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EXECUTIVE SUMMARY

This document presents guidelines for conducting sediment site assessments and remedial
alternative evaluations within the Navy’s Environmental Restoration program. It is intended for use
by Remedial Project Managers (RPMs) and their technical support staff as stepwise guidance that
will apply to most Navy sediment investigations. Sediment investigations often are more complex
than terrestrial investigations for a variety of reasons, including a lack of promulgated sediment qual-
ity criteria, incomplete knowledge and understanding of aquatic food webs, and lack of published
risk-based threshold data (e.g., toxicity reference values) for many chemicals of potential concern
(COPCs). Additionally, sediments commonly require specialized methods for sampling, analysis,
and remediation. This guide identifies and discusses sediment-specific issues related to site charac-
terization, risk assessment, and remedial alternative evaluation, and then directs the reader to related
Web sites and resources for more detailed technical information. It is intended to help the RPM
avoid unfocused or unnecessary studies and to coordinate and integrate data collection activities
across all aspects of the sediment investigation. This guide complements Chief of Naval Operations
(CNO) Policy on Sediment Site Investigation and Response Action (February 2002) as well as other
applicable policies and guidance on risk assessment and the use of background chemical levels.
Critical sediment issues discussed in this guide include the following:

e Addressing multiple contaminant sources (Navy and non-Navy);

e Development of a detailed and accurate Conceptual Site Model (CSM);

e Collection of important geochemical and physical information for characterizing the
source, fate, and transport of chemicals in sediment and supporting the evaluation of

remedial alternatives;

e Selection and use of appropriate tests for ecological risk assessments (ERAs) (e.g.,
bioavailability evaluations, aquatic toxicity tests);

e Use of background and reference site data in risk assessments;
e Use of a weight-of-evidence (WOE) approach and other decision-making tools;
e Development of site-specific risk-based cleanup goals; and

e Evaluating remedial options for sediment and the risk and liabilities associated with
each.

This guide is organized into four sections along with a glossary and references. Hyperlinks
that connect the reader to related Web sites and documents are found throughout the document.

Section 1 — Introduction presents the purpose and organization of the document, discusses
some of the primary differences in conducting aquatic versus terrestrial studies, and provides over-
views of applicable Navy policy and guidance as well as pertinent laws and regulations.

Section 2 — Sediment Site Characterization presents an overview of the site characterization
process relative to sediment investigations, including planning considerations, developing a CSM,
source identification, defining the nature and extent of contamination, and characterizing
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contaminant fate and transport. This section also identifies important physical and chemical data that
should be collected as part of a sediment investigation, with an emphasis on coordinating data collec-
tion for all aspects of the investigation (site characterization, risk assessment, and evaluation of reme-
dial alternatives). This section also provides an overview of sample design and sample collection
methods and equipment.

Section 3 — Ecological and Human Health Risk Assessment for Sediment Studies follows the
stepwise guidance for conducting ecological and human health risk assessments at sediment sites
within the Navy’s tiered framework. Issues specific to sediment sites are identified and discussed for
each tier.

Section 4 — Sediment Remedial Alternative Evaluations addresses Feasibility Study (FS)
planning considerations and determination of site-specific risk-based cleanup levels. Remedial
options, including monitored natural recovery, in situ capping, and removal, are described along with
monitoring considerations and sediment management issues.

Section 5 — Glossary provides a description of common terminology used in this guide and in
sediment investigations in general.

Section 6 — References, Resources, and Applicable Web Sites provides references by section
along with Web site addresses for information discussed in the guide.

Final Implementation Guide for Assessing and v Jan 2005
Managing Contaminated Sediment at Navy Facilities



CONTENTS

EXECULIVE SUMIMATY .....tiiiieiiecie ettt ettt et s e et e e e e st e enteesseessaeensaenseensaeesseenseenseesnseenseenseens il
HIGRIIZRES ..ottt b et et sb e et b e et be et viii
FIUIES. ...ttt ettt e ettt e et e et e e teesaaeesbe e seeesseenseenseeesaeenbeeseensaeenbeenteenneeaneas viii
TADIES ..ottt ettt ettt ettt et e e b e bt e e ta e e bt et e e ataeenb e et e e teeenbeenteennaeenbeeteensseenreeteens X
AbDreviations and ACTOMYIMS .......c..ccuerriierierieeiteesieesteereesseessaeesseesseessaeeseesseessseeseesseesssessseesseesseessses X
1.0 INTRODUCTION ...ttt sttt 1-1
1.1 Aquatic Versus Terrestrial StUdies..........cccvvriviiiiciieiieeee e I-1
1.2 Document OrganiZation ...........cecueereeriueeruiereeeieeieeseeseeeieeseeeseeeeseenseesenesseeseesseesneens 1-4
1.3 Overview of Navy Policy and Guidance............ccccevueriienieniiiniieieieceeeee e 1-5
1.4 Overview of Relevant Regulations, Laws, and Guidelines............cccoceevvenienienieenen. 1-7
2.0 SEDIMENT SITE CHARACTERIZATION ......ooiiiiiiiiiiieeeceeeeeee e 2-1
2.1 Planning and Executing the Sediment Study ...........ccccovieiinieninieniieeeeeeee 2-1
2.1.1 Building the Project Team..........cccccueriiiiieiierie et 2-1
2.1.2  Gathering EXiStiNg Data ..........ccceviiiiiiiiiiiiieieeeee et 2-2
2.1.3 Developing a Preliminary Conceptual Site Model ...........c.ceevvrvciieniieeneenee. 2-2
2.2 Source IdentifiCation .........coueiiieiiinieeieeee e 2-3
2.3 Watershed Contaminant Source Document .............ccccevcueerienienienneenienieeeeeeesee e 2-5
2.4 Contaminant Fate and TransSport..........ccceccveeieerieerieiiiieiienee e 2-6
2.5 Defining the Nature and Extent of Contamination .............cceccveveveerieenienveeseeeneennenns 2-10
2.6 Site Characterization Parameters ...........occveevvierieenieniiieiieeesie e 2-11
2.6.1 Chemical CharacteriZation .............cceceveevueeriienienieeieesee e eeeeeee e see e eneeas 2-12
2.6.1.1 Sediment Chemistry ANalySes ........coceevuerieiierienienienieniereeeeneenes 2-12
2.6.1.2  Chemical FINGerprinting ..........cccccevuerueerienienienienieeieneeeesieeee e 2-16
2.6.2  Physico-Chemical Characterization ............cccccveevveerciererciieeeeesieeesveesveeenns 2-17
2.6.3  Collection of FS-Related Data..........ccccoeviiiiiiiiiniiieiccieieeeeeeeeen 2-18
2.7 Overview of Study Design and Sample Collection Methods............cccceevvercrerennennne. 2-19
2.8 SUITIMATY ..eeniiieeiiieeeiiie ettt e ettt e et e et e e et e e et e e e st e e e bt e e eabeeeaseeeeasteeenseeenneeeenseeenneas 2-20
3.0 ECOLOGICAL AND HUMAN HEALTH RISK ASSESSMENT FOR
SEDIMENT SITES ..ottt ettt ettt e 3-1
3.1 Ecological RisSK ASSESSIMENL .........cccuieriieriieeiiiiiiertesie et esiee et etee e eaeenaeeseeeeneeenseas 3-1
3.1.1 Tier 1: Ecological Screening Risk AsSeSSMent ............cccceevervenenienenienennns 3-2
3.1.1.1 Sediment Site Characterization..............ceevveerreereeseesireeseeseesveennnn 33
3.1.1.2  Problem Formulation ............cccceeviiniiniiiiiinienieeieeeseeeeeeesee 3-4
3.1.1.2.1 COPC Identification...........cccceereeruersieenienienieenieennene 3-4
3.1.1.2.2 Identification of Ecological Receptors............ccceuen..e. 3-6
3.1.1.2.3  Identification of Complete Exposure Pathways............. 3-7
3.1.1.2.4  Conceptual Site Model.........ccceveerviirnieiiiiieeeieeee 3-7
3.1.1.3  Preliminary Exposure Estimate and Risk Calculations..................... 3-8
3.1.2  Tier 2: Baseline Ecological Risk ASSESSMENt .........ccccccvevveeiienienienieeieenenn 3-10
3.1.2.1 Step 3a: Refinement of Conservative Exposure Assumptions........ 3-11
3.1.2.2  Step 3b: Problem Formulation............cccceeeevienienenienciieeeiee 3-13
Final Implementation Guide for Assessing and v January 2005

Managing Contaminated Sediment at Navy Facilities



CONTENTS

(Continued)
3.1.2.2.1 Selection of Assessment Endpoints...........cccccecvererenneen. 3-13
3.1.2.2.2 Development of Risk Questions and Hypotheses ........ 3-14
3.1.2.2.3 Refinement of the Conceptual Site Model................... 3-15
3.1.2.3  Step 4: Study Design and the DQO Process .........ccccceevverueeeennnnne. 3-15
3.1.2.3.1 Selecting Measurement Endpoints...........cccccevvevnennen. 3-15
3.1.2.3.2  Study Design and DQOS ........cccccvveecrvieeieeeireeeree e 3-15
3.1.2.3.3  Toxicity Bioassays ......ccccceerereeerreeeiieenieeenieeeciee e 3-18
3.1.2.3.4 Bioaccumulation Bioassays.........cccceeveereueerrieneenrennnenn 3-29
3.1.2.3.5 Benthic Community Characterization...........c..ccecoe...... 3-31
3.1.2.4 Step 5: Verification of Field Sampling Design............ccceevevveennene 3-31
3.1.2.5 Step 6: Implementation of Field Sampling Design..........c.cccc....... 3-32
3.1.2.6  Step 7: Risk Characterization............ccceevveereerieesieeneenieeieesieesnens 3-33
3.1.2.7 Step 8: Remedial Action Alternatives............ceceveeveeneenieneeneennenn 3-33
3.2 Human Health Risk ASSESSIMENL.......cccecviieiieiieriiieiieiie e 3-33
3.2.1 Tier 1: Human Health Screening Risk Assessment............cccceeevvereiveenreennnenn. 3-35
3.2.1.1 Conceptual Site Model.........ccoerriiiiiiiieiieee e 3-35
3.2.1.2 Evaluation of Data Quality and Comparison to Background ......... 3-37
3.2.1.3  Tier la: Risk-Based Screening..........cccecveveevieiieenienieneeseenee 3-38
3.2.1.4 Tier 1b: Refinement of Risk-Based Screening ............cccccceevvennnene 3-39
3.2.2 Tier 2: Baseline Human Health Risk Assessment............ccccoceveriinenicnennen. 3-40
3.2.2.1 Refinement of Conceptual Site Model and

EXposure ASSUMPLIONS. ......cc.eerueerieeieeiieniieeieeieeriee e eveeeeeseeeseeas 3-40
3.2.2.2  TOXICItY ASSESSIMENL ......eeruiereiieiierieerieeieesteesaeereesseesaeeseesseessneens 3-42
3.2.2.3  Risk Characterization............c.eeeueereerieeiieeniesieereesieesaeesveeseeeseneens 3-43
4.0 SEDIMENT REMEDIAL ALTERNATIVE EVALUATIONS .....cccoiiiiiiiieieeeeeeen 4-1
4.1 Planning ConsSiderations ..........ccceeceveeerviieriereriieeeieeesreeesreeesseeesseeessseesseesssseessssessseens 4-1
4.1.1 Status and Implications of Source Control ............cceceeviirieriiienieniiiieeeeene 4-2
4.1.2 Potential Advantages of a Regional Approach..........cccccceevveniiriiinniineniennen. 4-2
4.1.3 Consideration of Anticipated Future Land USe..........c.ccceevverierciienienienieenen 4-3
4.1.4 Identification of Potential ARARS .......ccoeriiiiiiiiiiiiieceee 4-3
4.2  Determining Extent and Volume of Sediment to be Remediated.............ccccvvrueennnnne. 4-6
4.2.1 Contaminant- and Site-Specific Remediation Goals and Cleanup Levels ....... 4-6
4.2.2  Consideration of Contamination at Depth ..........ccccoceriniiiiniiiineeee 4-8
4.3 Remedial Alternative SEIECtION. .....ccc.evviiriiiiiiiieeiece e 4-8
4.3.1 Monitored Natural RECOVETY .......ccccueiieiiiiiiiiiiieciee ettt 4-9
4.3.2 TN SitU CAPPINZ..uriiiieriieiiiieeiiieeieeeiteeeiteeesreeesaeesaeeesseeessseessseeessseeessseesssseenes 4-12
4.3.3  Dredging ConsSiderations ..........cccueeueerieereerieeerieenieeseeesieenieeseeeeaeesseesseesnneennes 4-14
4.3.3.1 Selection of an Appropriate Dredging Technique .............ccceenneen. 4-15
4.3.3.2  Environmental WIndOWws .......c..ceceviriininiinenieneneeneeeeeeeeee 4-15

4.3.3.3 Water Column Releases of Contaminants and Use of
St CUITAINS ..ot 4-16
4.3.3.4 Habitat DeStruCtion .........cccveeiieiierieeieeieesee e eee e ee e e 4-17
4.3.3.5 Dewatering ReqUir€ments...........ccccueevueerueerierreeneeneesreesreeseeesneens 4-18
4.3.3.6 Residual Surface Sediment ..........ccceevueerienieniiniinnienieeieeeeeee 4-19
Final Implementation Guide for Assessing and vi January 2005

Managing Contaminated Sediment at Navy Facilities



CONTENTS

(Continued)
B.3.3. 7 COST ettt ettt 4-20
4.3.4 Sediment Disposal OPtiONS .......ccceecveeriierieriiieriieniieeieesieesieesee e ssee e eneeenes 4-20
4.3.4.1 Contained Aquatic DiSposal .........ccceeverierienieiiinieienceeeeee 4-20
4.3.42 Confined Disposal Facilities .........ccccecerievienienienienienieeeeeiee 4-21
4.3.4.3 On-Site Upland Disposal .........ccccecvieeiiiiniieeiieeieece e, 4-22
4.3.4.4 Commercial Landfill Disposal...........ccccceeeiiiiiiiiniiieeiieieeeee e, 4-22
4345 GeotexXtile Bags......coceeiiiiiiieeieecee e 4-23
4.3.5 Sediment Treatment OPtiONS ........coceereerieerieerienieeieenee et eiee e see e 4-23
4.3.6  Beneficial REUSE .......ccceriiiiiiiiiiiicice e 4-24
4.3.7 In Situ vs. Removal ReSpPONSEes.........cccueevuiiriiiiiieiiiiiesieeie e 4-25
4.3.8 Risks Inherent in Each Remedial Alternative..........ccccocevenieniniieninicnennenn 4-26
4.3.9 Table of Existing and Innovative Remedial Technologies.............c..cceeu...... 4-28
4.4  Monitoring ConSIAETAtIONS. .......evutruierieeieniieiertteiesieete sttt sttt et te e eesee e 4-28
4.5 Management of Sediments In Areas Requiring Maintenance Dredging..................... 4-37
5.0 GLOSSARY ..ottt ettt st st st 5-1
6.0 REFERENCES, RESOURCES, AND APPLICABLE WEB SITES.........ccccoovvievinieieee 6-1
Final Implementation Guide for Assessing and vii January 2005

Managing Contaminated Sediment at Navy Facilities



HIGHLIGHTS

Highlight 1-1. Navy and U.S. EPA RI/FS Policies and Guidance.............ccceevvevvevvieenienienieeeeenne 1-5
Highlight 2-1.  List of Experts Needed for Sediment RI/FS..........cccooiiiiiiiiiiieeeeeee e 2-1
Highlight 2-2. Information to be Collected During a Sediment Site ViSit.........cccoevereevieneeriennenee. 2-3
Highlight 2-3.  Seven Steps to Developing a Watershed Contaminated Source Document

(WECSD) ettt ettt ettt ettt et e bt eat e et et e naeenee e 2-6
Highlight 2-4.  Characterizing Contaminant Fate and Transport at a Sediment Site...................... 2-10
Highlight 2-5. Chemical Characterization SUMMATY .........c.cccevveriiirieenienienieeieenee e 2-17
Highlight 2-6.  Physico-Chemical Characterization SUmMmary ...........cccocevvuerreeneenienieeneeneennens 2-18
Highlight 3-1. Sediment Benchmark Values for Chemical MiXtures............coccceeveevericncnecncnnne. 3-6
Highlight 3-2.  Bioaccumulation MOdeIS...........cooieiieriiiiieiieieeieeeeiee e 3-9
Highlight 3-3.  Examples of Risk Questions Commonly Used in Sediment ERAs........................ 3-14
Highlight 3-4. Data Package Contents for Laboratory Bioassays...........ccecceevveeneeniesieenieeneenienns 3-29
Highlight 3-5.  Bi0assay SUMMATIY ........cceerieiiiiiiieiierie et esee e seeeaeeseaeseeeseeseessaesseesnseeseenns 3-29
Highlight 3-6. Bioaccumulation SUMMATY ..........ccceiieriinieiienieiesieeie et 3-31
Highlight 3-7. Benthic ComMmUNIty SUMIMATY ......cc.eieeriiriiriinieieeiieie sttt seeens 3-32
Highlight 3-8.  Factors to Consider When Collecting or Evaluating Fish Tissue Residues........... 3-41
Highlight 3-9.  Fish Consumption SUrvey OPtions..........ccccueereiiierieeeiieeeiieesveeeeeeereeesereeeeneesenes 3-42
Highlight 4-1. Challenges Associated with Sediment Remediation..............ccceevveeecivienieeenveeennnn. 4-1
Highlight 4-2.  Should a Regional Approach to Sediment Management Be Adopted?.................... 4-2
Highlight 4-3.  Examples of RAOs for Sediment Sites ..........ccoccvevieriiiiiiiiiieiieneeeeeeeee e 4-6
Highlight 4-4. Selected Approaches Used to Develop Remediation Goals for Sediment................ 4-7
Highlight 4-5. Further Guidance for Development of Remediation Goals for Sediment................ 4-7
Highlight 4-6. Strengths and Weaknesses of Monitored Natural Recovery ...........ccoevevieniennnne 4-10
Highlight 4-7. Data Needed to Support In Situ Capping ........ccceeeeverieriererienenieneeenieeeenieeens 4-13
Highlight 4-8. Data Collected to Evaluate Potential Dredging Impacts and Feasibility of

Extended Environmental Window, McAllister Point Landfill, Newport, RI......... 4-15
Highlight 4-9. Data Needed to Support Evaluation of Habitat Destruction from Remedial

Dredging and Time for Recolonization...........c.cccccveeeeiieiciiieiieeeieecee e 4-17
Highlight 4-10. Commonly Used Dewatering Technologies............ccccverieriiriieenienienieeieeeeniee 4-19
Highlight 4-11. Factors that Reduce the Viability of Sediment Treatment Options............cc.cc....... 4-24
Highlight 4-12. Potential Beneficial Uses for Dredged Sediment .............cccovvvieiiienienieenieeienne 4-25
Highlight 4-13. In Situ vs. Removal REMedies ...........ccccevviiiiiiiiiiiieiiecieceeceeeee e 4-26
Highlight 4-14. Examples of Physical Monitoring Parameters for Sediment Sites...............c......... 4-36

FIGURES
Figure 1-1. Generic Conceptual Site Model Showing Possible Contaminant Exposure
Pathways and Receptors in an Aquatic Environment............coceeerienenicnenienenienennne. 1-3
Figure 1-2. Navy IR Sediments Framework...........ccccoooieiiiiiiiiiiiienieeeeeeseee e 1-6
Figure 2-1. Simplified Conceptual Site Model for a Sediment Site..........cccevvveeiierieniienieeeeene 2-4
Figure 2-2. Schematic Showing Major Processes Affecting the Fate and Transport of
Contaminants in SEAIMENLS ........cecueruiriiiriiiiniieiereee ettt 2-9

Figure 2-3. Examples of Sediment Surface Grab Samplers ..........ccccevveevierienenienenienenieeneee 2-21
Figure 2-4. Examples of Sediment Coring DEVICES .........ccieviirieriirieiiinieieneeieeesie e 2-23
Final Implementation Guide for Assessing and viii January 2005

Managing Contaminated Sediment at Navy Facilities



Figure 3-1. Navy Ecological Risk Assessment Tiered Approach .........cc.coceeeviiiiniicninicncnicncnnen. 3-2

Figure 3-2. Simplified Ecological Conceptual Site Model for Sediment.............cccoeceevieriirneennnne. 3-8
Figure 3-3. Example of a Tier 2 BERA Conceptual Site Model..........ccccevviiiienieniiiiieieeieeiee 3-16
Figure 3-4. Example DQOs for Bioaccumulation Evaluation.............ccccceeeuievienieniencieeniecieeee 3-18
Figure 3-5. Navy Human Health Risk Assessment Tiered Approach...........cccceevvevverieeiieeneennenns 3-34
Figure 3-6. Simplified Human Health Conceptual Site Model for Sediments...........c.ccceevcvenuennnne 3-36

Figure 4-1. ’Cs Activity in Sediment Core Indicates a Sediment Accumulation Rate of
0.3 inch/yr and a Moderate Degree of Vertical Mixing, as Shown by Broad

PTCS PEAK ....oooveeeveieeceiieeis et 4-11
Figure 4-2. Example of a Layered Sediment Cap .........ccoecveeiieiienieiieeiierieeeeeeeee e 4-13
Figure 4-3. Enclosed Clamshell Bucket Prevents Escape of Sediment During Environmental
DIIEAZING .ottt ettt ettt e st e et et eseteenbe e bt e snteenbeenneeens 4-15
Figure 4-4. Use of a Silt Curtain to Isolate an Area Undergoing Remedial Dredging.................... 4-16
Figure 4-5. Dewatering and Pretreatment Facility for Dredged Sediment............cccceevveeieeniennnn. 4-18
Figure 4-6. Residual Sediment Around Pilings Can Reduce the Effectiveness of Dredging.......... 4-19
Figure 4-7. Conceptual Drawing of Various Containment Options for Dredged Sediment ........... 4-21
Figure 4-8. Geotextile Tube Filled with Dredged Sediment ............cccccoevieririeninieninienieneeene 4-23
TABLES
Table 1-1. Comparison of Terrestrial and Aquatic Site Investigations ...........ccceeeveveerieneeesieeneeenne. 1-2
Table 2-1. Common Navy Sediment COPC Classes and Potential Sources...........cccceecvevverveenennee. 2-5
Table 2-2. Selected Site Characterization Parameters and Methods ............cccceverieniniininicncnnen. 2-13
Table 2-3. Information on Aquatic Sample Collection, Field Quality Control, and Equipment.....2-20
Table 3-1. Examples of Benchmark Values Used in Tier 1 Screening Process.........c.cccocevvevuenncenee. 3-5
Table 3-2. Common Sediment Assessment and Measurement Endpoints and
EXPOSUTE PAthWays .....ooociiiiiiiiciiceeceee ettt ettt e eebe e e e e e e 3-14
Table 3-3. Examples of Ancillary Data Interpretation TOOIS .........cccoceevieniiiiiiniinienieeeeeeee 3-17
Table 3-4. Estuarine and Marine Aquatic Bioassays for Use in Sediment Investigations .............. 3-20
Table 3-5. Freshwater Bioassays for Use in Sediment Investigations.............cceevvevveriveesieeneennens 3-25
Table 4-1. Potential Federal ARARs for Sediment Sites ...........coceveriieninieninienenieeeeeeeeen 4-4
Table 4-2. Risks and Management Strategies Associated With Dredging.........c.cceevevvenveninnicnns 4-27
Table 4-3. Risks and Management Strategies Associated With In Situ Capping and CAD............ 4-27
Table 4-4. Risks and Management Strategies Associated With CDFs.........cccccoceveniniininiincnnnne 4-27
Table 4-5. Risks and Management Strategies Associated With Upland Disposal ............ccccceueneee 4-28
Table 4-6. Summary of Existing and Innovative Remedial Technologies for Sediment ................ 4-30
Final Implementation Guide for Assessing and ix January 2005

Managing Contaminated Sediment at Navy Facilities
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AEM Applied Environmental Management, Inc.
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ARAR applicable or relevant and appropriate requirement
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CFR Code of Federal Regulations

CNO Chief of Naval Operations
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CSM conceptual site model

CWA Clean Water Act

DGPS differential global positioning system

DOT United States Department of Transportation

DQO data quality objective

EC50 concentration causing an effect on 50% of test organisms

EFA Engineering Field Activity

EFD Engineering Field Division

Eh redox potential
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FR Federal Register

FS Feasibility Study
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GW groundwater
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HPS Hunters Point Shipyard

HHRA human health risk assessment

HMTA Hazardous Materials Transportation Act

HQ hazard quotient

HWIR Hazardous Waste Identification Rule

IR Installation Restoration

LBC level-bottom capping
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LDR land disposal restriction

MCSS Major Contaminated Sediment Sites
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NAS Naval Air Station
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NOAA National Oceanographic and Atmospheric Administration
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NRC National Research Council
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QA/QC quality assurance/quality control

RAGS Risk Assessment Guidance for Superfund
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RCRA Resource Conservation and Recovery Act
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SFEI San Francisco Estuary Institute

SI Site Inspection
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SQG-Q sediment quality guideline quotient
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SSRBS site-specific risk-based screening
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SW surface water
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TIE toxicity identification evaluation
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U.S. EPA United States Environmental Protection Agency
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1.0 INTRODUCTION

This document presents guidelines for conducting sediment site assessments and remedial
evaluations within the Navy’s Environmental Restoration program, including Installation Restoration
(IR) and Base Realignment and Closure (BRAC). The document focuses on sediment-specific issues
associated with the Remedial Investigation and Feasibility Study (RI/FS) process under the Compre-
hensive Environmental Response, Compensation, and Liability Act (CERCLA) of 1980. It is
intended for use by Remedial Project Managers (RPMs) and their technical support staff as stepwise
guidance that will apply to most Navy sediment investigations.

This document is not intended to be a comprehensive method manual. Instead, it identifies
and discusses sediment-specific issues related to site characterization, risk assessment, and remedial
alternatives evaluation, and then directs the reader to related Web sites and resources for more
detailed technical information. This guidance is intended to help the RPM avoid unfocused or
unnecessary studies, and to coordinate and integrate data collection activities across all aspects of the
sediment investigation. Critical sediment issues discussed in this guide include the following:

e Addressing multiple contaminant sources (Navy and non-Navy);
e Development of a detailed and accurate conceptual site model (CSM);

e Collection of important geochemical and physical information for characterizing the
source, fate, and transport of chemicals in sediment;

e Selection and use of appropriate tests for ecological risk assessments (ERAS)
(e.g., bioavailability evaluations, aquatic toxicity tests);

e Use of background and reference site data in risk assessments;
e Use of a weight-of-evidence (WOE) approach and other decision-making tools;
e Developing site-specific risk-based cleanup goals; and

e Evaluating remedial options for sediment, and the risk and liabilities associated with
each option.

The primary differences between aquatic (i.e., sediment) and terrestrial RI/FS studies are
discussed in Section 1.1. The organization of this document is described in Section 1.2, and over-
views of Navy policy and framework for sediment investigations and of applicable regulations, laws,
and guidelines are provided in Sections 1.3 and 1.4, respectively.

1.1 AQUATIC VERSUS TERRESTRIAL STUDIES

The fundamental elements of conducting aquatic and terrestrial RI/FS investigations are the
same. However, sediment investigations are often more complex for a variety of reasons, such as the
fact that sediment quality criteria are not fully promulgated, aquatic food webs often are complex or
poorly understood, and risk-based threshold data (e.g., toxicity reference values) are not available for
many chemicals of potential concern (COPCs). Additionally, sediments may require specialized
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methods for sampling, analysis, and remediation. Some of the technical, regulatory, and manage-
ment challenges associated with contaminated sediments are discussed in detail in a 1997 National
Research Council (NRC) report on contaminated sediments in ports and waterways (NRC, 1997).
Table 1-1 summarizes the primary differences in the source, type, and transport of COPCs in aquatic
versus terrestrial sites; the table also summarizes primary differences between ERAs and human
health risk assessments (HHRAs) conducted at aquatic and terrestrial sites. Figure 1-1 illustrates the
complexity of the aquatic environment at a contaminated sediment site.

Table 1-1. Comparison of Terrestrial and Aquatic Site Investigations

Focus of Investigation

Terrestrial Site

Aquatic Site

COPC Source and
Transport

COPC Type

Ecological
Risk Assessment

Human Health
Risk Assessment

Point and nonpoint sources, gen-
erally lower degree of transport
away from source area (i.e., con-
centration gradient away from
source area commonly observed)

Various

Site boundaries usually well-
defined; significant human disturb-
ance common; large literature
database available regarding food
web interactions, exposure param-
eters, and toxicological effects

Multiple, direct, and indirect expo-
sure pathways typically considered
(i.e., ingestion, dermal contact,
inhalation)

Commonly multiple point and nonpoint
sources contributing to a water body;
COPCs may be redistributed by waves
and currents and transported away
from source area

Primarily persistent, hydrophobic com-
pounds that are nonvolatile, relatively
insoluble, and resistant to
biodegradation

Often difficult to define site boundaries,
especially in offshore areas; human
disturbance typically limited; complex
food webs that may be difficult to
define; literature on exposure param-
eters and toxicological effects is limited

Evaluations often limited to indirect
pathways such as ingestion of fish and
shellfish

In general, COPCs are released to terrestrial and aquatic environments from point (i.e., spills

or discharges) and nonpoint (e.g., combustion emissions, pesticide application) sources. In terrestrial
environments, COPCs may be introduced directly or indirectly to soils, whereas sources to sediments
are almost always introduced indirectly through the water column. As a result of the influence of the
overlying water, chemicals that are volatile or highly soluble in water rarely accumulate to high con-
centrations in sediment. COPCs that are highly biodegradable or photosensitive (i.e., transformed or
degraded by sunlight) also do not tend to persist in aquatic environments. Instead, sediment COPCs
generally are those that partition readily into sediments, such as nonionic polar organic compounds
and metals. Consequently, sediments with the greatest partitioning capacity, such as those with high
clay and organic carbon content, are often the most contaminated. Additionally, sediment-associated
COPCs may be redistributed and transported away from the source area by waves and currents and
mixed with contaminants from other sources in the water body, thereby complicating source identifi-
cation (Apitz et al., 2002) (http://meso.spawar.navy.mil/Docs/MESO-02-TM-01.pdf). General
discussions of contaminant fate and transport in sediments can be found in Burton (1992) and Allen
(1995).
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The overall process for evaluating human health and ecological risk at sediment sites is the
same as that followed for terrestrial sites (U.S. Environmental Protection Agency [U.S. EPA], 1989
and 1998). However, there are differences in the process that need to be considered at sediment sites.
For example, when evaluating potential ecological risks onshore at a Navy facility, the available
habitat typically is clearly delineated by the presence of industrial or residential development. In
contrast, it is very difficult to clearly define site boundaries in a submerged offshore area, particularly
given the potential transport and redistribution of site contaminants as the result of wave action and
currents. It is also important to note that terrestrial ecosystems have been more thoroughly studied
than aquatic environments due to issues of accessibility. For human health evaluations, the primary
difference is in the identification of exposure pathways: access to submerged sediments is limited;
therefore, exposure to humans to offshore sediments is largely associated with indirect pathways
such as consumption of contaminated fish and shellfish. Recreational scenarios also may be
evaluated as appropriate (e.g. beach use, recreational sports).

1.2 DOCUMENT ORGANIZATION

This document is organized into four sections along with a glossary and references. Hyper-
links that connect the reader to related Web sites and documents are found throughout the document.
The main document body is organized as follows:

Section 1 — Introduction presents the purpose and organization of the document, identifies the
primary differences in conducting aquatic versus terrestrial studies, and provides overviews of the
Navy’s approach to evaluating risk and remedial alternatives at sediment sites and of pertinent laws
and regulations.

Section 2 — Sediment Site Characterization presents an overview of the site characterization
process relative to sediment investigations, including planning considerations, developing a CSM,
source identification, defining the nature and extent of contamination, and characterizing contami-
nant fate and transport. This section also identifies important physical and chemical data that should
be collected as part of a sediment investigation, and provides an overview of sample design and
sample collection methods and equipment.

Section 3 — Ecological and Human Health Risk Assessment for Sediment Studies follows the
stepwise guidance for conducting ecological and human health risk assessments at sediment sites
within the Navy’s tiered framework. Issues specific to sediment sites are identified and discussed for
each tier.

Section 4 — Sediment Remedial Alternative Evaluations addresses FS planning considerations
and determination of site-specific risk-based cleanup levels. Remedial options, including monitored
natural recovery, in situ capping, and removal, are described along with monitoring considerations
and sediment management issues.

Section 5 — Glossary provides a description of common terminology used in this guide and in
sediment investigations in general.

Section 6 — References, Resources, and Applicable Web Sites provides references by section
along with Web site addresses for information discussed in the guide.
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1.3  OVERVIEW OF NAVY POLICY AND GUIDANCE

Highlight 1-1 lists the Navy policies and guidance that apply to sediment site investigations.
Specific aspects of the policies and guidance are discussed in Sections 2.0 through 4.0. Links to
relevant guidance from the U.S. EPA also are provided. The Navy IR Sediments Framework as
presented in the Policy on Sediment Site Investigation and Response Action (Chief of Naval Opera-
tions [CNO], 2002) is shown in Figure 1-2. Some of the CNO Policy’s guiding principles for all
sediment investigations are as follows:

e All sediment investigations and response actions must be directly linked to Navy-
related CERCLA or Resource Conservation and Recovery Act (RCRA) releases.

Highlight 1-1. Navy and U.S. EPA RI/FS Policies and Guidance

Navy Policy on Sediment Site Investigation and Response Action (CNO, 2002)
e http://enviro.nfesc.navy.mil/erb/erb_a/regs_and_policy/don_policy sediment.pdf

Navy Policy for Conducting Ecological Risk Assessments (CNO, 1999)
e http://enviro.nfesc.navy.mil/erb/erb_a/regs_and_policy/cno-era-policy.pdf

Navy Guidance for Ecological Risk Assessment
e http://web.ead.anl.gov/ecorisk/

Navy Policy for Conducting Human Health Risk Assessments (CNO, 2001)
¢ http://enviro.nfesc.navy.mil/erb/erb_a/regs_and_policy/HRApolicy.pdf

Navy Guidance for Human Health Risk Assessment
¢ http://www-nehc.med.navy.mil/hhra/

Navy Interim Final Policy on the Use of Background Chemical Levels (CNO, 2000)
e http://enviro.nfesc.navy.mil/erb/erb_a/regs_and_policy/don-background-pol.pdf

U.S. EPA General Superfund Web Site
¢ http://www.epa.gov/oerrpage/superfund/index.htm
¢ http://www.epa.gov/oerrpage/superfund/whatissf/sfproces/
(Index of Superfund document chapters)

U.S. EPA Guidance for Human Health and Ecological Risk Assessments (U.S. EPA,
1989 and 1998)
e http://lwww.epa.gov/superfund/programs/risk/tooltrad.htm#gp

U.S. EPA Guidance for Conducting the RI/FS under CERCLA (U.S. EPA, 1988)
¢ http://lwww.epa.gov/oerrpage/superfund/whatissf/sfproces/rifs.htm

Principles for Managing Contaminated Sediment Risks at Hazardous Waste Sites
(EPA OSWER Directive 9285.6-08, February 12, 2002)
e http://www.epa.gov/superfund/resources/remedy/pdf/92-85608.pdf
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e Ifnon-Navy sources of contamination are identified at a site, then this information
must be documented as early as possible in the RI/FS process and communicated to
the appropriate regulatory agencies.

e All sediment investigations and response actions must be scientifically defensible,
technically feasible, risk-based, and cost-effective.

e If the reasonably anticipated future land use of property adjacent to the contaminated
sediment site is known, then the future land use should be considered in the CERCLA
process.

e Stakeholders should be involved early and often in the RI/FS process.
¢ Risk management decisions can and should be made throughout the RI/FS process.

e Remedial action should not be taken at a sediment site until the primary sources of
contamination are controlled or contained, and cleanup levels should not be lower
than ambient (i.e., background) chemical concentrations.

Navy sediment investigations will follow the ERA and HHRA tiered approach in accordance
with Navy policy and U.S. EPA guidance as identified in Highlight 1-1. Screening and baseline risk
assessments (Tiers 1 and 2) are performed as part of the RI. If remedial action is needed at the site
based on the findings of the risk assessments, then an FS is performed. The evaluation of remedial
alternatives (Tier 3) is performed as part of the FS.

1.4 OVERVIEW OF RELEVANT REGULATIONS, LAWS,
AND GUIDELINES

This guide primarily addresses sediment sites managed under CERCLA; however, sediments
are subject to a multitude of additional state, national, and international regulatory criteria. It is
necessary for the RPM to understand the laws and/or regulations as well as potential applicable or
relevant and appropriate requirements (ARARs) that may apply to contaminated sediments at a
particular site. According to the NRC study of contaminated sediments in ports and waterways
(NRC, 1997), “The mechanisms of the regulatory process in a given situation depend on where the
sediments are located; where they will be placed; the nature and extent of the contamination; and
whether the purpose of removing or manipulating the sediment is navigation dredging, environmental
cleanup, site development or waste management.” As a result, different regulators or stakeholders
may focus on different COPCs, cleanup criteria, or goals that drive their actions in the sediment
management process. The RPM should consult legal counsel if questions or regulatory conflicts are
encountered during the CERCLA process.

Potential ARARSs are discussed in more depth in Section 4.1.4; however, it is important to
note that no national sediment quality criteria currently are promulgated as ARARs (although
national ambient water quality criteria are potential chemical-specific ARARs for sediment sites).
Therefore, risk evaluations and sediment cleanup goals must be developed on a site-specific and/or
regional basis. For an overview of environmental laws and regulations, see the U.S. EPA Web site at
http://www.epa.gov/epahome/laws.htm. Additional legislative requirements are discussed under the
National Response Center Web site at http://www.nrc.uscg.mil/nrclegal.html. If the sediment site
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has a dredging component, then other sources of information are the United States Army Corps of
Engineers (USACE) guidelines for dredged material evaluation (http://el.erdc.usace.army.mil/dots/):

e Evaluation of Dredged Material Proposed for Ocean Disposal — Testing Manual (i.e.,
the “Green Book™) (U.S. EPA/USACE, 1991;

http://www.epa.gov/OWOW/oceans/gbook/)

e Evaluation of Dredged Material Proposed for Discharge in Waters of the U.S. —
Testing Manual (i.e., the Inland Testing Manual) (U.S. EPA/USACE, 1998; http://
WWWw.epa.gov/waterscience/itm/).
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2.0 SEDIMENT SITE CHARACTERIZATION

This section addresses the site characterization phase of a sediment RI/FS, including planning
the project, developing the CSM, source identification, defining the nature and extent of contamina-
tion, and characterizing contaminant fate and transport. The section also identifies important phys-
ical and chemical data that should be collected as part of a sediment investigation, and provides an
overview of sample design and sample collection methods and equipment.

21 PLANNING AND EXECUTING THE SEDIMENT STUDY

In the initial stages of the sediment RI/FS, the RPM should build the project team, gather
existing data, and develop a preliminary CSM. These activities are discussed further below.

2.1.1 Building the Project Team

In order to ensure a scientifically sound and technically defensible study, the RPM should
organize a project team with specialized expertise in sediment investigations and issues. The size
and complexity of the sediment site will dictate the size and breadth of expertise required of the team
(Burton, 1992; Chapter 14). Specific experts may include but are not limited to those listed in
Highlight 2-1. Personnel with the appropriate expertise who have prior knowledge of the site can be
valuable assets, as can those with specific knowledge of existing data, including data quality.

Highlight 2-1. List of Experts Needed for Sediment RI/FS
¢ Chemist (sediment/water/tissue; to include expertise in sample collection,
preservation, transportation, and laboratory analysis)

e Geologist and/or hydrogeologist; preferably with hydrodynamic/fate and
transport modeling expertise

e Geomorphologist

e Geochemist

e Toxicologist (aquatic and terrestrial)

e Ecologist

e Marineffisheries/benthic biologist

e Agquatic ecological and human health risk assessment experts
e Statistician

e Feasibility study and sediment remedy selection expert

e Engineer
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2.1.2 Gathering Existing Data

In the initial stages of the RI/FS, existing data should be gathered and a site visit should be
conducted if it has not already been completed. For aquatic sites, the following information should
be compiled in addition to the data previously collected for the preliminary assessment/site inspec-
tion (PA/SI) phase of the RI/FS:

e Charts and bathymetric surveys of the site water body should be obtained from other
Navy sources, the National Oceanographic and Atmospheric Administration
(NOAA), the U.S. Coast Guard, the U.S. Geological Survey (USGS), or various
state agencies.

e Data for tides, waves, currents, and winds also should be obtained from these sources
to support the assessment of contaminant fate and transport (see Section 2.4).

e Information on the adjacent onshore area (e.g., topography, hydrogeology, and
environmental condition).

e Data from benthic community surveys, creel samples, or other biological tests.

e Most U.S. bays and harbors have ongoing environmental monitoring programs
administered by local agencies that can provide useful information, including data
regarding ambient conditions and biological communities.

e Other potential sources of information include published studies, spill reports from
the Coast Guard, dredging assessments, National Pollutant Discharge Elimination
System (NPDES) permits, and the like.

e Regional or other publicly available data also should be reviewed to identify any
potential non-Navy sources of contamination in the vicinity of the site.

In addition to gathering existing data, a site visit is recommended. The objective of the site
visit is to understand the physical site setting, identify preliminary COPC sources, and gather rele-
vant background information. Highlight 2-2 lists the information that the RPM should take particular
note of during the site visit. If possible, the site should be inspected from a boat to allow examina-
tion of the shoreline from the water. If the site is tidally influenced, then the RPM should consider
inspecting the site at both high and low tides. If possible, adjacent properties also should be exam-
ined to identify other potential sources of contamination to the water body. Non-IR site-related
potential sources of contamination also should be identified, such as permitted stormwater discharge

pipes.
2.1.3 Developing a Preliminary Conceptual Site Model

Existing information for the sediment site should be used to develop a preliminary CSM.
The CSM identifies known or suspected contaminant sources, release and transport mechanisms,
contaminated media, exposure routes, and receptors. A CSM may be constructed in several ways,
depending upon the amount of information available. The most commonly used method is to con-
struct a simple CSM that identifies broad classes of ecological or human receptors that may be at risk
from exposure to sediment contamination. Figure 2-1 is an example of a preliminary CSM for a
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Highlight 2-2. Information to be Collected During a Sediment
Site Visit
e Site layout, topography, and configuration of water body; particularly notation
of features that drain into the water body

e Nature of shoreline (e.g., presence of riprap or debris, slope, type and quantity
of vegetation)

¢ Potential onshore sources of contamination to the water body
e Ecological habitats and potential receptors

e Apparent use of the site for fishing or shellfish harvesting

e Boating activity

e Current and anticipated future use of the water body

e Potential offsite sources of contamination to the water body

e Anecdotal information regarding recreational or commercial fishing from local
fisherman.

Navy sediment site that has been contaminated by the release of chemicals from a stormwater outfall
and a landfill located in the adjacent nearshore area. This simplistic model is expanded and refined
as additional site-specific information is collected, with refined CSMs developed for the ERA and
HHRA (see Sections 3.1 and 3.2, respectively). The development of a CSM for a sediment site is
discussed further in Chapter 3 of Critical Issues for Contaminated Sediment Management (Apitz et
al., 2002). Guidance on the development of CSMs is provided on the Navy’s ecological and human
health risk assessment web pages (http://web.ead.anl.gov/ecorisk/process/html/ch2/ and
http://www-nehc.med.navy.mil/hhra/guidancedocuments/process/pdf/plan_scope.pdf).

The sediment site characterization effort focuses on the initial stages of CSM development:
source identification, contaminant fate and transport, and extent of contaminated media. These
topics are discussed further in Sections 2.2, 2.4, and 2.5, respectively. The refinement of exposure
pathways and receptors as part of the ERA and HHRA are addressed in Section 3.0.

2.2 SOURCE IDENTIFICATION

Historical site activities and potential sources of contamination are initially identified during
the PA/SI. Table 2-1 identifies the COPCs that typically are encountered in sediments at Navy sites
and the sources of these chemicals. The most common mechanisms that release these COPCs to the
aquatic environment include discharges from outfalls, spills or discharges from ships, surface water
runoff, groundwater discharge, and erosion and transport of contaminated surface soils from onshore
areas.

Sediments at Navy installations located near urban and industrial areas may be affected by
contamination from multiple sources, both Navy and non-Navy. Because of the complex and dynamic
hydrogeologic setting of many of these sites, it can be difficult to distinguish contributions from
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Table 2-1. Common Navy Sediment COPC Classes and Potential Sources

COPC Class Potential Sources
Heavy and Trace Metals  Ship maintenance and building; aerial fallout; sewage effluent; fungicides
(As, Cr, Hg); old paint (Cu, Pb, Zn); marine antifoulants (Cu, Pb, Sn);
ballast in submersibles (Hg); former gasoline additives (Pb); naval aviation

(Cr, Cd, Pb)
Chlorinated Pesticides Historical pest control; agricultural runoff, skeet
Polycyclic Aromatic Fuel operations and spills; creosote pier pilings; coal tar; asphalt; fossil-fuel
Hydrocarbons (PAHs) combustion particulates from aerial fallout and road runoff
Polychlorinated Electrical capacitors and transformers, adhesives, hydraulic oils and paints
Biphenyls (PCBs)
Organotins Marine antifoulant used in vessel paints

various sources. In accordance with the CNO Policy on Sediment Site Investigation and Response
Action (CNO, 2002; see Highlight 1-1), the RPM must prepare a Watershed Contaminated Source
Document (WCSD) if the sediment site is potentially affected by contamination from non-Navy
sources. The WCSD is discussed further in Section 2.3. Several methods can be used to identify
Navy-related releases and support source identification, including analysis of the spatial distribution
of COPCs (see Section 2.5), and specialized chemical analysis to identify chemical “fingerprints”
that are unique to a specific source (see Section 2.6.1.2). Data quality objectives (DQOs) for source
identification should be developed as part of the RI data collection effort.

2.3 WATERSHED CONTAMINANT SOURCE DOCUMENT

The purpose of the WCSD is to document the existence of both the Navy and other parties
whose activities may have had or could continue to have an impact on sediments. The WCSD should
generally be no more than 2 to 10 pages in length. The WCSD should include a graphical representa-
tion of a CSM. The WCSD should be prepared at the earliest point in the RI/FS process where
sufficient data are available to support the CSM and associated interpretations and conclusions. Ifit
is determined that a significant amount of site contamination is due to non-Navy sources, then the
appropriate regulators should be informed using the WCSD, and the RPM should consult with
counsel to determine the appropriate course of action. Naval Facilities Engineering Command
(NAVFAC) Headquarters also should be notified.

The development of a WCSD, if determined necessary, can be helpful for numerous reasons
when multiple sources could potentially contribute to the contamination observed at a sediment site.

e A WCSD can give a broad perspective of the potential origins, fate and transport, and
overall influences of contaminants on a watershed and how they relate to the
sediment site being investigated within that watershed to all the stakeholders.

e  When conducting a Feasibility Study (FS) evaluation, a WCSD can aid in the
evaluation of alternatives and the understanding of the potential for recontamination
(from non-IR related Navy and/or non-Navy sources) under each alternative.
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e A WCSD can assist in formulating DQOs for designing remedial investigations
and/or developing a long-term monitoring plan following a remedial action (e.g.,
building into decision rules considerations for assessing recontamination potential
from non-Navy sources).

e A WCSD can assist prioritizing source control measures.

There are seven basic steps to initially determining the need and scope for (Step 1), and if
necessary, proceeding to the subsequent steps (Steps 2-7) for the development of a WCSD. These
steps provide a logical and general sequence for RPMs to follow in identifying the need and, if
necessary, then developing a WSCD. These seven steps are shown in Highlight 2-3.

When conducting literature searches in the development of a WCSD, information can be
gathered from a variety of sources, including information collected or gathered by states (e.g., state
environmental or health departments), other federal agencies (e.g., U.S. EPA, NOAA, U.S. Fish and
Wildlife Service, USACE, etc.), or by the Navy itself. For example, the U.S. EPA has databases,
which allow for searches to focus on the hazardous waste sites or facilities holding water discharge
permits near a Navy facility and a subject sediment site. The Comprehensive Environmental
Response, Compensation, and Liability Information System (CERCLIS) database, located at
http://www.epa.gov/superfund/sites/cursites, contains general information on hazardous waste sites
across the nation and U.S. territories including location, status, contaminants, and actions taken. The
Permit Compliance System (PCS) database in Envirofacts, located at http://www.epa.gov/enviro/
tml/pcs/pes_query.html, allows for searches to be conducted for facilities holding National Pollutant
Discharge Elimination System (NPDES) permits. Many states also have similar databases or
information on their internet sites that could further help with gathering relevant information for
building a WCSD.

More information on the purpose, development procedure, effort required, and specifics on
the content that should be contained within a WCSD can be found in the CNO WCSD Fact Sheet,
located at http://web.ead.anl.gov/ecorisk/related/documents/WCSD_Factsheet Final v2.pdf. RPMs
also can obtain additional information on WCSDs by contacting their EFD/EFA Risk Assessment
Workgroup (RAW) member or by contacting a member of the RAW sediment subgroup.

2.4 CONTAMINANT FATE AND TRANSPORT

Various fate and transport mechanisms will influence the movement, partitioning, and/or
degradation of COPCs in the aquatic environment (Allen, 1995; Burton, 1992; U.S. EPA, 2002).
This section presents an overview of the most important fate and transport processes at sediment sites
and provides guidance on data that should be collected to characterize these mechanisms.

Major processes affecting the fate of contaminants in sediment are shown in Figure 2-2
(adapted from Allen, 1995) and are described below. Many persistent COPCs, particularly hydro-
phobic organic compounds, tend to adsorb to clay- and silt-sized sediment particles as well as to
organic material. Therefore, the dominant transport mechanism for these contaminants is the move-
ment of sediment particles. Chemical and biological transformation processes also will influence the
fate and transport of sediment contaminants.
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Highlight 2-3. Seven Steps to Developing a
Watershed Contaminated Source Document (WCSD)

Step 1 Determine the Need and Scope of WCSD
e Conduct Internal Discussion
o lIdentify if the Navy is the only source of potential contamination to a Navy IR
sediment site.
o lIdentify if other non-Navy sources could potentially contribute or have historically
contributed to potential contamination at the site.
o ldentify if any potential contributions from non-Navy sources could contribute to over-
all risks and any potential issues regarding long-term remedial strategies for the site.
o If RPMs and management decide that other non-Navy sources contributed to
sediment contamination, a WCSD is required. Proceed to Define Scope.
e Define Scope
o Before proceeding to Step 2, define the scope of the area a WCSD will cover.
o The scope of a WCSD should be limited to the area and activities that may have the
most impact on a Navy sediment site.
o The scope of a WCSD may be different depending upon the water body type (e.g.,
river, pond, bay, etc.).

Step 2 Conduct Literature Search

e Conduct a literature search to gather supporting information
o Conduct online search.
o Review databases.
o Review public records.
o Review periodic journal records.

o After conducting literature search, if it still remains evident that other non-Navy sources
could still play a potential role in the assessment and/or management of a sediment
site, then proceed to Step 3.

Step 3 Develop Preliminary Watershed Conceptual Map
e Develop Spatial Map

o Plot findings from literature search on map.

o Identify and plot on the map all of the potential sources (i.e., Navy and non-Navy)
found in the literature search.

o lIdentify potential non-Navy sources both current and historic by general source type
(e.g., industrial outfall, former wood treating facility, National Priorities List (NPL) site,
stormwater discharge outfall, etc.) and NOT by specific identity (e.g., ABC corporation
industrial outfall, City of XYZ stormwater outfall, etc.).

Step 4 Conduct Watershed Visit

e Conduct watershed visit to verify accuracy of spatial map (e.g., locations of outfalls,
non-Navy cleanup sites, etc.) within the scope identified in Step 1.

¢ Confirm or deny any information that can be verified visually using the previously
completed literature search. For some potential historical sources (e.g., location of
former industrial facility now occupied by commercial business park), visual verification
based on current conditions may not be possible, but nevertheless should still be
considered in developing a comprehensive WCSD.

o If the site visit reveals other potential sources that were not identified during the
literature search, then update documentation.
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Highlight 2-3. Seven Steps to Developing a Watershed Contaminated
Source Document (WCSD) (continued)

Step 5 Research Record to Fill Data Gaps
¢ Using information from the watershed visit, update the understanding and
potential role of all possible sources.
¢ Conduct additional review of literature if necessary.

Step 6 Develop Conceptual Site Model (Pictorial)
e Using an updated map originally developed in Step 3, the RPM should develop a
pictorial conceptual site model which should include:
o Watershed sources (all potential sources [Navy/non-Navy])
= As mentioned in Step 3, the identification of potential non-Navy sources must be
by general source type and not by specific identity.
= Watershed sources can be color coded by type of source (e.g., Navy sources,
stormwater outfalls, NPDES-permitted outfalls, cleanup sites, industrial facilities).
o ldentify general hydrodynamic conditions of the water body (e.g., general flow
direction, tidal movement)
o Identify navigational channels, if applicable.
o ldentify general transport mechanisms indicating how contamination may enter a
water body.

Step 7 Write Watershed Contaminated Source Document
¢ A general outline that can be used by RPMs in development of a WCSD is as follows:
o Introduction
=  Overview of why a WCSD is being completed (e.g., required by CNO Policy)
=  Which IR site/s are included in discussion
= Purpose (what does this mean and what it does not mean)
= Scope of what the document covers
o General setting
= Operations of the installations
= Extent of area covered by the facility (spatially)
o Overview of Literature Search Sources
= Sources list (e.g., Navy, Public Record, regulatory data, etc.)
o Results
=  Summarize findings of the literature search
= Include conceptual site model
o Conclusions and Recommendations
= Conclusions regarding results
e For example, is there potential for non-Navy sources to contribute to overall
contamination?
¢ What specific sources (both Navy and non-Navy) are likely to contribute
primarily to observed sediment contamination?
= Recommendations
e For example, how should results be taken into account when considering
investigation, remediation, or long-term monitoring strategies of a sediment
site?
o References
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Figure 2-2. Schematic Showing Major Processes
Affecting the Fate and Transport of Contaminants

in Sediments
(Reprinted with permission from Metal Contaminated Aquatic
Sediments, H.E. Allen. Copyright CRC Press, Boca Raton, FL)

The primary chemical parameter that influences the mobility of many contaminants, partic-
ularly metals, is redox potential (Eh). In anoxic (i.e., oxygen depleted) sediment layers with a low
Eh, most of the metals are bound to sulfide, carbonate, or organic matter (Allen, 1995). As Eh
increases, the sulfides and carbonates may dissolve, releasing the metals in soluble forms. In oxic
(i.e., oxygen rich) layers of sediment, most of the metals are complexed to iron and manganese oxide
coatings on clay particles. As Eh decreases, the iron and manganese oxides dissolve, releasing
metals into solution. Thus, fluxes of metals from sediments into the overlying water column are
greatest during changes in redox potential.

During the site characterization phase of a sediment investigation, the RPM should consult
with a sediment transport expert and geochemist in order to identify the probable dominant fate and
transport processes at a particular site. Some of the questions that should be addressed are provided
in Highlight 2-4. Many of these questions can be answered in a qualitative or semiquantitative man-
ner using available site data for sediment grain-size distribution, total organic carbon (TOC) content,
sediment COPC concentrations, and acid volatile sulfide/simultaneously extracted metal (AVS/SEM)
concentrations (Allen et al., 1993) in conjunction with the existing data described in Section 2.1.2.
This initial fate and transport information can be incorporated into the preliminary CSM.

As the sediment investigation progresses and more information becomes available, a more
comprehensive and quantitative evaluation of fate and transport may be desired (particularly if moni-
tored natural recovery appears to be a likely remedial alternative for consideration in the FS). In this
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Highlight 2-4. Characterizing Contaminant Fate and Transport
at a Sediment Site

¢ What is the distribution of sediment grain size (i.e., sediment type) at the site,
and what are the associated depositional environments?

¢ Under what conditions are the surface sediments likely to be eroded and
resuspended (i.e., how stable is the sediment bed)?

¢ If sediments are resuspended, where are they being transported?

¢ Is natural burial occurring through sediment accumulation, and if so, at what
rate?

¢ How thick is the mixed surface layer of sediment?

¢ What types of extreme events might occur at this site, and what are the
potential effects?

¢ Are surface sediments oxic (oxygen rich) or anoxic (oxygen depleted), and how
does the redox potential change with depth?

¢ What is the TOC content and ratio of AVS to SEM?

¢ What is the flux of COPCs from the sediment bed into the overlying water
column?

¢ What chemical and biological processes might be degrading or transforming
COPCs, and are these processes significant?

case the RPM should consider using more sophisticated tools such as site-specific measurements of
sediment transport and sediment accumulation rates; use of hydrodynamic and sediment transport
models to predict sediment transport patterns, including extreme event analysis; and evaluation of
contaminant desorption and/or degradation rates and processes. A detailed technical discussion
regarding the evaluation of sediment stability can be found in the proceedings of a January 2002 U.S.
EPA-sponsored Sediment Stability Workshop at http://www.hsrc.org/hsrc/html/ssw/sedstab/
notes.pdf. Additional information on tools and techniques that can be used for this type of data
collection effort is included in Section 2.6.2.

2.5 DEFINING THE NATURE AND EXTENT OF CONTAMINATION

Defining the nature and extent of contamination can be more difficult for a sediment site than
for a terrestrial site because of the greater potential for contributions from multiple point and non-
point sources and the potentially broad dispersal of contaminated sediments by hydrodynamic
processes. However, in many cases, a concentration gradient away from the original source of con-
tamination is observed even if the sediments have been reworked by hydrodynamic processes (Apitz
et al., 2002). In relatively quiescent environments (i.e., areas with weak tidal circulation and little
wave activity), localized areas with high chemical concentrations (i.e., hotspots) may persist for a
long period of time. In areas affected by nonpoint sources of contamination and/or a greater degree
of sediment transport, contamination may be more widespread but at lower levels. Although the bulk
of the data needed to establish the nature and extent of contamination should be collected during the
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RI, additional data can be collected after preliminary remediation goals (PRGs) have been developed
(i.e., as part of the FS) to provide more accurate estimates of sediment volumes for evaluation of
remedial alternatives.

The sample design used to establish the horizontal and vertical extent of contamination will
depend upon the CSM and site-specific DQOs. An overview of sample design is provided in Sec-
tion 2.7. In general, the extent of sediments with COPC concentrations exceeding either an estab-
lished level of concern or regional ambient (i.e., background) levels must be defined. The Navy
Interim Final Policy on the Use of Background Chemical Levels (CNO, 2000; see Highlight 1-1)
specifies that background chemical levels should be established as early as the PA/SI phase and used
to identify chemicals that are in the environment due to releases from the site. Navy Guidance for
Environmental Background Analysis, Volume II: Sediments (NFESC UG-2059-ENV, Apr 2004 or as
a part of the NAVFAC Technology Transfer Tool at http://www.ert2.org/Background Analysis/
tool.aspx) provides details on methodologies for establishing background conditions at sediment
sites. Surface sediment chemistry data (i.e., representing the biologically active zone) are needed to
support the ERA and HHRA as well as the site characterization. Subsurface sediment chemistry data
are needed to establish the historical input of contaminants, evaluate the degree of natural recovery
(if any), and support the evaluation of remedial alternatives (i.e., depth of dredging that would be
required to reach a clean layer).

It can be difficult to predict the maximum depth at which to collect sediment core samples in
order to encounter a “clean” layer. Any information on regional and local sediment stratigraphy
should be examined to identify older, more consolidated sediment layers that are unlikely to be
affected by contamination. Information on sedimentation rates (if available) can be used to predict
the depth at which sediments that predate site activities are likely to be found. In the absence of any
relevant information, sediment cores should be collected to greatest feasible depth; deeper samples
can be frozen and archived for future analysis if the vertical extent of contamination cannot be
established from the shallower samples.

Because of the potential widespread distribution of contaminants in the aquatic environment,
it may not be feasible or cost-effective to collect numerous sediment samples for full laboratory
analysis to define the nature and extent of contamination. Rapid sediment characterization tools such
as immunoassay and x-ray fluorescence (XRF) analysis can be used to map the distribution of con-
tamination and refine the preliminary CSM in a relatively fast and inexpensive manner. The Navy IR
Sediments Framework (see Figure 1-2) specifies the use of rapid assessment tools in the initial phases
of the investigation to understand the distribution of contaminants at the site. A detailed description
of rapid sediment characterization tools is provided in Appendix A. Fixed laboratory analysis of a
subset of sediment samples can provide confirmatory data and allow development of a correlation
between screening and lab measurements. Collection of blind duplicates for screening and labora-
tory analysis also can provide useful information and increase confidence in the results. The sedi-
ment screening results then can be used to focus the sample design for the baseline ERA and HHRA.

2.6 SITE CHARACTERIZATION PARAMETERS

This section provides an overview of the key chemical and physico-chemical parameters that
characterize a sediment site and identifies methods that can be used to measure these parameters.
Data that can be collected to support the evaluation of remedial alternatives also are described. Site-
specific biological data also are required for most sediment investigations to evaluate ecological and
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human health risk; the most common types of biological data are described in Section 3.1.2.3. Data
collection efforts for the site characterization, risk assessments, and evaluation of remedial
alternatives should be coordinated as much as possible to optimize the efficient use of resources and
avoid unnecessary schedule delays.

2.6.1 Chemical Characterization

This section addresses the measurement of organic and inorganic COPCs in sediment and
tissue samples as well as the use of geochemical relationships and specialized chemical analyses to
both identify site-related contamination and fingerprint potential contaminant sources. The list of
COPC:s for evaluation in the RI should be determined on a case-by-case basis depending on historical
site activities and potential sources. However, at least some sediment samples should be analyzed for
a full suite of chemicals (i.e., the COPC classes identified in Table 2-1) to provide sufficient data for
the screening-level risk assessment and rule out the presence of other COPCs early in the process
(see Sections 3.1.1 and 3.2.1).

2.6.1.1 Sediment Chemistry Analyses

Analysis of COPCs in sediment often requires specialized chemistry methods because stand-
ard U.S. EPA SW-846 methods were designed for solid wastes and usually are not appropriate for
analysis of sediment (unless methods are modified). In addition, the quantitation limits and labora-
tory detection limits achieved by standard methods commonly exceed risk-based ecological bench-
mark values for sediments. Detection limits and their importance in the risk assessment process are
discussed in “Laboratory Detection Limits and Reporting Issues Related to Risk Assessment” (Corl
et al., 2002; http://www-nehc.med.navy.mil/hhra/guidancedocuments/issue/pdf/ FDI.pdf). This
paper provides general information on detection limits and describes steps that can be taken to
improve a laboratory’s ability to achieve the detection limits needed to meet site-specific DQOs.

Modifications to standard methods have been developed to remove analytical interferences
due to salt and organic matter, achieve ultra-low detection limits, and expand the list of target ana-
lytes so that the sediment chemistry data are suitable both for site characterization and risk assess-
ment. References for specialized sediment chemistry methods are provided in Table 2-2. Methods
for analysis of organic and inorganic analytes in sediment and tissue samples were developed for the
NOAA National Status and Trends Program (NOAA, 1993 and 1998). Selection of appropriate
analytical techniques for sediment samples from freshwater, estuarine, and saline environments and
corresponding method references also are discussed in the Inland Testing Manual, which provides
guidelines for dredged material evaluations (U.S. EPA/USACE, 1998; see Section 1.4).

Certain classes of compounds can be analyzed either as individual compounds or as functional
groups. For example, PCBs may be quantified either as Aroclors or as individual PCB congeners.
Aroclors represent commercial mixtures containing a specified percentage of individual PCB congeners.
Total PCB concentrations may be derived either by summing the concentrations of the individual
Aroclors or by summing the most commonly analyzed congeners and multiplying by a factor of
approximately two (NOAA, 1997). Because Aroclor mixtures may change over time due to weathering,
evaluation of the individual congener data using techniques similar to those used to fingerprint petroleum
products (Stout et al., 1998) may provide more useful information with regard to potential sources. How-
ever, congener data are not directly comparable to historical Aroclor data. Therefore, the decision on how
best to evaluate PCBs should be made on a site-by-site basis. An issue paper addressing the selection of
appropriate methods for PCB analysis is currently in preparation. Similar considerations should be given
to the evaluation of total versus individual PAHs.
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Table 2-2. Selected Site Characterization Parameters and Methods

Parameter

Importance

Suggested Method

Chemical Characterization

Heavy and trace metals

Potential COPC

Total acid digestion methods referenced in NOAA Volume Il — Technical
Memorandum #71:
http://www.ccma.nos.noaa.gov/publications/tm71v3.pdf

With EPA 6010, 6020 & 7000 series found at
http://www.epa.gov/epaoswer/hazwaste/test/main.htm

EPA 7470A recommended for Hg; EPA 6020 recommended for trace metals
other than Hg

Rapid sediment characterization methods — see Appendix A

Chlorinated pesticides

Potential COPC

EPA 8082 modified following NOAA Technical Memorandum #130:
http://www.ccma.nos.noaa.gov/publications/tm130.pdf

PAHs

Potential COPC

EPA 8270 modified for SIM w/extended analyte list to include alkylated
homologues w/alumina and gel permeation chromatography cleanup

U.S. EPA 40 Code of Federal Regulations (CFR)-J Part 300, Subpart L,
Appendix C, Par. 4.6.3-4.6.5

Rapid sediment characterization methods — see Appendix A

PCBs

Potential COPC

EPA 8082 modified for congener analysis following NOAA Status & Trends
Methods - Technical Memorandum 130 in
http://www.ccma.nos.noaa.gov/publications/tm130.pdf

EPA 1668A for PCB congeners

Rapid sediment characterization methods — see Appendix A

Organotins

Potential COPC

NOAA Status & Trends Methods - Technical Memorandum 130 in
http://www.ccma.nos.noaa.gov/publications/tm130.pdf
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Table 2-2. Selected Site Characterization Parameters and Methods (page 2 of 3)

Parameter

Importance

Suggested Method

Physico-Chemical Characterization

Sediment grain size

Finer-grained sediments tend to
adsorb contaminants; grain size
can be used to characterize
depositional environment and
sediment dynamics; grain size
affects benthic community
structure

Inland Testing Manual, Chapter 9 (U.S. EPA/USACE, 1998)
http://www.epa.gov/ost/itm/ITM/ch9.htm

Analytical method (NOAA Technical Memo. 130):
http://www.ccma.nos.noaa.gov/publications/tm130.pdf

ASTM D 422

Total organic carbon
(TOC)

TOC tends to sorb contaminants
and reduce their bioavailability

Inland Testing Manual, Chapter 9 (U.S. EPA/USACE, 1998)
http://www.epa.gov/ost/itm/ITM/ch9.htm

Analytical method (NOAA Technical Memo. 130):
http://www.ccma.nos.noaa.gov/publications/tm130.pdf

Acid volatile sulfide
(AVS)/simultaneously
extracted metals (SEM)

Evaluation of metal
bioavailability

Di Toro et al., 1990
Simpson, 2001

Redox potential (Eh)

Influences species and
bioavailability of metals

Table G-1, Appendix G of U.S. EPA (2001)
Plumb, 1981

pH

Influences species and
bioavailability of metals

Commercially available pH meter (Plumb, 1981)

Salinity of porewater
(marine/estuarine
sediments)

Can cause matrix interferences
in some chemical analyses;
affects benthic community
structure; important in selection
of bioassay test species; affects
metal speciation, sediment pH,
and partitioning

Various methods; see Appendix G of U.S. EPA (2001)
http://www.epa.gov/waterscience/cs/biotesting/index.html

Alkalinity of porewater
(freshwater sediments)

Influences species and
bioavailabilty of metals

ASTM (2000)

Ammonia in porewater

Naturally occurring toxicant in
organically-enriched sediments

Inland Testing Manual, Chapter 11 (U.S. EPA/USACE, 1998)
http://www.epa.gov/ost/itm/ITM/ch11.htm
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Table 2-2. Selected Site Characterization Parameters and Methods (page 3 of 3)

Parameter

Importance

Suggested Method

Site Characterization;, Contaminant Fate and Transport

Visual description of
sediment cores

Depositional environment and

sediment dynamics be inferred
and subsurface sediment char-
acteristics can be documented

ASTM D 4288

Radioisotope profiling
(e.g. “°Pb and *'Cs
isotopes)

For areas that meet criteria (i.e.,
undisturbed areas of sediment
accumulation), provides esti-
mates of sediment accumulation
rate and degree of vertical
mixing

USGS, 1998 (http://fl.water.usgs.gov/PDF _files/fs73 98 holmes.pdf)

Hydrodynamic and
sediment transport
measurements

Evaluate sediment stability and
fate and transport of sediment-
bound contaminants

No standard methods available; study design should be developed based
on site-specific characteristics. See discussion in U.S. EPA Sediment
Stability Workshop Notes
(http://www.hsrc.org/hsrc/html/ssw/sedstab/notes.pdf )

Contaminant flux

Evaluate relative importance of
diffusion, advection, erosion,
degradation, and sedimentation
processes

No standard methods available; study design should be developed based
on site-specific characteristics. See Chadwick and Apitz (2001) for
description of Pathway Ranking for In Place Sediment Management
(PRISM).

FS-Related Characterization

Hazardous waste

Evaluate sediment disposal

Testing requirements vary depending on location of site

characterization options
Dewatering Optimal method for dewatering No standard methods available; study design should be developed based
characteristics can be identified on site-specific characteristics; discussion of various dewatering
technologies provided in U.S. EPA (1994)
Bearing capacity Evaluate ability of sediment to ASTM D 1883
support cap
Plasticity Evaluate sediment handling ASTM D 4318
characteristics
Density Evaluate ability of sediment to Standard Proctor Test; ASTM D 698 Method A

support cap




Sediment results typically are reported on a dry-weight basis with percent moisture and TOC
data included as ancillary information. Tissue data also should be reported on a dry-weight basis
with percent lipid and percent moisture data included as ancillary information so that data can be
converted to a wet-weight or lipid-normalized basis for use in risk assessments. Reporting units
should always be clearly identified on data tables (i.e., whether results are reported on dry-weight or
wet-weight basis). Analyses of estuarine and marine sediment, water and tissue samples should
always be performed by laboratories with demonstrated experience in successfully performing the
required analyses.

2.6.1.2 Chemical Fingerprinting

A number of established geochemical relationships can be used to identify sediment contam-
inant inputs and sources (e.g., Bertine and Goldberg, 1977; Ackerman, 1983; Trefry et al., 1985;
Klamer et al., 1990; Schropp et al., 1990; Daskalakis and O’Connor, 1995). An overview of these
studies is provided in Appendix B). Additional information on forensic methods for identification of
metal contamination can be found at the NOAA Web site (http://www.nwfsc.noaa.gov/publications
/techmemos/tm16/tm16.htm). For example, metal/aluminum ratios can be used to identify
contamination that exceeds ambient levels and which therefore might be site-related. Naturally
occurring background metals typically are part of the aluminosilicate (i.e., clay) mineral structure,
and a regression of background metals versus aluminum concentrations will produce an
approximately straight line. This regression relationship can be generated on a regional basis using
ambient or reference site sediment chemistry data. If metals concentrations in site samples are
greater than those predicted by the regression, then those metals may be due to an additional (and
possibly site-related anthropogenic) source. Additional information on this methodology can be
found in the Navy Guidance for Environmental Background Analysis, Volume I1: Sediment (NFESC
UG-2059-ENV, Apr 2004 or as a part of the NAVFAC Technology Transfer Tool at http://www.ert2.
rg/Background Analysis/tool.aspx).

Other chemical fingerprinting methods can be used to identify sources of petroleum and
chlorinated hydrocarbon contaminants (e.g., PAHs or PCBs). The successful use of data for any
particular class of compounds to “fingerprint” a sample depends on the following:

e Ability to differentiate chemicals from different geological and anthropogenic
sources;

e Relative state of weathering (or aging) of organic contaminants;

e Presence of specific product additives and refinery process signatures for
interpretation of petroleum-related contamination; and,

e Availability of data about reference source materials for comparison with site data.

Detailed descriptions of organic contaminant source identification methods can be found in
various publications (Page et al., 1995; Douglas et al., 1994 and 1996; Steinhauer and Boehm, 1992).
Use of these and other source identification methods usually requires data for extended or modified
target analyte lists. For example, in addition to the 16 priority-pollutant PAH compounds, data for
alkylated homologues (e.g., C1-C4 naphthalenes, C1-C4 phenanthrenes/anthracenes), and biomarkers
(e.g., triterpanes, steranes) are required for source identification of PAHs. Source identification of
PCBs may require detailed PCB congener analysis if the Aroclor pattern is not specific to one source.
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A summary of the most pertinent points regarding the chemical characterization of a
sediment site is provided in Highlight 2-5.

Highlight 2-5. Chemical Characterization Summary

e Use published analytical methods, modified as appropriate, for sediment and
aquatic matrices that achieve detection limits suitable for risk assessment; and
identify target analytes suitable for source identification

e Use a laboratory that is experienced in the use of appropriate sample cleanup
methods to reduce potential interference from organic matter and salt (in
marine environments)

¢ Report sediment results on a dry-weight basis with percent moisture and TOC
content as ancillary data

o Report tissue results on a dry-weight basis with percent moisture and percent
lipid as ancillary data

e Use techniques such as geochemical normalization (e.g., aluminum/metal
ratios) and chemical fingerprinting to better understand chemical distributions
and potential sources

2.6.2 Physico-Chemical Characterization

Sediment investigations usually involve bulk chemical analysis of sediment samples for site-
related COPCs in conjunction with biological evaluations. Other physical and chemical data also are
needed to support the evaluation of COPC bioavailability. Bioavailability is influenced by a variety
of factors associated with organism characteristics (e.g. size and feeding behavior) and sediment
characteristics (e.g. TOC content and redox potential). Detailed discussions of bioavailability can be
found in Power and Chapman (1992) and the Navy’s bioavailability guide (Battelle and Exponent,
2001; http://web.ead.anl.gov/ecorisk/methtool/dsp bioavail.cfm).

The following physical and chemical parameters also should be measured as appropriate to
evaluate the form and behavior of site COPCs and support the interpretation of biological test data:

Sediment grain-size distribution;

Sediment TOC content;

AVS/SEM,;

Porewater pH;

Porewater salinity (marine/estuarine sites) or alkalinity (freshwater sites); and,
Porewater ammonia and sulfide concentration.

Descriptions of these parameters, the relevance of each, and associated testing methods are
described in Appendix G of Methods for Collection, Storage and Manipulation of Sediments for
Chemical and Toxicological Analyses: Technical Manual (U.S. EPA, 2001; http://www.epa.gov/
waterscience/cs/collectionmanual.pdf) and summarized in Table 2-2. The physico-chemical param-
eters to be characterized will depend upon the CSM and DQOs for the RI sample collection effort.
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Grain-size distribution and TOC data are extremely important in a sediment site investigation
because they influence COPC distribution, affect contaminant bioavailability, influence benthic com-
munity structure, and introduce factors that may confound toxicity test results. Grain-size analysis
defines the frequency distribution of the size ranges of particles that make up site sediment (Plumb,
1981). Contaminants tend to adsorb to finer-grained sediment particles (Power and Chapman, 1992;
U.S. EPA, 2001). Sediment grain-size data also are extremely important for the evaluation of sedi-
ment dynamics, with coarser-grained material typically associated with high-energy environments
(e.g., beaches and channels) and finer-grained material found in quiescent basins and depositional
environments. The four major size fractions (gravel, sand, silt, and clay) are the broadest categories
that are useful in reporting the size distribution of particles in sediment samples, although a larger
number of size classifications is preferred for the evaluation of sediment dynamics. TOC content is a
measure of the total amount of oxidizable organic material in a sediment sample. TOC is important
because many contaminants are strongly bound to dissolved, colloidal, and particulate organic
matter.

AVS/SEM can be measured to determine the fraction of metals that are bound to sulfides
(Di Toro et al., 1990; NOAA, 1995). Although universally accepted guidance on the interpretation
of AVS measurements is not yet available, these measurements can provide information on the
potential bioavailability of metals. The most important points regarding physico-chemical
characterization are summarized in Highlight 2-6.

Highlight 2-6. Physico-Chemical Characterization Summary

¢ Measure sediment grain size and TOC content to evaluate potential COPC
distribution and bioavailability, identify depositional environments, infer site
hydrodynamics, and support interpretation of bioassay test results and benthic
community analysis

¢ Measure AVS/SEM to evaluate potential bioavailability of sediment metals

¢ Measure ammonia and sulfide in porewater and/or overlying water to address
potential confounding factors in toxicity tests

2.6.3 Collection of FS-Related Data

During the site characterization phase of an RI/FS, the RPM should consider the adequacy of
the existing site data to support the FS and identify any further data needs. Generally, a cost savings
to the project can be achieved by collecting FS-related data as part of the RI, thereby reducing the
mobilization requirements and streamlining the FS process. Some examples of FS-related data that
can be collected during the RI phase of a study are as follows:

e (Grain-size distribution and moisture content data to predict behavior of material
(these data typically collected as part of the site characterization).

e Hazardous waste characterization (e.g., Toxicity Characteristic Leaching Procedure
[TCLP] analysis) to support evaluation of treatment and disposal options;
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e Dewatering characteristics to identify most appropriate pretreatment methods;

e Engineering properties (e.g., strength, compressibility) to evaluate capping and reuse
options; and,

e Sediment dynamics data to support evaluation of in situ management options,
including geologic description of sediment cores.

The RPM should have a reasonably high degree of confidence about the need for remediation
in a particular area prior to conducting FS-related data collection or treatability studies. The rele-
vance of the parameters identified above and applicable testing methods are summarized in
Table 2-2. These data will allow the development of more realistic remedial alternatives and more
accurate cost estimates in the FS.

2.7 OVERVIEW OF STUDY DESIGN AND
SAMPLE COLLECTION METHODS

This section provides an overview of study design and sediment sample collection methods
and equipment. The sampling plan for a sediment investigation should address the data needs for all
aspects of the RI/FS (site characterization, risk assessment, and the evaluation of remedial alterna-
tives) to the greatest degree possible in order to minimize mobilization costs and facilitate develop-
ment of a focused, well-coordinated study. The U.S. EPA document Methods for Collection, Storage
and Manipulation of Sediments for Chemical and Toxicological Analyses: Technical Manual (U.S.
EPA, 2001; http://www.epa.gov/waterscience/cs/collectionmanual.pdf) provides detailed guidelines
for development of DQOs, appropriate sample design (e.g., random or targeted), measurement
quality objectives, and all aspects of the field investigation (e.g., vessel positioning; sediment sample
collection, preservation, transport, and processing; collection of porewater samples; quality assur-
ance/quality control). Additional information on sediment study sample design can be found in “An
Introduction to Environmental Sampling Planning” (Kurtz, 2000; http://meso.spawar.navy.mil/Docs/
MESO-00-A003-6.pdf).

Collection of aquatic samples generally is divided into five tasks: mobilization, navigation,
sediment sampling, sample processing and demobilization. References for field methods and quality
control are provided in Table 2-3. Field activities for sediment investigations almost always require
a vessel, are often logistically complex, and may require other specialized equipment. Most vessel
studies require a differential global positioning system (DGPS) (usually accurate to +2 m) to position
and navigate the survey vessel, and identify station locations. Surface sediment samples are usually
collected with a grab sampler, such as a Van Veen, a box-corer, or a Ponar grab (see Figure 2-3).
The grab sampler should be constructed of stainless steel and may be coated with Halar® or Teflon™
to reduce potential cross-contamination in the field. Because the quantity of sediment required for
tests usually exceeds the volume of the sampler, multiple grabs should be taken at each station unless
a modified (e.g., dual Van Veen) grab is used. Surface grabs should be designed to sample the sedi-
ment depth interval of interest, and care should be taken to prevent the loss of fine surface sediments.
Usually, the biologically active zone is targeted, which is generally the top 10-15 cm of the sediment
surface (ERDC, 2001).
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Table 2-3. Information on Aquatic Sample Collection, Field Quality Control,
and Equipment

Agency or Applicable

Organization Reference and Web Site Environment Topics Covered

U.S. EPA Methods for Collection, Storage and Any water Sediment monitoring and
Manipulation of Sediments for Chemical body assessment plans; sedi-
and Toxicological Analysis: Technical ment sample collection;
Manual. October 2001. (EPA-823-B-01- field sample processing,
002) transport, and storage;
http://www.epa.gov/waterscience/cs/coll sediment manipulations;
ectionmanual.pdf collection of porewater

samples; quality assur-
ance/quality control

State of Recommended Protocols for Measuring  Marine refer- Sediment and water

Washington — Selected Environmental Variables in ence (applica- sampling; fish and benthic

Dept. of Puget Sound. January 1996. ble to any invertebrate collection;

Ecology http://www.wa.gov/puget_sound/ water body) vessel positioning; field
Publications/protocols/protocol.html quality control

State of Field Procedures Manual, Sediment Freshwater Sediment sampling,

Wisconsin —  Sampling Guidelines, Version IV. equipment, safety and

Dept. of September 1998. field quality control

Natural http://www.dnr.state.wi.us/org/water/wm/

Resources wgs/sediment/sampling/table.htm

Government  Lake and Stream Bottom Sampling Rivers and Sediment sampling,

of British Manual, Document # 7680000550. 1997 stream bottom  equipment, and quality

Columbia, http://srmwww.gov.bc.ca/risc/pubs/aquat  Sampling control

Resources ic/lake-stream/index.htm

Inventory

Committee

San Field Sampling Manual for the Regional  Estuarine and  Sediment, porewater,

Francisco Monitoring Program for Trace marine refer- water column, benthic

Estuary Substances, Version 1. January 1999. ence (appli- invertebrate sampling;

Institute http://www.sfei.org/rmp/documentation/ ~ cable to any equipment type and use;

(SFEI) fom/fom 1.html water body) quality control; remote

sensing; vessel safety

To minimize the cost of multiple field efforts, concurrent subsurface sediment data should be
collected for defining the vertical extent of contamination (see Section 2.5). Subsurface sediment
cores should be collected using stainless steel core tubes with inert liners (e.g., butyrate). Photo-
graphs and descriptions of sampling equipment are shown in Figure 2-3 (surface samplers) and
Figure 2-4 (coring devices).

2.8

SUMMARY

Sediment site characterization, including development of the CSM, assessment of contami-
nant fate and transport, definition of the nature and extent of contamination, and collection of rele-
vant physical and chemical data, is conducted during the initial phases of the RI/FS and continues in
conjunction with the ecological and human health risk assessments. Data collection for all aspects of
the RI/FS should be coordinated to the greatest degree possible to maximize the efficient use of
resources and ensure a focused, well-defined investigation.
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Ekman Grab: Designed to sample in
soft, finely divided littoral bottoms free
from vegetation and intermixes of
sand, stones, and other coarse debris.
Best in finely divided muck, mud,
ooze, submerged marl, or fine, peaty
materials. Lightweight samplers
designed for use from smaller boats
(standard size: 200 cm by 200 cm
wide, 150 cm deep).

Peterson Grab: Widely used in fresh
water sampling hard bottoms, such as
sand, pebbles, clay, or clay com-
pounds. The Peterson grab scoops
are hinged at the top, like a clamshell.
Subsampling cannot be performed
from closed grab.

Ponar Grab: Designed to sample firm or hard clay
bottoms free from stones and other coarse debris. The
standard Ponar grab is heavy and should be used from
a winch. Smaller versions are light enough for
sampling by hand. Removable top screens allow sub-
sampling from the closed scoops. Top screens also
have rubber flaps to prevent sample washout during
retrieval. Similar in design to rigid arm Van Veen grab.

Small Box Corer: Designed to take large sample in
bottoms from soft ooze to hard clay free from stones
and other coarse debris (photo above of WILDCO®
sampler). Winch is required for operation. Removable
top screens allow subsampling when scoops are
closed. Removable top screens have rubber flaps to
prevent sample washout during retrieval. Grab
volumes vary with size of device; the most common
sizeis 5 L.

Figure 2-3. Examples of Sediment Surface Grab Samplers
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Dual 0.1 m? Van Veen Grab: Designed to two side-by-side 0.1 m? surface samples, allowing
collection of co-located chemistry & biology samples or additional sample for toxicity tests.
Samples from soft to hard bottom free from stones and other coarse debris (left photo shows
grab before deployment; right photo shows two sediment samples). Winch is required for
operation. Removable top screens have rubber flaps to prevent sample washout during

retrieval.

Figure 2-3. Examples of Sediment Surface Grab Samplers (continued)
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Small Gravity Corer: Sand and silt substrates can be sampled to up to 1.5 m with small gravity
corer devices. Corers can be deployed from davits or A-frames and require winches for
retrieval. Fins often are used to stabilize descent. Penetration depths depend on substrate and
core tube size. Core tube diameters vary from 2 cm to 6 cm, are generally metallic (stainless
steel), and can accommodate inert liners (e.g., butyrate, polycarbonate, Teflon™). Corers
require check valves, cutting heads and “core catchers” to maintain core during retrieval.

Large Gravity Corer: Sand and silt substrates can be sampled to up to 3 m with large gravity
corer devices. Corers must be deployed from large davits or A-frames and require winches for
retrieval. Fins may be used to stabilize descent. Penetration depths depend on substrate and
core tube size. Core tube diameters can exceed 10 cm, are generally metallic (iron or stainless
steel), and can accommodate inert liners (e.g., butyrate, polycarbonate, Teflon™). Corers
require check valves, cutting heads and “core catchers” to maintain core during retrieval.

Figure 2-4. Examples of Sediment Coring Devices
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Vibracore: Vibracoring is a technique for collecting core samples in unconsolidated sediments
by driving a tube with a vibrating device, generally referred to as "vibrohead.” The energy
imparted by the vibrohead to the coretube assists its vertical penetration by displacing the
sediment particles and overcoming the two main forces opposed to its progress, namely frontal
resistance and wall friction. This technique is naturally the most efficient in water-saturated
sediments by raising the pore-pressure along the wall of the coretube and generating a thin
layer of liquefaction. Core lengths retrieved can exceed 10 m with diameters of 6 cm. Core
tubes are generally metallic (iron or stainless steel) and can accommodate inert liners (e.g.,
butyrate, polycarbonate, Teflon™). Corers require check valves, cutting heads and “core
catchers” to maintain core during retrieval.

Figure 2-4. Examples of Sediment Coring Devices (continued)
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3.0 ECOLOGICAL AND HUMAN HEALTH RISK ASSESSMENT
FOR SEDIMENT SITES

The risk assessment process at Navy sediment sites is conducted in accordance with the Navy
and U.S. EPA guidance identified in Highlight 1-1. The Navy and U.S. EPA guidance should be
reviewed and generally understood by the RPM before a risk assessment is initiated at any site. In
addition, regular communication and involvement with the applicable regulatory agencies will facili-
tate the process of evaluating risks. This is true with all risk assessments; however, it is especially
important at sediment sites due to the multitude of additional state, national, and international regula-
tory criteria applicable to sediments, and the lack of promulgated sediment quality criteria (see
Section 1.4).

Briefly, the Navy uses a three-tiered approach, similar to the U.S. EPA’s risk assessment
guidance for ecological and human health evaluations (U.S. EPA, 1989 and 1998c; see Highlight 1-1
for Navy Guidance). The U.S. EPA guidance should be carefully reviewed for identification of criti-
cal scientific management decision points (SMDPs) throughout the process. The first tier consists of
a very conservative, screening-level risk assessment intended to eliminate chemicals and areas that
do not pose an unacceptable risk. This step focuses the investigation on those chemicals and areas
that may pose an unacceptable risk.

Although the overall approach used to evaluate risk at sediment sites is consistent with the
Navy and U.S. EPA guidance, technical issues specific to the eva