UPPER COLUMBIA RIVER

Work Plan for the
Remedial Investigation and Feasibility Study

Volume I of 11

Modified by
U.S. Environmental Protection Agency

Based on Draft Work Plan Provided By:

Teck Cominco American Incorporated
P.O. Box 3087
Spokane, WA 99220-3087

December 2008

A A
861313






Upper Columbia River

RI/FS Work Plan December 2008
CONTENTS

VOLUME I
LIST OF FIGURES. ........cuoitiiiririintiinncinsiissitsscsisscsssscssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssens IX
LIST OF TABLES .....ccouiinittctntiinncisscstssisssscssscssssisssssssesississsssstssssssssssssssssssssstsssssssssssssssssssses XV
LIST OF MAPS....otiinctntiinnitsnitnesssissisissesisssssssisssssssssssssssssssssssstsssstsssassssstsssssssssssssssssssssssssss XIX
ACRONYMS AND ABBREVIATIONS .....covvniinriinriinniinsiissisisscsississssessssessssesssscssssesssscsssens XXI
1 INTRODUCTION...coiotiiinininitncsnsissiissssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 1-1
1.1 UPPER COLUMBIA RIVER SITE OVERVIEW ......cccccctviimiimiiniincninreeeereeeeeeeee 1-2
1.2 PURPOSE AND OBJECTIVES .....ccooiitiiriiitiiietnicene ettt 1-3
1.3 SCOPE OF THE RIJES ...ttt ese ettt 1-3
1.4 CULTURAL AND NATURAL RESOURCES........cccectmimiiiieinenenenenreieeeeeeeeneenes 1-4
1.5 COORDINATION OF PARTICIPATING PARTIES......c.ccccoeiimirinineieceeeeeeeneee 1-4
1.6 WORK PLAN ORGANIZATION .....cottirieiirieirieirieerieteieesie ettt sttt 1-4
2 OVERVIEW OF UPPER COLUMBIA RIVER RI/FS PROCESS.........cccceevrrerrrenueresueresnenees 2-1
2.1  GENERAL APPROAGCH......cccioiiiiiireteeetetsteteteestetste ettt 2-1
2.2 TASK DESCRIPTIONS.......ccoeotetriiitiinieieienieieteestetstee ettt esee e s e see e ssenes 2-3
221 Scoping (Task 1) ... 2-4
2.2.2  Community Relations (Task 2) .......ccccccevviiinniiiccinccceceeeecceee 2-6
2.2.3 Remedial Investigation ..........ccccoeveveieieieiiiccccccccc 2-7
2.2.4 Feasibility Study Tasks........ccccoviviiiiininiiiiieicicccccccccc e 2-10
2.2.5 Project Schedule (Task 8) .......ccccoceiiiiiiiiiiniiiiiiiiciic 2-12
2.2.6 Potential Early Actions (Task 9)......ccccccceviviiiiiiniiinniiiiiiicniccce 2-12
3 SITE DESCRIPTION ....cuoiiiiriinriisniinsiissiissisississesessssesssssssssesssssssssesssssssssssssssssssssssssssssssssones 3-1
3.1 SITE CHARACTERISTICS AND USE ......ccooiiiriiniiiiieenicieenecesieteeeeieeeieseeeeenes 3-1
3.1.1 Human Settlement and Cultural Resources............cccecererereneneneeneenererennenns 3-2
3.1.2  Current Demographics ..........cccoeiiiiiiiniiiniiiiice 3-5
313 SIE USES ..ttt sttt 3-7
3.2 PHYSICAL SETTING....c.tiiirieiritirietrietsieesieteie ettt ettt ettt 3-11
321 GEOIOZY .evviiiiiiiiiiiccc s 3-11
3.2.2  Hydrogeology ..o 3-12
323 Hydrology ... 3-14
3.2.4 Characteristics Of UCR REAChES......ccceeverviririerieieieieieeeesiesieie et 3-20
3.2.5 Climate/MeteorOlOgY .......cccccoviiiiiiiiiiiiiiicicicii e 3-27
3.3 ECOLOGICAL RESOURCES. .......cocioititrtetnienenteteetetet ettt 3-28

U.S. Environmental Protection Agency iii



Upper Columbia River

RI/FS Work Plan December 2008
3.3.1 Wildlife and Aquatic Life ......cocoeiviiiiininiiiicceccceeeee 3-28

3.3.2  Vegetation ..o 3-30

3.3.3  Habitat ..o 3-31

4 ASSESSMENT OF CHEMICAL SOURCES..........cueeeeennnnnsssssssssssssssssssesssesesesesenes 4-1
41 MINE, MILL, AND SMELTING OPERATIONS........ccccececiiiiiiiiinisininieinseeeeennas 4-1
411 Trail, British Columbia, Teck Cominco Facility........cccccoceiiviniiininiiinnnnee. 4-2

4.1.2  Le Roi/Northport Smelter ... 4-9

42 ADDITIONAL POTENTIAL CHEMICAL SOURCES ........ccccccviviiiniiiiiiicnccne 4-10
421  Pulp Mill Operations.........ccoeeueivirueiiininiiiiiniiccineeeeeeeeseeee e 4-10

422 EPA Toxics Release Inventory Sites ... 4-11

4.2.3 Water Quality Discharge Permitted Sites..........cccooovvvivininininiiiic 4-12

424 Municipal and Non-point SOUICES ..........ccooiiiiiniiiiiiniiiiice 4-12

5 ENVIRONMENTAL CONDITIONS .....iiiiiiiiisesesesesssesssesisissssssssssssssssssssnes 5-1
51 OVERVIEW AND DATA EVALUATION APPROACH .......cccccvviiiiniiiiiiccins 5-1
52 SURFACE WATER QUALITY ...ooiiiiiiiiiiiiniiiiicciccsenecineeeess e 5-1
521  Temperature ... 5-2

522 Dissolved OXYZeN......ccccooiviiiiiiiiiiiiiiiiicicc s 5-2

523  NULHENtS ..o 5-3

524 Conventional Parameters .........c.ccccoecivieiniinieinieineineineeeeseeeeeesee e 5-4

52.5 Metal and Metalloid Concentrations ...........cccceeeviviviiiiiniiiinniiiciee 5-5

5.3 SEDIMENT QUALITY ...cocoiiiiiiiiiiiiiiiiciiineciiccnee s 5-8
5.3.1 Surface SEdiments..........cocoeiviviiiciiiniiiiiinccee e 5-9

5.3.2  Subsurface SEdiments ..........ccoceeiiririiiiininiiince s 5-20

5.3.3 Chemical Distributions in Sediment Porewater ............ccccocccevvininninnnnnne. 5-24

534 Sediment TOXQCIY .....cccooviiiiiiiiiiiiiiiiiii s 5-28

5.4 FISH TISSUE RESIDUES.........cccceceiiiiiiiiiiiiiiiiiiiininieie e 5-33
5.4.1 Historical Investigations of Fish Tissue Residues...........ccccccccvvvririininnnnncne. 5-33

5.4.2 EPA 2005 Investigations of Fish Tissue Residues .........cccccccccevviruviinnnncnnne. 5-33

55 AIRQUALITY ..ot 5-36
5,51 WDOH/Ecology Air Quality Study at Northport, Washington................... 5-36

5.5.2 TCM Air Quality Monitoring at Northport, Washington................cccuee... 5-39

5.5.3 USGS Study of Occurrence and Distribution of Trace Elements in Air
Along Lake Roosevelt (Marcus Flats/Kettle Falls, Inchelium, and Seven

BaYS). et 5-39

6 CONCEPTUAL SITE MODELS ...ttt sssssssssssssssssnes 6-1
6.1 CHEMICALS OF INTEREST ........cceiiiiieiccccccc st 6-1
6.1.1 Metals and Metalloids..........ccccoviviiiiiiiiiiiiiiiiiie 6-2

6.1.2  Semivolatile Organic Compounds (including PAHS) .........cccccoevriircnnnnne. 6-2

U.S. Environmental Protection Agency iv



Upper Columbia River

RI/FS Work Plan December 2008
6.1.3  Pesticides and PCBs.........cccccoceiiininiiiiniiiiiiiiicciccn s 6-2
6.1.4 Polybrominated Diphenyl Ethers.........ccccccooviiiiinniiniiiiiicc, 6-2
6.1.5 Polychlorinated Dibenzo-p-Dioxins and Polychlorinated
DIDENZOLUTANS ...t 6-2
6.2 PHYSICAL/CHEMICAL CONCEPTUAL SITE MODEL........cccccceceviiiiiiiiicicnnee. 6-3
6.2.1 Hydrodynamic/Fluid Transport........cccccoeeimenininiicciescccceeeccenes 6-3
6.2.2  Sediment TTanSPOTt ..o 6-3
6.2.3 Chemical Transport and Fate...........ccccocooiciniiiiniiiniiicccce, 6-5
6.3 ECOLOGICAL CONCEPTUAL SITE MODEL .......cccccceoininiiiiiniiiiiniiccinienecenes 6-6
0.3.1  SOUTCES.....ccuiiiiiiiiiiiiicc s 6-7
6.3.2 Transport and Fate Mechanisms ...........cccoooioiniiiiiiiiniiincccccccccce, 6-8
0.3.3  Exposure Media ... 6-11
6.3.4 Exposure Pathways ... 6-11
6.3.5 Ecological RECEPLOTS.......cccvuiuiiiiiiiiiiiiiiiiiccciic s 6-11
6.4 HUMAN HEALTH CONCEPTUAL SITE MODEL .......ccccocoviiiiiiiiiicccccae, 6-15
7 DATA GAPS AND STUDY SEQUENCING .....cuouvuieiinnireisinnenensiessnesssssessssssesssssssssesssnens 7-1
7.1 DATA GAPS ... 7-1
7.1.1 Understanding of Chemical Distributions, Sources, and Effects................... 7-1
7.1.2  Understanding of the Physical System...........ccccocoovniniiniiiiiiiice, 7-6
7.1.3 Resource Abundance and Distribution Studies ............ccceeeiiiniiiinnnnne 7-7
7.2 STUDY SEQUENCING AND MAJOR DECISION POINTS........cccccoevuiuriiicrcncnnee. 7-8
721 Process OVEIVIEW .......cccccoiiiiiiiiiiiiiiiiiiiic s 7-8
7.2.2  Overview of Studies and Major Decision Points............cccccevueienncccinnnenne. 7-9
8 OVERVIEW OF UPPER COLUMBIA RIVER STUDIES FOR 2009 — 2012.......cccceevuuuen. 8-1
8.1  2009/2010 STUDIES ......coeiiiiiiiiiiiiciciciciiccccs s 8-1
8.1.1 Surface Water StUAY .......ccceoiviriiiiniiciiicccrec e 8-2
8.1.2  Fish Tissue Study ..o 8-3
8.1.3  Zooplankton TiSSUE.........ccccciviiiiiiiiiiiiiiiiiiicicc e 8-4
8.1.4 Beach Sediment Study........ccccovuiiviiiiiiiniiiiie 8-5
8.1.5 White Sturgeon StUAY ........cccviiiiiiiiiiiiiiiiiic e 8-6
8.1.6  Resource Use and Consumption SUIVEYS ..........ccccceivuiiniiiiniiiincniiiniicniecnnes 8-6
8.1.7  Upstream Sources Study.........ccoceoiviiiniiiiiiiniiiniiiiiicen 8-7
8.2 2011 STUDIES.......cociiiiiiiiiiiiiiiit b 8-7
8.2.1 SO StUAY ..ot 8-8
8.2.2  Sediment StUAIES.........cceviviiiriiiriiiiciicrcc s 8-9
8.2.3 Aquatic Resource and Benthic Tissue Study .........cccoeueiviviiinnniinnnenne. 8-11
8.2.4 White Sturgeon Toxicity Study.......cccceceviiviiiniiniiiiiiccice, 8-13

U.S. Environmental Protection Agency v



Upper Columbia River

RI/FS Work Plan December 2008
8.3  20T2 STUDIES .....ooeeetieiieeeeeeeeeeeeeeeeeeeeee ettt e e ettt et e e s e sessaaateeesssssssnsaseeeessssssssssseesesssnsnn 8-13
8.3.1  TerreStrial STUAIOS ..ccceiieeeeeeeeeeeeeeeeeeeee ettt et e e e eeeeeeeeeeeeeseeesseeeeeeesssessnnnes 8-14

8.3.2  Aquatic StUIes ........ccceiiiiiiiii 8-17

8.3.3 Transport and Fate Study ... 8-19

9 ECOLOGICAL RISK ASSESSMENT APPROAGCH .....uuuueieeeeciirenreeeeeeccssssssssseeeesecssssssssseens 9-1
9.1 PROBLEM FORMULATION ..ottt ettt ettt eeeatee s eeateeessiatessssasessssvsessssnnaes 9-3
9.1.1 Evaluation of Existing Data.........ccccccceciviniiiininiiiiiiiiiccccccccce 9-3

9.1.2  CoONSHTUCNES Of INTCTEST ...coieevieeieiieeeeteee ettt ettt ettt e e eeeaveesesaseesessaseesesaseesas 9-3

9.1.3 Preliminary Chemical Sources and Releases, Chemical Transport and
Fate, Exposure Pathways, and Potential Ecological Conceptual Site

MOAEIS ... s 9-3

9.14 Exposure Pathways and General Receptor Groups..........cccccevueveueciniiuiuccnnnnee. 9-4

9.1.5 Assessment Endpoints and Measures ...........ccocccueeiriiiiinininiinicniicnccne, 9-4

9.1.6  Testable Hypotheses..........ccccoovriiiiiiiiiiiiiciiciccccccc e 9-5

9.2  EXPOSURE CHARACTERIZATION......ccocociiiiiniiniiriiiciciciicicccceieieeccceae 9-6

9.2.1 Exposure Characterization for Aquatic Receptors..........cccccovvvvruniiiiiniiinreinnnns 9-6

9.2.2 Exposure Characterization for Terrestrial Receptors ..........ccccccovuriiiriiirriiennns 9-7

9.3 EFFECTS CHARACTERIZATION ......cccoiiiiiiiiniiniininiini s 9-8

9.3.1 Effects Characterization for Aquatic Receptors..........cccoeeivniiininiccncnnnnen. 9-8

9.3.2 Effects Characterization for Terrestrial Receptors ........cccocooveveveieviieineeeennns 9-9

9.4 RISK CHARACTERIZATION......cceciuiiiiiiiiiiiiiiiinn e 9-10

10 FEASIBILITY STUDY APPROACH.........ueenniiiniisscsesesesesesessssssssssnssssssssssssnes 10-1

10.1 GENERAL APPROACH. ...ttt 10-1

10.2 DEVELOPMENT OF REMEDIAL ALTERNATIVES ......ccccccceiiiiiiiiiiiiiee 10-1

10.3 SCREENING OF REMEDIAL ALTERNATIVES........ccccooviiiiiicce 10-4

10.3.1 Effectiveness Evaluation...........cccccovviiiiiiiniiiiiiiiiiiicccccccccccccs 10-4

10.3.2 Implementability Evaluation .............ccccoevevioniniinniiicccicccneeeees 10-5

10.3.3 Cost Evaluation .........cccoiiiiiiiiiiiiiiiiccccc e 10-5

10.4 DETAILED ANALYSIS OF ALTERNATIVES........ccccoeiiiiiiiiiiiiiiiciiees 10-5

11 DELIVERABLES......tctctcttninttcceseesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 11-1

11.1 TASK 1: SCOPING......cociiiiiiiiiiiccictttttt e s 11-1
11.1.1 Technical Memorandum on Risk Management-Based Action

Objectives for Ecological Risk Assessment ...........ccccovvvvvivinininininininineieieiennns 11-1

11.1.2 RI/FS Work Plan and Addenda ...........ooouveviieiiiiiiiiiiiiiiieeeeeieee e 11-1

11.1.3  SLERA REPOTt ...ovviiiiiiiiiiiii s 11-2

11.1.4 Sampling and Analysis Plans........c.ccccceveeiinniiininieineeiecceeseeeenes 11-2

11.1.5 Site Health and Safety Plan ..........coccocovviiinniiiiiniinccceeceeseeeenes 11-2

11.1.6 Cultural Resources Coordination Plan ..., 11-3

U.S. Environmental Protection Agency vi



Upper Columbia River

RI/FS Work Plan December 2008
11.2 TASK 2: COMMUNITY RELATIONS PLAN ....c.ccooviiiiiiiciicccccccccceecs 11-3
11.3 TASK 3: SITE CHARACTERIZATION.......cccoeuiiiiriiiiiiccccccccccces 11-4

11.3.1 Technical Memorandum on Modeling of Site Characteristics...................... 11-4
11.3.2 Preliminary Site Characterization Summary and Data Gap Evaluations...11-4
11.3.3 Remedial Investigation Report ..........ccccoeuiiviniiiiiiiniiiiiiiciiciccccs 11-5
11.4 TASK 4: ECOLOGICAL RISK ASSESSMENT ......ccoiiiiiiiiiciccccccceces 11-5
11.5 TASK 5: TREATABILITY STUDIES ........ccceviiiiiniininiecccicicccccsssenes 11-6
11.5.1 Determination of Candidate Technologies and the Need for Testing ........ 11-6
11.5.2 Treatability Testing Work Plan(s)..........cccoceveveveieieieieiciicccce 11-7
11.5.3 Treatability Study Sampling and Analysis Plan(s), Health and Safety
Plan(s), and Cultural Resources Coordination Plan(s).......c.ccccceueeveereruennenes 11-7
11.5.4 Treatability Study Evaluation Report(s)........cccccvvvviiviniiinniiiiiiiiiins 11-7
11.6 TASK 6: DEVELOPMENT AND SCREENING OF REMEDIAL
ALTERNATIVES ..ot 11-7
11.6.1 Technical Memorandum on Refined Risk Management-Based Action
ODJECHIVES ...t 11-8
11.6.2 Technical Memorandum on General Response Actions............cccccvveueurnnnee 11-8
11.6.3 Technical Memorandum on the Development and Preliminary
Screening of Remedial Technologies, Assembled Alternatives
Screening Results, and Final Screening ..........cccooovvivininnnninnincceeinne, 11-8
11.6.4 Technical Memorandum on Comparative Analysis...........ccccoviiiniiinnnns 11-9
11.6.5 Draft Feasibility Study Report ..o 11-9

12 PROJECT MANAGEMENT PLAN .....uieeieeeeeeesssssesssssesssssssssssssesssesssssssssssnes 12-1

12.1 PROJECT ROLES AND RESPONSIBILITIES ........cccccceoiiiiiiiiiiicccccnecccnnes 12-1
12.1.1 Agency Roles and Responsibilities...........cccccoviviiiniiiiiiiiniiiiiiiiee 12-1
12.1.2 TCAI Roles and Responsibilities ...........ccccoveviviiiiiniiiniiiiniiiiiiccciee 12-2
12.1.3 TCAI Consultant Team Roles and Responsibilities..........ccccocoeveveirireinnnnnn. 12-2

12.2 COMMUNICATIONS AND COORDINATION ......ccccoceviiiiniiiiiiniiiiiniccenenenes 12-2
12.2.1 Communications and Meetings — TCAI Technical Team ..........ccccceoevnnnee. 12-2
12.2.2 Communications and Meetings — EPA and Participating Parties ............... 12-3
12.2.3 Comment tracking ..........ccocevviiiiiiiiiiniiiiiii e 12-4
12.2.4 Community Relations .........ccccceiiiiiiiiiniiiiiiicicce 12-5

12.3 DELIVERABLES........c.ciiiiiiiiiiii s 12-5

12.4 DECISION-MAKING PROCESS ........ccccoviiiiniiniiiniicieiccceiciecieecseesssessees 12-5

12.5 KEY DECISIONS.......cociiiiiiiiiiiiiitiieii st 12-6
12.5.1 Data Quality ODbJectiVes .........cccccciviriiiiininiiiiiiiiiicreeeees 12-6
12.5.2 Risk Assessment Parameters...........ccocoviiiiiiiniiiniiiiiincccces 12-6

U.S. Environmental Protection Agency vii



Upper Columbia River

RI/FS Work Plan December 2008

12.5.3 Preliminary Risk Management-Based Action Objectives .............cccuvneene. 12-6

12.5.4 Field Sampling and Analysis Plans.............cccccoeeeiiincncce 12-6

12.5.5 Treatability TeSNG.....cocoovviiiiiii s 12-7

12,6 SCHEDULE........cooiiiiiiiiiiiiicii e 12-7

13 REFERENCES .....outeeintctctntceiinneeisssesnssesesessssssessssssssssssssssssssssssssssssssssssssssssssssassssses 13-1

14 GLOSSARY OF TERMS .....ueeintnteenininneeinsssessissssessssssssssssssssssssssssssssssssssssssssssssssssas 14-1
VOLUME 11

Appendix A.  Technical Memorandum No. 1, Preliminary Ecological Risk Management-
Based Action Objectives (RMAOs)

Appendix B. = Data Management Plan

Appendix C.  Preliminary Hydrodynamic and Sediment Transport Analyses for the
Upper Columbia River

Appendix D.  Trail Facility Operations

Appendix E.  GIS Maps of Various Information from the Upper Columbia River Study
Area

Appendix F.  Summary of Analytical Data for EPA 2005 Fish Composite Samples

Appendix G. Summary of Air Monitoring Data for Northport, Washington, Provided by
Teck Cominco Metals, Ltd. on August 21, 2006, and December 14, 2006

Appendix H.  Ecological Community Information

Appendix L. Upper Columbia River Chemical Stressors

U.S. Environmental Protection Agency viii



Upper Columbia River
RI/FS Work Plan

December 2008

Figure 1-1.
Figure 2-1.
Figure 3-1.
Figure 3-2.
Figure 3-3.
Figure 3-4.
Figure 3-5.
Figure 3-6.
Figure 3-7.

Figure 3-8.

Figure 3-9.

Figure 3-10.

Figure 3-11.
Figure 3-12.

Figure 3-13.

Figure 4-1.
Figure 5-1.

Figure 5-2.

Figure 5-3.

Figure 5-4.

Figure 5-5.

LIST OF FIGURES

Generalized RI/FS Process and Relationship to UCR RI/FS Tasks
Relationships among Major Tasks in the UCR RI/FS

NPS Recreational Facilities, Upper Columbia River, WA
Definitions of Group A and Group B Water Systems

Geological Regions of Washington State

Principal Surficial Aquifers of Washington State

Groundwater Withdrawals by County in 2000

Major Dams Upstream of the Study Area

Mean Columbia River Daily Discharge Hydrograph at the U.S.-
Canadian Border as Recorded at USGS Station No. 12399500

Monthly Mean Flow Across the U.S.-Canadian Border for Two Time
Intervals as Recorded at USGS Station No. 12399500

Plot of Water Elevation in Lake Roosevelt as a Function of Time

Actual January through June Runoff Volume from 1995-2005 at the
Dalles, OR Compared to the 1961-2005 Average

Daily Pool Elevations over the Period 1995-2005

Daily Average Lake Roosevelt Water Retention Time Over the Period
of 1995-2005

Photograph of UCR at Kettle Falls Prior to the Inundation of Lake
Roosevelt, circa 1937

Estimate of Areas Potentially Affected by Historical Smelter Emissions

Daily Average Water Temperature at the International Border and
Grand Coulee Dam Forebay, 1998-2003

Seasonal Alkalinity of Surface Water Samples Collected at the
Birchbank Sampling Station BCOSNE00O5 as Part of the Canada -
British Columbia Water Quality Monitoring Agreement, September
1999

Box Plots of Surface Water Sample pH at Birchbank, Waneta, and
Northport Sampling Stations in UCR between 2000 and 2006

Box Plots of Surface Water Sample Alkalinity at Birchbank, Waneta,
and Northport Sampling Stations in UCR between 2000 and 2006

Box Plots of Surface Water Sample Hardness at Birchbank, Waneta, and
Northport Sampling Stations in UCR between 2000 and 2006

U.S. Environmental Protection Agency ix



Upper Columbia River
RI/FS Work Plan

December 2008

Figure 5-6.

Figure 5-7.

Figure 5-8.

Figure 5-9.

Figure 5-10.

Figure 5-11.
Figure 5-12.
Figure 5-13.
Figure 5-14.
Figure 5-15.
Figure 5-16.
Figure 5-17.

Figure 5-18.

Figure 5-19.

Figure 5-20.

Figure 5-21.

Figure 5-22.

Figure 5-23.

Figure 5-24.

Figure 5-25.

Total Arsenic: Comparison of Surface Water Concentrations at
Birchbank, Waneta, International Boundary, and Northport (2001-2005)

Total Cadmium: Comparison of Surface Water Concentrations at
Birchbank, Waneta, and International Boundary (2001-2005)

Total Copper: Comparison of Surface Water Concentrations at
Birchbank, Waneta, International Boundary, and Northport (2001-2005)

Total Lead: Comparison of Surface Water Concentrations at Birchbank,
Waneta, International Boundary, and Northport (2001-2005)

Total Zinc: Comparison of Surface Water Concentrations at Birchbank,
Waneta, International Boundary, and Northport (2001-2005)

Northport: Dissolved Arsenic Concentrations in Surface Water
Northport: Dissolved Cadmium Concentrations in Surface Water
Northport: Dissolved Copper Concentrations in Surface Water
Northport: Dissolved Lead Concentrations in Surface Water
Northport: Dissolved Mercury Concentrations in Surface Water
Northport: Dissolved Zinc Concentrations in Surface Water

Combined UCR and Tributary Stations: Total and Total Recoverable
Arsenic Concentrations in Surface Water

Combined UCR and Tributary Stations: Total and Total Recoverable
Cadmium Concentrations in Surface Water

Combined UCR and Tributary Stations: Total and Total Recoverable
Copper Concentrations in Surface Water

Combined UCR and Tributary Stations: Total and Total Recoverable
Lead Concentrations in Surface Water

Combined UCR and Tributary Stations: Total and Total Recoverable
Mercury Concentrations in Surface Water

Combined UCR and Tributary Stations: Total and Total Recoverable
Zinc Concentrations in Surface Water

Longitudinal Distributions of Percent Sand, Silt, and Clay in Surface
Sediments (top 2-4 cm) in the UCR in 1986

Longitudinal Distributions of Iron, Zinc, and Copper Concentrations in
Surface Sediments (top 2-4 cm) of the UCR in 1986

Longitudinal Distributions of Arsenic and Manganese Concentrations
in Surface Sediments (top 2-4 cm) of the UCR in 1986

U.S. Environmental Protection Agency X



Upper Columbia River
RI/FS Work Plan

December 2008

Figure 5-26.

Figure 5-27.

Figure 5-28.

Figure 5-29.

Figure 5-30.

Figure 5-31.

Figure 5-32.

Figure 5-33.

Figure 5-34.

Figure 5-35.

Figure 5-36.

Figure 5-37.

Figure 5-38.

Figure 5-39.

Figure 5-40.

Figure 5-41.

Figure 5-42.

Longitudinal Distributions of Cadmium, Mercury, and Lead
Concentrations in Surface Sediments (top 2-4 cm) of the UCR in 1986

Sampling Period (April 14-May 3) for the 2005 Phase I Sediment Study
in Relation to Water Elevations in the UCR

Longitudinal Distribution of Percent Sand in Surface Sediments (top
10-15 cm) of the UCR in 2005

Longitudinal Distribution of Percent Silt in Surface Sediments (top
10-15 cm) of the UCR in 2005

Longitudinal Distribution of Percent Clay in Surface Sediments (top
10-15 cm) of the UCR in 2005

Longitudinal Distribution of Percent Colloids in Surface Sediments (top
10-15 cm) of the UCR in 2005

Longitudinal Distribution of Iron Concentrations in Surface Sediments
(top 10-15 cm) of the UCR in 2005

Longitudinal Distribution of Zinc Concentrations in Surface Sediments
(top 10-15 cm) of the UCR in 2005

Longitudinal Distribution of Copper Concentrations in Surface
Sediments (top 10-15 cm) of the UCR in 2005

Longitudinal Distribution of Arsenic Concentrations in Surface
Sediments (top 10-15 cm) of the UCR in 2005

Longitudinal Distribution of Cadmium Concentrations in Surface
Sediments (top 10-15 cm) of the UCR in 2005

Longitudinal Distribution of Mercury Concentrations in Surface
Sediments (top 10-15 cm) of the UCR in 2005

Longitudinal Distribution of Nickel Concentrations in Surface
Sediments (top 10-15 cm) of the UCR in 2005

Longitudinal Distribution of 4,4’-DDT Concentrations (Dry Weight
[DW]) in the UCR

Longitudinal Distribution of Aroclor 1260 Concentrations (Dry Weight
[DW]) in the UCR

Longitudinal Distribution of Benzo(a)pyrene Concentrations (Dry
Weight [DW]) in the UCR

Spatial Variation in Organic Carbon-Normalized Concentrations of
Total Simultaneously Extracted Metals and Acid Volatile Sulfides
((>> SEM-AVS)/foc) Reported by EPA for UCR Sediments in 2005

U.S. Environmental Protection Agency xi



Upper Columbia River
RI/FS Work Plan

December 2008

Figure 5-43.

Figure 5-44.

Figure 5-45.

Figure 5-46.

Figure 5-47.

Figure 5-48.

Figure 5-49.
Figure 5-50.

Figure 5-51.
Figure 5-52.

Figure 5-53

Figure 5-54

Figure 5-55.

Figure 5-56.

Figure 5-57.

Figure 5-58.

Spatial Variation in Acid Volatile Sulfide (AVS) Concentrations
Reported by EPA for UCR Sediments in 2005

Relationship between Acid Volatile Sulfide (AVS) and Total Organic
Carbon (TOC) Concentrations in the UCR between River Miles 603
and 698

Relationship between Acid Volatile Sulfide (AVS) and Total Organic
Carbon (TOC) Concentrations in the UCR between River Miles 704
and 744

Spatial Variation in Total Organic Carbon (TOC) Concentrations
Reported by EPA for UCR Sediments in 2005

Survival of Hyalella azteca and Ceriodaphnia dubia in Sediments from the
UCR

Reproductive Success (Mean Neonates per Adult) of Ceriodaphnia
dubia in Sediments from the UCR

Median Reduction in Light Output of Vibrio fischeri

Mean Concentrations of Lead in Composite Samples of Largescale
Sucker

Mean Concentrations of Arsenic in Composite Samples of Burbot

Mean Mercury Concentrations in Composite Samples of Fishes from
the UCR Grouped by Dietary Preference

Comparison of Normal and Lipid Normalized 2,3,7,8-TCDF
Concentrations in Whole Body Burbot, Largescale Sucker, and
Whitefish by River Mile Collected in the UCR by EPA in 2005

Comparison of Normal and Lipid Normalized 2,3,7,8-TCDF
Concentrations in Whole Body Rainbow Trout and Walleye by River
Mile Collected in the UCR by EPA in 2005

Comparison of Normal and Lipid Normalized Aroclor 1254/1260
Concentrations in Whole Body Fish Collected in the UCR by EPA in
2005

Comparison of Normal and Lipid Normalized Aroclor 1254/1260
Concentrations in Whole Body Burbot, Largescale Sucker, and
Whitefish by River Mile Collected in the UCR by EPA in 2005

Comparison of Normal and Lipid Normalized Aroclor 1254/1260
Concentrations in Fillets of Rainbow Trout and Walleye Collected in
the UCR by EPA in 2005

Mean Air Monitoring Concentrations for Northport from 1994-2006

U.S. Environmental Protection Agency xii



Upper Columbia River
RI/FS Work Plan December 2008

Figure 5-59. Mean Concentrations for Air Monitoring Results at Three Sampling
Locations along UCR in 2002

Figure 5-60. Mean Concentrations for Air Monitoring Results at Three Sampling
Locations along UCR in 2003

Figure 5-61. Mean Concentrations for Air Monitoring Results at Three Sampling
Locations along UCR in 2004

Figure 6-1. Components of a Generic Conceptual Site Model

Figure 6-2. Preliminary Transport and Fate Conceptual Site Model

Figure 6-3. Preliminary Conceptual Site Model

Figure 6-4. General Exposure Pathways and Receptor Groups

Figure 9-1. Superfund Eight-Step Ecological Risk Assessment Process

Figure 9-2. EPA Ecological Risk Assessment Framework

Figure 10-1. CERCLA Evaluation Criteria for Detailed Analysis of Alternatives
during the RI/FS

Figure 12-1. UCR Site RI/FS — Project Organization Chart

Figure 12-2. UCR Site RI/FS - Project Lines of Communication

Figure 12-3. 2008-2010 Field Studies

U.S. Environmental Protection Agency xiii






Upper Columbia River
RI/FS Work Plan December 2008

LIST OF TABLES

Table 2-1. Preliminary Ecological Risk Management-Based Action Objectives

Table 2-2. Preliminary Identification of Potential Applicable or Relevant and
Appropriate Requirements for the UCR Site RI/FS

Table 2-3. Preliminary Identification of To Be Considered Requirements for the
UCR Site RI/FS

Table 3-1. Demographics of Larger UCR Communities, Indian Reservations, and

Adjacent Counties

Table 3-2. Active Surface Water Rights within the Study Area with Potential
Domestic Uses

Table 3-3. Public Water Systems Groundwater Wells and Springs within Five
Miles of UCR/Lake Roosevelt Shoreline

Table 3-4. Group A Water Systems with Mapped 10-Year Wellhead Protection
Areas

Table 3-5. Gaging Stations Used to Develop Water Budgets

Table 3-6. Water Budget for the UCR

Table 3-7. Statistical Measures of Daily Discharge at the U.S.-Canadian Border

Table 3-8. Terrestrial Animal Species Present in the UCR RI/FS Study Area

Table 3-9. Aquatic Species Present in the UCR RI/FS Study Area

Table 4-1. Reported Spills and Permit Limit Exceedances from the Trail Facility to
the Columbia River

Table 4-2. Summary of Permits Issued to the Trail Facility by the B.C.
Government Authorizing Onsite Activities and/or Discharges

Table 4-3. Summary of TRI Facilities and Associated Chemicals in the Vicinity of
the Study Area

Table 4-4. Current Non-municipal General Permit Facilities That Discharge to

WRIAs in UCR Drainage Basin

Table 4-5. Ecology Municipal General Permit Facilities That Discharge to WRIAs
in UCR Drainage Basin

Table 5-1. Combined Summary Statistics for Conventional Parameters Analyzed
at Four Upper Columbia River Stations and Four Columbia River
Tributary Stations

Table 5-2. Summary Statistics for Selected Surface Water Conventional

Parameters Sampled Between 2000 to Present at the Birchbank, Waneta,
and Northport Stations

U.S. Environmental Protection Agency XV



Upper Columbia River
RI/FS Work Plan

December 2008

Table 5-3.
Table 5-4.

Table 5-5.

Table 5-6.

Table 5-7.

Table 5-8.

Table 5-9.

Table 5-10.

Table 5-11.

Table 5-12.

Table 5-13.

Table 5-14.

Table 5-15.
Table 5-16.

Table 5-17.

Table 5-18.
Table 5-19.

Table 5-20.

Summary of Surface Water Metals Data

Cross-Sectional Distributions of Grain-Size Parameters, TOC, and
Metals in Surface Sediments Collected from the UCR in 2005

Mean Metals Concentrations in Surface Sediments of Beaches Sampled
along the UCR in 2005

Vertical Distributions of Metals in the Sediment Core Collected at
RM 693 in the UCR in 1986

Vertical Distributions of Metals in Sediment Cores Collected from the
UCR in 2005

Vertical Distribution of Organic Compounds in Phase I Core Samples
of UCR Sediments

Metal/Metalloid Concentrations and Hardness Measured in Porewater
in Studies Conducted in August 1989 (Johnson 1991b), September 2002
(Cox et al. 2005), and September 2004 (Paulson et al. 2006)

Metal/Metalloid Concentrations Measured in Porewater by Paulson
et al. (2006)

Porewater Concentrations of Metals Measured by EPA in UCR
Sediments in April 2005

Elements Measured in Porewater by EPA in 2005 in Relation to
Detection Limits (DL) and Frequency of Detection

Analytical Results for Simultaneously Extracted Metals (SEM), Acid
Volatile Sulfides (AVS), and Total Organic Carbon (TOC) Measured in
UCR Sediments by EPA in 2005

Results of Sediment Toxicity Bioassays of UCR Bulk Sediments
Sediment Toxicity Test Results Reported by Bortleson et al. (2001)

Toxicity of UCR Sediments to Chironomus dilutus (formerly tentans),
Hyalella azteca, and Vibrio fischeri

Results of Sediment Toxicity Tests Conducted in the UCR by EPA in
2005

Summary of Fish Tissue Residue Studies Conducted in the UCR

Summary of Historical Measurements of Inorganic and Organic
Compounds in UCR Fish Tissues

Description of 2005 EPA Study Design, Including Fish Collection
Locations and Number of Composite Samples, Tissue Types, and
Individuals Sampled

U.S. Environmental Protection Agency xvi



Upper Columbia River
RI/FS Work Plan

December 2008

Table 5-21.

Table 5-22.

Table 5-23.

Table 5-24.

Table 5-25.

Table 5-26.

Table 5-27.

Table 6-1.
Table 7-1.
Table 8-1.

Table 12-1.
Table 12-2.
Table 12-3.

Summary of Detected, Nondetected, and Qualified Values in the
Inorganic Analyses Reported in the 2005 EPA Fish Tissue Analysis

Summary Statistics for 2,3,7,8-TCDF, Aroclor 1254/1260, and Total PCB
Congeners in Fish Tissues Collected by EPA in 2005

Frequency of Detection of Analytes in Fish Tissues (all species)
Collected by EPA in 2005

Northport Air Monitoring Concentrations (Arithmetic Mean, pug/m?3)
from 1994 to 2006

Mean Concentrations (png/m?) for Air Monitoring Results at Three
Sampling Locations along UCR in 2002

Mean Concentrations (ug/m?®) for Air Monitoring Results at Three
Sampling Locations along UCR in 2003

Mean Concentrations (png/m?) for Air Monitoring Results at Three
Sampling Locations along UCR in 2004

Initial Chemicals of Interest
Studies Planned for 2008-2010

Overview of Studies Specified in the SOW, Rationale, Dependencies
Assigned, Proposed Field Year if Appropriate, and RI/FS Element

Contact Information for Key Personnel Working on the UCR Site RI/FS
Project Mailing List for the UCR Site RI/FS
Project Schedule

U.S. Environmental Protection Agency Xvii






Upper Columbia River

RI/FS Work Plan December 2008
LIST OF MAPS

Map 1-1. Site Location and River Reach Delineations

Map 3-1. High Use Beach and Developed Recreational Areas

Map 3-2. Public Surface Water Systems and Domestic Supply Surface Water
Rights

Map 3-3. Surficial Geology

Map 3-4. Water Supply Wells and Springs within Five Miles of the Study Area
Shoreline

Map 3-5. Ten-Year Wellhead Protection Areas (WHPAs) Within Five Miles of the
Study Area Shoreline

Map 3-6. Meteorological Stations within the Study Area

Map 3-7. Priority, Wetland, and Endangered Habitats within the UCR Study
Area

Map 4-1. Mine, Mill, and Smelting Facilities in the Vicinity of the Study Area

Map 4-2. TRI Reporting Facilities (1996 to 2005) in the Vicinity of the Study Area

Map 4-3. WPLCS Sites in the Vicinity of the Study Area

Map 5-1. Approximate Historic Sampling Sites of Nutrients, Periphyton,
Phytoplankton, and Zooplankton

Map 5-2. Study Area Surface Water Sampling Locations

Map 5-3. Locations Sampled by Johnson (1991c), Bortleson et al. (2001), and Era
and Serdar (2001)

Map 5-4. UCR Locations Sampled by EPA for Porewater SEM/AVS and for
Toxicity to Benthic Invertebrates in April 2005

Map 5-5. EPA 2005 Fish Tissue Sampling Locations

U.S. Environmental Protection Agency xix






Upper Columbia River
RI/FS Work Plan December 2008

ACRONYMS AND ABBREVIATIONS

A

ASCTF Area-wide Soil Contamination Task Force

AINW Archeological Investigations Northwest

amsl above mean sea level

ARAR applicable or relevant and appropriate requirement

ASIL acceptable source impact level

AVS acid-volatile sulfide

B

B.C. MoE British Columbia Ministry of Environment

BERA baseline ecological risk assessment

BiOp biological opinion

BLM biotic ligand model

BPA Bonneville Power Administration

C

°C degrees Celsius

CCRH Center for Columbia River History

CCT Confederated Tribes of the Colville Reservation

CERCLA Comprehensive Environmental Response, Compensation and Liability
Act

CFR Code of Federal Regulations

cfs cubic feet per second

CGM coarse-grained material

cm centimeter(s)

COI chemical of interest

CcocC chemical of concern

corcC chemical of potential concern

CRIEMP Columbia River Integrated Environmental Monitoring Program

CRITEC Columbia River Inter-Tribal Fish Commission

CSM conceptual site model

D

DDD dichloro-diphenyl-dichloroethane (DDT metabolite)

DDE dichloro-diphenyl-dichloroethylene (DDT metabolite)

DDT 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane

DIN dissolved inorganic nitrogen

DIP dissolved inorganic phosphorus

DOC dissolved organic carbon

DOI U.S. Department of the Interior

DQO data quality objective

U.S. Environmental Protection Agency xxi



Upper Columbia River
RI/FS Work Plan

December 2008

dsm?3
dw

E

EC50
Ecology
EOH
EPA
ERA

°F
FSCA
FSP

ft

ft/s

GIS
GRA

HASP
HCl
HHRA
HI

HQ

IJC
in.
Ka
kg/d

KOC
KOW

LOAEL

dry standard cubic meter(s)
dry weight

median effective concentration

State of Washington Department of Ecology
Eastern Okanogan Highlands

U.S. Environmental Protection Agency
ecological risk assessment

degrees Fahrenheit

fish sample collection area
field sampling plan
foot/feet

feet per second

gram(s)
geographic information system
general response action

health and safety plan
hydrochloric acid

human health risk assessment
hazard index

hazard quotient

International Joint Commission
inch(es)

partition (or distribution) coefficient
kilogram(s)

kilogram(s) per day

organic carbon-normalized partition coefficient
octanol-water partition coefficient

liter(s)
lowest-observed-adverse-effect level

U.S. Environmental Protection Agency xxii



Upper Columbia River

RI/FS Work Plan December 2008
LRF Lake Roosevelt Forum

LRNRA Lake Roosevelt National Recreation Area

M

ug microgram(s)

ug/kg micrograms per kilogram

ug/L micrograms per liter

pg/m? microgram(s) per cubic meter

pm micrometer(s)

m meter(s)

M Molar

Ma million years ago

mg milligram(s)

mg/kg milligrams per kilogram

mg/L milligrams per liter

mi? square mile(s)

mi? cubic mile(s)

mL milliliter(s)

mm millimeter(s)

N

NCBP National Contaminant Biomonitoring Program
NCP National Oil and Hazardous Substances Pollution Contingency Plan
ng/g nanograms per gram

NIOC nonionic organic chemical

NGVD National Geodetic Vertical Datum

NHPA National Historic Preservation Act

NMES National Marine Fisheries Service

NOAA National Oceanic and Atmospheric Administration
NOAEL no-observed-adverse-effect level

NPL National Priorities List

NPDES National Pollutant Discharge Elimination System
NPRI National Pollutant Release Inventory

NPS National Park Service

NWPPC Northwest Power Planning Council

(0)

OFM Office of Financial Management (Washington State)
ORNL Oak Ridge National Laboratory

P

PAH polycyclic aromatic hydrocarbon

PBDE polybrominated diphenyl ether

U.S. Environmental Protection Agency xxiii



Upper Columbia River
RI/FS Work Plan

PbS
PCB
PCDD
PCDF

P8
pg/g
PM10
ppm
POM
PRG

Q
QAPP

R
RI/FS
RM
RMAO
ROD

S
SAIC
SAP
SEM
Site
SLERA
SOz
SOP
SOW
SQG
STI
SvVOC

T
TAL
TAP
TBC
TCAI
TCDD
TCDF
TCL
TCM
TEQ

galena

polychlorinated biphenyl
polychlorinated dibenzo-p-dioxin
polychlorinated dibenzofuran
picograms

picograms per gram

particulate matter smaller than 10 um in diameter

parts per million
particulate organic matter
preliminary remediation goal

quality assurance project plan

remedial investigation and feasibility study
river mile

risk management-based action objective
record of decision

Science Applications International Corp.
sampling and analysis plan
simultaneously extractable metals
Upper Columbia River site
screening-level ecological risk assessment
sulfur dioxide

standard operating procedure
statement of work

sediment quality guideline

Spokane Tribe of Indians

semivolatile organic compound

target analyte list

technical assistance plan

to be considered (criteria)

Teck Cominco American Incorporated
2,3,7,8-tetrachlorodibenzo-p-dioxin
2,3,7,8-tetrachlorodibenzofuran

Teck Cominco Limited

Teck Cominco Metals Limited

toxicity equivalent

U.S. Environmental Protection Agency Xxiv

December 2008



Upper Columbia River

RI/FS Work Plan December 2008
TOC total organic carbon

TRI Toxic Release Inventory

TSP total suspended particulates

TSS total suspended solid

U

UCR Upper Columbia River

UCRWSRI Upper Columbia River White Sturgeon Recovery Initiative
USBR U.S. Bureau of Reclamation

USCGS U.S. Coast and Geodetic Survey

USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey

\%

VOC volatile organic compound

W

WDFW Washington State Department of Fish and Wildlife
WDOH Washington State Department of Health

WOH Western Okanogan Highlands

WPLCS Water Quality Permit Life Cycle System

WRIA water resource inventory area

ww wet weight

4

ZnS sphaelerite

U.S. Environmental Protection Agency XXV






Upper Columbia River
RI/FS Work Plan December 2008

1 INTRODUCTION

This document presents the work plan for implementation of a remedial investigation and
feasibility study (RI/FS) at the Upper Columbia River (UCR) site (Site) in the state of
Washington. The RI/FS for the Site is being conducted according to the provisions of a June 2,
2006, settlement agreement (the Agreement) (U.S. Environmental Protection Agency 2006h)
entered into by the United States, on behalf of the U.S. Environmental Protection Agency
(EPA), and by Teck Cominco American Incorporated (TCAI) and a separately incorporated
affiliate, Teck Cominco Limited (TCL),! collectively, the “Parties” to the Agreement (EPA
2006h).

The RI/FS was triggered by concerns regarding historical discharges into the Columbia River,
including granulated slag, liquid effluent, and other discharges by Teck Cominco Metals
Limited (TCM) near Trail, British Columbia. Although the discharges occurred north of the
U.S.-Canadian border, the Site addressed by the RI/FS is located wholly within Washington
State and includes the portion of the UCR that extends from the Canadian border to Grand
Coulee Dam, including Lake Roosevelt (EPA 2006h). The Site includes the areal extent of
contamination and all suitable areas in proximity to such contamination necessary for
implementation of response actions. Investigations north of the U.S.-Canadian border are
being conducted separately, under the oversight of the Canadian government.? When those
investigations are complete, EPA may evaluate the information generated from that work and,
if appropriate, incorporate that information into the RI/FS.

This RI/FS work plan describes the activities that will be undertaken by or on behalf® of TCAI
to develop and implement the RI/FS for the Site. This work plan builds upon prior
investigations of sediment and fish tissue residue conducted by EPA and others in the past,
including the Phase I RI/FS sediment and fish tissue sampling program conducted by the EPA
in 2005 (EPA 2006d; 2006e). The scope and results for the previous investigations are
summarized in Section 5 of this work plan.

This work plan complies with the Agreement and associated statement of work* (SOW), as
well as EPA’s Guidance for Conducting Remedial Investigations and Feasibility Studies under
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

t TCL is a Party to the Agreement solely for the limited purposes described therein (EPA 2006h).

2 The Trail Smelter is classified as a high profile site by the BC Ministry of Environment (MoE) Land
Remediation section because historical and current discharges associated with the smelter have resulted
in contamination in the lower Columbia River Valley (B.C. MoE 2007).

3 This work plan includes tasks that may be conducted through contractors, subcontractors,
laboratories, and consultants retained by TCAI, or through funding of activities performed by others as
specified in the Agreement.

4 Exhibit A to the Agreement, i.e., identify goals of the study (EPA 2006h).
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(EPA 1988). As described in the SOW, the purpose of this RI/ES is to investigate the nature and
extent of contamination at the Site and assess risks to human health and the environment to an
extent sufficient to develop and evaluate potential remedial alternatives for the Site that will
meet applicable or relevant and appropriate requirements (ARARs) and statutory and
regulatory requirements. Consistent with this purpose, this work plan presents the RI/FS
approach anticipated for the Site.

This work plan does not include all planning and scoping elements related to completion of
the baseline human health risk assessment (HHRA), which will be conducted by EPA and
documented separately in draft and final HHRA work plans and memoranda prepared by
EPA (EPA 2006h). However, the work plan does include descriptions of certain HHRA-related
studies where TCAI is responsible for collection of data (e.g., beach sediment study).

1.1 UPPER COLUMBIA RIVER SITE OVERVIEW

The Site is located wholly within Washington State and includes approximately 150 river
miles of the Columbia River, extending from the U.S.-Canadian border to the Grand Coulee
Dam. Map 1-1 shows the location of the Site. Brought into service in 1942, the Grand Coulee
Dam is a multipurpose structure, providing flood control, irrigation, hydropower production,
recreation, and fish and wildlife benefits (EPA 2003b). Located immediately behind the dam is
Lake Roosevelt, a large reservoir extending approximately 133 river miles north of the dam at
full pool® and bordered by over 600 miles of shoreline, approximately 312 miles of which are
part of the Lake Roosevelt National Recreation Area (LRNRA) (National Park Service [NPS]
2006¢; EPA 2003b; EPA 2007c). The Columbia and Pend Oreille rivers represent the primary
source of water to Lake Roosevelt. The Spokane River and, to a lesser extent, the Colville,
Kettle, and Sanpoil rivers also contribute (Lake Roosevelt Forum [LRF] 2006a). Operation of
the dam may result in seasonal reservoir level fluctuations in excess of 80 feet, ranging from
full pool conditions at 1,290 feet above mean sea level (amsl) to low pool conditions as low as
1,208 feet amsl for flood control during years of high precipitation; however, fluctuations
during more typical years are generally about 45 feet (EPA 2003b; 2007c). Exposure of bed and
bank sediments along the length of the reservoir occurs during spring drawdown periods
(EPA 2003Db).

A large portion of the reservoir has been designated as the LRNRA and is managed by the
U.S. Department of the Interior’s (DOI's) National Park Service. Portions of the reservoir that
are not included in the LRNRA are managed by the Confederated Tribes of the Colville
Reservation (CCT) and the Spokane Tribe of Indians (STI).

The NPS, the CCT, and the STI cooperate as managing partners in designating acceptable
recreational uses for Lake Roosevelt. The purpose of the LRNRA is to provide opportunities

5 Contributors to EPA Round 2 comments have stated that at full pool (elevation 1,290 feet) the reservoir
has backwater effects up to and perhaps north of the border. A description of effects of backwater on
the river can be found in the 1941 International Joint Commission (IJC) Order of Approval.
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for outdoor recreational experiences for the public; to preserve, conserve, and protect the
integrity of natural, cultural, and scenic resources; and to enhance public appreciation and
understanding of those resources (Lake Roosevelt General Management Plan, NPS 2006c).
Designated recreational uses of the LRNRA include boating, fishing, swimming, wading,
camping, canoeing, and hunting.

The UCR provides a subsistence fishery for Native American populations (EPA 2007c). For the
CCT and the STI, anadromous and resident fish (primarily salmon, but also steelhead trout,
whitefish, bull trout, and others) historically were the principal subsistence fishery (EPA
2003b). Since the construction of the Columbia River Dams, some resident fish have become a
significant and necessary alternative as a subsistence resource (EPA 2003b). The draft Fish and
Wildlife Resource Management Plan for the Colville Indian Reservation include several
provisions for creating/maintaining both ceremonial and subsistence fisheries of resident and
anadromous fish in Lake Roosevelt (CCT 2006).

1.2 PURPOSE AND OBJECTIVES

As described in the SOW, the purpose of this RI/FS is to investigate the nature and extent of
contamination at the Site, to provide information to support EPA’s baseline risk assessment
for human health and the environment, and to develop and evaluate potential remedial
alternatives for the Site.

Upon completion of the RI/FS, EPA will select the Site remedy, will publish a Proposed Plan
for public comment, and will document its final selection of a remedy in a record of decision
(ROD).

1.3 SCOPE OF THE RI/FS
The SOW for this RI/FS requires completion of nine tasks:

e Task 1—Scoping

e Task 2—Community Relations

e Task 3—Site Characterization

e Task 4—Risk Assessment

e Task 5—Treatability Studies

e Task 6—Development and Screening of Remedial Alternatives
e Task 7—Detailed Analysis of Remedial Alternatives

e Task 8 —Project Schedule

e Task 9—Early Actions

U.S. Environmental Protection Agency 1-3
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The sequencing and interrelationships of the tasks are illustrated in Figure 1-1. Section 2 of this
work plan presents a more detailed overview of the underlying rationale and objectives for
each of the tasks.

Completion of the RI/FS will be an interactive process, wherein new information will refine
the understanding of Site conditions and add to the knowledge base necessary for scoping
future activities. As more information becomes available and as the understanding of the Site
is refined, the EPA may require additional tasks that are necessary to complete the RI/FS.

1.4 CULTURAL AND NATURAL RESOURCES

Consultation under Section 106 of the National Historic Preservation Act (NHPA), the
Archaeological Resource Protection Act, and Section 7 of the Endangered Species Act is
required for onsite actions associated with CERCLA activities. Section 106 of NHPA (36 Code
of Federal Regulations [CFR] Part 800) requires that undertakings directed by EPA take into
account the effects of such undertakings on historic properties, including archaeological sites,
historic sites, and traditional cultural properties. EPA will consult and coordinate with all
Section 106 consulting parties including the CCT, the STI, the State of Washington, and the
DOI on all RI/FS-related field sample collection activities. TCAI will submit a cultural
resources coordination plan with each quality assurance project plan (QAPP)/field sampling
plan. EPA will provide copies of the cultural resources coordination plan and associated
QAPP/field sampling plan to all consulting parties for the Site for review and comment.

1.5 COORDINATION OF PARTICIPATING PARTIES

As described in the Agreement (EPA 2006h), EPA “will coordinate closely with the state of
Washington, the Confederated Tribes of the Colville Reservation (CCT), the Spokane Tribe
and the DOI in the development of the details of work plans, sampling and analysis plans and
other project documentation. EPA will work closely with the state of Washington, the CCT,
the Spokane Tribe and DOI in the review of deliverables.” TCAI will support EPA’s
coordination activities.

1.6 WORK PLAN ORGANIZATION

This work plan is organized to provide a sound foundation for the RI/FS activities that will
follow. Elements of problem formulation are found throughout the document. The description
of the Site (Section 3), discussion of known and potential sources (Section 4), and synthesis of
data from previous investigations into a description of environmental conditions (Section 5)
provide the information used to develop the conceptual site models (CSMs) for the UCR
(Section 6). Section 7 identifies gaps in the existing data that must be filled to complete the
CSMs and understand potential risks, and Sections 8 through 12 provide the framework for
data collection, evaluation, and reporting.

U.S. Environmental Protection Agency 1-4
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In addition to this introduction, the work plan is organized as follows:

e Section 2: Overview of Upper Columbia River RI/FS Process. This section presents an
overview of the RI/FS approach and the tasks that will be performed to complete the
UCR RI/FS.

e Section 3: Site Description. This section provides a general characterization of the
study area, including population; land use; ecological, cultural, and natural
resources; and physical setting.

e Section 4: Chemical Sources. This section describes the known and potential sources
of chemicals in the UCR.

e Section 5: Environmental Conditions. This section describes selected media and biota
which help to characterize general environmental conditions at the UCR and
provides a review of the previous investigations conducted in the UCR with respect
to surface water and sediment quality, fish tissue residue, and air quality.

e Section 6: Conceptual Site Models. This section describes the COIs and presents the
physical/chemical, ecological, and human health CSMs for the UCR.

e Section 7: Data Gaps and Study Sequencing. This section summarizes the gaps in
existing data that must be filled in order to complete the RI/FS and provides an
overview of study sequencing and major decision points.

e Section 8: Overview of Upper Columbia River Studies for 2009 — 2012. This section
describes the initial studies and analyses identified in Section 7.

e Section 9: Ecological Risk Assessment Approach. This section describes the ecological
risk assessment (ERA) process and general approach that will be used to conduct the
ERA for the Site. It includes discussions on the major ERA steps and anticipated data
needs for the aquatic life and plant/wildlife ERAs.

e Section 10: Feasibility Study Approach. This section presents the data quality
objectives (DQOs) developed for each significant feasibility study work element,
including a description of the data needed for those work elements, a description of
the feasibility study task work elements, and information on how those data will be
used in the feasibility study.

e Section 11: Deliverables. This section summarizes each deliverable to be completed as
part of this work plan.

e Section 12: Project Management Plan. This section reviews information on how the
project will be managed, including roles and responsibilities, contact information,
communications, and schedules.

e Section 13: References. This section contains references for the documents cited in
this work plan.

e Section 14: Glossary of Terms. This section defines the terms used in this work plan.

U.S. Environmental Protection Agency 1-5
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In addition to these sections, the following appendices are also provided with this work plan:

Appendix A. Technical Memorandum No. 1, Preliminary Ecological Risk
Management-Based Action Objectives (RMAOs)

Appendix B. Data Management Plan

Appendix C. Preliminary Hydrodynamic and Sediment Transport Analyses for the
Upper Columbia River

Appendix D. Trail Facility Operations

Appendix E. GIS Maps of Various Information from the Upper Columbia River
Study Area

Appendix F. Summary of Analytical Data for EPA 2005 Fish Composite Samples

Appendix G. Summary of Air Monitoring Data for Northport, Washington, Provided
by Teck Cominco Metals, Ltd. on August 21, 2006, and December 14, 2006

Appendix H. Ecological Community Information

Appendix I. Upper Columbia River Chemical Stressors
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2 OVERVIEW OF UPPER COLUMBIA RIVER
RI/FS PROCESS

The purpose of this RI/FS is to investigate the nature and extent of contamination at the Site,
provide information to support the baseline risk assessments for human health (to be
completed by EPA) and the environment, and develop and evaluate potential remedial
alternatives for the Site. Upon completion of the RI/FS, EPA will select the Site remedy and
will document this selection in a ROD. This section provides an overview of the RI/FS
approach and describes the different tasks that will be performed to complete the UCR RI/FS
and support EPA’s remedy selection.

2.1 GENERAL APPROACH

Implementation of the UCR RI/FS will involve gathering data on the nature and extent of
contamination, sources of contamination, and potential risks to ecological receptors and
humans, as well as data to support the feasibility study. The RI/FS will be conducted
according to EPA guidance (including EPA 1988, 1997a, 1997b, and 2002c). Unless specifically
noted, the task descriptions provided in Section 2.2 are meant to detail the process described
in these documents. The RI/FS for the Site will utilize a risk-based framework to determine
risks to human health and the environment from Site-related chemicals and will evaluate
remedial options. The steps involved in an RI/FS, per EPA guidance, are illustrated in

Figure 1-1 and a conceptual depiction of the RI/FS process tailored to the Site is shown in
Figure 2-1.

EPA’s ecological risk assessment guidance (EPA 1998c) will guide the ERA component of the
RI/FS. While the ERA guidance is discussed in detail in Section 9 of this work plan, of
particular importance to the efficiency of the RI/FS is the refinement process that occurs in
Step 3.2 of the guidance. The refinement process involves comparing data to conservative
numerical guidelines, such as ecological benchmarks or toxicity reference values, and is used
to determine whether chemicals of interest (COlIs) in a given medium (e.g., surface water)
warrant further investigation or evaluation as chemicals of potential concern (COPCs).
Individual data reports prepared by TCAI and identified on the project schedule as milestone
deliverables will present the recently obtained data as well as an interpretation of the data via
this refinement process.

¢ As indicated in Section 6, the list of potential COIs and exposure pathways for the UCR Site is lengthy.
EPA risk assessment guidance recognizes that carrying a large number of COIs through the risk
assessment may be complex and recommends use of a selection process to winnow the list of COls
down to a reasonable and relevant amount. This list of COPCs, which will be carried into the baseline
risk assessments, consists of those COls that are not screened out based on comparison of site data to
general qualitative criteria.
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The baseline HHRA will be conducted by EPA and documented separately in draft and final
HHRA work plans and memoranda prepared by EPA (EPA 2006h). TCAI will coordinate with
EPA on the preparation of the HHRA and may provide comment on HHRA-related
documents made available by EPA. As outlined in the Agreement, preparation of the HHRA
will involve close coordination with Participating Parties. TCAI will, where specified, collect
the necessary data to support the HHRA in accordance with the HHRA Work Plan.

As part of the RI, or prior to development of remedial goals and strategies in the feasibility
study, an evaluation of potential loading of COPCs will be required by the EPA. COPCs are or
may be entering the Site from release points north of the U.S. border (e.g., permitted
discharges from the Trail smelter facility and/or spills), from sources along the UCR and its
tributaries, and from atmospheric deposition. An understanding of the background conditions
at the Site is also needed to help interpret the nature and extent of the contaminants at the Site.
Consideration of background conditions for all media of interest will follow EPA guidance
(EPA 2002e) as well as other relevant EPA Superfund guidance and regulatory and statutory
requirements.

After completing the evaluation of the nature and extent of contamination in the remedial
investigation and assessing risks in the baseline ERA (BERA) and EPA’s HHRA, site-specific
preliminary remediation goals (PRGs) will be developed for those chemicals identified as
posing unacceptable risks. The methods, assumptions, and the PRG development process as
well as deliverables will be described in the BERA Work Plan.

To examine spatial distributions of risk, it is anticipated that map layers will be created for
each ecological endpoint, depicting areas that exceed the PRGs. The ecological risk-based
PRGs and map overlays will be combined with the human health-based PRGs (to be
developed by EPA) to examine differences and similarities in spatial distributions. Where
overlap exists, the lowest PRG will be identified as the target concentration for consideration
in the feasibility study.

Potential remedial alternatives will be developed and screened in the feasibility study. Final
alternatives will then be evaluated in detail with respect to the nine CERCLA evaluation
criteria (EPA 1988) and the preferred remedy recommended to EPA. Per the Agreement (EPA
2006h), site conditions also may dictate the need for interim actions or early actions prior to or
following completion of the RI. The decisionmaking process used to determine whether an
interim action/early action is warranted, and the necessary steps to develop and implement
these actions, will follow CERCLA guidance.

Key components to successful implementation of the RI/FS approach include the following:

e DQO Process. A cornerstone of the RI/FS process will be adherence to EPA’s DQO
process (2000a) to focus data collection efforts on questions related to the nature and
extent of contamination, the evaluation of risk, and the development of remedial
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alternatives. The DQO process will be used to identify data gaps and focus the
numerous field and laboratory investigations that will be conducted. These studies
are identified in Section 8. The sampling and analysis plan developed for each
investigation will detail the investigation’s DQOs and also describe how existing
data were used to evaluate Site conditions and to identify data gaps.

e Communication. A critically important component of TCAI’s approach for the RI/FS
involves working closely with EPA throughout the RI/FS. As discussed in more
detail in Section 12, frequent technical meetings will be held in person, via conference
call, or via online meetings. TCAI will solicit input from EPA on technical issues and
study designs prior to submitting formal sampling and analysis plans (SAPs) and
technical memoranda addressing sampling programs, data evaluation, or modeling
approaches. The intent is to assist TCAI in producing quality draft deliverables and
to ensure meaningful dialogue between TCAI, EPA, and the Participating Parties on
those deliverables.

e Coordination with HHRA. Successful implementation of the RI/FS will be enhanced
by the coordination between TCAI and EPA with respect to the HHRA that will be
prepared by EPA and the remainder of the work that will be completed by TCAIL
Meeting the objectives of the RI/FS will require close coordination between TCAI,
EPA and Participating Parties to ensure that the appropriate data are collected to
support all project objectives.

e Flexibility. As information becomes available and as our understanding of the Site is
refined, EPA may require TCAI to perform additional tasks that are necessary to
complete the RI/FS. These additional tasks will be completed in accordance with and
will follow the same review and coordination process as established in the
Settlement Agreement (2006h).

2.2 TASK DESCRIPTIONS

The RI/FS approach presented in this work plan is based on EPA guidance for conducting an
RI/FS (EPA 1988). As defined in the guidance, a number of different tasks are conducted
during the RI/FS in a well established sequence. EPA’s RI/FS approach has been tailored to the
UCR as shown in Figure 2-1. This section provides an overview of the work that will be
accomplished within the tasks shown. More specific information on work to be performed in
individual technical areas is provided in Sections 8, 9, and 10 of this work plan. The
information provided in the remainder of this work plan will be further refined as the RI/FS
moves forward, as work plans for the HHRA (prepared by EPA) and BERA (prepared by
TCAI) are developed, as strategies evolve to address key issues, and as additional work
products are prepared for EPA review and approval.

The Agreement (EPA 2006h) defines nine tasks that must be completed. The nine tasks are
summarized briefly in the subsections below.
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2.2.1 Scoping (Task 1)

The purpose of project scoping is to compile and evaluate existing information and develop
plans for carrying out the RI/FS. This work plan is a key component of project scoping. There
are three aspects to scoping as discussed below.

2.2.1.1 Site Background Information

A key first step in the RI/FS is to gather and analyze existing site information and prepare a
problem formulation which identifies goals and preliminary assessment endpoints. This work
plan presents an overview of existing Site information, preliminary identification of ARARs,
and general descriptions of the conceptual site models for fate and transport and ecological
exposure.

A preliminary problem formulation for the ERA was reviewed with EPA during an April 2007
workshop. It has been further developed since then and was presented in the draft screening
level ecological risk assessment (SLERA) submitted to EPA in December 2008 (TCAI 2008).
The preliminary problem formulation will be refined, based in part on detailed evaluation of
existing data sets, in the BERA Work Plan, which is due to EPA 120 days after the RI/FS work
plan is approved. Note that for planned studies that are not dependent on completion of the
BERA Work Plan, detailed evaluations of existing data and identification of data gaps will be
included in the SAP for the study.

2.2.1.2 Project Planning

The Agreement calls for the completion of a number of steps under the scoping tasks as part of
project planning, including development of preliminary ecological risk management-based
action objectives, identification of potential ARARs, and preparation of a tiered screening level
risk assessment, as described below. The Agreement also lists documenting the need for
treatability studies under project planning. This effort is part of the feasibility study process,
and is described in Section 2.2.4.

Preliminary Risk Management-Based Action Objectives

The SOW requires identification of a set of preliminary risk management-based action
objectives (RMAOs)” to guide the RI/FS. The RMAOs establish remedial action objectives
specific to contaminants and media of concern, potential exposure pathways, and remedial
goals. In their preliminary form, the RMAOs broadly encompass the primary exposure
pathways and receptors of concern at the Site (see the CSMs in Section 6). The preliminary
RMAOs will be refined throughout the assessment process, as problem formulation and the

7 As stated in the June 2, 2006, Settlement Agreement (EPA 2006k) between TCAI and EPA, risk-
management-based action objectives (RMAOs) developed for this site “shall have the same meaning as
remedial action objectives in the National Oil and Hazardous Substances Pollution Contingency Plan
(NCP) and their development shall be consistent with the NCP.”
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conceptual exposure model for the ERA are further developed (e.g., chemicals, receptors, and
exposure media may be screened out), as ARARs are identified, and as information about the
Site is assembled and synthesized.

As specified in the SOW, TCAI prepared “Technical Memorandum No. 1, Preliminary
Ecological Risk Management-Based Action Objectives (RMAOs).” The draft Technical
Memorandum No. 1 was submitted to EPA on October 27, 2006, was revised based on EPA
comments, and was then submitted in final form on March 11, 2007. A copy of the final
memorandum is provided in Appendix A. The preliminary ecological RMAOs included in
Technical Memorandum No. 1, by medium, are listed in Table 2-1. These ecological RMAOs
will provide a guiding framework for the remedial investigation to ensure the protection of
the environment. The human health RMAGOs for the Site are being developed by the EPA
under a separate human health risk assessment program.

Preliminary ARARs

Potential ARARs for the Site have been preliminarily identified based on current information
regarding Site conditions and contaminants. Table 2-2 summarizes these preliminary ARARs.
The current understanding of the tribal environmental standards potentially applicable or
relevant and appropriate to this Site supports their inclusion as ARARs under the statutory
standards and EPA guidelines. As the RI/FS process proceeds and additional information
becomes available, the potential ARARs identified in Table 2-2 will be reviewed and additions
and deletions will be made, as appropriate. Specifically, as RMAOs are refined and remedial
action alternatives are developed, ARARs and TBCs will be reevaluated based on a listing of
constituents of concern, affected media, and the specific location of any proposed remedial
actions. Additional ARARs may be identified after a thorough review of additional
information generated as part of the RI/FS process. Federal, state, tribal, and local laws (if
appropriate) that govern the constituents of concern, affected media, and location of proposed
remedial actions will be reviewed. As necessary, agencies responsible for implementing
environmental laws that are ARARs will be contacted to obtain practical information on
meeting the substantive requirements of the ARARs.

As detailed remedial alternatives are developed, each alternative will be evaluated as to
whether it is in compliance with the substantive requirements of each ARAR. If a waiver from
an ARAR is appropriate, a rationale will be provided for the proposed waiver. As part of the
remedy selection, a final determination of ARARs will be made by EPA and after
consideration of public comments.

EPA has also developed another category of requirements termed “to be considered” (TBC),
which includes non-promulgated criteria, guidelines, and proposed standards issued by
federal, state, or tribal governments. TBCs are not promulgated or enforceable. Identification
of and compliance with TBCs are not mandatory in the same manner as for ARARs. As
required in the SOW, preliminary identification of potential TBCs has been initiated. Results of
this preliminary identification are summarized in Table 2-3.
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Screening-Level Ecological Risk Assessment

The Agreement, pursuant to EPA guidance, calls for preparation of a SLERA during project
planning. The draft SLERA, including preliminary problem formulation, was submitted to
EPA in December 2008 (TCAI 2008). Problem formulation will undergo further refinement,
per Step 3.2 of EPA’s ERA guidance (EPA 1997a; 1997b), in the BERA Work Plan and
following each data collection effort. As a result of the refinement process, additional studies
or data evaluations may be necessary to improve understanding of site-specific conditions.

2.2.1.3 Scoping Deliverables

A number of scoping deliverables are required under the terms of the Agreement. In addition
to this work plan, the Agreement calls for preparation of a cultural resources coordination
plan, SAP, and a site health and safety plan (HASP) for each field investigation. The content of
these plans is described in Section 11. SAPs will be prepared for each field investigation
associated with the RI/FS and will be submitted in 2008 and subsequent years. Prior to
delivery of each SAP, TCAI will discuss the study design and rationale with EPA. EPA will
coordinate with the Participating Parties and solicit input that may be used to modify or refine
the scope of each major data collection effort.

Scoping will continue throughout the duration of the RI/FS as individual components of the
project (e.g., SLERA, BERA Work Plan [Task 4], EPA’s HHRA work plan) are prepared, with
the level of detail increasing as individual tasks are further refined and planned.

2.2.1.4 Permits and Consultations

DOI will require permits as identified in the July 2008 Access Agreement between TCAI and
DOIL. Briefly, a Special Use Permit will be required and permits associated with cultural
resources may be required for each RI/FS sampling activity.

2.2.2 Community Relations (Task 2)

Community relations are an important and highly valuable part of the RI/FS process.
Providing information to the community helps keep community members informed of the
activities being conducted at the Site and helps EPA respond to community concerns.

EPA is the lead for community relations regarding the UCR Site and has the responsibility for
preparing a community relations plan. Under the Agreement, EPA will conduct community
interviews, develop a community relations plan, and communicate with local, state, and tribal
governmental representatives. EPA will also be responsible for conducting public meetings
and workshops. TCAI will assist in EPA’s community relations activities as EPA deems
appropriate.
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2.2.3 Remedial Investigation

The focus of the remedial investigation is to determine the nature and extent of COls; identify
sources of COlIs, including the potential for ongoing chemical release and the potential
mobility and persistence of chemicals; identify risks associated with COCs within the Site; and
characterize transport and fate processes related to current and future conditions representing
unacceptable risk. The remedial investigation will involve multiple data collection efforts to
gather sufficient information necessary to make informed decisions.

2.2.3.1 Site Characterization (Task 3)

The objective of site characterization is to conduct field investigations to define the nature and
extent of contamination and develop the baseline risk assessment as described in EPA
guidance (EPA 1988). The UCR RI/FS will include a series of field investigations to collect site
characterization data (e.g., physical and ecological settings, sources of contamination, nature
and extent of contamination, and background conditions) in order to make informed decisions
about the level of risk presented by the Site and the appropriate type(s) of remedial action that
may be required. The field investigation effort will be iterative, wherein information acquired
in previous efforts will be used to direct and focus subsequent DQO development and
sampling efforts.

Transport and fate processes and contaminant source identification are included within the
context of nature and extent. In addition, data will be collected for the feasibility study during
the remedial investigation to maintain project efficiencies. Additional data collection to
support the feasibility study may be needed following the remedial investigation. Site
characterization involves evaluating existing data, identifying data gaps using EPA’s DQO
process, collecting new data via field investigations, and evaluating historical and new data to
accurately define and determine site conditions (Figure 2-1). This approach allows the project
to focus on the gathering of information necessary to support informed risk-based decisions
within designated schedules (EPA 1988).

Studies described in this work plan, and future work plan addenda (as needed), will be
undertaken as part of site characterization. The SAPs and the HASP will be implemented
during site characterization, as will the coordination steps outlined in the cultural resource
coordination plan (see Sections 1.4 and 11.1.5).

Field Investigations
A series of field investigations will be conducted to gather data needed to complete the RI/FS.
To support the RI/FS, TCAI will:

e  Work with EPA during the development of field studies to garner perspectives from
EPA technical staff and Participating Parties prior to the submission of the formal
SAP.
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e Implement and document field support activities, including obtaining site access
agreements and permits, setting up a field support office, and contracting for support
services.

e Investigate and define Site chemical, physical, and biological characteristics to
characterize the nature and extent of contamination, characterize background
conditions, define potential transport pathways, support the human health and
ecological risk assessments, support fate analyses, and support the development and
screening of remedial alternatives.

Identify sources of contamination to the Site, including the potential for historical and future
chemical releases, and the mobility, persistence, and toxicity associated with such releases. A
number of required and potential studies are identified in the SOW. As the project progresses,
additional studies may be required or it may be determined that some studies described in the
SOW may not be required. If it is determined that a SOW-required study is not necessary, the
rationale for eliminating it along with supporting data or other evidence will be documented
in a memorandum submitted by TCAI for EPA approval.

The field and laboratory studies that are currently planned for 2009 and 2010 are detailed in
Section 8. Section 8 also contains brief descriptions of additional studies that may be required
to complete the RI/FS. TCAI will notify EPA of upcoming field events at least 6 weeks prior to
the initiation of sampling, and will keep EPA informed of sampling progress in monthly
progress reports (see Section 12).

Data Analyses
Data gathered during the RI/FS will be evaluated to describe the following;:

e Nature and extent of contamination
o Contaminant source characteristics
e Site physical, geochemical (non-contaminant), and biological characteristics

e Contaminant transport and fate

The nature and extent of contamination evaluation will focus on analyses that are important to
the risk assessments and subsequent development of remedial alternatives. These analyses are
expected to include evaluations of the horizontal and vertical extent of COlIs in environmental
media and spatial and temporal trends in COI concentrations.

The transport and fate analyses will focus on areas with chemical concentrations that pose an
unacceptable current or future risk to human health and the environment either in present
locations or potential future ones. The transport and fate analysis will focus on exposure
pathways between chemicals and receptors, and will be developed from physical data on the
depositional (or erosional) conditions in areas of interest, and on bioavailability and
bioaccessibility information. Empirical studies and numeric models will be considered in

U.S. Environmental Protection Agency 2-8



Upper Columbia River
RI/FS Work Plan December 2008

developing the approach to assessing the transport and fate of chemicals. Prior to the
development and use of such models, TCAI will prepare a technical memorandum describing
the recommended models, sampling data needs, and input parameters for EPA review and
approval.

Data Management Procedures

TCAI will follow rigorous data management procedures throughout the RI/FS according to
the project data management plan that is presented in Appendix B. In the development of the
database, TCAI has worked with EPA to ensure the compatibility and accessibility of Site data.
The following four data management systems will be implemented: project database,
geographic information system (GIS), hard copy files, and project web site.®

Site Characterization Deliverables

Several reports are specified in the Agreement, as described in more detail in Section 11 of this
work plan, including a preliminary site characterization summary and the remedial
investigation report. As new data are collected, the CSMs will be refined. This process of
refinement and adaptive management will be documented in site characterization reports that
summarize major data collection efforts, apply the results to the UCR CSMs, and identify
additional information needs (if any). In addition to these required deliverables, TCAI will
provide data validation reports following the completion of each sampling event. These site
characterization deliverables are shown on the project schedule.

2.2.3.2 Risk Assessment Tasks (Task 4)

Risk assessments for the UCR will be divided between EPA and TCAI, with EPA preparing
the HHRA and TCAI preparing the ERA. Because both risk assessment processes will require
the collection of similar data to characterize exposures, it will be important for the risk
assessments to follow parallel schedules. Timely coordination between EPA and TCAI on
identifying and negotiating data needs, as well as coordinating certain data analyses, will help
ensure the efficient completion of the RI/FS.

Human Health Risk Assessment

TCAI will participate in the HHRA process by funding or conducting studies on consumption
of Site resources, recreational use, and resource use for both present and future use scenarios
at the Site. TCAI will also coordinate with EPA on the preparation of the HHRA and may
provide comment on HHRA-related documents made available by EPA.

As outlined in the Agreement, preparation of the HHRA will involve close coordination with
tribal members. For studies, surveys, and field sampling pertaining to tribal customs and
practices, the tribes and EPA will first coordinate with TCAI regarding possible approaches

8 http://www.ucr-rifs.com
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and methods. After these discussions, the tribes, in consultation with EPA, will develop work
plans, field sampling plans (FSPs), and QAPPs. EPA and the tribes will provide these plans to
TCAI for comment, with information of a culturally sensitive nature redacted as appropriate.
The tribes will implement studies involving tribal behavior, customs, and practices (e.g., fish
consumption, tribal uses of native plants), and may implement other studies as approved by
EPA. Survey results will be maintained by EPA and made available to TCAL

Baseline Ecological Risk Assessment

The purpose of the BERA is to quantitatively describe potential ecological risks posed by the
Site under current and future conditions. Both aquatic and terrestrial components of the ERA
will be completed by TCAI according to EPA guidance (EPA 1988; 1997a; 1999a; 2004e).
Additional information on the general approach for conducting the BERA is provided in
Section 9.

The draft SLERA was submitted to EPA in December 2008 (TCAI 2008). The final SLERA will
contain a comparison of available information on COls in surface water, porewater, and
sediment relative to conservative ecological benchmarks. The SLERA will be followed by the
BERA Work Plan, which is due to EPA within 120 days of EPA’s approval of this RI/FS work
plan. The BERA Work Plan will contain a thorough evaluation, including statistical analyses,
of surface water, porewater, sediment chemistry, sediment toxicity, habitat presence, benthic
communities, fish tissue, zooplankton communities, and soil data (including both upland and
floodplain depositional areas). The BERA Work Plan will build on and refine the preliminary
problem formulation for the Site provided in the SLERA and will also provide more detail on
ERA methods. Additional information concerning the BERA Work Plan content is provided in
Sections 9 and 11.

2.2.4 Feasibility Study Tasks

The objective of the feasibility study is to identify a range of remedial alternatives that meet
CERCLA requirements, analyze the remedial alternatives, and present the information
necessary for decision-makers to select a Site remedy. The feasibility study will be initiated
during the remedial investigation and completed following completion of the remedial
investigation report. Following EPA guidance (EPA 1988), the feasibility study will involve
three primary phases: development of alternatives, screening of alternatives, and detailed
analysis of alternatives. Remedial alternatives may comprise several general response actions
(GRAs) and associated technologies (e.g., containment/capping, excavation/dredging,
disposal/landfilling), and will be developed to address the contaminated media (e.g.,
sediment) within specific areas of the Site (e.g., river reaches, bank areas, beaches).

Based on the results of the feasibility study, EPA will select a preferred remedial action
alternative. A brief overview of the major feasibility study steps is provided below. Additional
details are provided in Section 10.
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2.2.4.1 Treatability Studies (Task 5)

Pursuant to the Agreement, TCAI will prepare a technical memorandum on the determination
of candidate remedial technologies and need for testing in which the literature will be
reviewed, candidate remedial technologies will be presented, and the need for treatability
testing ascertained. Where it is determined by EPA that treatability testing is required, and
unless TCAI can demonstrate to EPA’s satisfaction that it is not needed, TCAI shall submit a
treatability testing work plan to EPA outlining the steps and data necessary to evaluate and
initiate the treatability testing program. Preparation of a treatability testing work plan, and/or
project work plan addendum, will follow EPA guidance for treatability testing and will
provide details of the tasks and deliverables associated with treatability testing.

2.2.4.2 Development and Screening of Remedial Alternatives (Task 6)

The purpose of the development and screening of remedial alternatives is to develop an
appropriate range of waste management options that will be analyzed more fully in the
detailed analysis phase of the feasibility study (EPA 1988). The process involves the following:

e Updating the RMAOQOs based on the results of the baseline risk assessments

e Developing GRAs (e.g., removal, capping)

e Identifying areas and volumes that may be addressed through response actions

e Identifying and screening technologies to eliminate those that, for technical reasons,
cannot be implemented at the Site

e Assembling the technologies into alternatives representing a range of options for the
Site.

e Refining the remedial alternatives

e Screening the alternatives based on short- and long-term effectiveness,
implementability, and cost

TCAI will document the screening process in a technical memorandum, including the
methods used, rationale, and results.

2.2.4.3 Detailed Analysis of Remedial Alternatives (Task 7)

The purpose of the detailed analysis of remedial alternatives is to present the relevant
information needed to allow EPA to select a remedy for the Site. Each alternative will be
compared against nine CERCLA evaluation criteria (EPA 1988):

e Opverall protection of human health and the environment
e Compliance with ARARs

e Long-term effectiveness and permanence
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e Reduction of toxicity, mobility, or volume

e Short-term effectiveness

e Implementability

e Cost

e State acceptance (considered after the RI/FS has been released for public review)

e Community acceptance (considered after the RI/FS has been released for public
review)

In addition, a comparative analysis of the alternatives against these evaluation criteria will be
undertaken. EPA will identify and select the preferred alternative. Additional details are
provided in Section 10. TCAI will submit a technical memorandum summarizing the results of
the comparative analysis of alternatives as well as the feasibility study report.

2.2.5 Project Schedule (Task 8)

The RI/FS is expected to require approximately 7 to 9 years to complete, depending on the
nature of the studies conducted, the interdependency and timing of field and laboratory
studies, and the complexity of the risk assessment processes and feasibility study. Additional
discussion of the project schedule is provided in Section 12.

2.2.6 Potential Early Actions (Task 9)

The purpose of early actions is to protect human health and/or the environment from
contaminants. Early actions are generally removal actions (i.e., contaminant exposure routes
are removed through material removal or isolation) implemented within a short planning
period. Non-time-critical removal actions have a planning period of 6 months or more,
whereas time-critical removal actions require onsite action within 6 months. EPA and TCAI
will evaluate the need for early actions on an ongoing basis throughout the RI/FS process,
using representative, site-specific data and preliminary risk evaluation findings.
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3 SITE DESCRIPTION

This section provides a general characterization of the Site, including descriptions of Site
history and usage, physical characteristics, and ecological resources.

3.1 SITE CHARACTERISTICS AND USE

The UCR Site is located in north central Washington (Map 1-1). The Site extends along the
Columbia River from the border between the United States and Canada downstream to the
Grand Coulee Dam (EPA 2006h). The Site includes the areal extent of contamination and all
suitable areas in proximity to such contamination necessary for implementation of response
actions.

Immediately upstream of the Grand Coulee Dam, the impounded river forms Lake Roosevelt
reservoir. The elevation of water maintained within Lake Roosevelt is managed by the U.S.
Bureau of Reclamation (USBR) to provide flood control, irrigation, recreation, fisheries,
navigation, flow regulation, and power generation (EPA 2005c). The maximum water
elevation maintained in Lake Roosevelt (or full pool elevation) is 1,290 feet amsl. During the
annual operating cycle, water levels in the reservoir are typically drawn down between
January and April to accommodate increased spring flows. The level of drawdown is
determined based on estimates for the spring runoff volumes and the projected runoff at The
Dalles (USBR 2007a; EPA 2005c). At full pool, Lake Roosevelt extends at least 133 miles
upriver to U.S. Geological Survey (USGS) river mile (RM) 730, within 15 miles of the Canadian
border, and is bordered by over 600 miles of publicly available shoreline (EPA 2005¢; LRF
2006a; NPS 2006¢). At the northern end of the Site, the free-flowing reach of the UCR is
generally undeveloped, bordered by the Colville National Forest to the west (EPA 2003b).
Highway 25 runs adjacent to the eastern shore of this portion of the river, which is
characterized by largely undeveloped public and private land.

The upland area surrounding the Site is generally thinly populated and consists of forests and
farmland. Communities located along Highway 395 to the west of the UCR include Barstow
and Boyds. Communities located to the east of the UCR, along Highway 25, include, from
north to south, Northport, Evans, Marcus, Rice, Daisy, Gifford, Cedonia, Hunters, Fruitland,
and Enterprise. Further south, the Colville Indian Reservation borders Lake Roosevelt to the
north and west for approximately 93 river miles. This area includes several communities, the
largest of which are Coulee Dam, Inchelium, and Keller (EPA 2003b). The Spokane Indian
Reservation borders approximately 8 miles of the reservoir to the east, just south of the
community of Enterprise and north of the Spokane River.
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3.1.1 Human Settlement and Cultural Resources

This section provides an overview of the prehistory, native peoples, and Euroamerican
historical development of the UCR drainage. It is intended to offer an introductory framework
for addressing the diverse cultural resources of this area. Primary sources of information on
the prehistory of the area are Ames et al. (1998), Goodal et al. (2004), and Pokotlyo and
Mitchell (1998); for Native peoples, the sources are Kennedy and Bouchard (1998), Lahren
(1998), Miller (1998), and Ross (1998); and for Euroamerican history, McKay and Renk (2002).

Human prehistory of the UCR area extends back at least 10,000 years. Although settlements
were dispersed and occupied for short periods of time, major resource locations such as Kettle
Falls were already being intensively utilized. Kettle Falls is one of the most significant cultural
sites in the Western Hemisphere; early artifacts of human occupation there date from about
8,800 to 9,600 years ago (Chance 1986). Permanent villages at Kettle Falls and other locations
along the UCR, supported by a substantial salmon fishery, have existed for at least 3,000 years
(Kennedy and Bouchard 1998; Lahren 1998; Miller 1998; Ross 1998). Approximately 3,000
years ago, the general patterns of land and resource use among native peoples are evident in
the archaeological record. These patterns include residence through the winter at established
village locations, with seasonal shifts to resource locations during the summer (although some
villages may have been occupied year-round). Native groups were much larger and less
mobile than during the early millennia of human occupation. Salmon increasingly dominated
the diet of native peoples, eventually becoming the single most important element in the diet.
There is evidence of considerable cultural continuity from this period through Euroamerican
contact in the late 1700s and early 1800s. At the time of initial Euroamerican presence in the
region, which began in the early 1800s, Native American tribes and their sub-groups in the
UCR area included: Lakes (sngaytskstx), Colville (sxweyi'7lhp), Sanpoil (snpgwa ylxex),
Lower Spokane (skasi'lhni) and Moses (snk'e7 iwsx) (Bouchard and Kennedy 1979). The
Lakes people are named for their lands around Lower and Upper Arrow lakes and Slocan
Lake but their homeland extended down the Columbia River to the vicinity of modern
Northport, Washington. By the later 1800s, there were Lakes villages as far south as Kettle
Falls. The Colville occupied the Columbia River valley south of the Lakes people to near the
mouth of Wilmont Creek. Below the Colville on the Columbia River were the Spokane on the
east bank of the Columbia and in the Spokane River drainage and the Sanpoil on the west
bank.

There were no boundaries in a modern sense between these groups, and group homelands
were defined primarily by geographic areas of traditional and regular use. Furthermore, the
extensive network of kin, marriage, and exchange relationships that radiated across the
Columbia Plateau made the homeland “boundaries” highly permeable. In addition, major
resource locations such as Kettle Falls attracted hundreds, if not thousands, of visitors from
within and outside the region to fish, trade, and socialize.
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Contacts between native populations and Euroamericans in the UCR region began in the early
1800s as Canadian and American fur companies established trading posts throughout the
Pacific Northwest. Spokane House was founded on the lower Spokane River in 1810 and a
nearby competing post, Fort Spokane, was founded in 1812. Both posts were eventually
abandoned and a new one established at Kettle Falls, known as Fort Colville. These fur-
trading operations dominated Euroamerican use of the UCR region into the early 1850s.

A harbinger of growing American interest in the region was the Tshimakain Mission, founded
in 1838 near the modern location of Ford, and St. Paul’s Mission built in 1847 near Kettle Falls
(NPS 2007b). The discovery of gold in the upper Columbia drainage spurred a mining boom
beginning in the late 1850s and continuing through the late 19th century. Conflicts between
Indians and miners led to the 1855 Yakama War; in 1880-1882, a military post (Fort Spokane)
was established at the mouth of the Spokane River (the fort was closed as a military post in
1899 and operated as an Indian school from 1900 to 1908). Other federal acts during this era
further impacted tribal cultures as individual allotments of lands were made to tribal
members in efforts to contain tribal movement and provide lands and resources for settlers
and development.

Many of the modern towns in the UCR region were founded from the late 1850s through the
1880s as mining communities or as supply centers for the mining districts. Farming, grazing,
and timber grew increasingly important to the development of the area through the early
1900s. By the late 19th century, European farmers and loggers had settled widely in central
Washington. Chinese immigrant miners and other laborers also arrived during this time.
Irrigation-dependent farming rose to prominence in the early 20th century.

With the growing demand of settlers, treaties were signed in 1855 to cede Indian lands to the
federal government. Only one of these treaties (the Yakima Treaty) included groups in the
present study area. The Yakima Treaty created the modern Yakama Reservation, which is to
the southwest of the UCR region. The Colville Reservation was created by executive order in
1872; the Spokane Reservation was created by executive order in 1881. Portions of the UCR
Site are located within the Colville and Spokane reservations. The present boundaries of the
reservation include approximately 1.4 million acres (2,200 square miles), including northern
and western shorelines of approximately 93 miles of the UCR extending upstream from Grand
Coulee Dam (Map 1-1; CCT 2008). The reservation is the home of members of The
Confederated Tribes of the Colville Reservation, which include the Colville, the Nespelem, the
San Poil, the Lakes, the Palus, the Wenatchee, the Chelan, the Entiat, the Methow, the
Okanogan, the Moses Columbia, and the Nez Perce (CCT 2008).

The original north boundary of the reservation was the Canadian border; this former “North
Half” of the Colville Indian Reservation continues to be an important homeland to the CCT.
The CCT exercises certain management and regulatory authority in this area from the
northern boundary of the current reservation north to the Canadian border, bounded by the
Okanogan and Columbia rivers. CCT-owned land and individual tribal members reside on the
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North Half and use the lands, waters, and natural resources for cultural and subsistence uses
as they do on the reservation. In Antoine v. Washington, the Supreme Court affirmed the
Colville Tribes’ rights to hunt and fish on the North Half (Alexander Antoine v. State of
Washington 420 US 194. 1975). The total population of the Colville Reservation in the year
2000 was estimated to have been approximately 7,600 people (Washington State Office of
Financial Management [OFM] 2006).

The Spokane Reservation is the home of members of three bands of the Spokane Tribe of
Indians (STI): Upper, Middle, and Lower Spokane (STI 2008). The Spokane Reservation
originally consisted of 154,602 acres. A joint resolution of Congress was passed in 1902 to allot
the reservation. The Secretary of the Interior was authorized to sell unallotted surplus lands in
1908, and it was opened up for homestead entry in 1909. The Upper and Middle Spokane
signed an agreement in 1887, ratified in 1892, to be removed to the Coeur d’Alene Reservation.
In 1958, 2,752 acres was restored to the Spokane Indian Reservation by an act of Congress.
Today, the reservation includes approximately 160,000 acres of land (250 square miles),
including an eastern shoreline of approximately 8 miles of the UCR extending upstream from
the confluence with the Spokane River (Map 1-1) (STI 2008). The total population of the
Spokane Reservation in the year 2000 was estimated to have been approximately 2,000 people
(OFM 2006). The UCR Site remains the permanent homeland for the STI people today.

A western power shortage associated with World War II led Franklin D. Roosevelt to
authorize the Columbia Basin Project, including the Grand Coulee Dam and Banks Lake, a
holding reservoir. The implementation of this project altered the historical, cultural, and
natural resources of the UCR, leading to present day conditions. The construction of Grand
Coulee Dam in the late 1930s and the creation of Lake Roosevelt also created opportunities for
recreation that have gained greater importance in the local economies over the past 30 to 40
years as mining and timber production have declined. Historic-period communities that were
located along the Columbia River and were either destroyed or relocated with the creation of
Lake Roosevelt included Keller, Peach, Lincoln, Gerome, Gifford, Inchelium, Daisy, Kettle
Falls, Marcus, Boyds, and Fort Colville.

Physical traces of past human settlement in the UCR region can be seen in the hundreds of
prehistoric archaeological sites recorded along the river, the dozens of historically
documented Indian village locations, and the remains of historic-period farms, ranches, and
communities. All cultural and historical sites along the river are protected under state and/or
federal law.

Development of the Grand Coulee Dam and concerns about inundation of archeological sites
along the waterways where aboriginal tribes had camps stimulated much of the
documentation of the prehistory of the UCR Valley. The EPA (EPA 2004e) identifies four
phases of archeological investigations: pre-inundation investigations during the 1930s and
1940s by the Columbia Basin Archaeological Survey, post-inundation salvage excavations by
the University of Idaho and Washington State University in the 1960s and 1970s, numerous
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cultural resource surveys of portions of the reservoir from the 1960s through 1996, and since
1996, archeological and cultural investigations instituted by an intensive compliance
agreement program managed and implemented by federal agencies (Bonneville Power
Administration [BPA], USBR, and NPS) and the tribes. As of 2006, more than 600
archaeological sites have been recorded between the Canadian border and the dam (EPA
2007d). The archaeological record with respect to cultural historical sequence, prehistoric land
use, subsistence, settlement/housing, and trade was reviewed by Galm and Luttrell (1994, as
cited in EPA 2004e).

The majority of the project area is in federal or tribal jurisdiction, but some areas outside these
jurisdictions may be subject to Washington laws that address Indian burials, historic
cemeteries, and archaeological and historical resources.

In addition to archeological cultural resources, continuing use of some areas by tribal peoples
and other communities may constitute traditional cultural properties that are also legally
protected. In addressing cultural and natural resources, it is important to note that many
traditional communities do not distinguish between “natural” and “cultural” resources.
Most—if not all —plants and animals also have cultural meaning and play important roles in
the cultural life of the community, as do many natural landmarks and features. Elements such
as clean water or salmon, which Western culture tends to view as distinct from human life, are
often viewed as integral to both individual and group identity. Natural and cultural resources
are therefore considered so interwoven that they cannot be addressed separately. In a
somewhat similar manner, salmon have achieved an iconic status in the Pacific Northwest as
part of the distinctive identity of the region.

3.1.2 Current Demographics

The UCR area includes several towns and communities outside of the Colville and Spokane
reservations that are adjacent to or near the river. Demographic profiles based upon the 2000
United States census are available for some of the larger communities. This information is
summarized below and in Table 3-1.

The total population of Northport in 2000 was 336, with a median age of 42.8 years

(Table 3-1). Six percent of the population in 2000 was under age 5 and 17.3 percent was age 65
or older. Of the total population of Northport, 94.9 percent are categorized as white (U.S.
Census Bureau 2006).

The total population of Marcus in 2000 was 117, with a median age of 43.5 years. Of the total
population in 2000, 6 percent was under 5 years and 14.5 percent was 65 years and over. The
racial diversity of Marcus was similar to that of Northport (U.S. Census Bureau 2006).

The total population of Kettle Falls in 2000 was 1,527, with a median age of 34.4 years;
8.3 percent of the population in 2000 was under age 5 and 15.8 percent was age 65 or older. Of
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the total population of Kettle Falls, 91.3 percent was categorized as white, 3.9 percent as
American Indian/Alaska Native, and 2.8 percent as Hispanic/Latino (U.S. Census Bureau
2007a).

The total population of Coulee Dam in 2000 was 1,044, with a median age of 44.5 years (see
Table 3-1). The percentage of the total population under 5 years of age was 5 percent, and
65 years and older was 20.3 percent. Coulee Dam is a racially diverse community with

64.6 percent of the population categorized as white, 29.1 percent as American Indian/Alaska
native, 2.8 percent as Hispanic/Latino, and less than 1 percent Black/African-American or
Asian (U.S. Census Bureau 2006).

The city of Grand Coulee had a total population of 897 in 2000, with a median age of 45.3;

5.5 percent of the population was under 5 years of age and 23.6 percent of the population was
over 65 years of age. In 2000, 81.3 percent of the population was categorized as white,

12.5 percent as American Indian/Alaska Native, and 4.9 percent as Hispanic/Latino (U.S.
Census Bureau 2007a).

The total population of Inchelium in 2000 was 389, with a median age of 32.9 years.

The percentage of the total population under 5 years of age was 5.4 percent and 65 years and
older was 10.5 percent. In 2000, 76.6 percent of the population was categorized as American
Indian/Alaska Native, 20.3 percent as white, and 1.5 percent as Hispanic/Latino (U.S. Census
Bureau 2006).

The total population of zip code 99137 in 2000, which includes the towns of Hunters and
Cedonia, was 306, with a median age of 41.5 years. The percentage of the total population
under 5 years of age was 4.2 percent and 65 years and older was 15.4 percent. In 2000,
87.6 percent of the population was categorized as white, 4.6 percent as American
Indian/Alaska Native and 1.3 percent as Hispanic/Latino (U.S. Census Bureau 2007b).

In 2000, the total population of the Colville Indian Reservation was 7,587. The terrain of the
Colville Indian Reservation is mountainous and mostly forested, with a small amount of
farmland. The Colville Indian Reservation is thinly populated with an average of 3.6 persons
per square mile (OFM 2006). Logging and mining dominate the economy (EPA 2003b).

In 2000, the total population of the Spokane Indian Reservation was 2,004 (OFM 2006). The
area east of the UCR is a mixture of forest and farmland, with a population density of

14.3 persons per square mile. Forest products manufacturing dominates the economy (EPA
2003b).

The area south of the Site is generally flat with low rolling hills and is primarily agricultural.
The population density is 4.2 persons per square mile (EPA 2003b).
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3.1.3 Site Uses

A summary of primary uses of the UCR Site by residents and visitors is described below.

3.1.3.1 Recreation and Occupational Uses

A large portion of Lake Roosevelt has been designated as the LRNRA, which is managed by
the NPS. The LRNRA attracts more than 1.3 million visitors per year (NPS 2006¢). According
to the Fiscal Year 2003 Annual Performance Plan, the park employs approximately 54
permanent and 49 seasonal employees and receives up to 4,000 hours of volunteer labor
annually. Maintenance and administrative offices for the park are located in Coulee Dam,
Spring Canyon, Fort Spokane, and Kettle Falls (NPS 2006c).

Portions of Lake Roosevelt that are not included in the LRNRA are managed by CCT and STL
The NPS, CCT, and STI cooperate as managing partners as described in the Lake Roosevelt
Cooperative Management Agreement (the 5-party agreement). Designated recreational uses of
the LRNRA include boating, fishing, swimming, wading, camping, canoeing, and hunting.

Developed areas overseen by the NPS include 22 boat launches, 27 campgrounds, and three
concessionaire-operated marinas (Seven Bays, Keller Ferry, and Kettle Falls Marinas) that
provide moorage, boat rental, fuel, supplies, food service, and other services. Figure 3-1 is a
reproduction of an NPS map showing water management zones of the lake and recreational
facilities along the UCR (LRF 2007b; EPA 2007c). Two Rivers Marina (not part of the National
Recreation Area) is owned and operated by the STI.

The remainder of the Lake Roosevelt shoreline managed by the NPS is undeveloped. The NPS
allows camping on any undeveloped shoreline. The Colville and Spokane Indian reservations
also provide opportunities for recreational visitors to fish and camp at the UCR (NPS 2006¢).
Recreational users may include occasional visitors, local residents, and tribal members. NPS
employees and volunteers also are present at the Site as part of their work responsibilities and
may use the Site for recreation on a regular basis.

As part of EPA’s Phase I beach investigation, EPA visited 15 beaches that were known to be
frequented by the public based on input from the CCT, the STI, the State of Washington, and
NPS (EPA 2006g). The beaches visited by EPA were:

e Black Sand Beach

e Northport City Boat Launch

e Dalles Orchard

e North Gorge Campground

e Marcus Island Campground

o Kettle Falls Swim Beach
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e Haag Cove

e French Rocks Boat Launch

e C(Cloverleaf Beach

e AA Campground

e Rogers Bar Campground

e Columbia Campground

e Lincoln Mill Boat Ramp

e Keller Ferry

e Spring Canyon Campground.

The locations for all 15 beaches are shown on Map 3-1. Typical human activities on the beach
areas include dry beach play (digging in sand), shallow water play (wading, splashing, or
swimming), camping, picnicking, cooking, and boat launching and retrieval (EPA 2006g).

3.1.3.2 Surface Water Use

Surface water in the UCR is a major source of irrigation water for commercial agriculture.
According to the USBR, surface water from the UCR is used to fill Banks Lake to the south and
to subsequently provide irrigation to over 600,000 acres of agricultural lands located south of
Banks Lake, east of the Columbia River, and north of the Snake River (USBR 2006Db).

Based on water right information provided by the Washington State Department of Ecology
(Ecology), 77 current surface water rights along the UCR and the Kettle, Spokane, and Sanpoil
river arms of Lake Roosevelt are potentially used for domestic supply, including multiple-
purpose water rights (Table 3-2; O'Brien 2007, pers. comm.). The approximate locations of
these surface water rights are shown on Map 3-2.

Public water systems are defined as all systems serving more than one single-family residence
or more than five residences on the same farm, and are classified as either Group A or Group
B depending on the number of people served and the number of residential connections
(Figure 3-2). Surface water from the UCR is currently identified as a source for three Group A
public water supply systems (Washington Department of Health [WDOH] 2007). The three
Group A systems are listed below; their locations are shown on Map 3-2. In addition, the City
of Grand Coulee formerly drew water for its municipal supply from the UCR just upstream of
the dam, but this source was discontinued in February 2006 (Wilson 2007, pers. comm.).
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System ID  System Name County Surface Water Source Use
38400 Kettle Falls Water Department Stevens Emergency?

28695 Grand Coulee Dam Grant Permanent
15400 Coulee Dam Water Okanogan Permanent
Department

2 Surface water is used by Kettle Falls system only to augment its fire suppression system
water supply (EPA 2003b). This source has not been used since 1989 (Gassaway 2007, pers.
comm.).

No Group B systems use UCR surface water; however, one Group B system draws from the
Sanpoil River within the boundary of Lake Roosevelt (Map 3-2; WDOH 2007).

3.1.3.3 Fisheries and Hatchery Operations

The UCR currently supports numerous species of game and non-game fish. Rainbow trout,
kokanee salmon, walleye, and smallmouth bass are the primary fish harvested from the UCR
either by boaters or shoreline anglers. Other game fish include largemouth bass, yellow perch,
lake whitefish, mountain whitefish, brook trout, burbot, cutthroat trout, black crappie,
pumpkinseed, and yellow bullhead (LRF 2006c). Historically, the white sturgeon fishery was
important in the upper portion of the reservoir (RM 702 and above); however, this fishery was
closed in 1996 to protect a failing population (Upper Columbia White Sturgeon Recovery
Initiative [UCWSRI] 2002a).

Historically, the UCR was a subsistence fishery for Native American populations. For the
Colville and Spokane tribes, anadromous and resident fish (mainly salmon but also steelhead
trout, whitefish, and other species) were the principal subsistence fishery. Since the
construction of the Columbia River dams, some resident fish (primarily rainbow trout and
kokanee salmon) have become a necessary alternative as a subsistence resource. The waters of
Lake Roosevelt within the Colville and Spokane reservations continue to be managed by the
tribes as a subsistence fishery (EPA 2007c). The draft Fish and Wildlife Resource Management
Plan for the Colville Reservation includes several provisions for creating/maintaining both
ceremonial and subsistence fisheries of resident and anadromous fish in Lake Roosevelt (CCT
2006).

Prior to 1930, an estimated annual average of 1.1 million adult salmonids (i.e., steelhead trout
and Chinook, coho, and sockeye salmon) migrated past the current site of Grand Coulee Dam
(Scholz et al. 1986). In addition, the second-largest Native American fishery in the Columbia
Basin was at Kettle Falls, roughly 108 river miles upstream of the dam site. Scholz et al. (1986)
indicated approximately 300,000 to 1.5 million adult salmon were harvested annually at Kettle
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Falls and in the Spokane River, with the majority taken at Kettle Falls. As partial mitigation for
the losses of salmon in the UCR resulting from construction of Grand Coulee Dam, the BPA
constructed two fish hatcheries: the Spokane Tribal Hatchery and the Sherman Creek
Hatchery. These facilities were intended to supplement salmonid populations in the UCR to
mitigate native salmonid losses due to ecosystem alterations caused by the dam. The Spokane
Tribal Hatchery (located on the Spokane Reservation) is operated by the STI and began
production in 1991 (Northwest Power Planning Council [NWPPC] 2006a). The Sherman Creek
Hatchery is located adjacent to Sherman Creek on the west bank of the UCR near Kettle Falls.
This hatchery is operated by the Washington State Department of Fish and Wildlife (WDFW)
and began production in 1992 (NWPPC 2006b). Together, these hatcheries serve as a combined
effort to rear both kokanee and rainbow trout. The hatcheries and associated net pens
(described below) have annually produced up to 800,000 yearling rainbow trout and 3.4
million yearling kokanee for release into the UCR from 1991 to 2005. Typical annual releases
have been approximately 500,000 rainbow trout and 500,000 kokanee yearlings.

The UCR fisheries have been tracked by the Lake Roosevelt Fisheries Evaluation Program
since 1988 in order to 1) monitor progress toward meeting harvest goals and objectives, 2)
evaluate the performance of hatchery releases of selected species, and 3) identify potential
effects of hydropower operations on the fisheries (Lee et al. 2006).

Based on evaluations completed to date, harvesting does not appear to be a significant factor
in reducing the abundance of the targeted fish species in the UCR, nor does it appear to
jeopardize the ability of these species to maintain viable populations. For example, the
rainbow trout fishery is supported primarily by a successful hatchery-based put and take
program. The harvest of hatchery kokanee is minimal, with the majority of it comprising wild
fish (Lee et al. 2006). Successful spawning of wild kokanee in the UCR has not been detected,
and minimal spawning occurs in tributaries. Hence, kokanee likely enter the UCR from
upstream lakes, such as Lake Kootenay, Lake Pend Oreille, and Arrow Lake (BPA 2006b).

The abundance of the walleye population in the UCR appears to be fairly constant and able to
sustain current harvest levels (Lee et al. 2006). WDFW determined that UCR walleye are
underexploited by anglers, based on data collected during the fall walleye index net surveys
during 2002 and 2005. Those surveys found a moderate population density, average growth,
low weight to length ratios (i.e., a condition factor), and adequate recruitment (Divens 2006;
Lee et al. 2006). As a result, Washington State harvest regulations for bag limits have changed
from five to eight fish per day.

Burbot harvest is believed to be low based on daytime creel surveys (Lee et al. 2006).
However, because anglers commonly target burbot at night when creel surveys are not
conducted, the harvest may be underestimated. Sampling data suggest the burbot population
in the UCR is small, and the length-to-weight ratio of the population is below average,
indicating food limitation (Lee et al. 2006; Woller 2006). Small populations with limited food
supply are likely vulnerable to overharvest as has occurred in the nearby Kootenay River
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(Paragamian et al. 2000). However, the effect of harvesting on the burbot population in the
UCR is unknown.

3.2 PHYSICAL SETTING

The physical characteristics of the UCR influence the distribution of potential contaminants
released to the Site, potential exposure to those contaminants, and the development and
evaluation of potential remedial alternatives. This section presents an overview of Site
geology, hydrogeology, hydrology, river reach characteristics, and climate.

3.2.1 Geology

The UCR is situated within two geologic provinces: the Okanogan Highlands and the
Columbia Basin (Figure 3-3). The UCR is located along the division between the eastern and
western Okanogan Highland regions. The Okanogan Highlands, which are typified by
rounded mountains and deep, narrow valleys, include both shores of the Columbia River
above the confluence with the Spokane River. The Selkirk, Chewelah, and Huckleberry
mountains are located east of the Columbia River and the Kettle, Sanpoil, and other mountains
are located west of the river (Washington Department of Natural Resources [WDNR] 2004).
Below the confluence with the Spokane River, the Columbia Basin borders the southern shore
of the Columbia River.

The Okanogan Highlands comprise Proterozoic basement rocks onto which were deposited,
or accreted, a westward younging assemblage of sedimentary terrains and metamorphic
complexes abundantly intruded by differentiated granitic plutons of Mesozoic Age (Stoffel et
al. 1991). The Columbia Basin consists of a series of basalt layers (Columbia River Basalts) that
are interbedded with layers of tuffs, sandstones, and conglomerates.

The UCR region was extensively modified by glacial activities during the Pleistocene. The
UCR is located within the footprint of the ancestral glacial Lake Columbia, which formed at
least three times during the Pleistocene glacial period. The glacial lake and its tributaries
deposited coarser materials interbedded with silt and clay, forming deltas. As the last glacier
retreated, the Columbia River caused rapid erosion and large-scale landslides of
unconsolidated lacustrine deposits (Washington Water Research Center [WWRC] 1996). The
repeated breaking of a massive ice dam that contained Lake Missoula, a massive lake formed
from glacial melt waters, caused flood waters to pour through the Spokane Valley and into the
Columbia Basin. These waters cut extensive and deep channels through the silt and basalt
below the confluence with the present-day Spokane River (WDNR 2004). More recently, with
the construction of Grand Coulee Dam and the flooding of Lake Roosevelt, the higher river
levels have resulted in saturation of these glaciofluvial terraces and their consequent collapse;
more than 300 landslides are documented along the UCR (Jones et al. 1961).
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As shown in Map 3-3, surface geology along the shore of the UCR north of the Kettle River
consists of gravel, sand and clay deposited by glacial streams adjacent to or downstream from
temporary ice fronts. The surface geology south of the Kettle River consists of basalt, and, in
some places along the south shore of the reservoir, the basalt cliffs rise nearly 1,000 feet above
the lake (NPS 2002).

3.2.2 Hydrogeology

Hydrogeology of the Site is described in the following sections with details on groundwater
aquifers and groundwater movement and use.

3.2.2.1 Aaquifers in the Project Site Vicinity

Principal surficial aquifers of Washington State are shown on Figure 3-4 (USGS 1985). Aquifers
present in the project area are the Columbia Plateau Basalts (south of the lower reach of Lake
Roosevelt) and alluvial deposits adjacent to and in valleys of tributaries to the reservoir. With
the exception of the Columbia Plateau Basalts, much of the project area is underlain by
geologic formations that cannot store or yield significant quantities of groundwater for water
supply uses (USGS 1985).

Water-bearing units within the Columbia Plateau Basalts are the major aquifer in eastern
Washington (Whitehead 1994). Three basalt units have been assessed and mapped in detail
(Whitehead 1994), in order of increasing depth: the Saddle Mountains Basalt, Wanapum
Basalt, and Grande Ronde Basalt. Large quantities of groundwater are present in fractures and
rubble zones that occur between lava flows in each of these basalt units. Wells completed in
the Columbia Plateau Basalts are capable of yields on the order of 3,000 gallons per minute
(USGS 1985).

Limited local aquifers are present in the Site vicinity in permeable glacial alluvial deposits and
in permeable sedimentary rocks (sandstones and limestones) (Whitehead 1994). Yields of wells
completed in these aquifers are in the tens to hundreds of gallons per minute, depending upon
the aquifer extent and groundwater recharge (Whitehead 1994).

The aquifer that provides the water supply for the City of Northport is an example of a
permeable glacial deposit that contains useable quantities of groundwater. The sand and
gravel deposits that comprise this aquifer extend from ground surface to depths greater than
200 feet, with static water levels on the order of 75 feet below ground surface (Weston
Solutions, Inc. [Weston] 2004a). Maximum pumping rates from these wells range from 20 to
100 gallons per minute (Weston 2004a).

3.2.2.2 Groundwater Occurrence and Movement

Groundwater in the project area occurs in pore spaces between sand and gravel particles of
unconsolidated aquifers and in fractures or voids of rock aquifers. These aquifers receive
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recharge from percolation of precipitation into the ground and leakage from surface water
bodies (Whitehead 1994). Groundwater flows from higher-elevation recharge areas to lower
elevations in the project area, where it discharges into streams, lakes, or rivers, or is pumped
from the ground for various uses.

Shallow perched groundwater has been observed at elevations up to 160 feet above the full
pool level of the reservoir (Riedel et al. 1997). A study by Thompson (1977), using thermal
infrared imagery, identified extensive areas of bank seepage, spring discharge, stream inflow,
and subsurface discharge into Lake Roosevelt. Observations of bank seepage and
groundwater discharge correlated with the presence of unconsolidated glacial sediments,
rather than bedrock. Shallow groundwater seepage into the reservoir has been identified as a
contributor to soil instability and landslides (Jones et al. 1961).

Movement of water between the reservoir and the adjacent geologic strata depends upon a
number of factors, including reservoir stage, bank storage and discharge during various
reservoir stages, elevation and gradients of adjacent shallow aquifers, and regional discharge
of groundwater into the reservoir from deeper aquifers (Thompson 1977).

Groundwater in the Columbia Plateau Basalts aquifer discharges to Lake Roosevelt at the
northern edge of the south-sloping Columbia basalts (Whitehead 1994). Lower reaches of the
Columbia River farther to the south (and outside of the UCR study area) subsequently receive
discharge from this extensive basalt aquifer. Groundwater in the three Columbia Plateau
Basalts units may flow upward or downward among the units, depending upon local water
level and pumping conditions (Whitehead 1994).

3.2.2.3 Groundwater Use

Groundwater from wells and springs in the Site vicinity (e.g., Fort Spokane spring, EPA 2007¢)
is used for public and domestic potable water supply, irrigation, power generation, and
industry. Data compiled by Lane (2004) indicate that groundwater withdrawals in the portions
of the Site located in Ferry and Stevens counties are much lower than withdrawals from the
more prolific basalt aquifers south of Lake Roosevelt in Lincoln County (Figure 3-5).
Groundwater used for irrigation accounts for over 90 percent of the withdrawals in Lincoln
County. Map 3-4 shows the approximate locations of 3,312 water wells and 12 water supply
springs identified within approximately 5 miles of the UCR and Lake Roosevelt shoreline
(Ecology 2007d).°

Public water systems are defined as all systems serving more than one single family residence
or more than five residences on the same farm, and are classified as Group A or Group B,
depending on the number of people served and the number of residential connections

(Figure 3-2). Information regarding Group A and Group B water systems that use

? Five miles was selected as an arbitrary extent to illustrate groundwater information within the area.
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groundwater as a source was obtained from the WDOH (2006b). The WDOH identified 131
water systems within 5 miles of the UCR and Lake Roosevelt shoreline that utilize
groundwater (springs or wells) as a source (Table 3-3).

Wellhead protection areas (i.e., a 10-year zone of groundwater travel) are identified by WDOH
for 16 of these Group A systems, which are shown in Map 3-5 and listed in Table 3-4 (WDOH
2006a). Delineation of wellhead protection areas is required of Group A water systems in
Washington State and is required by the federal Safe Drinking Water Act to support
prevention of groundwater contamination.

3.2.3 Hydrology

General hydrology of the UCR is discussed in this section. Detailed discussion of the UCR
river reaches from a hydrodynamics perspective is also provided.

3.2.3.1 Overview

The Columbia River watershed is large and complex, with an area of approximately

260,452 square miles (mi?) that encompasses parts of seven states (Washington, Oregon,
Nevada, Utah, Idaho, Wyoming, and Montana) and one Canadian province (British
Columbia). The watershed encompasses areas drained by several major tributaries, including
the Pend Oreille, Kootenay, Okanogan, Wenatchee, Spokane, Yakima, Snake, Deschutes,
Willamette, Cowlitz, and Lewis rivers. The head of the Columbia River is at Columbia Lake in
Canal Flats, British Columbia. The river flows approximately 1,245 miles (approximately

470 miles in Canada) before reaching the Pacific Ocean along the border between Oregon and
Washington. The river enters the United States in northeastern Washington, just south
(downstream) of the confluence with the Pend Oreille River. For this work plan, consistent
with the Agreement between TCAI and EPA, the study area is the section of the UCR between
the U.S.-Canadian border and Grand Coulee Dam, a river reach extending approximately

150 miles downstream of the international border.

Grand Coulee Dam was built to provide power generation, irrigation, and flood control.
Construction began in the 1930s and was completed in 1941. In June 1942, the impounded
reservoir of Lake Roosevelt reached its full pool water surface elevation of 1,290 feet amsl
(USBR 2006a) (1,288.6 feet National Geodetic Vertical Datum [NGVD] 1927). Major tributaries
that influence hydraulic conditions at the U.S.-Canadian border are the Columbia and Pend
Oreille rivers. Principal tributaries that join the UCR within the study area are the Kettle,
Colville, Spokane, and Sanpoil rivers. Numerous smaller tributaries also join the UCR within
the study area, including Deep, Onion, Sheep, Sherman, Hall, Ninemile, and Hawk creeks.

A simple water budget for the UCR was calculated as shown in Tables 3-5 and 3-6. Long-term
average flows were calculated for the Columbia River upstream of its confluence with the
Kootenay River as well as for the Kootenay, Pend Oreille, Kettle, Colville, Spokane, and
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Sanpoil rivers. Flow gaging stations for these tributaries were selected based on proximity to
the Columbia River as well as the length of the period of record for each gaging station. The
gaging stations used to develop the water budget are shown in Table 3-5. Flow data for the
entire period of record were used to determine the long-term average for each station. In
developing the water budget, it was assumed that changes in daily or seasonal flow due to
flow regulation at dams would change only the timing and magnitude of peak events but not
impact the long-term flow from any given tributary.

Long-term averages for the individual tributaries were summed moving downstream to
determine the cumulative long-term average flow in the Columbia River below the confluence
with each tributary. Long-term averages for a number of stations along the Columbia River
were also calculated for comparison to the cumulative values and are given in Table 3-6 with
gaging station information given in Table 3-5. These measured flow rates compare favorably
with the cumulative values calculated from the individual tributaries.

The calculated long-term average flow entering from each tributary was compared to the sum
of the flows entering the UCR system and the relative contributions were determined.
Approximately 90 percent of the flow at Grand Coulee Dam enters the system at the
international border, with 40 percent coming from the Columbia, 26 percent from the
Kootenay, and 24 percent from the Pend Oreille. The additional 10 percent enters the system
between the border and the Grand Coulee Dam, with 3 percent coming from the Kettle River
and 7 percent from the Spokane River. Less than 1 percent of the flow at the Grand Coulee
Dam enters the system through the Colville and Sanpoil rivers. These estimates do not account
for contribution from bank storage and groundwater influx.

Flow regimes in the UCR have varied over time. Over the past century, three distinct flow
regimes have existed, as described below:

1. Unregulated (before Grand Coulee Dam or upstream flow control). Before flow
regulation began, UCR flows were governed by precipitation and runoff, particularly the
amount of snowpack and snowmelt. During the unregulated era, the river was free-
flowing and subject to large, periodic high-flow (flood) events.

2. Downstream Control (after Grand Coulee Dam but before upstream flow control).
During the period of downstream control, UCR flows were determined by unregulated
upstream flow and water-level regulation at Grand Coulee Dam. Although periodic high-
flow events still occurred, the extent of the Lake Roosevelt impoundment and backwater
effects in upstream areas were controlled entirely by operations at Grand Coulee Dam.

3. Regulated (after Grand Coulee Dam and after upstream flow control). During the
contemporary era of regulation (post-1972), river flows are controlled by the operation of
upstream dams in addition to management operations at Grand Coulee Dam (EPA 2007d).
As a result of the combined effects of dam operations, the size and frequency of large flood
events has been reduced. This is more fully described in Section 3.2.3.3 below.
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3.2.3.2 Flow Regulation across the U.S.-Canadian Border

River flow crossing the border from Canada is regulated by a series of upstream dams in
Canada and the U.S. located on the Columbia, Duncan, Kootenay, and Pend Oreille rivers.
Major dams upstream of the study area (including the Spokane River) are shown in Figure 3-6.
Flow regulation by these dams alters the natural hydrology of the UCR by reducing the
magnitude and duration of peak flows, increasing low flows, and reducing the overall
variability of flows.

The USGS flow gage at the U.S.-Canadian border has operated continuously since March 1,
1938. As measured at this gage, a significant change in the hydrograph occurred starting in
late 1972 to early 1973. This coincides with the construction of Mica Dam (on the Columbia
River in British Columbia) and Libby Dam (on the Kootenay River in Montana) and marks a
major change in the coordination of flood control at the upstream dams. Because of the
impacts that upstream regulation has on the UCR, analyses of river flow for the periods before
and after 1973 should be considered separately.

Statistical measures of mean daily flow at the USGS border gage are shown in Table 3-7. The
results are split into two intervals, using January 1, 1973, as a representative date for the shift
in hydrographic characteristics. Mean annual flows for the two intervals are similar, with the
post-1973 interval showing a slight (approximately 4 percent) decrease. However, peak flows
and flow variability are quite different. The highest mean daily discharge from the pre-1973
interval was 549,000 cubic feet per second (cfs), which occurred in June 1948. In contrast, the
highest mean daily discharge from the post-1973 interval was 302,000 cfs, which occurred in
June 1997. As seen in the hydrograph (Figure 3-7), annual variation in river flow was much
higher before 1973 than after, reflecting the influence of flood-control regulation by upstream
dams. The difference between the two intervals is most apparent when comparing mean
monthly flows (i.e., mean of the daily averaged flows separately for each specific month in the
multi-year intervals) (Figure 3-8). As shown in Figure 3-8, mean monthly flows prior to 1973
were much higher during the peak snowmelt months of May, June, and July and were
generally lower the remainder of the year. Thus, the general effect of coordinated water
regulation at upstream dams since 1973 has been a substantial reduction in annual peak flow
through storage of seasonal snowmelt, and an increase in the annual median flow and
corresponding decrease in flow variability, as stored water is released throughout the
remainder of the year.

3.2.3.3 Water-Level Regulation for Lake Roosevelt

The Columbia River was free-flowing until 1933 when Rock Island Dam was constructed at
USGS RM 483, followed by Bonneville Dam in 1937 at USGS RM 146, and then Grand Coulee
Dam between USGS RM 596 and 597 in 1941.
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The Grand Coulee Dam project was authorized several years prior to the outbreak of World
War II; it was renamed and reauthorized by the Columbia Basin Project Act of 1943 (U.S. Fish
and Wildlife Service [USFWS] 2007b). The project began with fund allocations for Grand
Coulee Dam pursuant to the National Industrial Recovery Act of June 16, 1933, and was
specifically authorized for construction by the Rivers and Harbors Act approved August 30,
1935 (Center for Columbia River History [CCRH] 2007; USBR 2007b). Construction of Grand
Coulee Dam commenced in 1933, and by 1939, the dam began impounding water to form Lake
Roosevelt (Figure 3-9). The main structure of the dam was completed by December 31, 1941; it
took less than a year for the reservoir to reach full pool elevation (EPA 2007c).

In June 1942, the reservoir reached its full pool level, raising the original water surface

280 vertical feet from 1,010 to 1,290 feet amsl at the dam and inundating more than

70,000 acres of riparian and upland habitat (Merker 1993). At full pool (1,290 feet amsl), the
reservoir has a surface area of approximately 82,300 acres and extends upstream of Grand
Coulee Dam approximately 133 miles to Onion Creek (USGS RM 730), approximately 15 river
miles south (downstream) of the U.S.-Canadian border. However, it is worth noting that the
channel is constricted (and conveyance reduced) through the Little Dalles (USGS RM 728) and
that water levels upstream of this point may rise during high flow events (U.S. Coast and
Geodetic Survey [USCGS] 1950).

Just upstream of the U.S.-Canadian border, the Columbia and Pend Oreille rivers above the
border supply the majority of the annual inflow (90 percent) to Lake Roosevelt, with the
remainder primarily supplied by the Spokane, Sanpoil, Kettle, and Colville rivers (Table 3-5)
(Stober et al. 1981).

Construction of Grand Coulee Dam was authorized by the U.S. Congress to provide electric
power, flood control, and irrigation water (CCRH 2007). Power production and flood control
were initially provided in 1941, although irrigation uses did not expand until after 1952, when
pumping stations began transporting Columbia River water to Banks Lake. In total, the dam
and reservoir produce more than 20 billion kilowatt-hours of power annually (EPA 2007d),
while providing 5.2 million acre-feet of flood control storage, and water to irrigate 671,000
acres of farmland through the Columbia Basin Irrigation Project. Fisheries and recreational
needs within Lake Roosevelt were considered secondary to power, flood control, and
irrigation at that time. The dam was not outfitted with a fish ladder or other device to allow
passage of adult salmon upstream and consequently it blocks anadromous fish from

1,149 miles of spawning and rearing habitat. In 1969 and 1974, the reservoir was drawn down
well below its normal operating range to add a third powerhouse for expanded power
production (EPA 2007d). The lowest drawdown on record occurred during this period of
construction, at an elevation of 1,160 feet, roughly 130 feet below full pool (Figure 3-9).

Lake Roosevelt’s surface elevation, inflow, and outflow are systematically controlled in order
to meet the authorized flood protection, hydroelectric power production, irrigation, and
downstream flow objectives. Grand Coulee Dam has historically been operated to maximize
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the storage capability of the reservoir for retention of flood waters during the spring runoff, to
meet irrigation demand and downstream flow targets during the dry summer months (LRF
2007c), and to maintain the highest pool levels possible for maximum power generation at all
other times of the year. Overall, the reservoir is highest immediately after the spring runoff (in
May and June), gradually decreases through August, and holds relatively stable from
September to December (EPA 2007c). With resumption of autumn rains, the reservoir
gradually begins to fill until late in the year, when flood control constraints begin to dictate
operations in anticipation of next year’s spring runoff, and the cycle begins again. By the mid
1980s to early 1990s, water management for fish, wildlife, and recreation, was a secondary
consideration (NPS 2007a).

In 1984, the Northwest Power Planning Council (NWPPC) (now Northwest Power and
Conservation Council) planned for the implementation of fish restoration and enhancement
projects. Hydropower operations were being scrutinized by fisheries managers in the Lower
Columbia River, and they argued that salmon smolt survival downstream of Lake Roosevelt
was low due to insufficient flows down the Columbia River during the spring seaward
migration. In response, the NWPPC recommended implementation of a water budget to both
increase and extend Columbia River flows during the spring season for juvenile salmon and
steelhead migration (NWPPC 1994). The water budget, in theory, reduced average reservoir
elevation and water retention time in Lake Roosevelt.

In 1995, the listing of Snake and Columbia river salmon and steelhead under the Endangered
Species Act resulted in the water budget being replaced by a set of operational rules that were
included in the National Marine Fisheries Service (NMFS; now referred to as National Oceanic
and Atmospheric Administration [NOAA] Fisheries) Biological Opinion (BiOp), known as the
1995 BiOp (NMEFS 1995). The 1995 BiOp affected Lake Roosevelt hydropower operations by
requiring increased outflows during spring and summer.

To achieve this objective, the spring reservoir elevation was required to be at flood control rule
curves!” by April 15 to maximize available water for lower river flow augmentation in May
and June. Prior to the 1995 BiOp, Lake Roosevelt pool elevation was frequently below that
required for flood control due to power generation.

In addition, the 1995 BiOp required Lake Roosevelt to be drawn down 10 feet from full pool to
a reservoir elevation of 1,280 feet in August. The August drawdown had not occurred
historically. A final effect of the 1995 BiOp was an overall reduction in water retention time in
Lake Roosevelt due to hydropower operation of Grand Coulee Dam and the upstream storage
facilities, such as Libby and Hungry Horse dams. The upstream dams were required to send

10 Flood Control Rule Curves relate precipitation to reservoir levels based on flood control needs. The
curves determine the amount of water to discharge out of the reservoir(s) in order to capture spring
snowmelt and minimize flooding. The current date per the 2000 and 2004 BiOps to be at flood control
rule curves is April 10 (EPA 2007d).
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water downstream in spring and summer, thereby increasing Lake Roosevelt inflows and
outflows.

In 1998, NOAA Fisheries appended the 1995 BiOp to include steelhead and referred to the
new version as the 1998 BiOp (NMFS 1998). Theoretically, the volume of water contributed by
Lake Roosevelt for flow augmentation was the same as prior years, but spread over a longer
period. Reservoir volume is a function of reservoir elevation; therefore, lower reservoir
elevations result in smaller volumes and shorter water retention times. Thus, the 1998 BiOp
likely reduced reservoir elevations and volumes, thereby further reducing water retention
time.

In 2000, NOAA Fisheries presented a new hydropower system BiOp, referred to as the 2000
BiOp (NMFS 2000). The 2000 BiOp had one additional effect on Lake Roosevelt: during lower
than average runoff years (< 92 million acre-feet forecast at The Dalles), the reservoir was to be
drawn down to 1,278 feet (1,280 feet in normal to wet years) by August 31 (i.e., 2 feet lower
than previous operations) (EPA 2007d). This has further reduced water retention times.
Operators bring the pool elevation back up to 1,285 feet amsl (1,283 feet at a minimum) by
September 30 to improve access by mature kokanee to tributary spawning areas and the
Sherman Creek adult kokanee trap for egg collection (EPA 2007c).

The extent of water level increases is expected to be influenced by interactions between flow
magnitude, reservoir pool level, and conveyance limitations through the Little Dalles. At
typical low pool levels, with a water surface elevation of approximately 1,245 feet amsl (EPA
2007c¢), the reservoir extent is reduced and ends near USGS RM 704. Outflow from Lake
Roosevelt occurs via discharge through the dam to the Middle Columbia River or through
pumped discharge to Banks Lake for irrigation storage.

Although reservoir elevations are systematically managed, the extent of the elevation
fluctuations can be somewhat unpredictable due to varying annual runoff flows. Figure 3-10
illustrates the variable runoff volumes at The Dalles, Oregon, which is the location upon
which annual flood control capacity management at Lake Roosevelt is based (USBR 2007a).

In general, reservoir elevation will decrease from January to April, increase during May and
June, decrease in July and August, and hold fairly stable from September to December.
Figure 3-11 illustrates the 1995 to 2005 reservoir elevation minima, maxima, average, and
standard deviations. As depicted, reservoir elevation differs annually, based on the runoff
volume for that particular year. Flood control has the greatest influence on elevation, and
flood control targets are a function of projected runoff. As previously mentioned, The Dalles,
is the system flood control point for the Columbia Basin, and therefore flood control
operations at all storage facilities are managed based on the projected runoff at The Dalles.
During the 1995 through 2005 water years, runoff has varied by 100 million acre-feet, from a
low of about 60 million acre-feet in 2001 to a high of almost 160 million acre-feet in 1997 (see
Figure 3-10).
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The wide variation in runoff strongly influences the extent of reservoir elevation change,
resulting in a range of pool elevations as shown in Figure 3-11. The water retention time is
affected and also varies widely among years from a spring minimum of 30 days during low
runoff years to 12 days during high runoff years (Figure 3-12). Lake Roosevelt’s average
annual water retention time is approximately 45 days.

3.2.4 Characteristics of UCR Reaches

For this document, the UCR project area has been divided into six reaches that correspond to
relatively distinct physiographic units (Map 1-1). Boundaries for the six reaches were selected
based on consideration of distinct geomorphic features (e.g., channel width, sinuosity,
confluence with major tributaries), general hydraulic or hydrodynamic characteristics (depth,
location of the reservoir pool, riverbed characteristics, flow velocity), and expected differences
regarding the principal mechanisms for transport or deposition of particle-bound COlIs. More
information about hydrodynamics and fate and transport of sediment in the UCR is provided
in Appendix C. As previously described, UCR hydrology changed significantly with the
construction of Grand Coulee Dam and again with the implementation of coordinated flood
control operations at upstream dams beginning in 1973. These flow regime differences are
expected to have influenced the initial transport of sediment and COls in the UCR and may
continue to influence their redistribution in the future. Therefore, the changing nature of flow
in the UCR was also considered as the boundaries for river reaches were selected.

Characteristics of each river reach have changed over time in response to the construction of
Grand Coulee Dam and subsequent upstream flow regulation. As shown in Figure 3-9 and
Table 3-7, the timing and magnitude of river flows show clear differences over time.
Importantly, flow velocities, cross-sectional areas, and other hydraulic characteristics (width,
depth, wetted perimeter, etc.) of each reach have also changed. It is reasonable to expect that
these hydrologic and hydraulic alterations have impacted the historical and contemporary
patterns of sediment and contaminant transport in the river.

3.2.4.1 Reach 1 (USGS RM 745 to RM 730)

Reach 1 extends from the U.S.-Canadian border (USGS RM 745) southward past the city of
Northport to USGS RM 730, near Onion Creek (Map 1-1). The northern section of the reach—
approximately 3 miles in length —is relatively shallow and narrow, retaining much of its
historical hydraulic characteristics, and is expected to run free much of the time. Water depth
at the border was recently reported to be approximately 14 feet (EPA 2004e) and is consistent
with soundings from the 1947-1949 surveys conducted by the USCGS (1950).

The southern section of the reach—approximately 12 miles in length—is just upstream of the
Lake Roosevelt reservoir and is influenced by the pool level. As flow in the UCR varies and
pool elevations change in response to dam operations, this section of the river transitions from
a free-running riverine reach to a lacustrine (lake-like) reach. Reported water depths at the

U.S. Environmental Protection Agency 3-20



Upper Columbia River
RI/FS Work Plan December 2008

downstream end of this reach are 50 feet or more in the main channel (USGS topographic
map, Northport, Washington, 1:24,000; 1,289-foot pool elevation). Several notable geomorphic
features exist in the southern half of Reach 1. There is a large gravel bar at USGS RM 738 on
the northern bank across from Deadmans Eddy. Aerial photographs suggest that some
depositional features exist at the downstream point of the bar. There are also well-defined
erosional terraces marking various reservoir pool levels. This suggests that the gravel bar may
be a relict feature pre-dating upstream flood-control operations and potentially pre-dating the
construction of Grand Coulee Dam as well. At USGS RM 737, the channel thalweg makes
several sharp turns between Steamboat Rock and Sand Point. Two minor tributaries enter the
UCR at this point, Big Sheep Creek on the northern (left downstream) bank and Deep Creek
on the southern (right downstream) bank. Although these tributaries are small, aerial
photographs suggest that both tributaries exhibit deltaic features at their confluence with the
UCR, further suggesting that these creeks may be an important source of native watershed
sediments to the UCR downstream of the U.S.-Canadian border. The mouths of both
tributaries are well protected by backwaters, and the mouth of Big Sheep Creek is protected
further by two islands (Steamboat Rock).

Detailed characterizations of the riverbed in Reach 1 are not available. However, present
information indicates that the bed consists of large (non-cohesive) particle types—gravel,
cobbles, and boulders (EPA 2005h). In 2005, 15 mid-channel sites were identified for sampling,
but sediment cores could not be obtained because of the coarse-grained nature of the riverbed
and/or the high current speeds experienced (EPA 2006e).

3.2.4.2 Reach 2 (USGS RM 730 to RM 711)

Reach 2 extends from near Onion Creek (USGS RM 730) to the approximate upstream head of
Marcus Flats (USGS RM 711) (Map 1-1). Historically, Reach 2 was a swift riverine reach,
running southwest from USGS RM 730, first through a narrow, deep canyon and a series of
rapids called the Little Dalles, then broadening slightly over the remainder of the run down to
USGS RM 711 (Symonds 1883). The constriction at Little Dalles was widened as part of Grand
Coulee Dam construction efforts (1933 to 1942) by removing a rock island down to 1,255 feet
along with part of the southern riverbank (McKay and Renk 2002). This section of the UCR is
inundated by the Lake Roosevelt pool approximately 70 percent of the time (EPA 2004e).
However, currents through the widened canyon are swift at lower pool levels. Although more
sinuous than upstream areas, Reach 2 is still a relatively narrow channel with few
embayments or shoreline irregularities. At USGS RM 726, the UCR makes a sharp bend, with
the thalweg adjacent to the southern (left downstream) bank. This location, China Bend, was
historically a broad, low floodplain that is now capped by an artificial island (China Bar).
Downstream of China Bend, the UCR becomes more sinuous as it proceeds through a series of
three additional broad bends before reaching the end of the reach. Water depths in this reach
vary with reservoir pool elevations. For a pool elevation of 1,289 feet, USGS (topographic map,
Northport, Washington, 1:24,000) shows that the thalweg deepens rapidly from 50 feet at the
upstream end of Reach 2 to more than 100 feet in the vicinity of the Little Dalles a mile further
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downstream (USGS RM 729). From there, the thalweg decreases to approximately 60 to 70 feet
until about USGS RM 718, where it narrows and deepens again to 100 feet through another
drowned gorge. Further downstream, thalweg depths vary between 70 and 90 feet through the
remainder of the reach. Despite the deep and narrow thalweg, depths on the inundated
historical floodplain are 20 feet or less at a number of locations (China Bend, USGS RM 726;
North Gorge, USGS RM 719; north of Bossburg, USGS RM 717; Snag Cove, USGS RM 714;
Evans and Powell, USGS RM 712 and 711).

Like Reach 1, detailed characterizations of the riverbed in Reach 2 are not available; sediment-
sampling efforts in 2005 were repeatedly thwarted by the presence of cobbles and boulders in
the main channel and sampling locations were often moved laterally onto what would have
been the historical floodplain (EPA 2006f). This suggests that the riverbed comprises cobbles
and boulders in the area of the thalweg with deposits of finer material in protected areas and
on the historical floodplain, which is now inundated frequently by the Lake Roosevelt pool.

3.2.4.3 Reach 3 (USGS RM 711 to RM 699)

Reach 3 extends from the approximate upstream head of Marcus Flats (USGS RM 711) to just
downstream of Kettle Falls (USGS RM 699; Map 1-1). The characteristics of Reach 3 include
distinct geomorphic features that are believed to influence particle transport (and
corresponding chemical transport and fate) under historical and contemporary flow regimes.
At USGS RM 710 and again between USGS RM 706 and 707, the UCR thalweg makes two
sharp (90-degree) bends while passing through a relatively broad floodplain in the area of
Marcus Flats. To the north of the second bend, the Kettle River joins the UCR. The Kettle River
is the first significant tributary confluence downstream of the U.S-Canadian border, with a
mean annual flow of approximately 3,000 cfs (USGS 2006¢) (Table 3-5). Between USGS RM 704
and 703, the UCR thalweg descends through a steep, narrow constriction. Prior to the
construction of the Grand Coulee Dam, this was a powerful series of cascades known as Kettle
Falls. A photograph of Kettle Falls (Figure 3-13), illustrates conditions prior to completion of
Grand Coulee Dam. Kettle Falls is now inundated by the Lake Roosevelt pool. However,
during occasions of extreme drawdown (e.g., during construction of the third powerhouse at
the Grand Coulee Dam) Kettle Falls re-emerges. Downstream of the Kettle Falls constriction,
the UCR runs through a relatively straight, narrow channel until the confluence with the
Colville River at USGS RM 699.

Some aspects of the riverbed in Reach 3 have been characterized. Unlike Reaches 1 and 2,
extensive areas of the bed in Reach 3 are reported to contain a large fraction of sand-sized
sediment and granulated slag. Seven-foot sediment cores taken from the contemporary
thalweg (i.e., the historical channel) between the upstream (USGS RM 708) and downstream
(USGS RM 704) limits of Marcus Flats indicate that a relatively uniform and continuous
deposit of black granulated slag exists (EPA 2004e). There are also cross-channel gradients in
bed composition and grain size. Sediment cores collected from locations across the thalweg
and adjacent historical (submerged) floodplain indicate that higher concentrations of
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granulated slag and coarser particle sizes occur in areas nearest to the thalweg and that
granulated slag content and particle size typically decrease with distance from the thalweg
(EPA 2004e). Axial gradients also exist. When viewed from upstream to downstream, the UCR
sediment data show that downstream of Marcus Flats, there is a distinct decrease in the
fraction of sand-sized particles in mid-channel samples (EPA 2004e).

Historically, Reach 3 may have been similar to Reaches 1 and 2 in terms of water depths, flow
velocities, and sediment transport potentials. Prior to construction of Grand Coulee Dam,
seasonal high flows may have had the potential to transport sand and even fine gravel-sized
sediment and granulated slag through the historical channel to downstream reaches.
However, the function and extent of historical floodplain areas differentiate Reach 3 from
upstream reaches. For example, when the UCR overflowed its historical banks (reflecting the
impact of the channel constriction around Kettle Falls), flow velocities and sediment transport
potentials in floodplain areas are expected to have been much smaller than conditions through
the historical channel. This decrease in transport potential could have contributed to the
significant deposition of sediment (particularly granulated slag) throughout the historical
Marcus Flats floodplain.

Under contemporary regulation of pool levels, Reach 3 is expected to be inundated much of
the year. Full-pool water depths during seasonal high pool levels are expected to be 50 feet or
more over the historical floodplain and more than 100 feet along sections of the thalweg. As a
result, flow velocities and sediment transport potentials through Marcus Flats, when pool
elevations are high, are expected to be smaller than existed for the historical channel and
floodplain since the construction of Grand Coulee Dam and the creation of the Lake Roosevelt
pool. Following the initiation of upstream flow control (beginning around 1973), seasonal high
flows decreased by nearly 50 percent as determined from 7-day annual maxima reported by
the USGS for the intervals 1938-1973 and 1973-2006. Further, sediment transport capacity is
proportional to velocity raised to a power of 2, 3, or even 5 (e.g., Soulsby 1997; van Rijn 1993).
This suggests that contemporary sediment transport potentials may be one-fourth to one-
eighth of those for historical conditions. Consequently, contemporary deposition potentials in
this reach for sediment, granulated slag, and contaminants are expected to be considerably
larger than historical values. These simple transport assessments are substantiated by
measured gradients in grain size and bed composition (EPA 2004e) as previously noted.
Additional analysis of river flow and shear stresses (a determinant of transport potential) are
presented in Appendix C. It should be noted that the hydrologic model presented in
Appendix C was developed using historical bathymetric data obtained between 1947 and
1949. Given the transitional nature of Reach 3 and known changes to the system over time, it is
likely that there have been some changes in bathymetry which would impact the outcome of
the transport assessment.
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3.2.4.4 Reach 4 (USGS RM 699 to RM 640)

Reach 4 extends from just downstream of Kettle Falls (USGS RM 699) to just upstream of the
confluence with the Spokane River (USGS RM 640). Because of the length and expected
differences in sediment and contaminant transport regimes, exposure, and habitat over time,
this reach is further divided into two subreaches. Reach 4a extends from USGS RM 699, at the
confluence of the Colville River, to USGS RM 676, just upstream of Inchelium. Reach 4b
extends from USGS RM 676 to USGS RM 640 near the confluence with the Spokane River.
These reaches collectively represent the middle reservoir. Water levels through the middle
reservoir vary as a function of water management at Grand Coulee Dam. Through Reaches 4a
and 4b, the reservoir is roughly 0.25 to 1.75 miles (0.4 to 2.8 kilometers [km]) wide. Water
depths through these reaches range from 100 to 300 feet (30 to 91 meters [m]), but can become
quite shallow near the banks, reflecting the topography of the drowned river valley. The
Colville River contributes less than 1,000 cfs of flow to the UCR on a mean annual basis. Reach
4a borders the Colville Indian Reservation, and Reach 4b borders both the Colville and
Spokane Indian Reservations.

Landslides and erosion along the banks of the flooded valley that forms the reservoir shore
have been noted in numerous areas of both reaches (Carpenter 1984; Jones et al. 1961; EPA
2004e) as shown on the maps for the Phase I sediment study included in Attachment E1 of
Appendix E. This erosion occurs when fluctuating reservoir levels expose steep water-
saturated shorelines that fail under their own weight. Additional erosion may be caused by
the hydraulic action of waves on the banks, which can preferentially erode and transport finer
material from the shoreline and deposit it in deeper sections of the reservoir. Thus, the
sediment remaining from failed or wave-eroded banks may be the source of coarse sediment
found in some nearshore areas of the reservoir bed.

Before the construction of Grand Coulee Dam, Reach 4 would likely have been a transitional
reach for sand deposition. The historical thalweg was still quite narrow over much of the
region (based on 1947-1949 USCGS bathymetry), but there are a number of reaches where the
historical channel appears to widen and where bathymetric contours are much less steep,
suggesting that the UCR in this region flowed through a series of cascades and broad pools.
Given changes in the UCR flow regime over time, some of these historical pools might contain
granulated slag that was discharged before the dam was constructed as well as native sands
that originated from the Kettle and Colville rivers. Cores taken in the historical thalweg at
USGS RM 692 and 676 showed deep (3- to 5-foot and 5- to 7-foot core intervals) elevated
concentrations of COIs usually associated with granulated slag, although typical granulated
slag particles themselves were not observed (EPA 2006e). The deepest interval of Core 676
included a small amount (< 10 percent) of coarser “gravelly material” that may be indicative of
deposition under much higher flow conditions than occurred for the remainder of the core.

Under present-day conditions, maximum flow velocities in these reaches are expected to be
low, rarely exceeding 2 to 3 feet per second (ft/s), even under conditions of low pool elevation
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and high flow at the U.S.-Canadian border (EPA 2006e; see Figures 3-7 to 3-9). Sediment
transport capacities for these conditions will also be low. Under such conditions, only the
finest particles will remain suspended in the water column. Evidence for this transport pattern
can be seen in terms of the grain size distribution of the sediment bed. Whereas bed sediments
in Reach 3 are composed of 80 to 100 percent coarse particles, there is a pronounced shift in
bed sediment grain size distributions observed in Reach 4. In general, mid-channel bed
sediments in Reach 4a are largely fine-grained with a moderate coarse fraction (10-20 percent
sand, 60-70 percent silt, and 10-20 percent clay/colloidal; EPA 2006e). However, there is a
trend of progressively decreasing grain size from upstream to downstream. Mid-channel bed
sediments in Reach 4b are also fine-grained but have a larger fraction of very fine particles (10-
20 percent sand, 50-60 percent silt, and 30-40 percent clay/colloidal; EPA 2006e). One possible
explanation for the increasing fineness of bed sediment is that little coarse sediment is
delivered from upstream under present flow and water-management regimes. Alternatively,
this may also reflect the deposition of fine sediment washed from the banks and from
landslide events by waves and rainfall runoff.

As water levels change, submerged river terraces and more recent bed deposits and bars may
be periodically exposed at the surface. At high pool levels, the extent of riparian areas is
minimized because most nearshore areas are inundated. At low pool levels, the extent of
riparian areas can increase considerably. Sediment in exposed areas can desiccate over time
and very fine particles may be subject to aeolian (windblown) transport.

3.245 Reach 5 (USGS RM 640 to RM 617) and Reach 6 (USGS RM 617 to near
RM 597)

Reach 5 extends from USGS RM 640 to USGS RM 617. Within Reach 5, the Spokane River
(long-term average annual flow of 7,670 cfs as measured at Long Lake; USCGS 1950) joins the
Columbia River at USGS RM 639. Reach 6 extends from USGS RM 617 to the Grand Coulee
Dam (near USGS RM 597). Within Reach 6, the Sanpoil River joins the UCR between USGS
RM 615 and 614. These reaches collectively represent the Lower Reservoir. Reaches 5 and 6
both border the Colville Indian Reservation. Both reaches can be characterized as a lacustrine
environment with slow-moving water.

Water levels at Grand Coulee Dam (and throughout the reservoir) vary as a function of water
management needs. Near the dam, the reservoir is roughly 1 mile (1.6 km) wide with
maximum water depths that can exceed 400 feet (120 m; EPA 2007c), giving the reservoir lake-
like characteristics. Water levels in the reservoir are managed for power generation, flood
control, irrigation, recreation, and fisheries management. In a typical year, water level
drawdown begins in early winter and continues until a minimum pool level is reached in the
early spring. The extent of this drawdown is determined from the water content of snowpack
in the watershed, with a larger water content resulting in a larger drawdown. Runoff from
snowmelt and upstream releases causes the reservoir to fill until a maximum pool level

(1,290 feet elevation) is reached in early summer. A mid-summer drawdown of approximately
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10 feet can also occur as needed for fisheries management purposes. In response to changing
flows and periodic drawdown, hydraulic residence times in the reservoir can be relatively
short and highly variable, averaging 45 days, despite the lake-like appearance of the reservoir
(Underwood et al. 2004).

In Reaches 5 and 6, sediment transport, contaminant transport and fate, and contaminant
exposure are expected to be influenced by relatively short hydraulic residence times as a result
of water management at Grand Coulee Dam. In many locations, shear valley walls rise nearly
1,000 feet (300 m) above the original river floodplain. Landslides and erosion along the banks
of the flooded valley that forms the shores of Lake Roosevelt have been noted in numerous
areas of both reaches (Jones et al. 1961; EPA 2006e; Whetten et al. 1969) as shown in
Attachment E1 of Appendix E. Over time, this erosion may occur as a consequence of the
added weight of water when soil pore spaces are saturated and reservoir levels fluctuate.
Erosion may also be caused by the hydraulic action of flow and waves on the banks. As noted
previously, sediment from failed or eroded banks might be the source of coarse sediment
found in nearshore areas of the reservoir bed.

As noted for Reach 4, submerged river terraces and more recent bed deposits and bars may be
periodically exposed at the surface as water levels change. At high pool, the extent of riparian
areas is minimized as most nearshore areas are inundated. At low pool, exposed beach can
increase considerably. Sediment in exposed areas can desiccate and very fine particles may be
subject to aeolian transport.

Given contemporary water depths, flow velocities in Reaches 5 and 6 are typically low

(<1 ft/s) and sufficient to transport only very fine particle sizes such as silt, clay, and organic
detritus. In general, mid-channel bed sediments are almost entirely fine-grained. However,
there is a trend of decreasing grain size between reaches. In Reach 5, bed samples from the
mid-channel are approximately 50 percent silt and 50 percent clay/colloidal, whereas in
Reach 6, bed samples show increased fining and are roughly 40 percent silt and 60 percent
clay/colloidal (EPA 2006e). One reason for the fineness of bed sediment is that little coarse
sediment is delivered from upstream. Although the bed is in general very fine, one area where
more coarse sediment occurs (40-50 percent sand) is near the confluence with the Sanpoil
River. Although less pronounced, bed sediment is also somewhat coarser where the Spokane
River enters the reservoir (20-30 percent sand).

Historically, water depth would have been much smaller and flow velocities much larger than
those for contemporary conditions. Although detailed analyses have not been completed to
date, it is reasonable to infer that before the construction of Grand Coulee Dam, Reaches 5

and 6 would have been similar to historical conditions upstream in Reach 4. Based on
inferences drawn from 1947-1949 USCGS bathymetry, Reaches 5 and 6 may have been
transitional reaches with respect to sand transport and deposition. The historical thalweg is
somewhat broader than exists in Reach 4 (again based on 1947-1949 USCGS bathymetry), but
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there are also areas where the historical channel appears to widen and where bathymetric
contours are much less steep.

3.2.5 Climate/Meteorology

The UCR area lies in the rain shadow of the Cascade Mountains, and therefore average annual
rainfall is low in comparison to the western portion of the state. The northern areas of the Site
receive about 20 inches of precipitation a year (NPS 2006b). Moving south, the climate
becomes far more arid with average annual precipitation at Grand Coulee Dam of
approximately 10 inches. This precipitation occurs mostly in the winter and spring, while
summer months are generally hot and dry. Trends in the last 50 to 100 years show a general
decrease in winter precipitation and increase in summer precipitation (Ferguson 1999).

During the summer months, temperatures at the Site typically range from 75°F to 100°F in
daytime, dropping to 50°F to 60°F at night (NPS 2006a; 2006b). Fall and spring provide plenty
of sunshine and cooler temperatures. During these transitional times, the temperatures vary
between 50°F and 80°F during the daytime and 30°F and 50°F in the night (DOI 2006). Winters
can be extremely cold in this area with cold winds sweeping across the flat terrain. Daytime
temperatures are generally between 25°F and 40°F, and nighttime temperature ranges may be
as low as 15°F to 20°F. Trends in the last 50 to 100 years indicate a slight increase in winter
temperatures and slight decrease in summer temperatures (Ferguson 1999).

As a transition-type climate zone, the climate within the Site is characterized by the
interactions of three distinct types of air masses (Ferguson 1999):

e Moist marine air from the west that moderates seasonal temperatures

e Continental air from the east and south that is dry and cold in winter and hot with
convective precipitation and lightning in summer

e Dry arctic air from the north that brings cold air to the area in winter and helps cool
the area in summer

The timing and extent of influence of these competing air masses is controlled largely by
synoptic weather patterns and complex local topographic features that vary across the Site.
For instance, prolonged periods of drought occur when Pacific storms are deflected around
the region, preventing the intrusion of moist marine air. At these times, dry continental
conditions prevail.

Similarly, frosts and freezing conditions commonly occur when arctic air invades the area.
Crop damage may be associated with such frosts when they occur before winter hardening in
autumn or after bud break in spring. Cold damage also may occur in winter if a warm marine
intrusion is followed by a sweep of arctic air (Ferguson 1998; 1999).
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In addition, the unique interplay between these three air mass types results in dramatic
weather changes during transition periods between the different air masses (Ferguson 1996).
The most unique of these transitions is rain-on-snow flooding that occurs when warm, wet
marine air displaces cold, arctic conditions in winter. This rain-on-snow flooding, coupled
with the spring runoff of snowmelt that typically occurs in April and May, is a major source of
water in the reservoir and therefore is tied to the management of water levels in Lake
Roosevelt (LRF 2006d).

Another characteristic interplay is the strong, gusty wind that occurs during transitions
between continental and marine air masses, mainly in spring and summer (Ferguson 1996). It
has been reported that in particularly warm and dry years, 8 to 20 gusty wind events can
occur within the Site. The cool, moist air masses from Pacific storms, which progress eastward,
are dramatically different than the hot, dry continental air masses. As the air masses meet, the
associated fronts can be very strong. These weather fronts often are associated with strong,
gusty local winds. This effect is most significant when the seasonal upper-level flow pattern
includes frequent southerly or northerly flow over the Site.

Analysis of meteorological monitoring data collected along the UCR indicates that the
dominant wind directions are from northeast to southwest and from southwest to northeast
(DOI 2006). However, wind direction distributions showed strong seasonal variation.
Furthermore, topographic conditions affect local meteorology. Many steep-walled valleys and
canyons along the UCR can channel and accelerate winds to very high speeds (Ferguson 1998).
These significantly strong winds may occur in directions that are different from prevailing
directions. The meteorological stations along the UCR (Map 3-6) reflect special characteristics
of the microclimates in these areas.

3.3 ECOLOGICAL RESOURCES

The UCR study area is approximately 150 miles in length, translating to more than 600 miles
of shoreline (Creveling and Renfrow 1986; LRF 2006e). Aquatic life, wildlife, and vegetation
within the UCR project area are discussed in this section, including listing status by state and
federal resource agencies. Additional ecological receptors may be identified during the
problem formulation process for the BERA. Important habitat areas identified within the UCR
study area are also discussed.

3.3.1 Wildlife and Aquatic Life

Tables 3-8 and 3-9 summarize the terrestrial and aquatic species (respectively) that have been
reported in the UCR study area.!’ These data were compiled by a number of researchers’
databases including WDFW (2006), Seattle Audubon Society (2006), BPA (2006a; 2006b; 2006c;

11 Scientific names are included in Tables 3-6 and 3-7 for wildlife and aquatic life.
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2006d; 2006e), Lake Roosevelt Forum (2006b), Marcot et al. (2003), Quigley et al. (2001),
Hebner et al. (2000), Cassidy et al. (1997), and Creveling and Renfrow (1986).

3.3.1.1  Wildlife

There are 97 species of mammals (upland, aquatic dependent), 250 species of birds (upland,
aquatic dependent), 15 species of reptiles, and 10 species of amphibians reported to occur in
the area (Table 3-8). Large mammals include black bear and grizzly bear, elk, lynx, mountain
lion, bighorn sheep, whitetail deer, mule deer, and moose. Smaller mammals include beavers,
otters, moles, muskrats, mink, badgers, raccoons, skunks, bobcats, coyotes, foxes, porcupines,
rabbits, squirrels, chipmunks, marmots, pikas, bats, gophers, rats, voles, shrews, and mice.

Birds reported in the watershed include raptors such as ospreys, eagles, falcons, hawks,
harriers, and kestrels. Passerine birds (songbirds) include swallows, finches, jays, chickadees,
kinglets, ravens, magpies, robins, sparrows, flycatchers, blackbirds, and juncoes. Water birds
include mallards, pintails, teal, goldeneyes, canvasbacks, grebes, coots, scaup, mergansers,
loons, and geese. Shorebirds include plovers, killdeer, sandpipers, gulls, snipes, grebes, and
yellowlegs. Grassland birds include grouse, doves, pigeons, pheasants, and turkeys.

Several reptilian and amphibian species have been reported in the area. Reptilian species
include turtles, lizards, skinks, and snakes. Amphibian species include toads, frogs, and
salamanders.

Some of the wildlife species reported within the area and the surrounding watershed are listed
as threatened or endangered (state, federal), including the northern leopard frog, American
white pelican, ferruginous hawk, northern goshawk, sage and sharp-tailed grouse, sandhill
crane, upland sandpiper, pygmy rabbit, western gray squirrel, gray wolf, fisher, woodland
caribou, grizzly bear, and Canada lynx (Table 3-8).

There are also many wildlife species reported within the area whose possible decline is a
matter of concern to federal and state resource agencies. These species are identified in

Table 3-8 as any of the following: federal candidate, state candidate, state sensitive, state
monitored, proposed sensitive, and proposed threatened. Species of concern include the
western toad, Columbia spotted frog, sagebrush lizard, common loon, osprey, northern
goshawk, golden eagle, peregrine falcon, burrowing owl, Columbia sharp-tailed grouse,
Columbia spotted frog, loggerhead shrike, Pacific water shrew, myotis bats, Townsend’s big-
eared bat, Washington ground squirrel, Western pocket gopher, and wolverine.

3.3.1.2 Aquatic Life

Native species of fish in the area include peamouth, northern pikeminnow, kokanee salmon,
rainbow trout, bull trout, white sturgeon, burbot, chiselmouth, mountain whitefish, sculpin,
and sucker species (Table 3-9). Chinook salmon, once native to the UCR, occur in the reservoir
as “wash-downs” from Lake Coeur D’Alene where they have been stocked (LRF 2007a).
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Introduced (non-native) species include carp, tench, lake whitefish, brook trout, brown trout,
walleye, yellow perch, largemouth bass, smallmouth bass, black crappie, pumpkinseed,
channel catfish, brown bullhead, and yellow bullhead. A number of aquatic invertebrate
species are also reported within the area, including the California floater (Anodonta
californiensis), a mussel species that is a candidate for listing by both federal and state resource
agencies (WDFW 2006).

3.3.1.3 Invasive Aquatic Species

The UCR contains a few nuisance species, nonindigenous species that adversely affect the
environment. Eurasian milfoil (Myriophyllum spicatum) is the primary nuisance macrophyte
species in the UCR. This plant is present in some embayments, especially in the Spokane Arm,
but it does not occur in high densities throughout the UCR (Weaver 2006). The UCR also
contains nonindigenous nuisance fish species (e.g., carp, smallmouth bass, walleye). Walleye
were introduced to the UCR in the 1950s and were prevalent by the 1970s (USBR 1985). This
species has likely played a major role in shaping the current fish community of the UCR
through predation on other fish species. Baldwin et al. (2003) estimated 15 percent of the
hatchery kokanee released in the Kettle Falls area were preyed upon by walleye over a 41-day
period in 1999. The extent of predation throughout the years is unknown, but it likely exceeds
15 percent of the release.

3.3.2 Vegetation

As previously mentioned, the climate of portions of the Site and surrounding area is semi-arid
and varies a great deal from one end of the Site to the other (LRF 2006b), with the southern
(lower) portion near Grand Coulee Dam being generally hotter and drier. Vegetation in this
area (Grand Coulee Dam to Keller Ferry) includes steppe (bunch grass grassland) and shrub-
steppe. Common species within this section of the reservoir include grasses such as bluebunch
wheatgrass (Pseudoroegneria spicata), needle-and-thread grass (Hesperostipa comata), and Idaho
fescue (Festuca idahoensis); forbs such as arrowleaf balsamroot (Balsamorhiza sagittata), northern
buckwheat (Eriogonum spp.), brittle prickly pear (Opuntia spp.), alumroot (Heuchera spp.), and
lupine (Lupinus spp.); and shrubs such as big sagebrush (Artemisia tridentata), rabbitbrush
(Chrysothamnus nauseosus), and antelope bitterbrush (Purshia tridentata) (Hebner et al. 2000;
LRF 2006b). Irrigated agricultural lands are also present.

Between Keller Ferry and the upper end of the Spokane River Arm at Little Falls Dam is a
transition from shrub-steppe to ponderosa pine forest (Hebner et al. 2000), with common trees
including ponderosa pine (Pinus ponderosa) and Douglas-fir (Pseudotsuga menziesii). Grasses in
the steppe/shrub-steppe zone here are also common. Forbs include arrowleaf balsamroot,
northern buckwheat, and lupine; shrubs include big sagebrush, rabbitbrush, antelope
bitterbrush, snowberry (Symphoricarpos albus), greasewood (Sarcobatus vermiculatus), and
service berry (Amelanchier arborea) (Hebner et al. 2000; LRF 2006b). Trees in this portion of the
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UCR watershed include black cottonwood (Populus trichocarpa), ponderosa pine, and Douglas-
fir.

Areas around the middle and upper reservoir, between the Spokane River and Kettle Falls,
receive approximately 17 to 20 inches of precipitation a year (LRF 2006b). This area is covered
with a dense mix of ponderosa pine and Douglas-fir (Hebner et al. 2000; LRF 2006b). The
steppe environment within this area is less distinct. Grasses in this region of the reservoir
include those present in the lower reservoir with the addition of pinegrass (Calamagrostis
rubescens). Common forbs include hairy goldstar (Crocidium multicaule), phlox (Phlox spp.), and
nodding onion (Allium cernuum); shrubs include chokecherry (Prunus virginiana), serviceberry,
wild rose (Rosa acicularis), Douglas hawthorn (Crataegus douglasii), snowberry, occasionally
some smooth sumac (Rhus glabra), and blue elderberry (Sambucus cerulea) (Hebner et al. 2000).
Alder (Alnus spp.), willow (Salix spp.), hazelnut (Corylus cornuta), and black cottonwood are
common along riparian areas (Hebner et al. 2000). The Rocky Mountain juniper (Juniperus
virginiana) can be found next to the shoreline and on rocky river bars.

The upper portion of the UCR (i.e., north of Kettle Falls to Onion Creek near the U.S.-
Canadian border) is dominated by ponderosa pine, Douglas-fir, and western larch (Larix
occidentalis). Some lodgepole pine (Pinus contorta), grand fir (Abies grandis), Rocky Mountain
maple (Acer glabrum), western paper birch (Betula papyrifera), and aspen (Populus grandidentata)
can also be found (Hebner et al. 2000). Among the pines and in dry, rocky areas, a variety of
shrubs occur, including mallow ninebark (Physocarpus malvaceus), creeping Oregon grape
(Berberis repens), elderberry, chokecherry, snowberry, deer brush (Ceanothus sanguineus), and
red-stem ceanothus (Ceanothus velutinus) (Hebner et al. 2000). Dominant grassland species
include bluebunch wheatgrass, Idaho fescue, and pinegrass (Hebner et al. 2000; LRF 2006b).

Threatened plant species reported within the area include the little bluestem (Schizachyrium
scoparium var. scoparium) and the Palouse milk-vetch (Astragalus arrectus) (WDNR 2006). An
endangered plant species reported in the area is the Columbia crazyweed (Oxytropis campestris
var. columbiana) (WDNR 2006). Other reported plant species include a number whose decline
is a matter of concern to the state. These species include fuzzytongue penstemon (Penstemon
eriantherus var. whitedii), the least bladdery milk-vetch (Astragalus microcystis), and the Nuttall’s
pussy-toes (Antennaria parvifolia) (WDNR 2006).

3.3.3 Habitat

Map 3-7 shows the areas near or within the Site that have been listed by state or federal
resource agencies as priority habitat (WDFW 2006) or wetlands (USFWS 2006), or have been
identified as other endangered habitat in close proximity to the UCR banks at full pool.
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4 ASSESSMENT OF CHEMICAL SOURCES

This section provides an overview of the known and potential chemical sources in the vicinity
of the study area. The information presented here is intended to be a summary; it is not a
definitive discussion of all possible sources of chemicals to the study area.

41 MINE, MILL, AND SMELTING OPERATIONS

Ore mining and mineral processing has been occurring in the UCR region, in both the U.S. and
Canada, since at least the late 1800s. Most of the operations in the U.S. took place in Stevens
and Ferry counties (Orlob and Saxton 1950; Wolff et al. 2005). Mining activities in the drainage
basin also occurred in the Metaline mining district in Pend Oreille County, Washington. The
locations of the mines and mills in the UCR drainage basin, including that north of the border,
and along tributaries to the UCR are shown in Map 4-1. As part of the Upper Columbia River
Expanded Site Inspection conducted by EPA in 2001 and 2002, EPA collected sediment
samples and visited a number of U.S. mine and mill sites in the northern portion of the study
area, including mines and mills along tributaries to the UCR, plus several additional mines
and mills located along the Pend Oreille River to the east.

The expanded site investigations (see list below) and the Phase 1 remedial investigation (EPA
2006e) documented sediment contamination along the Upper Columbia River Site from the
U.S.-Canada border to the Grand Coulee Dam. Based on these results, the EPA concluded that
both the smelter in Trail, British Columbia, and the former Le Roi Smelter in Northport,
Washington, are sources of contamination to the UCR Site; however, the Trail smelter was
identified as the “primary source of contamination” (EPA 2003b). The mines and mills along
the tributaries to the UCR were not identified as current sources of contamination to the Site.!
The mines and mills in the drainage basin may be investigated in the future if anomalous and
significant contaminant concentrations (relative to risk) are found at confluences of tributaries
with the UCR and a potential upstream source is suspected. With the exception of the Spokane
River, Phase 1 sediment sampling by EPA (2005) near the mouth of selected major UCR
tributaries did not identify the presence of notably elevated COI concentrations indicative of
major watershed sources of contamination from historical mine and mill sites.

12 Some of these mines and mills had localized contaminant concentrations that met EPA requirements
for time-critical and non-time-critical removal actions. The following sites have been addressed under
EPA’s removal program: Anderson-Calhoun Mine and Mill, Bonanza Mill, LeRoi Smelter, Colville Post
and Pole, and Cleveland Mine and Mill. The Josephine Mill No. 1 and Grandview Mine and Mill are
currently being addressed under EPA’s removal program.
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Summaries of the findings and recommendations of the EPA expanded site investigation are
provided in the following reports:

e EPA 2001c (2001 Sediment Investigation Trip Report, Upper Columbia River/Lake
Roosevelt Expanded Site Inspection. December 2001. Prepared by Roy F. Weston Inc.
for EPA Region 10, Seattle, WA).

e EPA 2002f (Preliminary Assessments and Site Investigations Report, Lower Pend
Oreille River Mines and Mills, Pend Oreille County, Washington. April 2002.
Prepared by Ecology and Environment, Inc. for EPA Region 10, Seattle, WA).

e EPA 2002g (Preliminary Assessments and Site Inspections Report, Upper Columbia
River Mines and Mills, Stevens County, Washington. October 2002. Prepared by
Ecology and Environment, Inc. for EPA Region 10, Seattle, WA).

e EPA 2003b (Upper Columbia River Expanded Site Inspection Report, Northeast
Washington. March 2003. Prepared by Ecology and Environment, Inc. for EPA
Region 10, Seattle, WA).

e EPA 2004g (Hecla Knob Hill Mine Site Inspection Report, Ferry County, Washington.
July 2004. Prepared by Weston Solutions, Inc. for EPA Region 10, Seattle, WA).

e EPA 2004h (South Penn Mine Site Inspection Report, Ferry County, Washington.
September 2004. Prepared by Weston Solutions, Inc. for EPA, Region 10, Seattle,
WA).

e EPA 2004i (Mountain Lion Mine Site Inspection Report, Ferry County, Washington.
September 2004. Prepared by Weston Solutions, Inc. for EPA, Region 10, Seattle,
WA).

The following subsections provide summary information for the Teck Cominco Metals Ltd.
facility in Trail, British Columbia, and the former Le Roi Smelter in Northport, Washington

4.1.1 Trail, British Columbia, Teck Cominco Facility

The Teck Cominco facility in Trail, British Columbia, is located on the Columbia River
approximately 10 miles upstream from the U.S.-Canada border. Smelter operations have been
underway in Trail since 1896 (G3 Consulting 2001a). The original facilities were built in 1896 to
smelt copper and gold ores from the Rossland Mines (G3 Consulting 2001b). Onsite operations
were designed to separate gold and copper thermally from gold ores mined. At that time,
roasting technology was crude and limited to the heap method. The ore was piled up with
cordwood and limestone intermixed and set aflame. With such crude processes, the smelter
was capable of producing a matte of 50 percent pure copper (i.e., industrially worthless until
turther refined), while the lead, which was prevalent within local ores, could not be extracted.
As a result, further refining was required at Heinze’s refinery in Butte, Montana
(www.crowsnest-highway.ca). The Spokane Falls & Northern Railway company was reluctant

to transport the copper matte and offered an alternative to surrounding area mining
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companies willing to construct a smelter in Northport, Washington. The owners of the Le Roi
Gold Mining Company of Spokane registered in the state of Washington in August 1897, and
the Le Roi smelter was operational by February 1898 (www.crowsnest-highway.ca).

The resulting competition (i.e., lack of ore and manpower) temporarily halted smelting
operations in Trail. On March 1, 1898, the Canadian Pacific Railway negotiated the purchase of
the Trail smelter and associated railway rights and immediately began modernization
activities. By July 1898, the facility, under the name Canadian Smelting Works, was tied into
the West Kootenay power grid and by December of that year smelting operations were
underway (Cominco 2000). As the number of lead mines within the surrounding area (i.e.,
Canada and the western U.S.) grew, the decision was made in 1901 to broaden the smelter’s
base and include lead furnaces. The new furnaces were unsophisticated, however, and until
1902 the resulting impure bullion was transported to the American Smelting and Refinery
Company’s plant in Tacoma, Washington, for further processing. With the development of the
Betts electrolytic process in 1902, the facility was able to produce pure lead, fine silver, and
gold. Recognizing the value of securing a source of ore and concentrate, Canadian Smelting
Works began working toward the consolidation of surrounding area mines with the smelting
facility. This consolidation process culminated in 1906, and the Canadian Smelting Works
became known as the Consolidated Mining and Smelting Company of Canada
(www.crowsnest-highway.ca). Zinc production began in 1916. By 1925, the facility consisted of
a complex of structures housing a lead plant, an electrolytic zinc plant, a foundry, a machine

shop, and a copper-rod mill (www.crowsnest-highway.ca). Fertilizer plants were built at the
Trail smelter in 1930, facilitating the production of both nitrogen- and phosphorus-based
fertilizers (MacDonald 1997). The facility constructed and operated a heavy water plant from
1944 to 1955 (www.crowsnest-highway.ca).

The smelter was officially renamed Cominco in 1966 (G3 Consulting 2001b). In addition to
lead, zinc, cadmium, silver, gold, bismuth, antimony, indium, germanium, and arsenic, the
Cominco facility also produced sulfuric acid and liquid sulfur dioxide. Ammonia, ammonium
sulfate, and phosphate fertilizers were produced at the plant until August 1994, at which time
production of the phosphate-based fertilizer was terminated (MacDonald 1997).

Major current operations at the facility include primary smelting of zinc and lead concentrates
and secondary smelting for production of a variety of metal products (e.g., antimony, bismuth,
cadmium, cobalt, copper, germanium, gold, indium, mercury, silver, and thallium), arsenic
products, granular and crystallized ammonium sulfate fertilizers, sulfur, sulfuric acid, sulfur
dioxide (SO2), and ferrous granules (i.e., granulated slag) (EPA 2003b).

While information regarding releases at the Teck Cominco Trail facility prior to the 1970s has
not been provided, known discharges and emissions from the Trail facility, historic and
current, that have relevance to the UCR Site include but are not limited to:

e Discharges of granulated slag to the Columbia River
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e Liquid effluent discharges to the Columbia River
e Atmospheric emissions (stack and fugitive)

e Potential discharges to the Columbia River via groundwater migration from under
the smelter and from surface water runoff

e Accidental spills and releases to the Columbia River from Trail facility operations

These emissions are described in the following subsections. More information about Trail
facility operations and current processes is provided in Appendix D.

41.1.1 Slag

Granulated fumed slag is a byproduct of the smelting furnaces at the Trail facility. Slag is the
primary solid-phase byproduct that was discharged directly to the Columbia River. Slag
consists predominantly of sand-sized glassy ferrous granules which contain various quantities
of trace and major metals. Potential environmental effects of slag discharged to the river
include both chemical effects (increased metal loads, potential bioaccumulation, toxicity
problems in biota) and physical effects (scouring of plants and animals from river substrates,
damage to soft tissues of aquatic insects and fish, smothering of habitat) (G3 Consulting 2001b;
Nener 1992; WDOH 1994; Columbia River Integrated Environmental Monitoring Program
[CRIEMP] 2005; Cominco 1996).

According to a summary report prepared by consultants to Cominco, the routine discharge of
slag into the Columbia River was discontinued in mid-1995. Prior to this, up to 145,000 tons of
slag had been discharged annually. Appendix C presents a preliminary sediment transport
analysis evaluating various size fractions of granular slag, using historical flow and
river/reservoir stage information. The preliminary analysis demonstrates that slag materials
representing a range of grain sizes (silt to pebbles) may be transported downstream a
considerable distance (Marcus Flats and beyond). This slag will settle out in slower-flowing
reaches and localized hydrodynamically sheltered areas along the river (G3 Consulting 2001a).
EPA has estimated at least 23 million tons of granulated fumed slag was discharged into the
Columbia River (EPA 2006e). Currently, Cominco slag is stockpiled onsite while awaiting
purchase (G3 Consulting 2001a; MacDonald 1997) or is sold and transported offsite (TCAI
2008) under the product name “ferrous granules.” Sales to the cement industry are the
primary outlet for barren slag from Trail Operations. However, there are many sources of iron
available to the cement industry, and this competitive market limits the ability of Trail
Operations to sell all the barren slag it produces. For the past few years, production has
exceeded sales of ferrous granules, and this has led to a net accumulation of the material at
Trail Operations. In 2001, to alleviate an inventory backlog created when the specification for
cement industry customers became more stringent, Teck Cominco applied for and was
granted permission to transport up to 225,000 tonnes of barren slag material to the tailings
pond at Teck Cominco's Kimberly Operations. This tailings pond, which spans approximately
140 acres (63 hectares), arose from many decades of milling and flotation of ores from
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Kimberley's Sullivan mine. In 2003, approximately 58,000 tonnes of off-specification barren
slag were moved to Kimberley by truck. At the end of 2003, approximately 180,000 tonnes of
ferrous granules were stored in Trail awaiting sale to customers (Teck Cominco Metals Ltd.
2003).

41.1.2 Effluent

Historically, wastewater effluent from the Cominco facility has been discharged to the
Columbia River through five outfalls: one outfall from the Warfield Fertilizer Operation, three
submerged outfalls from the metallurgical plants, and one from the slag launder system. The
average discharges for dissolved metals from 1980 to 1996 were as high as 18 kilograms per
day (kg/d) of arsenic, 62 kg/d of cadmium, 200 kg/d of lead, and 7,400 kg/d of zinc.
Additionally, fertilizer plant operations contributed up to 4 kg/d of total mercury and 350 kg/d
of dissolved zinc (Cominco 1997).

41.1.3 Stack Emissions

Atmospheric sulfur emissions historically have been a significant component of facility stack
emissions, due to the sulfide-bearing ores (e.g., galena [PbS] and sphaelerite [ZnS]) that make
up the primary input (i.e., feedstock) to the Trail facility. Historically, the Cominco smelter
discharged sulfur dioxide into the air through a brick stack 409 feet high. The air pollution
traveled south and remained trapped in the northern Stevens County, Washington, Columbia
River Valley. In 1925, the Trail Smelter increased the discharge of sulfur dioxide into the air
from 4,700 to 10,000 tons a month. The citizens of Northport complained that sulfur pollution
was threatening their health and environment. They formed a “Citizens Protective
Association” of farmers and property owners who sent letters of protest to politicians in both
Ottawa and Washington. The matter, known as the Trail Smelter Case of 1926 to 1934, was the
first case of air pollution brought before an international tribunal (Northport Pioneers 1981).

The Canadian government suggested that the fumes problem should be placed on the agenda
of the International Joint Commission (IJC). The IJC did not consider the case until 1928. In
1931, the IJC recommended that the Canadian government stop polluting the atmosphere and
pay damages assessed against the corporation in the amount of $350,000. The U.S.
government, speaking for all of the claimants, refused to accept the $350,000 award, and asked
that the case be reexamined by an arbitration tribunal. In 1935, President Franklin D. Roosevelt
formally announced that the Treaty of Arbitration was in effect (Northport Pioneers 1981). The
tribunal was constituted under, and its powers derived from and limited by, the Convention
between the United States of America and the Dominion of Canada signed at Ottawa in 1935,
also termed “The Convention” (Cloutier 1941). In 1938, the appointed members of the tribunal
announced their decision assessing an additional $78,000 in damages for injuries sustained
from 1932 to 1937. They also decided that a regime or measure of control should be applied to
the operations of the Trail Smelter and should remain in full force unless and until modified in
accordance with the amendment or suspension of the regime. The tribunal also decided that
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no damage caused by the Trail Smelter in Washington State occurred with respect to the
period from October 1, 1937, to October 1, 1940 (Cloutier 1941).

Reductions in SOz emissions were achieved in 1931 due to the construction of the Warfield
Fertilizer plant, which absorbed and scrubbed SO: from stack emissions for the production of
fertilizer, and the termination of copper smelting that year.

The first air emission permits were issued to the facility on September 9, 1975, and covered all
onsite operations at that time (i.e., fertilizer, lead, and zinc operations). Current permits
require continuous monitoring of SO, particulates, lead, zinc, and cadmium in several stacks.
In addition, the facility monitors ambient air quality at stations within and around the facility
and the surrounding area. Each station is monitored for SO, total particulate matter, and trace
metals. Active facility permits include several stack emissions monitoring requirements (e.g.,
continuous monitoring of SOz, particulates, lead, zinc, and cadmium). Other permits
addressing air, waste storage, and landfills have been issued by the B.C. Government to the
facility. A summary of existing facility permits/licenses is presented in Table D1-6 with
detailed copies in Attachment D1-2.

In 1977, Cominco began a modernization program consisting of numerous projects that
continued through the 1980s and 1990s. Some examples of these projects included controlling
spills and dust, building a new lead smelter, installing air emissions controls, eliminating
discharge of slag, replacing the phosphate plant with an ammonium sulfate fertilizer
production operation, and reducing effluent discharges.

WDOH (1994) concluded from air quality simulation modeling performed by Ecology that
Trail Smelter pollutants could move down the Columbia River Valley and produce
moderately high (24-hour average) pollutant concentrations in the Northport area. In addition,
in 2003, the Area-wide Soil Contamination Task Force (ASCTF) estimated the extent of lead
and arsenic contamination that might be associated with air emissions from the Trail and

Le Roi smelters (ASCTF 2003).This estimate was based on observations of smoke and the
maximum extent of injury to trees from sulfur dioxide documented in 1929. The map

(Figure 4-1) shows the area of soil potentially impacted by air emissions to include the UCR
Site as far south as Kettle Falls. The defined area of potential impact from both smelters is
influenced by the local topography. The deep valley of the Columbia River where the smelters
are located provides a channel that influences air dispersion, in part by limiting wind direction
along the axis of the river, with the prevailing winds carrying smoke from Trail down the
Columbia River valley past Northport.

4.1.1.4 Groundwater Discharge

In 2001, Cominco initiated a groundwater investigation of the Trail Smelter Facility as part of
their ongoing work to inventory and characterize potential sources of contamination to the
environment. The purpose of the investigation was to obtain an estimate of the quantities of
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dissolved metals and other substances discharging into the Columbia River, via groundwater,
from under the smelter. The investigation consisted of the installation and testing of 18
groundwater monitoring wells at eight locations, including five along the bank of the
Columbia River. The investigation found evidence of groundwater contamination (Cominco
1998). Additional work conducted as part of the groundwater investigation at the smelter site
included installation of five more monitoring wells in 2002 to allow a more complete
assessment of the contaminant loadings to the Columbia River. Additionally, regional
groundwater investigations were begun to identify surface water drainages in the Cominco
area that may be affected by contaminated groundwater discharge (Teck Cominco Metals Ltd.
2003). It is not known to what degree this contaminated groundwater discharge may impact
surface water quality in the Columbia River.

4.1.1.5 Electronic-waste Management

In 2005, a pilot-scale study was conducted at the Trail facility to assess the feasibility of
initiating an electronic waste (e-waste) recycling program, wherein the plastics and woods
associated with e-waste would serve as reducing agents for the fuming furnace. The plastics
and wood are consumed in the furnace as chemical reductants, liberating carbon dioxide and
water vapor. In addition, and critical to the overall processing of e-wastes, is the effective
treatment of plastic components because these materials may form organic pollutants such as
dioxins/furans, polycyclic aromatic hydrocarbons (PAHs), and polybrominated diphenyl
ethers (PBDEs) when burned. The pilot-scale study was conducted over a period of 13 days at
the No. 2 slag fuming furnace associated with onsite lead operations.

Strict environmental monitoring was conducted at all potential discharge points, including
stacks (gases and particulates), effluents (C-III outfall), and ambient air. Monitoring results
showed that emissions of regulated persistent organic pollutants were comparable to baseline
levels. Specifically, emissions from the No. 2 fuming furnace were lower than Environment
Canada’s level of quantification for dioxins/furans (i.e., 32 picograms [pg] toxicity equivalent
[TEQ)] per dry standard cubic meter [dsm?]), while the production-based release of PAHs was
significantly lower than the National Pollutant Release Inventory (NPRI) reporting threshold.
Given the success of pilot-scale studies, the British Columbia Ministry of Environment (B.C.
MoE) issued a one-year temporary permit to conduct an e-waste recycling program. Based on
the positive environmental performance of the one-year program, the B.C. MoE will issue a
new permit to the Trail facility for e-waste recycling.

Additional details about e-waste processing and recycling are provided in Appendix D2.

4.1.1.6 Accidental Spills and Releases, Permit Exceedances, and Variances

The Trail facility has historically and recently experienced a number of accidental spills into
the Columbia River. According to records obtained from Environment Canada’s spilltracker
database and the B.C. MoE, chemicals released since 1983 include a variety of metals and
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metalloids, nutrients, slag, suspended soils, and oils (Table 4-1). Information about spills prior
to 1983 is not readily available, but releases of similar (and potentially additional) chemicals
are expected to have occurred periodically over the history of Trail operations. Information
regarding permit limit exceedances and variances is maintained by regulatory agencies in
Canada.

4.1.1.7 Other Potential Teck Cominco Trail Facility Sources

Other potential chemical sources associated with the Trail facility include its materials
management operations, PCBs, and other nonpoint sources (e.g., releases via Stoney Creek),
which are discussed below.

Materials Management: Of the 14 permits currently held by the Trail facility (Table 4-2), four
are related to management and storage of solid materials (e.g., slag and arsenic) that may be
related to COls for the UCR Site.

PCBs: Since the late 1970s, PCB equipment (e.g., electrical transformers) has been phased out
and the equipment has been destroyed at approved hazardous waste management facilities
such as the Swan Hills Treatment Centre in Alberta. All PCB equipment and/or PCB-
containing wastes have been removed from the Trail facility. As a result, it is PCB-free and the
existing permit (Permit No. 08443) will no longer be required nor renewed. Further
investigation may be required to identify information on PCB releases and disposal at the Trail
Facility.

Non-point Sources: Stoney Creek, located just upstream of the Cominco smelter near RM 755,
has also contributed chemicals to the Columbia River (Teck Cominco 1998). Cominco’s 1997
environmental report identified Stoney Creek as a significant contributor of contaminants to
the Columbia River (Cominco 1998). MacDonald (1997) identifies Stoney Creek as the single
largest source of dissolved arsenic, cadmium, and zinc to the Columbia River. Stoney Creek
concentrations in 1995 exceeded the permitted levels for the Trail facility’s metallurgical
sewers. The Stoney Creek watershed is affected by Teck Cominco’s past waste dumping and
storage activities, which contributed metal-laden drainage from seepage and surface runoff.
This stream also received runoff from the urban area and a municipal landfill. Water and
sediment in Stoney Creek contained elevated arsenic, cadmium, copper, lead, and zinc levels
compared to other tributaries prior to 1997. In 1997 and 1998, a seepage collection system
along the banks of Stoney Creek was designed and constructed to redirect drainage containing
zinc, cadmium, and arsenic to the effluent treatment plant. Stoney Creek metal levels in both
water (loads, calculated as concentration multiplied by flow) and sediment were reportedly
reduced substantially between 1995 and 1999, with the exception of copper levels, which
increased in sediment (G3 Consulting 2001b). In addition, in 2003 and 2005, two significant
sources of contaminant seepage into Stoney Creek were addressed. A closed industrial landfill
was capped in 2003 with an engineered, low-permeability, composite clay and synthetic
membrane; in 2005, a permanent storage system was created for arsenic-contaminated wastes
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using a low-permeability double liner at the base of the material and membrane cap. These
two source control measures have improved water quality within Stoney Creek. For example,
average zinc concentrations in Stoney Creek declined from 26 milligrams per liter (mg/L) in
1995 to 6.2 mg/L in 1999; average arsenic concentrations declined from 2.0 to 0.9 mg/L during
the same period, and copper concentrations from 16 to 6.3 micrograms per liter (ug/L) (Table
.30 in Golder Associates 2003).

Possible contributions of chemical from other non-point sources on the Trail facility have not
been evaluated. However, surface soil, stormwater, and groundwater data from the facility are
available for review.

4.1.2 Le Roi/Northport Smelter

The Le Roi/Northport Smelter (Le Roi) is a former smelter located approximately 7 river miles
downstream of the U.S.-Canadian border in Northport, Washington. The Le Roi Smelter
property encompasses approximately 32 acres and is accessed from the Northport-Waneta
Road via Highway 25 (Science Applications International Corp. [SAIC] 1997). The former
smelter operations area occupies approximately the eastern two-thirds of the site, and a
former lumber mill occupies the remaining portion. The smelter buildings, which are no
longer standing, included the furnace building, the roaster building, and the crusher and ore
building (Heritage 1981).

In 1892, D.C. Corbin, owner of the Spokane Falls and Northern Railroad, built a rail line to
reach the town of Northport, then consisting of a lumber mill and several tents. The railroad
tracks were located adjacent to the Le Roi site. In 1896, Mr. Corbin donated the site to the Le
Roi Mining and Smelting Company for the construction of the Breen Copper Smelter. In 1896,
the Breen Copper Smelter began refining copper and gold ores from mines in northeast
Washington, as well as copper ore from B.C,, for the Le Roi Mining and Smelting Company. In
1901, the Le Roi Company smelting operations reorganized with the Red Mountain smelting
operations to become the Northport Smelting and Refining Company (Northport Pioneers
1981).

The copper and gold ore was processed by heap roasting, which involves open burning of the
raw ore prior to placing it in a furnace. A slag brick platform was used for the initial burning,
or heap roasting, of the ore. Burned ore was placed in a furnace that produced iron and slag
waste. Some of the waste was formed into slag bricks that were then used as construction
materials for onsite as well as offsite buildings. The gold and copper concentrate was shipped
off the site by rail for further refining. At the peak of operation, the Le Roi Smelter processed
500 tons of ore per day; operations were suspended in 1909. In 1914, the Le Roi Smelter
reopened to process lead ore from Leadpoint, Washington, to meet government demand
during World War I. Lead smelting operations during this period produced up to 30 tons per
day of airborne sulfur emissions (Weston 2004b). Slag was the main byproduct of smelting
operation at the site. This material was sorted in piles on the site or discharged directly to the
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river via underground launders (EPA, 2004b) . Operations ceased permanently in 1921, and
the smelter site remained inactive until 1953. The furnace, roaster, and crusher and ore
buildings were removed from the site during this period of inactivity. From 1953 to 2001, the
western portion of the site was used as a lumber mill; no wood treatment or chemical use was
reported for this period of operation (Weston 2004b).

Emissions from the Le Roi facility that have potential relevance to the UCR Site include:

e Discharges of slag to the Columbia River

e Drainage to the Columbia River from seepage and surface runoff of materials stored
onsite

e Stack emissions

o Effluent discharge and accidental spills

From 1993 to 2004, the EPA conducted preliminary assessments, site inspections, and a
removal site evaluation. Northport residential and commercial properties were identified in
2003 and 2004 for a removal action. Removal assessment activities included sampling of
residential and commercial properties in and around the Northport community, sampling of
public areas, and collecting drinking water samples from residents. All sampling results were
compared to regulatory levels provided by the State of Washington Department of Ecology
(Ecology) for response actions conducted at Northport (Weston 2005).

A removal action was conducted on the Le Roi property and in the town of Northport by EPA
in 2004 (Weston 2004b; Weston 2005). Contaminated soils were consolidated at the smelter site
(11-acre area), covered with a polyethylene sheet and clean soil, and vegetated.

4.2 ADDITIONAL POTENTIAL CHEMICAL SOURCES

As part of the RI, the potential for contaminants of concern reaching the Upper Columbia
River Site from the industrial and non-industrial discharges identified below may also be
investigated if significant anomalous occurrences or distributions of chemicals are detected
during the course of the RI/FS at concentrations that exceed background or risk-based
screening levels.

4.2.1 Pulp Mill Operations

The Zellstoff Celgar Ltd. (Zellstoff) bleached kraft pulp mill is located in Castlegar, B.C.,
approximately 30 river miles upstream of the U.S.-Canada border. Prior to Zellstoff’s
acquisition of the pulp mill in February of 2005, the pulp mill was operated by the Celgar Pulp
Company (Celgar). From 1961 until mid-1993, the mill primarily used chlorine in its bleaching
process. The pulp mill discharged effluent containing chlorinated organic compounds,
including dioxins and furans, into the Columbia River (USGS 1994). As a result of health
implications of dioxin and furan levels in fish downstream of pulp mills, the provincial and
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federal governments initiated fish sampling in the Columbia River from 1988 to 1990 as part of
a nationwide survey. Levels in a variety of species downstream of Celgar, including rainbow
trout, showed low or normal background levels of contamination, with the exception of
whitefish, which showed levels above background. In response to these findings, a
consumption advisory was issued by the local Medical Health Officer recommending that
consumers of whitefish caught in the vicinity of the area of Hugh Keenlyside Dam to the U. S.-
Canada border limit their consumption to one meal per week. The 1990 whitefish
consumption advisory prompted voluntary changes to the mill’s bleach plant to reduce
chlorinated furan (i.e., 2,3,7,8-tetrachlorodibenzofurans) effluent discharges into the Columbia
River (CRIEMP, 2005).13

As a result of pulp process effluent discharges, a fiber mat formed downstream of Celgar’s
outfalls. Fiber mats often form when effluent containing wood debris and pulp fibers is
discharged into an aquatic environment and then settles to the substrate and accumulates.
While fiber mats are readily degraded by microorganisms (producing ammonia and hydrogen
sulfide byproducts), they often contain persistent chemicals from pulp production and
bleaching processes. Persistent chemicals documented in other fiber mats have included
PAHs, tetrachlorodibenzo-p-dioxins, and heavy metals (USGS 1994).

Plant modernization in 1994 included the installation of a chlorine dioxide bleach plant and a
secondary treatment system for process effluent. Following modernization of the mill,
discharges of chlorinated organic chemicals were reduced from 2,755 to 330 kg/d, and
polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) were
undetectable in the waste stream (EPA 2004e). A fiber and fly ash recovery system was also
implemented that subsequently led to the reduction of the fiber mat located downstream of
the process outfalls, and the recovery boiler previously responsible for high reduced-sulfur
emissions was decommissioned, resulting in lower sulfur releases and improved air quality
(EPA 2004e). The Zellstoff mill has reported annually to the NPRI since at least 1994; reported
releases include surface water discharges of ammonia and air releases of chlorine, chlorinated
compounds, methanol, and sulfuric acid (Environment Canada 2007).

4.2.2 EPA Toxics Release Inventory Sites

The Toxic Release Inventory (TRI) is a public database dating from 1988 that contains
information regarding toxic chemical releases, transfers, and other waste management
activities associated with U.S. facilities. Industrial sources and the associated chemicals based
on TRI information (from 1996 to 2005) from Stevens, Ferry, and Lincoln counties are listed in
Table 4-3; the locations of those in the vicinity of the study area are shown on Map 4-2. As

13 Fish advisories have also been issued for the consumption of walleye, whitefish, and sturgeon from
Lake Roosevelt due to mercury and dioxin concerns (WDOH 2002). The health advisory for mercury in
these fish is a state-wide advisory.
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shown in Table 4-3, releases by industries over the reporting period have included air and/or
land releases of metals, ammonia, chlorine compounds, and volatile compounds.

4.2.3 Water Quality Discharge Permitted Sites

Additional releases of COIs may have occurred or continue to occur as industrial stormwater
or wastewater discharges to the UCR and its tributaries. Discharges to surface waters are
regulated by the Clean Water Act. The administration of discharge permits through the
National Pollutant Discharge Elimination System (NPDES) program in Washington has been
delegated to Ecology.

Ecology’s Water Quality Permit Life Cycle System (WPLCS) database contains information on
all facilities with regulated discharge permits, which stipulate specific limits and conditions of
allowable discharge that may impact surface water quality. Locations of current permitted
facilities in the vicinity of the UCR are illustrated in Map 4-3, and are listed in Tables 4-4 and
4-5. The information in Table 4-4 is organized by water resource inventory area (WRIA), and
provides an overview of facility types discharging to several of the watersheds that ultimately
drain to the UCR. Discharges from some permitted sites are also reported to the TRI, discussed
above. Discharge water quality monitoring results for current permits are available from
Ecology but are not presented here.

4.2.4 Municipal and Non-point Sources

A variety of municipal and non-point sources are potentially relevant to the UCR Site,
including;:

e Municipal wastewater treatment plants that discharge into the Colville, Sanpoil,
Spokane, and Pend Oreille rivers

e Municipal wastewater treatment plants in Castlegar and Trail that discharge into the
Columbia River

e Point and non-point sources along the Spokane River

e Agricultural runoff of nutrients and pesticides to surface water
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5 ENVIRONMENTAL CONDITIONS

This section describes selected media and biota which help to characterize environmental
conditions at the UCR Site and provides a review of the previous investigations conducted in
the UCR vicinity with respect to chemical concentrations in surface water, sediment, fish
tissue residue, and air quality. Information regarding chemical concentrations in upland and
floodplain soils, groundwater, aquatic vegetation, or within the tissues of other benthic or
pelagic organisms (e.g., mussels, zooplankton) are limited; where available, such information
will be presented and evaluated in the BERA Work Plan.

5.1 OVERVIEW AND DATA EVALUATION APPROACH

This section provides the initial identification of data gaps. During SAP development, the data
presented in this chapter along with data from other studies relevant to the RI/FS, will be more
thoroughly evaluated through subsequent technical discussion with experts familiar with the
UCR and the studies. The DQO process will be used to determine appropriate use of data in
the RI/FS. It is expected that preliminary statements and analyses in this section (especially
regarding data quality and preliminary data interpretation) may be modified during and
following the SAP development process.

Along with information presented in Sections 4 and 6, this discussion of findings from past
studies and monitoring efforts will serve as a primary basis supporting the identification of
major data gaps and development of anticipated data collection activities described in
Sections 7 and 8 of this Work Plan. Information from selected U.S. and Canadian studies and
monitoring programs is presented. Data collection activities occurring north of the U.S.-
Canadian border, although technically outside of the defined extent of the UCR Site, are
valuable for understanding temporal and spatial variability in chemical concentrations in
various UCR media and biota.

5.2 SURFACE WATER QUALITY

This section addresses surface water quality in the UCR with an emphasis on hydrologic
conditions since 1973, when the last of the major flow-regulating upstream dams were
completed. Past studies have evaluated a variety of water quality parameters including
temperature, nutrients, conventional water quality parameters (e.g., alkalinity, hardness, pH),
and metals. A brief summary of these parameters is presented first, followed by a discussion
of metals. Only limited data are known to exist for organic compounds in UCR surface water.
No discussion of organic compounds in UCR surface water is presented here.
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5.2.1 Temperature

Temperature conditions of Lake Roosevelt have not substantially changed since the 1970s
according to available data. Ecology routinely monitors water quality parameters, including
water temperature, immediately upstream from Lake Roosevelt (Station 61A070 at RM 735.1)
and immediately downstream from the reservoir (Station 53A070 at RM 596.0). In addition,
USBR installed temperature loggers at various depths in the Grand Coulee forebay in August
1998.

Figure 5-1 provides an example of temperature conditions in Lake Roosevelt and the changes
that occur from the U.S.-Canadian border to the Grand Coulee Dam forebay. This information
shows approximately a 30- to 40-day shift in the comparable water temperatures between the
border and the dam forebay.

5.2.2 Dissolved Oxygen

The relatively constant and substantial flow of water through Lake Roosevelt, together with
the lake’s generally low biological productivity, apparently prevent greatly reduced oxygen
levels in the hypolimnion, according to the available data. Seattle Marine Laboratories (1974)
measured dissolved oxygen concentrations at multiple depths at three reservoir locations
(Kettle Falls - USGS RM 703, Castle Rock - USGS RM 644, and Pine Tree Point - USGS RM 600)
from April through October 1973. Dissolved oxygen was almost always greater than 10 mg/L
and at or above saturation in April and May, but was lower in June through August at 6 to

9 mg/L.

In 1976, Stober et al. (1977a) found that dissolved oxygen levels in the Lake Roosevelt forebay
were generally greater than saturation. Stober et al. (1981) also measured reduced dissolved
oxygen levels near the reservoir bottom in the Spokane Arm during the summer of 1980.
Dissolved oxygen levels as low as 49 percent of saturation were measured at the bottom in
August.

Higher summertime temperatures and the presence of biodegradable organics can result in
lower dissolved oxygen levels due to microbiological oxygen uptake. This is not uncommon
and, based on available data, appears to occur in some locations within the UCR. In 2000, Lee
et al. (BPA 2004a) measured dissolved oxygen levels of 2.6 mg/L near the bottom in the
Spokane Arm. They attributed the low levels to decomposition of summer algal biomass. They
reported that the vertical distributions of dissolved oxygen levels were otherwise relatively
uniform and near saturation. More recently, Fields et al. (BPA 2004b) reported that dissolved
oxygen levels in the Spokane Arm in September reached a low of 6.3 mg/L. They also
measured low dissolved oxygen near the bottom at the Spokane Arm’s Porcupine Bay of

3.9 mg/L in August and 3.3 mg/L in September. In 2003, the STI monitoring program (BPA
2005a) measured dissolved oxygen concentrations of less than 5 mg/L at Porcupine Bay from
July to August, with a rebound to 7 mg/L by September.
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5.2.3 Nutrients

Nutrients and light are the basic requirements for growth and reproduction of phytoplankton
(i.e., floating algae) and periphyton (i.e., attached algae), the base of the aquatic food web in
Lake Roosevelt. Phosphorus, in the form of phosphate, and nitrogen, most importantly as
nitrate, are the nutrients that most often limit this primary productivity in freshwater
environments. The Trail plant began producing ammonium phosphate fertilizers in the 1930s,
resulting in the discharge of soluble waste gypsum containing phosphate (Kenyon and Glover
1994). Nutrient reductions in effluent from the plant began in the 1980s, and releases of
phosphate ended in the summer of 1994 (Kenyon and Glover 1994; Wilson et al. 1996).

Other sources of nutrient loading include effluents from municipal wastewater treatment
systems. The largest of these is the City of Spokane’s, which discharges into the Spokane River
just downstream from the city. The City of Spokane constructed its first primary sewage
treatment plant in the late 1950s, and the plant was later identified as a major source of
nutrients causing eutrophication'* in Long Lake and the Spokane River (City of Spokane 2006).
Advanced wastewater treatment began in 1977 with 85 percent removal of phosphorus.
Further reductions in nutrient loading were accomplished in the 1980s by eliminating

85 percent of the combined sewer overflows discharging to the Spokane River. A 1990
statewide ban on selling phosphate detergents in Washington likely also reduced loading from
many wastewater facilities in the watershed.

Wilson et al. (1996) conducted three intensive surveys in Lake Roosevelt in 1994 and again in
1995 at nine sampling sites between Grand Coulee Dam and Evans Landing (USGS RM 713;
see Map 5-1). Lower phosphorus concentrations compared to previous surveys were
attributed to effluent reductions at the Trail fertilizer plant. Total phosphorus ranged between
0.002 and 0.025 mg/L, and averaged only 0.009 mg/L, while most orthophosphorus
concentrations were at or below the 0.001 mg/L detection limit. Lake Roosevelt nitrate levels
followed the same spatial and seasonal patterns and were within the ranges reported from
past investigations (Welch et al. 1992; Stober et al. 1981; USBR 1985). Nitrate concentrations in
1994 and 1995 averaged 0.125 mg/L in the spring, with biological uptake reducing surface
concentrations to an average of 0.028 mg/L during summer (Wilson et al. 1996). Also, similar
to previous studies, nitrate concentrations in the Spokane Arm were 4 to 10 times higher than
at the main reservoir sampling sites. Wilson et al. (1996) concluded that the limiting nutrient of
the phytoplankton populations shifted from being predominantly nitrogen in 1980 to
phosphorus during the 1994 to 1995 sampling.

CCT (1999) examined the historical records of nutrient sampling conducted at Northport

(RM 735) and the Grand Coulee Dam tailrace of Lake Roosevelt (USGS RM 596). Mean
summer total phosphorus concentrations in the early 1980s at Northport ranging from 0.020 to
0.050 mg/L declined to 0.005 to 0.015 mg/L through 1998, except for high flow years in 1991

14 Eutrophication is the accelerated aging of a lake characterized by an abundant nutrient supply and
high productivity of algae or other aquatic plants.
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and 1997 when the mean summer concentration was 0.025 mg/L. Total phosphorus
concentrations at Grand Coulee Dam showed the same general trend observed at Northport,
but with generally lower concentrations. CCT (1999) speculated that the lower phosphorus
concentrations may be expected from loss to biological uptake, nutrient cycling, and
sedimentation. The decline in mean summer orthophosphate at Northport was sharper and
more consistent than the decline in total phosphorus, as would be expected from the
elimination of phosphate releases from the fertilizer plant. Limited data showed mean
summer orthophosphate concentrations generally between 0.030 and 0.050 mg/L between 1981
and 1990, followed by concentrations consistently less than 0.010 mg/L between 1992 and 1998.
Mean summer orthophosphate concentrations at Grand Coulee Dam were 0.010 mg/L or less
most years between 1978 and 1998, indicating utilization for primary productivity in the
reservoir in the 1980s. CCT (1999) did not see any obvious trends in summer average nitrate
concentrations at Northport or Grand Coulee Dam between 1978 and 1998, remaining in the
range of 0.035 to 0.085 mg/L. In evaluating the ratios of summer dissolved inorganic nitrogen
(DIN) and orthophosphate concentrations, CCT (1999) concluded that phosphorus may have
been the nutrient limiting phytoplankton productivity in the 1970s, followed by a near balance
between phosphorus and nitrogen limitation, and returning to probable phosphorus limitation
since 1993.

5.2.4 Conventional Parameters

The following conventional parameters/analytes are briefly discussed in this section:

e Alkalinity e Magnesium
e Calcium e pH

e Chloride e Potassium

e Conductivity e Sodium

e Dissolved organic carbon e Sulfate

e Hardness e Sulfide

Sources of data used to characterize conventional water quality parameters in the UCR largely
include the USGS and its National Water Information System, the EPA’s STORET database,
Columbia River Integrated Environmental Monitoring Program,'> and various monitoring
studies conducted by TCM in the Columbia River near the Trail facility. In general, the
averages of the surface water parameters, representing the period from as early as 1948 to
April 2006, were representative of many Pacific Northwest streams subject to extensive
precipitation and having low solids and nutrient concentrations (Table 5-1).

Although the conventional analytes differed statistically when comparing stations or years,
the overall trends in conventional water quality were similar across the UCR and its
tributaries. For example, the average alkalinity over the eight sites represented in Table 5-1

15 http://www.criemp.org/
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was 55 mg/L as calcium carbonate, corresponding to the same average alkalinity observed at
the Birchbank site (upstream of the Trail facility) (Figure 5-2).

Current concentrations of conventional chemical parameters are reflected in data collected
between 2000 and 2006 (Table 5-2).1¢ Data are available only for Birchbank, Waneta, and
Northport during this time period. Nonetheless, these three stations present the best
opportunity to observe any changes upstream and downstream of the Trail facility in
conventional water quality. When compared with the complete data set, the 2000 to 2006
average concentrations for Birchbank, Waneta, and Northport are, in general, very similar, but
the ranges of values differ (e.g., higher minimum values and lower maximum values). Overall,
mean concentrations of conventional surface water parameters, except for pH and hardness,
are similar at the three stations: above (Birchbank), directly below (Waneta), and farther below
the Trail facility (Northport) (Figures 5-3 through 5-5).1”

5.2.5 Metal and Metalloid Concentrations

The following section summarizes the existing water quality data for metals in surface water
upstream of, and within, the UCR. The discussion does not address short-term increases in
COI concentrations caused by Trail facility discharges or spills. While this summary primarily
discusses reported concentrations, the RI/FS may also assess the significance of mass loading
of metals and metalloids to the Site.

5.2.5.1 Data Sources

Surface water chemical data sources include the USGS and its National Water Information
System, EPA’s STORET database, Environment Canada’s federal/provincial water quality
monitoring program, and monitoring studies conducted by TCM in the Columbia River near
the Trail facility (Table 5-3). Locations of surface water chemical concentration data for the
UCR and its tributaries are illustrated in Map 5-2.

It should be noted that the studies and monitoring programs listed in Table 5-3 were
conducted for a variety of purposes unrelated to the UCR RI/FS. Consequently, the surface
water data presented here may not meet all of the data quality requirements for quantitative
evaluations associated with the RI/FS (e.g., risk assessment). However, the data are assumed,
for purposes of this Work Plan review, to be of sufficient quality to provide a general
understanding about the distribution of chemicals in surface water in the UCR. As the RI/FS
progresses, the quality of the existing data will be evaluated in the context of task-specific data
quality objectives to determine whether the data can be used for decisionmaking purposes.

16 The period of 2000-2006 is most representative of current operating conditions for dam operations,
industrial activities, and irrigation withdrawals.

17 The data evaluated in this section from the data set excluded a set of unrealistically high values,
which were censored by hand (an example being pH values listed at 48 standard units). Nondetect
values were set at the value of the detection limit in calculating summary statistics.
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These data quality determinations will be documented in the baseline ecological risk
assessment (BERA) work plan and other individual sampling and analysis plans (SAPs) that
will be developed during the course of the RI/FS.

5.2.5.2 Distribution of Trail Facility-Related Indicator Metals
Potential sources of metals to UCR surface water related to Trail facility operations include:

e Residual granulated slag deposits located north and south of the U.S.-Canadian
border (including floating slag)

e Porewater

e Permitted smelter facility effluent discharges
e Direct discharges from Stoney Creek

e Contaminant spills

e Deposition of Trail-related airborne particulates

EPA believes that metal load contributions from other sources (e.g., LeRoi Smelter) likely
represent a much smaller overall contribution to the UCR system than the various source
contributions associated with the Trail facility. Based on the Trail facility effluent loading data
and permitted discharges, arsenic, cadmium, copper, lead, mercury, and zinc are considered
to be primary indicator metals and metalloids released from the Trail facility and are the focus
of the surface water discussions below. The permit for Outfall III also allows up to 30 kg/day
of thallium.

In this section, metals are characterized as either total or dissolved because each of these forms
is important (EPA 1996b). Total metals are defined as the combination of particulate-bound
metals (metal bound to particles) and dissolved (often defined as those which pass through a
< 0.45-micrometer [um] filter) metals in water.

Surface Water Metals Concentrations: Birchbank to Northport

A substantial amount of Columbia River surface water quality data is available from
Birchbank, which lies approximately 10 km (6 miles) upstream of the Trail facility, and
Waneta, located approximately 2.5 km (1.5 miles) upstream of the U.S.-Canadian border and
17 km (10.5 miles) downstream of Trail. In addition, surface water quality data are available
from two locations on the Pend Oreille River, at Waneta and at a site further upstream
referred to as “the international boundary” (also located in B.C.). The Pend Oreille River flows
into the Columbia River downstream of the Waneta sampling location.

Box plots of surface water data from the four B.C. locations were developed for preliminary
comparison of total metals concentrations to those measured at Northport from 2001 through
2005 (Figures 5-6 through 5-10). The box plots are based only on detected metal concentrations
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so that differences in detection limits do not influence comparisons of metal concentrations
between stations, although detection frequencies at the four B.C. sites were very high for all
metals evaluated here (mercury data are not available for the B.C. locations during the period
2001-2005). At Northport, however, cadmium and zinc were infrequently detected, although
detection limits at Northport were higher than those achieved at the B.C. sites. The following
preliminary summary describes apparent trends by metal:

e Arsenic: Total arsenic concentrations in the Columbia River at Birchbank and
Waneta were comparable (Figure 5-6). Total arsenic concentrations at the two Pend
Oreille River sites are approximately 4 to 5 times greater than in the Columbia River
at Birchbank and Waneta (Figure 5-6). At Northport, total arsenic concentrations are
greater than those measured in the Columbia upstream of the border and less than
those measured in the Pend Oreille River (Figure 5-6).

¢ Cadmium: Total cadmium concentrations in the Columbia River at Waneta are
approximately two times higher than those measured at Birchbank and in the Pend
Oreille River (Figure 5-7). Total cadmium was detected at Northport in only one of
26 samples from 2001 through 2005. The detection limit (0.1 pg/L) was higher than
the concentrations detected at the B.C. sites, thus precluding any concentration
comparisons between Northport and the upstream sites.

e Copper: Total copper concentrations are generally slightly higher in the Columbia
River at Waneta than at Birchbank (Figure 5-8). Total copper concentrations in the
Pend Oreille River are higher than those measured in the Columbia at Waneta, while
copper concentrations at Northport are similar to those measured in the Pend Oreille
River or intermediate between those measured in the Columbia at Waneta and the
Pend Oreille River (Figure 5-8).

e Lead: Total lead concentrations were not highly variable between the B.C. sites and
Northport, although concentrations are slightly higher in the Pend Oreille River at
Waneta, which in turn are slightly higher than those measured in the Columbia River
at Waneta (Figure 5-9). The range in total lead concentrations at Northport tended to
overlap more with the range in concentrations measured in the Pend Oreille River at
Waneta (Figure 5-9). However, relative magnitudes of the total lead concentrations
were not large (less than a factor of two).

e Zinc: Overall, total zinc concentrations were higher in the Columbia River at Waneta
than upstream at Birchbank, while total zinc concentrations in the Pend Oreille River
were intermediate between those measured in the Columbia at Waneta and
Birchbank (Figure 5-10). At Northport, total zinc was infrequently detected at a
detection limit of 5 ug/L, which is higher than the majority of detected concentrations
at the B.C. sites. Thus, it is not possible to adequately compare total zinc
concentrations at Northport versus the upstream sites.

Overall, detected total or total recoverable copper and zinc concentrations between 2001 and
2005 were approximately 1.5 to 2 times greater (on average) at Waneta than at Birchbank. For
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arsenic, cadmium, and lead, detected total or total recoverable concentrations at Waneta were
similar to or greater than concentrations at Birchbank. Detected arsenic, copper, and lead
concentrations at Northport are generally greater than those at either Waneta or Birchbank.
Metals concentrations measured in the Pend Oreille River were often higher than those
measured in the Columbia River at Waneta.

Chemical Concentration Trends at Northport

Aside from the upstream surface water metals data for Birchbank and Waneta, the only
surface water sampling location on the UCR that has been continuously monitored for metals
over a substantial time period, from the 1990s to the present, is Northport, which lies just
upstream from the location of full pool in the UCR. Dissolved and total recoverable
concentrations of representative metals (arsenic, cadmium, copper, lead, mercury, and zinc) in
surface water were plotted as a function of time (Figures 5-11 through 5-16). In each figure,
closed symbols represent detected concentrations and open symbols represent the detection
limit for undetected concentrations. Similar temporal trends are evident for each metal.

First, there have been reductions in detected concentrations as analytical detection limits have
declined and sampling techniques and analytical methods have likely improved. Second,
detected concentrations have generally declined over time. This may be due to increased
upstream source control, but may also in part reflect the improved sampling techniques (EPA
1996a).

Downstream of Northport, there are other major tributaries that contribute to metals loadings
to the UCR, including the Kettle, Colville, Spokane, and Sanpoil rivers. Concentrations of total
recoverable metals for these rivers were compared to the concentrations found in the UCR at
Northport (with the exception of the Colville River, for which no metals data are available).
Comparisons were based on total recoverable concentrations because they are more indicative
of relative loading potential. As shown in Figures 5-17 through 5-22, the available metals
concentration data for the Kettle, Spokane, and Sanpoil rivers are comparable to the UCR at
Northport.

5.3 SEDIMENT QUALITY

The current understanding of sediment quality in the UCR is discussed in the following
sections. Included is a discussion of historical and recent studies conducted throughout the
UCR of surface and subsurface sediments, sediment porewater, and sediment toxicity. Studies
by the USGS (Bortleson et al. 2001) showed that suspended particulates in Columbia River
water samples contained elevated metal concentrations. The quantity of suspended sediment
in the UCR is generally low, however, compared to other major river systems. Suspended
sediment, while recognized as an important component of the overall sediment continuum, is
not discussed further in this sediment quality overview, but may be addressed further in the
BERA Work Plan.
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5.3.1 Surface Sediments

The following sections describe the types and distributions of chemicals in UCR surface
sediments.

5.3.1.1 Data Sources

Sources of surface sediment data include Bortleson et al. (2001), EPA (2003b), EPA (2006¢), Era
and Serdar (2001), Golder Associates (2003), Johnson (1991c), Johnson et al. (1989), Johnson et.
al (1991b), Majewski et al. (2003), MacDonald (1997), and Paulson et al. (2006). Sources and
locations of sediment data for the UCR are summarized below and illustrated in Map 5-3.
Detailed maps for each study are included in Appendix E.

As with surface water, it should be noted that the studies listed above were conducted for a
variety of purposes unrelated to the UCR RI/FS. Consequently, the chemical data presented
here may not meet all of the data quality requirements for quantitative evaluations associated
with the RI/FS (e.g., risk assessment). However, the data are assumed, for purposes of this
Work Plan, to be of sufficient quality to provide a general understanding about the
distribution of chemicals in sediment in the UCR. As the RI/FS progresses, the quality of the
existing data will be evaluated in the context of task-specific data quality objectives to
determine whether the data can be used for decisionmaking purposes. These data quality
determinations will be documented in the BERA Work Plan and other individual SAPs that
will be developed during the course of the RI/FS.

In preparing this work plan an error was found in the manner in which river miles were
designated for the upper portion of the UCR during the 2005 Phase I study. This discrepancy
occurred when transitioning between the USGS topographic maps for the Inchelium and Rice
quadrants. In making this transition, USGS designates a 2-mile distance between USGS

RM 680 and the next river-mile demarcation. However, during the Phase I study, EPA
designated only a 1-mile distance between these two points. Therefore, all river-mile
designations above USGS RM 680 in the Phase I study are I mile less than the designations
used by USGS. For the purposes of this section of the work plan, all river mile designations
made for the 2005 Phase I study are those used by EPA, and are acknowledged as such. In this
manner, the identification of specific locations within the UCR will be consistent with the
sample and station locations used during that study (i.e., they include the river-mile
designations). However, the discrepancies with the river miles used by USGS above USGS RM
680 should be remembered, and are noted on all relevant tables and figures in this section.

5.3.1.2 Historical Studies

Six broad-scale studies of metals concentrations in surface sediments were conducted in the
UCR between 1986 and 2002 by researchers from various state and federal agencies, including
Ecology (Era and Serdar 2001; Johnson et al. 1989), USGS (Bortleson et al. 2001; Majewski et al.
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2003), and EPA (EPA 2003b). Concentrations of organic compounds were also measured in
two of these studies (Bortleson et al. 2001; EPA 2003b), in addition to a single study by
researchers from Ecology that focused only on organic compounds (Johnson 1991a; Johnson
1991c). Locations of sampling stations for all seven studies are presented in Appendix E (Maps
E1 through E7).

Metals

As described previously, six historical studies of surface sediments have evaluated broad-scale
patterns of metals concentrations in the UCR. Each of those studies is described below.

Johnson et al. (1989) —This study was conducted by researchers from Ecology to provide an
initial characterization of the distribution of metals in surface sediments throughout the UCR,
and it represents the first large-scale study of metals in surface sediments in this part of the
Columbia River.

Methods: Sampling was conducted in September and October of 1986. Surface sediments (top 2
to 4 cm) were sampled at 12 stations in the UCR from USGS RM 743 near the U.S.-Canadian
border to USGS RM 605 near the Grand Coulee Dam (Map E1). Surface sediments were also
collected in the mouths of the four major tributaries to the UCR (i.e., the Kettle, Colville,
Spokane, and Sanpoil rivers), and at an upstream reference area in Lower Arrow Lake, B.C.
Surface sediments at most stations were sampled using a van Veen grab sampler, but an
Emery pipe dredge was required to sample coarse sediments near the border. The five stations
located at USGS RM 724 and above were located in back eddies and embayments because of
the coarse nature of sediments in the main channel. Below USGS RM 724, stations were
sampled near mid-channel to a maximum water depth of 135 feet. A single core sample was
also collected at USGS RM 693 near French Rocks using a 5-cm gravity corer. In addition to
metals concentrations, concentrations of cesium-137 were measured in the core samples to
assign a time horizon to each sample.'®

Results: A distinct longitudinal gradient of grain-size distribution in the UCR was identified
(Figure 5-23), with stations located at and above Marcus Flats being characterized
predominantly by coarse-grained sediment (sand) and downstream areas being characterized
predominantly by finer-grained sediment (silt and clay). For the six stations sampled above
USGS RM 700, sand accounted for more than 96 percent of the sediment at all but one station.
For fine-grained sediments in downstream areas, silt exhibited a peak concentration of

80 percent at USGS RM 692 near French Rocks, and then declined steadily to 46 percent at
USGS RM 604 near the Grand Coulee Dam. By contrast, clay exhibited gradually increasing
concentrations from 15 percent at USGS RM 692 to 34 percent at USGS RM 604.

18 Cesium-137 levels are used to estimate the location of 1964 (i.e., the peak cesium-137 concentration
related to atomic bomb testing) and 1954 (i.e., the first appearance of cesium-137 concentrations) in core
samples.
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For metals, Johnson et al. (1989) found that the highest concentrations of iron, zinc, copper,
arsenic, and manganese were associated with the coarse-grained sediments found at and
above Marcus Flats (Figures 5-24 and 5-25). They found significant correlations (p < 0.05)
between percent sand and the concentrations of the above-mentioned five metals. The authors
speculated that the high concentrations of metals in sediment at and above Marcus Flats were
largely the result of the presence of granulated slag in the coarse-grained fraction of the
sediments. They characterized these sediments as primarily consisting of “brownish black
sand.” By contrast with the pattern described above, Johnson et al. (1989) found that the
highest concentrations of lead, cadmium, and mercury occurred farther downstream in
association with finer-grained sediments (Figure 5-26). Significant correlations (p < 0.05)
between fine-grained sediment (silt and clay) and concentrations of cadmium and mercury
were observed. Lead did not correlate significantly (p > 0.05) with any of the grain size
variables or other metals.

With respect to the major tributaries evaluated by Johnson et al. (1989), the results suggest that
the Spokane River may be a source of zinc, lead, and cadmium to the UCR because
concentrations of 1,540, 128, and 5.6 mg/kg, respectively, were found in sediments from the
river. Concentrations of these metals in the other three major tributaries were considerably
lower than the values found in the UCR and the Spokane River.

Bortleson et al. (2001) —This study was conducted by researchers from the USGS to
characterize the distribution of metals in surface sediments throughout the UCR. It represents
a more detailed characterization of metals in surface sediments in this part of the Columbia
River than that provided by Johnson et al. (1989).

Methods: Sampling was conducted in September and October of 1992. Surface sediments (top 1
to 2 cm) were sampled at 41 stations in the UCR from the U.S.-Canadian border to the Grand
Coulee Dam (Map E2). Surface sediments were also collected in the mouths of the four major
tributaries to the UCR (the Kettle, Colville, Spokane, and Sanpoil rivers), in the mouths of
three minor tributaries (Sherman, Hall, and Hawk creeks at USGS RMs 700, 675, and 634,
respectively), at four beaches (Big Sheep Creek, Colville River, Bradbury, and Keller Ferry at
USGS RMs 736, 699, 694, and 615, respectively), and in the river bank at three locations
(Ninemile Creek, Seven Bays, and Sanpoil River at USGS RMs 648, 636, and 616, respectively).
Above the U.S.-Canadian border, Bortleson et al. (2001) sampled surface sediments in the
Kootenay and Pend Oreille rivers (which are tributaries to the UCR) and Lower Arrow Lake,
B.C. Surface sediments were sampled using a stainless steel van Veen grab sampler. At most
locations in the UCR, stations were sampled along a transect perpendicular to the river that
included a station in the historical river channel as well as stations on either bank.

Results: In general, the longitudinal patterns of metals concentrations in the UCR were similar
to those identified previously by Johnson et al. (1989), with the highest concentrations of some
metals (e.g., iron, zinc, and copper) being associated with the coarse-grained sediments found
at and above Marcus Flats and the concentrations of other metals (e.g., cadmium and mercury)
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being associated primarily with fine-grained sediments in areas farther downstream. The
authors suggested that much of the coarse-grained sediments in the upper parts of the UCR
consisted of granulated slag. They also speculated that the elevated concentrations of
cadmium, mercury, and lead found in downstream areas may be associated with liquid
effluent discharged to the river above the U.S.-Canadian boundary.

With respect to the river banks, which can contribute sediment to the UCR through erosion
and landslides, Bortleson et al. (2001) stated that these sediments may be a source of arsenic,
but noted that the data were limited to only four samples. The authors found that
concentrations of lead and zinc were elevated at the beach sampled near the mouth of Big
Sheep Creek, and noted that the creek drains a mineralized area. They concluded that the
creek may be a source of those two metals to the UCR, but cautioned that the annual discharge
from this tributary is relatively small.

Bortleson et al. (2001) noted that the elevated concentrations of these metals in the Pend
Oreille River may have originated in the upstream Metaline mining district, but cautioned that
the Waneta Dam and other upstream dams impede sediment transport during most flows.

Era and Serdar (2001) —This study was conducted by researchers from Ecology, primarily to
evaluate potential sediment toxicity (see discussion in Section 5.2.4.1) in the lower and upper
portions of the UCR.

Methods: Sampling was conducted in May of 2001. Surface sediments (top 10 cm) were
sampled at seven stations in the UCR, with three stations located in the upper portion of the
river (USGS RMs 745 to 738) near the U.S.-Canadian border, and four stations located in the
lower part of the river (USGS RMs 645 to 596, Map E3). Surface sediments were also collected
in the mouths of the Kettle and Sanpoil rivers, as well as at an upstream reference area in
Lower Arrow Lake, B.C. Surface sediments were sampled using a van Veen grab sampler.

Results: In general, the longitudinal patterns of metals concentrations found in the UCR were
similar to those identified previously by Johnson et al. (1989) and Bortleson et al. (2001), with
the highest concentrations of zinc and copper associated with the coarse-grained sediments
found in the upper UCR and the concentrations of mercury being associated primarily with
fine-grained sediments in areas farther downstream. They also found a significant correlation
(p < 0.05) between the concentrations of mercury and clay. Era and Serdar (2001) found no
strong longitudinal patterns for lead and cadmium. The authors noted that much of the
coarse-grained sediments at the three stations located in the upper parts of the UCR consisted
of a visibly dark sandy mixture that suggested the presence of granulated slag. Elevated
concentrations of metals were not found in the Kettle and Sanpoil rivers.

Majewski et al. (2003) —This study was conducted by researchers from USGS to evaluate
metals concentrations in the fine-grained fraction of sediments (i.e., < 63 um) collected
from beaches and nearby river sediments throughout the UCR. The primary objective was to
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determine metals concentrations in the sediment fraction that could potentially become
components of airborne dust and subsequently be inhaled by humans.

Methods: Sampling was conducted in April and May of 2001. Surface sediments (top 2 to 3 cm)
were sampled at 24 stations in the UCR from USGS RM 731 near Northport to USGS RM 601
near the Grand Coulee Dam (Map E4). Sediments were also collected at an upstream reference
area in Lower Arrow Lake, the same upstream reference area sampled by Johnson et al. (2003),
Bortleson et al. (2001), and Era and Serdar (2001). Surface sediments were sampled using
plastic spoons.

Results: Majewski et al. (2003) found that most metals exhibited a gradient of decreasing
concentrations from the upper to lower portions of the UCR. Although, this pattern is
inconsistent with the patterns identified for mercury and cadmium in one or more of the
previous studies described above, it may be related to the fact that Majewski et al. (2003)
sampled sediment close to the shoreline, whereas the previous studies evaluated sediments at
greater water depths in the river.

EPA (2003b) —This study was conducted by EPA to provide information for determining
whether the UCR should be included on the National Priorities List (NPL), and to establish
priorities for additional action, if warranted.

Methods: Sampling was conducted in May and June of 2001. Surface sediments (top 2 to 20 cm)
were sampled at 49 stations in the upper and middle portions of the UCR from the U.S.-
Canadian border to USGS RM 675 near Inchelium (Map E5). Surface sediments were sampled
using several kinds of stainless steel equipment, including a petite Ponar grab sampler, hand
augers, and spoons.

Results: According to EPA (2003b), elevated concentrations of arsenic, cadmium, lead,
mercury, and zinc were found at the majority of stations, ranging from 48 percent of stations
for mercury to 97 percent of stations for copper. The area of elevated concentrations included
the entire study area. EPA (2003b) also found that concentrations of zinc, copper, and lead
tended to decrease with increasing distance downstream, and noted that sediments at a
number of sites consisted of a glassy sandy mixture visually characterized by field personnel
as granulated slag.

Paulson et al. (2006) —This study was conducted by researchers from USGS to present
analytical results regarding the elemental composition of sediments collected from the UCR in
2004, and to evaluate the release of elements from sediment following physical abrasion (i.e.,
tumbling). The results of sediment composition (total digestion) analyses that were conducted
as part of this study are discussed here.

Methods: Sampling was conducted in 2004. Sediments were collected at eight stations between
approximately USGS RM 601 and RM 736, to represent the areal distribution of trace element
concentrations between the border and Grand Coulee Dam, and one station in the Sanpoil
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River to represent background conditions (Map E6). Sampling stations were selected to target
locations unaffected by reservoir fluctuations (although one station was likely above the range
of drawdown elevations) and locations that had been permanently subaqueous for the
previous 2 years. Areas of terrestrial landslides where sediment chemistry may be affected by
bank material were purposely avoided.

Samples were collected using a 13.5 cm by 13.5 cm by 12-cm-deep box corer, following EPA
(2001a) protocols. Water depths at the stations ranged from 12 to 26 m. Subsamples collected
at each site included one 4.4-cm-diameter core (up to 10 cm long) for analysis of elemental
vertical distribution in sediments. A total of 28 sediment samples (1 to 4 from each site) were
analyzed for total concentrations of 10 alkali and alkaline earth elements, 2 non-metals, and 20
metals, not including mercury. The samples consisted of the following:

e Discrete surface (0 to 1 cm) samples and composite near-surface samples (3-10 cm)
from four locations that were analyzed to provide vertical profile information

e Replicate 0 to 2 cm interval samples, which had been previously centrifuged for
porewater analysis, from four sites to provide data on horizontal concentration
variations

e Composite samples from nine sites representing material from 4 to 10 cm below
surface

e Samples of 0 to 2 cm below surface from two sites that had previously undergone a
tumbling experiment

A sample of unsorted beach sand collected at RM 743 as part of a previous study (Cox et al.
2005) was also included in the data set for this study.

Results: Results of sediment analyses are summarized and interpreted in Paulson and Cox
(Paulson and Cox 2007). Spatial trends in the total concentrations of arsenic, copper, cadmium,
lead, and zinc were found to be similar to those of other studies (Paulson and Cox 2007).
Concentrations of copper, lead, and zinc were highest in the river reach sediments and
generally decreased downstream, while cadmium concentrations, relatively lower in the river
reach sediments, generally increased downstream. Cadmium concentrations were found to be
related to fine-grained sediment content, and inversely related to granulated slag content. Two
locations in the lower reach of the study area contained the highest cadmium concentrations,
which were attributed to sorption from the aqueous phase to organic-rich particulates and
subsequent downstream transport (Paulson and Cox 2007).

Organic Compounds

As described previously, three historical studies of surface sediments have evaluated broad-
scale patterns of the concentrations of organic compounds in the UCR. Each of those studies is
described below.
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Johnson (1991c¢) and Johnson et al. (1991b) — As part of Ecology’s investigation of organic
compounds in UCR sediments, a series of sediment samples was collected in June 1990 from
the UCR and vicinity for analysis of PCDDs and PCDFs (Johnson et al. 1991b). Sediment
samples were also analyzed for 44 additional organic compounds (Johnson [1991c]; Map E7).
Those additional organic compounds, along with the PCDDs and PCDFs, made up the list of
target analytes for EPA’s National Bioaccumulation Study (EPA 1991b), a national survey of
contaminants considered to bioaccumulate to significant extents in fish. The impetus for this
survey was the need to better understand the spatial distribution of organic compounds as a
result of their discharge by the Zellstoff Celgar bleached kraft pulp mill in Castlegar, B.C.
(approximately 30 river miles above the U.S.-Canadian border).

Methods: Six sites were sampled in the UCR between the U.S.-Canadian border and Grand
Coulee Dam (Map E7), and one site each in the Spokane River at Long Lake and Rufus Woods
Lake (the Columbia River reservoir below Lake Roosevelt formed by Chief Joseph Dam). One
sediment sample was collected at each sample location. Each sediment sample represented a
composite of three grabs taken with a stainless-steel van Veen grab sampler. Only the top 2-cm
surface layer was sampled. All 2,3,7,8-substituted PCDDs and PCDFs, except
octachlorodibenzo-p-dioxin and octachlorodibenzofuran, were analyzed at the parts per
trillion (picograms per gram [pg/g]) level. The remaining 44 bioaccumulative organic
compounds were analyzed at the parts per billion (micrograms per kilogram [ug/kg]) level.

Results: Detection of target PCDDs and PCDFs in the sediments was limited almost exclusively
to 2,3,7,8-tetrachlorodibenzofuran (2,3,7,8-TCDF), and in one instance, 2,3,7,8-
tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD). The single detected concentration of 2,3,7,8-
TCDD (3.6 pg/g dry weight [dw]) was found at French Rocks (USGS RM 692), just below
Kettle Falls (USGS RM 700). Concentrations of 2,3,7,8-TCDF in the UCR occurred at much
higher concentrations (up to 166 pg/g dw at French Rocks) than at Rufus Woods Lake (30 pg/g
dw) or the Spokane River at Long Lake (2.7 pg/g dw), and they decreased downstream from
Kettle Falls. It was not detected in sediments upstream of Kettle Falls. The authors suggested
that 2,3,7,8-TCDF and 2,3,7,8-TCDD were not detected above Kettle Falls because of coarse
grain size and low TOC content of the sediments. Sediments with greater levels of organic
matter sorb greater amounts of hydrophobic, nonionic compounds like 2,3,7,8-TCDD and
2,3,7,8-TCDF (Di Toro et al. 1991; Geschwend and Wu 1985; Karickhoff 1981).

For the remaining 44 organic compounds, detection was almost exclusively limited to PCBs
and DDE (a metabolite of DDT). A relatively high concentration of polychlorinated biphenyls
(PCBs) was found in the Spokane River at Long Lake (20.8 nanograms per gram [ng/g] dw),
whereas PCB concentrations from Rufus Woods Lake were among the lowest found in the
survey (4.9 ng/g dw). Results for the UCR showed that levels of PCBs generally were
intermediate between those in the Spokane River at Long Lake and Rufus Woods Lake. The
concentration found near Grand Coulee Dam (25.2 ng/g dw) (USGS RM 601) was comparable
to sediments in the Spokane River at Long Lake. DDE was below detection limits in all
sediments, except for a trace amount (2.1 ng/g dw) near Grand Coulee Dam.
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The authors concluded that their survey demonstrated long-distance transport of 2,3,7,8-
TCDD and 2,3,7,8-TCDF through the UCR, with significant deposition occurring near Kettle
Falls. There was a substantial downstream attenuation of 2,3,7,8-TCDD and 2,3,7,8-TCDF in
the UCR. The highest levels of PCBs were found in the Spokane River and in the UCR
downstream of the Spokane River near Grand Coulee Dam. Because of the environmental
persistence of PCBs, Johnson (1991c) recommended a more thorough evaluation of these
compounds in the Spokane drainage.

Bortleson et al. (2001) —The study design and sampling methods used by Bortleson et al.
(2001) are discussed in detail in Section 5.2.4.1 in the subsection on that study.

Methods: In addition to metals, surface sediments of the UCR were analyzed for two groups of
organic compounds: those extractable with methylene chloride and those associated with
wood pulp (other than dioxins and furans). Methylene-chloride-extractable compounds were
analyzed to assess the extent to which sediments of the mid and lower reaches of the UCR and
in its major tributaries may be contaminated by compounds that originate mainly from urban
and industrial sources. A limited number of sediment samples were collected on a
reconnaissance level to assess whether wood-pulp-related organic compounds, which may
have originated from the Zellstoff mill at Castlegar, B.C., occur in the upper part of the UCR.

All trace organic compounds analyzed in sediments were from a composite sample that was
wet-sieved through a 2-mm stainless-steel screen. Fifty-four methylene-chloride-extractable
compounds were analyzed in sediments collected from three sites in the middle portion of the
UCR and two sites in the lower portion. Sediments from three major UCR tributaries, the
Kootenay and Pend Oreille rivers and Lower Arrow Lake, were also analyzed for the same
compounds. Chlorinated phenols and wood-pulp-related compounds of veratroles, anisoles,
and vanillins were analyzed in sediment at Marcus Flats (USGS RM 709) and French Rocks
(USGS RM 692).

Results: The UCR and its major tributaries generally did not contain detectable concentrations
of methylene-chloride-extractable compounds. In fact, 52 of the methylene-
chloride-extractable compounds analyzed were not detected or were below the minimum
reporting level. However, 15 compounds were detected, but at concentrations below
minimum reporting levels. Of these, 11 were PAHs and 2 were phenolic compounds. PAHs
were detected less frequently in the lower part of the UCR than in the upper part. The authors
suggested that the widespread presence of PAHs may have been due to atmospheric
deposition from incomplete combustion of fossil fuels (Sanders et al. 1993).

Although chlorinated phenols and wood-pulp-related compounds of veratroles, anisoles, and
vanillins were not detected in sediment at Marcus Flats and French Rocks, a few chlorinated
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guaiacols and catechols" were found during the study at those locations. In addition, 8 of 15
unchlorinated resin and fatty acids (components of pulp mill effluent) were found at both
Marcus Flats and French Rocks. Extractable organic halides, a gross indicator of chlorinated
organic compounds, were not found above their minimum reporting levels of 10 mg/kg dw at
either sample site.

Bortleson et al. (2001) concluded that sediments collected from the UCR and its tributaries
generally were not contaminated with methylene-chloride-extractable compounds or common
wood-pulp-related compounds. However, a few of the non-dioxin and non-furan compounds
were found at small concentrations as far downstream from the U.S.-Canadian boundary as
French Rocks (USGS RM 692). The authors noted that the concentrations of selected PAHs in
UCR sediment were several orders of magnitude less than sediment quality values developed
by EPA for freshwater ecosystems. They also concluded that even though the extractable
organic halides analytical method does not measure individual chlorinated organic
compounds, the data suggested that total concentrations of chlorinated compounds in UCR
sediments were low.

EPA (2003b) —The study design and sampling methods used by EPA are discussed in detail in
Section 5.2.1.2 in the subsection on that study.

Methods: In addition to metals, surface sediment samples were analyzed for chlorinated
pesticides (4,4’-DDE, 4,4’-DDT, alpha-chlordane, beta-BHC, endrin, endrin aldehyde, and
methoxychlor), PCBs (aroclors 1254 and 1260), volatile organic compounds (VOCs),
semivolatile organic compounds (SVOCs), and TOC. Although the discussion of analytical
results in the report was limited to metals, a table of analytical results for most organic
compounds was provided in an appendix.

Results: Only three organic compounds were detected in the 49 sediment samples (i.e.,

6 percent) collected between USGS RM 675 and the U.S.-Canadian border: methoxychlor,
Aroclor 1254, and Aroclor 1260. Methoxychlor was measured at 52 pg/kg dw at a nearshore
site by Marcus Flats, but was below its detection limit at all other UCR sites. None of the other
chlorinated pesticides was detected at any UCR sampling station. Aroclor 1254 and Aroclor
1260 were detected at low concentrations (38 and 17 ug/kg dw, respectively) in a single sample
collected at USGS RM 688, but were undetected at all other UCR sites.

5.3.1.3 2005 EPA Phase | Sediment Investigation

EPA conducted a comprehensive survey of grain size and concentrations of metals and
organic compounds in surface sediments of the UCR in 2005 as Phase I of the RI/FS (EPA,
2006e). The study was conducted in April and May during the period of low pool in the UCR
(Figure 5-27), to facilitate sample collection and depth determinations. Four kinds of sediment

19 Chlorinated guaiacols and catechols are products of pulp bleaching, whereas veratroles, anisoles, and
vanillins are biotransformation products of chlorinated guaiacols and catechols.
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stations were sampled: river transect stations, tributary mouths, reference? areas, and beaches.
Surface sediments were collected using a van Veen grab sampler or stainless steel hand tools.
Locations of all stations are presented in Appendix E (Maps E9 and E10). More detailed station
maps presented for smaller river reaches are presented in Attachment E1 (Figures 2-3 through
2-27).

The remainder of the section describes the results of the 2005 Phase I study with respect to
concentrations of metals and organic compounds in surface sediments.

The four kinds of sampling stations included the following:

e Transect stations —Surface sediments (top 10 to 15 cm) were collected along
74 transects perpendicular to the river bank, which were distributed from EPA
RM 744 near the U.S.-Canadian border to USGS RM 600 near the Grand Coulee Dam
(Map E9). Some planned transect stations could not be sampled due to the cobbly
nature of the river bottom. This occurred primarily for many of the mid-channel
stations located above EPA RM 710.

e Tributary mouths—Surface sediments were collected at the mouths of six tributaries
to the UCR from EPA RM 736 to USGS RM 615 (Map E10). Two stations were
targeted for sampling in each tributary, one near the middle of the mouth and at the
tributary’s confluence and the other along the near bank of the UCR approximately
0.1 to 0.2 mile downstream from the confluence. For Big Sheep Creek, only the
channel station could be sampled because the bank station was characterized by a
cobble bottom and swift currents.

e Reference areas—Surface sediments were sampled in six streams located between
EPA RM 732 and RM 685, to serve as reference areas (Map E10). All reference
stations were located above the elevation of maximum water levels in UCR. As noted
by EPA (2006e), the reference areas were sampled primarily to support the
interpretation of the sediment toxicity tests that were conducted as part of the 2005
Phase I study. They were not intended to define background concentrations of metals
in sediments for the UCR.

e Beaches—Surface sediments were collected from multiple locations on 15 beaches
located between EPA RM 742 and USGS RM 600 (Map E10). Composite sediment
samples were collected along three elevations at each beach. The target elevations
were 1,285, 1,270, and 1,255 feet amsl.

20 As noted by EPA (2006h), the reference areas were sampled primarily to support the interpretation of
the sediment toxicity tests that were conducted as part of the 2005 Phase I study. They were not
intended to define background concentrations of metals in sediments for the UCR.
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Metals

Although concentrations of 24 metals (the 23 TAL metals plus uranium) were measured in
each sediment sample collected during the 2005 Phase I study, EPA (2006e) conducted a set of
screening evaluations that identified 12 of the metals as COlIs. The screening evaluations were

conducted using a variety of sediment guidance values for the protection of human health and
the environment (MacDonald et al. 2000). The 12 COls identified by the screening evaluation
were antimony, arsenic, cadmium, chromium, copper, iron, lead, manganese, mercury, nickel,

uranium, and zinc.

Findings of the 2005 Phase I study with respect to metals concentrations in surface sediments
can be summarized as follows:

The longitudinal distributions of grain size parameters at mid-channel stations
suggested that a gradient of grain-size sorting occurs from upstream to downstream,
with percent sand, silt, and clay being highest in the upper, middle, and lower
portions of the UCR, respectively (Table 5-4 and Figures 5-28 through 5-31).

The longitudinal distributions of some metals (e.g., iron, copper, zinc, arsenic)
exhibited a pattern that was generally consistent with the distribution of percent
sand, with the highest concentrations found above Marcus Flats and lower and
relatively consistent concentrations found in most downstream areas (see Table 5-4
and Figures 5-32 through 5-35 ).

The longitudinal distributions of cadmium, mercury, and nickel at mid-channel
stations exhibited a pattern that was generally consistent with the distribution of
fine-grained sediments, with the highest concentrations found below Marcus Flats
and relatively low concentrations found above that location (see Table 5-4 and
Figures 5-36 through 5-38).

Based on visual observations of sediments that were made during sampling, sand-
sized particles indicative of granulated slag were found only at stations located at
Marcus Flats and in upstream areas (see Table 5-4 and Figures 5-36 through 5-38).

In general, metals concentrations found at the 15 beaches sampled during the 2005
Phase I sediment study were highest at the three most upstream beaches (between
EPA RM 742 and 749), intermediate in magnitude at the next two

downstream beaches (between EPA RM 718 and 708), and relatively low at the
remaining 10 beaches (downstream from EPA RM 708) (Table 5-5).

Organic Compounds

Organic compounds evaluated in the Phase I study were SVOCs, pesticides, PCBs, PAHs, and
dioxins and furans. All of these compounds were measured at all stations sampled during the

Phase I study (i.e., transect stations, tributary mouths, reference areas, and beaches) except for
dioxin and furans, which were analyzed only at the beach stations.
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EPA (2006e) conducted a set of screening evaluations that identified the following organic
COIs:2' 2,4’-DDE, 2,4’-DDT, 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, aldrin, Aroclor 1016, Aroclor 1260,
dioxins/furans,?? and PAHs (benzo[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene,
benzo[k]fluoranthene, chrysene, dibenz[a,h]anthracene, and indeno[1,2,3-cd]pyrene).

Organic compounds as represented by 4,4-DDT, Aroclor 1260, and benzo(a)pyrene were
largely undetected during in the UCR as indicated in Figures 5-39 to 5-41, which show
concentrations of each detected COI as solid data points and undetected results (plotted at
one-half their method reporting limit) as hollow data points. The plots show no clear patterns
in COI concentration by station type or position along the UCR.

5.3.2 Subsurface Sediments

In this section, the distributions and concentrations of metals and organic compounds in
subsurface sediments of the UCR are discussed. Results of historical studies conducted prior
to 2005 are discussed first, followed by a discussion of the results of the 2005 Phase I study.

5.3.2.1 Historical Studies

Two historical studies conducted by researchers at Ecology (Johnson et al. 1989) and USGS
(Cox et al. 2005) have evaluated metals concentrations in subsurface sediments of the UCR.
There are no historical studies of concentrations of organic compounds in subsurface
sediments of the UCR. Each of two historical studies related to metals concentrations is
described below.

Johnson et al. (1989) —This study conducted by researchers from Ecology provides the first
characterization of the distribution of metals in subsurface sediments in a portion of the UCR.

Methods: Sampling was conducted in September of 1986. A single core was collected at USGS
RM 693 near French Rocks using a 5-cm gravity corer. The core was sectioned at 5-cm
intervals. In addition to metals concentrations, concentrations of cesium-137 were measured in
the core sample to assign a time horizon to each sample.

Results: According to Johnson et al. (1989), the location of the single core (RM 693) collected
during their survey coincided with the location of the maximum concentrations of lead,
cadmium, and mercury in surface sediments (Section 5.1.6.2). The peak cesium-137
concentration in the core was in the 10 to 15 cm sediment horizon. The authors found that
concentrations of all metals were elevated in the upper 30 cm of the sediment column

21 COIs were identified by comparing the analytical results to selected screening levels. Any analyte
detected above one or more of the selected screening levels was identified as a COI by EPA.

2 Dioxin/furan COls include the 2,3,7,8-TCDD toxicity equivalent (TEQ) and 14 congeners. The TEQ is
the PCDD/PCDF-associated toxicity expressed as equivalent concentrations of 2,3,7,8-TCDD (Ecology
1997).
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(Table 5-6), and concluded that metals contamination in this part of the UCR appeared to have
begun prior to 1954. They also concluded that the level of contamination had apparently not
changed appreciably since the 1950s.

Cox et al. (2005) —This study was conducted by researchers from USGS to evaluate the vertical
distributions of metals in sediments throughout the UCR and to assess sediment accumulation
rates.

Methods: Sampling was conducted in September 2002. Sediments were sampled at six stations
from USGS RM 705 to 624 and at one station in the Spokane River (Map E8). According to the
authors, sites of continuously accumulating sediments were not found upstream from USGS
RM 705, so no cores were collected in the uppermost portion of the UCR. The five cores in the
downstream section of the UCR were collected near the original river channel where the
accumulation of sediment was thought to be thickest and least likely to be disturbed by
fluctuations in water level and river flow. The core at USGS RM 705 (the most upstream
station) was located away from the historical river channel toward the left bank on a
submerged terrace, because fine-grained sediments were not found in the channel. The core in
the Spokane River was collected in the channel near the mouth. All cores were located in areas
thought to be minimally affected by large landslides along the shoreline, which could
potentially confound the vertical patterns of metals concentrations. Each core was collected
using a 6.5-cm-diameter gravity corer. Core depths ranged from 38 to 164 cm and sectioning
occurred in intervals of 2 to 5 cm, depending on the core. In addition to metals, concentrations
of cesium-137 were measured in the core samples to assign a time horizon to each core.

Results: Using the cesium-137 data to estimate the location of 1964 (the peak cesium-137
concentration related to atomic bomb testing) and 1954 (the first appearance of cesium-137
concentrations), Cox et al. (2005) estimated minimum sediment accumulation rates for each
station that ranged from 0.8 cm/year at USGS RMs 624, 692, and 705 (i.e., in the upper and
lower portions of the UCR) to 2.8 cm/year at USGS RM 668 in the middle portion of the UCR.
The minimum sediment accumulation rate at USGS RM 643 in the middle portion of the UCR
was 1.5 cm/yr, and the minimum rate in the Spokane Arm was 1.9 cm/yr. Based on this limited
data set, sediment accumulation rates in the UCR are potentially greatest in the middle
portion of the UCR, above the Spokane River and below the Colville River.

With respect to the vertical distributions of metals concentrations in the sediment cores
collected in the UCR (Table 5-7), Cox et al. (2005) concluded that concentrations generally
varied greatly within each core profile (often over a range of 5- to 10-fold), and that
concentrations typically were highest below the surface sediments in the lower half of each
core profile, with generally decreasing concentrations from the 1964 horizon to the core
surface. All of the cores from the UCR showed some evidence of disturbance from landslides
in their deeper horizons, based on the concentration profiles of both metals and cesium-137.
However, three cores (at USGS RMs 705, 692, and 624) showed no evidence of potential
disturbance from landslides since the 1964 time horizon.
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5.3.2.2 2005 EPA Phase | Sediment Investigation

As part of the Phase I study, subsurface sediments were sampled in sediment cores collected
from nine locations between EPA RM 708 and USGS RM 605 (Appendix E, Attachment E1,
Figures 2-3 through 2-12). Although three additional core samples were planned to be
collected at several stations above EPA RM 708 (i.e., EPA RMs 723, 734, and 742), the
sediments were found to be too coarse to allow coring. Cores were sampled from mid-channel
and submerged side-bank locations to a maximum water depth of 200 feet. Cores were
sampled to a maximum depth of 5 to 7 feet, depending on the stations. Sediment cores were
collected using a 10-cm-diameter Vibracore with Lexan plastic core tubes. Each core was
sectioned at 0.5-foot intervals in the top foot, and at 2-foot intervals in the deeper horizons.
According to EPA (2006e), the core collected at USGS RM 622 may have been affected by
landslides. The following sections describe the vertical distributions of grain size, metals and
organic compounds in the sediment cores collected during the Phase I study.

Grain Size

With respect to grain-size parameters, cores collected at EPA RMs 708 and 704 consisted
almost exclusively of sand-sized particles throughout their lengths, because percent sand
exceeded 93 percent in all sediment horizons (Table 5-7). EPA visually characterized the
sediments throughout these two cores as relatively uniform black sand, and suggested that the
sampled areas represent primary depositional areas for sandy, granulated slag-enriched
sediments. No visual observations of black sediments were found in any of the cores sampled
downstream from Marcus Flats. Cores in downstream areas include greater percentages of
fine-grained sediments. This is particularly true for cores collected in the middle portion of the
UCR at EPA RM 692 and at USGS RMs 676 and 661, which contain relatively large proportions
of fine-grained material in most sediment horizons. Concentrations of silt were particularly
high in this portion of the UCR, exceeding 40 percent in all but one of the sediment horizons
sampled in the three cores. Elevated concentrations of fine-grained sediment in the three cores
collected from the lower portion of the UCR at USGS RMs 644, 637, and 605 were largely
confined to the top 0.5 to 1 foot of the sediment column.

Metals

Vertical distributions of iron, zinc, and copper (see Table 5-7) show the highest concentrations
of these metals were found at EPA RMs 708 and 704. Concentrations in the cores from EPA
RM 692 and USGS RM 676 were relatively similar to each other and significantly lower than
the concentrations at EPA RM 704. Although iron concentrations in the core from USGS RM
661 were relatively uniform over the length of the core, zinc and copper concentrations tended
to be higher in the upper 3 feet of the core relative to the concentrations found in underlying
sediment horizons. At USGS RMs 644, 637, and 605 in the lower portion of the UCR,
concentrations of all three metals were considerably higher in the top 0.5 to 1 foot of the cores,
relative to concentrations in the underlying horizons. In general, concentrations of lead
exhibited patterns similar to those found for iron, copper, and zinc.
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Vertical distributions of cadmium and mercury (see Table 5-7) were relatively uniform
throughout each core collected from the upper four stations. However, by contrast with iron,
copper, and zing, the highest concentrations of cadmium and mercury were generally found in
the core from USGS RM 676 near Inchelium. Below USGS RM 676, concentrations of cadmium
and mercury exhibited the same general patterns described above for iron, copper, and zinc.

Major findings of the 2005 Phase I study with respect to grain size parameters and metals in
subsurface sediments can be summarized as follows:

e With respect to grain-size parameters, cores collected at EPA RMs 708 and 704 in the
vicinity of Marcus Flats consisted almost exclusively of sand-sized particles
throughout their lengths, whereas cores in downstream areas included
greater percentages of fine-grained sediments, particularly in the middle portion of
the UCR.

e The highest concentrations of iron, copper, and zinc were found at EPA RMs 708 and
704.

e The highest concentrations of cadmium and mercury were found in the core from
USGS RM 676 in the middle portion of the UCR.

e In the three cores collected from the lower portion of the UCR (between USGS RMs
644 and 605), concentrations of most metals were considerably higher in the top 0.5
to 1 foot of the cores, relative to concentrations in the underlying horizons.

e Sediments containing black sand-sized particles assumed to be granulated slag were
found only in sediments at Marcus Flats and in upstream areas.

Organic Compounds

Vertical distributions of the organic COls are presented in Table 5-8. For dioxins/furans, both
2,3,7,8-TCDD and 2,3,7,8-TCDF were detected in samples from four cores collected at EPA RM
692 and USGS RMs 661, 637, and 605; 2,3,7,8-TCDF alone was detected only in the core
collected at EPA RM 704. The highest dry-weight concentrations of both 2,3,7,8-TCDD and
2,3,7,8-TCDF were detected in cores collected at EPA RM 692 and USGS RM 637.
Dioxins/furans generally showed decreasing dry-weight concentrations with depth, and the
highest dry weight concentrations appeared in the upper 1 foot of each core, unless the core
contained multiple undetected concentrations (e.g., 2,3,7,8-TCDD for the core collected at EPA
RM 704).

None of the pesticide COls as identified by EPA (2006e) had more than two detected
concentrations in any of the cores, and only one detected concentration was greater than

1 ug/kg dw (i.e., 4,4-DDT was detected at 2.6 pg/kg dw in the 1-3 feet sediment horizon at
EPA RM 704). In addition, the highest dry-weight concentrations did not appear in the upper
1 foot of each core. As such, it was not possible to identify trends in the longitudinal or vertical
distributions for these organic COls. Longitudinal or vertical distribution trends in core
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samples also could not be identified for Aroclor 1016 and Aroclor 1260 because they were not
detected in any sediment horizon from any of the cores.

Multiple detected concentrations of all PAH COlIs were found in two or more cores. The
highest dry-weight concentrations of PAH COIs were detected in the cores collected at USGS
RMs 676 and 644. PAH COls generally showed decreasing dry-weight concentrations with
depth, and the highest dry-weight concentrations appeared in the upper 1 foot of each core
unless the core contained multiple undetected concentrations. Most detected concentrations
were less than 10 pg/kg dw.

5.3.3 Chemical Distributions in Sediment Porewater

Porewater that exists between the particles in sediment—the interstitial water —is one of the
pathways by which the bioavailable fractions of dissolved phases of metals and organic
chemicals are assimilated by aquatic life (Di Toro et al. 2001; EPA 2005f). Another is the
dietary pathway, in particular via the ingestion of particulate organic matter in the sediment
(Meyer et al. 2002). The net rates of uptake from the aqueous and dietary pathways can
contribute to bioaccumulation and, depending on their magnitude, toxicity (Luoma and
Rainbow 2005; Simpson and King 2005). Two methods are used to assess metal exposures in
sediment porewater: direct measurement of the dissolved metal concentrations in the
porewater and evaluation of the difference between the concentrations of acid-volatile sulfide
(AVS, extracted with a weak acid) and simultaneously extractable metals (SEM) (Allen et al.
1993; Di Toro et al. 2005; EPA 2005f).

Historical porewater data for the UCR are reviewed in Section 5.2.4.1 below, with data from
EPA’s 2005 sampling program reviewed in the subsequent section.

5.3.3.1 Historical Studies

Limited historical studies of the chemical composition of sediment porewater in the UCR have
been undertaken by researchers at Ecology (Johnson 1991c) and USGS (Cox et al. 2005), and by
Paulson et al. (2006). These investigations were limited to measuring concentrations of metals,
a few other elements, and hardness. No historical data are available for SEM and AVS
concentrations in porewater.

Each of the three historical studies on metals concentrations in sediment porewater in the UCR
is described below.

Johnson (1991c) —This study evaluated the chemical composition of water overlying the
sediment, whole sediments, and porewater from four locations in the UCR, plus single
locations in embayments draining the Spokane and Sanpoil rivers (Map 5-4).
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Methods: Samples of fine sediments were collected at a depth of 80 feet with a 0.1-m? van Veen
grab sampler.?> Porewater was extracted from the upper 2 cm of sediment by first centrifuging
and then filtering the supernatant through 1-um glass filters. Total* zinc, lead, copper, and
cadmium were analyzed by graphite furnace atomic absorption spectrometry and total
mercury by cold vapor atomic absorption spectrometry. The samples were not protected from
oxidation, which potentially creates uncertainty about the accuracy of the reported
concentrations because oxidation of sediments during sampling, handling, and processing can
release metals into the dissolved phase (Besser and Giesy 1993; Lee et al. 2000; Simpson et al.
2004; Sukola et al. 2005).

Results: Elevated concentrations of metals were measured in the porewater (Table 5-9).
Porewater concentrations of copper, lead, and zinc as reported by Johnson (1991c) correlated
most strongly (r = 0.86, 0.86, and 0.99, respectively) with total metal concentrations in whole
sediment.?> Cadmium and mercury concentrations were less well correlated (r = 0.38 and

r <0.01, respectively), and arsenic concentrations were not correlated significantly (r =-0.05).
Johnson (1991c) reported “little correlation” between the porewater data and the results of
sediment toxicity bioassays (i.e., bioassays of the cladoceran Daphnia magna, the amphipod
Hyalella azteca, and the saltwater bacterium Vibrio fischeri [also known as the Microtox test])
and the abundance and diversity of macroinvertebrates collected from the UCR.

Cox et al. (2005) —This study was conducted in September 2002 to evaluate metal
concentrations in Lake Roosevelt, the occurrence of granulated slag in accumulated bed
sediments, and the potential for release of the metals from the sediments.

Methods: Sediment samples generally were collected from near the pre-reservoir river channel
or thalweg, where the authors believed sediment thicknesses were greatest and least disturbed
by reservoir hydraulics. Dissolved concentrations of metals (organic compounds were not
measured) in porewater were collected from three sediment depths (horizons) at three
locations (Map 5-4). The cores, which were collected with a box corer, were placed in
polyethylene bags and purged with nitrogen, typically within 5 minutes of exposure to air
after sample collection. Extraction involved 30 minutes of centrifugation followed by filtration
through a 0.45-um membrane before acidification with nitric acid. Because it was not feasible
to maintain a nitrogen atmosphere throughout sample handling, which is required to prevent
changes in the concentration and bioavailability of metals (Bufflap and Allen 1995), the
significance of the oxidation effect on sample integrity is unknown. However, the steps taken

2 A depth of 40 feet was sampled at Little Dalles because fine sediments could not be collected in 80-
foot-deep water.

2 These samples are labeled as reflecting total metals because filtration through a 1-um filter does not
meet the conventionally adopted operational definition of dissolved, which is the result of filtration
through a 0.45-um filter. Consequently, the porewater metal concentrations measured by Johnson
(1991c), which were comparatively high, could have been influenced by any particulate metals <1 pm.
% These “total” concentrations represented those measured after strong acid digestion, considered by
the authors to be most indicative of total concentrations.
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by Cox et al. (2005) to limit the duration of exposure of the samples to air should have limited
the extent of any oxidation that might have occurred in comparison to the potential for
oxidation that was present in the earlier study by Johnson (1991c).

Results: Porewater concentrations of hardness and of most of the metals that were reported by
Cox et al. (2005) were much lower than those reported by Johnson (1991c). Concentrations
typically were highest in the upper 2 cm horizon, and tended to decline with increasing depth
in the sediment (Table 5-9). For example, at French Rocks, the only location sampled in both
studies, dissolved zinc concentrations averaged 7.0 + 5.2 ug/L in the Cox et al. (2005) study
versus 116 pg/L in that of Johnson (1991c), a difference of 16-fold. Copper concentrations were
2.7 +1.3 pg/L compared to 16 ug/L, respectively, a difference of 6-fold. Cadmium and lead
concentrations were 26 and 67 times lower, on average, but arsenic did not differ: 19 + 6 versus
19 ug/L (Table 5-9).

Paulson et al. (2006) —Porewater analyses performed as part of this study included direct
measurement of dissolved constituents in porewater extracted from sediment samples.

Methods: Samples for porewater analysis were collected in September 2004 using a box corer.
Water depths at the stations ranged from 12 to 26 m (39 to 85 feet). No effort was made to
prevent the exposure of the sediment samples to the atmosphere during sample collection.
Porewater samples were centrifuged from sediment plug samples (0 to 2 cm) within 8 hours of
collection, and drawn by syringe through an in-line 0.22-um filter and preserved with nitric
acid. Porewater from individual cores was analyzed if sufficient volume was recovered;
otherwise, water was composited from multiple cores collected from the sampling station.
Porewater samples from this study were analyzed for total concentrations of 10 alkali and
alkaline earth elements, 2 non-metals, and 20 metals, not including mercury.

Results: Results of porewater analyses for the representative metals from the Paulson et al.
(2006) study are shown in Table 5-10 and are summarized using median values in Paulson and
Cox (2007). Most metals and hardness concentrations reported were similar to those reported
by Cox et al. (2005) (Tables 5-9 and 5-10).

Median dissolved arsenic concentrations were found to be highest in the reference location in
the Sanpoil River Arm; the second-highest median value was at RM 625.1 in the Columbia
River. Concentrations of dissolved copper and zinc were generally highest at RM 735. Median
concentrations of dissolved cadmium were variable and above the reporting limit for only 4 of
the 10 locations, but were highest at RM 664 (Table 5-9). Dissolved lead concentrations were
highest at RM 721.8.

5.3.3.2 2005 Phase | Study

In 2005, EPA evaluated two measures of aqueous metal bioavailability in sediments: dissolved
metals in porewater and concentrations of SEM and AVS. SEM is a measure of the total metals
that can be leached from sediment using a cold, weak acid (e.g., 1 molar hydrochloric acid [M
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HCI]) digestion. It is a conservative measure of the leachability of certain dissolved divalent
metals? (i.e., cadmium, copper, nickel, lead, and zinc) from sediments into water under
extreme conditions (e.g., pH 4) for river sediments (Allen et al. 1993). The concentration of
AVS represents a fraction of the sulfide available for complexing with the divalent metals
(Allen et al. 1993). Results of EPA’s 2005 survey are summarized in the next two sections.

Dissolved Metals in Porewater

Methods: EPA obtained samples of interstitial porewater by centrifuging sediment collected at
56 sites in the UCR (Map 5-4). At all of these sites, sediment was also collected for sediment
toxicity testing. The porewater samples were collected to assist in the interpretation of the
toxicity results, rather than to be indicative of in situ conditions (EPA 2006e). Fifty of these
sites were located in the UCR and six were in reference areas located in UCR tributaries.
Sediment samples were collected in deep water with a van Veen grab sampler and in shallow
water with a petite Ponar grab sampler (Standard Operating Procedure [SOP] SEDFSP-3 in
EPA [2005e]). Multiple grab samples were collected at each site, as necessary, to obtain
sufficient volume. The samples were homogenized in an aluminum-lined stainless-steel bowl
under oxic conditions, transferred to two 1-L glass jars (SOP SEDFSP-11 Addendum 1 in EPA,
2006f), and held at 4°C until they were loaded into centrifuge bottles. Samples were then
centrifuged for 30 minutes at 3,000 rpm at 10°C under oxic conditions. This step was repeated
if the sample remained cloudy. The centrifuged supernatant (porewater) was combined until
200 mL was obtained.

Results: EPA measured 24 elements at 56 sites?” in UCR sediment porewater (Table 5-11). Some
elements were either undetected or detected at a low frequency (i.e., <5 percent) (Table 5-12).
Porewater hardness concentrations were generally high and variable, averaging 229 +

114 mg/L as calcium carbonate, and they generally were higher in the upper UCR above EPA
RM 721.

SEM and AVS Concentrations

Methods: EPA measured SEM and AVS in the upper 10- to 15-cm sediment horizon at 56 sites
in the UCR and its tributaries in April and May 2005 (Map 5-4; EPA 2005f). The purpose was
to determine which sediments may be nontoxic to benthic macroinvertebrates based on
divalent metals, such as cadmium, copper, lead, nickel, and zinc, the metals for which the use
of SEM and AVS has been validated (Di Toro et al. 2005). Consequently, the SEM data that
EPA (2005c) reported for antimony and chromium were not used.

Sediment samples slated for AVS and SEM analysis were removed immediately from the van
Veen grab sampler after overlying water was decanted (EPA 2005e). The AVS and SEM
aliquot was collected directly into a jar from the upper 10 to 15 cm of sediment in the van Veen

2% Inorganic mercury also is an SEM, but Brumbaugh and Arms (1996) recommend not attempting to
quantify it because of poor and variable recoveries.
¥ Sixty-one porewater analyses were made, including replicate analyses.
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sampler using disposable hand tools. The jar was filled completely and capped quickly to
minimize exposure to oxygen. The AVS and SEM aliquot was not homogenized prior to
placement in the jar and was held at 4°C until analyzed. Separately, TOC was analyzed to
support the AVS and SEM analysis. The sample used to measure TOC was obtained after
sediment was transferred from the van Veen grab sampler to an aluminum foil-lined bowl and
homogenized. The homogenate may have reflected multiple grab samples, if required, to
obtain sufficient sediment to accommodate the sediment analyses.

Results: Total (SEM — AVS)/foc concentrations were higher in sediments upstream of EPA RM
720, and overall they were more than an order of magnitude higher than those measured at
the five reference locations (Figure 5-42, Table 5-13). AVS concentrations were often low or
undetected, but were higher upstream of EPA RM 700 (Figure 5-43). AVS concentrations may
be related to TOC concentrations because the microbially mediated degradation of organic
matter can produce sulfide in the presence of sulfate, but the relationship was much different
downstream of EPA RM 700 (Figure 5-44) from upstream (Figure 5-45). TOC concentrations
generally were low (median around 1.0 percent, maximum 3.9 percent), were highly variable
spatially, and tended to be higher between EPA RM 736 and USGS RM 675 (Figure 5-46). TOC
concentrations were significantly higher (p = 0.001) in sediments from the reference sites (2.6 +
0.8 percent) than those from the study sites (0.5 + 0.6 percent). Reference site samples were
collected at tributary mouths above the level influenced by Lake Roosevelt, so they were not
influenced by TOC in the reservoir.

5.3.4 Sediment Toxicity

In this section, results of sediment toxicity tests conducted on surface sediment from the UCR
are described. The results of historical studies conducted prior to 2005 are discussed first,
followed by a discussion of the results of the 2005 Phase I sediment study.

5.3.4.1 Historical Studies

Three historical studies of the toxicity of surface sediments to benthic invertebrates in the UCR
have been conducted by researchers at Ecology (Era and Serdar 2001; Johnson 1991c) and
USGS (Bortleson et al. 2001). Toxicity tests were also conducted on sediments collected by
Godin and Hagen (1992), Norecol Environmental Consultants Ltd. (1993), Paulson et al. (2006),
and Besser et al. (2008); however, these data are not evaluated in this report but will be
considered in the BERA Work Plan. This section summarizes the objectives, scope, methods,
and results for the aforementioned studies.
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Johnson et al. (1991b) —This study represented the earliest evaluation of sediment toxicity
within the UCR. The objective was to assess the toxicity of sediments to benthic invertebrates
based on prior documentation of elevated metals concentrations in Lake Roosevelt sediments
(Johnson et al. 1989).

Methods: Six sites were sampled between August 14 and 17, 1989: one near Grand Coulee Dam
(Swawilla Basin—USGS RM 605), one just above the Spokane River confluence (Castle Rock—
USGS RM 645), one below the Colville River at French Rocks (USGS RM 691), one below
Northport at Little Dalles (USGS RM 728), and two 3.9 and 7.8 miles upstream into the
Spokane and Sanpoil River Arms, respectively?® (Map 5-4). Bioassays of whole sediment and a
sediment elutriate? were completed with the cladoceran Daphnia magna and bulk sediment
bioassays were conducted with the amphipod Hyalella azteca and saltwater bacterium Vibrio
fischeri. The bacterium is tested with a proprietary method (Microtox®).?’ Bioassays were
attempted using an insect, the chironomid Chironomus dilutus (formerly tentans), but were
unsuccessful.® Specific test methods were not identified, but all of these are common
laboratory test organisms; however, standard test protocols (e.g., through ASTM or EPA) do
not exist.

Results: Johnson (1991c) concluded that the bioassay data showed some evidence of toxicity at
several sites (Table 5-14), based on comparison to laboratory (negative) controls.?? At four of
the six sites, survival of Hyalella and Daphnia in bulk sediments was high, but at two sites
(Castle Rock and Swawilla Basin), survival was reduced. Because sediment elutriates did not
significantly affect Daphnia survival, the author concluded there were negligible releases of
metals and other potentially toxic constituents from the sediments. Johnson (1991c) reported
“few” correlations with metals concentrations: all involved the Microtox® assay, where light
output was inversely correlated with total cadmium concentrations in bulk (whole) sediment
(r=-0.83) and arsenic concentrations in porewater (r = —0.83).

28 The precise location of the samples collected in the arms is unclear, specifically the reference point
used for calculating the distances.

» The methodology for preparing the elutriate was not described, but elutriates usually reflect the clear
supernatant or decant resulting from centrifugation or settling of a homogenized mixture of test water
and sediment.

30 This test assesses toxicity to a marine luminescent bacterium, specifically a strain of Vibrio fischeri:
NRRL B-11177. This bacterium used to be called Photobacterium phosphoreum. The tests are conducted in
a saline extract of the sediment.

31 The control organisms did not meet minimum quality control criteria for test acceptability.

32 There were no positive control samples, that is, samples from reference sediments collected and
handled in the same way as the study samples.
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Bortleson et al. (2001) —This study of sediment toxicity in the UCR included a comprehensive
series of toxicity tests, including those using Hyalella azteca, Ceriodaphnia dubia, and Vibrio
fischeri.

Methods: This study was conducted in September and October of 1992. Bulk sediments used
for testing were collected from 21 to 27 sites® along the riverine and reservoir reaches and at
the mouths of several tributaries®* (Map 5-4). Sediments representing a composite of three to
five samples from each site were collected using a stainless-steel van Veen grab sampler. The
uppermost 0.5- to 1-inch layer of sediment was collected from each grab sample,
homogenized, and wet-sieved through a 2-mm nylon screen, before shipment to the bioassay
laboratories.

Results: Bortleson et al. (2001) reported significant effects on Hyalella survival at riverine sites
within 7 miles of the U.S.-Canadian border, all upstream of Northport, Washington: Boundary
(USGS RM 745), Auxiliary Gage (USGS RM 743), and Goodeve Creek (USGS RM 738)

(Figure 5-47, Table 5-15). Results based on Ceriodaphnia were less clear: reduced survival was
observed at Auxiliary Gage (USGS RM 743), Boundary (USGS RM 745), and Kettle River
(USGS RM 707) (see Figure 5-47). Significant effects on Ceriodaphnia reproduction, a chronic
toxicity endpoint, were reported for the same three sites above Northport that were identified
for Hyalella (USGS RM 738, 743, 745) and for two stations in the lower reservoir, at Whitestone
Creek (USGS RM 621) and Grand Coulee Dam (USGS RM 596) (Figure 5-48). The toxicity of
sandy and fine-grained bulk sediments and of porewater (which appeared to be a centrifuged
elutriate) to Vibrio fischeri also were assessed. In fine-grained sediments, no toxicity or low
apparent toxicity® was observed in the upper UCR (above USGS RM 697), encompassing
riverine and upper reservoir reaches, but toxicity varied from moderate to high in the middle
and lower reaches (Figure 5-49). Bortleson et al. (2001; p. 93) reported that porewater toxicity
to Vibrio ranged from none to low (data not shown). Their Microtox® test results for sandy
sediments were more limited, and suggested toxicity in two tributaries: Fivemile Creek (USGS
RM 733) and Onion Creek (USGS RM 730).

Era and Serdar (2001) —This study of sediment toxicity in the UCR was conducted on
sediments collected from May 7 to 9, 2001.

Methods: Bulk sediments were sampled at nine sites in the UCR for which sediment toxicity
was reported previously by Johnson (1991c) and Bortleson et al. (2001) (see Map 5-4). Samples
were collected using either a stainless-steel van Veen grab or spoon (Kettle and Sanpoil River
samples only). The overlying water was decanted, and the sample was then homogenized by

3 Bioassays of the three species were not always conducted at the same locations, notably samples
tested using Microtox®.

% For bioassays of some of the species, sites upstream of the border, specifically Lower Arrow Lake and
the mouths of Kootenay and Pend Oreille rivers, also were sampled but are not illustrated within

Map 5-4.

% Median effective concentration (EC50) values vary inversely with toxicity, so that a low EC50 value
denotes high toxicity and conversely, a high EC50 denotes low toxicity.
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stirring in a stainless-steel bowl and transferred to containers with minimal disturbance and
no headspace to minimize changes in porewater chemistry. Samples were then shipped to the
laboratory where they were tested for toxicity to Hyalella azteca (10-day survival), Chironomus
dilutus (20-day survival and growth), and Vibrio fischeri (5- and 15-minute light reduction).

Results: Era and Serdar (2001) concluded there was “significant toxicity” to one or more of the
test species at the majority of sites (six of nine) they assessed for toxicity* (Table 5-16). These
included sites in the river (USGS RMs 738, 743, and 745) and those in the lower reservoir
(USGS RMs 605, 616, 621, and 645). Nevertheless, the results generally failed to identify
consistent toxicity of high magnitude (e.g., 40 to 60+ percent effect) or effects encompassing
multiple species and endpoints. For example, only the sediment from Goodeve Creek (USGS
RM 738) was toxic to all three species and five endpoints tested (including two Vibrio fischeri
endpoints), and at only one other site, Castle Rock (RM USGS 645), did more than one species
exhibit a response (Chironomus and Vibrio).

5.3.4.2 2005 Phase | Sediment Investigation

The Phase I study represents the most recent evaluation of sediment toxicity in surface
sediments of the UCR. Toxicity testing was conducted in conjunction with the sampling of
surface sediments described previously in Section 5.2.1. The following sections provide an
overview of the methods used in the 2005 study, describe the reference areas selected for the
study, present the toxicity results, and summarize the key findings of these evaluations. A
more detailed evaluation of the toxicity data will be provided in the work plan for the BERA.

Overview of Sampling and Analysis Methods

Surficial sediment (i.e., the upper 10 to 15 cm of sediment) was collected at 56 sites in the UCR
and its tributaries in April and May 2005 to assess toxicity using laboratory tests of benthic
macroinvertebrates (see Map 5-4) (EPA 2005e). Six of these sites were selected by EPA as
reference sites. All UCR samples were collected from the nearshore side bank area of the
river/reservoir, in water depths typically ranging from approximately 2 to 4 feet. Reference
area sediment samples were collected from submerged portions of the main flow channel.

Criteria for reference area selection included location, lack of contamination, and elevations
greater than the maximum water level in the reservoir. The reference area sample locations
were distributed over a fairly broad portion of the study area and provided a representative
range of sediment characteristics (e.g., grain size, organic content) found in the area.

Sediment samples were tested for toxicity using the following laboratory toxicity tests:

e 28-day amphipod (Hyalella azteca) toxicity test

% Two additional sites were also toxic to Vibrio fischeri (Boundary at USGS RM 745) and Castle Rock
(USGS RM 645).
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¢ 10-day midge (Chironomus tentans) toxicity test

e 7-day cladoceran (Ceriodaphnia dubia) toxicity test

Organism responses to test sediment exposures were compared to the responses observed in
the laboratory negative controls and reference area sediments. Determination of the “hit/no
hit” designation for each sediment sample was dependent on the statistical comparison with
the negative control and each distinct reference area control, and whether test acceptability
requirements were also met. The statistical analyses performed by the laboratories followed
those outlined by ASTM and EPA.

For H. azteca and C. tentans, the endpoints measured were survival (total number of organisms
[larvae, pupae, and emerged adults] surviving at termination divided by number of organisms
added at initiation) and weight (ash-free dry weight [dry weight minus ash weight] of
surviving organisms divided by the number of surviving organisms).

For C. dubia, the endpoints measured were survival (total number of adults surviving at test
termination divided by the number added at initiation) and reproduction (total number of
neonates produced through the first three broods from each adult).

Results of the Sediment Toxicity Tests

The results are summarized by test species and for each sample in Table 5-17, including mean
survival (all species), growth (H. azteca and C. tentans), and reproduction (C. dubia). Following
is a summary of results reported from the EPA Phase I study (EPA 2005e):

e Huyalella azteca survival — 14 of 50 samples had a statistically significant reduction
from at least one of the reference areas.

e Hyalella azteca growth — 42 of 50 samples had a statistically significant reduction from
at least one of the reference areas.

e Chironomus tentans survival — 11 of 50 samples had a statistically significant reduction
from at least one of the reference areas.

e  Chironomus tentans growth — 25 of 50 samples had a statistically significant reduction
from at least one of the reference areas.

e  Ceriodaphnia dubia survival — 3 of 50 samples had a statistically significant reduction
from at least one of the reference areas.

o Ceriodaphnia dubia fecundity — 16 of 50 samples had a statistically significant
reduction from at least one of the reference areas.

For all three species tested, the measured adverse effect level appears greatest in the upper
reach of the river, in particular above RM 737. In addition to the adverse effects observed in
the upper river, measurable impacts to C. dubia survival and fecundity were notable at several
locations between RM 628 and RM 640 (specifically at RMs 628, 634, and 640).
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5.4 FISH TISSUE RESIDUES

Chemical concentrations have been evaluated in a variety of fish species and tissues
throughout the UCR. This section summarizes concentrations of inorganic and organic
constituents from historical tissue investigations (i.e., those completed prior to 2005) and from
the Phase I fish tissue study completed by EPA in 2005 (EPA 2005¢; 2006d). As discussed
previously, the discrepancies with the river miles used by the 2005 Phase I study and the
USGS above USGS RM 680 should be remembered, and are noted on all relevant tables and
figures in this section.

5.4.1 Historical Investigations of Fish Tissue Residues

Fish tissues have been collected throughout the UCR since the early 1970s. The primary
chemical groups investigated include metals, dioxins and furans, PCBs, and, to a limited
extent, pesticides. These investigations have incorporated a variety of fish species and tissue
types (e.g., whole body or fillet). A summary of the studies (including dates of collection, areas
of collection, species collected, tissue types, and chemicals evaluated) conducted within the
UCR is presented in Table 5-18. A summary of the range of concentrations of metals,
dioxins/furans, and arochlor PCBs identified in historical studies is presented in Table 5-19.
Details of these historical studies have been provided in a previous EPA document (EPA
2005c¢) and will be discussed as part of future fish tissue sampling and analysis plans.

5.4.2 EPA 2005 Investigations of Fish Tissue Residues

In September and October 2005, six species of fish (burbots, largescale sucker, wild and
hatchery-reared rainbow trout, lake whitefish, mountain whitefish, and walleye) were
collected from six collection areas on the UCR. The collection areas approximately
corresponded to areas where sediments were intensively sampled, described as fish sample
collection areas (FSCAs), during the Phase I study. The two FSCAs farthest upstream, Areas 1
(including 1A) and 2, were located in the riverine portion of the UCR. Area 3 was located at
Marcus Flats near the confluence of the UCR and the Kettle River, where the river widens and
slows. Areas 4, 5, and 6 were located within Lake Roosevelt. Map 5-5, modified from EPA
(2006d), identifies the six FSCAs on the UCR used for each species for the Phase I study.

A basic description of the study design, including the number of samples of each species
analyzed from each collection area, is provided in Table 5-20. The study included chemical
analysis of whole body fish from the six fish species, and both whole body and fillet tissue
from two species. For fish from which fillets were analyzed, the offal (the remainder of the fish
after removing fillets) was also analyzed to facilitate estimation of whole body concentrations
on these samples. In general, samples were submitted for analysis as composites of five
individuals. In addition to analyses of whole body and fillets, analyses were performed of gut
contents of largescale suckers because consumption of sediment may be an important
exposure pathway for this species. The purpose of this analysis was to assess the influence that
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undigested sediment in the gut of this species may have on estimates of whole body
concentration.

The size range of fish collected in this study approximately bracketed a mean size determined
from UCR creel census data and/or reports of mean size from scientific collections. A
summary of the mean size of the fish in the composite samples is provided in the tables of
analytical data reported in Appendix F. Full details including dates and coordinates of all fish
collected are available in EPA (2006d).

All fish tissue samples were analyzed for 23 inorganic analytes (metals), total mercury, PCB
aroclors, and PCDDs and PCDFs. Approximately one composite sample of each species (about
20 percent of the total samples) from each collection area was analyzed for PCB congeners®
and approximately 10 percent of all samples were analyzed for inorganic arsenic and organic
arsenic species.

The analytical data received are provided in Appendix F of this work plan. The data were
initially provided as dry-weight calculations, all results in the tables, including detection limits
and other qualified data, were converted to wet-weight concentrations using the moisture
content reported for each sample.

A summary of detected, non-detected, and qualified results for metals in each fish species is
provided in Table 5-21. Species/metal combinations for which data were below the laboratory
detection limit are also identified. The gut analysis data for largescale suckers are not included
in Table 5-21. For most metals, the results for all samples analyzed were greater than the
detection limit. Silver and beryllium were reported as nondetected for all samples of each
species (Table 5-21), and antimony and thallium were detected in only a few samples of a
single species. Antimony was detected in two of the four composite samples of largescale
suckers at the most upstream collection area (Area 1). Thallium was detected only in the fillets
of walleye at the collection area nearest Grand Coulee Dam (Reach 6); concentrations reported
were lower than the detection limit for this metal in many other tissue/area combinations.
Uranium and vanadium results were also largely nondetected in some fishes and/or tissue
types, and in samples where these compounds were detected, variation was limited.

Although dioxin/furans, PCB aroclors, and PCB congeners were evaluated in the Phase I fish
tissue sampling program (EPA 2005c; 2006d), pesticides were not evaluated. The numbers of
samples by fish tissue and organic analytes are presented along with summaries of organic
concentrations in Table 5-22.

37 PCB congeners represent a class of 209 individual compounds that differ in the number and position
of chlorine atoms. To summarize this large class of compounds, a sum of all PCB congeners was
calculated for each sample. PCB congener detected concentrations were summed to estimate the “total
PCB congener concentration.” For congeners that were nondetected in a sample, the value of that
congener was set equal to zero. This analysis was conducted to assess the magnitude of differences in
the PCB congener concentrations, and no conclusions with regard to toxicity are inferred.
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Similar to historical studies of dioxins/furans, TCDF was the most frequently detected

(99 percent in whole body tissues) organic compound in UCR fish tissues (Table 5-23). TCDD
was detected in whole body tissues at a frequency of 9 percent. Other dioxins/furans were
detected between 0 and 73 percent in UCR fish tissues. Aroclors 1254 and 1260 were summed
in the EPA tissue program and were detected in all species and tissues. All other aroclors
(except Aroclor 1016, frequency of detection = 2 percent) were never detected in UCR fish
tissues. The frequency of detection of PCB congeners was variable between species and fish
tissues, and most congeners were detected at a frequency greater than 10 percent (Table 5-23).

Spatial variation of metal concentrations among collection areas in the UCR was common, but
the nature and amount of variation differed among the fish species evaluated. For largescale
suckers, the species with the most spatial variation in concentrations, most metal
concentrations were greater at upstream sites, but there were exceptions, particularly for
mercury, selenium, and arsenic. Similarly, examination of spatial differences within species
and among sites for organic chemicals did not indicate a consistent trend. Differences in
concentrations of organics among FSCAs were variable and did not constitute a significant
declining or increasing trend when comparing upstream versus downstream collection areas.

Concentrations of organic chemicals were observed to vary among species. Lead
concentrations in whole-body samples of largescale suckers were more than 10 times greater
than that of all other species of fish sampled in each collection area (Figure 5-50). Largescale
suckers also had the greatest concentrations of cadmium, chromium, cobalt, manganese, and
nickel at every site. Burbot had total arsenic concentrations two to three times greater than
other species throughout the study area (Figure 5-51). The spatial pattern of mercury
accumulation in fish tissue appeared to group fish by dietary preference (Figure 5-52). The
mean concentration in the two piscivorous species followed a similar pattern among collection
areas, as did the mean concentration of the invertivorous/planktivorous species, rainbow trout
and whitefish. Largescale suckers exhibited a pattern distinct from the piscivores and
invertivores/planktivores.

Whole-body wet-weight TCDF concentrations are highest in lake whitefish, followed by
burbot and largescale suckers. Lipid-normalized TCDF concentrations are highest in burbot
compared to other species (Figure 5-53). Fillet concentrations of TCDF (normal) appear to be
higher in rainbow trout than walleye, and hatchery and wild rainbow trout concentrations are
comparable (Figure 5-54).Walleye fillet tissues had higher TCDF concentrations per lipid
content than rainbow trout fillets. Aroclor 1254/1260 wet-weight concentrations in whole body
tissues appear highest in largescale suckers (Figure 5-54). Burbot, walleye, and largescale
suckers have higher aroclor concentrations per lipid content than other fish species (Figure 5-
55). Rainbow trout fillet tissues contain higher normal concentrations of aroclors than walleye
(Figure 5-56), and wild rainbow trout concentrations appear higher than hatchery
concentrations. Walleye fillets had higher aroclor concentrations per lipid content than
rainbow trout (Figure 5-57). Observed species differences may be due to varying feeding
preferences or age classes of the various species.
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5.5 AIR QUALITY

Several air quality investigations have been conducted previously in the UCR area. These
investigations include a monitoring study conducted by WDOH/Ecology at Northport, air
quality monitoring conducted by TCM at Northport, and a study of occurrence and
distribution of trace elements in air along Lake Roosevelt conducted by the USGS (USGS,
2006d).

5.5.1 WDOH/Ecology Air Quality Study at Northport, Washington

Responding to inquiries by residents living in the vicinity of Northport, Ecology, in
cooperation with the WDOH, conducted an air quality study between December 15, 1992, and
December 31, 1998. The purpose of the air quality study was to 1) determine the possibility of
cross-border transport of pollutants, 2) identify a potential contributing source(s), and 3)
measure pollutant concentrations (Ecology 1998a). The study consisted of four phases:

e Phase 1, December 15, 1992, through February 13, 1993 (WDOH 1994)

e Phase 2, August 1993 through October 30, 1993 (WDOH 1994)

e Phase 3, November 3, 1993, through August 6, 1994 (Divens 2006)

e Phase 4, September 5, 1997, through December 31, 1998 (Ecology 1998b).

The studies at Northport were initiated at the request of WDOH to help identify the cause of
health problems reported by the residents (WDOH 1994).

Phase I air sampling included five sampling sites, four in the Northport area and one in Kettle
Falls. At all sites, samplers monitored concentrations of total suspended particulates (TSP),
lead, and arsenic. In addition, at one of the Northport area sites, a sampler measuring
particulate matter with a diameter less than 10 um (PM10) was also used (WDOH 1994). The
results of Phase I indicated no violation of the state or federal lead standards, but WDOH
reported that concentrations of lead and arsenic measured during the study were some of the
highest recorded anywhere in the state during the Phase I study period (WDOH 1994).

Based on the need for additional data following Phase I, Phase II was conducted. This phase
included seven monitoring sites. According to WDOH, selection of air monitoring sites
focused primarily on areas suspected of high metals concentrations in the Northport and
Kettle Falls area, and secondarily to establish a north-south distribution of monitoring data
from Trail, B.C., to Kettle Falls (WDOH 1994). Phase II included analysis of 31 metals,
including 7 that WDOH (1994) indicated would likely come from a smelting operation, local
mining operations, and other potential sources. These were antimony, arsenic, cadmium,
copper, lead, manganese, and zinc.
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Laboratory quality assurance was performed only on the seven metals of interest (WDOH
1994). At each of the seven sites, PM10 was monitored using an instrument certified by EPA
for use in sampling PM10 on a one-in-six-day schedule consistent with national monitoring
programs (WDOH 1994). At one of the two Northport sites, Paparich Farms, two additional
samplers were installed. One of these measured TSP and the other measured PM10 using a
sequential instrument that is not certified by EPA, but does have the capability to sample on
two sets of filters, for six days in a row.

Wind speed, wind direction, and temperature data were also collected at the Paparich Farms
site for a limited period (August 10, 1993, through September 27, 1993). These data were used
in conjunction with metal concentrations measured at the seven monitoring sites on
September 28, 1993, to support computer modeling of predicted distributions of lead, arsenic,
and cadmium in air throughout the study area. As reported by WDOH (1994), September 28,
1993, was the worst air quality day of the Phase II study period.

Phase II results reported by WDOH indicated no violation of the 150-microgram-per-cubic-
meter (pg/m?) state particulate standard in effect at the time of sampling. In addition, the
maximum concentration of lead measured during the 42-day study period at each site was
lower than the federal and state standard for lead, 1.5 pg/m®averaged over a 3-month period
(WDOH 1994). In the absence of federal and state standards for the other six metals, maximum
measured concentrations at each site were compared to Ecology’s acceptable source impact
levels (ASILs). ASILs for antimony, copper, manganese, and zinc are based on 24-hour
averages and were not exceeded by maximum measured concentrations of these metals
during the study period (WDOH 1994). However, maximum concentrations of arsenic and
cadmium measured during the 42-day study period did exceed corresponding ASIL values,
which were based on annual average concentrations of these metals. WDOH (1994) noted that
the difference in averaging times for the ASILs and the study could be misleading given that
average concentrations over the entire study period would tend to be much lower than
maximum values and still greater than data measured and averaged over an entire year.
Specifically, WDOH (1994) states: “There is a strong likelihood that, had Phase II lasted a
whole year, the resulting yearly arsenic concentrations would be much lower still, perhaps
much closer to the ASIL values.”

Based on the results of Phase II, Phase III air monitoring of PM10, lead, arsenic, zinc, and
cadmium at the Paparich Farm was conducted from November 3, 1993, through August 6,
1994 (Ecology 1998a). Ecology reported the need for additional analysis to evaluate the risk to
populations exposed to these metals.

Ecology’s detailed analysis of the monitoring samples collected during Phase III of the study
showed that:

e The quarterly average lead concentration at the monitoring site was 0.14 pg/m3,
which was an order of magnitude less than the quarterly standard of 1.5 ug/m?®.
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e The annual average arsenic concentration was 0.03 pg/m?3. This value was higher
than Ecology’s ASIL value of 0.00023 ug/m?.

e The annual average cadmium concentration was 0.01 pg/m? which was higher than
the ASIL of 0.00056 pg/m3.

e The highest observed value of PM10 was 104 ug/m? approximately two-thirds of the
National Ambient Air Quality Standard of 150 ug/m?for a 24-hour period (Ecology
1998a).

Comparison of arsenic and cadmium concentrations to the ASIL values is problematic because
the values are below detection limits and background concentrations typically exceed these
values even in rural areas. Reported mean levels of arsenic in ambient air in the United States
range from < 0.001 to 0.003 pg/m?3 in rural areas and from 0.02 to 0.03 ug/m? in urban areas
(American Society for Testing and Materials [ASTM] 2004). Similarly, Agency for Toxic
Substances and Disease Registry (ATSDR) (1999) reports that during the 1980s and 1990s,
mean cadmium levels ranged from < 0.001 pg/m?3in remote areas to 0.003-0.05 ug/m? in urban
areas in the United States. Background levels of arsenic, cadmium, and lead in Northport areas
are not available.

Based on the Phase III air sampling results for PM10 and metals in particulate phase, Ecology
analyzed the patterns and concentration ratios among arsenic, cadmium, and lead. Through
the analysis, Ecology found that for the period of August 13, 1993, through August 6, 1994,
“arsenic levels in Northport, on average, were about one-tenth those of lead. Cadmium levels
were about one-nineteenth those of lead... arsenic and cadmium were almost always
deposited with lead in a similar pattern, i.e., where lead concentrations are high, arsenic and
cadmium concentrations are also high and vice-versa” (Ecology 1998a). Therefore, Ecology
concluded that “lead, arsenic and cadmium were deposited in the Northport area in ratios that
stayed consistent between the metals, which indicated a common source, i.e., Cominco Ltd.”
(Ecology 1998a).

In October 1995, TCAI proposed to upgrade its lead smelting operation located north of the
border. Both B.C. MoE and Ecology conducted extensive reviews of the proposed technology
upgrade. Ecology concluded that the technology met U.S. federal and state regulatory
requirements and recommended approval to B.C. MoE. Subsequently, B.C. MoE approved the
proposal and TCM installed the new technology. The new process began operation in the
spring of 1997 (Ecology 1998a). After the implementation of the new process, Ecology further
required that three long-term monitoring sites for air quality be operated in the Northport area
to track the changes of air quality from the upgraded TCM facility and to aid in future air
quality modeling. Phase IV monitoring results were to be used to evaluate the need for
additional emission reductions at the TCM facility (Ecology 1998a; 1998b).

Phase IV monitoring results show that the observed averages for particulate matter, arsenic,
cadmium, and lead were 47, 0.03, 0.01, and 0.07 ug/m?, respectively (Ecology 1998b). When
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compared with the monitoring results for Phase III, Ecology found that average concentrations
for arsenic and cadmium showed little change, whereas the average concentrations for lead
decreased significantly (Ecology 1998b). Ecology did not elaborate on this finding, but
indicated that a final report “including analysis and presentation of all the data” for the

Phase IV study would be released (Ecology 1998b). Recently, however, Ecology confirmed that
no further analysis was done following release of the 1998 Phase IV progress report (Dahlgren
2006, pers. comm.).

5.5.2 TCM Air Quality Monitoring at Northport, Washington

TCM has been operating a parallel monitoring station located approximately 1 mile north of
the Ecology monitoring site at Northport, Washington, continuously since 1994. Similar to the
Ecology program, TSP, PM10, trace metals, and sulfur dioxide are measured. After Ecology’s
monitoring program ended in 1998, the TCM station operation continued.

TCM air monitoring data for PM10, arsenic, lead, cadmium, and zinc are summarized in
Appendix G for the period of January 1994 through August 2006. Mean concentrations for
each analyte, by year, are summarized in Table 5-24. Figure 5-58 depicts the trends in annual
mean concentration over the multi-year sampling period. Evaluation of these data indicates
relatively stable mean annual PM10 concentrations over the period 1994 to 2006 (range: 10 to
19 pg/md).

For comparable time periods, the metal concentrations at the TCM monitoring station were
similar to those reported for samples collected at the Ecology station. Beginning in 1997, the
mean annual concentrations of arsenic, cadmium, lead, and zinc followed a decreasing trend,
which reflects the effect of implementation of the technological upgrade at the Trail facility.
The decreasing trend lasted until 2001, gradually leveling off in subsequent years as
represented in Figure 5-58.

5.5.3 USGS Study of Occurrence and Distribution of Trace Elements in
Air Along Lake Roosevelt (Marcus Flats/Kettle Falls, Inchelium,
and Seven Bays)

During the spring and fall, the water level in Lake Roosevelt decreases substantially and
extensive reaches of sediments with elevated metals concentrations are exposed (USGS 2006d).
Trace metals associated with the fine-grained fraction of the exposed dry bed sediments have
a potential for entrainment into the lower atmosphere by high wind gusts. Once airborne, the
dust particles can be carried downwind various distances depending on their size and the
magnitude and duration of the prevailing winds throughout the Lake Roosevelt airshed. EPA
has recommended additional studies of the potential for metals in airborne dust to pose a
human health risk (USGS 2006d).
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In cooperation with the Lake Roosevelt Water Quality Council and the USBR, USGS has been
conducting an air quality study along the UCR since 2002 to:

e Determine the occurrence, concentration, distribution, and seasonal variability of
select trace elements on airborne dust particles at several locations along Lake
Roosevelt

e Compare the composition and concentration of airborne trace elements in the
ambient atmosphere to that of high wind events occurring during winter/spring and
fall reservoir drawdown periods

e Determine, to the extent possible, what percent of the measured concentration of
airborne trace elements originated from exposed beach, bed, and bank sediments
(Kahle and Majewski 2003; USGS 2006d)

The technical approach used by USGS in this study was to compare the occurrence,
composition, and concentration of trace elements measured in airborne dust samples collected
before, during, and after the drawdown of the reservoir to the results of a previous study that
sampled exposed bed sediments along the entire length of Lake Roosevelt (USGS 2006d).
Three monitoring stations were set up along the UCR at Marcus Flats/Kettle Falls, Inchelium,
and Seven Bays. The monitoring station at Kettle Falls was operated only in 2002, and it was
moved to Marcus Flats in 2003. Using the collected PM10 samples, air concentrations for
arsenic, lead, cadmium, copper, zinc, and other elements were analyzed by USGS.

Monitoring results for 2002, 2003, and 2004 data pertinent to Seven Bays, Inchelium, Kettle
Falls (2002), and Marcus Flats (2003, 2004) obtained from USGS were evaluated. The
evaluation focused on monitoring results for PM10, arsenic, lead, cadmium, and zinc, for
consistency with prior data evaluations by TCAI and Ecology. Monitoring results for copper
were also evaluated.

Statistical evaluation of results for each analyte, by station (Seven Bays, Inchelium, Kettle Falls,
and Marcus Flats) and year (2002, 2003, and 2004), are summarized in Tables 5-25 through
5-27. Figures 5-59 through 5-61 show mean annual concentrations for all sampling stations for
2002, 2003, and 2004, respectively.

The mean annual PM10 concentrations did not show any spatial or temporal trend across the
three monitoring stations for 2002 to 2004. All the mean concentrations were within the range
of 11 to 22.8 pg/m?3. The highest mean concentration, 22.8 pug/m?, occurred at the Seven Bays
monitoring station in 2004. Mean concentrations of arsenic, cadmium, and lead showed a
gradual decreasing trend from north to south (i.e., from Marcus Flats to Inchelium to Seven
Bays) along the UCR within the three monitoring years. Kettle Falls analyte concentrations in
2002 were similar to those at Seven Bays and Inchelium, with only cadmium and zinc showing
moderate increases compared to the other sites.
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Copper and zinc consistently had the highest mean air concentrations for all sites across all
sampling periods. Lead consistently had the next highest mean annual concentrations across
all sampling periods with a maximum annual concentration of 0.0101 pg/m?observed in 2004
at Marcus Flats. The highest mean annual concentration for arsenic was 0.00074 pug/m? which
was also observed at Marcus Flats in 2004. Based on the monitoring results for 2002-2004 and
additional observations in 2005 and 2006, USGS concluded that for PM10, 24-hour average
concentrations for all the monitoring stations did not exceed the short-term standard

(150 pg/m?®) and the annual average concentrations did not exceed the long-term standard

(50 pg/m?3). Air concentrations of slag-related trace elements were low, and the study did not
single out any trace element as being of concern (Kahle and Majewski 2003; USGS 2006a).
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6 CONCEPTUAL SITE MODELS

A CSM provides a framework within which the complex suite of chemical, physical, and
biological processes and interactions that prevail at a site can be viewed in a systematic and
organized manner. For the UCR RI/FS, the CSM is intended to be a dynamic model that will be
updated as additional information is collected. A CSM typically considers the sources of
contaminants, the physical-chemical processes that control chemical fate (i.e., the physical
transport and chemical reaction pathways that control concentrations of chemicals of interest
(COlIs) over time and space), and the exposure pathways that are needed to evaluate the
potential for adverse effects (Figure 6-1).

In developing a CSM, the first consideration is the different sources that release COlIs to the
primary environmental media (i.e., air, soil, surface water, groundwater, and sediment). Once
present in the environment, these chemicals are physically transported within and among the
various media by processes that result in a range of chemical concentrations to which
ecological receptors and/or humans are potentially exposed. In surface water and sediment,
the distribution of these concentrations between the dissolved and particulate phases is
relevant in characterizing exposures. However, at a more detailed level, chemical reactions
may occur that lead to the formation of a variety of chemical species, particularly for
metals/metalloids. These occurrences have important implications for assessing the
bioavailability of chemicals to ecological receptors and subsequent potential for adverse
effects. This information is critical to human health and ecological risk assessments where the
potential exposure, effects, and risks to humans and ecological receptors are assessed and
quantified.

The initial CSMs presented here broadly characterize two major aspects of the UCR: 1) the
physical and chemical processes that influence the transport and fate of COls at the Site, and
2) the relationship between sources (primary, secondary, and tertiary), exposure pathways,
and receptors (both human and ecological). In the latter case, the primary focus is on
ecological receptors, and the CSM for human health is being developed by EPA. At this stage
of the process, the CSMs are designed to be inclusive (i.e., screening-level CSMs). As
additional information is collected and evaluated, these CSMs will be refined and adapted to
the varying sets of processes and conditions that affect the different reaches of the UCR.

6.1 CHEMICALS OF INTEREST

A preliminary list of COIs for the UCR has been developed using information about known
and potential sources and data obtained during other investigations and monitoring events.
The list, included as Table 6-1, is intended to include a broad range of organic and inorganic
chemical groups. It should be noted that the list of COlIs for the UCR is preliminary and may
be updated to include additional chemicals if new information about sources (e.g., historical
operations or releases) or detected chemicals come to light during the course of the RI/FS. The
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COIs will be further refined through the risk-assessment process to define the chemicals of
potential concern (COPCs) and, ultimately, the chemicals of concern (COCs).

The rationale for including the groups of chemicals listed in Table 6-1 is summarized below.

6.1.1 Metals and Metalloids

Metals occur throughout the UCR both as result of releases from mining, milling, and smelting
facilities and because they make up the inorganic constituents of soil and rock. COls classified
as metals and metalloids includes all EPA target analyte list (TAL) chemicals and a large
number of specialty metals that can occur as trace constituents of mineralized ores and that
have been the subject of previous investigations.

6.1.2 Semivolatile Organic Compounds (including PAHS)

SVOCs from EPA’s semivolatile target compound list are included as COIs. PAHs, of
particular interest, are a broad class of compounds produced naturally and by man. Natural
PAHs are produced by burning vegetation. Man-made PAHs are formed in internal-
combustion engines and in petroleum products, including oil, grease, and asphalt.

6.1.3 Pesticides and PCBs

Agricultural activities in the UCR and the surrounding area are potential sources of pesticides.
DDT and its degradation intermediates DDD and DDE are the principal pesticides detected in
the UCR; they are called legacy pesticides, because DDT production and general use was
banned in the United States and Canada. PCBs are persistent in the environment and were
historically widely used in a variety of industrial applications (e.g., transformers, capacitors).
Although no longer produced, their persistence and toxicity remain a concern for both
environmental and human receptors.

6.1.4 Polybrominated Diphenyl Ethers

PBDE flame retardants are used in a wide variety of products, including electronics, foam, and
textiles, and have been found to be widely distributed in the environment. The three most
common commercial PBDE products are penta-BDE, octa-BDE and deca-BDE, which are
widespread and associated with point and nonpoint sources.

6.1.5 Polychlorinated Dibenzo-p-Dioxins and Polychlorinated
Dibenzofurans

PCDDs and PCDFs are formed during combustion of material containing chlorinated
organics, as trace contaminants in chemical production (e.g., historically, pentachlorophenol),
and as unintended byproducts of industrial process such as chlorine bleaching of wood pulp.

U.S. Environmental Protection Agency 6-2



Upper Columbia River
RI/FS Work Plan December 2008

PCDDs and PCDFs are widespread in the environment and are associated with point and
nonpoint sources. PCDDs and PCDFs are included as COls to reflect the presence of smelting,
wood pulping, and wood treatment facilities in close proximity to the UCR.

6.2 PHYSICAL/CHEMICAL CONCEPTUAL SITE MODEL

The physical/chemical UCR CSM focuses on physical and chemical transport and fate
pathways. Transport and fate of chemical stressors are governed by hydrodynamic
mechanisms and chemical reactions. The following sections discuss the physical-chemical
transport and reaction pathways as they relate to the CSM, and they are graphically presented
in Figure 6-2. The CSM represents the consensus results of collaborative meetings between
TCAI and Participating Parties that were held in a workshop format on April 16 to 18, 2007.
The consensus CSM includes all processes of potential importance agreed to at the April
workshop. The relative importance of different processes described in the consensus CSM may
differ among reaches and may also have greater or lesser importance within a reach,
depending on the specific characteristics of that reach.

6.2.1 Hydrodynamic/Fluid Transport

Hydrodynamic transport in the UCR is affected by upstream and tributary inflow rates, which
are dependent on watershed hydrology, and the operation of numerous upstream dams, as
well as Grand Coulee Dam at the downstream end of the UCR. Water may also enter or leave
the UCR through groundwater seepage or drainage and may also be transported in the
interfacial bed area via hyporheic (interstitial) flow. Once particulate and dissolved COls enter
the UCR, they are redistributed via the hydrodynamic transport processes of advection and
turbulent mixing; these processes result in the dilution and dispersion of these materials
within the system (Figure 6-2). Hydrodynamic processes also influence the dynamic coupling
between sediment and overlying surface water. The frictional interaction between moving
fluid and riverbed roughness induces boundary shear stresses and steep vertical gradients of
turbulent mixing near the bottom that regulate particle deposition and resuspension (i.e.,
scour). Near-bottom turbulence also regulates concentration gradients near the riverbed,
altering the diffusional exchange of dissolved COlIs between sediments and surface waters.
Advective processes in the bed, such as interactions with groundwater and hyporheic flow,
can also impact the exchange of dissolved COls between sediments and surface waters.

6.2.2 Sediment Transport

Sediment transport is often an important fate-controlling process for COIls because of the
tendency of many dissolved organic chemicals and metals to adsorb to sediment particles and
concomitantly be transported downstream (Figure 6-2). Due to the resulting close ties between
COlIs and particulate matter (i.e., the sorbed and mineralized fractions), sediment transport is
an integral aspect of chemical transport and fate analysis for COlIs.
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A unique feature of the UCR that differs from many other aquatic environments is that fluid
velocities in the upstream reaches are sufficient to induce the movement of relatively large
particles of granulated slag as bedload material, in addition to transporting COls associated
with smaller particles and detritus as suspended load. Thus, particle size classes and their
vertical distribution during transport are important elements for consideration to understand
the distribution of COlIs within the UCR. In some instances, size-dependent particle deposition
can concentrate COls in localized regions of the riverbed where relatively low boundary shear
stresses persist (e.g., within sheltered embayments and downstream from outcroppings),
thereby counteracting dispersion and dilution normally associated with hydrodynamic
transport. Conversely, these deposits may also be impacted by the accumulation of
uncontaminated native solids that originate from upstream and tributary inputs, bank erosion,
and landslides.

In the UCR, sediment particles may be transported into or out of the system by wind-driven
(aeolian) transport. Particulates may be carried into the system by aerial deposition over the
water surface. Materials exposed during periods of drawdown may be transported from the
dried bed back into the water column or onto adjacent land areas. Similarly, when sediments
in nearshore areas are exposed during periods of drawdown, those sediments may dry out
(desiccate) over time and, when dry, may be eroded by winds. COlIs associated with particles
transported by the wind are also transported.

Solids may also be produced within the system via autochthonous production. Phytoplankton
convert inorganic carbon from the water column to particulate organic matter. This particulate
organic matter can bind many COIs and carry them to the bed if they settle from the water
column.

In the UCR, hydrodynamic and sediment transport processes vary on a number of relevant
space and time scales due to river geomorphology, seasonal patterns of precipitation and
snowmelt, water-level regulation, etc. These various factors are believed to have influenced
the historical distribution of COlIs in the UCR system and are expected to continue to influence
their redistribution in the future. For example, both lower pool elevations and higher flows
will increase current velocities in the UCR. Maximum current velocities will likely occur with
the period of high-flow conditions that typically occur in the spring, at the same time that
relatively low-stage conditions reduce the cross-sectional area of the stream. Maximum
velocities do not necessarily occur at the time of maximum drawdown due to the offset timing
in maximum drawdown compared to maximum flow rate. These conditions maximize the
potential for transport of coarse-grained materials (CGMs). To the extent possible for this
work plan, the expected roles of these factors and their potential influence on COI distribution
and redistribution are described in Section 3.2.
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6.2.3 Chemical Transport and Fate

The evaluation of chemical fate and resulting COI-exposure levels of aquatic ecological
receptors requires that the important fate-controlling reaction and transfer processes be
considered. Figure 6-2 provides a representation of a number of the factors that may control
chemical reaction and transfer processes. First, COIs will be distributed between the soluble
(i.e., dissolved) and particulate fractions in both the water column and sediment porewater,
with the distribution between these fractions affecting the rates of transport within the system.
Further, the form of the COI in either of these fractions is also important, because it will affect
COI bioavailability and the route of exposure to ecological receptors. The dissolved fraction
(both organic chemicals and metals) will include both a freely dissolved fraction and a
dissolved ligand-bound fraction. In the case of organic contaminants, the dissolved ligand is
generally dissolved organic matter typically quantified as dissolved organic carbon (DOC). In
the case of metals, these ligands include dissolved organic matter as well as a number of other
chemical species. The ligand-complexed fraction of the dissolved chemical generally has
relatively low bioavailability compared to the freely dissolved fraction. In addition, only the
freely dissolved fraction of the chemical may be subject to volatilization. A conventional, if
somewhat simple, approach to evaluating the distribution of an organic COI between these
fractions is to assume that the adsorbed concentration is in equilibrium with and proportional
to the freely dissolved concentration. The constant of proportionality is the partition
coefficient (typically related to the carbon content of the particulate material) and is COI-
specific.

The situation is more complicated for metals, especially where the particulate fraction of
bedded sediments is largely associated with granular material that originated from granulated
slag. To begin with, significant portions of the granulated slag-related COIs exist within the
matrix of internal mineral phases. When present in this form, the interaction between the
particulate fraction and the dissolved phase is limited, if not entirely precluded. As speculated
by Cox et al. (2005), a portion of this mineralized fraction may be released to the porewater
and overlying water column over the longer term, as a result of the relatively gradual
processes of weathering/dissolution and subsequent mass transfer between the porewater and
overlying water column. Metals may also reversibly precipitate into a mineral phase,
depending on the water chemistry at a given time and location in the system. This mineral
phase may later dissolve if water chemistry changes. In addition to the mineral fraction, there
is an adsorbed particulate metal fraction to consider. It is not unreasonable to consider this
fraction to be in an approximate equilibrium with the dissolved concentration in the water
column. However, for metals generally, understanding the interaction requires a relatively
detailed consideration of both the surficial characteristics of the sorbent (i.e., the particles) and
of water chemistry. Interactions of COIs and other positively charged ions (e.g., the hardness
cation Ca?') also influence the degree of adsorption to particulates.

Partitioning of COIs between the dissolved and particulate phases has important implications
to COI fate and bioavailability, when considered in combination with the hydrodynamic and
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sediment transport pathways. First, adsorbed COls are transferred between the surface water
and sediment in association with the settling and resuspension of particulate matter. The
propensity of COls to adsorb to particulate matter also explains why COIs commonly
accumulate in bottom sediments of depositional regions. Depending upon the nature of a
specific system, bottom sediments often serve as the ultimate COI repository, with the long-
term fate of particulate and porewater COIs being sequestered by burial within the sediment.
Second, partitioning reactions also affect the diffusive flux of COIs between sediment
porewater and surface water. This is because the diffusive flux is proportional to the
concentration gradient between these compartments of total dissolved COlIs (free +
inorganically complexed + DOC-complexed). Finally, partitioning is important because it often
is assumed that particle-associated chemicals (internal or adsorbed) and DOC-complexed
chemicals have limited bioavailability (Black and McCarthy 1988; Landrum et al. 1985; EPA
1998a). When this is the case, the particulate fraction does not contribute directly to
waterborne toxicity or bioaccumulation in ecological receptors. If the dietary route of exposure
is important, the ingested particulate COI fraction could become an additional route of direct
exposure.

The relatively simple chemical reactions and transfers described above are expected to be
representative of the principal processes controlling the fate of COlIs in the UCR. Degradation
processes, although important for some organic compounds, are generally of limited
importance for metals/metalloids. Conversely, while a relatively simple representation of the
distribution of organic chemicals between freely dissolved, DOC-complexed, and particulate
organic carbon is commonly assumed, a refined evaluation is often appropriate when
considering metals (Paquin et al. 2003). Such an evaluation considers a relatively complex set
of chemical speciation and complexation reactions, as well as competition with other cations
for adsorption to dissolved and particulate organic matter (POM). Evaluation of speciation is
important to the assessment of metals bioavailability, as has been demonstrated in a number
of studies (Di Toro et al. 2001; Paquin et al. 2002; Santore et al. 2001; Santore et al. 2002; EPA
1999b). Transport and fate reactions for metals that exist as organometallic forms and/or
undergo changes in reduction-oxidation (redox) state (e.g., arsenic, chromium, mercury, and
selenium) are more complex than those of metals such as aluminum, cadmium, copper, nickel,
lead, silver, and zinc that are not commonly present in multiple forms.

6.3 ECOLOGICAL CONCEPTUAL SITE MODEL

The ecological CSM provides a screening-level framework for identifying potential sources of
contaminants in the UCR and the subsequent complex suite of chemical, physical, and
biological processes that may occur as a consequence of such inputs. The ecological CSM was
developed in coordination with EPA and Participating Parties at the April 2007 workshop. The
ecological CSM (Figures 6-3 and 6-4) represents the current understanding of potential sources
and the UCR system based on the best available information and recognizes that some of the
transport and fate mechanisms, ecological receptors, and exposure pathways will be refined as
additional site-specific data are collected and further evaluations are conducted. Primary
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components of the CSM (i.e., sources, release and transport mechanisms, exposure media,
exposure pathways, and ecological receptors) are summarized in the following sections and
depicted in Figure 6-3. Some aspects of the CSM have been described in greater detail in
previous sections of the work plan (i.e., Section 4 for chemical sources and Section 6.2 for
physical conceptual model) and are only briefly discussed in this section.

6.3.1 Sources

Potential and known sources of COlIs are described in Section 4. This section provides a
summary of the primary, secondary, and tertiary sources of chemicals entering the UCR.
Primary refers to the original source (e.g., discharge point) of a chemical constituent, while
secondary and tertiary sources are environmental media (abiotic or biotic) that receive
chemical inputs from a primary or secondary source through direct discharge or through
chemical transport and fate mechanisms. The sources are defined below and depicted in
Figure 6-3.

6.3.1.1 Primary Sources

Ambient Atmospheric Constituents: Ambient atmospheric constituents are those chemicals
that are transported to and deposited at the Site from global or regional atmospheric sources
and are not tied to a specific point source.

Smelter Operations: This includes chemical discharges via stacks, liquid effluent, or slag
discharges from the Trail or Le Roi smelter operations.

Industrial Operations: A number of industrial operations are located above the United States-
Canadian border near Trail, B.C,, (e.g., Zellstoff mill) or along tributaries to the UCR within
the United States (e.g., Spokane River) that historically discharged or currently discharge
chemicals to the UCR.

Municipal Point and Nonpoint Sources: Municipal point sources include effluent discharges
from wastewater treatment plants located adjacent to the UCR or connected through
tributaries to the UCR (e.g., plants located in Trail, B.C., and Colville and Chewelah,
Washington). Nonpoint sources include storm water runoff or storm sewer effluent from local
communities within the UCR drainage basin.

Agricultural Nonpoint Sources: Many of the areas surrounding the UCR have historically
and are currently used for agricultural purposes. Chemicals potentially are released to the
UCR through runoff or spray drift from historical or current agricultural operations.

6.3.1.2 Secondary and Tertiary Sources

Chemicals released from primary sources can undergo a variety of chemical and physical
transport and fate mechanisms (see Section 6.2.3). These mechanisms result in the distribution
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of chemicals to environmental media, which then become secondary or tertiary sources.
Environmental media (Figure 6-3) considered to be secondary or tertiary sources of chemicals
include the following;:

o Air

e Surface water
e Sediment

e Groundwater
e Porewater

e Soil

e Biota

6.3.2 Transport and Fate Mechanisms

A variety of physical, chemical, and biological transport and fate mechanisms influence the
distribution of chemicals from their sources to locations throughout the UCR (see Section 6.2
for elaboration of these principles in the aquatic environment). Chemicals generally are
transported via solution (i.e., dissolved in water), particulate matter (i.e., chemicals sorbed to
sediments, soils, or other particulate matter), or in biological matrices (i.e., bioaccumulated in
organisms). The chemical forms (species) and phases® in which they occur influence their
transport, fate, and bioavailability. Each chemical’s form and phase depends on its properties
as well as local environmental conditions (e.g., temperature, pH, total suspended solids [TSS],
and DOC). The transfer of chemicals between phases occurs via primary, secondary, and
tertiary release mechanisms described below and presented in Figure 6-3.

6.3.2.1 Primary Release Mechanism

The primary release mechanism of chemicals can generally be described as the direct
discharge of chemicals from primary sources to environmental media. The three avenues of
direct discharge to the UCR include, but are not limited to, 1) emission of chemicals from
stacks from historical or current industrial operations (e.g., smelters), 2) discharge of chemicals
from process wastewater or effluents from point or nonpoint sources, and 3) discharge of
chemicals in wastes from point or nonpoint sources. Once released to the environment,
chemicals present in environmental media (i.e., secondary sources) are distributed through
secondary and tertiary release mechanisms.

3% Forms (species) refer to the specific compound (e.g., Cu?, CuCOs), whereas the phase refers to how it
occurs in the environment (e.g., dissolved versus particulate, including colloidal and bound to ligands
like humic acids [Stiff 1971]).
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6.3.2.2 Secondary and Tertiary Release Mechanisms

Secondary and tertiary release mechanisms generally are associated with the environmental
media in which chemicals are contained (Figure 6-3). The following sections describe these
transport and fate mechanisms as they relate to environmental media.

Air: Chemicals in the air can be transported via wind dispersion, aerial deposition, or
resuspension. Wind dispersion is the process by which chemicals are transported locally,
regionally, or globally via wind currents to different locations. Aerial deposition is the settling
of chemicals from air to sediment, soil, or surface water via wet or dry deposition. Finally,
chemicals may be resuspended into the air from sediments or soils (i.e., as particulate matter
or vapor phase) and may be transported to other locations via wind dispersion and aerial
deposition. In the UCR, this may occur when littoral sediments are exposed during drawdown
periods.

Surface Water: Chemical transport in surface water occurs through physical, chemical, or
biological mechanisms. Physical transport processes include in-stream flow (i.e., longitudinal,
horizontal, and vertical movement), infiltration (i.e., movement into sediment pore spaces),
advection (i.e., bulk movement of chemicals in water), and diffusion (i.e., movement from high
chemical concentration to low chemical concentration). Chemical transport mechanisms
include precipitation (i.e., dissolved chemicals forming solids due to chemical and
environmental characteristics) and adsorption (i.e., attachment of dissolved chemicals to solid
materials). Finally, uptake of chemicals in dissolved or solid forms by biota may result in
bioaccumulation in the tissues of ecological receptors.

Sediment: Chemicals in sediment (e.g., suspended or bottom) also are subject to physical,
chemical, and biological processes. Physical release mechanisms affected by reservoir
operations and in-stream flow include entrainment (i.e., longitudinal transport of suspended,
bedload, or banks sediments), deposition (i.e., settling and accumulation or burial of
sediments onto banks or floodplain soils), erosion (i.e., bank wasting or bank slumping due to
reservoir operations), and wind dispersion of fine sediments following seasonal drawdown.
Chemical transport processes include dissolution (i.e., dissolving into solution),
adsorption/desorption (i.e., attachment or detachment of chemicals to sediment particles), and
decrepitation/weathering (i.e., the wasting or breaking up of particles resulting in chemical
releases). In addition, biological uptake of chemicals from sediment may lead to the
bioaccumulation of chemicals in tissues of ecological receptors.

Partitioning of inorganic (i.e., metals) and nonionic organic chemicals (NIOCs) involves a
number of environmental factors (e.g., temperature, pH, oxidation potential, presence of
competing ions [e.g., Ca?] and organic matter). In addition, metals incorporated within a
mineral matrix may be released to the aqueous phase over time through physical weathering
of the particle surface, followed by chemical dissolution. The partitioning process
conventionally is expressed as a partition (or distribution) coefficient (Ka), which is the ratio of
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the reversibly sorbed particulate chemical concentration to the freely dissolved chemical
concentration in the surrounding water. In the case of NIOCs and some metals, partitioning to
particulate matter is partially related to the organic content of the particles and is commonly
expressed as an organic carbon-normalized partition coefficient (Koc). Values for Koc also are
chemical-specific and commonly are indexed in accordance with chemical properties such as
the octanol-water partition coefficient (Kow)* (Di Toro 1985).

Porewater: Physical transfer of chemicals to porewater generally occurs by advection and
diffusion from surface water or groundwater (e.g., upwelling) and sediment. Chemicals may
also be released to porewater from the solid phase through dissolution, desorption, and
decrepitation/weathering. Chemicals in porewater are available for biological uptake, which
may lead to bioaccumulation of chemicals in tissues of ecological receptors.

Groundwater: Release of chemicals to groundwater generally occurs through infiltration from
surface water or from wet deposition percolating through the soil column. Chemicals also
enter groundwater through release from the solid phase through dissolution, desorption, and
decrepitation/weathering. Bank seepage occurs via advection and may affect surface water
through discharge from the side banks during pool drawdown. Porewater also may be
affected or replaced via groundwater advection. Biological uptake from below surface
groundwater aquifers typically is associated with plant root systems and soil invertebrates.

Soil: Chemicals in soils undergo physical, chemical, and biological processes. Physical release
mechanisms include entrainment (i.e., transport of particles via storm water runoff),
deposition (i.e., settling of solid particles from aerial or sediment sources), erosion (i.e.,
wasting of soil surfaces by wind or surface water flow), and wind dispersion of fine particles.
Some chemicals become irreversibly bound in soil particles through the “aging” process and
are no longer available for transport or biological uptake. Chemical transport processes
include dissolution, adsorption/desorption, and decrepitation. In addition, biological uptake
of chemicals from soils may lead to the accumulation of chemicals in terrestrial plants and
wildlife.

Biota: The predominant form of chemical transport to biota is through bioaccumulation of
chemicals following exposure to a primary, secondary, or tertiary source. Exposure routes
generally are ingestion of, direct contact with, or inhalation of environmental media. For some
metals or organic compounds, biological conversion increases their uptake potential (e.g.,
mercury methylation). Chemicals are accumulated in various tissues (e.g., liver, kidney, brain,
or muscle depending upon the chemical) and are transferred throughout the food web or
released to the environment upon death and decomposition of organisms.

¥ The Kowrepresents the ratio of concentrations in a lipid (fat) substitute, octanol, and water. For
example, log Kow of 4 indicates 10,000 times higher concentration in octanol than in water.
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6.3.3 Exposure Media

Through transport and fate processes, chemicals are distributed to environmental media
present at the Site, some or all of which may provide exposures to aquatic and/or terrestrial
organisms. As shown in Figure 6-3, the exposure media in the preliminary CSM are air,
surface water, groundwater, porewater, sediment, soil, and biota. Chemicals are present in
these abiotic media in the dissolved phase (i.e., in solution or as a gas) or as particulate forms
(e.g., suspended sediment or aerial dust). Ecological receptors that encounter these exposure
media are potentially exposed to their chemical constituents.

6.3.4 Exposure Pathways

There are four general pathways through which ecological receptors may be exposed to
chemicals in environmental media:

e Direct contact with abiotic environmental media (e.g., soil, sediment, or water) and
uptake (i.e., through the skin [dermal], gills, or roots)

e Ingestion of abiotic environmental media (e.g., soil, sediment, or water)

e Inhalation (i.e., lungs)

e Dietary consumption of contaminated biota

Each of these pathways as they relate to specific ecological receptors is shown in Figures 6-3
and 6-4. Exposure pathways are considered either “potentially complete,” “incomplete,” or
“not applicable” for each environmental medium and ecological receptor (as shown in
Figure 6-3). All “potentially complete” exposure pathways will be considered or refined

during the baseline ecological risk assessment (BERA).

6.3.5 Ecological Receptors

This section identifies the preliminary ecological receptor groups considered to be important
in the UCR (see also Figure 6-4). Consistent with EPA guidance (EPA 1997a; 1998c), the
preliminary ecological receptor groups are the following:

e Receptors that inhabit the UCR or could occupy habitats present in the UCR
e Receptors that are important to the structure and function of the UCR ecosystem
e Receptors that are potentially exposed to chemicals in the UCR or are otherwise

toxicologically sensitive

For the screening-level ecological CSM, only broad receptor groups have been identified.
Specific surrogate species representative of each of these groups for use in the risk assessment
process will be determined during the baseline risk assessment in coordination with EPA. A
description of each ecological receptor group is provided below. Additional information about
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the aquatic communities, including descriptions of historical and recent studies conducted
throughout the UCR, is provided in Appendix H.

6.3.5.1 Plankton Communities

Plankton, both phytoplankton and zooplankton, constitute the base of the primary food chain
in the UCR, especially in the lacustrine zone (Scholz et al. 1986; Stober et al. 1981).
Phytoplankton (e.g., algae) represent an essential component of aquatic food webs because
they convert the sun’s energy into organic matter, which can then be consumed by
zooplankton. Phytoplankton are primarily exposed to chemicals in the water column.
Zooplankton (e.g., protozoa, copepods, cladocerans) reside within the water column and feed
on phytoplankton or other zooplankton. Zooplankton, especially cladocerans, are an
important food source for some of the fish species in the UCR (Lee et al. 2006). Zooplankton
are primarily exposed to chemicals within the water column through sediment contact and
consumption of food items.

6.3.5.2 Periphyton Communities

Periphyton consist of assemblages of algae, bacteria, molds, and fungi that live on bottom
substrates. Some are autotrophs and others are decomposers. Periphyton may represent an
important source of food for benthic and epibenthic invertebrates in the UCR, but they are
limited during some times of the year by photoperiod, water temperature, and, in some
locations, reservoir operations (Black et al. 2003; BPA 2002c). Exposure of periphyton to
chemicals primarily occurs through the water column (Trapp et al. 1990).

6.3.5.3 Macrophyte Communities

Macrophytes are vascular and nonvascular aquatic plants that can be either submerged (e.g.,
Eurasian milfoil) or emergent (e.g., cattails). Although their occurrence may be limited in the
UCR because of reservoir operations, they can provide habitat and food to aquatic life and
aquatic-dependent wildlife where they are locally abundant. Exposure of macrophytes to
chemicals typically occurs via root uptake from surface water, sediment porewater, and
groundwater.

6.3.5.4 Benthic Macroinvertebrate Communities

Benthic macroinvertebrates reside in and on the sediments of the UCR (Bortleson et al. 2001).
They typically are a key part of aquatic food webs because they consume zooplankton, plants
(e.g., phytoplankton, algae, and macrophytes), and detritus. In turn, they constitute prey for
other macroinvertebrates, fish, and wildlife. Benthic invertebrates in the UCR are primarily
exposed to chemicals via the sediments and associated porewater, the overlying water
column, and through consumption of food items and sediments.
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6.3.5.5 Fish Communities

Fisheries of the UCR are important economically and culturally (Scholz et al. 1986). In
addition, fish communities form an integral component of aquatic food webs as they process
energy from aquatic plants, zooplankton, and benthic macroinvertebrate species. Fish
communities also include important prey species for humans and piscivorous (i.e., fish-eating)
wildlife. Fish communities include varying trophic groups—including piscivores, planktivores,
and omnivores—that live in different habitats such as the water column (i.e., pelagic) or near
the bottom (i.e., demersal). Examples of pelagic species in the UCR include rainbow trout,
kokanee, and walleye, while examples of demersal fish include largescale suckers and white
sturgeon. Fish are primarily exposed to chemicals within the water column through gill
uptake, consumption of food items (e.g., plankton, macrophytes, benthic invertebrates, and
other fish), and incidental ingestion of sediments during feeding.

6.3.5.6 Amphibians

Early life stages of amphibians are aquatic and omnivorous. As they mature, amphibians
develop lungs and prey upon both aquatic and terrestrial organisms. Because amphibians
require riparian wetlands for at least part of their life cycle, reservoir operations with annual
drawdowns may limit available habitat for amphibians within the UCR. Where they occur,
amphibians also are a food source for some aquatic life and aquatic-dependent wildlife. In
their early life stages, amphibians are primarily exposed to dissolved forms of chemicals via
their gills or by aqueous diffusion through egg membranes or skin. Ingestion of contaminated
food items or incidental ingestion of sediments is an important route of exposure for adult
amphibians. Dermal exposure may continue into adulthood.

6.3.5.7 Reptiles

Reptiles in the UCR occupy certain upland terrestrial habitats (e.g., snakes), although some
species will occupy riparian habitats (e.g., turtles). They are omnivores, invertivores,
herbivores, and carnivores, consuming plants, invertebrates, amphibians, fish, small birds,
and small mammals. Certain species and life stages of reptiles also represent important prey
for birds and mammals. Reptiles are exposed to chemicals primarily through the ingestion of
food and surface water, as well as incidental ingestion of sediment and soil.

6.3.5.8 Birds

Avian species near the UCR can be divided into aquatic-dependent and terrestrial species.
Aquatic-dependent species include bald eagles, ospreys, herons, shorebirds (e.g., sandpipers),
and waterfowl. Terrestrial species include raptors, passerines (i.e., perching birds such as
swallows, warblers, and sparrows), and galliformes (e.g., grouse and quail). Some terrestrial
groups, such as shorebirds and swallows, use both aquatic and terrestrial habitats. Aquatic-
dependent species consume macrophytes, invertebrates, fish, and amphibians. Terrestrial

U.S. Environmental Protection Agency 6-13



Upper Columbia River
RI/FS Work Plan December 2008

species primarily consume plants, invertebrates, reptiles, and small mammals. Some avian
species represent prey for other avian or mammalian carnivores. The primary avian trophic
groups include piscivores, omnivores, invertivores, herbivores, aerial insectivores, and
carnivores. Avian receptors are exposed to chemicals largely through ingestion of food and
surface water, as well as incidental ingestion of sediment and soil.

6.3.5.9 Mammals

Mammals near the UCR include aquatic-dependent species (e.g., otter, muskrat), terrestrial
species (e.g., mice, deer, coyote), and species that use both habitats (e.g., raccoon and mink).
Those species with a diet consisting mainly of aquatic organisms often are termed aquatic-
dependent. Mammals also may consume aquatic or terrestrial plants and invertebrates,
amphibians, reptiles, birds, or other mammals. They are preyed upon by reptilian, avian, or
other mammalian predator species. The primary mammalian trophic groups include
piscivores, omnivores, herbivores, aerial insectivores (i.e., bats), and carnivores (Figure 6-4).
Mammals are exposed to chemicals largely through ingestion of food and surface water, as
well as incidental ingestion of sediment and soil.

6.3.5.10 Soil Invertebrates

Soil invertebrates reside in and on the soils of riparian and upland areas near the UCR. They
include microinvertebrates (e.g., nematodes), macroinvertebrates (e.g., annelid worms, beetles,
ants), and other insects. Soil invertebrates represent key elements of terrestrial food webs
because they consume plant material and are sources of food for other organisms. Soil
invertebrates are exposed to chemicals primarily through aqueous uptake from soil porewater,
food consumption, and soil ingestion.

6.3.5.11 Terrestrial Plant Communities

Terrestrial plants are the primary producers in the upland habitats of the UCR. They include
mosses, grasses, forbs (i.e., broad-leafed herbs and grasses), shrubs, and trees. Plants represent
a primary food resource for a variety of herbivorous and detritivorous receptors, and they
provide cover and habitat for terrestrial and aquatic-dependent species. Dominant plant
communities near the UCR are assumed to consist of the following;:

e Riparian communities—varied vegetation associated with riparian habitats

¢ Upland communities—varied vegetation associated with upland habitats

An important exposure pathway for plants is root uptake of contaminants dissolved in
groundwater or surface water (Jackson 1998), though foliar uptake can also be important for
some chemicals.
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6.4 HUMAN HEALTH CONCEPTUAL SITE MODEL

As discussed previously, EPA will develop the human health CSM. The human health CSM as
described below and depicted in Figure 6-3 represents the current understanding of the
human-health exposure pathways at the time this RI/FS work plan was prepared. The primary
sources, and transport and fate to potential secondary and tertiary sources, are the same for
both the human health and the ecological CSMs. The preliminary human exposure media,
exposure pathways, and receptors are summarized below.

Primary media to which humans may be exposed include air, surface water, groundwater,
sediment, soil, and biota. Exposure pathways are defined as the physical ways in which
chemicals present in exposure media may enter the human body. The potential exposure
pathways for human receptors include the following;:

e Inhalation of chemicals in air (i.e., gases or particulates)

¢ Ingestion or dermal contact with chemicals in surface water

¢ Ingestion, dermal contact, or inhalation of chemicals in groundwater

e Ingestion, dermal contact, or inhalation of chemicals in sediments

e Ingestion, dermal contact, or inhalation of chemicals in riparian or upland soils

e Ingestion of food items
The duration and frequency of exposure to chemicals in the media and via the pathways
described above will vary for different groups of receptors. Some receptor groups may have
unique activity patterns (e.g., subsistence fish or shellfish consumption) that result in frequent
exposure to a specific exposure medium. Preliminary receptor groups that use the UCR and
that EPA will expand upon include the following:

e Current or future residents of communities adjacent to the UCR

e Current or future recreational visitors to the UCR

e Current or future Tribal members residing adjacent to or visiting the UCR
Exposure media, exposure pathways, and receptor scenarios described in this work plan are
preliminary and will be expanded as EPA develops the human health CSM throughout the

RI/FS process. Detailed input from the STI, the CCT, and DOI will also help refine the human
health CSM.
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7 DATA GAPS AND STUDY SEQUENCING

7.1 DATA GAPS

This section identifies the key data gaps identified for the UCR RI/FS. These data gaps were
identified based on reviews of existing information about the physical setting, chemical
sources, distributions of chemicals in Site media, and the preliminary CSMs developed for the
Site. Additional data gaps (and studies to fill these gaps) will be identified as data evaluations
are conducted in support of sampling and analysis plans (SAPs) and the BERA Work Plan,
and as the RI/FS proceeds and new information is collected and analyzed.

Three major categories of data gaps have been identified based on the current understanding
of the Site:

e Chemical distributions, sources, and effects: This information is needed to better
define the nature and extent of contaminants in the UCR media (including surface
water, sediment, porewater, air, soil, and biota), to assess contributions from known
and potential sources of contaminants, and to evaluate potential effects of
contaminants on various ecological receptors.

e Physical system: Physical system information, including contaminant fate and
transport, will be used to evaluate and identify areas and processes that may
contribute to unacceptable risk. Key components of the physical system include UCR
hydrodynamics, volumetric extent of contaminated sediments, the potential for
sediment remobilization, and the potential for subsequent contaminant
accumulation, dispersion, dilution, and burial. This information may also be useful in
determining the location and timing for sample collection.

e Resource abundance and distribution studies: This information is needed to
identify key resources for consideration in the BERA and HHRA.

The following sections describe the types of data that need to be collected to fill these gaps.
While some data will be used to fill gaps in more than one of the categories, they are listed
only for the category for which they primarily apply.

7.1.1 Understanding of Chemical Distributions, Sources, and Effects

The following sections describe data needs related to chemical distributions, sources, and
effects.

7.1.1.1 Surface Water

As indicated in Section 5, most of the available data for potential COls in surface water at the
Site have been collected at Northport, Washington. Extensive data sets are also available for
monitoring conducted at the Waneta Station, immediately upstream of the U.S.-Canadian
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border. Water toxicity data for white sturgeon are also available (USFWS 2008). Additional
surface water data for COIs and conventional water quality parameters are needed to
determine whether surface water is an important exposure pathway for people, aquatic
receptors, and aquatic-dependent wildlife within the Site. These additional data need to be
collected from spatially representative reaches of the UCR at time periods that include
seasonal, operational, and extreme conditions of flow and water levels. In addition, surface
water quality data that represent near-surface and near-bottom sample depths are needed to
account for possible stratification of COI concentrations and/or water quality in surface water.

7.1.1.2 Sediment

Elevated concentrations of various metals and organic compounds have been found in surface
and/or subsurface sediments within the UCR, including at a number of beaches. Data gaps
and information needs related to COls in sediments are as follows:

¢ Bioavailability: Although a significant amount of data has been collected regarding
bulk chemical sediment concentrations and elevated concentrations of metals have
been identified in sediment samples containing granulated slag, an assessment of
geochemical fractions and potential bioavailability of the metals to fish and benthic
macroinvertebrates has not been completed. Therefore, additional sediment
sampling that evaluates and discerns geochemical fractions (i.e., exchangeable,
reducible, oxidizable, and residual) related to potential bioavailability is required.

e Spatial Extent: To date, sediment samples collected throughout the UCR have
largely been located within the thalweg or shallow nearshore river (i.e., banks).
Samples positioned within intermediate locations between the thalweg and bank in
differing hydrodynamic and environmental settings are limited. As a result, there is a
spatial data gap impeding the understanding of nature and extent and transport and
fate processes, and additional sampling is required.

e Beaches: During the 2005 Phase I study, chemical concentrations in beach sediments
were determined for 15 beaches distributed along the UCR (EPA 2005c). Based on
these data, subsequent risk screening completed by EPA, and concerns about
potential risks at unsampled beaches, additional data are needed to better
characterize surface and subsurface conditions at UCR beaches for nature and extent
characterization and for risk assessment.

e Tributary Sediments: Although a limited amount of information on chemical
concentrations in sediments of major tributaries to the UCR has been collected, these
data are largely limited to surface sediments. More of this type of data is needed to
identify whether sources along tributaries may have significantly contributed COIs
to the UCR.

¢ Reference Conditions: EPA (2006d) sampled several areas in tributaries to the UCR
and used the resulting data as representative of reference conditions to interpret
toxicity tests. The validity of these areas as representative of reference concentrations
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for the UCR will be reviewed and evaluated, and additional reference areas will be
identified and sampled as needed.

e Porewater: Porewater is a key pathway by which COlIs can be taken up by benthic
and benthic-oriented organisms. It also can be a source of contaminants to the
overlying water, thereby exposing epibenthic invertebrates and fish. There are very
limited data on in situ COI concentrations in porewater. Porewater chemistry and the
relationship between COls in sediment and porewater will be characterized. COI
concentrations will be explored in porewater among a variety of sediments,
including slag, seasonally exposed by Lake Roosevelt drawdown and in areas used
by key ecological receptors.

e Background Conditions: Limited data exist on background or natural (i.e., geogenic)
sediment conditions within the UCR. Therefore, an assessment/evaluation of
background or natural conditions will be required to better understand the nature
and extent of contamination and transport and fate processes. Additional field data
collection is anticipated.

e Sediment Toxicity: Sediment toxicity testing and identification of additional
reference stations will be needed to supplement the Phase I testing performed by
EPA. Toxicity testing will likely focus on areas where existing data described in
Section 5 and any other bioassay data evaluated in the BERA Work Plan indicate the
greatest uncertainty and greatest potential for unacceptable risks. A number of
approaches may be used to evaluate toxicity. Bioassays are one method that will be
applied. A comprehensive written assessment of existing sediment bioassay data and
EPA approval will be required prior to designing and implementing the required
field studies. In addition, evaluations of the potential toxicity of ingested
sediment/slag to fish and benthic invertebrates, as well as higher food chain
elements, may also be required.

e Granulated Slag Weathering: Weathering of slag may result in releases of COlIs to
UCR porewater and surface water. The degree to which such weathering occurs and
the possible impacts to other media and receptors need to be evaluated.

7.1.1.3 Fish Tissue Residue and Other Biota

Biota from the UCR may accumulate contaminants from surface water, sediment, porewater,
soil, or prey items at levels that could pose risks to ecological and/or human receptors. COlIs in
fish tissues were characterized during historical investigations, including the 2005 Phase I fish
tissue sampling program (EPA 2005¢; 2006d). However, additional data will be needed
because data are not available for specific species or size classes. In addition, tissue residue
data will be required for a number of other receptor groups that represent food items for
higher trophic levels, such as zooplankton and benthic macroinvertebrates, including mussels.
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Data gaps and information needs related to tissue residues are as follows:

Additional Tissue Residue Data: Additional tissue residue data will be collected to support
the BERA and HHRA. The identification of receptors, and associated tissues, for sampling will
be determined following completion of the SLERA and the BERA work plans. Additional
information will be needed on COI concentrations in the prey of fish (i.e., plankton, benthic
macroinvertebrates, and fish) and in selected fish species, sizes, and tissues. Sampling of
different fish species reflects differences in residues due to variety in habitat preference, food
habits, and residue bioavailability.

In Vitro Bioaccessibility Study: If tissue residue data suggest that COI concentrations are
present at levels that pose unacceptable risk, metal bioavailability may be further evaluated
using an in vitro bioaccessibility study (i.e., a study to determine the fractional dissolution of a
metal from a biotic or abiotic medium) (Hund-Rinke and Kordel 2003; Peijnenburg and Jager
2003; Peng et al. 2004; Semple et al. 2004). If a bioaccessibility study is undertaken, the results
would be used in the BERA and to assess the need for an oral bioavailability study.

Food Web Modeling: Food web modeling may be needed to supplement field-collected data
for the purpose of evaluating exposures to higher trophic levels. If known at the time, the
approach, components, and application of any food web model will be presented in the BERA
Work Plan. Otherwise, the food web modeling efforts will be discussed with and approved by
the EPA before the model is developed and applied.

Benthic Bioaccumulation: Diet is one of the two major pathways by which aquatic biota
assimilate contaminants. Dietary uptake of metals by benthic macroinvertebrates in sediments
and in the water column can lead to body burdens that have the potential to be toxic to their
predators (Cockell 1990; Erickson et al. 2003; Hansen et al. 2004; Pedlar et al. 2002; Rainbow et
al. 2006; Woodward et al. 1995b; Woodward et al. 1995a). Based on the BERA Work Plan or a
subsequent study, there may be a need to determine whether metals bioaccumulated by
benthic macroinvertebrates in the UCR pose risks to predator fish. As part of this evaluation,
literature reviews would be conducted to identify whether reliable methods exist for
predicting metal dietary toxicity to aquatic life using literature-based information (Barron et
al. 2002; Luoma and Rainbow 2005). If such information is not available, the potential chronic
effects of bioaccumulated residues on appropriate aquatic organisms may be determined
through appropriate laboratory testing.

White Sturgeon: Poor recruitment of white sturgeon (Acipenser transmontanus) in the UCR has
been reported since the 1970s. While both spawning activity of adult sturgeon and occurrence
of eggs and early larval stages have been frequently reported during the past years, young-of-
the-year numbers have been limited. Juveniles hatched from resident adults and reared in a
hatchery have been released into the UCR as part of the Lake Roosevelt White Sturgeon
Recovery Plan and appear to be adapting well to the natural habitat. They exhibit good
survival, growth rates, and body condition. In addition, an unpublished study conducted by
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USFWS appears to indicate that copper is toxic to early life stage sturgeon at levels below the
acute water quality criteria (USFWS 2008). This indicates that a survival bottleneck could exist
subsequent to the initiation of exogenous feeding (BPA 2006e; UCWSRI 2002b). Subject to
EPA’s approval, the work proposed to be conducted as part of this RI/FS will focus on the
potential effects of contamination on white sturgeon and will be consistent with the
Agreement (EPA 2006h). Available information relevant to the understanding of sturgeon
recruitment and potential contamination effects on early-life-stage development will be used
when possible. Additional information will be collected consistent with the DQO process, to
test hypotheses and answer critical questions relative to contaminant effects on early life
stages of white sturgeon. Because adult sturgeon tissue is difficult to obtain due to the
prohibition on fishing, investigations on older life stages may require the use of surrogate
species, and/or potentially tissue plugs obtained from opportunistic sources.

7.1.1.4 Soil

Atmospheric deposition of smelter emissions and windblown dust from nearshore sediments
in the UCR have been identified as potential air sources of chemicals for this RI/FS (EPA
2006e). Section 4.1.1.3 describes the area-wide contamination that may be related to Trail and
LeRoi stack emissions. In addition, floodplain deposition of UCR sediments was identified at
the April 2007 workshop as another potential source of COlISs to upland soils of the Site. At the
time this work plan was written, the quantity of available information for both air and soils
was limited. Data gaps related to soil (both surface [0 to 6 inches] and subsurface [> 6 inches])
at the Site include, but are not limited to, the following:

e Identification of upland areas potentially affected by COlIs (including mercury) from
current and historic Trail facility emissions, windblown dust from UCR nearshore
sediments, or floodplain deposition of UCR sediments

e Determination of whether COls in soil are present at concentrations that could
adversely impact groundwater

¢ Determination of whether COI soil concentrations present a potential concern
regarding plant uptake and/or impacts to soil biota

e The influence of other potential sources (e.g., Le Roi smelter) of COls to soils

e The concentrations of COlIs in soil from background or reference areas

7.1.1.5 Groundwater

Groundwater data for the UCR are very limited and no assessments have been conducted to
assess whether groundwater in the UCR has the potential to impact or be impacted by other
environmental media. Preliminary data gaps related to groundwater include determining
where groundwater might be adversely affected by COI concentrations in soil and assessing
the interaction of surface water and groundwater during different seasons and water level
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management periods. Additional data gaps will be identified following review of existing and
newly gathered data for soil, surface water, and other media.

7.1.1.6 Upstream Sources

As noted in Section 4, there are a number of municipal and industrial discharges to tributaries
and the Columbia River above the Canadian border, upstream of the UCR. EPA may require a
review of available information about these discharges in order to identify the chemicals and
loading associated with these discharges. This information may be needed to determine if
additional sources are contributing chemicals to the system at levels that might pose risks or if
continued discharges might adversely impact future remedies in the UCR.

7.1.2 Understanding of the Physical System

Sediments containing various COls are known to exist within the UCR, and these COlIs could
pose unacceptable risks to ecological and/or human receptors. If unacceptable risks are
predicted as the BERA and HHRA are developed, a more thorough understanding of COI
transport and fate processes will be performed before conducting the feasibility study. For
example, understanding the potential for remobilization of contaminated sediment and the
mechanisms of transport (i.e., bedload or suspended load) for various sediment-size classes
may be needed to better forecast future contaminant exposure and risk and to assess the
feasibility of remedial alternatives (e.g., EPA 2005a). In addition to contaminant remobilization
and transport, it may also be necessary to quantify the potential for contaminant
accumulation, dispersion, dilution, sequestration, and burial. A better understanding of the
aforementioned transport and fate processes will be required to allow better forecasting of
future contaminant exposure and risk and could be integrated into a hydrodynamic model as
part of the feasibility study.

Data gaps related to potential transport and fate evaluations include, but are not limited to,
the following;:

e Updated detailed bathymetry (with an accurately defined reference datum) in
targeted areas of the river where additional detail will help to support proposed data
collection activities and an overall understanding of river hydrodynamics

e Current velocity measurements

e Water surface elevations

e Improved sediment bed characterization for sediments and metals
e Measurements to estimate inflow and loads for solids and metals
e Sediment deposition, erosion, remobilization, and burial rates

e The quantity and distribution of contaminated sediments in the UCR
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e Slag quantity and distribution
e Slag transport properties

e The quantity of bedload solids and their associated metal, metalloid, and chemical
composition, and TSS concentrations in waters crossing the U.S.-Canadian border
and from targeted UCR tributaries

e Locations of major landslide areas and potential buried contaminated sediments

e Supplemental grain-size data to better characterize the distribution of particle-size
classes throughout the UCR

e Discharge rates for the Columbia River and major tributaries

e Cross-sectional flow velocity (using acoustic-Doppler current profilers) and surface-
water elevation data at key locations within the UCR to better determine scour and
depositional areas for various sediment size classes

7.1.3 Resource Abundance and Distribution Studies

The following sections describe potential resource identification and confirmation field study
data gaps. Resources are defined broadly in the Agreement and SOW and include wild and
cultivated plants, fish/shellfish, wild game, aquatic invertebrate communities,
reptiles/amphibian populations, other wildlife foods, habitat use areas, harvest areas, and
foraging areas. These investigations are comparable to the “fish, wildlife and benthic species
assessments” and “plant consumption” studies recently defined as priorities by EPA (EPA
2006i).

The scope of studies addressing upland resource use will depend on the limits of the upland
footprint related to dispersion of COlIs from the Trail facility, windblown beach dust, and
floodplain deposition.

Biotic and abiotic resources in the UCR may be exposed to COlIs at levels that could pose
unacceptable risks to ecological and/or human receptors. To characterize risks to ecological
and human receptors in the baseline risk assessments, it is important to characterize Site
resources and how they are used, the level of use (for human health), and resource harvest
locations within the UCR and if these locations coincide with elevated concentrations of COls.

Data gaps related to resource abundance and distribution in the UCR may include the
following:
¢ Information on resource use by Tribal members and the general public
e Community characteristics and habitat use by benthic macroinvertebrates and fish
e Fish dietary habits

e Wildlife habitat use and distribution
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e Distributions of amphibians and reptiles

e Plant community distributions
7.2 STUDY SEQUENCING AND MAJOR DECISION POINTS

The complete list of studies that will be required for the RI/FS will evolve as existing data are
evaluated and as new data are collected as the project proceeds. TCAI will conduct robust
sampling programs beginning in 2009 and extending through 2011, or longer if necessary. The
2009 and 2010 studies, which precede approval of the BERA Work Plan and therefore require
separate data evaluations and DQO development, include surface water, fish tissue,
zooplankton, beach sediment, white sturgeon, resource use and consumption, and upstream
sources. These studies were selected either because there is little available data (e.g., surface
water), because previous studies have already indicated specific data needs (e.g., fish tissue,
resource use), or because they have no field component (e.g., upstream sources). The need for
and scope of the remaining studies will be determined as part of data evaluation conducted in
support of BERA Work Plan development.

Overall, the sampling programs will provide the data needed to understand the nature and
extent of contamination and to assess risks to ecological receptors and humans. In many
instances, it would be advantageous to take samples from multiple media concurrently (e.g.,
taking a sediment sample, surface water sample, porewater sample, and bank sample at a
single location at the same time). However, there are multiple time and resource constraints
that impact sampling, and so it may not be feasible to do so in many cases.

7.2.1 Process Overview

The data gaps described in Section 7.1 prompted development of initial studies that will be
planned and implemented between 2009 and 2011. Additional data gaps and information
needs identified in the BERA Work Plan will initiate additional studies in 2010, 2011, and
beyond. Results of the initial studies will be used to refine the CSM and focus subsequent
studies on the media, areas, receptors, exposure pathways, and chemicals of greatest concern.
As currently conceived, activities in 2011 and beyond could be focused, as needed, on
population-level assessments and field-verification activities. During an RI/FS, newly collected
data often trigger the recognition that additional data of a similar or different type are needed
to fulfill the project’s objectives. EPA’s RI/FS guidance (EPA, 1988) uses the term “iterative” to
describe the process of evaluating data, identifying data gaps (using EPA’s DQO process),
filling data gaps, and then again evaluating all data (i.e., historical and recently collected) to
assess whether sufficient data have been collected to address the hypotheses presented in the
DQOs and to complete the remedial investigation or risk assessments. This overall process of
refinement will guide activities throughout the remedial investigation.

Although the BERA Work Plan will contain a thorough evaluation of existing data and
refinement of the problem formulation, many data gaps, such as data needed to characterize
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spatial and temporal trends in surface water quality, have been recognized during the
compilation of data for the RI/FS work plan.

The overall process to design each study includes early involvement of EPA and Participating
Parties. The DQO process will be used to formulate hypotheses and identify data gaps, which
will be filled via field and laboratory studies. At present, data have been compiled and
summarized to support the identification of data gaps.

7.2.2 Overview of Studies and Major Decision Points

The studies associated with the RI/FS are listed in Table 7-1. These studies will provide
information needed to inform the understanding of the nature and extent of contamination, to
conduct the terrestrial and aquatic components of the ERA, and to perform the HHRA.
Planning documents related to human health, particularly the resource use and consumption
surveys, will be considered in the design of the studies undertaken throughout the RI/FS
process.

The BERA Work Plan will identify additional information needs related to the terrestrial and
aquatic environment. As part of the BERA Work Plan, the rationale for terrestrial soil
sampling will be developed from an assessment of the transport and fate processes that
disperse COls in the UCR: air dispersion from the Trail and Le Roi smelters (assessed initially
using a soil footprint analysis); wind dispersion of exposed sediment, including beaches; and
overbank deposits related to flood events. The soil study will provide an initial assessment of
the nature and extent of COls in the terrestrial environment and will serve as the foundation
for the terrestrial element of the risk assessment. Information from the soil study will also be
used to evaluate whether COls in soil are at concentrations which could adversely impact
other media.

The initial scope of aquatic studies (separate from the surface water sampling effort) will also
be developed in parallel with or as part of the BERA Work Plan. There will be two major
categories of aquatic studies: sediment studies and habitat/receptor studies, which will be
loosely distinguished by their respective focus on chemistry and biology. The sediment
chemistry studies will address data gaps in the nature and extent of COlISs in sediment. The
porewater and bioavailability studies will address transport and fate issues related to
sediment-bound COlIs and their susceptibility to mobilization and bio-uptake.

Decision points following completion of the studies will focus and further refine the
investigation on areas, receptors, exposure pathways, and chemicals with the greatest
potential to be associated with unacceptable risk. Representative soil data will be evaluated to
determine the scope of subsequent terrestrial studies. Similarly, representative aquatic data
will be used to identify and refine studies to address the key elements of the CSM as they
relate to unacceptable risk (i.e., areas, pathways, receptors, chemicals) and to determine if
transport and fate modeling is needed. For example, if sediments in substantial portions of the
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UCR are anticipated to pose an unacceptable risk to aquatic receptors, the potential for erosion
and dispersion of those sediments will be of central concern. As illustrated in Figure 2-1, an
iterative approach will be applied to the UCR RI/FS process, whereby components will be
continually refined as study results are obtained and new information is gained. Studies are
described in greater detail in Section 8.

Additional data needs will be identified in the BERA Work Plan and in the data evaluation
reports that result from the initial sampling and analysis programs. As noted above, one of the
key decisions following the initial field programs will be the extent of terrestrial studies that
will be required to support the ERA. This decision will be based on the existence of an upland
footprint of COIs. Some studies may be required whereas others may depend on results of
earlier studies. These studies are briefly described in Section 8. The sequencing and
dependencies for these studies, as well as generalized descriptions, will be provided in detail
in the BERA Work Plan. As with other surveys, detailed study descriptions, including DQOs,
will be provided in SAPs.

The need for and possible initiation of complex data evaluations and modeling efforts to
support the remedial investigation and aquatic BERA will be initiated in 2011. These
evaluations may include, and are not necessarily limited to, sediment transport modeling,
transport and fate modeling, and food web modeling. The approach TCAI will recommend for
any proposed modeling effort will be described for EPA in a technical memorandum prior to
the initiation of modeling.

Most of the sampling and laboratory programs needed for the RI/FS will be completed by the
end of 2012. However, as new data are evaluated, new data gaps may be identified. In
addition, there may be conflicting lines of evidence for the aquatic, aquatic-dependent
wildlife, or terrestrial ERA. If conflicting lines of evidence exist, it may be appropriate to use
field methods to verify estimates of risk generated through laboratory studies and/or
modeling. Field verification of risks to receptor populations may also be performed, if needed.

Field data collection to fill BERA and other RI data gaps will be complete in 2013. Data
evaluation will continue to 2014 with development and delivery of the BERA and remedial
investigation reports. The feasibility study report is scheduled to be submitted to EPA in 2015.
Each of these reports will necessitate frequent interactions with EPA to make sure EPA and
TCAI have a common vision for the content of the reports.
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8 OVERVIEW OF UPPER COLUMBIA RIVER
STUDIES FOR 2009 — 2012

As discussed in Section 7, the complete list of studies that will ultimately be required for the
RI/FS will evolve as the project proceeds and new data gaps are identified. TCAI plans to
conduct sampling programs beginning in 2009 and extending through 2012. These sampling
programs will be important for defining nature and extent of contamination, as well as for
assessing potential risks to ecological (i.e., aquatic and terrestrial) and human receptors. The
studies will build on the site-specific information collected throughout the UCR that has been
discussed in previous sections of this work plan. The studies outlined below are consistent
with Exhibit A of the Agreement (i.e., SOW) and EPA’s RI/FS Priorities Letter (EPA 2006c).
Table 8-1 provides a listing of work tasks identified in the Agreement’s SOW. The assessment
of existing information and related data gaps is integrated with the work tasks specified in the
SOW to define the initial studies list for 2009 through 2012.

Because performance of these studies is dependent on reviews of existing data, approval of
sampling plans, and obtaining access and permits from appropriate governments, the
implementation dates may change. The studies identified in the following sections are
expected to begin in 2009. The sections that address these studies describe the general
objectives and study designs that will likely be identified for each study. Detailed descriptions
of the DQOs, study design, and sampling and analysis methods for these studies will be
presented in the study-specific SAPs. In addition, the various components of each study may
be refined following preparation of the BERA Work Plan and following the collection and
evaluation of new information on the Site. The project schedule provided in Section 12 will be
amended as additional tasks are identified and updated as the study progresses.

Additional studies and supplemental data collection for the studies listed here will be
required to meet the data needs for the HHRA. Data needs for the HHRA which have already
been identified (e.g., beach sediment and fish tissue contaminant concentrations) are briefly
described in this section. Additional details concerning data needs and uses for the HHRA will
be presented in the HHRA Work Plan and/or will be provided to TCAI by EPA.

8.1 2009/2010 STUDIES

Subject to EPA approval, the following field and laboratory studies will be planned and
implemented in 2009 and 2010:

e Surface Water

e Fish Tissue

e Zooplankton

e Beach Sediment
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e White Sturgeon
e Recreational Resource Use and Consumption Survey
e Tribal Resource Use and Consumption Survey

e Upstream Sources

Each of the above studies is described below.

8.1.1 Surface Water Study

There is limited information on COI concentrations in surface water of the UCR. Nearly all
recent information has been collected at a single location (i.e., Northport, Washington), and
most of those data are limited to only nine metals: arsenic, cadmium, chromium, copper, lead,
mercury, nickel, silver, and zinc. In addition, no information is available on concentrations of
COIs in plankton, which can pose risks to the fish that consume those organisms.

At the April 2007 workshop, additional surface water information was identified as a key data
gap that should be filled to support various components of the RI/FS, including evaluations of
sources, nature and extent, transport and fate, and potential risks to ecological and human
receptors. In addition, because seasonal variations in pool levels of Lake Roosevelt and flow of
the UCR may affect COI concentrations in surface water, temporal variability of COI
concentrations will also be evaluated. Therefore, the surface water study will evaluate the
characteristics of UCR surface water at multiple locations during multiple time periods. The
investigation will also evaluate the potential impacts of surface water from major tributaries to
the UCR by sampling the UCR upstream and downstream of the tributaries during multiple
time periods. This effort is intended to determine the degree to which major tributaries may
contribute COlIs to the UCR.

Primary questions that will be addressed by the surface water study include, but are not
limited to, the following:

e Do COIs and associated conventional parameters in surface water collected at
representative locations along the length of the UCR show significant spatial
variability?

e Do COIs and associated conventional parameters in UCR show significant temporal
variability with respect to variations in pool level and flow?

e Do COIs in surface water require further investigation based on comparison to
conservative criteria and guidelines?

e Do COIs in surface water pose unacceptable risks to human health and the
environment?

e Do COlIs exhibit spatial or temporal variations that may be related to facility
operation discharges and fluctuations in upper river flow volume?
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e Are COlIs associated with identified source areas?

e Do COlIs exhibit measurable variation due to reservoir drawdown and recharge
actions?

e Do COI concentrations vary with depth?

e Do extreme flow events create unique water quality concerns that may not otherwise
be observed under more routine, ambient conditions?

The COI list will include metals and selected organic compounds and will be measured in
whole water samples and the dissolved fraction. Various conventional variables useful for
interpreting the observed patterns of COI concentrations will also be measured in conjunction
with the COls. Because there is a general lack of recent data on COI concentrations throughout
the UCR (with the exception of Northport, Washington), sampling stations will be distributed
from the U.S.-Canadian border to the vicinity of the Grand Coulee Dam. Stations will be
located in each of the six physiographic reaches identified for the UCR and those selected
stations will be positioned to evaluate major potential source areas, such as the upstream
boundary condition at the U.S.-Canadian border; Northport, Washington; major tributaries;
and large depositional areas within the UCR. At least one round of surface water sampling
will coincide with zooplankton and fish tissue sampling events described below.

Because of the temporal variability in water column conditions within the UCR, surface water
sampling will be designed to evaluate key periods related primarily to pool level and water
flow, such as spring drawdown and subsequent high-flow conditions. The method reporting
limits for COIs will be below available water-quality criteria and guidelines for protection of
human health and ecological receptors to ensure that the results can be compared with those
criteria and guidelines.

8.1.2 Fish Tissue Study

A relatively large amount of information has been collected on the characteristics of fish
communities and their major species in the UCR. In addition, a relatively large amount of
information was collected during the Phase I study on COI concentrations in selected fish
species in 2005 (EPA 2006c¢), as well as in earlier studies.

Despite this large amount of historical information, a number of data gaps have been
identified that will be addressed in the Phase II fish tissue study. For example, the Phase I
study primarily evaluated larger individuals of recreationally important species. Although
these data are useful in evaluating potential risks to humans, they are less useful for
evaluating potential risks to those ecological receptors that prey primarily on smaller
individuals. An additional shortcoming of many historical fish tissue studies in the UCR is the
evaluation and consideration of background or reference fish tissue concentrations; that kind
of information is important for estimating the expected tissue concentrations of COlIs that are
affected by large-scale sources, such as atmospheric deposition or regional geological
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characteristics. The additional data collected on fish in the Phase II study will be used
primarily to support the evaluations of potential risks to ecological and human receptors, and
to further evaluate natural background locally. The distribution of important fish habitats in
the UCR will be addressed in the 2009 aquatic resource study. As part of the Phase II fish
tissue study, diets of important fish species will be evaluated primarily by summarizing
existing information for the UCR (e.g., from tribal studies) and other published literature on
each species. Additional information on fish food habits may be generated, as needed, during
the collection of fish for the tissue residue analyses.

The primary questions to be addressed by the Phase II fish tissue study include, but are not
limited to, the following:

e What are the tissue concentrations of COls in selected species which have important
recreational, tribal, or ecosystem value, and which have not been extensively or
adequately evaluated in past studies?

e What effects do slag and other contaminated sediment have on selected species of
interest?

e What are the tissue concentrations of COls in fish species and size classes that
represent important dietary components for key piscivorous receptors, including
fish, birds, and mammals?

e What are the tissue concentrations of COlIs in fish species and size classes that
represent important dietary components for human health?

It is anticipated that samples for the fish tissue study will be collected in late summer or early
fall of 2009, after fish have had the entire summer to feed and grow in the UCR. In addition,
collections during the late summer or early fall will be consistent with the Phase I study, in
which fish were collected in September and October. Tissue concentrations used for
evaluating potential risks to ecological receptors will likely be based on whole-body
concentrations, whereas tissue concentrations used for the HHRA will likely be based
primarily on concentrations in fillets; however, other body organs may also be sampled. The
importance of slag in fish guts will need to be evaluated, both in terms of impacts to the fish
and to potential predators. Ancillary data that may help interpret observed tissue
concentrations will also be collected for each individual fish, including length, weight, gender,
and the presence of any visible abnormalities.

8.1.3 Zooplankton Tissue

Several site-specific studies in the UCR demonstrate that zooplankton constitute a substantial
fraction of the diets of several fish species and contribute to the diets of numerous other fish
species. Although there is ample evidence that UCR fish consume zooplankton, there are no
data to describe chemical concentrations in zooplankton tissue. Data on chemical
concentrations in zooplankton tissue will be used primarily to support the evaluations of the
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BERA, where risks to wildlife that eat fish, and to fish that consume zooplankton, will be
evaluated. Zooplankton tissue chemistry data are needed to estimate risks posed by COls to
zooplanktivorous fish as depicted on the CSMs, and, with chemistry data for water, sediment,
and other media, will also be useful to characterize chemical exposure pathways within the
aquatic food web, which may be required if screening level risk assessments identify
potentially unacceptable risks to fish, wildlife or people.

The primary objective of the zooplankton study is to collect information on COls in tissue of
zooplankton from the UCR for use in the BERA. The primary risk-related question to be
addressed by the BERA is as follows:

e Do COlIs in zooplankton pose unacceptable risks to the zooplankton or to fish that
prey on zooplankton in the UCR?

Zooplankton sampling will be conducted in conjunction with fish tissue and surface water
sampling. The zooplankton samples will be analyzed for TAL metals and metalloids and
percent moisture. Depending on the evaluation of fish tissue data (see Section 8.1.3),
additional metals, organic compounds, and percent lipids may also be analyzed.

8.1.4 Beach Sediment Study

The beach sediment study is primarily being conducted to provide data for the HHRA. It is
described here because TCAI is responsible for preparation and implementation of the SAP
and because some of the data may be applicable for other RI/FS evaluations.

COI concentrations in sediments were evaluated at 15 beaches sampled throughout the UCR
in 2005 by EPA during the Phase I study (EPA 2006¢). Based on the 2005 sampling results, the
highest metals concentrations were found at the three most upstream beaches located between
USGS RM 745 and 729 (i.e., Black Sand Beach, Northport City Boat Launch, and Dalles
Orchard), with concentrations generally decreasing as a function of river mile at the remaining
beaches. In general, organic chemical concentrations in the 2005 beach sediment samples were
infrequently detected, and detected concentrations were considered safely below human
health-based risk standards (EPA 2006g).

The key data gaps for beach sediment are human-health-risk related and will be filled by
sampling surface and subsurface beach sediments for use in the risk assessment and for risk
communication and risk management. These data may also be useful in evaluating the fate
and transport and nature and extent of contamination.

Primary questions to be addressed by the Phase II beach sediment study include, but are not
limited to, the following:

e What are the spatial distributions of COlIs in beaches not yet sampled?
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e What are the spatial distributions of COIs in whole sediments and in different size
fractions of sediment (i.e., 2 mm to 250 pm, 250 pum to 125 pm, 125 pm to 63 um, and
<63 pm)?

e What are the physical properties (e.g., grain size) of selected whole sediment
samples?

e What is the spatial distribution of granulated slag in whole sediments?
e What is the vertical distribution of COIs in beach-use area sediments?

e Do metals concentrations in whole sediment and associated fractions pose
unacceptable risks to human health or the environment?

The COI list will contain EPA’s TAL metals and uranium, and COI concentrations will be
measured in whole sediments and the fine-grained fraction of the sediments. Conventional
parameters (e.g., grain size distribution), physical properties (e.g., bulk density), and
granulated slag composition will also be measured in whole sediments to help interpret the
spatial patterns found for COI concentrations. To allow potential risks to benthic
macroinvertebrates to also be evaluated, the top 0 to 15 cm of sediment will likely be collected
for analysis at each sampling station. To be consistent with the Phase I beach study and to
correspond with maximum exposure of UCR beaches, sediment sampling will likely occur
during spring drawdown. Method reporting limits for metals will be below available soil and
sediment quality guidelines (SQGs) for protection of human health and ecological receptors
and to ensure that the results can be compared with those guidelines.

8.1.5 White Sturgeon Study

White sturgeon between one and seven years old may be collected as part of a coordinated
effort between various state, federal, and transboundary groups. Fish from this effort may be
available for analysis for use in the RI. The need for these sturgeons has not yet been
determined. If there is a data gap that these fish would fill, and a DQO developed that
supports the use of the sturgeon, then fish from the collection effort will be pursued. There is
no current plan in the RI for fishing for sturgeon outside of this collection effort.

8.1.6 Resource Use and Consumption Surveys

Recent information on the use and consumption of UCR resources (e.g., surface water,
mussels, fish) by members of the CCT as well as by recreational users from the general public
is considered a data gap that should be filled in 2009/2010. DOI will therefore conduct a
resource use survey for the general public, and EPA will conduct a similar survey for the CCT.
Both surveys will be initiated in 2009 to provide adequate data for conducting the HHRA.

The two user groups considered in the resource use and consumption surveys represent the
appropriate focus of the surveys. These surveys will be designed to support parameterization
of the exposure assessment as part of the overall HHRA and are designated as a priority data
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need by EPA (EPA 2006l). In addition, the results of the surveys may be useful for identifying
future sampling locations (e.g., sediment, surface water) and potential target species to
support the HHRA.

The tribal resource use survey for the CCT will be designed to elicit specific information on the
types and quantities of resources (e.g., wild and cultivated plants, wild game, invertebrates,
and fish) harvested within the Site. The survey will likely define the proportion of each type of
resource harvested from specific locations, the annual frequency of consumption for each
resource, the central tendency and reasonable maximum amounts consumed for all age
classes, and general cleaning, preparation, and cooking methods. The tribal surveys will also
consider exposure from sources other than consumption (e.g., sweat lodges, medicinal uses,
basket weaving).

The resource use survey for recreational users of the general public will be conducted to
estimate the degree of recreational use within the UCR. The survey will be designed to elicit
information on the types of activities conducted within the UCR, specifically which
recreational areas typically are visited, the time spent weekly at each of these studied
recreational areas over the year, and the activities typically conducted at each area (e.g.,
picnicking, fishing, swimming, boating) that affect the degree of exposure to fish or other
biota, water, sediment, and soil.

The methods used for the resource use and consumption surveys will be consistent with EPA
guidance (EPA 1998b), and will build on previous surveys conducted in the UCR (Columbia
River Inter-Tribal Fish Commission [CRITFC] 1994; WDOH 1997). Both types of surveys will
be conducted over at least a 1-year period to include data relevant to all seasons of harvest and
resource use.

8.1.7 Upstream Sources Study

There are a number of municipal and industrial discharges to tributaries and the Columbia
River above the Canadian border, upstream of the UCR. EPA may require a review of
available information about these discharges in order to identify the chemicals and loading
associated with these discharges. The study is expected to rely on published reports, records,
and permits. No sampling is expected.

8.2 2011 STUDIES

Subject to EPA approval, the following field and laboratory studies will be planned and
implemented in 2009 and 2010:

¢ Soil (including background determinations)

e Sediment (including background determinations)
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e Agquatic Resource and Benthic Tissue

e White Sturgeon Toxicity

8.2.1 Soil Study

Trail and Le Roi smelter emissions and windblown dust from nearshore sediments in the UCR
have been identified as potential sources of COIs to upland soils of the Site (EPA 2006e). In
addition, floodplain deposition of UCR sediments was identified at the April 2007 workshop
as another potential source of COlIs to upland soils of the Site. Floodplain deposition may have
occurred as a result of flooding events prior to the construction of both the Grand Coulee Dam
and the dams above the U.S.-Canadian border. At the time this work plan was prepared, the
quantity of available information for both air and soils at the Site was limited.

Additional data on air and floodplain deposition of COlIs at the Site, both existing and new (as
needed), will be used to support various components of the RI/FS, including evaluations of
sources, nature and extent, transport and fate, and potential risks to ecological and human
receptors. In addition, the existence of information on COI concentrations in soil from
background or reference areas will be evaluated to help place any soil concentrations
measured at the Site into a regional perspective.

The primary questions to be addressed by the soil study include, but are not limited to, the
following;:

e Have upland soils been adversely affected by air deposition of COIs from the Trail
facility and/or from remobilization of windblown sediments from UCR beaches?

e Have soils been adversely affected by air deposition of COIs in windblown
sediments from UCR beaches?

e Have soils been adversely affected by COlIs from floodplain deposition of UCR
sediments?

e What are the concentrations of COls in any soils that have been influenced by air or
tloodplain deposition?

e Are there significant COI concentrations in soil that are attributable to Le Roi smelter
emissions?

e What are the concentrations of COlIs in soils from candidate background or reference
areas?

e Do COI concentrations in UCR floodplain or upland soil pose unacceptable risks to

human health and the environment?

The scope and extent of soil sampling that will specifically address possible adverse effects
from Trail facility emissions will be determined through data analyses presented in the BERA
Work Plan. The COI list will include TAL metals. Various conventional parameters useful for
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interpreting the observed patterns of COI concentrations will also be measured in conjunction
with the COlIs. Sampling related to windblown UCR sediments may be coordinated with the
Phase II beach sediment study. Any floodplain sampling will focus on the riverine portion of
the Site where floodplains were not inundated by the formation of Lake Roosevelt (i.e.,
following construction of the Grand Coulee Dam). Any inundated historical floodplains in the
reservoir portion of the Site have been or will be evaluated by sediment sampling. Any
floodplain sampling will be conducted during low pool. Upland soil data related to air
deposition will be collected to fill data gaps identified following review of existing soil data.
Modeling of smelter emissions may be required to determine the possible footprint for aerial
deposition.

8.2.2 Sediment Studies

A relatively large amount of information exists for COI concentrations in surface sediments of
the UCR, based on the Phase I study conducted in 2005 (EPA 2006e) and on several historical
studies conducted by other investigators (Bortleson et al. 2001; Era and Serdar 2001; Johnson et
al. 1989; EPA 2003b). In addition, several Canadian studies of the lower Columbia River
between Trail and Waneta also provide useful information on sediment COI concentrations
immediately upstream of the UCR (Golder 2003; G3 Consulting Ltd. 2001b; CRIEMP 2005).
The Phase II sediment studies will be designed to fill several gaps in the existing data sets.
These data gaps are related to the distribution and concentration (i.e., nature and extent) of
COIs in sediment and sediment pore water, the fate and transport characteristics of COIs in
sediment, and the potential risks to ecological and/or human receptors posed by COlIs in
sediment and sediment pore water.

8.2.2.1 Nature and Extent of COls in Sediment and Sediment Porewater

The following are uncertainties and questions related to the nature and extent of COlIs in
sediment and sediment porewater to be assessed by the Phase II sediment study. Other
questions and data gaps may be identified during study design. The study design will also
consider and incorporate data needed to support the human health risk assessment.

e What are the background concentrations of metals and other COls in sediments and
pore water in water bodies and drainage basins in the vicinity of the UCR?

e Do COI distributions in UCR sediment vary spatially based on historical river
morphology (e.g., within the original pre-dam channel, along the sides of the original
channel, in former floodplains, or along submerged benches and bluffs) and
longitudinal position?

e Do COI distributions in UCR sediment vary significantly in the vicinity of
confluences with major tributaries?

e What are the positions and extent of slag-bearing sediment along the original UCR
channel?

U.S. Environmental Protection Agency 8-9



Upper Columbia River
RI/FS Work Plan December 2008

e What are the concentrations of COls in portions of the UCR affected by eroding
bluffs?

e What are the concentrations of COlIs in sediments in the upper reaches of the UCR
where sediment-sized material is relatively limited (e.g., sediments located in areas
of coarse cobbly material)?

¢ How are COIs distributed among different sediment grain size fractions in
representative portions of the UCR?

e What are the concentrations of COls in porewater relative to concentrations of COlIs
in whole sediment and to different grain size fractions in representative portions of
the UCR?

e What are the COI concentrations in sediment and porewater among a variety of
sediments, including slag seasonally exposed by Lake Roosevelt drawdown and in
areas used by key ecological receptors?

The scope and extent of sediment sampling that will specifically address nature and extent
data gaps will be determined through data analyses presented in the BERA Work Plan. The
target analytes list for UCR sediment is expected to include all COIs, whereas the target
analyte list for background locations may be limited to metals and metalloids. Conventional
variables (e.g., TOC, pH, AVS, DOC, and grain size distribution) will also be measured in
whole sediments to help interpret the spatial patterns found for COI concentrations, as well as
to support fate and transport assessments. As feasible, sediment collection and analyses will
be closely coordinated with the sediment toxicity study and the benthic tissue study to ensure
completeness and comparability of data.

8.2.2.2 Sediment Toxicity and Risk

The following are uncertainties and questions related to potential ecological risks posed by
exposure to sediment and/or porewater. Other questions and data gaps may be identified
during study design.

e What portion of COlIs in porewater, whole sediments, and sediment fractions in
representative areas of the UCR are bioavailable?

¢ Does toxicity observed in sediment bioassays correspond to bioavailable COI
fractions in porewater and whole sediment (i.e., does a dose-response relationship
exist between bioavailable fractions and observed toxicity)?

e Does sediment toxicity correspond to particular and readily identifiable site
conditions (e.g., grain size, slag content, habitat, or structure of benthic
environment)?

¢ How does UCR sediment toxicity compare to toxicity at reference locations?
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e Do COI concentrations in whole sediments or porewater pose unacceptable risks to
human health and the environment?

The scope and extent of sediment sampling that will specifically address sediment toxicity and
risk to ecological receptors will be determined through data analyses presented in the BERA
Work Plan. As feasible, sediment collection for toxicity analysis will be closely coordinated
with the sediment nature and extent study and the benthic tissue study to ensure
completeness and comparability of data.

8.2.3 Aquatic Resource and Benthic Tissue Study

There is relatively little readily available information on the distribution of a number of key
habitats and ecological receptors in the UCR. This kind of information is beneficial for
identifying aquatic resource use areas in the UCR, where exposure to COIs may pose the
greatest potential risks (e.g., EPA 2001b). These resource use areas include both physical
habitats and the ecological receptors that use those habitats. This information may not be
readily available in the published literature; EPA will assist in efforts to determine whether
some of these data are available from the CCT and STI, as well as various state and federal
resource agencies that collect information on the UCR, and will assist in obtaining the data.
The field portion of the aquatic resource study will be designed to fill those data gaps that
emerge after reviewing the available resource information for the UCR and identifying Phase
1 data gaps. The available information and identification of data gaps will be contained within
the aquatic resource study SAP.

There is relatively little current information on benthic macroinvertebrate communities in the
UCR. Benthic macroinvertebrates play key roles in recycling organic matter in sedimentary
environments and in serving as a food source for a number of fish- and aquatic-dependent
wildlife species. Because the characteristics of benthic macroinvertebrate communities are
influenced by a variety of habitat features (primarily sediment character and water depth),
these communities are expected to be sensitive to the physical complexity of the UCR and are
likely to exhibit substantial variability in their composition and structure in the different
benthic environments found throughout the Site. Current information on the characteristics of
benthic communities in the UCR, as well as on the concentrations of COlIs in the tissue of key
macroinvertebrates species, is needed to evaluate potential risks to these organisms and to the
organisms that prey on them. Freshwater mussels are large benthic macroinvertebrates that
are found in portions of the UCR and may be consumed by humans, as well as by ecological
receptors. However, relatively little information is available on the current spatial
distributions of freshwater mussels throughout the Site. Current information on the spatial
distribution of mussels, as well as the concentrations of COls in their tissue, is needed to
evaluate potential risks to mussels and to the ecological receptors and humans that consume
them. Toxicity of sediments may be evaluated with early life stages of mussels.
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The primary questions that will be addressed by the 2009 aquatic resource and benthic tissue
study include, but are not limited to, the following;:

e What are the spatial distributions of macrophyte beds that can provide spawning
and nursery habitat for juvenile fish, as well as important foraging areas for fish and
wildlife species?

e What are the spatial distributions of vegetated riparian areas that can provide habitat
for both aquatic-dependent and terrestrial receptors?

e What are the spatial distributions of wetlands that interact with the UCR and that can
provide habitat for receptors such as juvenile fish and amphibians?

e Where does fish spawning and rearing occur, and are these areas impacted by COIs?

e What river/reservoir areas appear to be most important for supporting sturgeon
populations?

e What is the spatial distribution of soft-bottom and gravel/cobble habitats in the
upper portions of the UCR that can provide habitat for various kinds of benthic
macroinvertebrates?

e What are the characteristics of benthic macroinvertebrate communities (including
mussels) that reside in various habitats of the UCR?

e How do macroinvertebrate (including mussel) diversity and abundance vary in
response to changes in COI concentrations in sediment?

e What are the concentrations of COlIs in benthic macroinvertebrate (including
mussels) in representative portions of the UCR?

e What environments and sediment compositions exhibit toxicity to
macroinvertebrates (including mussels)?

e What fish species and life stages are most vulnerable to contaminated sediments?

e Do COI concentrations in benthic macroinvertebrates (including mussels) pose
unacceptable risks to human health and the environment?

Some level of field groundtruthing will be required for identified resource-use areas and more
detailed surveys may be required for those habitats and receptors for which little existing
information is found. Evaluations of sedimentary habitats will include evaluations of existing
information on sediment character collected during the Phase I study and other historical
studies, as well as information currently being collected by the STI as part of a side-scan sonar
survey of portions of the UCR. Evaluations of soft-bottom sedimentary environments and
their associated benthic macroinvertebrate communities as well as sampling for toxicity
studies will be conducted by using sediment profile imaging and concurrent groundtruthing
with conventional grab samples. With respect to timing, any field surveys and sampling will
be conducted between spring drawdown, when many nearshore areas can be readily assessed,
and late summer or early fall, when certain environments are submerged, some receptors (e.g.,
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macrophytes) may reach peak densities, and receptors such as benthic macroinvertebrates
have had the full summer to feed and grow, thereby representing potential maximum tissue
concentrations. However, the merits of conducting evaluations and sampling during other
times of the year will also be evaluated in the SAP.

8.2.4 White Sturgeon Study

Poor recruitment of white sturgeon (Acipenser transmontanus) in the UCR has been reported
since the 1970s. While both spawning activity of adult sturgeon and occurrence of eggs and
early larval stages have been frequently reported during the past years, young-of-the-year
numbers have been limited. Juveniles hatched from resident adults and reared in a hatchery
have been released into the UCR as part of the Lake Roosevelt White Sturgeon Recovery Plan
and appear to be adapting well to the natural habitat. They exhibit good survival, growth
rates, and body condition™’. This indicates that a survival bottleneck could exist subsequent to
the initiation of exogenous feeding (BPA 2006e; UCWSRI 2002b). Subject to EPA’s approval,
the work proposed to be conducted as part of this RI/FS will focus on the potential effects of
contamination on white sturgeon and will be consistent with the Agreement (EPA 2006h).
Available information relevant to the understanding of sturgeon recruitment and potential
contamination effects on early-life-stage development will be used when possible. Additional
information will be collected consistent with the DQO process, to test hypotheses and answer
critical questions relative to contaminant effects on early life stages of white sturgeon. Because
adult sturgeon tissue is difficult to obtain due to the prohibition on fishing, investigations on
older life stages may require the use of surrogate species, and/or potentially tissue plugs
obtained from opportunistic sources.

8.3 2012 STUDIES

The studies recommended for 2012 will further address essential data needs, building
iteratively on the findings from 2009 to 2011 data collection efforts, and critical data gaps
identified by the BERA process. As noted previously, one of the key decisions following the
2009 through 2011 field programs will be whether to initiate further field studies to support
the terrestrial component of the ERA. This decision will be based on the existence of an upland
footprint of COls at concentrations significantly above background. If the terrestrial
component of the ERA requires further support, a number of terrestrial studies will be
conducted. The sequencing and dependencies for these studies, as well as generalized
descriptions, will be provided in detail in the BERA Work Plan. Detailed study descriptions,
including DQOs, will be provided in SAPs.

The need for and possible initiation of complex data evaluations to support the remedial
investigation and aquatic portion of the BERA will be initiated in 2010. These may include

4 An unpublished study conducted by USFWS appears to indicate that copper is toxic to early life stage
sturgeon at levels below the acute water quality criteria (USFWS 2008).
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sediment transport modeling, transport and fate modeling, and food web modeling. The
approach TCAI will recommend for any proposed modeling efforts will be described in a
technical memorandum to EPA prior to the initiation of modeling.

The potential 2012 terrestrial and aquatic studies are described below.

8.3.1 Terrestrial Studies

The terrestrial studies that may be conducted in 2012 are largely dependent on whether the
soil study identifies upland areas of the Site that are affected by atmospheric deposition of
Trail or Le Roi smelter emissions, windblown dust from nearshore UCR sediments, or
floodplain deposition of UCR sediments to levels significantly above background. A list of the
potential 2010 terrestrial studies and their components is as follows:

e Soil Study
o Terrestrial Resource Study

—  Upland plant survey

—  Wildlife prey survey

—  Amphibian and reptile survey
- Wildlife survey

e Terrestrial Tissue Studies

—  Vegetation residues

—  Invertebrate residues

- Wildlife prey tissue residues
e Specialty Terrestrial Studies

—  Bioaccessibility study

—  Oral bioavailability study

e Terrestrial Toxicity Studies

—  Plant germination study
—  Earthworm toxicity study

—  Amphibian toxicity study
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Each of these terrestrial studies is described below.

8.3.1.1 Soil Study

This study will include an evaluation of COI concentrations in soil samples collected from
areas of the Site predicted to be affected by COls. As appropriate, soil samples will be co-
located with plant and animal samples collected or evaluated during the terrestrial resource
survey and the terrestrial tissue study. Soil samples will be collected and analyzed for COlIs
(including mercury) as well as conventional variables that may help interpret any observed
patterns for COI concentrations. Soil samples will be collected from areas where natural
vegetation is present, as well as other potential areas.

8.3.1.2 Terrestrial Resource Study

Major components of the 2010 terrestrial resource study will include surveys of upland plants,
the prey of key wildlife species, and amphibians and reptiles. Each of those components is
described below.

Upland Plant Survey

This survey will include an evaluation of the kinds of vegetation and relative degree of
vegetative cover in affected areas. The evaluation may be based on information collected from
existing databases or from new information collected in the field as part of this RI/FS. This
survey will be integrated as appropriate with the HHRA.

Wildlife Prey Survey

This survey will focus on identifying the relative abundance of terrestrial invertebrates and
small mammals that represent prey to key terrestrial wildlife species. Key wildlife species and
their food habits would be identified before the survey is conducted. The evaluation may be
based on information collected from existing databases or from new information collected in
the field as part of this RI/FS. Various sampling approaches will be considered, including a
probabilistic approach.

Amphibian and Reptile Survey

This survey will focus on identifying the relative abundance of amphibians and reptiles. The
evaluation may be based on information collected from existing databases or from new
information collected in the field as part of this RI/FS. Various sampling approaches will be
considered, including a probabilistic approach and a stratified population proportionate
design.

Wildlife Survey

This survey will focus on evaluating key wildlife species (both plants and animals) that are
identified as important with respect to Tribal and recreational use. The evaluation may be
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based on information collected from existing databases or from new information collected in
the field as part of this RI/FS. The evaluation would be conducted, as appropriate, in
conjunction with surveys conducted for soil, vegetation, and wildlife prey.

8.3.1.3 Terrestrial Tissue Study

Major components of the 2010 terrestrial tissue study will include evaluations of COI
concentrations in tissue of key ecological receptors, including upland plants and the prey of
key wildlife species. Each of those component studies is described below.

Vegetation Study

This survey will focus on measuring COI concentrations in tissues of upland plants that
represent food sources for key wildlife receptors and humans. Key wildlife species and their
food habits would be identified before the survey is conducted. The evaluation may include
measurements of COI concentrations in both roots and shoots of plants to account for wildlife
receptors with different foraging habits. Plant samples would be collected from areas of the
Site predicted to be affected by COIs and would be co-located, as appropriate, with soil
samples collected for analysis of COI concentrations.

Wildlife Prey Tissue Study

This survey will focus on measuring COI concentrations in tissues of the prey of key wildlife
receptors, including both plants and animals. The key wildlife species and their food habits
would be identified before the survey is conducted. Prey organisms would be collected from
areas of the Site predicted to be affected by COIs and would be co-located, as appropriate,
with soil samples collected for analysis of COI concentrations.

8.2.1.4 Specialty Terrestrial Study

The kinds of specialty terrestrial studies that may be conducted in 2010 include bioaccessibility
and oral bioavailability studies. Each kind of study is described below.

Bioaccessibility Study

This study will include an evaluation of the potential bioaccessible fraction (e.g., an in vitro
measure of bioavailability via ingestion by humans or wildlife) of lead and potentially other
metals. This study would integrate information on metals concentrations from various Site
media, including surface water, sediment, soil, mussels, fish, and terrestrial prey organisms.
Depending on the results of this study, it may be appropriate to conduct a follow-on oral
study.
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Oral Bioavailability Study

Depending on the results of the bioaccessibility study described above, an oral bioavailability
study may be conducted. The focus of this study would be to establish estimates of the relative
bioavailability of metals in Site media.

8.3.1.4 Terrestrial Toxicity Study

The kinds of soil toxicity tests that may be conducted as part of the RI/FS include plant
germination tests, earthworm toxicity tests, and amphibian toxicity tests. Each kind of test is
described below.

Plant Germination Tests

These laboratory tests will include evaluations of plant germination in soil samples (and
potentially sediment samples) collected in areas of the Site predicted to be affected by COls.
These tests could also be used to evaluate bioaccumulation in plants, as appropriate.

Earthworm Toxicity Tests

These laboratory tests will include evaluations of earthworm survival in soil samples collected
in areas of the Site predicted to be affected by COlIs. These tests could also be used to evaluate
bioaccumulation in earthworms, as appropriate.

Amphibian Toxicity Tests

These laboratory tests will include evaluations of an early life stage (e.g., embryo) of
amphibians in soil samples (and potentially sediment samples) collected in areas of the Site
predicted to be affected by COls. The frog embryo teratogenesis assay-Xenopus test will be
considered as a candidate test.

8.3.2 Aquatic Studies

Aquatic studies that may be conducted in 2012 are largely dependent on whether the studies
conducted in 2009 to 2011 identify key data gaps that should be addressed to complete the RI.
A list of the potential 2012 aquatic studies and their components is as follows:

e Surface Water Study

- Surface water evaluations

- Groundwater evaluations
e Sediment Study (including porewater)
e Specialty Sediment Studies

—  Toxicity identification evaluations

—  Laboratory dietary toxicity
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— Contaminant avoidance tests

e Mercury Study
e Transport and Fate Study

Each of these aquatic studies and components is described below.

8.3.2.1 Surface Water Study

Components of this study would be based largely on the results of the 2009 surface water
study and may include both a surface water and groundwater component.

Surface Water Evaluations

If one or more COlIs in 2009/2010 surface water data are found to pose potentially
unacceptable risks to ecological or human receptors or exceed applicable criteria or standards,
additional measurements of surface water chemistry may be warranted in areas found to have
elevated COI concentrations. These measurements would be used to better define spatial,
temporal, and/or vertical patterns and to identify potential sources of the COlIs. In addition,
toxicity testing may be used to evaluate predictions based initially on COI concentrations. The
toxicity tests would be based on sensitive species (e.g., Ceriodaphnia dubia), and may include
both acute and chronic tests.

Groundwater Evaluations

If upland soil evaluations indicate the potential for groundwater to be contaminated with
metals, or if data analyses indicate possible influx of contaminated surface water from Lake
Roosevelt to groundwater during rising or lowering of the lake level, then a groundwater
evaluation may be conducted to evaluate potential groundwater discharge of COlIs to the
UCR. The evaluation will include a literature search to identify existing information, if any, on
impacts to groundwater from contaminated soils at the Site, an evaluation of groundwater
flow conditions in UCR areas shown by earlier studies to be affected by soil contamination,
and a survey of potential groundwater users in the vicinity of the Site.

8.3.2.2 Sediment Study

The components of this study would be based largely on the results of the 2009 surface
sediment study, as well as evaluations of historical sediment data for the UCR, including the
Phase I data collected in 2005. The study may include additional measurements of COlIs in
surface sediments, subsurface sediments, and porewater to better define spatial patterns and
to further identify sources of the COls. In addition, toxicity testing may be used to further
evaluate predictions based initially on COI concentrations. The toxicity tests would be based
on sensitive species and may include both acute and chronic tests, as well as tests that address
both whole sediments and porewater.
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8.3.2.3 Specialty Aquatic Studies

The kinds of specialty aquatic studies that may be conducted include toxicity identification
evaluations, dietary toxicity tests, and contaminant avoidance tests. Each kind of study is
described below.

Toxicity Identification Evaluations

These laboratory evaluations will be designed to evaluate the degree to which COls (rather
than other factors) in surface water or porewater account for any observed or predicted
toxicity. These kinds of evaluations are based largely on chemical testing and/or
manipulations and are potentially followed by toxicity testing.

Laboratory Dietary Toxicity Tests

These laboratory tests will include evaluations of potential dietary toxicity to test fish (e.g.,
rainbow trout) that are fed benthic macroinvertebrates (e.g., oligochaetes) that have been
exposed to field-collected UCR sediments under laboratory conditions and which may
therefore be susceptible to bioaccumulative COIs from those sediments. These tests would be
designed to evaluate whether diet may be an important source of exposure of fish to COlIs in
sediments.

Contaminant Avoidance Tests

These laboratory tests will include controlled evaluations of whether fish and/or benthic
macroinvertebrates avoid field-collected UCR sediments or water. These tests would be
designed to evaluate whether fish may be avoiding potential spawning or foraging areas in
the field and/or whether benthic macroinvertebrates may be avoiding areas of potential
colonization.

8.3.2.4 Mercury Study

Assessments of data collected during the surface water, sediment, fish, soil, and porewater
studies will be used to determine if a more detailed mercury study is required. If mercury in
UCR media is found to pose unacceptable risks to ecological or human receptors, additional
evaluations may be conducted to evaluate the methylation, bioaccumulation, and fate of this
metal in the UCR system. The primary purpose of these evaluations would be to identify the
sources and processes that govern the distribution of mercury (including methylmercury) in
the system. These evaluations may include targeted sampling of sediment, surface water, and
aquatic biota (including benthos and fish). Fish species targeted for sampling will include
those with limited home ranges (e.g., sculpins).

8.3.3 Transport and Fate Study

If the results of the BERA or HHRA studies establish that COIs in one or more UCR media
pose unacceptable risks to ecological or human receptors, a number of studies related to the

U.S. Environmental Protection Agency 8-19



Upper Columbia River
RI/FS Work Plan December 2008

transport and fate of those COls in the UCR system may be conducted prior to completion of
the RL It is anticipated that most of these fate and transport studies would focus on sediments
(both bedded and suspended) and associated porewater. The studies may include targeted
evaluations of bathymetry (or, if needed, bathymetry for the entire UCR), surface bottom
features (e.g., using side-scan sonar), deposition or erosion rates, subbottom profiling, acoustic
Doppler current profiling, and water flow.
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9 ECOLOGICAL RISK ASSESSMENT APPROACH

The BERA for the Site will be completed in close coordination with EPA and with EPA
oversight, in accordance with the Agreement (EPA 2006h). Consistent with CERCLA
guidance, the BERA will focus on chemical stressors. Potential influences and physical and
biological stressors on observed or predicted responses of aquatic and terrestrial ecological
receptors will be discussed as appropriate in the BERA and elsewhere in the RI/FS process.
Appendix I provides more information about chemical stressors and Appendix H provides a
summary of studies that have evaluated a portion of the aquatic and terrestrial communities.
The BERA will determine whether risk to aquatic and terrestrial ecological receptors occurs at
the Site under current and future conditions, and it will identify which COls, exposure
pathways, exposure media, and ecological receptors are associated with risks. The BERA will
follow EPA’s eight-step ERA process for Superfund (EPA 1997a) (Figure 9-1). The BERA will
also be consistent with EPA’s general framework for ERA (EPA 1998c) (Figure 9-2) and with
other key EPA risk assessment and related documents (EPA 1997b; 1999a; 1999b; 2001b; 2003a;
2004c; 2005b; 2006b). Results of the BERA will provide key input to the remedial investigation,
in terms of understanding potential ecological risks posed by the Site, and to the feasibility
study, with respect to the identification and selection of remedial alternatives.

In accordance with Steps 1 and 2 of the process, a SLERA will be prepared, in which existing
data on COI concentrations in environmental media of the UCR will be compared with
conservative ecological benchmarks. The SLERA will be submitted for review by EPA after
final submission of this RI/FS work plan and will include a screening-level problem
formulation and CSM that are consistent with that presented in Section 6 of this work plan.

The SLERA will address surface water, fish tissue, porewater, sediments (surface and
subsurface), and soils (riparian and upland). For each COI, the maximum observed Site
concentration in each environmental medium will be compared with the minimum screening
benchmark for that COI and medium. All COlIs that exceed screening benchmarks and all
COlIs for which benchmarks are not available will be carried forward in the risk assessment.
Although surface water will be considered in the SLERA, all COlIs in this medium will be
carried forward in the risk assessment, because existing surface water data for the UCR are
spatially limited. Results of the SLERA will identify the COlIs for each environmental medium
evaluated that will be carried forward in the risk assessment process. After the SLERA is
finalized, Steps 3 and 4 of EPA’s 8-step ERA process will be conducted, in which the
screening-level problem formulation and CSM will be refined and the work plan for the BERA
prepared.

The draft BERA Work Plan will be submitted to EPA within 120 days from the approval date
of the RI/FS Work Plan. The BERA Work Plan will include data quality objectives for the ERA,
evaluations of existing data in the context of those DQOs, refined versions of the list of COIs
and assessment endpoints, as well as a list of risk questions and measurement endpoints. The
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BERA Work Plan will also describe the overall study design and schedule for the BERA and
identify the various studies that will or may be used to support the BERA, including the
decision criteria for selecting the studies. SAPs for the various studies will be prepared as
separate documents.

The EPA risk assessment framework for metals (which are a key group of UCR COls)
recommends that the following principles be addressed to reflect the unique properties of
metals:

e Background concentrations
e Essentiality
e Environmental chemistry
e Bioavailability
¢ Bioaccumulation and bioconcentration
e Acclimation, adaptation, and tolerance
e Toxicity testing
e Metal mixtures
These principles and principles applicable to non-metal COIs will guide the planning, data

collection, and interpretation for the UCR BERA and will be key elements of studies that will
be proposed to support the conduct of the BERA.

The remainder of this section discusses the general approach to be used for conducting the
UCR BERA. Where it is considered important for highlighting information specific to different
parts of the BERA, some of the subsections discuss potential approaches for conducting the
aquatic and terrestrial elements of the risk assessments.

The subsections presented in the remainder of this section are organized as follows:

e Section 9.1 discusses general methods for preparing the problem formulation,
including COIs, CSMs, assessment endpoints, measures, exposure pathways, general
receptor groups, and general testable hypotheses.

e Section 9.2 discusses the general approach and considerations for preparing the
exposure characterization for aquatic and terrestrial receptors, including discussions
of general receptor groups, exposure pathways, exposure measures, receptor
measures, ecosystem measures, and general methods.

e Section 9.3 discusses the general approach and considerations for preparing the
ecological effects characterization for aquatic and terrestrial receptors, including how
effect measures (formerly identified as measurement endpoints [EPA 1997a] and
endpoints of concern) will be established, how literature-based toxicity values will be
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identified and used, and how empirical effect measures such as toxicity tests will be
used.

e Section 9.4 discusses the general approach for ecological risk characterization,
including general methods, lines of evidence, and uncertainties.

9.1 PROBLEM FORMULATION

As shown in Figures 9-1 and 9-2, problem formulation is a critical step in the BERA that
describes its general technical foundation. Problem formulation establishes the goals and focus
of the BERA, including the COls, exposure pathways, exposure media, receptors of concern,
assessment endpoints, measures, and risk questions. Information in the following subsections
will be addressed in greater detail in the preliminary problem formulation.

9.1.1 Evaluation of Existing Data

As required in the SOW, TCAI will conduct evaluations of existing data (including data
generated by EPA on this project) and studies. The results of these data evaluations may be
submitted prior to or as an appendix to the BERA Work Plan. The evaluation of existing data
must include a description of each data set and the conclusions of the authors who generated
the data set prior to any interpretation by TCAL In addition, for evaluations that use
combined data sets, TCAI will describe data selection and/or rejection processes, evaluate the
comparability of the selected data, and fully describe the evaluation process including any
data manipulation (e.g., correcting for carbon content) and statistical analyses that are used to
characterize Site conditions or identify data needs.

9.1.2 Constituents of Interest

The preliminary list of COlIs for the UCR includes a variety of metals and metalloids, as well
as several organic chemicals, including SVOCs, PCBs, dioxins/furans, PBDEs, and DDT and
degradation intermediates. As discussed previously, this preliminary list of COIs will be
further developed and evaluated in the SLERA.

9.1.3 Preliminary Chemical Sources and Releases, Chemical Transport
and Fate, Exposure Pathways, and Potential Ecological
Conceptual Site Models

CSMs provide a visual depiction of what is known or believed to be occurring at a site
regarding ecological receptors. CSMs are used to identify, organize, and communicate what
information will be collected to assess risk. The screening-level preliminary CSM for the UCR
was discussed earlier in Section 6 of this work plan. The BERA Work Plan will contain
updated CSMs based on comments received during work plan reviews. Additionally, the CSM
will be refined as warranted through additional data collection and analysis and will guide
preparation of the BERA.
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9.1.4 Exposure Pathways and General Receptor Groups

The BERA will address key routes through which ecological receptors contact chemical
stressors in the UCR (Figures 6-3 and 6-4). These exposure pathways include both direct
contact with abiotic media and ingestion (e.g., direct uptake from site media, incidental
ingestion, and diet). Site-specific receptors will be identified in the BERA Work Plan for the
following general receptor groups: general aquatic receptors and general terrestrial receptors
(listed below).
General Aquatic Receptor Groups

e Benthic macroinvertebrates (including mussels)

e Plankton

e Macrophytes

e Piscivorous fish

e Omnivorous fish

e DPlanktivorous fish

General Terrestrial Receptor Groups

¢ Riparian/wetland/upland plants

e Soil invertebrates

e Amphibians

e Reptiles (omnivorous, carnivorous)

e Birds (piscivorous, carnivorous, insectivorous, invertivorous, omnivorous)

e Mammals (piscivorous, herbivorous, carnivorous, invertivorous, omnivorous)
The reptiles, birds, and mammals considered in the BERA will include both aquatic-
dependent species (e.g., benthivores, piscivores) and species that primarily utilize terrestrial

habitats. Examples of receptors in each of these groups that occur in the UCR study area are
discussed in Section 6.3.

9.1.5 Assessment Endpoints and Measures

Assessment endpoints are generally defined as “... an explicit expression of the environmental
value to be protected, and operationally defined as the definition of an ecological entity and its
attributes” (EPA 1997a; 2003a).

Site-specific assessment endpoints will be developed, in coordination with EPA, to guide field
study design and data collection activities in the UCR that support the BERA. Site-specific
assessment endpoints will define both entities at the Site (e.g., a species, ecological resource, or
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habitat type) and a characteristic of that entity to be protected, such as reproductive success
(EPA 1997a). The criteria that will be used for developing specific assessment endpoints for
the UCR will include ecological relevance, characteristics of the COIs measured at the Site
(e.g., fate and mobility), endpoint sensitivity (susceptibility)*, and ability to actually measure
the endpoint (Suter I 1993; EPA 1997a; EPA 2003a). Assessment endpoints proposed may
represent different levels of biological organization, including individuals (e.g., certain
threatened and endangered species), species populations, and communities of species.

Measures represent the types of information and data used to evaluate specific assessment
endpoints in the risk assessment. Measures fall into three groups: exposure, effect, and
ecosystem/receptor characteristics (EPA 1998c). Site-specific measures will be used wherever
possible to promote maximum relevance. Measures anticipated to support the BERA are
broadly discussed for the aquatic and terrestrial risk assessments in Sections 9.3 and 9.4.

9.1.6 Testable Hypotheses

Testable hypotheses represent specific questions that the BERA will evaluate to address each
of the assessment endpoints. More specifically, testable hypotheses represent study questions
that are identified in Step 2 of the 7-step DQO process (i.e., EPA 2000a). The DQO process will
be used to evaluate existing data and plan all studies conducted as part of the UCR RI/FS.

In general, the overall goal in conducting the BERA is to identify risks to ecological receptors
that may occur in or near the UCR now or in the future. The broad hypothesis to be evaluated
in the BERA is:

COlIs in the UCR do not pose current or future risks to the growth, survival, and
reproductive success of ecological receptors of concern above reference or
background* levels within the UCR.

Specific hypotheses are typically identified during Step 2 of the DQO process used in
preparing study-specific SAPs. These and any alternate hypotheses are included in each field
study SAP to make sure studies collect data that will specifically address questions/
hypotheses.

41 Susceptibility pertains to the sensitivity of a particular endpoint to the stressor, relative to its potential
exposure.

# Jdentification of reference and background conditions will be conducted in consultation with EPA
and will consider guidance provided by EPA (2002d).
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9.2 EXPOSURE CHARACTERIZATION

The analysis phase of the BERA (see Figure 9-2) consists of both an exposure characterization
(this section) and an effects characterization (see Section 9.4 and EPA 1997a). The purpose of
the exposure characterization is to develop an understanding of both the nature and
magnitude of receptor exposure to facilitate comparisons with toxicity benchmarks. The
remainder of this section discusses general principles that will likely be considered in
assessing exposures for aquatic (Section 9.2.1) and terrestrial receptors (Section 9.2.2).

9.2.1 Exposure Characterization for Aquatic Receptors

The purpose of the exposure characterization for aquatic receptors is to estimate the extent to
which aquatic life is exposed to bioavailable concentrations of COls in surface water,
sediments, and food. This would also likely include understanding the degree of exposure of
aquatic life to similar contaminants at reference locations. Exposures may be characterized
through empirical (field) sampling of COlIs in water sediment, porewater, and prey, including
measurement of parameters (e.g., DOC, pH) that facilitate estimates of bioavailability.
Bioassays and assessments of species populations and communities may be other lines of
evidence used to evaluate potential exposure and risk.

Aquatic biota are exposed to COlIs from surface water, sediments, and prey via aqueous and
dietary pathways. The methodologies for assessing these exposures depend on the stressor,
exposure medium (e.g., sediment, water, food), receptor, and pathway (aqueous vs. dietary
uptake) considered. Each of these is discussed separately below.

9.2.1.1 Surface Water Exposure

In surface water, water column-dwelling, benthic, and epibenthic biota are exposed to (i.e.,
bioconcentrate and bioaccumulate*) COlIs via two pathways: direct uptake from the water and
dietary uptake from food (Kamunde et al. 2002; Luoma and Rainbow 2005; Redeker et al.
2005). Exposure to COls in surface waters will be estimated by sampling for both total and
dissolved concentrations. Mercury and selenium may also be measured, based on total
concentrations in receptors or their prey or the receptor of concern. Aquatic receptors
assimilate the latter two chemicals via their diet (Adams et al. 1998; DeForest et al. 1999;
Mason et al. 1995). Other physicochemical parameters may be analyzed to describe conditions
at each location sampled and to facilitate estimation of bioavailable COls.

9.2.1.2 Sediment Exposure

Aquatic biota are exposed to COls in sediments in a variety of manners, and these will be
taken into consideration in defining exposure. The sediments will likely be sampled for

# Bioconcentrate means uptake directly from the water. Bioaccumulation means uptake from the water
and diet.
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properties needed to estimate COI exposure and bioavailability following EPA guidelines
(EPA 2005g). As required, porewater will be sampled for COIs and parameters needed to
estimate bioavailability. Exposure of aquatic life to nonionic organic contaminants in the
sediments will likely be based on equilibrium partitioning (Di Toro et al. 1991; EPA 1994)
because the organic chemicals detected in the UCR are extremely hydrophobic and meet the
assumptions of equilibrium partitioning. Chemicals selected for study will be based on the
results of the SLERA, and the species selected for sampling will be based upon review of
existing data on each species’ biology and distribution during development of the BERA Work
Plan.

9.2.2 Exposure Characterization for Terrestrial Receptors

Empirical and literature-based exposure measures may include environmental media
concentrations, bioavailability measures, and receptor and ecosystem measures that affect
exposure. The exposure assessment for terrestrial receptors will be based on site-specific data
whenever possible.

Terrestrial plant and invertebrate tissue data may be collected to assess dietary exposures of
receptors that consume them. Concentrations in soil co-located with plants and invertebrates
may be compared with existing soil screening benchmarks to assess potential adverse
exposures. If adverse exposures to invertebrates and plants are predicted to occur at levels
greater than reference-area exposures or screening benchmarks, additional empirical data may
be collected to support exposure and toxicity evaluations for these receptor groups. If the
potential for adverse exposure is indicated for amphibians and reptiles, empirical data may be
collected to support exposure and toxicity evaluations in the BERA through use of standard
toxicity bioassays (see Section 9.3.2).

For all other terrestrial receptors (e.g., bird, mammal), exposures will likely be evaluated
primarily through estimated ingestion doses, which represent the organism’s total COI intake
from direct contact exposure pathways—such as incidental ingestion (soil, sediment) and
water consumption (where applicable to a given receptor) —and dietary (i.e., food
consumption) pathways. Media and/or dietary consumption rates used will be as specific to
Site receptors as possible. If needed, rates will be based on surrogate species, available natural
history data, and general allometric models (i.e., relationships between growth and size of an
organism) developed for broad receptor classes (EPA 2003a). Wildlife receptor doses (chronic
exposure) will be estimated using receptor body weights, food and water consumption rate
information (EPA 2003a), and empirical UCR media COI concentrations (biotic and abiotic).
As previously mentioned, exposure measures that are key to the terrestrial exposure pathway
evaluations in the BERA include COI concentrations in UCR environmental media. These
media may include sediment, surface water, prey tissues (e.g., benthic macroinvertebrates,
forage fish, amphibians, soil invertebrates, and small mammals), soil
(riparian/wetland/upland), and associated forage plants. Fish collected as prey items for
higher trophic receptors (i.e., birds, mammals) should represent appropriate size classes.
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These data will be used to evaluate both direct and dietary receptor exposures. Data and
information that describe receptor and ecosystem characteristics in the UCR study area may
also be important to assessing exposure of terrestrial receptors. Data on receptor and
ecosystem characteristics for the UCR will be sought from resource agencies and other existing
data sources before any potential studies to collect these data are designed.

Actual method