
residue, e.g., the long-term chemical stability and the nature of the sludge.  
Alternative 11M is anticipated to produce a slightly greater volume of sludge 

                                                 

6 Treatment system performance may be reduced during or immediately following extremely high 

precipitation, when increased flows could result in short circuiting the ponds where precipitation of the metal 

hydroxide sludge would normally occur.  Also, incomplete mixing and aeration may occur during very cold 

weather.  In either case, the treated effluent may exceed ARARs at the point of discharge for some period of 

time.   
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than Alternative 13M/C, since the concentration of the influent is greater and, as 
a result, a larger mass of metals is removed by treatment under Alternative 11M 
than under Alternative 13M/C. 

Alternative 11M would achieve a greater reduction in the volume and mobility 
of hazardous substances compared to Alternative 13M/C, since it would reduce 
the amount of hazardous substances re-released to the environment in the 
treatment system effluent.  There would not be any difference in the toxicity of 
hazardous substances for Alternatives 13M/C and 11M. 

Based on the analyses described above, Alternative 11M is more permanent 
than Alternative 13M/C. 

Cost [WAC 173-340-360(3)(f)(iii)] 

The cost of implementing an alternative includes the capital costs, the operation 
and maintenance (O&M) costs throughout the life of the project expressed in 
net present value (NPV), and agency oversight costs.  The methods and 
assumptions used in the Agencies’ cost estimates are discussed in Appendix A of 
the ASFS and Appendix B of the SFS. 

The capital and operating costs of Alternatives 13M/C and 11M for the 
groundwater containment, collection, and treatment system components would 
differ as shown below. 

Capital Costs for  Groundwater Containment 

and Collection System Components that 

Differ Between Alternatives 13M/C and 11M7 Alternative 13M/C Alternative 11M 
Groundwater Barrier and Collection System  $7,540,000 $10,700,000 

Groundwater Treatment Facilities  $3,230,000 $2,980,000 

Sludge Landfill (50-year capacity) $5,390,000 $5,550,000 

Total Capital Cost $16,200,000 $19,200,000 

 

                                                 

7 The capital costs shown do not include Contractor mark-ups (overhead and profit, Division 1 costs) or non-

construction capital costs, see Appendix A. 
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Net Present Value for O&M of Groundwater 

Collection and Treatment  Alternative 13M/C Alternative 11M 
Direct Costs for Fuel and Lime $11,400,000 $12,200,000 

Maintenance8  $3,420,000 $3,470,000 

Equipment/Facility Replacement9  $1,650,000 $1,480,000 

Total NPV of O&M Costs $16,500,000 $17,200,000 

 
Total costs for groundwater collection and treatment components of Alternative 
13M/C, including both capital and NPV of long-term costs is $32.7 million, 
compared to the total for Alternative 11M of $36.4 million.  The difference is 
due to the cost to construct a more extensive groundwater containment and 
collection system, and increased treatment and disposal costs associated with 
handling a somewhat larger volume of sludge for Alternative 11M, which are 
partially offset by lower maintenance costs related to handling a smaller volume 
of water for Alternative 11M. 

Long-Term Effectiveness [WAC 173-340-360(3)(f)(iv)] 

The long-term effectiveness criterion evaluates the reliability of the alternative 
during the period that hazardous substances remain on-site at concentrations 
that exceed cleanup levels.  The evaluation includes the degree of certainty the 
alternative will be successful, residual long-term risk posed by the site, and the 
effectiveness of controls to manage treatment residues and wastes remaining on 
site.  The MTCA suggests using the following as a guide in this evaluation, in 
descending order of priority: 

1. Reuse/recycling; 
2. Destruction/detoxification; 
3. Immobilization/solidification; 
4. On- or off-site disposal in an engineered structure; 
5. On-site isolation/containment with engineering controls; and 
6. Institutional controls with monitoring. 
                                                 

8 Maintenance items include sludge removal, filter sand replacement, landfill leachate removal, landfill cover 

vegetation control, and maintenance of the collection and conveyance pipes and ditches. 

9 Equipment/facility maintenance includes replacing and closing a sludge landfill cell after 50 years and 

replacing mechanical equipment and other treatment facility components that wear out, as discussed in 

Appendix A of the ASFS and Appendix B of the SFS.  These costs were developed for purposes of comparing 

the alternatives using consistent assumptions.  The actual schedule and costs for facilities and equipment 

replacement would depend on decisions made during remedial design and over the life of the remedy.  
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Alternatives 13M/C and 11M do not differ with respect to the above items 
numbered 1, 2, and 6.  Regarding items numbered 3, 4, and 5, Alternative 11M 
would immobilize, dispose of, and contain a larger mass of hazardous 
substances in an on-site engineered landfill, compared to Alternative 13M/C, 
since Alternative 13M/C results in a greater mass of hazardous substances that 
would be re-released to Railroad Creek.  Alternative 11M, therefore, has greater 
long-term effectiveness than Alternative 13M/C. 

Short-Term Risks [WAC 173-340-360(3)(f)(v)] 

This criterion evaluates the short-term risks to human health and the 
environment associated with implementation of the cleanup action, including 
the effectiveness of measures to reduce risks during construction (e.g., best 
management practices). 

Alternative 11M involves constructing a greater length of groundwater barrier 
wall adjacent to Tailings Piles 2 and 3, compared to Alternative 13M/C.  
Although both alternatives involve relocation of Railroad Creek away from the 
barrier wall alignment, Alternative 11M includes constructing a barrier wall 
adjacent to Copper Creek and Alternative 13M/C does not.  As a result, there is 
a somewhat greater risk of a release of cement, bentonite, or sediment during 
construction of Alternative 11M compared to Alternative 13M/C. 

Alternative 11M also involves handling about 5 percent more lime for treating 
groundwater compared to Alternative 13M/C.  If electrical power is supplied by 
diesel-fueled generators, Alternative 11M would require about 1 percent more 
fuel for treatment system operation.  As a result, there is a slightly greater risk to 
human health and the environment associated with long-term operation of the 
groundwater treatment facilities for Alternative 11M compared to Alternative 
13M/C. 

The same mitigative measures (spill prevention, control, and countermeasure 
plans and worker training, as well as engineered controls) are available for both 
Alternatives 13M/C and 11M.  Such mitigative measures reduce but do not 
completely eliminate the risks described above. 

Technical And Administrative Implementability [WAC 173-340-
360(3)(f)(vi)] 

The implementability of a project includes consideration of the following factors: 

1. Technical feasibility; 
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2. Availability of off-site facilities (if alternative includes use of off-site treatment 
or disposal); 

3. Availability of services and materials needed to implement the cleanup 
action; 

4. Administrative and regulatory requirements; 

5. Scheduling, size, and complexity of the action; 

6. Monitoring requirements; and 

7. Integration into existing operations or future potential remedial actions. 

Alternative 11M requires construction of a longer subsurface barrier wall than 
would alternative 13M/C, and there is greater potential for encountering 
subsurface conditions that could make barrier wall construction more difficult.  
The depth of the barrier walls differs also, as summarized below. 

 Alternatives 11M and 13M/C would have comparable maximum and 
average barrier wall depth requirements around Tailings Pile 1 and the Lower 
West Area, except that Intalco estimated the average depth of the 
Alternative 13M/C barrier wall would be 70 feet compared to 76 feet for 
Alternative 11M.  This difference results from relocating Railroad Creek, 
which enables moving the barrier wall adjacent to Tailings Pile 1 slightly 
north where the depth to glacial till or bedrock is slightly less than at the 
location proposed for Alternative 11M. 

 Alternatives 11M and 13M/C would also have comparable barrier wall 
depths along the east and north sides of Tailings Pile 3, with maximum 
depths of 130 feet for Alternative 11M compared to 135 feet for Alternative 
13M/C.  However, the average barrier wall depth would be less in this area 
for Alternative 13M/C, since the barrier wall depth would decrease to 10 
feet or less where the barrier wall extends into bedrock north of Railroad 
Creek near the middle of Tailings Pile 3; whereas, the Alternative 11M 
barrier wall would extend to the west along the existing Railroad Creek 
channel. 

The difference in the barrier wall configurations and depths is illustrated in 
Figures C-13-1 through C-13-8 in appendix C of ERM and URS (2009).  The 
average depth of the Alternative 11M barrier wall that extends along the north 
side of Tailings Piles 2 and 3 and wraps around the west side of Tailings Pile 2 is 
only 60 feet, according to Intalco’s estimate.  As a result, although the length of 
the Alternative 11M groundwater barrier wall exceeds that of Alternative 
13M/C, the depths are comparable and do not present any significant 
construction challenges. 
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Alternatives 13M/C and 11M equally satisfy the criteria above numbered 1, 2, 3, 
4, 6, and 7.  Alternatives 11M and 13M/C differ with respect to criterion 5 since 
the longer (alternative 11M) barrier wall would require a longer period to 
construct and barrier wall construction would be somewhat more complex.  
Alternative 13M/C would have a slightly larger and more complex treatment 
system since it handles a larger volume of water compared to Alternative 11M.  
However, Alternative 11M would have slightly larger and more complex sludge 
handling and disposal requirements compared to Alternative 13M/C. 

Alternatives 13M/C and 11M appear to have comparable administrative 
feasibility, and the technical feasibility is similar except for the greater uncertainty 
associated with constructing the longer barrier wall for Alterative 11M. 

Public Considerations [WAC 173-340-360(3)(f)(vi)] 

The evaluation of alternatives needs to consider public concerns and the degree 
to which the alternative addresses the public’s concerns.  This includes concerns 
from individuals, community groups, local governments, tribes, federal and state 
agencies, or any other organization having an interest in the Site. 

The Agencies will evaluate public concerns in response to public comments on 
the Proposed Plan before issuing a Record of Decision (ROD).  There is no 
difference in the Agencies’ ability to address potential comments for either 
Alternative 13M/C or 11M. 

Summary of the MTCA Disproportionate Cost Analysis 

Based on the preceding discussion, Alternatives 13M/C and 11M can be 
compared as follows: 

 Alternative 11M is more protective than Alternative 13M/C; 

 Alternative 11M is more permanent than Alternative 13M/C; 

 Alternative 13M/C has lower cost than Alternative 11M; 

 Alternative 11M has greater effectiveness over the long term than Alternative 
13M/C; 

 Alternative 11M has slightly greater short-term risks than Alternative 13M/C; 

 Alternative 13M/C and Alternative 11M have essentially the same technical 
and administrative feasibility; and 
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 The Agencies have the same ability to address public concerns for both 
Alternative 13M/C and Alternative 11M. 

The estimated cost of the groundwater containment, collection, and treatment 
components for Alternative 11M is about 12 percent more than for Alternative 
13M/C, yet Alternative 11M provides the following benefits: 

1. Alternative 11M would collect and treat a smaller volume of clean water 
compared to Alternative 13M/C; 

2. Alternative 11M would release a smaller mass of hazardous substances into 
Railroad Creek via the treatment system effluent, compared to Alternative 
13M/C.  Thus Alternative 11M would achieve a greater reduction in the 
volume and mobility of hazardous substances compared to Alternative 
13M/C; and 

3. Alternative 11M would have less risk to aquatic receptors during periods of 
seasonal low flow and variation in pH, hardness and other parameters 
compared to Alternative 13M/C, as well as any time the effluent does not 
meet ARARs due to problems with the treatment system. 

Considering all of the evaluation criteria used in WAC 173-340-360(3)(f) as 
described above, the groundwater containment and collection system 
components of Alternative 11M do not have incremental costs compared to 
Alternative 13M/C that are disproportionate to the incremental benefits of 
Alternative 11M compared to Alternative 13M/C.  Therefore, Alternative 11M 
uses permanent solutions to the maximum extent practicable for the 
groundwater containment and collection components and Alternative 13M/C 
does not. 

D-4.2 CERCLA Analysis 

The groundwater containment and collection system components of Alternatives 
13M/C and 11M can be compared using the primary balancing criteria under 
CERCLA in the same way as described above.  The primary balancing criteria: 
long-term effectiveness and permanence; reduction of toxicity, mobility, and 
volume through treatment; short-term effectiveness; and cost; are discussed 
below. 

Long-Term Effectiveness and Permanence 

Alternative 11M has greater long-term effectiveness and permanence than 
Alternative 13M/C because Alternative 11M would immobilize a larger mass of 
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hazardous substances in an on-site engineered landfill, compared to Alternative 
13M/C. 

Reduction of Toxicity, Mobility, and Volume through Treatment 

Alternative 11M would achieve a greater reduction in the volume and mobility 
of hazardous substances compared to Alternative 13M/C, since it would reduce 
the amount of hazardous substances that are re-released to the environment in 
the treatment system effluent. 

Short-Term Effectiveness 

Alternative 11M would achieve greater short-term effectiveness than Alternative 
13M/C since it would immediately decrease the mass of hazardous substances 
released into Railroad Creek via discharge from the treatment facilities.  This is 
particularly significant since the treated effluent may not immediately achieve 
ARARs without treatment system modifications.  Such modifications could 
require monitoring and adjustment of treatment system operations over a period 
of months or years. 

Cost 

Alternative 13M/C has a lower estimated total cost than Alternative 11M for 
groundwater collection and treatment components, including both capital and 
the NPV of long-term costs.  The estimated difference is $3.7 million, or about 
12 percent of the cost of the components that distinguish Alternative 13M/C 
from Alternative 11M.  Nonetheless, the groundwater containment and 
collection system components of Alternative 11M provide significant benefits 
not provided by Alternative 13M/C that are summarized below. 

 Alternative 11M would prevent contamination of otherwise clean 
groundwater by collecting a smaller volume of clean water and combining it 
with impacted groundwater compared to Alternative 13M/C. 

 Alternative 11M would release a smaller mass of hazardous substances into 
Railroad Creek via the treatment system effluent, compared to Alternative 
13M/C.  Thus, Alternative 11M would achieve a greater reduction in the 
volume and mobility of hazardous substances compared to Alternative 
13M/C. 

 Alternative 11M would have less risk to aquatic receptors during periods of 
seasonal low flow and variation in pH, hardness and other parameters 
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compared to Alternative 13M/C, as well as any time the effluent does not 
meet ARARs due to problems with the treatment system. 

Summary of the Evaluation of the CERCLA Balancing Criteria 

In summary, the groundwater containment and collection components of 
Alternative 11M better satisfy the balancing criteria under CERCLA compared to 
Alternative 13M/C, as described above. 

D-4.3 Summary of the Regulatory Analysis for Comparison of the Groundwater 
Containment and Collection System Components for Alternatives 13M/C and 11M 

As discussed in this appendix, the groundwater containment and collection 
system components of Alternative 11M better satisfy both the MTCA 
Disproportionate Cost Analysis and the CERCLA primary balancing criteria 
compared to Alternative 13M/C.  As a result of these evaluations, the Agencies 
selected the groundwater containment and collection components that are used 
in Alternative 11M as the basis for developing these components in Alternative 
14. 

The ASFS provides an overall comparison of Alternative 14 to Alternatives 11M 
and 13M. 
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Memorandum 
 

Date:  2/3/2010 
 
TO: Norm Day, Holden Mine Project Manager 
 US Forest Service 
 
FROM: Valerie Bound, Section Manager –Toxics Cleanup Program 

Central Regional Office, Yakima 
 
  In consultation with key Toxics Cleanup Program staff 

 
David Sternberg, Ecotoxicologist 

  Policy and Technical Support Unit 
 
  Laura Klasner, Project Engineer 
  Central Regional Office, Yakima 

  
SUBJECT: Review of new Toxicity Reference Values (TRVs) for Copper, Thallium, 

Aluminum, Lead, Mercury, Molybdenum, and Zinc for the Holden Mine 
Site, as proposed by ERM in 2 submittals 

 
 
This memo reflects Ecology’s official comments on the documents referenced below.  
We appreciate the opportunity to review and comment. 
 

• September 2009. Draft Proposed Alternative Toxicity Reference Values for 
Copper, Thallium, and Aluminum in Support of the Holden Mine Site Terrestrial 
Ecological Evaluations. ERM. (including toxicity studies referenced) 

• November 2009. Draft Proposed Alternative Toxicity Reference Values for Lead, 
Mercury, Molybdenum, and Zinc in Support of the Holden Mine Site Terrestrial 
Ecological Evaluations. ERM. (including toxicity studies referenced) 

 
Toxicity Reference Values Used to Calculate Cleanup Levels 
 
Ecology has accepted the majority of the proposed alternative TRVs submitted by ERM 
for Intalco.  However, there are a few notable exceptions (Table E-1). ERM proposed 
alternative plant TRVs for aluminum (Al), copper (Cu), mercury (Hg), molybdenum (Mo), 
lead (Pb), thallium (Tl), and zinc (Zn).  Alternative TRVs for Cu and Pb were also 
proposed for invertebrates inhabiting the site.  In addition, ERM proposed alternative 
small mammalian wildlife TRVs for Al, Cu, and Tl.  Ecology concurs with the use of the 
alternative plant TRVs for Cu, Hg, Mo, Pb and Tl.  However, there was not enough 
information presented in the Draft Proposed Alternative TRV document (November, 
2009) to justify the use of the alternative plant TRV for Zn.  Also, Ecology has 
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determined an alternative TRV (70 mg/kg DW) for plants is more appropriate than ERM 
proposed alternative for Al.  Similarly, Ecology has determined that ERM’s alternative 
invertebrate TRVs for Cu and Pb should not be accepted, given that peer-reviewed 
literature suggesting a TRV of 40 mg/kg/ DW Cu is more appropriate for the protection 
of earthworms (Ma, 2005).  Also, an alternative invertebrate TRV of 88 mg/kg DW Pb 
must be used in the calculation of the EISCs for the site based on additional literature 
(Inouye et al., 2006).  A determination was made that the proposed mammalian TRV for 
Cu did not represent the lowest observed adverse effect level (LOAEL) required by 
MTCA.  MTCA TRVs were used to calculate EISCs for the shrew, vole, and robin.  
 
Based on TRVs accepted and approved by Ecology, soil cleanup levels (CULs) have 
been developed for the protection of terrestrial organisms at the Holden Mine Site.  
Please see Tables E-1 and E-2 for accepted and approved terrestrial TRVs and CULs.  
Final CULs will be determined using these terrestrial CULs, human health CULs, and 
site-specific background information. 
 
Ecologically Protective Cleanup Levels 
 
Cleanup levels presented in Table E-2 of this memo were calculated/selected using 
procedures consistent with the site-specific Terrestrial Ecological Evaluation (TEE) 
methods specified in WAC 173-340-7493.  The following ecologically protective cleanup 
levels are based on conditions which currently exist at the Holden Mine site.  The 
cleanup levels have not been changed to reflect natural background concentrations of 
metals at the site and are not necessarily protective of human health.  The selected 
cleanup levels are protective of the range of potential ecological receptors identified by 
the resource agencies associated with Holden Mine.  Specifically, cleanup levels were 
chosen that are protective of voles, shrews, hares, robins, deer, and grouse as well as 
soil invertebrates and plant species.   A single cleanup level is provided for each of the 
nine areas of interest (AOIs) comprising the Holden Mine site.  The lowest value 
determined to be protective of each of species/group was selected as the cleanup level 
for the area.  Where site-specific values were available and evaluated at the site, site-
specific cleanup levels were calculated using Ecology’s Wildlife Exposure Model for 
predators (Equation 1) and herbivores (Equation 2).  Cleanup levels that are protective 
of plants and soil invertebrates found on the site were determined using a combination 
of values provided in MTCA [Table 749-3, Ecological Indicator Soil Concentrations 
(EISCs)] and EPA Ecological Soil Screening Level (ECO-SSL) documents.  Where site-
specific information was available, soil cleanup levels were calculated for invertebrates 
and plants using the equation provided below (Equation 3). 

 
MTCA Wildlife EISC formulas: 
       
Equation 1        
EISCay = TRVay/[(FIRa x Pa x BAFy)+(SIRa x RGAFy)] 
 
 
Equation 2             
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EISCay = TRVay/[(FIRa x Pa x KPlant)+(SIRa x RGAFy)] 
 
Plant & Invertebrate EISC formula using tissue-based TRVs 
 
Equation 3       
EISCplant or Invert. =  TRVtissue/BAFy    
         
EISCay = ecological indicator soil concentrations for receptor a & chemical y 
(mg/kg) 
   
TRVay = toxicity reference value for receptor a & chemical y  
(mg/kg/d) 
   
FIRa = food ingestion rate for receptor a  
(kg DW/kg BW/d) 
    
Pa = proportion of contaminated food in diet for receptor a (unitless) 
   
BAFy = bioaccumulation factor for chemical y 
     different BAF (e.g., Kplant) are available for different tissue types (unitless) 
 
SIRa = soil ingestion rate for receptor a  
(kg DW/kg BW/d) 
     
RGAFy = gut absorption factor for chemical y in soil (unitless); assumed to be 1   

 
Procedure for Selection of Ecologically Protective Cleanup Levels 
  
In developing the soil CULs, Ecology relied on the following: 
 

• November 2007. Model Toxics Control Act (MTCA) Statute and Regulation 
(Chapters 173-340-7490 through 173-340-7494). Ecology Publication No. 94-06. 

• EPA’s website on Ecological Screening Levels, 
http://www.epa.gov/ecotox/ecossl/, including the referenced chemical-specific 
publications 

 
The following hierarchy of criteria was used for selecting cleanup levels within each 
ecological category (plant, soil invertebrate, or wildlife):  

a. Site-Specific EISC:  If a site-specific EISC was calculated based on field 
sampling, this value was considered the most reliable value and selected as a 
cleanup level. 

b. EPA ECO-SSL: Ecology will likely incorporate these values into a future rule, 
given that they represent a wider body of more recent data than MTCA EISCs.  If 
no site-specific EISC was calculated, then EPA ECO-SSLs (for plants and soil 
invertebrates only) were the preferred default cleanup level.  Because EPA uses 
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a different wildlife exposure model than MTCA, EPA ECO-SSL values were not 
used as default wildlife cleanup level. 

c. MTCA EISCs: MTCA EISCs were used only in cases where site-specific EISCs 
or EPA ECO-SSLs were not available.  

 
Once the data was narrowed down to three cleanup levels [one cleanup level protective 
of each of the three ecological categories (plants, soil invertebrates, and wildlife)], the 
lowest of the three values was selected as the final risk-based cleanup level protective 
of terrestrial ecological receptors.  Footnotes on Table E-2 summarize the origin of the 
cleanup levels.
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APPENDIX F 
POTENTIAL ARARS AND TBCS FOR THE HOLDEN MINE SITE 

OVERVIEW 

This Appendix combines the list of potential Applicable or Relevant and 
Appropriate Requirements (ARARs) and “to-be-considered” (TBCs) criteria 
provided in the Supplemental Feasibility Study (SFS, Forest Service 2007) and in 
the main text of the Addendum to the Supplemental Feasibility Study (ASFS, 
Forest Service 2010), to provide a complete list of all currently identified 
potential ARARs and TBCs for the Holden Mine Site (Site) in a single document.  
Numerical values associated with potential chemical-specific ARARs and TBCs 
are provided in the SFS and ASFS. 

1.0 Potential Applicable or Relevant and Appropriate Requirements (ARARs) 

This Appendix provides a preliminary identification of potential ARARs and TBCs 
for the Site.  The following sections define potential ARARs and TBCs and 
discuss them in terms of environmental medium and type of criteria (chemical-
specific, action-specific, and location-specific). 

1.1 Definitions 

1.1.1 Potential ARARs 

ARARs are defined in the National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP) [40 CFR Part 300].  “Applicable” requirements are 
those cleanup standards and other environmental protection requirements 
promulgated under federal or state law that specifically address a hazardous 
substance, pollutant, contaminant, remedial action, location, or other 
circumstance at a site.  While not applicable to a hazardous substance, pollutant, 
contaminant, remedial action, location, or other circumstance at a 
Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) site, “relevant and appropriate” requirements address problems or 
situations sufficiently similar to those encountered at a CERCLA site that their 
use is well suited to the site.  ARARs are potential or preliminary until finalized in 
a Record of Decision (ROD). 

ARARs fall into three broad categories, based on the manner in which they are 
applied:  chemical-, action-, and location-specific.  Cleanup levels are based on 
the most stringent potential ARAR, where more than one potential ARAR exists.  
In general, only the substantive requirements of an ARAR need to be 
implemented at the Site. 
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 Chemical-specific ARARs include requirements that regulate the release to, 
or presence in, the environment of materials with certain chemical or 
physical characteristics, or containing specified chemical compounds.  The 
requirements are usually either health- or risk-based numerical values or 
methodologies that establish the acceptable amount or concentration of a 
chemical that may remain in or be discharged to the environment. 

 Action-specific ARARs set performance, design, or similar controls or 
restrictions on particular kinds of activities related to the management of 
hazardous substances, pollutants, or contaminants.  The ARARs are activated 
by the particular remedial action selected for implementation, and indicate 
how, or to what level, the alternative must achieve the requirements. 

 Location-specific ARARs are restrictions based on the concentration of 
hazardous substances or the conduct of activities in specific locations.  They 
relate to the geographic or physical position of the site.  Remedial actions 
may be restricted or precluded depending on the location or characteristics 
of the site and the requirements that apply to it.  Location-specific ARARs 
may apply to actions in natural or man-made features.  Examples of natural 
site features include wetlands and floodplains.  An example of a man-made 
feature is an archaeological site. 

1.1.2 ARAR Waiver 

The NCP provides for the waiver of ARARs under certain circumstances [40 CFR 
§ 300.430(f)(1)(ii)(C)].  For example, an ARAR may be waived if “compliance 
with the requirement [ARAR] is technically impracticable from an engineering 
perspective” [40 CFR § 300.430(f)(1)(ii)(C)(3)]. 

1.1.3 TBCs 

TBCs are non-promulgated criteria, advisories, guidance, and proposed standards 
issued by federal, state, or tribal governments that, although not legally 
enforceable, may be helpful in establishing protective cleanup levels and 
developing, evaluating, or implementing remedy alternatives.  If no ARARs 
address a particular chemical or situation, or if existing ARARs do not provide 
adequate information, TBCs are available for use in developing remedial 
alternatives. 

1.2 State Regulations 

Under CERCLA, State of Washington cleanup standards, standards of control, 
and other substantive environmental protection requirements, criteria, or 
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limitations promulgated by the State of Washington are potential ARARs.  
Determination of whether these State of Washington standards, requirements, 
criteria, and limitations become ARARs is conducted using the eligibility criteria 
set forth in Section 121 of CERCLA (i.e., the requirements are promulgated, 
legally enforceable, generally applicable, more stringent than federal 
requirements, and identified in a timely manner).  The state is working closely 
with the federal agencies on the identification of potential ARARs, under 
CERCLA guidelines. 

The state is also exercising its independent cleanup authority for this Site under 
the Model Toxics Control Act (MTCA), which is applicable to the Site according 
to state law [RCW 70.105D].  MTCA sets forth various ways to determine the 
numeric values for ARARs (i.e., cleanup levels) for surface water, groundwater, 
and soil.  This includes using tables with cleanup standards for individual 
contaminants [Washington Administrative Code (WAC) 173-340-704] and 
methods for addressing multiple contaminants and pathways [WAC 173-340-
705, -706, and -708]. 

1.3 Site-Specific Potential ARARs 

Potential ARARs for the Site are discussed in this subsection under the following 
categories: 

 Potential Chemical-Specific ARARs 
• Surface Water Quality 
• Groundwater Quality 
• Soil Quality 

 Potential Action-Specific ARARs 

 Potential Location-Specific ARARs 

A discussion of TBCs follows the discussion of potential ARARs. 

1.3.1 Potential Chemical-Specific ARARs 

1.3.1.1 Surface Water Quality 

The State of Washington regulations [WAC 173-201A-200 and -600] require that 
the surface water bodies at the Site, Railroad Creek and Copper Creek, be 
protected for their designated beneficial uses. 
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Potential chemical-specific ARARs for surface water are discussed below. 

A. National Recommended Water Quality Criteria [Federal Water Pollution 
Control Act (Clean Water Act) 33 USC § 1251 et seq., Section 304(a)].  
The National Recommended Water Quality Criteria (NWQC) is guidance 
established by the Environmental Protection Agency (EPA, 2006) for 
evaluating toxic effects on human health and aquatic organisms.  The 2006 
NWQC and the 2007 copper criterion1 are potentially relevant and 
appropriate at the Site under CERCLA [Section 121(d)(2)].  The 1999 NWQC 
is potentially applicable to the Site [WAC 173-340-730(3)(b)(i)(B)] as these 
were the NWQC version available when the MTCA regulations were last 
updated.  Even if not potentially applicable, the 1999 criteria are potentially 
relevant and appropriate for protection of aquatic life under MTCA [WAC 
173-340-710(4)].  The 2006 NWQC and subsequent NWQC (such as the 
2007 copper criterion) are potentially relevant and appropriate for 
protection of aquatic life under MTCA [WAC 173-340-710(4)]. 

B. National Toxics Rule [40 CFR Part 131].  The National Toxics Rule (NTR) 
established numeric water quality standards for protection of human health 
and aquatic organism for states that failed to fully comply with Section 
303(c)(2)(C) of the Clean Water Act (CWA).  The State of Washington is 
required to comply with certain standards in the NTR [40 CFR § 
131.36(d)(14)], and MTCA identifies the NTR as a potential ARAR [WAC 
173-340-730(3)(b)(i)(C)].  The NTR standards mandated for Washington are 
potentially applicable for the Site. 

C. Maximum Contaminant Levels [40 CFR Part 141].  Under the Safe Drinking 
Water Act [SDWA; 42 USC § 300 et seq.], EPA establishes health goals 
based on risk and sets legal limits—maximum contaminant levels (MCLs)—to 
help ensure consistent quality of the water supply.  Since surface water at 

                                                 

1 The Aquatic Life Ambient Freshwater Quality Criteria--Copper 2007 Revision (EPA 2007), (the “2007 copper 
criterion”) was published in the Federal Register on February 22, 2007.  The 2007 copper criterion provides a 
basis to determine acute and chronic concentrations for protection of aquatic organisms based on the Biotic 
Ligand Model.  The model determines concentrations that are protective based on an analysis of ambient 
conditions for a number of parameters.  To date, relatively few data have been collected at the Site to provide 
a basis for predicting acute and chronic copper concentrations for Railroad Creek under this criterion.  The 
Agencies anticipate the cleanup level established at the time of the ROD would be based on the background 
concentration for dissolved copper in accordance with WAC 173-340-730(5)(c), and that this could be 
modified in accordance with ARARs based on additional data collection following implementation of the 
remedy. 
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the Site is potable under MTCA [Chapter 173-340 WAC], the federal MCLs 
are potentially relevant and appropriate. 

D. National Maximum Contaminant Level Goals [40 CFR Part 141].  Under 
the SDWA [42 USC § 300 et seq.], EPA has established health-based MCL 
goals (MCLGs) for public water systems.  Non-zero MCLGs are potentially 
relevant and appropriate for surface water at the Site. 

E. Washington State Drinking Water Standards [RCW 70.119A; Chapter 246-
290 WAC].  Washington State has established health-based MCLs to protect 
consumers using public water supplies.  MTCA identifies state MCLs as 
being potentially relevant and appropriate to potential surface water sources 
of drinking water at the Site. 

F. Washington State Water Quality Standards for Surface Water [RCW 90.48; 
Chapter 173-201A WAC].  Washington State has established aquatic life 
criteria for hazardous substances in fresh water.  These provisions and 
standards in Chapter 173-201A WAC are potentially applicable for the Site, 
including the antidegradation policy [Section 300] and the narrative criteria 
[Section 260]. 

G. Washington State Model Toxics Control Act [RCW 70.105D; Chapter 173-
340 WAC].  The Model Toxics Control Act (MTCA), including WAC 173-
340-730, is a potential ARAR under CERCLA, and is applicable to the surface 
water at the Site under state law.  In general, MTCA states that surface water 
cleanup standards are to be based on estimates of the highest beneficial use 
and their reasonable maximum exposure expected to occur under current 
and potential future site uses. 

1.3.1.2 Groundwater Quality 

CERCLA and the NCP provide that groundwater should be returned to its 
beneficial use within a reasonable time frame wherever practicable.  When 
restoration of groundwater is not practicable, it is necessary to prevent further 
migration of the plume and prevent exposure to the contaminated groundwater 
[40 CFR § 300.430(a)(1)(iii)(F)].  Since groundwater recharges to surface water at 
the Site, the more stringent of the groundwater and surface water designated 
beneficial uses apply to the Site. 

Potential chemical-specific ARARs for groundwater are discussed below. 

A. Maximum Contaminant Level Goals [40 CFR Part 141].  Under the SDWA 
[42 USC § 300 et seq.], EPA establishes health goals based on risk and sets 
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legal limits—MCLs—to help ensure consistent quality of the water supply.  
Since groundwater at the Site is potable under MTCA [Chapter 173-340 
WAC], the federal MCLs are potentially relevant and appropriate. 

B. National Maximum Contaminant Level Goals [40 CFR Part 141].  Under 
the SDWA [42 USC § 300 et seq.], EPA has established health-based MCLGs 
for public water systems.  Non-zero MCLGs are potentially relevant and 
appropriate for groundwater at the Site. 

C. Washington State Drinking Water Standards [RCW 119A; Chapter 246-290 
WAC].  Washington State has established health-based MCLs to protect 
consumers using public water supplies.  MTCA identifies state MCLs as 
being applicable to potential groundwater sources of drinking water at the 
Site. 

D. Washington State Model Toxics Control Act [RCW 70.105D; Chapter 173-
340 WAC].  MTCA, including WAC 173-340-720, is a potential ARAR under 
CERCLA, and is applicable to groundwater at the Site under state law.  In 
general, MTCA states that groundwater cleanup standards are to be based 
on estimates of the highest beneficial use and the reasonable maximum 
exposure expected to occur under current and potential future site uses.  
Groundwater cleanup standards are generally set under MTCA for both 
protection of drinking water and for the protection of surface water uses, 
including, where appropriate, the protection of aquatic life and human 
consumption of fish. 

1.3.1.3 Soil Quality 

Potential chemical-specific ARARs for soil are discussed below. 

A. Washington State Model Toxics Control Act [RCW 70.105D; WAC 173-
340].  MTCA, including WAC 173-340-740 (unrestricted land use soil 
cleanup standards), -745 (industrial cleanup standards), -747 (soil 
concentrations for groundwater protection), and -7490 through –7494 
(terrestrial ecological evaluation), is a potential ARAR under CERCLA and is  
applicable to soils across the Site under state law. 

1.3.1.4 Sediment Quality 

At this time neither the state nor federal governments have promulgated 
standards for sediment quality that would be referred to as potential chemical-
specific ARARs. 
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Chemical-specific TBCs for sediment are presented in the Interim Final Sediment 
Evaluation Framework for the Pacific Northwest (U.S. Army Corps of Engineers 
et al. 2006) and other scientific studies.  The state’s Sediment Management 
Standards are potentially relevant and appropriate to the Site since as long as 
there is potential for additional metals release to surface water, including (but 
not limited to) WAC 173-204-120, which prohibits activities that would degrade 
existing beneficial uses; WAC 173-204-400, which specifies procedures for 
managing sources of sediment contamination (including AKART2); and WAC 
173-204-590, which addresses the establishment and monitoring of sediment 
recovery zones where cleanups leave sediments that exceed potentially 
applicable sediment quality standards. 

1.3.2 Potential Action-Specific ARARs 

Potential action-specific ARARs for the Site are discussed below. 

A. Washington Model Toxics Control Act [RCW 70.105D; Chapter 173-340 
WAC].  MTCA establishes administrative processes and standards to identify, 
investigate, and clean up facilities where hazardous substances are located.  
MTCA is a potential ARAR under CERCLA, and is applicable to the Site 
under state law.  MTCA, including WAC 173-340-760, is potentially 
applicable to sediment at the Site. 

B. Washington State Sediment Management Standards [Chapter 173-204 
WAC].  The intended purposes of the sediment management standards are 
potentially relevant and appropriate to clean up of sediments at the Site. 

C. Regulation and Licensing of Well Contractors and Operators [RCW 
18.104; Chapter 173-162 WAC].  These regulations establish procedures for 
the examination, licensing, and regulation of well contractors and operators.  
“Well” means water wells, resources protection wells, instrumentation wells, 
dewatering wells, and geotechnical soil borings.  These requirements are 
potentially applicable to contractors who install and/or decommission wells 
and borings at the Site. 

D. Minimum Standards for Construction and Maintenance of Water Wells 
[RCW 18.104; Chapter 173-160 WAC].  Washington State has developed 
minimum standards for constructing water and monitoring wells, and for the 

                                                 

2 AKART is an acronym for “all known, available and reasonable methods of prevention, control and 
treatment” [WAC 173-204-400].  The State of Washington uses this concept to define requirements for 
managing point and non-point discharges in the water quality regulations [WAC 173-201A-020]. 
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decommissioning of wells.  These standards are potentially applicable to 
wells constructed at the Site for water withdrawal or monitoring, and for 
decommissioning of Site wells. 

E. Resource Conservation and Recovery Act [42 USC § 6901], Subtitle C - 
Hazardous Waste Management [40 CFR Parts 260 to 279].  Federal 
hazardous waste regulations specify hazardous waste identification, 
management, and disposal requirements.  These regulations are potentially 
applicable for generation and management of hazardous waste at the Site.  
Where Washington has an authorized state hazardous waste program under 
RCW 70.105 and Chapter 173-303 WAC, it applies in lieu of the federal 
program. 

F. Resource Conservation and Recovery Act [42 USC § 6901] (RCRA), 
Subtitle D - Managing Municipal and Solid Waste [40 CFR Parts 257 and 
258].  Subtitle D of RCRA establishes a framework for controlling the 
management of non-hazardous solid waste.  These regulations also establish 
guidelines and criteria from which states develop solid waste regulations.  
Subtitle D is potentially applicable to solid waste generation and 
management at the Site. 

G. Washington State Hazardous Waste Management Act and Dangerous 
Waste Regulations [RCW 70.105; Chapter 173-303 WAC].  Washington 
State Dangerous Waste regulations govern the handling and disposition of 
dangerous waste, including identification, accumulation, storage, transport, 
treatment, and disposal.  Washington State has not adopted an exemption 
for certain mining wastes (such as the Bevill Amendment) from regulation 
under RCRA Subtitle C.3  The Dangerous Waste regulations are potentially 
applicable to generating, handling, and managing Dangerous Waste at the 
Site, and would be potentially relevant and appropriate even if Dangerous 
Wastes are not managed during remediation.  In particular, the point of 
compliance regulations for releases from regulated units such as landfills are 
potentially relevant and appropriate [WAC 173-303-645(6)]. 

H. Washington State Solid Waste Handling Standards [RCW 70.95; Chapter 
173-350 WAC].  Washington State Solid Waste Handling Standards apply to 
facilities and activities that manage solid waste.  The regulations set 

                                                 

3 Washington did adopt a limited exemption from the Dangerous Waste regulations for mining overburden 
returned to the Site.  However, overburden is defined as a material used for reclaiming a surface mine and is 
not a discarded material within the scope of RCRA (45 FR 33000; May 19, 1980, and 67 FR 63060; October 
10, 2002). 
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minimum functional performance standards for proper handling and disposal 
of solid waste; describe responsibilities of various entities; and stipulate 
requirements for solid waste handling facility location, design, construction, 
operation, and closure.  Particular to the Site, tailings and waste rock pile 
operations ceased prior to enactment of the Solid Waste Management Act, 
Chapter 70.95 RCW, and before the effective date of Chapter 173-350 
WAC, and the tailings and waste rock piles are not currently being operated 
as limited purpose landfills.  However, all substantive requirements for 
closure and post-closure of limited purpose landfills [WAC 173-350-400] are 
potential ARARs [WAC 173-340-710(7)(c)].  The tailings and waste rock piles 
at the Site are landfills that contain solid waste and are releasing hazardous 
substances above both state and federal cleanup standards.4 

This regulation is also potentially applicable or relevant and appropriate for 
management of excavated soil, soil-like material, and debris that will be 
generated during the Site cleanup.  The regulation is potentially applicable to 
the proposed limited purpose landfill at the Site that will be used for disposal 
of sludge produced during long-term groundwater treatment operations.  

I. Hydraulic Code [RCW 77.55; Chapter 220-110 WAC].  The Hydraulic Code 
requires that any construction activity that uses, diverts, obstructs, or 
changes the bed or flow of state waters must be done under the terms of a 
Hydraulics Project Approval permit issued by Washington State Department 
of Fish and Wildlife (WSDFW).  Depending on the selected remedial action, 
substantive provisions of the Hydraulic Code are potentially applicable at the 
Site. 

J. Federal Water Pollution Control Act--Water Quality Certification [Clean 
Water Act; 33 USC § 1341, Section 401].  Section 401 of the CWA 
provides that applicants for a license or permit to conduct any activity, 
including, but not limited to, the construction or operation of facilities, which 
may result in discharges into the navigable waters, shall obtain certification 
from the state that discharges will comply with applicable water quality 
standards.  While no formal certification will be required for the Site, 
substantive requirements will be potentially applicable to remedial actions 
that require substantive compliance with federal permit equivalency (e.g., 
National Pollution Discharge Elimination System (NPDES), Section 404). 

                                                 

4 Portions of the MM-3 Standard (Forest Service 1990 and subsequent amendments) also include potentially 
relevant and appropriate requirements for management of mining wastes at the Site.  These requirements are 
described more fully below in Section 1.3.3 as location-specific ARARs. 
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(Under Chapter 173-225 WAC: Federal Water Pollution Control Act - 
Establishment of Implementation Procedures of Application for Certification, 
the State of Washington designated the Washington State Department of 
Ecology (Ecology) as the state’s water pollution control agency for purposes 
of processing applications for certification required under Section 401.) 

K. Federal Water Pollution Control Act--National Pollution Discharge 
Elimination System [Clean Water Act; 33 USC § 1342, Section 402].  The 
NPDES regulations establish requirements for point source discharges and 
stormwater runoff.  In particular for the Site, these regulations are potentially 
applicable for any point source discharge of contaminated water (e.g., 
discharge following treatment of groundwater and portal drainage), 
stormwater runoff at the Site, and where the construction Site involves 1 
acre or more. 

L. Federal Water Pollution Control Act--Discharge of Dredge and Fill 
Materials [Clean Water Act; 33 USC § 1344, Section 404].  Section 404 of 
the CWA establishes a program to regulate the discharge of dredged and fill 
materials into the waters of the United States, including wetlands.  The 
substantive provisions of this requirement are potentially applicable to 
remedial actions involving dredging, filling, diversion, and/or construction in 
streams or wetlands at the Site. 

M. Water Quality Standards for Surface Waters of the State of Washington-- 
Mixing Zones [RCW 90.48; WAC 173-201A-400].  In Washington State, 
mixing zones and the associated effluent limits are established in discharge 
permits, general permits, or orders.  Mixing zones do not apply to discharges 
directly from the groundwater to surface water per WAC 173-340-730(6)(b).  
Prior to a mixing zone for a point source discharge being authorized, the 
discharger must fully apply AKART.  This regulation is potentially applicable 
where the Site remedial action involves compliance with the substantive 
requirements of a discharge permit (i.e., NPDES). 

N. Water Quality Standards for Surface Waters of the State of Washington--
Short-Term Modifications [RCW 90.48; WAC 173-201A-410].  State water 
quality criteria can be modified for a specific water body on a short-term 
basis (e.g., actual periods of non-attainment are generally limited to hours or 
days rather than weeks or months) when necessary to accommodate 
essential activities, respond to emergencies, or to otherwise protect the 
public interest, even though such activities may result in a temporary 
reduction of water quality conditions.  Where the selected remedy for the 
Site involves activities near or in streams and wetlands that could impact 
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water quality and cause exceedance of water quality criteria, substantive 
provisions of this regulation are potentially applicable. 

O. Submission of Plans and Reports for Construction of Wastewater 
Treatment Facilities in Washington State [RCW 90.48; Chapter 173-240 
WAC].  Under this law, regulations were established requiring submission of 
wastewater treatment system design plans, specifications, and reports to 
Ecology for review and approval.  The regulations also include provisions for 
Ecology review and approval of proposed methods for operation and 
maintenance, and for construction modifications.  Substantive aspects of 
these requirements are potentially applicable to the Site under MTCA, since 
the remedial action involves construction of a wastewater treatment system. 

P. Aquatic Lands Management - Washington State [RCW 79.90; Chapter 332-
30 WAC].  The Aquatic Lands Management law develops criteria for 
managing state-owned aquatic lands.  Aquatic lands are to be managed to 
promote uses and protect resources as specified in the regulations.  While 
not directly applicable to the Site, the criteria in the Aquatic Lands 
Management are potentially relevant and appropriate to remedial actions 
involving Railroad and/or Copper Creeks under MTCA. 

Q. Water Code and Regulation of Public Ground Waters of Washington State 
- Surface Water and Groundwater Withdrawal [RCW 90—90.03 and 
90.44].  These laws specify the criteria and procedures for appropriating 
surface water and groundwater for beneficial use.  Any use of surface water 
and groundwater (except for certain uses of less than 5,000 gallons per day 
of groundwater) requires a water right permit or certificate.  Substantive 
compliance with these laws is potentially applicable to the Site under MTCA, 
since remedial actions involve withdrawal and/or diversion of surface water 
or groundwater that would otherwise require a state water rights permit or 
certificate. 

R. Maximum Environmental Noise Levels - Washington State [RCW 70.107; 
Chapter 173-60 WAC].  The Maximum Environmental Noise Levels 
regulations of Washington State establish maximum noise levels permissible 
in identified environments, and provide use standards relating to the 
reception of noise within these environments.  These regulations are 
potentially applicable depending on the remedial activities selected for the 
Site. 

S. Clean Air Act [42 USC § 7401 et. seq.; 40 CFR Part 50].  The federal Clean 
Air Act creates a national framework designed to protect ambient air quality 
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by limiting air emissions.  These regulations are potentially applicable to 
construction activities at the Site. 

T. Washington Clean Air Act and Implementing Regulations [WAC 173-400-
040(8)].  This regulation is potentially relevant and appropriate to remedial 
actions at the Site.  It requires the owner or operator of a source of fugitive 
dust to take reasonable precautions to prevent fugitive dust from becoming 
airborne and to maintain and operate the source to minimize emissions. 

U. General Regulations for Air Pollution Sources - Washington State [RCW 
70.94; Chapter 173-400 WAC].  These regulations provide for the 
systematic control of air pollution from air contaminant sources and for the 
proper development of the state's natural resources.  The purpose of the 
regulations is to establish technically feasible and reasonably attainable 
standards, and to establish rules generally applicable to the control and/or 
prevention of the emission of air contaminants.  Depending on the remedial 
action selected, these regulations are potentially applicable to the Site (e.g., 
generation of fugitive dust during remediation of soil and tailings, or 
emissions from equipment). 

V. National Emissions Standards for Hazardous Air Pollutants (NESHAP) - 
Asbestos, 40 CFR Part 61, Subpart M.  Demolition or removal of any 
asbestos-containing materials in the former Mill Building must comply with 
NESHAP requirements. 

W. Dam Safety Chapter 173-175 WAC.  This regulation provides for the 
comprehensive regulation and supervision of dams in order to reasonably 
secure safety to life and property and is potentially relevant and appropriate 
to the tailings piles (i.e., former tailings impoundments) at the Site. 

Although not a potential ARAR under CERCLA, proposed remedial activities at 
the Site will need to be considered in accordance with substantive requirements 
of the Washington State Environmental Policy Act [SEPA: RCW 43.21C; Chapter 
197-11 WAC] based on MTCA ARARs.  One of the primary purposes of SEPA 
legislation is to ensure that state governmental agencies consider the 
environmental impacts of an action prior to making a decision.  SEPA regulations 
establish a uniform method for identifying possible environmental impacts, 
considering mitigating measures, and reaching a decision on a proposed action. 

1.3.3 Potential Location-Specific ARARs 

Potential location-specific potential ARARs are discussed below. 
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A. National Forest Management Act [16 USC §§ 1600 – 1614] (NFMA) and 
Land and Resource Management Plan for Wenatchee National Forest 
(LRMP, Forest Service 1990), as amended by Pacific Northwest Forest Plan 
(NWFP, 1994) and subsequent amendments of the NWFP (2001, 2004, 
and 2007).  NFMA, which is the primary statute governing the administration 
of National Forests, requires management based on multiple-use, sustained-
yield principles.  The USDA Forest Service promulgated the LRMP, as 
required by NFMA.  Portions of the LRMP (and the NWFP amendments to 
the LRMP) are potentially applicable or relevant and appropriate for 
assessing Site remedial alternatives.  The LRMP and NWFP include standards 
and guidelines that are potentially relevant and appropriate to actions at the 
Site, including activities within, or that affect Riparian Management Areas 
along Railroad and Copper Creeks, or are otherwise necessary to meet 
Aquatic Conservation Strategy (ACS) objectives.  These standards and 
guidelines include RF-2 through RF-7, which control the design, construction, 
and use of temporary and permanent roads and other modifications within 
Riparian Reserves; and MM-3, which controls solid waste and mine waste 
facilities within Riparian Reserves.  Particular aspects of MM-3 that are 
potentially relevant and appropriate to closure of the tailings and waste rock 
piles at the Site include requirements for: a) analysis based on best 
conventional methods; b) designing waste facilities using best conventional 
techniques to ensure mass stability and prevent the release of acid or toxic 
materials; and c) reclamation and monitoring waste facilities to ensure 
chemical and physical stability, and to meet ACS objectives. 

B. National Historic Preservation Act [16 USC § 470].  The National Historic 
Preservation Act (NHPA) requires federal agencies to take into account the 
effect of any federally assisted undertaking or licensing on any district, site, 
building, structure, or object that is included in or eligible for inclusion in the 
National Register of Historic Places (NRHP) or as a National Historic 
Landmark.  Depending on the remedial actions selected for the Site and, in 
particular, determination of the need for demolition of the abandoned mill 
building, NHPA requirements are potentially applicable and will need to be 
addressed during remedial design. 

C. Historic Site, Buildings, Objects, and Antiquities Act [16 USC §§ 461 - 
467].  The Historic Site, Buildings, Objects, and Antiquities Act requires 
preservation of historic sites, buildings, and objects of national significance.  
This Act is potentially applicable where components of the Site listed or 
eligible for listing on the Historic Site, Buildings, Objects and Antiquities 
Federal Register will be impacted by remedial actions. 
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D. Archaeological and Historic Preservation Act [16 USC § 469].  The 
Archaeological and Historic Preservation Act (AHPA) provides for the 
preservation of archaeological and historic data that might be destroyed 
through alteration of terrain due to a federal construction project or a 
federally licensed program or activity.  This Act is potentially applicable to 
the Site where remedial activities would cause loss or adverse impacts to 
significant scientific, prehistoric, historic, or archaeological data. 

E. Archaeological Resources Protection Act [16 USC § 470].  The 
Archaeological Resources Protection Act prescribes the steps that must be 
taken by investigators to preserve archaeological resources.  This Act is 
potentially applicable to the Site where remedial activities would cause loss 
or adverse impacts to significant scientific, prehistoric, historic, or 
archaeological data. 

F. Native American Graves Protection and Reparation Act [25 USC § 3001 et 
seq].  The Native American Graves Protection and Reparation Act protects 
the remains, funerary objects, and cultural artifacts of Native Americans.  The 
requirements of this Act must be followed when graves are discovered or 
ground-disturbing activities encounter Native American burial sites.  This Act 
is potentially applicable to the Site where remedial actions involve 
disturbance/alteration of the ground and/or site terrain. 

G. Fish and Wildlife Coordination Act [16 USC §§ 661-667].  The Fish and 
Wildlife Coordination Act provides that when the waters or channel of a 
body of water are modified by a federal entity, the department or agency 
must first consult with the U.S. Fish and Wildlife Service (USFWS) and with 
the head of the agency exercising administration over the wildlife resources 
of the state (WSDFW), with a view to the conservation of wildlife resources.  
The requirements of this Act are potentially applicable to the Site where the 
implementation of remedial activities involve impacts to water or stream 
channels. 

H. Fish and Wildlife Conservation Act [16 USC §§ 2901 - 2911].  The purpose 
of the Fish and Wildlife Conservation Act is to promote conservation of non-
game fish and wildlife through assistance to states and use of federal 
authority.  The requirements of this Act are potentially applicable to Site 
remedial activities, including action in Railroad Creek and Copper Creek 
involving stream diversion, dredging, and/or channel altering activities. 

I. Endangered Species Act [16 U.S.C. §§ 1531 - 1544].  The Endangered 
Species Act (ESA) protects species of fish, wildlife, and plants that are listed 
as threatened or endangered with extinction.  It also protects designated 
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critical habitat for listed species.  The ESA outlines procedures for federal 
agencies to follow when taking actions that may jeopardize listed species, 
including consultation with resource agencies.  The requirements of the ESA 
are potentially applicable to the Site since listed threatened or endangered 
species habitat areas will, or could, be impacted by remedial action.  The 
Agencies anticipate Section 7 consultation will be completed concurrent 
with the ROD. 

The Railroad Creek valley has historically provided habitat to spotted owls, 
lynx, grizzly bears, gray wolves, and other potentially threatened or 
endangered species.  These species may occur within or adjacent to the Site 
as recovery of the species and/or the habitat progress.  Consistent with ESA 
Section 7, if any federally designated threatened or endangered species are 
identified in the vicinity of remediation work, and the action may affect such 
species and/or their habitat, the Agencies will consult with USFWS to ensure 
that remedial actions are conducted in a manner to avoid adverse habitat 
modification and jeopardy to the continued existence of such species. 

J. Wilderness Act [16 USC §§ 1131 - 1136].  The Wilderness Act established 
the National Wilderness Preservation System, which is to be comprised of 
federal land designated by Congress as wilderness areas, and administered 
to leave the land unimpaired for future use as a wilderness.  The 
requirements within the Act are potentially applicable for assessing Site 
remedial alternatives. 

K. Washington State Shoreline Management Act [RCW 90.58].  The purpose 
of the Shoreline Management Act is to prevent inherent harm in the 
uncoordinated and piecemeal development of the state’s shorelines.  It 
applies to all marine waters; streams with a mean annual flow greater than 
20 cfs; water areas larger than 20 acres; plus shorelands 200 feet landward 
from the edge of the aforementioned waters; and associated wetlands, river 
deltas, and floodplains.  Local governments adopt shoreline master programs 
based on state guidelines but tailored to specific needs.  The requirements of 
Chelan County’s Shoreline Management Plan are potentially applicable on 
lands deeded to non-federal entities (e.g., the claims owned by Holden 
Village Inc.) when remedial activities take place in and/or within 200 feet of 
the 100-year floodplain of creeks and water bodies.  On federal lands owned 
in fee where remedial action will take place within 200 feet of the 100-year 
floodplain, substantive actions at the Site will need to be consistent with the 
County Plan, in accordance with potential ARARs. 

L. Executive Order 11990 - Protection of Wetlands.  Executive Order 11990 
requires that potential impacts to wetlands be considered, and as practical, 
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destruction, loss, or degradation of wetlands be avoided.  EPA promulgated 
regulations to implement this Executive Order under 40 CFR Part 6.  The 
requirements of this Order are potentially applicable to remedial activities 
that take place within Railroad and Copper Creeks and Site wetlands. 

M. Executive Order 11988 - Protection of Floodplains.  Executive Order 11988 
requires evaluation of the potential effects of actions that take place in a 
floodplain to avoid, to the extent possible, adverse impacts.  EPA 
promulgated regulations to implement this Executive Order under 40 CFR 
Part 6.  The requirements of this Order are potentially applicable to remedial 
activities that take place within the 100-year floodplain of Railroad and 
Copper Creeks. 

N. The American Indian Religious Freedom Act [AIRFA; 42 USC § 1996].  This 
Act mandates federal agencies to protect the right of Indian Tribes to 
exercise their traditional religions.  It is applicable to land-disturbing activities 
implemented during remedial action if places and physical paraphernalia 
needed for religious practice are affected.  This Act is potentially applicable 
to the Site if traditional cultural properties, archaeological resources, or 
historic sites important to the practice of American Indian religions are 
present. 

O. Migratory Bird Treaty Act (MBTA), 16 USC § 703 et seq.  The MBTA makes 
it unlawful to “hunt, take, capture, kill” or take various other actions 
adversely affecting a broad range of migratory birds, including tundra swans, 
hawks, falcons, songbirds, without prior approval by the USFWS.  (See 50 
CFR 10.13 for the list of birds protected under the MBTA.)  Under the 
MBTA, permits may be issued for take (e.g., for research) or killing of 
migratory birds (e.g., hunting licenses).  The mortality of migratory birds due 
to ingestion of contaminated sediment is not a permitted take under the 
MBTA.  The MBTA and its implementing regulations are potentially relevant 
and appropriate for protecting migratory bird species identified.  The 
selected response action will be carried out in a manner that avoids the 
taking or killing of protected migratory bird species, including individual birds 
or their nests or eggs. 

P. Roadless Area Conservation Rule 2001 [66 Fed. Reg. 3244, January 12, 
2001].  This rule limits road construction, reconstruction, and timber harvest 
in inventoried roadless areas because they have the greatest likelihood of 
altering and fragmenting landscapes, resulting in immediate, long-term loss of 
roadless area values and characteristics.  This rule is potentially applicable to 
permanent roads and temporary construction roads in the vicinity of the Site. 
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The following listed potential location-specific ARARs that are described above, 
are also potential action-specific ARARs: 

 Fish and Wildlife Coordination Act [16 USC §§ 661-667]; 

 Fish and Wildlife Conservation Act [16 USC §§ 2901 - 2911]; 

 Executive Order 11988 - Protection of Floodplains; 

 Executive Order 11990 - Protection of Wetlands; and 

 Washington State Shoreline Management Act [RCW 90.58]. 

1.3.4 Potential To-Be-Considered Criteria 

TBCs for the Site are discussed below. 

A. Natural Background Soil Metals Concentrations in Washington State 
(Department of Ecology, Publication 94-115, October 1994).  This Ecology 
document contains information on the natural background concentrations of 
metals in surficial soil throughout Washington State.  The MTCA [WAC 173-
340-200] defines natural background as “…concentration of hazardous 
substances consistently present in the environment which has not been 
influenced by localized human activities.”  Natural background values are 
provided on a statewide basis, and for four areas:  Puget Sound, Clark 
County, Yakima Basin, and Spokane Basin.  Since the Site is within the 
Yakima Basin, the natural background metals concentrations for the Yakima 
Basin are TBCs. 

B. Superfund Remedial Design and Remedial Action Guidance [EPA OSWER 
Directive 9355.0-4A, June 1986].  This guidance is a TBC for the remedial 
design and remedial action components of the Site remediation.  The 
document provides guidance on such things as design initiation, reviews, 
compliance with permitting requirements, and community relations. 

C. Permit Writer’s Manual (Department of Ecology, Publication 92-109, Rev. 
July 2002).  The Permit Writer’s Manual is a technical guidance and policy 
manual for permit writers who develop wastewater discharge permits in 
Washington State.  For the Site, the manual is a TBC for the remedial 
selection process.  This consideration will include, but not be limited to, 
evaluation of discharge limits, AKART, and mixing zones. 
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D. Numeric Values for Freshwater Sediment Quality.  As noted in Section 
1.3.1.4, neither the federal government nor Washington State has current 
promulgated freshwater sediment standards.  However, this is an area that is 
the subject of active scientific evaluations by EPA and Ecology, as well as 
other agencies (U.S. Army Corps of Engineers et al. 2006).  The results of the 
ongoing interagency cooperative assessment provide information that is 
helpful in establishing protective cleanup levels. 

E. Executive Order 11593 - Protection and Enhancement of the Cultural 
Environment.  Executive Order 11593 directs federal agencies to nominate 
historic properties to the NRHP and to treat properties eligible for the NRHP 
as though they were listed.  The requirement is potentially applicable to land-
disturbing activities implemented during remedial action if archaeological 
resources or sites are present or encountered.  The requirements of this 
Order are potentially “to be considered” for the Site if archaeological 
resources or historic sites are encountered. 

F. Executive Order 13007 - Indian Sacred Sites.  Executive Order 13007 
requires federal agencies to avoid physical damage to Indian sacred sites and 
to avoid interfering with access to such sites.  The requirement is potentially 
applicable to land-disturbing activities implemented during remedial action if 
archaeological resources or sites are present or encountered.  The 
requirements of this Order are potentially “to be considered” for the Site if 
Indian archaeological resources or historic sites are present. 

G. Executive Order 13112 - Invasive Species.  Executive Order 13112 requires 
federal agencies prevent the introduction of invasive species and not 
authorize, fund, or carry out action believed to be likely to cause or promote 
the introduction or spread of invasive species, unless the benefits of such 
actions clearly outweigh the potential harm caused by invasive species and 
actions are taken to minimize harm.  This Order is potentially “to be 
considered” for persons and equipment used during implementation of 
remedial actions to ensure invasive species are not introduced to the Site. 

H. Executive Order 13186 - Responsibilities of Federal Agencies to Protect 
Migratory Birds.  Executive Order 13186 requires federal agencies avoid or 
minimize adverse impacts to migratory bird resources, restore and enhance 
migratory bird habitat, and prevent or abate pollution or detrimental 
alteration of the environment for the benefit of migratory birds to the extents 
practicable.  This Order is potentially “to be considered” for the remedial 
actions at the Site. 
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I. Dam Safety Guidelines Part 4- Dam Design and Construction (Department 
of Ecology, Publication 92-55d, July 1993).  Guidelines developed by the 
Washington Department of Ecology Dam Safety Office (DSO) as required 
under WAC 173-175-050 are a potential TBC based on DSO jurisdictional 
interpretations regarding the tailings piles at the Site. 

J. Summary of Key Existing EPA CERCLA Policies for Groundwater 
Restoration, OSWER Directive 9283.  This Directive provides a compilation 
of some key existing EPA groundwater policies to assist EPA Regions in 
making groundwater restoration decisions pursuant to CERCLA and the 
NCP.  It addresses the following: 
• Whether CERCLA remedial action is warranted 
• Appropriate role of institutional controls 
• Groundwater classification and beneficial use policy 
• Remedial action cleanup levels 
• Groundwater point of compliance 

K. The Agencies have identified EPA guidance on native plants and invasive 
species as potential TBCs.5 This guidance includes: 
• Revegetating Landfills and Waste Containment Areas Fact Sheet, EPA 

542-F-06-001, 
(http://www.epa.gov/tio/download/remed/revegetating_fact_sheet.pdf); 

• Frequently Asked Questions About Ecological Revitalization of 
Superfund Sites, EPA 542-F-06-002, 
(http://www.cluin.org/download/remed/542f06002.pdf); and 

• Ecological Revitalization and Attractive Nuisance Issues EPA 542-F-06-
003,  (http://www.epa.gov/tio/download/remed/542f06003.pdf). 

L. Executive Order 13423, Strengthening Federal Environmental, Energy, and 
Transportation Management, and Executive Order 13514, Federal 
Leadership in Environmental, Energy, and Economic Performance, October 
5, 2009.  Executive Order 13423 sets goals in the areas of energy efficiency, 
acquisition, renewable energy, toxics reductions, recycling, renewable 
energy, sustainable buildings, electronics stewardship, fleets, and water 
conservation.  In addition the order requires more widespread use of 
Environmental Management Systems as the framework in which to manage 
and continually improve these sustainable practices. 

                                                 

5 Note that the Forest Plan (Forest Service 1990, and subsequent amendments) also addresses requirements 
for use of native vegetation and control of invasive species. 
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Executive Order 13514 expands on the energy reduction and environmental 
performance requirements for Federal agencies identified in Executive Order 
13423 and requires federal agencies to make reductions in greenhouse gas 
emissions a priority for federal agencies.  Executive Order 13514 states that 
the federal government must lead by example in increasing energy 
efficiency, reducing greenhouse gas emissions, etc.  In addition, the 
following green remediation policy statements may be TBCs: 

• Superfund Green Remediation Strategy, Office of Superfund 
Remediation and Technology Innovation, August 2009.  Sets out the 
plans of the Superfund Remedial Program to reduce greenhouse gas 
emissions and other negative environmental impacts that might occur 
during remediation of a hazardous waste site. 

• Incorporating Sustainable Practices into Remediation of Contaminated 
Sites, April, 2008, EPA 542-R-08-002.  Outlines the principles of green 
remediation and describes opportunities to reduce the footprint of 
cleanup activities throughout the life of a project. 

• EPA’s Principles for Greener Cleanups, August 27, 2009.  Sets forth the 
goal to evaluate cleanup actions comprehensively to ensure protection 
of human health and the environment and to reduce the environmental 
footprint of cleanup activities, to the maximum extent possible. 

• EPA Region 10’s Clean and Green Policy, August 13, 2009.  EPA 
Region 10’s Clean and Green Policy applies to all Superfund cleanups, 
including those performed by Potentially Responsible Parties.  The Policy 
encourages cleanup practices that, among other things, employ 100 
percent use of renewable energy, and energy conservation and 
efficiency approaches including EnergyStar equipment; and use of 
cleaner fuels and diesel emissions controls. 
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