SFEP ST“QB‘ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

7 M T REGION 10
§ % 1200 Sixth Avenue, Suite 900
%; ol Seattle, WA 98101-3140

S, N

AU prote”

OFFICE OF
ENVIRONMENTAL CLEANUP

January 31, 2013

Ms. Susan Lee

U.S. Bureau of Land Management-Medford District Office
3040 Biddle Rd.

Medford, OR 97504

Mr. Timothy L. Barnes
Bureau of Land Management
3050 N.E. Third Street
Prineville, Oregon 97754

Mr. Greg Aiken

~ Environmental Cleanup Program

Oregon Department of Environmental Quality
165 East 7th Street #100

Eugene, OR 97401

Mr. Stephen R. Hinkle

USGS Oregon Water Science Center
2130 SW 5th Avenue

Portland, OR 97201

Re: Formosa Mine Superfund Site, Final Operable Unit One Feasibility Study
Dear Ms. Lee, Mr. Barnes, Mr. Aiken and Mr. Hinkle:

The U.S. Environmental Protection Agency (EPA) is pleased to submit the Final Operable Unit 1
Feasibility Study for the Formosa Mine Site near Riddle, Oregon. EPA appreciates the input and
support your agencies have provided in completing this phase of the project and we look forward to a
continued collaborative effort at the Site.

If you have any questions, please contact me at 206-553-1478 or via e-mail at:
cora.christopher@epa.gov.

Christopher Cora
Project Manager

Enclosure



FINAL

OU1 Feasibility Study Report
Formosa Mine Superfund Site
Douglas County, Oregon

R-10 AES (SMALL BUSINESS)
CONTRACT NO. 68-S7-03-04
Task Order No. 047

Prepared for:
U.S. Environmental Protection Agency
Region 10
1200 Sixth Avenue, Suite 900
Seattle, Washington 98101

Prepared by:
CDM Federal Programs
1218 Third Avenue, Suite 1100
Seattle, Washington 98101

Parametrix
411 108" Avenue NE, Suite 100
Bellevue, Washington 98004

January 31, 2013

Dhith



A Report Prepared For:

U.S. Environmental Protection Agency, Region 10
1200 Sixth Avenue, Suite 900
Seattle, Washington 98101

FINAL

OU1 FEASIBILITY STUDY REPORT
FORMOSA MINE SUPERFUND SITE
DOUGLAS COUNTY, OREGON

January 31,2013

Prepared By:
Eleonora Borisova
CDM Smith Project Engineer

Reviewed By: m .Date: !/3 l/QOB

Gary L. Hazen, PE. &
CDM Smith Technical Reviewer/Senior Engineer

Approved By: MLM C/ J mM-« Date: 3

Michael C. Allen, PE.
CDM Smith Project Manager

;/ 3/ Jwr=,

LTI cSmlth




Table of Contents

2 00 00 1174 4 vii
EX@CULIVE SUIMIMIATTY ..ciitiiniserssessssnssnssamsssssssssssssssssssssssssssssssssssnssnsssssssasssssssssssssssssssassassssssssnsssssssssssssssssssssssssssssss ES-1
Section 1 INtrOAUCHION ... 1-1
1.1 PUTPOSE ceeeeeeereeeemeeseesessesssesss s s essesss s s s sssssens 1-1

1.2 Organization... s 1-1

1.3 Site Location and Description 1-2

1.4 Site Background and History .............. 1-3

1.5 Investigations and CUITENt Sit€ STALUS ....ccceereereeseenseeseesessesssssssesssesssesssesssesssesssesssssssesns 1-5

Section 2 Site CharacteriStiCS ... ————————————————— 2-1
2.1 Conceptual Model........ 2-1

2.1.1 Contaminant Sources .............. 2-1

2.1.2 Migration Routes........... 2-2

2.1.2.1 Surface Water ............. 2-2

2.1.2.2 Groundwater......omenees 2-2

2.1.2.3 Physical Dispersion............... 2-2

2.1.3 Exposure Pathways........ 2-3

2.1.4 Potential Receptors....cmienneenneenn. 2-3

2.2 Site Setting and General Features........... 2-3

2.3 Summary of Physical Characteristics ... 2-4

2.3.1 Climate....... 2-4

2.3.2 Geology 2-4

2.3.3 Surface Water ... 2-4

2.3.4 Groundwater .......... 2-5

2.3.5 Encalsulation MoUNAd Water ........oeeeeeeeseeseesseessesssesssesssssssssssesssssssssssesssssssssssesssees 2-6

2.3.6 Surface Water-Groundwater INteractions.....ceeeeesessessesssesssssssssssssssssssssnns 2-6

2.3.7 ECOIOZY oureureererneenseessessseessesssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssssssssssssesas 2-7

2.3.8 LANd USE..crereeeseieenseessssesssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 2-7

2.4 Summary of Nature and Extent of COntamination .........eeeereessesssesessessessssesssens 2-8

2.4.1 OU1 Mine Materials and SOil......eneeessssssssssssssssssssssssssssssssssessssssssssssssssssssssns 2-8

2.4.1.1 OUL Mine MaterialsS....coereereerreerseerseesseesseesseesseessessseesseessessssessessssssssssssssssssssssssssseens 2-8

2.4.1.2 OUT SOIIS i sanes 2-10

2.4.2 SUITACE WALET ..cvureereeeseeseessessesssesssesssesssssssssssesssesssssssssssssssesssssssssssesssssssssssssssssssesssesssessssssessnees 2-11

2.4.3 GIOUNAWALET «.ouveeurereeneesessseesseessesssesssesssesssesssesssesssesssesssesssesssesssessse s s sssesssssssssssesssesssesssesssesasess 2-12

2.5 SUMMArY Of RiSK ASSESSIMENT......vcuieereeeesersseesessessessessesssssssss s sssssssssssssssssns 2-13

2.5.1 Human Health RiSK ASSESSIMENT ......ccrveurrerrerreeeersreesrerssessseessesssesssesssesssesssesssesssesssesssssssesssees 2-14

2.5.2 Ec0logical RiSK ASSESSIMENT .....cvurereneeseessesssessesssesssssssssssssssssssesssssssssssssssssssssssssssssssssssesssees 2-15

Section 3 Remedial Action ODjJectiVes ... ——————————— 3-1
3.1 Applicable or Relevant and Appropriate ReqQUIremMents........ceememesmsesmsssmsesssesssesssssssssnees 3-1

3.1.1 ARAR Identification PrOCESS .....cuinenisiesssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 3-2

3.1.1.1 Consideration of State Requirements as ARARs .3-2

3.1.1.2 Information to be CONSIAEred......umernmmrnesesesessssessssssssssssssssssssssens 3-2

th

Formosa_Final FS_TOC_January 2013



Table of Contents e Formosa Mine Superfund Site, Operable Unit 1

3.1.1.3 Other Regulatory Requirements Not Considered ARARs 3-3
3.1.2 Categories Of ARARS ...ttt ssssns 3-3
3.1.3 Waivers of SPECific ARARS. ..o sssssssssssssssssssssssssssssssssssssns 3-3
3.1.4 CERCLA Permit EXEMPLION ..o sssessssssssss s sssssssssssssssssssessssass 3-4
3.1.5 Identification of Potential ARARs for Remedlal Alternatives....oeeeeeeesseesseesseeessnees 3-4
3.1.6 ARARs Affecting Waste Classifications for Mine Materials ........ccnerereeenecenne. 3-4
3.1.7 State of Oregon ARARs Affecting Determination of Acceptable RisK......cccouurrrrrnennn. 3-5
3.2 ANTIiCIPALEA LANA USES ..eoueeueeeenreesrersersenssesssesssesssesssesssesssesssesssesssesssesssesssesssesssesssesssesssesssesssssssesssssssessaes 3-6
3.3 Preliminary Remedial ACtion ODJECLIVES .....cvvueereereereesreesseesseessessssessesssesssesssessseesssessesssesssssssesssessns 3-6
3.4 Preliminary Remediation GOAlS ......eeneesnsesssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 3-8
3.4.1 Identification Of PRGS ..ocveeereereesreissecsseesseesseessesssesssesssesssesssesssesssesssssssesssssssss s ssssssesssessssssssssns 3-8
3.4.2 Intended Use Of PRG fOr AISENIC....cuurreeeereemssessssessseesssssssssssssssssssssssssssssssssssssessans 3-9
3.4.3 Impact of Naturally Occurring Arsenic 0N PRGS .....cceeenecemeerneesssesssesssessssesseesssenns 3-9
Section 4 Identification and Screening of General Response Actions, Remedial Technologies,
ANA ProcCess OPLIONS....cciuimrmismsnrsnisssmssnssssssssssssssssssssssssssssssssssssssssssssssssassmssssasssssssnsssssssassssssssssasssss 4-1
4.1 OVEIVIEW courerureeueemeeseesseessesssesssesssesssesssesssesssesssessseessesssessseesses s s e 8RR AR R8RSR RS R RS0 4-1
4.2 Contaminants and Affected Media PP 4-2
4.3 GeNeral RESPONSE ACTIONS ...uueeeerernseeeesseessesssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssseses 4-2
4.4 Identification of Remedial Technologies and Process Options .....cceeeeseessseessseesseesanas 4-3
4.5 Screening of Remedial Technologies and Process Options for Technical
L0503 0Y L3 00 T=) 0 U= o) UV 4-3

4.6 Evaluation of Remedial Technologies and Process Options for Effectiveness,
Implementability, and Relative COSt......eessssssissss s sssssssssens
4.6.1 Evaluation Criteria.... e eeereesseesseesseesseesseesesssesssssssssssssssssssesans
4.6.2 Screening EVAlUATION ..t sssesssesssess et sess et sess sttt sess st st sesssssssssssssssees

4.7 Retained GRAs, Remedial Technologies, and Process Options

Section 5 Development and Screening of Alternatives.......ummmmmsssss—. 5-1
5.1 OVEIVIEW ettt s sssss s esss s bssasbesasesss s s sasans 5-1

5.2 Assumptions Affecting Development of Remedial Alternatives 5-1

5.3 Description of Remedial AIteIMNAtiVES ... sssssssssens 5-3

5.3.1 Alternative 1: NO FUIther ACHION .. ssas e 5-3

5.3.2 Alternative 2: In-Place Containment, Continued Submergence of Tailings within
EM, and Limited Excavation/Disposal of Mine Materials at Proposed Facility
WILHIN PMDA ..ot ssssessssessssessssesssssssssssssssssssssssssssssssssssssenes 5-4

5.3.3 Alternative 3: Limited In-Place Containment, Chemically Reduced Submergence of
Tailings within EM, and Excavation/Disposal of Mine Materials at Proposed

Facilities within and outside PMDA.............. ..5-5
5.3.4 Alternative 4: Excavation, Stabilization/Solidification of Tailings, and Disposal of
Mine Materials at Proposed Facilities within and outside PMDA.....cccoomnmeesneesneens 5-6

5.3.5 Alternative 5: Excavation, Stabilization/Solidification of Tailings, and Disposal of
Mine Materials at Existing and Proposed Facilities within and outside PMDA .....5-6
5.3.6 Alternative 6: Excavation, Stabilization/Solidification of Tailings, and Disposal of

Mine Materials at Proposed Facility outside PMDA..... 5-7

5.4 Screening Evaluation of Alternatives ........... 5-7

5.4.1 Screening Criteria......eeenseesneenns 5-7

5.4.1.1 EffectiVeness.....oeneeeseersseessseeens 5-7

5.4.1.2 Implementability 5-8

i Sith

Formosa_Final FS_TOC_January 2013



Table of Contents e Formosa Mine Superfund Site, Operable Unit 1

T 0 S 2 010 1 TP 5-9

5.5 Summary of Alternatives SCreENING ... sssssssssns 5-10
5.6 Alternatives Retained for Detailed ANAlYSis ....cceeneneenenenesesesessesssesssssssssssssssssns 5-12
Section 6 Definition of Criteria Used in the Detailed Analysis of Retained Alternatives............. 6-1
6.1 Overall Protection of Human Health and the Environment ... 6-1
6.2 ComMPliance With ARARS ... sesssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssessssssness 6-1
6.3 Long-Term Effectiveness and PermanenCe ... eeeeeneesesseesessesssesssesssesssesssesssesssesssesssees 6-2
6.4 Reduction of Toxicity, Mobility, or Volume through Treatment ........ccmememeneensensenens 6-2
6.5 ShOTt TEIM EffECtiVENESS .uuveueeuereseeeseeesssessseessseessseesssessssessssessssessssssssssssssssssssssssssssssssssssssessssessssassasessans 6-3
6.6 IMPIeMENLADILILY c.uvverreereereeseesseesseesesssesssesss s ssssssssssssans 6-3
0.7 COSE cureeueemeemreesseesseesseessesssessseesseesseesseessesssesssesssesssees s s seessees e RS RHeER SRR SRR SRR SRR SRR R AR R R AR AR AR R 6-4
6.8 State ACCEPLANCE ... 6-6
6.9 COMMUNILY ACCEPTANICE ..oeueeeerceneeeeeesreeseesses s es s s s s s s e s s s s s s s 6-6
6.10 Criteria Prioriti€s ... 6-6
Section 7 Detailed Analysis of Retained Alternatives ... 7-1
7.1 OVEIVIEBW wotiiicereereuesisesesssssssssssssesse s ssssssssssssssssssssssssssssssssssssssssasssssssssnes 7-1
7.2 Secondary Assumptions Affecting Detailed Analysis of Remedial Alternatives.......c........ 7-1
7.3 Alternative 1: NO FUIther ACHON ... sssssssss s sssssssssssssssssssssssssns 7-4
7.3.1 Detailed Remedy Component DeSCriptions......eenenenesnesnssnesssesssesssssssssssssssssnns 7-4
7.3.2 Overall Protection of Human Health and the Environment 7-4
7.3.3 Compliance With ARARS.....e et sssessssssssssssssssssssssssssssssssssssssssssssssssssssssnes 7-4
7.3.4 Long-Term Effectiveness and PEIrMAaneNCe .....oeeeessneessmeessmeessessssessssessssesssessssessanas 7-4
7.3.5 Reduction of Toxicity, Mobility, or Volume through Treatment 7-5
7.3.6 Short-Term EffeCtiVENESS ..eeneerreersseerssesssesssesssessssssssssssssssssssssssssessssesssssssanas 7-5
7.3.7 Implementability ... ———— 7-5
70 TR 01 13 PP 7-5

Oth

7.4 Alternative 2: In-Place Containment, Continued Submergence of Tailings within EM, and
Limited Excavation/Disposal of Mine Materials at Proposed Facility within PMDA ....... 7-5

7.4.1 Detailed Remedy Component Descriptions.... 7-5
7.4.2 Overall Protection of Human Health and the Environment 7-9
7.4.3 Compliance with ARARs . 7-9
7.4.4 Long-Term Effectiveness and Permanence...... 7-9
7.4.5 Reduction of Toxicity, Mobility, or Volume through Treatment..........cocouueerseerreennees 7-10
7.4.6 Short-Term Effectiveness.......ccecereeen. 7-10
7.4.7 Implementability ............ 7-10
7.4.8 Cost........... 7-10

7.5 Alternative 3: Limited In-Place Containment, Chemically Reduced Submergence of
Tailings within EM, and Excavation/Disposal of Mine Materials at Proposed Facilities

within and outside PMDA 7-10
7.5.1 Detailed Remedy Component Descriptions........ 7-10
7.5.2 Overall Protection of Human Health and the Environment 7-13
7.5.3 Compliance with ARARs..... 7-13
7.5.4 Long-Term Effectiveness and Permanence........... 7-13
7.5.5 Reduction of Toxicity, Mobility, or Volume through Treatment........ccoumeevsmeesneens 7-13
7.5.6 Short-Term Effectiveness........meeenns 7-13
7.5.7 Implementability.....c...cuueen. 7-13
7.5.8 COStueenmrerrnrnnnn. 7-13

Formosa_Final FS_TOC_January 2013




Table of Contents e Formosa Mine Superfund Site, Operable Unit 1

Section 8 References

7.6 Alternative 4: Excavation, Stabilization/Solidification of Tailings and Disposal of Mine

Materials at Proposed Facilities within and outside PMDA

7-14

7.6.1 Detailed Remedy Component DeSCriptions ......eeeeneeneeeeeesessessesssessesseens

7.6.2 Overall Protection of Human Health and the Environment

7.6.3 Compliance With ARARS .....ninssisessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns
7.6.4 Long-Term Effectiveness and PErmanence.......eeeeesesssssssessssessssesanss
7.6.5 Reduction of Toxicity, Mobility, or Volume through Treatment........ccconueueen.
7.6.6 ShOrt-Term EffeCtIVENESS ...oeeeeeeeeesesesessseesssessessssssssssssssssssssssssssssssssssssssssssessans
7.6.7 Implementability .. e AR AR AR AR

ST T 00 1] o

7.7 Alternative 6: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine

7-16

Materials at Proposed Facility outside PMDA
7.7.1 Detailed Remedy Component Descriptions .......c........

.7-16

7.7.2 Overall Protection of Human Health and the Environment

7-17

7.7.3 Compliance With ARARS ... ssessssesssssesssssssssssssssssssssssssssssssssssssssssssssssessans

7.7.4 Long-Term Effectiveness and Permanence...

7.7.5 Reduction of Toxicity, Mobility, or Volume through Treatment.........ccoucrseens

7.7.6 Short-Term Effectiveness......oueuu..

....... 7-17

...... 7-17

....... 7-17

7-17

7.7.7 Implementability ..... e

7-18

7.7.8 Cost.

7-18

7.8 State (Support Agency) Acceptance...

7-18

7.9 Community Acceptance................

7-18

7.10 Comparative Analysis of Alternatives

7-18

7.10.1 Overall Protection of Human Health and the Environment

7-18

7.10.2 Compliance with ARARs..

7-19

7.10.3 Long-Term Effectiveness and Permanence....

7-19

7.10.4 Reduction of Toxicity, Mobility, or Volume through Treatment ......cc.cceuueeen.

7.10.5 Short-Term Effectiveness......ceevevesennns

....... 7-20

7-21

7.10.6 Implementability

7-22

7.10.7 Cost.......

7-23

Appendices

Appendix A Summary of Federal and State ARARs and TBCs

Appendix B Quantity Calculations for the Screening and Detailed Analysis of Remedial
Alternatives

Appendix C  Screening of Alternatives

Appendix D  Alternative Screening Cost Information

Appendix E  Detailed Analysis of Retained Alternatives

Appendix F  Detailed Alternative Analysis Cost Information

Dhith

Formosa_Final FS_TOC_January 2013



Table of Contents e Formosa Mine Superfund Site, Operable Unit 1

Exhibits

ES-1 Retained Remedial Technologies and Process Options for Development of Remedial

ALEINALIVES w.vueveeseeerssessessessessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes ..ES-3
ES-2 Summary of Comparative Analysis for OU1 Remedial Alternatives.........ooeonensersseesneenns ES-7
2-1 Estimated Volume of Mine Materials in QU T.....eencnenenessenssssssssssssssssssssssssssssssssssssssssssns 2-10

4-1 Qualitative Rating System for Screening of Remedial Technologies and Process Options ....4-5
4-2 Retained Remedial Technologies and Process Options for Development of Remedial
ALLEINIATIVES oeeveeeseesseeeseesseessseesssessssessssessssssssessssssssesssses s sssas s ssssssssssssssssssssssnees
5-1 Assumptions Affecting Development of Remedial Alternatives
5-2 EffectiVeness Criteria. . rresseesneesssssssseesssesssssssssssessssessssessssessssessssessanes
5.3 Effectiveness Qualitative Ratings System
5-4 Implementability Criteria ... eereeseeseeseeseesessessessessesssesssessssssssssssssssssssssseses
5-5 Implementability Qualitative Ratings System...
5-6 Cost Qualitative Ratings System.........
5-7 Summary of Alternatives Screening.........c.u..
6-1 ARAR WaAlVETS ..o sssssssssssssenns

6-2 Implementability Factors to be Considered during Alternative Evaluation .......ceeeneeeneens 6-4
6-3 Criteria Priorities............ bbb 6-6
7-1 Secondary Assumptions Affecting Refinement and Detailed Analysis of Remedial
ALEIMIATIVES .ceeveerseesseeeseeeseessseesssesssseesssesssssssssssssssssessssesssses s sssssssssssssssssesssseees 7-2
7-2 Summary of Remedial Components for AIternative 2., 7-9
7-3 Summary of Remedial Components for AIternative 3 ......eeneneneeesessesssesssessseens 7-12
7-4 Summary of Remedial Components for AItErNative 4 .......eecnemenesnessessessesssessssssssssens 7-15
7-5 Summary of Remedial Components for AILErNAtIVE 6.......cooerereereeneeeneenecsneesseesseesseesseessessssesseens 7-16
7-6 Summary of Comparative Analysis for OU1 Remedial Alternatives........enenerssessnessneenne 7-25

Tables

4-1 Preliminary Identification and Technical Implementability Screening of Potentially
Applicable Remedial Technologies/Process Options

4-2 Screening of Potentially Applicable Remedial Technologies/Process Options Based on
Effectiveness, Implementability, and Relative Cost

5-1 Remedial Technologies/Process Options Evaluated for Implementation of Remedial
Alternatives

Oth v

Formosa_Final FS_TOC_January 2013




Table of Contents e Formosa Mine Superfund Site, Operable Unit 1

Figures

1-1 Site Location

1-2 Site Features and Historic Facilities

2-1 Conceptual Site Model for Human and Ecological Exposures

2-2 Schematic Diagram of Contaminant Generation, Transport, and Fate - Formosa 1 Adit Area
and Upper Middle Creek

2-3 Schematic Diagram of Contaminant Generation, Transport, and Fate - Encapsulation Mound
and South Fork Middle Creek

2-4 0U1 Mine Materials Isopach Map

7-1 Conceptual Surface Configuration Alternative 2

7-2 Proposed Facility within Primary Mine Disturbance Area

7-3 Conceptual Surface Configuration Alternative 3

7-4 Conceptual Surface Configuration Alternative 4

7-5 Conceptual Surface Configuration Alternative 6

. CDM
vi Smith

Formosa_Final FS_TOC_January 2013



Table of Contents e Formosa Mine Superfund Site, Operable Unit 1

Acronyms

1E-06 one per one million

ABA acid base accounting

AES10 Architectural and Engineering Services

amsl above mean sea level

ARARs applicable or relevant and appropriate requirements
ARD acid-rock drainage

BCY bank cubic yards

BLM U.S. Bureau of Land Management

CaCos agricultural lime

Ca(oh)2 hydrated lime

CCR Covenants, Conditions, and Restrictions

CDM Smith CDM Federal Programs Corporation

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations

COCs contaminants of concern

COPCs contaminants of potential concern

CSM conceptual site model

CTE central tendency exposure

CuFeS; chalcopyrite

CYy cubic yards

DOGAMI Oregon Department of Geology and Mineral Industries
DOT U.S. Department of Transportation

Dynamic Dynamac Corp.

EA exposure areas

EES Easement and Equitable Servitude

EM encapsulation mound

EPA U.S. Environmental Protection Agency

EPC exposure point concentrations

ERA ecological risk assessment

ESL exposure screening levels

FEI Formosa Exploration Inc.

FFRRO Federal Facilities Restoration and Reuse Office
FPXRF field-portable x-ray fluorescence

FS feasibility study

FRTR Federal Remediation Technologies Roundtable
GAL gallons

GCL geosynthetic clay liner

gpm gallons per minute

GRAs general response actions

H horizontal

Hart Crowser Hart Crowser Inc.

HDPE high-density polyethylene

HHEBRA Human Health and Ecological Baseline Risk Assessment
HHRA human health risk assessment

HQs hazard quotients

ITRC Interstate Technology Regulatory Council
CcbDM

Smith vii

Formosa_Final FS_TOC_January 2013




Table of Contents e Formosa Mine Superfund Site, Operable Unit 1

LiDAR
LDR
mg/kg
MA

MB
MIW
NCP
NOV
NPL
0&M
OAR
ODEQ
ORS
OSHA
OSWER
oU
PMDA
PRAO
PRG
PRP

RCRA
RGs

RI
RME
ROD
site
SITE
SAP
SFA
SPLP
START-3
TAL
TBC
U.S.C.
USFWS

WRDs
ZnS

viii

Light Detection and Ranging

land disposal restrictions

milligrams per kilogram

Middle Creek A

Middle Creek B

mining-influenced water

National Oil and Hazardous Substances Pollution Contingency Plan
notice of violation

National Priorities List

operation and maintenance

Oregon Administrative Rule

Oregon Department of Environmental Quality
Oregon Revised Statues

Occupational Safety and Health Administration
Office of Solid Waste and Emergency Response
Operable Unit

primary mine disturbance area

preliminary remedial action objectives
preliminary remediation goals

potentially responsible party

remedial action objectives

Resource Conservation and Recovery Act
remedial goals

remedial investigation

reasonable maximum exposure

record of decision

Formosa Mine Superfund Site

Superfund Innovative Technology Evaluation
sampling and analysis plan

South Fork Middle Creek A

synthetic precipitation leaching procedure
Superfund Technical Assistance & Response Contract 3
target analyte list

to be considered

United States Code

U.S. Fish and Wildlife Service

vertical

waste rock dumps

sphalerite

Dhith

Formosa_Final FS_TOC_January 2013



Executive Summary

This feasibility study (FS) report for the Formosa Mine Superfund Site (site) Operable Unit (OU) 1 was
prepared for the U.S. Environmental Protection Agency (EPA) Region 10 by CDM Federal Programs
Corporation (CDM Smith) as Task Order 047 for Architectural and Engineering Services (AES10)
Contract Number 68-57-03-04.

This report presents the results of the development, screening, and detailed evaluation of remedial
alternatives to address the contaminated medium for OU1 (mine materials). The work performed
during the FS was in accordance with guidance developed by EPA for conducting remedial
investigation (RI)/FS under the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) and in the National Oil and Hazardous Substances Pollution Contingency Plan (NCP)

(40 Code of Federal Regulations [CFR] 300.430(e)). In addition, the cost estimates for each alternative
were developed in accordance with EPA’s guidance for developing cost estimates during the FS.

The site is an abandoned mine located in southwest Oregon in Douglas County, approximately 25
miles south of Roseburg, Oregon, and 7 miles south of Riddle, Oregon. Specifically, the site is located
within Sections 23, 26, and 27, Township 31 South, Range 6 West Willamette Meridian. Locally, it is
situated in the Coast Range Klamath Mountains at elevations between 3,200 and 3,700 feet above
mean sea level (amsl) near Silver Butte Peak (3,973 feet amsl). The site is divided into two OUs:

= QU1 includes all surface and subsurface mine materials deposited outside of the underground
mine workings. These mine materials are defined as OU1 mine materials and include materials
that were excavated during construction and operation of the mine, such as waste rock, ore,
tailings, construction rock, road surfaces, and contaminated soils that are co-mingled with
waste rock, affected by dispersion of contaminants from mine materials, and/or affected by
mining-influenced water (MIW) discharges.

= QU2 includes all remaining media and site contamination areas, including surface water, stream
sediment, groundwater, underground workings, and adit water drainage. Mine materials
present within the underground workings are defined as OU2 mine materials.

At a minimum, OU1 includes the primary mine disturbance area (PMDA), which is the portion of the
site that has been impacted by surface deposition of mine materials as a result of mining-related
activities. The OU1 Rl investigated the nature and extent of OU1 mine material contamination and
prepared human health and ecological risk assessments. Nature and extent of contamination in
surface water and groundwater (OU2) were also investigated as part of the OU1 RI to evaluate impacts
from OU1 and OU2 mine materials and develop a conceptual site model (CSM).

The primary contaminant sources at the site are mine materials that contain sulfide minerals.

Exposure of these mine materials to precipitation and oxygen, results in sulfide oxidation and
subsequent release of dissolved metals and metalloids to the environment. This process is referred to

as acid-rock drainage (ARD) and is the dominant contaminant release mechanism at the site. The
general term mine impacted water (MIW) is used to describe ARD once it transports from the
generation source. Contaminants generated and transported include sulfur present in various forms

that generate ARD, dissolved sulfate present in MIW, and several inorganic and metalloids, such as
arsenic, cadmium, copper, and zinc, which are present in rocks and in MIW. These four elements are

the primary indicators of ARD generation and MIW impacts for the site.
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During the FS, preliminary remedial action objectives (PRAOs) were identified and remedial
technologies and process options were developed and screened for the mine materials. Six remedial
alternatives were assembled from the retained technologies to address mine materials. These
alternatives were screened based on effectiveness, implementability, and cost to reduce the number of
alternatives for detailed analysis.

Five of the six alternatives were retained after screening. These alternatives were analyzed in detail
and compared based on the first seven of the nine NCP alternative evaluation criteria. The NCP
alternative evaluation criteria comprise nine factors described below grouped as threshold, balancing,
and modifying criteria. Two threshold criteria are overall protection of human health and the
environment and compliance with applicable or relevant and appropriate requirements (ARARs). Five
balancing criteria are long-term effectiveness and permanence, reduction of toxicity, mobility, or
volume through treatment; short-term effectiveness; implementability; and cost. Two modifying
criteria are state acceptance and community acceptance. Evaluation of state and community
acceptance will be conducted after comments are received on the proposed plan and are not evaluated
at this stage of the CERCLA process.

Preliminary Remedial Action Objectives: The PRAOs were developed to be protective of human
health and the environment and are based on the current and anticipated future recreational and
commercial land uses:

1. Manage mine materials to minimize chemical migration and the generation of acid rock
drainage to protect habitat and ecological receptor populations and communities, including
individuals of threatened and endangered species.

2. Minimize human exposure to mine material at concentrations that could result in unacceptable
cancer risks or adverse non-cancer effects.

General Response Actions (GRAs): GRAs considered for remediation of mine materials are:
= No Action/No Further Action
=  Monitoring
*  Administrative Controls
= (Containment
= Removal, Transport, Disposal
= Treatment
= Reuse, Reclamation, Recovery

Only those remedial technologies and process options identified as feasible, with respect to overall
technical implementability and suitability of the technology for treatment of mine materials were
evaluated or screened within each GRA. Remedial technologies and process options that are retained
from the first step were then further evaluated for effectiveness, implementability, and relative cost.

The retained remedial technologies and process options were used to assemble remedial alternatives
for OU1 mine materials, as presented in Exhibit ES-1 below.
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Exhibit ES-1. Retained Remedial Technologies and Process Options for Development of Remedial
Alternatives

Remedial Technology Process Option

Non-intrusive visual inspection
Physical and/or chemical monitoring |Intrusive visual inspection
Sample collection and analysis

Institutional controls Governmental controls, proprietary controls, and informational devices
Community awareness Informational and educational programs
Access controls Fencing and posted warnings
Grading
Revegetation
Surface source controls Exposure barrier

Geosynthetic multi-Layer cover
Pavement cover

Liner system
Subsurface source controls ¥

Submergence
Barriers Retaining structures
Removal Mechanical removal (excavation)

Mechanical transport (hauling/conveying)

T t . .
ranspor Hydraulic transport (slurry pumping)

Disposal at proposed facility within PMDA
Disposal Disposal at proposed facility outside PMDA
Disposal at existing facility

Biological Treatment Chemically reduced submergence

Chemical/physical treatment Neutralization/pozzolan- or cement-based stabilization/solidification

Development and Screening of Alternatives: Remedial action alternatives were developed by
combining the retained remedial technologies and process options. The following are the remedial
alternatives developed, screened, and evaluated in this study:

Alternative 1: No Further Action

Alternative 2: In-Place Containment, Continued Submergence of Tailings within EM, and Limited
Excavation/Disposal of Mine Materials at Proposed Facility within PMDA

Alternative 3: Limited In-Place Containment, Chemically Reduced Submergence of Tailings within
EM, and Excavation/Disposal of Mine Materials at Proposed Facilities within and
outside PMDA

Alternative 4: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials at
Proposed Facilities within and outside PMDA

Alternative 5: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials at
Existing and Proposed Facilities within and outside PMDA

Alternative 6: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials at
Proposed Facility outside PMDA
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These remedial action alternatives were screened and evaluated for effectiveness, implementability,
and cost to facilitate a focus on the most feasible alternatives retained for detailed analysis. Based
upon the screening process, Alternative 5 was screened out because it would pose additional short-
term risks, would be complex to implement, and would have excessive costs relative to the other
screened alternatives.

Detailed Analysis of Retained Alternatives: Remedial alternatives retained after the initial
screening and evaluation undergo detailed analysis. During detailed analysis, each alternative is
assessed using the NCP alternative evaluation criteria. The following alternatives were retained for
detailed analysis:

Alternative 1: No Further Action

Alternative 2: In-Place Containment, Continued Submergence of Tailings within EM, and Limited
Excavation/Disposal of Mine Materials at Proposed Facility within PMDA

Alternative 3: Limited In-Place Containment, Chemically Reduced Submergence of Tailings within
EM, and Excavation/Disposal of Mine Materials at Proposed Facilities within and
outside PMDA

Alternative 4: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials at
Proposed Facilities within and outside PMDA

Alternative 6: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials at
Proposed Facility outside PMDA

Comparative Analysis: Each remedial alternative undergoing comparative analysis is presented in
Exhibit ES-2.

There were fundamental and secondary assumptions made in the development, screening, individual
analysis, and comparative analysis of alternatives that can affect the ability of the alternatives to meet
threshold and balancing criteria. This is especially true given that all alternatives involve disposal and
containment of mine materials in a facility within the Cow Creek watershed for perpetuity.

For example, some alternatives include the use of a proposed disposal facility located within the
PMDA. Even with routine maintenance and monitoring, long-term effectiveness and permanence of
disposal facility within the PMDA cannot be entirely ensured due to the location of the facility at a
higher elevation within the watershed. At this location, the facility is exposed to harsh weather
conditions that can lead to higher erosion potential relative to a location lower within the watershed.
Another example is the existence of submerged tailings within the former water and tailings storage
pond located in the encapsulation mound (EM). Some alternatives assume the in situ containment
(submergence) or in situ treatment (chemically reduced submergence) of tailings rather than
excavation and disposal. Continued effectiveness of in situ containment or treatment of tailings would
be dependent on maintaining consistent water levels and reducing conditions for the submerged
tailings within the former water and tailings storage pond, underneath a newly-constructed multilayer
geosynthetic cover. Regular monitoring of submerged tailings would be needed to verify those
conditions. Continued effectiveness also requires that the former pond liner beneath the EM remains
intact and holds water to create the required saturated conditions.
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These examples illustrate the importance of considering the fundamental and secondary assumptions
and issues identified in the screening and analysis of alternatives during selection of a preferred
alternative. Critical consideration of these issues in relation to balancing criteria, including but not
limited to long term effectiveness and permanence and implementability, will be required to ensure
adherence with threshold criteria given the potential locations of disposal facilities and the
requirement for monitoring and maintenance in perpetuity.

When the FS is finalized, a preferred alternative for OU1 will be presented to the public in the
proposed plan. The proposed plan briefly summarizes the RI and FS, alternatives studied in the
detailed analysis phase of the FS, and highlights the key factors that led to identifying the preferred
alternative. The proposed plan allows the State of Oregon, represented by Oregon Department of
Environmental Quality (ODEQ), the U.S. Bureau of Land Management (BLM), and the community to
comment on the preferred alternative. The agencies have the ability to combine elements of
alternatives to address a subset of the mine materials for a preferred alternative in the proposed plan,
including elements of alternatives screened out in the FS.
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Exhibit ES-2. Summary of Comparative Analysis for OU1 Remedial Alternatives

Threshold Criteria Balancing Criteria
Overall Protection of Reduction of Toxicity,
Remedial Human Health and the Compliance with Long-Term Effectiveness Mobility, or Volume Short-Term
Alternative Description Environment ARARs and Permanence through Treatment Effectiveness Implementability Present Value Cost (Dollars)
1 No Further Action —_ —_ @ 0 0 @ S $115,000
In-Place Containment, Continued Submergence of
2 Tailings within EM, and Limited Excavation/Disposal of + + @ o 9 @ SS $5'553’000

Mine Materials at Proposed Facility within PMDA

Limited In-Place Containment, Chemically Reduced
3 Submergence of Tailings within EM, and + + e ) e (3} SSS $9,275,000

Excavation/Disposal of Mine Materials at Proposed
Facilities within and outside PMDA

Excavation, Stabilization/Solidification of Tailings, and
4 Disposal of Mine Materials at Proposed Facilities within + + (3) (3) (3] (3) SSS $101407;000
and outside PMDA

Excavation, Stabilization/Solidification of Tailings, and
6 Disposal of Mine Materials at Proposed Facility outside + + 9 9 9 9 SSS $10,489,000
PMDA

Notes:
1. The numerical designations for the qualitative ratings system used in this table are not used to quantitatively assess remedial alternatives (for instance, individual rankings for an alternative are not additive).
2. Detailed cost spreadsheets (cost summaries, present value analyses, and cost worksheets) for each alternative are presented in Appendix F.

Legend for Qualitative Ratings System:

Balancing Criteria Balancing Criteria
Threshold Criteria (Excluding Cost) (Present Value Cost in Dollars)
- Unacceptable O None O None
+ Acceptable 0 Low S Low ($0 through $4M)
®  LowtoModerat Low to Moderate ($4M through $8M
+ * Acceptable with ARAR Waiver(s) owtoModerate SS ow to Moderate (3 rough 58M)
9 Moderate SSS Moderate ($8M through $12M)
9 Moderate to High $$$$ Moderate to High ($12M through $16M)
(5) High sssss High (Greater than $16M)
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Section 1

Introduction

1.1 Purpose

This feasibility study (FS) report for the Formosa Mine Superfund Site (site) Operable Unit (OU) 1 was
prepared for the U.S. Environmental Protection Agency (EPA) Region 10 by CDM Federal Programs
Corporation (CDM Smith) as Task Order 047 for Architectural and Engineering Services (AES10)
Contract Number 68-S7-03-04. The purpose of the FS is to identify, develop, screen, and conduct
detailed evaluation of remedial alternatives for OU1 that are capable of addressing risks to human
health and the environment from the contaminated medium (mine materials). The OU1 remedial
investigation (RI) report was completed in January 2012 (CDM Smith 2012) and details the
information used to characterize conditions at OU1, determines the nature and extent of
contamination, and summarizes risks to human health and the environment.

This FS report presents the results of the development, screening, and detailed evaluation of remedial
alternatives to address the contaminated medium for OU1. The work performed during the FS was in
accordance with guidance developed by EPA for Conducting RI/FS under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) (EPA 1988) and in the National Oil
and Hazardous Substances Pollution Contingency Plan (NCP) (40 Code of Federal Regulations [CFR]
300.430(e)). In addition, the cost estimates for each alternative were developed in accordance with A
Guide to Developing and Documenting Cost Estimates during the Feasibility Study (EPA 2000a).

After the FS is completed, EPA will issue a proposed plan that summarizes the RI and FS and describes
EPA’s preferred remedy to mitigate risk in OU1. The administrative record, including the proposed
plan with comment forms, will be available at the information repository in Riddle, Oregon. When the
proposed plan is issued, there will be a public comment period of at least 30 days, during which EPA
will hold a public meeting to introduce the EPA’s preferred alternative and allow the public to
comment on the proposed plan. Public comments may also be provided to EPA in writing via mail or
email. This process is designed to allow the public adequate opportunity to provide formal input to
EPA before a final decision is made. EPA will consider all public comments. These comments and
EPA’s associated responses will be compiled into a responsiveness summary. EPA will then make its
final risk management and cleanup decisions and publish those decisions in a record of decision
(ROD). The responsiveness summary will be an attachment to the ROD.

1.2 Organization

The progress between major process steps of the FS is graphically illustrated on the header at the
beginning of each section. This report is organized as follows:

=  Section 1 discusses the purpose of the report, the report organization, and summarizes the site
location, description, background, and history.

= Section 2 describes the characteristics of the site, including the conceptual site model (CSM),
features and physical characteristics, a summary of the nature and extent of contamination, and
a summary of human health and ecological risks posed by contamination.
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= Section 3 describes the process for identifying preliminary remedial action objectives (PRAOs)
and preliminary remediation goals (PRGs). This section also identifies potential applicable or
relevant and appropriate requirements (ARARs) and “to be considered” (TBC) information.

= Section 4 describes the options for general response actions (GRAs) and the screening and
evaluation of different remedial technologies and process options used to develop remedial
alternatives.

= Section 5 identifies and describes the remedial alternatives and the screening process followed
to reduce the remedial alternatives considered to be most suitable for further analysis.

=  Section 6 describes the criteria used to evaluate the retained alternatives for further analysis in
Section 7.

= Section 7 presents a detailed analysis of the remedial alternatives retained after screening in
Section 5 and summarizes the comparative analysis conducted to compare and contrast the
remedial alternatives.

= Section 8 lists the references and documents referred to in this FS.
= Appendix A provides a summary of federal and state ARARs and TBCs.

*= Appendix B provides quantity calculations for the screening and detailed analysis of remedial
alternatives.

* Appendix C documents the alternative screening evaluation.

= Appendix D documents the alternative screening cost information. Screening cost estimates
have an expected accuracy range between +100 percent and -50 percent of the actual costs.

= Appendix E provides the detailed analysis of alternatives.

*  Appendix F provides the detailed alternative analysis cost information. Detailed analysis cost
estimates have an expected accuracy range between +50 percent and -30 percent of the actual
costs.

1.3 Site Location and Description

The site is an abandoned mine located in southwest Oregon in Douglas County, approximately 25
miles south of Roseburg, Oregon, and 7 miles south of Riddle, Oregon (Figure 1-1). Specifically, the site
is located within Sections 23, 26, and 27, Township 31 South, Range 6 West Willamette Meridian.
Locally, it is situated in the Coast Range Klamath Mountains at elevations between 3,200 and 3,700
feet above mean sea level (amsl) near Silver Butte Peak (3,973 feet amsl). The site is divided into two
OUs:

= QU1 includes all surface and subsurface mine materials deposited outside of the underground
mine workings, referred to in this FS as “mine materials.” These include materials that were
excavated during construction and operation of the mine, such as waste rock, ore, tailings,
construction rock, road surfaces, and contaminated soils that are co-mingled with waste rock,
affected by dispersion of contaminants from mine materials, and/or affected by mining-
influenced water (MIW) discharges.
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= 0U2 includes all remaining media and site contamination areas, including surface water, stream
sediment, groundwater, underground workings, and adit water drainage. Mine materials
present within the underground workings are defined as OU2 mine materials and are not
evaluated in this FS.

Figure 1-2 presents the general site features, including historic facilities from mining activities and
existing features such as waste rock dumps (WRDs) and roads. The primary mine disturbance area
(PMDA) for OU1 is the portion of the site that has been impacted by surface deposition of mine
materials as a result of mining-related activities. As shown on Figure 1-2, the PMDA encompasses
approximately 24.4 acres. This area was slightly refined from the Rl area (25.7 acres) because of
exclusion of unaffected areas in the area calculation (e.g., forest areas and bedrock outcrops).

Surface terrain is characterized by steep mountains, narrow ridges, and deep canyons. The upland
area surrounding the PMDA is heavily forested, consisting of predominantly Douglas fir. The site is
situated near the top of a mountain ridge (Silver Butte ridge) that divides several sub-watersheds and
drainages. Russell Creek drainage lies to the north of the site, Upper West Fork Canyon Creek drainage
lies to the east, South Fork Middle Creek drainage lies to the south, and Upper Middle Creek drainage
lies to the west.

1.4 Site Background and History

This section presents an overview of the site background and history. Additional details can be found
in the OU1 RI report (CDM Smith 2012).

Mining was conducted intermittently by several operators over approximately 80 years. Early
exploration activities began in 1910, with historic underground mining occurring during the 1920s
and 1930s. Copper was the primary payable metal obtained from chalcopyrite (CuFeS;) ore; with
some gold and silver produced as a byproduct of copper production. Zinc was also present in the same
ore body as sphalerite (ZnS), although zinc was not considered a marketable metal at the time.
Historic mining resulted in drainage of MIW from underground adit portals and creation of WRDs
adjacent to the portals that contained acid-rock drainage (ARD)-generating materials (CDM Smith
2012).

Exploration activities occurred intermittently after historic mining, with the most expansive
conducted in the 1980s. Modern mining was conducted by Formosa Exploration Inc. (FEI) from 1990
to 1993. FEI significantly expanded the extent of underground workings from the historic mining era
as well as the extent of WRD areas at the surface. Modern mining operations generally included
removal of ore from underground, onsite crushing of ore, and production of copper and zinc
concentrates within a flotation mill. Copper concentrates were shipped offsite for smelting; however,
zinc concentrates were never shipped because of low zinc prices. Waste tailings from the flotation
process were disposed of within the underground mine and within a lined water and tailings storage
pond adjacent to the onsite mill. Waste rock and other comingled ARD-generating mine materials
were disposed of within the underground mine, as well as within WRD areas adjacent to the mill and
pond area and along several onsite roads (CDM Smith 2012).

Onsite inspections by the Oregon Department of Geology and Mineral Industries (DOGAMI) in 1993
revealed several violations of FEI's permit conditions, and a subsequent notice of violation (NOV) was
issued. By August 1993, DOGAMI had issued a closure notice for failing to correct the problems
identified in the NOV. After mine closure, reclamation was conducted. From 1993 to 1994, the
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majority of reclamation work was conducted by FEI. DOGAMI provided inspection of the reclamation
work and funding from bonding. The U.S. Bureau of Land Management (BLM) provided permission to
construct the adit water diversion system on property managed by BLM. Reclamation by FEI during
1993 through 1994 involved the following activities (CDM Smith 2012):

Excavation and disposal of dry-stacked tailings within the underground workings

Excavation and disposal of stockpiled ore within the underground workings, the former water
and tailings storage pond, and the ore storage area

Excavation of zinc concentrate dump site and disposal within the underground workings
Excavation, stockpiling, and biological treatment of diesel fuel contaminated soils

Excavation of sulfide tailings from Upper Middle Creek and disposal within the underground
workings

Backfill and covering of mine portals

Excavation and disposal of crib wall fill materials on side slopes adjacent to the former mill and
pond area and as cover for the encapsulation mound (EM)

Demolition of crib wall structures and disposal onsite

Removal and offsite disposal crusher facility, shop facility, mill building and all processing
equipment, and million-gallon water storage tank

In addition to the reclamation activities described above, the following reclamation activities are
significant to the analysis of OU1 in this FS:

1.

1-4

Excavation and disposal of dry-stacked tailings and capping of materials disposed in the former
water and tailings storage pond (now referred to as the EM)

= The former water and tailings storage pond was originally used for process water to feed
the milling operations. The pond was excavated mostly into bedrock and blasted/excavated
material was used as fill to expand the flat area at the top of the ridge. The southeast and
northwest side berms were stabilized with the construction of the wood and steel rebar
retaining walls (i.e., crib walls) on both sides of the pond area. The pond liner was
constructed of two layers of high-density polyethylene (HDPE) (60 mil upper and 40 mil
lower) with an internal drainage net between the layers and a leak detection system. Three
sample ports were installed to test for leakage of the upper liner and a sump was installed to
collect leakage in the drainage net if it occurred. The upper liner was reportedly punctured
at some point during mining operations, although the location of the tear is unknown. The
pond was originally constructed at a depth of 25.5 feet with 3 feet of freeboard below the
crest of the liner system. In 1992, the pond was expanded by embanking additional fill and
adding additional liner along the crest, which raised the crest elevation by 2.5 feet to a total
pond depth of 28 feet.

=  During mining, the volume of underground mine workings available for backfilling was
consistently smaller than the volume of tailings generated. As a result, a significant amount
of tailings was stored in the water storage pond (now referred to as the EM). During
reclamation, the majority of tailings were hydraulically transported in the underground
mine workings; however, some tailings remained in the pond. These remaining tailings
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were spread on the pond liner to protect the liner from damage during rock backfilling.
During excavation of the tailings material on the south portion of the pond, both the upper
and lower pond liners were reportedly ripped, but no documentation was provided if the
rip was repaired. Seventeen thousand tons of low-grade ore was backfilled onto the
remaining tailings followed by a Bentomat™ cover, and a 5- to 7-foot thick soil/rock cover.
The top layer of soil was amended with limestone, biosolids, and mulch, and the area was
seeded. Attempts at revegetation with Douglas fir and blackberry cuttings were also
reported. The EM cover was completed in August 1994.

= Current observations of the EM suggest that the cover material contains some amount of
ARD-generating mine materials as well as dispersed rebar from crib wall demolition. The
west side of the mound area contains a poorly established vegetative cover; however, the
east side of the mound is devoid of vegetation and has undergone significant erosion over
the years. A fabric geotextile material is exposed on the southern corner of the EM, possibly
from erosion that has resulted in complete loss of the cover system.

2. Construction of adit water diversion systems to drain MIW from covered mine portals

=  The adit water diversion system is intended to capture MIW draining from the Formosa 1
and Silver Butte 1 adits and divert it away from the headwaters of Upper Middle Creek and
into a dispersion drainfield. The Silver Butte 1 adit rarely flows, but the Formosa 1 adit has
recorded flows as high as 190 gallons per minute (gpm) (Hart Crowser Inc. [Hart Crowser]
2002). This approach was part of the original reclamation plan implemented by FEI in 1994.
Over the years, clogging of the pipes by iron precipitate has required ongoing maintenance
and reconfiguration of the system.

= The current adit water diversion system was installed in 2000 and is shown on Figure 1-2.
The original Formosa 1 system was installed in 1994 at a shallower drain slope than the
existing, and the original drainfield was located approximately 120 vertical feet above the
existing drainfield. A second configuration was constructed around 1996, which steepened
the drain slope and discharged approximately 15 feet downslope and 60 feet north of the
original drainfield. Over the years, these changing diversion system configurations have
resulted in soil contamination over a wide area as a result of the acidic and metal-bearing
MIW discharge (See Figure 1-2. Further delineation of the area comprising adit drainage
affected soils would be evaluated before implementation of the selected remedy).

Despite the efforts described above, the reclamation was not successful in mitigating ARD generation
of the surface (OU1) mine materials. Ongoing maintenance and repair of adit water diversion systems
have also been conducted since 1993 to present day.

1.5 Investigations and Current Site Status

Details of investigations and site status are provided in the OU1 RI report (CDM Smith 2012). The
following briefly lists the regulatory and other associated activities that have occurred at the site:

= 1999 - State-Led RI. The Oregon Department of Environmental Quality (ODEQ), in cooperation
with BLM, began a state-led RI at the site in June 1999. An RI report was prepared in June 2000
(BLM/ODEQ 2000), herein referred to as the “2000 RL.”
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1-6

1999 - Site Assessment. BLM hired Dynamac Corp. (Dynamac) to conduct a site assessment in
October 1999. The site assessment report was prepared by Dynamac in February 2000
(Dynamac 2000).

2000 - Removal Assessment Report. Hart Crowser Inc. (Hart Crowser) was hired by Oregon
DEQ in 2000 to conduct an investigation at the site. A removal assessment report was prepared
by Hart Crowser in September 2000 (Hart Crowser 2000).

2000 - Adit Collection System Construction. Also in 2000, Hart Crowser was hired by Oregon
DEQ to build a new adit water diversion and treatment system. Construction of the adit
collection system began in the fall of 2000 and was completed by November.

2001 - Data Evaluation Report. Hart Crowser conducted data evaluation and prepared a
report in September 2001. (Hart Crowser 2001)

2002 - Supplemental RI. Hart Crowser conducted a supplemental RI and prepared a report in
December 2002 (Hart Crowser 2002).

2004 - Human Health and Ecological Baseline Risk Assessment (HHEBRA). Hart Crowser
completed a HHEBRA in 2004 (Hart Crowser 2004a).

2004 - State-Led FS. Hart Crowser completed a state-led FS (herein referred to as the “2004
FS”) in 2004 (Hart Crowser 2004b).

2005 - National Priorities List (NPL) Petition. Citizens petitioned the EPA to consider adding
the site to the NPL.

2006 - NPL Proposal. The site was proposed for listing on the NPL.

2006 - Removal Assessment. In the summer of 2006, the EPA Superfund Technical Assistance
& Response Contract 3 (START-3) Team conducted a removal assessment at the site. The
START-3 removal assessment report was prepared in March 2007 (START-3 2007).

2007 - NPL Listing. The site was added to the NPL.

2008 - EPA Emergency Response Action. In June of 2008, EPA performed emergency repairs
and replacements of piping, and also removed iron precipitates from piping at the adit water
diversion system.

2009 - EPA Emergency Response Action. In March of 2009, EPA performed a removal of an
iron precipitate obstruction within the concrete vault, repaired pipe, and completed an overall
inspection of the adit water diversion system.

2009 - Data Summary Report. Before the EPA-led RI report, a data summary report of
previous investigations began with background data collection, assessment of historic data and
information, and development of recommendations for the EPA-led RI/FS and risk assessment.
These findings were presented in the data summary report (CDM Smith 2009a). Although a
state-led RI/FS and risk assessment was conducted, the data summary report concluded that
additional data collection and assessment was necessary to sufficiently characterize site
contamination to conduct remedial action under CERCLA.
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= 2009 - EPA-Led RI. Characterization of the nature and extent of mine materials and soils for
the OU1 RI began in October 2009 and was completed in November 2010. CDM Smith prepared
the first sampling and analysis plan (SAP) in 2009 (CDM Smith 2009b) and the second SAP in
2010 (CDM Smith 2010). Both SAPs include components of OU1 and OUZ2. The OU1 RI included
definition of the horizontal and vertical extent of OU1 mine materials and soil, the potential for
the mine materials to generate ARD and contaminants of potential concern (COPCs), and human
health and ecological risk assessment. Surface water and groundwater sampling are being
conducted as part of ongoing efforts for characterization of OU2 and understanding the affects
of OU1 mine materials on surface water and groundwater.
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Section 2

Site Characteristics

This section summarizes the CSM, site characteristics, nature and extent of contamination, and risk
assessments as presented in the OU1 Rl report (CDM Smith 2012). Complete details of the site
characteristics and the nature and extent of contamination are presented in the OU1 RI report (CDM
Smith 2012).

2.1 Conceptual Model

The CSM as presented in Figure 2-1 incorporates the primary mechanisms that lead to release of
contaminants from source materials, migration routes of contaminants in the environment, exposure
pathways, and human/ecological receptors. Figure 2-1 is a diagrammatic figure illustrating these
components for both OU1 and OU2. In addition, Figures 2-2 and 2-3 present a graphic representation
of the contaminant generation, transport, and fate mechanisms for two representative locations of the
site. These figures present the CSM components before the potential exposure route or receptor
endpoints shown as on Figure 2-1 and provide site-specific illustrations of the Formosa 1 adit area
and Upper Middle Creek (Figure 2-2) and the EM area and South Fork Middle Creek (Figure 2-3).

2.1.1 Contaminant Sources

The Formosa Mine exploited an ore body called a volcanogenic massive sulfide, a natural deposit of
rock that is strongly enriched in metals, metalloids, and sulfide minerals. The mining process exposed
these rocks to surface weathering through construction of tunnels and haulage of broken rock to the
surface, crushing and grinding rocks to separate payable metals, and deposition of waste materials at
the surface. The primary contaminant sources at the site are mine materials that contain sulfide
minerals (e.g., pyrite), which generate ARD when exposed to precipitation and oxygen. The process of
sulfide oxidation and subsequent release of dissolved metals and metalloids is the dominant
contaminant release mechanism at the site.

0U1 mine materials such as waste rock, tailings, and mixtures of waste rock with soils are source
materials for ARD generation. Mine materials containing sulfide minerals within the underground
mine are also ARD-generating (OU2 mine materials); however, mitigation of the OU1 mine material
sources is the focus of this FS.

Pyrite oxidation is catalyzed by microorganisms and control by a number of factors including
concentration of pyrite in the rock, grain size and crystal habit of pyrite, particle size of the rock, and
presence of other minerals that can buffer reduction in pH. For OU1 mine materials, particle size
factors are particularly important with respect to fine-grained tailings and the widespread waste rock
materials that have undergone weathering processes at the surface. The finer the particle size, the
higher the surface area of potential exposed pyrite, and the higher the potential rate of oxidation of
pyrite.

Contaminants of concern (COCs) include sulfur present in various forms that generate ARD, dissolved
sulfate present in MIW, and several toxic metals and metalloids present in rocks and in MIW, such as
arsenic, cadmium, copper, and zinc. The term COCs as used in this FS report is intended to generally
represent this group of contaminants as a whole. The OU1 RI nature and extent evaluation identified
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COPCs, followed by the risk assessment, which narrowed the list of contaminants to only COCs. Other
metals are included in the COCs list; however, these four metals/metalloids (arsenic, cadmium,
copper, and zinc) are the primary indicators of ARD generation and MIW impacts for the site.

2.1.2 Migration Routes

Contaminants can be transported from the site via surface water, groundwater, and by physical
dispersion. Figures 2-2 and 2-3 illustrate these migration routes for both OU1 and OU2. This FS is
intended to address mitigation of COC migration from OU1 mine materials. As ARD is generated and
transported through the environment via surface water and groundwater pathways, the pH generally
increases through interactions with soils and mixing with neutral-pH waters. The general term MIW is
used to describe ARD once it transports from the generation source.

2.1.2.1 Surface Water

Releases of COCs from OU1 mine materials to surface water occur from MIW runoff from exposed
mine materials and from groundwater seeps discharging to surface water. Release of COCs also occurs
from leakage of the adit water diversion system at the Formosa 1 adit (from OU2 mine materials).
Runoff includes overland flow (over the land surface) and interflow (within the subsoil/near-surface
fractured bedrock zone). In the upper reaches of Upper Middle Creek subdrainages Middle Creek A
(MA) and Middle Creek B (MB) and South Fork Middle Creek subdrainage South Fork Middle Creek A
(SFA) (see Figure 1-2), interflow conveys runoff into the alluvial groundwater systems and can
discharge as seeps to surface water. The seep discharges may also be affected by movement of MIW
from bedrock groundwater into the alluvial groundwater systems within the subdrainages.

2.1.2.2 Groundwater

Releases of COCs from OU1 mine materials to alluvial and/or bedrock groundwater occur from
infiltration of rain and snowmelt through OU1 mine materials, ARD generation, and transport of MIW
through the alluvial and/or bedrock groundwater systems. As described above, MIW transports
through the alluvial groundwater systems of the main subdrainages near the site and discharges to
surface water. MIW also transports from OU1 mine materials in the EM area to the bedrock
groundwater system, and subsequently to the alluvial groundwater system in the SFA subdrainage.
For the Upper Middle Creek subdrainages MA and MB, discharge of MIW from underground workings
is possible, but has not been adequately characterized.

2.1.2.3 Physical Dispersion

Physical dispersion of mine materials also contributes to pollutant migration. Numerous areas of
large-scale downslope movement of mine materials are present as a result of very steep topography
and relatively high precipitation rates during some periods of the year. Erosion rills of up to
approximately 5 feet deep are present in some WRDs, and downslope transport by erosion has
displaced mine materials tens to hundreds of feet downslope in several areas. Physical dispersion by
wind and traffic may occur, in particular along road areas. Wind dispersion of road materials has likely
occurred onto road side ditches and embankments, causing migration of COCs. Wind dispersion of
road materials is facilitated by vehicle traffic and has been observed during field events. However, it is
not considered a significant transport mechanism at the site.
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2.1.3 Exposure Pathways

Human exposure pathways include dermal contact, incidental ingestion, and inhalation of OU1 mine
materials. Exposure pathways for terrestrial ecological receptors include direct contact/dermal
exposure, direct contact/uptake, inhalation, and dietary. Exposure pathways for aquatic/riparian
ecological receptors include direct contact/dermal exposure and direct contact/uptake.

2.1.4 Potential Receptors

Potential human populations most likely to be exposed include current workers, visitors, and possible
offsite residents. Hypothetical future receptors include construction workers, workers, visitors, and
offsite residents. Visitors include hikers, campers, all-terrain vehicle riders, and hunters. Ecological
receptors include terrestrial vegetation and wildlife (including salamanders, anurans [frogs and
toads], lizards, snakes, birds, and mammals, including bats) and aquatic/riparian vegetation and
wildlife (including aquatic plants, water column invertebrates, fish, and larval amphibians).

2.2 Site Setting and General Features

The site is located in the Coast Range Klamath Mountains at elevations between 3,200 and 3,700 feet
amsl in Douglas County, Oregon, approximately 25 miles south of Roseburg, Oregon, and 7 miles south
of Riddle, Oregon (see Figure 1-1). The PMDA area that contains OU1 mine materials (approximately
24.4 acres) is surrounded by heavily forested and steep mountainous areas and several watershed
drainages.

The site is accessible by improved gravel and natural surface roads, which are maintained by BLM and
private timber companies. The majority of the site (e.g., PMDA) can be accessed off of Shoestring Road
using either Silver Butte Road (Road 30-6-35.1) or Road 30-6-35.0 followed by Road 31-6-13.1. These
roads are readily accessible by vehicle throughout the year, with the exception of winter months when
snow may hinder vehicular travel.

General site features include (see Figure 1-2):

Surface piles of OU1 mine materials are predominantly waste rock and construction rock, which
have been comingled in many areas. OU1 mine materials are present at all adit portals, on the east and
west sides of the EM, on road surfaces, and in other areas disturbed by mining such as the former ore
storage area, illegal dump area, million gallon tank area, shop facility, and crusher facility.

The underground mine and associated mine portals were constructed over various periods of
operation. Currently, all underground mine workings are inaccessible, because attempts were made to
seal the portals as part of early reclamation activities in the early 1990s. However, MIW discharges
from the Formosa 1 adit on a perennial basis. Four additional reclaimed portals formerly accessed the
underground mine, but do not generally discharge ARD. Two small isolated adits (404 and K1G) are
also present south of the site (see Figure 1-2).

The adit water diversion system has been reconstructed several times since mine reclamation. This
facility is designed to collect MIW discharging from the Formosa 1 and Silver Butte 1 adits and divert
this water in a pipeline to a discharge point located just north of the Silver Butte WRD. Adit drainage
affected soils are included as part of OU1 mine materials.
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The historic mining features were present during modern mining and later removed or reclaimed
such as the former crusher, shop, milling, water and tailings storage areas, and the EM. The EM was
constructed from a former water and tailings storage pond during mine reclamation activities. The EM
contains tailings and low grade ore within the pond, and mounded low-grade ore above the pond liner
elevation. As part of the reclamation activities, a geosynthetic clay cover and vegetated cover soil was
constructed over the mounded low-grade ore. Additional details for the EM are provided in Section 1.4.

2.3 Summary of Physical Characteristics

This section presents a summary of the physical characteristics of the site.

2.3.1 Climate

The climate of the Klamath Mountains is characterized by hot dry summers followed by wet winters of
low to moderate temperatures. Precipitation varies between 15 and 70 inches per year. November
through March are the wettest months of the year, with median precipitation of 4.48, 5.75, 5.02, 3.58,
and 3.35 inches, respectively. The higher precipitation during these months causes high surface water
flow in area streams that generally peaks in March and declines during spring, summer, and fall.
Precipitation during winter may fall as snow in higher elevations, especially above 3,200 feet amsl.
The warmest months are July and August, when the high temperatures average around 76 degrees
Fahrenheit. The coldest month is January, when the high averages around 41 degrees Fahrenheit and
alow of 31 degrees Fahrenheit.

2.3.2 Geology

The geology of the site is characterized by weakly metamorphosed mafic volcanic rocks, which lie
within an accommodation zone between two regional thrust faults, the Silver Butte Thrust and the
Coast Range Thrust. The rocks strike generally northeast and dip towards the east. The volcanic rock
units include a variety of basaltic to dacitic flows and tuffs. A thin veneer of unconsolidated colluvial
and alluvial sediments overlies the metavolcanic bedrock, which are mixtures of rock fragments and
soil that are transported downslope by gravity from parent bedrock. In areas of vegetation, the top
surface of colluvial material contains a higher fraction of organic matter and rootlets.

A series of massive sulfide lenses are present within the metavolcanic rocks. These massive sulfide
lenses are concordant with bedding of the metavolcanic rocks and crop out along a northeastern trend
extending from the EM area towards the Formosa 2 and 3 adits. Natural enrichment of metals and
metalloids including arsenic, cadmium, copper, lead, and zinc are associated with these massive
sulfide deposits. Massive sulfide deposits containing economic concentrations of copper and zinc were
the target of mining activities at Formosa. The massive sulfide deposits and surrounding rocks contain
high concentrations of pyrite, an ARD-generating mineral, and other sulfide, sulfosalt, and sulfate
minerals.

2.3.3 Surface Water

The site is located near the top of Silver Butte at the drainage divide among four major drainages (see
Figure 1-1). The west and south east portions of the site are drained by Upper Middle Creek and South
Fork Middle Creek, perennial streams that are tributaries to Middle Creek. These streams are severely
affected by MIW. The north and northeast portions of Silver Butte are drained by Russell Creek and
Upper West Fork Canyon Creek respectively.
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Russell Creek, West Fork Canyon Creek, and Middle Creek all drain into Cow Creek, a major regional
watershed which supplies municipal drinking water to the town of Riddle, as well as several private
drinking and irrigation water intakes. Flow in Cow Creek is significantly higher than the tributary
drainages of Russell Creek, Canyon Creek, and Middle Creek.

2.3.4 Groundwater

The groundwater system at the site is differentiated into two groundwater systems: the alluvial
system and the bedrock system.

Direct evidence collected from MIW discharges from seeps and springs show that MIW is discharging
from the alluvial groundwater system into surface water. This alluvial groundwater system is
recharged by leachate from OU1 mine materials, leakage at the Formosa 1 adit portal, and discharge
from the bedrock aquifer depending on the location within the tributary drainages. Recharge from
leachate released from OU1 mine materials is likely ephemeral in nature, occurring in response to
major precipitation events or snowmelt. Recharge from leakage at the Formosa 1 adit is likely
perennial, but the recharge rate is expected to vary seasonally on a similar magnitude to seasonal
variations in MIW measured at the adit portal. Recharge from the bedrock aquifer is likely perennial,
but the locations where this recharge occurs within the tributary drainages likely varies seasonally in
relation to variations in the water level of the bedrock aquifer. Alluvial aquifers are present within
unconsolidated alluvial and colluvial sediments located within tributary drainages. The thickness of the
alluvium/colluvium range from less than 1 feet to up to 10 feet and soil types range from silt to gravel.
These aquifers coalesce in the downstream direction and convey water to the major drainages of Upper
Middle Creek, South Fork Middle Creek, Russell Creek, and West Fork Canyon Creek. Five alluvial
groundwater monitoring wells were installed in August 2010, and automated water level sensors were
placed in these wells and monitored from November 2010 through September 2011 to further assess
the alluvial groundwater system for the Formosa OU1 Rl report. Water level data showed that these
wells respond quickly to precipitation events. One alluvial well always has water present (MW-15A),
one well has water present on a perennial basis (MW-7A), and the remaining three wells have very
little to no water except during precipitation events (MW-13A, MW-164A, and MW-21). These last three
wells may not have been installed in the deepest portion of the tributary drainages or the well was not
installed at the base of the alluvial system as a result of drill bit refusal during installation. Because of
the limited aquifer thickness and steep slopes at the Site, the alluvial groundwater system has limited
storage capacity.

The bedrock aquifer is located within metavolcanic rocks, which exhibit relatively lower permeability
as compared to unconsolidated sediments that host the alluvial groundwater system. Observation of
bedrock outcrops and water movement through those outcrops during spring and seep surveys shows
that the primary porosity of the bedrock rock units is low, and that groundwater is conveyed
predominantly through fractures and other discontinuities. Historical groundwater data show water
elevation decreased by values ranging from 26 to 84 feet between March and September 1989. These
data were gathered from four monitoring wells constructed near the area of the current EM. Water
levels in these wells, which were located within a relatively small area, also ranged from
approximately 3,200 feet to 3,320 feet amsl in March of 1989. The large seasonal fluctuation in water
levels suggests that the storage coefficient of the bedrock aquifer may be low, resulting in large
increases in water level in relation to seasonal recharge by precipitation. The wide range in water
table elevations measured during March 1989 at bedrock wells located close to each other suggests
that the fracture systems intersected by the monitoring wells may not be well connected. Automated
water level sensors were placed in operable bedrock monitoring wells at the site, MW-2 and MW-5,
and were monitored during the period of November 2010 through September 2011 for the Formosa
hith 25
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OU1 Rl report. MW-2 and MW-5 showed water elevation decreased by 4 feet and 35 feet, respectively,
over the period of record. This suggests that the fractures intersected by the screened interval of MW-
2 are relatively less connected with the surface as compared to MW-5. The overall permeability of the
bedrock aquifer and the degree of inter-connectedness of individual fracture zones within the bedrock
aquifer is unknown.

2.3.5 Encapsulation Mound Water

As discussed in Section 1.4 of this FS, because of a lack of available storage in the underground mine
workings during operation of the mine, tailings from the mill were placed into the former water and
tailings storage pond (now referred to as the EM) and on the south end of the pond. During
reclamation of the mine, the majority of tailings were placed into the underground mine workings, but
some tailings remained and were spread on the liner to protect it from damage during low grade ore
backfilling. Low grade ore was then backfilled over these tailings. During excavation of the tailings
material on the south portion of the pond, both the upper and lower pond liners were reportedly
ripped, but no documentation was provided if the rip was repaired. During OU1 RI investigations, it
was noted that materials backfilled into the EM are saturated for nearly the entire depth of the
repository. Additional information regarding construction and contents of the EM can be found in
Sections 3.1.2.2 and 4.1 and Tables 4.1-5 and 4.1-6 of the Final Formosa OU1 RI Report.

As aresult, MIW is also present within the EM. This water is defined as a subsurface or vadose zone
water, rather than groundwater. Piezometers within the EM indicate increases in water level during
the wet season and decreases in water level during the dry season. The increase in water level
indicates that infiltration through the clay cover and mounded low-grade ore occurs in response to
increased precipitation, while the decrease in water level indicates leakage of water from the existing
repository liner. These observations document leaking water from the liner, which can have affects on
both bedrock groundwater and alluvial groundwater in the EM and South Fork Middle Creek area.

2.3.6 Surface Water-Groundwater Interactions

Discharge of groundwater to surface water was observed in many tributary drainages during the wet
season seep and spring survey. Most of the observed locations were areas where groundwater
discharges to surface water from alluvial aquifers. Discharge areas were commonly located at
intersections of roads with the tributary drainages, where the road cut excavation truncated the
alluvial aquifer forcing groundwater to the surface. Often this water flowed over the surface for a
short distance downstream of the road before re-infiltrating into the alluvial groundwater system
within undisturbed portions of the tributary drainages.

Discharge of MIW to surface water was observed within both the Upper Middle Creek and South Fork
Middle Creek drainages. Within Upper Middle Creek, discharge of MIW from groundwater to surface
water is extensive in a tributary located approximately 300 feet downgradient from the Formosa 1
adit. This discharge causes severe effects to surface water quality, and was observed during both the
wet season and dry season spring and seep surveys suggesting that MIW discharge in this area is
perennial. Discharge from the alluvial aquifer system is thought to be a major contributor to MIW
discharge from groundwater to surface water in the Upper Middle Creek drainage; however,
discharges from the bedrock aquifer to surface water may also occur. MIW was also observed to be
discharging from the alluvial aquifer to the South Fork Middle Creek drainage. These discharges occur
where road cuts truncate the alluvial groundwater system, and MIW re-infiltrated downstream of the
road cuts. The observed discharges were intermittent and may be associated with both the alluvial
and/or bedrock groundwater systems.
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2.3.7 Ecology

The PMDA is largely devoid of vegetation in many areas; however, thick vegetative cover is located in
surrounding areas. Upland vegetation in and around the site consists primarily of coniferous forest
dominated by Douglas fir. Golden chinkapin and Pacific madrone also commonly occur in drier areas,
while western red cedar and western hemlock occur in wetter areas or on north aspects. Canyon live
oak is occasionally found in open, drier areas on rocky soils. Forest age in and around the site varies
from old-growth stands to younger successional forest and areas of recent timber harvest. Old-growth
forest is present on BLM managed land located near the Formosa adits.

The areas surrounding the mine provide habitat for a variety of wildlife including Roosevelt elk, black
tailed deer, coyote, western grey squirrel, black bear, and numerous bird species. Winter steelhead
and resident rainbow trout, fall and spring chinook salmon, coho salmon, and cutthroat trout have
been documented by the Oregon Department of Fish and Wildlife using the Lower Cow Creek
Watershed Analysis Unit (BLM 2002), which includes unaffected portions of the watershed.

There are 11 federally threatened or endangered species with the potential to occur in Douglas
County (U.S. Fish and Wildlife Service [USFWS] 2011a). Of these, seven are marine species or
associated with coastal habitats not found close to the site. The remaining four species include the
Northern spotted owl (Strix occidentalis caurina) and three plants: Gentner's fritillary (Fritillaria
gentneri), Kincaid's lupine (Lupinus sulphureus ssp. kincaidii), and rough popcornflower (Plagiobothrys
hirtus). In addition, two species, the fisher (Martes pennant) and North American wolverine (Gulo gulo
luscus) are candidates for listing. Only the Northern spotted owl (federally threatened) has a high
likelihood of occurrence near the site and also has critical habitat areas identified. Forest areas within
Connectivity/Diversity Block and General Forest Management Area designated BLM managed lands
and private lands adjacent to the PMDA are potential habitat for the Northern spotted owl. All other
species have a low likelihood or are unlikely to occur near the site, because of lack of habitat or range
characteristics. Upper Middle Creek and South Fork Middle Creek are adversely affected by MIW
discharge from the site.

2.3.8 Land Use

The former mine area of the site is mostly located on private land owned by FEI, with some public land
areas managed by BLM. Timber harvest is the predominant current and expected future land use in
the area. The majority of land surrounding the OU1 site area is either owned by private timber
companies, chiefly Silver Butte Timber Company and Roseburg Resources, or is Oregon and California
revested grant land managed by BLM. Private lands are designated as Timberland Resource based on
county zoning classifications which are based on requirements under state law. The BLM land in the
area is designated as one of the two Matrix land use allocations, either as a General Forest
Management Area or Connectivity/Diversity Block. The Formosa 1 Adit and the northern extent of the
PMDA are near or within BLM managed lands which fall under the Connectivity/Diversity Block land
use allocation. The eastern portion of the PMDA which includes the illegal dump area, the upper South
Fork Middle Creek drainage, and the southern portion of the PMDA including the 404 Adit are either
within or are in close proximity to lands designated General Forest Management Area. In both cases
the land is available for timber harvest at varying frequencies, with the Connectivity/Diversity Block
being more restrictive in terms of potential land use. In addition to timber and other forest
commodities, the two Matrix land use allocations provide connectivity between Late Successional
Reserves, habitat, and ecologically valuable structural components such as down logs or large trees.
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OU1 and adjacent areas are also used by recreational hikers, campers, hunters, and all-terrain vehicle
riders. An active weather station and fire-lookout tower is located at the top of Silver Butte Peak,
which is accessed via roads through the PMDA. There are also mining claims in the area, although no
mining is being conducted under a Notice or Plan of Operations.

Roads in the area and at the PMDA are open for public use, with exception to a locked gate on Road
31-6-26.1 that accesses the weather station/lookout tower. While timber harvest does not currently
occur adjacent to the site, the area is being managed as harvest and is part of a rotation, and harvest
will occur within the life history of the selected remedy. Private timber companies have access
agreements on roads within the PMDA area. Workers at the weather station and fire-lookout tower
also have access agreements for these onsite roads.

No residential use occurs at or adjacent to the site. The nearest residents are approximately 3 miles to
the north of the PMDA.

2.4 Summary of Nature and Extent of Contamination

Evaluation of nature and extent of contamination considered in the OU1 Rl report included:
= OU1 mine materials and soil
= Surface water
*=  Groundwater

The OU1 RI report focused on examination of the geochemical characteristics, geographic extent, and
depth and volume of OU1 mine materials. The RI work to date has also evaluated nature and extent of
contamination in surface water and groundwater, components of OU2, but these media have not yet
been fully characterized. Data collected from surface water and groundwater were presented in the
OU1 RI at the time of publication, although additional evaluation of these data will be conducted for
the OU2 RL

2.4.1 OU1 Mine Materials and Soil

This section presents a summary of the nature and extent of contamination of OU1 mine materials and
soil at the site. Soils located downslope from mine materials (potentially affected soils), or in areas
that are affected by MIW discharge (adit drainage affected soils) or groundwater seeps are potential
secondary sources of contamination. In the OU1 RI report, these soils were described separately from
mine materials. For the purposes of simplifying evaluations in the FS, adit drainage affected soils are
grouped within the term mine materials, although these soils are discussed in Section 2.4.1.2 below to
be consistent with the OU1 RI. Potentially affected soils are excluded from the definition of mine
materials and are discussed in Section 2.4.1.2.

2.4.1.1 OU1 Mine Materials

0U1 mine materials are primary source materials, which are deleteriously affecting surface water and
groundwater. OU1 mine materials consist of waste rock, ore, tailings, construction rock, road
construction material, exposed bedrock surfaces, contaminated soils, and adit drainage affected soils.
Adit drainage affected soils are further discussed in Section 2.4.1.2 below. Waste rock, ore, and tailings
are the primary source materials that contain natural enrichments of various metals and metalloids
that have the potential to generate ARD. Tailings are present in the EM and within the underground
mine, but are generally not observed on the surface. Waste rock is common within OU1 mine
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materials, and waste rock management practices during mining and reclamation resulted in extensive
comingling of waste rock with construction rock, road surfaces, and other soils. As a result of this
extensive comingling of these materials, they are evaluated together and referred to as “OU1 mine
materials.”

OU1 mine materials were characterized using a weight of evidence approach by comparing data to
several different screening criteria. The screening criteria include:

= Target analyte list (TAL) metals screening criteria based on background incremental soil
sample data

=  Synthetic precipitation leaching procedure (SPLP) screening criteria based on State of Oregon
groundwater and surface water standards

=  Acid base accounting (ABA) screening criteria based on the metrics defined by the laboratory
method

= Lithology screening criteria indicating ARD-generating materials
* Field paste pH screening criteria based on paired comparison of field paste pH and SPLP data

* Field-portable x-ray fluorescence (FPXRF) screening criteria based on statistical evaluation of
the FPXRF data populations

OU1 mine materials were evaluated for these criteria to identify materials that may require mitigation
based on the presence of COCs that exceed the screening criteria (TAL metals, SPLP metals, and FPXRF
metals), the potential to generate ARD, and the potential to leach COCs to surface water and
groundwater.

Mine materials are commonly strongly ARD-generating, as shown by field paste pH data, laboratory
ABA data, and lithological data. Modified SPLP data show that dissolved metals and acidity leaches
from mine materials at concentrations exceeding screening criteria. The SPLP extract solutions
contain high concentrations of cadmium, copper, and zinc, which are indicators for MIW-affected
waters. These indicators are also found in surface water and groundwater in close proximity to the
mine materials. Evaluations of the maturity of the OU1 mine materials indicates that these materials
are not yet mature, and that the materials would be expected to generate ARD with lower pH and
higher concentrations of COCs in the future. This indicates that the downstream extent of affects to
Upper Middle Creek and South Fork Middle Creek would be expected to increase in the future if the
0U1 mine materials located at the headwaters of these creek subdrainage areas are not remediated.

It is estimated that the process of infiltration of precipitation into OU1 mine materials, ARD generation
as the water percolates through the mine materials, and subsequent MIW discharge produces 4 to 13
million gallons of MIW in an average year. During particularly high-precipitation years, this volume is
estimated to be between 9 and 15 million gallons per year. ARD produced by OU1 mine materials
discharges to both groundwater and surface water. The dominant COC transport pathway is discharge
of ARD to groundwater, COC migration in groundwater, and subsequent discharge of MIW from
groundwater to surface water in Upper Middle Creek and South Fork Middle Creek.

0U1 mine materials are present in WRDs located at the portals of all former openings into the
underground mine, and in piles on the east and west side of the EM. The depth of OU1 mine materials
was delineated based on surface borings and excavator trenches. The areal extent and depth of mine
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materials are shown on Figure 2-4. This figure presents a refined version of the isopach model
originally presented in the OU1 RI report (CDM Smith 2012). The Rl isopach provided a rough
estimate of mine material depth to the bedrock interface utilizing the depth of borings and trenches
where available and surface light detection and ranging (LiDAR) contour data. Five-foot contour
intervals were developed based on this data (isopach contours). Together, the isopach contours,
boring and trench depth, and surface contours were incorporated into an ArcGIS spatial analyst model
to compute a three-dimensional volume. The mine material volume based on this process was
estimated at 280,000 cubic yards (CY), excluding the materials beneath the geosynthetic clay cover
(35,000 CY based on literature values) and at the 404 adit area (2,000 CY estimated).

As part of the FS process, these volumes were refined to support development and assessment of
remedial alternatives. For the FS, RI boring and trench depth and location data were further reviewed
and the isopach contours were revised to reflect the depth of known or observed ARD-generating
mine materials, rather than to the full depth of bedrock. In some instances, native soils present below
ARD-generating mine materials do have a reduced or affected pH and elevated concentrations of
COPCs, reflecting leaching and infiltration from overlying ARD-generating mine materials. However,
many borings and trenches indicate the presence of native soils with paste pH values above the
screening criteria (4.6 standard units) and either low COC concentrations or no sample data to
indicate an exposure issue or that the soils are ARD-generating. For OU1 remediation, to the extent
practicable these soils should remain in place for full removal alternatives to provide a surface to
incorporate reclamation components such as placement of topsoil, seeding, tree planting, and other
erosion control features.

In addition to the depth refinement, historic data and as-built information for the former water and
tailings storage pond and EM structure were digitized and incorporated into the isopach, along with
creation of isopach contours for the 404 adit WRD. After refinement of the 5-foot isopach contours
and incorporation of the EM data, interpolated 2.5-foot contours were generated between the 5-foot
contours, and the ArcGIS spatial analyst model calculation was re-run. Generation of 2.5-foot contours
provides a more accurate estimate of volume. All of these refinements indicate a significant reduction
in mine material volume from the RI report values, as shown in Exhibit 2-1.

Exhibit 2-1. Estimated Volume of Mine Materials in OU1

Estimated Volume Estimated Volume
from RI (CY) from FS (CY)
OU1 mine materials in PMDA 280,000 202,0001
Mine materials below geosynthetic clay cover in EM 35,000 31,000
Mine materials located at 404 adit 2,000 1,000
Total 317,000 234,000

Includes estimated 3,000 CY of adit drainage affected soils which is an estimate based on opportunity samples and visibly
affected soil. Further delineation of the area comprising adit drainage affected soils would be evaluated before
implementation of the selected remedy. Original RI mine materials volume did not include these soils.

2.4.1.2 OU1 Soils

Soils located downslope from the mine materials are subject to both physical and hydrogeochemical
dispersion of COPCs from the mine materials. Soils in these areas were evaluated using several
methods to: 1) further define the downslope boundary of the OU1 mine materials, and 2) characterize
soils downslope from that boundary, which may be affected by COC dispersion. The downslope
boundary of mine materials was delineated using a weight of evidence approach that incorporated
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visual observation, lithological logging, field paste pH/conductivity, and FPXRF. The downslope
boundary of mine materials includes the visual extent of the mine materials, and a narrow band of
affected soils that was delineated based on paste pH/conductivity and FPXRF data.

Potentially affected soils downslope from the delineated PMDA material boundary may be affected by
either physical dispersion or hydrogeochemical dispersion of contaminants. Hydrogeochemical
dispersion is a broad term that relates to leaching of metals and acidity from mine materials through
ARD generation, and sequestration of dissolved metals and acidity in soils as the ARD migrates
downslope. These soils are located within vegetated areas including timber within
Connectivity/Diversity Block designated BLM managed lands. COC concentrations in these soils were
evaluated by incremental sampling methods. Two areas of background soils were also sampled by
incremental sampling to provide screening criteria to compare with the downslope soils. Comparison
of the background data with the downslope data shows that the downslope soils are enriched in
numerous COCs as compared to background. However, it is unknown if the relatively higher metal
concentrations in the downslope soils reflect natural variability in background in this strongly
mineralized area, or if these relatively higher values result from downslope dispersion from mining-
related contamination.

Several areas were identified in the downslope soils where hydrogeochemical dispersion would result
in metals enrichment. The most pronounced effects are present within the discharge areas for the adit
water diversion system. Although delineation of contamination associated with the adit water
diversion system discharge was not a data quality objective for the RI, opportunity samples of adit
drainage affected soils and general observations were completed in the area visibly affected by adit
water discharge. Thick accumulations of iron precipitates and anomalous arsenic concentrations are
present in the direct vicinity discharge area. As stated above, these soils are included with the total
mine material volume and are shown on Figure 2-1. The visibly impacted area is based on the
presence of iron precipitates and includes the current drainfield area, historic drainfield areas, and a
small leakage area along the pipe path. Although not delineated to date, it is suspected that effects of
contaminant dispersion for COCs such as cadmium, copper, and zinc, which precipitate and/or adsorb
at higher pH, may be present downgradient from the adit diversion discharge point within the subsoil
and groundwater. Further delineation of the area comprising adit drainage affected soils would be
evaluated before implementation of the selected remedy.

Several relatively small areas were also identified where MIW was discharging to soils from
groundwater as seeps. These seep-affected soils exhibit high copper and zinc concentrations, which
may be caused by adsorption of dissolved copper and zinc by organic matter in the soil. The sources
for the seeps have not been identified and may relate to discharge of MIW from OU1 mine materials
and from the alluvial and/or bedrock groundwater systems. The main MIW discharge areas to soils
are within the MB subdrainage on Upper Middle Creek and on the south side of the Silver Butte 1
WRD. These affected soils are included within the OU1 mine materials delineation.

2.4.2 Surface Water

The nature and extent of contamination in surface water have not been fully characterized to date.
Available data regarding surface water are described to support analysis of the effects of OU1 mine
materials on surface water, document effects of MIW discharge in the Middle Creek watershed,
monitor for potential effects to Russell Creek and West Fork Canyon Creek, and evaluate water quality
downstream in Cow Creek where water is withdrawn for uses including irrigation and municipal
drinking water. Wet and dry season seep and spring surveys were also conducted to evaluate the
effect of groundwater discharge on surface water quality.
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Surface water quality data collected from the upper reaches of Upper Middle Creek and South Fork
Middle Creek is strongly affected by MIW. The water is calcium-sulfate type water, with high total
dissolved solids and high concentrations of cadmium, copper, and zinc, indicator parameters for ARD
generation. The water is strongly acidic near the primary mine disturbance area, and the pH gradually
increases as the surface water flows downstream. COC concentrations also decrease as the water
flows downstream as a result of various attenuation processes including precipitation, adsorption, and
dilution.

Surface water in Upper Middle Creek is thought to be affected by MIW discharge from OU1 mine
materials, and groundwater from both mine workings and leakage of the adit water diversion system
at the portal of the Formosa 1 adit (from OU2 mine materials). Discharge from the adit water
diversion system near the Silver Butte WRD may also affect Upper Middle Creek surface water. MIW
contamination in South Fork Middle Creek is thought to be caused primarily by ARD generation from
0U1 mine materials. It is possible that some unknown hydraulic connection is present between the
underground mine and South Fork Middle Creek. These assumptions will potentially undergo further
evaluation during development of the OU2 Rl and OU2 FS. However, available data indicate that OU1
mine materials are the dominant contributor to MIW water in South Fork Middle Creek including: 1)
the lack of any underground workings within the South Fork Middle Creek watershed; 2) the presence
of MIW seeps in South Fork Middle Creek at elevations above the Formosa 1 adit (i.e., the discharge
point for the underground mine); 3) the presence of severe groundwater contamination in the
headwaters area of South Fork Middle Creek measured at MW-5; and 4) the presence of strongly ARD-
generating OU1 mine materials in the South Fork Middle Creek watershed.

Surface water quality within Russell Creek and West Fork Canyon Creek is not affected by the site,
based on samples collected during a wet season and dry season seep and spring survey. This water is
neutral pH, calcium-bicarbonate type water with low total dissolved solids, and low concentrations of
indicator parameters for MIW.

MIW that discharges from Middle Creek enters Cow Creek, where significant dilution occurs. Water
within Cow Creek was sampled to evaluate if the dilution resulted in attenuation of dissolved
contaminant loads to a point that would not present risks to either human or ecological receptors.
Surface water in Cow Creek was sampled above the confluence with Middle Creek and at three
locations downstream from the confluence where surface water is used. Comparison of the surface
water quality data from upstream of Middle Creek to the three downstream locations indicate that the
site is not causing adverse effects to surface water quality within Cow Creek, and that drinking water
intakes are not affected by the mine discharge.

2.4.3 Groundwater

Preliminary evaluation of nature and extent of contamination in the bedrock and alluvial groundwater
systems has been conducted. Two existing bedrock wells were sampled in the wet and dry seasons
between October 2009 and January 2011. MW-2 is a bedrock monitoring well located near the
Formosa 1 adit. MW-5 is an existing bedrock monitoring well located on the east side of the EM. In
addition, five alluvial monitoring wells were installed and sampled during 2010 and 2011. Additional
characterization of groundwater may be necessary as components of future work focused on OUZ2.

Water quality in the bedrock aquifer near the Formosa 1 adit is circumneutral pH calcium-sulfate type
water with low concentrations of cadmium, copper, and zinc (indicator parameters for MIW). The
presence of sulfate as the predominant anion suggests that this water may be slightly affected by
either the underground mine or OU1 mine materials. However, the circumneutral pH and relatively
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low concentration of indicator parameters for MIW suggest that effects to bedrock groundwater
quality at this location are not severe. The bedrock groundwater system is fracture controlled, and the
possible presence of unknown fracture-controlled connections between the underground mine and
Upper Middle Creek cannot be entirely ruled out. Future evaluations during the OU2 RI will include
the groundwater to surface water pathway. Water quality data from seeps, springs, wells, and surface
water measurements will be assessed.

Alluvial monitoring well MW-7A is located close to the Formosa 1 adit, in a perched alluvial aquifer
that extends downgradient to major areas of MIW discharge from groundwater to surface water in
Upper Middle Creek. Field and laboratory data collected from this well indicates this perched aquifer
is strongly acidic with high conductivity, which indicates that the aquifer is affected by MIW. These
data support the current hypothesis that some portion of the MIW discharged from the Formosa 1 adit
bypasses the collection facility and leaks into the perched alluvial aquifer at this location. This may be
a significant source of metals loading to Upper Middle Creek.

Water quality within the bedrock aquifer on the east side of the EM is monitored at MW-5. In contrast
to the relatively good water quality at MW-2, water quality at MW-5 is severely affected by MIW. This
water is strongly acidic calcium-sulfate type water, with high concentrations of cadmium, copper, and
zinc. It is unknown if this water has been contaminated by ARD generated in surface mine materials
piles and/or by leakage from the EM. Numerous seeps and springs located in South Fork Middle Creek
watershed show similar water chemistry and may be related to discharge of MIW from this bedrock
aquifer to surface water from the possible presence of the previously discussed fracture-controlled
connections.

Water quality within the EM has also been evaluated based on data collected from piezometers MW-22
and MW-23 installed in August 2010. The data collected indicate that the former pond is saturated for
nearly the entire depth with severally affected MIW. Over the 11 month monitoring period (during the
0U1 RI), transducer data show an increase and decrease in water level of approximately 1.5 feet
following the seasonal changes in precipitation. These data indicate that the EM cover system is leaking
and that the former pond liner is leaking at some point. Based on this data and historical information
regarding pond construction, the estimated leakage of MIW during 2011 is approximately 103,000
gallons.

2.5 Summary of Risk Assessment

A risk assessment was prepared for the OU1 RI report. This section provides a summary of human
health and ecologic risk as presented in the summary section for the OU1 RI report (CDM Smith 2012).
An evaluation of potential human health and ecological risks associated with exposure to materials in
OU1 has been conducted. OU1 was divided into the following three exposure areas (EAs):

= EA-1 - This exposure area represents the PMDA of the site, as shown on Figure 1-2. These
materials are classified as OU1 mine materials within this FS.

= EA-2 - this exposure area represents the area of potentially affected soils located immediately
downslope of mine materials defined as EA-1. The area was characterized to determine
whether impacts are present beyond the mine materials boundary, and was sampled using an
incremental sampling approach. The areas sampled were generally located below the Formosa
1 adit WRD, Silver Butte 1 adit WRD, west EM WRD, east EM WRD and illegal dump area, and
two drainage areas west EM WRD. These materials are excluded as OU1 mine materials within
this FS.
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= EA-3 - This exposure area represents the visibly affected areas resulting from the adit water
diversion system pipeline and drainfields. This EA includes discharge areas associated with
both the current pipeline and previous pipelines that discharged MIW in a drainfield further
upgradient from the current pipeline. These materials are classified as OU1 mine materials
within this FS. Further delineation of the area comprising adit drainage affected soils would be
evaluated before implementation of the selected remedy.

Human and ecological populations may additionally be exposed to contaminants migrating from mine
materials and soils to groundwater and surface water. Exposures to these media were assessed based
on a screening-level comparitive evaluation. The screening-level comparative assessment was risk-
based and contaminant levels detected in migrating mine materials and soil did not exceed human
health risk benchmarks. Detailed evaluations of risks to receptors from surface water and
groundwater contamination will be addressed in the risk assessment for OU2.

2.5.1 Human Health Risk Assessment

Current workers, visitors, and possible offsite residents were quantitatively evaluated for exposure to
surface soils. Future construction workers, workers, visitors, and offsite residents were quantitatively
evaluated for risks to surface as well as subsurface soils. Visitors included hikers, campers, all-terrain
vehicle riders, and hunters. Estimated cancer risks for all populations both current and future, fall
within or below the EPA acceptable risk range of 1E-04 to 1E-06. Estimated noncancer hazards
segregated by target organ are below the acceptable hazard benchmark of 1.0.

= EA-1. Estimated cancer risks for current and future onsite workers and construction workers in
EA-1 are equal to 1E-05 or less. Estimated cancer risks for current and future visitors (adult and
child) in EA-1 are equal to 4E-06 or less. Estimated risks for offsite residents exposed via
inhalation to windblown dusts from EA-1 are below the risk benchmark of 1E-06. In all cases,
the risks greater than 1E-06 were due to arsenic.

Estimated noncancer hazards for current and future onsite workers, visitors, and offsite
residents are below the acceptable hazard benchmark of 1.0. Estimated noncancer hazard for
future construction workers in the reasonable maximum exposure (RME) case is 2; however,
when segregated by target organ, the individual hazard indices for each organ are below 1. In
the central tendency exposure (CTE) case, the hazard is below the acceptable hazard
benchmark of 1.0.

= EA-2. Estimated cancer risks for current visitors (adult and child) in EA-2 and offsite residents
exposed via inhalation to windblown dusts from EA-2 are below the risk benchmark of 1E-06.
In all cases, the risks were due to arsenic. Estimated noncancer hazards for these populations
are below the acceptable hazard benchmark of 1.0

= EA-3. Estimated cancer risks for onsite workers in EA-3 are equal to 6E-05 or less. Estimated
cancer risks for visitors (adult and child) in EA-3 are equal to 2E-05 or less. Estimated risks for
offsite residents exposed via inhalation to windblown dust from EA-3 are 2E-06 or less. In all
cases, the risks were due to arsenic. Estimated noncancer hazards for these populations are
below the acceptable hazard benchmark of 1.0.

In summary, human health risks greater than 1E-06 due to exposure to mine materials and soils are
likely site-related, but limited to arsenic. All estimated excess cancer risks fall within EPA’s acceptable
risk range of 1E-04 to 1E-06. All estimated noncancer hazards segregated by target organ fall below
EPA’s benchmark of 1.0.
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Groundwater and surface water exposures may also contribute to human health risk, but will be
examined quantitatively in the risk assessment conducted for OU2 and thus are not evaluated in this
FS.

2.5.2 Ecological Risk Assessment

The ecological risk assessment (ERA) identified several COPCs (metals and metalloids) in surface soil
and mine materials occurring at elevated concentrations potentially linked to adverse effects in
exposed terrestrial receptors. A subset of these contaminants are identified as final COCs based on
measured concentrations in surface soils and mine materials, the form of these contaminants likely
occurring in these media, the potential for toxicity, and the confidence in the quantitative risk
estimates (reflecting the confidence in the exposure point concentrations [EPCs] and ecological
screening levels [ESLs] underlying these estimates). Final COCs for OU1 by EA are presented below:

= EA-1- Arsenic, cadmium, copper, lead, mercury, nickel, selenium, and zinc
= EA-2 - Cadmium, copper, manganese, and zinc (location-specific)
= EA-3 - Arsenic, copper, vanadium, and zinc

In addition, the ERA concluded that OU1 mine materials are adversely affecting downgradient aquatic
resources, based on migration routes identified in the CSM and concentrations of COCs measured in
surface water. Contributing to these surface water-related risks are concentrations of cadmium,
copper, lead (marginally), and zinc in surface water. The source of elevated concentrations of these
COCs in surface water includes solid materials and runoff transported from OU1 via overland flow and
MIW seeps.

Screening level hazard quotients (HQs) for selected metals (cadmium, copper, lead, nickel, and zinc)
were developed based on comparisons of dissolved concentrations in surface water to chronic
hardness-adjusted (where applicable) EPA National Recommended Water Quality Criteria (EPA
2009c¢). Surface water locations evaluated were within the Upper Middle Creek and South Fork Middle
Creek subdrainages near OU1 mine materials, as well at adit discharges. The screening level
assessment indicated significantly high HQs, as summarized below for surface water:

= Upper Middle Creek subdrainage from near PMDA to within 0.75 mile downstream:

- HQs range from cadmium (219), copper (427), and zinc (104) upstream to cadmium (41),
copper (38), and zinc (18) downstream

=  South Fork Middle Creek subdrainage from near PMDA to within 1 mile downstream:

- HQs range from cadmium (286), copper (648), and zinc (120) upstream to cadmium (35),
copper (36), and zinc (21) downstream
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Section 3

Remedial Action Objectives

Section 300.430(e) of the NCP requires that the remedial alternative development process be initiated
by developing PRAOs, identifying GRAs that address these PRAOs, and performing an initial screening
of applicable remedial technologies. The goal of the remedy selection process is to select remedies that
are protective of human health and the environment, maintain protection over time, and minimize
untreated waste.

PRAOs are media-specific and source-specific goals achieved through completion of a remedial action
that is protective of human health and the environment. These objectives are typically expressed in
terms of the contaminant, the concentration of the contaminant, and the exposure route and receptor.
PRAOs are typically developed by evaluating several sources of information including results of the
human health risk assessment (HHRA), ERA, and tentatively identified ARARs. These inputs provide
the basis for determination of whether protection of human health and the environment is achieved
for a remedial alternative.

This section presents the ARARs, PRAOs, and the PRGs that are tentatively identified for the site. Final
ARARs, remedial action objectives (RAOs), and remedial goals (RGs) will be developed from
evaluations presented within this FS and set forth in the ROD for consideration in remedial design and
subsequent remedial actions.

3.1 Applicable or Relevant and Appropriate Requirements

Identification and evaluation of ARARs are integral components of the FS process to determine
whether remedial alternatives can protect human health and the environment. The following
paragraphs were developed from EPA’s Introduction to Applicable or Relevant and Appropriate
Requirements (EPA 1998); they give an overview of why ARARs must be identified and evaluated as
part of the CERCLA process.

CERCLA and the NCP establish a standardized process through which EPA must respond to spills and
clean up the nation’s most dangerous hazardous waste sites. The CERCLA response process, while it
sets acceptable risk-based goals for cleanups, does not impose specific restrictions on the various
activities (such as treatment, storage and disposal of wastes, construction and use of remediation
equipment, and release of contaminants into air, soil, and water) that may occur during a response.
EPA instead relies on other eligible federal and state environmental laws and regulations to govern
response activities through the ARARs selection process.

A site-specific risk assessment is the foundation on which the selection of a CERCLA remedy is based.
ARAREs fill in the substantive gaps in CERCLA’s risk-based response framework, ensuring protection of
human health and the environment. Appendix A constitutes the initial identification and detailed
description of ARARs for the remedial alternatives under evaluation in this FS.

CDM
Smith 3-1

Formosa_Final FS_Section 3_January 2013



Section 3 e Remedial Action Objectives

3.1.1 ARAR Identification Process

Determining exactly which laws and regulations will affect a CERCLA response is somewhat different
than determining the effect of laws and regulations on activities that take place outside the boundaries
of a site remediated under CERCLA. For onsite activities, CERCLA requires compliance with both
applicable requirements (i.e., those that would apply to a given circumstance at any site or facility)
and those that EPA deems to be relevant and appropriate (even though they do not apply directly),
based on the unique conditions at a site.

ARARs are designated as either “applicable” or “relevant and appropriate,” according to EPA guidance,
and may stem either from federal or state law. ARARs must be identified on a site-specific basis and
involve a two-part analysis. A determination must first be made on whether a given requirement is
applicable. If it is not applicable, then a second determination must be made on whether it is both
relevant and appropriate. When the analysis determines that a requirement is both relevant and
appropriate, such a requirement must be complied with to the same degree as if it were applicable
(EPA 1988). Compliance with ARARs is a threshold criterion that any selected remedy must meet
unless a legal waiver as provided by CERCLA Section 121(d)(4) is invoked.

3.1.1.1 Consideration of State Requirements as ARARs

State requirements are potential ARARs for CERCLA response actions as long as they meet the
following eligibility criteria:

= State law or regulation

=  Environmental or facility siting law or regulation

=  Promulgated (of general applicability and legally enforceable)
=  Substantive (not procedural or administrative)

= More stringent than federal requirements

* Identified in a timely manner

= Consistently applied

Many state requirements listed as ARARs are promulgated with identical or nearly identical
requirements to federal law pursuant to delegated environmental programs administered by federal
agencies and the state. The preamble to the NCP provides that such a situation results in citation to the
state provision and treatment of the provision as a federal requirement.

3.1.1.2 Information to be Considered

In addition to ARARs, the NCP states that where ARARs do not exist, agency advisories, criteria, or
guidance are to be considered useful “in helping to determine what is protective at a site or how to
carry out certain actions or requirements” (55 Federal Register 8745). These sources of information
are referred to as TBCs.

The NCP preamble states, however, that provisions in the TBC category “should not be required as
cleanup standards, because they are, by definition, generally neither promulgated nor enforceable, so
they do not have the same status under CERCLA as do ARARs.” Although not enforceable
requirements, these documents are important sources of information that EPA and the state may
consider during selection of the remedy, especially regarding the evaluation of public health and
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environmental risks, or which will be referred to, as appropriate, in selecting and developing cleanup
actions [40 CFR (Code of Federal Regulations) § 300.400(g)(3), 40 CFR § 300.415(1)].

Appendix A also contains initial identification and detailed description of TBCs for the remedial
alternatives under evaluation in this FS.

3.1.1.3 Other Regulatory Requirements Not Considered ARARs

There are other laws and regulations that do not constitute ARARs for the site, because they are not
specifically related to environmental cleanup or facility siting. One example would be the U.S.
Department of Transportation (DOT) regulations for transport of hazardous and nonhazardous
materials or wastes; another would be Occupational Safety and Health Administration (OSHA) general
construction safety regulations.

3.1.2 Categories of ARARs

Environmental laws and regulations fit (more or less) into three categories: 1) those that pertain to
the management of certain chemicals; 2) those that restrict activities at a given location; and 3) those
that control specific actions. Thus, there are three primary types of ARARs: chemical-, location-, and
action-specific. An ARAR can be one or a combination of all three types of ARARs.

Chemical-specific requirements address chemical or physical characteristics of compounds or
substances on sites. These values establish acceptable amounts or concentrations of contaminants
that may be found in, or discharged to, the ambient environment.

Location-specific requirements are restrictions placed on the concentrations of hazardous substances
or the conduct of cleanup activities, because they are in specific locations. Location-specific ARARs
relate to the geographical or physical positions of sites rather than the nature of contaminants at sites.

Action-specific requirements are usually technology-based or activity-based requirements, or
limitations on actions taken with respect to hazardous substances, pollutants, or contaminants. A
given cleanup activity will trigger an action-specific requirement. Such requirements do not
themselves determine the cleanup alternative but define how chosen cleanup methods should be
performed.

3.1.3 Waivers of Specific ARARs

CERCLA Section 121(d)(4) authorizes that any ARAR may be waived per one of the following six
conditions if the protection of human health and the environment is ensured:

» [tis part of a total remedial action that will attain such level or standard of control when
completed (i.e., interim action waiver).

= Compliance with the ARAR at a given site will result in greater risk to human health and the
environment than alternative options that do not comply with the ARAR.

=  Compliance with such a requirement is technically impracticable from an engineering
perspective.

* The remedial action will attain a standard or performance equivalent to that required by the
ARARSs through use of another method or approach.
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= The ARAR in question is a state standard and the state has not consistently applied (or
demonstrated the intention to consistently apply) the ARAR in similar circumstances at other
sites.

= In meeting the ARAR, the selected remedial action will not ensure a balance between the need
for protection of public health and welfare and the environment at the site and the availability
of Superfund monies to respond to other facilities.

It is not anticipated that ARAR waivers will be required for selecting or implementing a remedy at the
site.

3.1.4 CERCLA Permit Exemption

CERCLA Section 121(e)(1), 42 United States Code (U.S.C). § 9621(e)(1), states, “No Federal, State, or
local permit shall be required for the portion of any removal or remedial action conducted entirely
onsite, where such remedial action is selected and carried out in compliance with this section.” The
onsite activities must, however, comply with substantive permit requirements. The term “onsite” is
defined in the NCP as “the areal extent of contamination and all suitable areas in very close proximity to
the contamination necessary for implementation of the response action” (40 CFR § 300.5).

For purposes of the FS, it is assumed that the PMDA would be considered onsite. Other areas of the
site in very close proximity of the mine or where contamination such as mine materials, contaminated
surface water, or contaminated groundwater has come to be located are also considered onsite for
purposes of the permit exemption. While no permits will be obtained for any OU1 response actions
conducted onsite, EPA will evaluate the substantive requirements that would otherwise be included in
any such permit and determine which substantive provisions must be complied with.

3.1.5 Identification of Potential ARARs for Remedial Alternatives

Appendix A lists potential ARARs and TBCs, along with a brief description of ARARs for the
implementation of a remedial action at OU1. The ARARs are organized by whether they are federal or
Oregon ARARs or TBCs. The ARARs or group of related ARARs included in Appendix A are identified
by a statutory or regulatory citation, followed by a brief explanation of the ARAR and how, and to what
extent, the ARAR is expected to apply to potential activities to be conducted. The tables in Appendix A
also identify whether the ARAR or TBC is chemical-, location-, and/or action-specific.

Appendix A identifies potential ARARs for the purpose of evaluating remedial alternatives in this FS.
The potential ARARs in this FS are not binding; final ARARs will be determined in the ROD as
performance standards for remedial design and subsequent remedial actions.

3.1.6 ARARs Affecting Waste Classifications for Mine Materials

ARARs identified in Appendix A address waste classifications for mine materials generated during
remedial action. Thus, these ARARs warrant further discussion here since they potentially affect
remedial alternatives identified in this FS.

The primary regulatory driver for waste classifications is the Resource Conservation and Recovery Act
(RCRA), and specifically RCRA Subtitle C which address identification of hazardous wastes. The Bevill
Amendment excludes from regulation under Subtitle C “solid wastes from the extraction,
beneficiation, and processing of ores and minerals.” The mine materials at the site, having been
derived from mining activities, meet the criteria of the Bevill exclusion and therefore, could be
exempted for regulation as an environmental medium containing hazardous waste.

CDM
3-4 Smith

Formosa_Final FS_Section 3_January 2013



Section 3 e Remedial Action Objectives

This determination would be significant as RCRA Subtitle C disposal requirements would not be
applicable for the mine materials generated from OU1, and could be disposed in a Subtitle D facility.

However, based on research conducted as part of the FS, local Subtitle D facilities would likely not
accept mine materials without implementation of testing protocols defined under RCRA for
identification of characteristic hazardous waste (i.e., toxicity characteristic leaching procedure to
determine toxicity). If it were determined that the mine materials exhibited toxicity characteristics,
these facilities would likely require pre-treatment of mine materials to meet RCRA land disposal
restrictions (LDRs). Based on SPLP data from the Rl it is likely that the mine materials will be
considered toxic and would require pre-treatment such as stabilization/solidification prior to disposal
to meet LDRs.

3.1.7 State of Oregon ARARs Affecting Determination of Acceptable Risk

The provisions of the following potential ARARs were identified as significant to affecting the
determination of acceptable risk for remedial alternatives identified in this FS as defined by Oregon
law and regulations.

The Oregon Environmental Cleanup Law (Oregon Revised Statutes [ORS] 465.200 through ORS
465.900) and the Oregon Hazardous Substance Remedial Action Rules (Oregon Administrative Rule
[OAR] 340-122) provide the state’s regulatory framework for the determination of removal and
remedial action necessary to assure protection of the present and future public health, safety and
welfare, and the environment in the event of a release or threat of a release of a hazardous substance.
These state laws and regulations have been identified as “applicable” ARARs and thus compliance with
the substantive requirements of these laws and regulations is required.

Generally the substantive portions of the Oregon Environmental Cleanup Law and Oregon Hazardous
Substance Remedial Action Rules provide standards similar to those within CERCLA and the NCP.
However there are a few major differences that fundamentally affect the determination of
protectiveness.

Specifically, the Oregon Hazardous Substance Remedial Action Rules indicate the following:

"Acceptable risk level for human exposure to individual carcinogens” means for deterministic risk
assessments, a lifetime excess cancer risk of less than or equal to one per one million (1E-06) for an
individual at an upper-bound exposure (OAR 340-122-0115(2)(a)).

"Acceptable risk level for individual ecological receptors" (per OAR 340-122-0015(5)(a) through (c))
applies only to species listed as threatened or endangered pursuant to 16 USC 1531 et seq. or ORS
465.172, and means:

For deterministic risk assessments, a toxicity index less than or equal to one for an individual
ecological receptor at an upper-bound exposure, where the toxicity index is the sum of the toxicity
quotients attributable to systemic toxicants with similar endpoints for similarly responding species
and the toxicity quotient is the ratio of the exposure point value to the ecological benchmark value.

For probabilistic risk assessments, a toxicity index less than or equal to one at the 90th percentile and
less than or equal to 10 at the 95th percentile, each based on the same distribution of toxicity index
numbers for an exposed individual ecological receptor.
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The probability of important changes in such factors as growth, survival, fecundity, or reproduction
related to the health and viability of an individual ecological receptor that are reasonably likely to
occur as a consequence of exposure to hazardous substances is de minimis.

"Acceptable risk level for populations of ecological receptors"” (per OAR 340-122-0115(6)) means a 10
percent chance, or less, that more than 20 percent of the total local population will be exposed to an
exposure point value greater than the ecological benchmark value for each COC and no other observed
significant adverse effects on the health or viability of the local population.

The issue of background concentrations of COPCs that are naturally occurring is another aspect of the
Oregon Hazardous Substance Remedial Action Rules that affects the development of a PRG.
Specifically the “Standards” section within OAR 340-122-0040(2)(a) through (c) states:

"In the event of a release of a hazardous substance, remedial actions shall be implemented to achieve:

(a) Acceptable risk levels defined in OAR 340-122-0115, as demonstrated by a residual risk
assessment;

(b) Numeric cleanup standards developed as part of an approved generic remedy identified or
developed by the Department (Oregon DEQ) under OAR 340-122-0047, if applicable; or

(c) For areas where hazardous substances occur naturally, the background level of the hazardous
substances, if higher than those levels specified in subsections (2)(a) through (2)(b) of this
rule.”

Arsenic is a COC, but is also naturally-occurring element within soils near the site. Thus, the
determination of a PRG for arsenic is not solely based on the determination of risk, but also whether
that risk represents concentrations of arsenic above background concentrations for the site. This issue
is discussed further in Section 3.4.3.

3.2 Anticipated Land Uses

The current and anticipated future land uses for the site are an important consideration for the
development of PRAOs and PRGs to ensure remedial alternatives are protective of human health and
the environment. The final condition of the site after remediation must be considered in evaluating
future land uses or activities and the related protection to human health that is provided.

As discussed in Section 2.3.8, the expectation and assumption in this FS is that areas that are
remediated in OU1 will remain predominantly as recreational and commercial land use (based on the
zoning classification of Timberland Resource for privately-owned lands and General Forest
Management Area and Connectivity/Diversity Block land use allocations for BLM-managed lands).

3.3 Preliminary Remedial Action Objectives

PRAOs are media-specific and source-specific goals to be achieved through completion of a remedy
that is protective of human health and the environment. These objectives are typically expressed in
terms of the chemicals, the concentration of the chemicals, and the exposure routes and receptors.

PRAGOs are typically developed by evaluating several sources of information, including results of the RI
report, the risk assessments, and tentatively identified ARARs presented in Appendix A. These inputs
are the basis for determining whether protection of human health and the environment is achieved for
a particular remedial alternative. In accordance with EPA RI/FS guidance (EPA 1988), recommended
CDM
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PRAOs for OU1 were developed in the OU1 RI report (CDM 2012), based on the RI nature and extent
conclusions and risk assessment. The recommended PRAOs developed in the RI report were as
follows:

1. Manage OU1 mine materials to prevent COPC migration into surface or groundwater, and to
protect aquatic and riparian ecosystems downgradient of OU1

2. Implement land use controls to provide for land uses that will be protective of the remedy

3. Ensure that users of private or BLM lands have no more than a 1E-06 chance of contracting
cancer from ingestion of mine materials or contaminated soils

4. Reduce risks to ecological receptors at the population or community level through management
of mine materials and contaminated soils

Based on subsequent discussions with the lead and support agencies, the PRAOs have been revised
and simplified. The revised PRAOs presented in this FS are based on anticipated future use of OU1 by
people for primarily recreational and commercial purposes under the zoning classifications for
Timberland Resource for privately-owned lands and for the objectives of General Forest Management
Area and Connectivity/Diversity Block land use allocations for BLM managed lands:

1. Manage mine materials to minimize chemical migration and the generation of acid rock
drainage to protect habitat and ecological receptor populations and communities, including
individuals of threatened and endangered species.

2. Minimize human exposure to mine material at concentrations that could result in unacceptable
cancer risks or adverse non-cancer effects.

These PRAOs are described further below:

Manage mine materials to minimize chemical migration and the generation of acid rock
drainage to protect habitat and ecological receptor populations and communities, including
individuals of threatened and endangered species.

As discussed in the OU1 RI report (CDM Smith 2012), identification of mine materials is based on a
weight of evidence approach, because there is no test than can fully define the propensity for a rock to
generate ARD. Using this weight of evidence approach, mine materials in OU1 have been characterized
and delineated. Mine materials are primary source materials and the process of ARD generation and
MIW migration causes ongoing releases of COPCs from mine materials into the environment. These
COPCs are subsequently transported via groundwater and surface water pathways to downstream
ecosystems, where they cause adverse effects to aquatic biota and potentially to other upper trophic
level consumers (e.g., piscivorous [fish eating] birds and mammals). Managing mine materials in a
manner that prevents ARD generation and subsequent transport of the COPCs via groundwater and
surface water, will prevent ongoing releases of COCs from mine materials, and the associated
deleterious effects to downstream ecosystems from MIW.

The ERA also identified several inorganic contaminants in mine materials occurring at concentrations
that have potential to adversely affect exposed terrestrial receptors. These include mine materials in
EA-1, potentially contaminated soils in EA-2, and contaminated soils in EA-3 have the potential to
cause risks to these receptors.
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The potential for ecological receptors exposed to mining-related chemicals to suffer adverse effects
related to survival, growth, or reproduction is based only partly on chemical concentration. Protection
of receptors from potential effects must consider the presence of receptors, suitability of habitat, and
availability of the chemicals. Foraging opportunities for avian and mammalian receptors are limited
within OU1 and suitable habitat is minimal. In addition, threatened or endangered species may be
present in the vicinity of the site, but are not likely present within the PMDA of OU1.

This recommended PRAO is expected to guide the selection of remedial alternatives that can provide
protection of ecological receptors at the population or community level and individual threatened and
endangered species (if present) from potential adverse effects through appropriate management or
mitigation of mine materials.

Minimize human exposure to mine material at concentrations that could result in unacceptable
cancer risks or adverse non-cancer effects.

Evaluation of human health risks indicate the cancer risk exceeds 1E-06 for current and future
workers related to incidental ingestion and inhalation of arsenic. The exposure areas that pose
potential cancer risks to current and future workers of greater than 1E-06 are EA-1 and EA-3. OU1
mine materials that pose cancer risks in EA-1 and EA-3 are those materials that have been determined
to also be sources of ARD generation and/or associated deleterious effects to downstream ecosystems
from MIW. It is expected that management or mitigation of mine materials to meet the objectives set
forth in PRAO 1 would also address the requirements of this PRAO (PRAO 2).

3.4 Preliminary Remediation Goals

PRGs are defined as the average concentration of a chemical in an exposure unit associated with a
target risk level such that concentrations at or below the PRG do not pose an unacceptable risk. As
stated in Section 3.3, the PRAOs for the site include protection of human and ecological receptors from
contaminated mine materials distributed across the site.

The development of PRGs is a requirement of the NCP (40 CFR 300.430(e)(2)(i)). Identification and
selection of the PRGs are typically based on PRAOs, the current and anticipated future land uses, and
the tentatively identified ARARs. The PRGs are typically presented as chemical- and media-specific
values that directly address the PRAOs. These values are typically used as a preliminary value in the
FS to guide evaluations of remedial alternatives.

3.4.1 Identification of PRGs

The OU1 PRG is specific to human exposure to mine waste and is not applicable to the aquatic
environment of OU2. Only arsenic resulted in low risk to human receptors. Because pH does not
directly correlate to human health risk, it is not an appropriate PRG. However, pH could be used as an
indicator for aquatic conditions within the evaluation of an OU2 remediation action.

A PRG of 10.5 milligrams per kilogram (mg/kg) was calculated for arsenic in mine materials. The PRG
equates to a human health risk level of 1E-06 using exposure assumptions for current and future
workers at EA-1 and EA-3. Development of the PRG was not based on risks to ecological receptors,
because the ERA determined that risks to terrestrial ecological receptors were acceptable for the
reasons discussed in Section 3.3.
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PRGs based on ecological risk or other COCs as related to the aqueous environment of OU2Z have not
been developed. The PRAOs developed for OU1 focus on source control and given that a “release” from
the Site would occur or be measured in the aqueous environment of OU2, chemical specific criteria
(PRGs) for surface water and/or groundwater will be developed as part of the OU2 RIL

The purpose of PRG development for the OU1 FS is not to provide a benchmark value for delineation
of mine materials nor as post-construction basis for confirmation. The primary means of delineation
of mine materials both pre- and post-construction will be based on geochemical properties regarding
the propensity to generate ARD which can be evaluated by inspections and visual observations which
are not metal or metalloid specific. If needed, paste pH of materials may be used as field screening to
determine degree of ARD generation for these purposes based on correlation between paste pH and
leaching of COCs presented in the OU1 RI report (CDM Smith 2012).

3.4.2 Intended Use of PRG for Arsenic

The PRG was developed to document that arsenic in mine materials exceeding the acceptable risk
level for human exposure to individual carcinogens established by OAR 340-122 (1E-06) is present at
0U1. The PRG also provides a basis for determining that a remedial alternative, through mitigation of
mine materials to address ARD and MIW generation, is likely in compliance with this State of Oregon
ARAR.

3.4.3 Impact of Naturally Occurring Arsenic on PRGs

The presence of naturally occurring arsenic at the site is a complicating factor in the application of the
arsenic PRG to OU1. Arsenic is a metalloid that also occurs naturally in soils developed over volcanic
rocks, such as those that underlie and outcrop near the site. Pursuant to EPA guidance, Role of
Background in the CERCLA Cleanup Program, Office of Solid Waste and Emergency Response
(OSWER) 9285.6-07P, acceptable exposure levels are not set below natural background levels.
Similarly, OAR 340-122-0040(2)(c) does not require remediation of hazardous substances that occur
naturally and have background levels above acceptable risk levels or numerical cleanup standards.

A discussed in Section 2.4.1.1, collection of soil samples for inorganic analysis was performed during
the OU1 RI from two locations outside of the PMDA that may be representative of background. The
mean concentration of arsenic from those locations ranged from 0.537 mg/kg to 3.47 mg/kg, which
are lower than the PRG of 10.5 mg/kg. However, it was inconclusive whether these samples are
representative of site specific background due to the presence of ARD-generating bedrock within the
PMDA that can cause natural enrichments of metals and metalloids in soils. If future background
studies are conducted that demonstrate that arsenic background concentrations are higher than

10.5 mg/kg, the lead and support agencies may revise the PRG for arsenic to site-specific background.

After mine materials are addressed by an OU1 remedial approach, the remaining soils (potentially
affected soils) may have residual arsenic concentrations, but is questionable how they compare to
background concentrations of naturally occurring arsenic. Thus, potentially affected soils are excluded
from evaluation in the FS.
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Section 4

|dentification and Screening of General Response
Actions, Remedial Technologies, and Process Options

4.1 Overview

This section identifies GRAs, remedial technologies, and process options that are potentially useful to
address the PRAOs identified in Section 3 for the contaminated media that pose a potential threat to
human health and the environment. This section presents the screening of GRAs, remedial
technologies, and process options in accordance with the NCP to retain representative technologies
and process options that can be assembled into remedial alternatives, which are discussed in

Section 5.

The identification and screening process consists of the following general steps:

= Identify the contaminants and affected media that pose risks to human health and the
environment and group these into a category or categories of contaminated media for FS
evaluation.

= Develop GRAs for the contaminated media that will satisfy the PRAOs identified in Section 3.

= Compile remedial technologies and process options for each GRA that are potentially viable for
remediation of the contaminated media.

= Screen the remedial technologies and process options with respect to technical
implementability for the contaminated media at the site. Technologies and process options that
are not technically implementable relative to the contaminated media are eliminated from
further consideration in this FS.

= Evaluate and screen the retained remedial technologies and process options with respect to
effectiveness, ease of implementability, and relative cost. Technologies and process options that
have low effectiveness, low implementability, or high cost to address the contaminated media
are eliminated from further consideration in this FS.

*= Combine and assemble the retained technologies and process options for the contaminated
media into remedial alternatives as presented in Section 5.

The remainder of this section describes the contaminated media and evaluates GRAs, technologies,
and process options that are potentially viable for addressing them to meet the PRAOs and ARARs
discussed in Section 3.
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4.2 Contaminants and Affected Media

The purpose of this subsection is to identify the contaminants and affected media that exhibit a
potential risk to human health and the environment, and group these into categories of contaminated
media. Creating categories of contaminated media facilitates identification of GRAs, remedial
technologies, and process options that can be used to address the PRAOs.

The nature and extent of contamination within media at the Site and the human health risks posed by
the contaminated media are summarized in Section 2 and fully discussed in the Rl report

(CDM Smith 2012). The contaminated media included as part of OU1 are ARD-generating waste rock,
tailings, construction rock, and various mixtures of these materials with native soils, as well as adit
drainage affected soils as described in Section 2.4.1.1. To simplify FS evaluations and alternative
descriptions, the media described in Section 2.4.1.1 are grouped together and herein defined as “mine
materials.” This grouping was based on the assumption that the various materials can generally be
addressed using many of the same remedial technologies and process options.

One other major focus of the study area investigation for the OU1 RI are potentially affected soils
located downslope of mine material WRDs as described in Section 2.4.1.2. These soils are excluded
from FS evaluation because of several factors. These factors include uncertainties related to
background concentrations of COCs, the non-acid-generating nature of the soils, and low cancer risks
identified in the OU1 RI (CDM Smith 2012). Moreover, these soils are located in densely vegetated
areas that currently provide quality habitat, and disturbance of these soils may result in adverse
impacts to habitat in comparison to the current condition.

4.3 General Response Actions

GRAs are initial broad response actions considered to address the PRAOs for the mine materials
identified at OU1. GRAs include several remedial categories, such as containment, removal, disposal,
and treatment of mine materials. Site-specific GRAs are first developed to satisfy the PRAOs and/or
ARARs, and then are evaluated as part of the identification and screening of remedial technologies and
process options for the mine materials.

The GRAs considered for remediation of mine materials include the following:

= No action/no further action =  Monitoring
=  Administrative controls = (Containment
= Removal, transport, disposal = Treatment

= Reuse, reclamation, recovery

No action/no further action leaves mine materials in their existing condition with no control or
cleanup planned. In accordance with the NCP, this GRA must be considered to provide a baseline
against which other options can be compared.

Monitoring involves physical and/or chemical measures used at OU1 to determine if there is
contaminant migration. Monitoring is not intended to substitute any engineering aspect of a selected
remedy and does not physically address contaminants.

Administrative controls involve administrative, legal, and/or informational, or physical measures
intended to control or prevent present and future use or access to mine materials, and inform and
warn of dangers associated with these materials. These controls are not intended to substitute for
engineering aspects of a selected remedy and do not physically address contaminants.
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Containment involves physical measures applied to mine materials to control the release of
contaminants and/or prevent direct contact or exposure to the contaminants.

Removal, transport, disposal involve a complete or partial removal (i.e., excavation) of mine
materials followed by transportation and disposal at an onsite/offsite location.

Treatment involves biological, chemical, thermal, and/or physical measures applied to the mine
materials that reduce toxicity, mobility, and/or volume of the contaminants present.

Reuse, reclamation, recovery involves processes that can remove or treat mine materials while
recovering usable or saleable materials.

4.4 |dentification of Remedial Technologies and Process
Options
In this step of the FS process, remedial technology types and process options that are capable of

addressing mine materials are identified and organized under each GRA listed in Section 4.3. This
section provides potentially viable remedial technologies and process options for the mine materials.

Remedial technologies and process options were assembled using the Federal Remediation
Technologies Roundtable (FRTR) Remediation Technologies Screening Matrix and Reference Guide,
Version 4.0 (EPA 2007), the Abandoned Mine Site Characterization and Cleanup Handbook (EPA
2000b), the Presumptive Remedy Guidance for Metals-in-Soil Sites (EPA 1999), the Abandoned Mine
Land Program Policy Handbook (BLM 2007), the Abandoned Mine Waste Repositories - Site Selection,
Design, and Cost (BLM 2003), published literature and vendor information, and engineering judgment
based on experience from other mine remediation projects.

Potentially viable remedial technologies and associated process options identified for remediation of
mine materials are presented in Table 4-1.

4.5 Screening of Remedial Technologies and Process Options
for Technical Implementability

The remedial technologies and process options presented on Table 4-1 were first evaluated and
screened based on technical implementability. A wide range of potential remedial technologies and
process options for OU1 were reviewed to evaluate the suitability of a technology for addressing the
mine materials. The sources of information discussed in Section 4.4 were also used to perform
screening.

A given technology or process option was eliminated from further consideration on the basis of
technical implementability if site conditions or site characterization data indicated that the technology
or process option is incompatible with the contaminants or cannot be implemented effectively
because of physical limitations or constraints at OU1. Factors that commonly influence this step of the
screening process include but are not limited to type of contaminants and extent of contaminated
materials. The primary COCs at the Site are inorganics, which limits the applicability of many types of
treatment processes. Technologies and process options that are not applicable to treatment of
inorganic compounds in mine materials were eliminated from further evaluation. The extent and
volume of the mine materials relative to the method of implementing the remedial technologies and
process options were also taken into consideration (for instance the use of offsite disposal process
options to address large volumes of mine materials).
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Some of the eliminated process options may be technically implementable on a small scale for a
specific location; however, the technical implementability screening and elimination were performed
by evaluating use of the process options on a large-scale, site-wide basis.

The process options eliminated from further consideration in this FS (with the rationale for
elimination) are indicated on Table 4-1 using blue shading. Retained technologies and process options
were then carried forward to the second step of the evaluation process as discussed in Section 4.6. The
screening for technical implementability has resulted in the following general conclusions:

= Remedial technologies/process options exist that should be eliminated and have no further
consideration, because they are unable to remediate the mine materials due to site conditions
or the lack of compatibility with the mine materials.

= Remedial technologies/process options that have substantial potential and applicability as a
stand-alone remedy for mine materials.

= Remedial technologies/process options that could provide remedial benefits in combination
with other remedial technologies, but would likely only have cost-effective application for
specific site elements and particular conditions and will likely be retained for further
evaluation.

4.6 Evaluation of Remedial Technologies and Process Options
for Effectiveness, Implementability, and Relative Cost

Each of the technically implementable remedial technologies and process options retained from the
preliminary screening process presented in Section 4.5 were further evaluated in the second step of
the screening process to determine whether they should be eliminated from further consideration in
the FS or retained for assembly into remedial alternatives.

4.6.1 Evaluation Criteria

Each remedial technology or process option was qualitatively evaluated for effectiveness,
implementability, and relative cost. The criteria used, as defined in this step of the FS process, are as
follows:

Effectiveness
The evaluation of the effectiveness of a remedial technology or process option focuses on:

= Potential effectiveness in handling the estimated volumes of mine materials and meeting the
objectives identified in the PRAOs

= Potential impacts to human health and the environment during construction and
implementation

= How proven the remedial technology or process option is with respect to the contaminants and
conditions at OU1

Implementability

Technically implementable technologies and process options retained from the screening step
described in Section 4.5 are evaluated with respect to both the technical and administrative feasibility
of implementing a remedial technology or process option. Technical implementability was used as an
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initial screening step in Section 4.5 to eliminate remedial technologies and process options that were
clearly ineffective or unworkable at OU1. This subsequent screening criterion places greater emphasis
on the institutional aspects of implementability. This criterion focuses on:

=  Ability to obtain permits for offsite actions

= Administrative and institutional feasibility

= Availability and capacity of treatment, storage, materials, and disposal services
*  Availability of necessary equipment and skilled workers

Relative Cost

Cost plays a limited role in the screening of remedial technologies and process options. Relative
capital and operation and maintenance (0O&M) costs are used rather than detailed estimates. The cost
analysis is evaluated based on engineering judgment and is ranked relative to other process options in
the same technology type. Since remedial alternatives and associated quantities are not defined
during technology and process option screening, relative cost is presented qualitatively as a range
rather than quantitatively.

4.6.2 Screening Evaluation

Each of the remedial technologies and process options retained from the first screening step for the
mine materials were evaluated against the three criteria identified in Section 4.6.1 to determine
whether they should be eliminated from further consideration in the FS or retained for assembly into
remedial alternatives. The results of this second screening step are presented on Table 4-2. Exhibit 4-1
presents the qualitative rating system used in conjunction with the stated rationale to justify the
ratings with respect to each criterion.

Exhibit 4-1. Qualitative Rating System for Screening of Remedial Technologies and Process Options

Effectiveness and Implementability Relative Cost

O  None ©®  None

O o S Low

O  owtomoderate SS  Lowtomoderate
©  Moderate SSS  Moderate

O  Moderate to high SSSS  Moderate to high
© High SSSSSHigh

This evaluation and screening process is inherently qualitative. The evaluation criteria described in
Section 4.6.1 are specified by EPA RI/FS guidance (EPA 1988); however, the degree to which the
criteria are weighted against each other is not specified. Determination of how the individual
evaluation criterion should influence the overall rankings is subjective and based on site-specific
considerations and professional judgment. The factors considered for each of the three criteria that
justify retention or elimination are rated using the qualitative rating system. For the effectiveness and
implementability criteria, a “low” rating was the least preferable and a “high” rating was the most
preferable. For relative cost criteria, a “low” rating indicated a relatively low cost (most preferable)
while a “high” rating indicated a relatively high cost (least preferable).
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Remedial technologies or process options deemed to have low effectiveness, low implementability,
and/or high relative cost for mine materials are eliminated from further consideration in the FS for
development of remedial alternatives, and are indicated on Table 4-2 using blue shading. The factors
considered for each of the three criteria that provide justification for retention or elimination are also
summarized. The applicable locations for implementation of a retained process option (either for site-
wide application or for particular remediation subareas on the site) is also considered during
screening of process options, and as appropriate, the site-specific applicability is clarified in the
process option description.

4.7 Retained GRAs, Remedial Technologies, and Process
Options

Based on the results of the two-step screening process described in Sections 4.5 and 4.6, a reduced

number of remedial technologies and process options for mine materials were retained for further

evaluation and the development of remedial action alternatives as discussed further in Section 5.
These retained remedial technologies and process options are presented on Exhibit 4-2.

Exhibit 4-2. Retained Remedial Technologies and Process Options for Development of Remedial
Alternatives

Remedial Technology Process Option

Non-intrusive visual inspection

Physical and/or chemical . . . .
Intrusive visual inspection

monitorin . .
g Sample collection and analysis
Institutional controls Governmental controls, proprietary controls, and informational devices
Community awareness Informational and educational programs
Access controls Fencing and posted warnings
Grading
Revegetation
Surface source controls Exposure barrier

Geosynthetic multi-layer cover
Pavement cover

Liner system
Subsurface source controls ¥

Submergence
Barriers Retaining structures
Removal Mechanical removal (excavation)

Mechanical transport (hauling/conveying)

Transport Hydraulic transport (slurry pumping)

Disposal at proposed facility within PMDA
Disposal Disposal at proposed facility outside PMDA
Disposal at existing facility

Biological treatment Chemically reduced submergence

Chemical/physical treatment Neutralization/pozzolan- or cement-based stabilization/solidification

Remedial technologies and process options identified to address mine materials are retained, because
they either have substantial potential and applicability as a stand-alone remedy, or have remedial
benefits in combination with other remedial technologies, but would only have cost-effective
application for specific site elements and particular conditions.
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It is unlikely that using or applying a single remedial technology/process option to the mine materials
will solely be able to achieve the PRAOs or comply with ARARs. Thus, using various remedial
technologies/process options in combination is likely to be necessary. Remedial technologies/process
options for mine materials are used in various combinations for assembly of remedial alternatives as
discussed in Section 5.
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Section 5

Development and Screening of Alternatives

5.1 Overview

In this section, remedial action alternatives (herein referred to as remedial alternatives) are
assembled by combining the retained remedial technologies and process options for contaminated
soils presented in Section 4. Remedial alternatives are developed from either stand-alone process
options or combinations of the retained process options.

These remedial alternatives are then screened using a qualitative process with standard evaluation to
determine overall effectiveness, implementability, and cost. The purpose of alternative screening
presented in this section is to reduce the number of remedial alternatives retained for detailed
analysis in Section 7.

The remedial alternatives for the site span a range of categories defined by the NCP as follows:
= No action/no further action alternative.

=  Alternatives that address the principal threats, but involve little or no treatment; protection
would be by prevention or control of exposure through actions such as containment and/or
administrative controls.

= Alternatives that, as their principal element, employ treatment that reduces the toxicity,
mobility, or volume of the contaminants.

5.2 Assumptions Affecting Development of Remedial
Alternatives

Several fundamental assumptions affect the development of remedial alternatives evaluated in this FS
(other than a “no further action alternative”). These assumptions are driven by requirements of the
PRAOs and ARARs identified in Section 3 and site limitations and constraints that cannot be overcome
by using one or more remedial technology/process options as described in Section 4. These
fundamental assumptions were taken into consideration during development of remedial alternatives
for this FS and include the items listed in Exhibit 5-1:

Exhibit 5-1. Assumptions Affecting Development of Remedial Alternatives

Fundamental Assumption Rationale

Exclusion of contaminated
water (i.e., surface water and
groundwater) and OU2
components in remedial
alternative development and
evaluation, except for future
access.

The focus of this FS is to address the remediation of site contamination associated with OU1
mine materials. The RI for OU2 is in the initial stages and the FS process for OU2 has not
begun. Thus the potential remedial alternatives to address OU2 contamination are unknown.
However, remedial alternatives for OU1 are developed in anticipation of maintaining access
to OU2 site components such as adits and other underground workings.
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Section 5 e Development and Screening Alternatives

Exhibit 5-1. Assumptions Affecting Development of Remedial Alternatives (continued)

Fundamental Assumption Rationale

Exclusion of potentially affected
soils located downslope of mine
materials.

Potentially affected soils located downslope of OU1 mine materials (downslope of PMDA
boundary) are considered to be below the risk level to necessitate action, and are not acid-
generating or causing adverse affects to surface water. In addition, it is uncertain if metals
concentrations in these soils are associated with background from the mineralized mine
area or from dispersion from the mine materials, as discussed in Section 2. Moreover,
these soils are located in densely vegetated areas that currently provide quality habitat,
and removal/disturbance of these soils may result in adverse impacts to habitat in
comparison to the current condition. Thus, potentially affected soils located downslope of
OU1 mine materials are excluded from remedial alternative development and evaluation.

Land use at OU1 is generally
considered to be commercial or
recreational purposes or for
General Forest Management Area
and Connectivity/Diversity Block
objectives.

Timber harvest, recreation, General Forest Management Area, and Connectivity/Diversity
Block objectives are the predominant current and expected future land uses in the area.
Active logging is conducted near OU1 on private land parcels. OU1 and adjacent areas are
used by hikers, campers, hunters, and all-terrain vehicle riders.

Road access disturbed during
implementation of alternatives
will be restored.

It is assumed that repair of existing roads or replacement/installation of new roads will be
required to maintain access to the area. Access roads crossing from the east to west side
of the PMDA, may be interrupted during implementation of alternatives. It is assumed that
access roads will be repaired or replaced to restore access to the site.

Administrative controls are
essential GRA component of all
alternatives (except the no further
action alternative).

It is assumed that administrative controls are essential GRA components of all remedial
alternatives except the no further action alternative required by the NCP. Administrative
controls will only be applied to the proposed facility outside of the PMDA in Alternative 6.
It is assumed that these activities will be implemented at disposal facilities and
containment areas to restrict use and access of these areas to the public.

Monitoring is essential GRA
component of all alternatives.

It is assumed that monitoring (visual inspection and/or sampling/analysis) are essential
GRA components of all remedial alternatives since mine materials will be either capped in
place or disposed of within a constructed facility except for the no further action
alternative required by the NCP. For Alternative 6, monitoring will only take place at the
proposed facility outside of the PMDA as it is assumed that upon completion of the
remedy (i.e. complete removal of mine materials), there will be no risk within the PMDA. It
is assumed that these activities must be performed to determine protectiveness of the
remedy after implementation and the need for any future additional remedial measures.

30-year period of analysis for all
remedial alternatives.

It is likely that all remedial alternatives would require an indefinite duration of O&M.
However, evaluation of long durations of O&M is cumbersome and is generally not
necessary for comparative evaluation between alternatives, because of the effects of cost
discounting in later years under present value analysis. The period of analysis for the FS is
assumed to be 30 years, because the increase of present value cost due to small periodic
expenditures for maintenance and monitoring after 30 years is minimal relative to the
accuracy range of the estimates. Additional information about period of analysis is
discussed in Section 6.7.

Evaluation of rail and truck
transport options.

For preparation of screening level costs, evaluation of rail versus truck transport costs was
conducted. Costs for each option were similar; however, transport via rail is not as easily
implementable due to restrictions and requirements at rail loading and unloading facilities.
Therefore, the representative transport process option for FS evaluations is mechanical
transport via trucks for alternatives that include disposal at an existing permitted facility.

Mine materials are exempt from
regulation as RCRA hazardous
waste, but require treatment
before disposal at an existing
facility.

As discussed in Section 3.1.6, it is assumed for purposes of this FS that OU1 mine materials
are exempt from regulation as RCRA hazardous waste, because they are derived from
mineral processing (i.e., Bevill Amendment wastes). However, because of the acid-
generating nature of the mine materials, existing facilities will likely request analysis
and/or treatment of waste before disposal. Thus, additional treatment of mine materials
such as stabilization/solidification is assumed to be required before disposal at existing
facilities.
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Section 5 e Development and Screening Alternatives

Secondary factors and considerations have also been tentatively identified to aid development of
remedial alternatives (such as use of onsite beneficial remediation materials to the extent possible)
but are not fundamental controlling considerations. Since these considerations vary depending on the
remedial approach used in each alternative, they are discussed in Section 7 for retained remedial
alternatives.

5.3 Description of Remedial Alternatives

Remedial alternatives were assembled by combining the retained remedial technologies and process
options that are capable of addressing the contaminated medium (mine materials). Table 5-1 provides
a comprehensive list of the tentatively-retained remedial technologies/process options that were used
to develop each remedial alternative. The fundamental site assumptions and factors described in
Sections 5.2 were also considered during development of the remedial alternatives.

The remedial alternatives evaluated for OU1 include:
= Alternative 1: No Further Action

= Alternative 2: In-Place Containment, Continued Submergence of Tailings within EM, and
Limited Excavation/Disposal of Mine Materials at Proposed Facility within PMDA

= Alternative 3: Limited In-Place Containment, Chemically Reduced Submergence of Tailings
within EM, and Excavation/Disposal of Mine Materials at Proposed Facilities within and outside
PMDA

= Alternative 4: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials
at Proposed Facilities within and outside PMDA

= Alternative 5: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials
at Existing and Proposed Facilities within and outside PMDA

= Alternative 6: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials
at Proposed Facility outside PMDA

The following subsections provide generalized descriptions of the remedy components for remedial
alternatives to be evaluated during the screening process presented in this section. Detailed
information for remedy components, including but not limited to specific quantities of mine materials
and frequency and types of samples collected for analysis, are discussed in Section 7 for the
alternatives retained after screening.

5.3.1 Alternative 1: No Further Action

Alternative 1 (No Further Action) is required by the NCP as a baseline for comparison against other
remedial alternatives. This alternative would leave the site in its current state with no additional
removal and/or remedial actions being implemented.

As required by the NCP, 5-year site reviews would be performed since mine materials would remain
at the PMDA with contaminant concentrations above PRGs. The contaminant concentrations above
PRGs do not allow for unlimited use and unrestricted exposure under the current and potential future
land uses. Site monitoring (i.e., non-intrusive visual inspections) would also be conducted only as
necessary to complete the 5-year site reviews.
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5.3.2 Alternative 2: In-Place Containment, Continued Submergence of Tailings
within EM, and Limited Excavation/Disposal of Mine Materials at
Proposed Facility within PMDA

Alternative 2 includes in-place containment of mine materials as the predominant approach with
limited excavation and disposal of targeted mine materials at a proposed facility within the PMDA.

Limited excavation would be conducted to address highly acid-generating mine materials at
headwaters of creek areas and other targeted areas. Targeted mine materials directly impact the
headwaters of the South Fork Middle Creek and Upper Middle Creek and/or affecting stability of the
EM. These areas include the east EM WRD, illegal dump area, the Formosa 1 adit and Formosa 3 adit
WRDs, mine materials along the upper side slopes of the EM, and adit drainage affected soils. The total
targeted volume of mine materials to be excavated for Alternative 2 is approximately 72,000 CY.

All excavated materials would be disposed of within a proposed facility located within the PMDA. The
proposed facility within the PMDA would span primarily from the EM to the ore storage area and
would have an approximate capacity of 60,000 to 80,000 CY, depending on the degree of potential
development of onsite overburden and rock borrow source to the southwest of the EM area.
Development of this area to obtain uncontaminated soil and rock for cover construction and
reclamation would expand the available volume for consolidation of mine materials. The facility would
include a geosynthetic multi-layer cover system placed over consolidated mine materials.

The proposed facility within the PMDA would contain the EM in place, including the former water and
tailings storage pond. Tailings currently stored in the pond would continue to remain submerged
under the newly-constructed geosynthetic multi-layer cover system. Submergence of tailings would
continue to mitigate ARD generation, assuming the existing liner remains intact and holds water.
Additional information on submergence is provided in Tables 4-1 and 4-2.

A combination of multi-layer geosynthetic covers, pavement covers, and exposure barriers would be
implemented for remaining mine materials not targeted for excavation to mitigate unacceptable
exposure risks to humans and reduce generation of ARD. Pavement covers would be constructed over
mine materials within existing road alignments. Multi-layer geosynthetic covers would be constructed
in areas of mine materials outside of the proposed facility and road alignments on level areas and
shallow slopes (less than 3 horizontal to 1 vertical [3H:1V]). Both types of covers are capable of
mitigating ARD generation as well as addressing human exposure to contaminants.

Exposure barriers would only be used on remaining mine materials with slopes steeper than 3H:1V.
The mine material surface would be regraded, neutralized as needed to successfully establish
exposure barriers to underlying mine materials, and covered with a vegetated or rock surface layer.
The specific type of exposure barriers to be determined during the remedial design based on slopes
and availability of sufficient quantities of suitable fill materials. Evaluation of geotechnical stability of
regraded areas would be evaluated during the remedial design, which may indicate the need for
retaining structures to stabilize mine materials left in place. These types of covers would address
human exposure to contaminants but would have a minimal impact on mitigating ARD.

Excavated areas or areas disturbed during construction that do not have mine materials would be
regraded and reclaimed with a rock armor or a vegetative layer, depending on the steepness of
resulting slopes. Roads within the PMDA impacted by excavations would be reconstructed as
necessary to restore access.
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Administrative controls involve administrative, legal and/or informational, or physical measures
intended to control or prevent present and future use or access to mine materials, and inform and
warn of dangers associated with these materials. These controls would be implemented as needed to
maintain integrity of the proposed disposal facility and containment areas and provide the public with
community awareness tools to enhance awareness of potential hazards and the remedy for OU1.
Monitoring would consist of visual inspections to document degree of protectiveness to human health
and the environment and determine maintenance needs for the proposed facility and containment
areas. Maintenance of the proposed disposal facility and containment areas would be performed as
necessary to maintain protectiveness and integrity of the covers systems.

Five-year site reviews would be performed since mine materials under covers would remain at the
PMDA with contaminant concentrations above PRGs. The contaminant concentrations above PRGs do
not allow for unlimited use and unrestricted exposure under the current and potential future land
uses.

5.3.3 Alternative 3: Limited In-Place Containment, Chemically Reduced
Submergence of Tailings within EM, and Excavation/Disposal of Mine
Materials at Proposed Facilities within and outside PMDA

Alternative 3 includes limited in-place containment of mine materials at the EM area, excavation of all
other mine materials, and disposal of mine materials at proposed facilities within and outside the
PMDA. Disposal of all excavated materials would take place at two proposed facilities: one within the
PMDA as described in Alternative 2 and one outside of the PMDA at a location to be determined.

The proposed facility within the PMDA would contain the EM in place, including the former water and
tailings storage pond. Chemically reduced submergence would be implemented for tailings within the
former water and tailings storage pond by adding liquid organic reagents to enhance in situ biological
treatment. Additional information on chemically reduced submergence is provided in Tables 4-1 and 4-2.

The proposed facility outside of the PMDA would be sized to contain the remainder of excavated mine
materials (approximately 125,000 CY) and constructed to meet pertinent ARARs for the selected
location.

Excavated areas or areas disturbed during completion of the remedy (including roads within the
PMDA) would be restored or regraded and reclaimed, as described for Alternative 2.

Administrative controls, maintenance, and monitoring for the proposed disposal facilities would be
performed as described for Alternative 2. However, additional maintenance requirements, such as
leachate collection and treatment, may be needed for the proposed facility outside of the PMDA
depending on the selected location and configuration. It is assumed that the collection and storage
facilities for leachate are included under OU1. The FS does not include evaluation of subsequent
leachate water management (i.e., treatment). It is assumed that subsequent management and disposal
of leachate will take place under OU2 operations as it is difficult to make a facility-specific
determination of leachate characteristics (i.e. quantity and quality).

Five-year site reviews would be performed since mine materials under covers would remain at the
PMDA with contaminant concentrations above PRGs. The contaminant concentrations above PRGs do
not allow for unlimited use and unrestricted exposure under the current and potential future land
uses.
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5.3.4 Alternative 4: Excavation, Stabilization/Solidification of Tailings, and
Disposal of Mine Materials at Proposed Facilities within and outside
PMDA

Alternative 4 includes excavation and disposal of mine materials, including EM tailings, at proposed
facilities within and outside the PMDA. Disposal of all excavated materials would take place at two
proposed facilities: one within the PMDA and one outside of the PMDA as described for Alternative 3.

The tailings within the former water and tailings storage pond (approximately 19,000 CY) would be
dewatered and treated by pozzolan- or cement-based stabilization /solidification before disposal. A
treatment additive such as Portland cement or other types of stabilization agents would be added to
bind the contaminants in the tailings and reduce their mobility from leaching.

Since the EM area will be excavated and disposed of rather than contained in place, the targeted
disposal volume for the proposed facility within the PMDA would increase to 109,000 CY.

Excavated areas or areas disturbed during completion of the remedy (including roads within the
PMDA) would be restored or regraded and reclaimed as described for Alternatives 2 and 3.

Administrative controls, maintenance, monitoring, and 5-year site reviews would be implemented as
described for Alternative 3.

5.3.5 Alternative 5: Excavation, Stabilization/Solidification of Tailings, and
Disposal of Mine Materials at Existing and Proposed Facilities within and
outside PMDA

Alternative 5 includes excavation and disposal of all mine materials, including EM tailings, similar to
Alternative 4. However, a portion of mine materials would be disposed of at an existing permitted
facility located outside of the PMDA. Disposal of the majority of excavated materials would take place
at two proposed facilities as described in Alternative 4, except that the size of the facility outside the
PMDA would be smaller than for Alternative 4 (approximately 95,000 CY).

A portion of the mine materials (approximately 30,000 CY) would be transported and disposed of at
one or more existing, permitted disposal facilities. The closest Subtitle D facility that will accept mine
materials from OU1 is approximately 83 miles away. The closest Subtitle C facility that will accept
mine materials from OU1 is approximately 350 miles away. Disposal at the Subtitle D facility is
assumed for this alternative; however, as discussed in Section 3.1.6, it is assumed for the purpose of
this FS that mine materials addressed under this alternative at a Subtitle D facility will require
treatment before disposal.

Excavated areas or areas disturbed during completion of the remedy (including roads within the
PMDA) would be restored or regraded and reclaimed as described for Alternative 2.

Administrative controls, maintenance, monitoring, and 5-year site reviews would be implemented as
described for Alternative 4, except that maintenance and monitoring would not be required for the
existing permitted disposal facilities that self-perform those activities.
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5.3.6 Alternative 6: Excavation, Stabilization/Solidification of Tailings, and
Disposal of Mine Materials at Proposed Facility outside PMDA

Alternative 6 includes excavation of mine materials, including EM tailings, as described for Alternative
3 and disposal of all excavated material at a proposed facility outside the PMDA.

The tailings within the former water and tailings storage pond (approximately 19,000 CY) would be
dewatered and treated as described for Alternative 4. Since the EM area will be excavated and
disposed of rather than contained in place, the targeted disposal volume for the proposed facility
outside of the PMDA would increase to 234,000 CY.

Excavated areas or areas disturbed during completion of the remedy (including roads within the
PMDA) would be restored or regraded and reclaimed as described for Alternatives 2 and 3.

Administrative controls, maintenance, monitoring, and 5-year site reviews would be implemented as
described for Alternative 3, except that 5-year site reviews would not be required for OU1 within the
PMDA once mine materials with contaminant concentrations above PRGs are no longer present.

5.4 Screening Evaluation of Alternatives

The purpose of this screening evaluation is to evaluate whether a proposed remedial alternative will
undergo the more thorough and extensive analysis presented in Section 7. The screening evaluation
uses a smaller set of screening evaluation criteria than what is used for detailed analysis of retained
alternatives after screening. Each of these proposed alternatives is screened using the short- and long-
term aspects (where applicable) of three broad criteria: effectiveness, implementability, and cost.

5.4.1 Screening Criteria

This section presents a summary of the screening criteria utilized for the screening evaluation of
alternatives.

5.4.1.1 Effectiveness

Effectiveness relates to the ability of the remedial alternative to satisfy screening evaluation criteria
detailed in Exhibit 5-2.

Exhibit 5-2. Effectiveness Criteria

Effectiveness Criteria

Overall protection of human health and the environment’

Compliance with ARARs"

Short-term effectiveness (during the remedial construction and implementation period)

Long-term effectiveness and permanence (following remedial construction)

Reduction of toxicity, mobility, or volume through treatment

! These criteria are referred to as threshold criteria that an alternative must meet to be viable (except the no further action

alternative); threshold criteria are described further in Section 6.

Effectiveness of each of the proposed alternatives is judged against the five effectiveness screening
criteria using the qualitative ratings system in Exhibit 5-3.
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Exhibit 5-3. Effectiveness Qualitative Ratings System

Effectiveness Ratings Categories

None

Low

Low to moderate

Moderate

Moderate to high

® 0000

High

5.4.1.2 Implementability

Implementability relates to the ability of the remedial alternative to satisfy screening evaluation
criteria detailed in Exhibit 5-4.

Exhibit 5-4. Implementability Criteria

Implementability Criteria

Technical feasibility Ability to construct, reliably operate, and meet technology-specific regulations for
process options until a remedial action is complete

Ability to operate, maintain, replace, and monitor technical components after the
remedial action is complete

Administrative feasibility Ability to obtain approvals from other agencies

Availability and capacity of treatment, storage, and disposal services

Availability of property, specific materials and equipment, and technical specialists
required for a remedial action

Implementability of each of the proposed alternatives is judged against the screening criteria using the
qualitative ratings system presented in Exhibit 5-5.

Exhibit 5-5. Implementability Qualitative Ratings System

Implementability Ratings Categories

None

Low

Low to moderate

Moderate

Moderate to high

@000 e @

High

A determination that an alternative is not technically feasible will usually preclude it from further
consideration. Negative factors affecting administrative feasibility will normally involve coordination
steps to lessen the negative aspects of the alternative but will not necessarily eliminate an alternative
from consideration.
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5.4.1.3 Cost

Cost estimates prepared for screening alternatives are typically comparative estimates with relative
accuracy so that cost decisions among alternatives are sustained as the accuracy of cost estimates
improves in the detailed analysis of alternatives. The procedures used to develop cost estimates for
alternative screening are similar to those used for detailed analysis; the differences are in the degree
of alternative refinement and cost component development.

The focus of comparative screening estimates is to identify and include items that are essential to the
alternatives that control the magnitude of the overall cost. Cost estimates at this step of the FS process
are generally determined using cost curves, generic unit costs, vendor information, conventional cost-
estimating guides, and prior similar estimates modified by site-specific information rather than
detailed cost estimates. Both capital and O&M costs are considered in these estimates. Present value
analyses are performed to discount all costs to a common base year. This is performed to fairly
evaluate expenditures occurring over different time frames.

The development of alternatives during the screening process is incomplete, because a detailed
analysis of the alternative components (such as development of detailed quantities, detailed scoping
of remedy components, etc.) has not been performed. Thus, the costs developed for the screening
analysis of these proposed alternatives are not held to the accuracy required for the detailed analysis
of alternatives (i.e., +50 percent to -30 percent of actual costs). Typical cost accuracy ranges for
alternative screening are +100 percent to -50 percent of actual costs.

A simplified approach was developed for determining alternative screening costs; a more detailed
evaluation of alternative costs is presented in conjunction with detailed analysis of alternatives
(Section 7). The simplified approach for determining alternative screening costs involves identifying
specific GRAs for mine materials that are fundamental cost drivers for the alternative in question and
providing costs for these GRA remedy components. If these fundamental GRAs are included in the
screening cost estimates, they should be within the accuracy range acceptable for these estimates
without development of the secondary remedy components.

The specific GRAs identified as fundamental cost drivers for each alternative are listed below:
Alternative 1: Monitoring

Alternatives 2 through 6: Monitoring; administrative controls; containment; removal, transport,
disposal; and treatment

It should be noted that GRA components identified for screening cost development purposes pertain
only to mine materials. For instance, the GRA of transport is specifically for mine materials; transport
of backfill required to construct covers or place excavation backfill are inherent to the GRAs of
containment or removal rather than transport. Unit quantities (areas and volumes) required to
develop costs for these items are presented in Appendix B.

The cost of each proposed alternative is rated on a comparative basis with other alternatives using a
scale determined from the range of costs for the screened alternatives. Because of the likely
alternative costs for the site, the cost ranges for the ratings categories are large. The cost rating
categories are as follows in Exhibit 5-6.
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Exhibit 5-6. Cost Qualitative Ratings System

Cost Ratings Categories Cost Ranges (Present Value Dollars)

S Low Less than 4 million dollars

SS Low to moderate Between 4 million and 8 million dollars
SSS Moderate Between 8 million and 12 million dollars
SSSS Moderate to high Between 12 million and 16 million dollars
SSSSS High Greater than 16 million dollars

5.5 Summary of Alternatives Screening

Appendix C presents the evaluation and screening of each remedial alternative using the three
screening criteria. This evaluation and screening process is inherently qualitative in nature (with the
exception of approximate cost). The evaluation criteria described in Section 5.4 are specified by the
NCP and EPA CERCLA guidance; however, the degree to which the criteria are weighted against each
other is not specified. A determination of how the individual evaluation criteria influence the overall
rankings is based on site-specific considerations and requires engineering judgment.

Remedial alternatives with similar scope and essential components would have overall rankings that
are similar, unless other considerations such as large differences in waste volumes or differing
construction durations exist between them. Factors that affect the threshold criteria (overall
protection of human health and the environment and compliance with ARARs) are given considerable
weight in the overall ranking for effectiveness since alternatives must meet these criteria to be
selected as a remedy. Section 6 describes the threshold criteria in further detail.

Each alternative developed and described in Section 5.3 was evaluated to determine its overall
effectiveness, implementability, and cost in Appendix C using the qualitative ratings system discussed
in Section 5.4.

Exhibit 5-7 summarizes the results for the screening of alternatives for the site. The only remedial
alternative eliminated from further consideration in this FS (indicated with blue shading) on Exhibit 5-7
is Alternative 5.

The remedial alternatives that were retained for detailed analysis are identified in Section 5.6.
Alternative 5 was eliminated from further consideration, because it would pose additional short-term
risks, would be complex to implement, and would have excessive costs relative to the other screened
alternatives.
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Exhibit 5-7. Summary of Alternatives Screening

Description

Effectiveness

Section 5 e Development and Screening Alternatives

Implementability

Approximate Cost
(Present Value Dollars)

1 No Further Action

S $100,000

In-Place Containment, Continued
Submergence of Tailings within EM, and

and Excavation/Disposal of Mine Materials at
Proposed Facilities within and outside PMDA

2 Limited Excavation/Disposal of Mine 9 9 SS 35,640,000
Materials at Proposed Facility within PMDA
Limited In-Place Containment, Chemically

3 Reduced Submergence of Tailings within EM, 9 9 $$ 47,600,000

Excavation, Stabilization/Solidification of
4 |Tailings, and Disposal of Mine Materials at
Proposed Facilities within and outside PMDA

SSSS | $12,360,000

Excavation, Stabilization/Solidification of
Tailings, and Disposal of Mine Materials at
Existing and Proposed Facilities within and
outside PMDA

$$$$$ $25,950,000

Excavation, Stabilization/Solidification of
6 |Tailings, and Disposal of Mine Materials at
Proposed Facility outside PMDA

4]

(3]

S$SSS | $13,280,000

Notes:

1. The alternatives screening process involves a qualitative assessment of the degree to which remedial alternatives meet
the evaluation criteria presented in Appendix C. The numerical designations for the qualitative ratings system used in this
table are not used to quantitatively assess remedial alternatives (for instance, rankings for a remedial alternative are not

additive).

2. All remedial alternatives have been retained for detailed analysis in Section 7.
3. Screening cost backup information (screening cost estimate summaries and present value analyses) for each alternative

are presented in Appendix D.

Legend for Qualitative Ratings System:

Effectiveness and Implementability Cost (Present Value Dollars)

0 None 0
Low S

Low to moderate SS

Moderate SSS

®@ 0 ® 0

Oth

Formosa_Final FS_Section 5_January 2013

Moderate to high SSSS

High SSSSS High (Greater than $16M)

None (S0)

Low (SO through $4M)

Low to moderate ($4M through $8M)

Moderate (S8M through $12M)

Moderate to high ($12M through $16M)
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5.6 Alternatives Retained for Detailed Analysis

Based on the screening of the alternatives, the following alternatives were retained for detailed
analysis in Section 7:

= Alternative 1: No Further Action

= Alternative 2: In-Place Containment, Continued Submergence of Tailings within EM, and
Limited Excavation/Disposal of Mine Materials at Proposed Facility within PMDA

= Alternative 3: Limited In-Place Containment, Chemically Reduced Submergence of Tailings
within EM, and Excavation/Disposal of Mine Materials at Proposed Facilities within and outside
PMDA

= Alternative 4: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials
at Proposed Facilities within and outside PMDA

= Alternative 6: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials
at Proposed Facility outside PMDA
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Section 6

Definition of Criteria Used in the Detailed Analysis
of Retained Alternatives

The remedial alternatives retained after completion of the alternative screening step of the FS process
(summarized in Section 5) are further evaluated in Section 7 using the nine NCP alternative evaluation
criteria. These criteria were developed to address statutory requirements and considerations for
remedial actions in accordance with the NCP and additional technical and policy considerations that
have proven to be important for selecting among remedial alternatives (EPA 1988). The following
subsections describe the nine alternative evaluation criteria used in the detailed analysis of remedial
alternatives and the priority in which the criteria are considered.

6.1 Overall Protection of Human Health and the Environment

Each alternative is assessed to determine whether it can provide appropriate protection of human
health and the environment (short- and long-term) from unacceptable risks posed by hazardous
substances, pollutants, or contaminants present at the site. Evaluation of this criterion focuses on how
site risks are eliminated, reduced, or controlled through treatment, engineered controls, or
institutional controls and whether an alternative poses any unacceptable cross-media impacts.

6.2 Compliance with ARARs

For this criterion, we evaluate each alternative to determine how Criteria Used to Evaluate

ARARs identified in Appendix A of this document will be met. Remedial Alternatives
o . = Protection of Human

If the assessment indicates an ARAR will not be met, then the Health and Environment

basis for justifying one of the six ARAR waivers allowed under
CERCLA is required to be discussed. These ARAR waivers are

detailed in Exhibit 6-1. = Long-Term Effectiveness
and Permanence

= Compliance with ARARs

= Reduction of Toxicity,
Mobility, or Volume
through Treatment

= Short-Term Effectiveness
= Implementability

= Cost

= State Acceptance

= Community Acceptance

—/
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Section 6 e Definition of Criteria Used in the Detailed Analysis of Retained Alternatives

Exhibit 6-1. ARAR Waivers

Waiver Description

Interim measures The remedial action selected is only part of a total remedial action that will attain such
level or standard of control when completed. (CERCLA §121(d)(4)(A))

Greater risk to health and the Compliance with such requirement at the facility will result in greater risk to human
environment health and the environment than alternative options. (CERCLA §121(d)(4)(B))
Technical impracticability Compliance with such requirement is technically impracticable from an engineering

perspective. (CERCLA §121(d)(4)(C))

Equivalent standard of The remedial action selected will attain a standard of performance that is equivalent to
performance that required under the otherwise applicable standard, requirement, criteria, or
limitation through use of another method or approach. (CERCLA §121(d)(4)(D))

Inconsistent application of state | With respect to a state standard, requirement, criteria, or limitation, the state has not
requirements consistently applied (or demonstrated the intention to consistently apply) the
standard, requirement, criteria, or limitation in similar circumstances at other remedial
actions. (CERCLA §121(d)(4)(E))

Fund balancing In the case of a remedial action to be undertaken solely under Section 104 using the
fund, selection of a remedial action that attains such level or standard of control will
not provide a balance between the need for protection of public health and welfare
and the environment at the facility under consideration and the availability of amounts
from the fund to respond to other sites which present or may present a threat to
public health or welfare or the environment, taking into consideration the relative
immediacy of such threats. (CERCLA §121(d)(4)(F))

6.3 Long-Term Effectiveness and Permanence

Long-term effectiveness evaluates the likelihood that the remedy will be successful and the
permanence that it affords. Factors to be considered, as appropriate, include the following:

= Magnitude of residual risk remaining from untreated waste or treatment residuals remaining at
the conclusion of the remedial activities. The characteristics of the residuals are considered to
the degree that they remain hazardous, taking into account their toxicity, mobility, or volume
and propensity to bioaccumulate.

* Adequacy and reliability of controls that are used to manage treatment residuals and untreated
waste remaining at the site. This factor includes an assessment of containment systems and
institutional controls to determine if they are sufficient to ensure that any exposure to human
and ecological receptors is within protective levels. This factor also addresses the long-term
reliability of management controls for providing continued protection from residuals, the
assessment of the potential need to replace technical components of the alternative, and the
potential exposure pathways and risks posed should the remedial action need replacement.

6.4 Reduction of Toxicity, Mobility, or Volume through
Treatment

Each alternative is assessed for the degree to which it employs technology to permanently and
significantly reduce toxicity, mobility, or volume, including how treatment is used to address the
principal threats posed by the site. Factors to be considered, as appropriate, include the following:

= The treatment processes the alternatives use and materials they will treat
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Section 6 e Definition of Criteria Used in the Detailed Analysis of Retained Alternatives

The amount of hazardous substances, pollutants, or contaminants that will be destroyed or
treated, including how the principal threat(s) will be addressed

The degree of expected reduction in toxicity, mobility, or volume of the waste due to treatment
The degree to which the treatment is irreversible

The type and quantity of residuals that will remain following treatment, considering the
persistence, toxicity, mobility, and propensity to bioaccumulate such hazardous substances and
their constituents

Whether the alternative would satisfy the statutory preference for treatment as a principal
element of the remedial action

6.5 Short-Term Effectiveness

This criterion reviews the effects of each alternative during the construction and implementation
phase of the remedial action until remedial response objectives are met. The short-term impacts of
each alternative are assessed, considering the following factors, as appropriate:

6.6

Short-term risks that might be posed to the community during implementation of an alternative

Potential impacts on workers during remedial action and the effectiveness and reliability of
protective measures

Potential adverse environmental impacts resulting from construction and implementation of an
alternative and the reliability of the available mitigation measures during implementation in
preventing or reducing the potential impacts

Time until protection is achieved

Implementability

The technical and administrative feasibility of implementing an alternative and the availability of
various services and materials required during its implementation is evaluated under this criterion.
The ease or difficulty of implementing each alternative will be assessed by considering the following
factors detailed in Exhibit 6-2.

Exhibit 6-2. Implementability Factors to be Considered during Alternative Evaluation

Criterion ‘ Factors to be Considered
Technical feasibility = Technical difficulties and unknowns associated with the construction and operation of a
technology
= Reliability of the technology, focusing on technical problems that will lead to schedule
delays

= Ease of undertaking additional remedial actions, including what, if any, future remedial
actions would be needed and the difficulty to implement additional remedial actions

=  Ability to monitor the effectiveness of the remedy, including an evaluation of risks of
exposure should monitoring be insufficient to detect a system failure

Administrative feasibility = Activities needed to coordinate with other offices and agencies and the ability and time

required to obtain any necessary approvals and permits from other agencies (for offsite
actions)
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Exhibit 6-2. Implementability Factors to be Considered during Alternative Evaluation (continued)

Criterion Factors to be Considered

Availability of services and = Availability of adequate offsite treatment, storage capacity, and disposal capacity

materials and services

= Availability of necessary equipment and specialists and provisions to ensure any
necessary additional resources

= Availability of services and materials plus the potential for obtaining competitive
bids, which is particularly important for innovative technologies

= Availability of prospective technologies

6.7 Cost

Types of costs that are assessed during detailed analysis of each retained alternative include the
following:

= Capital costs

*  Annual O&M costs

=  Periodic costs

= Present value of capital and annual O&M costs

Cost estimates are developed according to A Guide to Developing and Documenting Cost Estimates
during the Feasibility Study (EPA 2000a). Flexibility is incorporated into each alternative for the
location of remedial facilities, the selection of cleanup levels, and the period in which remedial action
will be completed. Assumptions of the project scope and duration are defined for each alternative to
provide cost estimates for the various remedial alternatives. Important assumptions specific to each
alternative are summarized in the description of the alternative. Additional assumptions are included
in the detailed cost estimates in Appendix F.

The levels of detail employed in making these estimates are conceptual but are considered appropriate
for making choices between alternatives. The information provided in the cost estimate is based on the
best available information regarding the anticipated scope of the remedial alternatives.

The costs are evaluated with respect to the following categories:

= Capital costs are expenditures that are required to construct a remedial action. They are
exclusive of costs required to operate or maintain the action throughout its lifetime. Capital costs
consist primarily of expenditures initially incurred to build or install the remedial action. Capital
costs include all labor, equipment, and material costs (including contractor markups, such as
overhead and profit) associated with activities, such as mobilization/demobilization, site work,
installation of containment (cover) systems, and disposal facilities. Capital costs also include
expenditures for professional/technical services that are necessary to support construction of
the remedial action.

=  Annual O&M costs are post-construction costs necessary to ensure or verify the continued
effectiveness of a remedial action. These costs are estimated mostly on an annual basis. Annual
0&M costs include all labor, equipment, and material costs (including contractor markups, such
as overhead and profit) associated with activities, such as monitoring, operating and maintaining
containment (cover) systems, and disposal facilities. Annual O&M costs also include
expenditures for professional/technical services necessary to support O&M activities.
64 Cith
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Periodic costs are costs that occur only once every few years (e.g., 5-year site reviews and
equipment replacement) or expenditures that occur only once during the entire 0&M period or
remedial time frame (e.g., site closeout and remedy failure/replacement). These costs may be
either capital or O&M costs, but because of their periodic nature, it is more practical to consider
them separately from other capital or 0&M costs in the estimating process.

The present value of each alternative provides the basis for the cost comparison. The present
value cost represents the amount of money that, if invested in the initial year of the remedial
action at a given rate, would provide the funds required to make future payments to cover all
costs associated with the remedial action over its planned life. Future O&M and periodic costs are
included and discounted (reduced) by the appropriate present value discount rate over the period
of analysis selected for each alternative. Per guidance, inflation and depreciation are not
considered in preparing the present value costs.

As discussed in A Guide to Developing and Documenting Cost Estimates during the Feasibility Study
(EPA 2000a), the real discount (interest) rate used for present value analysis in the FS depends on
whether the site is classified as a Federal facility site. Federal facility sites are former or current
installations operated or controlled by a Federal government agency and identified by EPA’s
Federal Facilities Restoration and Reuse Office (FFRRO). The Formosa Mine Superfund Site is not
a Federal facility identified within FFRRO’s site inventory. In addition, the guidance specifically
mentions that although a Federal-lead site cleaned up by EPA using the Superfund trust fund (i.e.
Fund-lead sites) may be an analogous situation to a Federal facility site being cleaned up using
Superfund authority, there is always a chance that a potentially responsible party (PRP) could
remediate the site. Thus, per guidance a real discount rate of 7 percent should be used in
calculating present value costs for all non-Federal facility sites such as the Formosa Mine
Superfund Site. A 7 percent real discount rate was used to develop present value costs for each
retained alternative as presented in Appendix F.

The alternatives retained for detailed analysis are primarily containment remedies and thus
have indefinite project durations and likely require perpetual maintenance. The assumed period
of analysis used to develop estimates of present value costs for each alternative is 30 years. The
guidance indicates that site-specific justification should be provided when the project duration
exceeds the selected period of present value analysis. Those justifications were provided in
Exhibit 5-1 of Section 5.

A “no-discounting” scenario is also included for the present value analysis of each alternative in
Appendix F as recommended by the guidance for long-term projects (e.g., project duration
exceeding 30 years). A non-discounted constant dollar cash flow over time demonstrates the
impact of a discount rate on the total present value cost and the relative amounts of future annual
expenditures. Non-discounted constant dollar costs are presented for comparison purposes only
and should not be used in place of present value costs in the Superfund remedy selection process.

A sensitivity analysis were performed and included in Appendix F for select retained alternatives
analyzed in Section 7. A sensitivity analysis is recommended by the guidance to illustrate the
impacts of changes to factors that have a relatively-high degree of uncertainty and that, with only
a small change in their value, could significantly affect the overall cost of the alternative. Factors
with inherent uncertainty for this project include lifespan of remedy components, project
durations, and future economic conditions. Those factors are addressed in the sensitivity
analysis (Appendix F) by varying the period of analyses and including large future year
expenditures (e.g. remedy component replacement).
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6.8 State Acceptance

This criterion evaluates the technical and administrative issues and concerns the state may have
regarding each of the alternatives. Assessment of state concerns will be completed after comments on
the FS and proposed plan are received by EPA and addressed in the ROD. Thus, state acceptance is not
considered in the detailed analysis of alternatives presented in this FS.

6.9 Community Acceptance

Assessment of concerns from the public will be completed after comments on the FS and proposed
plan are received by EPA and addressed in the ROD. Thus, community acceptance is not considered in
the detailed analysis of alternatives presented in this FS.

6.10 Criteria Priorities

The nine NCP alternative evaluation criteria are separated into three groups to establish priority
among these criteria during detailed analysis of the remedial alternatives as detailed in Exhibit 6-3.

Exhibit 6-3. Criteria Priorities

Group Criteria Definition
Threshold criteria = Qverall protection of human health and the Must be satisfied by the remedial
environment alternative being considered as the
= Compliance with ARARs preferred remedy
Balancing criteria = Long-term effectiveness and permanence Technical criteria evaluated among those
= Reduction of toxicity, mobility, or volume alternatives satisfying the threshold
through treatment criteria

= Short-term effectiveness
= |mplementability

= Cost
Modifying criteria = State acceptance Not evaluated in this FS; evaluated after
= Community acceptance comments received on the FS and PP
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Section 7

Detailed Analyses of Retained Alternatives

7.1 Overview

This section presents the detailed analysis of the remedial alternatives retained in Section 5. During
detailed analysis, each alternative is assessed using the two threshold criteria and five balancing
criteria presented in Section 6. Analysis of each alternative against the threshold and balancing
criteria is presented on tables within Appendix E. The results of the detailed analysis for each
remedial alternative are then arrayed to perform a comparative analysis of the alternatives and
identify the key tradeoffs between them.

The following alternatives were retained for detailed analysis in Section 7:
Alternative 1: No Further Action

Alternative 2: In-Place Containment, Continued Submergence of Tailings within EM, and Limited
Excavation/Disposal of Mine Materials at Proposed Facility within PMDA

Alternative 3: Limited In-Place Containment, Chemically Reduced Submergence of Tailings within
EM, and Excavation/Disposal of Mine Materials at Proposed Facilities within and outside PMDA

Alternative 4: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials at
Proposed Facilities within and outside PMDA

Alternative 6: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials at
Proposed Facility outside PMDA

7.2 Secondary Assumptions Affecting Detailed Analysis of
Remedial Alternatives

Section 5 presents the fundamental assumptions for all remedial alternatives used during alternative
development and screening. In addition, there are numerous secondary assumptions that affect the
detailed analysis of alternatives, but are not fundamental controlling considerations and can vary
between alternatives. Some of these secondary assumptions are grouped into distinct categories and
include the items listed in Exhibit 7-1. Additional assumptions are provided as part of the detailed
descriptions of alternatives provided in the remaining sections below. These detailed descriptions are
provided as the basis for cost estimating as presented in this FS.
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Exhibit 7-1. Secondary Assumptions Affecting Refinement and Detailed Analysis of Remedial Alternatives

Secondary

Assumption Category

Secondary Assumption
Description

Rationale

Transportation

Hydraulic Transport

Hydraulic transport will be retained for development of
remedial alternatives specifically for transport of tailings
materials, but not included with the cost estimates.
Representative process option for the transport remedial
technology is mechanical transport.

Hauling Distance

The haul distance to proposed facility outside of PMDA is no
more than 5 miles. Specific facility location(s) are not
identified for the FS.

Treatment of Materials

Stabilization/Solidification

For alternatives that include excavation of the EM, tailings
will be dewatered to the extent possible or necessary and
treated with cement-based stabilization/solidification to
provide geochemical stability and geotechnical stability (for
compaction during consolidation). It is assumed that
extracted water from tailings will be stored and disposed of
as part of OU2 actions. Treatment of water is not evaluated
in the FS or included in the cost estimates.

Pre-treatment of Mine Materials

Based on the discussion in Section 3, mine materials are
Bevill exempt and are excluded from pre-treatment prior to
disposal (to meet LDRs). However, tailings will be pre-
treated due to anticipated requirements of commercial
facilities and the costs are included in Appendix F.

Geological Materials for
Reclamation

Uncontaminated Overburden and
Rock Borrow Sources

It is assumed that during expansion of the proposed facility
site within PMDA, onsite overburden and rock borrow will
be developed adjacent to the EM. The rock borrow source
would provide the necessary rock for implementation of the
alternatives; however, additional overburden sources would
be required.

Uncontaminated Subsoil and
Topsoil Borrow Sources

Additional overburden resource will be developed near the
site, at a haul distance of no more than 5 miles. Additional
facilities other than the onsite source mentioned above are
not identified specifically in the FS.

Commercial Rock, Subsoil, and
Topsoil Borrow Sources

It is assumed no commercial rock or soil sources will be
required, except commercial sources of gravel for road
areas may be required for road reconstruction.

Organic Materials, Lime, and
Fertilizer Amendment Materials

It is assumed that commercial sources of lime, organic
matter, and fertilizer are locally available.

Proposed Facility
Construction Assumptions

Proposed Facility Siting and
Construction Requirements

The substantive requirements of OAR 340-095 are
considered the minimum requirements for siting a disposal
location and for the construction assumptions used for
proposed facilities within or outside of the PMDA. The
proposed facilities within and outside the PMDA are
assumed to be considered ”onsite” and are therefore not
subject to the administrative requirements of OAR 340-095.

Consolidation Volume at
Proposed Facility within PMDA

The proposed consolidation volume at the facility within the
PMDA is limited to the current available space; however,
consolidation volume would be expanded based on
development of overburden rock and borrow sources
adjacent to the EM.

7-2
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Exhibit 7-1. Secondary Assumptions Affecting Refinement and Detailed Analysis of Remedial Alternatives

(continued)

Secondary

Assumption Category

Secondary Assumption
Description

Rationale

Proposed Facility
Construction Assumptions
(continued)

Maintenance of Proposed
Facilities

Maintenance requirements for proposed facilities would be
performed as necessary to maintain protectiveness and
integrity of the covers systems and to manage leachate
water. It is assumed that cover replacements will not be
required, because preventative O&M of the covers will take
place. It is assumed that the collection and storage facilities
for leachate are included under OU1. The FS does not
include evaluation of subsequent leachate water
management (i.e., treatment). It is assumed that
subsequent management and disposal of leachate will take
place under OU2 operations as it is difficult to make a
facility-specific determination of leachate characteristics
(i.e. quantity and quality).

Cover and Reclamation Types
Used for site Remediation

Neutralization

Neutralization may also be a component of reclamation
activities and for vegetative cover systems in order to create
soils that have adequate pH to sustain vegetation and to
prevent wicking of contaminants from ARD-impacted
surfaces into the overlying uncontaminated cover materials.
This type of neutralization is not considered treatment, but
as a component of other applicable process options.

Modified ARD Generating
Bedrock Outcrops

ARD-generating bedrock exists beneath mine materials that
was previously altered by mining activities on the southeast
side of the ore storage area.

For alternatives that include full excavation, it is assumed
that these modified ARD-generating bedrock surfaces will be
covered with a combination of rock and soil cover exposure
barriers. Blasting of rock surfaces (particularly at outcrops)
may be necessary to provide adequate slope for cover and
mitigate potential long-term erosion issues. Water
diversions (i.e. riprap lined ditches) would be installed
around bedrock outcrops to the degree technically
implementable to mitigate exposure of runoff to modified
ARD-generating bedrock surfaces.

Miscellaneous Assumptions

Former Water and Tailings Pond
Use After Excavation

The former water and tailings storage pond was excavated
mostly in bedrock. Alternative 6 includes a full removal of
mine materials and disposal in proposed facility outside
PMDA. This previously excavated bedrock surface will not be
backfilled in anticipation that this area could be utilized as
part of OU2 water management activities. Specific
modifications to the excavated pond to enhance
geotechnical stability and human protection would be
evaluated during remedial design

Retaining Structures

Retaining structures are included as part of remedial
alternatives, but not included with the cost estimates.
Geotechnical investigations would be conducted during the
remedial design to determine if retaining structures along
steep embankments are necessary to implement the
remedy.
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7.3 Alternative 1: No Further Action
7.3.1 Detailed Remedy Component Descriptions

Alternative 1 (No Further Action) is required by the NCP to provide an environmental baseline against
which impacts of the various remedial alternatives can be compared. A summary of the remedial
components of Alternative 1 is provided in Section 5.3.1. The following text provides additional detail
about the remedial components of this alternative.

Alternative 1 would leave removal action activities previously performed in their current conditions.
No new removal or remedial action activities would be initiated at OU1 to address migration of
contaminants and MIW from mine materials or otherwise mitigate the associated risks to human
health and the environment.

Mine materials within the PMDA would remain exposed to the environment with the propensity to
generate ARD. Acid-generating mine materials on steep slopes adjacent to the headwaters of South
Fork and Middle Creek would continue to allow migration of contaminants and MIW to those
drainages. Adit diversion soils would continue to allow migration of MIW to surface water and
groundwater.

The cover constructed over the EM would continue to erode and expose mine materials and allow
infiltration of precipitation into the EM. Mine materials could become exposed at the surface and allow
migration of MIW to surface water and groundwater. Tailings within the former water and tailings
storage pond would continue to remain submerged in the short term, but changes in conditions within
the EM could result in further discharge of contaminants and MIW to groundwater in the future.

The only actions that would be implemented for Alternative 1 are completion of 5-year site reviews as
required by the NCP and monitoring (specifically non-intrusive visual inspections) only as required to
support conclusions made in the 5-year site reviews.

7.3.2 Overall Protection of Human Health and the Environment

Evaluation of overall protection of human health and the environment for Alternative 1 is provided in
Table E-1 (Appendix E) using the evaluation criteria considerations along with the qualitative rating
for each and the justification for the rating. The overall rating on this criterion for Alternative 1 is

“unacceptable.” -

7.3.3 Compliance with ARARs

Evaluation of compliance with ARARs for Alternative 1 is provided in Table E-2 (Appendix E) using the
evaluation criteria considerations along with the qualitative rating for each and the justification for
the rating. ARARs evaluated for this alternative are included in Appendix A. The overall rating on this

criterion for Alternative 1 is “unacceptable.” -

7.3.4 Long-Term Effectiveness and Permanence

Evaluation of long-term effectiveness and permanence for Alternative 1 is provided in Table E-3
(Appendix E) using the evaluation criteria considerations along with the qualitative rating for each
and the justification for the rating. The overall rating on this criterion for Alternative 1 is “none.” @
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7.3.5 Reduction of Toxicity, Mobility, or Volume through Treatment

Evaluation of reduction of toxicity, mobility, or volume through treatment for Alternative 1 is provided
in Table E-4 (Appendix E) using the evaluation criteria considerations along with the qualitative rating
for each and the justification for the rating. The overall rating on this criterion for Alternative 1 is
“none.” @

7.3.6 Short-Term Effectiveness

Evaluation of short-term effectiveness for Alternative 1 is provided in Table E-5 (Appendix E) using the
evaluation criteria considerations along with the qualitative rating for each and the justification for the
rating. The overall rating on this criterion for Alternative 1 is “none.” @

7.3.7 Implementability

Evaluation of implementability for Alternative 1 is provided in Table E-6 (Appendix E) using the
evaluation criteria considerations along with the qualitative rating for each and the justification for the
rating. The overall rating on this criterion for Alternative 1 is “none.” @

7.3.8 Cost

Evaluation of cost for Alternative 1 is provided in Table E-7 (Appendix E) using the evaluation criteria
considerations along with the cost rating for each and the justification for the rating. Detailed cost
estimates for this alternative are included in Appendix F. The overall rating on this criterion for

Alternative 1 is “low.” $

7.4 Alternative 2: In-Place Containment, Continued
Submergence of Tailings within EM, and Limited
Excavation/Disposal of Mine Materials at Proposed Facility
within PMDA

7.4.1 Detailed Remedy Component Descriptions

A summary of the remedial components of Alternative 2 is provided in Section 5.3.2. The location of
targeted areas for excavation and the location of the proposed repository within the PMDA for
Alternative 2 are illustrated on Figure 7-1. The following text provides additional detail about the
remedial components of this alternative.

Multi-layer Geosynthetic Covers, Exposure Barriers, and Pavement Covers

Alternative 2 includes regrading and covering in-place a large area of the mine materials using multi-
layer geosynthetic covers, exposure barriers, and pavement covers to limit direct exposure of mine
materials to potential receptors and provide a varying degree of mitigation of ARD. This alternative
assumes multi- layer geosynthetic covers would be installed over mine materials to remain in place on
level areas and shallow slopes (less than 3H:1V). A typical multi-layer geosynthetic cover is assumed
to consist of a low permeability layer, drainage layer, barrier layer, and vegetative layer. The
vegetative layer would be amended with organics, lime, and fertilizer and then seeded. Erosion control
would be provided as necessary.
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Where multi-layer geosynthetic covers may not be implementable, soil or rock exposure barriers may
be used. Placement of different types of exposure barriers is dependent on site conditions and cover
objectives. For soil barriers, the upper layer (growth media) would be amended with organics, lime,
and fertilizer and then seeded. Rock barriers are assumed to be constructed of coarse rock generated
from nearby borrow sources. Additional erosion control features would be provided as necessary to
stabilize covered areas. Multi-layer geosynthetic covers or exposure barriers would cover
approximately 11.8 acres of the PMDA. It is estimated that multi-layer geosynthetic covers can be
installed on approximately 10 percent of the 11.8 acres. The remaining acreage would be covered with
an appropriate exposure barrier.

The remedial design would include evaluation of topography and other factors within exposure
barrier areas and determine the appropriate exposure barrier type. Soil barriers are common for mine
site reclamation, but may have limited applicability on steep slopes of WRD areas to be covered
because of geotechnical instability. However, innovative approaches may be considered during
remedial design that can improve stability of a soil barrier, such as geonet or similar geotextiles. For
these steeper WRDs, a rock exposure barrier may have better stability and permanence. In contrast,
rock covers provide little mitigation of infiltration and subsequent reduction of ARD generation.
Vegetative soil exposure barriers provide some degree of mitigation of ARD generation through
evapotranspiration processes, as long as adequate measures are taken to ensure successful vegetative
growth (e.g, lime amendment of subgrade mine materials and adequate nutrient amendment to
growth media soils). However, the predominant factor that would limit ARD generation on vegetative
soil exposure barriers on steep slopes is the propensity for runoff rather than infiltration. Within the
slope toe areas of WRDs, vegetated soil exposure barriers would be preferred since many of these
areas are currently heavily forested and may only contain a thin layer (e.g., 1 to 2 feet) of mine
materials.

Borrow sources for exposure barrier materials, either rock or soil, are assumed to be available within
nearby resources. For example, several potentially suitable areas along the Upper Middle Creek
watershed could be developed for use as soil and rock materials. Additionally several areas of bedrock
outcrops exist near the EM area, in particular a large area on the south side of the EM. This area could
be developed by further cutting into the rock unit, while also expanding the flat area for consolidation
of mine materials. This approach is discussed further below in relation to the proposed facility within
the PMDA.

Existing roads in areas not targeted for excavation and outside of the proposed facility area within the
PMDA would be covered with a pavement cover (approximately 2-acre area). These areas are
assumed to be excavated to a depth of 1-foot below grade and then regraded as necessary to
accommodate the thickness of a pavement cover. An aggregate gravel base is assumed to be installed,
followed by an asphalt cover. Management of runoff from pavement cover areas would also be
necessary and incorporated into the cover system. A combination of drainage channels/ditches and
culverts may be implemented to route runoff from the paved areas and into runoff channels at
selected areas along the road.

Excavation of Targeted Mine Materials

In addition to limited excavation along road areas to accommodate pavement cover, highly acid-
generating mine materials at the headwaters of creek areas and other targeted areas would be
excavated under Alternative 2. These areas include the east EM WRD, illegal dump area, the Formosa 1
and Formosa 3 adit WRDs, mine materials along the upper side slopes of the EM, and the adit drainage
affected soils. These areas are targeted to remove the ARD generating mine materials that are causing
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direct runoff and/or seep-affected discharges to the creeks and to provide stabilization of the EM area
to accommodate a proposed disposal facility for excavated mine materials. The targeted areas would
be excavated to the depths of mine materials as shown on Figure 7-1.

The ARD-generating bedrock beneath mine materials that was previously altered by mining activities
on the southeast side of the ore storage area and within a portion of the illegal dump area would be
reshaped using blasting or other means, covered with rock or vegetative soil layer to the extent
possible, and water diversions would be installed around these areas to mitigate exposure to
stormwater.

Other excavated areas or areas disturbed during completion of the remedy would be regraded and
covered with growth media layer or rock layer to stabilize steep slopes. Areas with growth media
would be amended with organic matter, lime, and fertilizer as necessary and then seeded. Erosion
control features such as silt fences, straw bales, erosion control blankets, and down logs/slash from
clearing and grubbing would be installed. A tree planting program would be implemented in areas
that have adequate soil materials (some areas would be excavated to bedrock); however, tree planting
costs are not included in this FS.

Roads removed during excavation would be re-constructed using primarily native overburden and
clean road gravel cover, except for areas of road where the pavement cover has been applied. Because
native overburden is comprised of mine materials and these materials would be removed, the road
may need to be installed above or below the existing grade. For Alternative 2, the only road areas that
would be removed would be at the Formosa 1 adit WRD and along the EM area.

Continued Submergence of Tailings within EM

The proposed facility within the PMDA would contain the EM in place, including the former water and
tailings storage pond. Tailings currently contained within the pond would continue to remain
submerged under the newly-constructed geosynthetic multi-layer cover system to mitigate ARD
generation, assuming the existing liner remains intact and holds water. However, during construction
of the proposed facility within the PMDA, partial removal of the EM sides (including the upper portion
of the pond liner) would be removed, because the ARD-generating fill used to create the berm would
be unstable for construction of the proposed disposal facility within the PMDA. This would reduce the
volume of contaminated waste rock/soil and mine tailings within the pond from approximately
25,000 CY to treatment of mine tailings between 12,000 and 18,000 CY. After excavation of these fill
materials that support the upper portion of the pond liner, excavated mine materials from other areas
can be disposed of within this area.

Proposed Facility within PMDA

The proposed facility within the PMDA would span primarily from the EM to the ore storage area and
would have an approximate capacity of 60,000 to 80,000 CY, depending on the degree of potential
development of onsite overburden and rock borrow source to the southwest of the EM area. The
lower range of the approximate capacity of the proposed facility within the PMDA was calculated
using an AutoCAD Civil 3D model, which calculates excavation cut and fill volumes of a regraded
surface, given existing surface topography and horizontal boundary conditions. Potential grading of
this facility is shown in Figure 7-2. The upper range of the approximate capacity includes the AutoCAD
Civil 3D model and an estimate of available space should the area southwest of the EM be utilized as a
rock borrow source. The additional 20,000 CY is assumed to be the approximate volume of material
that could be placed at a 3H:1V side slope if the rock borrow source were excavated to the proposed
base of the facility at the southwest side of the EM.
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The proposed facility within the PMDA would be constructed with 3H:1V side slopes, contain a
geosynthetic multi-layer cover system (including low permeability layer, drainage layer, barrier layer,
and vegetative layer) over consolidated mine materials, and would include surface water run-
on/runoff controls. Existing site roads would be removed in the EM and ore storage area to
accommodate the disposal facility. Roads would be reclaimed to maintain current access routes in
conjunction with the disposal facility construction, although alignments of new road areas may differ
from the current alignments.

In addition, treatment approaches for stabilization of mine materials within the proposed facility
could be evaluated during the remedial design to inhibit ARD generation within the consolidated
material. An example is amendment of consolidated mine materials in bulk or in sections of the facility
with organic materials such as biosolids or wood chips. These materials provide a food source for
bacteria to help create a reduced environment and thereby minimize potential for ARD generation.
However, these types of stabilization treatment approaches for mine materials are not evaluated in
the FS.

Administrative Controls

Administrative controls would consist of institutional controls (governmental controls, proprietary
controls, and informational devices), community awareness activities (information and educational
programs), and access controls (fences and posted warnings). Administrative controls are
administrative, legal, and/or informational, or physical measures intended to control or prevent
present and future use or access to mine materials, inform, and warn of dangers associated with these
materials, and to maintain integrity of the proposed disposal facility and containment areas.
Administrative controls would be tailored for different components of the site. For example, fencing
would be implemented around the proposed facility to restrict access to this area, whereas fencing
may not be required at the top of reclaimed steep WRD slopes.

Institutional controls would consist of combination of governmental controls, proprietary controls,
and/or informational devices that would be selected on an aerial basis depending on the ownership
status and the degree of contamination present within an area. “Layering” of institutional controls
may be required to enhance the overall protectiveness of institutional controls. Issuance and periodic
review and update of a comprehensive institutional control plan likely would be required to keep
track of the various institutional control measures taken within the site.

Community awareness activities include informational and educational programs to inform the public
about site risks and the activities being performed to reduce these risks. Dissemination of this
information could use electronic communication (e-mails and web site updates), printed
communication (flyers, facts sheets, newspaper articles, or signs), and/or personal communication
(public meetings or personal visits). Community awareness activities would be put in place
throughout the remedial process, especially during implementation of remedial action and subsequent
5-year site reviews.

Access controls (specifically posted warnings) would be implemented primarily at the proposed
facility within the PMDA. O&M would be required to maintain access controls damaged by weather or
vandalism.
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Monitoring

Five-year site reviews would be performed since mine materials under covers would remain at the
PMDA with contaminant concentrations above PRGs. The contaminant concentrations above PRGs do
not allow for unlimited use and unrestricted exposure under the current and potential future land
uses. Non-intrusive visual inspections (i.e., surface inspections) would be performed in support of
the 5-year site review. Monitoring would be performed at all locations with contamination above
PRGs left in place within PMDA.

Remedial Component Quantity Summary

Exhibit 7-2 provides a summary of the major remedial components for Alternative 2 requiring
construction and the estimated quantities for these components.

Exhibit 7-2. Summary of Remedial Components for Alternative 2

Estimated
Remedial Component Quantity
Mine materials to remain in-place BCY 162,000
L\:I\ienI?“T;Zerials to be excavated and consolidated at proposed facility within BCY 72,000
Surface area of excavations Acres 6.80
Surface area of proposed repository within the PMDA Acres 4.4
Surface area of exposure barriers Acres 10.6
Surface area of multi-layer geosynthetic covers Acres 1.2
Surface area of pavement covers Acres 2.0

Notes:  BCY = bank cubic yards PMDA = primary mine disturbance area

7.4.2 Overall Protection of Human Health and the Environment

Evaluation of overall protection of human health and the environment for Alternative 2 is provided in
Table E-8 (Appendix E) using the evaluation criteria along with the qualitative rating for each and the
justification for the rating. The overall rating on this criterion for Alternative 2 is “acceptable.” +

7.4.3 Compliance with ARARs

Evaluation of compliance with ARARs for Alternative 2 is provided in Table E-9 (Appendix E) using the
evaluation criteria considerations along with the qualitative rating for each and the justification for
the rating. ARARs evaluated for this alternative are included in Appendix A. The overall rating on this
criterion for Alternative 2 is “acceptable.” +

7.4.4 Long-Term Effectiveness and Permanence

Evaluation of long-term effectiveness and permanence for Alternative 2 is provided in Table E-10
(Appendix E) using the evaluation criteria considerations along with the qualitative rating for each
and the justification for the rating. The overall rating on this criterion for Alternative 2 is “low to
moderate.” @
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7.4.5 Reduction of Toxicity, Mobility, or Volume through Treatment

Evaluation of reduction of toxicity, mobility, or volume through treatment for Alternative 2 is
provided in Table E-11 (Appendix E) using the evaluation criteria considerations along with the
qualitative rating for each and the justification for the rating. The overall rating on this criterion for
Alternative 2 is “low.” @

7.4.6 Short-Term Effectiveness

Evaluation of short-term effectiveness for Alternative 2 is provided in Table E-12 (Appendix E) using
the evaluation criteria considerations along with the qualitative rating for each and the justification
for the rating. The overall rating on this criterion for Alternative 2 is “moderate to high.” ©

7.4.7 Implementability

Evaluation of implementability for Alternative 2 is provided in Table E-13 (Appendix E) using the
evaluation criteria considerations along with the qualitative rating for each and the justification for
the rating. The overall rating on this criterion for Alternative 2 is “moderate to high.” @

7.4.8 Cost

Evaluation of cost for Alternative 2 is provided in Table E-14 (Appendix E) using the evaluation
criteria considerations along with the cost rating for each and the justification for the rating. Detailed
cost estimates for this alternative are included in Appendix F. The overall rating on this criterion for

Alternative 2 is “low to moderate.” $$

7.5 Alternative 3: Limited In-Place Containment, Chemically
Reduced Submergence of Tailings within EM, and
Excavation/Disposal of Mine Materials at Proposed Facilities
within and outside PMDA

7.5.1 Detailed Remedy Component Descriptions

A summary of the remedial components of Alternative 3 is provided in Section 5.3.3. The location of
targeted areas for excavation and the location of the proposed repository within the PMDA for
Alternative 3 are illustrated on Figure 7-3. The following text provides additional detail about the
remedial components of this alternative.

Excavation of Mine Materials

All mine materials within the PMDA, including adit drainage affected soil, would be excavated and
disposed except for those materials within the EM as part of Alternative 3. These areas would be
excavated to the depths of mine materials as shown on Figure 7-3 and disposed of within a proposed
facility located within the PMDA and a proposed facility outside of the PMDA. Mine materials along the
upper side slopes of the EM and material within the east EM WRD would be placed within the
proposed facility within the PMDA due to proximity to the proposed facility site. Other mine materials
within the surrounding area of the EM would be placed within the proposed facility within the PMDA
(approximately 29,000 CY) until the capacity of the facility within the PMDA is reached. All remaining
materials, including material from the Silver Butte 1 adit WRD, Formosa 1 and Formosa 3 adit WRDs,
and the adit drainage affected soil, would be placed in the proposed facility outside of the PMDA.
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ARD-generating bedrock beneath mine materials that was previously altered by mining activities on
the southeast side of the ore storage area on the southeast side of the ore storage area and within a
portion of the illegal dump area would be excavated and restored as described for Alternative 2.

Similar to Alternative 2, excavated areas or areas disturbed during completion of the remedy would be
regraded and covered with growth media layer or rock layer to stabilize steep slopes. Areas with
growth media would be amended with organic matter, lime, and fertilizer as necessary and then
seeded. Erosion control features such as silt fences, straw bales, erosion control blankets, and down
logs/slash from clearing and grubbing would be installed. A tree planting program would be
implemented in areas that have adequate soil materials (some areas would be excavated to bedrock);
however, tree planting costs are not included in this FS.

Roads removed during excavation would be reconstructed using primarily clean road gravel cover.
For Alternative 3, roads would be removed across the site during excavation and restored or regraded
upon restoration completion. The roads would be reclaimed at new alignments which would not
impact reclaimed areas.

Treatment of Tailings

Chemically reduced submergence would be applied to the tailings currently contained within the
former water and tailings storage pond by adding liquid organic reagents to enhance in situ biological
treatment within the existing cover system. This approach would mitigate ARD generation, assuming
the existing liner remains intact and holds water. Chemically reduce submergence within the EM
would promote the precipitation of dissolved COPCs as solid-phase sulfide minerals as long as
saturated conditions are maintained within the EM. Excavation of the sides of the EM and upper
portion of the pond liner would be conducted as described for Alternative 2.

Proposed Facility within PMDA
The proposed facility within the PMDA would be constructed as described for Alternative 2.

Proposed Facility outside PMDA

The proposed facility outside the PMDA would be located between approximately 1 to 5 miles (haul
distance) from the PMDA and would have an approximate capacity of 125,000 CY. Preliminary
evaluation of potential disposal facilities has been conducted for the FS in order to provide a basis for
the assumed haulage distance. Several possible areas have been identified based on position outside of
stream areas, accessibility from existing roads, and moderate sloped areas (3H:1V or less) in which
mine materials can be adequately backfilled and graded to provide stable slopes and cover system.
During ROD preparation and/or during the remedial design, full evaluation of repository sites would
be conducted. This process would be conducted in accordance with the siting requirements
(substantive) in OAR 340-095. In addition, pending determination of whether the facility is
constructed onsite or offsite, the administrative requirements of 0AR 340-095 would also apply.

The repository area would be cleared and grubbed as necessary and existing overburden removed to
bedrock for mine material consolidation. Overburden would be processed (screened and amended) to
create materials for the cover system construction. Additional soil and rock materials may be required
from other near-site borrow areas.

Although the location and configuration of the repository is unknown at this time, it was assumed that
a liner and leachate collection system would be installed at the bottom of the repository to protect
groundwater and surface water by collecting leachate from the overlying mine materials. The liner

and leachate collection system construction would be determined during remedial design in
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accordance with OAR 340-095. The leachate collection system would drain to a central leachate
collection point such as a detention basin or treatment system. The remedial design would evaluate
the necessity and approach for leachate collection treatment; however, treatment approaches for
leachate are not included in this FS. It was assumed that subsequent management and disposal of
leachate will take place under OU2 operations as it is difficult to make a facility-specific determination
of Leachate characteristics (i.e. quantity and quality).

As discussed in Section 7.4.1, treatment approaches for stabilization of mine materials such as organic
material amendment may be evaluated during the remedial design for the proposed facility outside
the PMDA. However, these types of treatment approaches are not evaluated in the FS. Consolidation of
excavated mine materials would be conducted to create stable side slopes and geomorphic shapes that
promote runoff. The facility would be constructed with 3H:1V side slopes, contain a geosynthetic
multi-layer cover system (including low permeability layer, drainage layer, barrier layer, and
vegetative layer) over consolidated mine materials, and would include surface water run-on/runoff
controls. Since this facility would be constructed on an existing sloped area, runon channels at the
upper end of the facility would be necessary which would route stormwater around the repository.
Runoff channels would also be constructed at the slope toe of the repository area, along with potential
for bench/runoff channels space along the long axis of the repository slope. Exact configurations of
runon and runoff controls would be evaluated during the remedial design.

Administrative Controls

In addition to administrative controls described for Alternative 2, access controls such as fencing
would be applied to the proposed facility outside of the PMDA.

Monitoring

Monitoring would be performed as described for Alternative 2, as well as the addition of monitoring of
covers and leachate collection systems at the proposed facility.

Remedial Component Quantity Summary

Exhibit 7-3 provides a summary of the major remedial components for Alternative 3 requiring
construction and the estimated quantities for these components.

Exhibit 7-3. Summary of Remedial Components for Alternative 3

Estimated
Remedial Component Unit Quantity
Mine materials to remain in-place BCY 40,000
L\:I‘Lnsl\r/lngtAerials to be excavated and consolidated at proposed facility within BCY 69,000
(I;/U:Seidr:i:zrlsll\j”t;;be excavated and consolidated at proposed facility BCY 125,000
Volume of tailings to be treated with chemical submergence BCY 19,000
Surface area of proposed repository within the PMDA Acres 4.4
Surface area of proposed repository outside of the PMDA Acres 3.5
Surface area of excavations Acres 24.9

Notes:  BCY = bank cubic yards PMDA = primary mine disturbance area
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7.5.2 Overall Protection of Human Health and the Environment

Evaluation of overall protection of human health and the environment for Alternative 3 is provided in
Table E-15 (Appendix E) using the evaluation criteria along with the qualitative rating for each and
the justification for the rating. The overall rating on this criterion for Alternative 3 is “acceptable.” +

7.5.3 Compliance with ARARs

Evaluation of compliance with ARARs for Alternative 3 is provided in Table E-16 (Appendix E) using
the evaluation criteria considerations along with the qualitative rating for each and the justification
for the rating. ARARs evaluated for this alternative are included in Appendix A. The overall rating on

this criterion for Alternative 3 is “acceptable.” +

7.5.4 Long-Term Effectiveness and Permanence

Evaluation of long-term effectiveness and permanence for Alternative 3 is provided in Table E-17
(Appendix E) using the evaluation criteria considerations along with the qualitative rating for each and
the justification for the rating. The overall rating on this criterion for Alternative 3 is “moderate.” ©

7.5.5 Reduction of Toxicity, Mobility, or Volume through Treatment

Evaluation of reduction of toxicity, mobility, or volume through treatment for Alternative 3 is
provided in Table E-18 (Appendix E) using the evaluation criteria considerations along with the
qualitative rating for each and the justification for the rating. The overall rating on this criterion for
Alternative 3 is “low to moderate.” @

7.5.6 Short-Term Effectiveness

Evaluation of short-term effectiveness for Alternative 3 is provided in Table E-19 (Appendix E) using
the evaluation criteria considerations along with the qualitative rating for each and the justification
for the rating. The overall rating on this criterion for Alternative 3 is “moderate.” ©

7.5.7 Implementability
Evaluation of implementability for Alternative 3 is provided in Table E-20 (Appendix E) using the

evaluation criteria considerations along with the qualitative rating for each and the justification for
the rating. The overall rating on this criterion for Alternative 3 is “moderate.” ©

7.5.8 Cost

Evaluation of cost for Alternative 3 is provided in Table E-21 (Appendix E) using the evaluation
criteria considerations along with the cost rating for each and the justification for the rating. Detailed
cost estimates for this alternative are included in Appendix F. The overall rating on this criterion for

Alternative 3 is “low to moderate.” $$
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7.6 Alternative 4: Excavation, Stabilization/Solidification of
Tailings, and Disposal of Mine Materials at Proposed

Facilities within and outside PMDA
7.6.1 Detailed Remedy Component Descriptions

A summary of the remedial components of Alternative 4 is provided in Section 5.3.4. The location of
targeted areas for excavation and the location of the proposed repository within the PMDA for
Alternative 4 are illustrated on Figure 7-4. The following text provides additional detail about the
remedial components of this alternative.

Treatment of Tailings

The tailings within the EM, approximately 19,000 CY, would be removed and treated by pozzolan- or
cement-based stabilization/solidification. This approach would reduce the ARD generating potential
and improve transportation and compaction of tailings. However, treatment of tailings with cement
would increase the volume of materials necessary for disposal, thereby increasing the size
requirement for disposal facilities. Treated tailings material would be disposed within the proposed
facility within the PMDA. Prior to treatment of tailings, the pore water present within the EM will be
removed to the extent possible via extraction or other methods. Water would be disposed as part of
0U2 actions.

Excavation of Contaminated Materials

All mine materials within the PMDA, including the materials within the EM, would be removed as part
of Alternative 4. These areas would be excavated to the depths of mine materials as shown on

Figure 7-4. Excavated materials would then be disposed of within a proposed facility located within
the PMDA and a proposed facility outside of the PMDA. Mine materials would be distributed between
the proposed facilities within and outside of the PMDA as described for Alternative 3, with the
addition that excavated and treated materials from the EM would be disposed within the proposed
facility within the PMDA.

Reclamation of modified ARD-generating bedrock areas on the southeast side of the ore storage area,
other excavated areas, and road areas would be completed as described for Alternative 3.

Proposed Facility within PMDA

The proposed facility within the PMDA would be performed as described for Alternative 3, but since
the EM area would also be removed and disposed rather than contained in-place, the targeted disposal
volume within the PMDA would increase to 109,000 CY versus Alternatives 2 and 3 (only targeted at
69,000 CY).

Proposed Facility outside PMDA
The proposed facility outside the PMDA would be performed as described for Alternative 3.

Administrative Controls

Administrative controls would be performed as described for Alternative 3.

Monitoring
Monitoring would be performed as described for Alternative 3.
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Remedial Component Quantity Summary

Exhibit 7-4 provides a summary of the major remedial components for Alternative 4 requiring
construction and the estimated quantities for these components.

Exhibit 7-4. Summary of Remedial Components for Alternative 4

Estimated

Remedial Component Quantity

Mine materials to be excavated and consolidated at proposed facility within BCY 109,000
the PMDA

Mine materials to be excavated and consolidated at proposed facility

outside the PMDA BCY 125,000
VoI.urn.e of talllngs_t_o bfe treated with pozzolan- or cement-based BCY 19,000
solidification/stabilization

Estimated volume of water to be removed from EM during tailings removal GAL 632,000
Surface area of proposed repository within the PMDA Acres 4.4
Surface area of proposed repository outside of the PMDA Acres 3.5
Surface area of excavations Acres 24.9

Notes:  BCY = bank cubic yards PMDA = primary mine disturbance area GAL = gallons

7.6.2 Overall Protection of Human Health and the Environment

Evaluation of overall protection of human health and the environment for Alternative 4 is provided in
Table E-22 (Appendix E) using the evaluation criteria along with the qualitative rating for each and
the justification for the rating. The overall rating on this criterion for Alternative 4 is “acceptable.” +

7.6.3 Compliance with ARARs

Evaluation of compliance with ARARs for Alternative 4 is provided in Table E-23 (Appendix E) using
the evaluation criteria considerations along with the qualitative rating for each and the justification
for the rating. ARARs evaluated for this alternative are included in Appendix A. The overall rating on

this criterion for Alternative 4 is “acceptable.” +

7.6.4 Long-Term Effectiveness and Permanence

Evaluation of long-term effectiveness and permanence for Alternative 4 is provided in Table E-24
(Appendix E) using the evaluation criteria considerations along with the qualitative rating for each and
the justification for the rating. The overall rating on this criterion for Alternative 4 is “moderate.” ©

7.6.5 Reduction of Toxicity, Mobility, or Volume through Treatment

Evaluation of reduction of toxicity, mobility, or volume through treatment for Alternative 4 is
provided in Table E-25 (Appendix E) using the evaluation criteria considerations along with the
qualitative rating for each and the justification for the rating. The overall rating on this criterion for
Alternative 4 is “moderate.” ©

7.6.6 Short-Term Effectiveness

Evaluation of short-term effectiveness for Alternative 4 is provided in Table E-26 (Appendix E) using
the evaluation criteria considerations along with the qualitative rating for each and the justification
for the rating. The overall rating on this criterion for Alternative 4 is “moderate.” ©
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7.6.7 Implementability

Evaluation of implementability for Alternative 4 is provided in Table E-27 (Appendix E) using the
evaluation criteria considerations along with the qualitative rating for each and the justification for
the rating. The overall rating on this criterion for Alternative 4 is “moderate.” ©

7.6.8 Cost

Evaluation of cost for Alternative 4 is provided in Table E-28 (Appendix E) using the evaluation
criteria considerations along with the cost rating for each and the justification for the rating. Detailed
cost estimates for this alternative are included in Appendix F. The overall rating on this criterion for

Alternative 4 is “moderate.” $$$

7.7 Alternative 6: Excavation, Stabilization/Solidification of
Tailings, and Disposal of Mine Materials at Proposed Facility
outside PMDA

7.7.1 Detailed Remedy Component Descriptions

A summary of the remedial components of Alternative 6 is provided in Section 5.3.6. The location of
targeted areas for excavation and the location of the proposed repository within the PMDA for
Alternative 6 are illustrated on Figure 7-5. The following text provides additional detail about the
remedial components of this alternative.

Treatment of Contaminated Tailings
Treatment of contaminated tailings would be performed as described for Alternative 4.

Excavation of Contaminated Materials

Excavation of mine materials would be performed as described for Alternative 4, except that all
excavated materials would be disposed of in the proposed facility outside of the PMDA. The excavation
areas would be excavated to the depths of contaminated mine materials as shown on Figure 7-5.

Reclamation of modified ARD-generating bedrock areas on the southeast side of the ore storage area,
other excavated areas, and road areas would be completed as described for Alternative 4.

Proposed Facility outside PMDA

The proposed facility outside the PMDA would be constructed as described for Alternatives 3 and 4,
except that the size of the facility would be increased to accommodate all of the excavated mine
materials (234,000 CY).

Administrative Controls

Administrative controls would be performed as described for Alternative 4.

Monitoring

Monitoring of covers and leachate collection system would be performed at the proposed facility;
however, 5-year site review would not be required for OU1 within the PMDA once mine materials
with contaminant concentrations above PRGs are no longer present.

Remedial Component Quantity Summary

Exhibit 7-5 provides a summary of the major remedial components for Alternative 6 requiring
construction and the estimated quantities for these components.
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Exhibit 7-5. Summary of Remedial Components for Alternative 6

Estimated

Remedial Component Unit (0[VET41414Y
Mlne.z materials to be excavated and consolidated at proposed facility BCY 234,000
outside the PMDA
VoI.urn.e of talllngs.t.o b.e treated with pozzolan- or cement-based BCY 19,000
solidification/stabilization
Estimated volume of water to be removed from EM during tailings removal GAL 632,000
Surface area of proposed repository outside of the PMDA Acres 5.4
Surface area of excavations Acres 24.9

Notes:  BCY = bank cubic yards PMDA = primary mine disturbance area GAL = gallons

7.7.2 Overall Protection of Human Health and the Environment

Evaluation of overall protection of human health and the environment for Alternative 6 is provided in
Table E-29 (Appendix E) using the evaluation criteria along with the qualitative rating for each and
the justification for the rating. The overall rating on this criterion for Alternative 6 is “acceptable.” +

7.7.3 Compliance with ARARs

Evaluation of compliance with ARARs for Alternative 6 is provided in Table E-30 (Appendix E) using
the evaluation criteria considerations along with the qualitative rating for each and the justification
for the rating. ARARs evaluated for this alternative are included in Appendix A. The overall rating on
this criterion for Alternative 6 is “acceptable.” +

7.7.4 Long-Term Effectiveness and Permanence

Evaluation of long-term effectiveness and permanence for Alternative 6 is provided in Table E-31
(Appendix E) using the evaluation criteria considerations along with the qualitative rating for each
and the justification for the rating. The overall rating on this criterion for Alternative 6 is “moderate to
high.” @

7.7.5 Reduction of Toxicity, Mobility, or Volume through Treatment
Evaluation of reduction of toxicity, mobility, or volume through treatment for Alternative 6 is
provided in Table E-32 (Appendix E) using the evaluation criteria considerations along with the
qualitative rating for each and the justification for the rating. The overall rating on this criterion for
Alternative 6 is “moderate.” ©

7.7.6 Short-Term Effectiveness

Evaluation of short-term effectiveness for Alternative 6 is provided in Table E-33 (Appendix E) using
the evaluation criteria considerations along with the qualitative rating for each and the justification
for the rating. The overall rating on this criterion for Alternative 6 is “low to moderate.” @
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7.7.7 Implementability

Evaluation of implementability for Alternative 6 is provided in Table E-34 (Appendix E) using the
evaluation criteria considerations along with the qualitative rating for each and the justification for
the rating. The overall rating on this criterion for Alternative 6 is “moderate.” ©

7.7.8 Cost

Evaluation of cost for Alternative 6 is provided in Table E-35 (Appendix E) using the evaluation
criteria considerations along with the cost rating for each and the justification for the rating. Detailed
cost estimates for this alternative are included in Appendix F. The overall rating on this criterion for
Alternative 6 is “moderate.” $$$

7.8 State (Support Agency) Acceptance

State (support agency) acceptance is a modifying criterion under the NCP. Assessment of the state
acceptance will not be completed until comments on the final FS report are submitted to EPA. Thus,
state acceptance is not considered in the detailed analysis of alternatives presented in the FS.

7.9 Community Acceptance

Community acceptance is also a modifying criterion under the NCP. Assessment of community
acceptance will include responses to questions that any interested person in the community may have
regarding any component of the remedial alternatives presented in the proposed plan. This
assessment will be completed after EPA receives public comments on the proposed plan during the
public commenting period. Thus, community acceptance is not considered in the detailed analysis of
alternatives presented in the FS.

7.10 Comparative Analysis of Alternatives

This FS evaluated the five retained remedial alternatives discussed in this section against the two
threshold criteria and five balancing criteria. The results of the detailed analysis for each remedial
alternative are presented in Exhibit 7-6 to allow a comparative analysis of the alternatives and
identify the key tradeoffs between them. Comparative analysis for the remedial alternatives using the
threshold and balancing criteria has been put into narrative form in the following subsections. Only
significant comparative differences between alternatives are presented; the full set of rationale for the
qualitative ratings is provided in Appendix E.

7.10.1 Overall Protection of Human Health and the Environment

Of the five retained alternatives, only the no further action alternative (i.e., Alternative 1) would fail to
provide protection for human health and the environment and would not address the PRAOs for OU1.
Thus, Alternative 1 was given a rating of unacceptable. Alternatives 2, 3, 4, and 6 were giving a rating
of acceptable.

Alternative 2 addresses the PRAOs primarily through in place containment of mine materials as the
predominant approach with limited excavation and disposal of targeted mine materials at a proposed
facility within the PMDA. Tailings stored in the EM remain submerged in the former water and tailings
storage pond under a newly-constructed geosynthetic multi-layer cover system. In-place containment
using covers would provide a barrier that eliminates exposure of human receptors to arsenic in mine
materials posing unacceptable cancer risks and reduce generation of ARD. However, mine materials
still remain beneath covers across a large extent of the site and could pose risks and generate ARD if
the covers are compromised.
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Alternative 3 addresses the PRAOs primarily through excavation of mine materials and disposal of
mine materials at proposed facilities within and outside the PMDA, limited in place containment of
mine materials at the EM area, and implementation of chemically reduced submergence for tailings
within the former water and tailings storage pond. Excavation of mine materials and disposal in
proposed disposal facilities within and outside the PMDA would provide a barrier that eliminates
exposure of human receptors to arsenic in mine materials in the EM posing unacceptable cancer risks
and reduces generation of ARD. Tailings stored in the EM would be contained in-place under a newly-
constructed geosynthetic multi-layer cover system, and chemically reduced submergence of the
tailings in the former water and tailings storage pond would provide further protection from
generation of ARD and MIW migration to groundwater. Although mine materials would be managed
beneath covers, they could pose risks and generate ARD if the covers are compromised.

Alternative 4 addresses the PRAOs primarily through excavation of mine materials,
stabilization/solidification of tailings, and disposal at proposed facilities within and outside the PMDA.
Excavation of mine materials and disposal in proposed disposal facilities within and outside the PMDA
would provide a barrier that eliminates exposure of human receptors to arsenic in mine materials in
the EM posing unacceptable cancer risks and reduces generation of ARD. Tailings stored in the EM
would be excavated and treated using stabilization/solidification prior to disposal which would
provide further protection from generation of ARD and MIW migration to groundwater. Although
mine materials would be managed beneath covers, they could pose risks and generate ARD if the
covers are compromised.

Alternative 6 addresses the PRAOs primarily through excavation of mine materials,
stabilization/solidification of tailings, and disposal at proposed facility outside the PMDA. Alternative
6 would provide similar protection of human health and the environment as Alternative 4 except that
mine materials would be completely excavated at OU1 and placed at a proposed facility outside of the
PMDA.

7.10.2 Compliance with ARARs

Alternative 1 fails to be compliant with the chemical-specific ARARs identified for the site (specifically
0AR 340-122) since no further action is taken and unacceptable cancer risk levels for arsenic would
remain in mine materials. Thus, this alternative was given a rating of unacceptable.

Alternatives 2, 3, 4, and 6 were given acceptable ratings under the assumption that in-place
containment or excavation and disposal of mine materials in proposed facilities would be in
compliance with chemical-specific ARARs such as OAR 340-122. Location- and action-specific ARARs
would be addressed during excavation and transport of mine materials and in selection and
construction of proposed facilities for disposal of mine materials.

7.10.3 Long-Term Effectiveness and Permanence

Alternative 1 fails to provide long-term effectiveness and permanence since no further action is taken
and the previously performed reclamation activities were inadequate to address the PRAOs identified
for OU1. Thus, this alternative was given a rating of “none.”

Alternative 2 provides long-term effectiveness and permanence primarily through in place
containment of mine materials with limited excavation and disposal of targeted mine materials at a
proposed facility within the PMDA. With proper construction the covers would limit direct exposure
to mine materials by humans, provide a reduction in infiltration, and mitigate ARD generation and
MIW migration. However, mine materials still remain beneath covers across a large extent of OU1 and
it 719
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could pose risks if the covers are compromised. Because mine materials would remain in place on
steep slopes, long-term effectiveness and permanence is not as certain as for alternatives that
excavate contaminated mine materials and dispose of them in proposed facilities constructed with
shallower slopes. Thus, this alternative was given a rating of “low to moderate.”

Alternative 3 provides long-term effectiveness and permanence primarily through excavation and
disposal at proposed facilities within and outside PMDA. Excavation and disposal outside of PMDA
increases the long-term effectiveness and permanence of the alternative because mine materials are
relocated and placed within proposed disposal facilities constructed with shallower slopes than are
currently present. The proposed facility outside of the PMDA include bottom liners as well as cover
liners which would increase the isolation of the mine materials. Although mine materials are left in
place at the EM area under Alternative 3, exposure to these materials would be addressed through in
place containment. The proposed facility within the PMDA would contain the EM in place, including
the former water and tailings storage pond. Chemically reduced submergence would be implemented
for tailings within the former water and tailings storage pond to enhance biological treatment and
reduce generation of ARD and migration of MIW. Thus, Alternative 3 was given a rating of “moderate.”

Alternatives 4 and 6 provide long-term effectiveness and permanence primarily through excavation
and disposal of all mine materials at proposed facilities within and outside PMDA as described for
Alternative 3. The tailings within the former water and tailings storage pond would be dewatered and
treated by pozzolan- or cement-based stabilization/solidification prior to disposal. Excavation and
disposal of mine materials in the EM area along with additional treatment of tailings increases the
long term effectiveness and permanence of the remedy compared to remedies without additional
treatment due to which would provide further protection from generation of ARD and MIW migration
to groundwater when treated tailings are disposed of at the proposed facilities. Administrative
controls are included in each alternative to further limit future human receptor exposure to mine
materials.

Excavated mine materials would be disposed at the proposed facilities within and outside of PMDA
under Alternative 4. Thus, Alternative 4 was given a rating of “moderate.” Alternative 6 has a greater
potential for long-term effectiveness and permanence than Alternatives 2, 3, and 4, because all mine
materials would be disposed of at a proposed facility outside the PMDA. The proposed facility outside
the PMDA could be designed to be fully contained and capable of collecting leachate for treatment, and
sited at a more environmentally-favorable location than the PMDA to enhance permanence. The use of
one disposal facility outside of the PMDA, coupled with the removal of all mine materials from the
PMDA, would also increase long-term effectiveness by decreasing the environmental footprint
(measured by surface area) of mine materials as compared to Alternative 4. Thus, Alternative 6 was
given a rating of “moderate to high.”

7.10.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative 1 fails to provide a reduction of toxicity, mobility, or volume through treatment since
additional treatment of mine materials is not a component of this alternative. Thus, Alternative 1 was
given a rating of “none.”

Alternatives 2, 3, 4, and 6 provide reduction in toxicity, mobility, and volume through treatment of
tailings. Under Alternative 2, tailings currently contained within the former water and tailings storage
pond would continue to be submerged under the newly-constructed cover system to mitigate ARD
generation, assuming the existing liner remains intact and holds water. However, the tailings are a
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relatively small percentage of the volume of mine materials existing at OU1. Thus, Alternative 2 was
giving a rating “low”.

Under Alternative 3, tailings currently contained within the former water and tailings storage pond
would continue to be submerged under the newly-constructed cover system to mitigate ARD
generation, assuming the existing liner remains intact and holds water. Chemically reduced
submergence may provide a further reduction of toxicity and mobility of contaminants from the
tailings. However, the tailings are a relatively small percentage of the volume of mine materials
existing at OU1. Thus, Alternative 3 was giving a rating “low to moderate”.

Under Alternatives 4 and 6, tailings would by treated by stabilization/solidification prior to disposal.
Treatment would provide additional protection to groundwater from generation of ARD and

migration of MIW from pyrite-rich tailings. However, the tailings are a relatively small percentage of
the volume of mine materials existing at OU1. Thus, this alternative was given a rating of “moderate.”

7.10.5 Short-Term Effectiveness

Alternative 1 fails to provide short-term effectiveness since no further action is taken. Thus, this
alternative was given a rating of “none”.

Potential additional risks to workers, the community, and the environment would occur during the
implementation of the targeted excavation of mine materials in Alternative 2, and the more
comprehensive excavation of mine materials in Alternatives 3, 4, and 6.

Alternative 2 limits short-term risks to workers, the community, and the environment primarily
through in-place containment of mine materials. Administrative controls could be quickly
implemented to address potential exposure to mine materials. Trucks used to haul materials for
covers as well as for reclamation within the PMDA slightly increase short-term risks to the
community. Transportation and placement of borrow materials have potential environmental impacts
from equipment emissions and disturbance of borrow location outside of PMDA. Limited excavation of
mine materials and disposal at the proposed facility within PMDA would require disturbance of mine
materials. While limited excavation of mine materials and construction of covers would involve
surface disturbance of mine materials, short-term risks to workers would be mitigated through the
use of safety measures such as personal protective equipment (PPE). Short-term risks to workers, the
community, and the environment could be mitigated through measures such as water-based dust
suppression and use of fuel efficient vehicles. Thus, Alternative 2 was given a rating of “moderate to
high.”

Alternative 3 requires disturbance of a larger amount of mine materials across OU1 and a longer
duration of construction than Alternative 2, which poses increased short-term risks to workers and
the community than the predominately surface disturbance activities under Alternative 2.
Construction of a new proposed facility outside of PMDA would increase extent of the impacted areas
as compared to Alternative 2. Hauling of mine materials to proposed facility outside of PMDA as well
as transport of materials for covers as well as for reclamation to the PMDA increases truck traffic and
related risks workers and to the community as compared to Alternative 2. Excavation and transport of
mine materials to proposed facility outside of PMDA as well as transport and placement of borrow
materials have potential environmental impacts from equipment emissions and disturbance of
borrow location outside of PMDA. While limited excavation of mine materials and construction of
covers would involve surface disturbance of mine materials, short-term risks to workers would be
mitigated through the use of safety measures such as PPE. Short-term risks to workers, the
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community, and the environment could be mitigated through measures such as water-based dust
suppression and use of fuel efficient vehicles. Thus, this alternative was given a rating of “moderate.”

Alternative 4 poses similar short-term risks to workers and the community as Alternative 3.
Alternative 4 requires disturbance of all mine materials across OU1 and a longer duration of
construction than Alternative 3, which poses increased short-term risks to workers and the
community than the less robust excavation activities under Alternative 2. However, there is an
additional step of treating tailings by stabilization/solidification. This step involves additional contact
by workers to mine materials during treatment as well as additional truck traffic to deliver the
stabilization agent. Thus, this alternative was given a rating of “moderate”.

Alternative 6 is similar to Alternative 4, except that all mine materials would be disposed at a
proposed facility outside the PMDA. Construction of a new proposed facility outside of PMDA would
increase truck traffic in the community due to the increased volume of mine materials to be disposed
at the proposed facility outside the PMDA. The additional hauling of mine materials to a proposed
facility outside of the PMDA would result in additional environmental impacts from equipment
emissions. Thus this alternative was given a rating of “low to moderate”.

7.10.6 Implementability

Alternative 1 has no further action taken other than 5-year site reviews. Since no new remedial action
is taken, this alternative was given a rating of “none.”

Alternative 2 includes limited excavation and disposal of targeted mine materials at a proposed facility
within the PMDA. Alternatives 3 and 4 include excavation, transport, and disposal of larger volumes of
mine materials, which is a common construction practice, but results in longer construction period
and use more construction equipment to complete than Alternative 2. Alternative 6 includes transport
of the largest quantities of mine materials for disposal at the proposed facility outside of PMDA.
Alternatives 3 and 4 include disposal of mine materials at two locations (proposed facilities within and
outside of PMDA). Alternative 2 includes transport of mine materials a shorter distance to a proposed
facility within PMDA.

Alternatives 2, 3, 4, and 6 include import of construction resources, such as asphalt (Alternative 2),
pozzolan or cement (Alternatives 4 and 6) lime, organic materials, and geosynthetic materials.
Uncontaminated borrow sources within or outside of PMDA would need to be developed for these
alternatives. Excavation of mine materials and placement of covers on steep slopes may require use of
specialty equipment and practices to ensure worker safety. Inspection, monitoring and maintenance
of the proposed facilities, cover systems, and access controls across OU1 would be relatively easy to
implements. Maintenance of institutional controls may be more difficult due to various types of
ownership and land use. Maintaining institutional controls would require agency coordination.

Materials, equipment, and technical specialists needed for the chemically-reduced submergence of
tailings in Alternative 3 are specialized but available. Treatment of tailings using
stabilization/solidification for Alternatives 4 and 6 is relatively straightforward, but may be difficult
due to high concentrations of contaminants in the tailings, degree of saturation, and limited space for
performing stabilization/solidification. Treatability testing would be required to assess and optimize
performance of stabilization/solidification of tailings.

Overall, Alternative 2 was given a rating of “moderate to high” and Alternatives 3, 4, and 6 were given
a rating of “moderate”.
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7.10.7 Cost

Present value costs for all alternatives were evaluated over a 30-year period (Years 0 through 29).

The present value cost for Alternative 1 was given a rating of “low.” The present value cost for this
alternative is approximately $115,000.

The present value cost for Alternative 2 was given a rating of “low to moderate.” The present value
cost for this alternative is approximately $5,553,000.

The present value cost for Alternatives 3, 4 and 6 were given a rating of “moderate.” The present value
costs for these alternatives are approximately $9,275,000, $10,407,000 and $10,489,000 respectively.
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Exhibit 7-6. Summary of Comparative Analysis for OU1 Remedial Alternatives

Threshold Criteria Balancing Criteria
Overall Protection of Reduction of Toxicity,
Remedial Human Health and the Compliance with Long-Term Effectiveness Mobility, or Volume Short-Term
Alternative Description Environment ARARs and Permanence through Treatment Effectiveness Implementability Present Value Cost (Dollars)
1 No Further Action —_ —_ @ 0 0 @ S $115,000
In-Place Containment, Continued Submergence of
2 Tailings within EM, and Limited Excavation/Disposal of + + @ o 9 @ SS $5'553’000

Mine Materials at Proposed Facility within PMDA

Limited In-Place Containment, Chemically Reduced
3 Submergence of Tailings within EM, and + + e ) e (3} SSS $9,275,000

Excavation/Disposal of Mine Materials at Proposed
Facilities within and outside PMDA

Excavation, Stabilization/Solidification of Tailings, and
4 Disposal of Mine Materials at Proposed Facilities within + + (3) (3) (3] (3) SSS $101407;000
and outside PMDA

Excavation, Stabilization/Solidification of Tailings, and
6 Disposal of Mine Materials at Proposed Facility outside + + 9 9 9 9 SSS $10,489,000
PMDA

Notes:
1. The numerical designations for the qualitative ratings system used in this table are not used to quantitatively assess remedial alternatives (for instance, individual rankings for an alternative are not additive).
2. Detailed cost spreadsheets (cost summaries, present value analyses, and cost worksheets) for each alternative are presented in Appendix F.

Legend for Qualitative Ratings System:

Balancing Criteria Balancing Criteria
Threshold Criteria (Excluding Cost) (Present Value Cost in Dollars)
- Unacceptable O None O None
+ Acceptable 0 Low S Low ($0 through $4M)
®  LowtoModerat Low to Moderate ($4M through $8M
+ * Acceptable with ARAR Waiver(s) owtoModerate SS ow to Moderate (3 rough 58M)
9 Moderate SSS Moderate ($8M through $12M)
9 Moderate to High $$$$ Moderate to High ($12M through $16M)
(5) High sssss High (Greater than $16M)
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Table 4-1 Preliminary Identification and Technical Implementability Screening of Potentially Applicable Remedial Technologies/Process Options , Mine Materials, Formosa Mine Superfund Site OU1

General

Response Action

Remedial Technology

Process Option

Description of Option

Screening Comments

Retained

No Action None None No action would be taken. The mine materials remain in their existing condition. Required by NCP as baseline for comparison. Yes
Monitoring Physical and/or Chemical |Non-Intrusive Visual Inspection A non-intrusive (surficial) visual inspection of the immediate ground surface to determine the presence or |Potentially implementable process option. Yes
Monitoring absence of mine materials.
Intrusive Visual Inspection An intrusive visual inspection of the subsurface (using excavations or boreholes) to determine the presence |Potentially implementable process option. Yes
or absence of mine materials.
Sample Collection and Analysis Mine material samples would be collected for chemical analysis. Potentially implementable process option. Yes
Administrative Controls |Institutional Controls Governmental Controls, Proprietary Controls, and | Contact with mine materials would be controlled through legal instruments. Examples of governmental Potentially implementable process option. Yes
Informational Devices controls include but are not limited to local zoning, permits, codes, or regulations. Examples of proprietary
controls include but are not limited to instruments such as Easement and Equitable Servitude (EES) and
Covenants, Conditions and Restrictions (CCRs). Examples of informational devices include but are not
limited to Notices of Environmental Contamination.
Community Awareness Informational and Educational Programs Community informational and educational programs would be undertaken to enhance awareness of Potentially implementable process option. Yes
Activities potential hazards and remedies for mine materials.
Access Controls Fencing and Posted Warnings Mine materials would be enclosed by fences and warning signs to control access and warn people of Potentially implementable process option. Yes
dangers posed by the mine materials.
Containment Surface Source Controls In Situ Mixing Mine materials with high contaminant concentrations are mixed with underlying uncontaminated soil or fill Not technically implementable for site application since bedrock generally No
materials. underlies mine materials. Even if uncontaminated soil is present within
localized areas, the acid-generating potential of mine materials would still
exist after in situ mixing.
Grading Mine materials would be contoured to promote drainage and facilitate other technologies and process Potentially implementable process option. Yes
options.
Revegetation Uncovered areas of mine materials, the soil layer of cover systems, and excavated/reclaimed areas would |Potentially implementable process option. Yes
be planted with vegetation. Technology used in conjunction with several other technologies and process
options.
Exposure Barrier Mine materials would be covered with a simple layer of soil and vegetation or rock with sufficient thickness | Potentially implementable process option. Yes
to eliminate surface exposure of mine materials.
Evapotranspiration Cover Mine materials would be covered with engineered layers of soil or rock combined with select plant species |Not technically implementable for site application due to the relatively large No
to maximize evapotranspiration and eliminate surface exposure of mine materials. amount of overall precipitation and the percentage of that precipitation that
occurs during the winter which is a period of low evapotranspiration
potential.
Organic cover Mine materials would be covered with a thick layer (i.e., several feet) of organic materials such as wood Potentially implementable process option. Yes
waste in order to create a reduced environment and mitigate ARD generation.
Bentonite-Amended Soil Cover Mine materials would be covered with bentonite-amended soil along with drainage and vegetative layers | Potentially implementable process option. Yes
to reduce infiltration of precipitation and eliminate surface exposure of mine materials.
Geosynthetic Multi-Layer Cover Mine materials would be covered with geosynthetic material, such as geomembrane or geosynthetic clay Potentially implementable process option. Yes
liner (GCL), along with drainage and vegetative layers to reduce infiltration of precipitation and eliminate
surface exposure of mine materials.
Pavement Cover Mine materials would be covered with relatively impervious layers of manufactured paving materials such | Potentially implementable process option. Yes
as asphalt or concrete to reduce infiltration of precipitation and eliminate surface exposure of mine
materials.
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Table 4-1 Preliminary Identification and Technical Implementability Screening of Potentially Applicable Remedial Technologies/Process Options , Mine Materials, Formosa Mine Superfund Site OU1 (continued)

General

Response Action

Remedial Technology

Process Option

Description of Option

Screening Comments

Retained

Containment Subsurface Source Liner System A liner system would be placed at the bottom of a constructed facility for disposal of mine materials to Potentially implementable process option. Yes
(Continued) Controls prevent leaking of MIW that may form in the consolidated materials.
Submergence Mine materials would be submerged in a constructed impoundment to prevent further oxidation of sulfide |Potentially implementable process option. Yes
minerals and ARD generation.
Barriers Retaining Structures Mine materials surfaces would be stabilized using retaining structures. Potentially implementable process option. Yes
Removal, Transport, Removal Mechanical Excavation Mine materials would be excavated using mechanical methods. Potentially implementable process option. Yes
Disposal
Hydraulic Excavation (Slurry Pumping) Mine materials, typically fine grained materials such as tailings, would be excavated in slurry form usinga | Potentially implementable process option. Yes
pipeline or other hydraulic conveyance systems.
Pneumatic Excavation (Vacuum Extraction) Mine materials, typically fine grained materials such as tailings, would be excavated using vacuum hoses, Not technically feasible because of high density of saturated tailings, and size No
vacuum trucks, or other pneumatic conveyance system. and coarse texture of other mine materials and soils.
Transport Mechanical Transport (Hauling/Conveying) Excavated mine materials would be transported by truck or other mechanical conveyance method to Potentially implementable process option. Yes
disposal site.
Hydraulic Transport (Slurry Pumping) Excavated mine materials, typically fine grained materials such as tailings, would be mixed with water and | Potentially implementable process option. Yes
be piped in slurry form to disposal site.
Pneumatic Transport (Vacuum Extraction) Excavated mine materials, typically fine grained materials such as tailings, would be piped using a vacuum | Not technically feasible because of high density of saturated tailings and size No
system to disposal site. and coarse texture of other mine materials and soils.
Disposal Disposal at Proposed Facility within PMDA Excavated mine materials would be disposed of at a proposed facility constructed within the PMDA (i.e., Potentially implementable process option. Yes
EM area).
Disposal at Proposed Facility outside PMDA Excavated mine materials would be disposed of at a proposed facility to be constructed outside of the Potentially implementable process option. Yes
PMDA.
Disposal at Existing Facility Excavated mine materials would be disposed of in an existing (currently permitted) facility that is designed |Potentially implementable process option. Yes
or authorized to accept the mine materials.
Treatment Biological Treatment Chemically Reduced Submergence Mine materials would be placed in a chemically reduced environment constructed using anaerobic Potentially implementable process option. Yes
microorganisms to immobilize soluble metals as metal-sulfide precipitates.
Phytoremediation Contaminants would be removed from mine materials using select plant species. Not technically feasible for site application because of high contaminant No
concentrations, large extent and volume of mine materials and soils, excessive
depth of contamination, and the heterogeneous nature of the mine materials
matrix.
Chemical/Physical Neutralization ARD generating mine materials would be mixed with an alkaline material such as agricultural lime (CaCOs) or | Potentially implementable process option. Yes
Treatment hydrated lime (Ca(OH),) to neutralize acidity and increase pH. Technology used in conjunction with several
other technologies and process options such as removal and disposal.
Chemical Immobilization Mine materials would be excavated and treated with chemicals to inhibit sulfide oxidation. Technology used |Potentially implementable process option. Yes
in conjunction with several other technologies and process options, such as removal and disposal. Process
option may be particularly applicable to ARD generating bedrock outcrops.
Pozzolan- or Cement-Based Mine materials would be excavated and mixed with a pozzolan- or cement-based binding agent before Potentially implementable process option. Yes
Stabilization/Solidification disposal. Technology used in conjunction with several other technologies and process options such as
removal and disposal. Process option may be particular applicable mine materials such as saturated tailings.
Hydrometallurgical Processing (Flotation) Mine materials would be excavated, crushed, and ground, and flotation (addition of chemicals to mine Potentially implementable process option. Yes
materials and soils-water slurry) would be used to remove sulfide minerals, producing a sulfide concentrate
and non-acid-generating tailings (remove all sulfide minerals from tailings).
Solvent/Chemical Extraction (Leaching) Mine materials would be excavated, crushed, ground, and placed into a leaching facility. A solvent/chemical | Potentially implementable process option. Yes
is then dispersed through the mine materials to remove specific contaminants.
CDM
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Table 4-1 Preliminary Identification and Technical Implementability Screening of Potentially Applicable Remedial Technologies/Process Options , Mine Materials, Formosa Mine Superfund Site OU1 (continued)

General

Response Action

Remedial Technology

Process Option

Description of Option

Screening Comments

Retained

Treatment (Continued) | Chemical/Physical Soil Washing Mine materials would be excavated, screened, and introduced into a washing process that uses a washing | Not technically feasible for site application because technology does not No
Treatment (Continued) solution and mechanical agitation to remove surficial contaminants. remove contaminants such as metals and metalloids or sulfide minerals from
mine materials. Technology is typically used for removal of organic
contaminants from soils.
In Situ Electrokinetic Separation In situ mine materials are electrically charged with direct current, causing the transport/removal of ions, Not technically feasible for site application because of high contaminant No
particles, and water. concentrations, large extent and volume of mine materials, low moisture
content of the mine materials other than tailings, and the high electrical
conductivity of the minerals within the mine materials matrix.
In Situ Pozzolan- or Cement-Based Mine materials would be mixed in situ with a pozzolan- or cement-based binding agent using a deep soil auger | Not technically feasible for site application because of high contaminant No
Stabilization/Solidification mixing/injection technique. concentrations, large extent and volume of mine materials, excessive depth of
contamination, and the heterogeneous nature of the mine materials matrix.
In Situ Soil Flushing A washing solution (as with soil washing) would be circulated through the mine materials with the use of Not technically feasible for site application because of high contaminant No
injection and extraction wells or trenches. concentrations, large extent and volume of mine materials, and the
heterogeneous nature of the mine materials matrix.
Thermal Treatment In Situ Vitrification An electrical current would be passed between electrodes inserted into mine materials to cause melting. Not technically feasible for site application because of large extent and volume No
The melted matrix is then allowed to cool into solid vitrified glass mass. of mine materials, excessive depth of contamination, and the heterogeneous
nature of the rock/fill matrix.
Thermal Plasma Technology An electrical current would be passed between electrodes to form plasma. Excavated mine materials placed |Not technically feasible for site application because of large extent and No
in the plasma arc forms a molten bath; metals are separated from the impurities that form slag. volume of mine materials, low concentrations of commercially usable minerals
in previously processed mine materials, and higher concentrations of
leachable contaminants in slag requiring disposal.
Pyrometallurgical Processing (Smelting) Smelting (application of heat to a charge of mine materials and flux in a furnace) would be used to separate | Potentially implementable process option. Yes
molten streams of metals, slag, and dust. Mine materials would be excavated, crushed, ground, and then
smelted. Additional process options such as hydrometallurgical processing (flotation) may be required prior
to smelting.
Reuse, Reclamation, Remining/Reprocessing Flotation, Leaching, and Smelting Mine materials would be excavated and processed using methods such as flotation and smelting to separate | Potentially implementable process option. Yes
Recovery valuable metals from the mine materials and soils. These processes are described in greater detail under
chemical/physical treatment remedial technologies. This technology is intended to represent the potential for
generation of materials that could be sold for a positive cost benefit, whereas treatment technologies are
intended to treat and dispose of the waste with no potential for positive cost benefit.

Note: Shading indicates remedial technologies/process options have been tentatively eliminated from further consideration based on lack of technical implementability. Remaining (unshaded) remedial technologies/process options have been retained for additional screening in Table 4-2.
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Table 4-2 Screening of Potentially Applicable Remedial Technologies/Process Options Based on Effectiveness, Implementability, and Relative Cost, Mine Materials, Formosa Mine Superfund Site OU1

Relative Cost Reason for
General Capital Cost O&M Cost  Elimination of Process
Response Remedial Option from
Actions Technology Process Option Description of Option Effectiveness Implementability Consideration
No Action None None No action would be taken. The mine materials remain @ No protection of human health or the environment and no 0 Easily implemented but is not acceptable to regulatory @ 0 Retained
in their existing condition. compliance with ARARs. agencies and does not meet ARARs. (Required by NCP as a
standalone alternative)
Monitoring Physical and/or Non-Intrusive Visual A non-intrusive (surficial) visual inspection of the o Protects human receptors by enhancing awareness of e Easily implemented using available technical and labor S 0 Retained
Chemical Inspection immediate ground surface to determine the presence potential site hazards from presence of mine waste. resources.
Monitoring or absence of mine materials. Does not directly affect receptors and does not physically
address contamination.
Intrusive Visual Inspection | An intrusive visual inspection of the subsurface (using @ Protects human receptors by enhancing awareness of 6 Easily implemented using available technical and labor S 0 Retained
excavations or boreholes) to determine the presence or potential site hazards from presence of mine waste. resources.
absence of mine materials. Does not directly affect receptors and does not physically
address contamination.
Sample Collection and Mine material samples would be collected for chemical @ Protects human receptors by enhancing awareness of e Easily implemented using available technical and labor S 0 Retained
Analysis analysis. potential site hazards from presence of mine waste. resources.
Does not directly affect receptors and does not physically
address contamination.
Administrative Institutional Governmental Controls, |Contact with mine materials would be controlled 9 Enhances awareness of potential site hazards and 6 Implemented using legal instruments and labor S 0 Retained
Controls Controls Proprietary Controls, and |through legal instruments. Examples of governmental remedies and restricts future uses of the site that are not resources; potential public resistance, especially for
Informational Devices controls include but are not limited to local zoning, protective of human health and the environment. Does disposal locations outside of the PMDA.
permits, codes, or regulations. Examples of proprietary not directly affect ecological receptors and does not
controls include but are not limited to instruments such physically address contamination.
as EES and CCRs. Examples of informational devices
include but are not limited to Notices of Environmental
Contamination.
Community Informational and Community informational and educational programs @ Protects human receptors by enhancing awareness of 6 Easily implemented using available technical and labor S 0 Retained
Awareness Educational Programs would be undertaken to enhance awareness of potential site hazards and remedies. Does not directly resources.
Activities potential hazards and remedies for mine materials. affect ecological receptors and does not physically address
contamination.
Access Controls Fencing and Posted Mine materials would be enclosed by fences and @ Protects human receptors by enhancing awareness of e Easily implemented and resources readily available. S S Retained
Warnings warning signs to control access and warn people of potential site hazards and remedies through warnings
dangers posed by the mine materials. and restricted access through fencing, though human
receptors may choose to ignore warnings and circumvent
fencing. Lesser degree of protection to ecological
receptors that are capable of circumventing fencing.
Containment Surface Source Grading Mine materials would be contoured to promote @ Enhances stability and partially mitigates erosion and 9 Easily implemented using available construction SS SS Retained
Controls drainage and facilitate other technologies and process infiltration. The grading reduces wind and water erosion resources. Requires some maintenance for long-term
options. transport and leaching of soluble contaminants. It does protectiveness.
not protect receptors from direct exposure to
contaminants by itself.
Revegetation Uncovered areas of mine materials, the soil layer of @ Reduces erosion of fill surfaces, potentially reduces 9 Easily implemented using available construction SS S Retained
cover systems, and excavated/reclaimed areas would exposure of contaminants to receptors, and facilitates resources. Requires suitable soil conditions for initial
be planted with vegetation. Technology used in other containment technologies. It does not protect establishment and minor maintenance for long-term
conjunction with several other technologies and receptors or reduce ARD generation and MIW migration protectiveness.
process options. by itself.
Exposure Barrier Mine materials would be covered with a simple layer of 9 Protects receptors by eliminating surface exposure of 9 Easily implemented using available construction Retained

soil and vegetation or rock with sufficient thickness to
eliminate surface exposure of mine materials.

contaminants. It does not significantly reduce ARD
generation and MIW migration.

resources. Requires minor maintenance for long-term
protectiveness, especially on steep slopes.

$55

$5%

CDM
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Table 4-2 Screening of Potentially Applicable Remedial Technologies/Process Options Based on Effectiveness, Implementability, and Relative Cost, Mine Materials, Formosa Mine Superfund Site OU1 (continued)

General
Response
Actions

Remedial
Technology
Surface Source

Controls
(Continued)

Containment
(Continued)

Organic Cover

Process Option

Description of Option

Mine materials would be covered with a thick layer
(i.e., several feet) of organic materials such as wood
waste in order to create a reduced environment and
mitigate ARD generation.

Effectiveness

9 This technology would eliminate surface exposure of

contaminants, and initially provide a reduction of ARD
generation and MIW migration in the areas where it can
be applied. However, effectiveness of an organic cover
may decrease over time due to longevity (organic
materials will become resistant to decomposition with
time). Desiccation of the cover during the dry season
would also be expected to reduce the effectiveness.

Implementability

@ Implemented using available construction resources.
Potential difficulty obtaining and transporting large
quantities of suitable organic materials needed to
cover all of the mine materials at OU1. Requires
increased maintenance for long-term protectiveness,
especially on steep slopes.

Relative Cost

Capital Cost

$555

O&M Cost

$5%

Reason for
Elimination of Process
Option from
Consideration

Effectiveness, Cost

Cover

Bentonite-Amended Soil

Mine materials would be covered with bentonite-
amended soil along with drainage and vegetative layers
to reduce infiltration of precipitation and eliminate
surface exposure of mine materials.

Protects receptors by eliminating surface exposure of
contaminants. Provides moderate to large reduction of
ARD generation and MIW migration initially;
effectiveness of clay covers may decrease over time due
to development of desiccation cracking or penetration of
woody vegetation if not maintained. In addition,
effectiveness may decrease over time due to ion
exchange of metals from mine materials into the clay
matrix, thereby increasing permeability of the clay.

9 Implemented using available construction resources.
Difficult to obtain and transport large quantities of
bentonite and homogenize bentonite with soil.
Requires increased maintenance for long-term
protectiveness, especially on steep slopes.

$55S

$SS

Implementability, Cost

retaining structures.

or provide reduction of ARD generation by itself. May
provide slight reduction in MIW migration by retaining
mine materials behind structures depending on the type
of structure. Effective if used to stabilize mine materials
present at steep slopes at OU1, and potentially for
proposed disposal facilities.

but could be difficult to install on steep slopes.
Requires some maintenance for long-term
protectiveness.

$SS

Geosynthetic Multi-Layer |Mine materials would be covered with geosynthetic Protects receptors by eliminating surface exposure of @ Implemented using available construction resources SSS SS Retained
Cover material, such as geomembrane or GCL, along with contaminants. Provides large reduction of ARD from nearby borrow areas and geosynthetic materials.
drainage and vegetative layers to reduce infiltration of generation and MIW migration. Effectiveness of Some fill sources outside of the PMDA and specialized
precipitation and eliminate surface exposure of mine geosynthetic multi-layer covers may decrease over time synthetic materials may be required. Requires
materials. due to penetration of woody vegetation if not increased maintenance for long-term protectiveness,
maintained. especially on steep slopes.
Pavement Cover Mine materials would be covered with relatively Protects receptors by eliminating surface exposure of 9 Implemented using available construction resources. SSSS SSS Retained
impervious layers of manufactured paving materials contaminants. Provides large reduction of ARD Potentially difficult to obtain and transport large
such as asphalt or concrete to reduce infiltration of generation and MIW migration initially; effectiveness of quantities of asphalt or concrete. Requires some
precipitation and eliminate surface exposure of mine asphalt or concrete covers may decrease over time due maintenance for long-term protectiveness.
materials. to development of freeze-thaw cracking.
Subsurface Source |Liner System A liner system would be placed at the bottom of a Effective at subsurface isolation of reactive mine @ Implemented using available construction resources. SSS SS Retained
Controls constructed facility for disposal of mine materials to materials and subsequent MIW migration to underlying Specialized synthetic materials may be required. The
prevent leaking of MIW that may form in the surfaces. Effectiveness is dependent on proactive interface between the liner and underlying
consolidated materials. management of collected leachate. The interface soil/bedrock may cause installation issues.
between the liner and underlying soil/bedrock may cause
geotechnical stability issues.
Submergence Mine materials would be submerged in a constructed Does not directly protect receptors from exposure to 9 Implemented using available construction resources. SS S Retained
impoundment to prevent further oxidation of sulfide contaminants. Provides moderate reduction of ARD Maintenance required to maintain consistent water
minerals and ARD generation. The saturated tailings generation and migration; effectiveness of anoxic levels within submerged mine materials and monitor
within the EM are currently addressed through submergence may decrease over time if anoxic subsurface conditions to maintain an anoxic
submergence. conditions are not maintained. Mine materials above environment. Large scale submergence of mine
submerged zone may not be in anoxic. Effectiveness not materials is not feasible at OU1 because of
ensured if submerged mine materials and groundwater topographic limitations. However, saturated tailings
are not neutralized. At a small scale, submergence of within the EM could continue to be submerged.
stored pyrite-rich tailings within the EM is helping to
mitigate ARD generation.
Barriers Retaining Structures Mine materials surfaces would be stabilized using Does not directly protect receptors from contaminants 9 Implemented using available construction resources, Retained

D
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Table 4-2 Screening of Potentially Applicable Remedial Technologies/Process Options Based on Effectiveness, Implementability, and Relative Cost, Mine Materials, Formosa Mine Superfund Site OU1 (continued)

Reason for
Elimination of Process
Option from
Consideration

Relative Cost
General Capital Cost O&M Cost
Response

Actions

RN E]

Technology Effectiveness

Description of Option

Process Option Implementability

Removal, Removal Mechanical Removal Mine materials would be excavated using mechanical @ Protects receptors by eliminating exposure to @ Easily implemented using available construction SSS 0 Retained
Transport, (Excavation) methods. contaminants and provides reduction of ARD generation resources. Excavation may be more difficult on steep
Disposal and MIW migration at original location. Must be slopes.
combined with transport, disposal, and/or treatment
technologies.
Hydraulic Excavation Mine materials, typically fine grained materials such as Protects receptors by eliminating exposure to Efficient for tailings materials only. Not feasible for SSS 0 Retained
(Slurry Pumping) tailings, would be excavated in slurry form using a contaminants and provides reduction of ARD generation wastes containing large cobbles or boulders. Requires
pipeline or other hydraulic conveyance systems. and MIW migration at original location. Must be construction of infrastructure for implementation and
combined with transport, disposal, and/or treatment safeguards to prevent spilling of materials.
technologies.
Transport Mechanical Transport Excavated mine materials would be transported by Protects receptors by eliminating exposure to Easily implemented using available construction SSS 0 Retained
(Hauling/ Conveying) truck or other mechanical conveyance method to contaminants and provides reduction of ARD generation resources; efficient for all sizes of materials. Suitable
disposal site. and MIW migration at original location. Transport of road access or travel corridor required for mechanical
mine materials on roads may cause adverse impacts to transport.
the public. Must be combined with removal, disposal,
and/or treatment technologies.
Hydraulic Transport Mine materials, typically fine grained materials such as Protects receptors by eliminating exposure to Efficient for tailings materials only. Not feasible for SSS 0 Retained
(Slurry Pumping) tailings, would be excavated in slurry form using a contaminants and provides reduction of ARD generation wastes containing large cobbles or boulders. Requires
pipeline or other hydraulic conveyance systems. and MIW migration at original location. Must be construction of infrastructure for implementation and
combined with removal, disposal, and/or treatment safeguards to prevent spilling of materials.
technologies.
Disposal Disposal at Proposed Excavated mine materials would be disposed of at a Protects receptors by eliminating exposure to Implemented using available construction resources. SSS 0 Retained
Facility within PMDA proposed facility constructed within the PMDA (i.e., EM contaminants and provides reduction of ARD generation Property to construct disposal facility is available. A
area). and MIW migration at original location. Must be potentially suitable area for disposal within the PMDA
combined with removal, transport, containment, and/or has limited capacity for construction due to the steep
treatment technologies. side slopes present. Requires some maintenance for
long-term protectiveness.
Disposal at Proposed Excavated mine materials would be disposed of at a Protects receptors by eliminating exposure to Implemented using available construction resources, Ssss @ Retained
Facility outside PMDA proposed facility to be constructed outside of the contaminants and eliminates onsite ARD generation and but property to construct disposal facility must be
PMDA. MIW migration from the disposed materials. Transport of obtained. Large quantities of mine materials are
mine materials on roads may cause adverse impacts to difficult to transport to locations outside of the PMDA.
the public. Must be combined with removal, transport, Land use and other restrictions such as existence of
containment, and/or treatment technologies. floodplains, wetlands, and fault zones may affect the
administrative implementability of this process option.
Requires some maintenance for long-term
protectiveness.
Disposal at Existing Facility |Excavated mine materials would be disposed of in an Protects receptors by eliminating exposure to Existing facilities are currently permitted to accept SSSSS 0 Retained
existing (currently permitted) facility that is designed or contaminants and eliminates onsite ARD generation and wastes; however, may require treatment of mine
authorized to accept the mine materials. MIW migration from the disposed materials. Transport of materials to allow disposal. Future maintenance is
mine materials on roads or rail may cause adverse performed by the facility. Large quantities of mine
impacts to the public. Must be combined with removal, materials are difficult to transport outside the PMDA.
transport, containment, and/or treatment technologies.
Treatment Biological Chemically Reduced Mine materials would be placed in a chemically Protects receptors from contaminants by submerging Implemented using available construction resources; SS SS Retained
Treatment Submergence reduced environment constructed using anaerobic tailings below the water surface. Provides reduction of however, technology may be proprietary and subject
microorganisms to immobilize soluble metals as metal- ARD generation and migration; effectiveness of to patents. Boreholes would be drilled for introduction
sulfide precipitates. The saturated tailings within the chemically reduced submergence may decrease over of liquid organic reagents within the existing
EM could potentially be mitigated using chemically- time if saturated and reducing conditions are not submerged zone. Large scale submergence of mine
reduced submergence. maintained. Occasional maintenance, monitoring, and materials is not feasible at OU1 because of
addition of organic reagent may be required. topographic limitations. However, saturated tailings
within the EM could be submerged in a chemically
reducing environment.
Sith
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Table 4-2 Screening of Potentially Applicable Remedial Technologies/Process Options Based on Effectiveness, Implementability, and Relative Cost, Mine Materials, Formosa Mine Superfund Site OU1 (continued)

Relative Cost Reason for
General Capital Cost O&M Cost  Elimination of Process
Response Remedial Option from
Actions Technology Process Option Description of Option Effectiveness Implementability Consideration
Treatment Chemical/ Physical |Neutralization ARD generating mine materials would be mixed with an 9 Does not protect receptors from exposure to 9 Implemented using available construction resources. SSSS 0 Retained
(Continued) Treatment alkaline material such as agricultural lime (CaCO;) or contaminants if inhaled or ingested. Provides some Potential difficulty obtaining and transporting large
hydrated lime (Ca(OH),) to neutralize acidity and increase reduction of ARD generation and MIW migration initially quantities of suitable neutralization materials needed
pH. Technology used in conjunction with several other if the amendment is applied correctly; however, from sources outside of the PMDA.
technologies and process options such as surface and effectiveness of neutralization may decrease over time if
subsurface source controls and disposal. sufficient quantities are not used initially to address

future acid-generating potential. Neutralization is more
effective on a small-scale basis for less acid-generating
materials that are contained in place. Neutralization
could help to facilitate revegetation and support
development of a self-sustaining vegetative cover in
reclaimed areas.

Chemical Immobilization | Mine materials would be excavated and treated with 9 Does not protect receptors from exposure to 9 Implemented using available construction resources; SSSS SSSS Implementability, Cost
chemicals to inhibit sulfide oxidation. Technology used in contaminants if inhaled or ingested. Provides moderate however, technology is proprietary and subject to
conjunction with several other technologies and to high reduction of ARD generation and MIW migration patents. Potential difficulty obtaining and transporting
process options, such as removal and disposal. Process initially; effectiveness of chemical immobilization may large quantities of suitable immobilization materials
option may be particularly applicable to ARD generating decrease over time due to degradation of chemical needed from sources outside of the PMDA. Requires
bedrock outcrops. coating or amendment material. periodic reapplications for long-term effectiveness.
Pozzolan- or Cement- Mine materials would be excavated and mixed with a 9 Protects receptors by eliminating exposure of 9 Implemented using available construction resources. SSSS SSS Retained
Based Stabilization/ pozzolan- or cement-based binding agent before contaminants. Provides large reduction of ARD Difficult to obtain and transport large quantities of
Solidification disposal. Technology used in conjunction with several generation and MIW migration initially; effectiveness of binding agent and homogenize binding agent with soil.
other technologies and process options such as removal stabilization may decrease over time due to Requires some maintenance for long-term
and disposal. Process option may be particular applicable development of freeze-thaw cracking. protectiveness. This process option will be most
mine materials such as saturated tailings. applicable on a smaller scale and for more

homogeneous materials, such as tailings. Saturated
mine materials may require dewatering prior to
stabilization/solidification.

Hydrometallurgical Mine materials would be excavated, crushed, and @) Protects receptors by treating source materials to remove | @) Implemented using available equipment and $$$S$ (0) Implementability, Cost
Processing (Flotation) ground (if necessary), and flotation would be used to ARD generating minerals. May not be effective unless construction resources. However, the process option
remove sulfide minerals, producing a sulfide treated tailings are also neutralized with limestone to would require construction of a new mineral processing
concentrate and non-acid-generating tailings (remove address residual pyrite not removed by treatment process. facility at OU1, electrical power and other
all sulfide minerals from mine materials). May facilitate additional recovery of metals. A pyrite infrastructure, and removal/reclamation of these
concentrate would be produced, which would require facilities after mine materials are treated. Treatability
appropriate disposal. When coupled with neutralization, testing would be required to assess performance of
process option may generate materials that could be used hydrometallurgical processing in removing pyrite from
in OU1 reclamation. tailings.
Solvent/Chemical Mine materials would be excavated, crushed, ground @ Although treatment technology could reduce @ mplemented using available equipment and $$$S$ (0) Effectiveness,
Extraction (Leaching) and placed into a leaching facility. A solvent/chemical is contaminants in mine materials, the process would not construction resources. However, the process option Implementability, Cost
then dispersed through the mine materials to remove remove sulfide minerals or reduce the ARD potential of would require construction of leaching facilities such as
specific contaminants. mine materials. leach vats or leach pads, construction of electrowinning

facilities, and subsequent removal/reclamation of these
facilities after treatment.

D
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Table 4-2 Screening of Potentially Applicable Remedial Technologies/Process Options Based on Effectiveness, Implementability, and Relative Cost, Mine Materials, Formosa Mine Superfund Site OU1 (continued)

Relative Cost Reason for
General Capital Cost O&M Cost  Elimination of Process
Response Remedial Option from
Actions Technology Process Option Description of Option Effectiveness Implementability Consideration
Treatment Thermal Pyrometallurgical Smelting (application of heat to a charge of mine @ Protects receptors by recovering metals from sulfide 9 Potentially implementable at an existing smelter, but SSSSS 0 Implementability, Cost
(Continued) Treatment Processing (Smelting) materials and flux in a furnace) would be used to concentrates. In the smelting process, the sulfide minerals technical and administrative feasibility would be low for
separate molten streams of metals, slag, and dust. would be destroyed and the concentrates would not be a proposed smelter. Treatability testing would be
Mine materials would be excavated, crushed, ground, acid-generating. Waste products produced during smelting necessary to evaluate recoverable metals in the
and then smelted. Additional process options such as would be disposed in accordance with site specific concentrate and infrastructure would be required as
hydrometallurgical processing (flotation) may be requirements at an existing smelter. described for hydrometallurgical processing.
required prior to smelting. In the event that hydrometallurgical processing

(flotation) is utilized for treatment of mine materials,
the concentrate produced may be suitable for shipment
to an existing operating smelter in Arizona, Utah, or
Tennessee for metals recovery. Treatability testing
would be required to assess potentially recoverable
metals in the sulfa concentrate. This process option
would only be implemented if the hydrometallurgical
processing treatment option were implemented.

Reuse, Remining/ Flotation, Leaching, and | Mine materials would be excavated and processed using @ Protects receptors by recovering metals from sulfide 9 Potentially implementable at an existing facility but Sssss Sss Implementability, Cost
Reclamation, Reprocessing Smelting methods such as flotation and smelting to separate concentrates. In the smelting process, the sulfide minerals would be low for a proposed facility. Treatability testing
Recovery valuable metals from the mine materials and soils. These would be destroyed and the concentrates would not be would be necessary to evaluate recoverable metals in
processes are described in greater detail under acid-generating. Waste products produced during smelting the concentrate and infrastructure would be required as
chemical/physical treatment remedial technologies. This would be disposed in accordance with site specific described for hydrometallurgical processing. Since
technology is intended to represent the potential for requirements at an existing smelter. hydrometallurgical processing (flotation) is utilized for
generation of materials that could be sold for a positive treatment of mine materials, the concentrate produced
cost benefit, whereas treatment technologies are may be suitable for shipment to an existing operating
intended to treat and dispose of the waste with no smelter in Arizona, Utah, or Tennessee for metals
potential for positive cost benefit. recovery. Treatability testing would be required to
assess potentially recoverable metals in the sulfa
concentrate.
Notes:

1. The screening process for effectiveness, implementability, and relative cost involves a qualitative assessment of the degree to which process options address evaluation criteria presented in Section 4.6. The numerical designations for the qualitative ratings system used in this table are not used to
quantitatively assess process options (for instance, rankings for a process option are not additive).

2. Shading indicates remedial technologies/process options have been eliminated from further consideration based on lack of effectiveness, implementability, and/or disproportionate cost relative to other process options within the same GRA. Remaining (unshaded) remedial technologies/process
options have been retained for assembly into remedial action alternatives as discussed in Section 5.

3. The following sources of technical information were used to identify and screen remedial technologies and process options:
FRTR. 2007. Remediation Technologies Screening Matrix and Reference Guide, Version 4.0.
Interstate Technology Regulatory Council (ITRC). Mining Waste Treatment Technology Selection. <http://www.itrcweb.org/miningwaste-guidance/technology_overviews.htm>
EPA. 1994. Superfund Innovative Technology Evaluation (SITE) Technology Capsule, Geosafe Corporation, In Situ Vitrification Technology. November.
EPA. 1999. Presumptive Remedy for Metals-in-Soil Sites. September.
EPA. 2000. Introduction to Phytoremediation. February.
EPA. 2000. Abandoned Mine Site Characterization and Cleanup Handbook. August.

Legend for Qualitative Ratings System: The following ratings were used for evaluation and presentation of effectiveness, implementability, and relative cost:

Effectiveness and Implementability Relative Cost
0 None S Low
o Low SS Low to Moderate
9 Low to Moderate Sss Moderate
9 Moderate $$$$ Moderate to High
@ Moderate to High SSSSS High
9 High

Sith
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Table 5-1 Remedial Technologies/Process Options Evaluated for Implementation of Remedial Alternatives, Mine Materials, Formosa Mine Superfund Site OU1

General Response Action

Remedial Technology

Process Option

Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6

No Further Action None None X
Non-Intrusive Visual Inspection X X X X X X
Physical hemical
Monitoring ys!ca .and/or Chemica Intrusive Visual Inspection X X X X X
Monitoring
Sample Collection and Analysis X X X X X
Institutional Controls Governm_ental Cor?trols, Proprietary Controls, and X X X X X
Informational Devices
Administrative Controls Community Awareness Activities Informational and Educational Programs X X X X X
Access Controls Fencing and Posted Warnings X X X X X
Grading X X X X X
Revegetation X X X X X
Surface Source Controls Exposure Barrier X
Geosynthetic Multi-Layer Cover X X X X X
Containment
Pavement Cover X
Liner system X X X X
Subsurface Source Controls
Submergence X
Barriers Retaining Structures X X X X X
Mechanical Removal (Excavation) X X X X X
Removal
Hydraulic Excavation (Slurry Pumping) X X X
Mechanical Transport (Hauling/ Conveying) X X X X X
Transport
Removal, Transport, Disposal Hydraulic Transport (Slurry Pumping) X X X
Disposal in Proposed Facility within PMDA X X X X
Disposal Disposal in Proposed Facility outside of PMDA X X X X
Disposal at Existing Facility X
Biological Treatment Chemically Reduced Submergence X
Treatment Neutralization X X X X X
Chemical/ Physical Treatment
Pozzolan- or Cement-Based Stabilization/ Solidification X X X
CDM
Smith
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Table 5-1 Remedial Technologies/Process Options Evaluated for Implementation of Remedial Alternatives, Mine Materials, Formosa Mine Superfund Site OU1 (continued)

Notes:

1. *“X” designations indicate that remedial technology/process options are evaluated as a potential component of the indicated remedial alternative. Where similar process options have been indicated for the same remedial alternative (such as mechanical transport versus
hydraulic transport), the most representative process has been selected for evaluation and costing. However, that does not preclude use of the similar alternate processes during implementation of the selected remedy.

2. Shaded boxes indicate the process options are not considered for the remedial alternative(s) in question.
3. Descriptions of remedial technologies/process options are provided in Table 4-2. Descriptions of remedial alternatives are provided in Section 5.3.
Alternative 1: No Further Action
Alternative 2: In-Place Containment, Continued Submergence of Tailings within EM, and Limited Excavation/Disposal of Mine Materials at Proposed Facility within PMDA
Alternative 3: Limited In-Place Containment, Chemically Reduced Submergence of Tailings within EM, and Excavation/Disposal of Mine Materials at Proposed Facilities within and outside PMDA
Alternative 4. Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials at Proposed Facilities within and outside PMDA
Alternative 5: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials at Existing and Proposed Facilities within and outside PMDA

Alternative 6: Excavation, Stabilization/Solidification of Tailings, and Disposal of Mine Materials at Proposed Facility outside PMDA

Ohith
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