
 

SAC/151316/RI/013000082 (CONTENTS.DOC) i 

Contents 

Section Page 
 
Executive Summary ..................................................................................................................... ES-1 

Site Background and Setting ...........................................................................................ES-1 
Site Background ...................................................................................................ES-1 
Site Setting.............................................................................................................ES-3 

Remedial Investigation Activities...................................................................................ES-4 
Remedial Investigation Results.......................................................................................ES-6 

Risk Assessments ...............................................................................................ES-11 
Ongoing Remedial Investigation Activities ................................................................ES-12 

 
Acronyms and Abbreviations...................................................................................................... viii 
 
1.Introduction .................................................................................................................................. 1-1 

1.1 Site Background ............................................................................................................ 1-1 
1.1.1 Site Description ............................................................................................. 1-1 
1.1.2 Site History .................................................................................................... 1-2 
1.1.3 Previous Investigations .............................................................................. 1-10 

1.2 Report Organization ................................................................................................... 1-15 
1.2.1 Text................................................................................................................ 1-15 
1.2.2 Appendices .................................................................................................. 1-15 

 
2. Physical and Ecological Characteristics .................................................................................. 2-1 

2.1 Demography and Land Use ........................................................................................ 2-1 
2.2 Topography.................................................................................................................... 2-2 
2.3 Surface Water................................................................................................................. 2-2 
2.4 Soils ................................................................................................................................. 2-6 
2.5 Geology........................................................................................................................... 2-9 
2.6 Hydrogeology.............................................................................................................. 2-17 
2.7 Site Conceptual Model ............................................................................................... 2-21 
2.8 Air.................................................................................................................................. 2-22 
2.9 Climate.......................................................................................................................... 2-22 
2.9 Ecological Setting ........................................................................................................ 2-27 

2.9.1 Vegetation .................................................................................................... 2-27 
2.9.2 Fish ................................................................................................................ 2-28 
2.9.3 Amphibians and Reptiles........................................................................... 2-31 
2.9.4 Birds .............................................................................................................. 2-31 
2.9.5 Mammals...................................................................................................... 2-31 
2.9.6 Potential Special Status Species ................................................................ 2-31 

 
3. Remedial Investigation Approach........................................................................................... 3-1 

3.1 Remedial Investigation Field Program Objectives ................................................... 3-1 



CONTENTS  

II SAC/151316/RI/013000082 (CONTENTS.DOC) 

3.1.1 Data Quality Objectives................................................................................3-1 
3.2 Field Activities ...............................................................................................................3-2 

3.2.1 Media Sampled ..............................................................................................3-2 
3.2.2 Field Methods ..............................................................................................3-10 
3.2.3 Analytical Methods .....................................................................................3-11 
3.2.4 Quality Assurance/Quality Control (QA/QC).......................................3-12 

3.3 Reference Areas Fieldwork ........................................................................................3-13 
3.3.1 Soils and Vadose Zone................................................................................3-14 
3.3.2 Surface Water and Sediment......................................................................3-14 
3.3.3 Groundwater................................................................................................3-14 
3.3.4 Air ..................................................................................................................3-24 

3.4 Source Area Fieldwork ...............................................................................................3-24 
3.4.1 Soils and Vadose Zone................................................................................3-25 
3.4.2 Surface Water and Sediment......................................................................3-25 
3.4.3 Groundwater................................................................................................3-26 
3.4.4 Air ..................................................................................................................3-26 
3.4.5 Log Dam Evaluation ...................................................................................3-27 

3.5 Mine Area Fieldwork ..................................................................................................3-27 
3.5.1 Surface Soil ...................................................................................................3-27 
3.5.2 Surface Water and Sediment......................................................................3-28 
3.5.3 Groundwater................................................................................................3-28 
3.5.4 Air ..................................................................................................................3-28 

3.6 Little Clipper Creek below Mine...............................................................................3-28 
3.6.1 Surface Soil ...................................................................................................3-31 
3.6.2 Surface Water and Sediment......................................................................3-31 
3.6.3 Groundwater................................................................................................3-31 

3.7 Deposition Area and Lost Lake .................................................................................3-31 
3.7.1 Soils and Vadose Zone................................................................................3-32 
3.7.2 Surface Water and Sediment......................................................................3-32 
3.7.3 Groundwater................................................................................................3-35 
3.7.4 Air ..................................................................................................................3-35 
3.7.5 Lost Lake Dam Evaluation.........................................................................3-36 

3.8 Downgradient of Lost Lake .......................................................................................3-36 
3.8.1 Surface Soil ...................................................................................................3-36 
3.8.2 Surface Water and Sediment......................................................................3-36 

3.9 Ecological Investigations ............................................................................................3-37 
3.9.1 Habitat Assessment.....................................................................................3-37 
3.9.2 Biological Surveys .......................................................................................3-37 
3.9.3 Types of Ecological Samples ......................................................................3-38 
3.9.4 Ecological Sample Locations......................................................................3-40 

 
4. Nature and Extent of Contamination.......................................................................................4-1 

4.1 Extent of Contamination Evaluation ..........................................................................4-1 
4.1.1 Estimation of Waste Rock/Tailings Volumes ...........................................4-2 
4.1.2 Evaluation of the Extent of Flood Impacts.................................................4-2 
4.1.3 Sample Concentrations in Potentially Impacted Areas ...........................4-5 

4.2 Reference Areas .............................................................................................................4-6 



CONTENTS  

SAC/151316/RI/013000082 (CONTENTS.DOC) iii 

4.2.1 Reference Area 1............................................................................................ 4-9 
4.2.2 Reference Area 2.......................................................................................... 4-21 
4.2.3 Reference Area 3.......................................................................................... 4-24 

4.3 Source Area.................................................................................................................. 4-26 
4.3.1 Soil................................................................................................................. 4-27 
4.3.2 Sediment....................................................................................................... 4-29 
4.3.3 Surface Water............................................................................................... 4-29 
4.3.4 Groundwater ............................................................................................... 4-34 
4.3.5 Air.................................................................................................................. 4-41 

4.4 Mine Area..................................................................................................................... 4-41 
4.4.1 Soil................................................................................................................. 4-41 
4.4.2 Sediment....................................................................................................... 4-43 
4.4.3 Surface Water............................................................................................... 4-45 
4.4.4 Groundwater ............................................................................................... 4-45 
4.4.5 Air.................................................................................................................. 4-45 

4.5 Little Clipper Creek below Mine .............................................................................. 4-48 
4.5.1 Soil................................................................................................................. 4-48 
4.5.2 Sediment....................................................................................................... 4-51 
4.5.3 Surface Water............................................................................................... 4-51 
4.5.4 Groundwater ............................................................................................... 4-55 

4.6 Deposition Area and Lost Lake................................................................................. 4-55 
4.6.1 Soil................................................................................................................. 4-57 
4.6.2 Sediment....................................................................................................... 4-60 
4.6.3 Surface Water............................................................................................... 4-65 
4.6.4 Groundwater ............................................................................................... 4-67 
4.6.5 Air.................................................................................................................. 4-70 

4.7 Downgradient of Lost Lake....................................................................................... 4-73 
4.7.1 Soil................................................................................................................. 4-73 
4.7.2 Sediment....................................................................................................... 4-75 
4.7.3 Surface Water............................................................................................... 4-75 

4.8 Biota Sampling Results............................................................................................... 4-78 
4.8.1 Fish ................................................................................................................ 4-78 
4.8.2 Aquatic Invertebrates ................................................................................. 4-82 
4.8.3 Frogs.............................................................................................................. 4-82 
4.8.4 Terrestrial Plants ......................................................................................... 4-82 
4.8.5 Terrestrial Invertebrates............................................................................. 4-82 
4.8.6 Small Mammals........................................................................................... 4-97 

 
5.Contaminant Fate and Transport .............................................................................................. 5-1 

5.1 Potential Routes of Exposure ...................................................................................... 5-1 
5.1.1 Sediment......................................................................................................... 5-1 
5.1.2 Surface Water and Groundwater................................................................ 5-2 
5.1.3 Airborne Particulates.................................................................................... 5-2 

5.2 Contaminant Geochemistry Evaluation .................................................................... 5-3 
5.2.1 Surface Water................................................................................................. 5-5 
5.2.2 Groundwater ................................................................................................. 5-6 

 



CONTENTS  

IV SAC/151316/RI/013000082 (CONTENTS.DOC) 

 
6. Baseline Risk Assessment..........................................................................................................6-1 

6.1 Risk Assessment Approach ..........................................................................................6-1 
6.2 Human Health Evaluation ...........................................................................................6-1 

6.2.1 Exposure Assessment ...................................................................................6-2 
6.2.2 Toxicity Assessment......................................................................................6-4 
6.2.3 Risk Characterization....................................................................................6-5 
6.2.4 Summary and Conclusions ........................................................................6-10 

6.3 Ecological Evaluation..................................................................................................6-12 
6.3.1 Exposure Assessment .................................................................................6-12 
6.3.2 Effects Assessment ......................................................................................6-13 
6.3.3 Risk Characterization..................................................................................6-13 

 
7. Summary and Conclusions........................................................................................................7-1 

7.1 Summary.........................................................................................................................7-1 
7.1.1 Nature and Extent of Contamination .........................................................7-1 
7.1.2 Fate and Transport ........................................................................................7-6 
7.1.3 Risk Assessment ............................................................................................7-8 

7.2 Conclusions ....................................................................................................................7-9 
7.2.1 Data Limitations and Recommendations for Future Work...................7-10 

 
8. References .....................................................................................................................................8-1 
 

Appendices 
A Analytical Data Summary 
B Field Parameter Data Summary 
C1 Soil Boring Logs 
C2 Well Construction Diagrams 
C3 Soil Descriptions 
D Survey Data 
E Public Release Draft Human Health Risk Assessment (Volume 2) 
F Public Release Draft Ecological Risk Assessment (Volume 2) 

Tables 
 
ES-1 Summary of Sample Collection Activities for the Lava Cap Mine Remedial 

Investigation...................................................................................................................... ES-5 
ES-2 Summary of Arsenic Results in Selected Media - Lava Cap Mine RI ....................... ES-8 
 
2-1 Approximate Peak Surface Water Discharges Base on Crest Gauge Data (cfs) .........2-6 
2-2 Comparison of Arsenic and Major Ion Concentrations between Various  

Waters in the Lava Cap Mine Source Area – Samples from January 2000................2-18 
2-3 Summary of Non-Special Status Wildlife Species Potentially Occurring at or  

Near the Lava Cap Mine Site ...........................................................................................2-32 
2-4 Summary of Non-Special Status Plant Species Potentially Occurring at or  

Near the Lava Cap Mine Site ...........................................................................................2-36 



CONTENTS  

SAC/151316/RI/013000082 (CONTENTS.DOC) v 

2-5 Summary of Non-Special-Status Wildlife Species Potentially Occurring at or Near 
the Lava Cap Mine Site .................................................................................................... 2-36 

 
3-1 Environmental Samples Collected During the Lava Cap Mine RI Field  

Program (October 1999 through September 2000) ......................................................... 3-3 
3-2 Well Construction Details................................................................................................ 3-23 
3-3 Summary of Source Area Subsurface Soil Sample Depths ......................................... 3-25 
3-4 Summary of Abiotic Samples Associated with each Biota Sample............................ 3-41 
 
4-1 Reference Area 1 (Upgradient of the Mines) Summary Statistics – Surface Soil ..... 4-10 
4-2 Reference Area 1 (Little Clipper Creek Upstream of the Mine) Summary  

Statistics – Sediment ......................................................................................................... 4-14 
4-3 Reference Area 1 (Little Clipper Creek Upstream of the Mine) Summary  

Statistics – Surface Water ................................................................................................. 4-15 
4-4 Reference Area 1 (Upgradient of the Mine) Summary  

Statistics – Groundwater.................................................................................................. 4-19 
4-5 Reference Area 1 Ambient Air Results .......................................................................... 4-20 
4-6 Reference Area 2 (Clipper Creek Upstream of the Confluence with Little  

Clipper Creek) Summary Statistics – Surface Soil........................................................ 4-22 
4-7 Reference Area 2 (Clipper Creek Upstream of the Confluence with Little  

Clipper Creek) Summary Statistics – Sediment............................................................ 4-23 
4-8 Reference Area 2 (Clipper Creek Upstream of the Confluence with Little  

Clipper Creek) Summary Statistics – Surface Water.................................................... 4-25 
4-9 Source Area Summary Statistics – Surface Soil ............................................................ 4-28 
4-10 Source Area Summary Statistics – Subsurface Soil ...................................................... 4-30 
4-11 Source Area Summary Statistics – Sediment ................................................................ 4-31 
4-12 Source Area Summary Statistics – Surface Water ........................................................ 4-32 
4-13 Arsenic Concentrations in the Adit Discharge, Tailings Pile Seep, and at the  

Base of Log Dam ............................................................................................................... 4-34 
4-14 Source Area Summary Statistics Groundwater ............................................................ 4-37 
4-15 Arsenic Concentrations in Monitoring Wells ............................................................... 4-38 
4-16 Groundwater Levels ......................................................................................................... 4-38 
4-17 Source Area Ambient Air Results................................................................................... 4-42 
4-18 Mine Area Summary Statistics – Surface Soil ............................................................... 4-44 
4-19 Mine Area Summary Statistics – Surface Water ........................................................... 4-46 
4-20 Residential Wells at the Mine, Summary Statistics - Groundwater........................... 4-47 
4-21 Summary of Mine Area Residential Well Arsenic Concentrations............................ 4-48 
4-22 Mine Area Ambient Air Results ..................................................................................... 4-49 
4-23 Little Clipper Creek Below Mine Summary Statistics – Surface Soil......................... 4-50 
4-24 Little Clipper Creek Below Mine Summary Statistics – Sediment............................. 4-52 
4-25 Little Clipper Creek Below Mine Summary Statistics – Surface Water..................... 4-53 
4-26 Arsenic Concentrations in Surface Water...................................................................... 4-54 
4-27 Residential Wells Along Little Clipper Creek Below Mine, Summary Statistics - 

Groundwater ..................................................................................................................... 4-56 
4-28 Arsenic Concentrations Detected in Residential Wells Along the LCC  

Drainage Below the Mine and Above Lost Lake.......................................................... 4-57 
4-29 Deposition Area and Lost Lake Summary Statistics – Surface Soil ........................... 4-58 



CONTENTS  

VI SAC/151316/RI/013000082 (CONTENTS.DOC) 

4-30 Deposition Area and Lost Lake Summary Statistics – Subsurface Soil .....................4-63 
4-31 Deposition Area and Lost Lake Summary Statistics – Sediment................................4-64 
4-32 Deposition Area and Lost Lake Summary Statistics – Surface Water .......................4-66 
4-33 Deposition Area Summary Statistics - Groundwater...................................................4-68 
4-34 Residential Wells in the Lost Lake Vicinity, Summary Statistics - Groundwater ....4-69 
4-35 Detected Arsenic Concentrations in Deposition Area Groundwater and Lost  

Lake Vicinity Residential Wells.......................................................................................4-70 
4-36 Deposition Area Ambient Air Results............................................................................4-71 
4-37 Downgradient of Lost Lake Ambient Air Results ........................................................4-72 
4-38 Downgradient of Lost Lake Summary Statistics - Surface Soil...................................4-74 
4-39 Downgradient of Lost Lake Summary Statistics - Sediment.......................................4-76 
4-40 Downgradient of Lost Lake Summary Statistics – Surface Water..............................4-77 
4-41 Summary Statistics for Measured Contaminant Concentrations (mg/kg,  

dry weight) in Fish ............................................................................................................4-79 
4-42 Summary Statistics for Major Concentrations (mg/kg, dry weight) in Aquatic 

Invertebrates.......................................................................................................................4-83 
4-43 Summary Statistics for Contaminant Concentration (mg/kg, dry weight)  

Measured in Frogs and Pollywogs..................................................................................4-87 
4-44 Summary Statistics for Contaminant Concentrations (mg/kg, dry weight) 

Measured in Terrestrial Plants.........................................................................................4-88 
4-45 Summary Statistics for Contaminant Concentrations (mg/kg, dry weight)  

Measured in Terrestrial Invertebrates ............................................................................4-93 
4-46 Summary Statistics for Contaminant Concentrations (mg/kg, dry weight)  

Measured in Small Mammals (deer mice, Peromyscus maniculatus, and California 
voles, Microtus californicus) ............................................................................................4-98 

 
6-1 Summary of Estimated Risks .............................................................................................6-7 
6-2 Comparison of Total Estimated Site-Related isks to Total Estimated Background 

Risks ....................................................................................................................................6-11 
6-3 Potential Risk to Ecological Receptors from COPECs Present in the Lava Cap  

Mine Area ...........................................................................................................................6-15 
6-4 Potential Risk to Ecological Receptors from COPECs Present in the  

Midgradient Area ..............................................................................................................6-16 
6-5 Potential Risk to Ecological Receptors from COPECs Present in the Deposition 

Area and Lost Lake ...........................................................................................................6-17 
6-6 Potential Risk to Ecological Receptors from COPECs Present in the  

Downgradient from Lost Lake Area...............................................................................6-18 
 
7-1 Summary of Arsenic Results in Selected Media – Lava Cap Mine RI..........................7-3 

Figures 
1-1 Location of Lava Cap Mine Site.........................................................................................1-3 
1-2 Mine Site Features ...............................................................................................................1-5 
1-3 Subsurface Mine Workings ................................................................................................1-7 
1-4 Lost Lake Features.............................................................................................................1-11 

2-1 Watershed Basins.................................................................................................................2-3 
2-2 Crest Gauge Locations ........................................................................................................2-7 



CONTENTS  

SAC/151316/RI/013000082 (CONTENTS.DOC) vii 

2-3 Geologic Map..................................................................................................................... 2-11 
2-4 Mine Area Geologic Boring Locations and Cross-Section Line.................................. 2-13 
2-5 Waste Rock/Tailings Pile Cross Section A-A’ .............................................................. 2-15 
2-6 Lava Cap Mine Site Approximate Groundwater Contours........................................ 2-19 
2-7 Conceptual Site Model ..................................................................................................... 2-23 
2-8 Conceptual Mine Area Groundwater and Surface Water Conditions ...................... 2-25 
2-9 Lava Cap Mine Site Habitat Mapping ........................................................................... 2-29 
 
3-1 Sample Locations Above Lava Cap Mine...................................................................... 3-15 
3-2 Sample Locations Around Mine Buildings ................................................................... 3-17 
3-3 Sample Locations Upgradient Along Clipper Creek ................................................... 3-19 
3-4 Sample Locations Below Lost Lake ................................................................................ 3-21 
3-5 Sample Locations Along Little Clipper Creek Below Mine ........................................ 3-29 
3-6 Sample Locations in the Deposition Area and Around Lost Lake ............................ 3-33 

4-1 Lava Cap Mine Site Extent of Flooding Along Little Clipper Creek ........................... 4-3 
4-2 Lava Cap Mine Site Arsenic Distribution in Surface Soil/Sediment........................... 4-7 
4-3 Lava Cap Mine Area Arsenic Distribution in Surface Soil/Sediment....................... 4-11 
4-4 Lava Cap Mine  Site Arsenic Distribution in Surface Water....................................... 4-17 
4-5 Arsenic Concentration Trends in Surface Water – Lava Cap Mine Source Area..... 4-35 
4-6 Little Clipper Creek/Clipper Creek Arsenic Concentration Trend Upstream  

of the Mine Down to Little Greenhorn Creek .............................................................. 4-36 
4-7 Lava Cap Mine Site Arsenic Distribution in Groundwater ........................................ 4-39 
4-8 Lost Lake Area Arsenic Distribution in Surface Soil/Sediment ................................ 4-61 

Plates 
1 Lava Cap Mine Site Sample Locations 
2 Lava Cap Mine Area Sample Locations 
3 Little Clipper Creek/Clipper Creek Sample Locations 
4 Deposition Area/Lost Lake Sample Locations 



 

SAC/151316/RI/013000082 (CONTENTS.DOC) viii 

Acronyms and Abbreviations 

ADD  average daily dose 

ASTM  American Society for Testing and Materials 

bgs  below ground surface 

CAO  Cleanup and Abatement Order 

CAS  Columbia Analytical Services 

CC  Clipper Creek 

CDFG  California Department of Fish and Game 

CERCLA  Comprehensive Environmental Response, Compensation, and Liability Act 

cfs  cubic feet per second 

CNDDB California Natural Diversity Database 

COPC  contaminant of potential concern 

COPCs  contaminants of potential concern 

COPEC  contaminant of potential ecological concern 

COPECs  contaminants of potential ecological concern 

DQO   Data Quality Objective 

DTSC   California Department of Toxic Substances Control 

EcoRA  ecological risk assessment 

ELCR  excess lifetime cancer risk 

EPA  United States Environmental Protection Agency 

FS   Feasibility Study 

FSP   Field Sampling Plan 

gpm  gallons per minute 

HHRA  human health risk assessment 

HI  hazard index 

HQ  hazard quotient 

IRIS  Integrated Risk Information System 

LADD  lifetime average daily dose 



ACRONYMS AND ABBREVIATIONS  

SAC/151316/RI/013000082 (CONTENTS.DOC) ix 

LCC   Little Clipper Creek 

LGC  Little Greenhorn Creek 

LOEC  lowest observed effects concentration 

MCL   maximum contaminant level 

mg/kg  milligrams per kilogram (approximately equivalent to parts per million) 

µg/L  micrograms per liter (approximately equivalent to parts per billion) 

MS  matrix spike 

MSD  matrix spike duplicate 

NCP  National Contingency Plan 

NCSS  National Cooperative Soil Survey 

NOEC  no observed effects concentration 

NPDES National Pollutant Discharge Elimination System 

NPL  National Priorities List 

PE  performance evaluation 

PRG  preliminary remediation goal 

QA   quality assurance  

QA/QC  quality assurance/quality control 

QAPP   Quality Assurance Project Plan 

QC   quality control 

RBP  Rapid Bioassessment Procedure 

RfD  reference dose 

RI   Remedial Investigation  

RI/FS  Remedial Investigation/Feasibility Study 

ROD   Record of Decision 

RWQCB California Regional Water Quality Control Board 

SARA  Superfund Amendments and Reauthorization Act 

TDS   total dissolved solids  

TNT  2,4,6-trinitrotoluene 

TOC   total organic carbon 


